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MPEANC/TIOBME KO BTOPOMY U3OAAHNIO

Mpegnaraemblii C60PHMK COLEePXUT okono 2000 3agay B yKasaHUA-
MW ANA pelleHns Hanbosiee CNOXHbIX U3 HWUX. [OCTATOYHO LUMPOKWUIA
BbIGOP 3afay Kak Nno TemaTuKe, TaKk W NO CTeMeHW TPYAHOCTWU [aeT BO3-
MOXHOCTb WCMO/Mb30BaTb 3TOT 3aflad4HUK KaK [AN1A (U3MYECKUX, TaK K
0N VMHXEHEPHO-TEXHUYECKMX CcheuunanbHOCcTeld By30B.

Ons ypobcTBa M 3KOHOMUM BPEMEHW y4alllMXCSA B Hayasle Kaxgoro
naparpata fAaeTca CBOAKA OCHOBHbIX (OPMyn Ha COOTBETCTBYHOLUWIA
maTepuan. PopMynbl MnpuBedeHbl, Kak npasBuio, 6e3 noapobHbIX Mo-
ACHEHWI: MnpegnonaraeTcs, 4YTO CMbIC/T BXOAALMX B HUX BEVYMH YXe
N3BECTEH CTYAeHTy, MpucTynawLiemMy K peweHuto 3afgady. [10osicHeHuA
faHbl Wb B TeX cay4yasax, Korga no TeM WM WHbIM MPUYMHAM MOTyT
BO3HWKHYTb HefopasyMeHus.

Bce dopmMysibl B OCHOBHOM TeKCTe M oTBeTax npusefeHbl B CU, 3a
WCK/IIOYeHNeM 4acTu 6, rae mcnonb3oBaHa W rayccosa cuctema. WMcxof-
Hble [aHHble M YNCNOBble OTBETbI [aHbl C YY4eTOM TOYHOCTWU COOTBETCT-
BYIOLLMX BeIMYMH W NpaBun AeNCTBUIA Had NPUBAKEHHBIMU Yucnamu.

B KoHUe c60pHMKa AaHa CBOAKA OCHOBHbIX (PU3NYECKUX KOHCTAHT
N CnpaBoYHble TabnuLbl.

Bo BTOpOM wu3faHWM KHWra B OCHOBHOM COXpaHwuia CBOK CTPYK-
Typy. [pu 3TomM cfenaHa 4YacTM4yHass [MepeKOMMNOHOBKa MaTepuana
(rnaBHbIM 06pasoM B MepBOl 4acTu), 3aMeTHO yBe/IMYeHOo 4umcno 6onee
npocTbIX 3afiay KakK 3a CYeT YNpoWeHusa psaja MMeBLUMXCA, TakK U 3a
CYeT BKJ/IOYEHMA HOBbIX. HekoTopble 3ajayv 3aMeHeHbl Ha 6onee WH-
TepecHble W cofepXaTefibHble. B CBA3M C 3TUMM U3MEHEHUAMU MOYTU
BCIOJY W3MeHeHa Hymepauusa 3ajady. B papge 3agay HeKOTOpble 4uCno-
Bble [aHHble MepeHeceHbl B Tabnuubl MPUNIOXKEHUSA, YTO BbI3BANO He-
60/bLUYI0 MEePEKOMMOHOBKY W Tabnul. YTOYHEHbl YMUCN0Bble 3HAYEHUSA
NOCTOSIHHbIX, YCTPAHEHbl 3amMeyeHHble OLWWUOKN U OMeyaTKu.

B 3ak/oyeHve aBTOp CYMTaeT CBOMM MPUATHbLIM [O/ITOM BbIpasuTb
6narogapHocTb Konneram no Kadegpe obuwein unsmkn MUDU n Bcem
ToBapuLiam, KOTOopble COO6LMAN CBOM 3aMevyaHUs Mo OTAeNbHbIM 3aja-
YaM W TEM CambIM CMOCO6CTBOBANN YNYULLUEHUIO KHUTW.



HECKOJIbKO COBETOB IO PEWEHWIO 3A0AY

1. Mpexpae Bcero 03HaKOMbTeCb C Tabnuuamy NPUNOXKEHUs, Tak
KaK pelleHne MHOrux 3afad 6e3 HUX HeBO3MOXHO. Kpome Toro, cogep-
Xawuiica B aTUX Tabnuuax cnpaBoYHbI MaTepuan 3HauuTeNbHO obner-
ynT Balwy paboTy M CIKOHOMUT BpeMS.

2. Mpuctynaa K pelleHWio 3afjavun, XOpoLIO BHUKHWUTE B ee CMbICA
N NOCTAHOBKY BOMpoca. YCTaHOBUTe, BCe NN [aHHble, He0OX04UMble
ONS pelleHnA 3afjayun, npuBefeHbl. HepjocTatowve faHHble MOXHO HalTu
B Tabnuuax npunoxeHusa. Ecnu nossonsetr xapakTep 3afayun, ob6sa3a-
TeNbHO cfenaliTe cxemMaTUUeCKNUiA PUCYHOK, NMOSCHSIOLLNIA ee CYLLHOCTb,—
3TO BO MHOMMX Cny4yasax pe3Ko o06seryaeT Kak MOWUCK peLueHusi, Tak u
caMo peLleHMe.

3. Kaxgyto 3agady pelwalite, Kak npasuno, B o6wem Buge (T. e.
B OYKBEHHbIX 0603Ha4YeHMAX), TaK YTOObl MCKOMas BennymHa 6blna Bblpa-
XeHa 4epe3 3afjaHHble BenU4YMHbl. PelwleHune B .ebuwiem Buae npugaet
OKOHYaTeNIbHOMY pe3ynbTaTy 0C06Yyl LeHHOCTb, M60 MO3BOMSET YCTa-
HOBUTb OMpefesieHHY 3aKOHOMEPHOCTb, MOKa3blBaloLy, KaK 3aBUCUT
NCKOMasi BefMYMHa OT 3afaHHbIX BenMyuH. Kpome TOro, OTBeT, MONy-
YeHHbI B 06Lem Buie, MO3BOMSET CYAWTb B 3HAYMTENbHOW CTeneHn
0 MPaBWNbHOCTM CamMOro pelleHnsa (CM. CNefyloLlWwnii NyHKT).

4. MonyumB pelueHne B 06LeM Bufe, NpoBepbTe, MPaBUIbHYIO NN
OHO VMeeT pa3MepHOCTb. HeBepHas pasmMepHOCTb eCTb SABHbIA MPU3HaK
OWMBOYHOCTM pelleHUs. Ecnm BO3MOXHO, uWccneayinTe noBefeHMe pe-
WeHNA B NpedenbHbIX YacTHbIX cnyyasx. Hanpumep, Kakoi 6bl BUA
HA UMeNo BbIPaXeHWe [NA CUAbl FPaBMTALMOHHOIO B3aMMOAelCTBUA
MeXAY [BYMSA MPOTSXKEHHbIMU Tenamu, C YyBe/IMYEHVWEM PacCTOAHUSA
MeXJy TenaMu OHO [O/KHO HerMpeMeHHO MepexoAnTb B W3BECTHbIN
3aKOH B3aVMOfeNCTBMA TOYeYHbIX Macc. B npoTMBHOM cny4vae MOXHO
cpasy yTBepXfaTb: pelUeHVe HeBepHOe.

5. Mpuctynasa K BbIYWUCAEHUAM, MOMHUTE, YTO YWC/IOBble 3HAYEHUS
(hM3NYECKMUX BEMYMH BCerja ABAATCA NPUOGAMKeHHbIMU. [103TOMY
npu pacyetax PYKOBOACTBYWTeCb MNpaBunamMu LeCTBUIA C MPUBANKEH-
HbIMW 4YMcnamMu. B 4acTHOCTW, B MNOAYYEHHOM 3HAYeHWUU BbIYUCNEHHOW
BE/IMUYUHBI HYXXHO COXPaHUTb MOCAeAHUM TOT 3HaK, efuHMULA KOTOPOro
ellle MpeBbllaeT MOrPeLHOCTb 3TON BennuMHbl. Bce cnegytowime uudpbl
Hafo oTbpocuThb.

6. lMonyyumB u4mcnoBoli OTBET, OLEHUTE ero npaBAONoOA06HOCTL.
Takas oueHKa MOXeT B psfje cnyvyaeB 06HapYyXuWTb OWMHG0YHOCTb MONY-
YeHHOro pesynbTaTa. Tak, Hanpumep, fafbHOCTb MosieTa 6pPOLLIEHHOr0
Ye/IOBEKOM KaMHS He MOXEeT ObiTb nopsfka 1 KM, CKOpPOCTb Tena He
MOXEeT 0Ka3aTbCsl 60/Mblle CKOPOCTW CBeTa B BaKyyme M T. M.



YacTtb 1

PUSNYECKNE OCHOBbI MEXAHUKWN

1.1. KuHemaTuka

¢ CpenHue BeKTOpbl CKOPOCTU W YCKOPEHWUS TOUKM:
<y>= Ar/4/, <a>= AT/A4/, (1.1a)
rae Or— nepemelleHve (MpupalleHne pafuyc-BeKTopa),
¢ CKOpOCTb W YCKOpEeHWe TOYKMU:
v=drldt, t= dvrdt. (1.16)

(0 YckopeHve TOUKM B NPOEKLMAX HA KacaTeflbHyl0 U HopManib K
TpaeKTOpUK:
Or= fdt, an= v*/R, (1.18)
roe R—pagnyc KpuBM3HbI TPaeKTOpUM B AaHHOW TOYKe.
¢ MyTb, NpOAAEHHBIA TOUKOA:

(1.1r)

rge V—MofyNb CKOPOCTM TOYKMW.
(b YrnoBble CKOPOCTb M YCKOpeHWe TBEpAoro Tesa:

o>= df/dt, 0= dm,dt. (11p)
q) Cssi3b Mexay NNHERHBIMN 1”1 yrnoebiMn BeIMYUHaAMW:
v= <], a,= <R, ax= $tR. (1.1e)

rge r— paguyc-BeKTOp pacCMaTpyBaeMoli TOUKU OTHOCUTENIbHO NPOU3BO/Ib-
HOl TOUKM OCM BpalleHusl, R —paccTosiHMe OT ocY BpalleHus.

1.1. Kartep, ABuUrasacb BHU3 N0 peke, 060rHan nnoT B NMyHK-
Te A. Uepes T=60 MWH MoCne 3TOr0 OH MOBEPHYN 06paTHO
M 3aTeM BCTPETWN M/I0T Ha PaccTofHuM /= 6,0 KM HVXe MyHK-
Ta A. HaliTu cKOpOCTb TeYeHWs, ecnu Mpu ABMXKEHUWU B 060MX
HanpaBneHusaxX MOTOp KaTepa paboTan OAMHaKOBO.

1.2. Bce 3Be3gbl, B 4aCTHOCTM U HekoTopas 3Be3fa JI\
ypanaoTca oT CofiHLa CO CKOPOCTAMM, MPONOPLUOHaNbHbIMU
WX paccTosHuio Ao Hero. Kak 6yfeT BbIrNAfeTb 3Ta KapTuHa
C «TOYKM 3peHus» 3Be3gbl N?

1.3. Touka npowsa MOMOBUHY MNyTU CO CKOpOCTbio VO.
Ha ocTaBLueiicd yacTu NyTW OHa MOJIOBUHY BPEMEHW ABWUranacb
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CO CKOPOCTbIO VU a MOCMefHWI y4acTOK NpOLUia CO CKOPOCTbHO
vt. HaliTu cpefHiolo 3a BCe BPEMS [BUXKEHUS CKOPOCTb TOUKMU.

1.4. Touka [BMXXETCA MO NpsSMOA B OAHY CTOPOHY. Ha
puc. 1.1 nokasaH rpauK NPOWAEHHOTO €K MyTU S B 3aBUCU-

MOCTM OT BpeMeHu /. Haiitm c
sM MOMOLLbIO 3TOr0 rpadguka:
A a) CpefHIO CKOpPOCTb TOY-
KN 3a BPEMS [ABWKEHUS;
6) MaKCMManbHYH CKOPOCTb;
B) MOMeHT BpemeHu /0 B
/ KOTOpbIA MFHOBEHHas CKOPOCTb
paBHa CpefHeli CKOpPOCTM 3a
nepsble /0 CEKYHA.
1.5. [Be uvactuupl, / un 2,
[BVXYTCA C MOCTOAHHBIMU CKO-
10 ro tfi PocTaAMM V, n b, I/va pagunyc-
BEKTOPbl B Haya/lbHbli MOMEHT
paBHbl T, U rt. Mpyu Kakom co-
OTHOLLEHUN MEXLY I3TUMU  Ye-
TbIPpbMA BEKTOPaMW YacTULbl MWCMbITAOT CTO/IKHOBEHWE [Apyr
Cc Apyrom?

1.6. Kopabnb [BWXXETCA MO 3KBATOPY Ha BOCTOK CO CKO-
poctbto 1\>=30 Km/4. C 1Oro-BocToka nof yrnom <p=60° K
3KBATOPY [LyeT BeTep CO CKOPOCTb M=15 km/4y. Halitu cko-
pocTb V' BEeTpa OTHOCWUTENLHO Kopabna wu yron @' mexagy
9KBATOPOM U Harpas/IeHWEM BeTpa B CUCTEMEe OTCYeTa, CBA3aH-
HOli C Kopabnew.

1.7. ABa nnosua [JOMXKHbI MONacTb M3 TOYKM A Ha OAHOM
6epery peku B MpAMO MPOTMBOMOMOXHYIO TOYKY B Ha gpyrom
6epery. [na 3TOro OAWH W3 HWUX PELIWN MepenblTb PEKY Mo
npsmoii AB, Apyroi >ke — Bce Bpems AepXaTb Kypc nepreH-
OVKYNAPHO K TEYEHWUI0, a pacCTOosAHWe, Ha KOTOpPOe ero CHecer,
MPOWTV MelKoMm Mo 6Gepery co ckopocTbio W. IMpu Kakom 3Ha-
YyeHUM 1 oba NNoBLA LOCTUTHYT TOUKM B 3a 0fUHaKoBOe Bpems,
eC/IM CKOPOCTb TeyeHMsa y*=2,0 KM/4 U CKOPOCTb KaXoro
nnosua OTHOCUTENbHO BOAbl Y '=2,5 Kwm/4?

1.8. OT 6akeHa, KOTOpbIii Haxo4MTCA Ha CepeauHe LUMPOKOi
pekn, oTtowsn ABe nogku, A n B. Obe nogkm ctanm gsuratbcs
Mo B3aMMHO MNepneHAVKYNSPHbIM MpAMbIM: fI0AKa A — BLO/b
pekn, a nogka B — nonepek. Yganuswuncb Ha OfMHAKOBOE
paccTosHue OT 6akeHa, NOAKW BEPHYNUCb 3aTeM 06paTHo.
HaliT OTHOWeHWe BpeMeH [ABWXEHUA NojoK TAITB, ecim
CKOPOCTb KaXoi N04KM OTHOCUTENbHO BOAbl B tj= 1,2 pasa
60/bLLUe CKOPOCTU TeuyeHus.

1.9. Jlogka OBUXETCA OTHOCWUTE/IbHO BOAblI CO CKOPOCTLIO,

to

Puc. 1.1



B 1=2,0 pa3a MeHblUeli CKOPOCTW TeyeHWs peku. log Kakum
YIrOM * K Hanpas/fleHW0 TeuyeHus /flo4Ka [0/DKHA AepaTtb
KypC, 4TOObl €e CHEC/I0 TeYeHMeM KaK MOXHO MeHbLue?

1.10. ABa Tena 6pocunn OLHOBPEMEHHO W3 OAHON TOYKMU:
OLHO’_ BepTMKanbHO BBepx, Apyroe — nog yrnom 0=60°
K ropusoHTy. HayanbHasa CKOpOCTb Kaxjoro tena pd=25 m/c.
MpeHe6peras CONPOTUBMAEHMEM BO34yXa, HaliTU paccTosiHue
mexay Tenammu 4vepes./=1,70 c.

1.11. e yacTuubl ABUXYTCA C YCKOPEHMEM B O4HOPOLHOM
none TSXKeCTU. B Haya/bHbIi MOMEHT 4acTuLbl HaxO4AWINCh
B OfIHO/ TOuke M umenm ckopoctn y,=3,0 m/c n v,=4,0 wm/c,
Harnpas/ieHHble TOPU30HTANlbHO W B MPOTUBOMOMIOXHbIE CTO-
POHbI. HailTn paccTosiHue mMexpgy 4acTuuaMu B MOMEHT, KOrga
BEKTOPbl WX CKOPOCTE OKaXyTCA B3aMMHO MepneHAuKynsp-
HbIMU.

1.12. Tpu TOYKM HAxXOZATCA B BEpPLUMHAX PABHOCTOPOH-
HEro TpeyronbHMKa CO CTOPOHON a. OHM HauMHaT OAHOBpE-
MEHHO ABWraTbCA C MOCTOAHHOW MO MOAYM0 CKOPOCTbIO vV,
npuyeM nepBas TOYKA BCe BPEMS [EPXKMUT KypC Ha BTOPYHO,
BTOpas — Ha TPeTbi, TpeTbsd — Ha Mepsyt0. Uepes CKO/bKO
BPEMEHW TOYKWU BCTPETATCA?

1.13. Touka A [BWXKETCA pPaBHOMEPHO CO CKOPOCTbH V
Tak, YTO BEKTOP V BCe BpPeMs «HaleneH» Ha TOUKy B, KoTopas
B CBOK Ouepefb [BMXKETCSH MPAMOAMHENHO W PaBHOMEPHO CO
CKOpOCTbI0O U<V. B HayanbHblAi MOMEHT VJ_U UK paccTosiHue
MeX[y TOYKaMu paBHO /. Yepe3 CKONbKO BPEMEHU TOUKM BCTpe-
TATCA?

1.14. Noe3n pnvHbl /=350 M HauMHaeT ABUraTbCA Mo nps-
MOMY MyTW C MOCTOAAHHbIM YCKOpeHuem a=3,0-10“* wm/c*.
Uepes /=30 c nocne Hayana ABUXEHMSA Obl BKOYEH MPOXKEK-
TOop nlokomoTmBa (cobbiTve 1), a yepe3 T=60 c nocne aToro —
CMTHa/lbHas flamna B XBOCTe noesga (cobbite 2). Halitu pac-
CTOSIHME MeX[y To4ykaMu, B KOTOPbIX MPOM30LIN 3T CO6bI-
TUS, B CMCTEMax OTCYeTa, CBA3AHHbLIX C MOE3A0M W C 3eMHOA
MOBEPXHOCTbIO. Kak ¥ C Kakoil NOCTOSHHOW CKOpoCTbio V
OTHOCUTE/IbHO 3eMHOI MOBEPXHOCTU [O/DKHA MepemMeLyarTbes
HekoTopas /(-cuctema oTcyeTa, YTO6bl 06a COBLITUS MPOM3OLLN
B Heli B OfHOMN Touke?

1.15. KabuHa nudta, y KOTOPOi paccTosiHMe OT nona Ao
noTofika paBHO 2,7 M, Hayana NOAHUMATLCA C MNOCTOSHHbLIM
yckopeHuem 1,2 m/c*. Uepe3 2,0 ¢ nocne Hayana nogwema ¢
noTofka KabuHbl cTan nagate 6onT. Haitu:

a) Bpems CBOGOAHOro najeHus 60nTa;

6) nepemelyeHVe M NyTb 60nTa 3a Bpemsi CBOOGOAHOro na-
[eHNA B CUCTEMEe OTCYeTa, CBA3AHHOM C LWAXTOM nudra.



1.16. OBe yactuupbl, / 1 2, ABMXYTCA C MOCTOSHHbIMU CKO-
pocTAMM I, 1 vt No ABYM B3avMHO NepneHAVKYNAPHbIM MNps-
MbIM K Touyke WX nepeceyeHus O. B momeHT <=0 yacTuubl
Haxo4uNUch Ha pacctosHuax /, u/, or Toukn O. Yepes CKONbKO
BPEMEHW MOCMIE 3TOr0 PAacCTOAHWE MeXAy uacTuuamu CTaHeT
HaVMeHbLLIMM? Yemy OHO paBHO?

1.17. N3 nyHkTa A, Haxofduwieroca Ha wocce (puc. 1.2),
Heo6X0AMMO 3a KpaTuaillee BpeMs MNONacTb Ha MallMHe B
MYyHKT B, pacnofnoXeHHbli B nofe Ha pacctosiHum | OT Lwocce.
M3BECTHO, 4TO CKOPOCTb MallUWHbI MO MO0 B pa3 MeHblue
ee CKOpoCTW Mo Locce. Ha Kakom pacCTosiHMM OT Touku D
cneflyeT CBEpHYTb C Luocce?

(¢ o

Punc. 1.2 Pac. 1.3

1.18. Touka [BWXKETCA BAOJSIb OCM X CO CKOPOCTbIO, MPOEK-
LMA KOTOPOWA VX KaK (PYHKLMS BPEMEHW OnucbiBaeTca rpadu-
KoM Ha puc. 1.3. Imea B BMAy, 4TO B MOMeHT <=0 KOOpAMW-
Hata Touyku n:=0, HayepTUTb NPUMEPHbIE TPauKM 3aBUCUMO-
CTeil OT BPEMEHWN YCKOPEHMUS ax, KOOpAWHATbI X W MPOALeHHOro
nyTu s.

1.19. 3a npomexyTok BpemeHu T7=10,0 c TOouka npowna
MONOBUHY OKPYXHOCTU pagunyca /?=160 cm. Bbluuciutb 3a
3TO Bpems:

a) cpefHee 3HayeHWe Mopyns ckopoctu (0);

6) mMofyfb CpeflHEro BeKTOpa ckKopocTu <> |;

B) MOAY/b CPefHero BeKTOpa MOJIHOr0 YCKOpeHus | <&>|,
ecniv ToYKa [BWUranacb C MOCTOAHHLIM TaHTeHLMaNbHbIM YCKO-
peHuneM.

1.20. Pagwuyc-BeKTOp 4acTUUbl MeHSeTCs CO BpemMeHem t
no 3akoHy r=b/( l—at), rae b — NoOCTOAHHbI BekTOp, @ —
MoOMOXWUTEeNbHAA MNOCTOAHHaA. Hantu:

a) CKOpPOCTb V U YCKOpEHMe a 4acTuubl B 3aBUCMMOCTU OT
BPEMEHMU:

6) NpoMexyToK BpemeHu At, N0 UCTeYeHUW KOTOPOro Ya-
CTMLA BepHeTCA B MCXOAHYIO TOUKY, a TakXe NyTb S, KOTOPbIi
OHa NpOoWAeT Mpu 3TOM.

1.21. B mMoMeHT /=0 yacTuua BbllWa U3 Havana KoopauHat
B MOJIOXKMTENbHOM HanpasfieHun ocu x. Ee CKopocTb MeHseTcs
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CO BpeMeHeM MO 3aKoHY v=v, (1—//1), rge vO— HayanbHas
ckopocTh, MOAYNMb KoTopoi »0=10,0 cm/c, T=5,0 c. Haiitu:
a) KOOpAMHATY X 4YacTuubl B MOMEHTbl BpeMeHu 6,0, 10 u
20 c;
6) MOMEHTbI BpeMmeHu, Korga 4actuua 6yfeT HaxognuThes
Ha pacctosHuy 10,0 cM OT Hayana KOOPAWHAT.

1.22. Yactuua ABUXETCA B MOJIOXKUTESIbHOM Hanpas/ieHUK

OCK X TaK, 4YTO ee CKOpPOCTb MEHSeTCA Mo 3aKoHy v=aVrx, rge
a — NoNoXuTeNbHasa NOCToAHHAA. Vimes B BUAY, YTO B MOMEHT
/=0 oHa Haxogunacb B TO4Yke X =0, HaWTu:

a) 3aBWCMMOCTb OT BPEMEHM CKOPOCTM U YCKOPEHWUA Ya-
CTULI;

6) CpefHIO CKOpPOCTb YacTuLbl 3a BpeMs, B TeYeHue Ko-
TOpPOro OHa MNpOWAeT MepBble S METPOB MyTW.

1.23. Touka [ABWXETCH, 3ameAnasacb, MO MPAMOA C YCKO-
peHveM, MOZY/lb KOTOPOro 3aBMCUT OT ee CKOPOCTU O Mo 3a-

KOHY a=o0iVv, rge a — nonoxuTtenbHasg nocTosHHasa. B Ha-
YyabHbIAi MOMEHT CKOpPOCTb TOYKM paBHa yO- Kakoii nyTb OHa
npoiigeT 4O OCTaHOBKM? 3a Kakoe BpeMs 3TOT nyTb Oyget
npongeH?

1.24. Paguyc-BeKTop TOYKM A OTHOCUTENIbLHO Hayana Koop-
[MHAT MeHSAeTCA CO BpeMeHem t no 3akoHy r=al/i-fp/*j, rge
aunp — nocTosHHble, 11 j — opTbl oceli X W y. Haiitu:

a) ypaBHeHMe TpaekTopum TOukM Y(X); wn306pasuTbL ee
rpaguk;

6) 3aBMCMMOCTM OT BPEMEHW CKOPOCTW V, YCKOpPeHWs a wu
MOAYNein 3TUX BENUYUH;

B) 3aBUCMMOCTb OT BPEMEHU Yyria PMeXy BEKTOpamun a v v.

1.25. Touka [ABWXETCA B MNJIOCKOCTU XYy MO 3aKOHY X=0/,
y=at(1—p/), rge a u p — NONOXUTENbHble MNOCTOSAHHbIE.
Halitn:

a) YypaBHEHWe TpPaekTopuuM TOuKM Y(X); M306pa3nTb ee
rpaguk;

6) CKOPOCTb V UM YCKOPEHME a TOYKM B 3aBUCMMOCTM OT /;

B) MOMEHT  KOrfa Yrofl Mexpy CKOpPOCTbIO U YCKOPEHWEM
paBeH n/4.

1.26. Touyka [BWKETCA B MNOCKOCTM Xy MO 3aKOHY X=
=i4 sin bit, y=A (I—cos w(), rge A n at— nonoXunTesbHbIE
MOCTOSIHHblEe. HaiiTu:

a) MyTb S, MPOXOLMMbI/A TOYKOM 3a BPEMSA T;

6) yron Mexpgy CKOpPOCTbIO W YCKOpPEHWEM TOYKM.

1.27. YacTuua ABMXKETCA B MAOCKOCTU XY C MOCTOSHHbLIM
YCKOPeHWEM a, HarpaBneHue KOTOPOro NpOTUBOMOMNOXHO Mo-
NOXWUTENbHOMY Harpas/ieHWI0 OCU Y. YpaBHeHWe TPaeKTopuu
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yacTuubl UmeeT Bug y —ax—Tix*, rae a n p — nonoXuTtesbHble
MOCTOAHHbIe. HaiTW CKOPOCTb YacTWLbl B Hayane KOOpPAMHAT.

1.28. Heb6osnblioe Teno 6pocmnn nog yriom K FOpU3OHTY
C HavasbHON ckopocTbto V0. lMpeHebperasd CONPOTMBIEHMEM
BO34yXa, Hantu:

a) nepemelleHue Tena B (PyHKUUKM BpemeHn r(/);

6) cpefHwii BeKTOp cKopocTu (V) 3a nepeble t CEKYHA W
3a BCe Bpems [BUXeHUA.

1.29. Teno 6pocunn c MOBEPXHOCTU 3em/n Moj Yriom a
K TOPM30HTY C HadyanbHOW CKOPOCTbIO V,,. [lpeHebperas co-
NPOTUB/IEHVEM BO34yXa, HaWTW:

a) BpeEMSI ABWXEHUS;

6) MakcMMmanbHYK BbICOTY MOAbEMA W TFOPU3OHTANbHYIO
JaNbHOCTb MOMeTa; MPU KakoM 3HayeHWW yria a OHu OyayT
paBHbl ApPYT ApYry;

B) ypaBHeHWe Tpaektopuu y(X), rge y u X — nepemete-
HUA Tena NoO BEPTUKANW W TOPU3OHTANM COOTBETCTBEHHO.

1.30. Mof KakuMm YrAOM K TOPM30HTY Hago 6pocuTb Lwa-
PYK, 4TOObI:

a) paguyc KpPUBU3HbLI Hayana ero TPaekTopuu 6bln B >)=
= 8,0 pa3 60nblle, YeM B BepLUUHE;

6) LEHTP KPMBWU3HbI BEPLUMHbI TPAEKTOPUWM HAXOAMNCA Ha
3eMHOI MOBEPXHOCTM?

1.31. Wapuk nagaeT ¢ HyneBOW Haya/ibHOW CKOPOCTbIO Ha
rNafkyt0 HaKNOHHYI0 TM/I0CKOCTb, COCTaBMAIOWY Yron a ¢
ropusoHTom. [poneTeB pacctosHue ft, oH ynpyro otpasuncs
OT MM0CKOCTWM. Ha KakoM pacCTOfHUM OT MecTa nafeHus
lapuK 0TpasnTca BTOPOW pas?

1.32. Tywka 1 uenb Haxo4AaTCA Ha O4HOM YpPOBHe Ha pac-
ctofAHum 5,10 kM gpyr ot gpyra. Yepes CKO/bKO BpPeMeHu
CHapsig C HayanbHOW CKOpoCTblo 240 M/C [OCTUIHET uenu?

1.33. /13 nywKy BbINYCTUAWN MOCNeL0BaTe/lbHO [Ba CHapada
CO CcKopocTbto y0=250 wm/c: nepBblli — mog yraom 0,=60°
K TOPU30HTY, BTOpPOin — nog yrnom $,=45° (asuMyT oOfuH
M TOT >e). HaliTm uHTepBan BpPEMEHW MeXJy BbICTPenamu,
MpyY KOTOPOM CHapsfbl CTOJIKHYTCA APYT C APYrom.

1.34. Bo3ayLWHbIA LWap HayMHaeT MOAHMMATLCA C MOBEPX-
HoCcTW 3emin. CKOPOCTb ero nogbemMa MOCTOSIHHA WM paBHa »«.
Bnarogaps BeTpy wap npuobpeTaeT rOPU3OHTANIbHYIO KOM-
MOHEHTY CKOpPOCTM VX=ay, rge a — MOCTOAHHadA, Y — Bbl-
coTa nogbema. HaiTu 3aBMCMMOCTM OT BbICOTbI MNOAbEMA:

a) BeNMUUHbI cHoca Lwapa x(y);

6) MO/IHOrO, TaHreHUManbHOIO0 W HOPMa/bHOTO YCKOPEHWIA
Lapa.

1.35. Yactmua [OBMXETCA B MJIOCKOCTU Xy CO CKOPOCTbHO
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V=ai+P*j. rgei nj — opTbl OCEA X MY, @ U p — MOCTOSIHHbIE.
B HauanbHblli MOMEHT 4acTuua Haxofunacb B Toyke X=y=0.
Haiitu:

a) ypaBHeHMWe TpaeKToOpuW dacTuubl y(X);

6) paguyc KpWBWM3HbI TPAEKTOPMM B 3aBUCMMOCTM OT X.

1.36. Yactuua A [OBMXKETCA B OAHY CTOPOHY MO TPaekTto-
pun (puc. 1.4) c TaHreHuumanbHbIM YCKOpeHuem at=art, rge
a — MOCTOSHHbI  BEKTOp, COBMAafawowWwuii NO HanpasfieHWto
C OCbl0 X, @ T — eAMHUYHbI/i BEKTOpP, CBA3aHHbI C 4acTuLei
A 1 HanpaBneHHbIA N0 Kaca-

TeNbHOW K TPaeKTOpuM B CTOPO-
Hy BO3pacTaHus [yroBoli Ko-
opavHatbl.  HaliTu  ckopocTb
YyacTuUbl B 3aBUCMMOCTU OT X,
ecnm B Touke Xx=0 ee CKo-
pOCTb paBHa Hy/H0. pvc. 14

1.37. Touka [BMXETCA MO
OKPYXXHOCTW  CO  CKOPOCTbIO
v=at, rge <*=0,50 m/c*. HaliTu ee MoOMHOe YyCKOpeHMe B MO-
MEHT, Korga oHa npoiget n= 0,10 gaMHbI OKPY>XHOCTW Mocne
Havyana [BVKEHUS.

1.38. Touka [ABMXKETCA, 3aMefnifAacCb, MO0 OKPYXHOCTU
paguyca R Tak, 4TO B KaXAblii MOMEHT BpEMEHW ee TaHreH-
uvanbHoe UM HOpMasibHOe YCKOPEHUS MO MOAY/IO paBHbl ApYr
4pyry. B HayanbHbIli MOMeEHT /=0 CKOpPOCTb TOYKM paBHa V0.
HaiiTn 3aBucMMOCTb:

a) CKOpOCTM TOYKM OT BPEMEHW W OT NPOMAEHHOrO NyTW S;

6) MOMHOro YCKOPEHMS TOYKM OT CKOPOCTW W MPOMAEHHOro
nyTn.

1.39. Touka ABWXeTCA MO Ayre OKPY>XHOCTM paaumyca R.
Ee ckopocTb 3aBMCWUT OT MPOAAEHHOr0 NyTW S MO 3aKOHY

v=a) s, rge a — nocTosHHaA. Halitu yron <pmexay BeKTopoM
MOJIHOTO YCKOPEHUS W BEKTOPOM CKOPOCTM B 3aBMCUMOCTM
oT S.

1.40. Yactnua ABMXKETCA MO AYyre OKPYXHOCTW paguyca R
no 3akoHy |=A sin cat, rge |— CMelleHMe M3 HayaNbHOro
MOJIOXKEHNSA, OTCUUTbIBAEMOE BAOMb AYyrM, A W <0— MOCTOAH-
Hble. Monoxus /?= 1,00 m, A=0,80 m 1 co=2,00 c-1, Haiitn
Mo/HOE YCKOpeHue yacTuubl B Toukax 1—0 u /1.

1.41. Touyka OBW>KETCA MO M/JIOCKOCTU TaK, 4YTO ee TaHreH-
LMnanbHOe YCKOpeHWe ax=a, a HopMasibHOe yCKopeHue a,,=p/\
rie a U p — MoJIOKUTeNbHbIE MOCTOAHHbIE, t — BpemdA. B Mo-
MeHT 0 Touka nokounacb. HaiTu 3aBUCMMOCTM OT NPOIA-

AEHHOro NyTW S pagMyca KPUBM3HbI R TPAeKTOPUM TOUKM W
ee MOMHOTO YCKOpPeHUs a.
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1.42. Yactnuya [ABMKETCA PaBHOMEPHO CO CKOPOCTbIO V
MO0 MNAOCKOW TpaekTopuwm y(x). HaiiTm yckopeHue uacTuubl B
Touke o4=0 W paguyc KpWBW3HbI TPAeKTOpWUWM B 3TOW TOUKe,
ecnn TpaekTopus:

a) napabona y=ax*; 6) annunc (ar/a)at+ (y/p)*=1,
rje a u p — MNOCTOSHHBbIE.

1.43. Yactuua A [ABMXKETCA MO OKPYXHOCTW pagnyca
R =50 c™m Tak, 4YTO ee pafnyC-BeKTOp I OTHOCUTENbHO Toukn O

(puc. 1.5) noBopaunBaeTCA C MOCTOAHHOVA
yrnoBoit ckopocteto WwW=0,40 pag/c. Haii-
TM MOAYNb CKOPOCTM YaCTuubl, a Takxe
MOAYNb W HanpasfieHVWe ee MOMHOro ycKo-
peHus.
1.44. Kofeco Bpawiaetcs BOKpPYr He-
MOJBVXXHON OCWM Tak, Y4TO yron <p ero mo-
BOpPOTa 3aBMCUT OT BPEMEHM Kak <p=p/*,
Puc. 15 rlk P=0,20 pag/c*. HaiiTn nonHoe ycko-
peHve a TouykM A Ha 060fe Koneca B MO-
MeHT /=2,5 ¢, ecim CKOpOCTb TOYKM A B 3TOT MOMEHT 0=
=0,65 wmlc.

1.45. CHapsag BblfeTen co ckopoctbto p=320 wm/c, cpaenas
BHYTpM cTBONMA n=2,0 ob6bopota. AnuHa cTtBONa /=2,0 Mm.
Cuntas [BWXKEHMEe cHapsafa B CTBO/IE PaBHOYCKOPEHHbIM,
HaiiTW ero yrnoByl CKOPOCTb BpalleHUsi BOKPYF OCM B MOMEHT
BblneTa.

1.46. TBepaoe Teno BpawaeTca BOKPYr HEMOABWXHON
ocuM no 3akoHy (h=a/—&", rge a=6,0 pag/c, b=2,0 pag/c3.
Halitu:

a) CpeAHWe 3HA4YeHMs YrnoBOW CKOPOCTM M YIOBOro Yyc-
KOPEHMs 3a MNPOMEXYTOK BpemeHM oT /=0 [0 OCTaHOBKMW;

6) yrnosoe yCKOpeHWe B MOMEHT OCTaHOBKWU Tena.

1.47. Teepfoe Tefno HayvHaeT BpaLW,ATbCA BOKPYr Hemno-
OBWKHON ocu C yrnoBblM yckopeHuem P=a/, rge a=2,0x
X 10" pag/c*. Uepe3 CKONbKO BpeMeHM TMocCne Hayana Bpa-
WEeHNA BEKTOP MOMHOTO YCKOPEHWUS MpPOM3BOJILHON  TOUKM
Tena 6yfeT cocTaBnATb yron <p=60° c ee BEKTOPOM CKOpOCTW?

1.48. Tseppoe Teno Bpallaetcda, 3aMefnsafcb, BOKPYr
HEMOABWKHOI OCM C YrnoBbiM yckopeHunem PcnKo», rae bl —
ero yrnoBasi CKOPOCTb. HaliTu cpefHIOH Yra0BYH CKOPOCTb
Tena 3a Bpems, B TeyeHWEe KOTOPOro OHO OyAeT BpalLaTbes,
€CMN B HayaibHbIA MOMEHT €ro yrfioBas CKOpOCTb 6blna pas-
Ha (00.

1.49. Tsepaoe Teno BpawWaeTca BOKPYr HEMOABMXKHOM
OCMW TakK, 4TO ero yrnoBas CKOPOCTb 3aBMCUT OT yrna nosopoTa
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® no 3akoHy <>=©B—L, rge u, Ha — MNONOXUTENbHbLIE MO-
CTOSiHHble. B mMoOMeHT BpemeHu /=0 yron <p=0. Haitn 3a-
BUCMMOCTU OT BPEMEHU:

a) yrna noeopoTa; 6) yrnoBoil CKOPOCTW.

1.50. Teepfoe Teno HayMHaeT BpallaTbCA BOKPYr Hemno-
OBWXHOW OCK C YrnoBbiM yckopeHnem p=p0cos < rae p, —
MOCTOSHHLIA  BEKTOP, (p— Yroa MoBOPOTa W3 HayanbHOro
nofoxeHnsi. HaliTu yrnoByw CKOpPOCTb Tefa B 3aBUCUMOCTM
oT yrna ¢. V3o6pasnTb rpagmk 3Toil 3aBUCMMOCTW.

1.51. Bpawatowuiica guck (puc. 1.6) ABMKETCS B MOSIOXKM-
TeNbHOM HanpasfieHUM ocu X. Halitu ypaBHeHue y(x), Xapak-
Tepusytollee MOJIOKEHUSA MrHOBEHHON OCU BpaLLEHWs, ecnun

Puc. 1.6 Puc. 1.7

B HayanbHbli MOMeHT ocb C gucka Haxogunacb B Touke O
M B fa/lbHeliLleM [BUXEeTCS:

a) C MOCTOSAHHON CKOPOCTHIO V, a AWCK packpy4ymBaeTca 6e3
HauanbHOW Yrn0BOM CKOPOCTM C MOCTOSHHbIM Yr/0BbIM YC-
KopeHvem P;

6) C NOCTOAHHbLIM YCKOpeHMeM a (6e3 HavanbHOW CKOpOCTK),
a AWNCK BpalLaeTcs C MOCTOSAHHOW Yr/I0OBOM CKOPOCTbIO <O

1.52. Touka A HaxoguTcs Ha ob6ofe koneca paguyca R —
=0,50 M, KOTOpoe KaTuTCa 6e3 CKOMbXEeHUs M0 Fopu3oHTalb-
HO/ MOBEPXHOCTWM €O cKopocTblo »=1,00 m/c. Haitu:

a) MOJy/Nb W Harpas/ieHWe YCKOPEHUs TOUYKU A;

6) MOAHbIA NyTb S, NPOXOAWMbIA TOUKO A Mexay [ABYMS
nocnefosartefibHbIMM  MOMEHTAMW €e  KacaHWA MOBEPXHOCTH.

1.53. Wap paguyca /?= 10,0 cM KaTuTCA 6€3 CKOMbXEHUA
MO rOPU3OHTANbHON MNOCKOCTW TakK, YTO ero LEHTP ABVKETCH
C MOCTOSHHbIM YycKopeHuem a=2,50 cm/cl Yepes /=2,00 ¢
nocne Havana [ABUXEHUA €ro MoNoXeHue COOTBETCTBYeT
puc. 1.7. Haiitu:

a) ckopoct Touyek A u B; 6) yckopeHus Touyek J1 u O.

1.54. UunuHap Katutcs 6e3 CKOJIbXXeHUA Mo TrOpU30H-
TanbHOM nnockocTh. Paguyc uwnuHgpa paseH r. Haiitu
pafuycbl KpWBWM3HbI TpaekTopuii Touek AnB (cm. puc. 1.7).
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1.55. [1Ba TBepAbIX Tena BpaLlaloTCA BOKPYT HemnoABMXHbIX
B3aMMHO MeprneHAUKYNAPHbIX MepeceKalowmxcs oceid ¢ no-
CTOAHHbIMU yrnoBbIMK ckopocTamu  (0]= 3,0 pag/c u 10,=
=4,0 pag/c. HaliTu yrnoByto CKOpPOCTb W Yr/0BOE YCKOpPEHUe
OfHOro Tena OTHOCUTENbHO APYroro.

1.56. Tsepgoe Teno BpawlaeTcqd C YrN0BOW CKOPOCTbIO
«»=ali+fc/’j, roe a=0,50 pag/c*, 6=0,060 paa/c*, | n j— opTbl
ocel X HYy . HaiAiTu mMogynm yrnoBoii CKOPOCTM W YI0BOTO
ycKopeHus B MoMeHT /= 10,0 c.

1.57. Kpyrnablii KoHyc ¢ yrnom nonypactBopa a=30° u
paguycom ocHoBaHua /?=5,0 cM KaTuUTCA paBHOMepHO 6e3

CKOJIbXXEHWNA MO FOPU3OHTaNbHON nnoc-
KOCTW, KakKk MnokKa3aHO Ha pwuc. 1.8.
BeplivHa KoHyca 3akpenjeHa LapHup-
HO B Touyke O, KOTOpasa HaxogauTcd Ha
OfHOM YpOBHe C TO4Ykoil C — LEeHTPOM
OCHOBaHMA KOHyca. CKOpOCTb TOYKU
C y= 10,0 cm/c. Haiitu wmopgynu:

a) YINI0BOA CKOPOCTW KOHYCa;
YIrNI0BOr0 YCKOPEHUS KOHYyca.

1.58. Tseppoe Teno BpalaeTca € MOCTOAHHOW Yra0BOWA
cKkopocTbto 0)0=0,50 pag/c BOKpYr ropusoHTanbHOW ocu AB.
B momeHT /=0 ocb AB Hauanu nosopaumBaTb BOKPYr BepTU-
Kann ¢ MOCTOSHHbIM Yr/0BbIM yCcKopeHuem pO= 0,k0 pag/c*.
HaiiTu Mogynu yrnoBoi CKOpPOCTM W YI/I0BOFO YCKOPEHUS
Tena vepes /=3,5 c.

1.2. OCHOBHOe ypaBHeHVe OWHAMUKU

¢ OcHoBHOe ypaBHeHWe AMHaMWKK (BTOPO 3aKOH HbIOTOHA):
Tdv/dt= F. (1.2a)
(b 3To e ypaBHeHMe B NPOEKLMAX Ha KacaTe/lbHYl0 U HOpMaNib K
TPaAeKTOpPUN TOYKNU:
mdvx/dt= Fx, mvt/R = Fn. (1.26)

( YpaBHeHWe AVHAMWKM TOUKU B HeuHepuuaibHON /('-cucTeme OT-
cyeTa, KOTOpas BpALLAETCs C MOCTOSHHOM Yr/OBO CKOPOCTLIO LU BOKPYT
HEeMoABWKHON ocu:

K= F-f/nco*R+2m [v'wj, (1,2B)

roe R—pagnyc-BeKTOp TOYKM OTHOCUTENIbHO OCU BpalleHus /(*-CUcTembl.

1.59. YacTuua ABMXKeTCA BAOMb OCU X M0 3aKOHY X = a/*—p/*,
rie a W p — MOMoXUTeNbHbIE MOCTOAHHbIE. B MoMeHT /=0
cuna, feicTeBylollas Ha vacTuuy, paBHa F,. HaliTu 3HaueHus
FX cunbl B TOYKax noBopoTa M B MOMEHT, KOrfa 4vacTuua onsathb
okaxetca B Touke ar=0.
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1.60. HaiitTu mMoAynb W HanpaBfeHWe CW/bl, AeACTBYHOLLEl
Ha YacTuuy MacCbl T NpW ee ABMKEHUU B M/IOCKOCTM XY MO
3aKOHYy X=A sin w/, y=B cosat, rae A, B, 10— nocTosH-

Ie'1.61. Aa3pocTtat Maccbl T =250 Kr Hayan onyckartbCci C
yckopeHvem a=0,20 Mm/c*. OnpegenuTb Maccy 6annacra,
KOTOpbIii crnefyeT cbpocuTb 3a 6opT, 4TOGLI aspocTar nony-
UM Takoe e YCKOpeHWe, HO HanpasfieHHoe BBepx. Conpo-
TUB/IEHNA BO3[yXa HeT.

1.62. B ycTtaHoBKe, nokasaHHOW Ha puc. 1.9, maccbl Ten
paBHbl TO, T, M mS, mMaccbl 610Ka W HWTEA NpeHebpexnmo
Manbl 1 TpeHus B 6NOKe HeT. HaiTu yckopeHue a, C KOTOPbIM
onyckaetcs Ten10 T 0, U CUY HATSXKEHUS HUTKU, CBA3bIBANOLLEl
Tena T, n/n,, ecnn KoIPMUUMEHT TPEHUS MEXAY 3TUMMK Tenamu
M TOPU3OHTANbHOW MNOBEPXHOCTbIO paBeH k.

5 i

INTTITY TN R

Puc. 19 Puc. 1.10

1.63. Ha Hak/IOHHYK MJIOCKOCTb, COCTaB/AKOLWYO Yron a
C rOpuM30oHTOM, MomecTunm fgsa 6pycka 1 u 2 (puc. 1.10). Maccobl
6pyCcKOB paBHbl /11, N T % KO3IPPULNEHTbI TPEHNA MEXAY Mno-
CKOCTbIO M 3TUMK BpyCcKamMmun— COOTBETCTBEHHO fe, 1 kt, npuyem
kE>kt. Halitu:

a) cuny B3avMOeNCTBMA Mexay 6pyckamu B npouecce
OBWXKEHUS;

6) 3HayeHMs yrna a, Npu KOTOPbIX He OyAeT CKOMbXeHus.

1.64. He6onblloe Teno nycTunu
CHM3y BBEpPX MO HAK/MOHHOW M0CKO-
CTW, cocTaBfsilowWwen yron a= 15° c
ropu3oHToM. Haiitu  koagduumneHT
TPeHWs, ecnu BpemA MnogbeMa Tefa
okasanocb B f1=2,0 pasa MeHblLe
BPEMEHW CMyCKa. _

1.65. B ycraHoBke (puc. 1.11) uct
M3BECTHbI Yron a u Ko3h(MuneHT
TpeHns Kk wmexay TenoM T, W HAKIOHHOW  MAOCKOCTHHO.
Maccbl 6/510ka U HUTU MpeHebpexunMo Mmasnbl, TPeHUSA B 6/ioKe
HeT. BHauane o06a Tena HeMmoABWXHbI. HaliTu OTHOLWEHKE
macc NPy KOTOPOM TEeNO T, HAYHET:

a) onyckarbcsi; 6) nofHMMATLCA.
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1.66. HaknoHHas nnockocTb (cM. puc. 1.11) cocTasnset
yron a =30° ¢ ropu3oHToM. OTHOLUEHNe Macc Ten mt/mx=1)=
=2/3. KoapdpuuMeHT TpeHus mexay TefioM T, W MNIOCKOCTbIO
N1=0,10. Maccbl 6710Ka U HWATW MpeHebpexmmo Manbl. Haitm
MOZY/Mb W HanpasfieHWE YCKOpPeHus Tena TTI, ecnu cucrema
npuwna B ABWKEHWE U3 COCTOAHMA MOKOS.

1.67. Ha rnagkoii ropu30HTanbHOM MAOCKOCTU  NEXMUT
[ocKa Maccbl T, W Ha Hell 6pycok maccel mt. K 6pycky npu-
NOXWNN TOPU3OHTaNbHYIO CUMY, YBEMYMBAIOLLYIOCA CO Bpe-
mMeHeM / no 3akoHy F=at, rge a — nocTosiHHas. Hantw.
3aBMCMMOCTM OT t YCKOPEHWA JOCKK a, u Bpycka 0,, ecnun Koad-
(DMUMEHT TPeHUs MeXAay [OCKOW u 6pyckom paseH K. W306-
pasnTb NpUMEpHble rpadukn 3TUX 3aBMCMMOCTENA.

1.68. Ha ropusoHTa/bHON MNJIOCKOCTM HaxOAATCA [ABa
Tena: 6pycok M 3NeKTPOMOTOp C 6aTapeiikoil Ha nNOACTaBKe.
Ha ocb anekTpomMoTOpa HamMOTaHa HWUTb, CBOGOAHbIV KOHeL,
KOTOpO coefiMHeH C 6pyckoM. PaccTosHue Mexgy o060oumu
Tenamu /, KO3(UUMEHT TPEHUA MeXAy Tenamu H M0CKOCTbHO
K. ocne BKMYeHWs mMoTopa 6GpycoK, Macca KOTOpPOro BABOe
60/bLIe Maccbl Apyroro Tena, Hadyan ABUraTbCA C MOCTOSHHBIM
YCKOpeHneM a. Yepe3 CKONbKO BpemMeHW o0ba Tena CTOMK-
HyTCA?

1.69. Hebosnblioe Teno T HayMHaeT CKOMIb3UTb MO HAKJIOH-
HO MIOCKOCTU U3 TOYKMW, PAaCMO/IOXKEHHOW Haj BEPTUKabHbIM
ynopoMm A (puc. 1.12). Koath(hmuUMEHT TpeHuUs Mexay TeloM Wt

Puc. 1.12 Pwnc. 1.13

HaKNoHHOW nnockocTblo J1=0,140. [lpM KakoM 3Ha4YeHWK
yrna a BpPeMs COCKanb3blBaHWUA OyAeT HauMeHbLUUM?

1.70. LWaiiby nonoXwnum Ha HaKAOHHYK MJ0CKOCTb WU
COOOLMIN  HaMpaBMEHHYK BBEPX HauyanbHY CKOpocTb YO0
Koa(hmuneHT TpeHMs Mexay Luaiboid 1 NAoCKOCTbI0 paBeH K.
Mpn KakoM 3Ha4YeHMM Yyrfa Hak/oHa a waiba npoingeT BBepX
Mo MMOCKOCTM HauMMeHbllee paccTosaHue? Yemy OHO paBHO?

1.71. bpycok Maccbl T TAHYT 3a HWUTb TaK, YTO OH ABMXKETCA
C MOCTOSHHON CKOPOCTbIO MO TOPM3OHTANbHOW MNIOCKOCTU C
KoapumumeHtom TpeHusa Kk {puc. 1.13). Haitm yron a, npm
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KOTOpPOM HaTAXEHUNE HUTKU 6y,£l,6T HaNMEHbLUNM. quy OHO

paBHQ? . .

1.72. HuTb nepeknHyTa uepe3 ferkuii Bpallarowuiics 6e3
TpeHua 610K. Ha 0fHOM KOHLle HUTW NPUKPENSIEH FPy3 Macchbl
M, a no Apyroi cBucaloLlel 4acT¥ HWUTWU CKOMb3UT My(TOuKa
Maccbl T C MOCTOSHHbIM YCKOpPEHWeM &' OTHOCWUTENbHO HUTW.
HaiiTn cmuny TpeHus, ¢ KOTOPO HWUTb AENCTBYET Ha My(TOuKY.

1.73. Yepe3 650K, MPUKPENNIEHHBbIA K MOTONKY KabUHbI
nngTa, MNEPEKMHYTA HWUTb, K KOHLAM KOTOPOW MNpuUBA3aHbI
rpysbl ¢ maccamu T, U Tr. KabuHa HauMHaeT MNogHMMATLCS C
yckopeHuem a0. MpeHebperas maccamu 6710Ka M HUTK, a TakKxe
TPEHWEM, HAWATW:

a) YCKOpeHWe rpys3a T, OTHOCWUTENIbHO KabuHblI;

6) cuny, ¢ KoTopol 610K LEACTBYeT Ha MOTONIOK KabuHbI.

1.74. B cucTeme, nokasaHHoi Ha pwuc. 1.14, maccbl Ten
paBHbl mt, T,, TT, TPEHUSA HET, Maccbl 6/10KOB MPEHEBPEXNMO
Manbl. HaiiTum yckopeHue Tena TX

1.75. C KakuM MUHUMaNbHbLIM YCKOPEHMEM CllieflyeT rnepe-
MeLlaTb B FOPU30HTaIbHOM HanpasneHun 6pycok A (puc. 1.15),

ytobbl Tena / M 2 He ABUTaIUCb OTHOCUTENbHO Hero? Macchbl
TeNl OAWHaKOBbl, KO3(MULUEHT TpeHus Mexay O6pyckom u
obovmn Tenamu paBeH k. Maccbl 6/10Ka M HUTK MPeHeBpPexnmMo
Masbl, TPEHUSA B O/IOKE HeT.

1.76. Mpusme /, Ha KOTOPOW HaxoguTcs GPYCOK 2 Macchbl
T, COOOWMNN BEBO FOPU3OHTaNbHOe ycKopeHue a (puc. 1.16).
Mpn KakoM MaKCMMaIbHOM 3HAYEHUW 3TOr0 YCKopeHus 6py-
COK OyferT ocTaBaTbCA elle HenoABWXKHbIM  OTHOCWUTE/IbHO
Npu3Mbl, eCnM  KOIM(ULMEHT TpeHUa mexay Humm ft<ctg a?

1.77. Ha ropu3oHTa/bHO/ MNOBEPXHOCTU HAxX04UTCA MNpuM3-
ma 1 maccbl T, ¢ yriom a (cm. puc. 1.16) u Ha Heli 6pycok 2
maccbl mt. MNpeHe6peras TPeHWeM, HalTU YCKOPeHWe MpU3Mbl.

1.78. Ha Teno maccbl T, fexallee Ha rNMagKoii ropu30H-
TaNbHOM MAOCKOCTW, B MOMeHT t—O Havana [elicTBoBaTb
cuna, 3aBucsAwas ot BpemeHn kKak F=Kkt, rge k — noctosH-
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Has. HanpaBneHwe 3TOW Cu/ibl BCe BpeMs COCTaBNseT yron a
C ropusoHTom (cM. puc. 1.13). Haiitu:

a) CKOpOCTb Tena B MOMEHT OTpbIBa OT MJIOCKOCTU;

6) NyTb, NPOWAEHHbLIA TEIOM K 3TOMY MOMEHTY.

1.79. K 6pycky maccbl T, fexallemy Ha rnafKoin ropu-
30HTaNbLHOM MNAOCKOCTW, MPUAOXKWUAN MOCTOAHHYIO MO MOAY/O
cuny F=mgi3. B npouecce ero npsMOSMHEAHOro [ABUXEHMS
Yyron a Mexzy HanpasjieHuWeM 3TOW CUAbl U TFOPU3OHTOM Me-
HAIOT Mo 3aKkoHy a=ks, rge k — nocTosiHHas, s — npoigeH-
Hblli 6pycKOM nNyTb (M3 HA4ya/bHOrO MOMOXeHus). Haiitu
CKOPOCTb 6pycKa Kak (hyHKLMIO yrna a.

1.80. Teno maccel T 6pocunu nof Yraom K FOPU30OHTY C
HauyasbHOW CKOpPOCTbIO V,. [lpeHebperas CconNpOTUBAEHMEM
BO34yXa, HalTu:

a) npupalleHue uMMynbca Tena 3a nepeble t CeKyHO ABU-
XeHus;

6) Mogynb npupalieHns uMmMnynbca Tena 3a BCE Bpems
LBVXEHUS.

1.81. Ha nokousllylocA YacTuly Maccbl T B MOMEHT t=0
Hayana [eiicTBOBaTb CWU/a, 3aBMUCALLAA OT BPEMEHW MO 3aKOHY
F=b/(x—/), rpe b — NOCTOAHHbI BeKTOp, T — Bpems, B
TEYEHMe KOTOPOro AeicTByeT AaHHas cuna. Haiitu:

a) UMNyMbC 4acTULbl MOC/AE OKOHYaHWA [AeACTBUS CWIbl;

6) nyTb, NPOMAEHHbLIA YacTuLEd 3a Bpems LEACTBUA CWJbI.

1.82. Yactmnua maccbl T B MOMEHT t=0 HayMHaeT 4BUratbCH
nog peictemem cunbl F=F,, sin b/, rae FO 1 W — NOCTOSAH-
Hble. HaliTu nyTb, MNPOWAEHHBLIA yYacTuueid, B 3aBUCMMOCTU
oT t. W306pasnTb npuMepHbli rpaguk 3TON 3aBUCUMOCTW.

1.83. B MOMeHT /=0 yacTuua mMaccbl T HaUMHAET ABUraThCA
nog fevicrenem cunbl F=FO0cos(o/, rge FO m w — MnoCTOsH-
Hble. CKONbKO BpeMeHW yvacTuua 6yfaeT ABMratbCa 4O MepBoi
0CTaHOBKM? Kakoii nyTb OHa npoigeT 3a 310 Bpema? Ka-
KOBa MakCHManbHas .CKOPOCTb 4acTuubl Ha 3TOM MyTwU?

1.84. Kartep maccbl T [ABMXETCA MO 03epy CO CKOPOCTbIO
v0. B MOMeHT /=0 BbIKMOUMAWU ero gsuratens. Cumtas cuny
CONPOTMB/IEHNS NPOMOPLUOHANBLHOW CKOpPOCTW KaTepa, F=
= —rv, HaWTtw:

a) BpeMsi [BVKEHWA KaTepa C BbIK/HOYEHHBbIM [BUraTesiem;

6) CKOpOCTb KaTepa B 3aBMCMMOCTM OT MyTW, MPONgEH-
HOFO C BbIK/OYEHHbIM ABUraTeneM, a Takxe MOJHbIA MNyTb A0
OCTaHOBKMU.

1.85. Mynsa, npobwB [OCKY TOAWMHOA JI, M3MeHWna CBOH
CKOpoCTb 0T vO fo v. HaiiTu Bpems ABMXEHWS Ny B JOCKe,
cumTas Cuay CONPOTMB/EHMS MNPONOPLMOHANBHON KBagpaTy
CKOpPOCT!.
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1  86. Hebonbwoint 6pycoK HauyuMHaeT CKOMb3UTb MO HaK/OH-
toli MMIOCKOCTW, COCTaBAAOLWEA yron a ¢ ropusoHTom. Koad-
(UUMEHT TPEHMS 3aBUCMT OT MPOWAEHHOrO MyTW X MO 3aKOHY
[=lyx, rge y — nocTosHHasd. HaWTtu nyTb, NPOALEHHLIN
6pyckoM [0 OCTaHOBKW, W MaKCUMaibHYH) CKOPOCTb ero Ha
3TOM NyTW.

1.87. Ha ropu3oHTanbHOW MNAOCKOCTU C  KO3(P(ULMEHTOM
TpeHUs K NEeXMWUT Teno Maccbl T. B MOMeHT /=0 K Hemy mnpu-
NOXWIN TOPU3OHTaNIbHYIO CUNY, 3aBUCALLYIO OT BPEMEHWN Kak
F=b/, rgpe b — nocTosHHbIA BekTOp. HaiiTu nyTb, nNpoiigeH-
HbIl TEeNOM 3a nepBble / CEKYHA AeWCTBUA 3TOW CUSbI.

1.88. CamoneT fenaeT «MepTBYHO Net/iio» paguyca /?=500 m
C MOCTOSIHHON cKopocTblo 0=360 km/4. HainTm Bec neTyuka
mMaccbl T=70 KI B HWKHEA, BepXHEA W CpeaHein Toukax
neTm.

1.89. Heb6onblwoii wWwapuk Maccbl T, MOABELUEHHbIA Ha
HUTW, OTBENM B CTOPOHY TaK, YTO HWTb o6pas3oBana npsMoW
Yron ¢ BepTUKanblo, W 3aTtem oTnycTuan. Haitu:

a) Mofy/lb MOSIHOTO YCKOPEHMS LlapuMka W CUy HaTsxe-
HWA HWTW B 3aBMCUMOCTU OT [ — Yrfia OTK/IOHEeHWS HUTU OT
BepTUKanu;

6) cuny HaTSXeHWUs HUTW B MOMEHT, KOrja BepTuKasibHas
COCTaBMIAIOLLAA CKOPOCTW LWapMKa MAaKCUMAasbHa;

B) Yron & Mexpgy HWTbIO U BepTUKaNnbld B MOMEHT, Korpa
BEKTOP MOJIHOrO YCKOPeHWa Lapuka HanpasneH rOpu3oH-
TaNbHO.

1.90. Lapuk, MOABELUEHHbIE HA HWTW, KavaeTca B BEPTU-
KanbHOW MJIOCKOCTU TaK, YTO €ero YCKOPEHUsi B KpaliHeM U
HWKHEM MONOXEHMAX PpaBHbl MO MOAY/MO APYr Apyry. Haiitu
Yron [ OTKAOHEHMS HUTW B KPaHEM MOMOXEHUW.

1.91. Hebonblwoe Teno A HauMHaeT CKOMb3WUTb C BEPLUUHBI

rnagkoi ciepbl paguyca R. Haiitv yron 0 mexay BepTMKaibio
M pajuyc-BeKTOPOM, XapaKTepu3sylo-
MM MONOXEeHWe Tena A OTHOCK-
TeNbHO LieHTpa Cepbl B MOMEHT OTPbI-
Ba OT Hee, a TAKXKe CKOPOCTb Tena B
3TOT MOMEHT.

>92. Mpubop (puc. 1.17, Bug
CBEpPXY) COCTOUT M3 rnagkoro M-o6pas-

HOro CTepPXH$, PacrosioKeHHOro B ro-

PU30HTANILHOM MAIOCKOCTY, U My(TOU- Puc. 1.17

Kn A maccbl T, COEAMHEHHON HeBe-

OMOW MPY>XMHKOW C TOUYKOM B. XKecTKOCTb NPY>XMHKW paBHa
*Bcs cucTema BpawaeTcs C MOCTOAHHOW YrI0BOW CKOpO-
b0 U BOKPYT BEPTUKaNbHOI OcK, Npoxogallei yepes Touky O.
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HaliT oTHOCUTeNbHOE YANWHEHWE NPYXWHKKU. Kak 3aBucuT
pesynbTar OT Hanpas/ieHWs BpaLLEHNA?

1.93. BenocunegucT efet Mo KPYrioi ropu3oHTanbHOM
nnowanke paguyca R. KoapuUMeHT TpeHUs 3aBUCUT TONbKO
OT pacctoaHua T Ao ueHTpa O nnowagkn kak k=k0O(\—r/R),
roe kO— noctosHHas. HaliT pagmyc OKPY>XXHOCTW C LEHTPOM
B Touke O, NO KOTOPOW BEMOCUMEAMCT MOXET exaTb C MaKcu-
Ma/lbHOM CKOpOCTbiO. KakoBa 3Ta CKOpPOCTH?

1.94. ABTOMAlLMHA [ABUXETCA C MNOCTOAHHbLIM TaHreHLUM-
anbHbIM yckopeHnem ax=0,62 M/C* MO ropu3oHTa/bHOW no-
BEPXHOCTW, OMWCbIBas OKPYXXHOCTb paguyca /?=40 m. Ko-
APMOUUMEHT TPeHUA CKONbXEHUA MeXAy KojiecamMu MalliviHbl U
noeepxHocTblo J1=0,20. Kakoli nyTb nNpoigeT MalimHa 6e3
CKO/bXXEHUA, €CN B HayanbHbIi MOMEHT €e CKOpPOCTb paBHa
HyM0?

1.95. ABTOMAalUMHA [BWXETCA pPaBHOMEPHO MO0 TOPW30H-
Ta/lbHOMY MyTW, UMeloLWwemMy (popmy cuHycomibl Yy —b sin (ar/o),
roe b n a — HekoTopble MNOCTOAHHbIE. KO3P(UUMEHT TpeHus
MeXay Konecamy 1 goporoii paBeH K. [pu Kakoii CKOpOCTU
ABVKeHWe aBTOMalMHbl ByfeT MpoucxoauTb 6e3 CKOMbXEeHUN?

1.96. Llenoyka maccbl T, ob6pasytowas OKPY>XHOCTb pa-
auyca R, HafeTa Ha rnagkuii KpyroBsoi KOHyC C yriom nony-
pacTBopa 4. Halitu cuny HaTsXKeHus Lenoyku, ecnu oHa Bpa-
LaeTca C MOCTOAHHOM Yr/0BOW CKOPOCTbIO (0 BOKPYF BEPTU-
KafbHOW OCKM, COBMajatoleil C OCb0 CUMMETPUM KOHyca.

1.97. Yepe3 3akpemnsieHHbli 6GAOK MepeKknHyTa HeBecoMmas
HWTb, K KOHLAM KOTOpOM MpWKpenneHbl TPy3bl C Maccamu
T, n/n,. Mexay HWTbIO U 6G/I0KOM WMeeTca TpeHwe. OHo Ta-
KOBO, YTO HWUTb HAyMHaeT CKOMb3UTb MO 60Ky, Korga OTHO-
weHne mj//n,=Tie. Haitn:

a) KO3(h(UUMEHT TpeHus;

6) yckopeHue rpysos, ecnm T,//n1=T)>T]».

1.98. YacTuua maccbl T ABMXETCA MO BHYTPEHHEN rnafgkoi
MOBEPXHOCTW BEPTUMKANbHOIO UWAuHApa paguyca R. Haiitu
CUNYy [aBfIEHWUs 4acTMUbl Ha CTEHKY UWAMHApa, ecnv B Ha-
yaNbHbIi MOMEHT ee CKOpOCTb paBHa VB u cocTaBnseT yron a
C TOPW3OHTOM.

1.99. YacTtuua maccbl T [BMXXETCA B HEKOTOPOM MNIOCKOCTM
P nop peiicTBreM NOCTOSHHOW NO MOAynto cunbl F, KoTopas
noBOpaYMBaeTCca B 3TOM MNAOCKOCTW C MOCTOSIHHOW Yr/0BOiA
cKopocTbio M. CuwuTasd, 4To B MOMeHT t—O yacTuua MNOKOU-
nacb, HaiTu:

a) MOAy/Nb ee CKOPOCTW B 3aBUCMMOCTWU OT BPEMEHMU;

6) NyTb, NPOXOAMMBIA YacTuLell Mexay AByMA MocnefoBa-
TeNlbHbIMW OCTaHOBKaMu, W CPefHIO0 CKOPOCTb Ha 3TOM NyTW.
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1.100. He6onbliyto wWwaby A MONOXKUAN Ha HAKIOHHYH
MNOCKOCTb, COCTAB/AIOLLYIO Yrofl a ¢ ropusoHTom (puc. 1.18),
M COOOWMAM Hava/lbHYH CKOPOCTb O,. HaiiTu 3aBMCUMOCTb
CKOPOCTM LWaibbl OT yrna <p ecnm
KoapuumeHt TpeHusa fc=tga wu B
HayasbHbIA MOMEHT ¢ ,=5/2.

1.101. Llenouky AnuHbl / nomec-

TUAN Ha TNafKyt chepuyeckyto no-

BEPXHOCTb paguyca R Tak, 4YTo OAuH

€e KOHel, 3aKpernfieH Ha BepliuHe

cepbl. C KakMM YCKOPEHMEM a Hau- pwc- j.ig

HET [BWraTbCA KaXAbliA 3MEMEHT Le-

MOYKW, ECNN ee BEPXHWI KoHeu, ocBoboauTb? [pepnonara-
eTcd, 4YTO A/MHa Uenodkm /<n/?/2.

1.102. Hebonblioe TeNo NOMECTMAM Ha BEPLUMHY NafgKoro
Wwapa paguyca R. 3aTem wapy COO6GWUAN B FOPU30HTa/IbHOM

HampaB/eHUN TMOCTOSAHHOE YCKOpeHue  a,,
W TeN0 Hayano CKOMb3UTb BHM3. Haiitu
CKOPOCTb Tefla OTHOCUTENIbHO Lapa B MOMEHT
oTpbiBa. CpaBHUTL C pelleHnem 3agadum 1.91.

1.103. MydgTouka A MOXeT €BO6OAHO
CKOMb3WUTb BhAaTb [/1aAKOr0 CTEePXHSA, M30r-
HyTOro B (hopme nosykonsua paguyca R (puc.
1.19). CucTemy npuBenu BO BpalleHuWe c Mo-
CTOSIHHOIW  YI/I0BOW CKOPOCTbIO O  BOKPYT
BepTMKanbHOn ocm OO'. Haittm yron 0, co-
OTBETCTBYHOLMA  YCTOMYMBOMY  MOJSIOXKEHMIO

MY(TOUKN.
1.104. BWHTOBKY HaBenu Ha BepTUKalb-
Puc. 1.19 Hyto 4epTy MMLEHW, Haxoasalencs TOYHO

B CEeBepHOM  HampaBfeHWW, W BbICTPeNu-
nn.  TpeHebperas COMPOTUB/IEHMEM BO3f4yXa, HalTh, Ha
CKONbKO CaHTMMETPOB W B KaKyl CTOPOHY nyns, ronas B
MWLLUEHb, OTKNOHWUTCA OT YepTbl. BbiCTpen npousseseH B
ropM3oHTaNbHOM HampasfieHMW Ha Wupote g>=60°, CKo-
poctb nynn 0=900 m/c UK paccTosHWe [0 MULLEHU S=
=10 Kkmw.

1.105. Uenosek Maccbl T=60 Kr wuger paBHOMEpPHO
nepucepun TOPU3OHTANbHOM KPYrnoi nnatdopmbl paguyca
R=3,0 ™, KOTOpyl BpawWawT C YI10BOA CKOPOCTbHO <0=
= 1,00 pag/c BOKpYr BepTWMKanbHOM OCK, MNPOXOAsLLeA u4epes
ee LeHTp. HailTM Tropu3OHTaNbHYIO COCTaB/AIOLLYIO CWIbl,
JeliCTBYIOLLEl Ha 4esoBeka CO CTOPOHbl MAaT(OPMbl, ecnu
pesynbTupylowWwas Cua  WHEPUUU, TPUNOXKEHHBIX K Hemy B
CUCTEME OTCYeTa «NnaTdopma», paBHa HY/IO.
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1.106. TMMoe3g maccbl T—2000 T ABMKETCA Ha CEBEPHON
wupote <p=60°. OnpefenunTs:

a) MoAy/nb W Harpas/ieHWe cunbl GOKOBOro fAaBieHuWd no-
e3fla Ha penbCbl, eCnM OH [ABWXeTCA BAOMb MepupmaHa co
CKOpPOCTbIO 0=54 KM/y;

6) B KakOM HampaBneHWM WU C KakKol CKOPOCTbHO [OJDKEH
6b1n Obl ABMTaTbCA M0e3d, 4TObbl pe3ynbTUpylolas Ccun nHep-
UMK, [OeiCTBYIOWMX Ha Moe3q B CUCTeMe oOTcuyeTa «3emnsy,
6blna paBHa Hy”No.

1.107. nagkuii TOpWM3OHTaNbHLIA AWCK Bpaw,ardT C Yrio-
BOM cKopocTbto W=5,0 paa/c BOKPYr BepTMKanbHOM oOcw,
NPOXOAsLLE uyepe3 ero LeHTP. B UeHTpe AWcka MNOMeCTuIu
He6OMbLUY Waiby maccoii T=60 r 1 coobWnnM el TOTHKOM
ropu3oHTanbHY ckopocTb 00=2,6 m/c. HaiiTm mogynb cunebl
Kopwuonuca, geiicTBytoLLeld Ha Lainby B CUCTEME OTCYETA «AUCK»,
yepe§ /=0,50 c nocne Hayana ee ABWXKEHUSA.

1.108. Topu30OHTaNbHbIA AUCK BpawalwT C YrI10BOW CKO-
pocTbto (0=6,0 pag/c BOKPYr BepTMKa/lbHOW OCK, NpPOX0As-
el yepe3 ero ueHTp. Mo ogHOMY M3 AMamMeTpoB AMCKA ABU-
XeTtcs Hebonbwoe Teno maccbl T=0,50 Kr ¢ NOCTOAHHOW OTHO-
CUTENbHO AMCKa CKOPOCTbH 0'=50 cm/c. HainTtm cmuny, ¢ KoTo-
poil AMCK OeiCTBYyeT Ha 3TO Te/0 B MOMEHT, KOrja OHO Haxo-
anTcA Ha paccTosHMm n=30 CM OT OCU BpaLLEeHMS.

1.109. Fopu30HTaNbHO PacnOMOXEHHbI TNafKuiA CTepPXKEeHb
AB BpawalT C yrnoeoin ckopocteto ®=2,00 papg/c BOKpyr
BEPTUKaNbHOW OcW, npoxogAwieli uepes ero KoHey A. Tlo
CTEPXHIO CBOOOAHO CKONb3UT MydToyka Maccbl T —0,50 Kr,
ABMXYLLasaca 13 ToUKM A ¢ HayanbHOW ckopocTbio 00=1.00 m/c.
Halitu pelicTBytowlyto Ha MygTouky cuny Kopuonuca (B cu-
cTeMe OTCYeTa, CBA3aHHOM C BpallaloWMMCS CTEPXHEM) B
MOMEHT, Korga My(Touyka OKa3ajiacb Ha paccTofHuu r=50 cm
OT OCW BpaLLeHus.

1.110. Topw3oHTanbHbIA AWCK pagnyca R BpawawT ¢
YINOBOW CKOPOCTbIO (0 BOKPYT HEMOABWXHOW BepTMKaibHOW
ocy, MpOXoAsLiein yepes ero kpaii. Mo nepugepum gucka pas-
HOMEPHO OTHOCWUTE/IbHO Hero [BWXKETCA 4acTuua Mmaccbl T.
B MOMeHT, Korga OHa OKa3blBaeTCf Ha MaKCMMa/lbHOM pac-
CTOSHUWM OT OCW BpaLLeHUs, pe3ynbTupylowas Cun WHepuuu
Fn, [elicTBylOWMX HA 4acTWMLy B CUCTEME OTCYUETA «AMCK»,
obpalyaetca B Hynb. Haiitu:

a) YCKOpeHMe a' 4acTuubl OTHOCWUTENIbHO AUCKa;

6) 3aBucumMocTb Fm OT paccTosHMsA [0 OCU BpalleHus.

1.111. Ha 3skBatope ¢ BbicoTbl JI=500 M Ha MNOBEPXHOCTb
3emnn nagaet Teno (6e3 HayanbHOW CKOPOCTW OTHOCUTENLHO
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3emnn) [MpeHebperasi COMPOTMB/IEHMEM BO3AyXa, HaMTW, Ha
vaxoe PACCTOSHWE W B KaKyl CTOPOHY OTK/IOHUTCA OT BEpPTM-
Kany Teno npv nageHuw.

1.3. 3aKOHbl COXpaHeHUs WMNysbca, 3Hepruu
M MOMeHTa uMMysbca
¢ YpaBHeHME [BMKEHUS LIEHTPa MacCc CUCTEMbI:
Jrdveldl = Favewr (1.32)

rge F,,,,*ui— Pe3YnbTuPYiolwan BCcexX BHELUHUX CWJI.
¢ MpuvpaleHre uvnynbca CUCTEMBI:

2

Pa—Pi = ™ "Bueww (1.36)
1

( YpaBHeHve AVMHAMWKM Tena MepeMeHHOW Macchl:

"ME=F+SU 1B

rfje N—CKOpPOCTb 0TAensemMoro (MpUcoeiuHAeMoro) BeLecTBa OTHOCUTESb-
HO paccmaTpvBaemoro Tena.
¢ PaboTa U MOLWHOCTb CWNbI:

A=~fdr=~Fsds, P=Fv. (1-3r)

(;b HpVIpaIJJ'eHVIe KUHETUYECKOW 3Heprun 4Yactumabl:
Tt—TI—A, (1.30)
roe Jl—pa6oTta BCEX CWA, AEACTBYIOLMX Ha yacTuLyy,
( Y6blfb MOTEHUMAILHON 3HEPrUM YacTWLpbl B Mofe:
Ui— = Anon,, (1-3¢)
roe J1,,04, — paboTta cunbl Mons.
q) CBsi3b mMexay cunon un ﬂOTeHLlVIaI'IbHOVI sHeprl/leIZ 4acTuubl B none:

Ft= —du/dl, =-\U. (1.3%)
¢ TlpupallleHne MOMHOW MeXaHWUYeCKOW 3HEePruy YacTuillbl B Mose:
£j—Et= ncror, (1-3)

rae i4CIOp— pa6oTa pesynbTUPYHOLLEA BCeX CTOPOHHWUX CUA, T. €. Cun,
He MpUHaAnexawmux K cunam [JaHHoro nons.
¢ TlpupalleHre COBCTBEHHOW MeXaHUYecKol 3HeprumM CUCTEMBI:

~co6 | - mEco6 t= ~BHew Y’ BuyTp> (1.3mn)
rae Eco6= 7'+ t/coe, UcO6— co6eTBeHHAA noTeHUMasbHas 3Heprusi cu-

CTeMbl, J1?''yTp— paboTa BCeX BHYTPEHHUX AUCCUNATUBHbLIX cun (cun Tpe-
HUSA U COMPOTUBEHUSA).

¢ [MpupalleHe MOMHOM MexXaHWYecKoi 3Hepruu B Mose:
Ei—£1= JBueww-!- JiBHyTp» 1 3K)
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roe £ = £ @6+{/»mew’ (/«HeT — noTeHUMaNbHasA 3HePrus CUCTEMbl BO
BHELUHEM Mofe; — paboTa BHELUHUX CTOPOHHWUX CWA, T. €. BHeLl
HUX CWA, He MpUHafiexawmnx K cuiam [JaHHOro nons,

B KuWHeTnyeckas 3Heprus cucTembl:

TurT+ mte/2, (1.3n)

roe T—ee KuHeTMuecKasl 3Heprusi B CUCTEMe LiEHTpa Macc.
# [pupalleHve MOMEHTa MMMY/bCa CUCTEMbI:

frt,-M,= $N B/ew<A. (>-3m)

¢ MOMEHT MMNynbca CUCTEMbI:
M= M+[rcp|, (1.3H)

roe M—ee MOMEHT MMMNynbca B CUCTEMe LigHTpa Macc, rC— pajuyc-BeK-
TOp UEHTpa Macc, p— UMMYNbC CUCTEMbI.

1.112. Yepe3s 6NOK, YKPEN/eHHbIA Ha MNOTO/KE KOMHATI,
NnepekMHyTa HUTb, Ha KOHLAX KOTOpO/ MoABelleHbl Tena ¢
mMaccamy mt u Tr. Maccbl 6/10Ka U HUTU MPEeHebpPeXXnmo Masbl,
TpeHusi HeT. HalTum ycKopeHMe LeHTpa MacC 3TOW CUCTEMBI.

1.113. 3amkHyTad uenoyka A maccel T =0,36 Kr coegu-
HEHa HWTBID C KOHLOM BEPTUKAbHON OCUM LEHTPOBGEXHOI
MalwuHbl (puc. b20) u BpawaeTcd C MOCTOAHHON Yr10BOM
ckopocTbto 0)=35 pag/c. lMpu 3TOM HWUTb COCTABNAET Yron
3=45° ¢ BepTMKanblo. HailTM paccTosiHMe OT LEeHTpa Macc
LeNoYKN [0 OCM BpaLLEHUA, a TakKXe CUY HaTSKEHUSA HUTW.

1.114. Kpyrnblii kKoHyc A maccbl T=3,2 KI U C YI/OM
nonypacteopa a=I(F kaTutca paBHOMEPHO 6€3 CKOJ/IbXEeHUS
MO0 KPYrM0A KOHWYECKOW MOBEPXHOCTM B Tak, 4TO ero Bep-
wmnHa O ocTaeTca HenoABwkHoW (puc. 1.21). LleHTp mMacc
KOHyca A HaxoguTca Ha O4HOM YPOBHe C To4Koi O u oTCTOUT
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«r Hee Ha /=17 cm. Ocb KOHyCa [BMXETCSH C Yr10BOMN CKOPO-
ctoio 0)= 1,0 pag/c. HaitTn cuny TpeHWs NOKos, Le/CTBYIOLLYHO
Ha KOHyC A. .

1.1715. MoOTOUMKANCT efdeT MO BHYTPEHHENW MOBEPXHOCTU
BEPTUKANbHOW LWIMHAPUYECKON CTeHKM paguyca /?=5,0 wm.
LEeHTP Macc YefnoBeKa C MOTOLMK/IOM PacrnonoXxeH Ha pac-
ctosHun /=0,8 M OT cTeHKU. KoappuumueHT TpeHUs wmexay
Konecamu u cTeHKoi /r=0,34. C Kakol MWHMMaNbHOM CKO-
poOCTbi0 MOXET exaTb MOTOUMKIUCT MO FOPM3OHTANIbHOW OK-
PYy>XHOCTU?

1.116. Cuctema COCTOUT U3 [BYX LLIAPUKOB C Maccamy TX
M W, KOTOpble COEAMHEHbI MeXAy C000/ HEBECOMON MpPYXWUH-
Koil. B mMomeHT /=0 wapukam co06WMAN CKOPOCTM V, U V,,
rocfe 4ero cucTemMa Hayvana fABuraTbCs B OAHOPOAHOM none
TAXeCT 3emnu. [llpeHebperas COMPOTMB/EHWEM BO34yXa,
HaliTK 3aBMCMMOCTU OT BPEMEHW WMMNy/nbca 3TOW CUCTEMbl B
mpouecce ABWXKeHWUS W pafuyc-BeKTOpa ee LEeHTpa macc OT-
HOCUTE/IbHO €ero HayanbHOro MoJOXeHws.

1.117. [Be Hebonblive Wainbbl, MacCbl KOTOPbIX TX U T,,
CBA3aHbl HEPacTHKMMOW HWTbO AAWHBI [ W ABUXYTCA MO
rNafKol rOPM30HTANbHOM MAOCKOCTM. B HEKOTOpbI  MOMEHT
CKOPOCTb OfHOW LWaibbl paBHa HY/O, a LPYroi — 0, MpUYem
€e HanpasfieHVe MeprneHANKYNApHO K HWTW. HaiTtu cuny Ha-
TSXKEHUA  HUTW.

1.118. Tnot maccbl M € HaxoAAaWMMCA Ha HEM 4Ye/l0BEKOM
Maccbl T HEMOABMXHO CTOMT Ha MoBepxHocTW npyga. OTHoO-
CUTENbHO N0Ta YefioBEK COBepLuaeT nepemellieHne [ co cKo-
pocteto V'(/) wn ocTtaHaBnuBaeTca. [peHebperasd conpoTmBe-
NeHVeM BOfbl, HanTu:

a) nepemelleHve | nnota OTHOCUTeNbHO Gepera;

6) ropM30HTa/IbHYIO COCTaBAAKOLWLYK CWUMbl, C KOTOPOI
4enoBeK [AeiCTBOBas Ha MAOT B MPOLECCE ABUKEHUSA.

1.119. Yepes 6/10K MepeknHyTa BepeBKa, Ha O4HOM KOHLE
KOTOPOW BWUCUT NIECTHMLA C YEIOBEKOM, & Ha Apyrom — ypas-
HoBelLMBaOLWMiA rpy3 Maccbl M. YenoBek maccbl T COBEPLUMS
nepemetieHne I OTHOCWUTE/IbHO NECTHWLbI BBEPX W OCTaHO-
Buncs. lpeHebperasg maccamu 6/710Ka UM BepeBKW, a TakKxe
TpeHVemM B Ocu 6/10Ka, HaliTu nepemelyeHne | LeHTpa macc
3TOW CUCTEMBI.

1.120. Yactuua 1 cTONKHynacb € u4actuueid 2, B pe3yfib-
TaTe Yero BO3HMKNA COCTaBHas vacTuua. Haitu ee ckopocCTb V
M MOAyNb V, ecny macca y 4vactuupl 2 B T)= 2,0 pasa 60/bLue,
YeM Y 4acTuupl /, a UX CKOPOCTM nepeq CTO/IKHOBEHWEM PaBHbI
vi=2i+3j u v*=4i—5j, rge KOMMNOHeHTbl CKOPOCTU [aHbl B
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1.121. CrtBon MNyLWKW HanpasneH nog yraom &=45° K
ropu3oHTy. Korga Koseca nNyWKW 3akpensieHbl, CKOPOCTb
CHapsja, macca KoToporo B rj=50 pa3 MeHbLle Macchbl MyLIKK,
c\,= 180 m/c. HaliTu ckopoCTb MyLWKK cpa3y Nocfe BbICTPena,
eCcnn Koneca ee 0CBOGOAWTL.

1.122. Mywka macebl M HauMHaeT CBOOGOAHO CKOMb3WUTb
BHM3 MO T[/N1aAKOA HaAKMOHHOW MIOCKOCTU, COCTaBNSOLLEN
yron a c ropusoHToM. Korpa nywka npowna nyTs /, npo-
M3BENN BLICTPEN, B pe3ynbTaTe KOTOPOro CHapsfg BblieTen
C UMMYNbCOM P B TFOPU3OHTA/IbHOM HampaBfeHMKM, a MnyLlKa
octaHoBunacb. [peHebperas Maccoil CHapsfa MO CPaBHEHUHO
C Maccoii nywWKW, HaiNTM MPOAOIKUTENbHOCTb BbICTPENa.

1.123. [Be Hebosblime mMydpToukm ¢ maccamu T,=0,10 Kr
nT,= 0,20 Kr ABWXYTCA HaBCTpe4y APYr Apyry no rnagkomy
rOpU30HTa/IbHOMY MNPOBOAY, W30THYTOMY B BWAE OKPYXHOCTH,
C MNOCTOAHHLIMW HOPMalbHbIMW yCKOpeHusmu a,=3,0 m/c*
n aj=9,0 wm/c* COOTBETCTBEHHO. HailT HOpmManbHOE YCKO-
peHve cOCTaBHOM My(hTbl, 06pa3oBaBLUEiCs MOCAe CTO/KHO-
BEHMA.

1.124. CHapsg, BbinyleHHbIA co ckopocTblo 00=KOO w/c
nog yrnom a =45° K ropm3oHTy, pa3opBascs B BepxHeli Touke O
TPaeKkTopun Ha [Ba OAMHAKOBbLIX 0CKONka. OAuMH OCKONOK ynan
Ha 3eM/0 Nog Toukoil O co ckopocTblo 0,=97 m/c. C Kakoii
CKOPOCTbIO ynaj Ha 3eM/Il0 BTOPOi 0CKOMOK? ConpoTUBIEHUA
BO3[yXa HeT.

1.125. LWaiiba /, cKonb3uBLUas MO LUEPOXOBATON TOPU30H-
TaNbHOW MOBEPXHOCTU, WCMbITaNa COyAapeHne C MOKOMBLLEACS
Wwaiiboii 2. Tllocne CTO/MKHOBEHUS lwaliba 1 oTcKoumMna Mo
MpAMbIM ~ YIIOM K HanpaBNeHWt0 CBOEro nepBoHaYanbHOro
[OBVXKEHVA M Mpowna [0 OCTaHOBKM NyTb «1= 1,5 M, a waiiba
2 —nyTb s,=4,0 M. HaiAiTm cKopocTb wWaibbl 1 Hemocpepd-
CTBEHHO MNepef CTO/IKHOBEHMEM, ecnu ee macca B 1/= 1,5 pasa
MEHbLUE Maccbl LWaibbl 2 1 KoahuumeHT TpeHus £=0,17.

1.126. Llenoyka maccbl T=1,00 Kr u gnuHel /=1,40 ™
BMCUT Ha HWUTW, KacadacCb MOBEPXHOCTW CTONA CBOUM HWXXHUM
KOHUOM. [locre nepexuraHnsa HWUTWM LEnoyka ynana Ha
cTon. HaiTm nonHbIi  MMNynbC, KOTOPbLIA OHa nepegana
cTony.

1.127. [iBe ogvHakoBble Tenexkn 1 n 2, Ha Kaxgoh u3
KOTOPbIX HaxoguTCA MO YenoBEeKy, ABMXKYTCA 6e3 TpeHus no
VHepuMn HaBCTpeuwy Apyr Apyry no napannefibHbiM pefibcam.
Korga Tenexku MOpaBHANWUCL, C KaXAOW W3 HWUX Ha ApYryto
nepenpbIirHyN  4YenoBeK — B HarpasfieHUU, MeprneHauKynsap-
HOM K [BMXEHMWIO Tenexek. B pesynbTaTe Tenexka / ocTaHo-
BM/AaCb, a CKOPOCTb TeNeXKW 2 cTana v. HaiiTm nepBoHavanb-
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Hble CKOPOCTW TENeXeK Vi 1M V2 ecinM macca Kaxpon Tenexku
(6e3 venoseka) M, a macca Kaxgoro 4enoBeka T.

1.128. [iBe oOMHAKOBbIE TENIEXKW ABUXYTCA APYr 3a OpY-
roM no nHepuun (6e3 TPEHMWS) C OAHON U TOM XKe CKOPOCTbH V,.
Ha 3agHeii Tene)XKe HaxoAUTCA YenoBeK Macchl T. B Heko-
TOpbIii MOMEHT YefIOBEK MPbLITHYN B MEPESHION TeMeXKy co
CKOpPOCTbIO WM OTHOCWUTE/NIbHO CBOEN Tenexku. WMmesa B BUAy,
YyTo Macca KaxAoi TeneXxkum paBHa M, HaiATU CKOpPOCTWU, C
KoTopbiMK OyAyT ABUraTbCs 00e TEeNeXKW Mocne 3Toro.

1.129. Ha Kpato mMoKoslleinca Tenexku maccbl M cToAT
[lBa 4efioBeka, Macca KaXoro W3 KOTopbiXx paBHa T. [pe-
HeGperas TPEHWEM, HaWTU CKOPOCTb TENEXKW Mocne TOro,
KakK 06a 4e/nioBEKa CMPbITHYT C OAHOW W TOW K€ ropM30HTaNb-
HON CKOPOCTbIO M OTHOCUTE/IbHO TeNeXKMW:

a) OfIHOBPEMEHHO; 6) Apyr 3a ApYrom.

B kakom cnyuae ckopocTb Tenexku OygeT 6onblie W BO
CKO/MIbKO pas?

1.130. PakeTa BbINyCKaeT HeMNpPepbIBHYIO CTPYyH rasa,
VMEIOLLYI0O CKOPOCTb M OTHOCUTENbHO pakeTbl. Pacxof rasa
paBeH p Kr/c. loka3aTb, 4TO YypaBHEHWe [ABWXXEHUA pakeTbl
NUMeeT  BUA

1
Ta= F—pn,

rge T — macca pakeTbl B AaHHbI/i MOMEHT, a — €€ YCKOPEHMUE,
F — BHewHaa cuna.

1.131. PakeTta ABWMXETCA B OTCYTCTBME BHELUHUX CW/, Bbl-
Myckas HenpepbiBHYIO CTPYHO rasa CO CKOPOCTbK W, MOCTOSH-
HOA OTHOCWUTENIbHO pakeTbl. HaliTu CKOPOCTb pakeTbl V B
MOMEHT, KOrfja ee macca paBHa T, €C/IM B HaJa/lbHblAi MOMEHT
OHa umena maccy TO U ee CKOpPOCTb Oblna paBHa Hyfio.

1.132. HainiTy 3aKOH W3MEHEHMSi MacCbl PaKeTbl CO BpeMe-
HEM, €C/in pakeTa [BWKETCA B OTCYTCTBME BHELIHWX CUN C
MOCTOSIHHBIM  YCKOpPEeHWeM O, CKOPOCTb WCTeYeHWs rasa oT-
HOCUTE/NIbHO pakeTbl MOCTOSIHHA W paBHa W, a ee Macca B Ha-
YaNbHbIi MOMEHT paBHa I,

1.133. PakeTa nogHuUMmaeTcsi 6e3 HayanbHOW CKOPOCTU
BEPTMKANbHO BBEPX B OLHOPOAHOM MoOfie CUN TaXecTu. Ha-
YyanbHas Macca pakeTbl (c Tonnmeom) paBHa TO. CKopocTb
rasoBoOil CTPyW OTHOCUTENLHO pakeTbl paBHa u. [MpeHebperas
COMNPOTWB/IEHWEM BO3[yXa, HaliTW CKOPOCTb pakeTbl B 3aBu-
CUMOCTW OT ee MacCbl T W BpeMeHW nogwbema t.

1.134. PakeTa MNoadepXuBaeTcs B BO3QyXe Ha MOCTOSIHHO
BbICOTEe, BblbpacbiBafg BePTMKANbHO BHU3 CTPYH rasa co CKO-
pocteto M=900 m/c. HaiTtu:
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a) CKONMbKO BPEMEHM pakKeTa MOXET 0CTaBaTbCA B COCTOA-
HUW NOKOSA, eCnM HauanbHas Macca TONJMBa COCTABNAET T|=
=25 % o1 ee macchl (6e3 TONNMBA);

6) Kakyto maccy rasos U(/) [O/MKHa eXecekyHAHO Bblbpa-
CblBaTb pakeTa, 4TOObl OCTaBaTbCA Ha MOCTOSHHOW BbICOK,
ecnM HayasnbHas Macca paketbl (C TonamBoM) pasBHa TO.

1.135. Kocwmunueckuii Kopabnb Maccbl > [BUXKETCA B
OTCYTCTBME BHELUHMX CWJT CO CKOPOCTbIO V*. [na W3MeHeHus
HanpaBneHWs [ABMXEHWUS BKIOUYWAW PEaKTUBHBIA [BUraTensb,
KOTOpbI/i CTan BblibpacbiBaTb CTPYH rasa C MOCTOAHHOW OT-
HOCWUTENbHO KOpabns CKOPOCTbIO M, BCE BPeMs MepneHamKy
NAPHOI K HampaB/feHW0 [BUXKEeHWA kopabnsa. B koHue pa
60Tbl gBuratens macca Kopabns cTtana paBHOM T. Ha kakoi
yron a W3MEHWNOCb HamnpasfieHWe [ABWKeHUs Kopabns 3a
BpemMs paboTbl ABuraTens?

1.136. Tenexxka C NECKOM [BMXETCA MO FOPU3OHTA/IbHOM
M0CKOCTM Nof AeACTBMEM MOCTOSHHON cunbl F, coBnagaroLleld
MO Harpas/IeHUIO C e CKOPOCTbIO. TPy 3TOM MECOK BbIChINAaeTcA
yepe3 OTBEPCTME B [jHE C MOCTOSAHHOW CKOPOCTbIO L, Kr/c. Haiitu
YCKOPEHME U CKOPOCTb TENEXKW B MOMEHT t, €ciu B MOMEHT
/=0 Tenexka C neckoMm umena maccy TO U ee CKOpOCTb Gbina
paBHa Hyn. TpeHuem npeHebpeub.

1.137. TMnatdopma Maccbl TB HauMHaeT ABUraTbCA BMpPaBo
nog AeicTBMEM MOCTOAHHOM cunbl F (puc. 1.22). W3 Henog-
BMXXHOro OyHKepa Ha Hee BbiCbinaeTcs necok. CKoOpocTb Mo-
rpy3KuM nNOCTOSiHHA M paBHa LU Kr/c. HalTu 3aBucuMoCTb OT
BPEMEHW CKOPOCTM U YCKOpPeHWa nnathopmbl B  npoLecce
norpysku. TpeHue npeHebpeXxnumo marno.

B

_a N/, ,
Puc. 1.22 Puc. 1.23

1.138. Llenoyka AB pa/iMHbl / HaxogWTCA B FNagKoi ropu-
30HTaNbHOW TpybKe Tak, 4TO 4acTb ee [AAMHbl h CcBO6OAHO
CBellMBaeTCs, KacasaCb CBOMM KOHUOM B nosepxHocTu cTona
(puc. 1.23). B HeKOTOpbIA MOMEHT KOHeLl, A Lernovyku oTny-
cTuan. C Kakoil CKOPOCTbIO OH BbICKOUWUT W3 TpyOKK?

1.139. Yactmua coBepwiuia MepemMelleHne MO HeKOTOpPOii
TPaeKTopun B MNOCKOCTU Xy W3 TOYKM 1 C pagumyc-BEKTOPOM
r,=i+2j B TOUKY 2 C pafmyc-BeKTOpoM r,=2i—3j. Mpu 3Tom
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Hee [feiicTBOBaNM HEKOTOPble CUMbl, OAHA W3 KOTOPbIX
pt=3i+4j- Haintm paboTy, koTOpyw coBepwwuna cuna F.
3oecb T r* un f B CW.

1.140. Hebonbwasa mydroyka maccbl w=0,15 Kr gBmxeTcs

rnagkomy mMpoBOA4Yy, W30THYTOMY B TOPW3OHTANbHOW Mo-
CKOCTW B BUfE AYTU OKPY>KHOCTU paguny-
ca /?=50cm (puc. 1.24, Bug cBepxy).

B TOuke /, rpe CKOPOCTb My(TOUKK
te= 7,5 m/c, Ha Hee Havyana AeiCTBO-
BaTb ' MOCTOSAAHHAA rOPU30HTa/IbHAA CU-
na F. HaiiTn ckopocTb My(TOYKM B TOY-
ke 2, ecnivm F=30 H.
1.141. /ToKOMOTMB MacCbl T Hayu-
HaeT ABMraTbCA CO CTaHUMWM Tak, uTO
ero CKOpOCTb MEHSeTCA MO 3aKOHY v=ay s, rge a — nocTo-
SHHas, S — MPOWAEHHbI nNyTb. HaiTy cymmapHyk paboTy
BCEX CWA, AENCTBYIOLMX Ha NIOKOMOTMB, 3a MepBble t CEKYH[
nocne Hayana [BVDKEeHMA.

1.142. KuHeTuM4ecKas 3SHEPrus 4acTuubl, ABUXYLLENCS
Mo OKPY)XXHOCTW paguyca R, 3aBUCWT OT MPOWAEHHOro MyTu S
Mo 3akoHy T"asl rge a — nocTosiHHasa. Haitm mogynb
CWbl, JENCTBYIOLIEN Ha YacTuuy, B 3aBUCMMOCTW OT S.

1.143. Yactuubl Maccbl T nonagaroT B 06/1aCTb, rAe Ha HUX
[elficTByeT BCTpeyHas Topmosswas cuna. [nybuHa x  npo-
HWKHOBEHUA 4acTuy, B 3Ty 061acTb 3aBUCUT OT MMNy/bca P
yacTuy, Kak Xx=ap, r4e a — 3ajaHHas noCTosHHas. Haiitu
3aBMCUMMOCTb MOAYNS TOPMO3SLLEA CUAbl OT X.

1.144. Heb6onbwoe Teno Maccbl T MeA/JEHHO BTaWMUAM Ha
ropKy, Aeiictesys cunoii F, KoTopas B KaXAOW TOYKe Hanpas-

NeHa MO KacaTenbHOW K TpaekTopum
(puc. 1.25). HaiiTu paboTy 3TOi CWnbI,
€CNN BbICOTa TOPKM h, AnnHa ee 0CHOBa-
HUs / 1 KOIPUUMEHT TpeHus K.
1.145. Ulainba maccbl T=50 r coc-
Kanb3biBaeT 6€3 Haya/ibHOW CKOPOCTM
MO HAK/MOHHOM MJ0CKOCTW, COCTaB/A-
we yron a=303 C TrOpPU3OHTOM, W,
Mpoigs no ropM30HTa/IbHOM  M0CKOC-
TW pacctosHue /=50 cMm, ocTaHaBnu-
BaeTcA. Haitm paboTy cun TpeHMA Ha BCEM MyTW, CYMTas
BClOZY KO3(hduumeHT TpeHua 4=0,15.

1.146. [Ba 6pycka c maccamy T, W TT, COeLUHEHHble
HeAethOPMMPOBAHHOM NErKoi MPYXXUHKOWM, nexaT Ha FOpPU30oH-
TanbHOM nnockocTu. KoahuumeHT TpeHus Mexay 6pyckamu
M NIOCKOCTbIO paBeH k. Kakyto MUHUManbHYK MOCTOSHHYHO

31



CUNTY HYXXHO MPUIOXKWUTL B TOPU3OHTAILHOM HanpasneHnn K
6pycKy C Maccoim Twu 4TOObl ApYyroil OpPyCcOK CABUHYNCA C
mecTa?

1.147. Uenouka maccbl T=0,80 Kr, gnvHbl /=1,5 M nexur
Ha LUepOXoBaTOM CTO/Ie TaK, YTO OAWMH ee KOHel, CBeLUIMBAeTCH
y ero kpad. Llemoyka HaumHaeT cama COCKanb3blBaTb, Korja
ee CBELUMBAOLLAACA YacTb cocTasnfeT rl= 1/3 AnnHbI LEMNOYKN.
Kakyto paboTy coBepliaT Cuibl TPeHWs, [AeACTByOWME Ha
LIenoyky, Mpu ee MO/HOM COCKa/b3blBAHUM CO CTOMa?

1.148. Teno maccbl T 6Gpocunu Nof YrnoM a K rOpusoHTY
C HayanbHOW CKOpOCTbO BO. HailTu cpefHIO MOLLHOCTb, pas-
BMBAEMYIO CW/IOA TSXKECTU 3a BCE BPeEMS [BUXKEHUA Tena, W
MFHOBEHHYK MOLLHOCTb 3TOM CWbl KaK (YHKLMIO BpPEMEHU

1.149. Yactuvua maccbl T ABUXETCA MO OKPYXXHOCTU pa-
guyca R ¢ HOpmanbHbIM YCKOPEHWEeM, KOTOpPOe MeHseTcs co
BpeMEHEM MO 3aKOHy an=at* rge a — nocTosHHasd. Haiitu
3aBMCMMOCTb OT BPEMEHU MOLLHOCTU BCEX CWUM, AENCTBYHOLIUX
Ha yYacTuuy, a TakXe CpefHee 3HauyeHWe 3TOM MOLLHOCTW 3a
nepeble t CeKyHA Mocne Hayana [ABUXEHUA.

1.150. Bpycok maccbl m= 1,00 Kr HaxoAWTCA Ha rOPU30H-
TaNbHOM MNMOCKOCTM C KO3PULMEeHTOM TpeHus 6=0,27. B He-
KOTOpbIA MOMEHT €My COO6LWAM Haya/lbHYK CKOpPOCTb 0,=
= 1,50 m/c. HaiiTu CpefHIOH0 MOLWHOCTb CW/bl TPEHMS 3a BCE
Bpemsa [ABWKeHUs 6pycka.

1.151. He6onbwomy Teny mMacCbl T, HaxoAAllemycs Ha
rOpU30OHTa/IbHOW NAOCKOCTU, coobwunmn ckopocTb V0. Koag-
(PULMEHT TPeHMs 3aBUCUT OT MPOMAEHHOro NyTW S MO 3aKOHY
k=as, rge a — nocTosHHas. HaliTm MakcuMmanbHYyK MrHo-
BEHHYIO MOLLHOCTb CW/Ibl TPEHUS.

1.152. Kakyi MOLWHOCTbL pasBuBalOT ABUraTe/In pakeThbl
maccoii M, KoTopas HEMnoABMXXHO BWUCMT Hap 3emnel, ecim
CKOPOCTb UCTEYeHWs ra3oB paBHa W? YCKOpeHWe CBOGOAHOrO
nageHns W3BeCTHO.

1.153. B cucTteme OTCcYeTa, BpallatoLLeiics BOKPYr Henog-
BVDKHOM OCU C MOCTOSIHHOWM yrnioBol ckopocTbio (0=5,0 pag/c,
[LBMXKeTca Hebonbwoe Teno macceel /n=100 r. Kakyw pa6oty’
COBEpLUM/IA LEeHTPOOeXKHAA Ccuna WHepuunm npu nepeMeLLeHun
3TOro Tena Mo NPOU3BONILHOMY MyTW U3 TOYKM 1 B TOUKY 2,
KOTOpPbIE PacnofoXeHbl Ha paccTtodAHnax *=30 cvm 1 r,=50 cm
OT OCK BpaleHna?

1.154. T'Opu3OHTaNbHO PACMONOXEHHbIA AWCK BpaliaeTcs
C NOCTOSHHOW yrnoBoi ckopocTblo (0=5,0 pag/c BOKpyr
cBOen ocu. M3 UeHTpa AMcKa C HayvanbHOW CKOPOCTblO 0,,=
=2,00 m/c pBwxetca Hebonblwaa lwainba maccel 0T=160 T.
Ha pacctoaHun r=50 cm OT ocu AWCKa ee CKOPOCTb OKa3anacb
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3,00 m/c oTHOCWUTENbHO Aucka. HaiiTu paboTy, KOTOpyto
coBepwMna npu 3TOM cuna TPeHus, [OecTByKOLWAs Ha Lwaiiby,
B cucteme OTCHETa «OUCK».

1.155. Cucrtema cocTouMT M3 [BYX MOCMEA0BaTe/IbHO COeAn-
HEHHbIX TMPY>XWHOK C >XECTKOCTAMM n x,. Haitn MuHm-
ManbHylo PaboTy, KOTOPYH HEo6XO04MMO COBEpPLINTb, YTOGHI
pacTsaHyTb 3Ty cuctemy Ha Al

1.156. Teno maccbl T HayMHaKOT MOAHUMATb C MOBEPXHOCTU
3emMin, NPUNOXMB K Hemy cuny F, KOTOpYH W3MEHAIOT C
BbICOTOI MoAbeMa y Mo 3akoHy F=2(ay—I)mg, rge a — no-
NOXUTeNbHas NoCTosAHHasA. HaiTu paboTy 3TOi cuabl U Npu-
pawieHne MOTEHLMA/IbHOW 3HEPTMM Tena B Nose TsSHKecTu 3emnu
Ha MEepBO MOMOBUHE MYyTW MOLbEMA.

1.157. TloTeHumanbHas 3HEPruva 4acTuubl B HEKOTOPOM
none umeer Bug l/=al/rr—blr, rae a U b — NONOXnUTenbHbIE
MOCTOSIHHbIE, I — paccTosHMe OT LeHTpa nond. Hantw:

a) 3HayeHue T,, COOTBETCTBYIOLLEE PaBHOBECHOMY MOMO-
JKEHUKO 4acTuUbl; BbISCHUTb, YCTOWYMBO NN 3TO MOJSIOXKEHNE;

6) MakcuManbHOe 3HauyeHWe CUMbl NPUTSKEHUS; un306pa-
3MTb npumepHble rpadmkn 3asucumoctein U (r) n Fr(r) — npo-
eKLMN CWUAbl Ha pafuyc-BeKTOp T.

1.158. Yactmuya maccel T=4,0 r ABUXETCA B [ABYMEPHOM
none, rae ee noTeHuunanbHaa aHeprua U=axy, a= 0,19 mIx/m*.
B touke / {3,0 m, 4,0 M} yacTuua mMmena ckopocTb 0,=3,0 m/c,
a B Touke 2 {5,0 m, —6,0 M} ckopocTb 0,=4,0 m/c. Hantn
paboTy CTOPOHHMX CUM Ha NyTWM MeXay Touykamu 1 un 2.

1.159. Heb6osnbwas waliba A coCKa/b3biBaeT 6e3 HavanbHOA
CKOPOCTU C BEpLUMHbI TNafKol FOpKM BbicOTOW H, wvMmetoLlel
rOpU3OHTaNbHbIA TpamnanH (puc. 1.26). Mpu Kakoi BbicoTe U
TpamMnavHa wWwaiiba nponeTUT Haubosnbluee pacCTosiHME S?
Uemy OHO paBHO?

A

Pwuc. 1.26 Puc. 1.27

1.160. Heb6onblioe Teno A HauyMHaeT CKOMb3UTb € BbICOTHI h
N0 HaKNOHHOMY Xenoby, nepexosLieMy B MONYOKPYXHOCTb
pagunyca h/2 (puc. 1.27). MNpeHebperas TpPeHMEM, HaWATU CKO-
poCTb Tena B HaHBbICLUEA TOUKe €ro TpaekTopum (mocne
OTpbIBa OT >Kenoba).
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1.161. Ha HMTU gnuHbl / noaeelleH wapuk maccel T. C Ka-
KO/ HaMMeHbLUEel CKOPOCTbIO Hafo HauyaTb MepemelLaTb TOUKY
nofgseca B rOpU3OHTa/IbHOM Hanpas/ieHWW, YTOObI LWApUK cTan
[BUraTbCA MO OKPYXXHOCTW BOKPYT 3TOM TOYKM? KakoBo npu
3TOM HaTAXeHWe HUTW B MOMEHT, Korfja oHa OyAeT npoxoauTb
ropu3oHTasIbHOE MOM0XeHne?

1.162. Heb6onbwoi wapuk maccsl T=50 I NpuKpensieH K
KOHLY YNPYroi HWTKU, XXECTKOCTb KkoTopoh x=63 H/M. Hutb
C LUApUKOM OTBE/IN B FOPU30OHTa/IbHOE MNOMOXKeHWe, He aedop-
MUPYSi HUTW, U OCTOPOXHO oTnycTunn. Korga HMTb npoxo-
auna BepTMKaNnbHOE MOJSIOXKEHMWe, ee AfMHA okasanach /=1,5 M
M cKopocTb wapuka w=3,0 m/c. HaliTu cuny HaTSXKeHWUs HUTK
B 3TOM MOJIOXKEHUM.

1.163. Tnagkwii nerkuii ropu3oHTaNbHbIA CTepXXeHb AB
MOXeT Bpauwlatbcqd 6e3 TpeHWs BOKPYr BepPTWMKanbHOM ocw,
MpoXogsLleli yepe3 ero KoHeuy A. Ha CTepXHe HaxoguTcs He-
6onblwas My(TouKa Macchl T, COeAMHEHHAs HeBeCcOMOW npy-
XWUHKOW AnnHbl U c KOHLOM A. XKeCTKOCTb NPYXUHKU paBHa X.
Kakylo paboTy Haflo cOBeplWUTb, 4TOGbI 3Ty CUCTEMY Me[-
NEeHHO packpyTuTb A0 YI/I0BOW CKOpPOCTU <07

1.164. nagKuil pesvHOBLIA LWHYP, [LAAUHA KOTOpOro / u
XKEeCTKOCTb X, MOABELleH OAHUM KOHLUOM K Touke O. Ha gpy-
roM KOHUe umeeTca ynop. W3 Toukn O HaumHaeT najatb He-
6onbwas mygTa maccel T. [peHebperas maccamu LWHYypa K
ynopa, HaliTu MakCMManbHOe PacTsKeHWe LUHYpa.

1.165. Hebonblwas waiiba maccl T=15,0 I HA4YMHAET CKOJIb-
3UTb, €CMIN ee MONOXWTb Ha LUepOX0BaTyH) MOBEPXHOCTb MO
nyceepbl Ha BbicoTe J1,=60 CM OT ropM30HTa/IbHOr0 OCHOBaHMUSA
nonycdepbl. Mpogomkas CKONb3WUTb, Laiba OTpbiBaeTCA OT
nonycgepbl Ha BbicoTe ht=25 cm. Haiitn paboTty cun TpeHus,
LeCTBYOLWMX Ha Wwaiby npu ee COCKa/b3biBaHUMW.

1.166. B cucteme, nokasaHHoi Ha puc. 1.28, macca Kax-
poro 6pycka T=0,50 Kr, >XeCcTKOCTb MNPYXWHbl X=40 H/m,

KO3(QUUMEHT TPEHUSA MeX Ay 6pyCKOM

n nnockocTblo A>=0,20. Maccel 6110

W vwwif/b ka ¥ npy>XuHbl npeHebpexumo ma

'\ nel. Cuctema npuwna B [BUXeHUe

TI\ Cc HyneBoll HayanbHOM CKOPOCTbIO

L-' npv HefehOPMMPOBAHHOW MPYXXUHE.

Puc. 1.28 HaliTn  mMakcumanbHyr0  CKOpOCTb
6pyCKOB.

1.167. Yactmua maccbl T [OBMXKETCA CO CKOPOCTbIO Vi nofg
YyrnoM a, K HOpManuM MA0CKOCTMW, pasgenswoowein obnactu, B
KOTOpPbIX MOTEHUManbHasg 3HEPrus [aHHOW 4acTuubl paBHa
U, n Ut. IMog KakuM yriom a, K HopManu oHa 6yfeT ABUraThCcs
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nocne MepecevyeHnss 3ToW naockocTn? [MpyM Kakom YCMoBUM
yacTuya He MPOHWKHET B 0611acTb C MOTEHLUWaNbHOW 3Hepru-

e 1168, HuTb nepebpolleHa uepe3 rnagkue ropusoHTasb-
Hble CTEPXHU / W 2, HA ee KOHUAX W B CepefuHe MnofBeLleHb
oAuHakoBoil Maccel rpyssl A, B, C
(puc. 1.29). PaccTosiHue mexay cTep-
XHAMW paBHO /. B HeKoOTOpblA MO-
MeHT rpy3 C OCTOPOXHO OTMYCTUAN,
M CUCTEMA MpuUlia B [BUXEHME.
HaiiT makcumanbHy CKOpOCTb Fpy-
3a C 1 MakcumanbHoe nepemette-
HUE ero npu [ABWKEHUN BHU3.

1.169. B /(-cucteme oTcuyeTa BAOMb
oCY X [ABWXKYTCA [Be 4YacTuubl: ofHa
Maccbl mi — CO CKOPOCTbLIO V,, Apyrag MacCbl T.-— CO CKO-
pocTbto Vj. Haiitu:

a) ckopocTb V /(-cucTembl OTCYeTa, B KOTOpPO CymmapHas
KWHETUYECKAA 3HEPTrUa 3TUX 4YacTuL, MUHUMASbHA;

6) CyMMapHyl0 KUHETWYECKYH0 3HEPrut0 3TUX YacTul B
/(-cuctewme.

1.170. MNonyuutb opmyny (1.3n).

1.171. Ha rnagkoi ropv3oHTa/IbHOW MJOCKOCTU HaxXOAATCs
[Be HebonblMe LWalibbl € Maccamu M TT, COefUHEHHble
MeXay Cco60oii HeBecOMON npy>xuHKoi. Lllaiibam coobwunu
HayanbHble CKOPOCTW 0, W Vi, HafnpaBneHWs KOTOPbIX B3a-
WUMHO MEepPneHANKYNAPHbI W NeXaT B TFOPU30HTaNbHOW no-
CKOCTW. HalTu MexaHM4YecKylo 3HEpruo 37Ol CUCTEMbl B
CUCTEME €ee LieHTpa Macc.

1.172. Cnctema COCTOMT M3 [BYX LUAPMKOB C maccamu T,
M T,, COEAMHEHHbIX MeXAy COo60/ HEeBECOMOW MPY>XMHKOIA.

O O
B

Puc. 1.29

Puc. 1.30 Punc. 1.31

B HavanbHbI MOMEHT MPY>XWHKaA He AeopMmupoBaHa, LIapUKK
Haxo4AaTCA Ha OAHOM YPOBHE U UM COOOLMAM HavafibHble
ckopoctn vt u v, (puc. 1.30). CucTema Hayana ABUraTbCs B
OJHOPOAHOM Mofie TsHKecTn 3emnun. Hantw:

a) MaKCUMa/ibHOe MpupalleHne MOTeHUMabHOW 3HEprum
CUCTEMbl BO BHELUHeM MoOJfie;
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6) COOGCTBEHHYID MEXaHWYEeCKYyl 3HEPru CUCTEMbI £ 0B B
MOMEHT, KOrja ee LEHTp Macc MOAHMMETCS Ha MaKCUMaNbHYH0
BbICOTY.

1.173. Ha rnagkoil ropu30oHTa/IbHOW MNAOCKOCTU Haxo-
aaTca fBa bpycka ¢ mMaccamm T1 M TT, COeAMHEHHble MWeBe
COMOI MPY>XWHKOM xecTkoctm X (puc. 1.31). Bpycok 2
MepeMecTUNN BNEBO Ha HeGOMbLLIOE PacCTOSHUE X W OTNYCTWAM.
HaiiTn ckopocTb LieHTpa Macc cMCTeMbl Mocne oTpbiBa 6pycka 1
OT CTEHKMW.

1.174. Ha rnagkoil ropuM3oHTaNbHOM MA0CKOCTU nexat fBa
OAMHAaKOBbIX 6pycKa, COEAMHEHHbIE HEBECOMOW MPYXWUHKOM
XKECTKOCTU X W AnuHbl /0 B HeaeOpMUPOBAHHOM COCTOSIHWM.
Ha ogvH n3 6GpycKoB Hauanu feiicTBoBaTb MNO-

CTOSIHHOI ropu3oHTanbHoi cunod F (puc. 1.32).
HaiiTn makcumanbHOe WM MWHUManbHOe paccTos-
HUA MeXZy 6pycKamu B MpoLecce UX ABUKEHWUS.

wttw Jm
Punc. 1.33

1.175. Cwnctema COCTOUT M3 [ABYX OJUHAKOBbIX KyOWKOB,
KaXAbli Maccbl T, MeXJy KOTOpPbIMM HaxoAuTcs Cxxartas
HeBecoMas MpyxuHa >xecTtkoctTn X (puc. 1.33). Ky6uku
CBfi3aHbl HWUTbK, KOTOPYK B HEKOTOPbIA MOMEHT MepexuralT
Mpyn Kakux 3HavyeHusAx [/ — HayanbHOM CXaTuu MPYXUHbI —
HWKHWUIA  KyOWK MOACKOYMT MOCAe MEepexuraHns HUTu?

1.176. JleTeBlwasa ropu3oHTaIbHO Nynd Maccbl T rnonana,
3acTpAb, B Teno Maccbl M, KOTOpOe MOfBELIEeHO Ha ABYX OAM-
HaKOBbIX HUTAX AAnHbl [ (puc. 1.34). B pesynbTaTe HUTH
OTK/IOHW/IMCL Ha yron g. Cumtaa T<&M, HaiiTu:

a) CKOpOCTb Mynu repes nonagaHvWem B Teso;

T
nb n

J (ITT7777777777777777777777/
Puc. 1.34 Puc. 1.35

6) OTHOCUTENbHYKO [AO0M0 MepBOHAYANbHON  KUHETUYECKOW
3HEPrMU Nynu, KOTopas Mepellsa BO BHYTPEHHIOK 3HEPTUIO.

1.177. Ha rnagkoid roOpu3OHTaNbHOW MAOCKOCTM  Haxo-
autea Teno maccel M (puc. 1.35) 1 Ha Hem Hebonblias LWaiiba
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maccbl T. Llaiibe coobwmam B ropuM3OHTa/IbHOM Hanpasne-
HUM CKOPOCTb V. Ha Kakyt BbICOTY (MO CpaBHEHWIO C MNepBo-
HayafbHbIM YPOBHEM) OHa MOAHWUMETCA MOoCne OoTpbiBa OT
Tena M? TpeHusa Her.

1.178. Hebonblwasa wainba maccbl T 6€3 HayalbHOW CKO-
POCTM COCKanb3blBaeT C [NaAKOA ropky BbICOTON h v monagaet
Ha LOCKY Maccbl M, nexxallyto y OCHOBaHMS TOPKWU Ha FNafKol
ropu3oHTa/IbHOW nnockocTn (puc. 1.36). Bcneactsue TpeHus
MEXAy LWaiiboi 1 AoCcKol Laii-
6a TOPMO3UTCA W, HauMHas Cc T
HEKOTOPOro MOMEHTa, [ABUXeT-
€S BMeCTe C [OCKOI Kak efu-

Hoe uenoe. HaiiTu cymmapHyto
paboTy cun TpeHWs B 3TOM
rnpoLiecce.

1.179. Haitn npupaieHmne
KMHETUYECKOW  3HEprum  cuc-

TeMbl U3 [ABYX LUAPUKOB C Maccamu T, U T, NPU UX abCONHOTHO
Heynpyrom coygapeHuu. [0 coyfapeHus CKOpOCTW LLapuKoB
6ol vt 1 vit.

1.180. Yactmuya A maccel T, nponetas B6AM3N  ApYrol
NepBoHa4asbHO MOKOMBLUEACH 4acTuubl B, OTKNOHseTcA Ha
yron a. Wmnynbc uactuubl A [0 B3auMOAeicTBMS 6bin p,,
nocne B3aMmopeincTsua cTan p. Haitu maccy uactmubl B,
ecrm cuUCTeMa 3aMKHYTas.

1.181. 3aMKHyTasa cucTema COCTOMT W3 [ABYX OJWUHAKOBbIX
B3aMMOZENCTBYIOWMNX YacTul,. B HekoTopbli MOMEHT tt CcKo-
pOCTb OAHON 4YacTuubl paBHa Hynw, a gpyroi —v. Korga
paccTofHMe MeXJAy 4acTuuaMu 0Ka3afoCb ONATb TakuM XKe,
KaK U B MOMEHT CKOPOCTb OfHOM W3 YacCTWL, CTana paBHOM
». Yemy paBHbl B 3TOT MOMEHT CKOPOCTb APYroi w4acTuubl
M Yyron Mexgy HanpasfeHUAMU WX OBWXeHuUA?

1.182. 3aMKHyTasa cucTemMa COCTOWUT U3 [BYX OAMHAKOBbIX
yacTul, KOTOpble ABMXYTCA CO CKOPOCTAMM O, U 0, Tak, 4To
Yyrof Mexgy HanpaBneHuamu ux [BuxeHus paseH 0. llocne
YyMNpyroro CTOJIKHOBEHMS CKOPOCTM YacTUL, OKasanucb pas-
Hoimi V[ u Vt. Haiitu yron 0' mexgy HanpaBfeHUSMU UX
pasnerta.

1.183. YacTtmua maccbl T X UCMbITana ynpyroe CTO/KHOBE-
HMe C MOKOMBLUENCS YacTuuein maccbl T 2 Kakyl OTHOCWTESb-
HYO 4acTb KMHETUYECKON 3Heprum notepsna Hanetaroulas
yacTuua, ecnu:

a) OHa OTCKO4YMna Mojg NPAMbIM YrIOM K CBOEMY MepBOHa-
Ya/lbHOMY HarpaBneHWUo [ABMKEHUS;

6) cTonkHOBeHWe no6oBoe?
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1.184. B pesynbTaTe Ynpyroro 5060BOro CTOJ/IKHOBEHUSA
yacTuubl 1 maccbl /n, ¢ NOKOMBLUEACA YacTuuel 2 o6e yacTuupl
pasfeTenncb B MPOTMBOMOJIOXKHbLIX HarnpasfeHUAX C OAWHa-
KOBbIMU CKOpOCTAMM. HaliT maccy uvactuubl 2.

1.185. Tllocne ynpyroro CTONKHOBEHMA uYacTuubl 1 ¢ mno-
KOMBLLEWCS yacTuueid 2 06e yacTuLbl pasneTenncb CUMMETPUYHO
OTHOCUTENIbHO MNepBOHaYasbHOro HanpasfieHUs [ABWKEHUS uYa-
cTiubl 1, n yron mexgy ux HanpasfeHuamu pasneta 0=60°.
HaliTu OTHOLUEHMe Macc 3TUX yacTul.

1.186. Kakoi MWHUMa/bHOW CKOPOCTLH) AO/MKEH 06nafaTtb
HEMTPOH, 4TOGbl MPWU CTONKHOBEHWM C MOKOMBLUMMCH SAPOM
mMaccbl M YBENMYUTL ero BHYTPEHHIOW 3Hepruio Ha AE?

1.187. Lap, ABuraBwmiics nocTynaTtensHO, WcnbiTan yn-
pyroe coygapeHve c ApYruM, MOKOMBLUMMCS, LIApOM TOWR e
maccbl. [pn coygapeHun yron Mexagy npsMoid, NpoxofsLlelt
yepe3 LEHTPbI LWapoB, W HanpaBneHWem MepBOHavasbLHOro
[LBWKeHNs HaneTalollero Lapa oKasancd pasHbIM a=45°.
CumTas wWwapbl rNagkumu, HaiiTn [OAK ] KMHEeTUYeCKol 3Hep-
rMM HaseTalowero wapa, Kotopas nepeLlsa B NoTeHUManbHyo
3HepPrvio B MOMEHT Hambonbluein pedopmauun.

1.188. CHapag, neTawmini co ckopocTeio 0=500 wm/c, pas-
pblBaeTCA Ha TPU OLMHAKOBbLIX OCKO/MKA TaK, YTO KWHeTWYe-
CKaa 3Heprus cuctembl yBenuumeaetcsa B T]= 1,5 pa3a. Kakyto
MaKCUMa/lbHYl0 CKOPOCTb MOXET WMeTb OfWH U3  OCKON-
KOB?

1.189. Yactuua /, wumeBwas ckopocTb i>=10 m/c, wucnbl-
Tana n060BOe CTO/IKHOBEHME C MOKOMBLUEACA 4YacTuueid 2
TOW >Ke Maccbl. B pesynbTaTe CTONKHOBEHMS KMHETUYECKas
3HEprus cucTeMbl yMeHblumnack Ha T)=1,0%. Haiitn mogynb
W HanpaBneHMe CKOpOCTM YacTuubl 1 nocne CTONKHOBe-
HuS.

1.190. YacTtuMua maccbel T ucCMbiTasia CTO/IKHOBEHME C TO-
KOMBLUEWCS yacTuueid maccbl M, B pe3ynbTaTe KOTOPOro
yacTmua T OTKNOHWMIach Ha yron a/2, a yactuua M OTCKo-
ynna nog yrnom A=30° K nepBoHayasibHOMY HarnpasfieHUIO
OBUXeHUA YyacTuubl T. Ha CKO/IbKO NPOLEHTOB U KakK W3Me-
HWMacb KUHETUYEecKas 3Heprus 3TOW CUCTEMbl MOCME CTOMKHO-
BeHua, ecam M /T =5,0?

1.191. 3amKHyTad cucTeMa COCTOWUT W3 ABYX 4acTul, C mac-
caMn T1 H mt, KOTOpble ABMXYTCA MO4 NPAMbIM YIOM ApYr
K Apyry CO CKOpOCTAMMW O, U Vv,. HallTu B cucTeme UX LEeHTpa
macc:

a) MMMYNbC KaX4ol 4acTuubl;

6) CYMMapHyl0 KWHETUYECKYIO 3HEpruto obemx yactuu,

1.192. YacTtuua maccel T1 ucnbitana ynpyroe coypapeHue
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C NoKouBLWelica YacTMLen maccol TT, mpudem mc>mt. Haintm
MaKcUManbHbI# YrOM, Ha KOTOPbIA MOXET OTKMOHWTbCS Hane-
Tallwasn YacTuua B pesy/nbTaTe COYyLApeHus.

1.193. Ha rnagkoil ropu3oHTa/IbHOM MAOCKOCTM fexar
TpU oAMHakoBble wWaiibbl A, B n C (puc. 1.37). Lllain6e A co-
06Wwmnm ckopocTb V, MOCNe 4ero OHa WCMbITana ynpyroe
coypapeHue OLHOBPEMEHHO C Laiibamu
B'n C. PaccTtosHue mexay LeHTpamu B VY
nocnegHux [0 coydapeHus 6biio B 11 A
pa3 6Gonblie AMaMeTpa Kaxgoin wain- .V —W
6bl. HaiiTu ckopocTb wWwaibbl A nocne  >-«' W *)
coypapeHus. Tlpu KakoM 3HayeHun t
Wwariba A nocne coyfapeHus OTCKOYMT
Has3af, OCTaHOBWUTCH; OyaeT [ABUraTbCs Puc' 1-37
Bnepes?

1.194. Monekyna wucnbiTana CTONKHOBEHWE C APYroOW,
MOKOMBLLEACA, MOJSIEKY/IO TOM e maccbl. [lokasaTb, 4TO
Yyron Mexgy HanpaBneHMAMW pasfeta MOJeKy:

a) paBeH 9CP, ecnin coypapeHue YMpyroe;

6) otnmueH ot 90°, ecnn coypapeHune Heymnpyroe.

1.195. K TO4yKe, paguyc-BEKTOp KOTOpPOI/ OTHOCUTENbHO
Hayana koopaumHat O paBeH r=ai+fcj, npunoxeHa cuna F=
=i4i+fij, rge a, b, A, B — NOCTOSIHHbIE, | U ] — OpPTbI OCeM
X ny. Haitm momeHT N u nneyo /cunbl F OTHOCMTENBHO
Toukmn O.

1.196. MOMEHT uMMynbCa YacTullbl OTHOCWUTE/IbHO HEKOTO-
poii Toukn O MeHsieTca CO BpemMeHeM MO 3akoHy M =a+bl a,
roe a M b — nocTosHHble BeKTOpbl, nNpuyem a_Lb. Haiitu
OTHOCWUTENbHO TOYKM O MOMeHT N cunbl, [eicTBYIOLLEN Ha
yacTuly, Korga yrosn Mmexpay Bektopamu N U M OKaxeTcs
paBHbIM 45°.

1.197. Lapuk maccbl T 6pocuinm nog yrnom a K ropu-
30HTY C Haya/ilbHOW CKOPOCTblO 0,. HaiiTu mMogynb MOMeHTa

MMMynbca LWapuka OTHOCUTENBHO
TOYKM 6pOCaHMA B 3aBUCMMOCTM
OT BPEMEHW ABWXXEHUSA. BbluncinTb
M B BepwnHe TpaekTopumn, ecnu
T=130 r, a=45° n v0=25 wm/c.
ConpoTueneHveM BO3dyXa MpeHeod-
peyb.
Puic , 38 1.198. Hebonbwasa wwaiiba mac-
cbl T=50 r HauyMHaeT CKOJ/lb-
3UTb C BepWWHbI NaAKoM HaKNOHHOM MA0CKOCTM, BbICOTA
koTopoii h=100 cM ¥ yron HakioHa K TFOpuM3oHTYy a= 15°
(pnc. 1.38). HaiiTm mMogynb MOMeHTa WMMMy/fbca LWaibbl OT-
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HocuTenbHO ocu O, NepneHAUKYNAPHON K MAOCKOCTU PUCYHKA,
yepes /=1,3 ¢ nocne Havana [ABVKEHUS.

1.199. Laii6a A maccbl T, CKOMb3A MO FNafKON TFOPU30H-
TaNbHOM MOBEPXHOCTN CO CKOPOCTbKO W, MCMbITana B Touke O
(puc. 1.39) ynpyroe CTO/IKHOBEHME C TNafKON HemnoaBMXHOM
CTEHKOR. YTon Mmexay HanpaBneHWEM [BVDKEHUS Lwainbbl 1
HOpMa/iblo K CTeHKe paBeH a. HaiTtu:

a) TOYKM, OTHOCWUTENIbHO KOTOPbIX MOMEHT wuMnynbca M
Llaiibbl OCTaeTcA MOCTOSHHbIM B 3TOM MPOLECCE;

6) MoAynb MpupalleHns MOMEeHTa WMMyfnbca LWaibbl OT-
HOCUTeNbHO Touku O, KOTOpas HaxoAuTCA B M/I0CKOCTM

LBVKEHNS Wwaibbl Ha paccTosHum / oT
Toukun O.

1.200. BepTuKanbHbIA UAANHAP YK-
pen/eH Ha rnafkovi ropu3oHTabHOW Mo-
BEPXHOCTWU. Ha LMAMHAP MAOTHO Hamo-

Puc. 1.39 Puc. 1.40

TaHa HWTb, CBOBOAHLIV KOHeL, KOTOPO COeAMHEH C HebOMbLLON
warbon A maccel T=50 r (puc. 1.40, Bug ceepxy). Lllaiibe
€o06LWKnAM ropu3oHTanbHyo ckopoctb 0=5,0 m/c, Kak no-
KasaHO Ha pucyHke. Mmes B Bugy, UTO CM/Ia HATSKEHUA
HWTW, NPU KOTOPOI HacTynaeT ee paspbiB, Fm=26 H, Halitn
MOMEHT UMMy/bCa LWaiibbl OTHOCWMTENbHO BEPTUKaNbHOW OCK
C nocne paspbiBa HAUTW.

1.201. Heb6onbwoin wWwapukK Maccbl T, MPMBA3AHHbLIA Ha
HUTW 0JIUHOI / K MOTONKY B Touke O, ABMXETCA MO rOPU30H-
TaNbHOM OKPYXHOCTW TakK, YTO HUTb BpallaeTcs BOKPYrT
BEPTUKaNbHON OCM C MNOCTOAHHOW YrNOBON CKOPOCTHIO (0.
OTHOCUTENIbHO KakKMX TOYeK MOMEHT umnynbca M wwapuka
OCTaeTcA MNOCTOAHHBIM? HaliTn mMofynb npupalieHus MOMeHTa
MMNynbca Liapuka OTHOCUTENbHO TOYkM O 3a  NOMOBUHY
obopoTa.

1.202. Wapuk maccbl T nagaeT 6e3 HayaJbHOW CKOpPOCTU
C BbICOTbl h Haj noBepxHoOCTbiO 3emnu. Haiitm mogynb npu-
paleHnss MOMEHTa WMMNy/abCa LapuMka 3a Bpems nafeHus
OTHOCWUTENbHO TOUKM O cUCTeMbl OTCUeTa, ABWXKYLLelica mo-
CTynaTeslbHO CO CKOPOCTbiO V B TFOPU30HTa/IbHOM Hanpasse-
HUKM. B MOMEHT Hayana nageHus Touka O coBnagana c LWapukom.
ConpoTueneHne BO34yXa HE Y4UTbIBaTb.

40



1.203. TOopw30HTaNbHbIA FNagKWiA AUCK BpawatoT C Mo-
CTOSIHHOI YI/I0BOW CKOPOCTbIO O BOKPYIr HEMOABWKHON Bep-
TUKanbHOW OCW, NpoOXoAAlleli uepes ero LeHTp — Touky O.
M3 3Toii TOYKM B MOMEHT /=0 nyctunu waiby maccel T CO
ckopocTblo Voo HaiiTu MOMeHT umnynbca waiibsl M(t) oTHO-
cuTenbHo Toukn O B CUCTEMe OTCYeTa, CBA3AHHOW C [LUCKOM.
Y6eanTbcs, UYTO 3TOT MOMEHT uUMMynbca 06YCMOBMeH [feiicT-
Buem cunbl Kopuonuca.

1.204. YacTunua ABWXKETCA MO 3aMKHYTON TpaekTopuu B
LeHTpaNbHOM CWJ/IOBOM NOfe, rAe ee noTeHuManbHas 3Heprus
W=KTIT, K — MOMIOXWUTENbHAA MOCTOAHHAsA, T — pPacCTosHue
yacTuubl 80 ueHTpa nona O. HaiTu Maccy 4vacTuupl, ecim
HaVMeHbLLUee PaccTosHWe ee [0 ToYkM O paBHO I,, a CKOPOCTb
Ha HaubonblueM PpaccTOAHWM OT 3TON TOYKM — Vi.

1.205. Hebonbwoi wapnk nogsecunn K Touke O Ha Nerkor
HUTW L7WHbI /. 3aTeM LapuK OTBEAW B CTOPOHY TaK, UYTO HWUTb
OTK/IOHWNAcb Ha Yyros B OT BepTUKanu, U coobwunu emy
CKOPOCTb B TOPU3OHTa/IbHOM Hanpas/fieHUn NeprneHaNKyNsapHo
K BEpPTMKa/bHOW MNNOCKOCTW, B KOTOPOW pacrofioKeHa HUTb.
Kakylo HayasbHYH CKOPOCTb Haf0 COOOWMWTL LapuKy, 4TOGHI
B npouecce [ABVKEHWA MaKCUMasbHbIA Yron OTKIOHEeHWs
HUTW OT BEPTMKanu OKasancs pasHbIM A/27?

1.206. He6onbwyo wailby MOMECTUIN HA BHYTPEHHIOK
rNagKyto MOBEPXHOCTb  HEMOABMXKHOrO  KPYrfiioro KoHyca
(puc. 1.41) Ha BbicoTe hx OT ero BepwuWHblI U CO0BLWMAN eli B
rOpU30HTaNbHOM HanpaBAeHWW MO KacaTesbHOM K MOBEPXHOCTU

KOHyca CKOpoCTb Vvt. Ha Kakyl BbICOTY
N, (oT BepwuHbl KOHYyca) MNOAHUMETCH
waii6a?

V'0'ZA.

Puc. 141 Puc. 1.42

1.207. Ha rnagKoii rOpu3OHTa/IbHOM MI0CKOCTU ABMXKETCA
HeboNbLWOe Teno MacCbl T, MNpPMBSI3aHHOE K HEPacTSHKUMOI
HWUTW, [PYroi KOHel KOTOpoi BTArmMBalOT B oTBepctve O
(puc. 1.42) ¢ MOCTOSHHOW CKOpPOCTbIO. HaliTh cuny HaTsKeHns
HUTW B 3aBUCMMOCTU OT PacCTOAHMSA T Tena [LO OTBEPCTMS,
€CM MpW r=ro yrnoBas CKOpPOCTb HUTM Obina paBHa Lo

1.208. Ha mMaccuBHbI HemogBMXHbIA 610K paguyca R
HaMOTaHa ferkas HepacTsh)Xumas HUTb, K CBOGOAHOMY KOHLY
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KOTOpPOi/i MOoABeLIeHO Hebo/bLIoe Teno Maccbl T. B MOMEHT
/=0 cucTtemy npegocTaBuiM camoli cebe, M OHa npuwia B
OBWXKeHWe. HaiTM ee MOMEHT WMMMynbCa OTHOCWUTENLHO OCK
6noka B 3aBucumoctu ot t.

1.209. Cuctema (puc. 1.43) cocToUT U3 OAHOPOAHOr0 Mac-
CMBHOro 6noka paguycom #=150 Mm, Ha KOTOpbIi HamoTaHa
HWTb C FPY30M Ha KOHUe. HuTb nepekuHyTa
yepe3 rnafkuil ropusoHTa/bHbI CTepxeHb C,
YKpenseHHblli B CcTeHe. B momeHT /=0 rpy3
OTMYCTUAN, W CUCTEMA Mpulina B ABWXeHMue
HaliTu MOMEHT UMNynbca CUCTEMbl OTHOCUTENb-
HO ocn O 6noka 4vepes /=4,0 ¢ nocne Havana
OBWKEHWS, €Cnn B Mpouecce ABWXKEHWUS HUTb
faBuT Ha cTepkeHb C C MOCTOAHHON CUNOWA
F=50 H. Yron B=60\
1.210. OfHOpOAHbIA Wap mMaccsl T U pagu-
yca R HauMHaeT ckKaTbiBaTbCA 6e3 CKOMbXeHUA
Puc. 143 MO  HAKMNOHHOW  MNNOCKOCTW,  COCTaB/ANOLLEN
yron a ¢ Tropu3oHTOM. HaiTu 3aBUCMMOCTb
OT BPEMEHM MOMeHTa MWMMynbca Lapa OTHOCWUTENbHO TOUKU
KacaHWs B Haya/bHblii MOMeHT. Kak u3meHUTCA pesynbTat
B Cnyyae abCOMIOTHO rNafKol HaKNOHHON NNOCKOCTW?

1.211. HekoTopasi cucTemMa 4acTUL, WMEET CYMMapHblii
NMMOYnbC P WM MOMEHT uMNynbca M OTHOCUTESIbHO TOYkM O.
HaiiTm ee MOMeHT wumnynbca M' OTHOCMTENbHO Touku O
MOMIOXKEHMe KOTOPO MO OTHOLUEHWMIO K To4YkKe O ornpegenseTcs
paguyc-sektopom r0. BbIACHUTb, B KakOM C/lyyae MOMEHT
MMMynbca CUCTEMbI 4YacTul, He OyAeT 3aBMCeTb OT Bbi6opa
TOYKM O.

1.212. MNonyuuts (opmyny (1.3u).

1.213. LWapuk maccbl T, [ABMraBLUMIACA CO CKOPOCTbIO Va,
ncnbiTan ynpyroe f060Boe COyAapeHue C O4HVMM U3 LIAPUKOB
MOKOWBLUEWCA >KECTKOM raHTenn, Kak o Vv
nokasaHo Ha puc. 1.44. Macca kaxpgo- Q- 0pf T /2
ro wapuka raHTenn pasBHa T/2, pac-

CTOAHME MeXay Humm — /. TpeHebpe- I

rasg pasmepamu LIApuKOB, HaiTu CcO6-
CTBEHHbI/i MOMEHT MMNynbca M raHTenm
nocne coypgapeHus, T. €. MOMEHT WM-
nysbca B MNOCTYMNaTeNlbHO ABWXYLLEN-
CA CUCTeMe OTcYeTa, CBS3aHHOW C LEHTPOM MacC raHTenu.

1.214. Ha rnagKoil ropu3OHTaNbHOM MAOCKOCTU nexar
ABe HeboMblUMe OANHAKOBbLIE LIalObl, KaXkaas macchl T. LLIain6bl
COefIMHEHbI NETKON HefeOPMUPOBAHHON NPYXXUHKOW, ANUHA
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koTopoii /O N XXECTKOCTb H. B HEKOTOpbIi MOMEHT OAHON W3
Wwaiié coobwmnu ckopocTb VO B FOPW3OHTAILHOM Hanpas-
NeHUM MEPrEHANKYNAPHO K MpPYXUHKe. HaiTn makcumanbHoe
OTHOCWUTENLHOE YANUHEHWE MPY>XKMHKW B MPOLECCe ABMXEHWS,
€C/M U3BECTHO, UTO OHO 3HAYMTE/IbHO MEHbLUE efUHULPI.

1.4. BcemupHoe TAroTeHue
0 3akoH BCEMWPHOro TATOTEHWUS:

(1.4a)

0 KeagpaTbl nepuogoB obpalleHns nnaHeT BOKpyr ConHua OTHO-
CATCA Kak Kyb6bl 60onblUMX nonyoceid ux opout (Kennep):

T*coe*. (1-4<5)
¢ MMoTeHUMan rpaBMTALMOHHOIO MOMS TOYEYHOW Macchl:

= —ym/r. (1.4B)
O T[lepBast u BTOpasi KOCMU4eCKMe CKOPOCTU:

Vi=VgR, vt=vlV*"> (1.4r)

1.215. HekoTtopad nnaHeta Maccbl M [ABMXeTCA N0 OK-
py>xHocT BOKpYr ConHua co ckopocTbto M=34,9 km/c (OT-
HOCWTENIbHO TeNIMOLEHTPUYECKON CUCTEMbI OTcYeTa). Hairtm
nepunog obpalieHns 3Toi nnaHeTbl BOKpyr ConHua.

1.216. Tepuog obpaweHns HOnutepa BOKpyr ConHua B
12 pa3 6osiblie COOTBETCTBYHOLWErO nepuoga and 3eman. Cuu-
Tas OopbuTbl MNaHeT KPYroBbIMWU, HANTH:

a) BO CKONbKO pa3 pacctosHue ot HOnutepa go ConHua
npesbIWaeT paccrtoaHne oT 3emnn Lo ConHua;

6) ckopocTb M yckKopeHue HOmuTepa B refMOLEHTPUYECKON
CHCTeMe OTCYeTa.

1.217. HekoTopas nnaHeta maccel M [ABMXeTCA BOKPYr
ConHua no anauncy Tak, YTO MWHUMaNbHOE pPaccTofHue
mexxgy Heli u COMHUEM PpaBHO M a MaKCUMalbHOe — T,.
Halitn ¢ nomowpto (1.46) nepuof ob6paweHns ee BOKPYT
ConHua.

1.218. [OBa cnyTHUKa [ABWXYTCA BOKpPYr 3emau Mo Kaca-
owmmca TpaekTopuam. OAMH CNYTHUK [BVKETCA MO0 OKPYX-
HOCTW paguyca T, Apyroii — no anauncy, ¢ nepuofom obpa-
weHma B 1] pa3 601blIMM, Yem Yy MNepBOro CnyTHWMKa. Haitm
¢ nomowbio (1.46) MakcuManbHOe pPacCTOsiHWME MeXAy BTOpPbIM
CNYTHUKOM W LEHTPOM 3eMiu.

1.219. He6onblioe Teno HauMHaeT nagaTe Ha CosnHuUe C
paccTosHWs, PaBHOrO paguycy 3emMHoi opbutbl. HauvanbHas
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CKOpOCTb Tena B Te/MOLEHTPMYECKON CUCTeMe OTcuyeTa paBHa
Hymo. Halitu ¢ nomowpto (1.46), CKOMbKO BpemeHu OygeT
NpoAo/KaTbCA MajeHue.

1.220. CnyTHWK J1yHbl, [ABWraBlIMACA MO KPYroBOA oOp-
6uTe paguyca r, nocne KpaTKOBPEMEHHOTO TOPMOXEHWUA CTas
[BUTaTbCA NO 3MAMNTUYECKON OpbuTe, Kacawlencs mnoBepx-
HOoCcTW JlyHbl. Halitu ¢ nomowbto (1.46) Bpemsa nageHus cnyT-
HUKa Ha J1yHy.

1.221. MpepctaBum cebe, 4TO Mbl co3gann Mogens ConHeu-
HOW CUCTEMbI, B I) pa3 MEHbLUYK HaTypasbHOW BefWNYMHbI, HO
M3 MaTepvasioB TOM >Ke CaMOi CpefHei NNOTHOCTM, 4TO Yy
ConHua n nnaHeT. Kak uW3MeHsTCA npyu 3TOM Mepuogbl 06-
pawieHns mogeneil naaHeT no CBOMM OpbuTam?

1.222. [BoiiHas 3Be3fa — 3TO CWUCTeMa W3 ABYX 3Be3f,
LBMXYLLUXCA BOKPYT ee LieHTpa macc. M3BeCTHbl paccTosiHue /
MeXJy KOMMOHeHTamMu [ABOMHONM 3Be3dbl M nepuog T ee Bpa-
weHns. CumTasn, uTo / He MEHSieTCs, HaWTX CyMMapHYK Maccy
CUCTEMBI.

1.223. TMnaHeTa Maccbl m [ABWXETCHA MO 3/IUMCY BOKPYr
ConHua TakK, 4YTO HauMeHbllee U Hambosbluee pacCTOAHUA
ee o7 Co/nHua paBHbl COOTBETCTBEHHO T, WU T,. HaliTnu mMOMeHT
uMmnynbca M 3TOl NnaHeTbl OTHOCWUTENbHO LeHTpa ConHua.

1.224. [oka3aTb C MOMOLLbO 33aKOHOB COXPAHEHWs, 4TO
MosHasg MexaHW4ecKas 3Heprus mMnaHeTbl Maccbl T, ABUXY-
werica Bokpyr ConHua Mo 3AAWMCY, 3aBUCUT TONIbKO OT €ero
6onbwoii nonyocu a. Haitu Qopmyny 3aBUCUMOCTW  3TOWA
3Heprumn oT a

1.225. MnaHeTa A [BWXKETCS MO 3/IMNTUYECKON oOpbuTe
Bokpyr CosnHua. B mMomeHT, Korga OHa Haxogwunacb Ha pac-
ctoaHum r0 ot ConHua, ee CKOpPOCTb paBHANacb va U yron

Mexay paguyc-sekTopom r0 u
BeKTOpoM ckopoctn VO cocTas-
nan a. Haitn Hambonbliee i
HaMMeHbLUee paccTofHUsA, Ha
KoTopble ygandetca ot ConH-
Lla 3Ta nnaHeta npW CBOEM
LBVKEHUN.
1.226.
no A gewmxetca K ConHuy C,
MMes BLANM OT HEro CKopocTb VO M MpuUUENbHbIA napameTp
/—nneyo BeKTOpa V,, OTHOCUTENbHO LeHTpa ConHua (puc. 1.45).
HaliT HaumeHbllee paccTOsiHMe, Ha KOTOpOe 3TO Teno npu-
6nmsntcs Kk ConHuy.

1.227. Yactuua maccel T HaxoAuTcAa BHE OLHOPOAHOrO

Wwapa Maccbl M Ha pacCTOfHWM T OT ero ueHTpa. Haitu:



a) MOTeHLMaNbHYI0 3HEPrui0 rpaBMTaLMOHHOIO B3anMOgei-
CTBMA YaCTuLbl U LWapa;

6) cuny, c KOTOpOW Liap AeiCTBYET Ha yacTuuy.

1.228. [okas3aTb, 4YTO cufia TATOTEHWS, AeACTBYKOWAA Ha
YyactTuuy A BHYTPU OLHOPOAHOTO CHEPUYECKOro Cnos Belle-
CTBa, paBHa Hy0.

1.229. YacTtuuy maccbl T TMepemMecTuin u3 LieHTpa OCHOBa-
HWS OAHOPOLHOro nonywapa maccel M un paguyca R Ha 6ec-
KOHeyHoCTb. Kakyto paboTy coBepluvna npu 3TOM rpasuTa-
LUMOHHaA cuna, [eiCTBYHOWAA Ha 4acTuLy CO CTOPOHbI Nony-
Lapa?

1.230. WmeeTca ogHopogHbii Lwap Maccel M 1 paguyca R.
HainTn HanpsbkeHHocTb G M MoOTeHUMan <p rpaBUTaLMOHHOIO
Mofig 3TOro wapa Kak (YHKLMW pacCcTOAHMA T OT ero LeHTpa
(npy r<R un r>R). WN306pa3nTb npumepHble rpapukn 3a-
Bucumocteid G(r) un d(r).

1.231. BHyTpn OLHOPOAHOrO Liapa C MJIOTHOCTbIO P UMe-
eTca cepuyeckas MOMOCTb, LEHTP KOTOPOA HaxoguTca Ha
pacctosHun | OT uUeHTpa wapa. Haitm Hanps>keHHocTb G
nons TAFOTEHUS BHYTPW MOMOCTW.

1.232. OpHopofHblii Lwap umeeT maccy M u pagnyc R.
HainTn faBneHwe p BHYTpW Liapa, 06YyCNOBAEHHOE rpaBuTauu-
OHHbIM CXaTWeM, Kak (DYHKUMIO pacCcTOfHUA T OT ero LeHTpa.
OueHuTb p B LUeHTpe 3emnu, cuuTas, 4to 3emns dABfseTcs
OAHOPOAHBIM LIAPOM.

1.233. HaliTu CcOGCTBEHHYHO MOTEHLUA/IbHYIO 3HEPTUI0
rpaBUTaLMOHHOTO B3aUMOAENCTBUS BELLECTBA, 0OpPa3yHOLLEro:

a) TOHKMIA OAHOPOAHbI cthepuyeckuidi CNoim mMaccel T U
paguyca R;

6) ofHOpOAHLIA Wap Maccbl T ¥ paguyca R (Bocmonb3o-
BaTbCA OTBETOM K 3afgaye 1.230).

1.234. BbluACAUTb OTHOLLEHME CMEYHOLWMX YCKOPEeHWIA:
YCKOPEHNA au BbI3bIBAEMOr0 CUMOA TArOTEHWA HA MOBepX-
HOCTU 3emnu, yCcKopeHusi a% 06YCMOBNEHHOIO LEeHTPOGeXHOM
CUMON WHepuUM Ha 3KBaTope 3eMW, U YCKOPeHWs a», COo06-
waemoro tenam Ha 3emne CoJHLEM.

1.235. Ha Kkakoi BbICOTe Haj MOIOCOM 3eMSN YCKOPEHUe
cBo6OAHOrO MafeHnsa yOblBaeT Ha OLUH MNPOLEHT? B [Ba
pasa?

1.236. Teny coobwmnu Ha nosoce 3emMan CKOPOCTb VO,
HanpaB/eHHYI0 BepTMKalbHO BBepX. 3Has paguyc 3emMan u
YCKOpeHne CBOBOAHOrO NafeHMs Ha ee MOBEPXHOCTW, HaWTh
BbICOTY, Ha KOTOpYK nofHUmMeTcs Teno. ConpoTUBNEHNEM
BO3dyXa npeHe6peyb.

1.237. HaiiTn nepviog ob6palleHWs CNyTHWKa, OBUXKYLUe-
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CKOPOCTb Tena B TeNMOLEHTPUYECKOA CUCTeMe OTcYeTa paBHa
Hynto. Haiitn ¢ nomowpbto (1.46), CKONMbKO BpeMeHW 6yaeT
NpoAonXaTbCA naaeHue.

1.220. CnyTHUK JlyHbl, [ABWTaBLIMIACS MO KPYroBoW op-
6uTe paguyca r, fnocre KpaTKoBPEMEHHOro TOPMOXeHWs CcTan
fBuraTbCca No 3NAMNTUYECKOW opbuTe, Kacatlolleics MnoBepx-
HOCTW JlyHbl. HaiiTn ¢ nomowbto (1.46) Bpems nageHws cnyT-
HUKa Ha J1yHy.

1.221. MNMpepactaBum cebe, 4TO Mbl co3gann mogenb ConHeu-
HOW cucTembl, B TL pa3 MeHbLUYK HaTypasbHOW BEIMYMHbI, HO
M3 MaTepuanoB TOM XXe camoii CpegHeli MAOTHOCTU, 4TO Yy
ConHua v nnaHeT. Kak W3MeHATCA npu 3TOM rnepuogbl 06-
pawieHus mogfeneii nnaHeT Mo CBOMM opbutam?

1.222. [BoilHas 3Be3ga — 3TO CuCTemMa W3 ABYX 3BE3f,
OBVXYLLMXCA BOKPYT ee LeHTpa Macc. V3BecTHbl paccTosfHue |
MeXJy KOMMOHeHTaMu [BOMHON 3Be3abl U nepuof T ee Bpa-
weHuns. CumTas, 4Yto / He MeHseTCs, HaliTW CYMMapHyl Maccy
CUCTEMBI.

1.223. TMnaHeTa Maccbl M [ABWKETCA MO 3//IMMCY BOKPYr
ConHua TakK, YTO HauMeHblluee W Haubonbllee paccToAHUA
ee or ConHUa paBHbl COOTBETCTBEHHO I, W r,. HaliT MomeHT
uMmnynbca M 3TOM nnaHeTbl OTHOCUTENbHO UeHTpa ConHua.

1.224. [oka3aTb C MOMOLLbIO 33aKOHOB COXPaHeHus, 4TO
MosiHas MexaHW4yeckas 3Heprus njaHeTbl Maccbl Mr, ABUXY-
Wwelica BoKpyr Co/nHUa NoO 31/MNCYy, 3aBUCUT TO/LKO OT ero
6onblwoin nonyocn a. Haiitm dopmMmyny 3aBUCMMOCTM  3TOM
3Hepruu oT a.

1.225. MnaHeTta A [ABWXETCA MO 3MAMMNTMYECKON opbuTe
Bokpyr ConHua. B MOMeHT, Korfga OHa Haxojuiacb Ha pac-
CTOfiHMM T,, oT CofiHUa, ee CKOpOCTb paBHAnacb vO0 v yron

MeXIy pajuyc-BeKTOpoM T, "
BEKTOPOM CKopocTu VO cocTas-
nan a. Haitu Hambonbluee u
HaMMeHbLUee paccToAHWA, Ha
KoTopble ypansetca ot ChnH-
LUa 3Ta nnaHeta Mpu CBOEM
LBVKEHUN.
1.226.
no A psmxetcs K ConHuy C,
UMes BfANM OT HEero CKOPOCTb V,, W MNPULE/bHLIA napameTp
/—nneyo BekTopa vOoTHOCUTENLHO LeHTpa ConHua (puc. 1.45)
HaliT HauMeHbllee pacCcTOfHWE, Ha KOTOpOoe 3TO Teno npu-
6nm3uTca K CosnHuy.

1.227. YacTmMua Maccbl LW HaxoAuTCA BHe OLHOPOAHOro

wapa maccel M Ha pacCTosHMM T OT ero ueHTpa. Hantu:
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a) MOTEHUWaNIbHYI0 3HEPrui0 rpaBUTALMOHHOIO B3auMOfeii-
cTBUA YaCTULbl W LWapa;

6) cuny, c KOTOpOI Luap AeCTBYET Ha yactuuy.

1.228. [lokasaTb, 4TO Cuna TArOTeHWs, AeACTBylOLlaA Ha
yactuuy A BHYTPW OAHOPOLHOrO CHepuyeckoro cnos Belle-
CTB3, paBHa HYIO.

1.229. YacTtuuy maccbl T MepemMecTMnn W3 LEHTpPa OCHOBa-
HUA OLHOPOAHOrO nonylapa maccel M u paguyca R Ha 6Gec-
KOHeuHocTb. Kakyto paboTy coseplumia npu 3T0M rpasBuTa-
LUMOHHasA cuna, AeicTBytoLlas Ha 4acTuly CO CTOPOHbI MNOsy-
Lwapa?

1.230. ImeeTca OAHOPOAHLIA wWwap macckl M u paguyca R.
Halitn HanpsbkeHHOCTb G W MoOTeHUuMan <p rpaBUTaLMOHHOIO
Mons 3Toro Lapa Kak (YHKUWWM pacCcTosHMS T OT ero LeHTpa
(M r<R un r>R). W306pa3nuTb nNpumMepHble rpadukn 3a-
Bucumoctein G(r) n <p(r).

1.231. BHyTpM OLHOPOAHOrO Llapa C MAOTHOCTBIO P WMe-
eTcs chepuyeckas MonocTb 3poii  HaxoauTCs Ha
paccTosHMM 1 OT LeHTpa Hanps>keHHoCcTb G
nons TATOTEHUS BHYTPW MONOCTW.

1.232. OpaHopoAHbI Wwap umeeT maccy M u paanyc R.
HaliTn faBneHve p BHYTpM lapa, 06yc/OB/IEHHOE rpaBuTaLu-
OHHbIM CXXaTWeM, KaK (PYHKLMIO PaccTOSAHWA T OT ero LeHTpa.
OueHnTb p B UeHTpe 3emnu, cumTan, 4to 3emnsd fABfseTcA
OfIHOPOZAHbIM LLAPOM.

1.233. HaiiTu CO6CTBEHHYHO MOTEHLMANILHYIO 3HEPTUIO
rpaBMUTaLMOHHOTO B3aMMOEWCTBMSA BELLeCTBa, 06pasyloLLero:

a) TOHKWIA O[HOPOAHbLIA CHepuyecKnin cnoil maccbl T U
pagnyca R;

6) OfHOPOAHLIA Wap mMacckl T U paguyca R (BOCnonb3o-
BaTbCA OTBETOM K 3ajadve 1.230).

1.234. BblUMCAUTL OTHOLUEHWE CNEAYHOWMX  YCKOPEHWIA:
YCKOPEHMA a,, BbI3bIBAEMOrO CW/OW TATOTEHUA Ha MOBEPX-
HOCTM 3eMnKn, yCKopeHusi at, 00yCNOBMEHHOrO LEHTPOOEXHON
CWMOA MHEpUMM Ha 3KBaTope 3eMan, W YCKOPEeHus a,, C00b6-
waemoro Ttenam Ha 3emne ConHuem.

1*#235. Ha kakoil BbICOTE Haj MOMCOM 3eM/SiM YCKOpPEeHue

pasa?+ I nageHns y6blBaeT Ha OAWH NPOUEHT? B pABa

Ha TAY coobwunm Ha nontoce 3emnn cKopocTb VO,
MpaBfeHHY0 BepPTUKANbHO BBEPX. 3Had paguyc 3emnn u
YMopeHne CcBOGOAHOTO MafeHUs Ha ee MOBEPXHOCTW, HalTy
Ha KOTOpYyK nogHumMeTcs Teno. CONpOTMBIEHWEM

[¥Xa npeHe6peyb
«237. HaiitTu nepuog o6palieHns CNyTHUKA, [BMXKYLLe-
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roca BOKPYr HEKOTOPOW M/aHeTbl BOAM3U €e MOBEPXHOCTH,
eCNN CcpefHAs MNOTHOCTb MnaHeTbl p=3,3 r/cv*.

1.238. CnyTHUK BbIBE/IM Ha KPYroBykw OpOUTY CO CKOpoO-
CTbl0 V Hag nonocoMm 3emnun. HaiiTu pacCcTosHMe OT CNyTHWKa
[0 MoBepxHoOCTU 3emiu.

1.239. CnyTHUK 3eman Maccbl T [ABUXETCA MO KPyrosoid
opbuTte, paguyc KoTOpoi BABOe Oonblie paguyca 3emau
Kakoli [ONOMHUTENbHBIA WMMMAYAbC U B KAaKOM HanpasfeHuu
cleflyeT KpaTKOBPEMEHHO COO6WMWTb CMYTHWKY, 4TOObI no-
CKOCTb €ro opbuTbl MOBEPHYNacb Ha yron a 6e3 WM3MeHeHus
paguyca opbuTbl?

1.240. BbluncAnTb paguyc KpyroBoi OpbuTbl cTauuoHap-
HOTO CNYTHMKa 3eM/W, KOTOPbl OCTaeTCs  HEenoOABMXKHBIM
OTHOCUTENIbHO ee MoBepxHOCTU. KakoBa ero CKopocTb B WHep-
LUnanbHOl cucTeMe OTCYeTa, CBSI3aHHOW B [aHHbIA MOMEHT C
LUeHTpoM 3emnn?

1.241. Cuctema, KoTopas COCTOUT W3 ABYX OAWMHAKOBbLIX
CNYTHUKOB, COEAMHEHHbIX TOHKUM TPOCOM ANUHbI /=150 m,
LBWXeTCAa M0 KPyroBoi opbwute BOKpyr 3emau. Macca Kax-
fjoro cnytHuka T =1000 kKkr, macca Tpoca MNpeHebpexmnmo
Mana, paccTosiHMe OT LeHTpa 3emau [0 3TON CUCTeMbl COCTaB-
naet 1)=1,2 paguyca 3emnu. HailTm cuny HaTsKeHus Tpoca
B MOMEHT, KOrfa TpOoC HanpaBieH Nno paguycy 3emnu.

1.242. Haitn maccy 3emnn, ecnm CNyTHUK, ABUXKYLLMIACS
B €€ 3KBATOPWanbHOM NMOCKOCTM C 3anaja Ha BOCTOK N0 Kpy-
rosovi opb6bute paguyca /?*=2,00>104 kM, NOSBNSETCS Hag
HEeKOTOPbIM MYHKTOM Ha 3KBatope 4epe3 Kaxable T= 11,6 u.

1.243. CnyTHUK ABWXETCS B 3KBaTOPWaNbHON MIOCKOCTU
3emnyn C BOCTOKA Ha 3anmaf nNo Kpyrosoi opb6uTe paguyca
/?=1,00-104 km. HaliTu OTHOCMTENbHO MOBEPXHOCTU 3eMNu:

a) CKOpOCTb CMYTHMKA; 0) ero yCKOpeHue.

1.244. Kakyl CKOpOCTb HeobXxoguMmo COOo6WWTL Teny, B
rOpU3OHTaNbHOM HanpaBfeHUn BOAU3N NOBEPXHOCTU 3eMiH
y ee rnosoca, 4YTobbl BLIBECTWM €r0 Ha 3/NIMNTUYECKYIO OpouTy
¢ 6onbwoi nonyocbto a?

1.245. VICKyCCTBEHHbI CNYTHUK J1yHbl ABVWKETCS MO Kpy-
rosoii opbute, paguyc koTopoii B T pa3 6onblie paguyca
NyHbl. CuuTtad, 4yto Hebosblas cuaa COMPOTUBIEHWUSA, WCMbI-
TbiBa€EMas CNYTHWKOM CO CTOPOHbl KOCMMWYeCKOW Mblav, 3a-
BMCUT OT ero CKOpocTM Kak F=av* rge a — MoCTOsHHas,
HailTW BpemMs [ABWKeHWs CNyTHWKa A0 NafeHWs Ha MNOoBepx-
HOCTb J1yHbI.

1.246. BbluMcAUTL MepBYHO W BTOPYHD KOCMUYECKUE CKO-
pocT Ana 3anyckos C JlyHbl. CpaBHWUTL C COOTBETCTBYHOLLMMU
CKOpOCTAMM And 3emsn.
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1.247. Kocmuyecknin Kopabnb nognetaer K JlyHe no na-
pabonnyeckon TPaeKTOpPUW, MOYTU Kacatollelica ee MOBEpX-
HOCTW. B MOMEHT MakCuManbHOro conmkeHns c JIyHOW Ha
KOPOTKOe BpeMsi 6bln BK/KOYEH TOPMO3HOW [Burartefib, U KO-
pabnb nepewen Ha KPyrosyw opbuty. HaiiTu npupaiieHme
MOAYNA CKOPOCTU Kopabns npu TOPMOXEHUW.

1.248. Kocmuuecknii Kopabib BbiBENM Ha KPYroByk Op-
6uty B6AM3M NOBEpPXHOCTM 3emnn. Kakylo [LOMOAHWUTENbHYHO
CKOPOCTb B HanpaBfIEHUW €ro [ABMXKEHUA HEOOXOAMMO KpaTKo-
BPEMEHHO COOOWNTL KOpabio, 4YTOObl OH CMOr NpPeofosnieThb
3eMHOe TAroTeHue?

1.249. Kocmunyeckuin Kopabnib ABUXKETCS BOKPYr 3emnau
Mo KPYyroBoW opbuTe, paguyc KOTopoil B r]=2,5 pasa 6onbLue
paguyca 3emnu. Kakyk [OMNONHUTENbHYKO CKOPOCTb Hajo
KpaTKOBPEMEHHO CO06WMUTL KOpabnw B  HanpaBneHun OT
LeHTpa 3emsim Mo ee paguycy, 4To6bl OH CMOr MOKUHYTb Mone
TAroTeHMsa 3emnu?

1.250. KaKyk HavMeHbluytd paboTy Hago COBEPLUUTD,
YTOObI JOCTaBMTb KOCMUYECKUIA Kopabnb Mmaccbl T = 2,(M 0* kr
C noeepxHocTn 3emnnm Ha JlyHy? ConpoTuB/ieHME BO3fyxa He
YUUTbIBATD.

1.251. HaiTm npubnmxXeHHO TPeTbl KOCMMUYECKYH CKO-
pOCTb 0, — HaWMeHbLUYK CKOPOCTb, KOTOPYH Heo6XoAMMO
COO6WMTL TeNy OTHOCWUTE/IbHO TMOBEPXHOCTU 3eMu, 4TO6bLI
OHO CMOrno0 NOKWHYTL ConHeyHyo cuctemy. BpallueHvem
3emMnM BOKpPYr ee ocu npeHebpeyb.

1.5. OuHamuka TBepaoro Tena

# YpaBHeHWe AMHAMWKU TBEpAOro Tefa, BpallaloLLierocs BOKPYr He-
noABWXHOI ocun T
/P ,-* . (1.5a)

rge Nt —anre6paviyeckass cyMmMa MOMEHTOB BHELUHUX CWA  OTHOCUTESIbHO
ocu T.
0 Teopema LLITeiHepa:

1= lc+Ta*. (1.56)

# KunHeTnueckas 3Heprus TBepaoro Tena, BPALLAIOLLErocs BOKPYT
HEenoZABWDKHON ocu:

T= Ico*/2. (1.5B)

# Pa6oTa BHeLUHUX CU/1 MPW MOBOPOTE TBEPAOr0 Tena BOKPYr He-
NoABVXXHOW ocCu;

N*= Y Ap. (1.5r)
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0 KuHeTWYecKass »Heprus TBEPAOro Tena MpW  MI0CKOM  [ABVXEHUN:
T= (1.50)

- % Cssisb Mexay YrnoBoii CKOPOCTbIO LI' MPELEeccUr FMpocKona, ero
MOMEHTOM UMMYy/nbca M, paBHbIM /a», MU MOMEHTOM N BHELUHUX CWN:

[w'M) = N. (1.5e)

1.252. TOHKWIA 0fHOPOAHbLIA cTepxeHb AB macchl T=1,0 Kr
[BWKETCH MoCcTynatenbHoO ¢ YyckopeHueM a=2,0 m/c* nop
peiicteuem geyx cun F, n F, (puc. 1.46). PaccTosiHue mexay
TOYKamMy npunoxeHna atux cun &=20 cvm. Kpome ToOro, us-
BeCTHO, uTo F,=5,0 H. HailTm AnuHy CTepxHS.

r )

B
Puc. 1.46 Puc. 1.47

1.253. OpHopogHbli wap mMaccbl T=4,0 Kr [ABUXETCH
nocTynaTeslbHO MO MNOBEPXHOCTW CTOMa MoA [feicTBMEM MoO-
CTOSIHHOM cunbl F, MPUNOXEHHOW, Kak MokKasaHo Ha puc. 1.47,
roe yron a=30°. KospuumeHT TpeHus Mexay LwapoMm w
ctonom 6=0,20. Haintm F u yckopeHue Lwapa.

1.254. K TOuke C pagumyc-BeKtopom r,=a! npunoxeHa
cuna Ft=/1j, a K Touke ¢ r,= 6] — cuna Ft=fll. 3gecb oba
pagunyc-BeKTopa OMnpefeneHbl OTHOCWUTENIbLHO Havana Koopau-
HaT O, i nj — opTbl oceih X ny, A n B — nocTosiHHbIe. HainTu
Nneyo pPaBHOAENCTBYIOLWEA CWUAbl OTHOCUTENbHO ToukM O.

1.255. HaliTu MOMEHT WMHepLuHn:

a) TOHKOro OJHOPOAHOIO CTEPXKHA OTHOCMTENIbHO OCH,
NeprneHANKYNAPHOW K CTEPXHIO W NPOXOAsLiel Yepe3 ero
KOHeL, ecnu macca CTepXXHA m u ero ganHa 1\

6) TOHKOW OLHOPOAHON MNPAMOYrO/IbLHON NAaCTUHKKA OT-
HOCMTENIbHO OCK, MPOXOAALleli 4epe3 OAHY W3 BEpLMH MNfa-
CTUHKW MEPNeHAUKYNAPHO K €e TMJIOCKOCTW, eCnu CTOPOHbI
NnacTMHKW paBHbl a U b, a ee macca — T.

1.256. ToHKaa ogHopogHasa nnacTUHKa maccbl T = 0,60 Kr
nMeeT (opMy paBHOGEAPEHHOr0 MNPAMOYrO/IbHOTO TPeyrofb-
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HMKa. HailTn ee MOMEHT WHepuuMuM OTHOCWUTENIbHO OCW, COB-
nagarolweid ¢ ogHMM K3 KaTeToB, A/MHa KoToporo a=200 mm.

1.257. BblYMCAUTL MOMEHT WHepuun:

a) MefHOro OAHOPOAHOrO AWCKa OTHOCUTENbHO OCU CUM-
METpWM, MNePNeHAUKYNAPHO K MAOCKOCTU [MCKa, €ecnu ero
ToNnwmnHa b=2,0 mm un paguyc /?=100 mm;

6) OLHOPOAHOIO CM/IOWHOr0 KOHyCa OTHOCUTENbHO €ero
0CU CUMMETPUM, ecnn Macca KoHyca T W paguyc ero ocHoBa-
HuA R.

1.258. HaliTu MOMEHT WHepuuM TOHKOr0 MPOBO/IOYHOrO
KonbLia pafMycoM a K maccbl T OTHOCWUTE/IbHO OCW, coBnafa-
OWen C ero guaMeTpom.

1.259. lNokas3aTb, 4TO 415 TOHKOW MAACTMHKW NPOW3BO/Ib-
HO (hOpMbl MMeeTCs Crefyiowas CBA3b MeX4y MOMeHTaMu
nHepumn: i+ /|=/«, rge /, 2, 3 — Tpu B3aMMHO NepneHau-
KyNnfpHble OCK, NPOXOAsuive Yepe3 OAHY TOUKY, MPUYEM OCK
1 1 2 nexart B MNNOCKOCTU MNACTUHKW. Mcnonb3ys 3Ty CBA3b,
HaliT MOMEHT WHepUMU TOHKOrO KpYraoro OfHOPOLHOrO
OMcka paguyca R M maccbl T OTHOCWUTENbHO OCW, COBMajatoLLeit
C O4HUM W3 ero AMameTpoB.

1.260. OfHOPOAHbLIA fMCK paguyca R UMeeT Kpyrfblid Bbl-
pes (puc. 1.48). Macca ocTaBLeiica (3aWTPUXOBAHHOW) Ya-
CTU AucKa paBHa T. HalTu MOMEHT WHepuMM TaKoro Aucka
OTHOCWTENbHO OCK, MNEPNeHAMKYNSPHON K MNNOCKOCTM AKCKa
N MPOXOAALLEN:

a) uepes Touky O;

6) uepes ero LEHTp Macc.

1.261. Wcxopa u3 (hopMynbl A1 MOMeHTa WHepuuu of-
HOPOAHOrO Llapa, HaliTX MOMEHT WHepLMM TOHKOFO clepuye-
CKOro cfiof Maccbl T UK paguyca R OTHOCUTENILHO OCW, MPOXO-
JALWeRn Yyepe3 ero LeHTp.

1.262. Ha ctyneHuyaTbln 610k (puc. 1.49) HamoOTaHbl B
NPOTUBOMONOXHBLIX HanpaBneHWAaX ABe HUTW. Ha KoHew ofHol
HWTW [EACTBYIOT MOCTOSIHHOW cunoil F, a K KOHUY Apyrol
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AMTW NpUKpensieH rpy3 maccbl T. K3BecTHbl paguycbl /?,
n /?, 650Kka U ero MOMEHT UHepuuu / OTHOCUTENILHO OCWU Bpa-
weHmns. TpeHusa HeT. HaiiTm yrnosoe yckopeHue 6/0kKa.

1.263. Ha ofHOpOAHbIi CAAOWHOW LMAMHAP Maccbl M
M pagmyca R NAOTHO HamoTaHa Nerkas HUTb, K KOHLY KOTOpOi

'S5/ npukpenneH rpys maccel T (puc. 1.50). B mo-

MeHT /=0 cucTema npuwnia B ABWXKeHue. Mpe-
Hebperaa TpeHWeM B OCU UWAWHAPA, HaWTK
3aBUCMMOCTb OT BPEMEHU:
a) MOLyns YrnoBoi CKOPOCTU UWAUHAPA;
6) KMHETMYEeCKOW 3Heprum BCEA CUCTEMBI.
1.264. KOHUbI TOHKWX HWUTEA, MNAOTHO Ha
MOTaHHbIX Ha OCb paguyca r gucka Makcsen-
na, NPWKpenseHbl K FOPU3OHTaNbHOM LUTaHre.
Puc. 1.50 Korga [uck packpyumBaeTcs, LITaHry Mog-
HMMAIOT TaK, YTO AWUCK OCTaeTCA HeU3MEHHO Ha
O4HOW W TOW >Xe BbicoTe. Macca fgucka C OCbl0 T, WX MO-
MEHT WHEPLWUM OTHOCMTENbHO WX OCu cummeTpuu /. Haiitm yc-
KOpeHue WTaHru.

1.265. T[OpW30HTaNbHbIA TOHKWI O4HOPOAHbIA CTEpPXEHb
AB wmaccbl T U AinHbl / MOXeT CBOGOLHO BpallaTbCa BOKPYT
BEPTUKaNbHOW OCK, npoxogswieli yepe3 ero KoHewy A. B He-
KOTOpbI/i MOMEHT Ha KOHel, B Hauana pgelicTBoBaTb MOCTOSHHas
cuna F, Kotopas BCe Bpems MNepreHAuKynspHa K MepBOHa-
4asIbHOMY TMOJIOXKEHWIO MOKOMBLLErocs CTePXHSA W Harpas/ieHa
6 ropusoHTanbHOW MNnocKocTM. HaliTu yrnoByk CKOpOCTb
CTepXHSA Kak (hYHKUMIO ero yrna nosopoTa <P M3 HayasbHOro
MOJIOXKEHWNS.

1.266. B ycTaHOBKe, MoKasaHHOM Ha puc. 1.51, WM3BECTHbI
macca OJHOPOZLHOro CM/OWHOINO UuMAuHgpa T, ero paguyc R

TY

Puc. 151

n maccbl Ten T, U Tr. CKOMbXEHUS HUTU N TPeHus B OCU
UMIMHAPA HeT. HaliTu yrnoBoe YCKOpeHWe uuavHapa u oT-
HOLLEeHWEe HaTsHKeHwid T,/7, BepTUKaNbHbIX Y4YaCTKOB HUTK
B npouecce ABWXeHUs. Y6eauTbcsd, 4Tto npu T-*~0 7'1=T',.
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1.267. B cucteme, nokasaHHON Ha puc. 1.52, WM3BECTHBI
Maccbl Tefl T, W TT, KO3(P(ULMEHT TPEHUA K MEXAy TesioM L
MW TOPM3OHTaNbHOW MMOCKOCTbID, a Takxe Macca 670ka T,
KOTOPbIA MOXHO CUMTaTb OAHOPOAHLIM AUCKOM. CKONbXEeHUs
HWTW Mo 610Ky HeT. B momeHT t= O Teno T, HayMHaeT ony-
ckatbcsi. [NpeHebperas mMaccoli HUTU W TPeHUeM B ocu 6oKa,
HainTu:

a) YCKopeHue Tena mt;

6) paboTy Ccwabl TPeHWs, [eNCTBYHOLEA Ha Tenlo TU 3a
nepBeble / CEKYyHA Mocne Hauvana [BUXEHUA.

1.268. OfHOpOAHbIA UMAMHAP paguyca R packpytuau
BOKPYr €ro ocv A0 YrnoBoi CKOpocTu oo0 M MOMECTUIM 3aTeM
B yron (puc. 1.53). KoappuuueHT TpeHUs Mexay CTeHKamu

Puc. 1.53 Puc. 1.54

yrna v uuanHapom paseH K. CKO/MbKO 060pOTOB cfAefaeT um-
NINHAP A0 OCTaHOBKW?

1.269. B cucTeme, nokKasaHHO Ha puc. 1.54, ogHopogHOMY
OMCKY COO0OLMAN  YTNIOBYH CKOPOCTb BOKPYT TOPU30HTa/b-
HO/ ocn O, a 3aTeM OCTOPOXHO OMYCTUAM Ha Hero KoHew A
cTepkHsi AB Tak, 4to OH o6pasoBan yron 0=45° ¢ BepTu-
Kanblo. TpeHne WMEeTca TO/IbKO MeXAy AWCKOM W CTepXHeM,
ero koadmument /1=0,13. MycTb N, n N ,— yncna o60poTOB
OMCKa [0 OCTaHOBKM MpW ero BpalieHWu Mo 4acoBOW CTpenke
W MNPOTMB YacOBOW CTPENKM — MpWM OJWMHAKOBON HauyasbHOM
CKOpOCTU. HailTn OoTHOLWeHWe

1.270. OAHOPOAHbLIA AUCK pagmyca R packpyTunm [o yr-
NOBOW CKOPOCTM 0 WU OCTOPOXXHO MOMOXWAW HA TOPU30HTab-
HYI0 MOBEpXHOCTb. CKOJMIbKO BpemMeHW AMCK 6yaeT BpalyaTtbes
Ha MOBEPXHOCTW, ecnu KO3MPMULMEHT TpeHWUs pasBeH 67

1.271. MaxoBWK C Ha4ya/lbHOW Yr/0BOM CKOPOCTbIO O
HauMHaeT TOPMO3WUTbLCA CWUNaMW, MOMEHT KOTOPbIX OTHOCU-
Te/IbHO €ero O0cCu MPOMoOpUUOHANeH KBafpaTHOMY KOPHIO U3
ero yrnoBoil ckopoctTu. HaliTu cpefHIO0 YrnoByl CKOPOCTb
MaxOoBMKa 3a BCe BPeMA TOPMOXKEHUS.
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1.272. OgHOPOAHbIV CM/OWHOA UMAnHAP paguyca R U mac-
cbl M MOXeT cBOGOAHO BpallaTbCs BOKPYT HEMOLBUXHOM
ropusoHtanbHoin ocu O (puc. 1.55). Ha uunuHgp B oavH psg
itaMofaH TOHKWIA LWHYpP AaiiHbl / 1 maccel T. Halitu yrnosoe
YCKOpeHWe UWInMHApa B 3aBMCUMOCTM OT AJIMHbI X CBeLIMBa-
foweiics yactn WwHypa. CumTatb, YTO LEHTP MacCc HamOTaHHOM
YyacTW LUIHYpa HAaxoAWUTCA Ha OCU UMAUHApa.

1.273. OfHOpPOAHbI CTEPXKEHb AMMHbI / MOXET BpauwiaTbCs
BOKPYI TOpPU30HTa/IbHOM OCW, MEPMNeHANKYNAPHOA K CTEPXHHO
M NPOXoAsLLeli Yepe3 oauH 13 ero KoHuoB (puc. 1.56). Cuctemy

Puc. 1.56 Puc. 1.56 Puc. 1.57

PaBHOMEPHO BpaLlaldT C Yr/I0BOW CKOPOCTbIO (O BOKPYT Bep-
TUKanbHOM ocu. lMpeHebperas TpeHWeM, HaTu yron b mexay
CTEPXKHEM W BEPTUKAsbHO.

1.274. TOpW30HTaNIbHO PACMOMOXKEHHbIA O4HOPOAHbLIA CTep-
XeHb AB mMacchl /n1=1,40 Kr u gnvHbl /#=100 cm Bpawaetcs
CBOOOJHO BOKPYF HEMOABWKHOM BepTMKanbHOW ocu 00°,
npoxoAsLlein uvepes ero KoHewy A. Touyka A Haxogutcs mnoce-
peguHe ocn 00 , anvHa Kotopoid /=55 cm. lMpu Kakom 3Ha-
YEHWN YI/IOBOW CKOPOCTW CTEPXKHSA FOpWM30HTanbHas COCTaB-
naowWas cunbl, AeAcTBylOWed Ha HWKHWIA KoHel ocu 00,
Oyfet paBHa Hyno? KakoBa npu 3TOM rOpuU30HTaNbHas COCTaB-
NSWas Cunbl, AEACTBYIOLLEA Ha BEPXHWUIA KOHeL, ocu?

1.275. CepefiMHa OfJHOPOLHOIO CTEPXHSA Maccbl T W ANUHbI /
XKECTKO COeAMHeHa C BepTuKa/ibHOW ocblo 00' Tak, 4TO yron
MeXay CTepXHeM UK ocbto paBeH 3 (puc. 1.57). KoHubl ocu 00
YKpenseHbl B MOAWMWNHUKaX. CucTema BpaliaeTcs 6e3 TpeHus
C YI/I0BO CKOPOCTbO co. Haitu:

a) MOoAynb MOMEHTa MWMMy/nbca CTEPXXHSA OTHOCUTENbHO
Toukn C, a TakKe €ro MOMEHT WMMMysbCa OTHOCUTESIbHO OCK
BpaLLEHNS;

6) MOAynb MOMEHTA BHELUHWX CWf, AeWCTBYKOLLMX Ha OCb
00' npu BpaLLeHUN.
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1.276. Tnagkuii OfHOPOAHbIA CTepeHb AB maccel M nu
AfmHbl | cBOGOAHO BpalaeTcs C YrAoBOW CKOpoCTbio ¢ B
FOPU30OHTANLHOM  MAOCKOCTM  BOKPYr HEMOABWXHOW  BepTu-
KanbHOM ocu, Mpoxogslieii yepe3 ero KoHey A. W3 Touku A
HauMHaeT CKOMb3UTb MO CTEPXHI0 Hebonblias MydTa Macchl
T. Haiitm ckopocTb V' My(Tbl OTHOCWTENbHO CTEPXHA B TOT
MOMEHT, KOrja OHa [OCTUTHET ero KoHua B.

1.277. OpHopofHas TOHKas KBafgpaTrHad MiacTUHKa Cco
cTopoHoi | v maccel M MOXeT cBOGOAHO BpalLaTbCsi BOKPYT
HEMOABWKHOW BEepPTMKa/bHOW 0CW, COBMafjarolieil ¢ OAHON U3
€e CTOpPOH. B UEHTp MNacTMHKM MO HOpPMann K Helk ynpyro
yoapsieTcs lapukK Maccbl T, JeTeBLUMIA CO CKOPOCTbHO V.
Haiitu:

a) CKOpOCTb LWapuka V' nocne ypaapa;

6) TOPU3OHTaNbHYK COCTaBASOLWLYH Pe3ynbTUPYHOLLed Ccu-
Nbl, C KOTOpPOW oOcb OyfeT AeiicTBOBaTb Ha MAACTMHKY MoOC/e
yaapa.

1.278. BepTuKanbHO pacrofioOXKEeHHbI OAHOPOAHLIA CTep-
XeHb mMaccbl M 1 AnMHbI | MOXET BpalaTbCid BOKPYr CBOEro
BEPXHEr0 KOHUA. B HWKHWIA KOHel CTepXHsd nonana, 3acT-
psB, rOpU3OHTAaNbHO NleTeBLIAaA MNyns Maccbl T, B pe3ynbTaTe
YEero CTEPXKEHb OTKAOHUACA Ha yron a. Cuutas T<cM, Haitu:

a) CKOpOCTb feTeBLUel nynu;

6) npupalieHMe MMNynbca CUCTEMbI «MYNS — CTEPXKEHbY»
3a BpeMs yAapa; KakoBa MpuumHa W3MeHeHWs 3TOro UMnysbCea;

B) Ha Kakoe pacCTOSiHMe X OT BEPXHEro KOHLUA CTepXHSA
[O/MKHa nonactb Nyns, 4tobbl UMMYLC CUCTEMBbI «Nyns —
CTEPXEHb» He W3MEHWNICA B Mpouecce ygapa.

1.279. T'opW30HTaNbHO PacMOMOXEHHbIA OfHOPOAHbI AWNCK
mMaccel M u paguyca R cBOGOLHO BpallaeTcs BOKPYr BepTu-
Ka/lbHOM 0OCW, NPOXOAALEen 4epe3 ero ueHTp. [uck unmeet
pagvanbHyl0 HanpasBAsoLyo, BAOMb KOTOPOW MOXET CKOflb-
3UTb 6e3 TpeHUs HebonbLUOoe Teno maccel T. K Teny npuessaHa
Nerkas HwTb, MPONyLeHHas 4epe3 MOMyld OCb AWCKA BHWU3.
MepBoHaYaNbHO TEN0 HAaxXO4MOCb HA Kpaw [Jucka W BCA
cucTeMa Bpallanacb C YrfoBOW CKOPOCTbHO &, 3aTeM K HUX-
HEMY KOHLY HUTW MPUAOXKUAW cuay F, ¢ MOMOLLbIO KOTOPOI
TeNo MeANeHHO MOATAHYNM K OCU BpaleHus. Haitu:

a) YrnoByH CKOpPOCTb CWUCTEMbl B KOHEYHOM COCTOSHWMU,

6) paboTy, KoTOpyk coBepwuia cuna F.

1.280. UenoBek mMacchbl T, ctout Ha Kpaw rOPU30HTaNbLHOrO
0[JHOPOAHOro AMCKa Maccbl T, W pagnyca R, KOTOpbI MOXeT
CBOOOAHO BpaWATbCA BOKPYr HEMOABVKHON BEepPTUKas/bHOM
oCK, MPOXOAALLEA 4Yepe3 €ero UeHTp. B HekoTopblAi MOMEHT
YesioBeK Hayas ABUratbCd MO Kpaw AUCKA, COBEPLUW MNepeme-
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LLeHne Ha yron <g OTHOCWUTENbHO Aucka u octaHosuncs. [Mpe-
Hebperas pasMepaMu YefOBEKa, HaWTU Yron, Ha KOTOpbIi
MOBEPHYNCA AUCK K MOMEHTY OCTAaHOBKMW 4e/0BeKa.

1.281. [1Ba ropu3oHTanbHbIX [AMCKa CBOGOAHO BpaLLaloTCH
BOKPYI BEpPTMKa/bHON OCW, NPOXOAALEA 4Yepe3 WX LEHTPbI.
MOMEHTbI VMHepuUM AUCKOB OTHOCMTENIbHO 3TOM OCWM paBHbI /,
n 1rr a yrioBble CKOPOCTM — €0, U « 2- [locne fafieHHAa Bepx-
HEro gMCKa Ha HWKHWIA 06a Ancka 6narofaps TPeHWUO Mexay
HAMM Hayanm yepe3 HEKOTOPOE BpeMs BpallaTbCA Kak efuHoe
uenoe. Haiitu:

a) YCTaHOBMBLUYIOCA YTNOBYIO CKOPOCTb BpalleHUs AMCKOB;

6) paboTy, KOTOPYK COBEPLUMAM NPU 3TOM CUNbI TPEHWUS.

1.282. [1ByM 0JWHaKoBOro paguyca AWCKaM CcoobLmam
OfHYy W Ty e yrnosyw ckopoctb 0)0 (puc. 1.58), a 3arem ux
npmBenn B COMPUKOCHOBEHWE, W CUC-
TemMa Yepes HeKOTOpOe Bpems MpuLLa
B HOBOEe YCTaHOBMBLLEECA COCTOSAHWe
ABVXKeHnsA. Ocu  [UCKOB HenogBUXHbI,
TPeHUS B OCAX HeT. MOMEHTbI WHepLuu
p . ™ OMCKOB OTHOCMTE/NIbHO WX OCeli Bpalye-
HWUA paBHbl /j un /]. Haitu:

a) npupatieHve MOMeHTa WUMMY/bCa CUCTEMBI;

6) yObl/lb ee MexaHWYeCKOW 3Heprum.

1.283. [uck pagmyca a MOXeT cBOBOAHO BpaLiaThCA
BOKPYI CBOe OCW, OTHOCMTENbHO KOTOPOW €ero MOMEHT WHep-
umm paseH /0. B momeHT /=0 AWCK Hayanu 06/1yvaTb MO HOp-
Ma/IM K €ero MOBEepPXHOCTW PaBHOMEPHbLIM MOTOKOM YacTul, —
N yacTuy B efuHMLY BpemeHW. Kaxpasa yactuua MMeeT maccy

T 1 CO6CTBEHHbI MOMEHT umnynbca M, HanpaBfeHUe KOTOpOro
COBMajaeT C HanpaB/feHWEM [ABMXKEHMS 4acTul. CuuTas, 4To
BCE YacTuuUbl 3aCTpeBatOT B AWCKE, HANTW €ero yrinoBykl CKO-
pocTb Kak ¢yHkuuio BpemeHu w(0. ecnm 0(0)=0. LN306pa-'
3UTb MPUMEPHBIA rpadmk 3aBucumoctn <o(/).

1.284. OpHOpPOAHbIA AWCK paguyca R u Maccbl T NexXuT
Ha TrNagKoi TOpPU3OHTaNbHOW NOBepxHOCTM. Ha 6OKOBYHO
MOBEPXHOCTb [MCKa MNJOTHO HaMoTaHa HWUTb, K CBOGOLHOMY
KOHUY K KOTOpOW MpWAOXWUIN MOCTOSAHHYIO FOPU3OHTaNbHYHO
cuny F. Mocne Hauana fBwkeHus pgucka Touka K mepeme-
cTunacb Ha pacctosiHue /. HaiiTu yrnoByl CKOpPOCTb AMCKa
K 3TOMY MOMEHTY.

1.285. OpHopogHbli auck paguyca R=5,0 cm, Bpauwato-
LW MACa BOKPYT CBOeli Ocu C Yrn0BO CKopocTbio 0)=60 paa/c,
najaetr B BEPTUKANbHOM TMOMNOXKEHUW Ha TOPU3OHTA/IbHYHO
LLUEPOXOBaTyH) MOBEPXHOCTb M OTCKakuBaeT nog yrnom g=3CP
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K BepTMKanu, YXe He Bpawascb. HaiiTu CcKOpoCTb AMCKa
cpa3y nocre OTCKakuBaHWA.

1.286. OAHOPOAHbIA LWap CKaTbiBaeTCs 0€3 CKOMbXEHUS
MO HaKNOHHOW M0CKOCTW, COCTAaBMAIOLLE yron a C ropusoH-
TOM. HaliTu yCKOpeHue LUeHTpa LwWapa W 3HayeHue Koahgu-
LMEHTA TPEHUSA, NPU KOTOPOM CKOJ/IbXEHUA He Oyper.

1.287. OpHopoaHblii wap Maccbl T—5,0 Kr ckaTbiBaeTcs
6e3 CKOMbXEHWS M0 HaKNOHHOM NIOCKOCTW, COCTaBAAOLLEN
yron a =30° c ropuM3oHTOM. HallTu KMHeTM4YecKyto
3Hepruo wapa 4vepes /= 1,6 ¢ nocne Havana gsu- T
XeHws.

1.288. OpgHopogHbIli UMAnHAP Maccbl T =8,0 Kr —\y
n paguyca /?=1,3 cm (puc. 1.59) B momeHT /=0 )
HauMHaeT OMyCKaTbCA NOf LEeliCTBMEM CW/bl TSXKEC- y vy
Tn. lMpeHebperas Maccoi HWUTEW, HaTw: pvc (59

a) YrnoBOe YCKOpeHWe UWANHAPa;

6) 3aBMCMMOCTb OT BPEMEHW MrHOBEHHOW MOLYHOCTW, KO-
TOPYIO Pa3BMBAET CUMA TAXKECTMU.

1.289. TOHKME HWTU HamMOTaHbl Ha KOHUAX OLHOPOLHOr0
CMMOWHOr0 UunaMHApa Mmaccbl T. CBOGOAHbIE KOHLbl HUTEN
NpuUKpenaeHbl K NOTONKY KabuHbl nugdta. KabuHa Havana
NofHMMaTbCA C YCKOpPeHMeM a«. HaliTu yckopeHue a' uu-
NNHAPaA OTHOCWUTENbHO KabuHbl u cuiy F, ¢ KOTOPOW UMAMHAP
JelicTByeT (4epe3 HWUTW) Ha MOTOMOK.

1.290. Ha rnagkoii HakIOHHOIW MAOCKOCTW, COCTaBNAIOLLEN
yron a=30° C ropu3oHTOM, HaxXOAWTCA KaTyllKa C HUTKOWA,
CBOOOAHbLI  KOHel, KOTOPOi  yKpenseH, KaK MoKa3aHO Ha
puc. 1.60. Macca katywkm 1=200 r, ee MOMEHT WHepLuUK
OTHOCUTENbHO CcO6CTBEHHON ocu /=0,45 r-m*, pagnyc Hamo-
TaHHOro cnos HuToK r=3,0 cM. HaiiTu yckopeHue ocu Ka-
TYLLKW.

1.291. OfHOPOAHbIA CNAOWHOW UWANHAP MacCbl T JEXUT
Ha ABYX rOPU30OHTaNbHbIX 6pycbsax. Ha uwaMHgp HamoTaHa
HUTb, 3a CBELUMBAIOLLMNIACA KOHEL, KOTOPOI TAHYT C MOCTOSAHHOW
BEPTMKa/bHO HanpasneHHoW cunoit F (puc. 1.61). Haitm
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3HauyeHMs cuibl F, npuM KOTOPbIX UMAMHAP OyaeT KaTuTbeA
6e3 CKOMBXEHUS, ecnn KOI(PULMEHT TpeHus paseH k.

1.292. Ha ropusoHTa/bHOI LIepOX0BaToOl MAO0CKOCTU Jle-
XUT KaTylwka HWTOK Maccbl T. Ee MOMEHT WHepuum OrHo-
cutenbilo  cobeTBeHHoW ocu | —ymR1, rge y — 4MCOBON

KOathUUMEHT, R — BHELWHWIA paguyc KaTywku. Pagnyc Ha-
MOTaHHOIO C/lI0A HWUTOK paBeH . KaTyuwKy 6e3 CKOJbXeHus
Hayann TAHYTb 3a HWUTb MOCTOSIHHOW CWNO F, HampaBneHHON
nog yrnom a K ropusoHty (puc. 1.62). Haintu:

a) MPOeKUM0 Ha OCb X YCKOPEHUS OCU KaTyLUKu;

6) paboty cunbl F 3a nepBble t CEKYH[ ABUXKEHUS.

HHINANnATT T
Puc. 1.62 Puc. 1.63

1.293. Cucrema (puc. 1.63) coctouT M3 ABYX OAMHAKOBbIX
OAHOPOAHbLIX UWANHAPOB, Ha KOTOpble CUMMETPUYHO Hamo-
TaHbl ABe Nerkve HWTW. HaliTu yCKOpeHWe OCU HUXHEro Lu-

NVHAPA B MPOLECCE ABWXKEHMUS. TPeHWs B OCU BEPXHEr0 UW-
NVHApa  HeT.

1.294. B cucteme, noKasaHHOW Ha puc. 1.64, U3BECTHbI
Macca T rpysa A, macca M ctyneHyatoro 6noka B, MOMeEHT
WUHepuuu / nocnefHero OTHOCUTENLHO €ro ocu U pajuychbl

yw w wwwwTT
Puc. 1.64 Puc. 1.65

cTyneHein 6noka R u 2R. Macca HuTeli npeHebpeXxxuMo Mana.
Halitn yckopeHue rpysa A.

1.295. CnniowHOW OJHOPOAHLIA  UMAMHAP A Maccbl TX
MOXET CBO6OAHO BpallaTbCAd BOKPYr TOPW30HTaNbHOM oOcw,

56



KOTopas YKpenjeHa Ha nofctaske B maccel T, (puc. 1.65).
Ha umnmHgp nAoTHO HamoTaHa Jerkas HuTb, K KoHuy K
KOTOPOM MNPUAOXKUAM MOCTOSHHYK TOpPU30HTanbHyK cuny F.
TpeHus MeXAy MOACTaBKOW W OMOPHOI TOPWM30HTANbHOW no-
CKOCTbH) HeT. Haitu:

a) yckKopeHue Toukn K;

6) KWHETUYECKYH 3HEPruI0 3TOM CMCTEMbl 4yepe3 t CeKyHp
nocne Havana [ABVKEHWS.

1.296. Ha rnagkoil TFOPU3OHTANIbHON MAOCKOCTU NEXUT
[OCKa MaccChl T, W Ha Hell OfHOPOAHLIA Wwap maccbl TT. K pgo-
CKe MPWIOXKMAW MOCTOSAHHYKO TrOpPU30OHTanbHytlo cuiy F.
C KakMMmu ycKopeHusmMn O6yayT [ABWraTbCH [OCKA W LEHTP
Wwapa B OTCYTCTBME CKOJIbXEHUS MEeXAYy HUMW?

1.297. CnjowHoOMYy OLHOPOAHOMY UWAMHAPY Maccbl T
n pagmnyca R coobwmnu BpalleHne BOKPYT €ro ocu ¢ YrioBoi
ckopocTbio Wb, 3aTeM €ero monoXuam 6GOKOBON MOBEPXHOCTHHO
Ha TrOPM3OHTANbHYK M/0CKOCTb W NPeaoCcTaBUAM  CamMoMy
cebe. KoahthuumMeHT TpeHUs MeXay LUAMHAPOM U NOCKOCTbHO
paBeH K. Haiitu:

a) BpeMs, B TeYeHMWe KOTOPOro ABMXEHME uuauHgpa 6yaet
MPOMCXOANTb CO CKOJIbXXEHMEM;

6) NONHy paboTy CW/bl TPEHUS CKOJMIbXEHUS.

1.298. OpHopogHblli Liap paguyca T ckaTbiBaeTcs 6e3
CKONbXEHUA C BepLIMHbI chepbl pagnyca R. Haiitu yrnosyto
CKOpPOCTb Llapa nocfe OTpbiBa OT cdepbl. HayanbHasa cko-
pOCTb Luapa NpeHebpexnmo mana.

1.299. CnnowWHON OfHOPOAHbLIA UMAMHAP paguyca R ka-
TUTCA N0 TFOPW30HTaNbHOM NMIOCKOCTU, KOTOpas MepexoguT
B HaK/IOHHYH M/IOCKOCTb, COCTaBMIAKOLLYK Yroa a C ropu3oH-
Tom (MOA4 YKOH). HailTm makcumanbHOe 3HayeHue ckopocTu V9
UMAMHAPA, MNpW KOTOPOM OH nepeigeT
Ha HaK/OHHYK MJ0CKOCTL ewe 6e3
CcKayka. CuuTaTb, UTO CKOJIbXEHUSA / i/r
HeT. | A

1.300. OgpHopoaHbIi Wwap Maccbl  *

T=5,0 Kr n paguyca R=5,0 cm KkaTutcs

6e3 CKO/bXXEHUA MO rOPU30HTaNbHOM Mo-

BepxHocTu. Bcneacteue aecopmauuia B -//1TTHTIHIIT I,
MecTe COMPWKOCHOBEHMS Liapa W nnoc- pre> j g9

KOCTW Ha LWap MpW [BMXKEHMU BMpPaBo

[elicTByeT paBHofeicTBytoLlad F cun peakunu, Kak MOKa3aHo
Ha puc. 1.66. HaiiTm mopynb MOMeHTa cunbl F OTHOCWMTENBHO
ueHTpa O wapa, ecnu LWap, UMeBLIMA B HEKOTOPbIA MOMEHT
ckopoctb 0= 1,00 m/c, nmpowen mnocne 3TOro A0 OCTaHOBKWU
nytb s=2,5 M. MOMeHT cunbl F cunMTarb NOCTOAHHLIM.
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1.301. Ha rnagKoil ropv3oHTa/IbHOW MOBEPXHOCTU NIEXUT
OAHOPOAHLIA CTepXXeHb Maccbl T = 5,0 kr u gavHbl /=90 cm.
Mo OAHOMY W3 KOHLOB CTEPXHSI B TOPWU30OHTa/lbHOM BMpas-
NeHnKn, MepneHAnKYNapHOM K CTEpPXHI0, Mpou3Benn yaap,
nMnynsc cunbl kotoporo J=3,0 H-c. Haintn cuny, ¢ Koropoi”
0fHa MONIOBMHA CTepXHA OyaeT AelicTBOBaTb Ha [Apyryl B
npoLecce ABWXKEHUS.

1.302. Bocnonib3oBaBLWMCH YC0BMEM Npefblayliei 3agayn,
HanTu:

a) Ha KakKoe pacCTOfiHMe MEepeMecTUTCH LEHTP CTEPXKHA 3a
Bpems CBOEro MosiHoro 060poTa;

6) KWHETMYeCKYl0 3Hepruio CTepXHs mnocne ygapa.

1.303. Ha rnagkoil TOpPU3OHTANbHON MNAOCKOCTU fexar
HeboNbwaa waliba M TOHKWI OLHOPOAHBIA CTEPXEHb AAWHbI /,
macca KoToporo B T] pa3 60nblie macchbl Waibebl. Lllalibe co-
o6WMAN CKOPOCTb V B TOPU3OHTA/IbHOM HaMnpaBfieHUM nep-
MeHANKYNIAPHO K CTEPXKHIO, MOC/e Yero OHa WCMbiTana ynpyroe
coyfapeHne C KOHLOM CTepXHs. HalTu cKopoCTb VC LeHTpa
CTEPXHA rocne CTONKHOBEHMA. MpM KakoM 3HayeHuMM T| CKoO-
poCTb LWaiibbl Mocne CTO/IKHOBEHMS OyAeT paBHa Hynmw? u3-
MEHWUT Hanpas/ieHWe Ha MNPOTMBOMOJIOXHOE?

1.304. OfHOPOAHbIA CTEPXKEHb, NafaBlUWii B rOPU30HTasb-
HOM MOJIOXEHUW C BLICOThI h, YNpyro yaapuics 0gHUM KOHLOM
0 Kpali MacCMBHOW nNauTbl. HaiTh CKOpPOCTb LEHTPa CTEPXHS
cpasy nocne ypapa.

1.305. Bonyok maccel T=0,50 Kr, oCb KOTOPOr0o Hak/IOHeHa
nog yrnom M=30° K BepTMKanuW, MpeLeccupyeT Nof LelicTBUEM
CUMbl TAXECTU. MOMEHT WMHEpPLMU BOMYKA OTHOCWUTESILHO €ro
ocy cummeTtpumn /= 2,0 r-mM*, yrnoBsas CKOPOCTb BpalleHus
BOKpYr 3Toii oc 0 =350 paa/c, paccTosiHMe OT TOYKM OMopbl

0O LUeHTpa wMacc Bonyka /=10 cm.
Haiitu:

a) YrNoBYIO CKOpPOCTb  MpeLeccuu
BOJ/IYKa,;

6) MoZy/nb W HanpasfneHUe ropu30H-
Ta/lbHON COCTABNAIOLWLEA CUNbI peakuum,
[elCTBYIOLLEN Ha BOMYOK B TOYKE OMO-

Puc. 1.67 pbl

1.306. Ha nony kabwHbl nudTa, KOTOpas HauyumHaeT nog-
HMMATbCS C MOCTOSHHbLIM YCKOpeHuem a= 2,0 m/c*, ycTaHOBMEH
rMPOCKON — OfHOPOAHBIA AWNCK paguyca /?=5,0 CM Ha KOHUe
CTepXXHs anuHbl /=10 cm (puc. 1.67). [pyroil KoHewl, CTEPXHS
ykpenneH B wapHupe O. Mpockon mnpeueccupyeT € yraoBoi
ckopocTeto n1=0,5 06/c. [peHebperas TPeHMEM U Maccoi
CTEPXXHS, HaNTW COOCTBEHHYID YINOBYK CKOPOCTb AMCKa.
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1.307. Bonuok, macca Kotoporo T7=1,0 KIr W MOMEHT
MHEepUMU OTHOCUTENIbHO CcO6CTBEHHOW ocu /=4,0 r>wMr, Bpa-
LaeTcs ¢ yrnoeoi ckopoctblo <0=310 paa/c. Ero Touka onopsl
HaxofMTCA Ha MOACTaBKe, KOTOPYIO TMepeMellaloT B TOPU30H-
TabHOM HanpaB/feHUWN C MOCTOAHHbIM YCKOopeHvem a = 1,0 m/c”.
PaccTosHMe MeXAy TOYKOM Onopbl WM LEHTPOM MacC BOMYKa
/=10 cm. HaiiTu mMogynb 1 HanpaefieHMe BeKTopa k' — yrio-
BO CKOPOCTWM MpeLeccun BOMYKA.

1.308. OpHopogHbli wap maccel T=5,0 Kr u paguyca
R=6,0 cm BpawaeTcs c yrnoBoii cKopocTbto <0= 1250 pag/c
BOKPYI TOPM30HTANbHOM 0OCKU, MNPOXOAALLeli Yepe3 ero LeHTp
MW YKPENJEHHONW B NOAWMWMHMKAX MNOACTaBKU. PaccTosiHue
mMexay nogwunHukamu /=15 cm. TMoAcTaBKy MNoBOpavMBaloT
BOKPYT BepTMKa/bHOI OCK C YI0BOI CKOPOCTLIO c0'=5,0 pag/c.
HaiitTn mofynb ¥ HanpaBneHWe rMpOCKOMUYECKMUX CWI.

1.309. Ownck rupockona maccel /n=5,0 Kr u paguyca r—
=5,0 cm Bpalaetcad C yrnoBoil ckopocTeto w=330 pag/c.
PaccTosHme Mexay MOAWWUMHUKAMW, B KOTOPbIX YKpenaeHa
ocb Amcka, /=15 cm. OcCb BbIHYXAalOT COBepLlaTb rapMoHu-
yeckue KonebaHWs BOKPYT FOPU30HTaIbHOW OCU C Mepuogom
7=10 ¢ wu avmnauTygoii ¢a=200. HaliTn makcumanbHoe
3HaYeHWEe TMPOCKOMUYECKUX CUN, AEACTBYIOWMX HA MNOAWMN-
HWKM CO CTOPOHbI OCU [MCKa.

1.310. Kopabnb ABmXeTca €O CKOPOCTbO V=36 KM/4 mo
fyre OKpy)XHOCTM paguyca /?=200 M. HailTu MOMEHT rupo-
CKOMWUYECKNX CWA, LeACTBYIOWMX Ha MOALIMMHUKA CO CTOPOHbI
Basla C MaxOBMKOM, KOTOpble VMEOT MOMEHT WHEpLUW OTHO-
cUTeNbHO Ocu BpaweHua /[=3,8-103 kr-mr v pgenawot N—
=300 o6/MmH. OCb BpalleHWs PpacnonoXeHa BAOMb KOpabss.

1.311. J10OKOMOTUB MPWBOAUTCA B [BVXKEHMNE TYpPOVHOW,
0Cb KOTOPO napannefnbHa ocsM Konec. HanpaeneHue Bpa-
WeHna TypOuHbLI COBMafjaeT C HarpasfieHWeM BpaLleHUs Ko-
nec. MOMeHT wuHepuun poTopa TYPO6UHbI OTHOCUTENILHO CO6-
CTBEHHOIW ocu /=240 kr-m*. HainTm [06aBOYHYH cCuUNy [AaB-
NeHWa Ha penibCbl, O0OYCNOBNEHHYHD TUPOCKOMUYECKUMU CU-
NaMun, Korfja /nOKOMOTMB WIET MO 3aKpyrfieHuio paguyca
[?=250 ™M co ckopocTbio 1>=50 KMm/4. PaccTosiHue Mexay
penscamu /=1,5 M. TypbuHa fenaet 1=1500 06/MUH.

1.6. ¥Ynpyrue petopmauumm TBepLoro Tena

e 3akoH [yka:
e = cT/f, (1.6a)
Ife e~~0THOCMTENbHOE YAANHEHWe, 0— HanpsxeHne, E— moaynb tOHra.
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O CBA3b MeXAy OTHOCWTENbHbIM MOMepeYHbIM CXaTuem (pacTsaxe-
HMeM) e' U OTHOCUTENIbHbIM MPOAObHLIM pacTAXeHUeMm (CKaTuem) B:
e'= —uB. (1.66)
rge u—koaguuneHTt lMyaccoHa.
0 W3rub ynpyroro cTepXHs xapakTepu3yeTtcs hOpMoOil ynpyroi nu-
HWKU, NPOXOAALLEl Yepe3 LEHTPbl «TAXECTU» MOMepeyHbIX CeYeHWUA CTepX-
HA. YpaBHeHWe [n8 onpefeneHuns 3Toi
NHHHU NpW ManbiX wn3rnbax:

HeliTpanibHb i N ~Ml * N -68)
cnou

rae N (X)—wusrnbarowmii - MoMeHT yn-

pyrux CUN B CEYEHUM C KOOpAWHa-

Puc. 1.68 Toii X, E— mopynb HOHra, /—momeHT

MHepLMM  MOMepeyHOro CceveHus  OT-

HOCWUTENbHO OCW, TMPOXOAALLE Yepe3 HelTpanbHbli cnoin (/=7 z*dS,

puc. 1.68".

0 CBA3b MexfAy OTHOCUTE/NbHbIM CABUIOM Y W TaHreHunanbHbIM
HanpsXxeHuem T:
Y= t/G, (1.6r)
roe G—wmMofynb chBura.
O KoahuymeHT cxxmmaeMocTn (MOAY/b BCECTOPOHHEr0 CXaTus):

P— T -Sr- s67*>
O O6beMHas NAOTHOCTb 3HEPrUu ynpyroii gedopmayum:
n= Ee*2, un= Gy*/2. (].6e)

1.312. Kakoe fAaBneHWe HeobXoauMo NPUNOXWUTb K Topuam
CTaNnbHOro UWAUHApPaE, 4TOObl ANMHA €ro He W3MEeHunacb npwu
noBbilWeHnn Temnepartypbl Ha 100 °C?

1.313. Kakoe faBneHue WU3HYTpu (Mpy OTCYTCTBUU HaPYX-
HOro [aBfieHns) MOTYT BblfepXarb:

a) CTekNsAHHaa Tpyb6ka; 6) cTeknAHHaa cdepuyeckas Konba,
Yy KOTOpbIX paguyc r=25 MM W ToMWwmHa cTeHokK Ar=1,0 mm?

1.314. TOpW30HTaNbHO PACMOMIOXKEHHbIA MeAHbIA CTEPXKEHb
AnvHbl /= 1,0 M BpawaT BOKPYr BepTUKalbHOM OCU, MPOXO-
JAwWen uvepe3 ero cepeauHy. lpm Kakoi 4vactoTe 060poTOB
OH MOXeT pa3opsaTbCa?

1.315. Kosnbuo paguyca r=25 cM, cfenaHHoe U3 CBUHLO-
BOM MPOBOMOKM, BPALLAOT BOKPYr HEMOABMXKHOW BEPTUKANb-
HON OCK, MPOXOAsLLE Yepe3 ero LeHTP WM NeprneHAnKyNspHOi
K Maockoctu Konbua. lMpu Kakoil yacToTe 06OPOTOB [faHHOE
KO/MbLO MOXET pa3opsatbCca?
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1.316. CtanbHaa npososioka guameTtpa d=1,0 MM HaTaHyTa
B FOPM30HT/IbHOM MOMOXEHUN MeXAy ABYMS 3aXWMaMu, Ha-
XoAdWwmmMmMca Ha pacctoaHum /=2,0 m gpyr ot gpyra. K cepe-
OMHEe npoBONOKM — Touyke O — mofsecunu rpys maccel T=
=0,25 kr. Ha cko/ibkO caHTUMeETpoB onyctutca Touyka O?

1.317. OfHOPOAHbIA YNpyruin 6pycoK ABWMXETCH NO rnaj-
KO/i rOpW30HTaNbHOW M0CKOCTM Nof [elicTBUEM MOCTOSAHHON
cunbl Ft, paBHOMepHO pacnpefeneHHoi no Topuy. nowanb
Topua paBHa S, mogynb KOHra matepuana — £. Haitm ort-
HOCMTENbHOE CXXaTue Bpycka B HanpaB/ieHUU AENCTBUS AaHHOM
CUNBbI.

1.318. TOHKWIA OAHOPOAHbIA MeLHbIA CTepXeHb A/IMHbI [
M Maccbl T paBHOMEPHO BpallaeTcsa C Yra0BOW CKOPOCTbIO LU
B TOPU3OHTANbHOW M/IOCKOCTU BOKPYI BEPTMKA/IbLHOW OCM,
MPOXOAsLLeil Yepe3 OAWH M3 ero KOHUOB. Hailtu cuny Hata-
XeHuUs B CTepXHe B 3aBUCMMOCTM OT PacCTOfHMA T [0 OCu
BpallleHns, a TakXe YANMHEHUWe CTEepXHS.

1.319. CnnowHoin MegHblid UMAWHAP AAUHLI /=65 cm no-
CTaBMAN HA TOPU3OHTAILHYIO TMOBEPXHOCTb W C&epxy npu-
NOXWUNN  BepTUKanbHYy Okumarowyo cuny f=1000 H,
KOTOpas paBHOMEPHO pacnpefesneHa no ero Topuy. Ha cKonbKo
KyOuMUeCKUX MUAIMMETPOB W3MEHMUNICA Mpu 3TOM 06bEM LW-
nnHapa?

1.320. MefgHblil CTepXXeHb AUHbI / MOABECUM 3a OfVH
KOHel, K noTtonky. Haitu:

a) YANMHEHWe CTepXXHS A/ MOA Le/CTBMEM €ro CO6CTBEHHOrO
Beca;

6) oTHOCUTeNbHOe npupalleHve ero obbema AV/V.

1.321. bpycok u3 matepuana ¢ moaynem HOHr« £ u Koag-
(hurumeHToM [yaccoHa L NOABEPriv BCECTOPOHHEMY CXaTuio
faBneHvem p. Haiitu:

a) OTHOCUTE/NIbHOE YMeHbLUEHWE €ero 06bema;

6) cBA3b MeXAy KO3(PULMEHTOM CXKMMAEMOCTM p U Yrpy-
FMMW MOCTOSAHHBLIMK £ U L.

MokasaTb, 4TO KO3PMUUMEHT lMyaccoHa L He MOXET npe-
BbllwaTb 1/2.

1.322. CrtanbHas 6anka nNpsMOYrofibHOro CeyeHWs BMOH-
TUpOBaHa OfHWM KOHLUOM B cTeHy (puc. 1.69). lNog geiictarem
CWMbl TSXKECTW OHA WCMbITbIBAET He6OoMbLION 13rnb. Haiitu
paguyc KpWBW3HbI HEWTPaNbHOro cnos (CM. MyHKTUP Ha pu-
CYHKe) B6AM3n Toukmn O, ecnm anu-

Ha BbICTYNAKOLWEro KoHua 6anku
/=6,0 M 1 ee TonuwumHa /»=10 cm.  ton/T

1.323. CTanbHON  CTEpXKeHb o6u-

KBaJpaTHOro CeYeHus Cco CTo- Puc. 69
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POHON a BMOHTMPOBAH OAHMM KOHLOM B CTEHKY TakK, uTO
BbICTYMaLWMA KOHel, ero umeet anvHy | (puc. 1.70). TMNpeHe-
bperas Maccoii CTEpXHf, HaliTu C MOMOLLBI YpPaBHEHUS
(1.68) chopmy ynpyroin nuvHUM w CcTpeny nporuba ¢, ecim
Ha ero KoHeu, A AelicTBYyeT:

a) um3rmbarowwmin momeHT napbl cun N,;

6) cuna F, HanpaBneHHas BAOMb OCuU Y.

Puc. 1.70 Puc. 1.71

1.324. CranbHaa 6anka pavHbl / cBO6GOLHO oOnNMpaeTcs
CBOVMMW KOHUamu Ha fpa ynopa (puc. 1.71). MOMEHT uHepumu
ee [MOMepeyHoro ceyeHms paseH /. [lpeHebperasd maccol
6ankm n cunTas nNporubbl MasbIMW, HaiTW cTpeny npormba X
nog AeicTemem cunbl F, MPUNOXEHHON K ee cepeamHe.

1.325. CranbHag 6Ganka uMeeT NpsAMOYrosibHOe CeyeHue,
BbiCOTa KOTOporo paBHa h. Bocnonb3oBaBlIMCL YpaBHEHMEM
(1.68), HaiiTu cTpeny npormba A, KoTopas 06ycnoBneHa co6-
CTBEHHbIM BecOM 6anku, B ABYX C/yvasx:

a) 6anka BMOHTMPOBaHa OAHWM KOHLIOM B CTEHY TakK, 4TO
[/IMHa ee BbICTynatoLllero KoHuya pasHa / (puc. 1.72, a);

6) 6anka gavHbl 21 CBOMMM KOHUamy CBOGOAHO OnuvpaeTcs
Ha age onopbl (puc. 1.72, 6).

Puc. 1.72 Puc. 1.73

1.326. CtanbHas nnacTMHKa ToAWwwWHbl h umeeT dopmy
KBagpaTta cO CTOpoHoi /, nmpuyem JIkC/. TMnacTUHKa XECTKO
CKpenneHa c BepTuKanbHOW ocbio 00, KoTopykt BpauwakT
C MOCTOAHHbIM YINOBbIM YCKOopeHuem p (puc. 1.73). Haiitu
cTpeny nporuba A, cuvtas M3rmé manbim.
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1.327. YcTaHOBUTbL CBSI3b Mexay KpyTawmm momeHToM N
M YrIoM 3akpyumBaHus <p ons:

a) TpyGbl, Yy KOTOpOl TONUIMHA CTEHOK Jr 3HAYUTENbHO
MeHblLIe paguyca Tpyobl;

6) CN/IOWHOrO CTEPXHS KPYI/0r0 CeYeHUs.

Wx pnvHa [/, pagnyc T n mogynb cpsura G U3BECTHbI.

1.328. Bbluncnuts MoMeHT cun N, KOTOpble BbI3bIBAKOT 3a-
Kpy4uBaHue cTanbHOM Tpy6bl AanHbl /=3,0 M Ha yron ©=2,0°
BOKPYT €€ OCW, eCNi BHYTPEHHWUIA W BHELUHWIA AnameTpbl TPyObI
paBHbl d,=30 »m 1 d,=50 Mm.

1.329. HaiitTu Hamb60Mbly0 MOLLHOCTb, KOTOPYH MOXHO
nepefatb C MOMOLLbIO CTanbHOrO Bana, BpaljatoLlerocs BoO-
Kpyr CBOeil ocu C yrnoBoi ckopocTeto = 120 pag/c, ecnu ero
anvHa /=200 cm, paguyc r= 150 cM M [JONYyCTUMBIA yron
3aKpyymBaHua <p=2,5°.

1.330. OfHOpOAHOE KOMbLO Maccbl T, UMEOLEe BHELLHUI
paguyc TIr, NAOTHO HacaXeHO Ha Ban paguyca r,. Ban
BpalalT C MOCTOAHHLIM  YINOBbIM  YCKOpeHuem 0O BOKpYT
ero OcH. Haiitm wmomMeHT ynpyrux cun pgegopmayun CcAasu-
ra B KO/bLE B 3aBUCMMOCTW OT paccTtosHuWa I 4O Ocu Bpa-
LLEeHNS.

1.331. HaiiTn 3Hepruio ynpyroi gegopmaumm cTanbHOro
CTepXXHA Maccbl T=3,1 Kr, KOTOpbIi pacTAHYT TaK, 4TO ero
OTHOCMTE/NbHOE Yyga/auHeHne e = 1,0-10~*

1.332. CranbHOW UWMAVHAPUYECKNA CTEepXeHb [AauHbl [
W paguyca r rnofABecuin O4HWM KOHLIOM K MOTOJIKY.

a) Haintu aHeprmio U ynpyroit gedopmauyum CTEPXKHS.

6) Bobipasute U uyepe3 OTHOCWUTENbHOE YA/JVMHEHWE CTEpX-
Ha Kkill.

1.333. Kakyt paboTy Heob6X04UMO COBEPLUUTb, UTOOBI
CTanbHyt0 nonocy AnvHbl /=2,0 M, wupuHbl J1=6,0 cm un
TOoNWMHbI 6=2,0 MM COrHYTb B Kpyrnblii 06py4y? [Npeanona-
raeTcs, 4TO MpOUECC NPOUCXOAUT B nNpegenax ynpyrow Ae-
(hopmaLuu.

1.334. HainTu 3Hepruio ynpyroi paeopmaumm cTasbHOIO
CTEPXHS,, Yy KOTOPOro OAWH KOHEL, 3aKpensieH, a Apyroin
3aKpyyeH Ha yron <p=6,0°. OnuHa cTepxHa /=1,0 M, ero
pagnyc r= 10 mm.

1.335. HainTu pacnpegeneHme 0OBLEMHON NIOTHOCTU 3Hep-
rMyM ynpyrov gegopMauun B CTa/IbHOM CTepXKHe B 3aBUCUMOCTU
OT paccTofiHMA T [0 ero ocu. JnuHa CTepXHs /, yron 3akpy-
ymBaHMa <

1.336. Onpegenutb OOBLEMHYIO MAOTHOCTb SHEPTUM YMpy-
roin gegopmaumm B npecHoii Boge Ha rny6uHe /1=1000 m.
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1.7. TwgpognHamMmumka

¢ OCHOBHOE YypaBHEHME TUAPOAMHAMUKM  WAEaNbHOW XKMAKOCTU
(ypaBHeHue Jiinepa):
pdv/d/ = f—\p, (1.7a)
rae p— nAOTHOCTb XWUAKOCTW, f—o06bemMHas NNOTHOCTb MaccoBbiX cun (B
cnyuyae cunbl Taxectn f= pg), \p — rpagueHT gaBneHus.
¢ YpaBHeHue bepHynnu. B cTayMoHapHOM NOTOKE  WAeanbHOM
XXUAKOCTU BAOMb NGO NMHWKM TOKa

pi»*/2+pgft+p = const. (1-76)
¢ Cwuna TPeHus Mexnay [LBYMS CNOSMU XKULKOCTM:
Fxp= M| |S. (1.78)

rAe r)—BA3KOCTb XWUAKOCTK.
¢ Popmyna Myaseiina. MoOTOK XMAKOCTM Yepe3 MOMepeyHOe ceye-
Hue Tpybbl (B M*/C)

B-TKI*"1%*- <-7r>
rae R n |—paanyc n gnuHa Tpy6bl, Pi— Pt— pasHocTb pgaBneHwii Ha
ee KOHLax.

¢ Yucno PeiiHonbAaca, onpefensiollee XapakTep TeuyeHWs BA3KOWA
XUAKOCTW:
Re = pol/ f, 1.7m)
roe /— HekoTopbl XapaKTepHblli pasmep.
¢ Popmyna Ctokca. Cvna CONPOTUBNEHUS ABWXKEHWUIO LWapuka pa-
OMYCOM T B BA3KOW >XUAKOCTK:
F=6nr\rv. (1.7¢)

1.337. M peanbHas XUAKOCTb TeYeT MO MIOCKOA Tpybe ofm-
HaKOBOr0O CEYEHMWSA, PaCMONOXKEHHON B TFOPW3OHTA/ILHOW M/0-
CKOCTW W M30MHYTOW, KaK MOKa3aHOo Ha puc. 1.74 (BHA cBepxy).
MoToK cTaunoHapHbIl. OAWHAKOBbLI NN LABAEHWUS W CKOPOCTH
XUAKoCTM B Toukax 1 m 2? Kakoil BMA WMEKT NMHMM TOKab

S sz
Puc. 1.75
1.338. [Be MaHomMeTpuyeckue Tpy6GKM YCTaHOBNEHbl Ha

rOpM30HTaNnbHONW Tpy6e NEepemMeHHOro CeyeHus B MecTax, rfe
ceyeHus Tpy6bl paBHbI n S, (puc. 1.75). Mo Tpybe Teyer
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Bofa. HaiiTm o6bem BOAbl, MPOTEKAKOLWEA B €4UHNLY BPEMEHM
yepes ceyeHWe TPyObl, ecnn pasHOCTb YPOBHER BOAbl B MaHO-
MeTpuuecknx Tpybkax pasHa /1.

1.339. Tpybka MMuto (puc. 1.76) ycTaHOBfeHa MO oOcCU
rasornposofa, nnowanbs BHYTPEHHEro CeYeHWs KOTOPOro paBHa
S. lMpeHebperas BA3KOCTbIO, HaliTU OObEM
rasa, MPOXOAALLEro 4yepe3 ceyeHue TPy6bI
B e4MHWLY BPEMEHW, €CNM PasHOCTb YpOB-
Hel B >XMAKOCTHOM MaHOMeTpe paBHa A,
a MA0THOCTM XXMAKOCTU M rasa — COOTBET-
ctBeHHo p0 n p.

1.340. LUwupokuii cocyp c HebGoMbLUIUM
OTBEPCTMEM B [AHE HAamNofHeH BOAOA W
KepocnHOM. [NpeHebperas BSI3KOCTbHO, Hali-
T CKOPOCTb BbITEKAlOLLE BOAbl, €CAM  TOMLWMHA  CNos
Bofpbl J1,=30 cm, a cnoa kepocuHa ft,=20 cm.

1.341. Ha cTone CTOWUT LWIMPOKWIA LWANHAPUYECKWIA COCYA
BbicoToin 50 cm. Cocyf HanonHeH BOAONA. [MpeHebperas BA3-
KOCTbHO, HaliTW, Ha Kakoi BbICOTE OT [fHa cocyda crnegyeT
chenayb HebOnbLIOE OTBEPCTME, 4TOOLI CTPys M3 Hero 6una
B MOBEPXHOCTb CTO/MIA HA MaKCUManbHOEe pPaccTosiHue /MaKC OT
cocypa. Yemy pasHo /elllc?

1.342. WN30rHyTyto TpybKy OMycTMAM B NOTOK BOAbl, Kak
nokasaHo Ha pwuc. 1.77. CKOpOCTb MOTOKA OTHOCUTE/NLHO

Tpybku «=2,5 wm/c. 3akpbITblli BEpX-

Puc. 1.76

H HWIA KOHeL, TPYOKU umeeT HebOobLIOe
OTBEPCTWE W HaxoAUTCA Ha BbICOTE
K ft,=12 cm. Ha kakylo BbIcOTY J1 By-
X [eT nofHMMaTbCA CTPys BOAbl, Bbl-

Tekawlas wu3 oTBepcTUa?

K YTV

Puc. 1.77
1.343. Ha ropusoHTanbHOM fAHe LWIMPOKOro cocyfa c uie-

aNbHOM XWMAKOCTbIO MMEeTCs Kpyrfioe OTBepcTMe paguyca

a Haf, HUM YKpenjeH KPYrnbliA 3aKpbiTblii UWAMHAP pa-
anyca /?,>/?! (puc. 1.78). 3a3zop Mexay UWAMHAPOM W [LHOM
C°Cyfia O4YeHb Maj, MJIOTHOCTb XWUAKOCTW p. HainTm ctatuue-
CKOe [aBfieHNe >XUAKOCTW B 3a30pe Kak (hYHKLMIO paccTos-
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HUA I OT OCW OTBEPCTMS U LUMHAPA, €CAN BbICOTA CNOS XUA
KocTu paBHa h.

1.344. Kakyi paboTy HeobxoaMmo COBEpPLIUTb, uTOObI,

[encTBys MNOCTOSHHOW cuioii Ha nopweHb (puc. 1.79), Bbiga-

BUTb W3 TOPU3OHTANbHO PaCMO/IOXeH-

S HOrO UWAWHApa BCHO BOAY 3@ Bpems W

y O6bem BOAbl B UMIMHAPe paBeH V, mo-
Waab CevyeHWs OTBEPCTUA — S, MPUYEM
pu j M S 3HaYMTeNIbHO MeHblUe nowaan nopLu-
HA. TpeHWe U1 BA3KOCTb MpPeHebpexmmo

Masibl.

1.345. UmnnHgpuyeckuin cocyf BbicoTbl H ¢ nmnowagsto
OCHOBaHMsi 5 HamosHeH BOJON. B pgHe cocyga OTKpbIIM OT-
BepcTMe C nyowagbto S<S. [lpeHebperas BA3KOCTbIO BOAbI,
OnpefieNnTb, Yepes CKOMbKO BPeMEHW BCA BOfA BbITEYET U3
cocyga.

1.346. OpU30HTaNLHO pacnosioeHHas Tpybka AB anuHbl
/ Bpawaetca C MNOCTOSHHOW Yr/IOBOM CKOPOCTbIO 10 BOKPYT
HenoABV)XHOW BepTUMKanbHOW ocn O, MPOXOAsLieli Yepe3 KOHei
A (puc. 1.80). B Tpybke Ha- A a
XOAUTCA WAeanbHas XUAKOCTb.

ofi
KoHey, A Tpy6KM OTKpbLIT, a B
3aKpbITOM KOHUe B umeetcs x n
OYeHb Manoe oTBepcTue. Haii- ple. 1.80

TN, C KakoW CKOPOCTbH OTHO-
CUTENbHO TPY6KM OyaeT BbITEKATb XWAKOCTb B 3aBUCMMOCTYU
OT «BbICOTbI» €e cTonb6a h.

1.347. TokasaTb, 4TO B C/y4yae CTaLWOHApHOro MoTOKa
naeaslbHOM XMAKOCTM ypaBHeHme (1.7a) npuBOAWT K YypaBs-
HeHuio BepHynnu.

1.348. C nNpOTUBONOMIOXHbLIX CTOPOH LUMPOKOro BepTu-
KafibHOro CcoCyfia, HamnoSHeHHOro BOZOW, OTKpbIAW fABa OAu-
HaKOBbIX 0TBepcTuA, Kaxpaoe nnowaasto 5=0,50 cm*. Pac-
CTOSHME MeXay Humy no BbicoTe Ah=51 cm. Haiitn pe3synb-
TUPYIOLLYIO CUY peakuuu BbiTEeKarolleli BOfbl.

1.349. B 60KOBOIi CTEHKE LUMPOKOr0 LWINHLPUYECKOTO
BEPTUKa/IbHOr0 cocyfa BbICOThbl JI=75 cMm cfenaHa ys3kasa Bep
TUKanbHas LWenb, HWKHWUIA KOHeL KOTOpOWA ynupaeTcs B AHO
cocypa. AnuHa wenu /=50 cm, wupuHa />=1,0 mm. 3akpbiB
Wenb, COCyh HanoAHWAW BOAON. HaiTn pe3ynbTUpyoLLyto
CUMy peakuun BbITeKalowelk BOAbl HENOCPeLCTBEHHO MOe™
TOro, Kak Liefib OTKPbIIN.

1.350. Bopga TeyeT CO CKOPOCTbK 0 MO M30rHytoii U-06-
pasHoin Tpy6Ke, nexawein B TOPM3OHTA/ILHON MIOCKOCTU
Mnowagb cevenus Tpybkn S, paguyc 3akpyrnenus R. Haiitu
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a) CyMMapHbIli UMMy/AbC BOAbl B 3aKPYr/eHHOW 4actu
TPYOKU;

6) MOAynb CuAbl, [AEACTBYIOLUEA CO CTOPOHbI TeKylLlei
BOAbl Ha CTEHKM WM30THYTOW 4acTu TPyoOKu.

1.351. Boga BbiTekaeT M3 60nbWIOr0 6aka MO WM30THYTOW
nog npsAMbIM YrAoM TpyOKe, BHYTPEHHWI pafuyc KOTOpOii
/+=0,50 cm (puc. 1.81). AnnHa rOpU3OHTA/IbHOW YacTn TPY6KM
/=22 cm. Pacxog Bogbl Q=0,50 n/o. HaiATh MOMEHT cun
peakuun BOAbl Ha CTEHKW 3TOW TPYOKM OTHOCUTENbHO Toukm O,
06YCNOBNEHHDbIi TEUEHWEM BOfbl.

1.352. B 6O0KOBOW CTEHKEe LIMPOKOr0 OTKPbLITOro 6aka
BMOHTMpOBaHa CcyxwuBatowasacs Tpy6ka (puc. 1.82), uepes
KOTOpyl0 BbITeKaeT Boga. lnowiafb cevyeHus TPYOKUM YMeHb-
waetca ot S=3,0 cm* go s=1,0 cm*. YpoBeHb Bofbl B Gake
Ha /1= 4,6 ™ Bblle ypoBHA B Tpybke. [lpeHebperas BA3KO-
CTbl0 BOAbl, HAWTX TOPU3OHTANbHYIO COCTaB/SAIOLLYHO CUNbI,
BbipbIBatoLLeli TPyObKy u3 Haka.

1.353. LnnunHapuuecknii cocyn C BOAOM BpalLatoT BOKPYT
€ro BepTMKa/lbHOW OCU C MOCTOAHHOW Yr/IOBOW CKOPOCTbIO (0.
Haiitu:

a) opmy CBOOOAHON MOBEPXHOCTM BOAbI;

6) pacnpefeneHvie AaBfieHUs BOAbl HAa [AHE cocyfja BAOMb
ero paguyca, ecnu faBfieHWe B LEHTpe AHa paBHO [P

1.354. TOHKWIA TFOPW30H-

TanbHbIA ANCK paguyca R — cQjw
= 10 cM pacnonoxeH B UW- W T
NVHAPWYECKOA  MOMOCTM ¢

Mac/ioM, BSI3KOCTb KOTOPOro T ™
1=8 mMa-c (e, 183). 3a- AT AL, LUIMYM
30pbl MEXJY OUCKOM U ropu-

30HTa/IbHbIMUW TOpPLAMK MoJo-

CTU OfJMHAKOBbl U pPaBHbI

N=1,0 mm. HaliTu MOLHOCTb, KOTOPYH pasBMBAKOT CU/bI
BA3KOCTW, [LEACTBYHOLME Ha AWCK MNpW BpawEeHUA ero ¢ yr-
NoBOV CKopocTblo co=60 paa/c. KpaeBbiMu aththekTamm mpe-
‘Hebpeus.



1.355. AAUHHbIA umMavHAp paguyca /?, nepeMewiaroT BAOSMb
€ro ocuM C MNOCTOSHHOW CKOPOCTbi VO BHYTPU KOAKCMaNbHOro
C HMM HEMOABMXXHOIO unnuvHapa paguyca Rt. MpocTpaHcTBO
MEXJy LUUAUHApPaMW 3anofiHeHO BA3KOM XXMAKOCTbIO. Haitm
CKOPOCTb XXWUAKOCTWM B 3aBUCUMOCTM OT PacCTOAHUSA T [0 Ocu
UMAMHAPOB. TeuyeHne namMuHapHOe.

1.356. XXUAKOCTb C BA3KOCTbIO T) HAXO4MTCA MeXAy ABYMS
O/IMHHBIMKM - KOAKCUaNbHbIMU  LUIMHAPaMKU C paguycamn /?, 1
Rt, npuuem Rt<R2 BHyTpeHHW/ UWAWHAP HENOABUKEH,
a BHELWHWIA BpawaloT C MOCTOAAHHOM YrN0BOM CKOPOCTbIO ab.
[BUXeHne XWAKOCTU NaMuHapHoe. Vimes B Buay, 4TO cuna
TpeHWs, AeicTByOWan Ha eAVHMLY MOWaan LUANHAPUYECKO
MOBEPXHOCTU paguyca I, onpegensetca hopmynoii a=r\r (ga>/ar),
HainTw;

a) Yr/loByH CKOpOCTb BpaLlatoueinca XugKocT B 3aBUCU-
MOCTW OT pajguyca T;

6) MOMEHT Cun TpeHWs, AENCTBYIOLMX HA efUHULY LNWHbI
BHELUHEro LUWInHApa.

1.357. Mo Tpybke gnuubl | n pagnyca R TeueT cTaymoHap-
Hblli MOTOK >XWAKOCTM, MAOTHOCTb KOTOPOM p M BA3KOCTb ).
CKOpOCTb TeYeHMS >KUAKOCTM 3aBUCUT OT PaccTosHUA T [0
oc TpybKM no 3akoHy M=kQ1—r*//?2. Haiitu:

a) 06bEM >KMAKOCTW, NPOTEKaloLlein uepe3 cedeHune TPyOKu
B eAVHULY BpPEMEHMU;

6) KMHETMYECKYID 3HEepruio >XMAKOCTM B 00beMe TpyoOKw;

B) CUNYy TPEHUSA, KOTOPYHK WCMNbITbIBAET TPy6Ka CO CTOPOHbI
XULKOCTH;

r) pasHOCTb AaBIEHMI Ha KOHLAX TPYyOKw.

~ A -
fe
=.-=p J v\\
Puc. 1.84
1.358. B cucteme (puc. 1.84) u3 wwmpokoro cocyga A no

Tpy6Ke BbITEKAET BA3Kas >XWAKOCTb, MAOTHOCTb KOTOPOA p=
= 1,0 r/cm3 HaiiTu CKOpOCTb BbITEKAlOLLEN XUAKOCTU, ecnu
=10 c™m, JI13=20 cm n /1,=35 cm. PaccTosHMA / 0MHaKOBSI.
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1.359. Pagmyc ceuyeHus Tpy60onpoBoJa MOHOTOHHO YMEHb-
waetca no 3akoHy r=rC-~ax, rge a=0,50 m-1, X — paccros-
HWe OT Hayana Tpyb6onpoBofa. HaiTu oTHoweHwe uyncen Peir-
HOMbACa B CEYEHUAX, OTCTOAWMX APYT OT Apyra Ha [x=3,2 M.

1.360. Mpwn aBmKeHun wapuka paguyca r,= 1,2 MM B run-
LiepvHe fnamuHapHoe o6TekaHuWe Hab/lOAaeTCa Mpu CKOpPOCTU
wapuka, He npesblwatowerr Vj=23 cm/c. Mpu Kakon MUHU-
Ma/IbHO CKOpoCTU 1, wapa paguyca rt—5,5 cm B Boge 06Te-
KaHWe cTaHeT TypOy/neHTHbIM? B#A3KOCTM TuULEpUHa U BOAbI
paBHbl COOTBETCTBEHHO rjl= 1,39 Ma-c u rla= 1,1 wmMla-c.

1.361. CBMHLOBbIA LIapnK paBHOMEPHO OMYyCKaeTcs B F/U-
LlepvHe, BA3KOCTb KoToporo 1= 1,39 Ma-c. Mpu Kakom Hau-
6o/blleM AuvameTpe Lapuka ero obTekaHwe elle OCTaeTca na-
MWUHapHbIM? W3BECTHO, 4TO nepexos K TypOyneHTHoOMy o6Te-
KaHWo CoOTBeTCTBYeT uucny Re=0,5 (310 3HayeHue yucna
Re, npy KOTOPOM 3a XapaKTepHblli pasMep B3AT AMAMETP
LapuKa). '

1.362. CtanbHoii wapmk guametpa d—3,0 MM onyckaeTcs
C HYNeBOW HayasbHOM CKOPOCTbIO B MPOBAHCKOM Macne, BA3-
KocTb KoToporo rj=90 mlla-c. Yepe3 CKONbKO BpeMeHu nocne
Hayana [BUXEeHWA CKOpOCTb Liapuka 6yfeT OT/IM4YaTbCs OT
yCTaHOBMBLUErocs 3HauveHus Ha n = 1,0 %?

1.8. PenAtmBMCTCKasA MexaHMKa

# JlopeHLeBO cOKpalieHne ANUHbI U 3aMeAneHne Xofa ABUXKYLLUXCS
YacoB:

I=1Q\T\ - {v,c)\ A<= . (1.8a)
Y 1—(olc)*
rge /,—cobcTBeHHas fAnuHa, [,/0—cobCcTBeHHOE Bpema ABUXKYLLMUXCA Ya-
COB.
¢ Mpeo6bpasoBaHus JlopeHua *):

< x—Vt t—xvic*_

- - . —y, t'— . 1.86
Y g T AL (V" C)* (180

% WHTepBan Sj,— MHBApUaHTHas BEMYMHA:
s}, = ¢*/*j—/}, = inv, (1.88)

roe /it— npoMexyToK BpeMeHu Mexay cobbituamu / u 2, lu— pacctos-
HuWe MeXAy Touykamu, rge npousowwnun 3TW cobbiTus.

*) Mpepgnonaraetcs, 4to J/1"-cucTema oTcyeTa ABUMXETCSH CO CKOPOCTbio U
B MONOXWTENIbHOM HanpaBfeHUn ocum X /(-cuctembl, npuyem ocm X' un
X coBnajawT, a ocu y' Uy napannenbHsbl.
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< lNpeobpa3oBaHue cKOpoCTM:

¢ PensaTuBUCTCKUIA WMAYNbC:

T\
(1.8n}
) ) penAaTMBMCTCKas Macca, T—macca (nokos).
V I-io/cjl
h PenATMBMCTCKOE ypaBHEHMWE AWHAMUKM YacTWLbl:

dp/dt = F, (1.8¢)
roe p—peﬂﬂTI/IBVICTCKVII‘/‘I NMNyNnbC 4YacTuubl.
Cb [TonHass N KUHeTU4YeckKas 3Heprumn pe]'IFITI/IBI/ICTCKOIZ YacTuubl:

E= ntfC*«=T1c*+ 7", T= (mr—m)c* (1.8%)
 CBA3b MeXAy 3Heprueil v MMNynbCOM PeNsTUBUCTCKON YacTuupbl.
E*—p*c*= T*c*, p*c*= 7' (T-f-271C*). (1.89)

Cp Mpyn paccMOTpPeHUM CTO/IKHOBEHMSA YacTuL, MONEe3HO WMCNoJib30BaThb
WHBapWaHTHYK BEe/IMYNHY!

E*— p*c* = T*C*, (1.80)

rae E n p—nonHas aHeprus M UMNynbC CUCTEMbI [0 CTONKHOBEHUS,
T —Macca o6pa3oBaBlUeiica yYacTuubl (MAN CUCTEMBI).

1.363. CTepeHb [BWXETCA B NPOAOJALHOM HamnpasieHuu
C TMNOCTOSHHOW CKOPOCTbHO V OTHOCWTENbHO WHEPLMANbHON
K-cuctembl oTcyeta. pu KakoM 3HAYeHWU V AJIMHA CTEPXKHA
B 3TOl cmcTeme oTcyeTa OyfaeT Ha U,=0,50 % MeHbLUe ero cob-
CTBEHHOW [AJIMHBI?

1.364. VimeeTcs NpsSIMOYroOfibHbIA TPEYrofbHWUK, Y KOTO-
poro katet a=5,00 M 1 yron mexgy sTUmM KaTeTOM W runore-
Hy3o/i a=30°. Haiitm B cucteme otcueta K', gBuxyuieincs
OTHOCUTENLHO 3TOr0 TPEYrofibHMKa co ckopocTbio KM=0,866¢C
BLONb KaTeTa a:

a) COOTBETCTBYIOLLEEe 3HayeHMe yrna a';

6) OnvHY /' TMNOTEHY3bl W ee OTHOLUEHWEe K COﬁCTBEHHOVI
O/IMHe.

1.365. HainTu cOGCTBEHHYIO A/IMHY CTEPXXHA, ecan B na-
6opaTopHOil CcuCTEME OTCYETa €ro CKOpocTb V=c!2, anuHa
/=100 M ¥ yron mexgy HUM W HanpasBieHWEM [ABMKEHUA
«=45°,

1.366. CTepXeHb [BWXeTCA paBHOMEPHO B MPOALOSILHOM
HanpasneHny MUMO ABYX MeToK A v B, pacnonoXeHHbix Ha
pacctosHuM A* apyr ot gpyra. CHavana B MOMEHT /, HarnpoTuB
MeTKM A OKaszancs nepegHuli KOHeL, CTEPXHS. 3aTemM HanpoTuB
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meTkn B B MOMeHTbl t3 1 /* okasanucb COOTBETCTBEHHO Mepes-
HUIA N 3a4HNIA KOHLbI CTEPXXHA. HaiTh ero COGCTBEHHYIO A/INHY.

1.367. C Kakoli CKOpOCTbIO fBMranucb B /C-cucTeme oTCueTa
yacbl, ecnim 3a Bpemsa /=5,0 ¢ (B /(-cucTeme) OHWU OTCTa/IM OT
yacoB 3TOW cuctembl Ha [/=0,10 c?

1.368. CTepXeHb nponeTaeT C MOCTOSHHOW CKOPOCTbIO
MUMO METKW, HEMoABMXHOI B /(-cucteme oTcyeTa. Bpems
nponeta /=20 He B /(-cucteme. B cucteme e orcuyeTta, CBSi-
3aHHON CO CTEPXXHEM, MeTKa [BWKETCA BAOMb HEro B TeuyeHue
0/'=25 He. HaliTn CO6CTBEHHYIO LAVNHY CTEPXHS.

1.369. Cob6CTBEHHOE BpeMS XXW3HU HEKOTOPOW HecTabuib-
Ho yacTuupbl A/0=HO He. Kakoii nyTb MpoMeTUT 3Ta YacTuua
[0 pacnaja B nabopaToOpHO cucTemMe OTCYUeTa, e ee Bpems
XU3HuM /=20 He?

1.370. B /(-cucTeme oTcuyeTa MHOH, ABMXYLLUIACA CO CKO-
poctblo i>=0,990t, nponeTen OT MecTa CBOEro POXAEHWA [0
TOYKM pacnafga pacctosiHue /=3,0 kM. Onpenenvts:

a) COOCTBEHHOE BPEMS XKM3HWU 3TOr0 MHOOHa;

6) paccTosHWe, KOTOpoe nMposeten MIWOH B /C-cucteme
OTCYETa C «Ero TOYKW 3PEHUS».

1.371. [Be yacTuupl, ABMraBLIMeCs B nabopaTOpHON cucTe-
Me OTcYeTa Mo OfHOW MPSMOI C OfMHAKOBOI CKOpPOCTbO V—ZIXC,
nonasm B HeMoABMXHYH MULIEHb C WHTEPBASIOM BpeMEHM
[/=50 He. HaiiTn cobcTBEHHOE paccTosAHME MeXAy 4acTuuamu
[0 nonafaHus B MMULLEHb.

1.372. CTepXeHb [ABWKETCA BAalb NIMHENKW C HEKOTOPOW
MOCTOSIHHOW CKOPOCTblO. Ecnn  3atmKcnpoBaTb  MOMOXKEHUE
060MX KOHLIOB [JaHHOI0 CTEPXKHA OLHOBPEMEHHO B CHUCTeMe
OTcYeTa, CBA3aHHOW C JIMHEAKON, TO pasHOCTb OTCYETOB MO
nuHeike Ax,=4,0 M. Ecam Xe nonoxeHue 060MX KOHLOB
3aMKCUpoBaTb OAHOBPEMEHHO B CMCTEMe OTCYeTa, CBS3aHHOM
CO CTEPXHEeM, TO pasHOCTb OTCYETOB MO 3TOM >KE JUHeliKe
[0**=9,0 M. HailTu cO6CTBEHHYKO A/IMHY CTEPXXHS U €ro CKo-
POCTb OTHOCUTE/IbHO NIMHEWKW.

1.373. [lBa CTEPXKHS OAMHAKOBON COOCTBEHHOW ANUHbI /»
[BvXyTca HaBCTpevy ApYr Apyry napaniefnbHO 06Lweid ropu-
30HTa/IbHOW ocu. B cucteme oTcyeTa, CBA3AHHOW C OAHMM U3
CTEPXHeli, NMPOMEXYTOK BPEMEHW MeXAYy MOMEHTamMu coBnajge-
HUA NIEBbIX W MpaBbiX KOHLOB CTEPXKHel 0Kas3ancs paBHbIM At.
KakoBa CKOPOCTb OHOr0 CTEPXHSA OTHOCUTENbHO Apyroro?

1.374. [Be HecTabubHble YacTuubl ABMXKYTCA B /C-cucteme
oTcueTa MO HEKOTOPOI MPAMO B OAHOM HanpaB/eHUM CO CKO-
poctbto 1=0,990 C. PaccTosHMe Mexay HUMW B 3TOW CuCTEME
oTcyeta /=120 M. B HeKOTOpbli MOMEHT 06e 4YacTuubl pacna-
NNCb OAHOBPEMEHHO B CUCTEME OTCYeTa, CBA3AHHOW C HUMMW.
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Kakoii MpoMexyToK BpeMeHMW MeXay MOMeHTaMu pacraja
obeux vactuy Habnogaim B /C-cucteme? Kakas uactmua pac-
nanacb nosxe B /C-cucteme?

1.375. CTtepkeHb AB, OpueHTMpPOBaHHbLIA BHOML OCU X

/C-cucTeMbl  OTCUeTa, ABWIKETCA C MOCTOSAHHOW CKOPOCTbHO V
B MONOXMWTENbHOM HanpasneHun ocu X. [lepegHum (Mo xogy
OBWKEHNSA) KOHLOM CTEPXKHS SABNAAETCH Touka A, 3afHUM —
Touka B. Haiitu:

a) COOCTBEHHYIO A/IMHY CTEepPXXHfA, ecnM B MOMEHT tA koop-
[LMHaTa TOYKM A paBHa X1, a B MOMeHT t B koopgauHata Toukn B
paBHa X B\

6) Yepe3 KakOil MNPOMEXYTOK BPeEMEHW Hago 3apUKCMpo-
BaTb KOOPAMHATbl Hayana W KOHUA CTepXHs B /C-cucTeme,
4yTo6bl PasHOCTb KOOPAMHAT OKas3anacb PaBHON COOCTBEHHON
LNVHE CTepPXHA.

1.376. CTepxeHb A'B' fBMXETCS C NOCTOSHHOW CKOPOCTLHO

V OTHOCUTeNbHO cTepxxHA AB (puc. 1.85). Oba CTepXXHSA MMeloT

O[MHAKOBY COOCTBEHHYIO A/11-

n 8* Hy /0 M Ha KOHLaxX Kaxjoro us

° 9 *¥ A HMX YCTAHOB/IEHbl CUHXPOHW-

A 31POBaHHbIE MEXAY COOO0WA Yachl:

Puc 185 Ac BunA'cB'. MNycTb MOMEHT,

Korga u4acel B' nopasHsnuch

C vacamy A, B3AT 3a Hayano OTCYeTa BpPeMEHW B CUCTeMax
OTCYeTa, CBA3AHHbLIX C KaXAblM M3 cTepkHell. Onpefenutsb:

a) nokasaHus 4yacoB B 1 B' B MOMEHT, Korga OHU OKaXkyTcs
HanpoTuB ApYyr Lpyra;

6) TO Xe ansd yacoB A n A'.

1.377. WmeloTca fBe rpynnbl CUHXPOHU3MPOBAHHLIX 4acoB
IC n IC', pBMXYLMXCA OAHA OTHOCUTENbHO APYroil co CKo-

=

O O & cun 3 -

0 e - -e-e - ’

Puc. 1.86

pOCTbIO V, KakK Mnoka3aHo Ha puc. 1.86. Bosbmem 3a Hauano
oTcyeTa BPEMEHW MOMEHT, Korfa 4acbl A' OKaXyTca HanpoTus
yacoB A. V306pasuTb NpMMepPHOE PacrnonoXeHne CTPeokK
BCEX YACOB B 3TOT MOMEHT C «TOUYKUN 3peHus» /C-yacos; /C'-4acos.

1.378. /C'-cuctema oOTcYeTa [ABWXETCA B MNOJIOXKUTE/IbLHOM
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HanpasfieHnn ocn X /C-CUCTEMBI CO CKOPOCTbIO V OTHOCUTESNbHO
nocnefHeir. MycTb B MOMEHT COBMaJeHUS Hayvan KOOpAMHAT
O n O' nokasaHus 4acoB 06enx CUCTEM B 3TUX TOUYKAX PaBHbI

Hynto. Hailitm B /C-cucTeme CKOPOCTb X MEPEMELLEHUS TOUKW,
B KOTOPOI MOKa3aHWA 4acoB 06emx cuctem oTcyeTa OygyT Bce

BpeMs OAMHAKOBbl. Y6eautbca, 4to X<Y.

1.379. B aByx Toukax /C-cucTembl OTCUeTa MPOU3OLLN
ObiTUA, pa3fgeneHHble MPOMEXYTKOM BpemeHu St. [MokasaTb,
YTO €CM 3TW COObITUA MPUUMHHO CBf3aHbl B /C-cucTeme (Ha-
npvMep, BbICTPeN W nonajaHue nynv B MULLEHb), TO OHWU MNpu-
YMHHO CBfi3aHbl U B /060N
4pyroit  nHepumaneHoih K'-  ctn
cucTeme OTCYeTa.

1.380. Ha pgunarpamme
MpPOCTPaHCTBA —  BPEMEHMU
(puc. 1.87) nokasaHbl Tpu
cobbitms A, B u C, korto-
pble Mpou3oWwnM Ha ocu X
HEKOTOPO  WHEpLManbHOiA
cucTeMbl oTcyeTa. HaiiTtu:

a) NPOMEXYTOK BpPeMeHU
Mem,c);y cpo6b|TV|¥MV| }'Ile BB T23 45 B7xm
TO cucTeMe OTcuyeTa, rfae Puc. 1.87
06a cobbITMA npouson B
OAHOW TOUKE; >

6) pacCcTosHWe MeXxay Toukamu, rge npov3oln cobbiTus
A n C, B TO cucTeMe OTCYeTa, T[A€ OHW  OAHOBPEMEHHbI.

1.381. B nnockoctu xy /C-cucTembl OTCYeTa [BUXKETCA yac-
TULUa, MPOeKUMM CKOPOCTM KOTOPO paBHbl W* n Vu. Haitu
CKOpOCTb V' 3TOW uYacTuubl B /("-cucteme, KoTopas mnepeme-
LLaeTca co CKopocTbio V OTHOCUTENbHO /C-cucTeMbl B NONO-
XWUTENIbHOM HanpaB/ieHUN ee ocun X.

1.382. [iBe uyacTuubl ABUXYTCH HABCTpPevy Apyr Apyry co
ckopocTammn «1=0,50c n «,=0,75Cc nNo OTHOLWEHUO K nabopa-
TOPHOW cucTeMe oOTcyeTa. Haiitu:

a) CKOpOCTb, C KOTOPO YMEHbLUAETCA PacCTOfHUE Mexay
yacTMuamn B n1abopaToOpHO CUCTEME OTCYETa;

6) OTHOCUTENbHYI CKOPOCTb YacTwul,.

1.383. [lBa CTepXHA OAMHAKOBON COBGCTBEHHOW AAWUHbI /,,
OBWKYTCSH B MPOAONbHOM HanpaBfieHUW HaBCTpeyy ApYr Apyry
napanfieibHo 00LWeli ocKM C OfHOM U TOM e CKOPOCTbK V OT-
HOCWUTENbHO N1labopaTopHOM CcuUCTeMbl oOTcyeTa. YeMmy paBHa
[nvHa KaXx[oro CTEPXKHS B CUCTEME OTCYeTa, CBA3AHHON C Apy-
MM CTEpXKHEM?

A

~ D Wk OO o
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1.384. [iBe penATMBUCTCKWE 4acTUUbl ABWMXKYTCA MoL nps-
MbIM YFIOM ApYr K Apyry B n1abopaToOpHO CucTeMe OTCUeTa,
MpuyeM OfHA CO CKOPOCTbKO W, a fpyras CcO CKOpPOCTbIO Vt.
HaiiTu ux OTHOCWTENbHYH CKOPOCTb.

1.385. HekoTopasa HecTabunbHas u4acTuua [ABUXKETCS €O
cKopocTbi V' B/('-cucTeme oTcyeTa BAOMb ee ocu y', /(*-cuctema
B CBOI O4epefb MNepeMeLlaeTcs OTHOCUTENIbHO /(-CUCTEMbI CO
CKOPOCTbI0O V' B MOMOXUTE/IbHOM HarnpasfieHun ee ocu X. Ocu
X' MX 06enx CUCTEM OTCYeTa COBMajaloT, ocu y' Uy napannenbs-
Hbl Apyr apyry. HalitTm nyTb, KOTOpbIA 4acTuua nponeTuT
B /(-cucTeme, ecnu ee COBCTBEHHOE BPEMSA >XWU3HW paBHO [/,

1.386. Yactuua pgBwketcs B /(-cuctemMe CO CKOPOCTbHO V
nog yrnom b k ocu X. Halitm cootseTcTBytowmii yron B /(-
CUCTEME, MEepeMELLAloOLLEica €O CKOpPOCTblo V' OTHOCWUTENIbHO
/(-cnCTeMbl B MONOXMWTENBHOM HarpaBfeHUU €e OCU X, eciu
ocn X u X' 06emx CucTeM COBMAAAOT.

1.387. CtepxeHb AB opueHTupoBaH napanniensHo ocu X'
/(-cucTembl OTCYETA U ABWKETCA B 3TOM CUCTEME CO CKOPOCTbHD

u' Bponb ee ocn y’, /('-cuctema B
K X CBOKO Ouepedb [BWXKETCH CO CKO-
pocTblo V' oOTHOCUTENbHO /(-cuc-
TeMbl, KaK TMOKa3aHO Ha pwuc.
1.88. Haiitn yron 3 mexgy cTep-
YXHEM M OCbHO X B /(-CUCTeMe.
1.388. /('-cuctema nepemeLla-
€TCA C MOCTOSIHHOW  CKOPOCTbIO
\Y OTHOCUTES
TM YCKOpeHMe a' uvacTuubl B
/(-cucteme, ecnu B /(-cuCTeMe OHa ABUXETCA CO CKOPOCTbHO
V M YCKOPEHMEM a Mo MpsAMOINA;

a) B HanpaB/fieHMM BekTopa V,

6) neprieHAMKYNSAPHO K BeKTopy V.

1.389. CrapToBaBWwasa ¢ 3emMau BoobOpaxaemas KOCMUYe-
CKaa pakeTa [ABWXKETCA C ycKopeHuem a =10g, O4MHAKOBbLIM
B KaXXAON WHepuMaIbHON CUCTEME, MIHOBEHHO COMYTCTBYHOLLEN
pakeTe. Pa3roH npogosmkanaca no 3eMHomMy BpemeHu T= 1,0 rog.
HaliTu, Ha CKOMbKO MPOLEHTOB OT/IMYAETCA CKOPOCTb PaKETbl
OT CKOPOCTM CBeTa B KOHLe pa3roHa. KakoB nyTb, MPOiAeHHbIN
PakeToil K 3TOMY MOMEHTY?

1.390. Wcnonb3ys [faHHble npegblgyweidi 3afgauv, onpege-
NNTb BPEMS pa3roHa pakeTbl T, B CUCTEMe OTCYEeTa, CBA3AHHOM

C

C caMoii pakeToil. MmeTb B Bugy, uto T,= $V I—(p/c)*dt,
o

rge T — BPEMA pa3roHa B CUCTEME 3emnn.
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1.391. Bo cKONbKO pa3 penaTMBMCTCKasA Macca 4YacTuLpbl,
CKOpPOCTb KOTOPOI OT/IM4YaeTcs OT CKOpPoCTM cBeTa Ha 0,010 %,
MpeBbILLAET ee Maccy MNokos?

1.392. TnoTHOCTL noKoswerocs Tena pasHa p0. Haiitu
CKOPOCTb CUCTEMbI OTCYETA OTHOCUTENbHO [LaHHOro Tefia, B KO
TOpOI ero MAoTHOCTb OyaeT Ha u=25 % 6onbwe po.

1.393. TpoToH ABwxeTcs ¢ umnynscoMm /7=10,0 33'c, rae
C — CKOpOCTb cBeTa. Ha CKO/MIbKO MpPOLIEHTOB OT/IMYaeTCs
CKOpOCTb 3TOr0 MPOTOHa OT CKOPOCTM CBeTa?

1.394. HainiT CKOpOCTb, MpW KOTOPOA PeNnsTUBUCTCKUIA
MMNYNbC YacTuUbl B T)=2 pasa NpeBbllIaeT ee HbOTOHOBCKUI
MMMy nbC.

1.395. Kakyw paboTy Hafo COBepLWTb, 4TOObl YBEINYUTb
CKOpOCTb 4acTuupl ¢ Maccoii T ot 0,60c go 0,80c? CpaBHWUTH
MONYYEHHbI pe3ynbTaT CO 3HAYEHWEM, BbIYMCAEHHbIM MO He-
PENATUBUCTCKON hopmyre.

1.396. lMpu Kakol CKOPOCTW KWHETUYECKAs 3HEPrus uvac-
TULbl paBHa ee 3HEPruu rokos?

1.397. Mpn Kakux 3HAYEHMAX OTHOLUEHWUS KUHETUYECKOW
3HepPrumn YacTuLpbl K ee 3HEPrUmn MOKOoA OTHOCUTE/IbHAsA MorpeLu-
HOCTb MpW pacuyeTe ee CKOPOCTM N0 HEPeNaTUBUCTCKON (opmyre
He npesbiwaeT T|=0,010?

1.398. HaiiTn 3aBUCMMOCTb MMMy/bCa 4YacTWLbl C MAaccoi
T OT ee KMHETUYECKON 3Hepruu. BbluncanTb MMNynbC MPOTOHA
C KMHETUYecKoi aHepruein 500 MaB.

1.399. HaliTu CcKOpOCTb 4acTuubl, KUHETUYecKas 3Heprus
koTopoii 7=500 MaB w nmnynsc />=865 MaB/c, rge ¢ — cKo-
pocTb cBeTa.

1.400. Tly4yoK pensaTMBUCTCKMX YacTWL, C KWHETUYECKOM
3Heprveid T nafgaeT Ha noOrnowawwy mMuweHs. Cuna Toka
B My4yke paBHa /, 3apsfj W Macca Kaxpaoi vacTuubl —e u T.
HalitTu cuny faBneHns nyyka Ha MULIEHb W BblLeNAoLLYHOCS
B Heli MOLLHOCTb.

14C1. CKONbKO 3Heprum (B pacyeTe Ha efuMHULY Macchbl)
Heob6X0AMMO 3aTpaTWUTb, YTOObI COOOLWMTL MEepBOHAYanbHO Mo-
KOMBLUEMYCS  KOCMUYECKOMY Kopabno  ckopocTb n=0,980c?
ConpoTuBfeHnsa HeT.

1.402. Yactmua maccbl T B MOMeHT /==0 HauyuHaeT [Bu-
ratbCsi MOA AEWCTBMEM MOCTOSIHHOW cunbl F. HaidTm cKopocTb
YaCTWLbl W NPOMAEHHbBIA el NMyTb B 3aBUCUMOCTW OT BPEMEHM t.

1.403. Yactuua maccbl T ABMKETCH BLO/Mb OCK X /(-CUCTEMBI
oTcyeta no 3akoHy x=K5*+c*/1, rge d — HekoTopasa MnoCTo-
fHHasA, C— CKOpOCTb cBeTa, t— Bpemsa. Haiitu cuny, pgei-
CTBYIOLLYIO Ha 4acTuly B 3TON CWUCTEME OTCYeTa.

1.404. Ncxops w3 ypaBHeHms (1.8e), HaiTtu:

76



a) B Kakux Cnyyadx YCKOPeHMe uvacTuubl COBMafaer Mo
HanpaBfeHWIO C JENCTBYIOLLEN Ha Hee cunoi F;

6) KOoath(hMLUMEHTbI NMPOMOPLMOHANBLHOCTU MexXay cunoin F n
ycKopeHuem a, korga FJ_v u F||v, rge v — CKOpOCTb 4YacTuLbl.

1.405. PenaTMBMCTCKasA 4actvMua ¢ MMMAYIbCOM P W MOHOM
3Hepruein E pgBwmketca Bponmb ocu X A-cuctembl otcueTa. [Mo-
KasaTb, 4T0 B /('-cucTeme, [ABMXYLLEACA C MOCTOSHHOW CKO-
pocTbl0 V' OTHOCUTENbHO /(-CUCTEMbl B MOMIOXKUTENbHOM Ha-
npaB/eHNN €ee Oocu X, WUMMYAbC W MOSHAas 3HEeprus [LaHHOM
yacTuubl onpegensatTca gopmynamu (P = V/c)

Px= ipx-EVIc*)IV\=p, E'= (E- PxV)IV

1.406. OHeprma QoToHa B /(-CMCTeEMe OTCYeTa paBHa e.
Bocnonb3oBaslwunch ¢opmynammu npeobpasoBaHus, NpUBeLeH-
HbIMM B MNpejblayLLein 3afadve, HaTWM 3HEPTUH €' 3Toro (hoToHa
B /('-cucTteme, MepemeLLatoLLeiics co CKOPOCTbH V OTHOCUTESb-
HO /(-CUCTeMbl B Hamnpas/ieHUN LBUXeHUs (OTOHA. [pu Kakom
3HayeHUn V 3Heprua e'=e/2?

1.407. MokasaTb, 4TO AN8 4YacTuubl BenuumHa E-—p*cr
€CTb MHBApWaHT, T. €. UMEET OLHO M TO Xe 3HayeHue BO BCex
MHepLManbHbIX cucTemax oTcyeTa. KakoBO 3HayeHue 3TOro
NHBapuaHTa?

1.408. HeWTpOH C KWMHETUYECKON 3sHeprmeit T=2TC* rpge
T — ero macca, HafieTaeT Ha [pYroi, MOKOALWMIACA HEeATPOH.
HaliT B cucTeme WX LEHTpa macc:

a) CYMMapHyH KUHETUYECKYH 3Hepruio T HenTpoHOB;

6) MMNY/bC P KaXA0ro HEMTPOHa.

1.409. PenATMBMCTCKAas 4acTuLa C Maccod M U KUHeTu4e-
CKOl 3Heprueid T HasmeTaeT Ha MNOKOSLLYHOCA YacTuuy C TOi
e Maccoil. HaliTu maccy M CKOpOCTb COCTaBHOM 4acTuupbl,
obpasoBaBLUeiica B pe3ynbTaTe COyAapeHus.

1.410. KakoBa f[o0nHa ObITb KMHeTUYEecKas 3Heprus npo-
TOHa, HaNeTaloWero Ha Apyroi, MNOKOAWMIACA MNPOTOH, 4YTOObI
NX CYMMapHas KWHETWYECKas 3Heprus B CUCTEME LIeHTpa Macc
6blna Takas Xe, Kak y ABYyX MPOTOHOB, ABUXYLLNXCS HABCTpeyy
LPYTr ApYyry C KUHeTUYeckumu sHepruamun 7,=25,0 [3B?

1.411. HenopgBmHas 4acTMua C Maccoii m pacnagaercs
Ha TpM vacTuubl ¢ Maccamy mu mt, mt. Haitn Hambonbluyto
MOSTHYIO 3HEPTUI0, KOTOPYK MOXET WMMETb, Harnpumep, 4acTu-
ua T,.

1.412. PenaTuBucTCKas pakeTa BblOpacbiBaeT CTPYH rasa
C HepensaTUBUCTCKOW CKOPOCTbKO W, MOCTOSIHHOW OTHOCUTESIbHO
pakeTbl. HaliTu 3aBMCMMOCTb CKOPOCTM V pakeTbl OT ee MaccChl
T, €CAM B Haya/bHbIi MOMEHT Macca pakeTbl paBHa T 0.
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YacTtb 2

TEPMOOVWHAMUWKA N MONEKYNAPHAA ®USUNKA

2.1. YpaBHeHue cocTosiHMA rasa. [lpoLuecchl
0 YpaBHeHMe COCTOAHUA unfeanbHOro rasal
pM= -~N* 7\ (2.1a)

roe M —monsapHas macca (macca mons).
¢ bapomeTpuyeckas gopmyna:

p=p0txp(,—Mgh!RT), (2.16)

roe pO—paBneHne Ha BbicoTe ft= 0.
(b YpasHeHMe COCTOSIHWS BaH-AepP-Baf/bCOBCKOr™0 rasa (gns mMons):

Ap+-Jj-yV M-b) =Rr, (2.18)

rae Vj\i — mMonspHblii 06beM, 3aHMMaeMblii Mpu faHH bix p n T.

2.1. B cocyge obbemom K=30 n cofepXMTCA WAeabHbIN
rasz npu temnepatype 0 °C. lNMocne Toro kak® 4yacTb rasa 6bina
BbIMyLLEHa HapyXy, [aBleHWe B cOCyfe MOHU3MNOCh Ha Ap=
=0,78 atm (6e3 M3MeHeHWs TemnepaTypbl). HaiiTu maccy Bbl-
nyLleHHOro rasa. MA0THOCTb AaHHOro rasa [Py HOpManbHbIX
ycnosusax p=13 r/n.

2.2. [lBa ofMHaKoBbIX GannoHa coefuHeHbl TPY6KO ¢ Kna-
naHoM, Mponyckalwmm ra3 u3 ogHoro 6annOHa B gpyroit npm
pasHocTW fgasneHunii A/>"1,10 atm. CHa4yana B OgHOM GasiioHe
6bin BakyyM, a B ApYroM — unaeanbHbll ra3 MW temnepatype
[,=27 @ wn paBneHnn /& 1,00 atm. 3atem ob6a 6GannoHa Ha-
rpenn po Temnepatypbl /,= 107°C. HauTu paBneHue rasa
B 6annoHe, rae 6bl1 BakyyM.

2.3. a3 ¢ monsipHOIn Maccoih M HaxoawuTCsa MOA AaBNeHVEM
P Mexay [ABYMS OAMHAKOBbIMU T[OPU3OHTaNbHbIMW MAACTK-
Hamu. TemnepaTypa rasa pacTeT /IMHEAHO OT 71 y HWXKHel
nnactuHbl o Try BepxHeii. O6bem rasza Mexay nnacTUHamH
paBeH V. Haiitm ero maccy

2.4. Cocyp obvemom Y=20 n cofepXuT CMecb Bogopofa
renus npu Temnepatype /=20 °C un pasneHun p=2,0 atm.
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Macca cmec w=5,0 r. HaiiTu OTHOWeEHME MacCbl BOAOPOAA
K Macce renvs B [JaHHOW CMecm.

2.5. B cocyne HaxoguTca cmecb ml=7,0 rasotamum,=11r
YINeKncnoro rasa npu temnepatype 7=290 K wu pasneHuu
p0= 1,0 atM. HainiTu NnoTHOCTb 3TOI CMecK, cunMTas rasbl uge-
a/lbHbIMN.

2.6. B 6annoHe obbemom V=7,5 n npu Temnepatype 7=
=300 K Haxogutcs cmecb ufeanbHbix rasos: v,=0,10 mong
kucnopoaa, v,=0,20 mona asota u v,=0,30 mons yrnekuc-
noro rasa. Cumtas rasbl ufeasbHbIMK, HaATW:

a) JaBneHue cmecw;

6) cpegHOD ManspHyro maccy M faHHOA cmecu, KOTOpas
BXOAUT B ypaBHeHue ee cocTosHua pV=(m!M) RT, rge m —
macca CMecu.

2.7. B BepTUKaNbHOM 3aKpbITOM C 060MX TOPLOB LMAUHApPE
Hax04MTCA MacCUBHbIA MOpPLUEHb, N0 06e CTOPOHbI KOTOPOro —
no ogHomy monto Bo3gyxa. MNpu 7=300 K oTHOLWeEHWe Bepx-
Hero obbema K HxkHemy = 4,0. Mpun Kakoil TemnepaTtype 3To
OTHOLIEHWe cTaHeT 1) =3,0? TpeHWe He yuuTbIBaThb.

2.8. TloplHeBbIM BO3AYLUHbIM HACOCOM OTKAuMBAlOT COCY/
obbemom V. 3a ofuH LMKN (XOL MOPLUHSA) HAcOC 3axBaTbiBaeT
06veM JIUT Yepes CKOMbKO LMKMNOB JaBfieHMe B COCYfe YMEeHb-
wutes B T) pas? [llpouecc cumTaTb M30TEPMUYECKUM, ra3 —
naeanbHbIM.

2.9. HaiiTn pgaBneHue Bo3gyxa B OTKa4YMBaeMOM COCyfe Kak
(hYHKUMIO BpeMeHN oTKauku /. Obbem cocypa V, mepBoHayanb-
HOe fdaBneHue p,,. llpouecc cuuTatb W30TEPMUYECKMM U CKO-

POCTb OTKAYKM He 3aBUCALLEN OT AaBneHus u
* pasHoi C.

I MpumevyaHnune. CKOPOCTHIO OTKAYKU
Ha3blBalOT 06bEM rasa, OTKauMBaeMblil 3a eam-
HULY BPEMEHW, MpuyeM 3TOT 06beM U3MepseT-

O CA NpW JaBneHWW rasa B [aHHblAi MOMEHT.

2.10. Kamepy obvemom K=87 n oTkauu-

BAlOT HacoCOM, CKOPOCTb OTKAauyKy KOTOPOro
Pa (cM. npumevaHve K npefblgyliein  3agade)
C=10 n/c. Yepes CKONbKO BpeMeHW [aBfe-

Puc. 2.1 HMe B Kamepe YymeHblwuntcd B 7= 1000

pas?

2.11. B rnagkoil OTKpbITOW C 060MX KOHL0B BEpTUKA/bHEN
Tpybe, uMetoLeli ABa pasHbIX cedveHus (puc. 2.1), HaxomsaTcs
[Ba MOPLUHSA, COEAVHEHHbIE HEpacTHXMMOA HUTLIO, a MeXay
MOpLWHAMN — OAWMH MaTb WAeanbHOro rasa. [llnowagb ceye-
HWUSA BEpXHero nopwHa Ha 45=10 cM’ 60/bLUe, YeM HUXHEro.
O6bwas macca nopwHein T7=5,0 Kr. [laBneHWe Hapy>XHOro
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Bo3gyxa P«=1.0 artM. Ha CKONbKO KenbBWH HaAo Harpetb
ra3 Mexay nopwHAMKU, 4YTo6bl OHW nNepemMecTUAMCb Ha 1=
=5,0 cm?

2.12. HaiiTm MakcvMmanbHO BO3MOXHYK Temnepatypy uge-
anbHOro rasa B KaXAOM W3 HuXKecnefyroLmx MpoLeccos:

a)  p=p«—"-V\ 6) p=pH-W,
roe p», a H P — nonoxutenbHble MOCTOAHHbIE, V — 06beM
MO/ rasa.

2.13. OnpegennTb HauMmeHbllee BO3MOXHOE faBneHue ufe-
afbHOro rasa B MpoLEecce, NPOUCXOAALLEM MO 3aKOHY T*=
=7V-feV'*, roge To K a — NONMOXWUTeNbHbIE MOCTOSAHHbLIE,
V + o6bem mana rasa. 1306pasuTb npumepHbIii rpadmk 3Toro
npouecca B napameTtpax p, V.

2.14. BBbICOKWIA LMAVHAPUYECKUIA COCY[ C a30TOM Haxo-
AWTCA B O4HOPOAHOM MOMe TSXKECTU, YCKOpeHue CBOBOAHOro
najeHns B KOTOPOM paBHO §. TemnepaTtypa a3oTa MeHseTcs no
BbICOTE TaK, YTO ero NAOTHOCTb BCIOLY OfMHakoBa. HaiiTu rpa-
AveHT TemnepaTyps! dT/dh.

2.15. fonycTtum, JaBfieHMe P U NJOTHOCTL P BO3fyXa CBA-
3aHbl COOTHOLUeHMeM /?/pn= const HEe3aBUCMMO OT BbICOTbI
(30ecb M — MNOCTOSHHAA). HaiTh coOTBETCTBYHOLMIA TpagueHT
TeMmneparypbl.

2.16. TlycTb Ha MoBepxHOCTM 3eM/iM BO3AYX HAXOAUTCA
Mpu HOpManbHbIX ycnoemax. CuuTtas, 4To TemrepaTypa U Mo-
NApHas Macca BO3Ayxa He 3aBUCAT OT BbICOTbI, HaWTV ero gas-
NeHve Ha BbicoTe 5,0 KM Hafi NOBEPXHOCTbIO 3EMAN W B LLaxTe
Ha rnybuHe 5,0 kwm.

2.17. CuuTaq, 4TO TemnepaTypa M MOApPHAadA Macca BO3AY-
Xa, a TaKxe YCKOopeHue CBOOOLHOro nafeHwWs He 3aBUCAT OT
BbICOTbI, HaliTW Pa3HOCTb BLICOT, Ha KOTOPbIX MJOTHOCTU BO3-
fyxa npu Temnepatype 0 °C oTanyatoTcs:

a) B e pa3; 6) Ha = 1,0 %.

2.18. WpeanbHblii ra3 ¢ MonsipHoOi Maccoid M HaxoawTcs
B BbICOKOM BepTWKa/lbHOM UWIMHAPUYECKOM cocyfe, MnioLwajb
OCHOBaHWA KoToporo 5 u BbicoTa JI. Temnepatypa rasa T, ero
[JasneHve Ha HwkHee ocHoBaHue p0. CumTas, 4To Temmnepartypa
Y YyCKOpeHue CBOOOAHOIO MajeHus g He 3aBUCAT OT BbICOTHI,
HaliT maccy rasa B cocyfe.

2.19. NpeanbHbliA ra3 ¢ MONSPHOA Maccoin M HaxogwTcs
B OYeHb BbICOKOM BEPTUKaNbLHOM LWIMHAPUYECKOM cocyfe
B OAHOPOAHOM MOMie TAXECTW, A1A KOTOPOro YCKOpPEHWe CBO-
604HOro0 nafeHus paBHO ¢. CumTas TemnepaTypy rasa BCHOLY
OAMHAKOBOW W paBHOW T, HalNTM BbLICOTY, Ha KOTOPOW Haxo-
[OUTCA LEHTp TsHXKecTW rasa.

*¢20. VpeanbHblii ra3 ¢ MOAApHOA maccoil M HaxoguTcs
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B O4HOPOAHOM MOJie TAXKECTW, YCKOPEHWe CBOGOLHOro najeHus
B KOTOPOM paBHO J. HaiTn faBneHue rasa Kak QyHKUWIO Bbl-
coTbl h, ecnu npu 1=0 paBneHne p=pQ a TemnepaTypa u3me-
HAETCA C BbICOTOM Kak

a) r=r,(1-<ny; 6) T=Ta\+ah),
rge a — nofioXKMTeNbHasd MOCTOSHHasA.

2.21. T OpW3OHTa/IbHBIA LMAWHAP, 3aKPbITblAi C  O4HOrO
KOHUa, BpaLlalT C MOCTOSHHOI Yr/I0BOA CKOPOCTbIO (M BOKPYT
BEPTMKA/IbHOM  OCW, MPOXOAsALLEli Yepe3 OTKPbIThIA  KOHeL,
umnuHgpa. fasneHue Bo3gyxa cHapyxwu pO0, Temnepatypa T,
mMonsipHas Macca Bo3gyxa M. HaiiTm paBneHue Bo3gyxa Kak
(DYHKUMIO paccTofHMA T OT ocy BpauwieHWs. MonigpHyo maccy
cuMTaTb He 3aBuCALLel OT T.

2.22. Kakomy [aBfeHWK HeobXO04MMO MOABEPrHyTb Yyrie-
Kucnblin ra3 npu temnepatype 7'=300 K, 4To6bl €r0 NAOTHOCTb
oKaszanacb paBHoii p=500 r/n? PacyeT nNpoBecT Kak gas wvge-
anbHOro rasa, Tak W [4nsa BaH-fep-BaalbCOBCKOrO.

2.23. OaMH Monb a3oTa HaxoguTca B obbeme ~=1,00 n.
Haitu:

a) Temnepatypy as3oTa, MpW KOTOPO/ MOrpewHocTb B AaB-
NeHWW, OonpeaenseMoM YpaBHEHWEM COCTOSHUSA WAEeaSIbHOro
rasa, cocraenset 1= KO % (N0 cpaBHEHUIO C [aB/EeHUEM BaH-
[lep-BaanbCoOBCKOro rasa);

6) faBneHwe rasa Mpu 3TOW Temnepatype.

2.24. OguMH MONb HEKOTOPOro rasa HaxoauTcs B cOCyfe
obvemom K=0,250 n. Mpu temnepatype I',=300 K paBneHue
rasa /»,=90 arm, a npu I,=350 K pasneHue />,=110 atm.
HaiiTu nocTosiHHble BaH-gep-Baanbca Ans 3Toro rasa.

2.2. llepBoe Hayano TepmoAuMHaMWKKW. TennoemKocTb

(0 Mepsoe Hauano TepMOAMHAMUKM:
Q= Atf-M, (2.2a)

roe — npupauieHne BHYTPEHHe 3HepruyM CUCTEMBI.
® Pa6oTa, coBepllaemMas rasom:

A*=ApdV. (2.26)

( BHYTPEHHAA 3Heprus ufeanbHOro rasa:
m _ m RT pVv
(2.2B)

(*) .MOﬂﬂpHaﬂ Ten/0eMKOCTb rasa npu noamTponn4yeckom npouecce
(pyn _ const):
c, R R . (m—yR
V—1 n-1=(n-1)(y-1)" (2.2r)

80



Cb BHYTpeHHAA 3Heprus mons BaH-[ep-BaasibCOBCKOro rasa:

U=CvT-a/VM N (20

2.25. MNoka3saTb, YTO BHYTPeHHAA aHeprua U Bo3gyxa B KOM-
HaTe He 3aBMCUT OT TeMrnepaTypbl, eC/iM HapyXHoe AaBfieHne p
MoCcTOAHHO. Bblunucnuts U, ecnv p paBHO HOpManbHOMY aT-
MOC(EpHOMY [aBNEHUD U 06beM KOMHaTbl V=40 M3

2.26. [lBa Tennon301MpoBaHHbIX 6annoHa / 1 2 HanonHeHbI
BO34YXOM M COeAMHEHbl KOPOTKOW TPYy6KOI ¢ KpaHOM. 3BECTHbI
06beMbl 6aiNOHOB, a TakKXKe JaBneHWe u Temneparypa BoO3fyxa
B HUX (Vu Pi, Ti n Vt, pt, Tt). Haiitn Temnepatypy v faBneHue
BO34yXa, KOTOpble YCTaHOBATCA MOC/E OTKPbITUA KpaHa.

2.27. [a3006pa3Hblil BOJOPOA, HaxXOAMBLUMIACA NPU HOpMasib-
HbIX YCNOBUAX B 3aKpbITOM cocyfde o6vemom V=5,0 f1, oxnagu-
am Ha Ar=55 K. HaiiTu npupaweHne BHYTpeHHel 3Hepruu
rasa M KO/MMYeCTBO OTAAHHOrO UM Tensa.

2.28. Kakoe KO/MM4ecTBO Tensia Hajo cooOWMTL asoTy npu
n306apnyecKOM HarpeBaHuu, 4TOObI ra3 CcoBeplimnn paboTy
A=2,0 Ox?

2.29. HainTn monspHyl maccy rasa, ecnM npu HarpeBaHuu
T=0,50 kr atoro rasa Ha AIM=10 K n3obapunyeckn Tpebyercs
Ha Op=1,48 k[ Tenna 6ofblle, Yem MPU KU30XOPUYECKOM
HarpeeaHuu.

2.30. OguH MONb HEKOTOPOro MfeanbHOro rasa usobapuyec-
K Harpenn Ha OT=72 K, coobWmMB emMy KOMMYeCTBO Tensa
<?=1,60 k. HaiiTn npupawieHne ero BHYTPEHHEW 3Heprum
n BennuuHy y=Cp/Cuv.

2.31. Ba mona wugeanbHoro rasa npu Ttemneparype [«=
=300 K oxnagunu m30XOopu4yecku, BCNEeACTBME Yero ero [as-
NeHne ymeHblumnocb B A=2,0 pasa. 3ateM ras nsobapuyecku
pacWwupuamn TakK, YTO B KOHEYHOM COCTOSIHUM ero Temmepartypa
CTana paBHOM MepBOHa4YaNbHOW. HaiTu KonnyecTBo Tenna,
MOrnOLWEHHOro rasoM B [aHHOM npoLecce.

2.32. BblumcnnTb Y ANs rasoBoii CMECU, COCTOALLEN W3 V,=
=2,0 monga kucnopoga uv,=3,0 mona yrnekucnoro rasa. asbl
cyMTaTh UAeanbHbIMU.

2.33. BbluncnuTtb yaenbHble TENI0EMKOCTM CV U CPp A4NA
rasoBoii cmecu, coctosiwein u3 7,0 r azota n 20 r aproHa. lasbl
naeansHoble.

2.34. B BepTvKanbHOM UWAWHAPE NOA HEBECOMbIM MOPLUHEM
Haxo4uTCA OfLMH MOJSIb HEKOTOPOro MAeasnbHOro rasa npu Tewm-
nepatype T. INpocTpaHCTBO Haj MOPLUHEM COOOLLAeTCsa C aTMo-
cthepoit. Kakyt paboTy Heo6x0guMO COBEPLUNTb, YTOObI, Mea-
NeHHO NOAHMMAA MOPLUEHb, WU30TEPMUYECKU YBENNYUTL 0OBEM
rasa nog HuMm B N pas? TpeHus HeT.
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2.35. BHYTpW 3aKpbITOro ¢ 060MX KOHLOB FOPU3OHTa/bHO; |
UMAMHAPA HaxXOLMTCA NEerKonoABWIKHbLIA nopweHb. [epBoHa-
YanbHO MOPLUEHb LENUT UWAVHAP Ha ABE paBHble YacTu, Kaxpaas
06bemom KO, B KOTOPbIX HaxoguTcs MaeanbHblli ra3 04MHaKOBOM
TemnepaTypbl W MOA OAHUM U TeMm e pgaBneHnem p9 Kakyto
paboTy Heob6X04MMO COBEPLUUTbL, YTOObI, MeL/IEHHO ABUras nop-
LeHb, U30TEPMUYECKN YBENNYNTb 0ObEM OAHON 4acTu rasa B I)
pas no CpaBHEHMIO C 0OBLEMOM ApYroW 4actu?

2.36. Tpn mMona wngeasbHOro rasa, HaxoAuBLUErocs npu TeM-
nepatype T,=273 K, wu3otepmuyeckn pacwmpunm B n1=5,0
pas 1 3aTem M30XOPUYECKN Harpesnu Tak, YTo ero fas/ieHue cTat
paBHbIM MNepBOHAYaNbHOMY. 3a BeCb Npouecc rasy coobwmnu
KonunyecTBo Tenna Q=80 k[yx. Haiitu y gns atoro rasa.

2.37. N306pa3nTb ANA UAeanbHOro rasa npuMepHble rpagu-
KM MN30XOPUYECKOr0, M306apnyeckoro, U30TePMMUYECKOro 1 afu-
abaTnyeckoro npoLeccoB Ha Auarpamme:

ap, 7,6V, 7.

2.38. OovH MaTb KUCNopoga, Haxo4MBLUEroca npu Temne-
patype 74290 K, agmabaTuuyecku cxanu TakK, 4To ero pa.fie-
Hue Bo3pocno B U = 10,0 pa3. Haitu:

a) TemnepaTypy rasa nocre CXartus;

6) paboTy, KoTopas 6blna COBepLUeHA Haf rasom.

2.39. Hekotopyto maccy asota cxann B T}=5,0 pas (no
00beMY) OAMH pa3 agvabdbaTMyecKu, ApYroi pa3 U3oTepMUYEcKM.
HauanbHoe cocTosiHME rasa B 060MX Clyyasx 0fMHaKoBo. Haintu
OTHOLLUEHWE COOTBETCTBYIOLLMX paboT, 3aTpayeHHbIX Ha CaTtue.

2.40. BHyTpM 3aKpbITOro TenaoM30LPOBaHHOIO UUANHApPaA
C WAeaNbHbIM ra3o0M HaxXOAWTCA NErkonoABVXKHBIA Tennonpo-
BOLAWMI nopLueHb. [py paBHOBECMM MOPLUEHb AeUT LWAUHAP
Ha [lBe paBHble YacTW W TemnepaTtypa rasa pasHa [,. MopLueHb
HavyanuM MeAneHHO nepemellatb. HailTw TemnepaTypy rasa Kak
(hYHKUMIO OTHOLWEHKS T] 06beMa 60/bLUEA YacTU K 06BEMY MEHb-
Wweii yactu. MokasaTenb agnabatbl rasay.

2.41. OnpegennTb CKOPOCTb V UCTEYEHUA rennua H3 Tenso-
M30/MPOBAHHOrO0 COCYJa B BakKyyMm 4epe3 Majoe OTBEPCTUe.
CuyuTatb, YTO NPW 3TOM YC/TIOBUW CKOPOCTbL MOTOKA rasa B COCyAe
npeHebpexxumo mMana. TemnepaTypa renus B cocyge 7=1000 K.

2.42. O6beM MoNa MaeanbHOro rasa ¢ nokasaTtesneM agnabatsbl
Y M3MEHAOT MO 3aKOHY Y =a/7, rae a — nocTosHHaA. Haiitu
KONMYeCcTBO Ternsa, Hany4YeHHOEe rasoM B 3TOM MNpOLIECCe, ecnu
ero Temmnepatypa wucnbiTana npupawieHne 7.

2.43. TokKas3aTb, 4TO MpoLecc, Npyu KOTopom paboTa maeasnb-
HOro rasa MpornopLuoHanbHa COOTBETCTBYIOLLEMY MPUPALLEHWIO
€ro BHYTPEHHeli 3HEepruu, OonucbiBaeTcs ypaBHeHuem pV'"—
=const, rge N — MocToAHHaS.

82



2.44, HainTy MOnsipHy0 TeNI0EMKOCTb MAea/IbHOrO rasa npu
nonuTponuyeckoM npouecce /jK"=const, ecnM nokasaTenb
afmabatbl rasa paseH Y. lpy Kakumx 3Ha4yeHUAX mnokasartens
NoAUTPONbI N TENJOEMKOCTb rasa 6yfer oTpuuaTenbHOW?

2.45. Tlpn HEKOTOPOM MOMMTPONMYECKOM NpoLecce 06bLEM
aproHa 6bu1 yBenmiyeH B a=4,0 pasa. [asneHue npu
3TOM YMeHblMAock B p=8,0 pa3. HaiiTu monspHyko Tenno-
eMKOCTb aproHa B 3TOM MpOLIECCe, CYMTad ras uaeanbHbIM.

2.46. OgMH MaTb aproHa pacwuvpuay no naTuTpone C rnoka-
3atenn n=1,50. MNpu 3tom TemnepaTtypa rasa ucnoitana npu-
paweHne AT=—26 K. Haitu:

a) KOMMYecTBO MOJIYYEHHOrO rasom Tensna;

6) paboTy, COBEPLUEHHYHD rasoM.

2.47. VigeanbHbliA ra3 c nokasaTtesiem agvMabatbl y paclunpuimn
no 3akoHy p—aV, rge a — nocTosHHas. [lepBOHaYabHbIiA
o6bem raza V0. B pesynbTaTe paclumpeHus 06beM yBenyusics
B 1] pa3. Haiitu:

a) npupawieHvie BHYTPEHHE 3Hepruu rasa;

6) paboTy, COBEpLUEHHYIO ra3oM;

B) MONAPHYIO TEnJoeMKOCTb rasa B 3TOM MpoLecce.

2.48. NpeanbHblil ra3, nokasatenb aguabaTbl KOTOPOro VY,
pacLIMpAOT Tak, 4To coobLLaeMoe rasy Tenso paBHO Y6binu ero
BHYTPEHHEl 3Heprun. Haiitu:

a) MOMIAPHYIO TEMNJ0eMKOCTb rasa B 3TOM MpOLECCE;

6) ypaBHeHMe npouecca B napameTtpax T, V.

2.49. OguH MaTb MAeanbHOro rasa c nokasatesneM agunabaTsbl
Y coBepluaeT npouecc, Npu KOTOPOM ero faeneHue pc/3l®, rge
a — nocTtosHHas. HaiiTu:

a) paboTy, KOTOPYHO MPOM3BEAET ras, ecnu ero Temneparypa
NCMbiTaeT npupalieHne \T;

6) MONAPHYIO TENJ0emMKOCTb rasa B 3TOM Npouecce; npu
KakoM 3HauyeHWuM a TennoeMKocTb OyfeT oTpuuaTenbHOR?

2.50. VpeanbHblli ra3 c nokasarenem
afmabaTtbl Yy coBepLlaeT npouecc, npu
KOTOPOM  ero  BHYTPEHHAA 3Heprus ;miR w
Uzr>Va, roe a — noctosiHHas.  Halitu:

a) paboTy, KOTOPYIO NPOM3BESeT ras,
4TO6bl BHYTPEHHSAS 3HEPrUs ucMbiTana Puc. 2.2
npupaweHue AU;

6) MONApPHYKO TEMj0emMKOCTb rasa B 3TOM  MpoLecce.

2.51. OguH MoNb MAeanbHOro rasa C M3BECTHLIM 3HAYEHUEM
Cv HaxoguTca B neBoi MonoBmHe umavHapa (puc. 2.2). Cnpasa
OT MOPLUHA Bakyym. B OTCyTCTBMe rasa nopLleHb HaxoauTcs
BM/IOTHYIO K /IeBOMY TOPUY UMAWHAPA, W NPYXWHa B 3TOM MO-
NOXeHUun He pedopMupoBaHa. BOKOBble CTEHKWM UWAUHApA U
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nopweHb — agnabaTHole. TpeHWA HeT. a3 HarpeBalT udepes
NeBbll Topey uunvHApa. HailTu TennoemMKocTb rasa B 3TUX
YCNOBUAX.

2.52. VimeeTca wupgeasbHbI ra3, MOAsApHas TennoemKoCTb
Cv KOTOporo u3BecTHa. HaiTu mMonspHyo Tenn0eMKoCTb 3TOro
rasa Kak hyHKuUuto ero obbema V, ecnu ras cosepluaeT npouecc
Mo 3aKOHY:

a) T=TaeaV; 6) p=p0OeaV, rae TO pt 1 @ — NOCTOSAHHbIE.

2.53. OfnH mMonb naeanbLHOro rasa, TENJI0EMKOCTbL KOTOPOro
Mpu NOCTOAHHOM fAaBneHun Cp, coBepLuaeT MpOLECC N0 3aKOHY
p=p,,-\-a/V, rge p,, 1 a — MNOCTOSIHHble. HaiTu:

d) TennoemMKoCTb rasa kak (QyHKUuMIO ero obvema V;

6) coobLleHHOe rasy Tenmn0 MpW €ro pacwupeHun ot 'V,
0o YT.

2.54. To e, 4TO B NpefblayLleil 3agade, HO ras coeepLuaet
npouecc no 3akoHy T=TataV.

2.55. Haiitn ypaBHeHue npouecca (B mepeMeHHbIX T, YY),
Mpu KOTOPOM MOASIpHaA TENj0emMKOCTb WAeanbHOro rasa usme-
HAETCA MO 3aKOHY:

a) C=Cv+a7; 6) C=Cv+$V; B) C=Cv+ap. 3pgecb
a, p W a— MOCTOSHHbIe.

2.56. NmeeTca mpeanbHblil ra3 ¢ nokasatenem aguabatbl y.
Ero monapHasa TennoeMKoCTb MPU HEKOTOPOM Mpouecce u3me-
HAeTcq Mo 3akoHy C=o/T, rge a — nocTosHHasA. Haiitu:

a) paboTy, COBepLUeHHYI OAHMM MONeM rasa Mpu ero Ha-
rpeBaHmm ot TO 4o TemnepaTypbl B Ij pa3 60nbLuel;

6) ypaBHeHMe mpouecca B napameTpax p, V.

2.57. HaiiTn paboTy, cCOBepLuiaemMyt0 O4HUM MOSIEM BaH-Aep-
Baa/JibCOBCKOr0 rasa npy W30TEPMUYECKOM paCLLUMPEHUN €ero
oT o6bema W\ go V2 npu Temnepatype T.

2.58. OgnH Mofb Kucnopoga pacwimpunm ot obbema VX~
= 1,001 go V,=5,0 n npn noctosiHHoIA TemnepaTtype =280 K.
BbluucnnTb  KONMYECTBO MOI/IOWEHHOrO rasom Tensa. [as
cuMTaTb BaH-fep-BaaNbCOBCKUM.

2.59. HaiTm gna BaH-fAep-Baa/bCOBCKOrO rasa ypaBHEHMWE
agvabatbl B nepeMeHHbIX T, V, ecnu ero TensjioeMKoCTb Mpu
No£TosHHOM 06beme paBHa Cv.

2.60. OnpegenuTb AN BaH-Aep-BaalbCOBCKOro rasa pas-
HOCTb MONIAPHBLIX TennoemkocTeli Cp—Cuv.

2.61. [lBa Tennou3onMpoBaHHbIX 6annoHa CoeMHeHbl MexXay
coboii Tpy6Koi ¢ KpaHom. B ogHom 6ansioHe o6bemom Kr= 10 n
HaxoguTtcs v=2,5 mMona yrnekucnoro rasa. Brtopoit 6annoH
o6bemom V,= 100 1 OoTKayaH O BbICOKOro Bakyyma. KpaH oT-
Kpbinn, 1 ra3 pacwupunca. CunTaa ras BaH-fep-BaaibCOBCKUM,
HaliTM npupalleHMe ero TemnepaTypbl.
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2.62. Kakoe KonmMyecTBOo Tenna Hago coobuwmte v=3,0
MONAM YrNeKUCNoro rasa, 4Ytobbl MPU pacLUMpPeHWM B BaKyyMm
oT o6bema *=5,0 n go K2=10 n TemnepaTypa €ro He N3MeHM-
nacb? a3 cumtatb BaH-Aep-BaasibCOBCKUM.

2.63. TlpoxoxpeHue rasa uepes MOPUCTYIO MEPeropofky B
Tenson30NPOBaHHON Tpybe COMpPOBOXAAETCA PacCLUMPEHWEM U
M3MeHeHVeM Temnepatypbl rasa (3agekt Jxoyna — TOMCOHa).
Ecnn po pacwwvpeHus ras3 cumtatb BaH-fiep-BaanbCOBCKMM, a
nocne paclwunpeHns — naeanbHbIM, TO COOTBETCTBYIOLLEE NPU-
palleHve TemmepaTypbl rasa

A+ 1 (RTib 22\
1_C.\Vi-b Vi)

Monyuntb 3Ty (OpMyny, NPUMEHMB MEPBOE Hayano TePMOAM-
HaMMKU K MOS0 rasa, NPOXoAsliemMy yepe3 Meperopofky. Mpo-
Llecc cumTaTh afmabaTUUecKuM.

2.64. Bocnonb3oBaBlIMCL (HOPMY/OA U3 NpeAblayllen 3a-
faun, HaliTu 3HauveHWs 71 Bogopoda C HayanbHbIM MOASAPHbLIM
ob6vemom ~=0,160 n/monb, npu KoTopbix adekT Oxxoyna —
TomcoHa 6yaeT nonoxuTenbHbiM (T. e. TX.Ti).

2.65. Haiitn ¢ momowysto hopmynbl M3 3agadm 2.63 nmpupa-
weHve AT TemnepaTypbl rasa, €CiM B HayalbHOM COCTOSAHUU
npu I,=300 K ero monapHblii o6bem K,=0,100 n/monb, a 3a-
Tem B npouecce [xoyns — TOMCOHa ra3 CWAbHO PacLUIMpUIN.
PacueT npoBectu:

a) ona Bogopofa; 6) ana asorta.

2.3. MonekynapHo-KMHeTU4eckas Teopus.
PacnpegeneHna Makcsenna v bonbumaHa
¢ Ywucno ygapoB MOnekysn rasa O efuVHULY MNOBEPXHOCTU CTEHKM 3a
efVHULY BpemeHu:
v = (1/4) n <»>, (2.3a)

rae M— KOHUEHTpauns MOMEeKys, <y>— WX CPefHsAs CKOpPOCTb.
¢ YpaBHeHWe COCTOSIHUS WAeanbHOro rasa:

p = nkT. ' (2.36)
¢ CpefHss aHeprus MOJeKyn:
<e>= (1/2) KT, (2.38)

*= NNOCT"bn»p4Y*“2nkon.
(*) q)yHKU'I/IVI pacnpegeneHuna Makcsenna:

®(vx)= (T/2nKT)1'r exp (— mv}2KT), (2.3r)
f(v) = (T/2nN1T1)*/2 exp (— mv42KT), (2.3p)
F(v) = 4n(1/2nN77)*,*nl exp(— mv42kT). (2.3¢)
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(0 HauGonee BeposTHas, CpefHAs H CpefHAs KBagpaTWuHas CKO
pocT MOnekyn:

«bep* V2bT/T,
<v>=\r (S:n) KT. T, (2.3%)
pml= Y 3KT/T.

¢ Pacnpegenenne BonbluMaHa:
f = a#t exp (— UJIKT), (2.33)

roe U—I'IOTeHLlVIaﬂbHaFI 3HEeprma Monekynbl.

2.66. CoBpeMeHHble BaKyyMHble HAacoCbl MO3BOMAKT MOY-
yaTb faBneHuns go /3=4-10-1° Ma (Mpn KOMHATHOI TemnepaTty-
pe). HaiiTn umcno monekyn rasa B 1 cM* 1 cpefHee pacCcTosiHMe
MeXZy HVWMW NpW 3TOM [aB/IEHUN.

2.67. B cocyne obvemoMm V=5,0 n Haxo4utca asoT Macchl
T=1,40 1 npu Temnepatype =1800 K. Haintm pasneHue
rasa, ecnu npw atoii Temnepatype rj=30 % Monekyn guccounu-
pOBaHO Ha aToMmbl.

2.68. TlnOTHOCTL CMmecu refva W asota NpuM HOpPMasbHbIX
ycnosuax p=0,60 r/n. HailTu KOHUEHTpaLuK aTOMOB renms
B CMecH.

2.69. TycTb mfgeanbHbll ra3 HarpeT 4o TemmepaTypbl, Mpu
KOTOpOI y MOoneKyn BO36YX/AeHbl BCe CTeneHu cBo6oAbl (MOCTY-
naTenbHble, BpallaTeNbHble U KonebaTenbHble). Haiitm monsap-
HYHO TEemnJ0emMKoCTb TaKOro rasa npu M30XOPUYECKOM mpoLiecce,
a TakXke nokasatenb agmabatbl y, ecnu ras coctout u3 N-atom-
HbIX MOJIEKYIT:

a) JINHERHbIX; 6) HeIMHENHBIX.

2.70. WpeanbHblid ra3 u3 /NV-aTOMHBIX MOJIEKY/N paclIMpsioT
n3obapmyeckn. Cuntas, 4to y MOJSieKYNn BO36YXJeHbl BCe CTe-
neHu cBobofbl (MocTynatesbHble, BpallaTesbHble U Konebartesb-
Hble), HailTW, Kakas [0NA TenaoTbl, COO6LAEeMO rasy B 3TOM
npouecce, pacxogyeTca Ha paboTy pacLUMpeHus.

2.71. HainTn uymcno aToMOB B MOJIEKY/le rasa, y KOTOPOro
Mpu  «3amMopaXuBaHWM» KonebaTeNbHbIX CTeneHeld  cBOOGOAbI
NoCTOAHHaa y yBsenuumBaetcd B T]= 1,20 pasa.

2.72. HainiTu MONApHYK Maccy W 4Mcio CTeneHeli CBOOOAbI
MOJIEKY/1 UAeanbHOro rasa, ecnm W3BeCTHbl ero yfesbHble Ten-
noemkoctu: c¢y=0,65 Ox/(r-K) u c,,=0,91 Ox/(r-K).

2.73. HaiiTn uncno cteneHeli cBo6oAbI MOMEKYN MAeanbHOro
rasa, MoOnfipHas TemnJ0eMKOCTb KOTOPOro

a) npu noctosHHOM gfaaneHun C,=29 Ox/(monb-K);

6) B npouecce pT=const pasHa C=29 [Ox (monb-K).

2.74. Bblumcnutb nokasatenb aguabatbl Y A4S CMecw,
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cocTosiwe U3 v4 mMoneid Of4HOATOMHOIO rasa H v, MOfei AByX-
aTOMHOr0 rasa W3 XecTKUX MOJIEKY.

2.75. Monekynbl ufeanbHOro rasa, y kKotoporo y=*1.40 w
fasneHve />=100 klla, UMelOT cpedHIol0 sHepruo (e>=2,5x
XK _n Ax. HaiiTu yucno monekyn B eAuHuUUe obbema.

2.76. Cocyf C rasom M3 >KeCTKUX ABYXaTOMHbIX MOJSIEKYN
LBUXeTCcAa co ckopocThlo p=20 m/c. MonsipHasd Macca rasa
M =32 r/matb. HaiiTn npupalieHue TemnepaTypbl rasa nocrne
BHE3arHol 0CTaHOBKM cocyga.

2.77. Bbluucnute npu Temnepatype /=17 °C:

a) CpefHIO KBafpaTUUHYIO CKOPOCTb U CPeAHIO KMHETUYe-
CKYIO 3Hepruo rnocTynaTenbHOro ABWXKEHUS MOJIEKY/bl KUCO-
poaa;

6) CPeAHIo KBafpaTUYHYHO CKOPOCTb KanenbkKu BOAbl AWa-
veTrpa d=0,10 MKM, B3BELLUEHHON B BO3LYyXe.

2.78. Bo cKONbKO pa3 Hafo pacwmputb agmabaTmyecku ras,
COCTOALUMIA M3 DKECTKUX [BYXATOMHbIX MOAeKyn, 4Tobbl KX
cpefHAs KBajgpaTUYHas CKOpPOCTb YyMeHblunnacb B »= 1,50
pasa?

2.79. A30T maccbl T=15 r HaxoguTCcA B 3aKPbITOM COCyfe
npn Temnepatype T=300 K. Kakoe KonvM4ecTBO Tensa Heob6-
XO4MMO COOOLWMTb as30Ty, 4TOObl CpefHAs KBaLpaTUyHas CKO-
pocTb ero mosiekyn Bsospocna B n=2,0 pasa?

2.80. a3, cOCTOAWMIA N3 XKECTKUX [BYXaTOMHbIX MOJEKY/,
Haxogutca npu Temnepatrype 7°=300 K- Bblumcnntb cpefHioro
KBaZpaTUYHYIO YII0BYHO CKOPOCTb BpalleHWs MOJIEKY/bl, ecun
ee MOMEHT WHepuun [=2,1* 10“** r-cm*.

2.81. a3 M3 XEeCTKMX [BYXaTOMHbIX MOMEKYS, Haxo[uB-
LMIACA MPU HOPMAasbHbLIX YCNOBUAX, afMabaTUyecku cxanu B
N=5,0 pa3 no o6bemy. HaliTu CpeaHIO KUHETUYECKYH 3HEep-
rMil0  BpawiaTe/ibHOro0 [BWXKEHWUA MOJIEKY/Ibl B KOHEYHOM CO-
CTOSAHUW.

2.82. B0 CKO/IbKO pa3 M3MEHUTCH YMCMO YAapOB XECTKUX
[ByXaTOMHbIX MOJIEKYN ra3a O NOBEPXHOCTb CTEHKW B efuHULY
BPEMeHW, ecnn ra3 agunabaTmyeckn paclimpuTb B 1j pas?

2.83. O6bvem rasa, COCTOSILLErO M3 XKECTKUX [ABYXaTOMHbIX
MOfeKyn, ysenuumnu B 1=2,0 pasa Mo NOANTPONe C MOMSPHOM
TennoemkocTblto C—R. BO CKONbKO pa3 M3MeHWNacb npu 3TOM
yacToTa yAapoB MOJIeKYN O CTeHKY cocyga?

2.84. Ta3 M3 XECTKMX [ABYXaTOMHbIX MOMEKY/ pacLinpuin
MONIMTPOMMYECKN TaK, 4TO yacToTa Y[apoB MOJIEKY/T O CTEHKY
cocyfa He usMmeHunacb. HailTu MONsSpHYKO TEenn0eMKOCTb rasa
B 3TOM MpoOLIeCCe.

2.85. ®yHKUMA pacnpefeneHns BepPOATHOCTEN 3HaYeHWI
HEKOTOpoi BenuuuHbl X umeeT Bug f=Ax npu O~cs”a. BHe
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atoro uHTepana f—0. 3gecb A 1 a — nocTosHHble. CunTas,
YTO a 3afaHo, HaliTu:

a) 3HayeHue ¢yHkuun f npu x—a;

6) cpefHWe 3HayeHUs X u x*

2.86. PacnpegeneHne BepOATHOCTEH 3HAYeHWiA HEKOTOPONA
BE/IMUYUHBI X onucbiBaeTcs (yHKumelt f=Ax(a—x) npu (Xar<<,.
BHe atoro uHTepBana /=0. 3gecb A U @ — NOCTOSAHHbIE. Cuun-
Tas, 4To a 3aflaHo, HaWTu:

a) Hambonee BEPOATHOE 3HAYeHWE X U COOTBETCTBYHOLLEE
3HayeHne dyHKummn /;

6) cpefHWe 3HayeHus X u x*. -

2.87. Haiitu gns rasoobpasHoro asota npu 7=300 K oT-
HOLLEHVe Yncna MOMEKYN C KOMMOHEHTaMW CKOPOCTWU BLOJSIb O T
X B nHTepBane 300+0,31 m/c K yucny MOMEKYN C KOMMOHEHTa-
MU CKOPOCTW BAOMb TOW XXe ocu B nHTepsasie 500+0,51 w/c.

2.88. Haiitn BeposTHOCTb Toro, yto mpu 7=300 K Mmone-
Ky/bl a30Ta WMMET KOMMOHEHTbl CKOPOCTU BAOMb OCEA X, Y, T
COOTBETCTBEHHO B WHTepBane 300+0,30; 400+0,40 wu 500rh
+0,50 wm/c.

2.89. Onpefenntb OTHOCWUTENIbHOE YMCNO MOJSIEKY/l, KOMMO-
HEHTbI CKOPOCTU KOTOPbLIX BAO/b OCM * HaXOAATCA B UHTepBane
(vx. a MoLynM MeprneHAVNKYNAPHOA COCTaBAAOLLE i
CKOpPOCTU — B WHTepBae 0X+ 61x). Macca Kaxgow mosne-
Kynbl T, Temnepatypa rasa T.

2.90. a3, cocToAWwMiA M3 MOMEKyn MacCbl T, Haxogutcs
npu Temnepatype T. HaiiTu OTHOCMTENbHOE 4YMC/IO MOMEKY,
Yy KOTOPbIX MOAY/N COCTaB/AOLWMX CKOPOCTH, MepneHjnKynap-
HbIX K HEKOTOPOMY HanpaeneHuto, nexar B WHTepBane (Wt
X +6t>X).

2.91. MonyumnTb ¢ noMoLpto (2.3e) PYHKUMIO pacnpeneneHns
MakcBenna B «npuBefeHHOM» Buge F(u), rae bi=u/vsep, uep —
Hanmboniee BeposATHAsA CKOPOCTb.

2.92. Bbluncnutb Hanbonee BEPOATHYHO, CPEAHIO U cpea-
HIOIO KBajpaTW4YHYH CKOPOCTU MOJNEKYN rasa, y KOTOporo npu
HOPMasibHOM aTMOC(hepHOM faBsiieHun nnoTHocTb p = 1,00 wr.

2.93. HaiAiTn OTHOCMTENbHOE YMCNO MOMEKYN rasa, CKOpPOCTy
KOTOpbIX OT/M4yarTca He 6onee vem Ha 6r]=1,00 % ot 3Haue-
HUA:

a) Hambonee BepoOATHON CKOPOCTW;

6) cpefHeil KBagpaTU4YHOW CKOPOCTU.

2.94. OnpegennTb TemnepaTypy rasa, Aas KOTOPOI:

a) cpefHAs KBajpaTU4Has CKOPOCTb MOJIEKYN BOLOPOAA
6onblle nx Haubonee BepoATHOW ckopocTu Ha Ay=400 wm/c;

6) (yHKUMA pacnpefeneHns MOJeKyn Kucnopoga no CKo-
poctam F(v) ByaeT nmeTb MakCMMyM npu cKopocT n=420 m/c.

88



2.95. HaiiTn TemnepaTypy rasoo6pasHOro asoTa, npu Ko*
Topoii ckopocTaM Monekyn n,=300 m/c n y,=600 m/c cooTBeT-
CTBYIOT OAMHAKOBbIE 3HAYeHUA (DYHKUUKM pacnpegenenusa F(i>).

2.96. OnpefennTb CKOPOCTb V MOJIEKYN a30Ta, Mpy KOTOpPOI
3HauveHne yHKUmMn F(v) gns temnepatypbl TOG6yAeT TakuM xe,
KaK 1 Ans Temnepatypbl, B T) pa3 60nbLuei.

2.97. Mpwn Kakoil TemnepaTtype rasa, COCTOALIEN0 W3 CMECK
asoTa W Kucnopoga, Hambosnee BepOATHblE CKOPOCTU MOJIEKYS
asoTta M Kucnopoga 6yoyT oTauMyaTbea Apyr oT Apyra Ha Au=
=30 wm/c?

2.98. Cmecb BOLOpOAA W refiva HaxoauTca npu Temrneparype
T=300 K. MNpy KakoMm 3Ha4YeHWW CKOPOCTU V MONEKY/N 3Haue-
HUA dyHkuum F(v) 6yayT ofMHakoBbIMW Ans 060MX rasos?

2.99. a3 cOCTOMT M3 MOMEKYs, Macca KaXgoh M3 KOTOpPbIX
paBHa T. lMpy Kakoil TemnepaType 3TOro rasa 4Yucia0 MOJEKY/
CO CKOPOCTAMW B 3aflaHHOM Majsiom uHTepsane (y, a+bu) 6yaet
MaKcuManbHo? HaiiTu Hanbonee BepOATHYK CKOpPOCTb MOJe-
Kyn, COOTBETCTBYHOLLYIO Takoil Temneparype.

2.100. BbluUMCANTb CPEAHIO MPOEKLMIO  CKOpocTM  (VX)
n (wxl> ecnm macca Kaxpgol Monekynsl T U TemnepaTypa
rasa T.

2.101. Haiitn (M|)— cpefHee 3HauveHWe KBagpaTa NpOek-
UMM VX CKOpPOCTM MONeKyn rasa npu Temnepatype T. Macca
KaK[0W MONeKysbl paBHa T.

2.102. BbluMCAUTL C NOMOLWBD PYHKUUM <pwx) ymcno v
MOfieKyn rasa, najalolmnx B eAVHULY BPEMEHW Ha eAWHUYHYIO
NNOLWAAKY, ecnM KOHLEHTpauMsa MONekyn n, TemnepaTtypa rasa
T n macca Kaxpo monekynbl T.

2.103. Onpegennutb ¢ nNOMOLbO (PYHKUMKM P(MX) OaBneHue
rasa Ha CTEHKy, ecnu Temnepatypa rasa T WM KOHUeHTpauus
MosieKyn .

2.104. Haintn (1/y) — cpefHee 3Ha4yeHMe 06paTHOIA CKOPOCTU
MOfleKyn ufeanbHOro rasa npu TemnepaType T, ecnm macca
KaK4O0M MOMeKynbl paBHa wW. CpaBHWUTb NOMYYEHHYHO BEIMUUHY
C 06paTHON BENINYMHON CpefHeil CKOPOCTM.

2.105. a3 cocToMT M3 MOMEKY/T MAaccbl M M HaxoauTcsa npu
TemnepaType T. HaliTh ¢ nomoubo pyHKumMu F(v):

a) (DYHKUMIO pacnpefenieHnss MONeKyn M0 KUHETUYECKUM
aHepruam f(t); n3o6pasuTb npumepHblii rpaduk f(e);

6) Hambonee BEPOATHOE 3HAYeHWE KUHETUYECKOW 3HEprum
eBep; COOTBETCTBYeT /M €,e0 Hanbonee BepPOATHOW CKOpOCTU?

2.106. Kakaa 4yacTb O4HOATOMHbIX MOJIEKY/N rasa, Haxopns-
Lerocs B TEMn/OBOM PaBHOBECUM, WMEET KUHETUYECKYIO 3Hep-

rMo, OT/INYAIOLLYHOCS OT ee CpefHEero 3HauyeHuWs He Gonee Yem
Ha 611= 1,0 %?
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2.107. PacnpegeneHne MOMEKY/ MO CKOPOCTAM B MNYYKe,
BbIXOAALLEM M3 HeGONbLIOro OTBEPCTUA B COCYyfe, OMUCbIBAETCA
tyHkumeir FI(v)=AvExp(—mvt/2kT), roge T — Temnepatypa
rasa BHyTpuM cocypa. HaiTm Hambonee BepOSATHbIE 3HAYEHUS:

a) CKOpPOCTWM MOJIeKYN B MYUKe; CPaBHUTb MOJYYEHHYIO Be-
MYMHY C Hanbonee BEPOATHON CKOPOCTbHO MOMEKYST B CamMOM
cocyge;

6) KMHETWYECKOl 3Heprum MOJeKyn B MyUKe.

2.108. WpeanbHblli ras, COCTOAWMIA M3 MOJSIEKYN MacCbl M
C KOHUeHTpauuei N, umeet Temnepatypy T. HaiiTu ¢ nomowbto
pacnpegeneHus Makceensia YACiO MOMIEKYN, Najalolimx B eau-
HULY BPEMEHW Ha eAMHWLY MOBEPXHOCTU CTEHKW Nof yrnamu
8, d-MO Kk ee Hopmanu.

2.109. Wcxogs wv3 ycnoBuidA npegplayllein 3agayu, HaiTm
4ynMCcNo MOMeKyn, Nafjalowmnx B eAWHULY BPeMeHW Ha efuHULY
MOBEPXHOCTW CTEHKM CO CKOPOCTAIMM B WHTepBane (W, v+dv).

2.110. Haiitn cuny, AeNCTBYIOLYIO Ha 4acTuLy CO CTOPOHBI
OJHOPOZHOr0 NOJifA, eC/IM KOHLUEHTpauum 3TUX 4acTuy, Ha ABYX
YPOBHAX, OTCTOAWMX ApYyr OT Apyra Ha pacctosHun [din=
=3,0 cm (BLonb nons), otnnyatotes B n=2,0 pasa. Temnepa-
Typa cuctemsbl 7'=280 K.

2.111. MNpwn HabnwAeHUN B MUKPOCKOM B3BELUEHHbIX YacTul
ryMMUryTa o6HapyXeHo, 4TO CpefHee 4Mcno MX B CNOAX, pac-
CTOfHMe Mexay KoTopbiMu J1=40 MKM, OTAu4YaeTca Apyr oT
apyra B 1)=2,0 pasa. Temnepatypa cpefbl 7,=290 K. [wna-
meTp yactuy d=0,40 MKM M X naoTHocTb Ha Ap=0,20 r/iem*
60nbLUe NAOTHOCTM OKpYXaloLlel XuWAKocTh. Haitu no atum
[aHHbIM MOCTOSHHYI0 ABOragpo.

2.112. MycTb T]0— OTHOLIEHNE KOHLEHTpaLum MOJSEKYN
BOLOPOZA K KOHLEHTpaL M1 MoneKyn asota B6M3M NOBEPXHOCTU
3emMnun, a 1 — COOTBETCTBYIOLLEE OTHOLUEHWE Ha BbicoTe J1=
=3000 M. Halitu oTHoweHwue rj/rl0npu M=280 K, nonaras, 4to
TemnepaTypa W YCKOpeHne cBOGOAHOIO MajeHus He 3aBUCAT OT
BbICOTbI.

2.113. B ONUMHHOM BepTUKa/ibHOM COCYZAe HaxoauTca ras,
COCTOALLMIA M3 ABYX COPTOB MOJIEKY/ C Maccamu Wi, U T,, Npu-
vem KOHLEeHTpaLmmn aTux Monekyn y aHa cocyfa paBHbl
COOTBETCTBEHHO NX U f1,, nNpuyem NC>nx CuynTasd, 4TO MO BCEM
BbICOTE MOAAEPXKMBAETCA OAHA U Ta e TemnepaTypa T U ycKo-
peHWe CBOGOAHOrO MafieHMs paBHO (, HaWTW BbICOTY h, Ha Ko-
TOPO/ KOHLEHTpauuy 3TUX COPTOB MONekyn OyayT ofuHa-
KOBbl. V

2.114. B 04eHb BbLICOKOM BepTUKaNbHOM UWINHAPNYECKOM
cocyfile HaxoAWMTCA YINEKMCAbIA ra3 npu HeKOTOPOi Temneparty-
pe T. Cunutaa none TsHXKECTW OLHOPOAHLIM, HaTW, Kak W3Me-
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HWTCA [aBfieHWe rasa Ha [JHO cocyfda, ecnu Temnepatypy rasa
yBenmunutL B t] pas.

2.115. A30T HaxoamMTca B OYEHb BbICOKOM COCY[E B O4HOPOA-
HOM Mofie TAXeCTU npu TemnepaTtype T. Temnepatypy yBenu-
unnm B T) pa3. Ha Kakoii BbicoTe h KOHLEHTpaums Monekyn ocTa-
nacb NpexHen?

2.116. a3 HaxoguTCA B OYEHb BbLICOKOM LUINHAPUYECKOM
cocyge npu Temnepatype T. CunTtas none TAXKECTU O4HOPOLHbIM,
HaiiT cpefHee 3HayeHMe MOTEHUMaNbHOM 3Heprum MONeKyn
rasa. Kak 3aBucuT 3Ta BefMYMHa OT TOrO, COCTOMUT NN ra3 u3
OZHOro copTa MOJieKyN WM W3 HEeCKONbKMX COpTOB?

2.117. 3aKpbITyt0 C 060MX TOPLOB rOPM30HTA/IbHYIO TPYOKY
AnHbl /==100 cM nepemeLLaloT C MOCTOSIHHBIM YCKOPEHMEM @,
HanpaBneHHbIM BAO/b e 0CU. BHYTpU Tpy6KU HaxoauTca aproH
npu temnepatype 7=330 K. lNpM Kakom 3HaYeHUN a KOHLeH-
Tpauuu aproHa s6AM3v TOpLOB TPYOKM ByLyT OTAMYATLCA ApYT
OT gpyra Ha r/= 1,0 %?

2.118. HainTm maccy MOnsi KOANOWAHLIX YacTwul, ecnv npu
BpALLEHNN LEHTPU(YrM C YIN0BON CKOPOCTbIO LI BOKPYr Bep-
TUKaNbHOM OCYM KOHUEHTpauns 3TWX YacTWL, Ha pacCTOSHWM T,
OT OCW BpalleHns B T) pa3 6ofblue, YeM Ha pacCTOAHUM T,
(B OLHON TrOpPU3OHTANbHOW MA0CKOCTM). TMNOTHOCTM YacTuy w
pacTBOpPWUTENS PaBHbl COOTBETCTBEHHO P W P«

2.119. TOpu30HTaNIbHO PAaCMOOXEHHY0 TPY6KYy C 3aKpbl-
TbIM/ TOpLAMW BpaLLaloT C MOCTOSHHOM Yrn0BOW CKOPOCTbIO M
BOKPYF BEpPTUKaNbHOM OCW, NPOXOAALLe Yepe3 OAMH M3 ee
TOpLOB. B Tpy6Ke HaxoauTcsA YrNeKUcnblil ra3 npu Temnepaty-
pe 7=300 K- AnuHa Tpy6bkm /=100 cm. Halitu 3HayeHue (i,
MpU KOTOPOM OTHOLLEHME KOHLEHTpauuii MOMeKyn y npoTuBO-
MONOXHbIX TOPLOB TPy6KM 1)=2,0.

2.120. lMNMoTeHuManbHaa 3Heprus MosneKyn rasa B HEKOTOPOM
LEHTPa/IbHOM MOfe 3aBUCUT OT PAacCTOsHMA T 40 LeHTpa nons
kak U(r)—ar* rge a — nonoxutenbHas NOCTOsSHHas. Temne-
paTypa rasa T, KOHLEHTpauus MONeKyn B LEHTpe Mnons om.
HaiiTu:

a) UYNCN0 MOJNEKYN, HaxOAAWMUXCA B UHTepBane pacCTOAHUI
(r, r\-dr)-,

6) Haubonee BEPOATHOE PacCTOAHME MONEeKyNn OT LeHTpa
nons;

B) OTHOCUTE/IbHOe 4MUCNO Bcex Monekyn B cnoe (r, r-fdr);

r) BO CKONMbKO pa3 W3MEHWUTCA KOHLEHTpauus MONeKyn B
LLeHTpe nona npu yMeHbLUeHUW TemnepaTypbl B T/ pas.

2.121. WNcxopa w3 ycnoBwidA Mpeablayluein 3afayn, Haltu:

a) 4mcno Monekyn ¢ noTeHumanbHoi aHeprueit (U, U+dU)-,

6) Hanbonee BepOATHOE 3HAYEHWME MOTEHLMANbHOW 3HEPrUw.
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2.4. BTopoe Hayano TepMOAMHAMUKW. IHTponus

# K.n.g. TennoBoi MalUMWHbI:
4=7/Ql=1_Q"Q, (2.4a)

rae Qi—rtenno, nonydvaemoe pabouymm Tenom, Q*—oTgaBaemoe Tenso.
# K.n.g. ynkna KapHo:

4=(r,-rt)/rj, (246)

rae ', n Tr—TemnepaTypbl HarpesaTens W XONOAUNbHUKA,
B HepaseHcTBo Knaysuyca:

<fy-<o, (2.48

roe 6Q —aneMeHTapHOe Temnsio, NOAYYEHHOE CUCTEMOWA.
# TpupalieHne 3HTPONUN CUCTEMBI:

(2.4)

# OCHOBHOE ypaBHeHMe TepMOLUHAMWUKU ANs 06paTUMbIX NPOLLECCOW:
TdS=dU+pdV. (2.4p)

0 CaobGogHas 3Heprus:
F=U—TS, AT=—\F. (2.4e)
% CBS3b MEXAY 3HTpONuWeld U cTaTUCTMUYECKUM BecoM Q (TepmofuHa-

MUYECKOl BEPOSTHOCTbIO):
S=kiInm, (2.4% >

rge K— noctosiHHas bonbuMaHa.

2.122. Y TennoBoi MalwuHbl, paboTatouleli no umkny KapHo,
Temnepartypa HarpesaTens B = 1,60 pa3a 60snbLue TeMNepaTypsbl
XONOAW/bHUKA. 3a OAWH LUMKA MalluHa npowu3BoAMT paboTy
N= 12,0 kAx. Kakas paboTa 3a LUK 3aTpayMBaeTcsd Ha U30-
TEePMUYECKOE CXaTue paboyero BeLlecTBa?

2.123. B kakom cnyyae K n. 4. umkna KapHO nosbicuTCH
6onblue: npu yBenMYeHWW TemnepaTypbl Harpesatens Ha J1I
AW NPU YMEHbLUEHUN TemrnepaTypbl XOM0AU/IbHUKA Ha TaKylo
Xe BenuunHy?

2.124. Bopgopog cosepwaeT uukn KapHo. Haiitn k. n. g
UMKna, ecnM npu agmabaTMyecKoM pacLUUPEHUN:

a) obbeM rasa yeenuuusaetcs B n=2,0 pasa;

6) faBneHve yMeHbllaeTcd B n=2,0 pasa.

2.125. XonogwnnbHas MalluHa, paboTtaruias no obpaTtHoMy
umMkny KapHo, fo/mKHAa nogjepXusatb B CBOE Kamepe Temne-
patypy —10 °C npu Temnepatype OKpyXawlLeid cpegbl 20 ‘C.
Kakyto paboTy Hago COBEpLIMTb Haf paboymMm BeLLeCTBOM Ma-
LWWHBI, 4TO6bI OTBECTU OT ee kamepbl Q,=140 k[ Tenna?
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2.126. Tennosyt MaluuHy, paboTasllyto no umkny KapHo
C K. N. 4. 7]= 10 %, MCcnonb3ytT Npu Tex Xe TennoBbIX pesep-
Byapax KakK XO/I0gWMbHYH0 MalivHy. HaiTu ee XONoAWbHbINA
KO3(hpuLMeHT e.

2.127. VpeanbHblid ra3 coBepluaeT LWKA, COCTOAWMIA U3 Ye-
pegytowmxca u3otepm 1 agmabar (puc. 2.3). Temnepatypbl, npu
KOTOpbIX MNPOUCXOAAT M30TEPMUYECKME
npouecchbl, paBHbl Tit TrnT». Haiitn P
K. n. [l Takoro uukna, ecam npu Kax-
[IOM 130TEPMUYECKOM PACLLUMPEHUN 00b-
€M rasa YyBe/MYMBaeTCs B OJHO W TO
XE 4ncno pas.

2.128. Haitn K. n. g. uMkKna, cocto-
ALLEro U3 ABYX M30X0p W ABYX ajwua-
6ar, ecnm B npefgenax LUMKNa 06beEM
ngeanbHoOro rasa msmeHsetca B n=10 puc 2.3
pa3. Pabounm BeLLecTBOM ABNSAETCA a3oT.

2.129. HaiiTn K. n. 4. UMKna, COCTOAWEro M3 ABYyX M306ap
W ABYyX agvabart, ecnv B npefenax LuKna faBleHue U3MeHseTcs
B N pa3. Paboyee BeLECTBO — MAeanbHbIA Fa3 C MokasaTenem
agnabatbl Y.

2.130. NpgeanbHblid ra3 ¢ nokasatenem agnabaTel y coBepLua-
€T LMK/, COCTOAWMA U3 ABYX M30X0P U ABYX u306ap. Haitm
K. M. 4. Takoro umkna, ecnu temnepaTtypa T rasa BospacTtaeT
B N pa3 Kak Npyu U30XOpUYECKOM Harpese, Tak W npu nsobapm-
YECKOM PacLUMPEHUN.

2.131. WpeanbHblii ra3 coBepllaeT LMK/, COCTOAWMA U3:

a) M3oxopsbl, agmabatbl U U30TEPMbI;

6) mn3o06apbl, aanabaTbl U U30TEPMBI,
npuyemM U30TEPMUYECKWIA MPOLECC MPOMCXOAMT NpU MUHUMASb-
HOI TeMnepaType Lukna. HaliTu K. n. 4. KaXAoro LWKna, eciu
Temnepatypa T B ero npefenax U3MeHseTcs B N pas.

2.132. To xe, 4TO B NpefblayLieii 3agaye, TONbKO M30TEPMU-
UEeCKMl NpoLecc MPOMCXOAUT MNpY MakCUMabHOW Temnepatype
LuKna.

2.133. VpeanbHblii ra3 coBepllaeT UMK, COCTOAWMIA W13
M30TepMbl, NOAMTPONblI U aguabaTbl, NPUYEM MW30TEPMUYECKMIA
npoLecc NPOMCXOAMT MpU MakCUMaNbHOW TemnepaType LuMKna.
HainTn K. n. 4. Takoro umkna, ecnvm Temnepatypa T B ero npe-
Jenax u3MeHsieTcs B N pas.

2.134. WNpeanbHbli ra3 ¢ mokasatenem agvabatbl Y coBep-
laeT nNpsAMOM LMKA, COCTOAWMA un3 aguabatbl, M306apbl K
n3oxopbl. Haitm K. n. 4. uuMkna, ecam npu agnabaTmMyecKom
npouecce 06beM WAeaNbHOrO rasa:

a) yBenmuuBaeTcs B M pas; 6) ymeHbLlaeTcq B M pas.
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2.135. Bocnonb3oBaBlwnck HepaseHCTBOM Knaysuyca, no-
Ka3aTb, YTO K. M. . BCEX LMK/IOB, Y KOTOPbIX O4UHAKOBa Mak-
cumanbHas Temnepatypa ThKS UM Of4MHAKOBA MUHWMaNbHas
Temnepatypa ['MH, MeHblle, 4YeM y UMKna KapHo npu [ysK
n Tbl,.

2.136. Kakyl MakcuManbHyH paboTy MOXeT MNpou3BecTy
TEn/0Bas MallWHa, ec/ivi B KA4YeCTBe HarpeBaTens MCMosb3yeTcs
KYCOK »enesa maccbl 0T=100 Kr c HayanbHO TemnepaTypoii
[,0=1500 K, a B Ka4yecTBe XONOAWNbHWKA — BOAA OKeaHa
c Temnepatypoin I,=285 K?

2.137. Haiitn (B pacuyeTe Ha OAWH MO/b) NPMPALLEHWE 3HT-
ponun yrneknucnoro rasa npy yBenuyeHUn ero TepmogmnHammye-
CKO TemnepaTypbl B N=2,0 pasa, ecnM MpoLecc HarpeBaHUs:

a) W30XOPUYECKHIA; 6) 1M306apruyecKuii.
a3 cuntatb MaeanbHbIM.

2.138. Bo cKonbKO pa3 cnegyet YBENMUYUTL U30TEPMUYECKN
06beM MAeanbHOro rasa B KonmyecTse v=4,0 Mons, 4Tobbl €ro
3HTpoONMA ucnblTana npupaweHme J15=23 Ox'K?

2.139. 1Ba mMons umAeanbHOro rasa cHavana W30XOPUYECKU
oxnagmnn, a 3aTeM M300apuyeckn pacLuvpunin Tak, 4YTo Temmne-
patypa rasa cTana paBHa MepBoHavasbHOW. HaWtu npupatle-
HVWe 3HTpONMUW rasa, ecin ero faBneHWe B AaHHOM rpoLecce
n3meHunocs B n=3,3 pasa.

2.140. lennin maccbl T=1,7 T agnabaTuyecku pacLIMpun
B A=3,0 pasa u 3aTem M306apnyeckn Cxanu O NepBoHavanb-
HOro obbema. Haitu npupalleHne SHTPONMM rasa B 3TOM Npo-
Liecce.

2.141. HainiTv npupalieHWe 3HTPOMMM ABYX MONERA mpaeanb-
HOro rasa ¢ nokasaresem agmabatsl y=1,30, ecnn B pesynbrarte
HEKOTOpOro npotecca o6bemM rasa ysenumumncs B a =2,0 pasa,
a fasneHve ymeHbwunnocb B P=3,0 pasa.

2.142. B cocygax 1 n 2 Haxogutca no v=1,2 mond rasoob-
pasHoro renusa. OTHoweHWe o6wvemoB cocypoB K,/K,=a=2,0,
a OTHOLLEeHMe abCOMTHLIX Temnepatyp renus B Hux I,/Tr—
=P = 15. Cuntaa ra3 ugealbHbIM, HaTX Pa3HOCTb 3HTPOMWIA
renus B aTuX cocypax (S,—S,).

2.143. OaMH MOoNb MAeanbHOro rasa ¢ nokasarteneM agnabaTbl
y coBepluaeT MOAUTPONUYECKMIA MpoLecc, B pe3y/nbTaTe KOTO-
poro abcontoTHas TemmnepaTtypa rasa yBe/lnyMBaeTcd B T pas.
MokasaTenb moAuTponbl M. HaiiTu npupalyeHne sHTponun rasa
B [laHHOM npoLiecce.

2.144. Tlpouecc paclupeHns ABYX MOfeil aproHa Mpoucxo-
[WT Tak, 4TO AaBfieHWe rasa yBenn4yusaetcs MpsamMo nponopumno-
HalbHO ero o6bemy. HaliTu npupalleHne 3HTPOMMU rasa npu
yBeMYeHUn ero oovema B a=2,0 pasa.
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2.145. VgeanbHblil ras ¢ nokasatenem agnabaTsl y coBepLuaeT
npouecc no 3akoHy p—p«—aV, rge pOun a — nonoxuTesbHble
MOCTOSAHHbIE, V — 06beM. IMpu KakoMm 3HavyeHUn obbema 3HTPO-
MUA rasa OKaXeTCs MaKCUMasbHOW?

2.146. OguH MONb wnAeanbHOro rasa COBepLUaeT MpoLecc,
MpUM KOTOPOM 3HTPONUA rasa M3MeHseTca C Temnepatypoi T
no 3akoHy S=aT+CrIn T, rge a — nonoxuTtenbHas NOCTOSH-
Has, Cy — MonsipHas Tenj0eMKOCTb [aHHOro rasa mpu nocTo-
AHHOM o6beme. HaliTu, Kak 3aBMCWT TemnepaTtypa rasa OT ero
obbema B 3TOM npouecce, ecnm npu  V=V,, TemnepaTypa
T=7Y

2.147. HaiAiTn npupalieHue 3HTPONUM OJHOTr0 MONS BaH-Aep-
Baa/Jib.COBCKOr0 rasa npu W30TEPMUYECKOM W3MEHEHUU Eero
obvema o1 Vygo V,.

2.148. OgMH MOnb BaH-Aep-BaasbCOBCKOrO rasa, MMEeBLUWIA
o6bem V, u Temnepatypy T,, nepeBefieH B COCTOSAHMNE C 06BLEMOM
V, n Temnepatypoin Tt. HaliTu cooTBeTCTBYIOLLEE MpUpaLLeHune
JHTPOMMM Trasa, cumTas ero MOMApPHyK Tennoemkoctb Cv
13BECTHOIA.

2.149. Tlpn o04YeHb HU3KMX TemnepaTypax TenJ0eMKoCTb
kpuctannos C=aT*, rge a — nocTosiHHad. Haitu sHTponuto
KpucTanna Kak (PyHKUWIO TemnepaTypbl B 37Ol 06n1actu.

2.150. HainTn npupalieHune sHTponun alloMUMHNEBOro 6pycka
Maccel T = 3,0 Kr npu HarpesaHum ero ot Tx=300 K pgo
=600 K, ecnn B 3TOM WHTepBane Temnepatyp Tenso-
eMKOCTb amomuHua c=a+bT, rge a=0,77 Ox/(r-K), b=
=0,46 MODKY(r*K*).

2.151. B HekoTOpOM npouecce TemnepaTypa BellecTBa 3a-
BWCUT OT €ro aHTponuu 5 no 3akoHy Tor>Sn, rge N — MOCTOSH-
Haf. HaliTu cooTBeTCTBYHOLWLYIO TennoemMKocTb C BellecTBa Kak
hyHKUMIO S.

2.152. Haiitn Temnepatypy T Kak (yHKUWIO 3HTpomuu S
EewectBa 419 NOAMTPONMYECKOrO Mpolecca, nNpu KOTOPOM Ten-
NOeMKOoCTb BellecTBa paBHa C. V13BeCTHO, YTO Npu TemnepaType
TO aHTponua paBHa 50

2.153. OguH MONb MAeanbHOro rasa € U3BeCTHbIM 3HAaYeHUEM
TennoemkocT Cy coBepLuaeT MpOLECC, NPy KOTOPOM €ro 3HTpo-
nua S 3aBucUT OT Temnepatypsl T kak S=a/T, rge a — no-
cToAHHad. Temnepatypa rasa usmeHmnacb ot T, go Tt. Haitu:

a) MOMIAPHYIO TeMI0eMKOCTb rasa Kak yHkuuioo T;

6) KonMuecTBO Tenna, COOOLIEHHOe rasy;

B) paboTy, KOTOpPYH COBepLUMn ras.

2.154. Pabouyee BelLeCTBO COBeplUaeT UMUK/, B npefenax
KOTOporo abconoTHas TemnepaTypa M3MeHseTcs B N pas, a cam
Liukn mmeeT BMA, MNOKa3aHHBINA:
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a) Ha puc. 2.4, a; 6) Ha puc. 2.4, 6, rae T — Temnepatypa,
S — 3HTponua. Hailtm K.m.4. umkna.
2.155. VaeanbHblid ra3 B KONMYecTBe v=2,2 MONS Haxoautcs
B OQHOM W3 [BYX Ten/iou30/IMPOBaHHbIX COCYAO0B, COEANHEHHbIX
Mexay coboli Tpy6Koii C KpaHOM.
B pgpyrom cocyge — Bakyym. KpaH
OTKpbIAWM, W ra3 3anonHun ob6a

| cocyma, yBenuMumB CBOA 06bEM B
n=3,0 pasa. HailTu npupaLieHne
JHTpOMUU rasa.
--------- 2.156. Tennoun3onnpoBaHHbIl
6) UMNWMHLAP  pasfefnieH  HeBEeCOMbIM
nopwHeM Ha [Be OfMHaKoBble
yactn. o ofHY CTOpPOHY mopLl-
HA HaxoAMTCA OAMH MOJb WAEaNbHOro rasa € nokasartefiem
aguabatbl y. a rno [Apyryt CTOpoHy — BakyyM. HauanbHas
Temnepatypa rasa TO. lMopweHb OTAYCTUAW, U ra3 3anoiaHun
BeCb UWAMHAP. 3aTeM MOpLUeHb MeAfileHHO NepeMecTuIn B Ha-
YyanbHOe MOoNMoXeHve. HaiTn npupaweHne BHYTPEHHER 3Hep-
MW W 3HTPOMWUW rasa B pesynbrarte 060MX MPOLECCOoB.

2.157. VpeanbHblid ra3, Hax04WBLUWIACA B HEKOTOPOM COCTOS -
HUK, agmabaTvyeckn pacwupunn go obbema V. OAMHAKOBO /n
OyfeT yCTaHOBMBLLEECA AaBfIeHME ra3a B KOHEYHOM COCTOSHMMU,
ec/in npoiecc:

a) 0bpaTuMblii;

6) HeobpaTUMbINA?

2.158. TennousonupoBaHHbIA COCY[, pasfeneH Mneperoposg-
KO Ha ABe 4yacTu Tak, 4TO 06beM OAHON M3 HUX B N=2,0 pasa
60nblie obbema Apyroi. B meHblueli yactu HaxoguTesa v,=0,30
Mons asoTa, a B 6onbluein vactm v,=0,70 mons Kucnopoja.
Temnepatypa rasos ofuHakoea. B neperopofke OTKpbIAN OT-
BEpCTMe, U rasbl nepemeLlanncb. Hality npupatieHve aHTponuu
CUCTEMBI, CYMTasA rasbl WAeaSbHbIMW.

2.159. Kycok megu maccel T,= 300 r npu Temnepatype /,=
=97 © nomecTWnn B KanopuMeTp, rAe HaxoguTcs BOAA MAacchl
m4=100 r npu Temnepatype /r=7 °C. HaliTu npupaLieHune
3HTPOMMUM CUCTEMbI K MOMEHTY BbIpaBHWBaHUA TeMMepartyp.
TennoeMKoCTb KasiopumeTpa MpeHebpeXxumMo Mmana.

2.160. [Ba 0[WHAKOBbIX Tenjaou3oNMPOBaHHbLIX cocyaa,
COEfIMHEHHbIE TPYOKOW C KpaHOM, COAepXaT Mo OZHOMY MO0
OfHOr0 M TOrO0 XXe UieanbHOro rasa. TemnepaTtypa rasa B O4HOM
cocyge Tu B gpyrom Tr. ManspHaa TennoemkocTb rasa Cv
n3BecTHa. llocne OTKpbIBAHWA KpaHa ras npuLlen B HOBOe CO-

OsHMEe paBHOBecua. HaiTm AS — npupalleHme 3HTPonuK
rasa. llokasatb, u4to AS>0.



2.161. OgnH mMonb BaH-Aep-BaanbCOBCKOr0O rasa pacLumpunm
n3oTepmuyeckn npu temnepatype T oT o6vema Vtgo Vt. Haiitu
npupaLLeHmne CBOOOLHON SHEPTMM Tasa.

2.162. HaiiTi 3HTpONMIO OLHOFO MOAS a30Ta Npu Temnepary-
pe T=300 K, ecnm npu obpatumom agnabaTnyecKOM CXaTuu
ero B 11=50 pa3 npupauieHne cBO6OAHON 3Heprum AF=
=—48,5 k. a3 cuntarb MgeanbHbIM.

2.163. 3Has 3aBMCUMOCTb CBOOGOAHON 3HEpPrMn OT Temnepa-
Typel u o6vema F(T, V), nokasatb, 4YTO [JaBleHuMe p=
= —(dF!'dV)T n sHTponus S ——(dF/dT)v.

2.164. N aTomMOB razoo6pasHOro refius HaxogAaTcs Mpu KOM-
HaTHOl TemnepaTtype B Kybuyeckom cocyae obbemom 1,0 cm’.
Haiitu:

a) BEpOATHOCTb TOrO, UYTO BCE aroMbl COGepyTCA B OfHOW
MoJIoBUHE CcoCyaa;

6) mpuMepHOe umcnoBoe 3HaveHue N, MpM KOTOPOM 3TO
COObITME MOXHO OXMAaTb Ha NMPOTSHXKeHMM /» 10 neT (Bo3pacT
BceneHHoM).

2.165. HaliTu ctatuctmyeckuii Bec Hanbonee BeEpPOATHOMO
pacnpegenedns N=\0 ofMHaKOBbIX MOJSieKy/a MO ABYM OfUHa-
KOBbIM nNaToBMHaM cocyga. OnpeaenuTb BepoOATHOCTb Takoro
pacnpegeneHus.

2.166. N monekyn ngeanbHOro rasa HaxoAsTcs B HEKOTOPOM
cocyfe. Pasfenum MbICNEHHO COCy[ Ha [Bé OJWHaKOBble MaTo-
BUHbI A 1 B. HaliTu BepoATHOCTbL TOro, 4TO B MOM0BUHE A Co-
Cyfa OKaxeTcs N mosekyn. PaccMoTpeTs cnyyaun, korga N=15
nn=0, 1, 2, 3, 4, 5.

2.167. B cocyne o6bemom VaHaxogutca N monekyn naeans-
HOro rasa. HaiiT BepOATHOCTb TOFO, YTO B HEKOTOPOI BblfeNeH-
HO YacTu 3TOro cocyfa, MMetowein obvem V, OKaxeTcs N Mo-
nekyn. PaccmoTpeTb, B 4acTHoCcTW, cnydain V—VJ2.

2.168. VpeanbHblii ra3 Haxo4WTCS MpPW HOPMaJIbHbIX YCIO-
BUAX. HalTu gmametp cepbl, B 06beMe KOTOPOM OTHOCWUTENb-
Hasa ykTyaums umcna monekyn r|= 1,0* 10-a. KakoBo cpeg-
HEee 4MCNo MOMEKYN BHYTPW TaKOW cepbl?

2.169. Kakoe KONM4ecTBO Tenja Heo6XoAUMO COOBLWUTL
MaKpOCKOMUYEeCKON cucTeMe, Haxofdlieica npu TemmepaTtype
T=290 K, 4t06bl Np HEU3MEHHOM 06BLEME ee CTaTUCTMYECKWiA
BeC yBenuumncs Ha At]= 1,0 %?

2.170. OavH MOJSiIb MAeanbHOro rasa, COCTOALLero U3 Of4HO-
aTOMHbIX MAaTEKY/l, HaxoAuTCA B COCyAe Mpu TemnepaType
7'0=300 K. Kak 1 BO CKO/MIbKO pa3 U3MEHWUTCA CTaTUCTUYECKWIA
BEC 3TON cuCTembl (rasa), ecnu ee HarpeTb M30XOPUYECKM Ha
Alr=*1,0 K?
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2.5. Xugkoctn. KanunnapHele sBneHus

¢ [o6aBoyHOe (KanuANspHOe) [AaBleHWE B >XMAKOCTM Mof Npous-
BONbHOW MoBepxHoCTbi0 (hopmyna flannaca):

4'"— (Tr+x)’
roe a — noBepXHOCTHOE HaTAXeHUe XNAKOCTU.
LLL MpupawieHne cBO6OAHON 3HEPTMM NMOBEPXHOCTHOIO CNOS XULKOCTU:
dF = ads, (2.56)
rae dS— npupalieHme naowaan NOBEPXHOCTHOFO Cfos.
¢ Tenno, Heobxoanmoe Ans 06pa3oBaHUs efUHMLbI NoWafM NoBepX-

HOCTHOIo €noa XWAKOCTWU MNpuU U30TEPMUYECKOM YBENNYEHUU €€ NOoBEPX-
HOCTWU:

Y=~ TE£ - (2.58)

2.171. HainiT KanunnspHoe [JaBfeHUe:

a) B Kanenbkax ptytn guvametpa d=1,5 MKwm;

6) BHYTPU MbINbHOrO My3blpbka gnametpa d = 3,0 MM, ec/u
MOBEPXHOCTHOE HAaTSHKEHWE MbIfIbHON BOAbl a«=45 MH/Mm.

2.172. B gHe cocyha CO pTYTbIO MMEETCA KPYr/ioe 0TBepCTue
avametpa d = 70 MKM. IMpy Kakoin MakcUMasbHOM TOMLMHE Cnos
PTYTN OHa elle He OyAeT BbiTeKaTb 4Yepe3 3TO OTBEpPCTME?

2.173. B cocyfe C BO34yXOM MpW OaBNeHUU P,, HAXOAUTCA
MbIMbHBIA My3blpek avameTpa d. [laBneHue BO3fgyxa M30TepMu-
YeCKM YMEHbLUWIN B 1 pa3, B pe3y/bTare yero Auamerp nysbipb-
Ka ysenuuuncs B N pa3. HaliTu nNOBEPXHOCTHOE HaTsXeHMWe
MbI/IbHOR  BOZpL.

2.174. Ha mbinbHOM My3bipe paguyca a «Cugut» Mnysbipb
paguyca b. Vimes B Bugy, uto b<a, HaliT paguyc KpWBMW3HbI
NAeHKW, WX pasgenstolleil. KakoBbl Yrabl MeXay nieHKamu
B MecTax WX COMPWKOCHOBEHMUA?

2.175. HainTn paBneHwe B Ny3blpbkKe BO3gyxa AuameTpa
d=4,0 MKM, KOTOpbI/i HaxoauTCcs B BoAe Ha rybmHe A=5,0 m.
ATMOC(epHoe fAaBfieHne p, HOpMasbHOe.

2.176. Ha fgHe npyfa BblAenvnca nysblpek rasa guvamerpa
d—4,0 mxm. Mpy nogbeMe 3TOro Ny3blpbKa K NMOBEPXHOCTU BOAbI
ero gvameTp ysenmuuica B n=1,1 pasa. Haitu rnybuHy npyga
B J@aHHOM MecTe. ATMOCHepHOe AaBfieHne HopMaibHOe, MpoLecc
paclUMpeHns rasa CcuuTaTb U30TEPMUYECKUM.

2.177. HaiAiTu pa3HOCTb YpOBHEA PTyTW BABYX COO0OLLat0-
WMXCA BEPTUKANbHBIX Kanunnapax, AuMameTpbl KOTOpbIX dx=
=0,50 mm 1 d,= 1,00 mm, ecnn KpaeBoii yron 0= 138°.

2.178. BepTuKa/ibHbI Kanwuansp ¢ BHYTPEHHUM AMaMeTpPoOM
0,50 MM morpy3unu B BOAY Tak, UTO A/MHA BbICTYMatOLLei Haf

98



MOBEPXHOCTbLIO BOAbI YacTu kanwuanapa J1=25 mm. Haitn pa-
LNYC KPUBU3HbI MEHUCKa. >

2.179. CTeKnsHHbIA Kanuanap aavHel /=110 mm ¢ guameT-
poM BHYTpeHHero kKaHana d=20 MKM ONycTUIU B BepTUKasb
HOM MOMOXEeHWM B BoAy. BepxHuii KoHey kanunnapa 3anasH
Hapy)Hoe fasfeHne BO3fyxa HopmanbHoe. Kakasa pgavHa r
Kanunnapa fo/xHa ObiTb MOTpy>XXeHa B BOAY, 4YTOObl YPOBEHb
BOfbl B Kanwunnsape cosrajajs C MOBEPXHOCTbIO BOAbl BHE erol

2.180. BepTuKanbHblii Kanunaap AAWHbL [ C 3anasHHbIM
BEPXHVM KOHLIOM MpWBenn B COMPUKOCHOBEHVE O MOBEPXHOCTLIO
XWAKOCTU, MOCNEe 4Yero OHa MOAHANacb B HeM Ha BbicoTy h.
MMNOTHOCTL XWAKOCTW P, AMameTp BHYTPEHHEro KaHana Ka-
nunnspa d, kpaesoii yron 9, aTMocgepHoe AaBneHue pB. Haiitu
MOBEPXHOCTHOE HAaTSXXEeHUe XXULKOCTK.

2.181. CTeknsHHbIA CcTepeHb anameTpom dt= 1,5 mm BCTa-
BN CMMMETPUYHO B CTEKIAHHbIA Kanwuansp ¢ AuameTpom
BHYTpeHHero kaHana d,=2,0 Mvm. 3aTeM BCHO CUCTEMY YCTaHO-
BUIN BEPTUKAILHO W WPWBENN B COMPUKOCHOBEHWE O MOBEPX-
HOCTbIO BOAbl. Ha Kakyk BbICOTY MOAHWUMETCA BOAa B TakOM
Kanunnape?

2.182. iBe BepTUKaNbHble MNAACTUHKKN, MOrPYXeHHble Yac-
TUYHO B CMAYMBAIOLLYIO XWMAKOCTb, 06pasytoT K/AWH C O4YeHb
Ma/IbIM  yrnoM 8P Pebpo KMHA BeEPTUMKanbHO. [MNOTHOCTb
XWUAKOCTW P, ee MOBEPXHOCTHOE HaTsXKeHWe a, KpaeBoW yron
& Haiitu BbICOTY h MOAHATUSA XUAKOCTM KaK (PYHKLMIO paccTos-
HMA X OT pebpa KuHa.

2.183. W3 Kpyrnoro OTBEpPCTMA BblTEKAeT BepTUKasbHas
CTPya BOfApbl TaK, YTO B OAHOM W3 TOPU3OHTa/IbHbIX CEYEHUUN ee
anameTp d—2,0 MM, a B JpYrOM CEYEHUM, PacmOfIOKEHHOM HUXKe
Ha /=20 wmm, guametp cTpym B r=1,5 pasa meHbwe. Haiitn
06beM BOAbl, BbITEKAOLWMI U3 OTBEPCTUS 3a OAHY CEKYHAY.

2.184. Kanna maccbl T Haxo4uTCA Ha MOBEPXHOCTU CTO/a
Bobicota Kanim W, nnoTHOCTb XWAKOCTU P, MOBEPXHOCTHOE Ha-
TAXEeHWe 0, paguyc rpaHuLlbl COMPUKOCHOBEHMS Kamium C Mo-
BEPXHOCTLIO CTONa paseH a. CuuTas, YTO UMeEEeTCA MOSIHOE He-
CMauuMBaHue, HaliTu pagumyc KpUBWU3HbI MOBEPXHOCTU Kaniu
B BEPXHel ToukKe.

2.185. Kanns Bogbl paBHOMEPHO MajaeT B BO3gyxe. Haitu
pasHOCTb MexAy pafivycoM KpWBU3HbLI MOBEPXHOCTWU Kanau B ee
BEPXHEN TOYKe U pafuycoM KpPUBM3HbLI B HWKHEN TOYKe, pac-
CTOSIHME MeXAy KoTopbiMu h=2,3 mwm.

2.186. Mexay [ABYMA TOPU3OHT&/IbHLIMU  CTEKNAHHBLIMU
NNacTUHKaMW HaxoguTca Kanna pTyTy B OopMe nernewiku
pagnyca R un tonwuHbl A CumTasn, uTo /»E</?, HailTn maccy T
rpysa, KOTOpblii HAZO MNOMOXWTL Ha BEPXHIOK NAACTUHKY,

4* 99



yToObl paccTosAHME MeXAy MNacTUHKAMU YMEHbLUIMIOCL B N
pa3. Kpaesoii yron 0. Bblumcauts T, ecnimu R—2,0 cm, J=
=0,38 mm, n=2,0 n $=135°.

2.187. HainTn cuny npuTsXKeHUs ABYX napannefbHbIX CTek-
NAHHBLIX MNACTUHOK, OTCTOALMX APYr OT Apyra Ha paccTosiHue
/i=0,10 MM, nocne TOro Kak Mexay HUMW BBENW Kant BOAbl
maccbl T—70 mr. CMaumBaHWe cUUTaTb MOJHbLIM.

2.188. 1Ba CTEKNSHHbIX gucka pagmyca R —5,0 cm cmoumam
BOZOW M CNOXWAM BMeCTe Tak, YTO TOMLMHA CNOA BOAbl MEXAY
anckamun 1= 1,9 MkMm. CunTas cMauMBaHWe MOMHbIM, HalTH
CUNY, KOTOPYH HYXXHO NPUIOXWUTb NeprneHAUKYNAPHO K noc-
KOCTW AWCKOB, YTOObI OTOPBAaTb WX APYr OT Apyra.

2.189. [1Be BepTuMKanbHble napannesnbHble APYTr APYrY CTeK-
NAHHbIE NMACTMHbI YaCTUYHO MOrPY>KeHbl B BOAY. PaccTosHue
mexay nnactuHamy d=0,10 mm, ux wupuHa /=12 cm. CuuTas,
YTO BOAA MEXJy MaacTMHaMu He LOXOAMUT L0 UX BEPXHUX Kpaes
M 4TO CMayMBaHWe NOJHOE, HaWTW Cuy, C KOTOPOWA OHM MpUTS-
rMBaroTCa APYr K Apyry.

2.190. HaiiTm BpeMsi WCYE3HOBEHWUS MbIIbHOMO My3bIps
pagunyca R, coeAMHEHHOro ¢ aTMoctepoii Kanunaspom, KOTo-
pbli UMeeT ANUHY / 1 pagnyc KaHana r. [OBEpPXHOCTHOe HaTs-
XEHMe a, BA3KOCTb rasa T].

2.191. BepTuKa/ibHbIA Kanuansap nNpuMBeM B COMPUKOCHO-
BeHMe C MOBEPXHOCTbIO BOAbl. Kakoe KOAMYecTBO Tenna Bblge-
NNTCA NPU NOAHATMM BOAbl Mo Kanuanapy? CmauyveaHue cyu-
TaTb MOMHBLIM, MOBEPXHOCTHOE HATAXEHMEe paBHO a.

2.192. HainTn cBOGOAHYI 3HEPTUHD MOBEPXHOCTHOIO C/O0S:

a) Kanau prtyTM anametpa d= 14 wmwm;

6) MbinbHOro nysbipsa avameTpa d—6,0 MM, ecan noeepx-
HOCTHOE HaTSXKeHWe MbINbHON BoAbl a=45 MH/m.

2.193. BbluucAnTb nNpupalieHne CBOOOAHON 3Heprum mo-
BEPXHOCTHOrO C/10A MpU MU30TEPMUYECKOM CAUAHUMN [ABYX OAMU-
HaKOBbIX Kanenb PTyTW, Kaxpgasa guvametrpa d= 15 mwm.

2.194. Haiitn paboTy, KOTOPYH HY>KHO COBEpLUWTb, YTOObLI
M30TEPMUYECKM BbIAYTb MblbHBIA My3blpb paguyca R, ecnu
[aBneHne okpyxatollero sosgyxa pOun noBepxHOCTHOE HaTsXe-
HMe MbIIbHOM BOAbI CC

2.195. BHyTpM MbIILHOIMO Ny3bIpA paguyca r HaxoauTcs
naeanbHblii ras. HapyxHoe faBneHue /?,, NOBEPXHOCTHOE Ha-
TSOKEHME MblbHOW BOAbl a. HallTh pasHOCTb MexAy MONSPHON
TEeMnsI0eMKOCTbIO rasa npu Harpese ero BHYTPW Ny3bipa U Monap-
HO TeMNOeMKOCTbD 3TOr0 rasa Mpu MOCTOSAAHHOM [AaBfieHUM,
c-C,.

2.196. PaccmoTpeB UuKn KapHO ANA MAEHKM XXUAKOCTH, ro-
KasaTb, 4TO MpM M30TepMUYECKOM npoLecce Tennota, Heobxo-
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Aumas ans obpasoBaHWA efuMHWUUbI NAOLWaAN MOBEPXHOCTHOMO
cnosi, q=—T'da'dT, rge da/dT — npou3BogHas MNOBEPXHOCT-
HOro HaTSAXEeHWs No TemnepaType.

2.197. Mnowaab MbINbHOW MMIEHKN W30TEPMUYECKN YBEIN-
yunnm Ha fa npu Temnepatype T. 3Had MOBEPXHOCTHOE HaTA-
XEeHVWe MbINbHOW BOAbl & W TeMMepaTypHbIi  KoahgpuumneHT
da'dT, HaiiTu npupalieHue:

a) SHTPONUN MOBEPXHOCTHOIO CMOSA MNEHKU;

6) BHYTpPEHHEN 3Heprum NOBEPXHOCTHOrO C/Of.

2.6. das3oBble npeBpaLieHuns

@® COOTHOLLEHUA Mexay NnocTosHHbIMKM BaH-gep-Baanbca n napamet-
pamy KpUTUYECKOro COCTOSHWUA BeLLecTBa:

Lflkp= 36" p*v= 2Ibt' ~kp* 27/r* (2.6a)
9 CBA3b MeXAy KPUTMYECKUMW MapameTpamyu MONs BellecTsa:
PuyYM (2.66)

O YpaBHeHue KnaneiipoHa— Knaysuyca:

3n /o gnl
dt T (v\-v\Y ( }

roe 0l2—ypenbHas TennoTa, nornowaemas npu nepexoge 1 —-2, V[ u
V'i—ypenbHble 06beMbl asbl 1 1 asbl 2.

2.198. HacblweHHbI BOASHON nap HaxogWMTca npu Temne-
patype /= 100 °C B UMAUHAPUYECKOM COCYyAe Moj HEBECOMbIM
nopwHem. Tpy MeANEHHOM BLBMIaHMU MNOPLUIHS He6onbLLas
YyacTb napa Maccel AT—0,70 r ckoHfeHcupoBanach. Kakas
paboTa Obina coBeplueHa Haf rasom? ap cumTaTb MAeasbHbIM
rasom, 00OBLEMOM >XMAKOCTW MpeHebpeyb.

2.199. Bojga CO CBOMM HaCbILEeHHbIM MapoM Haxo4UTCHA B CO-
cyge oovemom V=6,0 n npu Temnepatype 250 °C v faBneHuu
40aTM. Y fenbHblii 06bem napa npu atux ycnosuax V,,=50 n/kr.
Macca cuctembl (Bogbl ¢ napom) T=5,0 Kkr. Haintm maccy wu
06beM napa.

2.200. TpocTpaHCTBO B UWANHAPE MOA4 MOPLUHEM, WMetoLlee
06veM Y0=5,0 n, 3aHUMaeT OAWMH HaCbILWEHHbLIA BOAAHOW nap,
Temnepatypa kotoporo /=100 °C. HaiiTu maccy Xuakoi ¢assl,
06pa3oBaBlUeiics B pe3ynbTaTe M30TEPMUYECKOr0 YMEHbLUEHMNS
ob6bema nop nopwHem go K=1,6 n. HacblleHHbIA nap cuntaTtb
NaeanbHbIM ra3oMm.
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2.201. HekoTopyt MacCy BeLlecTBa, B3ATON0 B COCTOAHWUU
HaCbILLEHHOro napa, U30TepMUYECKM CXaiu B N pas no obbemy.
HaiiT, Kakyl 4acTb /1 KOHEYHOro obbema 3aHUMaeT Xugkas
(hasa, ecnn ypaenbHble 06bEMbI HACBILEHHOIO Mapa W >XWUAKON
thasbl oTimyatoTea apyr ot gpyra B N pas (jV>/i).

TOT e BOMPOC, HO NP YC/IOBUW, YTO KOHEYHbIA 06bEM Be-
lecTsa COOTBETCTBYeT CepefuHe TOPU30HTaNbHOrO YyyacTka
n30TepMbl Ha fuarpamme p, V.

2.202. Boga maccel T=1,00 Kr, K/nawaa npyu HOpMaabHOM
aTMoCthepHOM [AaBfIEHMU, Le/IMKOM MpeBpaTunacb B HacbILeH-
HbIl nap. HaiTy npupaweHns 3HTPONMM N BHYTPEHHER 3Hep-
FUW 3TOM CUCTEMbI, CUATASA HACbILEHHbIN Nap MAeabHbIM ra3oM.

2.203. Boga maccbl T = 20 r HaxoguTtca npu Temmneparype
0 “C B TennoM30/IMPOBaHHOM LMVHAPE MOL HEeBECOMbIM MOPLL-
HeM, nnowanb Kotoporo S=410 cv*. BHewHee faBfieHNe paBHO
HOpMasbHOMY aTMoctepHoMy. Ha Kakyk BbICOTY MOAHUMETCA
NopLUEeHb, ec/in Bofe Co0bLWNTL KonnyecTso Tenna Q=20,0 kx?

2.204. B Tennov3onMpoBaHHOM UWAWHAPE MO HEBECOMbIM
MOPLUIHEM HAXOAWUTCA OAWMH TpaMM HACbILLEHHOTO BOAAHOIO
napa. HapyxHoe faBfieHWe HopManbHoe. B uunvHAp BBeM

T=1,0 T BOAbl nMpu TemmnepaTtype
/0=22 °C. TlpeHebperas Tenioem-
KOCTbIO LUMAMHApPA W TpeHueMm, Haii-
™ paboTy, KOTOpYK Mpou3Bena cu-
na atMoC(epHOro [faBneHus npu

OMYCKaHWW  MOPLUHS.
2.205. B TennoBoii mawwuHe, pabo-
Taowein no umkny KapHo, paboumm
- BELWeCTBOM AB/AETCA BOAA Maccbl T—
=1,00 Kkr, KOTOpas MCNbITbIBAET Pa3o-
Puc. 25 Bble MpeBpalleHns B nap M 06paTHo.
Linkn nokasaH Ha puc. 2.5, rge NyHKTMPOM oOrpaHuyeHa o06-
nactb ABYXMasHbIX COCTOSHWIA. W30TepMMYecKoe pacluimpeHve
1—2 npoucxogut npu Temnepatype 7\=484 K, wusotepmuye-
ckoe oxatne — npu [,=373 K. lNonHaa ypenbHaa TennoTa
napoobpasoBaHna npu Temnepatype 373 K paBHa (=
=2,68 k[x/r. Haitn paboTy, coBepliaemyto paboumm Belle-

CTBOM 3a OfMH LMK

2.206. Ecnn pononHuTenbHoe faBneHue Ap HacbILWEeHHbIX
NapoB Haz BbIMYKNON CHEPUYECKOl MOBEPXHOCTbIO XWUAKOCTU
3HAYMTENbHO MeHblUe AaaTeHWs napa y NAoCKOl MOBEPXHOCTH,
10 Ap=(pr/p>x)2a/r, rae p,, U pXX — NNOTHOCTU Mapa U XUAKo-
CTW, & — MOBEPXHOCTHOE HaTAXeHWe, I — pafuyCc KPUBU3HbI
MOBEPXHOCTU. HailTn ¢ momoLblo 3ToW opMmysbl AuaMeTp Ka-
nenek BOAbl, MPW KOTOPOM [aBNEHWEe HaCbIWEHHbIX MapoB Ha
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t|= 1,0 % npeBblwaeT AaBfeHWEe NapoB Hagj MAOCKOM MOBEpX-
HOCTbIO MpH /=27 °C. Tap cumTaTb UAeaNibHbIM rasoM.

2.207. HainiTm maccy BCex MOMEKy/, BbINETAIOWMUX 3 OfHY
CeKyHAy C OIHOrO KBafpaTHOro CaHTMMETpa MOBEePXHOCTW BOAbI
B HaxOAAWMIACA Hapj Hell HacblWEeHHbI BOASHOA map npu /=
= 100 °C. CumutaTb, 4TO rj=3,6 % BCEX MOJNIEKYN BOAAHOr0
napa, nafjalolWmMX Ha TMOBEPXHOCTb BOAbI, €10 3afepXuBa-
toTCA.

2.208. HaiiTH [faBneHWe HAaCbIWEHHOIO MNapa BoAbjpama
npn T=2000 K, ecnn M3BECTHO, YTO NpU 3TON TemnepaType
BO/bPpaMoBas HUTb, MUCMapssaCb B BbICOKOM BakKyyMme, TepseT
B eAVHULYY BpeMeHW C efVHULbI MOBEPXHOCTM Maccy u=1,2X
X10-1* r/(c-cm*).

2.209. Ha kakyto BennuuMHy BO3POC/O Obl AaBfeHUe BOAbl Ha
CTEHKM COCYfa, ecnv Obl UCYE3NWN CUMbI NPUTHKEHUA MeXAy ee
MoneKkynammn?

2.210. HaiiTn «BHYTpeHHee faBneHue» P, B XWUAKOCTU, ecnu
M3BECTHbI ee MJIOTHOCTb P W yAefbHas Teniota napoobpas3osa-
Hus g CumTatb, YTO TENsoTa ( paBHa paboTe MPOTMUB CUN BHYT-
PEeHHEro AaBneHns W XXUAKOCTb MOAYMHAETCH ypaBHeHWI0 BaH-
fep-Baanbca. Bblumcnnts pt y BoOAbL.

2.211. lNokasaTb, 4TO AN BeLlecTsa, MOAYMHAIOLLErocA
ypaBHeHU0 BaH-gep-Baanbca, B KPUTMYECKOM COCTOAHUN
cnpasef/iMBbl COOTHOLLEHUS (2.6a) n (2.66).

YKaszaHue. Mcnonb3oBaTb TOT (PaKT, 4TO KpuTUYe-
CKOMY COCTOSIHWMIO COOTBETCTBYET TOYKa nepernba Ha nsotepme
P(N

2.212. Bblumcnutb noctosiHHble BaH-aep-Baansca gns yrne-
KUCNOro rasa, eciM ero KpuTuuyeckas Temnepatypa Tkp=
=304 K u Kkputuyeckoe paBneHme pKV=73 atm.

2.213. HaWiTH ypgenbHbili 06bem 6eH3ona (C,H,) B KpuTuue-
CKOM COCTOSIHUW, €Clin ero KpuTuyeckasa Temneparypa Twp=
=562 K 1 KpuTnyeckoe faBfieHne pkp=47 atm.

2.214. 3anucatb ypaBHeHue BaH-gep-Baanbca B npusepeH-
HbIX napamMeTpax fi, V U T, NPUHAB 3a eAWHULbI [LaBNEHUS,
ob6bemMa U TemnepaTypbl COOTBETCTBYIOLME KPUTUYECKUE BENU-
YMHbI. Vicnonb3ys MOAyYeHHOe ypaBHeHWe, HaWTu, BO CKOMbKO
pa3 TemnepaTypa rasa 60/blle ero KpMTUYeCcKoli TemnepaTypbl,
ecnn fasneHue rasa B 12 pa3 60/blue KPUTUYECKOro, a 06bem
rasa BABOE MeHblle KPWUTUYECKOTO.

2.215. 3HaA noctosHHble BaH-gep-Baanbca, HaWiTH:

a) Hambonbwwuii 06beM, KOTOPLIA MOXET 3aHWMaTb Bofa
maccbl T=1,00 Kr B >XWAKOM COCTOSHUW,

6) Haubosnbluee [aBNEHWe HaCbIWEHHbIX MapoB BOAbI.

2.216. BblumMcnutb Temnepatypy U MAOTHOCTb YI/IEKMUC/IOrO
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2.233. BopgaHoi mnap, 3amnofIHAKLWMIA MPOCTPAaHCTBO MOA
MOPLUIHEM B LMUAMHAPE, CXKUMAOT (WM pacliMpaloT) Tak, 4To
OH BCe BPEMSl OCTaeTCA HacCbIEHHbIM, HaxX04ACb HA IPaHW KOH-
feHcauun. Haitn monsapHyto TennoemkocTb C mapa B AaHHOM
npouecce Kak pyHKUWUIO Temrepatypbl T, cuuTtas nap ugeasnb-
HbIM rasoM W npeHebperas yfgenbHbIM 0OLEMOM >KWUAKOCTU MO
CPaBHEHWIO C YyAenbHbIM 06beMoM napa. Bblumcauts C npu
/=100 C.

2.234. OgvH MONb BOAbl, HAaXOAMBLUWIACS B PaBHOBECWIA C
NpeHebpeXXMMo  MasbiM  KO/IMYECTBOM CBOEr0  HACbILWEHHOro
napa npu Temnepatype T nepeBenn LENNKOM B HACbILLEHHbIV
nap npu Temnepatype Tt. HaiiTm npupalieHve sHTponumu cuc-
TeMbl. [ap cumTatb naeanbHbIM ra3oM, yaesbHbIM 06bEMOM XU A-
KOCTW npeHebpeyb MO CPaBHEHUIO C yAeNbHbIM 06bEMOM napa.

2.7. fBneHuna nepeHoca

¢ OTHOCUTENbHOE YMCNO MONEKyn rasa, nposeTaloWux nyTb S 6e3
CTONKHOBEHMWIA:
MAr, = e-,\ (2.7a)
rae K—cpefHss AnvHa cBo60oAHOro npo6era.
¢ CpegHss gnnHa cBoGogHoro npoGera Mosekynbl rasa:

LT , (2.76)

roe d—ahdeKTUBHbIA AUaMeTp Monekynbl, M— KOHLEHTpauus Monekyn.
O KoathumuneHT guggysun D, BA3KOCTb T) U TennONpPOBOLHOCTb K

D= (1/3)<u>X n= (1/3) <o>Xp, x= (1/3) <n>Kpcy, (2.78)
rAe p— NNoTHOCTb rasa, Cy—ero yfenbHasa TennoemKoCTb MpW NOCTOSH-
HOM 06beme.

¢ Cuna TpeHus, feicTByloWas Ha eAuHULY NOBEPXHOCTU NNacTUH
npy wux ABWXXeHUWU napanfienbHo APYT APYTY B yNbTpapaspeXxeHHOM rase:
F= (l/6<o>p|Ml—u, |, (2.71)
rgpe «, wn VI2—CKOpOCTI/I nNacTuH.
¢ MnoTHOCTL NOTOKa Tenna, MEPeHOCMMOro Y/bTpapaspexXeHHbIM
rasom Mexnay ABYyMS CTEHKamu:
@—(1/6) O>pek 1 7-—T, I, (2.7m)
roe ', m Tr—TemnepaTypbl CTEHOK.

2.235. BbluMCcTUTb, Kakad 4yacTb MOJEKY/ rasa:

a) nponetaet 6e3 CTONKHOBEHWI pPacCTOSHWA, MNpPeBbiLUato-
Lye cpefHo ANUHY cBO60O4HOro npobera ;

g) MMeeT ANUHbI cBo6ofHOro npobera B uHTepBane o7 K
[0 2K.
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2.236. Y3KuUil Ny4yoK MONMEKYn BXOAMT B COCYA C rasom, jaB-
NeHVe KOTOpOro A0CTaTOMHO HW3KOe. HaliTu CpefHion A/fMHY
cBo6ogHOro npobera MOfeKyn My4yka, €cnv MOTOK MOJeKyn
B Myuke y6biBaeT B ] pa3 Ha paccTosHuu [/ BAOMb MyuKa.

2.237. MycTb adt — BepoATHOCTb TOro, 4TO MOJieKyna
rasa WCMbITaeT CTONKHOBEHWE B TeuyeHue BpemeHu d(, a — no-
CTOSIHHaA. HaiiTu:

a) BEPOATHOCTb TOrO, YTO MOJIEKYNa He UCMbITaeT CTOJIKHO-
BEHU B TE€YeHWe BPEMeHU /;

6) cpefHee Bpema MeXAy CTOSIKHOBEHUAMM.

2.238. Haiitn cpegHiolo onnHy cBobogHOro mpobera u cpeg-
Hee BpeMA MeXJy CTONKHOBEHWAMW MOAeKyn rasoobpasHoro
asora:

a) Npu HOPMa/lbHbIX YCNOBUAX;

6) npu /=0C un paBneHun />=1,0 HMa (Takoe AaBreHUe
Mo3BOMIAIOT NOMyYaTb COBPEMEHHble BaKYYMHble HacoChl).

2.239. Bo ckonbko pa3s cpegHas AfiMHa ceobogHoro npobera
MOJSIEKY/ a30Ta, HaxXoAsLWerocsd npu HOPMASbHbIX YCNOBUSAX,
GonblUe CpefHEro paccToOfAHUA MeXAy ero Monekynamu?

2.240. HailTu npu HOPMabHbIX YCN0BUSX CPEAHION AJVHY
cBobogHOro npobera Monekynbl rasa, 418 KOTOPOro MNOCTOSAH-
Has BaH-gep-Baanbca b= 40 cMm’/Monb.

2.241. A30T HaxoguTca MNpu HOPMasbHbIX Yycnosuax. [lpu
Kakol 4yacToTe KonebaHWin [MHA 3BYKOBOW BOJSIHbI B HeM GyaeT
paBHa cpefHeli fnvHe cBOOOAHOro npobera MOMeKy/n AaHHOro
rasa?

2.242. Kucnopopg Haxogutcsa npu 0 °C B cocyfe C xapakTep-
HbIM pa3mepoM /=10 MM (3TO IMHENHbIN pa3mep, ONpesenstoLLnii
XapaKTep MWHTepecylollero Hac mnpotecca). Haiitu:

a) AaBneHWe rasa, HWKe KOTOPOro CpefHAs ANuHa cBo60j-
Horo npob6era Monekyn HA>/;

6) COOTBETCTBYIOLLYIO KOHLEHTpaUW MOMEKYN W CpefHee
paccTosiHMe Mexay HUMMW.

2.243. A30T HaxoAuTCcA MPU HOPMabHbIX ycnoBusax. Haitu:

a) 4Mcno CTONKHOBEHWIA, WCMbITbIBAEMbIX B CPeAHEM KaX-
[0V MONEKYNOA 3a OfHY CeKyHAy;

6) uMcno BCex CTONKHOBEHMIA Mexay mofnekynamm B 1 cm*
a30Ta eXeCeKyH[HO.

2.244. Kak 3aBUCAT cpefHAs AnvHa cBobogHoro npobera v
YMCNO CTOSIKHOBEHWUIM KaXA0W MOMEKY/bl B eUHNLY BPEMEHW OT
Temnepatypbl T WAeanbHOro rasa B Chefyrowmx Mpoueccax:

a) m3oxopuyeckom; 6) un3obapuyeckom?

2.245. WpgeanbHblli ra3 COBepLUMA MpPOLIECC, B pe3ynbTaTe
KOTOPOro ero fjaeneHwe BO3pOCn0O B M pa3. Kak U BO CKOMbKO
pa3 U3MEHUINCb CpefHas AnuHa cBobogHOro npobera v yKcno
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CTO/IKHOBEHWUI KaX[OW MONeKynbl B €AWHWLY BPEMEHW, ecnu
npotecc:

a) H30XOpu4yeckmii; 6) M30TEPMUYECKUIA?

2.246. VgeanbHblli ra3, COCTOSLLMIA U3 XKECTKUX [LBYyXaTOM-
HbIX MOJSIEKY/, coBepluaeT agmabatuueckuii npouecc. Kak 3a-
BUCAT CpeAHAa LnnHA CBOBOAHOro npobera 1 YACMO CTONKHOBe-
HWA KaXXAON MOMEKY/bl €XECeKYHAHO B 3TOM MpoOLecce OT:

a) obvema V; 6) gaBneHwsa p; B) TemnepaTypbl T>

2.247. VpgeanbHblli ra3 coBepllaeT MOMMTPOMMYECKMIA Mpo-
Lilecc ¢ nokasaTtenem MOAUTPOMbI M. HaliTu cpefHIo ANnHY CBO-
6oaHOro npobera M YWUCMO CTOSIKHOBEHWIA KaXK4oW MOMEeKy/bl
eXeCeKyHAHO KaK (DYyHKUMIO:

a) obbema V; 6) gaBneHus p\ B) Temnepatypbl T.

2.248. Onpepgenntb MONSAPHYH TenyjioeMKOCTb WAeasibHOro
rasa 13 XecTKMUX [BYXaTOMHbIX MOJIEKY/, COBEPLUAIOLLEro nou-
TPOMMWYECKMIA MNpoLecc, Mpu KOTOPOM YMCNO CTOSIKHOBEHWIA
MeXAy MOSIEKY/laMU B eIMHULLY BPEMEHU OCTAeTCAd HEWU3MEHHbIM:

a) B eAuHULEe o6bema; 6) BO BceM 0ObeMe rasa.

2.249. WpeanbHbli ra3 ¢ MoAspHoi Maccoil M HaxogmTcs
B TOHKOCTEHHOM cocyfe 06beMOM V, CTEHKM KOTOpPOro nopagep-
XKMBAKTCA MpWU MOCTOSAHHOW TemnepaType T. B momeHT /=0
B CTEHKe cocyfa OTKPbIAM Manoe OTBepCTME NAoWadbio S, U
ra3 Hayan BblTeKaTb B BaKyym. HailTu KOHLUeHTpauuioo n rasa
KaK (DYHKLMIO BpPeMeHW /, ecnu B HayanbHbli mMomeHT n1(0) =
—Ib.

2.250. Cocypg c rasom pasfgefnieH Ha [Be O4WUHAKOBbIE MO/0BU-
Hbl/ 1N 2 TOHKOW TENMOU30/MPYIOLE NEPeropogkoi ¢ ABYMS
0TBEPCTUAMM. [jmameTp OAHOr0 W3 HWUX Mas, a LPYroro o4veHb
BennK (06a — No CpaBHEHWIO CO CPefHeli A/IMHOW CBOGOAHOrO
npobera monekyn). B nonosuHe 2 ra3 nogjepXxuBaerca npu
Temnepatype B 1 pa3 6onbueli, yem B nonosuHe 1. Kak v BO
CKO/IbKO Pa3 U3MEHUTCA KOHLEHTpaLmsa MOJIEKY/ B MONOBUHE 2,
eCM 3aKpbiTb TONbKO 60/bLLIOE OTBEpCTUE?

2.251. B pesynbTaTe HEKOTOPOro npouecca BA3KOCTb Wfie-
anbHOro rasa ysenuuunacb Ba =2,0 pasa, a KoapuumeHT andg-
(ysmum — B 0=4,0 pasa. Kak 1 BO CKO/IbKO pa3 WU3MEHWI0Cb
JaBfieHve rasa?

2.252. Kak u3MeHATCH Ko3a(hpuumeHT anddysmm D un BAs-
KocTb 1] ngeanbHOro rasa, ecnyM ero 06beM yBenU4YMTb B 1 pas:

a) M30TepMuyeckn; 6) msobapuyeckn?

2.253. VpeanbHblil ra3 COCTOUT M3 XECTKUX ABYXATOMHbIX
Mosiekyn. Kak 1 BO CKOJIbKO pa3 U3MeHATCA KO3IPPULMEHT and-
(hy3um D n BA3KOCTL ], ecnv 06bem rasa afnabaTMyeckn yMeHb-
wnts B 1=10 pas?

2.254. HaiiTm nokasaTenb NOAWTPOMbI N1 Mpouecca, CoBep-
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LLIaeMOro unfeanbHbIM rasom, NpPU KOTOPOM OCTaeTcsi HEeu3MeH-
HbIM:

a) KO3(huUMeHT auddgysun; 6) BA3KOCTb; B) TensionpoBoj-
HOCTb.

2.255. 3HadA BA3KOCTb renns npu HOpMasbHbIX YCOBUSAX,
BbIUMCAUTL 3(EKTUBHBIA AnameTp €ro aToma.

2.256. TennonpoBogHOCTb renus B 8,7 pasa 6onblue, Yem
y aproHa (Npy HOpMasibHbIX YCNoBUSX). HaliTu OTHOLWeHMne 3th-
(DEKTVBHbLIX [MaMeTPOB aTOMOB aproHa W renus.

2.257. Tennidi Npv HOPMasbHbIX YCNOBUSAX 3amOfHAET Mpo-
CTPAHCTBO MeXAy ABYMA A/MHHbLIMU KOAKCUanbHbIMW LUAVHA-
pamu. CpefHuin paguyc umnnHgpos R, 3asop mexagy Hummn AR,
npuyeMm OR<g.R. BHYTPEHHWI LUMAWHAP HEMOABWXEH, & BHeLU-
HUIA BpawalT C HebGOMbLUOA YrA0BOM CKOPOCTHH <0. Haitm
MOMEHT CWUA TPEHWS, LeACTBYIOWMX HA eAVMHULY LANVHbI BHYT-
PeHHero uunnHgpa.

[0 Kakoro 3HauyeHHs Hafo YMeHbLUWTb faBfeHue renua (He
MeHsAs Temnepatypbl), YTOObl WCKOMbIA MOMEHT YMEHbLUWICS
B N1=10 pa3, ecnm A/?=6 MMm?

2.258. a3 3amofiHAeT NPOCTPAHCTBO MeXay ABYMA A/UH-
HbIMW KOAaKCManbHbIMU UWAVHAPAMW, PafuyCbl KOTOPbIX PaBHbI
12, n 1?2, npuyem /?,</?2 BHYTPEHHWUIA LUAVHAP HEMOABVKEH,
a BHELUHWI BpawalT C Masioil YrnoBOi CKOPOCTb 0. MOMEHT
CuUN TPeHWs, AeWCTBYIOWMX Ha eAWHULY AANHbI BHYTPEHHEro
unMnuMHapa, paseH J1N. HaliTu BA3KOCTb rasa, umesi B BUAY, 4TO
cuna TpeHwus, LeiCcTBYIOLWaA Ha eanHULY Niowaan UManHapuye-
CKO/ MOBEpPXHOCTW paguyca I, onpegensetca ¢opmynon a—
=r\r(abl/ar).

2.259. [lBa ofMHaKOBbIX MapasnfiefisHbIX AUCKa, OCU KOTO-
PbIX COBMAZAlOT, PacrooXeHbl Ha paccTosHun h apyr oT gpyra.
Paguyc KaXaoro gucka paseH a, npuyem a» 1. OfuH AncK Bpa-
LalT ¢ HebOMbLLON YrN0BOM CKOPOCTbIO <0, APYroi AUCK He-
NOABVXEH. HailTM MOMEHT cun TpeHus, AelCTBYIOLUMIA Ha He-
MOABWXHbIM AWNCK, eCNM BA3KOCTb rasa Mexay AMCKaMW paBHa ).

2.260. PewunTb npeablayulilyto 3ajadvy, cumtas, 4UTO Mexay
Juckamm HaxoamuTcs ynbTpapaspeXeHHbl ras ¢ MOAspHOi mac-
coii Af, Temnepatypoii T v nog gaBneHuem p.

2.261. Bocnonb3oBaBwuch (opmynoii Myaseiins (1.7r),
OMpefennTb Maccy L rasa, MpoTEKAlOLWEro B efAVHULYY BPeMeHu
yepe3 MornepeyHoe ceyeHwe Tpybbl anuHoi | n pagmycom a,
Ha KOHLAX KOTOpPO/ MOAAEPXKMBAIOTCH MOCTOSHHbIE AaBfieHWS
A n pt. BAasKkocTb rasa pasHa U-

2.262. OAuWH KOHeL, CTepXHA, 3aK/H0UYEHHOro B TEn/ion3ou-
pylolLyo 060/104KY, MOALEPXMBaeTCA nNpu TemnepaTtype Tw
a Opyrov KoHey — npu Temnepatype Tt. Cam cTepXeHb CO-
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CTOMT M3 [BYX 4acTeWd, AUHbI KOTOPbIX /j 1 /, 1 Tennonposog,
HOCTU X, U X,. HaliTu TemnepaTypy NOBEpPXHOCTU COMPUKOCHO-
BEHMA 3TUX YacTeil CTepXKHSA.

2.263. CnoxXeHbl TOpUamy fBa CTEPXKHSA, AJVHBLI KOTOPbIX

n /, n TennonNpoBOAHOCTU Xt 1 X,. HaiiTu TennonpoBOAHOCT;,
OfHOPOLHOr0 CTepXHA [OJIMHbl /,+/», MPOBOAALLEro TensoTy
TakK XXe, Kak W cucTema M3 3TUX ABYX CTepXKHei. BokoBble mo-
BEPXHOCTW CTepXHel Tennou30MpoBaHbl.

2.264. CTepXeHb AfIMHbI / C TeNA0M30AMPOBaHHON BGOKOBOW
MOBEPXHOCTHH COCTOUT M3 MaTepuana, TennonpoBOAHOCTL KO-
TOPOro M3MEeHsieTCA C TemnepaTypoil Mo 3akoHy x=o0JT, rge
a — MNOCTOAHHAasA. TopLbl CTEPXHA NOAAEPXMBAIOT MpU Temre-
paTypax Txu 7Y Haiitu 3aBucumoctb T(X), rae X — paccros-
HMe OT Topua C TemnepaTypoii TW a TakXe MAOTHOCTb NOTOKA
Tenna.

2.265. [1Ba KycKa meTanfa, TENI0emMKoCcTM KoTopbix C, u
C*, coefuHeHbl Mexay c060i CTepXHeM [AfWHbI / ¢ Maowansio
MOMepeyHoro ceyeHUs S 1 AOCTATOYHO Masioli TeNONPOBOLHO-
CTbl0 X. Bca cuctema TennonsonmMpoBaHa OT OKPY»KaloLiero
npocTpaHcTea. B MoMeHT /=0 pasHOCTb TemnepaTtyp Mexay
[LBYMSi Kyckamu MeTanna pasHa (AI),. MNpeHebperasa Tennoem-
KOCTbIO CTEPXHSA, HaWTh pasHOCTb TEMMEpaTyp Mexay Kycka-
MU MeTanna Kak (DYHKUWIO BPEMEHMW.

2.266. HainTn pacnpefeneHue TemnepaTtyp B BeLIeCTBE, Ha-
XOLALLEMCA MeXAy ABYMSA OO/MbLUMMMW NapanfiefibHbIMU NIacTu-
Hamu, ecnu nocfiefHNe NOAAEPXUBAOT Npu TemnepaTtypax 7\
W TE paccTosiHME MeXAY HUMU paBHO / W TENJONPOBOAHOCTb
Belectea xc/3V T.

2.267. TIpoCTPaHCTBO MeXAy ABYMS 60/bLIMMWU TOPU30H-
Ta/IbHbIMU NNACTUHAMMW 3aN0MHEHO TenveM. PacCcTosiHUe Mexay
nnactuHamn /=50 MM. HWXHAA nnacTuHa nNoAAep>KmBaeTcs
npu Temnepatype 7\=290 K, BepxHas — npu 7'a=330 K.
[aBneHne rasa 6AM3KO K HOpMajibHOMY. HaiTu nioTHOCTb
rnoToka Tenna.

2.268. Tenuii nog gasneHvem /9=1,0 Ma HaxoguTCA MeXAY
ABYMS 60MbUIMMKU  NapanieNbHbIMU NAACTUHAMU, OTCTOALWMUMU
Apyr ot gpyra Ha /=5,0 mMm. OfHa nnacTuHa MoAfepXXuBaeTcs
npu TemnepaType = 17°C, gpyraa — npu /,=37 °C. Haiitu
CPefHIo AAUHY cBOBGOAHOro npobera atoMoB renvs W nJor-
HOCTb NOTOKa Tenna.

2.269. HainTn pacnpegeneHue TemnepaTypbl B NPOCTPaHCTBe
MeXAy [ABYMSA KOaKCWa/ibHbIMW LUAMHAPaMKU C paguycamun /[?,
W R2 3anofiHEHHOM OLHOPOAHbLIM TEMIONPOBOASALLMM BeLLECT-
BOM, €C/1 Temnepartypbl UUANHAPOB paBHbl 7\ n TT.

2.270. TOT »e BOMPOC, YTO 1 B NpefblayLiei 3agaqe, HO A4S
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[BYX KOHLIeHTpU4eckux ctep ¢ paguycamu /?, n /?, n Temnepa-
Typamu Tx n T».

2.271. T1OCTOSAHHbIN 31EKTPUYECKNI A TOK TeyeT Mo OLHOPOS-
HOMY NpOBOAY, pafuyC CeyeHWs KoToporo R u TennonpoBoj-
HOCTb X. B eguHuue obbvema npoBofa BblAenseTca Tennaosas
MOLLHOCTb W. HaiiTu pacnpegeneHve TemnepaTypbl B NpoBOfg,
€C/M yCTaHOBMBLUAACA TeMrepaTtypa Ha ero rnoBepXHOCTV pas-
Ha TB.

2.272. B opHopogHoM Lwiape, paguyc kKotoporo R u Tenno-
MPOBOLHOCTb X, BbIAENAETCA PaBHOMEPHO No 06beMmy Tennosas
MOLLHOCTb C O6BLEMHOW NAOTHOCTbIO W. HallTH pacnpegeneHue
Temnepartypbl B LUape, eCfiM yCTaHOBMBLUAACA Temreparypa Ha
ero noBepxHocTM paBHa T



YacTtb 3

SNEKTPOANHAMUWKA

3.1. TloCcTOSIHHOE 3NEKTPUYECKOE MO/e B Bakyyme

(0] HanpsXeHHOCTb ¥ noTeHUMWan nons TOYeyHOro 3apaga q:

(3.13)
® CBA3b MeXAy Hanps>XeHHOCTbI0 MOoNA W MOTEHLUANOM:
= — Y- (3.16)
O Teopema lNaycca v uuMpkynaums sekTopa E:
 EdS=q/e0, ¢ Edr=0. (3.1B)
# MoTeHUWan v HanpsXeHHOCTb MOJIA TOYEYHOrO AMMONA C 3NEKTPU-
YeCKUM MOMEHTOM p:
rae O —yron mexpgy BekTopamu r u p.
# SHeprua W gunons p BO BHELHeM 31eKTPUYECKOM M0fie U MOMEHT
cun N, AelCTBYHOWMX Ha AUMONb:
r=-pE, N=[pE]L (3.1p)
O Cwna F, geiicTBylowas Ha funonb, U ee npoekuus FX:
(3.1e)

roe 3E/1 —npousBogHas BekTopa E nmo Hanpasnenutwo gunons, \E X—
rpagueHT yHkuum Ex.

3.1. BblunCANTb OTHOLLEHWE 3/1EKTPOCTATUYECKON U rpaBuTa-
LMOHHOI CUN1 B3aMMOLENCTBUA MeXAy [BYMS 3MeKTPOHaMM,
MeXAy [ABYMA nNpoToHamu. [pyM KakoM 3HAYeHUW Y[enbHoro
3apsaga glm yacTuubl 3TWM cUbl OKasanucb 6bl PaBHbIMU MO MO-
aynio?

3.2. C Kakoi cunoin B3aMMOAENCTBOBaNN Obl ABa MeAHbIX
lwapuka, Kaxgablii maccbl 1 r, HaxogsCb Ha paccTosHuM 1 m
ApYr OT Apyra, ecnum 6bl CyMMapHbI 3apsf BCeX 3/1eKTPOHOB
B HUX oTnmyanca Ha 1 % OT cyMmapHOro sapsfa Bcex agep?
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3.3. [Ba HebOMbWNX OfMHAKOBO 3apSXKEHHbIX LUapuKa,
KaXXAbIA MacCbl T, MOABELUeHbl K O4HOM TOYKE Ha LLUESIKOBbIX
HUTAX ANUHbL /. PaccTofiHue mexay Lwapukamn *<£/. HaiiTH
CKOpOCTb yTeuky 3apsgoB dg/dt ¢ Kaxaoro wapuka, ecnm ckKo-

POCTb MX COMMKEHNUA MeHsieTcs no 3akoHy v=alV x, rge a —
MOCTOAHHaA.

3.4. 1Ba NonoXuTenbHbIX 3apsaga gt v gt HaxogdaTca B TOY-
Kax C paguyc-BeKTopamu ri u r,. HaiTn oTpuuatenbHbIii 3apsg
gt n pagnyc-BeKTOp r3TOYKW, B KOTOPYHO €ro Hago MOMECTUTb,
4TOObI CMNa, AEWCTBYIOWAS Ha KOKAbIA M3 3TUX Tpex 3apsijos,
bblna paBHa HynHo.

3.5. ToHKOe npoBOSIOYHOE KOMbLO paguyca r= 100 mm nme-
eT aneKTpryeckmnin 3apag <7=50 mkKn. KakoBo 6ygeT npupatie-
HWe CUMbl, PacTArMBAOLLE MPOBONOKY, €CAW B LEHTP KO/bLa
MOMECTUTb TOueuHblii 3apsag (,,=7,0 MkKn?

3.6. MonoxkutenbHblil ToveuHblid 3apsag 50 MkKn HaxogmTcs
Ha M0CKOCTU XY B TOYKe C paguyc-sekTopoM r0=2i+3j, rge
i U j—opTbl ocen X wuy. Haiitn Hanps-

XXEHHOCTb 3/1eKTPUYECKOro nons u ee Mo-
Lynb B TOYKe C pafnyc-BEKTOPOM r=8i—5j.
34ecb TO M I — B MeTpax.
3.7. B BepwuHax Ksagpata C Auaro-
Hanbto 21 Haxo4ATCA TOoueuyHble 3apsgbl (
M —(Q, KaKk nokasaHo Ha puc. 3.1. Haitu
MOAY/b  HanpsXeHHOCTU 3/1eKTPUYeCKoro
nons B TOYKe, OTCTOALEN Ha paccTosHue
X OT LeHTpa KBagparta W pacrnonoXeHHON CUMMETPUYHO OTHO-
CUTENbHO BepLUIMH KBajparta.

3.8. ToHkoe nonykonbLo paguyca /?=20 cM 3apsXXeHOo pas-
HOMepHO 3apagom <7=0,70 HKn. Haiitn mogynb HanpsiXKeHHOCTH
3N1eKTPUYECKOTO MONA B LEHTPe KPWBU3HLI 3TOr0 MOMYKO/bLA.

3.9. KonbLo paguyca I M3 TOHKO MPOBOMOKU WMMEET 3apsj,
g Haintm mogynb HanpsKeHHOCTW 3M1eKTPUYECKOro nons Ha
0CM KOfibla KakK (DyHKLMI0 paccTosHus / fo ero ueHTpa. Uccne-
[0BaTb MONYYEHHYIO 3aBUCUMOCTb npu  /»r. OnpegenuTs
MaKCUMa/ibHOe 3HayeHWe HanpsHXXeHHOCTW W  COOTBETCTBYIO-
wee pacctosiHue /. M306pa3uTb MPUMEpPHbIA  Fpadimk  PyHK-
umm E().

3.10. ToueuHblil 3apsfg ( HAXOLMTCA B LLleHTPe TOHKOro KO/b-
ua paguyca R, HO KOTOpOMY’paBHOMEPHO pacnpefeneH 3apsag
—(Q. Haiitn mMofynb HanpsXeHHOCTWU 3MEKTPUYECKOro Mons Ha
OCV KO/blLa B TOYKe, OTCTOALLEA OT LeHTpa KOfblia Ha paccTos-
Hue X, ecim X">R.

3.11. Cuctema COCTOMT M3 TOHKOIO 3apsX>XeHHOro MpoBO/oY-
HOro Konbua paguyca R W O4YeHb A/IMHHOW paBHOMEPHO 3aps-
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XXEHHOIW HWUTW, PacrofioXeHHOM Mo OCU KOMbLa TakK, YTO OLUH U3
ee KOHLOB cOBMafaer C LEHTPOM Kosfbua. [locreaHee wmeer
3apag 0. Ha eguHuuy AVHBI HATW NpuxoguTcsa 3apsag X Haitu
CUNY B3aMMOJENCTBMS KOMbLA W HUTW.
3.12. ToHKoe HenpoBofsllee KOMbLO paguyca R 3apsxeHo
C NMHeHOM nnoTHocTbio X=H0cos ¢ rae A, — NOCTOsAHHas,
& — asumyTanbHbIA  yron. Haitm Moaynb HanpsHKeHHOCTH
3MIEKTPUYECKOr0 Mar f:
a) B LeHTpe Konbla;
6) Ha ocu Konbla B 3aBMCMMOCTM OT PacCcTOAHWSA X [0 ero
ueHTpa. WccnegoBaTb nonyyeHHoe BbipaXeHue npu X >R.
3.13. Haxopsawmiics B BaKyyMe TOHKMWIA MPAMOI CTEPXEHb
ONVHBl 22 3apshKeH paBHOMEPHO 3apsfoMm (. Haintm mopgynb
HanpsKEHHOCTU 3/1eKTPMYECKOro Nons Kak PYHKUWUIO paccTos-
HWA T OT LleHTpa CTEPXKHSA 4O TOUKM MPSAMON,
a) nepneHAUKyNApHON K CTEPXHIO UM NPOXOAsliei uyepes
ero LeHTp;
6) coBMafaroLLeil C OCbH CTEPXKHSA, eCn r>a.
Vccnefnosatb nonydyeHHble BbIPaXeHWS npyu r">a.
3.14. OueHb ANMHHAA npAMas pPaBHOMEPHO 3apsaXeHHad
HWTb MMeeT 3apag H Ha efuHUUY AnvHblL. HaiTv mofgynb u Ha-
npaBfieHNe HanpsXXeHHOCTN 3eK-
TPUYECKOTO MO/ B TOYKE, KOTO-
pas OTCTOWUT OT HWUTW Ha paccTos-
HMe Y W HaxoguTcAa Ha nepreH-
0 OVKYNApe K HWUTKU, NPOXOAALEM
Yyepes OAWMH M3 ee KOHLIOB.
n. 3.15. PaBRaBpMOpPHER 3apsXKeH-
Hagd HWUTb, Ha eguHULY [AJIMHBI
Puc. 3.2 KOTOPOiA npuxoguTcs 3apag A,
UMeeT KOHMWrypauuu, mnokasaH-
Hble Ha puc. 3.2. Paguyc 3akpyrneHums R 3HauuUTe/IbHO
MeHbLUe AAMHBLI HUTK. BOCMO0/b30BaBLUWNCL PE3Y/bTaTOM peLue-
HWA npeabiaylen 3agayvn, HaliTM  MOAYNb  HAMNPSHKEHHOCTH
anekTpuyeckoro nata B Touke O ana KoHgurypry X (a) n (6).
3.16. Cdiepa pagmyca I 3apshKeHa C NMOBEPXHOCTHOW MOT-
HOCTbIO 0=ar, rge a — MOCTOAHHbIA BEKTOP, I — pajuyc-BeK-
TOp TOYKM cdepbl OTHOCUTENBHO €€ LieHTpa. HaliTu HanpsikeH-
HOCTb 3/1eKTPUYECKOro naTtd B LEHTpe cdepbl.
3.17. MNoBepxHOCTHAA NIOTHOCTL 3apsja Ha ctepe paguyca
R 3aBucuT oT nonspHoro yrna $ kak o=o0cos g, rge o, —
MoNoXWTeNbHas NOCTOAHHaA. lMokasaTb, YTO Takoe pacnpege-
NleHVe 3apsffa MOXHO MpefcTaBUTb KaK pesy/nbTaT Manoro
cABura gpyr OTHOCWUTENIbHO pyra [BYX PaBHOMEPHO 3apsiXeH-
HbIX LLIAPOB pagunyca R, 3apafbl KOTOPbIX OAWHAKOBLI MO MOLY-
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N0 1N NPOTUBOMOMOXHbLI MO 3HaKy. Bocnonb3oBaslIMCL 3TUM
NpescTaBneHeM, HaWTU HaMpPSXKEHHOCTb 3/1eKTPMYECKOro nons
BHYTPU [aHHOI CHepbl.

3.18. HailTu Hanps>KeHHOCTb 3MEKTPUYECKOr0 nons B
LIeHTpe wapa paguyca R, o6bemMHas NIOTHOCTL 3apsaja KOToporo
p=ar, Trfge a — MOCTOfHHbIA BEKTOp, I — pajuyc-BEKTOp,
MPOBEJEHHbI M3 LEHTpa Lapa.

3.19. [1Be ANVHHbIE napan/iefibHble HATW pPaBHOMEPHO 3aps-
YKEHbl KaXkaas C NuHelHoW nnoTHocTbio X=0,50 mkKn/m. Pac-
CTOSIHME MeXAy HuTAMM /=45 cm. HailTm makcumanbHoe 3Ha-
YeHVe MOLYNSA HanpsHXXeHHOCTM 3MeKTPUYeCKOoro nons B noc-
KOCTU CUMMETPWUM 3TON CWUCTEMbl, PACMONOXEHHON MeXAy Hu-
TAMM.

3.20. BecKoHeyHO A/MHHAA UWAUHLPUYEcKas MOBEPXHOCTb
KPYr/ioro ceyeHus 3aps>keHa paBHOMEPHO MO A/NNHE C NOBepX-
HOCTHOW NNOTHOCTbKO a=cT0cos , rae ¢ — NONAPHbIA yron
LUMVHAPUYECKOW CUCTEMbl KOOPAWHAT, OCb I KOTOPON coBnagaet
C OCbH) AaHHO MOBEPXHOCTW. HaiTu Mopynb M HanpaBfneHue
HanpsXeHHOCTU 3NEeKTPUYECKOro Mofis Ha ocu T.

3.21. Hanps>KeHHOCTb 31eKTPUYECKOro MoNs 3aBUCUT TOJIb-
KO OT KoopauHaT X My no 3akoHy E=a{x\+y))1{x*-\-y"), rae
a — noctosHHasA, | nj — opTbl oceil X Uy. HaiTh NOTOK Bek-
Topa E uepes cgepy paguyca R ¢ LEHTpOM B Hauane KOOpAMHAT.

3.22. Wap pagnyca R nmMeeT nonoxuTtenbHblli 3apsig, 06bem-
Hag MIOTHOCTb KOTOPOro 3aBWMCUT TO/MIbKO OT PacCTOAHWA T
[0 ero ueHTpa Kak p=pQ1—r/R), rae p,, — noctosiHHas. [Mo-
narag, u4To [W3NeKTpUYeckas MNpoHMLAaemMocTb e=1 Bclogy,
HainTw:

a) MOAYNb HAanNPSXKEHHOCTW 3/1eKTPUYECKOro MNons BHYTPU
M BHE wWapa KakK (QYyHKUuIo T;

6) MakcMMmasbHOe 3Ha4YeHWe MOAYNS HampsHXKeHHOCTU EHre
1 COOTBETCTBYIOLLEE eMy 3HauyeHue TIT.

3.23. CucTtema cocToMT M3 LWapa paguvyca R, 3apsxKeHHOro
Chepryeckn CUMMETPMYHO, W OKpYXXaloLlei cpefpl, 3amofiHeH-
HO 3apafoM C 06beMHO MNNOTHOCTbO p=o0/r, rge a — no-
CTOfIHHafA, I — pacCTofHWe OT LUeHTpa wapa. Haitn 3apsag
apa, Npu KOTOPOM MOAY/b HAanps>KEHHOCTW 3N1eKTPUYEeCcKoro
Mofifi BHE Llapa He 3aBMCWUT OT I. YeMy paBHa 3Ta HamnpsKeH-
HocTb? [uafnekTpuyeckas MpoHuULaemMocTb e=1 Bcloay.

3.24. T1pocTpaHCTBO 3amo/IHEHO 3apsiAoM C 06bEMHON NaoT-
HocTblo p=pO0exp(—an*), rge p0 u a — NONOXUTENbHbIE MO-
CTOSIHHblE, T — PacCcTOfHUe OT LieHTpa cucTembl. Haitu moaynb
HanpsHKEHHOCTN 3NEKTPUYECKOro MoNd KakK (yHKumwo T Uc-

CnefoBatb MOMlyYEHHOE BbIpaXeHWe Npy ManblX U B0MbLIKX T,
T.e. npu arJgl u
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3.25. BHyTpm wwapa, 3aps>KeHHOro paBHOMEPHO C 06BLEMHOIA
MAOTHOCTBIO P, MMeeTCA cepuyeckas MonocTb. LieHTp nonoctu
CMeLLeH OTHOCWUTE/IbHO LieHTpa Llapa Ha paccTosiHue, XapakTe-
pu3yemoe BEKTOPOM a. HaiTu HanpskeHHOCTb E mons BHyTpwu
MosioCTy.

3.26. HainTm HanpshkeHHOCTb E anekTpmyeckoro nons B 06-
NnacT¥ nepeceyeHus [ABYX LIApOB, PaBHOMEPHO 3aMO/HEHHbIX

Pa3HOMMEHHbIMY MO 3HaKy 3apsafamu

C 06BbEMHOW MJIOTHOCTLI P H —p, €c-

NN PacCToAHME MEXAY LeHTpamu Lia-

poB xapakTepusyeTcs  BEKTOPOM a

(puc. 3.3).

3.27.

PacrosioKeHHble B BepLUIMHAX PaBHO-

CTOPOHHEr0 TPEeyrosbHUKa co CTOpO-

HOM a, COefMHEHbl Apyr C APYrom

HUTAMW. 3apsaf M Mmacca Kaxgoro
Wwapuka pasHbl U T. OAHY M3 HWUTen nepexrnn. HaliTH mak-
CUMaNIbHYI0 CKOPOCTb CpefHero uwapuka. Cwunbl  THXecTu
HeT.

3.28. WNmetoTcs gBa TOHKMX MPOBOJIOYHbLIX KOJbLa paguyca
R kaxpgoe, ocm KOTOpbIX COBMajaroT. 3apAfbl Konel pasHbl (
M —0. HaiiTn pa3HOCTb MOTEHLMAN0B MeXAy LeHTpamu Konel
OTCTOAWMMM ApYT OT gpyra Ha pacctosHue /, ecnm R= 30 cm,
/=52 cm n <7=0,40 mkKn.

3.29. BeckoHe4yHO ANMHHAaA MpAMas HUTb 3apsXXeHa paBHO-
MEPHO C NMHEeNHoi nnoTHocTbio A=0,40 MKKn/m. BblumcanTs
pasHOCTb MOTEHUMANOB ToYeK 1 u 2, ecnn Touka 2 HaxoguTcs
fanblile OT HUTKU, YeMm Touka /, B n=2,0 pa3sa.

3.30. ToHkoe KonbLO paguyca /?=25 cm wnmMeeT 3apag q—
=5,0 MmkKKn, HepaBHOMEPHO pacnpefesieHHbIi M0 KOJbLy.
HaiiTn paboTy 3neKTpUYECKMX CUA NPU MepeMeLLeHnn Toyeu-
Horo 3apsaga < = 10 MKKf 13 ueHTpa KonbLa no npon3BOJIbHO-
My MyTW B TOYKY, HaxofALLYHCA Ha OCU KONbLA Ha PaccTOAHUM
/=50 cm OT ero ueHTpa

3.31. HainTy moTeHuman v HanpsHXKeHHOCTb 3/IEKTPUYECKOTO
nons B LeHTpe nonycdepbl paguyca R, 3apsXKeHHO paBHOMep-
HO C NOBEPXHOCTHOI MOTHOCTLIO a.

3.32. Haxopdwasca B BaKyyme Kpyrnas TOHKas nnacTuHka
pagnyca R paBHOMEpHO 3apsi)XeHa C MNOBEPXHOCTHOW MnoT-
HOCTbIO 0. HaiiTu noTeHuMan 1 MOAyNb HAMPSXKEHHOCTU 3NeKT-
PUYECKOro Mosifi Ha OCU MAACTMHKM KaK (YHKLUMIO pacCTOAHUA
/ oT ee ueHTpa. WccnefoBaTb MNOMYyYeHHOe BbIpaXeHWe Npu
[-4-OH [>]7?.

3.33. HaiiTm noTeHuman Ha Kpaw TOHKOrO gucKa paguyca
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R =20 cm, no KoTOpoMy paBHOMEPHO pacnpejesnieH 3apsag c no-
BEPXHOCTHON nnoTHOCTBIO 0=0,25 MKKn/m*.

3.34. 3apsafn q pacnpefefieH paBHOMEPHO Mo 06bEMY Liapa
paguyca R. lMonaras AU3NeKTPMYeCKyo NMPOHULAEMOCTb BCHOLY
PaBHOW efMHULE, HaWTU NOTeHuWa:

a) B LeHTpe wapa;

6) BHYTpM Wwapa Kak (yHKUMUIO pacCTOAHUA T OT ero LeHTpa.

3.35. HaiiTm Hanps>KeHHOCTb 3/1EKTPMYECKOro Mons, Mno-
TeHUMan KOTOPOro umeeT Bug ®=ar, rAe a — MNOCTOSHHbIN
BEKTOP, I — pajuyc-BeKTOpP TOYKW MNOAS.

3.36. Onpegennts HanNpsAXEeHHOCTb 3/IEKTPUYECKOro Mo,
MoTeHUMan KOTOPOro 3aBMCUT OT KOOPAWMHAT *, Y MO 3aKOHY:

a) <p=a(jc*—yr); 6) y=axy,
rge a — nocTosHHas. 306pasuTb NPUMEPHbLIA BUA 3TUX Nonei
C MomoLibl0 MHMIA BekTopa E (B maockoctu Xy).

3.37. TloTeHuman 3MeKTPUYECKOro MoNsa WMeeT BUL ¢ =
—a(xt/—z-), roe a — nocTosHHasA. HaliT npoekuuto Hanps-
XXEHHOCTU 3/IEKTPUYECKOrO MONA B TOYKE
M{2, 1, —3} Ha HanpaBneHue BeKTOpa
a=i+3Kk.

3.38. TllokasaTb, 4TO MOTeHUMan nons
OMNONA  C  3NEKTPUYECKUM  MOMEHTOM P
(puc. 3.4) moxeT ObITb npefcTaBneH kKak P
®=pr/dnem] rge r — pagnyc-BekTop. Haii-

TM C TMOMOLLbIO 3TOr0  BbIP&XKEHWA  MO-
OYNb  HanpsXeHHOCTWM 3M1eKTPUYecKoro mnatd AWUMond  Kak
(DYHKUUIO TUL.

3.39. ToueuyHblil gunaTb C 3NEKTPUYECKUM MOMEHTOM P,
OPWEHTMPOBAHHBIA B MNOMOXWTENbHOM HampasfieHWn ocu T,
Haxo4UTCA B Hadyane KOOpAMHaT. HaiTu npoekumMu Hanps>KeH-
HOCTK afiekTpuuyeckoro nona Er m Ex Ha nnockocTb, nepnex-
OVUKYNAPHYIO K OcU I B TOUuke S (cMm. puc. 3.4).

3.40. TouYeuHbli 3NEKTPUYECKWIA AWMMOSb C MOMEHTOM p
Haxo4WTCA BO BHELUHeM OAHOPOAHOM 3/1eKTPUYECKOM MOJfIe,
Hanps>XeHHOCTb KoToporo pasHa EO, npuyem pffEO- B 3atom
c/lyvyae OfHa M3 3KBMMOTEHLMANbHbIX MOBEPXHOCTEN, OXBaTbl-
BalOLWMX AuNoNb, ABNseTcA ciepoil. Haiitm ee paguyc.

3.41. [iBe napanfienbHble TOHKWE HWUTU paBHOMEPHO 3apf-
XEeHbl C IMHeliHOM NNOTHOCTblO X U —A PaccTosHue Mexay
HuTAMK |. HalitTu noTeHuuman u MoAynb HanpsXXeHHOCTW 3NeKT-
pYYecKoro nona Ha paccrosHuy /e»/ nog yrnom b k BekTopy |
(puc. 3.5).

3.42. Cucrema coctouT 13 3apsaga >0, paBHOMepHO pac-
npefefieHHoro no nonyoKpPY>XHOCTW paguyca a, B LEeHTpe Ko-
TOPOi HaxogmTcs ToueuHblld 3apsg —q (puc. 3.6]. Haitu:
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a) 9NIEKTPUYECKNIA AWUNOMbHbIA MOMEHT 3TOR CUCTEMBI,
6) MO4yNnb HanpsXeHHOCTU 371eKTPUYECKOro Mnons Ha ocu
X CUCTEMbI Ha PaccTofHUM I">a OT Hee.

Puc. 3.5 Puc. 3.6

3.43. [1Ba Koakcua/bHbIX KOfbua, Kaxjoe paguyca R, u3
TOHKO MPOBOSIOKM HAaxoAATCA Ha MaioM pacCTosHum | gpyr
ot apyra (/</?) n nmeloT 3apagbl q U1 —(. HaiiTn noteHuuwan u
HanpsXXeHHOCTb 3/1eKTPUYECKOro MNOMA Ha OCUM CUCTEMbI Kak
(hyHKUMK KoopAmuHatbl X (puc. 3.7). M306pa3uTb Ha OfHOM pu-
CYHKe MpUMepHble rpagkm MoMyYeHHbIX 3aBMcUMOCTeld. Wc-
cnepoBatb 3TU (YHKLMKU Mpy |X|» A .

3.44. iBe 6e3rpaHuyHble MIOCKOCTM, OTCTOsALWME ApYyr OT
fpyra Ha paccTosHue /, 3apsXXeHbl PaBHOMEPHO C MOBEPXHOCT-
HO NMIOTHOCTbIO 0 U —O (puc. 3.8). MIOCKOCTM MMEKT Koak-
CuanbHble 0TBepCTMA paguyca R, npuyem B3as koopam-
HaTHYI0 OCb X C Haya/ioM otcyeTa O, Kak MoKasaHo Ha PUCYHKe,
HaliT NOTEHUMaN M MNPOEKUMI0 HaNPSOHKEHHOCTM 3neKTpuye-
ckoro nons EX Ha ocb cucTeMbl Kak (DYHKUMWM KOOPAWMHATHI X.
N306pasuTb npumepHbIi rpadmk <p().

Puc. 3.7 Puc. 3.8 Puc. 3.9

3.45. Kakyto paboTy MpoTUB CW 3/1EKTPMYECKOrO MOAA Hago
COBEPLUMTb, YTOBbI NEPEHECTU AMNOMb C 3/IEKTPUUYECKUM MOMEH-
TOM P M3 MONOXeHMs /, Toe HanpshKeHHOCTb nons paBHa E\,
B MOMOXEHME 2 C HanpsbkeHHOCTbio E, (puc. 3.9) 1 noBepHyTb
ero npu atom Ha 90e?

3.46. Aunonb c 3M1eKTPUYECKMM MOMEHTOM P HaxoAuTcA Ha
PacCTOSHUU I OT A/IMHHOI HUTW, 3aPSHKEHHON PaBHOMEPHO C NN~
HEMHOW MAoTHOCTbIO A Haittm cuny F, geicTBytowyo Ha Au-
nosb, ecny BEKTOP P OPWEHTUPOBaH:
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a) BAOMIb HUTW;

6) no paguyc-BekTopy T;

B) NEPMeHAUKYNAPHO K HUTU U pajuyc-BEKTOpY T.

3.47. Haiitu cuny B3aMMOLENCTBUA ABYX MOMEKyn BOAbl,
OTCTOAWMX ApYr OT Apyra Ha pacctofiHue /=10 HM, ecim uX
3MEKTPUYECKNE MOMEHTbI OPMEHTMPOBaHbI BAOMb OAHOW W TON
e npsamoi. MOMeHT Kaxgoi Mosiekynbl p=0,62-10"** Kn-m.

3.48. HaliTu noTeHuuMan Cnegyromx 3/1eKTPOCTaTUHECKUX
noneia:

a) E=a(t/i+xj);

6) E=2axyl+a(x*—y*) T,

B) E=aj/i+(ax+bz) j-t-fo/k.
3pecb a U b — nocTosHHbIE, t, j, kK — opTbl oOceit X, Y, T.

3.49. MoTeHuman Nons B HEKOTOPOI 061acTU MPOCTPaHCTBa
3aBMCUT TO/MIbKO OT KOOPAMHATbl X KaK <p=—ax*4-&, rge a u
b — HekoTopble MocTosHHbIe. HaliTu pacnpegeneHne 06bEMHO-
ro 3apsga p(x).

3.50. Mexay aByma 6GonbwvmMu [MapannensHeIMU MNacTu-
HaMu, OTCTOALLMMM ApYT OT Apyra Ha paccTosHue d, HaxoguTcs
pPaBHOMEPHO pacrnpefeneHHbli 06beMHbIN 3apsag. PasHocTb no-
TeHLManoB nnacTuH pasHa [<p. MNpu KakoM 3HaYeHUn 06HEMHOM
MA0THOCTU P 3apsfja HanpsXKeHHOCTb Mons BOAW3M OfHOW W3
nnactuH 6yfeT paBHa Hynw? Kakosa 6ygeT npu 3TOM Hanps-
YKEHHOCTb MONS Yy APYrOi MAacTWHbI?

3.51. TNoTeHumnan nong BHYTPM 3apSXKEHHOrO Liapa 3aBUCUT
TOMbKO OT PacCcTOAHWMA A0 ero LeHTpa Kak y=ar*+b, rge a u
b — nocTosHHbIle. HaliTu pacnpefeneHne 06bEMHOro 3apsfa
p(r) BHyTpW Lwapa.

3.2. TIpOBOAHUKU W [UINEKTPUKK
B 9/IEKTPUYECKOM Mofie

O HanpsXeHHOCTb 371eKTPUYECKOTr0 MoAs Y MOBEPXHOCTU MNPOBOA-
HUKA B BaKyyMme:

E, = o/ro- (3.2a)
0 ToToK NonNApM30BaHHOCTU P 4epe3 3aMKHYTYH MOBEPXHOCTb:
(f)PdS=—q’, (3.26)

rie <f—anreGpamueckas cymMMma CBSi3aHHbIX 3apsf0B BHYTpW 3TOl MoBepx-
HOCTM.

O BekTtop D (anekTpuyeckoe cMmelleHue) u Teopema lFaycca fns Hero:

D=¢,E+ P, ¢ DdS=q, (3.2B)



roe q—anre6pamyeckas CymMMa CTOPOHHUX 3apsifoB  BHYTPU 3aMKHYTO
MOBEPXHOCTY.
# YcnoBus Ha rpaHuue pasgena ABYX [U3NEKTPUKOB:

Prn—Pin= —o0’, Din—Din= o0, £« = £it, (3.2r)

rge 0' 1M 0—rOBEPXHOCTHbIE MNOTHOCTW CBSI3aHHbLIX W CTOPOHHUX 3aps-
[OB, a OpT HOpManu N HanmpasneH u3 cpeabl 1 B cpeay 2.
 LNns M30TPOMHBLIX LU3NEKTPUKOB:

P= xe0E, D= ee0E, e=1+ H. (3.2m)

¢ B cnyyae M30TPOMHOrO OJHOPOAHOTO [AW3NEKTPUKA, 3anOSHAK0-
Lero BCe MPOCTPAHCTBO MeXZY 3KBUMOTEHLMANbHbIMWA MOBEPXHOCTSIMU:

E = EO/e. (3.2e)

3.52. HebonblioW WapuK BUCWUT Haf rOPWM30HTaNbHON Mpo-
BOASLLEA NAOCKOCTbIO Ha M30/MMPYIOLLEl YNPYroi HUTU XXecT-
KocTh X. lMocne Toro Kak wwapuk 3apaguivi, OH OnycTu/ica Ha
X CM, W ero pacCTofiHWe 40 NPOBOASALLel NIOCKOCTM CTano pa.-
HbiM /. HaiiTu 3apsg wapuka.

3.53. ToueuHsblii 3apag <7=100 mkKn HaxoguTcsa Ha paccros-
HuM /=1,5 cm OT npoBogdALlel nnockocTn. Kakyt paboTy Hago
COBEPLINTb NPOTWB 3NIEKTPUYECKUX CUJI, YTOBLI MEA/EHHO yfha-
NNTb 3TOT 3apsf Ha O4YeHb 60/bLIOE PacCTOAHME OT MAOCKOCTU?

3.54. 1Ba TOYe4HbIX 3apaga, q U —-q, pacnosioXeHbl Ha pac-
CTOSIHMM |/ ApYyr OT fpyra WM Ha OAWHAKOBOM paccTosiHum 1/2
OT MPOBOAALLEA MMOCKOCTM C OLHOM CTOPOHbI OT Hee. Haitu

MOAY/b 3N1eKTPUYECKON CUsbl, AENACTBYIO-

1] el Ha KaXAablid 3apsg.
A\ i 3.55. Tpn pasHOMMEHHbIX TOYEYHbIX 3a-
MWW J pafa pacrnonoXeHbl B BeplUMHax KBajpaTa

¢ AnaroHanbto /=50 cMm, KakK MnokKasaHO Ha
\' ~*A  puc. 3.10, rge Touka O — UEHTP KBagpara,
An AOB — npamoiir yron, o6pa3oBaHHbIN aBY-
Puc 31O Ma nPosoasllimmu nonynnockocTamn. Haii-
™ cuny, AeUCTBYIOLWYI0 Ha 3apaf —d, ec-
m <7=11 mkKn.

3.56. ToueuHblin 3apsaf <7=2,00 mKKn Haxogutca mexgy
[BYMS MPOBOAALLUMMM B3aUMHO MepneHANKYNSpHbIMU NOAynaoc-
KocTamu. PaccTosHue OT 3apsfga 4O KaXAol NonyniocKocTy
/=5,0 cm. HaiiTm mogynb cwnbl, AEACTBYIOLLE Ha 3apsag.

3.57. ToYeuHbIn AWMOMb C 3NEKTPUYECKUM MOMEHTOM P
Haxo4MTCA Ha pacCcTosAHMM [/ OT MPOBOAALLEA NAOCKOCTU. HairTm
CUNy, LEeACTBYIOLWYK Ha AMNOMb, €CAM BEKTOP P NeprneHAnKy-
NApeH K M0CKOCTH.

3.58. ToueuHblli 3apsif ( Hax04MTCA Ha paccTosHumM / OT
NPOBOAALEA NOCKOCTM. OnpegennTb MOBEPXHOCTHYH M/0T-
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HOCTb 3apsif0B, MHAYLMPOBAHHbLIX Ha NAOCKOCTU, KaK DYHKLMUIO
paccTosiHMA T OT OCHOBAHWA NeprneHAMKYNapa, onyLleHHOro uns
3apsfia Ha MOCKOCTb.

3.59. ToHKas 6ecKOHEYHO [ANMHHAA HUTb KMeeT 3apsjg \
Ha efMHULY ANWHbI U pacnonoXeHa napanfiefibHO NpoBoAsLLel
NAOCKOCTW. PaccTosiHMe MeXAYy HUTbK W NJOCKOCTbiO paBHO .
Haitu:

a) MoAynb CuUMbl, AEWCTBYIOLLEA HAa efUHULY AJUHbI HUTW;

6) pacnpegeneHue NOBEPXHOCTHOW MNOTHOCTM 3apsiga o(ar)
Ha NJI0CKOCTU (34eCb X — paccTosiHWe OT NPSAMON Ha MIOCKOCTH,
rge CT=Makc).

3.60. OuyeHb A/MHHAS HUTb OpPUEHTUpPOBaHa MNepneHuKy-
NAPHO K MpPOBOASALLEA NNOCKOCTM W He AOXOAMT [0 3TOM nfoc-
KOCTW Ha paccTosiHue /. HUTb 3apsi)keHa paBHOMEPHO C NWHei-
HOl NaoTHOCTbIO A MycTb Touka O — cnef HUTU Ha MNAOCKOCTMU.
HaiiT noBepXHOCTHYK MAOTHOCTb WMHAYLMPOBAHHOrO 3apsja
Ha MAOCKOCTU:

a) B Touke O;

6) B 3aBUCUMOCTM OT paccTosaHus r o Touku O.

3.61. ToHKOe MpOBONOYHOE KOMbLO paaMyca R wumeeT 3a-
pag . KonbLo pacnofiodXeHo napannenbHO NpoBOAALLEei nnoc-
KOCTW Ha paccTosiHum / oT Hee. HaliTu NOBEPXHOCTHYK nnoT- (
HOCTb MHAYUWPOBAHHOro 3apsja B TOYKe MAOCKOCTWU, pacno-
NOXEHHOW CUMMETPUYHO OTHOCMTENbHO KOMbLa.

3.62. HaliTu noTeHUMan He3apsxXeHHOI npoBoasileil cde-
pbl, BHE KOTOPOI Ha paccTosiHUMM /=30 CM OT ee LleHTpa Haxo4uT-
ca ToyeyHblli 3apag q=0,50 mMkKn.

3.63. TouyeuHblli 3apag </=3,4 HKn HaxoguTca Ha paccTos-
HUM r=2,5 cMm OT LeHTpa O He3apsXKeHHOro Chepuyeckoro cnos
NpoBOAHWKa, paguycbl kKotoporo /?,=5,0 cm u /?,=8,0 cm.
HaiTn noteHuman B Touke O.

3.64. Cuctema COCTOUT M3 ABYX KOHLEHTPUYECKUX MPOBOAA-
WMX cep, NpMyYeM Ha BHYTpEHHel ctepe pagmyca a HaxoauTcs
NonoXuTenbHblli 3apag qt. Kakoli 3apsg qt cnegyeT noMecTuTb
Ha BHELWHIOK cepy paguyca b, 4To6bl NOTeHUMan BHYTPEHHEN
cthepbl 0Kaszanca paBHbIM Hyn? Kak 6yfeT 3aBMCeTb MpU 3TOM
noTeHUMan OT pacCTOsHUS T A0 LeHTpa cucTemsl? V1306pasnTb
NpUMepHbIli rpagMK 3TOW 3aBUCUMOCTU.

3.65. YeTblpe Gonbluve MeTannuMyeckme MNACTUHbLI pacno-
NOXeHbl Ha ManoM pacctosHum d gpyr ot gpyra (puc. 3.11).
KpaiiHWe nnacTuHbl COeAMHEHbl MNPOBOAHWKOM, & Ha BHYT-
peHHVWe  nNAacTWUHblI  MOjaHa pasHOCTb  noTeHuuanos [gep.
Haitu:

a) HanpsXXEHHOCTb 3/1IeKTPUYECKOro MNOAA MeXay nnactu-
Hamu;
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6) CYMMapHbIiA 3apfj Ha eAuHWLY NAolWaAn KaxAoi nna-
CTUHBI.

3.66. XMexay nnacTUHaMyW HaKOpPOTKO 3aMKHYTOr0 MA0CKO-
ro KOHAeHcaTopa HaxoAauTca MeTan/Muvyeckas NnacTWHa ¢ 3aps-
gom g (puc. 2J2). MNnacTuHy nepeMecTunn Ha pacctosHue |

1
-@2

Puc. 3.11 Puc. 3.12

Kakoi 3apag [lg npollen npy 3TOM M0 3aKopayuBalolLeMy Npo-
BOAHWKY? PaccTosHMe MeXxay niacTuHamum KOHJeHcaTopa pas-
Ho d.

3.67. [Be npoBoAlMe NAOCKOCTU / M 2 pacnosnoXxeHbl Ha
paccTosHuu / apyr oT gpyra. Mexay HUMW Ha paccTOAHUM X
OT MNIOCKOCTW / HaxXOAWTCHA TOYEYHbIA 3apsaf (. Haitu 3apagbl,
HaBeJeHHbIe Ha KaXAO0l U3 MIOCKOCTEN.

3.68. HainTu 3nekTpuuyeckyk cuay, KOTOPYH WCMbITbIBaeT
3apsaf, NPUXOAALLMIACA Ha efMHMLY MOBEPXHOCTU MPOU3BONb-
HOro MpOBOfHWKA, B TOYKe, rae 0=46 mkKn/m*.

3.69. Metannnuyeckuin wapuk paguyca /?= 1,5 cM uMeeT
3apag 4=10 mkKn. Haitu mogynb pe3ynbTUpYHOLWen Ccunsbl,
KOTOpas feiicTBYeT Ha 3apsf, PacrnonoXeHHbl Ha ofHoli no-
NIOBUHE LLAPUKA.

3.70. HesapseHHbI# npoBogAwuMiA wap paguyca R no-
MECTU/IN BO BHELUHEE OLHOPOAHOe 3NMEKTPUMYECKOoe Mone, B. pe-
3y/fibTaTe Yero Ha MOBEPXHOCTW LwWapa MosfBWJICA UHAYLMPOBAH-
Hbli 3apaj C NOBEPXHOCTHOM nnoTHocThto a=o00cosd, rae
0,, — MOCTOsAAHHAsA, &— NOAAPHbIA yron. Hahtu moaynb pe-
3yNbTUPYIOLLEA 3NEeKTPUYECKON CWUMbl, KoTopas [AelicTBYeT Ha
BECb MHAYLWPOBaHHbLIA 3apsj OAHOr0O 3Haka.

3.71. B BOAe 3NeKTPMYECKOe TMOoJie HanpsHKeHHoOCTn £ =
= 1,0 kB/cm co3gaeT nonspusaluio, 3KBUBaNEHTHYH NpaBuib-
HO opueHTaL MM ToNbKo ogHoli n3 N monekyn. Haiitn N. 9nekT-
pUYECKUiA MOMEHT MONeKynbl Bogbl p=0,62-10~u Kn-m.

3.72. HenonspHas MoJsieKyna Cc nonspu3yemMocTbid P Ha-
X04MTCA Ha 60nbIOM paccTosHuM | OT NoAspHOW MOMeKy/bl
C 3/1eKTPUYECKMM MOMEHTOM p. HailTm mogynb cuibl B3auMo-
[LeNCcTBUA 3TUX MONEKYN, eCNN BEKTOP P OPUEHTWPOBaH BAOJb
npsaMoi, npoxoAsuiein 4yepe3 06e MONEKY/bI.

3.73. Ha ocum TOHKOro paBHOMEPHO 3apPAXEHHOro Ko/bLa
paguycom R HaxoguTcs HenonapHas Mofiekyna. Ha Kakom
paccTosiHMM X OT LeHTpa Ko/bla MoAynb cuibl F, feicTByOL e
Ha flaHHY0 MOJeKyny,
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a) paBeH Hynto; 6) uMeeT MakKCMManbHOe 3HayeHue?
N306pasnTb npumepHblii rpaduk 3aBucumoct  Fx{X).

3.74. ToYeuHblii CTOPOHHMWIA 3apsif ( HaxoAUTCA B LEHTpe
Wwapa M3 OLHOPOLHOrO AM3NIEKTPUKA C MPOHWULLAEMOCTLIO e.
HaliTu nonapH30BaHHOCTb P Kak (YHKUWMIO paguyc-BekTopa T
OTHOCUTENbHO LeHTpa lapa, a TakXe cBA3aHHbIA 3apag ('
BHYTpY c(iepbl, paguyc KOTOpOW MeHblle pafuyca Lapa.

3.75. TouyeuHblli CTOPOHHWIA 3apaj ( Haxo4MUTCA B LEHTpe
LV3NeKTpUYecKoro Lwiapa paguyca a € MNPOHULLAeMoCTbio et.
LLlap OKpyXeH 6e3rpaHUYHbIM AW3INEKTPUKOM C NpoHULae-
MOCTbIO €,. HaliTu noBepXHOCTHYI0 MAOTHOCTb CBA3aHHbIX 3aps-
[OB Ha rpaHuue pasgena 3TUX [U3NEKTPUKOB.

3.76. TloKas3aTb, YTO Ha rpaHuLe o4HOPOAHOIO AN3NEKTPUKA
C NPOBOAHMKOM MOBEPXHOCTHAA MNOTHOCTb CBA3AHHbLIX 3apsAL0B
0'=—o(e—1/e, rpe ¢ — AM3NEKTPUYEeCcKasd MNPOHULLaeMOCTb,
0 — MOBEPXHOCTHAA MMOTHOCTb 3apsAf0B Ha MPOBOAHUKE.

3.77. MMpoBOAHNK MPOM3BOMLHON (HOPMbl, MMEKLWNIA 3apaj,
42,5 MKK/, OKpyXeH OLHOPOAHbIM AU3NEKTPUKOM C MPOHU-
uaemoctbto €=5,0 (puc. 3.13). HailTu cymmapHble MOBEPXHOCT-

Hble CBSI3aHHble 3apsifibl Ha BHYTPEHHel W HapyXXHoW noBepx-
HOCTSIX AW3NEKTpUKa.

Puc. 3.13 Puc. 3.14

3.78. OAHOPOAHBLIA AW3INEKTPUK WMEeT BUA CcepryecKoro
cnosa ¢ paguycamu a u b, npuuem a<b. M1306pa3nuTb NpUMepHble
rpamkn MOAYNA HanpsXXeHHOCTW 3nekTpuyeckoro nons E
M noTeHumana <P Kak (QYHKUWUA paccTOSAHUA T OT LieHTpa CucTe-
Mbl, €CNU ANSNEKTPUK WMEET MNONOXUTENbHbIA CTOPOHHWUIA 3a-
ps4, pacnpefeneHHbll paBHOMEPHO:

a) No BHYTPEHHel MOBEPXHOCTU cnos; 6) Mo o6bemy cnos.

3.79. B6nn3m toukm A (puc. 3.14) rpaHuubl pasgena cTek-
N0 — BaKyyM HanpsXeHHOCTb 3/1IEKTPUYECKOro nonf B BakKy-
yme £,=10,0 B/mM, npuyem yron mexpgy sekTopom EO UK Hop-
Manblo N K rpaHuue pasgena a0=30°. HaliTn Hanps>KeHHoCTb E
nons B CTekne BO6AM3M TOUKM A, yron a mexagy Bektopamu E n

N, a TakXe MOBEPXHOCTHYK MAOTHOCTb CBSA3aHHbIX 3apagoB
B TOUKe A.



3.80. Y niockoil NOBEPXHOCTWM OLHOPOAHOrO AM3MeKTpUKa
C MPOHMLLAEMOCTbI0 € HaMnpPSXXEeHHOCTb 3/1EKTPUYECKOro Mons
B BaKyyme paBHa £0, npuyem BekTOop E, coctasnsetr yron £
C HOpPMasnbl K MOBEPXHOCTM AuanekTpuka (puc. 3.15). Cuwutas

nonie BHyTPWU U BHE LU3NEKTPU-
Ka OJHOPOAHbIM, HaWTu:

a) MOTOK BekTopa E wuepes
ctepy paguyca R C LUEHTPOM Ha
NMOBEPXHOCTU AU3NEKTPUKA;

6) umpkynsuuio BekTopa D
no KoHTypy [ AanuHbl / (cm
puc. 3.15), NA0OCKOCTb KOTOPO-
ro nepneHAuMKynspHa K noBepx-

Puc. 3.15 HOCTM [AW3neKTpUKa M napan-
nenbHa BekTopy EO.

3.81. beckoHe4yHO 6onblWwas nnacTUHa U3 OAHOPOAHOrO Au-
3NeKTpMKa C MPOHULAEMOCTbIO € 3apsiXKeHa paBHOMEPHO CTO-
POHHUM 3apsiA0M C 06BbEMHOIM MIOTHOCTbLIO p. TOMWMHA NNacTum-
Hbl 2d. HaliTu:

a) MOAYNb HanpsHXeHHOCTW 3MeKTPUYECKOr0 MNOAs U MOTeH-
umMan Kak yHKuuMm pacctosHua | oT cepeauHbl nNaacTuHbl (No-
TeHUMan B cepeAnHe MNAaCTUHbI MOMOXWUTb PaBHbIM  HY/H);
B3IB OCb X MNEpneHAUKYNSAPHO K MNnacTUHe, M306pasuTb Npu-
MepHble rpagmku 3aBucumocTteli npoekuun Ex(x) n noteHumana

6) MOBEPXHOCTHYID W O06BLEMHYK MAOTHOCTM CBA3AHHOIO
3apaga.

3.82. CTOpOHHMe 3apsiibl paBHOMEPHO pacnpefeneHbl ¢ 06b-
eMHOI nnoTHOCTBIO p>0 Mo wapy paguyca R 13 04HOPOAHOTrO
M30TPOMHOr0 AW3NEKTPUKA C NPOHULAeMOCTblO e. Haintu:

a) MOAY/lb HanpPsXXeHHOCTU 3NeKTPUYECKOro Moas  Kak
(DYHKLMIO paccTOSHMA I OT LeHTpa Wapa; n3obpasnuTb npumep-
Hble rpagmkn 3asucumoctein E(r) un <p(r);

6) 06BEMHYIO M MOBEPXHOCTHYI MNOTHOCTU CBAA3aHHbLIX 3a-
pALOoB.

3.83. Kpyrnblii ananekTpuyeckuini guck paguyca R un Ton-
WuHbl d nonsapu3oBaH CTaTWUYECKU TaK, UYTO MOASPU30BAHHOCTb,
paBHas P, BClOgy 04uMHaKoBa W BeKTOp P NeXWUT B MIOCKOCTU
Aucka. HaiTy HanpsXeHHOCTb E 371eKTpUUeckoro rnons B LeHT-
pe aucka, ecnm d</?.

3.84. Ipn HEKOTOPbIX YCNOBUAX NOAAPU3OBAHHOCTbL 6e3rpa-
HWYHOI/ HEe3apsKeHHOW NNacTUHbI U3 AU3NEeKTpUKa UMeeT BUf
P=Po(1—xVd}), rge PO— BekTOp, nepneHAWKYNSpHbIA K
nnacTuHe, X — paccTOsiHMEe OT CepeAuHbl MnacTuHbl, d — ee
nonyTofWiMHa. HailTu HanpsaXeHHOCTb 3/1eKTPUYECKOro nons
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BHYTPM MNAacTWHbI U Pa3HOCTb MOTEHLMAN0B Mexay ee NoBepx-
HOCTSAMMW.

3.85. lMepBOHa4YanbHO MNPOCTPAHCTBO MexAy O06KagKamu
NJ0CKOro KOHAeHcaTopa 3ano/IHEHO BO3AYXOM M HanpsXeH-
HOCTb Nnong B 3a3ope paBHa £0. 3aTeM NOMOBMHY 3a30pa, Kak
nokasaHo Ha puc. 3.16, 3an0fHUAN OLHOPOLHbIM W30TPOMHbLIM
OVN3NEKTPUKOM C NPOHMLAEMOCTbIO e. HaillTu mMofynum BEKTOPOB
E n D B 06emx yacTtax 3asopa (/ u 2), ecnu npu BBeAEHUN AU-
aneKTpuKa:

a) HanpsxeHue mexay o6knagkamu He MEeHANoChb;

6) 3apsgbl Ha o6Knagkax OCTaBaiiCb HEWU3MEHHbIMM.

Puc. 3.16 Puc. 3.17

3.86. PewnTb npeabigyllyto 3agadyy c Tem OTAWYMEM, YTO
OMN3NEKTPUKOM 3anoNHUAN MOMOBUHY 3a30pa, Kak NnokasaHo Ha
puc. 3.17.

3.87. MonoBMHa NPOCTpPaHCTBa MeXAY ABYMA KOHLeHTpuue-

CKUMKU 06KNafKaMu CHepuyeckoro KoHAeHcaTopa 3ano/iHeHa,
KaK rnokasaHo Ha puc. 3.18, o4HOPOAHLIM M30-
TPOMHLIM  AU3NIEKTPUKOM C MPOHULAEMOCTbIO
e. 3apsf KoHAeHcatopa paBeH (. Haiitu
MOJY/ib BEKTOpPa HamnpsXeHHOCTW 3MeKTpuyec-
KOro nons wMexay o6knagkamu Kak (YHK-
LUMI0  paccTosiHUA T OT LeHTpa KPUBU3HbI
3TMx 06Knagok.

3.88. [Ba 0AMHAKOBbIX HE6GOMbLWNX OAHO- Puc. 3.18
UMEHHO 3apsXKEeHHbIX Lapuka MNofABeLIeHbl
Ha MW30/IMPYIOWMUX HUTAX PaBHOW [AUHbI K OLHOW TOUKe.
Mpu 3anonHeHWU OKpyXalLlen cpedbl KEPOCUHOM Yron pac-
XOX[AEHNS HWTeli He U3MeHWNcs. HaliTu NNOTHOCTb MaTepu-
ana LwapuKoB.

3.89. BHyTpu wapa 13 04HOPOLHOr0 M30TPOMNHOI0 AU3NEKT-
puka ¢ npoHuuaemoctbio €=5,00 co3gaHO OLHOPOLHOE 3/1EKT-
puyeckoe none HanpsxkeHHoctTn £=100 B/m. Pagmyc wapa
R=3,0 cm. HaliTu mMakcumanbHYl0 MNOBEPXHOCTHYI MNOTHOCTb
CBA3AHHbIX 3apSA0B W MOJMHbIA CBA3aHHbIM 3apsj OAHOr0 3Haka.

3.90. TouyeuHbll 3apsj  HaXO4MTCS B BaKyyMe Ha paccTosi-
HUM / OT N/JIOCKON MOBEPXHOCTU OLHOPOAHOrO WM3OTPOMHOMO Au-
3NEKTPUKa, 3anoHAOLWEro BCE MONYNPOCTPAHCTBO. [1pOHU-
LlaeMOoCTb AN3NEKTPUKa paBHa e. Haitu:
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a) MOBEPXHOCTHYH M/IOTHOCTb CBA3aHHbLIX 3apsAfoB  Kak
(YHKLMIO paccTOAHMA I OT TOYeyHOro 3apsfga g\ paccMoTpeTb
cnyyvain [/ -*m0;

6) CyMMapHbIi CBA3aHHbIA 3apsif Ha MOBEPXHOCTU AUINEKT-
puKa.

3.91. Bocnonb30BaBLIUCL YCMIOBUEM W peLUeHWeM npeablay-
e 3agavn, HalmTM MOAYNb CUAbl, AeAcTByrowel Ha 3apag <
CO CTOPOHbI CBA3AHHbIX 3apAA0B Ha MOBEPXHOCTU AU3INEKTPUKA.

3.92. TouyeuHblln 3apsf 9 HAX0AMTCA Ha NAOCKOCTMW, OTAENA0-
el BaKyym OT 6e3rpaHM4YHOro O04HOPOLHOrO WM3O0TPOMHOMO AM-
3NeKTpUKa ¢ MNpoHuuaeMocTbio e. Haiitm mogynu BekTopoB D
n E n noteHuman <p Kak QYHKUUM paccTosHUS T OT 3apsaga q.

3.93. Hebonblioli NpoBOAAWMIA LWAPUK, UMEHLWMNA 3apas -,
HaxoguTCcs B OLHOPOAHOM W30TPOMHOM AU3NIEKTPUKE C MPOHM-
LLaeMOCTbI0 € Ha paccTosHuM / oT 6e3rpaHWYHON NNOCKOW rpa-
HUUbI, OTAensloWwen AUINEeKTPUK OT Bakyyma. Haitm nosepx-
HOCTHYIO MMIOTHOCTb CBSA3AHHbLIX 3apA40B Ha rpaHule AU3NeKT-
pUK — BaKyyM KakK (PYHKLUMWIO paccTosHus T oT wapuka. WUc-
cnepfoBaTb MOMYYEHHbIA pesynbTat npu /[ -+m0.

3.94. TonynpocTpaHCTBO, 3amno/IHeHHOe OfHOPOAHbLIM W30-
TPOMHbLIM AU3INEKTPUKOM C MNPOHMLAEMOCTbIO €, OrpaHu4yeHo
npoBoAALLell NAOCKOCTbI. Ha paccTosHuu / OT 3TOM MAOCKOCTM
B AM3NEKTPUKE HaXOAMTCA HEeOOMbLIOW MeTan/IMYeCcKUin LWapuk,
umeroWwmin 3apag g. HailTu NOBepXHOCTHYH MAOTHOCTb CBS3aH-
HbIX 3apAA0B Ha rpaHuLie ¢ NPOBOAALLEA NAOCKOCTbIO KakK PYHK-
LM pacCTOfHWA T OT LlapuKa.

3.95. MnacTMHKa TONWMHBLI h M3 0fHOPOAHOro CTaTMWYECKN
NoNAPNU30BaHHOr0 AM3NEeKTPUKA HaxXOAWUTCA BHYTPWU MNIOCKOTO
KOHAeHcaTopa, 06KNagkum KOTOPOro COefMHEeHbl Mexnay Ccoboi

NpPoBOAHUKOM. [10NAPMU30BAHHOCTb
AnanekTpuka pasHa P (puc. 3.19).
PaccTosHne Mexay obknagkamm
KoHfAeHcaTopa d. Haiitm BekTO-

Puc. 3.19 psl E n D BHYyTpM ®n BHe nnac-
TUHBI.

3.96. ONWHHBLIA [WM3NEKTPUYECKUA LUAMHAP KPYrnoro ce-
YeHUs MONspu30BaH Tak, YTo BekTop P=ar, rge a — nonoxmu-
TeNlbHasg MOCTOsSiHHAsA, I — paccTosHue 0T ocu. HaliTu 06bem-
HYI0 MAOTHOCTb pP' CBSA3aHHbLIX 3apsfif0B Kak (hyHKLMI paccTos-
HUS T OT OCW. -1}

3.97. [OnanekTpnyecknii Wap nNONsSPU30BaH OJHOPOLHO U
cTartuyeckun. Ero nonspusoBaHHOCTb paBHa P. Vmes B Buay,
4YTO Tak NonsApu3oBaHHbLIA LWap MOXHO MNpPeACcTaBUTb Kak pe-
3ynbTaT Manoro cAsura BCeX MOMIOXUTENbHbIX 3apsafoB Au-
3NeKTPUKA OTHOCUTENIbHO BCEX OTpULATENbHbIX 3apAafoB,
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a) HalTW HanpsHKEHHOCTb 3MEKTPUYECKOr0 Moas BHYTPU
wapa;

6) nokasaTb, YTO MO/ie BHe LWapa fBNSETCA NOMeM AWUNONSA,
pacnonoXeHHOro B LEHTpe LWapa, W noTeHuuan nona cp=*
=p@/dne«n*, roe p, — 3NEKTPUYECKUIA MOMEHT wWwapa, I —
paccTosiHWe OT ero LeHTpa.

3.98. B ofHOpOAHOE 3/IeKTPUYeCKOe Mofie Hanps>KeHHOCTH

NOMECTUAN OAHOPOAHbLIA AU3ANEKTPUYECKUA wap. Mpu 3Tnx
YCNOBMAX [M3NEKTPUK Nonspusyetrcs OoAHOpoAgHO. HailTtu Ha-
NPSXKEHHOCTb E 3nekTpuyeckoro nons BHYTPM LlWapa v nons-
pM30BaHHOCTb P AM3neKTpuKa, NPOHMLAEMOCTb KOTOPOro pas-
Ha e. Mpwn pelweHMn BOCNONb30BaTLHCS pe3ynbTaToM 3agaym 3.97.

3.99. BeCKOHeYHO [ANUHHbIA AN3INEKTPUYECKUIA UNIMHAP
KPYrnoro ceyeHus nmMonNspu3oBaH OHOPOLHO W CTaTUYECKM,
npuyem nNONSPU3OBAHHOCTb P neprneHAUKYNspHa K OCU UWU-
nuMHApa. HaidTy Hanps>KeHHOCTb 3/eKTPUYeCcKOro nons B AM-
3NeKTpuUKe.

3.100. ANUHHBIA LUWMAWHAP KPYFAOro ceyYeHus M3 OLHOPOA-
HOr0 [AM3NeKTpMKa MOMeCTUAN B OfHOPOLHOE 3NeKTpUyecKoe
none ¢ HanpseHHocTbto E,. Ocb umnuHapa nepneHanKynspHa
K BeKTOpy E,. Mpu 3TUX yCcnoBuAX AWU3NEKTPUK MONAspusyetcs
0fHOPOAHO. Bocnonb3oBaBLLINCL Pe3ynbTaTOM pelleHus npejbl-
oyuleid 3afgayun, HalTU HanpsXXeHHOCTb 31EKTPUYECKOro nons
BHYTPM UUAUHAPA U NOASAPU3OBAHHOCTb AU3NEKTPUKA, MPOHU-
LLlaeMoCTb KOTOPOro paBHa e.

3.3. D/IeKTPOeMKOCTb. JHEeprus 31eKTPUYECKOro nosns

O EMKOCTb MJ/IOCKOro KOHAeHcaTopa:
C= tt0s/d. (3.3a)

h OHeprus B3aMMOAENCTBUA CUCTEMbI TOUEYHbIX 3apsA0B:
yLw/- (3-36)

O T[lonHasa anekTpuyeckas 3Heprus CUCTeMbl C HEMpPepbIBHbIM pac-
npegeneHnem 3apsja:

W =1 jg>p<fV. (3.38)

9 T[lonHaa aneKkTpuUyeckas 3Heprus [BYX 3apsHKeHHbIX Ten /[ un 2
W=Wt+Vt+ VIt (3.3r)

rae IF, n K'j—cobcTBeHHble 3Heprum Ten, tt"lt— 3aHeprus B3aumopei-
CTBUS.
# OHeprma 3apsXXeHHOro KoHAeHcaTopa:
V =qui2= *2C- O /‘/2. (3.30)
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¢ OGbemHas MAOTHOCTb 3HEPrUM 3NEKTPUYECKOTo MoNs:
w= ED/2 = eeOE*/2. (3.3¢)

3.101. HaiiTm emKoCTb LWapoBOro MPOBOAHMKA paguyca
/?,= 100 MM, OKPYXEHHOr0o NpuUaeralvwmM K Hemy KOHLEHTPU
YeCKMM CNOeM OJHOPOLHOrO AM3INEKTPUKA C NPOHULEAEMOCTLIO
e=6,0 n HapyxHbIM paguycom HA,=200 mm.

3.102. K MCTOYHMKY € 3. 4. ¢c. » = 100 B noaknwoyunu no-
CneaoBaTeNbHO [fBa BO3AYLWHbIX KOHAEHCATOpPa, KaXAbll em-
Koctm C=40 nd. 3aTeM OAMH W3 KOHAEHCATOPOB 3amnofIHUMM
OLHOPOAHBbIM [WU3NEKTPUKOM C MpoHuuLaemocteto €=3,0. Bo
CKO/MIbKO pa3 YMeHbLUWAach HamnpsXXeHHOCTb 3N1EKTPUYECKOro
nona B 3TOM KOHAeHcatope? Kakoli 3apsfg npoigeT yepe3 uc-
TOYHUK?

3.103. MpocTpaHCTBO MexXAay 06KnagKaMn NA0CKOro KOH/EH-
catopa 3anojiHEHO MNOCNeAoBaTeflbHO ABYMSA AUANEKTPUYECKUMU
cnosimum / n 2 c TonwmHamu dt u d, u ¢ NpoHULaeMoCTAMU e,
n er. Mnowaab Kaxpaon obknagkum paBHa S. Halitwu:

a) eMKOCTb KOHfeHcaTopa;

6) NNOTHOCTb O' CBA3aHHbIX 3apAf0B Ha rpaHuue pasgena
OVN3NEKTPUYECKNX CNOEB, €CAN HanpsHXKeHWe Ha KOHAeHcaTope
pasBHo U wu anekTpuyeckoe mone HanpaateHo oT cnos 1 K
cnoto 2.

3.104. 3a3op mexgy obknagkamu MAOCKOro KoOHAeHcaTopa
3anofIHEH W30TPOMHbLIM AW3NEKTPUKOM, MNPOHMLAEMOCTb € KO-
TOPOro W3MeHSieTCA B MepneHAUKYNspHOM K ob6knagkam Ha-
npaBfeHUN Mo NNHEAHOMY 3aKOHY OT €* 0 e2 npuyem e*>e,.
Mnowanab Kaxpaoh obknagkn S, paccTtosHWe Mexpay Humu d.
Haitu:

a) eMKOCTb KOHAeHcaTopa;

6) 06bLEMHYIO NNOTHOCTb CBSI3aHHbIX 3apAf0B KaK (hyHKLUIO
e, ecnn 3apaj KoHfeHcatopa W none E B Hem HanpaB/ieHO
B CTOPOHY BO3pacTaHus e.

3.1Co. HaliTm emKoCTb cthepuyeckoro KoHAeHcaTopa, pa-
anycbl 06KNafoK KOTOpPOro paBHbl a U b, npuyem a<b, ecnu
NPOCTPAHCTBO MexXAy 06Knagkamu 3ano/iHeHo:

a) OA4HOPOAHbLIM [AU3NEKTPUKOM C MPOHULAEMOCTbLIO €;

6) AM3NEeKTPUKOM, MPOHMLAEMOCTb KOTOPOro 3aBUCUT OT
paccTosHMs I A0 LeHTpa KOoHAeHcaTopa Kak r—al/r, a — no-
CTOSAHHAA. n

3.106. To e, 4TO B npefblayLiein 3agayvye, HO KOHAeHcaTop
LWAVHAPUYECKNIA ANMHOW /1 B NyHKTe (6) I — paccTosHue Ao
ocn cuctembl. KpaeBbiMy 3(dekTamMm npeHebpeyb.

3.107. HainTu eMKOCTb C(epMyeckoro KoHpeHcaTopa, pa-
LUYCbl BHYTPEHHE U BHeLHel 06KNafgoK KOTOPOro paBHbl @ U
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b, ecnn npocTpaHcTBO Mexay 06KnagkaMu 3anofHEHO Hanoso-
BMHY, KaK MokKa3aHo Ha puc. 3.18, 0fHOPOAHbLIM ANINEKTPUKOM
C NPOHWLAEMOCTbIO €.

3.108. LMAMHApWUYECKMI KOHAeHcaTop 3anofiHeH [ABYMS
UMNNHAPUYECKUMM CNOAMU AN3NEKTPUKOB C MPOHMLAEMOCTAMM
et n e,. BHyTpeHHue paguycbl Cnoes paBHbl COOTBETCTBEHHO

n Rt>Ri. MakcumanbHO fonycTMMas HanpsXXeHHOCTb
3N1eKTPUYECKOT0 Mona And 3TUX LOU3NEKTPUKOB paBHa £ 1A un
Et,,. MNpn Kakom COOTHOLWEHUN MeXAay e, R n ET HanpsaxeH-
HOCTb NOMA MPW NOBbILWEHUN HAMPAXKEHUA OfHOBPEMEHHO [0-
CTUTHET 3HayeHUs, COOTBETCTBYIOLLEr0 NPo6ot TOro v Apyroro
AnanekTpuka?

3.109. VNmeeTcsi ABYXCNOWHbLIA LWANHAPUYECKUIA KOHAEHCa-
TOp, AaHHble KOTOpPOro npuBefeHbl Ha puc. 3.20. MpefencHble
3HAYeHNA HanpsX>XeHHOCTU 3NEKTPUYECKOro Nons, Npu KOTopbIiX
HacTynaeT npo6OiA [aHHbIX AW3NEKTPUKOB, pPaBHbl COOTBET-

CTBEHHO EX n Mpn KakoM HanpsKeHUu
KOHAeHcaTop 6ygeT npobuT, ecnn el?1£I<
<e,?2:r?

3.110. [ABa QANMHHBLIX MNPAMbIX NPOBOAA
C OAMHAKOBbIM pafuvyCcoM CeYeHus a pacno-
NIOXKeHbl B BO34yXe napajfieflbHO Apyr ApY-
ry. PacctosHue Mmexay WX ocaMu pasHO b.
HaiiTn B3aMMHYyl0 €eMKOCTb MpoBoAoB C, Ha
eAnHULY WX ANWHBI Npu ycnosum 6» a. Bbl- Puc. 3.20
yncnutb Ci, ecnm a—1,00 MM ® 6=50 wMM.

3.111. OnWHHBLIA NpsMOW MPOBOA pacrnofioXXeH napanfienb-
HO 6e3rpaHuM4HOi npoBoAsLleli nnockocTu. Paguyc ceyeHus
nMpoBoja @, PacCTOsiHME MeXJAy OCbi NpoBOAAa M NpPOBOAsLLel
NNockocTblo b. HaliTu B3aMMHYH €MKOCTb 3TOW CUCTEMbl Ha
e4MHNLY LNVHBI NMPOBOAA NMPWU YCNOBUKN a<£>.

3.112. HaiiTn B3aMMHYIO eMKOCTb CUCTEMbl M3 ABYX OfWHa-
KOBbIX MeTa//IMYeCKNX LWapuKoB pajuyca a, pacCTofsHNe Mexay
LleHTpaMu KOTopbiX b, npuuem b»a. CucTema HaxoguTcs B Ofl-
HOPOAHOM [AMW3NEKTPUKE C MPOHULAEMOCTLIO e.

3.113. OnpefennTb B3aMMHYK €MKOCTb CUCTEMbI, KOTOpas
COCTOMT U3 MeTa//INYecKoro wapuka paguyca a u 6esrpaHUYHoIA
MPOBOAALLEIA MIIOCKOCTM, OTCTOsLLENA OT LeHTpa LWapnka Ha pac-
cTosHue /, ecnn /»a.

3.114. HaliT eMKOCTb CUCTEMbI OAUHAKOBbLIX KOHAEHCAaTOpOB
mexay Toukamu A un B, koTopas nokasaHa:

a) Ha puc. 3.21, a; 6) Ha puc. 3.21, 6.

3.115. YeTbipe 0AUHAKOBbIE MeTanMyecKne naacTuUHbl pac-
NonoXeHbl B BO3ayxe Ha paccToaHum d= 1,00 mm apyr oT gpyra.
Mnowaab Kaxaon nnactuHbl 5=220 cm*. HailTu eMKOCTb Cuc-
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TeMbl MeXay Toukamu A 1 B, ecnu nnacTuHbl COefMHEHbl Tak,
KaK MoKasaHo:

a) Ha puc. 3.22, a; 6) Ha puc. 3.22, 6.

3.116. KoHpeHcaTop emkoct C,= 1,0 MK® BbigepxusaeT
Hanps)keHne He 6onee t/x=6,0 KB, a KOHAEHCATOP EMKOCTM

c

Puc. 3.21

-0A — —— oA

2) -0B T)

Puc. 3.22

C*=2,0 MK® — He 6onee (Ya=4,0 kB. Kakoe HanpsxeHue
MOXET BblAepXaTb CUCTEMA W3 3TUX [BYX KOHJEHCATOPOB Mpu
nocnefoBaTe/lbHOM COeANHEHUN?

3.117. B cxeme (puc. 3.23) HailTM pasHOCTb NOTEHLManoB
mexnay Toukamm A n B, ecnu 3.g.c. $ = 110 B 1 oTHOLWeEHUE eM-
kocTeit C»/Cl=r]=2,0.

Puc. 3.23 Puc. 3.24
3.118. HaliTn eMKOCTb 6eCKOHEeYHOl Lenu, KoTopas 06paso-
BaHa MOBTOPEHWEM OJHOIO0 W TOr0 )€ 3BeHa, COCTOAWEero u3
S r [OBYX of4VWHaKOBbIX KOHAEHCaTOpOB, KaX-
N—1— 1— 1—< pbiii emkoctn C (puc. 3.24).
C Q 3.119. B HeKkOTOpO/ Lenn umeeTcs y4yac-
Puc. 3.25 Tok AB, nokasaHHbIn Ha puc. 3.25. 3.4.C.

nctoyHmka $ = 10 B, emKOCTU KOHfAEHcATO-
poe Ci= 1,0 mMk®, C,=2,0 MK® K pa3HOCTb MNOTEHLMANoB
Pa — dn= 5,0 B. HaliTm HanpsikeHMe Ha KaXAOM KOHAEeHca-
Tope.
3.120. B cxeme (puc. 3.26) HaillTM pa3HOCTb MOTEHLManoB
MeX/[y NeBoli W npaBoli 06KNagKaMy KaXAoro KoHAeHcaTopa.

130



8.121. HailTn 3apaj KaXAoro KoHfeHcatopa B Lenu, noka-
3aHHOW Ha puc. 3.26.

— 1A -
fy %

u -1J — N—

Puc. 3.26 Puc. 3.27

3.122. OnpegennTb pa3sHOCTb MOTEHUManoB A — (B MeXay
Toukamn A n B cxembl (puc. 3.27). Mpu KakoMm yCnoBuUW OHa
paBHa Hyn?

3.123. KoHpeHcatop eMKoctn C,= 1,0 MK®D, 3apsrKeHHbll
[0 HanpsxeHua {/=110 B, nogknwo4mnnuM napannienbHO K KOH-
LaM CMCTEMbl M3 ABYX MOC/MeA0BaTENbHO COEAMHEHHbIX He3aps-
)KEHHbIX KOHAEHCATOPOB, eMKOCTM KoTopbiXx C2=2,0 MK® #
C,=3,0 mk®. Kakoi 3apag npoTeyeT MpU 3TOM MO COEAUHM-
TeNbHbIM NPOBOAAM?

3.124. Kakwue 3apagbl NpoTeKyT nocne 3aMbikaHus knwova K

B cxeme (puc. 3.28) uyepe3 cevyeHus / 1 2 B HanpaBNeHUAX, yKa-
3aHHbIX CTpenkammu?

—TrHF-i

Puc. 3.28

3.125. B cxeme (puc. 3.29) 3.4.Cc. Kaxkpaoi 6atapen <£=60 B,
eMKOCTM KOHAeHcaTopoB £74=2,0 MK® n Ct=3,0 mk®. Haitn
3apsAfbl, KOTOpble MPOWAYT nocne 3aMblkaHusa Knwoua K uepes
cevyeHms / n 2 B HanpaBfieHUAX, YKa3aHHbIX CTpenkamu.

3.126. HaiTn pasHOCTb MOTeHUManoB ¢GA — B Mexay
Toukamu J1 n B cxembl (puc. 3.30).

1) h
—IF- I
H n &
--C,
M—  4r "Hb —1b—
U I
Puc. 3.30 Puc. 3.31
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3.127. OnpegennTb noTeHuman B Touke 1 cxembl (puc. 3.31),
nonaras mnoTeHuman Touku O paBHbIM Hyn. HanwucaTb no
aHanormm (MCnonb3yss CMMMETPUIO MONYYEHHOW (hOpPMYnbl) Bbl-
paxeHus ANs NOTeHLManoB B TOYKax 2 un 3.

3.128. Haiitn -eMKOCTb CXeMbl (puc. 3.32) MexXAy Toukamu
4 n B.

mn -~ Yy
Y = |
L-11-J4 H 91— -9  jlee- ot -7e- — 1A
0 6) B)
Puc. 3.32 Puc. 3.33

3.129. OnpepennTb CyMMapHYH 3HEpPrui B3anMMOAenCcTBUs
TOYEYHbIX 3apsA40B, PacnofiOXEHHbIX B BepLUMHaxX Ksajparta co
CTOPOHO @ B cucTemax, KOTopble MoOKasaHbl Ha puc. 3.33.

3.130. WmeeTca 6eckoHeyHass npsamas Lenovka uepegyto-
wuxeca 3apafoB q U —q. PaccTtosHue Mexay COCefHUMM 3aps-
JaMn paBHO a. HaliTu 3Hepruio B3aMMOAEWCTBUS KaXKAoOro 3a-
pAaja co BCEMU OCTallbHbIMU.

Y ka3aHue. Bocnonb3oBaTbCA pasnoxeHvem 1ln(l+a)
B psA4 no a.

3.131. ToueuHblil 3apsaf ( Haxo4WUTCA Ha paccTosiHMKM [/ OT
6e3rpaHUYHOl npoBoAsuULeli nnockocTh. HaiTu:

a) 3Hepruio B3aMMoOAeicTBMA 3TOro 3apaga C 3apagamu,
WHOYLMPOBAHHBIMU Ha M0CKOCTH;

6) COOCTBEHHYIO 3HEpPruio 3apsifoB, WMHAYUMPOBAHHLIX Ha
Ma0CKOCTHU.

3.132. TInoCKWiA KoHAeHcaTop, N/oWadb KaXXAON MnacTUHbI
KoToporo S=200 cm* n paccTosiHne mexgy Humum d=5,0 mm,
NMOMECTUAN BO BHelIHee OLHOPOAHOE 3NEKTPUYECKOe Mofe C
£=1,30 kB/cm, nepneHAUKYNApHoOe K naacTMHam. 3aTem
NAacTUHbl 3aMKHYNW MNPOBOAHWKOM, MOCAe 4Yero MNPOBOAHUK
ybpanu u KoHAeHcaTop nepeBepHynu Ha 180° BOKpyr ocw,
NeprneHAVKYNAPHONW K HanpaBfeHWO nonsi. HailTu coBeplueH-
HYIO MpY 3TOM paboTy MPOTUB 3EKTPUUYECKUX CUN.

3.133. KoHpgeHcaTop emkoctn C,= 1,0 MK®, npeaBapuTtesb-
HO 3apshKeHHbI ao HanpsxeHusa 0= 300 B, mogknwoumam na-
pannenbHO K He3aps)XeHHOMY KOHAeHcaTopy emkoctn C,=
=2,0 mk®. HaliTm npupauieHme 31eKTPUYECKON 3HEPTrMn 3TOW
CUCTEMbl K MOMEHTY YCTaHOBNEHWUA paBHOBecUS. OOBACHUTL
MOMYYEHHbIA pe3ynbTaT.
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8.134. Kakoe KoOnMyecTBO Tenja BbIAENUTCA B LUenu

(puc. 3.34) nocne nepekntouveHunsa knwova K u3 nonoxeHus 1
B MNONIOXeHne 27

61'
Puc. 3.34 Puc. 3.35

3.135. Kakoe Ko/iM4yecTBO Tensa BbILENIATCA B Uenu
(puc. 3.35) nocne nepekntoyveHus knwda K un3 nonoxeHmsa 1
B MNOJIOXeHne 2?

3.136. CuctemMa COCTOUT M3 ABYX KOHLEHTPUYECKUX TOHKUX
MeTannuyeckux obonouvek ¢ paguycamm RIt Rt n coorsetcT-
BylOLWMMK 3apsagamun <, u qt. HaliTu COBCTBEHHYI 3HEPruio
Wx n W kaxpgoid o6onouku, sHepruto B3ammogelicteusa WIt
000/104€K U MOHYI0 3N1eKTpUYeCcKyto aHepruto W cuctembl.

3.137. 3apsapg g pacnpefeneH paBHOMEpPHO Mo 06beMy Liapa
paguyca R. CumTas AU3INEKTPUYECKYHD MNPOHWULAeMOCTb e= 1,
HaliTu:

a) COOCTBEHHYI 3/1EKTPUYECKYHO 3HEpruto Lwapa;

6) OTHOLWIEHME 3HEeprum BHYTpM wWwapa K 3Heprum W2
B OKpYXalwLleM npocCTpaHCTBe.

3.138. ToueuHblit 3apas q=3,0 MKKn Haxogutcs B UeHTpe
LIapoBOro Cnos M3 OLHOPOAHOrO [AW3NeKTpUKa C MNPOoHMULae-
mocTbto €=3,0. BHyTpeHHUI pagunyc cnosd a—250 MM, BHELLHWIA
6=500 mMM. HaliTu 31eKTPUYECKYI 3HEPrut0 B AaHHOM Croe.

3.139. Cdpepuueckyto 060n04ky paguyca RIt paBHOMepHO
3apsSXXeHHYl0 3apsafoM (, pacwupunu o paguyca /?,. Haitm
paboTy, COBEPLUEHHYIO MPU 3TOM 371EKTPUUYECKUMU CUNaMMU.

3.140. B ueHTpe cthepnyeckoin 060104YKN, PaBHOMEPHO 3aps-
eHHoW 3apagom (7= 5,0 mMkKn, pacnonoXeH ToyeuHbli 3apag
</0=1,50 MKKn. HaiiTu paboTy 3neKTpMYeCcKUX CWUA MNpu pac-
LWIMpeHnn 060M0UYKM — yBeNnYeHUn ee paguyca ot /=50 Mm
fo /?,=100 mm.

3.141. Cdepuyeckas 0060/04Ka 3apsKeHa paBHOMEPHOe
MOBEPXHOCTHOW MNOTHOCTHIO 0. BOCN0Mb30BaBLIMCL 33aKOHOM
COXPaHEeHMWA 3HEeprum, HalTh MOAYNb 3NEKTPUYECKOW CUAbl Ha
eAUHULY MOBEPXHOCTU 060NOUKN.

3.142. ToueuHblii 3apag g Haxogutca B ueHTpe O chepuye-
CKOr0 He3apsXXeHHOro MPoBOAALLEr0 COA C Ma/ibiM OTBEPCTUEM
BAONb paguyca. BHYTPeHHU 1 BHEWHWA paguycbl CNOS paBHbI
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COOTBETCTBEHHO a M b. Kakyto paboTy Hajo COBEpLIUTbL NPOTUB
3NEKTPUYECKUX CUM, 4TOObl MeANeHHO MepeHecTn 3apag (
13 Toukm O Ha 6eCKOHeYHOCTb?

3.143. WmeeTca NNOCKWIA BO3AYLWHbIA KOHAeHcaTop, MJo-
Wanb Kaxpaon o6knagkn KoToporo paBHa S. Kakyk pa6oTy
NPOTUB 3M1EKTPUYECKUX CUN HAJ0 COBEPLUIUTb, YTOObI MeA/IeHHO
YBENUYUTb paccTosiHMe Mexfay o6knagkamum OoT 00 X2 ecnu
npu 3TOM MOAAePXKWUBATb HEU3MEHHbIM:

a) 3apaj KoHaeHcaTopa g;

6) HanpsXeHue Ha KoHgeHcaTope (/?

3.144. BHyTpWM MJIOCKOr0 KOHAEHcaTtopa HaxoauTca napan-
nenbHas o6knagkaMm MAacTUHa, TO/WMWHA KOTOPOW COCTaBnsieT
r1=0,60 paccTosiHua Mmexay obknagkamu. EMKOCTb KOHAeHca-
TOopa B OTCyTCTBME MnacTuHbl C =20 H®. KoHaeHcaTop cHavana
NOAKMOUYMAN K WUCTOYHMKY MOCTOSAHHOrO HanpsxeHus U=
=200 B, 3arem OTK/IHOYUAN W MOCME 3TOr0 MeAJIEHHO U3BNEKNU
nnactuHy u3 3asopa. HailTm pa6oTy, COBepLUEHHYI MNpoOTUB
3NEeKTPUYECKMX CUN NPU W3BNEYEHUWN MNACTUHbI, CNN OHa:

a) MeTannuyeckas; 6) cTeknsHHas.

3.145. TINOCKUIA KOHAEHCATop, PacCTosHWe MexAay nnactu-
Hamu kotoporo d = 1,0 MM, ONyCTUAM B FTOPU30OHTaIbHOM MOJIO0-
XeHUN B BOAY, KOTOpas LENUMKOM 3anosiHufa ero. 3aTeM KOH-
[LeHcaTop NOAKNUUAN K UCTOYHUKY MOCTOSHHOTO HanpsXXeHus
£Y=500 B. Haiitu npupalwieHve faBneHWs BOAbl B KOHAeHca-
TOpe.

3.146. MNocKuii KoHAeHCATOp PacnosioXXeH ropu3oHTasfbHO
TakK, 4YTO OJHA €ero nnacTMHa HaxOoAUTCA Haj MOBEPXHOCTbIO
XWAKOCTW, Apyras — Mof ee MOBEPXHOCTb. [uanektpuye-
CKaf MpOHULAEMOCTb XUAKOCTM €, ee NAOTHOCTbL p. Ha Kakyto
BbICOTY MOAHMMETCS YPOBEHb XWAKOCTU B KOHAEHcaTope nocne
co06LleHNsa ero nnacTUHam 3apsifja C MOBEPXHOCTHOW MNOT-
HOCTbIO 07?

3.147. B uuAMHApPUYECKWI i KOHAEHCATOp BBOAAT [AJIVHHbIN
UMAVHAPUYECKUIA CNOW  AW3NEKTpPMKa C MNPOHMLAEMOCTbIO e,

3anofHAOWMIA  NpakTUYeckn BeCb 3a3op
mMexay obknagkamu. CpepHuii pagumyc 06-
Knagok R, 3asop mexay Humu d, npuyem
d<”R. O6knagKu KoHAeHcaTopa MNOAK/0-
YeHbl K WCTOYHUKY MOCTOAHHOIO Hanps-
xeHnns U. HailTu moaynb 3neKTpuyeckoi
CUNbl, BTArUBalOLWEW [W3NEKTPUK B KOH-
feHcaTtop.

3.148. KoHfeHcaTop COCTOUT M3 [ABYX HEMOABWXKHbLIX MJac-
TUH, UMeKLWMX opMy Nonykpyra paguyca R, v pacnonoxeH-
HOW MeXAy HMMMW MNOABWXHOW NNacTUHbl U3 AUINEKTPUKA C
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MPOHMLAEMOCTbIO €, KOTOpas MOXeT CBOOGOAHO NMOBOPAYMBaThLCA
BOKpyr ocu O (puc. 3.36). TonwmHa NOABMXKHOI nnacTuHbl d,
YTO NpPakTUYeCKM PaBHO PACCTOSHUIO MeXAY HEMnOoABMXKHbLIMM
nnactuHamu. KoHAeHcaTop noAAepXMBalOT NpY MNOCTOSHHOM
HanpsxeHun U. Hai#Tm mofgynb MOMEHTa CUA OTHOCUTENLHO
ocu O, AeACTBYIOLLMX HAa NOABUXHYK MAACTUHY B MOMOXEHUMU,
MOKa3aHHOM Ha pPUCYHKe.

3.4. DNeKTpUYECKnin TOK

O 3akoH Oma gnd Heo4HOPOAHOro y4yacTKa Lenu:
/= Uit/R = (i— )R, (3.4a)
roe U(a—nageHne Hanpsi)XeHUs Ha [JaHHOM yuyacTke.
# 3akoH Oma B AuddepeHunansHoin thopme:
|= o (E+ E*). 3405
rge E*—Hanps)KeHHOCTb NoMsA CTOPOHHMUX CUI.
¢ Mpasuna Kupxropa:

2 [*=°* 2 [*1*=2 N*- 343>
¢ .MouHocTe Toka P 1 Tennosas mouHocTb Q:
P=6//= (¢ ,-¢l+ ~ 1)/, Q= /2. (3.41)

C- YpenbHas MOLWHOCTb TOKa Pya n yfenbHas Tennoeas MOLHOCTb
Toka Qya:
Pya= HE+ E¥), C¥g= p/*. (3-4n)
0 TlnoTHOCTL TOKa B MeTanne:
| = ~n. (3.4e)

rae M—cpeaHas CKOpPOCTb HocuTenei.
¢ Uucno WOHOB, PEKOMBUHUPYIOLWMUX 3a EAMHMLY BpPEMEHW B efu-
Hule obbema rasa:
nr=T%*, (3.4%)

rge T— KoaduumeHT pekombuHalmu.

3.149. ANVHHbI paBHOMEPHO 3apsHKEHHbIV N0 MOBEPXHOCTH
umnnHap paguyca a = 1,0 cm gBmxeTcs co ckopocTbio v=10 m/c
BAOMb CBOEN Oocu. HanpsHKeHHOCTb 3MEKTPUYECKOro Mnons He-
NoCpeACTBEHHO Y MOBEpPXHOCTM uunnHapa £=0,9 kB/cm. Hali-
T TOK, 06YCNOBMEHHbI MexXaHW4YecKMM MepeHOCoM 3apsifja.

3.150. BO3AYLWHbIA UWANHAPWYECKUA KOHAeHcaTop, mnoa-
KNHOYEHHbIA K UCTOYHUKY HanpsbkeHus U=200 B, norpyxatoT
B BEPTMKaNbHOM MOMIOXEHUN B COCYS C AUCTUNNPOBAHHOW BO-
[0 co ckopocTbio 0=5,0 Mm/c. 3a30p Mexay 06KnafKamMu KOH-
peHcatopa d=2,0 mm, cpefHuii pagumyc 06kKnagok r—50 mMm.

135



Nmes B BUAY, UTO d<r, HaliTWM TOK, TEKYL U/ MO NMOABOAALLUM
npoBojam.
3.151. HailTu conpoTMBNeHMe MNPOBOMOYHOIO Kapkaca,

nmetrouiero gpopmy Ky6a (puc. 3.37), npy BKIKOYEHWUM €ro B LEMb
MeXAy TOYKaMu:

a) 1—1; 6) 1—2; B) 1—3.
ConpoTuBieHne Kaxpgoro pebpa kapkaca paBHO R.

6 7 » L
y /
5 2R 2R 2R 2R
- —tZZH-CZH
Y A
Puc. 3.37 Puc. 3.38

3.152. Mpwn kakom conpoTtusneHnn R X B uenouke (puc. 3.38)
COMPOTUBNEHME MexAy Toykamu J1 U B He 3aBUCUT OT 4yucna
Ayeek?

3.153. Ha pwuc. 3.39 nokasaHa 6ecKkoHe4yHas Uenb, 06pa3o-
BaHHasd MOBTOPEHMEM OAHOrO M TOrO e 3BeHa — conpoTuaae-
HUA #,=4,0 Om n R2= 3,0 OM. HaliTu conpoTuBNeHNe MeXAY
Toukamu A un B.

3.154. NmeeTca 6esrpaHuMyHas MPOBONOYHAA CeTKa C KBaj-
paTHbiMK fyeiikamu (puc. 3.40). ConpoTMBNEHNE KaXAOrO Mpo-

Puc. 3.39 Puc. 3.40

BOAHMKA MeXAy coceaHumun ysnamu paBHo RO Haiitm conpo-
TuBneHue R 3Toi ceTkn Mexay Toukamu A un B.

Y Kka3zaHue. Bocnonb3oBatbcs MNpuUHUMNAMU CUMMET- o
puv 1 cynepnosnumu.

3.155. OpHopofgHasa cnabo nposoAsiwias cpefa C yAenbHbIM
COMPOTUBNEHMEM p 3aM0AHAET MPOCTPAHCTBO MeXAy ABYMSA
KOaKCUanbHbIMWU MAeanbHO MNPOBOAAMMU TOHKUMU LUANHAPA-
mMu. Paguycbl UMAUHAPOB a 1 b, npuyem a<b, AnnHa Kax[oro
umnuugpa /. MNpeHebperas KpaeBbIMW 3pdekTamu, HalWTK COo-
NPOTUB/IEHNE CPefbl MeXAy LUUAnHLpamu.
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3.156. MeTannunuyeckunii Wwap paguyca a OKPY>KeH KOHLeHT-
PUYECKOI TOHKOIM MeTannmMyeckol 060n04Kkoil paguyca b. Mpo-
CTPaHCTBO MEXAY 3TMMWU 31eKTPOLaMK 3arnojiHeHO OLHOPOAHON
cnabo nposofAsuwieli cpefoil € yAenbHbIM COMPOTUBAEHMEM P.
HaiiTu conpoTMBNEHME MEeX3NeKTPOAHOro npomexyTka. Pac-
CMOTPETb TaKXe cnyyvail b -*m oo.

3.157. TlpocTpaHCTBO MeXxAy [ABYMS MNPOBOAAWMMU KOH-
LeHTpUYeCcKMMK cepamm, pagumycbl KoTopbix a u b (a<6), 3a-
NOJSIHEHO OAHOPOAHONM cnabo npoBofsAwWen cpefoil. EMKOCTb
TakoW cuctembl paBHa C. HaiTh ypenbHoe CcONpPOTUBNEHUE
cpefdbl, ecnu pasHOCTb MOTEHUMANoB MexXAy cgepamu, OTKIO-
YEHHbIMW OT BHELUHEro HanpsXXeHWs, yMeHbllaeTcs B pas
3a Bpems A/

3.158. [1Ba MeTa//IMyeCcKUX LlapukKa OLMHAKOBOro paguyca
a HaxoasTca B OAHOPOAHONM cnabo npoBoAsLLeil cpede € yaenb-
HbIM COMPOTMBAEHWEM p. HaliTu conpoTWBNEHME cpefbl MeXAy
lWapukamMy npu ycnoBuu, 4YTO PacCcTOsHUE Mexy HUMMW 3Hauu-
TenbHO 6ofblue a.

3.159. MeTannuyecknii WapuK pagumyca a HaxoguTca Ha
paccTosHuM / OT 6e3rpaHWYHOW ufeanbHO MPOBOAAWEl naoc-
KocTu. MpocTpaHCTBO BOKPYr LiapuKa 3amofiIHEHO OAHOPOLHOWA
cnabo npoBoAsLLeil cpefoil C yAenbHbIM COMPOTUBAEHUEM p.
Haiitm gns cnyyaa a<”\/:

a) MNOTHOCTb TOKa Y NPOBOAALLENA NMOCKOCTU KaK (yHKLUIO
paccTofHWA T OT LWAapuKa, ecnin pasHOCTb MOTEHLMAN0B Mexay
WapuKoM W NNOCKOCTbiO paBHa U,

6) conpoTuBneHUe cpedbl MeXAy LWapuKOM U NAOCKO-
CTblO.

3.160. ABa [ANMHHBIX NapanefbHbIX MpPoOBOAa HaxoAATcA
B cnabo npoBoAsAweil cpefe C YAeNbHbIM COMPOTUBAEHUEM P.
PaccTosiHMe MexAy OCAMW MNpPOBOLOB /, Paguyc CeYeHUs Kax-
foro nposoja a. Haiitu ana cnyvas X /:

a) NNOTHOCTb TOKa B TOYKe, paBHOYAaNeHHOW OT oceil nmpo-
BOAOB Ha pacCTOfHWE T, ec/in PasHOCTb MOTEHLUWANoB Mexay
nposogamy pasBHa U; '

6) conpoTMBneHWe cpefbl Ha eAuHULY AJWHBI NPOBOAOB.

3.161. 3a3op mexpgy o6kKnagkamMy MNAOCKOro KOHAeHcatopa
3aMONHEH  CTEKNOM C  Y[Ae/bHbIM  COMPOTUBAEHUEM p=
= 100 FOm-m. EmMKoOCTb KoHaeHcaTopa C=4,0 H®. HaitTn TOK
YTEUKN uyepe3 KOHAEeHcaTop npu Mojaye Ha Hero Hanps-
weHna U=2,0 kB.

3.162. [1Ba NpoBOAHMKA MPOM3BONLHOW (DOPMbl HaxXoA4ATCS
B 6e3rpaHUYHON OAHOPOAHOW Cnabo NPoBOAALLEN Cpefe C yAenb-
HbIM COMPOTUB/IEHWEM P U AU3NEKTPUYECKOA NPOHULLAEMOCTbIO
e- Halitn 3HaueHme npowusseseHus RC ans gaHHON cucTeMmsl,
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rae R — conpoTtuBneHne cpefbl MexXay npoBogHukamu, C —
B3aMMHas €MKOCTb MPOBOAHWKOB NPU HanMuum cpegbl.

3.163. lMpoBOAHUK C y[enbHbIM COMNPOTUBAEHWEM P TpaHu-
YT C AM3NeKTPUKAM MpoHuULaeMoCcTn e. B Touke A y noBsepx-
HOCTW MPOBOAHMKA 3NeKTpuyeckas WHAYKUuA paBHa D, npu-
yem BeKTop D HanpaBneH OT NMPOBOAHMKA W COCTaaTAeT yran a
C HOpManbl K MNOBEPXHOCTW. HailTym NOBEPXHOCTHYK MAOT-
HOCTb 3apsAf0B Ha NPOBOAHWKe B6AMU3N TOYKM A W NNOTHOCTb
TOKa B MNPOBOAHWUKE BOAU3M 3TOM TOUKM.

3.164. 3a30p MexAy njacTMHamu MI0OCKOr0 KOHZAeHcaTopa
3an0/lHEH HEOAHOPOAHON cnabo npoBOASLLEN Cpefoin, yAaenb-
Has MPOBOAMMOCTb KOTOPON M3MeHSeTCAa B HanpaBneHuu, nep-
NeHAWKYNSPHOM K nNaacTMHaMm, MO JIMHEAHOMY 3aKOHY OT
a,= 1,0 nCm/m go a,=2,0 nCwm/M. MNnowagb Kaxgolh nnactu-
Hbl S=230 cm2 wwupnHa 3a3opa d=2,0 mm. HaidiTn Tok uepes
KOHAEeHcaTtop npu HanpsxeHun Ha Hem U= 300 B.

3.165. MNokasaTb, YTO 3aKOH NpPefioMIeHUS NMHUIA NOCTOSH-
HOro TOKa Ha rpaHuue pasfena 4BYX NMPOBOAALWMUX CPef UMeeT
Bug lg a,/tg a,=0701, rge o, U 0, — NPOBOAMMOCTU Cpes,
a, na, — yrabl Mexay NMHUAMU TOKa M HOpManblo K MoBepX-
HOCTW pasfena fAaHHbIX cpef.

3.166. [ABa UWAMHAPUYECKUX TMPOBOAHMKA OfMHAKOBOrO
CEYEHMUs, HO C pasHbIMW YAeNbHbIMWU CONPOTUBAEHUAMU P ,=
=84 HOM’'Mw#u p,=50 HOM*M, npuxartbl Topuamu Apyr K Apy-
ry. Haitu 3apajg Ha rpaHuue pasgena AaHHbIX MPOBOAHWUKOB,
ecnu B HanpaBfieHUU OT NpoBogHMKA 1 K MpPOBOAHUKY 2 Te-
yeT TOK /=50 A.

3.167. 3a3op Mexgy o6KnagkamMu MnJ0CKOro KOHAeHcaTopa
3anofiHeH MNocNefoBaTelbHO ABYMA AN3INEKTPUYECKUMU C/IOSMU
1 un 2 TonwmHoi d, n dt, c NnpoHMLaemMoCTAMUN €, U C* U yaeNb-
HbIMW COMPOTUBAEHUAMM P, U p,. KOHAeHCATOp HaxoauTcs nog
MOCTOSHHBbIM Hanps>xeHuem U, npuyem 3neKTpuyeckoe none
HanpasneHo oT cnof 1 K cnoto 2. HaliTu 0 — NOBEPXHOCTHYHO
MJOTHOCTb CTOPOHHWUX 3apfAf0B Ha rpaHuue pasfena [U3NeKT-
puYeckmMx cnoes u ycnosue, npu kotopom o=0.

3.168. Mexpgy nnactmHamm 1 M 2 NAOCKOro KoHAeHcaTopa
HaxoAWTCA HeogHopofHaa cnabo nposofswias cpega. Ee
OV3NeKTpuyeckas NPOHULAEMOCTb W Y[efibHOe COMpPOTUBIEHUE
M3MEHAIOTCA OT 3HayeHWid e,, p, y nnacTuHbl 1 [0 3HayYeHWi
C» Pr y nnactmHbl 2. KoHAeHcaTop MNOAK/IOYEH K MOCTOSH-
HOMY HanpsXeHWt0, W Yepe3 Hero TeyeT YCTAHOBUBLUMIACSH
TOK 10T nnactuHbl / K nnactuHe 2. HailTu cymmapHbIii CTOPOH-
HWIA 3apafj B fLaHHOW cpefe.

3.169. [NVHHbLIA NPOBOAHWK KPYrNOro cevyeHus pagmyca a
chenaH n3 wMmatepuana, YAeflbHOe COMPOTUB/IEHWE KOTOPOro
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3aBUCUT TONMIbKO OT PaccTosHWA T L0 OCU MPOBOAHUKA NO 3a-
KOHy p=alr*, rge a — nocTosHHasA. HaliTtu:

a) CONpoTMBEHUE efMHULbI ANIMHbI Takoro MPOBOAHUKE;

6) HanpsHXKeHHOCTb 3/1eKTPUYECKOro MOoNs B MNPOBOAHUKE,
npu KOTOpoW no Hemy 6yaeT nNpoTekaTb TOK /.

3.170. KoHgeHcaTop emkocty C=400 n® noaknUUIM
yepe3 conpoTtusneHne £=650 OM K WCTOYHWUKY MOCTOAHHOrO
HanpsokeHns Ut. Yepe3 CKONbKO BpEMEHW HanpsXeHue Ha
KoHaeHcaTope cTaHeTr U=0,90 Ua&?

3.171. KoHpeHcaTop, 3amno/IHEHHbIA AW3NEKTPUKOM C Mpo-
HUuaemocTolo e=2,1. TepseT 3a Bpema 7=3,0 MWUH NONOBUHY
coobleHHOro emy 3apsga. CuuTas, 4TO yTeuyka 3apaja
NPOUCXOAMT TONIbKO 4epe3 [AMINEKTPUYEeCKY MpoKnagky,
HaliT ee yAefbHOE CONPOTUB/IEHME.

3.172. Llenb cOCTOMT M3 UCTOYHMKA NOCTOAHHON 3.4.c. <B
M NOCNefoBaTeNbHO MOAK/OYEHHbLIX K HeMy conpoTuBneHus R
M KoHAeHcaTopa emkocTm C. BHyTpeHHee COMpOTUBNAEHUE
MUCTOYHMKA NpeHebpexxumo Mano. B MOMeHT /=0 eMKOCTb KOH-
feHcaTopa ObICTpo (CKa4ykoM) yMeHbW WA B q pa3. Haitu TokK
B LUenn Kak (yHKUWIO BpemeHwu /.

3.173. AmMepMmeTp W BOSIbTMETP MOAKMHOUYWAM MNOCNefoBa-
TenbHo K batapee ¢ 3.4.c $=6,0 B. Ecnum napannensHo
BOMIbTMETPY MOAKMOYNTL HEKOTOpPOe COMPOTUB/IEHWE, TO MO-
KasaHue BONbTMeTpa yMeHblaeTca Brj= 2,0

pasa, a fnokasaHue amnepmeTpa BO CTO/b- n b,

KO e pa3 yBenmuymBaetca. Haitum noka- — =1 'i -)

3aHWe BONMbTMETpa Mocne MNOAKMYeHUs [A p -\r

CONpPOTMBAEHUSA. i — 1
3.174. HaliTm pasHOCTb MNOTeHuManos

F—D2 mexpgy Toukamm 1 M 2 cXembl Puc- 341

(puc. 3.41), ecnm /7% 10 Om, /?,=20 Om,
«?x=5 B © $,=2,0 B. BHYTpeHHUEe CONPOTWUBEHUA WCTOY-
HUKOB TOKa MNpeHebpexxmMo Mmassbl.

3.175. [OBa nocnefoBaTe/lbHO COEAWHEHHbIX OAMHAKOBbIX
MCTOYHMKA 3.4.C. WMEWT pas3/inyHble BHYTPEHHWE COMpPOTUB-
nenna /?, n /?,, npuyem /?,>/?,. HaiATH BHelHee COMPOTUB-

neHve /?, Npu KOTOPOM Pas3HOCTb MNOTEH-
LUManoB Ha KAeMMax O4HOr0 W3 WUCTOYHU-
KOB (Kakoro WMeHHO?) paBHa Hy/Io.
3.176. VICTOYHUKN TOKa C pasnut
3.4.C. COeAMHeHbl, KakK MOKa3aHO Ha puc.
3.42. 3.4.C. ICTOYHNKOB MPONOPLUOHASBbHBI
UX BHYTPEHHUM conpoTHareHusm: $=a/?,
rae a — noctosHHaa. ConpoTuaneHue npo-
Puc. 3.42 BOAOB npeHebpexumo mano. Haiitu:
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a) TOK B uenu;

6) pasHOCTb MOTeHUManoB Mmexay Toukamu A un B.

3.177. Pe3uctop C conpoTuBneHnem R W HenuHeliHoe co-
NpPOTUBNEHWE, BONbT-aMMepHas XapakTepucTuKa KOTOpOro
nveet Bug U =aVl, rge a — nocTosiHHasA, COeMHEHbI MOCNea0-
BaTeNbHO W MOAKAOYEHbl K WUCTOYHUKY HanpsxeHusa L0
HainiTu ToK B Uuenwu.

3.178. Ha puc. 3.43 nokasaHa BOJibT-amMepHas XxapakTe-
pUCTUKa paspsfHOro MNpoMeXxyTKa [AyroBoro paspsaga. Haitu
MaKC/UManbHOEe COMpPOTMBEHME pe3ncTopa, COeAWHEHHOro mMo-
cneaoBaTeNnbHO C AYroii, Npu KOTOpPOM Ayra euwie 6yaeT ropetsb,
€CNn 3Ty CUCTEMY MOAKIKYMTL K HanpskeHutio UO= 85 B.

Puc. 3.44

3.179. B cxeme (puc. 3.44) <£=108B, $,=2,5 B, /?,=
= 10 Om, Rj=200m. BHyTpeHHMEe CONPOTUB/EHUA NCTOYHNKOB
npeHebpexXnmMo Manbl. Ha#Tm pasHOCTb MOTeHUManoB <pA—cpB
Mexnay o6knagkamn KoHpeHcatopa C.

3.180. B cxeme (puc. 3.45) <£=5,0 B, /?,=4,0 Om, Rt=
=6,0 Om. BHyTpeHHee conpoTuBneHne nctoyHnka R =0,10 Owm.
HailiTn ToKu, Tekywwue yepe3 conpoTu&teHus /?, n R3

c Ul]o-
"i"R
\1.
Puc. 3.45 Puc. 3.46
3.181. Ha puc. 3.46 noka3aHa CxeMa NOTEHLMOMeTpa, C Nno-

MOLLbI0O KOTOPOro MOXHO MeHATb HanpskeHue U, nopgaBaemoe
Ha HeKoTopblii Mpu6op ¢ conpoTuBieHneMm R. TloTeHuMoMeTp
“MeeT ANWHY /, conpoTuBieHne R,, 1 HaxoguTcs MO Hanpsxe-
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Huem U». Haiitm HanpsxeHne U KakK (QYHKUWIO LAWHBL X.
VMccnegosath oTaensHo cnydaik RAM>RO.

3.182. HaiTm 3.4.C. M BHYTPEHHee COMPOTMBMIEHWE WUCTOY-
HWKa, 3KBMBANEHTHOrO ABYM MapanfiefibHO COeAWHEHHbIM 3fe-
MeHTaM C 3.4.C. n N BHYTPEHHUMMW COMNPOTUBEHUAMM
1?2, n Rt.

3.183. HailiTn 3HauyeHMe M HanpaaTeHWe TOKa 4yepe3 COMpo-
TneneHne R B cxeme (puc. 3.47), ecnrm ~=1,5 B, £ a=3,7 B,
#,= 10 Om, #2=20 OMm u R—5,0 OM. BHYTpeHHMe COMPOTHB-
NEHNA UCTOYHWKOB TOKa MNpeHebpexxMumo Marsbl.

Puc. 3.47 Puc. 3.48

3.184. B cxeme (puc. 3.48) ™, =15 B, <£2=2,0 B, <£,=
=2,5 B, Ri—10 Om, R,=20 Om, /?3=30 Om. BHyTpeHHue
conpoTvaTeHUs MUCTOYHUKOB MpeHebpexxumo Manbl. HaiTtu:

a) TOK u4épe3 conpoTumaTteHue /?,;

6) pasHOCTb moTeHuuanoB Pl—d s mexgy Toukamu J1 n B.

3.185. HaliTu TOK uyepe3 conpotmateHne R B cxeme (puc.
3.49). BHYyTpeHHWe COMPOTUBNEHUS UCTOYHWUKOB MpeHebpe-
XUMO  Marbl.

Puc. 3.49

3.186. HaliTu pasHOCTb MOTEHUWAN0B o a—¢ s MEXAY 006-
Knagkamm KoHgeHcatopa C cxembl (puc. 3.50), ecnm <£,=
=4,0 B, <fa=1,0 B, /?,= 10 Om, Rj=20 Om, R3=30 Ow.
BHYTpeHHMe  COMPOTHameHHs  WUCTOYHWKOB MNPeHebpexunmo
marsbl.
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3.187. HaliTu TOK 4yepe3 conpoTuBneHue Rt yuyacTka uenu
(puc. 3.51), ecnn /?1=10 Om, Rt=20 Owm, #,=30 OM ¥ noTeH-
umanbl Touek /, 2, 3 paBHbl = 10 B, =6 B, <p,=5 B.

3.188. Mexgy Toukamu A un B uenu (puc. 3.52) noagep-
XusatT HanpsxeHne U=20 B. HaiiTu TOK 1 ero Hanpasne-
Hne B yuyacTtke CD, ecnrm R=5,0 Om.

3.189. B cxeme (puc. 3.53) HailTM COMPOTUBAEHME MEXAY
Toukamn A un B, ecam /?=100 Om n r=50,0 Om.

Puc. 3.53 Puc. 3.54

3.190. HaiTn 3aBMCMMOCTb OT BPEMEHU HAMPSXKEHUS Ha
KoHgeHcaTope C (puc. 3.54) nocne 3aMbikaHWsi B MOMEHT /=0
knova K.

3.191. CKonbKO Temnja Bbl4ENUTCA B CMUPannM C COMPOTUB-
neHmem R =75 OM npu NpoXOXAEHWU 4Yepe3 Hee KONMyecTsa

anekTpuyectsa </=100 Kn, ecnm ToK
B cnupanu:
a) paBHOMepHO YO6bIBan A0 HynA
B TeyeHue /=50 c;
6) MOHOTOHHO YO6blBan A0 HYNA
Puc. 3.55 TakK. 4YTo 4epe3 Kaxgble [/=2,0 ¢
OH YyMeHblUancs BABoe?

3.192. K WCTOYHUKY TMNOCTOSHHOTO TOKa C BHYTPEHHUM
conpoTmeneHneM Rt noaknwouunum Tpu OLUHAKOBBLIX COMPOTUB-
neHns R, coeAuHeHHbIX Mexay co60i, Kak nokKasaHo Ha
puc. 3.55. Mpu Kakom 3HavyeHUn R TensoBas MOLWHOCTb, Bbl-
fensemas Ha 3TOM YyuyacTke, OygeT MakcumanbHa?

3.193. Y6eanTbca, 4TO pacnpefefneHne Toka B napan-
NefibHO COeAMHEHHbIX COMpPOTUBAEHMAX Rt u /?, cooTBeTCT-
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BYEeT MUHWMYMY Bblfe/15eMO Ha 3TOM Y4acTKe TernsoBON MOLL-
HOCTW.

3.194. Akkymynatop ¢ 3.4.c. $=2,6 B, 3aMKHYTblli Ha
BHELUHEE cOonpoTmBneHue, gaet 1ok /=1,0 A. lNpu 3ToM pas-
HOCTb NOTeHUWanoB Mexgy nostcamy akkymynatopa (/=
=2,0 B. HaiiTn TennoBYl0 MOLWLHOCTb, BblAeNSAeMYy0 B aKKyMy-
NATOPEe, W MOLWHOCTb, KOTOPYIO Pa3BMBAlOT B HEM 3/1EKTpPUYeEC-
KWe Cunbl.

3.195. 2/1eKTPOMOTOP MOCTOSAHHOIO TOKA MOAKMHUYUIN K Ha-
npshkeHuto U. ConpoTuBneHne 0OMOTKM SKOpS paBHO R.
Mpn KakoM 3HayeHWW TOKa 4epe3 OO6MOTKY nosesHas MOLL-
HOCTb MOTOpa 6yAeT MakcumanbHOW? Uemy oHa paBHa? Kakos
npy 3TOM K.M.A4. motopa?

3.196. Ha CKO/MbKO MPOLEHTOB YMEHBLIUACA AUAMETP HUTU
Hakana BCNeACTBMe WCMApPeHns, ecnn ANa  NoLAepXaHus
npexHeid TemnepaTypbl MNPULLNOCL MOBLICUTb HaNpsXeHue
Ha T|= 1,0%? CuuTaTb, 4YTO Tenjo0Tha4a HUTU B OKpYyXakoliee
MPOCTPAaHCTBO MNPOMNOPLMOHaNbHa MnJowaan ee MOoBEPXHOCTU.

3.197. VmeeTca NpOBOAHWK, Y KOTOPOr0 W3BECTHblI COMpPO-
TMBNeHWe R, He 3aBucsAwee 0T Temnepatypbl, 1 06wWas Tenno-
emkocTb C. B MOMeHT /=0 ero nogknouuam K MOCTOAHHOMY
HanpsbkeHuto U. HaiTu 3aBMCMMOCTb OT BpeMeHW Temmnepa-
Typbl T NpoBOAHWKA, CUYMTasd, 4TO TEMJOBas MOLLHOCTb, OTAa-
BaemMas MM B OKpyXatliee npocTtpaHctBo, q=K(T—TI0, rge
k — noctosiHHaa, TO— TemnepaTypa OKpyXawLuieii cpegpl
(oHa >Xe u TemnepaTypa MPOBOAHMKA B HayalbHbIi MOMEHT).

3.198. /lamnouky, napannefibHO COeAVHEHHYI C COMPOTUB-
nedmem A=2,0 OmM, NOAKMOUUAN K MUCTOYHUKY C 3.4.c. €=
= 15 B u BHYyTpeHHUM conpoTtusneHmem /?,=3,0 Om. Haitn
MOLLHOCTb, BbIJENIAIOLYIOCA Ha /NaMrnoyke, €Cnnm 3aBUCHMMOCTb

TOKa OT HanpsXXeHUs Ha Hell uMe-
€T BWA, MOKasaHHbI Ha puc. 3.56.

3.199. B cxeme (puc. 3.57) Rt=20
Om un /?,=30 Om. lNpu Kakom co-
npoTuBAeHNN RX Bblgensemas Ha HeM

2 4 6
Puc. 3.56 Puc. 3.57

TennoBas MOLIHOCTb MpaKTU4eckM He OyaeT 3aBMCETb OT Ma-
NbIX W3MEHEHW 3TOro conpoTuBneHMA? HanpsxxeHune Mexay
Toukamm A un B nocTtosiHHOe.

143



3.2C0. B cxeme (puc. 3.58) 3agaHbl Rt u Rt, a Takxe $,
m $ 2 BHYTpeHHMe COMPOTMBAEHUS WCTOYHUKOB MpeHebpe-
XUMO Manbl. Mpu Kakom conpoTuBiaeHun R Bbigensemas Ha
HeM TemnjoBasi MOLWIHOCTb OyAeT MaKCUMaNnbHOW? Uemy oOHa
paBHa?

l«,

.

Puc. 3.58 Puc. 3.59

3.201. KoHpgeHcatop emkoctu C=5,00 MK® nogknouunm
K WCTOYHMKY MOCTOAHHON 3.4.c. $=200 B (puc. 3.59). 3aTem
nepekntoyvatens K nepeBenn ¢ KOHTakTa 1 Ha KOHTaKT 2.
HaiiTy KonmyecTBO Tenna, BblAeNMBLUEECS Ha COMPOTWUBEHWM
#1=500 Om, ecnm Rt=330 Owm.

3.202. Mexpy o6knagkamu MA0CKOro KOHAeHcaTopa no-
MelleHa napaniesbHO UM MeTanuyeckas MAacTUHKa, TONLWU-
Ha KoTopoW cocTtaBnseT r|=0,60 paccTosaHus mMexpay obknaf-
KamMy. EMKOCTb KOHJeHcaTopa B OTCYTCTBME NNacTuHku C=
=20 HP. KoHfeHcaTOp MOAKNHOYEH K UCTOYHWKY MOCTOAHHOrO
HanpsbkeHus (/=100 B. TMnacTUHKY MeAJIEHHO MW3BNEKAU U3
KOHAeHcaTopa. Haiitu:

a) npupalieHue 3Heprum KOHAeHcaTopa;

6) MexaHW4Yeckylo paboTy, 3aTpayeHHYl Ha W3BNeYeHUe
NAacTUHKMU.

3.203. CTeknaHHaa nnacTMHKa LLe/IMKOM 3amnonHfAeT 3a30p
mMexay o00KnagkaMu MA0CKOro KOHJeHcaTopa, eMKOCTb KOTO-
poro B oTcyTcTBMe nnactuHkm C=20 H®P. KoHpeHcatop nog-
K/OYEH K WCTOYHMKY MOCTOSHHOrO HanpsXKeHus £/=100 B.

MnacTUHKY MeaneHHo (6e3 TpeHua) u3-
BNEKAN M3 3a3opa. HaiiTm npupaweHue
3HeprMyM KOHAeHcaTopa W MEXAHWYECKYHO
paboTy, COBepLUEHHYI MPOTUB 3NEKTPU-
YecKMX CuM MpU WU3BJIEYEHUN NNACTUHKMW.
3.204. LLAnHAprUYecKuy
NOAKMOYEHHbIA K  WUCTOYHUKY  MOCTOSH-
HOro Hanpsxeuus U, ynupaeTrcs CBOUM
TOpUOM B MOBEPXHOCTb BOAbl (puc. 3.60).
PacctosiHue d mexpay 06knagkamn KOHAEH-
Puc. 3.60 catopa 3HauYuTe/lbHO MeHblUe WX CpefHero
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paguyca. HaiiTu BbicOTY H, Ha KOTOpPOW yCTaHOBMTCSl YPOBEHb
BoAbl MexAy o6knagkamu KoHfeHcatopa. KanunnspHeimMu
ABMIEHNAMMN nNpeHebpeub.

3.205. Paguycbl 06knagok cepmnyeckoro KoHaeHcaTopa
paBHbl @ U b, Nnpnyem a<b. MpocTpaHCTBO Mexay 06Knagkamu
3aM0/IHEHO OLHOPOAHbIM BeLeCTBOM C AU3NEKTPUYECKON npo-
HULAEeMOCTbI0 € W YyAefnbHbIM COMpoTUBAEHWEM p. [lepBOHa-
Ya/lbHO KOHAeHcaTop He 3apsXeH. B MoOMeHT /=0 BHyTpeHHel
obknagke coobwmunu 3apag Q. Haitu:

a) 3aKOH MW3MeHeHWs BO BpeMeHW 3apsfa Ha BHYTPeHHel
obknagke;

6) KONMYecTBO Tenna, BblAeNUBLIEroCAs MNpPU pacTeKaHuu
3apajga.

3.206. O6knagkaM KoHAeHcaTopa eMmkoctm C=2,00 MK®
coobwunan pasHoOMMeHHble 3apsagbl ~0= 1,00 mKn. 3atem 06-
KNnafKn 3aMKHYNW 4epe3 cOnpoTuBeHue /?=
=5,0 MOwm. Haiitu:

a) 3apsaj, npowejwuii yepes 3To coOMpo-

TuBneHne 3a T1=2,00 c;

6) KonNM4ecTBO Temnna, BblAenMBLIEECS B
COMPOTUB/IEHUN 33 TO XK€ BPEMS.

3.207. B cxeme, MOKa3aHHON Ha pwc.

3.61, O4MH KOHAeHcaTop 3apaguMnuM O Ha-

npsXxeHus (/<, 1 B MOMeHT /=0 3amMkHynu ko4 Km Haitu:
a) TOK / B Uenn Kak PYHKUWIO BpemeHu /[;
6) KOAM4YecTBO BbIAeNMBLUErocA Tenna, 3Has 3aBUCUMOCTb

3.208. Katywka paguyca r=25 cwm, cogepxawas /=500 m
TOHKOr0 MeAHOro MnpoBOAa, BpallaeTca C YrnoBOW CKOPOCTbIO
0)=300 paa/c BOKpYr cBoeil ocu. YUepes CKOMb3ALWME KOHTAKTbI
KaTylwka noaknoyeHa K 6aniNCTUYECKOMY rafibBAHOMETpY.
O6uwee conpoTuBneHune Bcel uenu /?=21 OM. HaliTm ypgensb-
HbliA 3apsiff HOCWTeNein Toka B MeAW, ecnu nNpu pe3koM 3aTop-
MaXMBaHUWN KATYLIKW 4Yepe3 rajbBaHOMETP MPOXOAUN 3apaj
=10 HKn.

3.209. HaliT cyMMmapHblii UMMYnbC 371EKTPOHOB B MPSMOM
npoeoge AauHbl /=1000 M, no KOTOpOMY TeuyeT TOK /=
=70 A

3.210. Mo wmegHoMy npoBogy Te4yeT TOK MNOTHOCTM ['=
= 1,0 A/mm*. CuynTas, 4TO Ha KaXAblii aTOM Meau MPUXOANTCS
O4UH CBOGOAHbLI 3N1EKTPOH, OUEHWTb, Kakoi nyTb npoigeTt
3N1EeKTPOH, MepemMecTMBLUMUCL BAO/Mb MPOBOJA Ha paccTosHue
/=10 wMm.

3.211. Mo npaAmMoMy MefHOMYy npoBody ANnnHbl /=1000 ™
n ceyeHnem S=1,0 mm* TeueT TOoK /=4,5 A. CuuTas, 4TO Ha
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KaXAablli aToM Mean NPUXOAUTCA OAWH CBOOOAHBIA 371EKTPOH,
HalTL:

a) BpeMs, 3a KOTOPOE 3/1eKTPOH MNepeMecTuTcs OT OfHOro
KOHUa nposofja [0 APYyroro;

6) CyMMy 3neKTPUYeCKUX cua, AeWCTBYHOLIMX Ha BCe CBO-
60fHble 3N1EKTPOHbI B AaHHOM MPOBOE.

3.212. OpHOPOAHbIA NYYOK MPOTOHOB, YCKOPEHHbLIX pasHo-
cToto noteHumanos U= 600 kB, umeeT Kpyrioe ceyeHue pa-
anyca r=50 Mm. HaliTu HanpsXXeHHOCTb 3/1IEKTPUYECKOro
nons Ha MOBEPXHOCTW MyyKa W pasHOCTb MOTEHLMaNoB Mexay
MOBEPXHOCTbIO M OCbi0 My4yka npu Toke /=50 MA.

3.213. [OBe 6onbluve napanfiefibHble NAACTUHbI HAaxoAATCS
B Bakyyme. OfHa u3 NAacTUH CAYXWUT KaTtofOM — WUCTOUYHMU-
KOM 3/1eKTPOHOB, HayanbHas CKOPOCTb KOTOPbIX MNpeHe6bpe-
XUMO Mana. DNEKTPOHHbIA NOTOK, Hamnpas/ieHHbI K NpOTMBO-
MOMOXHOW nnacTUHe, CO34aeT B MPOCTPAHCTBE O6BLEMHBLIA 3a-
pAad, BCMeACTBME Yero MOTeHUMan B 3a30pe Mexay nnactu-
HaMW MeHseTCcs MO 3aKOHY <p=aacd\ rge a — MONOXKUTENbHasA
MOCTOAHHAsA, X — paccTosHMe OT Katoga. Haitu:

a) NJOTHOCTb MPOCTPAHCTBEHHOrO 3apsja B 3aBUCUMOCTM
oT X;

6) NNOTHOCTb TOKa.

3.214. Bo3gyx mMexnay LBYMS napanfiefibHblMU naacTuHamu,
OTCTOAMMM APYT OT Apyra Ha pacctosiHue d =20 MM, MWOHU3K-
PYIOT PEHTreHOBCKMM Wu3nydvyeHueM. Tlnowagb Kaxpaoil nnac-
TUHbl S=500 cM*. HalTu KOHUeHTpauumio MNONOXUTENbHbIX
MOHOB, ecny npu HanpsxeHun £¥=100 B mexpgy nnactmHamu
naet ToK /=3,0 MKA, 3HAYMTENbHO MEeHbLUWA TOKa Hachblle-
Hua. T10ABMXKHOCTL WMOHOB BoO3gyxa ttf= 1,37 cm*/(B-c) wu
« =191 cmV(B-c).

3.215. a3 WOHU3NPYKOT HemnocpeicTBeHHO Yy  MOBEPX-
HOCTM Nnockoro anekTpoga 1 (puc. 3.62), OTCTOSALLENO OT 371EKT-

pofja 2 Ha pacctosHue /. Mexay 3nekTpo-

1y r JaMU  MPUNOXUAN TMEPEMEHHOE HanpsXeHue,
M3mMeHsalolleeca CO BpPeMeHem t MO  3aKOHY

U=UQOsin co/. YmMeHbllag 4acToTy LI, 0OHa-

(")/- pyxwunwn, uyto ranbBaHomeTp [ nokasbiBaeT

y Tok Tonbko npn 9<(00, rge wO— HekoTo-
——————————————— 1 pas rpaHmyHas 4acTtota. HaliTm nogsux-
Puc. 3.62 HOCTb WMOHOB, LOCTUTalOLWMX NpU 3TUX YyC/O-

BMAX 3nekTpoga 2.

3.216. Bo3gyx Mexpy ABYyMS 6/M3KO PacnonoXXeHHbIMU
nnacTUHaMu pPaBHOMEPHO WOHU3MPYIOT YNbTPagpMoneToBbIM W3-
nyyeHmem. O6bem BO3fyxa Mexay nnactmHamum K=500 cm*,
Habngaemblin  TOK HacbilweHns /sac=0,48 MKA. Haiitu»
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a) 4yMcno nap WOHOB, CO3faBaeMblX WMOHW3ATOPOM 3a efu-
HULY BpEMEeHU B eAuHULE 06bEMA;

6) paBHOBECHYI KOHLEHTpauui nap WMOHOB, ecinm Kosddu-
LMEeHT pekomMbuHauum wnoHOB BO3gyxa r= 1,67« 10~* cm*/c.

3.217. AnnTenbHO [AelicTBOBaBLUWI WMOHM3aTOp, CO3/4aBaB-
WKWA 3a efWHULY BPEMEHM B eAuHULE 06bema BO3AyXa 4MCo

nap uoHos n{=3,5’10* cm“**c~1, 6bIn BbIKNOYEeH. CuuTas,
YTO eJMHCTBEHHbIM MPOLECCOM MOTEPU MOHOB B BO3AYyXe $B-
naetca pekombuHauma ¢ KoapguumeHtom r=1,67*10“* cvm*/c,
HailTK, 4yepe3 Kakoe BpeMs MOC/Ae BbIKAOYEHUA MOHM3ATOpa
KOHLEHTPaLMa WOHOB YMEHbLIWUTCA B tj=2,0 pasa.

3.218. Tlnockuii BO3AYLWIHbIA KOHAEHCATOp, paccTosiHue
Mexay nnactuHamu kotoporo d=5,0 mm, 3apsgunu go U—
=90 B u oTKIOUMAM OT WUCTOYMHUKA HanpsHkeHus. Haintu
BpeMsi, 3a KOTOpPOe HanpsHkeHWe Ha KOHAeHcaTope YMeHb-
wwutca Ha 1= 1,0 %, nmesa B BUAY, 4YTO B BO3AYXE MPN 0ObIYHbIX
YCNOBUAX B CpeaHeM o6pa3yeTcsi 3a eAWHULY BPEMEHW B efu-

Huue obbema ymucno nap MoHoB n1,=5,0 cM_,-c-1 U 4TO AaHHOe
HanpsXeHne COOTBETCTBYeT TOKY HacblLieHUs.

3.219. Mexay [ABYMS MNJOCKUMM NAacTUHaMW KOHAeHca
TOopa, OTCTOAWMMU ApPYyr OT Apyra Ha pacctosHue d, Haxo-
antca ra3. OfHa M3 NNacTUH 3MUTTMPYeT execekyHAHo VO
3/1eKTPOHOB, KOTOpble, [ABUrascb B 31EKTPUYECKOM Mone,
MOHM3MPYIOT MONEKY/Nbl rasa TakK, YTO KaXAblii 31eKTPOH CO3-
[aeT Ha efMHULE ANUHbI NYTU @ HOBbIX 3N1EKTPOHOB (M WOHOB).
HaiiTu 3MeKTPOHHbI TOK Yy MPOTUBOMOMOXHON MNACTUHbI,
npeHebperas MOHM3aLMeh MONEKYN rasa HOHaMW.

3.220. a3 mexgy nnacTUHaMyW KOHAeHcaTopa, OTCTOAW M-
MW ApYyr OT gpyra Ha pacctosiHue d, paBHOMEPHO WMOHU3MPYIOT
yNbTPaPUONeTOBbIM WU3YYEHUEM TaK, UYTO €XeCeKyHAHO B efu-
Huue obbema co3gaetcs N( aneKTpoHoB. MocnegHue, ABUTascChb
B 3/IEKTPUYECKOM MOMe KOHAeHcaTopa, MOHM3NPYIOT MONEKY/bl
rasa, nNpuvyeM KaXAblii 3M1eKTPOH CO3JaeT Ha efuHMLE LNWHbI
CBOEro MyTW a HOBbIX 3/1EKTPOHOB (M MOHOB). MNpeHebperas uno-
Hu3aumell MOHaMW, HANTW NAOTHOCTb 3NEKTPOHHOIO TOKa Yy
NAacTMHbl C 60MbLWIUM MOTEHLUAnoMm.

3.5. TlocToAHHOe MarHuTHoe none. MarHeTuku

0 MarHuTHoe nose ToyeyHoro 3apapga (), ABUXYLLEroca c Hepend-
TUBUCTCKO CKOPOCTbIO V:

n_E«E!L. (3.5,
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¢ 3akoH Buo— Casapa:

JD_ M Ik) U Ho /[N. 1)

iR TR dB=TT—73“ -« (3 56)
0 Uwupkynsuns BekTopa B (B Bakyyme) u Teopema [aycca fns Hero:
£ B r=u0/, £ BdS=0. (3.B8)

¢ Cwuna NopeHua:
F=gE-f?[vB]. (3.51)

0 Cwuna Awmnepa:
<fP«=[JB]<iV, dF=/[dl, B]. (3.bn)

(b Cuna u MOMeHT cun, [eicTBYlOWME HA MarHUTHbIA gunonb PT =
= ISm:

F=pmdb!dn, N= [pmB], (3.6e)

rie AB/on—npousBogHas BekTopa B Mo HanpaBneHuio Aunons.
0 3nemeHTapHas pa6oTa ammepoBbIX CWUJ MpWU MNepeMelleHn KOH-
Typa C TOKOM:

6/4= | K= . (3.5%)
 Uunpkynsyms HamardHuyeHHoctn J:
<f)JdT=I", (3.63)

rae /' —cyMmMmapHbIii MONEKYNAPHbIA TOK.
(b Bektop H v ero ympkynayus:

H= B/u0—J, $HdT=1, (3.5m)

rie /—anre6panyeckas CyMMa MakpOCKOMWYECKMX TOKOB.
 Ycnoeus Ha rpaHuue pasgena ABYX MarHeTWKOB:

Bln=Br,, Hu=HT (3.BK)
o Ans marHeTMKoB, y KOTOpbIX 1= XH:
B=yuOH, u=1+x- (3.5n)

3.221. ToueuHblli 3apag ABMXKeTCA €O ckopocTbio =900 m/c.
B HekoTOpbIi MOMEHT B TOuke HabnwgeHus P HanpsaxeH-
HOCTb 3MEKTpUYecKoro nons 3Ttoro 3apsga £=600 B/m, a
mMexay BekTopamu E u v yron a=30°. Haitn mHgykuuio B
MarHMTHOro MNoNs faHHOro 3apsffa B TOYKe P B 3TOT MOMeHT.

3.222. Mo kpyrosomy BUTKY paguyca # = 100 MM M3 TOH-
KOro nposofja uupkynupyeT Tok /=1,00 A. HaiTum MarHut-
HYI0 VHOYKUWIO:

a) B LEHTpe BUTKa,

6) Ha oCcM BMTKa B TOYKe, OTCTOALEA OT ero LeHTpa Ha
jc= 100 mm.
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3.223. Tok / TeyeT MO TOHKOMY MPOBOAHUKY, KOTOPbIN
NMeeT BWJ MPaBUNbHOIO N-YrofbHWKa, BMWCAHHOIO B OKPYX-
HOCTb pagmyca R. HaliTu MarHWTHYI0 WHAYKUUIO B LEHTpe
[JaHHOro KOHTypa. Vccneposatb MnofiydyeHHOe BblipaXkeHue Mpu
n-+°o.

3.224. HalTh WHAYKUWIO MArHUTHOTO MOAS B LEHTPe KOH-
Typa, WUMeKLlero Bug MNPAMOYTro/fibHUKA, €CAM ero fguaroHasnb
d=16 cwm, yron mexpgy aunaroHansamum ¢©=30° u TOK B KOHType
/=5,0 A

3.225. Tok /=5,0 A TeyeT N0 TOHKOMY 3aMKHYTOMY Mpo-
BOAHMKY (puc. 3.63). Pagmyc M30rHYTOM 4acTu NpOBOAHMKA
[?= 120 mm, yron 2=90°. HanlTu MarHUTHYK MHAYKUWUIKO B TOY-
ke O.

Puc. 3.63 Puc. 3.64

3.226. HaliTu WHAYKUWK MarHUTHOro nons B Touyke O
KOHTypa C TOKOM /, KOTOpbI/i MOKa3aH:

a) Ha puc. 3.64, a; paguycbl a n b, a Takxe yron ¢ n3BecTHbl;

6) Ha pwuc. 3.64, 6; paguyc a M CTOpPOHa b M3BECTHbI.

3.227. Tok [/ TeyeT BAONb ANWHHOWA TOHKOCTEHHON TPYyObI
paguyca R, umeroweid no Bceii AAuHe NPOJOMbHYH Npopesb
WwupuHbl h. Hai#lT WMHAYKLUIO MArHUTHOTO MOAs BHYTpU Tpy-
6bl, ecnu h<”R.

3.228. Tok /=11,0 A TeyeT NOANMHHOMY MPSAMOMY MPOBOA-
HUKY, CeYyeHMe KOTOpOro umeeT (HOPMY TOHKOFO MOMYKOfbLa
pagnyca R=5,0 cm (puc. 3.65). HalTm WHAYKUMIO MarHUT-
Horo nona B Touke O.

Puc. 3.65 Puc. 3.66

3.229. Onpefennte WHAYKUUIO MarHUTHOrO MNons B TOYKe
O, ecnn MpoBOAHUK C TOKOM / WMeEeT BWA, MOKa3aHHbINA:
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a) Ha puc. 3.66, a; 6) Ha puc. 3.66, 6; B) Ha puc. 3.66, B.
Pagnyc M30rHYTOM 4acTu MPOBOAHUKA paBeH R, npAMonnHeii-
Hble y4acTKU MPOBOAHWKA MPefMnoNaralTcsa O0YeHb AJIMHHBIMU.

3.230. ANVHHbIA NPOBOAHUK C TOKOM /=5,0 A M30THYT noj
NpsAMbIM yrioM. HailTu MarHUTHYK WHAYKUWI0O B TOYKe, KO-
TOpas OTCTOMT OT M/JOCKOCTM NpOBOAHMKA Ha /=35 CM M Ha-
XO4MTCA Ha nepneHauKynspe K MPOBOAHUKaM, MNPOXOAALLEM
yepe3s TOYKY u3ruba.

3.231. HallTu wmarHuTHyo uHaykuuio B Todke O, ecnu
NPOBOAHMK C TOKOM /=8,0 A uMeeT BWUfA, NOKa3aHHbIA!

a) Ha puc. 3.67, a; 6) Ha puc. 3.67, 6.

Paguyc M30rHyToi 4actm nposogHuKa /?= 100 mm, npsmMonu-
HeliHble Y4YaCcTKW MNPOBOAHMKA OYeHb ASINHHBIE.

3.232. Onpegenutb WHAYKUUIO MarHUTHOTO MOAA TOKa,
paBHOMEpPHO pacnpefe/ieHHOoro:

a) Mo MNAOCKOCTW C JINHEWHOW MAOTHOCTbIO I;

6) no ABYM MapannesbHbIM MNAOCKOCTAM C JIMHEHbIMU
NAOTHOCTAMM | N —I.

3.233. OgHOpPOAHLI TOK NAOTHOCTU / TeyeT BHYTPWU Heorpa-
HWYEHHOW NNacTUHbl TONWMWHbLI 2d napannenbHO ee MNOBEPX-
HOCTW. HaliTy WHAYKUMIO MarHUTHOro Nofs 3TOro TOKa Kak
(OYHKUUIO paccTosHMA X OT CpefHeli NAOCKOCTM MNAacTUHBI.
MarHuMTHyl0 NpOHMLEeMOCTb BCHOAY CUMTaTb paBHOW efuHuULe.

3.234. T1OCTOSIHHbLIA TOK / TeyeT MO ANMHHOMY NpPAMOMY
npoBo4Yy W fanee pacTekaeTcqd pagvanbHO-CUMMETPUYHO MO
NpoBOAALLEA MNOCKOCTU, NEepPneHANKYNSPHON K npoBoay. Haii-
TM WHOYKUWIO MArHUTHOIO NOS BO BCeX TOYKax MPOCTPaHCTBa.

3.235. Tok / TeyeT MO ANMHHOMY MPAMOMY MPOBOAY M
3aTeM pacTeKaeTCA paBHOMEPHO MO BCeM Hanpas/ieHUsM BOLHO-
poAHOli MpoBoOAsLLel cpefe, Kak nokasaHo Ha puc. 3.68. Cuu-
Tas MarHUTHYK MPOHULLAEMOCTb Cpefbl pPaBHOW efuHULE, Hali-
TM WHAYKUWIO MarHUTHOrO nons B TO4uke A, OTCTOSeiR OT
Toukn O Ha paccTosHue T nog yriom f.

150



3.236. VimeeTca KpyroBoi BWTOK C TOKOM /. HaliTu uHTer-
pan J Bdr Bgons ocu BWTKa B Mpegenax OT —00 A0 +00.

O6BACHWUTL MNOMYYEHHbIA pe3ynbTarT.

3.237. o opHopofHOMY npAMOMY npoBoAy, paguyc ce-
YyeHMs KoToporo R, TeyeT MOCTOAHHbLIA TOK MNAOTHOCTU j. Haii-
TM MHAYKUUIO MarHUTHOrO Mofs 3TOro TOKa B TOUKe, MON0Xe-
HVe KOTOPOM OTHOCUTENbHO OCU NpoBOAA
onpegenseTca paguyc-BeKTopom r. Mar-
HUTHaA MpoHuLaemocTb Bclogy U =1

3.238. BHyTpuM OAHOPOAHOr0 [AJINH-
HOro MNpPAMOro npoBoja Kpyrfioro cede-
HUA UMeeTCca Kpyrnas AAWHHAas UWAWH-
JApuyeckas MonocTb, 0Cb KOTOpOI mapan-
NnefibHa OCW MPOBOAA W CMelleHa OTHO-
CUTENbHO nocnefHell Ha pacctosHue .
Mo npoBogy Te4yeT MOCTOSIHHbIA TOK
nNAOTHOCTM j. HaliTu uWHAYKUMo Mar-
HUTHOrO NONA BHYTPM nonoctu. Pac-
CMOTpeTb, B 4YacTHOCTW, cnydain 1=0.

3.239. HaiT nNNOTHOCTb TOKa KakK (YHKLMK paccTosHUs
I OT OCM aKCManbHO-CUMMETPUYHOrO napannenbHoro noToka
3N1eKTPOHOB, €CAN WHAYKLUWA MarHUTHOro MOAs BHYTPU MO-
TOKa 3aBMCUT OT I Kak B—bra, rge b n a — nonoxutenbHbie
MOCTOSHHbIE.

3.240. OpHocnoiiHas KaTylwka (coneHoma) vmeeT gauHy /
n paguyc cedeHus R. UYucno BUTKOB Ha efuWHWLY AJWHbLI T
HaiAT WHAYKUMI0O MarHWTHOFO MONS B LEHTPe KaTyLlKu, ecnu
TOK 4epe3 Hee paBeH /.

3.241. OuYeHb ANNHHbIA NPSAMON cOoneHowup MMeeT paguyc ce-
yeHMs R 1 N BWTKOB Ha eAMHULY AAWHBL. [0 coneHomay Tedyet
MOCTOAHHbLIA TOK /. TlyCcTb X — pacCTOsiHWE, OTCUYUTLIBAEMOE
BAONb OCW coneHomga OT ero Topua. Hauitu:

a) WHOYKUMWIO MarHMTHOrO MO/As Ha OCU KaK (PYHKLUKO X;
n306pasuTb MNPUMEPHbIA rpaMK 3aBUCMMOCTU WHAYKLUM B
OoT OoTHoweHunsa x/R;

6) pacctosHme g0 [O TOYKM Ha OCU, B KOTOPOA MHAYKLMA
nons otnuyaetcs 0T b B rny6uHe coneHomga Ha 1= 1%.

3.242. O6MOTKOM [LNMHHOrO NPAMOro coneHouga C paguy-
coM ceyeHMs R—2,5 cM CAyXWT TOHKaf JfeHTa-npoBOAHUK
wupuHoin h=2,0 cM, HamOoTaHHaa B OAWH C/OW MPaKTUYECKM
BNAOTHYO. 10 neHTe TeyeT Tok /=5,0 A. HaliTH MHAYKUMIO
MarHUTHOrO MOAS BHYTPU U BHE CONEHOWMAA KakK (QYHKLMIO
paccTosHUs T OT ero ocw.

3.243. Ha [JepeBsiHHbIA TOpOMA Manoro MomnepeyHoro ce-
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YyeHMs HamoTaHO paBHOMepHO N =2,5-10* BUTKOB nNpoBoja, Mo
KOTOpOMY TeyeT TOK /. HaliTu OTHOWEHMWe T) MHAYKLUM Mar-
HUTHOIO MONA BHYTPW TOpouAa K WHOYKUUW B LEHTpPEe Topouaa.

3.244. Tok /=10 A TeyeT No AMHHOMY MpPSMOMY MpPOBOA-
HUKY KPYra0ro ceyeHus. HaliTu MarHUTHbIA NOTOK 4Yepe3 Of4HY
M3 MOJIOBUH OCEBOr0 CeYeHUs MNPOBOAHWKA B pacyeTe Ha OAMUH
MeTp ero AJINHbI.

3.245. WmeeTcA OYE€Hb AJ/IMHHBLIA MNPSAMONA COMeHoug C TO-
Kom /. Tlnowajb MNOMEpPeYyHOro cevyeHWs coneHomga S, 4Mcio

BUTKOB Ha e€gVMHWLY AJIWHBL 1.
HaiiTu noTok Buktopa B uepes
TOpel, coneHomga.
3.246. Ha puc. 3.69 nokasaH
KOMbLIeBOW cOneHomg NPAMOYronb-
HOro ceyeHus. HalTu MarHWTHbINA
MOTOK Yepes 3TO CeYeHUe, ecnu
TOK B 06MOTKe /=1,7 A, nonHoe
yncno ButkoB N =1000, oTHowe-
HMe BHeLlHero fAuameTpa K BHYTpeHHemy r]= 1,6 n Tonwm-
Ha J1=5,0 cm.

3.247. HainTM MarHUTHbI MOMEHT TOHKOr0 KpyroBoro BUT-
Ka C TOKOM, ecnu paguyc Butka /?= 100 MM M UHAYKUUS Mar-
HUTHOFO MNoOAs B ero LeHTpe B=6,0 mMKTA.

3.248. BbluMCANTb MArHWUTHbIA MOMEHT TOHKOrO MpPOBOA-
Huka ¢ TokoMm /=0,8 A, NNOTHO HAaBMTOr0 Ha MOJIOBUHY Topa
(puc. 3.70). OnameTp ceyeHus TOpa
d=5,0 cm, ymcno BuTKoB N=500.

3.249. ToHkuini nposog (c usons-

Lueil) obpasyeT MNNOCKYH cnupanb
n3 N=100 nnoTHO pacnonoXXeHHbIX
BUTKOB, MO KOTOpPbIM Te4yeT TOK

Puc. 3.70

/=8 MA. Paguycbl BHYTPEHHEro W BHELUHEro BWUTKOB (puc.
3.71) a=50 MM, b=100 mm. HaiTu:

a) MHAYKUMI0O MarHMTHOTO Mofs B LEHTpe cnupanu;

6) MarHWTHbIA MOMEHT chnMpanu npu AaHHOM TOKE.

3.250. HenpoBogsAwmnii TOHKWIA AUCK paguyca R, paBHO-
MEPHO 3apsHKEHHbIA C OLHOW CTOPOHbI C MOBEPXHOCTHOW MNOT-
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HOCTbIO @, BpaljaeTca BOKPYr CBOeid OcM C YrnoBoi CKOpo-
CTbl0 0). Haitu:

a) MHAYKLUIO MarHMTHOrO Mojs B LEHTpe AUCKE;

6) MarHWTHbIA MOMEHT AMUCKa.

3.251. Henposoaswasa cgepa paguyca R=50 mm, 3apsd-
XE€HHas pPaBHOMEPHO C TMOBEPXHOCTHOW MAOTHOCTbO 0=
= 10,0 mkKn/m*, BpawaeTca C Yri0BOW CKOPOCTbK CO=
=70 pag/c BOKpYr ocu, NMpOXofslein 4yepe3 ee LeHTp. Halitn
MarHMTHY WHAYKUUIO B LEHTpe cdepsbl.

3.252. 3apaa g paBHOMepHO pacnpefeneH no o6bemy OAHO-
poAHOro wapa Maccsl T M paguyca R, koTopblii Bpalaetcs
BOKPYr OCW, NpOXOoAslieii 4epe3 ero LEHTP, C YraoBOl CKO-
pocTbio 0. HailTum  COOTBETCTBYHOLLMA MArHUTHbIA MOMEHT W
€ro OTHOLlEeHME K MeXaHW4YeCKOMY MOMEHTY.

3.253. [ONWHHbIA AN3INEeKTPUYECKUin uuanHap paguyca R
cTaTU4Yeckn MnoNApu3oBaH Tak, YTO BO BCEX ero Toukax Mnons-
pv30BaHHOCTL P=ar, rge a — MNONOXUTeNbHasas MNOCTOAHHasA,
r — paccTosHue OT ocu. LiunmHap npusenu BO BpalleHue BOK-
pyr ero ocu ¢ YrjioBOl CKOpPOCTbK 0. HallTu WHAYKLMIO Mar-
HWTHOTO NOMS B LEHTpe LMAMHApa.

3.254. [1Ba MpoTOHA ABWXYTCHA napanfieflbHO APYr Apyry
C OAMHaKoBOW ckKopocTblo «=300 Km/c. HailTu OTHOLEHNE
CU1 MarHUTHOTO W 3MeKTPUYECKOr0 B3aMMOAENCTBUA [aHHbIX
MPOTOHOB.

3.255. HainTu moaynb v HanpaBieHue CWUAbl, AelCTBYOLLei
Ha efMHULY ANMWHbI TOHKOrO MPOBOAHMKA C TOKoM /=8,0 A
B Touyke O, ecnum nNpoBOAHUK
M3OrHYyT, KakK fioKasalkia:

a) Ha puc. 3.72, a, n pagu-

YC|3akpyrneHus /?= 10 cwm; \
0) Ha puc. 3.72, 6, n paccTo- a)
AHME MeXAY ANUHHbIMKW napan-
NenbHbIMW  LPYT APYTY Yy4acT- p,,c- 372

Kamyu npoBogHuka /=20 cm.

3.256. 1Ba ANMHHbIX NPAMbIX B3aUMHO MeprneHAUKYNAPHbIX
npoBofa OTCTOAT APYr OT Apyra Ha paccTosiHue a. B Kaxjom
npoeoge TeyeT TOoK /. HaliTW MakcMManbHOe 3Ha4yeHWe CuJbl
AwMnepa Ha eAMHULY ANMHBI NPOBOAAa B 3TOM CUCTEMe.

3.257. Katywky c Tokom /=10 MA nomectuiu B OfHOPOSA-
HOe MarHMTHOe naTe TakK, 4YTO ee OCb COBMajsa C HarnpaB/ieHUem
nonda. O6MOTKa KaTylKW OfHOCNOMHAA W3 MeAHOro nposoja
Onametpom d=0,10 mm, paguyc BMTKOB /?=30 MM. lMpu Kakom
3HaYeHUN WHAYKLMW BHELWHero natad o6moTKa KaTywWwKu MO-
XeT ObITb pasopsaHa?
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3.258. MegHbll nNpoBof cevyeHMem 5=2.,5 MM*, COrHyTbl |
B BMAe TpPex CTOPOH KBajpaTa, MOXeT MoBOpayMBaTbCA BOKPYT
ropusoHTanbHoh ocu 00' (puc. 3.73). [MpoBog HaxoguTcs
B OJHOPOLHOM BEPTMKa/SIbHO HanpaB/ieHHOM MArHUTHOM Mofne.
HaiTn vwHAyKuWio MoAg, ecnm npu NponyckaHuyu no AaHHoMy
nposody Toka /=16 A yron oTkaoHeHus 0=20°.

Puc. 3.73 Puc. 3.74

3.259. 3aMKHYTbI1 KOHTYp C TOKOM / Haxogutcsa B nan
ONVUHHOTO MpAMOro nposofAHuKa ¢ TOKOM /0. MNOCKOCTb KOH-
Typa MeprneHauKynsipHa K NpsaMoMy NpoBOAHWMKY. Haitu Mo-

MeHT cun Awmnepa, A4eiCTBYHO-
WMX Ha 3aMKHYTbI KOHTYp,
€C/In OH WuMeeT BUA:
a) Kak Ha pwuc. 3.74, a;
6) Kak Ha puc. 3.74, 6.
Heobxoaumble pa3mepbl cucTe-
Mbl YKa3aHbl Ha PUCYHKe.
3.260. YKpenneHHyw  Ha
KOHLe KOpPOMbIC/ia BeCOB He60/b-
wyto Katywky K c yucnom But-
koB W=200 nomectunm B3a3op
MeXA4y mnoHocamMyu wmarHumta (puc. 3.75). Tnowagb ceyeHus
Katywkn S=1,0 cml, gamHa nnedya OA kopomebicna /=30 cwm.
B oTcyTcTBME TOKa 4epe3 KaTylWwKy BeCbl YpaBHOBELUEHbI.
Mocne Toro kak 4epes KaTywKy nycTunuM TokK /=22 MA, ansa
BOCCTAHOB/IEHUS PABHOBECUS MPULWNOCL W3MEHWUTb TpPy3 Ha
yawle BecoB Ha A/n=60 Mmr. HalTM WHAYKLUIO MarHUTHOrO
NoNs B MeCTE HAXOXAEHUA KaTyLIKW.

3.261. KBagpaTtHasa pamka ¢ Tokom /=0,90 A pacnonc
XX€Ha B OAHON MNOCKOCTW C AJMHHBIM MNPSAMbIM NPOBOAHUKOM,
no Kotopomy Te4yeT TOoK /0=5,0 A. CtopoHa pamku a=8,0 cwm.
Mpoxogswas yepes cepefnHbl NMPOTUBOMAKXHbLIX CTOPOH OCb
pamMKu napannenbHa MNpPoBOAY W OTCTOMT OT HEro Ha paccTofi-
HMe, KoTopoe B T|= 1»5 pa3a 60/blue CTOPOHbI paMKu. HaliTu:
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a) amnepoBy cuny, AeACTBYHOLLYHO Ha pamKy;

6) MexaHn4eckyl paboTy, KOTOPYH HYXXHO COBEPLUUTbL Mpu
MeAJ/IEeHHOM TO0BOPOTE paMKH BOKpPYr ee ocu Ha 180°.

3.262. [Ba napanfiebHbIX AJUHHbLIX NPOBOJa C TOKOM
/=6,0 A B KaXaom (TOKW HanpaBfieHbl B OAHY CTOPOHY) yfa-
AMAN ApYr OT Apyra TakK, YTO pacCTOsiHME MeXAy HUMMK CTano
B r=2,0 pasa 6onble nepBoHayanbHOro. Kakytw paboTy Ha
eAVHWLY AVHBI NPOBOLOB COBEPLUMAN MpW 3TOM cubl AMmnepa?

3.263. [lBa ANWMHHbIX NapanfienbHbIX NpoBoja C npeHebpe-
XXUMO MafibiM COMNPOTMB/IEHWEM 3aMKHYTbl C OAHOr0 KOHLA Ha
conpoTusneHve R, a ¢ APYyroro KoHUa NOAKNHOYEHbl K MCTOM-
HUKY MNOCTOAHHOIO HanpsHKeHus. PaccTosiHue Mexay ocamu
nposogoB B T)=20 pa3 6onbluie paguyca CeYeHUs Kaxaoro
npoeoga. MNMpu Kakom R cuna B3aumMofelcTBUA Mexay npoBoO-
faMn 06paTuUTCa B HYyNb?

3.264. TlocTOsAHHbLIA TOK /=14 A TeuyeT MO ANIMHHOMY nps-
MOMY MPOBOAHWKY, CeYeHWe KOTOPOro MMeeT (hOpMy TOHKOrO
nonykonsua paguyca /?=5,0 cm. Takoil e TOK TeyeT B Mpo-
TMBOMOJ/IOXKHOM HanpaB/fieHWM Mo TOHKOMY MPOBOAHWKY, pac-
MOMOXEHHOMY Ha «OCW» NepBoro nposofHuka (Touka O Ha
puc. 3.65). HailTu cuny MarHMTHOro B3aMMOAENCTBMA JaHHbIX
MPOBOAHWKOB Ha eAuHULY WX [ONNHbI.

3.265. BHYTpU ANIMHHOIO LWAWHAPUYECKOrO cocyfa paguy-
ca a mapanfefnbHO ero ocy pacrojioXeH MPOBOAALWLUIA CTEPXEHb
paguyca b c TOHKOW u3onsumeil. PaccTosiHMe MexXAy OCAMU
CTepXHA u cocyga paBHo /. Cocyf 3amOnHWUAWU 3EKTPOAUTOM
W NycTMAW BAOMb OCW TOK /, BO3BpalLatoLyuii-
ca obpaTHO MO CTepXH. Haitm wMogynb u
HampaB/eHWe MarHUTHOW CUNbl, [AeicTBYyHOLLEN
Ha efMHULY ANUHBI CTEPXKHS.

3.266. Mo fABYM [AWHHBIM TOHKUM napan- /,

NenbHbIM MPOBOAHMKAM, BWUL KOTOPbIX MOKa3aH

Ha puc. 3.76, TeKYT MOCTOAHHbIE TOKKM [/, un /,. I/I
PaccTosHMe Mexay nNpoBOAHMKaMM @, WUpUHA

npaBoro npoBoAHUKa b. Vmes B Bugy, 4To 06a Puc. 3.76
NPOBOAHMKa NeXxaT B OAHOW NNOCKOCTW, HalTu

CUNYy MarHUTHOrO B3aMMOENCTBMA MeXAY HWMKU B pacyeTe
Ha efVHULY WX [O/IUHbI.

3.267. Cucrtema coCTOUT M3 ABYX napanfienbHbiX ApYyr 4Apyry
MNOCKOCTEA C TOKaMW, KOTOPble CO34AKOT MeXAY MNI0CKOCTAMU
0A4HOpPOJHOE MarHWTHOe Mnofie ¢ UHAyKuueid B. BHe 3Ttoii 06-
nacTy MarHMTHOe Mofie OTCYTCTBYeT. HaliTu MarHuTHyK cuny.
LeicTByowWwy0 Ha efWHULY MOBEPXHOCTU KaXAOoW MAOCKOCTH.

3.268. MpoBoAALWYO NIOCKOCTL C TOKOM MOMECTUAN BO
BHelLHee O4HOPOAHOE MarHWTHoe nose. B pesynbTaTe WHAYK-
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LUMA MarHUTHOrO NaTs C OAHON CTOPOHbI NJOCKOCTU OKasanacb
Blt a c gpyroii ctopoHbl B2 HaliTu MarHuTHyw cuny, feicT-
BYIOLLYIO Ha e4MHMLY MNOBEPXHOCTM MNOCKOCTM B Cnyyasax, no-
Ka3aHHbIX Ha puc. 3.77. BbiACHUTbL, KyAa HanpaBneH TOK
B MNNOCKOCTU B KaXAOM Ccly4ae.

Br B, B2 Bl
a) 6)
Puc. 3.77
3.269. B anekTpoMarHMTHOM Hacoce AN MepeKayku pac-

nnaBfeHHOro MeTafnna y4vyacToK Tpy6bl C MeTannoM HaxoamTcs
B OAHOM MarHuTHOM nate ¢ uHAaykumeir B (puc. 3.78). Uepes
3TOT y4yacToK Tpybbl B neprneHau-
KynfapHOM K BekTopy B wn ocum Tpy-
6bl Hanpas/feHUN NponyckawT paBHO-
MepHO pacnpefeneHHbln Tok /. Haii-
T M36bITOYHOE faBfieHWe, co3faBae-
mMoe Hacocom npu B—0,10 Tn, /=
= 100 A n a=2,0 cm.
3.270. Bponb A/IMHHOTO TOHKO-
Puc. 3.78 CTEHHOr0 Kpyrnoro uuauHapa pagu-
yca /?=5,0 cm TeuyeT ToKk /=50 A.
Kakoe fgaaTeHue UCMbITbIBAOT CTEHKU LUUAMHLpa?

3.271. Kakoe [aBfeHuWe WUCMbITbIBaeT 60KOBas MoOBepx-
HOCTb A/IMHHOTO MPAMOro COJIeHOMAA, COfepxaliero n—
=20 BWTKOB/CM, KOrga no Hemy TeyeT ToK /=20 A?

3.272. Tok / TeyeT Mo ANVHHOMY OAHOCMOMHOMY COJMIEHOMAY,
paguyc cedyeHus Kotoporo /?=5,5 cMm. Uncno BUTKOB Ha efu-
HULY ANMHbI coneHomaa =15 cm-1. HailTu npegenbHyw cuny
TOKa, NpU KOTOPOA MOXET HacTynuTb pa3pbiB 06MOTKM, ecnu
npefenbHas Harpyska Ha paspbiB NPOBOJIOKM 06MOTKM Fnp=
= 100 H.

3.273. TINoCcKuil KOHAeHcaTop, MAoWajb KaxaoW nnactu-
Hbl KOTOPOT0 S W paccTosiHMe Mexay HuMu d, NoMecTunn B Mo-
TOK MpOoBOASALLEN XWAKOCTU C YAeNbHbIM CONPOTUBAIEHWEM P.
XXWAKOCTb [BMXETCA CO CKOPOCTbIO V MapasnfiefibHo MnaacTu-
Ham. CwucTtema HaxoguTca B OLHOPOAHOM MarHWTHOM MoJfie
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C WHAyKuuein B, npuuyem BekTOop B napanneneH nnactuHam wu
NnepneHAUKYNApeH K HanpaefieHWO MNOoToKa. [1nacTWHbI KOH-
feHcaTtopa 3aMKHYIM Ha BHellHee conpoTuBneHume R. Kakas
MOLLHOCTb BbIAENAETCA Ha 3TOM COMPOTMBAEHMU? [1pu KakoMm
R Bbigensemass MoWHOCTb 6yfAeT MakCUManbHOW? Uemy oOHa
paBHa?

3.274. Bponb MefHOro npsiMoro npoBOAHMKA KPYrnoro ce-
yeHus pagmyca R =15,0 mm TeueT ToK /=50 A. HainTu pasHoCTb
NOTEHLMANIOB MeXAy OCbi0 MPOBOAHWKA W €ro MOBEPXHOCTLIO.
KoHUeHTpaLma 3/MeKTPOHOB NpoBoAMMOCTM Yy Mean n=0,9x
X 10" cm“*

3.275. Mpu un3mepeHun agekta Xonna B HaTpMeBOM Mpo-
BOLHWKe HaNpsHXXeHHOCTb MOMepeyHoro nons okasanacb £ =
=5,0 MKkB/cm npu nnotHocTu Toka /=200 A/cM* M MHAYKLMK
MarHuTHoro nons 5=1,00 Tn. HaiATM KOHUEHTpaUWIO 3N1EeKT-
pPOHOB MPOBOAMMOCTU U ee OTHOLUEHME K KOHLEHTpauuu aTtomoB
B [AHHOM MpPOBOLHMKe.

3.276. HaliTu nNOABMXXHOCTb 3/1eKTPOHOB MNPOBOAMMOCTHU
B MeLHOM MPOBOAHWKE, eciu Npu M3MepeHUM addekta Xonna
B MarHUTHOM naTe ¢ uHAykumeir fl=100 MTn HanpsXeHHOCTb
MOMepeyHoro 3/IeKTPUYECKOro nons y [aHHOro MpOBOAHMKA
okasanacb B nN=3,bl 03 pa3 MeHblue HaMPSXEHHOCTU MpPO-
[LONbHOTO 3NEKTPUYECKOrO mnans.

3.277. HebonblwoOh BUTOK C TOKOM HaxOAUTCS Ha paccTosi-
HUW T OT A/IMHHOTO MPSMOro NPoOBOAHMKa C TOKOM /. MarHuT-
Hbli MOMEHT BWTKa paBeH pn. HaiiTm mogynb u HampaBneHue
CUNbl, AEACTBYHOLLE HA BUTOK, €CNM BEKTOP P.,,:

a) napannefieH NpsMOMY MPOBOAHUKY;

6) HanpaBneH N0 pajuyc-BeKTOpy T;

B) coBMafaeT MO HanpaB/feHUD C MarHUTHbIM nNoneMm Toka /
B MecTe pacrnonoXeHus BUTKa.

3.278. Hebonblias KaTylWwKa C TOKOM, MMellas MarHuT-
Hbli MOMEHT PT, HaXOAUTCA Ha OCM KPYroBOro BWUTKa paguyca
R, no koTopomy TeyeT Tok /. HaliTu mMogynb Cunbl, AeiCTBYIO-
Weli Ha KaTyLWKYy, ecnu ee paccTOsHWE OT LieHTpa BWTKa paBHO
X, @ BEKTOp PT cOoBnajaet Mo HanpaaseHWt C OCbi BUTKA.

3.279. HailiTu cuny B3amMoOfeicTBMSA [ABYX KaTylleK ¢ mar-
HUTHbIMW  MOMeHTamu /?,*=4,0 MA-m* un prr=6,0 MA-m*,
€CAM UX OCW feXaT Ha OfHOW MNpAMOA M paccTosiHue Mexay
KaTywkamm /=20 cM 3HaYMTeNbHO MpPeBbIWAET WX JSIMHENAHbIe
pasmepbl.

3.280. TMOCTOAHHbIA MarHUT UMeeT (hOpPMY AOCTATOYHO TOH-
KOro [WCKa, HaMarHW4eHHOro BAOSIb ero ocu. Paguyc Aucka

1,0 cm. OueHWUTb 3HayeHWe MONEKYNspHOro Toka /', Te-
Kywero no obofy [ucKa, ecnu WHAYKUMS MarHUTHOro nons
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Ha Oocu [ncKa B Touke, oTcToAwe Ha x=10 cm OT ero ueHTpa
coctaBnaetr B=30 MKT/.

3.281. MHAYKUMS MarHUTHOro nons B BaKyyme B6M3
NIOCKON NOBEPXHOCTU OLHOPOAHOIO0 M30TPOMHOr0 MarHeTuka

paBHa B, npuuyem BekTOp B
COCTaB/IAET Yron a C HopMabio
K nosepxHocTW. MarHutHasa
NMPOHULAEMOCTb MarHeTuKa L.
Haintu wuHaykumio B' marHuT-
HOro Nons B MarHeTuke B6AU3N
MOBEPXHOCTHU.
3.282. NIHOYKLNA MArHUTHO-
ro nata B Bakyyme B6u3u
NIOCKO/A NOBEPXHOCTM MarHe-
TWka paBHa B, n BekTop B co-
cTaBnsdeT yron $ ¢ Hopmanbko N K noBepxHocTu (puc. 3.79).
MarHuTHas MpOHULAemMoCTb MarHeTuka L. HaiTu:

a) NoTok BekTopa H uyepe3 noBepxHOCTb cepbl S pagnyca
R, UEHTp KOTOpOW NeXWT Ha MOBEPXHOCTW MarHeTuKa;

6) uupkynaumio BekTopa B no keBagpaTHOMY KOHTypy I
CO CTOPOHOI /, pacnofioXXeHHOMY, KaK MOKa3aHO Ha PUCYHKe.

3.283. TOCTOSHHbIA TOK / TeyeT BAONb ANMHHOTO O4HOPOA-
HOr0 UMAMHAPWYECKOr0 MNPOBOAA KPYrnoro ceveHus. [posof
cAenaH u3 napamarHeTuMka ¢ MarHWUTHON BOCNPUMMYUBOCTbIO %
HanTu:

a) MOBEPXHOCTHbIA MONEKYNSpHbIA TOK /,,0B;

6) 00BLEMHbLIA MONEKYNAPHbIA TOK /M.

Kak 3TW TOKW HanpaBfieHbl Apyr OTHOCUTeNbHO Apyra?

3.284. [NWHHbLIA coneHoup 3anofiHEH HEOAHOPOAHbIM napa-
MarHeTMKOM, BOCMPUMMYMBOCTb KOTOPOro 3aBUCUT TONbKO OT
paccTosiHUA T 40 ocu cofieHomaa Kak X—a/™. rle B — NOCTOSH-
Hasa. Ha ocum coneHompa WHAYKLMA MarHUTHOro MNofs pasBHa
Bo- Halitm 3aBMCUMOCTb OT T:

a) HamarHumyeHHocTu MarHeTuka Y(r);

6) MNOTHOCTM MONEKYNAPHOro Toka /'(r) BHYTpM MarHe-
THKa.

Puc. 3.80

3.285. BeCKOHEYHO [ANMHHbIA MpPAMOM CcOoneHong C TOKOM
«HarofoBMHY» 3arnofiHeH napamMarHeTMKOM, KakK [MO0Ka3aHo
Ha puc. 3.80. M306pasnTb NpuMMepHble rpa@uKy MarHMTHOW
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VHAYKUUKM B, HanpsXXeHHOCTM H W HaMarHuW4eHHocTW J Ha
BETl coneHonpja B 3aBUCMMOCTU OT X.

3.286. Tpamoil 6ecKOHeYHO ANWHHBLIA NPOBOAHWK C TO-
KOM / NexuT B MNMOCKOCTU pasfena ABYX HenpoBOAAWUX Cpef
C MarHWTHbIMW NPOHULAEMOCTAMM P, U p,. HailTu moaynb Bek-
TOpa WHAYKLWM MarHWTHOro nasns BO BCEM MNPOCTPaHCTBE B 3a-
BMCUMOCTM OT PaccTosHWA T A0 MpoBofa. VIMeTb B BMAy, 4TO
NNHUU BEKTOPA B ABNAKOTCA OKPY>KHOCTAMM C LEHTPOM Ha ocu
NPOBOAHMKA.

3.287. KpyroBoi KOHTYp C TOKOM NeXWT Ha MJIOCKON rpa-
HWUe pasjena BakyyMma M MarHetuka. MNMpoHULaemMocTb nocnep-
Hero paBHa p. HaliTu MHAYKUMO B MarHMTHOro nons B Mpou3-
BO/MbHOW TOYKE HA OCU KOHTYypa, ecnu WHAYKLUS Mons B 3TOW
TOYKe B OTCYTCTBME MarHeTuka paBHa BO. O606WUTL NONy4eH-
Hblli pe3ynbTaT Ha BCe nane.

3.288. Ecnu wap w3 0OQHOPOLHOrO MarHeTuka MOMECTUTb
BO BHELUHee O[HOPOLHOEe MarHWTHOe Mofe C WHAYKuuein B,
OH HamMarHUTUTCA OAHOpPOAHO. HaWTM WHAYKUM B BHYTpM
lwapa C MarHUTHOM NPOHMLAEMOCTbIO p, UMes B BMAY, 4TO
B C/lyyae OJHOPOAHO HaMarHW4YeHHOro Lwapa MarHuTHOe nane
BHYTPWU HEro fB/ISETCA OLHOPOAHbIM W €ro HanpsXeHHOCTb
H'=—J/3, rge J — HaMarHM4YeHHOCTb.

3.289. Ha MOCTOSHHbIA MarHuT, UMeKLWWii hopMy LUAMHAPaA
anvHbl /=15 cm, HamoTanu paBHoMepHO N=300 BUTKOB TOH-
Koro nposoga. [pu nponyckaHuM no Hemy Toka /=3,0 A
mase BHe MarHuTa wucyesno. HalTu KospuuTuMBHyw cuny Hec
maTepmana marHura.

3.290. TOCTOSHHbIA MarHMT MMEET BUA KONbla C Y3KUM 3a-

30poM Mexay nantocamH. CpeaHuii gnametp konbua d =20 cMm.
WwupuHa 3a3opa 6= 2,0 MM, WHAYKLUSA
MarHWTHOro nons B 3as3ope B =40 mTnh.
MpeHebperas paccestHUEM MarHUTHOrO
noToka Ha Kpasx 3asopa, HalTu Mo-
[LyNb HaNpsXXeHHOCTU MAarHWTHOro nons
BHYTPU MarHuTa.

3.291. T1OCTOSIHHbIA MarHuT KMeeT
BUL KOSbLA C Y3KMM TOMepeyHbiM 3a-
30pOM WKpKUHOA b=2,5 MM. CpeaHuii
paguyc konbua a=5,0 cm. OcTartou-

Has HamarHW4yeHHOCTb MaTepuana mar-
HuTa Yr=1000 KA/mM, e€ro Koapuu-
N'vBHaa cuna //<.=25 kKA/M. CuyuTas,
yTo 3aBMcMmocCTb J (H) Ha yuyacTke oT He go O (puc. 3.81)
ABNAeTCH NMHEWHON M paccesiHUs MArHUTHOTO MONA Ha Kpa-
AX 3a3opa HeT, HalTW UHAYKUWUIO MArHUTHOrO Nofs B 3a3o0pe.
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3.292. Ha >kenesHom cepjeyHuKe B BUAE TOpa CO CpPefHV
paguycom =250 MM nmeeTcs 06MOTKa C O6LLMM YWUCIOM BUT-
koB N=1000. B ceppeuyHuke cfenaHa nonepeyHas mnpopesb
WwupuHoi 6=1,00 mm. Mpu Toke /=0,85 A 4yepe3 0OMOTKY
WHAYKLUMA MarHMTHOro nons B 3asope 5=0,75 Tn. lMpeHeb-
peras paccesHMeM MArHMTHOrO MOTOKA Ha Kpadx 3as3opa,
HallT MarHUTHYK MPOHMLAEMOCTb XXefe3a B 3TUX YC/TOBUSAX.

B, Tn

3.293. Ha pwnc. 3.82 nokasaHa OCHOBHas KpuBas HamarHu-
YMBAHMA TEXHWUYECKU YUCTOro Xesnesa. MOCTPOUTbL C MOMOLLbIO
3TOro rpauka KpUBYH 3aBUCUMMOCTM MarHWTHOW NpoHuLae-
MOCTM L, OT Hanps>KeHHocTn H marHuTHOro nons. lMpu Ka-
KOM 3HayeHuMM H npoHuuaemocTb MakcumanbHa? Uemy pasBHO

3.294. TOHKOe >enes3Hoe KO/bLO CO CpefHUM AuaMeTpOM
d=50 cM HeceT Ha cebe 06MOTKy M3 N =800 BUTKOB C TOKOM
/=3,0 A. B KO/blle MMeeTCsi MonepeyHass Mpopesb LUVPUHOW
b=2,0 mm. MpeHebperas paccestHWemM MarHWTHOIO NOTOKa Ha
Kpasx 3a3opa, HaliTu ¢ nomowblo rpaguka (cm. puc. 3.82)
MarHWTHYH MNPOHULAEMOCTb >Kenesa B 3TUX YCNOBUSAX.

3.295. [ONUHHBIA TOHKUA LWUAUHAPUYECKUIA CTEPXKEHb U3
napamMarHeTmka C MAarHMTHON BOCMPUMMYMBOCTLID X U MJI0
Waabio MOMepeyHoro ceyeHus S pacnofnoXxeH BAOMb OCU Ka-
TYWwKn ¢ TOKOM. OfMH KOHel, CTEepXHS HaxoauTcs B LEHTpe
KaTyWKKU, rae MHAYKUMA MarHMTHOro nons paeHa B, a apy-
roi KoHeu — B 06nacTW, rAe MarHUTHOe MoJie MPaKTUYecKu
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oTcyTcTByeT. C Kakoil cuioli KaTyllka [AeiicTBYeT Ha CTep-
YKEHb?

3.296. B yctaHoBke (puc. 3.83) M3MepAOT C MOMOLLbIO Be-
COB CWNy, C KOTOPOA MapamarHUTHbIA LwWapuk obbema V=
= 41 MmM3nNpuUTATMBaAETCS K MOMOCY 3/1eKTPO-
MarHuta M. MHAYKUMA MarHMTHOro nons Ha
OCW TMOJIIOCHOIN0 HaKOHeYHWKa 3aBUCUT OT Bbl-
coTel X kak B—BO exp(—axr), rge Ba=
=150 Tn, a=100 wm~*. Halitu:

a) Ha Kakoli BbICOTe XT Haj0 MNOMECTUTb W
WapuK, 4Tobbl cuia NpUTSHKEHUA Oblna Mak-
CUMaNbHO;

6) MarHWTHYIO BOCNPUMMYMBOCTb Napa-
MarHeTUKa, ecfiM MakcumanbHas cufia npu- Puc- 3 83
TsKeHna [ake==100 MKH.

3.297. Hebonbwoin wapuk obbema V K3 napamarHeTmka

MarHUTHOW BOCMPUMMYUBOCTLIO X ME/IEHHO MepeMecTuin

BAO/Ib OCU KAaTYyLKW C TOKOM M3 TOYKWU, rae
WHAYKLUMA MarHuTHoro nons pasHa B, B
061acTb, rAae MarHHTHOe none NpakTU4ecku
oTcyTcTBYeT. Kakyl npu 3TOM coBepLivaun
paboTy NPOTMB MarHWTHbIX CWUN?

n

———————— A — — 3.298. ANNHHbIA NpAMoOl coneHoug, co-
JepXawnili 1 BUTKOB Ha efUHWLY [AJ/VHBbI,
Puc. 3.84 MOrpy3van HamosoBMHY B MapaMarHuT-

HYH0 XUAKOCTb (puc. 3.84). HaliTW MarHUTHYIO CUNY, [EACTBYIO-
WYy Ha eauHMLY MOBEPXHOCTW XULKOCTU, €ClIM ee MarHUTHas
BOCMPUUMYMBOCTL PaBHA X U uepe3 CONeHOMJ TedyeT TOK /.
Kyga ata cuna HanpaB/eHa?

3.6. JneKTpoMarHUTHas WHAYKUUSA.
YpaBHeHUa Makcsenna

(0 3aKoH 3neKTpPOMarHUTHOM MHAYKUMN Dapages:

$,m= — dQ>ldt. (3.6a)
B cnyuae coneHouga n Topomaa:
® = bldb (3.66)
rae N —yucno BUTKOB, — MarHUTHbLIR NOTOK yepes Ka)KAblﬁ BUTOK.
(*) |/|H,quTI/IBHOCTb coneHonpa:
L= (3.68)
o CobcTBeHHan JHeprma TOoKa W B3aMMHaa 3Heprna ABYyX TOKOB:
W= L/*/2, WL = L1V/,/1. (3.6r)
q:) O6bemMHass NMAOTHOCTb JHEPruMm MarHUTHOro nonq:
B)= 8*/2uyw>= BH/2. (3.6m)

A WN. B. Vpogos



¢ MnotHocTs ToKa cMeleHuns:
yen= dQ/dt. (3-0e)
d) YpaBHeHna Makcsenna B guddepeHunansHoin hopme:

vxXE=-ael/al, VeB = 0,

VxH=J-HD/df, V-D=p, (3.0%)

rae VX un rot (potop) m v*=div (guBepreHyus).
(b MnoTHOCTL NOTOKA 3NEKTPOMArHWUTHOM 3Heprun (BekTop [MOMH-
TUHra) W 06bemMHas MNOTHOCTb 3HEPrMM 3NEeKTPOMAarHUTHOrO Nons:
S= [EH), w= ED/2-f BH/2. (3.69)

p ®opmynsl npeobpasosaHus noneil npu nepexoge OT /(-cUcCTeMmbl
oTcueTa K [IBMXYLLeACs Mo OTHOLLEHWIO K Heli cO CKopocTbio ve /('-cucTeMme.

Mpn o0< ¢
E'= E-f(v,B], B'= B -[vOEl/c*. (3.6m)
B obuwem cnyuae
El = EJ, B| —B;,
c —EgHV.B1 B -..BX —[VOEl/e« (3.6K)
1-(o,/c)*"

rge cumBonamu 0 M J_ OTMeueHbl COCTaBMsAOLLME MO, napannenbHble H
NepneHANKYspHble K BEKTOPY V.
 ViHBapnaHTLI 3NeKTPOMArHUTHOFO MONA:

EB = inv, £*—clfl*= inv. (3.6n)

3.299. KoHTYyp HaxoguTtcs B O4HOPOLHOM MarHUTHOM TMoJe C
nHaykumeidn B (puc. 3.85). BepxHIO 4acTb KOHTypa — MpoBOj,

B BUAE MOMYOKPYXHOCTU pajuyca a — BpaLlaloT C MOCTOSAHHOI
YI0BOM cKopocTbio to Bokpyr ocn 00'. B MomeHT /=0 mar-
HUTHBbIA MOTOK 4epe3 KOHTYp MaKCuMManbHbll. HalTu 3.4.c.
WUHOYKUMN B KOHTYpe KakK (hYHKLUIO BpemMeHu /.

3.300. MpoBoa, umelowmin gopmy napa6onsl y=kx\ Ha-
XOAMTCA B OAHOPOAHOM MAarHUTHOM nose nHaykuvein B
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(puc. 3.86). N3 BepwuHbl napabonbl B MOMeHT /=0 Havyanu
nepeMewatb nepembiuyky 12. Halitm 3.4.c. MHAyKuum B obpa-
30BaBLUEMCA KOHTYpe KakK (YHKLMI Y, ecliu MepeMbluKy nepe-
MeLLatoT:

a) C MOCTOSHHOW CKOPOCTbIO V;

6) C MOCTOSIHHbIM YCKOpPEHMeM a, npuuem B MOMeHT /=0
CKOpPOCTb MEpeMblYkM 6bina paBHa HYNH.

3.301. MeTannmuecknii AMCK pagumyca a=25 cm BpawaroT
C MOCTOSIHHON YrnoBOl CKopocTbi M = 130 pag/c BOKPYr ero
ocn. HallTM pa3HOCTb MOTEHLManoB MeXAy LEeHTPOM K 06040M
LUCKa, ecnu:

a) BHEWHEero MarHUTHOTO MONs HeT;

6) umeeTca nNepneHAUKYNAPHOe K [WUCKY BHeLUHee OAHO-
pofHOe MarHUTHOe none ¢ uHAykumein 6=5,0 mTn.

3.302. ONWHHbIA npsmoii NPOBOAHUK C TOKOM / u [1-06-
pasHblH MPOBOAHWK C MOABWXHOW NepemMblYKON pacrnonoXeHbl
B OAHOWM nnockoctu (puc. 3.87). MepemMbluKy, ANMHA KOTOPO /,
nepemMeLLatoT BMpaBO C MOCTOSHHOW CKOPOCTbIO V. HaiAiTh 3.4.c.
WHAYKUMN B KOHTYpe KaK (YHKLWIK pacCTOAHUS T.

3.303. KBagpaTHasa pamka CO CTOPOHOW a W AJWHHbLIA nps-
MO/ npoBoA C TOKOM | HaxogaTcs B OfHOW nnockocTn (puc.
3.88). PamKy nocTynaTeNbHO MnepeMeLlaloT BNpaBO C MOCTOSH-
HOW CKOpOCTbIO V. HaliTh 3.4.C. MHAYKLUMN B paMKe KaK PYHK-
LUMI0 pacCcTofHUS X.

Puc. 3.87

3.304. Mo gByM rNagkMM MeAHbIM LUMHAM, YCTaHOB/IEHHbIM
nog yrinomM a K ropu3oHTy, CKOMb3WUT NOA LeACTBMEM CUAbI TS-
XecTu MefHas nepembluka maccbl T (puc. 3.89). LUunHbI 3aMK-
HYyTbl Ha comnpoTuBAeHWe R. PaccTofiHne Mexgy LWuHamu /.
Cuctema Haxogutca B OLHOPOLHOM MAarHWMTHOM MOfie C UHAYK-
uvein B, mepneHAMKynsipHOM K M0CKOCTWU, B KOTOPO nepeme-
waeTtcs nepembluka. COMPOTMBAEHUS LUWH, MNEPEMbIYKN 1
CKONMb3SILLMX KOHTAaKTOB, a TakKXe CaMOUHAYKLUWA KOHTypa
npeHebpexXnMo Manbl. HalTu ycTaHOBMBLUYIOCS CKOPOCTb
MepembIYKN.

3.305. Cuctema 0T/MYaeTCA OT PacCMOTPEHHOW B npeabiay-
Wen 3apave (cM. pHC. 3.89) nulWb Tem, 4YTO BMECTO COMPOTWB-
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neHnMa R K KOHUaMm LIWH NOAK/MOYEH KoHAeHcaTop emkocTu C.
HainTu yckopeHue mnepemblyKu.

3.306. B cucTteme, paccMOTpeHHOW B 3agayve 3.299 (cm.
puc. 3.85), conpoTmBneHne KOHTypa paBHO R. TlMpeHeb6bperas
MarHWTHbIM NOAeM WHAYKUWOHHOFO TOKa, HaliTW CpefHIO 3a
nepvog BpalweHWs TEenn0BYK MOLLHOCTb, BbIAeNIAEMYI0 B KOH-
Type.
3.307. KpyroBoii KOHTYp, UMelowWmMin naowags S M conpo-
TuBNeHWe R, BpawawT C NOCTOSHHOW Yrn0BOW CKOPOCTHH bl
BOKPYT ero gmameTtpa, KOTOPbIA MeprneHAUKYNapeH K O4HOPOA-
HOMY MarHWUTHOMY MO C WHAYKuUuein B. MMpeHebperas mar-
HUTHbIM NOMEM WHAYKUWOHHOrO TOKa, HalTW, KakuM MOMEeH-
ToMm cunbl N(t) Hafo AeiicTBOBaTb Ha KOHTYpP B 3TUX YC/NOBUSIX.
B MoOMeHT /=0 nnNOCKOCTb KOHTypa neprneHiuKynsipHa K Ha-
npaBfIeHN0 MarHWTHOro Mons.

3.308. Mexay noncamu 31eKTpoOMarHuTa HaxoAuTcs He-
6onblias KaTyllika, OCb KOTOpOW COBMajaeT C HampaBneHUem
MarHuTHoro nons. lnowafb MOMNEPEYHOr0 CeYeHUA KaTyLIKW
S$=3,0 mml, yucno ButkoB N =60. MNpu noBopoTe KaTywWwKN Ha
180° BOKpYr ee AMameTpa uyepe3 MOAKNOUYEHHbIA K Helk 6annuc-
TWYECKUIn ranbBaHOMETP npoTekaeT 3apag </=4,5 wmkKn.
HailTn mofgynb WHAYKLUMWM MarHUTHOrO MONS MeXAy Monto-
caMu, ecfinm conpoTuB/eHUe 3fnekTpuyeckol uenu [?2=40 Owm.

3.309. KpagpaTHasi nNpoBONOYHAA pamKa CO CTOPOHOW a
M NpAMON NPOBOAHMK C MOCTOSIHHbIM TOKOM / fieXaT B OfHOI
nnockoctn (puc. 3.90). ConpoTtmeBneHne pamkm R. Ee nosep-
Hynu Ha 180 Bokpyr ocu 00', oTcTofLlel OT NPOBOAHMKA C TO-
KOM Ha paccTosiHuMe b. HaliTu KONMYecTBO 3neKTpu4yecTBa, Npo-
TeKLlee B pamke.

Puc. 3.90 Puc. 3.91

3.310. Ha paccTtosiHMax a u b oT gAMHHOrO NpsMoro npo-
BOLHMKA C MOCTOSHHbIM TOKOM /, pacnonoXeHbl fABa Mapan-
NenbHbIX eMy NpoBOAa, 3aMKHYTbIX Ha OAHOM KOHLE COMpOTMB-
neimem R (puc. 3.91). Mo npoBogam 6e3 TpeHMa nepemellatoT
C MOCTOSIHHOW CKOPOCTbIO V CTepXXeHb-nepemblyKy. lMpeHebpe-
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ras COMPOTWMB/IEHMEM TMPOBOAOB, CTEPXHA W CKOMNb3ALWUX
KOHTaKTOB, a TakXe WHAYKTUBHOCTbIO KOHTypa, HaliTu:

a)3HavyeHWe W HanpasfeHWe WHAYKUMOHHOrO TOKa B
CTEpP>XKHE;

6) cuny, Heobxoaumyt ANA nofaepXaHus MNOCTOSHCTBA
CKOpOCTH.

3.311. MpoBoAHMK 12 maccbl T CKONb3UT 6e€3 TpeHWs no
OBYM [O/IMHHBIM MPOBOAALMM pefibcam, PacroioXeHHbIM Ha
pacctoaHun | apyr ot gpyra (puc. 3.92). Ha nesom KoHLe
penbCbl 3aMKHYTbl conpoTtuefieHvem R. Cuctema Haxogutcs
B BEPTUKaNbHOM OAHOPOAHOM MarHUTHOM Nose ¢ MHAYKLuWei B.
B MomeHT /=0 cTepxH 12 coobwmnum BRApPaBO HavanbHYH
ckopocTb u0. MpeHebperas CONPOTUBIEHWEM PefibCOB U CTEPX-
HA 12, a TakXe CaMOWHAYKUMWEW, HalTu:

a) paccTosiHWe, MpPOWAEHHOe CTEpPXHeM [0 OCTaHOBKMW;

6) KonmyecTBO Tenna, BblAefeHHOE MpyY 3TOM Ha COMNpPOTWB-
NeHnn.

3.312. Mo [I1-06pa3HOMY MPOBOAHWUKY, PACMONOXEHHOMY
B TOPU30HTANbHOW M/IOCKOCTW, MOXET CKOMb3UTb 6e3 TpeHus

Puc. 3.92 Puc. 3.93

nepembiyka 12 (puc. 3.93). MocnegHsasa nmeet agnunHy |, maccy T
n conpotmeneHme R. Bca cuctema HaxoAuTcs B O4HOPOLHOM
MarHUTHOM none ¢ MHAykumeir B. B mMomeHT /=0 Ha nepembly-
Ky CTanu [elicTBOBaTb MOCTOSAHHON ropu-m
30HTanbHOM cunoli F, n nepembluka Havana
nepemewjatbcs BNpaBo. Haltm 3aBucu-
MOCTb OT t CKOpOCTM nepeMblykn. CamouH-
AYKUMA 1 conpoTuBneHue [1-o06pasHoro
NPOBOAHMKA NpeHe6peXxMMo Masbl.

3.313. Mnocknini  KoHTYp (puc. 3.94),
MMeLWNiA BUA ABYX KBagpaTOB CO CTOPO- Puc- 3-%4
Hamm a=20 cm u 6=10 cm, HaxoguTcs
B O4HOPOAHOM MArHUTHOM nofie, MNeprneHAMKYNApHOM K ero
NAoCKoCTU. MHAYKLMSA Nonsi MEHAeTCAS BO BPEMEHU MO 3aKOHY
A=*BO0sin bit, rge £0=0 mMTn u o>= 100 c-1. Halitn amnnu-
TYAYy WHAYKUMOHHOTO TOKAa B KOHTYpe, €CAu COMpoTUBAEHMWE
eanHNLbl AnvHbl ero p=50 MOM/M. VIHAYKTUBHOCTbIO KOHTYpa
npeHebpeysb.
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3.314. Mnockas cnupanb C OYeHb OOMbWIMM YWUCNOM BUT-
kKoB N, NNOTHO MpunerawWwmnx Apyr K gpyry, HaxoguTtca B 0f4-
HOPOAHOM MArHUTHOM Mofie, MEepPneHAUKYNAPHOM K MJIOCKOCTU
cnupanu. HapyxHblii paguyc BUTKOB cnupany paseH a. MIHAYK-
UM MONs M3MeHSeTcs BO BpeMeHW Mo 3akoHy B=B*sinw/,
rae BO v to — nocTosiHHble. HalTu amnauTyfHOe 3HayeHue
3.4.C. WHAYKUMW B Ccnupanu.

3.315. TM-06pasHblii NPOBOAHMK HaxXxOAUTCA B OAHOPOAHOM
MarHUTHOM none, NEPNeHAUKYNAPHOM K MNAOCKOCTU MpPOBOJ-
HMKa W U3MeHALWeMca co ckopocTeto B=0,10 Tn/c. Bponb
napannenbHblX CTOPOH 3TOr0 MPOBOAHUKA MepemMellaoT 6e3
HavyanbHOM CKOpPOCTM MPOBOLHMK-MEPEMBIYKY C YCKOPEHUEM
0=10 cm/c*. AnuHa nepemblukn /=20 cm. Haitm 3.4.C WH-
OYKUMK B KOHTYpe 4Yepe3 /= 2,0 c nocne Hayana nepemeLLeHus,
ecnm B MOMeHT /=0 nnowafb KOHTYpa U MHAYKLUS MarHMTHOMO
nonsa pasHbl HY/O.

3.316. BHyTpM ONMHHOIO COJIeHOMAA HAXOLWUTCA KaTyllKa
n3 N BUTKOB C MoWafblo MonepevyHoro ceveHms S. KaTyluky
noBopayuBaloT C MOCTOSHHON Yr/0BOW CKOPOCTbIO <O BOKPYT
ocu, coBnagaroLleli ¢ ee AMaMeTpoM M NepneHAnKYNspHOA K ocu
coneHomga. Haintu 3.4.c. MHAYKLMN B KaTyLllKe, eCAv UHAYKLMUSA
MarHMTHOro nond B COJIEHOMAE MEHSeTCA CO BPeMeHEM Kak
B=BG\n w/ n B MoMeHT /=0 oCb KaTyLIKW COBMajana C OCblo
coneHonpa.

3.317. B pMHHOM MpPAMOM CO/leHOMAe C PajguMycom ceyeHus
a M YMCNIOM BUTKOB Ha eAVMHWLY AJIMHBbI N U3MEHAIOT TOK C MoO-

CTOSIHHOWM ckopocTblo | Afc. HaiiTu mofynb HanpsXXeHHOCTH
BMXPEBOr0 3/1EKTPUYECKOTO MONA KakK PYHKUWUI0O PacCTOAHUSA T
OoT ocu coneHoupa. W306pasuTb NpUMEpHbIA rpaduk 3Tol
3aBUCUMOCTMH.

3.318. Ha AAWHHbLIA NpAMORA ConeHoOWUA, MMEKLWMin anameTp
ceyeHma d =5 cm u cogepxawnin 1=20 BUTKOB Ha OAUH CaHTWU-
MeTp [AJ/IMHbI, NAOTHO HafeT KPYrosoli BUTOK M3 MEAHOro npo-
Boga cevyeHmem 5=1,0 mm*. HaliTm TOK B BWUTKe, €CAn TOK B
06MOTKe cofeHouga YBENMYMBAOT C MNOCTOSHHON CKOPOCTbIO
/=100 Alc.

3.319. HenpoBoggdliee TOHKOE KOMbLO Maccbl T, UMeloLlee
3apsg <, MOXeT CBO60OAHO BpawaTbCs BOKPYr CBOel Ocw.
B HauaNbHbli MOMEHT KOMbLO MOKOWAOCb W MAarHWTHOe MoJe
OTCYTCTBOBANO. 3aTeEM BKIIOYUAN OAHOPOAHOE MarHUTHOE none,
neprneHANKYNAPHOE K MAOCKOCTM KO/bla, KOTOpPOEe Hayano Ha-
pacTaTb BO BpPeMeHW MO HEKOTOpPOMY 3aKoHy B(/). Haitu yr-
NOBYK CKOPOCTb bl KOMbLA B 3aBUCMMOCTM OT WHAYKLMK
B(0.
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3.320. MarHuTHbIA NOTOK Yepe3 HeMnoABMXHbLIA KOHTYp
C conpoTuBieHneM R n3MeHAeTCS BTeYeHUe BPEMEHMUT Mo 3a-
KoHy ® =a/(T—t). HaliTu konmMyecTBO Tenna, BbILENEHHOE
B KOHTYpe 3a 3T0 Bpemf. VIHAYKTUBHOCTbIO KOHTYypa npeHe6-
peyb.

3.321. B cepeguHe ANVHHOTO COfleHOMAa HaxoAMTcs Koak-
CManbHOe KOMbLO MPSAMOYFO/NbHOTO CevyeHUs W3 MPOBOAALLEro
maTepuana ¢ yAefnbHbIM conpoTuaaeHvem p. To/WMHA KONbLa
A, ero BHYTPeHHWI1 1 BHEWHWIA paguycbl a u b. HaliTu uHAyK-
UMOHHbIA TOK B KOMblLle, €CAM WHAYKLUMA MarHUTHOro nons
cofieHouga u3MeHseTca No 3akoHy 5=0/, rge p — NOCTOSH-
Has.

3.322. CKO/IbKO MeTpOB TOHKOro npoBoja Hafo B3ATb ANA
n3rotosneHns conedHouga anuHel /0= 100 cM ¢ WMHAYKTUBHO-
ctbto L=1,0 MIH, ecnn AmameTp ceyeHWs cofieHOMfa 3HAYU-
TeNbHO MeHblle ero AAUHbI?

3.323. HallTu WMHAYKTUBHOCTb COneHoupa ANWHbI /, 06MOT-
KO KOTOpOro ABNAeTCA MefHAas MpoBofioka Macckl T. Conpo-
TuBNeHne o6MOTKM R. [umameTp coseHouaa 3HaYUTESIbHO MEHb-
e ero AfIMHbI.

3.324. KaTywky wuHAyKTMBHOCTM L—300 MIH n conpoTus-
neHna /?=140 mMOM NOAKAOUYUAN K UCTOYHWUKY MOCTOSHHOIO
HanpsXXeHusa. Yepes CKOMbKO BPeMEHM TOK 4epe3 KaTyLWKy
pocturHeT T]=50 % ycCTaHOBMBLUEroCs 3Ha4yeHUn?

3.325. BblUMCcnUTb MOCTOSHHYKO BpeMeHW T MNpPSMOro cone-
Houga AnuHbl /= 1,0 M, UMetOLWero ofAHOCNOKHYD 0OMOTKY W3
MefHOro nposoga Maccel m= 10 kr. [Npegnonaraetcs, 4TO
OVNaMeTp CeyeHWs CONeHomfa 3HAUYMTeNIbHO  MeHblle ero
LNUHBI.

MpumeyaHune. [OCTOSAHHON BpeMeHW T Ha3blBalT OT-
HoweHne L/R, rage L — MHAYKTMBHOCTb, R — aKTMBHOE coO-
NpoTUB/EHNE.

3.326. HaiTM WHAYKTUBHOCTb eAuHMLblI AJUHbI  Kabens,
npeacTaBnsoLero coboli gBa TOHKOCTEHHbIX KOaKCHanbHbIX
MeTaN/In4yecKNX LUINHLPA, eCNn pajuyc BHELIHEro uunuMHppa
B T|=3,6 pa3a 6onblle, YeM paguyc BHYTPeHHero. MarHuTHyto
MPOHMLAEMOCTb CPeAbl MeXAy UWIMHAPaAMU CUMTaTb PaBHOWA
efnHuLe.

3.327. Onpegenntb WHAYKTUBHOCTb TOPOMAANbLHOrO cose-
Homga M3 N BUTKOB, BHYTPEHHMWI pajuyc KOTOpPOro paseH b,
a nonepeyHoe cevyeHue MMeeT (OpMy KBajpata CO CTOPOHON a.
MpocTpaHCTBO BHYTPWU COJMieHOMAA 3ano0fIHEHO OLHOPOAHBIM
napamarHeTUKOM C MarHWTHOW MPOHMLAEMOCTbIO L.

3.328. BblUMCNUTL WMHAYKTUBHOCTb eAWHWULbI ANUHbI LBYX-
MPOBOAHON NeHTO4YHOW nuHumM (puc. 3.95), ecnm paccTosiHue
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MeXay neHTamu ft 3HAUMTeNbHO
MEHbLUE UX WUPUHBLI b, a UMEHHO,
fc/h=50.

. 3.329. HalTn WHAYKTUBHOCTb

eAVHULbl ANVHBI  LBYXMPOBOAHOW

NIVHWUW, ecnn  paguyc  Kaxgoro

nposoja B T] pa3 MeHblUe paccTos-

Pnc. 3.95 HUA  Mexay wux ocamun. [lonem

BHYTPM MNPOBOAOB  MNpeHebpeuyb,

MarHMUTHYIO MNPOHWLAEMOCTb BCIOAY CUMTATb paBHOW eAuHULE
nuy»l

3.330. Konbuo pagmyca a=50 MM M3 TOHKON MNPOBOOKM
WHAYKTMBHOCTbO L=0,26 MKICH nomectunn B O[HOPOAHOE
MarHMTHoe none ¢ mHaykuuein A =0,50 mTn Tak, 4To €ro nnaoc-
KOCTb CTana nepneHAMKynapHoOi K HanpasneHuto nons. 3a-
TEM KO/bLO OX/IaAunn A0 CBEpPXMPOBOAALWEr0 COCTOSHUA U Bbl-
KNIOUYUAN MarHuTHoe nosne. HailT TOK B KOJbLE.

3.331. CsepxnpoBojdllee Kpyrioe Konbuo paguyca a,
nMetolee MHAYKTUBHOCTL L, HaxoauTca B OAHOPOAHOM Mar-
HWTHOM nofe ¢ UHAyKuUMed B. MNocKocTb KoNbla napanefb-
Ha BeKTOpy B, n TOK B KO/bLe paBeH Hy/0. 3aTeM MA0CKOCTb
KOonbLa noBepHynn Ha 90° B MOMNOXeHWe, MeprneHAnKynsapHoe
K nomo. HaiTu:

a) TOK B KOMble rocne nosopoTa;

6) paboTy, COBEpPLUEHHY MpU 3TOM.

3.332. Tok /0=1,9 A TeyeT N0 AJAMHHOMY 3aMKHYTOMY
CBEpPXMPOBOAAWEMY coneHougy. HaliTu TOkK B coneHowuge
nocne TOro, Kak ero pacTaHynu, yBenuums ANWHY Ha L = 5%.

3.333. 3amKHYyTaa uenb COCTOUT U3 NOCNeA0BaTENIbHO BK/IIO-
YEHHbIX MCTOYHMKA MOCTOSAHHOW 3.4.c. £ W gpoccens MHAYK-
TUBHOCTM L. AKTMBHOE COMpOTMBAEHWe BCeil Lenu paBHO R.

L

Puc. 3.96 Puc. 3.97

B MOMeHT /=0 WHAYKTUBHOCTb APOCCENS CKAYKOM YMEHbLUUAN
B I) pa3. HaliTm TOK B Uenn KakK (YHKLUIO BpemeHn t.

YKkaszaHue. [lNpn cKkaykoo6pasHOM W3MEHEHUN WHOYK-
TMBHOCTW MOMHbIA MarHWTHbIA NOTOK (MOTOKOCLIEMAEHHE) OC-
TaeTca Heu3MeHHbIM.



3.334. HailTu 3aKOH M3MEHEHWSA BO BPeMeHU TOKa, TeKyLLero
yepes MHAYKTUBHOCTL L B cxeme (puc. 3.96) nocne 3amblKaHuUs
kntoya K B momeHT /= 0.

3.335. B cxeme (puc. 3.97) wu3BecTHbl 3.4.C. £ WCTOYHUKA,
conpoTusieHne R M MHAYKTUBHOCTU KaTywek Lx u L,. BHyT-
peHHee COMPOTUBNEHUE UCTOYHUKA W COMPOTMBEHUS KaTyllek
npeHe6pexnMo Manbl. HalTu ycTaHOBMBLUMECS TOKM B KaTyll-
Kax nocne 3amblkaHua knwova K.

3.336. [1Ba A/IMHHbLIX KOAaKCWanbHbIX CONEHOMAa cofepxxar
N, U Nna BATKOB Ha efWHWULY ANWUHbI. BHYTpeHHWI coneHoup,
MMeloWwmiA nnowanb MONepevyHoro cevyeHus S, 3anosiHEH Mar-
HETUKOM C MPOHWLAEMOCTbIO p. HaliTM B3aMMHYK WHAYKTUB-
HOCTb COJIEHOWAOB B pacyeTe Ha eAUMHULY WX [LNUHbI.

3.337. BblumMcinTb B3aUMHYK0 WHAYKTUBHOCTb AJIMHHOIO
nNpsMOro npoBoja W MNPAMOYrofibHOW pamMKu CO CTOPOHaMM
a n b. Pamka v npamoi npoBoj nexaT B O4HOW MIOCKOCTH,
npuyem OGnmMXKalwas K NpPoBOAY CTOpOHA pamKu AnuHol b
napannefnbHa nposoAdy M OTCTOMT OT HEro Ha paccros-
Hue /.

3.338. OnpepenvTb B3aUMHYIO WHAYK-

TUBHOCTb TOPOWUAANbHOW KaTyWKW W Mpo- b
XOAALEero no ee ocv 66CKOHEYHOrO MNPAMOro
nposoga. Kartywka wMeeT NpsAMOYrosibHoe
CeyeHue, ee BHYTPEHHWI paguyc @, BHeL-
HWA b. [lnnHa CTOPOHbLI MOMNEpeyvHOro ceve-
HWA TOpa, napasnenbHas npoBoAy, PaBHa
A Uwncno ButkoB KaTywkm N. Cucrtema
HaxoguTcA B OfHOPOAHOM MarHeTuke ¢
NMPOHNLLAEMOCTbLIO P.
3.339. Ha noBepxHOCTb TOpa KBajpart-
HOro ceyeHWs paBHOMepHO HaBuTo Nt BUT-
KOB TOHKOI MpOBOMOKW. Ha 3Ty 006MOTKY
B CBOO oyepefb HaBuTo Nt BUTKOB, Kak NnokasaHo Ha puc. 3.98.
BHYTpPeHHWIT 1 BHELWHWA paguycbl Topa paBHbl a H b. HaiTtu
B3aVIMHY0 WHAYKTMBHOCTb 06eMx 06MOTOK.

3.340. [1Ba KOHLEHTPMYECKUX TOHKUX MPOBOAHMKA B hopme
OKpYXHOCTeil ¢ paguycamum a u b nexar B OAHON NAOCKOCTHU.
Vwvea B Buay, 4to a<"b, HaliTu:

a) WX B3aWMHYI WHLYKTUBHOCTb;

6) MarHUTHbIA MNOTOK 4epe3 MOBEPXHOCTb, HaTAHYTYH Ha
BHELIHWA NPOBOALHWK, €CAN MO BHYTPEHHEMY MPOBOAHWKY Te-
yeT TOK 1

3.341. Tok | TeyeT No pamMKe B BUAe KBagpaTHOr0 KOHTypa
CO CTOPOHOW a. HaliTW MarHuTHbIA MNOTOK 4Yepe3 Moaynnaoc-
kocTb P (puc. 3.99), rpaHuua kotopoit 00" oTcTOUT OT 6aMnXKali-
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wen CTOPOHbLI paMKW Ha pacCToAHUE b. MonynnockocTb Pwn
pamMKa nexat B O,D,HOI7I MNOCKOCTH.
YKaszaHue. Bocnosib3oBaTbeo TE‘OpEMOI?’I B3aMMHOCTMW:

3.342. MmeeTca TOHKOe KONbLO paguyca a Cc TOKOM /.

HaiiTM WMHAYKUMIO MarHUTHOTO MoAs B TMAOCKOCTM  KO/bLa
B TOUYKE, Haxogsweics Ha paccTos-
HUM T OT ero LeHTpa, ecim r»a.

3.343. Heb6onblwoli uunuHapunyec-

Knin marHut M (puc. 3.100) HaxoguT-
CA B LEHTpPe TOHKOM KaTyL KW pagu-
yca a, coctosiweli m3 N BWTKOB.

Puc. 3.99 Puc. 3.100

KaTywka nopgkntwoyeHa K 6anincTU4ecKOMY rafibBaHOMETpY.
ConpoTuBneHune Bceli Uenn paBHO R. HaiTW MarHWTHbIA MO-
MEHT MarHuTa, eciM npu ero yaaneHun u3 KaTylKu 4yepes
ranbBaHOMETpP MPOLUNO KOAMYeCTBO 3NieKTpuyecTsa (.

3.344. Halitn npubnnxeHHyto hopmyny And B3aMMHOWN WH-
OYKTUBHOCTU [ABYX TOHKMX BUTKOB OAMHAKOBOro pajuyca a,
eCc/ OCU BWMTKOB COBMafatoT, a MUX LeHTPbl HaxogaTcs Apyr oT
Apyra Ha paccTosHum /, npuyem 1~>a

3.345. metoTca ABa HEMOABMXXHBIX KOHTypa C B3aMMHOWA
WHAYKTUBHOCTbIO Lit. B 0AHOM M3 KOHTYPOB Hayanum MU3MEHATb
TOK M0 3aKOHY J1=aJl rge a — nocTosHHaa,/ — BpeMsa. Haintu

3aKOH Mn3meHeHus Toka /,(/) B ApPYroMm KOH-

LR Type, WHAYKTUBHOCTb KoTOporo L, u co-

npotusneHne R.

3.346. KaTtywka WHAYKTUBHOCTU £ =

=2,0 mk'H wn conpotueneHna /?= 1,0 Om

NOAKIIOYEHA K MCTOYHUKY MOCTOSIHHOM 3.4.C.

N=3,0 B (puc. 3.101). MapannenbHO KaTyLlKe

Puc. 3.101 BK/IOUEHO conpoTuBneHne Ra—2,0 Om. Haitu

KO/INYEeCTBO Tenna, KOTOpPOe BbIAENUTCH B Ka-

Tywke nocne pasMmblkaHusa knwoya K®m BHyTpeHHee coOMnpo-
TUBNEHUE WUCTOYHUKA MNpeHebpexumo Mano.

3.347. Tok | TeyeT MO ANMHHOMY MPSIMOMY MPOBOAHMKY

KPYrforo CeyeHWs C MarHUTHOW MPOHMLAEMOCTbO L. Haitw
3HEPrut0 MarHMTHOTO MOJs BHYTPW NPOBOJa B pacyeTe Ha eau-
HULY €ero [A/uHbI.
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3.348. Ha TOp 13 marHetmka HamoTaHO N=500 BUTKOB.
HaiTH 3aHepruto MarHMTHOro nons, ecnm npu Toke /=2,0 A
MarHMTHbIA MOTOK 4epe3 TMoOMepeyHoe ceuveHne Topa P =
= 1,0 mB6.

3.349. >KenesHblll cepAeyvyHUK, MMelOWMA (opmy Topa C
KpYriblM ceyeHneM paguyca a=3,0 cMm, HeceT Ha cebe 06MOTKY
n3 N= 1000 BuTKOB, MO KOTOPOM TeueT TOK /=1,0 A. CpegHuii
paguyc Topa b=32 cm. HaiiTu ¢ nomouwpto puc. 3.82 MarHuT-
HYI0 3Heprui, 3anaceHHyW B CepAeyHUKe, nonaras Hanps-
XKEHHOCTb nons H 0AMHAKOBOW MO BCEMY CEYEHUIO U paBHOI
ee 3HauyeHWI0 B LEHTpe CeyeHusA.

3.350. TOHKOe KOMbLO M3 MarHeTWka WMMeeT cpefHWi Awna-
meTp d =30 cm u HeceT Ha cebe 06MOTKY M3 N=800 BUTKOB.
Mnowanb nonepevyHoro cevyeHns konoua 5=5,0 cv*. B konbue
chenaHa nonepeyHas npopesb wWupuHbl b=2,0 mm. Korga no
06MOTKe TeueT HEKOTOpblA TOK, MarHWTHas MNpPOHULAEMOCTb
marHetnka U=1400. T[peHebperas paccesiHUeM MarHUTHOrO
MOTOKa Ha Kpasx 3a3opa, Hahtu:

a) OTHOLIEHMEe MarHWTHOI 3Heprum B 3a30pe K MarHWTHOW
3HEPTUN B MArHeTUKe;

6) MHAYKTUBHOCTb CMUCTEMbl, MpUYeM [BYMS cnocobamu —
yepes MOTOK U Yepe3 3Hepruio.

3.351. KoakcunanbHbli Kabenb COCTOUT W3 BHYTPEHHErO
CNMOWHOr0 MPOBOAHMKA pajuyca a U Hapy>XHO NpoBoAsLLei
TOHKOCTEHHOWN Tpybku paguyca b. HailTu MHAYKTUBHOCTb ean-
HUUbl ANWHBI Kabensa Ans TOKOB AOCTATOMHO Manoil 4acToThl,
npyv KOTOPOM pacnpefeneHne TOKa MO CEYEHUIO MNPaKTUYECKU
paBHOMepHO. MarHuTHas MPOHMLAaeMOCTb BCIOAY paBHa eau-
HuLe.

3.352. ANVHHbIA UMAMHAP paguyca a, 3apsXKeHHbI paBHO-
MepHO MO MOBEPXHOCTU, BpallaeTcs BOKPYr CBOei ocu € yrno-
BOM CKOPOCTbIO 0). HalNTW 3HEpPru0 MarHUTHOrO MONA Ha efu-
HULY [OAWHbI UWAWHAPA, €CAU NnHellHas MNA0THOCTL 3apsfa
uunuHapa paBHa A u u=1.

3.353. Tpy KakKOM HanpsXeHWW INEKTPUYECKOro mnoss
B BaKyymMe 00beMHas MAOTHOCTb 3Heprum 3TOro nana 6yget
Takol e, KakK Yy MarHuTHOro nons ¢ uHaykuuein £=1,0 Tn
(Toxxe B Bakyyme)?

3.354. TOHKOe paBHOMEPHO 3apsAXeHHOe KOo/MbLOo paguyca
0=10 cm BpawaeTca BOKPYr CBOeli OCM C YrN0OBOW CKOPOCTbHO
to= 100 pag/c. Halitn oTHOWeEHME 06BLEMHbIX MAOTHOCTEN 3Hep-
MM MarHUTHOTO W 3MEKTPUYECKOro MNofeid Ha ocWM Konbla
B TOYKE, OTCTOALLEA OT ero LeHTpa Ha paccTosiHue /=a.

3.355. Vcxoasa wv3 BblpaXeHusa AN 006bEMHOW MNAOTHOCTM
MarHWTHOI 3Hepruu, nokasaTtb, 4To paboTa, 3aTpayMBaemas Ha
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HamarHuumBaHve efuMHMUbl 06bemMa napa- WAM gMamarHeTuka,
A=-IB2

3.356. [1Be 0fMHaKOBble KaTYL KN, KaxAas UHLYKTUBHOCTHU
L, coeguHAlOT a) nocnegoBaTenbHo, 6) napannenbHo. Cuutas
B3aMMHYI WHAYKTUBHOCTb KaTylleK MpeHebpeXxxmumo Manoi,
HalTM WHOYKTUBHOCTb CUCTEMbI B 060MX clyyasx.

3.357. [Be o0AMHaKOBble KaTyWKW, Kaxhas WHOYKTUB-
HocTM L, coefuHeHbl nocnefoBaTeslbHO U PacnofioXeHbl Tak
6/1M3K0 ApYyr OT Apyra, YTO MarHUTHbIA MOTOK OAHON KaTyLIKM
MONHOCTbLIO MPOHM3bIBAET, ycunueas, Apyryt. Haidtm nHAyk-
TWBHOCTb CUCTEMbl W3 3TUX ABYX KaTyLlek.

3.358. [lBa coneHouaa OAMHAKOBOW ANWHLI M NOYTM OAWHa-
KOBOT0O CeYeHWs BCTaBfieHbl MOSIHOCTLIO OAWMH B ApYroi. Haitu
MX B3aWMHYI0 UHAYKTUBHOCTb, €CAN WX WHAYKTUBHOCTW paBHbI
Li n Lf

3.359. [1Ba OAMHAKOBbLIX KPYroBbIX BMTKAa M3 CBEPXNPOBOA-
HUKa, obnajatolime Kaxabll UHLYKTUBHOCTLIO L, pacnonoxeHbl
KoaKCcuanbHO Ha 60MbLIOM PaccTosiHUM Apyr OT Apyra. B kax-
[OM BUTKe B O[JHOM U TOM XXe HanpaBfieHUW TeuyeT TOK /. BUTKK
3aTeM COBMeLLaloT.

a) KakoB OyfeT pe3ynbTupylLWmnin ToKk /' B KaXaom BUTKE?

6) Yemy paBHO npupalieHne MarHUTHOW 3HEpPruu CUCTEMbI?

3.360. lMoka3aTb, YTO MarHUTHas 3Heprua B3aMMOAeCTBUA
[LBYX KOHTYpPOB C TOKaMu, HaxofAwWWXcA B Bakyyme, MOXeT

6bITb NpefcTaaTeHa Kak Ne .= (1/w) \ raoe B, n B2—

MHAYKLMN MarHUTHOTO nons B 3nemeHTe o6bema dV, co3paBae-
Mble OTAENbHO TOKamMy OJHOF0 U APYroro KOHTYPOB.

3.361. HalniTu 3Hepruio B3aMMOLENCTBUA [BYX KOHTYPOB
c Tokamu /, n /,, ecnm oba KOHTypa UMET BUL OKPYXXHOCTeW
c paguycamu a u b (a<"b), LEHTPbl 3TUX KOHTYPOB HaxopAsaTcs
B OfIHOV TOYKE W MIOCKOCTU KOHTYPOB COCTABAAOT APYT C APY-
rom yran f.

3.362. IpocCTpaHCTBO MeXAY ABYMS KOHLEHTPUYECKUMU Me-
TannuMyeckumu cdepamu 3arnonHeHO OAHOPOAHOIM cnabo npoBo-
OAlWei cpefioil ¢ yAenbHbIM CONPOTUB/IEHWEM P WU AU3NEKTPU-
YecKol MPOHULAEMOCTbIO €. B MOMeEHT /=0 BHYTpeHHeil chepe
coobwnnm HekoTopbi 3apag. Haitwm:

a) CBA3b MeXAY BeKTopaMy MNMOTHOCTel TOKa CMeLeHus K
TOKa NpoOBOAMMOCTM B MNPOW3BOMILHOW TOYKe cpedbl B OAUH U
TOT )K€ MOMEHT;

6) TOK CMeLLeHns Yyepe3 NPOM3BO/bHYIO 3aMKHYTYIO MOBepX-
HOCTb, PacnofiOXEeHHYH LENNKOM B CpPefe W O0XBaTblBaloLlLyto
BHYTPEHHIOIO chepy, ecnun 3apaj 3Toi ciepbl B AaHHbIA MOMEHT
paseH (.
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3.363. Tnockuii KoHaeHcaTop o6pa3oBaH ABYMSA AUCKaMU,
MeXJy KOTOPbIMW HaxoAWTCA OofHOpoAHas cnabo nposoaALlas
cpefa. KoHpeHcaTop 3apagunm WM OTKIOYMAM OT WUCTOYHUKA
Hanps)keHnsa. MpeHebperas KpaeBbiMK 3(deKTamMn, NOKasaThb,
4YTO MarHWTHOe Moje BHYTPW KOHAeHcaTopa OTCYTCTBYeT.

8.364. Tnockuii BO3AYLIHbLIA KOHAEHCATOP, MAoWagb KaX-
Joli nnacTMHbl KoToporo S=»100 cMl, BK/AWO4YeH nocnefoBa-
TeNbHO B LUENb NEpeMeHHOro Toka. HailTm amnautygy Hanps-
XKEHHOCTU 3NEeKTPUYECKOro nonsf B KOHAeHcaTope, ecnum am-
nAMTyfa CUHYCOWAaNnbHOro TOKa B MOABOASAWMX MNPOBOAAX
/,=1,0 MA 1 vyactoTa Toka = 1,6-107 c_i.

3.365. TMpocTpaHCTBO Mexay 06KnagkamMu MNA0OCKOr0 KOH-
JeHcatopa, UMerlWMMU (OopMYy KpYrablX AWCKOB, 3aM0AHEHO
O[IHOPOAHOWN cnabo NpoBOAsLLEN Cpefoi C yAeNbHOW NPOBOAW-
MOCTbIO O W AW3NEKTPUUYECKOW MPOHULAeMOCTbiO €. PaccTosHue
mexay o6knagkamn d. MMpeHebperas KpaeBbiMU 3hdeKTamu,
HaliTW HanpsXXeHHOCTb MarHUTHOro Noas Mexay obknagkamu
Ha pacCcTOfHWWM T OT MX OCW, ecAW Ha KOHAeHcaTop nojaHo
nepeMeHHoe HanpsbkeHne U—U,,cos(ot.

3.366. [ONWHHbLIA NpsMO coneHowp WMeeT M BUTKOB Ha
eAVHULY ANuHbl. [0 HemMy TeyeT MepeMeHHbId Tok /=/,sin <o/l
HaiiTy NNOTHOCTb TOKAa CMeLlleHMs KakK (YHKLMI0 paccTosHUA
r oT ocu coneHompa. Pagumyc ceyeHums coneHomga R.

3.367. TouyeuHblli 3apsaf g ABUXETCA C HepensiTUBUCTCKOH
CKopocTblo v=const. HaliTu nAoTHOCTb Toka cMmewieHus jcll
B TOYKEe, HaxoAsleincs Ha pacCcToAHWWM T OT 3apsfja Ha nps-
MOIA:

a) coBnagarwolieli ¢ TpaekTopuel 3apsaga;

6) nNepneHAWKYNspHOW K TpaekTo-
puy 1 NPOXOAsALLein yepe3 3apsaf. J

3.368. [Be yacTuubl, Macca Kax-

[oli N3 KOTOpbIX paBHa T, a 3apsajbl

gun —Q, ABUXYTCA NOA [feiAcTBMEM

3NEeKTPUYECKOTO MPUTSHKEHUS NO OK-

PYXHOCTU TaK, 4TO COefuHAKOLWas UX /
npsaMas BpaliaeTcsa C YrnoBOW CKO-

pocTbid 0. HaliTh nnoTHOCTL TOKa Puc. 3.102
CMEeLLeHNsA B LEHTPe 3TOW CUCTEMbI.

3.369. ToueuHblil 3apag ( ABUXETCA C HepPeNAaTUBUCTCKON
CKOpPOCTb0 v=const. Bocnonb3oBaBlWNCL TEOPEMON O LMPKY-
nAuumM BekTopa H Mmo NyHKTMPHON OKpyxXHocTu (puc. 3.102),
HaliTu H B Touke A Kak (DYHKUWIO paguyc-BeKTopa I U CKO-
pocTn Vv 3apsfga.

3.370. [lokasaTb C TMOMOLbI YypaBHeHW MakcBenna,
yTo:
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a) rnepemMeHHOe BO BPEMEHW MArHWTHOE MOo/ie He MOXeT Cy-
WecTBOBaTb 6e3 3/MEKTPUYECKOro NoNs;

6) O[HOPOAHOE 3/1EKTPUYECKOe MOJIe HE MOXEeT CYLLEeCTBO-
BaTb MPW HanMyUM MepeMeHHOro BO BPEMEHW MArHWTHOroO Mons.

3.371. Moka3aTb, 4TO W3 ypaBHeHWIt MakcBenna cnegyeT
3aKOH COXpaHeHWs 3NeKTpuyeckoro 3apspga, T.e. V-j=

—.mpdt.

3.372. TlokasaTb, u4TO ypaBHeHusa Makcsenna y XE=
=—dbidt n VeB=0 aBnawTCA COBMECTUMbIMU, T. €. MNepBOe
M3 HWUX He MpPOTMBOPEYUT BTOPOMY.

3.373. B HeKoTopoil 06nactv WHepuManbHOW CUCTEMbI OT-
cueTa MMeeTCs Bpaliarolieecs C Yr/0BOW CKOPOCTbI > MarHUT-
Hoe Mone, MHAYKLMS KOTOpOro paBHa B. Haiitn VX E B 3aToik
obnactm Kak (yHKLWK BEKTOPOB C> 1 B.

3.374. B wvHepuyuanbHoli /C-cucTemMe oTcuYeTa MMeeTCs OfHO-
pOAHOE YMCTO MArHWTHOE Moje ¢ MHAYKUMeid B. Halitm Hanps-
YKEHHOCTb 3/7eKTpuyeckoro nons B /('-cucteme, KoTopas ABW-
XETCA C HepensTUBUCTCKOW CKOPOCTbIO V  OTHOCUTENbHO
/(-cuctembl, npuyem Vv_LB. [na peweHus 3TOro Bonpoca

paccMoTpeTb CW/bl, AeiiCTBYHOLME Ha BOOGpa-
XKaemblil 3apsag B 06eMx cucTemMax oOTcyeTa B
MOMEHT, KOrga cKopocTb 3apsga B /(-cucTe-
Me paBHa HYyJo.
3.375. bonblwasa nnactuHa u3 Heeppomar-
HUTHOTO MeTanfia [BUXETCA CO CKOPOCTbIO
Puc. 3.103 0=90 cm/c B 04HOPOAHOM MArHWUTHOM nose C
MHOYKUMen B=50 MTn, Kak MOKasaHo Ha
puc. 3.103. HaliTu NOBEPXHOCTHYK MAOTHOCTb 3N1EKTpUYec-
KUX 3apAfoB, BO3HMKAKOWMX Ha MIacTUHe BCNEACTBUE ee
OBUXEHUS.

3.376. bonbwasg nnacTMHa W3 OLHOPOAHOI0 AWM3NEKTPUKA
C NPOHWLAEMOCTbIO € [ABWXETCA C NOCTOSHHON HepensaTUBUCT-
CKO CKOpPOCTbIO V B OAHOPOAHOM MarHWTHOM Mofe C UHAYK-
uver B, Kak nokasaHo Ha puc. 3.103. HaliTu nonsapusoBaH-
HOCTb P AuM3anekTpuka W MOBEPXHOCTHYI MJIOTHOCTL &' CBA-
3aHHbIX 3apAafoB.

3.377. [ONWHHbIA CNMOWHON antOMUHUEBBLIA UUANHAP pa-
anyca a=5,0 cm BpawawT BOKPYr €ro ocu B OLHOPOLHOM
MarHUTHOM Mofe ¢ MHAYKuuein B=10 mMTn. Yrnoeas CKOPOCTb
BpaweHns ©=45 paal/c, npuyem <o||B. lNMpeHebperas mMarHuT-
HbIM NONeM BO3HMKAKLWMX 3apAA0B, HaWTU WX OBBLEMHYK K
MOBEPXHOCTHYIO MJIOTHOCTMW.

3.378. [ONWHHBLIA UMAKHAP paguyca a U3 AU3NeKTpuka
C MPOHMLAEMOCTbIO € BpaliaeTcsd C MOCTOSIHHOW YrnoBOW CKO-
POCTbIO bl BOKPYT CBOeli OCv BO BHeLIHEM OLHOPOAHOM MarHwWT-
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HoM none. WHAyKuuMa nona paBHa B, npuyem coffB.
Haiitu:

a) NONSPU30BAHHOCTb AU3ANEKTPUKa KaK (DYHKLMIO paccTos-
HMA OT ocu umnamHgpa, P(r);

6) MOBEPXHOCTHbI CBA3aHHbIN 3apag A' Ha eAVHULY AAUHbI
LUanHapa.

3.379. HepenATMBUCTCKMWIA TOYeYHbIA 3apaj ( [ABUXKeTCS
C MOCTOSIHHOW CKOpOCTbo V. HaliTu ¢ nomouwibio opmyn npe-
06pa3oBaHUs nonei MHAYKUUIO B MarHMTHOro nons 3Toro 3a-
psfa B TOYKe, MOJIOXKEHMe KOTOPO OTHOCUTENLHO 3apsaja onpe-
fLensetca paguyc-BeKTOpoOM T.

3.380. Moka3aTb ¢ nomouwbio opmyn (3.6u): ecnn B MHep-
uUnanbHoll /(-cucteme oTcyeTa WMeeTCA TO/MbKO 31eKTpuue-
CKOE WAN TONbKO MarHMTHOe nose, TO B /060 ApPYroi uHep-
umanbHoi /('-cucteme 6yAyT CyLLECTBOBATb KaK 3M1eKTPUYECKOE,
TaK M MarHWTHOe Mofe OfHOBpeMeHHO, npuyem E(1B'.

3.381. VmeeTca [O/MHHbLIA NpAMOMA MNPOBOAHUK C TOKOM
/=1,0 A. Halitn 3apag A Ha efVHWULY A/MHbI NPOBOAHMKA K
COOTBETCTBYIOLLEE YWCNO 3NEKTPOHOB, obecrneymBalolmUx 3TOT
3apajh,— B CMCTeMe OTcuyeTa, ABMXKYLLENCA MoCTynaTtenbHO O
HepensiTUBMCTCKOM ckopocTbto y,=1,0 M/0 BAONb NPOBOAHMKA
B HanpaBfneHun Toka I.

3.382. B uHepywnancHoii /(-cucteme MMeeTcA TONbKO 3M1EKT-
punyeckoe none ¢ HanpskeHHocTbto  IL=a(x\-\-y])i(x1-\-yt)t
rae a — nocTofHHAA, i U j — opTbl ocel X 1 y. HalTu MHAYK-
umio B' marHuTHOro nons B /('-cucTeme, KoTopas [BUXETCA
OTHOCUTENbHO /(-CUCTEMbI C HEPeNnsATUBUCTCKON MOCTOSAHHOW
cKopocTblo V=yk, K — opT ocu r. CumTaTb, 4TO OCb ' coBna-
faeT c ocblo 2. Kakoil Bug umeeT none B'?

3.383. Yb6eautbcq, 4To opmynsl npeobpasoBaHusa (3.61)
cnefytoT u3 gopmyn (3.6k) npm

3.384. B uHepumanbHoi /(-cucteme umeeTcs TONbKO OfHO-
pOfHOe 3MeKTpUYeckoe none ¢ HanpsxxeHHocTblo E=8 kB/wm.
Haintn mogynb W HanpaBfieHwue

a) BekTOpa E', 6) BekTopa B
B WHepuuanbHoli /('-cncTeme, ABVMXKYLLEACA NO OTHOLUEHUIO
K /(-cucteme C MNOCTOAHHOW CKOpPOCTbO V nog yrnom a =45°
K BekTtopy E. Ckopoctb /(-cuctembl cocTtaBnser p=0,60
CKOpOCTM CBeTa.

3.385. PewwuTb 3agavy, OoTAuvalowWwylocs OT npeablayLiei
NUWb TeM, 4TO B /(-CUCTEME MMEETCS He 3/IeKTpuyeckoe, a mar-
HWTHOe none ¢ mMHAyKumelk B=0,8 Tn.

3.386. Yb6eauTtbca ¢ nomowbio ¢Gopmyn npeobpas3oBaHus
(3.6K) B WMHBApPUAHTHOCTWU CNeAYIOWNUX BEANYUH:

a) EB; 6) £*—
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3.387. B wuHepuwuanbHoii /C-cucTeMe oTcyeTa WMEOTCS [Ba
OHOPOAHbIX B3aUMHO MNEPNEHAUKYNAPHBLIX MONA: 3NeKTpuye-
CKOe HanpsXeHHoCcTn £=40 kB/M M MarHuUTHOe C UHAYKLUUeN
£=0,20 mMTn. HailTm HanpsxxeHHocTb E' (uam mHpykumio B')
nona B Toil /('-cucteme oTcyeTa, rae HabnwgaeTca TONbKO O4HO
none (3N1eKTpuyeckoe WAN MarHUTHOE).

YKa3aHue. Bocnonb3oBaTbCA WHBapuaHTamy nons.

3.388. ToueuHblii 3apsjg ( ABMKETCS PaBHOMEPHO M NpsIMO-
NIMHEAHO €  pensiTUBMCTCKOW  CKOPOCTbIO, COCTaBASHOLLEl
p-4yacTb cKopocTu cBeTa (h=u/c). HallTm HanpsxeHHocTb E
3N1eKTPUYECKOro Mons 3TOro 3apsja B TOUYKe, pafuyc-BEKTOp
KOTOpOW OTHOCWUTENbHO 3apsAfa paBeH  u coctaBnseT yron {}
C BEKTOPOM ero CKOPOCTW.

3.7. [ABMmXeHune 3apsHKeHHbIX 4acTul,
B 3/1IEKTPUYECKOM W MArHUTHOM MNOJAX

¢ Cwuna JlopeHua:
F= ?E+~[VB). (3.7a)

Q YpaBHeHMe ABMXKEHUS PeNsiTUBUCTCKON 4acTWLibl:

-EEE . mV _Em-=F, 3.76,
TVi-m?* (

% TMepnopg o6palleHNs 3apsKEHHON YacTWlbl B OAHOPOAHOM MarHuT-
HOM none:

T—2nmrlgB, (3.78)

rge mr—pensaTuBMCTCKas Macca dactuubl, mr=m/ V 1—(v/c)%

0 bBertaTpoHHOE YCNnoBMe—YCNOBME ABMXKEHWUA 3/1IEKTPOHA MO KPyro-
BO opbuTe B GeTaTpoHe:

BO= YuxB>, 3.71)

roe BO—WHAYKLUKUS MarHUTHoro mons Ha opbuTe, <B>—cpefHee 3Haue-
HUE WHAYKUMM BHYTPU OP6UTHI.

3.389. B mMomeHT /=0 13 ogHOlM NAacTWHbI MIOCKOrO KOH-
feHcaTopa BblfeTen 37eKTPOH C NpPeHebpexXumo Manoi CKo-
pocTblo. Mexay nnacTMHamMy MPUAOXKEHO YCKOpAoLllee Ha-
NpsXeHue, MeHAOLWeecs BO BpPeMeHW Mo 3akoHy U—zt, rpe
e=100 B/c. PaccTtosHue Mexnay nnactuHamu /=5,0 cwm.
C Kakoli CKOpOCTbH 3M1EKTPOH NOAMETUT K MPOTUBOMOIOXKHOWA
nnacTnHe?

3.390. TpOTOH, YCKOPEHHbIA pa3HOCTbO noTeHunanos U,
nonagaetr B MomeHT /=0 B OLHOPOAHOE 3NEKTPUYECKOE Mone
MIOCKOro KOHAeHcaTopa, ANMHA MNacTUH KOTOPOro B Hampas-
neHUN [BMXeHUs paBHa |. Hanps)KeHHOCTb Mons MeHseTcs
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BO BpeMeHW Kak £=e/, rge e — nocTofHHad. CuuTtad nNpOTOH
HepensiTUBUCTCKUM, HaWTW Yron Mexgy HanpaBneHUAMU ero
OBVXXEHMA [0 M nocne nponeta KoHgeHcatopa. KpaeBbiMu 3gh-
(hekTamn npeHebpeysb.

3.391. Yactuua c ygenbHbIM 3apsigoM g/m gBukeTca nps-
MONUHEAHO NOA [JeicTBMEM 3fnekTpuyeckoro nons £=£,—
__€*, rje e — MONOXWUTeNbHas MNOCTOSIHHAasA, X — pacCTosHue
OT TOYKMW, B KOTOPOM 4acTuua nepBOHa4yasbHO MNOKOMNACh.
Halitn pacctosiHMe, npolijeHHOe uYacTuueld [0 OCTaHOBKW.

3.392. 3neKkTpOH HauyMHaeT [ABUraTbCad B OLHOPOLHOM
371eKTPUYECKOM nane ¢ HanpshkeHHOCTbo £=10 KkB/cm. Yepes
CKOMIbKO BPEMEHW MNOCNne Hayana [ABUXEHUA KUHeTu4yeckas
3Heprua 3neKTpoHa CTaHeT paBHOW ero 3HepruyM nokos?

3.393. PenATMBMCTCKWIA NPOTOH B MOMeHT /=0 Bneten co

CKOpPOCTbIO V,, B 06/1aCTb, e UMeeTCs MOMepeyHoe O4HOPOLHOe
3NeKTPUYECKOEe Mose HanpsXeH-
HocT E, npuuyem vO_LE. Haiitu
3aBMCUMOCTb OT BpPeMeHU yrna 8
MeXJy CKOpOCTblO V MNpPOTOHA
MW nepBOHayanbHbIM Hanpa./e-
HVEM ero ABUKeHUS.

3.394. MpOTOH, YCKOPEHHbIN
pasHOCTblO noTeHuwanos U=
=500 kB, nponeTaet nornepey- Puc. 3.104
HOe OAHOPOAHOE MarHWUTHOe no-
ne ¢ umHaykumein £=0,51 Tn. TonwmHa o6nactu ¢ nonem d=
= 10 cm (puc. 3.104). HainTm yron a OTK/IOHEHUS NpPOTOHa OT
nepBOHa4YanbHOr0 HamnpasNeHUA ABUKEHUS.

3.395. 3apsxeHHasa 4acTuua [ABUXKETCA MO OKPYXKHOCTH
paguyca /m= 100 Mm B 04HOPOAHOM MarHUTHOM Mofe C UHAYKL el
£=10,0 MTn. HaiiTn ee ckopocTb ¥ Mepuog 0b6palleHns, ecnu
yacTuueli aBngetcs:

a) HEePenATUBUCTCKUNA NPOTOH; 6) pPenATUBUCTCKNIA
3NEeKTPOH.

3.396. Ana KaKuUX 3HAYEHWIi KWHETMYECKOW 3Hepruu ne-
prnof o6palleHUs 31eKTpoHa W MpPOTOHa B OLHOPOAHOM Mar-
HUTHOM nosneHa r|= 1,0 % 6onblie nepuofga Mx obpalieHns npu
HepensATUBUCTCKNX CKOPOCTAX?

3.397. DneKTPOH, YCKOPEHHbI Pa3HOCTb MOTEHLMaNoB
£/=1,0 kB, p[BWXeTcAd B O4HOPOAHOM MarHUTHOM nane mnoj
yrnom a =30° kK Bektopy B, mogynb kKoTtoporo £=29 wmTn.
HaliTu war BWHTOBOW TPaeKTOPUM 3NEKTPOHa.

3.398. Cnabo pacxogdawmiica nNy4vyoK HepensaTUBMCTCKHX 3a-
PSXKEHHbIX YacTul, YCKOPeHHbIX pa3HOCTblo noTeHuuanos U,
BbIXOAUT M3 TOYKM A BAO/Mb OCM MNPSMOro coneHoupga. MNy4vok
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(hoKycupyeTca Ha paccTtosHum | oT Toukm A npu ABYX nocnego-
BaTe/lbHbIX 3HAYEHWAX WHAYKLUM MarHutHoro nons, By u B%
Haiitn ypenbHbili 3apag qlm uacTtuu.

3.399. M3 Toukn A, nexalleil Ha ocu NPSIMOro coneHomga,
Bbl/IeTAET HEPENATUBUCTCKUIA 3MEKTPOH CO CKOPOCTbIO V M0f
yraom a K ocu. MHAaykuus maHuTHoro nona B. Haitu pac-
CTOSHME T OT OCM [0 TOYKM MNonajaHus 3MeKTPOHAa Ha 3KpaH,
pacnofoXeHHbIA NepneHANKYNSsPHO K OCUM Ha paccTtosHum /
oT Touku A.

3.400. C noBepxHOCTU UWAMHAPWUYECKOrO npoBofa paguny-
ca a, No KOTOpOMY TeyeT MOCTOAHHbIA TOK /, BblfeTaeT 3N1EKTPOH
C HavaNbHOI CKOPOCTbIO W,,, NEPNEHANKYNSAPHON K NOBEPXHOCTM
npoeoja. Ha Kakoe MaKCMManbHOe pacCcTOsHWe YyAanuTcs
3NEeKTPOH OT OCU NpOBOAA, Npexae 4YeM MOBEPHYTb 0OpaTHO
nof [AeicTBMEM MArHUTHOrO MNOAs ToKa?

3.401. HepenatuBmucTCKaa 3apsXKeHHaa udacTuua npone-
TaeT 3NeKTpMYeckoe Mofie LUWAMHAPUYECKOTO KOHAeHcaTopa W
3aTeM nonajaeT B OAHOPOAHOE TONepeyHoe MarHUTHOe mnosne
c umHaykumen B (puc. 3.105). B KoHAeHcaTope 4acTuua ABuW-
XETCA MO Ayre OKPYXHOCTW, B MarHUTHOM Mofe — no nony-
OKPY>XHOCTU paguyca . Pa3HOCTb MOTEHLMaNoB Ha KOHAeHca-
Tope U, paguycbl 06knagok a u ft, npuuem a<.b. Halitm cko-
poCTb 4YacTuLbl W ee yAenbHbll 3apag glm.

Yy
E
Vt

Puc. 3.106

3.402. N3 Havana koopauHat O obnacTu, rge cosgaHbl Of-
HOPOAHble MnapanfefibHble OCU Y 3/1IeKTPUYECKOEe W MarHuTHOe
nons c HanpsxeHHocTblo E u uHaykumein B (puc. 3.106), Bbl-
neTaeT B HampaBAEHWW OCU X HepensATUBHCTCKas 4acTuua c
yAenbHbIM 3apsigoM /M u HauvanbHOW cKopocTbio V9. HaliTu:

a) KoopAuHaTy YN 4yacTulbl B MOMEHT, Korfja oHa N-i pas
nepeceyeT 0oCb VY;

6) yron a Mexay CKOpOCTbI0 4acTuLbl U OCbl Yy B 3TOT MO-
MEHT.

3.403. Y3Kuii Ny4yoK OAMHAKOBLIX WMOHOB C YAe/bHbIM 3aps-
aom glm, umeloWwmMx pasnnuHble CKOPOCTU, BXoAUT B Touke O
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(cm. puc. 3.106) B obnactb, rge cosgaHbl O4HOPOAHbIE napan-
NenbHble 3NEKTPUYECKOE U MarHUTHOe NOoMA C HaNPSXXEHHOCTbIO
E v vHgykuymein B. HanpaBneHune nyuyka B Touke O coBnagaeT
c ocbto X. Ha pacctosHum | oT Toukm O HaxoAuTCA NAOCKWUiA
3KpaH, OPUEHTUPOBAHHbLIA NepneHAVKYNSAPHO K ocu X. Haitu
ypaBHeHUe cfefa WMOHOB Ha 3kKpaHe. [MokasaTb, 4To npu r</
3TO ypaBHeHue mnapabonsbl.

3.404. Tly4yoK HepenaTUBUCTCKUX MPOTOHOB MPOXOAUT, He
OTK/IOHAAChL, 4Yepe3 06nacTb, B KOTOPOWN co3faHbl OLHOPOAHbLIE
nonepeyHble B3aMMHO MNeprneHANKYNAPHbIE 3NeKTPUYecKoe u
MarHuTHoe nona ¢ £=120 kB/m n £=50 mTn. 3atem ny4vok
nonajaer Ha 3a3eM/IEHHYI MulleHb. HalTu cuny, ¢ KOTOpOU
My4yoK AEeNCTBYET Ha MULIEHb, ecAn TOK B ny4vke /=0,80 MA.

3.405. HepensTMBUCTCKME MNPOTOHbI ABMXKYTCA NPAMOU-
HeliHO B o6nacTu, rge co3faHbl OAHOPOAHbLIE B3aWMHO MepneH-
OVKYNAPHbIE 3NEKTPUYecKoe M MarHuTHoe nonsi ¢ £=4,0 kB/m
n B=50 mTn. TpaekTopua NPOTOHOB NEXWUT B MAOCKOCTU XZ
(puc. 3.107) u cocTtaBnseT yron <p=30° ¢ ocbl X. HaiTu war
BMHTOBOM NMHWKU, NO KOTOPOW BYAYT ABUraTbCA MPOTOHbLI NOCAe
BbIK/IOYEHUS 3MEKTPUYECKOTO Nons.

) 3
rtsajw .
— il
a b
Puc. 3.107 Puc. 3.108

3.406. Tly4yoK HepenaTUBUCTCKUX 3apsXXEeHHbIX YacTul,
NPOXoAMT, He OTKNOHAACH, Yepe3 o6nacte A (puc. 3.108), B Ko-
TOpPOM C€O3JaHbl MOMEpeYHble B3aWMHO NepneHANKYNApHbIe
3N1eKTPUYECKOE W MarHUTHOE MONA C HanpshXKeHHoCcTblo E u
MHAYKUMeid B. Ecnn marHUTHOe none BbIKAKYUTbL, Cnej nyu-
Ka Ha 3kpaHe O cmewaeTca Ha AX. 3Hasa paccTtosHuMa a u b,
HalTW ypaenbHbIA 3apafg g/m uacTuu.

3.407. YacTtuua c ygenbHbIM 3apsgom g/m aBukeTcs B 06-
NnacTu, rpe cosfaHbl OAHOPOAHbLIE B3aUMHO MeprneHANKYNApHbIe
3N1eKTPUYECKOE W MarHMTHOE MO C HanpsXXeHHOCTb E wu
nHaykuunein B (puc. 3.109). B momeHT /=0 vacTuua Haxogunacb
B Touke O U umena HyfneBYK CKOpPOCTb. HallTu ans Hepenatu-
BMWCTCKOFO cAy4as:

a) 3aKOH ABueHusa vactuubl X(t) m y(t)\ kakoil Bug vmeeT
TpaekTopus;
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6) ANMHY y4yacTKa TpaeKTopuu Mex-
4y [AByMSA  6AMdKaMWMMKM  TOYKamu, B
KOTOPbIX CKOPOCTb YacTuubl obpallaeT-
CA B HYNb;
B) CpefiHee 3HayeHue NpoeKuun CKo-
pocTn u4actuubl Ha ocb X (gpeidosas
CKOpPOCTb).
3.408. Cucrema co
UMAUHAPUYECKOTO aHoja pafjuyca a u
KOAKCManbHOro C HAM LUAUHAPUYECKOTO
kaToga paguyca b (bCa). Ha ocu cuctembl MMeeTCs HUTb C TO-
KOM Hakana /, CcO3[aloWumM B OKPYXalLWeM nNpocTpaHCTBe
MarHuTHoe nosne. HalTW HaMMeHbLUY0 Pa3HOCTb MOTEHLManoB
MeXJy KaTtofoM W aHOAOM, MpW KOTOPO TepMO3NEKTPOHHI,
nokugawowme Katon 6e3 HayanbHOW CKOPOCTWU, HaYyHYT LOCTU-
ratb aHoja.

3.409. MarHeTpoH — 3T0 npubop, COCTOAWMIA U3 HUTU Ha-
Kana paguyca a W KoakKCUaNbHOro LUWIMHAPUYECKOro aHoja
paguyca b, KoTopble HaxogAaTcs B O4HOPOAHOM MarHWTHOM
none, napanfiieNbHOM HUTU. Mexay HUTbKO W aHoAOM MNpuno-
XKeHa ycKopsilouias pasHocTb noTeHumanoB U. HaiTu 3Hauve-
HVE WHAYKUWW MArHUTHOrO nons, Mpu KOTOPOM 3/1eKTPOHbI,
BblNeTalolWwme ¢ HyneBOi Ha4vyanbHON CKOPOCTbIO W3 HUTKU, OY-
AyT pocTuratb aHofa.

3.410. 3apsxeHHas uvacTuua C yfgenbHbiM 3apsgom glm
HauyMHaeT ABuratbcs B 06nacTu, rAe co3daHbl OAHOPOAHbIE
B3aVMHO MepneHANKYNSAPHbIe 3N1EeKTPUYECKOe U  MarHuTHOe
nons. MarHuUTHOe Mofie MOCTOSHHO W MMeeT WHAYKuuw B,
3NeKTPUYECKOE >Xe MeHseTcqd BO BpemMeHM Kak E=ETcos
roe (o=qgB/m.

HainTu gns HepensTUBUCTCKOro caydvas 3akKOH [BMXeHUS
yactuubl *(/) n Y(/), ecnm B momeHT /=0 oHa Haxogunacb B
Touke O (cm. puc. 3.109). Kakoit npMMepHO BUA WMeeT Tpaek-
TOPUS YacTuubl?

3.411. YacToTa reHepatopa LUMKnoTpoHa y=10M INy. Halitn
3((heKTMBHOE YCKOpPAIOLLEe HanmpsXXeHWe Ha f[AyaHTax 3Toro
LUKNOTPOHA, MpU KOTOPOM pacCTOsHWe MeXxAy COCefHUMMU
TpaekTopMAMM NPOTOHOB C paguycom r=0,5 M He MeHbLUe, Yem
Or=10 cwm.

3.412. T1pOTOHbI YCKOPAKTCA B LUKNOTPOHE TakK, 4TO MakK-
CUManbHbI paguyc KpuBU3HbI KX TpaekTopum r=50 cm.
Haitu:

a) KMHEeTUYECKYH 3HEpPrui0 MpPOTOHOB B KOHLe YCKOPeHUs,
eCcM WHAYKLMA MarHUTHOro nons B umknotpoHe b =10 1n;

6) MWHUMaNbHYI 4acToTy reHepaTopa UWKAOTPOHa, npu
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KOTOPOl/ B KOHLle YCKOPEHMA NPOTOHbl OyAyT UMeTb KUHETM-
yeckyto sHepruto T=20 Ma3B.

3.413. OAJHOKpaTHO WOHM30BaHHble WOHbI He+ yckopswT
B LMK/IOTPOHE TakK, UYTO MaKCUMasbHblA paguyc opbuTbl =
=60 cm. YacToTa reHepatopa uuknotpoHa v= 10,0 Mly, 3ab-
(heKTUBHOE YCKOpSlOWee HanpsxeHue Mexay AyaHtamm U=
=50 kB. TllpeHebperas 3a30pom
MeXay [AyaHTamu, HalTtu:

a) nojsHoe Bpemsi Mpouecca
YCKOpEeHnsa WOoHa;

6) NnpubAMKEHHOe 3HaYeHne ny-
TW, NPONAEHHOr0 WOHOM 3a BECb
LUK/ YCKOpPEeHMUS.

3.414. Tak Kak nepuof obpa-
WEeHNs 3NEeKTPOHOB B OAHOPOA-
HOM MarHUTHOM [MOfIe C POCTOM 3HEeprum 6bICTPO YyBeNnyuBa-
eTCA, LUMKNOTPOH OKa3blBAETCHA HEMPUrofgHbIM L8 UX YCKOpe-
HUA. DTOT HEAOCTATOK yCTpaHAaeTcs B MUKPOTPOHe (puc. 3.110),
rge usMmeHeHve nepuoga obpauweHus anektpoHa AT genatT
KpaTHbIM nepuogy yckopstowero nong TA CKONbKO pa3 3NeKT-
POHY Heo6X0AMMO MPONTU 4Yepe3 YCKOPAWLWMIA NPOMeXyToK
MWKPOTPOHA, 4YTO6bl npuobpectn 3Heprmto Ne=4,6 M3B,
ecim AT—TO, nHAYKUMA marHuTHoro nonsa 5= 107 mTn un
yactota yckopsawuwero nond v=3000 MIy?

3.415. UTo06bl B UMKNOTPOHE He BO3HMKAana paccTpoiika,
CBfi3aHHas C M3MeHeHWeM nepuofa ob6palleHUs YacTuubl npu
BO3pacTaHUW ee 3HEPruun, MeA/jIeHHO W3MEHAT (MOAYIUPYIOT)
YyacToTy YycKopswLwero noss. 1o KakoMy 3aKOHY Hajo u3me-
HATb 3Ty u4acToTy <0(0, ecnu WHAYKUUS MarHUTHOro mnong
paBHa B u uacTtnua npuobpeTaeT 3a OAUH 060POT 3HEPruUIO
ANe? 3apap udactuubl (, macca OT.

3.416. YacTuua c yaensHbiM 3apagom glm HaxoguTcs BHYT-
pu coneHoupa Kpyrnoro ceyeHus Ha paccTosHWM TOT ero ocu.
B 06MOTKe BKMOUNAM TOK, U UHAYKLUA MAarHUTHOIO Mons crana
paBHOW B. HaliTu cKOpoCTb 4acTuubl M paguyc KpUBU3HBLI ee
TpaekTopumn, ecnu 3a BpPeMs HapacTaHud TOKa B CONeHouje ee
CMeLLEeHNe MNpeHebpexumo marno.

3.417. B 6eTaTpOHE MarHWTHbIA MNOTOK BHYTPWM paBHOBEC-
HOIi Op6uTbl paguyca =25 cM BO3pacTaeT 3a BPeMS YCKOPEHUS

NpakTUYeckn € MOCTOAHHOW cKopocThto @ =5,0 B6/c. Mpwm
3TOM 3/71eKTPOHbI NpuobpeTaldT 3Hepruto Ne=25 M3B. Haiitn
4yncno 060pOTOB, COBEPLUEHHBLIX 3/1EKTPOHOM 3a Bpems YCKO-
peHns, W COOTBETCTBYHOLLee 3HAYEHWe MPOWAEHHOro UM NyTw.

3.418. Mokas3aTb, 4TO 3NEKTPOHbI B 6GeTaTpoHe OyayT
[Buratbca no Kpyroeoi op6buTe MNOCTOAHHOrO paguyca npu
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YCNOBUWN, UTO MHAYKLMUA MarHMTHOro nons Ha opbuTe paBHa
NONMIOBUHE CPefHero 3HauyeHUs WMHAYKLUWU MONS BHYTPU 0p6UTHI
(6eTaTpoHHOE YycCnoBMe).

3.419. HaitTm ¢ nomouwbto 6eTaTPOHHOrO YC/M0BWS paguyc
KPYroBoii opOuTbl 3/1eKTPOHa, 3Has 3aBUCUMOCTb WHAYKLUU
MarHUTHOrO NOAf OT PaccTOAHMA T A0 OCU Mofs. PaccmoTpeTb
3TOT BOMpOC Ha npumepe nons B=B,,—ar* rae B,,  a — no-
NOXWUTeNbHbIE TMOCTOAHHbIE.

3.420. MokasaTb C nNomouWwbl 6eTaTPOHHOr0 YCNOBMUA, 4TO
HanpsXXeHHOCTb BUXPEBOro 3/eKTPUYecKOro nona B bGetaTpo-
He WMeeT 3KCTPEMYM Ha paBHOBECHOW opbuTe.

3.421. B 6eTaTpoHe MHAYKUMUSA MArHMTHOrO Nons Ha paBHO-
BECHO op6buTe paguyca r= 20 cM u3MeHseTca 3a Bpema [ /=
= 1,0 mC npaKTUYeCcKM C MOCTOAHHOM CKOPOCTbIO OT Hyns Ao
B=0,40 Tn. HainTu 3Hepruto, npuobpeTaemyrd 3M1eKTPOHOM
3a KaxgAbli 060porT.

3.422. VNHAYKUMA MarHUTHOro nons B 6eTaTpoHe Ha paBHO-
BECHOI opbuTe paguyca I U3MEHAETCA 3a BPeMs YCKOpeHus OT
Hyna o B npakTnyeckum € NOCTOAHHOM CKOpocTblo. CumTas
HayanbHYK CKOPOCTb 3/1eKTPOHA PaBHOW HYMHO, HaWTK:

a) 3Hepruio, NpUOGPeTEHHYH 3MeKTPOHOM 3a BPeMs YCKO-
peHus;

6) COOTBETCTBYIOLLEE 3HAYeHWe MPOMAEHHOrO 31eKTPOHOM
nyTW, ecnn BpeMs YCKOpeHus paBHo [/.



YacTb 4

KONEBEAHNA N BOJIHbI

4.1. MexaHun4yeckmne KosnebaHus

¢ YpaBHeHWE TapMOHMYECKUX KOnebaHWUA U ero pelleHue:
X+ blo*= 0, X=a cos ((Oo<+a), (4.1a)

roe Lo—co6cTBeHHas vacToTa KoneGaHwuii.
(b YpaBHeHue 3aTyxalolux Koneb6aHuii U ero pelleHue:

i"-f-2{$i+ <di*= 0, x= Boe_3 cos (Ft+ a), (4.16)
rae P—KoauumeHT 3aTyxaHus, W—uyacToTa 3aTyxalolWmnx KonebaHwii:
(0=K<-Tn (4.18)
0 Jlorapumunyecknii fekpemeHT 3aTyxaHus X u Jo6poTHOCTb Q:
X=plr. Q=rUX (4.1r)
rae T = 2g/0)—nepuog 3aTyxalolWnx KoneGaHWii.
0] YpaBHeHWEe BbIHYXAEHHbIX KonebaHuii W ero ycrtaHOBUBLUEeCH
LUEHWE:
X+rp*+(m>?*=/0 cos &< X = a cos (<o/—p), (4.1p)
rae
a= — fo tg9= 271. (4.1e)
[/(0)*-(n*)* + 4Plum Wj-w*

¢ MakcumMym amnauTyAbl CMelleHUst AOCTUraeTcs Mnpu
«ipea= K wo - 2" . (4.1)

4.1. Touyka coBepLUaeT KonebaHUs BAONb OCU X MO 3aKOHY
X=A cos (cat—=/4). TocTponTb NPUMEPHbIE TpaPUKN:

a) CMELLeHMA X, MPOEeKLMN CKOPOCTM VX U MPOEKLMN YCKO-
peHMs ax Kak (DyHKUWii BpemeHu t;

6) npoekumii ckopocTu i/X(jt) n yckopeHms ax(x).

4.2. HexkoTopas TO4yKa [ABMWXeTCA BAO/Ib OCK X MO 3aKOHY
X=A sin*(co/—s/4). HaiiTu:

a) amnaiTygy W nepuog KonebaHwil; n3obpasuTb rpaduk
* O,
(6) MPOEKLUMI0 CKOPOCTU VX KaK (PYHKLMWIO KOOPAWHATHLI X;
n306pasnTb rpaduk y*(x).
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4.3. YacTuua cosepLuaeT rapMoHU4Yeckue KonebaHus BAONb
0CU X OKOJI0 NONOXeHUs paBHoBecus Ac=0. YacToTa KonebaHui
(0=4,00 c-1. B HekoTOpbI/i MOMEHT KOOpAMHATa 4acTulbl Ar,=
=25,0 cm 1 ee ckopocTb um =100 cm/c. HailTu koopguHaty X
N CKOPOCTb VX YacTuubl 4yepes /=2,40 c nocne 3TOro MOMEHTa.

4.4. HainTu Kpyrosykt 4acToTy W aMnauTydy rapMoHude-
CKUX KonebaHWi 4acTuupbl, €CIM Ha paccToOAHMAX X, WU Xt oT
MONMOXEHNS pPaBHOBECUS €e CKOPOCTb PaBHA COOTBETCTBEHHO
K, n vt.

4.5. Touka coBepLlaeT rapMoOHWYeckue KonebaHus BLONb
HeKoTopol npamoii ¢ nepuogom 7'=0,60 ¢ u amnAnTygoin a=
= 10,0 cm. HaliTu cpefHIO CKOPOCTb TOYKM 3a BpPeMs, B Tede-
HWe KOTOpOro OHa MpPOXOAWUT NyTb a/2:

a) M3 KpaWHEero mnonoXeHus;

6) M3 NONMOXEeHNS paBHOBECKS.

4.6. Yactmua coBepliaeT rapmoHu4veckme konebaHus BAOMb
0oCM X MO0 3aKOHY X=a cos to/. Cuyntaqd BepoATHOCTb P Haxox-
[eHNs 4YacTuubl B UHTEpBasle OT —a [0 +a PaBHON eauHuue,
HaliTW 3aBMCUMOCTb OT X MAOTHOCTU BeposTHocTu dP'dx, rge
dP — BepoATHOCTb HAXOX[eHUS YacTWLbl B WHTepBane OT
X 0o x+dx. W306pasnTtb rpaguk dPtdx B 3aBMCMMOCTU OT X.

4.7. Haintn rpadumyeckn amnantyay A konebaHuii, KOTopble
BO3HUKAKOT MNpW CNOXEHUW CRefytownx KonebaHuidi 0gHOro Ha-
npas/ieHuns:

a) X!=3,0 cos(0)/-fn/3), *1=8,0 sin((o/-fn/6);

6) x,=3,0 cos wi, x,=5,0 cos(co/+n/4), x,=6,0 sin «o.

4.8. Touyka y4yacTBYeT OAHOBPEMEHHO B ABYX KoOjebaHUAX
OAHOr0 HanpaBfeHWs, KOTOpble MPOMCXOAAT MO  3aKoHam
mj=o0 cos co/ M X2=a cos 2w/. HainTm MaKcumanbHyl CKoO-
pOCTb TOYKMW.

4.9. Mpu cnoxeHnn ABYX TFapMOHMYECKUX KonebaHwii of-
HOr0 HanpaB/feHWs pesy/bTupylollee KonebaHWe TOUKM UMeEeT
Bug X—a cos 2,l/-cos 50,0/, rge / — B cekyHaax. Haiitn kpy-
roBble 4aCTOTbl CKNafblBaeMbiX KonebaHWii u nepuog GueHuw.

4.10. «3aiumk» KonebneTca rapMOHWYECKM C HEKOTOpPOM
HEU3MEHHOI 4acTOTOW OTHOCUTENbHO LWKanbl, KOTOpas B CBOKO
oyepefib COBepLIaeT rapMoOHMYecKue KonebaHWsa no OTHOLLEHUIO
K cTeHke. Ob6a KonebaHus NPOUCXOAAT BAO/b OAHOrO M TOFO e
HanpaBneHus. lMpu vactoTax KonebaHuin wkanbl v,=20 Iy
nv,=22 T vactoTa 6MEHWIA 3ailuMKa OTHOCUTENIbHO CTEHKM
OKa3blBaeTCs OAMHAKOBOW. MMpu Kakoi uactoTe V' KonebaHuii
WKanbl 4yactoTa OWeHWid 3ailumka CTaHeT BABoe 6onblue?

4.11. Touka [ABWXeTCA B MNJOCKOCTU XY MO 3aKOHY [Ac=
=A sin to/, y=B cos w/, rpe A, B,  <O— NOCTOSHHbIE.
Halitn:
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a) ypaBHeHWe TpaekTopun Touku Y(X) M HampaBieHue ee
OBWKEHUA MO 3TOW TpaeKTOpuu;

6) ycKopeHue a TOYKM B 3aBMCUMMOCTWM OT ee pafuyc-Bek-
TOpa I OTHOCWUTENIbHO Havaia KoOopAuHar.

4.12. HaliTn ypaBHeHue TpaekTopun Y(X) TOYKM, €CiM OHa
[BVXXETCA MO 3aKOHY:

a) x—asin o>, y=a sin 2w/,

6) x=a sin o/, y=a cos 2uwl/.
N306pa3uTb npuMepHble rpaiMku 3TUX TPAeKTOpUiA.

4.13. Yactnuya maccbl T Haxo4uTcA B OLHOMEPHOM CWU/I0BOM
none, rae ee noTeHUManbHasa 3HEPrus 3aBUCUT OT KOOPAMHATbI
x kKak U(x)=UO0(\—cos ax), U0 n a — nocTosHHbIE. HaiiTn
nepuog ManbiX KonebaHWii YacTuLbl OKOO MOMOXEHWS paBHO-
BeCuS.

4.14. ToT e BOMPOC, YTO M B MpeAblayLLein 3agade, HO Mo-
TeHUnanbHas 3Heprus wumeet Bug U(X)=aJx*b/x, rge a
N b — NonoXutenbHble MNOCTOSHHbIE.

4.15. HailTn nepuog ManbiX MOMepeyHblX KonebaHwi Lia-
pvka Maccbl T =40 r, YKPenjeHHOro Ha cepeavHe HaTAHYTOW
CTPYHbl AfiMHbl /=1,0 M. Cuiy HaTAXeHWs CTPYHbl CUMTATb
MOCTOSIHHOM M paBHoO £=10 H. Maccoii CTpyHbl U cunamu
TAXECTU npeHebpeyb.

4.16. OnpefennTb NepUoS MasnbiX KofebaHWin wapunka, Nog-
BELLEHHOr0 Ha HepacTHKMMOW HUTU AAnHbl /=20 cm, ecnm
OH HaxoAuTCs B XUAKOCTMU, NAOTHOCTb KOTO-
poii B 1=3,0 pa3a MeHblUe M0THOCTW LLa-
puka. COMpPOTUBAEHUE XMAKOCTU npeHebpe-

XWMO  Mano.

4.17. Wapuk nofsecunn Ha HUTW AAuHBL /
K Touke O CTEHKM, COCTaBAAOLWEA HebOMbLLON
yron a ¢ Beptukanoio (puc. 4.1). 3areM HWUTbL
C LUAPMKOM OTKIOHWAW Ha HebOMbLIOA yron
P>a wu otnyctunu. CumTas ygap Lwapuka o
CTEHKY abCONMOTHO YMPYruMm, HaWTu nepuog
KonebaHuiA Takoro MasTHMKA.

4.18. HenogswxHoe Teno, MOABELLUEHHOe
Ha MPY>XWHe, YBeNUYMBaeT ee A/MHY Ha A/ =
=70 mm. Cuntas maccy MpPY>XWHbl MNPEHeBPeXMo Masnoi,
HaiiTM Nepuog MasbiX BepTMKa/bHbIX KonebaHwii Tena.

4.19. XXugkoctb o6beMoM V=16 cM’ HasuTa B M30MHYTYHO
U-o6pasHyto Tpy6Ky (puc. 4.2) ¢ naowaabto cevyeHus KaHana
5=0,50 cv*. MpeHebperas BSI3KOCTbIO, HaiNTW MepMog Manbix
Kone6aHWin >XMAKOCTK.

4.20. To e, 4YTO B npeAablgyLiein 3agaye, HO OLHO KOJEHO
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Tpybku (cm. puc. 4.2) coctaenset yron 0=30° 0 BepTUKanbio
(4pyroe no-npexHemy BepPTUKaNbHO).

4.21. Bbluncnnte nepuog ManbixX KonebaHwii  apeomeTpa
(puc. 4.3), KOTOpoMy cOO6WWAM HeOOMbLLIOKW TOMYOK B BEPTU
Ka/bHOM HanpasneHun. Macca apeometrpa T=50 r, paguyc

Puc. 4.2 Puc. 4.3

ero Tpyb6kum r=3,2 MM, MIOTHOCTb Xwugkoctn p =100 r/cmb5.
ConpoTuBieHe >XMAKOCTU MPeHebpeXxxMmo  Maso.

4.22. KoHUbl HeAethOopMMPOBAHHOW MNPYXWUHbI XXECTKOCTM
x=13 H/m 3akpenneHbl. B Touke, OTCTOALIE/ OT OAHOFO W3
KOHL0B NPY>XWHbI Ha T]= 1/3 ee A/vHbI, YKpenuau HebonbLioe
Teno maccel T—25 r. MNpeHebperas mMaccoil MPY>XUHbI, HalTK
nepvoa MaabiX MPOAO/bHbIX KonebaHuii gaHHOro Tena. Cwsbl
TAXECTN HET.

4.23. Onpegenntb MEPUOL MasblX MPOAO/bHLIX KonebaHwmit
Tena maccbl T B CMCTEME, MOKa3aHHON Ha puc. 4.4, ecnm ecT-
KOCTWU NPY>XXWHOK paBHbl Xt U X,, & UX MacCbl N TPeHue
npeHe6pe>xMmo Manbl. B MofoXeHUn paBHOBECUSA MOX-

HO CUMTaTb, 4TO MPY>XWHKU He AedopMUpPOBaHbI. 8§

4.24. HaiiTn nepnoj MaibiX BepTUKaNbHbIX KO-
nebaHnii Tena maccbl T B CWUCTEME, MOKa3aHHOW Ha

Puc. 4.4 Puc. 4.5

puc. 4.5. XXeCTKOCTM MNPY>XWHOK X, WU K,, & UX MaccCbl Mpe-
HeBpeXxXxMMo Marbl.

4.25. O[fHOpPOAHbI CTepXXeHb MOMIOKWAN Ha [Ba ObICTPC
BpaLlatowmxca 6710Ka, Kak rnokasaHo Ha puc. 4.6. PaccTosHue
Mexay ocamu 610KoB /=20 CM, KOI(PMULMEHT TPeHUs Mexay
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cTepxHem U 6710kamu N1=0,18. okKa3aTb, UYTO CTepXeHb GyaeT
cosepwath FapMOHMYeckne KonebaHusd. Hailtm ux nepwog.

4.26. VimeeTcs MOTOK yacTuu, Maccbl T, KOTOpble ABMXYTCA
C 0AMHAKOBOM CKOPOCTbLK V napannenbHo Hekotopoi ocm 00,

Puc. 4.6

3a nnockocthio P, nepneHgukynspHoit K ocu 00°, wvacTuupl
nonagaloT B 06/1acTb, rAe Ha HWX AeACTBYET cuna, HanpasfeH-
Has k oc 00" n mMponopunoHanbHas pPacCTOSHWIO 4O 3TOW OCw:
Fr=—xr, K — u3BecTHad nocTosHHasA. HaliTu HauMeHbLuee
pacctosiHue / oT nnockocT P fo Toukm Ha ocu 00', KoTopyto
OyfLyT nepecekaTb BCe 4acTuUUbl.

4.27. Hebonblloin 6pycoK HauyMHaeT CKOMb3WUTb MO HaK/IOH-
HO NAIOCKOCTM, COCTaBAsAoLLeli yron a ¢ ropusoHTom. Koag-
(ULMEHT TPEHNS 3aBUCWUT OT MPOWAEHHOTO MYTU S MO 3aKOHY
k=as, rae a — nocTosHHad. HaiAiTu Bpems ABMXeHUs Gpycka
[0 OCTaHOBKM.

4.28. TMpefctaBum cebe LWaxTy, MPOHM3bIBAIOLWYIO 3eM/0
Mo ee ocu BpaweHms. CunTtas 3eM/to 3a OLHOPOAHLIA Wap 1 npe-
Hebperas COMPOTUB/IEHMEM BO34yXa, HaMTu:

a) ypaBHeHUWe [ABWXKEHWA Tena, YynaBlIero B LIAXTY;

6) Bpems, KOTOpOe MOoHaZobuTCs 3TOMY Teny, 4Tobbl J0-
CTUrHYTb MPOTUBOMOIOXHOIO KOHLA LUaXThl;

B) CKOPOCTb Tena B LieHTpe 3emnun.

4.29. HaiiTm nepuog Manbix KonebaHwii MaTemaTuyeckoro
MasaTHUKA O/IMHbI /, eCIN ero ToYKa nofseca [ABUXETCA OTHOCK-
Te/IbHO MOBEPXHOCTM 3emMiM B MNPOWM3BONLHOM  HaMpaBneHUu
C MOCTOAHHLIM YCKOpPeHWeM a. BblunucinTb 3TOT nepuog, ecnut
/=21 cm, a=g/2 v yron mexnay BekTopamu a u g 0= 120°.

4.30. Ha rnagkuii  ropusoH-

TaNbHbI  cTepkeHb AB Hageta _A B
Hebonbllasg My(TOYKa Maccbl T = W TWLI KKK
=50 r, KoTopas coeiuMHeHa C V —J
KOHLOM A CTEpXXHS JIerKOon npy- 4-p

XUHOW xecTkocTn x=50 H/m.

CTepXeHb BpaLiatoT C MNOCTOSHHON uc'

yrnoBoii ckopocTbio (o»= 10,0 pas/c
BOKPYI BEpPTUKaNbHOW OCK, NMPOXOAALLEA 4epe3 ero KoHey A.
HaiiTn yactoTy 0 ManbiX KonebaHwuii My(hTOUKM.

4.31. B ycTaHOBKe, M300paeHHOW Ha puc. 4.7, mydta M
maccbl W =0,20 Kr 3akpenfieHa MeXAay [BYMSA OAMHAKOBbIMU
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NPY>XMHKaMW, CyMMapHau >XeCTKOCTb KOTopbiXx X=20 H/m.
Mythta 6e3 TpeHuUs MOXeT CKOJIb3UTb MO0 TOpPU30HTaNbHOMY
cTepxHio AB. YcTaHOBKa BpaliaeTcAd C MOCTOSAHHOW Yr/0BOWA
CKOpOCTbO c0=4,4 pag/c BOKPYr BepPTMKa/bHOW OCK, NPOXOAs-
el vepes cepeauHy CTepxxHs. HaiiTm nepuog manbix koneba-
HUA MyTbl. [lpu KakoM 3HauYeHWM O KosiebaHuin MydhTbl He
6ypet?

4.32. locka C nexawnm Ha Heil 6pyCKOM COBepLiaeT ropu-
30HTaNbHbIE rapMOHUYecKne KonebaHua ¢ amnantygoin a= 10cm
HaiiTn koaphuumeHT TPeHMs MeXAy AOCKOW M 6pycKoMm, ecnu
nocnefHWn HauynMHaeT CKOMb3UTb MO AOCKe, KOrga ee nepvog
KonebaHus MeHbwe 7'=10 c.

4.33. HaiiTn 3aBUCMMOCTb OT BPEMEHM Yrjia OTK/IOHEHUA
MaTemMaTMyeckoro MasTHWKa AauHbl 80 CM, ecim B HayaslbHbll
MOMEHT MaATHUK:

a) OTKnoHuUnM Ha yron 3.09 u 6e3 Tonyka OTMYCTUN;

6) Haxogunca B COCTOSIHUM PABHOBECUS W €r0 HUDKHEMY
KOHUY CO00LWMNN TOPU3OHTaSIbHY0 CcKopocTb 0,22 wMm/c;

B) OTKNOHWAM Ha 3,0° N €ro HKHEMY KOHLY CO06LLMAN
ckopocTb 0,22 m/c, HanpaBneHHYHO K MOJIOXKEHUIO PaBHOBECUS.

4.34. Teno A maccel /n1=1,00 kr n Teno B maccel T,=
=4,10 Kr coefMHeHbl MeXAy CO0O/ NPY>XMHOWM, KaK MoKa3aHo

Ha puc. 4.8. Teno A coBepLllaeT CBOOGOAHbIE
BepTUKaNbHbIE rapMoHM4Yeckue KonebaHua ¢
amnantyaoii a=1,6 cm 1 yactoToin w=25 c-1.
MpeHebperas  Maccoil  MPYXWHbI,  HalTH
Hanmbonbluee M HauMMeHbLUee 3HAYeHUs CUAbI
[aBfeHnsa 3TOW CMCTeMbl Ha OMOPHYK nNnoc-
KOCTb.
Puc. 4.8 4.35. [ocka, Ha KOTOPOWA NieXUT Teno
Maccbl T, HauMHaeT ABUraTbCA BePTUKaibHO
BBEPX MO 3aKoHy y—a (l—cos w(), rae Yy — CMelleHne w3
HayanbHOro nonoxexus, ®= 11 c-1. Haitu:

a) MUHMMANbHYK aMnauTygy KonebaHwus [LOCKW, NpuU KO-
TOPO TeNo HayHeT OTCTaBaTb OT Hee;

6) amnauTygy KonebaHws AOCKM, NpU KOTOPOW Teno noj-
CKOYNUT Ha BbIcOTy J1=50 cM OTHOCUTE/NIbHO HayaabHOro MnoJso-
XeHua (B MomeHT /= 0).

4.36. K HepaCTAHYTON NpyXWHe, BEPXHWIA KOHEL, KOTOpOii
3aKpensieH, noAsecunn 1 6e3 Ton4ka OTNYCTUAN TeNo macchl T.
YKecTKoCTb Npy>xuHbl K. [NpeHebperas ee Maccoil, HalTw:

a) 3aKOH fBMXeHus Tena Y(t), roe y — ero cMmelleHune u3
HayasbHOro MOOXEHUS;

6) MaKCMManbHOE W MWHUMANIbHOE HATMKEHUA MNPY>XKUHbI.

4.37. Bpycok Mmaccbl T, HaxogAawMumiics Ha rnagkoin ropu-
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30HTaNIbHO MOBEPXHOCTU, COEAMHEH CO CTEHKOW /Ierkoi ropu-
30HTaNbHOW MPYXMHOW >KECTKOCTU X W HaxoguTCAa B MOKOe.
HaunHas C HEKOTOPOro MOMeHTa Ha 6pyCOK Hadvanu [eincTBoBaTb
BAONb MPYXMWHbI MOCTOSHHOM cunoin F. HailTu npoiigeHHbIi
nyTb W Bpems ABWXKeHWUs 6pycka A0 NepBOi OCTaHOBKM.

4.38. YacTuua Maccbl T [ABMKETCS Mog [AeACTBUEM CUNbl
=—aTTr, rge a — MnonoXuTeNbHas NOCTOAHHaA, I — paguyc-

BEKTOpP 4acTulbl OTHOCUTE/IbHO Hayana KoopauHat. Haiitu
TPaeKTOPUIO €e ABUXXEHWSA, €CAM B HayaNbHblA MOMEHT r=r0i
n ckopoctb v=D(, rge i n j — opTbl OCeA XHY .

4.39. Bpycok maccbl T HaxoguTca Ha TrnagKoi ropu3oH-
TanbHOM noBepxHOCTU. K HeMy MpukpensieHa ferkas npyxuHa
XeCTKocTn X. CBOGOAHbLIA KOHEL, MPYXWHbl Hayanu nepeme-
WaTb B FOPU3OHTA/IbHOM Harpas/fieHUN BAOMb MPYXWHbI C He-
KOTOpPO MOCTOSHHOW CKOPOCTbO. Yepe3 CKOMbKO BpEMEHMU
Haflo0 OCTaHOBWTb 3TOT KOHEL, MPY>XWHbI, 4TOObLI MNocfe ocTa-
HOBKM 6pyCcOK He Koneb6anca?

4.40. Teno maccbl T BUCWUT Ha MNPYXXUHe, MPUKPENIEHHOM
K MOTONIKY KabwHbl nudta. XecTKocTb MPYXWUHbl X. B MOMeHT
/=0 kabuHa Hayana MOLHMMATLCA C YCKOpeHueMm a. lNMpeHebpe-
ras Maccoii NpyXWHbl, HaiTM 3aKOH [ABWMXeHUs rpy3a Y(t)
OTHOCUTENbHO KabuHbl nudTa, ecam y(0)=0 u y(0)=0. Pac-
CMOTpeTb [fBa Ccny4as:

a) a=const;

6) a=a/, rge a — nocTosiHHas.

4.41. Teno maccel T=0,50 Kr BUCUT Ha Pe3vHOBOM LLHYype
C KoaumumeHtom ynpyroctn x=50 H/m. Haiitm makcmmans-
HOE pacCcTOsfiHMe, Ha KOTOpPOe MOXHO OTTAHYTb
BHM3 Teno, 4Ttobbl ero KonebaHusa euie Hocunm T\ |
rapmMoHuMyeckuii xapakTep. KakoBa npu 3ToM
3Heprus konebaHwit Tena?

4.42. Teno mMaccbl T ynano ¢ BbicoTel h Ha
Yalky npyXuHHbIX BecoB (puc. 4.9). Maccebl
YaLWKM U MPY>XXWUHbI NPeHebpeXnMo Manbl, XecT-

KOCTb nocnegHeid x. MpuanMnHyB K 4allke, Teno

HauMHaeT coBeplUaTb rapMoOHWYeCcKne KonebaHus g

B BepTWKa/bHOM HanpasneHuwn. Haitm amnau-

TyAy KonebaHuidi 1 ux 3Hepruio. 1
4.43. B ycnoBusax npegplayLieii 3agayn mae- THLL

ca vawku paBHa M. Haiitn amnantygy kone- Puc. 4.9

6aHuii B 3TOM Cnydae.
4.44. Yactmua maccbl m [ABMXETCA B MOCKOCTUM XY MOA4
JENCTBMEM CW/bI, 3aBUCALLEN OT CKOPOCTM MO 3aKOHYy F=

=0(Ni—n), roe a— nonoXuTenbHas NOCTOAHHadA, | 1 j —opThbl
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ocell X my. B HavalbHblIl MOMEHT /=0 yYacTuua Haxogunacb
B TOuke X—y =0 M UMena CKOpPOCTb V, B HamnpasneHUu opta j.
HaliTn 3akoH gBwkeHus uactuubl Xx(t), y(t), a Takxe ypas-
HeHWe ee TpaekTopum.

4.45. OpHOPOAHbIA CTepXXeHb ANMHbI / COBepLIaeT Masible
KonebaHUs BOKPYr FOPU3OHTaNbHOW OCK, NepneHAUKYNsAPHON
K CTEPXHIO U MPOXOAALLEA Yepe3 ero BepxHWil KoHel. Haitw
nepuos KonebaHwin. TpeHUs HeT.

4.46. MaTemaTU4YeCKMiA MasTHUK AUHbI /0=40 cM 1 TOHKWIA
OAHOPOAHbBIV CTePXXeHb fA/MHbI /=60 CM COBEpPLUAOT CUHXPOHHO
Masible KonebaHus BOKPYr rOpM3oHTanbHOW ocu. HaiTtu pac-
CTOSIHWE OT LeHTpa CTepXHA [0 3TOl Ocu.

4.47. HaliTu KpyroBylo 4acToTy Ma/biX KonebaHWin TOHKOro
O HOPOLHOr0 CTEPXHA Maccbl T W ANWHbI / BOKPYr TOPU30H-

TaNbHOW ocu, mpoxogswein vepe3 Touky O (puc.

vV - 4.10). >KeCTKOCTb NPYXWHbl X, €e Mmacca npe-
HebpeXxMmo Mana. B nonoXxeHun paBHOBeCUA
CTEPXXeHb BEPTUKaNEH.

4.48. O[LHOPOAHbIA CTepXXeHb Maccbl T CO-
BepLlaeT Masble KonebaHus BOKPYr TOPU30H-

J = g

Puc. 4.10 Puc. 4.11

TaNbHOM ocKu, npoxopasawein yepes Touky O (puc. 4.11). Mpa-
Bblli KOHEL, CTEPXHS MNOABELUEH Ha HEBECOMOW MPYXWMHE XKEeCT-
KocTu X. HaWTu nepuog KonebaHWin CTepHs, ecau B MOMo-
)KEHWN pPaBHOBECUA OH TFOPU3OHTAIEH.

4.49, OfHOPOAHbLIN CcTepXeHb Maccbl T=1,5 Kr, BUCALLMNA
Ha ABYX OAMHAKOBbLIX HUTAX AAUHbI /=90 cm (puc. 4.12), no-
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BEPHY/IM HAa Ma/blii Yron BOKPYr BEPTUKanbHOM OCK, MPOXOAA-
wen yepes ero cepeguHy C. Mpyu 3TOM HWUTWU OTKIOHWANCH Ha
yron a=5,(I". 3arem cTep>XXeHb OTNYCTU/W, M OH Hayan COBep-
watb manble konebaHus. Haitu:

a) nepwog KonebaHwuii;

6) 3SHeprvio KonebaHWit CTEPXHS.

4.50. [Opu30OHTa/IbHbIA OLHOPOAHBLIA AMCK Maccbl T U pa-
anyca R ykpenneH Ha KoHue TOHKoro ctepxxHa AO (puc. 4.13).
Mpy noBopoTe AMCKa Ha yron <p Bokpyr ocu AO Ha Hero aeit-
cTByeT MomeHT ynpyrux cun Nt=—kff, rae kK — nocTosiHHas.
HaiiTn amnautygy manbiX KpyTUbHbIX KONebaHUid n ux aHep-
rMKo, eCcn B HayanbHbli MOMEHT AWCK OTK/IOHWMAW Ha yron <#
M3 MOJNIOKEHNA pPAaBHOBECUA W COOOLMAM eMy YrnoBYK CKO-
pocTb <

4.51. OfHOpPOAHbLIA CTepXeHb Maccbl T U ANUHbLI / coBep-
WaeT Masible KonebaHWs BOKPYr rOpU3OHTanbHOM OcK, NpoOXo-
JALWeR Yyepes ero BepXHWl KOHel,. HaiTu cpegHiolo 3a nepuog
KonebaHUs KMHETUYECKYIO 3HEPTUIO CTEPXHSHA, eCciv B Hayaib-
HbliAi MOMEHT €ro OTK/IOHWAN OT BEPTUKaAW Ha Yron n coo6-
WWIM eMy YI/0BYK CKOPOCTb

4.52. ®UNYECKNIA MAATHWUK YCTAHOBWIN TaK, YTO €ro LIEHTP
TSKECTU OKasancs Haj TOYKOM noggeca. V13 3TOro nonoxeHus
MasATHUK Hadan [ABUraTthCs K MOMOXKEHWIO YCTOMUMBOrO paBHO-
BECWS, KOTOPOE OH MPOLLUEN C Yr/I0BOW CKOpPOCThbio co. MpeHe6-
peras TPeHWEeM, HaiiTu nepuog ManbiX KonebaHuii aTOro mast-
HUKa.

4.53. ®du3nyecknii MasTHWK COBepLIaeT Mable KonebaHus
BOKPYI ropu3oHTanbHoit ocm O ¢ uactotoii 0>!=15,0 c-1.
Eciv B NONOXEHWW paBHOBECUA K HeMy MPUKPenuTb MO
ocblo O Ha paccTosiHuM /=20 cM OT Hee HebOonbLUOe Tesl0 Mac-
col T=50 r, To yacToTa KonebaHuii ctaHosuTcs co,= 10,0 c-1.
HaiiT MOMEHT MHepuuM nepBOHaYanbHON0 MasTHMKA OTHOCWU-
TensHo ocu O.

4.54. 1Ba (M3NYeCKUX MasTHUKa COBEPLUAOT Ma/ible KoJfie-
6aHns BOKPYr OfHOW W TOW >Xe rOpPU30HTa/IbHOW OCK C 4acTo-
Tamu oy U Co,. IX MOMEHTbI UHEPLMM OTHOCUTE/IbHO AaHHOR OcK
paBHbl COOTBETCTBEHHO 1Xu /,. MaaTHWKW NpuBENW B COCTOSA-
HUe YCTOWYMBOrO PaBHOBECUS W CKpenwuau ApYyr C ApYrom.
KakoBa 6yaeT uyactoTa MasnblX KonebaHWil COCTaBHOIO MasT-
HUKa?

4.55. OfHOPOAHbIA CTEPXKEHb ANUHbLI / COBEpLIaeT Maslble
Koneb6aHus BOKpYr ropusoHTansHoit ocu OO', nepneHguky-
NAPHOIM K CTEPXXHIO M MPOXOASALLeil uepe3 OAHY W3 ero TOYek.
HaliTh paccTosiHue Mexny LeHTPOM cTepxHA u ocblo OO,

191



npu KOTOpOM nepuog KonebaHwii 6GyaeT HavmeHbLMM. Yemy
OH paBseH?

4.56. ToHKas ofHOpoAHas nnacTUHKa B (HOPMe PaBHOCTO-
POHHEro TpeyrosibHWKa C BbICOTOW h coBepluaeT Manble Kose-
6aHnA BOKPYr TrOpWM30OHTaNbHOM OCW, COBMajaroleli C OLHOW
M3 ero CTopoH. Haitm nepuop kKonebaHuii U NpUBESEHHYHO
ONVHY  [JaHHOIO0 MasTHUKa.

4.57. MasaTHUK npeacTaBnser CobOA Nerkuii TOHKOCTEH-
Hbli Chepuyeckmin cocyn pagmyca R, KOTOpbIA LenMKom 3a-
nonHeH BofoN. Cocyd YKpPenjeH Ha NerkoM >XECTKOM CTepXKHe
(puc. 4.14). PacctosHune mMexay Toukoi nogeeca O M LEHTPOM
cocyfa paBHO /. Bo CKONMbKO pa3 M3MEHUTCA Nepuog MasbiX
KonebaHuii Takoro MasTHMKA MOcfe TOro, Kak BOja 3ameps-

«m AT 13 Funovr o iw T v W viAtffAtiavw iAll nnro_

Puc. 4.14 Puc. 4.15 Puc. 4.16

pocTbto (0. Ha Hem HaxoguTcs TOHKWUIA OLHOPOAHBIA CTEpXKeHb
AB pnuHbl |, KOTOpbIA coBepliaeT Manble KonebaHms BOKpPYT
BEPTMKa/IbHOM OCM A, YKPEn/jeHHON Ha JUCKE Ha PacCTOSHWM
a ot ocy O. Halitm vactoTy (0B 3TUX KOniebaHwiA.

4.59. HaiiTn yvacToTy ManbiXx KofiebaHWil CUCTEMbI, MOKa-
3aHHOW Ha pwuc. 4.16. V3BecTHbl paguyc 610ka R, ero mMomeHT
MHepumMn / OTHOCUTENIbBHO OCKM BpalleHus, macca Tena T M
XECTKOCTb MNPYXWUHbI X. MacCbl HATU U MPYXWHbI npeHe6pe-
XMMO Manbl, HUTb MO 670Ky He CKO/Mb3UT, TPeHUs B ocu 6/10Ka
HeT.

4.60. OLHOPOAHLIA LMAMHAPUYeCcKUiA 610K maccel M u pa-
anyca R MoxeT cBO60OAHO MOBOPauYMBaTbCs BOKPYI FOPU30H-
TanbHoin ocn O (puc. 4.17). Ha 610K MAOTHO HamOTaHa HUTb,
K CBeLUMBAIOLLEMYCA KOHLY KOTOPO npukpenneH rpys A.
3T0T rpy3 ypaBHOBELUMBAET TOYEYHOE Teno Maccbl T, YKpen-
NeHHoe Ha obofe 6n10Ka, Npy OMpefesieHHOM 3HAYeHUMU yrna a.
HaiiTn 4acToTy Manbix KonebaHWin CUCTEMBI.
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4.61. CnnowHOW OAHOPOAHBIA UMAMHAP pagunyca T KaTaeTcs
6e3 CKOMbXXEHWS MO BHYTPEHHEA CTOPOHE LWINHAPUYECKONA
noBepxHOCTM paanyca R, coBeplias manble KonebaHusa. Haintu
NX MNepwvoga,

4.62. CNNoWHO 0AHOPOAHBIA LMAMHAP Maccbl T COBepLUaeT
mMasnble KofebaHua Mog LecTBMEM [ABYX MNPYXWH, CyMMapHas
YKECTKOCTb KOTOPbIX paBHa X (puc. 4.18). HailTm nepuopg 3Tmx

Puc. 4.17 Puc. 4.18

Kone6aHuii B OTCYTCTBME CKOMbXeHWA. Macca NpyXWH MpeHe-
6pexumo Mana.

4.63. B cucteme (puc. 4.19) N — HUTb, K HMKHEMY KOHLUY
KOTOpO nofBeLleH wWapuk A, K KOTOPOMY B CBOK Ouepefb
nojselleH Ha HUTWU AnuHOW / wapuk B. BepxHuii KoHel, HUTK
N coBepwaer Manble rapMoOHWYeckume KonebaHus Tak, u4TO
HUTbL N ocTaeTcs BCe BpeMsi BEPTMKaNbHOM. HaiiTu yactoTy M
3TMX KonebaHwuii, ecnn maccbl WapukoB A M B paBHbl COOT-
BETCTBEHHO M n T .

4.64. [Ba KybuKa, mMaccbl KOTOPbIX paBHbl T, W T,, coeau-
HUAW HEBECOMOM MNPY>XUHKOW XECTKOCTU X W MONOXWAN Ha
rNagKyt ropu3oHTanbHYH MA0CKOCTb. 3aTeM KyOWKM HEMHOrO
COM3NAN 1N OLHOBPEMEHHO OTMYyC-

TUAn. Halitn co6CTBEHHYIO 4acTo-
Ty KonebaHuii CUCTEMBbI.

4.65. [lBa lwapa C maccamu

«1=10 kr n 17,=2,0 Kr Ha-

CaXKeHbl Ha rnagkuii  ropusoH- Puc. 4.20

TaNbHbIA  CTepXeHb (puc. 4.20).

LLlapbl cBfi3aHbl MeXAy CO00I NIerKOW MPY>XWMHKON C XKECTKO-
CTbl0 Xx=24 H/M. JleBoMy Llapy COOOWMAM HayalbHYH CKO-
pocTb t3= 12 cm/c. Haiitu: »

a) 4acToTy KonebaHwii CMCTEMbl B MPOLECCE ABUXKEHUS;

6) SHeprvM u amnauTygy KonebaHwii.

4.66. HaiiTu nepuof mMasblX KPYTW/bHbIX KOnebaHWi cuc-
TEMbl, COCTOSLLEA W3 ABYX AMCKOB, HACAXEHHbIX Ha TOHKMWIA
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CTEPXXEHb C KO3(MULUMEHTOM KpydyeHus K. MOMEHTbI uHepuum
[MCKOB OTHOCUTE/IbHO OCU CTEPXXHSA pasBHbl /, © /,.

4.67. Mogens monekynol CO, — TpK LWapuKa, COeLMHEHHbIE
OAMHAKOBbIMW JIETKUMW TMPYXUHKAMW W PacrofioKeHHbIe B MO-
NOXEHUW paBHOBeCMS BAOMb OAHOV nNpsMON. Takasa cucTema
MOXET COBepLUaTb MPOAOJbHblE KonebaHMA ABYX TUMOB, Kak

nokasaHo CcTpenkamu Ha puc. 4.21.

ly 8)[ c O 3Has maccbl aTOMOB, HalTX OTHOLUE-
HWe 4acToT 3TUX KonebaHwii.

4.68. B 3aKpbITOM C 060MX TOp-

0 O___c___ O LOB TFOPU3OHTANLHOM LWAVHAPE, 3a-
MOMHEHHOM WAgalbHbIM Fa3oM C NoKa-
buc. 421 3aTenem agmabatbl 7, HaXxoAMTCA Nop-

LWeHb Maccbl T C MAOLaAb0 CeYeHus
S. B nonoxxeHnn paBHoOBecus AaB/feHWe rasa paBHo p,, U NOpLLEHb
JeNMVT UWAMHEP HAa [Be OAUHAaKOBble 4acTu, Kaxpaas 06bLeMOM
Y,. HailTm vacTtoTy Manbix Kone6aHuii NOPLUHS OKOMO0 MOJIo-
XKEHVNS paBHOBeCWs, cuMTas Mpouecc B rase agnabaTvyecKum
N TPEHUE HUYTOXHO MasbIM.

4.69. Ha ropu3oHTanbHOM MAOCKOCTU C  KO3((ULMEHTOM
TpeHusa J1=0,10 nexut 6pycok maccbl T—0,50 Kr, coefuHeH-
Hbli FOPU3OHTaIbHOW  HeLeOPMMPOBAHHON MPYXWUHKOA CO
CTEHKOW. XKecTKOCTb MpYyXuHkn x=2,45 H/cwm, a ee macca npe-
Hebpexxnmo mana. Bpycok cmecTunn Tak, YTO NPY>XWHKa pac-
TAHynacb Ha *.=3,0 cm, u 3atem oTnyctuau. Haidtu:

a) nepwog KonebaHuii 6pycKa;

6) uucno konebaHwidi, KOTOpPOe COBEPLUNT BPYCOK A0 OCTa-
HOBKMW.

4.70. 3atyxawouime KonfebaHMA TOUYKM MPOUCXOAAT MO 3a-
KOHy pac=o( _p<sin u/. Haiitu:

a) aMnauTyfly CMeLleHWss M CKOPOCTb TOYKUM B MOMEHT
1=0;

6) MOMEHTbl BpeMeHW, KOrga Touyka [AOCTUraeT KpanHux
MOJSIOXXEHUIA.

4.71. Teno coBepLllaeT KPyTW/bHbIE KONebaHMs MO 3aKOHY
«p=(p®;_p< cos co/. Haintu:

a) YrnoByt CKOPOCTb (0 M YrN0BOe YCKOpPEHUe PpTena B Mo-

MeHT t—Q

6) MOMEHTbI BpPeMeHMW, KOrga yrioBas CKOPOCTb MaKcCu-
MasbHa.

4.72. Touka coBepLuaeT 3aTyxawlwue KonebaHus c vacTo-
TON @ 1 KO3PMUMEHTOM 3aTyXxaHnUa p no 3akoHy (4.16). Haitm
HayanbHyto amnantygy G0 M HayanbHylo (asy a, ecim B MO-
MeHT /=0 CMeLLeHMe TOUKM W NPOeKLUs ee CKOPOCTU paBHbI:
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a) xe=0, go> 0; 6) x,>0, xo=0.

4.73. Ocuymnnatop co BpemMeHeM penakcauun 1=20 ¢ B MO-
MeHT (=0 uMmeeT HavanbHOe cmeuleHue X0=HKO cm. Mpu Kakom
3HAYEHUM HayaNbHON CKOPOCTM X0 3TO CMELLEHME OKAaXeTCs
paBHbIM CBOeil amnanTyge?

4.74. Touka coBepllaeT 3aTyxawuime KonebaHUs € 4acTo-
Ton ©=25 c-1. HaiiTu KoapmuMeHT 3aTyxaHusa p, €cinm B Ha-
YasibHbIi MOMEHT CKOPOCTb TOYKWM paBHa HYJ0, & ee CMeLleHue
13 nonoxeHusa pasHosecusa B U= 1,020 pasa MeHbLle aMnin-
TYAbl.

4.75. Touka coBepluaeT 3aTyxawuime KofiebaHUs € 4acTo-
TOR © M KO3IPPUUMEHTOM 3aTyxaHusa p. Haitu amnautygy
CKOPOCTM TOYKM KakK (YHKUMIO BpEMEHW, ecin B MOMEHT
/=0:

a) amnuMTyja ee CMeLleHMs pasHa ai;

6) cmeuleHme Toukm X(0)=0 © nNpoekuuMss ee CKOPOCTU
»(0)=x,.

4.76. MaremaTMYecknini MasTHUK COBepLUaeT KosebaHus
B cpefe, AN KOTOPOWA florapuMUMYecKnini AeKpeMeHT 3aTyxa-
Hus X0=1,50. Kakum 6yfeT 3HaueHue H, ecnum conpoTUB/EHME
cpefpl ysenuuutb B n=2,00 pasa? Bo CKO/MbKO pa3 cnefyer
YBEIMYUTL COMPOTMBAEHWE Cpedbl, 4TOObl KonebaHusd CTanm
HEBO3MOXHbI?

4.77. K HeBeCcOMOI Mpy>XWHEe MOABECU/IN TPY3UK, M OHa
pactaHynace Ha Ox=9,8 cm. C kakum nepuogom Oypet Kone-
6aTbCA rpysuK, ecnu emy Aatb HeGOMbLUOW TOMYOK B BEpTM-
KanbHOM HanpasieHMn? Jlorapuipmmnyecknii feKpemeHT 3aTy-
xaHma A=3,1.

4.78. HainTn A06POTHOCTb OCUWMINATOPA, Y KOTOPOro:

a) amnauTyga cmelleHus ymeHblaetca B 12,0 pasa
yepes Kaxpible /*=110 nepuoaoB KonebaHwii;

6) cobecTBeHHas yactoTa wO= 100 c-1 u Bpemsa penakcayum
T=60 c.

4.79. Yactnyy cCMecTunv M3 MOMNOXKEHUSA paBHOBECUSA Ha
pacctosaHne /=1,0 cM u npegocTaBunnM camoin cebe. Kakoli
nyTb NpoiaeT, KONebnscb, 3Ta YacTuua A0 MOMHOM OCTAHOBKM,
ecnn norapuMmMyecknii  LeKpemeHT 3atyxaHua HA=0,020?

4.80. HainTm p[OGPOTHOCTb MaTemMaTM4yeckoro MasiTHUKa
OnvHbl /=50 cM, ecnn 3a NPOMEXYTOK BpemeHuW T=5,2 MuH
ero nosHas MexaHuWyecKas 3HEprua ymeHbllunacb B T=
=4,0-104 pas.

4.81. OgHopopHbIi auck paamyca /?=13 cM MOXET Bpa-
WaTbCA BOKPYT TOPU3OHTANbHOM OCW, MEPRnEeHAMKYNSPHOWA K
ero M0CKOCTM W NpOXoAsLlell uYepe3 Kpail pgucka. Halitu
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nepuog Ma/blX KonebaHwii 3TOro AWcka, ecnu norapudgmmye-
CKWIA [eKkpeMeHT 3aTyxaHusa $A.=1,00.

4.82. TOHKMWI1 O4HOPOAHBIA ANCK Maccel T 1 paguyca R, nog-
BELLEHHbI B TFOPU3OHTANbHOM MONOXKEHUM K YNPYroi HWTW,
COBepLUaeT KPYTWbHble KONebaHMs B >KMAKOCTW. MOMeHT
YNPYrnx Cua co CTOPOHbI HUTK iV=a<p, rge a — MOCTOsIHHasA,
«)— yron nosopoTa M3 MNOJMOXEHWUA paBHOBecus. Cuna conpo-
TUBMEHUS, [EACTBYIOLWAA Ha efUHWLY MOBEPXHOCTN [ANCKa,
F,=TIt), rpe 1) — nocTosiHHas, V — CKOPOCTb [aHHOro 3ane-

MEeHTa AMCKa OTHOCWUTENIbHO >KMAKOC-
. HaliTn 4acToTy Manbix KonebaHui
0’ 4.83. Aunck
BELUEHHbIA HA YNPYro HWTU MeXay
OBYMSl  HEMOABMXKHBIMW  MAOCKOCTAMU
(puc. 4.22), coBepluaeT KpyTU/bHble
VL VO 1111s . KonebaHmua Bokpyr csoeli ocu 00
........... ->1 MOMEHT MHepuuM AMCKa OTHOCUTENb-
HO 3TOW ocu /, 3a30p Mexay Awuc-
0 KOM W KaXaoh u3 nnockoctein Jl,
Puc. 4.22 npuyem h<"R HaiiTn BA3KCCTb rasa,
OKpYyXatoLero anck A, ecau nepvog
KonebaHunii amcka T u norapuMUYECKMin  [eKpemMeHT 3aTy
XxaHusa A

4.84. LLapuk maccel m MOXET COBepLlaTb HesaTyxakouime
rapMoHMyeckne KosnebaHus 0Koo ToukMn X=0 C COBCTBEHHOM
4yacToToin co, B mMomeHT /=0, Korfga wWapmK Haxoguacs B CO-
CTOSHUM paBHOBECWA, K HeMY MPUIOXWUAN BbIHYXAAOLWYHO
cuny FX=F0cos co/, coBnagatoLLyo No HanpaB/IEHUIO C OCbHO X
HainTn 3aKOH BbIHYXJEHHbIX KonebaHuid wapuka X(/).

4.85. YCTaHOBUTb B YCNOBMAX NpeapblayLleid 3aaun 3akoH
OBWKEHUA wapuka X (/), ecnn YactoTa BbIHYXAaloWed Ccunbl
paBHa cob6cTBeHHOV u4acToTe 000 KonebaHwii  LlapuKa.

4.86. YacTmua mMaccbl m MOXET cOoBepLlaTb HesaTyxatollue
rapmMoHMYeckue KonebaHus Mo4 [AeACTBMEM YNPYroi Cunbl
€ KoauumeHTom X. Korga uyactuua Haxogunacb B COCTOSHUM
paBHOBECUS, K Heil MpUAOKMAM NOCTOSHHYK cuny F, KoTopas
[eicTBoBana B TeYEHWe T CeKyHA. Haitu amnautygy Koneb6a-
HWA YacTWUbl NMOCNE OKOHYaHMS AelCTBUA 3TON cunbl. N306pa-
3UTb NpuUMepHbIA rpadmk KonebaHuii x(/). WccneposaTb BO3-
MOXHbIE Cy4au.

4.87. Ha ocumnnatop maccbl m 6e3 3aTyxaHusi ¢ CO6CTBEH-
HOM yacToToin o0 LeiCTBYET BbIHY)XAAKOLWas cuia MO 3aKOHY

Ft cos co/. Mpy Kaknx HavanbHbIX ycnoBusx (XOu xt) ¢ camoro
Hayana 6ygyT NMPOMCXOAMTb TOMbKO BbIHY)XAEHHbIE KONnebaHusa?
HaiiTn 3akoH *(/) B 3TOM cfy4as.
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4.88. OUeHUTL, Yepe3 CKO/MbKO BPEMEHW YCTAaHOBATCA KO-
nebaHms B cucTeMe c J06poTHOCTHI0O Q =1,0-10* 1 co6CTBEHHO
yacToToil konebaHuii to0=5000 c-1 npu pe3oHaHCHOM BO3fei-
CTBUM Ha 3Ty CUCTEMY BbIHY)XJAIOLEA rapMOHWUYECKOW
CUNbI.

4.89. HainiTn pa3HOCTb (a3 <p MEXAY CMELLEHWEM W BbIHYX-
[AloLLeid CMMOA MpW pe3oHaHCe CMeLLeHWs, ecim cobCTBeHHas
yactota KonebaHuii c€o0,=50 c-1 u KO3IPUUMEHT 3aTyxaHus
P*=52 c"1

4.90. LWapnk maccbl T, MNOABELEHHbIA K MPYXWHKe, YA-
NnHseT ee Ha AJT MNog JeliiCcTBMEM BHELLUHER BEPTUKANbHOWR CUSbI,
MEHSOLLECA MO rapMOHWYECKOMY 3aKOHY c amnautygoin FO,
LIApUK COBEPLUAET BbIHYXJEeHHble KosnebaHus. Jlorapudmuye-
CKWIN feKpeMeHT 3aTyxaHua A lpeHebperas Maccoil NpyXuHKH,
HaiTX 4acTOTy (O BbIHY)XAAMOLWEN CWMbl, MpPVW KOTOPOW amnsiu-
Tyfa a CMelleHus Llapuka MakcumanbHa. KakoBO 3HaueHue
3TOM aMnAnTyabl?

4.91. HainTn BblpakeHWe AN BbIHY)XAAKOWEA CWMbl, MNOf
JelicTBMeM KOTOPOW OCUMANATOP Maccbl T C KO3IPMULMEHTOM
3aTyXaHus p MWCMbITbIBAeT rapMoHMYeckne konebaHus no 3a-
KOoHY X=a sin(cod/—cp), rge (00— cob6CTBEHHAsA YacToTa OCLM-
naTopa.

4.92. OcumnnaTop maccobl T ABWXKETCA Mo 3aKOHY X —a sin cof
MoA [AeiicTBneM BbiHYXAarowein cunbl Fx=FO0cos co. Haittn
KO3(h(hMUMEHT 3aTyXaHus p ocuunnatopa.

4.93. HaiiTu mMakcuManbHOe 3HayeHue amnauTyfabl CMeLle-
HUA OCLWUNNATOpPa, COBEPLUAIOLLEr0 YCTaHOBMBLUMECH Koneba-
HUA NOL [AeACTBMEM BbIHYXAAOLWEA TFapMOHUYECKOW CWibl C
amnautygoin Ft—2,50 H, ecnm yactoTa 3aTyxawwmx Kosneba-
HWiA gaHHoro ocumnnstopa = 100 c-1 1 KO3(MUMEHT conpo-
TuBNeHMA (KO3(PULMEHT MPONOPLUOHANBHOCTA MEXAY CWUNOoi
COMpPOTUBNEHUS U cKopocTblo) r=0,50 «r/c.

4.94. AMNAUTYfAbl CMELWIEHWN BbIHY)XXAEHHBIX FapMOHMYe-
CKMx KonebaHmit IMpn uactotax c0,=400 c-1 u co,=600 c-1
paBHbl Mexay co6oil. HailTn 4acToTy co, mpu KOTOPOA amniu-
Tyfa CMeLeHMs MakCcumasbHa.

4.95. TMpu yvactoTax BbIHYXAAKLWENA TFapMOHUYECKOR CUSibl
W, U CO, aMNMTyfa CKOPOCTM YacTulbl paBHa MOMOBMHE Mak-
CYManbHOro 3HayeHus. Haiitu:

a) 4acTOTy, COOTBETCTBYIOLLYIO PE30HAHCY CKOpOCTH;

6) KO3(h(DMLMEHT 3aTyxaHuUsa p U 4acToTy @ 3aTyxaroLinx
Kone6aHuiA.

4.96. HekoTopas pe3oHaHCHas KpuBas COOTBETCTBYeT OC-
UMINATOPY C  NOrapuiMUYecKMM  [eKPEMEHTOM  3aTyXaHus
~A=1,60. HaiTn gna atoli KpMBO OTHOLIEHME MaKCUMaslbHOWA
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amMnanTygbl CMELLEHWs K amnauTyfe CMELEeHUs TNpU  O4YeHb
MaJ/loii  yacToTe.

4.97. Teno maccbl T, NMOABELUEHHOE Ha HEBECOMOI MPYXUHE,
COBEpLUAeT BbIHYX/[eHHble KofebaHua ¢ amnanTyAoin a m vac-
ToToi a). CobCcTBeHHad uacToTa KonebaHwii cuCTeMbl paBHa
0),. HaiiTu cpefHOl0 3a Mepuog MexaHW4ecKyt 3Heprut faH-
HOro ocumMnnATopa.

4.98. lMop fgeincTBveM BHeLLHel BepTuKanbHOM cunbl Fx=
=FQ@os(ot Teno, noApelleHHOe Ha MNPYXWHKEe, COBEpLUAeT yc-
TAHOBMBLUMECA BbIHY)X[JEHHble KonebaHMs MO 3aKOHYy X~
—a cos (at—<p). Halitn paboTy cunbl F 3a nepuog konebaHus.

4.99. Mop pelictBruem momeHTa cun N,=Nmcosu)t Teno
COBEpLUAET BbIHYX/EHHble KPYTU/bHble KONebaHWs Mo 3aKOHY
®=<p,, cos (0)/—a). HaiiTn paboTy cun TpeHus, LelCTBYIOLUX
Ha Teno, 3a nepuog KosebaHus.

4.100. LWapuk maccel T=50 r nofBeweH Ha HEBECOMO
NPY>XWUHKe >xecTkoct x=20,0 H/m. lNog peincTtBueM BbIHYX-
JAloLlel BEPTUKANbHON TFapMOHWYECKOM CUbl € YacTOTOW
Ww=25,0 c-1 wapukK CcoBepLUaeT YCTaHOBMBLUMECA KOonebaHus.
Mpn 3TOM CMeLLeHWe Liapuka OTCTaeT Mo (base OT BbIHYXAalo-
weii cunbl Ha ¢=3n/4. HaiiTn fo6POTHOCTb JAHHOIO OCLUNSA-
Topa.

4.101. LWapuk maccbl T, NOABELUEHHbI Ha HEBECOMOW Mpy-
XUHKE, MOXeT coBepllaTb BepTUKabHble KonebaHus ¢ Koag-
¢uymeHToM 3atyxaHus p. CobCTBEeHHas u4acToTa KonebaHwii

woO. MNog pelicTBMeM BHeLUHe:R Bep-
TUKaNbHON CWbl, MEHAIOLLEACA HO
3aK0HY FX—Pcos wt, wapuk co-
BepLIaeT yCTaHOBMBLUMECH TapMo-
Huyeckue KonebaHusa. Haiitu:
a) CpefHIO 3a nepuog Kone-
6aHna mouwHoctb (P) cunbl F;
6) 4aCTOTy @ BbIHYXJaloLLel
cunbl, npu kotopoi (P) makcu-
MasbHa;
B) yemy paBHa (P)MbE?
.4.102. CpepHsaa mogHocTb {P)
puc 423 BbIHY)XAaloWed cunbl B Caydvae
YCTaHOBMBLUMXCS KonebaHwii 3a-
BACUT OT WX 4YacTOTbl LI, Kak
nokasaHo Ha puc. 4.23. 3pecb npegnosnaraercs, 4yto am-
NANTYAa BbIHYXXJAKOLWEA CUAbl NOCTOSAAHHA, He 3aBUCUT OT Ya-
CTOTbI 0).

HaliTn cob6CTBEHHYH 4acTOTy LU, OCLMANIATOPa, ero Koag-

(hMUMEHT 3aTyxaHua p ¥ Ao6poTHOCTb Q.
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4.2. OnekTpuyeckme KonebaHus

¢ 3atyxawouwmue KonebaHUs KOHTypa:
? = dke*e' cos M + a),
rae
bl,= livLc. &==R/2L. (4.2a)

¢ JlorapugmMuuyeckuili feKpeMeHT 3aTyxaHus XU [OGPOTHOCTb Q KOH-
Typa onpegenstoTcs opmynamu (4.1r). Mpu cna6om 3aTyxaHuu:

I=nR Veil, Q= @w/4) V'ljC. (4.26)
0 YcTaHOoBUBLLKECS BbIHYX/EHHbIE KonebaHus npn nocnepoBaTe/b-
HOM BK/IOYEHWU B KOHTYp Hanpsbkenus U= UT cos tat:
1= Imcos ((tit—<p). (4-28)
rae
U o> = (4.2r)

CooTBeTCTBYIlOLIaf BEKTOpPHAas [Auarpamma HanpsbkeHuii MNOKasaHa Ha
puc. 4.24.

Mmne-
fare):
Z=K>+X\ (4.2p) /
conpo- f||1
TUBMEHUE. In* . TOKOB
, B U <0C
NepemMeHHOro Toka:
Puc. 4.24
P=*LL cosy. (4.2e)

roe U n /—pelictBytowme (3heKTUBHbIE) 3HAYEHUS HANpsKeHUs WU
TOKa:

U=UJV\ I=1jV i (4.2x)

4.103. Hebonbwoli wapuk Mmaccbl T=21 T, MOABELUEHHbIN

Ha HepacTsHKUMONM M30NMPYyHOLWeid HUTK Ha BbicoTe h—12 cm

OT 6OMbLIOK FOPM30HTA/ILHOW MNPOBOASALLE MIOCKOCTW, COBEp-

LaeT Manble KonebaHmsa. Mocne TOro Kak eMy CoobWwunm Heko-

TOpbI 3apsg ¢, nepuog konebaHwid mameHuncs B8 = 2,0 pasa.
Haintun q.

4.104. Hebonbllas MarHWTHas CTpefika coBepllaeT Masble
KonebaHWs BOKPYTr OCW, MEpPNeHAVMKYIAPHON K HanpaBfeHWIo
BHELUHEro MarHUTHOro nons. Mpu M3MeHeHUW WHAYKLUKW 3TOro
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nons nepuog KonebaHwuii CTpenkn ymeHbwwuaca B r|=5,0 pas.
Bo CKO/MbKO pas v Kak M3MeHunacb MHAYKUuMA nona? 3atyxa-
HVWe KonebaHuini MNpeHebpPeXXMmMo Maro.

4.105. KoHTyp (puc. 4.25) o6pa3oBaH AByMA napannesb-
HbIMW MPOBOAHMKAMMU, 3aMbIKAKOLWMM WX CONEHOMAOM C WUHAYK-
TUBHOCTbIO L 1 MpOBOAALLMUM CTEPXK-
HeM Maccbl T, KOTOpPbIA MOXeT 6e3

£1 1 \b TPEHWSA CKOMb3UTb MO NPOBOAHMKAM.
w X  [pOBOAHWMKM pacnonoxeHbl B ropu-
T 30HTaNbHOW  MIOCKOCTW B OLHOPOA-

HOM BEPTMKANbHOM MarHWUTHOM nosne

Puc. 4.25 C MHAyKuueli B. PacctosHue wmexay
nposogHvkam |. B mMomeHT /=0

CTEPXHIO COOOLWMAN HavanbHYK cKopocTb . HaliTu 3akoH
ero aswxkeHus X(t). ConpoTuBNeHWE KOHTypa MpeHeGpexumMo
maJio.

4.106. KaTywka WHAYKTMBHOCTM L coefuHsAeT BepxHue
KOHUbI [IByX BePTUKa/bHbIX MeHbIX LUWH, OTCTOAWMX LPYr OT
Apyra Ha pacctosHuve |. Bgonb WuH nagaet 6e3 HavanbHOM CKO-
POCTU TFOPW3OHTANbHbIA MPOBOAHMK-MEPEMbIYKA Maccbl T (6e3
HapylleHWs KOHTaKTa C LluHamu). Bca cuctema Haxoautces
B OAHOPOAHOM MarHWTHOM nofe ¢ MHAyKuuein B, nepneHAuKy-
NAPHOM K MNAOCKOCTU LWWH. HaliTh 3aKOH [BMXXEHWS MpPOBOS-
Huka X(t). ConpoTuBneHne BCeX MPOBOAHUKOB MPEHeBPEXMMO
Maso.

4.107. Tok B Kone6ateNbHOM KOHTYpe 3aBUCUT OT BPEMEHU
Kak /=/,,sin o*/, rge 1T—9,0 MA, (0*=4,5-10* c-1. EmKoCTb
KoHgeHcaTopa C=0,50 Mk®. HainTn MHAYKTMBHOCTb KOHTypa
W HanpsXKeHne Ha KoHAeHcaTope B MoMeHT t—O.

4.108. B KOHType, coCcTosALLEM U3 KoHAeHcaTopa emkoctu C
N KaTyWKW C WHOYKTUBHOCTbIO L, cosepwatoTcs cBOBGOAHbLIE
HesaTyxawolme KosnebaHus, MpU KOTOPbIX ammnauTyga Hanps-
XeHWs Ha KoHgeHcatope paBHa V T. HaliTu cBfi3b Mexay TO-
KOM / B KOHTYpe M HanpskeHuem U Ha KOHAeHcaTope.

4.109. KonebaTtefbHblii KOHTYpP COCTOMT W3 KOHZAeHcaTopa
emMkocTn C, KaTyLWKW C WHAYKTUBHOCTbIO L ¥ npeHebpexxumo
MasibIM COMPOTWB/IEHWEM W Kto4a. [pyM pasoMKHYTOM K/ode
KOHZEeHcaTop 3apAaunn o HanpsxeHusa U,, u 3aTeM B MOMEHT
t—0 3amkHynmM knwud. Haiitu:

a) TOK B KOHTYpe KakK (DYHKLUWIO BPEMEHMU;

6) 3. 4. C. CaMOMHAYKLMX B KaTyLlKe B MOMEHTbI, KOrja
3NeKTpuYyeckad 3Heprus KoHAeHcaTtopa paBHa 3Heprun ToKa
B KaTyLLKe.

4.110. HaiiTu makcumanbHbIi TOK B uenu (puc. 4.26) wu
MaKCUMasibHOe Hanps)XeHue Ha KOHAEeHcaTope nocfe 3aMblKa-
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Hua knoda K. AKTMBHOE COMPOTMBAEHME LENU MpeHebpexunmMo
maso.

4.111. B KOHType, COCTOfLLEM M3 MAOCKOro KOoHZAeHcaTopa
1 KaTyLWKN UHAYKTUBHOCTU C NPEHEOPEXUMO MasibiM aKTUBHbIM
COMPOTMB/IEHNEM, MPOMCXOAAT KonebaHus
c aHeprueit W. TnacTuHbI KOHZeHcaTopa
ME[/IEHHO pa3fBMHYAM Tak, YTO 4acToTa
KonebaHuin ysenuuunace B 1] pas. Kakyto
paboTy COBEPLUWAW MPU 3TOM MNPOTUB 3NEK-
TpUYeckux cmn?

4.112. HaiiTu cob6CTBEHHYIO 4acToTy Of
pesoHatopa (puc. 4.27), cuuTasd, 4TO €ro
nnockas YacTb ABNAETCA KOHAEHCATOpOM, a UWIMHApUYec-
Kas — WHAYKTMBHOCTbIO. Heo6XxoauMmble pa3Mepbl  yKasaHbl
Ha PUCYHKe.

4.113. Ha pwuc. 4.28 nokasaHO CeyeHue TOPOMAANLHOIO pe-
30HaTopa, WCMoJib3yemMoro BO MHOIMX MWKPOBOJIHOBbLIX reHe-

Puc. 4.27 Puc. 4.28

patopax. CuuTtas, 4TO LeHTpanbHas 4acTb pe3oHaTopa SBNA-
eTCqd MNJIOCKUM KOHJEHCAaTOpOM, a TopoufanibHas MnonocTb —
MHAYKTUBHOCTBIO, OLEHUTb COOGCTBEHHYIO 4acTOTYy pe3oHaTopa.
Heobxoaumble pasmepbl faHbl Ha PUCYHKE.

4114, B kone6atenbHOM KOHType (puc. 4.29) WHAOYKTUB-
HOoCcTb KaTywku /,=2,5 MIH, a eMKocTM KoHpaeHcatopoB C,=
=2,0 mk® un C,=3,0 mk®. KoHgeHcatopbl 3apagunn go Ha-
npsxkenna {/=180 B wu 3amkHynu knwou K. Haiitu:

a) nepuops COBGCTBEHHBLIX KonebaHwui;

6) amnaMTYZHOe 3HA4YeHWe TOKa 4epe3 KaTyLUKY.

" L
C-:
T \ a -
L o
Pmc 429 Puc. 4.30
4.115. AnekTpuyeckas uenb (puc. 4.30) mmeeT npeHebpe-

XUMO MaJiloe aKTMBHOE COMpOTWBMeHMe. JleBblli KOHAEHcaTop
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3apagunu 0o HanpskeHus U, n 3atem — B MOMeHT /=0 —
3aMKHynu knod KmHainth 3aBMCUMMOCTb OT BpeMeHW t Hanpsi-
YKEHUIA Ha 060MX KOHAeHcaTopax.

4.116. KonebaTtenbHblli KOHTYP COCTOWT W3 KaTyLWKWU WH-
OYKTUBHOCTM L 1 koHpgeHcatopa emkocTu C. ConpoTuBneHune
KaTyLWKW W COeAMHUTENbHLIX MPOBOLOB MNPEeHebPeXumMo Mano.
KaTywka HaxoguTca B MOCTOAHHOM MarHWTHOM MOfe, Tak 4To
CYMMapHbIA MOTOK, MPOHU3bIBAKOLWMIA BCE BUTKU KaTyLUKM,
paBeH ®. B MOMeHT /=0 MarHMUTHOe none BbIKAOYMAN. CunTas
BPEMS BbIK/HOYEHNUSA OYEHb Ma/ibiM MO CPaBHEHWUIO C MEpUOSOM
COOCTBEHHbIX KonebaHWii KOHTypa, HaliTu TOK B KOHType Kak
DYHKUMIO BpemeHn t.

4.117. B KOHType cOBepLlatoTCA CBOOOAHble 3aTyxaroLliue
KonebaHMa, Mpu KOTOPbIX HanpsXeHWe Ha KOHAEHCaTope Me-
HAeTca BO BpeMeHW no 3akoHy U= Unt~v cos to/. Haiitu
MOMEHTbI BPEMEHW, KOrga MOAY/Mb HanpsHXXeHWs Ha KOHAEeH-
catope AOCTUraeT:

a) aMNAUTYAHbIX 3HAYEHWiA;

6) MakcuManbHbIX (3KCTPeMasbHbIX) 3HAYEHWIA.

4.118. HekoTopblii KonebaTenbHbI KOHTYP COAEPXUT KOH-
feHcatop emkocT C, KaTylWKy C MHAYKTUBHOCTbIO L M aKTuB-
HbiM cOMpoTMBAeHWeM R, a Takke Knoy. [pu pasoMKHYTOM
K/l04e KOHAEHCATOp 3apAAu/v, MOocfie Yero KoY 3amMKHY/W,
M Hayanucb KonebaHus. HaiTu OTHOWeHWe HanpsXeHWs Ha
KOHZEHCaTope K ero aMnaMTyAHOMY 3Ha4YeHUI0 B MOMEHT He-
MOCPeACTBEHHO NOCMe 3aMblKaHUS  KYa.

4.119. B koHType ¢ emkocTbto C 1 MHAYKTUBHOCTLIO L npo-
NCX0AAT CcBOGOAHbIE 3aTyxawuine konebaHus, NpU KOTOPbIX
TOK MEHSeTCsi BO BPeMeHM Mo 3akoHy /= /»e“p' sin col. Haiitn
HanpsKeHne Ha KOHAeHcaTope B 3aBMCMMOCTM OT BPEMEHU U
B MOMeHT /=0.

4.120. KonebaTtenbHbliAi KOHTYp COCTOWT W3 KOHAeHcaTopa
emMkoctTh C=4,0 MK® W KaTyWKu C WHOYKTUMBHOCTbIO L=
=2,0 M[H 1 aKkTuBHbIM conpoTusneHnem /?=10 Om. Haiitn
OTHOLLUEHME 3HEeprMm MarHWTHOrO MOAS KaTyWKW K 3Hepruu
3NEKTPUYECKOr0 MNOMA KOHAeHcatopa B MOMEHT MakCuMyMa
TOKa.

4.121. HekoTopblii KonebaTefbHbIA KOHTYpP COAEPXWUT [ABe
nocnefoBaTe/lbHO COEAMHEHHble KAaTYLWKW C aKTUBHbIMWU CO-
npotueneHnsaMn Ri n R2u nHgykTneHoctamn L, u Lt, npuuem
B3aMMHaf WHAYKTUBHOCTb WX MpeHebpexxumo mana. 3T Ka-
TYWKN Hajo 3aMeHWTb OAHOM TaK, 4Tobbl YacToTa M [O6pOT-
HOCTb KOHTYpa He M3MeHUnucb. HaWTu WHAYKTMBHOCTb M aK-
TUBHOE COMPOTMBEHWE TaKOM KaTyLUKW.

4.122. HainTn Bpems, 3a KOTOpoe amnauTyga KosebaHuii
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Toka B KOHType C fo6poTHOCTb0 Q=5000 yMeHbLNTCS B T)=
=2,0 pasa, ecim vactoTa KonebaHmii v=2,2 M,

4.123. KonebaTeNbHbliA KOHTYP MMeeT eMKoCTb C=10 MK®,
nuayktueHocte L =25 MIH M akTuMBHOe conpoTuBneHne R _
= 1,0 OM. Yepe3 CKONbKO KonebaHMin amnauTyga TOKa B 3TOM
KOHType YMeHbLINTCA B e pas?

4.124. Ha CKO/IbKO MPOLUEHTOB OT/IMYaeTCAa 4acToTa bl CBO-
60AHbLIX KOnebaHmii KOHTypa ¢ fobpoTHocThilo Q—5,0 oT co6-
cTBeHHOM 4acToTbl (00 KonebaHuii 3TOro KoHTypa?

4.125. MpoBogHMK B (hopMe KBafpaTHOW pamKu CO CTOpO-
HOIN &, NOJBELLEHHbI Ha YMNpPYyroi HUTWU, HAXOAUTCA B OAHOPOA-
HOM FOPW3OHTA/IbHOM MarHWTHOM roJie ¢ UHAYK-
umeii B. B MonoXeHWnm paBHOBECMA NAOCKOCTb — '4°6
pamky napannenbHa BekTopy B (puc. 4.31).

Byfyun BbiBefleHa W3 MOMOXEHUA PaBHOBECUS,

pamKa coOBepllaeT Masble KonebaHWs BOKPYT
BEPTMKAbHOM OCW, NPOXOAALLEN Yepes ee LeHTp. — —
MOMEHT MHepLUMU paMKW OTHOCWUTENbHO 3TON 0 CH

/, ee anekTpuuyeckoe conpoTusneHve R. lMpeHe6- 0
peras WHOYKTUBHOCTBIO paMKu, HaiTu Bpems,

Yyepe3 KOTOPOE amnauMTyfa ee yrioBoro rnosopora Puc- 4-31
YMEHbLUNTCA B € pas.

4.126. B cxeme (puc. 4.32) 3.4.c. anemeHTta*=2,0 B, ero
BHYTpeHHee conpoTusneHne r=9,0 Om, eMKOCTb KOHAeHcaTopa
C=10MK®, MHAYKTMBHOCTb KaTywkun L= 100 mH n conpoTuB-

nenne /7= 1,0 OM. B HekoTOpbIA MOMEHT
kmtou K pasomkHynu. HaiiTu 3Hepruio
KonebaHUn B KOHTYpE:
a) HenocpeACTBEHHO MOC/e pasMblKaHUA
KNoYa;
Puc. 4.32 6) uepe3s /=0,30 ¢ nocne pasmbiKaHuA
Kntova.

4.127. B KOHType, AOOPOTHOCTb KoToporo Q=50 u cobceT-
BeHHas 4acToTa KonebaHwmin v0=5,5 kU, BO36GYy)aarTcs 3a-
Tyxatlowme KonebaHus. Uepes CKONbKO BPEMEHW 3Heprus, 3a-
naceHHass B KOHType, yMeHbLinTCA B rj=2,0 pasa?

4.128. KonebaTenbHblli  KOHTYP COAEPXWUT KOHAEHcaTop
Cc yTeukoil. EmkocTb koHAeHcaTopa C, ero akTUBHOe COMpOTHB-
nenve R. WHAYKTMBHOCTb KaTywku L. ConpoTuBreHue Ka-
TYWKA W NPOBOLOB MpeHebpexxumo mano. Haiitu:

a) 4acTOTy 3aTyxalwmx KonebaHWil Takoro KOHTYpa;

6) ero [O6pPOTHOCTL.

4.129. Haiitn fo6pOTHOCTL KOHTYpa ¢ eMKocTblo C=2,0 MKD
N nHOYKTMBHOCTHIO L—5,0 MIH, ecnM Ha nopgepxaHue B
HEM He3aTyXalLWmx KonebaHun ¢ amnanTygoh HanpsKeHus
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Ha KoHpgeHcaTope UT—1,0 B He0o6x0oguMO MNOABOAUTL MOLL-
HocTb <P>=0,10 mBT. 3aTyxaHue KonebaHwii B KOHType foc-
TaTo4yHO Mano.

4.130. Kakyl CpefHIO0 MOLLHOCTb [O/MHKEH NOTPebnsTh
KonebaTeNbHbI KOHTYP C aKTUMBHbIM COMPOTMB/EHWEM R =
=0,45 OMm, 4T06bl B HEM MOAAEPXMBA/IUCH He3aTyXaroLwm?
rapmMoHM4Yeckme KonebaHus c amnanTygoii Toka 1T =30 mAj

4.131. KonebaTenbHblii KOHTYpP COAEPXWUT KOHAEHcaTop
eMKoCcTbi0 C=12 H® U KaTywWwKy C WHOYKTMBHOCTbIO L —
==6,0 MKI'H 1 aKTuBHbIM conpoTtusneHnem #=0,50 Om. Ka
KYIO CpefHIO MOLLHOCTb HYXXHO MOABOAUTL K KOHTYPY, YTOObI
NOALEPXKMBATL B HEM HesaTyxalolime rapMoHWYeckme koneba
HWUSA C aMNIMTYZON HanpshkeHus Ha KoHgeHcaTope (/=10 B?

4.132. HaiAiTu yvacToTy 3aTyxarlolmx KonebaHwii KOHTYpa,
nokasaHHoro Ha puc. 4.33. EmkocTb C, WHAOYKTUBHOCTbL L wn
aKTMBHOE CONpPOTHbleHWe R npeanonaralTcAd W3BECTHLIMM
BbiAcHWUTL, Npu Kakom cooTHoweHun mexay C, L n R koneba-
HWUS  BO3MOXHbI.

Puc. 4.33 Puc. 4.34

4.133. VmetoTca gBa KonebaTenbHbIX KOHTypa (puc. 4.34)
C KOHfeHcaTopamy OAMHAaKOBOM eMKOCTW. lpy KakoM COOTHO-
WeHUN MeXay WHOYKTMBHOCTAMW W aKTUBHBIMW COMpOTUBIIE-
HMAMMW KaTyLeK 4acToTbl WM 3aTyXaHue CBO6GOAHbIX KonebaHum
B 060MX KOHTypax 6yfyT OAMHAaKoBbIMM? B3aMMHas WHAYKTUB-
HOCTb KaTyLUeK NeBOro KOHTypa MpeHebpeXxumo mana.

4.134. KoOHTyp COCTOUT M3 NOC/IEL0BATENIbHO BK/IHOYEHHbIX
KoHZeHcaTopa emkocTu C, KaTyWKW WMHAYKTMBHOCTM L, Kmouva
M CONPOTUB/EHUSA, PABHOIO KPUTUYECKOMY LN AaHHOTO KOHTY-
pa. Mpy pasoMKHYTOM KJlOYe KOHAeHcaTop 3apagunu Ao Ha-
npshkeHns UOu B MoMeHT /=0 K4 3aMKHynW. Haiitu Tok /
B KOHType KaK (yHKUMKO BpemeHu t. Uemy pasBeH /MM?

4.135. KaTywKy C aKTMBHbIM COMPOTUBMIEHNEM R M MHAYK-
TUBHOCTbIO L NOAKMOYMAM B MOMEHT t= 0 K UCTOUYHMKY Hanps-
xeHns U=Umcoswt. HaiiTm TOK B KaTylKe KaK (YyHKLMHO
BpemeHun t.

4.136. Llenb, cocTofAwyl W3 nNOCnefoBarte/ibHO COeANHEH-
HbIX KOHAeHcaTopa emkoctu C u conpoTuBneHus R, nogknto-
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Ynwm K nepemeHHomy HanpsbkeHuto U—Umcos(ot B MOMeHT
/=0. HaiiTn TOK B Uenn KaK (hyHKLUUI BpemeHu t.

4.137. [NVHHbIA OJHOCMOWHbLIA COMEHOUS W3 MPOBOMIOKM
C YZeNbHbIM COMPOTWBNAEHWEM P UMEET Ha efuHWULY LAWHbLI N
MAOTHO PacnonoXeHHbIX BUTKOB. TOALMHA U30N1AL4UN NPOBOAA
npeHebpexxmmo Mana. Paguyc ceyeHus coneHompa paBeH a.
HaliTn pasHocTb (ha3 mMexay TOKOM W MepeMeHHbIM Hamnpsxe-
HMEM C YaCTOTOM V, KOTOpPOe MOAK/IYEHO K KOHLaM cofeHomaa.

4.138. KoHUbl Uenw, cocTosWeld M3 MocnefoBaTeNbHO
BK/TIOYEHHbIX KOHAEHCcATopa M aKTUBHOIO COMPOTWMBMEHUA R —
= 110 OMm, MOACOEAUHMAMN K NepemMeHHOMY Hamps>XeHWto ¢ amn-
nntygoin £58= 110 B. Mpn 3TOM amnAnTyga yCTaHOBUBLLEFOCH
ToKa B Uenu /2=0,50 A. Halitu pasHocTb (a3 K
MEXAy TOKOM W MOJaBaeMbIM HarpsxeHeM.

4.139. Ha puc. 4.35 nokasaHa npocTeii-

Wwas Ccxema Crnaxusatrowero Gunbtpa. Ha g I: "
BX0f, nofatoT HanpshkeHue i/=L/0(1+cos(o/).
HaiiTu:

a) BbIxogHoe HanpsbkeHue U'(H)\

6) 3HaueHue BennumHbl RC, npu KoTopoMm amnnuTyga nepe-
MEHHOI COCTaBMAIOWE HanpsXXeHWs Ha Bbixoge OyfdeT B rj=-
=7,0 pa3 MeHblle MOCTOSAHHOW COCTaBAsAOLWeNR, ecnm <o~
=314 c"1L

4.140. KonebaTenbHbli KOHTYP C WHAYKTMBHOCTbIO L
MOAK/IIOYEeH MOC/efloBaTeNlbHO K BHELUHEMY CWUHYCOWAaNbHOMY
HanpsXeHuto ¢ amnantygoin Um KOHTYp HAcTPOEH B pe30HaHC,
Mpu KOTOPOM amMnauTyda YCTaHOBMBLUErocs TOKa paBHa /a.
HaiiTn npomexyToK BpeMeHW T (Bpemsi penakcauuu), 3a KOTO-

bl aMNANTYa TOKA YMEHb-
LUMTCA B € pas, ecnun npotecc
OyLeT NpoucxofuTb B Pexu-
Me CBOGOAHbLIX 3aTyXalLwux
KonebaHwuii.
4.141. N306pa3uTb npu-
Puc. 4.36 MepHble BEKTOPHbIe Anarpam-
Mbl Hanps>KeHwWi B 3/IEKTPU-
YECKMX Liensx, MokasaHHbIX Ha puc. 4.36, a, 6. BHelHee
HanpsbkeHve U npegnonaraeTca rapMOHUYECKUM C 4acTOTOM bl.

4.142. Llenb, cocrtofwas w3 nocfefoBaTe/lbHO COEAUHEH-
HbIX KOHAeHcaTopa eMKocT C =22 MK® 1 KaTylWwKN C aKTUB-
HbiM conpoTuBfieHnem /?=20 OM W WHAYKTUBHOCTbIO L —
=0,35 IH, nogknyeHa K CETM T[EPEMEHHOr0 HanpsXeHus
¢ amnamtygoin {/,,=180 B u uvacTtoTOi bI-=314 c-1. HaiiTu:

a) aMnAuTygy TOKa B Lenu;

6) pasHOCTb (pa3 MeXxJy TOKOM W BHELUHWUM HanpsHKeHWeM;
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B) aMNAuUTyAbl HanpsHXXeHUA Ha KOHAEeHcaTope M KaTyLUKe.

4.143. Uenb 13 nocnefosarte/ibHO COeAMHEHHbIX KOHAEHca-
Topa emKkoctu C, cOnpoTuB/EHUS R W KaTywWKu C WUHAYKTUB-
HOCTbHO L 1 npeHebpeXXnmo MasibiM aKTUBHbLIM COMPOTUBIEHNEM
MOAKMOYeHa K reHepaTtopy CUHYCOWAANbHOIO  HanpsaXeHuu,
4aCTOTY KOTOPOr0 MOXHO MEHSTb NP MOCTOAHHOW aMnauTyge.
HaiiTu yacToTy, nNpy KOTOPOI MakCMManbHa amnauTyfa Hanps-
XeHua:

a) Ha KoHAeHcaTope; 6) Ha KaTyLuKe.

4.144. MepemeHHOe HanpshkeHue ¢ vactotoil (0=314 c-1 u
amnauTygoin m 9—180 B NMOAKNHOYEHO K KOHLAM LM, cocTos-
el M3 nocnefoBaTeNbHO COEAMHEHHbIX KOHAeHcaTopa W
KaTyLWKW C aKTUBHbIM comnpoTu&neHnem A=40 OM U NHOYKTUB-
HocTblo L =0,36 MH. Mpn KakoMm 3HayeHWU eMKOCTM KOHAeHca-
TOpa aMnNAUTyfa HanpsHXKeHWUs Ha KaTylwke 6yAeT Makcumalb-
HO? Yemy paBHa 3Ta amnaMTyja M COOTBETCTBYHOLLAA aMniu-
Tyfa HanpsXeHusa Ha KoHaeHcaTope?

4.145. KoHpgeHcaTop emkocTh C, NPOCTPaHCTBO Mexay 006-
KnafKamMy KOTOPOro 3amo/iHEHO cnabo npoBOAALLEN Ccpefol
C aKTMBHbIM CONPOTUB/EHMEM R, MOAKMOUUAM K WUCTOUHUKY
nepeMeHHoro HanpshkeHns U—Umcos wt. Halitm yctaHoBuB-
LIMACA TOK B NMOABOAALMX MPOBOAax B 3aBMCMMOCTM OT Bpeme-
HW. COMNpOTMB/IEHNE NPOBOLOB NPEHEBPEXMNMO Maso.

4.146. KonebaTenbHbliA KOHTYpP COAEPXWUT KOHAeHcaTop
emkocTu C 1 cofeHoug ¢ UHAYKTUBHOCTLIO L,. ConeHona MHAYK-
TUBHO CBfi3aH C KOPOTKO3aMKHYTOW KaTyLIKOW, WMetoLleli WH-
OYKTUBHOCTb Lt M MpeHebpexumo masioe akTMBHOE COMPOTMB-
neHve. KoahnuMeHT ux B3auMHOI uHAyKTMBHOCTM LIt. Haii-
T COBCTBEHHYIO 4AaCcTOTY [aHHOrO Ko/ie6aTenbHOro KOHTypa.

4.147. HaiATn fo6poTHOCTb KOnebaTeNbHOro KOHTypa, B KO-
TOpbIA  MOCNEA0BaTeNlbHO  BKAKOYEH WCTOYHUK  MEPEMEHHON
3.0.C., €CnM Mpu pe30oHaHCe HanpsXeHue Ha KOHAeHcaTope
B M pa3 MpeBbILaeT HaNpsXeHWe Ha UCTOYHMKE.

4.148. Llenb nepeMeHHOro TOKa, COCToALasa M3 Mocnefosa-
TENbHO COEAMHEHHbIX KaTyLWKW W KOHAeHcaTtopa, NojkniouveHa
K WCTOYHMKY MEepeMeHHOW 3.4.C., MpUYeM WHAYKTUBHOCTb Ka-
TywKkyn nogobpaHa Tak, 4YTO TOK B LENU MakcumaneH. Haiitu
LOBPOTHOCTL CUCTEMbI, €CMM M3BECTHO, YTO MpW YBENUYEHUM
WHOYKTUBHOCTM B M pa3 TOK B LENW yMeHbLlaeTcd B T) pas.

4.149. Uenb, cofepxawaa nocnegosare/isHO COeAUHEHHbIe
KOHJEHCATOP W KaTYyLIKYy C aKTUBHbIM CONPOTUB/IEHWEM, MNOA-
KNHOYeHa K UCTOYHUKY rapMOHUYECKOro HanpsiXeHus, 4actoTy
KOTOPOr0 MOXHO MeHATb, He W3MEHAd ero amnautyAsl. Mpu
yactoTax (0, M LUr amnIUTYy/bl TOKA OKa3anucb B N pa3 MeHbLUe
PE30HaHCHOM aMmnanTyabl. Haitu:
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a) Pe30HAHCHYK 4acToTy;

6) 0O6POTHOCTL Lenw.

4.150. MokasaTb, 4TO NpPU MasoM 3aTyXaHWW AOO6POTHOCTbL
KOHTypa, B KOTOPOM COBEPLUAIOTCA BbIHYX[AEHHble KaTebaHHS,
Q&tajm, rae cod— cobCcTBEHHas 4acToTa KonebaHuid, (0 —
wupuHa Pe30HaHCHOW KpuBOW / (W) Ha «BbicOTe», B V2 pa3s
MeHbled aMMINTYAbl TOKA MPU pPe30HaHCce.

4.151. K KOHUAm Lenu, COCTOSALWEeA M3 noc/efoBaTenbHO
COEeMHEHHbIX KOHAEHcaTopa U KaTyLKW, NOAaloT Ba MepemMeH-
HbIX HaNpPsXKeHUS OAMHAKOBOM aMmnauTyfpbl, HO PasHO vacTo-
Tbl. YacTtoTa O4HOrO HanpsXXeHWs paBHa COOCTBEHHON 4acToTe
(w»), gpyroro — BT] pa3 6onblle. HaliTy OTHOLIEHME aMIANTY ],
TokoB (1J1), BO3GYXAAaeMbiXx 06OMMM HaNPSHXKEHUAMU, €CN
[OOBPOTHOCTL CUCTeMbl paBHa Q. BblUMCAWUTL 3TO OTHOLLEHMe
ana Q=10 n 100, ecnu rj=1,10.

4.152. Ans 3apafku akKyMynatopa nocTOSHHbIM TOKOM [»
TpebyeTcsa /, YacoB. CKONbKO BPEMEHW MOHaZ0buTCs ANna 3apsjg-
K/ Takoro akkymyssitopa OT CETU 4epes OfHOMO/YNepuoAHbIi
BbINPAMUTENb, €CNn AeNCTBYIO-
LLiee , 3HaYeHMe TOKa TOXe paB- [
Ho

4.153. HaiiTn pelicTBytoLuee
3HaYeHWe TOKa, ecnu cpefHee
3HaYeHWe ero paBHO /«, a cam 0 t
TOK 3aBUCUT OT BpemMeHW To Puc 437
3aKOHY:

a) nokasaHHomy Ha pwuc. 4.37;

6) / cn |sinu)/|.

4.154. ConeHomp ¢ MHAYKTUBHOCTbIO L =7 MIH 1 aKTUBHbIM
conpoTuefeHWem /?=44 OM NOAKNKOYMIW CHayana K WUCTOY-
HWKY MOCTOAHHOIO HanpshkeHus Ue, a 3aTeM K reHepaTtopy
CUHYCOWMARIbHOTO HaMpsKeHWs C  AeACTBYHOLWMM  3HAYEHWEM
U=UQO0. MNpu Kakoin vacToTe reHepaTopa MOLLHOCTb, MOTpe6-
naemas coneHougom, 6yget B 1=5,0 pasa MeHblle, Yem B nep-
BOM C/lyyae?

4.155. K cetn c pelictByrowmm HanpsbkeHunem {/=100 B
NOAKMIOUNAN KaTYLIKY, WHAYKTUBHOE COMPOTWB/IEHME KOTOPOM
-Ai=30 OmM u umnegaHc Z—50 Om. Halitu pasHoCTb (ha3 Mex-
4y TOKOM W HanpshKeHueMm, a TakXKe TenjaoBYH MOLLHOCTb, Bbl-
JeNfemylo B KaTyLuKe.

4.156. Katywka ¢ uHAyKTuBHocTbto L—0,70 'H 1 akTumB-
HbiM conpoTtuefieHvem =20 OM coefMHEHa NOC/ef0BaTe/lbHO
C 6e3blHAYKUMOHHbLIM CONPOTMBIEHMEM R, WU MeXZy KoHLamu
3TOM Lenn MPUIOXKEHO MepeMeHHOe HampshKeHuWe € LeicTBYHO-
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wym 3HaveHnem U—220 B u vactoToin w=314 c~*. Mpn Kakom
3HayYeHMM conpoTmefieHns R B uenu Byfer BbIgeNATbCA MaKCU-
ManbHad Tennosas MOLWHOCTL? Yemy oHa pasHa?

4.157. Uenb, cocToswas U3 nocnefosare/isHO COeAMHEHHbIX
KOHJeHcaTopa W KaTyLWKW, MOAKMYeHa K ceTu. V3meHuB em-
KOCTb KOHAeHcaTopa, L06UAUCh yBeMYeHWs BblAeNseMoin Ten-
NOBOM MOLUHOCTM B KaTylwke B N=1,7 pa3a. Ha ckonbko npo-
LIEHTOB W3MEHWNOCL NPU 3TOM 3HAYeHue cos<p?

4.158. B konebartenbHbIli KOHTYp C fobpoTHocTbio Q= 100
BK/IOYEH NOCnefoBaTeNlbHO WCTOYHWMK CUHYCOMAANbHOM 3.4.C.
C MOCTOSHHOM amnAnTygo HanpsbkeHusa. [pyu HeKOTOpol
4acTOTE BHELUHEro HanpsXXeHWs TenjoBas MOLHOCTb, Bblae-
nfemas B KOHType, OKa3blBaeTCs MakcyManbHON. Ha cKonbko
MPOLEHTOB CnesyeT W3MEeHWUTb 3Ty 4acToTy, YTOObl Bblaensemas
MOLLHOCTb yMeHbLlimnacb B Nn=2,0 pasa?

4.159. Uenb, cocTofwyto M3 MNOC/ef0BaTe/lbHO COEANHEH-
HbIX 6e3bIHAYKLMOHHOIO conpoTmBneHnsa /?=0,16 kOm u Ka-
TYWKN C aKTUBHbIM COMPOTWB/EHWEM, MOLKMOUMAN K CETU
C [eiCTByHOLWMM HanpsbkeHuem t/=220 B. Haitm Tennosyto
MOLLHOCTb, BblJENISEMYI0 Ha KaTyLlKe, eCcnn [eicTByoLWMe Ha-
MPSHXKEHWUSA Ha COMPOTUB/EHUM R W KaTyliKe paBHbl COOTBET-
cTBeHHo (/,*=80 B n {/*=180 B.

4.160. KaTtywka u 6e3blHLYKUWOHHOE COMPOTUB/IEHUE
A=25 OM nogKnoYeHbl napanfiefisHo K CETU MepemMeHHoro Ha-
npsHkeHus. HainTu TennoByl MOLLHOCTb, BbIAENSEMYIO B Ka-
TYlWKe, ecim u3 cetn notpebnsaetca 1ok /=0,90 A, a uyepes
KaTyLWKY W COMpPOTMB/IeHME R TeKyT TOKU COOTBETCTBEHHO /,=
=0,50 Aun /,=0,60 A

4.161. HaiiTu nonHoOe COMPOTWMBMEHWE Yy4acTka LEMnu, Cco-
CTOALLEro 43 napannesibHoO BK/IKOYEHHOro KOHAeHcaTtopa em-
Koctn C =73 MK®PKN akTUBHOro conpotuefieHnsa /?=100 OM,—
L8 NepemMeHHOro Toka 4actotbl 0>=314 c-1.

Puc. 4.38

4.162. M306pa3nTb MpUMeEpPHbIE BEKTOPHbIE Anarpammbl TO-
KOB B 3/IeKTPUYECKUX KOHTYypax, MoKasaHHbIX Ha puc. 4.38.
MpeanonaraeTcsd, 4TO nojaBaeMoe Mexgy Toukamu A u B
HanpsHXKeHWe CMHycoMJanbHOE U napaMeTpbl KaXLoro KOHTypa
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nogobpaHbl TaK, YTO CyMMapHbIii TOK /0 yepe3 KOHTyp OTCTaeT
no (base OT BHELUHero HamnpsHXXeHus Ha yron <

4.163. KoHgeHcatop emkoctM C=1,0 MK® 1 KaTYyLLKY C aK-
TMBHbIM conpoTueneHnem /?=0,10 OM U WUHLYKTUBHOCTbIO
/,= 1,0 M[H nogKMounIN napaniefNibHO K UCTOYHWUKY CUHYCOWU-
[aNnbHOrO0 HanpshkKeHUs ¢ AeiCTBYIOLIMM 3HayeHuem 6/=31 B.
HaiiTu:

a) 4acToTy €O, NPV KOTOPOI HacTymaeT pe30HaHC;

6) gelicTByloLLee 3HAYeHME MOABOAMMOIO TOKa MpW Pe30HaH-
ce, a TakXXe COOTBETCTBYIOLLME TOKW Yepe3 KaTyLIKY U KOHAEH-
carop

4.164. K WCTOYHWKY CUHYCOWAA/IbHOTO HAmnps)XeHus C 4va-
CTOTO  NOAKMYMAN NapanienbHo KoHAeHcaTop emkocTu Cu
KaTYLIKY C aKTUBHbIM COMPOTUB/IEHNEM R Y MHOYKTMBHOCTbLHO L.
HaliT pasHocTb (ha3 Mexay MOoABOAVMBIM K KOHTYpy TOKOM
N Hanps)XeHVeM Ha WCTOYHMKE.

4.165. Y4aCTOK Lenu COCTOMT U3 napasiefibHO BK/IHOYEHHbIX
KOHAeHcaTopa eMKocTM C M KaTyL KW C aKkTUBHbIM CONpPOTUBIIe-
HMeM R u mHAykTMBHOCTbK L. Haiitu nonHoe conpoTuene-
HMWe 3TOro yyacTka [A15 MepeMeHHOro HanpsXeHus ¢ 4acTo-
TOWN 0.

4.166. KonbL0o 13 TOHKOro npoBoja C akTWBHbLIM COMPOTUB-
NeHvemM R 1 MHAYKTUBHOCTBIO L BpalaloT ¢ NOCTOSHHOM Yrio-
BO CKOPOCTbK) (O BO BHELUHEM OLHOPOAHOM MarHUTHOM Mofe,
nepneHAMKYNApHOM K Ocu BpalleHusa. Tpu 3TOM NOTOK Mar-
HWUTHOW WMHAYKUWMM BHELUHEro Mons 4epe3 KO/bLO U3MeHsAEeTCA
BO BpemeHu no 3akoHy 0 = 0 Ocosco/. MokKa3aTb, YTO UHAYKLUK-
OHHbIA TOK B KOJ/IbLIe 3aBUCUT OT BPeEMeHU Kak /=»/Min(co/—<).
roe /A= co®d¥K N, 4- L, npuuem tgcp=col/R.

4.167. HaiiTu CpegHIOl MEeXaHW4eCKyl MOLLHOCTb, pa3Bu-
BaeMyt0 BHELUHVMMW cuiaMun 419 MOALEPXKaHWUsA BpalleHUs Kosb-
ua 13 npegblayllei 3agaum ¢ no-
CTOSIHHOI Yr/I0BOI CKOPOCTbIO.

4.168. Ha pepeBsiHHbIN cepaey-
HUK (puc. 4.39) HageTbl [Be Ka-
TYWKKN: KaTywka 1c MHOYKTUBHO-
CTbl0 /, W 3aMKHYyTas HaKOpPOTKO
KaTylKa 2 ¢ aKTUBHbIM COMNPOTUB-
NeHneM R 1 MHAYKTUBHOCTbIO L,. Puc. 4.39
B3auMHaa WHAYKTUBHOCTb KaTy-
LUeK 3aBUCMT OT PaccTOSHMS X MeXAy HUMM Mo 3akoHy L,,(X).
HaiiTn cpegHee Mo BpeMeHM 3HAYeHWEe CW/bl B3aVMOAENCTBUA
MeXAy KaTylKamMu, Korga mno Katywke / TeuyeT mnepemMeHHbli
T°K /i = /»coscol.
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4.3. Ynpyrue BOfIHbl. AKYCTUKa

# YpaBHEHMS NNOCKOW W ChepuyecKoii BOJH:
E= acos (co/—kx), 1= (a8/r) cos (cw—kr). (4.3s)
Lna ofHopoaHON nornowaroleid cpegbl B 3TW (DOPMY/bl BXOAUT MHOXMU-
Tenb cooTBeTcTBeHHO e_VI u e_vf, rae y — KO3 @ULMEHT 3aTyXaHWUS BO/HbI.
¢ BonHoBoe ypaBHeHMUe:

A Ay AV e [ )
¢ ®aszoBas cKOpoCTb NPOAOALHLIX BOAH B ynpyroit cpege (P|) u

NonepeyHbIX BOMH B CTpyHe (UM):
v,= Y'Elp, VL=V Ti$u (4.38)

roe £ —mogynb KOHra, p—njoTHOCTb cpedbl, T— HaTSXeHWUe CTPYHbI,
Pi—ee nuHeliHas NNOTHOCTb.

( CkopocTb 3ByKa B rase:
V—VYyRTtM. (4.3r)
¢ O6bemMHas NAOTHOCTb 3HEPrUU YNPYroii BOMHbI:
w = pa*col sin* (o>/— kx), <tt»>= ,/ipa*co*. (4.30)
¢ MnoTHoCcTb MoToKa 3Hepruu (BeKTOp YMoBa) Ans Geryuieii rapmo-
HWYECKOI BONHBI:
j=uyv, <)>= Vipa*co*v. (4.3¢)
B o6wem cnyyae Ans MPOALO/bHLIX BOMU:
1= —on, (4.3%)
roe o —HanpsxeHue (a—E-A"ax), M—cKopocTb yacTul, Cpefbl.
( YpaBHeHue cTosYeid FapMOHUYECKON BOJHbI:
| = a cos Ax-cos a>{. (4.33)
¢ AkycTuueckuit athdext Jonnepa:
V= v0(0+vnp)/(v—V,,,). (4.3mn)
9 YpoBeHb rpoMKocTu 3ByKa (B 6enax):
L=\g(//10). (4-3K)
¢ Css3b Mexzy WMHTeHCMBHOCTbO | 3BYKOBOI BOMHBLI M amMnNAMTyAo#
KonebaHua gasneHus (4p)s:
I = (.bp)m/2pv- (4.3n)

4.169. 3a CKOMbKO BPEMEHW 3BYKOBble KoneGaHusi npoigyT

paccTtosHue / Mexay Toukamu 1 n 2, ecnu Temnepatypa Bo3gyxa
MEeXJy HUMM MeHsieTCs nnHeiHo oT I, go ,? CKopoCTb 3BYKa

B BO3gyxe V=0-VT, rge a — noctosiHHas.
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4.170. Tlnockas rapmMoHM4Yeckas BOJIHA C 4acTOTON O pac-
MPOCTPAHAETCA CO CKOPOCTbIO V B HarpaB/ieHWM, COCTaBNAIOLLEM
yT/bl @, p, Y C ocamu X, Y, I. HailTu pasHocTb a3 konebaHmii
B TOUKaX Cpefpbl C KoopAauHatamu X,, YU rru xt, yt, m.

4.171. HaiAiTu BONHOBON BEKTOP K W CKOPOCTb V BO/IHbI,
nMetoLieii Bug | =a cos (tot—ax—$y—yz).

4.172. TInockas BO/MHa C 4acTOTOM LW pacnpocTpaHseTcs
TaK, 4TO HekoTopas (ha3a KoONebGaHWA nepemeLlaeTcs BAO/b
oceil X, Y, T CO CKOPOCTAMMW COOTBETCTBEHHO W,, W,, y,. Haitu
BO/IHOBOI BEKTOP K, €CAM OpTbl OCE KoopauHaT ex, e,, e2
3a/laHbl.

4.173. B cpepge K pacnpocTpaHseTcs ynpyras Mockas
BO/Ha 5=acos(<o/—kx). HaliTu ypaBHeHWe 3TOli BOMHbI B CUCTE-
Me oTcyeTta /C', ABMXYLUEICA B MONOXKUTENbHOM HamnpasfeHnu
OCY X C MOCTOSIHHOW CKOpOCTb0 V Mo OTHoweHu K cpege K-

4.174. Toka3saTtb, 4yTo Nt0bas guddepeHunpyemas hyHKUNUA
Buga f(t+ajc), roe a — nocTOsiHHaA, ABASETCS peLleHWeM
BOMIHOBOrO ypaBHeHWs. KakoB (M3UYECKWA CMbICA MOCTOSAH-
HON a?

4.175. Tlnockasa npofofibHas yrnpyras BOJiHA pacrnpocTpa-
HAETCA B MONOXMTE/IbHOM HarnpaBneHun ocu X B cpefe C NjoT-
HocTeto p=4,0 r/em* n mogynem HOHra £=100 Ma. Haitm
MPOEKLUMI0 CKOPOCTM WX 4acTul, cpefbl B TOYKAX, r4e OTHOCU-
TenbHasa feopmauus cpefbl e=0,010.

4.176. YpaBHeHME MN/IOCKOA 3BYKOBOW BOSIHbI WMEET BUf
£=60 cos(1800f—5,3x), rae £ — B MKM, t — B ceKyHAax, X —
B MeTpax.

Haiitu:

a) OTHOLUEHME aMNIUTY/bl CMELLEHNS YacTuy, cpefpl K A/inHe
BOJIHbI;

6) amMnaMTyay KonebaHwii CKOPOCTW YacTwL, cpefpl U ee OT-
HOLLEHWe K CKOPOCTU pacrnpocTpaHeHWs BOJHbI;

B) amnAuTygsy KonebaHuid  OTHOCUTENbHOW  Aedopmanum
cpedbl U ee CBA3b C aMMAMTYAOW KOnebaHuiA CKOPOCTW YacTu
cpeabl.

4.177. B opfHOpOAHOI yMNpyroi cpeae pacnpocTpaHsieTcs
nnockas BonHa l=acos(wt—kx). WM306pas3nuTb ANnd MoOMeHTa
/=0:

a) rpatuku 3aBucumocTeid oT X BenmumH 5, dMdt m g ox;

6) HanpaBneHWe CKOpPOCTM 4YacCTWL, cpedbl B TOUKaXx, rae
1= 0, ecnn BOMHA MPOAO/bHAA, MoMnepeyHas;

B) NpUMeEpHbIi rpaguK pacnpefeneHns MNNOTHOCTU Cpegbl
P(x) £na NpoAONbHOM BOJHBI.

4.178. B opaHopoaHOi cpede pacnpocTpaHsieTcs MiocKas
ynpyras BonHa Buaa £=ae~v* cos(tof—kx), rae a, y, ®n k —
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MoCTOsHHble. HailTu pasHocTb (a3 KonebaHMi B TOUKaX, rae
amnanMTyAbl CMELLEeHNs YacTuL, cpefbl OTMYAOTCH APYT OT ApY-
ra Ha 11= 1,0%, ecm y=0,42 m-1 n gnnHa BonHbl X=50 cm.

4.179. Halitn pagnyc-BeKTOp, XapaKTepusywLlwuii nonoxe-
HME TOYEYHOr0 WCTOYHMKA CHepryecKuX BOMH, eCA U3BECTHO,
YTO 3TOT UCTOYHWMK HAXOLMTCS Ha NPAMON MeXAy Toukamu ¢ pa-
LMYC-BEKTOpaMU I, U », B KOTOPbIX aMnanTyfbl KonebaHwii
4acTuL, cpefpl paBHbl a, W &b 3aTyxaHue BOJHbI NMPeHe6bpexrmMo
Mano, cpefa OfHOpoAHas.

4.180. TouYeuHbIl M30TPOMHbIA UCTOYHUK WUCMYCKaeT 3BYKO-
Bble KonebaHmsi ¢ yactotoii v=1,45 kly. Ha pacctosiHum r,—
=5,0 M OT WCTOYHMKA amnauTyja CMELLeHNA 4YacTul, cpefbl
a*=50MKM, a B TOYKe A, HaxOfALEeNCcs Ha PacCTOAHUMN T=
= 10,0 M OT UCTOYHMKa, amnauTyga cmeweHus B r1=3,0 pasa
MeHbLIe a«. Haiitu:

a) KO3a(PULUMEHT 3aTyXaHWUA BOJHbI

6) amMnAnTygy KonebaHuid CKOpPOCTM 4acTuy, cpefbl B TOu-
ke A.

4.181. B ynpyroii OJHOPOAHOW Ccpefe pacnpocTpaHsalTCA
[iBe MNOCKWe BOJHbI, OfHAa BAOMb OCU X, ApYyras BAOMb OCU V:
h=acos(wt—kx), i,=acos(wf—Kky). HaiiTu xapakTep pnBu-
XeHWs 4YacTuy, cpefbl B M/IOCKOCTU XY, ecniu 06e BOSHbI:

a) nonepeuyHble W HanpaefeHwe KonebaHWii OAWHAKOBO;

6) MpPOJO/bHBIE.

4.182. B cpefe pacnpocTpaHseTca HesaTyxarwllaa niaockas
rapMoHuM4yeckas BonHa. HaliTu cpefHIOl 06bEMHYHK MAOTHOCTb
MO/HOW 3HEprumM KonebaHuii <> ecnn B /IHO6OW TOYKe cpeabl
06beMHaA MMIOTHOCTb 3HEPruM paBHa WO uyepe3 OfHYy LUeCTYIO
nepmoga KonebaHWi nocne NPOXOXAEHWS MakcMMyMa CMe-
LeHns.

4.183. TOYEYHbIA WM30TPOMHBIA WMCTOYHUK 3BYKA HaxO4MTCS
Ha MepreHAuKynape K MAOCKOCTM KOfbla, MPOXOAALLEM Yepes
ero ueHtp O. PacctosHme mexay Toukoil O M MCTOYHWUKOM
/=1,00 m, pagnyc konbua R=0,50 M. HaiiTn cpegHuii moTok
JHepruu yYepes nnowafb, OrpaHNYeHHYI KO/bLIOM, €C/in B TOY-
ke O MHTeHCMBHOCTb 3ByKa /,=30 MKBT/M*. 3aTyxaHue BOJSH
NPeHeOPEXXMMO Maso.

4.184. W30TPOMHbLIA TOYEYHbIA WCTOYHUK, 3BYKOBas MOLL-
HocTb KoToporo A=0,10 BT, HaxoguTcs B LUEHTPe KPYyrnaoro
nonoro uwnuHapa paguyca /?=1,0 m u BbicoTbl J1=2,0 M.
Monaras, 4TO CTEHKM UWAMHAPA MNOMHOCTbIO MOFMOLWAT 3BYK,
HaliTK CpefHWiA NOTOK 3HEPrvM, NajaroLwnii Ha 60KOBYIO NOBEPX-
HOCTb LMIMHApA.

4.185. [1Ba TOYeYHbIX CMH(a3HbIX UCTOYHMKA 3ByKa A 1 B
MMEIOT OAMHAKOBYIO MOLLHOCTb UM HaxofATcsA Ha pacctosHun 21
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Lpyr oT gpyra. Hac uHTepecyeT cpefHAs Mo BPeMeHW 06beMHas
MI0THOCTb 3BYKOBOW 3Heprum (w) B Toukax npsamoini 00,
nepneHanKynsapHoOin K oTpe3ky AB u npoxogdwein uepes ero
cepegumHy — Touky O. Ha kakom pacctosHum XA oT Todkm O
HaxoguTcs Touka P npsawmoli 00', B KoTopoii (W] uMeeT mMak-
CUMa/IbHOE 3HauveHue? [lornouieHne npPeHebpexxmumo Mano.

4.186. [Mpefnonoxum, 4TO 3BYK, W34aBaeMblii TOYEUHbIM
MCTOYHMKOM, PacnpocTpaHsaeTcs B M30TepMUYeckoli atmocdepe,
KOTOpas HaxoAwuTCs B OLHOPOALHOM Mosie TSXKecTn. Temnepary-
pa aTMocepbl T, MofigspHasd Macca Bo3gyxa M, yckopeHue cBo-
6oaHoro mageHus g. HainTu 3akoH U3MEHeHWs aMnanTyfbl CMe-
LLEeHNs a 3BYKOBO BOMHbI B BEPTUKaNbHOM HampaBAeHWU OT
paccTosiHMs T 40 MCTOYHMKA 3BYKA. Ha Kakoi BblCOTE OT WuC-
TOYHMKA 3Ta aMNAUTyda OKaXeTCs MUHUMASbHOIA?

4.187. Vcxons u3 obLiero BblpaXeHUs 415 BEKTOpa YMOBa,
HaiiT cpefHee MO BPEMEHW 3HauyeHWe MPOeKLMM BeKTopa YMoBa
(jX) Ha ocb X ANA cnefyloLWMX NNOCKUX YNPYrux BOJH B Cpefe
C 06bEMHOI MIOTHOCTbLIO P:

a) £=acos(<o/—kx)\

6) g”acosArx-cos w/;

B) i=acos(w/—kx)+bco$(<at+kx)i

r) f=acos(o)/—kx)-\-bcoskx-cos at.

4.188. B ynpyroii ogHOPOAHON cpeae C MIOTHOCTLIO p pac-
MPOCTPaHATCA [BE MNIOCKME MPOAOSbHbIE BOMHbI: OfHA BAOSb
ocn X, h=acos((»t—kx), apyras Bgonb ocu y, £,=acos((i>/—
—Kky). HaliTn cpefHee 3HayeHWe MOAYNs BEKTOpa YMoBa B TOY-
Kax MI0CKOCTU Y —X.

4.189. B ogHOpoAHOI ynpyroi cpefe ycTaHoBMAach MaocKas
cTofiYas BOMHa BMAa £=acosArx-cosa)/. M306pa3nts:

a) rpagmKky 3aBUCUMOCTelR OT X BennumH £ 1 \!AX B MOMeH-
Tol /=0 n /=772, rge T — nepuog KonebaHwii;

6) rpadukn pacnpefeneHus nAOTHOCTU cpedpl p(ar) Ans
NPO4ONbHbIX KonebaHuiA B MOMeHTbI /=0 un /[=772;

B) rpadmk pacnpefeneHus CKOPOCTE 4acTuy, cpegbl B MO-
MeHT /=774; yKa3aTb HanpaB/leHUs CKOPOCTel B 3TOT MOMEHT
B MYYHOCTAX ANS NPOAO/bHLIX U MOMEPEeYHbIX BOJH.

4.190. B ogHOpOAHOW Ccpede C MJIOTHOCTbIO P YCTaHOBU-
nacb npofonbHas ctosyas BonHa |=acoskx-cos (at. Haiitn
BblpaXXeHNA ANns 00bEMHON NAOTHOCTK:

a) NoTeHUmanbHoOW 3aHeprum wp(X, /);

6) KMHeTMuyecKoi aHeprum bK(X, /).

M306pa3uTb rpadukyu pacrnpegeneHns O6bEeMHOM MAOTHOCTU
MOJIHOM 3Heprun W B npefenax Mexay LBYMS COCeAHUMW y3na-
MU CMeLLeHNss B MOMeHTbl /~ 0 n /=774, roe T — nepuof Ko-
nebaHuiA.
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4.191. CranbHas cTpyHa AivHbl /=110 cm u guvametpa
d=1,0 MM HaTAHyTa Mexay nontocamu 3nekTpomarHuTa. lMpu
NponycKaHWW Mo CTPYHe MepemMeHHOro Toka 4actotel V=50 Iy
Ha Heil ycTaHoBUMOCh T|=5 nonyBonH. HaiiTu cuny HaTsKeHuns
CTPYHBbI.

4.192. CranbHas cTpyHa pAnuHol /=100 cm » auameTpa
d—0,50 MM faeT OCHOBHOW TOH w4acToTbl v=256 Iu. Haiitn
CUNY ee HaTsHKeHus.

4.193. Ha cTpyHe anuHbl 120 cm o6pasoBanacb CTOAYas
BO/IHA, MPWYEM BCE TOYKM CTPYHbl C aMNAUTYAOR CMeLleHus
3,5 MM oTCTOAT Apyr OT Apyra Ha 15,0 cm. Haiitu makcumanb-
HYt0 aMnanTygy cMmelleHuns. KakoMmy 06epTOHY COOTBETCTBYIOT
3TM KonebaHua?

4.194. HainiTM OTHOLLEHWE YacTOT OCHOBHOFO TOHa ABYX
O[JMHaKOBbIX CTPYH MOC/fie TOro, Kak OfHY W3 HWX Ynpyro pac-
TAHYNW Ha r},=2,0 %, a gpyryto Ha T7),=4,0 %.

4.195. Kak v BO CKOJIbKO pa3 M3MEHUTCHA 4acToTa OCHOBHOIO
TOHa HaTAHYTOW CTPYHbI, €CN ee AIMHY YMeHbLINTb Ha 35 %,
a cuny HatsxkeHusa F yeBennuntb Ha 70 %?

4.196. Ana onpefeneHns CKOPOCTH 3ByKa B BO3AYXE UCMOJIb-
30Banu TPyOy C MOPLWHEM W 3BYKOBOW MemMOpaHOW, 3aKpbiBato-
Lell 0auH U3 ee TOpLoB. HailTn CKOpoCTb 3BYyKa, C/iM paccTos-
HVe MeXAy COCeAHVMU MOJSIOXKEHUSMMU MOPLUHA, MPU KOTOPbIX
Habnoganca pesoHaHC Ha 4actoTe v=2,00 kl'y, cocTaBnser
/=8,5 cm.

4.197. HainTy 4Mcno BO3MOXHbIX COBGCTBEHHBLIX KOneb6aHuii
cTon6a Bo3gyxa B Tpybe, 4acTOTbl KOTOPbIX MeHbLUEe V,=
= 1250 Iu, ecnu:

a) Tpyba 3akpbiTa C OLHOFO KOHLA;

6) Tpyba OTKpbiTa C 060MX KOHLOB.

OnnHa Tpy6bl /=85 cm. CkopocTb 3Byka 0=340 m/c. CunTtats,
YTO OTKPbITbIE KOHLbI TPYObl ABAAOTCA NMYYHOCTAMU CMELLeHNA.

4.198. MegHblii cTepXXeHb AnUHbI /=50 cM 3akpensieH B ce-
peavHe. HalTu umcno npogosbHbIX COBCTBEHHLIX KonebaHuii
ero B guanasoHe yactotr ot 20 go 50 kly. KakoBbl uX ua-
CTOTbI?

4.199. CtpyHa Macchbl T 3aKpenieHa ¢ 060MX KOHLOB. B Heil
BO36yAMAM KonebaHMs OCHOBHOrO TOHa C KPYrOBO 4acTOTOW
(0 1 MakcumanbHOW aMnIMTYAOR CMeleHns oM, ¢ HaiTtu:

a) MakKCUMa/ibHYH0 KUHETMYECKYH0 3HEPTUI0 CTPYHbI;

6) cpefHIOK 3a nepuoj KonebaHUsi KMHETUYECKYH SHEPTUID
CTPYHbI.

4.200. B ogHOpO4HOM CTepykHe, nollafb CeYeHUs KOTOPOro
S W NAOTHOCTbL P, YCTaHOBMAAChb CToAYas BOMHa |=asinA*X
Xcoso/. HaliTu MONHyt0 MeXaHWYeCKyl 3Hepruto, 3ak/yeH-

214



HYIO MeXZy CeYeHUAMU, KOTOpble MNPOXOAAT Yepe3 cocefHue
y3/bl CMELLEHMS.

4.201. JIoOKOMOTMB, [ABWXKYLIMIACA CO CKOPOCTbIO bI=
= 120 km/4, paeT TyAaoK anuTenbHocTbio [/0=5,0 c. Haitm
MPOLO/MKUTENIbHOCTL TYfIKa A5 HEeroLBMXKHOIO OTHOCWUTE/IbHO
nonoTHa Joporu Habnwgatens, ecnu J0KOMOTWMB: a) npubnu-
XaeTcs K Hemy; 6) yaanserca oT Hero. CKOpOCTb 3BYKa B BO3-
fyxe 0=330 w/c.

4.202. 3ByKOoBasi BO/IHA PAacCNpPOCTPaHAETCA CO CKOPOCTLIO
0 B MOJIOKWUTE/IbHOM HarpasfieHun ocn X. B Ty Xe CTOopoHy
OBWXYTCA Habntogatenn / n 2 cOo CKOpocTAMMK Y, M y,. Haitm
OTHOLLUEHMEe 4acTOT, KOTopble 3auKCMpyloT Habnwgatenu,
o©/0).,.

4.203. WCTOYHMK 3BYKOBbIX KONiebaHWiA 4acToTbl V,,=
= 1000 Iy pBwKeTca MO HOPMaIM K CTEHKe CO CKOPOCTbIO
bI=0,17 m/c. Ha 3TOli >X& HOpManu pacnosioXKeHbl ABa HEMo-
[LBWXKHBIX npuemMHuKa A1 u /7*, npuyem nocnefoBaTeNnbHOCTb
pacnonoXeHus 3TUX TMPUEMHUMKOB W UCTOYHMKA W Takas:
A, — N — fA» — cTeHKa. Kakoli nNpueMHWK  peructpupyet
bueHns n kakoea ux uvactora? CkopocTb 3Byka p=340 wm/c.

4.204. HenofBwkHbIA HabnwogaTenb BOCMNPUHMMAET 3BYKO-
Bble KO/Me6aHMA 0T ABYX KaMepTOHOB, OAUH W3 KOTOPbLIX Mpu-
6nmkaeTcs, a APYroi C Takoli XXe CKOpocTblo ygansetcs. Mpu
3ToM HabnwogaTenb CAbIWLUT 6ueHns c uactotom v=2,0 Iw.
HaiiTn CKOpOCTb  KaXKZOro KamMepTOHa, €ecniM WX 4actoTa
konebaHuii v#=680 U W CKOpPOCTb 3ByKa B BO34yXe
i>=340 w/c.

4.205. Ha ocu X HaxogAatca MPUEMHUK WU UCTOYHWUK 3BYKO-
BbIX KonebaHmin ¢ yactotoin ve=2000 Ny, CTOYHMK COBepLUaeT
rapMOHMYECKMe KonebaHusi BAO/b 3TOM OCM C KPYroBOWM 4acTo-
TO a) N amnAnTygoi a= 50 cm. Mpy Kakom 3HaYeHUU @ WKpK-
Ha 4aCTOTHOIO0 WHTepBana, BOCMPUHMMAEMOIO HEMOABUKHbLIM
npremMHUKoM, 6ygaeT coctaenatb Ay=200 My? CkopocTb 3BYyKa
0=340 wm/c.

4.206. VICTOYHUK 3BYKOBbIX KOMebaHWin C 4acToToi V,,=
= 1700 Ny » NpPUEMHMK HaxoaAaTCs B OAHON TO4ke. B MOMeHT
/=0 WCTOYHMK HauMHaeT yAanAaTbCA OT MPUEMHMKA C NOCTOSH-
HbIM yckopeHveM a=10,0 m/c*. CumTad CKOpPOCTb 3ByKa V—
=340 wm/c, HaWTK 4YacToTy KonebaHwii, BOCMPUHUMAEMbIX He-
NOABWMXXHbIM MpueMHUKOM 4Yepe3 /= 10,0 ¢ nocne Hayana fABU-
XeHUs WCTOYHMKA.

4.207. WNCTOYHMK 3BYKa, COOCTBEHHAas u4acToTa KOTOpOro
v*=18 kI, ABMXKETCA paBHOMEPHO MO MPAMOWA, OTCTOSLLER OT
HenoABMWKHOro Habnwogatens Ha /=250 M. CKOpPOCTb UCTOYHU-
Ka cocTasnseT tj=0,80 ckopocTn 3ByKa. Haiitu:
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a) 4aCTOTy 3BYKa, BOCMPUHMMaemyto Habnogatenem B MO-
MEHT, KOrfa WCTOYHUK OKaXeTcA HarpoTUB Hero;

6) paccTosiHMe MeXAy WCTOYHUKOM U Habnwgatenem B Mo-
MEHT, Korga BOCMpUHWMaemas HabfogareneM 4actota V=Vv,,.

4.208. HenoABWMXHbIA WCTOYHWK WUCMYCKaeT MOHOXPOMAaTU-
yeckuii 3ByK. K Hemy npmbnmkaeTcs OTEHKa CO CKOPOCTbIO
n=33 cm/c. CKOpoCTb pacnpocTpaHeHus 3ByKa B cpede V=
= 330 m/c. Kak ¥ Ha CKOMbKO NPOLEHTOB U3MEHSAETCA A/IMHA BOJI-
Hbl 3BYKa MPU OTPAXKEHUWN OT CTEHKMU?

4.209. Ha ofHoOin 1 ToOlA >Xe HopMa/M K CTEHKE HaxogsATcs
MCTOYHMK 3BYKOBbIX KoOfiebaHwii ¢ uactoToii v#=1700 Ty u
NPUeMHUK. VICTOYHWK W NPUEMHUK HEMOABWXKHbI, & CTEHKa
yfansetca OT WUCTOYHMKA CO CKOpocTblo M—6,0 cm/c. Haitm
yacTtoTy 6ueHwii, KOTOopylo GyaeT perucTpumpoBatb MPUEMHUK.
CkopocTb 3BykKa n=340 m/c.

4.210. HaiiTn KO3(hMUMEHT 3aTyXaHUs Y 3BYKOBOM BOJHbI,
ecnn Ha paccroaHuax *=10 M n r,= 20 M OT TOYEYHOro WU30-
TPOMHOr0 WUCTOYHMKA 3BYyKa 3HAYEHUS| WMHTEHCMBHOCTU 3BYKO-
BOV BOJSIHbI OT/IMYAKOTCA APYT OT gpyra B Nn=*45 pasa.

4.211. Tlnockas 3BYKOBas BOJIHA PacrnpoCTpaHAeTCcs BAOSb
ocu X. KoagguumeHT 3aTyxaHus BosHbl y*“=0,0230 m-1. B TOu-
ke Xx=0 ypoBeHb rpomkocT L=60 gb. Hantu:

a) ypoBeHb FPOMKOCTM B TOYKE C KOOpAuHatoi Ar=50 w;

6) KoOpAMHaTy X TOYKM, B KOTOPO 3BYK YXK€ HE CrbILLEH.

4.212. Ha pacctosaHuu r,,=20,0 M OT TOYEYHOr0 U30TPOMNHOro
MCTOYHMKA 3BYKa YpoBeHb rpomkoctn L,,=30,0 gb. MNpeHebpe-
ras 3aTyxaHuem BOJHbl, HalTu:

a) YpOBeHb TPOMKOCTM Ha paccTofHum r= 10,0 M oT ucTou-
HUKa;

6) paccTosiHMe OT UCTOYHUKA, HA KOTOPOM 3BYK He ChbILUEH.

4.213. Habnwopgatenb /, HaxoAAWMAcA Ha pacCTOSAHUK
r,=5,0 M oT 3Byyallero KamepTOHa, OTMETWN WCYE3HOBEeHUe
3ByKa Ha T=19 ¢ Mo3xe, 4em Habnwogartesnb 2, Haxogsawmiics
Ha pacctoaHum r,=50 M oT KamepToHa. CuuTaa 3atyxaHue
3BYKOBbIX BOJIH B BO34yXe MPEHEOPeXnMo MasbiM U CKOPOCTb
3ByKa i>=340 Mm/c, HaliTM KO3((PULUMEHT 3aTyxaHWa p Kamep-
TOHa.

4.214. B cpefe C NIOTHOCTLIO P pacrnpoCcTpaHsaeTca niaockas
npojosibHasa rapMoHuyeckas BofiHa. CKOpPOCTb BOSIHbI paBHa W.
CunTtas M3MeHeHWe MNOTHOCTW CPedbl NPU MPOXOXKAEHWUN BOJHBI
Op«CP, nokasatb, 4To:

a) npupalleHue fasfieHus B cpege A —pu*(aE/px), rge
A\'AX — oTHocuTeNbHas fetopMauuns;

6) MHTEHCMBHOCTb BOJIHbI OMnpegensetca topmynoin (4.3n).

4.215. Ha nyTv nnockoi 3BYKOBO BOMHbI, pacnpocTpa-
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HAlOWelicA B BO34yXe, HaxoauTtcsa lwap paguyca /?=50 cwm.
[nvHa 3ByKkoBoW BonHbl X=5,0 cm, vacTtoTa v=16,8 Kl'y, amn-
nnTtypa KonebaHuii faBneHns B Bo3gyxe (Ap)B=3,5 lMa. Haiitu
CpefHuiA 3a Mepuog KonebaHUsi MOTOK 3Hepruu, nagatoLler
Ha MOBEPXHOCTL LUapa.

4.216. Touka A HaxoguTca Ha paccTtosHum n=1,5 m OT TO-
YeyHOro M30TPOMHOr0 WMCTOYHMKa 3BYKa 4YacToTbl v—600 I,
3ByKOBas MOLLHOCTb ucTouyHuMka P=0,80 BT. [MpeHebperas
3aTyxaHWeM BOJIH M CuyMTasd CKOPOCTb 3BYKa B BO3fLyXe
=340 wm/c, HailTn anst Toukn A:

' a) amnanTyay KonebaHuii faBneHus (Op)T u ee OTHOLLEHUE
K [aBMIeHN0 BO3AYyXa;

6) amnAnTygny KonebaHwii 4acTuy, cpedbl; CPaBHWUTb
C A/IMHON BOJHbI 3BYKA.

4.217. Ha pacctosHum /-= 100 M OT TOYEYHOro U30TPOMHOro
MCTOYHUKA 3BYKa 4actotbl 200 L ypoBeHb TPOMKOCTU
=50 ab. Mopor cAbIlMMOCTU Ha 3TOW 4acToTe COOTBETCTBYET
MHTEHCUBHOCTU 3BYKa /#=0,10 HBT/M*. Koath(hmumeHT 3aTyxa-
HUA 3BYKOBOW BOMHbI Y=5,0"10-4 m~*. HaiiTn 3ByKOBYIO MOLL-
HOCTb WCTOYHMKA.

4.4, JneKTpoOMarHMTHble BOJMHbLI. W3nyyeHue

O das3oBafd CKOpOCTb 3ﬂeKTp0MaFHI/ITHOI7I BOJIHbI:

o=c/Ve\T, rge c=*1/Y g". (4.4a)
O B Geryuweii 3nNeKTPOMarHUTHOM BOMHe:
EVee,=H|wuy. (4.46)
% [ns nnockol 371eKTPOMArHUTHOW BOJHLI B BaKyyMe:
—aBx/gl = pEylox, roy0dEv/dt = — aB,/ax. (4.4B)
¢ O6beMHas NAOTHOCTb 3HEPrUM 3NEKTPOMArHUTHOrO MNONSA:
I»= ED/2-1-BH/2. (4.41)
O TNOTHOCTb NOTOKA 3/1EKTPOMArHUTHON 3HeprMn—-aekTop MoRHTUHTa:
S= (EH|. (4.4%)
O OCHOBHble YypaBHEHWUs [BYXMNPOBOAHON NMHWU:
a/l____-du du_ , g
X 1dt' ax~ 1dt’ (G

rie C( m Li—eMKOCTb U WHAYKTUBHOCTb €AUHULBLI AAWHbI NUMHUK. Ee
BonHoBoe conpoTueneHune p=]/rLi/Ct.
% AMNNUTYAa 31eKTPOMAarHUTHOW BOMHbI, W3Ay4yaemoi gunonem, B
BO/IHOBOI 30HE:
ETc/3(1/r) sin 0, (4.4%)
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rae r—paccTtosiHie OT AUMOoNns, 4 —Yron MeXAy pafuyc-BeKTOpoM T H
OCbl0 AWMONS.

(O MolwHOCTN U3NYUYeHUs AWNONSA C 3NEKTPUUECKUM MOMEHTOM p (t)
1 3apsaga , ABMXKYLLErocs C YCKOpeHueMm a:

| 2p* I 2*a*
(G¥:S

4.218. OnekTpomarHuTHasa BOjHa c 4actotor v=3,0 MIy
MepexoauT M3 BaKyyMa B HEMArHWTHYIO cpefy C LU3NeKTpuye
CKON npoHuuaemocTbio €=4,0. HailTu npupalyeHne ee AAnHbI
BOJHbI.

4.219. Tnockas 3feKTpoOMarHWTHas BOJIHA MajaeT HopMasb-
HO Ha MOBEPXHOCTb MJIOCKOMapaniesibHoro cfiosa TOMWMHbI [
M3 HEMarHWTHOrO BeLLecTBa, AM3NeKTpUYeckas NPOHMLAEMOCTb
KOTOPOro 3KCMOHeHUWanbHO Majaet OT 3HAYEHUA e, Ha nepef-
Heli MOBEPXHOCTM [0 e, Ha 3aAHeil. HaliTu Bpema pacnpocTpaHe-
HWA [aHHON (basbl BOJHbI Yepes 3TOT C/ON.

4.220. Tnockas 3/MEKTPOMarHMTHas BOSIHA C 4acTOTON V=
= 10 MIy pacnpocTpaHseTcd B cnabo NpoBOAALERn cpefe
C YAenbHOW NpoBOAMMOCTbI0 0=10 MCM/M ¥ AN3IEKTPUYECKOIA
MPOHULAEMOCTbIO €=9. HailTu OTHOLEHNe aMnAWUTYy[h MNI0THO-
cTeli TOKOB MPOBOAVMMOCTM W CMELLEeHUS.

4.221. Tlnockas afnekTpomarHuTHas BonHa £=£,,005(0)/—
— KI) pacnpocTpaHseTcd B Bakyyme. CuuTas BekTopbl Ef u K
M3BECTHbIMM, HaliTW BeKTOp H Kak (yHKLMIO BpemMeHU t B TOUKe
C paguyc-sektopom r=0.

4.222. B Bakyyme pacnpocTpaHfieTcd nNjaocKas 3/1eKTpo-
MarHuTHasi BonHa E=eyE, cos((o/—kx), rae e, — opT ocu Y,
Euw—160 B/m, fe=0,51 m-1. Haiitn BekTOop H B TOYKe C KoOp-
AMHaTOl X=7,7 M B MOMEHT:

a) /=0; 6) /=33 He.

4.223. Wcxoga v3 ypaBHeHwii Makcsenna, nokasaTb, 4TO
ONA NNOCKOW 31eKTPOMArHUTHOW BOJIHbI, PacnpoCTpaHsIoLLeit-
CA B BaKyyme B Harpas/IeHMM OCWU X, CMpaBe/iMBbl COOTHOLLE-
HUs (4.4B).

4.224. Haintn cpepHuii Bektop [oliHTMHra (S) y MAoCKoi
3NeKTPOMarHMTHOW BonHbl E= Ee cos((i))—kr), ecnu BonHa
pacnpocTpaHsAeTCcs B BaKyyMme.

4.225. B Bakyyme pacnpocTpaHfeTcs njockas 3/eKTpomar-
HWTHas BOSIHA, 4acToTa KoTopoi v=100 MIy u amnantypga
aNeKTpuyeckoin coctasnstoweinn £3=50 mB/m. Halitu cpegHue
3a Mepuog KonebaHus 3HayeHus:

a) MOAyNs NOTHOCTU TOKA CMELLEeHWUs;

6) MIOTHOCTM MOTOKa 3HEPruw.
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4.226. B BakyymMe pacrnpoCTpaHAaeTca Mnjaockas 3/1eKTpomar-
HWTHad BOJIHA YacTOTbl LI, AN KOTOPOW CpeAHee 3HAuYeHue
MAOTHOCTM MOTOKa 3Heprum pasHo (S). HaiiTm amnauTygHoe
3Ha4yeHMe TOKa CMELLEHNs B 3TOI BOSHE.

4.227. B BaKyyme BAO/Ib OCM X pacnpocTpaHaloTcA [Be
MOCKNe OfMHAKOBO MONAPWU30BAHHbIE 3N1EKTPOMArHUTHbIE BaH-
Hbl, 3/1eKTPUYECKMEe COCTaB/AIOLIME KOTOPbIX W3MEHANOTCA MO
3aKOHY

E, ~ E Ocos («o/—kx) un E, = E,,cos(<o/ —ix + <).

HaiiTn cpefHee 3HauyeHWe MNNOTHOCTU MOTOKA 3HEPrUW.
4.228. B BaKyyme pacnpocTpaHAlTCa fABe MNOCKUe 3M1eKT-
pOMarHWTHble BOMHbLI, OfHa BAOMb OCK X, Apyras BAOMb OCU V:

E, = E,cos (at —kx), E,= E,cos (<« —Kky),

roe Bektop EO HanpaaneH napannenbHo ocu I. Haiitu cpegHee
3HauyeHWe MNOTHOCTM MOTOKA 3HEPrMM B TOYKAX MIOCKOCTU
=X.

Y 4.229. LWap pagmyca R=50 cM Haxogutcs B HeMarHUTHOW
cpege C [OM3NEeKTPUYeCKO npoHuuaemoctbio e=4,0. B cpege
pacnpocTpaHaeTcs MNiocKas 3/eKTpOMarHMTHasa BaTHa, ANUHa
KOTOpOiA M aMnanTyfda 31eKTPUYECKON cocTaaTstoLlei
£,=200 B/m. Kakasa 3Heprus najaet Ha Llap 3a Bpems /=
=10 mMuH?

4.230. B BakyymMe B HampaBsfieHUW OCW X YCTaHOBW/ACb
CTOAYasA 3NEeKTPOMArHWTHas BOJIHA, 3/1eKTPUYecKas COCTaB-
nawowas kotopoin E=E,cosfct-cos<i>/. HailTu mMarHuTHyto
COCTaBNALWYI0 BOMHbI B(X, /). N306pa3nTb NpUMepHy0 KapTu-
Hy pacnpefeneHns 3MeKTPUYECKON W MarHWTHOW COCTaBAsto-
wux BosHbl (E n B) B MOMeHTbl t=0 n t=TI14, rae T — nepuopg
KonebaHuid.

4.231. B BaKyyme BaTb OCM X YCTaHOBMW/ACb CTOAYASA 3NEKT-
pomarHuTHas Bawa E= Ee MsAx‘@So>. HailTn x-npoekunto
BekTopa lMoiHTUHra Sx(X, t) 1 ee cpegHee 3a nepuof Kateba-
HUIA 3HaueHue.

4.232. TnocKniAi BO3AYLUHBIA KOHAEHCAToOp, 06KMagKu KOTo-
poro umeroT (opMmy [AMCKOB paguyca /?=6,0 cM, NOAKIOYeH
K TMEepemMeHHOMY CWUHYCOUAaNbHOMY  HampsHXXeHU YacToTbl
<w>=1000 ¢ 'L HaiiTu OTHOWeHWe aMNIUTYAHbIX 3HAYEHWUIA mar-
HUTHOW 1 3MEKTPUYECKON 3HEPruii BHYTPU KOHAeHcaTopa.

4.233. TlepeMeHHbIn CMHYCcOUZanbHbIA TOK 4YacTOTbl (0=
= 1000 c-1 TeyeT Mo 06MOTKe NPAMOro coseHoupa, paguyc ce-
YyeHust kotoporo R=6,0 cM. HaiiTn OTHOWEHME aMNANTYLHbIX
3HAYEHUIA 3MEKTPUYECKON WM MAarHWTHOM 3HEPruii BHYTPU coje-
Houga.
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4.234. TINOCKMIA KOHAEHCATOP C KPYrAbIMU napannefibHbIMu
nnacTMHamn Mef/IeHHO 3aps>KatoT. [loKasaTb, 4TO MOTOK Bek
Topa [oliHTMHra 4epe3 GOKOBYH MOBEPXHOCTb KOHAEHcaTopa
paBeH MpupaLleHno 3Heprun KoHAeHcaTopa 3a efuHuly Bpe-
MeHW. PaccesiHMeM Nons Ha Kpasx npu pacuyeTe rnpeHebpeyb

4.235. Tlo npamMomy MPOBOAHUKY KPYTF10ro CeyeHWs TeuyeT
MOCTOAHHBIA Tok /. HainTm noTtok BekTopa [MoWHTWHra uyepes
OOKOBYIO MOBEPXHOCTb Yy4YacTKa [aHHOro MNPOBOAHMKA, WMED
Lwero conpoTtusneHve R.

4.236. HepenATUBMCTCKHE MPOTOHbI, YCKOPeHHble pas-
HOCTblO noTeHumanos U, 06pasyloT NyyoK KPYyrfioro ceyeHus
c Tokom /. Haitn mogynb n HanpasneHue sekTtopa MMoiHTWMHra
BHe Ny4ykKa Ha pacCTOAHWW T OT ero OcCw.

4.237. Tok, MpoTekawowwmii No 06OMOTKE A/IMHHOTO MPSIMOro
coneHonpa, [OCTATOYHO MefneHHO YyBenuuyueatoT. [loKasathb,

YTO CKOPOCTb BO3pacTaHUs 3Heprum

1 ( c MarHMTHOro nons B COJIEHOMAE pas-

, *: Ha NoToKy BekTopa [MoiHTUHra Yepes
————ee- * B—<T ero 60KOBYH MOBEPXHOCTb.

pvc 440 4.238. Ha pwuc. 4.40 nokasaH

Y4YacTOK [BYXNPOBOAHOM NNMHWUW nepe-

[layn  NOCTOSAHHOro TOKa, Hanpas/ieHWe KOTOPOro OTMEYeHO

cTpenkaMu. Vimes B Bufy, 4TO MOTeHUMan <p,>g>i, YycTaHo-

BUTb C MOMOLUbI BekTOopa [lOMHTWHra, rAae HaxoguTcs reHe-

patop Toka (cnesa, cnpasa?).

4.239. OHeprua oT MCTOYHMKA MOCTOAHHOIO HanpsXeHus
U nepepaetcs K notpebutento Mo AANHHOMY MNPAMOMY KOak-
cnanbHoMy Kabeno ¢ NpeHebpeXnMo MabiM aKTUBHBIM COMpo-
TuBNeHueM. MoTpebnsemblli TOK paBeH /. HaiiTn noToK aHepruu
yepes MonepeyHoe ceyeHne Kabens. BHewHas nposogswas 06o-
noyka kabens npegnonaraeTcs TOHKOCTEHHOW.

4.240. TeHepaTop nepemeHHoro Hanpsbkenus U=Ut cos cof
nepegaeT 3HEPrui MNOTpebuTento Mno A/IMHHOMY NpPSAMOMY KO-
aKCMasibHOMY Kabe/to ¢ NpeHebpeXXMmMo MasibiM aKTUBHBLIM CO-
NpoTMBAeHNEM. TOK B LIENN MeHAETCA Mo 3aKOHY /=/*cos(co/—
—). HaiiTu cpegHuid No BpeMeHK MOTOK 3HEPruM Yepe3 nonepeu-
Hoe ceuyeHue Kabens. BHewHA 060104Ka Kabens TOHKOCTEHHas.

4.241. TlokasaTb, YTO Ha rpaHuue pasfefna LBYX Cpep HoOp-
ManbHble cocTaBnsAolme BekTopa MoMHTUHIA He TepnAT paspbl-
Ba, T.e. S,,=Sfn.

4.242. Vicxofgst U8 OCHOBHbIX YPaBHEHWIA [BYXMPOBOAHON
NMHWK (4.4e), NokaBaTb, 4TO:

a) HanpsXXeHne U TOK pacrnpoCTPaHATCA BAO/Mb JIMHUI
B BUZE BOJSIHbI CO CKOpOCThIO y=1Y liC;-,
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6) BOMHOBOE conpoTuBneHne nnHum p = K LJCT

4.243. BaTHOBOe COMpPOTMB/IEHUE KOAKCUA/IbHOTO Kabens
(6e3 notepb) p=60 O M, MPOCTPAHCTBO MEXAY BHELUHUM W BHYT-
PEHHUM MPOBOAHMKAMMW 3aMOSIHEHO AWM3NEKTPUKOM C MPOHU-
uaemocTbto €=4,0. HailTu MHAYKTMBHOCTb M €MKOCTb eAMHWLI
NVHBIL Kabens.

4.244. OnpefennTb BOMIHOBOE COMPOTWBIIEHME p:

a) ABYXMPOBOAHOW NMHUKM 6e3 noTepb, NpoBofa KOTOPOI
WUMEIT pagMyc a W paccTosiHMe Mexgay ocsamu b, ecnu b»a;

6) KoakcuanbHOro Kabens 6e3 notepb, pagnyc BHYTPEHHErO
MpoBoAa KOTOPOro a W BHYTPEHHWUIA paguyc BHELUHEro LUWANHA-
puuyeckoro npoeofHMKa b, cumtas e=1.

4.245. HaiiTm ¢ nomowbto ypaBHeHuii (4.4e) pacnpegene-
Hve Toka / (X, O B BYXMPOBOAHOM NNHWU, BAOMb KOTOPOI ycTa-
HOBW/IOCb  pacnpefefieHVe HanpskeHwidi no 3akoHy U—
—Umcoskx-cos(>)t, ecnu BONHOBOE COMPOTUBMEHME NMHUW paB-
HO p.

4.246. HaiiTu ¢ nomoLlblo ypaBHeHU (4.4e) 3aKOH pacrnpe-
JeneHus amnauTyg HanpsbkeHuii Um(X) m Tokos 1,,(X) npw
HanMMuMn COBCTBEHHbIX KonebaHuii B [ABYXMPOBOAHON NMHWK
OMHBL /, Y KOTOPOIA:

a) KOHUbl C 06emx CTOPOH Pa3’OMKHYTbI;

6) KOHUbI C 06enx CTOPOH 3aMKHYTbI;

B) fleBble KOHLbl IMHUW 3aMKHYTbIl, NpaBble — PasOMKHYTbI.

4.247. Haintn gnvHy / BO34YLUHOW ABYXMPOBOAHON /IMHMMK,
KOHLbl KOTOPOW 3aMKHYTbI C 061X CTOPOH, €CNIM PE30HAHC B /in-
HUM HacTynaeT npu ABYX MNOcfefoBaTeflbHbIX 4YacToTax V,=
=3,0 Ml'y n v,=4,5 Mlu,

4.248. [lokasaTb, 4YTO Y 3aMKHYTOI CUCTEMbI 3apsSXKEHHbIX
HEPeNATUBUCTCKUX YacTUL, C OAUHAKOBbIM YAEeMbHbIM 3apsaoM
OMNOMbHOE W3NyYeHWe OTCYTCTBYET.

4.249. HaiiTn cpefHIO MOLLHOCTb W3/TyYEHUS 3MEKTPOHA,
COBEPLUAIOLLEr0 FapMOHMYECKMe KonebaHWa ¢ aMnanTy4ow
8=0,10 HM u vacToTOM ®©=6,5-10% c-1.

4.250. HainTM MOWHOCTb M3NYYEHUS HepensaTUBHCTCKON
4acTWUbl C 3apAAOM € M Maccoid T, [ABMXYLLEACS MO KPyrosol
opbute paguyca R B Mone HeNoOABMXKHOIO TOYEYHOTO 3apsaga .

4.251. HepenatuBUCTCKWIA NPOTOH B/ETeN MO HOPMaU
B MONYMPOCTPAHCTBO C rMOMepeyHbIM OAHOPOAHLIM MarHUTHLIM
noneM, WHAyKums Kotoporo B= 1,0 Tn. HaliTh OTHOLIEHMWE
3HEPrumn, MOTEPSHHOW MPOTOHOM Ha M3/yYeHWe 3a Bpems [BU-
XXEHUA B MOMe, K ero nepBoHavaibHOW KUHETUYECKOW 3Heprum.

4.252. HepenATnBUCTCKAA 3apsXXeHHas 4acTuua ABUKETCH
B MOMepeyHoOM OLHOPOAHOM MarHMTHOM Mofie C MHAYKumein B.
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HaliTu 3akOH yObiBaHMS (32 CYET W3MYYEHUS)) KUHETUYECKON
3Heprun yactumbl 80 BpemMeHW. Yepe3 CKOMbKO BpemeHW ee
KWHeTMYecKas 3Heprua ymeHbllaeTcs B e pa3? BblumciuTb 3To
BpeMA NS 3N1eKTPOHa U MPOTOHa.

4.253. 3apsixxeHHas YacTuua ABMXETCA BLOMb OCK Y MO 3a-
KOHY y=a c0s0>*. a ToOYKa HabntofeHus P HaxoguTca Ha Ocu X
Ha paccTosHuu | oT yacTuybl (/»a). HaiiTu oTHOWeHWe nnoT-
HOCTell MOTOKa 3/1IeKTPOMarHMTHOro u3nyueHus St/St B Touke
P B MomeHTbl, korfa koopguHata uvactuubl y,=0 n yt=a
BbluncnnTb 3TO OTHOLWEHMe, ecnin w=3,3>10* c-1 1 /=190 ™

4.254. B HanpaBneHWW MaKCUManbHOro W3NyyYeHUsa Ha
pacctoaHun r,*=10 M OT 3/IeMeHTapHOro Aunons (BOSHOBasA
30Ha) amnauMT'la  HanpsXXeHHOCTU  3/IEKTPUYECKOro  nons
£,=6 B/m. HaliT” cpefHee 3HayeHMe MAOTHOCTU NOTOKa 3Hep-
rMM Ha pacctosHuy 20 M OT AMNONSA B HaNpaB/EHUN, COCTaB-
naowem yron {>=30° ¢ ero ocblo.

4.255. OnekTPomarHuTHaa BaHHa, M3/y4vaemas 3/eMeHTap-
HbIM UMOJIEM, PAcrpoCTpPaHAeTCA B BaKyyme Tak, 4To B BOJI-
HOBOW 30HE Ha -Tyde, MepneHAWKYNAPHOM K OCM AUNONS, Ha
pacctosHuu 1 OT Hero, cpeAHee 3HayeHWe MNOTHOCTU MOTOKa
3HEPrM paBHOro- HaiTn CpefHo MOLWHOCTb M3NYUYeHUs AU-
nons.

4.256. Cped,a9 MOLWLHOCTb, M3/y4vaemasd 3/eMeHTapHbIM
Avnonem, paBHa P* HaliTH cpejHiol0 06BEMHYIO MJIOTHOCTb
3Heprun 3NeKTPOMAarHMTHOINO MNofis B BakKyyme B BOJIHOBOW
30He Ha Nlydye, MeprneHAVKYNAPHOM K OCW LMNONA, HA paccTos-
HUW T OT Hero.

4.257. TIXIT°iHHBIA N° MOAYNIO 9NMEKTPUYeCKUi  AUMonb
C MOMEHTOM P 3paLlatoT C MOCTOAHHOW YrfI0BOW CKOPOCTbIO @
BOKPYT OCW, MepneHAVKYNAPHOA K Ocy AWMONS U MPOXOAALLEN
uepe3 ero cepedHY- HaliT MOWHOCTb WM3NYYeHWUA TaKoro Au-
nons.

4.258. CunTad, 4To YacTuua uMmeeT ¢opmy Llapuka K no-
rN0WaeT BeCb Paferolyili Ha Hee CBET, HAMTW paguyc YacTuubl,
npu KOTOPOM [PaBHTAMHOHHOE NpUTSXXeHWe ee K ConHuy 6y-
[eT KOMNeHCUpoBaThbCs CUMOol CBETOBOrO AasieHus. MOLHOCTb
CBeTOBOro usnyyeHus ConHua P =4 -10** BT, NJ0THOCTb YacTu-
ubl p=1,0 ricm-



YacTtb 5

OMNTUKA

5.1. doTOMeTpUA M reoMeTpuyeckKas ONnTukKa

( KpuBas oTHocUTeNbHOW CMeKTpanbHOW UyBCTBUTENbHOCTM Ffasa
V (K) nokasaHa Ha puc. 5.1.

445  (fi0O 055 0,60 0,65 070 A.mrt
Puc. 5.1

¢ Cwuna ceeta / n ocseweHHocTb E:

I =do/n2, £ = admy<is. (5.1a)
( OcBeuweHHOCTb, CO3AaBaeMasi TOUEUHLIM M30TPOMHbLIM  UCTOYHUKOM:
£ = (/lm*)cos a, (5.16)

rge a—yron wmexay HopManbd K MOBEPXHOCTW W HanpaB/eHWEM Ha

VICTOYHUK.
e CsetumocTs M u sipkocTb L:

do
Moods ot L- dQ AS cos d ' (5.18)

¢ CseTumocTb A1 NamMGepTOBCKOr0 WCTOYHMKA:

M =nL. (5.17)
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@ CasAsb Mexay npenomasiowmum yrnom 0 npuambl U yriom a Hav
MEHbLLEro OTK/NOHEHMS:

sin [(0-f 0)/2] = nsin (0/2), (51p4)
rae a—nokasatenb NPefoMAeHNs MNpu3Mbl.
® dopmyna chepuyeckoro 3epkana:
I/s'+ ls= 2/1?, (5.1¢)

rie R —paguyc KpuBM3HbI 3epkana.

(¢ ®opmynbl LEHTPUPOBaHHOK ONTMYecKoii cucTemsl (puc. 5.2):
A —nf5= o, fUs'+fls~* 1, *x'=/[. (5.1K)

¢ CooTHoweHUs Mexay HOKYCHbIMU PAacCOSHHAMH W ONTUYECKOI
CUNOIA:

M*=n'/®, f» —n/®, f'/f=—n'In (5.13)
( OnTnueckas cuna cdepuyeckoii Npenomnsiolleii NOBEPXHOCTU:
D Na't-a)l#. (5.1n)

¢ OnTuueckas cuna TOHKOW NUH3bI B cpefie C NokasaTeneM Mpenaom
nenns no:
$ = (7 —n0) (1/1,— l/flY), (5.1K)
rge s—nokKasaTenb MPeoMNEHNUs NUH3bI.
¢ OnTuyeckas cuna TONCTOl
NNH3bI TONWUHLI d:

d= 0, + ox—(din) d,®,. (5.1n)

dT1a dQopmyna cnpasegnvea u  And
CUCTEMbI U3 [BYX TOHKUX /INH3, MeX
puc 53 [y KOTOpbIMM Haxo4uTca cpefa C
rnokasaTenem npesoMieHuns 1.
¢ TnasHble nnockoctu H n H' otcTosT oT BepwuH O u O' moBepx-
HOCTel TONCTOW NUH3bI (pno. 5.3) Ha paccToAHMAX:

X)) o, /b, X'=— (4/2)0,/d. (5.1m)
(b YBenuueHue onTuueckoro npubopa:
= tg 'NIB ¢. (6.1H;
224



rge i> n 4>—yrnoeble pasmepbl npeameta npu HabnwieHWW 4Yepes npu-
6op n 6e3 Hero (B ciyyae Nynbl U MUKpoOcKona Yyron COOTBETCTBYET
HabNIOAEHNI0 Ha PacCTOAHWM Hawunydwero 3peHus /,, = 25 cm).

5.1. HaiAiTy ¢ NOMOLLUBH KPMBOI OTHOCUTENbHOW CNEKTpab-
HO 4yBCTBUTENILHOCTU rnasa (cm. puc. 5.1):

a) MOTOK 3Hepruu, COOTBETCTBYIOLMIA CBETOBOMY MOTOKY
1 1,0 iM ¢ agnvMHoi BonHbl 0,51 1 0,64 MKM;

6) CBETOBOW MOTOK, MPUXOAALLMIACA Ha MHTEpBas AJINH BOJH
oT 0,58 go 0,63 MKM, ecnu COOTBETCTBYHOLIMIA MOTOK 3HEPTMM
®,=4,5 mMBT, npuuyem nocnegHuii pacnpegenieH paBHOMEPHO
Mo BCEM [/IMHAM BOJIH 3TOro MHTepsana. CuymTarb, YTO B JaHHOM
CMeKTpaibHOM UHTepBane yHKuMA V(A) 3aBUCWT JIMHEAHO OT
O/ MHBI BOJTHBI.

5.2. TouyeuHblli M30TPOMHbLIA MUCTOYHUK MCMYCKAeT CBETOBOWA
notok ® = 10 nv ¢ AnuHoi BonHbl A4=0,59 mMkm. Haitn amnnu-
TYLHble 3HAYeHWs HAaNPSXEHHOCTel 3NeKTPUYECKOro u mar-
HWUTHOIO MOJIei 3TOr0 CBETOBOrO MOTOKA Ha pacCcTofHuM r=1,0m
OT MUCTOYHMKA. Bocnosb3oBatbecs pH. 5.1.

5.3. HaiiTn cBeTOBYHO 3HEPrui0, KOTOpas MajaeT Ha NaaHeTy
3a nepuof ee obpawleHns Bokpyr ConHua (no BbITAHYTOMY 31-
nuncey), ecnn ceetosas MowHocTb ConHua P, niowaib ceyeHus
nnaHeTbl 5 1 B MOMEHT, KOrfa rnnaaHeta HaxoAWTCA Ha MUHUMaNb-
HOM paccTofHuu T,, oT CofHua, ee CKopocTb paBHa WO.

5.4. HainTn cpefHIO0 OCBELLEHHOCTb 06/1y4aeMoli YacTu He-
Mpo3payHoii cepbl, €CAN Ha Hee MajaeT:

a) napannenbHbIi CBETOBOM MOTOK, CO3[4alOlinMii B TOYKe
HOPMa/IbHOr0 NajeHns ocBeLleHHOCTb EOQ;

6) cBeT OT TOYEYHOro M30TPOMHOIO WUCTOYHWMKAE, Haxogslle-
rocs Ha pacctosHuy /=100 cm OT uUeHTpa ciepbl; paguyc cde-
pbl R—60 cm 1 cuna ceeta /=36 Ka.

5.5. OnpegennTbL CBETUMOCTb MOBEPXHOCTU, APKOCTb KOTO-
poii 3aBUCMT OT HanpaeneHus no 3akoHy L=L0cosb, roe $—
Yron Mexpy HaripaBfieHMeM W3NYYEHUS Y HOPMasblo K NMOBEpPX-
HOCTW.

5.6. HekoTopas CBeTALWLAACA MOBEPXHOCTb MO4UYMHAETCA
3aKkoHy JlambepTa. Ee ApkocTb paBHa L. Haiitu:

a) CBETOBOW MOTOK, W3My4vaemblii sneMeHToM &S 3Toli no-
BEPXHOCTM BHYTPb KOHYCa, OCb KOTOPOro HOpManbHa K AaHHo-
My 93/IeMeHTYy, ecnu Yros nojsypacTsopa KOHyca paBeH [;

6) CBETMMOCTb TAKOr0 UCTOYHUKA.

5.7. Hap ueHTpom Kpyrnoro crona paguyca /?= 1,0 m noa-
BelleH HeGOoMbLLIOM CBETU/IbHUK B BUAE NIOCKOr0 rOpuU30HTasb-
Horo gmcka nnowaasto 5=100 cmr. ApKOCTb CBETUNLHUKA He
3aBMCUT OT HanpasieHus u paBHa L= 1,6-104 kg/m*. Ha kakoli
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BbICOTE OT MOBEPXHOCTW CTOMa HALO MOMECTUTb CBETUJIbHUK,
YTOObl OCBELLEHHOCTb MeputepuitHbIX ToYeK cTona 6blia mMak-
cumanbHon? KakoBa 6yfeT 3Ta OCBELEHHOCTb?

5.8. Ha Bbicote /1=1,0 M Hapg LEHTPOM KPYrnaoro crona pa-
guyca /?=1,0 M nogBelleH TOYeYHbI WCTOYHWMK, Cua CBeTa
KoToporo | TakK 3aBWCMT OT HaMnpas/ieHWs, 4YTO OCBELLEHHOCTb
BCEX TOYEK CTONa OKa3blBaeTCA PaBHOMEpHOW. Haitn Bug
tyHKummn 1(b), rge 0 — yron mexay HanpaBjeHUEM W3/yYeHUs
1 BEPTUKaNblO, a TaKXKe CBETOBOW MOTOK, MafaloLiMii Ha CTon,
ecim / (0)=/»= 100 kg,

5.9. BepTukanbHbIil y4 MpPOeKTOpa OCBELLAET LEHTP NOTOS-
Ka Kpyrnoi komHatbl pagnyca R=2,0 m. Mpu 3TOM Ha NOTO/NKe
obpasyetca HebonbLIOW 3aiiunk nuowagbto S=100 cm*. Ocse-
WweHHocTb 3aiiumka £=1000 nk. KoagduumneHT oTpaxeHus
notonka p=0,80. HaiiTu HanbOMbLUYI OCBELLEHHOCTb CTEHbI,
C03[aBaeMyt0 CBETOM, OTPaXeHHbIM OT noTosKa. CyuTaTbh, 4TO
OTpaXKeHWe MPOUCXOAUT MO 3aKoHy JlambepTa.

5.10. PaBHOMEPHO CBETAWMIACA KynaT, WMEKLWMA BUA
nofiycthepbl, OMMPaeTcs Ha TOPU3OHTaNIbHYIO MOBEPXHOCTb.
OnpegenuTb OCBELLEHHOCTb B LIEHTPe 3TOM MOBEPXHOCTM, ecnu
APKOCTb Kynona paBHa L u He 3aBMCUT OT HanpaBneHus.

5.11. /lambepTOBCKMIA WCTOUHWK WMeEeT BUA BGECKOHEeYHO
nnockoct. Ero sApkocTb paBHa L. HaliTu 0OCBelleHHOCTb
NNoLWagKkn, pacrnofoXeHHON napannefbHO [AHHOMY  WCTOY-
HUKY.

5.12. Hap cTo/OM HaxoauTcs CBETUNbHUK — MAOCKUA rO-
pV30HTaNbHbIA AucK paguyca R =25 cm. PaccTosiHMe OT Hero
no nosepxHocTn ctona h=75 cMm. OcBeleHHOCTb CTONa Mof
LeHTpoM cBeTuNbHMKA £,=70 nK. HaiThm cBETMMOCTb 3TOrO
NCTOYHMKA, CUMTAs ero lamb6epTOBCKUM.

5.13. HebonblIOi CBETUNBHUK, WMMEHLWWA BUA PaBHOMEPHO
ceeTAleiica cepbl pagnyca R=6,0 cm, HaxoguTca Ha pac-
cTosHmnm h=3,0 M oT naTta. ApKocTb cBeTWNbHMKA L=2,0x
X104 KO/M* 1 He 3aBUCWUT OT HanpasfieHns. HaiTn ocBeLyeH-
HOCTb MOMa HenocpeACTBEHHO MO CBETUIbHUKOM.

5.14. 3anucatb B BEKTOPHOM BWfe 3aKOH OTpPaXeHWs CBETO-
BOr0 /lyya OT 3epKana — Yepe3 Hanpasnswoline opTbl e u €'
NajatoLLero U OTPKEHHOro flyyeid U OpT N BHELUHEA HopMaau
K MOBEPXHOCTU 3epKana.

5.15. MNokasaTb, 4YTO Nlyy CBeTa, Moc/eAoBaTensHO 0TpasnBs-
LUNIACA OT TPex B3avMHO NeprneHAUKYNAPHbIX MAOCKUX 3epKan,
M3MEHUT CBOE HanpasfeHWe Ha MPAMO MPOTMBOMOJIOXKHOE.

5.16. Npn Kakom 3HayYeHUW yrna nageHuns B, Ny4, OTPaXKeH-
Hblli OT NOBEPXHOCTW BOAbl, GyfeT MeprneHANKYNApPeH K Mpenom-
NEHHoMY nyuy?
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5.17. VimetoTcsa ABe OMTMYECKMe cpeflbl C MNOCKOIM rpaHuuel
pasgena. [ycTb Alp— npefenbHbIA  yron nafgeHus nyua,
a — yron nageHus, nNpu KOTOPOM MPefOM/EHHbIA Nyy nep-
MeHOUKYNAPeH K OTpPaXKeHHOMY (npegnonaraetcs, 4TO nyd
MOeT 13 ONTUYeckn 6onee MAOTHOW cpefdbl). HainTu oTHOCKMTENb-
HbIiA NOKa3aTenb NpefomaeHnsa aTux cpeq, ecnu sin ft,np/sin 0i=
=4 =128

5.18. Jlyu cBeTa najaeT Ha MaoCKonapanieslbHy CTeK/SAH-
HYl0 MnacTuHy TonwmHoi d=6,0 cm. Yron nageHus 0=60°.
HaiiT BennuuHy CMeLLeHWs fyva, NPOLUeALIero 4epes 3Ty
NNacTUHYy.

5.19. Ha kpato 6acceiiHa CTOMT 4enoBeK M Habnwogaet Ka-
MeHb, nexawmii Ha gHe. Fny6uHa 6acceiiHa h. Ha kakom pac-
CTOSIHAU OT TMOBEPXHOCTU BOAblI BUAHO M300paXKeHWe KaMHS,
€CNV NyY 3PEHUS COCTaB/IAET C HOPMa/bi0 K MOBEPXHOCTW BOAb
yron &

5.20. lMNoka3aTb, YTO NPV MpesioM/IeHNN B MPU3ME C MasbIM
npenoMnsowmm yrnom 0 nyd oTKAoHsSeTca Ha yron a» (n—1)0
HE3aBMUCMMO OT yrfia MafeHus, eciu MOoCNefHuid Takxe
mau1.

5.21. Jlyy cBeTa NPOXOAMT Yepes Mpu3my C NPeioMNAoLLUM
yrnom O n nokasatenem npenomneHmsa n. llyctb a — yron
OTK/IOHeHMsA ny4a. [lokas3aTb, YTO NPU CUMMETPUYHOM XOfe
nyya 4yepes npusmy:

a) yron a MUWHWManeH;

6) cBA3b Mmexagy yrnamu a u 0 onpegensercs (opmynoi
(5.14).

5.22. na HeKoTOpOli CTEKMSAHHON MNPU3Mbl YIOn HaMMeHb-
LLero OTK/NOHEHUS flyya paBeH NPEenoMsAIoLWEMY YIay NpU3Mbl.
Halitn nocnegHwii.

5.23. Haiitn npegenbl, B KOTOPbIX MOXET MEHATbCA Yron
OTKNOHEHWS flyya nNpu  MPOXOXAEHUWN CTEKNSHHOW NpU3Mb
c npenomnsowmm yrnom 0=60°

5.24. TpexrpaHHaa npusma c npenomnsowmm yrnom 60°
[AeT Yron HavMMeHbLUEro OTK/IOHeHMs B Bo3gyxe 37°. Kakoli
Yyrofil HauMMeHbLUero OTKIOHEHMA AacT 3Ta npusma B BoAe?

5.25. Jlyy cBeTa, cofepXawuini gBe MOHOXPOMaTM4YECKMe
COCTaB/IAOLWMe, MPOXOAUT Yepe3 TpPexrpaHHy Mnpusmy ¢ npe-
nomnsawowmm  yrnom 0=60°. Onpegenuts yron [a wexay
06eyMy COCTaBNAOLWMMHY Nlyya nocsie NpusMbl, ecny nokasatenu
npenomaeHnsa ansg Hux pasHbl 1,515 n 1,520 v npm3ma opueH-
TMPOBaHA Ha Yrojl HaMMEHbLUEro OTKIOHEHUS

5.26. BbiBeCTU C MoMoLLbO NpuHUmMna depma 3aKOHbI 0Tpa-
XEeHWUs W NPenoMieHns CBeTa Ha MIO0CKOM rpaHuue pasgena
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5.27. Haiitn nocTpoeHuem;

a) XO4 Ny4ya nocfe OTPAXEHUS B BOFHYTOM W BbIMYK/IOM
cpepuuecknx 3epkanax (puc. 5.4, rge F — gokyc, OO —
onTMYecKas ocb);

6)  MonoxeHwe 3epkana v ero okyca AN CMy4aes, MOKa3aH-
HbIX Ha puc. 5.5, rge P n P' — conpshXeHHble TOUKU

P’ »P

P\
0] (@] 0 o

Puc. 5.8

5.28. OnpegennTb POKYCHOe PacCTOsHWE BOrHYTOro 3epka-
na, ecmu:

a) MpU paccTosHUWM Mexay npeaMeTaM W U300paxeHuem
/=15 cm nonepeyHoe yBenuyeHune 0=—2[);

6) Mpu OQHOM MOMOXKEeHWW npeaMeTa MomnepeyHoe yBennye-
Hve p,=—0,50, a npu ApPYyrom MONOXKEHNN, CMELLEHHOM OTHO-
CUTE/IbHO MepBOro Ha paccrtosHue /=5,0 em, nonepeyHoe yBe-
nnyeHue p,=—0,25.

5.29. TouYeuHbIn UCTOYHMK, CUMa CBeTa KoToporo /#=100 Ka,
nomeLleH Ha pacctosHum s=20,0 cM OT BepLUMHbLI BOTHYTOrO
3epkana C (OKyCHbIM paccTosiHuem /=26,0 em. OnpeaenuTb
CUNy CBEeTa B OTPAXKEHHOM MYYKe, eCv KOIPMUUMEHT oTpaxe-
Hua 3epkana p=0,80.

5.30. BbiBecTM 0 nomolwbio npuHuuMna Pdepma opmyny
MpenomMaeHns napakcuanbHbIX Ny4Yeil Ha cPepuyeckoin nosepx-
HOCTU pagmyca R, pasgensioweid cpedbl C nokasatensMu npe-
noMneHns N w n'.

5.31. Jlyu cBeTa najiaeT U3 BoaZyxa He Chepuyeckyro no-
BEpXHOCTb cTekna (puc. 5.6, @, rge To4Kamu OTMEYeHbl Moso-
XeHus (okycoB). HaiTu nocTpoeHnem XOfA NPenoMIEHHOro
nyya.

5.32. MapannenbHblii My4YOK cBeTa MajaeT M3 BaKyyma Ha
MOBEPXHOCTb, KOTOpas OrpaHuWymBaeT 06NacTb C Mokasartesem
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npenomnenns N (puc. 3.6, 6). HaiAiTn topmy sToii NOBepXHO-
CTM — ypaBHeHue X(r), Npu KOTOpoi ny4yoK GyAeT ChoKycupo-
BaH B Touke F Ha paccTosiHum / ot BepwmHbl O. My4YoK Kakoro
MaKCUMa/IbHOro pagmyca CeYeHUs MOXEeT GbiTb CPOKYCUPOBaH?

-— y? /'l

\y y In
n*'/l-
hiy "/
110y,
“) 6)

Puc. 5.6

5.33. ToYeuHbIii MCTOUYHUK PacrofioXeH Ha paccTosiHum 20 cm
OT nepefHeil MOBEPXHOCTU CTEKASHHON CUMMETPUYHOW ABOSIKO-
BbINYKIOW NNH3bI. TOMWMHA MH3bI 5,0 CM, pagnyo KpUBU3HBI
nosepxHocTeir 5,0 cM. Ha KakoM pacCcTOsSiHUM OT 3afHei no-
BEPXHOCTU 3TOW NMH3blI 06pasyeTca n306pakKeHne UCTOYHUKA?

5.34. Mepef BbINYKNOA NOBEPXHOCTHbIO CTEKASHHON BbIMYK-
NO-NMOCKOW fINH3bI TOoMWMHbl d=9,0 cM HaxogMTCA MpeaMeT.
V306paxkeHne 3Toro npegmeta obpasyeTca Ha MAOCKOW MOBEpPX-
HOCTW JINH3bl, KOTOPas CAYXWUT 3KpaHoM. Onpeaenutb:

a) MOMepeyHoe YBe/IMYeHne, ecnv pagnyc KpuUBU3HbI BbIMyK-
/IO NOBEPXHOCTU NWH3bI /?7=m2.5 cwm;

6) OCBeleHHOCTb W306paxKeHns, ecnn ApPKOCTb MNpegmeTta
L—7700 kg/M* n gnameTp BXOAHOro OTBEPCTMSA BbIMYKIOWA MO-
BEPXHOCTM NMH3bI D=5,0 MM; moTepu cBeTa MNpeHebpexunmMo
Masibl.

5.35. HaiiTn onTMYecKyro enny u (POKYCHble PacCTOAHUS:

a) TOHKOI CTEKNSHHOW fIMH3bl B XWAKOCTW C MOKasaTenem
npenoMmneHnsa n,= 1,7, ecim ee ONTMYecKas cuna B BO3Jyxe
® ,=—5,0 anTp;

6) TOHKOM CUMMMETPUYHON ABOAKOBLINYK/ON CTEK/AHHOWN
NINH3bI, C OAHON CTOPOHbI KOTOPOM Haxo4uTCA BO34YX, a C ApY-
roi — Bofa, ecnu OMTUYEecKas cwia 3TOM /IMH3bl B BO34YyXe
®*=+10 gnTp.

5.36. HainTm noctpoeHuem:

a) X04 Ny4a 3a cobuparoLLein n paccemBaroLLeid TOHKUMMN NNH-
3amu (puc. 5.7, rge 00" — onTtunueckaa ocb, F n F' — nepeg-
HUA 1 3aHWIA (DOKYCbI);

6) MoNOXeHWe TOHKOW NMH3bI U ee (POKYCOB, eC/M U3BECTHO
nonoxeHvie ontuyeckoin ocu 00" 1 MONOXeHUe Napbl CONPSXKEH-
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5.27. HainTm nocTpoeHvew;

a) XO4 Ny4ya nocfe OTPAXKEHUS B BOFHYTOM W BbIMYK/IOM
cepuyecknx 3epkanax (puc. 5.4, rgpe F—dokyc, 00' —
ONTUYeCKas OcCb);

6)  MonoxeHwe 3epkana v ero okyca 415 CNyyaes, MoKasaH-
HbIX Ha puc. 5.5, rge P n P' — conpsXeHHble TOUKM

o> »P

Puc. 5.6

5.28. OnpegenuTb (HOKYCHOE pPacCTOsiHWE BOrHYTOro 3epka-
na, ecnu:

a) NpY PpaccTofHUWM MeXay mnpeaMeTam U U306paKeHneMm
/=15 cM nonepeyHoe yBenuuyeHue {J=t—2,0;

6) Npu OAHOM MOMIOXKEeHWUM NpefMeTa MOMepeyHoe yBenunye-
Hue p,=—0,50, a nNpy APYrom MOMOXKEHNN, CMELLEHHOM OTHO-
CUTE/IbHO MEepPBOro Ha paccTosHue /-*6,0 em, nonepeyHoe yse-
nnyeHue P,=—0,25.

5.29. TO4YeYHBbIA UCTOYHMK, Cuna cBeTa KoToporo /,,=100 kg,
nomMelleH Ha pacctosHuyM s=20,0 cM OT BepLUMHbI BOTHYTOro
3epkana ¢ (hOKyCHbIM paccTtosHuem /=26,0 cMm. OnpegenuTb
CUNy CBeTa B OTPAKEHHOM MNYYKe, ecnn KOIPMUUUEHT oTpaxe-
Hua 3epkana p=0,80.

5.30. BbiBecTv 0 nomolblo npuHUuMna Pepma opmyny
NpenomaeHns napakcuanbHbIX fyyeil Ha Chepuyeckoin nosepx-
HocT paguyca R, pasgensiolleli cpefbl ¢ mokasaTensimMu npe-
noMneHus n un n'.

5.31. Jlyu cBeTa MajaeT M3 BO3f4yXa HW Chepuyeckyro no-
BEpXHOCTb cTekna (puc. 5.6, a, rae ToYKamy OTMeYeHbl MOoJo-
XeHuna (okycoB). HaiiTu nocTpoeHMeM XOA MpPelOMAEHHOrO
nyua.

5.32. lMapannenbHblil My4yoK CBeTa MM.LYTT WMB BakKyyMa Ha
MOBEPXHOCTb, KOTOpas orpaHuuymMBaeT 061acTb C MOKasaTesieM
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npenomnenuns n (puc. 3.6, 6). Haiitu topmy 3TOli MOBEPXHO-
CTM — ypaBHeHue X(r), Npyu KOTOPOI My4oK ByaeT coKycupo-
BaH B Touke F Ha pacctosiHum / oT BepwmHbl O. My4yoK Kakoro
MaKCUMaslbHOro pafuyca CevyeHMs MOXKET ObiTb CHOKYCUMPOBAH?

™A

Puc. 5.6

5.33. TouyeuHblii UICTOYHUK PacrnofioXKeH Ha paccTosHuM 20 cm
OT nepefHeil NOBEPXHOCTU CTEK/IAHHOW CUMMETPUYHOW ABOSKO-
BbINYK/OA NUH3bI. TONWMHA MH3bI 5,0 CM, paguyo KpUBMU3HbI
nosepxHoctein 5,0 cm. Ha KakoM paccTOsiHUM OT 3afHeid no-
BEPXHOCTM 3TON NMH3bI 06pasyercs M300pakeHue WCTOYHMKA?

5.34. Mepep BbINYK/I0A NOBEPXHOCTbIO CTEKNAHHOW BbIMYK-
NO-NNOCKOW NMH3bI TonwwmHbl d=9,0 cM HaxoauTca npeamer.
MN306paxeHne aToro npefmeTa obpasyetcs Ha MAOCKOWA nosepx-
HOCTW JINH3bI, KOTOpas CHYXWUT 3KpaHoMm. OnpefenvTsb:

a) MorepeyHoe yBeNMYeHWe, ecnu paguyc KPpUBU3HbI BbIMYK-
N0 NOBEPXHOCTW NNH3bI /?=»2,5 cm;

6) OCBeLLeHHOCTb W306paXeHWs, ecnu APKOCTb MpefmeTa
L=7700 kg/M* n gmameTp BXOAHOrO OTBEPCTWUA BbIMYKMIOW MO-
BepxXHOCTM NMH3bl D=5,0 MM; noTepu cBeTa MNPEHebpexrnmMo
masibl.

5.35. HainTm onTuyeckyto enny u (OKYCHble PacCTOAHUS:

a) TOHKO CTEKNAHHOM NIMH3blI B XWAKOCTM C MoOKasaTesnem
npenoMmneHnsa n,—17, ecnn ee onNTMYecKas cuna B BO3Jyxe
® ,=—5,0 gnTp;

6) TOHKOM CMMMETPUYHON [BOSKOBBLINYKNON CTEKASHHOW
NINH3bI, C OfHOWN CTOPOHbI KOTOPOM HaxoguTcs BO34yX, a C ApY-
roi — Bofa, €CnM OMTUYECKas Cuia 3TOM NMH3bI B BO3AyXe
® .=+ O antp.

5.36. HaiiTn noctpoeHuem:

a) X04 Ny4a 3a cobumparoLein 1 paccenBaroLLeil TOHKAMU JINH-
3amu (puc. 5.7, rge OO' — onTtuueckasa ocb, F n F' — nepeg-
HUI 1 3aaHWI (DOKYCbI);

6) NonoXKeHWe TOHKOW NMH3bI U ee DOKYCOB, eClM M3BECTHO
nonoxeHvie ontuyeckoii ocu OO' 1 MNONOXEHWE Napbl COMPSXKEH-

229



nbix Toyek PP' (cm. puc. 5.5); cpefbl N0 06e CTOPOHbI JINH3
0/[IMHaKOBbI;

B) X044 nyya 2 3a cobuparolieil U paccemBaroLleli TOHKUMU
nuH3amu  (puc. 5.8), ecnn M3BECTHO MOMOXKEHWE NIUH3bI U ee

a) 0)

Puc. 5.8

onTnyeckoin ocu 00" m xog nyya 1; cpefpl Mo 06e CTOPOHbI NINH3
0JVHaKOBBbI.

5.37. ToHKas cobupatolias MH3a C POKYCHbIM PacCTOAHU-
em f=25 cm npoeumpyeT u306paxkeHMe npegMeTa Ha 3KpaH,
OTCTOAILLMIA OT /IMH3bI Ha paccTosiHue /=5,0 M. DKpaH NpuaBu-
HyNM K NnMH3e Ha J1/= 18 cm. Ha CKOo/bKO cnefyeT nepeMecTuTb
npeaMeT, 4To6bl ONATb NOMAYYMTb YETKOE M306paxKeHue ero Ha
3KpaHe?

5.38. NCTOYHMK CBETA HAXOAMTCA Ha paccTosHum /=90 cm oT
3KpaHa. ToHKas cobupawlowas uWH3a, MOMELEHHas MexXay
MCTOYHUKOM CBETA U 3KPaHOM, [aeT YeTKOe M300pakeHue wuc-
TOYHUKA NpPU ABYX NONMOXKeHMAX. OnpegennTb (POKYCHOe pac-
CTOSIHWE JIUH3bI, ec/u:

a) paccTosiHue mexay 060oMMK MOMOXKEHUAMW NUH3bI O/=
=30 cwm;

6) nonepeyHble pasMepbl M306paXeHUs MpPU OfHOM MOJIOXKe-
HUM NMH3bI B 4=4,0 pa3a 60nblle, YeM Mpu ApYrom.

5.39. Mexay npefMeTOM W 3KPaHOM, MONOXEHUS KOTOPbIX
Hen3MeHHbl, MOMELLAT TOHKYI0 cobuparolyo nnH3y. [lepe-
MeLLeHMeM IMH3bl HAXoAAT ABa MOMOXEHUA, NpU KOTOPbIX Ha
3KpaHe obpa3yeTca 4YeTkoe W300paeHue npegmeTta. Haintm
nonepeyHblid pasmep npeaMeTa, eciv Npyv OAHOM MONOXKEHUN
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NNH3bI pasmep u306paxeHns J1'=2,0 mm, a npu gpyrom h"=
=45 mm.

5.40. ToHkaa cobupatolas IMH3a C OTHOCUTENbHBIM OTBEp-
ctvem D :f—1:3,5 (D — guameTp nuH3bl, / — ee POKyCHOe
paccTosHue) faeT M306paxeHue LOCTATOYHO Y[ANeHHOro rnpeg-
MeTa Ha ¢oTonnacTmHke. HApkocTb npeameTa L= 260 ko/m*.
MoTtepn ceeTa B NMH3e cocTaBnawT a =0,10. Halitu oceeLleH-
HOCTb M306paXKeHus.

5.41. Kak 3aBucuT oT fguametpa D ToHkoil cobupatoueid
NVH3bl  APKOCTb AENCTBUTENbHOTO W306paXeHUs, ecnu ero
paccMaTpuBarh:

a) HerocpeLCcTBEHHO;

6) Ha GefloM 3kpaHe, paccevBaroulleM Mo 3akoHy SlambepTa?

5.42. VmeloTcAd [OBe TOHKME CUMMETPUYHbIE JINH3bI: OAHA
cobupatowas c nokasatenem npenomnenuns n,= 1,70, ppyras
paccemBarowas ¢ n*—1,51. O6e NMH3bI UMEKT OMHAKOBbIA pa-
OUyC KpyBM3HbI MoBepxHocTein /?= 10 cMm. JIMH3bI CAOXUIN
BM/IOTHYIO W MOrpy3nnm B Bogy. KakoBo (pOKycHOe pacCTosiHWe
3TO cMCTeMbI B BOAE?

5.43. OnpefenuTb (DOKYCHOE pacCcTOSHWE BOFHYTOro cgepu-
YECKOro 3epkKana, KOTOpOe MpeLCTaBnsieT CO60/ TOHKYH CUM-
METPUYHYIO [BOSKOBbLINYKYIO CTEKMNAHHYIO NIMH3Y C nocepe6-
PEHHOI OfHOI MOBEPXHOCTbIO. Pagnyc KpuBU3HbI MOBEPXHOCTU
NMH3bl R=40 cwm.

N 50¢cm 51cm  ~

+10,0a4nTp -l OoanTp +HO0nnrp
Puc. 5.9

5.44. Ha pwuc. 5.9 nokasaHa LeHTpMpOBaHHasa CUCTEMA,
cocToflas M3 Tpex TOHKUX NMH3. CucTemMa Haxogutcd B BO3-
ayxe. Onpegenutb:

a) MOJIOXKEHWE TOYKWU CXOXAEHWA mMapasnsiebHoro mny4ka,
nagaroLLlero cnesa, Mnocne MPOXOXAEHUSA Yepes cucTemy,’

6) paccTOosiHMe OT MEPBOI /IMH3bl A0 TOYKWU, HaxoAsLieros
Ha OCW CneBa OT CMCTEMbI, NPXU KOTOPOM 3Ta TOYKa U ee n3obpa-
XeHve OyfyT pacnonoXeHbl CUMMETPUYHO OTHOCUTENbHO CU-
CTeMbI.

5.45. Tannneesa Tpy6a 10-KpaTHOro yBenuYeHMs Npu ycta-
HOBKe Ha 0eCKOHeyHOCTb WMeeT AfnMHY 45 cMm. Onpefenvts:

a) (hOKYCHble paccToAHMA 00bEeKTMBA W OKynapa Tpybbl»
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6) Ha Kakoe pacCTosHWe Hafo nepeaBuHYTb OKYNAp Tpy6sbl,
YyToObl AAICHO BUAETb MPeAMETbl Ha paccTosaHun 50 Mm.

5.46. HaiiTn yBenuueHue 3puTenbHOW TPyObl KenjepoBCKO-
ro Tuna, YCTaHOB/IEHHOM Ha 6GeckoHe4yHocTb, ecnm D — ana-
MeTp onpaBbl ee 06beKTMBA, a d — AMameTp K306paXKeHUs
37O onpaBbl, 06pa3yeMoro OKynsapom Tpyo6bl.

5.47. Tlpn NpPOX0XK[EHMUM CBETOBOr0 NMOTOKa 4Yepe3 3pUTesb-
Hyt0 Tpyby ero WHTEHCUBHOCTb YyBe/nnuumBaetcd B T)=4,0X
x 104 pa3. HaiiTu yrnoBsoii pasmep yaaseHHOro npegamMera, eciu
npu HabnogeHWn B 3Ty TPyOy YrnoBoi pasmep ero msobpaxe-
Hua ¢ '=2,0°

5.48. 3puTenbHyl0 Tpyby KennepoBCKOro Tuna ¢ yBenuye-
Hvem =15 norpysunum B BOAy, KOTOpasa 3anosiHuna un ee
BHYTPEHHIOK 4acTb. YTobbl cuUCTEMa NpU TEX >Ke pasmepax
CTana OMATb TEe/eCKOMMUYECKON, O6GBEKTUB 3aMeHUIN APYTUM.
KakoBo cTano rnocne atoro yesenuuyeHue Tpyobl B Boge? lMoka-
3aTeNb MpenomMeHns cTekna okynapa n=1,50.

5.49. Mpu Kakom yBenuueHun I 3puTenbHOM TPyObl € Ana-
mMeTpom o6bekTuBa E>=6,0 cM OCBeELEHHOCTb WU306paXKeHUs
00beKTa Ha ceTyaTKe rnasa OyfeT He MeHbLUe, YeM B OTCYTCTBME
Tpy6bl? [uameTp 3payka rnasa cumtaTb paBHbiM d»=3,0 mm.
MoTepsaMn cBeTa B Tpybe npeHebpeysb.

5.50. OnTuyeckne cunbl 0OBLEKTMBA M OKY/iApa MUKPOCKOMa
paBHbl co0TBEeTCTBEHHO 100 M 20 4NTp. YBenunyeHne MUKpPOCKONa
pasHo 50. Kak Ay[EeT yBeNnyeHWe 3TOro MMKpPOCKOMa, ecnu
paccTosiHMe MeXay OO6BLEKTUBOM W OKYMAPOM YBENUYUTL Ha
2,0 cw?

5.51. MuKpockon WuMeeT 4ucfoByto anepTypy sina=0,12,
roe a — yron nofaypacTBopa KOHyca Anydyeid, najalolimx Ha
onpaBy o06bekTvBa. [Monaras puameTp 3padka rnasa d0=
=4,0 MM, ONpegenuTb yBenMyeHne MUKPOOKONa, Mpu KOTOPOM:

a) AnameTp CBETOBOrO My4Ka, BbIXOAALIEr0 U3 MUKPOCKOMaA,
paBeH AuameTpy 3pauyka rnasa,

6) oCcBelLLEeHHOCTb M306paXKeHNa Ha ceTyaTKe rnasa He 6yger
3aBuCeTb OT YBeNnYeHus (pacCMOTpeTb Caydaid, Korja CBETOBOWA
My4yoK, MPOXOAAWMNi Yepe3s CUCTEMY «MUKPOCKON — r/a3»,
OrpaHWYeH OnpaBoii 06BLEKTUBA).

5.52. HaiiTu nonoxeHwe rnaBHbIX M0CKOCTEN, (HOKYCOB U
Y3M10BbIX TOYEK [BOSIKOBbIMYKAOW TOHKON CMMMETPUYHOM CTEK-
NAHHOW NIMH3bI C pagnycoM KpPWMBM3HbI MOBEepXHOCTeld R—
=7,50 cMm, ec/in C O4HOI CTOPOHbI €8 HAXOAUTCSA BO3AYX, a C APY-
roii — Boga.

5.53. HaiiTu ¢ nomowbo NOCTPOEHUS MOMIOXKeHNEe (HOKYCOB
M FNaBHbIX M0CKOCTel LEHTPUPOBAHHbIX ONTUYECKMX CUCTEM,
MokasaHHbIX Ha pwc. 5.10:
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a) Teneo6bLEKTMB — cucTeMa U3 cobupaloLleli 1 paccenBaro-
wel TOHKUX nuH3 (/,=1,6d, /*— 1,5d)f

6) cuctema u3 AByX cobupatowmx ToHKMX nuH3 (/j=1,5d,
[*=0,1);

a a -A
—
0 [ @)
vV N
]
a) 6)
Puc. S.10
B) ToNCcTas BbINYKNO-BOrHyTas nuH3a (d«=4 cm, n=1,5,
® ,=+50 gntp, ® ,=—50 gnTp).
5.54. OnTuyeckas cuctema Haxofgutcs B Bo3gyxe. [ycTb
00" — ee onTuueckas ocb, F n F' — nepegHuii n 3agHnin hoky-
col, H n H' — nepegHsas n 3afHAa rnasHble naockoctn, P u

P' — conpsbkeHHble TOYKW. HaliTu nocTpoeHuem:

a) nonoxeHve F' n N' (puc. 5.11, a);

6) NonoXeHme TOYKM S', CONPSXKEHHOW C TOYKOW S
(puc. 5.11, 6);

R ot " }H*
0 £ 0" 0 1 o'
* 5 P
a) )
Puc. 5.11
B) nonoxenne F, F' n H' (puc. 5.11, B, rae nokasaH Xop

Nyya A0 UM nocne NPOXOXAEHWUS CUCTEMBI).

5.55. Myctb F n F' — nepegHnini n 3agHuin (oKyCbl ONTU-
YECKON cucTembl, A M A' — ee nepegHas W 3afHAA rNaBHble
TOYKW. HaliTu nocTpoeHVWeM MNoMoXeHue un3obpaxeHus S’
TOUKM S AN CNefytoLMX OTHOCUTENbHBIX PacrofioXeHWli To4ek
S FF Hun

"a) FSHH'F'; 6) HSF'FH'; B) H'SF'FH; r) F'H'SHF.

5.56. TeneobbeKTUB COCTOUT W3 [ABYX TOHKUX NIUH3 — rMe-
pefHell cobuparollein u 3afHein paccevBaroLell ¢ ONTUYECKUMU
cunammn @ = + KO antp n @ ,=—10 gnTp. Hantu:

a)  (hOKyCHOe pacCTOfHWE M NOMOXKEeHWe rNaBHbIX NI0CKOCTeN
3TO CWUCTEMbI, €CNM paccTosHue Mmexay nuH3amu d=4,0 cwm;



6) paccTosHMe d MeXAy AMH3aMMW, MPU KOTOPOM OTHOLLEHWEe
(hOKyCHOro paccTosiHns f cucTeMbl K paccTosHUIO / MeXay co-
6vpatoLleli NMH30/ W 3a4HMM T1aBHbIM (HOKycOM ByfeT Makcu-
Ma/ibHbIM. YeMy paBHO 3TO OTHOLUeHue?

5.57. PaccumTaTb NOMOXKEHWE FN1aBHbIX MIOCKOCTER U (hOKy-
COB TOJ/ICTON BbINYK/0-BOTHYTOW CTEKISAHHOW NWH3bI, €cin pa-
OWYC KPUBU3HbI BbIMyKI0M noBepxHocTn $,= 10,0 cm, BOrHy-
Toin /?,=5,0 cmM U TonuwMHa NuH3bI d = 3,0 cm.

5.58. LleHTpupoBaHHad oONTUYeckas CUCTEMa COCTOMT U3
OBYX TOHKMX IMH3 C (OOKYCHbIMM paccTosHuamu /, n ft, npuuem
paccTosiHMe MeXAay AvH3aMu paBHO d. [laHHyK cucTemy Tpe-
OyeTcs 3amMeHUTb OAHOM TOHKOW NMH30M, KOTOpas npu 06om
MofIOXKeHUN 06bekTa fasana Obl TaKOe Xe MonepeyHoe yBenu-
YyeHuWe, Kak W npegbigyuias cuctema. Kakum foSIKHO 6bITb ¢ho-
KyCHOE pacCTOsfiHWe 3TOM /IH3bl W ee MOMOXEHNe OTHOCUTENbHO
CUCTEMbI U3 [BYX JINH3?

5.59. Cuctema cocToUT U3 COBMPAKOLLE TOHKOR CUMMETPUY-
HOW CTEKNSIHHOW NINH3bl C PagnycoM KPWBWU3HbI MOBEPXHOCTEN
R = 38 cmM 1 nnockoro 3epkana, pacrosioXeHHOro neprneHanky-
NAPHO K ONTMYECKOW OCK /MH3bl. PaccTosHme Mexay NWH30M
n 3epkanom /=12 cm. KakoBa 6ygeT onTuyeckas cuia 3TOM
CUCTEMbI, €CNWM MPOCTPAHCTBO MeXAY NWH30/ W 3epKanom 3a-
NONHUTb BO/ONR?

5.60. lpu Kakoi TONWMHE BbIMYKIO-BOrHyTas To/CTas
CTEK/IAHHAA NINMH3a B BO3AyXe Oygert:

a) TeNeckonuYyeckom, eciv pagnyc KpWBU3HbI €€ BbINYKOi
MOBEPXHOCTU 60MblUe, YeM PagumyC KpWBWU3HbI BOTHYTOW MO-
BepxHocTw, Ha O/?= 1,5 cm?

6) MMeTb ONTUYecKylo cuny, paBHyto —1,0 agnTp, ecim pa-
OWYCbl  KPWBW3HbLI €€ BbIMYKIOA W BOTHYTOW MOBEPXHOCTEN
paBHbl cooTBeTcTBEHHO 10,0 m 7,5 cm?

5.61. HaiiTu nonoxeHme rnaBHbIX MIOCKOCTENA, (hOKYCHOE
paccTOSHME U 3HaK OMTMYECKOW CWJibl BbIMYK/10-BOTHYTOW TON-
CTOW CTEKNSHHOW NIMH3bI, Y KOTOPOI:

a) TonwwmHa paBHa d, a pafuycbl KpWBM3HbI MOBEPXHOCTEl
0[JMHaKoBbI U paBHbl R;

6) npenomnaloLLMe MNOBEPXHOCTU KOHLEHTPUYECKMe C pa-
anycamu KpuBu3Hbl /?, n Rt (/7*>/?i).

5.62. Teneckonuyeckas cuctema obpas3oBaHa U3 ABYX CTek-
NAHHBIX LWAapoB, paguycbl KoTopbix /?,=5,0 cm u /?,=1,0 cm.
KakoBbl paccTosiHue mexay LEeHTpaMu 3TUX LiapoB W yBennye-
HWe CUCTEMbI, ecnn OOBEKTMBOM fBNAETCH OOonbLwMi  Lwap?

5.63. MMpu pacnpocTpaHeHMU CBeTa B W30TPOMHOW cpege
C MeAJIeHHO W3MEHAWMUMCA OT TOYKM K TOYKe MOoKasaTenem
npesomMieHna N pagumyc KpMBM3HbI P nydva onpegensercs
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thopmynoii
I/p= d(In n)!dN,

rfe Npou3BoAHas 6GepeTcs MO HarpaB/IEHUIO TNTaBHOW HOPMau
K nydy. Monyuntb 3Ty Gopmyny, uMes B BUAY, YTO B TaKoii
cpefle crpaBe4fiMB 3aKOH npenomneHus nsin ft=const, rge
O—yron wMexgy J/y4yoMm W HanpasfeHneMm grad N B AaHHOW
TOUKE.

5.64. HaliTu paguyc KpWBWU3HbI CBETOBOrO ny4a, pacnpo-
CTPaHAKOLWErocs B rOPU30OHTaNLHOM HanpaBieHUM BO6U3U
MOBEPXHOCTM 3eMnN, rhe rpaguveHT nokasaTens npenomieHus
Bosgyxa dnl!dN&3-10~* wm-1 (cM. npeablaylyto 3agady).
Mpn KakoMm 3HAYeHMM 3TOrO rpajueHTa flyy CBeTa pacnpocTpa-
HAMCA Obl MO OKPYXHOCTU BOKPYr 3emnn?

5.2. VHTep(epeHuna ceeTa

¢ LWupuHa nHTepepeHLMOHHOW nonockl:
O*=A/<p, (5.2a)

roe (h— yrnoBoe paccTosiHUe MexAy WCTOYHWUKaMU.
LLL AnuHa n paguyc KOrepeHTHOCTU:

~or ® Pkor w X/tf| (5.26)

roe t—yrnoBoil pasmep MCTOYHMKA.

¢ Mpn oTpaxeHwu cBeTa OT ONTMYecku Gosnee MNOTHON cpefbl CBe-
ToBOW BekTOp (E) McnbiTbiBaeT CKa4yoK (hasbl Ha .

0 Ycnosume MakCUMyMOB Npu WHTepepeHUun cBeTa, OTPaKEHHOTO
OT TOHKOW NNAcTUHKW TOMWMHbI b

2bY nr—sin*0= (*+ 1/2)X, (5.28)
roe k—uenoe uucno.

# Konbua HblOTOHA Npy OTpaKeHWM cBeTa OT MNOBEpPXHOCTel BO3-
[YLWHON npocnoiiku, 06pa3oBaHHOW MeX[Ay CTEKASHHOW NAacTUHKOW W
COMnpuKacaloLeics ¢ Heil BbIMYKNOA MNOBEPXHOCTbIO MH3bI C paguycom
KpuBM3HbI R. Paguycbl Konew:

r=]A W /2, (5.2r)

npuyem Konbua ceeTnble, ecnn Ji= 1, 3, 5, ,,,, U TeMHble, ecim 6= 2,
in
5.65. lMoka3aTb, YTO MPU C/OXEHUU [ABYX FapMOHUYECKUX
KonebaHMn cpefHAs MO BPEMEHM 3HEPrUs Pe3yNbTUPYHOLLErO
KonebaHWs paBHa CyMMe 3Hepruii Kaxpgoro u3 Hux, ecnm oba
KonebaHus:

a) MMEKT OAMHAKOBOE HamnpaB/l€EHNE U HEKOTEpPeHTHbI, Mpu-
YeM BCE 3HaY€HUA UX pPa3HOCTU q)a3 PaBHOBEPOATHbLI;
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6) B3aUMHO NepPreHANKYNAPHbI, UMEKOT OAHY U Ty Xe 4acTo-
TY W NPOU3BOJIbHYIO Pa3HOCTb (has.

5.66. Haintm rpaduyeckn amnantygy KonebaHws, KOTOpoe
BO3HMKaeT B pe3yfibTaTe C/IOKEHUS clefyrowmux Tpex Koseba-
HUIi OA4HOrO HanpasfieHNs:

5j = acos<i)/, !, = 2asinw/, £,= 15acos (<o/-fa/3).

5.67. HekoTopoe KonebaHue BO3HMKAeT B pe3y/bTare C/o-
XeHns N KOrepeHTHbIX KonebaHuii OfHOro HanpaBneHwus,
MMEKLWMX cnegyrowmii - Bug:  |*=a cos lco/H-(At—I)a), rae

K — Homep konebaHusa (A= 1, 2, ..., N), a — pas-
/ HOCTb (ha3 Mexay K-M n (k—1)-m konebaHusmu.

0/ HaiiTn amnautygy pe3ynbTupylolero konebaHums.

i 5.68. Cuctema (puc. 5.12) coctouT wu3 ABYX TO-

/ YeYHbIX KOTFepeHTHbIX u3ny4yaTeneit / n 2, KoTopble

pacnonoXeHbl B HEKOTOPOW MMIOCKOCTW Tak, 4TO WX

t OVMNONbHbIE MOMEHTbI MepPneHAUKYNApHbl K 3TOW

p 512 nnockocTu. PaccTosiHWe Mexay u3nydaTenamu d,

nc' O/IVHA BOSIHbI U3YYeHUs Vimes B BuAy, 4TO KO-

nebaHus usnydvatens 2 oTcTaloT no ase Ha a (a<s) OT KO-
nebaHnii nsnyvatena /, HaiTu:

a) yrnbl 0, B KOTOPbIX WHTEHCMBHOCTb W3/ly4YEHUSA MaKCK-
MaslbHa;

6) ycnoBus, npu KOTOPbIX B HampaBneHWn & =8 WHTEHCWB-
HOCTb M3/y4yeHus OyAeT MakCumasbHa, & B NPOTUBOMOJIOXHOM
HanpaBleHUN — MUHUMaASIbHA.

5.69. HaiiTu npvMepHbIii BWA MONAPHONM fuarpaMMbl Ha-
MPaBNeHHOCTU W3NYYEHUS B 3KBATOPUaIbHON MAOCKOCTM CHU-
CTEMbI, COCTOSILLEA M3 ABYX OAMHAKOBbIX W3nydaTenei / u 2,
OUNONbHbIE MOMEHTbI KOTOPbIX PACro/ioXeHbl MapanienbHo
ApYT Apyry Ha paccTtosiHum d=3}J2 u

a) coBnajgatoT no gase;

6) NPOTUBOMONOXHbLI NO (hase.

5.70. To xe, 4TO B npefblgyLieii 3agade, HO usnydarenn | u
2 HaxopaTcs Ha pacc+osHum X Apyr oT gpyra.

5.71. To e, uTO B 3agade 5.69, Ho m3nydatenm 1 un 2 oT-
CTOAT ApYr OT Apyra Ha paccTosHue d=X/4 n konebntoTcs co
casurom a3z /2.

5.72. HenogswHaa nsnyvarowias cuctemMa COCTOUT U3 NU-
HEMHOW LenoYkn napanienbHbiX BMOPATOpOB, OTCTOAWMX APYT
OT Apyra Ha pacctosiHue d, npuyem hasa konebaHuin BUGPaTOPOB
NNHENHO MeHseTCcAa BAOMb LEnoyku. Haitm 3aBUMCMMOCTb OT
BpeMeHM pas3HocTu (a3 [p mexgy cocegHumyn BubpaTopamu,
NP KOTOPOW rNaBHbIi MakCUMyM W3Ny4YeHWUs cucTembl OyaeT
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COBepLUAaTb KPYroBoW «0630p» MECTHOCTM C MOCTOSHHOM Yr/I0BOWA
CKOPOCTbHO LU

5.73. B onbiTe Slnoiiga (puc. 5.13) cBeTOBas BOMHA, NCXOAS-
Was HernoCPeACTBEHHO M3 UCTOYHMKA 5 (Y3KOW Lwenu), UHTep-
(hepvpyeT C BOMHON, OTPaXXeHHOW OT 3epkana 3 B pesynbTarte
Ha sKpaHe O 06pasyeTcs cucTeMa MHTEP(EPEHLMOHHbIX NOOC.

PaccTosHMe OT UCTOYHMKA A0 3kpaHa /=100 cM. Mpu HekoTo-
pPOM MOMOXEHUW  UCTOYMHMKA LUMPUHA UHTepdepeHLMOHHOWA
nosocel Ha 3kpaHe [nc=0,25 MM, a nocne TOro Kak WUCTOYHUK
OTOABVMHYNM OT NIOCKOCTU 3epkana Ha A/i=0,60 mm, WwWunpunHa
nonoc ymexblwunnacb B84=1,5 pasza. HailiTu gnvHy BOMHbI BBETa.

5.74. [1Be KOrepeHTHble MJ/IOCKWE CBETOBble BOJIHbI, Yroj
MeXy HanpaBneHusiMM  pacnpocTpaHeHus KoTopbix <P3Cl,
najatT MoyYTM HOPMasbHO Ha 3KpaH. AMMNAUTYAbl BOMH OAMHA-
KOBbl. [1OKa3aTb, YTO PaccTOfAHME MEXAY COCEAHVMU MAKCUMY-
MaMu Ha akpaHe Ox=A./(, rae X — ANnHA BOSHbI.

5.75. Ha puc. 5.14 nokasaHa WHTep(epeHUNOHHasA Ccxema
c 6usepkanamu @peHend. Yron Mexay 3epkanamm a —12'

PaccTosHMS OT NIMHUU TMEepecevyeHns 3epkai A0 y3KOW wenm S
M 3KpaHa O paBHbl cooTBeTCTBEHHO r=10,0 cm n 6=130 cm.
OnunHa BonHbl ceeta A.=0,55 mkm. Onpegenutsb:

a) WNPUHY UHTePGEPEHLMOHHOM NOMOCbl Ha 3KpaHe W Yncno
BO3MOXHbIX MaKCUMYMOB;

6) caBUT MHTEP(EPEHLMOHHON KapTuHbI Ha 3KpaHe npu CMe-
WeHn wennm Ha 6/= 1,0 MM Mo ayre paguyca I C LEHTPOM B
Touke O;



B) npu Kakoh LWupuHe wenu /tMKC nHTeptepeHLMOHHbIE
nosnockl Ha 3KpaHe 6yayT HabnofaTbCa elle JOCTaTOYHO OTYeT-
nnBo?

5.76. Mnockas ceBeToBasi BaHHa MajaeT Ha 6usepkana dpe-
Hend, yron wmexgy kotopbiMy a=2,0'. Onpefenuts OJUHY
BO/Hbl CBeTa, €CNW LIMPUHA WHTEP(EPEHLMOHHOM MOMoChl Ha
akpaHe [Ax=0,55 mm.

5.77. JInH3y pmametpom 5,0 cM 1 € (hOKYCHbIM paccTOsHUEM
/=25,0 cm paspesanu no AMameTpy Ha ABe OAWHAKOBblE MOJIO-
BWHbI, NPUYEM y[aleHHbIM 0Ka3ancs Caoi TonwmHel a = 1,00 mm.
Mocne aToro 06e NOMOBWHbI CABWHYNW A0 COMPUKOCHOBEHUA U
B (DOKaNbHOM MNOCKOCTU MOSYYEHHON Takum 06pa3om OGUINH3LI
MOMECTWUNN Y3KYIO LWefb, WCMYCKAIOWY MOHOXPOMATUYECKUI
CBET C A/IMHON BOAHbI A,=0,60 MKM. 3a 6UANH30A pacnonoXuam
3KpaH Ha pacctoaHun b=50 cm OT Hee. OnpesennTb:

a) WMPUHY MHTepdEPeHLMOHHOW MOM0Chl Ha 3KpPaHe M YMCno
BO3MOXHbIX MaKCUMYyMOB;

6) wupnHy wenn JIVBKC, Mpy KOTOPOI MHTepPgepeHLMOHHbIE
Monockbl Ha akpaHe GyayT HabnoAaTbCa ele A0CTAaTOYHO OTYeT-
NMBO.

5.78. PacctoaHus oT 6unpuambl PpeHens A0 y3KOW Lenw
N 3KpaHa paBHbl COOTBETCTBEHHO a=25 cm n 6=100 cMm. bu-
npusma cTeknsiHHas ¢ npenomasiowmm yrnom 0=20'. Haiitu

O/IMHY BO/HbI CBETA, eCNN LUMPUHA NHTEp-

@ K~ n K; ™ (DEPEHLNOHHOIA MONOChl Ha 3KpaHe [ *=
p =0,55 mm.
P& 0 5.79. Mnockas
-+ p >.=0,70 MKM nafaeT HOpPMalbHO Ha OC-
&M, p  HOBaHue OWUNPU3MbI, CLENAHHOW U3

"e cTekna (5=1,520) c npenoMAsAOWUM
yrnom 0=5,0°. 3a 6unpusmoii (pwuc.
5.15) HaxoguTcA nnockonapansienbHas
CTeKNSHHAasA NNacTMHKa, U MPOCTPAHCTBO MEXAY HWMMK 3anof-
HeHo 6eHsonom (n'= 1,500). HailTn WwWnpuHy unHTeptepeHLnoH-
HOV MOMOChbl HA 3KpaHe 3, pacrofIoKEHHOM 3a 3TO CUCTEMOIA.
5.80. MNnockasa MoHOXpoMaTUyecKkas CBETOBasA BOJSHA najaeT
HOPMa/IbHO Ha Auadparmy ¢ ABYMSA Y3KWMU LLENAMW, OTCTOSA-
WMMKU apyr oT gpyra Had=2,5 MM. Ha akpaHe, pacrnofio)XeHHOM
3a guadparmoin Ha /=100 cm, obpasyeTcsi cucTeMa MHTepde-
PEHLMOHHBIX Monoc. Ha Kakoe paccTOsiHWE M B KaKyl CTOPOHY
CMECTATCA 3TW NOMOChl, €CAN OfHY M3 LUe/eil NepekpbiTb CTek-
NAHHOM MNACTUHKOW TOoNWMHbl h=10 MKM?
5.81. Ha pwuc. 5.16 nokasaHa cxema WHTepepomeTpa NS
n3MepeHns MokasaTeneii MpPenomeHus Mpo3payHbiX BeLLECTB.
3pecb S — y3kas LWenb, OcBelaemas MOHOXPOMATUYECKUM
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cBeToM X=589 HM, / n 2 — ABe OfMHaKOBble TPYOKN C BO3QY-
XOM, A/MHA Kaxgoh u3 kotopbix /=10,0 cm, [ — guadparma
c ABymsa wensmu. Korpa Bo3gyx B Tpy6ke 1 3aMeHwWnn ammua-
KOM, TO MHTEpP(EPEHLUMOHHAs KapTUHa Ha 3KpaHe 3 CMecTunach

Puc. 5.16

BBepx Ha N= 17 nosioc. lNokasaTesnb MPesioMIeEHNs BO3dyXa
n=1,000277. OnpefennTb nokasaTesnb MPesioMIeHNA amMuaKa.

5.82. Ha noBepxHOCTW CTekfa Haxo4uTCA MaeHKa BOAbl.
Ha Hee nmagaeT cBeT C ANWHONW BOAHbI A,=0,68 MKM Mnog yriom
B=30° K Hopmaiu. HaiTu cKOpOCTb, C KOTOPOI YMeHbLUIAeTCs
TONWMHA NNEHKN (M3-33a UCNApeHus), ecNn MHTEHCUMBHOCTL OT-
Pa)KEHHOro CBETa MEHAETCA TaK, UYTO MPOMEXYTOK BPEMEHU
MeXIy rocnefoBaTe/lbHbIMU MakCMMyMamy oTpaxeHus [/=
= 15 MUH.

5.83. Ha ToHkyt nneHky (n1=1,33) nmagaet napannefbHblii
nyyok 6enoro ceeTa. Yron nageHus 0,=52°. MMpu KakoW TON-
WMHe NAeHKN 3epKaibHO OTPaXeHHbI cBeT 6ygeT Hambonee
CUNbHO OKpalleH B enTblii UBeT (X=0,60 MKm)?

5.84. HailT MWUHUManbHYK TOMWMWHY MNAEHKW C MokasaTe-
nem npenomnenms 1,33, npuM KOTOPOA CBET C ANMHOW BOJHbI
0,64 MKM McCnbITbIBaeT MaKCUManbHOE OTPaXKeHWe, a CBET C A/N-
HoO/i BOMHbI 0,40 MKM He OTpaXkaeTCs COBCeM. Yron nafeHus
cBeTa paseH 30°

5.85. [lna ymeHblUeHWA NOTEpPb CBETa M3-3a OTPAXEHUA OT
MOBEPXHOCTM CTEKfa MOC/eAHee MOKPbLIBAIOT TOHKMM Cfl0eM Be-

LLieCTBa C NoKasaTesieM npesomMneHms n'=Vn, rae N — nokasa-
TeNb NPenomMaeHns cTekna. B aTom cnydvae amnauTyfdbl CBETO-
BbIX KONebGaHWiA, OTpaXKeHHbIX OT 06enx MOBEPXHOCTEN TaKoro
cnosi, 6yayT oguHakoBbiMU. TMpu Kakoi TOMLMHE 3TOr0 Cnos
oTpaxarte/ibHas CMOCOOGHOCTb CTEK/a B HamnpaBfeHuW HopMmaiu
OygeT paBHa Hy/O Ans CBeTa C ANMHOK BOMHbI X?

5.86. PaccesHHbIn MOHOXpOMaTU4Yeckuii ceet ¢ X=0,60 MKm
nafiaeT Ha TOHKYK MNeHKYy BellecTBa C nokasaTenem npenomse-
Hua n=1,5. OnpeaennTb TONWMHY MAEHKK, ECAN YINOBOE pac-
CTOSIHME MEXAy COCefHVMMM MaKCUMyMaMu, HabntogaeMbiMu
B OTPa)XEHHOM CBeTe MOA Yrnamu C HOpMasnblo, GAU3KMMM
K 3=45°, paBHo 64=3,0°.
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5.87. MoOHOXpOMaTUYECKWIA CBET MPOXOAMT Yepe3 OTBEpPCTUE
B 3KpaHe 3 (piic. 5.17) n, OTpasuBLINCbL OT TOHKOM MN/IOCKO-
napannenbHon CTEKNAHHOW nnacTuHkM [, obpa3yeT Ha sKpaHe
CUCTEMY MHTEeP(epeHLMOHHbIX MOM0C PaBHOrO HaknoHa. Ton-

WMHA nnacTUHKM b, pacctos-
HME MEeXJy Hei W 3KpaHoMm /,
pagnycbl i-ro u k-ro TeMHbIX
Kofiey, T, U FK. YuuTbiBasg, 4TO
r@kg/, HallTu [OANHY BO/HBbI
ceeTa.
5.88. lMnockaga MoOHOXpoMma-
TWYecKas CBeTOBas BOMHA A/INHbI
Puc. 6.17 S nafaeT Ha MOBEPXHOCTb CTEK-
NAHHOTO K/WHA, Yroi Mexay
rpaHamu kotoporo a<Cl. T1nockocTb nageHns nepneHAnKynsap-
Ha K pebpy KauHa, yron nageHus ft,. Haintn pacctosHue mexay
COCEAHUMMN MakCMMyMamy UHTEP{EPEeHLMOHHBIX MOOC Ha 3Kpa-
He, pPacrosfioKeHHOM  MepneHAUKYNAPHO K OTPaXKeHHoMY
CBETY.

5.89. CBeT C A/MHOI BOMHbI >.=0,55 MKM OT YAaneHHOro To-
YEYyHOro MCTOYHMKA MajaeT HOPMasbHO Ha MOBEPXHOCTb CTeK-
NAHHOTO K/MHA. B OTpaeHHOM cBeTe HabMOAAOT CUCTEMY
WNHTEP(MEPEHLMOHHBIX MOJIOC, PAaCcCTOAHWE MEXAY COCefHUMMU
MaKCMMyMaMy KOTOPbIX Ha MoBepxHOCTW KnvHa [Ax=0,21 wmm.
Halitu:

a) Yyron mexpay rpaHiMu KauHa;

6) cTeneHb MOHOXpomatuyHocTu ceeta (JAJT), ecnm ucyes-
HOBEeHVEe WHTEP(MEPEHLMOHHbIX Monoc HabnofaeTca Ha pac-
CcTosHMM /«1,5 cM OT BEepLUUHbI KMHa.

5.90. Mnocko-BbiNyKnasa CTeKNSHHAA NUH3a BbIMNYK/I0A Mo-
BEPXHOCTbIO COMPMKAcaeTCsi CO CTeKNAHHOW MNacTUHKOW. Pa-
OMYC KPUBU3HbI BbINYKNOM MOBEPXHOCTU NMH3bI R, AfMHA BO-
Hbl cBeTa K. Halitu wupuHy Ar konbua HblOTOHa B 3aBMCUMO-
CTW OT ero paguyca r B obnactu, rge Ar<’.

5.91. T1nocko-BbiNyKnag CTEKNSAHHAA JfIMH3a C pPaguycoMm
KpvBM3Hbl R —40 cM conpukacaeTcs BbIMYKOW MNOBEPXHOCTbHO
CO CTEKNAHHON nNNacTUHKON. [pu 3TOM B OTPaXXeHHOM CBeTe
paguyc HekoToporo konbua r=2,5 mm. Habnwopas 3a gaHHbIM
KOMbLIOM, JIMH3Y OCTOPOXXHO OTOABWHY/IN OT MNMaCTUHKM Ha
N=5,0 mMkMm. Kakum cTtan pagumyc 3Toro KonbLa?

5.92. Ha BepLuMHe ChepuyecKkoil MOBEPXHOCTW MJIOCKO-BbI-
NYKOW CTEKNAHHON JIMH3bl UMEETCS COLNMNGOBaHHbIV NIOCKWIA
yyacTok pagmyca r0=3,0 MM, KOTOpbIM OHa COMpuKacaeTcs cO
CTEK/MAHHON MNACTUHKON. Pagnyc KPMBWM3HbI BbIMYK/IOA Mo-
BEPXHOCTW NuH3bl /?= 150 cm. HailTn paguyc LIecToro cetno-
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ro Ko/bua npu HabnogeHns B OTPaXEHHOM CBeTe C A/UHON
BO/IHbI X=655 HM.

5.93. Tlnocko-BbINyKnagd CTeKAAHHasA /IMH3a C paguycom
KPMBM3HbI Cchepnyeckbin nosepxHocTn /?= 125 cm npu>kaTa
K CTEKNAHHOW nnactuHke. [uameTpbl AECATOr0 W NATHajua-
TOr0 TeMHbIX Konew, HblOTOHAa B OTPaKEHHOM CBETe pPaBHbI
d,=1,00 mvm un d,=1,50 mm. Onpefenutb AAUHY  BOJHbI
ceeTa.

5.94. [1Be nNNOCKO-BbINYK/ble TOHKWE CTEeKNAHHbLIE JINH3bI
conpuKacalTcs CBOMMM ChepuyecKuMmn MnoBepxHocTaAMU. Haii-
TW ONTUYECKYH) CUMYy TaKOW CUCTEMbIl, €CM B OTPAKEHHOM
ceete ¢ X=*0,60 MKM guameTp NATOr0 CBET/IOM0 KOJbLA
d=1,50 mm.

5.95. [1Be conpuKacaroLmMecs TOHKUE CUMMETPUYHbIE CTEK-
NAHHbIE NINH3bl — ABOAKOBbLINYKMAaA W ABOSKOBOrHyTas — 06-
pasytT cuctemy c ontudyeckoi cunoin ©=0,50 gntp. B ceeTte
c /10,61 MKM, OTPaXeHHOM OT 3TOW CUCTeMbl, HabnwgfalT
Konbua HbtoToHa. Onpefenvtsb:

a) paguyc Lecatoro TEMHOMO KOJbLa;

6) KaK M3MeHMTCS pafuyc 3TOro KOonbLa, ecim NPOCTPaHCTBO
MEeXAY NMH3aMK 3anofiHUTb BOJOWA?

5.96. Cdepnyeckass MOBEPXHOCTb MOCKO-BbIMYK/OA NNH3bI
COMpUKacaeTcss CO CTEKASHHOW nnacTUHKOW. [1pocTpaHCTBO
MEXJy JIMH30M W NNaCTUHKOM 3an0SIHEHO CEpPOYrIepoLoM.
lMoka3aTenn MpenoMaeHUs NINH3bI, CEPOYTIepoda U NNacTUHKK
paBHbl cooTBeTCcTBEeHHO 1, = 1,50, na=1,63 n n,=1,70. Paguyc
KPWBUW3HbI CPEPUYECKO NMOBEPXHOCTM MH3bI /?= 100 cm. Onpe-
[einTb paguyc nAToro TEMHOro Kosbua HbloTOHA B OTPaXeHHOM
csete ¢ A=0,50 MKM.

5.97. B gByxnyyeBOM UHTEpP(epOMETPe UCMOMb3YeTCa OpaH-
XeBasd NMHUA PTYTW, COCTOfAWAA W3 ABYX KOMMOHEHT ¢ X,=
=576,97 UM 1 i,=579,03 HM. [pM KaKOM HauMeHbLIEM MOPAL-
Ke WHTepepeHLUn YeTKOCTb WHTep(epeHLLMOHHON KapTWHbI
6yaeT HamxypLiein?

5.98. B wuHTepdepomeTpe MaiikenbcoHa MCNO/b30Banach
Xentasa NMHUSA HaTpud, COCTOAWAA W3 ABYX KOMIMOHEHT C L/1N-
Hamy BOMH A,=589,0 HM 1 X,=589,6 HM. [Npn nocrtynaresnbHOM
MepemeLLeHn O4HOro M3 3epKas WHTepdepeHUMoHHas KapTuHa
nepuoguyeckn ucyesana (modemy?). HailTm nepemeLleHve 3ep-
Kana Mexgy ABYMS Noc/efoBaTe/lbHbIMU MOSABAEHUAMU Hanb6o-
Nnee YeTKOW KapTWHbI.

5.99. MMpu oceeweHnn 3tanoHa ®abpu — Mepo pacxops-
LMMCA MOHOXPOMaTUYeCKUM CBETOM C AJ/IMHOW BOMHbI A B (O-
KanbHOM MNOCKOCTU /MH3bl BO3HWKAeT WHTep(epeHLOHHas
KapTMHa— cuUcTeMa KOHLeHTpuyeckux Koney (puc. 5.18).
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TonuwwmHa 3TanoHa paBHa d. OnpegennTb, Kak 3aBUCUT OT MO-
pALKa WHTepdepeHLun:

a) pacnosioxXeHue Koneu;

6) yrnosas WypuHa Nosioc UHTEPMEepPeHLMN.

5.100. Haiitn gns atanoHa ®abpu — lMepo, ToNwWwmMHa KOTo-
poro d—2,5 cm:

a) MakCyManbHbI NOPALOK UHTepdepeHL N CBeTa C AMHON
BONHbI A.=0,50 MKM;

6) oucnepcuoHHyr obnacte JA, T. €. CMEKTpasbHbI NHTep-
Ba/1 A/IMH BOJH, A4/17 KOTOPOrO elle HeT MEepPeKpbITUsA C APYTrUMHU
nopsigKaMu nHTeptepeHuun, ecim HabnogeHne BegeTca B6AN3N
A=0,50 mKMm.

5.3. Audpakuma cseta

¢ Paauyc BHellHeil rpaHuubl t-ii 30HbI ®peHens:
rk=Vklabl(a+b), k=1,2,3,... (5.33)
0 Cnupanb KopHio (puc. 5.19). Ymucna Ha 3TOil cnupann—s3Haue-
HUs napametpa O. Ans nnockoit Bonubl V=X \f2/bk, rge X n b—pac-
CTOSHUSA, XapaKTepuaylolle nonoxeHue anemeHta dS BONHOBOW MoBepx-
HOCTM OTHOCWUTENbHO TOYKM HabnogeHus P.
¢ Ondpakums @dpayHrodepa OT wienn, CBeT NafaeT HOPMasbHO.
Ycnosme MUHUMYMOB WHTEHCUMBHOCTW:
bstnO=»+*X, *=1,2,3,,.., (5.36)
rge b—wwupnHa wenu, 0 —yron gudpaxuum.
B [JudpakunoHHasa pelieTka, CBET nNajaeT HOPManbHO. YCNOBWE rNas-
HbIX (hpayHro(epoBbIX MaKCUMYMOB:
</81n0O=2*/1, *=1,2,3,"...; (5.38)
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ycnosue ,D'OﬁaBO‘-IHbIX MVWHWMYMOB!

dsino= = Xk'/N, (5-3r)
rae K'= 1. 2., kpome O, N, 2N,
& Yrnosasa pucnepcus AUpPakLMOHHOW peLleTKu:
D = 6a4/6X=*A/d cos 4. (5.34)

¢ Paspewatouias cnoco6HOCTb ANMPAKLUOHHOK peLleTKu:
R= X/6k=kN, (5.3e)
rae JT— uncno WTPUXOB pPeLLeTKN.
¢ Paspewatuwas cuna obbekTUBa:
A=1/6¢d = 0/1,221, (5.3%)

roe 6h— HammeHbllee YrnoBoe pacCcTosAHWe, paspewlaeMoe OO6BLEKTUBOM,
D—awvametp nocneaHero.

¢ dopmyna bBparra— Bynbha. Ycnosue AUPPaKLNUOHHBIX MaKCcU-
MYMOB:
2dsin a = * KK, (5.33)

rae d — MexnnockocTHOe paccTosiHMe, a — yron CcKonbXeHunda, =1, 2,

3,
5.101. lNMnockas cBeToBas BOMHA NajaeT HOPMasibHO
anadpparmMy ¢ KpyrnblM OTBEPCTUEM, KOTOPOE OTKPbIBAET MepBble
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N 30H ®peHens — gna Touku P Ha 3KpaHe, OTCTOSILLIEM OT
Avadparmbl Ha pacctosiHMe b, [lanHa BOMHbI cBeTa paBHa A
HaiiT mHTeHCcUBHOCTL cBeTa /,, Mepef Awacparmoii, ecnn wns-
BECTHO pacrpefenieHne MHTEHCMBHOCTM CBeTa Ha 3akpaHe /(r),
roe I — paccTosiHMe 0 Touku P.

5.102. TouyeuHblii WCTOUHWK CBeTa C [A/IMHOW BOMHbI X=
=0,50 mkm pacnonoxeH Ha pacctosaHuM a=100 cwm nepes ouv-
acdhparmoii ¢ KpyrnibIM oTBepcTMeM paamyca r= 1,0 mm. Haitun
paccTosiHMe b oT avadpparmbl 40 TOUKM HabnoaeHWs, 41s KOTo-
poii uncno 30H dpeHens B OTBEPCTUM cocTasnseT J1=3.

5.103. Mexagy TO4YeYHbIM WCTOYHMKOM CBeTa W 3KpPaHOM
nomMecTUIN AvadparMy € KpyrfbiM OTBEPCTMEM, pajuyc KOTO-
poro I MOXHO MeHSITb. PacCTosiHMS OT gmadparmbl 0 UCTOYHU-
Ka 1 3KpaHa pasHbl a=100 cm n 6=125 cm. OnpefennTb AVHY
BO/IHbI CBETA, €C/IM MAaKCUMYyM OCBELLLEHHOCTU B LIEHTpe Andpak-
LMOHHOM KapTWHbI Ha aKpaHe Hab6ntogaetca npy &= 1,00 mm un
CneayoLmnini  MakCuMym npu r,«=1,29 MM.

5.104. Tnockaa ceeToBasA BoMHa AN=640 HM C WHTEHCWB-
HOCTbIO /, MafaeT HOpMa/lbHO Ha KPpyrnioe OTBepcTue paguyca
/+==1,20 MM. HaliT MHTEHCUBHOCTb B LIEHTPe AMPaKLMOHHOMN
KapTMHbI Ha 3KpaHe, OTCTosLWEM Ha paccTtosHue 6=1,50 M oT
oTBEpCTUS.

5.105. Tnockasgs MOHOXpoMaTU4yeckas CBETOBas BOJIHA C WH-
TEHCUBHOCTbIO /« MajaeT HOPMaslbHO Ha Henpo3pauHbiii aKpaH
C KpyrnbiM oTBepcTveM. KakoBa WHTeHcMBHOCTL cBeTa | 3a
3KpaHOM B TOYKe, 4711 KOTOPOW OTBEPCTUE:

a) paBHO MepBoii 30He DpeHens; BHYTPEHHEW MOM0BUHE
MepBoOii 30HbI;

6) caenann pasHbIM NepPBO 30He PpeHens 1 3aTeM 3aKpblan
ero nonosuHy (Mo guameTpy)?

5.106. MoHOXpomMaTnyeckas Msockas CBETOBas BOJIHA C WH-
TEHCUBHOCTbIO /, MajaeT HOPMaslbHO Ha Henpo3paudHblil AUCK,
3aKpbIBAOLLNK 418 TOYKM HabnoaeHus P nepsyto 30Hy dpeHe-
ns. KakoBa cTania MHTEHCUBHOCTb cBeTa / B Touke P nocne Toro,
KaK y Aucka yaanunu:

a) nonosuHy (Mo anameTpy);

6) MONOBMHY BHELLUHEVM MOMIOBMHBLI MEPBOM 30HbI DpeHenst
(no awnametpy)?

5.107. Tlnockas MOHOXpoOMaTUYecKas CBETOBas BOJIHA C WH-
TEHCUBHOCTbIO /. NajaeT HOPMaslbHO Ha MOBEPXHOCTU HEMpOo-
3payvHbIX 3KPaHOB, MOKa3aHHbIX Ha puc. 5.20. Haitn 3aBucu-
MOCTb OT yrna {punHTeHcnBHocTU | cBeTa B Touke P:

a) PacrosioKeHHO 3a BEPLUMHOM yrna skpaHa (puc. 5.20,a);

6) AN KOTOPOW 3aKPYr/eHHbIM Kpaw akpaHa (puc. 5.20,6)
cOBMajaeT O rpaHuvLeli MepBoi 30HbI DpeHens.
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5.108. Mnookasa esetoBas BofHa ¢ A.=0,60 MKM nagaet
HOPMa&/lbHO Ha AOCTaTOYHO 6O/bLUYI0 CTEKIAHHYH MACTUHKY,
Ha MPOTUBOMOJSIOXKHOM CTOPOHE KOTOPOM cAenaHa Kpyrnas

1 N M

To

e

Puc. 5.20 Pnc. 5.21

BbleMKa (puc. 5.21). Ans Touyku HabnogeHnss P oHa npeacTas-
nsieT coboi nepBble MOATOPbI 30HbI dpeHensi. Hantn raybuHy
h BbleMKIM, MpU KOTOPOI MHTEHCMBHOCTL CBeTa B Touke P GygerT:

a) MaKCMMaJlbHOIA;

6) MWHUMabHOW;

B) paBHOM MHTEHCMBHOCTM MajatoLLEero ceeTa.

5.109. lNnockas ceeToBas BOJSIHA A/IMHbLI K N MHTEHCUBHOCTU
/, NajaeT HOPMa/bHO Ha 6O0/bLUYH CTEK/IAHHYIO MNACTUHKY,
NPOTUBOMNOJIOXHAA CTOPOHa KOTOPOW MpeAcTaBnseT coboir He-
Npo3payHbIi 3KpaH C KPYrfblM OTBEPCTUEM, PaBHbIM MepPBOM
30He dpeHenst Ans Touku HabmogeHust P. B cepeauHe oTeep-
CTUA chenaHa Kpyrnas BbleMKa, paBHas MOJMOBMHe 30HbI Ppe-
Hens. Mpn Kakoii ray6uHe h 3Tol BbIEMKU MHTEHCMBHOCTL CBe-
Ta B Touke P GygeT mMakcumManibHOM? YeMy OHa paBHa?

5.110. CeT ¢ annHol BonHbI A,=0,60 MKM MagaeT HopMasib-
HO Ha MOBEPXHOCTb CTEKMSAHHOIO ANCKA, KOTOpPbI NepeKpbIiBaeT
MonTopbl 30HbI PpeHens Ans Toukn HabnmogeHust P. Mpu Kakoli
TO/ILLMHE 3TOr0 AMCKA MHTEHCUBHOCTb CBeTa B Touke P Gyper
MaKCUMasIbHOM?

5.111. Ha nytn nnockoii cBeToBOM BOSHbI ¢ A,=0,54 MKM
NoCTaBU/IN TOHKYHO COOMPALOLLYIO IMH3Y C (POKYCHbIM paccTos-
Hvem /=50 cM, HenocpeACTBEHHO 3a Hell — auadpparMy € Kpyr-
/bIM OTBEPCTMEM U Ha paccTosHMM b=75 cm oT anadparmbl —
3KpaH. pn Kakux paguycax OTBEpPCTUA LEHTP ANPaKLIMOHHOM
KapTUHbI Ha 3KpaHe WMeeT MaKCUMalbHYK OCBELLEHHOCTb?

5.112. Tnockass MOHOXpOMaTUYecKass CBeTOBas BO/SHA Mnafja-
eT HOpMa/IbHO Ha Kpyrsoe oteepcTtve. Ha pacctosgHum 6=9,0 m
OT Hero HaxoAmuTCcA 3KpaH, rae HabnoalT HeKOTOopyl Au-
(PPaKUMOHHYIO  KapTUHY. J[naMeTp OTBEpCTUS  YMEHbLUWUAN
B T)=3,0 pasa. Halit HoBoe paccTosiHMe b', Ha KOTOpoM Hago
MOMECTUTb 3KpaH, 4TO6bl MOMYYUTb Ha HEM AUPaKLMOHHYIO
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KapTUHY, NOA06HYIO TOW, YTO B MpeabiayLlem ciy4vae, HO YMeHb-
LUeHHY0 B 4 pas.

5.113. Mexay WCTOYHUKOM cBeTa ¢ J1=0,55 MkM u dhoTo-
NNacTUHKOM  MOMECTUIM  HEeMpo3payHbld  Wapuk  AuameTtpa
D =40 mm. PaccTosiHME MeXaYy MCTOYHMKOM U LLIAPUKOM a=12 M,
a Mexay Lapukom u doTonnacTMHKon 6=18 m. HaiTtu:

a) pasmep M300pakeHUs Y Ha NAacTUHKe, ecv NonepeyHbIi
pasmep UCTOYHMKa ~=6,0 mMm;

6) MWHVMaSIbHYI0 BbICOTY HEPOBHOCTENM, XaoTWUYecKu Mo-
KPbIBalOLLMX MOBEPXHOCTb LUApMKa, MPU KOTOPOW mnocrefHui
yXXe Oy[eT 3aropaxmsatb CBeT (3TO MPOUCXOAMT Torga, Korja
BbICOTA HEPOBHOCTE CpaBHMMA C LUMPUHOM 30HbI PpeHens,
Mo KOTOPOVM MPOXOAWUT Kpai HernpospayHoro akpaHa).

5.114. TOYeYHbIA WCTOYHMK MOHOXPOMATUYECKOrO CcBeTa
pacrnonoXeH neped, 30HHOW MIAaCTUHKOM Ha paccTosHMM a=

= 1,5 M OT Hee. V306paxkeHNe NCTOUHN-

M bl * Ka obpasyeTcsi Ha pacCcTosHUM 6= 1,0 m
v « OT nnacTuHKW. Haiitm dokycHoe pac-

* LI CTOSIHME 30HHOI MAaCTUHKW.
rol s 5.115. Mnockasa

>.=0,60 MKM WU WHTEHCMBHOCTbIO /, Na-

[aeT HOpMa/bHO Ha 6ONbLUYH CTeKNSAH-

Puc. 5.22 HYI0 MNNAacTUHKY, Mpa]>xib KOTopoi no-

KazaH Ha puc. 5.22. TMpun Kakoi Bbl-

coTe h ycTyna WHTEHCMBHOCTb CBETa B TOYKaX, PaCMO/IOXeH-
HbIX MO4 HWM, 6yAeT:

a) MUHUMa/bHA;

6) BoBOe MeHbLUe /, (MOTEPSMU Ha OTPaXeHUs MpeHebpeub).

5.116. lNnockad MOHOXpoMaTu4yeckas CBeTOBas BOJIHA MNaja-
eT HOpPMa/lbHO Ha Hernpo3payHyr MonyrnaockocTb. Ha paccros-
HUM 6=100 cm 3a Hell HaxoAuTcs 3KpaH. HaliTn ¢ nomouysto
cnupan  KopHio (puc. 5.19):

a) OTHOLUEHME MHTEHCMBHOCTEM MepBOro MaKCUMyMa WU CO-
CefHero ¢ HUM MWUHUMYM3;

6) OVHY BOMHbI CBETa, €CM  PacCTOsIHME MeXay ABYMS
rnepsbiMy Makcumymamu 1x=0,63 mm.

5.117. Tlnockasa cesetoBas BoMHa gavHbl 0,60 MKM nagaet
HOPM&TbHO Ha HEMnpo3payHyl OJVMHHYIO MOJIOCKY  LUMPWHBI
0,70 Mm. 3a Heli Ha pacctosHUM 100 CM HaxoAMTCs 3KpaH.
Hality ¢ nomoLubto puc. 5.19 OoTHOLLIEHWE UHTEHCUMBHOCTEM CBETa
B cepeaviHe AVN(PPaKUMOHHOM KapTUHbl M Ha Kpasx reoMeTpu-
YEeCKOWM TEHW.

5.118. T'nockasa MOHOXpOMAaTMYecKas CBETOBas BOJHA Mafja-
€T HOPMa/lbHO Ha A/IMHHYIO MPSAMOYTO/bHYIO LLefb, 32 KOTOPOW
Ha pacctosHuUM 6=60 cM HaxoamTca 3kKpaH. CHayana LUMPUHY
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Wenn yCTaHOBUAW TaKOW, 4YTO B cepeaviHe AMIPaKLMOHHOM
KapTMHbI Ha 3KpaHe Habnogaics Hanbonee rny6oKnini MMHUMYM.
PazaBunHyB nocne atoro wenab Ha A1=0,70 MM, nony4unm
B LEHTPe KapTWUHbI creayowmii MUHUMYM. HaliTu nvHYy BOMHbI
cBeTa.

5.119. INnockasa ceetoBas BosHa ¢ A.=0,65 MKM MagaeT HoOp-
MasibHO Ha 60MbLUYH0 CTEKNAHHYIO MNacTUHKY, Ha MPOTUBOMO-
JIOKHOW CTOPOHE KOTOPOW caenaHa A/INH- +*
Has MPSAMOYrofibHas BbleMKa LUVPUVHbI bl MM
0,60 mm. HaiiTm ¢ nomolibto pHc. 5.19
rnyobuHy Bblemku JI, npyu KOTOpOM B
cepegnHe ANGPaKLUMOHHOM KapTMHbI Ha
3KpaHe, oTcTofllleM Ha 77 cM OT njac-
TUHKW, BYAEeT MakKCUMyM OCBELLEHHOCTW.

5.120. Tlnockasa cBeTOBas BOJIHA C
X=0,65 MKM nMagaeT HOpMa/lbHO Ha
60/bLUYIO CTEKNAHHYIO MIACTUHKY, Ha
NPOTMBOMOJIOKHOM  CTOPOHE  KOTOPOWA
MMeeTcs YCTyn W Henpo3payHas ro-
nocka wupuHbl a=0,30 mm (puc. 5.23). Ha paccTosaHun
6=110 cM OT MMACTUHKW HaxoAuTca aKpaH. BbicoTa ycTyna h
nopo6paHa Takol, 4YTO B TOYKe 2 Ha 3KpaHe WHTEHCMBHOCTb
CBETa O0OKa3blBAaeTCA MaKCUMaslbHO BO3MOXHOW. Haitnm c no-
MOLLIbHO pUC. 5.19 OTHOLLIEHNE MHTEHCUBHOCTEN B TOYKax / un 2.

5.121. Tlnockas MOHOXpoOMaTuU4yecKass CBeTOBas BOJSIHA WH-
TEHCUMBHOCTM /B NafjaeT HOPMa/lbHO Ha HEMpPO3payHbIi 3KpaH,
B KOTOPOM rpopesaHa A/VHHAsA LWeflb C NOYKPYT/biM BbIPE30OM
Ha 0fHOW 13 CTOPOH (pwuc. 5.24). Kpaii Bbipesa coBnagaeT ¢ rpa-
HULEA nepBoii 30HbI PpeHens Ans TOUKM HabnwogeHus P.
LnpuHa wenn coctaenset 0,90 paguyca Bbipesa. Haitu ¢ no-
MOLLbIO puc. 5.19 MHTEHCMBHOCTL CBeTa B Touke P.

Puc. 5.23

Puc. 5.24 Puc. 5.25

5.122. Tlnockaa MOHOXpoOMaTWYecKas CBETOBas BOJIHA Ma-
[aeT HOPMa/lbHO Ha HeMpOo3payHbIi 3KpaH C AJIMHHOW LLeNbHo,
dopMa KOTOpOK MoOKasaHa Ha pwuc. 5.25. HaiTu ¢ NomoLLbo
puc. 5.19 oTHOLLEHMe NHTEHCMBHOCTE cBeTa B Toukax 1, 2 1 3,
pacnosioXXeHHbIX 3a 3KpPaHOM Ha OJHOM M TOM >XXe PacCTOSHUMU
OT Hero, ecnu Ans TOUYKM 3 3aKpPyrneHHbIA Kpaii LWenn coenaga-
€T C rpaHuLeil nepBoii 30HbI PpeHens.
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5.123. Tnockas MOHOXpoMaTWyecKas eBeToBas BO/SIHa Maja-
eT HOpMa/lbHO Ha Henpo3padHbli 3KpaH, UMelLWi BUA, ANH-
HOW MOMIOCKU C KPYI/biM OTBEPCTMEM MocepeanHe. [ns TOUKM
HabnogeHns P oTBepcTne npeacTaBnisieT BOGOW MOSIOBMHY 30HbI
dpeHens, npyyem ero gnaveTp B 1|= 1,07 pasa MeHbLUe LUNPUHbI
nosnockn. Hantm ¢ nomowbto puc. 5.10 MHTEHCMBHOCTL CBeTa
B TOuke P, ecnn MHTEHCMBHOCTb MajaloLLero cBeTa paBHa /».

5.124. CBeT ¢ 4/IMHOW BOMHbI K MafaeT HOPMasibHO Ha ASTNH-
HYI0 MPSIMOYTOMbHYIO Wenb WMpKUHbL 6. Halitu yrnosoe pac-
npefeneHne WMHTEHCMBHOCTM CBeTa Mpu dhpayHrodepoBoii au-
hpakummn, a TakxKe YrnoBoe MosIoKeHVe MUHUMYMOB.

5.125. MOHOXpOMaTM4YeCKNA CBET MadaeT HOpPMa/lbHO Ha
wenb WnpnHbl 6=11 MKM. 3a LWe/bio HaxoAUTCA TOHKas INH-
3a ¢ pOKYCHbIM paccTosiHueM /-=150 MM, B (poKa/IbHO MIOCKO-
CTW KOTOPOW pacnofioxxeH 3akpaH. HaiTu gnnHy BOMHbI CBETA,
€CNIN  PacCTosiHVEe MeXay CUMMETPUYHO PAacrofioXXeHHbIMU MU-
HUMyMamn TpeTbero nopsiaka (Ha 3kpaHe) paBHO X=50 MM

5.126. CBeT ¢ g/mMHo BosHbI A.=0,50 MKM nafaeT Ha Liefb
WwmpyHbl 6=10 MKM rog yriom o=30c K ee HopManu. Haiitn
YIN0BOe MOMOXeHVEe MepBbiX MWUHUMYMOB, PacrosioXeHHbIX
rno obe CTOPOHbI LEHTPaIbHOro chpayHrodiepose MakCUMyMa.

5.127. Tlnockas cseToBad Bo/fHa ¢ A.=0,60 MKM nagaet
HOPMa/IbHO Ha rpaHb CTEKISIHHOMO K/AWHA C MPEeoMASHOLUM
yrnom 0=15°. Ha npOTMBOMOMOXHOM, HEMPO3PavyHOn, FpaHu
MMeeTcs Web wmpuHbl 6=10 MKM, napannefncHas peépy
KIMHa. Hantn:

a) yron Aft mexgy HanpaeneHueM Ha dpayHrogoepoB Mak-
CUMYM HYNIEBOro Mnopsifika M HanpasfeHWeM MafatoLlero CBeTa;

6) yrnosyt LUMpUHY (ppayHrogepose MakKCMMyma HYNEeBOro
rnopsgka.

5.128. MOHOXpOMaTMYeCKNIA CBET MadaeT Ha OTpaxaresb-
Hyl0 AncpakuMoHHY0 pelleTky ¢ nepuogom d =1,0 mm nog
YI7IOM CKONbXXeHua a«=1,0°. INog yrnom ckonbxeHma a=3,0°
ob6pasyeTcsa hpayHrocepoB MakcMmMym BTOPOro nopsigka. Haii-
TV ONVHY BOJIHbI CBETA.

5.129. N306pa3nTb NPUMEPHYH ANPaKUMOHHYIO KapTUHY,
eosnunKalOLWY Mpy angpakumm  dpayHroepa OT  peLLeTKu
M3 TPeX OAMHAKOBbIX LUENeN, ecnv OTHOLLEHVE Mepuoaa peLueT-
K/ K LUMPUHE LWENN pasBHO:

a) AByM; 6) Tpem.

5.130. Mpn HopmasbHOM MafeHUM cBeTa Ha ANPPaKLMOHHYHO
pewleTKy yron audpakumm gns nmHm Xx=0,65 MKM BO BTOPOM
nopsigke paseH 45 . Haiitm yron audppakuyuv gns amHum 9,=
=0,50 MKM B TpeTbeM MoOpsAKe.

5.131. CBeT ¢ A/MHOM BO/MHbI 536 HM MajaeT HOPMa/lbHO Ha
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OndpakuVoHHY0 pelleTKy. HaiiTn ee nepuog, ecnv  OfgHOMY
n3 ppayHrohepoBbIX MAaKCMMYMOB COOTBETCTBYET Yron Au-
pakumn 35° 1 HambonbLUMA NOPSAOK CMeKTpa paBeH MATU.

5.132. OnpegennTtb AIMHY BOJMIHbI  MOHOXPOMAaTUYeCKOro
CBeTa, NajaroLlero HOpMasibHO Ha ANMPaKLMOHHYIO peLleTKy
¢ nepviofoM d=2,2 MKM, ec/ii Yrofl Mexay Harpas/eHUsIMU Ha
hpayHrodepoBbl MakCMMyMbl MEPBOr0 WM BTOPOro MOpPsiAKOB
JO=15°.

5.133. CBeT ¢ A4/IMHOI BoMHbI 530 HM MagaeT Ha MNPo3padvHyto
ANOPaKUMONHYIO peLUeTKy, nepuog KoTopor paseH 1,50 MKM.
HailiTn yron ¢ Hopmasiblo K peLLeTKe, Mo KOTOpbIM 06pasyeTcs
opayHrogoepoB MakCUMyM HambonbLUero nopsiaka, €cnu ceeT
nagaeT Ha peLLeTKy:

a) HopMa/ibHO; 6) nog yrnom 60° K Hopmanu.

5.134. CseT ¢ AnnHol BonHbl A.=0,60 MKM nagaeT HOpMasib-
HO Ha AVMPaKUMOHHYIO peLleTKy, KOTopas HaHeceHa Ha nJsoc-
KO/ MOBEPXHOCTM MJ/I0CKO-BbIMYK/OMA UUANHAPUYECKOA CTeK-
NAHHOW NVH3bI C paguycoM KpuBM3Hbl #=20 cm. lMNeprog pe-
wetkn d—6,0 MKM. HaliTy paccTosiHMe MeXay CUMMETPUYUHO
pacnosioKeHHbIMU [M1aBHBIMW MakCMMyMaMW MepBoro nopsiaka
B (QOKa/IbHOM TM/IOCKOCTU 3TOM JINH3bI.

5.135. Tnockas csetoBad BosHa ¢ A,=0,50 MKM nagaet
HOpPMa/IbHO Ha rpaHb CTEK/IAHHOIMO KaMHa ¢ yriom 8=30°.
Ha npoTMBONONOXHOM rpaHW KIMHA HaHeceHa Mpo3payHast
ANDPaKLMOHHaA pelleTka ¢ neprogom d=2,00 MKM, LLTPUXM
KOTOPOW nNapasinefbHbl pebpy kIMHa. Haltn yrnbl mexay Ha-
npasneHVeM MajaloLlero ceeTa M HarnpaeieHUsAMU Ha raBHble
hpayHroepoBbl MakCUMyMbl HY/IEBOFO M MepBOro rMopsijKoB.
KakoB MakcuMa/ibHbI NopaaoK criekTpa? o4 Kakum yriom
K HarnpaeneHWIO Mafarollero ceeta OH bOyaeT HabnoaaTbes?

5.136. lNnockaa ceeToBasd BOSHA A/IMHbLI K NajaeT HopMasib-
HO Ha pas3oBy0 ANGPAKLMOHHYKO peLleTKy, Mpochu/ib KOTOPO

K O

Puc. 5.26 Puc. 5.27

nokasaH Ha puc. 5.26. PelleTka HaHeceHa Ha CTeK/sHHOWM nna-
CTUHKE C MoKasaTesieM MpenomneHuss M. Haiitm ray6uHy h
LUTPMXOB, MNPV KOTOPOW WMHTEHCMBHOCTb LIEHTPasibHOro dppayH-
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roepoBa MakcMMyma paBHa Hyno. KakoB npy 3TOM yron
OndpakLmMK, COOTBETCTBYIOLLMIA MEPBOMY MaKCUMyMy?

5.137. Ha pwuc. 5.27 noka3aHa cxema YCTaHOBKU AN Ha-
6niogeHns gudpakuyn  cBeTa Ha yNbTpassByke. [lnockas
cBeToBas BOosIHA ¢ X=0,55 MKM npoxoauT 4vepe3 koBeTy K ¢ Bo
[0, B KOTOpOI BO30YXAeHa cTosivas y/bTPa3ByKOBasi BaT Ha
€ yactoTo v=4,7 MlU. B pe3ynbTate avdpakumm ceeta Ha
OMTMYECKN HEOOHOPOAHOW MeproAMyeckol CTPYKType B hoKaslb-
HO nnockocTn 06bekTnBa O ¢ YOKYCHBbIM paccTosiHueM /=35 cm
BO3HMKaeT ANGPaKLUMOHHBIA CNeKTp. PaccTosiHMe Mexay co
cefHUMM MakcuMmymamun [,x=0,60 MMm. HaliTu ckopoCTb pacnpo
CTpaHeHs YNbTPa3BYKOBbIX KofebaHWii B BoOfe.

5.138. Lenb wmpnHbl b, oceelaemasn ceetom ¢ A,=0,60 MKM,
HaxoguTcs B (DOKaslbHOWM M/IOCKOCTUM 06BEKTMBA C (POKYCHbIM
pacctosiHMem /=15 M. 3a O0OBEKTMBOM pPacroOiOXeH 3KpaH
C OBYMS Y3KUMW LUENAMW, OTCTOSAWMMWU APYT OT Apyra Ha pac-
ctosaHMe d=1,0 mMm. OUEeHUTb WMPUHY b, Npu KoTopoit GyaeTt
HabnogaTbca Andpakumsa oT ABYX LLENeA.

5.139. Ona u3mepeHnss MeTogoM MalikenbcoHa YraioBoro
paccTosiHMA h MeXay KOMMOHeHTaMu [ABOWHOW 3Be3fbl Mepen
06BLEKTMBOM Te/slecKona MOMeCcTUIN avadparmy ¢ ABYMS Y3KUMU
napasinenbHbIMU - LLENAMKU, paccTosHne d Mexay KOTOopbIMU
MOXXHO MEHATb. ¥YMeHblasA d, 06HapyXunu nepsoe yxyALleHue
BMAMMOCTUN ANIPaKLMOHHON KapTUHbI B (DOKa/IbHOM M/I0CKOCTY
06bekTMBa Mpn d=95 cMm. Hailiti \g cumTas AnvHYy BOMHbI CBETA
X=0,55 MKMm.

5.140. Tpo3payHasa AMdpaKkLMOHHaA peLueTka MMeeT rnepu-
ofld=1,50MKM. Halitn yrnosyto amcnepcuio D (B yrn.MUH/HM),
COOTBETCTBYIOLLLYIO MakCUMyMy HambaTbLUero rnopsifika Crekt
panbHoM MnHMM ¢ X=530 HM, ecnn CBeT MafaeT Ha peLUeTKy:

a) HopMmasbHO; 6) nog yrnom A0=45° K Hopmaw.

5.141. CeeT ¢ AMHOM BOMHbI K NajaeT HOPMaslbHO Ha Au-
hpaKkUMOHHYIO peLueTKy. HaTn ee yrnosylo Aucnepcuio B 3a-
BUCUMOCTW OT yrna audppakuum 0.

5.142. CseT ¢ A.=589,0 HV nagaeT HOpMasibHO Ha AUdIpak-
LMOHHYIO peLleTKy ¢ nepuogom d=2,5 MKM, cofepXXaLlyto
AN=10 OO0 wTpuxoB. HaiTh yrnosyto WMpUHY ANKpPaKLMOH-
HOT0 MakcMmMyma BTOPOro nopsgka.

5.143. TlokasaTb, YTO MNPV HOPMaSIbHOM MafeHUM CBeTa Ha
ONPaKUMOHHYIO pelleTKy MakCUMasibHas BeMuMHa ee pas-
peLlatoLLieil  CMOCOBHOCTM He MOXET MpeBbIaTb 3HaYeHUs
I/K, roe /— wmpuHa peLueTkn, K — ANnMHa BOMHbI CBeTa.

5.144. Tlokas3aTb Ha npuMepe AUMPaKUMOHHOW peLLeTKu,
YTO pPasHOCTb YacTOT ABYX MakCMMYMOB, paspeLluaembiX o
Kputepuio Panes, paBHa 06paTHOM BenMYMHE Pa3HOCTU BPeMEH
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NPOX0XAeHUs CaMbIX KpalHUX WHTEPdIEpUPYOLLMX Koneba-
Huii, T.e. 6v= 1/6/.

5.145. CgeT, cogepXaluii gBe CneKTpasibHble IMHAN C ANW-
Hamn BOMH 600,000 m 600,050 HM, nNagaeT HOpPMaslbHO Ha Au-
(PPaKUMOHHYIO peLleTKy wmprHbl 10,0 MMm. [Mog HekoTopbiM
yrnom audppakumm 0 aTm NMHUA OKas3ancb Ha npegene paspe-
weHns (No Kputeputo Panes). Haiitn 4.

5.146. CBeT NagaeT HOPMa/ibHO Ha AUMIPaAKLMOHHYO PeLLeTKY
WMpuHbl /=6,5 cM, unmMetowyto 200 LUTPUXOB Ha MUAUMETP.
WNcenepgyemblii  CREKTP  COAEPXXWUT  CMEKTPasibHYK  JIMHUKO C
#,=670,8 HM. KOTOpas COCTOMUT U3 ABYX KOMIMOHEHT, OT/i4alo-
wuxc Ha 64=0,015 Hm. Haiitu:

a) B KakOoM MOpsiAKe CrekTpa 3TU KOMMOHeHTbl 6yayT pas-
peLLeHb!;

6) HaMMEeHbLUYHD Pas3HOCTb A/IMH BOJIH, KOTOPYH MOXET
paspelwnTb 3Ta pelleTka B 06nactv A.»670 HM.

5.147. MNpn HOpMasibHOM MafeHUM CBeTa Ha ANPPaKLMOH-
HYIO pelleTKy wWuprHbl 10 MM O6Hapy>XeHO, YTO KOMIMOHEHThI
XENTo NnHUKM Hatpus (589,0 1 589,6 HM) OKasbIBalOTCS paspe-
LUeHHbIMW, HayMHasA C NATOro nopsigka cnektpa. OueHUTH:

a) nepvop, 3TOW PELLETKM;

6) NPV KakKoW LUMPUHE PELLETKU C TaKMM XXe MepuofoM MOX-
HO paspelunTb B TPeTbeM Mopsiike Ay6GneT cneKTpaibHOW u-
HAM ¢ A,=460,0 HM, KOMMOHEHTbl KOTOPOro OT/INYaloTCA Ha
0,13 Hwm.

5.148. OundpakuMoHHasA peLleTKa KBapLEeBOro CrekTporpa-
i UMeeT LUMPUHY 25 MM 1 coaepXXmnT 250 LUITPUXOB Ha MUIIN-
MeTp. POKyCcHOe pacCTosiHMEe 06beKTUBa, B (POKaNIbHOWM MI0CKO-
CTU KOTOPOro Haxogutcsa dpotonnactuHka, pasHo 80 cm. CseTt
nagaeT Ha peLleTKy HopmanbHO. Wccnefyembld cnekTp cofep-
XUT CMeKTPasibHYK0 JIMHWUIO, KOMMOHEeHTbl Ay6neta KOTOpOWi
vmMeloT AmHbl BosH 310,154 wm 310,184 Hm. Onpefenuvts:

a) paccTosiHUA Ha )OTOMNaCTUHKE MeXAY KOMMOHeHTaMum
atoro pay6neta B CrekTpax MepBOoro W BTOPOro MOPSALKOB;

6) 6yayT N1 OHW paspelleHbl B 3TUX Mopsagkax Crekrtpa.

5.149. Ocsellaemast LWenb HaxoauTcs B (poKaibHOW  no-
CKOCTWN CObMpaloLLero naeanbHoro o6bekTmea ¢ hOKYCHbIM pac-
cToOsHMEM /=25 cM. 3a 00BbEeKTMBOM pacnofioxeHa audpak-
LUMOHHasA pellieTKa ¢ nepvoaom d=5,0 MKM W YMC/IOM LUTPUXOB

= 1000. Mpwn Kakoh wWwmMpuHe b wenn 6yaeT NOMHOCTBIO UC-
nosib30BaHa paspeLuarollass CrocobHOCTb  peLleTku  B6IM3N
A=600 HM?

5.150. MonorpamMmy ToukM A mony4yaloT B pesysibTaTe WH-
TepchepeHUMM MNOCKOM OMOPHOM BOMHbI U MPeAMETHOW, Au-
hparnpoBaHHo Ha Touke A. PaccTositHMe 0T 3TOW TOYKU [0

2S1



doTonnactTmHkn /=50 cm, gnavHa BOMHbI X=620 HM. doTonna-
CTUHKA OpPUWEHTUPOBaHa MNepneHANKYNAPHO K HarpasieHUIo
pacrnpocTpaHeHUs1 OMOPHOM BOMHbLIL.  HanTu:

a) paguyc K-ro Kosjbua rosiorpaMmMbl, COOTBETCTBYHOLLENO
MaKCUMyMy OCBELLEHHOCTU; BbIMUCANTL 3TOT paaunyc ansa J1= 10;

6) 3aBMCUMOCTb pacBeosiHWA [ Mexay cocefHUMM MaKcumy
MaMu OT paguyca T COOTBETCTBYIOLLErO KoMbLa ANs cny4yas
r<1.

5.151. Ha dhotonnactuHke, oTcTOAWEn Ha /=40 cM OT He-
60/1bLUIOI0 NpeaMeTa, XOTAT MOMY4YUTb €ro rosiorpammy, rae
6bl Gbl 3anmncaHbl geTann pasmepom d=10 MKM. [AnHa BOA
Hbl cBeTa >,=0,60 mkm. Kakum pgomkeH ObiTb pasmep dOTO-
MIaCTUHKN?

5.152. Ona TpexrpaHHO Npu3Mbl CneKTporpada npeaenb-
Has paspeLuaroLas cnocobHocTs JUBA obycnoBneHa AndopakLum-
eli cBeTa OT KpaeB MNpu3Mbl (Kak OT wenu). Mpu ycTaHOBKe
NPpUsMbl Ha Yros HauMEHbLUEro OTK/IOHEHUS B COOTBETCTBUU
C Kputepvem Panes

roe b— wupuHa ocHoBaHua npusmbl (puc. 5.28), dn/dk —
Avicnepcust ee BellecTBa. BbiBeCTU 3Ty dhopmyny.

C

5.153. TpexrpaHHas npusma cnekTporpada W3roTosneHa
M3 CTekna, NoKasaTe/b MNpPeioMEHNS KOTOPOro 3aBuUCUT OT
OnHbI BOMHbI cBeTa Kak M=A+B1kXx rge A n B — nocTosiH-
Hble, npuyem fl=0,010 MKwM*. Bocnosb3oBaBLUMCL DOPMY/ION
M3 MnpeablayLler 3afaun, HanTu:

a) 3aBMCMMOCTb paspeLlaroLLein CrnocobHOCTU MPU3Mbl OT K;
BbIUMCANTL K/OK BOIM3M >.,=434 HM U >.,=656 HM, €CNn LUMPU-
Ha OCHOBaHMA npusMbl 6=5,0 cm;

6) LWKMPUHY OCHOBaHWSA MPU3Mbl, CMOCOBHOW paspeLlnTb
XenTbli ay6bnet Hatpua (589,0 v 589,6 Hm).

5.154. Kakoi fo/mKHa ObITb LUMPWHA OCHOBAHUSI TPeXrpaH-
HOM npu3mbl ¢ gucriepcwein  |dn/d>i|=0,10 Mkm-1, 4TO6LI OHa
MMena TaKyl Xe paspeLuaroLLyto CNocobHOCTb, KakK U Andpak-
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UMoHHasa pelwetka 13 10 Q0O WITPUXOB BO BTOPOM MOPSAKe
criekTpa?

5.155. VmeeTca 3puTenbHas Tpyba ¢ gMameTpoM 06beKTuBa
0=5,0 cm. OnpeaennTb paspeLLatoLLLy0 CNOCOOHOCTb 0OBLEKTU-
Ba TPYObl M MUHUMaSIbHOE PacCTOsIHME MEXAY [ABYMSI TOUKaMu,
Haxogawmmmnes Ha pacctosHun /=3,0 KM OT TpyObl, KOTOpOe
OHa MOXeT paspewnTb. Cumtatb >.=0,55 MKMm.

5.156. BblUMCNINTbL HauMMeHblLee pacCTosHVe MeXAy [ABYMS
ToYKaMM Ha JlyHe, KOTOpOe MOXHO paspelunTb pedieKTopom
¢ guamvetpom 3epkana 5,0 m. Cumtarb, 4to A.=0,55 MKM.

5.157. B dooKanbHOM MNMIOCKOCTM 06beKTUBA 0bpasyeTcs
ONIPaKUMOHHOE M306padkKeHMe YAa/IeHHOro TOYeYHOro WCTOoY-
HUKa. OUEHUTb, KaK M3MEHUTCA OCBELLLEHHOCTb B LEHTPE 3TOro
M306paXeHns, ec/in 00bEKTMB 3aMeHUTb APYrnM, C Tem Xe
(POKYCHbIM PaccTOsIHMEM, HO C AMaMeTpOM BABOE 6OMbLLMM.

5.158. Mnockaa cesetoBas BosHa ¢ A,=0,6 MKM NagaeT Hop-
Ma/lbHO Ha WAealbHbIi O0O6LEKTUB C (DOKYCHbIM pPAacCTOSHUEM
/=45 cMm. OuameTp oTBepcTusi 06bekTMBa d=5 cm. lMpeHe6pe-
ras novtepsMU CBeTa Ha OTPaXKEHMUS, OLEHUTb OTHOLLEHWE WH-
TeHcMBHOCTU | cBETOBOW BO/SHbI B hOKyce 06BbEKTMBA K WHTEH-
CMBHOCTWN /0 BO/THbI, Madalolleii Ha 06beKTUB.

5.159. Onpefenntb MMHUMAa/IbHOE YBENTMYEHUE 3PUTENbHOM
Tpy6bl ¢ AviameTpoM o06beHTMBA £5=5,0 cM, NPU KOTOPOM pas-
pewlatrolas crocobHoCTb ee 06bEKTMBA OyAeT MOHOCTbIO WC-
nonb3oBaHa, ecnn Avaverrp 3payka rnasa d#=4,0 mm.

5.160. VmeeTc MWKPOCKOM C YMC/IOBOA anepTypoi 06bek-
TmBa sina=0,24, rge a — yron nonypacTsopa KoHyca fyuei,
nagatoLLmx Ha onpasy 06bekTMBa. HalTm MMHUManbHOe paspe-
LLIaemMoe pacCTossHMe O18 3TOr0 MUKPOCKOoMa npy onTUMaibHOM
OCBELLIEHNN 06beKTa CBETOM C A/IMHOWM BOJSIHbI X=»0,55 MKM.

5.161. HaiiTnm MMHMManbHOe yBennyeHMe MMKPOCKOMa C Ymc-
JI0BOVA anepTypoi 06beKkTUBa Sin a =«0,24, npu KOTOPOM paspe-
LlaoLLasa crnocobHOCTL ero 06beKTMBa O6yAeT MOMHOCTLIO UCMOSb-
30BaHa, ecnn guameTp 3padvka rnasa d«=4,0 mMm.

5.162. MNy4oK PEHTreHOBCKUX JTy4Yeil ¢ AJIMHOMA BOMHbI K MNa-
[JaeT nog yrnom ckosbxeHus 60,0° Ha NMHENHYK LEnoYvKy w3
paccerBaloLLMX LIEHTPOB C nepuogom a. HalTu yrnabl CKosbxe-
HUS, COOTBETCTBYHOLLME BCEM AUMPAKLUMOHHBIM MakKCMMyMawm,
ecnn A="/»o-

5.163. Tly4yoK PeHTreHOBCKMX fyyei C A/IMHOM BOMHbI X=
=40 nm nagaet HOPMasibHO Ha MJIOCKYK MPAMOYTONbHYH pe-
LUeTKY M3 pacceMBalOLLMX LIEHTPOB W JaeT Ha MJIOCKOM 3KpaHe,
pacrosioKeHHOM Ha pacctosiHum /=10 cM OT peLUeTKu, CucTe-
My ANPAKLUMOHHBIX MakcuMymos (puc. 5.29). Haiityu nepuogpl
peLUeTKn & 1 b cOOTBETCTBEHHO BAO/b OCEA X MY, €C/IN paccTos-
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HUA  MeXdy CUMMETPUYHO PAacrosioXeHHbIMA  MakCMMyMamm
BTOpPOro nopsiaka pasHbl AXx=60 MM (Mo ocu X) n Ay—A0 mm
(no ocun y).
5.164. MyyoK PEHTIeHOBCKUX Ny4elri nagaeT Ha Tpexmep-
HYI0 MPSIMOYTO/IbHYI0 peLLeTKY, Mepuoabl KoTopoil @, b u c.
HanpasneHwe nagaroLlero ryd-
Ka coBnagaeT C Harnpas/ieHUEM,
BLO/Ib KOTOPOroO Mepuog, peLueT-

- . . K/ paBeH a. HaiTm Hanpasne-
.. - HUA Ha AMGPaKUWOHHbIE Mak-
- _—<— e — CAMYMbl W A/INHbI BOMH, MPU
e e e X KOTOpPbIX 3TV MakCMMyMbl ByayT

- o . HabnogaTbes.
o 5.165. Y3KWIA Ny4yoK peHTre-
HOBCKUX Nyyeri nagaet nog yr-
Puc. 5.29 JIOM cKonbXeHuss a=60,0° Ha

eCTeCTBEHHYIO0 rpaHb MOHOKpPU-

ctanna NaCl, nnaTHocTb KoToporo p=2,16 r/cm3. Mpn 3ep-
Ka/IlbHOM OTPa&XeHUW OT 3TOW rpaHM o06pasyeTcss MakKCUMyM
BTOpOro nopsgka. OnpefenuTb AIVMHY BOJHbI U3/TyYeHUS.

5.166. Tly4yoK pPeHTreHOBCKMX fy4vell ¢ A.=174 nM NagaeT
Ha MOBEPXHOCTb MOHOKpUCTania, MNOBOpayMBatoLLerocs BO-
KpYr ocu, KOoTopas napasienibHa ero rnoBepxXHOCTU W MepreH-
OVKYNsSipHa K HarnpaefieHWIo najatowlero nydka. Mpum atom Ha-
npasfeHUss Ha MakKCUMMyMbl BTOPOrO W TPETbero rnopsgkos OT
CUCTEMbI MIOCKOCTeNr, napanfiesnibHbIX MOBEePXHOCTU MOHOKPU-
cTanna, obpasyoT mexagy coboir yron a=60\ Haiitn cooTtseT-
CTBYIOLLIEE MEXKMJ/IOCKOCTHOE pPacCTOSHMe.

5.167. Tpn NpPOXOXKAEHUUN MNy4yKa PEHTreHOBCKUX fyyeli
c X=17,8 Nm Yepe3 NONNKPUCTAI/IMHECKUI 06pasel, Ha 3KpaHe,
pacnosiokeHHOM Ha pacctosHun /=15 cm oT obpasua, o6pa-
3yeTcsl cucTeMa AUAIPaKUMOHHBIX Koney,. OnpefenvTb paguyc
CBET/ION0 KO/MbLLa, COOTBETCTBYIOLLErO BTOPOMY MOPAAKY OTpa-
YKEHNS OT CUCTEMbI MJIOCKOCTEM C MEXMIOCKOCTHbLIM paccTos-
Hvem d=155 nm.

5.4. TlMonapusauuna ceeTta

® T1n0CcKOCTb NonApusaLmm — NAOCKOCTb, B koTopoii kone6neTe* CBE-

ToBoli BekTop (E).
¢ TlnockocTb NponyckaHus nonspusaTopa— NAOCKOCTb, B KoTopoii

Kone6aHMA CBETOBOrO BeKTOpa MPOXOAAT CBOGOAHO,
¢® 3akoH Mantoca:

[ = /0 cos* ¢. (5.4a)
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) CreneHb nonspusauum ceeta:
P=(/7«KC™r+/m«Hn). (5.46)
0 3akoH bpiocTepa:
tgOe = n,/ni. (5.48)
) Popmynbl ®peHens [N MHTEHCUMBHOCTU CBeTa, OTPaXeHHOro oT
rpaHuubl pasgena ABYX AW3NeKTPUKOB:

. sin»(Qi-09 , tgM~-a,) ,

X X SInj (0i-)-#«) * “eoottgnrdj+ d,)’ ( -4r}
roe /ii v/ j— NHTEHCUBHOCTW najalwLliero cseta, y KOTOpoOro konebaHus
CBETOBOrO BEKTOpPa COOTBETCTBEHHO MNEPMeHAUKYNSAPHbI W nNapanfienbHbl
NA0CKOCTN NafeHuns.

9 KpucTannuueckaa nnacTMHKa Mexay [AByMsa nonspusatopamu P
n P'. Ecnn yron mexay nnockocTeld nponyckaHus nonspusatopa P
n ontuueckoin ocbto 00" nnacTuHkyM paseH 45°, To MHTeHcUBHOCTL V.

ceeTa, npouweawero uvepes nonspusatop P', okasbiBaeTcs mMakcumanbHoiA
VAN MUHUMANbHOW NpU CNeayLwmnx ycnoBusax:

Monsapusatopbl P n P* 6=2nkK 6=<2*+1) n
napannenbHbl /n= makc /;=bl10.
CKpeLleHbl /]_= MuH = Makc

3pecb 6= 2a(n0— ne)d/X— pasHocTb pa3 Mexay OObIKHOBEHHbIM U He-
06bIKHOBEHHbIM nydyamu, fe= 0, 1, 2, ...

O EcTecTBEHHOe W MarHUTHOe BpalleHWe MNJOCKOCTM MNONsApuU3aLnn:
thect —BJ1  (marH==""1 (5.4p)

34ecb a — NOCTOsiHHas BpaweHwus (ans pacTteopoB a = [a]c, rge [a] —
yfenbHasa NoCTOfHHas BpalleHUs, ¢ — KOHLEeHTpaLnua akTUBHOTO BellecTsa),
V— noctosiHHas Bepge.

5.168. lnockass MOHOXpOMAaTM4ecKasi BO/IHA €CTECTBEHHOrO
cBeTa C MHTeHCMBHOCTLHO /0 NafjaeT HOpMaslbHO Ha CUCTEMY U3
[Byx conpuKacaloLUXcs  MONSPOULHBLIX  MOJYM/IOCKOCTEN.
MnockocTM MNpPOMycKaHMA MONSPOVAOB B3aMMHO MepreHANKY-
NApHbI. 1306pasnTb MpUMepPHbIA BUA, ANGPaKLUMOHHOW KapTu-
Hbl Ha 3KpaHe 3a 3TOoW cUcTeMol. KakoBa MHTEHCUBHOCTb CBeTa
B cepeviHe ANMPAKLMOHHOM KapTUHbI?

5.169. lnockas MOHOXpoMaTU4Yeckasd BOJSIHA eCTEeCTBEHHOrO

C WHTeHcuBHOCTHIO /0 MajaeT HOpMasibHO Ha KpYyrioe
TBEPCTWE, KOTOPOe MpeAcTaBnseT coboM nepsyto 30HY PpeHe-
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HUA  MeXZy CUMMETPUYHO PacronoXeHHbIMU  MakCUMymamu
BTOPOro rnopsgka pasHbl [*=60 mm (no ocv 4) n Ay=40 mm
(no ocn y).
5.164. IMy4yoK PEeHTreHOBCKUX Ny4elr NagaeT Ha Tpexme
Hyl0 MPSIMOYTO/IbHYI0 peLUeTKy, nepuofbl KoTopo a, b u C.
HanpasneHne nagawoLlero nyu-
Ka coBMnagaeT C Harpas/ieHMeM,
BAO/Ib KOTOPOro Mnepuop, peLueT-
o K1 paseH a. HailiTu Hanpasne-
. - HUA Ha AUdPaKUUOHHbIE Mak-
—.— — —» CUMyMbl W [/INHbI BOJIH, Mpn
e e . X KOTOPbIX 3T MakcMMyMbl ByayT

* o Habn[aTbes.
- * 5.165. Y3Kuii ny4ok peHTre-
HOBCKUX fydeil Majaet mnog yr-
Puc. 5.29 nIoM cKonbXXeHna a=60,(f Ha

€CTECTBEHHYIO TpaHb MOHOKPW-

ctanna NaCl, nnotHocTb KoToporo p=2,16 r/cm*. [pn 3ep-
Ka/lbHOM OTPaXEHUM OT 3TOA rpaHW 06pasyeTcss MaKCUMyM
BTOpOro nopsagka. OnpefenuTb A/IMHY BOJMHbI U3/TyYeHUS.

5.166. My4yoK PEHTreHOBCKMX nydeit ¢ A=174 nMm napaet
Ha MOBEPXHOCTb MOHOKPUCTa/I1a, MOBOPayMBatoLLLErocs BO-
Kpyr ocu, KOoTopas napasnsesibHa ero rnoBepxXHOCTU W MepreH-
OAVKYNApHa K HanpasneHuo Nafarollero nydka. pu atoMm Ha-
npasieHNss Ha MakKCMMyMbl BTOPOro W TPeTbero MopsiiKoB OT
CUCTEMbI MIOCKOCTeN, napasnfie/ibHbIX MOBEPXHOCTU MOHOKPU-
cTanna, obpasyroT Mmexay coboir yron a=60°. Haintnm cooTBeT-
CTBYIOLLIEE MEXI/IOCKOCTHOE pPacCcTOsHME.

5.167. Tpy NPOXOXAEHUMN My4yKa PEHTreHOBCKUX fyyeii
c X=17,8 Nm 4epe3 MNONNKPUCTNTHYECKNIA 06pasel, Ha 3KpaHe,
pacnosioxkeHHOM Ha pacctosHuu /=15 cm oT o6pasua, obpa-
3yeTca cucTeMa AUAPakUMOHHBLIX Koneu. OnpefenuTb pagnyc
CBET/ION0 KO/bLA, COOTBETCTBYIOLLLErO BTOPOMY MOPSAKY OTpa-
YKEHNS OT CUCTEMbI MJIOCKOCTEN C MEXMIOCKOCTHbIM paccTos-
Hvem d =155 nm.

5.4. Tlonapu3auus ceeTa

% TnockocTb NONAPU3aLLUM — MNOCKOCTbL, B KOTOPOiI Kone6netcs cee-
ToBoli BekTOp (E).

¢ [MnockocTb MponyckaHWA MNONspuUsaTopa — NNOCKOCTb, B KOTOPOW
Kone6aHWs CBETOBOrO BEKTOpa MPOXOAAT CBOGOAHO.

% 3akoH Manoca:

/= 10 COS* . (5.4a)
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b CreneHb nonspusauum ceeta:

—t lem)/(/LLUCH [ vvm)- (5.4B)
0 3akoH BptocTepa:

tgd B = n,/ni. (5.48)

) ®opmynbl dpeHens [4NA WMHTEHCUMBHOCTU CBETa, OTPAXEHHOrO OT
rpaHuubl pasgena [ByX AW3NEeKTPUKOB:

/' _/ sIn*«h-O») , tg»(Ni-d,)
[ B J- sin* (Oi + d»)’ »“ Mg*(dl+d 1) * (8441
roe /£ u /] — VHTEHCMBHOCTM NajalolLero cseTa, y KOTOPOro Kone6aHus

CBETOBOrO BEKTOpAa COOTBETCTBEHHO MNepNeHANKYNAPHLI W napannensHbl
NNOCKOCTU MageHus.

0 Kpuctannuueckas nnacTuHKa Mexay AByms nonspusatopamu P
nm P". Ecnu yron wmexgy nnockocTblo nponyckaHus nonspusatopa P
n ontuyeckoii ocbto 00" nnacTHkyM paseH 45°, TO WHTEHCMBHOCTL /'
cBeTa, npolleawero 4yepes nonspusatop P', okasbiBaeTcs MakcuManbHo
WA MUHUMaNbHOM MpW Ceaylounx ycnoBusax:

Monsapwusatopsl P n P’ 6=2n* 6=<2fc+1) n
napannenbHbl /[= makc /;=MUH
CKpeLeHbl I\ = MuH /™ = Makc

3geck 6= 2a(n0— ne)d/K—pasHocTs has Mexay O6bIKHOBEHHbIM U He-
06bIKHOBEHHbIM ny4yamun, K—O, 1, 2, ...
() EcTecTBeHHOE M MarHWTHOE BpalieHWe MOCKOCTW MOAspU3ayum:

tdect= B/, dmarH= Y "> (5.4p)

34ecb a — MNOCTOAHHaA BpaweHua (gna pactsopos ee= [a]c, rae (a) —
yAenbHas NocTofiHHasa BpaweHns, C— KOHLUEeHTpauusa akTUBHOIO BelecTsa),
Y — noctossHHaa Bepgpe.

5.168. Tnockad MOHOXpPOMaTMYecKas BOMIHA eCTeCTBEHHOrO
cBeTa C VMHTEHCUBHOCTHIO /0 nMagaeT HOpPMa/bHO Ha CUCTEMY U3
[Byx conpukacalowmxca  MoAspouAHbIX — MOMYMNI0CKOCTEeN.
lMnockocTy MpPOMycKaHUA MoMSPOVAOB B3avMHO MEPMeHANKY-
NApHbI. 1306pasnTb NpUMEPHBIA BUA ANGPaKLMOHHOW KapTu-
Hbl Ha 3KpaHe 3a 3TOW cucTemor. KakoBa MHTEHCUBHOCTbL CBeTa
B cepefviHe AVUIPaKLNOHHOM KapTUHbI?

5.169. lNnockadA MOHOXpOMAaTU4eckas BOJIHA eCTeCTBEHHOro
cBeTa C WHTeHcMBHOCTbHO /0 najaeT HOPMaslbHO Ha Kpyrioe
O0TBEPCTUE, KOTOPOE MpeACcTaBnseT coboi nepayto 30HYy PpeHe-
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ns Ans TOYKUKM  HabnwogeHua P. HaldiTM WHTEHCWMBHOCTb CBeTa
B Touke P moaocne TOro, Kak OTBepCTUE MepPeKpblIN ABYMSI OAW-
HaKOBbIMM MONMONSPU3ATOPaMM, MAOCKOCTU MPOMYCKaHUs KOTO
pbIX B3aMMHO 0 MEPreHAMNKYNSAPHbI, a FPaHuLa WX pasgena npo
XOAUT:

a) Mo Avama MeTpy OTBepPCTMS;

6) MO OKPaKPY>XHOCTU, OrpaHUYMUBAIOLLEN MEPBYIO MOMOBUHY
30HbI PpeHen>ens.

5.170. JInJIn Heli HO MONAPU30BaHHbIM CBETOBOM My4YOK MagaeT
Ha NonsipM3aTaTtop. BpalJaloLMICa BOKPYT OCUM MyuYKa C Yr/10BOW
CKOpOCTbIO (0«w@» =21 paa/c. HaiiTn CBETOBYHO 3HEPruio, Mpoxoas
LLYIO Yepes » Nonapmns3aTop 3a oguH 060poT, ecsii MoTOK 3HepPrnn
B Magjawowem kM nyyke ®o=4,0 mBT.

5.171. MulMpn nageHUM €eCTeCTBEHHOrO CBeTa Ha HEKOTOPbIi
nonsipusatop<pp npoxoaut T1],=30 % cBeTOBOro MOTOKa, a 4epe,
[Ba TakKUX noHnonsipmusatopa — rj,=13,5 %. Haiitn yron < mex
Oy TNNOCKOCTITTAMW  MPOMYCKaHUA 3TUX MOMSPU3aTOPOB.

5.172. T13MNy4y0oK ecTecTBEHHOro cBeTa MajaeT Ha CUCTEMY W
=6 nonapnp H3aTopoB, M/IOCKOCTb MPOMNYCKaHUN KaXAoro us3
KOTOPbIX MOTOBEPHYTa Ha yron <p=30° OTHOCUTE/IbHO M/I0CKOCTYU
nponyckaHwve A npeablayLwero nonapusaropa. Kakaa 4acTb CBC
TOBOrO MOTOCTOKa MPOXOAWUT 4epe3 3Ty CUCTEMY?

5.173. EoEcTecTBeHHbI CBET MadaeT Ha CUCTEMY M3 TPex Mocre
JoBaTte/lbHO O  PacnonoXeHHbIX OAMHAKOBbIX MOMAPOMA0B, MpU
YeM M/I0CKOCOOCTb MPOMyCKaHWA cpegHero nonapouaa cocrtasnseT
yron 9 =60@VG ¢ Na0CKOCTAMWU MPOMYCKaHWs ABYX APYrMX roav
povaos. Ka”axabli nonsapouns o6nafaeT MOMNOWEHNEM TaKUM,
4YTO MPU HanafeHWU Ha Hero JIMHEMHO MOoNSAPU30BaHHOrO CBeTa
MaKCUMasibHbIIbIH  KO3(hthnLpmeHT nponyckaHus cocTaBnsieTr T
=0,81. B0O0OO CKOJIbKO pa3 YMeHbLUNTCA WHTEHCUBHOCTbL CBETa
nocne MPOXXOXOXAEHNSA 3TOW cUcTeMbI?

5.174. 0 CTeneHb NONsSpPM3aLUMM YaCTUYHO MO/APU30BAHHOIO
ceeta P=0=0.25 HaiiTm OTHOLLEHWE WHTEHCUMBHOCTU MOMAPU30-
BAHHOM COMOCTaBAAIOLLEA 3TOr0 CBeTa K WHTEHCUBHOCTU ecTe
CTBEHHOW O COCTaB/ISIIOLLLEN.

5.175. | Y3KWI Ny4yoK eCTeCTBEHHOro cBeTa MNPOXOAUT uepes
ras M3 ONTWTUYECKU W30TPOMHbIX MOMeKyn. HaliTu cTeneHb Mo
napusauuin ceBeTa, paccesiHHoro rnog yriom 0 K nyuky.

5.176. I Ha nyTM yacTU4HO NONSAPU30BAHHOIO CBETA MOMECTU
m nonapbounsatop. [Npyn nosopoTe MonspusaTopa Ha yron o=
==60° M3 N MONOXXEHWS, COOTBETCTBYIOLLErO MakCHUMyMy MpOryc-
KaHWf, H WHTEHCMBHOCTb TMpPOLLUEALLEro CBeTa YyMeHbluunach
B A4=3,0 pupasa HaliTn cTeneHb nonspmsaLmn NajatoLLEero ceeTa.

5.177. Ha nyTu ecTecTBeHHOro ny4yka cseta MOMeCTWIN [Ba
HecoBepLUeHeH HUX nonapu3atopa. Okas3anocb, 4YTO MPW napan
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NenbHbIX M0CKOCTAX MPOMYCKaHUsA MoNspm3aTopoB 3Ta CuUCTe-
Ma nponyckaeT B ri=*10,0 pa3 60nbLUe CBETA, YeM MPU CKPeLLEeH-
HbIX MJOCKOCTAX. HalTh cTeneHb nonspusauyn cBeTa, KOTO-
pyto cosfaer:

a) Kaxabl nonspusatop B OTAENbHOCTY,

6) BCA cucTeMa Npy NapasiienbHbIX N0CKOCTAX Mponycka-
HUA NONAPU3ATOPOB.

5.178. [Ba napannesbHbIX OAUHAKOBbIX MO UHTEHCUMBHOCTU
JINHEHO MNONAPU30BaHHbLIX My4Ka, MIOCKOCTU nonspusaumnmn
koTopbix Nt 1 Nt noeepHyTbl OTHOCUTENBHO APYr Apyra Ha
HeKOoTopbIA Manbii yron ¢ (puc. 5.30), nmagatoT Ha nonspmsa-
Top. NS ypaBHMBaHMS WHTEHCUMBHOCTEM 060MX MYYKOB 3a
nonspmn3aTopoM ero MaockocTb nponyckaHus N gomkHa
6bITb yCTaHOB/ieHa Mo 6uccek-

Tpuce A wwm B. Onpegenntb A\
3HaveHMe yrna dy npu KoTo-
poOM MOBOPOT nonspusaTopa w3
nonoXeHnss A Ha Masblid yron
BpCcp npmBoaNT K OTHOCUTESIb-
HOMY W3MEHEHWO MHTEHCUBHO-

cteli o6omx nyykos ALl Ha " j
BenmumHy B 4= 100 pa3 605b- /
LUYtO, YeM MpV MOBOPOTE Ha TOT /
e Yron u3 nonoxeHus B. '
5.179. lNoka3aTb C MOMOLLIbIO Puc- 5.30

dopmyn (5.4r), 4UTO OTpaXkKeH-

Hbli OT MOBEPXHOCTU [AM3/IEKTPUKA CBET OyAeT MOMIHOCTbI Mo-
napusoBaH, ecnu yron nageHns 0, yaoBneTBOPSET YC/I0BUIO
tgft,=rt, rge N — nokasatenb MPENOMIEHUS [AMNINEKTPUKA.
KakoB MNpu 3TOM Yron Mexay OTPaKeHHbIM W MPesioM/IEHHbIM
nyvyamm?

5.180. EcTecTBeHHbIi CBeT MagaeT nog yrnom bprocTepa
Ha NOBEpPXHOCTb CTekna. OnpeaennTb ¢ MOMOLLBLIO dhopmyn Ppe-
Hens:

a) KO3aphMUMEHT OTPadKeHWs;

6) cTerneHb MonsApu3sauMn MPenoMIEHHOro CBeTa.

5.181. T11OCKMIA MNy4OK €CTeCTBEHHOro CBeTa C WHTEHCMB-
HOCTbIO /0 MajaeT nof yr/iom bprocTepa Ha MOBEPXHOCTb BOAbI.
Mpn atom p=0,039 cBeTOBOr0 MOTOKA OTpaxaeTcd. HalTH
MHTEHCUBHOCTL MPEIOM/IEHHOr0 MyyKa.

5.182. Ha noBepxHoOCTb BOAbl Mog yrnom bptoctepa nagaet
MyYOK MI0CKOMONSIPU30BaHHOr0 cBeTa. [1/10CKOCTb KonebaHwui
CBETOBOr0 BEKTOpa COCTaB/IsieT Yrosa c¢= 45° ¢ MI0CKOCTbIO Ma-
JeHna. Halitn KoathUUMEHT OTpakeHUs.

5.183. Y3KWIA My4oK ecTeCTBEHHOro cBeTa MajaeT Mog yr/iom
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BptocTepa Ha MOBEPXHOCTb TOJCTOW MOcKoMapanienbHol
Npo3payHoi nnacTuHbl. [py 3TOM OT BepxHel MNOoBepPXHOCTU
oTpaxaetca p=0,080 cBeToBOro noToka. Hantn crenen:,
nonspmsaymm nydkos 1—4 (puc. 5.31).
5.184. Ha nnockonapainesibHy CTEKIAHHYI MIaCTUHKY
(cm. puc. 5.31) nagaeT nog yrnom bprocTepa Y3KUIA  NMy4YOK
cBeTa WUHTEHCMBHOCTU /,. OnpeaennTb
C nomoLplo dopmMynn  PpeHens:
a) WHTEHCUBHOCTb  MPOUKALLE,
nyyka /4, ecnu nagalowumin ceet m
HeliHO NONSAPW30BaH, MpUYeM U10C-
KOCTb KOMebaHWiA ero neprieHauKy-
NsipHa K M/0CKOCTN NafjeHus;
6) CTeneHb NonspusaLmmn npoLues:
Llero 4yepes nMAacTUHKY My4kKa, ec-
N NafaloLLniA CBET — EeCTECTBEHHDINA.
Puc. 531 5.185. Y3KMUA NYy4YOK eCTecTBeH-
HOro cBeTa MajaeT rog yrnom Bpkx -
Tepa Ha ctony CToneToBa, cocTosiyto m3 N TOnCTbIX M/I0CKO-
napanfieflbHblX CTEKNAHHbIX MNacTuH. Haiitw:
a) cTeneHb nonsipusaumm P npollefulero nyuka;
6) yuemy paBHo P npH N=1, 2, 5 n 10.

5.186. OnpeaennTb ¢ NOMOLLbLIO dhopmyn PpeHens:

a) KO3(P(PUUMEHT OTPaKEHUA eCTECTBEHHOro CBeTa Mpu Hop-
Ma/IbHOM MafeHNM Ha MOBEPXHOCTb CTEK/A;

6) OTHOCUTE/NbHYIO MOTEPIO CBETOBOrO MOTOKA 3a CYET oTpa-
XKEHU MPU MPOXOXAEHUN MNapakcMasbHOro My4vka ecTecTBeH-
HOro cBeTa 4epes3 LeHTPMPOBaHHYIKO OMTUYECKYIO CUCTEMY I3
\=5 CTeKNsHHbIX NNH3 (BTOPUYHBLIMA OTPAKEHUAMU CBeTa
npeHebpeyb).

5.187. CBeToBas BOJIHA MafaeT HOPMaslbHO Ha MOBEpPXHOCTb
CTekna, MOKPbLITOro CNoeM MNpo3padHoro BellecTsa. [peHebpe-
rad BTOPUYHBLIMW OTPaKEHUAMU, MOKas3aTb, YTO amnaUTyabl
CBETOBbIX BOJIH, OTPaXKEHHbIX OT 06eMX MOBEPXHOCTEN TaKoro
cnosi, 6yayT OAMHAKOBbI Mpu ycioBun N'—y M, rge n' v n—
rokasaTenu rMpesioMIeHUs C/10A U CTekna.

5.188. Ha noBepxHOCTb CTekna MNafaeT My4yoK ecTeCTBEHHO-
ro ceeta. Yron nageHus paseH 45°. HaiTu ¢ nomousto diop-
Myn ®PpeHena CTerneHb MNOASPU3ALMUN:

a) OTpaXeHHOro ceeTa; 6) MPEeNoOMIEHHOro cBeTa.

5.189. MocTponTb No [toreHcy BOJIHOBble (OPOHTLI U Har-
paBnieHnst pacnpocTpaHeHNss OBbIKHOBEHHOIO W Heo6blKHOBEH-
HOro /lyyeil B MOJIOXUTE/TbHOM OHOOCHOM KpUCTasse, ontuue-
CKasi OCb KOTOPOro:
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a) MepneHAMKy/sipHa K MI0CKOCTU MafeHUst U napannesb-
Ha MOBEPXHOCTU KPUCTa/Na;

6) NeXXUT B M/IOCKOCTU MafeHUs U napanfefibHa MnoBepx-
HOCTU KpucCTana;

B) NeXMWT B MJIOCKOCTU MNafeHus nog yrnom 45° K nosepx-
HOCTW KpucTanna, M cBeT nafaeT NepneHAVKY/ISPHO K onTuye-
CKOi ocw.

5.190. Y3KniA Ny4oK ecTeCTBEHHOro cBeTa C A/IMHOWM BOJHbI
J1=589 HM nagaetT HOpPMa/lbHO Ha MOBEPXHOCTb MNpPU3Mbl Bon-
NacToHa, CcAenaHHol W3 umcnaHa-

5.191. Kakoii xapakTep nons-
pusaumnm  UMeeT nockasa  anek- ...
HemarHuUTHass BOMHa, MPOeKLMN Puc. 5.32
BekTOopa E KoTopo Ha ocn X
H Y, NepreHavKynsapHble K HarnpasfeHW0 ee pacnpocTpaHe-
HUS, OMpefensAlTca CnefyroWwmmMy  YpaBHEHUAMMN:

a) EX=E cos (cat—kz), E¥=E sin (co/—kz);

6) Ex—E cos (0)/—kz), Ev—E cos (to/—te+ay);

B) EX=E cos (tot—kz), £,,=£ cos (coi—fo+n)?

5.192. Ha nyTM 4yacTU4YHO MOASAPM30BAMHOIO CBETa MOMe-
cTunn nonsipusatop. MNpy nNosopoTe nonsipmsatTopa 06HapYyXu-
N, YTO HaMMeHbLUass MHTEHCUBHOCTb CBeTa pasBHa 7/, Ecnm xe
nepes MNonspM3aTopoM MOMECTUTb MIACTUHKY B YeTBepTb BOJI-
Hbl, ONTUYECKash OCb KOTOPOM OpMEHTMPOBaHa Mog yrnom 45°
K M/I0OCKOCTU MNPOMyCKaHWA MNonspusaTopa, TO WHTEHCUBHOCTb
cBeTa 3a MOMApU3aTOpPOM CTaHOBUTCA pasHoM 1)/0, rae u=2,0.
HaiTtn cTeneHb nonspuvsauum nNajatroLlero cBeTa.

5.193. TpebyeTcAa W3rOoTOBUTb NapassesibHyt0 OMTUYECKO
OCW KBapLEBYI MMACTUHKY, TOMLLUMHA KOTOPOW He MpeBbillana
6b1 0,50 mM. Hafttn MakcuManbHy0 TOALWMHY 3TOM NAACTUHKMN,
npy KOTOPOM /INHEHO MoAsapu30BaHHbIA cBeT ¢ A.=589 HM noc-
ne MpoxXoXaeHus ee:

a) UCMbITbIBaeT MWL MOBOPOT MJIOCKOCTU Monspusaumu;

6) cTaHeT MONAPM30BaHHbLIM MO KPYTY.

5.194. KsapLeByl MNNacTUHKY, Bblpe3aHHY napasisiefnibHo
ONTUYECKOM OCK, MOMECTUAN MeXAY OBYMS CKPELUEeHHbIMW Mo-
napusartopamMu. Yron mexay rnjaocKocTAMU NponycKaHUsa nons-
pU3aTopOB M ONTUYECKOM OCbIO MNACTUHKM paBeH 45°. TonwmHa
nnactuHkn d=0,50 mMm. Tpu Kakux AAMHax BOMH B HHTepBa-
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ne 0,50—0,60 MKM MHTEHCMBHOCTb CBeTa, MpoLlellero 4epes
3Ty cucTemy, He ByfeT 3aBMceTb OT MOBOPOTA 3aA4HEro Nonspu-
3aTopa? Pa3HOCTb MoKasaTene NPenoMAeHUS HeobbIKHOBE»
HOro0 M OObIKHOBEHHOrO fy4ell B 3TOM MHTepBasie 4/IMH  BOJH
cumtate [A4n1=0,0090.

5.195. benbli €CTeCTBEHHbIA CBET MafjaeT Ha CUCTEMY W3
OBYX CKpELUeHHbIX TMOAApn3aTopoB, MeXAY KOTOPbIMA Haxo-
OWTCA KBapLuesas M/acTUHKa, Bblpe3aHHass napasifieflsHO ONnTu-
yeckoi ocu, TonwmMHOM 1,50 MMm. OCb MAACTUHKW COCTaBnseT
yron 45e ¢ MNAOCKOCTAMM MPONyCcKaHUs nonspusatopos. [po-
Lealnid Yepes aTy CUCTEMY CBET Pas/ioXMAN B CNEKTP. CKOJbKO
TEMHbIX Mofoc 6yaeT HabnwoaaTbCs B WHTepBase AAVMH BOJH
0,55—0,66 MKM? Pa3HOCTb nokasarteneil NpeioMIeHNs HeobbIK-
HOBEHHOrO U OGbIKHOBEHHOrO Jflydell B 3TOM WHTepBane A/IVH
BO/IH cumTaTb pasHoi 0,0090.

5.196. KpucTtannnyeckasa nnacTuHKa, Bblpe3aHHas napas-
NesbHO OMTUMYECKOW Oocu, umeeT TonwuHy 0,25 MM U CAyXuUT
NNacTUHKOM B 4eTBepTb BOMHbI Ans A,=0,53 MKM. [Ons Kakux
elle ANMH BOSH B 06/1aCTU BUAMMOrO CNEKTpa OHa ByfeT Takxke
NAacTUHKOM B 4YeTBepTb BO/MHbLI? CumMTaTb, YTO ANA BCEX L/INH
BO/IH BUAMMOrO CriekTpa pasHOCTb MnokasaTefei npeniomseHns
n,—n0—~0,0090.

5.197. KeapueBas nnacTUHKa, Bblpe3aHHas napasisiefnibHo
ONTUYECKOM OCW, MOMeELLEeHa MeXay [ABYMS CKPeLLleHHbIMW Mo-
napusatopamMmu Tak, YTO ee OMnTUYecKas OCb COCTaB/IsieT Yron
45° ¢ NNOCKOCTAMM MpPOMycKaHUsa nonspmsaTopos. [Mpu kakoi
MUHUMa/IbHOW TOMLLMHE MAacTUHKM CcBeT ¢ A,=643 Hm OyaeT
NpoxoanTb 4Yepe3 3Ty CUCTEMY C MaKCUMaNbHOW WHTEHCUB-
HOCTbIO, a cBeT ¢ H.,=564 HM O6ygeT CcWUIbHO ocnabneH? Pas-
HOCTb MoOKasaTenei npenomneHms Ne—no=0,0090.

5.198. Mexay [OBYMS CKpeLleHHbIMU ronspusaTopaMmm Mo-
MeCTUNN KBapLEBbI KIWUH C npenomasowmmM  yrnom 0=3,5°.
OnTuyeckas OCb K/IMHa napanfenbHa ero pebpy n coctaBnsiet
yron 45° ¢ nAoCKOCTAMM NponyckaHUa nonsapusaTopos. [pu
NPOXOXAeHNN 4Yepe3 3Ty cucTeMy ceeTa ¢ A=550 HM Habnoga-
eTcs cucTemMa WHTepPEepeHUMOHHbIX nonoc. LlnpmnHa kaxaoi
nonocbl Ax=1,0 mm. OnpefennTb pasHOCTb MokasaTenen npe-
NIOMNIeHNa  KBapua AN HeobbIKHOBEHHOINO W 06bIKHOBEHHOIO
fNlydei yKazaHHOWM [NNHbI BOJMHBbL.

5.199. MOHOXpPOMAaTUYECKNIA CBET WMHTEHCUBHOCTU /. nons-
pU30BaHHbIM B MniockocTn P, nagaeT HOpMaslbHO Ha KpuCTas-
JINYECKYIO MNaCTUHKY, BbIPE3aHHYIO napafie/isHO OMTUYECKOMN
ocn OO'. Yron mexay P n OO paBeH 45e. 3a NnacTUHKOW pac-
MOMIOXeH TOoMAPM3aTop, MJIOCKOCTb MPOMYCKaHUA KOTOPOro
P'. HaiiTm unHTeHcuBHOCTL /' CBeTa 3a MONAPU3ATOPOM, ecnu
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NNacTMHKa BHOCUT pPasHOCTb ha3 6 MeXAy OB6bIKHOBEHHbIM W
HEOObIKHOBEHHbIM Jlydamu. PaccMOTpeTb ciy4vau:

a) P\\P; 6) P+P.

5.200. MoOHOXpOMaTUYECKMIA MONAPU30BAHHLIA N0 Kpyry
CBeT NajaeT HOPMaslbHO Ha KPUCTaIMYECKYO MAACTUHKY, Bbl-
pesaHHy0 MapasnfieflbHo ONTUYeCKOW Ocu. 3a MNMIaCTUHKOM Ha-
X0OUTCA  MNONApU3aTop, MJI0CKOCTb  MPOMYCKaHUS  KOTOPOro
COCTaB/ISIeT Yron {Pc OMTMYECKOM OCbi0 MAACTUHKMW. oKasaTb,
YTO WHTEHCMBHOCTb CBeTa, MpOLUeALIero yepe3 3Ty CUCTEMY,
/'=/(1+ sin 2<p-sin 6), rge 6 — pa3HOCTb ha3 mexay O06blK-
HOBEHHbIM N HEOObIKHOBEHHbIM Slydamu, KOTOPYH BHOCUT nJjiac-
TUHKa.

5.201. Kak ¢ nomMoLLblo Nnonsipouaa 1 nnacTMHKN B YeTBEPTb
BO/IHbI, W3rOTOB/IEHHOW W3 MOMIOXMTEbHOINO OAHOOCHOr0 Kpu-
ctanna (n,>n0), OTANYNTL:

a) CBeT J/IeBOMOMSPM30BaMHbIA MO KPyry OT MpaBononspu-
30BaHHOrO;

6) eCcTeCTBEHHbI CBET OT MOMSAPU30BAHHOIO MO Kpyry u ot
CMecU eCTeCTBEHHOrO CBeTa € MOMSPU30BaHHbLIM MO KPYyry?

5.202. CBeT C O/IMHOIM BOMHbI A NafaeT Ha CUCTEMY U3 CKpe-
LWeHHbIX nonspusatopa I v aHanusatopa A, MeXxay KoTopbIMU
HaxoguTca komneHcatop bBabuHe
K (puc. 5.33). KomneHcatop co-

CTOUT M3 ABYX KBapLEBbIX KUHb-
€B, OMTMYecKass OCb OAHOr0 U3 KO-
TOpbIX MapanfensHa pebpy KIMHa,
ApYyroro — neprneHAuKynspHa K
Hemy. [1710CKOCTM  MpPOMNYCKaHUA
nonspusaTopa U aHanusaTopa co-
CTaBNAKT Yron 45° ¢ onTMYeCKUMmn

OoCMM  KOMMeHcaTtopa. WM3BecTHbl M 0 K A
Takxke npenomnsiowmii  yron 0
knnHeeB (0C 1) n pasHOCTb MokKa- Puc- 5,33

3ateneii  npenomneHus  Keapua

n,—n,,. Npn BBeAeHUU MWCCNeayemMoro Ay MpeoMnsiowero 06-
pasua O (ero onTuyeckas ocb OPMEHTUPOBaHa Tak, Kak Mokasa-
HO Ha pUCYHKe) Habnogaemble WHTEPEPEHUMOHHbIE MOOChI
CABUHYNCb BBEPX Ha 6x Mm. Hantu:

a) WMPUHY WHTEPMEePEeHUMOHHOM nonocbl AX;

6) BENNUMHY W 3HAK OMTUYECKOW PpasHOCTU Xoda OObIKHO-
BEHHOMO WM HEOObIKHOBEHHOrO Jfly4er, KOTOPYK BHOCUT 06pa-
3ey, O.

5.203. T1nockasd MOHOXpOMaTM4yecKas CBETOBass BOJSIHA WH-
TEHCMBHOCTWN /,, NafaeT HOPMa/ibHO Ha MNPO3payHbli AUCK U3
ONTUYECKN aKTMBHOrO BeLLLeCTBa, KOTOPbIA MepeKkpbiBaeT Mnos-
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TOpbl 30HbI PpeHens A8 TOUYKU HabmogeHus P u, kpowme Toro,
noBopaymBaeT MOCKOCTb nonspusaumm Ha 90°. lMNpeHebperas
OTPOKEHUAMU U TMOI/OWEHNEM CBETa, HaWTW MHTEHCUBHOCTb
cBeTa B Touke P.

5.204. BblumMcAnMTb C MOMOLLBIO Tabnu, MNPUIOKEHUA pas-
HOCTb MOKasaTefleldi MpenoMIeHUs Keapua Ans Mnpaso- U NeBo-

MoNAPM30BaHHOIO MO KPYry cBeTa ¢ A/1N-
HOM BO/MHbI A=589,5 HMm.
5.205. JIMHeMHO NONSPU30BaHHbIN
CBET C AnMHOW BonHbI 0,59 MKM Naga-
eT Ha TpexrpaHHyl KBapLeBYyl MNpus-
My I (puc. 5.34) ¢ npenoMIsoWYM
yrnom 0=30°. B npu3me cBeT pacnpo-
CTpaHseTcs BAOMb OMTUYECKOM OCW, Ha-
npasjeHWe KOTOPO/ MOKas3aHo LITpu-
n p X0BKOW. 3a nonspongom P HabnopatoT
Puc. 5.34 CUCTEMY CBET/IbIX W TeMHbIX osoc,
wmpuHa KoTopbix [Ox=15,0 mm. Haii-
TW MOCTOSHHYIO BpAaLLEHWS KBapLa, a TakXXe Xapakrep pac-
npegeneHnNs WMHTEHCUMBHOCTU CBeTa 3a MNOJSAPOUIOM.

5.206. EcTecTBeHHbII MOHOXPOMATUYECKUIA CBET MNadaeT Ha
CUCTEMY U3 ABYX CKPeLLeHHbIX Monspu3aTopos, MeXAy KOTOpbl-
MW HaxoA4MTCA KBapLieBas MNacTUHKA, Bbipe3aHHasA AeprneHanKy-
NAPHO K OMTUMYecKon ocv. Halitu MUHUMaNbHYIO TOMLLMHY
NIacTUHKW, MPW KOTOPOM 3Ta cucTemMa OyAeT nponyckaTb
'TE0,30 cBeTOBOro MOTOKa, €CNU MOCTOSAHHAsA BpalleHUs KBap-
ua a=17 yrn.rpag/mMm.

5.207. CBeT NpoXoauT 4Yepes CUCTEMY W3 ABYX CKPELLEHHbIX
nonsipu3aTopoB, Mexay KOTOpPbIMW pacrnosioXeHa KsapLiesas
NNacTUHKA, Bbipe3aHHas MepneHAUKYNSAPHO K OMTMYECKOW OCK.
OnpegennTe MUHUMaIbHYHO TONLWWHY NAACTUHKU, NPU KOTOPOW
CBET C [/IMHOW BOMHbI 436 HM GYAEeT MOMHOCTLIO 3aePXXUBaTbCA
3TOW CMUCTEMON, a CBET C A/IMHOMN BOMHbLI 497 HM — MponycKaTtb-
CcA HanonosuHy. [OCTOsSIHHasA BpalleHUs Ksapua AnA 3TUX
ONVH BOSIH paBHa coo0TBeTCTBEHHO 41,5 m 31,1 yra.rpag/mm.

5.208. JINHEMHO MONAPU30BaHHbLIA CBET C AJ/IMHOMA BOJMHbI
589 HM npoxoAnT BAAaTb OCU LNINHAPUYECKOTO CTEK/ISAHHOIO
cocyfa, 3anofIHeHHOro cferka 3aMyTHeHHbIM PacTBOPOM caxapa
C KOHUeHTpaumen 500 r/n. Mpwn HabnwogeHUM cb60Ky BUAHa CU-
cTeMa BMHTOOGpPAa3HbIX MOM0C, MpUYEeM PaccTOSIHME MeXAay Cco-
cefHMMU TEMHbIMW MOsI0CaMK BAONbL OcU paBHO 50 cm. O6bAc-
HUTb BO3HMKHOBEHWE MOJIOC N ONPEeAENUTb YAENbHYHO MOCTOSH-
HYI0 BpaLleHNs pacTBopa.

5.209. Aueriky Keppa noMecTMnm mexay ABYMS CKpeLLeH-
HbIMW MOSIAPU3aTOPaMM TaK, YTO HarpasfeHNe 3NeKTPUYECKOro
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nons E B KOHAeHcaTope o6pasyeT yron 45° ¢ noCKOCTAMMU
MponycKaHMA MonsApusaTopoB. KoHAeHCATOpP WMEET AJINHY
/=*100 MM © 3ano/IHeH HUTpo6eH30/10M. Yepe3 cucTeMy MpPOXo-
ont ceeT ¢ A.=0,50 mKMm. Vmeda B BUAYy, YTO B JaHHOM cliy4ae
noctosiHHasA Keppa B=2,2-10_u cm/B* onpegenntsb:

a) MUHUMASIbHYIO Harps>KeHHOCTb 3/1IEKTPUYECKOro  nons
E B koHAeHcaTOpe, MpM KOTOPOW WMHTEHCMBHOCTL CBETa, Mpo-
Leaulero yepes aTy cuctemy, He OydeT 3aBuceTb OT MOBOPOTA
3a[Hero rosapm3arTopa,;

6) 4Mcno NpepbiBaHWIA CBeTa B OAHY CEKYHAY, €C/M Ha KOH-
JeHcaTop nojaTb CUHYCOMAA/IbHOE HarpsbkeHWe ¢ 4acToToM
v=10 Mly v amMnauTyaHbIM 3HAYeHWEM  HarpsH>XeHHOCTU
£,,=50 kB/cwm.

MpuumeuvaHune. TlocTossHHOM Keppa HasbiBaloT KO3(h-
dviupeHt B B dhopmyne n,—na=B'KE*.

5.210. MOHOXpOMaTUYECKUIA M/IOCKOMONAPU30BaHHbIA CBeT
C Kpyrosoii yactoTtoi © npoxoamuT 4vepes BELLEeCTBO BAOSb OAHO-
POAHOro MarHUTHOro Mons ¢ HanpspbkeHHocTelo H. Haitm pas-
HOCTb MOKaszaTesfiell NpesioMeHnss 415 MpaBo- U N1eBONONSPU30-
BaHHbIX MO KPYry KOMIMOHEHT CBETOBOIO My4Ka, ec/n rMocTOosAH-
Has Bepge paBHa V.

5.211. HekoTopoe BeLleCTBO MOMECTUIN B MPOAO/IbHOE Mar-
HUTHOE Tr10/lIe COMIEHOMAA, PAacMoSIOKEHHOIO MeXAy ABYMS Mo-
napusartopamun. OnmHa Tpy6Ku ¢ BewlectBom /=30 cm. HaiTtmn
MoCTOAHHYIO Beppe, ecnm nNpy HanpsbkeHHOCTWU nonsa /7=
=56,5 KA/M yron noeopoTa M/IOCKOCTU Monspusaumn gu=
=+5°10"' gna o4HOro HanpasfeHUA MNONa U ¢»=—3?20' ang
MPOTMBOMOJIOXHOIO HarpasneHns rons.

5.212. Y3KWIA My4yoK M/I0CKOMOMASIPU30BaHHOIO CBeTa Mpo-
XOAUT yepe3 MpaBoBpaLLaloLLiee MOJSIOXKUTE/IbHOE BELLECTBO, Ha-
XofsLeecss B NnpogosibHOM
MarHMUTHOM MoJsie, KaK Mo- H
KasaHo Ha puc. 5.35. Haii-

TWU YroJs, Ha KOTOpbIA no-

BEPHEeTCA MI0CKOCTb NOoJis-

pv3aumu BbiLLEALLIEro nyy- |

Ka, ecnu gyiHa Tpy6bKn c Puc. 5.35

BELLLeCTBOM paBHa /, ero

MOCTOSIHHAsA BpalleHMs a, MocTosiHHas Bepge V u HanpsbkeH-
HOCTb MarHuTHoro rnons H.

5.213. Tpy6bka c 6eH30/10M AMHbI /=26 CM HaxoguTca B
MPOAO/ILHOM MarHUTHOM T10J1€ CO/IEHOMAA, PACTO/IOKEHHOI0 MeX-
4y OBYMA nonspusatopaMn. YToa Mexay M0CKOCTAMWU TMpo-
NycKaHUs Monsipu3aTopos paseH 45°. HaliTu MWHUMa/IbHYO
HanpPsHXKEHHOCTb MarHWTHOrO MOfs, MPU KOTOPOiA CBeT C Anu-

263



HOW BOSIHbI 589 HM ByAeT NPOXoAuTb Yepes 3Ty CUCTEMY TOJIbKO
B OAHOM HanpasneHun (ONTUYecKnii BeHTUb). Kak 6yaeT Bectn
cebs 3TOT ONTMYECKMIA BEHTWSb, eCNN WU3MEHWUTb HamnpasneHue
[JaHHOTO0 MarHUTHOrO MOAs Ha MPOTUBOMOIOXKHOE?

5.214. OnbIT NoKasblBaeT, UTO Teny, 06/1ly4aeMoMy MOMSPU-
30BaHHbIM MO KPYry CBETOM, COOOLLAeTCs BpallaTesibHblAi MO-
MeHT (3dpdpekt CafoBCKOro). 3TO CBA3aHO C TEM, YTO AaHHbIN
cBeT 06/11aaeT MOMEHTOM MMMY/bCa, MAOTHOCTb MOTOKAa KOTOPO-
ro B Bakyyme M=//<o, rge / — VHTEHCUBHOCTb CBeTa, LUI—
€ro Kpyroasi yactoTa Kone6aHwi. MNycTb MONSAPU30BaHHbLIA MO
Kpyry cBeT C A/IMHOM BoAHbI A,=0,70 MKM MajaeT HOPMasibHO
Ha OJHOPOAHbIA YepHbI AUCK Maccbl W=10 Mr, KOTOpbIA MO-
YKeT CcBOOOAHO BpalaTbCs BOKPYr CBOel ocu. Yepe3 CKObKO
BPEMEHW €ero yrsoBas CKOpOCTb cTaHeT o,= 1,0 pag/c, ecnm
/=10 Bt/cm*?

5.5. [Oucnepcusa v nornoweHne ceeTa

¢ CornacHo anemMeHTapHOl Teopuu AUCNEPCUMN AN3NEKTPpUYecKas npo-
HMLLaeMOCTb BeLLecTBa:
e=]+ V II~TLI] 1 (5.5a)
Gb—ur
K
rae a*— KOHUEHTpauusa 3N1eKTPOHOB C COGCTBEHHOW 4acTOTOW bl
0 CBfA3b MexAy MokasaTenem npenoMaeHUs U AU3NeKTPUYecKoi npo-
HMULAEMOCTbIO BellecTBa:

n=V"*e (5.56)

0 dasoBas t wn rpynnosaa W ckopocTtu:
v= w/i, Mn—dw/dk. (5.58)

O dopmyna Panes:

u= v—\dv/dX. (5.5r1)
# 3akoH ocnabneHus y3KOro ny4yka 3/IeKTPOMArHUTHOTNO M3NyYeHUs:
/«= f<exp (— (5.54)
rge 4= x+x'; U, X, X'—/uHeliHble nNokasaTenn ocnabneHwus, norno-

LWeHNA W paccesHus.

5.215. CBOGOAHbLIN 3/1EKTPOH HaxXoAMTCA B MOSie MOHOXPO-
MaTU4YecKoli CBETOBOWM  BOSIHbl. VIHTEHCMBHOCTbL cBeTa /=
= 150 B1/m*, ero yactota 0>=3,4* 1016 c-1. Hantu:

a) amMnanTyay KonebaHuii 3neKTpoHa W aMniauTyay ero
cKopocCTy;

6) oTHowleHne FJFb, rge n f, — amnanTyaHble 3Hade-
HUS CUJ, OEACTBYIOLINX Ha 3M1EKTPOH CO CTOPOHbLI MarHUTHOM n
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3M1EKTPUYECKO COCTaBASIOLLMX MONS CBETOBOW BOJHbI, MOKa-
3aTb TakKXe, YTO 3TO OTHOLLEHWE paBHO W2 G rae V — amMnanTy-
[Ja CKOpPOCTU 3MeKTPOHa, C — CKOPOCTb CBeTa.

YKaszaHUe. B ypaBHEHUN ABMKEHUSA 3/1EKTPOHA MOXHO
He yunTbiBaTb AENCTBME MarHUTHOWM cocTaBnstoweil nons (Kak
6yaeT BUAHO U3 pacyeTa, OHO MPeHE6PEXUMO Maso).

5.216. DneKTpoMarHUTHas BOJIHa C 4YaCcTOTOM O pacnpocTpa-
HAeTCS B paspekeHHOM nnasme. KoOHUeHTpaums cBO60AHbIX
3M1eKTPOHOB B NnasMe pasHa f,,. [peHebperas B3anMoaencTBreM
BO/IHbl C MOHaMX M/a3Mbl, HaTN 3aBUCUMOCTb:

a) OW3NEeKTPUYECKO/ MNPOHMLAEMOCTU MasMbl OT 4acTOTbl;

6) ba30BOIN CKOPOCTU OT A4/IMHbI BOMIHbI A B Ma3me.

5.217. HaiiT KOHLEHTpaumio CBOOOAHbLIX 3/IEKTPOHOB WOHO-
cdpepbl, ecnu Ana pagnoBosnH ¢ Yactoto v=100 MIy ee noka-
3atesib npenomnieHus n1=0,90.

5.218. Vimes B BMAy, YTO A1 AOCTATOYHO YKECTKUX PeEHTre-
HOBCKMX /lyYeil 3MeKTPOHbI BELLECTBA MOXHO CUMTaTb CBOOOA-
HbIMW, OMpefennTb, Ha CKOJIbKO OT/INYaeTca OT eAuHULbI MoKa-
3aTeNlb MpenomieHus rpadmra A1 PEeHTreHOBCKUX flyyeil C
ONMHOWM BOMHBI B Bakyyme A=50 nm.

5.219. JneKTpPOH, Ha KOTOPbIA [eACTBYeT KBasmyrnpyras

cuna kX u «cuna TpeHusi» YX, HaxoauTcst B Mofe 3M1eKTPOMarHuT-
HOrO M3yyYeHUsl. INeKTpUYeckas coCTaBnaloLlas Mons MeHs-
eTca Bo BpeMeHM Mo 3akoHy E=EQcos o/, MpeHebperas geii-
CTBMEM MarHMUTHOI COCTaB/SIOLLEN MOMS, HalTW;

a) YpaBHeHVE [ABWKEHUS 3/M1eKTPOHa;

6) CpedHIO MOLLHOCTb, MOF/IOWA@eMy0 3/1EKTPOHOM; Ya-
CTOTY, MNPV KOTOPOM OHa OyAeT MakKcuMasibHa, W BblpaXXeHue
AN MaKCUManbHOW cpefHel MOLLHOCTMW.

5.220. B psage cnydaeB AU3NEKTPUYECKas MPOHUL@EMOCTb
BELLEeCTBa OKa3blBaeTCs BEIMUMHOM KOMMIEKCHOM mnn oTpuua-
TeNbHOM WM nokasaTeslb NPesiOM/IEHUS — COOTBETCTBEHHO KOMI-
NeKcHbIM (N'=n-MX) WM 4ncTto MHUMBbIM (N'=4Xx). Hanwucatb
[ns 3Tnx cnyyaeB ypaBHEHMWE M/IOCKOW BOJHbI U BbIACHUTb gt
3NYECKNIA CMbICNT TaKMX TOKasaTeneil MnpenomaeHus.

5.221. Tpy 30HAMPOBAHMMN PA3PEXEHHON MNNasMbl Pagmo-
BO/THAMM  Pa3NINYHbLIX 4YacTOT 06HapPYXXMAWN, 4YTO pPafMOBOSHbI
¢ A>A0=0,75 M ucMbITbIBAOT MOMHOE BHYTPEHHeEe OTpaxe-
HVe. HaliTm KOHLUEHTpauuto CcBOOGOAHBLIX 3/1EKTPOHOB B 3TOM
nnasme.

5.222. Wcxopa w©3 onpefdeneHns rpynrnoBoi CKopocTu MU,
nonyunte chopmyny Panea (5.5r). lMokasaTb Takxe, 410 U
B6/IM3M >.=X' paBHa OTPe3Ky V', OTCeKaeMOMY KacaTe/lbHOW K
KpuBo ii(A) B Touke H' (puc. 5.36).
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HO BOMHbI 589 HM ByaeT MPOXoAuTL Yepes 3Ty CUCTEMY TOJSIbKO
B OAHOM HanpaB/feHNUN (ONTUYECKMIA BEHTUNL). Kak OGyaeT BecTu
cebs 3TOT OMTUYECKU A BEHTW/b, €CAIN U3MEHUTb Hamnpas/ieHue
[AHHOrO0 MarHUTHOrO MOSs Ha MPOTMUBOMOJIOXKHOE?

5.214. OnbIT NoKasbIBaeT, UTO Tenay, 06yyvaemMoMy MoNsSpu-
30BaHHbIM MO KPYry CBETOM, COOOLLaeTcss BpallaTesibHbIA Mo-
MeHT (3dpdpekt CafoBCKOro). 3ro CBSI3aHO C TEM, YTO AaHHbIN
cBeT 06nafaeT MOMEHTOM MMMY/bCa, MAOTHOCTb NOTOKA KOTOPO-
ro 8 sakyyme M—LUw, rge / — WHTEHCUBHOCTb CBETa, 0 —
ero Kpyrosas 4yactoTa KonebaHuii. NycTb NOASAPU30BAHHbLIA MO
KpYry CBET C A/IMHOM BONHbI A,=0,70 MKM nagaeT HOpMasibHO
Ha OAQHOPOAHbLIA YepHbIA AUCK Maccbl T = 10 Mr, KOTOpbIA MO-
YKET CBOGOAHO BpaLlaTbCs BOKPYTr CBOeM ocu. Yepe3 CKOMbKO
BPEMEHM ero yrjoeasi CKopocTb cTaHeT co.=1,0 pag/c, eciuv
/=10 Bt/cm*?

5.5. [Aucnepcusa M NoOrnoLeHve ceeTa

¢ CornacHo 3nemMeHTapHOW Teopuu AUcNepcun AU3NeKTpuyeckas npo-
HMLAeMOCTb BelecTsa:

(5.5a)

rae N*— KOHUEeHTpauus 371eKTPOHOB C COBCTBEHHON 4acToTol <ol
% Cgasb Mexay nokasaTeneM MNPeNOMIEHUS U ANM3NEKTPUYECKONU Npo-
HMLLAEMOCTbIO BelyecTBa:

(5.56)
(5.58)

(5.5r)

(b 3akoH ocna6neHns y3KOro Myuka 31eKTPOMarHWTHOFO M3NyueHUs:

/*=/»eP <— M. (5.58)
roe n= x-fx'; 4, X, X'— NUHeliHble NokasaTenu ocnabneHus, norno-
WCHNA N pacceaHnNA.
5.215. CB0OOOAHbIV 3MEKTPOH HaxoAUTCcA B Mone MOHOXPO-

MaTUYecKOM CBETOBOW  BOSIHbI. VIHTEHCMBHOCTb cBeTa /=
= 150 B1/M™‘, ero uvactota a>=3,4-10“ c-1. Haiitu:

a) amnauTygy KonebGaHWM 3M1eKTpOHa W amniuTygy €ero
cKopocTy;

6) oTHoweHne FJFbt roe Fu u F, — amnanTyaHble 3Hade-
HUA CUN, JENCTBYIOLLNX Ha 3MEKTPOH CO CTOPOHbI MarHUTHOW ©
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3/1EKTPUYECKOM COCTaBNAIOLWMX MOSA CBETOBOW BOJHbI; MOKa-
3aTb TaKXXe, YTO 3TO OTHOLLEHWe paBHO Y/2C, rae V — amnanTy-
[la CKOPOCTU 3/1eKTPOHa, C — CKOPOCTb CBeTa.

YKaszaHUe. B ypaBHeHUN OBMXEHUS 3/1eKTPOHA MOXHO
He yunTbiBaTb OENCTBME MarHUTHOWM cocTaBnswowein nons (Kak
6yeT BUOHO M3 pacyeTa, OHO MPEHEBPEXMMO Maso).

5.216. DneKTpoMarHMTHas BOJIHA C YacTOTOW <O pacrnpocTpa-
HAeTCH B paspeeHHoW nnasme. KOHUeHTpaums cBO6GOAHBIX
9/1EKTPOHOB B MN1asmMe pasHa MM,,. MNpeHebperas B3anMoAercTBUEM
BO/IHbI C MOHaMW MNAas3Mbl, HaATU 3aBUCUMOCTb:

a) OWANEeKTPUYECKOM MNPOHMLLEEMOCTN MNNasMbl OT 4acToTbl;

6) pa30BOI CKOPOCTM OT A/INHbI BOSIHbI K B N1asMe.

5.217. HaliTn KOHLEeHTpaumio cBOOOAHbIX 3/1EKTPOHOB WOHO-
cchepbl, ecnn ansa paguoBonH ¢ 4vactoto v=100 MIy ee noka-
3atesib  npenomneHns n1=0,90.

5.218. Vimea B BMAy, 4TO A/19 0OCTATOYHO >KECTKUX PEHTre-
HOBCKMX Nly4el 3/eKTPOHbI BELLEeCTBA MOXHO CUMTaTb CBOGOA-
HbIMW, OMNpefennTb, Ha CKOJIbKO OT/INYaeTcs OT eAuHULbI MOKa-
3aTeNb MpenomeHns rpadmta A1 PEHTIEHOBCKMX fyyen ¢
O/IMHO BOMHbI B Bakyyme A=50 nm.

5.219. 3neKkTPOH, Ha KOTOpbIA AelicTBYeT Ksasuynpyras
cuna kx n «cuna TpeHUs» YX, HaxoAMTCsl B Mosie 3/1eKTPOMarHuT-
HOro M3/y4YeHUs. INeKTpuYyeckas cocTaBfsiowas rnons MeHs-
€TCs BO BPeMeHM MO 3aKOoHY £=£, cos W/. [NpeHebperas aei-
CTBMEM MarHWTHOI COCTaBASIOLLEM MONS, HaATW:

a) ypaBHEHWE [ABMKEHUSA 3/IEKTPOHA;

6) CpedHIO MOLLHOCTb, MOr/IOWAeMy0 3/1IEKTPOHOM; Ya-
CTOTY, MPW KOTOPOW OHa OydeT MaKCUMaibHa, W BblpaXKeHWE
ANA MakCUMa/ibHOW cpefHel MOLLHOCTU.

5.220. B psage cny4vaeB AV3NEKTPUYECKas MPOHULAEMOCTb
BeLLleCTBA OKa3blBaeTCA BE/IMUMHOM KOMMJIEKCHOW WM oTpuua-
TeNbHOW W MoKasaTteslb NPefioMIeHNs — COOTBETCTBEHHO KOMII-
NeKCHbIM (N'= A+ iX) wm uncto MHMbIM (N'—bl). Hanucatb
ONs 3TUX CNy4vaeB ypaBHEHWE M/I0CKOW BOMHbI U BbICHUTL (-
3MYECKUIA CMbIC/T TaKMX MoKasaTeneri MpesioMIeHus.

5.221. Tlpy 30HAMPOBAHUN PA3PEXEHHOW nnasMbl pagmo-
BO/IHAMWU  Pa3/INYHbIX YacTOT OOHapYXWaW, 4TO pPajuOBOMHbI
¢ A>A0=0,75 M unCMbITbIBAOT MOMHOE BHYTPEHHEE OTpaxe-
Hue. HaiT KOHLUEHTpaLmio CBOGOAHBLIX 3/1EKTPOHOB B 3TOM
nnasme.

5.222. Wcxoass v3 onpefeneHust rpynnoBoi CKOpocTU W,
nonyunte dpopmyny Panesa (5.5r). lNMokasaTb Takxe, 4To U
BOMM3M K—K' paBHa OTPe3Ky V', OTCEKAeMOMY KacaTe/lbHOW K
KpuBoli y(f) B Touke K' (puc. 5.36).
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5.223. HaiiTn 3aBMCUMOCTb Mexay FpynnoBoi U un tha3osoii
V CKOPOCTSIMM AN151 CeAytoLmnX 3aKOHOB AMCNEePCUN:

a) Hen MV"\ 6) vznk; B) nen /oo
3pecb 4, K 1 W — A7MHA BOJHbI, BO/IHOBOE YMCMO U KPYroBast
yacToTa.

5.224. B HeKOTOpOW cpefe CBSA3b MeXay rpynnoBor v dhaso-
BOM CKOPOCTAMW 3MEKTPOMArHUTHOWM BOSIHbI MMEET BUA UYy=cJ,
rge ¢ — CKOpPOCTb CBeTa B BaKy-
yMe. HaliTn 3aBUCUMOCTb AU3NeK-
TPUYECKOM MPOHULIAEMOCTU  3TOW

cpefbl OT YacTOTbl BOSIHbI, € («).

5.225. lNMokasatenb npenomse-
HWA cepoyrfepoga [ANs cBeTa C
pvHamu BosiH 509, 534 1 589 HM
paBeH cooTBETCTBEHHO 1,647,1,640
C A un 1,630. Bblumcnutb ha3oByio W
Puc. 5.36 rpynnoBy0 CKOPOCTU cBeTa B6U-
31 A.=534 Hwm.

5.226. T1NOCKWIA CBETOBOW MMMY/bC PacnpoCTPaHseTcs B
cpege, rae chasoBasi CKOPOCTb V /IMHENHO 3aBUCUT OT A/INHbI BOJI-
Hbl ). M0 3aKoHY V=a+bk, a n b— HekoTopble NONOXKUTENbHbIE
NocTosiHHbIe. okasaTb, YTO B Takoi cpefe chopma NpoOU3BO/b-
HOrO CBETOBOrO WMMynbca OyAeT BOCCTaHaBNMBATLCA 4epes
npomeXxxyTok BpexveHn T=1 Ib.

5.227. Ty4oK eCTECTBEHHOro CBeTa WHTeHcMBHocTM |, na-
[JaeT Ha CUCTeMy U3 ABYX CKPeLLEeHHbIX MONsSpmu3aTopoB, Mexay
KOTOPbIMU HaxoAnTcA TPybKa C HEKOTOPbIM OMTUYECKM Heak-
TVBHbIM PacTBOPOM B MPOAO/IbHOM MarHUTHOM MOJie HanpsikeH-
Hoctu H. OnnHa Tpy6Ku /, NNHENHbIV NoKasaTe b MOr/oLWEeHNS
pacTBOopa X W nocTosiHHas Beppe V. MpeHebperas OTpaXXeHU-
AMW, HalAiTU MHTEHCMBHOCTb CBETa, MPOLUeALLero 4epes Ty Ccu-
cTemy.

5.228. Tl/10ockasa MOHOXpoMaTu4yeckass CBeTOBas BOJIHA WH-
TeHcmBHOCTM /0 MajaeT HOPMa/bHO Ha MIACTUHKY TOMLLMHON
d, KosththMUWEHT OTpaXKeHUA KaxKaoii MoBepXHOCTU KOTopoli pa-
BEH P. YUTA MHOrOKpaTHble OTPaXeHWUs, HaUTU NHTEHCUBHOCTb
npoLueaLLero ceeTa, ecnu:

a) nnacTuHKa ujeanbHO npospayHas (MornoLeHme oTCyTCT-
BYET); ®

6) NMHeNHbIA NokKasaTeNb MOIIOWEHUS paBeH X.

5.229. 3 HeKOTOpOro BeLlecTBa M3roToBUAWN [Be MacTuH-
KW: ogHy TonwmHoli d,=3,8 mm, gpyryto—dt=9,0 vm. Beegs
nooyepesHo 3T MaCTUHKM B NMYYOK MOHOXPOMAaTMYECKOro cBe-
Ta, 06HapyXXunm, 4To nepsas NnacTUHKa nponyckaeT ~=0,84
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CBETOBOro MOTOKa, BTopas T,=0,70. HalT\ NuHelHbIA MoKa-
3aTeslb MOr/OLWEeHNs 3Toro BellecTBa. CBeT MajaeT HOPMasbHO.
BTOpMYHBLIMN OTpaXXeHUAMU MpeHebpeYb.

5.230. MOHOXpPOMaTUYECKUIA MYYOK MNPOXOAUT 4epe3 CTo-
ny H3 N =5 0AuHaKOBbIX M0CKONapasfie/ibHbIX CTEKNAHHbIX
MAaCTMHOK, Kaxgaa TonwuHon /=0,50 cm. KoaddomumeHT oT-
paXeHMA Ha KaXAoW NoBepxXHOCTUM MNnacTUHOK p=0,050. OTHO-
LUeHVE WHTEHCMBHOCTM CBeTa, NpoLUefLlero 4yepes 3Ty crTony
MAacTUHOK, K WMHTEHCUMBHOCTW rnajatoulero ceeta 7=0,55. lMpe-
Hebperass BTOPUYHLIMW OTPKEHUAMW CBETa, OnNpeaennTb ro-
KasaTefnb MOrNOLWeHNS JaHHOro CTekna.

5.231. MOHOXpOMaTMYECKMIA MYYOK CBETa MadaeT HOpMasib-
HO Ha MOBEPXHOCTb MOCKOMNApasNeNbHOM MNAaCTUHbI TONLWM-
Hbl /. MoKa3aTenb MOMNOLLEHNS BeLecTBa MAaCTUHbI JIMHENHO
MU3MEHSIETCH BAOMb HOPMa/iM K ee MOBEPXHOCTU OT 3HayeHUs
X, 00 X,. KoathhMLMEHT OTPaXKEHMUS OT KaxXAOM MOBEpPXHOCTU
nnacTuHbl paseH p. MNpeHebperas BTOPUYHLIMU OTPAKEHUSMN,
onpefenuTb KoahUUMEHT MNPOMNYCKaHUS MIaCTUHBbL.

5.232. My4okK cBeTa MHTeHcMBHOCTK /0 nagaeT HOpMaslbHO Ha
naockonapasine/lbHy0 MPo3payHy0 MAACTUHKY TOMWMHBL .
IMy4oK cofepXXUT BCe A/IMHbI BOIH B AManasoHe oT H, go A, ogun-
HaKOBOW CMeKTPaslbHOW WHTEHCUBHOCTU. OnpefennuTb WHTEH-
CUMBHOCTb MpOLUeALIero yepes MAaCTUHKY MyyKa, ecim B 3TOM
AnanasoHe A/IMH BOSH MOKasaTefb MOrMOWEeHNA NIMHENHO 3a-
BUCUT OT A B Npegenax oT X, A0 X2 1 KOaULMEHT OTPaXKEHUS
Ka)KAoW MOBepXHOCTU paBeH p. BTOPUYHBIMU OTPaXKEHUAMMU
npeHebpeyb.

5.233. CeeTouNbTP MpeAcTaBnsieT coboit MAacTUHKY TOn-
WmHbLI d ¢ nokasaTesieM TMOM/IOLWEHNS], 3aBUCALLUM OT [JIVHBI
BO/IHbI A no doopmyne x(A)=a(l—A)* cm-* roe a n 90—
HEKOTOpble MOCTOSIHHble. HaliTy WmMprnHY NOnocbl NPONyCcKaHWs
aToro ceetocpmnbTpa OA — WMpUHY, NpU KOTOPOW ocnabneHue
cBeTa Ha Kpasx nonocbl B 17| pa3 6onblie, 4em ocnabneHue
npn $0. KospdnuMeHT OTpaXKeHUS OT MOBEPXHOCTEW CBETO-
unbTpa cHUTaTb OAMHAKOBbLIM AN BCeX A/INH BOJH.

5.234. To4euHbli MOHOXPOMATUYECKUI UCTOUYHUK, UCMYCKalo-
LMiA CBETOBOM MOTOK @, HaxoAUTCA B LEHTpe cchepuyeckoro
Cnos BEeLLEeCTBa, BHYTPEHHWUIA pPaguyc KOTOPOro &, Hapy>XHbI
b. JInHelHbI NoKasaTenb MOr/IOWEHNS BellecTBa X, Koadhdm-
LMWEHT OTPaXEeHUs MoBepxHocTel p. MNMpeHebperas BTOPUYHBIMU
OTpPaXeHUsIMN, HalAiT MHTEHCUBHOCTb CBeTa Ha BbIX04e W3 3TO-
ro BeLlecTBa.

5.235. BO CKOMbKO pa3 YMeHbLUNTCA MHTEHCMBHOCTb Y3KOr0
nyyka PeHTreHOBCKOro M3Ny4YeHUs ¢ 4MHOM BOMHbI 20 NM npu
MPOXOXXAEHNUN CBMHLIOBOW MMACTUHKM TonwuHbl d =1,0 Mm,
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€C/I MaccoBbI MOKa3aTesb 0ocnabneHus AN AaHHOW [ANMHBbI
BO/HbI L/p=3,6 cm*/r?

5.236. Y3KWiA MyYOK PEHTIFEHOBCKOrO W3MYy4YeHUs C A/INHOM
BO/IHbl 62 MM MPOXOAUT 4epe3 aSlOMUHUEBBIA 3KpaH TO/LUMHBI
2,6 cMm. KakoW TOMWWMHBLI CBUHLIOBLIA 3KpaH OyAeT 0cnabnstb
JaHHbIA My4YoK B TakoWM >e cTerneHW? MaccoBble Mnokasatenu
ocnabneHns aIlOMUHUA U CBUHLA A718 3TOr0 M3/y4YeHUs paBHbI
COOTBETCTBEHHO 3,48 n 72,0 cMm*/T.

5.237. Halitn gna antoMuUHWS TOALWMHY CN0S MOMI0BUHHOIO
ocnabneHns y3Koro ryyka MOHOXPOMATUYeCKOro PeHTreHOoB-
CKOrO W3NYy4YeHUs, eCcIM MacCcoBbIi MokasaTesb ocnabneHus
u/p=0,32 cm’/T.

5.238. CKO/IbKO C/10€B MOSIOBUHHOIO OCNabneHus B NaacTuH-
Ke, KOTOopas YMeHbLUaeT MHTEHCUBHOCTb Y3KOro Mnyyka pPeHT-
reHOBCKOro mu3nyyeHunsa B tj= 50 pas?

5.6. OnNTukKa ABMXKYLLUXCA WCTOYHMKOB

O 3ddekt Lonnepa npu V< c:
La>/>= (o/c) cos 0, (5.6a)

rge y— CKOpOCTb WMCTOUYHMKA, O— yron Mexjy HanpasfieHueMm CKOpOCTW V
MCTOYHMKA W HamnpasfeHWeM Ha HaGniopgaTens.
 3ddext fonnepa B obuiem cnyuae:

(5.66)
| —f$cosd

rpe fi= vic.

q:) Mpu &= 0 acdekt Aonnepa HasbiBalOT NPOAOAbHLIM, Npn 0 =
*= n/2— nonepeyHbIM.

d) AhhekT BaBmnosa — UepeHKoBa:

cos d = c/nv, (5.68)

rge 4 —yron Mexay HanpaBneHWEM pacnpoCTPaHEHMWS WU3NYYEHUA U BEK-
TOPOM CKOPOCTM V YacTuubl.

5.239. B onbiTe ®130 Mo onpeenieHNO CKOPOCTU cBeTa pac-
CTOSIHME Mexay 3ybuaTbiM KosecoM U 3epkasiom /=7,0 Kwm,
ymcno 3y6uos r=720. [lBa nocnefoBaTtesibHbIX MCHE3HOBEHUS
cBeTa HabnogaiM MNpu CKOPOCTAX BpalleHUs Koneca MX—
=283 06/c n n,=313 o6/c. HaiiTn ckopocTb cBeTa.

5.240. VICTOYHMK CBeTa ABWXKETCHA CO CKOPOCTbK V OTHOCU-
TeflbHO npuemMHuKa. [lokasatb, 4TO MNpu t/<c OTHOCUTENbHOE
M3MeHeHMe 4acToTbl CBeTa onpegensetcs dopmynoii (5.6a).

5.241. OgHa M3 CNEeKTpPa/ibHbIX NIMHWIA, MCNYCKaeMbIX BO3-
B6Y>KAEHHbIMU MOoHamn He+, nmeeT gnvHy BOMHbI A,=410 HM.
HailiTn gonnepoBckoe cmelleHve [JA 3TOA NMHUKW, ecn ee Hab-
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nopate nog yriiom 0=30° K NyYKY WOHOB, ABVKYLLUXCA C KU-
HETNYECKO 3Hepruen 7'= 10 Ma3B.

5.242. Mpn HabnogeHUM cnekTpanbHOM NMMHUKM X=0,59 MKM
B HanpasfeHUAX Ha MPOTUBOMOSIOXKHbIE Kpas COMHEYHOro Auc-
Ka Ha ero akeBaTope 06Hapy>Xunm pasnnuuve B A/IMHAX BOSH Ha
6A.=8,0 nm. Hantn nepwuopg BpaileHns ConHua BOKPYr cob6CT-
BEHHOI OCMW.

5.243. 3dhdoekT Jonnepa Mo3BOANA OTKPbITb ABOMHbIE 3BE3-
[bl CTO/b YAaneHHble, YTO paspeLleHne UX C MOMOLLbIO Tefleckona
0Kas3asiocb HEeBO3MOXHbIM. CreKTpasibHble JIMHUM TakKuxX 3Be3f,
Nnepuoanyecky CTaHOBATCA ABOMHBLIMW, M3 YEro MOXHO npeano-
NIOXNTb, YTO UCTOYHUKOM SBAAIOTCA ABe 3Be3fbl, obpaliatoLime-
€A BOKPYT UX LeHTpa Macc. Cumtas maccbl 06emx 3Be3f OAWHa-
KOBbIMW, HaiTU PacCTOsHME MEXAY HUMU U UX Maccbl, eCclin Mak-
CUMaJIbHOE pacLuensieHne CneKTpanbHbIX JIMHWUIA paBHO (JIAYH)T =
= 1,2-10-4, npyyeM OHO BO3HUKAET 4yepe3 Kaxable T=30 AgHel.

5.244. T1nockaa 3neKTPoOMarHWTHas BOJIHA 4acToTbl CO, Ma-
OaeT HOpMa/slbHO Ha MOBEPXHOCTb 3epKana, ABVKYLLLErocs Ha-
BCTPEYY C PensTUBUCTCKOM CKOpOCThbio V. Bocnonb3oBaBLUUCH
doopmynoii [onnepa, HaATM 4acTOTy OTPaXKeHHOW BOJHbI. Y-
pOCTUTbL MOMYyYEHHOe BbIPaXeHWe AN cy4as

5.245. Pagnonokatop paboTaeT Ha gvmHe BonHbl A,=50,0 cm.
OnpefennuTb CKOPOCTb MPUOBAMKAIOLLIErOCs camosieTa, ecn 4a-
cToTa GMeHW Mexay CUrHanoMm nepegaTymka M curHaaoM, oTpa-
>KEHHbIM OT CamMoJieTa, B MeCTe PacrosioXKeHMs1 /loKatopa pasHa
Av= 1,00 kly,

5.246. OTKpbITbIA CBEPXY COCY[, Ha AHE KOTOPOro HaxoauT-
CSl TOYEYHbIA MOHOXPOMATUYECKUIM WCTOYHWK CBETa, 3amnosfiHs-
IOT CHW3Y BOAOW TaK, YTO ee YpOBEHb MOAHUMAETCH CO CKOPO-
cTbto 1n=9,0 mwm/c. HaliTm OTHOCUTENbHbLIA CABUI  YacTOThbl
Jo/*» cBeTa, KOTOpblA HabnogalT HaA MOBEPXHOCTHHO BOAbI
BAO/Ib BepPTUKa/IN, NPOXOAALLE Yepe3 UCTOUHUK. Habnwopartens
npegnonaraeTcs HernoABVXHbIM.

5.247. ViMes B BuUAy, 4TO (pasa BOMHbI 0/—KX ecTb WHBa-
puaHT, T. €. He MEHSieTCa MpW nepexofe OT OAHOW MHepumanb-
HOW cucTeMbl K ApPYroW, OnpefennTb, Kak npeobpasytoTcs BXO-
OAlMe B Hee 4yacToTa M W BOSIHOBOE 4MCO K. PaccmMoTpeTb ofa-
HOMEpPHbIA Ccnyyaii.

5.248. C KaKOM CKOPOCTbIO ypAanseTca OT Hac HeKoTopas
TYMaHHOCTb, €C/IM MHUA Bogopoaa H0=434 HM (4Nna HenoaBUX-
HOr0 WCTOYHWKA) B €e CMEeKTPe CMeLlleHa B KPacHY CTOPOHY
Ha 130 Hm?

5.249. C KakoW CKOpPOCTbI0 JO/MKHa Oblna 6bl ABUraThCA aB-
TOMaLUVHa, YTobbl KpacHbI cBeT cBeTodiopa (A«0,70 MKMm) npe-
Bpatunca B 3eneHbln (A.'«0,55 MKm)?
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5.250. Mo HeKoTOpOM MpAMONA ABMXYTCA B OAHOM Hanpas-
NeHUn HabnoaaTesb co CKOPOCTbio V/AC/2 1 BMepean HEro Uc-
TOYHMK MOHOXPOMATM4YECKOro cBeTa €0 CKOPOCTbio »,=3c/4.
CobcTBeHHasi yacToTa cBeTa paBHa «0- HaliTm uyacToTy cBeTa,
KOTOpYo 3adhmkcupyeT Habnwogatesb.

5.251. OgHa 13 cnekTpanbHbIX IMHWIA aToMapHOro BOAOPO-
Ja vMeeT O/MHY BOMHbI >.=656,3 HM. Halitn pgonneposckoe
CMeLLeHMe 3Tol NnHUKM  AX, ecnn ee Habnwoaatb Mo NpPsMbIM
YINOM K MNy4Ky aTtOMOB BOAOPOAa C KMHETUYECKOM 3Hepruvei
7*=1,0 M3aB (nonepeyHblin gonnep-adchexT).

5.252. VICTOYHWMK, WCMAYCKalOLWIA 3MeKTPOMAarHUTHbIE CUT-
Ha/bl C COBCTBEHHOW YacToToW W*=3,0-101F c-1, ABMXeTCA C
MOCTOSAHHOM CcKopocTbio M=0,80C MO NPSIMONA, OTCTOSILLEN OT
HENoABWMXHOro Habnwogarens P Ha pacctosHue | (puc. 5.37).
HaliTy 4yacToTy cUrHanoB, BOCMPUHMMaeMbIX HabnogateneMm B
MOMEHT, Korja:

a) UCTOMHUK OKaxeTcs B Touke O

6) HabnogaTens yBuanUT ero B Touke O.

O \%

\%

Punc. 5.37 Pnc. 5.38

5.253. ¥Y3Kuii Ny4oK 371EKTPOHOB MPOXOAUT HemnocpeacTBeH-
HO Haj, NMOBEPXHOCTbID MeTasl/INYeCcKOro 3epKasa, Ha KOTOpPOM
HaHeceHa AMpPaKUMOHHas pelleTka ¢ nepuogoM d—2,0 MKM.
DNeKTPOHbI ABUMXXYTCA CO CKOPOCTbIO V, G/IM3KOM K c, MepneH-
OVNKYNSPHO K LUTpUXam pelleTku. [pu 3ToM HabnwogaeTcs BU-
ANMOe U3flydYeHUe — TPaeKTOpUS 3MEKTPOHOB WMeeT BuA, Mo-
NIOCKN, OKpacka KOTOpOM MeHSIeTCs B 3aBUCMMOCTM OT Yyrna
HabnogeHna B (puc. 5.38). OOBACHUTbL 3TO sBMEHMe. HalATH
ONMHY BOJIHbI HabNAaeMoro usnyveHuss npm 0=45°.

5.254. a3 cocTOMT M3 atoMoOB Maccbl T, HaxoAALMXCHA B
TepMoAMHAMNYECKOM pPaBHOBeCUM Mpu Temnepatype T. MycTb
(@ — cobcTBEHHAA 4acToTa M3/ly4aeMoro aTtomMamu CBeTa.

a) lMokasaTb, 4YTO CreKTpasbHOe pacnpegeneHne usnyyae-
MOro cBeTa onpegensietcs chopmysioin

/*= /. exp[—a(l—o0>,)*],
roe /,,— CrnekTpasnbHas NHTEHCMBHOCTb, COOTBETCTBYHOLLAA
yactoTe co,, a=*TCcU2KT.
270



6) HaiiTn oTHOCUTENbHY LIMPUHY [o/uf NaHHOW CheKT-
pasibHOM NNHUW, T. €. LUMPUHY JIMHUW MeXAay 4acToTamu, npu
KOTOpPLIX /<=/»/2.

5.255. B cpege, OBWKYLLUENCA C MOCTOSIHHOW CKOPOCTbIO
V</\C OTHOCUTENbHO WHepumnanbHOM /(-cUcTembl, pacnpocTpa-
HSeTCA MoCcKas 3neKTpoMarHUTHas BOMHa. HaliTn cKopocTb
3TOM BOMIHBLI B /C-CuCTeMe, ecnn MoKasaTtesib MpPenomIeHus cpe-
[bl paBeH M 1 HanpasneHne pacnpocTpaHeHs BOMHbI COBNAAaeT
C HanpaeneHMeM [BWKEHUA cpefbl.

5.256. Abeppauusa cBeTa 3aK/ko4aeTcsd B TOM, YTO Mpu Hab-
NoOeHUN 3Be3bl KaXKyTCA CMELLUEHHbIMA OT WUCTUHHOrO Moso-
XEHMS Ha HebocBoge (M3-3a ABWMKEHMST 3eMnn Mo opbuTe).
HanpaeneHne Ha 3Be3fy B MIOCKOCTU 3KMNTUKU Nepuogmyec-
KN MEHSIETCH, W 3Be34a COBepLUaeT Kaxylluecs KonebaHus B
npegenax yrna 6a4=4r.

Halit ckopocTb 3emnn Ha opbuTe.

5.257. MokasaTb, 4YTO NpeobpasoBaHMe yria b mexay Han-
paBneHveM pacrpocTpaHeHUs CBeTa WM OCbio X MpuU nepexofe oT
K- k /('-cucteme oTcueTa onpegensietcss hoOpMy/ion

ees? = TiS k.
115 aeh
roe p= V/c, V— ckopocTb /('-CUCTEMbI OTHOCUTENbHO /(-CU-
cteMbl. Ocn X 1 X' 06eMx CUCTEM OTCHETa COBMAAAOT.

5.258. Haitn yron nonypactsopa KOHyca, B KOTOPOM Oy-
OyT BUAOHbI 3Be3/bl, PAcnofIOKeHHble B rosycdepe 415 3eMHOro
Habnogatens, ecny ABUratbCs OTHOCUTENBHO 3eMn C PensTu-
BUCTCKOM CKOPOCTBIO V, OT/IMYAOLLECS OT CKOpPOCTU CBeTa Ha
1,0 %.

Bocnonb3oBatbes hopmynoli 13 NpeabiayLueii 3ajayun.

5.259. Haitu ycnosus, npu KOTOPbIX 3aps>KeHHas vactuua,
OBMXKYLLAACA PaBHOMEPHO B Cpefie C nokasaTesieM MNpesioMIeHns
n, 6yaer wunsnydatb cBeT (3<p)ekt BaBunosa — YepeHKOBA).
HaiiTn Takxe HanpasneHue 3TOro WU3jydyeHus.

YKaszaHwUe. PaccMoTpeTb UHTepdhepeHLMIO KonebaHui,
BO30Y)XKJaeMbIX YaCTULEN B pasHble MOMEHTbl BpPEMEHMU.

5.260. 'HanT HauvMeHblLUME 3HAYEHUSI KUHETUYECKOW 3Hep-
MY 3N1EKTPOHA M NPOTOHA, NPU KOTOPbIX BO3HMKAET YepeHKOB-
CKOe U3flydeHue B cpefe ¢ nokasatenem npenomneHus /A= 1,60.
ONa Kakmx 4acTuy, 3TO 3Ha4yeHMe KMHETUYECKOM 3aHeprumn
T,,9=29,6 MaB?

5.261. Onpegennutb KUHETUYECKYIO 3HEPruio 3/1eKTPOHOB,
KOTOpble B cpefe C MnokasaTeniem npenomneHusa n= 1,50 ms-
nydyaroT ceeT nog yrnom 0=30° K HanpaBneHUO CBOEro [ABuU-
YKEHUS.
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5.7. Tennosoe u3nydeHve. KBaHTOBas npupoaa ceeTa

¢ OHepretTmuyeckas CBETUMOCTb:

n+ = (c/4n, (5.7a)

rge M— ob6beMHas MNJIOTHOCTb 3HEPrMU TernioBOro U3NyYeHUs.
dopmyna BuHa U 3aKOH cmeweHUs BuHa:

nw=a>* F (<o/T), raa = ft, (5.76)
roe — ANIHA BOJIHbI, COOTBETCTBYHOLLAA MaKCUMyMy (YHKUUUN UK.
¢ 3akoH CredphaHa — bonbumaHa:
M, = ol\ (5.78)

rge a— noctosHHaa CrtedaHa — BonbumaHa.
# ®dopmyna MnaHka:

Wy 1 ATV
eW . Ir_j e (5-1r>
¢ Popmyna DiiHWTeliHa Ans doToadekTa:
A W = A + TubIBKC/2. (5.7m)
¢ 3Sddekt KomnTtoHa:
AX= AC (1 — cosG), (6.7e)

roe kc= 2ni/mc— KOMNTOHOBCKAasA [A/INHA BOJHbI.

5.262. lNMokasaTb C MOMOLLUbO hopMynbl BuHa, 4TO

a) Hambosnee BepOsATHas 4acToTa M3Nny4veHus o)igx/3rl

6) MakcuMasibHas crnekTpasibHas M0THOCTb TensioBOro ms-
nyyeHns (b

B) 3HepretTM4yeckas CBeTUMOCTb M,cnl*.

5.263. VimeeTca ABa abCOMOTHO YepHbIX UCTOYHMKA TenJsio-
BOro msnydyeHusa. TemnepaTypa ogHoro m3 Hux [, =2500 K-
Haiitn Temnepatypy ApYyroro MCTOYHWKA, €C/IN AJINHA BOJIHbI,
oTBevaloLLlas MakKCUMyMYy ero WCMnycKaTeflbHOWM Cnoco6HOCTN,
Ha [OA,=0,50 MKM 605blle AMHbI BOJHbI, COOTBETCTBYIOLLEN
MaKCMMYMy WCMYCKaTeNbHOM COCOBHOCTU MEPBOr0 UCTOYHMKA.

5.264. 3HepreTnyeckasi CBeTUMOCTb abCOMOTHO YepHOro
Tena M,=3,0 Bt/cm*. OnpegennTb A/IMHY BOMHbI, OTBe4varo-
LYyt MaKCUMyMYy WCMYCKaTeNlbHOW CMOCO6GHOCTM yrort) Tena.

5.265. M3nyyeHne CosnHUa MO CBOEMY CreKTpaslbHOMY CO-
cTaBy O/IM3KO K W3/y4EHMIO abCOMOTHO 4YepHOro Tena, Ans
KOTOPOro MakCMMyM WCMyCKaTe/lbHOM CNocOBHOCTN MPUXOAUNT-
€A Ha AnnMHYy BONHbl 0,48 MkMm. Haitm maccy, Tepsiemyto CosH-
LeM eXXeCeKyHAHO 3a CYeT 3Toro mssiydeHus. OLEHUTb BPeEMS,
3a KoTopoe macca ConHua ymeHbLUMTCA Ha 1%.

5.266. Halit TemnepaTypy MNOAHOCTbIO MOHW30BAHHOW BO-
[OpoaHoM nnasmbl NAoTHocTblo p=0,10 r/cm3, Mpu KOTOPOW
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[JaBneHve TennoBOro W3flydeHUs pPaBHO Ta30KUHETUYECKOMY
OaBNEHNIO YacTuy, nnasmbl. VIMeTb B BUAY, YTO AaBleHWeE Tersio-
BOr0 M3nyveHuss p—n!3, rae MU — o6bemMHasAs M/IOTHOCTb 3Hep-
MM M3NY4YeHUs, N 4YTO MNPU BbICOKUX TemrepaTypax BeLlecTsa
NOAUYMHSAIOTCA YPaBHEHUIO COCTOSAHUSA MAeaslbHbIX ra3oB.

5.267. MegHblii Wwapuvk guametpa d= 1,2 cM NOMeCTUNM B OT-
KayaHHbI/ cocyf, TemrepaTypa CTEHOK KOTOPOro MoAAepXu-
BaeTcA 6/1M3KOM K abCoMOTHOMY Hymo. HadanbHas Temnepa-
Typa wapunka 7'B=300 K. CumTtas NOBEpXHOCTb LUapuKa ab-
CO/IIOTHO YepHOW, HalTW, 4Yepe3 CKOJSIbKO BPEMEHW ero Temre-
patypa ymeHbLumnTca B 1)=2,0 pasa.

5.268. Temnepatypa noeepxHoctn ConHua [0= 5500 K-
CunTtas, 4Tto nornowarensHas cnocobHocTb ConHua 1 3emnauv
paBHa eavHWLE W 4TO 3emnsA
Haxo4nTcA B COCTOSIHUW Tenno-

BOFO PaBHOBECUS, OLEHUTbL ee
Temneparypy.

5.269. NmetoTcA ABE NOOCTU

(puc. 5.39) ¢ Ma/bIMN OTBEPCTU-

AMW  OOWHAKOBbIX  AMamMeTpOB

d=1,0 cm n abconoTHO OTpa-

XKAOLWLMMU - HAPYXXHBIMU  MOBEPXHOCTAMMW. PaccTofiHMe Mexay
oTtBepcTusimu /=10 cm. B nmonoctn 1 nogaep>xmeaeTcs MOCTOSIH-
Has TemnepaTypa 7\= 1700 K. Bbl4MCANTb YCTAHOBUBLLYIOCS
Temrepatypy B nonoctn 2.

YKaszaHue. VmeTb B BUAY, UTO aBCONOTHO YepHOe Teno
ABNIAETCA KOCUMHYCHbIM W3/TyyaTesieM.

5.270. Monoctb o6bemom Y =1,0 N 3anofHeHa Ten/oBbIM
n3nydeHveM nNpu Temnepatype 7'=1000 K. Haiitw:

a) TennoemMkoctb Cy; 6) aHTpONUIO 5 3TOr0 M3NYyYEHUS.

5.271. Haihntn ypaBHeHue agmabaTnyeckoro npouecca (B ne-
pemeHHbIX V, T), NpoBOANMOro C TEM/OBbIM U3MYyYeHUEM, MMest
B BUAY, UTO MeXay AaBneHWeM W MJIOTHOCTbHO 3Hepruu Tenso-
BOr0 W3/y4YeHUs CyLLLeCTBYeT cBsizb P=u/3.

5.272. CuunTasn, 4TO CNEKTPa/ibHOEe pacrnpegeneHue aHeprum
TEN/I0BOr0 U3NyyYeHUss NogunHsAeTca dhopmyne BuHa U (co, M) =
=[lco*e_0“'r, roe a=7,64 nc-K, HalitTm ana TemnepaTtypbl 7'=
=2000 K Hambonee BEPOATHYIO:

a) 4acToTy M3nyyeHus; 6) AIMHY BOJSHbI U31YyYEHUS.

5.273. MonyunTb ¢ nomoLpio hopmybl MnaHka npuoenu-
YKEHHbIE BbIPXEHUS A1 06BLEMHOA CNEeKTPasbHOM MA0THOCTYU
M3nydeHns WL

a) B obnactu, rae tiax™NiT (cpopmyna Paness — [KUH-
ca);

6) B 06nactn, rge n<a™>KT (dpopmyna BuHa).
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5.274. Tlpeo6paszoBaTb popmyny [lnaHka ANnsS 06bLEMHOW
CMEKTPaNbHOM M/IOTHOCTU W3NyYeHUs WLLIOT MepemMeHHOW o K
rnepemMeHHbIM V (IMHeriHaa YactoTa) H X (41Ha BO/HbI).

5.275. Hantn ¢ nomolbto dopmysbl LLlaika MOLLHOCTb
N3NYyYeHNS eAVHWLbI MOBEPXHOCTU abCoOMIOTHO YEepHOro Tena,
NPUXOAALLErocs Ha Y3KUA WHTepBan AMH BOMH AX=1,0 HM
B6/IM3N MaKCMMyMa CMEKTPasIbHOM MAOTHOCTU WU3/TydeHUs, Npu
Temnepatype Tena 7=3000 K.

5.276. Ha puc. 5.40 nokasaH rpadmk doyHKUMM y(X), KoTo-
pas XxapaKTepusyeT OTHOCUTENbHYI A0/ O0OLEA MOLLHOCTU

TEM/I0BOr0 M3NYy4YeHUs, MPUXOOALLYIOCA Ha CheKTpasibHbIA WH-
TepBan oT 0 go X. 3pecb x=X/X,, (X,, — O/IVHA BO/HbI, OTBe-
YaroLLlasa MaKCUMabHOM CNeKTpasibHOW MAOTHOCTU M3YyYeHUS).
HaliTn ¢ nomoupto aToro rpadmka:

a) ANVHY BOJHbI, KOTOpas AEeNUT CMeKTP WU3NyyeHUs Ha [Be
JHEPreTUYecKn paBHble YacTu npu Temnepatype 3700 K;

6) O0M0 O6LLEA MOLLHOCTU M3MyYeHUs, KOTopas MpUXOAuT-
cA Ha BuaMmyro 4actb cnekTtpa (0,40—0,76 mMKM) npu Temrne-
patype 5000 K;

B) BO CKOJIbKO pa3 YBe/IMYUTCA MOLLHOCTb M31y4YeHUs B 06-
nactTv anuH BonH X>0,76 MKM npu Bo3pacTaHUW TemMnepaTtypsbl
ot 3000 go 5000 K.

5.277. Halitn ¢ nomollpto doopmysnbl MiaHKa BblpaXkeHUs,
onpegenstoLwye 4nucno GoToHoB B 1 CM* MOMoOCTU Mpu Temnepa-
Type T B cnekTpasbHbIX MHTepBanax (co, co-Mbl) n (X, X-fdX).
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5.278. TOYeYHbIi W30TPOMHLIA WCTOYHUK MUCMYCKaeT CBeT
¢ >.=589 Hm. CseTOBas MOLIHOCTb WUCTOYHMKa P=10 BT.
HavTtn.

a) cpefHIO MMOTHOCTb MOTOKa (DOTOHOB Ha PAaCCTOSIHUM
r=2,0 m OT NCTOYHUKA,;

6) paccTossHMe OT MUCTOYHWMKA [0 TOYKWU, rae CpeaHsst KOH-
ueHTpaumsa ¢otoHoB N=100 cm'*.

6.279. lMokasaTb C MOMOLLbIO KOPMYCKY/SAPHbIX MNpeacTas-
NEHN, 4TO UMNY/bC, NEPeHOCUMbIA B €AVHULY BPEMEHWU Moc-
KM CBETOBbIM MOTOKOM, He 3aBUCUT OT ero CrnekTpajbHOro co-
CTaBa, a orpegensieTcs TO/IbKO MOTOKOM 3Heprun ®».

5.280. Jlazep wu3nyymn B WUMMY/bCE ANUTENbHOCTbIO T=
=0,13 Mc ny4yoK cBeTa C 3Heprmvein £=10 O. Hantn cpegHee
[JaBfieHMe TaKoro CBETOBOr0 WMIMY/bCa, €c/in ero coKycmpo-
BaTb B MATHbLIWKO AnameTpoM d=10 MKM Ha MoBepXHOCTb, MNep-
Sg%p%/l(;(ynﬂpHyro K MNy4Ky, C KO3(PpMUMEHTOM OTparkeHUs

5.281. KopOoTKMIA UMNynbC cBeTa C 3Hepruen £=7,5 OX B
BUAE Y3KOTO MOYTW MapayieqlbHOro ny4vka najaet Ha 3epkasb-
HYI0 NAacTUHKY € KoadhdhuumeHToM oTpaxkeHuss p=0,60. Yron
nageHna 0=30°. OnpegennuTb C MOMOLLBIO KOPMYCKYNSAPHbIX
NpeaCTaBNeHN UMMYNbC, MepefaHHbIA NAacTUHKe.

5.282. Tlnockasa cBeToBas BO/JIHA WHTeHcMBHOCTM /=0,20
BT/cM* nagaeT Ha MAOCKYH 3epPKa/lbHYH MOBEPXHOCTb” KO3h-
duruneHToM oTpaxeHua p=0,8. Yron nageHns g=45°. Onpe-
OennTb C MOMOLLbI0 KOPMYCKYNSPHbIX NPeacTaBneHuin 3HaveHme
HOPMasIbHOro AaBfieHUs, KOTOPOe OKa3blBaeT CBeT Ha 3Ty Mo-
BEPXHOCTb.

5.283. Tlnockasa cBeToBas BOJIHA WHTeHcmBHOcTM /=0,70
BT/cm* ocBelaeT Lwap ¢ abCco/OTHO 3ePKaslbHOM MOBEPXHOCThLIO.
Pagnyc Tapa /?=5,0 cM. HaliT\ ¢ NOMOLLbIO KOPMYCKY/APHbIX
NpPeACTaBNEHUA CUNY CBETOBOTO [aB/eHUS, UCMbITbIBAEMYHO
Liapom.

5.284. Ha ocu Kpyrnoi abcontoTHO 3epKanbHOM MNaCTUHKN
Haxo4UTCA TOYEYUHbI W30TPOMHbIA WCTOYHMK, CBETOBast MOLL-
HOCTb KOTOporo P. PaccTosiHMe MeXay WUCTOYHUKOM W MIacTUH-
KOV B tj pa3 6onblle ee paguyca. HainTh ¢ NOMOLLBIO KOPMYCKY-
NAPHBLIX N peACcTaBNeHHI CU/Y CBETOBOTO AaB/ieHUs, UCMbITbIBae-
MYIO NAacTUHKOMA.

5.285. B /C-cucteme oTcyeTa (OOTOH C YacTOTOM O MajaeT Hop-
Ma/IbHO Ha 3epKasio, KOTOpPOe ABWMXKETCA emMy HaBCTpeuy C pe-
NATUBUCTCKOM cKopocTbio V. Halith wnmnynsc, nepegaHHbIN
3epKany nNpu oTpaxeHuUn oToHa:

a) B CUCTeMe OTcyeTa, CBA3aHHOM C 3epKasioMm;
6) B /C<wucTtewme.
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5.286. HebonbLloe ngeanbHO oTpaxkarllee 3epKasibLe mac-
Cbl T= 10 Mr mMogBeLLeHO Ha HEBECOMOW HUTU AfnHbl /=10 cm
HaiiTn yron, Ha KOTOPbIA OTK/IOHUTCA HWTb, €ClX M0 HOpMaau
K 3epKajbly B TOPWU30OHTa/IbHOM Harpas/eHUn Mpon3BecTr
«BbICTPE/» KOPOTKUM WMIY/IbCOM 1a3€PHOI0 U3/TyYeHUs ¢ aHep-
ven £=13 [>X. 3a cueT 4ero 3epKasblie NMPUOBPETET KUHETU-
YECKYH0 3Heprui?

5.287. ®OTOH C YacToToW <) UCMYLLIEH C MOBEPXHOCTW 3BE3/bl,
Mmacca kotopoii M un pagmnyc R. Halitn rpaBMTaumMoHHOe cveLLle-
HVe 4YacToTbl (poToHa [po/to, Ha o4veHb GO/BbLLOM PaccTOAHUN OT
3Be3fpl.

5.288. lMpu yBENNYEHUN HaNPSHKEHUS Ha PEHTrEHOBCKOM
Tpy6ke B T)= 1,5 pasa 4/MHa BO/HbI KOPOTKOBO/THOBOM rpaHu-
bl CMJ/IOLLIHOMO PEHTreHOBCKOro CrekTpa M3MeHmnacb Ha AA=
=26 nM. HainTn nepBoHavaslbHOe HanpspkeHWe Ha TPy6Ke.

5.289. Y3KMIA Ny4yOK PEHTreHOBCKMX fly4el NagaeT Ha Mo-
HokpucTann NaCl. HavmeHbLINA Yron CKOJMbXeHWUs, Npu KoTo-
poMm elle HabnogaeTca 3epkasibHOE OTPaXKEHWE OT CUCTEMbI
KPUCTa/ININYECKUX T/IOCKOCTEN C MEXMIOCKOCTHbIM PacCTOsHU-
em d=0,28 HMm, paBeH a=4,1°. KakoBO HanpshkeHMe Ha PeHT-
reHOBCKOW Tpy6Ke?

5.290. Halit pAnHY BOMHLI KOPOTKOBOJSIHOBOW rpaHuLpl
CMNJ/IOLLIHOr0 PEHTreHOBCKOro CreKTpa, ecv CKOPOCTb 3/1EKTPO-
HOB, MOAJIETAOWMX K aHTUKaTogay Tpy6ku, n=0,85c, rge ¢ —
CKOpPOCTb CBeTa.

5.291. CuunTas, 4To pacnpefefnieHne 3Heprmn B CrekTpe Top-
MO3HOFO PEHTreHOBCKOro usnydeHus  /xcn(A/X,— DAY roe
XK — KOpOTKOBO/THOBas rpaHuLa CreKkTpa, Halitm HanpshkeHue
Ha peHTreHOBCKOM TpyOKe, ec/iv MakcMMyM hyHKUMM /* cooT-
BETCTBYeT A/IMHe BOMIHbI AA=53 nw.

5.292. Onpegenutb KpacHyr rpaHuly doTtoadbdpekta gns
LUMHKA WU MakCMMasibHYH CKOPOCTb (DOTO3/1EKTPOHOB, BbipblBae-
MbIX C €ro MOBEPXHOCTU 3MIEKTPOMArHUTHbLIM U3/TyYeHUEM C
O/MHOM BONHbLI 250 HM.

5.293. lpy nooyepesHOM OCBELLEHUM MOBEPXHOCTU HEKOTO-
poro meTtasiia CBETOM C gavHamu BonH ~=0,35 MkM 1 A=
=0,54 MKM 06HapyXWau, 4YTO COOTBETCTBYHOLLME MaKCUMasib-
Hble CKOPOCTM (DOTO3MEKTPOHOB OT/IMYAKOTCA ApYr OT gpyra B
T)=2,0 pasa. HaliTu paboTy BbIxofa C MOBEPXHOCTWU 3TOr0 Me-
Tanna.

5.294. 10 Kakoro MakCcumasibHOro noTeHUvana 3apaauTes
YOaNeHHbIA OT ApYrnX Ten MeAHbIA LapyK npu 06yveHUn ero
3NEKTPOMArHUTHbIM U3NyYeHNeM ¢ AvMHoi BonHbl X=140 Hwm

5.295. HaliT MakcUMMaslbHYH KUHETUYECKYH 3HEepruto do-
TO3MEKTPOHOB, BbIPbIBAEMbIX C [MOBEPXHOCTU JINTUSA 3/IEKTP
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MarHUTHbIM W3Ty4YEHMEM, HAMpPsHKEHHOCTb 3MEKTPUYECKO Cco-
XpaHALUEen KOTOPOro MEHSIETCS CO BpPeMEHeM [0 3aKOHY
p=r=a(14- cos (at) cos (00, rge a — HekoTopas MOCTOsIHHas,
<0=6,0-10" ¢"1 mn 0)*=3,60-10* c-*

5.296. JneKTpomMarHUTHOE W3MlyYeHWe C [OJIMHOW BOSIHbI
~A==0,30 MKM MagaeT Ha (pOTO3NEMEHT, HaXOAALWMIACA B pexmme
HacbliweHus. COOTBETCTBYIOLLASA CNEKTpasibHas YyBCTBUTE/b-
HoCTb (poTO3nieMeHTa ¥Y=4,8 MA/BT. Haintn Bbixod d)OTO3NEKT-
POHOB, T. €. 4MCNO (POTO3NEKTPOHOB Ha KaxXAblA NafgaroLmii
¢o0'TOH

5.297. VmeeTca BaKyyMHbI (OTO3NEMEHT, OAVH W3 3N1EKTPO-
[OB KOTOPOro Le3neBblA, ApYroii — MefHbIA. Onpeaenntb Mak-
CUMasIbHY0 CKOPOCTb (POTO3MIEKTPOHOB, MOA/MeTaloWmMX K Med-
HOMY 3/IEKTPOAY, MNP OCBELLEHUN LIE3MEBOr0 3/1eKTPoAa 3/1eKT-
POMarHUTHbLIM U3/TyYeHVEM C A/MHOW BOMHbI 0,22 MKM, €civ
3/1eKTPOAbl 3aMKHYTb CHapy>XM HakKOpOTKO.

5.298. dOTOTOK, BO3HWKAKOLMIA B LIEMW BaKyyMHOro dioTo-
3N1eMeHTa MNPV OCBELLEHWM LIMHKOBOrO 3/1eKTPo4a 3/eKTpomar-
HUTHBIM W3/ly4YeHWEM C A/IMHOM BOMHbI 262 HM, MpeKpalliaeTcs,
ec/in  NOAKMIOUYUTL  BHELUHee 3afepXKMBaroLlee HanpshkeHue
1,5 B. HaiTn BenuYMHY M NONAPHOCTb BHELUHEW KOHTaKTHOM
pa3HOCTU MOTEHLMaNoB OTO3/IEMEHTA.

5.299. CocTaBUTb BbIpaXKEHWE AN BENNYMHbBI, UMEOLLEN
pa3MepHOCTb A/IMHbI, UCMOMb3yA CKOPOCTb CBeETa C, Maccy 4a-
CTUUbl T U NOCTOAHHY MnaHka A YTo 3TO 3a BENNUMHA?

5.300. TMoka3aTb C MOMOLLbID 3aKOHOB COXPaHEHUSA, 4TO
CBOOOAHbIV 3MEKTPOH He MOXET MOMHOCTbI0 MOr/0TUTL (POTOH.

5.301. O6BbACHUTL cnegytoLme 0CO6eHHOCTU KOMMTOHOBCKO-
ro paccesiHUs cBeTa BELLECTBOM:

a) He3aBMCUMOCTb CMeLLeHUs JIH9 0T nNpupoabl paccemBatoLLie-
ro BeLLECTBa,;

6) yBeNMYEHVNE WHTEHCUBHOCTU CMELUEHHOW KOMIMOHEHTbI
PaccessHHOro cBeta C YMeHbLUEHMEM aTOMHOr0 HOMepa BeLLeCT-
Ba, a TakXe C poCTOM yrna paccesiHus;

B) Ha/lMyYMe HECMELLEHHOW KOMMOHEHTbl B PAacCessHHOM W3-
yyeHUN.

5.302. Y3KuI My4YOK MOHOXPOMAaTUYECKOrO0 PEHTIFEeHOBCKOMo
M3lyYeHUs najaeT Ha paccevBatoLlee BellecTso. [pn atom oam-

BOJ/IH CMELLIEHHbIX COCTaBAIOLWNX U3NYYEHUS, PacCesHHOro
res, yrnamm $!=60" n 0,= 120°, oTmMyaroTea Apyr oT Apyra B
27=2,0 pasa. CuuTas, 4TO paccesHMe MNPOUCXOAUT Ha CBO6OA-

3MEKTPOHAxX, HalTW AIMHY BOMHbl MaJaloLIero W3snyde-
eus,
» 5.303. PoTOH C 3Heprumeit Jb>= 1,00 M3aB paccesncs Ha CBO-
~>NHoM NOKOMBLLEMCS 3/1EKTPOHE. HaliTh KUHEeTUYECKy aHep-
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rHIO 3/IeKTPOHA OTAayn, ec/in B pesyfbTaTe paccesHUa O/ivHa
BOJIHbI POTOHA M3MeHWMacb Ha T)—25%.

5.304. ®OTOH C AMHOM BOMHLI X=6,0 NM pacceancsa nog
NPAMbIM YT/I0M Ha MOKOMBLLUEMCS CBOGOAHOM 3/MeKTpoHe. HaliTtu:

a) 4acToTy paccessHHOro ¢ooTOHa;

6) KMHETUYECKYID SHEPIUI0 3/IEKTPOHA OTAauMw.

5.305. DOTOH C 3Heprueit Mw=250 k3B paccesnca nog yr-
nom 0= 120° Ha nepBOHaYa/lbHO MNOKOMBLUEMCH CBOGOAHOM
3NeKTpoHe. OnpefennTb 3HEPrui paccesHHOro (oToHa.

5.306. ®oTOH ¢ MMnNynbcom /3=1,02 MaB/c, rae ¢ — cko-
poCTb CBeTa, paccesncs Ha MOKOMBLLEMCSH CBOOGOAHOM 3/1eKTPO-
He, B pesy/sbTaTe 4Yero mMnysbc gooToHa ctan />'=0,255 MaB/c.
Mo kakum yrnom paccesinica OOTOH?

5.307. doTOH paccesanca nog yrnom ®= 120° Ha NOKOMBLLEM-
CA CBOOOAHOM 3MEKTPOHE, B pe3ysibTaTe Yero 3/IeKTPOH Mosy-
UM KUHETUYECKyto aHepruio 7=0,45 MaB. Halit 3Hepruio
bOTOHa [0 paccessHUs.

5.308. Halitu AnnHy BOMHbI PEHTIEeHOBCKOro MU3/y4YeHUs,
eCNN  MakKCUMa/lbHas KUHETUYecKas 3Heprusi KOMMTOHOBCKMX
anekTpoHos THIFG=0,19 Ma3B.

5.309. ®OTOH ¢ 3Heprueit Mw=0,15 MaB paccesnca Ha Mo-
KOMBLLUEMCA CBOBOAHOM 3/1EKTPOHe, B pesy/ibTaTe Yero ero Aiu-
Ha BOJHbl M3MeHunacb Ha A4X=3,0 nm. HaliTh yron, nog KoTo-
pbIM Bbl1eTENT KOMNTOHOBCKUIA 3/1EKTPOH.

5.310. doTOH c 3Hepruveil, B r]=2,0 pasa npesbiLatoLLei
9Heprumio MOKOS 3M1eKTPOHA, WUCMbITas /1060BOE CTONIKHOBEHWE
C MOKOMBLUMMCA CBOGOAHbLIM 3/1EKTPOHOM. HaiTn paguyc Kpu-
BM3HblI TPAEKTOPUW 3MEKTPOHa O0TAayM B MarHUTHOM riofie
5=0,12 Tn. MNpegnonaraeTcs, YTO3NEKTPOH OTAAUU ABUXKETCA
NnepneHanKyNsapHO K HanpasieHUo MOoNs.

5.311. POTOH, WUCMbITaB CTO/IKHOBEHME C PEeNATUBUCTCKUM
3/IEKTPOHOM, paccesfnica nog yrnom B =60°, a 3/1eKTPoOH ocTa-
HOBWCA. HaliT KOMNTOHOBCKOE CMeLLEeHWe ANNHbI BOMHbI pac-
CessHHOro (hoToHa.



YacTtb 6

ATOMHAA W A0EPHAA ®UIUNKA

6.1. PaccesiHMe uvacTtul. ATom Pesepdopga— bopa

0 3HayeHna koatpchmumeHTa K B HmXKecnepywwmx dopmynax:
*= 1/4se, (CWN), K= 1(CrcC).

# Yron O, Ha KOTOpblii paccevBaeTcsi 3apshkeHHas uacTuua Kyno-
HOBCKMM M0fiIeM HEeMnoABMXHOIO sifpa, onpegensietcs opmynoi

tg(0/2) = *?,*/267\ (6.1a)

roe Qt v qt—sapsagsl vactuubl 1 sgpa, b— npuuensHeili napametp, T —
KMHeTMYecKasa 3Heprua HanetawoLield 4YacTuubl.

¢ Popmyna Pesepcopga. OTHOCUTENbHOE YUCNO YacTuLl, pacCesHHbIX
B anemeHTapHom TenecHom yrne 0Q nog
YyrnomMm A K nepBoHayaNbHOMY HanpasfieHuto Tl

NX ABUXEHUSA. 4 m
dN _fLgotvV  dQ 3 Cepra
-N=n{kW ) sin4(0s2) (6'6 Mawena
Cepus
rae M—uuncno sgep onbrn Ha eguHULy ee Barsmepa
nosepxHoctu, dU= sin d AN>d(p.
) O606weHHas opmyna Banbmepa:
w= RZ}\IN\-\In\), R= k4nt42h\ Cepua
(6.1b) NalimaHa
rge a, c-1 —vyactoTa nepexoja Mexay Puc. 6.1

3HEpPreTUYECKUMMN YPOBHAMMU C KBAHTOBLIMU
umcnamm N\ u na; R, c-1 — noctoannas Puabepra; Z— nopaakosbiii

HOMep BogopofonoAao6HOro wmoHa. Puc. 6.1—cxema COOTBETCTBYHLMX
rnepexofos.

6.1. BbluMcnuTb cornacHo mogenn TOMCOHa paauyc atoma
BOAOPOAA W A/IMHY BOJSIHbI MCMYCKaeMoro UM cBeTa, ecnv uns-
BECTHO, YTO 3HEPrusa MoHmsaumm atoma £=13,6 3B.

6.2. Anbtha-vacTmya ¢ KUHETU4YeCcKon 3Heprueid 0,27 MaB
paccesinack 3071070 honbroi Ha yron 60°. HaiiTm cooTBeTCT-
BYlOLLEE 3HauyeHMe MNpPULLENLHOr0 napaMeTpa.
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6.3. Ha kKakoe MWHMMaNbHOe paccTosHWe NpPUBAN3NTCA
a-yacTmuya ¢ KMHeTun4eckowm aHepruen 7'=0,40 M3aB (npu no6o-
BOM COYAapeHun):

a) K MMOKOosILLeMyCsl TSHKeNoMy AApy aTtoma CBUHLUA;

6) K nepBOHaYaslbHO MOKOMBLLEMYCS NIerkoMy CBOG0OAHOMY
agpy  7Li?

6.4. Anbpa-yacTmua C KMHETMYECKOW 3Heprueir 7'=0,50
Ma3aB pacceanace nog yrsiiom B =90° Ha Ky/IOHOBCKOM MoOJie He-
MOABMXHOrO figpa atoma pTyTu. Haiitu:

a) HaVuMeHbLUMI paguyc KpUBU3HbI ee TPaeKTopuu;

6) MUHMMa/IbHOE paccTosiHME, Ha KOTOpoe OHa c6sm3unnack
C SApom.

6.5. TpOTOH C KWHETU4Yeckol 3Heprvei T v NpuLenbHbIM
napaMeTpoM b paccesincs Ha Ky/TOHOBCKOM MO/e HeMmomBUX-
HOro sgpa atoma 3o/s0Ta. HaiiTm mmnynbc, nepefjaHHbIA AaH-
HOMY S4pY.

6.6. TIpOTOH C KMHETUYECKOW 3Heprueidi 7=10 M3aB npone-
TaeT Ha paccTtosHMM b=10 nM OT CBOGOAHOrO MOKOWMBLLIEIO-
CA 9NeKTpoHa. HaliTu 3Hepruio, KOTOPYK MOAYUYUT 3/1eKT-
POH, CuuTas, YTO TPaeKToOpusi MPOTOHAa MPSMOMVHENHas u
3a BpemMs rpofeta 3/eKTPOH OCTaeTcA MpakTUYecku Herno-
[OBVDKHBIM.

6.7. YacTmua c KMHETMYeCKOW 3Heprmeid T paccenBaeTtcs
Ha cchepuyeckol noTeHUManbHoOW fMe pagmyca R v rny6uHebl
U», T. e. monem, B KOTOPOM MOTEHUMANbHAA 3HEPTUS YacTULbl
nveet Bug U(r<R)=—(,, n U(r>R)=0, rage r— pacctosiHue
OT LEHTpa fMbl. HaiiTy cBSi3b MeXAy NpuLebHbIM NapamMeTpoM
yacTuupl b 1 yrnom {), Ha KOTOpbIA OHa OTKIOHUTCS OT MepBO-
Haya/lbHOro HarpaesfieHUs ABVDKEHUS.

6.8. HenogpwkHbIA wWwap pagnyca R obnyyatoT napannens-
HbIM MOTOKOM 4acTuu, pagnyc KoTopbIX I CumTas CTOSIKHOBe-
HVe YacTuLbl C LWapoM YNpyrum, HaiTtu:

a) yron {) OTKIOHEHWS 4YacTulpl B 3aBUCUMOCTU OT ee npwu-
uenbHoro napametpa ft;

6) OTHOCUTENbHYIO AOMK0 4acTuL, KOTOpble MOC/ne CTO/IKHO-
BEHUA C LLAPOM paccedAnucb B MHTepsane yrsos ot 0 go04-

B) BEPOATHOCTb TOrO, YTO 4acTuua, WUCMbITaBllas coypape-
HVe C LapoM, pacceeTcs B nepegHioro nonyccepy (0<n/2).

6.9. Y3KMI My4oK a-4yacTul, C KUHETMYECKOM 3Hepruen 1,0
M3B nagaeT HOpMaslbHO Ha MAATUHOBYHO (DOJIbIY TOSLLUMHBI
1,0 MkM. HabnogeHne paccesiHHbIX YacTUL, BeJeTCs Mo Yr/iom
60° K HanpasneHVO NajatoLLero nyyka npy NnoMoLLM cyeTHMKa
C Kpyr/biM BXOAHbIM OTBepcTMeM nnowaam 1,0 cMm*, KoTopoe
pacrnonoXeHo Ha paccTosHUM 10 cM OT paccemBaloLLLEro y4acT-
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Kka donbrn. Kakas fons paccesHHbIX a-yacTHL, MajaeT Ha OT-
BepcTUEe cyeTumKa?

6.10. Y3KMIA MNy4YOK a-4yacTuLl, C KUHETUYECKOW 3Hepruen
7=0,50 M3aB n WHTeHcuBHOCTbIO /=5,0-10° vacT./c nagaet
HOPMa/IbHO Ha 30710TY0 honbry. Haitm ee TONAWMHY, eciu Ha
pacctosHMM r=15 cM OT paccevBaloLLEero y4vacTka Mof Yr/iom
0=60° K HanpasfeHUIO NAAAKOLLEro My4yka MO0THOCTb MOTOKa
paccesiHHbIX YacTuy, ¥Y=40 4acT./(cM*-C).

6.11. Y3KMIA Ny4yoK a-yacTuUL, NaJaeT HOPMa/IbHO Ha cepe-
6psiHyt0 ponbry. 3a Hell YCTAHOB/IEH CYUETUMK, PErncTpupyto-
LWMIA YacTULbl, paccesiHHble B COOTBETCTBUM C opmynor Pe-
3epdoopga. Mpu 3ameHe cepebpsiHOA doonbr Ha MIATUHOBYHO
TOI >Xe€ MacCOBOW TOJLUMHBLI YMC/IO PEMMCTPUPYEMbIX B eAVHULY
BPEMEHM a-yacTuy, Bo3pocno B r|= 1,52 pasa. Haitm nopsigko-
Bbli HOMEpP MMaTUHBbI, CYNTasA, UYTO MOPSAKOBbLIA HOMep cepebpa
M MaccoBble 4mcria 060MX 31EMEHTOB M3BECTHbI.

6.12. Y3KMA Ny4yOK a-4acTuL, C KUHETUYECKOW 3Hepruen
T=0,50 M3aB nagaeT HoOpMa/lbHO Ha 30/10TYH0 DO/IbIY MacCOBOWM
TonwwHel pd=1,5 mr/cm*. TOTOK 4acTuy, B My4Ke cocTaBnseT
/*=5,0> 10b c-1. HainTm umcno a-yactuu, paccesHHbIX ¢onb-
roin 3a T=30 MMH B WHTepBasIe YI/IOB:

a) 59—61°; 6) cBbie $,=60°.

6.13. Y3KuiAi MNy4YoK MNPOTOHOB, WMENLLMX CKOPOCTb V=
=6-10* m/c, NagaeT HOPMalbHO Ha cepebpsiHyto honbry TON-
wuHbl d=1,0 MKM. HaliT BeposTHOCTb paccesiHUsi MPOTOHOB
nog yrnamm 3>90°.

6.14. Y3KMIA My4yOK a-4yacTuLl, C KWUHETUYECKOW 3Hepruei
T—600 k3B nagaeT HOpMa/lbHO Ha 30/10TYHO0 UOJIbIY, COAEPIKA-
wyto n=1,bl 0I* spgep/cm*. HaliT OTHOCUTENbHOE YMCNO
a-yacTuy, paccessHHbIX nog yrnammy A <B0=20°.

6.15. Y3KWiA MNy4YOK MPOTOHOB C KMHETUYECKOW 3Hepruen
T—1,4 M3B nagaeT HopMa/sbHO Ha NaTyHHYO honbry, Macco-
Basl ToMWwmHa kotopoi pd=I,5 mr/cm*. OTHOLUEHME Macc Meau
M UMHKa B doonbre 7 : 3. HaliT OTHOCUTE/IbHOE YMCNO MPOTO-
HOB, paccenBalOLMXCA Ha yr/bl cBbie 00=30°.

6.16. HaiiT adhdpeKTMBHOE CeyveHMe sipa aTtoMa ypaHa,
COOTBETCTBYIOLLLEE PACCeHUIO a-4acTUL, C KMHETUYECKOW 3Hep-
rveii 7'=1,5 MaB B uHTepBasie yrnos cabie A0=60c.

6.17. OdbpekTrBHOE CeveHMe agpa aToma 30/10Ta, OTBevaro-
Llee paccesHU0 MOHO3HEPreTUYecKMX a-vyacTul, B WHTepBase
yrnos ot 90 go 180°, pasHo [10=0,50 k6. OnpeaennTb:

a) KNHETUYECKYIO 3HEPIUI0 a-yacTul;

6) AndpchepeHUManbHoe cedeHne paccesiHMa da'dQ (k6/cp),
coOTBeTCTBYtOLLee yriy 6=60°.

6.18. CornacHo K/lacCU4YecKOM 3neKTpoauHaMUKe 3M1eKTPOH,
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ABVDKYLLMIACSA C YCKOPEHWEM a, TepsieT SHepruio Ha MaydyeHue
Mo 3aKoHy

dE/dt = —k(2e*13c3 a»,

roe e — 3apsg  3MeKTPOHa, C — CKOpocTb cBeTa, £= 1/4ne0
(CW) wm K—\ (CT'C). OueHUTbL BpeMs, 3a KOTOPOE 3Heprust
3/1eKTPOHA, COBEpLUAOLLEro KonebaHus, 6/1M3KMe K FapMOHU-
yeckuM € 4YactoTon (0=5* 101* c-1, ymeHbwnTca B T]= 10 pas.

6.19. Bocnonb3oBaBLIMCL hopMmy/oii M3 3agaum 6.18, oue-
HWUTb BpEMs, B TEUEHME KOTOPOro 3MeKTPOH, ABVDKYLUWIACA B
aToMe BOAOpoAa Mo KPyrosoi opbute pagumyca r=50 nm, ynan
6bl Ha Sapo. CumnTaTb, YTO B NHOGOM MOMEHT MafeHUs 3/1eKT-
POH ABVKETCH PaBHOMEPHO MO OKPY>KHOCTU COOTBETCTBYHOLLE-
ro pagmyca.

6.20. B cnekTpe aTromMapHOro BOAOPOAA W3BECTHbI [/INHBbI
BO/IH TPeX JIVHWIA, MPUHaANeXalyx OJHOM W TO >Xe Cepuu:
97,26, 102,58 n 121,57 HM. HaliTu onvHbI BOH APYTUX NNHWMA
B JAHHOM CMEeKTpe, KOTOpble MOXHO MpeAcKasaTb C MOMOLLbH
3TUX TPeX JIMHWIA.

6.21. MNMoka3aTb, YTO YacToTa 0 DOTOHA, BO3HMKAIOLLETO Mpuv
nepexofe 3NeKTPOHa MEeXAy COCeAHVIMU YPOBHAMUW BOLOPOAO-
Nogo6HOro MOoHa, YAO0BMETBOPSIET HepaBeHCTBY LI>-(0;>(+],
rge o),, N i+l — yacToTbl 06palleHns 3MeKTpPoHa BOKPYT siapa
Ha 3TUX YPOBHAX. Y6eAUTbCA, YTO MPU n-»-oo YacToTa POTO-
Ha (D)-*{D,..

6.22. Yactmuya maccbl T ABMXKETCA MO KPYroBoi opbute B
LEHTPa/IbHO-CMMETPUYHOM MO0J1e, TAe ee MoTeHUMa bHas 3Hep-
rMs 3aBUCUT OT PacCTosHMA I A0 LUeHTpa nons kKak U=xr*/2,
X — MOCTOSIHHasA. Halitu ¢ nomoLlsto 6OPOBCKOro  YC/0BUSA
KBaHTOBaHWMSA BO3MOXHble pagmycbl OpOUT U 3HAYEHUS MOMHOM
3HEPrMmM 4YacTuubl B AaHHOM Mone.

6.23. Halitu pgns Bogopodonofo6HOro uoHa paguyc -i
6OPOBCKOM OpObUTLI N CKOPOCTb 3/IEKTPOHA Ha Hel. Bbiumcnmtb
3TV BeNWYMHbLI ANS NepBOii GOPOBCKO Op6bUTbI aTOMa BOAOPO-
ha n voHa He+.

6.24. Onpegenntb 10 — KPYroBYH 4acTOTy o0bpaleHus
3/1EKTPOHA Ha /- KpyroBoW 60pOoBCKOW opbuTe BOAOPOA0NOA06-
HOrO MOHa. BblUMCAUTL 3Ty BenMUMHY AN MoHa He+ npu
n= 2

6.25. OnpepennTb ANA atoma BOAOPOoAa U MOHa He+: aHep-
rMK0 CBA3WN 3/1EKTPOHA B OCHOBHOM COCTOSIHWMW, MOTEHUMan mo-
HM3aUMK, MepBbli MOTeHUMan BO30YXAEHUA W OJIMHY BOJHbI
rofIoBHOW NMHUN cepuun SlalimaHa.

6.26. KaKyr HaMMeHbLUYH) 3HEPTMIO Hago COOOLMTbL WUOHY
He+, Haxopslemycsi B OCHOBHOM COCTOSIHAW, 4YTOObI OH CMOT
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MCNYCTUTb (DOTOH, COOTBETCTBYIOLLMIA TOMIOBHOM /IMHUM Ccepuu
Banbmepa?

6.27. OnpegennTb ANVHY BOSHbI {1 CNEKTPasIbHOW MHUN
aToOMapHOro BOJOPOAA, YacToTa KOTOPOM paBHa pPasHOCTM Yac-
TOT Crneayrwmx ABYX /MHUIA cepun banbmepa: 9,=486,1 Hm
nA,=410,2 HM. Kakoii cepun NpuHaaneXxuT 3Ta JIMHUA?

6.28. BbluMcnuUTb 1A aTOMapHOro BOAOPOAA:

a) AMHbI BOSIH MepBbIX TPeX MHWIA cepun BanbMepa;

6) MUHUMA/IbHYHO  paspeLuatoLLyo crnocobHocTe  S/64
CNeKTpasbHOro npmbopa, MpyY KOTOPO BO3MOXHO pPa3peLUnTb
nepsble N=20 nnHWIA cepun Banbmepa.

6.29. MN3nyyeHue atomapHOro Bogopoja nagaeTr HopMasibHO
Ha AMOPaKLMOHHYHO peLLEeTKY WnpvHbl /=6,6 MM, B Habnogae-
MOM CMEeKTpe Mo HekoTopbiM yrioM aundpakumm 0 okasanacb
Ha npefene paspeweHus (No kKputeputo Panes) 50-8 nuHWMS
cepyn banbmepa. Haiitm aToT yron.

6.30. Kakomy 3nemeHTY MpUHaANEeXUT BOAOPOAONOAOGHbIN
CNEeKTP, A/MHbI BOMIH IMHUIA KOTOPOro B YeTbipe pasa Kopoue,
YeM y aTtoMapHOro sojgopoga?

6.31. CKONbKO CreKTpa/bHbIX NNMHUIA 6yaeT WCMyCKaTb
aTOMapHbIA BOAOPOA, KOTOPbIA BO36GY)XXAAKOT Ha /-l SHEPreTu-
YeCKNA ypoBEHbL?

6.32. Kakune nuMHWU COoAepXXUT CMeKTp rOorjoweHna aro-
MapHOro BogopoJa B gmanasoHe A4/ivH BosiH oT 94,5 oo 130,0 HW?

6.33. HaiiTm KBaHTOBOE 4MCNO /1, COOTBETCTBYHOLLEE BO3-
B6Y>XIEHHOMY COCTOSIHUIO MOHa He+, ecny npy nepexoge B OcC-
HOBHOE COCTOSIHMEe 3TOT MOH WUCMYCTW/ MNOCNefoBaTe/lbHO [Ba
gooToHa ¢ gaiHamm BonH 108,5 1 30,4 HMm.

6.34. BbluMcnnTb NOCTOSIHHYK Pupabepra R, ecnu mnssecTHo,
YTO ANA MOHOB He+ pasHOCTb AMH BOMIH MEXAY rOMOBHbIMU
NNMHNSMN cepuii Banbmepa u MaimaHa OA= 133,7 HMm.

6.35. ¥ Kakoro BOgoOpoAonofo6HOro MoHa pasHOCTb ANUH
BO/IH MEXAY TrO/I0BHbIMU JIMHUAMMK cepuii Banbmepa n flarimaHa
paBHa 59,3 HMm?

6.36. HaliTu gnHy BOSHbLI FOMIOBHOW NIMHWM TOW CNEKTpasb-
HO cepuymn WMOHOB He+, y KOTOPOIA WMHTEpBas 4acTOT Mexay
KparHUMK nuHnsamn [,(0=5,18-10“ c-1.

6.37. HaliTn 3Hepruio cBA3N 31eKTPOHa B OCHOBHOM COCTOSI-
HUM  BOAOPOAOMNOAO0GHBLIX WMOHOB, B CMEKTPe KOTOPbIX A/IMHA
BOJIHbl TPeTber NMHUK cepun BanbMepa paBHa 108,5 HM.

6.38. OHeprusa CcBA3SWM 3NEKTPOHA B OCHOBHOM COCTOAHUWN
atoma He paBHa £*=24,6 3B. HaliTu 3Heprunto, HeobxoANMYHo
ONa ypaneHus 060MxX 3N1eKTPOHOB M3 3TOr0 aToma.

6.39. HaliTm CcKOpOCTb POTO3MEKTPOHOB, BbIPbIBAEMbIX
3M1eKTPOMArHUTHbLIM U3/TyYeHVEM C A/IMHOMA BOHbI A=18,0 Hm
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M3 MOHOB He+, KOTOpble HaxoAAaTcs B OCHOBHOM COCTOSIHUM U
MOKOSITCS.

6.40. C Kakoll MUHMMa/IbHOM KWUHETUYECKOW 3Hepruen gon-
XeH ABuUratbcs aToM BOAOPOAA, UTOObI MPU Heynpyrom jo6o-
BOM COYAapeHUV ¢ ApPYrvM, MOKOsLLMMCS, aToOMOM BOAOpoAa
OAWH W3 HUX 0OKasascs CrocobHbIM MCMYCTUTb ¢hoToH? [Mpes-
nonaraetcs, 4To A0 coydapeHusi oba aTtomMa HaxofsTcs B OcC-
HOBHOM COCTOSIHUW.

6.41. TloKomBLIMIACS aToM BOAOPOAA WUCMYCTUN (OOTOH, CO-
OTBETCTBYIOLLMIA TOMOBHOW NMHUK cepun  JlalimaHa. Kakyto
CKOpPOCTb Mpuobpes arom?

6.42. B ycnosBuax npegbiaylleid 3ajayv HaATW, Ha CKOJib-
KO TMpPOLEHTOB 3HEPrns WUCMyLleHHOro goToHa OT/NnYaeTcs
OT 3SHEPruv COOTBETCTBYIOLLLErO Mepexoja B  aTtome BOAo-
poaa.

6.43. TMokosiwmiica noH He+ wmcnyctmn ¢OOTOH, COOTBETCT-
BYIOLUWMI  rOMIOBHOW NMHUK cepyn JlaimaHa. 3TOT (QOTOH BbIp-
Ba/1 (POTO3MEKTPOH M3 MOKOSILLLErocs aToMa BOAOPOAa, KOTOPbIM
Haxoguacs B OCHOBHOM COCTOSIHUW. HaiTnm ckopocTb ¢hoTo-
3N1EKTPOHa.

6.44. HalitTu cKopoCTb BO30OYXAEHHbLIX aTOMOB BOAOPOAA,
€CI NPV HabMoOAEHUN WX W3NyYeHUs Mo, yrnom A=45° K
HarnpasneHNI0 ABVXXEHUS1 AaHHbIX aTOMOB AJ/IMHa BOJMHbI FO/10B-
HOM NMHUM cepun JlaiMaHa OKasanacb CMELLUEHHOM Ha A>.=
=0,20 Hwm.

6.45. CornacHo noctynaty bopa — 3ommepdiensga npu
NneproamMyeckoM [BVDKEHUW YaCTWLbl B MOTEHUWAIbHOM one
[JO/MKHO  BbIMOJSIHATLCA  C/leAytolee  MpaBWIO0  KBaHTOBAaHUS:

hp dg=2nkn, roe ¢ u p — 0606LLEHHbIE KOOpPAMHATA U UM-

nynbc, N — uenble 4yucna. Bocnonb3oBaBLUWCL 3TUM MpPaBu-
IOM, HaWlTWU paspelleHHble 3HAYEHUS 3HEPrUM YacTULbl Macchbl
T, KOTOpas [ABWXKETCH:

a) B OOQHOMEPHOW MpPSIMOYTO/IbHOM MOTEHUMANIbHOM siMe Ln-
pyHbI | ¢ GECKOHEYHO BbICOKMMMK CTEHKamW;

6) Mo OKPYXXHOCTM pagumyca N\

B) B OHOMEPHOM MoTeHUmMansHom none U=ax*/2, roe a —
MOMOXNTeNbHas MOCTOSIHHAS;

r) Mo KpPyroBsow opb6uTe B LEHTPa/lbHOM MOJie, rae MoTeHUU-
anbHasa 3Heprus uvactuupl U— —a/n, a — MNonoxuTesbHas
MOCTOSIHHAS.

6.46. HailiTm c y4yeToM ABMXXEHMUS sApa aToMa Bogopoda
BbIPXXEHUA AN 3HEPryn CBSA3M 3/1eKTPOHA B OCHOBHOM CO-
CTOSSHUU W ANA NOCTOAHHOW Puabepra. Ha CKOMbKO NPOLEHTOB
OT/INYAIOTCA 3HEPrus CBA3W W MOCTOSIHHas Pwuabepra, nony-
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LeHHble 6e3 ydeTa ABVKEHUA A4pa, OT COOTBETCTBYHOLLMX YTOY-
HEHHbIX 3HAYeHW 3TUX BENUUH?

6.47. HaiTn gna aTtoMOB JIerKOro M TSXXenoro Bogopoja
(H n D) pasHoCTb:

a) 3Hepruii CBA3M WX 3MEKTPOHOB B OCHOBHOM COCTOSIHUW;

6) ASIMH BOSIH TOMIOBHbLIX IMHUIA cepun JlaiMaHa.

6.48. BblumcnuTb paccTosiHMe Mexay 4acTMuamn CUCTEMbI B
OCHOBHOM COCTOSIHUW, COOTBETCTBYIOLLYIO 3HEprui CBA3N W
ONVIHY BOJMTHBbI TO/IOBHOM NMHUKU cepun JlalimaHa, ecnn cuctemoii
ABNAETCA:

a) Me30aToM BOAOPOAA, AAPOM KOTOPOro CAY>XWUT MPOTOH
(B Me30aTOMe BMECTO 3/1eKTPOHA ABUXKETCA Me30H, UMeIOLLNKi ToT
e 3apsg, Ho maccy B 207 pa3 60/bLuyto);

6) MO3UTPOHWIA, KOTOPbIA COCTOUT W3 3/1EKTPOHA U MO3UT-
pOHa, ABMXKXYLLMXCA BOKPYr 06LLEro LeHTpa macc.

6.2. BonHOBble CBOMCTBA 4acTuly

# [le6poiinesckas ANMHa BOMHbI YacTULbl C UMMynbcom P
X=2nk/p. (6.2a)
(b CooTHOweHMe HeonpeaeneHHocTel:
a*-apx~ K (6.26)

(*) BpemeHH6eH cTaumoHapHoe ypaBHeHUA LUpéauHrepa:

(6.28)
21| --MNE-1/)Dp =0,

roe V — nonHas BOnHOBas (YHKUWSA, h— ee KoopAuHaTHas 4acTb, \2—
onepatop flannaca, E n U—nonHaa n noTeHunanbHas sHepruy yactmubl.
B cthepuueckux kKoopagmHaTtax:

¢ CpeaHee 3HauyeHMe BenU4MHbI (, sBAAOLWENRCS QYHKUMeRA Koop-

avHarT:

(6.2n)

rae h— HopMupoBaHHas BonHosas dyHkuus, dV — anemeHT o6bema.
O KoathhmumeHT npospauHocT noTeHuymansHoro 6apbepa U (X):

(6.2e)

rae H *a — KoOpAMHaTbl Todek, mexay kotopbimu U > E.
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6.49. BbluncnnTb Oeb6poWNeBcKMe O/IVHbI BOMH 3/1EKTPOHA,
MpoToHa W aToMa ypaHa, WUMEKLMX KUHETUYECKYIO 3HEPTrUio
100 3B.

6.50. YacTtuua p[BUMOKETCA c/ieBa Hamnpaso B OAHOMEPHOM
MOTEHLMa/IbHOM 01, MOKasaHHOM Ha puc. 6.2. JleBee 6apbepa,
BbicOTa KoToporo t/=15 3B, KMHeTUYeCKasA 3HEPrmns 4acTuubl

T—20 2B. B0 CKO/IbKO pa3 N Kak W3-
MeHUTCA AebpoHNeBckass ANMHA BOSHbI
yacTuubl NpU nepexoge 4vepes 6apbep?

6.51. Kakylo sHepruto Heobxoammo
[OOMONHUTENIBHO  COOOLUNTL  31IEKTPOHY,
yTobbl €ero febpoinesckas g/nvHa BOS-
Hbl yMeHbLumnacs ot 100 go 50 nm?

6.52. HeWTpoH C KMHETU4YecKoi aHeprueii- T=2b aB Hane-
TaeT Ha MOKOALMICA AOeATPOH (AP0 TSXKEN0ro BOAOPOAA).
Haitn pebpoiineBckme ANvHbI BOH 06eUX 4acTul, B CUCTEME
MX LeHTpa macc.

6.53. [lBe 0OAVHaKOBble HepPenaTUBUCTCKUE YacTuLbl [ABWU-
XYTCA MNepneHANKYNSpPHO APYr K APYry C [Ae6poineBcKumm
OVHaMU BonH H, U A,. HaiiT gebpoiineBcKyto A/IMHY BOJHbI
KaXXAOWM 4aCTuLpl B CUCTEME MX LIEHTpa macc.

6.54. HaliTn gebpoiineBcKyro ANVMHY BOSHbI MOJIEKYNT BOAO-
pofa, COOTBETCTBYIOLLYIO MX Hambonee BepOATHOM CKOPOCTU
nNpv KOMHaTHOIM TemnepaType.

6.55. BbluMcnuTb Hambosee BEPOATHYIO [e6GPOIANEBCKYHO
O/IMHY BOJIHbI MOJIEKY/T BOAOPOAA, HaxoAALLMXCHA B TEPMOAUHA-
MWYECKOM pPaBHOBECUWM MPU KOMHATHOW Temnepartype.

6.56. lMonyunTb BblpaXeHWe AN AeBPONNEBCKON ANVHbI
BO/IHbI 1 PENsATUBUCTCKOM 4YacTUubl, OBWXKYLUENACA C KUHETU-
yeckoii aHeprueii T. Mpu KakmMx 3HadeHMsiX T owwmbka B onpe-
JeneHnn A No HepenssTUBHCTCKOM chopmMyne He MpesbilaeT 1%
0151 3NeKTpoHa W NPOTOHa?

6.57. MNpy KakoM 3HAUYEHUN KUHETUYUECKOW 3HEpPrun aebpoii-
NleBCKas [A/MHa BO/HbI 3/1IEKTPOHA paBHa ero KOMMTOHOBCKOW
[OIVIHE BOJTHbI?

6.58. HaliTn nebpoiineBckyto ANNUHY BOMHbI PENATUBUCTCKUX
3N1eKTPOHOB, MNOAMETaWNX K aHTUKaTo4y pPeHTreHOBCKOM
TPYOKW, ecnn A/IMHa BOSHbI KOPOTKOBO/IHOBOM rpaHuLbl Cr/oLL-
HOro peHTreHoBCcKoro cnektpa 4,,=10,0 nm.

6.59. TMMapannenbHbIA MOTOK MOHO3HEPreTUYECKUX 3J1eK-
TPOHOB MafaeT HOPMasIbHO Ha Anadparmy ¢ Y3KOoW NpsMOoyrosib-
HOW LLeNbio WnpuHbl />=1,0 MKM. OnpeaennTb CKOPOCTb 3TUX
3/1eKTPOHOB, €C/IN Ha 3KpaHe, OTCTOALLEM OT LLENM Ha paccTos-
Hve /=50 cM, LUMpUHA LEHTPaIbHOIO AMGPaKLMOHHOIO MakK-
cmmyma [1x=0,36 wMMm.
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6.60. [MapannenbHbii MNOTOK 3MEKTPOHOB, YCKOPEHHbIX
pasHocTblo noTeHuuanoB U=25 B, nagaeTr HopMa/lbHO Ha
AvadparMy ¢ ABYMS Y3KUMU LLENAMW, PacCTOSTHUE MeXay KOTo-
pbiv d =50 MKM. OnpefennTb PaccTosiHME MEXAY COceqHUMM
MaKCcMMyMaMu ANGIPaKUMOHHOM KapTUMHBI Ha 3KpaHe, pacmnosio-
XKEHHOM Ha paccTosiHumM /=100 cm OT Lieneii.

6.61. Y3kuii My4yoK MOHO3HEpPreTM4Yeckux 3/1eKTPOHOB Ma-
[aeT nopg yrnom ckosbxeHmsa 9=30° Ha eCTeCTBEHHYHO rpaHb
MOHOKpUCTa/Ila a/lloMUHUA.  PacCcTofiHME Mexay CocefHVMU
KPUCTI/TIUHECKMMU  MAIOCKOCTAMW, MapasinenbHbIMU 3TOW rpa-
HM MoHoKpucTanna, d=0,20 HM. Mpu HEKOTOPOM YCKOPSIHOLLIEM
HanpsbkeHn U, Habnoganm MakcUMyM 3epKa/ibHOTO OTpadKe-
HusA. Halitm Ut, ecnn M3BECTHO, UTO crefyowmiA MakcCUmMyM
3epKa/IbHOr0 OTPaXKEHUS BO3HMKaN MPU YBE/IMYEHUN YCKOPSIO-
wero HanpsbkeHus B r|=2,25 pasa.

6.62. Y3Kuii NMy4OoK MOHO3HEPreTUYeCKMX 3/1eKTPOHOB Ma-
OaeT HOpPMa/lbHO Ha TMOBEPXHOCTb MOHOKpUCTas/la HUKETS.
B HanmpasneHunwn, cocTtasnsioweMm yron &=55° ¢ Hopmasbo
K TMOBEPXHOCTWN, HabnogaeTcs MakCUMyM OTpPadKeHUs YeTBep-
TOro nopsaka npuv sHeprum 3nekTpoHoB =180 3B. Bbiywuc-
NNTb COOTBETCTBYIOLLEE 3HAYeHMe MEXI/IOCKOCTHOro pPaccTos-
HUA.

6.63. Y3KWIA NY4YOK 3/EKTPOHOB C KUHETUYECKOW 3HEPIu-
el 7=10 k3B npoxoguT 4epe3 NOSNKPUCTAI/THUYECKYHO allOMU-
HVeBYIO (honbry, o6pasys Ha sKpaHe cucTemy AMGPaKLUMNOHHBLIX
Kosey,. BblumMcinTb MeXNMIOCKOCTHOe paccTosHWE, COOTBETCT-
BYHOLLIEE OTPadKEHMIO TPETLErO MopsiAka OT HEKOTOPOM CUCTEMbI
KPUCTa/ININYECKUX M/IOCKOCTE, ecnn emy OTBevaeT Andpak-
LMOHHOe KosfbLOo auiameTpa D=3,20 cMm. PaccTosiHue Mexay
3KpaHoM ¥ dhonbroii /=10,0 cm.

6.64. Ty4yoK 3/1eKTPOHOB, YCKOPEHHbIX PAa3HOCTbIO MOTeH-
umanos U, magaer Ha MOBEPXHOCTb METasNa, BHYTPEHHWIA MoO-
TeHuman kotoporo Ui= 15 B. HaiiTtu:

a) nokasatenb NPeNoOMIEHNS MeTanna AA8 3/1eKTPOHOB,
YCKOPEHHbIX Pa3HOCTbO MoTeHumanos C/=150 B;

6) otHowleHne UIUif npu koTopom nokasaTenb npenomne-
HUSA OT/INYEEeTCHA OT eAuHULLI He 60nee yem Ha T|=1,0 °o.

6.65. Yactuua maccbl T HaxoamUTcs B OAHOMEPHON MpsMO-
YrONbHOW noTeHuManbHoi sIMe C BGECKOHEUYHO BbICOKUMWU CTEH-
Kamn. LupuHa smbl /. HaliT BO3MOXKHbIE 3HAYEHUS 3Heprum
yacTuubl, UMest B BUAY, UTO pPeasin3yroTcs /b Takue COCTOS-
HUA ee ABUXXEHUS, AN KOTOPbIX B Npefenax JaHHOW siMbl yK/ia-
[bIBaeTCs Lesioe YMCio Ae6pOANEBCKUX MOJTYBOSH.

6.66. VIHTepnpeTnpoBaTb KBaHTOBbLle Yc/oBMA bopa Ha oc-
HOBE BOJIHOBbIX MpPeACTaBNeHWUIA: MoKaszaTb, UTO 3/1IEKTPOH B
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atoMe BOJOPOLA MOXEeT [ABUraTbCA TOSIbKO MO TeM KPYroBbIM
opbuTam, Ha KOTOpPbIX YKNaAblBAeTCs Lefoe 4mcno aebpoiines-
CKUX BOJIH.

6.67. OUEHUTb HaMMeHbLUME OLUMOKW, C KOTOPbIMUA MOXXHO
onpeaennTb CKOPOCTb 3/1EKTPOHA, MPOTOHa M LUapuKa Macchbl
1 mMr, ecnn KoopAMHaTbl YacTWUL, U LEeHTpa Llapuka ycTaHoB/e-
Hbl C HeonpeaeneHHOCTbIO 1 MKM.

6.68. OLEHUTL C MOMOLLBLIO COOTHOLLIEHWNS HeorpeaesneHHoC-
Teli HeonpeAeneHHOCTb CKOPOCTU 3/1EKTPOHAa B aToMe BOAOPOAa,
nonarasa pasmep atoma /=0,10 HM. CpaBHUTb MOMYYEHHYIO
BE/IMYMHY CO CKOPOCTbIO 3/1IeKTPOHA Ha MepBOV 6GOPOBCKOM Op-
6uTe fJaHHOro atoma.

6.69. lNokasaTb, YTO AN YacTULbl, HeonpeeneHHOCTb Me-
CTOMOMOXEHUSA KOTopol [Ox=X/2n, roe X— ee paebpoines-
CKas [/IMHa BOJIHbl, HeornpefeneHHOCTb CKOPOCTU pasBHa ro
nopsaKy BefMYMHBI Camoi CKOPOCTU YacTuupl.

6.70. CBOGOAHbIA 3NeKTPOH B MOMeHT /=0 5I0Kanu3oBaH B
o6nactm [Oxo=0,l0 Hm (nopsgok pasmepa aToma). OUeHUTb
WMPUHY 06/1acTX  fIoKaInM3auum  3TOro  3/IEKTPOHA  CNyCTA
/-1 c.

6.71. OuUeHUTb C MOMOLLIbIO COOTHOLLIEHUS HeonpeaesieHHOC-
Tell MUHUMa/TbHYIO KUHETUYECKYIO 3HEepruiio 3M1eKTPOHa, /0Ka-
NN30BaHHOroO B 06nactn  pasmepom /=0,20 Hwm.

6.72. DNeKTPOHEe KUHETUYECKOM sHeprmen M 43B nokanu-
30BaH B 061acTn pasmepom /=1 MKM. OLEHUTb C MOMOLLIbIO CO-
OTHOLLUEHUS HeornpeaesieHHOCTeN OTHOCUTENbHYO HeonpeneneH-
HOCTb €ro CKOpOCTW.

6.73. ONeKTPOH HaxoAWTCS B OAHOMEPHOM MpPSMOYro/ibHOMN
MOTeHUUMaNbHOM siMe ¢ 6ECKOHEYHO BbICOKMMU CTeHkamu. LUnpu-
Ha fMbl /. OLEHUTb C MOMOLLBIO COOTHOLLUEHWUS HeonpeaeneHHOC-
Tel cuny AaBneHWs 3MEeKTPOHA Ha CTeHKM 3TOW AMbl MpY MU-
HVMMa/lbHO BO3MOXHOW €ro 3Hepruu.

6.74. Cnep nyyka 3/1EKTPOHOB Ha 3KpaHe 3M1eKTPOHHO-/y-
YeBOl TPYOKM MMEET AUaMeTp 0,5 mm. PaccTosiHMe OT anek-
TPOHHOM MNYLIKM A0 3KpaHa /«20 cM, YCKOpSsitoLlee Hanpshke-
Hve U—10 kB. OuUeHMTbL C MOMOLLBO COOTHOLLEHUS (6.26)
HeonpeaeneHHOCTb KOOPAUHATLI 3/IEKTPOHA Ha 3KpaHe.

6.75. Yactmua maccbl T ABUXKETCA B OAHOMEPHOM MOTEHLUM-
anbHoMm none U=XxxY2 (rapmoHuveckuii ocumnnstop). Oue-
HUTb C MOMOLLIO COOTHOLLIEHMS HeonpeaeneHHOCTeN MUHUMaSIb-
HO BO3MOXHYI 3HEPruio 4acTuupbl B TAKOM MoOJe.

6.76. OUEHUTb C MOMOLLUBID COOTHOLUEHWS HeonpeneneH-
HOCTEA MUHUMaSIbHO BO3MOXHYIO 3HEPrui0 3/1EKTPOHa B atome
BOAOPOA4A M COOTBeTCTBYOLee 3(WDEKTMBHOE PACCTOAHME €ero
oT fAgpa.
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ft.77. MapannenbHbIA Ny4OK aTOMOB BOAOPOAA CO CKOPOCTbHO
0=600 M/c NagaeT HOpPMa/IbHO Ha Y3KYH LLUEMb, 3a KOTOPOW Ha
paccTosHUM /=1,0 M pacnosioxeH 3KpaH. OLEHUTb C MOMOLLbHO

COOTHOLLIEHVS] HEOMpeAeneHHOCTEN LLUMPUHY Bp
b wenn, npu KoTopoli WKMprHa W306paxe- |
HUA ee Ha 3KpaHe ByAeT MUHUMabHOMN. |
6.78. TloTOK 3neKTpoHOB'MajaeT Ha *
3KpaH ¢ Ayms wenavm / n 2 (puc. 6.3). _ ~

B Touke P pacnonoxeHo BXofHOe OTBep-

CTWe cyeTumka. Myctb\|> — amnanTyaa son- i

Hbl, NpoLLeALLIel Yepes Wenb / H AOCTUrLLen plC g3
Toukn P, a \lx>— 70 e, HO B cry4yae OT-

KpbIToii wenn 2. OTHolleHve ip«4i=Tl=3,0. Ecnn oTKpbITa
TONbKO LWefb /, TO cHeTUMK peructpmpyet #,=100 31eKTPOHOB
B ceKyHAOy. CKOJIbKO 3/IEKTPOHOB €XeceKyHAHO OyaeT peruncr-
pvpoBaTb CHETYUK, eC/u:

a) OTKpbITa TOMIbKO Lenb 2;

6) OTKpbITbl 06e Wenn 1 B Touke P Habnogaetca nHTepde-
PEHLMOHHBIA  MaKCUMYM;

B) TO XXe, HO B Touke P — mMuHMmMyMm?

6.79. HalitTh u4acTHOe peLleHNe BPEMEHHOr0 YpaBHEeHUs
LLpéanHrepa ans cBo60AHO [ABWDKYLLENCA YacTuubl Maccbl T.

6.80. ONEKTPOH HaxoAauTcs B OAHOMEPHOW MPSIMOYrO/bHOM
NOTEHUMANbHOM siMe ¢ 6ECKOHEYHO BbICOKMMU CTeHKaMu. Haitum
LWMPUHY SIMbl, €CAIN  PasHOCTb 3HEPrMU MeXAY YPOBHAMU C
N1=2 n n,=3 coctasnset A£=0,30 3B.

6.81. Yactuuya HaxoamMTcA B OCHOBHOM COCTOSHWU B OfHO-
MEPHOM MpPAMOYrONbHOWM MOTEHUMA/IbHOA sIMe WMpUHbLI / C
abCoMOTHO  HEMpoHWMLU@eMbIMM  cTeHKamMn (0< X /). Haiitu
BEPOSITHOCTb MpPebbiBaHUSA 4YacTuupbl B 0bnactn //3<x<2//3.

6.82. YacTmua HaxoguTcs B OOHOMEPHOW NPSAMOYrofbHOMN
noTeHUMasIbHOM SIMe C GEeCKOHEYHO BbICOKMMW CTeHKamu. LLn-
pyHa simMbl / HaliTu HOpMMpOBaHHbIE BOSTHOBbIE (DYHKLUUWN CTa-
LMOHAPHbIX COCTOSIHUIA 4YacTuLlpbl, B3SIB Ha4ya/o oTcuyeTa KOOp-
OVvHaTbl X B cepeAuHe SIMbl.

6.83. B mMomeHT /=0 BONHOBas (OyHKUMS HEKOTOPOM 4YacTu-
upl nmveet si\|>= /1 exp (—Jc*/4o*+ifec). N306pasnTb npumep-
Hbl1 BMJ, 3aBUCMMOCTEN:

a) gencTBuTenbHOM Yactwy if oT X; 6) Jp]* oT X

6.84. nNeKTPOH HaxoAuTCS B OAHOMEPHOW MPAMOYronbHOM
NOTEHUNANbHON siIMe C GECKOHEYHO BbICOKMMW CTeHKamu. LLn-
puHa AMbl /TaKoBa, YTO 3HEPreTUYecKne YPOBHU PacrooXeHbl
BecbMa rycto. Haiitu nnoTHocTe yposHeit dN/dE, T.e. wux
YMCO Ha edVHWYHbBIA WHTEepBasl 3HepPrunM, B 3aBMCMMOCTU OT
E. Bbluncnute dNIdE gna £=1,0 3B, ecrm /=1,0 cm.

10 W. E. Upogo*



6.85. YacTmua maccbl T HaxoguTcs B ABYMEPHOI NpPsSIMO-
Yro/IbHOM MOTEHUWaNbHOM siMe C abCOMTHO HenpoHULaeMbl-
MW CTeHKamn. HanTu:

a) BO3MOXXHble 3HAYEHWUSA 3HEPIMWN 4YacTulpl, €Cc/in CTOPOHBbI
SIMbl paBHbl /, N />,

6) 3HaYeHUs 3HEPrUM YacTULpl Ha MEepPBbIX YeTbIpex YpPOB-
HAX, ecn AMa KBafpaTHas CO CTOPOHOW /.

6.86. YacTmua HaxoguTcs B ABYMEPHOW NPSIMOYrosfibHOM
NOTeHUWaIbHOM fIMe € abCOMIOTHO HEMPOHULIAEMbIMW CTEHKaMM
((XKa, (Ky<b). OnpegenuTb BeposiTHOCTb HaxoXaeHWs
YyacTmupbl C HaMMeHbLUEN 3Heprmeil B obnactm 0<nc<a/3.

6.87. YacTmua maccel T HaxoAuUTCA B TPEXMEPHOW Kybu-
YecKoW MOTeHUMabHOM siMe ¢ abCoMTHO  HEMPOHWULAEMbIMA
cTeHKamn. CTopoHa Kyb6a paBHa 0. Hantu:

a) COOCTBEHHbIE 3HAYEHUS 3HEPIUM YacTULbl;

6) pasHOCTb 3Hepruii 3-ro u 4-ro ypoBHEN;

B) 3Heprmio 6-ro ypoBHSA W COOTBETCTBYIOLLEE €My 4YMC/O
COCTOSIHWIM (KPaTHOCTb BbIPOXAEHUSI).

6.88. lMokasaTb C nomowblo ypasHeHnsA LLpéauHrepa, 4ro
B TOUYKe, rae noTeHumanbHas sHeprma uvactuupl U(X) wnmeet

KOHeYHbI pa3pbiB, BOIHOBasA PYHKLNS OCTaeT-
CA rNagKon, T. e. ee nepsBas MNPom3BOAHas Mo
KoopAuHaTe HernpepbIBHa.
6.89. YacTtuua maccbl T Haxo4uTcs B 04HO
MepHOM noTeHumansHom none U(X), BuUg Ko-
O i X  Toporo nokasaH Ha pwuc. 6.4, rge 1/(0)=oo0.

Puc. 6.4 Haiin.

a) ypaBHeHue, OMnpeaensio
3HAYEHUA 3HEPrnMn Yactuubl B 06nactm £e<(/.; NPUBECTU 3TO
ypaBHeHME K BUay

sinkl= £kI~h*/2m1*Ut, rge k= \ 2TE\K

Moka3aTb C MOMOLLBI FPacdhnyeckoro peLLeHnss JaHHOro ypas-
HEHWs,, YTO BO3MOXXHbIe 3HAYEHUs 3HEPTrMM YacTulpbl 06pasyoT
[OVICKPETHBIM CMeKTp;

06) MUHUMa/IbHOE 3HaueHWe BeNMUUHbLI 14/», npyu KoTopoMm
NOABNSETCSA MePBbIi 3HEPreTUYECKNA ypoBeHb B obnactm £ <
<{/.. Tpn KakoM MUHMMa/IbHOM 3HadeHuUn PU, nosensercs
N- ypOoBeHb?

6.90. Bocnonb3oBaBLUMCL peLleHVEM MNpeabiayLLel 3agauu,
onpefennTb BEPOSATHOCTb HAaXOXAEHUS 4acTulbl C 3Heprven
E=UJ2 B o6nactn x>1, ecnn I*Ut= (3n/4)*AVm.

6.9!. Yactmuya maccbl T HaxoAMTCS B OAHOMEPHOW MOTeH
umanbHon sme (puc. 6.5) B OCHOBHOM COCTOSIHMW. HaiiTn 3Hep
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rMI0 OCHOBHOIO COCTOAHWUSA, €CNM Ha Kpasx AMbl tp-cpyHKUMsS
BABOE MeHbLLIe, YeM B cepeavHe AMbl.

6.92. HaliT BO3MOXXHble 3HAYeHUS 3JHEPrMU YacTuLUbl Mac-
cbl T, Haxogawelica B cepuyecKN-CHMMETPUYHOM MOTeHUM-
anbHoii  sime U(N)=0 npu r<Cr, u
t/(r»)=00, AnA cny4as, Korga [ABuKe- — n
H/E 4acTWLpbl OMWCLIBAETCA BOJTHOBOWA ft
chyHKUMen x|-(), 3aBuUCSLLLER TONBKO OT T.

YKasaHwue. [lpn peweHnn ypas- —
HeHus LLpéamHrepa BOCMO/b30BaThHCA 1 -
noactaHoBkow ~(r)=x(r)/r.

6.93. Vimes B BmMay Yycnosus npegbl-

OyWen 3agavn, Hantu; —al
a) HOPMUWpPOBaHHble  COBCTBEHHbIE
OYHKUMN  YacTULpl B COCTOSAHUAX, rAe Puc. 6.p

y(r) 3aBUCKT TONbKO OT T;

6) 4151 OCHOBHOIO COCTOSIHMSA YacTWULpbl Hanbosee BEPOSTHOE
3HayeHMe rEep, a TakXkKe BEPOSITHOCTb HaxXOXAEHWs 4Ya¢Tulbl B
obnactn rCr,eP.

6.94. Yactmua maccel T HaxoguTcs B CepUYECKU-CUMMET-
puuHoii noTeHumanbHoli sime U(N=0 npu r<.rt n Y(r)= U,
npu >rB..

a) Haitm ¢ nomollbio noactaHoBkM N (r)=x(r)/r |ypasHe-
HVe, OMnpeaensitollee COOGCTBEHHbIE 3HauyeHUs 3Heprum| E uac-
TMupl npu E<ZUt, korpa pABwdkKeHWe OMUCLIBAETCA  BOIHOBOV
doyHKUpen sp(r), 3aBuCALLEN TONbKO OT T. [NpuBecTn 3TO ypas-
HeHVe K BuUAdy

sin&r,= xkrtVh*2mrlU,, roe k= V2mEjk.

6) OnpeaennTb 3HadeHWe BenMuMHbl riUa, npy KoTopom no-
ABNSETCS MePBbli YPOBEHb.

6.95. BonHoBas yHKUMA YacTULbl Maccbl T4 /1A OCHOBHOIO
COCTOSIHMSI B ofHOMepHOM noTeHuuansHoM none U (X)=kx42
nmeeT BUg ip(X)=/4 exp (—om*), rae A U a — HEKoTopble Mo-
CTOsIHHblE. HaliTm ¢ nomolblo ypasHeHus LLpéauHrepa no-
CTOSIHHYIO @ U 3Heprmio E yacTuupl B 3TOM cocTosHUW.

6.96. Onpepenutb 3HEPrUKO0 3/1IEKTPOHa artoma BOAopoLa B
COCTOSAHUW, [N KOTOPOro BOJIHOBas (DYHKUMS UWMeeT BUA
t(~)=v4(l+ar)e_er, rge A, @ U a — HeKOTOpble MOCTOSIHHbIE.

6.97. BonHoBas PyHKUMA 3MeKTpoHa B OCHOBHOM COCTOS-
HUM atoma Bogopoga mmeeT Bua\p(r)=/4 exp (—r/r,), rae A —
HEKoTopas MOCTOsAHHasA, I, — MepBbli  GOPOBCKUIA  pagunyc.
HantH:

a) Hanbosiee BEPOSATHOE PacCTOsAHME MeXAy 3/1EKTPOHOM
A0POM;

HO» 1




6) cpefiHee 3H ayeHWe MOAYNsi KYNOHOBCKOW CW/bl, AeNCTBY-
HOLWer Ha 31eKTp « H

B) cpeAHee 3 KayeHue MOTeHUWaNbHOM 3HePrun 31eKTpoHa
B none agpa.

6.98. Yactmuya Haxogntca B CepnyecKN-CHMMETPUYHOM
noTeHUManbHOM nofe B CTaUMOHAPHOM COCTOSIHUM  \B=

(71/2na) e~r ['/r, rge T — pacCTosiHWME OT LEeHTpa Mofs.
Hantn <r>.

6.99. YacTtmuya maccel T HaxoAUTCA B OOHOMEPHOM MOTEH-
UmanibHOM nose i/ (X)=XX*, rge X — MonoxnTenbHas MocTosiH-
Has. Haintu <L/> uvacTuvupl B COCTOSIHMW, OMNWCLIBAEMOM BOJI-
HoBOW hyHKUMel tf=i4 exp (—ope¥), roe A a — HeunsBecTHble
MOCTOSIHHbIE.

6.100. Yactmuya B MOMeHT /=0 HaxoOWUTCA B COCTOSAHUM
exp (— Xr/c*+ \hx), rae A 1 a — HeKoTopble MOCTOSIHHbIE.
Hantu:

a)<x>;6) <pXy— cpefHee 3HayeHWe MNPOEKUUM UMMYbCA.

6.101. HalTwn cpegHWA 3neKTpOCTaTUYeCKUIA noTeHUman,
co3faBaeMblii  3M1EKTPOHOM B LEHTPE aToma BOAOPOAa, ecnu

3M1IEKTPOH HaxoAMUTCA B OCHOBHOM COCTOSIHUM,
1 ONA  KOTOpPOro BOMHOBass PyHKums 4>(r)=
= Nexp(—r/r,), rae A—HeKoTopass MOCTOSIH-
L Has, r,— nepBblii GOPOBCKWI pagunyc.
10 6.102. YacTtuupl ¢ Maccoii T u aHepruen E
OBWKYTCS CcneBa Ha MNOTeHUMabHbIA 6Gapbep
(pwc. 6.6). Haiitn:

a) koadpchnumeHT oTpaxeHmst R aToro 6apb-
<Pa npu E>U»\

0) Scb(i)eKTl/lBHyIO rnyouHy NPOHUKHOBEHUSA 4acTuy, B 006-
nacte x>0 npm E<UL, T. e. paccTosiHMe OT rpaHuubl 6apbepa

Puc. 6.6

Puc. 6.7 Puc. 6.8

[0 TOYKW, TrAe MJIOTHOCTb BEPOSITHOCTU HAaXOXAEHUS YacTULbl
YMEHbLLIAETCS B € pas.

6.103. Bocnonb3oBasLlimnck opmynon  (6.2e), HaATh  ans
anekTpoHa c 3Hepruen E BeposiTHocte D npoxoxaeHwsi mo-
TeHUManbHOro 6apbepa, LUMpMHa KOTOporo / n BbicoTa W»,
ecnn bapbep MMeeT OpMy, MOKa3aHHYHO:

a) Ha puc. 6.7; 6) Ha puc. 6.8.
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6.104. Halitn ¢ nomowbto doopmysbl (6.2e) BepossTHocTb D
MPOXOXAEHNS YacTULpbl C Maccor T u aHeprueir E ckBO3b no-
TeHUManbHbI  Gapbep (puc. 6.9), rae U(X)=U»{\ — x*/1r).

6.3. CsolicTBa aTOMOB. CreKTpbl

Ob CnekTpanbHble 0603HayeHUss Tepmos: K(E)/, rpoe X«=2S-fl —
mynsTunnetHocts, L, S, J — ksaHTOBbIe uucna,

Ljo 1 2 3 4 5 ©
(Ly)I s P D F G H I

q) TeprI aTOMOB LWWLENI0OYHbIX MeTannos:
T=/2/(a+%)*, (6.3a)

rae R—noctoaHHas Pupbepra, n— rnasHoe KBaHTOBOE 4YWCNO, « — PHA-
6eprosckasi nonpaska.

n
Nm
Mnm
L -cepua
K /(-cepns
Puvo. 6.11
Ha pwuc. 6.10 noka3aHa cxemMa TepMOB artomMa /UTUSA.
) MexaHuueckne MOMeHTbI aToma:
ML=h V1 (L+i), ananornuno Ms u Mij. (6.36)

# MpaBuna XyHpa:

1) HamMeHbllas 3HepPrus y Tepma C MaKCUMManbHbIM 3Ha4YeHWeM S npu
[aHHOl 3NeKTPOHHOW KOHMUrypaumm un MaKCUMaNbHO BO3MOXHbIM MpU
aToM S MKC 3HaueHun L;

2) Ana OCHOBHOro (HOpManbHOro) Tepma ] = \L—S]|, ecnu nopgo6o-
NoYKa 3anosHeHa MeHee YeM HanonoBUHY, U J = L + S B OCTanbHbIX CNyyYasx.
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O Pacnpegeneqve BonbumaHa:

TIrIrTM-"-4ril)' (63
rae gi n gt—crtatuctnyeckne Beca (KPaTHOCTU BbIPOXAEHWNSA) COOTBETCT-
BYHOLUX YPOBHEWN.

O BepoATHOCTM NepexofoB aTomMa B eAUHULY BPEMEHU MeX[y YpoB-
Hem 1 u 6onee BLICOKMM ypoBHeM 2 ANS CMOHTAHHOIO W MHAYLMPOBaH-
HOro u3sny4vYeHna M nornoweHusa:

P21 = Ay, Pri/l= BtiUa, P?Il = Bla. (6.3r)

roe Aft, By, B12—«kosdhduumenTsl SiiHwTelina, MIO—cnekTpanbHas NnoT-
HOCTb M3NyuYeHWs, OTBevalollas 4YacToTe LW Mepexoda MexXay [AaHHbIMU
YPOBHAMMU.

O Csase mexpay koadhduumeHTamMu SitHwTeliHa:

giBlt=gtBtL fin=(n~/M An. (6.30)
O cxema BosHMKHOBeHNS PEHTreHOBCKMX crnekTpos (pwuc. 6.11).'
O 3akoH Mosnu ana Ka-nuHuii:

wKa ~ (374) R (z— o)*, (6.3e)

rge a— nonpaska, paBHas ANs NIETKUX  9/EMEHTOB efuHULLE.
O MarHnTHbIi MOMeHT aTomMa W hakTop (MHOXWUTeNb) JlaHge:

v d iy I)+S(S+l)—l(l+ 1)
Y + 1)Uub, «=1-1--mmmmeemeoeee L | E—

roe ub— marHetoH bopa,
ub= e~/21c (CrcC), ub= «~/21 (CW).

O 3eemaHOBCKOe pacuienneHWe cneKTpanbHbIX AWHWI B cna6om mar-
HUTHOM none:

A<o= (m,gi— migt)iibB/A. (6.33)

O NMpu wusnyyeHUM BAONL MArHWUTHOrO MONA 3eeMaHOBCKME KOMMO-
HEeHTbl, 06yCNOB/EHHble MepexogaMM mi= m2, OTCYTCTBYIOT.

6.105. OHeprus cBA3WN BA/IEHTHOrO 3/1IEKTPOHA aromMa INTUA
B cocToAHMAX 2S u 2P paBHa cooTBeTcTBEHHO 5,39 1 3,54 3B.
Bbluncnntb pnabeprosckue rnonpaskyn Ans S- n P-TepmMoB 3TOro
aToma.

6.106. Hatn pupabeprosckyto nonpasky Ansa 3P-Tepma
atomMa HaTpus, MepBbld NOTeHUWan BO3OYXAEHUS KOTOPOro
2,10 B, a 3Heprus CBSA3N BaJIEHTHOIO 3/IEKTPOHA B OCHOBHOM
35-cocTtossHuM 5,14 3B.

6.107. HaiAiTn 3Hepruto cBsi3W Ba/IEHTHOrO 3/1EKTPOHA B OC-
HOBHOM COCTOAAHWW aTtoMa INTUSA, ECNIN U3BECTHO, YTO A/IHA BOJI-
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Hbl FOMIOBHOW NUHUN pe3Koii cepyn H,=813 HM U A/IHA BOJHbI
KOPOTKOBOJ/ITHOBOV rpaHuubl 310l cepym A.,=350 HM.

6.108. OnpegennTb A/IMHbI BOMH CAEKTPa/IbHbIX NVUHWIA,
BO3HUKAIOLLMX MNPU  nepexode BO30Y>XAEHHbIX aTOMOB JINTUS
M3 cocTOSiHMA 3S B OCHOBHOe cocTosiHMe 2S. PHAGeprosckue
rnonpaskn ansa S- n P-tepmos pasHbl —0,41 1 —0,04.

6.109. [O/MHbI BOMH KOMIMOHEHT >XENToro Ayb6neta peso-
HAHCHOW /NMHWUK HaTpus, o6ycnoBneHHo nepexogom 3P-*
-*-35, paBHbl 589,00 1 589,56 HM. HaliT BenMumMHy pacLuen-
neHna 3P-tepma B 3B.

6.110. FonoBHas NNHWUSA PE3KON CEPUN aTOMAPHOIro Lie3us
npeactaensieT coboi ay6net ¢ anvHamm BonH 1358,8 n 1469,5
HM. HaiiTn nHTepBanbl B YacToTax (<o, C-1) Mexay KOMMOHeHTa-
MU CrefyrLWUX MHUA 3TOW cepuyn.

6.111. BbinncaTb CNeKTpasibHble 0603Ha4YeHNsI TepMOB aToMa
BOAOPOAA, 3MEeKTPOH KOTOPOro HaxoAuTCs B COCTOAHWU C T/iaB-
HbIM KBAHTOBbIM 4ucioM M =3.

6.112. CKONMbKO M KaKue 3Ha4yeHWst KBaHTOBOro uucra J
MOXXET MMeTb aTOM B COCTOSIHMM C KBAHTOBbIMUW uYmucnamu 5 u L,
paBHbLIMW COOTBETCTBEHHO:

a)2n3;6)3un3;B)5/2un2?

6.113. HaiiT BO3MOXHble 3HAYEHNS MOMHbIX MeXaHU4YecKmnX
MOMEHTOB aTOMOB, HaxoAALMXCA B COCTOAHMAX *P un HO.

6.114. HaliTm MaKCcMMaslbHO BO3MOXHbIA MOMHbIA MeXaHUu-
YeCKNA MOMEHT W COOTBETCTBYHOLLlee CreKTpasibHOe 0603Haue-
HVe Tepma aToma:

a) HaTpus, BasleHTHbIM 371eKTPOH KOTOPOro MMeeT rnaBHoe
KBaHTOBOE 4uC/I0 N1=4;

6) C 3NEeKTPOHHOW KOHdurypaumein Is*2p3d.

6.115. WN3BecTHO, uTo B F- 1 D- cOCTOAHMSAX YMCNO BO3MOX-
HbIX 3HaYeHWI KBAHTOBOrO umcna J OAMHAKOBO M pPaBHO MNSTU.
OnpefennTb CMVHOBBIA MeEXaHUYeCKUA MOMEHT B 3TUX COCTOSI-
HUAX.

6.116. ATOM HaxoguUTCca B COCTOAHUU, MYNLTUMNIETHOCTb
KOTOPOro paBHa TpPeMm, a MOMHbIA MeXaHUYeCKUi A MOMEHT

AN20. Kakum MOXET ObiTb COOTBETCTBYHOLLEE KBAHTOBOE YUC-
no L?

6.117. OnpeaennuTb MaKCMMa/lbHO BO3MOXXHbI OpPOUTasbHBIN
MeXaHWYeCKN MOMEHT aToma B COCTOSHWUW, MYAbTUMETHOCTb
KOTOPOro paBHa MNATU U KPATHOCTb BbIPOXKAEHMSA MO Y — CEMW.
Hanucatb cnekTpasibHOe 0603HaYeHWe COOTBETCTBYHOLLErO
Tepma.

6.118. HaliTi BO3MOXHble MY/NbTUMNNETHOCTU K TEPMOB TMUNA:

a) «O,; 6) *P‘/;; B) x/u.
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6.119. HekoTopbli aTOM, KpOMe 3amnofiIHEHHbIX 060/04eK,
VMeET TpY 3neKTpoHa (s, p nd) n HaxoguTcs B COCTOSHUN C Mak-
CUMa/IbHO BO3MOXHbIM A/11 3TOM KOHMrypaumm MOSHbIM  Me-
XaHUYeCKUM MOMEHTOM. HaliTu B COOTBETCTBYHOLLEV BEKTOPHOM
MOZENM artoMa Yrosl Mexay CrMHOBbIM W TMOMHbIM MexaHu4yec-
KUMU MOMEHTaMW JaHHOro atoma.

6.120. Bbinucatb CreKTpasbHble CUMBOJIbI TEPMOB [BYX-
9/IeKTPOHHOM CUCTEMbI, COCTOSILLE W3 OAHOrO /7-3NeKTpoHa U
ofHoOro d-3fieKTpoHa.

6.121. CucTema cocTouUT U3 d-anekTpoHa u atoma B 9B\,-
COCTOAHUW. HaliT BO3MOXHbIE CMEKTPasibHble TepMbl 3TOW
CUCTEMBI.

6.122. YCcTaHOBUTb, Kakue W3 HWDKeNepeuncnieHHbIX repe-
XO0B 3arnpeLleHbl npasunamn otbopa: w,, *P|-+-,5i/1

6.123. OnpefennTb CYMMapHYK KPaTHOCTb BbIPOXKAEHWSA
3£>-cocToAHMS aToMa NNTUA. KakoB (PUBMYECKMIA CMbICA 3TOM
BE/INYUHBI?

6.124. HaliT KpaTHOCTb BbIPOXAEHUA cocTosiHui *P, *D
n *F ¢ MakcMManbHO BO3MOXHbLIMW MO/IHBIMUA MEXaHUYECKMU
MOMeHTaMW.

6.125. HanwucaTb cnekTpasibHOe 0603HaYeHWe Tepma, Kpart-
HOCTb BbIPOX/AEHWSA KOTOPOro pasHa CemMu, a KBaHTOBble 4umc/a
L n S cBsi3aHbl COOTHOLLUEHVEM L =38S.

6.126. Y atoma Kakoro anemeHTa 3anosiHeHbl K-, L- n
M-060n04KkKn, 4x-Nogobonoyka 1 HarosnosMHy 4/p-nofo6onoyxa?

6.127. Vcnonb3ys npasvna XyHfAa, HaiTM OCHOBHOM TepMm
atoMa, HesanosiHeHHas Mogo60/104Ka KOTOPOro COAEPXKUT:

a) TpW P-3NeKTPOHa; 6) YeTblpe p-3NeKTpoHa.

6.128. Haiit ¢ nomoLupto Npasun XyHAa MNOMHbIA MexaHu-
YeCcKMUA MOMEHT aToMa B OCHOBHOM COCTOSIHWMW, €C/IN ero Hesa-
NosIHEHHasA MoJ060/10uKa COAEPXKUT:

a) Tpu d-aneKTpoHa; 6) ceMb d-3/1IEKTPOHCB.

6.129. Bocnosb3oBaBLUMCL MpaBuIaMM XyHpAa, HalTh 4mcno
9M1EKTPOHOB B E€AWHCTBEHHOW He3anofIHeHHOW MNogo60/0uke
atomMa, OCHOBHOW TepM KOTOPOro:

a) >7,; 6) B) *S./,.

6.130. HanucaTb ¢ MOMOLLIbIO NpaBui XyHAa CheKTpabHbI
CMMBO/T OCHOBHOrO TepMa aTtoma, eJWHCTBEHHas He3arosIHeH-
Has Nogo60/104Ka KOTOPOro 3anosiHeHa:

a)Ha /3, nS=1; 6) Ha 70 %, n5=3/2.

6.131. EAMHCTBEHHas He3anosIHeHHas MoA060M04YKa HeKo-
TOPOro aToMa COAEPXXUT TPU 3MeKTPOHA, NMPUYeM OCHOBHOW TepM
atoma mmveetr L =3. HaliiTM ¢ nomoLlpto NpaBun XyHAa CrekT-
pasibHbIi CMMBO/T OCHOBHOIO COCTOSIHUSI [aHHOrO aToMa.
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6.132. Kakas oTHocuTeNlbHas 4acTb aTOMOB BOJOpoOAa Ha-
XOAUTCA B COCTOAHWW C T[/1aBHbIM KBaHTOBbIM 4uC/IOM M= 2
npu 7=3000 K?

6.133. OnpepgennTb OTHOLLEHWE 4KC/la aTOMOB ra3oo6pas-
HOro HaTpusi B cOCTosiHUM 3P K uMc/iy aToOMOB B OCHOBHOM COC-
TosHuM 3S npu Temnepatype 7=2400 K. M3BecTHO, 4TO nepe-
xony 3P-*-3S cooTBeTCTBYET CreKTpasibHasi SIMHMA C A/IMHOMN
BO/MIHbI H,=589 HMm.

6.134. Cuctema coctomT m3 N atomoB, KOTOpble MOFYT Ha-
XOANTbCA B [BYX HEBbIPOXAEHHbLIX COCTOAHUAX C Pa3HOCTbIO
3Hepruii E. Haiitn cooTBeTCTBYHOLMIA BKNaA 3TUX COCTOSIHWIA B
TEN/I0EMKOCTb AaHHOM CUCTeMbl Kak (OYHKUMIO Temnepatyp'bl,
C(T). YnpocTuTb nosnyyeHHoe BbipaxkeHWe Ans cnydaes J17<C
«E MNT»E.

6.135. BblUMCANTb cpefHee BPeMs >KM3HU BO30YXKAEHHbIX
aToOMOB, €C/IM  W3BECTHO, YTO MHTEHCUBHOCTb CrMEKTPasibHOMN
JIMHUK, 06YCNOB/IEHHOM MepexooM B OCHOBHOe COCTOsIHUE, YObl-
BaeT B r|=25 pa3 Ha pacctosHum /=2,5 MM BOOMb My4Ka ato-
MOB, CKOPOCTb KOTOpbIX =600 m/C.

6.136. PaspexeHHble Mapbl PTYTW, aTOMbl KOTOPOM MpakK-
TUYECKM BCe Haxo[ATCA B OCHOBHOM COCTOSIHUW, OCBETUMU
PEe30HaHCHOW fIMHWE PTYTHOW namnbl C AJ/IMHONA BOMHbI
=253,65 HM. pu 3TOM MOLLHOCTb MUCMYCKaHUA AaHHOW NMHUA
napamMu pTyTM oKasanacb A =35 MBT. Halit uncno atomos B
COCTOSIHUM PE30HaHCHOro BO30Y)XXAEHUS, CpefiHee BPEMS YKMU3HU
Kotoporo 7=0,15 MKc.

6.137. ATomMapHbIi Li ¢ KOHuUeHTpaumen n=3,6* KOcm-*
HaxoauTtcs npuv Temnepatype 7=1500 K. Tpu 3tom MoL-
HOCTb WM3/yYEHUS] PE30HAHCHOM MHUM A.=671 Hm (2P-+-2S)
B pacyeTe Ha eguHULy ob6bema rasa P=0,30 Bt/cm’. Haiitn
CpefHee BPeMsi >XM3HW aTtOMOB JINTUS B COCTOAHUMW PEe30HaHC-
HOro BO36YXXAEHMUS.

6.138. ATOMapHbIi BOAOPOA HaxoAUTCA B TePMOAMHaMMUYec-
KOM paBHOBECUM CO CBOUM W3yyeHueM. HanTu:

a) OTHOLLUEeHVe BepOSTHOCTEN MHAYLMPOBAHHOINO W CrOHTaH-
HOro M3ny4eHUn aTomoB ¢ ypoBHS 2P npu Temnepatype 7=
= 3000 K;

6) TemnepaTtypy, Mpv KOTOPOW 3TW BEPOSTHOCTU OAMHAKOBbI.

6.139. Yepes ras c Temnepatypoit 7 MNpoOXoauT My4yoK cBeTa
C YacTOTOW to, paBHOWM PE30HAHCHOW 4acToTe Mnepexofa aToOMOB
rasa, npudem fiw~kT. MokasaTb, yunTbiBas MHAYLMPOBAHHOE
M3NydYeHne, 4YTO KOSPAIUUMEHT rOrMoWweHns rasa x=x,(1—
—e-*“Ar), 1ge X, — KO3pMUMEHT nornoweHnsa npu  7-*-0.

6.140. OnvHa BOMHbI PE30HAaHCHOW /JVHUN PTYTU K—
=253,65 HM. CpefiHee BpeMs >XM3HM aTOMOB PTYTU B COCTOS-
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HAM pe30HaHCHOro BO36YXaeHWs T=0,15 mkc. OueHUTb OT-
HOLLIEHVEe [OM/EPOBCKOr0 YLIMPEHUA 3TOM NIMHUM K ee ecTecT-
BeHHOM LwmpuHe nmpy T =300 K.

6.141. Haitn gavHy BonHbl Ka-nuHum megn (Z=29), eciu
M3BECTHO, YTO A/MHa BonHbl Ka-nmHum xenesa (Z =26) paBHa
193 nm.

6.142. BblYNCNUTL C MOMOLLBIO 3aKOHa Mo3nu:

a) ANMHY BOMHbI Ka-MHUKM antoMUHUA U KOGanbTa;

6) pasHoCTb 3Hepruii cesisu K- n L- aneKTpoHOB BaHaaus.

6.143. CKONbKO 3/IEMEHTOB COAEPXUTCA B PALY MexXAy Temu,
Yy KOTOPbIX ANVHbI BONH /(a-1MHWIA paBHbl 250 1 179 nm?

6.144. HalAT HanpspkeHMe Ha PeHTreHOBCKOM TPybKe C Hu-
KefieBbIM aHTMKaTO4OM, €CNM PasHOCTb A4/IMH BOH Ka-nnHumn
M KOPOTKOBATHOBOW FpaHWULpl CMJ/IOLLIHOMO PEHTTeHOBCKOro
crnekTpa pasBHa 84 nm.

6.145. Tlpn HEKOTOPOM HanpsHXKeHUU Ha PEeHTreHOBCKOM
Tpybke C alOMUHMEBLIM aHTUKATOAOM [/MHA BOJSIHbI KOPOTKO-
BO/THOBOW FPaHuLbl CMJ/IOLLHOIO0 PEHTreHOBCKOro crekTpa'pas-
Ha 0,50 Hm. BygeT nm Habnwogatbcs npu aTtom /(-cepus xa-
paKTepuUCTUYECKOro CMeKTpa, MoTeHUMan BO30YXAeHUS KOTo-
poii paseH 1,56 kB?

6.146. TMpn yBENMYEHMN HaNPSHXKEHUS Ha PEHTIeHOBCKOW
Tpy6ke oT Ui=\0 kB g0 [/,=20 KB uHTepBan A4/IMH BOSIH MeX-
oy Ka-nnmHueli v KOpOTKOBOMTHOBOW TPaHULE CM/IOLLIHOMO PeHT-
reHOBCKOro cnektpa ysenuuwusica B n=3,0 pa3a. Onpegenntb
NnopsaKOBbIA HOMep 3fieMeHTa aHTUKaTtoda 3TOM TpPyoKW, MMes
B BUAY, YTO AaHHbIA 3NEeMEHT SABNSETCA JIErKUM.

6.147. Y Kakoro /erkoro asieMeHTa B CMeKTpe MorioLLeHns
pasHocTb 4actoT K- u L-KpaeB MOrIoWeHUs PEeHTIeHOBCKUX
nydei coctasnsetr [10=6,85-10* c-1?

6.148. BbluMCAUTbL 3Hepruto cBsA3M /(-aneKTpoHa BaHaaus,
[Ns KOTOPOro AnnHa BOMHbI L-Kpas nornoweHns X,=2,4 HwW.

6.149. Haiitn asHepruo cBssn L-anekTpoHa TuTaHa, ecnm
pasHOCTb A/IMH BaaH FOMOBHOW NMHUK /(-Cepun M ee KOpPOTKO-
BO/THOBOM rpaHuubl JA.=26 nw.

6.150. Y HeKoToporo ferkoro aromMa AanHbl BofH K*-
H /(p-nMHWIA paBHbI COOTBETCTBEHHO 275 1 251 nm. YT0 37O 3a
atomM? KakoBa [nMHA BaHHbl FOMOBHOWM NWMHWMW ero L-cepHu?

6.151. HalTn KMHETUYEeCKYl 3HEpPrui0 U CKOpPOCTb (hOTO-
3/1EKTPOHOB, BbIpbIBaeMbIX /(a-nsnydeHmem uUmHKa c /(-060-
JIOUKM aToMOB >KeJsiesa.

6.152. Bblumcnutb dpaktop SlaHZe ANns aTOMOB:

a) B S-COCTOSAHMSAX; 6) B CUHIMIETHbLIX COCTOSAHUSAX.

6.153. BblumcnnTb dpakTop JlaHae Ans cregyowmx TepMoB:

a) *Fmh; 6) *£/, B) *Ft]r) n) *,
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6.154. BblUMCAUTbL B MarHeToHax bopa MarHWUTHbIA MOMEHT
aroma:

a) B ‘~-cOCTOAHUK;

6) B COCTOSHUN *Dn/t;

B) B cocTosHUM ¢ S=1, 1=2 u dakTtopom JlaHge g=4/3.

6.155. OnpegennTb CAWHOBBLIA MEXaHUYECKMIA MOMEHT aTo-
Ma B COCTOSIHUM D,, ecnn MakcMMasibHOe 3Ha4yeHve MPOoeKuMn
MarHUTHOro MOMEHTa B 3TOM COCTOAHMW PaBHO YETbIPEM MarHe-
ToHam bopa.

6.156. Haiitn ¢ nomowpto Npasnn XyHAa MarHUTHbIA MO-
MEHT OCHOBHOIO COCTOSIHUS aToma, He3aMKHyTas nogobosiouka
KOTOPOro 3arosiHeHa pPOBHO HamoIoBUHY MATbHO  3/1EKTPO-
Hamu.

6.157. BaneHTHbI 3M1EKTPOH aTtoma HaTpusi HaxoAuTcs B
COCTOAAHUWN C TNaBHbIM KBAHTOBbIM 4WUC/IOM N=3, WMeA Tpu
3TOM MaKCUMa/lbHO BO3MOXHbIM MOMHbIA  MEeXaHUYeCKUid Mo-
MeHT. KakoB ero MarHUTHbI/A MOMEHT B 3TOM COCTOSIHUMN?

6.158. B030y>XAeHHbIA aTOM MMEET 3IEKTPOHHYIO KOHUry-
paupio Is*2s* 2p 3d 1 HaxoguTcs NMpPU 3TOM B COCTOSIHUW C MakK-
CUMaJIbHO BO3MOXHbIM MOMHLIM MeXaHW4eCKMM MOMeHTOM. Haii-
TN MarHUTHbIA MOMEHT aTOMa B 3TOM COCTOSIHUW.

6.159. Hality nonHbIii MexaHM4Yeckuii MOMeeT atomMa B COC-
ToAHUN ¢ S =3/2 L =2, ecnn N3BECTHO, YTO MArHUTHbLIA MOMEHT
ero paseH Hy/Io.

6.160. HeKkoTopblii aTOM HaxoAUTCA B COCTOAHMW, ANs KOTO-
poro 5=2, MOMHbIA MexaHuyeckuii MomeHT M=Vr2h, a mar-
HUTHBLIA MOMEHT paBeH Hyn. HanucaTb CnekTpanbHbIA CUM-
BaT COOTBETCTBYIOLLEr0 TepMa.

6.161. ATom B cocTosHUM 'A./, HaxoguTca B cnabom mar-
HWUTHOM None ¢ nHAykKumen 5=1,0 klc. HaliTu ¢ ToUukM 3peHus
BEKTOPHOWM MOZeNnn YrnoByH CKOPOCTb MpPeLeccum MosIHOro Me-
XaHWYEeCKOro MOMeHTa 3TOro atoma.

6.162. ATOM B COCTOAHUM *P>fil HaxoauTca Ha OcU BUTKa
pagnyca r=5 cm ¢ Tokom /=10 A. PaccTosiHMe Mexay aToMOM
M LEHTPOM BUTKa paBHO paauycy nocnegHero. Kakor moxeT
6bITb MaKCMMasbHas cuna, AeACTBYIOLLLas Ha aTOM CO CTOPOHbI
MarHUTHOro Mo/ 3TOro Toka?

6.163. AToM BOZOpPOZa B HOPMasIbHOM COCTOSAHUM Haxo4uTcA
Ha paccTosHUM T=2,b ¢M OT A/IMHHOIO MPSIMOro MPOBOAHMKA
c Tokom /=10 A. HainTn cuny, AeiicTBYIOLLYIO Ha aToM.

6.164. Y3KmiA My4yoK aTOMOB BaHaAWs B OCHOBHOM COCTOSI-
Hm *Fj, nponyckaloT no metody LlTepHa u [epnaxa uepes
rMornepeyHoe pe3KOo HeogHOPOAHOe MarHWTHOE Mosie MpoTS-
XeHHOCTbO /j=5,0 cm. PacliennieHue nyyka HabnwogawT Ha
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9KpaHe, OTCTOSILlEM OT MarHutTa Ha pacctosHue /,=15 cm.
KuHeTuyeckas 3Heprusi atomoB T =22 M3B. MNpu Kakom 3Ha-
UYEHUM TpafjueHTa MHAYKUMM B MarHUTHOro nons paccrosiHve
MeXAy KpaiHUMW KOMMOHEHTaMWM pacLUensieHHOro ny4yka Ha
3KpaHe 6ygeTt cocTaBnsATb Xx=2,0 Mm?

B. 165. Ha cKo/nbKO MofypoBHel pacllennTcs B C/1aboM mar-
HUTHOM Mofe TepM:

a) »>,; 6) B) ‘D.,?

6.166. AToM HaxogmuTca B clabom MarHWTHOM MOfie C  UH-
Aykumeid B=2,50 klc. HaliT MonHy BeNMUYMHY pacLuense-
HUA B 3/IEKTPOH-BOSIbTaX C/lIefyOLWNX TEpPMOB:

a) *0; 0) °£,.

6.167. Kakoli adhdpekt 3eemaHa (MPOCTON, CMOXHbI) O6GHa-
PY>XMBAKOT B C/1aboM MarHUTHOM MOfie CreKTpasibHble JIMHUW,
06yCnoBMeHHbIE CNefyOLWMMN Nepexofamu:

a) IP-+IS; 6) «D.A « P VI; B) r) */>*//?

6.168. OnpegenuTb CNEKTPasibHbIA CUMBO/T CUHI/IETHOIO
Tepma aToma, ec/iM MoJHaa WMpUHa pPacLLensieHns 3Toro TepmMa
B C/1labOM MarHUTHOM rorne ¢ uHaykuven B—3,0 klc cocTasns-
eT 0£=104 mK3B.

6.169. WV3BeCTHO, 4TO CrieKTpa/ibHas NUHUA A=612 Hw
atoma obycnioaTeHa MepexofoM Mexay CUHINETHbIMU TepMamu.
Bblumcnutb uHTepBasl X MeXAy KparHVUMW KOMMOHEHTamm
3TOV NMMHWUM B MarHUTHOM Mone ¢ MHAYKumen £ = 10,0 KIc.

6.170. Halitm MuUHMManbHOe 3HayeHMe uHAyKuuMn B mar-
HUTHOrO MONSA, NPV KOTOPOM CreKTPasibHbIM NPUOOPOM C pas-
pellatoLlen  cnocobHocTblo A/64.=1,0- 10s MOXXHO paspeLunTb
KOMIMOHEHTbI CMEeKTpasibHOWM nnHUM $.=536 HM, 00yCc/oBneH-
HO/ MepexofioM MeXAay CUHINETHbIMM Tepmamu. HabniogeHwme
Be4yT B HanpasfeHUW, MepreHanNKYIAPHOM K MarHUTHOMY
nonto.

6.171. CnekTpasibHas NMHUSA, 06YC/MOBIEHHas MNepexoaoM
*DI-*-iPB  mcnbITbiBaeT pacllenneHve B C€NabomM MarHUTHOM
none. lMpwn HabnOAeHUN NePreHANKYNSPHO K Harnpas/ieHUo
MarHMUTHOIO MONSA MHTEPBaUT MeXAy COCeAHVMMWU KOMIMOHEHTaMu
36eMaHOBCKOM CTPYKTYpbl /MHUM  cocTaBnsieT [p>= 1,32X
X 10* c-1. Halit uHgykumio B marHuMTHOro nonsi B Mecte Ha-
XOXOEHUSA UCTOUYHUKA.

6.172. HekoTopas cnekTpasbHas MHWUA, 00YyC/oBIeHHas
nepexofom B .-COCTOSIHWeE, paclienwnnack B cnaboMm mMarHUT
HOM MOJie Ha LUecTb KOMMOHEeHT. HanwvcaTb CMeKTpasibHbIA CUM-
BO/T UCXOAHOr0O Tepma.

6.173. ONMHbLI BOMH Ay6neTa Kentoil nnHum Hatpusa (98-*-
—w*S) paBHbl 589,59 1 589,00 HM. Halitu:

a) OTHOLUEHME WHTEPBA/IOB MEXAY COCEAHUMW MOLYPOBHS-
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MM 3€eMaHOBCKOrO pacuienieHus Tepmos *d«/. n *P‘/, 8 cna6om
MarHUTHOM TroOne;

6) nHayKuuio B marHutHoro nonsi, npu KoTopoii WMHTepBan
MeXJy COoCefHVUMW MOAYPOBHAMMU 3€eMaHOBCKOro pacluensieHns
Tepma *P,/, 6yneT B r]=50 pa3s MeHblle eCTECTBEHHOr0 pacluen-
neHusa tepma *P.

B. 174. N306pa3nTb CXeMY BO3MOXHbIX MepexogoB B cnabom
MarHUTHOM rosfie mexay Tepmamu *P>/, u 'Si/t. Bbiuncnnts gns
MarHuTHoro nona A =4,5klc cmeweHus
(B c-1) 3eeMaHOBCKMX KOMMOHEHT 3TOW NN-

HUW.

6.175. OgHY ¥ Ty Xe ChneKTpaJbHYI0 . *

NNHWI0, UCMbITbIBAIOWY aHOManbHbIA 3ad- -
ekt 3eemaHa, HabnwgalwT B Hanpasne-

HAM /, a Takxe B HanpaeneHum 2 — YWY s

nocne oTpaxeHus oT 3epkana 3 (puc. 6.12). pvc. 6.12
CKO/IbKO KOMMOHEHT 6yaeT Habnwogatbca

B 060MX HanpaBfeHWUAX, eCAN CheKTpasibHas NNHUA 06YyCnoB-
JleHa nepexonom:

a) *5./,; 6)

6.176. BblumcnuTb NoJHOe pacuwenneHne [<0 cnekTpalb-
HOM NuHUKM *Dt—2-*Pi B cnabom MarHUTHOM Mone ¢ WHAYKLUUe
A4=3,4 Klc.

6.4. Monekynbl 1 KpucTannbl
¢ BpawartenbHasa 3Heprusa ABYXaTOMHOW MONEKY/bl:
Ej=hBJ(J+ 1), 4= A72/, (6 4a)

raoe B —BpawarenbHaa noctosiHHas (c-1), /— MOMEHT WHepLuW,
¢ KonebaTenbHas 3Heprua [ByXaTOMHOU MOeKy/bl:

= 0(0+1/2), (6.46)

rae co—cobcTBeHHasa u4actoTa KonebaHuiA MoneKkynbl.
¢ CpefHsA 3Heprusi KBaHTOBOr0 rapMOHMYECKOro oCLMUANsTopa:

< * * _ ¥ + e |6,,>

¢ Uucno HopMasbHbIX Kone6aHWii ofHOM nonspusauumn B pacyeTe

Ha efMHULY o6beMa KpucTanna:
dNu = «*XXo/rnM. (6.4r)
¢ dopmyna febas. MonspHas Kone6aTenbHas 3Heprus Kpucranna:

A4rT]. oot

roe 6 —pebaesckas Temnepatypa, B = hw,,iuck.
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& MonspHas kone6aTenbHas TennoemMKocTs KpucTanna npu [ < B
C = (12/5) 5477 (T /0)*. (6.4¢€)
¢ PacnpegeneHue cBo6OAHbLIX 3NMEKTPOHOB B MeTanne B6AM3N I —O0:

dn= (YbTYUsXK*) V I dE, (6.4%)

roe dn —koHueHTpaums anekTpoHos ¢ sHeprusmu E, E -j-dE. Sneprus £
OTCUMTLIBAETCH OT AHA 30HbI MPOBOAUMOCTY.
¢ YposeHb depmu npu I = O:

£ =(A*/2m) @ii*/O)f/* f (6.43)

roe M— KOHUEHTpaumusa CBOOGOAHbLIX 3MEKTPOHOB B MeTanfe.
dJ dopmyna PunyappcoHa— [awmaHa. TOK HacbllweHus!

/wac = JIT* exp («p/ZNr), (6.4n)
roe «p — pa6oTa BbIxofa.
¢ CobeTBeHHas 31eKTPONPOBOAMMOCTL MOMYNPOBOAHUKOB!

¢} = a» exp (— OEABAK),

roe O£ — WwvpuHa 3anpeLeHHoM 30HbI.

6.177. OnpenennuTb Yrn0BYH CKOPOCTb BpalieHUSs MOJIEKY-
nbl St, HaxoAALLencs Ha NepBOM BO36GYXAEHHOM BpaliaTe/ibHOM
YpOBHe. ,

6.178. Hantn pgna monekynol HC1l BpawatenbHble KBaHTO-
Bble yuncna ABYyX COCeAHUX YPOBHEN, pasHOCTb 3HEPruin KOTOpbIX
7,86 MaB.

6.179. HaliTu MexaHMYeCKUin MOMeHT MOJIeKYNbl Kucnopoaa,
BpaliaTenbHas 3aHeprus Kotopoh £=2,16 maB.

6.180. [ByxaToMHas MoOJieKyna c MOMEHTOM MHepuun 1,16 X
x 10' r-cM* HaxoguUTCS B COCTOSAHWUW C BpaliaTe/lbHOW 3Hep-
rmeini 1,8 mMaB. HailiTm uacTtoTy « OoTOHa (MpUHaAnexatlliero
YNCTO BpaliaTeNbHOMY CNeEKTPY), KOTOPbIA MOXEeT WUCNyCcTUTb
JaHHaa moneKyna npu nepexofe M3 3TOro COCTOAHMUA.

6.181. MNMoka3aTb, YTO MHTepPBa/sbl 4acTOT MeXAy cocefHUMU
CAeKTpanbHbIMW NIMHUAMU 4YUCTO Bpaw,aTeslbHOro crnekTpa
ABYXaTOMHOW MOJIEKY/1bl UMET OAMHAKOBYIO BeNNMYMHY. Hantn
MOMEHT MHEepLMU N paccToasHMe Mexay aapamm mosekynol CH,
eC/IN UHTepBasibl MeXAY COCEAHUMU NIMHUAMM YUCTO BpaLjaTeb-
HOro crnekTpa aTux monekyn [Aco=5,47-101* c-1.

6.182. Halhtm gna wmonekynsl HF uucno BpawatenbHbIX
YPOBHEN, pacrnofoXeHHbIX MeXAy HyNeBbiIM W MepBbiM BO3-
6yXAeHHbIM KonebaTe/NbHbIMW YPOBHSAMMW, CUMTaa BpawiaTesb-
Hble COCTOSIHMUSA He 3aBUCALMMMK OT KosebaTeNbHbIX.

6.183. OUEHNTb, CKOMIbKO JIMHWA COAEPXWUT 4YUCTO Bpalia-
TeNbHbIA cnekTp monekyn CO, MOMEHT WHepuUUM KOTOPbIX
/=1,44-10—%e r-cm*.
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6.184. HawnTtn gna pBYXaTOMHOW MOJIEKY/Nbl YUCAO YUCTO
BpawiaTeNbHbIX YPOBHel Ha eAVWHUYHbIA WHTepBan 3Hepruun
dN/dE B 3aBvcMmoOCTM OT BpalwiaTe/lbHOr0 KBaHTOBOro uucna Y
N BpallaTenbHoOn aHepruu E. BblumcnnTb 3Ty BeNUUMHY ANs
Monekynbol noga npu Y= 10.

6.185. HaliTn OTHOLIEHWE 3HEPTrunii, KOoTOopble HEeo6X0ANUMO
3aTpaTuTb AN BO36YXAeHUSA ABYXaTOMHOW MOMeKy/bl Ha nep-
Bbli KonebGaTeslbHbIA W MepBblA BpaliaTeNbHbI YPOBHU. Bbi-
YNCNNTb 3TO OTHOLUeHWEe ANA cneaylowumx Monekyn: a) Hag
6) H1; B) 1,.

6.186. HaliTu OTHOLWEHMe YmMcna MoOeKysn BOAOPOAA Ha nep-
BOM BO30OY>XAEHHOM KO/ie6aTe/lbHOM YPOBHE K YMCAY MOJeKyn
Ha NepBOM BO36YXAEHHOM BpaliaTe/lbHOM YpPOBHE Mpwu Temne-
patype =880 K. VmeTb B BUAY, YTO KPaTHOCTb BbIPOXAEHUSA
BpaliaTesibHbIX YpPOBHel paBHa 2Y +1.

6.187. Nmea B BMAY, UYTO KPaTHOCTb BbIPOXAEHUS BpaLla-
TeNbHbIX YPOBHel #=2Y +1, HaliTu BpawiaTe/lbHOE KBaHTOBOE
4yncno Ysa Haubonee 3aceneHHOro Bpaw,aTeslbHOro YpoBHA MO-
nekynol O, npu Temnepatype 7'=300 K. M306pa3ntb npumep-
Hbli rpaddnK 3aBUCUMOCTM 3aCe/IEHHOCTU BpaljaTelbHbIX YPOB-
Heii Nj/NO oT Y npwu atoii Temnepatype.

6.188. BbiBecTn cdhopmyny (6.4B), ncnonb3ysa pacrnpegeneHme
BonbumaHa. MonNy4ynuTb C MOMOLLbIO Hee BbipaXeHwWe ANA MO-
napHoii  Kone6aTtensbHoli Tennoemkoct CMOK asyxaTomHoro
raza. Boluvcnutse CV KO gna rasa, COCTOALLETO M3 MOJEKYN
Cir, npn Temnepatype 300 K.

6.189. B cepegnHe KonebaTenbHO-BpaLW,aTe/IbHOM MONOCHI
cnekTpa ucnyckaHmsa monekyn HCL, rge oTCYTCTBYET «HYyJsieBas»
NVHWA, 3anpelileHHas nNpaBuIoOM 0TH6Opa, MHTEpPBaI MexAay Co-
cegHUMU NUuHUAMKU O w=0,79-101* c-1. BbluncnmTb paccros-
HUe mexay saapamu monekynsl HCI.

6.190. BblUMCAUTb ANIMHbI BOAIH KPacHOro u ¢uonetoBoro
CAYTHUKOB, 6AMXaiLLNX K HECMELLEHHON NNHNN, B KonebaTenb-
HOM CnekTpe KOMOGUHALWMOHHOrO paccesHms monekyn F,, ecnm
AnvHa BonHbl nagatouwiero ceeta X0=404,7 HMm.

6.191. HaliTn cob6CTBEHHYI 4acTOTy KonebaHuii n Koachdu-
LMEHT KBasnMymnpyrom cuiabl MOMeKynbl S,, ecnn B KonebaTenb-
HOM CMeKTpe KOMOMHALWOHHOro paccesiHUsA cBeTa AJINHbI BOSH
KpacHoro m uoneToBOro CNyTHWKOB, GAMXAMLLIMX K HecMme-
WEeHHOMN NnHMK, paBHbl 346,6 1 330,0 HM.

6.192. HalTu OTHOLIEHWE WHTEHCUBHOCTe (hUONETOBOrO ”
KpacHOro crnyTHWKOB, ONMXKaMWNX K HECMELW,EeHHOW AUHUKU, B
KonebaTteNbHOM CMekKTpe KOMOMHALUWOHHOIO pacCcesHUs CcBeTa
Ha monekynax C1, npun Ttemnepatype 300 K. Bo cKoONbKoO pas ms-
MEHUTCA 3TO OTHOLLUEHWE MPU yBeNMYeHUN TemnepaTypbl BABOE?
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6.193. HalTM noCTOAHHYIO @ MPOCTPAHCTBEHHO-LLeHTPUpo-
BaHHOWM Kyb6unyeckol peweTkKn monmbaeHa, 3Has ero nnaoT-
HOCTb,

6.194. 3Has nNNOTHOCTb MeAW, BbIYUCANTbL TMOCTOAHHYH a
ee rpaHeLeHTPUPOBAHHOMN KyOMYECKOW peLueTKN.

6.195. Onpegenntb nnoTHocTb Kpuctanna NaCl, NocTosH-
Has KpucTannan4yeckor pewleTku kKotoporo a=0,563 HM.

6.196. 3Has NOCTOSAHHYK a, ONpPeAennTb MEXMNOCKOCTHbIe
pacctosHusa d,oo, dli0 n dni gna ky6uueckoi peweTku:

a) npocTtoil; 6) 06bLEMHOLEHTPUPOBAHHONW; B) FpaHeLeHTpuU-
pOBaHHOIA.

6.197. MokasaTb, 4YTO MEXMJIOCKOCTHOe paccToaHue d ana
cuctembl nnockocteir (hkl) B npocToit ky6uueckoii pewetke c
NnocTosAHHOM a onpegensetca kak d= a/~* -f KX+ /%

6.198. TlocTosiHHaa Ky6Gu4eckoW rpaHeueHTPMPOBAHHOM
peweTkn mMean pasHa 0,361 HM. HanucaTb MWUINEepPOBCKUE WH-
[EeKCbl CMUCTeMbl MNJIOCKOCTeM, MAOTHOCTb pPacrnonoXeHUa arto-
MOB B KOTOpPbIX MakKCuMMmanbHa. BbluMCcAUTb 3Ty MNOTHOCTb
(aTtom/cm*).

6.199. BblUMCAUTbL ANA KyOMUECKOW pelleTKu Yrabl Mexay
npsamoi [1231 n ocamu [1001, {0101 n [OOH.

6.200. OnpeaennTb 4YUCNO COOBCTBEHHbIX MOMEPEYHbIX Kone-
6aHUii CTpyHbl ANUHLI | B MHTepBane uyactoT M, w-Mtoj ecnum
CKOpPOCTb pacnpocTpaHeHUa KonebaHwmii pasHa V. CumTtaTtb, 4TO
Kone6aHMa MPOUCXOAAT B O4HOM MIOCKOCTU.

6.201. WmeeTcAa npssMOyrosbHas Memb6paHa nsowagbio S.
HaiTy umcno cobCTBEHHbIX KonebaHWin, NMepneHAUKYISPHbIX K
ee MJIOCKOCTWU, B MHTepBane 4acToT co, 0-Mco, ecin CKOpPOCTb
pacnpocTpaHeHUa KonebaHW pasBHa V.

6.202. HaliTm u4ucno cob6CTBEHHbIX MOMepeYHbIX KonebaHwui
npsAMoyronbLHoro napannenenunega o6bemom V B MHTepBane
uactoT (0, (0+dcO, ecnu ckopocTb pacrnpocTpaHeHUs KonebaHmii
paBHa V.

6.203. CumnTasa, 4YTO CKOPOCTU pacnpocTpaHeHUs MNpofob-
HbIX W NOMNEpPeyYHbIX KonebaHWA O4MHAaKOBbI U paBHbl V, onpeje-
NUTb gebaeBCKY Temnepartypy:

a) ANs O4HOMEPHOro KpwucTanfia — Uenovyku u3 0AUHAaKoO-
BbIX aTOMOB, cofep>kalieii M,, aTOMOB Ha €AUHULY ANVHbI;

6) Ansa [ABYMEPHOro KpucTannaa — M0CKOW KBagpaTHOMN
pelweTKn n3 O4MHAKOBbLIX aToMoB, cogepxauieii N0 aTomMoB Ha
eanHULY nnaowaau;

B) AN MPOCTOM Ky6GMUeCcKOW peweTKM M3 OAMNHAKOBbIX aTo-
MoB, cosepxauieii N0 aTomMoB Ha eguHULY 06bEMA.

6.204. BblumcnuTb febaeBCKyl TemnepaTypy A5 Xenesa,
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Y KOTOPOro CKOPOCTM pacnpocTpaHeHMs NMPOAONbHbIX U Monepey-
HbIX Koneb6aHWii paBHbl cOOTBETCTBEHHO 5,85 1 3,23 Kwm/C.

6.205. OueHUTb CKOPOCTb pacnpocTpaHeHUs aKyCTUYeCKUX
Koneb6aHWn B anwMUHUK, AebaeBckas TemnepaTypa KOTOpOro
0 =396 K.

6.206. Mony4nTb BblpaXxeHue, onpegensatoLLLee 3aBUCUMOCTb
MONAPHOM TEenJ0eMKOCTU OAHOMEPHOro Kpuctanna — Uenoy-
KW O4MHAKOBbIX aTOMOB — OT TemnepaTtypbl 1, ecnu pae6aes-
cKaa TemnepaTtypa uenoykun pasHa 0. YNpocTUTb MNOAy4YeHHOe
Bblpa)XxeHne Ans cnydas »©.

6.207. OAna ueno4ykn OQMHAKOBbIX aTOMOB 4yacToTa Koneba-
HUIA 00 3aBUCUT OT BOJIHOBOrO umcna K Kak co=a>wmakc sin (Jla/2),
rae COMake — MakKcumanbHas 4JactoTa KonebaHun, ft=2n/A, —
BO/IHOBOE 4YMCNO, COOTBETCTBYIOLLLEE 4YACTOTE CO, A — paccToaHue
MeXJy cocefHUMM aTtomamu. Bocnonb3oBaBLIWUCL 3TUM AUCheEp-
CUOHHbLIM COOTHOLUEHWEM, HalTH 3aBUCMMOCTb OT 00 u4ucna
NPOAONbHbIX KoNebaHWN, NPUXOAALLNXCA Ha eAUHUYHbIF UHTep-
gan uactoT, 7. e. dM/da, ecnu gnvHa uenoukn pasHa /. 3Has
dNlda, Halitn nonHoe umcno N BO3MOXHBLIX MPOAO/bHLIX KOMe-
6aHNIA UEenoYvKku.

clen

6.208. BblumcnnTb aHEPruio HyneBbiX KonebaHwi, npuxoas-
LWYHCA Ha OAWH rpaMm meawn ¢ gebaeBckoli Temnepatypon 0 =
=330 K.

6.209. Ha pwuc. 6.13 nokasaH rpagMK 3aBUCMMOCTM Teno-
eMKOCTU KpucTanna ot Temnepatypbl (no Ae6at). 3gecb C,.,—
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Knaccuyeckasa TennoemMKocTb, B — pebaeBckasa Temnepartypa.
HanTn ¢ nomouwbio 3aToro rpaduka:

a) pebaeBcKytl Temnepatypy gna cepebpa, ecnm npu 7=
=65 K ero matapHaa TennoeMkKocTb paBHa 15 [x'(Monb-K);

6) MONAPHYK TennoeMKoCTb antoMuHma npun 7=80 K,
ecnn npn 7=250 K oHa paBHa 22,4 Ax/(Monb-K);

B) MakKCMMa/bHYH 4acToTy KonebaHui gna mMeau, y KOTopow
npym 7=125 K Ten/noemMKoCTb OT/IMYAETCA OT KJ/acCMYecKoro
3HayeHna Ha 25 %.

6.210. lMokasaTb, 4TO MOMAPHasA TEMIO0EMKOCTb Kpuctanna
npu TemnepaTtype 7<?C0, rge 0 — pebaeBckas Temnepatypa,
onpepensetca copmynoii (6.4e).

6.211. HaliTmh MakcumanbHYH 4YacToTy (OMakc COH6CTBEHHbIX
Kone6aHWn B KpucTanne xenesa, ecnm npum Temnepartype 7=
=20 K ero ygenbHasa tennoeMkocTb C=2,7 mOx/(r- K).

6.212. MoXHo nu cumtatb Temnepatypbl 20 n 30 K HU3KUMUK
AnA KpucTanna, Tenn0eMKOCTb KOTOPOro npu 3TUX Temnepa-
Typax pasHa 0,226 n 0,760 O/ (monb-K)?

6.213. MNpwn HarpeBaHUWM KpucTtanna mMean maccbl T=25 r or
7,= 10 Kpgo 75=20 K emy 6b1s10 cO06W,EHO KOIMYECTBO Tenna
Q=0,80 Ax. Hantn pebaesckyt TemnepaTypy 0 Ana meaw,
ecim 0»7, n 7,.

6.214. BblUMCANTbL CpefHee 3HAYeHWe 3IHEPrum HyJeBbIX
kKonebaHMi, NpuxoasaLLenca Ha O4MH OCLUUANATOP KpucTanna B
mogenn [eban, ecnu pebaesckasa Temnepatypa KpucTtanna
paBHa O.

6.215. OUEHUTb 3HEPTU0 HYyNeBblIX KonebaHUn MoNA anto-
MWHUSA, €CNIM MeXaTOMHOe paccTosiHue a«0,3 HM K CKOPOCTb
pacnpocTpaHeHUs aKyCTUUYeCKUX KonebaHuii r«4 km/c.

6.216. MN306pasnTb crnekTp pacnpepeneHmns 3Heprun Kone-
6aHUM KpucTanna no 4vactoTam (6e3 yuyeTa HYneBbiX Koseba-
HWIA).

PaccmoTpeTs paBa cny4vas: 7=0/2 wn 7=0/4, roe 0 —
pebaeBckana TemnepaTtypa.

6.217. OUEHNTb MakKCuUMalbHble 3HAYEHUSA 3JHEPrMn u UnM-
nynbca poHOHa (3BYKOBOr0 KBaHTa) B Meau, febaeBckas Temne-
paTypa KoTopoii pasHa 330 K.

6.218. Kpuctann coctont ns N ogmHakoBbiXx aTomMoB. Ero
pebaesckas TemnepaTypa pasHa 0. Haitm uwmcno ¢OHOHOB B
MHTepBane 4actoT (M, co+dw) npu TemnepaTtype 7.

6.219. Bocnonb3oBaBWwuncb ¢opmynon (6.4X), HaTn npu
7=0:

a) MaKCUMalbHYK KUHETUYECKYI 3HEeprut CBOGOAHLIX
3/1eKTPOHOB B MeTajnfle, ecin WUX KOHUeHTpauua pasHa I,

6) CpefHIO KMHETMYECKYID 3Hepruto cBOOOAHbIX 3NEKTPO-
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HOB, €CN WX MaKCcMManbHas KUWHeTU4Yeckada 3JHeprus pasHa
TvT-

6.220. HaliTm oTHOCUTENbHOE YMCO CBOGOAHBIX 3/IEKTPOHOB
B MeTasjie, 3HEpPrmsa KOTOPbIX OTAMYaeTca OT aHeprun Pepmu
He 6onee yem Ha U= 1,0 %,ecnn Temnepatypa metanna 7=0.

6.221. CKONbKO MPOLEHTOB CBOGOAHLIX 3/IEKTPOHOB B Me-
Tanne npu 7=0 WMeeT KUHETUYECKYI 3IHEPTUi0, MpPEBbILIAD-
LY MOMOBUHY MaKCMManbHON?

6.222. HaiiTu 4yuncno cBo60fHbIX 3NEKTPOHOB, MPUXOAALLNX-
CA Ha oguH aToM HaTpusda npu 7=0, ecnu ypoBeHb depmn £ F=
=3,07 3B. NMNOTHOCTb HaTpUA cYUTaTb M3BECTHOM.

6.223. [lo Kakoi Temnepatypbl Hago 6bi10 6Gbl HarpeTb
KNaCcCUUYECKUIM 3NeKTPOHHbIA ra3, uTobbl CpefHSs 3HEeprusa ero
3/1eKTPOHOB OKasafnacCb paBHOI cpefHel 3Heprum cBOo6GOAHbBIX
3M1eKTPOHOB B MeaM Npu 7=0? CumTaTb, YTO Ha KaXfblii aToM
Mean MNPUXOAUTCA OAWH CBOOOAHLIA 3/1EKTPOH.

6.224. Bbluncnntb MHTepBan (B 3/1EKTPOH-BOMbTax) Mexay
COCeAHVUMU YPOBHAMW CBOOOAHBLIX 3/IEKTPOHOB B MeTanne npu
7=0 B6AM3N ypoBHA depmu, ecnm KOHUEHTpauus cBobog-
HbIX 9/EeKTPOHOB «=2,0*10** cmM~* ”n o06beM MeTanna V=
= 1,0 cm*.

6.225. Bocnosnb3oBaBWUCL opmynoit (6.4X), HaliTu npum
7=0:

a) pacnpegeneHme cBOOOAHbLIX 3/IEKTPOHOB MO CKOPOCTAM;

6) OTHOLUEHME CpefHel CKOpPOCTU CBOGOAHbLIX 3/IEKTPOHOB
K MX MaKCuUManbHO CKOpOCTU.

6.226. OUEHUTb MMHUMaNbHYIO Ae6PONNEBCKY A/IMHY BO/-
Hbl CBOGOAHbIX 3/1eKTPOHOB B MeTanne npm 7=0, nonaras,
4TO MeTan/ COAEPXMUT N0 OAHOMY CBOGOLHOMY 3/IeKTPOHY Ha
aToM, a ero pewleTka fBAsSeTcA MPOCTON Ky6MYECKOW ¢ nepuo-
aom a.

6.227. Ncxoga wmn3 cdopmynbl (6.4)), HarTu pyHKUUO pac-
npegeneHns csBoboAHbIX 3N1eKTPOHOB B MeTanne npu 7=0 no
nebpoiineBCKMM A/IMHAM BOJIH.

6.228. BblUncnuTb faBfieHUe 3/1IeKTPOHHOro rasa B MeTan-
nnyeckoM HaTpuu npm 7=0, ecNn KOHUEeHTpauus CcBO6OAHbIX
3/1eKTPOHOB B HeM n=2,5-10" cm-’. Bocnosb3oBaTbCA ypas-
HEHWEM ANS LaBNeHWS WUAeanbHOro rasa.

6.229. Vmea B BUAY, 4UYTO cpefHsAs 3Heprus cBob6ogHOro
3N1eKTpOHa B MeTanne npu Temnepatype 7 onpefensercs Kak

<£> = (3/5) Ef [1+ (5n*/12) (*T/£,)*],
HaTU ana cepebpa, Ae6aeBckasa TemnepaTypa KoTtoporo 210 K

n aHeprna odepmn EF—5,5 3B, oTHOLWEHME Tena0eMKoCcTU
3/1eKTPOHHOIO0 rasa K TenjoeMkKocTu peweTtkn npu 7=300 K.
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6.230. [loBblWeHWe TemmnepaTypbl KaToga B 3/IEKTPOHHOM
namne oT 3HadyeHunsa 7V=2000 K Ha A7 = 1,0 K yBeninumsaeT TOK
HacbllweHns Ha T]= 1,4 %, Haitu paboTy Bbixofa 3/71eKTPOHa

6.231. HaliTm KoaphULMEHT MPenoMaeHNa MeTanN4Yyeckoro
HaTpUS N8 3N1EeKTPOHOB C KMHETMYEeCKol 3aHepruein 7'=135 3B.
CuntaTb, YTO Ha KaXAbli aTOM HaTpus MNPUXOAUTCA OAUH CBO-
60AHbIV 3/TEKTPOH.

6.232. HaliTm MUHMMaNbHYK 3Hepruto obpasoBaHUS Mapbl
3M1eKTPOH — fAblpka B 6ecnpumMecHOM MNOAYMNPOBOAHUKE, MNPO-
BOAMMOCTb KOTOpPOro Bo3pacTtaeT B r]=5,0 pa3 npu yBeqnyeHUun
Temnepatypbl oT ,=300 K go ' ,=400 K.

6.233. lNpn o4veHb HU3KUX TemrepaTypax KpacHas rpaHuua
POTONPOBOAUMOCTM  YUCTOrO0 6GecnpMMeECHOro repmMaHusa X,—
= 1,7 MKM. HaliTn TemnepaTypHbli KO3PUUNEHT CONpoOTUBNE-

HWS [JaHHOro repmMaHus npwu
KOMHaTHOW TemmnepaType.
6.234. Ha pwuc. 6.14 noka-
3aH rpadmk 3aBUCUMOCTW Jsiora-
pucdma npoBoAMMOCTM OT 06-
patHoin Temnepatypbl (7\ KK)
ANA  HEeKOTOpOoro MonynpoBoOj,
HWKa n-Tuna. HalTn ¢ NnoMoLLbLO
aToro rpaduka LWNPUHY 3anpe-
LEHHOM 30HbI MONYMNPOBOAHUKA
3HepPrn akTueaumm [OHOP-
0 12 J * P HbIX YPOBHeA.
Puc. 6.14 6.235. YpgenbHoe COMpoOTUB-
JleHNne HeKoTOpPOro Ymcrtoro 6ec
NPMMECHOro MoAynpoBOAHMKA TMPW KOMHATHOW TemnepaType
p=50 Om-cm. lNocne BKAKOYEHUA MUCTOYHMKA CBeTa OHO CTaso
p,=40 Om-cM, a 4yepe3 /=8 MC NOCMe BbIKJOYEHNA UCTOUYHUKA
cBeTa YyfenbHoe conpoTuMBAeHMe oKasanocb p,=45 OM-cMm
HanTn cpefHee BpemMa XW3HU 3N1EKTPOHOB MPOBOAUMOCTU U
ObIPOK.

6.236. [pn wn3mepeHnn addekta Xonna nNAACTUHKY U3
nonynpoeogHMkKa /r-tmna WupuHbl J1=10 MM 1 gnvHbel /=50 mMm
MOMECTUIN B MarHMTHoe none ¢ wuHaykumen fFlI=5,0 klc
K KoHUaM nnacTUHKU NPUAOKWUAM PasHOCTb MNOTeHLWanos
U—10 B. Tlpu 3TOM XON/0BCKAss pPasHOCTb MNOTEeHLNanos
UH= 50 MB u” yaenbHoe conpoTueieHne p=2,5 OmM-cM. Haiitu
KOHLEHTpauuo AbIPOK U UX MNOABUXHOCTH.

6.237. Mpwn unsmepeHun acpdpekta Xonna B MarHUTHOM Mnone
¢ nHAykumein B=5,0 kIc nonepeyHas HanpsaXeHHOCTb 3/1eK-
TPUYECKOro Mofas B YNCTOM 6ecnpMMeECHOM repmMaHMnM okKasanachb
B T)= 10 pa3 MeHble MNPOAOJAbHON HaNPsHXXeHHOCTU 3NeKTPU-
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yeckoro nonsa. HaliTu pasHOCTb MOABMXHOCTEW 3/1eKTPOHOB
NpPoBOAMMOCTM W AbIPOK B AAHHOM MOMYNPOBOAHUKE.

6.238. B HekOoTOpOM MNONYNPOBOAHWKE, Yy KOTOPOro Mnoj-
BMXKHOCTb 3/1eKTPOHOB nposBogumoctn B T|=2,0 pasa 60nblie
MOABMXHOCTU AblPOK, 3chbdekT Xonna He Habnwganca. Haitm
OTHOLLUEHMe KOHUEHTpaUWii AblpOK W 3/1EKTPOHOB MPOBOAMMOCTU
B 3TOM MOJYNPOBOAHUKE.

6.5. PagnoakTnMBHOCTb

¢ OcHOBHOI 3aKOH pPafMOaKTUBHOrO pacnaja
JT= JT#e -4 (6.5a)

b Cefi3b Mexay MOCTOSAHHOW pacrnaga K, CPeaHVM BPEMEHEM XXU3HMW T
1 nepvogoMm nonypacnaga T:

N=1/71= An2)/7\ (6.56)
b AKTUBHOCTbL

A= \dN/dt\ = \N. (6.58)

# YpenbHas aKTUBHOCTb — 3TO aKTUBHOCTb eIMHMLIbI MacChbl BeLLecTBa.

¢ Hyknung—atom ¢ onpedeneHHbIM SAAPOM  (Hanpumep, HYKIWAbI
**C n 23Mg). Hyknugbl ¢ ogMHaKoBbiM Z W pasHbiMM A HasbiBatOT U30TO-
namm (Hanpumep, *®Co u wCo).

6.239. 3Has nNOCTOAHHYK pacnaga A agpa, onpefenunTb:

a) BEPOATHOCTb, YTO OHO pacnagetrca 3a Bpems oT 0 go /;

6) ero cpegHee BpPeMS XWU3HW T.

6.240. Kakas fons pagnmoakTUBHbLIX fgep KobanbTa, nepuos
nonypacnaga Kotopbix 71,3 cyT, pacnagercsa 3a mecay?

6.241. CKOMbKO p-4yacTul, ucnyckaeT 3a oamH 4vac 1,0 mMKr
MNa, nepuog nonypacnaga kotoporo =15 y?

6.242. Mpwn n3yyeHmm ~-pacnaga “Mg B MOMEHT /=0 6bin
BkatoueH cuetunk. K momenty (,=2,0 ¢ oH 3apeructpuposan
N, (J-uacTuy, a K momeHTy /,=3/, B 2,66 pasa 6onblie. Haiitu
cpefHee BpeMs XW3HW [aHHbIX A4ep.

6.243. AKTMBHOCTb HEKOTOPOro pagMou3oTona yMeHbLlaeT-
ca B 2,5 pasa 3a 7,0 cyT. Halitn ero nepuog nonypacnaga.

6.244. B Haya/bHbIA MOMEHT aKTUBHOCTb HEKOTOPOro paguo-
nsotona coctasnsana 10,8 bK. KakoBa 6yaeT ero akTUBHOCTb MO
MUCTEeYEeHNM MNOJNIOBMHBLI Nepuoja nonypacnaga?

6.245. HalTn NOCTOAHHYIO pacnaja n cpefjHee BpeMs XU3HWU
pagnmoakTusHoro “Co, ecnm ero akTUBHOCTb YMeHbLUAeTCAa Ha
4,0 S 3a yac.

6.246. Mpenapat ,J,U maccel 1,0 r wusnyyaer 1,24-F04
anba-yacTul, B ceKyHAy. HaliTu ero nepwuop nonypacnaga.
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6.247. OnpefennTb BO3pacT APEBHUX AepeBAHHbIX Mpeame-
TOB, eCNN yAenbHas akKTUBHOCTL mM3oTtona MC y HWUX cocTasBnseTr
3/5 ypnenbHOW aKTMBHOCTM 3TOr0 XK€ M30TonMa B TOJIbKO 4TO
cpybneHHbIX aepeBbsax. lNepuoa nonypacnaga *42 paeeH 5570
ner.

6.248. B ypaHOBOIA pynae OTHOLWIEHME uucna agep ***U K
uucny agep *"Pb coctaBnser n=2,8. OUueHUTb BO3pacT pynabl,
cuuTasn, 4YTo BeCb CBUHel *°*Pb gABnseTcA KOHEYHbIM MPOAYK-
TOM pacnaga ypaHosoro psaga. [lepuon nonypacnaga *+*U
paseH 4,5-10* ner.

6.249. BblUMCAUTbL YyfAeflbHble akKTUBHOCTM 14Na wn ***U,
nepuogdpl nosypacnaga KoOTopbiX paBHbl 15 4 u 7,1 «10e nert.

6.250. B KpoOBb 4esioBeka BBeNM HebOONbLIOE KOMNYECTBO
pacTtBopa, cogepxxauwero t4Na c akTumBHocThbio A=2,0-10* BK.
AKTMBHOCTL 1 cM* KpoBu udepes /=5,0 u okasanacb A'—
=0,267 Bk/cm*. lMepuog nonypacnaga AaHHOro paguownsoTtona
7=15 4. HaiTm 06bemMm KpOBM 4enoBeKa.

6.251. YpenbHasa aKTMBHOCTb Mpenapara, COCTOALLEro wus3
aKTMBHOro kob6anbta ‘"Co W HeakTuBHOro “Co, cocTaBnseTr
2,2* 101* bk/r. lMepunog nonypacnaga uCo paeeH 71,3 cyToK
HaiTn oTHOWeHMe Maccbl aKTMBHOro KobanbTa B 3TOM Mpena-
pate K macce rnpenapara.

6.252. HekoTopblii npenapaT COLEPXWUT f[Be P-aKTUBHbIE
KOMMOHEHTbI C pasMyHbLIMW Mepuogamn nonypacnaga. Wsme-
peHns fanu cnefyoLlLyto 3aBUCMMOCTb HaTypanbHOro norapug-
Ma aKTMBHOCTM npenapaTta OT BpeMeHW / B 4acax:

/ 0 1 2 3 5 7 10 14 20
InA 4,10 3,60 3,10 2,60 2,06 1,82 1,60 1,32 0,90

Hantn nepnog nonypacnaga o6eMx KOMMAOHEHT U OTHOLLEeHue
yucen pagumoakTUBHBLIX A4eP 3TUX KOMMOHEHT B MOMeHT /=0.

6.253. PaguowusoTon **P, nepuop nonypacrnaga KoOTOpoOro
7 = 14,3 cyT, obpa3yeTcs B Si4ePHOM peakTOpe CO CKOPOCTbIO
g= 2,7-10* sapep/c. Uepe3 CKONbKO BpeMeHW nMocfe Hadana
ob6pasoBaHMA 3TOro0 paguonsoTona ero akTUBHOCTb CTaHeT
/1= 1,0-10* BbkK?

6.254. Aapa A, c¢ NOCTOAHHOW pacnaga X, npespaiiarTcs
B Aapa Aj ¢ NOCTOAHHOM pacnaja X,. CumTas, 4YTo B Hayda/bHbIN
MOMEHT Mpenapart cofepxan ToNAbKOo fagpa A*, HalTu:

a) 3aKOH HakonneHua agep Ar CO BpPeMeHeM;

6) NPOMEXYTOK BpeMeHW, 4Yepe3 KOTOPbI KONNUYeCTBO saep
A, [LOCTUTHET MaKCUmMyMma.

6.255. PewnTb npegbigyulyto 3agadvy, ecnm X,=A,=X.

6.256. PagmnoakTmBHble Aapa At UCMbITbIBAOT MpeBpalleHus
no uenodke A,-"A,-*-A3 (cTabunbHble) C COOTBETCTBYHLLUMMN
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NOCTOSIHHbIMK pacnaga X, n X*. B HayanbHbIA MOMEHT npenapart
cogepxan Tonbko agpa A, B konunuectse Nit. Hailitu 3akoH
HakonneHnsa ctabunbHbIX agep AS.

6.257. PagnoakTmBHble sapa *eBi pacnapgatTca no ue-
nouke

m Bi —p*1BP0 — *°®Pb (cTabunbHbIE),

A
roe rnoctosiHHble pacnaga X,=1,60-10"* ¢-1 m X,=5,80-10“*
c-4. BblUMcnnuTb a- W p-aKTUBHOCTM MNpenapata ,ieBi maccol
1.00 Mr yepe3 mecsL, nocsie ero U3roTOB/IEHUSA.

6.258. a) Kakue agpa obpasywTca M3 a-akKTuBHOro *MRa
B pe3y/nbTaTe NATM a-pacnajoB W 4YeTbipex p“-pacnagos?

6) CKONbKO a- u p-pacnafoB mcnbiTbiBaeT ts,U, npespalia-
ACb B KOHEYHOM cyeTe B cTabunbHbiv ,0,Pb?

6.259. lMokouBweeca Agpo 200P0 wMcnNycTuNo a-yactTuuy c
KMWHeTU4YecKon aHeprueldi a= 5,77 MaB. HalTH. ckopocTb
oTAaum fgoyepHero fapa. Kakylo [0M0 MNOMHOW 3Hepruu, oc-
Bo6OXAaemMOll B 3TOM MpoLecce, COCTaBAAeT IHEPrua otgayvun
fo4yepHero agpa?

6.260. OnpepenuTb KOJSIMYECTBO Tensa, KOTOpoe BbligenseT
1.00 mr npenapata ,10Po 3a nepuoa, paBHbIA cpegHeEMY Bpe-
MEHW >XWU3HU 3TUX sifiep, eCIM UCMYCKaemble a-4acTHLbl MMeT
KUHeTMYecKyto 3Hepruio 5,3 M3B ©n npakTnyecku Bce fpoyep-
Hve aapa o6pasylTcs HenocpeacTBEHHO B OCHOBHOM COCTOS-
HUW.

6.261. Anbtha-pacnag agep ,10Po (M3 OCHOBHOMO COCTOSIHMA)
COMPOBOXAaeTCA WCNYCKaHWeM [ABYX rpynmn a-4acTuy C KuUHe-
TUyeckumMun aHepruamm 5,30 n 4,50 MaB. B pesynbraTte gouyep-
HVe sApa OKa3blBalTCHA COOTBETCTBEHHO B OCHOBHOM U BO3-
6YXAEHHOM COCTOAHUAX. HalTn 3Heprunio y-kBaHTOB, MCMycKa-
e€MbIX BO30YXAEHHbIMU A4PaAMMU.

6.262. CpegHuii npober a-4yacTulbl B BO3AYyXe MpY HOpMasb-
HbIX ycnoBmsax onpegensetca copmynon /2= 0,98-10-*7 wj cm,
roe o» (cM/c) — Hada/lbHas CKOPOCTb a-yacTuubl. Bblumcautb
AN a-4yacTuubl ¢ HayalbHOW KMHETUYeCcKOW aHepruen 7,0 M aB:

a) ee cpegHui npober,;

6) cpefHee 4uCAO Map WOHOB, KOTOpble o6pa3yeT AaHHas
a-yacTmua Ha Bcem nytM R, a Takxe Ha nepBoli MonoBuHe ero,
cumTas, 4YTo 3Heprma obpasoBaHWA OAHOM Mapbl MOHOB paBHa
34 3B.

6.263. HaiiTy aHepruto Q, BbigenstouLytocs npyu p~- n p+-pac-
nagax u npm /(-3axsate, eCNM W3BECTHbl MacCbl MaTePUHCKOro
atoma Mol gouyepHero atoma M gu anekTpoHa T.

6.264. Haiitm ¢ nomowblo TabAMUYHbIX 3HAYEHWUI Macc HYyK-
NNA0B MakKCMManbHYH KUHETUYECKYH 3Heprut p-vactuy, Muc-
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nyckaemblx agpamm 10Be, v COOTBETCTBYHLYI KWHETUYECKYIO
3Heprnlo JovyepHUX aaep, obpasyoLmxca HenocpeacTBEHHO B
OCHOBHOM COCTOSIHUM.

6.265. OUEHNTb KONMMYEeCTBO Tenna, BblAENIEHHOro 3a CYyTKU
B KanopumeTtpe P"-akTuBHbIM npernapatom MNa maccel T -
= 1,0 mr. Cuntatb, 4To BCe {J-4acTuubl B CPeAHEM WMEKT KUHe-
TUYECKYI0 3Hepruto, paBHyw 1/3 MakCMManibHO BO3MOXHOW npu
naHHoMm pacnage. MNMepuopg nonypacnaga **Na paBeH 7=15 u.

6.266. BblUMCAUTL C MOMOLLbI TabNMYHbIX 3HAYEHWU Macc
HYKNNLOB KWUHETUYECKMEe 3HEPrum no3nTpoHa U HEWTPUHO,
ucnyckaemblx agpom ”C B cny4ae, Korga foyepHee sApo He
VCMbITbIBAET OTAaun.

6.267. HalTu KUHETMYECKYI 3IHEpPruvio sapa oTgaun npu
Mo3UTPOHHOM pacnage Agpa 1SN, ecnv sHeprms nosMTpoHa Mak-
cuManbHa.

6.268. OnpegennTb ¢ NOMOLWLbI TaG/IMYHbIX 3HAYeHWA Macc
HYKNUAO0B CKOPOCTb $Apa, Bo3HUKawwero B pesynbtate K-
3axBaTa B Hyknuge 'Be, ecnu fodvepHee A4PO OKas3biBaeTCsa He-
nocpesCcTBEHHO B OCHOBHOM COCTOSHUW.

6.269. Bo3byxpaeHHble agpa ,0,Ag, nepexoas B OCHOBHOe
COCTOAAHME, UCNYCKAT WU Yy-KBaHTbl C aHepruen 87 KaB, wunun
KOHBEPCUOHHbIe /(-3NeKTPOHbI (UX 3Heprus csBsA3M paBHa 26
K3B). OnpefennTb CKOPOCTb 3TUX 3/1EKTPOHOB.

6.270. CBO6OAHOE MOKOMBLUEECS SAPO W 1r ¢ 3Heprmuein BO3-
6yxaeHna £=129 k3B nepewno B OCHOBHOE COCTOAHWUE, WUC-
NycTUB My-KBaHT. BbIUMCANTbL OTHOCUTENbHOE W3MEHEHMUE 3Hep-
rMn y-KBaHTa, BO3HUKalOLLEe B pe3ynbTaTe oTAayu agpa.

6.271. C KaKoli CKOPOCTbI A0/KHbI C6MMXKATBCA UCTOUYHUK U
nornoTuTenb, coctoswme M3 cBO6OAHBLIX Agep W 1r, 4Tobbl Ha-
61104aN10Cb MakcuManbHOe MOorfoweHne y-KBaHTOB C 3Hepruen
e=129 kaB?

6.272. VICTOYUHUK y-KBAHTOB pacrnonoxeH Ha A=20 M Bbllle
nornotutens. C KakoW CKOpPOCTbIO Heob6xoAMMO MepemelyaTb
BBEPX WCTOYHWUK, 4YTOO6bI B MeECTe pacnosiOKEeHUA NnornoTuTe-
NA  MNOMHOCTBD CKOMMEHCUpOBaTb rpaBUTaLMOHHOE U3MeHe-
HWEe 3Heprun Yy-KBaHTOB, OOYC/NOBMIEHHOE TMO/leM TATOTEHUSA
3emnn?

6.273. Ha Kakyl MWHMManbHYH BbICOTY HeobXoAuMO MNoA-
HATb MCTOYHWK Y-KBAHTOB, COofepXalinii BO36GYXAeHHble fanpa
*'Zn, 4Ttobbl NpU perncTpayum Ha MOBEPXHOCTU 3emMnu rpasu
TalMOHHOe cMelleHWe nMMHUKM MéEccbayapa MNpPeB3OLUNO LLNPUHY
3TOA NNHUN? WN3BECTHO, YTO perncTpupyemble y-KBaHTbl UMEHOT
aHepruio €=93 K3B U1 BO3HUKAKT Npu nepexoge sAgep ,7ZN
B OCHOBHOE COCTOSIHME, a CpefHee BPemMs XU3HUN BO36GYXAEHHOTO
coCcTOAHUA T=14 MKC.
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6.6. ApepHble peakuumn

¢ SHeprus ceAsm agpa
£c¢, = ZmH-\-(A—Z)m,,— M, (6.6a)

roe | —sapsag sgpa (B eaMHuuax e). A—maccosoe umcno, T H, T,, uM —
Maccbl aToMa BOAOPOJA, HEMTPOHA M aTtoma, COOTBETCTBYHOLLET0 AaHHOMY
Aapy (Hyknuaa).
Ans pacyeToB yfo6Hee Nonb3oBaTbca hOpPMynon
gc. = 20u+ (>4-7)4n-4 , (6.66)
roe AH. [,, O — n36bITKN MacChbl COOTBETCTBYIOLLEr0 HykKAnga (A=M — A,
rae M—wmacca Hyknuaa B a. e. M.).

b OHepreTuyeckas cxema spgep- j
HO peakumn

T+ M—pM*—pni+ AI'-fQ ~ _ 2
(6.68) '
rnokasaHa Ha pwuc. 6.15, rge m-f M 1 -~
n m'-f-Af'— cyMMbl MacC NOKos vac- Q
MY fo w nocne peakuymn, T un T'— c g% ,
A4+
CyMMapHble KWUHETMYECKUE 3IHepruu 7

YacTuy, Ao WM nocne peakumun (B cuc-
TemMe UeHTpa Macc), £* —3Heprus Btk
BO3OYX/EeHMA NPOMEeXyTOUYHOro sigpa, n
O—o3Heprua peakuum, £ u £'— Byg- 6.15
3Heprum cBA3M YactTMy, M u T
B NMPOMEXYTOUYHOM siape, 7, 2, 3— YPOBHU 3HEPTMM NPOMEXYTOYHOTO fapa.
0 MoporoBas (MMHUMaNbHasa) KUHeTMYeCKas 3Heprus HanetaloLlen
YyacTuubl, NPV KOTOPOWM CTaHOBMTCA BO3MOXHOW 3HAO3HepreTnyeckas sgep-
Hasf peakuus,

Tnep= — 1QI. (B-6r)

roe m un JIl— maccbl HaneTawLlleld yacTUubl M Sapa MULLEHW.
b Bbixog sfAepvioli  peakumu — OTHOCUTENbHast A0S 4acTul, WCMbl-
TaBLWMX A4epHOe B3aMMOAeNCTBUE.

6.274. Anba-vyacTuua ¢ KUHeTUYecKol asHeprueir Ta=7,0
M3aB ynpyro paccedanacb Ha MepBOHa4YabHO TOKOMBLUEMCH
aape *Li. OnpegenuTb KUHETUYECKYD 3HEPIUI0 afpa oThaywu,
ecin Yyron Mexay HanpasneHmaMu pasneta 06emx vactuy 6=
= 60-.

6.275. HeATpoH wucnbiTan ynpyroe coygapeHue c rMepBo-
HayanbHO MOKOMBLUMMCA [eWTPOHOM. HaliTu OTHOCUTENbHYIO
[OI0 KMHETUYECKOW 3HEepruun, TepseMyl HelTPOHOM:
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a) Npu no6oBOM coygapeHuwu;

6) nNpu paccesHUN NoA MPAMbIM YTr/10M.

6.276. Onpeaenntb MaKCUMaNbHO BO3MOXHbIA Yyron, Ha
KOTOpbIA MOXeT pacceaTbCca AENTPOH MNpU YNPYrom coygapeHuu
C NnepBoHayasbHO MOKOUBLUUMCSH MPOTOHOM.

6.277. Cuutas paguyc sagpa /2= 1,310/ dm, rge A ~
ero mMaccoBOe 4YMC/0, OUEHUTb MNAOTHOCTb SA4EP, a TakXe 4Yncio
HYKNOHOB B eAuHULLE ob6bema sgpa.

6.278. Hanucatb HepgocTatowmne o603HaveHUs (X) B peak-
LunaAx:

a) "B** a) ‘“Be; B) MNa (p, jr)*»Ne;
6) 170 (d, mx\ r) x(p, n)>Ar.

6.279. okasaTb, UTO 3HEPIUA CBA3U fA4pa C MaccoBbiM YUC-
nom A u 3zapagom Z MoXeT 6biTb onpegeneHa no dopmye
(6.66).

6.280. HaiiTn 3aHepruto cBA3n sAapa, KOTOpoe MMeeT OAUHa-
KOBO€ 4MC/A0 MPOTOHOB M HEeTPOHOB M pajuyc, B NonTopa pasa
MeHbW NI pagnyca agpa ,7Al. Bocnonb3oBaTbCsi POpMY/oNn U3
3ajaum 6.277.

6.281. HalTh ¢ nomouibio Tab/IMYHbIX 3HAYEHUI MacC HYK-
nvpos:

a) CPefHI0K 3HEPTMIO CBA3U Ha OAWH HYK/NOH B aape unO;

6) aHepruio CBA3M HEWTPOHa M a-yacTuubl B sgpe aB;

B) 3Hepruio, Heobxoaumyro Ana pasgeneHmsa agpa nO Ha
YeTblpe OAMHAKOBbIE YaCTULLbI.

6.282. OnpeaennTb pPasHOCTb 3HEPruii CBA3N HeliTpoHa W
npotoHa B saape MB. O6GbACHUTL MPUYUNHY UX Pas3NInNyunA.

6.283. BblUMCNUTb 3HEPTUIO, HEOOXOAMMYIO ANA pasfeneHuns
aapa 20Ne Ha ABe a-dacTuubl M a94po 1C, ecnn 3Hepruu cBA3N
Ha OOMH HYKNOH B aAapax MNe, *He mn *C paBHbl 8,03, 7,07
n 7,68 MaB.

6.284. BbluncnuTb B a. e. M. Maccy:

a) Hyknupa *Li, aHeprma cBsas3u sAgpa kKotoporo 41,3 M3aB;

6) sagpa “C c 3Hepruen cBsA3W Ha OAMH HYKNOH 6,04 Ma3B.

6.285. WM3BecTHbl 3Hepruu cBA3m £,, £,, £, n £4 agep
B peakuynmnm Ax-fA ,-vA -fA«. HaliTm 3Hepruto 370l peak-
Lun.

6.286. CunTad, 4YTo B OAHOM akTe pJeneHua sagpa ***U
ocBob6oxpaaeTca aHeprus 200 M3aB, onpegenuTsb:

a) 3HEepruio, BblAENAIOLWYOCA MNPU CrOPaHUU OAHOT0 KWUO:

rpamma « ‘U, n maccy KaMeHHOro yrnasi ¢ TenjoTBOPHON cno-
cobHocTbio 30 K/A>X/r, 3KBMBANEHTHYI B TEMN/I0BOM OTHOLUe-
HUM OfHOMY Kunorpammy ***U|
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6) Maccy usoTtona mU, nojsepriieroca AefeHUo nNpu B3pbl-
BE aTOMHOW 60M6bl C TPOTMNOBbLIM 3KBMBaNEHTOM 30 KWIOTOHH,
ecnn TennoBOW 3KBMBaNeHT TpoTuna paseH 4,1 KO X/T.

6.287. CKONbKO Tenna BblaenseTcs npy o6pasoBaHUN O4HOrO
rpamma 4He mn3 geintepusa *H? Kakas macca KaMeHHOro yrns
C TennoTBOPHOI cnocobHocTbio 30 KX I 3KBMBaANEHTHa 3ToO-
My Tenny?

6.288. BbIYMCANUTL C MOMOLLbIO TaBMAMUYHbLIX 3HAYEHUIA Macc
HYK/IWAO0B 3HEpPruvio Ha OAVMH HYK/NOH, KOTOopas BblAensercs
npu npoTtekaHum peakynn ‘Li-fJH->-2°He. CpaBHUTbL nony-
YEHHYI0 Be/INYUHY C 3Heprven Ha OAWH HYKJIOH, 0CBO6GOXAalo-
werica npu geneHun agpa " *U.

6.289. OnpegennTb 3Hepruto peakyun 'Li-b/>->24He, ecnun
3HEPrun CBA3M Ha OAWH HYKNOH B Agpax 'Li v 4He paBHbl 5,60 1
7,06 M3aB.

6.290. Halitu aHepruto peakumu 14N (a, p) 10, ecnm Kuue-
TM4yeckas 93Heprma Hanetawouwiern a-vyactuubl 7'a=4,0 M3B n
MPOTOH, BblNeTeBW NI nog yrnom 9=60° K HanpaBneHU ABU-
XEeHUa  a-yacTuubl, WMeeT KUHETWUYecKyl aHeprut Tp=
=2,09 Ma3B.

6.291. OnpeaennTb C MNOMOLLbI TabANYHbLIX 3HAYEHWUIA Macc
HYK/MAO0B 3HEPTUIO CNeAYOLWUX peakLnii:

a) 'Li(p, n)’Be; B) 'Li (a, n)10B;
6) *Be (n, y) IBe; 1) “O(d, a) I4N.

6.292. Haiit ¢ nomouiblo TabGNYHbIX 3HAYEHUIA MacC HYyK-
NNAoB CKOPOCTU MpPOAYKTOB peakuyuwn 10B (n,a)’Li, npoTekato-
e B pe3ynbTaTe B3aMMOLENCTBMSA O4YEHb MeANIEHHbIX Hel-
TPOHOB C NOKOAWMMUCA agpaMmu 6opa.

6.293. T1pOTOHbI, HanetawuWMe Ha HENOABMXHYI /NUTUe-
BYHO MULIEHb, BO36yXpgawT peakuyuto 'Li(p, n) 'Be. MNpu Ka-
KOW KWHETUYEeCKOW 3HEeprmm npoTOHA BO3HUKLWIWKA HENWTPOH
MOXET 0Ka3aTbCsA MNOKOAWMMCS?

6.294. Anbtha-yactmua c KWHETUYEeCKOM aHepruei
T=5,3M 3B B036yxpaaeT peakuuto 'Be (a, )1, aHeprnsa Ko-
Topo <?=+5,7 M3B. HaliTu KWHETUYECKYID 3HEPTUD Heli-
TPOHA, Bbl/IeTeBLUEro NOA4 NPSAMbIM YI1I0M K HanpaB/feHU0 ABU-
XKEHNA a-yacTuubl.

6.295. TIpOTOHbI C KWHETMYECKOW 3Hepruer M=1,0 M3aB
60MbapAVpPYOT NUTUEBYHD MULLEHb, BO3OYXJas peakuuio
p + 'Li->-2 4He. HaliT KMHETUYECKYIO 3HEPrUt0 Kax[ow a-ya-
CTULbI W Yron MexAay HanpaBneHWAMU uX pasfeTa, ecau
pasnetr npowvsolles CMMMETPUYHO MO OTHOLUEHWUIO K Harnpasfe-
HWIO HaneTawwWwunx MNPOTOHOB.
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B.296. YacTmua maccbl T HaneTaeT Ha nokosuieeca S4po
mMaccbl M, BO36yXjAas 3HAO03HepreTMyecky peakyuto. lMoka-
3aTb, 4YTO noporosas (MMHWMMaNbHaA) KUHETU4YecKas 3IHeprus,
npyv KOTOPOW 3Ta peakuwms CTaHOBUTCA BO3MOXHOW, onpenens-
eTca dopmynon (6.6r).

6.297. Kaky KWHETMYeCcKyr 3Heprnt Heobxogmmo co06-
WNTb NPOTOHY, 4YTOGbI OH CMOF pacwenuTb MNOoKoslieeca S4pP0
*H, aHeprmus cBsA3u KoToporo £c¢c =2,2 MaB?

6.298. Mpun 06N1yYEHUN MOHOIHEPreTUYECKUM MYYKOM Mpo-
TOHOB MMWLIEHEN U3 NUTUA N 6epunnma 6bi10 06HAPYXXEHO, 4TO
peakuunsa 7Li(/> n)7Be— 1,65 M3B wupget, a *Be(/> n)*B —
— 1,85 M3B He mnget. HaiiTu BO3MOXHble 3HAYEHUS KUHeTUYe-
CKOI 3HEeprnmM mnpoTOHOB.

6.299. OnAa BO36YXAeHUA peakynnm (1, a) Ha NOKOALWLUXCSA
agpax “B noporoBas  KMHeTMYeckass 3HepPrusi HeWTpPoOHOB
7nop= 4,0 M3aB. HaiiTn 3Hepruto aToi peakuuu.

6.300. BblYMCNUTL MOPOroBble KUHETUYECKUE 3IHeprum npo-
TOHOB pAns  Bo3GyxaeHus peakuyuii (p, nN) m (p, d) wHa sag-
pax 7Li.

6.301. Hantn ¢ nomowbio TabAMUHbIX 3HaYeHW mMacc HYyK-
NNO0B MNOPOrOBYK KWMHETUMYECKYH 3HEepruiw a-vactumubl  Ans
BO36YXAeHMa peakumm ?Li(a, M) 10B. KakoBa npu 3TOM CKO-
poctb appa ,0B?

6.302. HeWlTpPOHbI C KWHETUYecKoi 3Heprueii 7=10 Ma3B
BO36YyxaaT peakuyuio **C{n, a)*Be, nopor koTopoi I nop=
= 6,17 M3B. HaliTu KWHETMYECKYL 3HEPruI0 a-4yacTul, Bblne-
Talwmnx nog NpPAMbIM Yr/IOM K HanpaBfeHW0 Najalowmx Hem-
TPOHOB.

6.303. Ha CKONbKO TMpPOUEHTOB MOpPOroeas 3Heprusa vy
KBaHTa B peakuuun y +’'H-*-n+p NpeBOCXOANT 3HEPruUt0 CBA3N
aapa *H, pasHyt £cB= 2,2 M3aB?

6.304. MpPOTOH C KMHeTMYecKoi aHeprnen T=1,5 M3B 3ax-
BaTblBaeTcAs MNOKoOMBWWMMCA Agpom *H. HaiTu 3Hepruio BO3-
6y>aeHna ob6pasoBaBlleroca fgpa.

6.305. Bbixof peakunn ‘*C(d. n) MN unmeeT MaKCUMYMbI
npu cnegylowmnx 3HAYeHUSX KUHETUYecKoi aHeprum T, Ha-
netarvowmnx genTpoHos: 0,60, 0,90, 1,55 u 1,80 M3B. Haitu ¢
NMOMOLLbI0 TabNMYHbIX 3HAYEHUI Macc HYKIMUAO0B COOTBETCTBYIO-
WiMe 3HepreTMyeckme YPOBHW TMPOMEXYTOUYHOro Anpa, uepes
KOTOpble MAET 3Ta peakuus.

6.306. Y3KkuU Ny4YOK TEMAOBbIX HEMWTPOHOB ocnabnserca B
T]=360 pa3 npm NPOXOXKAEHUU KagMWEBOW NNACTUHKW, TON-
wmHa Kotopot d=0,50 mM. OnpenennuTb CeYeHWUEe B3aMMOAEN-
CTBMSA 3TUX HEWTPOHOB C AApaMn KagMUS.

6.307. BO CKONbKO pa3 YyMeHbLUMUTCA WMHTEHCUBHOCTb Y3KO-
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ro »nyyka TemnoBbIX HEAWTPOHOB MoOcC/Ae MPOXOXAEHUA cnos
TsHkeno Boabl ToAwmHom d=5,0 cm? CevyeHUss B3aMMOAencT-
BUSI f4ep [JeliTepyss M Kucnopoga [ANs Tena0BbiX HelTPOHOB
paBHbl COOTBETCTBEHHO 0,=7,0 6 no,=4,2 6.

6.308. ¥Y3KMI Ny4YOK TeMN/0BbIX HEMTPOHOB MPOXOAUT 4epes
NNacTUHKY W3 >Xenesa, 419 KOTOPOro ceyeHUs MOr/OLWLEHUSA W
paccessHUs paBHbl COOTBETCTBEHHO 0,=2,5 6 n o,= 11 6. On-
pefennTb OTHOCUTE/NbHYIO [0/0 HEWTPOHOB, BbIOLIBLLIMX U3
nyyka B pe3ynbTaTe paccesHWUsa, ecnm ToAWMHA MNACTUHKK
</=0,50 cm.

6.309. Bbixog sAepHOW peakyum ¢ obpasoBaHUEM paguno-
M30TONa MOXHO XapakKTepu3oBaTb [ABOSAKO: /NGO BeNNYNHOM
W — OTHOLUEeHWEM 4ncna AAepHbIX peakunini K umcny 6ombapan-
pylLwnx 4actuy, nNn6o BeNNYMHOW K — OTHOLUEHMEM aKTWUB-
HOCTW BO3HUKLUEr0 paguvonsoTona K 4yucny 6ombapamposasLLmX
yactuny. Hantm:

a) nepuopj nonypacnaga paguomsoTtona, 3Hasd W u K;

6) BbIxoA W peakuuu 7Li (P, N) 'Be, ecnu nocne o06aydeHuUs
NINTUEBON MULLEHM MYYKOM MPOTOHOB (B TedeHue /=2,0 4 npu
Toke B nyuke /=10 MKA) aKTUBHOCTb 'Be okasanace A—
= 1,35-10® bk, a ero nepmop nonypacnaga 7=53 cyT.

6.310. ToHKyl 30n0Tyt0 onbry wn3 crtabmnbHoro " ’'Awu
061y4aldoT N0 HOPManM K MOBEPXHOCTU TenaOBbIMW HEWTPOHa-
MM, MJOTHOCTb MOTOKa KoTopbiXx ¥Y= 1,0-1010 c-1-cm_* Macca
donbrm T = 10 mr. B pesynbTaTe 3axBaTa HEWTPOHOB BO3HU
KaeT ”-aKTUBHbIV 1,8Aun, cedyeHne o6pa3oBaHUS KOTOPOro 0=
=98 6 n nepwoa nonypacnaga T —2,7 cyT. HaiTtu:

a) Bpema 0651yyeHuns, 3a KoTopoe ymcno agep |,”’Au ymeHb-
wutcs Ha 1= 1,0 %;

6) MmakcmmanbHoe 4ucno fagep 1AM, KOTOpoe MOXeT obpa-
30BaTbCA B MpoLecce ANNTENbHOro 06ay4YeHUs.

6.311. TOHKY d0nblry K3 HEKOTOPOro cTtabunbHOro wu3o-
Tona 06ayvalT TeMN0BbIMWU HEWTPOHaMW, NajaroliumMu Mo Hop-
Masin K ee MOBEPXHOCTU. B pesynbTaTe 3axBaTa HEMTPOHOB BO3-
HWKaeT pagnomn3oTon C MOCTOAHHOW pacnaga A HaliTu 3akoH
HakonneHus 3atoro paguousotona N(t) B pacuete Ha eanHuuy
noBepxHocTn ponbrn. TMNOTHOCTb MNOTOKA HEWTPOHOB paBHa
J, umcno sgep Ha eaguHULY MNOBEPXHOCTU DOMLIM M N ceyeHue
obpa3oBaHMA aKTUBHbIX f4ep O.

6.312. 3onoTyto onbry maccel T=0,20 r obnyyann B Teue-
Hve /=6,0 4 NOTOKOM TennoBbIX HEWTPOHOB, MajawlWmm no
HopManun K ee MosepxHocTU. Yepe3 T=12 4 nocse OKOHYaHuUA
061y4YeHNs1 aKTUBHOCTb (ponbrm okasanacb >1= 1,9-10" BK.
HaiTu NAOTHOCTL MOTOKa HEMTPOHOB, ecNn cevyeHMe o6pasoBa-
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HUA agpa paguomsotona o0=96 6, a ero nepuof nonypacnaga
T=2,7 cyT.

6.313. CKONbKO HENTPOHOB GyAeT B COTOM MOKOJIEHUWN, ecnun
npouecc geneHMa HadymHaetca ¢ #,,=1000 HeWTPOHOB M Mpowuc-
XOAUT B cpefe C KO3IpPMLMEHTOM pasMHOXeHua *=1,057

6.314. HaiiTm 4yncno HeMTPOHOB, BO3HUKAKWNX B eAUHULY
BPeMEHW B ypaHOBOM peakTope C TENI0BOW MolwHocTblo P-*
= 100 MBT, ecnu cpefHee YMCN0 HEMTPOHOB Ha KaX[Abli akT fge-
neHma v=2,5. Cyutatb, 4TO MpPU KaXAOM [JeNeHUN OCBOGOX-
naetca aHeprusa £=200 MaB.

6.315. B a4epHOM peakTope Ha TenfoBblX HEMTpPOHax cpefn-
Hee BpPeMS >XU3HW OAHOro MOKoJieHUA HenTpoHoB T=0,10 c.
Cuntas KoahcnumeHT pasmHoxeHus J1=1,010, HanTwu:

a) BO CKO/IbKO pa3 YBe/IMYUTCS YUCNO HEMUTPOHOB B peak-
Tope, a cnefoBaTelbHO M ero MOLWHOCTb, 3a Bpemsa /=1,0 MUH;

6) nepuopa peaktopa T — Bpems, 3a KOTOpPOe ero MOWHOCTb
yBENIMUNTCA B € pas.

6.7. OnieMeHTapHble YacTulbl

¢ Moporosas (MMHMMaNbHAs) KMHETUYECKAas 3JHEePrus uacTuubl T,
Ha/eTalLWeli Ha nokoswytocs yactuny M, ans Bo3GYXAEHUS 3HAOIHC;>-
reTmyeckoin peakumm M+ yN—w «, + « 14 -, .

Mop= (Mt T« '..)*_(mHVf)]C", (0.73)

rge W, M, mi, .. — MacCbl MOKOsSi COOTBETCTBYIOLLMX HacTuL.
¢ KBaHTOBble uuMCna, MPUNUCHIBAEMbIE 3N1EMEHTAPHBIM YacTULAM:
Q — anekTpuyeckmnii 3apsg,
L — nenToHHbIA 3apsg,
B — 6GapuoHH®bIli 3apsif,

I — mn3oTonNuyecknii cnuH, I, —ero Npoekuus,
S —cTpaHHOCTb, 5 = 2<Q>— B,
Y — runepsapsg, K= 4

d) CBA3b MeXAy KBaHTOBbIMW 4uC/lamMu CUbHO B3aI/IMO,D,eVICTByPOLIJ,I/IX
YyacTuu:

Q=Tt+L =Tt+ *=1. (6.76)

¢ Mpu B3aVMOZEICTBUM YACTULL BbIMOMHATCS 3aKOHbI cOXpaHeHus Q.
L u B 3apsgoB. B CWUbHbIX B3aMMOAEWCTBUAX BbIMOMHATCA TaKK”"
3aKOHbl coxpaHeHuss S (unm Y), T u ero npoekummn Tt.
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(P KBaHTOBble uMcna KBApKOB:

KBapk Q B r rx S
U 2/3 1/3 172 172 0
d -1/3 1/3 2 -1/2 0
S -1/3 173 0 0 —1

CnuH Kaxgoro keapka paseH 1/2. COOTBETCTBYOLME aHTMKBAPKX UMEOT
NPOTUBOMO/IOXHbIE MO 3HaKy 3HadeHua Q, B, Tr mn S.

6.316. BbIYMCAUTb KUHETUYECKUE 3IHEPrum MNpPOTOHOB, WM-
nynbCbl KOTOPbIX pasHbl 0,10, 1,0 n 10 MN3B/c, rge C — cKo-
pocTb cBeTa.

6.317. HaiiTn cpegHuii NyTb, MPOXOAUMbIA N-Me30HaMWU ¢
KWHETUYECKOl 3Heprueii, kotopas B n=1,2 pa3a npesbillaeT
UX 3Hepruvio nokofd. CpegHee BPeEMS XWU3HW O4YeHb MeA/IEH-
HbIX S-M€30HOB T«=25,5 He.

6.318. OTpuuaTenbHble N-Me30HbI C KUHETUYECKOW 3Hep-
rmein 7'= 100 M3aB nponetaloT OT MecTa POXAEHUS A0 pacrnaja
B cpegHem pacctosHue /=11 M. HalATnm cobcTBeHHOe Bpems
XXN3HU 3TUX ME30HOB.

6.319. MmeeTca Y3KWIA My4YOK S “-Me30M0B C KMHETUYECKON
aHepruein 7\ paBHOM 3HepPrun MNOKOS AaHHbIX YacTuy. Hantmn
OTHOLLEHME TMOTOKOB YacTuL, B CEYEHMAX My4yKa, OTCTOALLMX
Apyr oT gpyra Ha /=20 m. Co6CTBEHHOE cpefHee BPeMS XWU3HU
3TUX Me3oHoB T0=25,5 He.

6.320. OcTaHOBMBLUWICA S +-Me30H pacnasca Ha MIOH W
HENTPUHO. HalTW KUHETUYEeCKYyl 3HEPruvi MIOHa U 3Hepruio
HEeMTPUHO.

6.321. HaWTW KWHETUYECKYH 3HEpruvt0 HenTpoHa, BO3HMUK-
lwero npuw pacnage ocTaHoBMBLUerocs 2 “-runepoHa (2"-»-
—a+na").

6.322. OCTaHOBMBLUMINCS NONOXWUTENbHbLIA MIOOH pacnascs
Ha MO3UTPOH W ABa HEUTPUHO. HalTm MaKCMManbHO BO3MOX-
HYI0 KWHETUYeCKYyl 3Hepruto Mno3nTpoHa.

6.323. lMokouBwasAica HeWTpanbHasa 4acTuua pacnanacb Ha
MPOTOH C KWHETUYecKol 3sHeprueid 7'=5,3 M3aB un A “-me30H.
Halitn maccy atoi yactmubl. Kak oHa HasbiBaeTca?

6.324. Havitm B nabopaTopHOM cucTeme OTcyeTa cpeaHee
BpeMsa XXW3HW MIOOHOB, 06pasyrLMXca Mnpu pacnage ocTaHo-
BUBLUMXCA KaoHOB no cxeme K +->-fi++v.

6.325. OTpuuaTenbHbI N-Me30H C 3Heprueir 7'=50 M3aB
pacnanca Ha fieTy Ha MIOOH WU HEWTPUHO. HalTn 3Hepruio Hemnr-
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*pVHO, BbINIETEBLUErO MOA4 MNPAMbIM YI/1I0M K HamnpaBleHWUK [BW-
XXeHnaln-mesoHa.

6.326. 2 +-runepoH ¢ 3Heprmen [ £= 320 MaB pacnancsa
Ha NeTy Ha HeATpa/ibHYI YacTuuy W N +-Me30H, KOTOPbIA Bblfe-
Ten ¢ sHepruen T,,=42 M3B nog npambiM YrioM K Hanpas/e-
HMIO ABWKEHUS runepoHa. HalTm maccy HelTpanbHOW 4acTu-

(8 MaB).

6.327. HenTpanbHbIi N-Me30H pacnancs Ha neTy Ha Aga
y-KBaHTa C OAMHAKOBOW 3Heprueil. Yron Mexay HanpaB/ieHUs-
MU pasfeTa y-kBaHTOB 9=603. HaliTu KMHETUYECKYI 3Hepruto
M-me30Ha W 3HeEPruio Kaxhoro y-keaHTa.

6.328. PenATuBMCTCKaa 4vacTuua C Maccoihi M B pesynbTaTte
CTONIKHOBEHUS C MokouBluelica vacTuuen maccbl M B036Gyxaa-
eT peakuuio POXAEeHUA HOBbIX YacTuL: y
rae cnpasa 3anucaHbl MacCbl BO3HWUKLLUMX 4YacTul,. Bocnonbso-
BaBLUNCb WHBApPUaHTHOCTbIO BenuumHbl E%— pIcr, nokasarts,
4TO MOPOroBas KWMHeTMYecKas 3JHeprus yvactuubl M Ana 3Ton
peakumn onpegensetrca copmynon (6.7a).

6.329. TO3UTPOH C KUHeTMYecKoi asHeprueinr T—750 k3B
HaneTaeT Ha MOKOAWMICA CBOOGOAHbLIV 3M1eKTPOH. B pesynbraTte
aHHUTUASAUNN BO3HUKAIOT ABa y-KBaHTa C O4WHAKOBbIMW 3Hep-
rmamn. OnNpefennTb Yroan Mexay HanpaBneHUAMU UX pasneTa.

6.330. HailiTm noporoeykw 3Heprui y-KBaHTa, Heob6xoau-
Myl0 AN o6pasoBaHuUs:

a) napbl 31eKTPOH — MO3UTPOH B MOJIe MOKOSILLErocs 3nek-
TPOHa;
6) napbl Me30HOB N1"— A+ B Mofie MOKOSILWErocs MpoToHa.

6.331. HaliTm NoporoByt 3HEPruM0 aHTUHENTPUHO B peak-
Lumm

\-\-p-*-n+e+.
6.332. MNpPOTOHbI C KMHETMUYECKOW aHepruein T HanetawT Ha

HEMoABMXKHYI0O BOAOPOAHYIO MMLWEHb. HaiTu noporosblie 3Ha-
yeHuss T ANa cnefyloWwmnX peakuui:

a ptp-*p+p+tp+tp\ 6)ptp ptp+at

6.333. BogopoAHyk MULIEHb 06ay4YalT N-mMe30Hamu. Bbl-
YNCNNTb MNOPOroBble 3HAYEHUA KUHETUYECKOM 3Heprnum 3TUx
ME30HO0B, MNPV KOTOPbIX CTAHOBATCA BO3MOXHbIMU criefytoLine
peakumnu:

a) n"+ p—K*+ 2" 6) M+ p—* K* + A*,

6.334. TIpOTOHbI C KWHeTU4YecKoW 3Heprmen =4,0 3B
BO36yXAalT peakuyuto P+p-*-p+p-\-Nn. Cumtas muweHs He-
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NOABMXHOW, HaTh, Kakoe Ham6onbuwiee umcno N n-mesoHos
MOXeT BO3HWKHYTb B pe3ynbTaTe peakuuu.

6.335. HaiiTu cTpaHHocTh S U runepsapan Y HeliTpanbHoA
3/1IeMeHTApPHOM YacTuubl, Y KOTOPOW MNPOeKuMs M30TOMUYECKOro
cnuHa TA=+\12 u 6apHOHHBLIN 3apag A=+1. Uto 3to 3a
yactnuya?

6.336. Kakue M3 Hmxecnefylwmx MNpPOLECCOB 3amnpeLleHbl
3aKOHOM COXpaHeHWs NenTOHHOro 3apsaja:

Hn—p+e-+\; 4) pte~->rt+ v;_
2) n+— + -f e+ 5) u+—e* + v+ v,
3) a“ —=]i~+ v; 6) /C" —e u- + V?

6.337. Kakume n3 HuXecnegyouwiux MNpPoOLECCOB 3anpeLlleHbl
3aKOHOM COXpPaHeHMA CTPaHHOCTW:

) N-+ /7-*2“+ /[C+ 4) N+ p-+ A»Y-2+;

2) +p—»2++ /C" 5) n- + 01 —»& + K++K~\

3) n-+p K ++ K-+n-, 6) K-+ p-+ -+ /(++ /C?

6.338. YKasaTb NpuuUnHbI, 3anpewjarLine Huxecnegyroume
npoueccol:

1) —J1*+ a -, 4) N+ p—»S++ A%

2) a- + p—*K+ + K~; 5) a" — fi- + e* + e~

3) K~+ n—»Q~+ K++ K° 6) u~—+ v, + v,,.

6.339. CKOHCTpyupoBaTb W3 Tpex KBApKOB MPOTOH, HEWT-

POH U 2 "-TUNepoH.

6.340. TMocTpouTb M3 KBapkKa W aHTMKBApKa Me30Hbl £+,
K~ un Ke.

6.341. YcTaHOBUTb KBapKOBbIi cocTaB /(+-Me30Ha, a Tak-
Xe runepoHos A u Q.

11 . E. Wpogos



OTBETbl W PEWWEHWNA

1.1. 0= //2t= 3,0 KM/u.

1.2. AHanoruyxo.

1.3. <>»= 2p* (0, + »)/(2i>0+ PL+ »»).

1.4. a) 10 cm/c; 6) 25 cmic; B) /»= 16 c.

15 (r,—r)/|r,—r, 1= (v,(—*)/| T,—», |

1.6. W= (w»-J<«+ 2ngt)cos«p)l/2 w 40 km/u, ">'=19®.

17. 4= - T- A eeeeen = 3,0 KM/u.
WK »*—«4-1

18. iAiiB=N\NMIMm—1= 18

l.e. d = arcsta (1/n)+n/2= 120e.

1.10. /= 10/ /2 (1 —sinp)= 22 m

111 /=(p,+ 1,) Yr»1NE=25 m

1.12. / = 2c/3y.

1.13. M3 puc. 1 BMAHO, 4TO CKOpOCTb COAMKEHMS Toyek A K B
paBHa V—wucosa, rge yron a 3aBMCUT OT BpemMeHW. [na BCTpeun Touek
Heo6x0AMMO, YTOObI 6GbIIN BbINONHEHLI ABAa YCNOBUS:

1 t
A (p—uncosa) dt=/, ~vcosa dt—wux,
o] 6

roe T—ucKomoe Bpems. M3 3TMX ABYX BbIpaXeHWid cnefyeT, 4To
T=p//(n* —n*).

1.14. pr—x,= /—at(/-|-T/2) = 0,24 km. HaBcTpeuy noesgy co
cKkopocTbio V= 4,0 wic.

1.15. a) 0,7 c; 6) cootBeTcTBEHHO 0,7 n 1,3 M.

1.16. /1= (t'/,+ >»fi)/(tp}+ ©J), /MH= |/ii'a —I*Vvi I/I*uj + t~.

1.17. co=//IK DITT.

1.18. Cm. pwuc. 2.

119. a) <b»=nd/r=50 cmlc; 6) |<v>|= 24/T= 32 cm/c;

B) |<a>|= 2n/?/T*=10 cm/c*.

1.20. a) v=b(l —2a/), a= — 2ab = const; 6) A/= 1o, s= b/2a.

121. a) x=vO (@—//21); 0,24, 0 n -4,0 m; 6) 1,1, 9m U c.

1.22. a) 0=2a4J2, o= a*/2; 6) <I>= (ct/2)



1.23. a) *=(2/3B)0*/1 6) t= (2/<X) Y"o».

1.24. a) y = P/,

6) T= ai+ 2p/). a= 2PJ. »= V”™a*+ 40*<* a= 2fc
B) tg<p= a/2]J/.

1.25. a) y= x—**{$/*,

6) o= o0 1+ (1—20/)%, a= 2pa= const; B) /,= 1/0.
1.26. a) s=ida)t; 6) a/2.

1.27. 00= Y (1+a*)a/20.

1.28. a) r= ve/+*/*/2;

6) <v>f=v,+g//2, <v>=v,—r(»00A/r*.

1.29. a) T= 2 (o»/Q) sin a;

6) 1= (0J/27) sin*a, l= (»J/*) sin 2a, a = 76°;

B) y= xtga — (g/20»cos*a)**.

1.30. a) cosa=I/t)i/», « = 60* 6) tga=V A2, a = 54,83
1.31. /= 81Sina.
1.32. Yepes 0,41 unm 0,71 MUH B 3aBUCMMOCTM OT HauanbHOro yrna.

,.33. = . =n
g cos Oi+ cos d,

1.34. a) x= (a/20) y\
6) a=ay#, at= a W 1+ (ay/»)\ a, = acr/J" 1+ (ay/v,)*
1.35. a) y= (0/2a)**;
6) R = vdan= o&/Ka*—a*= (a/0) (1 -j- (x0/a)*p*.
136. 0=~251.
137. a=a V"1+ (4nn)*= 0,8 m/c*
1.38. a) V= t&/(14-c*//fl)=; t»e I/*;
6) a= 2vI/Re»* =V 2o0*/4.
1.39. tg o= /72
1.40. a) a#= >¥(y//?= 2,6 m/cl, af = Nw*= 3.2 m/c~
141 A= a*/20*. a= a K 1+(40**/a*)«.
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1.42. a) B—201»*, R= 1/2a; 6) a—Pi*/al, R= a*/p.
1.43. o= 2/1<o= 0,40 wm/c, a= 4/?w*= 0,32 wm/c*.

1.44. a= W//) K 1-1-40*7*« 0,7 bi/c*.

1.45. <o= 2an«// = 2,0-10* pag/c.

14B. a) <u>= 2a/3= 4 pap/c, <P>= K 3a*= 6 pag/c*;
6) P= 2|"~306=12 pag/c*.

1.47. /=J)/(4/a)tgcp = 7c.

1.48. <<o>= W#/3.

1.49. a) b= (1—e_ef)we/o; 6) wW=«>Be-B<.

1.50. co,= #* 230sin &, cm. puc. 3.

1.51. a) y= 0*/(1x (runep6ona); 6) y=V5ejr/w (napa6ona).
1.52. a) aA= vt/R = 2,0 m/c*, BekTOp «j HanpasfeH BCe BPems K

LeHTpy Koneca; 6) S=8R=4,0 m.

1.53. a) ug= 2a/ = 10 cm/c, vg—V 2ai= 7 cm/c;

6) ag = 2a 1-)-(8/*/2N)*= 5,6 cm/c*, 00 =o0*/*/N1= 2,5 cm/c*.
154, Np=4n_Na=2/"'2r.

1.55. w= |~0+ 0]= 5 pag/c, P= (o,<0,= 12 pap/c*

1.56. b= at V 1+(/>//a)*=8 pag/c, P=»0J" 1+(2W /a)* = 1,3 pag/c*.
1.57. a) w= o//?cosa = 2,3 pan/o

6) P= (o/N)*tg a = 2,3 paa/c*.

1.58. w=wpg YN1+(po//w,,)*=0,6 pag/c, P=P, V 1+<0?/*=0,2 p*p/c*.
1.59. CooTtBeTcTBeHHO — Fa n — 2F*.

1.60. F—— T10)*r, rge r— pagnyc-BeKTOp 4acTulbl OTHOCUTENbHO

Hayana koopguHaTt; F = Tco* ]/"m*-J-y*.

161. OT1=2Tta/(E+a)= 10 Kr.
(R oaz O=imirm)™ , _0+*)TO e

FTlg -{- TTI\-j- LW a LT1Q-\-T M\ -\-ttlr
1.63. a) F= (k'~ *am‘migC0Sa ; 6) tga < *IONl + Wﬂw«.

1.64. *= |(n*_1)/(Ti*+1)]tga = 0,l6.

1.65. a) mt/mi > stna-f Acosa; 6) mt/mi < sina—hcos a.

1.66. a»= g (t)—sina—Jicos a)/(t)-f 1) = 0,05g.

167. Mpun t< t9 yckopeHua ai= e*= a//(Nb+Ta);, Npu <>/*

ai —kgrriilmt, a, = (at—*mag),m2. 3gecb <,= (mi+mj)/ami.
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1.68. x="2//(3a+ *g).

1.69. tg (2a)= — I/A o = 49°.

1.70. Mpu tga=1/A Awn*=vI2g V 1-f A*
1.71. tga = A FMh= kmg/V T+k*.

1.72. FTvt=(2g—a") TM/(T + M).

1.73. a) = I_;\711J-;-*I'I('Ize -«0); 6) F= F'|J|II\~/I’\ - («—e)-
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1.75.

1.7*

1.77.
1.78.
1.79.
1.80.
1.81.
1.82.
1.88.
1.84.

H = mt— m») g
4/rtj/n, -f- Wb (frii -f- /n,)

aMH= « (1-*)/ (1+*).

aM,c = « (= + * ctga)/(ctg a —*).

e = ~*In a cosaZ(sin*a + mi/mj).

a) V—MQ* cosa/2fc sin*a; 6) s= m*g* cos at/6A* sta* <x
o= V"(2g9/3*)sIn a.

a) Ap= mgt; 6) |Apl= — 2m (v0g)/g.

a) p=br*/6; 6) s= 6i*/12m.

s= («/— sin tot) f 0/mco*, cm. puc. 4.

t —n/ar, s= 2F0/m(o*; tiMKC= Fjnva.

a) »=oeexp(— trim), t— »oo;

6) 0= VvO—sr/m, $,,0nH= mvofr.

1.85.
1.86.

t= h (vO—v)fvOv In (VOfv).
i= /)19 3. ymikc— /(«/YMlInatga. Y KaszaHwue.

UTo6bl NMPMBECTV YypaBHEHWE ABWDKEHWS K BUAY, YAOGHOMY ANs UHTerpu-

poBaHus,

HaJo NpeacTaBuTb YycKopeHue Kak dvjdt u 3aTem npowssectn

3aMeHy MepemMeHHbIXx o cqopmyne dt=dx/v.

1.87.

s=b (f—/p*/61, roe tO= kmg!b—momeHT BpemeHun, o KoTo-

poro HauHetca asvxeHue. Mpu t< tB nyts s= 0.

1.88.
1.89.

2,1; 0,7 n 15 kH.
a) a—gV~™l+3 cos*O, r =3mgcos0; 6) T=mg]"3;

B) cos0=1/Y 3.

1.90.
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1.92.
1.93.
1.94.

1.95.
1.96.
1.97.

tg (0/2)= 1/2, 0 n 53°.

O= arocos (2/3) « 48°, v—Y 2gR/3.

e= 1/(H/Tm*— 1). OT HanpasneHUs BpalleHUA He 3aBUCKUT.
r= R/2, vVMKC= \ kjR/2.

s=(K/2) Y (kglatf—1=60 m.

v<a.y~kg/b.

7= (ctg Q+to*R/g) mg!2n.

a) PaccMOTpUM Manbiii  afeMeHT HWUTKM Ha 61oke  (puc. 5).

Bcnepcteue ero Hesecomoct dT = dFTV= kdF,, n dFn= T da. Otcioga
dT/T = kda. MpouHTerpuposas 370 ypaBHeHWe, Noay4um * = (1n»)0)/s;
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ti=

18 = g (n—n*)/(a+n«)-

1.98. F= (mti/R) cos*o.

1.99. a) v=(2F;m(o) | sin (w//2) |;
6) As= 8Fm(x>* <u>= AF/nrrm.

1.100. i>=i>#/(1+ cos ¢p). ¥ kaszaHuMe.
— t»,4-consl. M3 HayanbHOro Yycnosusa

Kpome Toro, VX= Vcos <p

0l=0 un 0, = arccos (gl<otR). Ecnu
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1.101. o= (1—cos (I/R)]Rg/I.
1.102. 0=V 2gRi3.

3pecs oT' noaromy

cnegyet, 4yto const= MWt.

1.103. Ecim o>*R > g, TOo wMeloTCqs [Ba MNONIOXEHWUA paBHOBECUS:

< (¢, TO NonoXxeHne paBHoBecKusa

Tonbko 01 = 0. MoKa cyLwecTsyeT OAHO
HUWXHee MO/I0XeHWe paBHOBECUSA, OHO
ycToiiumBo. lpu NOSIBNEHMU Xe BTOPO-
ro nonoXxeHus paBHOBecus (OHO Bcer-
[la YCTOYMBO) HUXHEEe MNONOXeHue cTa-
HOBMTCA HEYCTOMYMBbLIM.

1.104. h n (cos*/v) sin = 7 cm, rge
<0— yrnoBsasi CKOpPOCTb BpaLLeHUs 3eMIu.

1.105. F= Twl1/4= 45 H.

1.106. a) F= 271w sin o= 3,8 kH,
Ha npaBbli (N0 xoZy noes3ga) pPense;

6) Mo napannenn ¢ BOCTOKa Ha
3anaj co CKopocTbio 0= (W/?/2) cos ¢ A
«420 KM/4. 3pecb LL— yrnoBas cCKOpoCTb

BpaLleHns

3eMnn  BOKPYr COGCTBEHHOM

ocn, R—paanyc 3emnn.

1.107. rl(Op= 2m>Vo Y 1+w*<, = 4,2 H.
1.108. F= m W g*+<i)4r, +(2u'0))* = 8 H.

1.109. figBp= 2ma)V Y 1-+~(Im)*= 2,8 H.

1.110. a) a'= a*/?; 6) Fua= Tblr Y (21/r)*— L.

1.111. OTKNOHMTCS Ha BOCTOK Ha paccTosHue X X */*bl1 Y bk/g=24 cm.
34eCb W—yrnoBas CKOpPOCTb BpalleHWs 3eMAu BOKPYT COGCTBEHHOMR ocw.

1.112. = —m,)*/(mi-fma)*.

1.113. n= (&/0>)tg0= 0,8 cm, T—mg/cos 0 = 5 H.
1.114. Fyp =mg [sin a+(cii*4g) cos a] =-6 H.

1.115. oMbit= Y (R—I)g/k= 15 wm/c.

1.116. p= p0+ mg/, rae Pe= «ivIl+ mivl, T=T*+T»,
=v,/-fg/*/2, rge v0= (mivi+ mivf)/(m, + /r,)-

1.117. F = |ao*//, TOE u = /Mita/(/O1+/N1).

1.118. a) I= — [T/(Al+ T1)1l: 6) F= — |mAI/(Al+/n)]

1.119. 1= ml'/2M.
1.120. v= (v, + ijv,)/(I+itf; i/=4 w/c.



1.121. u= vOcos 0/(1 -+-1) = 25 wm/c.

1.122. x= (pcosa— M V'Zgl sin a)/Afffsin a.

1.123. an= (m( /B! —m2/a7)V(/ni+ «i)* = 2,0 m/c*.
1.124. o,= K K + uocos*a= 120 wm/c.

1125, O i=Y 2kg —si)=5 wmlc.

1.126. p= (2m/3) W 2«7= 3.5 Kkr-m/c.
1.127. »i*=—my"'(M —m), vt= M*/(M — m).
1128 t31,, = vo—um/(M+m); vnep= »0+ “s/MA(A<+ m)*.

1.130. MycTb B HeKOTOpbIi MOMeHT t paketa umena Maccy T u
CKOPOCTb V (OTHOCUTENbHO WHTepecytoLleli Hac cucTeMbl oOTcyeTa). Pac-
CMOTPUM WHepLMabHY0 CUCTEMY OTcYeTa, MMEKLLy Ty >e CKOpPOCThb,
YTo H pakeTa B faHHbIA MOMeHT. B 3TOil cucTeMe oOTcHeTa npupaLLeHue
UMMyNbCa CUCTEMbI «pakeTa — BbIGPOLLEHHas mopuus rasa» 3a spems dt
ectb dp= mdv-f-u dt-u —F dt. JanbHeliliee oueBngHO.

1.131. v= — u In (mo'm).

1.132. m= mOexp (— at/n).

1.133. 0= " In (mo/m)— gt.

1.134. a) t= (u'g) In(L + th= 20 c; 6) u= (E/«) mOexp (—gt/u).

1.135. a = (u/vt) In (mt 'm).

1.136. a= F/(m,— fit), v= (F/u) In [m0/(m,—

1.137. v=Ff/m,(l +u//7«), e=F/m, (I+ju/m*)1.

1.138. V=V 2gh In (//ft).

1.139. A= F(r,—r,)= — 17 OXx.

1.140. 0= V t+ 2FR/m = 16 m/c.
1.141. A= ma*/*/8.
1.142. F= 2as V I-Hs//?)*.

1.143. F = x/ma*.

1.144. <= mg(h + Kl).

1.145. A= — kmgim —kctga) = — 0,05 [x.

1.146. A«dH= (mi+m,/2) kg.

1.147. A= — (1—i\)i\mglf2= —1,3 Ox.

1.148. <p>= 0, P = mg (gt — 20 sin a).

1.149. P = m/?a/, <P>= mRat/2.

1.150. «p>= — kmgvtf2= —2,0 Br.

1.151. P*akc= — (mvl/2) vag.

1.152. P = Mgu/2.

1.153. A=m/|/noy (/M—f}) = 0,20 .

1.154. ATp= */»T (»*—uo— <oV*) = —0,10 Ax.
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1.155. Im,=x(O47)*/2, roe 4= *1x*/(X,+x*).
1.156. A= 3mg/4a, AUt=mg/2a.
1.157. a) rt —2a/b, ycroliumeo; 6) FMac= b*/278* Cwm. puc. 6.
1.168. NCop = « («t—f?)/2+0(xN,—Ity,)= 6 mOX.
1.159. h= H/2; sMaKi= H.
1.160. t>= 2 VW ffl-
i.iti. o=V 5gi; T=3mg.
1.162. F= / tun (29/ — o») =
=8 H.
1.163. N= xAn(1+n)/2(1-N)*.
roe T)= mto, /x.
1.164. 4, /-0 + K I+ 2klimg)X

Xmg/k.
1.165. Arv—mg 312/2— )= — 11 mAx.

1.166. UMIC=g /(1 —2A)m 2u= 0,6 m/c.

1.167. tgaj= p,slnai/K wjcos*ai—2 ((/,— {/i)//n.
Mpu (Mt~/2) cos*oj < We—Ui.
1.168. wunt=V gl (2-7/3), Ovake= 2//3.

1.16». a) K=

6) f - f (*-,*. rge *=1n -

1.171. £ = uy (of+i>])/2, rge n=mim 2/(/ni-fma).
1.172. a) Y .w= aM /2 (wl+ my»);

®) £co« = mxW\I2-\-mtvl12—m\WI2 (m i+ m j.

1.173. pc = x/xm»/(mi+m»).

1.174. = /,m= /.

1.176. [/ > 3mg/%.

1.176. a) p= (2iN/m) Y g/ sin (d/2); 6) rj « 1— m/M.
1.177. h= Mv*/2g(M-\-m).

1.178. A= — figh, rge n= mM/(m-j-Al).

1.179. A = —n(v,—v,)*/2, rae fi= mim»/(mi+
1.180. M= m (po+p*— 2poP cos a)/'(po— p*).

1.181. u, = Ku*—u?, 90°.

1.182. cos 0' = {.vivtlv\v” cos 0.

1.183. a) Ti= 2mi/(mi+ m32; 6) Tl= 4mima/(mi+ ma)*.
1.184. mj= 3mi.

1.185. mi/mj=1+2 cos 0= 2,0.

1.186. OMW= ]/"2AEL/(i, roe u= TN 1/(T+M), m— mMacca HeliTpoHa.
1.187. 1= V* cosla = 0,25.



1.188. tM,e= 1>(14-Y WL, - 1))= 1,0 km/c.

1.189. bypetr paBuratbcd B Ty >XXe CTOPOHY, HO CO CKOPOCTb»
K'= 0 —Y 1—2tj)p/2. Mpu u < 1 ckopocTb V' » NV2=5 cm/c

1.180. AT/T= (1-fm/Ai) tg* b+T/M — 1= -40 %.

1.181. a)p =y K p?+«£; 6) =y (<N-J-pl)/2. 3geck n=mim,/(mt+/n,).

1.192. sin 0 Hkc = mi/mi-

1.193. »'= — v (2—T|¥/(6—»)*). MNpwn 1) MeHbLIEM, paBHeEM W 60/b-
wem y 2.

1.195. N= (aB—M )k, rge k—opTocn r\1=\aB—bA\1Y n*+i1i*.

1.196. N=2b Ya/b.

1.197. M= I/tmgvCti coso; M= (mvl/2g) sin*a cosa =37 kr-m*/c.

1.198. M= ltmght sin 2a= 1,6.10-* kr-m*/c.

1.199. a) OTHOCUTENbHO BCeX TOYEK MPAMON, MepneHANKYNApPHON
K CTeHKe M npoxoasweii uyepes Touky O; 6) |AM] = 2nw/ cos a.

1.200. M= m*v*/Fm= 1,2-10—* kr-m*/c.

1.201. OTHOCUTENbHO LIEHTPa OKPYXHOCTU. |OM] = 2 Y | — (g/t02/)) X
Xmgl/w.

1.202. |SIM\= hmV.

1.203. M = mvivlt2.
1.204. m= 2kr\IV\.
1.205. vt =» Y '2gl,cos 0.

1.206. A,= (I+KT+igV»?)vf/48rn

1.207. F= mwirllr*.

1.208. Mt = Rmgt.

1.209. M= /?//2sIn(0/2) = 30Kr-M*/c.

1.210. M—Rmgt sina. He un3meHUTCA.

1.211. M'= M—[rOp]. B cnyuae, korga p= 0, T. e. B cuUCTeMe
LeHTpa macc.

1.213. M= Imvt/3.

1.214. em](C« moj/x/e* PelieHMe yao6HO MPOBECTU B CUCTEME LieHTpa
macc.

1.215. T = 2nyM/ur—225 cyTok.

1.216. a) B 5,2 pa3a; 6) 13 kwm/c, 2,2>10_* m/c*.

1.217. T=n ¥ (r,+ rt)*/2yM. [locTaTo4HO paccMOTpeTb ABUXEHUE
Nno OKPYXHOCTW, pajgMyc KOTOPOK paBeH 6OMbLIOK MNONYOCU [AaHHOro
annunca, T. e. (ri+ r,)/2,— no Kennepy nepuog obpatleHuns 6yaeT Tem xe.

1.218. /ftwnc = r (2t],/5— 1).

1.219. MapgeHne Tena Ha CoOMHLE MOXHO paccMaTpuBaTb KakK [ABUXe-
HWe MO O4YeHb BbLITAHYTOMY (B Mpejesnie— BbIPOXAEHHOMY) anauncy, 605b-
lwas ocb KOTOporo paBHa paanycy R 3emHoit op6uTbl. Toraa no Kennepy
2t/ = [(£/2/2)//?)*, roe T—BpemMa MafeHUsa (Bpems MOMOBMHbLI 060poTa
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no BbITAHYTOMY 3nauncy). I —nepuog o6palleHns 3emnn Bokpyr ConHua.
OTctopga t = T/V"32= 65 cyToK.

1.220 1= (n/YYM) [(r-fM)/21**, rae M wn J1—macca v pagu-
yC JIyHbl.

1.221. He n3ameHATCA.

1.222. T = Am*1*/yTr.

t.224. M—T ™ 2yTcnl/y(/’1-)-1,), roe T ¢ — macca ConHua.
1.224. E= T-\-U = — yTTC/2a, rae TCc— macca ConHua.
1.225 Mm,=[! £ V I—(2—ri)T)sIn*a] r,/(2— ), rpet|=reo*/yTc,

TC —macca ConHua.

1.226. rvuk- [K 1+(/(4/T1TC)*--1]y«c/”. roe T ¢ — macc* ConHua.

1.227. a) PaccMOTpUM CHayana TOHKWIA cdepuyecknii cnoii paguy-
ca p wu maccbl 6.VI. DHeprnsa B3auMOLEeACTBUA YacTuLbl C 3/1eMeHTapHbIM
noscom 6S aTtoro cnos ectb (puc. 7)

dU —— y(T JIM/21) sin <MO. *)
Ons TtpeyronsHuka OAP no Teopeme KocuHycoB I*= p*-j-r*—2prcos 0.

Haligs auddpepeHuman 3TOro BblpaXeHUs, npeobpasyem dopmyny (*)
K BUAY, YLOOGHOMY ANS WHTErpupoBaHus. [locne MHTErpmpoBaHus Mo BcemMy

cnoto Haligem bU = —yT 6M/r. W HakoHel, WHTErpupys mo BCEM CMOSM
wapa, nonyunm U= — yTM/r.

6) Fr= — dU/dr= —yT M/r*

1.22S. PaccMoTpuM cHavana TOHKWIA cdhepuyeckmMini cnoii  BeluecTBa

(puc. 8). MoOCTPOMM KOHYC O Ma/lbiM YF0M pacTBopa W BEepLUMHON B TOY-
ke A. Tnowaan y4yacTKoB, BblpesaHHbIX 3TMM KoHycom B cnoe, dSfidS, -
= r\:rl. Maccbl Xe BbipesaHHbIX Y4YacTKOB MPOMNOPLMOHabHbI M/0WAAAM
3TUX y4acTKOB. [103TOMY CW/bl MPUTSXKEHUS K HUM 4YacTULbl A pasHbl
no MoOAy/l0 W MPOTUBOMOJMOXHLI MO HanpasfeHuo. [anbHelillee ode-
BUAHO.

1.229. A= —3ymM/2R.
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1.230. C (r«£ N1 )=- (VM/N5 t,G(r"sR) ——(yM//%r; $(r<R) =
= —3(1 —r/3/7) YM/2R, ¢ (r> R)= —yM/r. Cm. puc. 9.

1.231. G= — (4/3)nypl. Mone BHYTPM NOSOCTU OAHOPOAHOE.

1.232. p= (3/8) (1 —r*/R2)yMt,nR> Okono 1,8.10% atm.

1.233. a) Pa3o6bem chepnyeckMii CNOM Ha Manble 3/1EMEHTbI, KaXAbli
maccel CT. Torga aHeprus B3avMOAeWCTBMS KaXKAOro 3/eMeHTa cO Bcemu
octanbHbiMy bll= — ymtm/R. Cymmupys no Bcem 3afnemMeHTam U yuuTbl-
Bas, YTO Kaxzas rnapa B3auMMOECTBYIOLWMX 3/1eMEHTOB BOWAET NpU 3TOM
asaxgbl, nonyunm U= —ym*/2R\

6) U= —3yT1r/5/.

1.234. ai:at:at=

= 1:0,0034:0,0006.

1.235. 32 kKm; 2650 Km.

1.236. h=RI(2gRIxi—1).

1.237. T= Y 3n/yp= 18 u.

1.238. h= R{gR/v*—1).

1.239. |4p | =T VTyfR sin (a/2). Puc. 9

1.240. r = N/ yNi(r/2n)*= 4,2.10« «km, rge Af n T— macca 3emnu
M ee Mnepuoj BpalleHus BOoKpyr ocu; 3,1 kwm/c.

1.241. T a: 3mgl/2i\3R =0,20 H, rge R—paanyc 3emnu.

1.242. Af= (4n2/23/yTs) (1+ 7°/1)*= 6- 10m kr, [ — nepuog BpalLLeHns
3emMnn BOKpPYr OCH.

1.243. a) = + /"™ =17,0 km/c,

6) "=~ ~1 N N =4,9 m/c*. 3pecb Af— macca 3emnu,

T — ee nepuog BpalleHUs BOKPYr OCW.

1.244. v(= W2gR(I-R/2a), rae R—pagnyc 3emnu, g —cTaHgapT-
HOe YCKOpEeHWe CBOGOAHOrO NafeHus.

1.245. ¥Y6binb NOMHOM 3Heprum £ cnyTHuKa 3a Bpems dt ectb— dE=
= Fvdt. Mpeactasns £ U 1 Kak YHKUMW PaCCTOSHUS T MeXAY CryTHU-
KOM W UeHTpOM JlyHbl, Mpeo6pasdyeM 3TO ypaBHeHWe K BUAY, YAOGHOMY

ANS WHTerpuposaHus. B pesynbtate nonayumm T7» ()4 —I)m/Za V gR-
1.246. t>i=1,67 km/c, O)= 2,37 km/c.
1.247. bv=V"yWR(1-/ 2) = —0,70 km/c, rage Af n R— macca

n pagunyc J1yHbl.

1.248. An=V gR (Y~2—1)= 3,27 kwm/c, rae g — CcTaHAapTHOE YCKO-
peHuve cso6ogHoro nageHus, R—paanyc 3emnu.

1.249. vr = VgRtr,= 5,0 kv/c, rge g —craHiapTHOe YCKOPeHUe CBO-
6ogHoro nageHus, R —pagnyc 3emnn.

1.250. A » ym (Afi//%+ AlI*//?7*)=1,3*10* kOx, rae M n R —
Macca u paguyc 3emam un J1yHbl.
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1.251. p,« V 20!+(V"2—1)1V*w 17 kwm/c. 3gecb p?=?/1<3/4.
M3 n R— macca u paguyc 3emnu; VA= yMclr, Me—wmacca ConHua,
r— paguyc op6uTbl 3eMnu. ,

PeweHune. Bocnonb3yemcs 3aKOHOM COXPaHEHWs 3HEPruuv B NMocTy-
naTtesibHO [ABVXKYLLECA cucTeMe OTCYeTa, CBSA3AHHOW C LEHTPOM 3emnu;

mpl/2= ymM3IR+mv42,

roe T— macca Tena, 0—ero cKopocTb Bganm ot 3emnu. W BTopoe ycno-
Bue:

v+Vt=Y"ivt,

rae K, —ckopocTb 3emnu Ha op6ute, Y 2 Vi—ckopocTb, Heobxoavmast
ANSt TOTO, 4TOGbl TEI0 CMOFNO0 MOKUHYTb COMHEYHY cucTemy. Wckioums
M3 3TUX [BYX ypaBHEHWI p, MOMYYUM BblpaxeHue AN p».

1.252. I= 2bFi/ma= 1,0 m.

r-rruw 1Brr-,3H’« -% ,< *— 4-W .*

1.254. 1=\aA—bB\Y A*+ BK

1.255. a) /= 1/*/3; 6) /= T (a*+ 6%)/3.

1.256. /= xa*/6= 4,0 r*m*.

1.257. a) /= np*A*/2= 2,8 1 m* 6) /= (3/10) T/?*.

1.258. /= Ta*l2

1.259. /= TK*/4.

1.260. a) 10= <13/24) TN1»; 6) /o = (37/72) TA*.

1.261. /= (2/3) mR*.

1.262. P, =(mgRt-FR)I(I-{-mR\), rge ocb T HanpasneHa 3a
MAOCKOCTb pUCYHKa 1.49.

1.263. a) a= gtIR(\ + MI2Zm)\ 6) T= mg4*/2(i+M/2m).

1.264. a=gmrt/l.

1.265. (o = / 6F sin (p/mi.

Il ree 1 Imt—m,|g Tj _ mr(m+ 4m))

(mj+ Wj+m/2) R* Tt m,(m+4mj)‘

« -1
1.268. n= (1+N*)(lio*N/8n*(A+1)r.
1.269. n,/n,= (tg 0 + ft)/(tg 0 — k)= 1,3.
1.270. /= 30)K/4*g.
1.271. <(0>= wo/3.
1.272. P= 2mgx/Rl (M+ 2m).
1.273. cos # = 3g/2co*/; ecnn npaBaa 4actb ~ 1, T0 0 = 0.
1.274. w= |/29//= 6,0 pag/c; F= mglt/l —25 H.
1.275. a) Af= (1/12) mee/»sin 0, M, = iVfsInO;
6) N= (1/24) mo)*/’ sin 20.
1.276. v'= IV I+3m /Al
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1.278. a) v*=(M/m) ]f2glj3 sin (0/2); 6) Ap= M Vgijb sin (a/2);
m) ** 2//3

1.278. a) a= (1-f-2m/Af) o»,; 6) A= (1 +21//M).

1.280. cpr=—2Tx" LLR2TI-\-TT).

1.281. a) w= (/' », + L «>)/,+ /%),

6) N=-[/,7,72(/,+ /)] (<m>,_«)*.

1.282. a) M2—M, = —

6) £,-£,= 2/1U/™>//1+ N).

1.283. <o=N1W/(/,+ TN'0*//2). cMm. puc. 10, rge ©Mp'=2A1/T0*.
1.284. Q= 21" 2 /E/T/7~

1.286. v—toR/2 sin d = 3,0 m/c.
1.286. e= ,/T*slna, *>*/Ttga.

1.287. T = mg*/*sin*a=0,l1 k4x.

1.288. a) p= 28/39 = 6.10* pane*; 6)
P = 2mg*t/3.

1.289. a'= (2/3)(g-ae), F= (I/73)mX
X(B—*Y)=

1.290. a= gsin aZ(I+//mr*)=1,6 m/c*.
1.291. F < 3kmg/(2—3k).

*>
1.293. a= 4g/5.
1.294. a= g(m — IQ/(N(+ T + ///7).

,.295. a) a = f(3Mi+ 2wk ; 6) . )
(mi -b 5**) 2mi (a»!-j- T»)

1.296. a,= F/(mt+2m*/7); «t= 2ei/7.

1.297. a) t= WOR,3kg-, 6) /4e=— TbI»/?*/6.

1.298. w= / 10g(fl + r)/17r*

1.299. Oo=/ (7 cos a — 4),'3.

1.300. Af= Rmvt/55=20 mH-m.

1.301. F= 9J*/2ml= 9 H.

1.302. a) s=nl/3; 6) I = 2/»/T.

1.303. tic = 2u/(4+t]). Mpn LU= 4 u 1) > 4.

1.304. y= V dfc/2.

1.305. a) »'= mgl/la= 0,7 paa/c;

6) F—tma'™ I sin 10 MH. 3Ta cuna HanpasneHa B CTOPOHY,
NPOTUBOMO/IOXHY HAaK/IOHY BOJYKa.

1.306. ®=(g-| -e)//nn/?= 3*10* pag/c.



1.307. (0'= m IV g*-f-a/7nii>= 0,8 pag/c. Bektop W' cocTaBnser
¢ BepTukanbto yron d = arctg (a/g) = 6®.

1.308. F'= 2m/?W/5/ = 0,30 kH.

1.309. FMIKC= n1/*paco//T 5 30 H.

1.310. N= 2tuilv/R = 6 kH-m.

1.311. ~pos= 2nn/o/N/=14 kH. Ha Takyl BelIWYMHY cwuna fAas-
NIEHUA Ha HapyXHbIA penbc BO3pacTeT, a Ha BHYTPEHHUI — YMEHbLUUTCS.

1.312. p=a£Arl = 2,2.10* atm, rge a — Ko3a(ppuuMeHT Tennosoro
paclumpeHms.

1.313. a) pu a,, Ar/r= 20 aTm;

6) pA 20a Or/r=40 atm. 3aecb a*, — npegen MPOYHOCTU CTekna.

1.314. n= K"2a,/p/sa/ = 0,8* 10* 06/c, roe a,, — npefen MNPOYHOCTU,
p— NNOTHOCTb Meau.

1.315. n= Y aa/p/2nd= 23 o06/c, rae O* — npefen MNPOYHOCTH,
pP— NNOTHOCTb CBUHLA.

1.316. X & |y / mgl2n<PE—2,b cm.

1.317. e= FOR2ES.

1.318. 7'= (1/2)m<i>*/(1—r*/P), M = pbl*P/3E, rae p —nnoT-
HOCTb Meau.

1.319. AV = (I-2ti)F//7£=1,6 mm* rae u— KoapdumumeHT [lyac-
coHa Mmeaw.

1.320. a) A/= pg/‘/2¢;

6) OY7Y = (1—2u) I///. 3pecb p— NNOTHOCTb, L — Koa(hpuLmeHT
MyaccoHa wmegw.

1.321. a) \V/V= —3(1-2u)p/£; 6) 0= 3(1 — 2u)/E.

1.322. R= £h*/6pg/* a 120 m, roe p— NAOTHOCTb CTanwu.

1.323. a) 3pgecb N He 3aBucut oT » u paseH Nt. WHTerpmpys
[ABaXAbl WMCXOLHOE ypaBHeHMe C y4yeToM Kpaesbix ycnosuii dy/dx (0)= 0
n y(0)=0, nonyunm y= (Ne/2El) x*. 310 ypaBHeHue napa6onbl. CTpena
npornéa X=NtP/2EI, rge /= a*/12.

6) B panHom cnyvae A (X)=F (1—x) n y=(F/2EIl) (I—x/3) xr;
X—FP/3EI, rge / 1o Xe, 4To M B NpeabiayLieM MyHKTe.

1.324. k= FP/48EI.

1.325. a) k= 3pgl*/2Eht; 6) X= 5p#/4/2£N*. 3pecb p— MAOTHOCTb
cTanu.

1.326. A= 9Pp/*/5£N*. rae p— NNOTHOCTb CTanwu.

1.327. a) d= (I/2nr*\r G) N; 6) = (2I/nr*G)N.

1.328. N= n (d\—dJ) Gif,321= 0,5 kH m.

1.329. PmakC= (5/2) r46cpin)= 17 kBT.

1.330. N = fm (r\-r*)/2(r*t—rj).

1.331. U= 1£e*/2p A 40 [k, rae p— NAOTHOCTb CTasw.

1.332. a) U= (n/6) r»/*pV/£E;

6) U= (2n/3) r*/£ (4//0*. 3pecb p— NAOTHOCTb CTanu.
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1.333. A* (n*/6)16*£// « SO O x.

1.334. U= (a/4) *Cp*//= 7 Ox.

1.336. = 0y*r*/21*.

1.336. = P (pg*)‘/2= 23,5 kKAX/M», rae P— KoahhUUMNEHT CxKMMae-
MOCTW.

1.337. pi > pa, y, < o*. TINOTHOCTb /IMHWIA TOKa pacTeT npu nepe-
Xofle OT ToukMm | K Touke 2.

1.338. Q=5,5,K2gM 7 (Sn~sj).

1.339. Q= S 7/ 2 AN p0o/p.

1.340. B= /29 (»+ N*pas/p,)= 3 m/c, rpe pi wn pt—nnoTHoCTN
BOAbl U KEpPOCUHaA.

1.341. J1= 25 cm; MIKC= 50 cm.

1.342. A= v*/2g—h0—20 cm.

1.343. p= pt+ pgh (1 —Ri/rt), rmpe Rt<rT< /?, p, — atmoc-
hepHOoe AaBreHue.

1.344. A= pV*/2s*<*. rge p— NNOTHOCTb BOABbI.

1.346. %= (S/s)Vih/g.

1.346. n= wn/ 2//N-1.

1.348. F = 2pgSA/Zi= 0,50 H.

1.349. F = pgbl(2h—0 =5 H.

1.360. a) p=2pSRvV; 6) F = 2pSi>*

1.351. N= plQ*/nr*=0,7 H m.

1.362. F = phg (S—s)*/S= 6 H.

1.353. a) Mapa6onoug spaweHus: z—(@>*/2g) r*, rae r—BsbicoTa oT
NoBePXHOCTU XUAKOCTM Ha CCUM cocyfa, I— paccTosiHue OT ocH|

«) P= Po+ P<>r, /2.

1.354. P = nryo*R*/h*=9 Br.

1.355. t»= f0 In (r/Rt)/An(.Ri/Rt)-

.31, ) «) JiSL,.

1.357. a) 0 = (a/2) r,8*; 6) T «=(n/6) //7pt™;

B) ATp= 4nT)/1'0; r) Ap= 4r)/:"/N*.

1.358. B neBOM KOHUe TPYOKM [OMONHUTENbHbIA Harop A/ |»6 cm
co06LaeT KMHETUYECKYIO 3HEpPrui XWUAKOCTW, BTeKawoweld B TpyoKy. U3
ycnosusa pv*/2= pg \H nonyuny n= /2g A= 1,0 m/c

1.359. Nckomoe oTHoleHMe paBHO exp (a Ox) «b.

1.360. tf,= I'"PiTla/'aPa’'li= 5 mkm/c.

1.361. d = y/ 18 Rer)*/(p— po)Pog= 5 MM, rae p« U pP— MAOTHOCTA
rnuepuHa n CBUHLA.

1.362 <= — (pd*/18ri) Inn = 0,20 t.

1.363. u= cV 1) (2—rj) «=0,10c, rge «— CKOpOCTb CBeTa.

1.364. a) tga'=tgal/V I—p* rge P= p/c, a '« 49°
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6) F-a¥Y I-p*+Ig‘a= 3,8 n. /'//=06fi

1.365. /= / / (1— P*sin» «)/(1—P*)= 1,08 m, rge fl= o/C
1.386. /,= Ox (tt~tx>/Y (/ ,-7/ ,)*-(4*/c)~

1.367. v=c Y (2— JV//) p/// =0,6* 10» m/c.

1.368. /,= cO4/' V"1— (4//740/')*= 4,5 wn.

1.369. *=cA/ / 1-(4/./407) =5 m.

1.370. a) O/o= (//y) Y 1— (y/o)l= 1,4 UKC;

6) /= /"1 —(y/c)*= 0,42 Km.

1.371. 19-v\tlY\ —(vie)*=17 wm.

1.372. U—Y O*1 x| = 6,0 m, yx=c Y 1— OxI/Ax = 2,2*10B m/C.
1.373. o= (2/0/0/)/(1 +(/ 0/cA/)1].

1.374. YacTuua, AsBuraswlasca Brnepeauv, pacnanacb rMosxe Ha Bpems

O/= /p/c(l—P*)= 20 mke, rge P= y/c.

1.375. a) /«=[np-x B-y(/ n-/p4))/Y 1-(We)l:

6) <A— <= (1— Y 1— (Y/C) AN WIN/a— /* 0 + 1~ 1—{y/C))/./y.
1.376. a) /(fly= /1y, /(B') = (/,/y)K 1— (yL)*;

6) /()= (/Y)Y 1- (ylO)*, /(/V)= /.

1.377. C «TOYKM 3peHusa» /(-4yacoB cM. puc. 11.

Punc. 11

1.378. ; = (1-V rT™pi)c/p, roe p= Y/c

1.379. AnAa 3T0ro Heob6XxoAMmMo y6eauMTbCcA B TOM, 4TO npu A/ =
r—li>onpal'=/;-1[> o

1.380. a) 13 He; 6) 4,0 M. Y Ka3aHwune. Bocnonb3oBaTtbCA WHBa-

pUaHTHOCTbIO MHTEpBana.

1.381. y'» Lyx- Y)«+vl@- VA)\III\- vxV/c¥).
1.382. a) y= yj-f-y,= 1,25¢c;

6) y= (y,+ y»)/(1+ M/C)= 091c.

1.383. /= /»(1— P»)/(LH-P*). rge P= y/c.

1.384. v=V d + y —¥1Y»/c)~

e-«.V (@-% (F-~# < *-y*



1.586. tgd *"tK b~sIlndV fcosd-K/0), rge P=Y/c.

1.387. tg 0= t;'V/c*/ 1i-(VIO*~

1.388. a) a'= a(1— P*,/,/(l — po/e)*,

6) a'= a(l —P*). 3gec P= VI/c.

1.389. Bocnonb3yemMcss CBA3bKO MeXAY YCKOpeHMEM a' Wun YycKope-
HVEeM a B CMCTeMe O0TcuyeTa, CBsisaHHOM ¢ 3emneii: a' = (1 — o*/c*)~r/* dvldt.
3Ta dopmyna npueefeHa B pelleHUMW npeablaylleid 3agadn (NyHKT a), rae
cnegyetT nonoxuts V= V. T[pOVMHTErpupoBaB fAaHHOe YypaBHeHWe (Mpu
a" = const), nonyunm v= a't!Y \+(a'yc)l Wckomblli nyTb

/= (I™-H@'//c)*—1I)c*/a'= 0,91 cBeTOBOro roaa;
(c—v)fc= (c/az)/2= 0,47 %.

1.390. Nmes B BMay, uto v=a'tlY 1+(a'//c)’, nonyuum

" j§3V|+ ((-3-7/_(-:5;= 4B- " [L c 1/V I+ f_C 35]2\3,6 mec.

1.391. mr/ma 1/Y 2(1—P) a 70, rge P= p/c

1.392. o= ¢ 171](2+71])/(1+y) = 0,6c, rae c— cKoOpocTb cBeTa. 34ech
MCMONb30BaHO OMpeAenieHMe MAOTHOCTU KaK OTHOLUEHWS MacChbl MOKOS
Tena K ero o6nemy.

1.393. (c—K)/c=1—[1-HTtc/p)*]“ /1= 0,44 %.
1.394. »= (/M) /ij*=T=c Y"3/2.

1.395. N=0,42nlc*, Bmecto 0,14T1cC*.

1.396. e= ¢V 3/2= 2,6- 10s m/c.

1.397. Mpu u<~1 oTHoweHwne I /mc2”~4T1)/3 a4 0,013.

1.398. p=Y T (7’-f2mc,)£= 1,09 N3B/c, rge c—CcKoOpocTb CBeTa.

1.399. v= 2pT/(p*+ T*/c*)= 0,87c.

1.400. F= (Uec) V T (T+ 2me3), P= Tlle.

1.401. \ElIm= (\IV 1- (v'c)*- 1)c*= 3,6-10" [x/Kr.

1.402. v=Fct/yrmict-\-Ftl*, I*=V (me*/f)*+c*/*-/nc*/F.

1.403. F = mc*/a.

1.404. a) B pgByx cnyvasx: F Jlvwun Fl_v;

6) F =T1a/ 1—P* F|] =ta/Z(1 —P*)3a/\ rpe P= o/c.

1.406. e'= e V (1-P)/(1+P), roe P= Ve, V= 3c/5.

1.408. a) f =2mc*(/T+7V2mec»-1) = 777 MaB;

6) p=/TT~=940 MaB/c.

1.409. /= /27(7’+ 27cr)'c, ¥Y=—c¢ / T/(T+2Tc*).

1.410. T'= 2T (F+2Tc*)/Tr'= 1,43-10* IaB.

1.411. £m ulkC= [T*+ T}-(T,+T,)*]c*/2T1,. UYactmuya 1, OygeTr
MMeTb HamMbosNblUy 3HEepPruo B TOM cflyyae, KOrja 3Heprusi cUCTeMbl
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ACYyX OPYrMX 4Yactmy, T, W Ta, 6yaeT HaMMeHbluel, T. e. KOrjga OHuW
OBUXKYTCA KakK efuHoe Lienoe.

1.412. p/c=[1 — (T/7*)***]41-Hm/m*)*"*). Bocnonb3oBaTbCcA 3a-
KOHOM cOXpaHeHMs umnynbca (NOJo6HO pelleHWO 3agadym 1.130) n pens-
TUBUCTCKOM hopmMyoli npeobpasoBaHUA CKOPOCTU.

2.1. m= pV Ap/po= 30 r, rge pd— HOpMajbHOe aTMocthepHoe AaB-
neHue.

2.2. p= (pi7'./Ti— Ap)/2= 10 kMa (0,10 aTtm).

2.3, T=pMV In{Tt/Ti)/IR (7\—T)).

2.4, mi,/n»=(l—a/M~/(a/Mi—1)= 0,50, rge a="mRT/pV.

25 p=p#(mi+mt) | R T 1,5 r/n.

26. a) p= (v,+vI+ v)) RT/V= 10,20 MMNa (2,0 atm);

6) Al= (V1A lj+ Vv 1Alj+ v»Af)/(v14-v1+ vl)= 36,7 r/mofb.

2.7. T" =T (r1— I/»i)/(»),— UT|) n 420 K.

2.8. n= (Intj)/In (1 -f- AV/V).

2.9. p= poexp (— Ct/V).

2.10. /= (VJC) Int)= 1,0 MuH.

2.11. AT= (mg-\-ptAS) I/R=0,9 K.

2.12. a) TMKC= (2po/3/1) /po/3a; 6) TutkC= pt/cPR.

2.13. pa(l= 27/ aj.

2.14. dT/dh —— Mg/R = —33 mK/m.

2.15. dT/dh= — Mg(n—I)/nR.

2.16. 0,5 n 2 atm.

2.17. a) h= RT/Mg= 8,0 km; 6) hn i)RT/Mg= 0,08 km.

2.18. m= [I—exp(— Mgh/RT)] ptSjg.

2.19. hc=~hpdhj~pdh = RT/Mg.
(] o

2.20. a) p= Po(l —<3)", N< 1/¢

6) P= Pe/(l+an)n. 3gecb n= Mg,aRTt.

2.21. p= peexp (Mu>*r*/2RT).

2.22. p|X= p/?T/Af= 280 atm; p= pAr/(J11 —pb)—apyM* = 80 atm.
2.23. a) T=a(V—h) (1-f1)/72Y ()Y+ 6)= 133 K;

6) p=RT/(V—b)—a/V*= 9,9 atm.

2.24. a= 17 185 atm-n*/monb*= 0,19 Ma.m*/Monbl;

ft=V -~ I*~ T1)=0,042 n/mone.
—Pi

2.25. /= pK/(T— 1)=10 MAOX.

2.26. T = TXTt(piVt+ p»Y»){piViTt-+pt\V+7"),
p=(Pi +P i+ W)

2.27. AU= — pVAT/Tt (y— 1)= —0,25 kO4x, Q"*-AU.

2.28. Q= ¥W/ (v-1) =7 Ox.

2.29. M «=mRAT/AQ = 28 r/mofb.
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2.30. A/ = Q—R&T= 1,00 kAx; V=Q/(Q —«Ar)= 16.

2.31. Q=yRTt( —I/n)= 2,5 KOX.

2.32. y= IViIYi(Y*— @)+ v»Y»(yi— DI/[vi(v* — 1)+ v*(yi— 1)]= 1,33.

2.33. Cy=0,42 Ox/(r-K), c, = 0,65 Ox/(r*K).

234, N'= Ar (n— 1— Inn).

2.35. A'= psr1ln[(r,+ 1)*/4nl.

2.36. y= I+ (n—D/(Q/v/?T'—Inn)= 1,4,

2.37. Cm. puc. 12, rge V—wusoxopuueckunii npotecc, p—wn3obapu-
yeckuii, I — n3oTepMmnYUecknin, S — agnabaTnyeckuii.

Punc. 12

2.38. a) T= rT|<Y-i>Y « 560 K;

6) A'= RTt (t)<v-» v— 1)/(Y— 1) = 5,6 kX.

2.39. Tlpn apwabatnyeckom cxaTum pabota 6Gonbwe B N1 =
= (nv_1— 1)/(Y— 1) Ina= 1.4 P*3a.

240. T =T ,[(n+1),/74npT-n"*.

2.41. B= JN2yfIT/(Y— D1* = 3,3 Km/cC.

2.42. Q= RAT(2 _y)/(y-1).

244, CZ= R(n—y)/(n—1)(y—1; C<0npu 1< n<y-

2.45. C= Cy(n—Y)/(n— «)=—+.2 Ox/(K-monb), rge n= Infl/Ina.

2.46. a) <?=Cy(n—y)A477(n— 1)=0,11 kOx;

6) A= —R\T/(n—1)= 0,43 kAx.

2.47. a) AE/= aVj(T)*-1)/ (Y -I1); 6) va= (I/2)aVv (n * - 1),

B) C= CyfR/2

2.48. a) C= — R/(y—1); 6) 7V (v-1,/,= const.

2.49. a) A= (I—a) R\T;

6) C=Cir+/?(l—a); C< 0 npn a > y/(Y~oe=

2.50. a) A= AU (y-I)/a; 6) C= Cy+/?/«.

251. C= Cv+#/2.

252. a) C= Cr+ R/ 6) C= Cy+ A/(1+<*O-

253. a) C~yR/(y-I)+aR/pov;

6) Q=p, M»— W) CFIR+ a In (Vt/Vi)-

254, a) C= Cp+RTOxV, 6) Q= <xC, (Vt-V t)+ RT, In (K.ZVj).

2.55. a) Ye~nT/K= const; 6) TeR/®;= const; B) V—aT = const.
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2.56. a) A= alnt|— 1)/(7— 1);

6) pVvexp o (y— I)/pV\ = const.

2.57. A=RT Inf(V,- b){Vi_ b)J+ a/V,- a/Vt.
2.58. Q= RT InUVt-b)HVt- 6))= 3,8 kx.

2.59. T{V —b)*,Cv*=const.

2.60. C ,-Cv=R,"{lI-2a (V-b)*/RTV).

2.61. Ar=-vaV1i(y-I)/ffv'i(v,+ Vf)= -3,0 K.
2.62. Q= v*a (V*— Vi)/VIV* = 0,33 KAX.

2.64. Tt < (28/68) (1—*/V»)= 180 K.

2.66. A= p/Nr=bl0* cm~*, </>= 0,2 MM.

2.67. p= (1+7])TN7'/MK=1,9 atm, rae M — macca mons asota N*.

2.68. n= (p/kT —p/m)/(l —mi/m,)= 1,6* 101» cm- *, rge mi u mt—
Maccbl MOJSIEKYN TFennsi U asoTa.

2.69. a) Cy=(3N—b/2) R, y= (6N—3)/(6}V —5);

6) Cv=3(N-1)R, y= (N—2/3)I(N — 1).

2.70. AIQ= U/(JV—2) pana HenuHeliHbix monekyn wun I/(3N—3/2)
ONSt NTNHENHbIX.

2.71. A= 2(2—r))/(4—3r)) = 4, MOneKynbl HennHerHble.

2.72. At= RIl(cp—cv)= 32 r/monb; i= 2/(c™/cy— 1)= 5.

2.73. a) i= 2(Cp/R—1)=5; 6) *= 2 (C//?—2)= 3.

2.74. y=(5v1+7vt)/(3v,+5v]).

2.75. n=p/(y— 1)<e>= 1,0.1015 m~».

2.76. AT= Mv*/iR=10,31 K, rge i= 5.

2.77. a) = V 3RT/M = 0,47 km/c, <e>= (3/2) KT = 6,0.10-» O X;

6) on, = 3 Vr2*r/jipd3= 0,15 wm/c.

2.78. B ™= 7,6 pa3sa.

2.79. Q= (TI— 1) imRT/2M = 10 kAX.

2.80. wkB= Y 21T//= 6,3- 01l pag/c.

2.81. <e>,p= *IBT|*4= 0,7.10-*0 OX.

2.82. YMeHbWNTCA B pas, rge i= 5.

2.83. YMeHblIMMNacb B **e=2,5 pasa.

2.84. C= 1 (/-f /2= 3R.

2.85. a) A= 2/a*, /(a)= 2/a;, 6) <x>= 2e/3, <x*>= a*/2.

2.86. a) xMp= 8/2, J1= 6/ar, /(xsep) = 3/2a;

6) <*>= a/2, <**>= 3a*/10.

2.87. 6Afi/e/Vt = exp [m (ti'u —WX)I2kT] 6ylx/6ylx = 1,5.

2.88. 6P = (M/2aN7°)’ /, exp [— M (bE+ »I+»1)/2*7’] =
= 1,7-10-*.

2.89. 6NIN= (m/2nkT)3/t exp [— m + 2niij_ to*.

2.90. W/ = (M/KT) exp (— mu~/2ftT)

340



2.91. F(u)= @4/Vrn) u*exp (— u*).
2.92. i/,ep=V 2p/p= 0,45 km/c, <w>= 0.51 km/c, oKi=0,55 Km/C.
2.93. a) 6A//NV=(8//n)e-'6r)=1,66S;
6) M/N = 12 /3/2ne_,/*6t]= 1,85 %.
2.94. a) T= m(\v)4[k(Vr3 -V 2)t]l=m K;
6) T= mv*2k= 340 K.
2.95. T= m(v*— u?)/4* In (tij/0i)-*330 K.
2.96. D=V 3KkTtIm)n Inn/(1— 0-
2.97. T=ms (\V)*/2k (I — Y mis/mo)l « 370 K.
2.98. o= Y3KT In «I>e= 161 Km/C.
2.99. T= mo*/3A oBep= dY 2/3.
MOO. <0X>= 0, <jox =Y 2kT/nT.
2.101. <«&>= A77m.

@®

2.102. v=~vxdn (0x)= 1/4n <y>, rae dn (ax) = np (vX) dv»
o}

00

2.103. p= 2~ mvx-oxdn(vx)= nkT, rge dn (%)= nd (ox) dox.
(0]

2.104. <t>= V2m/nkf= 4/a <u>.

2.105. a) f(e)= 2a (NAT)_,/*e_f/*r VT,

6) e*ep= A7/2; eROp ™ e (pB.p).

2.106. 6\V//N=3 /8T7Tne-*/6«1=0,9%.

2.107. a) fBep= 7/ 3KT/m\ 6) eBep= AN

00

2.108. dv= J dn (dQ/4n)ucos 0 = n (2r/nun)/1Lsin Ncos 0 db.
0=0
Itf2

2.109. dv= "~ dn (dQ/4n) t,cos # =

nn (m/2nkT)2,t exp (— mvx/2kT) v>dv.
2.110. F= (KT/Ah) Intj= 0,9-10_1* H.
2.111. Nl = (6RT/%d3kpgh) Int) « 6,4-10“ Monb- *.
2.112. TAP= exp [(-VI,— M{) gh/RT]= 1,39.
2.113. h= KT \n(nt/tii)/(mt— mi) g.
2.114. He wu3meHUTCA.
2.115. h= (RT/Mg)r\ Int)/ (rj-1).
2.116. <l/>= A7\ He 3aBucur.
2.117. a » r\RT/MI w 70g.
2.118. M= 2RTp In rj/(p— p0) (r\—r\) (uL.
2.119. w =Y (2RT/M1) In = 280 paa/c.
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tl./* pasa.

MeHUTL 7",

2.120.
B)

2.121.
2.122.
2.123.
2.124.
2.125.
2.126.
2.127.
2.128.

2.129.
2.130.
2.131.
2.132.
2.133.
2.134.

6) T)=

2.135.

OTcloga

2.136.

a) dN = n, exp(— ar*/kT) 4nr*dr\ 6) rlef= YkT/a;
dN/N —(ajnkT)i% exp (— ar*/kT) 4nr*dr\ 1) yBennuutcs

a) dN = (2anGa~,/r) exp (— U/KT) Y~UdU\ 6) ¥ ,, p= *I/2.
A'= Al(n— 1)= 20 k4x.

Bo BTOpOoM cnyuae.

a) T|=1—n1-1=0,25; 6) T|]=1—aUT**= 0,18.
A= Qt (THTt— 1)= 16 kAx.

e= (Il—n/?]= 9.

r\N=1-2T ,/(T1+Tj.

T)=l—n»-T=60%.

T)=1—n- (v~u/v.

n=|1_(n +y)/(1+ys).

B o6oux cny4dasx 1= 1— (In a)/(n—1).

B o6oux cnyvaax t]= 1— (n— 1)/n 1ns.
»]=1—(a— 1)/nlnn.

a) t]=1—y (a— 1)/(aT— 1);

1—0n?—1)/y(n- 1)ny-~r.

HepaseHcTBO N J AN <0 TOMbKO YCUNNTCA, ecnn 3a-
Ha Tmkc u 7, Ha Tbin. Torga Qi/TutKC— Qi/Tuna < 0.

Qt I MHH
“OT > ThbllC ' WW 4 < JIK.pHo-

>NKe= MC [0 — M —T2\n(Ty /Tj)) = 34 MOx, rae C—

yaenbHasa Tenn0eMKOCTb XXesiesa.
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2.137.

a) AS= ~ |nl*= 19 Ox/(K-monb);

9 AS= ~_|Inn= 25 Ox/(K-monb).

2.138.
2.139.
2.140.
2.141.
2.142.
2.143.
2.144.
2.145.
2.146.

2.147.

2.148.
2.149.

2.150.

a=exp (AS\'R)= 2,0.

AS=\R Ina= 20 OAx/K.

AS= — |(m/M) yR/(y— 1) Inn= — 10 Ax/K.
AS=v/?(ylna— Inb)/(¥Y— 1)= — *1 Ox/K.
S,—S,=vfl]Ina—Injl/(y—1)J= 0,5 Ax/K.
AS= A (n—y)/n—1)(v—1)InT.

AS = [v/? (y-f- 1)/(y— D] Ina = 46 Ox/K.
V,, = yp0/Za(l+y).

r=r,4-(N/a)ln(~/7Ys).
AS=R\n[(Vt-b)I{V1i~b)].
AS=CviIn(Tt/Tj-f R In«V,—b)/(Y,—*)).
5= aT*/3.
AS=mloln(7'W/r)+fr(T1—T1,)]=2,0 kOx/K.
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2.151. C= S/a.

2.152. T =T, exp [(S—S0)/CI-

r.153. a) C= —a/7% 6) Q=a In(T,/Tt);

B) i4= o In(T/MJ+Cjr([,—7,).

2.154. a) N= (a-1)/24a; 6) n= (n— )/ (n-f-1).

2.155. \S = vfl Inn= 20 Ax/K.

2.156. AU = (2V_I— 1) RTt/(y— 1), 45=/?1n2.

2.157. Mocne HeobpaTUMOro paclMpeHus pfasfieHWe 6yaeT 6onblue.

2.158. A5= v/?2In(1+n)+ v/2In (1 + 1/9)= 51 Ox/K.

2.159. AS= mtCi In(F/T,)+ mtct In(7’/T,)= 4,4 Ox/K, rge T =
= (mifi7'(-)-m,Ci7't)/(miCi-fmiCj), ct un Ct—ypgenbHble Tenn0eMKoCTN
Mean n BOAbl.

2.160. AS= Cy In((Tj+T$Y4AT{r]> 0.

2.161. AF= RT In[(Kj- b)/(Vt- fty+ a/Vi- alVt.

2.162. S = \R/(y— 1)— AF/T(tit-*—1) = 0,20 kAX/K.
2.164. a) P=\/2N\
6) V= lg(f/t)/1g2 x 80, rge T ~ 10~*c—cpefHee Bpems nponeta

aToMOM refinsi PacCTOsiHWS Mopsifka pasMepa CocyAa.
2.165. o»ep = JIV/[UW/2)N]*= 252. P A/]= Q.ep/27=24,6 %.
» _ N\ 1 5 10 10
2m m P*= n\(N-n)TW " C00TBeTCTM,HO 32° 32’ 32 32’

5 1
32’ 32’
Jip
, O P--l N=T~AV-P\"-". »

2.168. d= |/ 6/aa«T|*= 0,4 MKM, rae i, — umucno Jlowmmnara, <a>=
= 1/n«= 1,0-10».
2.169. 6Q =AT'Ar)= 4-10- [x.

2.170. Ysenuuutcs B Q/Q,= (I +AT/Tt) AN =10,,1't,* pas.
2.171. a) Ap= 4a/d= 13 atm; 6) Ap= 8a/d = 1,2-10“* arm.
2.172. A= 4a/pgi= 2l cm.

2.173. <= Pod (1 —Tr|*/5)/8 (T]*— 1).

2.174. R= ab/(a—b\ 9=120°.

2.175. p= p0-\-pgh+ 4a/d=2,2 arm.

2.176. N= [po (a3— 1)+ 4a(n*— 1)/d]/pg= 5 m.

2.177. ON= 4a Jcos g \(dt—dl)/didtpg= 11 mm.

2.178. R= 2a/pgft= 0,6 mm.

2.179. x=//(1+Ped/4a) = 1,4 cm.

2.180. a = [pgft+ p0//(/— h)I<*/4cosG.

2.181. h= 4a/pg (dt—dt)= 6 cm.

2.182. h= 2a cos d/pgx 6<p.

2.183. V,= (»/*/4)[29/-4a(fl— 1)/p4l,/*/ /aT=T=0,9 cm*/c.
2.184. R = 2a/(mg/.ne*— pgft).

343



2.185. Rt—i?, » pgh*/8a = 0*20 mm.

2.186. m « 2s8*a Jcos 0 |(n}—\)lgh= 0,7 «r.

2.187. F » 2am/pA*= 1,0 H.

2.188. F= 2n/?*a//i= 0.6 kH.

2.189. F= 2a’//pgd*= 13 H.

2.190. ‘t= 2h\R*/ar*.

2.191. Q= 2na«/p*.

2.192. a) F= nwda= 3 mkAx; 6) F—Inad*—10 mkAx.

2.193. AF= 2jiod] (2-1/-1) = —1,5 mkAx.

2.194. i4'= F+py In(p/p0), roe A= 8alla, p= p*+ 4a/N, V=
- (4n/3) A*.

2.195. C -C ,= /?/2(1+3p0r/8a).

2.197. a) A 5= — 2 (dee/dT) [lo; 6) A/ = 2(a— T-da/dT) Aa.

2.198. N=&MRT/M = 1,2 Ox.

2.199. TnN= (V—1Y™N)/(Yn—Y%)= 20 r, Ko= 1,0 n. 3gecb Vi, -
yOenbHbIi 06beM BOAbI.

2.200. Tx s Afp0 (YO— V)/RT= 2,0 r, rge p0— HopmasbHOe [AaB-
neHwue.

2201, /= (n—\)/(N—1); n= I/(tf+ 1).

2.202. AS=mg/T=6,0 kAx/K; HU—m(q—RT/M)= 2,1 MAx,
roe ' = 373 K.

2.203. Nw (Q — mcA7)/pdS(I+0A1//?7") = 20 cm, rae c— yaenbHas
TennoemkocTb BoAbl, A7"= 100 K, — yaenbHasa Tennota napoobpaszoBaHuA
BoAbl, T—ee TemnepaTypa KWUMeHWUS.

2.204. A= mc(T—Tt) RT/gM =25 Ax, rge c—ypaenbHas Tenno-
eMKOCTb BOfAbl, T— Haya/nbHasa TemnepaTypa Mapa, paBHas Temnepartype
KnUMeHUs Bofbl (3TO BUMAHO W3 yCNnoBus), (— yAenbHas TennoTa KOHAeHca-
UM napa.

2.205. A—mq (Ti/Tt—1)= 0,80 MIx.

2.206. d « 4aM/i)pRT = 0,2 MKM, rge p— MAOTHOCTb BOAbI.

2.207. u=1lp, ¥ Ni1/2aNr= 0,35 r/(c-cm2, rpe pB— HOPManbHOe
[aBneHue.

2.208. p=u Y2nRT/M = 0,9 HMa.

2.209. Op= a/Y*| = 1,7.10* atm.

2.210. pi « pg. MpubansnuTensHo 2* 10* atm.

2.212. a= 27/?,TNp/64psp= 3,6 atm-n*/monb*, 6= RTxf/8pup=
= 0,043 n/monb.

2.213. Ykp= 3/?rep/8Afpkp= 4,7 cm»/T.

2.214. (n+3/v*)(3v— 1)= 81, 7= 15.

2.215. a) Ymal<c= 3bm/M = 5,0 n; 6) pMKC= a/27ft*= 230 artm.

2.216. TKf= 8a/27bR « 300 K, pkp= /W/3*= 0,34 r/cm».

2.217. 71|= 8N1plp/3p/?7T'Kp= 0,25, rpae p— NAOTHOCTbL 3dmpa npu
KOMHaTHOI Temnepartype.
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2.218. MpumeHnm ypaBHeHue (2.44) K 06paTUMOMY M30TEPMUYECKOMY
umkny 1234531:

Tak Kak nepsble ABa WHTerpana pasHbl Hyno, To u ¢ pdV = 0. Mocnea-

Hee MOXeT OblTb TONbKO MNpW paBeHcTBe nnowagein 7/ v //.

3aMeTuM, 4TO 3TU PacCY>XAEHUA HeNpPUMEeHUMbl, HanpuMep, K LUKy
1231. OH Heo6paTum, W60 BKIOYAET COBEPLUAEMbI B Touke 3 Heobpatu-
Mbli nepexos M3 0AHOMA3HOrO COCTOSIHUA B AByXhasHoe.

2.219. u= c\11P= 0,25, rge (/— ynenbHas Tensota MnasfeHWs Nbaa;
npn t= — 80 °C.

2.220. Ar = — (TAVIq) Ap= — 7,5 MK, rge q— yaenbHas Tensorta
nnasneHns nbaa.

2.221. VHB» gAT/TAp= 1,7 m*/kr, (— yAenbHas Tenjota napoo6-
pasoBaHusa, T —373 K.

2.222. Pu, « p(1+qMAT/RT*) = 1,04 atm, rge Qq— ygenbHas Ten-
nota napoo6pasoBaHusi, P,,—HoOpManbHoe aTMocdepHoe aasneHue, AT =
-1,1 K.

2.223. Am!m= (QM/RT — 1) AT/T = 5 %.

2.224. q=R (a— BT).

2.225. p= pO0exp [(M//?) (/70— 1/7)1- 3TN ynpoLleHUA AONYCTUMbI
ONA He C/IMLIKOM LUMPOKOro WHTepBana TemnepaTyp, 3HAYUTENlbHO MeHb-
LINX KPUTUYECKON.

2.226. uy « cprAy'/(r= 0,03, rge c— ypgenbHaa Tenna0emMKoOCTb NbAa,
T « 273 K, Q—yfenbHaa TenjoTta MNnaBfeHUs.

2.227. a) 216 K, 5,1 atm; 6) cooTBeTcTBeHHO 0,78; 0,57 1 0,21 KOX/T.

2.228. ASwm Tlcin(F,/TY)+ L/T1|= 7,2 kOx/K.

2.229. ASyt « gqajTi+c In(7V7\)+gMIT ,= 8fi OAx/(r-K).

2.230. AS= mc\n(T/Ti)= — 10 Ox/K, rge C— yaenbHass Tennoem-
KOCTb Meau, T = 273 K (Npy AaHHbIX YCNOBUAX /e[, pacTaeT 4acTUYHO).

2.231. a) MNpu M2X2t%< mxq nes pactaeT He BeCb U

AS=m., [7Vr,—1- In(Tt/T)]= 9,2 Ax/K;
6) npu m2%it > mtq nen pacTtaeT Becb u
AS= m@/7,+ ¢c,[m1lIn(Fr/r,)—mt 1n(r/r)]= 18 Ox/K,

rae T= (MITI1-t-mtTt—mlglct)/(mi-\-mt).

2.232. AS=mq (1/F,— I/ Tj+ mc [TW71— 1—1n (I,/T)] =,
— 0,48 Ox/K.

2.233. C=Cp—qM/T = — 74 px/(K-monb), rae Cp= Ry/(y—1).

2.234. AS= gMITt+CpIn(r,/T,), rae Cp=Ry/(y-I).

2.235. a) tj w 0,37; 6) t] « 0,23.

2.236. N= p//im|-

2.237. a) P = exp(— at); 6) </>= 1/a
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2.238. a) *= 0,06 mkm, T= 0,13 He; 6) A= 6 MM. T= 3,8 u.

2.239. B 18 pas.

2.240. k= (2nNALLWr* (kTjyinp,) = 84 Hu.

2.241. v=nd*pONAY 2y/N1Ar0= 55 Iy,

2.242. a) 0,7 Ma; 6) 2-10“ cM-*, 0,2 MKMm.

2.243. @) v= Y~2n/Ixn <»>=0,74- 10le c~";

6) v=(a.'/1)d ‘n, <y>= 1.0-10** ¢_1-cm~*, rge a = P%DbTt, <»>=
= Y 8RT,nM.

2.244. a) A=const, veo Y T; 6) Xa I, v» I/Y T.

2.245. a) X= const, V yBenuuntca a Y~N pas3; 6) X ymeHbLUMTCA
B /1 pas, V YBeNMuMTCcA B N pas.

2.246. a) N« V. vV 6) N=*p~%\ v« p*'T,
B) X@T“‘i!t, vV oro [*,
2.247. a) Jts-V, 6) Xc*p -./n. Vv ««p<"+4/*";

B) J -7'1/(-n), yrIr<n+4/, "] 11

2.248. a) C= N (1+2i)/4 = 23 Ox/(K-monb);

6) C=/?((+2)/2 = 29 Ax/(K-monb).

2.249. n= n0exp(— t/T), rae r = 4K/S<w>, <»>= Y 8RTjnM.

2.250. YBennuutca B (L+»)/(1+ VT) Pa3-

2.251. YBenuuunocb B «*/P = 2,0 pasa.

2.252. a) O yBennuutca B N pas, = const;

6) D yBennuutcs B N*1* pa3s, u—sB YN pas.

2.253. D ymeHbwunTCA B N4/ « 6,3 pasa, » yBenmumtca B Al «
» 1,6 pasa.

2.254. a) n=3; 6) a= 1, B)n=1.

2.255. 0,18 Hwm.

2.256. dAYdHt=1,7.

2.257. A v 2au<ast*/0/?; P =Y 2Ar/n4*nf/?= 0,7 MNa.

2.258. n= (M//?— \/1?}) 1Y./450>.

2.259. N = nx\toa*l2h.

2.260. N= (wa*p/3)YLIWT.

2.261. u= (jia*MIB6N\RT) |p\—p\ L

2.262. T«=(XIT'1/A+X,7V ")/ (Xi/*i+x,/7)).

2.263. x= (/1+ 1)/ (/. /x,+/ /X]).

2.264. T(x)= [ (TUTY/, f= (&)In(T,/T).

2.265. Ar = (47"0exp(— a/), rge a = (1/C,+ 1/C,)5x//.

2.266. T=T,{1+0(*//) (TY/TY)*/,-1]}* /. roe x— pacctosHue OT
nnacTuHbl ¢ Temnepatypoit T{.

2.267. g= 2iR*It (T\"t-T\ ,1)jInt"tIdtNAY m = 40 B1/m», rge
<=3, d ad)PeKTUBHLIA AnameTp aTtoma renus.
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2.268. X= 23 MM > /, cnepoBaTenbHO, Tra3 Yy/bTpapa3pexeHBblii;

?2*rp<D>(/,—<,)/6T(v— 1)= 22 Bt/m*, rge <u>=Y 8RTtnM, T=*
- (Ti+ )2

9/T

KaK

2.269. ' = T,+ |(T,- rj/In (RURD] In (r/Ri).

2.270. T- Tj+ (1/9,-1 /1) (T,_ TO/O/*i-1 //2).

2.271. T = T ,+(/?7*— r*)i0/4x.

2272 r = — %) «)/6x.

3.1. OtHowenue F,jFrf paBHo cooTBeTcTBEHHO 4-10** u blO»*;
= 0,86-10"1* Kn/kr.

3.2. Okono 2.10»» H.

3.3. dgldt= ($al2)V 2netmgjl.

3.4. <*=—4iqJ(V 9+ r»=(riv

3.5. Af= we/8n,ed/*= 50H.

3.6. E=2,71—3,6J, £ = 4,5 kB/m.

3.7. E=qgh[V"2mt (I*+x*)3/t].

3.8. £ = 2/2n*e,/?*"«0,10 KB/ M.

3.0. £ = O//|4Tieo(r,-f-/*)*~, ). MpH/> T HanpshkeHHocTb E»q/AnttP
ans TodeuHoro 3apsga. £wmke= qfiV 3% npu 1= r/Yr 2.

3.10. E = 3gRt/4nitxt.

3.11. F= q\/4ntOR.

3.12. a) £ = X*/4e0/7,

6) £ = */2% [4*0(**+A*),/,]> npu *>/? HanpsXeHHOCTb £ 17

*p/4sie»x*, rae p= nHA2X«

3.13. a) £ = ?/[4ar</Vre*+r>];
6) £ = 0/[4neo(r*—s*)). B obomx cnyyas* npum r> B HanNpsHKeH-

HOCTb £ « 9/4nr0r*.

3.14. £=4 2/4mQy. Bektop E HanpasneH nog yriom 45° K HATW.
3.15. a) £ = N/ 2/4ne,/?, 6) £ = 0.

3.16. E= — ar/3e0.

3.17. E = — ko0/3e0, rae K— OpT OCW I, OT KOTOPOW OTCUMTbIBaeTCA

yron a. Kak BUAHO, Mone BHYTPWU fAaHHON cdepbl OLHOPOAHOE.

3.18. E = — afA*/6e0.
3.19. £,,,*,: = k/ntfl = 40 kB/m.
3.20. £ = Oo/2e», NpuyemM HanpasneHWe BekTopa E cooTBeTCTBYET yrnay

>= .

3.21. @ = 4nda.
3.22. a) £ = (p~/3e,) 1 —3r/4R) npu r< R, £ = ptR*\2ttr* npm

r"R\

net

C) £i.iic= Pe~/9eo MPU rm=2R/3.

3.23. q=2nR*a, £ = 0/2*%,.

3.24. £ = (po/3e,ar*) [L—exp (— ar*)]. CooTBeTcTBEHHO £ « po//3e*
XK po/3e,Ur*.

3.25. E = ap/3e0.
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3.26.
8.27.

3.28.
3.29.

3.30.
3.31.

3.32.

E =ap/3e(.
vMtuc= q/y bnr, Ta.
= (g/2nttR) (I — 1/ 71+ (///?») = 12 kB.
d, —j = (A./29€0) Inr] = 5kB.
A= (- 1Y 1+(//9)*) q'9/AM'R = 0,10 [ x.
= 0/1/2?0. £ = o/4e,,.
h=-(@s/72e) (/ 1-r (/?,/7)*-1). £= (0/2e)(I- W [*+#%*),

Mpu /—»0 noteHuman o= a/?/2e,, £ = o/2e», npu |> R noteHymnan
ha <1/4nr0/, E«p/4nes/* roe p= oa/?*.

3.33.
3.34.
3.35.
3.36.

6)

= 0/?/5€0.
a) .= 3a0/8np,.A; 6) =, 1 —r/3/?7), r<R.
E= —a, T. e. nofe ofHOPOLHOE.

a) E= —2a (Xi—y]);

Pnc. 13

E= —a(yl+ xj). 3pgecb |, j—opTbl oceln X, y. Cm. puc. 13,

OoTBETCTBYHOLWMNIA cnyyao o > 0.

3.37.
3.38.

£,=—o0o(y—6r)y 10= —19ay H= —6,0a.
£E=/£?2+ £~ = (p/dner’) ¥ 1+3 cos*O, rge "~ — paau-

anbHas, a £ — neprneHAVKyNspHas K Heil cocTaBnsiouime BekTopa E.

3.39.

3.40.
3.41.
3.42

3.43.

£,= p (3cos* g — 1)/4ne0r*, £~ = 3psin 0 cos a/4np0r*.

A = (p/4paofs)l'*-
ha(X//2ne,.n) cos O, £«M/2ne,r*.
a) p= 2galn\ 6) E = ga!n*tOr*.

P= e cclrs — e TEX -, rge #™N—npo-
4nBO (/7 + **)»'* 4ne,, (/2+ X*»/*

eKkums BekTOopa E Ha ocb X. padhmku 3TUX 3aBUCUMOCTel MoKasaHbl Ha
puc. 14. Mpu |*] > R noTteHuman caa//4ne*ac* n £ xx///2ne0ns.
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3.45. A=pEi, ot £* He 3aBucKT.
»4B. a) F=0; 6) F= —Xp/2ae0/»; B) F = Xp/2a*"*.
3.47. T = 3p*/2neo/«= 2,1.10-»*H.

3.48. a) p= — Bary+const; 6) P= ay(y*/3—n*)+ const;

B) b= — j/(ajr+/«)-f-const.

3.49. p= 6«0ajt.

3.50. p«=2e00d/<P; £ = pd/e4.

3.51. p= —6e(.

3.52. q= 4/V nelx.

3.53. A= ~ /16ne0/= 0,15 Ox.

8.54. F= (2 / 2 — 1)<P/8nec/*.

3.55. Fe=(2 Y ~— 1) A*/4ne0/*= 8 H.

3.56. F= (2 Y"5— 1) </*/32ne0/*= 3,3 H.

3.57. F = 3p*/32ne0/.

3.58. 0= -2//[20 (f*+ [=*], <mp= — e

3.59. a) F] = X*/4ne0/ 6) a = /X/n(/*+**).

3.60. a) o= X/2n/; 6) a (N)= XY (2n/2*+7*)-

3.8l. a=/</[2n (/*+/?»)»/Y-

3.62. o= ~/4ne0/ = 15 kB.

3.63. b= (4/4ne0) (1/T— I//? +1//7*) = 1,0 kB.

« nhm. /r— npua<r< b

5%1. 7,=-7,bja; %:_ )$Fpnp|/| rAb.

3.65. a) Eu = Od/d, £ = £*4= £m/2;

6) loi |=04= eQv2</, aa= |0$ |= 3eQOvV2</.

3.66. Mg = ql/d.

3.67. M= —q(l—x)/l, qt= — <9/ YkasaHue. Ecnu 3apsp?
MbIC/IlEHHO Cpa3smMasaTb» PaBHOMEPHO MO0 MJI0CKOCTM, MPOXOAsLLel uepes
3TOT 3apsAg W napanienbHol NPoBOAALLMM MAOCKOCTAM, TO 3apsagbl qt u @6
He M3MeHSTCA. W3MEHUTCS TOMbKO WX pacrpegeneHue, W 3/1eKTPUUECKoe
nosie cTaHeT MPOCTLIM Afs pacyeTa.

3.68. dFjdS = o0*/2e*= 0,12 KH/m*.



3.69. F= f*/32ne,/?*= 0,5 kH.
3.70. £ = aNl*a*/4e,.
3.71. N=ntA/«— l)e«E =
*=3» 10s, rpe f«— KOHLUEeHTpauma Mo-
nekyn.
Puc- 16 3.72. P = 3Pp*/4a‘esl.
3.73. a) r0=RIY~2\ 6) *1= 0,29R (oTTankusaHme);
B) w*= 1,1/? (nputaxeHune). Cm. puc. 16.

3.75. 0" —(qjina*) (e,—el/eje,.
8-77- q'HIp= — q(e— D/fe= —2,0mkKn;
?2,,.pyK= 48— 1)/e= 2,0 MKKn.
3.78. Cm. pwuc. 17.
3.79. £ = (E»/e) V cos* a0-f-e* sin*a,, = 5,2 B/mM; tga = etgae, oT-
coga a=74°; a'= 6, (1— 1/e)£» cos a,, = 64 nKn/m*.

0o @ ft r Q a b r
a) 6)
Puc. 17
3.80. a) () ErfS= n/?* £» cos 0;

6) ~ D (fr= —e» (e— 1) /£0sin

3.81l. a) £ (/< d)y= p//er0, £ (/ > d)= pd/**: b (/<<*)= — p/*/2ee0>

D(/>i) = — (<i/2e-f-/—rftpd/e” pacdmnkn 3aBucumocTen £ x (X) u ¢ (x)
CM. Ha pwuc. 18;

6) o'= pd(e—1)/B, p'= — p(e— 1)/e.

3.82. a) £ (r < /)= pr/3e08, £ (r > /?)= p/?*/3e*r*,

6) p'= —p(B— 1)/B, a'= p/?(B— 1)/3e. Cm. pHc. 19.

3.83. E = — Pd/4e,«.

3.84. E= — P,(1 —*/<*)/B.. I/ = 49<['3e«.

3.85. a)f, = 2ef#/(B+1), £t= 2£,/(e-f 1), D,= DI = 2eelE 0/ (e+]);
6) £,=£*, £,= £»/le, Di= Dt= e¢,£L,.

3.86. a) £i= £»= £», Di=¢e,£0>D, = eDi;

6) £1= £,= 2£~(B+1), D<= 2eA /(e+1). Dt=zDv

3.87. £=0/2mO0(e-f-1) r*.
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3.88. p= pdC/B— 1) = 1,6 r/cva, rae e n p0— AnanekTpuyeckasa npo-
HMLLAEMOCTb M MIOTHOCTb KEpOCKHA.

3.89. oMakc = (e— 1)e®E= 3,5 HKA/Mm*. q"~*nR1 (e— 1 r,£= 10 nKn.

3.90. a) BocCnonb3oBaBLUINCL HEMPEPbIBHOCTbIO HOPMasbHOM COCTaB-
nAwweri Bektopa D Ha rpaHuue  AM3NeKTpuKa, MOAyYMM  CT =
= 1)/2a/8 (e+1), npu /— »< BennuMHa o0 '— »();

C *'=-<7(e-1)/(e+1).

3.91. F= (e— 1)/165ae0/* (e + 1).

3.92. D= g/2n(\-\-t) r* B Bakyyme, D= eq/in (L+e€) r* B guaneKT-
puke; Bcrogy £ = fl/2ne0 (I + e)r*, = <7/20(! + « ) /-

@] R r
Punc. 18 Pwuc. 19

3.93. 0" = gl(<t—1)/2n/*e(e4-1); 0' —>0 npu /— »).
3.94. 0" = ql(t— 1)/21/*e.

3.95. Ej= Ph/tffd (8 3asope), Et= — (I—h/d) P/e», D ,= Dj—Ph/d.
3.86. p'= —2a, T. e. OT I He 3aBUCUT.

3.97. a) E - — P/3eo0.

3.98. E= 3E,,/(e+2), P= 3e0E0(e— 1)/(e+ 2).

3.99. E= — P/2e*

3.100. E= 2E0/(e+ 1); P= 2e0E0 (8— 1)/(+ 1).

3.101. C= 4ne*e/?/(1+ (e— 1) 8,/79,)= 1,9 no.

3.102. B (e+1)/2= 2,0 pa3a; q=C£ (e— 1)/2(e+ 1)= 1,0 HKn.

3.103. a) C= e»S/(<il/el+ d Wel);

6) o'= e(/(e,—e)/(er2ren,)-

3.104. a) C= e#(ea—el)S/dIn(e,/el);

6) p'= — J(«a— eO/dSe*.

3.105. a) C= 4nelea/>/(6—a)\ 6) C = 4nela/In (b/a).

3.106. a) C= 2sae#//1in (b/a)\ 6) C=2ne,/a/(6 —o0).

3.107. C= 2ne0 (1 +e) ab/(b—a).

3.108. Mpu ycnosun tiRIEim= etRiEim.

3.109. U= RiEl [In /?/7%)+ (e./et) In {R»/RJ].

3.110. Ci « ne0/1in(i/0) = 7,1 n®/M.

3.111. C » 2ne0/1n(2ii/a).

3.112. C » 2dejee. YkazaHue. Mpu b> a MOXHO cumTaTb uTO
aapsAgbl pacnpeseneHbl Mo NOBEPXHOCTY LLIAPUKOB NPAKTUYECKN PaBHOMEPHO.

3.113. C a 4nr0a.

3.114. a) Cobu—C i 6 co@u—C.
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1.115. a) C= 2e08/3d= 0,13 H®; 6) C= 3e#/2ii= 0,29HD.
5.116. ¥<1/,(1+C,/C,) = 9KB.
*117. V = tf/ (1+3<«i+V)=10 B.

S.118. CX*=C(Y 5—1)/2= 0,62C. Tl0oCKO/IbKY LeMNb GECKOHeuHa,
BCE 3BEHbS, HAauMHasi CO BTOPOro, MOryT 6biTb 3aMeHeHbl €MKOCTbl CX,
paBHOM MCKOMOM.

3.11B. t/,x=9/C,= 10B, Ut*=q/Ct= 5B, roe =
“ (Ta— ®n+ tf) CiCt/(Ci+C)).

*120. Ui = (Ei—<£i)/(1 +Cj/Cj), tft= (tf,-tft)/(I+Ct/C).

3.121. ?2=| tf,-tf, | C IC./(C1+C).

3.122. dyy— B = — CiC«)/(Ci+Cf) (C*+C«). Ecnu Ci/Ct~
aC|/C].

3.123. = I//(1/C,+ 1/C,+ 1/C»)= 0,06 MKn.

3.124. =*£Ct, qt= — tfCiC*/(C,+C]).

3.125. ?1= ~C,(C1-C,)/(Cl+ C))= -24mkKn. qt= £ (C,-C,)=
m*+60 MKKN.

3.126. pg—pe= ( C —Cjtf0/(Cj+ Cj+ C*).

3.127. ol= jCj+~jCj— (C2+C*)]/(Cj+Ct+Ct).
3.128. COsw= [2CiCj+C* (C!+C|)J/(Cj+Ct+2Ct).
3.129. a) JHeprusa = 2+ 4)<T, fAnees;

6) B7= (yr2—4)qg*/4nena; B) 07= — / 2qljAnt"a.
3.130. W= —2 In2-g*/4neea.

3.131. a) WBi= —q48ntON 6) Wco6= q4l6netl.
3.132. A- 2e0£*Sd = 30 MK[X.
3.133. AT = — (Y*C,C./2(C,+C,) = —0,03 MAx.

3.134. Q=£»CC0/(2C+C0).

3.135. Q=C~*|/2. NIHTepecHO, 4YTO MOMYYEHHbIN pesynbTaT He 3a-
BUCUT OT

3.136. W= 1Pj+ 1P ,+ WI*= (9j/2/?i + ?j/2i?i+9i(/|//?,)/4nee.

S.137. a) [ = 3?*/20ne0/? 6) I',/B7,= 1/5.

3.138. IP= (g»/8ne,e) (1/a— /b)= 27 mAx.

3.139. N= &@/8qe0) (I/Ri-1/Rj).

3.140. A= q{qt+q/2) (1R\—I/Rt)/4net —1,8 Ox.

3.141. F, = a*/2e0-

3.142. A= (<?*/8ne0) (1/a— 1/6).

3.143. a) 4=17?" (**-*i)/2e0S; 6) A= elBU* (xI—xDf2xIxt.

3.144. a) jA= C{/*92 (1 —r]*= 1,5 mAOxX;

6) A= CU*B (e— 1)/2 (e—tj (e— 1)]*= 0,8 mAx.

3.145. Ap= eOe(e— 1) £/*/2rf*= 7 kla= 0,07 aTm.

3.146. ft= (e—1)o*/2eeePg-

3.147. F = nRet (e— 1) U*/d.

3.148. N—(e—1)e,,RtU,/4d, ot yrna a He 3aBucuT.

3.149. /= 2nrefc= 0,5 MKA.

3.150. /x 2ne,(e— rvt//d= 0,I1 MKA.
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3.151. a) 5R/6; 6) 75/12; B) 35/4.

3.152. R;=R (/ 3 —1).

3.153. R=(1+ /1 + 4K, /?)tfi/2=6 Om. YkasaHwue. [lo-
CKOJMbKY Lenb 6ecKOHe4YHa, BCe 3BeHbS, HauyMHas CO BTOPOro, MOryT 6biTb
3aMeHeHbl COMPOTUB/IEHMEM, PaBHbIM WCKOMOMY cornpoTusfeHuntio R.

3.154. MoaKNUNUM MbICNEHHO K Toukam A U B ucTouHuk Hanpsxe-
Hua U. Torpa {/= //?= AN/B, rtae /—TOK B NOABOAALLNX MPOBOAAX,
/#—ToK B npoBogHuke AB. Tok /0 MOXHO MpeAcTaBUTb Kak Cynepno-
3ULUMI0 ABYX TOKOB. Ecinm 6bl TOK / «BTeKan» B Touky A u pactekasncs
no ceTke Ha 6eCKOHEYHOCTb, TO MO NPoBOAHUKY AB— 13 cummeTpum — wen
6bl TOK //4. AHanornuHo, ecnm 6bl TOK / nocTynan B CeTKy U3 6ecko-
HEYHOCTU WU «BblTeKan» M3 Touykn B, To no nposogHuky AB wen 6bl TO-

e TOK //4. Hanoxus apyr Ha gpyra o6a 3Ty  peLlueHus, nony4mm
/,=//2. Noatomy R= Rt!2.

3.155. R= (p/2a/) In (bla).

3.156. R= p(b—a)/4nab. Mpu b— »oo conpotueneHne R = p/iws.

3.157. p= 4n A/ ab/(b—a) C In 7).

3.158. R= p/2ns.

3.159. a) 1= 2alU/pr3; 6) R n p/4sa.

3.160. a) j = /&//72pr* In (I/a); 6) Rt= (p/s) In (1/a).

3 161. 1=U C/peed=1,5 MKA.

3.162. RC= pee0.

3.163. a= Dn= D cosa; /= Dsin alee,op.

3.164. 1 = US(0t—O0i)/d In (a*/cti) = 5 WnA.

3.166. O=e,, (pi—pO/= —15 aKn.

3.167. o= e0t/ (ejpj—elp,)/(p.d,+pjdl); a=0 npu e,pi= etf,.

3.168. q= e0/ (e,pt—eip,).

3.169. a) A,= 2a/9a4;, 6) £ = 2a//na*.

3.170. /= —RC In (1 — U/Ut)=0,6 wkc.

3.171. p= t/eeeln2=1,4-10is Om-m.

3.172. /= [(r]— D £/R\ exp (—i\t/RC).

3.173. (7= ~7(T,+ 1)= 2.0 B.

3.174. ¢,- .= (L£,-<£,)Ri/(Ri+ Rt)-£i=-4 B.

3.175. A= #2—/?, Od= 0 y uctouyHnka ToKa C COnpoTusieHnem /?,.

3.176. a) /= a; 6) p—da= 0.

3.177. /= (a/2/?)*(¥ 1-\-4RUo/a*— 1)*.

3.178. /?=5 Om. [yra ewe 06yger ropeTb, kKorga npsmas {/=e
= UO—RI okaxetca kacatenbHoii K kpusoit U (1) rpadgmka Ha puc.
3.43.

3.179. —a= ($1— <) Ri/(Ri-\-Ri) = —0.5 B.

3.180. /m= $Ri/(RRi+ SiSj-bRjR) = 1,2A, /»= /iRi/Rt= 0,8 A.

3.181. U= UOR*I[RI+R»(I—x)x/1]; npn R > Ro BennuuHa U 5
« tV//.

3.182. tf = (tfi«,+tfiRi)/ (/2i+ /7). Ri= RiR*/(Ri+ «.)e
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3.183. I = (Rif£t—RIiLi)I(RRi+ /?2i/?2*+/?>/?)= 0,02 A, Hanpas-
NeHne Toka— cnesa Hanpaso (cM. puc. 3.47).

3.184. a) Zi=[/?» (E\—4>t)-\-Rt (tfi+tfa))/ (Ri#i-f RIRT\-R»Ri)—
= 0,06 A;

6) ®/1I—ds="1—/ /1 =0,9 B.

3.185. I=[£ (Rt+Ri)+ £ tR*]I[R (Rt+R*)+RtR»l OT Rt He
3aBUCUT.

3.186. dn— <Pa=
= Ina#» (Ri-\-Rt) — tfiR i (Rt-\-Ri))HRIiRt-\-RiR»-i- R»Ri)= — 1,0 B.

3.187. /1= [/?s (p'— du)*HRt (p!'— p>)]/("1"» + RtR» + R»Rt) =
= 0,2 A.

3.188. /= £//4/?= 1,0 A. Tok wugeT oT Toukn C Kk Touke D.

3.189. RAB=r (r+3R)/(R+3r) = 70 Owm.

3.190. U= [l —exp(—2t/RO)]E/2.

3.191. a) Q= 4qlR/3M = 20 kAx;

6) Q= In2-g*/2/2A/ = 0,13 MAOx.

3.192. 1= 31*

3.194. Q=1(£-U) =06 BT, P=—UI =—2,0BT.

3.195. /= U/2R; dAwvakc= Y*/4N; T]=1/2.

3.196. Ha 2n= 2%.

3.197. T —T ,= |l—exp (—A//C)) U*/kR.

3.198. P= IU « 5 BT. rge / u {/—3HayeHUs TOKa U Hanpsxe-
HUs B Touke nepecedeHus npamoii /= £/Ri—U {R+ Rfi/RRi ¢ kpusoii
rpacmka (puc. 3.56).

3.199. Rx=RiR»/(Ri+ Ri)=12 Om.

3.200. R=RiR%/(Ri-\-Rt)", QM »Kc=(NiN2i+rf*#i)*/4/2i/?i (/?i-}-/»).

3.201. Q= CE£*A,/72 (/2,+ /»)= 60 mAx.

3.202. a) AW = —C1/*1)/2(1— 1])= —0,15 mAx;

6) N=C1y*n/2 (1—10= 0,15 MAX.

3.203. ABP= — (e— 1) CU*2= —0,5 max, A«(e—1)CU»/2=
= 0,5 mAx.

3.204. h » et (t— 1) U*/2pg<P, rge p— nioTHOCTb BOAbI.

3.205. a) = Q,,eXp (—//eep); 6) Q= (I/a— 1/ft) "8/8sese.

3.206. a) 9 [l—exp (—w/AC)]=0,18 mKn;

6) Q= [1- exp (—21//72C)1 ql/2C = 82 mAx.

3.207. a) /= (*///?)exp (-2//4C); 6)Q=Cl/)/4.

3.208. e/T = lu>r/gR= 1,8« 10ii Kn/kr.

3.209. p—IlT/e—0,40 mkH-c.

3.210. s=«i/<»>// ~ 10 M, rge [—KOHLEHTpauma CcBOGOAHbIX
3NEKTPOHOB, <»>— CpPefHAsi CKOPOCTb TEM/IOBOr0 ABVMXEHUSA 3NeKTpoHa.

3.211. a) <=*n/S// = 3 Mg;

6) F=enlpl= 1,0 MH, rge p— yaenbHoe CONpPOTMB/EHUE MeaM.

3.212. E= (1/2neor) Y"N/WU ~32 B/m, [Lep= (//74n%,) YNNI/ «
=.0,80 B.
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3.213.

3.214.
3.215.

3.216.
6) n=
3.217.

3.218.
3.219.
3.220.
8.221.
3.222.
6) B =
3.223.
3.224.
3.225.

M

3.227.
3.228.
3.229.
B) B =
3.230.
3.231.
6) B =
B) B=
3.232.
M/I0CKOCTEN.
3.233.
3.234.

a) p(*) = -«/,e»afnc-~»; 6) /= «/,eso**Y 2elT.

n=/<//«n.++ un«){/S= 2.3-10* cm-*.

uo= <>gi72/(.

a) r/=/H»c/«V,= 6°'10* cm-,-c-1;

V~nilr = 6107 cm- *.

/= (L||— \)IVrrlJ = 13 mec.

t= trfllenjCP = 4,6 cyr.

/= ?v0exp (ad).

/= (exp(arf) — I]«n,/a.

B = eOuOmnf sina = 3,0 nTn.

a) B= w//29= 6.3 mMKTn;

W/ 2%/ /2(/?*+x*)*/*= 2.3 MKTA.

B = nw/ tg (n/H)/2a9/1. Mpn N — »o» nHAYKUMA B = w,//2/2.

B = 4u«//n4sin p= 0,10 mTn.

B = (n—d-f-tg &) u#//2n/? =28 mKTA.
cig(r=iei .t

6 « w/|//4p*Ir, rpe r— paccTosiHMe OT MNpopesu.

B= |*//a*/?= 28 wmKTn.

a) B= un1l//74nK; 6) B = (1+3n/2) w//45«;

2+ A) w//4a/7.

B=Y2 w//4a/= 2,0 mKTA.

a) 5= V4 + n* w//4/?= 0,30 mMKThH;

/2 + 2n+n*u«//4n/?=0,34 mKTH,

yan1s//4nd = 0,11 wmKTA.
a) B = uy»l/2; 6) B = u<,( mexay nnockoctasmm u B =0 BHe

B (x<<*)= w/x, B (x™d) = w/d
B TOM nonynpocTpaHcTBe, rAe HaxoguTca npsMor nposof,

B = w//2q/; r— pacctoaHue oT npoBoja. B apyrom nonynpocTpaHcTBe

B —0.
3.235.
3.236.
3.237.
3.238.
3.239.
3.240.

3.241.

B = (n»//2n/-)tg«>/2).

3TOT WHTerpan paseH L,/.

B(r< $)=u,[r)/2, B (r3sK)= L. 1]

B=uy0[A1/2. T. e. none B MONOCTU OLHOPOAHOE.

/(N = (&) (1+ a) re-1-

B=N0nl/Y 1+ (2R/1)*-

a) B= wn/ (I —x/YX*+ /2)/2, rge x > 0 BHe cofeHouga u

X < 0 BHYTpuW coneHoupga; cMm. pwuc. 20;

6) x0=
3.242.
= Uo//2nn.

>2%»

RAL—21P2Y n (=- JI) ~ 5/%-
B (/m</?)= W//A) /1 - (V/20/%*= 0,3 mTn, B (r> /)=
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3.243. ti « J/a= 8.10*.

3.244. ® = (u«/4n) /= 1,0 MKbA/ M.

3.245. ® = ®0/2= nOn/S/2, roe ®0— noTok BekTOpa B uepe3 none-
peyHoe ceyeHWe cosieHoMAa BAaNM OT €ro TOPLLOB.

3.246. @ = (w/4n) 21Nh Ingq= 8 MmKB6.

3.247. p,, = 2nAaAUS = 30 MA-M*.

3.248. p,, = N/f/2= 0.5 Am*.

3.249. a) A, =W2(6-0)")= 7 MKTA:
® PT—A/N (a*-|-86+ 6*)/3= 15 MA-M*.
3.250. a) B=\i®(oR/2; 6) p,, =
B/Bq =s0w /14/4.
3.251. B = 2(iecKi)/?/3= 29 nTn.
3.252. pm—qRtw5, pm/M=q/2rn.
3.253. B= wa»/1*/2.
3.254 FMFt = Loson= (v/c)*—
= 1,00-10-*.
3.255.a) F, = w/1/*/?= 0,20 mH/wm;
6) Fi= n4/*/n/= 0,13 mH/Mm.
3.256. FjuaKc= Lo/*/4np.
Puc. 20 3.257. A= x/,ow/4/1/ = 8kTn, rpe
<T—npefen MPOYHOCTU Meaw.
3.258. B= (2pgS/l) tg G= 10 mTn, rae p— NAOTHOCTb Meaw.
3.259. a) A= (w/n) MNO(6—B); 6) N= (w/s) MNM%(b—a) sin s
3.260. B—AT gl/NIS=10,4 Th.

*5»

= NN i=
6) A n\n ?rki—ll 0,10 MKAOX.

3.262. Ai= — (u0/*/2n) Irm| = —5,0 MKOX/M.

3.263. R » Y Lp/@(In »)/n= 0,36 KOM.
3.264. Fj= u0/*/n*/?= 0,5 MH/wm.

3.265. F, = n0/*//2n(a*— 6%).
3.266. Ft= (uo/,/./2*) In (1 + 6/0).
3.267. Fi= B*/2u*.

3.268. Bo Bcex Tpex cnydasax Fi= (B\—B|)/2u<,, Cwuna pgeiicTeyeT
BpaBo. TOoK B fiMcTe (NPOBOASLLEN MOCKOCTM) HanpaBleH 3a 4YepTex.
3.269. Ap= /6/0= 0,5 kMa.

3.270. p= w,/*/8n*A*=16 wmla.

3.271. p= p*n*/*/2=1,0 kMa. s3]
3.272. /,,p=/2Fnp/mn/?= 1,4 KA.

3.273. P = v*B,cPR/(R-\-pd/S)*-, npn R —pd/S mowHoctb F =

= PHwc= dS/ip.
3.274. a = u0/*/4n'/2,n<=2 nB.



3.275. n= /B/eE = 2,5-10*’ m- *; nouytn 1:1.
3.276. n*= I/»iB= 3,2.10-» ™' /(B-c).

3.277. a) F=0; 6) F= w/p*/2n/-* FH B;
B) F= pOlpm/2nr*, F f] r.

3.278. F= (w./4n) 6nR4pmxI(R1+ x*)y*.
3.279. 2= 3u0pllmp.al/2n/*= 9 HH.

3.280. /' a 2Bx*/ntRt= 0,5 KA.

3.281. B'= BY |i*sin*a + cosla-
3.282. a) o HdAS= jiR*B cos a-(u — L)/LLn
B<r= (1—w) BIsin0.

3.283. a) /= X/; 6) /o6= */; B NPOTUBOMOJIOXKHbIE CTOPOHbI.
3.284. a) ~(aB.'Lo)'™ 6) /=
=» (2aBB/U r.

3.285. Cm. pwuc. 21. ®
3.286. B = u0u,u,//(ul+ uha/s. H
3.287. B = 2B, u/(1+y). S:
3.288. B = 3Bok/(2+L). S J
3.289. He= N 1/I= 6 kA/wm. L %
3.290. 9 A &B/uon”= 0,10 KA/M.
8.291. B n u0Yr/(l + blr!2naHe) = Puc. 21

= 1,0Tn.

3.292. MNpu * < R npoHuyaemocts p A 2nRB/(“"NI—bB) =
= 3.7-10».

3.293. H=0,06 kKA/Mm, Lakc A 1,0.10*.

3.294. N3 Teopembl O UMpKynauuu BekTopa H nonyuaem

B 1/b— (\Nimd/b) H= 1,51 —0986// (KA/wm).

Kpome Toro, mexgy B n H umeetcs 3aBucumocTb, rpadmk KoTopoili mno-
KasaH Ha puc. 3.82. WVckomble 3HadeHUss H n B pomkHbl yaoBneTBopATh
O[JHOBPEMEHHO 060MM ypaBHEHUAM. PelunB 3Ty CUCTEMY YpaBHeHWI rpa-
uueckn, nonyumm H 9 0,26 kA/m, B A4 1,25 Tn v u= B/w// s 4-10*.

3.295. F A xSe*/2]i0.

3.296. a) *,, = 1/1Ma; 6) X= Lp/rvakc Y e/a/VBIl= 3,6-10~*.

3.297. /1 a xVB42\it.

3.298. Fi= J*oX«*/*/2, 3Ta cufia Hanpas/jeHa BBepX.

3.299. N = (n/2) a*B<s sin wW(.

3.300. a) £i=2BvYyik-, 6) £{~ByY"&IK.

3.301. a) Odb= a)*B*1/2»=3,0 HB;

6) O a n)Be*/2= 20 mB. 3gecb T, —macca Wu 3apsaj 31eKTpoHa.

3.302. £i= "lol/2nr.

3.303. N/ = (Uo/2q) la*v/x(x+a).

3.304. v= mgR sina /B*/*

3.305. a=gsina /1+ PBK/m).
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3.306.
3.307.
3.308.
3.309.
3.310.
6) F =
3.311.
3.312.
3.313.
3.314.

3.315.

3.316.

3.317.
3.318.

3.319.
3.320.
3.321.

3.322.

3.323

<P>= (nu>r2B)*j8R.
N (0 = (@S*B4R) sin «.
B= gR/2NS=0,5Tn.
I= (u0as/2n/?) In [(6+a)/(6—a)].
a) /= (u0/8Bn/2nn) In (6/a);
(407,,729)* In* (b/a)-v/R.
a) s= vOmP//*I* 6) Q=mul/2.
K=[1—exp(—a/)]E/a«. rae a = B2I*ImR.
/0= (oflo(a—6)/4p= 0,5 A.
£ it= natNa>Bt/3.
= 3alBll = 12 mB.
£i= flOVSw cos 20)/.
£ (r<a=uon/r/2, E{r > a)= wns/a*/2n
/= p,.nSd//4p = 2 MA, rae p— yAenbHOe CONPOTMBAEHME MeaW.
w= — fa/2m) B (/).
Q= a*T*/3/.
/= (6*-0%)PN/4p.
/=7 40/01>0 « 100 m.
£=(y 0/4n) mRjlppo, rge p v p,— yAenbHOE COMNPOTUBIEHUE

N NNOTHOCTb Meawn.

3.324.
3.325.

t=— (L/R) Inl—T])= 15c¢c.
T= (u0/4n) T//ppo= 0,7 mc, rae p— yAenbHOe COMPOTUBNAEHMUE,

pO— NIOTHOCTL Meaw.

3.326.

3.327.
3.328.
3.329.

3.330.
3.331

3.332

3.333.
3.334.
3.335.
3.336.
3.337.
3.338.
3.339.
3.340.
3.341.
3.342.
3.343.
3.344.

Lx= (uu0/2n) Iny = 0,26 MKIH/H.
L= (m/2n)|iA/*aln(l+e;6).
Li=jioA/6 = 25 HIH/M.

L\ « (uoZn) InT). To4HOoe 3HauYeHwue:

L\= ("B8/45) (L+ 4 InT)).

I = na2B/L= 15A.
a) 1= narB/L, 6) A= n*a*B*I2L.
/= /,(1+7)) = 2A.
/= [1+ (n-1) exp (- ti\R/L)) SiR.
/= [1—exp (— tRI2L\ £/R.
= $Lt/R (Z,j+Z.j), Zj= ELiIR (Ei+/").

Aﬂ.:
= (u,4/2n) In (1 -fa’z/).
Lit= (uOwv1//2n) In (6/4a).
Lj, = (w/25) (6—a) In (67a).

a) Lu » u0na*/26; 6) ®*(= pona*//26.

® = ((10/2n) a/ In (L +a/b).

B = u08*//4n*. Bocnonsb3oBaThca Tem, yto Lu = Lti.
pm—2aRqly”N.

Lj, « u0na*/2/3.



3.345. /,= (!—exp (—IR/Lt)]aLIt/R.

3.346. <r-~"*/2/7?° (L+«0/ 1) = 3»1lkOx.

3.347. Wep= uyu0/*/161.

3.348. r = /V®//2= 0,5fIM.

3.349. W= BH«klarb= 2,0 4x, roe H= Nf/2nb.

3.350. a) W, a y*/x*= 3,0;

6) L « NaSN*I(b+ nd/fi)= 0,15 TH.

3.351. LG = (uo/29) (174 + In (b/a)\. 3gecb Heob6X0AMMO BOCMO/b30-
BaTbCs onpefeneHvem L uepe3 3HEPTUI0 MarHUTHOrO Mons.

3.352. tPf= wu,>Mi4,a, ABn.

3.353. E = BIV"™i\L» = 3-10* B/m.

3.354. » /1o, = eOwo> ad//fF= 11 «tO- **.

3.356. a) /-06w~ 2L\ 6) /-06w* /-/2.

3.357. Lo6ul= 4L.

3.358. Lit=VvV"QT7t.

3.359. a) /'= //2; 6) Alr= — L /2.

3.361. 1rii = (uypsa,/26) N/* cos t.

3.362. a) )eH= —j; 6) /Q]= q'ttnf).

3.363. Kpome TOKa nMpOBOAMMOCTM ClleflyeT Y4yeCTb TOK CMELLEHUA.

3.364. E,, = /n/ee(0S= 7 B/cm.

3.365. H= HTcos (lo/+a), rae ft* =(rt/e /2<\f o*-]-(eoce(0)*, a a
onpeaensieTcs opmynoi tg a = esewy/a.

3.366. /c (r < R)= Br/2. 1cH(r > R)= BR*/2r. 3pecb B =
— sin co/.

3.367. a) kH= 3w/4n/); 6) jav= — qv/4nr*.

3.368. JQu= ed(wE], rae E — HanpshKeHHOCTb 3/1EKTPUYECKOro nons
B LleHTpe cuctemsbl; / «,= (32eo0/n*w7./s"N)1/5.

3.369. H=q [yr]Z4nr*.

3.370. a) Ecim B=B(/)> 10 VXE = —di/dt~0, T.e. He paBHbI
HYNHO MNPOCTPAHCTBEHHbIE MNpousBogHble E-nona (V XE 960), uto BO3-
MOXHO TOMbKO MPU HaINYUU 3NEKTPUYECKOTo MOoNs.

6) Ecnu B= B(/), To VXE = — dB/y 0. B 0gHOPOAHOM >Ke mofe
VXE=0.

3.371. Bo3bMeM AuBepreHumio oT obemx uyacTeir ypaBHeHMs VXH =
= |-f-dDIdt. Wmes B BMAY, 4TO [MBEpPreHUMs poOTOpa Bcerga pasHa
Hynto, nonyunm 0==yJ+d(yD)/d/. OcTaetcs yyecTb, 4to y D = p.

3.372. Bo3bMeM pgumBepreHUUt0 oT 06emx 4acTeil MepBOro ypaBHEHWUS.
Tak Kak [JuBepreHums poTopa paBHa Hynwo, To y(dB/d/)=0, wwm
A(yB)/N=0. Otctoga V-B = const, 4To AelCTBMTENIbHO He MPOTUBOPE-
YNT BTOPOMY YPaBHEHMUIO.

3.373. yxE = — [<uB].

3.374. E'= [vB],

3.375. 0= eOvB = 0,40 nKn/m*.

8.376. P = e# (1 — 1/¢) (vBJ; o' = e, (1— 1/e) VB.
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3.377. p= —2elmB= —0,08 HKn/m3; 0 = e 0oo»B = 2nKn/m*.
3.378. a) P= e0(1— 1/e)B<or; 6) V = 25e0 (1 — 1/¢) Bla*.
3.379. B= (MNol4q) q |vr]/r.

3.381. V = w//c*= 11 aKn/m, V,= X/e= 70n-1

3.382. B's™elrvj/c’r*, rge r— pacctosiHue oT ocu r'.

3384. a) £'=£ I/ ~" Noxgq = 9 kB/wm; tgan~-4 ~
r 1—P y 1— p*
a' « 51°;
6) B'= (PE£ sina)/(c /1 —P*) = 14 mkThn.
3.385. a) £'=» Pg~"gr-= i 4HB/M
c/1_P*
6) B'=B =0,9 Tn, a'* 51°

3.387. B'=BY 1— (E/cB)* a 0,15 mTh.

3.388. Myctb 3apag f pgBumKeTcA B MOMIOXKWUTENIbHOM  HanpasieHUn
ocn x /(-cucTembl oTcyeTa. [Mepeligem B /(‘-cucTemy, B Hadane KoopauvHat
KOTOpPOM 3TOT 3apsfg nokoutca (ocn X' M X 06emx CUCTEM CcOBMajatoT,
ocu Y' u Y napannensHbl). B /(-cucTeme none 3apsga MMeeT HaubGonee
npocToii BUA:

a r p'_4 x" . 4 ¥
4ne,, ™ ' X 4ae0 1'** 'y 4dne, r'* 1

Tenepb coBepLIMM O06paTHbIF Nepexos B UCXOAHYH /(-cuctemy. B MOMEHT,
Korja 3apsf  NPoXoAuT uepe3 Hayano KoopawuHat /(-cucTembl, Mpoek-

UMM X, Y BeKTopa I CBsi3aHbl C MpoekuusmMu X', y' BekTopa r* coOTHO-
LLIEHMAMU

x=rcosd = x' Y\ —(vie)*, y=rsing=y".
Kpome TOro, cornacHo npeo6pasoBaHusiM, o6paTHbIM (3.6K),
EX=EX Ey=Ey/Y 1— (o/c)1

PelunB COBMECTHO BCE 3TW YpPaBHEHWs, MNONy4YnM

E-£* + £v]- 4ne,r* (1—p*sin* O)*7**

CylLLeCTBEHHO, YTO B C/lydae V= const BeKTOp E KonnuvHeapeH BeKTOpy T.
3.389. »= 1/9ele/2T = 16 km/c.

3.390. tga = el*Y mj32eU*.
3.391. x= 2£,/e.

3.392. t= Y T (T+ 271c*)/ceE= 3,0 He.

3.393. tg 0 = (eE///nvO)Vr | — (»0/c)*, roe € B T—3apsg W Macca
NpoToHa.

360



3.394. a = arcsin (dB]}/~q/2mU) = 3Q"°.
3.395. @) V= reB/m= 100km/c, T= 2aT/eB = 6,5 mkc;
6) o=clV 1+ (tc/neit)*= 0,51c,

3.396. T = i\mc* CooTBeTcTBeHHO 5k3B 1 9 M3B.

3.397. O/= 2nY 2mU/eB* cos 0 = 2.0 cm.
3.398. g/m= 8ntU/P(Bi—BI)*

3.399. r= 2p |sin (®/2)], rae p= (mv/eB) sin a,
3.400. ruwc= aexp (VO/b), roe 6= up«//2/H.

3.401. 0= U/rB In (bja), g/m= wn/r*B* In (6/a).
3.402. a) y,,= 2n7TENr*Br; 6) tg a= VOB/2nEn.

3.403. *= /tg/ (qBi/2mE)y;
waetcs: y= (2mE/qPBI)rl

3.404. F= mEl/gqB = 20mkH.

3.405. bl = (2nTE/eB*) tg =

npu

6CM.

3.406. g'm= a (a-f-26) fI*/2£ Ax.

3.407. a) x=o(w/ —sinw/);
/= a (1 —cos co/), roe o=
= mE/gB*, w=gBjm. TpaekTo-
pueli aBnseTca uuknomga (pwuc.
22). [ABnxeHue uyacTuubl npea-
cTaBnsieT cobo ABUMKEHUE TOUKMU
Ha o6oje Kpyra pajuycom a, Ka-
TAWeroca 6e3 CKONbXEHUS BAOMb

2a

r<~/

T=2nm/eBV1— (v/c)*= 4,1 He.

%= leBimu cos a.

3TO ypaBHEHWe ynpo-

Punc. 22

OoCn X TakK, 4YTO ero UueHTp nepemeliaeTcd CO CKOPOCTbIO VZE/B;
6) s= 8mE/qB*; B) <o0,>= E/B.

3.408. U=2 (e/T) (40//4n)* In

(/6).

3.409. B <[6/(6*-a*)) V 8 (T/e) U.

3.410. y= (B2w) I sin <o/, x = (a/2<i)*) (sin <ot— o/ cos <o/),

roe a=

= gEa/m. TpaekTtopus umMeeT BWA PacKpy4uBaloLENics Cnupanu.
3.411. U~ 2a4drTr Ar/e= 0,10 MB.
3.412. a) T= (erB)*/2m = 12 M3B;
6) vM(ll= (I/sr) )/~T]2T = 20 Mrlu.
3.413. a) /= n*\Tr*/ed = 17 mkc;

0) s« 4nr\rTr*/3em = 0,74 KM. YKaszaHue.

[S% A, rAe P, — CKOPOCTb YacTuLibl

psitowero npomexyTtka. Tak kak N Benuko, To

3.414. a= 2n1\'W7/eBc*= 9.

3.415. w—uw /V 1+ a/, rge W = qB/m, a= qB&W/nTrc*.

3.416. v=rqB/2m, p= r/2.

3.417. N=*W/e® = 5« 10* o6opoToB, S= 2nrN = b-10* km.

N
3pecb sm N «
M!
nocne N-ro NPOXoXAeHUs YCKo-
N N
n- 31 7 sdi
0
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3.418. C ofHOI CTOpPOHbI, MPOM3BOAHAA MO BPEMEHW OT UMMy/bca
3N1eKTpoHa

dp/dt= eE = (e/2nr1) RV dt,

roe r— paguyc opouTbl, @ — MarHUTHbIA NOTOK BHYTPU Hee: ® = sir*<B>.

C apyroit ctopoHbl, dp/dt moxHo HaliTn, npoguddepeHUMpPoBas Co-
oTHolWeHVe P=erB npu r= const. 3 cpaBHEHMS MOMYYEHHbIX BblpaxKe-
HUli cnepyet, uto dBt/dt= I/td <.B>/dt. B uacTHocTM, 3To ycnoeue 6yaert
BbIMONHeHO, ecnn Ba= 1/j<B>.

3.419. r0=V 2fl,,/3e.

34W-e3r=r[B(*'-T->H -
3.421. AW = 2nr*eB/Al = 0,10 k3B.
3.422. a) W= (Y I-{-(reB/Tc)*—1) Tc*; 6) s=W At/reB,

4.1. a) Cm. puc. 23; 6) (OWA>)*-{-(XLA)*=1 n ax= —col*.
4.2. a) Amnautyga pasHa /4/2, nepuiog [«=8a/»;, cM. puc. 24, a;
6) 01=*4<0*X(A—X), cM. puc. 24,6.
4.3. X=a cos (co/+a)=—29 cm, OK= —8l cm/c, raea=Y xJ+~/co)’,
a «=arctg (— Vjg/toXt).
4.4, 8= K(0?—VQ/(A—4). a=V (iW —IW )/ W —t7).
4.5. a) <»>= 3e/r=0,50 m/c; 6) <u>= 6a/T = 1,0 m/c.
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HUA;

4.6. dP/dx= 1/(n V ar-xr).

4.7. B oboux cnyvaax /4= 7.

4.8. wmakc = 2,73a0).

49. 479 n 52,1 ¢"*, 15 c.

4.10. v*= (3v,—Vj)2* 18 'y, v'= (3v,—V,)/2—23 Twu,.

4.11. a) x*/Ar-\-yr/B**=1, no 4acoBoii cTpenke; 6) a= —blIT.

4.12. a) y*= 402 (1_x*/aa);
6) y = a (1 —2ac*/s*). Cm. puc. 25.

NN —

Puc. 25

4.13. '=2nV m/a*un.

4.14. T—4nay 2malb*.

4.15. '= n ¥Ynitllp = 0,2 c.

416. T=2ay n\llg(n—1= 11 c.

4.17. T=2Y 49 [n/2+ arcsln (a/0)].
4.18. T=2nyXI1Jg= 0,b2 c.

419. T=nyW/Sg=0,S c.

420. T=2n/VI/gS(@+ cosb)= 0,83 c.
421. T=Y 4nm Jgr2—2,5 c.

422. T=2ayY n(l—n)1/x=0,13 c.
4.23. T—2nY m/(Xj+ Xj).

424, T=2nY mly, rge x = xix2/(xl + xj).
425 T=ayW/kg= 15c.

4.26. 1= (a/2)y Y T/X.

4.27. [ = aly”ag cos «e

4.28. a) x-\-(g/R) x=0, rge x—cMeLleHne Tefla OTHOCUTENIbHO LEHT-
pa 3emnu, [?—ee paguyc, g —HOpManbHOe YCKOpeHWe cBOGOAHOro nage-

6) T=nY R/g= 42 muH; B) t>=Y gR = 7,9 km/c.

429. '=2nY //1lg—a|=0,8c, rge|g=a\=Y g*+e3—2ga cos p.
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4.30. 0= Y x/m—amijj= 30c-1.

431. T=2n// x,T—0*= 0,7 ¢; co™ Y x/1T —10 pag/c.
4.32. ft= 4nla/g7', = 0,4.

4.33. a) 0= 3,0°cos 3.5/; 6) 0= 4,5°sin 3,5/;

B) 0= 5,4°cos (3,5/+1,0). 3pecb /—B CeKyHpax.

434, F—(1|+ 17 2)g = miflco*= 60 n 40 H.

4.35. a) gMH= g/M*t=8 cm;

6) a= (coY 2h/g— 1) gloo*= 20 cm.

4.36. a) y= (L—cos co/) mg/x, rge co=Y Xx/T;

6) WMkec= 2ffig, TiH= 0.

4.37. s= 2F/x, I=nY 1/X.

4.38. (x/re)*+ a(y/pB)*=1.

439. /=nnl/t/x, n=1, 3,5 ...

4.40. a) y= (1—coscol) a/wr;

6) y —(tot—sin co/) a/co3. 3gecb 0= Y x/T.

4.41. &hutKC= mg/x= 10 cm, £ = mIgV2x = 4,8 mAx.
4.42. a= (mg/x) ¥ 1+ 2/ix/Img, £ = mgft+ m*g*/2x.

443. a= (TE/«)Y I+2Nx/(T+N1) g.

4.44. 3anuwem ypaBHeHWe [BMXXEHWA B TMPOEKUMAX Ha ocn * n y:

X= W, Yy——CoX, rge = o/T
NX WHTerpupoBaHue (C y4eTOM HauafibHbIX YCNOBUW) faeTt
* = (ci0/co) (1 —cos cof), y = (yO/co) sin col.
Orcroga
(a— p0/co)*+y*= (C/QOL

%o 6paBHEHme OKPY)XHOCTU paguyca o0/l C LEHTPOM B TOuKe *, = p,/co,

445 T=2nY 2//3g.

446. *= (L T V \- /[*3/S)/»/2= 10 n 30 cm.

4.47. w= Y 39/2/+ 3x/m.

4.48. '= 2n YT1T3x.

449. a) '=2n Yy 772=1.1 c¢; 6) £=mg/a‘/2= 0,05 Ox.
450. dn= o 1+ m/?*<pe/2ftcpo, £ = topi~2.

4.51. <£«*!>= mg/di/8 + T/*00/12.
4.52. 7= 4n/w.

453. 1= TP (w—glt)l(v>\—coi)= 0,8 r-m*.
454, o = ¥Y(/,col + [,co)/(/,+ ID).
455. x=//YT2, Imme=2nV Il/B ¥ T.



456. T=n VWi, /op= 2

4.57. Ysenunuutca B V 1+(2/5) (7?//)* pa3. 3gecb yuTeHo, 4TO Boja
[0 3aMep3aHus [ABMXETCA MocTynaTeNbHO W cucTema BedeT cebs Kak Ma-
TemMaTUUeckuii MasTHUK.

4.58. Y 3ow*/2/.

4.59. Yy xuT + /11?7%).

ﬁg8 co*- iy/ ola |22/"T9?C((1)S+asina) *

4.61. T'=2n K3(J1 —r)/2g.

462. T =a Y~3T1/2x.

463. w=Y (1+1/N1)E/.

4.64. (o»=/x/y, rge 4= mimJ/(mi+ T a).

4.65. a) 0= VvV x/u= 6 c-1;

6) £=uy*/2 =5 mOx, a= oi/lw= 2 c™m. 3gecb U= mi/lla/(mi+ T a).

466. T=*2nYT]k, rae ['=[il,/I(/i+])).

4.67. @2@)i= Y I+2mo/mc « 1,9, rae mo u TC —Maccbl aToMOB
Kucnopoga u yrnepoja.

4.68. <i)=S y'2ypoTYo.

4.69. a) T= 21 Y m/x—0,28 c;

6) s = (M0—A)/440 = 3,5 KkonebaHus, 3gecb = kmg/x.
4.70. a) aB n alu;

6) tn= [arctg (eo/P)+ nn)/w, rge n=0, 1, 2,

4.71. a) ¢ (0)= —Pdo. $(0) = (P*—w*)¢0;

6) a~~(0 (arctg L2(w + /|) * roe n==0, *> 2> eee

4.72. a) oB= Xx(J<0, a = —n/2;

6) a,= x0Y 1+ (P/w)2, —1a/2 < a < 0.

4.73. x0= —x0/T = —0,5 cm/c.

474. P=0)/~Ti=5 c¢c"1L

4.75. a) v (/)= a0Y oo*+ P*e-P<;

6) v()=|i, |Y 1+(p/w)‘e-P".

4.76. X=nXe/Vr 1+(1-/1*)(JTo/2n)» = 3,3, n'= Y 1+ (2n/X«)*=,
= 4,3 pa3sa.

477. T= Y (4s*+ X9 Ax/g = 0,70 c.

4.78. a) Q=nn/lny= 5>10%; 6) Q = 4»V WoT*— 1= 3,0-10».

479. sa [ (Q1+ «*/»)/(] —e~**)=2 m.

4.80. Q 7 »* Y 4gx*/7 In*t)— 1= 1,3-10*.

4.81. T=Y (3R/2g) (4n*+ X»=0,9 c.

4.82. 0 = Y 2a/mR2— (nu/?*/1)2
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4.83.
4.84.
4.85.
4.86.

n= 2L /n/?47\

jr=(F0/m)(cos®of — cos®0/(0>*—x»«).
x= (F 0t/2mv=>0) sin » 0/.
YpaBHEHNS ABVKEHUS N WX PELLEHNS:

/< T, x+coox=F/m, m= (1—cos(t) F/x,

tEs 1, jr-f-coljc= @ *= e cos [(ux(/—t) + a],

rge too= x/m, a M a — NPOU3BO/bHbIE NOCTOsHHbIE. M3 ycnosus
PbIBHOCTM X W X B MOMEHT /= T HaxOLWUM WCKOMYK amminTygy:
a= (2F/x) | sin (w(/2) |.
487, **=— xt=0. Torga x=*— — C080>*,
10)o—L| A e
4.88. T X 2Q/w, = 4-10* c.
4.89. tg o= |["(adP)*—2, =
o I 1-(b/27)* g XFIM f, | 4aMm
4.90. «<pM- 'y, -f-(X/2n)* ,£l,7' ("+Tr):
4.91. F (/>= apmeoio co» o).
4.92. P= Ps/2taa>.
4.93. MylKC= Fjra>=5,0 cm.
4.94. cop*, = K(@>?+ (0J)/2= 5,1¢10* C~».
4.95. a) Wo—Y 0)10/.
6) P= [N)1—0) |2 Y3, a>=Y«((0*— (1,— o»i)*/I2.
4.96. )= (14-N*/45%) niN = 2,1.
4.97. <£>= aw* (co*-fo»)/4.
4.98. -4= naF, sin ¢.
4.99. y@rp= —ndm/Ys, sin a.
4100. Q =0 . ¥p-L r =22, rpe w}=x/T.
el =G Ao}
4.101. a) <P> = S P— 5
(0*J-(0*)* + 4P*<0* '
6) 0= 00 <P>Tkc=-"p"-m
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Herpe-

4.102. Qqx 250 c-1, Px Qw/2= 25 c- *, rae Aw—LnpuHa KOHTY-
pa Ha NOMOBWHe BbICOTHI, Q co»/fji)= 5

4.103.
4.104.

4.105.
4.106.
4.107.
4.108.

?=4A/ae,mg(V —0 = 2,0 mkKn.

VMHAyKUns nona yeenuuunacb B U4*=25 pas.

X = (t>0li) sin (o/, rpe (@= 1B/YTC.

X= (1—cos co/) g/os*, roe <a=IB/YmL.

L= ZoooC= 1,0 mrH, U (0)= 1/,,«././u,C = 0,40 B.
t/*+/*L/IC=£/m.



4.109. a) /= /msincoof, rge Im= UmVEjL, <o= 1//L

6)S.-UJVT.

4.110. 1,, = fivC/L; Vcmme= 27,

4.111. N= (I—1) wW.

4.112. 0)0= / d/ne0Q[i0arl.

4.13. woa / 2d,eOficath 1n (b/a).

4.114. a) T = 2n Yry C 1+ C )=wO,7 mc;

6) IT=UV(Cr+C,/1=8A

4.115. C= (1 £ costo/) {/#/2, rae 3HaK NNOC—ANA NEBOr0 KOHAEH-
catopa, 3HaK MWHyc—ana npasoro; <o=/ 2/LC.

4.116. /= (®4.) cos (<//ZC).

4.117. a) /n= nn/(3;

6) /,, = [arctg(—P/<o0)+san]/<o. 3pecb n=0, 1, 2,

4.118. Ut/Um=V \-RKHL.

4.119. Uc=1!» //./Ce-P* stn (w/+a), npmyem tg«=0/P;

UC@O =/« /1 LCQ
4.120. WL/Wc = L/CRi=5.

4.121. L= L1-j-L2» "hna*

4.122. /= (Q/nv) Inr]= 0,5 c.

4.123. n= (1/2n) /| 4L/ICR*— 1= 16.

4.124. (u»—u>)/«,=1—1//1 + 1/(2Q)*« 1/8Q*= 0,5%.

4.125. 1= 24/la*B*.

4.126. a) ' 0= ~*(L + C/?>)/2 (/m+/?)»= 2,0 KO X;

C) HP=MN70exp(—iRjL) = 0,10 mOx.

4.127. | « (Q/2nv0) In= 1,0 mc.

4.128. a) = /1/Z.C — 1/49*C¥;

6) Q= (1/2) /| 4R42/L—1. TMpu peweHnn cnefyet Yy4yecTb, UTO
dg/dl = I — 1", rge g—3apaj KoHAeHcatopa, /—TOK u4epe3 KaTyLlKy,
/'—T1oK yTeuku (I' = U/R).

4,129. Q= (Um/2 <P» [£71=1,0-10*.

4.130. <P>= [? </*>= R/ml2= 20 mBT.

4.131. <f>= RCUm!2L = 5 mBT.

4.132. «o= K I,LC-1/4/?*CJ; ? < (1/2) /1/C .

4.133. 1/L,+ 1/L,= 1/L n 1/4,+ 1l/9a=1/4.

4.134. I=(UtJL)tcxP (—t/VLC); [ = [,»*= (t/,/e)/C /T B MO-
MeHT /a,= [ LC.

4.135. /= ({/,,//A*+b1d.*) [cos (orff —h)— o0s<p-e~,?Z-), tg h —
= tflird.

4.136. 1= (U jY a* + I/fffICI lcos (®fF—p)—co5¢-e_,,rc], tg =«
«=—1/mRC.
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4.137. Tok oTcTaeT no (ase OT HaANpPsHXKeHWUA Ha yron <p onpegense-
Mblli ypaBHeHMEM tg<p = nOn*va/4np.
4.138. Tok onepexaeT no (hase HanpsxeHue Ha yron ¢ = 60°, on-

pegensiemblii ypaBHeHMeM tg = Y (UmIRIm)1— e

4.139. a) U'=Ut-{-Umcos(&) —a), rge amnautyga Um=
= VjV 1+(w/?C)*, a = arctg (<o0/?C);

6) AC= ~*"~7/w = 22 wmc.

4.140. T= 2Lla/Um.

4.141. Cm. puc. 26.

4.142. a) Im= UmlV tf*+ (a>L-l1/oC)* = 45 A;
6) tg = (toL— 1/toC)//?, h= —60° (TOK onepexkaeT HanpsHKeHue)!

B) Uc=Im/uC= 0,65 kB, UL=ImV N*+ <o*L*= 0,50 kB.
4.143. a) w= Y coo— 20%*;
6) w= (1>l co*—20*. rge mo=1I1/LC, 0=/?/2L.

4144, Mpn C= YwY=28 wmkd; UL=UmV I+(a>L/tf)*=
= 0,54 kB; Uc=U m(oL/R= 0,51 «kB.

4.145.  [=/*, cos(w/+ @), rae 1= (Um/R) V 1+ (a>RC)* u
tg = o)RC.

4.146. Lt/C (LiLt-L").

4.147. Q—V n*— 1/4,

4.148. Q= /(ii*-1)/(rt-1)*-1/4.

4.149. i) o0= [N(i>iti),; 6) Q= VWid)» (n*— 1)/(w*—w"* — 1/4.

4.151. 1,/1=V 1+ (Q*+ 1/4) (tI*— 1)*/n’; cOoOTBETCTBEHHO 2,2 U 19.
4.152. <= al#/2.

4.153. a) /= 2/41/s « 1,15/#; 6) /= a/«/K8 « 1]11/,.
4.154. y= (R/2nL)Vr~ T =2 «luy.
4.155. Tok oTCcTaert no (ase OT HanpsXeHus Ha ¢ =

= arccos V \-(XLWN)*« 37e, P= (t//IZ)» K z*-*£ = 0,16 KBT.
4.156. Mpn R= a>L—r= 0,20 kOm; PMKC= t/*/2a)L = 0,Il «kBT.



4.157. YBennumnocb Ha Y nt— 1« 30%.

4.158. Mpn Q > 1 oTHoweHue Oo<d0* Y a—1/2Q =0,5%.

4.159. A1, = (t/*—t/? —E/1)/2/? = 30 Br.
4.160. [>,= (I»—12-/1) [2/2= 25 BT.
4161. Z= R1Y 1-HMC/)* = 40 Om.

Te
1\ Ocb 1*| (03
HanpsHKeHWi N * | HanpsbkeHn
h* K
6) 6)
Puc. 27
4.162. Cm. puc. 27.
4.163. a) ()e]= v 1/LC—N,/", = 3-104-1;
6) I = URC/L = 3 MA, Il=U ycJL =10 A, /c =

= UYC/L-(RC/Lf= 10 A
4.164. tg<f= \(oC(Rt+wtL1) - wL/R.

2 -
§ A% (COC/2)*+ (1 — <a*CLL*

4.167. <P>= Ww*®|A/2 (A*+»*/.*).
4.168. <FX>= [0)*i.,i../2/2
4.169. <= 2//a(JTT+KT7).

4.170. O = K(ri—r,) = (w/o) | (Xi—x») cosa + (yi—y,) cos 0 +

+ (*i—**)cosyl|.

4.171. K= aex+Pe, + ye,, o=w/Ya*+ P*+y* rpaee,, e,, e,—

OpThbl OCeii KOOpAWHAT.

4.172. k= a>(ex/vl+ tulvt+t,/v,).

4.173. £= a cos ((1 — V/w) co/— fec'J.
rge v=alk.

4.175. ux= —eYE/p = — 50 m/c.

4.176. a) B/N=5,bl0-*; 6) oA = o0
«=11 cm/c, 3,2-10-%*;

B) (86/ox)s, = 3,2-H0-*, (d\Idt)m=
=0 (gUgx)T, rge v= 0,34 Km/c — cKO-
pOCTb BOJHbI.

4.177. Cwm. puc. 28.

4...
Puc. 28

4.178. Oth= — (2n/\X) In 1 —rj) « 2nT)/lyX = 0,3 pas.

4.179. r= (alrf+ atrt)/(af+s,).
4.180. a) y=\n(i\rtlr)/(r—rB)= 0,08m-1;
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6) v,, —2nve,/T|= 15cm/c.
4.181. a) Cm. puc. 29, a. Yactuubl cpedbl B TOYKAX Ha CMAOLIHBIX
npaAMbIX (y= xxnX, a=0, 1, 2, ...) KonebnwoTcas C MakCMManbHei

aMHﬂMTyAOﬁ, Ha MYHKTUPHbIX X€ NpAMbIX He KOonebnoTCs BOBCE.

a) 6)

Puc. 29

6) Cm. puc. 29, 6. Yactuubl cpefbl B TOYKAX Ha NpAMbIX Yy = X+ nX,
y=x (nz 1/2) X n y=x= (8% 1/4) X konebnwoTca COOTBETCTBEHBO
BAOMb 3TUX MPAMbIX, MNEPNeHAUKYNAPHO K HUM U [BUXYTCA MO OKPYX-
HocTaM (3gecb A= 0, 1, 2, ...). B oCcTa/lbHbIX TOYKax 4YacTULbl ABUXYTCSH

no 3anaumncam.
4.182. <0>= 200/3.
4.183. <®>= 2nP/, (1- /Y 1+ (/2/))*) = 20 MKBT.
4.184. <d>= P/Y 1+(2R/h)*=

= 0,07 Br.
4.185. xT=1
4.186. ac/5(1/r) exp (Mgr/2RT);
ra —2RT/Mg.
BE/8X 4.187. a) </x>= pBaw*k/2;
6) <[«>=0;

B) </X>=P («*—**) w*»/2;
r) </x>= p(aa+ 04)w'y/2.
3pecb v=»/k.
" 4.188. </>= pa*wH\ rge r=co/A.
4.189. a) u 6)—cm. puc. 30;
*) cm. puc. 31.
4.190. a) FOp= (pa\a*/2) stn*fcrx
Xcos*(o/;
6) w*= (pa*(0*/2) cos* Ax-sin* co/. CM. pwuc. 32, rae X— ANnNHA BOJIHbI,
onpegensemas kak X= 2n/K.

4.191. P = sa*py*M1*= 3 H.
4.192. F= ap™/U* = 0,40 kH.
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4.193.

4.194

4.195.
4.196.

4.197.
6) v,, =

4.198.

aMakc=5MM; TpeTbeMy 06epTOHy.

vlivi= [r)i(1-bni)/tlt(»+n«)=1.4-
Ysenunyutea B X]—Y | —\F/Fftl +4///) = 2 pa3a.
o= 21y * 340 wm/c.

a) v,, = (»/40 (2n-f-1), wecTb KonebaHwuii;
(o/21)(s-f 1), ToXe wecTb KonebaHmii. 3gecb n= 0.1,2, ...

\n=V E/p(2n+ 1)/2/= 3.8(2n+ 1)Klu; ueTbipe KonebaHus

C yactotammn 26,6; 34,2; 41,8 n 49,4 kl'u.

4.199.
4.200.

4.201.
4.202.
4.203.
4.204.
4.205.
4.206.

4.207.
4.208.
4.209.

4.210.

4.211.
4.212.
4.213.
4.214.

a) T’MIC= /ni**0i*KJ4; 6) <7>=T1wWw ,ad4a«c;8.
W —sabpii>*a*/4A.

AlEQ Tum)BL= K 558 86 JRYMHKAETCA,
0>t/0>i=(0— Pj)/C»—fi).

vt = 2\tvu/(vt —u*) « 2v,u/o= 1,0 'y,

u= (in>N0) ( / I+ (v/v,)*—1) a trv/2v0= 0,5 m/c.
0= (v,0/aAv) ( / 1-f (Aviv»)‘- )= 34c~*
v=velyrr+20T/v= 1,35 klu.

a) V= VO/(I—u*) = 5kly; 6) r= 1V 1-f »*= 0,32 km.
YMeHbLlaeTcs Ha 2M/(0+ 1M)=2,0%.

V= 2\tu/(v-\-u) = 0,60 I'u.

= Hlr== - -
y I\g(lr','ﬂrl_) 6 10-» m-*.

a) L'= L—20yxlge=504ab; 6) x=0,30KkMm.

a) » + 20 Ig (r*/r)= 36 4b; 6) T>0.63 Kw.
P=In(r*/r)4t+ (r,—r,)M —0,12c-1.

a) PaccMOoTpuM [ABWXEHMWE MNOCKOro 3femMeHTa CpeAbl TONLWU-

HO dX C eAMHMYHOI nNAOWaAblo MNoMepeyHoro ceveHus. CoOrnacHo BTO-

pomy 3akoHy HbtoToHa pd X -|= —dp, rge dp —npupawieHve [aBNeHuUs
Ha AAuHe dX. YuuTbiBad, YTto| = 0* 6*— BONHOBOE ypaBHeHWe, NepenuLLIem
npefblgyliee paBeHCTBO B BuAe po*ExJ/lc= —dp. [poumHTerpupoBaB 370

371



ypaBHeHue, nonyuum [p = — pos 6i+ const. B oTcyTcTBME BOMHbI W36bI-
ToyHoe pasneHue [/>= 0. OTtctoga const= 0.

4.215. <®>= p/?* (Op),n/2p\X = 11mBT.

4.216. a) (4p),= pPP,2nrr=5Ma, (4p)./p= 5.10-?;

6) a= (Ap)x/2nypy = 3MKM, a/fd.= 5¢10—.

4.217. P = 4n/-,e,v,/0-10£= 1,4 BT, rge L—B 6enax.

4.218. OX= (1/yre—1)c/lv= —50m.

4219, t= 2(V"ZI-VTt) llc\n(txdit).

4.220. /llem= ol2nve«o = 2.

4.221. H=-j- ¥ eo/UolkEm] cos (ckt), rge C—CKOpPOCTb BOJHbI

B BaKyyMme.

4.222. a) H= erkocE,, cos Ax= —0,30e,;

6) H= tttwEmcos k (ct—x) = 0,18er. 3gecb ez—optocur, A B A/m.

4.224. <S>= ke(Qc,£j1/2m.

4.225. a) </«,>= 4e,vE, = 0,18 MA/M*;

6) <S>= eOcET/2= 3,3 MKkBT/mM*.

4.226. /c MIKC=to/2<5> e»/c.

4.227. <S>= eQcE* (L-f cos ¢).

4.228. <S>= Y~2r0ct}.

4.229. 3pgecb t > T, rge ' —nepvofg koneb6aHuil, NO3TOMY KCKOMas
aHeprua IF= Y eeo/uo £1n/?*//2 = 5 k[ X.

4.230. B= B,, sin Ax sin co/, rge npuyem Bm= E,,/c.

4.231. Sx= (t,,cEm/2) sin 2Ax-sin 2w(; <SX>= 0.

4.232. WMW, = eOLloa>»/?»/8= 5,0 10-“

4.233. I8/r,, =top~R*'/a=5,0-10-».

4.235. s =nR.

4.236. 8 = (M/4nreurr)YrT]2éun.

4.238. Cnesa.

4.239. ® = Ul.

4.240. <®>= (t/0/0/2) cos .

4.242. a) MpoguthdepeHLMpoBaB OAHO ypaBHeHWe NOX, Apyroe no t,
06HapyXuM, 4YTO KOMOMHaLMA MOMYYEeHHbIX BblpaXKEHW COAEPXUT BOJHO-
Boe ypaBHeHue (kak ana U, Tak u gna /). [anbHeiilee 04YeBUAHO.

6) PelleHns BOMHOBbIX YpaBHeEHWI 3anuliem B Bufe

U= Usa cos (tA—kx), /= /a cos (n/—Ax-fa).

MofCcTaHOBKa 3TUX BblpaXeHWiA, Hanpumep, B MepBOe W3 ypaBHe-
HWin (4.4e) nokasbiBaeT, 4Toa= 0 un Imk—Cia>UT. OTctoga p= Um/Im =
= 1lpc,= /117c,. _

4.243. U —pY elc=0,40 mk[H/M; Ci=V elcp= 0,12 H®/Mm.

4.244. a) p= (1/a)Y Uol/eo In (bla);



6) p= (1/2n)V WY8o In (b/a).
4.245. [ = /,, sin kx sin oW, rge Im= Umlp.

4.246. a) = 1/, cos (nnx/l), Im= /0sin (rrx/t), n=1, 2, 3, ;
6) Um= Ut sin (nnx/t), /,, = /0cos (nnx/t), n—I, 2, 3, ...;
B) £/,,= t/esIn (n'nx/t), Im= l0cos (n"'nx/t), n"= 1, 3, 5,

4.247. /=c/2(v,—Vi)= 0,10km.

4.248. DneKTPUYECKUIA [JUNONbUBLIA MOMEHT CUCTEMbl p = 2 *7 =
ur (e/T) Mrc, rae M —macca CUCTEMbI, C — pajunyc-BEKTOp ee LieHTpa
Macc. Tak Kak MOLWHOCTb M3NyyeHus S o>p2c/arc, a B Halem cayvae
rc=0, toun A= 0.

4.249. <P>= (1/49eB)e*a«bl«/3c3= 5-10-»»BT.

4.250. A= (2/3c*) < /14 ,),/(4nPO)*-

4.251. AB7/I = « fl/3e0csm’ = 2-10-u .

4.252. T= ToOe~al, rpe a = e45*/3ncee*T15. Yepes /*= 1l/a= 25 ¢
ana anektpoHa u 1,6-1010c= 0,5-10a neTt 414 NpoTOHA.

4.253. S,/S, = tg*((i)/lc) = 3.

4.254. <S>= (1/2) Y 7~~(ralr)r El, sin* g = 3 MBT/M*.

4.255. <fA>= (84/3) /*S0.

4.256. <wo>= 3P0/8ar*c.

4.257. A= p*i)4/6aelc*.

4.258. A= 34/16acypMc « 0,6 mkm, rge J1ir — macca ConHua.

5.1. a) 3 n 9 mBT;

6) ¢ = »* (K|+ Vt)®s/A= 16nm, rge 1= 1,6mMBT/AmM, Vi H V,—
*HaYeHHA OTHOCUTENbHON CNeKTPanbHOW 4YYBCTBUTENbHOCTW rnasa fAns
[aHHbIX ANUH BOJH.

52. EA—Y pole» A®LLnMy, otctoga £,, = 1,1 B/m, Hw= 3,0 MA/M.
3pecb A= 1,6 MBT/nM, » —oOTHOCUTENbHAsA CNeKTpanbHas YYBCTBUTENb-
HOCTb rnasa An8 [AaHHOW [NWHbI BOJHbI.

5.3. W= PS/2rtvt.

5.4. a) <€>= £,/2;

6) <€>= (//IA*) 1- V 1-(A/)*)I(1 - RIt) = 50 nk.

5.5. /L= (2a/3) Lt.

5.6. a) ®= 4/.45sin*O; 6) M= nL.

5.7. hd) R, E= LS/4R* = 40 nk.

5.8. /= [,/cos»0, ®= n/0a*//I»= 3O *nm.

5.9. £[,1KC= (9/16n]""3) p£5/A* = 0,21 nk, Ha paccToaHum A // 3

0T noTosiKa.
5.10. E= nL.
5.11. E—nL.

5.12. M= £,(1+N1*/Ad*) = 7.10*nm/m*.
5.13. £B= a/-A*/N* = 25 nk.
5.14. e'= e—2(en)n.



5.15. MycTtb n,, n,. []—opTbl HOpManeid K MAOCKOCTAM [AaHHbIX
3epkan, a €0, eb e», e8—oOpTbl NEPBUMYHOrO nyya W Ny4yeil, OTPaKEHHbIX
OT MepBoro, BTOPOro W TPeTbero 3epkan. Torga (Cbl. OTBeT npefbify-
Lwei 3agaun):

ei= e«—2(e*n,)nl( e*=ei—2(e,n,)nt, e,=e,—2(e,n,)n,.
CnoXwB MNOYNEHHO neBble W MNpaBble YacTW 3TUX BbIPaXEHWN, HeTPYAHO
nokasaTb, 4to ea= — e0.

5.16. 0j = arotg n= 53°.

5.17. n,n, = /Y S@*—T= 125.

5.18. x—[\ —¥ (1 —sin* ¢)/(n* —sin* d)J d sin d = 3, cm.

5.19. h'= (hn*cos* 0)/(n*—sin* d)*/J.

5.22. 0= 83°.
5.23. OT 37 po 58°.
5.24. a —8,7e.

5.25. La= 2sin (0/2) An/Y 1-n* sin* (0/2) = 0,44°.

5.28. a) / = /IP/(1 —P*)= 10cm; 6) / = /P ,P,/(P,-Pi)= 2,5¢cm.

5.29. /' = p/»1I(/ —s)*= 2,0-103 kg,

5.30. MycTb S —TOYEYHbIA WCTOYHUK cBeTa U S’—ero msobpaxeHue
(puc. 33). Mo npuHumMny depma ONTUYECKUE A/IMHLI BCEX Nyuyell, Bblles-
Wwnx n3 S u cobpaBwmuxca B S', oAMHaKOBbl. [MpoBefeM OKPYXHOCTU U3

ueHTpoB S M S' pagumycamm SO u S'M. Torpa ontuyeckume nytu (DM)
n (OB) foMKHbI 6biTb paBHbI;

5-OAl= n'-OB. )

Ho ana napakcuanbHbix nydeidi DM s AO-\-OC, rge AO K h*/(—2s) u
OC a h'*/2R. Kpome Toro, OB= OC—BC a N™*/2/? —'*/2*'. MopgcTa-
BMB 3TW BblpaxeHua B (*) u wumes B Buay, u4to J1'a JI, nonyyum
n'/s'—nls= (n'—n)/R.

B -r7ro- Y “1Sw
5.33. 6,3 cm.

534. a) P=1—d(n—1)/nd= —0,20;
6) £ = nn*D*L/4dt = 42 nk.
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535. a) d= ®d0(s—ne/(n—1)=2,0anTp,/'= —/ = n0/®d = 85cwm;
6) ®= d0(2n—n0—1)/2(a— 1)= 6,7anTp, /= 1/® a 15cm, f =
= n*/®«20cm. 3gecb N U »—noKasaTenn MpeNoMeHns cTekna

N BOAbI.
5.37. Ooc« All*I(/—f)* = 0.5 mm.
5.38. a) / = —(ANT4* = 20cm;

6) f=1Y"~(\+ V n)*= 20cwm.

539. A-VW -3.0 mm.

5.40. £ = (1—<x)nLD*/4/* = 15 nk.

5.41. a) He 3aBucut ot O; 6) nponopunoHansHa O*.

5.42. | = n,/?12 (n'—n*)= 35 cMm, rge n*—nmnokasaTenb NpenoMneHus
BO/b.

543. /= N2 (2n—1)= 10 cm.

5.44. a) CnpaBa OT nocnegHeit nNuMH3bl Ha 3,3 CM OT Hee;

6) /= 17 cm.

5.45. a) 50 n 5 cm; 6) oToABUHYTbL Ha 0,5 cwm.

5.44. ? = Djd.

5.47. >= *7K'"n=0.6".

548. I'= (F+1) (n—a*)/a» (n—1)—1=3,1, rae n,—nokasartenb
npenoMneHns Bofbl.

549 < D/d, = 20.

5.50. I'= 60.
5.51. a) '= 2al,/«lo= 15, rge —paccTosHWe Hauayylero BUAeHNs
(25 cm);
6) M<2al <
5.52. naBHble NNOCKOCTM COBMNAJAKT C LEHTPOM /NH3bI. DPOKYCHble
pacctosHua B Bo3gyxe u uofe; /= — 1/ = —I11 cm, /'=a*/d = +15 cwm.
H H H' H H H
I
Hooo LLI
a) 6) b)

Puc. 34

3pecb ® = (2n—n*—1)//?, rge A W A, —nNoKasaTenn MNpPesoMIeHNs CTek-
na W BOAbl. Y3/M0Bble TOYKM COBMAfAOT M PacrofioeHbl B BOfe Ha
*=['+ [ = 3,7 CM OT NUH3bI.

5.53. Cm. puc. 34.

5.58. a) OnTuyeckaa cuna cuctembl  =d 1+ ¢ ,—d® j® ,=+4 gnTp,
(hOKyCHOe paccTosiHMe paBHO 25 cM. O6e rnaBHble MIOCKOCTM pacnoso-
XEeHbl MNepej cobuparolleil NUH30M: nepefHAs —Ha paccTosiHum 10 cm oT
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cobupatoLieil NWNH3bI, 3afHA —Ha paccTosHuM 10 cM OT paccemBatoLleii
NMH3LlL (X=c1Pr/d n x '= —

6) d= 5 cm; okono 4/3.

5.57. OnTuuyeckas cuna AaHHON ‘NuH3bI @ = & ]+ d 2— (d/n) ©)®,,
*= 4dr/n® = 5,0 cm, Ac'= —4dDx/nd = 2,5 cm, T. e. 06e rnaBHble Naoc-
KOCTU PacnonoXeHbl BHE /SINH3bl CO CTOPOHbI €e BbIMYKNON MOBEPXHOCTU.

5.58. /= lil«/(/i-|-/j—d). JIuH3y Hago MoOMecTUTb B nepefHeli rna.-
HOi MAOCKOCTM CcucTembl, T. €. Ha paccTosHuum *= hd/(Ji+ —d) ot
nepBoli NINH3bI.

559. ®=20'—2d'2/n0= 3,0 gnTp,

rpe @'= (24—n0— 1)//?, 4 n n0— nokasaTtenn NpPenoMeHnUs CTekna
1 BOAbI.

5.60. a) d = nAR/(n—1)= 45 cm; 6) d= 3,0 cm.

5.61. a) ®= d(n— 1)*/n/?2 > 0, rnaBHble MNOCKOCTW NeXaT Cco CTO-
POHbI BbIMYKNON MOBEPXHOCTU Ha paccTosiHum d Apyr OT Apyra, npuyem
nepefHAs rnaBHas MAOCKOCTb YyfaneHa OT BbIMYKNOW NOBEPXHOCTW NNH3bI
Ha paccTosHue R/(n— 1);

6) &= (1//?*— 1//?1) (n— 1)/n <0; 06e rnaBHble MNAOCKOCTU MPOXO-
OAT uepe3 OOLWMIA LEHTP KPWBW3HbI MOBEPXHOCTEH NNH3bI.

5.62. d=n (Rt-f/?))/2 (n—1)= 9,0 cm, [ = /2,//?»=5,0.

5.64. p= n/(dn/dJV)= 3-10" m; gn/gM= 1,6-10~7 m~1

5.66. 1,9a.

5.67. ConoctaBuM KaxaoMy KofebaHuio BEKTOp, MOAY/Ab KOTOPOro
paBeH 0. Yron Mexay BekTOopamu, Xxapaktepusywowumu k-e n (J1+1)-e

KonebaHua, no ycnosuio, paseH a. W3o6pasum u3
aTUX N BekTOpoB uUenouky (puc. 35) M 0603HAYUM
pe3ynbTUpyloWnii BeKTOp Kak A. MbICEHHO npo-
BeleM OMUCaHHYI0 OKPYXHOCTb pafguyca R ¢
LueHTpoM B Touke O. Torfa, Kak BWAHO U3 pu-
CYHKa,

A= 2R sin (aW/2), a = 2/? sin (a/2).

Wcknouns R us atux asyx ypasHenuit, nonyumm

A= asin (Wa/2)/sin (a/2).

5.68. a) cosO = (*—a/2n) k/d, k=0, 1, 2,

6) a=19/2, dX=k+ 1/4, *=0, 1, 2,

5.69. a) Cm. puc. 36, a; 6) cm. puc. 36, 6.

5.70. a) Cm. puc. 37, a; 6) cm. puc. 37, 6.

5.71. <S>co cos* [(a/2) sin2 (<p/2)), cMm. puc. 38, rge 3anasgbiBaeT Mo
(hase Ha Nn/2 u3nyvatenb 2.

5.72. Ap?=2n [1— (d/F) sin (<o/+a)), rge 1= 0, *1, 2,

5.73. X= 20x4N/ (11— 1)= 0,6 MKM.

5.75. a) A*=X(fc+/-)/2ar= 11 mM, 9 MakcumyMmoB;

6) casur kapTuHbl bx=(b/r) bl= 13 mwm;
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*
0 0 L
a) d)
Puc. 36
B) KapTuHa 6yaeT ele [OCTaTOYHO OoTyeTnuBa, ecnm bx< Ox/2, oT-

ctoga AMkc= (1+'/*) Alda= 43 MKM.

5.78. X= 2aix= 0,64 MKM.

5.77. a) Ae= X//a= 0,15 mMm, 13 MakCMMyMOB;

6) nonocbl 6yfyT HabnwgatbCa ele AJOCTaTOYHO OTYETANBO, €cCAn
6ar< Ajd2, rge &r—caBUT UHTEP(EPEHLMOHHbIX Kap-
TUH OT KpaiiHWX 3NeMeHTOB Lienun, oTcioga Jimakc=
m=X/J/2a* = 37 MKM.

5.78. X= 2a0(n— 1) Ax/(a+6) = 0,6 MKM.

5.79. Apar«X/20(n—sa')= 0,20 mMm.

5.80. Monocbl CMeCTATCA B CTOPOHY MepPEeKpbITOl
wenun'Ha paccrosaHne Ax= A/(n—1)/d = 2,0 mwm.

5.81. n'= n+4AX//= 1,000377. Puc. 38

5.82. n= X124/ Y nl—sin* 0=1,1 MKM/u.

5.83. I==X(1 +2A)/4 ¥Yn*—sin* Oi= 0,14 (1 MKM, rge K=
=0, 1 2, ...

5.84. bvbn= 0,65 MKM.

5.85. /1= X(1+2>)/4 Y, *= 0, 1, 2,

5.86. 6= X Y m*—sin* 0/sIn 2d-6d = 15 mKm.
5.87. X* b(rj— rt)/4nt* (i—k).

5.88. O*= Xcos Qj(2ai ¥ n*—sin* dj).

5.89. a) 0= X/2nAx= 3'; 6) OX/X w O*//= 0,014.
5.90. Ar « XR/4r.

591. r'= Y p*—2/?h= 1,5 mm.
5.92. r=Vrl-j-(k—1/2) X17= 3,8 mm, rae k= 6.

5.93. X=(dj—d[)I4R (kt— *i) = 0,50 mkm, rge frj n kt— Homepa
TEMHbIX KOJeL,.

594. ®=2(n 1) (2k 1)X/d*= 2,4 gnTp, rge K— HoOMep CBETNOro
KONbLa.

5.95. a) N2AX (n—1)/® = 3,5 mm, rge A=10;

6) r,= r/Yna7=3,0 mm, rge Jkp— nokasaTenb MNPenoMeHUs BOAbI.
5.96. r=Y (K+ 12) X/?/n,= 1,3 MM, rge *==5.
5.97. KW= Xj/2 (X,— Xj)= 140.
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5.98. Ycnosue nepexoga OT OAHON YETKOW KapTWHbI K CReAytoLLei:
(A+1) N.=*Xj, roe K—HekoTopoe uenoe yucno. CooTBETCTBYIOLLEE Ne-
pemvewieHne Jh 3epkana onpegensetca ypaBHeHuem 20A= AJl. N3 3Tux
[OBYX ypaBHeHWI nonyyum

D= NN2 (X, —Xi) « J201= 0,3 mm.

5.99. a) Ycnosue makcumymoB: 2d cos 0 = A/l oTcloga cnefyet, 4yTo
Cc pocTom yrna g, T. e. paguyca koney (cm. puc. 5.18), nopafok uHTep-
thepeHUUn K ybObiBaerT.

6) B3sB pguddepeHyman oT o06emx YacTeil npefblAyLiero ypaBHeHUS
N nMes B BUAY, 4YTO MpU nepexofe OT OAHOro MakCUMyMma K crefytolie-
My K W3MeHsieTCa Ha eAuHuUUy, nonydum 5® = JI/2</sin O; oTciofa BWUAHO,
4YTO Yyrnosas LWKWPUHA MONOC YMeHbllaeTcs C poctoM yrna &, T. e. ¢
YMeHbLUIEHNEeM MopsaaKa WHTepdepeHLuuu.

5.100. a) kWKC= 2d/\= 1,0.10»; 6) ON= JUA= JI¥2<*= 5 nm.

5.101. /B= (2frivX) J '(r)rdr, rge wHTerpmpoBaHwe MPOBOAUTCA OT

0 pgo oo.

5.102. b= ar*l(kYM—r1*)= 2.0 m.

5.103. N= (/-5—rf)(a+6)/2a6 = 0,60 MKMm.

5.104. /a 2/, [L—cos (ar*/NiA)] = 21,.

5.105. a) / a 4/0, [/ a 2/(; 6) / a /,.

5.106. a) / a 0; 6) / a /,/2.

5.107. a) / a A—a/2n)*/,; 6) 1 a9 (1+d/2n)*

5.108. a) 1= N(A+3/8)/(n—1)=1,2(A+3/8) MKMm;

6) = 1,2(A+7/8) wmkm; B) J1=1,2A wumm 1,2 (A-f-3/4) mkm. 3gecb
A= 0. 1. 2.

5.109. N= N(N+3/4)/(a —1), rge A= 0. 1, 2, .. % /vaxc 7 8/,.

5.110. /|= N(A+5/8)/(n— 1)=1,2(A+5/8) mkm, rge A= 0, 1, 2, ...

5.111. r=Ykkfb/(b—/)= 0,9 ¥~k mm, rge A=1, 3, 5,

5.112. b'=b/r)*=1,0 m.

5.113. a) y' = yb/a= 9 mm; 6) And 1 ab\/D (a+6) =0710 mm.

5.114. f= ab/(a+b) = 0,6 M. 3TO 3HayeHMe COOTBETCTBYET rNaBHOMY
(hoKyCy, NOMWMO KOTOPOro CYyLLecTBYIOT W fpyrue.

5.115. a) 1= 0,60 (2A+1) MKM;

6) »= 0,30(2A-f-1) mkm. 3gecb k= 0, 1, 2,

5.116. a) /pekc/InH ** 1»7,

6) K=2(Ax)*/b(vt—tj)*= 0,7 MKM, rge ¢* n o,— COOTBETCTBYHOLLME
3HayeHMs napameTpa Ha cnupanu KopHio.

5.117. /cepl/l,,p 8 2,6.

5.118. N= (OA)*/2/> (0,—ol)*= 0,55 MKM, rge L, ¥ U,—COOTBETCTBY-
loWme 3HavYeHNa napameTpa Ha cnupanu KopHio.

5.119. /|« (*+3/4)/(n —1), rge *= 0, I, 2,

5.120. /,//( 5 1,9

5.121. / a 2,8/0.

378



5.122. Y ,:/»:l, a 1:4:7.

5.123. / s 1.

5.124. MbiCneHHO pa3obbem Lienb Ha MHOXECTBO OAWHAKOBbLIX MO0J0-
COK ¥ un306pasum, umes B Bugy puc. 39, @, LENoYKy COOTBETCTBYIOLLUX
3/1EMEHTapHbIX BEKTOPOB— /N OMpeAeneHHoro yrna auvdpakuymn <p. Ecam

Puc. 39

9 [ocTaToyHO Mano, Lenoyka o6pasyeT ayry paguyca R (puc. 39, 6).
MycTb ANMHA LENoYKM 1 pesynbTupytowmii Bektop A. Torga, Kak
BugHO n3 puc. 39, 6.

AO=R6, A= 2R sin (6/2),

rge 6— pasHOCTb (ha3 MeXAy KpaliHWMK BeKTopamu Lenovku. VICKNuuB
R u3 3aTux paBeHcTB, Monyumm

OTctofila UHTEHCUBHOCTL (/ 00 JT*)

, , sin* (6/2)

® e (6/2)* °
rae |, — WHTEHCUBHOCTb B LeEHTpe AWGPaKLMOHHOW KapTuHbl (b= 0),
6 = 2n6sing>. C poctom yrna (p ysenuumsaetca 6, u Lenoyka byger 3ak-
pyuusatbca. Korga 6= 2n, 4n....... 2NA, LUenoyka 3aMblKaeTcs OfMH,
OBa, ... K pas, M Mbl npuxogum K ycnosuio 6sin<p= ftX, 4=1, 2,

5.125. k= b/kyr 1+ 4 (//*)*= 0,6 MKMm, rge ft—nopsagok MUHUMYyMa.

5.126. 6(slnd—sIn00)= ftX; gna A= +1 un ft= — 1 yrael O paB-
Hbl COOTBETCTBEHHO 33° 1 27®.

5.127. a) A0 = arcsin (nsin 0)—0= 7,9°;

6) u3 ycnosua b(sindj—nsin0)= + X nonyyum JO=0+1—
—0_i= 173"

5.128. KA (a* —a«) </l2A= 0,6 MKM.

5.130. 55°.

5.131. 4= 2,8 MKM.

5.132. X= (d sin 44)/Y"5—4 cos O = 0,54 MKM.

5.133. a) 45° 6)—64°.

5.134. x=2R/[(n — 1) Yidjk)*— 1]= 8 cm.
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5.135. U3 ycnosua djnsini)—sin (0-]-8*)) = dX nonyuyum OB *m
= —185° e+t=0° ftMlltc= +6, <>,,=+78,5°. Cm. puc. 40.

5.136. JIX= X(1— 1/2)/(rt—1). rge *=1, 2, ...; esin0O,=X/2.

5.137 o= kvf/bx= 1,5 Kkm/c.

5.13S. b~Akfld a 1 mm. Oudpakuma 6ynet Habnwogatbes, ecnm pa-
[UyC KOrepeHTHocTu pkor S d.

5.139. Kaxpas 3Be3ga pAaeT B (hOKanbHOW MNAOCKOCTM 06bEKTMBA

CBOIO AUDPAKLMOHHYIO KapTUHY, MpUYeM WX HyfneBble MaKCUMYMbl OTCTO-
AT Apyr ot gpyra Ha yron ¢ (puc. 41). MNMpu ymeHblueHWM paccTosHua d

Puc. 40 Puc. 41

yron O Mexgy cocefjHUMW MakKCUMyMaMu B KaXAoN AnpakLMOHHON Kap-
TuHe 6ydeT yBenuumBatbecs, M korga O CTaHeT paBHbIM 2¢), HAcTynuT
nepeoe YXyALWeHWe BUAMMOCTU: MakCUMyMbl OfHOW CUCTEMbl MOMOC COB-
nagyT ¢ MWHUMyMamu fApyroii. Takum o6pasom, u3 ycnosus 0= 2¢ u
thopmynbl sin0 = X/d nonyuum ¢ s X/2d = 0,C6*.

5.140. @) D—k/dY «—(frX/d)J= 6,! yrn. mMuH/um, rge k= 2;

6) D= kid Y 1—(ftX/d—sin 0,,)2= 13 yra. MuH/HM, rge K= 4.

5.141. dO/<<X=(tgO)/X.

5.142. A,0= 2I/Nd V |— (*X/d)*= 11*

5.145. 0 = 46°.

5.146. a) B uyetBeptoM; 6) 6XMBHs X*//=7 nm.

5.147. a) d= 0,05 mm; 6) 1=6 cwm.

5.148. a) 6 n 12 mkm; 6) B nepBoM nopsiike HeT, BO BTOPOM ja.

5.149. b<”~XJ/Nd = 30 MKM.

5.150. a) rTa Y 2*X/= 2,5 mm; 6) Ar a8 X/Ir.

5.151. D > Xl/d= 2,4 cm.

5.152. CornacHo KpuTepuio P3anes MakCUMyM AUHWW C AAWHOWR BON-
Hbl X A0/KeH coBnagaTb C MNepBbIM MUHUMYMOM NUHUKM X+6X. 3anuwiem
oba ycnosus [N yrna HauMeHbLUero OTK/OHEHWA 4Yepe3 OMTUYEecKue
pasHOCTM Xofja KpaHux nydeid (cMm. puc. 5.28):

bn—(DC+CE)= 0, &0+ 6n)—(DC+CE)= X-f6X
OTcioga 66n a X [danbHeliwee 04eBUAHO.
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5.153. a) X6A = 26B/X*; cooTBeTcTBEHHO 1,2-10* un 0,35-104;

6) 1,0 cm.

5.154. Okono 20 cm.

5.155. R = 7-10*% [Oymka « 4 cm.

5.156. Okono 50 m.

5.157. YBenuuutcs npubnusntensHo B 16 pas.

5.158. ///,, a (d*/2fk)* * 2- }O7.

5.159. MycTb 6¢ n 6¢'— MUHUMANbHbIE YIN0Bble PacCTOSHMUA, pas-
pellaemMble COOTBETCTBEHHO O06BLEKTMBOM Tpy6bl M rnasom (6¢gp=1,22X/C,

6¢' = 1,22X/d0). Torga wuckomoe yBenuuenue Tpy6bl [MH= 6¢'/6¢p =
= D/d0o= 13.

5.160. dMt, = 0,61X/sIna = 1,4 MKMm.

5.161. Myctb dM,H—HaumeHbllee pa3pellaemMoe paccTosHuWe [Ana
00beKTMBa MUKpocKona, 6(—yros, noj KOTOpbIM BWUAEH 06LEKT C pac-
CTOSIHUS Haunyuwero sugeHus /,, (25 cm), n 6¢'— MUHUMaNbHOE Yr/o-
BOe pacCToAHWe, paspellaemMoe r1a3om
(6¢p' = 1,22X/</0). Torpa WCKOMOE yBenu-
yeHne mukpockona Ivwm= 676 =
=2 (/0.d0) sin a = 30.

5.162. 26, 60, 84, 107 n 134°.

5.163. a= 0,28 HM, 6= 0,41 HM.

5.164. TMyctb 0, P un y—yrnbl

MeXfy HanpasneHuem Ha [LU(pakuuoH-
HbIA MakCUMyM W HanpaBleHUAMU pe-
WeTKN BAONbL Nepuofos o, 6 u c co-
OTBETCTBEHHO. Torga 3HauveHWs 3TUX Y-
NOB ONpejenaTcs U3 YCAOBUIA:

a(l —cosa) = *IX, 6cos P= k?\ n ccosy= ksX
Vimea B BufAy, 4to cos*a+ cos* P+cos*v= I, nonyymm
X= (2AVe)!|(*,/e)*+ (ftV6)*+(*,/c)*I.

5.165. X= (2/1) jj/m/2p sina = 244 nwm, rge ft= 2, m — macca mo-
nekynbl NaCl.

5.166. d = Xy ftj+ ftj— 2ft,ft» cos (<x/2)/2sIn (a/2) = 0,28 HMm, rge kt
n ftj—nopagkn oTpaxeHus.

5.167. r=1ltg2a= 3,5 cm, rge a —yron CKO/NbXeHUs, onpegense-
Mblii ycnoBuem 2Jsina=ftX.

5.168. Cm. puc. 42; [*/4.

5.169. a) 6) 2/,,.

5.170. E= a®0w= 0,6 mOx.

5.171. = arocos (Yua/TYyY 2)= 30°
5.172. i) = »/*(cos <p)*<*-» =0,12.
5.173. /,,/1 = 201» cos4d) s 60.
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5.174. l,aa/T,,,= PLU1-P) = 0.3

5.175. P = sin* 0/(1+cos* 0).

5176 P = (rj—1)/(1—iJcos29)= 0,8.

5.177. a) [MMpeacTtaBMM eCTECTBEHHbI CBET B BUAE [BYX B3aMMHO
nepneHANKYNAPHbIX COCTaBAAOWMX C WHTEHCUBHOCTAMMU /,,. MyCTb KaXx-
[bll monApu3aTop NponyckaeT B CBOei MNOCKOCTM AONKO0 a, CBeTa C MAo-
CKOCTblO KonebaHWil, napannenbHoi NAOCKOCTWM monspusaTopa, U Aonto a,

B MepneHAUKYNApHOA nnockocTu. Torga npu napannenbHbiX W NepneHan-
KYNAPHbIX MIOCKOCTAX MOMAPU3aTOPOB MHTEHCMBHOCTL MpPOLUEALLero cseTa

/| =of/Bta*/B [j_= ocial/0+ a lail/e,
npuuem no ycnosuw / 1//j_=tj. C ppyroii CTOpPOHbI, CTeMeHb MoNspu3a-
uuu, cosgaBaeMas KaxAblM NONspuM3aTopoM B OTAENbHOCTMH,

P,= (a,-a,)/(a<+<*).
NcknoumB a,- 1 a, U3 3Tux Gopmya, MNoayymm
P»=Y (n—»)/(N+ 0 = 0,905.

6) P=Y 1—1/4*= 0,995.
5.178. OTHOCUTENIbHbIE W3MEHEHWS WUHTEHCUMBHOCTE 060MX MYUYKOB:

(O/1hp = 4ctg (©/2).6d, (A/ll)s = 4tg (h/2)-6¢.
OTtctopa n= (A/lNd(Alll)e = ctg*(?/2), ¢= 11,5°

5.179. 90°.
5.180. a) p= (n*-1)*/2 (/»*+1)* = 0,074;
(L+n*)*-4n*
6) P=p/(L—p)=" ~n =0,080. 3pech 2 —nokasaTenb npe

NOM/IEHNA CTeKna.
5.181. /=/» (I —p)/n=0,72/B, rae sd-—nokasaTenb MNPeNOM/IEHNS
BOAbI.
5.182. p= [(n*- 1)/(n*+ 1))sin* ¢ = 0,038.

5.183. P,=P,= 1 Pt= |-£-~=8,087, P4

5.184. a) 34ecb KO3((UUMEHT OTPaXeHUs OT KaxAol MOBEPXHOCTM
nNacTUHKK p=(a*—2)*/(a*+1)*. noatomy /4=/» (1—p)*=16/»nd/(1+n*)*=
=0,725/,,;

o P 1-0-p")* (1+a*)«-165«

r 1+(1-p"H)* (1+n*)«+16a*
eHT OTpaXeHWs TOW cocTaBNslOWEN CBeTa, CBETOBOM BEKTOP KOTOPON
Kone6netcs nepneHANKYNAPHO K MAOCKOCTW NafeHus.

5.185. a) P= (I —a,N)/(I + atN), rge a = 2qa/(1+a*), n—nokasa
TeNb MPeNoMNeHNs CTeKNa;

6) cootBeTcTBeHHO 0,16; 0,31; 0,67 u 0,92.

5.186. a) p= (n— 1)*/(n+1)* = 0,040;

6) AP /P =1—(1—p)»*= 0,34
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5.188. a) 0,83; 6) 0,044.

5.189. Cwm. puc. 43, rge 0 U e—06bIKHOBEHHbI W HEOObIKHOBEHHbIN
nyun.

5.190. 0 « 11°

5.191. Ains npaBoii CUCTEMbI KOOPAWHAT;

a) KpyroBas nonspusauus, NpoTUB YacoBOW CTPeNKW, ecnn CMOTPeTb
HaBCTpeYy BOJIHE;

6) anAunTMYeckas, MO 4acoBON CTPefiKe, eCiM CMOTPeTb HaBCTpeuy
BO/MHe; 6ofbliasg OCb 3n7MNCca COBMafaeT C NPAMONA y = X;

B) n/ockas nonspusauus, BAOAb NPAMOA y = — X.

Puc. 43

5.192. P= (n—1/)= 05.

5.193. a) 0,490 mm; 6) 0,475 mm.

5.194. A= 4dAn/(2fc+l); 0,58, 0,55 n 0,51 mkm npu J1= 15, 16 n 17.

5.195. Yertbipe.

5.196. 0,69 n 0,43 MKMm.

5.197. d= (*—1/2) X,/4n= 0,25 wmm, rge 1= 4.

5.198. An= X/0dar= 0,009.

5.199. a) /' =/ cos* (6/2);

6)Ix = /sin*(8/2). ¥ ka3zaHue. B cnyyae P'J_P K pasHocTu
a3 6 cnefyeT Ao06aBUTb A, NOCKOMbKY npoekuuu sekTopo EO n E, Ha
HanpasfieHne P' NPOTMBOMOMOXHbLI MO 3HaKaM.

5.201. a) Ecnu cBeT npaBOnoONspM30BaHHbIA Mo Kpyry (ans Habnwo-
fatens), TO 3a MNACTUHKONW B 4YeTBePTb BOMHbI OH CTaHOBUTCHA JIMHEAHO
nonspnM3oBaHHbIM, MpUYeM HampasfeHue KonebaHWA CBETOBOrO BeKTOpa
coctaBnset yron -f45° ¢ ocbto kpuctanna OO' (puc. 44, a); Ana nesono-
NAPU30BAHHOIO CBeTa 3TOT yron 6yfer paBeH —45° (puc. 44, 6).

6) Ecnu npu BpaweHuyu nonspouga (pacrnonoXeHHOro 3a NiacTUHKOMN)
npu no60M NONOXEHUWN MNACTUHKW WHTEHCUBHOCTb MpOLUEALIEero CBeta He
MeHAeTCA—CBET eCTeCTBEHHbI, ecnn MeHseTCA W najaeT A0 Hynsd, TO
CBET MNOMIAPU30BaH MO KPYry; €Cnin MEHSAETCH, HO He najaet Ao Hyns, TO
CBET—CMECb €CTECTBEHHOI0 W MONSPU30BAHHOIO MO KPYry.

5.202. a) Aac=X/2(n,—n,,) 0;

6) d(n'—n™)y= —2(n,—J10)0 bx < 0.

5.203. 1= 3/».

5.204. On= aX/n= 0,7bl 0-4, roe 0 —NOCTOAHHAsA BpaLleHus.
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5.205. a = n/Axtg 0= 21 yrn. rpag/mm, [/ (k) oo cos* (mx/Ox), rae
X— paccTosHMe OT MaKcuMmyMma.

5.206. dM,, = (l/a)arcsin /2rj = 3,0 mm.

5.207. 8,7 mwm.

5.208. [a] = 72 yrn. rpag/(gm-r/icm™).

Puc. 44

5.209. a) Ensm= 1//4B/ = 10,6 kBlcm;

6) 2,2-10* npepbiBaHUA B CEKYHAY.

5.210. An= 2cHV/<o, rge ¢c—CKOpOCTb CBeTa B BaKyyMe.

5.211. K= (p!—da)/2///= 0,015 yrn. muH/A.

5.212. Ecnnv CMOTpeTb HaBCTpeyy BbilegllemMy nyyy W MONOXKUTENb-
HOe HanpaBfieHMe OTCYMTbIBATb MO 4acoBOW CTpenke, To P= (a— VNH)I,
roe N—uncno npoxoXAeHuid nyva uepes BewecTBo (Ha puc. 5.35 uucno
N = 5).

5.213. //mam= n/AVI= 4,0 kA/m, rge V—nocTosHHas Beppge. Ha-
npaeneHve, B KOTOPOM MPOMYCKaeTcs CBET, W3MEHWUTCH Ha MpPOTMUBOMO-
NOXKHOe.

5.214. 1= Tcw/kl = 12 4. HecmoTps Ha u4pe3BblYaiiHyld ManocTb
aToro ahekTa, ero Habnwofanum Kak S BWAMMOro CBeTa, TakK W Ans
CaHTUMETPOBbLIX BOJH.

5.215. a) a= e£0/mco*= 5-10-* cm, rae £#=Y 2//6"; 0= ODO=
= 1,7 cm/c;

6) Pu/£,=29 10-«

5.216. a) e= 1—/Jlo™/el/mo>*;, 6) v=—cY |+ (F<*/4n*Pn'nc*) k*.

5.217. ru= (4n*v*me0/**) (I —n*)= 2,4-10" cm~*.

5.218. n— 1= —n*e*A*/8n*eBTc* = —5,4-10-7, rge n»— KOHLUEHTpa-
Li1A 3N1eKTPOHOB B Yyrnepoge.

5.219. a) x=a cos (<o/-f-g>), rge a u ¢ onpegensTcs Gopmynamu

a= (eEx»Im)j\f (co*—co*)*-|-4[6225*f tg Pp= 2Po>/(w*—a»J).
3pecb P= y/2T, 0J= km, T—macca 3/1eKTpOHa;

6) <P>= mp («£,/m)*w*/[(W0-<0*)* + 4P*u)*]. <P>,. K= (T/48)X
X(eE»/T)* npn o>= w0.
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5.220. 3anuwem ypaBHeHMe BOMHbI B hopme A= A0 exp[i (w! —£*)],
roe K= 2n/X. Ecam a'= a+ ix, 70 *= (2n/X0)a' u

A —Adexp (2nxx/X«) exp [i (w/ —2a9x/X«)],
WA B BeLLECTBEHHON (opme
A= Anexp (xic) cos (<o/ —K'x),

T. €. CBET pacnpocTpaHsfeTcs B BMAe MNOCKOA BOMHbI, aMNAWTyAa KOTOpOii
3aBuCuT OT X. Mpu x < 0 amnauTypa y6biBaeT (3aTyxaHuWe BO/HbI 3a CYET
nornouwieHuns). Ecnm a'= X, 10 A —A, exp (Xjc) cos ¥L. 310 cTOAYaA
BO/IHA C 3KCMOHeHUManbHO y6biBatowei (npun x < 0) amnauTygoii. B atom
Cnyyae CBeT WCMbITbIBaeT MOMHOE BHYTpPeHHee oOTpaxeHue B cpepde (6e3
nornoLLeHuns).

5.221. cM~*,

6.223. a) u= 30/2; 6) u—2v, B) U= u/3.

5.224. e = |-f- j4lo»*, roe A—nocTosiHHasA.

5.225. o= c¢/n= 1,83-10e wm/c, u= [+ (X/n) (dn/dk)\ c/n =»
= 1,70.10" wm/c.

5.226. [locTaTO4HO MPOBECTM paccyXfeHue ANA TpeX rapMOHUYECKMX
COCTaB/AILWMNX BONHOBOro MMMNynbca (MpoLe BCEro € MOMOLLbIO rpaiuka).

5.227. | = (/0/2) exp (— x/) sin* <, rge o= VIH.

6.228. a) /=1, (1- p)*(1+P*+P*+ -..)= M I-P)*/(1-P*);

6) /= /B(l—p)*o(l+a*p* + o04p4+ ...) = Joo(1—p*)/(1—a*p’),
roe o= exp (— xd).

5.229. x = In (Ti/x*)/(d*—di) = 0,35 cm-1.

5.230. x«=(l///V) In[(1 —p)**/tj = 0,034 cm-».

5.231. 7= (1—p)*exp [—(xi+ x,)//2].

5.232. /= /0@ —p)* [exp (—x,/) —exp (—x,/)1/0u—Hi) L.

6.233. OX= 2/ (Inri)/ou/.

5.234. | - (P/4n**) (I—p)* exp [—X (b—a)].

5.235. YmMeHbwntea B exp ((id) = 0,6* 10* pas.

5.236. d= 0,3 mm.

5.237. d= (In 2)/u = 8 mm.

5.238. M= (Inr|)/In2 = 5,6.

5.239. ¢=21r (nt—nt) = 3,0- 10e m/c.

5.240. Tpexpge BCEro OTMeETUM, 4YTO MpPU V < C BpPeMfA TeYeT MpakTu-
YeCcKNn OJMHAKOBO B CUCTEMAxX OTCYeTa, CBA3AHHbLIX KakK C WCTOYHWUKOM,
Tak U C npuemMHWKoM. lMpeacTaBumM cebe, YTO UCTOYHWUK WMCMYCKaeT KOpOT-
Kue UMnynbCbl ¢ MHTepeanamn 7'0. Torga B cucTeme OTCYeTa, CBA3AHHOMN
C MPUEMHUKOM, pPaccTOfHME MexAy [BYMS MNocnefoBaTeNbHbIMU UMMY/bCa-
MW BAONMb NUHUKM HabnwgeHus X= c7"0—vrTO0, rae vr —ny4yeBas CKOpOCTb
MCToYHMKa (iv= wcosd). YacTota MNpPUHUMAEMbIX UMMNYNbCOB V= c/X =
= ve/(l—vr/c), rge v, = 1/I0. Otcoga (v—V,,)/v0= (elc) cos 0.

5.241. AX= — X 277mc* cos 6 = —26 HMm.
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5.242. T = 4a/?X/c6X = 25 cyT, rge R—paguyc ConHua.

5.243. 4=(OX/X)HA cTt/n=3* 107 km, m=(AX/X)Jtc*T1/29y=2,9-101 «r,
rge y—rpasutaynoHHas NoCTOAHHaA.

5.244, o= w*(1+P)/(1-P), rpe P=V/c; (0» to0(1+ 2V/C).

5.245. o= (X/2) Av n 900 KMm/u.

5.246. fo/o)=(a— 1) o/c= 1,0- O-11.

5.247. Tocne noACTaHOBKM B paBeHCTBO mMt—kKx —cn4 —k'x" Benu-
ynmH /' n x' (n3 npeobpasoBaHuii JlopeHua) Noay4mm

W= a' (1-b P)/»"TA=lpa, *= *'(1 +P)//T3P*,

roe p= V/c. 3gecb yyTeHo, 4To W' = cK'.

5.248. W3 dopmynsl (0'= W) Y (1—P)/(1 + P) nonyuum P = 0/c=0,2G.

5.249. o= c ((X/X)y*— 1J/[(XIX)*+ 1)= 7,1 104 km/c.

5.250. (0= (ooyr3/7.

5.251. OX=?.7’/tc*= 0,70 HM, rge T —macca aTtoma.

5.252. a) (0= a0/ Y 1 - (o/c)*= 5,0- 10m c~»;

6) w= O0YIl — (o/c)*= 1,8-1010 c-1.

5.253. 3apaf 3neKTpoHa BMECTe C MOMIOKUTENbHLIM WHAYLMPOBAHHbLIM
B MeTanne 3apafom o6pasyeT Aunonb. B cucTeme oTcYeTa, CBA3aHHOMN
C 371eKTPOHOM, 3N1eKTPUYECKUIA MOMEHT [UMNONA MEHAeTCA C Mepuogom
T'=d'/v, rge d'—d Y 1— (o/c)*. CooTBeTCTBYOLLAA «COOCTBEHHANA» 4acTo-
Ta \' = v/d'. Bcneacteue addekta [onnepa Habnogaemas vactota

_ , V1- (olc)* v/d
~ 1—(o/c) cos d — 1—(o/c) cos O ’

Eii oTBevaeT gnvHa BonHbl X= c/v= d (c/o—cos O). Mpn 0 = 45° n 0«
« € AnvHa BOMHbI X« 0,6 MKM.

5.254. a) TycTb 0* —nMpoeKuus BEKTOpa CKOPOCTW W3nyyarouiero
aTomMa Ha HanpasfieHWe IMHUU HabnwAeHnsa. Yucno aToMoB C NPOEKLMAMU
«X, «x+ dvx

n (vx) dojrC/aexp (-mvI/2kT)-dvx.

YacToTa cBeTa, M37y4yaemMoro atomamu, CKOpPOCTb KOTOPbIX VX, eCTb O>=
= w0 (14-ox/c). C nomowbio 3TOF0 BbIPAXEHWA Halgem pacnpefeneHue
aToMoB Mo yvacTtoTam: n(to)da>—n(vx)dvx. M HakoHel, Hafo y4ecTb, 4TO
cneKTpanbHas WHTEHCUBHOCTb M3nydeHus /Moo n (w;

6) Nw/w =2/ (2In2)kT/mc*.

5.255. wm= (c/n+ Y)/I(1+¥Y/cn). Echrm V<c¢ T0O wn«c/n +

+ V(11— 1/n%).
5.256. v=(c/2)6® = 30 Kkm/c.
5.258. #'= 8°.

5.259. [Buxyuwanaca co CKOpoCTblo V 3apsXXeHHas uvacTuua CBOUM
nosem BO30yX[JaeT aToMbl Cpefibl, U OHW CTAaHOBATCA UCTOYHUKAMU CBETO-
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BbIX BOJIH. Bo3bMeM [iBe MpOW3BOAbHbIE TOUYKM A 1 B Ha nyTn [BMXKEHUS
yacTuubl. CBETOBbIE TMOMHbI, WUCMYCKaemble W3 3TUX TOYEK MPU MPOXOXK-
[eHUN Yepe3 HUX YacTuUbl, [OCTUTHYT
Toukn P (puc. 45) 3a ofuHaKoBoe
BpeMA W YCUNAT Apyr fApyra, ecnu
BpeMs pacnpocTpaHeHWs CBETOBOW BO-
Hbl 13 TOYkM A B Touky C 0OygeT paB-
HO BpeMEHW MpofneTa uyacTuuen nyTn
AB. Ortcioga nonyunm cos d = v/V, rge
v= c/n—a3oBasg CKOpoCTb CBeTa. Bug-
HO, 4YTO WU3/ly4YeHWe BO3MOXHO JIULIb
np V > V, T e. Korga CKOpOCTb 4acTuubl 60nblue (ha3oBO CKOPOCTM
CBeTa B cpefe.
5.260. Temm= (n//a* —1— 1) Tcr\ cootBeTcTBEHHO 0,14 M3B wn
0,26 T3B. Ana L-Me30HOB.
5.261. = (ncos0 //n2cos* 0 —1—1) 7c* = 0,23 Ma3aB.
5.263. Tt~ bTiftb+TtAX) « 1750 K.
5.264. A,,= 3,4 MKM.
5.265. 5.10* kr/c; okono 10l neT.

5.266. T =17 3c/?p/a.M = 2*107 K, rge R —yHuBepcanbHasa rasosas
noctosHHasa, M —monspHasa macca BOAOPOAa.

5.267. f= (»3— 1) cpd/18a7l)= 3 4. rge c—yfenbHaa TenjoemMmKocTb
Meau, p—ee MIOTHOCTb.

5.268. T « I, [7*737 = 266 K, rpe R— paguyc ConHua, / — paccTosi-
Hue mexay ConHuem u 3emneii.

5269. Tt=1T,/5/2/ » 400 K.

5.270. a) Cv= {dU/dT) = 16al2y/c= 3 HAx/K, rge U= 4oT*V/<r,

6) S= 16a7'3V'/3c= 1,0 HOX/K.

5.271. VT*= const.

5.272. a) oep= 2l/o= 5,24.10i c"*;

6) XBep= 2dAcal/57'= 1,44 MKwm. .

5.273. a) nw= (kT/n*c*) co*;, 6) nw= (A/a*c*) w* exp (—fia/kT),
16n2A v* 16n*cAX-*

5.274. uv= W= — b

3 exp (2nthJkT)—1 '
5.275. O P= 4n*c* bTHAK/bb [exp (2nftc/kb)— 1]= 0,31 BT1/cm*, rpe
b— nocTosHHas B 3akoHe cMmeweHus BuHa.
5.276. a) 11 wmkm; 6) 0,37;
B) Pt/Pi = (7-/T,)* (I —yt)H1- Vi)= 49.

* ~%
5.277. nada>=-— fox dm ydi— Xl

n*c* exp (hm/kT) — 1' exp (2nhc/KTK)— 1"
5.278. a) </>=P\/8n2cAr2= 6-FO« cm-*.c“*;
6) r=VPkfihnhnc =9 wm
5.279. dp/dt= @, /c.
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5.280. <p>= 4(1+p)E/xK!*cT « 5,0 MMa (50 atm).

6.281. p= (E/c)}f 1+p*+2p cos 20= 35 HH-c.

5.282. p—(l/c)(I-fp) cos*0 = 0,6 HH/cm™.

5.283. F= n/?*//C=0,18 mkH.

5.284. F= P/2c(I+t|*).

5.285. a) Ap= (2Nlw/c) V 1—P*(1—2);

6) O/»= 2Ao)/c (1—P). 3pgecb P= ¥Y/c. BugHo, 4TO B CMCTEME OTCYETA,
CBSI3aHHON C 3epKanoMm, MocnefHeMy nepefaeTcs MeHbLUMA WUMMYAbC.

5.286. sin (a/2) « E/Tc Y gl, 0= 0,5°

5.287. O()yWo= — [I—exp (—yM/Rc*)] <0, T. e. uyacToTa (OTOHa
yMeHbLUaeTcs.

5.288. U= 2nfic (I — 1/tj)/c OX= 16 kB.

5.289. (/= nfic/ed sina = 31 kB.

5.290. Xvmm = 29A/1c (y—1)= 2,8 nm, rge y=\/Y \ —(olc)*.

5.291. U —3ncAleXg = 35 kB.

5.292. 332 Hwm; 6,6-10* wm/c.

5.293. A —2ncA (*— X XAMX* py*—1)= 1,9 3B.

5.294. dm«kc= 4,4 B.

5.295. 7’MIBC= J1 (wB+<0)— y4BbIX = 0,38 3B.

5.296. w= 2nci J/eX = 0,020.

5.297. Mmkc = 6,4-10* m/c.

5.298. 0,5 B; ee nongapHOCTb MPOTMBOMONOXHA MONAPHOCTU BHELUHEro
Hanps>XeHuns.

5.299. A/me—KOMNTOHOBCKas AAWHA BOMHbI [aHHOW 4acTuubl (Xc).

5.300. 3anuiiem B CUCTeMe OTCYETa, CBA3AHHOW C 3/1EKTPOHOM, 3aKOHbI
COXPaHEHUS 3HEPrun W UMMynbca [0 COyfapeHus ¢ (POTOHOM:

Aw+ Tc* = TAc*. A(o/c=Tr», rge mr= T

Ortciofa cnegyet, uto u= 0 nam c. Oba pesynbTata U3NYECKOTO CMbICNa
He WUMeloT.

5.301. a) PaccesHue NpPoOMCXOAUT Ha CBOBOAHbLIX 3MEKTPOHAX;

6) yBeNMYMBAETCA YMCNO 3/IEKTPOHOB, KOTOPble CTaHOBATCA CBO6OA-
HbIMW (NOf CBOGOAHBIMW MOHUMAIOTCA 3MIEKTPOHBI, SHEPTUA CBA3U KOTOPbIX
3HAUYNTENbHO MeHblUe 3Hepruun, nepeaaBaeMoli MM (OTOHaMu); B) Hannuume
HECMELLEHHOW KOMMOHEHTbl OOGBACHAETCA pacCesiHMeM Ha CUAbHO CBf3aH-
HbIX 3/IeKTpOHax M Ha ffpax.

5.302. X= 2Xo [sin (0,/2)—T)sin (dj/2))/(t)— 1) = 1,2 nm.

5.303. T= A(orj/(l +»]) = 0,20 Ma3B.

5.304. a) (0'= ------ L - =2,2-10*» c-»;
X + 2nh/mc
6) N=— - =60 KaB.
1 Xmc/2nh

5.305. buw' = Awlll + 2 (Aw/mc*) sin (0/2)] = 0,144 M3B.
5.306. sin (0/2) = |/"T1c (p—p")/2pp"', oTcioga 0=120°.
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5.307. A<i)= [I-fVAI+2mc*/7'sin* (0/2) 772= 0,68 MaB.
5.308. A= (2a*/1c) (K" I+ 2mc*/TMKC 1)= 3,7 nm.

6.309. tg b= |"4ar/T<. OA— 1/(1+Wa>/aL*), d= 31*.

5.310. p= (mc/fB)2ri(l+ti)/(1+2ti) = 3,4 cm.

5.311. A= (4A/Tc) sin* (0/2) =1,2 nm.

6.1 *). r= 3Ar*/2£= 0,16 um, A=(2ncle) ¥ mr*lk= 0,24 MKM.

6.2. 6= 0,73 nm.

6.3*). a) 'v**= 0,59 nwm;

6) /ImH= (2ZAf*/7~(I+ Tal/Ty) = 0,034 nm.

84*). a) p,uH = (Zke*IT) ctg* (0/2) = 0,23 nm;

6) MW= [1+C5C (d/2)] Zfe*/r= 0,56 nm.

6.5%). p« 2K2T77| 1+ (2Al/Zke*)*.

6.6*). Tt = mpkle*jmeb*T= A 3B.

6.7. b= Na sin (bl2)IV 1+ n*-2n cos (a/2), rae 8=V T+ ITJT.

6.8. a) cos (a/2) = */(/?+ r); 6) dP = (1/2) sin ddd;

B) A=1/2.

6.9. 3,3-10-».

6.10*). d= (AJriT*/nlZtktet) sin4 (a/2) = 1,5 MKM; N —KOHLEHTpa-
uusa agep.

6.11. Zpt —z\g ¥ r)Apt/Aj\g—T7S.

6.12*). a) 1,6*10»;

6) 04 = /0tn nd (Zke'/T)* ctg* (d0/2) = 2,0-10°, rae A — KOHLeHTpa-
Luusa agep 3onota B osnbre.

6.13*). P = nnd (Zkeljmv*)1= 0,006, rge S —KOHLUeHTpauusa agep
cepebpa B onbre.

6.14 *). AA/A = 1- nnZ*k*e*/T*tg* (d/2) = 0,6.

6.15 *). AA/A=(aA*«*/Ar*) (0,7Z1/Mi+0,371/Mt) p<*AActg*(d/2) =
= 1,4-10-* rpge Zj n Za—nopagkoBble HOMepa Meau U UuHKa, Mi
n Jll»—ux MonspHble maccbl, A4 —nocToaHHaa ABoragpo.

6.16 *). o= a (Zke*/T)* ctg* (d,/2) = 0,73 K6.

6.17. a) 0,9 M3B;

6) do/dQ = [Ao/4n sind (a/2) = 0,64 kb6/cp.

6.18 *). t= (31c*/2Ae*w*) Inr1)= 15 He.

B.19%*). t k m,cir*/Aktel n 13 nc.

6.20. 1,88, 0,657 n 0,486 MKM.

6.22. r,,= KnA/to0), £, = sali<o, rge n= 1, 2........ w=*y x/T.

8.23 *). r,= (Nl/mke*) n¥Z\ 0,529-10-» cm (H) n 0,265.10-» cm
(He+); v,,= (ke*/A)Z/n; 2,18.10* m/c (H) n 4.36-10* m/c (He+).

6.24*). &= TA*r4*/M*n*= 2,07.101* ¢" 1

6.25. £cB= ftRZ1, /= E£«/*. 1= 3ARZ*/Ae, A= 8flc/3/?Z*.

¢) 3pgecb A=1/4ne0 (CW), fc=I1 (CrcC).
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6.26.
6.27.

FIG* sB *e B B X nm

H 13,6 13,6 10,2 121,5
He+ 54,5 54,5 40,8 30,4

£e,,...= (8/9) N?Z*= 48,5 3B.
A= XiXa/(Xi—).j) = 2,63 mkm. Cepun bBpakeTta, Mbo npu coot-

BETCTBYHOLLEM nepexoae KBaHTOBOE 4UCNO HWXHEro ypoBHA n=

= 2/V 1-

6.28.
6.29.
6.30.
6.31.
6.32.
6.33.
6.34.
6.35.

6.36.
6.37.
6.38.

6.39.
6.40.
6.41.
6.42.

6.43.
6.44.
6.45.
8) E,
6.46.

CUCTEMBI.

8nc AX, = 4.

a) 657, 487 H 434 Hm; 6) X/65 « (JV+3)38 = 1,5-10».
Mpu n> | 3HayeHue sin 0 « nc/IR, oTkyga & » 60°.
He+.

N = n(n—1)/2.
97,3; 102,6 n 121,6 Hm.
n—>s.

A= 176nc/152* A X=2,07-101* c*1.

Z=V (176/15) nc/A OX—3; Li++.

X= (2nc;A(0)(Zz I Alfjo>—1) 2n /49 ~ -1 ) = 0,47 MKMm.
£ce= 54,4 3B (He+).

£=£,+ 4AA= 79 3B.

0=Y2¢puw —4kR)jm= 2,3-10° m/c, rge <o= 2ac/A»

M= (3/2) NS = 20,5 3B.

1>=3£A/47¢c=3,25 M™m/c, rge T —macca aToma.

(e—e')/e x 3AA/8Tc* = 0,55¢10-* %, rge T —macca aToma.

m=r/"4q 't =3,bl0* Mm/c, rae T —macca 3NeKTPOHa.

o= 344A./81cos 0 = 0,7-10* m/c.

a) £, *=n*a*A*/2T/*; 6) £, = n*A*/2Tr*;

=nAdV blT\ 1) £, = —T1a*/2AM*

£ce= wlx‘/2”a, A= p/ikd[2A*, raoe U —npuBejeHHas Macca
Be3 yueTa fABWXeHWA fApa 3TW BeAWUUMHbI LS aTOMa BOAOPON3

6onblwe Ha m//1! a 0,055 %, rge T M M —maccbl 31eKTPOHa U NPOTOHA.
*=1/4ar0 (CW), *=1 (Crc).

6.47.
6.48.

£Ed—E£H=3,7 M3B, XH—Xd = 33 nm.
a) 0,285 nm, 2,53 k3B, 0,65 HmM;

6) 106 nm, 6,8 3B, 0,243 Mmkwm.

6.49.

6.50.
6.51.

6.52.

6.53.
6.54.

123, 2,86 n 0,186 nwm.

Ysenunuutead B V T (T— (/) = 2,0 pasa.
0,45 kaB.

Onsa o6enx vactuy X=28A (1+7Tn/Tih) V 2T1,,[ = 2,6 nNm.
X= 2X X, /JKX?2+A,
X=2nh/y 2TKT = 128 nm.



B.55. Haiigem cHauana (yHKLMIO pacnpefeneHus Monekyn no feépoi-
NIEBCKHM [/IMHAaM BOJSIH. M3 cooTHowenus F (v)dv = — @ (X) dk, rae F (0) —
MaKCBEN/0BCKaa PYHKLMUA pacnpefenieHnss Mo CKOPOCTAM, nonyuum ¢ (9) =
= /4X-4 exp (— a/k*}, rpe a= 2n*k*/TKT, Ycnosue d<f/dk= 0 paet
k,tv=n"'i/V"mkf= 0,09 HM

6.56. X= 2a"M|2"2m7’ (1+T/2ffIC,); T~ 41c* OX/IX= 20,4 k3B pns
anekTpoHa un 37,5 MaB pgnd npoToHa.

6.57. ' =(/"5—1)me*=0,21 M3B.

6.58. X= k IV 1-f- 1cX«/94 = 3,3 nm.

6.59. o=4nn™//T!>Ox = 2,0-10* wm/c.

6.60. Ox= 2n’1/d ¥ 2meU = 4,9 MKM.

6.61. U9= n*k42me(Y"r\- )* d*sin* 0 = 0,15 k3B.

6.62. d=nSk'Y2TT cos (0/2) =0,21 Hm, rge A= 4.

6.63. d=n4A'yr2m7'sinO = 0,23 £ 0,04 um, rge A=3 u yron O
onpegensetcs gopmynoit tg 20 = D/21.

6.64. a) n =Y 1+ £///6/ = 1,05; 6) U/Ui-Ss 1/y (2+T7]|) = 50.

6.65. £, = n*nlA*/2T/., rpe n=1, 2, ...

6.67. 1-10*. MO un MO-»» cwm/c.

6.68. foa A/T/=1-10* wm/c; 0l= 2,2-10* wm/c.

6.70. Ax a8 (A/TAxs) | 8 10* km!

6.71. Tmem 8 W*/27/* = 1 3B. 3pgech B3aTo p 8 O> u Ox= 1

6.72. flolo~ fi/l YImT = 1¢10~*.

6.73. Fa K'/nrP.

6.74. Ox a Af/d ¥ 2meU ~ 10“* cm.

6.75. Wwmesa B Buay, utop ~ \p ~ A/OQx~ A/x, nonyumm E= T-\-U 17
A A*/2Tx*+xx*/2. N3 ycnosus dE/dx = 0 Haxogum X0 n 3aTem £ mMm A
q AY kJm= Aa> rge n —Kpyroeas 4acToTa ocuunnatopa. TouHblA pac-
yeT paet ftw/2.

6.76. Wmesa B BMAy, 4to p ~ \p n Ar ~ r, noiyymm
E = p*/2T—«er/r 8 A*/2Tr*— Ae*Ir, rpe A=1/4ne, (CW), A=1 (CIC).
M3 ycnosus dE/dr = 0 Haxogum

r»pp a4 A*/TAer= 53 nm, £wmam 1 —mAV/2A*= — 13,6 3B.

6.77. WwupuHa n3obpaxeHua O a 6+ 4" a ft+ A/lp6, roe 4°— ponon-
HWTENbHOE YLUWPEHWEe, CBA3AHHOE C HeomnpefeneHHOCTblo umnynsca [Apv
(Mpn  NpoxoxfgeHuWn uepes LWenb), p— MMMYNbC MafjaloLnx aTOMOB BOAO-

poga. ®yHkuua A (ft) umeet muHumym npu fta Y hifmv—0,01 mm.

6.78. a) /V,= ti*JV,=900; 6) N= (1+ rj)*~i= >600;

B) V= (1—T)* N/, = 400.

6.79. PeweHne ypaBHeHusa LpéanHrepa uwem B Buge V = ¢ (x)*/(/).
MopacTaHOBKAa 3TON (DYHKLUMM B WCXOAHOE YpaBHEHWEe W pasfjeneHune nepe-
MEHHbIX X W / NpUBOAWUT K ABYM ypaBHeHMAM. VX peweHus: ¢ (x) el**,
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roe k=Y 2m£ Ib, £ —3Heprusa uactuubl, n f (1) s>e~ IOt rge to= £/A,
B pesynbrate Ur= oe* <*-«<> rge a—HekoTopas MOCTOAHHasA.

B.80. /= aA [(a|—a})/2T1 AE= 2,5 Hm.

6.81. A=1/3+/3/2n= 0,61.

682 \b=i Jlcos (nax/0, ecim a=1, 3, 5.......

\' Nsin (anx/0, ecin a= 2, 4, 6, ... 3pecb A= Y 2N
6.83. Cm. puc. 46.
R(P) 6.84. ANIdE=*(I/nti)V m/2£;  npu

£= 13B dN/dE = 0,8* 107 ypoBHeii Ha 13B.
6.85. a) B aTtom cnyyae ypaBHeHue
LpéanHrepa uMmeeT BUA

Bo3bMeM Hayano KOOpAuHaT B OAHOM M3

yrnos Ambl. Ha CcTOpoHax sMbl GYHKLUA

h(x, y) pomkHa obpauiateca B Hynb (no

YCNOBWIO), MNO3TOMY BHYTPW SMbl ee YA06HO

uckatb cpasy B Buge d(x,y)= asinkixsink?, Tak Kak Ha fiByx CTOpoO-

Hax (Xx= 0 u y= 0) aBTomatuyeckn ¢ = 0. BO3MOXHble 3HayeHUs kx u

Kr Haiigem u3 ycnosus obpalieHuWs ¢ B HYMb HA MPOTMBOMONOXHBIX CTO-
poOHax AMbl:

P(*b ¥)= 0. *|=

(nll)ne 1, = 3, ...,
d(*. /%)= 0. kt = q,

* I, 2,3,
+ (n,it) n2 =1,2,3,...

MofcTaHOBKA BONHOBOW (YHKUMW B ypaBHeHuwe LUpéanHrepa npusogut
K COOTHOoweHuto *f+ = Jl, oTkyjaa

rn*= (« ?/+ nll/*) n*h*j2m.

6) 9,87; 24,7; 39,5 n 49,4 ennHuy,

6.86. P= 1/3—/1/4a= 195 %.

6.87. a) £ = (a’+n’+ a3) n*Ar/2T1a*, rge nt, 94, a* —uensle yucna,
He paBHble HYNO;

6) OE = n*k*/Ta*\

B) AN 6-ro ypoBHA sa*+ al+ as= 14 n £ = 79*[*/TB*; uucno co-
CTOSIHWIA paBHO LWecTM (OHO paBHO YMCNy MepPecTaHOBOK TPOMKM uucen
1. 2 n 3).

6.88. lMpouHTerpupyem ypasHeHue LLpéanHrepa no manomy WHTep-
Bany KOOPAWHATbI X, BHYTPU KOTOPOro mmeeTca ckavyok U (x), Hanmpumep
B Touke X=0:



BBuay KOHEYHOCTM cKauka U npu 6 —«O uHTerpan TOXe CTPEMUTCS
K Hyno. JanbHeiilee 04eBUAHO.

B.89. a) 3anuwem ypaBHeHue LLpéauHrepa Ans ABYyX obnacTeii:

O<x <1, o+ 1= 0, k*= 2mE/h*,
x>1 ¢l—x*, =0, X,= 2m((/e—E)/A*.

Mx ob6wme peweHuns vpi (x) = a sin (Anc+a), (X) = 6 e~ Xif-f-c eXIG gonx-
Hbl YA0BNEeTBOPATL CTaH4apTHbIM ycnosusam. W3 ycnosusa tfj (0)= 0 u Tpe-
60BaHMA KOHEYHOCTM BOMHOBON (YHKUMM cnegyeT, yTo a =0 u 0.
W HakoHel, u3 HenpepbiBHOCTM (P(X) ¥ ee NPOW3BOAHOW B Touke X —1
nonyuum tg kl= — J1/n, oTkypa

«n*/= £kIV A*2m/»{/0.

MN306pa3nB rpaduyecku NeByl M MpaByl 4acTu MOCNefHEro ypaBHe-
Hus (puc. 47), Hailliem TOUKM MnepeceyeHUs MpsMoil € CuHycoupgoii. Mpu
»TOM KOPHW [JaHHOTO YypaBHEHMWs, OTBevalolyne COGCTBEHHLIM 3HAYEHMSAM

3Hepruu E, 6yayT coOTBETCTBOBaTb TeM Toykam nepeceyeHns (W),-, gns
kotopbix tg (kl)j < O, T. e. KOpHM 3TOro ypaBHeHUs O6yAyT HaxoAUTbCA
B YETHbIX YeTBepPTAX OKPYXHOCTWU (3TW Yy4acTKu ocu abcuucc BblAe/eHsbl
Ha PUCYHKE >XWUPHbIMU OTpe3kamu). M3 rpatmka BUAHO, YTO KOPHWU Yypas-
HeHWs, T. €. CBA3aHHble COCTOSHWUA YacTulbl, CYyLeCTBYIOT He Bcerja.
MyHKTUPOM MOKa3aHO NpefenbHOe NOM0XEeHUe NPSMONA.

6) (/*</) w«= a*A*/81. (PUO0),, vum= (21— I) n*A*/8T.

6.90. Myctb Pa un P,— BEpOATHOCTM HAXOXAEHMUA YacTuLbl BHE
1N BHYTPU ambl. Torga

X I
T f-J Be"IXdX$ °*srkxdx=2T3S'

rae oTHoweHue b/a mMoxHO onpegenutb U3 ycnosus | (/) = ifs (0- OcTaeT-
cA yuecTb, 4yTOoPB+ A/=1; Torga Pa= 2/(4+ 3a)= 14,9%.
6.91. Ei=n*A*/l6mcfi.
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6.92. B pesynbTaTe YyKasaHHOW B YCNOBMM MOACTAaHOBKW MNOMY4YUM
X*+Jk*X =0, rge fov= 2mE/A*.
PeweHune atoro ypaBHeHus uwem B Buae X*=a sln (*r+1a)- W3 TpeboBa-

HUA  KOHEYHOCTW BONMHOBOW (yHKUMM ¢ B Touke r= 0 cnegyet, uyTo
a=0. Takum o6pasom, ip= (e/r)sin KI. W3 ycnoBus HenpepbIBHOCTN

ijj(r)=0 nonyyum «kra= an, rge n=1, 2, ... OTcwga £, =
= N*N*A*/2Tr*.
6.93. a) p(r)=-0= 21 @n'Ir»), n=1, 2,
K 2ar0 T

6) rltp = r#/2; 50%.
6.94. a) PeweHus ypasHeHus LUpéauHrepa ans dyHkumn X(&-

r<rlo Xi= Asin(kr-\-a), rge N=/2T7£/A,
"> 2 b=Be*r-fC e-*', rge x=1/ 271 ({/,, —E)t\.

N3 Tpe6oBaHMsA oOrpaHU4yeHHOCTU GYHKUMKM ¢((r) BO BCEM MPOCTPAHCTBE
cnegyet, yto a = 0 H B= 0. Takum o6pasom,

®, = (Alr) sinkr, &= (Clr)t~w.

W3 ycnoBMs HenpepbIBHOCTM () W ee NpoW3BOAHON B Touke I=*Ti nony-
ymm tg Atrc= — J1/x, nam

sin 0= £ V fi42mrlUakrs.

OTO ypaBHeHMe, KakK MOKa3aHO B pelweHun 3agayn 6.89, onpepensaert
[OVCKPETHLIA CMeKTP COBCTBEHHbLIX 3HAYEHWUI 3Hepruu,

6) rj’t/0=x»ci, A, /8m.

6.95. «= mci)l2A, E= Aw/2, rge o= Y K/T.

6.96. £ = — PTe' BK1, T. e. ypOoBeHb C rNaBHbIM KBaHTOBbIM 4uC-
nom n= 2; k= 1/4ne0 (CW), N=1 (Crec).

6.97. a) BepoATHOCTb HaxXOXAEHWA 3MeKTPOHA Ha PaccTosAHUM T,
r-\-dr ot agpa dP —y1(r) 4nr*dr. W3 ycnosua makcMMyma (QYHKLUK
dP/dr nonyyum reep= r,.

6) <P>= 2/le*/r}; B) <E/>= -*»*[rb J1=1/4ne, (CW); N= 1 (CIrC).

6.98. <n>= e/2.

6.99. <«/>= (A/4) Ybdn.

6.100. a) <*>= 0;

6) <"*>= AJL lpu pacyeTe cnefyeT ydyecTb, UTO WHTerpan, y KoTO-
poro noAblHTErpanbHas (MYHKLWUA HeyeTHasd, PaBeH HYySIo.

6.101. q0= " k(p/r) 4nr*dr = —ke'ri, rge p= —”" ‘—o006beMHas

NAOTHOCTL 3apfAfa, (—HopMUpoBaHHaA BOMHOBasA (yHKuus, k= | (CIrC),
A= 1U4ne0 (CW).
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B 102. a) 3anuwem peweHus ypaBHeHus LlpéanHrepa cnesa u
cnpasa OT rpaHuubl 6apbepa B CnefyroLiemM Buge:

X<0, ¢, *=«e'M+ *le-1** rge A= VLW,

*> 0. ¢, (X)= oael*,*4- 6,e““** rge A,=/ 2T (E— Ut)IK
Bygem cumTaTh, 4TO Majalolias Balla XapakTepusyeTcsa amnnuTyfoi ar,
a OoTpaxeHHas —amnanTygoil br. Tak Kak B o06nactm x > 0 umeeTcs
TONbKO Mpoxofslwas BoAHa, To bt= 0. KoahduumeHT oTpaxeHms R
npeactaBnseT coboii OTHOLIEHME OTPaXKEHHOro MOTOKa K majarmliemMy no-
TOKY, WAW, [LPYTUMW CNOBaMy, OTHOLUEHME KBaApaTtoB amnauTyf cooT-
BETCTBYIOWMNX BOMAH. W3 YCNOBMSA HenpepbiBHOCTW ¢ U ee MpPOW3BOLHOM
B Touke *= 0 mmeeM B| + 6|= aa u at— bx= (A*A) 0*, oTKyga

R_ (bilarf*= (A - AjjVIAj + A)*,

6) B cnyyae £ < t/e peweHue ypaBHeHua LpéauHrepa cnpaBa OT
6apbepa MMeeT BHA Vj§j(X) = ate**+ b,e-** rge x= /2m (1/0—£)/A.
M3 TpeboBaHMA KOHeyHocTM ¢p(X) cnepyeT, yto aj*=0. NOTHOCTb Be-
POATHOCTW HaxO0XAeHus 4acTuubl nog 6apbepom Pi (X) = ¢Ff () (J1e- ***.
OTcioga xBp = 1/2x.

B.103 a) D &exp [— (2//1A) | 21 ((I»—£E)];

6) D «exp [-(8/ /12m/3At/0) (f/,-E)*"*].

B.104. D « exp [—(n/IA) ] 27/(/0("0o— £)]
6.105. — 0,41 pgna 5-tepma u — 0,04 gna P-Tepma.

6.106. = KASA/(£])—«PO—3= —0,88.

6.107. £, = A A/(/ /tt,Xt/2nc\k — l)a= 5,3 3B.

6.108. 0,82 MkM (35 —*2P) u \68 Mkm (2P —*25).

6.109. O£ = 2nAcOAL* = 2,0 m3aB.

6.110. Aw= 1,05.10i c-"“.

6.111. 357, 3PIN, 3PS/, 3 3Dt/i.

6.112. a) 1,2,3, 4,5; 6) 0, 1,2, 3.4, 5,6; B) \J2, 3/2, 5/2,_7/2, 9/2.

6.113. Ona cocTtosHHa ‘P: A/ 3/2, A/15/2 w A/35/2; pns
coctoaHus »D: 0, A/2 , A/6 , A_IT2, AJ/20.

6.114. a) *f7/1, Nvale= A/63/2; 6) ni,se-2A /5.

6.115. B F-coctosHum .M,= A /6"; pna D-COCTOSAHUA MOXHO NuWb

yCTaHOBUTb, 4To Mr 5*A/ 6
6.116. 3, 4, 5.
6.117. NE= A/36, *4,.
6.118. a) 1,3,5,7,9; 6) 2,4,6; B) 5,7,9.
6.119. 3le.
6.120. »P,, \D,, >F, ‘P*.,,,. »F.4.4-
6.121. Te e, 4To ¥ B MNpeAblgyuleil 3agade.
6.122. BTOpoil n TpeTwuii.
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6.123. g = 4+ 6= 10.
6.124. 4.7 n 10.

B. 125. *Ft.

6.126. As.

6.127. a) ‘Sf/l; 6) »P,.

6.128. a) *ft/1, A/75/2; 6) 4F#/f, *3/TT/2,

6.129. a) ABa d-3nekTpoHa; 6) NATb p-afieKTPOHOB; B) NATb d-3/MEKT-
POHOB.

6.130. a) */>,; 6)

6.131. *Ft/v

6.132. Ti= n*e-U/*r=3.10-« rgeune R (I—1/n*).

6.133. jVIWO0= (£/£0)e-fca/*r =1.14-10-4, rge g [u gt—cTatnuctu-
yeckne Beca (KpaTHOCTM BbIPOXAEHUA) ypoBHei 3P 1 3S COOTBETCTBEHHO
(g= 6, go= 2).

* _ - *. _ *

1% B e NFEESL) sE. NRe o/ftaer NEX

6.135. T= //(olnri)= 1,3 mKc.

6.136. JT= NTP/2ncA = 7-10».

6.137. 7= (nAw/P) (g/go)e~fia,kT= 65 He, rae g un £0— KpaTHOCTU
BbIPOX/EHNA PE30HAHCHOI0 W OCHOBHOMO YPOBHENA.

6.138. a) PHHB/Pcn=Il/(eW *r-1)* O-m, rge o= 3#/4,

6) M= 1,7-10» K.

6.139. MycTb /— MHTEHCUBHOCTb MPOXOAALLEr0 CBeTa. YObinb 3TOW
BE/IMUYUHBI MPU MPOXOXKAEHUWN CNOS BeliecTBa TOMWMHBLI dX paBHa

—d/= x/dx= (NiBu —NtBti) (I/c) Aa>dx,

rae M Nt— KOHLUEHTPaLWM aTOMOB Ha HWXHEM W BEPXHEM YPOBHSX,
Bit 1 Bn — koahuymeHTbl JiiHwWTelHa. OTcloga

X = (Aw/c) N1T,B,,(1—giN»/gtNi).

[anee cnepyetT ydecTb pacnpefeneHue bonbuMaHa © TOT akT, 4TO
Aw > KT (npu 3tom N1« JTO—MOMHON KOHLEHTpaLuu aToMmoB).

6.140. OXpon/OXecT n 4atolep/X « 10», rpe vitv=V 2RT/M, rge
M —monsipHas Macca.

6.141. N=154 nm.

6.142. a) 843 nm ana Al, 180 nm gns Co; 6) «5 K3B.

6.143. Tpw.

6.144. {/= 15 kB.

6.145. Oa.

6.146. Z=1 + 2K (n— 1)r{/./3N/?2(n—t/,/(/,) = 29.

6.147. 2=1 + [ 40w/3/?= 22, TTaH
6.148. £, = (3/4)A/?(Z— 1)* + 2ncA/N|.= 5,5 k3B.
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6.M9. £|, = Vo)/(2nc/(1) AX— 1) ar 0,5 k3B, rae w= (3/4) R (Z— 1)~
6.150. Z= 1+ / 8dac/3AXa= 22 (Ti),X = XaXp/(Xa-Xp) = 0,29H»i.
B.151. T = (3/4) A/? (Z— 1)?— 2pcA/X*-= 1,45 k3B, 0= 2,26-10» m/c.
B.152. a) g = 2, 3a WCK/OYEHWEM CUUINETHOr0 COCTOSAHUSA;

6) *=1.

6.153. a) —2/3; 6) 0; B) I; r) 5/2; p) 0/0.

6.154. a) /T2u6;6) 2/3/5~; B) (8//3)U 6.

6.155. M,=2/3 A
6.156. L= [*it ¥ 35 (*$,/,)e
6.157. 4 =3 /7/5L5-
6.158. 4= (5/5/2)".

6.159. M= A /3/2.

6.160. »F*.

6.161. w= nBgB/h = 1,2 1010 pag/c, roe g— thaktop JlaHge.

6.162. FHKC= upg Mice| aB/ar |= (3//8 )nlgjpblcri= 4.10-3» H.

6.163. f = 2/n /[c/-*= 3.10-*i H.

6.164. pB/ar = 2Tx/gJdnblt (/,-j-2/i) = 15 kl'c/em = 0,15 KTAn/m.

6.165. a) He pacwenutcs; 6) Ha wecTb; B) He pacwenutca (g= 0).

6.166. a) 58 MKaB; 6) AE= 2gJn6B= 145 mk3B.

6.167. a) MpocToii; 6) CNOXHbIA; B) NPOCTOIA; ) NpocToi (34ecb ANs
oboux TepmoB (hakTopbl JlaHAe OfWHAKOBbI).

6.168. /.= N£/2u6B= 3; ‘F*.

6.169. OX=X*LloB/»H)X = 35 nwm.

6.170. Buan= 4,0 kl'c= 0,40 Tn.

6.171. B= AfJw/#ub= 3,0 klc= 0,30 Tn.

6.172. */> .

6.173. a) 2:1 (OTHOLEHMe COOTBETCTBYHOLLIMX (PaKTOpoB JlaHAe);

6) B= 2ncA OX/MubTX*= 5,5 klF'c= 0,55 Tn.

6.174. Ow= (1,3, £4,0, +6,6). 101" c-1, WeCTb KOMMOHEHT.

6.175. a) LWectb (/) n uyetbipe (2); 6) pesatb (/) n wectb (2).

6.176. O(o= 2(mlgi — u6B/A= 1,0*1011 c-1.

6.177. n = 4 Kr"2A/md, = 1,57-10» pag/c, rge T — macca MOJEKY/bI.

6.178. 2 n 3.

6.179. M —V mdJE/2 = 3,5", rge T —macca MOMeKy/bl.

6.180. w= 1,8*101* c-».

6.181. /= A/Qw= 193-l0-*® r-cm*, d = /T /u ™ 112 nm, rge y —
npuBefieHHasa macca MONeKy/bl.

6.182. 13 ypoBHEeii.

6.183. N « ¥Y21uw,'K «60 NAWHWUIA, W—cCco6GCTBEHHAs YacToTa Kone-
6aHuii.
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6.184. d/iVIdE= al2 (/+1) = al(l + K |+ 4at), rpe a= 2//A*,
/ — MOMEHT uHepuuu monekynbl. Mpn Y= 10 gna wnopa dN/dE = 1,0» 104
YpOBHeiA/3B.
B. 185. £>0j/£ ap= <pitdl/&, rpe u—
npusefeHHas Macca Monekynbl; a) 36;
6) 1,7.10%; B) 2,9.10*.
B. 186. /kon//¥Bp=(1/3) e- h<* - 2a)'*r=
=3110-4, rpe B = O/2/, | —MOMEHT
VNHEepLUN MONEeKynbl.

6.187. Jm= (d/K) Y~kT\@—1/2= 8,
roe p—npuBefeHHas Macca Monekysbl O,,
Puc. 48 d— paccTosiHue Mexgy ee sgpamu. [paduk

3aBucumoctn Nj/N, ot J cm. wma puc. 48.
6.188. Mo onpegeneHuto

2]£0exp(—EV/KT) ™ £ pexp(—aE,,)
2 e*P(—EV/KT) 2 exp(_aEv)

roe £P= A(B(0+1/2), a=1/kT. 34ecb CymMMMpOBaHWe MPOBOAUTCS MO
v oT 0 4o 00, W fenaetcq 3TO CrefytloLnMmM 06pas3oMm:

<g>= - | ny . — - In-* + 1i, jo+ n
fa bW na | _e-alw 2

* Cix
(Ka>/KT)Ze® ™7 _ o cepn
ar (eU /*r_ )i

roe /?—yHMBepcaanaﬂ rasosaf MOCTOAHHaA.

6.189. d=y 24/y/Jle>= 0,13 HM, rge uU—nNpuBeLeHHas Mmacca MO-
NeKynbl.

6.190. X= X,/(1T wA«/2nc)= 423 un 387 HM.

6.191. to= fAc (X, — Xp)/X«Xp= 1,37-1014 c-*, x = 4,96 H/cm.

6.192. ///k= exp(—kKkw/klN) = 0,067. YBenununutca B 3,9 pasa.

6.193. a= j!/2M/N/gp = 0,31 Hm, rge M — monspHas macca.

6.194. a= 4W/NAp = 0.36 HMm.

6.195. P= 4 (M Na+ Jlcl)/1"go*= 2,18 ricm*.

6.196. a) a, a/YIl, al/Y3; 6) el2, alY3, B/I"T2; B) al2,
alys,aly3.

6.197. MnockocTb (AJ1), 6nuxaiwas K Hayany koopguHaT O, B3f-
TOMY B OfJHOM W3 Y3/10B PELUeTKN, OTCEKaeT Ha 0CAX KOOPAWHAT OTPe3Ku
a/h, alk n a/l. PacctosiHue oT ToukM O [0 [JaHHO NAOCKOCTM paBHO d.
MycTb yrnbl Mexfy HOpManblo K MAOCKOCTM W OCAMM KOOpAMHAT X, Y, T
ectb o, 0, V- Torga

cosa = ftd/a, cos —kd/a, cosy= ld/a.
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OcTaeTcs ucnonb3oBaTb TOT (haKT, YTO CymMMa KBafpaTOB 3TU* KOCUHY-
COB paBHa efuHWULE.

6.198. (Ill); 1,77.10“ aTom/cm».

6.199. cosa= AV h*+ ft*+ 1* a = 74c30'. AHanornyHo P = 57°40’
ny=36840\

6.200. dNio= (I/nv) dio.

6.201. d.Vu= (S/I-K)*)a>da>.

6.202. dNm=(V/K*»¥)es*%s,

6.203. a) O:(A/ft) mno; 6) O:(A/ft) vv 4nno\ B) OZ(A/ft) v\A 6ﬂ*]'|0.
6.204. ©= (E/*) 3/IK W N u/~'+h~*) =470 K, n0— KOHLEHTpa-
LuMa aTOMOB.

6.205. y» J10;A K/6n’nB= 3,4 km/c, rpe 50— KOHUeHTpauus aTo-
MOB. TabnnyHble 3HayeHus: 0,,=6,3 km/c, t* = 3,1 Km/c.
6.206. KonebaTenbHasa 3Heprua u Tenq0emMKOCTb MONS CKpucTania»

elr n [ elr \
I ,/ T\Ww T I, J2T [* jtdx B/l >
U= RQ

T+(-8/ ) -*=1\' c=\B F}"‘:|~&rzr)’
roe x=A<a/fc7\ ' Mpn T> 0 Tennoemkoctb C & R.
6.207. a) dN:di>= 2ll{naVru&ak — =*;
6) N= l/a, 1. e. paBHO uncny aTomMoB B LiEMOUKe.
6.208. t/o= 9/?0/8ji= 48,6 LOx/r, rge uL—MONsApHas Macca Meau.
6.209. a) 0 « 220 K; 6) C « 10 Ax/(monb-K);
B) <mlkc= 4,M01» c*1

6.211. oMIKC= (*I'/A) \/ I2n*R/5Mc=6- lOI*c-1, rge M —monsap-
Has Macca.

6.212. [la, TaK Kak npu 3TUX Temnepatypax TemnnoemKocTb Mnponop-
LuoHanbHa M.

6.213. 0 =\ / (3n*mR/5MQ) (7*—7") 5 330 K, rge M —monspHas
macca.
6.214. <£>= (3/8)ft0.
6.215. Uo * (9/8) AnAvika—3 kX/M0nb.
6.216. Cm. puc. 49.
6.217. AWMKC= 28 wmaB, AftHhKc ~ 1O -1» r-cm/c.
6.218. dN = 9N (A/ft©)» covda>/(tU ,kT- ).
6.219. a) Tutuc m=3a*n)* *A*/2T; 6) <7>= (3/5) MI1C
6.220. Oar/r= 3r)/2= 0,015.
6.221. T|= 1—2-,/*% 65%.
6.222. 0,93.
6.223. «3-KUK.
6.224. AE= 2n*A*/tY(3n*n),/*= 2-10-** 3B.
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6.225.
6.226.
6.227.

6.228

a dn,= (1*/n,1*) oldo; 6) <o>/oMI, c= 3/4.
XvBA »  2a.
dnK= 8nk-*d\.

p~(2/3)yn<7'>=(qa 9n A*/5m) n,/*« 5-104athl, rge<T>—

cpeaHAA KUHETU4YecCcKasa 3Heprua CBOGOAHbIX 3/1EKTPOHOB.
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6.235.
6.236.

6.237.
6.238.
6.239.
6.240.
6.241.
6.242.
6.243.
6.244.
6.245.
6.246.
6.247.
6.248.
6.249.

6.250.

6.251.
6.252.
6.253.

6.254.

6.229. Cm /Cp*w= a**[/6£r =
= 7,7-10-».

6.230. N= *F(uT/AT—2)= 4,53B.

6.231. n = [ 1+ £/,/7’= 1,02, rge
(/B= 'mal(C+ 1, /A—paboTa BbIX0Aa;
™ifxc = (3n*n)*/,A*/2al

6.232. £wmn= [2*7T|/(F1_
—1T,) In ii= 0,33 3B.
6.233. a= (1/p)5p/al =

= - nchfkT**= -0,05 K-1, rge
p exp (\Et/2kT), O£0— wupuHa 3a-
NpeLLeHHON 30HbI.

6.234. [f=-----2fe* ((In° [~1,2 n

A(*11)

0,06 3B.
T= /In[(p—pi)p,/(p—p,)p,1= 0,01 C.
n = [iBE//<?/p(/w= 5.104cM -*, u0=1UHhBU=0,05 m*/(B-c).
| «@—bb |= YU®= 0,20 m*/(B-c).
n+/n~ =1)*= 4,0.
a) P=Il—exp(—W); 6) T=1/A-
Okono 1/4.
1,2-10“.
T* 16 c.
7'= 53 cyT.
7,7 Bk.
>=(—1UNIn(l—n)»x\/[1—11-10-i C"L, 7= 14 = 1,0 rona
= 4,5.10» ner.
4,1-10» neT.
Okono 2,0-10» ner.
CootBeTcTBeHHO 3,2- 10/ u 0,8-10* BK/r.

V*=(A/A") exp(~ cy o\ *6 n.

0,19%.
™= 16y, I',=9,8yu; NUIY1=(7'/7")exp(lnN1-1nW,)=10.
/= —(77In2) In 1— /4/?) = 9,5 cyT.

a) tf.W -A "-jA j-te-"-e-");

fli <--



6.255. a) Ar, (0= JJV, fexp(— X/); 6) /B =1/4

6.256. N, (0 - We[l+ (X ,e-"'- X))

6.257. /(,,= ATjXjexpH X10 = 0,72-101» bBk; n* =
= /V,(e-x,"-e - x*0W (X *—X,)=1,46-10“ Bk. 3pecb "~.-nepBO-
HauvanbHOe umucno agep *10Bi.

6.258. a) *®*Pb; 6) Bocemb a-pacnafos u LecTb 0-pacnafos.

6.259. u="2Tt"~lra/t = 3,410» m/c, rpe T —macca [OYEpHero
aapa; 0,020.

6.260. 1,6 MOx.

6.261. 0,82 Ma3B.

6.262. a) 6,1 cm; 6) cooTBeTcTBEHHO 2,1 >10* u 0,77-10*.

(n!,—Mp)c* npu 0~-pacnage u /(-3axsaTe,
(MM— M pg—2T1) c* npu O0+-pacnage.

6.264. 0,56 MaB u 47,5 3B.

6.265. 5 M/x.

6.266. 0,32 n 0,65 Ma3B.

6.267. T«Q(Q4-2/nc*)/2AfNC*=0I11 k3B, rae Q=(/WN—Mc—2m)c*.
T —wMacca 3/1eKTpoHa.

6.268. 40 km/c.

6.269. 0,45c, rge c— CKOpoCTb CBeTa.

6.270. fele= £/2T1c*= 3,6-10“7, rge T —mMacca fjgpa.

6.271. e>»e/mc=0,22 km/c, rge T —macca fgpa.

6.272. v= gh/c —65 mkm/c.

6.273. I»,,,, = Jic*/get= 4,6 m.

6.274. Tb=Ta/[1+(M —m)*/4/nM cos*0]= 6,0 M3B, rae T u M—
Maccbl a-yacTuubl W fgpa nuTuUs.

6.275. a) »= 4TtNn1/(T+/N)* = 0,89;

6) n=2t/(tT+ M)= 2/3. 3gecb T u M —maccbl HelTpoHa
[eiATpoHa.

6.276. ®Hkc = arcslIn (ffii/ffij)= 30°, rge ny M mj—maccbl NPOTOHa
W peiiTpoHa.

6.277. 2*10i «kr/cm*, 1¢10*" HyKnoH/cM*.

6.278. a) d\ 6) I7F; B) a; r) *IC|.

6.280. »Be, £, = 56,5 M3B.

6.281. a) 8,0 M3B; 6) 11,5 H 8,7 M3B; B) 14,5 M3B.

6.282. £,—£,,= 0,22 Ma3B.

6.283. £ = 20eme—2.4ea— 12ec= 11,9 M3B, rfe e —3Heprus cBasun
Ba OAWH HYKNOH B COOTBETCTBYHOLLEM SApe.

6.284. a) 8,0225 a.e.m.; 6) 10,0135 a.e.m.

6.285. = (£,+ £«)-(£,+ £)).

6.286. a) 8,2-1010 kA x, 2,7-10* kr; 6) 1,5 kr.

6.287. 5,74-107 kAx; 2-10» «r.

6.288. 2,79 MaB; 0,85 M3B.

6.289. Q=8ea—7ey = 17,3 M3B.
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6.290. <= (I+ V Tp—(—Na)Ta- 2VV b1l,7,cosd-=.
= —1,2 Ma3B, rge \p—mp!mo, Nr=t1a/'a0

6.291. a) —1,65 MaB; 6) 6,82 M3B; B) —2,79 M3B; r) 3,11 Ma3B.

6.292. wa «0,92.10° wm/c, tLi—0,53* 10" wm/c.

6.293. 1,9 M3B.

6.294. rn=[Q+ (I-ma/«c) N/(1+71,,/«c) = 85 MaB.

6.295. 9,1 MaB, 170,5°.

6.297. ' " £ QA (m/,+ mY/m(= 3,3 MaB.

6.298. B npepgenax ot 1,89 go 2,06 M3B.

6.299. Q= —(11/12) 7'nop= —3,7 M3B.

6.300. CootBetcTBeHHO 1,88 1 5,75 M3B.

6.301. 4,4 M3sB; 5,3-10* wml/c.

e | I r- ~rkr“'l-10mp’
rge mj, Tr, ms, mt— maccbl HeiTpoHa, sgpa 1*C, a-yacTuubl 1 agpa *Be.

6.303. Ha £0B2mc*= 0,06 %, rge T—macca AeiTpoHa.

6.304. £ = Q+ (2/3) = 6,5 MaB.

6.305. E,=fc.+ 7>c/(mrf+mc)= 16,7; 16,9; 17,5 un 17,7 M3B,
rae £cB—3Heprua cBA3W AeNTPOHA B NMPOMEXYTOYHOM SApe.

6.306. 0 —(M/NAprf) InI]= 2,5 k6, rge M —monsapHas wMmacca Kaj-
musa, JW—nocTtosHHas ABOragpo, p— NJ0THOCTb KagMus.

6.307. /0// = exp[(20]+0O2)n<<] = 20, rge N—KOHLEHTPaLNA MONeKyN
TAXENOW BOABbI.

6.308. k>={1—exp[— (0,+ 00)T/]}0,/(0,+ 0B)= O35, rge a—
KOHLleHTpauua afep >kenesa.

6.309. a) = (wlk) In2; 6) tt>= ATe/It 1n2= 2-10-*.

6.310. a) /«=T)/loY = 3-10* ner;

6) Nu»*c = <fojVer/In 2= 1,0-10ii, rge NO—wuucno sgep ’"’Anu
B Jonbre.

6.311. N= (I-e~~)Jnalk.

6.312. J= Ae"-x/oNt (l—e-*9J= ®&IO* cm”"-c-1, rge A— nocTosH-
Has pacnafga, JTs—uucno agep Au B donbre.

6.313. /T= /MOkl~1 — 1,3-10*, rae |—umMcno NOKONEHUIA.

6.314. N*=\P/E = 0,8-101* c" 1.

6.315. a) N/N9= 4-10*; 6) '=7/(J1—1)=10 c.

6.316. CootBercTBeHHO 0,05, 0,4 n 9 I3B.

6.317. </>=c¢c10V 4(4+ 2)= 15 m *

6.318. T,= Imc/VT(T + 21C») = 26 He, rfe T-—mMmacca fA-Me30Ha.

6.319. Y/¥0= exp [— /1c,TOY T (F+271c*)] = 0,22, rge T —macca
A-Me30Ha.

6.320. Tu= (Tn —TUL)*C*/2T,, = 41 M3B, £v = 29,8 M3B.

6.321. T'= [(mj. —T1...)*—T1 /1] = 19,5 M3B.

6.322. I'm,kc= (TU —T #H*c*/27» = 52,5 M3B.



6.323. me* = mipC*+ T+ V m\i*+T(T+2mrc*) =1115 M3B;
J1-yacTtuua.

6.324. 7= T10[1+ (rnu/T*-)*] T~/2Tn= 54 M™MKe, rge TO—cpegHee
BPEMSA XU3HU MOKOALLUXCA MIOOHOB.

6.325. £v= (Tn —ml) c*/2 (Tner+T) = 22 M3B.

6.326. Tc* = [(«b + mj,) c*- 2(TEc*+ TL) (Tac*+ IM,,)]«/1 =
= 0,94 3B, HelTpoH.

6.327. I'a = 1 nc*(csc (0/2)— 1), £v= T nc*/2sin (0/2). Mpu 0= 60°
Ta = Ey *=T1ne*.

6.329. cos (0/2)= l/lyrl 21c*/I", oTctoga 0= 99°.

6.330. a) enop= 4T1,c* = 2,04 M3B;

B) elMp= 2tnc*(l+ Tqa/T")= 320 MaB.

6.331. 1,8 M3B.

6.332. a) TMOp= 67"c* = 5,6 3B;

6) Mnop= T...c*(4Tt~+T1a)/2Tp = 0,28 I3B.

6.3S3. a) 0,90 MsB; ©6) 0,77 I3B.

6.334. AMIKC= [2(Y" I+ T/2Tpcr—I)mp/Ta]l= 10, rae npsmble
CKOOKM 03HaualoT: «Lefoe 4ucno or».

B.335. S= —2, ¥= —1, EB-yacTuua.

B.33B. 3anpeueHbl 1, 2 © 3.

6.337. 3anpeuieHsbl 2, 4 n 5.

6.338. OHepretuuyeckn (1); B oCTanbHbIX NpoLeccax He COXpaHAKTCA:
6apuoHHbIii 3apsfg (2), anektpuueckuii 3apsag (3), cTpaHHocTb (4), nen-
«3HHbIA 3apsaf (5), 3NEKTPOHHbLIA W MIOOHHbIA 3apsgbl (6).

6.339. p(uud), n(udd), I - (dds).

6.340. a+ (ui), K" (us), A®(ds).

6.341. K+ (usj, A (uds), Q- (sss).



MPUNNOXEHWNA

1. Ta6bnuua nNpPoOM3BOAHLIX W UHTErpanoB

PyHKLMA I;IOp'quma;— DyHKLMA Mpoun3sogHas
X5 M~ 1 sin x s X aresin x
)]i_ | cos X —s]i-nx J1-x *
1 tgx 0S2X arccos x P
X xn+1 1
1 ctgx sin* arctg x Lex*
217 arcctg x
e* e* N 1+ x*
e onex YR yw X chx
a* a*Ina
. Inun th x *
1nx L " ohv* x
X " vu'—v'u cth x 1
Vv sh*x
Qxndx= Xi I, mE—1 O gx
COS*X
% +1 dx
| % |-rI1X sin=x > Ctox
A g - .
sinxdx=-—cosx ) 13:* =arctg x
J cosxdx = sinx S dx —arcsin x
V 1-x*
- _ X
J tg xdx In cos x d Sn(x+/x*AT)
I Kx*-1
(I, _ n=0 ! a/2,n=0
X"e~*dx= /8/2,4=1/2 J xne~pg*dx = 1/S.n-I
J 1, n=1 0 Inld, n=2
2. n=2 1/2,n= 3
/12,31, n= 1/2 10,225, a =1
n*/6, n=1 1,18, o0=2
naX 405, n=2 XA 1356 a=3
X—1  jr*/15 n=3 e*—1 "491, a=5
1249, n=4 U.43, a= 10
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1

2. ACTpPOHOMWYECKME BENYMNHDI

Kocmuyeckoe
Teno

ConHue
3emns
NyHa

Mnaxetsl Con-
HEYHOI cucTembl

Mepkypuii
BeHepa
3emna
Mapc
tonutep
CatypH
YpaH
HenTyH

3. TnoTHOCTH

Teepfble BelecTsa

Anmas
ANOMUHWIA
Bonbpam
pagut

Xeneso (ctanb)

3onoTo
Kagmuii
Ko6anbT
Nep
Meab
Monn6aeH
Hatpwuii
Hukenb
Onoso
MnaTtuHa
Mpobka
CBuHel,
Cepebpo
TutaH
YpaH
dapdop
Lnuk '

CpepHuii
paguyc, m

CpepHee pacctos-

Hue ot ConHua,
10* km

57,87
108,14
149,50
227,79
777,8

1426,1
2867,7
4494

BeLLEecTB

P. rlem*

CpegHsas
Macca, Kr NIOTHOCTD,

10* Kkr/m*
1,99.10s" 141
5,98-10%4 5,52
7,35.10” 3,30

Mepuog o6patLueHns
BoKpyr ConHua,
B rogax

0,241
0,615
1,000
1,881
11,862
29,458
84,013
164,79

XXungkocTtn

BeHson

Boga

rnuuepuH
Kactoposoe Mmacno
KepocuH

PTyTb

Cnupt

Taxenasa Bsopa
Sdup

[asbl (NPU HOPManbHbIX
YCNOBUAX)

A30T
AMMUaK
Bopgopoa
Bo3gyx
Kucnopog,
I MeTaH
1¥Yrnekucnblii ras
1 Xnop

Mepuog Bpa-
LLeHNA BOK-
pyr ocu,
CYTKN

Macca B eAuHK-
uax maccbl 3emnun

0,056
0,817
1,000
0,108

318,35

95,22
14,58
17,26

P. rlcm*

0,88
1,00
1,26
0,90
0,80
13,6
0,79
1,1
0,72

p. Kkr/m*

1.25
0,77
0,09
1,293
1,43
0,72
1,98
3,21
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4. Koa(p(uumeHTbl TennoBoro pacluupeHuns
(Mp KOMHATHON TemnepaType)

KoapnymeHt Koauumnent

JINHeRHoro 06beMHOro

Teeppoe Teno paclmpeHus XKupkocte pacwupeHus

0, 10~* K-1 p, 10-* K-1
ANOMUHUI 22,9 Boga 2,1
J1aTyHb 18,9 nuuepuH 5,0
Megb 16,7 KepccuH 10,0
Ctanb (Keneso) n PTyTb 1,8
CTekno o6bluHOE 8,5 CnupT 3TWUNOBLIA 11,0

18 o 1 dv

pumedann 10T P= v aT"

5. ¥Ynpyrue noctosHHble. [pegen npoyHoCTU

: Mpegen
Mogyne  Mogynb KS;gﬂM MPOYHO- Cyymae-
Matepuan tOHra £, cpsura C, yaccoma g;‘;p;aB MoCTb ),
Ma IMa U an. THa MMa-1
AntoMUHUI 70 26 0,34 0,10 0,014
Meab 130 40 0,34 0,30 0,007
CBuHel, 16 5,6 0,44 0,015 0,022
Cranb (keneso) 100 81 0,29 0,60 0,006
Crekno 60 30 0,25 0,05 0,025
Bopa 0,49
MpumeyvaHu e. Cxumaemcctb f Lo
0
6. [laBneHne HacblWEeHHbIX MapoB BOfbl
aByieHue, aBsieHue, . aBneHee,
€ A kMa «C A KMa c A KMa
0 0,61 25 3,15 60 19,9
5 0,87 30 4,23 70 31,0
10 1,22 35 5,60 80 47,3
15 1,70 40 7,35 90 70,0
20 2,33 50 12,3 100 101,3
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7. TOoCTOSIHHbIE ra3oB

a3
(oTHOCHK-
TeNbHas
mMoneky-
napHas
macca)

He (4)
Ar (40)
H, @
N, (28)
0, (32)
CO, (44)
H,0 (18)
Bo3gyx (29)

MpumeyaHune.

BU/AX.

Vv

Tennonpo-
Cp BOAHOCTb
wip MBT 2

Tox gk 83
sC
o X
os
1,67 1415 18,9
1,67 16,2 22,1
1.41 168,4 8,4
1,40 24,3 16,7
1,40 24,4 19,2
1,30 23,2 14,0
1,32 15,8 9,0
1,40 24,1 17,2

2*
Yy

0,20
0,35
0,27
0,37
0,35
0,40
0,30
0,35

[ocToAHHbIE

BaH-gep-Baansca

Man*
MOSIb™

0,132
0,024
0,137
0,137
0,367
0,554

8. TMOCTOAHHbIE XWAKOCTEA W TBEPAbIX Ten

BelecTso

Boga
FnuuepuH
PTyTH
Cnuprt
ANOMUHWIA
Xeneso
Nep

Meab
Cepebpo
CBuHel,

YpenbHas
Tennoem-
KOCTb )

J s .

r-x

4,18
2,42
0,14
2,42
0,90
0,46
2,09
0,39
0,23
0,13

YnenbHas
Tennota
napoo6paso-
BaHuA ++) 0,
Ax/r

*) [pn HOPManbHbLIX YCNOBUSX
.+) Mpu HopmanbHOM aTtMochepHOM AaBfeHuu

YnenoH 19
Tennota
nnasneHns
V. Ax/r

321
270
333
175
88
25

b

104 . B
MO/b

32
27
39
32
43
30

3HaueHNs Yy, X W L—NpyU HOPMasbHbIX YCNo-

[MoBepxHOCT-
HOe HaTsaxe-

Hue +) a,
MH/Mm

73
66
490
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9. [unanekTpuyeckue npoHULLAeMOCTHU

[AnanekTpuk e AnanekTpuk e
Boga 81 Monuatunex 2,3
Bo3nyx 1,00058 Cnwopa 7,5
Bock 7,8 Cnupt 26
KepocuH 2,0 CT1ekno 6,0
MapaduH 2,0 Paphop 6,0
Mnekcurnac 3,5 360HUT 2,7

10. YpenbHble COMPOTUP/IEHNUS MPOBOAHUKOB
W U301STOPOB

YnensHoe Temnepatyp- Y fensbHoe
CONPOTMBNE-  ppiii koadhthn- ConpoTmB-
MpoBoaHMKK glgeoc()npm UveHT a, MN3onaTopbl NeHve p.
o KK™"1 OH 1
AnoMUHUIA 25 4,5 Bymara 10
Bonbpam 50 4,8 MapaduH 10
Xeneso 90 6.5 Cnioga 10»
3001070 20 4.0 dapgop 10»*
Megb 16 4,3 LLlennak 10¢
CBuHel, 190 4,2 360HUT 10
Cepebpo 15 4.1 AHTapb 10”

Il. MarHuTHble BOCMPUMMUYMBOCTU napa-
M AnamMarHeTUKOB

MapamarHeTukun a-1.10-* n—1. 10-*
Asor 0,013 Bogopog -0,063
Bo3gyx 0,38 BeHson -7.,5
Kucnopog 1,9 Boga -9,0
360HMT 14 Megb —10,3
AntoMuHUiA 23 Crekno —12,6
Bonbpam 176 KameHHasa conb -12.,6
MnatuHa 360 KBapy, -15,1
Xunakuii kucnopog, 3400 Bucmyt —176
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12. Tokasatenn npenomMaeHus n

[a3bl

AsoT
Bc3gyx
Kucnopog

MpumeyvaHwne.

Hbl BOJIHbI

n Xugkoctn

1,00030 BeH3on

1,00029 Bopa

1,00027 TnuuepuH
Cepo\rnepog

Teepaple Tena

2,42

1,33  Ksapy nnasne- 1,46

1,50 Anmas

1,47 HblIli

1,63 Crekno
Hoe)

(06blu- 1,50

[MokasaTenu nNpenomneHuns 3aBUCAT WU OT A/INU-

CBeTa, NO3TOMYy npuBeaeHHble 3[4eCb 3Ha4YeHUsa n cneayet
paccMaTpuBaTb KaK YCNOBHbIE.

[ns KpUCTannoB ¢ ABOMHLIM NyyenpenomieHuem

AnvHa
BO/IHbI
X, HM

687
656
589
527
486
431
400

KpacHbl i
OpaHXeBblii
XKenTblii

3e/eHbli

rony6oi

CW He-(hV 0NeTOoBbI
hmoneToBbIN

—nu

Wcnanacknii
wnar

ne Mo
1,484 1,653
1,485 1,655
14SG 1,658
1,489 1,664
1,491 1,668
1,495 1,676
1,498 1,683

13. BpallieHune naockocTu nonspusalmm

EcTecTBeHHOe BpalleHue

B KBapLe

X HM € 1pag/mm
404,7 48,93
435,9 41,54
491,6 31,98
589,5 21,72
656,3 17,32
670,8 16,54

KBapy,

m "0
1,550 1,541
1551 1,542
1,553 1,544
1,556 1,547
1,559 1,550
1,564 1,554
1,568 1,558

MarHuTHoe BpalleHue

(X- 589 Hwm)

XugkocTb

beH3on

Boga
Cepoyrnepog
CnupT 3TUNOBbLIN

V.
yrn. MuH/A

2,59

0,016
0,053
1,072

V—TocTosHHas  Bepge.



14. PaboTa BbIxofa 3/1eKTPOHA M3 MeTassioB

MeTtann A. 3B MeTann A. >B MeTtann A. 3B
ANOMUHMIA 3,74  Kamuii 2,15  Hukenb 4,84
Bapuii 2,29  KobanbT 4,25  TMnaTuHa 5,29
Bucmyt 4,62  Nntuin 2,39  Cepebpo 4,28
Bonbppam 4,50 Megb 4,47  TwutaH 3,92
Xeneso 4,36 MonubaeH 4,27  Lesui 1,89
3onoTo 4,58 Hartpuii 2,27 UwuHk 3,74

15. Kpaii /(-nmonockl NOrioweHus

r 3nemeHT vV ™ z 3neMeHT hr ™™
23 \% 226,8 47 Ag 48,60
26 Fe 174,1 50 Sn 42,39
27 Co 160,4 4 w 17,85
28 N1 148,6 78 Pt 15,85
29 Cn 138,0 79 Au 15,35
30 Zn 128,4 82 Pb 14,05
42 Mo 61,9 92 n 10,75

16. MaccoBble KO3 (ULMEHTbI 0cnabneHuns
(PEHTreHOBCKOE W3My4YeHMWe, Y3KWUA My4oK)

MaccoBblit Koa(duumeHT ocnabnenus u/p, cMm'/r

Bosay( Boga ANOMUHWNI Megp CauHel,
10 0,16 0,16 0,36 3,8
20 0,18 0,28 1.5 4.9
30 0,29 0,47 4,3 14
40 0,44 1.1 9.8 31
50 0,48 0,66 2,0 19 54
60 0,75 1.0 3,4 32 90
70 1,3 15 51 48 139
80 1,6 2.1 7,4 70
90 2.1 2.8 11 98
100 2,6 3.8 15 131
150 8.7 12 46 49
200 21 28 102 108
250 39 51 194 198
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17. KOHCTaHTbl [BYXaTOMHbIX MOJEKYN

YacToTa YactoTa
Monekyna M%”éé?@ﬁﬁﬁé’e KoneGarnii Monekyna Mpe;oég?ggﬁuge Ko”ega”“”
. 10-* cu 10% e C—» 5. 10% » cm 10%'c-*
H, 0,741 8,279 HF 0,917 7.7%
N, 1,094 4,445 HC1 1,275 5,632
0, 1,207 2,977 HBr 1,413 4,991
F 1,282 2,147 HJ 1,604 4,350
s, 1,889 1,367 co 1,128 4,088
cl, 1,988 1,064 NO 1,150 3,590
Br, 2,283 0,609 OH 0,971 7,035
[* 2,666 0,404
18. Maccbl Nerkux Hyknvgos
M36bITOK N36bITOK
' Hykg " af o ' Hykng " YR
a.em. a.e.Mm.
0 n 0,00867 6 nc 0,01143
1 »H 0,00783 12Q 0
*H 0,01410 *>C 0,00335
5H 0,01605 7 BN 0,00574
2 "He 0,01603 UN 0,00307
‘He 0,00260 nN 0,00011
3 oLi 0,01513 8 is0 0,00307
TLi 0,01601 *e0 —0,00509
4 7Be 0,01693 "0 —0,00087
“Be 0,00531 9 i»F -0,00160
*Be 0,01219 10 2°Ne —0,00756
10Be 0,01354 1 **Na —0,01023
5 i«B 0,01294 MNa —0,00903
UB 0,00930 12 »«Mg —0,01496

MpumeyvaHune 3pecb M--macca Hykauga B a.e.Mm., A —mMac-
COBOE 4ucno.

19. Mepuoabl nonypacnafga pPaguMov3oToNoB

Kobanbt *°Co 5,2 roga (P) PagoH m Rn 3,8 cyT (a)
CTpoHuuii 61Sr 28 net (P) Pagnii m Ra 1620 net (a)
MonoHwnii *10Po 138 cyT (a) YpaH *ISU 4,5-10* net (a)
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14. PaboTa BbIXofa 3/1eKTPOHa M3 MeTassioB

MeTann A 3B MeTann A. BB Metann N, B
AnIOMUHNIA 3,74  Kanwuii 2,15  Hwkenb 4,84
Bapwii 2,29 Kobanbt 4,25 MnaTuHa 5,29
Bucmyt 4,62 Nutnii 2,39  Cepebpo 4,28
Bonbpam 4,50 Megb 4,47  TwutaH 3,92
Xeneso 4,36  MonunbaeH 4,27  Leswnit 1,89
3onoTo 4,58 Hatpuii 2,27 UwmHk 3,74

15. Kpait /(-monockl NOrnouieHus

r SnemMeHT vV ™ AnemeHT vV ™
| 2
23 \Y 226,8 47 A8 48,60
26 Fe 174,1 50 Sn 42,39
27 Co 160,4 74 w 17,85
28 Ni 148,6 78 Pt 15,85
29 Cu 138,0 79 Au 15,35
30 Zn 128,4 82 Pb 14,05
42 Mo 61,9 92 " 10,75

16. MaccoBble KO3 (ULUeHTbl 0ocnabneHus
(PEHTreHOBCKOE W3My4YeHWe, Y3KUA My4voK)

MaccoBblii Ko3thduuneHT ocnabneHus g/p, cm*/r

Bosgy Boga ANOMUHNIA Megb CsuHel,
10 0,16 0,16 0,36 3,8
20 0,18 0,28 1,5 4.9
30 0,29 0,47 4.3 14
40 0,44 1.1 9.8 31
50 0,48 0,66 2,0 19 54
60 0,75 1,0 3,4 32 90
70 1.3 15 5,1 48 139
80 1,6 2,1 7.4 70
90 2,1 2.8 1 98
100 2,6 3,8 15 131
150 8.7 12 46 49
200 21 28 102 108
250 39 51 194 198

410



17. KOHCTaHTbl [ABYXaTOMHbIX MOMNEKY/

YacToTa YacroTa,
Monexyna “’&%’Sé’?éﬁp”é’e KONEORHU 1 c1eyna “’k%”éé’?&?ﬁﬂge KoreGaHIN
10-*cMm  10'*c-a 10-* cm 107 c*1
H, 0,741 8,279 HF 0,917 7,796
N, 1,094 4,445 HCI 1,275 5,632
0, 1,207 2,977 HBr 1,413 4,991
F, 1,282 2,147 HJ 1,604 4,350
S, 1,889 1,367 CO 1,128 4,088
Cl, 1,988 1,064 NO 1,150 3,590
Br, 2,283 0,609 OH 0,971 7,035
1> 2,666 0,404
18. Maccbl flerkux Hyknngos
M36bITOK M36bITOK
r Hyknua Még;a(:b,'wH_yA(’?M_ r Hyknua MaA%Cb,'\AH_y'XjW
a.em a.e.M.
0 n 0,00867 6 "C 0,01143
1 ‘H 0,00783 i*C 0
*H 0,01410 %;% 0,00335
3H 0,01605 7 0,00574
2 *He 0,01603 uN 0,00307
*He 0,00260 “N 0,00011
3 eLi 0,01513 8 “0 0,00307
7Li 0,01601 *e(Q -0,00509
4 7Be 0,01693 "0 -0,00087
*Be 0.C0531 9 ‘oF —0,00160
*Be 0,01219 10 ?°Ne -0,00756
‘"Be 0,01354 un »Na —0,01023
5 toB 0,01294 MNa -0,00903
“B 0,00930 12 MMg -0,01496

MpumeuaHune. 3pech JIL--macca HyKnuga B a.e.M., A — mae-
COBOE Yuncno.

19. MMepuogbl nonypacnaga pagvMon3oTonos

Ko6anet *°Co 5,2 roga (P) PagoH m Rn 3,8 cyT (a)
CTpoHumnit *°Sr 28 net (P) Pagnii m Ra 1620 net (a)
MonoHwuit ,,0Po 138 cyT (a) Ypan *J“U 4,5-10* net (a)
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20. EguHuLbl M3MYeCcKUX BeNUYUH

O603HaYeHNss 1 Ha3BaHWA HEKOTOPbIX efuHWL,

A—amnep
A —aHrcTpem
a.e.M.—aToMHas efuHuLa

macchbl
b —6en
6 — 6apH
Bk — 6ekkepenb
B —BosibT
B 6— Bebep
BT —aBarr
TH—reHpyn
r—rpamm
c—raycc

[lecAatnyHble nNpucTaBku

9 —3Kca, 10m
M—neTta. 10¢
T —Tepa, O
—rura. 10*
M—wmera. 10*

Fy—repy
[OUH — AvHa
[ X — pxoynb

ANTP — AMONTPYUA

K —KenbBuH
Kan —kanopus
K4— KaHfena

Kn—kKynoH
n—nuTp
NK—I0KC

NM—IIOMeH
M— MeTp

MWUH — MUHYTa

MKc — makcBenn

H — HbIOTOH
M—nya3s
Ma—nackanb
pag— paguaH
C— CeKyHpa
CM—cuMeHC
cp—-cTepagnaH
Tn—rtecna
® —dapag
y—uyac
9 —apcTes

3B — 3NeKTPOH-BO/LT

K Ha3BaHUAM eguHuL

K—«kuno, 10»
r—rekro, 10°
o—peun, 10-»
C—CaHTU, 1 -«
M—MWUINA  10-»

EavHnubl BennumnH B CU um CIc

BennunHa

OnnHa

Bpemsa

CkopocTb
YcKopeHue
YacToTa KonebaHwii
Kpyrosas uactoTa
Yrnosas CKOpPOCTb
YTrnoBoe yCKOpeHue
Macca

MnaTtHoOCTb

Cuna

[laBnexHve, HanpsxeHue
Mmnynesc

MoOMeHT cusibl
JHeprua, pabota

412

EAMHMLA BENWNYMHBI

cu

m/c
m/c*
My
C~»
paa/c
pag/c*

Kr/m*

Ma
Kr-m/c
Hm

[x

MK — MWKpO, 10-*
H— HaHo, 10-*
n—nukKo, HO- »*
h —emTO, 10-~16
a—arTo, 10-18

OTHoweHwue
en Cu
cre e Crc

cM 10*

c 1
cm/c 10%
cm/c* 10*

ry 1
C-» 1
paa/c 1
pag/c* 1

r 10»

rlcm* o -*'

AVH 10»
[VH fem* 10
r-cm/c 10*

[VH-CM 107

apr Y4



MpogomkeHne Tabn. 20

EMHMLA BEMYMHBI

OTHoweHne
BennumHa en.
cu crc en arg
MoLyHoCTb BT apr/c 10»
MNOTHOCTL MOTOKA 3HEpruun BT/mM* apr/(c-cm2) 10*
MomMeHT umnynbca Kr-m*/c r-cm*/c 107
MoOMeHT uHepuumn Kr-m2 r-cm2 107
BAskocTb Ma-c n 10
Temnepatypa K K 1
TennoemMKoCTb, 3HTpPOMMs Ox/K apr/K o7
KonuuecTso 3anekTpuyecTtsa Kn Crco-egn. 3-10»
MoTeHyman B Crco-eq. 1/300
Hanps>XeHHOCTb  aneKTpuue- B/m Crca-eg. 1/(3.10%)
CKOro nons
ANeKTPNYECKoe CMeLleHne Kn/m* CrcCa-eg. 12n-10*
DNeKTPUYECKNA MOMEHT  Au- Kn-m CIrca-eg. 3.10*1
nons
Monsapn3oBaHHOCTb Kn/m* Crca-eg. 3-10*
EmkocTb (0] cM 9-10“
Cuna ToKa A CrC3-ea. 3-10*
MAOTHOCTL TOKa Alm* CrCa-ea. 3-10*
ConpoTusneHune Oom Crca-en. 1/(9- 10¥ )
YpenbHoe CONpoTUB/EHUE OM-Mm CIrco-eg. 1/(9-10»)
MpoBogumocTb Cm Crca-ea. 9-10*
MarHutHaa WHAYKUNS Tn Ic 10*
MarHuTHbIA NOTOK B6 Mkc 10»
Hanps»eHHCCTb MarHUTHOro Alm 3 49> 1O- *
nons
MarHuTHbI MOMEHT A-M* CrCM-eg. 10»
HamarHuueHHoOCTh Alm CrcM-ega. 10-*
MHAYKTUBHOCTL H ™M 10»
Cuna "BeTa KL, KA, 1
CBeTOBOl NOTOK nm M 1
OCBeLYEHHOCTb NK
CBeTuMMOocCTb nm/m*
ApKoCTb Ka/M*

MpumeyaHune. 3InekTpHUeckne H KIArHHTHblE efH HUUbl B CIC
[aHbl 34ecb B rayccosoit chcireme.

HekoTopble BHECUCTEMHble efAuHULbI

lron=3,11.107c 1A = 10"*cm

Lm0y 300 FutBR . T Lt ax

1 6ap=100 kMa (TO4YHO) | 9B \ 1,6*10- *1 apr

1 mm pt.cT.= 133,3 lMa - 6elQaa T
o 1ors 4.6 Hh= | Gafosifnis
1 kan= 4,18 Ox 1 Ku (ktopu) = 3,70-1018 bk
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21. OCHOBHble (hopMmysbl 3nekTpofuHaMmuku B CU
N B rayccoBoil cucteme

HaumeHoBaHune

Hanpsa)eHHoCTb nona
TOYe4yHOro 3apsapa

HanpskeHHOCTb Mons
N0CKOro KOHAeHca-
Topa

MoTeHuuan nons To-
ueyHoro 3apaga

Csasb Mexay E un @

SneKTpnyYecKuii on-
nons p B none E
CBAasb Mexgy PuE
CBAa3b Mexgy o', P E
OnpefeneHne BekTopa

CBasb Mexgy e X

Csasb mexgy D u E

Teopema Taycca Ans
BekTopa D

EMKOCTb  KOHfeHcaTto-

EmMKOCTb na0CcKoro
KOHZeHcaTopa

JHeprus cucTembl 3a-
pagoB

JHeprus KoHAeHcaTopa

MnoTHOCTbL 3Heprum
3/1eKTPUYecKoro no-
ns

3akoH Owma

3akoH Jxoyna—JleH-
ua

MarHuTHbI MOMEHT

KOHTYpa C TOKOM
MarHuTHbIi gunonb ps
B nose B

3akoH bBuo—Casapa

MHaykuma nong:
a) NpAMOro Toka
B) B LEHTpe BUTKa
B) B CONeHoupge
OnpefeneHne BeKTopa

414

cun [ayccom cuctema
1
aneo 41 e~b
E= o/eBe E = 4nale
1 4
® w0 r ®=4-

E= —yp, ¢l—ap!= ~Edr

P = xeOE P = XE
0 —Pn= y.e0E,, 0o'= P, = Xx£,
D= e0E+ P D= E+ 4nP
e= 1+ x 8= 1+ 4dax
D= e,eE D=eE
N DdS= < £ D dS= 4ng
C=q/U
e,eS tS
4nd
= (U2)2 &n
W= CU*/2
w=ED/2 w=ED,'8n
J= oE
w—o0E1l
Pm—IS | pm= fS/C
N= [p,B], 07= —pmB
4n r*
B = (Llo'4sa) 21/r B= (1/c)21/r
B = (u0/4n) 2nlir B= (\/c) 2nl/r
B= LLLb'I/ B= (4nic) n/
H= B/y,—J H= B—4rtJ



HanmeHoBaHue

Limpkynaunsa BekTopa
H B MOCTOAHHOM
none

Csasb Mexay J H H

CBA3b Mexay LU un X

Csasb mexgy B u H

Cuna JlopeHua

3akoH Awmnepa

Cuna B3anMofencTBMA
napannefbHblX  TO-
KOB

3. 4. C. MHAyKUuUn

VMIHAYKTUBHOCTb

WHAYKTUBHOCTL cone-
Hounga

OHeprua  MarHUTHOro
nonsa ToKa

MnoTHOCTb 3Heprum
MarHUTHOro nons

YpaBHeHus Makcsen-
na B WHTerpanbHoM
thopme

YpaBHeHna .Makcses-

na B JudepeHun-
anbHoii chopme

dopmynbl  npeobpaso-
BaHus E wn B npu

CKOpOCTb 3/MeKTpomar-
HWUTHOIA BOJIHbI B Cpe-
ne

MpogomkeHne Tabn. 21

(0] [ayccoBa cuctema
G Hdr=/ $HSHA = — 1
J=m
M=1+X (i= 1-f 4nx
B= LlouH B= uH
F = </[vB| F= (Vc)[vB]
dF = / [dl, B| dF = (/.'c) [dIl. B]
c W 21/2 1 2/,
4n d F d
0 do 1 dd>
®' dt c dt
L-o // L= c<Soll
L= pQinlVv L= 4nunay
W- LI*/2 W= LI*/2c*
w=BH/2 w—BH/8n

<) DdS = J pdV ADrfS=4n" pdV

j) Edr= —~BdS (fEdr= —j ~ BdS
£ BdS=0 () BdS=0
AHdr= ~(4-D)dS ~Hdr =
-t S(e+&)«
V-D=p VeD= 4np
VXE=-B VXE = —Be
V-B =0 V-B=0
VXH = J+D VX"-AK)
E'=E + [v,B] E'= E+ [vOB]/c
B'= B—|vOF] c* B'= B-[vOElc
v=\/V o=clV ey

Ceasb mexgy £ H £ v w =HV 1,4

B 3/1eKTPOMArHUTHOM
BO/IHE
BekTop TMoOWHTUHIA

S= [EH] S= (c/an) [EH]
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22. OCHOBHble (u3nyeckue

CKopoCTb CBeTa B BaKyyme
paBUTaLHOHHAA MNOCTOAHHAA
CraHfjapTHOe YCKOpeHue CBO-
6ofiHOro nafeHus
lMocTosaHHaa ABoragpo

CTaHAapTHbI 06beM MONA rasa

MonspHas rasosafd MNOCTOSH-
Has

MocTosaHHaa bonbumaHa

MocTosHHaa dapages

AnemMeHTapHbI 3apsg
Macca 3nekTpoHa

YaenbHbli 3apajg aneKkTpoHa
Macca npoTtoHa
YpenbHblii 3apsf npoToHa

MocTosiHHaa lMnaHka

[MocTosHHaA CrethaHa —
bonbumaHa

[MocToAHHaA 3aKOHa CMeLLeHuns
BuHa

MocTosHHas Pupbepra

MepBblii 6OPOBCKUIA paguyc

JHeprus CBS3U 3NEKTPOHA B
aTome BOZOPOAA

KoMNTOHOBCKas fNWHA BOJMHbI
3/1eKTPOHA

Knaccuueckuii  pagumyc anekt-
poHa

MarHeToH bopa

AfepHbIi MarHeToH

MarHuTHbIA MOMEHT NPOTOHa

» »  HelTpoHa

ATOMHas eAnHMLa Macchl ia

JneKTpuyeckas NoCTosHHas

KOHCTaHTbI
c=2,998-10® m/c
7=6,672-10-“ m*/(kr-c*)
g= 9,807 wm/c*

= 6,022-10** monb-1

V0= 22,41 n/monsb
/?= 8,314 Ox/(K-monb)

1,3807-10-» Ox/K
0,965-10* Kn/monb
11,602-10-»» Kn
e~ \4,803-10-»° CIrca

K
F

m _ /0,911-10-*° kr
T'~\ 0511 MaB
_ 1 1.76-10" Kn/kr
e/T*~ \ 5,27-10»7 CIC3/r
T. .1,672.10-" Kr

_ 10,959-10" Kn/kr
e'TP- \ 2,87-10“ CIrCalr

h= 6,626-10~* [x-C
* | 1,0546-10-* Jx-c
2n ~\ 0,659-10-* 3B-c
0= 5,67-10-» BT/(M*-K*)

6= 0,29 cm-K
q4=2,07-10“ c-*

R'= /?/2nc= 1,097-10* cm-»
(= 0,529-10—40 ™

£=13,56 3B
X = 2,426-10- m
Kc="c/2n= 3,86-10-“ n
/-,= 2,82-10-" m

. _ 1 09274-10-** Ox/Tn
M6~ \ 0,9274-10-*» asprilc

I 5,051-10-»7 Ox/Tn

\ 5,051-10-* aprilc
\tp = 2,7928\iN
(i, = —1,913 (ijv

em. - ~gPOD T KT

e,= 0,885-10-“ @/m

1/4ne, = 9-10» m/P

MarHuTHas nocTosHHas

e
(10=1,257-10-* TH/m

Llo/4n=10-7 TH/M
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