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MYKAOLLWUMA

KYMXYPUATUMUSHUHT XO3UPru TapakkMET 60CKMYM Ba YHUHT TallKu
Mamnakartnap 6unaH KeHr KampoBMAW anoKalapUHWHE KyHAaH-KyHra
KeHrammné 6opuwn— BYryHrn KyHHUHr Tanabnapm papaxacuga 6u-
NUMNN, TexXHWKa YCKyHanapumm Ba TEXHOJMOIUAHN Y3/IYyKCU3 Tako-
MunnawTupa onaguran, vwkoauii Taakkyp KyHuKmanapwura ara oynrad,
thaH OTyKNapuHM wunwnadé UYUKapUWHWHE Typau coxanapura Kynana
onaguraH MyxaHgucnap TaliépnalHu Tako30o kunagu. By BasudaHm
amanra owumpu'v yuyyH TeXHUKaHHHI TapakKkKuil aTuwmnga Xan KuayBum
thaHnapgaH 6upH XxmcobnaHmMuw usmMka daHngaH YHUHE 3HI CYHITU
IOTYKIapUHN y3uga akc 3TTUPYBYM SHIMM factypfiap acocmaa 3amOHaBui
YKYB Ky/nfaHManapuHu spatuwl 3apypusaty nango éyngu. 3epo xosupru
BaKTAa MaBXy[ Ky/lnaHManapHWUHI akcapusaTu pyc TUavaa yon 3TU/raH,
y36eKk Tunmparn mMaexyg KynaaHmanap aca KeHr KynnaHwnaétraH 6ynca-
Ja, ynap ackn pacTtypnap acocuga €3usraH.

HOkopuga 3ukp aTtwiraH mynoxasanapra kKypa myanindgnap usvka-
OaH TexXHMKa Onuii WIMroxXnapum YYyH MyJ/DKaniaHraH SHrM  yKyB
Ky/iIlaHMacuHMU apaTtuiira xasm Kanguniap.

KynnaHma amangarn (cobuk CCCP Onuii Tabaum BasvMpANTUHUHT
usnka Oyiivya wnMUR-ycnyobuini  KeHrawu TomoHugaH 1988 ununga
TacauvknaHraH) ykyB gactypu acocuga, A. bepyHuin Hommgarn TOLUKEHT
[JaBnat TexHuka JOOpuNYHYHUHUHT Amanuii Ba Hasapuii  usnka
kathegpacn MyaIMMNAPUHUHE  Kyn  Aunnap gasoMugarn TynnaraH
TaxXpubanapura cysaHraH xonga éswiraH. Y y4 kmcmgadH mbopat 6ynmo,
I KuCcMn dursnka KYPCUHUHI «MexXaHuka», |l KNCMU «3M1eKTp Ba MarHuT
xogucanapu xamga TY/JKUH onTukacu», |l kucMm 3ca «KBaHT Ba
CTaTUCTUK (mn3MkKa Xamaa TepMoAuHamMuka» OynMMmnapuvHu y3 wnuura
onagu.

KynnaHMaHUHI KynnHrusgarun maskyp OoupuHuM Kucmuga dusuvka
KYPCUHUHI «MeXaHuka» 6ynumura owg mas3ynap TabuaT xogucanapuv-
HUHI Mogennapn BocuTacuga 6aéH atunraH 6ynmb, acocuii 3bTUG0P
MexaHVMKaBuii XogucaniapHM TaBCU(IOBYM KOHYH Ba TyLlyH4YanapHWUHT
MOXMATUHN XamAa MasMyHUHW WMKOH Kajap coafapok 6aéH atmTra
KapaTunraH. ®M3nka aHVHUHE KyH CaliH sHrM 6unnmnap éunaH 6oin6
6opaéTraHnurn Ba 6uHOGapunH dacTypga Kys3fa TyTuaraH mas3y/lapHUHT
\ammacuHn pape (nekuus) wmobariHumga 6aéH  ITUWHWUHT  UMKOHU
6ynmaraHnurn Tycaiinu 6ab3n MaB3ynapHUHr Tanabanap TOMOHMAAH
MyCTakun ysnawTtmpuwnapu kKysga TyTunrad. Wy cab6abnm Ba maskyp
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ynnaHMma umsmnka KypCUHUHI noigesopu 6ynmuw «MexaHunka» 6ynmmmn-
i GakulNaHraHIUrMHM Haszapna TyTm6, 6apya Myxum gopmynanap
$unnnmk 6unaH  KenTupub uuka™~Mngu. XoawucanapHu TaBcudioBUM
OHYHUATNAPHMHI y3apo 6O0rAnK 3KaHNUTMHWM 3bTMbopra ofnraH xwpaa
aB3ynapHWHI Xohnawuwmnaa pgactypga Kysga TyTuaraHmra Hucbatad
ab3n ysraprympuwnap Kmputungu. AApHM gacTypgaH yeTnaHuwiap sca
apcHM myamMmosnM 6aéun aTuw ycynm acocua Tawkua 3Tuw 6unaH xam
3BUI Goravkaup.

TebpaHmMa XapakaT MexXaHHKaBU XapakaT/iapHUHITypnapugaH 6upu
ynramnurugaH sa wy 6mnad 6upra maskyp xogucara ovf, MaB3y/apHUHT
aénnaa mMexaHHKaBWiA 3HEPIrMHHUHI cakfaHuwm Ba 6up TypaaH MKKUHYIM
ypra ainaHmwm fKKO/M HaMOEH GYNMLIWMHK Halapga TyTu6, 6y 6ynmmra
uh, MaB3ysap MasKyp KUCMra KUpuUTuigu.

MaB3ynap xankapoéupnuknap TUsu.Mu CW pa 6aéH stunraH; Crc
M3MMK  Xakmga XaMm Kuckaya TyuwyHya OGepwunraH. Ysbek Twuam
TaMaw\HOC/IMTUHUHI X03uprn 6ocknunga dusmnka OGyinya Mykamman
Tamanap nyratu apatunmaraH 6ynca ga, myannmgnap MymMKuUH Kagap
36ek Tuangarn artamanapHu Kynnawra HHtungunap. Wy 6ouc 6ab3u
vp atamanap 6axcnm OynHWM XaM MYMKWH.

KynnaHMaHVHI kupuw kucmv sa V II1 X 606napuHn A. Kocumos, 1
I, 1v, VI, VII, XI 6o6napuHn X. Xypakynos, Il, V 606napuHu
ca A. CacapoB é3raH.

KynnaHma TexHMKa auuii YKyB OPTAapuMHUHI Tana6anapu yuyi
|ymkannaHraH 6ynm6, yHoaH Heparolvka alwi HAMIoxmu Tanabanapu
amga wy coxa 6bwunaH WykKy.maHaéTtraH myTtaxaccucnap xam coigana-
NUHNAPU MYMKWH.

KynnaHmaHu Taiépnaw >kapaéHuga YHUHI cudatmHM axwHnawra
.apatunraH vkp Ba Mysoxasanapu ydyyH kKadegpamus goueHtn X. JN\y-
NTAOMHOBra xamga KynésmaHu Hawpra TaHépnawparu épgamm
yyH . Campgosara y3 MWHHaTAOPYMANTUMU3HU Bungmpamus.

KynnaHmMaHUHI cudaTuHu fHaga sxwunaw 6opacuga ymaa Kysa-—
HAraH KaM4yuHKnapra taannyknm ukp Ba MysoxasanapHu MaMHYHHAT
>HrlaH Kabyn KHnamms.

Myannudnap



Kupuuw

Bbn3Hn ypab TypraH Ba OHrumusra 6esocuta xamga 6unsocuta Tabcup
STULWIM MYMKUH 6ynraH o6bekTnB 60pnnk matepua geb atanagu. XycycaH,
tongysnap, caliépanap, Mosiekyna Ba aTomiap, 3/1eKTp, MarHuT Xamga
rpasMTauunsa MangoHnapu Ba 6owkanap MaTepPUAHUHT TYPAN KYPHHULLIa-
puavp. MaTepusSHUHT MaBXyAauK WwapTnapugadH ovpyn YHUHT AOUMWIA
XapakaTtga, aHUKporu. ysrapuwga oynuwumnavp. MaTepussiHUHI Xapakat
(ysrapuw) >kapaéHmHW TawWwKua  Kuayedm anoxmpga 6GocKknynapHu
xoaucanap neb aranagw.

dnsuka — Tabuat xogmMcalapuHUHI Keunll KOHYHUATIapu Ba Typauv
xogucanap opacmgarun 6ornaHvwNapHn  ypraHyesum aHgump. Wy
ypUHAA XXOHCU3 TabnaTt xogucanapu 6HAaH XXOHNU TabnaT XoaucasiapHHU
WwapTan pasumwaa apkiaw No3MMAUIVHA Tabknananmus. YCUMAuk Ba
YXOH30TNapHUUT TaHanapuga cogvp O6ynyBuM XxoaucanapHm 6UONOrvkK
xogucanap Ae6 ataw Kabyn KunuHraH. [apyum 6y maBXyAoTiap Xam atom
Ba MOJeKynanapHUHI MyalsaH Tap3garvu OumpukmanapugaH Tawkun
TonraH 6yncaga, 6uMoNoOrnk Xxapakat (PU3MK XapakaThaH KeCcKuH dapk
kunagn. Anbatta Oy XxapakaTtnapHuUHr Ty6 MoOXusaTum 6up aeocra —
aTtoM Ba MOJieKynallapHUHI y3apo TabcupriawlyBura acocnaHrad. Ly
cababnn xo3mpru 3amoHga 6uodursnka, GUsnkasnii Xmumma kabu daHnap
KynrmHa amannii MacananapHu edynwga Xana KuayBu4M axamuaT Kacbh
knnMmokpa. lOkopuaga antuaryHnapgaH @usnka <«KOHCU3» Tabuar
xogucanapu KOHYHUATIapuHW ypraHysun anamp, genvw MyMKUHAWTA
kenn6 4yHkagun. fAcmak, (usmMka (aHMHUHI ypraHuw coxXacu >XOHCU3
TabuaTt xogucanapuamp.

dusmka Tabuuii daHnap opacuga anoxmga daH cudaTtuga
WwaxknnaHnb, Xo3nprn 3amoH (PH3MKacu gapaxacura KcaryHya 6up KkaHya
TapakkuMér 6ocknunapmHu 6ocmb6 yTraH. by 6o0ckuunapHu LWwaptnuv
pasuwga Kyhingarn acocuin Typr gaspra 6yamw MyMKUH: Kagumru aHTUK
pasppaH XVI acp oxHpuraya 6ynraH gasp, M3uKaHUHI daH cudatmpa
waknnaHuw, paspu  (1600— 1700 wwunnap), MyTakab6bwun (Knaccuk)
PU3MKaAHUHT 9XNUT HasapHsa cudatmga waknnaHnuw gaspu (XVII acp-
HUHI OXupy — XX acpHWHr 60T K1) Ba HUXOAT, XO3UPru 3aMOH (DN3MKAaCH
Jaspu.

AHTUK pgaspga Tabuat xoaucanapHHW WIMWA pasBuwga Ky3aTuLl
Ba TeKWMpULIap acocaH OHOW onvmiapyu TOMOHMAaH anué 6opwvnaraH.
enap WK GuU3nKaBuUin KOHYHAapHU apaTtaunap.
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JeMOoKpUT TOMOHMAaH MaTepusHUHI Maliga 6ynaknapun 60LwWwkKa KN4mk
6ynaknapra 6ynuHmacanrn tyrpucmgarv UKpaapHUHr onra Cypunuviun,
ApacTy (ApucTtoTeslb) TOMOHMOAH MEXaHWKaBWiA xapakaT an1eMeHTnapwm
(yHCcypnapwu), Tyrpy Ba arpu YM3MKIN MeXaHUKaBWiA xapakaTtnap, puyar
Ba YHWHI MyBO3aHaTU KOUA&TapUHUHT aHUKNaHULLW 3pamMmusgaH OnguHrm
V — |V acpnapra xocaump. 3dpamumsgaH onguHru Il acpga onamHUHI
reIMOLUEeHTPUK Tu3uMn (cuctemacu) Tyrpucnga dgukpnap, Ep 6unax K.yéw
Ba O opacmpa EpyrnvkHWHE TYrpyv 4YM3SUKAWM TapKaauwum Xakmgaru
KOHYHUATNAPHUHI aHuknaHnwwn (EBkNnpg), anHukca, Apxumes TOMOHU-
JaH cTaTuKa acoC/apuHUHI — napajiien Ky4dysapHu Kywull Ba puyarnap
Ha3apUACUHUHT — ApaTUAULLN XaM4a YHUHT HOMW 6uniaH 60rnmk 6ynraH,
XUCMAAPHUHT Cy3ul wWwapTnapym acocmga rmapocTaTUkaHHHT  acocuii
KOHYHNAPUHWHI  OYUANWN - PUSUKAHUHT TapakkKMetura Myxmm Xucca
Kywan. batnumyc (MTtonomen, | — Il acpnap) EpyriaMKHUHE CUHULL
XoccacuHM Taxpuba acocupa Tekwumpub, aTtmocdepaga 3 bepaguraH
pedpakumnsa >xapaéHUHU TYLLYHTUPAW.

Y pTa acpnapra kenné wam-gaHHVHI puBoxiaHuwmn Wapknin Apab
Ba Y pTa Ocmé mamnakatnapura kyuygu. AilHukca, IX — XII aepnapgaH
6ownab hU3NKaHUHI reoMeTpuK ONTUKa, CTaTUKa, rmapasnnka, MexaHuka
Ba 6owka coxanapu 6yihnya Kynnaab waMuii Kys3aTuvwnap Ba TeKwu-
pvwnap onub 6opunawn.

An ®opob6uii (980— 1051 iinnnap) ApacTyHUHr Tabuuii gaHnapra
ovg «o®usmka», «OCMOH Tyrpucmpga», «MeTposorumsa» kabwm wnmui
vwnapura, baTnMMyCHUHI acTpoHOMWUSA coxXacuparn uvwnapura Ba
EBKIMOHMHI MaTemMaTuka coxacuparn wuwniapura wapxnap é3am xamja
KeHraitmpgu. lWapkHUHT 6ytok annomacu V6H CuHo (980— 1037) TM66Un-
&T, anxXmmua, maTemaTmka Ba 6olKa coxanapgaH Tawkapu (PU3NKaHUHT
XapakarT, Kyd4, 6ywnuk kabu chancaguini macananapu 6unadH wyryanaHuo,
y3naaH KeluvHru gaspnapga fwab ytradH Kynnab onvmnapHu xaliparga
Kongupan. Y reomMeTpuK OMnTUKa Xamga WHCOH KY3UHUHI  KypuLLl
cababnapn xakupga aTtponmya mMabnymoTnap 6epan. ®msmka aHu
Myammonapwu to3acumgaH WM6H CuHO Ba bBepyHWiHUHI y3apo caBof-
XaBob6napun pgukkaTtra casosopgup. XywmnagaH, BbepyHUAHUMHI «Arap
WCCUKNMK MapKasfaH ys3oknawysuu 6ynca, HumMa yuyyH KyéwpaH 6usra
WNCCUKNUK Kenub Typagn? Epyrnvk mogaamu, opasnapmu (cudatnapmn)
ékn 60wWKa HapcanapMmu?» geraH casonura M6H CuHO wyHAain XaBob
b6epaan: «bunmMak Kepakku, UCCUKINK MapKasfaH y3oknawysyu moana
amac, YYHKM UCCUKIVK XapakaT KU/yBYM Hapca aMac; UCCUKIMK XapakaT
KUNyBun xunempga éynraHngaH, opné TypraH kemagarv MHCOH Kabu opas
BOCUTacKU 6unaH XxapakaT KuiyByYM Hapcaaump». byHpaaH Tawkapu W6H
CVMHOHWHI bBepyHuin caBonnapura 6GepraH xaBo6aapwu, YHUHI /IMH3a-
NapHWHI KaTTanawTtupunim Ba ynapgaH cohiganaHuw xakumgarn mabiy-
MOTNapu, EPYITIMKHUHT CUHULL KOHYH/IapW, MOOOIaPHUHT UCCUKNUKOAH
KeHranmwm Ba COBYKAAH Topamuwm, EpHUHI TOpTMW Kyyun Ba 6OLKa
hunsmkaBmini  xoamucanap Xakuga WIMWA Mynoxasanap oputnwm  UN6H
CVMHOHMHI (hu3Mka coxacupa ys3 gaspugaH 6up Heya acp wiarapwniab
KeTraHMHWN KypcaTtagu.

du3nka aHVHUHI Tapakkuétuga 6ywk annoma A6y PanxoH
BepyHUIAHMHI (973— 1048) nnmuiAi nwnapu onamwymysn axamuat Kach
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aTaan. Y tabuat xoaucanapHHW, XymnagaH, EMKUp, WYAPUHE, KApOBnap-
HUHI\Xocun OyNNWNHN, 4YaKMOK, MOMakangumpok, Pyctam (Eku Kama-
nak)HinHr nango 6ynuw cababuHn, 3pTa TOHI Ba KEYKM OKLIOM onamga
Kyéw HypugaH xocun 6ynaguraH wadak XOoLMCacuHW, >XUCMIaPHUHT
opupnukgad Ep mapkasvta MHTUWINWWHKW, Ep WaKAVHAHT LWapCYMOHANTN-
HA WIMWIA acocga Taxnuna Kuamnb 6epan. BepyHwuii y3MHWHE «Tadxmm»
HoMIM acapuga «Ep 103nm xaBo 6wunaH ypasnraH, CyB ucuraHga 6yFra
alrinaHm6, xaBora KyTapunagw, KeiivH 6ynyT xocun 6ynagu. YHAa
ToMuunapra annaHub, émrup 6ynmb éragn. T of Ba TenaimknapgaH OKKau
cyB TynnaHu6 (kKynainb6) papé xocun kKunnagu»— neb ésagn. Y 6ynok
CYBUHUHI OTUAMG uuknw “ababnapuvum Kynmnparnya TywyHTUpagu:
«BbynoknapHuWHr KaliHawu Ba CYBHUWUI HOKOpUra KyTapuiuln CcyB
MaHGavHWHI BynoknapAaH Kopu TypraHnurngaHgup». bepyHuin geHrus
CYBUHUWHI KyTapuaumwu Ba Tywuwmra OWHUHI TOPTMW Kyunm cababum
SKaHNUTMHW  un30X,fanan, Kyéw Ba OWHWHI TyTunmw cababnapuHu
KypcaTtagun. «leoge3usa» kutobmaa y3m scaraH acbobnap épgamn 6unaH
OCMOH EpUTKMNYIapUUNHI  XOnaTu Ba XapakaTuHM Xxampga Xownap
KEUT/IMKNAPUHU aHUKNaraHaMrmHn 6aéH kunaaw.

byryHaa Toppuye, i HoMu 6unaH 6ornab oputunaétraH 6ywnmkK —
BaKyyM Xakugarm mabaymoriapHu bepyHuii yHaaH 640 imn mykagaam (1)
6epraH 3gu. Y payvéna OupuHUYM  BYNIMG  XXUCMMAAPHU  KaTTUKIIHK,
waddodmK Ba CONMWITUPMA OrMpAvMKnapu kabw xoccanapura kapab
Typnapra axparan xamga 50 ta mogga (9 metann, 18 cyroknuk, 15 Ta
MUHepasi Ba OOLWKa TypaAn >KUCMAAP)HUHI XO3UPru 3aMOH aHUK/INK
fJapaxacura AKUH 6ynraH conuwTupma orupnuknapvHm tongu! bynap
3ca bepyHWIHWHI amanuii m3mnkara acoc conraHaMrngad épkuH ganonat
6epagp.

XV XVI acpnapgoa usuka coxacumparu xanan lkcanuw acocaH
WTanna onumnapu TOMOHMAaH amanra owuvpungu. by paspparn 6yrok
aTumniap fleoHapao ga BuHum (1452— 1519), Fanuneii (1564— 1642) Ba
6owkanapanp.

Fanunei acTpoHOM, MaTeMaTuK, aHUK TabmaTWyHOCANKHUHI acocun-
cu Ba U3NK Bynnb, PU3NKaAHUHT MyaliiH NpUHUMNIapra acocnaHraH gax
cnpatnga WwaknnaHuwmnga  Kasl  KUAYyBYM  axamuatra . ara  6ynrad
KawduéTHn apatraH onumavp. Y O6uMpuHYM Tefneckonuum fcagvm Ba LWy
Teneckon épgammga COMOH WMYyNMHUHE XXyAa Kyn tongysnapgaH Tawkun
TOMraHANIMHU aHUKNagu.

®du3mkaHNHr paH cudpatnga waknnaHnmw gaspu XVIIE— XVII acp-
napHu y3 vumnra onagu. bypnaspaa Kennep TOMOHUAAH KypuLL Hasapusacu,
EpPUTUNTAHNIVK KOHYH/1apu Ba NIMH3a hopmynacu aHukiaHan (1604 nwnn).
ByTyH onam TopTuwmw KOHyHW (HblOTOH, 1665 ii.) Ba 60WKa KynruHa
KOHYHNAPHWHTI Kawd 3aTUAnWmM Xamaa EpyTanK TE3NMUIMHUHT aHUKIaHULIN
(Pémep, 1676 in.), EPYIIMKHUHI KYyT6NaHUWM Ba TY/IKWH Ha3apUSCUHUHT
apatunnwn  (MovireHc, 1678 ii.) 6y [aBpHWUHI acocuii  TyknapugaH
XucobnaHaaw.

XVl acp oxupngaH 1o XX acpHuUHr 6ownapurada mytakaboun (knac-
CUK) dm3uka Tyna Kypmb O6ynuHau. XVII acpHUMHr oxvpuga HblOToH
(hn3nkaBuin HyKTaum HasapfaH AYHEHUHI SX/UT MaH3apacuHW TacBupnab



6epav gervw MymkuH. HbloTOHOaH MakcBennrava (1687— 1859), /HpaH
PeHTreHraya  (1860— 1894) Ba CyHr OiiHwTeliHraya (1895
1904 ii.) 6ynraH paBpnapga Mytakaboun dumsvka TapakkMéTrnga KeckuH
y3rapuwnap cogup 6ynun6, 6y y3srapuwnap aTtpod MyXuTrs myainsn
Tap3ga AHrnya éHgowwuwra onné kengwn. Wywupank knnnbé myTtakaboun
dmnsnka yap TomMOHNama TyNAHPWUAAM Ba acocnaHgu. Hatwkaga duimka
TabmnaTt xakmgaru caneadguin paH govpacugaH YMKM6 amanuii Haszapusara
annaHgw.

by masppga 3apsagnu 3appavanapHuUr xXapakaT Ba y3apo Tabcupna-
WKMW  KOHYyHMapu Xam KeHr Mukécga ypraHunaum. 1785 wuvnm  KynoH
3apsg/lapHMHE y3apo TabCUpP/allHLW  KOMYHWUHWU TaxXAHAWA (aHannTUK)
ycynpa 6aéH knnn6 6epgn. Feopr Om yea 1826 iinnn 3nekTp TOKM Ba
KyynaHuw TYWMUIWIWHUHE YTKa3rny Kapwuianmrmra O60rnmKINIMHN  aHK-
nagw.

Amniep. 3pcten, Buo Ba CaBapnapHuHr xampga ®apapgeil Ba
JleHUNapHHHT Taxpmba Xxamga WIMWA M3NaHuWAapu HaTmxkacuga
3/IeKTPOMarHeTM3M coxacuga Xyga MyxXuM KawduéTtnap Kuimunam
(1820 1830 iinnnap). XycycaH, ®apageii TOMOHMAAH Kawd KWUAMHraH
3M1eKTPOMAarHNT MHAYKLUMA XOAHCacn KeluHYyanumk dursnkaga WMHKUI06ui
y3rapuwnap cogup 6ynuwura cabab oynau.

By paBppa daHgoa Epyrnvk maga 3appadanap OKAMUAWP Aerad
Kapaw xykmpou 3au. 1860 Wunnapga MakcBenn  ywa BakTraua
yTKasuaraH taxpubanap Hatwkanapumm ymymnawTupue EpYrankHUHT
3N1IeKTPOMAarHUT HasapusacuHu ApaTtau. by Hasapua Te3 opaga Taxpuba-
nap BocuTacmga TacauknaHau Ba MyTakaboun (U3MKAHWUHT 3HI MyXUM
loTyKnapugaH 6upu cudatmga TaH onuHau. MexaHukaga HblOTOH
Hasapuacu, anekTpoamHammkana aca Makceesnn mnasapHACU «XYKMpou»
Hasapusanapra annaHu6, MyTakabbun (U3MKaHUHT WKKU MycTaxkKam
acoCUHW TawKkun kKungunap. by UWKkM HasapuspgaH TawkKapu MOXUATH
XuxatmgaH 6Mp'MyHYa KEHrpokK YMYMHIINKKa ara 6ynraH TepmMogunHamum-
Ka MyTakabbun (U3MKaHUHI YYMHMU MYXUM TapKNOWUii KUCMUHU TallKW
Knnagw.

MyTnak Kopa >XWUCM HypnaHUWMMOWHE Taxpnb6anapra Tyna Moc
KeNyBUYM Has3apuAaCMHW ApaTuwl WynHaarH nsnaHuwnap aca Mytakaboun
hm3nkaga XykKMpou OynraH «3Heprusnunir y3aykcH3 ysrapwnu (oTwiv-
WK1, HYPAaHTUPUAMLLIN)» Xakuparu TacaBBypfiapgaH BO3 keyuwra atnbé
kengan. Hemuc atummn Makc MNnaHk yH ANNAMK TMHAMCU3 u3naHuwnapgaH
CYHI MYyT/iaK Kopa XWCMHUHI HypAaHnwmy KU4Yuk ynywyanap cudgatmga
Y3NYKCH3 pasuwaa coamp 6ynaau, neb kapasncarnHa taxpuba HaTtuxa-
napu Hasapuii XuxatgaH TYWYHTUPUAUWKM MYMKHHAUTVMHW KypcaTaw;
y haHra 3SHeprusHUHr AUCKPETAININ Xakugarn TacaBBYPHW Ba KBaHT
TyWYHYaCcMHN BUpUHYN 6ynn6 kuputau. 1911 nnm Pesepdopfs aTOMHUHT
caliépaBuil (NnaHeTap) MOAeNUHU Taxpubanap BocuTacuaa aHHKIarad,
MyTakabbun ¢usmka kKapwucmga fHa 6up Myammo naigo 6ynau. By
MyaMMO aTOMHWHI TYPryHAWUTX Xakugarn myammoavp. MyamMMOHWHT
MOXUATU WYyHAAKN, MaKcBenn anekTpoguMHaMukKacu KOHyHnapura kypa
TesnaHMWw 6uNaH xapakaT KunaéTraH xap KaHgar 3apsag  y3ugad
3NEKTPOMArHUT TYNKUHAAPHU Y3/YKCH3 pasBuwiga HypaaHTHPpUG TypuLlm
nosum. by MyamMMwWwapHW Hasapuii XuxatgaH Xan Kuaviw YYyH wmnb
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6opunraH UAMWA M3nNaHUWNap HaTuXacu ynapok mMytakabbHn dusnka-
[aH acocuii Kompanapu na TywyH4yanapu 6unaH Ty6aaH tapk KuayBun
XO3MPrn 3aMOH (r3nKacu to3ara Kengw.

Xo3mpru 3amMoOH (U3NKACUHWHI SpaTuanwun  Ba  WaknnaHvwunga
MyTadakknp onumnapgaH Anbbept dnHwWTeH (1879 1955 i1.), Makc
MnaHk (1858— 1947 ii.), 9pHecT Pesepdopa (1871 — 1937 ii.),Hnnbc bop
(1885— 1962 1i1.), dpsBuH LWpéauHrep (1887— 1961 ii.). Bonbdranr
Maynn (1900 1958 i.) Ba 6owkKa Kyunab OAMMNAPHUHE Xuccanapu
6eknécamp. XycycaH, OJWHWTENH «XapakaTnaHyBYM >KUCMAAPHUHT
3fleKTpoANHaMuKacura ongy» HOMAH acapuaa HbloTOH KOHYHAapuHW KatTa
TesnnkKnap Xonu yyyH yMyMaalwTUPYBUYM Maxcyc HUCOUIIMK Hasapusacu
acocnapuHm wnwnaé umkgn. Maxcyc HUCOMINMK Hasapusacu XOo3Mpru
3aMOH (DU3UKaACUHUHI aeboyacu 6ynawn.

WpéanHrep, Maynu, Oupak Ba 60wWwkKanap amanga Xo3upru 3amMoOH
U3VMKACUHWHT  Hasapwuii acocnapvHu  uwnab uvkgunap. fHrm  Ta-
caBBypfsiap acocuga apatuiraH Xo3upru 3amoH (usnkacnm myTakaboHn
hn3nkaHn Yerapasuii xon cudatmga y3 mumra ongw. Lily 6unan 6upra
MyTakab6Hn unanka Xasl KUNMWKW YyMyMaH MyMKUH ©OynmaraH MUKpO-
onamMra Xoc XOAHCa/lapHUHI 6apyacuHWN AroHa HykKTam-HasapfaH kKapab
TYWYHTUPUG Gepaw.

daH Ba TexHMKa y3apo y3Buii 6ornaHraH. ®aHHUHT PUBOXIAHHLUN
TEXHUKAHWHT, TEeXHUKaHWHT PUBOXAAHHWN 3ca (aHHWHI, XycycaH
U3MKaHVHI SHIM IOTyKNapra spumwimnra UMKOH 6epagH. ®U3MKaHWUHT
pPUBOXNaHULWIN XamMMa BaKT 6owka Tabuuii chaHnap 6unaH yambapuac
60ornuk 6ynné kenan: 6y pUBOXNAaHULW KUMEBMIA (U3MKa, acTpodmnsmka,
reopmsnka Ba OoWkKa aHNapHU sfpaTvulira onué Kengu. 3NeKTPOH
MMKPOCKOMN Ba PEHTreHOCTPYKTypa Tax/Innu KypHaManapuaaH doiigana-
HULW MoOJekynanap Ba XyxaWlpanapHH 6eBocuTa KysaTwull, KpucTannap-
HUHI  TY3WIUWWHK, Mypakkab O6umonoruvk Ty3unmanapHu ypraHvwga
Knmmatbaxo MabnymoTnap 6epan. KBaHT Hasapuscu KUMEBWI 6Gorna-
HUwnNap TabuaTvHW Ba peakHUsNap KHHETUKACUHW ypraHuwaa MyxXum
YPUH TyTMOKAa. Pagmodusmka Ba 3NEKTPOHUKAHUHE PUBOXAAHMULLN
pPaAnoacTpoOHOMUAHUHI maigo 6ynuwura onué kengu, actpodmsmkaga
Kynnabé toTyknap Kynara KAPUTWIAW. YNbTpaToBYLW Ba nasepiapHuLL
HXTUPO 3TUAMWH Tabobar pAuarHocTukam Ba TepaHusga Xusmar
Knnamokga. Aapo usnkacu reworvsaga. Ep kasmnmanapvHu aHuknawga
KyNnnaHunAMokga. 3NeKTpoTeEXHUKAa, pafnoTeEXHUKa, PafMo3aeKTPOHUKA
aBTOMaTuka, KOCMOHAaBTMKa, Te/IMOTEXHUKA, KYPUIULW CeEXHUKAcKU Ba
XapbuH TexHMKa Xam @u3nka 6unaH uvambapuyac 6Gornuk. Apum-
yTKasrmunapHn ypraHmw MWUKPO3NEKTPOHWKA Ba 3/1eKTPOH Xucobnail
MawmnHanapn (3XM)HUHT 1o3ara kenuwura cab6ab 6yngu. 3XM aca
hmnsvka Ba TEXHHKafa ONMHraH HaTwkanapHH Taxaua Kuauwpa ww
YHYMAOPAUTVMHN 6eHNX0s owmnpmokaa. WyHpaid knnH6, unsmka Xo3vpru
3aMOH (haHW Ba TEXHUMKACU PUBOXIAHULIMHUHI aCOCUHW TallKW/ KWUHO,
6apuya MyTaxacCuUCNHKIap Yy4YyH 3apyp OynraH Xxycycuini daHnapHu
y3nawTtmpuwaa xamga yKyBuuMnapga Matepuanuctuk AyHékapalHH
WwaknnaHTMpHwWwAa 3apyp 6ynraH acocuii dhaHnapgaH 6upugup. WyHWUHT
yyyH 6y haHHM Xap TOMOH/MAamMa Ba MyKammasn ypraHmacgaH Typub

X03upru 3amoH Tanabura Xaso6 6epyBunm MyxaHOUC OynuULl MYMKWUH
amac.



1 BOB
MEXAHUKAHWHI ®N3UNK ACOCNAPU

1.1-8. MEXAHVWKA MAB3YWU

ON3NKaHNHT MexaHuKa OynMMmaa  >XKMUCMIapPHUHI  XapakaT Ba
BO3amaT KOUyHNapu ypraHunagn. MaTepusHUHI Xap KaHgai y3rapu-
H— Xapakataup. MaTepusHUHI 3Hr coAda XapakatnapugaH 6u-
I mexaHuMK XxapakaT 6ynmb, MexXaHWK XapakaT JgeraHga
KMTAPHUHT EKN XUCM KUCMTapUUUHT 6up-6mpura Hmcbatam Kydmwim
wyHunagu. OcMoH Xxucmnapwu, gytéon Tynu, gapéparn cys, Taliépa
YOK, CamMO/ET), coaT MWW, Ky3rasnmac yk arpoduga aiknamyBum XUCM

OoWwKaNapHUHI XapakaTnapu MexaHVMK XapakaTtra wmucon 6yna
aown.

MexaHMKa acocaH WKKA KWCMra — KMHemaTuka Ba JguHamukara
rMuHagn. KunHemaTukaga XapakaTHM YHW lo3ara KenTupyBuM  ca-
BnapHu xwmcobra onmaraH xonga ypraHunagv. [OunHamumkaga asca
ucmap XapakaTvHW ypramuil mMasKyp XapakaTHU to3ara Kentupysuum
|6abnapra 6orna6é onmb6 6opunagn, SAbHU OUHAMMUKA >XUCMAAPHUHT
(apoTabcupu HaTMXacuga ynapHUHr TUHY XONaTUMUHE EKM XapakaTu-
IHr y3rapuuHW ypraHaguraH MexaHWKaHWHI 6up 6ynmmmanp.

OU3MKAHUHT MexaHuKa O6ynuMun  (Y3UHUHI  XO3UPru TapakKueT
ackmumpga) HbIOTOH MexaHUKacWMHU, PenaTuB MexaHMKaHW Ba KBaHT
exXaHUKacuHuU y3 wnuira onagn. HbTOH MexaHuKacu MaKpOCKOMUK
VCM/TAPHUHT «CEKMH» XapakaT/lapuHu ypranviw 6unad wyrynnaHagu.
lakpoOCKONUK X McMaap AeraHga poat Kyl coHgaru aTtom Ba
oflekynanapgaH TalKua TOMNraH >XUCMAapHW TywyHamum3. « CeKUH»
€KNn HOopenATuB) XapakaT JeivnraHga Te3nMknapu EpyrankHUHE
akyympaarn Te3nurn (c=300000 km/c) paH Xyaa Kuuuk 6ynrad
apakaT/iapH/M TYWYHULI Kepak.

K,HEC cuchaTnga WyHW anTuw Kepakku, EPHUHT cyHbUid Myngownapu-
VHI Xapakatu (Te3nuknapum X 8 km/c), EpHuHr Kyéw aTtpodwmga
3 opb6utacn 6yinab kunaguradH xapakatm (y = 30 km/c), Kyéuw
vammugaru caiépanap, gymnum wongysnap (KomeTtanap) XapakaTwu,
ariépa (camonéT)nap Xamga oO4OvuiA K Talwulw  BOCUTaNIapPUHUHT
.apakaT/iapu CekuH XapakaTniapra mucon 6ynagm. WctanranH wmogaui
[ykTanap, camoBuii >Xucmnap, CyHbuii MWyngownap, asoBUiA Kema-
|apHUHr xapakalnapyn Ba yNapHUHI MyalsH BaKTAaru BasuATIapUHU
WMKnaw ek onguHiaH antmb Gepul HbHOTOH MexaHuKacu KOHYH/apw
Tocnpga onn6 6opunagw.

XucmnapHuUHr myBo3aHaT wWapTiapu MexXaHWKaHUHI cTaTuka p[eb
rranyBunm Oynmmunpa ypraHunagu. MyBo3aHaT XosiaT XapakKaTHUHT
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Xycycuii xonn 6ynraHnuru Tydannm ctatuka 6ynumun guHamuka 6unad
6upranvkga ypraHunagu.

KatTa Te3nuknapga (Epyrnmk Tes3nurura SKUH Te3nuknapna)
XUCMAAPHUHT (WY XyMaagaH MWKpO3appanapHWHI) XapakaT KOHyHa-
PUHN PenaTMB MexaHuKa ypraHagn. PenATvB MexaHuKa SWHWTEeAHHUHT
Maxcyc HUCOMIANMK Haszapuscura acocnaHraH Ba y HblOTOH MexaHukKacu-
ra HMcbataH aH4ya KeHr KampoBnu coxaaump. Y HbOTOH MeXaHWKaCUHWHI
KOHYHNapu Ba KOWAaNapuvHWU MHKOP KuaMaingu, gakaT YHUHT KyanaHuw
YerapanapuHmn 6enrunab 6epagun; XycycaH, KuU4Mk Tesnuknap (y<Cc)
[a pensiTme MexaHuKa KOHYH/apu HblOTOH MexaHuKacu KOHyHnapuaaH
néopat 6ynn6 kKonagu.

Mabnymkn, MakpoXxucmnap MukposappanapgaH — atomnap, Mose-
Kynanap, anemeHTap 3appasnap (NPOTOH, HeNWTPOH, 37eKTPOH Ba
bowkanap)gaH Tawkua TornraH. MukposappanapHUHI XyCyCUATIapUHN
Ba XapakaT/lapuHW ypraHuw LWyHW KypcaTaguku, 6ynap y4yyH HbHOTOH
MeXaHUKaCUHWHI KOHYHNapuHWU TaTtbuk Kunmb 6ynmac 3KaH, AbHU Oy
KOHYHNaPHWHT Ky/nNaHWLW coxacu YerapanaHraH akaH. MacanaH, HblOTOH
MexaHukKacuga xucmnap (Ba MuUKpo3appanap)HUHI XapakaTUHU UN30X-
nawpaa ynapHuUHr dasogarn Bas3vMaTW BakTra 60rnank xonga MmyansiH
KOOpAHHaTaniap Ba Te3nuknaap opkaan udoganaHagm, AbHWU XUCMAAp-
HUHI XapakaTh YHUHI aHWK TpaekTopusicnm opkanwm Gepunagn. Taxpunba-
NapHWHI  KypcaTulinya, 3eMeHTap 3appanapHuWHr XapakaTu aHua
Mypakkab Tabuartra ara 6ynmb, TpaekTopusa xakmgarun TywyHua 6y xonga
aHMK MabHora ara amac skaH. byHaaH Tawkapu HblOTOH MexaHukacu 6up
KaH4ya husmkasnii xogucanapHn — eppomarHeTnsm, yta OKyBYaH/IMK Ba
60olWKa KaTop XogucanapHu TywyHTuMpa onmagu. by MyammonapHu Xan
Knanw bynnya wiMmini TagkmMKoTnap Ba Taxpubanap HatTwkacuga ow-
3uKaga SAHrM-MyHanuw— KBaHT MeXaHukacu Ba Yy OwunaH 60rnmk
pasmwaa HbOTOH MexaHuKacugarn TacaBBypnapgaH apk Kunagurad
SIHFM TacaBByp Ba TylwyHuyanap nango 6yngu. KBaHT MexaHuKkacu
MWKpO3appanapHWHI XapakaT KOHyHJapuHM Ba MWKpo3appanapgaH
Ty3uaraH Tvsmm (MacanaH, Kpuctannap) 6unaH 60rnamk uankasuii
XOANCANAPHUHT  KOHYHUATNAPUHW ypraHagu Ba (U3MKaHUHE acocuii
MyammonapugaH ouvpu OynraH mogda TYy3WIUWWHUA TafKUK Kunuwaa
Xamfa akcapuaT MakpOCKOMWK XoAaucanapHu ypraHuwga nongesop
xucobnaHagm. KBaHT MexaHuKacu y3 HasBb6aTuga HOp en aTu B Ba
penAaTuB Kucmnapra 6ynMHagn. KBaHT mexaHukacu 6u3HW ypab
onraH Tabuart xogucanapHHU ypraHuwaa KeHr KampoB/iv TacaBBypriapra
acocnaHraH 6ynu6, HblOTOH MeXaHuKacu YHWUHI 6up Xycycuii Xonuamp,
AbHM KaTTa Maccanm XUCMAaPHWUHI Epyrauk Tesnurura HucbataH aHua
KNYNK Te3Nuknapum 6unaH 60rnanK XoaucanapHW akc 3TTUPYBYM KBaHT
MexaHMKacu KOHyHnapu 6eBocuTa HbIOTOH MeXaHUKacu KOHyHnapura
anaHagw.

MHpoBapauaa LWyHW anTuw Kepakku, HblOTOH MexaHuKacu Xo3upru
BaKTAa >Xy4a KeHr Ba MyxXum coxanapga KynnaHunasantum xamga
akcapuaT xonnapga TeXHUK >xapaéHnap Ba OCMOH MeXaHUKaCUHUUT
Hasapuii acocn 6ynn6 konmokaa. LYHWHT yuyyH Y Y3UHUHT UAMuii Xamaa
amanuii axaMuMATMHW Xedy KayoH WNykoTmalhign. KeBaHT MexaHukacu 3ca
hunsnka aHn TapakKMETUHUHI XO3Upru 6ocknungarn nonaesop Basmdga-
CMHM yTaMoKaa.



1.2- 5 KWNHEMATUKA ACOCNAPU

Tabuatparn mMaBXyf >XXUCMAPHUHE Ba3vUATUMHW, XYCYCUSTNapWUHH Ba
XapakaT/lapHHW ypraHvwaa xamga ynap 6wunaH  6ornuk  6ynraH
XapaéHnapHu TacBuMpiawga KyhaunaraH MakCagHUHI MOXUAsTUra Kypa
dhunsHkaga xap xvn cogganaliTupuarad yxwarmanapgaH (mogennapfaH)
honpanaHnnagH, SbHU MaBXy[ OObLEKTNAPHU YNapHUHI mnaeannalirax
Hycxacu mMogenn 6unaH anMawTupunagn. Wy makcagna pU3NKaHUHC
MexaHuka O6ynmmMmnpaa mMoaauii HyKTa, mMmyTnak (abconiwT)
KaTTUK X UCM, Y3TYKCUN3 (AXAUT) MyXunut pneb atanaguran
MexaHHKaBuii yxwatmanapgaH (mogennapfgaH) doiiganaHnnagH.

YpraHnnaétraH wapoutga reomeTpuk yiyamnapu Ba LWaknum xmcobra
OVHMarguraH xamga maccacu 6up HykTara TynnauvraH geb kapanaguv-
raH xap kKavgan XuUcm Moaauvi Hyk,Ta geb atanagn. Mopgawmii HykTa
TywyHyacu wuaMmin - abeTpakuyms XxXucobnaHagu. by TywyHyaHu  Ku-
puTraHga 6m3 acocuii 3bTHOOPHM ypraHunaétraH XOo4MCaHMHI 6oL
MOXUSATUHU aHMKNab 6epyByYnM TOMOHMApHra kapaTub, 6oLwKa XycyCH-
ATNap (KMEeMHWHI reo.MeTpuUK ynuyamnapu, Tapkmbu, nukm xonatu sa by
XONaTHUHI  y3rapHWu Kabu Xxycycuatnap)Hu wuHobatra onmanmMmms.
du3snka aHnga akat OuprvHa XuUcCM ypraHmnamacgaH 6up Heva
XucMmnap Tywliamm xam ypraHunagu. by >xucmnapHu moaguini HykTanap
Tynnamun (Tmsmmmn) Aeb kapaw MyMKUH. BUTTa MakpOCKOHHK XWeMHWU
XaM XxaénaH Makga 6ynakdyanapra 6ynu6, 6y 6ynakyanapHu ysapo
TabCcMpnawyB4Yn MOAAWMA HyKTanap Tu3uMm (CHcTemacun) Aeb TacasByp
KAWL MYMKMWH.

Xap 6Mp XXWEMHUHI y3n 6up wapouTha MOOOWA HYKTa OY/HLUH,
VKKWH.4M BMp WwapouTga sca Mogauii HykTa 6ynmacnnrm MymkuH. BHpop
XVUEeMHU Mogauii HykTa pgeb xmcobnaw macanacu TeKwupuiaérraH
XOONCAaHNHT MoxuAaTura 6ornuk 6ynagu. MacanaH. EpHUHr y3 op6utacu
oynnab Kyéw atp(k|)uparn hnnnuK xapakatmum atmb KaparaHUmMH3ga
EpHM MonHuii HykTa geb xucobnaw MyMKWUH. YyHKH EpHHHI guameTtpwm
(«6,4-10" M| yHUHT opbuTacuHnHr gnametTpn («3-101 m)ra HHcbaTaH
Xncobra onmMac/iIMkKk MyMKUH OynraH pfgapaxana KHUYMKAMp. Xyaau wy
Mynoxasanapra kypa OIHUHI y3 opbutacm 6yinab Ep arpodmparu
Xapakatumu, 6ump WwaxapgaH WKKMHYM Wwaxapra 6opaétraH Taliépa
XapakaTumn Ba HUXOST, MWHOpa TenacugaH ydK TekHenurn o6yiinaé
(ropusoHTa.l) otunraH (KM TUK TawnaHraH) TOLWHUHI XapakaTtumm
Ky3aTraHHMuU3ga ynap Mogaui HykTa mogenura mucaT 6yna onagunap.
Jemak, xapakaT KynamsiapHra HHcbataH >XUeMHUHT ynyamnapu xmcobra
aTuHMalrgHraH pgapaxaga KkKuuuk 6ynca, 6yHAal >XMemMHW Mo A4 Auni
HV KT a aeb kapanagH. AToMm du3ukacuaarn xogucanapHu ypraHuwga
reoMeTpuK ynyamnapu Xxyga Kuiuk 6ynuwura kapamacgaH (gmametpu
6up Heua aHrctpem  (3u-5-10_||)m), aToOMNapHWHr yndyamnapu
xucobra atuHagu, gemak, 6y xonga atom MOAAWIA HyKTa 3Muc.

MyTnak, (abcontwT) UUTTUK, XUCM [Oe6 UXTUEPUA WKKU HYKTacwu
opacuparn Mac(x|>a yHVMHr xapakatu gaBomuja y3rapmaiguraH >wuc.mra
aritunagn. Tabuatoa MyTaak KaTTUK >KMEMHUMHT y3UM MaBXy/[ a3mac.
MaunTymkH, xap Kan.iaii KaTTUK XWUCM Tallku Ky4 TabCupHpAa
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nehopmaumanaHagn, SbHU FeoMeTpUK  ynyamnaapu, wakam  6upop
napaxapa ysrapagu. .[llekuH KyiunraH macanaHuHr MoxuaTura kapab
Kvii Xonnapga gegopmaums Tycannm bynaguraH ysrapuwinapHH xmcobra
onmaca xam 6ynagvm. MyTnak KaTTUK XWCM Xap KaHAalh MakpOCKOMMUK
XNUCM  Kabu 6ump-6upn 6unaH KaTTuK 60rnaHraH MoAaauvi HykTanap
TMauMmnagaH unoéopat neb TacaBByp KUAMHaOW.

Cywknuknap, rasnap Ba JAedopmaumsanaHaguraH >KUCMAAPHUHT
XapakaTMHM Xamga MyBO3aHaTMHH ypraHHwaa y3/AYKCH3 MYXHT
TyWwyH4YacH KynnaHunagu. MabnyMKu, Xap KaHganm MogauiA XXMCM aTtoMm
Ba MOJieKynanapgaH Tawkua Tonran 6ynmb6, AuCKpeT Ty3uauwra ara.
NleknH macanaHw cogpanalwiTMpuil mMakcaauaa MoAOAaHH Y3/TYKCH3 AXAUT
(myTTacun) myxmut peb6 kapab, YHUHr aTtom Ba MoOJiekynanapaH
Ty3un rann'rm 3 bTmbopra «imMumaunow.

1.3-$. PA30 BA BAKT

XMUCMAapHUHT XapakaT KOHYyHAapuHW ypraHHwga ¢aso Ba BakT
TyWyHYanapMHn aHWK TacaBBYpP KHAUW MyXMM axamMHAT Kach aTagH.
MabnymKm, xamMma MOAOMA >XXUCMAap XaXmra ara 6ynraHnmkiapu y4dyH
ynap MyansiH XOHW arannaign Ba 6up-6upnapura HHcbaTaH KaHganoup
Tap3ga xornawraw 6ynaan. Xncm y3 xapakaTu Tydaiinm sasnatnapuHu
(ypyHnapuHn) ynraptupagv. by ysrapHw, TabuHWku. ¢asoga coavp
6ynagnm Ba Ma'bnym BakKT opaiurmga amanra owagw. Xap KaHpawn
MexaHuKaBuil xapaéH 6upop BakT opanurmpa ¢asoga cogup 6ynagw.
BcwT — xoamcanapHUHI KeTMa-KCT y3rapuvw TapTubuHu udoganaingmraH
hmsnkasnii kattanmkgmp. Xuncmnap XapakatmHu ¢as3o Ba BaKTAaH
axpanraH XoHAa TacaBByp Kunmb 6ynmangun. LWyHUHT yuyyH Xawm
XUCMMapPHUHT MaBXyA/HIM Ba YNapHUHI Xapakatnapw casofa Ba BakT
nunpga cogup 6ynagun. ne6 kapanagw.

®a30 Ba BaKT KOMHOTHUHI )M3nKaBuii MaH3apacuHW spaTtuwga xan
KUyBYM, TapuUXuii puBOXIaHNG kenaétraH TywyH4yanapaHp. H bloTOH-
HUHF Oy Xakgarm Ta b1 MMOT M Kyhunparmuya: xed KaHgah >xkapaéHra
6ornuk 6ynmaram myTtnak (abcwioT) ha3o Ba MyT/iakK BaKT MaBXyAaHP:
haso abagunii  maBxypn OynaguraH, u4erapacm3 (4ekcu3 KaTTa).
Ka3ranmac 6ywnuk 6ynmnb, 6y 6ywnmkaa matepus xap Xun waknga
6ynagun; aso 6up XMHCAM BYyNn6 xXamma MyHanuwnappa XycycHstnapwu
6up xmngup; 6y OYLWNUKHUHI ((Pa3OHWHI) XyCyCHATIapu yHAa MoAada-
NapHUHr KaHdar TakCMMAaHuwWura xamja KaHOan XxapakatnaHumwwura
6ornuk 6ynmargn Ba BaKT yTulln 6unaH ysrapmainaun. byHpain ysrapmac
hasoga mMoafanapHUMr TaKCUMAAHUWWHW Ba YNAapPHUHIE  XapakKaTuHU
6YyTYH TaMm TOPTUWMLI KOHYHW 6Genrmnaigu.

HbIOTOHHUHI HyKTaym Hasapuya BaKT MyTnak 6ynub, Talwku MyxHTra
Ha XXWCM Xxapakatura 6ornuk 6ynmaram xama 6up Tekuc ytagw.

MbIOTOHHMLW )a30 Ba BaKT Xakmaarnm Tab/MMOTW OAOWIA Llapourga
Ky3aTunaguraH MexaHuKaBuii xapakatnap (kucmnaap. Hakamét (KX
Tawwm B<xuTanapw), CyHbHIA nyngownap, a3oBuii kemanap. canépanap
XapakaTun) YYyH aManuii )xuxaTtgaH Tyrpuaup; 6y rabivMmoT HOHOH WM
1.BKANG reoMeTpusiCHra accxrniaHraH. KBkaug roomcTpuscHga yuybypuak
NYKN BypyaknapuHUHI AMrHHOUCH 180 ra TeHr Ba WKKM HYyKTa opacupaarH

13



3Hr KMcka macoda Tyrpm umsmkamp. Knuuk kynamnapga (macwrtabnap-
[a, macanaH, 6up Bapak kofo3 KaTTaiuruga) 4msmnraH yyoypuyakHUHr
WYKN BypyYakNapUHUHT HAUTMHOUCMHW ynyaw xed KaHAaah KARMHYNIUK
Tyranpmaiign. AHuya KaTTa Mukécnapga EBkanp reomMcTpusicn  Kaii
Japaxaga Tyrpu éku yHaaH amanga KaHya/uK aHUKNUK 6unaH
doliganaHnl MyMKWH fieraH caBoJ/ira >XxaBo6Hu 6usra anbartrta Taxpuba
bepaau.

Mabnymkn, Taxpuba xapaéHmga (ulMkaBuii KaTTanumknap 6mpop
aHUKNMK 6unaH ynyaHagw. bowkava aliTraHga, ONVHraH Hartwkanap
ynyawgarn xatonmkiap yerapacuga typpu 6ynaau. tOkopmuaga KynmnnraH
caBon 6unaH 60rnMK MyaMMOHM eyull mMakcagupaa Hemuc onumn aycc
XIX acpHUHr 6owwnga Kyhinparn TaxpubaHu yTkasaun: bup-ouprngaH aHya
y30kga >kornawraH (« bl O 5 M ra fiKMH) yuTa tof UYYKKUCU XOCWI
KnaraH yubypyak wykum 6ypyaknapuHWHIr ANTMHAUCUHW MYMKUH Kagap
KaTtTa aHuKNMK 6unaH ynyagu. Faycc Taxpumbacu LWyHU KypcaTtaguku,
ynyaw XaTonKnapuHm xXucobra onraHaa, Taxpuba ~TkasuaraH Mmkécaa
EBkNuA reomeTpusacuad YyeTnaHuwiap Kysatmnmaau. byHaaH Tawkapw,
acTpoHOMUA coxacuga yTKasuaraH taxpuoba HaTwxXanapuHUHI ganonat
6epuwnya, O6U3HUHI [anakTukamms Mukécugarn caso (guameTpu
TaxmMuHaH (021 M) pga xam EBknmg, reometpuacu  ypuHanaup. J1ekuH
Kynamu 102 m 6ynraH (MeTaranaktmka) ynyampaa EBkKNug reomeTpuscu-
[aH yveTnaHuwnap 6opavrn aHuvknaHan. byHra cabab — Xypna kaTtta
Mukécaarn macodpanapga asoHUHI 3rpunaHnWLINanp.

FanakTMkamms ynyamaapu Xakmaa aHUKpPOK KWECWUI TacaBBYpP XOCWI
KANUW  YYYH Kyhingarn pakamnapHu kentupamus: KyéwpaadH Eprava

6ynraH macoa («1,5-10" M) HM EpPYrnmk Hypu cekyHaura 3-108 m
Tes3nuk 6unaH 500 ¢ gasomuga 6ocub ytagu. Epyrnmnk évp nn gasomumaa
60cnb yTaguraH macoara Epyrnamk nunnn pgeivnagn. I anakTmkamms
Tapkubmngarn 6usra saHr AKuH tongysnappaH épyrnnk Hypu Epra geapnum
4 nnpga etnb Kenagw.

KaTtta ynuamnapra ara 6ynraH KouHOT (pa3ocnHUHI EBKAupg
reomeTpuacuaaH YeT/aHUWMHW TacaBBYp KWUAWLWL Y4YyH Xy[a KaTtta
pagunycnu cepaHn Ky3 ongumMmsra Kentmpamnmk. Mabnymkm, chepaHuHr
ArpuUANIN YHUHI paguycura Teckapy mMytaHocmb kattanumk 6ynub, paguyc
KaH4YaMK KuWYMK 6ynca, chepaHuHr 3rpuavrn wyH4ya katta Oynagw.
Cdepa CUPTUHUHI TEOMETPUACU TEKUCIUK TreomeTpusacuaad dapkin
sKaHNUrMm mabnym. EBkNnA reomeTpusacuga TEKUCNMKAA XOWnawraH UKKn
HYKTa opacuarum aHr Kucka macoda Typpu 4msuk bynca, cohepa cmptuga
XohnawraH UKKM HYKTa opacugarm aHr Kncka macoda Typpy YM3uk amac,
6ankn KaTTa ainaHaHWHI Wy HyKTanapuHu 6upnawTupysumn éiin bynaaun.
BynHgali das3o HoeBknng casogup. HoeBknug casoparv LwakinapHUHIL
xoccanapn 6owkavya. MacanaH, yubypyak WYKM OBypyaknapuHUHT
nmrmHancn 180° ra TeHr amac; alinaHa y3yHAUTMHUHT YHUHT guameTtpura
HMcbaTn N ra TEHr amMac Ba XOKas3o.

XX acp 6ownapunga A. SNHWTENH HUCOUANNKHUHT YMYyMWUIA Hasapua-
CUHM apaTaun. by HasapusgaH KOWMHOTHUHE XakMKWA ha3ocu HOEBKAWA,
pa3o akaHNUrn kenmbé umkaaun. Maskyp Hasapusira MyBOUK, pa3oHUHT
reoMeTpuk Xoccanapu xampa BakKTHUHI YTULL Te3/INTU MaTEPUAHUHT
haszofa TakcMMnaHUWKra Ba YHWHI XapakaTtura 6ornvk éynagn. HbHU
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(pazoBa mMatepus xapakaTtm bup-6upura y3suin 6ornnmkgmp. LWyHUHT yuyyH
HUCOVANNKHUHT YMYMWIA Ha3apusacnHn a3 0-Ba kKT Ha3apuacu paeb
XaM oputnnagm. MatepusHuHr dasogarv TakCMMOTU Ba Xapakatu ovp-
6upura 6ornuk 6ynraH gaso-BaKT reoMeTpuUsiCHWU y3rapTupagun, aso-
BaKT reOMEeTPUACUHMHI y3rapuwmn aca yHaa MaTepUsHUHI TakCMMIaHu-
WMHN Ba XapakaTuHu 6enrvnangw.

HNCONANNKHUHT yMyMWUIiA  Haszapuacu HblOTOHHMHTE a3o Ba BakT
Xakugaru TabiMMoTU HOTYFpWU AeraH xynocara onné kenmangn. Taxpunba
WYHW KypcaTaanku, HbloTOH TabIMMOTK (pakaT acTPOHOMUK Kynamnapaa
ONMHraH asoHVHI KWYMK coxanapuja Ba ylwa ynyosriapra HucbaTaH
KMCKa BaKT opanvknapum YyuyyH Tyrpugmp. Katta kynamnapga —
MeTaranaktuka kynammgarn («1021 m) wmacodanap 6wunaH 60rnauk
xoaucanapga, WYHWUHIAEK Kyuyau rpasBuTalMOH MalgoHNap MaBXypq
6ynraH xownnapga HblOTOH KOHyHnapuaaH yeTnaHuwnap cogup éynagw.
WyHn aitnw kepakku, KOWMHOTHUHI aipvMm YyH4ya KaTTta 6ynmaraH
coxanapuga Ky4nu rpasuMTauMoH MaligoHnap wmaBxypn, 6ynca, 6y
coxanapga asoHUHT arpunaHnLLM Ba BaKT YTULL TE3/IMTUHUHTE y3rapuwimn
ce3nnapnn gapaxaga HaMoéH 6ynaau.

1905 nmnga A. SMHWTelH TOMOHMAAH ApaTuaraH HUCOUANNKHUHT
Maxcyc Hasapusacuga Xxyaam HblOTOH MexaHukacmpgarngek BakT 6up
XUHCAN, ha3o 3ca 6up XMHCAM Xamga m3oTpon (6apuya iyHanuwnapga
xycycusatnapmn o6up xun) ne6 kapanagu. by Hasapusga xam ¢aso Ba
BaKTHMN SIKKa-fKKa Tap3ga Kapalw MYMKWH 3Maciuru, BakT Ba haso 6up-
oupu 6unaH 60rNMK 3KaHIUTU, XUCMAAPHUHI (a30o-BaKT TaBcugnapu
YNapHUHI MyalifiH CaHOK TU3uMura HmucbaTaH aHWKNaHaguraH TesnmMkna-
pura 6ornMknurn uncboT KuaMHAW. Maskyp Hasapuara Kypa BakT
opa/sinknapu Ba kKecma y3yHnuknapu HuCouin 6ynub, ynap kKaHpar caHoK
TnauMnapuvga ynuaHaétraHnuknapura 6oramk, AbHU 6GUPOP CcaHOoK
TM3uMura HucbaTaH TUHY TypraH >XUCMHUHE (KECMAaHWHI) Y3YHAUTU
Xapakatgarn caHoK Tusnmugaru ysyHnurngaH apk kunagw.

1.4-}. XAPAKATHUHI KMHEMATUK TABCUOU

HOkopnpa aiitmb yTuaraHnaek, MexaHuKaga XapakaT [geraHga
oepunraH XUCMHUHI pa3ofarn BasvATUHUHI BaKT yTuUwK 6unaH 6oLwwka
XUcMmnapra HucbaTaH ysrapuwm TywyHunagu. Xapakatgarm >XUCMHU
Ky3aTraHuMm3ga YHWUHI Typau BakTnapgarn BasusaTuHM 6owka 6upop
TUHY TypraH Xucmra 6oMamMai YHUHI Kaepga TypraHnmru xakumga ukp
PUTUW  MabHora 3ara 6ynmaiign. XapakKaTHUHI KMHeMaTuk
TaBcu@un p[geraHga uUctaaraH BakKTAa XUCMHUHI hasofarn BasnATUHU
6owka 6upop XUCMra HucbaTaH aHuKnaw TywyHunaan. MacanaH,
MUHOpa TenacugaH ydK TeKUCNMrun (ropumsoHTan) nmyHanuwmga oTwuiraH
XUCMHUHI XapakaTuHU Ky3aTraHumm3ga, y UctajiraH Baktga MuMHopagaH
KaHoanm Macodaga Ba Ep carxupgaH KaHgan 6anaHOnnkga 3KaHAUrMHU
aHMKNaw kKepak ©Oynagu. bBup waxapgaH WKKMHYM @ Waxapra y4dnb
KeTaéTraH TanépaHWHI UCTasiraH BakTAa (pasofarn BasvSTUHU aHUK/aLl
YUyH Yy TalléparoxgaH KaHua Y30KIMKga Ba KaHpawn 6anaHgnvkpa yumo
KeTasfAnTu, AeraH caBosira XXaBob6 6epuwl kepak 6ynagn. by nkku muconga
MMWHOpa Ba Taléparox (KyHanra) Kyarasamac Xucmnap 6ynm6, caHoOK
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TUSUMUHUHT  60WwK  BasndacuHm
ytaiign. Xwuncmnap — xapakatu
ypraHunaétraHga caHoOK 6owwn
cugpatmnga UXTUEPUIA 6ouwka
Ky3rasiMac >Kucmnap ONvHULIN
XaMm MYMKUH. XapakaTtgaru éku
TUHY TypraH XWUCM/TapHUHT UXTU-
épuii namTaa hasomarn BasUSTU-
HA aHWKNaw Y4YyyH caHoK 6own
ounaH 60rnnk 6ynraH KoopaHHa-
Tanap TvuMn  cudatuga  Kyn
xonnapga Tyrpu 6ypuyaknm [fe-
KapT KoopAawuHarta.lapy TH3UMU-
JaH onganaHuw kynam. NxTmné-
puii nanTaa XWeMHUHr asogarn
Ba3sNATUHM aHUKNawaa KynnaHu-
naguraH BakKTHW YynyoBun ac6ob
(macanaH, coaT) Ba caHOK 6owun
(O HykTa) O6wunaH 6OrIUK KO-
opavHaTanap TU3MMMU CaHOK, TWU-

3umun  genvnagm (1.1-paem). O HyKTa ypHuaa 6up ékn 6up Heuta
XucMmnap tynnamm 6ynuiim MyMKWH.

XapakaTu KysatunaétraH A Xucm (anTaunuk, oKkopugarm MUCONN-
MuU3ga TaWépa)HUHr uxXTMépuin nantgarn BasvsaTn  (1.1-paem) yuTa
KoopaunHata (' Yy, z nap) opkanu éenruwnaHagun. Jemak, XnUcm XxapakaTtu
cogup 6ynaétraH daso yy ynyamnum dasogmp. byHAaH Tawkapw
paguyc-BeKTOpP YCYnnM Xam KynnaHunagu. by ycynga >XUEMHUHT
BasnAaTM (A HyKTa) KoopAauHaTanap TudMmMnm 6GowmngaH Xapakatgaru
Xuemra yTKasuaraH pagmyc-BeKTop I HUHI yuyn opkKanm udoga KuinHa-
an. by ycyn tokopugarn 6aéH
KWIVHIaH KoopAawuHatasnap CaHoK
TU3UMU  YCY/IMHWU XaM Y3 nuyura
aTtagn, YYHKU D>KNEMHUHI KOOp-

AvHatanapu X, y, z (caHOK 60-
wupaH 10 YZ, XZ Ba XY KOOp-
OnHaTa TeKkucnuknapurada 6yn-
raH macopa (12-paem)) vy3
HaBbaTnpa r paguvye-BeKTOPHUHT
Xam KoopAuHatanapu Xueobna-
Haan. 12-paempga KypcaTtuiaraH
7, 7 Ba k nap koopauHatanap

M3NMUHUHT o pTnapwu pAeb
atann6, moc pasuwga X, Y Ba
Z yknap 6yinya iyHanraH 6uvp
OnpnuUKKa TeHr (ynyamcms) Bek-
TopnapHu Hopanalignnap.

KypnHné typunbgumkm, xt. yj Ba

1,2-pacwm
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zk BekTOprap I BEKTOPHMHI KoopAvHata yKnapu 6yiinuya  Tawkun
3TyBUMNAPMAVP, SbHU

r=xi -{-yj {-zk. (1.1)

X, Y, Z yknap y3apo TukK 6ynraHavknapu Tygainm, XKUCMHUHT
KoopAuHaTanapu GynraH X, Yy, z KaTTalnkiap r BeKTOPHUHE Wy yknapra
6ynraH npoekuusnapu rx r, Ba > ra TCHrAup:

X=x, ru=y, r,= z (1.2)

r BEKTOp MOAY/MVHVHI KBaZpaTu YHWHI X, Y, Z KOOpAHHatanap
KBaApaTNapyHUUT AnrnHaucura TeHr BynraHAuru Tydaiinm

EKU
r— \Xi+yi+ 2? (1.3)

TEHIIMK ypuHamaup. by dopmyna xucm (Mogauii HyKTa) paguyc-
BEKTOPU MOAY/MHUHI X, Yy Ba z KoopAuHaTasiap opkain mudoaanaHuwmn-
Aavp.
Xucm xapakatpga 6ynca YHUHr asofarv BasmaTu BakT yTuwm éunaH
y3rapagu, SbHU T paguyc-BeKTOp, LWYHUHIAeK X, Y, Z KoopAauHaTanap
BakKTra 60MMK paBuwaa ysrapagu. by ysrapuw Kyihingarvya mndogana-
Hagw:
r=r(t) (14)
eKmn
xX=Xx(t), y—y(/), z= z(t). (1.5)

(1.4) Ba (1.5) dopmynanapHM YYKYpPpPOK TYLWYHWULL YYYH >XXUCMHUHT
TYFPU YN3NKIN X,apakaTUHU KypHO uukainunk. XapakaT X yku 6yinnab
cognp 6ynaértraH XaT yuyyH X—X (/) wvdoga

X=A+Bt + Ct2 (16)

KypuHuWra ara éynuwmn mMymkunH. by dopmynaga A, B Ba C nap'govmunii
(ynuamnun) koapcpuumentnapaup. by epga A — y3yHAmk (macoda), B
Tes3nuk, C Te3naHMWw MabHaTtapura ara. [Aemak, (1.6) dopmyna
ymymunin - xatga (1.5) wndopa Tap3vpa 6epunagn. (1.4), (1.5) Ba
(16) cdhopmynanap XUCMHUHI xapakaT TeHrnamanapw geinnagw.

XncMHUHI  asogarn BasnATUHM Genrvnawga KynuvH4ya cepuk
KoopAuHatanap TU3MMM XaMm KynnaHunagu. YHAaa X, y Ba z KoopauHarta-
nap ypHura paguyc-BeKTOPHUHI y3yHnuru (r) Ba WKkuTa (9 xampga
') 6ypuakpaH doiiganaHunagn (i.l- paem); O Ba ¢ nap mMoc paBuwga
r pagnyc-sekTop 6unaH OZ yk opacugarv Ba Wy paguyc-BeKTOPHUHI XY
TeKHenurura TywmpuaraH npoekuymacu 6unaH X yKu  opacuparuv
oypuaknapaunp. Cdepuk KoopauHaTanap TunMmugaH LekapT Tusnmura
yTUw Kynmgarn udgoga opkanu amanra owuvpunagu:

X = r sinO cosq), Y = r sinO sirup, 2= rcose6. (17)

2 467 17 byx. TUM nnn
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KnHemaTunk xapaéHnap xakmga aHuK TacaBBYyp XOCWI KUAWULW YYyH
loKopugarn mMmconnapga XMCMHUHIE XapakaTuHu onnb kapaguk. JlekuH
OKUCM»  ypHMWAa «MOOAUA  HYKTa» TylWyHYacUHW uwWAaTUW  aHva
Kynamnumk Typgmpagu. LUyHWHr yuyyH 6yHaaH OyéH «mogauii HyKTax
Xakmga Mynoxasa toputamuns.

Mooauii  HyKTaHHHI XapakaT gasoMuga gasofa uv3raH uusupn
(«kongupraH un3N») YHUHIT TpaekTopwuAcu gehinnagu. MacanaH,
NMOE3AHUHT TPaeKTOpUACK penbcrnapavp. TpPaeKTOPUAHUHT  Y3YHAUTU
MOOOWA HyKTa 60cmb yTraH iynra TeHramp. TPaeKTOPUSHMHE LWakaura
kapab MogOui HyKTa XxapakaTu Typpu 4YU3UKIN EKN 3rpu  YN3UKNIU
6ynmMwmn MymKnH. ®apas Kunannamk, MooAMiA HyKTa WUXTUEpwWA a, b, c, d
TpaekTopua 6yinab xapakaT KunaétraH Oy/iCMH Ba YHUHT XapakaTuHu
Ky3aTull TPaeKTOPUAHUHI bc kncmmpga o6 6opunaétraH  6yncuH
(1.3- paem).

TpaeKTOPUAHUHI b HyKTacuga YHWHT BasuATU 1\ pagnyc-BeKTop
opkanu noganaHaan. bupop [/ BakTaaH CyHr y ¢ HykTtaga 6ynagn sa 6y
HYKTa[a YHUHI BasuATW 72 paguyc-BeKTop 6unaH aHunknaHagu. TpaekTo-
PUSHUHT «bC» KMCMMOa MOAAMIA HYKTa 60cmb yTraH Myn As ra TeHr. n\ Ba
r2 paguyc-BeKTOpP/JapHUHI aluMpmacu, SbHU b Ba € HyKTanapHu
6upnawTnpyBun, b HykTagaH ¢ HyKTa TOMOH MyHanraH [r BeKTOp KyuuLu
oenvnagn  (Ar=rr—r). Kyunw Bektopu (A1) MOAOWA HYKTaHUHT
6oWNaHrMy Ba OXMPrM BasUATNAPUHW Xamga Yy Kalcu WyHanuwaa
XapakaT KunaéTraHuHu undoganangn. Typpu YN3UKIM XapakaTga Kyuyuil
BEKTOpPM TpaekTopusa 6unaH 6up xun 6ynagm Ba Ky4ull BEKTOPUMHWHI
mogynn (|4r]) mogouin HykTa 60cvMb yTraH Wynra TeHr 6ynagwu.

Z c

Myn xeu kayoH Helwra TeHr Gy/Maifm, Kyumil aca HOAra TeHr Gynuium
MYMKMH. MacanaH, lokopugaru Muconga Moaavii HykKTa a HyKTtagaH
d HykTara abed TpaekTopus 6yiina6 xapakat kunmb (1.4- paem) sHa Wy
TpaekTopus 6yiinab d HykTagaH a HykTara KanWtub kencuH. By xonga
Kyuyull Hosra TeHr, hyn aca abed opannkka HMc6aTaH MKKU MapTa OpTUK
6ynagu. AnTainunk, moaauin HykTa d HykTagaH 6mpop dkma TpaekTopus
6yinab KanTnb6 KescuH. by xonga xam Kyuull HoAra TeHr 6ynaaw, nyn aca
Honra TeHr amac. [emak, dakaT Xycycuil XxonnapgarvHa KyYUMLHWHT
MoAynu iynra TeHr Gynmwmn MyMKMH, akcapusaT Xonnapga aca xXap AovM
Myn KYYMIWHWHI mModynupaH kaTtta 6ynagw.
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15-§. BEKTOPJIAP ANNTEEPACU 3NEMEHTAPU

dusmkaBuii xogucanap 6unaH TaHUWWLW XapaéHupa 6m3 KNUMULW, Te3NUK, TesnaHuul,
Ky4y Ba TyHra yxuwauw KaTTanuknap 6unaH vw kKypamus. by kaTtTanmknap Teruwnm ynyos
6upnuruga onvHraH CoH KHmaTnapu 6unaH 6up katopga liyHanuwra xam ara. MacanaH,
XVWEMHUHT (MOAAMA HYKTaHWHI) MyalfH nantaarn xapakatumm tascudnaw ydyH y 15 m/c
resnnwk OWMAH XapakaTnaHMokAa [AelVWHUHT y3W eTap/iH  3aMac. fiHa XapaKaTHUHT
yHanMwunHn xam KypcaTuw kepak. Ly makeagna BekTtopnap pAeb atanyByun TywyH4ya
KUPHTHNagn. CoH kuiiMaTH Ba WyHanuwun 6unaH aHWKNaHyBYM KaTTanuknap BekTopnap
pAeivnagn. XUeMHUHr BasvMaTM  6GOWKa XUcMnapra HHc6aTaH aHWKNaHraHH Kabwu
BEKTOPMAPUHUHI yHanuwim xam MyansH 6upop WyHanuwra HucbataH 6Gepunagu. ®akat
COH KumiAMaTum 6unaH aHuWKNaHaguraH KaTtTanuknap ckansp KaTTanunknap
Aennagn. Ckanap kaTtTanMknapra macca, Xaxm, 3U4IMK, XapopaT (Temnepartypa) kaowu
KatTanuknap wmucon 6yna onagu. tOkopuga MUCON Tapukacua KenTupuaraH Kyuuid.
Te3nuK, Te3naHuw, Kydy Ba WYy Kabunap BeKTOp KaTTannknapaup.

BEKTOPHUHI COH KuiiMaTW YHUHT MoAynwu pgelinnagn. MoaynHu 6Genrunawpa
xaptnapaa Bektop 6enrucu 6ynmainam (macanaH, v. a). bab3aH MoaynHu udoaanawl yyyH
BEKTOP KaTTa/MK OenrveHHn BepTMKan 4m3Mknap opacura onmHagn: YyHOHuYM A  BeKTop-
HUHr mogynu \1\ waknupa ésvnagH. Bektopnap korosgaru umMsamaga WyHanuw 6own Ba
OXMpW KypcaTuaraH TYrpH 4YM3MKIM KecMa OHnaH wudopanaHagn. KeCMaHWHT Y3yHAUTN
6uvpop MacwTabna BEKTOPHUHI MOAY/VHU udoganaca. nyHanuw 6enrncu aca YHUHI Kancu
TOMOHra WYHanraHuHu KypcatagH.

VIKKW BEKTOP GUP-6Mpura TEHr6ynnwm yuyyH ynapHUHI MoAynnapu TeHr Ba MyHanuwna-
pn 6up xun 6ynuwn Kepak. VIKKM BeKTOp 6up-6uvpura TeHr Ba Kapama-Kapliu TOMOHra
iyHanraH 6ynca, ynap Kylhunparvya ésmnagu:

A=-B.

By epga B uwopacuHu MaH(puii BeKTOp Ae6 TyWyHMAaC/INK Kepak, YyHKU MaH(uii BekTopnap
MaBXy/g amac: MaHduii mwopa B BeKTOPHWHr A ra HucbataH Teckapu KyHanraHHHW
KypcaTagun xosnoc.

16-pacm

Wapannen Tyrpm umsumknap O6yiinaé 6up TOMOHra €kuM Kapama-Kaplum TOMOHra
liyHanraH BekTopnap KOnnMHeap BekTopnap Aelivnaau. Mapannen Tekucnuknappga €Trad
BEKTOp/ap KommnaaHap BekTopnap Aeiunnagu.

BekTopnap fiHa «3apkuH» Ba f60rn aHraH » BekTopnapra 6ynMHaaun. 3pKuH
BEKTOpP/apHM Yy3ura napannen KyYHpULW MYMKWH. [lapannen Kyunmpuwaa BEKTOPHUHT
NXTUEPUIA KKK HyKTacH (1.5- paempa a Ba ft HykTanap) napannen Tyrpu Ynsuknap 6yiinat
‘mp xun Macodara cumkuiign. 1.5-paempa KypcaTunraHaek, wapannen  Kyuympuil
HaTmxacnpa BekTtop | xonatpaH |l xonatra yTtagwn. «bornaHraH> BekTtopnap (macanad,
KYYHU M(POAAN0OBUN BEKTOP) YAApPHUHI KyAWAMW HyKTacu 6GunaH 6GolKa BeKTopnapaaH
axpann6 Typagu Ba napannen Kyuympuw ycynH 6y Xonga xamma BakKT Xam YpWUHAU
6ynasepmanan.

BekTopnapHu Kywwuw Ba aiivpuw. J1 Ba B BekTopnap 6epunraH 6°ncuH (1.6- paem).
By WKKM BEKTOPHM KyLWWW Yy4yyH Mapanfnenorpamm KoupgacugaH oiganaHamHs.
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BekTopnapHH y3ura napasnsen KyuMpull KOMAAcuUra acocaH ynapHUHI 60WWHN 6Mp HyKTara
KONTVMPUWG, ynapAaH napannenorpaMmMm $ic/icak, YHUHT AuaroHanu HaTuxkasuii (WHruHawm)
BEKTOpra TeHr 6ynaau Ba 6y WurMHau KyliHgaruya éwnagu:

C=/1+B
BekTopnapHH KywWuWw KOMMYTaTUWBA MK XYCyCUSTHra 4ra, sibHU
C=A+B=B+A

MacanaH, mogaunii Hykra (kKHem) 6Mp BaKTAa HKKUTa TYrpu 4m3mknm xapakatga Vi Ba a>
Tesnuknap 6unaH UWTUPOK 3Taétram 6ynca, YHUHT HaTUXaBUii Te3NUru 6y Te3INKNapumnHr
BEKTOP WUrMHaoveHra TeHr 6ynaauw (atainuk, MuHoOpa TenaeHAaH YQK TEKUCIUrn
AyHanuwHna y, Te3NuMK 6unaH oTuaranm Tow EPHUHT TOPTULL Kyuyn TabeHpUia MabjyM BaKT
yTraHgaH kelivH W\ TexXTHK 6unaH 6up kKatopga TUK (BepTuKan) ihyHanuwpa v., Te3Nuk-
Ka xam ara 6ynagu). KywunnyBum UKKM BEKTOPUUHI MoAynnapuv Ba ynap opacugaru 6ypuyak
Mabnym 6ynca. HaTWUXaBU BEKTOPUMHI KHIAMaTW KOCUHycnap Teopemacura acocaH
Tonwunagu.

BekTopnapHH Kywwuwpaa amanga yybypuyak ycy nu Kynpok KynnaHunagu. by
yeynaa A Ba B BekTOpnapHH KyWuWW yyyH 6GMPUHYN BEKTOPHUH! OXHPHra y3sura napannen
paBuLWAa KyUYNpuUAraH UKKMHYH BEKTOPUUHI GOLUIH XOoWnawtupunaaun. BUpUHUN BEKTOPUMHIT
6own 6unaH WKKMHYH BEKTOPUUHI OXMPUHH TyTalWTUPYBYH BEKTOP HaTWXXaBUIi BekTopra
TeHr 6ynaaun. YyHKM Gy HaTUXaBWUIA BEKTOP Mapasnsenoi paMm AHAroHa/IMHHHT y3rHHaenaup
(1.7- paem).

VKknTagaH OpTMK BEKTOP/IAPHH Kylwuwaa. amanga Kyhngarn ycynaad coiganaHunna-
AH: A. B. C, D Ba E BekTopnap 6epunraH 6yncuvH. HaTwkaBuii BEKTOPHW TOMMULW Y4YyH

y3unra napannen KyuympuaraH xap 6up BeKTOPUWHI 6OLIH aBBa/irH BEKTOPUUHI OXUpU 6unaH
TyTawTnpunagn. Hatmxaga CMHHK 4n3nk xocun 6ynaan (1.8- paem). BUPNHUYM BEKTOPUNHT
60WHAAH OXMPr1U BEKTOPUUHI OXMPHra yTKasHiaraH O Ba K nyKTanapHu TyTaHMUPYBYH

J1? BEKTOpP HaTMXaBWii BeKTopra TeHr 6ynaaun. WbHH:

M=1+WN+C+15+E.

17-pacm 18 pacwm

HaTuxaBuii BEKTOPUUHI COH KHIiMaTW Ba WynanuH KyLWMWUyBYN BEKOP/APHHHT KaHcu
KeTMa-KeTnukaa xoinaHn_npunl|itnra 60rnnk ->vec. _
VxTHépuiA liyHanran A Ba B BckTopnap 6epunraH 6yncun (I 0O paem) lBa B

BeKTOp napumHr ammpmaemn aeb wyngaH C Bektopra  aiiTHNa TKW. ykuw B
BEKTOp GHMan WHruHaven A BekTopra TeHr (Knanwu:

A—B—C (abHuM Ti+ C=A).
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BeKTOpHM coHra Kynaitmpuil. BEKTOPHU GUPOP N coHra (SbHH BEKTOPHW 6MpOpP cKansp
kaTTanHkka) KynaliTupuw geravna maskyp BEKTOPHWHI MOAY/MVHWU LY COHra KynanTupuil
TywyHnunagu: B= nA. Xocun 6ynraH sHru B BEKTOPHMHI MyHanuwu M HHHI Hwopacura
6ornuk. Arap y myc6at (n=>0) 6ynca. B HuHr liyHanmwm /1 6unaH 6up xun, MaHduii
(<!'<0) 6ynca, 6y BekTOpnap kapama-kapww WymanraH Gynagu. _

BeKTOpHM cKanspra KynaiTMpuw KoHpacura kKypa HXTUEpWUiA A BeKTOpPHU Kyiimaaru
KYpPHHUW A udoganawl MyMKUH:

A=A1n.

6yHAaa A 6epunraH BEKTOPHWHI COH KMAMAaTH; ed — GHPAVK BEKTOP AeiHnanu Ba YHWHT COH
KMiMatn 6up GUpNUKKa TeHr 6ynu6. yHanuwmn A 6yiivuya WymanraH. by dopmynaHH 1//1

ra TEHr ckanspra KynaiTupcak. KyiupgarHra dra 6ynaMms:

ByHAaH KYypHHUO TypubauKn, GHPAWK BEKTOP YN4aMCU3 KaTTa/MKAH|>.

BeKTOpHWHI 6upop WyHanuwra 6ynraH npockuuscu. bBepunraH A BekTop 6upop 7/
MyHanuwpaarn yk 6unaH a 6ypyak Tawkua KuacuH (1.10- paem). YHUHr Wy iyHanuwra
npoekuunsicn 1.10- paemaa KypcatunraHgek, A/ y3yHNHKKa TeHr 6ynaau Ba Kyhupgarunuya
noganaHaan:

/li= /1cosa,

19-pacwm ImO-pacm

6y eppa //  BEKTOPHWHI MoAynu, a — GepunraH iyHanuw 6unaH BeKTOp opacuparun
6ypuyak. Bypyak yTkmp (cosa>0) 6ynca. npoekuumss mycbat 6ynagm Ba akcumHuya, yTmac
(cosa<0) 6ynca. npoekuus mMaHpuii 6ynaan. BeKTOPHUHT 6MpOp KHyHanuwra HpoeKuuscu
XamMMa BaKT cKanfp KaTTalMKAHP; YHWHI wuwopacH 6epunraH #MyHanuwra HHc6ataH
BEKTOPHUHI KaHAal Wy HHAFaHHHW.GUNAMPUAN.

BekTopnapHu Kynaitupuiw. BekTopnap 6up-6HpHra KK xun ycynga Ky Haitupunagu:
a) BEKTOPHW BeKTOpra BeKTOp KynaihTupuiw. 6) BEKTOPHW BeKTopra ckansp KynaiAtupui
Wkknta (/1 Ba B) BEKTOPHWHI cKansp KyHaliTmacu Aeb Ly HeKTOpnapHUHImvoAynsapH Ba

ynap opacugarv 6ypyak KOCMHYCUHUHI KynaiTmacuaaH XOocwun GynraH cKansp KaTtTanmkka
alitnnagu:

{A *B) =/Iflcosa ékn A-B —ABcobSs.
by cdopmynaHu kyihmparnya E3HW MYMKUH:

(AB)=A,-B=/-B,,
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6y epga An — J1 HUWHT B WyHanuww 6yiinya onvHraH  Mpoekuuscu; B, — B Huwr
yHanuwun 6Gyiinya onuHraH npoekuuscu. byHaaH Kyhnpgarura ara 6ynamus:

(A-b) = (B-2).

BeKTOpnapHUHI cKansp KynaiTMacHgaH LWy Xynoca Kenué YUKafuKu, BeKTOPHUHT
Yy3MHU y3ura ckansp Kynahitmacu (6y Xanga a= 0, cosa=1) Wy BEKTOp MOAYIMHUHT
KBagpaTura TeHr, sibHU

aa=>=a2=/i2 (18)

MkknTa (/1 Ba b) BEKTOPHUHI BeKTOp KynaiiTmacu Aeb, Kyimparmya aHvknaHaguraH
C BekTOopra atmnagm (MKKW BEKTOPHWHI BEKTOpP KynaiTmacu, ogaTtaa, yprta KaBC uuura
onuHagn):

C=[A-B] éku [/1 B]J="Bsina-/t. 1.9)

YHuUHr mogynm C= J1B3Ta. by epaa n — HaTHXaBHW BekTop (2) yHanuwmaarm
6upnuk Bektopaup. C BekTop J1 Ba B BekTOpnap xownawraH TeEKUCAUKKa TUK 6ynub.
YHUHT yHanuwun napma komgacu 6unaH aHuMknaHagwu: napma pgactacvHu J1 gaH B ra to-
MOH 6ypacak, YHUWHI unrapunaHMa xapakatu C  BEeKTOPHUHI WAyHanuwumHW  KypcaTagu
(1.11-paem). C BeKTOp COH xuxatgaH J1 Ba B BekTOopnapgaH Ty3wnraH napanneno-
rpaMMHUHT t03ura TeHr. By kompgapaH wy xynoca kenub umkagukm, J1 Ba B BekTOopnap-
HVHI YPUHNApUHW anmMawTupcak, HaTmwkaBuii C BEKTOPHUHI WyHanuwmn Kapama-kapLuun
TOMOHra Ysrapagu, fbHU:

[N-B1=~-[B.N].

WyHaan knnnG, BeKTOp KynaiTmMa ypuH anmawTupull XycycusTura ara amac.

BekTOpnapHUHI BakT 6ylinya xocunacu. bupop Jl« BekTop 6epHnraH 6yncuH. by
BEKTOP BaKT Oyinuya 6upop KOHYHUAT 6unaH ysrapca. Maskyp BeKTopAaH BakT Oyilinuya
WIWHraH 6upuHYn TapTnbnm xocuna — dA/dt, YHUHT Xam COH KuiiMaTu xampga HyHanuwu
6ylinya ysrapuwunHu udoganangu.

BekTOp KaTTa/IMKHWUHI GUpOpP ckansp KaTTanuk (<P ra kynaiitmacHpaH BakT 6yilinua
xocuna onull Koupacu ogaTgary MKKU ckanap  kKynalitTmMagaH Xocuna onvw  Kougacwu
Kabuamp. MacanaH, J1 BEKTOPHUHI CKansap KaTTanuk (<P ra KynanWTmacHAaH OJHHraH
xocuna Kynmgarmra TeHr 6ynagu:

A=) = ¢ -NY-pb-N . (1.10)
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6yHAa A Ba (h— MasKyp KaTTanumknapfaH BakT 6yiinua ONMHraH XOCWUNaHUMHI KHCKaua
ésnnuwun. Xyaaum wyHuHrgek, A sa B BekTopnan:’ e 'HaliTMacnpaH BakT
6yiinya onuHraH xocuna

T (111)

at

Tap3nga udgoganaHagm. VKKU BEKTOPHUHI BEKTOP K>Ha*.ix.acuaaH BaKT 6yiiunua onuHraH
xocuna Kyhimpgarnra TeHr:

Ala-b\={A-B\+[a-D]. (1.12)

BeKTopnapHu ynapHUHI KOOpAWHAaTa yKiapugary npoekuuvsnapy opkanu udoganail.
dasopna GepunraH 6vpop A BeKTOPHUHI [ekapT KoopauHata yknapu (X, Y, Z) paru
npoekyusnapy moc pasuwaa Ax, Amsa A, 6ynca, yHU Wy Npoekuusnap opkanu Kyhingarmua
noganall MyMKUH:

A=*Al+A¥]+A £, (1.13)

6y eppal, /Ba k — koopguHata yknapu X, Y, Z 6yiinya liyHanraH 6upnunk sektopnapaunp. by
dopmynagarn xap 6up KywunyBuM Xxaf BEeKTOP KaTTa/IMKHU udoganaraHn yuyyH A  Bek-

TOPHH YHWHI Tawkun 3TyBumnapu Jl- JI(. Ba Ab opkann xam wudoganawl MyMKWUH:
i =A.+Aj+AkK (1.14)

1.12- paempga A BEKTOPHUHI X, Y yknapgaru npoekuusnapu Ba YHUHT Wy Yknap 6yinua

TaWwkua 3TyBUMNapu KypcatunraH (paempga Z ykKura MOC KenyBuYM OGUPAUK BekTop
(£) KypcaTunmaraH, YyHKU y umamara TuK lyHanraH). I, ] Ba £ BeKTopnap y3apo TUK
iyHanraHnuruHm abTubopra osncak, BEKTOp KynaliTMa Koupacura acocaH Kylinpgarura ara
6ynammns:

P-71= £ [I-k]=i. {kt\=N\ (1.15)
[-D=0, [/-n=0. [W=0. (1.16)

BUpop BEKTOPHWHI KBagpaTH 6epunraH 6ynca, 6y xap AOVMM BEKTOPHUHI y3ura y3vHW cKa-
nap Kynantmacu 6ynagm, sbHU YHUHT MOAY/VHUHT KBagpaTura TeHr 6ynaam ((1.8) ra k.):

(T=2)=12, (/m/)=/2 (E-£)=*2 (1.17)

16-5. MOAANA HYKTAHUHT TP U YU3NKAN XAPAKATU

Te3nuk. MooanMin HYKTaHUHT (KVEeMHUHI) XapakKaTTpaeKTopusacKu xap
XN — TYPPU YU3UKNW, 3PV YM3UKNW, XYCyCUii Xonga alnaHa wakiamga
6ynuwn  MyMKuH. Typpu UYM3NKAW XapakaTha TpaekTopus Typpwu
ynsnknaH méopat 6ynaan. Typpu YM3NKNM XapakaTHU anoxmaa axpatuo
YpraHvwmMmnsHnuHr 6oucu LWWyHAaKu, amManga >Xyga Kyn Xxapakatnap
TYPPY YN3NKIN Xapakatgmp. MacanaH, 6up waxapgaH MKKMHYM Laxapra
6opaéTraH HaaAnéT BocuTanapu (Tanépa, noesn, aBTOMOOGUL)HUHT
Xapakatu gespnu Typpy 4M3uKNM XxXapakaTt 6ynagu.

Moaauin HykTa TeHr BaKTnap opaivpuga TeHr macodanapHu 6ocmb
yTca, byHOali xapakaT Tekuc %apakaT gelivnagn. Kyiinpa cakat Typpwu
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YN3MKIM  TEeKUC XapakaT Xxakumga myfnoxasa toputamms. Mogawnii
HYKTaHMHI XapakaTu KaHfal >Xapannuk 6unaH coamp 6ynaéTraHuHm
TaBcucnaw ydyyH Te3NUK geraH TylwlyH4Ya KApUTUnagu. Te3nnk — COH
XuyatngaH Bak,T 6Gupnurn gasommpa 60cub yTunrad iynra TeHr 6ynraH
KatTanukgmp. Moganii HykTa JI/ BakT opaimruga As MynHu 6ocub ytca
TEKUC Xapakatgarm Tes3/IMK COH XuxaTAaH Kyhngarura TeHr 6ynagwu:

®—fr 418>

Bupop | BakT gaBoMuaa Mogauvii HyKTa TEKUC XapakaT Kunmé s iynHu
6ocnb yTca, Te3nuK Kynmpgarmya udoganaHagun:

v=j. (1.19)

Mopgaunii HyYKTaHUMHI KaHpar Te3nNuK O6unaH XxapakaT KWIULWWUHA
6unuwpaH Tawkapwu, y CaHOK TM3MMuUra HucbaTaH Kawncum WyHaamwga
KeTaéTraHuHN Xam 6unuw 3apyp. [lemak, Te3NuK NyHanuwra xam ara
OynraH KaTTa/IMKAWP, SSbHU Yy BEKTOpP KaTTanumkagup. Xapakat
TYrpy UYM3UKAW BynraHamrmn Tydaiinu mogamii HykKTa I paguyc-BeKTOp
O6yiinab xapakat kunasntu, ae6 kapaw MymkuH (1.13-paem).

AT
113pacm

CaHOK 6ownHM O HyKTaga onamm3. ANTalnuK, Ky3aTULIHWUHT
gactnabku nantuga mopaui Hykta A HykTaga 6yncmH Ba [t BakT
JaBoMuga y TeKUc xapakaTt Kuamb B HykTara kencuH. CoH xunxatgaH AB
Kecmara TeHr 6ynraH Ba A gaH B ra TOMOH iiynanraH V BeKTOpP Ky4WULUHWU

ndoganainan. Y xonga Moaamii HYKTaHWUHI TeKUC XapakaTtgaru Tesnuru
Kylvgarura TeHr 6ynaau:

o= fr (1-20)

Arap mMogavii HYKTaHUHI XapakaTu faBoMuga YHUHE Te3nurn ysrapub
TypcaypTaua Te3NunK fgeraH TywyH4ya kmputmnagn. MacanaH, noesg
6Mp wWwaxapgaH WKKUMHYM LWaxapra 6opuwga WyNmHUHT 6Mp  KUCMUHWU
20 mM/c, UKKUHYN KUCMUHU 30 M/C, YYMHUU KUCMUHU 3ca 25 mM/C Te3nuk
6unaH 6ocmnb yTraH 6ynca, YHUHI ypTada Te3/IMrM COH XuXaTaaH WKKU
Wwaxap opacumgarn mMacoaHuHr wy macoaHu 60cnbd yTuwl yyyH KeTraH
BakKTra Hucbatmura reHr 6ynagu. MKHpah knnub, ypTada Te3nmk Aeb

Kyuull BEKTOPU JITHUHI Wy Kyuyull coavp GynvliKn yuyyH KeTraH BakTtra
Hucbatn 6unaH ndoganaHaauraH BEKTOP KaTTalMKKa anTunagu:

By wndoga A/ HHHI xap KaHgalh Kuimatun ydyyH (/= O 6ynraH XxongaH
Tawkapu) Tyrpngmp. by Tyrpu umsmknm xapakatga (1.21) cdopmynagaru
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[r Kyunw coH xumxataaH 60cu6 ytuaraH iiynra TeHrgup. LUYHUHT yuyH 6y
HofaHM Kylinparnya €3u MyMKUH:

A -
t\—:—S eKun V,—jS.

Moaouin HyKTaHUHT Te3nurn y3rapub Typca, ogatga OHUA Te3Nunk
[eraH TywyHYya kmputunagn. OHUIA Te3NUK BaKT OPaIUMM YEeKCU3 KUYMK
anvHraHga ypTaya Te3NUKHUHI MyalsH t nantgarm Kuimatura TeHr
6ynagn, SAbHM OHWIA Te3nuk [/ Honra wHTuaraHga (1.21) wcoma
MHTUNaguUraH Kynmgarn nAMMnTra TeHr:

=~ = (122)

6y epga r paguyc-BeKTOp I AaH BaKT OyiiMya anuHraH 6upuHYN TapTn6m

Xocmia 6enrMcUHMHE Kuckada ésnnuwunamp. femak, mMogavi HyKTaHWHT
onuii Te3nurn (myaiisH naitgarn Tes3nurun) pagnyc-BekTopAaH BakT
6yiivya onuHraH O6upuvHYM TapTU6IM Xocunara TEeHr. V  BEeKTOPUMHT
MyHanuwm r HUHr AyHanuwun 6unaH 6up xun 6ynaau. (122) cdopmyna
KEHI KaMpOBAM mMabHOra ara 6ynub, y srpyM YM3MKAM XapakaT YYyyH Xam
KynnaHunnagun. WYHWHT yYyH YHW OHWI Te3NNK EKM XakKUKUIA Tes3nnk aeb
Xxam aTanagw.

Tyrpn 4msmknm xapakatga dr BeKTOPUMHI Mogynu 60cmb yTunraH
rynra TeHr éynraHnuru tycainm (122) Hu Kynngarmya é3n MyMKUH:

at (123>

AbHM TE3NUKHWHI MOoAynu WyngaH BakT O6yinya OnvHraH OGupuHYK
Aapaxanu xocunara TeHrguvp.

Moaouin HYKTaHUHT TYrpyu 4M3uKIM XapakaTu ydy yndosnam asoga
NXTUEPUIA MyHanuwra ara 6ynca r BeKTOPUMHI [lekapT KoopAauHatanap
cuctemacmngarn A, K, Z yknapra 6ynraH npoekuusnapm opkanu mdgogacu
r=xi-\~yj-\-zk 6ynuwunHm xucobra ancak, (122) ra acocaH Te3NuK
BEKTOPW YHMHI KOOpAMHaTta ykKnapugaru npoekumsanapu opkanu Kynnaoa-

rmya udoganaHagu:
N\

\% = Xi+ yj \-zk= Wi )-v,j FvkK
6y epga I j Ba k — koopguHata yknapu X, Y Ba Z 6yinab MyHanraH

GUPNVK BEKTOPMap; X=VX Y= Vy, Z= V2 — Te3/IMK BeKTOP/apVHUHI
ywa yknapgarm npoekaganapu. Jemak, Te3NMKHUHI KoopAuHaTta
yKnapura npoekuuanapu r BEKTOPUWUHI WY yknapra npoekumsnapugaH
BaKT Oyinya ONuMHraH 6mpuHUM TapTubnu xocunara TeHr 3kaH. (1.20),
(1-21) Ba (1.22) dopmynanapgaH KypuHub typmnbaukm, CU Tmsumuaa
Te3INK MeTp TakCUM cekyHA (m/c)nappa ynyaHaau.

Te3naHuw. XapakaT gasomuga Te3/IMK BaKT yTuwmn 6unaH ysrapub
Typca, 6yHpali xapakaT HOTekuc xapakat 6ynaan. HoTekuc xapakat
Te3naHuw pgeradH @QU3NMKaBUA KaTTanMk 6GunaH TascudnaHagw.
TesnaHnw f[eb, TEe3NUKHUHI OUPAMK BakKT JgaBoMuAa y3rapulinHu
KypcaTyBYM BEeKTOP KaTTaJiMkka antunagu. Arap [/ BakT pgasomuga
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MOAOWIA HYKTaHWHI Te3nmru JIn ra yarapca wKopuga KentmpunraH
My/noxasasiapra Kypa, MyarsH naintgaru TesnaHuul

(1.24)

Tap3vga udoganaHagn. v = dr/dt skaHAUrMHM Xxucobra osicak, OXUpPru
rEHIIMK Kynnpaarnya KypuHuwra sra 6ynagw:

(1.25)

AbHM Te3NaHWW BEKTOPW Te3NNK BeKTopuaaH BaKT Oyilnya ONMHraH
6UpNHUYM TapTmbaM xocunara €ku KyuynmwgaH BakT Oylinya onuHraH
WKKWHYM TapTubam Xocuaara TeHr 3KaH.

OxXuprn wKkn dopmMynagaH KypuHu6 Typunbauku, CU Tmsnmmnga
Te3NaHnwW MeTP TakCMM CekyHA KBagpaTl (M/c2 napga ynyaHagw.

Te3naHyBYaH Xxapakatga a> O (abHu dv/dt> 0), cekmHnaHyB4YaH
Xapakatpga aca a< 0 6ynagun. Tyrpu u4mMsukam Xapakatga a=> 0 6ynca,
a HUHI MyHanuwun xapakaT WyHanuwm 6unaH mocgvp, a< 0 6ynca,
a BEeKTOp XxapakaTr WyHanuwura HucbataH Kapama-Kaplwuy TOMOHra
MyHanraH 6ynagn. a= 0 6ynca, v= const 6ynagu, 6y xon wmogaui
HYKT@HUHI  Te3NaHuLWCcKu3, HAbHU TEeKMUC XapakaTr KuiaéTraHamrnHm
ncoganangn.

TesnaHuW BEKTOPUHW KOoopAuHaTa yknapura npoekuusnapyu opkanm
Kyingarnya €3uw MYMKUWH:

a=v=axX+ a, + ak (1-26)
eKu
a=r=xl+yj-f-zk,

AbHW Te3MaHULWHNHI KoopAauHaTa yknapu 6yinya onuHraH npoekuusnapu
I BEKTOPHWHI LWy yKnapra MOC KenraH npoekuusanapuaaH BakT Oylinua
O/IMHraH WMKKWHYM TapTubnum xocwunara TeHr 3KaH.

Teknc xapakaT Vv Te3nvk 6unaH cogvp 6ynaétraH 6ynca, mopauni
HYKTaHWHI dt BakT pasBommpga 6ocub yTraH nynm (1.23) dopmynara
acocaH ds= vdt 6ynaaun. byHAaaH:

s= \vdt. (1-27)
0

Teknc Te3naHyBuaH XapakaTga /= O naiTgary GOLWMAHTUMY Te3/IUK
Mabnym 6ynca, KaHAaiaup | BakT yTraHAaH KeluHrn Te3nuk Kyivparuya

ndoaanaHagu:

V= VozL(lt. (1.28)
(1.28) dopmynaHn (1.27) ra kyimb, yHu/ = 0 gaH / raya nHrterpannacak,
TeKMC y3rapyByaH xapakatga 6o0ocvmb yTunraH iiyn dopmynacmura ara
6ynamms:

s= \vdt= \(vOztat)dt = vut=*: . 1.29
Jvdts ( ) 5 ( )
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(1.28) Ba (1.29) copmynanapga MycbaT Lwrnopa TeKUC TesnaHyBYaH
XapakaTHW, MaH(UA unwopa 3ca TEKUC CEeKMHaHyBYaH XapakaTHu
ndogananan.

1.7-5. MOOANN HYKTAHWHT AWNAHA BYW/IABE XAPAKATW.
BYPYAK TE3/IMK BA BYPYAK TE3/TAHWNL

Mopgauihi  HykTa paguycnm R 6ynraH alinaHa 6yinab xapakat
KnnaétraH 6YyNCMH. YHUHI XapakaTuHu TaBcudnaw yyyH 6ypyak Tesnuk
Ba Gypuak TesnaHuw AeradH TywyHYanap KMputunagu. Y3sMHUHI ainaHma
XapakaTuga mogauii HykTa At BakT gaBomMmaa A HykTagaH B HykTara
Kyuca (1.14- paem), y y3 Tpaektopuscu 6yinab As macodaHu (/1B = As)
6ocmb yTagu; Wy BakT opanvrnga annaHaHuHr (OA) pagwnycn [ep
bypuakka 6ypunagu. Kynnpgarum

(1.30)

ll4-pacwm 115-pacwm

KaTranuk At BakT opaimrugarmypTadya 6ypuyak Te3nuk pgehivnagn.
YMyMaH, 6ypuak Te3nmk aeb bypunuw bypyarngaH BakT Gyiiviya ONMHraH
BUPUHYM TapTMBNN XOcKnara TeHr Gy/iraH BEKTOpP KaTTa/IMKKa aiTunaan:

rfgp BEKTOp LW BeKTOp 6unaH 6up TOMOHra MyHasraH 6ynm6, ynapHUHT
MyHanuwun napma kougacu Oyiinya aHukNaHagu: napMaHu Moaauii
HYKT@HUHI alinaHuw  WyHanuwupa 6ypacak, YHWHI uarapunaHma
Xapakat NWyHanuwm @ BEKTOPHUHT yHanuMwmnHu kypcatagm (115~ paem).
WyHN aiTu KepakKu, 3fieMeHTap 6ypuyak p BEKTOpP KaTTa/ink 6ynuo,
MyalisiH (p 6ypyak 3ca ckanap kattanukagup. dy 6ypyakHum 6ypuak
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iynmw peb xav wputunagu. bypuak Te3nnk BeKTOpWU (bl)  HWUHF
Ha MWW WapTan pasuwaa aHUKIaHraHu ydyyH 6y BEKTOpHM MCeBA0 -
'"KTOp Adelinnagn. Arap 6ypyak Te3nIMK BakT yTuwm 6unaH y3rapmaca
>= const) aWnaHMwWw TeK NC alinaHuw Jgeivnagm Ba 6y xapakaTt
NaHuw gaspu (7") xampa anaHuw yactotacu (v) 6unaH udoganaHa-
. AlnaHuw paeBpy — MOAOMA HYKTaHWHI alinaHa 6yiina6 Tyna 6uvp
pTa anaHuWn yyyH KeTraH BakTaup. Tyna amnaHvwpga (AvHn V=T
nraHpa) mogawii Hykta O HykTa atpodgumpa = 2n paguaH (360°)
pyakka 6ypunagun. WyHpan knnm6, Tyna anmnaHunwpga (1.30) cdopmyna
nmaarn KypuHULLHW onagu:

n (1.32)

KUC alinaHuwaa W KaTTainK aiNaHUWHUHTO OupaB Uil (EKU LUNKIUK)
CT OT ac u gennaan. bBUpANK BakT gaBoMuaarv ainaHuwnap coHmra
naHuWw vacTtoTacu (v) pelivnagn, sibHU

HOAH KypHHaAWKW, alNaHWWHUHI  AouvpaBuii  yacToTacu  GunaH
laHuw yvacTtoTacy Kyiinparn 6ornaHuviura ara:

0= 2ny. (1.33)

Teknc alinaHvwpga MyaisH / BakT opanurunga Moaauii HykTa aHuk

top (p 6ypyakka 6ypwunca, 6y 6ypyak (1.30) ra acocaH Kylhungaruya
ofanaHaau:

(1.34)

annnw 6ypuyarn A pagmannapga ynyaHraHamru ydyyH bypuyak Te3nuk
30) ra acocaH paguaH Takcum cekyHA (paa/c)nappa ynyaHaaw.
NnaHuW yacToTacu v aca 6up Takcum cekyHA (1/c) nappga ynyaHaau.
MoaauMiA  HYKTaHUHI Mab/yM BaKT opaivrnga ys3 TpaeKTopusacu
NaHaHVHI &éihn) 6yinab yTraH Wynu YU3UKAN TE3NK Ba YU3UK/IU
naHvw 6unaH wudoganaHagn. 1.14-pacmgaH KypuHu6 Typubanku,
2*Q6ynraHga AS = /?ic 6ynaan. As macoaHn moaamin HykTa A/ BakT
oMmaa yTraH 6ynca, YHVHI YM3UKAWU TEe3IMTMHUHT MOoOynn

(1.35)

aown

Jemak, aiinaHa 6yiina6 TekMc xapakaTAa YM3UKIM Te3Nuk alinaHa-
r paguycmra MyTaHocu6 (NpoOMopuMOHan) 3KaH. YU3nKAn Tesnuk
rop KatTtaivk 6ynu6. YHWHr WyHanuwm Kyhngarmya aHukiaHagwu:
BaKT OPa/IMKMHU 4YEeKCU3 KUYMK Kuané oncak, A HykTa B HykTara
M3 akuMHnawaan (1.14-paem) Ba ailnaHa 6ynnab xapakaTnaHaér-
MOAAWIA HYKTAHWHI Kyuuw Bektopu (Ar) 6y HykTanapra yTka-
raH ypuHma 6unaH ycTMa-ycT Tywaau. [emak, UYM3UKAN Te3NukK

=lim—) HuHr NMyHanmwun 1.15-pacmpa KypcaTunraHgek TpaekTo-
\/-»0



pua (ainaHa)ra ypuHMa paBuwga xapakar TOMOHra MHyuanraH.
(1.35) dopmyna BekTOp KypuHuwaa Kyhngarvya ésvnagu:

u:[WR|, (1.36)

AbHM alinaHMa Xapakatgarv 4Yu3vKNU TesNIMK Gypuak Te3NMK BEKTOpU
6unaH paguyc-BeKTOp R HWHI BeKTOp KynaiTMacura TeHravp.

BakT yTuwm 6unaH W HUHF KuWiAmatyn y3rapm6 6opca (HOTeKuc
Xapakart), 6y y3rapuw 6y pyak Te3 J1aHMULW JeraH BeKTOp KaTTank
6vnaH udopanaHaau:

esz'I.TKA\: ’\d't (1.37)

By ncopgaHn (1.31) ra acocaH Kynmparmya €3vl MYMKUH:

? = (1.38)
dtl
AbHM Oypuyak Te3naHMw 6ypyak Tes3nukaaH BakT Oylinya aTtuHraH
6MpUHUM TapTnbnm xocunara ékn Gypunuw GypyarmgaH BakT Oyiunua
O/IMHFaH UVKKWUHYM TapTUOnn Xxocumnara TeHr.
Unsmknm Te3naHuw 4YM3MKIN Te3nnkhaaH BakKT Oyinya ONMHraH
6upuHUM TapTubnm xocunara TeHr 6ynraHu yuyH (1.36) Ba (1.38)ra
acocaH kynupgarura ara 6ynamus:

a= §-= dyf]l =R 5= /8—=Ry- (139)

Jemak, unsnknu Te3naHnw (e=eonst bynraHga) annaHuw paguycura
MyTaHOCM6 KaTTanmkaup.

AilinaHa 6yiina6 cogup 6ynaétraH Tekuc Te3dnaHyBYaH xapakatga At
BaKT gaBomupa moaavii HykTa < 6ypuakka Oypunagn Ba 6y 6ypuak
(1.29) ra kypa kyhupgarmya udoganaHagu:

4=0u/+ . (1 -40)

6y eppa tH  6ownaHruy Gypuyak Tes/uK.

18-5. 3rPN YM3UKJIIN XAPAKATAOA TE3/INK BA TE3/TAHWLI.
MAPKA3IFA WHTUIIMA BA YPUHMA TE3TAHULWAP

lOkopuga anTH6 yTuNraHuaek. MOAAVIA HYKTAHWHI TPaeKTOPUACH
arpy unsmkgaH mobopart bynca, 6y xapakaT arpu 4 M3 KN U geAvniagn.
3rpu 4M3nMKIM XapakaTza resnIMK BeEKTOPUHUHI MOAYNN y3rapHLWr 6unax
6Up KatopAa YHUHI WyHanuwum Xam ysrapaau. Tesnmk  BekTopwu
MYH/IMWWMHUHT  y3rapullH «TPaeKTOPUAHHHI 3rpuauru» ne6 aranyByu
KaTTa/IMK 6unaH y3BuiA GOrMUKOHP. «TPaeKTOPUAHHHT 3rpuanrmu» gerax
TYWYHYaHN aHHKPOK TacaBBYp KWW YYYH MOAAWIA HYKTaHWHI 6rpop



116-pacm

ABCDE paH wvbopaT 3rpyu UYM3UKIN TPAEKTOPUSACUHU Kypub uUnKannmk
(1.16- paem).

TpaekKTOPUAHNHI XaMMa HyKTanapu 6up Tekucnmkga (paem TeKucnv-
rnga) étraH OyncmH. Xamma HyKTtanapu 6up Tekucnukpa étraH
TpaekTopua ficcn TpaekTopusa genvnagn. PacmpgaH KypuHuU6 Typnbauku,
TpaekTOpusAHUHI B, C Ba D HyKTanap arpodwmparn anoxuja Kucmnapu
paguycnapun moc pasuiwaa R, /?2Ba R36ynraH annaHanapHUHI énnapu
6unaH ycTtma-ycT TywaanTu. BuHoGapwH, TPaeKTOPUSAHUHI B HyKTacwu
aTpohmaarn Xyga KUUMK KUCMUHUHE arpuamrn R, paguyc 6unaH,
C HykTacu arpouparv KUCMUHUHE arpuaurn /?2 paguyc 6unaH (Ba
X. K.) aHMKnaHagn Ba Maskyp Ri, /22xampa R3kaTTtanmknap Tpaekropus-
HUHI MOC HyKTanapugaru asrpunauk paguycnapwu pgeivnagn.

WyHn Kang Kuauw Kepakku, TpaekTopusa ainaHagaH mbéopar 6ynraH
XOnga YHWHF 3rpuank  paguycu  alnaHaHuHr  paguycu  gemMakaup.
TpaeKTOpUSHUHI MOC coxanapugaH Ri, /72, Rs Ba xoka3o macotana étraH
01 02 O3 Ba XOKaso HyKTasap TPaeKTOPUSAHWHI LWy coxanapugaru
3rpnnukK mMapkasnapw pAeb aranagw.

Arpunuk paguycura Teckapu 6ynraH kattaimk C = — TpaekTo-

PUAHWHI Wy paguvycra MOC KefraH KUCMUHUHE 3rpunuru paeb
atanagun. Jemak, arpuank pagumycu KaHuyasmk KUYukK Oynca TpaekTopus-
HUHT WY KUCMWHUHE 3rpuanrn WyH4Yanuk karta 6ynagwu.

KentupunraH MynoxasanapfaH LlWyHAak xynoca Kenné uymkagunku,
MXTUEPUIA Wakngarn TPaekKTOPUAHUHI anoxupa KucMmnapuHm R paguycra
MOC KenyBYM ainaHaHWHI éln 6yinab 6ynaétraH xapakaT TpaeKTopusacu
n0eb6 kapalwl MYMKUH.

YMymMnii  xonga WXTWEPUIA  Wwakngarn 3rpyu  YM3MKIM  TpaekTopus
O6yiinab xapakaT KunaéTraH MoAAMA HYKTaHWHT Te3/IMrU COH KuiMatwu
6ylinya xam, WyHanuwmn 6yinya Xam ys3rapuwun MyMKUH. Taxpuba-
NapHUHI KypcaTulinya, arpu Yn3mkam xapakatga Te3/iMK BEKTopu xaMma
BaKT TpaekTopuAra ypuvHMa pasBuwga XapakaT TOMOHra MyHanraH
6ynagn. ®apas Kunamnvk, Mogaoui HyKTa 3rpym 4YM3vkIn TpaekTopus
6yiinab xapakat kwamb, At BakT pgaBomuga As MacodaHu yTumb,
M HykTagaH N HyKTara KefcvH Ba LWy BaKT opanuruga YHUHI Te3nuru,
117- paempa KypcaTuaraHuvgek, fAaH W& ra ysrapraH 6yncuH. A/ BakT
LaBoMuaa Te3NMKHUHI COH KuiimaTu Ba HyHanuwun 6yinya y3rapullimnHu
aHuKnab onuw y4yyH Kyhiugarnmya uw Kypamms: V] BEKTOpHW y3ura
napannen pasvwaa M HykTara Kydmpamu3s Ba W\ Xxamga BeKTOpnap-
HUHI yuynapuvHn Av BeKTOp 6unaH TyTawTupamus. BekTopnapHu anmpuil
komgacura acocaH AV BeKTOp Ba V\ BEKTOpNapHWHI alinpmacuaaH
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noéopaT. YHUMHI  NyHanuwm
xapakaT WyHanuwun éunaH moc
amMac. YHU TpaekTopusra ypuH-
Manap (V\ Ba V2 iyHanuwnap
6yiinya) Ba yHra TWUK (HOp-
Man) MhyHanuwnapra Moc ke-
NYBYN NKKUTA TallKUA 3TyBUYN-
napra axparamus.”™ ByHWHI
YUYYH KYyUYMpunraH i>2 BeKTop
o6yina6 ysyHaurm W\ Bektop- '
HUHI MoAgynura TeHr O6ynraH
M K kecmaHn axpaTtamui Ba
P HykTagaH K HykTara \v,
BEKTOPHU yTKasamMus.
BekTOpnapHH KyLWLl KOou-
pgacura acocaH Awu  BekTop
AyTBa Av,, BEKTOPNapHWHI BEKTOP AnrnHamcmgad néopart bynann, sbHU

Au = Ayl -j-Aa,,. (1.41)

lOkopugarn pacmgaH KypuHué Typubaunkm, Ay BEKTOPUUHT Ayx TallKun
3TyBUMCK A/ BaKT faBoMuaa TE3NUKHUHT COH KUAMATUHUHE Y3rapuunHn
KypcaTagu. Mab/yMKW, BaKT OGUPAUTA Munga Te3NUKHUHT  y3rapuiin
TesNaHUWHN ngoganaign. Te3NUKHUHT COH KUAMATUHUHI GUPNUK BaKT
LaBomMuaa  ysrapuwm  ypuHMa (TaHreHuunan) Te3naHuw
neimnagn Ba at 6unaH GenrvnaHagn. YHU A/ HoMra MHTUATAH XON YYyH
Kylingarmya aHuknanmmas:

a=\\t ™ ~ (1.42)
\.nn/ %dt

At HaTra WHTUATaHA4a YHUHT HyHanuwun A\ BEKTOPUMHI M HyKTagaru
MyHanmwura moc Kenagw.

AHan (1.41) cpopmynagarn Ay BEKTOPUMHI UKKUHYWN TalLlKUA 3TYBUYUCKU
Ay, HMMaHU wndoganawmHn 6Gatadcun Kapab uymkanmnuk. BYHUHE y4uyH
loKopuaa mynoxasa HpuTraHuMusgek A/ BakKT OpPa/INTVHU Xyda Kucka
0/1aMM13, AbHW YHW HOAra WHTUATUPaMun3. At Honra wHTuiaca MN éiira
TasHNMG TypyBuYM Mapkasuii bypyak Xam Honara uHTUAnG, 6y éi M Ba
N HyKTanapHu TyTawTupyBuu Batap (BaTtap pacmpa KypcaTtunmarad)
6unaH yctma-ycT Tywaau. by BaTtap TeHr éHnm yuybypyak AMON HUHr
acocugmp. LWyHunHroek, PMK yuybypuyak xam TeHr éuHamgup. by
yuybypuaknap yxwatw yyéypuyaknapgump, YyHKN yNnapHUHI MOC TOMOHapwu
y3apo TUK. At BakT Opa/iMrm Honra WHTUAraH Xon yyyH U|«t=2= u neb
Kabyn kmnammi Ba yuybypuakNapHUHI yXwawanrngaH Kynmgarmra asra
6ynammns:

IMN | = *y,, (143)



MN = As = VAt 3KaHIUTUHU X,Mcobra onmb, (1.43)HM Kyhupgarvya
€3amm3:
VAt fo. y

eKun
R~ R

6y ndoaaHN BeKTOp KypuHULIMAA E3aMun3:

o, t2-
yi% /27

6y eppoa n Bektop [y, WyHanuwparn 6upAuk BekTop. At Hosra
MHTUATaHA4a N BekTop (Ba Avn BekTop) W\ BekTopra TUK pasuwaa
TPAEKTOPUSHUHT 3rpuIMK Mapkasura TOMOH iiyHanaau. LYyHUHT yuyH Gy
NPOJAHUHT IUMUTU

oo\,
a, = li -

M)

MapkKa3ra MHTUAMa Tée3aHWNW p,el‘/'mna,qm Ba y

- v2 -

a"=T1 n (1-34)

Tap3ga xam mdoganaHaan. tOkopuga anTunraHvgek, 6y TesnaHuw arpm
YN3UKAN XapakaTha BaKT Oupnavru nunga TesnIMK BEKTOPUHUHT yHanumL
6ylinya ysrapuwmnHn ndoganaign. Jemak, mapkasra MHTUAMa TesnaHuw
COH XuXaTAaH uYM3NKIN Te3/IMKHWUHI  KBagpaTtura MyTaHocmb6 Ba
TPAEKTOPUSHUHT 3rPUANK paguycura Teckapu MyTaHocubamp.
Mucon Tapukacuga WyHW —anTtuw
Kepakku, TYyrpu uUM3vK-y4n XapakaT Tpa-
EKTOPUACUHUHT  3rPUANUTA  HOJMra  TeHr
(arpunuk paguycu Yekcms) OynraHnuru
yyyH O6yHAal Xxonga mapkasra WMHTUIMA
TesnaHWWw Honra TeHr O6ynaau. Arap
Mo4aMiA HyKTa ysrapmac 6ypuak Tesnuk
6unaH, AbHW ailinaHa 6yiina6b ysrapmac
YN3MKIM Te3nMK 6unaH  xapakaT Kuna-
118pacwm étraH 6ynca, 6y xapakaT pakaT mapkasra
VHTWAMa Te3naHuw 6unaH aHuknaHaau,
YyHKM Oy Xonga ypuHMa Te3/laHMWLL HOoJ/ra TeHr.
Tynuk TesnaHnw (1.41) ¢opmynara acocaH ypuHMa Ba Mapkasra
VHTUAMA Te3/aHULWTapHUHT BEKTOP WUruHgucura TeHr 6ynagw:

u=al+ a,. (1.45)
1.18-pacmaaH KypuHu6 Typubamnku
ar= a;+af, (1.46)

AbHM Tyfna Te3NnaHWw MOAYNMHUHI KBagparun YypuvHMa Ba Mapkasra
MHTUAMA Te3naHuwiap Moaynnapv KeagpatnapuHUHE AUrMHOMcura TeHr
6ynagn.
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1.9-}. KOCUNA BA WHTEIPAJIHVHI ®VN3VNKABUW MACANANAPIA
TATBUKN

Xocuna TywyH4yacu cod MaTemMaTUKaBWii HyKTaum HasapAaH dakaTruHa y3nyKCH3
dyHKUMANap yuyH, aHUKporun, MyHKLNANAPHUHT y3NYKEU3NNK coxacnparmHa MasmyHra ara.
dusnkapga UXTUEPUIA hU3nKaBMA KaTTannk 6up €k 6Up Heva KaTTaNUKNAPHUHT DYHKLUSACK
cuatnga Kapanuwm MyMKUH. MacanaH, >Xucm 60cub yTraH lyn BakTHUHI yHKLMACH,
AbHW XapakaTgaru XUCMHUHI 60cub yTraH liynun xapakatnaHuw BakTura 6orauk éynagw.
By 6ornaHuw owkop 6ynmaranm KypuHuwpa s= s(t) waknga ésmnagun. LWyHWHraek,
XapakaT Te3NUrv Ba Te3/laHULWM XaM BaKTHUHI yHKuusicn cudatnga v= v(t) Ba a= a (/)
KypUHULWIAA E3UIMWN MYMKUH. Bab3u dusnkaBuii kaTTanuknapHu, xxymnagaH, Te3nuk sa
Te3NaHWLWHN XaM KoopAuHaTanapHUHI yHKUuuacu cudatmga mndoganaw MyMKuH. ByHpaain
KaTTanuMknapra aHr ogauii MMCON — XUCM 3UYAUTMAMP. XaKukaTam Xam, YMyMuii xonpa
XUCM 3UYAUTU XaXMHUHT Typan 6ynaknapuga Typavda 6°avwn MymkuMH. MacanaH, xaso
MOJIeKynanapuHUHE 3U4INrn oaanii wapoutaa Ep cuptura SiKUH xoinawraH katnamnapga
KaTTapok 6ynn6, 6anaHAgnnk opTraH capn kamasa 6opagu. Arap KoopanHatanap TU3UMUHUHT
Ep cHpTura Tuk K~ HanraH YykuHu Z opkanu 6Genrunacak, 6y 6ornaHuw yHKUMOHan
KypuHuiaa

P=P(z)
Kabu ésunagun. XuUcMAapHUHT 3UYAUTM XaxMmra 60rnvMK GynraHu y4yyH ymymuii Xxonga
I>=p(X, Yy, I) GyHKUMA éppamuaa aHWknaHagwu.
3HAM 3MUNMK TylyH4Yacu BocuTacupa (husnkasumii macananapfga Xocuna TylwyH4Yacu-
VVHT UWNaTuanw MasMyHUHUW kKapab uukanuk. Tabpudra acocaH, XUCMHUHI ypTaya
3UUYANTU YHUHT XaXM 6upnaurura Tyrpu KesyBuYuM maccacura COH XuxaThaH TeHr, fbHu

T
By 'ym
Arap 6U3HW GUPOP 3NEMEHTap Xaxmaaru 3uUNuK KU3UKTUpPCa,

Am

opmynagaH doiganaHamus; 6yHoa AT — anemeHTap Xaxm (AK) pgarm macca.
MaTemaTukaBuii HykKTam HasapgaH >XUCMHUHT 61Mpop 6Up «HyKTa»[aru 3uuavru

ar dm
p-n™o"aV'~~dv

opmyna 6unaH, SbHU XKUCM MaccacupaH Xaxm O6yinya onuMHraH xocuna cudgatmga
aHWKNaHWWKM N03MM. 3NMYINKUMHE XOocunara acocnaHraH 6y Taspudgungan doliganaHuw yyyH
KapanaétraH XUCMUWN «y3/TyKCU3 MyXUT» fAe6 Kapall, SibHU XUCM Maccacu YHUHT Xaxmu
6yiinya y3nykcus TakKcumnaHraH pge6 kapaw kepak 6ynagu. Xucm  TYy3SUIUWWUHUHT
«Y3NYKCU3 MYXUT» MoAennaaH oiinanaHné uUsMKaHUHI KynrvHa (MacanaH, aspoguHamu-
Ka. KaTTUK XUCMAapHUHI KalWWKOKAMK acocnapu Ba LWI.K.) macananapuHu mysaddhakn-
ATAN Xan KUAUW MYMKWUH. AcCnmpa aca Xucmaap y3fyKcus amac, XXUCMAapHU XOCUn KUayBsymn
3appavanap opacujaru ypraiya macoda Ly 3appanapHUHI reoMeTpHK ynuamnapugaH 6up
Heya MapTa KaTTa OynuMwy MyMKUH. MaTtemaTukasuii Tun 6unaH aiTraHga, macca
XaXMHUHT Y31YKCU3 PyHKLMACK aMac. XakuMKaTaH, XaTTo KaTTUK XUcMaapaa xam acocuii
Macca KpUCTann MNaHXapaHWHI «TyryHnapu»ga xobnawraH 6ynu6, naHXapaHUHI unun
amanga «oywnuk»gaH néopat 6ynagn. LYHUHT ydyH arap 613 kapaéTraH XaXm 3/1eMeHTu
W kpucTtann naHxapa Tyryuwnapu opacugaru asoga xoilinawraH 6ynca, 6y xaxmgarn AT
Macca uonra TeHr 6ynagu. Fasnap Ba cylokniuknapga aca macana sHaga Mypakkaénawagm.
By Xxanga monekynanapHuWHr 6eTapTmM6 WCCUKAMK XapakaTu Tydainm MyalsH Xaxm
3anemMeHTMAArn McleKynanap COHW Ba femak macca xam, BakT gaBomuia HuxosThaa Tes
xampa 6etapTn6 y3rapumb Typagu. Wy cababnu



IMMUT yMyMaH xe4 KaHgalh dusmkasuii MasmyHra ara 6ynmalign. Am/AV kaTTanuk
hm3nkaBuii MasMmyHra ara Gynuwmn yuyH J1I Xaxm etapam gapaxaga Kuunk éynuwm éunax
Svpra yHpoarn monekynanap (EKum atomnap) COHW eTapnu gapaxaga Kyn 6ynnumnm kKepak,
JMHOGapuH, 6y Xaxmaarn MacCaHWHI ypTaya KHUAMatM xakuaa MmyabisH (ukp oputuL
VYMKUH Gynuwmn kepak. AManga wyHaanm éynuwmn, sbHU 6up-6upura 3ng UKKU TanabHuHr
5vp BaKTAa KOHAMPUAULWIM MYMKUHMW? By caBonra xaso6 6epull yyyH 3nunuru HucbaTaH
XaMm 6ynraH oaauii Wwapoutaarn radHu onm6 kapalinuk. MabnyMmku, ogavin wapoutaa | oM™
uyaxmaga 3-1019 Tara sSKMH ra3 monekynacu 6ynagu. Arap AV = 10—I0 cm3 6ynca, 6y
Xaxmpga TaxmuHaH 3-109Ta monekyna >ornawraH 6ynagn Ba 6y xaxmaarm macCaHWHT
ypTada KHiimatn xaknga 6emanon aHUK Mynoxasa HpUTULL MYyMKUKH.

VIKKMHYH TOMOHAaH. 10 |OcM3XxaxM ogatAarn MakpoCKOMUK XUCM Xaxmura HucbataH
«HyKTa» fAeb kapanuwmn MyMKuH. LLyHra kypa, hrusmkaga 3snunmk matemMatmkagarv kaou

dm

KypuvHuwaa wudoaanaHap akaH, 6yHaa dV kaTTa/IMKHUHE lokopupa 6aéH  KUAWHraH
MasmyHAarn 4Y4eknu KaTtTaMK 3KaHAUrM Hasapga TyTunagu.
MaTtemaTukaBuii HykTanm HasapfAaH XUCMHWUHT 6MpOp XaXM 3f1eMeHTUAarun 3undamruHu
AT,
p4kK,) = ——;/—KypHHmu.m,qa ésuw Tyrpu 6ynaaun. HOKkopupaa alTraHumunsgek, 6y xonga
AY (=0 6ynraHga AT./AK, Hucé6at aHUK GUP KuiMaTra MHTUAMaRAn (MUMUT MaBxyn,
amac).

Arap AY HU YeKNn KUUYUK KaTTanuk gecak, Am/AV kaTTanuk 6epuaraH >XUCMm yuyH Ly
XaXM 3nemMeHTMAa BaKT fAaBoMuga y3rapmali KonyBuM XoccanapupgaH 6upu  6ynraH
3UYINKHU udoaananam.

WyHn anoxmaa Tabkuanaw No3MMKKU, MaccafaH Xaxm Gylinya (dhusnkasmini masMmyHzaa)
Xocuna oNunwAa XaXXMHUHE YeKCU3 KUYMK OPTTUPMAacK YPHUTa YeKIn KUYnK opTTupmacuaaH
dorganaHuw  xucobnawpga xatonuknapra onmMb kenmanhngwm, akcumHuya, AV->-0 pae6
KapanraHga Kenn6 4YMKyBUYM KaTOp XaTtonuknapHu 6apTtapad kuamb, maTemaTukaBuii
ngonara usnkaeuii MmasmyH Gepaau.

3HAN XOocuna Ba MexXaHWKaBHI TeTMMK TyllyHYanapu opacugarn 6ornaHuwHM Kapab

ynkalinuk. Tabpudra acocaH = — -Arap 6upop A/ BaKT gaBomugaru yptadya TesIMkKHU

Xxucobnaw kepak 6ynca, Vy=As/Al dopmynagaH doliganaHunaan. Arap At BaKT eTapau
Aapaxaga Knuuk 6ynn6, 6y BakT opanurnga Te3nnkHu yarapmac aeb kapaw MyMKuH 6yrnca,
Te3NIMKHUHT 6y KMAMaTuHKU A/ BakT opanurnga TyBum UXTUEPUIA /o nanTaarn OHWA Te3Nuk
[e6 kapalw MymkuH. Ly ca6abnu matemaTukaga Te3/IMKHUHT OHUIA KuiimMaTtu yuyH

As _ds _

v= |
0 Ar  dt

NMMUT Kabyn KunnHagu. AMMO amanga 6y nMMuT maBxyamu? ByHW aHuknaw yuyH
(ur3nMKaBuin KaTTaIMKNAPHUHT YMYMUIA XycycuaTnapuHu kapab umkuw kudgos. Mabnymku,
Xap KaHgah (u3nkaBuii KaTTaNuMK ynyawnap BocuTacumga aHuknaHagu. XycycaH,
TE3/IMKHUHI GUPOP BaKT opanurngarn yprada KMRMaTUHW aHWKNalW y4yyH XapakaT AaBoMm
3TraH BaKT Opa/rn Ba WYy BaKT munga 6ocmb ytunraH WynHW ynyaw no3vm. Xap KaHpgan
ynualw 3ca ynyaw ac6o61apvHUHE XycycuaTnapu Ba ynyalw WapouTH 6unaH 6enrnnaHysym
XaTtonmknapaaH Xonu O6ynnwmn MyMKUH amac. XycycaH, A/-»-0 6ynraH BaKT OpaUrnHu
ucTanraH ycyn 6unaH aHuk ynyaé 6ynmanam, YyHKM reoMeTpuk HyKTa pa3oBuii ynyamnapra
ara 6”\maravngek, BakT naiTm (MOMeWTu) BaKT Opanuru pnyammra ara amac. [emac,

MaTemMaTuKaBuUii HyKTau HasapgaH KaTbuii kapanca lim —A—/— MaBXypn asmac. Arap A/

eTapnvM papaxaja KuUUMK, aMMO 4yeknun ae6 kapanca As/At Huc6aTr MyalisH (usnkKasuii
Ma3MyHra ara 6ynraH Te3nuK TylWyHYacWHW aHuK udoganangu.

VIXTNépunii KaTtTanuk }(y) Ba apryMeHT Y HUHT Yeknn opTTupmanapu (A/ Ba Ay nap) HUHT
Af/Ay HuncbaTtn j' xocunaHu eTapnum papaxana aHuk udoga kunca. pusuknap A/ Ba Ay



KaTTanuknapHu YEKCU3 KUUMK Aeb, aHHKPOruM (PU3MKaBU YEeKCU3 KUUYMK Mukaopnap neb
aTaiigunap.

Mabnymkn. pgudepeHumnan TylwyHYacu 4YeKCU3 KUYMK OpTTMPMa Ma3MyHura ara.
Mogomukn, ¢usnkasmii  KaTTaIMKNAPHUHT MaTeMaTuMKaBuii MasMyHAarm 4Yekcus KU4umk
opTTMpMacu MaBXyJh amac 3KaH, ACMaK ynapHUHI maTemaTukaBwuii masmyHgaru pgudide-
pCHUMANH xaknga raHupul MyMKWH amMac. JiIMmo dusnkaga usmkasuii HykTanm HasappgaH
yekcu3 KMunk p[eb kapaw MyMKMH 6ynraH opTtypmanap ydyyH xam d[ Ba dy 6enrun-
nawnappaH doiganaHnnagH. Xyaan WyHUHrAeK, usnkasuii kaTtanmknapHH Hgoga'nosum
dyHKUMA Ba aprymeHTnap oOpTTMpManapy HHCO6ATUHUHI aprymMeHT opTTMpMacu Honra
VHTUATaHgars AMmMuTn geapnn 6apya xonnapga MaBxypn O6ynmaraHnurHgaH dusnkaga
xocuna cudatvga etapav gapaxaga KuuMk Kuamb onuHraH opTTupmanap HucbatmpaaH
hoiiganaHunagH Ba 6y xocuna

F-]jy

kabu 6enrvnaHagu. By ypuHAa (GU3VKaBuil KaTTanuknap yuyH

’;jj-q) lim -y-
y AL.0Ay
3KaHNUIMHW éafa TYTULW NI03UM.

MatemaTtuka Ba u3Mka aHnapuaa WWNaTUAYyBYM XOocuna TylwyHYyanapu MasmyH
Xnxatmaan gapk KuaraHnapy kabu MHTerpan TylwyHYacu XaM Xap WMKKM xonga Typauvuya
MasMyHra sragvp. MatemaTukaja WHTerpannaw amanm

00
Mm_ 2 f(y)\y
A R A
ammuTra ytuw cudatnga tabpudnaHagn, AbHU
b
lim | f(yi)Ayi=\f(y)dy.
\y=*0i= 1
Nmmo cdm3smkaga Ay-*0 kaTTalHKHW aHuknaw (yndaw) MyMKuH amac. Konasepca, /(i/,)
KWiAMaT yMyMaH mamxypn 6ynmacnuru xam MyMKuH. Iy ca6a6bnH Lly) 6upop cusmkasuii
KaTTalHKHU udopanaraHga kKapanaétraH AUMUT Kyl Xonnapga Masxyg 6ynvaigu.

Arap Ay, eTapiy gapaxaga KUYuK. JIeKUH apryMeHTHUHE LWy KuiiMatnapy opaivkuaa
Hy) (YHKLHAHMHT ypTadya KuiiMaTu xakufa (UKP IOPHTHW MYyMKWH 6ynraH fgapaxagna
[ee]

katTa 6ynca 1§1Ll,y)Ay, ANrMHaM MmyalisiH M3nkKaBuii masmyHra ara 6ynaau. LWyHra kypa

hrsnkaga vHTerpan WArMHOUHWHT NTUMUTK cudaTmaa amac, 6anku etTapnn gapaxaga Kuumk
GynraH >xyga Kyn KyWW1yBYUMNAPHUHT WArMHAUCK cudaTuga aHUKnaHafun. sibHU:

\i(y)dy= 1 Uy,)Ay.
1—*

a

XycycaH, arap [{y) dyHKuna Te3nukHWHr BakTra 6ornnknuruHn undopganaca. f(y)= v{i)
6ynaan; y xcolaa Tabpudra acocaH At nakT opanurupa 6ocub ytunraH iiyn

Asi = iAt
«hopmyna 6unaH aHuknaHagu. Arap 6upop eTapau gapaxaja KaTTta BakKT opanukuaa 6ocmb

>TUAraH MynHU xHeo61aMoK4H Byficak, TabHWU pasulAa, a/ieMeHTap BakTiap opanvkiapu-
na 60Cu6 yTUAraH NynnapHWHE WUMMHAUCUHW ONIMIUMMK3 Kepak, sibHu *

s= 2s(= 2(A/(.
t L . n
y Ba GYHAaH KeWHHrM ypuunappa hiruHam £<Kyp|/|H|/|mp,a 6epunraH 6ynca, 12—1

MasMyHUAa TYLWYHUEHH.
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YMyMunii xanga Tes3nuk BakT AaBoMuaa y3rapumb6 GopraHnurugad, xucoébnaw Tyrpu 6ynuwm
yuYyH Ati BaKT OpanuruHu wyHaal TaHnawunmms Kepakku, 6y opanukga Te3nuk pesapauv
y3rapmai KoncuH. by xonpa

20/ \n(t)dt

TEHINVK ypuHAn 6ynaau. femak,
h
s= ~v(t)dt.
1

du3nkaga MHTerpannaw amanmgaH hvM3vKasuii KaTTalMKNapHUHT ypTadya Kuiimatnapumm

xucobnawpa xam goliganaHunaan. XakmkataH xXam MablyMKW, ypTaya TesnuK Kxopuaa
KypcaTunraHgek

s
y *2-'.

dopmyna 6unaH xucobnaHagn. Ammo S HUHI udogacuHn wuHTerpan éppgammaa éscak, 6y
dopmyna

St—ph r'\| v{t)dl

KypuHuwra Ytaan. Uxtnépuii f(y) ¢usnkasuini kKaTtTanMkKHUHT (/r— t/i) opanukaarmn yprada

0
Kuiimatu f;:———l—— Qf(y)dy topmyna 6unaH xucobnaHagu. MacanaHn, /=p, y=V
PHR
N
, Vv
6yncuH. Y xonga p = — Jp(»)dK 6ynaaw.
v O

WyHpah knnnb, matemaTuka amannapuHu usvka macananapura pacmaH Kynnawpga
dopMynanapHuUHr WaknM y3rapmaca Xam, YNapHUHI MasMyHU Mabaym Japaxaga
y3rapagu. byHpali y3rapuwnap ¢Gu3MKaBuii MacanaHu euuMwWwHW  Kynalhh  KypuHulra
KeNTUPULL YYyH CYHBUI pasuwga amac, 6ankm dusnka KOHyHNapu Ba XopucanapuHUHT
MOXuATUAaH Kenué umknb6, Tabumini paBuwga amanra owvpunagu.

1.10-8. 9PKUHAUNK OAPAXANTAPN COHW. YMYMNALWTAH
KOOPAOWNHATANAP

Mopanii HykTa (KUCM)NapHUHI XapakaTUHW Ba uUCTa/iraH nantga
ynapHuWHIr asogarm BasvMAaTMHWM TaBcunawga SpKUHANK fapaxanapwu
COHM pgeraH TywyH4Ya KupuTunagn. Mopgawii HyKTaHWHI dasogaru
X0MaTUHU  TY/NNK *aHWKiawra WMKOH 6epyBun 6up-6upunra 60rnuvk
6ynmaraH (MycTak”™n) KaTtTanMknap COHW YHUHE 3pPKUHAMK gapaxanapu
COHM aenunnagw.

Kyingarn muconnap 3pKUMHAUK gapaxanapu COHWHWUHE MOX.UATUHW
ouMwira MMKOH 6Gepagu: MOAAMA HYKTaHWHI asogarn BasvsTU YHUHT
yyTa koopamHatacu (X, y, z) OpKanM aHUKNaHUWW MyMKWH. [emak,
MOAAMIA HYKTAHUHI 3PKUHAWK fapaxanapu coHuM 3 ra TeHr. MyaiaH
lwapouTaa mMoaaui HYKTaHUHT Ky4uln YeknaHraH 6ynmwmn xXam MyMKWH.
BunbaApa WapuMHUHI XapakaTUHW onNnb Kapacak, Yy akat Tekucamkga
XapakaT Kunaaum Ba YHWHI MWCTanraH namtgarn BasuAaTM  UKKUTA
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KaTTa/IukK — X, y KoopAauHatanap opkaiv udoganaHagm (yuta — X, Yy, Z
KoopamnHaTaZiaH hakaT 2 Tacu X Ba y MyCTakungup), sbHuU 6y LWapHUHT
9PKUH/MK Oapaxanapn CoHM 2 ra TeHr. XXWCMHWHI onguvHaaH G6epunraH
TpaekTopua 6yinab xapakaTuHM o0AM6G Kapacak, YHWHI wucTanrad
nanTaarn BasvAaTW Wy TpaekTopus 6yinnab ytunraH iyn y3yHAmru éuna
aHvKnaHagu (MacanaH, noesq €ku TpamBaliHMHI XxapakaTw); 6y xonga
SPKUHMMK papaxanapu coHuM 1 ra TeHr. Mogawii HyKTaHUHI hasogaru
XapakaTMHM 4YeKnoBuM BocuTanap 6ornosunnap ge6 aranagw.

Ymymuin xonga N Ta MooaMiA HykTagaH wbopar TU3MMHU 0nnb

Kapannuk. by wMogoamii HykTanap 6up-6upura HucbaTaH WXTUEPUIA
MyHanuwpa Kyya oncanap OyHAaM TUSUMHUHE Ba3WATUHM  aHuKNaw
yuyyH 3N Ta kooppguHatanap (*,, X2... X,, yt, y2... yN z, Zj...... 2V)
HN Bunnw Kepak 6ynagun, abHU YHUHT 3PKUHNUK Aapaxanapu coHu 3N ra
TeHrgup. A/ Yyekcm3 KaTTa COH 6unaH mdoganaHca TUSMMHUHT BasVATUHU
KoopAuHatanap BocuTacuga 4Yeknu pasuwga aHuknab  Gynmangu.
ByHOaH Tawkapw, TUSMMHUHI Ba3WATUHW KOOpAMHaTanap OpKau
ngoganaw xamma BaKT Xam Kynai 6ynasepmaingu. JIEKUH Kynuuaunk
Xonnapga TUSUMHUHT dhasogarn BasuAaTUHW Bup-oupura 6ornuk Gynma-
raH 4yeknu KaTTanuknap épgamumga aHuknaw MyMKWH. ByHWHr ca6abu
(okopugarn muconnapga KypraHmmms kabu) wyHAaku, XxXapakat
SPKMHANTU YeKNaHraHOa 3PKMHMK AapaXanapuHUHE COHW Kamasawn Ba
Tmanmparn 6apya MOAOMA HYKTaNapHWUHI BasUATUHW aHWKNaw yyyH
KaMpOK KoopAuHaTasiapHU (EKU KaTTasimknapHu) éunuwl etapnu éynaau.
MacanaH, Tmsnmgarn N Ta mMogawi HyKTaHWHr K Tacu ysapo 6up-6upwu
6unaH 6ornaHvwpa 6ynca, 6yHOaN TUSVMHUHE 3PKUHANK Japaxanapu
coHn K Tara kamasagum Ba S = 3N— K 6ynagu. byHOan kKooppuHaTtanap
ypHMga mctanraH ynydamra ara 6ynraH Ba makcaara MyBOouk pasuwwga
TaHNaHraH KaTTaaMknap KynnaHuwu YYyH «ymMymaalraH KoopAawHarta-
nap» pgeraH TywyHYa Kuputunagu. TUSMMHUHIE asofarn BasvATUHMU
aHuKknanguraH Ba Makcagara MyBoduk pa-
BMWAA TaHNab onuHraH, 6up-6mupura 60rnmK
6ynmaraH kaTTanumknap TUSUMHWUHT YMYM-
nawraH koopguHatanapu genvnagn. YMym-
nawraH koopauHatanap <?,(/= 1,2,3...) 6wu-
naH 6enruvnaHagw.

APKMHNNK gapaxanapu coHn S = 3N —K
éynraH TM3MM (CUcTeMa) HUHI BasuATn 5 Ta
ymMymaawraH KoopauHaTtanap opkanm udo-

JanaHagu. YMymnawraH KoopauHaTtanap
cnatnga UXTUEpUiA MU3NKaBUIA KaTTaslnk-
nap ONVHUWKW MYMKWUH (Kecma y3yHauiru, éi
Y3YHUIU, orvw ypyaru, 03aHUHrcaTxm Ba
XoKasonap). MacanaH, ccu maTemaTnkaBuii
TebpaHrny (MassTHUK, GUp TeKNCAUKOA Tebpa-
HYBUYM TEOPaHTUY)HUHT UXTUEPUA nNanTaarun
Ba3nATUHN (1.19- paem) 6uUTTa ymymaaluraH
KoopAuHaTa opKaan 6epuvil MyMKUH. by epaa
XY TeKuUcnuk Ba VMNHWUHI y3yHnurun (/) Xapa- 119-pacm



KaTHW 4YeknoBYM BOCUTanapgup. g cudatunga oypunuw 6ypyarn €ku én
y3yHamrn MN = S éxya OMNOTra TeHr t03a (a) ONMHUWN MYMKWH. Xap
Xanga TeOpaHrMYHMHI Myc6aT Ba MaHduii (YHF Ba 4aH) TOMOHra
yeTnaHMWKM KypcaTuUuLIN Kepak, akCc Xonga g KaTTa/lmk 6up MabHOMn
6ynmaii konaawu.

YMymnalwraH KoopAauHaTanapHWHI BakT Oylinya Xxocuianapy —
- yMyMAaawraH Tes3numknap Aeivnagu. MacanaH, q —
YN3NKNN KaTTannk 6yrnca, q— YM3UKNU Te3NnK, FHypunuw oypuaru
6ynca, q— 6ypuyak Te3nnMK Ba X. K. bynaawu.

MyTnak KaTTUK >XUCMHUHI pasodarn BasvUATUHW TaBcudiall yyyH
YHUHT OUp Tyrpm uusukga érMaraH yuyta HYKTACUHUHI Ba3uAaATUHMU
aHuknaw kngos. by HykTanapHu dwmkpaH A, B Ba C ge6 6enrunacak.
yNapHWHI UcTanraH naitgarn BasuaTnapu 9 Ta (XA, yA rn, xB, v,, 204
X(:, y(t-zc) koopguHatanap opkain Gepunaau. JIeKMH  HyKTanap
opacugarn moc pasuwga onudHrad AB, BC Ba AC kecmanapHUWHr
Yy3YHAUKIapu ysrapmacaup. dsHu A, B Ba C HyKTanapHuWHr 6up-6upura
HucbaTtaH XapakaTUHW 4YeknoBYn 6ornaHuwnap KyinnradH AB. BC Ba AC
KecmanapgaH néopar 6ornaHuwnap coHn 3 ra TeHr 6ynmb, xapakartnaHa-
8TraH KaTTUK JXXWUCMHUHI 3PKUH/IVK Aapaxanapu COHMHW y4yTara

KamanTmpagmn. [lemak, MyT/iak KaTTUK XXUCMHUHT 3PKUHIMK gapaxanapu
COHU 6 ra TeHr.

Il BOB
MO,EI,,EI,I/II7I HYUTANAP ANHAMWKACK

2.1-}. ANHAMUKAHWHT ACOCUIN BA3NOACU. HBIOTOH MEXAHUKACUAA
XONAT TYWYHYACK

MeXxaHMKaHUHI KMHemaTuMKa Kucmuga XxXapakaT KOHYH/apuHW ypra-
HUWHK By XapakaTnapHu to3ara KentupraH cababnap 6unaH 6ornamaraH
xonga atméb 6opunan. MexaHMKaHUHI guHamuka 6ynmmmga aca xucmnap
XapakaTuHMU MasKyp XapakaTHW to3ara KentmpyBum cababnap MOXuATU
6unaH 6orna6 ypraHunagu. AuHamMUKaHWUHI Ba3uacum acocaH UWKKA
KMcMpaH wnoéopar:

1) XMCM XxapakaT¥ Mabflym 6yfica yHra TabCUpP 3TYBUM KYyUHU
aHuKNaw;

2) XucMra TabCcmp 3TYBYM Kyd Mab/ym OynraH takamppga xapakar
KOHYHWUHWN aHuK/aLl.

By mynoxasanapfaH xap KaHfali XxapakaT Kyd TabCupu ocCTuaa
vasxys O6ynuwm MyMKWH, feraH Xysioca Kenubé YMKMaciamru no3vm.
Faxxpmnba LWyHW KypcaTaauku, Kyd TabCUpW OCTUAA >KUCMAAPHUHT
resqurn ysrapagn, AbHU ynap TesnaHuw onagunap.

XapakaT >apaéHuga wmMoaauii HykTa (EkM  MoOAOMA  HyKTanap
rM3NMU)HUHI* KOoOpAuHaTanapu, SibHU paguyc-BeKTOpWU y3rapagu.

Taxpuba KypcaTaguku, MOAAMIA HYKTaHWHI 6GepunraH BakTAaru
nosnatu YHUHI paguyc-BeKTOpW I Ba Te3NUrn vV 6unaH, SbHU YHUHT X, Y, Z
(oopguHaTtanapmn xamga KoopAuHata yknapu 6yinya  Te3NUKHUHT

* Xucm TywyH4Yacu ypHuAa MOAAUA HYKTa TylWyHYacuHW mwnatamus. Kyn Xai-napga
0.WCAHMHI  MOXMSTUHH OWAWHNAWTMPULL  Makcaguga >KUCM  TylwyHYacugaH Xam
onpganaHamms.
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npoekumsanapun vx v,, ur bunaH Tyna aHuknaHagu. N Ta mogauii HykTagaH
noéopar TUIMMHUHI OGepwunraH BakTgarnm xonatu Tusumgaru moaauia
HYKTaNlapHUHI pagunyc-sektTopniapu r\, r2.....rNBa ynapHWUHr Te3nuknapu
ui, vi) ... , vN 6unaH mncoganaHagn. lemak, xap 6up mMogamnini HyKTaHUHT
XonaTnieup-oupura 6ornnk bynmaraH MKKUTa KaTttalMk — r Ba y 6unaH
aHuvKnaHagn. Xap 6up mogamii HykTa @asoga 3 TafaH 3pPKUHAMK
bapaxa<”™ira ara 6ynraHnurm yuyyH N Ta mMogamii HykTagaH wbopart
TUSUMHUHI XapakaTUMy aHUKI0BYM KaTTanmknap COHM 6N ra TeHr
6ynagn.

Mooouin  HYKTaHWUHE  XOMaTMHW  n3oxnawga YHUHT  Te3MTUHUHT
axamunATn nykgek kypuHagw. Wy Tydainnm mooamii HyKTaHUHE BasvAaTU
Ba Xonatum xXakmgaru TywyHyanap 6wunaH 6ornuk 6ynraH mynoxasanapga
yankawnamk BYXyAra Kenvwum MyMKUH. Moanwi HYKTaHUHP 6epuniraH
BaKTAarn BasvATU YHUHI KoopAuHatanapyu 6unaH aHuKIaHuWmn y3-y3n-
[aH paBlUiaH; YHUHI X0natm Xakuga Tyna TacaBByp XOCWU/ KUMUL YYyH
Kynngarn MuconHu kKentmpamus. ®apas kKunannuk, 6ms Taxtara 6onra
épaaMmmnaga Mmx KOKMOKYMMW3. bonraHu etapnu gapaxaga KWUYuK Tesnuk
6unaH Muxra Termscak, MmMX TaxTafja XaTTo M3 KOAAMPMAc/iurn Xam
MYMKWH. JleknH, 6onrara etapnum papaxaja kKarta Te3nuk 6epcakkmHa
613 xoxnaraH HaTmwkammara apuwammni. VMkkana xonga xam 601raHUHT
MUXTra TeKKaHgarn Basmatn (YHUHI paguyc-BeKTOpU €K1 KoopauHatiapwu)
OUp XU, aMMO MKKana xonga 60nraHVHr Te3IMrv xap Xun 6ynraHn yuyH
YHUHI xonatu xap xvngvp. Wy Tydainn 6onraHnHr xap Xmn xonatun xap
XN HaTukara aTtub kenagw.

2.2-$. KY4Y. MACCA. UMNY/bC

XucmnapHUHr xapakaT KOHYHAapuHW ypraHap 3KaHMu3, Xxapa-
KaTHUHI cababuHn aHUkNab onuwMMu3 Kepak. TaxTa yctngarun 6unsapn
WapvHn atmb kKapannmk. TaxTa XyAa KaTra aHuKInMK 6unaH  yoK
TeKMcnurnga ypHatuaraH 6ynca, YHUHI ycTuaaru wap Ky3srajamam
TypaBepagn. Arap wapHu TypTm6 kbopcak, y TaxTa 0Oynnab womanain
6ownaingn. By xonga TypTKU wWap XapakKaTUHUHE cababuucu 6Gynagw.
LYHWHI yuyyH GMpOp XMUCM y3 XONaTuHW y3rapTupub XxapakaTtra kesca,
YHUHI  XapakaTUHWHI cababumcu 6BOowKa >KUEeMHUHI Tabcupu [AOeb
Kapawumms Kepak. TUHY TypraH >XMemHu 60LKa XWCM TabCcupu 6unax
XapakaTra KenTupcak, YHWHI Te3Nuru HoagaH KaHjanaup myaiisH
Kniimatraya owagu, AbHW y Tes3naHuw onagvn. Xyaaum LWyHWUHT Kabw,
6Upop Te3nnK 6GunaH xapakaT KuaaéTraH >Xmemra 60LWKa XUCM Tabcup
KWUAca, yNnapHUHI xapakaT Te3nuknapu ysrapagn. Te3/IMKHUHT y3rapuwm
JeraHga YHUHT KUAMaTUHUHE OLWLWIN, KaMaluwmn Ekn xapakaT nyHam-
WWHUHF  y3rapuwm TywyHunagu. bowkava anTraHga, XUCMAAPHWHI
y3apo TabCMpW HaTwKacuga ynapHWUHI XapakaTtu y3rapagu, Hatuxaga
ynap Te3naHuw 6unaH xapakaT.kvmnagunap. WyHaan kmnmnb, xncmnaapra
6epunaguraH Te3naHUWHWHI cababuncu — Kyyaup.

Jemak, Kyy Te3IMKHUHI cababumncu G6ynmaii, 6ankm y XMEeMHUHT TUHY
KN xapakaT XonaTuHu y3rapTyBum cababaup. fanunen (1564— 1642)ra-
Ma flaraH onumMmaap KyyHW XapakaTHUHI cababumcu pgeraH HOTyrpu
hmkppa 6ynraHnap.
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JlekuH Wy HapcaHu anoxuga Kaihg Kuanw Kepakku, KyUYHU XKXMUCMra
laTnnraH Te3NaHUWHWHE cababuncm aed Kapaw KyYHUHT MOXUATUHU
~a noganab bepmarign, YyHKN TabCuUp 3TYBUYM Kyd XUCMra Tesnasuul
,pman, 6ankM YHUHT LWaKAVHU €KUM XaXXMWUHWU Y3rapTUpULWLN, SHHU YHU
rpopmaymanawin xam MymMKuH. MacanaH, mMetanngaH fcanraH rnpyxuvHa
;M XaBO TyNnAupwuIraH pesuHa wap Tawku Kyy Tabcupuga gedopmanms—
aHagn. dTanoH cudatvga Kabysn KUIMHraH MNPYXUHaAHWHT TalKku Kyd
bevpunga 4vysmnuwm  (EKM CUKUAULWIN)AAH KYYHUHT COH KUAMAaTUHU
Tyawpa dorganaHunagn. KyyHu ynyaw  yuyyH KynngHwiaguraH
lHamomeTp geraH acb606HWMHI vwiawmy Wy MPUHLUNTA acoCNaHraH.

By mynoxasanapgaH 6u3 wWwyHAan xynocara Kenamusknm, Kyu—
UCMHU fethopManmanosyn xamga yHra Te3naHmw 6epysum cababaup.

Kyuy mogavii xxucmnapgaH axpartuaraH xonga Myctakui MoxXumaT kach
mVaiaM, YyHKU y3apo Tabcup pakaT MoAaauii XXUcmaap opKanu coavp
|?napn. AMMO Kyd Typnu usmkasuii maHbanapra ara 6ynvwm MyMKUH:
3NULWKOKANK (3NAaCTUKAMK)KYUYMHU t03ara KenTupyBun gedopmauus;
—-MPAINK KYYMHW t03ara KenTUpyBYM rpasmtaumns MaifoHu; 9M1eKTPp KYyUuHU
3ara KenTMpyBYM SMEKTP MaligoH; TOKAIW yTKasrmura TabCup 3TyBYM
YHM t03ara KenTupyBYM MarHMT MaifoH Ba LW. K. Xamma Ky4Y/lapHUHT
:ocuii maHb6anm aca xucmnapgup. XnucMmnapHuHr 6ump-bupura 6esocuta
riwn Tyhainm ByXyAra KenaguraH TabCUp Kyuynapwu 6unaH ynapra
aigoH TOMOHMAAH TabCMp 3TYBYM Kyunap opacuga MOXUAT XuxaTuaaH
apK WyK: »>kucmnap aromniapgaH Tawkun  Tonrad; aTtomnapgaru
TEeKTPOHNap KOburn aca y3 MalJoOHWUHM XOCWUA Kunagu. XucMnapHWHT
np-6upura 6esocmTa Tervuwmn Tydanam tosara kenaguraH ysapo Tabcup
yunapu acnvga atomnapgarv 37eKTpoHaap TOMOHUAAH XOCW KWIWHIaH
argoHnap TabCUPUHWHE HaTuxacugup. JIeKUH >KUCMNapHUHE  6up-
mpura Ternwmn Tydaknm t3ara KenaguraH KyyJapHWUHC — acocuii
ycycuaTnapu WwyHAaH ubopatku, ynap artoMAapHUHI  AnameTprapu
nnaH TakkocnaHapnu papaxagarm KM4nk mMacogaHuHr optuwm 6unaH
rCKMH Kamalinb kKeTtagu, YyHKW aTtoM SAPOCUHM ypab onraH 3neKTpoH
OBUIVIHUHI XOCW/ KWAraH MangoHW MacogaHuMHI opTuwn 6unaH xXyaow
iy Tap3ga KeckvH Kamasau. byHaarn kKnumk macodagarn y3apoTabCUpHU
M3 amanuin xxnxatgaH Xucmnap 6up-6upura TerMwWmMHUHE HaTuxacu aeb
apanmuni. LWyHAah Kuamb XKUCMAAPHWUHE  y3apo TabCcupu MaigoH
ocutacmga cogmp 6ynaan. MaiigoH aca y3 HaBbaTuaa MaTepusiHUHE 6up
ypuamp. YMyMaH Ky4d KapanaértraH >kKmcmra 6o0uwkKa XUCMAapHWUHT
eXaHWKaBNn TabCUPUHUHI YN40BUANP.

BMPOP XUCMHM TalWKWN Ky4 TabCUPU OCTMAA XapakaTra KenTUpMOKYu
yncak €kn xapakatgaru XUCMHUHE Te3IMMMHWN y3rapTupMokum Byncak
«Kapwunuk» Kypcatagn. by «kapwunuk» Typam xucmnapga Typanya
ynagu. MacanaH, CTon yctuga TypraH KUTOOHW €KW OMHau >KaxXOHHU
comnmpaaH CUMKUTMOKYM  Byncak, YnapHUHE 6y CUDKUTUWNMU3Ta
ypcaTtaguraH «kKapwwuanmknapu» 6mp xun 6ynMacnuru ys-ysmaaH aéH,
BHN OMHaN XXaxXOHHW CU/DKUTUL YYYH KUTOBHW CU/DKMUTULL YUYYH I03UM
yAraHngaH aHya kKatta Kyy OunaH TabCup KUIUWKMMU3  Kepak.
VyHMHraeK, TeHr Kyunap TabCcupuia xap XWl >KUCMAap OonraH
es3naHuwnapn xap xwn éynagn. MacanaH, guameTpnapHu 6up-6upugaH
Mp Heya mapTara hapk KmnaguraH MKKuTa nynaTt WapHUHE Xap bupura
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6up XxuMn Ky4 6unaH TabCUpP KW/cak, YNapHUHE OnraH Te3naHuwnapw
Typnavya 6ynagu: gnametTpu kKaTtta OynraH LWapHUHC onraH Te3naHuwm
OnamMeTpy KUYMK LLApPHUHI OfraH TesnaHuwmnra HucbataH Kuumk 6ynagu.
Tawkny Kyd TabCcupuga >XUCMIapPHW XapakaTra KenTUpMOK4M GynraHum-
Mu3[a YNapHUHI KypcaTraH «Kapwuauru» sa 6ump Xun Kyd Tabcupuga
YNapHWUHE ONraH Xap XWi Te3naHuwniapu xap 6up XUCMHUHI y3ura Xoc
XYCYyCUATU bunaH aHnknaHagn. XucMnapHuUHr 6y XycycusTUHU MHepT -
NVK pennnagn. XMUCM WHEPTIMITUHUMHE YyN4yoBM macca p[eb atanagw.
Jemak, XUCMHUHI mMaccacu Hakagap KartTta 6ynca, YHUHI MHePTIUrM Xam
Wy Kagap owaau. Macca XXUCMHUHTI 3HI acocuii XoccanapugaH eupngup.

TaxpnbanapHUHI KypeaTuiimnya Laknnapn éup xuia, maccanapu sca
T | Ba m2 6ynraH XuUCMMapHUHI Xap 6upura 6uvp Xun Tawku Ky4y 6unaH
TabCuUp 3TCak, ynap ofrad TesnaHuvwnap (a\ sa ar) mMaskyp XUCMAapHUHT
Maccanapura Teckapu myTaHOCM6amp, SbHU

(2.1

Xap KaHAal XWCMHWHI Maccacu aTafioH cudatuga Kabyn KuavHraH
XUCM Maccacu 6unaH Takkocnaw opkKanu ynudaHaau. by ycynpa
XUCMAAPHUHT 3PKUH TYLWWLW KOHYHUATUAAH doliganaHnnagn. JpKuH
TYLWNLW 3ca XUcMaapra Ep TopTull Kyuym TabCUPUHUHE HaTuxacuaup. Ep
IO3VHVMHI  Xap 6MP HYKTacu YYyH >XUCMJIAPHWUHT 3pKWMH TylwuwmMaaru
Te3naHuW A y3rapMac KaTTtanvk 6ynu6, g ra TeHr Ba maccacu T Gynrad
Xucmra 3?= mg KaTTa/iMkaarn Kyd tabcup atagu. Tapos3u nannacura
KyAUAraH >Xucm najanaHu OrvMpanK Kydmra TeHr Kyy 6unaH 6ocagum. Ly
Tyhaliin UKKM XXUCM MaccanapuHUHT HUC6GaTU ynap OrupankKIapuHUHT
HUC6aTN Kabuamp:

Xucm Maccacu ckansp KatTanvMk 6ynuMb, YHUHT OrMp/UrM 3ca BeKTop
KaTTanukaup. by BEKTOpP 3pKUH TYLWINLW Te3NaHUWKn WyHanuwmnaa EpHUHT
Mapkasu TOMOH iiyHaraH.

TaxpubanapHUHT KypeaTtuwinya, Mmacca agauTue KaTTaliukaup, sibHU
XUCM Maccacu YHUHI alipum 6yfnaknapu maccaapUuHUHI iurnHgucura
TeHr. MexaHWKaBuii TU3UMHUHI Maccacu TUUMHUHI TapKNGura Kupyeuu
6apua Xucmiap MaccanapuHUHT WATVHAUCUTA TEHT.

XapakaTtgaru >KMCM Maccacu 6unaH Te3NMMMHUHT  KynaiATmacu
XUCMHUHT MMNynbcu Aelivnaan (3cku afabuértnapaa  «MMnynbe»
TYWYHYACU ypHUAA «xXapakaT MUKAOPW» WLINATUNTaH):

p= mv. (2.3)
XUCM  uUMNynbcu — TE3/IMK BEKTOpU MyHanuwmparn BeKTop KaTTa-
NKOMP. N Ta MOAOWA HyKTa (KW N Ta XWCM) gaH néopat MexaHuKasui

TU3UMHU 0NM6 Kapacak, YHUHT WUMMYbCU YHAArM MoAaAuii HykTanap
UMMNYNbENAPUHUHE BEKTOP AUTMHAUCUrA TEHr:

P= 2 P,= 2 14, (2.4)
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6yHAa pi, mj Ba y, nap TU3MMra KUPYBYH i HYM MOOAUNA HYKTAHUHI MOC
pasuwaa MMNynbCW, maccacu Ba Te3nmrugup.

MmnynscHU wngopganosun (2.3) Ba (2.4) dopmynanap «eekuH»
Xapakatnap Y4dyH Tyrpyamp. «CekuH» XapakaT geraHga >XWUeMHUHT
Teanurn (y) EpyravMKHUHE Bakyympgarn tesnurn (c= 3* 10i m/c) ra
HucbataH Xyga Kuumk (»<c) Te3nuk 6unaH cogup OynaéTtraH
XapakaTHU TylwyHamMn3s.

«Te3» XxapakaT KOHYHUATIapWHW, SbHU PenaTUB MexaHuKkara oug,
xogucanapHu, 6m3 VIl Ba VIII 6o6napana kapab u4ukamm3. Bolka
606napga 6u3 hakaT «CeKMH» XapakaTnapra oug xogucanap Xxakuga
My/sioxasa lpuTamuns.

2.3-8 HbIOTOH MEXAHUWKACUHWHI K?NNAHULW YETAPANAPU

OngunHrn 6aHpfda anTuaraHngek, HblOTOH MexaHuKacu MakKpOCKOUMK
XUCMNApPHUHI CEeKUH XapakaTnapu YuyH, fAbHU EpyMuWK Tesnurura
HUcGaTaH Xyga Kuink (y<cc) Tesnuknap ydyyH Tyrpyamp. KyHaanmk
XaéTnMmniga ogataa CeKuMH xapakatiap 6unaH vw Kypammi. EpyriavkHuHr
oywnukparn tesnurura aKuH 6ynraH Te3nuk 6unaH xapakat KunaéTtraH
Xncmnapra HblOTOH MeXaHUKaCUHWUHI KyNNaHUAuWK MyMKUH 3Maciurm
HUCOMIANNK Hasapuacyu Ba Taxpuba HaTmkanapu acocmga aHukKnaHgu.
Epyrnvk tesnurura sikuH Tesnmknap 6unaH xapakaT/naHyBuM XuMcmnap-
HUHI XapakaTu HUCOWIIMK Hasapuscura acocnaHraH penaTuB MexaHuKa
KOHyHnapura 6yiicyHagn (VIlI 6o6ra K.).

HblOTOH MeXaHUKaCUHUHT KyNnaHUANWnHN 6enrnnad 6epyByn MKKUH-
uyM yerapa MMKpo3appa (Monekyna, aTom, NPOTOH, HEMTPOH, 3N1EKTPOH Ba
X- K.) NnapHUHr xapakaT KOHYHMapWuHW ypraHuw HaTmxacuga HaMOEH
oynan. HbIOTOH MexaHuKacumaa Xapakatharun >KUMEMHUHI  UCTairaH
nantgarn Xonatum YHWHI aHWK KoopguHaTanapu (y4 yn4osnu xapa-
Katga — X, y, 2\ 6up ynyoBIM Xapakatga — X) Ba TE3/INTU OpKan
aHMKnaHaaw; Tes3NuK ypHuga umnynsc (p= mv) udogacmaaH doligana-
HUW MYMKWH. PaBllaHKW, xapakaTgaruv XWeMHUHI ucTanraH nantgaru
KoopAuHaTanapu Ba Te3NUrnm aHuknaHraH 6ynca, YHUMHI asogaru
TpaekTopusacuU XaM MabiyM AeMakaup.

KBaHT MexaHuKacu TacaBByp/lapura Kypa xapakargarn mukposappa-
NapHWHI XONaTUHW YHUHI KoopAuHaTanapu Ba Te3/IMKNAPUHUHE aHWUK
KniimaTnapn opKanm aHuknab 6ynmainaun: UXTUEPWUA onuHraH 6mpop
nanTga xapakaTgarv MUKpo3appanapHUHI KOOpAuHatacu KaHuya KuUYMK
XaToMK 6unaH aHukKnaHca, YHUHr UMMYNbCUHW aHuKnawaarn XaTonunk

Ap wyH4ya KaTTa 6ynagn. by epga 3uMKp aTuaraH HOAHUKIMKAAP
(xaTonuknap)

Ax-Ap~h ékn Ax-mAvx~h (2.5)

MyHoOcab6aT 6unaH 6ornaHraH BaylfeiM3eH6eprHUMHI HOAHUK/INK
MyHocabaTn pgeiunnagn (byHpga J1= 6,63-10~3 X-c — lMnaHkK
govmuniicn). by MyHocabaT MUKpoO3appa KoopguHaTtacu Ba WMMYbCUHU
6Mp BaKTHWHI y3uaa yn4yalw aHUuKIUIMHW  6enrvnaign  Ba  y/4oB
ac606napuHM Xamga ynyaw ycynnapuHu TakoMuanawTnpuw nynm éunaH
MasKyp aHUKINKHU OPTTUPUL MYMKWH 3Mac/MruHu Kkypcaragu. bowkada
alitTraHga, ynyawgaru HOaHUKIMKAApP MUKpo3appanap TabuaTUHWUHI
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y3ngaH Kenmb ynmkkaH 6ynm6, ynyawinapga myn KynunraH xatcnapra xeu
KaHOan anokacu hykK. MukposappanapHUHI XxapakaTtn HbloTOH MexaHu-
Kacugarn «MogAauviA HyKTa» XapakaTtu TylwyHyacura HucbataH aHua
Mypakkab 6ynmnb, yHOarn «tpaektopus 6yiinab xapakaT» TyLWyHYacUHWU
MMUKpO3appasiapra xamMma BaKT XaM TaTouk Kuamb 6ynmacniru
aHuKNaHaN.

FeH3eH6eprHUHI HOAHUKIMK MyHOcabaTMHM MakpoXucmnapra TaT-
6K KnUnmb Kypamnumk. BYHUHI yuYyH MakKpOXucmiap uumpa 3Hr KUYMK
XXUCMHUHI XapakaTuHu oMb kapannmk. ®apas kunamnmk, 6M3 maccacu
1 rpamm (10~3 Kkr) OynraH wWapYyaHUHI XapakaTuHW Ky3aTaéTraH
6ynannnk Ba yHVWHI KOOpAMHaTanapuHu Xyfga KatTa aHUKNMK 6unaH —
6Hp MUKpoH (10 " M) aHuMKAuUK 6wunaH ynyaraH 6ynannuk. Y xonga
(2.5) ra Kypa Te3NUKHW ynyawgarv HOAHWK/INK (XaToNunK)

;&l/l_> é— :%_rig_—&lr—» ?[8_24 M/C
AXT 0 -10_3

HA Tawkun 3Tagu, SbHU 6UP BakTHUHI y3uga AX Ba AM  HOAHWK-
NMKNAPHWHT XyAa KWYnkK Kuiimatra asra Oynuwniapu  MakpOCKOMUK
XUcmnap xapakatmHu TaBcudnawga HbloTOH MexaHUKacu KOHYH/IapuHU
Kynnaw MyMKWUHAUTUHW Kypcatagu.

dHAM (2.5) myHOocabaTHM MUKpo3appanapra TaTouk Kuambé Kypanimk.
BYHUHI yuyH atom Kynamupgarm xoguca — f4po arpodmpa ainaHaértraH
SNMEeKTPOHHMHI  XapakaTMHW ypraHaétraH 6ynanmk. ATOMIapHUHT
ynyamnapu (apchekTus AuameTtpnapu) 6up Heya aHrcTpemra TeHr

(1 aHrctpem (A)= 10—I0 ™M) OyaraHAurn Tyganam xapakatgaru

3MIEKTPOHHUHI KOoopAuHatacnm kam fgeraHga 1A aHUKInK 6unaH (AOrx
«1A=1 _|Ow) ynyaHaéTraH OYNCWH. INEKTPOHHUHI Maccacum T =
= 9,1 «10" 3L Kr aKaH/IMITMHMN Haslappaa TyTcak, aToM Koburuga xapakatnia-
naétraH 6uTTa 3MEKTPOHHWUHT TEe3NUTVMHW ynuyawpgarn HOaHWUKAvK (iyn
KyAnnraH xaTto)

Rya_ D — 883107 mA 701788 wmrc
AXT 10 -9-10—
HA Tawkun 3Tagu. INeKTPOH Te3NUrMHW ynyawaarn 6y HOaHUKIUK
(«7 -106Mm/c) y3 opbutacu 6yiinab xapakatugaru tesamru ( » 106 m/c)
[aH XaM KaTTa 3KaH, SbHW 3MIeKTPOHHUHI 84p0 atpodmaary Te3IMrn aHuk
aMac. byHAaH Wy Xxynoca Kenué YnKaguKu, 3NEeKTPOHHUHI (Ba 6oLuka
MUKpO3appanapHUHr) xapakaT MaH3apacuHu spaTtuwga HbloTOH Mexa-
HUKacugary TacaBBYyp/siapHU Kynnaé o6ynmaigw.

J.4-5. HBOTOHHWHI BUPUHUYN KOHYHW. MHEPLUWAN CAHOK TU3SUMIAPA

JVHAMUKaHUHT acoCUHM HBIOTOHHUHI yuTa KOHYHW TallKua 3Tafw.
HBIOTOHHUHT  GUPWHYM  KOHYHW Kyhugarvya TtabpudiaHagn: >Xucmra
6oLLa XrUcMap TabCuMp 3TMaca, Yy TWHY yonataa 6ynaam €k Y3UHUHT
rijFpu YM3MKIM TEKUC XapakaTWHW cak,langn.

By KOHYHHUHI Tabpupu WUKKU KUCMAAH nbopaTt. BUpuHuM Kuem —
arap Xwucmra 60WKa XUCMAap (SbHU TalWKW Kyd) TabCcup 3TMaca
Y Y3MHWHI TWHY XONaTWMHU caknaigu pgeraH KacMy 6unaH  GOrvK
Xoaucanap KyHAaIMK XaéTummsaa yupab Typagu: TUHY TypraH >Xucmra
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TaWwkKn Ky4y TabCUp 3TMaca, y TUHY Typasepaan. TabpUdHUHI MKKUHYK
Kncmmparn «TyFpH uM3nknm xapakaT» Ba «TEKMC XapakaT» TylwyH4yana-
pura anoxuga abTn6op 6epull kepak. Tekuc xapakart geraHaa XXUCMHUHT
y3rapmac Tes3nuk 6unaH (AbHU Te3NnaHuWCcn3) xapakaTu Kysga Tytunagu.
TYyrpyv 4m3amkanm XapakaTHUHI TabKUAJaHUWWHUHE cababun LwyHOaku,
yMyMaH onraHga >XWUCM 3rpu 4Ym3vkan TpaekTopusa 6yinab, XycycaH,
ainaHa 6yinab Tekuc xapakar KUAUWKW MYyMKWUH. JlekuH 6y xonga
XapakaT Tekuc (bypuak Te3nuk ysrapmac) 6ynca Xam XWUCM Y3 xapakaTt
MYHaNVWMHW  y31YKCU3 y3raptupm6 6opaanm — y Mapkasra WHTUAMa
Tes3naHUWw 6unaH xapakat kunagu. [Jemak, Tyrpm UYM3MKIN TeKuc
Xapakatparn Xucmra 6o0wkKa XuUcmaap TabCup aTMaca y TesfnaHuwcu3
XapakaT Kunagm, SbHU XUCM Y3 UHepUMAcU 6unaH Tyrpym YM3uKIN TEKUC
xapakaTuHu abagwii gasom aTTmpagn. LWYHWHr yyyH HbOTOHHUHT
OMPUHYN KOHYHW MHEePpLUUA KOHYHW pdeinnagw.

Xucmra 6olwka >Xucmnap TabCUp 3TMaca YHU 3PKUH XUCM
nenvnagun. leknH Tabuatna apkvH XMUCMIap MaBXy/[ aMac, YyHK/ Tabuumii
wapoutaa xap kKaHgam Xucm 6olka >Xucmnap Tabcupuga 6ynagu.
MacanaH, Ep cnptnga xapakat KunaétraH Xucmra EpHUHT TOPTULL Ky4u,
MWKanaHUW Ky4yn, XaBOHUHI KapLlWIWK Kyun Tabcup 3tagn. WyHWHT
YYYH HbIOTOHHUHI 1-KOHYHUHMHI WUKKMHYM KUCMWHU Taxpubaga Tekwun-
pV6 KYPULLIHWUHI VWMKOHW iyK. JIEKUH Ky3aTuwnapgaH OJIMHraH Hatwmxa-
napHu ymymnawtupmé HbIOTOHHUHI OGUPUHYN KOHYHUHUHT TYrpuanrm
Xakmga VLWOHY XOCW/ KNAUWMMN3 MYMKUH. By KOHyHra gactnab Manuwneii
acoc conraH. Y J>KMCMAAapPHWHI XapakaTuHW ypraHuw 6ylinya katop
Taxpmbanap yTkasraH Ba Taxpuba HaTwkKanapuHu ymymnawTmpuo,
oKkopuga KentupwunraH HbITOHHUHT OGUPUMHYM  KOHYHUHUHE Tabpudun
6epwnraH Tapsgaru xynocara kenraH (HblOTOH 6y KOHYHHW AuHamMuKa-
HUHI 6OLWKa KOHYHMapun 6wunaH 6up TU3UMra KuputraH). HbOTOHHUHT
GMPUHYN KOHYHU XaKuaa Tynapok TacaBByp XOCWUA KUMWLW yyyH Fanunei
TaxpubanapngaH OWpMHM 6GaéH KunamMus: wWap waknmgarn >Xucm
nactnab ab kusa Tekmcnmk 6yiinab, cyHrpa aca y3 umHepuusacu 6unaH ydk
TekMcnurnga konmnawraH bc Tekucnuk Oyihinab xapakaTr Kunagu
(2.1-paem). KypuHUO TypmbAWUKU, TPaAEKTOPUAHHHI ab kucmmpa >Xncm
Tes3naHUWw 6unaH xapakaT Kunagu, YyHKN TPaeKTOPUAHHHI Oy Kucmuga
YHFa OFUPAVK KYYMHUHT KWUA TeKUCNuMK O6yinab iyvanraH TawKkui
3TYBUMCU TabCUpP 3Tagu. XapakaTHUHI bc kncMmpga aca xmcmra 6yHpaal
Ky4y Tabcup 3aTmalign, 6MHOGapunH, TPAeKTOPUAHHHI 6y kucmupa y y3
MHepumusicn 6unaH XxapakaTUHW [aBOM 3TTMpagu. [anunein y3 Taxpu-
6anapuga Wy HapcaHW Ky3aTAWKW, XWUCM 6unaH TeKUcInK opacuaa

MaBXyn OynraH uwKanaHuL

KyuyM KaH4Yyanuk kamaitupunoé

a 6opunca xapakaTHUHI bc Kuc-
MW WYyHYanuK ysailraH. ByH-

OaH 'y KyhAupgarm Xxynocara

Kenaaun: MWKanaHu Ba XaBo-

HUHI Kapwunmk Kyum bynmaca

501, XXUCMHUHT TYFpy YN3UKNN

6 c TEKUC XapakaTu TYXTOBCU3 fJa-

21-pacwm BOM aTraH 6ynap aaw.



XMeMHMHT xap KaHgali Xxonatm Hucbwuii 6ynraHu Tydannm HbloTOH-
HUHI OMPUHYN KOHYHUA >XUEMHUHI TUHY XOonatu Ekn TYyrpu UU3UKIN
TEKUC XapakaTu Kalicu CcaHOK Tu3uMura HucbataH aHuKIaHasanTu,
[eraH caBon ypTara Kyiumnagum. KnHematukaga >XMEMHWHI XapakaTumu
TaBcunaw ydyyH KoopauHatanap TusuMKM 6unaH 6ornaHraH WUXTUEPWIA
XUeMHU Kabyn Kunmw MyMKuH s3an. AnHamukaga sca 6byHpan amac. by
epga Typau caHOK TM3uMaapu yprtacuga MyansaH capk 6opamrn pasliaH
6ynu6 konagu. MacanaH, 6up-6upura Huc6ataH 6mupop TesnaHuw 6unaH
XapakatnaHaéTraH MWKKW CaHOK TU3SMMUHUHI 6upmga TUHY XOnaTUHWU
CaknaéTraH >XWCM WKKUHYM CaHOK Tu3Mmupa Te3naHuw 6unaH xapa-
KaTnaHaétraH 6ynaan. HbOTOHHUMHI OGUMPUHYN KOHYHU TYIrpu YU3UKIN
Tekuc (Tes3naHnwens) xapakaTHU Ky3ga TyTraHu Tydaiinm 6y KOHyH
6apua caHOK Tusmmnapuga 6axapunasepmangn. HblOTOHHUHT BGMPUHYK
KOHYHVWHW KaHoaTnaHTUpaguraH CcaHOK TuU3Mmaapu UWHepuuan CcaHOoK
TnnMmnapw genvnagn. bowkava anTraHga, MHepuman caHok, TU3UMKU Ae6
UXyHOalh caHOK, TU3MMUra anTunagukn, yHAa 3pKUH XUCM TUHY yonaTtga
6ynagn €ku ysrapmac TesnuK 6unaH Tyrpum 4Yn3nMkau yapakaTt K,unaaw.
Y3-y3upaH paBliaHKku, arap 6mpop wuHepuman TU3MMHW TaHnab onraH
6yncak, y xonga yHra HucbaTtaH Tyrpu Yn3mkam TEKUC XapakaTt KuiaéTraH
folKa cCaHOK TU3MMNapU Xam MWHepuuan caHOK Tu3umu 6ynaau.

ViHepunan caHOK TU3UMWHWN KaHAalh TaHnaw MYMKWUH? BYHWHT yuyH
613 TaHnaraH caHoOK TU3MMK 6unaH 6ornaHraH >xmemra 6owwka xey 6up
XUCM TabCUP KUAMACAUIN KepaK. byHAal XMEeMHUHI MaBXyn aMacnuru
Xakupa tokopuga antub ytunaraH agu. JIeKMH, mMabilym aHUKAnK 6unaH
VHepuuan TusmMra SkuH O6ynraH KoopauHaTtanap TU3UMWUHW TaHnaw
MYMKWH. Ep 6unaH (Eku Epparun 6upopta Xucm 6wunaH) 6ornaHraH
KoopAuHatanap TUSMUHU eTapaun dapaxaja aHWKNMK 6unaH uHepunan
CaHOK Tm3nMn Aeb Kabyn KUAMW MYMKUH.

Huma yuyH eTapnn papaxapga-to, 6yTkyn amac? Cababu — EpPHUHT
y3 YKMU atpodmpa Ba Wy 6unaH 6up BakTaa Kyéw arpodwuga annaHma
xapakaT Kuavwn Tydalknam YHUHr Xapakatu mapkasra uHTUAMma
TesnaHuw 6unaH cogup 6ynaau. WyHmncu xam 60pkn, 6y MKKana Xapakat
CeKkVH 103 6epaan. LWWyHWHT yuyyH Ep 6unaH 60ornaHraH caHoK Tummnapm
Kyn Xonnapga amanuii xmxatgaH uvHepuuan Tusum 6ynm6  xusmar
kunagu. Ep 6munaH 6ornaHraH vHepuuwan caHOK TUsnMmaapuHn naéopa-
Topuas CcaHOK Twu3dumMm p[eb xam wputnnagn. MexaHHKaBuii
xogucanapHu Tascudiawga 6apya MHepuman CcaHOK TU3MMAapu TeHr
XYKYKInNaup. *

KOMHOTHUHI 613 Ky3aTUWMMN3 MyMKUH BynraH coxacugaru ongysna-
pv Ba 60LIKa CaMOBUI XMUCMAAPHUHI XapakaT KOHYH/AapuHW ypraHumwaa
Ep 6unaH 6ornaHraH TM3MM WMHepuMan Tnsum 6yna onmanan. Taxpuba-
NapHUHI KypcaTuwuya, 6yHaalh xonnapga 6owwn K,yéw mapkasmnga
KoWnawraH, YKIapuHUHE MyHanuwm 3ca ydyTa y3oKAa KohnawraH Ba
6up Tekucnvkpa éTmanguraH tngysnapra  kapab yHanraH Tyrpu
ynsmknapgaH néopar 6ynraH caHOK TU3MMKM XyAa KaTTa aHUKNMK 6unaH
nHepuman TMsum BasudacuHu yTangu.



2.5-8. HBOTOHHUMHI UKKMHYN KOHYHW. XUCMHUWHT xapakaT TeHrnamacwm

HbHOTOHHUHI NKKUH4YN KOHYHN  OWHaMWUKaHUHT acocui KOHYHMN
KrobnaHagy Ba Kyiugaruua TabpudnaHagu: rawk,um Kyy Tabcupuaa
WCMHVHI ONraH TesfaHuwWuy Wy Kyyra MyTaHocu6 (mponopuuoHan) Ba
WHI Maccacura Teckapy MyTaHOCU6AMp, SbHU
y nhogaHn Kynuparmya ésamms:

F = ma. (2.6)
TeanaHnw BekTtopu (a) Tabcup 3TyBuYM Kyd (F) KHyHanuwm TOMOH-

| iyHanraH. By cdopmynagaH KypuHu6 Typmnbaukm, maccacnm m OynraH
WCMHWHI ONraH Te3flaHUWKn TabCup 3TYBYM Kyura myTaHOCMoaump.
Bup BakKTHWMHI y3uga Xucmra 6up Hewya Kyunap Tabcup 3TaéTraH
rnca, HaTwkaBuU Ky4y TabCup 3TyBUM 6Gapuya Kyu/lapHWUHI BEKTOP
I[rmHaHeK cndhaTmpa aHuknaHagn (macanaH, OrvMpAvMK Kydu Tascupuaa
1 Tekmcnmk Oylhinab xapakaT KunaéTraH Xucmra TabCup 3TyBYM
rTVXaBU  Kyd OFUPAUK KYYUHUHT KW TEKUCNUMK Oyiinab Tawkun
yBUMCU OBUMEAH MULWKaNaHUW  KYYMHUHT BEKTOp WurMHaucura TeHr
‘nagun):

2= 2 F,. (2.7)

.7) vdoda Kyuynapuum kywumnw (cynepnos3vuyunusa) kKoupga-
IHMHT MasMyHuHU ndoganaiign. by komga Kynngarnyagmp: xucmra
WwuaraH KyynapgaH %ap OGUMPUHUHI TabCUPU XUCMHUHT TUHY %onaraa
M X;apakatga akKaHaurura, yHra TtabCup 3TyBUYM 6Gowua KyydnapHWHT
HW Ba TabuaTtura 60rnuK, amac. by konga Kyuynap TabCUPUHUHT
YCTAKUANUTWN KOHYHW pAeb xam toputunagu.

Arap a="~ 3KaH/IUIVMHW 3bTMGOpPra osicaKk, HbITOHHUHI WKKWHYA
XYHUHU Kylinaarn KypuHuaa €3l MyMKUH:
F=md’ (2.8)
Te ot
YXMCMHUHI Maccacu y3rapMac KaTTa/IMK GynraHu yuyyH yHU AuddepeH-

lan mnwopacym ocTUra KMputamind Ba mMv XMUCM WMMYNAbCUHUHI MUdoaacu
CaHVHM Hazapga TyTnb (2.8)HuM Kylingarvya €3amus:

7= % (2-9)

y noga WUKKMHYM KOHYHHWHI acoCuii KypuHuwniapugaH 6uvpmn 6ynm6,
npgarnya TabpudnaHagn: XUCM  UMMNYAbCUHUHE y3rapuwl Tesiurm
rbCUp 3TYBYM Kyura TeHr Ba y 6unaH 6up xmn nyHanuwra ara. bowkaya
<TraHga, XWUCM WMMY/bCUHUHI BaKT Oylinya Xocunacu yHra Ttabcup
aéTraH Kyudra TeHr.

Maccacu m OynraH >Xucmra O6up BaKTHUHI y3uaa 6up Heva
e, R,..,?n) Ky4y Tabcup 3TaéTtraH 6Oynca, YHUMHr OnraH Te3NnaHuLwwmn

NAnpgarvra TeHr éynagw:



6y epgoa F— Xucmra tabcup aTaéTram Gapua KyuIapHUHI TEeHr TabCcup

3TyBUYMCU 6YNnu6, y napansenorpamMm kKoupgacu byiivva aHuknaHagu. LWy
Hapcara anoxupga 3bTubop 6Gepuw_ kepakku, (2.5), (2.6), (2.8) Ba
(2.9) cdopmynanapga kentupunraH F Kyd amanga Xucmra Tabcup

3TyBUM 6Gapya KyulapHUHI TeHr TabCUp ITYBUMCUHW akc 3STTMpaan,
Ma3kyp thopmynanapgarv Tes3nIMK Ba Te3naHuwap aca MHepLuuan CaHoK
TM3nMura HmucbataH aHuknaHagw.

HBIOTOHHUHI MKKWUHYM KOHYHWHW akc 3TTupysun (2.6) Ba (2.8) udo-
janapgaH Kynuparu Xycycuii Xon Kenmb yukagu: arap >XMcmra Tawku
Kyd Tabcup 3TMmaétraH (/='=0) 6ynca, a= 0 Ba y = const 6ynagun, abHuU

y Xonga XuUcM TUHY Xxonatrga 6ynaam (6y epga v = const= O skaH/IMUIu
Ky3da TyTunagn) ékn Tyrpu Ynsmkam TeKUc xapakat KunaétraH 6ynagw.
NeknH 6yHAaH HbIOTOHHUHI BUPUHYM KOHYHU YHUHT UKKUHYA KOHYHUHWHT
XYCYCUA XONM 3KaH Ba gemMakK, GMPUHYMN KOHYH MYCTaku/i KOHYH 3mac
9KaH, geraH Xxynoca Kennmé YnkMacnurm kepak. ByHUHr ca6abu wyHOaku,
HbIOTOHHUHI GUPUHYN KOHYHW MHepuWas CaHOK TU3MMU XaKnaarm KOHYH
6ynmnb6, xap KaHAal MexaHuK XxapakaT (Wwy >kymnagaH WKKUHYA
KOHYH XaMm) WHepuMan CcaHOK Tuammura HucbataH aHuknaHraHgarvHa
aHVWK MabHora ara 6ynagun. LWyHaan Kuamb, OUPUHYM Ba  MKKUHYM
KOHYHNap TaxpmbagaH OnvHraH JanuanapHu ymymaawTUupul HaTuxa-
cupa to3ara kKenraH 6ynm6, ynapHUHIE Xap Kalcucu MyCTakusi KOHYH
Kyunra araguvp.

HBIOTOHHUHI MKKUHYYU KOHYHUHWU ndopanosun (2.9) dopmyna (xampga
yHra TeHr mMabHonm 6ynraH (2.8) cdopmyna) XMCMHUHI XapakarT
TeHrnamacwu Ageiivnagn.

Mopanii HykTa (KWUCM)HWHT XapakaT TeHrnamacu pgeraHfia uUctajiraH BaKTAa YHUHT
anao,qarM BasnATUHN aHWUKNOBYMN TeHrnamaHu TylwyHamMns. MO,CI"EI'VII‘/‘I HYKTaHUHI ucTtanraH

BaKTAa pasofarv BasvsaTU paguyc-BeKTOp I opKanu aHuKNaHagu. AHUKPOTU YHUHT paguyc-
BEKTOPU BaKTHUHI (YHKLMsCU Tap3uga udoganaHaau:

7=T7{t)
€KV YHWUHT KOOpAMHaTanapuHWHI BakKT 6Yiinuya Y3rapulwmHU akc 3TTUPYBUM

x=x(t), y=y(t). z=z(t)
dyHKUManap 6uwnaH wndgopanaHagu.

lOkopupa (2.1-§) aitrmb ytraH sgMKKn, AUHAMUKAHUHT acocuii Basndacu KK KncmgaH
H6opat 6ynn6, 6upwn MOAOMA HyKTara TabCUp 3TyBYM Kyd Mabiym 6ynca xapakat
TeHrnamacuMHu aHuknal, WKKUHYNCU — MOAAWIA HYKTaHWHI XapakaT TeHrnamacu 6epunrax
6ynca, yHra Tabcup 3TyBYM KYUYHU aHuUKNawaup.

'Aoaanii  HYKTaHUHI XapakaTh HbIOTOHHUHT MKKMHUM KOHYHUHW WgofaioBun (2.6) TeHr—
nama €kuM YHUHI 6olwkKaya KypuHuwun 6ynraH (2.8) Ba (2.9) TeHrnamanap opkanu
TaBcutnaHagn. by TeHrnamanapgav doliganaHaértraHfa WyHW Hasapga TyTUL Kepakku,
Te3/IMK BEKTOPWU Xapakatgarn MoAavi HyKTaHUHT paguyc-BeKTopuaaH BakKT 6yiiMya onvHraH
6UPUHYN TapTM6IM Xocunara TeHr, Te3naHuW BeKTOpu 3ca Te3NNK BeKTopuaaH BakT byilinua
ONWHTaH 6uUpUHYN TapTuM6GnM Xocunara Ekn paguyc-BeKTopgaH BakT 6Gyivuya onuHraH
VKKWUHYM TapTubnm xocunara TeHr, fbHU:

dr - cPr
o=— Ba a= ——
dt dt2
Oxuprn ¢opmynara acocnaHm6 (2.6) udopaHn kynmpgarnya é3amus:
P=T-L]~. (2.19)
d?
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By WKKMHYM TapTnénm pguddepeHunan TeHrnamagup. KypuHu6 Typubauku, (2.8) Ba
(2.11) cdopmynanap moaauii HykTara TabCUp 3TYBYM Ky4YHW Ba MasKyp Ky4 Tabcupupga
YHUHI Xonatm Xxampa asogarn BasuATUHUHI BakTra 60rnIMK pasuwiga  ysrapuwu
opacugarn 6ornaHuwHN udogananan. bownaHrny naiTpa XxapakaT KunaéTraH moaawi
HYKTaHWUHI XonatTu (KoopAuHaTanapu Ba Te3nurn) mabiym 6ynca, KeliMHru uctanraH
nantTgarn yHWHr xonaTuHu aHuknaw (2.8) Ba (2.11) TeHrnamanapHu MHTerpannaw nynm
6unaH amanra owmpunagu.

WHTerpannawHn copjanawtmpuvil  Makcagmpa Kyhingarn Xycycuidi xaHw Kapab
ynkamuns: ysrapmac Kyd (/r= const) Tabcupuga mMoaauii HyKTa paguyc-BeKTop AyHanuwm-
[a TYrpu YM3uKIM xapakaTt KunaétraH 6yncuH Ba 6ownanruy (/= 0) nalitga r(0) = ro Ba
v (0) =0 6yncuH. AbHK 6GowWwnaHrny naiTaa mMoaaui HykTa caHok 6owwmpaH rO macodana
6ynn6, YHUHr 6ownaHruy Tes3nurn (t0) paanyc-BeKTop 6GunaH 6GUP TOMOHra MyHanras
6yncuH. By wapTnap 6GownaHrny waptnap Aeinnaau.

(2.8) TEHINMMKHH KyWunparnya ésamuns:

mdv =Fdt & dv= 7—dt.
T

By TEHIMKHH WHTerpannabé MoAAuiA HYKTaHWHT uctanraH t BakTAarn Tes3nUrn YyuyH
Kyiingarn udopara ara 6ynamus:

V(t) Ta—LIJ /+ QOrst.

BownaHruy naintga, sbHU 1= 0 6ynraHga v = VO 3KaH/IUIUHW Hasapga TyTcak, OXupru
thopmynagaH const= yo aKaHNUrM Kenub6 umkaau. WyHaan Kunune:

v(t) = vO+ 'I:t (2.12)
n T
KypuyHUWAaarn eymmra ara 6ynamms. Mavnymku 6y dpopmyna 6ownaHrny tesanurn So 6ynraH

TEeKWC y3rapyBuaH xapakaTHU udoganaiiav Ba uctanraH | BakTaarv Te3NMKHWM Tonuwaa

KynnaHunagwn. dHgn, £/) = 3KaHIUTMHU Hasappga TyTu6, (2.12) dopmynaHu Kyiupaa-

rmya E3vw MyMKUH:

AL=in+L, é&udr=vndt-\--£—+dt.
dt v m m

OXUPry TEHFIMKHH WHTerpanfall Hatuxacuaa
r(t) =t»0/+-"~-<2+const

ra ara 6ynamus Ba HuUxoaT, /= 0 6ynraHga wuHTerpannaw AoMMUAcK const = 25 aKaHAIUTUHA
xucobra onm6, 6y TEHINMKHH Kylingarvya ésamms:

2(t)=70+50(t) + ~ i l. (2.13)

/= 0 6ynraHpa caHoK 6owuHn r0= 0 aeb6 kabyn Kuncak, OXVPrn TeHrAUK cogpana-
waam:

2 (/77 ) = 2 (" (2.14)
271

(2.13) Ba (2.14) dopmynanap Tyrpu UM3UMKAM TeKUC Yy3rapyByaH Xxapakatga uyn
thopmynacuHu udoganaiian. by dopmynanap maccacu T Ba 60WNaHINY Te3nUrn n\éynram
MOAOMA HYKTAHWHI Y3rapmac TalWkKku Kydy Tabcupupga 6ynaéTtraH XapakaT KOHYHUHU

ngonanaiign
MKKMHUM mucon Tapukacumga Ep cuptugaH ydkka (ropusoHTra) HucbataH a bypuak
ocTuAa Vo Te3Nuk 6unaH otuaraH T Maccann mMoaauii HykTa (CHapsiA)HUHT hakaT ormpank
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Kyun Tabcupuaarm xapakatuHu Kapab
ynkainuk (2.2-pacm). Mopanii HykTara
~H— —P = —mg OrvpaukK Kyum Tabcup
aTaan (50 Ba g BEKTOPNAPHUHI iKyHa-
nvwnapu 6up-6upura Teckapu 6ynraHu
Tycainu  maHdpuii  mMwopa  Kyhiunau).
(2.12) Ba (2.14) dopmynanapgaH F kyu
ypHura —mg Hu Kylicak, ynap Moc
paBuwga X
v(t) =Vo—gl.

r{t)=va— Fgt2 22.pacH

Tap3ga é3vnagun. by kaTTannknapHu ynapHUHI KoopAuHaTa yknapuaaru npoekuusanapu
opkanu ugopganacak, sibHU
t* = tfocosa Ba uv= uGsina

3KaHMHW Xucobra osncak, ynap Moc pasuwwaa

VX= \>cosa, aj,= c»osina—gt, yr= 0; (2.15)
(2.16)

KypuHUlIra kenagu. by dopmynanap mMogavii HykKTa XapakaTu KOHYHUHUHI KoopAuHaTta
yKnapugaru npoekuumanapuHu ndoganaian. Mogauii HyKTaHWHT XapakaT TpaeKTOpUACUHU
TONUW YYyH (2.16) udoAaHWHI BUPUHYM TeHrnamacmgan TonwunraH

X
vOcosa

MhofaHN Wy TEHrMaMaHVMHI WKKUHYUMCUTA KysSMU3, fbHUM XapakKaT KOHYHMUAAH BaKTHU
ynkKapamu3 Ba Kylimpgarura ara 6ynamus:

(2.17)

By napa6ona TeHrnamacuaup. Jemak, 6y xonga moaauii Hykta XOY Tekucnmkga napabona
waknmparn Tpaektopusa 6ylinya xapakatnaHagun. KentmpunraH mucongaH K puHaguku,
60WNaHKNY WapTNapHUHI KuiimaTnapura kapab moaawii HykTa Xapakatu 6up-6upugaH
aH4ya apK KUAUWW MYMKUH. XycycaH, 6OLWAaHrny Te3NNK BEKTOPUHUHI YdKKa (ropu-
30HTra) HucbataH xap Xun 6Gypuyak TaWwkKwua KANUWK Typau HaTwxkanapra onué kenagw.
MacanaH, 6ypuyak 90°ra TeHr 6ynraHga MoAAMA HYKTaHUHT TPaeKToOpUsCU toKopuaa
KentTupunradH napa6anagaH Ty6paH dapk kunub, ydkKka TUK WyHanraH Tyrpu umsmkpaH
nbopat 6ynaaun.

WyHaan knnnb, Moaanii HYKTaHUHT UXTUEPUIA BAKTAArn r(1l) xonatu yHUHr 6owwnaHrmy
BaKTAarn xanaTuHW aHWKNOoBYM paauyc-sekTopu rO Ba 6oLwNaHrNY Te3nuru 50 mabiym
6ynraHgarvHa aHUKNaHUWM MYMKWUH, SbHW GOLWNaHrny wapTtnapHu ndoganosun ro= ro(l)
Ba VO= VO(/) kaTTanuknap 6epuaraH 6ynmwmn wapT. bownaHrny wapTnapHUHT MyXUManrm
aHa wyHAaanp. Moganii HyKTaHUHT 60LWNaHrny nanTparn xapakaT XO0naTUHUHE 6Gepunaniin
YHUHI KeWHr1 nalitnapgarv xapakaTt XonaTnapuvHu TYyAuK aHuknawra UMKoH 6epagu.

Mopanii HYKTaHMHI XapakaT KOHYHura 6MHOaH YyHra TabCup 3TaéTraH KyynapHu
aHWKnaw MyaMMOCKU MOAAWI HyKTa XapakaTMHW nhofanoByum TeHrnaMmagaH xocuna onuwira
KentTupunaaw. bowkayva aiTraHpa, arap mMoaauii HyKTaHuUHT ?(/) papuyc-BeKTopu ékn X (t),
yU), z(t) koopAuHaTanapuvHWHI BaKT Oyiinya ysrapuwuHu wudoganosBun TeHrnamanap
Mabnym 6ynca, ynapgaH BakT 6yiinya WKKMHYH TapTu6nam Xxocuna onuw 6unaH mopawi
HyKTara TabCMp 3TYBYM Ky4 OCOHIMHa Tonwunagu. HaTumxapa TabCUp 3TYBUM Kyd YUyH

4— 467 49



<Px tf /2
Fx=m-~ F=m— Fz=m—._
dii y dl2 df

KypUHHWAarn udogara sra 6ynammus. Paswadnku, 6y epga F,. F,, F, nap mogauii HykTara
Tabcup 3TyBUM MaTMXaBUA F KyuyHMHT KoopamHata yknapugarv npoekuusnapuHyi udona-

nanaun, sbHu:

F=Fxi +Fyj+ Fzk

2.6- 8& HBIOTOHHWHI YUYMHUYN KOHYHWN

HbIOTOHHUHT UKKWMHYM KOHYHMZA 6UTTa XWUCM (MOAOUA HYKTA)HUHT
XapakaTty xakupa ran 6opaau na 6y KOHyHra acocaH YXWCMHUHI OfifaH
Te3/1aHWLIN YHra TabCUp 3TYBUM TalUKWU Kydra myTaHocn6amp. Tawku Kyd
nelinnraHga  MyaiisH - kucmra  6owka  GUPOP  XKUCMHUHE  TabCcupwu
TywyHunagu. TaxpubanapHUHT KypeaTulimya, MyalisiH )XUCMHUHT aTraH
Te3MaHUWN WKKU XXUCMHUHI Yy3apo TabCUpU HaTmxacuaup; 6olikava
aiTraHga, 6upop A XuUcM B XucM Tabcupuaa KaHgaigoup TesnaHuwra
apuwraH 6ynca, B Xucm xam y3 HaB6atuaa MyalisH Te3naHull onaau
Y3VHUHT Tabcupradya 6ynraH Te3UrnHu ysraptupagu. Jemak, A XUCM-
HUHF  OfIfaH Te3/laHULIM UKKUTA XUCMHUHI y3apo Tabcuprawuin
HaTmxacuaunp.

MabnyMKK, MexXaHUKaAa xap KaHAalh Tabcup Kyd opkaav udopanaHa-
oy, WYHWHT yuyH B xuncm 6Mpop A XncMra kaHaaiaup Kyy 6unaH Tabcup
Kuiaca, A XucMm B xucmra myalisH Kyd 6unaH Tabcup 3Taau.

HbIOTOHHUHE YUMHUM KOHYHU YHUHT GMPUHYA Ba WUKKMHYMA KOHYHapu
CUHrapu Taxpuba HaTuxanapura acocnaHraH 6ynm6, Kyiugaruia
TabpuNaHan: WKKA XUCMHWHT y3apo TabCupnawuw Kyunapu COH
XUxaTZaH y3apo TeHr Ba liyHanuwu 6ylinua K,apamMa-K,aplim ToMoHaapra
fiyHanraH. By KOHYHHUHI aHanUTUK udogacu Kyiivparuua é3vnagau:

Fi2=  Tjm, (2.18)

6y epoa A2 Ba Fn  Kyunap WUWKKuTa anoxuga-ajoxuaa Xucmnaapra
KylinnraHamp; xycycaH F[2 MKKMHUYM XWCM TOMOHWAAH GUPUHYM XUCMTa
TabCcUp 3TyBUM Ky4, T 3ca GUPUHYUM XNCM TOMOHUAAH UKKMHYA XUCMTa

TabCUp 3TyBYM Kyd Oynmb, 6y KyyHM opjaTha, akKC TabCUpP Kyuwu
nenvnagn. by udogaparn MaHguUA Mwopa Ky4YnapHUHE Kapama-Kapliuv
TOMOHAapra HMWyHanuMwmMHMW akc aTtupagn. LWy HapcaHn anoxu'ga
Tabkuanaw JI03MMKW, Ky4yJlapHU TabCUpP Ba akC TabCUP Kydnapura
WapTAn paBuga axpaTtunagmn, acamaa sca Mkkana KyyHuUHr tabuatu ouvp
xvn 6ynnb, ynap ysapo TabCup Kydnapnauvp.

Y3apo Tabcup Kyuynapu xap 6up MyaiisiH xonga Typau uankaBuii
TabuaTtra ara 6ynuwun MyMKUH: XuUcmnap 6up-6upura 6esocuta TekkaHaa
kM ynap TyKHawraHzga o3 6epaguraH ysapo tabcup Kyynapwm (KOHTakT
Kyynapu); rpasuTauus MalfoHUra KUPUTWTaH >XXUCMapra Tabcup
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3TYBYM Kyusap; 3NeKTp MalfdoHra KMpUTWITaH 3apsagnaHraH >Xucmaapra
TabCUpP 3TYBUYM Kyunap; MarHUT mMaigoHra KUpUTUAraH TOKIW yTKasrmura
TabCUp 3TYBYM Kyusiap Ba XOKaso.

HbIOTOHHUHI YYMHUYN KOHYHWUFa MUCO/ Tapukacuga MarHUT mMangoHra
KAPUTWAFaH nynaTt wapyaHu onnb Kapannmk. WwkanaHuw  KybyuHW
KamalnTupuw Makcagumga marHut M Ba wapua W ponuk yctuparu
TaxTayanapra maxkamnaHraH (2.3-pacm). MarHMT MaligoHHUHI Tabcmpu
Tyhainm nynaTt wapya MarHMT TOMOHra xapakat Kunagu. Tabcup Ba
aKc TabCup Kyunapu Tydanim MarHuMT Xam y3 HaeBbarumga wapyii ToMmoHra
cUmKMAAN. MarHmT Ba wWapyara TabCuMp 3TYBUYM Ky4lapHW yn4yaw y4yyH
ynapHuHr xap 6uvpu D\ Ba D2 gnHamomeTpnap 6wunaH TabMWHAAHTaH.
Taxpnba xapaéHuga MarHmT Ba Llapyara Tabcup 3aTyBum F4 Ba Fm

Kyunap (AMHAMOMETPAApHUHI KypcaTulinya) y3apo TeHr 3KaHAUTUMHU
Kypamu3. Arap nynaTt wapuyaHu 60lKa KaTTapoK €KW KUMYMKPOK Lapya
6unaH éku 6GolwkKa 6MPOp nynatAaH sfcairaH MarHUTAaHaguraH >KUCM
6unaH anMawTMpuica, AWUHAMOMETP/IapPHUHI  KypcaTulun y3rapaau,
NEKNH WKKaia OMHAMOMErpHUHI KypcaTuMLIM XaMMa BakKT y3apo TeHr
3KaHNUrM HamoéH 6ynaan. by Taxpuba >XMUCMAAPHUHT y3apo Tabcup
Kyu/lapu COH XuxaTtugaH 6up-6vpura TeHr Ba liyHanuwm 6yiinya kapama-
Kaply 3KaHAUTUHU KypcaTaau.

WyHn éama TyTUW Kepakku, HbIOTOHHMHE YUYMHUM KOHYHU 6Gapua
CaHOK Tu3MMiapuga xam 6axapunaBepmMaian. By KOHYH HbIOTOHHUHE
GUPUHYMN  Ba MKKUHYM  KOHYHapy Kabu akaT WHepuMasn CcaHOoK
TU3MMMapura HucbataHrvHa Tyrpyaup. HovHepuman caHOK TU3UMIapu-
03, AbHW Te3naHuw 6GunaH xapakaT KunaéTraH caHOK TusvMMmnapuga 6y
KOHYH 6axapuimaigu.

27-8 OV3UKABUWM kaTTanuknap 6upnumknapu Ba ynuamnapu

dusnkaga xyga Kyn (u3MKaBuii KaTTanuknap 6unaH ww Kypuwra Tyrpu kenagu.
Y3yHNUK, XaxM. Te3NnK. TesnaHul, Macca, Kyd, v, aHeprus, 6ocMm Ba 6olikanap Lynap
XymnacHganaHp. bBupop dusmkaBuii  KaTTanMkKAapHW ynuyaw — Ya4yoH 6upnavrn  kunmé
Kabyn KWAHHTraH 6Up XWHCAM KaTTa/uk 6unaH Takkocnaw gemakgup. Katranmkmu Ynuauw
HaTumkacuaa yHUHr Kabyn KunnHraH 6upnuknapga udoganaHraH CoH KUAMaTUHW onamus.
dun3nkKaBuin KaTTaNUKNapHUHE Xap 6upu yuyH y3ura xoc anoxupga o6upnuruHm (6owka
KaTTaMKIapHUHT 6upnnknapun 6unaH myTnako anokagop 6ynmaraH 6upnurnHun) 6enrumnaw
XaMm MyMKWH. AMMO, OyHAal KunHHraHga @usvMkasuii KaTTaAuKnapHuW ynyaw  yuyyH
KynnaHunaguraH GHPANKNAPHUHI COHU (DU3MKaBWUII KaTTanMKNapHUHI COHWUra TeHr 6ynaau
Ba HaTmxaja 6upnuknap coHu >yga Kynaliné keTub6, ynapHW Kynnaw aHvya HOKynani-
NHKNapra onué kenraH 6ynap agn. by HokynalinuknapaaH xanoc 6ynuw yyyH akcapusT
(hU3nMKaBUA KaTTaIMKNApPHUHT 6Gup-6upura y3Buii 6GOrNHKNApuAaH Ba YNapHWUHT 6Gupu
MKKWHYHCU opKanun udoaa KUINMHUWKW MYyMKUHAHTMAAH doiganaHmnagH. Wy Tydannm
6MpMKnap COHMHU KaMaTUPULL WUMKOHWUATU Tyrnnagn. by MMKOHMAT wyHAaH nbopaTku.



6ab3n 6uUp u3nkaBuii KaTTanukKNapHW acocuini geb6 kabyn kunwmb, ynap opkanum KanraH
hn3nKaBmMin KaTTanukKNapHu ngoga KUaMw MYMKWUH, SibHU MyalisH ¢opmyna Ba KOHYHWU-
aTnappaH oliganaHraH xonga acocuii usnkasBuii kKatTannknap opkann 6ouka gpusnkasnii
KaTTanMknapHu Hgoaanaw MyMKWH. YMyMaH onraHga, acocuii husnkaBuii KatTanmknapHu
TaHnaw uxTnépuini 6ynnb, makcagra MyBotuk pasmwga kenuwmb oniw iynn 6unaH amanra
owunpunagn. YyHkn 6apya (puU3MKaBUi KaTTaIUKAAPHUHE  6MpMAAH  UKKUHYUCUHUHT
YCTYHAUTWN HyK. AManuii xxmxatgaH, uctanraH unsnkasunii KaTTaIMKHW acocuii kaTTannk ap
Tap3vga TaHnaw Makcagra MyBouK OGynaBepmac a3kaH. TaHnab onuHraH acocuii
KaTTaMKNapHu ynyaw 6uMpop MyXuUM KUAMHYUAWK TyrgMpMacaurn Ba Kys3fga TyTuarad
lwapouTnapga ynapHUHT COH Kuiimatnapyu xamma BakKT 6Mp Xun HaTuxa 6epuin nos3um.

Acocnii 6upnuknap Tynnamm 6MpnmMk nap Tusnmmu aelinnagu.

Acocuii 6upnuknap 6unaH 6up katopga 6up-6upugaH dapk kunaguraH 6up Heva
6upnuknap Tusnmnapun xam maexyg. 1963 inngaH 6ownab 6usga Xankapo 6mMpnunk-
nap tTnusumun (CW) xopuit kmnuHraH. Maskyp Tusmmga acocuii 6upnunknap Kynugaru-
nap: y3yHAuk empnuru MeTp (M), Macca 6UpAnrn — kKunorpamm (Kr), BakT éupnurun —
cekyHg (c). by yuta 6upnukgaH TawkapH (CW) parm acocuii 6upnuknapra mMogga
MUKAOPUHUHT GUPAUTM — MOMb (MOJb), TOK KYYMHWUHT 6upnurn — amnep (A), xapopar
(TeMnepartypa) HUHT yn4oB 6Upnurn kenbBuH (K), Epyrank KyYMHUHT GUpPAUrn — kaHgena
(ka) kmpagn. Y3yHAuk 6upnuru— | meTp cudartnga  EpyKAUKHUHT  Gywinukpa
17299792458 cekyHA paBomupa 6o0ocmb yTraH macodacH Kabyn KANUHraH. MaccaHWHr
oupnuru KunorpaMMmgump. Bup KunorpamMm  MacCaHWHE  3TanoHu cudatuaa  UuManHap
waknupgarn (Anametpu Ba GanaHanurn 39 MM GynraH) nnatvMHa-upuaui KoTuwMacupaH
fAcanraH XWUCM Maccacu Kabyn KunuHraH 6ynmb, 6y atanoH Cespa (PpaHuunsa)paruv
Xankapo YnuyoBnap Ba Tow-Tapo3unap 6wpocuaa caknaHagu. YHuWHr wmaccacn 4°C
TemnepaTypaga 1000 cm'l xaxxmra ara 6ynraH To3a CyBHUHI Maccacura TeHr. BakT 6upauru
| cekyHA, uesunii (133) aToMu acocuii XONaTUHWHIE yTa HasuK CTPyKTypacuaarn 3n1eKTpoH-
HUHF  6Up caTxAaH WKKMHYM caTxra ytuwuga cogup 6ynaguraH  HypAaHUWHUHL
9192631770 paBpura TeHr. KonraH acocuii 6UpANKNapHUHT TabpHhW Ternwnmn 6\?numnap-
na G6epunagw.

dunsnkaga CW tmsmmmngad tawkapun CrC TmMsammMu xam KynnaHunagw, 6yHaa y3yHAnkK
6upnurun caHTUMeTp (cMm), macca 6upnurn rpamm (r), BakT 6upnurn — cekyHna (c).

Acocuii 6upnuknapu y3yHAMK, macca Ba BakTAaH u6opar 6ynraH TM3MM MYy T ak
6upnuknap Tudumu paelivnagu.

Acocunii 6ynmaraH kaTTanvknap xocwmnaBuihi kKaTTanuknap Aaehinnagu. Ynap
YYYyH 6GUpAMKNap Teruwnum KaTTaluKNapHUHT Tabpudu 6unaH 60rnmk usmnka KoHyHnapu
acormga aHvknaHagu. MacanaH, Te3nNnK 6UPANTM KUANG TeKMC XapakaT KunaétraH Ba 6vp
6UpPNMKKa TeHr BaKT gaBomuaa 6up 6MpAnKkKa TeHr MacodaHn yTaguraH XUCMHUHT Te3nurun
Kabyn kmnuHaan. BuHob6apuH, CU ga Te3nuk 6upnnurm — TeKUc XapakaT Kunané 1 cekyHp,
fasommnga 1 meTp macodaHun 60cnb ytaguraH Xucm teanurngup. by 6upnuk 1 m/c Tapsmvga
ésnnaan.

3TanoH cudatmga Kabyn KMaMHraH macca 6upnnru mabnym 6ynraH xonga HblOTOHHUHT
VKKWHYN KOHYHW Ky4Y OMPAUIrMHWM aHuKnawra WMKOH 6epaau. Kyy 6upnuru cudatmpa
WyHAal Ky4d ONMHaAVKW, YHUHT Tabcupuga Maccacu 6up 6upnuvkka TeHr 6ynraH Xucm 6up
6upnnkKka TeHr 6ynraH Te3naHuw onagn. CW pa kyy 6upnurn HbewToH (H) 6ynub,
y Maccacu 1 kr 6ynraH xucmra 1 m/c2Te3naHuw 6epaguraH Kyyaup:

111=1 kr-1 m/c' =1~ =
c
CW acocuin 6Gupnuknap Tusmmum XxucobnaHcapa, 6av3m xonnapga CIrC TmsMmMm  xam
KynnaHunagun. by Tusumpa kyy 6upnuru guHa aeb atanagm say maccacu 1r 6ynraH xucmra
1cm/c2Te3naHuw 6epyBun kyyamp. CU Ba CI'C Tusumnapuparn Kyd 6upnuknapu opacuga
Kylingarn 6ornaHull masxypa:

I H=1 kr-1m/c2= (103r) «(10ZXm)/c2= 105 auHa.

Acocuii KaTTanuknap opkanau Xocunasuil KaTTanuKNapHW aHWKNoBYM udoaa dusnka-
BUI KaTTaMKHUHI ynuyamu geiivnagn. dusmnkasuii KkaTTanuk kKaHpgali xapdnap 6unaH
6enrmnaHca, YHWHr ynuyamm xam YpTa KaBC uyMra ONvHraH xyaaum Ywa xapdnap 6unaH
6enrvnaHaaun:[a)— Te3NaHULWHUHT, IF] — KYYHWHI ynyamMu Ba XOKas30. Acocuil XmcobnaH-
raH 6upnuknap y3yHNukK [/], macca |T] Ba BakT ff] nap yuyyH maxcyc 6enrmnawnap kabyn
KUAWHraH: [7]= L\ — [/]1=T. MacanaH, acocuii 6upnunknap opkanau Te3nnMK — BakTra
6ynuHran y3yHnuk ynyamura sra: WA= \N\/\t}= L /T= LT ~"'. Ky4HUHT ynyamu:
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AR\=AMA\a\=\MN\N\A1 = XUT 2.
yMyMuii xonga UXTUEPUI KaTTanuk (</) HUHT ynyamu dgopmynacu
[<A= LaM >r

Tap3vga ésvnagn. by epga a, By ynuam KypcaTkuuynapu pelivnagn sa ynap
GYTYH EKM Kacp COH Gynuwmn xampa mycbat ékum MaHpuii nwopara ara 6°\nWn MyMKUH.

Il BOB
MEXAHUKALA HUCBUAW ~APAKAT

3.1-8 TANVWNEN ANTMAWTUPULLIAPY

HblOTOH MexaHMKacu acocaH «CeKuH» Xapakatnap (o<c; c—
EPYrNVKHUHI  Bywnukgarn Tes3nurn) mexaHvkacnamp. Wy Tydainnm
Xapakargarv XWUCMMapHUHI ynyamniapu Ba 6y Xxapakatnap coauvp
6ynaétraH BaKT oOpanrm MyTnak xXucobnaHagu, SbHU XUCMIAPHUHT
ynyamnapm Ba BaKT opaavirn ysrapmac 06ynmub, xapakaT Tesnurura
6ornuk amac peb kapanagw.

XMeMHUHI xapakaTumu ypraHuwga tokopuga (2.3-8) 6ms mHepuman
CaHOK Tu3uMungaH dorganaHrad sguk. Typam vHepuman CaHOK TU3nmaa-
pyaa 6upop MexXaHWK XOAUCAHVHI KaHAal KeyuwwnHW Kapab uJmkaniuvk.
MacanaH, 6upop Xucm (MOAAMA HYKTQ)HUHI XapakaTumu UKKUTa
vHepuyan K Ba K' [lekapT KoopguHaTasiap TusnMmaapuaa onnmé Kapanank.
Copgpanawtmpuwl makcagmaa Mmaskyp TUsnmMaap YKIapuHWHE dyHanmwn-
HM 3.1 -paemMga KypcatuaraHgek TaHnannmk (avHm X, Y, Z Ba X', Y', Z'
yKnapun 6up-6upura Moc pasuwpa napannen MyHanraH 6ynm6, dakart
A Ba X' yknap ycTMa-ycT TywraH Oy/ncuH)*.

By caHOK TusMmnapmgaH OvpuHW, macanaH, K TU3UMHM WwapTnun
paBuwaa Ky3ranmac geb xmcobnamnvk; UKKMHYM caHok Tmsmmum K' aca
6upuHuncura HucbataH OX
MyHanuwpga ysrapmac vn
Tes3nuk unaH Tyrpm YmM3unk-
nn xXapakat KunaétraH 6yn-

CcuH. PaBwaHkn, K Ba K'
nap wHepuuan caHOK Tu-
3uMmnapugmp. Mogamin Hyk-
TaHWHr 6y TusMmnapgaH
6upuparn, macanan K' garu
Xapakatu Mabnym OYJICUH;
Wwy  MOAOMA  HYKTaHWHK
K parn xapakatumu Tonain-
nuK, 6GolKaya aiTraHaa,
6vp uvHepunan TUIUMAOaH
VKKMHYMCUTa yTraHga mof-
ONA  HyKra KoopawHaTana-
PVHWHI  y3rapuwunHn aHuK-
navnuk. MacanaH, K' twu-

AKKON KYpPHHUG Typuwin yuyyH X Ba X' Yknap ataiina6 paempa Z yku WyHanuwmpaa
np-6upura HucbataH 6Up 03 CUMKMTUO KypcaTuaraH.
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3Mmura HMcbaTaH xapakatnaHaérraH MoAAmiA HyKTaHUHT 6upop nantaaru
KoopAauHatanapu X', y', r' 6ynca, yHUHr aiHu ywa nantgarn BasvsaTUHU
K cuctemaparn X, y, z KoopauHaTanapu opkanv mngoaanosun topmyna-
NnapHU TOMULL Kepak.

K' Tmaum OX #yHanmwunga yO Te3nuk 6unaH xapakaT/naHaéTraHu
Tydaiinu 6ownaHrny nant (/=0) ga K TU3MMHUMHI KoopAuHata 6oLwn
(O HykTa) K' TM3MMHMHI KoopauHaTta 6owwn (O' Hykra) 6unaH ycTtma-
yCcT Tywaan neb kabyn kunammi. VIXTnépuin t BakTga xapakatnaHaérraH
Mo4AMI HYKTa pacma KypcatunraHgek kaHganamp A xonatrga 6ysfcuH;
aiiHn naitga K' TU3MMHUHI caHok 6owun (O' HykTa) K HUHF caHOK
6owwura HucbataH x=vQ, y=y', z—Zz KoopguHaTanap 6unaH
aHVK/NaHyBYM HyKTafa ohnawraH 6ynagn (4yHkum 00' = vot). ®a3o Ba
BaKT Xakmparn HblOTOH MexaHMKacu TacaBByp/iapura Kypa Xap Mkkana
TM3Mga xXam BakKT 6up xunga Kedagu, sbHu | = t' 6ynagw.

PacMmaaH KypuHuWWYa mogauii HykTa (A) HUHP uxTnépuin t nantna
K cuctemagarn xonatu Kyhngarn myHocabatnap 6unaH aHUKNaHagu:

X=x"'-\-\Vot, y=y', z=2', /= /. (3.1)

Xy4au WyHUHTAEeK, MOAAMA HYKTaHMHT aliHn ywa / nantga K' tusmmgarm
xaratun Kynmpgarmvuya mndoganaHanun:

X'=x—vl, y'=y, z=2z2't'=1 (3.2)
(3.1) Ba (3.2) dopmynanap lanmnen anmMawTupuwaapm
nenvnagn. Fanvnei anMmawTpuwnapm 6upop nHepuman caHOK TU3uMunaa
XapakaTnaHaéTraH mogauii HykTa KoopAvHatanapugaH 6olwka nHepumnan
CaHOK TuaMmuaarn KoopguHatanapra ytuwra (t= |' BaKT y4YyH) WMKOH
6epagu.

WyHn Tabkugnaw no3vMmky, Fanunein anmawTupuwiapu y3yHInK
Ba BAaKT OpPaMKIAPUHUHI MYyTnaknurmn (ysrapmacnmru) xakugaru
HblOTOH MexaHuKacu TacaBBypJsiapura acocnaHaaw. byHpaai TacasByp
«CeKMH» xapakatnap, AsbHM V 0 6ynraH xannap yYyH Tyrpugup. «Tes»
Xapakatnapga (pe-TATMB MexaHukaga, VIl 6o6ra k.) Manuneii anmawTmn-
pvwnapun ypHuga JlopeHu, anmMawTupuwiapn KynnaHunaau.

Fanunen anmawTvpuwnapu xapakatnaHaéTraH Moaaui HYKTaHWUHT
6Mpop WvHepuMasl CaHOK TusnMugarun Tes3nurn bunaH 6owka wHepuwnan
TMauMgarn Tesnuru opacugarn 60rnaHvWHM Tonuwra MMKOH 6epaawn.
(3.1) ndoganapgaH BakT byiinuya xocuna atcak, K Ba K' cuctemanapga-
M mogauii HykKTa Te3NIMKNapuUHWHE Npoekuusnapyu opacugarn 6orna-
HUWHK TONTaH G6ynamMus (t= t' aKaHNUITMHW Ky3ga TyTamu3s):

dx dx’ , d . s -0 o\

N = —dt= dF + dt(Vot) = ~ + (33)

du dy' s dz dz' - ,on\
V>=1— 1341

6y eppa vx— df — moaanii HyKTa Te3NUIMHUHT X yKKa 6ynraH npoekuu-

acn: vx= @t = d~ — yHuUHr X' ykka 6ynraH npoekuwuscu (JT' Ba X' yknap

yCTMa-ycT TywraHanknapu tygannm vo= vx= v0 akaHauru abtmbopra
onuHAawn).
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(3.3) Ba (3.4) ndoganapHn ymymnawTupmo, ynapHu BeKTOp wakinga

Kynngarn 6uTTa TEHI/IMK opkanu wudoganawl MyMKUH:
Y= u'+ YO- (3.5)

By TeHrnuk HblOTOH MexaHukacupga Te3NMKAapHW Kywuuw
KOHYHWHW wndoganaign Ba Kyhnmgarnya TtabpudnaHagn: mMoaaui
HYKTaHUHr K caHOK TusmMmugarn Tes3nurn (Te3nNuK BeKTopu) YHuHr K'
manmparn Tesnurn 6unaH K' TM3MMHMHI K ra HucbaTaH Te3NUruHUHIK
BEKTOp WuruHgucura TeHr. MacanaH, fgapépary KeMaHWHI KUProkka
HUcbaTaH Te3NUrM YHUHI CcyBra HucbataH Te3nurn 6unaH CyBHUHT
KMPrOKKa HucbaTaH Te3NMKNAPHUHT BEKTOP MUIMHOUCUra TeHr.

Moaauii HyYKTaHUHT Te3NurugaH BakKT Oyiinya OfMHraH xocuna YHUHT
Te3NaHuWmMra TEHr 3KaH/AUTVMHU Haslapga Tytub, (3.5)Hn gudpepeHum-
annacak, Kyhiupgarura ara 6ynamms:

ékn
a=a' (3.6)

((3.3) Ba (3.5) topmynanapga cb= const O6ynraHu yyyH YHWHI BakKT
6ylinya xocmnacu Honra TeHr 3KaHAUrn y3-y3naaH paswaHaunp); 6y epga
a MOAAVIA HYKTaHUHI K TM3umgarn Tes3naHuUwuHW, a' 3ca YHUHr K'
TManmMparn TesnaHnwmnHn ndoganaign. femak, xamma xXnucmaap xap Xvn
MHepuman caHOK Tu3umnapura HucbataH 6mp Xwun Te3naHuw 6unaH
XapakaT Kunap 3akaHnap.

3.2-$. HUCBUWNNK MPUHUWMN. TANVAEA ANMALWTUPULLTAPUHWHT
NHBAPUAHT/IAPU

Okopnpga kentupunradH (3.5) Ba (3.6) TeHrnvMknapgaH KypuHUGO
Typubaukun, arap XX1McMm 6upop MHepuyan CaHOK TU3MMuga Tyrpu 4msmnkim
TeKMC xapakaT kunaétraH 6ynca (y = const; a= 0), 6y caHOK Tusnmmra
HucbaTtaH Tyrpum UYM3MKIN TeKUC Xxapakatga OynraH 6owka caHOoK
TM3uMmura HucbataH xam MasKyp >XXUCM TYrpu UM3UKAN TEKUC Xapakataa
6ynaan. Taxpubanap HaTwwxanapuHu ymymnawTupub, Fanuneii kyhinaa-
rM xysocara Kenagu: MHepuuasa CaHOK, TM3UMuaa yTKasuaraH MexaHuka-
BUI Taxpubanap BocuTacu 6unaH Maskyp CaHOK, TUSUMUHWUHE TUHY
TYPraHaMrmHn kM ryFpu  4YmM3uMKaM TeKUC X,apakat/iaHaéTraHanrmHu
aHvK,nab 6ynmangn. By TanunerlHMHr HUCO6UMWNUK Koumpgacwu
(npnHUunnNwn) peivnagn. MacanaH, KEMaHWHI mMungarn Kuwun kKema-
HUHT TUHY TYPraHaMrMHM EKn YHUHT TYrpu 4YM3UKNM TEKUC Xapakat
KNNAETraHINIMHN aHuknak onvangun. Xyaau WyHUHraeK Tyxtab TypraH
noess, BaroHVHWHI fgepasacujaH KaparaHnMH3ga 6u3 TypraH BaroH
topaétraHaeKk Tylnagu, BaxOflaHKM, Mabiym O6ynuuimya KyWHW Temup
mynparm noesg topa 6ownaraH 6ynub umkagu. by wkkm  muconga
HUCOMIANMK NPUHUMNKM HaMO&H GynasanTu.

bapuya wuHepuyan caHOK Tu3umnapuga 6up Xun COH KuihmaTtura ara
6ynraH kaTtTanuknap MHBapuaHT KaTTanuknap genvnagn («MHBapuaHT»
notnH4ya cy3 6ynunb «ysrapmac» pgemakaup). lOkopuga (3.1-8 pga)
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CYPAVIHKM, XapakaTgarn MOAOMA HYKTaHWHI WKKMTa WHepuman CaHOK
rmanmn (K Ba K') garm Teananuwimn 6mp xun, abHU a = a'. [lemak, mogauii
HYKTaHVHI Tes3naHuwun lanunei anmawTupuwnapmura HucbaraH nHeapu-
aHTAanP.

Moaauii HykTara TabCup 3TYyBUYM Ky4d y3apo TabCupallyByu MOAOMIA
dykTa (kmcm)nap opacuparn macogara (KalMWKOKAMK Kyynapu Ba
ropTUMLL  Ky4niapw), YynapHWUHI HUCOWMI Te3nuknapura (MWKanaHuil
<yunapu) 60rnuMkK. HbOTOH MexaHukacupga 6y Macodanap Ba HUCOMIA
resnuknap 6apya nHepuman caHOK TM3uMnapuaa ysrapmac xmcobnaHagu.
LUYHWHT yuyyH 6up MHepuman TU3MMOAH WKKUHYMCUra yTunraHga moaami
HyKTara TabCup 3TyBUYM Ky4Y Xam y3rapuwicus konagu. [emak, Kyy —
Fanuneii anmawTupuwnapura HucbaraH wHBapuaHTAup. LWyHWHrAaek,
Macca xaMm 6apya nHepunan caHOK Tusmmiapuaa 6up Xun CoH Kuiimartura
ara (T =T"), AbHM XMUCM Maccacu Tlanuneii anmawTupuwnapura
HucbaTaH MHBapuWaHT KaTTanukaup.

Mabnymkun, GU3NKaBuii KOHyHNap Xap Xwun KaTTaJIMKNapHUHT
nMKgopuii myHocabatnapu tTapsmga ndoga KuamHagn, sbHU 6y KOHyHNap
MaTemMaTukaBuii hopmynanap opkanu &3unagu. bup wnHepuman caHOK
rM3nMmMgaH MWKKUHYMCUra yTunraHga MmyansaH (usnkaBuii KOHYHUATHWU
ngoganosum TeHrnamara Ternwnu KaTTalIMKNapHUHE  KuiimaTtnapu
y3rapcaga, YHUHI YMYMU KypuHUWK y3rapmaca, byHgam TeHrnama
KapanaétraH anmawTmpuwnapra HucbartaH MHBapwaHT Aelivnagu.

K Ba K' wuHepuyman caHOK Tusumniapmga a=a', T =T' Ba
F=F' 3kaHMHM 3bTubopra oncak, HbLITOHHUHI WKKUHYA  KOHYHU-

HUHI MasKyp CaHOK Tuanmiapugarv wudoganapu 6vp xun 6ynuwnHun
Kypamus: K Ttusnmpga

F=rTa

TEHINK ypuHAu 6ynca, K' tnsammpa
F'=rTa’

TEHrNUK  ypuHan 6ynagn, sSbHM O6Mp  WHepuuan CcaHOK TuU3MMuaaH
UKKUHYMCUTa yTunradHga HbIOTOHHUHE UKKUHYN KOHYHW Y3 KYPUHULLWNHWA
y3rapTmpmMac 3KaH.

Jemak, ANHaMUKaHWUHI acoCUi LOHYHU [anunen anmawtupuwnapura
HucbaTaH WMHBapWaHTAMP.

lOkopuga aTunraHnapHu ymymnawtnpun6, FannnemHuHr HUCOMnnK
MPUHUMMUHN  KyAngarmya Tabpudnaw MyMKUH: MeXaHuKa K,OHyHnapu
6apuya VHepuuan caHoK, Tu3umaapuga 6up xun mndgoganaHaau.

3.3- 8 HOVMHEPUWANT CAHOK TU3IUMNAPU. NHEPLINA KYUYNTAPU

Xo3upraya 613 MexaHHKaBWUIl XapakaT/napHu ypraHuwga uHepuman
CaHOK Tu3umMnapuaaH oiiganaHavk. lOkopuaa aiTné ytunamkm, HotoToH
KOHYHMIapU VHepuMasl CaHOK TU3MMaapuaarvHa ypuHnuanp sa Fanuneii-
HUHF  HUCOUMIANMK MpUHUMAMIA acocaH WHepuuasl CaHoK TUsMMuaa
yTKasunaauraH Kkysatviwiap épgamMmaa MaskKyp CaHOK TUM3UMU  TUHY
TYPraHAurnHu Ekn TYrpyu UYM3UKAN TEKUC XapakaT KUNaéTraHnnrnuHun
aHukna6 6ynmaingu. TabuaT xoaucanapvHi ypraHvga VHepLuman caHoK
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TM3MMnapura HucbataH TesnaHvWw 6uiaH XapakaT/aHaéTraH CcaHOoK
TU3MMIapM XaM KyfnnaHunagu.

Bupop wHepuman caHoOK, TuU3MMUra HucbaTaH Te3naHuw 6GunaH
Y%apakaTnaHaéTraH TU3MM HOWHepLMan caHoK, TU3UMK Aeinnaau.

WHepuman caHOK TuU3uMIapuga XUCMHWHI Te3naHuw 6unaH xapa-
KaTMaHULWWHUHT cababumMcy — yHra TabCup 3TYBUM TallKW Kyuaup, SbHU
6y caHOK TM3MMIapuaa Xucmra 6uMpop 60LlKa XUcM 6eBocuTa Tabcup
aTcarMHa y TesfnaHuMWw 6unaH xapakatiaHagu. HouHepuuman caHoK
TM3UMMIapUaa 3ca XUCMHUHI Te3NaHHLWra 3puwuvil TabruaTtu Golukava-
OMp; XucMra 6olwka 6Upop XucM 6eBocMTa TabCUpP KUIMaraH Xonaa xam
Ma3Kyp CaHOK TU3MMWHUHI XapakaT XOoMaTUHU Y3rapTUpULL oOpKain
XUCMra Te3naHuww 6epull MyMKVH.

©
M
N\ > &£
(3]

) o. X

HounHepuwan caHOK TM3MMAapu Xakugarun TacaBBYpPHU OWAMHNAWTN-
pvw makcagunpa K Ba K' caHOK TM3uUMIapuHM oMb Kapannmk. K caHok
Tm3anmn Ep cnptm 6munad 6ornaHrad 6ynmn6, y K' ra HncbéataH TUHY TypraH
6yncuH, K' caHOK TU3UMWHM 3ca TeMUp Kyn BaroHn 6wunaH 6ornaiinmk
(3.2-pacm). Maccacm m 6ynraH MeTalal LWapya MUHrnMyka wun 6unaH
BaroHHWHr wunura (M HykTara) ocunraH. flactnab saroH K cuctemara
HucbaTtaH y3rapmac Vo Te3nukK 6unaH pacMpa KypcaTtwiraH WyHanvwpga
TYrpyU YM3NKNU XapakaT KunaétraH OyncuH.

WapyaHnHr xonatMHn K Ba K' caHOK Tusumnapmupa TypraH WKKU
Ky3aTyBuM (BaroH uuMgarn Kuwm Ba Temup nyn EHuparn KuLWn) HUIoXu
6unaH KysaTtamsmk. BaroH Tyrpu Ynsmknm TeKUC XapakaT KUNaéTraHamrm
ca6ab6nn K Ba K' caHOK Tusammnapugarn Ky3aTyBUMNapHUHT UKpKU aliHaH
6up Xun 6ynaaun: wapya y3HUHT TUHY XONaTuHW caknasnTu — y ocuiraH
un TUK xXonga Typubéan (WwapyaHUHI OrUPANK KyYn WMNHUHT TapaHrivk
Kyun 6unaH myso3aHatganup). PaswaHkm, 6y xonpa nkkana (K Ba K')
TU3UM UVHepUMan CaHOK Tu3umiapu 6ynmé xusmaTr Kunagu.

Tekunc xapakatga 6ynraH BaroH aHOU TE3/INMTMHU KECKUH Y3rapTUPCUH;
hapas Kunannmk y Te3/IMMMHN KECKWH KaMalTUPCUH. BaroHHuHr 6y
namTaarn xapakaTu TeKUC CEeKMHNaHyBYaH XapakaT 6ynraHum Tydannum
Yy VO ra Teckapu WyHanraH TtesnaHuw (—an) 6unaH xapakatnaHagu.
OonHoGapuH, K' TM3MM 3HAN HOMHepUWan CaHOK Tusnmu 6ynub konaw.
K Ba K' caHOK Tusmmnapuga Typm6 wapyaHUHr XonaTuHU Ky3aTyBumnap
SHON VIKKM XU MaH3apaHu kanpg atagunap. Barongarn (K' tmsnmparu)
Ky3aTyBUMHMHI HYKTaMm Hasapuuya llapya pacMpa KypcaTuaraH KyHa-
nmwpga a'0 Te3naHUW 6GuNaH xXapakatra Kenagu. Temup Wyn éHupa
(K Tmanmpa) Typrad KysaTyBuura Lapya Y3MHUHI TEKUC XapakaTuHW
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[aBoM 3TTMpaéTraHAek, BaroH aca wwapyara HucbaTaH Yy3VHHHI aBBanru
TE3/INMVHU y3rapTupub, opkaga KonaéTtraHaek 6ynm6 Tywonagu. LWyHpan
knmb, K Ba K' Tusumnapmpary UWKKM - KysaTyBuMra anHaH 6up
MeXaHMKaBUil xoguca Xap Xun HaMoéH Oynaau.

Jemak, HouHepuman caHOK Tmaumnm (K' Tuaumm)ga wapya TesnaHuLl
6unaH xapakatnaHagm Ba 6y Te3naHuw K' caHOK TU3SUMUWHUHT
Te3NaHuWnMra CcoH XuxatgaH TeHr Oynmb6, KWyHanuw 6yinya  YyHra
Teckapuaup:

a'= —do. (3.7)

KentupunraH mynoxasanapgaH 6u3 Wy Xynocara KenamusKku,
wapyara 6owka Xucmnap TabCcUp KunmaétraH 6yncaga, y K' caHok
TM3MMAaa KaHgamgump TalKku Kyd Tabcmpupa do TesnaHuw  6unaH
XapakaTtra kenagun. by Kydy K' caHOK TUSUMWUHUHI K caHOK Tusumwura
HucbartaH Te3naHyBYaH WArapunaHMa Xxapakatu Tydahinm Byxyara
Kenagnm Ba y «ogargarm» KydynapgaH apk Kkunaauv; 6y Kyd MHepLms Kyym
aeninnagwn.

ViHepuusa Kyuynapu alHuKca ainaHma XxapakaT KWiaéTraH >XUCM
6unaH 6ornuk 6ynraH caHoOK Tuanmaapuga HamoéH 6Gynaamn, 4YyHKU Xap
KaHOal ainaHMa XapakaTga Mapkasra WHTUAMa TesfaHuw MaBXyg,.
BuHOGapuH, Te3naHMW 6uNaH XxapakaTnaHaéTraHauknapu Tydanam
OyHOalh caHOK TM3UM/Iapu HOMHepuuvan CaHOK TU3uMIapuavp.

3.4-%. WVITAPUNAHMA *APAKAT KWJAETTAH HOWHEPUWMANT CAHOK TUIUMUAA
NHEPLUWNA KYUYNAPWU

NnrapnnaHma xapakaTaarv UHepLuus Kyunapu KyHAaIMK XaétumMmnsga
Kyn ydpa6 Typaau. WynosumnapHu Tawysum BoOcuTanap (aBTobyc,
TpamBaii, Tponneiibyc Ba X. K.)Aa coaup O6ynaguraH XoguvcanapHu
Ky3aTraHnmm3ga mHepuusi Kyunapu 6esocvTa HamoéH 6ynaaun. MacanaH,
6upop y3rapMac Te3/IMK 6unaH KeTaéTraH aBTOGYC Y3 Te3/IMIMHU KECKUH
owmpca MynoBumnap MHepuUs Kyuun Tabcupupa opkara Tucapunagunap
Ba aKCMH4Ya, aBTOGYC Y3 TE3/IMMMHU KECKMH Kamalitmpca (kv 6uppaaH
TyxTaca) ynap unrapura TOMOH WHTWAagunap. Wynoeunnapra Taboup
3TaéTraH Kyy — aBTO6yc 6unaH 60ornaHraH HOVHepLMas CaHOK TU3UMU-
HUHF Te3NaHyBuYaH XxapakaTu Tydalinm ByXyAra KenaéTraH WHepuus
Kyunaup.

lOkopupga (3.2-pacMm) 3UKP KWIMHFaH Muconga liapyara Tabcup
3TyBYM Kyd wArapwiaHma xapakaTnaHaéTraH HovHepuuan CcaHoK
TM3UMMAA BYXYAra KenaauraH WHepuus KyuynapuHUHT HaMOEH Gynuiin-
OUp. VHepuusi KyulapUHWHE >KMUCMapra TabCUPUHUHE HaTuxanapu
amanga maexypn 6ynraHnuru tydaiinu ynap tabuatga mMaexyn Kyunap
ne6 kapanaaw Ba 6y Kyunap hakaT HOMHepuuan caHOK Tu3umiapugaruHa
MaBXxyaaup.

Busra MabayMKu, >XUCMAApPHUHT 6up-6upura Tabcupu Tydannm
BYXyZra KenaguraH Kyudnap HbIOTOHHUMHI WKKUHYA KOHYHU 6GunaH
noganaHaam Ba 6y Kyunap MWHepuuMas CaHOK TU3MMUTa HucbaTaH
aHuKnaHaau. HowHepuuwan caHOK Tu3MMIapuaa, YMymaH ofnraHpaa,
HblOTOH KOHyHMapu 6axapunmainaun, YyHKM 60LiKa XUcMra Kyiunrad
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aKkC TabCUpP Kyunm MaBXyn 6ynmanaun. JIEKUH XUCMAApPHUHT 6up-6upura
TabCUMp Kyunapu 6unaH 6up Katopaa UHEepLMs KyuynapuHW Xam y3uaa akc
STTUPYBYM UdofdaHN HBIOTOHHUHT MKKMHYM  KOHYHW Tap3uga é3uw
MYMKVH. LWyHaam KkKnnmb, HOMHepuman caHOK Tuaummaa HbHOTOHHUHT
WKKWUHYM KOHYHWU KyWhungaru KypuHuiwra ara 6ynagw:

ma=F+Fm, (3.8)

06y epga F— XUCMMIapPHUHT 6Up-6upn 6uNaH ysapo Tabcupwu Tydainum

MasKyp JKMUCMra TabCUp 9TyBUM «OAaTAarv» KyulapHUHI  BEKTOp
nurvnHavew; F,,, — MHepuusi Kyunapu; a' — MasKyp XWEeMHUHT F Ba

TT Kydynapm Tabcupmnga HOUHepuMasn CaHOK TumdnMunga apudraH

TesnaHuwu. WyHM anoxmpa TabkuAanaw Jf03MMKWA, WUHepuus Kydnapu
(Fm) HovHepuman caHOK TUBMMWHWHI WHEpUMasT CaHOK Tuanmura

HucGaTaH Te3NaHUWM XapakaTu 6unaH aHuMKnaHagu. Y3apo Tabcup
Kyunapu (F) aca MKkKana CcaHOK TM3UMKAA XaMm 6Up XUngup, SbHU

f = mu, (3.9)

6y epaa a — XWEeMHUHT VMHepLuuan caHOK TU3uMura HucbaTaH TesnaHuwm
6ynn6, MasKyp XuUcMmra 6olKa >KUCMIApHUHT GeBocUTa TabCcupwu
HaTwkacuaup. (3.7) wdogara acocaH HOMHepUMan CaHOK TuU3MMKAA
XUCMra TabCup 3TYBYM MHEpUMs Kyun Kyhngarmya udoganaHagu:

Fm=m a (3.10)

By Ky4YHW HOMHepuman CaHOK TUSUMWUHUHI Te3NaHULWN OpKaun I/I(*)O,El,aﬂa—
cak, Kyl7ll/l,qal'|/| KypunHuuira kenagu:

, = — M™Mch- (3.11)
By wudopagarn maHhuUA wuwopa wWHepuMs Kyuynm HOMHepuuman CcaHOK
TUBUMUHUVHI Te3/MaHWW BEKTOPW WyHanuwmra kapama-kKapluy TOMOHra
WyHanraHNUruHu eunngmpaau.
(3.8) Ba (3.9) TeHrnuknapgaH VHEPLUMS Kyuun yYyH Kynngaru ndogara
ara 6ynamms:

Fm= m(a'—a). (3.12)

Arap HOuMHepuMan caHOK Tu3uMunaa ysapo 6up-6vpu 6unaH Tabcmpna-
WyBYM Xucmaap bynmMaca €ku TabCuMp 3TyBYM Ky4ynap y3apo MyBO3a-
HaTnawea (= 0Ba a= 06ynca), a'= dobynuwun paswaHanp, y xonaa
06= —aoTeHr/InKKa ara 6ynamns, 6y aca (3.7) 6unaH Moc Tywlaau: SbHU
KapanaétraH xucmra 6owka xmcmnap 6esocmTa TabCcMp aTMaca MHepuus
Kyun (3.10) copmyna Tap3uga udoganaHaaun.

Te3naHnw 6unaH xapakaTnaHyBun nutgarm ogam TOMOHUAAH
Tar/inkKa TabCup 3TYBYM OTUPAUK Kyun NNAT KyTapunaérraHmaga optvuwm
(«cyHBUIA  Oorvpnawuw»), AT TywaéTraHga sca Kamahiuwum Kabu
xogucanap Xam MWHepuus Kyuysiapu acocuga TywyHTupunagu (Xycycad,
AT nactra TOMOH a = g Te3/NaHuwWw 6unaH Tylea «Ba3HCU3NMK» XONatu
to3ara kenagwu).

MHepumna KyUYNapUHUHT Kyhingarm XyCyCUATNapPUHN
Tabkngnab yramms:
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1 WHepumsa Kyuynapu >XUCMMNAPHWUHI y3apo TabCUpWU HaTuxacuga
nac, 6anky caHOK TU3MMWHWHI Te3NaHuWM XapakaTu HaTwkacuga
yXyara kenaaw.

2. 'Hepuma Kyunapu Xap XwWn HOMHepuuas CaHOK TUsumiapuga xap
wnavp, AbHU 60lWKaya Te3naHuw 6unaH XxapakatnaHaétraH TusnMmra
rmuga uvHepums Kyunapu xam ysrapagu. VHepuus kyunapw 6yHpaal
TUWra HucbaTaH MHBapuWaHT 3amac.

3. VHepuua Kyunapy HbHOTOHHUHE YYMHYM KOHyHUra 6\McyHmanau,
BHU GUPOP XUCMra MUHepums Kydu Tabcup KunaétraH 6ynca, 6ouwka
cucMra KymmaraH akc TabCup Kyuu Maexyn 6ynmaigwn.

4. NHepums Kyunapu XUCMHUHI Maccacura MmyTtaHocm6 6ynun6, 6y
ycycga ynap rpasutaumsa (OrMpnnk) Kydnapura yxwawauvp.

35-$. MYT/IAK XAMAA HUCBEUN TE3NINK/IAP BA TE3/NIAHULIAP

Xap KaHgan xapakaT HUCoui 6ynraHnmrun Tyainm XUCMHUHT 6upop
anTtparn asogarn BasuATM  WapTAM  paBuwga  Kysranamac aeb
ncobnaHraH 6owka 6Mpop caHOK TU3nmMura HucbaraH aHmknaHagu. Xap
aHOal xapakaT Hucbwuii 6yncaga, HOMHepuuan CaHOK Tu3MMaapuaaru
apakatnapHu ypraHuwga «Mm yTn akK XxapakaT», «MyTnak Tes3-
MK»Ba «MyTnakK Te3naHWW» gerad WwWapTaM pasuwga KUpUTUIraH
ywyHyanapgaH conganaHunann.

Bupop UXTUépuii  TaHnab

OJINHraH CaHOK TU3UMWUHN

Ky3raamac pAeb6 xucobnab, yHu

K 6mnnaH 6enrnnannuk

(3.3-pacwm). By Tusumra_Hwucba-

TaH K' TM3mm y3rapmac a Tesna-

HUW 6unaH A' yku yHanuwmga

XapakaTtnaHcuH (3.3-pacmpa7 Ba

Z' yknapwu KypcatunmaraH). PaB-

waHku, K UHepuuan, K'—

HOMHepuWan CaHOK TuU3numnapu-

avp. XapakaTnaHyBYM CaHOK TU-

3VUMUHUWHT Ky3rajmac CaHOK TU3un-

Mura HucbartaH xapakaTu Kyyup-

33pacm Ma yapakaT geinnagn. K' caHOK

Tmammmnga A XUCM TUHY TypraH

,0N4a Xam Yy Wy CaHOK TU3UMUHUHI K CcaHOK Tusumura HucbaTaH

lynraH xapakatnga kaTtHawagu. XWUCMHUHI Oy XapakaTu Kyudmpma

apakat 6ynagum Ba Tabuuiiku, XUCMHUHI K' Tusumura HucbartaH

,apakatn Hucobuin yapakatgump. XUCMHWUHI HUCOMA Ba Ky4dupma

;apakaTt/iapy  YHMHI MyThnakK XapakaTUuHW  Tawkua  Kunaaw;

loWwKaya amTraHaa, XUCMHUHE K TM3umra HucbataH XxapakaTu wwapTam
>aBulga MyTnak xapakaT gennnag.

PacmpaH KkKypuHu6 Typubaukm, K Ba K' Tusmmnapra HucbataH
xapakaT/iaHaéTraH A XWUCMHUHI UXTUEPMIA t naiTaarn KoopguHatanapu
>pacugarn 6ornaHuw Kyniugarnya 6ynagu:

(3.13)



1

XncMHuUHr K Ba K' Tmsumnappgarn Tesnmknapu opacugaru 6orna-
HUWHX Tonuw y4yyH (3.13)gaH BaKT Oylnuya Xocuna onamus:

dx __ dxu . dx’ dy __ dy' dz __ dz'
~df ~dt * dt’ It ~ dt° dt ~ dt -

6y epaa =vx dj~=vlx ~-=vx by udopanapaaH

vx= viX+ vX v4—vVv4 v2= v2

3KaHMUTU Kennb unkaaun. by TEHIIMKNAPHU XaaMa-Xxag, KyLWno6, HaTvKaHu
BEKTOP KypuvHULWIAA E3cak,

v = vO-\-V' (3.14)

6ynaan, 6y epga v — MyTNnak Te3nuk, yO— Kyumpma Te3nnK, U' — HUCOUIA

Te3nuk. Oxupru dopmynagaH KypuHuU6 Typubankn, MyTnak Tesnuk

Kyunpma Te3nMK 6unaH HUCOUIA Te3NMNKHWHI AUrHaucugaH unbopar.
(3.14) ndopanaH BakT bylinya xXocuna osicak Xapakatgaru XUCMHUHT

MKKasla CaHOK Tu3mMmgarmn Tte3niaHnwnapun opacungaru 60ornaHunLWLHN
TOoNnamMmms:

dv__<4 . dv'
dt ~ dt ir .
KU
d=da+a’, (3.15)

6y wudogagarm a — MyTnakK Te3naHuw, ao— Kyuynmpma TesnaHuw
nenivnnagn. [emak, MyTnak Te3naHUW KyuyMpma Ba HucOuiA Tesna-
HULWAAPHUHT UNTUHOWUCUTA TEHT.

(3.15) copmynagaH a’—a= —a0 skaHAUrn kenub uyukagn Ba 6y
TeHrnmkHu (3.12) udpogara kyincak, K caHOK Tusmmura HucbaraH Tyrpu
Ynsnk bynnab xapakaTnaHaéTraH HOMHEPLUMaT CaHOK TU3nMmMaa UHepuus
Kyuyn Kyhmgarmra TeHr 6ynaawu:

FHE= m(a'—a) = —Tal
ONMHraH HaTMXaHW BeKTop Llaknuaa éscak, y
Mm,= —Tu (3.16)

KypyHUWIra 3ra 6ynagu, sbHU 6yHAAH WHepuus Kyunm HOWHepLuma
TU3UMHUHI KyyMpMa TesfaHuMwura HucbataH Kapama-Kapliv TOMOHra
MyHanraHnUrMH1 Kypamus.

3.6- 8 ANNAHYBUYN CAHOK TU3INMUAA WHEPLNA KYUYU. KOPUOJIUC KYUU

Xap KaHpalh alnaHma xapakaTga Mapkasra WHTUAMa Tes/aHuLl
MaBXxyn, wy cababnn anaHma xapakaT 6unaH 6ornaHraH caHoOK TU3MMK
HOVHepumanamp. AWNaHyBYM CaHOK TU3UMWAArM UHepuus Kyunapwu
Xakupa TacaBBYpP XOCWUM KWIWLW Y4YyH Kyhugarn KypuamaHu onmbé
Kapaiinuk. TuUK yKKa ypHaTwiraH TaékyaHuHr M Ba N HykTanapura
MHrMYyka un opkasin A Ba B metann wapyanap 34- pacmaa Kypca-
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TWAraHgek ocuiraH. Taékya TUHY Xonatga O6ynraHuga Lwapyanap
ocunraH un TUK xonatpa 6ynaan (MNAapHUHT TUK XOMaTh y3yK Yynsnmap
6unaH KypcaTunraH) Ba Xap OUP LWapyYaHWUHI OrUPJMK Ky4u WMHUHT
TapaHrIMK Kyun 6unaH MyBO3aHaTnawagH. 3HAM TaékyaHu YHra Tuk
MyHanraH Ba yHWHI ypTacupaH yTyBuM Z yKu aTpodmaa 6upop <obypuak
Te3nnk 6unaH anaHma xapakaTtra Kentmpannuk. Tabuniiku, Taékya
6unaH wapyanap xam Z yku atpodupa ainaHma xapakatra kenaau Ba
HaTuXaja wapyanap ynap ocuiaraH vn 6unaH 6upop 6ypuyakka oragw.
AlnaHuw xapaéHunaa xap 6up wapya paguycu R 6ynraH annaHa 6yinab
XapakaTt Kunagu.

VHepuman caHOK TusmMmuga (macanaH, Kypuama éHmgarn KysaTyBuu
Hasapuya) xap 6up wapya R paguycnm anaHa 6yiuya XapakaTnaHa-
ANTM Ba y Z yKM atpodmpa

(3.17)

ra TeHr Mapkasra MHTUAMa Te3naHuw 6unaH alinaHasanTtun (6y opmynaga
V= WR akaHnuru kyspa TtyTungu), 6uHobGapuH, Lwapuyara

(3.18)

6ynraH Mapkasra MHTWIMa Ky4 TabCcup 3TasnTu (6y Ky4y LWap4yaHUHT
yeTnaHUWN RyHanuMwmMra HucbataH Kapama-Kaplwm WyHanraHn YuyH
MaH(uin uwopa kKyihinnagu]. 3.4, 6-pacmgaH KypuHM6 Typmbauvku, 6y Kyd
WUMHUHT TapaHrAvMK Kydin T 6unaH wWwapyaHWUHI OrMpavMK Kyum P HUHT
TEHr TabCup 3TyBYMCUAUP:

F=P-\-T.

YeTtnaHuw 6ypuyarn F Ba P Kyunap 6wnaH Kyhimpgarnya 6ornaHrax
(3.4,6- paem):



ABbHW LWapyanapHUHT orvw éypyaru 6ypyak TEe3/IMTMHUHI Ba YNapHUHT
alnaHuw paguycMHWUHI OpTUWK 6unaH opTu6 6opaawn.

AlinaHyBuYM Kypunma 6unaH 6ornaHraH HOMHepuuyan CcaHOK TusnMmga
(Tu3nm 6unaH 6upra arnaHaéTraH KysaTyBYM Hasapuua) lapyanapra
KaHOananp Kyd Tabcump 3TasanTu Ba 6y Kyy Tabcvpuaa ynap a bypuyakka
yeTnaHaanTu. Tabcup aTaéTraH Kydy alinaHuw ykugaH paguyc 6yinab
Talwkapura iyHanraHaurm Tyainm y mapkasgaH KouymMa UHep-
una Kyuyu genAnnagw.

MapkasgaH kKouma uHepuusa kKyun (FW) cOH xuxatgaH Mapkasra
nHtunma (F) Kydra TeHr 6ynm6, MyHanuwum >XmxaTgaH YHra kapama-
Kapwuanp (3.4, 6-pacm):

Flk= m(@aR. (3.19)

WyHpah knamb, alinaHyBuM CaHOK TU3MMMAATM XUCMra Tabcup
sTaguraH mapkasfaH Kouma WHepuma Kyuyn >KMUCMHUHI Maccacura,
anaHaéTraH KypuaiMaHuHr 6ypyak Te3NMIMHUHI KBagpaTtwura Ba alina-
HUW paguycura myTaHocmbamp. MapkasgaH KoumMa MHepuus Kydnapu
hakaT HOMHepuuan CaHOK TuaMmnapugarnHa maexygaup. WHepuman
CaHOK Tu3MmMnapuga aca 6byHpan kyunap Myk.

Arpu u4n3nknn TpaekTopusa Oyiinab xapakatnaHaéTtraH Tu3MmAaru

XMCMra xaMma BaKT MapkasgaH KouMa WHepuus Kyuynm TabCup 3Tagu.
MacanaH, 6upop Te3nnkK 6unaH xapakaTnaHaéTraH aBTOOycC Ekn 6ollka
HakIMéT (TpaHcnopT) BocuTanapugaru iynosumnap 6ypunuil xolinapu-
[a ynapra kaHganomp Kyd Tabcup 3TaéTraHumHm xuc atagunap Ba 6y Kyu
TabCcupu octnaa ynap 6ypunuwra HucbaraH Talwkapy TOMOHra oragunap.
Kyprasmanun yunwnapga ydyysumnap ykka (ropu3oHTra) HucbartaH TUK
XoWnawraH ainaHa waknugarn TpaekTopua 6yinab  ydraHnapuga
ynapra mapkasfaH KoymMa WHepuusa Kyuynm Tabcup 3tagm Ba 6y Kyd
Tychavinm ynap annaHa wakamgarn TPaeKTOPUSHHHE  3HI  IOKOpU
HyKTacuga yTuvpraH >oigaH nactra TOMOH Tywm6 KeTmaligunap
(TPAEKTOPUAHHHT 3HI OKOPM HyKTacupa y4yyBuun-
HUHT 60wn HacT (Ep) TomoHaa 6ynagwn). dazoBuii
kemManap Ba EpHWHr cyHbuid iiyngownapn Ep
aTpodmaa arnaHara SKWH TpaekTopus 6yinab
xapakatnaHagunap. ®a3oBuii kemanapHUHI xapa-
KaT Tesnuknapuga asornpiapHUHr OrMpAnK Kydu
MapkasfaH Kouma MHepLusa Kydn 6unaH TeHrnawa-
0N Ba ynap «BasHCU3MUK» Xonatupa 6ynagunap.
Mapka3gaH KoumMa MWHepums Kydynapwura pgonip
6yHOa MUCOMMapHU Kynaab KenTupuw MyMKUH.

B3 awab TypraH Ep xam ailinaHyBum caHOK
TM3NMUAMP; Yy 61Up Keva-KyHAy3 gaBoMuga y3 YKu
aTpohnaa 360° 6ypuakka 6ypunagun. Ep cuptnga
TypraH xap 6up »xucm Ep 6unaH 6upra arnaHma
Xapakatga kaTtHawagu. EpHUHI y3 yku arpodmga
anaHMWnHW Hasapga TyTcak, YHU HOWHepuual
CaHOK TU3NMKN feb Kapanagw Ba YHWHI cupTugaruv
Xucmnapra 3.5-pacmga KypcaTuaraHgek mapkas-

JaH Kouyma WHepuua Kyym Tabcup 3atagm (UHep-



UM Kyuylapu >KMCMapra Tabcup 3TyBUM TallKW Kydynapra Huc6artaH
Xucobra ofiMacnuK gapaxaga Kuumk 6ynraH xosnnapgarvHa Ep 6unaH
6ornaHraH caHOK TU3MMUWHWU WHEpUWan CcaHOoK TU3MMU _ g6  Kapa.ll
MYMKWH). HaTumxaga GU3HUHI Tapo3unapumui pacMmaaru PO orupamk

Kyun ypHUra Pv Oorvpnmk KyuyvHW Kypcatagu. EpHUHI y3 yKu aTpodmga

arnaHnwn 6unaH 60rnuk GynraH MapkasgaH Kouma THepuus Kyuu
(F,K) 6unaH g KeHrnukgaru XWemHUHr orvpsvk Kydm (Pd) HuHr Bek-

Top WurmHamcu PO BekTopra TeHr (3.5-pacm):

Xncobnawnap wyHn kKypcataguku FHK Kyd Pura Huc6aTaH Xyha KN4unk

3KaH. XakumkaTtaH xam Ep y3 yku atpodumpaa W 6ypyak Te3numk 6GunaH
alinaHaétraH 6ynca, wmaccacu T GyfnraH >XWCMra TabCuUp 3TyBuUM
MapkKasfaH Kouma WHepuusi Kyuu Kyiupaarvra TeHr:

Frk— TwW2r = 1w 2 cos q@ (3.20)
Ep mapkasura myHanraH OrupanK Kyuwu:
Po= mgOQ.
OXMPIrn UKKN TEHTNIMKHUHT HUc6aTtun

MK _ TW?2R cos ¢ __ 0j2/?cos p (3 21)
>0 T& So
(3.20) dhopmynagaH KypuHuU6 TYpmnbamku, FKK akBatopga 9SHI KatTa

(co8th=1) kumiimaTtra ara 6ynub, Kyt64a 3ca 6y Kyd Honra TeHr. Yprta

KeHrnuknapna o= 45° pe6 xwucobnab, (3.21) dopmynara o, gn,
X F I
R napHuWHr KuimatnapuHu Kyncak o ra TeHr 6ynagu, sbHu F.*

4uu
Ky4 Pn HMHr 0,25 dhomnsnHm Tawknn atagn. lemak, EDHUHT y3 yku atpodu-
na alinaHvuwmn Tydanam XXNCM OrMprMK KyYMHUHT Yy3rapuwin xyga KU4mk
3KaH.

Bn3 tokopmnga arnaHaétraH CaHOK TU3MMMAA TUHY TypraH Xucmra
TabCMpP 3TYBYM MapkKasgaH Kouma WHepums Kyynapu 6unaH TaHuWauK.
Arap Xucm Wy annaHaéTraH TM3numMra HucbataH xapakatga 6ynca, yHra
MapKasfaH KouMa MHepuusa KyyngaH Talwkapu fiHa KywumMya Kyy Tabcup
atagn. by kydyra Kopuonuc kKyuum ékn Kopumonmc wuHepuusa
Kyun pgehinnagn. Kopumonmc Kyuum 6unaH TaHUWWW YYYH Kynugaru
KypunmMaga Taxpuba yTkasanauk: ygk Tekucamruga (ropusoHTtan)
ypHaTuAraH AucK onanuk Ba y TUK WyHanuwgarn Z yK atpodumpa
ainaHa onevH. flactnab Anck TMHY Xcnatga 6yncuH (3.6, a-pacMm); YHUHT
MapkasungaH O6upop wapyaHu y Te3nuk 6unaH OB paguyc 6yilinya
MyHanTupcak, Tabuuiikn, y paguan uum3uk 6yinab xapakaT Kunauo,
B HykTara kenagu. 3HAM OUCKHWU Z YKN aTpodumaa a>0ypyak Te3nuk bunaH
3.6, 6-paempa KypcatuiaraH hWyHanuwpga annaHma xapakaTtra kentupa-
Mu3. Y xonga wapya OC arpu unsuk byiinab xapakaT kunmnb, B HykTara
amac, 6ankum C HykTara Kenagu, wy 6wunaH 6upra y auekka Huc6aTaH



6
a 36-pacwm

y3 Te3nMrn ihyHanuwuHn Xam ysraptupagu. AnnanaétraH guck 6unaH
6ornaHraH HouvHepuvan Tusumga (Y Tm3nMparn KysaTyBuM HyKTaum
Hasapuya) lwapuyara Vv BekTopra TWUK WyHanuwpaa KaHgaigup
FK Ky4y Tabcup ataantwu.

VHepuman caHOK Tuammuga (AUMCK éHmga TypraH KysaTyBuwu
Hasapuya) wapya OUCK TUHY TypraH xongarn kKabu Tyrpu 4nsuk byinab
XapakaTtnaHaantu, QAMCK 3ca LlapyaHWHr aBBasrnm TpaeKkTopusacura
HuUcbaTtaH cumKMAW, AeraH HaTuxa Kenmb umkagw.

HouHepuwan caHOK Tu3umMmga Lwapuara
rabcup 3TaértraH Ky4YHUHI TabuaTMHW aHWK-
naw makcaguga wapyaHu TYrpm  UM3uK
6yiina6b (OB pagwuyc 6yiinab) xapakatna-

HUWIra Maxoyp Kunamnmk. ByHUHr yuyyH OB

6yiinab Tycuk (gesopya) ypHaTamamk sa 6y

Tycukya Tydannm wapya Auckka HucbataH

OB 6ynnab v Te3nuk bunaH XxapakaTt/saHa-

étraH 6yncnH (3.7-pacm). [Anck 6GunaH

6ornaHraH HOWHepUMan CcaHOK Tu3MmMuga

wapya OB 6yiinab6 v Te3nuk 6mnaH xapa- 37-pacm
KaTnaHn6, [t BakT opanuruga

Al= AB = v-Al

MacogaHu 6ocmb yTmb6, B HyKTara kenagw.

VHepuuan caHOK TusumMupa A[UCKHMHE OB  paguycn At BakT
opanurnga
A= o)-A< (3.22)
6ypuyakka 6ypunaam Ba A HykTadaH 6ownab xapakaTnaHaéTtraH wapya
Wy BaKT opaimruga B HykTara amac, 6anku E HykTara Kenmb6 kKonaaw.
ByHUHr cab6abu, wapya Wy At BakKT opamrnga UKKUTa Xapakataa
VWITUPOK 3TaAn— OUCKKa HucbaTaH Vv Te3NukK O6unaH Tyrpu UU3UKIU
XapakaTga Ba AUCK bunaH 6upra anaHMa xapakaTtga KaTHawaawu.
Wapua v Te3nmk 6unaH AB Tyrpu uusuk Oyiinab Xxapakat
KnamaraHga sgy, y dakaT AUCKHMHE alilaHMa Xapakatuga WWTUPOK
3TnG, vr Te3nmk 6unaH At BakT opanurnga AC éi 6yinab A HykTaga’
C HyKTara KejraH 6ynap sgu. AliHM Wy BaKT opaaurmvga ap4a v Ba ur
Tes3nnknap 6unaH xXapakat/iaHn6 D HyKTara Kenvwm kKepak 3an (YyHKu
AB iyn CD ra napannengup), nekuH y E HykTara kenagn. ByHWHT
cababu — AVCKHUHI Xap XW1 HyKTanapupga vr Te3/IMKHUHT Xap XUNanrn-
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ovp.  WyHWHr y4YyH uWHepuwan caHOK Tusmmura HucbataH wapua
TesnaHMw 6unaH xapakatnaHm6, At BakT opanurmnga kywumya AS = DE
MacocaHn 60cmb ytagum. PacmaaH KypuHUG Typubaunku,

As= |CD \-[kp, (3.23)
NEeKVH
[CD\— \AB\=Al = vAt. (3.24)
(3.22) Ba (3.24)Hn (3.23)ra Kyiicak,

As = VAt(aAt ékn As =2ua”™ . (3.25)

By chopmynaHu Tekuc Te3niaHyBYaH XapakaTAa XUCMHUHT yTraH iynu

6unaH Takkocsacak, Llwapya
a= 2xco
Te3naHnWw 6unaH XapakaT/iaHaéTraHInMru aHuknaHagu. by TesnaHuwra

apuWUnLL Y4yH maccacu T 6yaraH wapuara KyinaraH TyCUK TOMOHMAAH
F—Ta Ky4 TabCcup 3aTuM Kepak. HbIOTOHHUHF YYMHUYM KOHYHUTa acocaH

wapya y3 HaBbatmga ywa Tycukka Kopuonmc kyum (FJ 6unaH akc
Tabcup 3atagn (6y Ky4YnapHUHr MyHaniwm 3.7-pacmga KypcaTuirat).
Aemak,

FK=2T[y(0]. (3.26)

Kopuonuc vHepumusi KyYMHUHT WyHaiMWKW V Ba bl BEKTOPSIAPHUHT BEKTOP
KynaliTMacMHWHI WyHanuwun 6unaH aHuknaHagu.



Mavnymku, Ep wapwn y3 ykn atpotumga ainaHagm Ba yHU HOMHepuuman
CaHOK TM3ummn aeb6 Kapaw MyMKWUH. Ep cvpTupa xapakaTt/naHaétraH xap
KaHgal Xucmra Kopuonmc Kyyum TabCup 3atagu Ba KysatunaguraH kKartop
xoaucanap wy Kyd4 6wunaH 6ornukauvp. 3.8-pacMaa XaHy64aH Lwvmon
TOMOH UM Te3MK 6unaH xapakaTnaHaéTraH >XWCMra TabCcup 3TYBUM
Kopnonuc Ky4MHWHr RWyHanuwnapu KypcatunraH. by kKyd Tabcupuga
wumMonuii ApUM Wapaa AapéHUHI YHI KUProkaapu 4YaH Kuproknapura
Huc6aTaH KYMpOK lOBWIaAM Ba TUKPOK Oynaauv; Xyaau LWYHWUHTOEK, LWy
ApUM Wapaa TeMuUp MyNHUHE XapakaTra HucbartaH YHITOMOHAAru penbcu
Kynpok enunnagn. XWcCMAapHWHI 3pkvH Tywnwunga Kopuonmc Kyuu
yapH/ WapK TOMOHra oravpagu, abHu h 6ananHgnvkgadH (macanaH,
MUHOPaHWHI TenacugaH) TywaétraH A Xucm EpHuMHr B HyKTacura
TywmacgaH C  Hyktacura Tywaaum (3.8-pacm). TaxpubanapHuHT
KypcaTuwmnya, 3ksatopga 30 M OGanaHONUKAAH TywraH >XUCM  TUK
MyHanMwpaa wapkka TomoH 3,6 MM Macodara oragy. (3.8-pacmpa
Kopuonuc Kyun v Ba LW BeKTopnapra TUK pasuwiga A HyKTagaH YKYyBYWU
TOMOHra ékum Ep wapura Huc6aTaH LWapK TOMOHra iyHanraH.)

IV 6 Ob
MMMYNbC BA WHEPUMA MAPKA3UHWHI CAUNAHUIW KOHYHWN

4.1-5. CAKNAHIWI KOHYHAAPU. MMNYNbCHUHI CAKNAHWNIW KOHYHU

du3mkafa wWyHpanW KatTanauknap MasXyaKu, MyalisH - wapTnap
GakapunraHga ynapHUHT KuiimaTnapu BakT yTuwun 6unaH ysrapmari
KOnaan Ba ynap cakfaHull KOHYHNapWHUHE acoCUHM TalKua 3Tagum.
MexaHukaBuii xogucanap 6unaH 60rnuk 6ynraH Kyhngarn caknaHuw
KOHYHNapn maBxXyd: 1) MMAOYNbCHUHI CaKMaHWW KOHYHN,
2) NMNYyNbC MOMEHTUHWHI CaK/MaHWW KOHYHW,3) aHep-
rMAH MHI cakKfaHWW KOHYHW. by caknaHnw KOHyHAapu MexaHu-
KaBUii XapakaT Ba >XWCMJapPHUHI y3apo TabCUpW Xakugarun Tabiv-
MOTHVHI HErnsuHu TalKua atagau.

lOkopnga 3uKp 3TWiraH MexaHuKaBwuii xogucanapra Taannyknu
cak/aHuLW KOHyHNapuaH Tawkapu aHa 6up Heya caknaHuW KOHYHNapu
XaMm MaBxypn 6ynub, ynap 6unaH 6u3 (u3nKa KYPCUHUHI Tervwnuv
6ynumnapuga TaHuwamuis. bBapua caknaHuw  KOHyHnapu Tabuat
KOHYHIapPUHUHI MNOWAEBOPU Xucob6naHagn Ba Oy KOHYHap Taxpuba-
nappga TacOuknaHraH.

CaknaHuW KOHYHNapu TagKukoTuyunap Kynuaa ysura xXoc Kyapatiu
Kypon 6ynub6 xm3maT Kunmokga. MacanaH, 3HeprusiHMHIE caknaHuw
KOWyHMOAH LWy Xynoca Kenmb umMkaguku, SHeprusi UCTebMON KuamacaaH
vwnanguraH kypunavmanm (abaguii gsuraTenHn) apaTvwl MyMKUH amac Ba
6y coxaga uvw onub 6opull TaAKUKOTYMN BaKTUHU Xamaa MabnarHu
6exyaa capdnaw gemakgmp. VIMnynbC MOMEHTUHMHI CakKNaHUW KOHYHW-
ra acocnaHm6 Kyéw Tu3Mmu Tapkumbupgarn canépanapHUHI XxapakaTtu
6unaH 60rnnk Myammonap 6esocuTta Xan atvnagm. MacanaH, Kyéw Ba
Ol TyTUnuW BaKTWMHW anauvHiaH anTné 6Gepuw Maskyp MyammanapHu
eunw HaTmxacu xmcobnaHagwn. KelinHrn saktnapga husmknap Mypakkat
XNcobnawnapHUHE KynnaHuwmHn Tanab knmnaguraH MyamMMosiapHU Xan
3TUW Makcagmaa 3/1eKTPOH xmcobnaw MawwmHanapvgaH oiganaHMok-
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Lanapkv, Maskyp MaluHanap ydyyH pgactypnap Tysuwpga Teruwnm
eaknaHMW KOHyHAapura aman KaanHagu. WMNynbCHUHE, MMMY/bC
MOMEHTUHWUHI Ba 3HEPIrUAHWHI eakNaHWLW KOHyHnapwu a3o Ba BaKTHUHT
Xycycusitnapu 6wunaH y3Buidi OOM/INK 3KAHAUTU  KEWVMHYANMK  Mab/yM
oynon. By xakpa VI 606HMHI oxumpmga 6atadenn ranvpunagu.

MIMMYNbCHUHT eaknaHWW KOHYHU TaBMaTHWHI acocuii KOHyHnapuaaH
6upuamp. Xapakatgarn XMCM MacCaCMHUHI YHUHT Te3nurura kynamtma-
cm (p=Twn) HM wKopuga (2.2-8 ga) 6u3 Xucm umnynscun Aeb ararad
50VK. HbIOTOHHUHI GUPMHYM KOHYHMra acocaH, TYrpuv UYU3UKAN TeKuc
Xapakatgarn Xucmra 6owka xucmnap (Tawku Kyd) Tabcup 3Tmaca,
Yy Y3VHUHI TYrpy 4YM3UKNW XapakaTumm [aBOM 3TTMpagun, AbHU YHUHT
TE3/IMTUHUHT COH KuMAMaTuM Ba MWyHanuwmn ysrapmangn. buHob6apuH,
XUCMra TallKu Ky4 TabCUP KWaMaca, YHUHI UWMNyAbCU y3rapMaingum
(caknaHagwn). by xynoca 6uUTTa XWCM YYYH WMMYAbCHUHT eakIaHuLu
KOHYHWHU wndoganaign.

VIMMYNbCHUHT  eakNaHWW KOHYHW XXUCMAap TU3MMW YYYH MYyXUM
axamuaT kacb astagn. Xucmnap (Ekm Moaauii HyKTanap) TU3MMU EKU
cogdarvHa «TU3uM» geraHga y3apo TabcupriallyBum 6uMp Heuta xucmnap
TynaaMmHM TywyHamm3. Tusumra Tawkn Kyunap tTabcup atmaca, byHaal
T™M3UM 6epkK Tu3sum Jgeinnagn. KyEw TusmMm Xxyda KaTTa aHUKIvK
6unaH 6epk TM3Mm 6yna onagn. bus awab TypraH Tabumin WwapouTnapga
aca 6epk TusmMmiap MaBXyfd amac, YyHku Ep cuptuparnm xap kaHgan
Tnammra xed b6ynmaraHga EpHUHE TOPTUW Kyun Tabcup aTagun. JIekunH
TM3NMAArn >XMCMAapHUHI TabCUp Kyuynapura HucbaTaH TalKku Kyunap
Xucobra onnHmaca ékm xucobra onnHMAac/IMK gapaxacuaa Kuumk 6ynca,
6yHgali  TM3aMMHM  6epk Tu3uM Aeb  Kapaw  MyMKUH. Tusmmaarm
XXMCMAAPHUHT y3ap0 TabCUP Ky4YNapuHU WYKW Kydnap Aeivnagu.

TU3MM YYYH WMAYbCHUHI eaKNaHUW KOHYHU HbIOTOHHUHE MKKUHYK
Xama y4YMHYM KOHYHMapura acocnaHagm a 6y xakgarm mynoxasanapu-
MU3 UHepLUMan caHOK TusumMura HucbataH onubd 6opunagu. actnab n ta
XvemgaH néopart 6epK TU3UMHN 0Nn6 Kapainuk. Tnsnum 6epk 6ynraHnmrm
Tythainn yHra Tabcmp 3TyBUM TaAWKW KYUYNApPHUHI TEHI TabCUp 3TYBYUCKU
HO/Mra TeHr, SbHU TU3UMAa Pakat NYKM KyunapruHa masxys. Tusmmgarm
N Ta XMEMHUHT Xap OMPUHUHT UMMYNbCUHU P,, P2.....PN ae6 6enrnnacak,
TU3UM UMMYNbCU

p=V A=V wu
1 1
Tap3nga wudgopganaHagn ((2.4) wdgopara K.); 6y epga p,= mu,—*
XVUEMHUVHT nmnynscu. bepk Tmammpaarm xap 6vp XXuWcM yuyyH HbOTOHHWUHT
WKKUHYM KOHYHUHW Kyhnaarmnya é3amuns:

dl (mW\)

N2+ J13+ eet+ Nm

< = "2+ "23H '+ > N

4 (mnvn) ~~n\ +~n2+"
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6yHAa F,2— BUMPMHUM XKMCMTA UKKUHY'HKUCM TOMOHMUAAH TabCUp 3TYBUM
SVU. /2. UKKAHUYA XUCMra GUPVHYMA XXUCM TOMOHWZAH TabCUp 3TYBUM

Ky4 Ba XOKa3o. PaBlaHKu, TuU3uMAarn xamma Xucmiaap ys3apo
Tabcupnawagunap. Ymymuii xonga (4.1) wudogaHu

1 27Tu=1  (1dKk\/*=12, .., n) (4.2)
dt | i

Tap3vga ésamus, 6y GOPMYyNaHWHI YHI TOMOHW TU3NMAArN WNYKK

KYYNapHUWHT BEKTOp WWIMHAUCWUHM akc 3TTupagu. Tusmmparn 6upop

XXUCMHUHI WY Tr3umaarn 6owka xap 6up Xucm 6unaH ysapo Tabcmpwu

HbIOTOHHUHI UKKWHYM KOHYHWUra 6ymcyHagu: F[2= —F2|, ?,3= —T1 ,
"23= — /P Ba XOKaszo. YMyMaH onraHga, r-xucm /-xmcmra Tjt Kyd 6u-
naH Tabcup 3Tca, /-XUcM xaMm i- xucmra Ff Kyy 6unaH Tascup
aTagu:

Fis k<
BuHOGapuH, (4.2) TEHINMUKHWHI YHI TOMOHMAA udoganaHraH WYKm
KYYTapHUHI BEKTOP WMWUIMHAUCW HOMAra TeHr:

V Fik=0 (==K i, k=\,2, .. , n). (4.3)
i

Ademak, 6epK TU3UM YUyH

n so EKun it 2 1T~ =0

ugona xocun 6ynaan. by wmchopanaH

p= Y T1,v,,= const (4.4)
I

neraH xynocara kenamus. (4.4) wnpopma 6GepkK TU3UM  YUYH
MMAOYAbC HUHF CcakK/JaHW KOHYHWHWU wudopanangn: 6epk Tu-
3VMMHUHI UMNYNbCW Bak,T YyTULIN 6unaH y3rapmangun. bowkava anTtraHga,
6epK TVU3MM alipuUM >XUCMNAPUHWUHT WUMNYAbCAapy BakT yTuwun 6unax
y3rapca-ga, YHUMHI WUMMynbCcuM y3rapman konagn. By epga  3ukp
3TWATaH y3rapuvuwnap LwyHaain cogvp 6ynagukni, macanaH, Tusumpgaru
6MPOP XXUCMHUHI UMMYyAbCU Kamalica, Wy Tuanmaarn 60LwkKa XUCMHUHT
(EKM >XMUCMNAPHWUHI) WUMMYNbCU LyH4Yara oLwaan.

Bepk TM3MAa MMNYAbCHUHI CakNaHULW KOHYHUra Mucon tapmkacmpga
VMKKMTa XUCMAaH unéopaTr TU3MMHM onnb kapaunmk. MacanaH, MUATUK
XaMga YHUHI unungarn ykK 6epK TU3MMHW TawKua KWICUH Ba MWUITUK
VWKanaHNWCN3 XapakaT/naHyBYM KWYKMHA apaBadara maxkam YypHa-
TnnraH 6yncuH (4.1-paem). By TU3UM YYyH UWMMY/bCHUHI CcakKlaHuL
KOHYHU Kyhngarnya ésunagu:

mM\V\-)-T2Y2= const,

6yHAa T\ Ba MU — MOC paBuWAa YKHUHT Xamga MWUITUKHUHT apaBaya
6unaH Gupranukgaru maccanapu; vt Ba V2— YKHUHI Ba apaBavaHUHT
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Teanuknapu. flactnab TM3MM TUHY TypraHanri Tydannm yHaarm xmcmnaap
NCMNY/bCNAPUHUHT BEKTOP WUMMHAMCU HOMra TEHT, SbHU:

MW -\-m2/2=0.

YKk. Y] Te3nuk 6unaH oTWIMG YMKKauy, apaBavyaHWHI opkara Tucapuami
TE3NUIN

6ynaaun; 6yHaa (— ) vwopa W\ Ba V2BeKTop/siap Kapama-KapLlly TOMOHra
MyHanraHnurmHu Kypcatagu. SHAn T m2 t] Ba V2 napHuM COHAN
Kunimatnap opkasin ndoganamnvk, macanaH 71\ = 10 rp= 10-2 kr, T 2=
= 5 kr, Y|=600 m/c 6yncuH. By kuniimaTnapHu tokopugaru copmynara
Kylicak, apaBadyaHUHI (MUNTUK 6unaH 6upra) yk iyHanuwmura HucbataH
opkara 2= 12 m/c Te3nnk 6unaH X.apakatiaHuwun aéH bynagu.

Tu3umra Tawkn Kyynap TabCup aTaétraH 6ynca, y 6epk tTnsum oéyna
anvaingn Ba OyHAalh TU3MM  YUYyH UMNOYAbCHUHI CaK/aHUW KOHYHU
6axapunmaingn. byHpali TU3MM yuyyH HBIOTOHHUHT MWKKUHYA  KOHYHU
Kynhungarvya ésmnagu:

d ¥ tT,u=1 Fk+ FT (i=k: i,k= 1, 2....... n,

6y epoa Y Fa, — WUKM Ky4ulapHWHI BeKTOp WUrMHAMWCHY; Fr— Tawku
|

KYUYapHUHT TEeHr Tabcup 3TyBuMcu. (4.3) ra acocaH WUKM KyuslapHUHT
BEKTOP WUIMMHOVCU HOMFa TEHT 3KaH/UIUHU 3bTUGOpra oncak, 6y TeHrvK
Kylinaarn KypuHULLHWU Onagu:

(4.5)

By TeHrnama MeXaHVKaBuiAi TU3WM MWMOYNbCUHUHT y3rapull
KOHYHWHU wudoganaiian: TMaum MMNynbCcuAaH BayuT 6yiivMya onvHraH
BUPUHYM TapTUBIM X;ocWia TU3MMra TabCUp 3TYBUM TallUW KyulapHUHT
TEHr TabCUp 3TyBUMCUTA TeHr. (4.5) TeHrnama BEKTOpP TeHrnama GynraHu
/4yH YHM KoOopAuMHaTa yKnapugaru Tawkua o 3aTyBumMnapu  Gyiinua
Kylingarnya €3u MyMKUWH:
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by epga FTX FT, Y,— TawkKnM Ky4YlapHUHI TEHr TabCUpP 3TYBUYUCU-
HUHr X, Y, Z yknap 6yilivuya Tawkun aTyBuunapu. Arap 6epk GynmaraH
Tnsumpga OMpop NyHanmw 6yinda, MacanaH Z yKu Oyinya” Tawku
KyunapHUHr TEHIr TabCUpP 3TYBUNCWU HOMra TeHr 6ynca, 6y WyHanuw
6yrinya (4.6) mndopa kKyhngarn KypuHuwra ara bynaawu:

(4.7)

sKaHAuru kennb umkagu. [emak, TalWKu Kyuynap Tabcupwu 6GynmaraH
MyHanuw 6yinya TU3MM MMNY/AbCU y3rapmai konagu. byHpaaH wyHpan
Xynocara kenammsku, 6epk 6ynmaraH TU3MMHW TallKW Kyysiap Tabcupu
6ynmaraH nyHanuw 6yiinya 6epk TM3Mm neb Kapaw MyMKUH.

lOkopmnga UWMNYAbCHUHI eak/faHWW KOHYHuUra govp 6up Heva
Muconnap KenTmpraH sguk. Ywa muconnapga XXucmnapra TabCcup aTyBuM
EpHUHI TOpTUW KyuuMHM (By TallKu Ky4y) Xucobra onmani, TUSUMHU Gepk
n0eb6 xHeo6naraH 3AMK. XakukaTaH Xam, XUcMaap WUMMyAbenapuHUHE
y3rapuwm ydK Tekucamruga, MmacanaH, XOY Tekucnurnga, cogmp
6ynaantn peb kapanraH 34M; BaxoNaHKM EpPHUHI TopTUWw Kyun 6y
TEKUCNUKKA TUK (MacanaH, z yku 6yiunya) WyHanraHgup, SbHU ydK
Tekncnurnga étraH MyHanmw 6ylinya Ep TOpTUW KYYMHUHT TabCcupw
Honra TeHramp. WYHWHT yyyH ywa muconnapumuns (4.7) TeHIIMKHU Tyna
KaHoaTnaHTupap 3aw.

4.2-5. PEAKTUB XAPAKAT. maccacu ysrapaetraH XWUEMHWUHI xapakaTtu

PeakTnB XxapakaT MWMIMY/bCHUHI eak/laHWLW KOHYHUra acocnaHajuw.
HOkopuaa (4.1-8) MMNYNbCHUHT eak/aHnW KOHYHUra Mucosn Tapukacuja
MUNTUK Ba yHAAH OTUANG YMKKaH YKHUHI XapakaTu Xakuga ranupuaraH
3an: yK 6up TomMoHra W\ Te3nuk 6unaH oTuamb yukca, MUNTUK OTUING
YMKKAH YKHUHI Tabcmpupa Teckapyu TOMOHra Yr Te3nuk 6wunaH
XapakaTnaHagu. Maskyp TabCUp peakTUB XapakKaTHUHI aCOoCUHW TallKui
KMnagn. PeakTmB xapakaT feraHfa pakeTanap Ba peakTuB Tailiépa
(camonéT)napHuHr XapakaTmmm TylwyHamus. LWyHn xam anTul Kepakku,
KalinkK, Kema, nappaknu Tanépa kabu Hak/IMET BOCUTA/TAPUHMHI Xapakatu
XaM MOXMSITU >XMxXaTuhaH peakTMB XapakaTAup, YyHKU Kaluk Ba
KeManapga sSWKak Ba nappaknap épgavuiga cys 6up TOMOHra 6mpop WA
Te3nMK 6unaH xapakatra Kentmpwusaca, KallMK Ba Kema Kapama-KapLiu
TOMOHra v2Te3nuk bunaH xapakatnaHagw. MNappaknn Tanépanapga Xam
wy xogmuca Kysatuiagun. AMMO «peakTUB XapakaT» TylwyH4yacu opgarga
aH4ya Top MabHoga KynnaHunub, 6yHOa pakeTa Ba peakTuB Talépa-
NapHWHI XapakaTurnHa kKysga TyTunagu.

PakeTa Ba peakTvB Taliiépanap XapakKaTUHWHI acoCuii Xycycuatnapu-
JaH Ovpu wyHaaH wbopatkn, 6y epga 6epK TU3MMHUHI  Maccacwu
XapakaT pgasomuga Yy3nykcus y3rapub 6opagu: paketaga €HraH
EHMArMAaH xocun 6ynraH ras paketagaH y3nykcus otunmé Ynknbé Typagm
Ba OMHOGapWH, pakeTaHWHI Maccacu Xam Y3/yKCU3 Kamalinb 6opaau.
MHUATMHUHT éHnW kapaéHupa Xocun 6ynraH ras kaHgangup v Tesnuk
6unaH pakeTagaH oOTUAMG uYnKMWK Tydanam pakeTa M ra Teckapu
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VIyIo ™y 2IHIW [TTTT7

41-pacm

Tesnuknapu. Jactnab TM3UM TUHY TypraHanru Tygainm yHaaru xxmcmiap
NCNYNbCNAPUHUHT BEKTOP WUIMHAMCU HOJra TeHr, SbHU:

mM\W\ + /nry2=0.

YK W Te3nuk 6unaH oTuamé 4YmkKkaud, apaBadYaHUHI OpKara Tucapwuanil
TEe3INTU

6ynagn; 6yHga ( — ) vwopa W\ Ba M2BeKTOp/siap Kapama-Kapliy TOMOHra
MyHanraHnurmHn Kypcatagu. 9Han ti\, T 2 W Ba V2 napHm COHAU
Knimatnap opkanim udoganamnmk, macanaH T\ = 10 rp= 10~2«kr, T 2=
= 5 kr, yi = 600 m/c 6yncvH. by kuiimatnapHu tokopugarn copmynara
Kyhcak, apaBadyaHUHI (MUATUK GunaH 6upra) ykK iyHanuwmra HucbaTaH
opkara v2=1,2 wm/c Te3nuK 6unaH xapakaTiaHuwun aéH bynaau.

Tusumra Tawkm Kydnap Tabcup 3TaétraH 6ynca, y 6epk Tmsum byna
onmaranm Ba OyHOAW TU3UM  YYYH WMAOYNbCHUHI CakKfaHWW  KOHYHMU
6axapunmainan. byHpar Tu3MM yyyH HBIOTOHHUHT WKKMHYM  KOHYHU
Kylingarnya ésnnagm:

~ 1 T1,u= 2 Fk+F, (i=Rik=1 2 ..,n),
i i

6y epoa V F,k— Wuku KyunapHWHI BEKTOp WUrMHAMCHY; FT— Tawkn
|

KYUTapHUHI TeHr TabCcup 3TyBuUMCU. (4.3) ra acocaH WUKWM KyulapHUHT
BEKTOP WUTMHAMCU HOMra TEHT 3KAH/UTUHU 3bTM6Opra oncak, 6y TEHI MK
Kylinaaru KypuHULLHW onagm:

I | (4.5)

By TeHrnama MexaHWKaBWiA TU3UM WUMMOYAbCUHUWHI y3rapuu
KOHYHUWUHW wudodananan: TM3MM UMNyNbCUAAH Bak,T Gylinua ONMHraH
GUPUHUM TapTUBIM Kocuia TU3NMIa TabCUp 3TYBUM TallK,W Ky4YlapHUHT
-eHr TabCUp 3TyBUMCUTa TeHr. (4.5) TeHrnama BEKTOp TeHrnama 6ynraHu
ryyH YHM KOOpAMHATa yKnapugarv Talwkua 3TyBuuiapu  Gylinua
eyinaarnya €3vl MyMKUH:

~ 2 myvix=Frx, ~ 2 muiy=Fry, £ 2 mpu=F,. (4.6)
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by eppoa FTX T1y, FTZ— TawKu KyulapHUHI TEHr TabCuUp 3TYBYNCU-

HUHT JT, Y, Z yknap 6yilivua Tawkun aTyBuunapu. Arap 6epk bynmaraH
TmManmpa 6upop WNyHanuw 6yinya, macanaH Z ykum Oyiinya  TalwkKu
KYyYNapHWUHI TeHr TabCuUp 3TyBUYNCKM HoAra TeHr 6ynca, 6y MyHanuw
Oylinua (4.6) udoga Kynmagarn KypuHuwira ara 6ynagu:

byHaaH

Z T1,y,2= const 4.7)

I
sKaHNurm kennb uukagu. [emak, TawWwkum Kyuynap Tabcupu 6Gynmara
MyHanuw 6yiunya TM3MM MMMYyNbCW y3rapman konagu. byHpaaH wyHaai
Xynocara Kenamusku, 6epk 6ynmaraH TU3MMHW TalKK Ky4dnap TabCupwm
6ynmaraH yHanuw 6ylinya 6epk TM3nM Oeb Kapaw MYyMKMWH.

lOkopnga WMNYAbCHUMHI CcakKnaHuw KOHYHuUra pgonp 6up Heuva

MuUconnap KenTuprad sguk. Yuwa muconnapga xumcmnapra tabcup aTyBun
EPHUHT TOPTUW KyunHW (6Yy TalKW Kyd) Xmcobra onmai, TUSMMHU 6epk
neb xucobnaraH 3AMK. XakukaTaH xam, XUcMaap WUMNYAbCAapUHUHT
y3rapywn ydK Tekucamruga, macanaH, XOY Tekucauruga, cogmp
6ynasntn p[Ae6 kapanraH 3a4W; BaxonaHkM EpHWHr TOpTMW Kyun 6y
TEKNCNVKKA TUK (MacanaH, I ykum Oyinua) WyHanraHgump, SbHU YK
TekMcnurnga €TraH iyHanuw 6yinya Ep TOPTUW KYUYMHUHT TabCcupu
Honra TeHraup. WYHWHE yuyH ywa muconnapumuns (4.7) TEeHFWKHW Tyna
KaHoaTnaHTupap aauw.

4.2-$. PEAKTUB XAPAKAT. MACCACW Y3TAPAETTAH XUCMHWHI XAPAKATU

PeakTuB xapakaT MWMMY/bCHUHI CaKMaHWW KOHYHUra acocraHagu.
tOkopupga (4.1-8) MMNYNLCHUHI CaKNaHWLW KOHYHMIa MUCON Tapukacupga
MUITUK Ba YHOAH OTUIMG YMKKaH YKHUHI XapakaTu Xakumga ranupuiraH
30M: YK 6Up TOMOHra W\ Te3nuk 6unaH otuambé 4ukca, MUATUK OTUANG
UMKKaH YKHUHI Tabcmpupa Teckapu TOMOHra Vi Te3nuk 6unaH
XapakaTnaHagu. Maskyp TabCUp peakTMB XapaKaTHUHI acOCUHW TallKui
Knnagn. PeakKTuB XapakaT [geraHja pakeTasiap Ba peakTuB Tailiépa
(camMONéT)NnapHUHI XapakaTuHu TywyHaMmus. LyHn xam aiTuwl Kepakku,
Kalnk, Kema, nappaknum Taépa kabu HaKNMET BOCUTA/TAPUHMHI XapakaTu
XaM MOXMATU XuUXaTugaH peakTUB XapakaTaup, YYHKU KaluK Ba
Kemanapga swkak Ba nappaknap épgamumaa cys 6up ToMOHra 6mpop W\
TesNnk 6unaH xapakaTra KenTupwuaca, KallMk Ba KemMa Kapama-KapLum
TOMOHra V2 Te3nMK 6unaH xapakatnaHagu. MNMappaknu Talépanapga xam
Wwy xoauca Kysatunagu. AMMO «peakTMB XapakaT» TylWyH4yacu ogaTaa
aHya TOp MabHOoga KynniaHunm6, 6yHOa pakeTa Ba peakTuB Taliépa-
NapHUHI XapakaTuruHa Kysga TyTunaau.

PakeTa Ba peakTuB Taliépanap XapaKaTWHUHI acoCuii Xycycusatnapu-
gaH 6upn wyHaaH wubopatkn, 6y epga  6epk  TUSMMHUHI  Maccacu
XapakaT jgaBoMumaa y3/lyKCu3 y3rapumb 6opagu: paketaga €HraH
éHMnrnaaH xocmn 6ynraH ras paketagaH y3/siyKcus otunmb umkmnb Typagm
Ba 6MHOGApVH, pakeTaHMHI MaccacuM xam Y31yKcu3 kamaiunb 6opaaw.
EHUNTUHMHI éHMW >XapaéHupa Xocun 6ynraH ras KaHgaingup v Tesnmk
6unaH pakeTagaH oOTWIMG uYuMKMWK Tydanm pakeTa U ra Teckapu
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MyHanuwpga 6upop n Te3Nuk 6unaH xapakatnaHagu (4.2- paem). YMymaH
onraHAa, xapakaTt apaéHuga pakeTaHUHI maccacu bunaH 6up katopga
YHUHI  Te3nmrm xam ysrapub 6opagu, AbHWM Yy TesnaHuw  6unaH
XapakaTnaHagn. PakeTara Tes3naHuw 6epaguraH Ky4 — rasHUHr otwambé
ynkuwmn Tydaiinm ByXyAra kenaguraH peakTusB Kyuyaup. By kyd
pakKeTaHMHI XapakKaT TeHrnamacw opkKain udoganaHagu.

XapakaT pgasoMuaa pakeTara peakTuB KyygaH Tawkapwu EpHUHT
TOPTULL Ky4Yn Ba XaBOHMHI KapLWAWK Ky4n Xam Tabcup aTtagn. PeakTms
XapakaT TeHrnamacuHu Kentmpumb YukKapulwHW cogdanawTupull  YYyH
nactnab pakeTaHUHI OrMPANK Kyun 6unaH MyXUTHUHE KapwuankK KyUYUHW
Xucobra onmaii Typannuk.

Ep 6unaH 6ornaHraH vHepuman cCaHOK TU3MMMAA XapakaTnaHaéTtraH
pakeTaHVHI t nahTgarn maccacu T Ba Te3nmrn u 6ynca, YHUHT LWy
namtgarn mmnynscu mv ra TeHr 6ynagm. CyHrpa dt BakT gasomupa
pakeTagaH Maccacy dm ra TeHr ras oTwamMb YMKUWKW HaTwxacupa YHUHT
mMaccacu m—dm ra, Te3nmrn aca v-\-dv ra TeHr éynaun, AvHM dt BakThaH
CYHI pakeTaHuHr wumnynascu (T —dm)(v-\-dv) ra TeHr O6ynagu.
PakeTara HucbaTaH W Te3nNMK 6GunaH XxapakaTtnaHaétraH dm maccanm
rasHUHr MMMynbCcK 3ca

(v-\-dv—u)dm

(pakeTara HucbataH YHUHI umnynbcn — udm ra TeHr!) 6ynaau. Maskyp
6epK TU3MM YYYH VMMMNY/IbCHUHT eakNaHuW KOHYHU Kyhnaarn KypuHuwra
ara 6ynagwu:

(m—dm) (v-\-dv) + (v-\-dv—u)dm —mv.
byHaaH
mdv —udm= 0
EKun
mdv = udm

ra ara 6ynammi. Tnsum Te3nUrnHmMHr (dv) ysrapuwu dt BakT gasomuia
cognp 6ynraHun Tydainm (rasHWHr Te3nurm u HUM  y3rapmac [ge6
xnco6nab), oxXupru TEHI/IMKHU Kyhngarvya é3amms:

dv - dm

4.8)

By TEHINIMKHUHT YHT TOMOHW TU3UMra TabCUpP 3TYBUM PEAKTUB KyuHU
ncoganainan; 6y TEHINUK TallKWM Kyunap (pPakeTaHUWHI OrMP/INK Kyyu Ba
XaBOHWHI KapLlWWANK Kyun) Xucobra ofivHMaraH xaT yyyH pakeTa-
HUHI XapakaT TeHrnamacwu pge6 atanagu. [lemak, pakeTtara

72



TabCUp 3TYBUM PEAKTMB Ky4 TrasHUMHI Te3nurura Ba BakT GUPAUMM
nasoMuaa capg 6ynraH EHWArM maccacura MyTaHocueaump.

Arap pakeTara TalKW Kyulap Xam TabCMp 3TCa, YHUHI Xapakat
TEeHrnamacu Kyiugarn KypuHULIHW Ofaau:

(4.9)

6y epga TT— paketara TabCUp I3TYBUM OFUPSIMK KyYUM Ba MYXUTHUHT
KapWWInK Ky4napuHWHE BEKTOpP nAuruHaucnavp.

W HUHI AyHaNUWIWN V HUHT AyHanuwun 6unaH Kapama-kapwu 6yrca,
pakeTa Te3naHuUW 6unaH XapakatnaHaaw; arap W HUHr  AyHanuwn
v 6unaH 6up xun 6ynca, pakeTa XapakaTu CeKMH/aHyBYaH XxapakaT
6ynagn. WYyHUHT yyyH (4.8) TEHINWKHW pakKeTaHWHI XapakaT hyHamwmn-
ra 6y/qiraH NpPoekuMsacKM opkanu udoaanacak, yHuU Kynuparmya é3amms:

dv dm

eKun

- (4.10)

Arap Tusum (pakeTa+ EHUATU)HUMHI GownaHrmdy maccacn T O Ba
TM3UM WLIWHUHI OXMpUAAa YHUHT Maccacu T~ —T O— T b Gysica, pakeTa-
HUHI OXMPrY 3HI KaTTa Te3nurn (4.10) TEeHINIMKHU UHTerpannaw opkKaim
Tonunagn (u = const):

AbHU!
(4.11)

6y eppga Ath= To—mm donpganun K gednnagn (MM — wnwnatuaraH
EHUNTMHUHT mMaccacu). (4.11) TeHrnuk LLnonkoBcknihi dopmyna-
cun Aeb6 atanagn. KypuHu6 Typmbamkn, pakeTaHWUHI 3puLIraH 3Hr KaTtTa
Te3Nurn paketagaH YMKaéTraH TrasHUHIK Tes3nurura Ba wwnatuiaraH
EHUNTMHUHT Maccacura myTtaHocmbaup. Bowkava anTraHga, Limonkos-
CKunii chopmynacu paketara myansiH v Te3nuk 6epull ydyH 3apyp OynraH
éHuIrm maccacum (nNu) HU xXmcobnawra MMKOH 6Gepagw.

4.3-$. NHEPUWNA MAPKA3WN

Kyn xcnnappga 6up Heya Xucm (Mogawii HykTanap)gaH wbopart
MeXaHWKaBUiA TU3MMHUHI XapakKaT KOHYHMNapuUHW ypraHvw 6unaH ww
Kypuwra Tyrpu kenagu. byHpalh TUBMMHUHE XapakaT KOHYHIapuHU
ypraHmwga maskyp Tu3uM Tapkubugaru >XUCMNapHUHE yHOa KaHgaw
TakCUMIaHFaHNUIMHN ékn By >xmcmnap 6up-bmpura HucbataH TUMmAaa
KaHAan XonnawraHnmurmHn 6unuw 3apypusatn tyrunagn. LWy myHocabat
6unaH nHepuma Mapkasn (Macca Mapkasu) geraH TyllyHYa Kputunaan *.

* WHepuus mapkasu Ba Macca Mapkasu aTamanapu aiHaum 6up mMabuMoga uwnatn-

nagn, YyHKM XUCMHUHI MaccaCuh YHUHT uUHepuua yn4yoeBmaunp.
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ViHepuua mapkasu Ba OrMpAMK Mapkasu geraH TylwyH4yanap opacuaa
Kynmnpgarn Qapk O60pAnMrnHM acoaH YMKapMac/auK Kepak: Oruvpank
Mapkasn — 6Up XUHCAN OrMpavMK Kyynm mMahngoHuga XonnawraH KaTTukK
XNUCMap YYYHIMHa MabHOra ara; WHepums Mapkasu sca Xey KaHaawn
MalifoH 6unaH 60rInMK amac Ba WXTUEPUIA MeXaHHKaBUA TU3UM  YUyH
ypyHAMamp. OrmMpankK Kyydu maigoHuga >XohnawraH KaTTUK >Kucmnap
YUYYH WHepuusa Mapkasn Ba Orvp/nK Mapkasu 6up-6upu 6unaH moc
Tywann, AbHU 6Up HyKTaja >xolhnawraH 6ynagu. VHepuua mapkasu
MacCaHWHI TakKCUM/IaHULWHK TacBMPJ/IOBYM TFEOMETPUK HyKTa ©6ynuo,
YHUHT Ba3uATW KoopguHaTanap 6owwura HucbaTaH rc pagnyc-BeKTop
6unaH Kyhunpgarvya aHuknaHagu (4.3-pacwm).

T2, + 12+ oL+ TN,
. T+ T2\ + T,
AbHU:
rc=~ 21/, (4.12)
4

6y eppa mi— Tnaumra MaHcy6 /-XWEeMHWHI maccacu; I, — KOOpAuHa-
Tanap 6owun O rp HMUCHATaH J-)KUCMHUHI BasVSTUHWN aHWK/IOBYN pagnyc-
BekTOp; T = T\-\-T2 \...-\-TN— TUBUMHUHI YMyMWIA MaccacWu.

CopgpanawTvpuvl Makcagmaa MKKMTa xuemgaH noéopat TU3UMHU 016
Kapahnuk (4.4-pacm). Maccanapy T\ Ba T 2 6ynraH >XUCMIAPHUH/T
BasnATNapm koopaumHata 6ownm O ra HucbaTaH Moc pasuwga M\ Ba IT
paguyc-BeKkTopnap 6unaH 6epunraH 6ynca, 6y WKKM XuempgaH ubopart
TU3UMHUHI UHEpUMs Mapkasu

-_T,r,+7122

c mi-\-n2
hopmMyna opKasim noaaiaHnb, NKKN XXUEMHUHI reoMeTpuK MapKasnapu-
HA GupnawTupysun Tyrpu umsvkga éragu.

(4.12) TEeHramMa BeKTOp opKanu udgoganaHraH TeHriamagaup, JEeKUH
WHepUMsi MapKasfapuVHUHT  Ba3USTMHU aHWK/IOBYM MasKyp paguvyc-
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BEKTOPHU YHUHI KOOpAMHaTa yKiapugaru npoekuusiapyu OpKaiu Xam
ndoganawl MyMKUH:

(4.13)

6yHAa T — TU3MMHUHI YMyMWiA Maccacu; Y, Z, — TU3UM Tapknéugaru
/-XNCMHUHI KoopAuHaTanapwu. Xycycui xonga, arap TU3uMMm Mmaccanapwm
m\ Ba T 2 ByNraH WKKUTa >XuUcMmgaH wmbopat 6ynca Ba yn3pHM X YKK
6ylinya xonnawTupcak, MHepuMs MapKasWHWHI KoopAuHartacu

Tici + MiXi
ni§-mi
éynagn (4.5-pacm).
Yy
T c X
o] t » r
45-pacwm

PaBwaHku, T\ = T2 6ynca, MWHepuus MapKasm WKKA XUCMHUHT
reoMeTpyvK MapkKasfnapuHu TyTawTUpyBYM TYrpu UYM3UKHUHI ypTacuga
éragn; arap T\ T2 6ynca, WHepuus MapKasm WKKA >KUCMHUHT
reoMeTpuK Mapkasfnapu opacuparn macoaHu maccanap HucbaTura
Teckapu MyTaHoOcM6 ©OynraH kecmanapra axparaau (4.5-pacmra K.),
ABHN

Tu3mm y4dTa XncmaaH néopart 6ynca, YHUHI MHEpUMA MapKasn UXTUEPWUIA
WKKMUTa >XUCMHUHI WHEpUMs MapkasumgaH Y4YuMHYM XuUcMrada OynraH
OPaIMKHW WYyHAan UKKN Bynakka 6ynaauku, 6y 6ynaknap y3yHAnknapu-
HUHI HUCOATM WKKM XKUCM Maccanap WATMHOUCUHUHE YYUHUYN  XKUCM
mMaccacura Hucbatmra Teckapu MyTaHocM6 6ynaan. YytagaH OpTUK
(n Ta) xucmpgaH méopat TUSMMHUHI WHEPUMA MapKasvHuM Tonuwga wy
ycyn KeTMa-KeT KynnaHunaau.

4.4-8. UHEPUWNA MAPKABUHWHI CAKNTAHUWW KOHYHWU. MACCAHUHT AOONTUBIAUTA

dapas Kunanuk, N Ta XWUCM (MoAAwmiA HyKTa)aaH ubopat TU3UM
hasoga xapakatnaHaétraH OyncuH. TU3MM MHepuus MapKasvHW aHuK-
NIOBYN pPaanyc-BEeKTOp IC AaH BakT Oyilnya onmHradH xocuna (rc HUHF

GMPNVK BaKT gaBoMuaa y3rapullin) WHepUUss MapKasUHUHE Te3UTUHN
ndogananau:
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(4.14)

(4.12) chopmynaHn (4.14) ra Kyimb, UHEpUUS MapKasWHUHE TE3UTU YUyH

ra ara 6ynamus; 6y epga o, Ba p, MOC paBuwaa t-XXUCMHVHI TE3NUTN Ba
WUMMY/bCU; pPaBLUAHKN

P= 1 Pi= 1 mu (4:16)

TUSUMHUHT Tyfna UMMyabcu 6ynn6, KynuH4Ya p — UHepuuss MapKasvHUHT
UMMY/SbCU XaMm Aeiunnagn; T — TUBUMHUHT YMyMUIA Maccacu, SibHU:

(4.17)

9Han (4.16) Hu ky3pa TyTnb, (4.15) wudogaHn Kyhnmpgarvya é3amms:

V. r‘; eku p= mvc (4.18)

HbIOTOHHUHT UKKMHYM KOHYHWUTa acocaH TUSUMHUHE Tyna UMNynbcu-

[aH BakT GyiiMya ONMHraH XOocuna Ly TU3UMra TabCup 3TaéTraH TallKu
KyUNapHUHI BEKTOP MWUrMHAMCUra TeHr:

(4.19)

6y epOa ac— VHepuus MapKasvHWHE Te3faHuwm, FT— Tnanmra Tabcup

9TaéTraH TalKu Ky4ylapHWHI BEKTOp wnuruHamcu. bepk Tusmmpga yHra
TabCUP 3TYBUM TaLLKU Kyysiap MaBXyf 3Mac €KW TallKW Ky4YTapHUHT TEHr
TabCcup aTyBUMCKM Honra TeHr (FT=0). Y xonga oOXuvprn TeHIMKOaH

MHepuuna mMapkKasmMHMHI Te3NaHuwun

6ynagn. bBbyHpaH yc= const 3kaHAuru kennb uukagun. by' xynoca
MHepUunUs MapKasMHWUHI cakK/laHWW KOHYHWHW wndoaanai-
oM Ba y Kylhingarnya TavpudnaHagun: 6epk TUSUMHUHI MHepPLMs MapKasu
TyFpu um3uk, 6yiinab Tekuc yapakaT K,unaam €kn TUHY yonaTtaa bynaau.

TU3NM UMNYNbCUHWHI CakNaHUL K,OHYHWAAH MacCaHWHI aaauTUBAMK
KOHYHUW * Kenué uumkaau.

(4.18) ndoganaH KypuHu6 Typubamnku, TU3UM UMNYAbCU BUnaH YHUHT
WMHEepUMs MapKasu Te3nuru opacugarn 60rnaHuv LWakn xuxatungaH out-
Ta XUCM (MOAOUIA HYKTA)HUHI UMMyNbCU GunaH Tes3nnru opacugarn 6oma-

*

TUBUMHU  AXAUT Tap3ga WUGOLAN0BYM  KATTa/IMK TU3UM  TapKUGWUA  KUCMAapUHU
MofanoBuM aliHaH yla KaTTaIMKNapHUHT WurvHoucuaaHd ueopaT 6ynca, 6y KaTTanuk
apauTuB KaTTanuk paeivnagn.
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HULWHWHI y3ruHacnaup. Wy 6unaH 6upra, 6y ndogagarn MytaHOCUBNMNK
KOS(hNLMEHTN YypHUAA TypraH T KaTTaJuK TU3UM Tapkumbura Kupysuum
anpuMm >Xucmniap maccanapuHWHI  AUrMHAMCK geraH MabHora ara.
WyHpah kKmamb, maccaHUHT agouTUBAMK KOHYHW Kyhngarmya
noganaHagn: TU3MMHUHI Maccacu YHUHI Tapkmbugarn aipum xxmcmnap
MaccanapuHUHI RUrmHaucura TeHr. MacanaH, ynga KetaéTraH BarOHHW
rMynosumnapu 6unaH 6upra Tmsum Ae6 Kkapacak, YHUHI YMyMUA Maccacu,
paBLUIaHKN, YHUHT numgarn ainpum hynoBynnap mMaccanapuv Ba BarOHHUHI
Y3UHUWHI aripyMm KUCMMapy MaccanapUHUHE ANTMHOVCUTa TEHT.

4.5- 8 MHEPUUMA MAPKASUHUMHI XAPAKATU XAUWAOATW
TEOPEMA. M-TU3NM

ViHepuma mapkasu TylyH4Yacum 6uMp Heua xvempgaH wmnbopat 6ynraH
TM3MM XapakaTuunm TaBcudiawga aHya Kynahnuknapra ara. Wy
Makcagna (4.19) dopmynaHm Kyhunparumya é3amms:

dv —
m-jj- = IT, (4.20)

Mab/yMKn, 6y epga m= ml-\-m2+ ..-\-m, = 'Zmi— Tn3uM Tapknbmnga-
1

rm 6apya_XUCMMAPHUHI YMYyMWIA Maccacu, VC— WHepLus MapKasuHUHT
Te3nurn, FT— Tusnmra Tabcup aTaéTraH 6apya TallKu KyuynapHUHE TEHT

TabCUP 3TYBUYNCU (NHKN KYyUNAPHWHI TEHT TabCUP 3TYBUYMCU HOJra TEHT).
Jemak, TU3UM UHepUUs MapKasuUHWUHE o/raH Te3naHuwm, abHu dve/dt
TaWKW KYYlapHUHI TEHr TabCUp 3TyBUYMCUra MyTaHoOcub Ba TU3UM
Tapkmbugarn >XXucmnap MaccanapuHWHI AUrMHAucUra Teckapy MyTaHo-
cneaup.

KypnHn6 typnbéauku, 6y opmyna LaknaH mMaccacM m Ba Te3/nru
v 6ynraH 6utTta mMogauii HyKTaHWHE Tawkwm FT Kyy Tabcupuga kKuna-

éTraH xapakatmmu udoaanoBun TeHrnamara yxwawaup. LYyHUHT yuyH
6y hopMyna MHepumsa MapKasMHUHI XapakaT TeHrnama-
CU HUY undoganaiian Ba y Kylungarum xynocara onvé kKenagu: TUUMHUHT
WHepLMa MapKasy TalkK,n Kyysap Tabcupuaa Maccacu TM3um Tapknéuga-
rm 6apuya >XWUCMMAPHUHI Maccacura TeHr 6ynraH mMoaauii HyuTta Kabu
xXapakatnaHagu. by xynoca nHepuus MapKa3WHUHI XxapakaTu
Xxakupgarm Teopema pAeb atanagw.

(4.20) hopMynaziaH KypUHaAUKW, VHEPLUS MapKasUHUHE Te3MIMHU
y3rapTvpuwl yYyyH TU3UMra TallKu Kydnap TabCup 3TULLIM Kepak; TU3UM
TapKMGUAArn XXUCMAAPHUHT y3apo Tabcupu Tydahnu ByxXynara Kenagu-
raH WYKM Kyuynap yuwa >XUCMAAPHUHT WHepuus Mapkasura HucGaTtaH
Te3NMKNapVHU  y3rapTupca-ga, 06y Kyujap WHepuuss MapKasvHUHT
XONaTUHKW, XapakaT WyHa/MWWHLU Ba Te3/UITMHU y3rapTupa onMaingu.
MacanaH, XapakaTnaHaéTraH cHapsg XaBoga noptnabé 6up Heua
6ynaknapra napyanaHu6 ketca, 6y 6ynakyanap WUUKM Kyunap Tabcupuaa
Xap TOMOHra xap Xwun Te3nnk 6unaH XapakaTnaHagu. JIekuH nopTnail
HaTuxacupa Xocun 6ynraH 6GynakyanapHUHT WHepuus mMapkasu Xeu
KaHpai nopTnaw coavp 6ynMaraHfiek, y3 xapakaTumy aBBa/irMAeK AaBOM
aTTMpaau.
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By eppma kentupunraH -MynoxasanapumMni WHepUUs MapKasuHUHT
XapakaTtura Taannyknngmp. AMMO Kyn Xxonnapga TU3UMHUHT axnuT (bup
OyTYH) XapakaTufaH TalkKapwu YHUHT Tapknomngaru >XUcMaapHUHr 6up-
6upura HucbataH (HMCOWI) XapakaTMHU TaxJIUa KAWL 3apypuUsATU Xam
Tyrunagun. WYHWHT yYyyH MexaHWKaBuii TU3UMHUHI XapakaTuHW XamMma
BaKT MWKKN KUCMra — TUSUMHUHI 6up OYTyH Xongarn xapakaTtura Ba
YHUHI Tapknéugarm >XuWCcMNapHUHr 6up-6upura HucbaTaH XxapakaTtura
aXpartuw  MYMKUH. Tusumgarn >KUCMAApPHUHT HUCOWIA  XapakaTUHU
Taxnun Kuanwpa uHepums yapkasu 6unaH 6ornaHraH caHok TusuMugaH
doriganaHnnaan. by ~m3+LUgarn 6apya XUCMNapHUHT UCTasiraH nantTaaru
Ba3suATU MHepuua Mapkasura HucbataH aHWKnaHagu, AbHU TU3UMAArm
XucMmnapra HucbartaH MHepumsa Mapkasu Kysranmac neb kapanagu. by
CaHOK TU3UMUHN MH\EePLNA MapKa3nm CaHOK TU3UM W Aelivnagn.
Y kuckaya Af-Tmamm pge6 HomnaHraH. M-TU3MM UWHepuunan CaHoK
TUIUMUANP, YYHKN Yy OOWKa WHepuuas CaHOK Tu3umiapura HucbataH
ATJFpN 4M3MKNM TeKUCc XapakaT Kunagu EKM Y3UHUHI TUHY XONaTuHU
caKnagn. bowkaya alhTtraHga, Af-Tusumra Tawku Kyynap Tabcup
aTmMaiigH, 6uHOGapuH, y 6epk TuUumMaup.

Af-TU3UMHWIT 60wWwKa TUsnMnapaaH apknm xycycusatnapungaH oevpu
wyHa4aH wnéopaTtku, YHUHr 6up OyTyH Xongaru wumnynbcu (P = TKUC)

Honra TeHr f(4.18) dopmynara K.|, YyHkun yc= 0.

dnemeHTap 3appadaslapHUHIr  y3apo TabcupialHuw  >kapaéHUHK
Taxaun  aTvwaa Ba KaTTUK KUCMIAPHUHE  XapakaTuHu  YpraHHwaa
M-TN3UM KeHr KynnaHunagw.

V bOb
MMMNYJIbC MOMEHTUHWHI CAKJTAHUW KOHYHW

5.1-8. IMNY/NTbC MOMEHTU

Moaanii HyKTaHUHI mMniynbcn p= mv. ®apa3 Kunaunamk, maccacu
T O6ynraH xapakatgarm Mogamii HykTa (3appadva)HUHr  UXTUEPUIA
naitaarn Ba3uvaTM O HyKTara HucbataH aHuknaHaéTraH O6yfcuH
(5.1 -paem).

Mopgauii HykTaHMHr O HyKTara HucbaTaH MMMY/IbC MOMEHT U
neb kynmnparvya wmdoganaHraH BekTopra amtunagw:

L=\r. p~=\r, mv], (5.1)
6yHOa r— caHOK 6ownm xucobnaHraH O HyKTagan Mogaui HykTara

yTKasnnaraH paguyc-sektop. (5.1)gaH KypuHUG Typubamkm, L HWHr

MyHanMwun T Ba P BEKTOP/IapHMHI BEKTOp KynaihTmacu Tap3unga
aHVKnaHagn, AbHU WMMOYLC MOMEHTM BEKTOPW I Ba P BeKTopnapaaH
AcanraH napannenorpaMmm Tekucamrura Tk pasmwpa O HykTagaH yTraH
OynnG, YHUHT yHanuwm napma (YHr BUHT) Kougacu 6unaH aHuKIaHaau.
VIMAyNbC MOMEHTUHUHI COH KWiAMaTh, MablyMKWU,

L = rpsincc. (5.2)
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By TeHrnukga rsina=/— mMogauii HyKTa WMNYIbCUHUMHT O HyKTara
HucbaTtaH enkacu pennagn. Enka TywyH4yacuHu kmputnb (5.2)HK

L=Ip=muvl (5.3)
KypuHuwpa ésnmw MymkuH (5.2- pacmga L BekTtop paem Tekucnurura
TMK pasBuwga 6uM3 TOMOHra WMyHanraH). OXMPru WKKA TeHrnukaaH
KYPUHAOWKN, UMMNY/bC MOMEHTU MOAOMIA HyKTa XapakaT AyHa/IMWUHUHT
Ba TE3/MIVMHWHT COH KuiimaTwu y3rapuwuv 6wunaH ysrapagw; arap mMoaavi
HyKTa Tyrpm 4mM3uk 6yrinab ysrapmac Te3nmk 6unaH xapakaTnaHaéTtraH

6ynca O HykTara Huc6aTaH YHVHI UMMY/IbC MOMEHTU y3rapmali konagu.
Mopaawnii HykTa paguycu r GynraH ainaHa 6yiina6 ysrapmac Tesnmk

(lyl=const) 6unaH xapakatnaHaétraH 6ynca (EpHuHr Kyéuw arpocu-
[Aarn xapakatu Ba MmyTakab6un (knaccumk) msmka TacaBBypapura Kypa
3/IEKTPOHNAPHUHT  4p0  aTpodmaarn xapakatm 6yHra wmucon 6yna
anagmn), YHUHr anaHa mapkasura Huc6ataH (5.3- paeM) MMMYAbCUHUHT
COH KuiimaTu:

L = muvr. (5.4)
PaBwaHku, 6y Xanga MOAAUA HYKTaHWHT

Xapakat WyHanuwun ysnykcus ysrapué Typ-

cafa, MMNy/JbC MOMEHTUHMHI COH KuiAMaTtu
y3rapman konagu.

(0] HAKTA OpKa/iM  YTYBUM  UXTUEPUIA
Z yKKa L BEeKTOPUMHI WPOeKuuaAcn Moaauni

HYKTAHUHI WYy YyKKa HucbaTaH Mmnynbc
MOMEHTW AOenvnagn:
L2=\r, p\r. (5.5)

YKKa HucbataH WMMNYyAbC MOMEHTU cKansap
KaTTanuk 6ynnb, HykTara HucbaraH MMNysbe
MOMEHTH 3Cca BEKTOp KaTTa/imkaup.
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Moaauin HykTanap TU3UMUHUHE 6upop O HykKTara HucbataH MMMynbLe
MOMeHTU neb6 Maskyp Tuumgaru aripum MoAAuiA HyKTanapHUHE yula
O HykTara HucbaTaH WMMYILC MOMEHTNAPUHWUHI BEKTOP lhnrvHamcura
aliTunagm:

L=2L,=1, [r, Jl= 2 = mv,], (5.6)
| | «

6yHOa r,— kKapanaétraH O HyKTagaH /- MoOAOWi HyKTara yTKasw/raH
pagvyc-BekTop, W, — ylwa /-mMmogauii HykKTa (3appa)HUHI Tesnuru.

52- 8 KY4Y MOMEHTU

TUHY TypraH XuemHW alinaHmMa XapakaTra KenTupyBuM €KW YHUHT
ainaHma xapakaTumun y3rapTUpyBYM TallKW TabCUPHW TaBcudnaw YyyyH
Kyd MOMEHTW fleraH TywyH4ya Kuputunagu. Kyy MOMeHTU 6upop HyKTara
Huc6aTaH ékn 6Mpop anaHuw ykura HucbaTaH aHuknaHagw.

KaTTuk XXncm mopaui HykTanap tmavMmugad mbéopart GynrannurmgaH
Ky4Y MOMEHTW TylwyHYacuHu pgactnab mogamin HykTa muconupa kapab
ynkamnmk. Maccacm m 6ynraH MogAvii HYKTaHWHI UCTalraH BakTgaru
Ba3MATN caHOK 6owwn cudatnga kKabyn kunmHraH O HykTara HucbataH
pagnyc-BeKTOp I OpKanu aHuknaHaétraH O6yncuH. Moaauii HykTara
KaHganamp F  Kydy Tabcup 23TaétraH 6ynca, I paguyc-BEeKTOPHUHT
F kyura BekTOop Kynahtmacu (5.4-paem) F  KydyHMHr O HyKTara

Huc6aTaH MOMEHTW JeAnnagn:

M = [ri\ (5.7)

6yHAa F— mogoauwii HykTara TabCcuMp 3TyBUM 6apya KyulapHUHE TeHr
Tabcup 3TyBunmcuaup. Kyd momeHTM M nceBpoBektop 6ynu6, y r Ba
F BekTOpnap &TraH TEKUC/NMKKA TUK iyHanraH, WyHanuwun aca yHr BUHT
Kongacu 6unaH aHuKNaHagu, SbHU YHT BUHTHU T gaH F ra kapa6 6y-
paraHga BUHTHUHT uarapuiaHma xapakatm M HUHF WyHanuwm 6unaH
Moc Tywaan. Kyd MOMEHTMHUHI COH KuiiMaTu, paBLUaHKW,

M = Fr sina = FlI, (5.8)
6y epgpa a — r Ba F Bektopnap opacmgaru 6ypyak; /= rsina 3ca
O HykTagaH F KYYHUHI TabCUpP UYU3UTUTra TYWUPWUATAH TUK YN3UKHUHT
y3yHAnrn (O HykTagaH F KyYHUHr TabCup yYmsmrmrava 6ynraH sHr SKuH
Macoda) 6ynmb, y Kyuy enkacun pgehimnagn (5.5-paewm; I BekTOp
paem Tekucnmrura TMK pasuwga 6usgaH kapama-kaply TOMOHra kapab
MyHanraH).

YKKa HucbataH Ky4 MOMEHTMW HyKTara HucbartaH Kyu
MOMEHTUHMHI WYy HyKTagaH YTYBUM YyKKa TywWMpwuaraH npoekuyumscura
TeHr 6ynagu. YKka HucbataH Kyd MOMEHTW CKanap kKaTtanukaup. Arap
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54-pacwm 55-pacm

Z yK M BEKTOPUWHI AyHanuwun 6uiaH Moc Tylica, Y X0n4a Kyy MOMEHTU
vk AyHanuwungarn BekTop Tap3vaa UdoAanaHuWN MYMKUH:

q.4'N - (5.9)

SHAM N Ta MOAAVIA HyKTafaH u6opaT TU3NMHU 0Nn6G Kapamnnuk.
Tusmmpaarn /-mopgauii HykTaHMHr O HykKTara Huc6ataH BasUSTUHU I
paanyc-BeKTOp GUaH Ba YHra TabCUp KWJIYBUU KYYHMU opkanu 6en-

runacak.O HykTara HucbaraH MasKyp KyYHUHI MOMEHTU
A=\, F}

Tap3ga wdoganaHaan. O HyKTara Huc6aTaH Mogavii HyKTanap TusmMmura
TabCup 3TYBYM Ky4 MOMEHTUHW TaBcudawga 6apya Mooanii HykTanapHu
O HyKTara HucbaTtaH 6up 6yTyH (AxXNnT) Tap3ga onmb kapanagn (KaTTuk
XXUCMHU MOAAVIA HyKTanap Tu3MMmu geb kapaw MyMKUH). O HyKTara
HucbaTtaH MoAAMiA HyKTanap TU3uMura TabCup 3TYBYM Ky4Y MOMEHTU Oeb6
xap O6up MoAaowi HyKTara KyhwunaraH Kyd MOMEHT/IapUHUHE BEKTOp
nmrmHgycura anTunagm:

M=l =1v,], (5.10)

6yHOoa F(—i- mogamii HykTara TabCUp I3TyBUM TalKU  KYYHUTUHA

ndoganangm. Wy HapcaHn anoxupa Tabkmgnaw J03UMKK, TUNMOAru
Xap 6up Moaauii HykTara TabCMp 3TYBYM TalKW KyydaH Tawkapwu,
MOAAVIA  HYKTanapHUHI y3apo TabCcupwu Tydalinn Byxynara KesnysBun
Kyuynap xam Maexygn. Mabnymku, 6y Kyunap WUKM Kyynap pgenivnag.
MYUKM  KyuynapHUHr BeKTOp WWrnHamcm Honra TeHr ((4.8)ra  K.)
éynraHnurn Tycaiinu (5.10) udogana dakaT TalwkKu KyunapruHa akc
3TTUPW/ITaH.

J.3- &8 UMNYNbC MOMEHTUHWHI CAKNAHWLW KOHYHW.
MOMEHT/NAP TEHITTAMACU

lOkopnga 613 mMogawii HyKTanap TU3UMU YYyH WUMMYbC MOMEHTU Ba
Ky4Y MOMEHTW feraH KatTanuknap éunaH TaHUwAuk. by kaTttanuknapga
MOAOWIA HYKTAHWUHI UCTa/iraH nanTharn BasuATMHU aHUK/I0BYM paguyc-
BeKTOp (r) KatHawaaw. BMHOGapWH, MMMYNbC MOMEHTM Ba Ky4 MOMEHTU
y3apo 6upop MyHocabat 6unaH 6ornadrad. Ly mMyHocabaTHU aHuKnar-



NvK. ®apa3 Kunannmk, Maccacu T Ba Te3nuru v GynraH mMoaauii Hyktara
caHOK 6owun O ra Huc6ataH kKaHgalWgoup F Kyd Tabcup  KunaéTrad
6yncuH (5.6-paem). Hatuxaga Moaamii HyKTaHUHI MMMOy/bCUM  Ba
NXTUEPUI O HyKTara HUcbataH YHUHI UMMY/IbC MOMEHTU y3rapu6 6opaau,
AbHU L=\r, p] BAKTHUHT YHKUUSCUANP. ANTANNNK, MOAOMA HYKTaHUHT
Ba3USTMHU aHWKIOBYM paauyc-Bektop dt BakT opamwmrnga dr ra

y3rapcuH; y xonga (5.1) TeHrnukgaH BakT 6yiuuya  Xxocuna onv6
Kylingarura ara 6ynamus:

# — CD' « ID

6yHpa dr/dt — mogamii HykTaHuUHr t nahtgarn Tesnumrn  (d.r/dt— v)\

3ca HblOTOHHUHI 11 KOHYHUTa Kypa, Moaauii HyKTara TabCup 3TyBUM

KYYNapHUHI TeHr TabCuUp 3TYBYUCWU. bynapHu Ba p= TWU 3IKaHAUTUHU
Hazapga TyTn6, (5.11)HK Kylhungarvya €3vl MYMKWH:

~ = \v, mA\-\-\r, ?].

By TEHIIMKHUHI YHI TOMOHMZArn OGUPUHYM KYLIWJYBYM Xaf, WKKUTA
KOM/MHeap BEKTOP/IApPHUHT BEKTOP KynaiTmacu 6ynraHavru Tydaiinm
HOJIra TEHT; MKKUHYM KYLIWYBYM Xaj 3ca MOAAVIA HyKTara TabCcup 3aTyBuun
TalKW Ky4dnapHUHr O HykTara Huc6ataH moMeHTM (M)HU wmdoganaii-

On. LLYHWHT yYyH IOKOpUAAru TEHI/IUK Kyiinaaru KypuHWULITa Kenaau:

~ = M. (512)

at

By wudoma wmopauii HykTa YydyyH MOMeHTnap TeHrnamacwu
nenvnagn. (5.12) paH KypuHaguku, UMMysbC MOMEHTUHUHI BaKT Oyinya
y3rapuwm Mog4auiA  HykKTara TabCup 3TYBUM TalKW  KyYNapHWHT
OHyKTara Humcb6ataH MOMeHTMW 6MNaH aHUKNaHagn (MoMeHTIap
TEHITaMacHUHT  HbIOTOHHMHT  UKKWMHYM  KOHYHWUra yxXwawimru Kysra
TawnaHagn: mMogaui HyKTa MMMYNbCUHUHE BaKT Oyinya y3rapumn yHra
Tabcup 3TaétraH 6Gapya TawKWM Ky4napHWUHIE TeHr TabCUp 3TyBUYMCUra
TEHT).

Mopaawii HykTara TabCuMp 3TyBUM Gapua Tallku Kyusiap TeHr Tabcup
3TYBYMCUHUHI O HykTara HucbaTtaH MOMeHTM Honara TeHr (M = 0)

6ynca, (5.12) TeHrnuk Kynupgarmvda e3wiagu:

~=o0. (5.13)

at

Y3rapmac KaTTa/IMKHUHI BakT Oylivya Xocuiacu Homara TeHr 3KaHAUTUHU
Haszapga TyTtcak, (5.13)gaH

/,= const (5.14)

82



aKaHNurnm kenub umkagn. by HaTmxka mMogAMM KyKTa MUMNOYyAbcC
MOMEHTUHWUHI eakK/laHWW KOHYHWHW wudoganaingn: moaawni
HyKTara TabCup 3TaéTraH KyulapHWUHI TeHr TabCUp 3TYBUUCUHWUHT
UxTnépuini O HyKTara HucbaTtaH MOMEHTM HOMTra TeHr 6ysica Mmoaauii HyuTa
UMMY/IbCUHUHT  Uly HyKTara HucbataH MOMeHTM Bak,T yTuwu 6unaH
y3rapmangm.

Moaawii HyKTaHUHT  UMMY/bC MOMEHTU
nxTnépuii O HyKTagaH YTyBYM 6GUPOP YyKKa
(macanaH Z ykka, b5.6- paem) HucbataH
aHuknaHaétraH 6ynca, (5.12) TeHrnmMk
Kynngarn KypuvHULLHW Onagw:

=y, (5.15)

6yHaa Lzsa Mr— L Ba M BeKTOpfapHUHI

MOC paBuwga Z yKKa TylumpwuaraH npoekuu-
anapn. WyHpahk knnvb, ykka HucbaTaH
MMMY/IbC MOMEHTUHUHI BaKT 6yinya y3rapu- 56pacm
WM MOAAMIA HyKTara TabCUp 3TYBUM TallKu
Kyuynap MOMEHTUHUMHI MasKyp YyKKa TywupwuiaraH npoekuuscura TeHr
3KaH.

dHAM MOAawi  HyKTanap TU3MMUHW o0nnb  Kapannmk. YMyMmaH,
TManMparn xap 6up mMoaamiA HyKTara Talky Ba WYKW Kyuynap Tabcup
aTagn. Muku Kyunap Tusvmgarv Mogaui HyKTanapHWHE y3apo Tabcup
KyynapugaH unéopaT 6ynraHnuru Tydainm ynapHuUHr BEKTOp WUIMHAWCK
HoMra reHr Ba OWHOGApPWH, WYKN KyynapHUHr O HykTara HucbaTtaH
MOMEHTM Xam Hosra TeHr. WyYHWHI yuyyH TM3uMra TabCcup 3TyBYM Ky4nap
(hakaT Tawkm KyunapgaH méopart 6ynaaun. Jemak, nTa Moaavii HykTanap
Tm3ummn yuyH (5.12) wndogaHn Kyhupgarmya €3vl MyMKUH:

(5.16)

ByHga 2L, = 2 [r,/no,] TU3UMHWUHI wuXTnépuiAi O HykTara HucbaTaH
| |

uMaynbC MoMeHTW. (5.16) TeHrAnuK Moaaui HykTanap TUSUMU  y4yH
MOMeHT/lap TeHrnamacuHu wndoganaign.

WyHpam Kunmb, Moganin HyK,Tonap TU3UMUHUHE UXTUEpuiA O Hyk,Tara
HUc6aTaH MMMYNbC MOMeHTUAaH Bak,T GyliMuya onuHraH X,ocuna 6apuya
TalK,M KY4Y4IapHUHI WYy HyKTara HucbataH Ky4 MOMEHTIapUHUHI BEKTOP
AMrmHaucura TeHr.

(5.16) wdogaparn 6Gapua BeKTOp KaTTa/IMKNApPHUHE  UXTUEPWUIA
O HyKTa oOpKaim YyTyBUM Z YyKKa MPOeKUUsicM OfMHCa, Kymugaru
MyHocabaT Xxocun 6ynaau:

(5.17)

SbHU, TU3UMAArN MoAAuiA HyKTanapHUHr O HyKTagaH yTyBUM YKKa HUC-
6aTtaH WMMNYIbC MOMEHTIAPUHUHI anreébpank WAFMHOUCUHUHE  BakT
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6ylinya ysrapuvwm wy yKka HucbaTaH OfMHraH Ky4 MOMEHTAapUHUHT
anreébpavk MUTrMHOMCUTA TEHT.

Arap mMoaauii HykTanap Tusnmm 6epk 6ynca (Tu3Mmra Tawku Kyynap
Tabcup kunamaca), (5.16) uhoaaHUHI YHT TOMOHU Ho/Mra TeHr 6ynaau:
6yHaaH

EL, = const (5.18)

neraH xynocara kenamus. (5.18) TEHINUK MOAAVIA HYKTanap TU3UMU YUyH
MMNYN1bC MOMEHTUHUHT CaK/aHWW KOHYHUW HU wudoaanai-
O Moaavi HykTanap 6epk TU3UMUHUHT UXTUEPUIA O HykTara HucbaTaH
UMMY/NbC MOMEHTW Bak,T YyTULLIN 6UNaH y3rapmaiau. by HaTuxa moaauii
HykTanap 6epk TU3UMUHUHI O HYKTafaH YyTyBUM YKKA HUCGATaH MMMY/bC
MOMEHTU YUYyH XaMm YPUHAMAUP: TU3MMra TabCUp 3TYBUM TallK,W Kyunap
TEHT TabCUP 3TYBUUCUMHUHT GUPOP YK,K,a HUCGATaH MOMEHTU HOJMra TeHr
6ynca, 6y Kyunap TU3UMHUHI WY YKK,a HAUcbGaTaH UMMYNAbC MOMEHTUHU
y3rapTvpa onmangu.

5.4- 8 MAPKA3U MAWLOHOATN XAPAKAT.
KEMMEP KOHYH/IAPU

®a3oHUHI Xap 6up HyKTacuga MoAAwi HyKTara KaHgahnaup Kydnap
(Bkn Kyy) Tabcup 3TaétraH 6ynca, gemak 6y MooaMIA HyKTa Kyunap
MaligoHuga 6ynagn. Mapkasuii maiigoHgarn xapakatga Mogauii Hyktara
Mapkasnii Kydynap Tabcup 3Tagu. Mapkasuin Kyunapra Xoc
XyCcycuaT WwyHAaH wnbopaTky, 6y KyuynapHUHr 6apyacu Ky3sraamac
Mapkas (Kys3ranmac HyKTa)aaH yTnb, 6y KyunapHUHI KatTanuru mapkas
6unaH mMoagamii HykKTa opacmgary macodara 6ornmk. by Ky3sranmac
Mapkas Ky4d Mapkas3u gehinnagn. bupop wmogaouii HykTa (KUCM)
aTpodmpa xocun B6ynraH rpaBvMTauus MalifoHW, HYKTaBUi 3apsag XOCWI
KWAraH 3MeKTpocTatukK MaldoH Ba Wy Kabu mangoHnap mapka3wui
ManmpgoHnapaup. XycycaH, Kyéw Tmavmumparn canépanapHuHr
y3 wMexBapfnapu 6yinab xapakaTu Mapkasuii MalgoHgarnm Xxapakat
6ynn6, 6u3 Kyhnga ynapHUHI XapakaTumgarn KOHYHUSITNapHM Kapab
YNKamms.

Kyéw Ba canépanap opacuparn macoda ynapHUHI yndamnapura
HucbataH aH4Ya KaTTa OynraHIMrngaH ynapHu mogavii HykTa aeb kapatl
MYMKUH. Ky&WHNHI mMaccacnHn T OBa YHUHT aTpodunga alinaHysyn 6mpop
caliépaHVHr MaccacMHM m  6unaH 6enrwnacak, ynap opacugaru
TopTUWINLW (rpaBuTaumsa) Kydu

(5.19)

Tapsnga wdgoganaHagm (6yTyH onam TOPTUWWW  KOHYHW). By Kyu
MaligoHM MapKa3ui MaiigoHamp, YyHKU Xap 6up caépara TabCcup 3aTyBYU
Kyy Kyéw mapkasupaH ytaanm Ba 6uHOGapuH, MasKyp KYYHWUHT efnkacu
Honra TeHr. Jemak

M=Tr,F]=0.



byHOoaH Ba MOMeHTMap TeHrnamacupgad KyVII/I,CI,aFVIFa ara 6ynaM|/|3:

. =mM=0 L= m[r, u|= /A= const, (5.20)
AbHM Kyéw Tusmmmngarn xap 6up cariépaHuHr UMMY/sbC MOMEHTU BaKT
yTuwmn 6unad ysrapmangun. (5.20) TeHrnukgaH KypuHaguku, Mapkasuii

MaVIAOH,D,aFI/I XapakaTt Tpaektopuacu L ra Tuk XOoWnawraH' saccu Te-

KMcavkK (r Ba v BekTopsiap &TraH Tekucnuk)ga éragu. byHaam xapakat
AccuM XapakaT pgehvnagu.

lOkopnga kentmpunraH OyTyH oflaM TOpTUWKULW KOHYHU (5.19)HuK
KenTupmnb uymkapuwaa HblOTOH caliépanapHUHI XapakaTu Xakmgarm
KennepHUHr yuyTa KOHyHWUra acocnaHraH. Kennep kKoHyHnapw kyhunparn-
nap:
1 Bbapua caliépanapHuHr opbutanapu annuncpaH ubéopart 6ynmo,
YHUHI 6up dokycuaa Kyl >xonnaiwiraH.

2. CallépaHuWHI paguyc-BEKTOPW TeHr Bak,Tap opanurupa TeHr
to3anap 4nsagu.

3. CaliépanapHuHr anaHuw gaspnapv KsaapaTlapUHUHE 3INNTUK
opbutanap Katta fApuvM YUJapUHWHE  Ky6napura Hucbatn 6apua
caiépanap yuyyH 6up Xws:

Bn3 Kylinga mapkasuii MangoHgarn xapakar XxycycustnapugaH sa Kyéu
arpochmpa arinaHyBum caliépanap 9SHeprusanapuHMHI Xamga WMMynabe
MOMEHT/ITaPUHUHI  cakfaHWW  KOoHyHnapugaH donganaHn6, Kennep
KOHYHNapuHn acocnaimms. Jactnad YHWHT MKKMHYM KOHYHWHU Kapab
YNKaMun3s.

KennepHMHI UKKMHYM KOHYHW. CanépanapHuUHI XapakaTtu gasomMuaa
YHUHI I paguyc-BekTopu dt BakT gasomupa dtp 6ypyakka 6ypunagu. LWy
BaKT faBoMua I Ynm3raH CeKTOPHUHI to3n (5.7- paem):

By TeHrnMkgaH BakT 6yinya xocunia omb, yHU canépaHuHr maccacm m ra
Kynantupamma:

2mHr d]+m[74 521>

6y TEHIUKHUHT YHI TOMOHMAArM 6UPUHUM KYLWIWYBYM Xahd, WKKUTA
KON/MMHeap BEKTOPHWHI BEKTOP KynaiTmacu 6ynraHu Tychainu, y Honra

TEHTr; UKKUHYM Xaanaru — calépaHuUHI  Te3NUTMHU  udoaanainam

(abHNM ~ =y ); jfjj- — cektop Te3nuk pgenvnagn. WyHpan Kuamo,

(5.21) TEHrNMKHU Kyihnpgarnya é3uw MYMKUH:

2m Ht: m[r,v] EKun ot om =const. (5.22)

85



5.7-pacm™m 58-pacm

OXMPrn TEHINIMKHUHI YHI TOMOHW Yy3rapmac KaTTanuknapgaH wubopart
6ynraHnurngaH Kymmparu xynocara Kenamus: Mapkasuii maigoHgarm
NapakaTfha caliépaHuHI CeKTop Te3nuru ysrapmaigw.

Han (5.22) HM Kynnpgaru KypuHuwga é3amms:

ds=-2-dt &wmu [5= 3 M . (5.23)

(5.22) Ba yHra mykobwun (5.23) TeHrnuknap Kennep HUHI UKKWUHYN
KOHYHWHW wudoganaiign: camépaHuWHr X,apakaTu gasoMuga YHWHT
pagnyc-BeKTOpM TeHr Bak,T/lap opanMrunga TeHr ro3anap umsagw.

KennepHUHr 6UPWHYM  KOHYHW. CalépanapHuUHr xapakaTu sccu
XapakaT 6ynraHnw-u Tygannm 6yHgar XxapakaTHU 6aéH Kunmwga KyTo
KoopavHatanapu r Ba ¢ AaH olganaHuw Makcagra MyBoUKAUP.
5.8-paempa 1O Ba T oOpkanu Kyéw Ba 6upop cariépaHuHr / BakTtaaru
BasnATM akc STTupwunraH; 6yHpa r— KyéwpaaH caliéparavya 6ynraH
Macoha (pagnyc-BeKkTop); h— KyT6 bypyaru (YHUHI KaTTanuru wapTiu
paBuvLga caHOK 6owu aeb xmcobnaHraH Kyté ykm T»A ra HucbataH coar
MWW AyHanuwmMra Teckapy WyHanuwaa onvHaawn).

CailiépaHuHr y3 mexsapu Oyiinab xapakaT Te3nuruHm 6mpun paguyc-
BEKTOP I MyHanMwmaa, WKKMHYMCKU yHra TUK MyHanuwga 6ynraH ysapo
TUK WKKUTA TalWwKua 3TyBuMra axparuw MyMmkuH (5.8-paem):

y= +
EKkun
V= vITx-vv= rl+ rlpj, (5.24)
6yHpa vr= vri — KyéwpaH cariéparaya 6ynraH mMacodaHuHr y3rapuiin

6unaH,N\yu= MY aca ¢ 6ypyakHUHr y3rapuwmn 6unaH 60rnvkK Tesnuknap;
i Ba / moc paBnwpga v, Ba @4 WyHanuwpgarn O6uMpAvK BekTopnap
((5.24) wndopapa = 3KaH/INTN 3abTMBOpPra onmHAMN).

3HAON calépaHMHI MMMYNbC MOMEHTMHW KyT6 KoopAuHaTanapuja
ndopganaimms. (5.24)umn (5.20)ra Kynnb Kyhupgarura ara éynamma:

L = m\r, v] = m\r, vr]-\-m\r, y®L (5.25)
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r Ba vr Ko//inHeap (6Mp Xun WyHanuwparn) BCKTopnap 6ynraHnavrm
YUYYH OXUPrU TEHTIMKHWHI YHI TOMOHMAArn OUpUHYM KYLUWYBUYM Xap,
Ho/Mra TeHr 3kaHAurMHM Ba (5.24)HM Hazappga TyTcak, calépaHuHr
MMMNY/IbC MOMEHTU Kyingarn KypuHuwra Kenagw:

L = m\r, w] = T1\r, r(pj| = mrtpfr, N\

r xamga ] BekTopnap ysapo Tuk Ba \, /] HUHT WyHanuwn L 6unaH
6up xun 6ynmb, CoH KuAMatu r ra TeHr. WyHpan knnub, caiiépaHuHr
MMMY/Ib,C MOMEHTUHUHI CakNaHWLW KOHYHW KyT6 KoopAuHatanap TU3MMu-
ha Kyhngarnya wdoganaHagw:

L=mr<p=L0= const. (5.26)

(5.24) Hu Hasappa TYyTMO, calépaHUHI KWUHETUK 3HEepPrusacUHU KyT6
KoopAuHaTasnapn OpKaau

(5.27)

KypuHuwpa ésammni (byHpa y3apo TUK 1 Ba / BEKTOP/IapHUHI cKansap
KynaitTmacu HoOAra TeHr 3KaHnurm abvTubopra onuHawn). Mapkasnii
MaigoH4a X,apakar KunaéTraH caiépaHuHr noTeHUnan 3Hepruacu
MaHMUA, YYHKW Mas3Kyp MaigoHAa XWUCMra TabCcup 3TyBUYM  Kyunap
KOHcepBaTuB Kyynapaump ((6.25) ra K.):

(To BaT — MOC paBuwga KyEWHWHT Ba caiépaHuHr maccacu). WyHpaai
Knnnb, Mapkasuii MalngoHOa XapakatnaHaéTraH caliépaHuHr Tyna
SHEPIrUSACUHUHT Ba MMMYNbC MOMEHTUHMHI CaKNaHULW KOHYHW Kylhngaruya
ngoganaHagwn:

(5.28)

Lo= mr2p= const. (5.29)

By TeHrnamanapga BakT 6ylivya OofIMHraH XocunanapHu 6ypyak pbyinya
O/MHraH X,ocunanap 6wnaH anmMawTupaMmus. ByHUHT  yuyyH <p=
= Lo/mr2 3kaHuHM 3bTMbBopra ommb, (5.28)paH Kylingarnnapra ara
oynamms:

6yHAaaH

dt = dr (5.30)
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AHan (5.29)Hn

dy= ~dt
Tr

KypuHuwga ésaimmns Ba yHparn dt ypHura (5.30) HM Kyinb6 xampga yHu
MHTerpannao,

r vV'/'2
< H ~,u/2on+ (2T0T%//r)—LJr2 (5°31)

HM Xocun Kunamus. nams octugary udogaHu

A ow 4 2 $ ' 2mom 2

2mE,+ + A - f
Tapsga €3mb, cyHrpa

*m0 "'0'"2

T)="2-Lo_Y L YO E% —omEoH----(5.82)
r 4) LO

anMawTnpuwnapHn kmputcak (dx\=—Lar/r2), (5.31) wudopa «xan-
Ba/1» WHTErpan, AbHU

KypuHuWra kenaau. BuHoGapwH,

b= —arcsinj-f g =arccos-"—(-qu, (5.34)

(byHoa % = dy—y ). ¢O HMHI KuAMatnm Xmcob O6OWMHKM TaHnawra

60rMK: xmcob 60WVHU WyHAah TaHNannukku, dgo= 0 6yncuH. 1j, 6 Ba
dr] napHuHr kunmatnapumHmn (5.34)ra Kyiicak,

(Lg/r) - (wOm2/£0)y
® = arccos-
~2mEQ-\-(n"mA/LR)y 2
6yna,u,|/|. APKKOCUMHYC OCTMAary KacpHUHI cypaTr Ba MaxXpaXKvHWU

— ra kynantmpm6, (5.34) Hu Kyhmngarvya €3u MYMKUH:

TAT Yy

AN/TpT2ry) —I

® = arccos
+ |

6y wudomana

z2

= —— (5.39
TAT Y



e= p/(2EOL$/n%m3y?) + | (5.36)

6enrl/|naumapHV| KNpntTamMmmns, y Xosnga

9 = arccos- (5.37)

byHaaH

cos<Pp= Ba r= 14eCC (5.38)
Kennb umkaaun. (5.38) kKyT6 KoopauHaTanapu opkann noganaHraH KoHyc
KECUMHWUHI Ky4y wMapkasu (Kyéw)ra HucbataH TeHrnamacugmup (6y
HaTvka KennepHuHr | KoOHyHuAaup); xycycuii xonga (5.38) annunc
TEeHrnamacu, p — YHWHI napameTpu, € — JUTUNCHUHI 3KCLLEEHTPUCUTETHU
nerivnaan.l)5 .38) gaH KypuyHaguku, <pOypyakHU ynyaw cavépa paguyc-
BEKTOpPW (N) HUHI WyHAa BasvaTMAaH 6ownaHaguku, ywa BasuAaTaa
r HUHr y3yHnurn p/(\-\-e) ra TeHr G6ynagu.
KOHYC KECUMHWHI LWaKNn 3KCLEHTPUCU-
TETHUHI KaTTanurnra 60rnank xonga xap Xun
oynmwn mMymkuH, (5.36) Hm

A_p = Wbo
m2n3/2

Wwaknga éscak, yHAaH KypuHaguku, Eo =

oty
oL bynca, e= 0 6ynagn (SbHWK
i

opbuTta alinaHagaH mbopart); Eo>0 6ynca,
e>1 (runepbona); £0< 0 6ynca e<
<1 (annwunc); £0=0 6ynca e= 1 (napabo-
na) 6ynaan (5.9-paem). £0<0 6ynraHga 59-pacm
TpaekTopua annunc oéynuwmn (5.28)ra kKypa

— < Y -~ O3KaHAUIMHKW 6ungupaguq.

oo ds
KennepHUHr  yumHus  KoHyHu. Cai€paHuHr CcekTop Tesnurn —

6ysca, annvnc 6yinaé Tyna alinaHuw gaspu T gaBoMuga paguyc-BeKrop
UM3raH H3aHUHI KaTTa/nuru

ds
dt

oynaan. (5.22)Hn abvTMGOpra onmoé, 6y TEHTNKHU

_ u T
s= 1 (5.39)
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;YPUHMLWIAA E3MW MYMKUMH. VIKKMHYM TOMOHAaH, SipUM yKnapu a Ba
>6ynraH 3A7UMACHUHI 03U

S = nab. (5.40)

AHaNUTUK reomeTpuagaH Mabnym 6ynraH b=a'\Jl—e? Ba b2=ap my-

tocabatnapHn xampga (5.35)HM abTMGOpra onmb, (5.40)HN Kyhnpgarmya
:3aMu3:

S—nalap =nayj (aL™) /nuyT2y. (5.41)
5.39) Ba (5.41) paH

T—2ntaga/T0Ty,

4 = — = const (5.42)
a3 "oy
eKaHrv kenmé unkagn. by KennepHuHr Il koHyHnaup. WyHpam knamo,
Mapkasuii MaigoHAarn XxapakatAa 3HeprusHUHI Ba WUMMY/bC MOMEHTU-
XXHI eaknaHuW KOHyHnapugaH MaHTukuii pasuwaa Kennep KOHyHnapw
cennb ymkap 9KaH.

5.J- 8 KOMHOTIA YNKULW TE3AUNKIAPU

TabuaTt xogucanapuHn ypraHuw Makcagumpa Kyn acpnap gasomMuaa
rrkasunraH TagkuvkoTnap Ba Taxpwubanap Ep cuptuga masxyn 6ynraH
vapouTaa amanra owuvpwunraH sgn. Ep — Kyéw Tusmmmparu caiiépa-
JappaH 6upu 6ynnb, mMaskyp TM3MMAa KNYMK COXaHu Tawkun atagu. Wy
3unaH 6upra, Kyéw tnanmm xam y3 HasB6atuga KOMHOTHUHI KUYUK 6Up
cucMn xmcobnaHagy. KOMHOT cupnapuHU ypraHuiw Myammocu KomHoTra
TapBO3 KW/IULWIHM Tako30 Kunaau. Xo3uprm 3aMoH aH Ba TexXHUKacwu
rapakknétn OyHaal napBO3/lapHU amanra Oowupull YYyH AacTiabku
WKOHUATNAPHN ApaTan  xamaa EpHUHT  cyHbuiA  WANAOWAAPUHUHT
AYMpuanLIM MasKyp HAyHanumwaa KWanHraH 6mpuHun kagam 6ynawm.

Xuncm (kn dasoBuii kKema) EpPHUHI CyHBUI Kyngowmra annaHuwun
YyH yHra MyansaH 6o0wnaHrny Te3nnk 6epuwl No3vmMm. Maskyp Te3nuk
3UPUHYM KOMHOT Te3nuru gehinnagn. Wy Te3NNKHM aHUKNARINK.
Yaccacu T 6ynraH xucm EpHUHI aTpodmaa anaHa 6yiinab xapakatia-
4NN YYyH YHra TabCUp KUNYBYM Mapkasra MHTUIMa Ky4d COH XuxaTnaH
WKVICMHUHI OTVIPAIVK Kyyura TeHr 6ynmwmn Kepak (XaBOHUHI KapLnanruHu
abTUbOpra onmManmma):

my{
~N~ =mg, (5.43)

6yHOoa R — ainaHaHuWHI paguycyu 6ynmb, amannii xmxatgaH EpHuHT
pagnycura AkuH (/?°N/?2£= 6371KM), O — XUEMHUHI 3pPKWH Tywunul
TesnaHnwn. (5.43)gaH

y,= «7,9- 108u/c«8-"-.
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EpHUMHI cyHbuiA Mynpown y3 MexBapu (opbutacu) 6yiinab xapa-
KatnaHn6 TypraHga Yy EpHUMHr TOpTMW Kyun Tabcupupga 6ynagw.
KOMHOTHM y3nawTnpuwgarn MKKMHYM Kagam LWyHAaH nbopaTtku, XUCM
y3 Xapakatu Tydaiam EpHUHI TOPTULW KyYMHW eHrnb, KyEWHWHI CyHbUN
Myngowura amnaHuwn kKepak. byHpaan xapakaT Te3iMrm MKKUHYMK
KOWHOT Te3nurn pgeninnagn. Xucm 6yHaan Te3nMKKa apuLLmnWLn yuyH
YHUHI Tyna 3Hepruscu Hojara TeHr 6ynuwn, sibHU

mv\ TET

0= ~2 V~R—

TeHrnuk 6axapmnuuwm no3nm (6byHga mL — EpHuMHIr maccacu). byHaaH

-~ (5-44,

ra ara 6ynamms. WKKMHYM TOMOHZaH, EpHUHr y3 yKku atpodmaa
ainaHuwKn Tydalinu ByxXyAra KenraH MapkasgaH kouma Kyd (3.20) Hu
3bTMGOPra ofiMaraHAa >XXWCMra TabCUp 3TYBUM EPHUHI TOPTULI Kyuura,
SbHU OFVP/IUK Ky4YUra TeHr:

T.pT TC
y—j, -=rng,  O6yHgaH y~- =gR. (5.45)

(5.44) Ba (5.45) AaH WUKKUHYM KOWHOT TE3/INTU YYYyH Kylmaarm HaTumxa
Kennué unkaan:

KM
W= Y2gR - V2 \UR = V2v\~ 112

YYMHUYN KOMHOT Te3nuUrm xam MaBxynd. Xucm 6yHpan
Te3NMKKa spuwiraHga y Ep Ba KyEWHWHI TOPTUW KYyYUHU eHrmb Kyéul
TU3UMWN YerapacupaH YMKUOG KeTagu. YUMHYM KOUMHOT TE3/IMMMHU Tonwuul
yuyH (5.44) dopmynaga EpHUHr maccacu ypHura Kyéuw maccacu (J14)Hu
(Hazapui xuxatoaH KyE&w TUIMMUMHUHI MaccacuHu); R ypHura Ep
OpOUTaCUHUHI  paguycuHu o kKepak (M — 1,97- lO3xr; /?= 15
<0 "KM):

y3= = \V2-667T1(r"=197'[ONVTS-W1 =

4,2- 10,m/c=42 km/c.

OnuHraH 6y HaTwxka Ep Ky3ranmac 6ynraH xaT YY4yH ypUHAUAMP. EPHUHT
y3 opbutacu 6yiinab 30 KM/c Te3nMK 6unaH XapakaT kunuwum Ba Kyéuw
TnanmMmgarn 6apya >xxucmnap (caliépanap Ba KomeTanap)HUHI Maccacu
abTMbOpra onunHca, $Has3oBuii kKema Te3IMIMHUHT NyHanuwun EpHUHT
y3 opbutacm 6yiinab xapakaT WyHanmwura HucbataH kKaHgan 6ypuak
Tawkua atuwmnra Kapab v3 Te3sNUKHUHI KaTTtanurn 17 gaH 73 KM/c rava
Y3rapagu.
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VI BOB

SQHEPTUAHWHT caknnnunw KOHYHU

6.1-$. MWl BA KYBBAT. 3HEPIUA

Xucmnap 6up-6mpun 6unaH Tabcnpnawmnim HaTmxkacnaa x,apakar omp
XMemaaH MUKKMHYMcUra ysatunagu. Ysapo TabCup, MabiyMKM, Kyd
BocuTacuaa pyn 6epaam, AbHU Ky4d TabCUpuUAa XUEMHUHI MeXaHHKaBuii
XapakaTu ysrapagum, ammo LWYyHW XaM Hasapga TyTull Kepakku, arap
XUCM TWHY Xonatga 6ynca, y Xonga YHra xed KaHgam Kyd Tabcup
KWAIMasanTu geraH Xynoca Kenné uYnmkmanmgu: Xucmra TabCcup aTaéTraH
Kyuynap 6ump-6upvHM MyBO3aHatnahngu. MacanaH, CTOn ycTtuga TuHY
TypraH >XWEeMHUHI OFMpPAWK KyYu CTOSIHMHI akc TabCcup Kyuun 6unaH
MyBO3aHaTAa Oynagwn. bowka Xonnapga TawKku Kyd TabCUpW XapakaTt
6unaH 60rnnk 6ynnb, Maskyp xapakaT Tydanam >XUCM MyaWlssH BakT
opanurnga upop macogaHu 60cnb ytaam — TalKnM Kyd v baxapaau.

KyHoanuk xaétumusga KynnaHwnaguraH ww  TywyHyacu 6unaH
MeXaHHKaBUiA xapakaT 6unaH 60rnuK uw TywyH4Yanapu 6mp-6upugaH
Ty6aaH apk kunagw; 6y dapk wyHoaH MbéopaTky, MexaHHKaBuii wuw
xapakaT 6unaH 60rnMKk 6ynm6, XWUCMAAPHUHI 6UP >XOWAAH WKKUHYM
XOWra Kyunwmaa Talwky KyYHUHr 6axapraH uvwm 6unaH ynyaHagu.

6.l-pac m

TaxpubanapHUHI KypcaTuwmnya, 6axapuaraH uw XXucm 6ocub ytraH
Mynra Ba yHra TabCup 3TyBYM TallKW Kyuyra MytaHocu6aup. Jounmwnii
F Ky4y Tabcmpmpga XUCM TYrpyv 4YM3UKNM XapakaT Kuamnb kKaHganamp
s MacocthaHn 60cmb yTca, Oy Ky4yHUHr GaxapraH uwm (6.1-pacm)

A = Fs cosa (6.1)

oynagun; 6y epga a — TabCUp 3TYBUM Kyd KWyHanuwm 6GunaH xapakat
MyHanmwmn opacmpgarn 6ypuak, F cos a = Fs— XuUcmra TabCuUp 3TyBUM
KYYHUHI XapakaT MyHanuwmra npoekuusicn 3KaHIUIMHU Hasapaa TyTuo,
toKopugarm opmynaHu kKyimgarmya €3amms:

A = Fs-s. (6.2)

(6.1) dopmynagarn F Kyd Xucmra TabCup 3TyBUM Oapya TawKu
KyYNapHWUHI TEHr TabCcup 3TyBUMCMAMP. XUCMra YHWUHI Xapakatura
KapLwnank KypcatyBum uwkanaHuw kyyuu f xam Tabcup atagm Ba J HUHC
MyHanMwm xamMmma BakKT TS HUHI WyHanuwmra kapama-kapwuaup (6y
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epfa Ts BekTOp KaTtTa/Mk 6ynu6, y F Ky4yHUMHr xapakaT #yHanuwmga-

M Tawkun atysumcmaup). tOkopugarn dopmynagaH KypuHu6 Typuoam-
ku, baxkapunraH mw a 6ypuakka 6ornuk: 1) a<n/2 (cosa>0) 6ynca,
6axapunraH uw wmycbatr 6ynagu; 2) a=>n/2 (cosacO) 6ynca,
bakapunaraH uw maHhunanp.

BaxapwunraH VWHKMHI Myc6aT ékn MaH@UIAINTMHN aHUKPOK TacaBByp
STUW YyYyH MuUconnap Kentupamnumk. Xmcm F Kyd Tabcupupga Xapakar

KunaétraHnpa, 6y Kyd 6unaH 6GuMp BakKTAa XapakaTra KapLiuimk
KypcaTyBuM WLWIKanaHuw Kyun ] xam Tabcup 3tagu. by Kkyu xapakat

MyHanuwmnra HucbataH Kapama-kKapliv TOMOHra iyHanraH (a>y) Ba

6y KYYHWHI GaxapraH uwm maHuiigup. ®apas kunainuk, F, Kyd
TabCcMpuaa >XWUCM OMPOP TEKUCAUK YycTuaa ysrapmac Tes/MK 6unaH

TYrpu 4n3unk 6yiinab xapakaT KunaétraH 6yncuH. Y 30pioa HblOTOHHUHT
OMPUMHUM KOHYHMra acocaH >XWUCMra Xed kaHgain ;.TalWku Ky4 Tabcup
knnmaétraH 6ynuwun Ba (6.1) dopmynara acocaH 6axapuiaraH ww xXam
HoMra TeHr 6ynuwmn Kepak 3gu. Acnmpga aca 6yHaanm amac. ByHUHr 6oucum
WYHOAKN, BU3HUHT MUCOMMMU3OATN XXMUCM y3rapmac TesinkK 6unaH Tyrpm
un3nk byinnab xapakaTnaHaéTraHuga Tawku Kyd dakaT uwKanaHuw
Ky4nHW MyBO3aHatTnaanTu, AbHU FS Ky4y COH XuxatgaH uwkanaHw

Kyuura TeHr. HaknuéT (TpaHcnopT) BocuTasiapu yarapmac Tes3jiMK GunaH
TYFpyM UYM3UKAM XapakaT KuMaéTraHuaa XamMm MOTOPHUHI TOPTULL Ky4uu
MWKanaHUW Kyun 6unaH MyBo3aHaTAa 6Gynaguv. Jemak, MOTOp KyUMHUHT
G6axapraH wuwm mycbataup. fiHa 6up mucon. AilTailnuk, Tekuc Wynpa
eTapnn papaxaja Katta Te3nuK 6unaH KeTaéTtraH aBTOMOGUIHUHE
MOTOpY ;yunpusca €K1 TOpMO3/iaHca, Yy 6upop MacodgaHu yTub TyxTaigu.
Ma3kyp Macoafa yHra akaT MWWKaNaHWW Kyuyun Xamja XaBOHWHF
Kaplwuank Kyuyn Tabcup 3Tagum Ba 6y KydnapHUHT 6axapraH wuwm
MaHpuiiaMp. [emak, >XUCMHUHI XapakaTura KapwuinkK KUayBum

KyuYNapHUHI GakapraH uwuv MaHhpuiAgup. dHOM (cosa = 0)

OynraH XosHW Kapannuk. XXncm annaHa 6yinab ysrapmac 6ypyak Tesnuk
6unaH XxapakaTnaHraHga yHra cakaT Mapkasra WHTUAIMa Ky4 Tabcup
3Ta Ba Ky4 XxXamMMa BaKT Xapakar WyHanuwmra TUK KyHanraH. by
KYYHUHI 6axkapraH WWK HOMra TeHr.

YMyMaH, XUCMra TabCup 3TyBYM Ky4 /3rapmb TypullM Ba YHUHT
XapakaTt TpaeKTOpUsCU arpu YnsnkpaH nbopar Gynuwn MyMKuUH. Y xonga
TPaeKTOpUAHM XaénaH 4YeKCcU3 KUYUK 3nemeHTap Oynaknapra wyHpgain
6ynamMmmskm, 6y Oynakya opanurnga >XuUcMra Tabcup ITYBUM Ky4YHWU
y3rapmac Qge6 xwucobnawl MyMKUH OyncuH. bBuHOGapuH, anemMeHTap
Kyumwga 6axapuiraH 31eMeHTap ULHU XUCMTa TabCUp 3TYBYM KYUHUHT

3fNeMeHTap Kyuyulra ckansp KynaitmMacu Tap3uga udoganal MyMKUH,
ALHU:

dA = (F -ds) = Fsds. (6.3)

dapas kunaiinuk, Fskyd macoda byinnab 6.2- pacmga KypcatuiaraHu-
Jek y3rapcuH (pacmpa abcuucca yku 6yiinab  WyNHWHE  Y3yHAUTK
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;ylimnraH, a Ba b HykTanap opacmpgarn macoda WXTUEPWIA Lwakngaru
iwihuht y3yHnunrura teHr). bupop ds anemeHTap Kyuuwpaa 6axapwuaraH
'F anTaeHTap WW COH XuXaThaH Kua 4dnsmknap 6O6unaH axpaTtmb
ypcatuiraH r3adyaHUHI Kartaamrura TeHr. XUEeMHWUHIr a HyKTajaH
HyKTara Kyuynwunpa 6axapwuaraH mw 6apya afnemeHTap Kyuuwnapga
>aapwiraH UWAapHUHT AUTMHANCUTA TEHT BynraHanru Tydannm maskyp
MH COH >XmxaThaH abeda r03aHMHI KaTTanurura TeHr 6ynub, Kynuparn
lwTerpan opkanm udoganaHagm:

d d
A= \dA= JFds. (6.4)

Mw 6upnnrn kmnnbd 6up GUPANKKa TeHr Kyd Tabcupuga >XUEMHWU
MpNnK Macoara Kyuvpuwpga OG6axapuaraH wuw  Kabyn  KUIUHIaH.
[ankapo 6upnuknap Tnaumm (CWN) aa vw émpnmrn kmnub 6mp HblOTOH
y4y Tabcupugarm MyHanuwga >xmemHu | meTp Macodhara Kyumpuwga
axapwuaraH v Kabyn KWaMHraH Baby 6upnmk xoynb (XK ) pelimnagw.

1XK=1H =1m.

Mwucon: maccacnm 75 Kr 6ynraH XvemMHW Tuk KyHanmwga 1 metp
lanaHgnvkka KytTapuwga 6axapuaraH uw — OrUMpAnK Kyyura Kaplim
.yhnnraH Kyd4HuHr 1meTp macodaga 6axapraH numnamp. Maskyp Ky4 COH
KUXaTAaH OrMp/anK Kyuura TeHr 6ynub, MyHanuwm 6yrnya yHra Kkapama-
;apwumnamp, AbHU:

A = mgh =75 kr-9,81m/c2-1m=736H-Mm=736 X.

Crc Tmsummga WWHWHIE Yyn4yoB Oupnurm — spr. CW Ba CIC
n3MMnapugarn VWHWHE yN4yoB GMpNukiapy opacuga Kyhingarn myHoca-
>ar MaBXyn,:

1XK=1H <lm= 1-10°guHa- | «FOZm= 10'apr.

AManuii kumxaTaaH, 6axapunaraH WWHUHT  KUAMaTUHU  6uaviaaH
awkapu mMasKyp W KaH4ya BakT opanuruaa 6axapunraHinruHm 6unul
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XaM MyXuUM axamusaTra ara. BakT 6upnvru gasomuga GaxapuaraH vwra
LyBBaT Aelinnaan. Arap dt BakT gasommaa dA mw 6axapusca, KyBeaT

(6.5)

Tap3ga udgopganaHagn, SbHW KyBBaT bGaxapwunraH uvwgaH BakKT Oylinua
ONMHraH 6MpuHYM TapTM6M Xocunara TeHr. (6.2) TeHrnukHu (6.5) wudo-
para Kynm6, kyhupgarura ara 6ynamus:

M dA d .r , . . ds n
=-dr = Jt(F*ds'>=F>-in=F<'

AbHN GepunraH Fs Kyd Tabcupuga XXUCM KaTTa Te3nnk 6unaH xapakat
KANUWK YYYH MEeXaHU3MHUHI KyBBaTW XaM KaTTa Oynmwn kepak.

KysBat o6upnurn cudatmga CWpaa saTT (BT) Kabyn KWIMHraH:
1BaTT— 1cekyHA gasomuga 1>koynb uw 6axapaguraH KypuaMaHuHT
KM MexXaHW3MHUHI KyBBaTuAup:

BT1= T

TexHukaga 6ab3aH TU3MMOaH Talwkapu KyBBaT oupanurm — o1 Kyuu
(0.k.) xam KkynnaHunagu. bup oT Kyuum— 1 cekyHpgpa 736 X wvw
baxkapaguraH KypuiMaHWHI (MeXaHW3MHWHI) KyBBaTugup. HOkopuaa
KeNTMpuiAraH CcoOHAM  MWUCOMHW  Hasapja TyTcak, | 0.K.— maccacu
75 kr 6ynraH >XuUcmHuM 1 cekyHn pasomuga 1 metp 6GanaHONMKKa
KyTapaguraH MexXaHU3MHUHI KyBBaTuaup.

MexaHUKaBuii WW Ba 3HEPrus AeraH WKKA TyWyH4Ya y3apo Yy3BWUiA
60ornuK TywyHuyanapaup. Kyhngarm wmuconnap opkaam 6y y3BuiA
6ornaHnWw Xxakuga TacaBBYp XOCW1 Kuauw MYMKUH. MaH6anappgaH
y3aTunaétraH 9/eKTp 3HeprusacuMHU UCTebMON  KUANG, yiuMunsgaru
COBYTIMY, KUP OBMLI MallMHacu, pagmo Ba OWHamXaxoHnap wuwnanan.
MabnymMmKn, EHUNTMHUHT EHULW >XapaéHupa axpanudé YMKKaH UCCUKIUK
3HEpPrusacn xmcobura KULWNOK XyxXalaukK MalnHanapu, HaknméT socutana-
py, Kema Ba Talépanap xapakaTra Kenm6, uw 6axapagun. CoaTHUHr
npyXuHacuHu 6ypab, myalisaH uw 6axapamus, Wy uw Xucobura coatga
3Heprua TynnaHagun; TyrJlaHraH 3Heprus aca MexXaHW3MAAPHUHT  uwW
baxapuwun ydyyH capd O6ynaan. banaHonukpaH TywaétraH CYyBHUHT
3Heprusacy 6unaH F3C napHUHr TypbuHanapu XxapakaTtra kenagm, sibHU
ynap wvw 6axapanu; 6axapunraH uw Xucobura aca 3/1eKTP 3Heprusacu
xocun 6ynagn; 6m3 6y epha CYyBHUMHI  MeEXaHMKaBU  3HEepruscu
GakapunraH wwW BOcUTacuAa SMeKTp 3sHepruscura annaHaérraHuHu
Kypamus.

WyHpanm kunnb, bakapuaraH v xmucobura sHeprus Xocun KuamHagm
Ba akcuH4ya, 3Hepruva capgnaé ww 6Gaxapunagn. bBnHoGapuH, wuw
baxapull K,06UInATU 3HEPrua aemMakaup.

dHeprua MykgaH 6op 6ynmaiauv Ba ykonmaingu, y hakaTt 6up TypaaH
6owka Typra yragu. bus kyiinga mexaHnkasuini 3HEPrUAHUHE pakaT KKK
TYyp —KUHET MK Ba NOTeHUMan aHepruanap O6unaH TaHuwa-
MU3. baxapunraH uw xucobura saHeprua Xocwun OYNULLMHW Ba akCUHYa,



3Heprus capdnab v G6axapunvunHM Hasapaa TyTcakK, WUW Ba 3Heprus
(wy XymMnagaH KUHETWK Ba MOTEHUMan aHeprusnap xam) 6vp Xxun ynyos
6upnuknapmaa — Xxoynnapga ynu4aHUWWHW aHrnaw KuiinH amac.

6.2-8. KWHETWUK 3HEPTAA

Xapakatgarm XUCMHUHI MeXaHUKaBWUii 3HEepruscu KMHETUK 3Heprus-
OVp. YMyMaH 3Heprus >XUCMHUHT 1w 6axapuil KOOUIMATU 3KaHNUTUHU
Hasapga TyTcaK, KWHeTUK 3Heprusra Kyhunparmya Ttabpud 6Gepuwl
MYMKWH: KWHETUK 3Heprna pAeb xapakatnaHaérraH >XUCMHUHE UL
6akapuw K,06unmsTura antunagw.

Bupop Vv Te3nmk 6wunaH XxapakaT/iaHaétraH >XWUCMHUHI KUHETUK
SHeprusacn kKaHgawm wndopanaHaan? by udogaHn Tonuw yuyH pactnab
TUHY TypraH Ba maccacu m 6ynraH >Xucmra ysrapmac Tawku F  Kyd
TabCMp 9TaéTraH XxanHW Kapanuk. Maskyp Ky4 Tabcmpuga >XuCMm
xapakaTtra Kkenm6, dt BakT opanmrpnga xapakat WyHanuwmpa ds
mMacoaHun 60cmb yTagu; HaTuxkaga yHUHr Tes3nurm O pgaH dv ra kagap
owaan Ba TawWKWM Ky4y XXUCM ycTuga mycbat mw 6axapaaun. Tawku Kyd dt
BaKT pAasomuga XuUcMm yctuga dA ra TeHr uvw 6Gaxapca, LWy BakT
opaiMrnga YHUHr KuHeTuk sHepruscn O paH dEt ra owagwn. bowkaua
alitraHga, TalWwky KyYHUHT 6axapraH WWK XUCMHUHI KUHETUK 3Heprus-
CUHVHI OpTTUPMacura TeHr:

dA = dEk (6.6)

MabnyMKu, F KyYHUHT XUCMHU ds ra Kyumpuwaa 6axapraH Uwn:

dA = (Fds) = Fdscosa —F4s,
6y epga a — F Ba ds BekTtopnap opacugarun 6ypuak, Fs— xuncmra

TabCUpP 3TYBUM Ky4dHUHI ds Kyuuwra npoekuusicn. XucMm xapakat
KWIaéTraH UWHepuvasn CcaHoK TuaMMuga YyHra Tabcup 3TyBUM  Kyd
HbIOTOHHUHT MKKUHYN KOHYHW:

- dv
F = m'dt

thopmMyna opkanu wudofanaHagn. Maskyp KyyHUHr akaT XapakaTt
MyHanuwmnra npoekumnscu

n dv

F>= min

vw 6axapaaun (6yHpa dv/dt — Te3naHMWHWHE XapakaT HyHanuwura
npoekuymsacu). By KydyHMHr ds macoana 6axapraH uwn:

dA = Fds=m ds (6.7)

ds wmacotaHn xucm v= ds/dt Te3nuk 6unaH 6ocub yTaaM Ba
6uHOG6apuH: ds = vdt\ 6y myHocabaTHu (6.7) ra kynmb, ds macocaga
GaxapunraH uw yyyH kylhimpgarn mdopara ara 6ynamus:

dA=m~ivdt= mv dv. (6.8)
(6.6)ra acocaH (6.8) TEHINMUKHM Kyhnpgarnya €3amus:

dEK= mvdyv. (6.9)
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By MyHoca6aTr F* kyu Tabcupuga xucm ds mMacoaHu 6ocub yTraHga
YHUHT KVHETUK 3HEPTUSCUHWUHT Y3rapuwmHn udoganainan. XXucm 6y Kyu
TabcMpuaa MyaiisiH s MmacoaHn 60cnb yTca, YHUHT KUHETUK 3HEPTUSCU:

Ek= NdEK= jmw dv= ~~,
ABHU

E,= ~- (6.10)

6ynaaun. Lemak, v Te3/IMK 6GunaH XapakaTnaHaéTraH XUEeMHUHT KUHETUK
3HEPIUACUM YHUHT Maccacu 6unaH TesIMrv Keaapaty KynaiTMacuHUHT
ApMUra TeHr, AsbHM Maccacu T 6yfraH XucMm v Te3nMk 6unaH xapakatna-
HaéTraH Oy/ica, YHUHI KMHETUK 3Heprusicui mv2/2 ra TeHr. VIKKMHYK

TOMOHOAH, Maccacu T Ba Te3MIM Vv Gy/raH XWEeMHU TyXTaTull YuyH
TalWku Kyuynap mv2/2 ra TeHr 6ynraH MaHgpuii uw Gaxapuwun f103um Ba
akcuH4ya, MaccacM T OynraH TUHY TypraH >XWeMHU V Te3nuk 6unaH

TX?
Xapakatra KenTupull yuyyH TalKW Kydynap — ra TeHr éynraH mycéar

v 6axapuwmn nosum 6ynagw.
(6.10) dopmynaHu KenTmpmb umkapuwga F  Kyd TabCcup 3TryHra

Kagap XUcM TUHY Xonataa Ae6 dapas KuaraH aguk. SHAW Kyd Tabcup
3TryHra KaZap XWcM KaHAaiamp L\ Te3nuk 6unaH xapakatiaHaétup Ba
TalWKU Ky4y Tabcupupa YHUHT Te3nurn W\ gaH v2 ra kagap owau, Ae6
thapas kunanuk. by Ky4yHUHTr 6axapraH MWLM XUCM KUHETUK 3HEepruscu-
HUHT y3rapuwimra TeHr 6ynagu:

M 2> 2
mvs mvi
Sovav= 2202 (6.11)

N

V Te3NINK 6unaH xapakat/faHaéTraH XUCM MMMYAbCUHUHT Moaynu mv
9KaH/IMMMHW  Hasapaa TyTuG, YHUHIT KUHETUK SHepruscu KynuHuya
Kyinparvya vdoganaHaan:

Ek- £ . (6.12,

Illy naiTrayua 6m3 xapakaTnaHaétraH OWUTTA XWEMHUHI KUHETUK
SHEPrUsicM Xakmga Mynoxasa opuTamk. dHAM N Ta XuemgaH (N Ta
Mo4auiA HyKTadaH) 1Mbéopart TUSUMHU ONnG Kapannuk. YHAarn /->KNeMHUHr
mMaccacu Ba Te3/iMrm mMoc pasuwpga T, Ba Yy, 6ynca, TUSUMHUHT KUHETUK
SHEepruscu:

EK=Z-"~~ (6.13)

Tap3ga udonanaHaan, SbHU TUSMMHUHT KUHETUK 3HEPTUSCU YHU TaLuKWJI
3TraH XWUCM/Aap KUHETUK 3HEPTUSNMapUHUHT AurnHavcura Tedr. LyHu
acAa TyTUL NO3UMKU, TUSUMHUHT UMMY/IbCU YHUHT TapKu6uaaru xmcmaap
VUMMYNILENAPUHUHT  BEKTOP WUTMHAWCUATA TEHF; TUBNUMHUHT  KUHETUK
3JHEPrUACKM 3cCa YHUHI TapkmGuaaru >XWUCMAAPHUWHI Kalicn WyHanuwpa.
XapakaTnaHaéTraHnuknapura 60raMK amac.
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6.3- 8& TYP/IN CAHOK TUSUMNAPNAOATWN KUHETUK
OQHEPTNANTAP OPACUAATW BOTNTAHWL

MabnymKn, MexaHuKaBuiA XapakaT HUCouM OynraHnnru Tydannm
WCMHUHI hasojarn xap KaHjar xapakaTu Ba Te3nuru 6upop unHepuman
HOK TM3MMWUra HucbaTaH aHuknaHagw. lOkopuaa KUHETUK SHEPrusHu
popanosun (6.10) Ba (6.13) myHocabaTnapaa >XUCMAAPHUHT Te3Nnkna-
| myaisiH uWHepuuMan caHOK TM3umMura HucbaTaH aHuKIaHaéTraHaAurm
arinab acnatunmaca xXam Hasapga TyTuaraH. YyHKu maskyp MyHoca-
(TnapHu  KenTupub uyukapuwaa HbIOTOHHUHT  UKKUHYX  KOHYHUOaH
sganaHunraH, 6y KOHyH aca MHepuuasa CaHOK TM3nMuaarnHa ypuHim-
d. (3.5) copmynasiaH KypuHuwmnya, 6up-6upmnra HucbaraH xapakartga
/nraH TypnuM mHepuyan caHoOK TU3umiapuga XUCMNapHUHE Te3nru Bea
WobapuH, YHUHI KWHETUK 3Heprusacu typnuvya oynaaw.

Typnn caHOK Tusumnapuga

v v XUCMHUHI  KUHETUK 3Heprusna-

pv opacngarv 60ornaHMWHN aHNK-

naw Makcagmga  6up-6upura

HucbataH Xapakatga  ©OynraH

K Ba K' wuHepuman caHOK Tu-

3MAapUHN o6 Kapainumk

(6.3-paem). K' caHOK TuU3NMKU

K ra HucbaTtaH X ykura napannen

MyHanuwpaga ysrapmac vo TesnkK

ol 6vnaH wnrapunaHma xapakatna-

HaéTtraH 6yncuH. JacTtnab 6utTa

Xncm  (Mogouii Hykta A)  HUHT

K Ba /(' caHOK Tuanmmnapuaaru

KWHETUK 3HEepruanapu opacugaru

6ornaHnwHM Tonamnuk. Xucm K

CaHOK Tum3aumura HucbataH un'

e3NMK 6unaH X ykm MyHanuwupa XxapakatnaHaéTtraH 6yncuH. Y xonga
HUHr K ra HucbataH Tesnurn ((3.5) ¢dopmynara K.)

bipacwm

v —V'-\-vo

lynagn. by mndogaHn (6.10) ra Kyiicak XUCMHUHI K caHOK Tusnmugaru
VHETUK 3HEpPrusacu yuyyH Kynumpgarm udgogara ara 6ynamms:

Ek= \tnv2=j m(y'+y0)2= jmv'2+ jmvIl+ mv'vQ (6.14)

>yHoa EK— XUCMHUMHI K TM3umgarn KuMHeTUK 3Heprusacu, E'K
2 mi;'2—yHuHr K' garm KnHeTuK 3Heprusacn (6y cdopmynaga v'v' =

=e/2, Y|Yn= Y akaHnurun abTMOOpPra onuHan). byHAaH Tawkapu
aVvV' =p' — XUCMHUHI K' Tusaumgaru Mmnynbcu OynraHanru yyyH

(6.15)



oynaan. KypnHn6 Typmbankun, XUCMHUHT K TuU3nMra HucbataH KUHETUK
sHeprusacu yHuMHr K Ba K' Tusumnapgaryn KUHETUK 3SHepPrusiiapuHuUHC
oaavii nrmHgmcngaH méopart aMac SKaH.

3HAN 6uTTa XUCMHUHI K Ba K’ Tusnmnapgarm KMHETUK 3aHeprusna-
pyHu 6ornosun (6.15) udopaHn n Ta XucMpaH uéopaTr TUSUM  YUyH
Kynnacak (6y xonga 6.3-pacmpga 6utta mMogawii Hykta (A) aTtpodmpga
n Ta MogaOMiA HyKTa >XoWnawraH pgeb TywyHuw Kepak), 6y wudoga
Kyningarn KypuHULWHW Onagw:

- L | (6.16)

GyHAa YyHraarm O6MpPVMHYM KYLIUJYBYM TU3MMHUHT K garm  KUHETUK

aHepruacu (E \') HM nchopanaiifn; NKKUHYM KYLWWUYBYN Xagdarv nuruHam
3ca TuaMmpgarm 6apuya XMCMAAPHWHE YMyMWIA MaccacuHu udopananam
n B,

(8bHM 2 m,= /n) Ba HUXOAT, OXMPIrKA WUTMHOU pP'= TU3NM
i=i . i

UMMYNbCUHMHT K' ga ynyaHraH kuiimatu. LWyHWHT yuyH (6.16) mndogaHu
Kynungarn KypuvHuwga é3aMmus:

mvi o
EK=E'K+-~-+vO-p. (6.17)

MexaHunka TU3UM  MHepuus (Macca) MapkKasMHuHr K Tusmmra
Hucb6ataH Te3nurmHu V[. 6unaH 6Genrwunacak, (6.16) parn BeKTop

AMrHan (abHM %nth'i) Macca MapKasvHUHI UMMYAbLCUHU umdodanainam

Ba (4.18) ra acocaH p'= mvt Tap3ga é&svnaan. Hatmxkapa (6.16)
Kylngarnya mndoaanaHagu:

£* = AK+-"p+™(Yo-u). (6.18)

Arap K' HWHF KoopauHaTta 6owWwur cuatuaa MexaHuK TUSUMHUHT MHEPLS
(Macca) MapKasuHW TaHfnacak, sbHU K' ra Huc6aTaH MHepuusi MapKasu

TMHY Typca, v' =0; p'=0 6ynagn. Y xonga K Ba K' mHepumas caHOK
TU3MNapuaarn KMHeTUK aHepruanap opacugarv 6ornaHu

g._[omnrrr (0.1Y)
k= 1k

Tap3ga udoganaHagw.

OXuUprn TEHINUK K éH T TeopeMacUHUN wudoganangn: 6up Heuva
XUCM (Mogawnii HyKTanap)aaH néopat MexaHUKaBuii TUSUMHUHT KUHETUK
3HEPruAcK Maskyp Tuaumgarn >XUCMAAPHUHT WHepUMs Mapkasura
HUcGaTaH X,apakatnaHuwnapugarv KWHeTUK 3Heprusiapu 6unaH WuHep-

umna MapkKasmHUHI uvarapunnaHMma X;apakatngarm KMHETUK 3aHeprudanapu-
HUHT VII/IFVIH,D,I/ICI/IFa TEHr.
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6.4- $. KOHCEPBATVB BA HOKOHCEPBATWB KYYJ/IAP

TWUHY TypraH XHCMHW XapakaTra KenTupuw y4dyH yHra 6upop Kyd
TabCup 3TUWM Kepak. by Kyunap y3napHHUHI XYCYCHATNapWU Xuxatungax
UKKU Xun 6ynniim MyMKuH: 1) xucmnap 6up-6upura 6esocuTa Teruwumn
opkanu jhapo Tabcupnawmwm Ba MasKyp TabCcup Tydanam TUHY Typrax
XNCM XapakaTra Kenmwun €kn xapakaTgarun XuUcMm Te3NIMIMHU y3rapTHpu-
WM MYMKUH, 2) >XUCMMAapHUHI Yy3apo TabCUpU HaTuXacmaa ynapHWUHT
TE3/IMKNAPUHUHT y3rapuwn MaigoH BocuTacuga 6ynuwm MyMKWUH, SbHU
Xucmnap 6up-6upura HucbataH 6Gupop Macogaga Typub MaldoH
BocuTacmaa Tascupnawagaunap (Wwy ypvHga MaigoH Xam MaTepUAsHUHT
OVp TYpW 3KaHAUTMHW 3cnaTné ytTamms).

BUpuvHUYM Typ Kyuynapra Mucon Tapukacuga XWUCMHUHE - XapakaT
MyHanuwmnra HucbaTaH Kapama-Kaplu TOMOHra WyHasiraH wwkKanaHwuw
Ky4napuHW, XaBOHWHT Ba CYIOKIUKNAPHUHI XUCM XapakaTura Kapwuimk
Ky4ynapuHu KenTUpuw MyMKUH. XKWCMHW 6UP HYKTafaH WUKKMHYM HyKTara
Kyunpuwga 6y KyuylapHM eHrvw Y4YyH Tawku Kyunap mycébar ww
6akapaaun Ba Gakapu/raH WWHWHE KaTTaurn yTunraH hynra 60rnvk,
60cub yTunaraH iyn KaH4Yanuk KaTta Oynca TalWwku Kydyiap 6axapraH uvw
Xam LWyHYannk katrta 6ynaau.

VIKKMHYM Typ Kyunapra Mucon Tapukacuga EpHUHr TOopTuUw  Ky-
YNHW, KaWWLWKOKAWK (3M1aCTUKANK) KYUYMHW, 3apagnaHraH >xucmaapra
3/1eKTP MaiifioH TOMOHMAAH TabCUpP 3TYBUYM Ky4unapHW KypcaTtuwl MyMm-
KVH.

Xap 6up Xucm y3 arpodmpa rpasmTauns maigoHun ge6 atanaguraH
MalifoH Xocun  Kunagu Ba 6y MaligoH yHra KMputuaraH 6ouwka
XnUcmnapra TabCUp 3TYBUM TOPTULIMLWI Kyyu Tap3vaa HamoéH 6ynaam
((5.19)ra k). ®a30oHUHI 6MPOP HyKTacura MXWCMHU KMpUTCaK Ba LWy
HyKTada YHra kaHpangup Ky4 Tabcup 3Tca, asoHuHr 6y HykTacumpga
MangoH 60op geraH xynocara kenamms. Kyéw 6unaH Ep, Ep 6unaH Oii
opacugarn ysapo TabCup rpasuTaums MalifoHM BocuTacuga coamp
6ynaaun. 3apsgnaHraH >XucMnapHUHr 6up-6mpupaaH 6upop Macodaa
Typub y3apo TabCcupnawmm MaTepusHUHr 6up Typu O6ynraH anekTp
MalgoH BOcMTacuMpa amanra owagw.

Jemak, maiifoHra KMpUTWUAraH Xucmnapra maskyp maigoH TOMOHU-
JaH MyaWsiH Kyd Tabcup Kunagu. Mawvnymkm (5.4- 8 ra K.), OGyHpai
MalifjoH Ky4y MahnpgoHwn pgehinnagn. Ep atpodmparn Kyd MaigoHu
YHUHI rpaBuTaums mMangoHuaup. MacanaH, maccacu T 6ynraH Ep cup-
TMmaarn xmcmra EpHUHr rpasBuTaums maigoHnm F—mg Kyy 6unaH Tab-
cUp Kunagm.

®a30HUHT BMP HyKTacuAaH VKKUHUM HYKTacura XUCMHU Kyuynpuwwaa
TalKN Ky4YlapHUHT GaxapraH uwm 6ocnb yTuaraH WynHUHE Wakaura
60rnuMK 6ynmaii, 6anku >XUCMHUHI GOLINAHTMY Ba OXMPry BasuaTiapura-
rvHa 6ornuk 6ynca, 6yHaali Kyunap KOHCepBaTUB €KW MOTeHUMan Kydnap
ne6 atanagu. Xucmra TabCcuMp 3TYBUM OFUP/AVMK KYy4W, CUKWITaH EKu
4ysunraH MNpY>XWHAHVHT KalWUWKOKAVK (3NacTUK/NK) Kyuu, 3apsigfiaH-
raH >ucmaapra TabCUp 3TYBYM 3EKTPOCTATUK Kyuynap KOHcepBaTuB
Kyunapra mucon 6ynagu.



Bowka \amma Kyunap HOKOHcepBaTuMB Kyynap gehvnagn. Wwkana-
HUW  Kyynapu, MyXUTHUHI >KMCM Xapakatura Kaplwwuiank Kydnapu
HOKOHCepBaTuUB Ky4ynapra kupagum. HoOKoHcepBaTuB Kyud/napHUHr 6Ga-
XapraH mwm 6ocub ytuaran ynra 6ornvk 6ynm6, maskyp hyn KaH4Yaauk
y3yH 6ynca, 6axapwunraH v xam LWyHYanuK KaTtta 6ynagw.

KoHcepBaTMB KyuynapHWHr 6GaxapraH uwm 60cub yTuaraH MNynHUHC
waknmra 6o0rnukK 6ynmai, 6ankum >KMEeMHUHr dakaT pgacTtiabkm Ba
KEMVMHIM BasmsaTUrarmHa 60rnamk 6ynraHnmrngaH 6y KyuynapHWUHE Xap
KaHpan 6epk iiyn (KOHTyp) 6yiinya 6akapraH vwm Honra TeHr ((6.26) ra

K.).

6.5-8. MOTEHUWAN 3HEPIUA

MexaHHKaBWUii  3HEPrUAHMHI  oKopuaa Kypub yTuaraH Typu—
KMHETUK 3HeprmvagaH Tawkapu sHa 6up Typu maexyg 6ynu6, y noteHuuwan
aHeprmaamp. N oTeHUMan aHEPTrnUa — XUCMNAPHUHI KU YNTapHUHT
apyM KUCMAapPUHWHI y3apo TabCuUp 3Hepruscu 6ynub, 6y 3Heprus
ynapHuHr 6mp-6mpura HmucbaTaH >kolinawysura 60ramk. LYHWHT yyyH
NOTEHUMAN 3HEPTUAHUHT KUAMATU XUCM (EKM TU3SUM)HWM BMp BasmnATOaH
VMKKVWHYX Ba3nATra yTKasuwaa Tawky KyynapHUHE 6axapraH vwm unaH
ynuaHagn. WIKKMHYM TOMOHAaH, 6.4- 8§ pa alitmb ytuaraHugek, Kyd
MangoHMAa >KolhnawraH Xucmiapra MyarsH KOHcepBaTMB Kyd Tabcup
3Taaun; MasKyp Ky4YHUHT 6enrvnaHraH wapoutga mw 6axapuil Kobunus-
TW YNApPHWUHI MOTEHUMA 3HEPTUACUHUHT YNYOBU BGYyNnM6 Xm3maTr Kunaaw.
Bowkaya anTraHga, Kyd MaigoHuAa >KOWjawraH >XUCM — MyaWsiH
noteHuman 3Hepruara a3ra Oynagn. MacanaH, Ep cuptugaH 6upop
6anaHpMkAa KownawraH >XWUCM YHUHI cupTura HucbataH MyansH
noTeHuwnan sHepruara ara 6ynagnm, YyHKU >Xucmra EpHUHT rpasuTauus
MagoHN (OTMPANK Ky4yn MaifoHuW) TabCup 3Tagu Ba Xucm Ep cumptura
KanTM6 Tywunwmn >kapaéHuga KOHCepBaTUB Kyunap YHWHI MoTeHuuwan
SHepruscura TeHr 6ynraH mw 6axapagwn. Xyaau WYHWUHIOEK, Yy3uaraH
(BKn cukmnraH) npyXwuHa ypamnapu KannwKOKAWK (31aCTUKIINK)
Kyuynapu MalgoHVHWHI Tabcupuga 6ynagum, 6uHOGapuH Yy u4y3uauw
KaTTaimrnra moc KenyBuum MoTeHuuman sHepruara ara 6ynagu. MpyxnHa
gactnabku BasusaTura KahTraHga KoHcepBaTuB (KawnWKOKAMK) Kydynap
YHUHI NOTEHUMan 3Heprusacura TeHr uw 6axapagwn. WyHW xam antuw
Kepakku, KalUWKOKANK Ky4yiapu MarngoHWHUHIE acn MaHb6an — npyxumHa
yysmnraHga YHW Tawkwa 3TraH  atomnap opacvmgarn MacogaHuHT
y3rapuwmanp, xap 6mp aTtoM KywWHW aTOM/IapHUHI 31eKTp MaigoHu
Tabcupunga 6ynaaw. 7

Jemak, noTeHUnan SHeprus — XWUCMAAPHUHI €KU TU3UM KMUCcMaapu-
HWUHI y3apo Tabcupu 6unaH 60rnaukKk 3Heprua ©6ynu6, 6y 3aHeprus
TabCcMpnawyByn Xucmnap ékum TU3MM Kucmiapu opacugarn macodara
6ornukamp. LWYHWHI  yuyyH D>KMEMHUHI &KW TU3UMHUHI noTeHuwan
aHeprusacy akat YHUHI KoopAuHaTanapuHWHI QyHKUuAacuanp Ba 0y
dyHKumsa En(x, y, r) tapanga udoganaHaan. NMoteHumnan aHeprusara ara
6ynraH >Xucm (TU3MM) Y3UHUHI pacTnabky BasusTUra KaniTraHga,
KOHCepBaTuUB Kyuynap aliHaH YHUHI MoTeHuwan aHeprusicura TeHr 6ynrax

101



nu 6a>Kapa/J,|/|. l£||EM&1K, KOHCepBaTnB Ky4Y/lapHUHT ULUN XUCM KN TU3NM
noTeHUunas 3HEPrnaACUNHMHI Kamanuwm xXmcobura 6a>Kap|/|na,q|/|:
cdA= —dEn, (6.20)

(MaHUIN uvwopa NOTEHUWaN 3HEPTUSHUHT KamMaluwunHu eungupaan).
Bab3n Xxycycuil xonnap yuyyH noTeHuuan 3HeprusaHu kapab ynkannuk:

a.0rMpnmnmkK Kyuynm manpgoHugarm XUCMHUHT NOTeHLUW-
an asHepruacwu. TloTeHUWan 3HEPrus >XUCM KOOpAWHATaTapPUHUHT
yHKUMACKM BynraHnamrn  Tydainm koopguHatanap 6owuHM  (CaHOK
60WNHN) TaHnaw 3apyp, AbHW XUCMHUHI MNOTEHUMa 3HEPruacu Kancu
XUCMra HucbaTtaH aHUKNaHaéTraHanru Myxumgup. Orupnmk maigoHunga-
M >XUCMHWHI NOTeHuMan 3sHeprusacu dakat 6uTTa KoopauHaTa — 6Ga-
NaHOMNKHUHT (YHKUUACK BGYNraHNUIU YYYH YHUHT MOTEHUMan 3Hepruacu
Kalicu caTxra HucbataH aHuKnaHaétraH 6ysnca, 6y caTXHWU HOMMHYN caTX
neb kabyn kunmHagm. MacanaH, HOAWHYM caTx cudatmga Ep cupTuHw,
OEHIn3 caTXmHW, Kyn KaBaTnu yihnapga 6MpuHYN, MKKUHYN EKN YYMHYN Ba
XOKa30 KaBaT/IapHUHI MOMUHU Kabyn Kuamw MyMKUH. HonmHum catxra
HucbaTaH h 6anaHgnukga TypraH >XUCM LWy caTxra Kantmé Tyuwca,
OTUPANK Ky4Wn:

A = nigh

ra TeHr uw Gaxapagu. [emak, h 6anaHgonvkga TypraH >XUCMHUHT
noTeHUWan 3Heprusicu

E n= mgh (6.21)

6™nagn. HoNMHYM caTxHW TaHnaw WXTUEPUIA BynraHAurv ydyH, yHaaru
XXUCMHUHI NOTEHUMan aHeprmsacuHn 6owka 6upop catxra HucbataH C ra
TeHr ge6 kabyn Kunauw MyMKWUH. LLYHUHT yuyH (6.20) ndopaHn ymymuia
KYpUHMLWAA Kynngarmya €3mw MyMKUH:

En= mgh +C.

KnHeTMK aHeprms xamma BaKT MycbaT Kuiimatra ara: noTeHumnan
SHeprus aca Myc6bar éku mMaHduii Kuiimatra 3ra Oynmwun  MyMKUH.
MacanaH, uyykypaurun | 6ynraH ypagaru XUCMHUHI Ep cupTura HucbataH
noTeHUman sHeprusacn maHdbnamp, SbHM En= —rngl.

6. UysmnraH NPYyXWMHaAHWHI NOTeHLUWan 3Heprumacwu.
UysunraH Eknm CUKUAraH npyYXUHaAHWUHI MNOTeHUMan 3HEPrUACU YHUHT
apyM  KUCMAApPUHWHE  y3apo TabCcup 3Hepruscugup. [py>XXuHaHw
yysaraHuMusga u4ysvwra Kapwuiank KWUAyBYM WYKA  Kyudnap ByXyAra
kenagn. by Kyunap KaWWWKOKAMK (371aCTUKAWK) Kyunapu 6ynub,
Tabuatn xuxatmgaH ynap KoHcepsaTuB Kyunapauvp. MNpy>XuHaHu 4y3uLu
KN CUKMLW XapaéHmpa TalkKku Kyuynap npyxuHa yctunga mycéar uw
6akapaAun; KOHcepBaTuUB Kyuynap asca MaH(wuii wnw 6axapagn, YyHKWU
Maskyp Kyunap 4ysuw (CMKMW)ra Kapwuivk Kypcatagu. Talwku
KyYnapHUHI 6axapraH uwm xucobura npyxXuHa nNoTeHuMan 3Hepruara
ara 6ynagu Ba 6y sHePrusHUHI KuiimaTu aliHaH Talku Kydnap 6axapraH
vwira TeHr. Y3yHnaurnm /o 6ynraH npyXumHa Tawkn Kyd Tabcumpupaa
/ y3yHNKKa Kagap y3ahicuH (6.4- pacmra K.) Ba 0y ysalmwHm 1— In= x
ne6 6enrunainunk. Kalnwkoknmk derapacuradya 6y ysahinw TyK
KOHYHWra O6yncyHaau:
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F= —kx.

OyHAa K — HPYXWHAHWHI Ka-

AN KOKINK XyCycusTnapmHu

y3nga akc aTTUpPYBUYM KO3hpuum-

eHT, MaHu nwopa 3ca F Kyy

Yy3UNuW EKN CUKUINW yHanu-

wura HucbaTtaH Teckapy TOMOHra

MyHanraHnIMruHu oungnpann

(yysunmaraH €kum cukuamMaraH 6.4-pacm
npy>xuHa ydyH * = 0).

MpyXnHaHn dx aneMeHTap Y3yH/ANKKa dysuwga F Ky4yHUHTr 6axkapraH

VWK KyAnparuvra TeHr:

dA = Fdx = — kxdx.

KalinwKoknuk Yerapacuga x y3yH/AuKKa dysvwga F KydHUHT GakapraH
uwn Kylingarvya aHuknaHagu:

(0} o

Maskyp W KalWLWKOKIMK uerapacmaa X Macodpara uysmnraH (Eku
CUKW/TaH) MPYXWHaHVWHI MNOTEHUMaN 3Hepruscura TeHrauvp:

(6.22)

(6.22) myHocabart v Te3/IMK 6unaH xapakaT/iaHaéTraH XUCMHUHT KUHETUK
3HEpruacnHn  ndoganosun opmynara yxwawanp: >XUCM  Maccacu
ypHMAA KainWKOKANK KOIMMULMEHTN Ba TE3/IMK YPHUAA MPYXWHAHUHT
y3anvwmun Typubam.

B. KK XMWCMHWHT y3apoTabCcup aHepruacum. Xap éup
XUCM  Yy3UHWHT aTtpodmpa rpasuMTaumsa  MaikgoHM  Xocun  Kunagw.
XWCMHUHI NOTeHUWan 3Hepruacu YHUHT 6olka xucmiap 6unaH maskyp
MaliloH OpKanu Yy3apo TabCUp 3SHepruscMaup. Ysapo Tabcupcu3s
noTeHUMan 3Heprua Masxypn 6ynmanan. Ormpamk Kyym maigoHugarun
XVUCMHWHT MOTEHUMan 3HepPrusacu maskyp XUCMHUHI Ep 6unaH rpasuTa-
uMa MalgoHW BocuTacmparn ysapo TabCcup 3Hepruscn 6ynmb, 6y
3HeprusHn wudgopanosun (6.21) dopmyna Ep cupTmgaH yHYa KaTTta
6ynmaraH 6GanaHAnNuMkKnap ydyH Tyrpunaup, 4YyHkum 6y dopmynanapgaruv
g HUHr KMiMaTn Ep cupTuparm MmyarisiH HyKTa y4YyH y3rapmac KaTTanauk
6ynn6, ((5.19)ra k) 6anaHonuk (J1) owraH capu YHWHI KuimaTtu Ep
MapkasngaH xmcobnaHraH mMacodaHuHr KBagpartura Teckapu mMyTaHocu6
Tap3ga ysrapub 6opaaw.

3HAM maccanapu T\ Ba Arr 6ynraH MKKUTa XXUCMHW 0nMb Kapannuk.
Ynap y3napuHWHI rpaBuMTaums mMaifoHW OpKaau y3apo Tabcupnawagun-
nap. bByTyH onam TOPTULIMLI KOHYHUTa Kypa MKKW XXUCMHUHI rpasuTaums
MalifoHM TabcMpugarn ysapo TOPTULWMLW Ky4Yu YAapHUHI maccanapura
MyTaHocM6 Ba ynap opacugaru MacoaHuHI Keagpartura Teckapu
MyTaHocnéavp:



la y — rpasutaumnsa govmMmuiicu. by wnkkana TabCupnawyB4YUM XUCM-
r NOoTeHUMan 3HeprusacuHM xmcobnannuk. LWy Makcagga ynapHWHT
NHY Ky3ranmac ge6, NMKKMHYMCUHWN 3ca YHUHT rpasuTauunsa maingoHnaa
5An pAeb Kapaw MyMKMH: maccacu T\ 6ynraH XuemHum (Mogauvi
raHun) Kysrasmac ge6 Xucobnainmk Ba Maccacu T-T 6y/nraH >Xucwm
aguin  HykTa) rpasuTaums mahgoHmpa [ paguyc-BekTop 6unaH
KnaHaguraH /-asmsTAaH r2 paguyc-BeKtop 6unaH aHuknaHaguraH
[3usTra kyyenH (6.5- paem). Maskyp Kyunwpga 60cnb ytunraH iynHu
<eHTap ds 6ynakuyanapra xaénaH axpatannuk. AHa Wy anemeHTap
napgaH 6vpunaa KOHcepBaTWB KyuylapHUHP 6axapraH uwm

dA = Edscosa = —Fdr
wwn. byHaa rpaBuMTauMoOH TOPTULWIMW Kyynapu yuyyH dscosa=—dr
T2
T/MIMHK xXucobra onavik. lWyHpan kmamnb, dA = —y dr. Mac-

r2
I 12 6ynraH XUEeMHUHIr /—Ba3I/IF|T,CI|aH 2-Ba3udaTra Kyuynwimnga
apunraH Tyna wu

Ar= —\Fdr= —y 17/ 2 —~). (6.23)
'l |
aon. byHpa TeHrnuk 6enrmcmpaH KemmHrn maHduin nwopa TopTULnL

Tapy OynraH KOHCepBaTMB KyunapHWUHI 6GaxapraH wwun maHdui
(mrmHn ngopganangn. by dopmynaHm

T.70 7,70

A\2~ (—Y—1 ) — (—Y— m= (6.23.a)



KypyHUwWwaa éscak, /—2 Kyuuwga 6axapuaraH v maccacu T 2 6ynraH
XUCMHUHT 6OWWNaHrny Ba OXMPru BasuaTnapura Taaanyknam 6ynrad

T.T2
(—y——-) KaTTanukKIapHWHI anmpmacura TeHr 3KaHJAUTUHU Kypamu3s.

MpaBUTaLMA MalooHMAA KOHCEepBaTUB KyUapHUHT 6GaxapraH um
XUCMHUHT Wy MaigoHAaru noTeHuuan 3HepPruscy XMcobura, SbHU XUCM
MOTEeHUMVaN 3HEPIUSCUHUHI Kamalimwun xucobura Gaxapunagu:

N2=£n,-£n2 (6-24)

(6.23) Ba (6.24) wdoganappaH rpasuTayumsa MangoHWUra XohnawTm-
puAraH XXUCMHUHI MOTEHUMan 3Hepruscu yuyyH Kyhngaru copmynara ara
6ynamms:

MaHpWii Mwopa TOPTUWMLW Kyynapu maigoHugarn XWUCMHUHE y3apo
TabCUp MNOTEHUWasn 3HEPruscuHn undoganainau.

Arap maccacu T 2 6ynraH >XWCM rpasuTaumns MakgoHUHW  XOCWn
KnnaétraH T\ Maccam XUcmAaaH 4Yekcus ysoknawca (r2=00), YHUHr
noteHyman sHeprusacu £M=0 6ynagw.

(6.23) hopMynagaH KypuHuLMYa, rpaButaums maigoHnga (noteHum-
an MaigoH4a) XUCMHM 6UMp HYKTadaH WKKUHYM HyKTara Kyuympuwga
KOHCepBaTUB Ky4YNapHWHI GaxkapraH WWW Ky4ympuwl AYIUHUHT Y3YHIUTK
Ba wWakaMra 60rnMK smac, YyHkKum Oy uw KyuynmpunaérraH >XWUCMHWUHT
oownaHrny Ba OXMPrM BasuATIapuUHW Genrmvnosum J\ Ba r2 paguyc-
BEKTOp/aprarmHa 60rnuk. XakuMkataH Xam, arap maccacu T 2 6ynraH
Xucm  Maccacm T\ 6ynraH OKUCMHUHI  rpasuTauus  maigoHunga
(6.6- paem) |- BasuaTgaH 2-Ba3uATra pgactnab la2 iyn  6yinnab,
CyHrpa aca 1b2 iyn 6wunaH KyuvpunaraHga, xap MWKKana xonga xam
6axapunran vw (6.23) dopmyna 6unaH udoaanaHaan Ba y3apo TEHr.

SHAW.rpaBuTauna mMaingoHuaa XUCMHU 6epk Myn (6epK KOHTYp)
6yiinab Kyumpuwga 6GaxapwiaraH WW  HMMara TeHr 3KaHAUTUHU
aHuvknannuk. Wy Makcagga asBan Maccacm T 2 6ynraH >XUCMHMU
/ BasusaTOoaH 2-BasuaTra (6.6- paemra K.) la2 iiyn 6unaH Kyumpanauk, 6y
XOnga KOHCepBaTWUB KyuylapHUHP 6GaxapraH uwn MaHOUAaup; CyHrpa
ylwa >XUCMHW 2-BasuAToaH /- BasuaTra 2bl yn 6yinab Kyumpaniuk,
6yHOali KyuMpuwpga KOHcepBaTWB Ky4sap >XWCM ycTuga Mmycbar ww
6axapagn. Wkkana xanga xam 6GaxapwuaraH uw, okopuaa KypraHu-
mMu3gek, (6.23) dopmyna 6uvnaH aHWKNAHraH/AMIn Y4YyH, COH >XuxaTtgaH
y3apo TEeHr, IeKNH MasKyp uwiap mwopanapu 6unaH 6up-ompugaH dapk
Knnagun, AbHU

Aia2 = — A2\

KoHcepBaTuB KyunapHUHI l1la2 Ba 2bl iiynnap 6yiina6 (6epk yn 6yiinab)
faxapraH Tyna VWKW Wy WWAAPHUHT AUTMHOUCUTA TEHT:

Al2+ -46l=0.
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,EMaK, KOHCepBaTWB Ky4NapHUHI 6epk iyn (6epk KOHTyp) Oyiinab
UCMHN Kyuyupuwga 6GaxapraH uwM Homra TeHr. XakukataH Xam
UCMHN 6epK yn 6yiinab Kyun[>raHga, y aBBa/iru ypHura (/-sasuvatra)
anTné kenagn, OWHOGApWH, T\=-°2 OynraHnurn Tydainm (6.23)ra
:ocaH J/lw = 0 6ynagn. by HaTuxka opgatga Kyhnparvuya ésvnagu:

<SFk= 0, (6.26)

y epga T— 6epk iyn (KOHTyp) Oyiinab Kyunpuwpga XuUcmra Tabcup
ryBYM KOHCepBaTuB Ky4, dS— MasKyp WyIHUHr 3nemMeHTap 6Gynarwu.

6.6-8. MOTEHL WA SHEPTUA BA KYY OPACUJATV BOTNAHWLI

XncmnapHuWHr ysapo tabcupu 6vp TOMOHAAaH Ky4 OpKasin, UKKUHYU
SMOHAaH noTeHUuman 3Heprus opkann wdoganaHaan. LWy 6owcaaH
3TEeHUMan MangoHAarn XXUCMHUHE MOTeHUWan sHepruscym bunaH maskyp
agoH TOMOHMAAH yHra TabCcup 3TYBYM Kyd opacuja MyalisaH 6ornaHuw
aBXxyQn 6ynuuwmn kepak. Wy 6ornaHuwHM Tonamnuk. buara mabaymku,
sTeHUMan MalkgoHAa >KUCMHU 6Up  HyKTadaH MWKKMHYM  HyKTara
/uvprwiga KOHcepBaTuUB KyulapHUHE 6axapraH Mwun XMCM NoTeHuuman
)EPIUACMHUHI KaManmwun xXucobura b6axapuniagn:

A2 F,|] Em®R

“Hoa Ba £M2— MOC paBullAa NOTEHUMA MaRAOHHUHT GUPUHYM Ba
:KUHYM HyKTanapugaru XUCMHUHI MOTeHUMan aHeprusnapu. Y xonga
WUCMHM dS ra Kyuynpuliga KOHCEepPBATMB KyulapHUHI 6axapraH WLu:

Fds=-dE, (6.27)
nagn. By epparm MaHguii  Mwopa GaxapuaraH U  noTeHuuvan

eprusHuHr ds PMyHanMwmaa Kamanuwm Xxucobura 6ynaéTraHuHn
(novpagn. Xucmra TabCuUp 3TYBYM KYUYHMHI Kyuyull HyHanuiwmra
oekuuacnuHn F, pe6 6enruwnacak, (6.27) TEHMNUKHUHI 4Yan TOMOHU
nmnpgarnya ésmnagu:

Fds = Fdscosa = Fdds.

yHOanm kmnub, (6.27) TEHINUKHU Kynmparnya €3vil MyMKUH:

Fds— —dEn.

r TeHrWKAAH KYYHUHI Kyuuw  AyHanMwura npoekuusicn  yuyH
Mnpgarvra ara 6ynamus:

yHAaa d/ds 6enrvcn s yHanuw byiinya onMHaéTraH XycyCcui XocunaHu
)Opananaw). MoteHuwan aHeprus (£,) XNCM Ba3UATUHUHE (DYHKLMACK
nraHnurn Tycaiinm (6.28) mMyHocabaT hazogarv UXTUEpPWUA yHanuw
YH, MacanaH, [lekapT KoopauHaTta yknapuHuHr X, Y, Z WyHanuwnapu
YH Xam YpUHNnUAuMp:

(6.29)



WyHn acpa TyTnw Kepakku, (6.28) Ba (6.29) cdopmynanapparun Fs, Fx F,
Ba Fz Kyuynap noTeHuman MangoHOa XXUCMra TabCup 3TYBYM KOHCepBaTuB
Ky4YNapHWUHr MOC WyHanuwnapgarun npoekumsnapuHu mndoganaign.

T BEKTOp YHUHT X, Y, Z yknapu byinya Talwkun aTyBUMIapu OpKasu:

- T=Fj+Fj+Fti (6.30)

Tap3fga nhoganaHUWNMHU 3bTUBOPra oncak, (6.29) ra acocaH (6.30) TeHr-
NVK Kynmnparn KypuHuwra sra 6ynagm:

e , BEWT | p,En—+ ﬂEng). (6.31)

K.aBc nunpgarun wncona grad£n geb6 GenruvnaHagu:

(632)

Ba E, HuHr rpagmeHtn peb6 ykunagum. WyHra kypa (6.31) TeHrnmk
Kyringarnya €sunagm:

T= —gradE,,. (6.33)

(6.32) Ba (6.33) TEHrNMMKNAPHWHI Yarn TOMOH/ApPU BEKTOP KaTTalauk
6ynraHAnKNapu y4dyH YNapHWHE YHI TOMOHM Xam BEKTOP KaTTa/IMKHU
nopanawmn kepak. LyHgain Kunmb, XXUCMHUHE MNOTEHUMaN 3HEpPrusacu
ckanap KaTtTanuk 6ynub, YHWHI rpagueHTn 3ca BEKTOP KaTTalnkaup.
(6.31) Ba (6.33) udopanapgary MaHguii vwopa T KyYHUHI AyHanuwmn
XXMCM NOTEHUMaN 3HEPTrUACUHUHI KaMaluwy TOMOHra MyHanraH/aMrnHm
oungunpagn. (6.28), (6.29) Ba (6.33) chopmynanap >XMCMHUHI NOTeHLWan
9HepruscMm 6unaH yHra TabCuMp 3TyBUM Ky4d opacuparn 60rnaHuwHn
noganangm. Oxuprn dopmyna Kyhmgarmya ykanagu: noTeHuman
MangoHOA XMUCMra TabCUp 3TYBUYM KyY YHUHI NOTEHUMaN 3HEPrUACUHUHT
Teckapu vwopa 6unaH onuvHraH rpagmeHTura TeHr. bowkava anTtraHga,
XXMCM MOTeHUuan 3HEepPrysACUHWHE FpaguveHTn, 6upop MyHanuw 6ylinya
Macoda ysrapuwm 6unaH XuUcm NoTeHUMan SHEPrusCUHUHE y3rapulHHN
Kypcatagu, SbHU NOTeHUuas MalngoHOa XUCMHW 6Up HyKTagaH WKKUHYT
HyKTara Kyuvpuwpga YHUHI [OTeHUMan 3HeprusCUHUHE  y3rapuwm
KaH4yanuk KatTa bynca, Wy yHanuwga >Xnucmra TabCup KUAyBUM Ky4d Xam
WyHYanuK katTa 6ynagwn.

Mwucon Tapukacupa 4y3umaraH (EKM  CUKUATaH)  NPYXWHAHWUHT
3Heprusacyn unaH yHra tabCup 3TyBUM Kyd opacugarv 60ornaHuwHmM onmoé
Kapanuk. Arap nNpyXwuHa 4yswiraH Xonatura HucbartaH X y3yH/IMKKa
y3airaH 6ysca, yHUHI noTeHuuan sHepruscy (6.22) gopmynara acocaH

En=\kJ
aKaHIUrm 6usra mavnym, 6y epga k kaivwkoknmk koadduymeHTn 6ynmno,
KapanaétraH npyXwuHa Yy4yyH y3rapmacoup. PaBlwaHKu, 4ysuiraH Eku

CUKWTaH MNPYyXWHaHUHI NOoTeHUMas1 3HEepPrusacu 6utTta KoOopAauvHartara,
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WHr MuconMMusga X KoopaumHaTara 60rnvkaup. OXMPru TEHTIMKHU
J)ra Kyiimb, KaMMWKOKAWK 4Yerapacurada uysuiraH npyxuHa
XUOaH TabCcup 3TAETraH KOHCEpBATUMB Kyu

F = — t,-KkS)----KX
ax

hurura MWOHY XOCWUN KUiamuns; 6y 3ca NYK KOHYHWUHWHI y3rmHacu-

6.7- 8 NYKN MEXAHUKABWW ISHEPTUA

>Yp-6vpy 6unaH TabcupnawyBuyn 6up Heuta (YMyMui xonga n Ta)
MaaH ubopar MexaHuKaBuii TU3MMHWM onmMb Kapalhnuk. ByHpaii
MHUHI XapakaTUnWM YHUHT UHEPLMSA MapKasUHUHI XapakaTu opKaiu
ndnaw MyMKMH. MexaHWKaBuUil TU3UMHUWHI XapakaTtu, 6uHobapuH,
ir KMHETUK 3Hepruacu xap Xwa CaHOK Tu3umiapuga Typaundagup.
W xapakatnmm nkkuta K Ba K' caHOK TusMmnapuga onvb kapainuk.
an 6.4- § ga Kypub ytraHnmmnsgek K' caHok Tusammmn X ykura napannen
Hwaa K Tusnmra HucbaTaH y3rapmac unTesnnk éunaH xapakaTtnaHa-
H 6yncuH (6.3- pacmra K.). K' caHOK TU3UMUWHUHI KOOpAuHaTa 60oLmn
atmga MexaHWKaBui  TUSUMHWHT  MHepums (Macca) MapKasvHu
Tacak, y xonga K caHOK Tu3uMura HmcbaraH MmexaHWKaBuil TUSUMHUHT
aKkaTUHU WKKW XW1 XapakatgaH wubopar pgeb Kapaw MyMKUH:
JexaHnkaBuii TU3MMHUHT K ra HucbataH xapakaTu, AbHU MexaHuKa-
TU3NM NHEepUMa MapKasuHUHI K ra HucbaTaH xapakaTu; 2) MexaHu-
Wi TM3MM Tapkubumgarnm >XUCMAAPHWUHT (MOAAWA  HYKTa/apHUHT)
)ums Mapkasura HucbataH xapakaTtw.

LWyHra kypa MexaHWKaBuii TU3UMHUHI SHEPIrUsiCUHUN Xap WKKU XWn
JIVUAHUHT  AnrmHgucngad  unéopat peb  kapaw  no3vm  6ynagw:
<Hepuma mapkasvHuWHr K ra HucbaTtaH unrapwuiaHma Xapakatugaru
eTVK 3Heprvacy; 2) TUSUMHUHT WYKW MexXaHMKaBUA 3Heprusacu.
WMHWHT WYKW MeXaHuKaBuii 3aHepruacu (£,) YHUHr Tapkubugaru
Ya OKUCMNApPHUHI WHepuus Mapkasnra HucbartaH Xapakatumgaru
TM3nMaarnu) KMHeTUK 3Heprns O6unaH YynapHUHr y3apo Tabcup
eHuman 3HEepPrusiCMHUHI MUTMHONCUTA TEHT:

Ev=" - +E, (6.34)

i ‘o

myv2
pa 2 — Tnammpgaru 6apya XUCMAAPHUHI UHepuusa Mapkasura
i *

6aTaH Xapakatngarmn KUHETUK 3HeprumnanapmHmMHr VII/II'I/IH,D,I/ICI/I, £, —
;aHVKaBU TU3UM XNCMNapPUHWHTE y3apo TabCUP noTeHunas 3aHepruna-

6.3- 8 fa KenTMpWAraH My/noxasanapHH Takpopniabé MexaHUKaBui
UMHWHT 3Heprusicu yuyyH Kkyimaaru mcopgara ara 6ynamus:

£E=£fu+y/m£E (6.35)
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lOkopupga alitmnraHnapra kypa 6y copmMynagary UKKUHYA KyLIWyBUM
Xafl MexXaHWUKaBUii TU3UM UWHepuMs MapkKasvHUHT K ra HucbaTaH
uarapuiaHmMa Xapakatugaru KMHeTVK 3HEPruscvHU ndoganainan. Jemax,
MEXaHUKaBUA TU3UMHUHI 3HEPIrUsCU YHUHT UWUYKU 3Heprusicu 6GunaH
WHepLUMs MapKasnHUHT WarapuiaHMa xapakaTuaaru KUHeTUK 3Heprusna-
PUHUHT WTMHAWCUATA TEHT 3KaH.

6.8-$. MEXAHUKABUW 3HEPTUAHWHT CAK/IAHULW KOHYHU

Xucm (Mogawnii HyKTa) KOHCepBaTUB Ky4ynap MaigoHuaa XornawraH
OYNCUH, ABbHU XWCMra KOHCepBaTMB Ky4ynapaH 60wkKa Kydnap Tabcup
KunmaértraH 6yncuH. KoHcepBaTMB Kyu/lapHUHI 3nemMeHTap dr Kyuuwga
6axapraH vwum (6.20) Ba (6.24) ra acocaH XUCM MOTEHLMUaT 3HepPruscu-
HVHI KaManuwmra TeHr:

dA = —dEn.

MKKMHYM TOMOHAAH, XWCMHUHI dr Macodara Kyuyumwmaa KOHCepBaTMB
KyUYlapHUHT 6axapraH vwm (6.6) ra Kypa YHUHT KUHETUK 3HEePrUSCUHUHT
OpTULLIWTA TEHT:

dA=dEK.
By WKKM TeHrnukaaH:
dEK= —dEn
éKkn
<*(E*+ £,)=0 (6.36)

HA  Xocun  Kunammi. Oxuprn  udogagarn KUHETUK Ba  NoTeHuwan
3HEPrusnapHUHr nurmHagucn £ = £/( + £0N XUCMHUHT Tyna 3Hepruscu
nenvnapn; (6.36)pgaH

E=EK-XE, = const (6.37)

aKaHNUrnm kenué6 uukagu. by dopmyna 6UTTa XUCM YYyH 3HEPTUS -
HUHT caKJaHWW KOHYHWHW wudoaanaiian: KoHcepBaTuB Kyunap
MaliloHnga XapakaT/iaHaéTraH XUCMIapHUHT Tyna MexXxaHWKaBuii aHep-
rmscu ysrapmaiam. By KOHyHAaH Wy Xynoca Kenué uvMkaguku,
KOHCepBaTWB Kyusap MaifoHUAa KUHETUK 3HEPTUs MOTEHUMas 3Heprusra
alinaHuuM Ba akKcuMHYa, MOTEeHUMan 3Heprus KUHEeTUK 3Heprusra
aiNaHnLWN MyMKVH, TIEKUH XXUCMHUHT Tyfna aHeprusacy ysrapmaigun. gbuHu
KOHCEepBaTMB Ky4YSTapPHUHT TabCUpUAa XUCMHUHT MOTEHUMa/ 3HEepruscu
KaHuyara kamaiica, YHVHI KUHETMK 3Heprusicy LuyH4yara opTtags Ba
aKcuHua.

Mucon Tapukacupa H 6anaHanvkaaH 60WNaHrnY Te3/IMKCU3 3PKUH
TYWaéTraH XUCMHU ONnMG KapaiiMk. YHUHI nactra kapab xapakatiaHu-
wura cabab — yHra TabCup 3TyBYM KOHCEPBATUB KyuNnapHUHT (EpHUHT
rpaBsuTaums MaigoHM TOMOHMZAH TabCUP 3TYBUM KYUHUHI) MaBXyamnrn-
oyp. BownaHrmuy xonataa (M 6anaHannkAa) YHUHT KUHETUK 3Heprusicu



ra TeHr, noTeHuwan 3Heprma aca (6.21) ra acocaH mgH ra TeHr.
bIYMKUW, 6OlWNaHrny Te3nukcn3 H GanaHanukaaH TywraH XUCMHUHT
pru Tesnuru:

»= yf2gH

>y Te3nK 6unaH XapakaTt/iaHaéTraH >XUCMHUHI KMHETUK 3HEepPrusacu

pru MKKU TeHINUKAAH Kyiupgarura ara 6ynamus:
EK= A" f=~(~A)=m g H

;M Epra TywraHga YHUHI MOTEHUMas 3HEPruscu Hora TeHr
HWMHM Ha3apAa TyTcak, OXupru copMmyfnafaH LWy Xxynoca Kenné
30UKN, XUCMHUHT AacT/abku MnoTeHUuan 3HEeprusiCUMHUHE Xammacu
| TeHr 6ynraH KUHETWMK 3Hepruara alinaHrad.

IPKUH TYLIAETraH XXMUCM 3HEPTUSCUHUHT 6P KACMU KUHETUK 3Heprus,
'aH KUCMU noTeHuuan aHeprusauvp. LyHpaali kM6, OrvMpank Kyuwm
noHMaa xapakaTnaHaéTraH >XUCMHUHT Tyna 3Heprusicu Kylinparunua
aanaHagu:

E=-2 + mgh. (6.38)

n 6up-6upnapn 6unaH KoHcepBaTuUB Kyuynap (MUKW Kyynap) opkKaiu
10 TabCUpPAawWyBUYM N Ta XUCM (MOAANIA HYKTa) OaH nbéopar TU3MMHU
S5kapaiinmk Ba Maskyp TU3MM TallKu KOHCepBaTMB Kyunap, macanaH,
wTauma MangoHn TOMOHMOAH TabCuUp 3TYBYM Kyuynap Tabcupuaa
IMH (ABHUM TU3MM XUCMAapW y3apo TabCcuprawmwnapngad Tawkapu
>fa TalKW KOHCepBaTUB Kyusap Xam TabCup 3TasanTu). by Kyunap
mMpuga TUSUMHWHE BasuAaTUM Ba yHAArn >XWUCMAApPHWHI 6up-6upura
>araH XoWnawwuvwm y3srapagn. HaTuxkaga Maskyp Kyunap TU3UM
[a MyaisH mw 6axapagwn.
'allKM KOHCepBaTMB Ky4lapHWUHI GaxkapraH sneMeHTap WM TalKu
MangoHuaarn TM3sMM NoTeHUMan 3HepPrACUHUHE KaMmanuwm xmcobura
Ln:

dA'=—dE,.
30 Tabcup Tydaiinn ByXKyara KenaguraH UYKM KyuynapHUHI 6axapraH
(eHtap wmwm  (dA”) OKUCMNAPHUHI  y3apo TabCUpP MOTeHuMan
FMACUHUHI Kamarinwm (—dE"a ra TeHr:

dA"= —dE",.

hopmynara acocaH 6apya Ky4JapHUHI 6axapraH afnemMeHTap uwmn
uaarv XXucmnap KUHeTUK aHeprusnapuHunHr optuwm (dE”) ra capd

N, AbHU:
dA'+4A" = dEK. (6.39)

MHUHI KMHETUK 3HEPIrUACU YHWUHI Tapkubuparu xnmcmnap KUHETUK
"MANAPUHUHT ANTMHANCUTA TEMHT:
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HOkopnga kentupwuniraH (6.39) TEHIJIMKHUHI Yan TOMOHUAAru afnemMeHTap
vwnapHu ynapra Tervwnm 3aHeprmusa 6unadH anmMawitupamus:

-dE',-dE", = dEK.
By TeHrnukHu kyhinparvnya é3amuns:

d(EK+ E, + En=0. (6.40)

TU3NMHUHT Tyna MeXaHWUKaBui QHEPINACUN YHUHT KMHETUK Ba MOTeHunan
QHEepPrmnAanapuHUHr VII/IFI/IH,EI,I/ICVIFa TEeHTr:

(6.40) TeHrnukaaH
E=EK+ £, + £", = const (6.41)

3KaHININ Kenué uMkagu Ba Yy TUIUM MeXaHWKaBWU  3HEPTrUACUHUHT
CaKnaHuLW KOHYHUHW ucoganaian: dak,aT TalK,m Ba UYKM KOHCEpBaTMB
KYYNapHUHI Tabcupuaa GynraH xucmaap TU3MMWHUHE Tyfa 3Hepruscu
y3rapmaii K,onagw.

Arap xucmnap TMaMMmun 6epk 6ynca, AbHM YHra Talky KOHCepBaTuB
Kyunap TabCcup aTMaca, TU3UM Tyna 3HEPrUACUHUHI CakNaHULW KOHYHU

£*+ £ = const (6.42)

Tap3ga udoganaHaaM Ba Kyiingarvya TabpudiiaHagu: KOHCepBaTUB
Kyunap BOCUTacuMAa y3apo TabCupallyBuun XuUcmaapaaH néopart 6ynraH
6ePK TU3MMHUHI Ty/la MexaHWKaBuii aHeprusicu ysrapmain K onagu.

LWyHW xam TabKuaiall N03MMKU, TU3UMIa HOKOHCEPBATMB Kyusiap Xam
Tabcup KunaétraH 6ysca, y Xonaa YHUHr Tyna MexaHWKaBuii aHeprusicu
caknaHmalign. by *akga Kylinga guKp toputamms.

6.9- 8 OHEPTUAHUHI YMYMOU3UKABUN CAKNAHWULW KOHYHW

Okopuaa MexaHWKaBUii 3HEPTUSHUHI CaKMNaHUW KOHYHUHWU Kypub
yTraHmmmsga, 6us pakat KOHCepBaTMB Ky4ysiap TabCup 3TaguraH TM3NMHU
06 KaparaH 3auK. AKcapuaT XonnapAa KOHcepBaTMB  KyunapaaH
Tawkapy TuU3MMra HOKOHCEpPBATMB Kyuynap XxaMm Tabcup 3Tagn. Ho-
KOHCepBaTUB Kyunapra, XycycaH, MWWKanaHul Ky4yiapu Ba MYyXUTHUHT
KapLuanK Kyynapu Knpaau. By KyuynapHWHT 6axkapraH mwumn MaHhuianp.
LUYHMHT Yy4yH HOKOHCEpBaTMB Ky4y/aap MaBXyn 6ynraHaa TU3MMHUHE Tyna
MexaHWKaBUn 3Heprusicn Kamanmb 6Gopagun Ba OyHpal Kamalinwu
SHEPTUAHWUHTI Auccunayunacu (ucpodnaHnwn) geinnagn. dHep-
TMSAHUHT 6y KamaluWWHW  Tawku MaHbagaH y3/yKcu3  Tynaupmno
Typuamaca, MLWKanaHul Kyynapu MaBxXxypn 6ynraH Tusaumpa (macanad,
HaKNMET BoOCUTanapuga) xapakatr OXupu TyxTaign, SbHU IHEPruUsHUHT
MyKOTUAMWIN Ky3aTunagu. [lemak, AuccmnaTue Kyuynap MaBxXyn OynraH-
[a, TUUMHWUHT Tyfna MexXaHuKaBuii 3Heprusicu caknaHmaligu. byHpaaH
SHEPIUAHUHI Cak/MaHWW KOHYHW 6y3unasnTu pfgeraH Xysnoca Kennoé
YNKManaW: vWKanaHuw maexypn bynraHga MexaHWKaBun SHEpPrusiHUHT
6oLKa Typaaru aHepruara annaHuwm cogup éynanmn, XycycaH, MexaHuka-
BUIA 3HEPIUs UCCUKINK 3Hepruscura ainaHagu. VICCUKNMK aHepruscu aca
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Im Tapkmbuparn atom Ba MoOJieKynanapHUuUr TapTmbcms xapakatungax
opat auepruagup (Kucm Tapkubugarnm artom Ba MOJSEKyNnanapHUHI
pTM6CU3 XapakaTumm GU3HUHT Ce3rn ab30/1apuMMn3 UCCUKINK Tap3nga
pok aTanun).

HokoHcepBaTuB Kyunap Tabcupwu Tydannm 6epk TMnmMaa MexaHuka-
M «<3HEPTUSHUHT NYKONMULWM»Aa XaMMa BaKT Ma3Kyp «HYKOMULW»Tra TeHr
nraH mukgopga 6owka TypAarn sHeprus axpanubé uvkagn. 3nekTp
epruscy vwnaé uYnkunaguraH kKypunmanapga KynuHuya mMexaHWKasuii
eprusHUHI (MacanaH, OKap CYB 3HEPrUACUMHWHI) 3NeKTp 3Hepruscura
NaHULWNHN Ky3aTamus.
dunsuka Tapuxupga WwyHOan xonnap xam OynraHkn, TaxpubapaH
WHFaH HaTwXanapfa 3HEPrusHUHI eaknaHul KOHYHW 6Gaxapuama-
'aHra yxwab TytonraH. MacanaH, atoMm 84pOMIapUHUHE 6eTa-eMMpununLl
Ouncanapua 3Heprus Ba WUMNYAbCHUHI  eakKNaHWuW  KOHYHUHWHT
y3UNuWm» KysatuiaraH. KelimH4yanuk, u3nknapHuHr MaHTUKWUA Myno-
3anapu wyHpan xynocara onmé kenguku, 6eta-emmpunnwiaa 31eKTpoH
naH 6bupra sgpogaH 6owka.6up HOMab/AyM 3appaya yuub ymkuwun Ba
3appaya y3nm 6unaH 6upra onmb KeTaéTraH 3Heprua 6y >xapaéHpa
elaéTraH 3aHeprma Mmkgopura TeHr 6ynuwmn kepak. bynpgaii pagun
nocara Kenuw Yy4yyH MaKpOCKOMWK MexXaHuKa KOHyHnapugaH uvetra
KaauraH TacaBBypnapra TasHuwra Tyrpu kengu. YTkasuaraH K™Mumm-
Taxpubanap aca MasKyp XynocaHun Tacaumknaaun (3appaya HeuTpuHO
raH Hom onawm).

WyHaan kunanb, ogamii MexaHMKaBuiA Xxoaucanapra HMcbaTaH siHa Xam
Urpok mukécgarn usnkasuini xoaucanapHu kampab onraH sHeprus-
Hr eak/aHWW KOHYHW Kapop Tonau. By KOHYH SHEepPrUuAHWUHT
lymdpunsnkaBmii eaknaHuw KOHYHW Aehiunnagn. by KoHyHra
OCaH, 3Heprus yeu K,a4oH My~paH 6op Gynmanan Ba MaBXyQn 3aHeprus
K onvaign, y hayat 6up TypgaH MKKUHYM Typra aiaHuwm MyMKWH.
EPrusHUHI YMYMMU3NKaBUIA eakNaHUW KOHYHW MeXaHuKa Xogucaia-
HUIMHA Y3 nunra onmb Konmaw, 6ankn MexaHmka KOHYHIapuHU Kyna
MKWH ByniMaraH xogucanapHu xam kampab onagu. by KOHYH mMexaHuka
HYHNapugaH Kentmpmé yYukapuaMaraHAUruHU TYWYHUW KWUAWH 3Mac:
<eHr Mukécgarm Taxpmba HaTumxanapuHu ymymnawTupuwaaH kKenvbé
KKaH MYyCTaKuia KOHyHOMP.

6.10-}. CAKAAHNLW KOHYHNAPU XAMAOA ®A30 BA BAKT CUMMETPUACK

Opatpa cumMMeTpus AeraHumMmsga OGyomnap, Hapcanap Ba TUPUK
HUBOP/ap LWAaKANHUHI CUMMETPUACK Ky3 onaumusra kenagu. Maca-
1 Taliépanap, Kemanap, KpucTasnap, KywJaap, Kananaknap Ba
WMKaNapHUHT WaK/In MyalsiH CMMMeTpusara ara, sbHU yNnapHUHI 4an Ba
ItomoHNapu ypTa 4YM3nkka HucbartaH gespnu 6mp-o6mpuHmn Takpopnam-
Kylinga cummeTpus geraHnMmsga, GU3HMHT KyHOANUK XaéTumusga
b TypaguraH cummeTpusara HucbaraH 6owka MabHoA4arnm CUMMET-
1— TtabuaT KOHyHNapu cuMmeTpuscKu xXakmpga ran 6opagn. MacanaH,
3MKa KOHYH/IapUHWHI cuMMeTpuscu fgeramga 6ab3n 6up anmawitm-
unapra Huc6ataH ynapHUHI MHBapUaHT 3KaHAUTX TylyHunagu. ®aso
BaAKTHUHI CUMMETPUACU AeraHnmMu3ga. BakTHUHT OUP XUHCAUAUTK,
30HUHT 3ca GUP XUHCUAUTU Ba YHUHT M30TPOIM/IMIM TyllyHUnagu. by
AHYanap KUPUTWUAUWIK BWUNaH BaKTHUHE GUP XWUHCAUNUTU, (ha30HUHT
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aca 6uUp XKUHCAMAUTX Ba W3OTPOMIUIMHU KaHfal TacaBBYp Kuauw
MYMKWH, OeraH CaBOJIHVUHI Tyruavwun tabuuiigmp.

BaAKTHUHI O6UP XUHCAUNUTWU — yTaéTraH BaKTHUHI Typ/n
HaliTnapn 6up-6upungaH cdapk kunmangn pgemakgmp. Wy 6oucaaH,
KynuH4ya, BaKTHUHI 6apua naikitnapu ysapo Mykobwun, SibHU ynap TeHr
XYKYKNM AeraH néopa KynnaHunagn. Amanuii xmxatgaH BaKTHUHI 6up
XXUHCIMANTU WYHAA HaMOEH O6ynaauku, 6up Xun wapouT apaTtuiraHga,
6epK TU3NMHWHI XapakaT KOHYHMapu BaKT yTuwun 6wunaH ysrapmaingw.
MacanaH, 3pKuH TylwaéTraH >XWeMHWHI XapakaT KOHyHW Oy Xxapakart
KayoH coaup OynraHnurura 6ornuMk amac: 10 meTp 6GanaHgnvkgaH
6oWNaHrny Tes3/IMKCN3 3PKUH TYLWAETraH XWEeMHUHT OXMPrn Te3NIUMUHU
ynuyaw 6ylinya uctanraH nantha yTtkasmnraH Taxpuba 6mp xun HaTmxa

6epagn Ba Oy Te3NMK BaKTHUHI 6apya naiitnapn yuyyH v= g/2g h «

X 14 m/c 6ynub ynkaam (6y HaTwxkanapga Xucm Ba Ep 6epk TU3MMHU
Tawkun ataan). AHa 6up mmcon: 6ab3n 6up Taxkpuba HaTuxanapu 6upop
BaKT yTraHAaH KelnH KaliTa TeKwupunanb Kypunagn sa KynumHuya 6mp xun
HaTwka onnHagun. [lemak, BakKTHUHI OUP XUHCAUAUTWU Typan naiTnapaa
yTKasmnraH Taxpmba HaTumxanapmHu Takkocnab Kypuwra KMKOH
6epaam.

®Pa30HNHI OBUP XWUHCNWUAWUTWU AeraHumusfa YHUHr 6apya
HyKTanapu 6up-évpura Mykoous 3KaHInru TywyHunann, abHu asoHuHr
XaMMa HYKTanapuHWHE XycycuaTnapu 6up xun. AManuii  xuxatgad
(hasoHUHT GUP XUHCAUAUTU WYyHAA HaMOEH O6ynafiuku, XUCMNapHWUHI
y3apo xoinawwuwnapu sa Te3NIMKNapuHN y3raptupmacgaH 6epk TU3MMHU
6Up XoMaaH MKKUHYN XOWra Kydynmpcak, YHUHI XycycuatTnapu Ba xapakat
KOHYH/Mapu ysrapmangu: aBBanru xowga cogup éynaguraH xogmca 6up
XWUN WapouT apatuniraHga MasoHMHI MKKMHYM Xolnaa Xam ysrapuweuns
TakpopnaHagu. by epga «6up xun wapouT spatuaraHga» geraH néopa
HMMaHW aHrNaTuWuHU Kyingarn MMcongaH TylwyHn6 onmw MyMKUH: ocma
coart TebpaHrMUYNHNHI TebpaHnw JaBpuHW ynyaéTtraH 6ynannunk. TebpaH-
TMYHUHT Y3YHAUTX Ba 60LWKa KMCMAapu y3rapmaraHga yHUHI Te6paHul
LaBpu  3pPKUH Tywwuw Te3naHuwm (g) HUHT Kuiimatura 60rauvk
(MabnymMKW, g HUHT KniiMaTy EPHUHE Xap XWn HyKTanapu yuyyH Xap Xun
Kniimatra ara 6ynu6, 9,78 m/c' gaH 9,83 m/c2rava y3rapagu). CoaTHu
OyTYyH Xonga Ba y3ura napannen kKmnmb asoHUHr 6Up XonpaH NKKUHYM
Xonura KyuympraHumusga MasKyp >XoWnapAa g HUHE KuimMatun 6up xun
6ynca (6up xun wapowuT), coaT TeGPaHTUYNHUHT TebpaHULL AaBpu MKKaa
Xonga xam 6up xun Kuimatra ara 6ynagn. g HUHT Kniimatnapu o6mp xun
oynraH pasoHWHr 60LWKa HyKTanapu yuyyH xam Te6paHrmMyHUHI TebpaHuLL
[aspn ynuyaw XaTo/fnKnapwu yerapacuga asBasirv Hyktanapga OJ/IMHraH
KuimaTtnapra TeHr 6ynn6 umkagu. By HaTmxka $a3oHuMHr 6apua
HYKTaNapuHWHE XYCyCUSTNapu OUP XW1 SKaHAUTUHWUHE UC6GOTU, ABHU
ha30HUHT BUP XUHCAUTUTUHUHI HaMOEH OGynuwin gemakaup.

®a30HMHI M3OTPONAUTU WYyHN BUNANPAANKNA, YHOAIN UXTUNE-
puii HyKTara HucbaTtaH OnMHraH 6apya MyHanUWNapHUHE XycycusTnapu
6up-6upugaH dapk Kunamamgn, AbHU asofga Kaicu yHanuwHu onubé
Kapamainuk, ynap 6up-éupura mMykobun. Maskyp MyKOGUANUK LWyHAa
HaMOEH 6ynaaunkun, 6Up XWN WapouT apaTuiraHaa XucmaapgaH Tawkun
TonraH 6epK TU3UMHN (TagKUKOT KypuaManapuHu, yndaw ac6o6napuHun.
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MopaTtopusamn Ba 6owkKanapHuW) wuctaniraH Oypuyakka Oypunca, 6y
/pyn 6apya Kenrycu XxXogucanapHuUHr 6opuwmra TabCcup 3TManawn.
acanaH: a) OWHamkaxoHHU 6upop Oypuyakka 6ypcak (aHTEHHaHWHT
Bnatn ysrapmaraHga) YHWHI Kypcatuwumga Xed KaHgalhh ysrapuw
»Oyp 6ynmaiak; 6) HykTaBuiAi MaHGagaH YnkaéTraH TOBYLU TY/NKUHNapu
thua NMyHanuwnap 6yhnya 6Up XUn TapKanagu.

a. UVMNynbCHUHI cakNaHulW KOHYHW (PasOHUHI 6UP XUHCAUIANTUHUHT
ITMXACK 3KaHNUTU. VIMNYNbCHUHT CakMaHULW KOHYHW 6epK TU3UM YYyH
Ixapunaan Ba 6epkK TM3MMAa (akaT WYKM KyynapruHa maexypnd. by
JHYHHN KenTnpmb uukapuwpga okopuvaa (4.1-8 ra K.) HbIOTOHHUHT
;KMHUM Ba YYMHUM KOHyHnapugaH donganaHmnradH agn. HblOTOHHUHE
MHYM  KOHYHMra Kypa O6epk Tu3aMmgaruv WYKU Ky4TapHUHI BEKTOP
IvHANCN HoNra TeHr OynMwKn Kepak, SAbHU:

I+ 2 Y= M24021 + M3+ SBl+ = =0 (on- (6.43)

KelnHyanmk mabnym 6ynauvku, hasoHUHT CUMMETPUS XycycusTnapu-
IH, SbHU YHUHT 6Mp XUHCAUAUTMAAH Ba HbIOTOHHUHT pakaT WKKUHUK
XyHUAaH oiiganaHn6é xaMm WUMAYAbCHUHT  CakKNaHWUW  KOHYHVHU
NTUPUG UYMKapUW MYMKUH 3KaH. BYHMHI yuyH 6epK TU3UMHMK y3ura
thannen paBuwpa asoHUMHI GUP HYKTacMAaH WKKUMHYM HyKTacura
yHAQA KyumpamusKu, YHOArW >XUCMAAPHWHIE y3apo >Kolnawuwum Ba
3/IMKNapy aBBa/IrMaain KoncuH. KyuymiuHm r 6unaH 6enrunacak, Maskyp
MUWAA GaapuaraH wuw Kyhinparu:

A= + \7
Y72 Y
andp KynaiTma Tap3uvga wudgoganaHagn. by kyunwpa (? @ 0) 6epk
3uMAa Xe4y Hapca y3rapmaraHu Tydainm gasoHUHT BUP XUHCAUAUTN-
IH wy xynoca kenub u4Mmkaguikm, MasKyp Kyuuwga GaxapunraH wuw
Lira TeHr, sibHU

A= ("Tu+ 1,TU\r=0 (¥=/). (6.44)
M./ | /

TU3MMHUMHT MyalisH T ¢ O macodhara KyympuaraHuHn Hasapga TyTcak,
>44) TeHrnukaaH

(2?2 + 2Tuy\=0 Laorn

Vi./ /./ /

nmMoé umkaau, SbHU a3OHUHI OBUP XUHCUAMrngaH 6epk Tusmmaaru
KU Ky4napHWHI BEKTOp WWUIMHAMCA HOAra TeHr, geraH Xxynocara
namus. BnHo6apuH, HbIOTOHHUHI MKKWHYXM KOHYHMUOAH Ba (DasoHUHK
[P )xuHcAnnnrngaH (HbBIOTOHHUHT YYMHUM KOHyHWAaH oiganaHmac-

wocabatra ara 6ynamm3. ByHAaH WMMY/AbCHUHI CakNaHUW KOHYHW
4.4) wndopara K.)

2/Pj = 1m,\W/= const
i
nmMé unkagw. 11,



Jemak, UMMYNbCHUHT CaKMaHUW KOHYHW (Pa3OoHUHT GUP XUHCANAUTU-
HUHI HaTwkKacnaup, YyHKU (DasOHMHI aHa LWy XycycusaTu Tydannm 6epk
TM3NM 6Mp BYTYH Xonga KyuynpuaraHga YHUHI MexaHWKaBuii Xycycusitna-
pv y3rapuuicus caknaHagu.

6. VIMNYNbC mMomeHTUHMHT CaKNaHUW KOHYHW O6wunaH a3oHUHT
n3oTponamrn opacugarn 6ornaHvw. ®asoHWHI W3OTPOMAUTN  LWYyHAA
HaMOEH 6ynagukn, 6epK TU3MMHU UXTUEPUIA 6Bupop bypuyakka bypcak, 6y
6ypull YHUHT (U3NKaBWUIA XycycusiTnapura Ba XapakaT KOHyHnapura
TabCcUp aTMangu.

TnamMHM 6upop Kysranmac O HykKTara HucbataH dp Oypuyakka
oypcak, 6y o6ypuwpaa O HykKTagaH Macohaga TypraH r-xucmra /-
XVUCM TOMOHMAAH TabCUP 3TYBUM WMYKU PA  KYYHUHI  Kyd  MOMEHTU

Kyhingarunya mndgoganaHagn ((5.7) wdopara K.):
M,=\, ?,1

~>XXUCMHU Ky3ranmac O HykTara HucbataH d(p 6ypuakka 6ypuwiga
WYKM KyYNapHUHT GaxkapraH uwm

dA, = MWdd

Tap3ga wudgopganaHaan (IX 606ra k., (9.24) wudgopa). Xucmnapra
TabCUpP 3TAETraH_MYKM KyynapHuHr O HyKTara HucbaTaH OfIMHraH Kyu
MOMeHTUHN Af|, M2 ..., Mn6wunaH 6enrnnacak xamga Tmammgarn 6apya
XuUcMmniap Te3NUKNapUHWHE  RyHanuwnapuHu Ba “OH_ KUiMatnapuHu

y3rapTupmaraH Xx,0onga yHm O HykTara HucbataH dg>(d(f)=£0) 6ypuakka
6ypcak, Maskyp Oypuwpaa 6axapunaraH uul:

EM= (M,+ 172+ .. + M ndg> (6.45)
oynagn. ®asopgarm 6Gapya WyHanuwnap 6up Xun XycycuaTra ara

oynraHnuknapu Tygannm maskyp Oypuwl yuyyH v capd KuanHManau,
AbHW:

(AT, +N172+ - + Al $=0. (6.46)

WapTtra kypa dp 6ypuyak Honra TeHr O6ynmaraHnmrn cab6abnun
(6.46) ckanAp KynahTMaHWHI OUPUMHYM KynanTyBuMcu (KaBC wumparu
noaa) Honra TeHr Gynuwun wapT:

Af,+M2+ .. +M, = 2M, = 0. (6.47)

1
Jemak, ha3oHUHr wusoTponaurngaH 6epk TU3MMAArM WUKM Kydnap
MOMEHTNAPVHUHI  BEKTOP MAUrmHaucn Honra TeHrnurn  (HblOTOHHUHT

YUYMHUYN KOHYHUOaH oipganaHmacaaH) kenué uvkagn. MomeHTnap
TeHrnamacn ((5.20) wudopara K.)

ra kypa Bsa (6.47) paH



xampaa

SIF;= const (6.48,
i=

JeraH HaTHxara kenamus. byHaaH KypuHagukm, 6epkK TU3MM MMMY/bC
MOMEHTUHUHI eakK/aHULW KOHYHU (Da3OHUHI MU3O0TPOM/IMIMHUHE HaTKacu-
OVP, YYHKM (ha3soHWHI aHa Wy XycycusaTun Tydannam 6epk mexaHUKasuii
MM 6mp 6yTyH Xonga UXTuépuii 6upop bypuakka GypuiaraHga YHUHT
MeXaHUK XyCycusaTnapu ysrapmanau.

B. SHEPIruUAHMHI eaknaHUW KOHYHW BAKTHUHI OMP XWUHCAUAUTUHUHT
HaTWXXacu 3KaHININ. SHEPTUSHUHT eaKNaHULW KOHYHWHUHI BaKTHUHT 6up
XUHCAUMAUTN 6unaH GOrMMKANIMHX acocnall ydyyH noTeHuuwan maigoHga
XXOMnawraH nta xmemgaH nbéopat 6epK TUSUMHM 0nnb Kapanmus. bupop
i- )XucMra noTeHuuan MaligoH TOMOHWAAH TabCUP 3TYBUM  KYUHUHT
KoopAuHaTa yknapugaru npoekuusnapu:

OEn _ OE» _ AEn
X~ ax~ Y~ ay~’ - Aar-

Tap3pa é3mnagn ((6.29, wundgopara K.,. Maskyp TEHIIUKNAPHUHI Xap
OVIPVHUHI  4an TOMOHMAPUHWN Kyuull BekTopwu dr, HUHI KoopAuHaTa
yKnapugaru npoekuusnapu dxit dyt, dzi ra moc paBuwga Kynantmpmo,

FxfCi = dxit Fydy, = — dyh

Fzdzj = dz

dzi N

ra ara 6ynaM|/|3. By TEHIMKNapHUHI 4Yan Ba YHI TOMOHNApPUHW MOC

paBywga Kywnbd YMknG, oNIMHraH HaTwXKaHu TUanmMmaaru n 1a XUCM YUyH
é3amMms:

. o ) / PEn BE.  @En \
X (FXdxi+ Fyidyi+ F~dzi) = - X (M d X |+-1£-dyi+ ~d z,y (6.49,

By TEHIIMKHWHI 4yan TOMOHMAArn WAMMHAW Ulopacu ocTuaa Typrad
ngoaa, pasllaHKW, MOTEHUMaNn MalijoH TOMOHUZAH i- XWCM  ycTuaa
GaXkapuaraH wwra TeHr:

Fxdx, + Fydy(+ F.dZt—dAt. (6.50,

MasKyp W i- XUCM KUHETUK 3HEePrusiCUHMHI owuwura capd 6Gynaau,
ABbHU:

dAi= dEK. (6.51,
(6.50, Ba (6.51, ndopganapra acocaH (6.49, HU Kyhnpgarvya é3amus:
/0E, AE.., AE, \
S(dEK)=-b (~r dxt+*-dy,+-~-dz,y (6.52,

SHAN BAKTHUHT 6GUP XXUHCAWAUTUHU 3bTUGOPra 0flaMU3. BakTHUHT
5/p XWHCAWIWUTY WYyHOAW HaTuxara onmé Kenagukui, 6epK TUsUMHUHT
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NoTeHLMan 3Hepruscn BakT yTuwmM 6unaH ysrapmaign. MacanaH, EpHUHT
rpaBvMTaums MangoHmaa Ep to3uvra HucbataH h 6anaHonvkga xownawraH
Maccacu T 6ynraH >XWCMHWUHI MNoTeHuuan 3aHepruacn En= mgh — 6epk

TM3UM Y4YYH BaKT yTuUWIM GunaH ysrapmaigun, sibHU e bepk Tu-

3UM MOTEeHUMan 3Heprusicu BakTra 6ornuk 6ynmaca (6.52) HWMHC yHr
TOMOHMAATM WUIMHAM uwopacu ocTuaa TypraH wudgogaHu (Tuumaaru
I- XMCM NOTeHUMas 3HeprusicMHn) Tyna avddepeHuman wakamga ésuL
MYMKMH:

AE, AE, AE,
dXi+~altdy*+ dz'=dE™ m

Y xonga (6.52) wudoga kynmgarn KypuHuwira ara éynagw:
2(dE,) = -2(dE_). *
I |

By TEHrNuKHU

<*(2£,+2£n)=0
1 1

KYpUHMLLOA é3cak, YHAAH MeXaHWKaBUA 3HEPTUAHUHI CaKNaHUL KOHYHU
XE*+ 2E, = const (6.53)
1

kenmb unkagn. (6.53) wudomagaH WyHAaW Xy/nocara  KenamMusKu,
MeXaHWKaBUIA 3HEPrUSHUHT CakMaHWLW KOHYHW 3aMupuaa BaKTHUHI 6up
XUHCAMAUTN éTagun, YyHKM aHa Wy XycycusaT Tydainm 6epk Tusmmaarm
XXapaéHnapHuUHr cogup 6ynuw KOHYHUATW By XapaéHnapHwu BakT 6yirinuya
6oWwKa nanTra KyumpunaraHga xam ysrapmaigu.

VIl BOB

PENATVB ONHAMWKA 3JTEMEHTNAPU
7.1-$. MAXCYC HUCBUWNVIK HA3APUSACK BA YHWHI MOCTYNAT/IAPU

X,03vMprava 613 épyrnvk Te3nurura HucbataH Xyga Kuunk (a<c)
Tesnuknap 6wnaH 60rAMK MexXaHWKaBU XapakaT KOHyHnapu 6wunaH
TaHMWANK. 3epo Tabunii wapouTaa yypab TypaauraH akcap MeXaHuKa-
BUI Xogucanap €pyrnvk Tesnurura HucbaTaH aHuya KUYMK Tesnumkiapaa
cogmp 6ynaan. ®aH Ba TexXHMKa WHKWI06M Tydalinn épyrnvk tesnurura
AKMH Te3nuknap 6unaH 6eBocvMTa GOrNMK Xogucanap X03upru BakTaa
oaavii MexaHWKaBWiA XxXogucanap KkKatopuaaH KeHr >XOW ofiMokga Ba
MyXaHOMUC/IMK MexXaHuKacuaa Kyn xonnapaa pensTuB MexaHuka KOHyHna-
pugaH dQonganaHnnamokga. XycycaH, 6y KOHyHnap acocuga KatTa
Tesnuknapna (U«c) anemMeHTap 3appadaslapHUHr TyKHalwuwiapu Ba
Ma3Kyp 3appanapHuUHr Mogfa 6wunaH y3apo TabCUpWU YypraHuniagu.
3apsgnn 3appanapHu Xyaa Katta Te3nuknaprava TesfnaTtyBun Kypuava-
nap penATMB MeXaHuKa KOHYH/apu acocuja pexanawTupunagu.
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PenaTne mMexaHUKaHWHI acocuMHW A. SMHLWITENH TOMOHMUAAH spaTuiaraH
Maxcyc HUCOMIANMK HaszapusacKu TawKWN Kunagu Ba y Ky4vcus
rpaBuTaums MangoHnapu Maexyg 6ynraH xonnap ydyyH ¢as3o Ba BakT
Xakmgarn @Gusnkaeuii Hasapua xucobnaHagu. By Hasapusa HblOTOH
dm3vkacMHUHr 6apya TacaBBypnapuHu, aliHuMkca @daso Ba BakT
Xoccanapn xakmgarn TtacaBByp/lapHM KaliTa Kypub UYMKULWHW TakKo30
Knnagn. YyHKM OWHWTEAHHUHI HUCOUIANMK Hasapuacuga, HbloToH
MexaHuKacugaH dapaan ynapok, as3o Ba BaKT Xoccanapu Xakugaru
TacaBBypsiap Maskyp (as3o Ba BaKT uwuMpa coguvp 6ynaétraH Ttabuat
xogucanapu 6unaH y3suin 6ornaHraHgup. Maxcyc HUCOUMIANK Ha3apusacu-
na usnkaBnii xoaucanap KOHYHMATAapu dakaTrmHa MHepuman caHoK
TU3MMnapuga ypraHwnagu. byHaaH Tawkapy yMYMUMA HUCOBUMMNNUK
Haszapusacu Xam MaBxypn 6ynun6, y rpaButaumnsa MaingoHnapu xakmgarm
Hazapuagmp.

A. DWHWTENHHUHI MaxcyC HUCOUWNUK Hasapusacu Kyhingarn MkkiTa
noctynatra (NpuUHLMNAra) acocnaHraH: 1) HUCOUANNK  MPUHLUNK;
2) épyrnnK Te3NMTMHUHI y3rapMacianru npuHLUNm.

BupuHum noctynaTt dakaT MexaHUKaBuii xoaucanapra Taajiyk-—
M 6ynraH FanunemHUHr HUCOMIMK NPUHUUNAapUHA Gapya (PU3NKaBUiA
xoaucanap yYyyH ymymiawTtuvpuwgad mnéopaT. by noctynaT Kynmpgarunya
rabpudnaHagn: %ap 6up ¢usnkaBuini xopuca 6apya UHepLMan CaHoK,
TUsnMnapuga 6up xun cogmp bynaau. bowkava antraHga, 6apya Tabuart
KOHyHNapun (Ba ynapHW TaBcuUoBUYM TeHrnamanap) O6up uwHepunan
CaHOK TM3MMMAAH WKKMHYMcUra yTraHga y3rapmangu, SbHU Maskyp
KOHYHNap WHepuman caHOK Tu3umiapura HucbataH WHBapuUaHTAUP.

EPYrnvMK TE3NMUIMHUHT OOVMUANUIN Xakuaarn MKKMHYM MOoCTYy-
naTt Kynmgarmya TabpudnaHagu: EpyriavkHUHE Bakyymaarm Tesnuru
EpyrnnMkKk mMaHbamHWHI xapakaTura 60rnvk, amac Ba y 6apuya uHepuman
CaHOK, TuU3umMmIapuga 6up xunamp.

lOkopuaa 3uKp aTuaradH noctynarnap Xyfa Kyn Taxpubanappga
racguknaHraH. MacanaH, ®nso Taxpubanapunga EpyrnavukKHUHI Te3NUru
EpyrnvK TapkanaéTraH MyXUTHUHI Xapakatura 60rimK amMaciirm
aHWKNaHraH. MaiikenbCcoH Ba Mopaun Taxpmnbanapu xam LYHU KypcaTtgu-
KW, EPYrMMKHUHI Te3nuru Epyrank MaHb6amHWHE XapakaT Tesnurura
60rnukK amac akaH. NHepuuna (macca) Mapkasn atpouaa KatTa Te3nuk
6unaH XxapakaTnaHyB4YM KyLanoK HA4Y3NapHUHT XapakKaTuHU Ky3aTuLl
HaTmxanapu Ba 60wWKa 6Up KaTop Taxpubanap Xam EpyravK Tesnuru
y3 MaHGavHWHI XxapakaTtura 60riMK amacnuruHm Tacauknagw. LyHpai
Knnnb, Epyrnvk Te3nuru 6apya vHepuman CaHOK Tu3umnapuga éuvp xun
aKaHNUIM aHuknaHan. WyHWHr 6unaH 6upra, épyraMKHUHE BakKyymaaru
Tesnmrn Tabwatga KysaTunaguraH Te3nuknap nmunmga aHr Katracuamp.
Xap K,aHAan xxucmiap y3apo TabCUPUHUHE y3aTUAULW Te3Urn Epyriamk-
HUHI ByWvK,[arv TesnnurugaH Kkatrta 6ynmwm MyMKUH 3mac.

Fanunen anmMawTvpuwnapmaaH Kennudé uukaguraH Tes3NuKnapHu
Kywuw kKompgacura ((3.5) ra K.) acocaH 6up caHOK TuU3NMWUAAH
MKKUHYMCUIa yTraHga EpyrivkHUHE Te3nurnm u= v-{-c ra TeHr 6ynuwmn
kepak (6y epga v— K' caHOK TUSUMUHUHT K TU3uMra HucbataH Te3nuru).
Te3NuKNapHn KyWUWHWHE 6y KOHYHW 3ca Epyrank Te3NUTMHUHT
OOVMUIAIMK MPUHUMNUFA MyTnako 3unagup. By 3uaamatHUHT cababwu
Hbl0TOH MexaHukacupa anoxmga-anoxuvga onubé kapanraH ¢daso Ba
BAKTHUHI MyTnak geé xucobnaHraHnurungagup.
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®a30 Ba BaKTHM MyTnak pAeb xucobnaraHga Xucmaap HUCOWUIA
TE3NMNTUHUHTEPYTNVUKTE3NNTNAAaH KaTTa 6yna owac/inrmHn TyWyHTUMpuL
acno MymMKuH amac. Wy 6omncpgaH HblOTOH MexaHukacuparn gaso Ba BakT
MyTNakgup feraH tacasBypJsiapfiaH BO3 Keuuwra Tyrpu kenagw.

WyHaaii kmanb, 6Mp MHepuuan caHoOK TU3MMUAAH WKKUHYUCUTa
yTraHga, aso Ba BakTHUHI y3rapuwunHu [anunein anmMawTvpuwinapu
BocuTacuga a3mac, 6anku 6Gowkaya anmMawTMmpuwniap Bocuracuga
TacsBmpnaw 3apypatm kenmb uukgu. byHpal anMawTMpull TeHrnamana-
pPVHU BUPUHYM 6yNn6 raynaHananmk anum . JlopeHy, (1853— 1928) ken-
TMPUG 4YMKapraH.

7.2-5. NOPEHLU ANMAWTUNPULLUNAPWU

NopeHy, anmawTmpuwnapmnga 6up wWHepuyan CcaHoK TudMmuaaH
MKKWHYMCUTa yTraHga *, y, z koopguHatanap 6unaH 6up katopga BakT
XaM y3rapyByaH KaTTanuk ne6 Kapanaau, SbHU O6Up UHepuman CaHOK
TmanmMmnaa pasosa BakT*, y, z, t 6unaH udopanaHca, UKKUHYM NHepUMan
caHOK Tmaumuga 6y kattanuknap x', y', z', t' kuimaTnapra ara 6ynaau

(ma3kyp anmawTupuwnapga t~t' geé kapanagu). JlopeHy, anmawtv-
pvwnapuHn kentupmb ymkapuw ydyyH 3.1-8 ga kypub ytunraHgek, K Bsa

K' nHepuman caHOK TU3UMMApUHK onamms Ba 6y TU3MMnapHuHr X, K, Z sa
X', Y', Z' yknapuHu 6up-6vpura Moc pasvwiga napannen xonnawtvpa-
Mn3 (7.1- paem). K caHOK TU3UMWHW LWAPTAM paBiwa”™ Kysranmac aeb
xucobnanuk, K' aca K ra HucbataH X ykm 6ynnab v Te3nuk 6unaH

TEKUC XapakaT/iaHaéTtraH OyncuH. [actnabku nantga (abHM t=0 Ba
/ = 0 6éynraHga) WKkKana TU3MM KoopAuHaTa/lapuHUHI 60N ycTMa-ycT
Tywaam (Xx=x'=0) pe6 dapas kunammi. ®dasoga O6MpoOp HYKTaHWU
onainuk Ba 6y HykTa K' caHOK TU3UMWHUMHI 6owwimaa oinawraH 6yncuH.
Y xonpa t=t'= 0 6ynraHga, MasKyp HYKTaHWHI KoopauHaTtacu X'= 0
6ynuwmn Tabuuii. By xaT yuyH JIOpeHL, anMawTUpULINapUHUHE OLUKOP
KYPUHULWIMHMA  TOMUW  Xakugarn macan,a okopuaa 3UKp 3TWUAraH
haszoparn ywa HykKTa yuyyH X, Yy, z, t kartanuknap 6unaH x'.y', z\
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KatTanuknap opacuvgary 6ornaHuwniap @GopMynanapuHu  Tonuu
nacanacura kentmpunagn. ®aso Ba BaKTHUHI OWUP >KUHCAUNUTKN By
<atTanuknap opacmgarn 6ornaHuvwnap 4Ynmsnknu 6ornaHv éynuwnapuv
Cepak/MrmH1u Tako3o kunagu. Wy ca6a6bnn K Ba K' wuHepuman caHOK
W/3VIMIAPUHUHT MOC paBuwga X Ba X' KoopauHatanapu ydyyH [anwuneii
MMawwTnpuwnapmHn ugoganosum ((3.1) sa (3.2) ra K.)

X=x"+ vt'; X'= xX—vt

Dopmynanap dakaT MyTaHOCUONUK KO3(hMUMeHTU y 6unaH dapk
C.uyBUM Kynugaru
X=y(x'+vt"), (7.1)

X'—y (X —vt) (7.2)

npopganap 6unaH anmawTupuanwun nosum (K Ba K' Tusmmnap TeHr
XyKyagu WvHepuman caHOK Tu3umnapu 6ynraHamru Tydainnm myTtaHo-
CNGINK  KO3(hMUMEHTU Yy WKKana dopmyna Y4yyH 6up xun Kunub
OJINHTaH).

SHAM  MYTAHOCUOANK  KOIMMULIMEHTM HMMara TeHr 3KaHJIUTNHN
aHUKNaWnmMmn3 Kepak. BYHUHI y4yH Epyrnuk Ttesnurn 6apya wHepuman
CaHOK Tum3umnapumga o6up Xun KuiAimaTra TeHr 3KaHaurm xakugaru
noctynargaH dorganaHamns. BakT yuyH caHok 6owu cucatmpga K Ba
K' TnsaumnapHuHr koopaunHata 6ownapu (0O Ba O' HyKTasap) ycTma-ycT
TywraH nanTHM TaHnaw kynan. t=t'= 0 6ynraH naitga koopauHarta
bowmnaa Epyrank yykyHu vakHaraH geb dapas kuamb6, X Ba X' yknapu
MyHanuwmaa €pyrnanmk MPOHTUHUHT TapKanuw XapaéHUHU onnb Kapari-
nvk. K Ba K' Tusanmnapumpga E€pyravk Tes3nuru 6vp xun 6ynraHauruv
Tydhann BaKTHUHI MXTUEpuiA t Ba t' nmaliTnapunga €pyrnvk (MPOHTUHWUHT
T Ba X' MyHanMwnapuparn KoopauHatasapu MOC pasuwaa:

X=ct; x'=ct' (7.3)
TEHIMKNAp 6WNaH aHUKNaHaguraH HykTanapra etwé Gopagu. 3dHAu

(7.1) Ba (7.2) TEHrNMMKNAPHWHI Yarn Ba YHI TOMOH/apMHW MOC pasullaa
6up-6upura KynamnTupcak,

xX'—y1(x'+ vt') (x—vt)

6ynagn. by dopmynagarn x Ba X' napHu (7.3) Qopmynagarn ct Ba
ct' opkanu wndoganacak

ct-ct'=y2(ct'-{-vt') (ct—vt) =v2(c+ y) (c-v)It',
ABHU
c2=y(c2—v~)

TEHIIMK Kenu6 uukaau. byHpaH kylimparn wdgogara ara 6ynaMus:

Y = ‘ .= —— ; (7-4)
V | —o02/c2 n/1—P2

6y eppa p= y/c 6enrunawHm kuputguk. (7.4) ra acocaH (7.1) Ba
(7.2) TeHrnuknapHu Kyhungarmvya ésamms:

X = X+t , (7.5)
V»—32
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Vi-p2
XapakaTt thakaT A Ba X' yknapu hyHanuwmga cogup 6ynaétraHamrum
Tyhannm 6y nyHanuwra Tuk O6ynraH y, y', z, z' KoopgwuHaTanap
aBBaMrnya ysrapman KosMWUKHKU, SbHU
y =y, z= 17 (7.6,a)
MyHoOcabaTnap 6axapuavuwWnHN TYWYHULL KUANH 3Mac.
9Han K nHepuman caHoOK TusnmugaH K' Tusumra ytraHga BakT (t Ba
t') yuyH anMawTvpuw dopmynanapuHu Tonaiamk. ByHUHT  yyyH
(7.6) parn X' yuyyH TonwunraH udgopgaHn (7.5) dopmynara KyaMus:

X = r + vt'\ = 5~p<_i___ WM
Vi-p4 V>-P2 ) >-p2+ V. N
By cdopmynaHu vt' ra HucbartaH eyamuns:
5 X—Vt
VI-P2
€Kun
Xx—vt _ (l—vi/d)x—x+wvt
I'= v VI-P2 - . -
uVvi—p2 t»Vi—p2
6nHOGapuH:
' =2"jo@)?-. (7.7)
Vi-p2

Xyoaow wyHuHrgek, (7.5) Ba (7.6) TeHrnuknapgaH t yuyH Kyngaruvra
ara 6ynamus:

t=Tr+/cV (78)
VI-P2
(7.5) — (7.8) dopmynanap 6up-6upura HucbataH yarapmac Te3/nK

6unaH xapakaTnaHaéTraH TU3MM/Iap KoopauHaTtanapyHy y3apo 6ornainau
Ba ynap JlopeHy anmawtvpuinapu geivnagn. YMyMuii  KypuHuwaa
JNlopeHL, anmawTupuwnapu Kyiuparunya é3vnagu:

> my=y'> 2=2, ; (7.9)
-p2 VI-P2

. y'=y> = r . (7.10)

Vi-p Vi-p2
ft' caHOK TManmngaH K tusumra ytuw (7.9) dopmynanap opkanum amasnra
owmpunagn Ba akcuHua, K caHok TmsaummagaH K' tnsammra (7.10) cdopmy-
nanap BocuTacmga ytunagu. (7.9) sa (7.10) dopmynanappaH KypuHN6
Typnbankn, JlopeHy anmawTupuwinapn KoopauHaTtanap 6wunaH 6up
KatopAa BaKTHU Xam y3 nuura onadanTu: KoopauHaTaslapHN anMallTupumLl



[topmynanapmnga BaKT MWITUPOK 3TagHTU, BaAKTHW anmMawtmpuil opmy-
Janapnpa 3ca KoopAauHatasnap WWTUPOK ~Taantu. [emak, JlopeHy,
umawTupuwnapmga ¢Gaso Ba BakKT 6up-6upu 6unaH y3Buii 60rnMK
1ynm6, ynapHu anoxupa oimb Kapaw MabHora sra amac. buHo6apuH,
[ncbuintnuk Hasapusicm 6up-6mupu 6munaH y3sBuin 6ornaHraH aso Ba BakT
.akmgarn Hasapuagup.

LyHn anoxmpga Tabkugnaw nosumku, (7.9) sa (7.10) copmynanap
eHr XYKyknu ©6ynm6, o6up-6upmngaH dakaTt Te3NMK V HUHI onguparu
miopa 6unaH apk kmnagu. ByHUHr éomcn wyHaaH néopatkm. K' caHok
naumn K ra HucbataH uTe3NuK 6unaH xapakatnaHasHTu geb kapasca,

( caHOK Tmammm K' ra HucbataH —u Te3NMK 6GMNaH Yan TOMOHra

XapakatnaHadaHTn p,e6 Kapaw MyMKWH.
JlopeHy, anvawTupuwnapu v HUHE UcTasraH KmﬁmaTnapM,qa YPUHNN

>ymb, Fanuneii anmMawTUPULINIAPUHU MHKOP 3TMaian: Kuumk (n<cc)
e3nuknapga J/lopeHy, anmawTvpuwnapu 6esocuta lanunen anmawTn-
yuwnapura ytagum, sbHu Fanuneil anmawTtmpuwnapu JIopeHl, anMawtmn-
>UWNAPUHUHE  XYCYCUIA  Xonuaup. XakukataH Xam, v<”/c 6ynraHga
(7.9) Ba (7.10) dopmynanapga kBagpatr wiguM3 Tarmparun p2=
= v~/c2Hucbar 1lra HuUc6aTaH XyAa KWYMK COHHU TalKUA KUNaau, SbHU
naskyp Huc6aT HoAra WHTWIraHM Y4YyH YHW Xucobra onmacimrumm3
WYMKUH. Y Xxonga JlopeHy anMawTvpuwinapu Fanuaen anmawtmpuina-
3UHUHI y3u 6ynn6 konagw.

MupoBapanaa LWyHU Xam Kahg Kunannnkkn, €pyravk TesnurungaH
<arta (y > c) Te3nuknappa (7.9) sa (7.10) dopmynanapgaru x, t, X' Ba
I' KaTTa/iMKNap MaBXym Kuiimatra ara 6ynagu. by HaTuxa 6U3HU WyHOam
<ynocara o5v6 Kenaguku, Epyrnvk Tes3nuru (c) Tabuatga MaBxynq,
3y/iraH TEe3/IMK/IaPHUHI 3HI KaTTacuaup Ba Xey KaHgalh Tes3nmmk épyriank
resqaMrugadH kKatta O6ynuMwun MyMKMH 3Mac. YHAaH Tawkapu, v=c
SynraHga (MabfymMKn, VvV — xXapakatgarun uvHepumas CaHOK TUSUMWUHWUHI
rVMHY TypraH CaHoOK TM3Mmmura HucbaTtaH TEKMC XapakaT Te3nuru) JlopeHy,
anMawTpuwiapugaru X, t, x' Ba |I' kattanMknap 4ekcus KaTta Kuiimatra
ara 6ynmwn kepak, BaxonaHkum 6yHAanm 6ynuwm 6Mpop mabHOra ara amac.
Jemak, xapakatgarm caHoK TU3nMu 6unaH 6ornaHraH XMCMHUHE HUCOWIA
resfiMrm xamma BaKT EPYrnvK Te3nurngaH Kuuyuk oynagw.

7.3- 8 NNIOPEHLU ANMAWTUPUWNAPUAAH KENNB
YNKAOUTAH HATWXANAP

HblOTOH MexaHumkacuga 6Gapya WHepumasn CcaHOK Tusnmmnapmga
BOKeanap 6up BakTga coavp 6ynaav neb kapanagwn. YyHku 6y mexaHuka
O4AviA WapouTnapaarn xapaéHnapHu, fAbHU EpyrnvkK Tesnurura Hucba-
TaH XyAa KWYMK Tes3nuknap 6unaH 60rauvk xapaéHnapHu akc aTTupagu.
Hucbuniinuk Hasapusicu wuctaaraH Te3nuknaap 6wnaH 6ornuvk 6ynrad
XapaéHnapHu y3 nuura onagun. dneMeHTap 3appavyajapHUHI XapakaTu Ba
ynap vwTupokmgaru xxapaéHnap akcapmat xonnapga épyrivk tesnmrura
AKWH Te3nuknapga 3 6epagn. Epyrnvk Tesnurura fKnH Tesnnknap
6unaH xapakatnaHaéTtraH anemeHTap 3appavanap 6unaH 60rnMK xonga
KeyaguraH xoguca Ba >XapaéHnapHu 6u3 6esocuTa MAPOK 3aTa onManmus.
Wy 6oucoaH HUCOMNNMK HasapuacugaH Kenubé umkaguraH HaTtwmxkanap
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KyHOANVK XaéTumusga yypanguraH xogwucanapra sa ogawin wapoutga
yTKasunraH Ttaxpuba HaTwmxanapura 3ug 6ynnb Tytonagu. XycycaH,
JlopeHy, anmawTMpuwnapmuaad Kenné ymkaguraH Hatvxanap, SbHU Noup
BAKTNIMIMKHUHI, >XWUCM  yn4amMAapUHUHE  Xamga BaKT OpPa/IUITMHUHT
HUcbMinuknapn wynap XymaacupgaHaup. Kyhimpga ynapHu Kypub
YnKamms.

1 Bup BakTAWAWKHWHI  HUCOUANMIK. bapya wHepuman CaHOK
TM3NMNapu TeHr XyKyknu éynuwura kapamaii, ynapga cognp 6ynaétraH
BOKeaslapHUHI OMp BakTAWAUTM Ba KeTMa-keTamrn xap xungup. K Ba
K' wuHepuman caHOK TU3MMAapUHW Onaiank Ba Xyaau okopuaarvaek
(7.2-8), /C caHOK Tmaumm K Tum3mmra HucbataH X yku HyHanamwmnga
y3rapMac v Te3nMK 6unaH xapakatnaHaétraH O6yncuH. TuHY TypraH
K caHOK, TM3MMUHUHT X\ Ba X2 HyKTanapuga omp BakTHUHr y3uga (/i = /2
/= /r—1\—0) wkkm BOKea cogvup OyncuH: awntahinuk, [ Ba x2
HyKTanapga >oinawraH MKKuTa MUNTUKAAH 6Up BakTAa YK OTWICUH. By
MKKN BOKea Xxapakatparum K' caHOK TM3MMUMHUHE X\ Ba X|j HyKTanapmga
ariHn 6up BakTAa 103 GepaanMm KM BaKTHUHI Moc pasuwpa t\ Ba A2
nantnapuga cogup O6ynagumn, pgeraH caBosira >kaBo6 6epuwl  yyyH

JlopeHy, anmawTnpuwnapmgaH cgorganaHamms. y = — =1=  3KaHIn-
V 1—32

rMHM Hasapga TyTmo, X\, X2, x/, x4, 11, /2 i\ Ba /r' nap yuyH JlopeHL,

anMawTUpULWINapuHU Kyhingarvya ésamms:

*i=Y (A + vt"), X2— y(xX2+ vf2)-
XNyixt—vtt), Xz=y(X2— vt2\

By TeHrnuknappaH \X = xb—ma], \X/=x7—x\, \t = t2—ti, &t'=t2—1\
KaTTanmknap ydyyH JlopeHy, anmawTupuiapuHn

Ax=y(AXx"'+ VAt)-, (7.11)
AX'= y(AX —VALt); (7.12)
At=y(At'+ E:bx'); (7.13)
At' = y(At—’\CAx) (7.14)

Tap3ga é3nw MyMKuH; 6y eppa At — xapakatnaHaétraH K' caHOK
TN3UMMAarn KysaTyBuM HyKTam Hasapuya MKKN BOKeaHWHr coauvp 6ynuul
nantnapun opanurn. Maskyp At' HMMara TeHI 3KaHJIUTVMHW aHUKIanank.
TuHy TypraH K caHOK Tm3aumupa UWKKM BOKea OMp BakTga amanra
OWaéTraHNUrnHn (avHu /= /2— /1= 0 skaHNUruHu) avTnbopra osncak,
oxuprun (7.14) TeHrnukpaH

O/7'=-y°’AX (7.15)

123



an. by TeHrnukgaH KypuHuU6 Typubauku, 6Mp uvHepuuan CaHoK,
VMUVHUHE y;ap XUn Hyk,Tanapuga 6up Bak,taa (/| = /2 A/= 0) coavp
IraH MKKW BOK,ea GOLLK,a NHepLMan CaHOK, TU3MMUAA BaKTHUHT X;ap Xui
d{2 M 't 0) naiitnapupga cogup 6ynap skaH. LWyHWHr yuyyH 6up
;TOoa OynaéTraH BOKeanap Xakupga ranupraHmmmsga 6y Bokeanap
Tn caHOK Tu3MMUAA ONUHAETraHNUIM  aHUK Oynnwmnm  Kepak.
15) wvdogaHn Taxnun kmnub (6y copmynagarv MaHguii  UopaHu
nbopra onraH xonga) fiHa Kynmgaru xysocara Kenamus: TUHY TypraH
IOK TU3NMMOA KOOPAMHATAHUHI KaTTa KuiMaTtura Moc KenyByYu BOKea
>akatgarm Tusumaa BaKT Oyilivya onauHpok coavp 6ynagu. (7.12),
14) Ba (7.15) chopmynanapgaH siHa Kyhiugarun Hatuxa Kenmb ymkagu:
K.ar 6up Xycycuini xonga, SbHU TUHY TypraH CaHOK TU3SVMMUHWHI aliHaH
>HykTacuga (Ajc= 0) uKkana Bokea 6up BakTga (O/= 0) amanra
raH 6ynca, xapakatgaruv CaHOK TU3MMuAa Xam MasKyp WKKU BOKea
30HUHI aliHaH 6up HykTacuga (On-'= 0) 6up Baktga (A/'= 0) coguvp
Jaan.

72-pacm

2. X,apakatgarv >XUCMHUHT Y3YHIUTU. JIOpeHy, anMawitTupuiinapuaaH
né umkaguraH HaTmxanapgaH sHa 6upu wyHAaH unbéopartku, 6up-
>yra HucbataH yapakatga 6ynraH Typam UHepuman CaHOK, TU3uMnapu-
XXUCMHUHT Y3YHAUTU Typauua 6ynagn. byHra WWOHY XOCWUI KWL
H, loKopuaa Kypub ytunraHmgek, nkkuta K sa K' caHOK TU3uMnapuHm
ik, K' caHok Tm3ummpga O'X' ykura napannen kunmb 6mpop
K4yaHuW HKohnawTupannuk Ba K' Tmsmmm Taékya 6GunaH 6Gupra
n3MMra HucbaTtaH 7.2- pacmga KypcaTuiraH ihyHanuwpga v o Te3nuk
BH XxapakatnaHaétraH OyncuH. PaBwaHku, Taékya K' Tumammra
6ataH TuUH4Y Xxonartga OGynagm Ba 6y TudMmMaa Taékya yuynapuHWHC
(pavHaTanapyn X\ Ba X4 6ynraHn yyyH yHuHr K' tusumpgaru y3yHamrm
—x—xX\ b6ynagu.
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dHAM TaékyaHUHr K Tusmmpgarn ysyHAUrM Humara TEeHT 3KaHAUTUHU
aHuknamnmk. Taékya Oy TusMMra HucbataH xapakatnaHaétraHauru
Tyhain YHUHT YYapUHUHI KOOpAuHaTanapuHu aliHaH 6up /=
BakTAa ynyaw no3mm. K tusnmpa taékya yuynapuHUHI KoopAuHatanapu
X\ Ba Xz BYNIraHN yUYyH YHUHTr 6y TMaumpgaru yyHamru 1= Xz —X\ éynagwu.
/o Ba | y3yHnnknap opacugarm 60rnaHvwHU Tonuw mMakcaguaa X\ Ba X2
nap ydyH JlopeHy, alMalWTUPULLNAPUHN Kylngarmya é3samms:

~ -VI
J'I1 — *\ ﬂ Xo =
VI—R V|2
By WKKM TEHIMKAAH;
X0— VI X, —vt
e k=x2~X\=
VI —P2 VI -T V 1—P2 V1-P2

3KaHINTU  Kenmé ymkKagn, SAbHU TaékyaHuHr K Tusmmra Huc6aTta!
V Te3Nnuk 6unaH XapakaTt/naHaéTraH BaKTaaru y3yHauru 6unaH Y TUHY

TypraH tmnsnMaarn ys3yHInMrun opacumgarun 60rNNKINK

/= PV 1—" A2 (7.16)

MyHocabaT 6unaH mnhoganaHagn. TaékyaHUHT y TUHY TypraH Tusumgaruv
Y3YHAUTUN (/0) YHUHT XyCYCWi y3yHNuUru geimnagn. Oxvpru copmynagaH
KYPUHWG Typnbankn, TaékyaHuHr K tmanmgarun ysyHamru K' tusumgarura
HUcbaTaH Kucka bynap aKaH Ba XXWCMHUHI Te3nuru (V) KaHyaamk kKatTa
Oynca, YHUHT y3yHaurn (7.16) ncolara Kypa wyH4Yannk Kmnckapmé éopap
3KaH. by kuckapuw JlopeHy K,uck,apywum neb oputunagw.

WyHaaih knnnb, TaéKYaHWUHT Y3yHAUTU Typau caHOK TuauMmnapuga
Typavya, SbHWU YHUHE Y3YHAUTM HUCOMIA MabHOra ara: Taékua Karcu
TM3MMAa TUHY TypraH 6ynca, ywa Tu3aumaa y 3Hr KatTa y3yH/MKKa ara
6ynagn. lOkopupa 3uKp 3TWAraH KUcKapuw HUCOmMiA MabHora ara
GynraHnMrn  Tydamnm KMcmaa xXedy KaHgam  KydnaHuwniap - coavp
6ynmarngn, YyHKM XUCMra xed KaHgan Tawku Kydynap TabCup Kuamangw.
WYyHUHr yuyyH JlopeHL KuUCKapuwun penaTuB HaTmxkagup. Xapakat
MyHanMwura TMK WyHanuwnapAa XUCMHWUHT ynyamaapu (abHu Taékua-
HUHI 3HW) y3rapmangun (YHWUHr 3HM 6apya nHepuman caHOK TusmMmnapuga
ovp xunnuruya kKonagwn).

JlopeHL, Knckapuwn 6apya Tes3nnknapaa xam ypuHnu. JIeKkuH amanni
xmxargaH Oy  Kuckapuw  Epyrnvk  Tesnurura  AkKvH - Tesnuknapga
ceannapnn papaxaga 6ynagn. WyHM xXam aiTuw Kepakku, JlopeHy,
Knckapumwun Tydannm ky6 waknngarn xmcm K Tusummparu KysatyBuura
napannenenunes 6ynnbé KypuHnwmn kKepak 3an. JlekuH 6y eppa saHa 6up
thmnsnkaenii xoguca 60pku, y JIOpeHL, KUCKapULIMHK Ky3aTulira VMKOH
6epmaign. by xogmca wyHAaH M60PaTKA, XXUCMHUHT Typau Y30KAuUKAA
TypraH HyktanapugaH KenaétraH épyrnvKk Hypu KAWW Ky3ura xap Xwun
BakT fgaBoMuga eTnb Kenagu: HaTmxXaga >XUCM  Lakan KysaTyBuura
y3rapmb kypmHagu. MacanaH, JlopeHy, Knckapuwmn bynmaraHga sgn, Ky6
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;mparn KMcM KysaTyBuura xapakaT MyHanmwmnga 4vy3MHYOK 6ynnb
vHap a3an. Typnu HyKTanapfgaH KenaétraH Epyrivk Hypu Xap Xun
TAa eTm6 kKenvwun 6unaH 6upra JlopeHL, KUCKapuln Xam MaBXy[,
raHnurn Tyannm 6y UKk1 ysrapul 6up-6MpruHN «iiyKkKa Ynkapagmn».
BakT OpaMrMHUHE  HUCOMANUTN. HbIOTOH  MEeXaHUKACUHUHT
aBBypflapmura Kypa BaKTHWUHI yTuwu 6Gapya WHepuuas CaHOK
wnapuga awHaH 6up xungump. Hucbuiinuk Hasapuacmura Kypa aca
aH Oup BOKEaHWHIr éku XapaéHHWHI [aBOM 3TUW BakKTW Typau
aunan caHoOK Tusmmnapuga Typauvya 6ynagn. ®apas Kunahnuk,
akatnaHaétraH K' TU3MMHUMHI X' KoopAuHaTacu 6unaH aHuknaHa-
iH HykTacupa >xoWnawraH 6upop >Xucm 6unaH 60rnMK XapaéH
Taa 6ownaHmb, /2 naitga TyrannaHcuH. PaBwaHKu, xapaéH AOT1=
‘— N\ BaKT gaBoMm 3TraH 6ynaan sa Maskyp JIT BakT opanuru K' caHok
IMMga ypHatuaraH coatr BoOcuTacMaa ynyaHraH, SbHU BakKTHWU
ariguradH ac6o6 xam K' TU3MMHUHI X' HyKTacuga XownawraH XWUCm
in 6upra v Te3nnK 6unaH xXapakatnaHaanTu. LYHWHI yyyH T BakT
VIHNHT XYCYyCWI Bak,TU Oenvnagw.
)HOM MasKyp >xkapaéH coaup Oy nunwura KeTraH BakKT OpanMrvHu
anvac neb xmcobnaHraH K caHOK TusMmmumga Tonannuk. by caHOK
Mugarv KysaTyBuu LWy TU3MMAArn COaTHUHI KypcaTuwumra Kypa
aéHHUHT 6ownaHvwn t\ nanTaa, TyraniaHvwmn /2 nantga 6ynraHnm-
kaipg a3tagn. XapaéH K' TM3UMHMHI X' KoopauHatacu 6wunaH
;JlaHaguraH Hyktacuga cogmp 6ynaétraHnmru cababénu 14, t\, t2sa /2
anvknap opacugaru 6ornaHuwHW umdoganosumn JIopeHy, aiMawTmu-
napvHn Kynngarmya €3vw MyMKUH:

I'n+v/f-x' t _ th+v/cl-?

- , 2

[Kkn TeHrnvkaaH

16 umkagn. Oxuprun opmynanaH:
AT = At~M\ - tf. (7.17)

hopMynagaH KypuHuG TypubaukuM, XapakaTgaru Tusumaa >xapa-
Hr pgaBoM  3TUW  BaKTWU  TWUHY TypraH Tu3uMaarura HucbaTaH

/ 1— 32 mapTa kam 3kaH (4yHkn g/ l—p2<;1); 6owkKaya anTraH-

rMHY TypraH caHoK TU3MMMUra HucbaTaH Xapakatgaru TuaumMga BakT
H ytagn. By xogucaHm Xxapakatgarnm CaHOK TuM3umnapuaa BakT
HUHWHI CceKuHNawyswn gennagn. [Lemak, Bak,T opamru %am
wiionp.

Krnem kaiicu caHOK TM3umMmaa TUHY TypraH 6ynca (kucm K' Tmsmmpa
| Typnban, nekmH 6y Tmanmm K Tusumra HucbataH xapakaTtna).
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XyCyCWii BaKT Opa/Mri ywa Tusnmgarn coaT BocuTacuga ynyaHagw.
Xunucm 6up caHOK TM3MMMAAH WKKMHYMCUIa YTKasuaraHga Xycycuii
BaKT opanuru >Xucm 6unaH 6upra xapakatnaHaérraH coat BocuTacmaa
ynyaHraHnurun Tydaiinm maskyp BakKT opanuru JlopeHy, anMmawTmpuina-
pura HucbataH VMHBapUaHTAUP, AbHU XYyCYyCWIA BaKT opanurm 6mp caHoK
TM3NMUAAH WKKUHYMCUra yTuaraHga ysrapmai konagw.

BaKT YTUWWMHWMHI cCekMHNawyBwn hakaT coaTNnapHWHI CEKUH opULLInN-
OaHrvHa ubopat 6ynnb konmar, 6ankum XxapakaT/aHyBuM TusmmMmaa bapya

thmsunkaBunii xapaéHnap xam 1/ a/1—p2 mapta CeKkvH coauvp Gynuium

Tako30 aTunaau. Xapakatgarun TusMmMa BaKTHUHI CEKVH YTULLIW Xyda
KaTtTa Tednunknapga (Epyrnvk Tesnurura SKuH Tesnuknapga) ceswnapam
fapaxana HaMOoéH’6ynaan. by xoAmMcaHUHI MaBXyanuru Taxpubanap sa
Kys3aTuvwniap opKaanm Kyn wMapTta TacgumknaHraH. Maskyp Xxoguca,
MacanaH, MIOOHNap 6wunaH yTkasunraH Taxpubanapha TacAuK/aHraH.
MiooHNap fAwaw AasBpu XuxatugaH TypryH 6ynmaraH 3appanap 6ynu6,
YNapHUHI XyCyCUA flwall BakKTU (AbHU ynap 6unaH 6ornaHraH caHoK
TM3MMMAga ynyaHraH qwaw saktm) 2,510  cekyHAra TeHr (MIOOH —
Maccacu aNeKTpPoOH Maccacura HucbataH 270 mapTa KatTa 6ynraH myc6art
3apaanu  3appa). MiooHnap arMocgepaHuHr KopU  KaTtnamiapuaa
(20—30 km 6anaHANMKAa) KOCMWK Hyprap Tapkubupga ydpangm Ba
y Xucmnap ©6wunaH (acocaH aTmocepa Tapkuébuparn Mosiekynanap
6unaH) TabCcuprawuw HaTwkacufa napyanaHaan; HaTmxaga MIOH
ypHMAA 3MeKTPOH EKN MO3UTPOH Ba WMKKUTA HENTUPUHO Xocwun Gynaau.
MiooHnap Epyrnvk Tesnurura SKMH Te3nuknap 6wunaH xapakaTtiaHagu-
nap. Arap MIOH XaTTO EpYrnuvK Te3nmrura TeHr Te3/IMK 6unaH xapakat
KnaraHuga Xam aTMocepaHUHI HOKOpU KaTniamiapupgaH nactra kapab
(Ep TomoHra) 2,5-10 6 cekyHA BaKT ununga cakat 600 meTpra SKUH
MacohaHn 60cmb6 yTuwra ynrypraH O6ynap a3au. KysaTuwnapHUHT
KypcaTtuwmya, mooHnap 20—30 kM 6anaHgankaa xocun bynca xam ynap
Xyda kyn mumkgopga Ep cupTtupa xolinawraH nabopatopusanapga Kaig,
KWIMHMOKAa. By Xon Xypa KaTtta Te3nuk 6GunaH xapakaTnaHaértraH

MIOOHNAPHUHI XYCYyCUMW flllawl BakTUHWHI 1/\ 1—P2 wmapTa owwuwn

6uNaH TYWyHTMpUNaaun. Xyanu WyHUHrAeK, 6Upop pagvoakTUB MoAAaHu
rosT KatTa Te3NMK GunaH xapakaTra KenTUpuica, YHVHT pPaZvoaKkTuB

eMpunu XxapaéHun xam 1/\ 1—p2mapTta cekuHnawaan (SbHU YHUHT

apum emupunuuw gaspm 1/ \ 1— p2 mapTta owaamn).

Jemak, aiiHaH 6uUp XapaéH Typau VHepuman CaHOK Tu3Mmaapuga
Typ/vya BaKT [ABOM 3TaaMm.
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Fanuneil anvawTupuwnapugaH Kenué uvMkaauraH HaTuxanapgad
6upy WyHOoaH u6opaTku, K uHepuman caHok, Tuaumura Huc6ataH OX
MyHanmwga v Te3nuk 6unaH Tekuc X;apakaT kKunaétraH K' wvHepuman
caHoK, Tu3UMuZarn >Xucm (Moaauii Hyk,Ta) Wy Tuanmra HucbataH



L Te3nuk 6unaH Xx;apakatga 6ynca, MasKyp XUCMHUHI K Tuanmpaaru
Te3Mnrn _ _ _

m=v+yYVY
MyHocabaT opk,anu udoganaHagn. JlopeHy, anmMaliTHpuliapura acoc-
NaHraH penatTuB MexaHWKaga Kopuga 3uKp STwiraH Tesnumknap
opacupgarun 6ornaHuw 6owkadaamp. by 60rnaHUWHM aHUKNaW YyyH
MOAOWIA HYKTaHWHI K caHOK TM3umugarn Te3/IMrMHUHE X YK AyHanuwuv-
Aarn'tawknn aTyBYNCUHN

«, = £ (7.18)

KypuHuwpa ésamms. Maskyp Te3NMKHUHI X' yK HyHanuwm 6yiunya
O/INHraH TalKua 3TyBYUCKU

«r = ~ (7.19)

Tap3ga ésunagun. JlopeHy anmawTHpuwnapura ((7.9) dopmynara K.)
acocaH dx Ba dt kaTTanuknapHu dx' Ba dt' nap opkanu é3scak, ynap

dx=-¢p2£--, : (7.20)
V |—v2/c2

dt= (7.21)
V \-v<

KYPUHUWHWN onagn. 3HAan (7.20) HuHr (7.21) ra Hucb6aTuHU Oncak,
y xonpa (7.18) ra acocaH

= £ = - “'+PI.. (7.22)
dt dt'+wn/S)dx’

ra ara 6ynamms. by ndogaHuHr yHr TOMOHUHWUHE CypaTt Ba MaxpaxuHu dt'
ra 6yncak xamga dx' /dt'= u'x akaHIUrMHW Hasappga TyTtcak, (7.22)

TEHIMNK Kyhngarunya ésvnagu:
nr'+ o
Mmx= —" mV . (7.23)

1+ “V = /c

Arap moggmihi HykTa X Ba X' yknapra napajnen pasuwga Vv Te3nk
6unaH xapakatnaHaétraH 6ynca, yHUHr K Tusnmmparu 1e3nnru (M) HUHP
Kniimatm wuxra, u') aca MOAOMA HYKTaHWHr K' Tusmmparun Te3nuru

v' ra TeHr 6ynagn. Y xonga (7.23) kyhWuparn KypPUHULIHW Onagu:
Mm=—Y+"~— . (7.24)
\+v'-v /c2

(7.23) Ba (7.24) cbopmynanap K' caHOK TuanmMmgaH K tusumra ytuwaa mx
KM N TE3NNKHN ToNuwra UMKOH 6epaaun. Xyoam wWyHUHraek, (7.10) dop-
MynapgaH doiiganaHn6, K caHok TuaummgaH K' Tusmmra yrtuiwgpa

n, TE3IMKHN TOMNULU



ugopa BOcUTacmga amanra owvpunagu. HOkopuga  KentupwiraH
(7.23) — (7.25) dhopmynanap Te3NMKIAPHUN LYLIUWHUHE PesSTUB K,omaa-
CUHN undoganaian.

(7.24) ndogasaH KypuHu6 Typnbanknm, HaTuXaBuil Te3NUK (M) WUKKU
TE3/IMKHUHI  AnrmHgncn (V' + V)  [aH  KWYMK  3KaH. TesnunknapHu
KYLWNLWHWHI  penaTtus  komgacupa EpyrnvkHUHN  Bakyymaarum Tesniru
(c) paH KkaTTa Te3NUKIapHU MHKOP 3TYBYM HUCOUIIMK Ha3apUACUHUHI
VMKKMHYM nocTynatn y3 mdofacuHu TonraH: dapas kKunamnmk, K' caHok
Tmnmmnaa sappa (Mogawii HykTa) EpyravkK Tes3nmruga XapakaTnaHCcuH
(macanaH, (oTOH KU HEWTPUHO), AbHU V' = c ByncuH. Y xonga K caHok
TM3nMnaarn KysaTyBunm 3appa

GV  _ (c-f-f)c
14—cv/c2 c+ v

Te3nMK 6unaH XxapakaTnaHaéTraHuHu kaig kunagn. HaTtumxkapa 6u3s
WyHOam xynocara Kenammskuv, MOOANA HYKTaHWHI MyThnakK, Tes3nuru
épyrnuk TesnurungaH katTta 6yna onvangn. Arap Moaoui HYKTaHWHT
K' caHOK Tm3nmMmgarn TesMrm Ba CaHOK TU3NUMAAPUHUHI 6up-6upura
HUcGaTaH Te3NUrn Epyrnvk Tes3nUrnaaH Xyga Kuunk, abHu v'<tic, n<Cc
6ynca, yHaa Vv'v /c2<C1l 6ynagn Ba (7.24) wdogamaH Tanunen
anMawTnpuwnapugad Kenmb umkaguraH Tes3NIMKNapHU Kywuil Kougacu-
ra yramus:

m= v £V,

Jemak, penaTuB MexXaHMKa KOHYH/apu KeHI KampoBM MOXUATra ara
6ynn6, XUCMHUHT Knumk (y <Cc) Tesnuknapuga y HblOTOH MexaHukacu 4
KOHYHNapn KYPUHULIWHW ornaguw. K

v
r
7.5- 8. OPANIUK (MHTEPBAJ) "

Fanunen anmawTmpuwnapugaH Kenub uyvMkKaguraH Hatmkara Kypa
XUCMHUHT ynyamnapu (y3yHIMru) sa MKKW BOKEaHUHI coaup 6ynuwmaa a
yTraH BaKT opamru 6up uHepuman CaHOK TU3IMMUAAH WKKUHYMCUTA
yTraHga ysrapmali kKonagwm, SbHW MHBapuUaHT xmcobnaHagu. Mabnymku, a
XUCMHUHI ynyamnapu (XxycycaH, y3yHnuru) dasofa X, y, Z koopanHata- n
nap 6unaH 6epnnagn Ba HeIOTOH MexaHMKacua y4y yn4osnu aso xamga
6vp ynyoBnM BakKT 6up-6upura 6ornuvk OGynmaraH xonga, AbHU 6Gup-
6vpngaH MycTakua pasuwga Maexyf. bowkaya aiTraHga, BOKEaHUHT
Kaepaa cogump bynraHnanurn xakmgaru macasna wy BOKEaHWHI KayoH coavp ta
6ynraHnMrn xakmpgaru wmacanafiaH MycTakua Xofga — anoxuga onvb Sir

kapanagu. MacanaH, Hbl0TOH mMexaHuKacuga koopAawHatanapu Xi, yi, Z\
Ba X2, Y2, éynraH asogarm WUWKKM HyKTa opacuparn macoda ja
Kylingarnya aHuknaHagu:

/= \ (X,—ar)2+ (y,—VY,)2 +(z2—z,)2. (7.26) =3
Bup nHepuman caHOK TU3UMUAAH UKKUHYMCKUra yTraHaa * 1 yt, z1ea Xj, yu, L
Z2KoopauHatanap y3rapca xam, /HUHF Kniimatu y3rapmar konaam, abHu w

| Tanuneit anmawTvpuwnapura HucbataH WHBapUaHTAUP.
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NlopeHy anmawTnpuwnapugaH Kenmbé ynkaguraH xynoca aca wyHaaH
JHopaTkum, XUCMNAPHUHT ynyamaapu (XycycaH, Y3yHIMru) Ba Bokeanap
>pacugarn BaKTHUHI yTuwun (gaBsoMuiinurn) 6mMp uHepuman CcaHOK
‘MIMMNOaH MKKUHYMCUTa yTraHga ysrapraHavru Tydainun 6y katta-
WKnap Maskyp anMawTuvpuwnapra HucbataH WMHBapuaHT — amac.
>(akuKaTaH, HUCOWMINWK Haslapuscnga Gaso Ba BakKT 6up-6upu 6unaH
~3BUA 60rnaHradH 6ynu6, JlopeHu anMawTupuwnapmHi mndoaanosyun
reHrnamanapga X, Yy, z KoopguHatanap 6unaH 6up katopga BakT
rYPTUHYM TeHr XYKYKNM KaTTanuMk cudatmga wuwTupok stagum. LWy
SoucaaH HUCOMINUK Haszapuscuga 6up-6upyn 6unaH y3apo 6o0rnaHraH
AroHa TYpT yNn4oBAW aso-Bak,T TylwyHYacu kmputunagu. TypT yn4yoBnu
(hasona BakT (t) ypHUAa HyKTa KoopAauHatanapu 6unaH 6up ynyamra ara
6ynraH ct (c — épYrMKHWUHI BakKyymgaru Te3nurn) KaTTaiamkaaH
oiiganaHnnagH, SbHM TypT ynuoenm dasopga X, Y, Z, ct yknapugaH
nbéopar kKoopAawHatanap TU3MMK KynnaHunagu. Y xonga cogmp 6ynrad
BOkea (pa30-BakT koopAauHatanap TuaMMmuga X, y, z, ct koopauHaTanap
6unaH aHMKNaHyBYM HyKTa cudatmga mndoganaHagn. by HykTa AyHEBMIA
HyK,Ta Oe6 atanagn. BakT yTuwm 6unaH AyHEBUI HYKTa Y3 YPHUHU
y3raptmpmn6 aso-BakTtga OyHEBUIA um3MK, Oeb artanaguraH TpaekTopus
umszagn. LWyHncn asbTMbGOpra MOMUKKW, MacanaH, MOAOMA HyKTa yu
ynyoBnn gpasofa xXaTTo TUHY Xonatga 6ynca Xam YHUHT OyHEBWUIA HyKTacu
ct yknra napannen 6ynraH (OyHEBwuii HykKTa ct ra MyTaHOCUG BynraHnmru
Tygainnm) Tyrpu uYmsukgaH ubopaT AyHEBUA 4n3uK Oyilinda xXapakaTtna-
Haaw.

TypT ynuoBnAu asoga KeTma-KeT cogup OynraH WKKW BOKeaHwu
Tascucnaw ydyyH op an Mk (MHTepBan) pgerad TylwyH4Ya Kuputuna-
on. TypT ynuosnu azona 6upuHUM Bokea X\, y 1, Z\, ct\ KoopguHaTanap
6unaH aHMKNaHyBYM OYHEBUI HYKTa 6unaH, MKKUHYM BOKea X2 y2 z2 ct2
KoopAuHatanap 6unaH aHuMKNaHyBYM AYHEBUIA HyKTa 6unaH mndopanaHa-
oan. X\, /i, 21 ct\ Ba *2 ¥2, 2r, ct2HyKTanap opacmgaruv opajimk éku Kmncka
Knnnub anTraHga, MWKKM BOKea opacugary opanuk 6upop K caHoOk
TmManmMmnga kKynuparn dopmyna bunaH aHuknaHagu:

s= \(?(ti—ty ~ Mo2— X|)2+ (y2—yY + (r2- 2,)21. (7.27)
By dopmynaHun (7.26) ra acocaH
s= a/""N"-M2-/2 (7.28)

waknga 3w MyMKUH. by KaTTannk 6apya nHepuuan caHOK TU3UMIapu-
fa 6up Xxun KuiimaTtra ara, fAbHWM OMp MHepuwan CcaHOK TU3MMUAaH
VKKUHYMcura yTtraHga (7.27) HUHr KuiAmatu ysrapmaigun. bowkauva
alitraHga, 6y kaTTanuk JlopeHy anmawTupuwnapmura HucbaraH nHeapu-
aHTAVP. YHUHI WHBaApUaHTIUTUHU UcboTnaw yyyH (7.27) HU

= c2(t2—t\)2— (x2—xI1)2— (y2—yl)2— (z2—2zl)2 (7.29)

KypyHuwaa ésamus. CyHrpa JSlopeHl anMaliTUpULWLIapUHA U oaaioBUn

(7.9) chopmynara acocaH Xampa (7.29) parn x2—xu y2—W\, r2—zh t2—t,
arinpmanap K! caHOK TU3MMWHWHI MOC KaTTa/IMK/apu opKasn udodanaHraH
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X2-x\)+v(t'2-t\)
— =

. , iR y|—y2’ Wz 2—2 z
Vi-p2

X2—Xf —

«E-/() + (*/c2) (4-*1)
2 1— \}I—_&

TEeHrnMKNapaaH Kyhunpgarura ara éynamus (6y epga 0 = ~

0K, —jc,) = —————=—————-—- — N ; (7.30)
Y2—Y\)2= (Y2 —Y'Y> (z2—zi)2=(z"—2I)2~ (7.
2n )2 Tt2-t[) 2+ 2v(x'2-x\){t'2-t[) + (v/c)2(X2-x[)2 (7 3
1—2

Ham (7.30) — (7.32) wdoganapHmn (7.29) cdopmynara Kyiicak,
c' (t2—tl)2— (x2—xi)2— (y2—yl)2— (zl —zl)2=
= Qt'2—t\)2— —[™—r)2 (7.33)

TEHrNUK 6axapunagun, AbHU S2= s'23KaHANTUTa UWONY XOCWU KUI1aMns.
Jemak, opawmk, (MHTepBan) Ba YHUHI KBagpatu JlopeHu, aiMawTu-
puywnapura HucbaraH WHBaApWaHT KaTTa/lMK 3KaH.

WyHn anoxuga Tabkmasaw N03MMKW, HbIOTOH MexaHukacugarm yu
ynyoBnn dasofa «MKKM HyKTa opacupary macoda» TylwyH4Yacu KaH4yanauk
MYyXUM YPUH TyTca, PenaTMB MeXaHuKaja «Oopanuk» TylWyHYacu Xam
WYHYa/IMK MyXUM YPUH TyTagu. JIeKnH «macoga» 6unaH «OpanUK»HUHT
6unp-6vpugaH apkm wyHaaH néopatkm, 6yHAa S TYpT yn4yoBau hasoHu
akc aTTMpaan, 4YyHKU y JlopeHu, anMawTupuliiapura acocnaHraH 6y-
nvo, X, y, z koopaunHatanap 6unaH 6up katopga t BaKTHU Xam y3 mnuura
onagw.

Opatparv y4y ynuoBnu @asofa MWKKA HyKTa opacuparn macoda
(/) HuHr keBagpatm ((7.26) ra k.) myc6baTr coH Gynca-ga OpPaSIMKHUHT
kBagpatn (7.29) ra acocaH myc6aT €KM MaH(Uii COH GYyNUIN MYMKWUH:
arap c(t2—t\)>1 6ynca, S2 HAHT KuiimaTtu mycbaT, arap c(t2—t\) <1
6ynca, s2 maHdwuii 6ynagn. s2>0 6ynca, 6yHOalh OpannK Bak,TCMMOH
opawmk, genvnagn. s <0 6ynca, 6yHpali opanuk (PasoCUMOH OpasuKk,
nennnagn. KaHgangaup MKKM BOKea YYyH OPaIMKHUHI KuAMaTu 6apua
nHepuMan caHOK Tu3uMnapuga aHWKNaHUWW MYMKWUH, JIeKUH S2 HUHT
KniimaTn Kalicm xonnapga MycbaT Ba Kalicu  Xxonnapga  MaHdwui
6YyNMWNHN  aHMKNaWHW CcoAfapoK TacasByp Kuavw ydyyH /=0 Ba
t2—/|=0 6ynraH Xxycycui XonnapHum onub kKapaw Makcaara MyBO(UK-
ovp: 1=0 6ynraHga WKKM BOKea (a3oHMHI 6up HyKTacmga coauvp
oynaétraH, t2—/i=0 6O6ynraHga 3ca WKKM BOkKea Oup BakTAa 103
6epaéTtraH 6ynagw.

BakTcumoH opanukga c{t2—t\)>1 wapTt OGaxapunuwmn Tydanm
KapanaétraH WKKM BOKea O6MpPOp WHepuuan CaHOK TUSUMUHUHI 6up

1



kTacnga (bup xonpa) keTtma-keT cogmp 6ynagn Ba Maskyp MKKM BOKea
ip BakTaa cogup 6ynaauraH 6olika 6upopTa CaHOK TU3UMWU MaBXy/[,
AMwun MyMKMH amac (6yHpali caHOK TM3MMK MaBXypn 6ynraHga aaw,
—/{=() 6ynmwumn no3um 3am Ba (7.28) paH s2<0 6ynuwun Keamb
[kagn, 6y 3aca BakTCUMOH Opanuvik Taspugura amaaup). WyHpam kunné
[KTcumoH opanvkga cogup 6ynaguraH WMKKA BOKea YuYyH

s2= c2(/2—/,)2

aNVKHUHI KUAMaTWU aHuKnaHagum, SbHW MasKyp MWKKM BOKea 6upop
[epuman caHOK TU3MMUHUHI 6Up HyKTacupga (6up Xoiiga) keTma-ket f\
1/2 naithapga t3 6epagn. bowkava aliTraHga, MKKW BOKea AYyHEBUWIA
3VKHUHI MKKM HyKTacmga >xonnawagm.

PaBwaH 6ynuun yyyH 613 okopmga BaKTCUMOH OP&IMKHUHE XYCYCUA
nn (/= 0) HM oMb Kapaguk. Ymymuin xonga c(t2—t\) >1 6ynraHnurm
thaiinn 6up BOKea cogup 6ynaéTraH HyKTagaH WKKMHYM BOKea coamp
'naéTtraH HykKTara EpyTnvMK Hypu Kenuwu ydyyH 3apyp 6ynaguraH BakT
/Cc) BOKeanapHUHr cogup 6ynuw naiitnapu t\ Ba t2 opacugarv BakT
2—/1) paH knumk. Wy Tydainnm BakTCMMOH oOpanvknap 6unaH
KpaTuaraH 6uMp BOKea MKKWMHYM BOKEaHWHI coavp Oynuwura cababuu
NMWN  MYMKUH EKn 6y BOKeanapHWHI OMpU UKKUHYMCUTA Tabcup
'pcaTvwivi. MyMKMH.

daszocMmoH opanukga c(/r — /1) </ TeHrcmsnuk 6axapuanwm no3mm
‘nraHnMrn Tydainn kapanaéTraH WKKW BOKea 6Upop uHepuman CaHOK
3UMUHUHI Typau HykTanapuga (/>0) 6up BakKTHUHI y3uaa — =
W) coanp 6ynagu. JleKMH Ma3Kyp WKKU BOkea 6up HykTaga (/=
:0) cogmp 6ynagmraH 6upopTa X,am CaAHOK TU3UMW MaBXXy[, 3Mac, YyHKU
;KM BOKea 6up HykTaga cogup o6ynuwu ydyyH /= 0 6ynuwmn kepak; 6y
apT 6axapunraHga sgu, (7.28) ra kypa s2=>0 6ynu6 katap 3au,
1XonaHk1, OXMPIr1 TEHrCcU3nnK (HasoCMMOH OpasuK Tabpudwura 3uagmp.
MymMaH onraHga, asocuMoH opanunkga (s2<0 wapT 6axapuaraHaa)
Xeanap cogup 6ynaétraH HyKTanap opacugarn macoda /, paBluaHKu,
2—/|) paH katta. Wy 6oucpaH MasKyp WKKM BoOkea (XaTTo
'YIANKHUHE Bakyymaaru Tes3nurn 6unaH TapkanyBYM CUFHaI BOcuUTacu-
| xam) 6up-6upura Tabcup Kypcata onmaigm. buHob6apuH, a3ocMMoH
)Jannk 6unaH axpaTtunraH BOKeaslapHUHI GUPUHUHI coaup Gynuiiura
XUHUMCK cabab 6yna onwainaum, ynap 6up-6mupnapura tTabcup Kypcata
vaigunap (ynap cababui 6ornaHraH 6yna onmangunap).

s2= 0 wapT 6axapunca, avHu c(/2—t\)=1 6ynca, 6yHOah opanuvk
MIMHYN  OpaMK, gdeinnagn. HoAMHYM opannk EpyravKk Hypu (Eku
[exkTpOMarHMT TynkuH) oOpkKain 6ornaHraH WKKM BOKea opacugaru
>anukaup. LWYHWHT y4yH HOAWMHYM opanuk 6ab3aH EépyriMKCMMOH
VK, Aeb xam woputunagu. bup-6mpugaH / macodaga 6ynraH WKKM
/KTaga >KoinawraH WKKM aTOMHUHT 6upn ©\ naitga épyrnnk Hypu
Xapca (bupvHYM BOKea) Ba MKKMHUM aToM 6y HypHW /2 nalitga totca
IKKMHYN BOKea), Oy MKKM BOKea YYyH, paBwaHku, s2=0 6ynaau.

MupoBapaunga WwyH Tabkngnaw no3mmkn, 6apya caHoOK TusnMmnapumaa
|6ab6 6ynraH BOKea Xamma BaKT oOKubatr (HaTuxa) xwmcobnaHraH
XeagaH oNgvH kenagw.



WyHpah kmnmb, HbIOTOH MexaHukacmga anoxuvpa-anoxuvga o5vb
KapanraH MmyTtnak aso (macoda /) Ba MyT/nak BakT Opamrn ypHuaa
HUCOMIANNK HasapuacMaga MyTnakK pAeb KapanaguraH WKKM — BOkea
opacuparn opanukK TywyH4dacu Kuputungn. Opanuk S HU  MyTnak
AeraHnMm3a YHUHT 6UMp MHepuwan caHOK TU3MMUAAH WKKUHYUCUra
yTUAraHga WMHBapuMaHT 3KaHAUTUHWU TYLWYHaMU3.

OpanuKHWHI MHBapMaHTAUrMgaH Tawkapu, 6u3 okopuga Kypub
YTOVUKKN, EpYrNIMKHWHT Bakyympgarn Tte3nurnm (C) Ba XyCyCuiA BakT
opanuru (A1) JlopeHu, anmawTHpuwnapura HucbataH WHBapuaHTAUP.
WYyHWHrOeK TWHY TypraH >XWCMHUHI Maccacu (T) Xam WHBapuaHT
KaTTanMknap karopwura Kupagu.

7.6- 8 PENATUB NMNYNbC

Xo3upraya 6y 606aa 613 penATUB MeXaHUKaHUHI aCcOCUHW TallKuil
3TraH a3o Ba BaKTHUHI YMyMWI XyCyCHATAapwu 6wnaH TaHUWAWK. bus
KypAWKKM, ha3o Ba BaKT 6up-6upm 6unaH yambapuyac 6ornaHraH 6ynmo,
XUCMHUWHT ynyamnaapu (XycycaH, y3yHAWUru), BOKeaHUHr coaup 6ynuu
navtm Ba Oy BOKeaHWHI [JaBOM 3TUW BaKTW HuUcbwuii 6ynnb, 6y
KatTanuknap 6uvp wuHepuuyan caHOK TU3UMMOAH WKKUHYMCUTa yTraHga
y3rapaau. _

HblOTOH MeXxaHuKacuga v Te3NMK 6unaH xapakaTnaHaétraH Ba
Maccacu T 6ynraH XuUcMm (3appa)HUHr uUMnynbCcu p—mv Tapsga udo-

[fanaHagn Xampga xucmiap TynnamugaH moopat 6ynraH 6epk TUSUMHUHT
VMMYyNbCU Xap 6up anoxuja ONWHraH WHepuMasl CaHOK TU3MMuUaa BakT
yTUWnM 6unaH ysrapmangn. by HaTmxka Kuumk Tesnmknap (y<c) yudyH
YPUHAN 6YNn6, rosT KaTTa Te3/InKnap y4yyH, aHuKca épyriank Tesnurura
AKNH Te3NUKNap coxacura Xoc 6ynraH pensatus mexaHwkaga 3appa *
VMMYNbCUHUHT uncopgacn a3o Ba BaKTHUHI Y3BUIA GOMMMKANK Xycycu-
ATNAPUHU aKC 3TTUPULLIN NO3UM, SSbHU By ndoga HUCOUNNNK Halapusacu-
JaH kennb umkagmuraH Xynocanapra acocnaHvwun kepak. LWy makcagna
MyTakab6mn MmexaHukagarn nMmnynsc ndogacnHn Kyngarmnya éaamms:

p=mv=T1T-~ |, (7.34)

6y epoa U —  — maccacu T 6ynraH 3appaHuHr KapanaéTraH CaHOK

TmanMugaru Tesnuru, dr— wy Tusnmaga 3appaHuHr kyuuwu. (7.34) cop-

Myna opkain wudoganaHraH sappa WUMMYAbCUHUHT CaK/aHUW KOHYHWU
JlopeHy, anmalTHpMWapura HucbataH_MHBapuaHT Oy/inuv yuyyH yHaaru
BaKT opanuru dt ypHmaa 3appaHuHr dr macogaHm 60cubd yTuwun yudyH

KeTraH XyCycuil BaKT opanurn dx onnHuwKn kepak, abvHu (7.34) ndopa

* )XUCM TylwyHYacu ypHuza pensTuB MexaHukara Xoc 6ynraH 3appa TywyHuYacuHu
viwnaTaMmma.
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ap3fa ésnnnun kepak. (7.17) myHocabaTra acocaH BaKT Opavuru:

dx = dtyjl—i? /c2 . (7.35)
y ncogaHn (7.34) ra Kyiicak:
P=r ar I
V o 1—v2/(?

1 sra 6ynamuni. by dopmynaga dr /di—v wapTtam paBuwga Kysran-

ac aeb xucobnaHraH caHok Tu3nMm (K Tnamm) ra HucbartaH 3appaHuHr
r3UrvHM ndoganaraHnmrn tygainnm 6y TeHramK

p_ (7.36)
V1-V /2

VpyHnwHn onagn. HOkopupa atunraHugek, 6y epga T — 3appaHuHT
accacu 6ynunb, y nHeapumaHTt kattanukanp. (7.36) myHocabaT3appaHuHr
enaTue MMNYIbLCUHN udoganangn Ba TaxpubanapHUHI KypeaTuiunya,
y Tap3ga aHuWKNaHraH 3appaHuvHI UMMAY/NbCM XakukaTaH Xam 6apuya
fepunan CcaHOK Tu3uMAapuga WMMYAbCHUHT CaKNaHUuW  KOHYHUHWU
aHoaTnaHTvpaan. (7.34) Ba (7.36) myHocabatnapHuHr 6up-6upuaaH
apKUHN MacCaHWHI Te3NMKKa GOrNUKAUTMHUHE HaTmxacu Oeb kapan-
acnurn Kepak, YyHKu 613 penstmB mMacca artamacugaH donganaHvari-

73-pacwm

13 BuHOobGapwuH, (7.36) hopmyna MMMY/bLCHUHI 3appa Te3inrnra KaHaam
*[MKUIMHN ndoganaign. WyHW Tabknagnaw N03MMKW, KAYMK Te3nK-
Ipoa (M<e) MMNYAbCHUHI penaTuB udgogacngaH HelOTOH MexaHuKacu-
In wvmnynsc dopmynacu 6esBocuTa Kenmb uukagu. LWyHpaih kunm6,
TYNIbCHUHT penaTuB Moaacn KeHr KamMpoB/n MabHoOra ara. K,mécnaw
Kcagmpa 7.3- pacmaa penatms umnynsc (ppel) Ba HbOTOH MexaHuka-

ra acocfaHraH UMMynAbC (PH)NAPHUHI 3appaHuHr Te3nurura kapabé
rapuw rpacdvknapu KentupwuiaraH. PacMpa ynap opacuga Xyga karta
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TaoBYT 60OpnMru KypuHuU6 Typnbdan; 6y TadpoByT 3appa Te3nuru épyramk
Teamrn (C) ra SKMHNaWraH capu KecknH optub 6opagn. HbOTOH
MexaHMKacu TacaBByp/lapura acocaH 3appa Te3nurun épyriank Tesnurnaax
XaM KaTTta Oynmwm MyMKUH, JfeKuMH 6yHaain O6ynuwm  HUCOUNNUK
Ha3apUACUHUHI WKKUHYM nocTynarura svaamp.

7.7- 8. PENATVB 3APPAHUWHI XAPAKAT TEHTNAMACHK

Mabnymkun, HblOTOH MexaHuKacuga >XUCMNApPHWUHI XapakaT TeHrna-
Macu:

(7.37)

eKn

dp

P (7.38)

TEHrNMK 6unaH udofanaHagn, 6y epaa F— 3appara TabCcup 3TyBUM
Ky4y, T Ba W— YHWHI Maccacu xamga Te3nuru. lanunein anmawTv-
pvwnapugaH Kenmoé ynkaaurad xynoca wyHaaH néopatkn,(7.37) TeHrna-

Magarm — - = a Te3fNaHull MHBApUaHT KaTTaMKanp, 6UHOGapuH, 3appa-

yara TabCuMp 3TYBUM Ky4 XaM WHBapuaHT KaTTa/lMK XucobnaHagu.
HncObniinmk HasapusCUHUHI BUPUHYM NOCTynatura Kypa TabuaTHUHI
6apya KOHyHNapum Typaum UWHepuMas CaHOK Tusumaapura HucbataH
WHBapuaHT 6ynuwmn Kepak. bowkaya aiTraHga, U3nkaBuii KOHyHNap-
HVHI MaTeMaTukaesuii ndogacy 6apya nHepuman caHoK Tusnmaapuga éuvp
XN  KypuHuwra ara O6ynuwmn  no3vuMm. SHAW  loKopuaa  KenTtupuarad
(7.37) Ba (7.38) xapakaT TeHrnamanapuvHu onué Kapannuk. Kuuumk
Tesnuk (M<c) napga 6y UKKM TeHr/lama opacuga MoxumsaTaH dapk nyk,
YYHKN WKKana TeHrnama xam akaT Te3nIMK éku Te3NaHWLWHW ynyawra
Kentupunagun. JlekMH rosaT KaTtTa Te3nuknapfa 3appaHuHr Te3/IUMvHU
Lespnn  y3rapmac Ba KWAMatW >XmxatugaH y TaxXMUHaH Epyramk
Tesnurnra TeHr pAeb kKapaw MYyMKWH; YHUHT UMMY/bCU 3ca Te3/IMKKa
6ornunk 6ynraH Ba Taxxpmbaga ynyaHaguraH Katranamk xmcobnaHagu. Wy
My/fioxasanapra Kypa pensaTus MexaHukaa 3appaHuHI XapakaT TeHrna-
MacuHU KenTupub ymkapull yyyH acoc Kunmé (7.37) TeHrnvk amac, 6anku
(7.38) TeHrnuMK onMHUWKN Kepak, 6yHAaH Tawkapwu (7.38) TeHrnukgaru
3appaHuHr umnynscn (p) cudgarnga HUCOUNNK HasapuscugaH Kenno
ynkaguraH xynocanapra acocnaHraH (7.36) udoga opkanu aHuUkKnaHaan-
raH pensTmMB MMMYNbC ONVHUWN No3uM. LyHaan kunmb, (7.36) TeHrnmMk-

HM (7.38) ra kyiinb, 3appara Tabcup 3TaéTraH Ky4 y4yH Kyhugarura ara
oynamms:

(7.39)



thopmMyna pensTMB AUHAMUKAHUHT acocuii TeHrnamacu 6ynné, penstvs
OpaHWHI X;apakaT TeHrnamacuHu udoganaiign. by TeHrnama JlopeHuy,
MawTupuwnapura HucbataH MHBaApUaHT TeHrnamaaup.

Arap BakT yTUWK 6GUNaH 3appa WMMYAbCUHUHI Y3rapuill KOHYHU
bAYM 6yfica, 3appara TabCUp 3TYBUM KYUYHUHT Yy3rapull KOHYHWHWU
TATUB AWHAMWKAHWHT acocuii TeHrnamacu (7.39) paH  aHuknaw
MKUH. WKKMHYM TOMOHAAH, GOWAaHrn4 waptiap (3appaHuHr 6Golu-
Hrvy Tesnuru vO Ba Ba3uaTM r0) GepunraH Gynca Ba 3appara Tabcup

,'BYN KYY Mabiym Bysica, YHUHI XapakaTt TeHr1aMacuHM Tonuw MyMKWH.
KypuHu6t Typmbankn, Kuuuk Te3nuknappa (y<c Ba v2/c2=0)
TATUB 3appaHMHI XapakaT TeHrnamacum HblOTOH MexaHukacugaru
IMHUHI XapakaT TeHrfiamacu KypUHULLWUHU Ofajun.

MabnyMkn, HbIOTOH MexaHuKacupa 3appara (KuMcmra) Tabcup
/BUN Ky4 WHBapuaHT KaTTanukgup. PenaTmB MexaHuKaga 3ca 6up
epuman caHOK TM3UMMAaH WUKKUHYMCUTA yTraHAa Ky4YHUHT Kuimatu Ba
HanMww ysrapaau; 6yHAaH Talwkapu Kyd AyHanuwum 6unaH TesnaHuw
CFOPVHWHTI MyHanuwnapu 6up Tyrpu unsmkga étmangn. by HaTtuxanap
TATMB MeXaHuKafa Ky4y WHBapUaHT KaTTa/IMK 3Mac/IUrnuHu Kypcatagu.
KUH 6GUP WHepuMan CaHOK TU3UMMUAAH WKKUHYUCUra yTuiaraHga
MaWTUPULL Konganapu Ky4d YY4yH y3ura XOC KOHYHMSTNap BocuTacuga
anra owwmpunaguw.

7.8-8§. XAPAKAT TEHINTAMACUWHWHI NOPEHL, AAIMAWTUPUWNAPUTA
HNCBATAH WHBAPUAHTANTN

7.6-8 pa asopa KeTMa-keT cogup 6ynraH WKKM BOKea Opasuk
T*pBan) TywyHYacu opkanu udoganaHraH agu. OpasMKHUHT acocuii
mycusTapuaaH 6vpu WyHAaH néopatku, y JlopeHl, anmMawTupuiLiapu-
HuUc6aTaH WMHBApUaHT KaTTa/IMKAUP, SBHU

C2A? — (Ax2+ Ay2-fAz2) = <?Atn — (Axn -f Ay"2f-Az'2).
TEeHI/INKHN

(Ajr-F Ay2-\-A?) — CAL2= (AX/2-\-Ay/2\-Az'2) — " AL'2

Bpoa é3cak xam YHUHIr JlopeHy anmMawTtupuwniapura HucbaTtaH
lapnaHTnurn caknaHagn. CyHrpa, TypT_yn4osnu asona — c2ypHuaa
)2 H1 é3uw MymKuH (6y eppga i = y — 1— maBxym  6upnauvk). Y
|oa tokopuparn TEHINUMKHM Kyhngarvya €s3ml MyMKUWH:

A2+ A/2-HA/+ (ic)2A? = AX'2+ Ayn  Az* + (icfAt'2. (7.40)
Opatparn y4y ynyoBnu asofa 3appaHUHr (HYKTaHWHI) BasvaTu
nyc-BekTOp r BOCuMTacmpga 6Gepwnagu Ba y KoopAawHaTa yknapugaru
VKUN aTyBUYMNapm opkanu r= xi -\-yj -\-zk Tap3ga wudoaanaHagu.
> ynyoBnn @pasoda 3appaHuHI BasuAaTW paguyc-BekTop R 6unaH

rmnaHagn Ba Yy Y3VHUWHI TalKua 3TyBUMIapu OpKanu Kyhngarmya
1KnaHagu:

R = xl+y]+ zk+ic te (7.41)
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0y eppa <¢— 6upnuk BekTop 6ynmnb6, y ct koopauHaTa YKu Oyiinab
MyHanraH. (7.41) TeHrnukga wy Hapca MyXMMKW, TypTTa kKoopaumHaTta
yknapwu {id, X, Y, Z) 6up-6bupura HucbataH Tk MyHanraH geb tacaBByp
KWnHaam Ba Oy TeHrnukaarn OMpUHYM yyTa Xaf R BeKTOPHUHI a3so-
BMIA TallKWUA 3TyBYMNApPUHU, TYPTUHUM Xag, (ict) aca yHUHr BakT 6yiimua
Tawknn aTyBuncmHu mndoganaign. Opanuk (s) JlopeHy anmawTmpuwnia-
pura HucbaTaH wWHBapuaHT KaTTanuk OynraHnurn Tydahnu paguyc-
BEKTOp R Xxam Maskyp anmawtupuinapra HucbataH WHBapuaHTAUDP,
ABbHN
Xi -\-yj -\-zk-\-icle = x'i -\-y'j -\-z'’k-\-ict'e (7.42)
EKn
» R =R"
bu3 TekwmnpaétraH 3appa K' caHOK TM3umMura HucbaTaH TMHY Xcnatga
éyncuH; T7tnsnm (3appa 6unaH 6upra) y3 Hasbatnaa K caHoOK TmMsumura
HucbataH v Te3nNuK 6unaH XxapakatniaHaétraH 6yncuH. (7.35) wndopara
Kypa K caHOK Tusnmugarun sakT opasimrn dt Ba K' garn sakT opasimrn dx
opacmga Kyhingarm myHocabar MaBXypn:
dt I
n o« Hi—a/0 -

(7.42) TeHrnuMK 3appaHuWHr TypT ynuyosan asogarv BasvUATUHU
aHuKnaraHanr Tygannm Maskyp TEHIIMKHUHIE 3appa Xycycuil BakTn (T)
oylinuya gudppepeHunann TypT yndosnu dasoga yHuHr K' Tusmmparm
Te3NUrnHu udoganaign:

n=-~- =~ (ict'e+x'l+y'] + z'k) =ice ;

6y TypT ynuoBnu hasogarv Te3nVK AyHEBWIA Te3nuk ae6 atanagu. [emax,
3appa TWHY xonatga 6ynraH K' caHOK TuamMuga [AyHEBUIA Te3NuK
Kylingarura TeHr:

n' = ice, (7.43)
dx' dy' dz'

YYHKW 3appa TWUHY TypraH caHoOK TU3UMWU YYyH —, Ba Xocn-

nanap Honra TeHr. (7.43) paH KypuHaguku, N' BEKTOPHUHI KBagpaTtwu

— c2ra TeHr — 6Up VHepumMan CaHOK TU3UMUAAH WKKUHYMCUra yTraHga
YHUHT Kuiimatn y3rapmaiign, 6uHOGapvH, AyHEBWIA Te3nuk JlopeHy,
anMawTupuwwiapura Huc6ataH MHBapUaHT KaTTaMKANP.

WapTtra kypa K caHOK TM3nMura Huc6ataH 3appa Vv Te3nvkK 6unaH
XapakaTnaHaau Ba 6yHOa YHWHT Te3uru:

~ _  dR dt
n dt dx

By d¢opmynagarn dR /dt wmyHocabat (7.41) wudopaHun t 6ylinua
anddepeHumannaw ynn 6munadH Tonunagw; dt /dx aca (7.35) ra acocaH
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y 1—y2/c2 ra TteHr. UWynpali knnu6, sappaHuHr K tusumparm
XM YyYyH Kyhumparuvra ara 6ynamms:

dR [ _/dx T , dy-l] dz 1 , ice

da VvI-~/c2 U Adl'Ardt ~AVI-N/c2 VI-N/c2”

/ 2 m+ / , W=« + «- (7.44)
YI-V/c2 VI-tfr/c2

OXupru Tes3/IMKHUHT YHI ToMoHupgarn 6upuHun \ag /( Tusnmpa
|éBWIA  TE3NWKHMHI  ha30BM  TawWwKua  3TYBYMCUHW  udogananan,
MHUM Xad, aca YHuHr bjkt 6yhinya Tawkmn atysumcngump. Oemak,
|6BUiA Te3nMK BekTOpU (bI)HUHI (Pa3oBuiA Tawkmun aTysuncn (U,) pe-

B 3appa xapakaTu TeHr/jamacu

w__d/ mv \

@1 0/Y 1—V2/<2 Hucbatra TeHr (T — WHBapuaHT KaTTanuk).
HOBAPWUH, OXVMPIU TEHIMKHU Kylingarmya €3uil MyMKUH:

(twr).

TEHINIMKHU  3appaHuHr  Xycycuii BakTu OX opkanu udopganacak
r.35)r.. k.), y

F= ol —v2/c2M(Tiir) (7.45)

>yHUWHM  onagu. by epga W, — TypT yn4oeBnau asoga 3appa
NUTMHWHI (ha30BUIA TalKWUa 3TyBUYUCK Bynrananrn tydanu (7.45) pa-

A (TWT) myHoca6aT wy TypT ynuoBav a3ofa 3appara TabCup aTyBun
(J) HMHr ha3oBUA TaWKUN 3ITYBUMCUHM udoaanaiau:
I=*jx (Tr). (7.46)

YYHU YHUHI (pa3oBMiA Ba BaKT Oylinua Talkiin 3TyBUMIapu OpKanu
rmpgarmya udogananmms:

J=1+),=-£T (mu' + mu,). (7.47)

46) HM 3bTMGOpra onuHca (7.45) TEHIIMKHU Kyhnparnyda esuw
MKUH:

F=~\-v* /c2-I. (7.48)

3appa TMHY xonataa 6ynraH K' caHOK TU3UMKAa f KyYHUHT (hasoBuid
WKWAA  3TyBUMNApU  (frx-i, frU-J, fn’k) Y4 Yya4oBAu hasogaru
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F Ky4YHMHI MOC TalKua 3TyBuMnapu bunaH amHaH 6up xungup. K caHok
TmanMmuga aca Jr Ba F opacmpgarn 6ornaHuw (7.48) myHoca6at 6unaH

aHuknaHaawn. WyHpaai knnmb, TypT yn4yosnu gasona pensitme 3appaHuHT
XapakaTt TeHrnamacu ((7.47) ra K.)

{T ) (7.49)
Tap3ga wudoganaHagm Ba Yy JlopeHu, anmawiTupuwinapura Huc6ataH
VHBapuaHTaAup.

7.9-}. Ml BA KMHETWUK SHEPIUA

HblOTOH MexaHukacuaa Kyd F HUHr 3appaHn dr ra KyuMpuwpaa
Ga)kxapraH a3fieMeHTap WLWN:

dA = 7dr.

3appaHuHr Kyuynwmn dr= vdt 3kaHIMrMHM 3bTM6Gopra osncak 6y ww

dA = Fvdt (7.50)

6ynaaun. 3appa KUHETUK 3HEPTUACUHUHI PensaTuB MexaHukagaru udoia-
CYHM TOMUW YYYH PensaTUB 3appaHuHI  XapakaT TeHrnamacugaH
goinganaHamus (abHU (7.39) TeHrnamara acocaH (7.40)HM Kynmnpgarmuya
é3amuns):

dA = Fv dt= v~ (—p=T \ dt.
d\ Vi-*2W
F kyu dt BakT gaBommga 3appa yctmga dA v 6axapca, 3appaHuHr
KNHETUK 3aHepruscn dEKra y3srapagnm, SbHM F KYyYHUHr GaxapraH uvwm

(6.6)ra acocaH 3appaHWHI KWHETUK 3HEPTUACUHMHI y3rapuwmra TeHr
oynaau:

dA=dE
BUHOGapUH:

dEK=Z£ ( m715— J1 dt=id .
d,\ y J V Vi-v2/c2)
OXVPrn TEHT/IMKHUHT YHT TOMOHUAAru anddepeHuman nwopacu octuaarm
HUCOGAT MKKN PYHKUUAHUHT (AbHU mv Ba 1/ a/1— n2/<? HUHI) KynanT-
Macu 3KaHAUTMHU Hasapga TyTraH xonga yHu guddepeHunannaimmns:

“rbnbTrd{mi)+tmd

-T mdv . mv 2\~
+ \r)r
_-Tra2m({—r?/C2)dv + mvd(v2/c2)
~ VI 2(1 —wu2/c2)372
~ «|-Y>>™ [(]- 11
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6y eppa 2vdv=2vdv=d(v2 = ch(~C—) Ba Vv = v26ynraHnuru Tydaii-

M dE* yuyH OnvMHraH oxuvpru TeHINMKAAH Kyiupaarvura ara Gynamua:

AnddepeHymnannawHu amanra owmpumo,
TCc2 P , 7 TCc2 \
2d-+/r?*a\ rr
3KaHMrmra MLWOHY Xocun Kunamms. femak,
"Em— "' (
Vvi-~/c2/

By dopmyna (3appa KWHETUK 3HEPruacuHUHr anddepeHuHann) F  Kyd

Tabcupuga 3appaHuHr dr ra Kyumwunpa YHWUHT KWHETUK 3HEepPrusiCUHUHT
y3rapvwmHn ndoganaign. BuHOGApWH, 3appaHUHr TY/NK KUHETUK
aHeprusacu (7.51)Hn mHTerpanniaw 6wnaH aHWKIaHagn Ba 6y TEHrNUKHU
VMHTerpannaw HaTtmxkacmaa

(« K

Ek=— T1C ~ + const

yjl —v2/c2
ngopara ara 6ynamms. VHTerpannaw goMMUACK HUMara TeHI 3KaHINTUHN
Tonamnmk. KWNHeTUK aHeprua — xapakaT 3Hepruscu éynraHnurun tydgainm
3appaHuHr Tes3nnrn v = 0 6ynraHaa, paswaHkn, £k= 0 6ynmwmn kepak. by
MyfnoxasanapgaH WHTerpannaw LOMMWUIACKM const= —TC2 3KaHIUrn
Kenmb ymkKaan Ba MHTerpannaw JOUMUACUHUHT By KNAMaTUHW loKopuaarm
dhopmynara Kyiicak, pensaTuB 3appPaHUHI KWHETUK 3HEPrnscu Kyhngarmya

ndoaanaHagu:

Ek= nun*(— -1-— -1). (7.52)

V I - V2/c2
3appaHuHr  (KMCMHUHT) KNHETUK  3HEPrusCUHM  ndoaaioBun
(7.52) mMyHocabaT KeHr KampoB/M MabHOra ara 6ynmnb, Knuuk
Tes3nuknapaa y KNHETUK 3HePTrUAHUHI HblOTOH MexaHuKacuaarn wakinHu
onagn. byHra wuwoHY xocun kuauw  yuyyH  (7.52) cdopmynagarum

1/ p/1—tf/c2 HucbaTtHn Telnop kaTopura EsmMus:

Knumk (y<Cc) Tesnuknapga v/c HUCOGATHUHT TYypTUHYKM, ONTMHYM Ba
X0Ka3o pJapaxanapu 1 ra HucbataH >XyAa KWYMK COHHM TallKun
aTraHnMknapun Tygaiinu, ynapHu xmcobra ofiMacgaH, mMaskKyp KaTOpHUHT
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pactnabky UKKM xagn 6unaH yerapanaHamus. Y xonga (7.52) dopmyna
HblOTOH MexaHukacupgarn EK= mvZ2 waknHu onagu. Xypaa kaTta
Tesnuknapga aca  3appaHuHr  (OKMCMHWHI)  KUHETUK  3Hepruscu
(7.52) dopmyna 6unaH wmndopanaHagw.

7.10-$. TYNNK OSHEPIrMA. 3HEPIMA BUJIAH UMNYNbC OPACUAATW BOTNTAHWLW

lOkopnpa 6u3 ((7.52) dopmynara K ) penatvs 3appaHUHI KUHETUK
SHEPrUSICUHMN:

£.=- — TC2 (7.53)
V| —o02/c2

Tap3ga udoganaraH 3gvk; 6y epaa T — 3appaHUMHI Maccacu, V — YHUHT
K caHoK Tuanmura HucGataH Te3nuru. KypuHub Typnbauku, 3appaHuiHr
KVHETUK 3HEPIrUsCUM MKKUTA KaTTa/IMKHUHT aliHpMacu waknuaa wudgoaa
KWIMHAsANTN, SbHU 6y TEHT/IMKHU:

Ek=E —Eo ékm E = EK-\-EW (7.54)

KypuHuwga é3nw MyMKUH. OXUPrn TEHINMKAA EK— 3appaHUHI KUHETUK
SHeprusicnm 6ynraHanru yyyH Eo KaTTanvMK xam 3Heprus mabHOcura ara.
By cdopmynaga E WKKUTA 3SHEPrUAHUMHI AuUrMHoucupaH ubopart 6ynmno,
Yy 3appaHuHr TYnuK 3HeprusicnHu wudoganangn. (7.54) parn 6Genrn-
nawnapra Kypa 3appaHuHr TYy/IMK 3HEePrusacu Kyhmaarnra TeHr:

(7.55)
-Ve/c*

(7.53) Ba (7.54) TeHrnuknappaH
Eo=T1c2 (7.56)

3KaHNUTN KypUHNG Typmnban. By KaTTaMKHUHI (U3NKaBUiAi MabHOCUHWN
aHWKNannnK: 3appaHuHr TY/IMK 3HepruscnHu mndoganosun (7.55) TeHr-
NMKAaH Wy Xynoca Kennbé umkagumku, arap 3appa TUHY xonatga Oyrca,
(yHUHr Tesnurn n= 0 6ynca) E = Ea= 1c'2 6ynagn. LUYyHUHI y4yH Xam
(7.56) (opmyna 6unaH wudodanaHraH 3Heprus TUHY XonaTtgaru
XVUCMHUHI (3appaHWHr) 3Hepruscyn genvnagn. TUHY xonatgarn XWMcm-
HUHT SHEPrusicM YHUHI MWYKWU 3HepruacuHn udoganangn. bab3aH 6y
SHEPIrUSHN  XUCMHUHI  XYCYCWUIA 3Hepruacu neb6 Xxam  oputunagu.
3appaHuHr TUHY Xonatgarn 3HepruscuHM akc aTTupysum (7.56) udopa
XUCMNap TU3UMU YUYyH XaM YPUHANOUP: XUCMANap TUSUMUHWUHE TUHY
xonatgarn 3sHepruscu Maskyp Tu3um Tapkubmpgarn >xkmcmnap (3appa-
Nap)HUHI TUHY Xonatgaru 3aHeprusanapu, ynapHuUHr wuHepuus (macca)
Mapka3uvra HucbaTaH Xxapakatumgarn KUHeTUK 3Heprusnapu Ba 06y
Xucmnap (3appanap) HUHI y3apo TabCUp 3HEPrUsNapuHUHE IUrMHaucura
TeHr. TUHY Xonatgarn aHeprusra Tawku MaigoH (rpaButaumnsa mMaiigoHwW,
3/1eKTP MalijoH Ba XOKa30) TOMOHUAAH XWCMra TabCup 3TyBUM Kyd BunaH
60rnuK 6ynraH MNoTeHUMan 3Heprus Kupmaigw.

WyHn Tabkngnaw nNo3vMKW, HbIOTOH MexXaHukacuga TY/NunK 3Heprus
feraHpa 3appaHuVHr (KMCMHUHI) KUHETUK Ba MNOTEHUMan 3aHepruanapuvi-
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AurMHancyn TywyHunagu. PenaTuB  MexaHukaga 3ca  TY/uK
rmsi— 3appaHuHr  (KUEMHWHI) KUHETUK 3Heprusicu 6unaH YHUHT
XonatAarn aHeprusicMHUHI “urnHaucnaaH méopart.

YUK 3Heprus E Ba MMNynbC p 3appaHWHr Te3mrura 60ravK Kat-

Knap 6ynraHnuru yuyyH 61p UHepLmas caHOK TU3MMUOAH VKKUHYMNCU-
raHza ynapHuWHr Kuiimatiapu ysrapagu, sibHU MasKyp KaTTasmknap
naga-anoxuga onvHraHaa ynap JlopeHy anmawtmpuwnapura Hucba-
WHBapuaHT 3mac. JlekuH E Ba p NapHWHr y3apo 6ornaHumHA
.a/I0BUM  KaTTa/IMK WHBAPUAHT KaTTa/IMK 3KaHAUrura Kyimaaru
Xaszanapra Kypa MIIOHY XOCU/A KWW MYMKUH. 3appaHuHr MoC
Wwaa TY/IMK 3HEeprusicu Ba MMNYAbCUHU UOOA0BYM

WwKnapaaH
(7.57)

™MrM Kenué uMkaau. 3HAW (@) TEHINIMKHU KBajgpaTtra KyTapu6,

iK (v) ypHura yHuHr (7.57) garn KnimaTuHW KyWicak, Kyhimpgarura
lynamuna:

E2—pZX2—T1 Z4= inv. (7.58)

FEHIIMKHUHI  YHI TOMOHMAarun 3appaHuHr Maccacum (T) Ba
WKHWHr Bakyymparn Tes3nuru (C) WHBapuaHT KaTTanuknapgup.
aH 3appaHuHr TynnK aHepruacn (£) Ba mMmnynbcn (p)HU 60OrnoBumn
) MyHocab6aT JlopeHL, anmMawTMpuwnapura HucbaraH WHBapUaHT
hnk oskaHnuru kenub uyukaau. KynuHya Maskyp MWHBapuaHT
(MK kyhinpgarvya mndopanaHagn:

(7.59)

XOarv  TeHrMKHUHE  JIopeHy, anmawTtuvpuwinapura HucbataH
XaHT 3KaHMNTN AHa WYHAAH XaM Mab/lyMKW, 6y TEHI MK 3appaHuHr
rura 6ornuk smac. [femak,

NUK 6Up MHepuMan CaHOK TU3NMUAAH WMKKUHYMCUTa yTunraHga ovp
AbHN T X2) KuiAimaTra ara.

\. TOPEHLU, ATIMAWTUNPNWNAPUTA HNCBATAH MHBAPUNAHT KATTAJINKNAP

ip MHEpUMan caHOK TU3MMUAAH UKKUHYMCUTa yTUnraHaa usnkasuii
NVKNapHUHT  KUWiiMaTnapu ysrapay — XWeMHUHI KoopAunHaTana-
3/IMIM Ba BaKT Opasivru wynap xxymnacugaHaup. Wy 6unaH 6upra

142



WyHAalk KaTTanuknap xam GOpKW, YNapHUHT KuiiMaTtnapu 6Uup MHepuman
CaHOK TU3MMUAAH WKKUHYMCUTa YyTuUaraHga ysrapmainam. Mabnymku,
GyHAal kaTTanuknap JlopeHl anmMawTupuwnapura Huc6ataH MHBapuaHT
(y3rapmainauraH) kaTTanuknap geivnagu. Ynap kyiugarunnapaup:

1.EpYrAMKHUHT Bakyympagaru Te3nuru (c) 6apya UHepum-
an caHOK Tu3uMMapuaa 6up Xxun Kuiimatra ara.

2. XUeMHUWHT (3appaHMWHr) Maccacu 6uUp WHepyman
CaHOK TU3MMUAAH UKKMHYMra yTunraHga ysrapmaiign (KelivHr Baktnap-
ha «pensTvB Macca» TylWyHYacu uwnaTuamasnTm).

3. XncMm Kaicu caHoK TM3UMMAA TUHY TypraH 6ynca, YHUHT Xycycuii
BaKTU Yy 6GunaH 6upra xapakatnaHaétraH (60WKa WHepUMan CaHOK
TM3uMura HucbaTaH) coaT BocuTacupga yndaHaau. LWy  GowcaaH,
XUCM XapakaTUHUHT XaganMrmHu UoAaloBYN BaKT oOpanurmu

At - OtN 1— i/2/c2

NlopeHy, anmawTupuwnapura HucbataH WHBApUaHT KaTtTanukagup; 6y
dopmynaga At — xapakatgaru >Xucmra Huc6ataH wWapTaM paBuwwaa
TMHY XonaTga 6ynraH caHok Tuanmmuga (K caHoK TM3MMuga) ynvaHrad
BaKT Opa/nru.

4. Bokeanap opanuru (MHTepBan) — PensTUB MexaHuKa-
[arv  acocuii  MHBapuaHTnapgaH Xxuco6naHagu. Bokeanap opanuru
(s) HuHr kBagpatm K Ba K' caHOk Tusumiapuga Kylhingaruua

ngopanaHaan:
S2= C2At2— AX2—Ay2—Az2—Cc2A'2— AX'2— Ay'2— Az'2= s'2

6y eppga:
At= t2—h, Ax=x2—xun Ay= y2 ylI, Az=z2—z\t

At'= t2—t\, Ax'=x2—x\, Ay'syi—yi, Az'= z2—2z\\

ABHU
s2= s/2= inv.

BuHOGapuH, BOoKeanap Opasiurvi Ba YHUHI KBaZpaTu 6Mp MHepuuan caHoK
TM3UMUAAH WKKMHYMCUTa yTuaraHga ysrapmaigu.

5. TypT ynuoBnu casofa aHWKNaHraH 3appaHUWHI XxapakarT
TeHrnamacwu

7=~ (Tn)

WHBapMaHT KaTTa/unK xucobnaHaau. by epga f Ba u mMoc paBuwpaa TypT
ynyosnu hasoga 3appara TabCcmp 3TyBUYM Kyd Xamaa 3appaHuHr OYHEBWA
Te3nurn, dz — 3appaHuHIr XYCyCWUil BaKT Opanrun.

6. Bup wHepuman caHOK TU3MMMAAH MUKKUMHYMCUTA yTuaraHga
3appaHuHr TY/IUK aHepruscu (£) Ba umnynscu (p) y3rapanau, nNekvH £ Ba
P HW y3 unuyura onraH:

E2-p 22

MyHocabaT JlopeHL, anMawTvpulinapmura HucbataH WHBapuaHT 6ynumo,
6apya VHepuMasl CaHOK TuaMmnapuga oup Xun Kuiimatra ara, YyHKu 6y
MyHOcabaTHUHI KuiiMatu 3appa Te3nurn (y) ra 6ornmMk amac:

E2—pZX2= T 4= inv



~— p2=T Z2= inv.

C
7. XWCMHUMHI TWMHY XonaTtgparm 3Heprmacum  (MYKK
epruvsacu)

Eo=T1c2

pua uHepuman caHok TMaMMAapuaa 6Up Xun KuiiMatra ara, YyHku 6y
0a T Ba C KaTTAIMKAApHUHI Xap 6upyv anoxuga WHBApUaHT

TTanMknapaup.

7.12-8. 3HEPTNA BA UMMNY/NbC YUYYH NOPEHL, ANMAWTUPULLNAPK

BUp vHepuman caHOK TU3MMUAAH WMKKUHYUCUTa YTUNraHaa, tokopuaa
'POVIKKN, 3appaHUHr TYJIMK 3HEPruscu Ba YHUHT UMNYNbCW y3rapaaw,
3HM By KaTTanMknapHu 6up-bupmpgaH apum xonga onué KapanraHga
iap JlopeHy anmawTmpuwnapura HucbataH wHBapmaHT amac. LWy
XchoaH O6up MHepuman CcaHOK TUsMMUAAH WKKUHYMcUra yTunraHga
(hpaHWHI UMMY/NbCU Ba 3HEPruacu YYyH JIOpeHu, anmawTtvpuiniapu
Xhah KypuHuwra ara 6ynuwunHu aHnagainuk. Wy makcagga sHa
ippa TMHY ~onatga 6ynraH K' caHok Tusnmm K ra HucbataH OX
el 6ylinab v Te3nnk 6unaH xapakaTtnaHaéTraH XonHu onmMb Kapahnuk.

nymnin xonga 3appa K caHOK Tusmmura HucbataH y = ot TESMK on-
X XapakaTnaHaétraHnmrun Tydannm 6y Te3NMKHUHI  KoopAguHata
cnapura 6ynraH npoekuuanapu
dx dy dz
Vx~ dt’ V4~-4T' Vz-~dt
abnymkun, ((7.35) ra K.):
d\=dt 1—y2/c2 (a)

y udogara acocaH 3appaHuHr UMMYbCK
- mv

P Vi-NV

\ YHVHI KoopAguHata yknapu Oylinya Tawkwuia 3TyBUYMIapu OpKain
Nuvpgarnya é3u MyMKUH:

T dx dx du dz
"= e Py~-m = <7-60>
v, , v di dx

HUHI Tyna 3HepruscuHM Xxam lokopugarn (a) dopmynara 6uHOaH
y'ingarnya é3amms:
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(7.60) Ba (7.61) mncpopanappa 3appaHMHI Maccacu T Ba YHUHI Xycycuii
BaKT opayimrn <IX MHBapuaHT KaTTanmknap 3KaH/IUIMHW Hasapga TyTcak,
WyHAan xynocara Kenammsku, 6up nHepuman caHoK TU3UMUAAH UKKUHYN-
cura ytunraHga, px pr nap ydyH JlopeHy anmawTupuliiapu Moc
pasnwpaa dx, dy, dz (abHW X, Yy, Z) KoopAwHaTanap Tap3uvga amasnra
owmpunuwn Kepak; E/c2 kattanuk yyyH aca JlopeHLl, anmMawiTupuwnapu
BaKT opanuru dt Tap3nga (SbHU tTap3uga) amanra oWwnMpuanLLn No3nMm.
Bowkaya alitraHga, JlopeHy, anMawTupuwnapnHu ndopganosum (7.9) sa
(7.10) chopmynanapga X ypHura px y ypHura p,, z ypHura p2 t ypHura
E/c2kyinnnwn kepak. WyHaah knnmb, nmnynsc Ba TY/INK SHEPIrUst yyyH
MasKyp anmawTupuwinap kyhnugarmya mndopanaHagu:

f Px Evic2 t , E  pxu 17 £r>\

pr=p" £ 6’

Oy epoa v — xapakatgarn K' caHOK TU3UMUHUHI K ra HucbaTaH Te3nurn,

px, py pr Ba E' mMoc paBuwga wuMnynsC Ba 3HeprusHUHr K' paru

knimatnapu. (7.62) dopmyna K caHok TmaummngaH K' ra ytuwpga sappa

UMMYNbCUHUHT  NPOEKUUANapu Ba YHUHI 3Hepruacu  ydyH JlopeHy,
anMawTupuwnapin ndoganaign.

WyHnHraek, K' caHok tmsumugan K ra ytumnraHga (7.62) anmawiTtu-
pvwnap Kyhingarn KypyuHULIHW onagw:

Pite'v/C2 7

T 2 25Py=Py> P:=P E= — ==72=T- 763

V-« qc=Y Y 7 ViV (7-63)

KypnHué Ttypmnbauku, (7.62) Ba (7.63) anmawTtupuwnap, Xyanu

(7.9) Ba (7.10) anmawTupuwnap kaéwu, bup-éupugaH cakaTt cypartgaru
Te3NUK (M) HWHIr onguaarn uvwopa 6wunaH dapk Kunagw.

7.13-5. TYPJIN CAHOK TUSUMNAPUNOA NMNYNbC XAMAOA 3SHEPTUAHWHI
CAKNTAHNW KOHYHNAPW

HblOTOH MexaHuKacuga MMMysbC Ba 3IHEPTUAHUHT eaKNaHuL KOHYHa-
pn (4.4) Ba (6.42) wndoganap 6bunaH 6epunraH. by epaa 6u3 «3appanap
TU3UMU YUYYH PEenAaTUB UMMY/bC XamAa TY/NIMK 3HEPrusHUHI eaknaHuw
KOHyHNapu 6upop wHepuyan caHoOK TusmmMmga O6axapunca, Maskyp
KOHyHNnap 60WKa WHepuyan caHOK Tu3aumuaa Xam 6axapunagnmm?»
[eraH caBonNapHu y3 ongummsra Kysmmus.

K caHOK Tnammura Hmucb6ataH OX yku MyHanuwupa v Te3nuk éunax
XapakatnaHaétraH K' Tuammpa ys3apo Tabcuprawysuyu N Ta 3appaHu
onnbé kaparmmni. K' caHok Tmsnmm OX yKu MHyHanmwmaa xapakaT
KNNaétraHnnrn Tydainm WMMMYNbCHUHT WYy WyHanuwaarn npoeKunsacu
6unaH 4erapanaHamus. Xap 6up 3appaHuHr K caHOK TuaMmmugarmu
MMNYbCU Ba 3Heprusicn Kyihngaruvua mndoganaHagm ((7.63) ra K.):



T a 3appaHuHT UMMY/JbCU YyuyH é3uaraH 6y udoga n T1a 3appa YuyH
'imparn KypuHuwra ara 6ynagu:

2 &+*/* 2 £

2 ph=—t-— S (7.64)
| Vi-AV

K' caHOK TM3nmMugaru n ta 3appaHuHr y3apo Tabcupalwysu Tydainm
[pym 3appanapHUHI MMynbCcAapu ysrapca xawm, 3appanap TUSUMUHUHT
NVK MMMY/bCU BaKT yTULWIKM 6GunaH y3rapmar Konagwm, YyHKW 3appanap
3UMUra TalwKM Kyd Tabcup Kunmasantu (6epk tmsaum). bnHobapuH, K'
HOK TM3UMnAa 3appanapHuUHr gactnabkm TynuMK VUMIYAbCU Ba TYNUK
epruscu 6upop BaKT ~TraHgaH KeruHrM TY/UK WMMYyAbCUM Ba TY/UK
eprusicnra TeHr, AbHU

2pu= 2 K, N=20 s (€)
1 I

epoa: &\xBa fT,'— 3appaHMHI y3apo TabCcupugaH KelrHrn umMnynbeu
aHeprusicn. by TeHrnuknapHm (a) wudopgara Kyimo,

2 + 2 @I+ vi<?.w’)

ZPu=—
V 1—o02/c2 V 1—y2/c2

xocun kunamui. K caHOK TUsMMuga 3appaHuHr Tabcupnawimiigad

AVMHIM TYNUK UMAOYNbCUHU 2 &tx Ae6 6enrnnacak, OXUpra TEHT/IMKHA:
|

2 (EBX+H1/<me*)
V -2 \ —Vv7/<? (7.65)
Xnnpga ésn MYMKWH, AbHWU!
2 pix= 2 &ix. (7.66)
1

HOAH arap 3appanapHWHr TY/JWK MWMMy/AbCW BakT yTtuwmn 6unaH K
HOK TM3uMunga ysrapmai Kosca, Maskyp karTanmk K caHOK Tusnmuga
M y3rapmaii konagw, geraH xynocara kenammi. bBowkaua anTtraHaa,
NYJbCHUHI CaknaHuw K,OoHyHM K' caHOK, Tusmmuga 6axapwunca, 6y
HyH K caHoK, Tmsnmmga %am Gaxapwnagu.

3HAW 3appanap TUSUMUHWUHT TY/IMK 3HEPTUACK YUYyH XaM HoKopuaarv-
K Mynoxasa woputamuni, fbHU (6) wudogaHu n Ta 3appagaH wmbopart
3UM yuyyH é3amums:

2 e'+v2 Pu

2 £,=-m- *
i VI-~c2



By ndoga TM3MMHUHI AacTnabku nantgary sHeprus Ba UMMYNbCUHU akc
aTTMpagun. K' caHoK TMsnMuga Ty/IMK UMIMY/bC Ba IHEPrusa 3appanapHUHT
y3apo TabcuprawmwmaaH KehimH ysrapmacnuruHu ((c) wdopgara K.)
Hasapga TyTcak, 6y TeHIr/mK

2 ff'+v 2 2 (*'+»*)

2 £,= ' — - — (7.67)
V 1-uVc2 V 1—9/c2

KYPUHUWHK onaan. OXUPru  TEHIJIMKHUHT  YHT TOMOHM, paBLUaHKWU,
Kylingarura TeHr:

2 (v'+v~nl)

=2 9or. (7.68)

vV I—V /;7 |
6MHOGapuH:
2 £, = 2«r,..

WyHpaih kuamb, ysapo Tabcmpnawysum 3appanap 6epk TU3UMUHUHE
TYNMK, UMMNYNbCU Ba TYNNK, IHEPTUACUHUHI CaKNaHWUL. K,OHyHnapu 6upop
nHepumnan caHoK, Tusnmmga Oaxapwusaca, MasKyp K,OHyHnap 60Lwk,a
VHepLunan caHok, TusnMnapmga %am Gaxapuniap akaH.

YMyMaH onraHga, UMNysnbC Ba 3HEPTrUAHUHI CakNaHuW KOHYH/apw
KEeHr KamMpoBIM MoOXuAaTra ara 6ynm6, 6y KOHyHnap kuimk (y<Cc)
Te3nMKIap yuYyH xam, penstue Te3nuknap (ygac) ydyH xam ypuHanaup.

7.14-$. MACCA BWJTAH 3HEPIUA OPACUAATW BOTNAHWLW

lOkopuga (7.10-8) 6m3 TWHY Xonatrgaru >XUCMHUHE  (XyCYCWiA)
3HEPruscnHn

E O= nrc2

Tap3ga wudgopanaraH sank ((7.56) ra K.)»byHaa Epyrauk Tesnmru c
HUHI BYLWIANKAArM COH KuiAMaTh XWCM Maccacura HucbataH rost karta
6ynraHnurn Tydannm 3Heprma COH KuiMatuHuWHr OE£0 y3rapuwumra
MaccaHWHI O3rMHa y3rapuvwun Moc kenagn. XUCMHWHI TUHY Xonargaru
sHeprusicn 6olika Typgarv aHeprusnapra anaHuwm MyMKUH.

HbloTon MexaHuKacuga macca XUCMHUHT VHepuums y4yoBuM Tap3uja
HamoéH 6ynraH 6ynca, pensaTMB MexaHWKaga >XWCM Maccacu yHaa
MaBXyg 6ynraH sHeprus MK NOOPUHWHT YN40BM Tap3naa HaMoéH bynaan.

Arap 6upop apaéH Tydaiinm >xmcm maccacu AT ra kamaiica, 6y
apaéH HaTwkacuga

AEO=CAT (7.69)

3Heprnsa axpanné uMkagum Ba akCUHYa, XUCM 3Hepruacu 6y xapaéHpaa
AEO ra ouwca, yHMHr maccacu AT ra owagnm — TUHY uonataarn >XMCm
3Hepruacm Ba Maccacu 6up-6bupura MytTaHocmb6 Tap3ga ysrapagw.
(7.69) dopmyna opkannm ugopanaHraH MyHocabaT Macca Ba
SHEPIrMAHWUHI y3apo 60rnaHuUW KOHYHW Aenvnagw.
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By KOHyHra acocaH 6vpop ycyn 6uniaH >XUeMHUHT 3HeprusacuHn JEo ra
3rapTmpcak (YHW ku3gmpub é€km CcoByTuO, Exyhd, YHWHI Te3/IUIMHU
’3rapTUpHG) Wy y3rapraH aHeprusara Moc pasvwifa YHUHI mMaccacu xawm
\.T ra y3rapagu. MacanaH, ku3gnpunb yHra J£0ra TeHr aHeprus 6epwunca,
nuHr maccacn O71 = O£/c2 kapgap owaan;, arap EpyriamkK uymkapuul
(aTmxxacnpga XXUeMHUHT aHepruscu OE£0 Kafap Kamainca, YHUHI maccacwu
w = AEo/c2 kapap kKamasawu.

JlekKMH WyHM anoxmga Haszapga TYTULW Kepakku, oaanii MakpOCKOMUK
KapaéHnapa >KUCM 3Hepruacu ysrapraHga, YHUHI  MacCaCUHUHT
'srapuimn

[accaHn ynuaw aHuMKAUMKNapura HucbataH Xxyaa Kuunkgup. MacanaH,
EPHUHI CYHBUI AYNAOWMHU YyYMpuLL Y4YyH, MabllyMKK, yHra kamupga
000 m/c ra TeHr Te3nuk 6epunaan (ogovii wapoutnapga 6y xypa karta

€3/IMK XncobnaHaau) Ba YHUHI KUHETUK 3Hepruscu JE=-"~- ra

waawn. AnTannuk, maccacu 300 kr 6ynraH EpHUHI CyHbUIA iyngown ywa
€3/IMKKa 3pullea, YHUHI Maccacu

. AEn mii2 in—7

A/n= — -= ; »10 KK

c 2c-

a owaan Ba 6y owraH mMacca MU UL PaMMHUWHI yHAaH 6upura redr; 6y
[koop Myngow maccacvHU ynyall aHUKAUIira HmcbaTtaH xyga KN4unk Ba
Manga y ce3vnmangu.

Macca 6wnaH 3Heprus opacmgaru 6ornaHuw atom  sgpocuga
eyaguraH >kapaéHnapja Xamja 3NeMeHTap 3appaslapHUHI y3apo
abcmpnawmmaa AKKoa HaMOEH 6ynaan. ATOM 3afeKTpocTaHuusiapu-
VHI MwWnaw NpuHUMnM ypaH 92U 235 SAPOCMHUHT HEWNTPOHAap Tabcupuga
apyanaHvlnra acocfnaHraH; HeWTpoH Tabcupuga xap 6up ypaH
TOMUWHUHI S4pocu  uesnii ssCsl40 Ba pyobmawnii 37RbIM saponapuaaH
6opaT MKKUTa fgpora napyasiaHaguv; O6yHAaH Tallkapu Kylwumya sHa
KKUTa HEUTPOH N° axpanmb unkagu. AApo napyanaHraHgaH KewnvH
ocun 6ynraH uUe3nid 55CS140, pyouawii 3?Rb04 Ba MKKUTA HEUTPOH
laccalapUHUHI  AUTMHAUCKM  pactnabkm agpo ypaH 92U 25 Ba 6utta
efTPOH MaccanapuHUHT ANTMHOUCUAAH KMYMK. [apyanaHuw HaTmxacu-
a MacCaHVHI Kamaiuwm Tygannm KatTa aHeprus axpanmbé umkagu. by
Heprus atoM 3/1eKTpoCTaHUUACKUAa 3/1IEKTP 3HEPruara annaHTupunagn.

MupoBapanaa WyHW Tabknanab yramusku, macca 6unaH sHeprusHuHC
3apo 60rnaHnLW KOHYHWHU «Macca 3Hepruara ahnaHagn» €ku «aHeprus
laccara ainaHagu» geb6 TylWyHMac/AnK Kepak. Macca 6unaH aHeprusHuHr
3apo 60rnAMKNMru HamMoéH OynaguraH >kapaéHnapga acnupa asHeprus
laccara avnaHmangn, y 6up TypAaH WKKUHYM Typra ytagum. MacanaH,
VHY XOojiaTgarn >XUCM 3HEPrusiCUHUHI EpYT/INK 3Hepruscura aniaHuLl
<apaéHuHM onainuk. by xonga ¢asoHWHr 6UpAuK Xa)KMI/I,CI,% MaBXy g,

E

>yfraH €pyrivkK aHeprusicura ys Has6atmpga MyalisH OT1 — -2 macca
c
loC Kenaaw.
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VIIl BOb

KXKNCMAOAPHUHT TOKHALWYBW

8.1-8. TYKHALWYB TYPNAPU

XncmnapHuHr 6mp-6upura 6esocmuta Ternwn Tygarnnm s 6epaguraH
y3apoTabCcup XapaéHU TYKHaWwyB éknypwunn nw aeb oputnnagn. by
TYLWYHYa akcapuaT xonnapaa MakpoCKOMUK XXUCMIAPHUHT TYKHaLWYyBUHN
akc aTTmpagu. MUKpOCKONUWK >Xucmnap (atomnap, Monekynanap Ba
3eMeHTap 3appanap) HUHF TYKHallyB XapaéHunaa ynapHUHr up-6upura
6esBocuTa Tervwm MyTnako wapT amac. JacTtasBan pakaT MakpOCKOMUK
XNCMNAPHUHI TYKHaWYBUHW TaxAua Kanvw 6unaH 4yerapanaHamus.
ONVHraH HaTuXxanapHu KelnHYaInK pensTus 3appajapHUHI TyKHallyB
KapaéHn yyyH Kynnanmus.

TykHalyB XapaéHnpa Kucka mMyaaar fasoMumpa Xucmiapga xyga
KaTTa U4KM Kyuynap Byxyara kenagu. LUyHUHr yyyH TykHallyB fasoMuja
XUcMiapra TabCup 3TyBUM TawKW KyudnapHu (EPHUHT TOPTULL Kyuu,
MwWKanaH1w KydM Ba XoOKa3o) 3bTmbopra onmaca xam OGynagw;
OMHOGapUH, y3apo TYKHallyBYN UKKU XUCMHU 6epK Tu3nm aeb kapab, 6y
TU3UMIa UMMYNbCHUHI Ba 3HEPTUMAHMHI CaKNaHWULW KOHYHMNapUHW TaTbunk
KNAULW  MYMKWH.

XoaucaHn ypraHuwHM cogjanawtmpul makcagmaa oup-6upn 6unaH
TYKHalWyBYM WKKM LWap wakangarn XxucmpaH ubopar TUBUMHU 0/vb
kapanmuni. TykHawyB 4ormga xucmnap gedopmaymsnaHagn (cukuna-
Oun). ByHUHTr Hatwkacupga 6up-oupura ypunaértraH Xucmnap KUHETUK
SHEPTUANAPUHUHT OMP KUCMU EKM XaMMacu CUKUAW 6unaH 60rnuvk
NOTEHUMAT 3HEeprusra Ba >XUCMNAPHUHI WYKM 3HEepruscura annaHum
MYMKUMH. By epga WyHW scnatm6 yTuw N03MMKM, TYKHaW MWL HaTukacuga
XXMUCMHUHI WYKM 3Hepruscu optca, 6y opTraH 3Heprus yHAarM artoMm Ba
MOJieKynanapHUHI TapTUOCH3 TebpaHMa xapakaT aHepruscura ainaHagu.
Xucm Tapkmbupgarn atom Ba MOJEKynanapHUHI TapTUOCH3 TebpaHma
XapakaTuHN OW3HMHI Cce3rn ab3oNapMMm3 WCCUKINK Tap3nga uapok
atagu.

XncmnapHWHT (3appanapHUHI) TYKHalyBU UKKUTYypra — KalnLKOK
(3nacTnk) Ba HOKaWUWKOK (HO3NacTMK) TyKHawysnapra O6ynvHaaun.
Opataa XUCMMAAPHUHI TYKHAWYBW MYyTnakK KaMMWWKOK TyKHa-
WyB Ba MyT/nakK HOKaWMWKOK TykHawysnapra 6ynmé ypraHu-
nagw.

TyKHalWyB HaTmxacnga TUSUMHUHT (TYKHaLWyBYM XUCMAAPHUHTI)
KMHETUK 3Heprusicn ysrapmaca, O6yHAall TyKHawyB MyTNaK, K,aWuLLK,OK,
TYKHawys Aelivnagn. by TabpugaH pabBlIaHKW, WKKana TyKHalyBYW
XXMCM KMHETUK 3HEPrusnapuHuHr MMrMHOMCcKM TyKHawys coamp 6ynraHgaH
KEWNH y3rapmar KonasnTu, SbHW MasKyp 3SHEepruvsa TUSUMHWU TawKu
3TYBUYMN XUCMMAAPHUHI WMYKW 3Hepruscura annaHm™Mantn. Lemak, myTnak
KalnWKOK TyKHallyB HaTmkacmga xap 6up XXUCMHUHT UYKN SHEPrUsicu
y3rapmanan. MyTnak KanwKOK TyKHallyB HaTmkKacuga XUCMAapHUHT
KAHETUK Ba WYKN ISHEPTUANAPUHUHI  y3rapmMam KONWWUHUHI  6oucu
WyHAaKM, TyKHalwyB >kapaéHuga >Xucmaap CuKunaan Ba BaKTHUHT
6upop nalTnga YnNapHUHE 6Gapya KWMHETUK 3SHeprusnapu CUKUAraH
XXMCMNApPHUHT NOTEHUMan sHepruacura anaHagn; ynapHUHr wy naitga-
M Xonatu CUKWATraH MpPYXWHaHWHI Xonatura yxwanhgun. by xapaéH
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Tyraray, TU3UMHWHI MOTEHUMaN 3HEPrusicm fHa KUHETUK 3SHepruara
ainaHagn. by epaa WyHM Tabkugnaw f03VMMKW, TyKHaWwuWWwAaH KevH
Xap 6Up XUCMHUHI KWHETUK 3HEpPrusacy yarapca xam, YNapHUHT KUHEeTUK
SHEPrUANAPUHUHI ANTMHANCU (TUBUMHUHT KMHETUK 3HEepPruscu) ysrapmam
KOMaan — ypwuauLl XapaéHuaa ynapHWHr gacTtnabku KUHETUMK SHeprus-
napu y3apo KalTa TakcumaaHagu.

KysaTuwnapHuMHr  Kypeatuwin4ya, MyT/AaK KalMWKOK >XUcMmnap
Tabvatga yypamangm, nekMH Kyn xonnapga Katta aHUKIMK 6unaH 6ab3u
XUCMAapHU MYTNakK KaruwKoK xucmnap geb kapaw MymkuH. MacanaH,
dun cysrmpaH acanraH 6UAbAPA Wapnapy KalUWKOKAUTU XUXaTuaaH
MYT/laK KalMLWKOK XUcMnapra xyaa skuH. Cudatnm nynatgaH sacanrax
6uNbAPA, WapiapuHUHE KalWWKOKANK XYCYCUATU Xam LWyHra sKuHna-
waau.

TykHawyBnap >apaéHuaa WKKUTa XUCM 6upnawmb, cyHrpa ynap
Xyaan 6uTTa XUCM Kabu XapakaTUHU [JaBOM 3TTUpaguraH TyKHallyBsnap
MyT/aK, HOK,aliMWK,0K, TyK,HalyB Aelivnagn. MyTnak HOKahULWKOK
TYKHalWlyB XapaéHuaa Xucmnapga Kaliuwkok aedopmauuns Byxyara
KenManan: TU3UM KUHETUK 3HEPTUACUHUHI BUP KMCMU €KUM XaMMacu UUKK
3Heprusara alinaHagu. MacanaH, KyprowuHaad, MymaaH, nnactuivHOaH
Ba JIOgaH fcanraH wapnap ogarga TyKHawraHnapugaH KemuH
Svpnawmb AxaMT XUCM Kabu XapakatnapuHu gasoM 3aTTupagunap.

TykHawyBAapHUHT  AHa 6up Typun 6OpKW, YHW coagJarvHa
«.alMWKOK TYyKHawyB [nOe6 wputunagu. byHaald TykHawys
KaliMWIKOKIMK [apaxacu xXuxaTuaaH MyTnak KalMWKOK Ba MyTnak
-I0KaMNLWIKOK TyKHallyBfap opanurugarv ypuHHW araniangu.

SHOM MyTNnakK KalWWKOK Ba MyT/NaK HOKaliWLWKOK TyKHallyBnapHu
anoxnpga Kypub umkamnmk. byHaa acocuii Macana  XUCMAAPHWUHT
rykHawuwnaaH asBairy Te3NUKIapWHU 6uaraH xonga TyKHawuwAaaH
(y3apo TabcupnawmwgaH) KelnH ynapHUHE Te3NMKNapuHN aHUKNnawgaH
popatr 6ynagn. Okopuga anTunraHugek, 6y epga MMMOynbC Ba
XEPTUAHUHI CaKnaHWLW KOHyHNnapuaaH doliganaHunagw.

8.2-3. MYT/IAK KAMMIWKOK TYKHALLYB

Bns mMyTnak KaliWWKOK LWapfapHUHI MapKasuil  ypunmwnapuHm
praHnw 6unaH 4erapanaHamus. by xonga wapnapHUHr W Ba y2
We3/IMKIapPU  YNIapHUHE  MapKasnapuHu TyTalWwTUPyBYM TYrpu  4YmM3nk
>yiinmda  MyHanradH 6ynagu. LWyHWMHr yuyyH OyHpali TyKHawysnap
ypunuwnap) mapkasuii Tyk,HawyB pgeinnagn. Maccanapy mi Ba T 2,
e3InMKiapu Moc pasmwaa viea n26ynrad wapnap (8.1, a- paem), myTnak
«alNLWKOK TYKHALUEeWH; yapHUHI TyKHalyBAaH KeWNHIV Te3NUKIapuHn
11, B-pacmpa KypcatuwiraHuaek, Moc pasiwpga W\ Ba M2 6unaH
>enrvnaiinmk. MyTnak KalMWKOK TyKHawysAa TusnM (TYKHallyBuYun
vapnap) MMMY/AbCUHUHI Ba SHEPTUSHUHI CaK/aHWLW KOHYyHMapu 6axapu-
Ban. Okopupgarn 6enrmnawnapra kKypa 6y KOHyHAapHU Kyhugaruya
3amMus:

MW + m2u2= mi«i-fmauz (8.1)



81l-pacwm

TykHawysnap Mapkasuii 6ynraHnurn Tydahnm Te3Nuk BeKTopiapu
WapapHUHI MapKasnapugaH yTyBUYM TYyrpyu 4Yu3uK Oyinab MyHanraH.
LWYyHUHr yuyyH (8.1) TEHrNMKHU CcKansp Kypumuwpga é3amus (Kapama-
Kapwuy WyHanuiwnap Y4Y4yH Maskyp Te3/IMKIapHUHI uwopanapuruHa
y3rapagu). (8.1) Ba (8.2) udoganapHM Moc pasuwga
T\ —wn\) =T 2(M2—YT), (8.3)
W\(y? —bI?) — T 2(n2—y?2) (8.4)
KypUHMWAA €31 MYMKUH Ba HUXOAT OXMPru opmynaHu
T, (Y, —n,) Y1+ ui) = T 2(M2—Vv2) (u2+ v2
waknga é3mb, YHUHr (8.3) TeHrnmMkka HucbaTuHU oJicak:

Y|+u| = b2+ Y2 (8.5)
kenu6 ynkagun. lWapnap TykHawraHgaH KelvH ynap apuwiraH tesnnknap
(«I Ba n2) HU aHuMkKNaknuk. ByHWMHr yuyH (8.5) wndogmaHm T 2 ra
Kynantupamma:

mav/|+ 7 A = T 12 m2/ 2\

Oy onuHraH HatwkaHu (8.3) gaH aivpcak, GUPUHYM LLHAPHUHI TyKHa-
WwyBAaH KEeMUHrn Te3nurun
2m2v2+ (mi-nb)vl

vi= T|4-72 ©-5)

oynagn. Xyaaoun WyHUHrAeKk, (8.5) wudomaHn T \ ra Kynantmpumo,
KynahTmaHu (8.3) paH alimpcak, MWKKMHYM LAapHUHI TyKHawyBsAaH
KEMWHIN TE3NUIN YUyH

2 mivt+ {m2-m l)v2
n2= Y —— (0-7)

ra ara 6ynammni. KypuHu6 TYypunbamkmu, ni Ba W2 nap YydyH TonwuaraH
ndoganapHuHr 6up-6upnaaH apkm T Ba y KaTTanvknapgaru nHgekcnap
(1 Ba 2) ypuvHAapuHUHI anmawuwungaH mbopar.

ONuHraH HaTtwxkanapHM TalKUH KWW  yd4yH 6ab3m  Xycycui
XONnapHU Kypmbé 4unkamnuk:

1 TykHawyBYM LWAPMaPHUHT Maccanapu TeHr 6yncuH (T\ =T 2.
Y xonpa (8.6) Ba (8.7) gaH KypuHuwwnya, bl|=Yr 6ynagu: maccanapwu
6up xun 6ynraH wapnap TyKHawraHAa, yaapHUHr akat Tes3nuknapu
anMawagn, SbHM OUPMHYM Wap TyKHawyBAaH KeWNH W2 Te3nuK 6unaH,
MKKMHYM Wwap 3aca W Te3nuk 6uvnaH XapakaTtnaHagw.

2. TeHr maccanu wapnapHUHr 6Upy TyKHaLWryHra Kkagap TUHY Typrax
OyncuH, AbHU T\ —T 2 Yr=0 (8.2, a- paem). Y Xonga okopugarm WnUKKu
dopmynagaH KypuHaguku, bl|=0, wur= Y1 6ynagn, SbHUW ypuauwaaH
KEMNH BMPUHYM Wwap TyxTab konagu (8.2, 6-pacm), MKKMHYM Wwap aca N\
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Te3nuk 6unaH yuwa hyHanuwaa
xapakatra kenaanm  (6unbspg,
ylimHuga 6y xoamca SIKKON HaMo-
*TITTTTTINTTTTT77777TTT77777777 - 81 Gynagn).
3. Arap Tn=> 12 Ba VA=
= 0 6ynca, AbHU TyXxTab TypraH
T 2 mMaccanu wapra maccacm T\

W 7ITTITITIITIIII, v77///7z 6ynraH wap M\ Te3nuk 6unaH
6 6opn6 ypunca (8.3,a-paem),
'paem tokopugaru copmynanap
(T, — T2y, 21,y.
n,= Ba n2= (8.8)
/M +w2 T, 4-nun.

CYPVHULLIHW  Ofladn, YpUAUWAGaH KeuvHrnm Tes3inknap 3aca  wapniap
naccanapuvHuMHr Hucbarura 6ornmk 6Gynagn. Ypunuw  HaTuxacupga
5MpuHUM Wwap y3MHWHI TyKHawuura kagap éynraH tesnurura HucbaTtaH
(MYMKPOK «| Te3NuK 6unaH aBBa/rnM KyHanuwga XapakaTUHW [aBOM
aTTMpagn. WIKKMHYM wap OMpUHYM  WapHUHI  ypunavwrada O6ynraH
resnurnra HucbataH KaTTapokK Te3NuMK 6unaH OUPUHYM  LLIAPHUHT
MyHanuwmnaa xapakatra kenagn (8.3, 6-pacm).

T, _ —
(Pb K -~ V,=0 n.

84pacm

4, Maccacn KWUYMKPOK 6ynraH wap TUMHY TypraH maccacu KaTtTapok
wapra 6opubd YypuU.KHH (abliw T\>T2 Ba Yy2=0; 84,a- paem).
Mr>KnawnwaaH KennH OGUPUHYM Wwap Teckapu MWyHanuwaa W\ Te3nuk
3unaH («|<Y|) xapakaTnaHagn, WKKUHYM LWap OUPUHYN LIAPHUHT
rykHawryHra kagap 6ynraH WyHanuwuga u2 Te3numk 6unaH (U2< vi)
K,apakaT kKuna Gownagn (8.4, 6-pacm).

5. Arap TuHY TypraH wapHuUHr maccacu (T 2) 60pub ypunaérraH
WapHUHI Maccacn (mi) ra HucbataH Xypaa kKatra, AsbHU M~ mi 6ynca,
(8.8) wndopara kypa:

21, Y
Ul= — By, n2= - :0

Synagu. byHAaih xon MyTnak KaliMlKoK Lap KaTTUK Aesopra (4eBOpHU
Maccacu Ba paZvMycu TFOsiT KatTa wap Ae6 Kapaw MyMKWH) ypuaraHga
Ky3aTunagu, SbHU GUPUHUM Wap ypunuwra kagap 6ynraH Y3uHUHT
re3nMru 6unaH Teckapu TOMOHra kaltagu.
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835- MYTJIAK HOKANNLWKOK TYKHALLYB

lOkopuga Kypub yTuaraHugek, mMyTnak HOKalMWKOK TyKHawyBAa
TYKHaLWyBYM XNCMNAP KUHETUK 3HEPTUSACUHUHI 6UP KUCMKU EKM XaMmacwu
WYKN 3Heprusara (MCCUKNUKKA) anaHagu. Maskyp xapaéHpga 6up
XXUCMHUHT  WYKN  3IHEPTUACU WUKKMHYM XKUCMHUHE  WYKM  3HEepruscura
alinaHnwmn xam MyMKUH. KWHETUK 3HEepPrusHUHI KaH4ya KUCMU  UYKK
sHepruara ahnaHnwm TyKHaLWYyBYM XUCMIAPHUHT y3ura xoc Xycycuarna-
pura 6ornnk. MyTnak HOKaiMWKOK TYKHaLWYB HaTuxacuaa TYKHawWwyBun
MKKana Xxmcm bupnawmnb, 6utTa XXMcm kabwu xapakatnaHagu. Maccanapu
T | Ba T 26ynraH wWapnapHWHI TyKHaWryHra kagap Tesnvknapum u, sa v2
bynca (8.5, a-pacm), UKKUTa xucmgaH moéopar 6y TM3UM TyKHallyB/AaH
KeMnH ni[-\-T2 maccanm 6uTTa XWUCM Kabwu wn Te3nuk 6unaH Xxapakar
knnagn (8.5, 6-pacm). Maskyp TU3UM Y4YyH WMMYNAbCHUHI CaKIaHULL
KOHYHW, paBLUaHKW, Kyhungarnya é3nnagu:

/,

a 6 n
85-pacwm

MW -\-m2/2= (T\-\-mi)u.
By TeHrnuknappaH TUSUMHWHI TYKHallyBAAH KeWVHIU Te3nurm

mivt HH\V-2 (8.9)

aKaHNuUru kenub unkaau. TykKHalwysra kagap wapnap 6up-6upura TOMOH
MyHanvwpaa xapakatga 6yncanap, TyKHawraHgaH KelnH ynap UMMynbeu
KatTa 6ynraH LWapHUHI MMNYAbC BEKTOPU MHyHanmwmnaa 6uTta (AbHM
AXNNT) XUCM Kabu xapakaTHM p[JaBoMm aTTupagunap (8.5,6-pacm).
TyKHalWryHra kagap wapnap 6up-éupura kapab MyHanraH Ba ynapHUHI
uMnynbcnapm ysapo TeHr (T i?%i = —m2/2) 6ynca, OXMPrn TEHruKKa
Kypa n—O0 6ynagn. bowkaua aliTraHga, wapnap TyKHawyBAaH CyHr
XapakaTnapuHu gasom aTTupmaigunap (8.5, e-pacm). By xonga ukkuta
WwapgaH nébpart TM3UMHUHI KMHETUK 3HEPTUACU TY/IMTNYa UYKN 3Heprusara
(nccuknukK aHepruscura) annaHagn. by HaTmka anemeHTap 3appa-
NapHWHI y3apo Tabcupu Tydannam aHrm cudpatra ara 6ynraH 3appanap
Xocun 6ynuwuvaga Myxumm axamusaT kac6 atagum (8.5-8 ra k.).

SHOM MYyTNnaK HOKaMWWKOK TYKHalWyB >XapaéHupa wapnapHUHT
TYINK 3HEPruacu KaHgah ysrapuwnHU aHuWKnainuk. byHaal TykHa-
wyBAa 3HEpPrusHUHr 6up KMCMK Ekn XamMmmacu TyKHallyBuu LapnapaH
néopar TU3MMHUHI WYKU 3Hepruscura (MCCUKAIUK 3Hepruscura) aiinaH-
raHnurn  Tydanam  MexaHUKaBUiA  3HEPrUSHWUHI  cakNaHULW  KOHYHW
6axapunmacnurun ys-ysmgaH paswaHamp. XakmkataH xam TyKHalysra
Kajap LwapnapHUHT TY/IMK KUHETUK 3HEPruacu:

£Kk= 2-7%0?+ jrn i (8.10)
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YKHAWyBAAH CYHI TU3UM SIX/IUT XXWUCM Tap3uaa W Te3nuk 6unad
.apakatnaHraHnuru Tygainm yHUHT KUHETUK 3Heprusicu

£'K=y(/ni + m2u-

>ynagn. (8.9) wdogaHu abTubopra onmb, 6y dopmynaHm Kyhnparmya
mEAMU3:
, (Tpy,+ 1222
E-——2<T,+Tr> = 18111

YKHallyB >kapaéHnaa 3HEepPrusHUHr KaHya KUCMW WYKU 3Hepruara
(MnaHraHNUrMHW aHuknaw yvyH (8.10) ndopagaH (8.11) HM aipamms:

1 9.1 9 (mlyl + m2y2>2
2 2(T, +T12

1 LWfb n
-y

T XU,
3y udopgamarn —-----— HUC6aT WapnapHUHF KENTUPUN TaH Macca-
721-f- Wg
‘N pgevnagw Ba U opkanu GenrvunaHaan; W\ — u2 alimpma aca Lapnap-
<VHI TyKHawyBra kagap 6ynraH Hucébuii TesnuknapuHu udoaanainan.
Maskyp 6enrunawnapra Kypa oxXvpru TeHIIMKHU Kyiuaarndya é3ammus:

Ek-£'=y My, - y2)2 (8.12)

Llemak, MKKMTa MyT/laK HOKalMWKOK LIapPHMHI TyKHalyBU >XapaéHuaa
rM3VM KVMHETUK 3HEPrusiCUHUHT Kamalinlin KenTUPUAraH MacCaHuHT
HUCOWI Te3NWK KBaApaTura KynanTMacUHUHI SpMUra TeHr.

MupoBapAvAa WyHN Tabkuanall f03MMKNU, HOKaMMLLKOK TyKHalwyBsaa
rM3UM KVHETUK 3HEPTUSCMHUHI WYKW 3Heprusira ainaHuw >kapaéHu Ba
aKCVHYa, WYKU 3SHEPIrUSHUHT KMHETUK 3Heprusra annaHuw XapaéHu
3fieMeHTap 3appanap, atoM Ba MOJIeKy/faflapHUHT y3apo TyKHalyBuaa
xamMaa sApo peakuusiapua Myxum YpUHHU arannangu.

8.4-%. MHEPLUA MAPKA3W BUJTAH BOT/TAHTAH CAHOK TU3UMU

dapas3 KMNamnmK, NKKUTa XMCM MyTNaK HOKaUWKOK TyKHawaéTraH
6yncuH Ba 6y TyKHaWyBHM Mapkasuii TyKHalyB nOeb xucobnamnuk.
TyKHawyB >kapaéHuHM Ky3ranmac ge6 xucobnaHraH K caHok Tusmmuga
Ky3aTcak, TyKHawyBAaH KeliMH Ma3Kyp MWKKU XuUcMm 6bupnawmb, 6mutTa
XUCM Kabn xapakatpa 6ynagnm Ba YHUHT Te3nuru (8.9) cdopmyna opkanm

ngoganaHagm:
- nmv,+ma2
mj|=n;
Kysranmac xmucobnaHraH K caHOK Tuanmun (9bHU Ep 6#naH éKU YHUHT

yctuga TypraH »>WUcM 6GunaH 6orfnaHraH caHoK TU3UMK)  KynuHYa
na6opaTtopus CaHOK TU3UMWU HOMU 6UNaH HPUTUIAAN.
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WNHepuma (macca) mapkasu 6unaH 60ornaHraH caHoK TM3MMKU Xakuaa
45-8 pa mMmynoxasa loputuaraH agum Ba 60WKa CaHOK TusMmnapuaaH
axpanub Typuwmn yuyyH 6y TsMMHu Af-TusMm ae6 ataraH 3guk. Maskyp
CaHOK TU3MMU >KUCMIAPHUHI TYyKHaWyYBWHU Tax/ua Kuauwaga adya
Kynavnumknapra ara. Af-TU3MMHUHI acocuii KynannuknapugaH 6upu
WyHaaH M6opaTKM, yHAA XUCMAAp VUMMYAbCAapUHUHT BEKTOP AUTMHANUCK
YNapHUHI y3apo Tabcupiawunwmra Kagap xam, TabcupnawiraHaad KeivH
Xam HOMra TeHr:

E€Kn
P\ m-\~on= p\+P2 + ——+Pn= 0.

ByHOa pi — TykHawyBra kagap, p' — TYKHawyBAaH KenH /->XUCMHUHT
UMMYSbCU. Y3apo TabCUMpAallyBUM WMKKW XUCM MUCONMAA MasKyp TEeHT/IMK

T i+ MBP= W'\ -~/M22=0

Tap3ga é3snnagun; 6y epoa W\, U2 — UKKA >KUCMHUHI TyKHaluWaaH
oNauHrn, W\, «2 — TyKHalWuwaaH KelvHru Tesnvknapu. MyTnak Hoka-
MNWKOK TyKHallyBAaH KEeWMWH WKKWM 3appa Xyaau 6utta (AXauT) 3appa
Kabu 1 Te3nnk OunaH XxapakaTtnaHraHamrnm Tydainm OxXuMprn TeHrnK
Kylingarnya ésmnagu:

NAN\-mel= (T\-\-T2)ii=Q
ByHoaH u= O 3skaHAUrM y3-y3ugaH paswaHaup: O6upnawraH WKKN
XUCMHUHT nHepums (Macca) mapkasu M-Tusmmpga TMH4Y xonatga éynagw,
BaxofnaHku, nabopartopusa CaHOK TuM3MMMAa MyTnakK HOKalnLWKOK
TyKHalWyBAaH KelvH MHepuuss MapKasWHUHI Te3/IMrMm Hoara TeHr amac,
YHUHI Te3nurn (a) wudgoga 6unaH aHuknaHagu.

8.5- 8& BYCATABUI 3HEPTUA.
PYMAPABVIM TYKHALLYBYN 3APPANIAP TE3/IATKUYJIAPU

lOkopuga (8.1-§ wap wakngarn >XUCMAAPHUHI TYKHaLWYyBUHU
Taxna KWnuwAaa OfIMHIaH HaTwkanap Xap KaH4am >XUCM  yuyH, LWy
XymnagaH 3appanap yyyH Xam ypuHnugup. Wy 6oucaaH cnvHraH ywa
HaTmkanapra acocnaHn6 Kyinga sappanapHUHI HOKaMMLWKOK TyKHally-
BU Xakupa Myrnoxasa toputamus. Mabnymkm ((8.12) wudopara K.),
HOKaMWWKOK TyKHawyBAa TyKHalwyBYW 3appanapgaH wnbopaT TU3MM
KUHETUK 3HEPTUACUHUHI 6up KucMKM  (MyalsiH Wwapoutga Xammacwu)
YNapHUHI WYKN 3Hepruscura (TUHY XonaTAarn sHepruscura) annaHagw
Ba aKCWHYa, TYKHaAWMWW XapaéHnga YNapHUHT WNYKN  3HEpPrusacu
3appanapHUHI KMHETUK 3Heprvacura amnaHuwm xXam MyMKWUH. Bolwkava
alitraHga, TyKHaWwWwuw >xapaéHmaa TyKHalwyBYM 3appasapHUHT KMHEeTUK
SHEPrusicn OwWuWmn €K Kamanuwm MyMKUH. HOKaMMWKOK TyKHalyB
KapaéHuga TyKHawyBYn 3appanap KMHETUK IHEPTUANapUHUHE y3rapuwim
opataa Q xaptm OunaH 6GenrnmnaHagu. TyKHawuWw  HaTuxacuga
TYKHalWyBYMN 3appasapHUHT YMyMWUA KUHETUK 3Hepruscu owca (AbHU
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) 6ynca) OyHAah HOKAMWLWIKOK TyKHalyB 3K30TEPMUK TyKHallyB
Jaan. PaBllaHKW, 3K30TEPMUK TyKHaWyBAa 3appaHuHr  UYKK
MACU XMCOBUTra YHUHT KMHETUK 3Heprusicn owagu. Maskyp xapaéH
IHr xap KaHgah Kuimatnapuga Xam amanra owuwn MYyMKWUH.
HVHI napyasaHuln 3K30TEPMUK XapaéHra mucon 6yna onaan, sbHU
anaHuWw  HaTmxkacmpa Xocwun O6ynraH 3appanapHUHr  KMHETUK
vanapun Honra TeHr (Q = 0) 6ynuwmn xXam MyMKWH.
/KHalWyB HaTmwkacuga sappanapHUHT YMYMUA KNWHETUK 3Heprusnapu
tica (abHM Q< 0 6ynca) OyHAalh HOKaMWUIWIKOK TyKHallyB
€pMUK TyKHaWwyB pdenvnagn. [emak, 3HOOTEPMUMK TyKHawyspaa
aNapHUHI KUHETUK 3Heprusnapu Xxmcobura ynapHUHT WYKU 3HEprus-
owaan. HoKaMMWKOK TyKHalWyB XapaéHuga W4KN 3SHEPrUsHUHT
ih 3appanap XyCyCUATNapWHWHI Yy3rapuvwura onmé kenagu: 6uvp
51 3appa WKKUHYM Typgaru 3appara (AaHru 3appara) annaHuwm
WH. HOKaMnWKOK TyKHalyBAa 3appanapHUHT 61Mp TypAaH MKKUHYM
| alinaHnLWM YYYH YHUHT MYKW 3HEPruacu MyaisiH MUKAOPra OwunLn
N Maskyp 3SHeprusHuHr MuUKAOPW 3appaHuHr y3 XycycuaTiapura
1K 6ynnb, y 1Q1 gaH kam 6ynmacninru kepak. by aHeprus mmkaoopm
aBuiA aHeprusa geb atanagn. 3appanap 6up TypAaH MKKMHYM Typra
HaéTraH Oynca, Maskyp >kapaéHfa kaHganaup peakums cogup
ANTn gemakaup. Wy 6oucgaH 6ycaraBuini aHeprmua KynuMHYya peakums
macu  (peakuymsa coamp 6ynuwimn yuyyH 3apyp 6ynraH aHeprusa) pae6
aranagu.
aHpaan wapTnap 6axapunraHga mMasKyp >XapaéH amanra OWwunHN
nainuk. BYHWHT ydyyH 3appanap TyKHawyBUHU M-Tusnmaa mMyxoka-
TUW Makcaara MyBOPUKAMD, UYYHKU 6y Tusnmaa 3appasapHUHT
awryHra kagap OynraH TynuMK KUHETMK 3Hepruacu 6Gycarasuii
'nagaH kam 6ynimacnuruv nosmm, SbHM EKAN\Q\ wapTtn 6axapunmwmn
K £k= |Q| 6ynraHga, TU3UM KWUHETUK 3IHEPrUACUHUHI XamMmacu
aNnapHUWHI WYKM 3HEpPruscuHM owwupuwra capd 6ynagu. by wapT
tunraHga, M-TnanmMaa TyKHalWW HaTmxacumpa 3appanap TyxTtab
on. bowkaya ainTraHga, 3appanap KWHETUK 3HeprMUIapuHUHL
acu peakuusHM amanra owwupwuwra capd oynuwmn kepak. B\nuHr
3appanap MMMyNbCAapuHUHE BEKTOP WUIMHOMCK HOKaWULKOK
awysfaH anavH Ba YHAAH KeliMH Honra TeHr 6ynuwmn Tanab
Hagn. by wapT aca dhakaT vHepuma Mapkasn 6unaH 60rnMK caHok
w  (Af-Tmamm) parvHa amanra owagu. Jlabopatopus caHOK
mnga aca TYKHaWyBYM 3appanap KWUHETUK 3HepPrusnapuHuHL
[acvHM  ynapHUHr wWYykn 3Hepruscura amnaHTMpUW MYMKWUH 3Mac.
N HOKalWWKOK TyKHawyBAaH KenH uHepums (Macca) mapkasm-
xapakatm 6wunaH 60rnuMk 6ynraH KUHETUK 3Heprus peakuysaHu
ra owmpuwaa wTUpPokK aTManan. bowkaya antraHga, nabopartopus
KTn3nMmumaa (MMMyAbCHUHICAKAaHULW KOHYHUra Kypa) TYyKHawryH-
3gap 6ynraH 3appanap MMMynbCAapUHWUHE BEKTOP WUrMHAMCKA ynap
awraHgaH KelivH xam y3rapmai KONuwu Kepak.
appanapHVMHI HOKaMMWWKOK TyKHalWyBuaa peakuusHn amanra
33U YYyH, opartpa, TesnatwuaraH 3appanap TWHY TypraH 3appara
WoHra) WyHantupunagn. by xanga TesnatunraH 3appanapHUHT
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SHEpPrusicn TUHY TypraH 3appanapHukura HucbaraH, sbHU nabopaTopus
CaHOK Tuammura HucbaTaH aHuKNaHagn. HOKaMMWKOK TyKHallyB
HaTmxacuga 3appanap KUHETUK SHEePrusanapuHUHE WYKU  3Heprusara
alinaHuw >xapaéHMHU AXWNPOK TacaBBYpP KWW YYYH WUKKN NPOTOHHWUHI
y3apo TYKHalyBUHW 0nMbG Kapaiank Ba nabopatopus caHOK TU3MMUAa
TWHY TypraH NpoToHra (HWULWOoHra) TesnaTuaraH NPoToH 6opmb ypunraHga
SHEPIrUAHUHI KaH4ya KUCMW YNapHWHE WYKW 3Heprmacura ainaHuwunHu
(peakumaHn amanra owwmpuwra capd 6ynnwmnHM) aHuknannmk. byHpaa
MKKW XONIHN — KUYMK Te3nuknap (a<Cc) 6unaH 60rnmMkK aHeprusa coxa-
CVHM Ba KaTTa Te3nmknap 6unaH 60rnmMK sHeprusa coxXacvHu anoxmga-ano-
xmpa Kapab u4nmkamnuk:

A. Knunk Tesnuknapga TyKHalwyBYM 3appaiapHUHT KMHETUK 3HEprus-
napun NPOTOHHUHI TUHY XonaTharn NYkm aHeprmacy (T pc2) ra HucbaTtaH
Xyda KWYMK  3KaHNurm  y3-y3mgaH aéd. LWy 6oucaaH >kapaéHHu
MyTakabobun (knaccuk) @Qusnka HyKTaum HazapuaaH Kapab umkul
MYMKMH. JlabopaTopusa CaHOK Tum3nMmga Vv TesnMKKaya TesnaTuiraH
MPOTOH TWHY TypraH MNPOTOHra 6opmb6 ypunraHga TyKHawyB4Yn 3appa-
napgaH mnéopar TUBUMHUHI TY/JIMK KUHETUK 3HEPrusacu:

=y wn2 (8.13)

(E — nabopatopus caHOK Tum3aMugarn KuUHeTUK 3Heprud). Hoka-
MNWKOK TyKHallyBAaH KeMWH WHepuMs MapKasvHWHE Te3Nuru HongaH
hapknun éynraHnmrn tygainm (8.13) kypuHuwpa ngoaanaHraH sHeprums-
HVHI XaMmacu 3appanapHUHI UWYKM 3Hepruscura ahnaHmamgn — 6y
SHEPIUAHUHI 6GUP KUCMW UHEepuMs MapKasvHUHE XapakaT 3Hepruscu
0ynné konagu. Maskyp 3HEPruMAHWHI KaH4ya KUCMW peakuusHW amasnra
owvpuwaa UWTUPOK 3TMAcUIMHU (MYKM 3Heprusara anaHMacianrmnHm)
aHuKnaw mMmak,cagnga HOKaMWLWIKOK TyKHawyB >xapaéHuHu Af-tmsmvpa
oMb  kKapaihnuk. Okopuga Tabkugnab yTtraHuMmusgek, 6y caHokK
TU3MMmga 3appanap KMHETUK 3HEePrusnapuHUHE XxaMMacu yNapHUHT UYKW
SHEPIrUACUHM owmnpuwra capd 6ynmwm MymMKUH. Maskyp TusMmaa TUHY

TypraH NPOTOHHUHI MHEPLUWNA MapKasura HucbataH Te3NUrn— ~ v ra

TEHr; yHra 60pv6 ypuayBuM MPOTOHHUHI TE3/IUTU 3ca ~ V ra TeHr;

Af- TU3UMAA YMYyMUIA KUHETUK 3HEPrus TYKHaLlyBYM MPOTOHMAP KUHETMK
3HEPrUsNapUHUHT AnrnHoucuagad néopar:

EK«=y /8,(y)2+y ™, (y ¥)2=y (8.14)

(Em — 3appanapHuUHr Af-tmsmmpgarn KMHeETUK aHepruanapu). (8.13) Ba
(8.14) TeHrnukNapAaH KypuHaguku, 3appanapHUHr nabopatopusi caHOK
TM3NMUOarn KMHeTUK 3Heprusnapu Af- Tmammpgarn KUHETUK 3Heprusra
HucbataH MKKU MapTa Kyn, abHU nabopatopusa caHOK Tusummra HucbartaH
TesnatunaraH NPOTOH KUHETUK SHEPruACUHUHI dakaT fpMu TyKHallyBuun
NPOTOHMAPHUHT MYKW 3HEPIUMACMHU olmpuwra capg O6ynuwm MyMKWUH;
IHEPIUAHUHI KOJIFaH KUCMU WHEepuus MapKasuMHUHI Xapakatura capd
6ynagn.
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SHAM TUHY TypraH MNpoTOHra KarTa Te3/IMKKa ara 6ynraH npoToH

ypunraHga KUHETUK 3HEePrusHUHI KaHya KUCMW TYKHaLlyBYWn
NapHUHI VYK 3Heprmsacura ahnaHuwuHu  kapab  uumkannuk.
TaH, Te3naTuaraH MNPOTOHHUHI KWHETUK 3HEePruacu YHWHT TUHY
[arv n4ku aHeprusacn (T [x2) gaH katTa 6yncuH. Y xonga okopuja
puiraH ((7.58) wudopara K.) penaTus 3appanapHUHr  TYNuUK
Jacu (E) Ba mmnynbcu (p)HU y3apo 60rnoBunm mMyHocabat

£? —p’c®= m’e¢' = inv
[loiganaHamun3. By TeHrnAMk 6uMp WHepuuvan CcaHOoK Tu3MMugaH
yncura yTraHga ysrapmangv, AsbHM Maskyp TeHrMK nabopaTtopus
T™m3umun (Knckada J1) pgaH Af-tmsummra (kmckava Al) ytraHga 6up
ypuHuwra ara, sbHU uHBapvaHTavp. lyHpaal kmnmb, okopuparu
K HWWOH TOMOHra WyHanTUpwuaraH MpoTOH Y4yH KyhAugarm
vwira ara 6ynaaw:

(8.15)

3aTopus TM3MMmMAa TMHY TypraH NPOTOHHUHT TY/IMK 3HEPTUACUHN E 2,
bCVHU p2opKanu 6enrvnnad, NKKMTa NpPoToHAaH nbéopart TU3UM YUyH
ngoaaHn

E, +E22- (p, +p2Xx2In= f(E. + E2)2- (p, +p2X2m (8.16)
a é3amni. Tabvpudra kypa /14-tusmvpa pi+ p 2= 0. labopatopus
TU3MMMAa UKKMHYM NPOTOH Ky3rasnmac 6ynraHnuru cababnm yHUHr

lacu dakaT TUHY Xxonatgarv (SbHW KWUYMK) 3HeprusgaH wnbopat
, UMNY/IbCU 3ca HOMra TeHr:

E2= T @2 p2= 0. (8.17)

opmynaga E\ -t-£2= £« — Af-Tmaumpa wuvkkana MNPOTOHHUHI
aHepruacn. BuHobGapuH, (8.17) HM Hasappa TyTub, (8.16) Hu
armya ésamus:

f(E, + T.c2)2—rfc2\=EM

[(f~-rfc2) + 2£Impc2+ MA4].1= " M

ia KNUMK KaBC numpaarn ugona T B4ra TeHr 3KaHNUTUHK 3bTU6opra
oxXvpru hopmMynaHu

2T pc2(E 1+ T pen);l= E 2,

vwaa €3 MyMKuH; 6yHaa E\ -\-tpc2= E Th — nabopatopus caHOK
noa WKKana MPOTOHHUHI TYy/AUK 3HEePruacuHM udoganaraHinrm
m

a 6ynamns; 6y wudopanaH naboparopus TUIMMUOA UKKana
THUHT TYNNK 3HEPIrUAcU YuyH

(8.18)



ra ara 6ynammni. (8.18) Huc6aTHM aHUKNawWw Y4yyH MPOTOHHUHI TUHY

xonargarn 3aHepruscu T 2 HU Xucobnainuk. Mabnymku, T p= 1,67X

X KO~2Z kr, c=3-108 m/c. TeanaTwiaraH Ba TWHY Xonargarun 3appa-

NapHUHT 3Heprusanapn oaarna aN1ekTPoHBOMLT (3B) nappaa wudoganaHaaun.

1 3B — 3apaawn anekTpoH 3apsaura TeHr 6ynraH 3appaHu noTeHumannap

thapkn «l —«2=1 BonbT (B) 6yaraH maligoHga Te3naTunraHaa,

y apuvLUraH aHepruara TeHr. 3/1eKTPoH 3apsagn e = 1,6-10“ 1OkynoHra TeHr

oynraHnurn yuyyH 1 sB=e(bl, —bi2)= 1,6-10-19 Kn-1 B= 16 m10~©
X 6ynagu. Yy xonga /n,c2=1,67 < 10-27-(3-1082=1,50 «l0~10
XX«0,938-1093B«109 3B.

AliTannnk, peakuus amanra owmwun yyyH M-caHOK TuauMmuga Tesna-
TUATaH MPOTOHHWHI TYNWK 3Heprusicm 10 3B ra TeHr 6ynuwun Tanab
KWIVHCYH. JlabopaTopusa CaHOK TU3nMuaa MPOTOH KaHaalh sHeprusara-
Ya Te3naTWuINWKN KepakIUrvHu aHuknannuk. (8.18) copmynara T pc2=
= 109 3B Ba £,mM= (HO|0)2= O 3B kuiMaTIapHK KyWicak,

£Tn« ~”~r1r=5-10 |0O3B

oy.' |am. Odemak, mHepums (Macca) Mapkasnm 6unaH 6ornaHraH caHok
TnauMmnga npotoHnap 010 3B ra TeHr 3Heprusra spuwnLLNEpU Y4yH
nabopatopus CcaHOK Tu3MMuga ynapHm 5 mapTta KaTTta aHeprusarada
Tesnartuw no3um 6ynaau, SbHU Te3NatkUYHUHE dorgan nw kosdduum-
eHT 0,2 ra TeHr 6ynagwu.

Makcagra Kypa snabopatopusi CaHOK TM3MMMAA WMKOH Kajap Kam
sHeprus captnab 3appanapHUHI 3HEPrUACUHM WYy Kagap OwWWpuLL
Kepakku, HaTmkaga AHru 3appanap xocun 6yncuH. ByHra xap ukkana
TYKHallyBYM 3appaHn XapakaTra Kentupuw 6unaH spulimil MyMKUH. by
ycyn pynapaBuii  TyKHallyBYM 3appanap pgactacum (Hypu) Xocun
KWIWHaauraH TesnaTkuunapga amanra owupunagn. Xo3uvpru 3aMoH
Tesnatknynapuga 3appanap gacracu (3appanappgaH méopar HYp)HWUHT
Xap 6Upn MKKMHYNCK TOM OH MyHanTupunagu. Maskyp ycyn KynnaHraHaa,
6up xun umnynbcra ara 6ynraH 3appanapHUHr Xap 6MpU MKKMHYMCK
TOMOH MyHanTupunubé, ynap MKKuTa Tes3naTkKUYHUHI ypTacugaru asoga
TyKHawaaunap. by xonga TykHalyBYN 3appanapHUHT MHepLus Mapkasu
nabopatopus caHOK TU3MMUra HucbaTaH xapakaTcm3 6ynaan. bowkauya
alitTraHpga, nabopatopums CaHOK TU3UMW 3appanap MWHepums Mapkasu
6unaH 6ornaHraH caHok Tu3MMuM 6ynm6 konagu. Maskyp ycyn 6unad
3appanap TyKHalWyBM amanra owuvpwuiraHga TykKHawysAaH CyHr
3appanap MHepums MapkasuHUHI XapakaTtura aHeprus capd 6ynmaiigu.

Xo3uprn 3amMoH Tesnatkumynapun anemeHtap 3appanapHu 10123B rava
Tesnatuw  UMKOHuATUra 3ra. KaTtTa Tesnuknapraya TesnaTuarad
3appanap HuUWoHra 6opub ypuaraHga tabumnii WwapovTnapga yypamanan-
raH sHrM 3appasnap xocun 6ynagu. AHrM 3appanapHu XOCWUa KuUauwpaa,
loKopuga anTunraHugek, pynapasvii TyKHallyBYM 3appanap jgacrtacu
XOCWUN  KWAWHaAuraH Kypwuamanap aHMaruHa YCTyHAuknapra ara.
PynapaBuii TykHawyBYM 3appanap gactacu ycynum acavga Kyhngaruya
amajnra owumpunagun: yypawysuwn 3appanap gactacu (Hypu) HUHT 6upwn
Tesnarknyga Katta Te3nimknaprada TesnatunraHgaH KemmH Kyyam MarHuT
MaldoHra kKupmtunagu. Maskyp MaligoHga 3appanapra MarHuT  Kyd
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JlopeHy, Kyun) Tabcup atagn. By Kyd, MablyMKu, 3appanapHUHT akaT
.apakat WyHanuMWMHUIMHa Yy3raptTupuo, Te3NUrvHU (3HEePrUsicCUHN)
3raptupmangn. HaTtmxafa 3appanap pgactacy ainaHma wakngaru
paekTopua 6ylina6 xapakaTnaHagu. 3appanap XapakaTuHU MasKyp
paekTopus Oyinab y30K BakKT caknab Typuw MyMKUH. MarHut
miiJoHAa XapakaTnaHaéTraH 3appanapHUHIE Te3nmknapura TeHr Te3nmnk-
aya TesnatuaraH sHa 6up 3appanap AgactacM MarHuT MaigoHaarv
appanap 6unaH kapama-Kapuwu MyHanmwga TykHawTmpunaan. Pynapa-
WA TyKHalWyBYM 3appasap pgactacu «b6eroHa» aTom Ba Mosiekynanap
WwnaH TyKHaWMac/AUrKn  YYyH KypunaMaga HKopyu BaKyyM  Xocun
WInHagm.

8.6-$. AHTUMPOTOH *OCUN BYNUWWHUHT B9CATABUN 3HEPTUACHK

MabnymMKKU, NMPOTOH — BOAOPOL, aTOMUHUHI AAPOCUHU TallKWU 3TyBUM
|ycbatr 3apsgnu (3apsagun -}e= 1610 O Kn, maccacm 17,=1,67X
<10~Z kr) anemeHTap 3appagup. AHTUNPOTOH 3ca NPOTOHAAH dakart
apagvHUHE nwopacn (—e) 6unaH apk Kunagu. Xo3upru BakTaa
Javnym 6ynraH xap Ouvp 3nemeHTap 3appaHuHr aHTu3appacu aHuK-
[aHraH. MacanaH, 3NeKTPOH-MO3UTPOH, HEWTPOH-aHTUHEWTPOH, HelTpu-
HO-aHTUHENTPMHO Ba 6OOWK. AHTM3appa oJarAa yHra MOC KefyBuun
appaHun udgopgananauraH xapd 6unaH 6enrmnaHub, ywa XapgHUHT
cTura umsmkya Kyinnagu (macanaH p — MPOTOHHWU, P — aHTUMPOTOHHU
|dbopananan).

BupnHun wmapta 6,3= 109 3B rauva TesnatwaraH npoToOHAapP MUC
JwoHra 6opmb ypunraHga Xy@pT 3appanap — NPOTOH Ba aHTUMNPOTOH
.0CU BYNNWIK Ky3aTuaraH. AHTUMNPOTOHHUHI XOCun 6ynuwl peakuuacu
;ylimgarnya ésmnagu:

P+P—P+P + (P+P)-

>y dopmMmynagaH KypuHulinya, 6up-6upm 6unaH TYKHalyBUYM UKKU
[poTOH 6unaH 6up KaTopga peakuus HaTmxacuga HUWOHAAH fAHa
POTOH-aHTUMNPOTOH XydhTN axpannbd umkagu. Xocwun OynraH MpoTOH-
WTMAPOTOH XydTuaarn 3apaanapHuUHr anreébpank AMrMHANCA HOMra TeHT
a O6uHOGapuH, 6y epga 3apagnapHUHE CakKNaHUW  KOHYHU  Xam
‘axapunaan. AHTUNPOTOH Ba NPOTOHAAH TalKapu 6Up BaKTHUHT y3uja
Ha MKKUTa MNPOTOH XOCW/1 O6ynuwin — 3apsagnap caknaHull KOHYHUHUHT
aMOéH Oynnumnavp.

Ma3Kkyp peakuusHW amanra owuvpuwl yyyH 3apyp 6ynraH 6ycaraBuii
HEPruUsHW aHukKnamnmk. Xocwun 6ynraH MAPOTOH Ba AHTUNPOTOHHUHI
laccanapun y3apo TeHr 6ynraHaurun Tydainu ynapHUHI TUHY XonaTaaru
Heprvanapu 27 pc2ra TeHr. BuHobapuH, peakuusa amanra OwuWWKn Y4YyH
Hepuua (macca) Mapkasu caHokK Tusummn (/UI-TMamm) pa  y3apo
YKHaLWYBYN MPOTOHNAPHMHI KWHETUK 3Hepruanapu 2T pc2 gaH Kam
ynMmacnmru nosum. byHaaH Tawkapu, 6y 3sHeprusra faHa TyKHalyBYM
POTOHNAPHUHI Xap OGUPUMHWHI TUHY Xonatgarn 3Heprusnapu T 2 xXam
ywnnagn. WyHpan knnnb, Af-travmga TynmMK aHeprus

E,bF 4Tpc2 (8.19)
aH kam 6ynmacnuru 3sapyp.
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3Han, Af-caHok Tusnmmnaa (8.19) copmyna opkanau akc aTTupunraH
3HeprusHM nabopatopus caHOK TunmMmaa ugoganaiimk. (8.1) ra acocaH

£, £

(8,20)
27 pd 21p<

6ynagn; 6yHaa 2T pc2— TYKHaWyBYM WKKU MPOTOHHUHI TUHY Xonartparu
3HEpPrusacuHN Ba 6T [X2— YNapHUHI KUHETUK SHEPTUACUHWN TallKWUN 3Taguq.
Jemak, npPOTOH-aHTUAPOTOH J>KYPTUHUHI Xocmn 6ynuw  6ycarasuii
sHeprusicn (MabNyMKW, MPOTOH Y4YyH T pc2= 0,94ml0i 3B)

6 T2« 60,94 «109 3B = 5,64 =109 3B = 5,64 3B

oynnwn Kepak. XucobnawgaH ofvHraH 6y HaTtuxa TesnatuaraH npoToH
TUHY TypraH fiKKa MNporoH 6wunaH TyKHawraH Xon yyyH Tyrpnauvp. Arap
Tesnatknyga TesnatwiaraH MNPOTOH TWHY TypraH fKKa nNpoTOH 6wunaH
TyKHawmMacgaH sSxamT MucgaH mbopaT HuwoHra 6opub ypunaétraHuHm
(BbHM MPOTOH-HULWIOH AP0 6unaH 6ornaHraHIUrvHK) abTUbOpra oscak,
NPOTOH-AaHTUMNPOTOH XYy(TN xocun G6ynuwl GycaraBuini sHeprusicn Kamas-
On. XakukartaH, Taxpubaga KysaTuamwimnya, npoToH-aHTUMPOTOH XYy Tu-
HUHI Xocun 6ynuw 6ycarasnii aHeprusicn 4,4-10" 3B HW TawKua 3TraH.
By 3Heprua aca Te3natuaraH MNPOTOH 3PKUH Xongdarn MpPOTOH-HULIOH
6uvnaH TykHawraHpgarHra KaparaHga 1,2-109 3B kagap kKamaup.

IX BOB
KATTUK XNCMJTAP MEXAHUNKACWU
9.1-8. KATTUK XUCMHUHI XAPAKAT BA MYBO3AHAT TEHITTAMACWU

KaTTuK >XMUCM XxapakaTuHM ypraHvwaa uwy nantradsa 6m3 yHWr
KatTaimrm Ba LWakKIMHKU 3bTubopra onmanm, YHU Mopamii HykTa [eb
KaparaH 3guvK. Kyhnga 6u3 XUCMHUHI KaTTa/Iurn Ba LWaKAu MyXuM
axamMusiTra ara O6ynraH xapakatnapHm Xxam Kapa6 uumkamH3. LWy
Makcagga KapanaétraH KaTTUK XUCMHU 613 MyTnakK KaTTUK Xucm geb
xucobnab, yHn pukpaH Xyaa Knuuk (anemeHTap) 6ynakdanapra 6ynmoé
YUKNWMMU3 Ba YHW MOAOMIA HyKTanap TusumugaH ubopat pAeb
Kapawummni MymMkuH. Ly 6omncgaH mogauvii HykTanap TU3MMU XapakaTu
YYYH YPUHAN GyNraH KOHyHUSTNAPHM KaTTUK XWCMHVHI XapakaTu y4dyH
Kynnanmms.

KaTTuUK XNCM XapakKaTUHWHI 3HI ogavicn — wuiarapuiaHma Xapakat
6ynn6, 6yHOa YHUHI 6apya HyKTanapu 6up Xxun Te3numk Ba OuMp Xun
Te3naHuw 6unaH xapakatnaHaau. KaTTUK XWUCM XapakKaTUHUHI 6oulika
TYPU — YHUHT GUPOP HyKTa €Ku yK aTpocmpaarn arnaHma Xapakatuauvp.
WLyHn anoxupa Tabkumgnaw n03MMKMW, ailaHMa XapakaTga YXUCMHWUHT
Xap Xun HykKTanapu yKka TUK 6ynraH Tekucnvknapga éTyBun arnaHanap
byiinab xapakatga 6ynagw.

Mabnymku (1.10-8 ra K.), MyTnakK KaTTUK >XUCMHUHT 3PKUHAUK
Japaxanapu coHum 6 ra TeHr, SbHM YHUHI XapakaTu 6 Ta MyCTakun
TEHrnaMa opKasn aHMKNaHagu. Maskyp TeHrnamasapHUHI 3 Tacu KaTTuk
XNUCM MHepuuna (Macca) MapKa3MHUWHI XapakaT TeHrna-
Macugup:
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6yHOa X, Y, Z — XUCM MVHepumsa MapKasWHWHI KoopAauHaTanapw; vx v,

Z— Macca MapKasu Te3/IMTMHUHI KoopAuHaTta yKiapuaarv rnpoekumsana-

n, 2 FX, 2 Fu, 2 F2— Xucmra TabCUp 3TYBUYM TaWKWN Ky4ynapHUHT
/ I i

'oc paBuwga X, Y, Z yknapgarv MpOEKUVANapUHUHE WUTUHAWCK).

yOnraH ydyta TeHrnama— X, Y, Z yknapra HucbataH OfIMHraH

omeHTnap TeHrnamacuaup ((5.17) ra K.):

A R T (@2

1 t i
yHOoa Lx Lu — Mo4AauiA HyKTanap TuaumMmgaH méopar KaTTUK XUCM
MMy/bC MOMEHTUHUHI X, Y, Z yKnapgaru npoekuuanapu; V Mfi

I |
; — alinaHuw ykuira HucbataH TawKu Ky4dyiap MOMEHTNapUHUHT
rebpavk WuruHgucy.
MexaHunkaga >KUCM MyBO3aHMTU [[eb6 YHUHI WwyHgar Xxonatu
LWYHWIAOMKN, XUCM KapanaéTraH uHepuyan caHokK TusnmmMmmnra HucbartaH
H4 Xxonatpa Oynaau. XwucM MyBO3aHaTga Oynuwun Y4yH YHW
rapwiaHma Ba alinaHma Xx,apakatra KenTHpyBuum cabab 6ynmacnurum
BUM. BYHWHI Y4YyH XWEeMHU wuarapunaHma xapakatra Kentupysyum
ynapHuHr A, Y, Z yknapgarv npoekuussiapy Ba ainaHuw ykura
cbaTtaH Ky4 MOMEHTNAPUHMHI Ma3Kyp KoopAuHarta yknapgarn npo-
UMSNapPUHUHE anrebpank WArMHOMCKA HoMra TeHr 6ynuwun wapT:

V Fx= v Fy= V R=0; (9.3)

2 Mx= 1 My= 2 M,—0. (9.4)

.3) Ba (9.4) waptnap X, Y, Z yknap y4yyH O6axapwnca, y xonga
TUEPUIA ONMHraH 6olwKa yknap yyyH xam 6axapwniagw.

Arap KaTTWK XMUCMra TabCup 3TaéTraH KyuynapHW YnapHUHI Tabcup
3Urn 6yrnab Kyuympcak arnaHull ykKura HucbataH KyuylapHUHI efikacu
rapmaiign; 6uHob6apuH, Maskyp KyuJapHUHI yKKa HucbaTtaH MOMeHTa-

Xam y3rapmaign, SbHU Maskyp y3rapuwinap XUeMHUHr Xapakatura
N TUHY XonaTura Tabcup 3STMaign. LWyHUHraek, >Xucmra Tabcup
aéTraH 6apua Ky4ynap ynapHWHI TeHr TabCcup 3TyBuucu 6unaH, bapua
YapHUHI 6Mpop yKKa HucbaTaH MOMEHTAAPUHUHI BEKTOP MUrMHAUCK
a TeHI TabCUp 3TYBYM KYYHWUHI WY YKKa HucbaTaH MOMeHTU 6unaH
MaWTUPUANLLIN  MYMKUH. XXucmra j -ascup 3TyBuM 6Gapya Talwku
YNAPHUHI TEHr TabCUp 3TYBUYMCUMHM F 6GmnaH Ba YHUHI KapanaéTtraH

(5]



YKKa Huc6aTtaH MOMEHTMHU M 6unaH 6enrunacak, XUCMHUHT MyBO3aHaT
WwapTn Kyhinparn KypuHULLHW Onaau:

= 0; (9.5)

at
~=M =0, (9.6)

6yHOAa V — XWUCM Macca (MHepuus) MapKasMHUHE Te3nurn. Xucm
MyBO3aHaTAa 6ynmwmn yyyH Oy wapTtnap 3apyp waptnap 6ynamb, nekuH
eTapnm amac. Fan wyHaakm, 6y wapTnap 6axapunraHga XUCMHUHI
mMacca Mapkasn KapanaéTraH CaHOK Tum3mMmura HucbaTaH ysrapmac
(V= const) Te3nnk 6GwunaH warapuiaHMa Xapakata Ba >XUCM 6upop
yKKa HucbataH y3rapmac 6ypuyak Te3nuk 6wunaH alinaHma Xxapakatga
OynuWM MYMKUH. Ly 6GOUC XXUCMHUHI 6apya HyKTanapUHWHE Te3aurun
KapanaéTtraH CcaHOK Tu3Mmura HucbataH Hoara TeHr O6ynauwun 103uUm
(eTapnn waprT).

WyHn anoxupa Tabkmgnalwl 03UMMKU, MyBO3aHaTAa bynraH Xucm wy
BasnATAa nMcTanraHya y3oK BaKT Typa O/IMac/nrm xam MyMKuH. Amanga
MyBO3aHaTAa TypraH Xap KaHAal XXuUcMra KU4YmK Tawku TYpTKU Tabcup
STUWIN MYMKWUH Ba 6y TYPTKM YHU MyBO3aHaT XonaTAaH uMkapa onagu. by
xonga (9.3) Ba (9.4) waptnap (ymymuin xonga (9.5) Ba (9.6) wapTtnap)
6axapunvangn. Hatmxapa 6y KuWUnMkK Tabcup Tydalinm ys myBo3aHaT
BasMATMAAH UYMKKaAH >XUCM, BYXyAra KearaH LlapouTra Kypa, sHa
MyBO3aHaT Xxonartura KanTUWKn EKn KanTMacianuru MyMKUH. XXUCMHWUHT
y3 MyBO3aHaT Xonatumra KalTuwm Eku KahTmacnmrm — y MyBoO3aHaT
XonatngaH YMKKaHOaH KeWWH yHra TabCup KunaétraH Kydnap €ku Kyd
MOMEHTNapn Kacu KHyHanmwaa Tabcup aTvwura 6oramk. Maskyp
Kyynap Ba Ky4 MOMEHTAAPUHUHI TabCUp KHyHanmwmra kapad XMCMHUHT
Xonatn TypryH MyBO3aHaT Ba TypryHmMac MyBO3aHaTra axpatunagu.
Xncm myBo3aHaT xonatmgaH 6yMp 03 YnkapuaraHga By>KyAra KearaH Kyd
€KMW Ky4 MOMEHTM YHM MyBO3aHaT Xofnatura KamnTtapca, >XUCMHUHE 6y
MyBO3aHaTu rypFyn MyBO3aHaT Aeiinnaan. XXMcm MyBO3aHaT xonaTuaH
6Mp 03 uynmkapuaraHga ByXyAra KenraH Ky4d €Ky KyY MOMEHTU YHW Oy
xonartgaH sHaja y3oknawTupca byHOan myBo3aHaT TypryHmac mMyBoO3a-
HaT Aelimnagw.

MacanaH, wnra convHraH A wWwa\yaHWHI MyBO3aHaT Xxaratunga
N9.1-paem) YHUHI OrMpAMK Kyinm mg Ba/UMNHUHT TapaHrInK Ky4u
T HUHr X ykugarn npoekunsnapuvHuHr (X yk wun 6yninab tokopura

iyHanraH) anre6pavk WUrMHaMcyM Honra TeHr: Tx—mgx= O ékn BEKTOP
kypuHuwpaa f-f-mg= 0. 3HAM wWwapyaHM MyBO3aHaT XonatugaH 6mMpo3
yeTra umMkapu6 Kyim6 to6opcak, mg Ba T KyuynapHUHI TEHTr TabCcup
3TYBYMCU HOAra TeHr Gynmail konaau: mg Ba T NApPHUHT TeHr Tabcup

3TyBUMCU — ] KyY XMCMHM MyBO3aHaT XofiaTura kalitapaguw.

flHa 6up wmwucon: pagauycu r 6yaraH Lwapuya CWINK 3rPU CUPTAU
uyKypavMkAa MyBO3aHaT Xofataa TypraH 6yncuH  (9.2-pacm).  Uy-
KYP/IMKHVMHI MacTKM HykKTacuaa (KoopAuHatacu Xo GysraH HyKTaza)
WAPHWUHT  OrMpPAnK Kyun (mg) Ba Tar/IMKHUHT akc TabCUP Kyuu
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9.2-pacwm

6Up N=6MPUHM MyBO3aHaTMANAM — Llapya MyBO3aHaT Xonataa Gynaam

-mgl/= 0). 3Han wapya MyBO3aHaT Ba3nATUAaH O6up 03 yveTra
pvnnb, KenH y3 Xonura KyWwuaca, wapyara YHUHI MyBO3aHaT
YT TOMOH WyHa/nraH Kyd TabCcup Kuiagu. by Kyy wapyaHu
3aHaT Ba3uMATUra KakTapagu. by epga wy HapcaHM Tabkugnall
«KW, LWapya MyBO3aHaT Ba3vAaATUAAH YMKapuiraHgaH KewnviH, YHW
3aHaT Ba3uATUra kKantapyBum f Kydy 6unaH 6up Katopga LWy Kyd
H 60rnnK 6ynraH Kyd MOMEHTU Xam BYXyAra Kenagu; HaTmxapga
ia MyBO3aHaT BasuAaATUra KanTul xapaéHunaga narapuiaHma xapakat
wn 6unaH 6upra mMapkasmpgaH ytraH yk (9.2-pacmga 6y yk paem
MuUrura TUK RMyHanraH) aTpoduia arinaHma xapakaT Xam Kunagw
anangn). Wybowuc, paguycu nbynrad wapyaHu anaHma xapakatra
PYyBYN KYYHUHI MOMEHTW HUMara TEHr AeraH CaBOJIHUHI TYrUAuLIn
M. AlinaHMa XxapakaT >kapaéHupa BaKTHUHI Xxap 6up naitnga
aHM y Termé TypraH a HyKTagaH yYTyBYM OHUN Yy K (paem
YWmrura Tuk iMyHanraH YykK) aTtpodwupa alnaHantu Oe6 kapaw
VH. XXWCMHUHT CUMMETPUS YyKnaaH gapkin pasuiga OHUA YK XXUCM
eya) cupTMm Oyiinab cumkub 6opagu. 9.2-pacmgaH KypuHUG
30VIKW, enkacu r 6yn™aH ] KyYHUHr a HyKTagaH YTYyBYM OHUN
Hucb6aTtaH MOMeHTM M7= [r, J] ra TeHr (Ky3rajsyByaH I YK paem

:Mrvra TUK paeBuwiga 6usgaH Hapurn~\TomoHra iyHanrad). Wapua
3aHaT BasuATAa 6ynraHga j= O Ba A<= 0. Jlemak, Ma3kyp MyBO-

r TYypryH MyBO3aHaTAVp Ba WY Ba3uUAaTAA >XUCM MCTajraHya ys3ok
Typa onaau. NypryH myBO3aHaTAa XXUCMHUHT MOTEHUMa 3Hepruscu
WYHK (MUHMMYM) Gynagu. HOkopugarun MUCONUMU3AA MOTeHUMan
WSIHUHT 3HT KWUYMK Gynuw wapTu

—=0 (9.7)
ia npoganaHaan. byHpaH Ba (6.29) paH | Fy=0; | Af,=0

Wwiikn, 2 Fx= Z Fz=0; 2 Mx= 2 My=0) 3KaHnuiru kenuoé u-
14



kagn, AvHM (9.3) Ba (9.4)
wapTniap, wyHuHraek (9.5)
Ba (9.6) wapTnap 6axapu-
nagw.

XNEeMHUHT TypryH 6yn-
MaraH mMyBo3aHatu 9.3-paem-
[Ja TacBupnaHraH. A wap-
Ya CUNINK AYHINMKOa Typ-
raH 6ynca, 6y BasuATga
orvpsvk Kyuun (mg) 6unaH
Wwapya TypraH CUINK cupT-
HUHI  aKC TabCup  Kyun
(#) y3apo TeHr Ba Kapama-
Kapwwy TOMOHra MyHanraH,
ABHU Oy XXMEMHUHI Ba3uMAaTUAa XaM loKopuaa KentupuinraH MyBo3aHaT-
NVK WwapTtnapn 6axapunagun. JlekMH Maskyp Bas3uAT TypryHMac BasuaT-
OVP, YYHKU Xyda KUUYMK Tal Ky TabCUp OCTMAAa XaM XUCM Y3UHUHI MyBO-
3aHart BasuATMAAH YMKaAW Ba OYHUHI Hatwkacuaa ByXxyAra kenrad J(mg 4-

+ N =]J) Kydy XMeMHU MyBO3aHaT Ba3uaTUTra KaliTapmaiigu, akcuHua,

Yy XUEeMHW MyBO3aHaT BasuATUAaH y3oKnawTupaawn. PaBwaHKu, TYPryH-
Mac MyBO3aHaTAa XMEMHUHI MOTeHUWan 3HEpPruscyM sHr Kkatta Kuimatra
ara 6ynaau.

Arap xucm ydK Tekucamruga myBO3aHaT Xxonarga TypraH 6ynca
(9.4-pacm), yHn ydhkTekucnuru 6yiinab 6y sa3matTaaH ynkapuiaraH xosnga
Xam Ormpnavk kyum (mg) 6unaH Xucm TypraH TarIMKHUHIE akc Tabcup
Kyun (N) 6up-6upuHM MUBO3aHaTNaikan Ba >XUEMHM aBBa/irM Xonarra
KeNTUPYBUYM Ky4 BYXyAra Kenma-
ca Xam XXWUCM  Y3VHWHI TUHY
X0NaTtuHu caknareepagn. MyBo-
3aHaTHUHI By Typu apkKcus
MyBO3aHaT geivnagn. bByH-

[ari MyBo3aHaTAa XXWEeMHUHT no-

TeHLUWan 3Heprusacu yK TeEKUCIN- \TTTTTTTTTTTTTTTN
rura HucbartaH SHr KU4MK (Honara

93-pacm

mi
TeHr) 6ynub, y 6up BasuaTAaH J

VKKUHYYA Ba3nATra yTraHga

y3rapmaign. 94-pacwm

9.2- $. XUCMHUHI AWJTAHUW YUUTA HUCBATAH WHEPLMA MOMEHTW

lOkopnpa 613 6ypuyak Te3numk, b6ypuyak TesnaHuw (1.7-8) Ba Kyu
MomeHTn (5.1-8) peraH KaTTanuknap 6unadH  TaHuwamk. KaTTuk
XWEeMHUVHI aliflaHma XapakaTuuu ypraHuwja tokopugarn kattanukniap
6unaH 6up kKaTopda MHepuUWA MOMEHTW geraH KaTTanMkgaH Xam
donganaHmnagH. by KaTTanuk Xakmga MyansH TacaBBYyp XOCWA KAWL
yuyH O O'yk artpohmpa anaHaétraH KaTTUK XWEMHU onmb Kapannumk
(9.5-pacm); yHM cmkpaH Maccanapu AT, 6ynraH n Ta Xxyha Maniga
6ynaknapra 6ynm6, xap 6up maiga (anemeHTnap) 6ynakyagaH annaHuul
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aya Oy/nraH 3SHr Kucka macodaHu i, 6unaH Genruvnamnmk. Marga
K4ya MaccacvHU yHAaH ainaHuw ykurada OynraH aHr kmcka macoda
patura KynaikTMacu YHUHT WY YKKa HucbaTtaH nHepuus MoMeHTn (/,)
Tag®:

/,= n/nr2 (9.8)

HALW yKUTa HUc6GaTaH KaTTUK XUCMHUHT UHepuus moveHTn (/) neb,
3 KNUUK (3/1eMeHTap) MacCallapHUHT Ly yKKa HucGataH WHepuus
HTNAPUHWUHT AMrnHavcura aiitunagun:

/=EAT/?. (9.9)

AdoaH KypUHaAWKU, XXUCMHUHT MHEPLMUS MOMEHTU aiinaHuw yKura
TaH aHuknaHagu. By 6opaja Wy HapcaHM TabKuAjawl JI03UMKMU,
[aHAali xmMcM TMHY Xonataa €k aiinaHMa Xapakataa 6ynuwmra

95-pacm 9.6-pacm

t 6ynmaraH Xxonga YHUHI WXTUEPUIA YKKa HucbaTtaH uHepuwms
M wmaBxya. by epaa >XUCMHUHT WHEpUMA MOMEHTUHW YHWUHT
Mra KMEc Kuamw MYMKUH: XMCM XapakaTga ékum TUHY XxonaTtga
MaaH KaTbW Hasap, YHUHr maccacu (UMHepTAurn) MaeXyaaup.

:apuAaT xannapga XMCMHUHE Maccacu YHUHI Xaxmu 6yinab 6up
TakcumnaHraH (kucm 6up >XuHcnu) 6ynagn. LWYHUHT yuyH
VHI  VHepuUuss MOMEHTUHW YHUHI 3u4amru  opkanv wudopganaw
4. MabnymMmKun O6UP XUHCAU XUCMHUHE 3nuynurn p= m/V (V —
M W B6ynraH >XUCMHUHI Xaxmu) Tap3ga wudgoganaHagu. LWy
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MyHocabaTt 6unaH XUCM MHepUMs MOMEHTUHU ndoganosun (9.9) MMrvH-
OVHN MHTEerpasl 6unaH anMaliTupuil MyMKUH:
/= lim Xr]ATr, = ~r2dm, (9.10)
%

N1-»0 |

OyHOa MHTerpannawl >XUCMHUHI BYTYH Xaxmugaru afneMeHTap maccanap
(dm) 6yiinya amanra owwvpwunagn. dm ra TeHr 3MeMeHTap MacCaHVHI
XaXmMun dV skaHAUrvgaH Ba 3sUHMIMKHUHT Tabpugungad dm = pdV H1 xocun
Knnamms; Hatwxkaga (9.10) Kyhnpgarn KypuHULIHW ONnagwu:

/= p\ rxdv. (9.11)
v

SHON, 6ab3nM KUCMNAPHUHI MHEPUMs MOMEHT/IapuHW akc 3TTUPYBYU
nogaHn Tonawnuk. Paguycm R ra TeHr wowuka [Aesopnavm  (KoBak)
UMANHAPHUHT cuMmmeTpus yku (OO') ra HucbaTaH WHEpUMS MOMEHTUHU
TONWLW YyYyH YHUHI geBopnapuHm OO' ykka napannen 6ynaraH n Ta 3HCU3
6ynakyanapra 9.6-pacmpa KypcatunraHgek dukpaH 6ynmb uymkamuns.
LUnnvHOpHUHI  geBopu tovka 6ynraHnuru  Tydaiinn xap 6up 3HCKU3
6ynakya OO’ ykgaH 6up xun Macodaga >xownawraH geb xucobnaw
MYMKWH. /-6ynakyaHuWHr maccacuHun [At,- n0e6 6enrunacak, yHuUHr OO’
yKKa HucbaTaH vHepums MOMEHTU

/= At,/22

6ynaan. tONKa UWIMHOPHUHT ylwa yKKa HucbaTtaH WHepLuMs MOMEHTU aca
Kylingarvya uvdopanaHaau:

/= v a,UR2= Ruv AT, = mR2 (9.12)
I I

6éyHoa Z OT1, =T — onNkKa YAIMHAOPHUHI Maccacu. 3HAW paguycn R Ba
|

6anaHannrn h 6ynraH 6uUp XUHCAU AXAUT UWMANHAPHUHT CUMMETPUS yKura
HucbaTtaH WHepUMs MOMEHTUHM akC I3TTUPYBYM wudogaHn Tonahiank.
BYHVHT yYyH UWANHAPHU paguycu I Ba OEBOPUHUHT KanuHaurm dr 6ynraH
nuMa-umy XonnawraH umnnHgpnapra dukpaH 6ynmné ynkannmk (9.7-pacm-
[a WwyHaanm unnmHappad éutracu TacBupnadHraH). byHpalh umMAMHOPHUHE
XaKMU

dV—2nrdr- h.

Oxuprn copmynaHn  (9.11) ra Kyhim6 Ba W4YMa-uU4 KoWnawraH
uunmHapnapHuHr paguycnapm O gaH R radva y3rapulimMHmn Hasapga TyTuo,
KynngarvHu Xocwuna Kuiamus:

R R
/= p ~r2nrdr- h= 2nph ~ridr= ~nphR*
fo) (0]

By opmMynaHVHI YHr TOMOHMAArM NRZh — SXAUT UWIMHAPHUHT XaXMU
Ba NR hp= m yHUHr Maccacu 3KaHIUIMHN 3bTUGOpPra oscak, 6Up XNUHCIN
AXNT UWIUHAPHUHT  (WYHUHTAEK, 6UP >XUHCAWM OUCKHUHT) CUMMETPUS
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(9.7-pacm, OCY ykK) HucbataH WHepuuss MOMEHTU Kyhnpgarmda
MaHaau:

/= = mR2 (9.13)

yHAUrn /oBa maccacu T O6ynraH 6uMp XWHCAN UHIUYKa TaéKYyaHUHT
'UngaH yHra TUK pasviga yYTYBUM YKKa HucbataH (9.8-pacm)
NS MOMEHTMHW TOMULL YYYH YHU KUYMK Y3YHAMKOarn éynakdanapra
H 6ynné unkamms. bBUp XMHCAN TaéKYaHWHI Y3YHAUK 6Gupnurura

KenyBun wmaccacu T /lo 6ynraHnuru yuyH, dl ysyHnaukparm
YaHUHI Maccacu

9.7-pacm 9.8-pacm

i; 6y 6ynakyaHuHr 00' ykka HucbaTaH MHepUUs MOMEHTU

dil=12dm= ~ Al
©

abar 6wunaH wudopganaHagn. TaékyaHmHr 00" ykka HucbaTaH

N9 MOMEHTUHM TonNuw Y4yyH oxupru cdopmynaHm O gaH /O rava
‘annanmmns:

(9.14)

rTaék4yaHMHI ypTacuaaH yHra TUK paBvwja yTyByYM yKKa HucbaTaH
14 MOMEHTM

(9.15)
IvHM xucobnaw kKuiinH amac. LyHuMHraek, paguycs R Ba Maccacu
~aH 6MP XMHCAWN LWAPHUHT YHUHT Mapka3uiaH yTyBuM yKKa Hucba-
epuusi MOMEHTU

/={1/7? (9.16)

na éunaH udgoganaHagu.
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(9.12) — (9.15) wndoganapHu Takkocnab wyHAan xynocara Kena-
MU3KW, XUCMAAPHUHI WHEPLMS MOMEHTNapu annaHuw ykura HucbaTaH
ynap MacCacMHMHI TakcMmoTura (MaccaHWHI yKKa HucbaTaH xohnawm-
wura) 60rnanK KaTTtasmkK 3KaH.

Xosnpraya 6U3 >XUCMAAPHUHI WHEPUUA MOMEHTNAPUHU YNAapHUHT
Macca MapkasugaH yTyBUM YKKa HucbataH aHuknaguk. Macca
MapkasngaH yTtmaraH O6olwKa YKKa HucbataH XUEMHUHI UHepums
MOMEHTW 3Ca Macca MapkasujaH yTraH YKKa HucbaTaH aHuKnaHraH
VHepUMA MOMEHTUOAH (hapK Kunaau, YyHKU YKHUHT BasuAaATU y3rapuwiu
6MNaH XWUCM MacCaCMHUHI YKKa HucbataH HUCOMA Xonnawmiwm Xxam
y3rapagu. WyHWHT yuyyH XneMHUHr macca mapkasu (C HykTa, 9.9-pacm)

9.9-pacm 9.10-pacm

opkaim  yTmMaraH Yykka (MacanaH, OCY ykkKa) HucbataH wHepums
MOMEHTUHM aHuknawga WrtenHep (1796— 1863, LUBeiuapus onmmm»
TeopemacupgaH doliganaHunagH: UXTMEPUIA YK,K.a HUcbaTtaH Xuewm-
HUHI uvHepuua MoMeHTu (1) yuwa ykKa napanien pasuwga Mae a
MapkKa3u OpKaJun yTyBYM YK,Ua HUcOGaTaH aHUKNaHraH UHepuus MOMeHr"
(19 Baxmcm maccacu (T) 6unaH yunap opacumgaru macoda (d) ksaagpa-
TUHUHT KynaiTMacu Tap3vga aHuK,JlaHaguraH KaTTanuk nurnHgucmra
TEHr:

I=1lc+md2 (9.17)
9.3-§8 YK ATPOOULA AWNMAHYBUU XUCMHWHI XAPAKAT TEHI/TAMACU

Bupop Kysranmac yk (antamnuk, Z ykK) aTpodgwmpa ysrapmac 6ypuak
Te3nuk (bl) 6mnaH alnaHma xapakatT KunaéTraH KaTTUK XXWUEMHU 0nnb
Kapainiuk Ba yHW Maccanapu AT, 6ynraH n Ta malija 6ynakvyanapra
hvkpaH wWyHAan 6ynné YUKaNANKKW, YAapHUHI Xap 6upuHW  MoAaauvi
HykTa neb6 kapaw MyMKUH O6yncuH. Xap 6up 6ynakuyagaH alinaHuw
yKurada OynraH 3Hr skKuH macodaHu r, 6unaH 6enrunacak (9.5-pacmra
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panaétraH KaTTWK XWUCMHWHI ainaHuw ykura HmucbataH MMnysbC
n (5.6) ra kypa

Lz= 'LLii= 2 A (9.18
|

ngoganaHaan; 6yHaa y-— maccacu O1, 6ynraH 6ynakyaHWHT
n Te3nmrn. Kattumk >Xmcm 6upop yK atpodmpa arnaHaétraHga
apu Ami 6ynraH yHUHr xap 6up maiga 6ynakvacu (WYHUHTAOEK,
Xap 6up HYKTACH)HUHI TpaekTOpuACKM aWlNaHuW yKura Tuk
uraH Tekucnmknapga €TyBuM Ba paguycnapwm r, 6ynraH anna-
aH wnbopatr 6ynagn (9.10-paem). Xap 6up Oynak4aHUHI 44—
Teanurn (1.35)ra Kypa annaHuiw paguycmra MyTaHOCUO, SbHU
ByHra acocaH (9.18)mn kynnpgarmvya ésamm3 (0) = const):
2 OT1,r?. (9.9)ra 6uHoaH 2 [AT,r? >XWCMHUHI ainaHuw ykura
| |
aH NHepumMa MOMEHTVHM ndoganainan. Hatvmkaga, oxXviprn TEHIINK

Ar= /o (9.19)

wra kenaan. BUHoGapuH, KaTTUK XUCM UMMYNbCUHUHT Ky3rasiMac

ncbataH MOMEHTU YHUHT Ma3Kyp YKKa HUc6aTaH MHepLUusi MOMEHTU

6ypuaK TEe3MIMKHUHI KyualiTMacura TeHr.

TUK XWUCMHUHI Z yK atpouparu alifaHMa xapakaTu TallKu
Tabcupupa cogup 6ynaétraH 6yfnca, MaskKyp KyuylapHUHT

Buin momeHTn M = 2 frit 6ynagn ((5.10)ra k.) Ba ywa
i

ncbataH MomMeHTnap TeHrnamacu (5.15) kKynmpgaruvya ésvniagu:

<(0> 920>

IMHUHI  ainaHuLl yKura HucbaTaH nMHepumsa MOMEHTU BaKTra

6ynmaraH katTanuk 6ynraHmpgaH Ba ™ - = e— 6ypyak  Tesna-

aHVHM 3bTM6OpPra ancak, kopugaru ndoaa Kyliingarn KypuHULWHN

Mr= /e
rop KypuHuwpga 6y TEHI/IMK
M=/e (9.20, a)

ésnnagn (M Ba e BEKTOpPAapHUHI MyHanuwn 6mp Xun).

0, a) chopmyna Ky3ranmac yk aTpoduga alinaHyBim KaTT WK

alinaHma XxapakaT JAguHaMu Kac MHWHF acocum
amac 1n gennagun. Y warapunaHMma xapakaTt KunaétraH moaawia
rMHaMUKacMHWHIE acocuii TeHrnamacm F=ma (HbloTOHHUHT I

Jyra yxwawaump. byHaa macca BasMdacuHW UHEpUMs MOMEHTU,
M Tes3naHnwW BasudacuHM 6ypyak TesnaHuLl, Kyd BasnpacuHn Kyy
n ytanawm.
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Kysranmac yk artpoduga aiinaHaéTraH >XuUcMra TalKu Kydnap

Tabcup Kuamaca, abHM 2 /«)=0 Ba /b= 0 6ynca, (9.20) paH
i

/<0= const (9.21)

aKaHNuUru kenué umkagu. by MyHocabaT Ky3rasmMac YK aTtpodwuga
alinaHaéTraH XWCM MMNYNbC MOMEHTMHUWHI cakfaHWLW
KOHYHWHWN udoganainan. By KOHyHAaH KypUHAAUKW, >KUCMHUHT
YyKKa HucbataH MMNy/AbC MOMEHTU y3rapmaraHga (/= const) maskyp
XXMCM y3rapmac 6ypuak Te3nuk 6unaH alinaHmMa Xxapakatga 6ynagu;
alinaHuw xapaéHuaa 6mupop cababra Kypa XUCMHUHI VHEPLUS MOMEHTU
y3rapca, YHUHI Oypuyak Te3nuru xXam ysrapagu (/ optca, @ Kamasau Ba
aKCUHYa).

YK atpodmpa annaHaéTraH >XUCM MMMAY/bC MOMEHTUHUHI CaklaHuLL
KOHYHVHN KXY KOBCKWM N Kypcucu p[eb aranyBum Kypunma épgammaa
HamMoMNW KNAUW MYMKUH. XXYKOBCKUIA KypcuCUM TUK XOWniawraH yk
aTpodmpa annaHa onaguraH guckgaH vuéopart. YHAA Wapukav noAawmn-
HUKNap KynnaHwnraHu Tydainnm uwkanaHuw Kyydnapum xyga KauduK.

5

9.11pacwm

JAVcK ycTnaa Kuwn TUKKa Typuln ékn AUCK ycTura cTynya Kymmné ytnpmob
O/ MYMKWH. Kypcura 6upop KWWK KyanapuHU KeHr éinraH xonpa
yTMpu6 onraHgaH keliMH yHW aiinaHma xapakatra kentupunagu (9.11,
a-pacm). Kypcu 6unaH 6upra aiinaHaéTraH KWWK KynnapuHW nactra
Tywmnpca (kM KynnapuHM KOBYLITUPCA) YHUHI WHEpUMS MOMEHTU
Kamasgun. /o> kynaintma (9.21) ra kypa y3rapman KOAuwun yyyH 6ypuak
TE3NUK W opTagn — Kypcu Te3 annaHa 6ownamgn (9.11, 6-pacm).
Kypcngaru KAWWHWHE Kynnapuga orvp townap (anTaliMk raHTesb)
6ynca, 6y ysrapuwl EpKMHPOK HamMOEH Gynaawu.

XXYKOBCKUI Kypcucm épgammga MMNYy/AbC MOMEHTUMHUHI  BEKTOp
KaTTa/IMK 3KaHWHW XaM HaMOMWLl KWUAUW MYMKWMH. BYHWHE Y4YyH TWUHY
xonatpa 6ynraH Kypcuaa ytmpraH KaWn Kynura senocunepg runguparumra
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MAVWPaKHUHI YKUHU 6Up Kynuaa TuK WyHanuwpa ywnab typmnb
;Y 6unaH rmnaMpakHy ainaHma xapakaTtra Kentupca, y Kypcu
ara Teckapu MyHanuwpga anana 6ownangn (9.11, e-pacm). by
rarvya TyWwyHTUpunagn: rungupakHuHr MHepuus MOMEHTUHU /b
€3/IMTMHN OH, KULMWHUHI Kypcu 6unaH 6upranvkgarn wuHep-
THTUHW /T [gecak, WMMY/bC MOMEHTUHUHI eaKNaHMWLW  KOHYHU
«@= const=0) ra acocaH, Kypcu Ba yHAArun KWLM OJIraH
€3/InK

0)2= L ¢
)——gq

SyHoa MaHguiA Hwopa o)i Ba bir (SbHU LZX Ba br2)  BekTtop-
MyHanMwm kKapama-kKapliun 3KaHAUIMHW undoganangn.

1N1AHAETTAH XUCMHWHI KUHETUK 3HEPTUACU BA BAXAPIAH UWMN

IK XXUCM Ky3rasmac YK arpodmpa ysrapmac Oypyak Tesnuk
aH ailinaHma xapakaT kKunaétraH 6yncuH. YHm 9.5-pacmpa
raHgek, N Ta maiiga 6ynakyanapra gukpaH 6ynnb umkaiinuk sa
aHWHr MaccacuHun O7T, 6unaH Ba mMaskyp 6ynakuyagaH annaHuwl
OynraH 3sHr KuUH MacodaHu T, 6bunaH Genrunainuk. 9.3-8 pa
naek, bynakyaHMHI xap 6upu amnaHUW ykKura TUK XohnawraH
nappa éTyBunm ainaHanap 6yinab w, ra TEHr xap Xwua Yn3VKIU
TnaH xapakaT kmnagn. Ynsmknm Tes3nuk y-o6unaH 6ypyak Tes3nuk
13rm y, = o), myHocabaT MaBXyAIumruHu Ba 6Gapua O6ynakya-
6ypyak Tesnmrn 6mp xun (@&= const) 3KaH/IUTUHU 3bTUBOpra
yNnak4aHVHI KUHETUK 3HEePruscuHm

Am,y2 Aar,-(an,.)2 J
= 2 = 2 =

3aMu3. Kysrasimac yk aTpouaa aiinaHMa XapakaT KuiaéTtraH
I KUHETUK 3HEpruscy alipum 6ynakdyanap KAHETUK 3HEpPrusnapu-
WUHOVCUTA TEHT:

/ <

Z Am,rf— mabnymkm ((9.9) ra K.), XMEMHUHT alifaHuL yKura
i

I UHEpLUMs MOMEHTUHU udoaananaun. WyHaalk knnnb, Kysranmac
(npa alinaHaéTraH >XMEMHUHT KUHETUK 3HEeprusicn Kyiinparunua

Haaw:
K=~ - (9.22)
(yﬂaHVI niarapmnnaHMa Xapakart KUnaétraH XWeMHUHI KUHETUK

n (mv2/2) 6unaH Takkocnacak, 6yHAa XWcM maccacu ypHuga
MOMEHTU, YN3NKNN Te3NNK ypHUAA 3ca 6ypyuak Te3IMK TYpraHuHu
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Xncm 6Up BakTHUHT y3uaa Xam unrapuiaHMa, XaM ainaHMa xapakart
KWWK MYMKUH. XXMCM akcapusaT xo/nnapga YHWHr macca MapkasujaH
yTraH ykK aTpodwmpa aiinaHaau; ykK 3ca y3 HaebaTmga wunrapunaHma
XapakaT Kunagu. ABTOMOGWUAb TFUAAMPArMHUHT  Xapakatu, UWinHAp
WwaknmMparn XWUCMHUHI  6Mpop TEeKUCIMK ycTuha Aymanawm wynap
XymnacumgaHamp. byHpali  xapakaTHUHT  TY/IMK  KUHETUK 3Hepruscu
unrapunaHMa Ba ainaHma XapakaT KUHETUK 3HEepPrusnapuHUHT AMriHan-
cngaH mnoéopart 6ynaau:

oyHaa T XMUCMHUHI Maccacu, VC— macca MapKasuHUHI uarapuiaHma
Xapakatgaru Tesuru.
TWHY TypraH >XWUCMHU O6upop YK aTpo-
hmnaga alinaHma xapakaTra KenTupull Y4yH
TalKW Kyunap WUWKanaHUu KydynapuHU ex-
mé mw Gaxapaaun. Wy wvw xucobura Xucm
alinaHmMa XxapakaTgarun KWHETUK 3Heprusira
ara 6ynagn. Maskyp uvw udogacuHu Tonai-
nuk. 9.1-8 pa Kypub YTOUKKU, >XUCM Ky3-
raiMac ykKk artpoduaa annaHraHga YHUHT
Xap OMp HYKTAaCUMHWHI TpaeKTopuscu ainna-
HUW YKUra TUK >KOWnawraH TeKUcImknap-
[a éTyBUM xap Xun paguycnu arnaHanapgaH
nbopatr O6ynagn. Xwucm Z yku artpodumna
alinaHaétraH O6yncuH (9.12-pacm). Xucm-
garv A HyKTaHUHT aiinaHuw paguycn dp6ypyakka 6ypunaraHga 6y HykTa
alinaHaHUHr éin 6ynnab ds macodaHn 6ocmb ytaam. byHaa 6axapwunarax
v

dA = Fds.

PacmpaH kypuHuwunya ds—rde, 6uHOGapuH, dA =Frdg>\ 6yHpaa Fr =
— M — TaWwkKn KyynapHUHr Z YyKKa HucbaTtaH MOMEHTU 3SKaHAUTUHA
abTMbGOpPra onub, oKkopugarn TEHINIMKHU Kyhnparnya ésamms:

dA — Mdtf. (9.24)

Xuncm myainisH ¢ 6ypuyakka GypuaraHga 6axapwiaraH TyauK v aca

A= Mp (9.25)

6ynagun. by dopmynaHn wunrapunaHma xapakatga TalkKku - Kydnap
6axapraH v popmynacu (A = Fsds) 6unaH Takkocnacak, LWy Hapca aéH
Oynagunkun, Kyd BasndacuHU TawKW Kydynap MOMEHTU, YM3UKIN Ky4yull
BasMgacuHM aca 6ypuyak Kyuuw yrtaigw.

Bn3 tokopuga XUCMHUHI uarapuiaHma Ba alinaHma xapakatiapuHu
TaBcunoBum ndoganap (Ba KattanMknap) opacuga Moc yxiwialnanknap
6OpPNUIMHU KypauK. Maskyp yXuwalwnvknap Kynugarn xagpanga kaig,
3TUNTaH:
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MnrapunaHma xapakar AlinaHma xapakar

T WHepuus mMomeHTu /
us bypuyak Kyuuw <p
K5 Bypuak Te3nk u
HUW a Bypuak Te3naHwuL
leC p=TYy NMnynbc MoMeHTM L = Iw
Kyuy momeHTn 1)
«MKAHWHT acocun TeHrnama- [OVHaMUKaHUHT acocuii TeHrnama-
=a o M= /8
VK sHeprua Ty 2/2 KWHeTUK sHeprus lwr/2

Nw d.4= Mdtf

X BOb
TYTAW MY*UTNAP MEXAHWKACW 3JTEMEHT/TAPUA

10.1-8. CYIOKJ/INK BA TA3NNAPHUHI YMYMUIA XOCCANAPU

KNWK— MoAfaNapHUHI KaTTUK Ba rascMMOH XosaT/iapu opacu-
rperat *onat 6ynub, YHMHIr acocuini XxoccanapuvgaH 6upu
wnrngmp. CYHKINKHUHE  UMKKWHYM  acOoCUMA  XOCCacu — YHUHT
KylinnraHga ras cuMHrapy wmavl WakavHu onvwuunamp. babsu
pura Kypa CylK/INUK KaTTUK XUCMI3. yxwanaun, 6olka xoccana-
'pa rasra yxwaihgu. JIeKMH CYIOKNMK Tapkubugarn monekyna-
' XapakaTtun (MCCUKNUK XapakaTu) y3ura xoc Tabuatra ara 6ynmo,
KaT KaTTUK XXMUCM Ba ras MoJsiekynanapuHuHr xapakatugaH dapk
Opavii WwapouTha ras Monekynanapu gespan  ys3apo Tab-
mMaign (ynap opacugarv yzapoTabCup Kyun XyAa KNUYUK), YYHKN
lacnpgarn macoha MoseKynanapHWHr y3 ynyamnapugaH kamuja
Ya YH MWHI MapTa OpTMK. a3 Monekynanapu opacuaaru
AW Kyynapu ynapHu 6up-6mpn skuHuga TyTub Typonmaingun Ba
JUH, rasnap 4ekcus KeHrad onaan. LUyHWHr yuyH rasnap ynap
H MONW XaXMUHUHI \aMMacuHW arannaigm Ba navw WakinHm

WHr xonatnm 6ocum (P), xaxm (K) Ba xapopart (I') 6wunaH
craHnMrngaH  ynapHuWHr - ysrapuwmra kKapabé ras xap Xxun
Tnapra ara 6ynmwn MymkuH. MacanaH, Kyuyam CUKWUATaH rasHuHI
»WIA XycycuaTnapu oaauii wapouTgarn rasHukugaH KeckuH gapk
Cyloknuknapga 3ca MoJjiekynanap opacugarn macoda Xxyga
3ynn6, 6y MacogaHMHI ypTaya KuiimaTu MoJeKynanapHUHI
>fra AKMHAUP. WYHWHE yUyH CYIOKINKHUHE Xap 6up Monekynacu
¥EkynacnpgaH 6owkava xapakaT Kuiagw, AbHWM Yy MyBO3aHaT
aTpodmaa TebpaHma xXapakaT Kunuw émnaH éupra monekynanap
m 6ywnuknap 6yrnaé (Mypakkab 3arpyu 4mM3uKNM TpaekTopwus
CUMKNIAAN.
KIMK mauwra KynuaraHga v XaXKMUHUHE MyalsH KUCMWUHWU
On Ba Wy 6unaH 6upra ywa Xaxmgarn mouw WakivHu onaaw.
ny Xxoccanapu 6wunaH CYWOKNMK rasra yxwangn. KatTuk Xucwm
cOaH acocaH Wy 6unaH dapkK Kunaguku, y MyalsiH Xaxmra ara
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oynnw 6unaH 6upra ysmra Xoc waknra xam ara. CyloKnIuK Mosekynana-
PVHUHI y3apo TabCcup Kydynapu 6mnaH KaTTUK XXUCM MOJeKynanapHHUHT
y3apo TabCuUp Kydnapum TaxmuHaH 6up xun o6ynagu. Cyloknuknapga sa
KaTTUK XuUcMmiapga MasKyp y3apo TabCup XyAa Kyunu, uwy 6ouc
yNnapHWUHI MoOJiekyfnanapu ras Mosiekynanapu kabw tapkananmb ketManaw.
CyloK Ba KaTTUK XUCMAAp 3uU4InKNapu rasfnapHukuMra HucbartaH aHua
KaTtTa 6ynmnb, ynap TalWwKn Kyd Tabcupuga Xxyga kKam cukunagu. by xon
CYIOK Ba KaTTUK XWUCM MOfeKynasapu opacmgarn macoda xypaa
KN4nknuru 6unaH 6ornuk. Wy >xmxatgaH CYOKIUMK KaTTUK XUcMra
yxwanan. CYKIMKHUHT KaTTUK XWUCM Ba rasnapfaH sHa 6up acocuii
hapkn wyHgaH wnbopaTku, yHAA t03a KaTtiamum  (CYHOKIUK  to3acwu)
MaBXy/a,.

Tawkn waponT (MacanaH, xapopat, 60CUM Ba XaXM)HUHT y3rapuLum
6unaH MyalsH MOAAAaHWHT y3M & KaTTUK XXWUCM Xonatmga € Cylk
xonatga éxyn ras xonarmga oOynnum MymkmH. CYBHUHI Y4 arperart
xonarga — My3 (KaTTuK XUCM), cyB (CYOKNMK) Ba 6yF (ras) xonarga
6ynuwmn 6usra mabvnym. FasnapHm KpuTuK xapopat (Temnepatypa) neb6
aTanraH xapopat (I'B) raua cosuTwuaraHga ynap CYHOKIUKKa aiinaHaaw.
MacanaH, KUCMOPOAHUHI KPUTUK XapopaTn 154 K (— 119°C)Hu Tawkun
aTagun. Arap yHn 154 K gaH nact xapopatraya CoOBUTU/CA Y CYIOK Xonartra
yTaan. A30T Ba BOOOPOA, Y4YyH KPUTUK Xapopar MOC pasuvliga
126 K (— 147°C) Ba 33 K (—240°C)HM Tawkuna 3atagu.

MupoBapanga LWyHM Tabkugnaw N03UMKK, Kyinga 6u3  CyloK-
NUKNapHUHT  XapakaTumn ypraHuwga ynapHu wmyTtTacun  (y3nyKcus)
MyXuUT 0eb Kapalimu3, AbHW CYIOKNMKNAPHUHI afioxXuaa 3appanapgaH —
MosfiekynanapgaH Ty3uaraHimruHu abtTmbopra onmMarnmMms.

10.2- 8 BOCUM

KyHOanmk xaétmuMmsgaH Mab/yMKW, IOMLOK KOp ycTuaa TypraH Kuwun
Kopra 60Tm6 ketagn. AMMO Yy OE€ruvra 4aHrm 6ornaca, Kopra 6o0Tmar
6emanon opuwmMm  MYMKWUH. ByHUHr cababw Humapga? BaxonaHkwu,
KALWWHUHE OTUPAUIN Xap UKKM Xonga xam 6up Xun-ky? ByHUHr cababwu
WyHAaKM, OGUPUHYM XOonda OrvupankK Kydum KWYMK tlo3ara Tabcup 3Tca,
VKKMHYM Xosfifa yuwa Kyd aHya KaTTa to3a(yaHruiap tosacu) 06yiinat
TakcMmnaHaau. byHaaH 60cMM Kyun TabCUPUHUHE HaTMXacu 6y KyYHWHT
MUKZOpUrarmHa amac, 6askm Kyd TUK TabCUpP KUNaauraH cupT to3ura xam
6ornuknuru kenué umkagn. buHob6apuH, 6ocum Oeb CUPTHUHI GUpPANK
lo3ura TUK paBuwga TabCup K,WIYyBUM Kyura TeHr 6ynraH KaTtTa/imkka
aritmnagn. bocum 6upnurn knnmb6 1 M2 o3ara TUK pasuwga Tabcup
aTaétraH 1H Ky4yHUHr 6ocnmn Kabyn KuAuHraH: arap 60CvMHM p 6unaH,
Ky4yHn F 6unaH Ba t03aHM S 6unaH 6enrunacax.

By coxaga kyn wvwnap kuaraH dpaHuy3 onvumu [Nackanb wapadgura
1H/m2 6ockm 6upnurn Mackane (Ma) pe6 atanagu:

1 m2
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>0CMM KaTTUK XUCM Ba CyloKnmknap 6ocumumpaH dapk Kuimb,

OneKynanapuHUHI navw gesopriapura ypuamwm Hatmxacuga

KenaguraH 6ocumpgaH wb6opar. Opgamii  wapouTga xasoja

anapHVHI navw AeBopnapuvHUHL | cm2to3ura 1c ga ypuauwnap

*ra AKWHAUTU aHUKNaHraH. Aiipym MonekynanapHuUHI 3ap6aapu

yncapa, byHpar coHgarn mMosekynanapHuHr uav aesoprapura
nya ce3unapnn 6ynub, y ras 60CMMUHN XOCWUN Kunagu.

)Mac xapopargarv rasHuHr 60cuMn WMAOULIHUHE XaXxmura Tec-

TaHOCU6 6ynca, 6Up XUn Xaxmgarn 60CUMU 3ca YHUHI Xa-

| Tyrpyu myTtaHocubamp.

Cywoknuknap Ba rasnapra 6epwiraH

60CMM KaTTUK XUCMNapparvgek akaTt Kyd

TabCUp KWUATaH MyHanuwgarvHa amac, 6anku

XamMma MyHanuwnapga y3atuaniin Wy cyrok-

MWK Ba rasnap 3appanapUuHUHI  3PKWUH

A= XapakatnaHuwmaaH kennb umkagun. by xycy-

cMATAAH Kennb umMkKaguraH acocuii HaTmka

Mackanb KOHY HMpaH wbopaT: CYlOK-

NVK Ba rasra Tabcup 3TaéTraH Tawk,u

6ocnM  CYKOKIUK EKn rasHuHr %ap 6up

5 HyKTacura ysrapuwcus ysaTunagu. by

n " KOHYHAAH TexXHuKaza nHeBMaTuK acbobnap-
1~ rSA HW sicawpda doganaHunanu.

OrvpanK Kydm TabCUpP KUNaéTraH CyrK-

10.1-pacm VK wnunpgarn 60CUM  YHWUHT GanaHgnvrura

6ornuk. HOkopumgaH nactra kapab 6ocum

npagmn, YyHKN CYIOK/IMKHUHE Xap 6Up KaTtnamu KXopu katnamiap
a oy4dop 6ynaaun; navw tyémnaaru CyloKNMKHNM aca tokopuaa étraH
<.atnamnap 6ocaaun. Mackanb KOHyHUra mMysouk 6y 6ocumnap
lyHannwnap 6yinua y3atunagu; WYHUHT YYYH CYHOKIUK Wavw
| mesBopnapuga xamga YyHra 6o0orvpunaraH xap KaHzah >Xucm
6ocnm  xocun kunagun. MacanaH, 10.1-pacmpa Kypcatwuarad

M namwpa cyrknanmk éyncnH. anw numpa xap Xun TeKucnukaa
[raH Ba xap KaMCUCUHUHT t03acu 6up 6UpNMKKa TeHr bynraH ydta
=S 3 w3avanapHu ¢GukpaH o0nMb6 Kapaihnuk. Maskyp to3ava-
m xap 6upu cylKAuMK 3acngaH h uykypnukga xonnawraH
Mackanb KoHyHura 6uHoOaH, Xxap 6up to3ara 6anaHgiru h sa
Hr kecum 103acum  6Gup BUpMKKa TeHr OynraH Xxaxmaaru
KHUHI OTUpAUrura TeHr Kyd Tabcup 3T1agu. CYK/IUKHUHT Oy
vHU Q 6unaH, 3nunnrnHKn p éunaH 6enrunacak, xap 6up to3avara

aTaértraH 6ocum P— N = BS =PJ?N 6ynagn (g — XUCMHUHT

harv 3pkvH Tywuw TesnaHuwmu). [emak, to3avanapHUHI KaHOamn
TraHngaH KaTbW_ Ha3ap, CYHOK/IMKHUHE OKOpM Katnamiaapu
laH ynapra p= pgh 6ocum TabCcup 3Tagw.

nynoxasanapgaH KypuHaguku, xap KaHgali CYHK/INKHUHE (Ba
UWr) nacTKM KaTtnamnapura, LWYHUHIOEK, yuia KaTnamnapHu
ab TypraH navw gesopura ynapgaH h 6anaHgnvkna xkonnawraH
TOMOHMAAH h kaTTaiukka MyTaHocM6 6ynraH 60cMM Tabcup
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3o0TaH, EpHu Kypwab onraH xaBO KaTnamu (atMocdepa)HUHr G6anaHanMru 6up Heua
KNNIOMETPHU TawKkun atagn. Ornpank Kyum Ta-bCMpua XaBOHHHI loKopuparu katnamnapw,
okeaHparu cys kabu, nacTkm katnamnapra 6ocum 6epagn. Hatuxana Ep cupTu Ba yHaaru
XUcMnapra xaBo KaTnaMMHUHE 6ocumMn — aTmocdepa 6o0cum n Tabcup kunagu. by
60CYMHUHI MUKAOPWUHN 6UpUHYM MapTa XIX acppa utanbuH onumMn Toppuyennm aHuknao,
aTtmocepa 60CcMM KyYMHUHT Ep cupTugarn katranuru 760 MM cumMo6 yCTyHW orumpnurura
TeHr 3KaHIUTVMHW KypcaTau.

CylOKNNK 60CMMK acocaH TMapomMexaHUK (CYlOKINKHUHT 6upop
HyKTacugarun), rmapocrtatuk (TUHY XonaTgaru CytoK/JMKKa oHA) Ba
rmapoavHaMukK (Xapakatgarv CylOKNIMKka oua) 6ocummnapra
6ynnHagun. TMapomMexaHuMK *  ;MHUHI aTmocdepa 6GocMmMugaH opTuUrm
opTMkKkya 6o0cum pgeb6 anagn; atmoctepa 6ocummagaH KnMUnk 60cum
BakyymeTpuk (bywnukgarn) 6ocum 6ynagn. O nHamMmuk 60-
CUM — Xapakatfarv CYHK/IUK 3appanapuHuUHr Xaxm oupnaurungarm
KUHETUK 3HEPrusicnHn ndoganosyn kattanukamp. byHaaH Tawkapu xaso
6ocumn, 6yF 6ocmmun, napuman 6ocum (Typau Xun rasnap apanawimacura
ova) AeraH TywyHyanapgaH cgorganaHunagn. bupop navw mnunpgarm sa
YHUHI atpocdmpgarn myxut 6ocumn bupranmkga mytnak 6ocum  geb
aTanagu.

CW Ttusnmmnpgarn 6ocum 6Gupnurn (Ma) paH Tawkapu dusmka Ba
TexHuUKaga Kyhiunparu 6ocum GMpnnknapw KynnaHwnagu:

1) Opoowii wapoutha aeHrns catxmparn (15°C = 288 K) atmocdepa
6ocumm— 1 atm= 1,013-105 Man

2) p= pg/i hopmynana p Ba g 6epunraH kattanuknap 6ynraHu yyyH
6OCUMHUHI cMMO6 YyCTyHU (JT)HUHT MuUanMmeTpnapga ynyaHraH evpnurum
(MM cum. ycT.) KynnaHumnagn: 1atM=760 MM CUM. YCT.; 1 MM CUM. YCT. «
X 133 MMa.

10.3-$. CYIOK/MNK/TAPHNLT XAPAKAT Ba mMmyBo3aHaT TeHrnamacmu

CylK/IuKNap XapakaTUHUHI XaKUKUA MaH3apacuHU aHuKnaw Y4yyH
MexaHVKa KOHYHMapuHuU TaTbuK 3TraH BaKTha CYHK/IMK 3appadanapu
VHEPUUACUHUHI HaMOéH O6ynumuwmngaH Tawkapu, fiHa WYKM ULLKanaHWLl
Kyynapu 60pimruHn xam (aH4ya KaTTa Tes3nuknap 6unaH xapakaTnaHyBuM
rassiap y4YyH CUKWAYBYAHAVKHUHI BYXYAra Ke/MWWHU Xam) Xucobra
onuw 3apyp. Cywknmknap Ba rasfnap XapakaTUHUHI Mypakkab
MaH3apacuHU TYLWYHUW Yy4yyH 6M3 ynapHuM gactnab énuwmainguraH sa
CUKUIMagUraH CyrKIVK (Mgean cylokKnmnk) cucatmga kapab ynkamm3s.

XapakaT Te3nukiapu KatTa 6ynmaraHga eHrwl CUKWYyBYM rassap
XaM yHAa XapakaTnaHyBuYM >XXUCMMapra Xyaau CUKUIManguraH cyr™-
NMKNapAek Tabcup Kypcatagn. Kuumk tesnuknap 6unaH xapakaTt/iaHyB-
U/ CYHOK/IMK MuYura KNApUTWUATaH XuUcmaapra TabCup 3TYBUU KyUNapHUHI
narpo 6ynuwinra acocaH EnULKOKAMK cabab Gynaawv, KaTTa Tes3nuknap-
[a 3ca CYWK/IUKNAPHUHT WHEepUUsAcK KynpoK Tabcup Kypcatagu. by
KyUYNapHUHI MUKAOPW Ba MAyHaNUWW CYKOKAWK GUNaH yHra KUpUTUAraH
KaTTUK >XUCMHUHI Oup-6upura HucbataH Kyuyuw Tesnurura 60rnuvk
6ynagn.

YMyMaH, cyroNuknapaa TabCup 3TYBUYM Ky4y/lapHU XaXMWii Kydnapra
Ba CUPT Kyy/napura axpatuwl MyMKUH. XaX MWW Kyudynap macca dm
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y 6unaH 6ornnk éynraH kydra mytaHocubéaump. by kyuyHwm JdV peb
nacak, J H/M XaXMWW KyUYnapHWHI 3W4YAUru  gelanw
IH. XaXXMWi Kydra OrupsavkK Ba WHepuma Kyunapu wmucon 6yna

PaBlwaHKN, OrMMPANK KYYMHUHI Xaxmuii 3ununurn f=pg (p —
VK 3M4nnrn, g — 3pKMH Tywuw TesnaHuwmn). Cupt Kyunapwu
/IOKNUKHUHE Xap 6Mp KUYMK XaxXmMura yHu ypab TypraH CyKIUK
napun TOMOHWAaH TabCup 3TYBYM TUK Ba ypuvHMa Tap3ga iyHanrad
pgaH wunbopar. TuHY TypraH CYHOKIUMK (rMgpoctatmk wuaean
MK) yyyH ypuvHMa Ky4dnapHuW 3bTubopra onvai, dakar Tuk
raH 6ocum KyuynapugaH Mb6opar XOMHU Kypub umkahnuk. Knuumk
6ynakyacu dV yuyyH y3yHAuru dx Ba KyHAanaHr kecumu tosacm dS
H UMAMHAPHU onaimk (10.2-pacm). BOCMM KYYMHUHT LWMAUHOPHUHT

dx

' P(X*dx) 10.2-pac m
W

yn acocura TabCup ITYBUYMCMHM Pp(X)dS p[ecak, WKKUHYUCK
dx)dS ra TeHr 6ynagun. Acnupa p Kyd y Ba I KoopAauHaTanapra
| BakT / ra xam 6ornumk 6ynagu. LUnnvHOPHUMHT éH TOMOHNapura
p 3TyBuUM 60CMM Kyunapu X ykura TUK 6ynraHugaH, yHu xucobnaii-
3a r yknap 6yinab Tabcup 3TyBUYM KyunapHW kKapab yTmpmacak
ynaaw.

panaétraH xaxm O6ynakyacura TabCUp 3TYBYM 6GOCUM KYUUHWUHT
MyHanmwugarn Tawkun atyBuncu \p(x) —p(x + dx)} dS ra TeHr

N. YeKcu3 KMUYMK Y3rapuliHu audycepeHuman 6unaH anmalTupuLl
HAUIUAAH,

p(x+dx) —p(xX) = —dp= —" dx
ax
31 MYMKUH. Yy, T Ba / napHu y3rapmac pfAeb kapanaétraHpga.
/, 2, /) PYHKUUAHUHT X Byiinda OfIMHraH XOCuaacu Xycycui Xocuna-
6opaTt 6ynraHu Tydannu,

~ dx dx= —ﬂg dx= Txxdx

MYMKMH. LWyHra yxuwaw, p HUHr y Ba 2 nap 6yiuuya Xxycycui
L ~ Ba fecak, 6ocuM KyuuMHUHr X, Y Ba Z yknapwu

a TalWKua 3TYBUMNAPUHM Kylinparnya €3vil MyMKUH:

T-=~b T,— %- nonm)

W KUAnG, CYHKIUKHUHI OGUPAVK Xaxmura 6ocum p Tydannim
ra KenraH Kymumgarum cupT Kyynapu TabCup aTagu:

1~%-K (10.2)
AX Ay Ar

Ap KaTTa/IMKHUHE TpagneHTUHn
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gra<l,=f-7 + f 7+ J)f * (10.3)

0 & 6enrunacak,
T= —grad p (10.4)

0eb6 €3 MyMKWH, sibHU T BeKTOp p cKansp KaTTa/IMKHUHE Teckapu

vwopa 6wunaH ONMHraH rpagveHTura TeHr skaH. LWyHaah Kuano,
T BekTOp 60CMM P HUHI MUKOOPW 6unaH amac, 6ankm YHUHr casoparu
MyHannwnap 6yina6 y3srapuwu 6unaH aHukKiaHagw.

CYWOKIUKHUHT MyBO3aHaT xonatmga T Ky4 XaXmuii Kyd J 6unad
MyBO3aHaTAa Oynuiwn Tydannm kKyhiunparura ara 6ynamuns:

grad p=1. (10.5)
By TeHrnama ruagpocTtaTUKaHWHI acocuii  TeHrnamacu — gevnagw.

(10.5) TeHrnamaHuWHr KoopguHatanap 6yinya é3uaraH  KypuHULLN
Kyhngaruya:

F=«*> e of —«»>e (10'61

Arap wngean CYHKIWK KaHgangmp v Te3nuk 6unaH XxapakatnaHaértraH
6ynca, (10.4) Ba (10.5) copmynanapHu xmcobra 0nmb, CYHOKIUKHUHI
XapakaT TeHrnamacuHu Kyingarmya €3mwnMnus MyMKUH:

PAT = T—grad p. (10.7)

By TeHrnama ngean CywKIuK ruapoanHaMUKacCUHUHT acocuii TeHrnamacu
6ynné, y 3iinep TeHrnamacu ne6 xam artanagu. Pean cylknvknapga
(MWKanaHn Xucobra ofIHraHAa) CYHKIMKHUHE XapakaT TeHrnaMmana-
pv aHuYa Mypakka6nawiagu.

10.4- 8. CUKUIMANOUTAH CYIOK/IVK TUOPOCTATUKACK

Arappa cylknumknapgarm Xaxmui KydynapHu nyk neb dapas Kuscak,
y xonaa 7=0 Ba gemak, A x4y ;—}——O 6ynagn, SAbHU  XaXMuii
Kyynap 6ynmaraHga MyBO3aHaT LWapouTuga CYKIUKHUHE  6apua
HyKTanapuga 6ocum 6up xun 6ynagw.

XycycaH, XaxXMwuii Kydnap 6yamaraHfa CYKIUKHUHT 6upaaH-6up
MyBO3aHaT LWapTh wyHaaH mnbopaTku, 6y xonga CYKAUK CUPTUHUHT
6apua HyKTanapura Tabcmp 3TyBYM 60CMM BMP X1 Ba y Talwky 6ocumaaH
néopat 6ynaaun. AKC XClWaa CYHOKIUKHUHI XapakaTu BYXy/Ara kenagw.
Xaxmuii Kyunap 6ynmaraHga CylKIMK cupTura 6epunyBun MyansiH
60CMM CYIOKINK mungarn 6apya HykTanapga wyHgah 60CMMHM BYyXyara
KenTmpaap.

Arap CYWKIVUK ormpnvk maligoHunga 6ynca, y xonga f=pg- By KyuHu
Z ykn 6yihinab riyHanraH geb6 xmcobnacak, MyBo3aHaTAarun CYRK/INKHUHT
acocuii TeHrnamacu KyhivparngaH wmbéopart 6ynapii:

=~=0; f.=-Vg. (0.8)



i) chopmynagaH KypuHu6 Typnbamku, myso3aHatAa OynraH Cylok-
a 6ocnm X Ba Y yknapra 6ornuk 6ynmacaaH cakat Z ra 6ornmk
AN. Z ra TUK TeKucnuknap sca 6up Xun 60cumnm Tekucnauknap
A Ba OyHAAH CYHOKIUMKNAPHWUHE 3n4nurn  dakat 6GanaHOnnkka
WK, AeraH Xysnaoca Kenmb umkagu.

HOW dapa3 KuNamank, CYIKINK 6Up XWUHCAW Ba CUKUAMahguraH
const) 6y/ICUH XamAa 3pPKWH TYLWWLL Te3NaHuWn g Xam 6anaHgankka
MK 6ynmacuH. by wapouTtnapHu xucobra onraH xonga (10.8) TeHr-
HUHr nHTerpann kyhiungarnHu 6Gepaaw:

p=p0—pgz. (10.9)

HTerpannaw AOUMUIACA PO MabHO >mxatugaH z= 0 parn CyloK-
wHr 6ocmugaH wnbopar.

10.9) copmyna mauwparu CYHOKIUKHWUHE Tarmra Ba fAesBopriapura
ia CYlOKNIMKKa O60TUPUAraH >XWUCMHUHI CUPTUra TabCup 3TYyBYM
apHM XaM aHuKnaw WMKOHUHK Gepaaw.

labnymkn, Apxvmepn KOHyHUra OuMHOaH CYKOKAWMK Ba rasra 60tu-
aH Xap KaHAalh >Xucmra y CUKMO uumKapraH CyYHKIWK €KUM ras
Nrura TeHr rmapoctaTtvk KyTapull Kyuu Tabcup Kunagu. by Kyd
1 cnmpTura cylKnmMK €kn ras3 TOMOHWAAH TabCuUp KuaysumM 6Gocum
apUHWHI TeHr Tabcup 3TyBuMcuM 6ynmb, TUK pasBuwga loKopura
nagn. XVCMHUHT OrMpAnru KyTapuw KydyngaH KatTa 6yrsica >XWUCM
N, KN4mK Bynca uvykmangu. By CYHITU XyCYCUAT >XUCMAAPHWUHT
NNK Ba rasnapja Cy3nw KOHYHUHUHI acOCUHW TallKua 3ataawn.
rap CylK/JIMKKa KaHOanaup XMUCM KUpUTUAraH 6ynca Ba y MexaHu-
M HykTam HasapgaH MyBO3aHaTga 6ynca, y xonga yHra Tascup
T TaWKW KyynapHU >XUCMHUHI OFMPAMK Ky4du Ba >XUCMra xap
HOaH TabCcuMp 3TyBUM 6OCMM KyunapugaH — Apxumen KyuynapuaaH
at peb kapaw MyMKUH. by kyuynap 6up-6upura TeHr Ba kapama-
jh  MyHanraH 6ynca, >XuUCM MyBO3aHaTAa O6ynagu. MacanaH,
HUHI CY3ULLMHW TeKwmnpaauraH 6yrncak, cysB yctnaa 6emanon cysmo
MA YYYH KEMaHUHIr cyBra O60TMpUAraH KUCMU CUKMG 4YmKaprax
VHI  OrVMPAUIM  KEMaHWHI 10KU 6unaH Gupranuvkgarn xasogaruv
nurvra TeHr 6ynuwm nosum.

10.5- & WAOEAN CYIOKMMNKHWUHE TyPfYH XAPAKATW.
BEPHY/IIN TEHTNTAMACW

easl CYHKIUKNApP XapaKaTUHWHI KOHYHMapuUHW ypraHuw aHya
KKab 6ynraHm ydyyH 6mM3 acocaH ENULLKOKIWK KyudlapuHU Xucobra
cOaH, uaean CYKKIUKHWUHI XapakaTuHU Kapawnnuk. AnbatTta, 6y
a CyloKnnknapga maexypn bynaauraH MYkU MLWIKaNaHWUWHUHE TUK Ba
Ma KyuYnapuvHW YeKCU3 KMYMK Aeb Kapaw MyMKWH. by Xxanpa wgean
nvkgarn maexyg 6ynraH 6upaaH-"Mp Ky4Y — YHUHI TUK RyHanraH
M Kyungmp. by 6ocum Kyuunm (p) CYHOKIUKHUHI 3u4nanrun 6unaH
naHaaw.

YVIOKIMKHUHT  KyHOanaHr Kecumu Typnuua 6ynraH OKuMM Halimvpa
| >xapaéHnHM Kapab Ynkamnmk. MaT=nymMKkn, CytOKINK OKUMUHUHT Xey
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epaa y3uamacsmrn, SbHU YHUHT Y3NYKCU3NUTUAAH CYOKINUK Te3/IMTMHUHT
OKMM HaWWHUHI KyHAanaHr Kecummra KyrnanTMacuHWUHE y3rapmMac akKaHu-
m kenmb umkagun. by aca Mabnym BaKT opanurmga HaliHUHT 6up yunpgaH
OKNG KNPaETraH CYHK/IMKHUHI XaXMW YHUHI KapaMa-Kaplu TOMOHWAaH
OKMb6 4YMKaéTraH CYWK/IUK XaXmura TeHr OynuwuHm o6ungmpaam
(10.3-pacm):

Y|5| = y52
AbHM At BaKT opaiMrnaa Si KeCUMm opKa/iv OKMG6 KUPaETraH CYHKIMKHUHT

Teanurn W Ba 6ocumuy p\ 6ynca, Xyaau Wy BakT mumga S 2 KecumpaaH y2
Te3nuk Ba p26ocMmnapna 6up Xun CylKINK Maccacu oku6 $?Tap akaH.

103-pacm

OrvpnamkK Kyuu Tabcuvpupga pyn 6epyBun TypryH XapakaTHu Kapab
ynkamnumk. by xapakaT yuyyH 3HEPrUsSHUHI eak/aHuLll KOHYHUHW TaTbuk
3TULL MYMKWH.

OKUM TYpryH 6ynraHnurungaH, HaliHUHI axpaTtnb onvMHraH Kucmiapu-
[a 3Heprua TynnaHmaham xawm, capd 6ynmaiign xam. Oemak, At BakT
nungda Si KecMm OpKan ysaTunaéTraH 3Heprus xXyoam wy saktga S2
KecUM OpKasn y3aTunaéTraH aHeprusara TeHr 6ynuwmn kepak. by xonpga Si
KecumaaH okmb yTaéTraH T Maccannm CYIOKINKHUHT KUHETUK 3Hepruscu
mv]/2 Ba noTteHumnan aHeprusacu mghloéynraHngad, At BakT opanurunga
OrMpP/IVK Ky4napu Tabcupua Si KecuM OpKanu ysaTunaguraH 3aHeprus

tnvl

MUKZOPY f-mghx 6ynagu. ByHAaH TalkKapu opKagaru CYHK/IMK

Y3UHUHT ONIONO N cyroknnkHn CWIDKUTUWNA yuyH PiSI kKydyHUHr VAt
Mynra kynaihtmacura TeHr 6ynraH wmw 6axapagu. WyHpah kunmb, At

BaKTAa KyHAanaHr Kecum OpKaau ysaTunaguraH yMyMWuidi 3Heprus
MUKOOPWU Kylinparura TeHr 6ynagu:

E —~~—\-mgh, +/7,5,y.A/. (10.10)
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aliHUHI Xxey 6Mp KUCMUAA 3Heprus TyrnjaaHMaraHIuru Ba capg xam
araHurn ca6a6nu, S2 kecum opkanu At BakTAa y3aTuiagurad
Msi Xam Xyaaum WyHAail KywunyBuunap wurvuHamcura TeHr Gynaau.
K,

jL+mgh,+pIS,v,At="27-+mgh2+ p > 2At. (10.11)

KUMHUHI Y3NYKCU3NUK WwapTura MyBounk At BakTAa Halra okub
ITraH CYHKNNK Xaxmun 5|Y|4/ ra, Xxyoou wy BakT nunga yHaaH okuob
‘TraH CyrKAuUK xXaxmm S2V2At ra TeHr. (10.11) HUHI UKKU TOMOHUHU

Hr xaxmnapra 6yncak Ba =p— CYHKINKHUHT 3N4NNTN
[wrnHn xucobra oncak, (10.11) ypHura KymmgarmHu é3mil MyMKUH:

pi)?

2
2——-bR\“b —22— I-Pi+ P2

—j-+p+pgh = const. (10.12)

?Hrnama bepHynnu TeHrnamacwu pfe6 artanagn. bepHynnm
amMacugaH Kenmb umkaguraH XynocanapgaH 6uvpuv WyHAalk: oKuM

104-pacm

VHI MHIMYKa UMcMUAa CYOK/INKHUHT Te3Inru 60WK,a KucMmnapaa-
K,aparaHga kaTtTta 6ynagn. HaliHMHI WHIMYkKa KucMmura okmb
rraH CYHOK/MKKA HaWHWHT WYroH KUCMMAa OKaéTraH CYKKIMK
naaH MyTOH Ba MHIMYKa Xohnapgarn ctatnk 6ocmmnap dapkm p2 —
a TeHr 6ynraH Kyd Tabcup ataau. by Ky4 HaliHUHT MHIMYKa KnCcMmra
MyHanraH O6ynaau. [lemak, OKAM HaWWMHWHI TOpP >KOWnapuparu
KeHr olnapupgarura KaparaHga nactpok 6ynagn (10.4-pacm).

3 BepHynn TeHrnamacuHM OKaéTraH CYHK/IWKHUHT KUHETUK Ba
Luman aHepruanapu iMrmHgucK ysrapmac 6ynraH xat yu4yH Kentmupmo
OVK. Acinga Oy  3HeprusnapHuHr  6up  KWCMU  MLIKanaHuw
pura kapwu wuw 6axapuwra capd 6ynaau, HaTuxaga CylK-
Hr MOJEKynap XapakaT aHepruscu optagn (CYHOKAVUK UCUinamn).

MW ydk Tekucnurm 6yiinab pyii 6epaétraH 6ynca, cTaTukK Ba
vk B6ocumnap WUrMHOMcKM y3rapmaign, LWYHUHE y4YyH OKaéTraH
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CYKXNMKAa cTaTMkK 60cuM OOUM XapakaTcu3 TypraHparvra KaparaHga
Kam 6ynagu.

Arap HaliHMHI KeHr kucmugarn 6ocum aTmocdepa 6ocmmura TeHr
6ynca, yHUHr Top Kucmmparn 6ocum atmoccepa 6ocummaaH kam 6ynaau.
KynruHa KypuamanapHWHIE, MacanaH, MHXeKTop, CyB napparu, Hacocniap
Ba Kapb6ropaTtopnapHUHI uvwiaw MpUHUMAM aHa Wy Xoaucara acocnaH-
raH.

10.6-}. CYIOK/JMKHWUHT HANMNAPAA OKULWWN.
MYA3EANb ®OPMYJIACHU

Pean cylwoknuknapfga xapakaT wugean CylKnvknapgarngad gapkim
6ynn6, ynapaa WYKM MWKanaHWW Kyynapwu ByxXxyara kenagu. byHpai
CYIOKINKNap4a W4ku UKanaHuw Kydynapwu katnamnapHUHI Xapakatura
Ba AeMakK, YHAArM XXUCMMIapHUHI XapakaTuira xam, KapLuink KypcaTyByun
Ky4y cudatnga HamoéH 6ynagwn. by xoamcaHu ypraHuw yyyH 6u3 6upop
CYIOKNUK CYpTWAraH WKKM nnactuHka omm6 (10.5-pacwm), yctugarm
naacTMHKaHW ocTuparucmra HucbaTaH XxapakaTnaHTupannumk. ByHaa
ynapra Ttermb TypraH CYlOKAWK KaTnamnapu ynapra énuwagn, KonraH
fapuya katnamnap aca 6up-6upnapura HucbataH cumpnaHu6 kyvyaau. by
Xonga nnacTuHkanapfaH Y30K TypraH KaTnamaapHUHC  cupnaHuLl
TE3/INIU AKWUH TypraHnapHukungaH katta 6ynaau. Katnamnap xapakaTtu-
HVHI TE3UTMHN XapakaTra TMK bynraH Z ykka HucbataH kKapainuk. by
X0nfa xapakaTHUHT Z yKn Gyinya ysrapuw Te3nnru (Te3nmk rpagmeHTm)

~4z 6Ynagun-Arap KoopauHata z opTUlLIM 6UNaH KaTtnaMNapHUHT Te3nurn

6Up Tekucaa opTca, Yy Xonga Te3nNUK FpagveHTU CYOKIMKHUHE 6apua
mMaccacu yuyyH 6up xun 6ynaau. Bup-6upmngaH Az y3oKnMkKaa Typrad
KaTnamnapHuUHr Tesnuknapu Vi Ba v¥6ysca, y xonaa TesiMkK rpagneHtu

-\
6ynaaw.

CyloKIUK KaT/lamaapy opacuaa MaBxXyZh OynraH ulKanaHul Kyuu
T yuyyH HbIOTOH KyiAingarm KOHYHUSITHU aHUKNaau:

F=n|-] 5, (10.13)

OyHOa 1] — CYIOKIUKHUHI KOBYLUIOKNNK KoadhdmuneHTn; 5 — katnamnap
to3acn; dv/dz kattanuk (Te3nuK rpagueHTn) 6mp KatnampaH WKKUHYN
Katnamra yTraHga CyK/IWK KaTtnamnapu Tes/IMKNapUHUHE  y3rapuil
XagannuruHn ndogananan. Mwkanannw kyunm (F)  MKKM  «KYLWHWU»

KaTNaMHUHI Te3poK XxapakaT/iaHaéTraHWHW TyxTaTuwira, CeKMHPOK
XapakaT/iaHaéTraHuHM aca Te3natulira UHTUAaaN.

(10.13) ra kypa 1 HuHr CU pgarm 6upnurn kKunub wWyH[am CcyrkK-
JINKHUHT KOBYLLUOKAWUIN ONWHaAMKKW, ByHAa Te3NuK rpagueHTtun

~ = 6ynraHaa, CYHK/IUKHUHI WKKA «KYLWHW» KaTnamnapu

opacngarn S=1 M2cupThoa MaBxXypn 6ynraH uwkanaHvw kKyin 1 H ra
TeHr 6ynagn. by 6upnunk nackanb-cekyHp (Ma-c) pe6 atanagwu.
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/
10.5-pacm 10.6-pacm

Yya KaTTa 6ynmaraH Te3nuknapga CylK/IUK KaTtnam-katnam 6ynné
.ByHpali okmw namuHap okuw gevimnagn. JlamnHap okmwaa (10.6,
1) cylKnMK katnamnapu Hali gesopniapmaaH KaHuya y30K Typca,
hura HucbataH LWyHYa KaTTapok Te3nMK 6unaH cupnaHaam
JMKHVUHI  naMuHap okKuwunga Hah wnuvra tobopunraH 6yéknm
MK aHWK YerapanaHraH Lwaknga konasepagu). Tes3nuk opTuwm
CYIOK/NVK KaTnamnapuHUHI apanawmnb okuwun ByXyAra kenagw.
M okmw TypbyneHT ouuvw pgeivnagn. byHaa To3a Ba 6ysnarad
MKnap opacmpgarn KeckuH uverapa WyKonm6, HaWHUMHI Xamma
mpga TapTMbCM3 ylopmaBuii Xapakatnap tosara kenagn (106,
i). lammHap okvm Typ6yfneHT OKMMra annaHuw nantuparn Tes3nunk
C Te3nuk geb aranagw.

<HWKa TapPaKKNETUHUHI BYryHrn 60cknunga CyrK/INKIapHUHE Xap
|linappoarn yptaya Te3niMknapuHn 6UnnwW Katrta amannii axammaTra
axpubanapga aHuKnaHuwWuya, xap XuWn OnameTpan HalnnapHUHT
NaHr Kecum 103uAaH BaKT 6upnuvrnga okKub ytaguraH CYHKIMK
pn M ypTada okuw Te3nuru uf HUHI KyHAanaHr Kecum to3m 5 ra
rMmacumra TeHr 3KaH:

M = ur S.

BHUY3 onvumn Nyaseiinb (1841) CytOKNMKNApPHUHT Haiiapaa OKuLl
crnapyHn Taxkpuba ynu 6unaH ypraHm6, CYIOK/IMKHUHT Hall 6yiinab
a namvmHap ouuvw Te3NUrM Ha y3yHInK bupamrura 60CUMHUHT
mw ~ampa Hali paguycUHWHI KBajgpartura Tyrpm MyTaHocmb6 Ba
HOK,/INK KO3DPULIMEHTUIA TeCcKapy MyTaHOCUO 3KaHIUTUHN aHnKNa-

- P~P2 12 (10.14)
y 1 g

YHUHI y4yH Xam 6y KOHyH [lyaseilinb K,0HyHW Oe6 atanagw. Hai
>= n/? Ba M = v®B 3KaHNUTMHM Xncobra onnb MNyaselinb KOHYHUHN
arvya €3 MyMKWUH:

(1015)



Ynuamnapn wMabnaym 6ynrad 5
Hangarn 6ocnmmnap TYLWWULWWHK /"
6unran xonga (WW. 15) dopmy- A. n\—— (I_r— T \
nagaH doiiganaHn6 okaéTtraH cy- U 1 >|)|?.
HOKNKHUHT  KOBYLUOK/INK  KO3th-
PULMEHTUN T} HU TOMULL MYMKVH.

Hampga namuHap OkaéTraH
CYIOK/TIMKHUHT CTalMoOHap xapaka-
TVHU ypraHm6, (10.15) dopmy- 10.7-pacm
naHn Kyngarn nyn 6unaH xam
KeNTUpM6 uMkKapuw MYMKMH: Haii opacuga y3yHnauru / Ba paguycu
r OynraH uyunuHapnapHu axpatmb onavwimk (10.7-pacm). OKum
cTauunoHap 6ynraHga 6up xun KyHOanaHr kecumra ara 6ynraH Haigarm
6apya CYlOKIWUK 3appanapuHUHr  Te3nurn ysrapmac OynraHupaad,
CYIOKNUKHUHI UCTa/ITaH XaXMuUra TabCUp 3TYBYM TalUKU KYy4YNapHUHT
AMrMHoucKM Honra TeHr 6ynagn. WyHUMHr yuyyH axpatmb OnuHraH
uMnMHapra TabCcup STyBUM Ba XapakaT WyHanuwu 6yinya NyHanraH
Kyynap hvrmHgucnHn (p\—p2nr2 geiimw MyMKuH. ByHaaH Tawkapwu,
UMANHAPHMHE éH TOMOHMapura TabCup 3TYBYM WLIKaNaHULW Ky4ywu:

F—A | ~-\ 2nr/.
dr
CtaumoHap xonatga 6y Kyuynap y3apo TeHr:

(P\— P2)nr2= u'('~dv,\' 2nrl. (10.16)

CYIOKINKHUHT Te3NUrM HaMHUHI MapkasvgaH veTra TOMOH Kamainb
6opuUWIMHN.  abHU  dv/dr= —dv/dr 3KaHNUrvHW Hasappa TyTuo,
(10.16) (]-opmynaHn Kyhmnpgarmvya ysrapTupull MyMKUH:

dv (Pt—P2)r _
ar o\l ékm dv= an rdr. (10.17)
(10.17)Hm wmHTerpannab,
_ PI~P2
= = n (10.18)

HW XOCWUn Knnammn3. r = R 6ynraH Hyktanapga CylKIUKHUHT Te3NUIN v =
= 0 6ynraHu yuyH, (10.18) paH nHTerpannaw gonmuiicn (C) kyhnmpgarura
TeHr 6ynagwu:

i/
HaTtmxapga, (10.18) kyihingarn KypUHULLHW Onagw:

| ~P2

Pl P2 P )
R2—)= " " ifo-£). (10.19)

an/

v (r)

LUvnnHapHuHr (HaliHWHT) mapkasmgarn (r= 0) Tesnurun

«,.-,(0) (10.20)



OaH, (10.19) kyhnpgarnya ésmnagu:
u(r)=uo(lI—1J). (10.21)

JaH KypuHMG6 Typmbamkn, Hanappga CYHK/INKNapHWHT namuHap
51 Te3nurn Haii MapkasugaH gesopra TOMOH napabona KOHyHW
y3rapap 3KaH.
SHON HAMHWHI  KyHOANaHr KecumMupaH BakT
6upaurnga namMuHap OKub6 yTaéTraH CYHKINK
MUKAOpU M HU xmcobnab Tonaiinuk. Wy makcapna
pagnycun R 6ynraH HaliHWHI KyHOanaHr KeCUMWHU
KanuHnurn dr 6ynraH manga Xxankadanapra
ukpaH 6ynm6 umkamms (10.8-pacm). Wukun
paguycu r Ba Tawku paguycu r-\-dr 6ynraH xap
6up xankaya opkanu 6UpPAVK BakKTha OKMO yTyBuM
CYIOK/IVNK MUKAOPW:
8pacm o
dM = vo(1 ——r-)2nrdr
T

ByTyH Hali 6yiiniab yHUHr KyHAanaHr KkecummgaH 6upnmk Baktga
YBUYM CYHOKIMK MUKOOPU 3ca

A R 2
M= ~dM = ~yO(1— F—)2nrdr= -~nr2/0
o o

ByHparm vo ypHura yHuHr (10.20) pgarm KuAMatuHu Kyininob
n Myaselinb opMynacuHU XOCWU KUNamus:

P|-Pr nl?
/ 8y

10.7-}. CYIOKAUWK BA TA3NAPOA XNCMNAPHUHE *APAKATUTA
TUWNAOQUTAH UAPWWAVK. TMOPOOVMHAMUNKALA YXWAWMANK KOHYHN

1 cyloKNuK €K rasnapga WlKanaHuw Kyuynapu MaBXynaviru
W ynapfa XxapakaTtnaHyBuUM XWUCMapra TabCcup 3TyBUM .Apluuv-
ynapy naiigo 6ynaan. By  KyunapHUHI  MUKOOPUM — acocaH
PHUHI  XxapakaT Te3nurura 6ornvk 6ynaam. CTOKC KaTTa
IH v Te3nuknap 6unaH yapakaTnaHyBuYM I paguycnu LapCcMMOH
pra MyyuT TOMOHUZAH TabCUp 3TYBUM LAPLINANK Kyun F XuUcM-
e3nnrn Ba ynuyamnapura %amaa MyYUTHUHT  K,0BYLLOK,JIMK
UMEHTM N ra TYrpu MyTaHOCM6 3KaHIUIMHU KypcaTau:

F=6nr)rv. (10.22)

CTokc dopmynacu paeiivnagn. by gopmynaHuUHr amanuid
TM WyHAaH W60PaTKNU, Yy XUCMHUHI KOBYLIOK MyXUTAA 3pPKUH
Te3NaHULWIMHU aHMKNaWaAa, Xap Xwl 3U4InKKa ara 6ynrad
apfa ToMuM €K1 KUYMK 3appanapHUHT paguycriapuHun ynapHUHr 6y
apAa 9pKVH TYLUULLIMHM Ky3aTUL OpKa/u aHuKnawaa Ba Wy Kabum
NapHU Xan KAnaMwaa KynnaHunagw.
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KaTTa Tesnuknapga ras Ba CYWK/IUKIAPHUHT KaplWAUTU  acocaH
yIOpMa XOCW/ KWIML YYyH WL 6aXapuaniiy HaTuxacuaa tosara Kenaaw.
By KapLwuivkK newoHa Kapwunuk ae6 atanmb, y HblOTOH Kalidg Kuarad
KOHYHra 6WHOaH, XapakaT Te3/MIMHUHT KBaApaTu 6GunaH >XUCM
Xapakatnra TMK 6ynraH KyHAanaHr KecuMm to3acura MyTaHocu6aup:

F=CX~~S, (10.23)

Oy epaa p — MYXUTHUHI 3U4nmnrn; CX— newoHa Kaplwuiamk Koadguum-
eHTN O6ynnb, YHUHT KUAMAaTU XUCMHWUHI LWakanra 60rnvk.

lOkopupa anTunraHugek, ne-
WOHA KapwWwuinkK MyXuTAa XOCun
6ynyBun yropmanap Tabcupuga
Byxyara kenagun (10.9-pacwm).
Kynna6é cywknmk Ba rasnappga
onmb  6opunraH  Taxpubanap
HbIOTOHHUHI NewoHa KapLunink
YYYH uumkapraH dopmynacu Tes-
NVKHUHT 6ab3n 6up Kuimatna-
py yYyH TYrpu 3KaHAUTUHU Kyp-
catan. MacanaH Te3NUKUHI KUUYMK KuiimaTnapuga kKapwuimk, CTOKC
opmynacmra MyBOMMK, TE3/IMKHUHI WKKMWNamMyn gapaxacura amac,
6anku bupnamum gapaxacura mytaHocu6 6ynap skaH. ToByw Tes3nurura
AKNH Te3nunknapga 6y 6ornaHuw v3ra, TOBYW Te3nurugad xypga karrta
6ynraH Tesnuknapga sHa u2ra mytaHocmb 6ynap akaH. WyHpan knnmnb,
Xap Xvun TesnMknapAa XapakaT/naHyBuYM CYIOK/AWK Ba rasnapgarv Typauv
wakngaru >xkucmiapra TabCup  3TyBUM  KyynapHu  Kapawpga 6us
(10.23) dopmynagarv Kapwuank KoappuumeHtTn CX HU  MYXUTHUHT
KOBYLIOK/MNK KO3hpmumeHTn (n), 3ndunurn (p) Ba >KUCMHUHI XapakaT
Tesnurn (y) xamga ynyamm (r) HUHI KaHganavp yHkuuscugaH mbéopat
LeinwmnmMns xakukatra sikuH 6ynagu. Onub 6opwunradH msnaHuwnap Cx

HWUHI dDaKaT ~~ ra 60rnmK aKaH/INTUHN Kypcataun:

Cx=f(Re), Re="-. (10.24)

(10.24) parn Re ynyamcu3 kaTtanuk 6ynmb, PelHonbac coHn nOeb
atanagn. MyxXuUT KOBYLIOKAUK KO3I(PMPULUNEHTUHUHT YHUHI 3uUuaurura
Hucbatn Nn/p aca KMHEMATUK K,0BYLLOK,JIMK Ae6 aTanagu:

~ =V (10.25)

Amanga PeliHOMbAC COHU KOBYLUIOK/IWK KO3(PMULMEHTU OpKasiM 3Mac,
6asikKu KUHEeMaTUK KOBYLUIOK/IUK OpKanu udoaanaHaan:

Re = 2N, (10.26)

XapakaTtnaHaéTraH CylOKIMKAA MWWKanaHuw Kyynapu (T) HUHT KuiAimMaTun) KaH4vyanumk
KNnunk 6ynca, PeliHONbAC COHM WyHYanuMK katta 6ynagu. (10.24) paH k”puHaguku, ngean
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p yu4yH (4= 0) PeliHONbAC COHM 00 ra TeHr (MablyMKu 6yHAai cyrcknuknap
iac).

VK Ba rasnapga XWcMIapHUHI XapakaTumn YpraHuiwga xapakaTHUHT nncouninnmn-
|6 YUHKMG CcylOKAMKAArN XUCM TUHY Typubau, CYHOKNMK 3aca Xucmra HucbataH
MK 6GunaH XapakatnaHantu n[e6 kapaw MyMKuH. LWy 6oHe Kyiinga 6us
HF XUcMra (Eku Xucmnap Tusmmura) HucbaTaH xapakatuum Taxaua Kunamus.
YH UKKMTa XUCM 0nmb, pactnab cylknnmkga 6upuHuM XuUcm bynraH xongarwu,
a 'y XWUCM YypHMAA WKKWUHYM XUCM 6ynraH Xongarn OKMM MaH3apanapuHu
< TaxpubanapHUHI KypcaTullnya, OKAM Te3/IMrn Ba CYIOK/JIUKHUHI y3ura Xoc
ip (3UYNMK. KOBYLIOKAWK Ba 6GoluKanap) Mab/lyMm LapTnapHU KaHoaTnaHTupraH-
€TraH CylKAuMKnap OKMMW MaH3apanapuja MyaisH MexaHWKaBwuii yxialiink
rMHM Ky3aTUll MYyMKWH. MoAOMWKMK, yXlWalwnank Masxypn 6ynca, 6UpuHYM xon
MaH3apacuMHW 6uUNraH Xonga WKKMHYM XaT yuyyH OKMM MaH3apacuHu onguHaaH
|w MymkuH skaH. Bowkauya aiTraHga, KMYMK ynyamnapra ara 6ynraH xucmnap
Knuknapga (Eku rasnappga) Taxpuba yTkasdmb, ONMHraH HaTuxXanapHu kaTtta
XuUcmnapra Konnax MyMKuH (mogennaw ycynu). Kemacosnuk Ba Taliépa-
XyoaoM WyHpam KanHHagw. By YCYyNHMHT acocmpa yXWwWawAMK KOHYHM

LUIMK KOHYHWHW yMyMWIA Tap3ga kapab umkailinuk. ®apas kunanuk, r sa b moc
CYIOKMKHUHI  yXlwall HyKTanapugarun paguyc-Bektopu Ba Tesnurun, /—
ynyamu, VO  OKMMHWHI XUCMra HucbataH Te3nurn. Y3 Hasb6aTuaa Cylok-
yCyCuATNApPWU YHUHT 3UYAUTU P, KOBYLIOKAUK KO3(hULMeHTN T) Ba MyainsH
HAUrKM 6unaH aHuknaHagw. Wy 6unaH 6upra YxXwawnnk KOHyHWAa Ormpaunk
TabCUPU 3PKUH Tywunw Tes3naHuwm (g) 6unaH, HOTYPryH OKUM OKUMHWUHI
MKAAH YWKHLI BaKTW T 6unaH, CYOKAUKHUHI CUKWAYBYAHAUIW 3Ca TOBYLIHWUHT
Tesnurn (c) 6wunaH mndopanaHagu.

:aT TeHrnamanapuga W. vo, I, |, p, 1), ¢, g, T KaTTanMknap opaewga MyansH
MaBxyn 6ynuwmn no3mm. by kaTTtanuknap éppgamHga 6up-6upura_ 60rnmk
6 Ta ynuyamcm3 MyHocabGaTHW XOCW/ KUAUW MYMKWH 3KaH. Bynapra v/vQ r/l
Ba fiHa 4 Ta ynyamMcu3 COHnap — KuiiMaTnm 6ornaHuwnap Kapagu:

plv, Ivn
He=— = — ; (10.27)
E=-1; (10.28)
gl
M=—; A (10.29)
c
S=-y-. (10.30)

«NKNap KoupacupaH goiganaHué, Kyimgarn QyHKUUANapHU E3Ull MyMKUH:

— Re, F, M. S). 10.31
i | ) ( )
vV=VvOH j.Re.F.M .S) (10.32)
MKKW OKUM Yy4yH (10.27) (10.32) 6ornanvwnappaH 6ewTtacH 6up-6upn 6unaH

a y Xonga ONTUHYMCKM MOC Kenap 3KaH. by yMymuii OKMMAapHUHI yXwaluamk
H néopar. OKMMNAPHUHT Y3U 3ca MeXaHWKaBWUii éku rugpoaMHaMuKasuii yxiiatl
ne6 aranagu. (10.27) cdopmynagarn coH — PeliHonbac coHw, (10.28) parn —
n, (10.29) parn Max coHun, (10.30) garm — CTpyxan coHu aeb6 atanaau. ®pyna,
3H 60rnuk 6ynraH F coH tokopuaa 6us KypraH PeiiHONbAC COHMra yxuwall mabHora
|TTanMk HykTam HasapuiaH CYOKAUK KUHETUK 3HEPrUSCUHUHI 6y 3HeprusiHuHIr
)ynga orvpavk KydYMHWHT 6axkapraH uwm Tydalinu ByXyAra KenaraH KUHETUK
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sneprumra unucbatngaH néopar. dpyn CoOHM KaHuya KaTTa 6ysca, MHEPUUAHUHI Ornprvkka
Huc6aTaH TabCUpW LWyHYa KaTTa 6ynagum Ba akCuHua.

CTpyxan COHM acocaH Typryu OynmaraH CylKAUKAap YYyH Mab/lyM axamusaTra ara
6ynca. Max COHW 3ca CUKMUIMaiAuraH CylKIMknap ydyH MabHOra ara GynraHnurugaH
TYypryn okaéTtraH cywknumknap yuyyH (10.32) TeHrnama ypHura

n= 50/(y-. Re, F)

TeHrnamaHu ésmw MyMKuH. ByHpgaH PeliHonbac Ba ®pya coHnapy 6up xun 6ynrad
CYHOKNIVKNAPHUHT OKUMU 6up xun 6ynagn geraH xynoca Kenué umkagu.

10.8-8. TUAPOOVHAMUKABUW HOTYPIYHNUK. TYPBYJIEHT/INK

lOkopungarn 6aHgnapna 6u3 CYKIUKIAPHUHE XapakaTUHW Tekwunp-
raHMMm3ga acocaH nammHap OKMLL XONMapuHKM Kapab YMKAuK. JlaMuHap
OKWLWIHWHI acoCuii XycycusitnapupaH Oupu YHUHT Y31 Y KCU3N UT U -
A np.Teknc xonapaa OKyBYM CYHOK/IMK Ba rasfapHUHI XapakaTu acocaH
Hali aeBoprapura napaanen OynraH XapakaT TpaekTopuscura 3ara
6ynagn. AMMO eTapivM gapaxaga KaTtTa Tesnukiapga namuHap
OKWULWHUHT  By3unwmMm  naMuHap OKULWHWHI  6eKapopamru  ByxXyara
Kenagn. BYHUHT HaTuxacupa xapakaT TypOyneHT xapakatra ainaHagu.
Typb6byneHT XxapakaTpga CYHKINK EKA FasHUHT rMapoaMHaMUKaBuUia
xoccanapwu (Tesnuk, 60cuM, rasnap yydyH aca 3ud/MK Ba Xapopart) Te3 Ba
TapTM6CH3 Xanga y3rapu6 Typaan. TypOGyneHT okMMra Tor gapénapugaru
CYBHUHI XapakaTtu, Te3 Cy3yBYN KEMaHWHI opKacugarn CyBHUHI XapakaTtu
Xamja KyBypnapgaH TapTubCcH3 YMKYBYM TyTyHNap Ba 6owwkanap mMucon
6ynagn. byHpaii xapakaTnapHWHI XamMmacu ruapoanHaMuKaBuii  Ho-
TYPrYH/INK t03ara KeslyBuM okumiapga cogup 6ynagn. TypbyneHT okumaa
CYIOK/IVK 3appanapuHUHI TpaekTopusiapu Hai ykura napannen é6ynmac-
haH, Mypakkab arpuy umsmknapgaH néopart 6ynaau. Tpaektopusnap BakT
nasommpaa TypryH 6ynmacpaH, y3rapu6 Typaau. LWyHpaalh  kunum6,
TabuataH HOTYPrYHAUK, TE3/MKHUHI CYHOKAMKHWUHI acocuii  Kyuma
Xapakatu WyHanuwmra TUK OGynraH TawKua 3TyBUMNApU MaeXynauru
TypOyneHT OKAMHM faMuHap OKumaaH apknabé TypyBuUM MyXum
6enrnnap xucobnaHaau. KyByp Ba apuknapga namMuHap OKMMAaH
TYpOYyNneHT okMMra ytuwpga PelHOMbAC COHUM yXWalMK KOHYHUHUHI
MEe30HU 6yNM6 Xm3mart Kunagu. X,ap Xun KyHaanaHr Kecum to3acura ara
6ynraH KyByp Ba apuknap ydyH PelHONbAC COHM GUP XU Kuiimatra ara
6ynca, ynapga CYHKIMKHWUHT OKMW MaH3apacu 6up Xun 6ynaau.
KyHOoanaHr kecmmn pgoiWpa waknugarv KyBypnapa nammHap OKumMAaH
TYp6YyneHT okuMmra ytuwpaa PeiHonbac coHn 1200 HM TalKWUN Kunaaw,
AbHU /?€>1200 paH 60wnab okum TypbyneHT MaH3apara ara 6ynagw.

X BOB
TEBEPAHMA XAPAKAT

11.1-$. TEBPAHMA XAPAKAT XAKWOA TYWYHYA

TebpaHMa XxapakaT TabumaTga 3Hr Kyn TapKanaraH xapakatauvp.
JapaxTnapHuUHI WOXM KN pananapgarn malicanapHUHr TebpaHunb
TypraHvHM Kyn Ky3atraHmm3a. [lytop, py6o6 kabu mycumka ac606n1apuHUNHI



, OCMa coaT TebpaHrnym, YK EHyB ABUraTenn UWIMHOPUOATU
NapHUHI  XapakaTu TebpaHma xapakataup. MoTop wnwnab
a MawmHa Ba AacTroxAapHWHI Koprnycnapu Tutpab TebpaHma
m Kunagwv; TenedoHpa rannawraHMMmu3ga, pagvogaH TOBYLU
ia, ynapgarn onka napga (mMemb6paHa) TebpaHub Typaau.
mMuconnapgaH KypuHub Typubauku, 6yHOa xapakat 6upop
[Ja TakpopnaHu6 Typaau. bBuHoGapuH, Bak,T yTuwmn 6unaH
aHn6 TypaguraH Napakatnapra Te6bpaHma xapakaT geivnaau.
>pda KeNTUPWAraH M1Uconnap MexaHukaesnuii TebpaHma xapakartra
Jmamp. Tabnatga MexaHuKaBuii TebpaHma xapakatnap 6wunaH
Topga MexaHukara owg 6ynmaraH TakpopnaHub TypaguraH
nap xam Kyn yypangu. Y3rapyBuaH TOK 3aHXupugaru sapagnu
hap (anekTpoHnap) xapakaTwu, WYKN EHYB ABUraTenu LUINHOPU-
3 6OCMMWHUMHI y3rapuwun Ba 6owkanap wynap >XymaacugaH
MexaHuKaBuii TebpaHMa xapakaTtnapHu 3ca ymymuii TebpaHma
napHuWHr 6up Typn Oeb kapaw MyMKMH. TebpaHMa Xxapakatnap
MKaBuih TebpaHmMa XxapakaT, 3/1eKTPOMAarHuT
HMa XapakaT, 3/eKTpOMeXaHW KaBuUA TebpaHma
aT (TenedhoH Ba paguonapgarv TOBYLl YMKapyB4Yu MeMOpaHa-
eTebpaHnwKM Ba 60WK.) Kabu Typnapra 6ynuHagn. TebpaHma
WapHUHE TabuaTtnapu xap xun 6ynca xam ynap firoHa KOHYHUST
cogvp 6ynagw.
hrn 3amMoH TEXHUKACUHUHI Kymn coxanapu TebpaHma XapakaTt
hura acocnaHraH Ba TebpaHMa XapakaT KOHyHAapuHu 6unmain
enetoH, pagno, oiHamXXaxoH, paguMosioKauma Ba LWyHra yxuiail
| 3aMOH TexXHUKacuHu apatné Gynmac agw.
>aHMa xXapakatra mucon Tapukacupga 111 pacmga KypcaTtuiaraH
WA TU3UMHM 0Nn6 Kapannuk. Tusnmparn npyxuHa (M) HUHr 6up
MAa KypcaTtunraHgek, wraTuBHUHI O HyKTacura maxkamiaHraH
B pacMa KypcatunamaraH), MpPYXWHaHUHI WKKWHYXN  yyura
ann K (meTann wapya) ocuaraH. by 1ok Tabcnpuga npyxuHa
yy3unagn, 6yHAaa MpPYXWHaHUHT Kain*LOKNWMK Ky4Yu HOKHUHE
C Kyun 6unaH myBo3aHaTnawagu. HOKHUHIE 6y BasvATU YHUHT
yaT BasUATUHW akc 3aTTMpagun. Arap HOKHWU MyBO3aHaT BasvsaTUAAH
lannwpa nactra éku oKopura 6uMp 03 CUMKUTUG CYHI Kynmb
K, Y MNPYXWHAHVWHI KalinWOKAWK Ky4uM Tabcupuga nactra Ba
a kapab TebpaHMa xapakaT Kuia 6ownangn, SbHU TUSUMHUHT
rM pgaspuii pasuwpga TakpopnaHa 6ownalign. byHaoan Tusmim
[ann TebpaHrmny geb toputmunagw.
9aHMa XapakaTra WKKMHYM MWUCON Tapukacupaa LWTaTUBHUHT
Xuvra nHrnyka vn 6unaH ocuaraH m maccanan K (KUYKMHa Metann
OaH mnbopar TUIMMHK onmb Kapannuk (11.2-paem). Tusum
r mysosaHaT BasmaTmga MO xonatga 6ynagn; 6y xonatga
[MHr ormpnuk kyun (mg) WNHUHC TapaHrauk kyuun (T) 6GunaH
Hatga Oynaawn. Arap wapyaHM MyBO3aHaT BasvMaTMgaH 6up 03
|6, cyHr Kyhn6 tobopcak, TU3MM Y3UHWHI MyBO3aHaT Xosatu
[a TebpaHmMa XapakaTra Kenagy — LiapyaHuHr xapakatn M Hyk-
ncbataH paspuii pasBuwada TakpopsaHaBepaawn. XapakaTHUHT
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6yHpali TakpopnaHuwHra cabab wWyHAakH, TU3MM MyBO3aHaT Xxofatura
HucbataH a Oypuyakka 4eTnatuaraHga wapya y3 OrMUpANK KYYUHUHT
A= mgsin a ra TeHr Tawkwun 3TyBunmcu (1ll.2-pacmra K.) Tabcupuga
6ynagn. by Kyd TU3MMHM Xamma BaKT MyBO3aHaT BasusaTura (wapya van
ToMoOHAa 6ynca xam, yHr TOMOHAa 6ynca xam) KahTapuwra MHTUNAAW.
MyBo3aHaT BasuaTMAaH yTaéTraHga aca TebpaHaéTraH wapya 6upaaH

A1111117. nb.

8

11l-pacwm 11.2-pacm

TyxTab kKofna onmainan — 6yHra YHWHT WHepuuscn XxanakmT 6Gepaan
(nHepuMa Kyun tokopuga Kypub yTuaraH npyxXuHanu TebpaHrUYHUHE
TebpaHnwMaga xam acocuii cababnappgaH 6upugup). 11.2-pacmpa akc
STTUPWUATraH TU3MM ofaTda MaTeMaTuMKaBUilh TebpaHruy pgenvna-
on  (MatemMaTMkaBuUii TebpaHTMYHUHI aHWKPOK TabpuUUHN KEeNMHPOK
KentTunpamms).

Tusnmra TabCcUp STYBYM KyynapHUHI TabuaTtura Kypa TebpaHma
Xxapakatnap 3apkuH (Ekm Xycycuin) TebpaHuwnapra, mMmax-
6ypuih TebpaHuwnNnapra Ba aBToTebpaHuwnapra o6ynm-
Haaw.

MyBO3aHaT BasuATUAAH 4YMKapuaraH TusMmMga Tawku  Kyynap
Tabcupucus (MYKM Kydnap Tabcmpupa) ByXyara kenaguraH Tebpa-
HUWNap 3pKMH TebpaHuwnap Aedivnagn. 11.1- Ba 11.2-pacmnap
époamupa TaBcuaHraH TebpaHuwinap, paslaHKW, 3pKUH @ Tebpa-
HUWNapamp. [aspuii pasvwga yrapaguraH Kyunap Tabcmpuaa Byxyara
KenaguraH Te6paHuwiap Mmaxoypuii TebpaHuwniap geinnagn. Arap 11.1-
Ba 1l.2-pacmnappa kentupwaraH Tusvmnaapra aspuvii Tap3ga Tawkapu-
OaH TypTku 6epmb Typwsca, YyAapHUHI TebGpaHuwiapu Maxeypuii
TebpaHuw 6ynaan. AsToTebpaHuwNapAa TalKu KyylapHUHE TabCupu
TU3NMHWHT Y31 BOCcuTacmga amanra owmpunagn. Ocma coart TebpaHrnin-
HUHI TebpaHWKN aBTOTe6paHULWAMP.

Tabuatoa KyH yuypanauraH TebpaHma XxapakaTtnap umunga rapMOHUK
TebpaHuwnap Aeb artanyBum TebGpaHUWIAp MyXUM YPWHHW 3ra’nangu.
FapmMoHUK TebpaHuwnap TebpaHMa XapakaTnap uuiga 3SHr MyXUMu
6ynuwmn  6unaH 6upra 3Hr opawiicm xamgup. TebpaHma Xxapakat
KOHYHUATNAPUHW ypraHuWHN MaHa LWy rapMOHUK TebpaHumbTapaaH
6ownarnmns.
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11.2-§. TAPMOHWK TEBPAHWULWNAP

TebpaHyBUM XUCM XapakaT TPaeKTOPUACUMHUHI BakT Gyhnya ysrapm-
\ CMHYC Ba KOCWMHYC KOHYyHW OyWunya y3rapaguraH TebpaHuwnapra
pmo' iK TebpaHunrnap gennnagn” 11.3-pacMga TacBMpiaHraH MnpyXxXu-
NN Te6paHrMYHUHI MyBO3aHaT Ba3nATUAa MeTann WapyaHUHT OrupankK
YN MPYXMHAHWHT KalULWOKAMK Ky4yn 6unaH myBo3laHatna 6ynaawn sa /O
I Y3YHAUKAArn  rnpyxuHa  wapyaHuHr
OrMpPAUK Kyun Tabcumpupga 6up 03 uy-
3UNn6, YHWHI y3yHAurn / ra TeHr 6y-
nm6 Konagw. 3HAWM WwapyaHu paemga
KypcaTunraHgek, X Macodara nactra
KM KopuUra CUMKUTUG. CYHI Kyliunob
tobopcak, y MyBO3aHaT BasuATu aTpo-
mnaa TebpaHMa X,apakaT Kunia 60Lu-
navgn.

MPYXWHAHVUHI KUYMK 4dy3nnuwina-
pn  (Ekn cukunuwnapu) YK LOHYHU
opkann wndgopanaHaan:

F= —kx, (11.1)

6y epaa X — MNPY>XWHaHWHF y3ahinwun
113-pacm 8K Kuckapuwm 6ynmnb, yHu opgatpa
l DK nw 'o
rapmac kKattanmk 6ynmb, ywa MpYXUHAHUHT KaMWWMWOKA_UK EKu
OGUKPNUK KoagpduumeHTun pgenvnagn. MaHdguii mwopa F Kyu-

HUHF  CUJ/IXKULLITa Teckapu, SbHU TebpaHyBUM >KMEMHWUHT MyBO3aHat
Ba3usATUra TOMOH IMyHanraHuHu 6Gunaupagu.

FapMoHMK Te6paHMa XapakaTHUHI Tabpugura Kypa CU/MKULL KOHYHU
Kyhingar- "> udoaanaHaam:

r= /4sin (wo”cc) =

6yHAa X — WapyaHUHr MyBO3aHaT BasvAaTMAAaH CUAXuw u, A —
lWwapyaHUHI MyBO3aHaT BasuATUAAH 3HI KaTTa CUDKUWKW 6ynnb, 6y
KaTTaiuK Teb6paHuw amMnOoaAuTygacwm HOMW 6GuiaH HpuUTUNIaan
(XakmkaTaH XaM CUMHYCHWHI 3HI KaTTa KuiAMaTu 6upra TeHr 6ynraHu
Typainn x—A 6ynagun); co— fouvpaBuii yacToTa; mt+ a aca
rapMoOHMK TebpaHUWHNHT ha3 ac u geiivnaanm Ba y KysatunaértraH oHga
(nxTnépuin t naiTpa) TebpaHyBYM XUCM KaHAar BasuaTAa Ba Kaicu
MyHanuwga 3sKaHIUIVHW aHuKnangn; a — y3rapmac kattanmk 6ynam6,
6ownaHrny dasa Agelinnagn Ba y Kysatuw 6ownaHuwn onguaaH
(/= 0 naiiTpa) MyBO3aHaT Ba3MsATUra HHcbGaTaH >XUCM XapaKaTUHUHT
MyHanMwu Ba Bas3vMAaTUHW aHuKnangun. MacanaH, (11.2) gaH /= 0 nant

y4yH
XM= A sin a (11.3)

ra ara 6ynamu3. ByHaaH J1 Ba a oOpKaiM XUeMHUHr /= O nalitgaru
Ba3VATMHM AHWKI/IOBYM XO KaTTa/IHKHM ronamus. KysaTUWHUHI 6olna-
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HMW nNanTM ysrapuwun 6unaH 6ownaHrny  dasaHUHE  KuiimaTu  Xam
y3rapagn. XMCMHUHI TebpaHUl MaH3apacuHu copjanaiTmpull Makca-
anpga (11.2) wdopaparn 6ownaHrny dasaHnm Honra TeHr (a = 0) pneb
onamus; 6y Xana WYHW akc 3TTUPaAVKU, Ky3aTULLHW 6U3 XUCM Y3UHUHT
MyBO3aHaT Ba3uATuUAaH yTaéTraH naiTgaH 6ownaanmus. WyHra kypa
(11.2) wndopa

X= A sintoo/ (11-4)

KypuHuwaa ésunagn. 3Han oo= 2n/7' skannurnHun ((1.37) copmyna-
ra K.) abTmbopra oncak, (11.4) udopa Kylhuvpgarmvya €3vnagu:

By mndogagaH KypuHaaukm, xap t= T BakKT opaiMrnga X HWHI KUimatm
Honra TeHr 6ynagn, AbHU xap 6up t= T BakTAaH CYHI XapakKaTHUHT
y3rapuiw MaH3sapacu TakpopnaHmé 6opaan. LUYHUHT yuyH T — XUCMHUHT
Tyna TebpaHuw pgaspu fgeinnagu. Tyna Te6bpaHuw gaspuga npy-
XWHara ocuiraH >XUCM Y3MHWHI MyBO3aHaT BasmaTugaH (11.3-pacmpa
M BasuAT) nactra CU/HKMG, CyHr y MyBO3aHaT Ba3usaTUra TOMOH Xa-
pakat Kunagu, MyBO3aHaT BasuATUra KenraHga, y Y3VHUHI MHepLusacH
6unaH xapakaTWUHU 0aBOM 3TTMpaau (loKopura Kytapunagu) sa HUXOSAT,
y fiHa nacTtra TOMOH CU/IXKWO, Y3MHMHI MyBO3aHaT Ba3uAaTUra kKamtaau.
MaTtemaTukaBnin TebpaHruy wmuconnpga (1l.2-pacmra K.) TebpaHyBuu
XUcm t= T BakT gaBoMmuma Y3VHUHI MyBO3aHaT BasmATn (11.2-paewm,
M HyKTa)gaH, aiTalnvk, YHr TOMOHra Tyna 4yeTnaHumb, CyHr MyBO3aHat
BasnATUra KaTnb Kenagm Ba y3 MHepPUMACK TabCcMpuaa Yan TOMOHra Tyna
yeTnaHraHgaH CyHr fiHa Y3MHUHI MyBO3aHaT BasuaTura Kanmtm6 kenagw.
BuHOGapuH, t= T BakKT opanurmnga TebpaHyByYM XUCM TypT amnautyga
(4 A) ra TeHr macotaHn yTUWINHW aHrnaw KuinH amac. (bBy muconu-
Mmnspa cogaa Oynuwin yyyH 6o0wwniaHruy gasaHun Hosra TeHr aeb onguk,
AbHW BaKT XMCOOMHWM >XWCM MyBO3aHaT Bas3uaATUAAH yTaéTraH naithaH
6ownagnk.)

BakT 6upnuru umnumpgarn TebpaHulunap COHM TebGpaHMW 4YacTo-
Tacu pgelinnagn Ba v xaptm 6unaH 6enrwnaHagn. YactoTta Ba Tyna
TebpaHuw [aspu

1

MyHocabaT 6unaH 6ornaHraH; goupasuii yacToTa @ Ba O4Aui yacTtoTa V
aca ((1.38) copmynara K.)

o=~ =21v (a)

MyHocabaT 6unaH Yys3apo ©6ornaHraH. OxXuprm uWKkKU opmynagaH
KypuHaankm, CU Tnsummnga AovpaBuii YacToTa too XXMCMHWUHE 271 CEKYHL,
JaBoMmaa Heya MapTa Ty/sa TebpaHUWWHU UoJaNIoBYM KaTTa/lMKaup;
yactota V 3ca XWUCMHWUHI 1 cekyHA pAaBomuaa Heya MapTa Tyna
TebpaHUWKnHN akc 3TTMpagu. [oupasuii yactoTa Oypyak Te3nukK kabw
pasvaH TakCcMM cekyHAnapfAa ynyaHagu. Yactota v HUHT Y/140B 6Upnuru
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repy |Tuy| pe6 woputunagw.
Arap 1 cekyHa gasomMuga
Xncm 6mp mMaprta Tyna Te6-
paHca, yHUHr vyactortacum 1 Iy
ra TeHr Oynagun. BuHOGapuvH
(a) wundopmapaH KypuHaguKu,
6up Tyna Te6GpaHuwWOaH CyHT
XXUCMHUHI TebpaHuw dasacu
2n ra ysrapagum, AbHW y Y3u-
HUWHI pgactnabkm BasuaTUra
KanTagu. (11.2) wndogaHn
Kylingarmya kam esuw Mym-
KVH:

1l4-pacm x=A cos((co<+ ai), (11-6)
od=a—y. (11.6) cdopmyna \am rapmMoHuUK TebpaHMmMa Xxapa-

ir CUMKULW KOHYHUHU ndoganaiign. (11.2) Ba (11.6) ncdoganapaaH
agukv, rapMoOHMK TebpaHMa Xapakatda CU/DKUWHWHE BakTra
(K arpy unsurm cnHycovga ((11.6) ndopara Kypa — KOCMHYCOWN-
arpy  ynmamrugaH  mbopar  Gynmwnm  Kepak. 11.4-pacmgaru
4M3nK 6ownaHrny gpasa Honra TeHr éynraH \on ydyyH rapMoHuK
Mwiaa CUMKUWHUHE BakKTra 60rnnknuk arpy unsmrn ((11.5) dyHk-
Hr BakTra OOr/INKANK 3rpyu YM3NrmM)HU akc 3TTMpagu. Xyaoau wy

a 2 arpy 4msmK opkKaim 6ownaHrny  gasacm a = 4 OynraH

) KOHYHMATra acocaH) TrapMOHWK TebpaHuwaa CUMKUWHUHT
i 6OrNMKANK 3rpn uYm3urn undoganaHraH.

PMOHVK TebpaHuwaa CUMKNWHWNHE BaKTra 60rMNKANK arpy Ynsmnrun
3ngagdaH (BKn  KocuHycompanaH) wnbopar 9KaHAMrnm - Kynuparu
[6anappa HamoOéH Oyn&T*u:
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a) npyxuHanu TebpaHrnygarn TebpaHyBYM XUCMFa KUYKUHA OOOUNA
Kanam ypHaTtub, 6y KanaMHWHI yunmHu 11.5-pacmga KypcaTuaraHgek,
y3rapmac Te3nuMk 6unaH XxapakaTnaHaétraH kofo3 JieHTara Ternsuob
Kyhnw kudos.

6) 11.6-pacmaa TebpaHyBUM XUCM cudatnga Kym TynavpuaraH Ba
MHrnMyka wunra ocwuiraH wuguwya (mMatemaTukasuii TebpaHruu) Kypca-
TunraH. MguwyaHuHr nacTky TewurngaH TywaétraH Kym [OoHanapu
XOCUNT KWAraH «u3» y3rapmac Te3NMK 6unaH xapakatnaHaértraH Koros
CMpTMAA rapMoOHUK Te6pPaHUWHWHE BakKTra O6O0rAvMKANK 3rpu YM3UrMHU
TacBupnangu. WyHpan kKuamb, npyxumHanm Ba MaTemMaTuKaBuii TebpaH-
rMYapHUHE TebpaHuLWIapyu rapmMoHUK TebpaHuw 6ynm6b, CUMKULLIHWUHT
BaKTra O6Ornuknnru aca, cuHycouvgagaH Eknm KOCcuHycoupanaH wbopart
3KaH.

11.3-$. TAPMOHWK TEEPAHMA XAPAKAT KWUYBUYU
KXUCMHWHI TE3NTNTWU BA TE3NTAHULIN

FapMoHMK TebpaHMa XxapakaT KunaétraH >KUCMHUHI (MogAanii
HYKTaHWHT) CU/DKULWW CUHYCNap KOHYHW, abHU (11.2) KOHYyHMAT 6yinya
cogup 6ynaétraH OyncuH:

X = sin(@a>0f + a)-

FapMOHUK TebpaHyBUM MOAAWIA HYKTAHWUHI UCTa/iraH naiTgarn Tesnuru
CU/IXULWIAAH BaKT 6yiinya oiMHraH GUPUHYM TapTU6IM XOCKara TeHr:

u=~=x=Awo cos(@>o/+ a) = tatos((oo/ + a), (11.7)

6yHOA YAUD= VM— Te3/IMKHUHI aMiauTyga Kuimatn. OXUpru TEHTNIUMKHU
Kylingarmya ésamms:

v = tArsin ((0/+ a -|-y) . (118)

(11.8) dcopmynagaH KypuvHagukni, TebpaHyBuUM MOAOWIA HYKTaHUHT
Te3IMrM Xam rapMOHMK KOHYH Oyiinua ysrapagu, SbHU Te3NK Xawm
cumkmw kabu ©o yactota 6unaH (T pgaeBp 6unaH) y3rapaau. (11.2) Ba
(11.8) wudoganapHM TakkKocnacak, rapmMoHWK TebpaHyBuUM MoAAWiA
HYKTaHWHI Te3nuru cumkmwmnra HucbataH asa xuxatgaH n/2 kagap
oNAnHAA 3KaHIUTM aéH bynagn. Oxmpru nbopaHm Kynmagarmya TyLWYHULL
Kepak: CU/DKULW 3HF KaTTa Kuiimatra spuwraHga Te3/IMK HoAra TeHr
Ba aKCuMHua, Te3NWK 3HI KaTTa K,MiAmartra ara 6ynraHga CU/mKUW Honra
TeHr 6ynagwn, SbHM MOAOMIA HYyKTa MyBO3aHaT BasuATuhaH YTaéTraHga
(nc=0) YHWHI Te3/ TN 3HI KaTTa KuimaTtra apuwagu.

TebpaHyBUYM MOAANIA HYKTAHUHT Te3NnaHuwwn Tes3nnkaaH BakT byimuya
O/IMHFaH 6GUpPUHYN TapTubaM xocumnara EkM cumKMWAaH BakT byhnya
O/IMHFaH MKKWH4YM TapTubau Xxocunara TeHr:

(11.9)
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6yHAa AWO— Te3NaHWLWHUHE aMnian-
Tyaa Kuimatm (aT) 6GuUHOGapuH,
(11.9) Hn

a= aT sin(o)¥+ a-(-n) (11.10)

KypuHunwaa é3vwl MyMKUH. by TeHr-
NNKOaH KypuHagukn, TebpaHyBum
MOAOWIA HYK,Ta Te3MaHULWUHUHE Yy3-
rapuwm xam yactotacu ao (Ba Aas-
pn T) 6ynraH rapMoHuK TebpaHma
X;apakaT UOHyHM 6yirinya coamp 6y-
naan. (11.2) sa (11.9) udoganapHu
TakkocnawpjaH rapMoHVK TebpaHyB-
YA MOAOMA HYKTAHUHI Te3naHuwwmn
CU/MKULWTa HucbaTaH hasa Gylivva s
Kagap onauvHAa 3KaHNurm kenmé um-
Kaan, SbHU Te3NaHuw Ba CUDKULL
K,apama-K,apwmn ¢asa byrndya y3ra-
pagu. (11.2) wnchopara acocaH
(11.9) dopmyna

a= —oo& (11.11)

KypuyHuwra asra 6ynagu. byHgaH
KYpUHaauknM, rapmMoHuK TebpaHma
Xapakatgaru TesfaHuw cumkuwra
MyTaHOCM6 6ynub, nyHanmwun 6yiiu-
Ya MOOOWA HYKTaHMHI MyBO3aHaT
BasnATM TOMOH PKyHanraH (MaHdpui
vwopa TesfnaHuw Ba Cu/mkuw 6up-
6vpura HucbataH Kapama-KapLuwu
haszapga ysrapuwuvHu 6ungupagm).
11.7-pacmpa rapmMoHUK TebpaHMa
XapakaT KWuayBYM MOAAUNA HyKTa-

JMDKMLWIK, TE3UTU Ba Te3naHuwuM opacugarv gasanap apknapu

cnab Kypcatuara.

FTAPMOHWK TEBPAHMA XAPAKATHWHI ON®OEPEHUWMAN TEHTJTAMACK

répaHma XxapakaTHUHI guddepeHunan TeHrnamacu gehinnraHga
XaéTraH Mogauii HYKTaHWHI XapakaT TeHrnamacu TywyHunagw.
OHUK TebpaHMa XapakaT KunaéTtraH MOAAMA HYKTaHWHI XapakaT
Bmacn wuctanraH nanTAa YHUHr BasUATUHU EKM XONaTUHW aHWUK-
a UMKOH 6epagun. MpyxunHanu TtebpaHruny mmuconuvpa tebpaHaértraH
WA HyKTara TesnaHuw 6epyByYn Kyd — ApyxXuHaHuHr (11.1) cop-
6unaH ndoganaHraH KauWKOKINK Kyuynaup:

—kx.
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By Kkyu Tabcupupaa TebpaHyBuM Moaamii HyKTa

a= ~= —AaoSin(<i)i/+ a)

TesnaHnw onagn ((11.9) wmdopara K.). ¥ xonaoa HbOTOHHUHI MKKUHYY
KOHYHWN Kyhnaarn KypuHuwra ara 6ynagu:

T —5 = —kx ékn mx-\-kx= 0.
dt2

OxXvpru TeHrnamaHm

Tap3ga €3amMu3 Ba yHaaru — Hucbat mycbaTt coH GynraHamru Tydaiinu,

YH/ WO opKanu 6GenrunaiMmma:

?kz 0? (11.12)

Hatmxaga rapMoHWK TebpaHmMa XapakKaTHWUHTI Kyhingaru
AvnpdhepeHymnan TeHrnamacura ara éynamus:

jt+ (Do*= 0. (11.13)

Jemak, NpyXuHanu Teb6paHrnyHUHI XapakaT TEeHrfamacu 6up >XUHCAU
WKKMHYM TapTmbam (BakT Oyinya CUMKUWAEAH OfIMHFaH XOCWUAaHWUHT
TapTubura kypa) AauddepeHuvan TeHrnama Tap3uga udoganaHaan.
(11.13) TeHrnama nNpyXwuHaanm TebpaHrny Mucclmga Kentupub umka-
pvnraH 6ynca xam, y 6apya rapmoHUK Te6paHuLiap yuyyH ypuHaManp sa
YHVHI e4MMU rapMoHUK TebpaHMa xapakaT KunnaétraH Moaauim HYKTaHUHT
XapakaT KOHyHuHU wudogananan. (11.13) TeHrnamaHuHr edrMm

X = y4sin(a)/-fa) (6)

eKku
X = /4cos((Do/ + a) (B)

3KaHNTUra UWOHY XOCU/T KUINW MYMKUH. BYHWHT yuyyH (11.13) TeHrna-
mMagarn x ypHura (11.9) wudogaHn, x ypHura (11.2) udogaHu Kylicak,
(11.13) TeHrnama aHuATra anaHagu, avHM (11.2) Ba (11.9) TEHrnmk-
nap (11.13) TeHrnamaHu KaHoatnaHTupaau. byHAaH KypuHaguku,
(11.13) aundbpepeHuman TeHrnama rapMoHWK TebpaHMa XapakaT Kuna-
8TraH MOOAVA HYKTaHWHI XapakaT TeHrnamacumaup Ba YHUHE edynMu
éynraH (6) Ba (B) udoganap (CUMXUW KOHYHNapu) TebpaHaétraH
MOOAMIA  HYKTaHWHI WUCTaliraH nantgarn BasuATUHU  Ba  XONATUHMU
aHuMKawra VMKOH 6epaaw.

FapMoHMK TebpaHMa XapakaTHUHI acocuii xXycycuaTnapugaH 6upun
YHUHT pgaBpuhnunrngnp. lOkopugarn (a) Ba (11.12) TeHrnama-
napgaH npy>XmuHann TebpaHrnyHuHr Teb6paHuW faBpu  YdyH

(11.14)
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» Oynamus, SAbHM Maskyp TebpaHrMYHWHI TebpaHuw Aaspu
Hara ocuaraH K MacCaCMHUHI KBagpar wngusura Tyrpm
Kwn Ba YHUHT K,aliMLWOK,INK KOI(PMOULNEHTUHNHT KBaApaT uiansm-
:kmpu  mytaHocn6aup. (11.12) wudogagarn  coo— MNpyXuHamm
TMYHUHIX yCY CU M TebpaHuw yacToTacu Aeb aranagu.
HVHr myBO3aHaTt Ba3MaTn atpodumga rapmoHmK TebpaHma xapakart
raH TUSUMHN TapPMOH MK OCLUUNNATOP Aehvnagn. buHoba-
[11.13) puddepeHuyan TeHrnama rapMOHUK OCUUNNATOPHUHI
it TeHrnamacugmp (OCUUNNATOP — «TebpaHyBUM» AeraH MabHOHMU
ann).

11.5-}. MATEMATUKAM#! TEBPAHTNY

WwAManguradH BasHCU3 UNgaH Ba yHra ocwuarad, maccacy m 6ynrad
i HyKTagaH néopart TU3MMHU MaTteMaTukaBuii TebpaHrny genvnagn
>acm). AmMannii xuxatgad, y3yHaurun / 6ynraH JysunamanguraH
OFVMP/INTN YHIa ocuiraH Mogavii HyKTaHUHT ormpamrura HucbataH
a ofiMacnuMK pgapaxacmga Kaumk Oynuwn no3vm. TebpaHruny
;HaT BasmATupa O6ynraHga, 11.1-8 pa Tabvkupgnab ytuaraHugex,

WapyYaHUHI  OFUP/IMK KyYW WMHUHT TapaHrankK Kydu 6unad
HaTpa 6ynagn. TebpaHrMyHu MyBO3aHaT Bas3nATUAAH YMKapcak,
HMW MyBO3aHaT Bas3uATUra HucbaTaH ¢ Obypyakka orgupcak, YHW
HaT Ba3uATMra KanhTapyBuMm Kyd naiigo 6ynagn. By Kydy COH
XaH Kynmpgarura TeHr (11.2-pacmra K.):

ft = mgsin . (11.15)

NPYXWHAHNHT KaMULWKOKANK Kyuura xygaa yxuwau, YyHKun 6y Kyd
[Py>XMHAHWHT  KaMWWKOKAMK Kyuyn Xam TebpaHyBYM TU3SUMHWU
HaT Ba3uATUra kKakhTapuwra wHTunagu. Wy Tydainm f\ kyu
<OKMMK  Kyuynm 6HBynmaca Xam YHM KBa3MKalMWKOK
jKOKKa yXuwal) Ky4y pneb6 roputunagu.

VMHM MyBO3aHaT Ba3uaTura KkahTtapyBum f\ Kyy Tabcmpuga
M m 6ynraH wapya a TesnaHuw onagn. by Xxycycuii xan yuyH
YHUMHT UKKWUHYXN KOHYHU Kyhnparuya ésnnagu:

wa= —mg sin ¢,6yHaaH a= —g sin . (11.16)

M nwopa ]| Ky4YHUHr MHyHanuwm cumkuwra (SbHU sin @ ra)
i-Kapwy 3sKaHAMrmHn o6ungupagn. MaTemaTukaBuii TebpaHrny
akkKa veTnaHraHga, wapya 60cvmb yTraH TpaeKTOpUsSHU paguycu
iH (11.2-pacmra K.) ainaHaHUHT éin peb kapaw MyMKuH. LWy
H WapyaHuHr ailinaHa éhin 6yinab XxapakaTugarun Oypuyak
Wl (e) um3mknn Te3naHuw (a) 6unaH Kyhnpgarnyda 6ornaHraH
ugopara K ):

a=e/= 9,

r= ® skaHnurn asTnbopra onvHaW. AHAM 6y udogaHn (11.16) ra
, YHU

O~= —/2sin ¢ Ekn b/ +E£ $LP=0 (11.17)
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Tapsga é3nw MyMKUH. Te6paHrmyHumr Kuink tTeépaHuwnapn (TUSUMHUHT
yH4a KatTa 6ynmaram 6ypyakka o fhujn) 6MNaH yerapanaHammns; y xonga
sin<p«tp ge6 kabyn kunuw MymkuH. WyHra kypa (11.17) wdopaHm
Kyngarnya ésamms:

Y+ £p= 0 ékn pFy (= 0.
Oxupru TeHrnamaga

(11.18)
GenrvnawHn KMpuUTUW MyalisH (u3nkaBuii MabHora ara. HaTwkaga

o+wod=0 (11.19)

KypuHuwgarn aunddepeHuman TeHrnamara ara 6ynamus. by pgude-
peHunan TeHrnama (11.13) TeHrnamaHuWHr Xyaaum ysm, akaT CUmKuL
(*) dyeTnaHMw 6ypyarn opkKanu, 4YU3UKNIU Tes3naHuw (X) aca bypuak
Tes3naHuw () opkann udoganaHraH. lily 6oucpoaH (11.19) TeHrnama-
HUHI eqnMu:

® =1 sin(coo/ + a) (11.20)
E€Kn

o= /lcos(a)/+ a) (11-21)
sKaHAurm Tabuuin (byHaa a — TebpaHUWHUHT 6owWwnaHrmy gasacm, A —
yeTnaHMwWw 6ypyarvHUHI amnanTyga kuiimatu). (11.20) Ba (11.21) TeHr-
namanap rapMoOH UK X,apakaT TeH rnamanapuaunp.

JemMak, Knuuk TebpaHuwnapna mMatemaTukaBuii Te6paHrny y3vHUHT
MyBO3aHaT Ba3uATU atpouaa

@0

[ouvpaBuii yactoTa 6unaH Te6GpaHma xapakaT kunagu. By uyacTtoTa
MaTeMaTuKaBuiiTebpaHrMYHMHIXycycuii Te6paHuMW yacToTacwu

o 24
pennnagn. VIKKUHYM TOMOHAAH COO=Yy- 3KaHIUrmHu Ba (11.22) TeHr-

NIVKHW Haslapga TyTcak, MaTeMaTVMKaBWUii Te6PaHrMYHUHE Tyna TebpaHuL
naspu

6ynagn. byHOaH KypuvHaguKW, MaTemMaTuKaBuii TeBpaHrMUYHUHE Tyna
TebpaHMw paspu (Ba Xycycuil TebpaHWW 4acToTacu) akaT YHUHT
Y3YHAUIUra Xamga OruvpsvK Kyudun TabCupupa XUCMHUHE 3PKUH TylunLl
TesnaHnwmura 6o0raMKk 6ynm6, TebpaHyBYM >KMCMHMHI Maccacura Ba
TebpaHnw amnauTygacura 60rankK amac.
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11.6- 8§ ®U3NKABUI TEBPAHINY. N3OXPOHIUK

3MKaBu TebpaHrny paeb, orvpank mapkasmgaH yTManguraH yk
Ina TebpaHMa xapakaT Kunia onaguraH KaTtTUK Xucmra antunnagu
>acm). Mas3kyp yK (O HykTagaH yTraH ykK) oCUMNnT yKW paein-
By yk orumpnmk mapkasn (C) paH | macodaga xohnawraH.
IvyHn wmyBo3aHaT Basuatm (00') paH 6upop OGypuakka,
VMK Yan TOMOHra, orgumpcak, orvpsivKk KyYWHUHT TawKua 3TyBUYMCU
MyBO3aHaT Ba3usiTUra Katapuwra WHTWIaOW. TebpaHrny Orvpank
waaH yTaétraHga y3 MHepumsacu Tabcmpuaa xXapakaTuHU [aBoMm
3TTUPUG, YHI TOMOHra oragum Ba Oy >xapaéH
TakpopfnaHagu, SibHU Y MyBO3aHaT Ba3uATuU
aTpodmaa TebpaHma xapakaT kunagu. Arap
OCUMNT yKNAAaru nwkKanaHuw Ky4mHu Xmcoob-
ra onmacak, TebpaHuW OrnpanK KyYMHWUHT
PXx= —mg sin ¢ Tawkuna 3aTyBYncu Tydaiinm
cogup 6ynagn. MaHdwuii uvwopa p, KYYHUHT
yeTnaHmw (p~3T¢) ra kKapama-kapwmu
9KaHNUTMHWU 6unanpagun. p, HUHI Tabcupuga
Te6paHrMyHNU MyBO3aHaT Ba3usATUra KanTa-
pyBun

M = — mglsinqg (11.24)

ra TeHr Ky4 MOMEHTU ByXyAra kenagu; 6yHaa
/— ocvnuwl  ykura HucbataH prKyYHUHr
enKacum.

Ocunuwl  ykura HucbataH D>KUCMHUHT
MHepuua MOMeHTUHU / 6unaH Genrunaeak,
XUCMra KyAuaraH Ky4 MOMEHTU (KaTTUK
XXNCM aiaHMa Xapakatu AWHAMUKaCUHWUHT
acocuii TeHrsamacm)

Af=/e = /w= /i (11.25)

ndopganaHagn. (11.24) sa (J1.25) TeHrnuknapgaH kKymnmpgarura
amMn3s:

11.8-pacm

/= —mgl sin . (41.26)

a aTuaraHnapra kKypa Kuumk TebpaHuwnap yuyyH BT r~d neb
KMnno, (11.26) TEHrNUKHU

/p4-1~/p = 0 ékn h=0 (11.27)

waa esamus.  Oxuprn  udgogaHn (11.19) TeHrnama 6unaH
Jacak,
mgl

| (11.28)

unkagn; 6yHga bBO— u3nKaBuii TeO6PaHTMYHUHT XY CYCUA
HMW 4yacToTacu pgennnagn. WyHra kypa (11.27) TeHrnama-

o+ (Hhod=10 (11.29)
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KypuHuwaa ésamus. by TeHrnama (11.19) teHrnama 6wunaH 6up Xun Ba
y rapmMoHmK TebpaHma XapakaTHUHr pguddepeHunan TeHrnamacmanmp,
YyHKM (11.29) pa cumkuw ypHupa ofhlu bypuaru (<p) KatHawasnTtu.
MabnymMKuU YHUHI euumun o>=/4sin (coo/-|-a) &ékn ¢ =/Icos(coo*+ a)
KypuHuwra sra. (11.28), (11.29) Ba oxvpru TeHrNUKNapgaH LwyHaan
Xynocara KenaMusku, KM4unmk TebpaHuwnapga usnkasuii TebpaHrmy

(11.30)

Xycycuii 4yacToTa 6WUAaH Y3UHUHT MyBO3aHaT BasuATM  aTpoduaa
rapmMoHuK TebpaHma XxapakaT Kunagu. YHUHT Tyna TebpaHull gaBpu,
paBLUaHKN,

(11.31)

opmyna 6unaH aHuknaHagu. by dopmynara Kypa du3nkKasui
TebpaHrMYHMHI TebpaHuW [aBpyv YHUHI Maccacu (T) ra 60rnvkaek
KypuHagn, acnmpa sca y maccara amac, 6askm mMaccaHuHr tebpaHrnyga
TakCMMNaHUWWHU ndopanosun kattanmk |/ T ra 60rnuk.

(11.31) TEHINIUKHN XyAaM MaTeMaTuKaBuili Te6paHrMYHUHI TebpaHuL
fgaspura yxwartmnoé

i / o
KypuHUWAA €31 MyMKWH, ByHaarn L = —-— dnsukasmii TebpaHrnu-

HUHIT KenTumpunradH Yy3yHAurm pehivnnagn Ba y 11.8-pacmpa
KypcatunraH OO' HyKTanap opacugaru y3yHAMKKa TeHr. O' HykTa
WyHOam XxycycuaTtra araku, arap @u3nkasuii TebpaHrmy ocuiraH
O HykTagarn ykHu OC 4um3uMKHUHI gasommparun O' HyKTara Kydupcak,
YHUHI TebpaHuw Aaspu y3rapmaigu.

(11.31) ngoaataH KypuHaauKn, KWYnk TebpaHuwnapga qusnkasuii
Te6paHrnyHUHr  (NPY>XMHanM Ba MaTteMaTukasuii TebpaHrnyNnapHUHT
Xam) TebpaHuW AaBpu YHUHI TebpaHuw amnauMtygacura 60rnmMk amac.
Arap TebpaHuw pgaspu amnautygara 6ornmk  6ynmaca, 6yHpaan
TeGpaHuwWNap W30XPOH TebGpaHuwnap gennnagn. Lemak, Gu3ankasuii
TebpaHrMYHUHI TebpaHuLwNapu M30XPOoH TebpaHuwnapaump. TebpaHruy-
NapHUHT N30XPOH/NK XYCYCUATU ynapAaH BakT ynyarmny ac6o6 cudartmaa
onpganaHuwra wMkoH 6epagu. TebpaHruunu coatnap W30XPOHINK
xogucacu acocuga mwnaign. Katrta 6ypuyakka (0,02 pagmaH Ba yHAOaH
OPTUK) YeTnaHuwNnapga TebpaHrMYHUHT U3OXPOHAUTU By3unnagun.

11.7-8. TAPMOHWK TEEPAHMA *APAKAT 3HEPITNACKU

rapmMoHMK Te6GpaHMa XapakaT KunaéTraH TU3UM Y3UHWMHT MyBO3aHaT
Ba3ATUAAH YeTnaHraHza, MOTeHUWan 3Heprus yuyH HONb caTX [Aeb
xucobnaHraH catx (MyBO3aHaT Ba3usT)ra HUcHGaTaH BakT yTuwn 6unaH
y xap xun 6anaHAnvkka KyTapunagu, fbHU TUBUMHUHT  NOoTeHuman
3HEpPruscx BaKT yTULIM 6WUNaH y3rapagu. by 6unaH 6up katopaa YHWHT
KVHETUK 3HEPIrUsiCM XaM BaKT yTULIW GUNaH ysrapagu: TU3UM Y3UHUHT
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XaT BasnaTUAaH yTaéTraHga, YHUHN Te3NUrM sHr katTa Kuimatra
OV Ba aKCMH4Ya, MyBO3aHaT Ba3vMATMAAH 3Hr yeTra orraHga YHWUHT
M Honra TeHr Gynaaw.
MrvusSHUHI  eaknaHuW KOHyHUra Kkypa 6epk TU3MMHUHI Tyna
Acn (ABHW NOTEHUMan Ba KWHETUK 3Heprusnap MUrmHamMcu) BakT
6unaH y3rapmai Konagu: TebpaHuw KapaéHmaa TUUMHUHT
JMan  SHeprmacu  KMHETUK 3Heprusra Ba akCMHYa, KMHEeTUK
fCU  NOTeHUMan 3Heprusara aknaHnb Typagu — XUCM  Y3UHUHT
WwaTt BasvATMAAH 3HI KaTTa yeTnaHraHga YHWHT Tyna 3Hepruscu
noTeHuman sHepruagaH, MyBo3aHaT Ba3nATuUAaH yTaéTtraHga aca
Tyna aHepruacu akat KMHETUK aHeprusgaH ubopart 6ynaau.
;PTUSHUHE eakaHuLW KOHYHVMHW MNPY>XWUHanu TebpaHrny mmconuga
ymkanmk. (6.22) wudogara Kypa MyBO3aHaT BasnATUAAH

oq)ara CUJTDKUTNATAH  TMPYXWHan T66paHrl/Il—IHI/IHF noreHuynan
ACU:

n ((11.12) wdgopara K) Ba jc=i4dsin(o)o/ + a) 3KAHIUTUHN
pra onmb, 1oKopuaary TEHMMKHW Kyingarm KypuHuwga €3amms:

£.,=y mog¥xin2((0W + a). (11.32)

p TeEHrnama TU3UM MNOTeHUMan 3HEPrusACUHUHI BaKT yTuwM 6unaH
luvHn ncopanaiign.

hurn HongaH dapknu 6ynraH 6Gapua BasusTAapga  maccacu
raH Moaauvii HYKTaHUHI KUHETUK 3HEPrusicM Xam HongaH hapkau,

£,=f1*2

HUK Te6bpaHMa xapakaT KnnaétraH MoA4AVA HYKTaHUHT Te3Nrn xam
XK Tap3ga ysrapagu. WyHuHr yuyH (11.7) udopaHu Hasappja
, TebpaHaéTraH MOAAMA HYKTAHWHI KWHETUK 3HEepruscu

£ K=-i-mca M=zZos2((ijo/ + a) (11.33)

lupa ésmnagw.
.32) Ba (11.33) ucoganapgaH KypuHaguKuM, MOAAMA HYKTaHUHI
van Ba KWHETUK 3Hepruanapu BakT yTuwm 6unaH O pad

42 raya rapMoHUK paBuIAa Yy3rapaau.

PrUSHUHT eakNaHULL KOHYHUra Kypa rapMoHuK TebpaHMa xapakaT
raH MoOAAVA HYKTAHWHT Ty/na 3Heprusicu £ yHUMHI NoTeHUMasn Ba
K 3HEpPrusiapuHUHI dnurnHaucnaaH méopar:

£ = £, + £,=ymo)o™Fsin2(()o/ + a)+ cos2(co/ + a)];
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6yHAa ypTa KaBCc uungarv ngoaa, Mablymkn, 1ra TeHr. LyHaaih knnm6,
rapMoHuK TebpaHMa XapakKaTHUHI Tyna 3Hepruscu

£ = Yy Tbl M2= const (11.34)

nakT ;ytmun 6unaH ysrapmangn (6y epgaru T, oo, A — KapanaétraH
TU3UM Y4YyH y3rapmac KatTtanumknap).
TpuroHomeTpusgaH mMabiym 6ynraH

cos2(tca/+ a) =y fl -f-cos2(a)o/ + a)l.

sin2(cV + a) =-{1 —cos2(crt(/+ a)]

dopmynanapgaH cdonganaHn6, (11.32) Ba (11.33) wudoganapHu
Kynugarn KypuHuwaa €3l MyMKUH:

£, =y TuP=/141— cos(2a)o/ + 2a)|,

(11.35)

£K= — T<X&AA1+ cos (2000/+ 2a) 1

(11.36)

OxXmprn ukkn copmynagaH K puHagn-
KW, FapMOHUK TebpaHaéTraH Moaaui
HYKTa@HUHI  KMHETMK Ba MOTeHuuan
JHepruanapu xam BakKT YTULIN 6unaH
rapMOHMK KOHYHWAT Byiinya ysrapagu,
NEeKVH MasKyp ysrapuw cumkuw () ra
HucbataH KKK BapaBap KaTTa yacToTa

(20)0) 6unaH Ba ’;—Tb&AZ amnanTyna

6unaH cogup 6ynagn. 11.9-pacmga X,
£, Ba £K KaTTa/IMKIapHUWHI BakKTra
6OrNMKINK  3rpn  4Yn3vknapu Kentu-
punraH (£T— Tyna 3Heprus).

MupoBapanaa WyHU Tabkugnaw
NO3UMKMK, FapMOHMK TebpaHMa Xapa-
Katnapfa 3HeprusHuHr 6up TypaaH
VKKUHYM Typra (KMHETUK 3Heprmus no-
TeHUVWan sHeprvara Ba akcuMHua) anna-
HULLIVMHWHT XamAa 3HeprusHUHr cakra-
HULW KOHYHWHWHI SKKOJ1 HaMO&H 6ynu-
LWMHN Kypamus.
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1.8-$. AMMJINTYAA-BEKTOP YCY/IN. BUP NYHANUWOATU BUP XN
YACTOTANWN TEBPAHWWNAPHWN K?2W WKW

MOHMK TebpaHuwnap KynuHya 4ym3ma pasviwga  amnamtyga-
ycynu bunaH TacBupnaHaawn Ba 6y ycyn BeKTOp guarpamMmma
neb xam atanagu. by ycynHUHr moxuaTtu kyhngarngaH mbopar:
5m nxtnépnin O HykTagaH y3yHAUrn tebpaHuwl amnanTygacuHUHTE
Ivatura TeHr 6ynraH A BeKTOPHM LWYyHAOAR >XohnawTupamMmusKm
paem), 6y BekTop OX yKM O6unaH Teb6paHULIHWHI GoLiaHrny
a ra TeHr 6ypuyak xocwun KuncuH. Arap A BeKTOpHM O HyKTa
Ja coaT mMunura Teckapu hyHanmwga. ©0 6ypuyak Tes3nuk 6unaH
a xapakaTtra kentumpcak, 6y BEKTOPHUHI X yKuAarm npoeKkuuscu
A opacumpa y3rapagu. PacmgaH KypuHuwin4ya, | BakTAaH CYHr
K ykugarn umpoekumacu

jc=/1lcos (0>0/+ a)

, 6y 3aca TebpaHyBUM MOAOAMIA HYKTAHVMHI t naitoaru Cunxu -
p . WyHaaih kMnu6, oo yactoTa 6unaH coamp GynaéTtraH rapMoHUK
<wHu X yKngaru UxXTUEpUiA HyKTa_atpoduaa co Gypuak Tesnuk
ainaHyBuM amnauTyaa BekTopu (A) HUHE WY yKAarn npoekums-

BaKT Oylinya y3rapuwun Tap3vga TacBuprawl MyMKuH; byHaoa /=
WTaarm A BEeKTOPHMHI X YK 6unaH Tawkuna KuaraH 6ypuyarn
"MNHWHI 6ownaHrmy asacuHn udogananan.

* * %

i HykTa O6Mp BaKTHWHI y3ujda WKKA Ba YHAAH OpPTUK
vwnapga KaTHawuwm MYMKUH. MacanaH, topub KeTaéTraH
VHF Wwunuira npyXuHanu TebpaHrnyHn ocmb Ba YHW MyBO3aHaT
afaH uuMkapub (anTalnnuk x Macogara nactra 4y3mb) Kyiinb
K, Te6paHrvy BaroHHWHr wWuNUra HucbartaH TUK WyHanuwaaru
\TebpaHuwNappaH Tallkapu BaroH 6unaH bupranvkga tebpaHma
TAa KaTHawagw, YYHKM BaroHHWHI y3u XaM TemMup WY/ HUHT
H XolinapugaH yTraHga TUK lyHanuwpaa Teb6paHmMa Xapakatra
. WyHpali knnnb, Ep 6unaH 60rankK caHoK TMMMuMaa npyxvHanm
rmy4 6mp TOMOHra ydKKa HucbataH TUK WyHanraH WKKATa
HLWAA WWTUPOK 3Taau.

WA HyKTa 6P Xxun MyHanuw 6yilnya 6uMp Xun 4actoTa, NEKUH
a amnanTtyga Ba 6ownaHruy asanap 6wunaH coaup 6ynaétraH
ebpaHMwaa kaTtHawaéTtraH 6yncuH. LWyHra kypa 6y WKKM
VLW KOHYHUSTNapu:

m=A icos(too/ + a]), (11.37)
x2= A2C0s (¥ + 02) (11.38)

ndoganaHMW  MYyMKUH. Xap WKKM TebpaHMa xapakaTr 6up
waa cogup 6ynaétraHnurn Tydannm HaTuwxasuin TebpaHnll, AbHU
WKMA CU/DKNLW  anoxmga CUDKUWIAAPHUHT AUrmHancugaH néopat
rMHW TacasBYp 3TUW KUAWH amMac. Kywmnnysum Te6paHuLIapHUHI
3napn (maspnapu) 6ump xun 6ynraHnuru Tydainun T BakT
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11.10-pacm Jo. X-X'EXxt

11.11p ac ™

yTraHgaH cyHr X\ Ba a2cu/mkuiunap y3napuHUHT Aactnabku Knimarnapu-
ra ara 6ynagu. LYHWHr yuyyH Te6GpaHULWNApPHUHT (CUDKULINAPHUHT)
anrebpamk MurmHoUcn (X) xam 4yacTtoTtacu 00 ra TeHr 6ynraH gaspuii
TebpaHMa xapakatgaH ubopaT 6ynaaun, SibHU

| X=Xi+jt2 = /4cos(coo/ + a). (11.39)
HaTnxaBuii TebpaHnwgarm X, A, a KatTanmkiaapHM TONUW y4yH tokopuaa
6aéH aTuNraH annaHyBuYM amMnanTyda-BEKTOP YCYIMHU Kynnanmus. Wy
Makcagna A\ Ba J12 BekTopnapHu 1l.11-pacmaa KypcaTunraHek,
T"yknparn O HykTagaH 6ownab moc pasuwaa a\ Ba a26ypyak octnaa
ynzamms. BekTopnapHm Kywulwl KoBgacura acocaH HaTwxaBuii_Tebpa-
HUWNAPHUHI amnnutyga Bektopu (A) — TomMoHnapu A\ Ba J12 Bek-
TpnapgaH wéopaT 6ynraH napaiienorpaMMHUHI AnaroHanMgup. dHAu,
Al Ba Jir BekTopnapHu 6up xmn 6ypuyak Te3nmk (wo) 6unaH O HyKTa

aTpompa coar mMuamra Teckapu iyHanvwa annaHTupcak, HaTuKaBuii
BeKkTOp /1 XamM wo b6ypuyak Te3nvk 6unaH ylwa WyHanuwga annaHagw,
YYHKUW MKKana BeKTOp 6up xun 6ypyak Te3Nuk bunaH xapakaTnaHraHavurm
Tychavnn ynap opacugaru 6ypuyak (dasanap Gapku) a2—al BakT
yTuwn  6unaH y3rapmai konagu. byHaaH HaTwkaBuii TebpaHuw
yactoTacm Xyaam Kywuiyeum TebpaHuwnap yactotacu kabu bio ra TeHr,

[eraH xynoca Kenué umkagu. BuHoGapuH, A\ Ba JIr BeKTOpPNapHWUHT

X ykngarn npoekuusanapu g, sa x2 (11.37) xampa (11.38) KOHyHUsTNap
6ylinya rapmoHvVK pasuwga ysrapagu.

J1 HUHT KMAMaTUHKU TonNuw yyyH 11.11-pacmpary napasnenorpaMmmra
KOCUHYyCnap TeopemMacuHu KynialiMuns:
N2=n?+ N2—21|N2cos|n— (cci —ar) ]=
—Nf4H24-21|N2cos(ai —az). (11.40)

HaTumxaBnii BEKTOPHUHI 6GownaHruy ¢asacmHn OBD  yubypuyakgaH
Tonamus:

gn /4 sina. -1-~jsina,
tea="-=TJ-—=——— —— 1.41
On A ,cosa, +/12cosa )
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i Knn6, 6up MyHanMwaa coamp 6ynaétraH 6up Xua vactoTanm
rapmMoHmK TebpaHmMa xapakaTtga 6up BakKTHUHI y3uja KaTHalwla-
IAONA  HYKTAHWUHT HaTwXaBuil TebpaHuWM XaM KyLIWYyBYU
wnap MyHanMwmnparn ywa vactoTaam rapmMoHuK TebpaHuwgaH
HaTtmxaBuii TebpaHuw (11.39) KOHYHUAT 6unaH mndoganaHaaw,
rebpaHnw amnamtygacn (A) Ba 6ownaHrmy asa (a) Moc
a (11.40) Ba (11.41) chopmynanap BocuTacumaa aHMKnaHagw.
10) dopmyna 6unaH aHMKNaHaguraH HaTuXasuii TebpaHuw
noacu KywmnayBymn TebpaHuwnap dasanapuHuHr ainpmacu (ar —
a 6ornumk. MacanaH, 6y ¢qopmynaga ar—al|=2nn, (n=0, 1,
nca, Kywmnnysum TebpaHuwiap 6up xun asana coamp éynasantm
. By xonga (11.40) TeHrnukaaH:

A2= (A\ + /b)2 &kn /4=[]|+y42

N Kenué uukaawu, SbHU HaTMXaBwuii TebpaHuw amnanTygacwu
BUM TebpaHuwnap amnanTygacuHUHr hAnrnHgucura TeHr. Arap
=(2n+1)n 6ynca, TebpaHuwnap KkKapama-kapwm @dasaga
by xonpa

A=A|—N2

ABHWU  HaTWKaBU amMnauTyda KywuayBym TebpaHuwwnap
Apganapy ainMpMacuMHUHE MyT/AaK KuiMaTtura TeHr; xycycaH, A |=
nnca, A=0 6ynagn. By HaTuXaHW BarOHHWHI LWWNUra ocwuaraH
ann TebpaHrvy Muconuga Kynngarmya tacaBByp KWW MYMKUH:
i nainTmoa npyxwuHara ocuaraH MeTana Wwapya nactra TOMOH
ia cumkuii  6ownagn pehnuk, BaroHHUWHr Epra HwucbataH
1un sca aliHm nalTaa tokopura TOMOH KyHanraH 6ynagu Ba Ep
50rnaHraH caHOK Tum3aumuparnm KysatyBuura HucbataH MeTasn
rMHY xonarga 6ynagwn.
>aHUWNapHN  Kywuwga lKopuaa 3uKp 3TWAraH annaHyBuum
Nna-BeKTOp YCYNN (PU3NKaHUHT EPYTNNK XoaucanapuHn ypraHuil
Ua KeHr KynnaHunagwm. YyHoHuun, 6up Heya maHb6agaH kenaétraH
| yactoTtanu Epyrnvk TYyNKUHAapu (a3oHUHI 6Upop HyKTacuaa
a, 6y TYNKMHNAPHWHI HaTWwKaBuUil amnanTyfacuvHU aHuknawpga
SuM  amnauTyga-BekTop  YCynu  Kyprasmananmauk  okmxatugad
ia ycTyHnmnknapra ara.

11.9-5- Y3APO TWUK BYJZITAH TEBPAHWLWNAPHW KYLW WL

OV HYKTa 6up BaKTHUHT y3uaa y3apo TUK iyHanuwnapgaru 6mp
cToTaM WKKMTa TebpaHuwpga KaTHawuwum MyMKWH. ByHpaain
|w 6unaH TaHMWKW Makcagmaa y3yHaurun | 6ynraH nHrmyka unra

MeTann wapya (MatemaTukaBuii TebpaHrnMy)HMHr X Ba
saMHaTa yknapu 6yinab TebGpaHUWMHW  0Nnb  Kapalnmk
>acm). by xonpa xap wukkana (A Ba Y) WRWyHanuMwpa xam
rMKaBuii Te6paHrMYHNHI XyCycuii TebpaHull YacToTacu 6up xun,
Xap WKKana iyHanuwpgarn Te6GpaHuwaap 4actotacu YHWUHT
n (/) bunaH aHuMknaHagn. MatemaTukaBuii TE6PaHIMYHUHT y3apo
hnnwnapgarn tebpaHvwnapga 6up BaKTHUHI Y3vga MLWLTUPOK
H amanra owupuw ydyyH X KoopguHata YKu iHyHanmwmnga
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TebpaHnb TypraH wapyara Y KoopauHata yKu MyHanuwuga 6owwnaHrmy
TYPTKN 6GUNaH TabCcup 3TULL KUAGOS.

WapyaHWHT HaTuWXaBuii TebpaHULLIAArA TPAEKTOPUSCUHM aHMKNal
X Ba Y KoopAvHata yknapu 6ylinua TebpaHuiniapH Kywmnw Bocutacuga
amanra owvpwuiaan. Maskyp yknap 6yinuya rapmMoHUK TebpaHulnapaa-
MM CU/DKULL KOHYHUATIApPUHU Kylingarunya €3amuma:

x=/4|Sin(0)o/ + ai), (11.42)
y=/42Sin(coo/-far). (11.43)

YMyMuiA xXonga, WapyaHUHT HaTKaBUii TpPaekTopuscu Mypakka6 arpu
umsnkaaH néopar 6ynaan. BUp Heua Xycycuii XonnapHu Kapat YnKaiivk:

1 TebpaHnwnapHUHr 6owwnaHrny asanapu ~3apoteHr (a|j=ar).
XO/IHA amasira owmpuw yyyH X koopauHaTa yku 6yiinab te6paHaéTtraH
Wwapyara y yauHUHIr MyBO3aHaTt BasuaTuaaH yTaétraHga, yHra Y Koopau-
HaTa yku hyHanuwmga (11.12-pacm) 6ownaHrmy TypTKU 6epul N03MM.
WapyaHMHI HaTWXKaBUi TPaeKTOPMACMHU aHuknaw yuyyH (11.42) TeHr-
NUKHUHTE (11.43) TeHrnmkka HucbatmHm onamms (ai= a 2=

Y- Ar
oyHOaH

ra ara 6ynamm3. by 3ca TyrpuM 4YmM3uK TeHrnamacuaup, SbHW Lwapya
KoopAanHaTa 6owmngaH yTyBUM aHa LWy Tyrpu 4mM3uk byiunua TebpaHaawm
(11.13-pacm). YHUHI MyBO3aHaT BasvATUAAH CUMDKULLN

r=
MyHocabaT 6unaH aHuknaHagu. by dopmynagarn X Ba y nap ypHura
(11.42) Ba (11.43) wudopanapHu Kyhunb, LWap4YaHMHI MyBO3aHaT
BasNATUAAH CUMKULW KOHYHUATUHU TOMamus:

r= ~al-\-A2singjf)/
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| ai=a2=0 skaHnurn Haszapga TyTMAAN). OXUPru TeHrNUKaaH
Jovkun, wapya y3 myso3aHaT BasuaTu arpodmnpa (11.44) cdopmyna
ngoganaHraH Tyrpm 4nsuk 6yinab yactotacu wOBa amnanTygacu

- bynraH rapmMoOHUK TebpaHMa xapakaTt kKunaan (11.13-pacwm).

ai—a2=n 6yncuH, O6yHpaH a|=ar+n 6ynagu. Y xonga
) TEHINUK Kyhinpgaruya ésmnagu:

jc= N|sin (cco™+ ar + n) = — /1lisin((oo/ + a2). (1145)
) TEHINUKHUHI (11.45) TeHrnukka HUCGaTuHW oncak, Kyhnuagarura
namms:

Yy=~~"x. (11.46)

[pa wapyaHWHr HaTKaBUii TebpaHWL TpaekTopusacK KoopauHata
aH yTyBuMn (11.46) wndgogma 6unaH 6epuaraH Tyrpym 4msuk byinya
epaeMda KypcaTunraHgek) rapMoHUK TebpaHMa XapakaTgaH
= 6ynagn.

X,—ar = n/2 6yncuH, 6y TEeHrNUKHU a|=ar +vy KypuHuw aa

NyMKuH. Y xonga (11.42) TeHrnuk

x==/4|Sin(@)o/ + a2 +Y) =AfCOs(u)ot-\-a2) (11.47)

Jura kenagy. dHanM (11.47) sa (11.43) wdopanapHm

;=cos((o0*+a2), 5= sin(a)o"+ a2)

é€3aMn3. OXMPrM WKKNW TEHINWKHW KBagpatra Kytapwub, CyHr
| 6up-6upura Kylweak, Kynmgarn mndgoga kennbd unkagu:

X2 , V2



6y aca anaunc TeHrnamacuauvp. YHUHT yKnapu KoopawuHata ykna-
pn 6yina6 MyHanraH 6ynn6, TebpaHuw amnautyganapum (A\ Ba A2)
SNIUNCHUHI MOC ApuM yknapura TeHr (11.15-pacm). Arap ai—a?2=

= 6ynca, WApYaHMHI Xapakatu Maskyp annunc 6ylivuya coat

MWIVHUHT XapakaTt ihyHanuwmn 6yiinab, a\—a2= —y 6ynraH xonga

3ca coaT MWIMHWHI XapakaTura teckapu ihyHanuwpa cogup 6ynagw.

(11.48) TeHrnukaaH KypuHaauku, arap Kywunysym TebpaHuwwnap
amnauTypanapu ysapo TeHr (Ai=A2=A) 6ynca HaTuxaBuii xapakaT
TpaeKkTopuacu

X2+ y2=A2 (11.49)

KypuHuwra kenagn. by 3ca paguycm A ra TeHr 6ynraH aiinaHa
TeHrnamacugup. [Aemak, wapya (YmMymMuniA xonga mogauii HykTa) 6up
BaKTHUHI y3uaa y3apo TUK WyHanuwnapgaru 6mp xun vyactotanum Ba 6up
XUn  amnnuTyganu  UKKuta TebpaHumwga KaTHalwca, TebpaHUWHUHT
HaTWXaBuii TpaekTopuscu ainaHagaH ubopat 6ynaaw.

Y3apo TuK WHyHanuwnapgarn TebpaHuwiapHM Kywuw  6yinya
oKOpuga KWAVMHraH Xynocanap KyT6naHraH Epyrink HypAapuHUHL
UHTEPEPEHUVACUHN  (PU3NKAHUHT ONTUKa OynuMKn) ypraHuwaa KeHr
KynnaHnnagu.

bns ysapo TukK WyHanuwnapgarun TtebpaHuWNapHu Kywuwaa 3SHr
opanii Xycycuii XonnapHu Kypub yTaumk. bowka xonnappga, MacasnaH,
KyLINAyBUYM TebpaHuLLap YyactoTanapu y3apo TeHr 6”\1mMaca, HaTuKaBuii
TebpaHuLL TpaekTOpMACK 4YacToTanapHUHI Hucbatura Ba asanap
(papkura 60rnMK pasuwiga aHya Mypakkab arpu umsmkgaH wubopar

oynaaun.

11.10-}. CYHYBYN TEBPAHWLUNAP

Xos3upraya 6mu3 ysrapmac amnamtyga 6unaH cogup 6ynaguraH, SbHU
hakaT KBasMKalMWKOK Ky4 Tabcupupga cogup OynaguraH Tebpa-
HUWMApHU Kapaauk. AManga xap KaHfan TUSUMHUHE TebpaHuwmn (arap
y TalwkapumpaH aHeprus onub Typmaca) CyHyBYaH 6ynaam — TebpaHuw
aMmnauTygacu BakT yTuWKW 6unaH y3nykcus Kamanmb 6opagu. ByHUHT
cababu WyHAaKU, >KUCMHUHI TebpaHma Xapakatura atpo-mMyxuT
TOMOHMAAH KaplWuank Kypcatunagn sa 6uHo6apuH, TU3UM Y3 3HEPTUsAcK-
HN MyXWUT KapWWiIMrMHW eHrumwra, TasH4y Ba oOcManapgarv uwkana-
HUWNapra ysnykcus pasuwpa capgnangn. LWy 6oucoaH TebpaHma
X,apakaTr TeHrnamacuHu undoaanosin HbIOTOHHUHI MKKUHYM KOHyHMAa
KBasukamnwkok kyy (F= —kx) 6wunaH 6up Katopga MYXUTHWUHT
KapwuamKk Kyuynm Xam WWTUPOK 3TUWKM  N03uM. TaxpubanapHWHr
KypcaTuwimya yH4Ya kKatta OynmaraH Te3nuknap YYyH MYXWUTHUHT
KapLWwuanK Kyun, Wy XymaagaH MWKanaHU Kydn xam, Te3nimkka Tyrpu
MyTaHOCuU6 6ynmnb, XapakaT WyHanuwura HucbaTaH Teckapy TOMOHra
MyHanraH:

FK=rv=—r-~-=—rx, (11.50)
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i T — MyXUTHUHT Kapwunuk koapuuneHtn. CyHyBUYM Tebpa-

H1 undpoadanoBin HbIOTOHHUHI WMKKUHYXN KOHYHW Kynuparu Kypu-
a ésunagu:

dx , dx
d? dt

TX +rx kKx=0.

M TEHr1aMaHUHI Xap WMKKana TOMOHMHWM T ra bynamus:
je+ X + T kx = 0.
Hrnamaga
= 9 —=26 (11.51)

TawnapHu Kuputcak, y Kynugarn KypuHuira Kenagu:

jc+ 26x+ wil= 0, (11.52)
ofagarv bio TU3UMHUHT MYXUTHUHE Kapwunmrun éynmaraH Xxongaru
XX TebpaHuw dactotacn, 6 —Ccy HUW KO3 (PPULUUEHTU.

FHUHI KapWWAUTUHN y3naa akc aTTupyBum (11.52) TeHrnamaHuHr
6< ton 6ynraH Xon ydyyH Kyhiunpgaruya:

JC="E~s-sin((o/-(-a), (11.53)

Ao — TeGpaHUWHWHT 6ownaHruy (/= 0 6ynraHgaru) amnantyga-
e~bl KynaiTMa t naitgaru cyHyBuUM TeGpaHULL amMnanuTyAacuHu

naiian; W — CyHyBUM TebpaHWULWl 4YacToTacWu, YHWUHI Kulimatu
»M MyHOcabaT 6unaH aHukKnaHagw:

w N-om* - (11.54)

3fjafaH KypuUHaZWKW, CYHYBUM TeGpaHull vactoTacu (W) Xycycuid
MW YyacToTacu (wo) AaH KUYKK.

.54) TeHrnukka 6mMHOAH CYHYBYM TebGpaHWULL OaBpu:
Y 2n

Kypcatknum (KoadppnumeHTn) optuwn 6unaH TebpaHuwnap
opTagn (TebpaHuwnap Yactotacu kKamasgu).
lyBun TebpaHuwpa cUmKNWHKMHE ((11.53) 60rnaHMWHWHE) BakKT
6unaH ysrapuwun 11.16-pacmga TacsupnaHraH. (11.53) copmyna-

11. 16-pacMgaH KypuHMULINYE, CYHYBYM TebpaHuwnap amnantyga-
r ytuwum 6unaH

A=Aoe-H (11.55)
(3KCnoHeHUWan KOoHyH) Oyinya kamannb 6Gopagw.
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CyHyBUYM TebpaHuwpga 6up-6upngaH TebpaHuw paaspu T ra dapk
KNNYBYM WKKUTA KeTMa-KeT amMnautyganap Hucbatu:

A0e~ CI—
AOe ~ N(,+1>

CYHWW pAeKpeMeHTU p[eb atanagn, yHUHr HaTypan norapugmm aca
CYHWWHWHT NorapuMuUK feKpeMeHTU Aelimnagn Ba K 6unaH
6enrnnaHagm:

X=""7%Tn=6r waAa

noe

By KaTTannk CyYHULLHUHI yn4yoBu cudarunga kynnaHunagn. (11.56) teHr-
namagaH KypuHuMnYa, CyHUW KoapdpuumeHta 6 6uMp pOaBpra TeHr
BaKTAArn CyHULHW akc aTTupagu.

CYHUWHWHI yn4yoBn b6ynraH \ KaHAah KaTTa/MK 3KaHWHW aHuKnari-
nvk. Wy makcagna (11.55) wmncopaHu

KypuHnwaa, (11.56) wudogaHn aca 6—Y./T KypuHuwpa €3cak, 6y oxvpru
VKKWN TeHrnamajaH:

= € rT1 (11.57)
ngogara ara 6ynamms;, 6yHaa Ao — 6ownaHrmy amnnuvtyga, A aca
/nantparn amnamtyga. CyHyBum TebpaHmwga amnantyga B = 2,73 mapTa
KaMaum yuyyH KeTraH /=T BaKT gasomuga Tnsum N mapTta Te6paHraH
oynca:



an Ba (11.57) wdopa
— =BJiX

HUWHK onagu. WapTra kypa, Ao/A=e OGynraHanurn yuyyH e?”* = e
/HoaH NX= 1 ékun
X=4 (11.58)

mrn kennb unkagu. OXMpPru TEHIIUKAAH KYPUHAAWKU, CYHULLUHWUHT
ONIMUK AEeKpPeMEHTU aMnanTyfa e Mapta KamaliMwim yuyyH KeTraH
nunga cogup 6ynyBuUM TeGpaHULLIapP COHUHW aHWK,/I0BYM KaTTa-
up.

€6paHULLIHMHI CYHMWWHU GolKaya TaBcudiawl Xam MyMKWH. By
affa KynuH4ya Te6paHyBUM TU3UMHUHT acnnuru (Q) pgeraH
anukgaH doganaHunagn:

Q=I=nN.

lopMynaZiaH KypuHaauku,, Te6paHyBuYM TUBUMHUHI aciimru Q CoH
ataaH TebpaHnwwnap Mwiln«Tygacyu e MapTa Kamanuim yuyyH KeTrad
AaBoMyaarn TebpaHuliap COHUHWHE M ra KynahTmacura TeHr.
Kaya aiTraHga, Q HWMHI KaTTa KulimMatnapura A HUHT  KUYKK
[aTnapyn Tyrpun kenagw.

11.11-8. MAXBYPUW TEBPAHWLLUJIAP. PESOHAHC

abunii wapountga coavp GynagmraH  xXycycuii  TebpaHuwinap,
Inga KypaoVKKW, CyHyBYaH Oynaawm, 4YyHKM TebpaHuw “HkapaéHuga
ngar 3Heprma  WWKanaHWUW KyYMHU Ba MYXUTHUHI KapLuink
HA eHrvwra capdiaHnbé 6opagn. CyHMmanpuraH TebpaHuUWNapHU
T KWIMW Y4YyyH Tu3Mmra TawkapugaH [SaBpuil pasuwiga 3aHeprus
1n6 Typunuwn kepak. [aBpuii y3rapyByaH TallKu Ky4 Tabcupuga
noa ByXxygara kenaguraH tebpaHuwnapra maxo6ypuin TebpaHuwnap
nagn/ MacanaH, 6u3 TenedoHga rannawraHumMmsga MUKPOQOH
acn (mMembpaHacu) TebpaHaéTraH (6ocumun y3rapaéTraH) Xaso
mpnga, XasoO 3ca OWMSHUHI TOMOK-O6YypyH Oywimrumusgarn TOBYLU
anapuHMHr TebpaHuwun Tabcupuga Maxbypuili TebpaHMa xapakat
on. Pagno kapHaiu, motopu mwnab TypraH mMawuvHa éku AacTrox
YCNapUHUHI TebpaHuwnapu (Tutpawun) maxbypuii TebpaHuwnap-
MpyXunHanu Te6paHrny muconmga xam Mpy>XmHara OCW/IraH HKKa
ann wapyara) TUK KHyHanuMwpa pgaspuii pasuwga TypTku 6epnb
rnca, YHUHr TebpaHuwmn mMaxbypuii TebpaHuw 6ynagn/

laxbypuii  TebpaHULWMAPHUHT  3pPKUH TebpaHuwnapgaH dapku
oKy, Maxbypuii TebpaHULLNapHUHT YacToTacu TUSMMHUWHE Y3 XyCy-
A0aH Kennb uymkmar, 6anku TawKy TabCUPHWHI 4yacToTacu 6unaH
naHaan. Kynmnpga 6u3 3Hr ogauili XONMHW — TU3MMIa TabCUp 3TYBUM
i1 Ky4 rapMOHMK KOHYH 6unaH y3rapaguraH XoiHW Kapab 4uKuL
H yerapanaHamms, fbHM TalKW Ky4 <O yacToTa 6bunaH

F = Frcoswt
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Tap3ga ysrapcuH, 6yHaa FO— Tallky KYYHUHT amnautyaa  KuiAimaru.

[JaBpuin paBuwpaa ysrapmb TypaguraH 6yHAan Talkm KydyHU max oyp
3TYBUYM Kyu pAehvnagu. TUHY TypraH TusuMra ysrapyByaH TalKu Kyd
TabCuUp Kusca, y Y3UHWHI MyBO3aHaT BasusATUAAH acTta-CekuH Ky3srana
6ownanan. Maskyp >kapaéHpa TawkapugaH 6epunraH 3Heprus KucmaH
TUBUMHUHI  XapakaT 3HepruvacuMHM  owumpuwira capdaaHca, KuUCcMmaH
VMWKaNaHNW KYYUMHW XamAa MYyXUTHUHT KapwuinK KyyMHU eHrmwra
captnaHagn, wy 6unaH 6upra TebpaHUWHUHI amMnaAuTygacu oprta
6opaan. bupop BakTAaH KelnH TM3MM TOMOHWAAH ULLKanaHWW Ky4YnHW Ba
MYXUTHUHI KaplWWInK KYYWHW eHruwra BakT 6upamrn numpa capdiaHa-
8TraH sHeprus TawkapugaH y3atunaétraH saHeprusra TeHr 6ynn6 konaaw.
Wy naintgaH 6ownab TUIMMHUHI TebpaHuwm Gapkapopniawaaun, SbHU
y y3rapmac amnnutyga 6unaH TebpaHa 6ownangn. bapkapop xonartra
KenraH tebpaHuwnapHn kapab 4YnKannuk.

Max6ypuii TebpaHMa XapakaT KwuiaéTraH Tusammra 6up BaKTHUHI
y3naa KBasMKalMWKOK Ky4y (—kx) Ba MyXUTHUHT KapLlWINK Kydu

(—r ~) padH Tawkapwu, Tawknm kyd (F= F(Qosa)t) xam Tabcup atagu.

BuHOGapuH, Maxbypuii TebpaHuwnap Yy4yH HbIOTOHHUHI UKKUHYA
KOHYHUHW Kylingarmya €3vnmMmn3 MyMKUH:

T 3}4—: —kx—r it ~(- FoCoscoi.
1111 -8 parn 6enrvnawnapgaH conganaHnb 6y TeHrnamaHu Kynugarm
KypuyHuwga é3amus:
* + 26x + o)ftjr="cos(o/. (11.59)
Bapkapop xonatra kenraH max6ypuii TebpaHuw to yactota 6unaH cogmp
oynmwnHn Ky3ga Tytcak, (11.59) TeHrnamaHWHI e4YnMUHU
* = ,4cos((o/ + a) (11.60)

Tap3ga wugopganaw Makcagra Mmysouk 6ynaau. (11.60) wndona
(11.59} TeHrnamaHuWHr e4ynuMUu 3KAHAUTUHU TeKWUpmU6 Kypamus. BYHUHr
YUYH X = —a/4sin (</+ a); X = —w2Z1cos((o/-|-a) 3KaHNUTUHU 3IBTU-
6opra onmb, (11.60) ndoaaHn Ba OXUPrU UKKU TEHTNNKHU (11.59) TeHrna-
mMara Kyamus. HaTmxaga Maskyp TeHrnama anHuaTra aninaHagvm Ba
yHOAH Maxbypuii TebpaHuw aMmnamTygacu A HU aHUKIaiMuns:

— u>Mcos((o/-fa) — 260)/4sin((o/ + a) -|-(0"y4cos((o/-(-a) =
= — COsSON.
m

Mabnym TpUIrOHOMETPUK dopmynanapgaH doiiganaHné (CMHyc Ba
KOCUHYCNapHU énné Ynkunb), 6y TEHIamMaHn Kynmaarmya é3u MyMKUH:

— (021 (cosw/cosa — sinw/sina) — 26(o/1 (sinw/cosa—(- cosw/sina) -f

+ (0o/1(cosw/cosa —sinw/sina) = Fo cosw™.
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WwiamMa aiHuaTra ainaHuwmM yyyH 4an Ba YHI TOMOHAAru cosoy Ba
onanaarn KoaUUMEHTNAP Y3apo TeHr GYy/MIM Kepak:
P

— a?Acosa = 26coflsina — cod/lcosa —j——n—1;
a1sina = 26w/lcosa + wiv4dsina.

N UKKA TEHrnaMaHu
p
A (ti’l‘J—WZ)cosa— 26m)/1sina = o (11.61)

A (WE—to2)sina-)-26a>Acosa = 0 (11.62)

vuwaa ésamm3. JHAU yNapHU anoxupa-anoxuaa Keajpatra KyTa-
YHrpa xagma-xaf Kylicak, Kyhugarura ara 6ynamua:

NA((@- 922+ 46202= 4y -

H TUSUMHUHI MaxO6ypui TebpaHuw amnaitygacu

p
A= ° f 26V (11.63)

urv kenub ynkaau. (11.62) TeHrnamagaH aca Maxbypuii TebpaHuL
WHN aHWKNanmuns:

(11.64)

) Ba (11.64) TeHrnuknapgaH KypuHaguku, mMaxbypuii TebpaHull
Tygacu Ba pasacy TalKW KYYHUMHI y3rapuw vactotacu (co) ra
K paBuwpga ysrapagm (coo=const). AMnaMTyga Ba pasa Talku
Hr y3rapuw yactotacura KaHgai 60rnmkImrmHn kapab ymkannuvk.

WANTYyAa 3Hr KaTtTa KuiAmaTra spuwmwim yuyyH (11.63) udogaHuHr
XU 3HI KMYMK KulimaTra spumiin n03vMm. Maxpax 3HI KUYUK

Tra 3pulLIvMLIN YY4yH WIAM3 OCTUAArM UOAAHMHE XOCU/Iacu Hosra
>y Kepak:

—2(0)o— 02)2co+ 860=0 ékn — (00— a?) ~(-262= 0,

2= qo— 262
TalWKy KYYHWUHI yactoTacwu

©= ap= \ o—262 (11.65)

|lpa maxbypuii TebpaHuW aMnanuTygacu 3HF KaTTa Kuiimatra
on. by xoauca pe3oHaHC Xopgucacwu pAelimnaanm Ba TallKu
ir 6y yactoTacm pe3oHaHC 4YacToTa nAelinnagn.
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Pe3oHaHC yacToTaga Maxbypuii TebpaHu amMnAnTyA4acu HUMara TeHr
3KaHMUTUHW aHuknamnuk. Wy makcagna (11.65) TeHrnmkHu (11.63) ra
Kyiinb, kynmpgarura ara 6ynamus:

(I 1.66)
216 w—a2

KypuHun6 typnbankn, 6 kamarraH capy maxoypui TebpaHuw amnantyna-
cn AB owmnb 6opaau. Xycycuidi xonga, AbHW CyHuUWw 6ynmaraHga (6=
= 0 6ynraHga), pe3OHaHC u4acToTa TU3MMHUHI XycCycuii TebpaHuLu
yactotacura TeHr 6ynuwm ((11.65) TeHrnMkka K ) Ba Maxobypui
Te6paHuW aMnAMTydacm YekKCu3 KaTTa KuiAmaTtra 3punn  Kepak.
Tabuuii waponTnapga aca 6 HUHI KuiAMatn HongdaH dapknim, 6uHob6apuH
AB yekcu3 kaTTta 6yna onmaiigu. 6 HUHF KuiAimMaTn HongaH apknuv
GynraHnmrn Tydannm TawKW KyYHUHI 4acToTacu TU3UMHUHI XyCycuii
TebpaHuW yYacToTacura sSKUHAaWraHga pesoHaHC Xogucacu coavp
6ynagn. BuHOBapuH, pe3oHaHC Xxogucacu TawkK,M KYYHWHE y3rapuu
yactoTacu TU3UMHUHI XyCyCUI TebGpaHwuW vacToTacura siKMHAawraHga
Max6ypuin TebpaHuLL amnINTYAACUMHUHT KECKMH OlWMWnAaH nbopart aKaH.

A

W 0
1117-pac M 11.18-pacm

CyHUWw  KO3IMUUMEHTUHVHI Xap Xwl KuiMatnapuga Maxoypuii
TebpaHUW aMNAUTYAACUHUHT TalKW Ky4y vactotacura 60rfanknmvkK arpu
ymsmknapn 11.17-pacmga TacBupnaHraH; 6y arpy unsuknap pes3oHaHc
3rpmv Ymsmknapwu pgeivnagn. TawKM KyYHUHT y3rapuw yacTtoTtacu
HOMra TeHr 6ynraHga, AbHW TU3MMra ysrapmac Kyd TabCup KuaraHga,
pe30oHaHC 3arpu 4YmM3MKnapm amnautyga YKuUHW

(11.67)

kuimatga kecnb ytagm (11.17-pacmra K.). by Tusumra ysrapmac Kyu
(to=0) Tavcmp 23TKM6 Typca, Yy VY3MHWUHI MyBO3aHaT Ba3nATUAAH
(11.67) wnchopa 6unaH aHMKNaHaguraH macodara yetnaHmb Typagn geraH
MabHOHW aHrnaragu.

(11.64) dopmynara 3bTMGOp 6epcak, TalWKW KYYHUHT vacToTacwu
y3rapuywmn 6unaH (6 ysrapmaraH xosnga) Maxoypui TebpaHuwl gasacu
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*am y3rapu6 6opuvulinHM Kypammi. By y3rapuw 11.18-pacmaa
waHraH. (11.64) dopmynagaH Ba pacMAaH KypuHaguku, bl=0 6yn-
CUMXMW Ba -MaxOypuii TebpaHuw 6mp xun dasaga (a = 0) co-
cnanu. m optuwmM 6unaH a HUHF KuiMaTu opTub 6opaau Ba

>na a=y 6ynagu. TalKyM Kyd 4YaCTOTACUHWHI GyHAAH KeluHru

[n a HMHr sHa xam opTuwura onué kenagw Ba bl » M 06ynraHga a
KUAMaTn N ra MHTUNaaun, abHM 6y xonga mMaxbypuin TebpaHuwgarm
HA Ba TalKW Kyd MyHanuwnap 6yinya kKapama-kapwun dasaga
unap.
KW 6unaH  Tawkum Kyd opacugarn dasanap MyHocabaTtu
9HC XOOMCACUHWUHT MOXWUATUHW 4YYKYPPOK TYLWIYHULWITa WMKOH
n. XakukataH xam, (11.2) Ba (11.8) chopmynanappaH wy Hapca
ynaamky, rapMoOHuK TebpaHMa Xxapakatga cumkuw dasa bynmya
<pgaH n/2 Kapap opkaga konagu. WKKMHYM TOMOHAAH, tokopuga
raHAeK, pe3oHaHC naniTMga CUIKUW TalWwkuy Kyd WyHanuwura
raH dasa 6yiumua n/2 kagap opkaga konagu. by mynoxasanapgaH
afiNKn, TE3NUK Ba TALIKM KYYHUHT y3rapuwm 6up xun asaga cogup
W, AbHM PEe30HaHC YacToTada TalKW KYYHUHT MyHanuwm TebpaHma
aT Tesnmrun WyHammwun 6unaH 6up xun 6ynagu. Wy 6oucpaH
3HC yacToTaZa TalWKu Kyd 6axapraH WWHUHT XaMMacu TU3UMHUHT
-1l 3Hepruacura amnaHagnm, HaTumxaga TebpaHuw amnauMTyaacu
Ita kniimatra spuwaaw.
30HaHC xoamcacu H6ab3n xonnapga gongann HaTmxkanapra, 6owka
pAa aca 3apapnu okumbatnapra onmé Kenuwm MyMKuH. LUyHUHT
XNaHyBUYN KUCMNapra ara 6ynraH TeXHWK Kypwuamanap Ba Typauv
>TnapHM  spatuwga  pe3oHaHC xogucacu 3bTubopra onvHaau.
TOa MaBXypn OynraH xap 6up Hapca — 6uHonap, Kynpwukniap,
obunb, noesq, TaWépa, Kema, dasoBuii Kemanap, MPYXuWHam
Irny, MatemaTukaBuii TebpaHrny Ba 6owkanap TebpaHyBUM
avp. YnapHuUHr xap 6upu, Wy >XymnagaH YNapHUHE aipum
apn y3uira Xoc Xycycuini TebpaHuw 4vacToTacura ara. Talwku
WYaH Kyy Tabcup aTraHga ynapga mMaxbypuin TebpaHuwl Byxyara
U MYMKWH. MacanaH, ormp TpakTop €éKu LyHra yxuwaiw HakInér
In 6m3 Awab TypraH YWMMU3HWHI oOpKacugaru KyyagaH yTtub
raHga yiAHWHI gepasanapv TuTpawuHU ce3amm3. by Hapca
rpuii  TebpaHUWHUHI  HaMOEH OGynuwnanp. bab3nm xonnapga
puii TebpaHUW aMNIUTY[acu KecKMH ownb KeTuwun (pe3oHaHc
ara fIKMH 4yacToTaja) Ba OKuMbaTAa WHLIOOT OYy3uInWnM MYMKUH.
[a wyHaam xoguca xam KysatunaraH (1831 . MaHuecTep waxpwu):
KOaH ackapnap cad TopTMG yTaéTtraHga Kynpuk Xyaa kKaTtTta
Typa 6unaH TebpaHa 6ownab 6y3nnmb TywraH. ByHUHr cababu —
KHVHI XyCcycui TebpaHuMLl yYacToTacu XamAa ackapiapHUHI 0K
W YyacToTtacu Oup-6mupura AKUHNALWIraH Ba HaTwkaga pe3oHaHC
acu amanra owraH. UWyHra yxwaw xoguca 1905 hnvm 1lle-
>fga xam cogup bynraH.
K1 EHYB ABuUraTesniapu, a/ieKTpomoTopnap, ras sa 6yF gsuratenna-
répanap Ba Wy KabunapHWHI annaHyB4YM KUCMAAPUHWUHE YKU aHUK
MapkasugaH yTmaraHnauru Tydannum ynap TebpaHma Xapakart
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MaHban 6ynn6 konagunap. byHaa MexaHuU3M YKUHUHE BakT oumpnuru
nunga amnaHuwnapyu COHW TalWKKM Kyd 4yactoTacu BasmdacvHu yTtangw.
lOkopuaa 3uKp aTuaraH MexaHusmaap Ba ynap KUCMAapPUHUHE XyCycuii
TebpaHuL YacToTacuM YKHWHI GUMPAMK BakKT uMunga annaHuwnap coHura
AsKMHNaWraHga pesoHaHC Xoagucacu cogup 6ynuwm Ba 6y xoguca
MexaHU3MMIapHUHT By3unuwmra onmMb kKenmwm MyMkuH. Wy 6oucaaH
alinaHyBuM KMcmnapra ara 6ynraH TeXHWKaBwuii MHLWOOTNAPHU ApaTviwaa
pPe30HaHC XOAMCAaCUHWHI canbuii okmbaTnapm xucobra onnHagw.
Pe30oHaHC XOAMCACUHMHI WMXOBMIA HaTmxanapu TexHuUKaga KeHr
KynnaHunagu. by xoamcagaH oiiganaHub mypakkab TebpaHuLl apaé-
HVUHW oaauii TeGpaHuwWwNap cnekTpura énnw MymKuH. bolkaya anTraHpa
Mypakkab TebpaHulnap Tapkubuga maexyn bynraH ogamii (rapMOHUK)
TebpaHuwnap yactoTacu aHuknaHagn. PagnoTexHuKa Ba OWMHamKaxoH
MyXaHAVCANK MWKnAa acocaH pPe3oHaHC Xxogucacu KynnaHunagwu.



POMAANAHUNTAH ALABUET

.aBeneB U. 9. Kypc usuku. T.1.M., «Hayka». 1989.
"magxoHoB O. du3mka Kypeu. | ToM, TOLWKEHT, «YKUTYyBUYM», 1987.

ZueyxuH . B. YMymuii cmauka Kypcu. | ToM. MexaHuKa. TOWKEHT. «YKHTYBUYH»,

>epk/ieeBckuii Kypc cdusnkn (Kutteab Y.. Hait B., PygepmuH M.). T.1. M.,
». 1983.

®eiiHmaH P.. JleliToH P.. CaHAc M. ®eiiHMaHOBCKMe nekuun no ¢usuke. Bbin.
n. 2: CoBpemeHHass Hayka O npupoge. 3aKOHbl MexaHuKW. MpocTpaHCTBO. Bpewms.
<ve. M., «<Mup». 1976.

Opup Ax. ®nsumka, 1.1 . M.. «<Mup». 1981.

rietnad A. A.. fiBopckuii 6. M. Kypc cdusnkn. M., «Bbicwaa wkona», 1989.
MatBeeB A. H. MexaHunka 1 Teopus oTHOCUTeNbHOCTU. M.. «Bbicwas wkonax». 1976.
ActaxoB A. B. Kypc cdwmsmkn. M.. Hayka, 1.1. 1977.

XaliknH C. 3. ®u3nyeckme OCHOBbI MexaHuMKU. M.. Hayka. 1971.
Pacynmy~amenos A. .. Kamonos X .. MabocapoB 6.0 Ymymuit usnka Kypcwu.
<ka. T., «YKUTyBuUu», 1989.

Paxnmos A. Y. Knaccuk mexaHuka. T., «YKUTyBuUM», 1988.



MYHOAPWXA

Mykaganma
KUPDUILLL oottt ettt ettt e et oo e e e ekt e e e a ket et et e e me e e m bt e eme e e e e abee e nbe e e an e e e enteeenneeeneeenee n
| 606 MEXAHWUKAHWHI ®U3NKABUIMN ACOCJ/IAPU

11-8 MEXAHUKA M @B 3Y M eeetiiiiiiieeeiiieeeiie e e e e e e et et ee s e e e e e et e e e e e e e e e e e e eeeenaae e e e e eeeeeeees
1.2-8. KuHemaTtuka acocnapwu

1.3-§ »®a30 Ba BakT
1.4-8. XapakKaTHUHI KMHeMaTuK TaBcudu

1.5-8. BekTopnap anre6pacu anemeHT.'n p u
16-.8 Mopapauii HyYKTaHUHT TYrpyv YM3MKNM XapakaTu
1.7-). Mopanii HYKTaHUHT aiinaHa 6ylina6 xapakaTu. bypuak Te3nuk Ba Gypuak

BLICET< 72 K= U 1N 27
1.8-8 3rpm u4M3uMknu xapakaTga Te3nMK Ba Te3naHuw. Mapkasra WHTUAMA Ba YPWH-

MA TEBJTAHUILLUIIAD oeeeuiiunenueeu e te e te e e e e e e taa e ea e eea e ea e eaa e aa e era e taeean e eannenaneenaeenaneen 29
19- § Xocuna Ba WHTErpasHUHI (hM3nKaBuii Macananapra TaTOUKM....................... 33
1.10-8. 3pKMHAMK Japaxanapu COHW. YMyMAawraH KOOPAUHATANAP ccoveeeereueeennnns 36

Il 606. MOAANNA HYKTANAP AUHAMUKACHK

2.1-8. JInHaMUKaHWHI acocuii Basudacu. HblOTOH MexaHukacuga XanaT TyllyH4Yacu 38
2.2-.8 KyU. MacCa. VIMIYIIBC oottt e e 39
2.3-8. HbIOTOH MEXaHUKACUHUHT KY/MAaHUL Yerapanaphl  ..oocooeceeiiiiniiioneiiiiieiins 42
24-.8 HbIOTOHHUHT BGUPUHYM KOHYHU. WHepuman CaHOK TU3UMAAPH coceeeeeeeeeeeeenees 43
2.5-8. HbIOTOHHUHT MKKUHYN KOHYHU. XXMUCMHUWHI XapakaT TeHrnamacwu P 46
2.6-.8 HbIOTOHHUHT YUMHUM KOHYHU ooiiiiiiiiiiiii ettt e e e e e s 50
2.7-f. ®unsukaBuii KatTanuknap OMpAnKNapn Ba Y MUaMAAP W .o, 51

Il 606. MEXAHWUKALA HUCBUW XAPAKAT

3.1-8. Tanunell aNMaWTUPULLIAPU  coooiriiiiiiiiiiiii e e e e e e e e e e ae e s e e e eas 53
3.2- 8 Hwucbuiinuk npuHuunu. Fanunein anMawWTUPULLINAPUHUHT WHBapuaHTnapn . . 55
3.3-8. HouHepuman caHOK TUIUMAAPU. VIHEPLMA KYUT AP M ceeiriiiiiiiieieiiieeeeeeeeies 56
3.4-8. NnrapunaHma XxapakaT KunaéTram HOvHepuuas caHOK Tu3nMuga uHepuuns
LTS T F=Y 1 PPN 58
3.5-§. MyTnak xamga HUCOGWUI Te3nuknap Ba Te3naHuwWwnap......... 60
3.6-8. AlinaHyBUYM CaHOK TU3NMUAA WUHEPLUS KyUN. KOPUOIUC KY U U .ooiieeeeeaeeeiiiiinnnnns 61

219



06. UMNYNbC BA MHEPUWNA MAPKA3WUH MHI CAKJTAHUNW KOHYHWU

CaknaHuw KoHyHNapu. UMNYNbCHUHE CaKNaHUW KOHYHW i 67
PeakTns xapakaTr. Maccacu ”3rapaétraH XUCMHUHI XapaKaTW ....ccooeeeueeennns 71
HEPLIMA MAPKASM oeeiiiiiei ettt e e et e e e et e et e e et e e e e ea e e aeern s eaneeaaenaaenn nan 73
VHepuns MapKasMHUHI CakKlaHULW KOHYHW. MaccaHWHr agautmMsauru . . . 75
ViHepums MapKasMHUHT XapakaTu xakugarn teopemMa. Af-TU 3UM ...eveveeeeennens 77

V 606. UMNYNbC MOMEHTUHWUHI CAKNTAHUW KOHYHWU

MMnNynsC MOMeEHTH

Ky4y momeHTM

NMNynbC MOMEHTUHUHI caKfaHWW KOHYHU. MoMeHTnap TeHrnamacu ... 8
Mapka3nii mMaiigoHaarn xapakaT. Keniep KOHYHTAP U coeereeeeeeiiiaeeeeeeeeeeeeeennnn 84
KOMHOTIa UMKULL TE3TUKITAP M ettt 90

VI 6 06. SHEPTUAHWHI CAKNTAHUWW KOHYHW

MW BA KYBBAT. D HE P T U S ceuuiiiiiiiiiiii et e e e e et sse e s e e e 92
KnHeTuk aHeprusa
Typnn caHOK Tuanmnapugarv KMHeTUK aHepruanap opacumgarn 6ornaHvw . . 98

KoHcepBaTMB Ba HOKOHCEPBATUB KYUIAP  .ecoeiiiiiiiiiiiiiiieeeeeaeeeninniia e e e e aaeeeenes
TTOTEHLMAM SHEPIMA oottt eee et e e e e e e et e e e e e ea e ee e eaa e e e e raenaaeenneenans
MoTeHUMan 3sHeprus Ba Ky4 opacujarn 6ornaHuw
V4kn mexaHuKaBuii aHeprus

MexaHNKaBUi 3HEPTUAHUHE CAKNAHULL KOHYHU  coooiiiiiiiiiieiiieeiiiieenee e

JHEPTUSHUHT YMYM(U3NKaBUA CakNaHULW KOHYHU
. CaknaHuW KOHyHNapu xamga a3o Ba BAKT CUMMETPUACU cooeeeeeeerieeenennnn 112

VIl 606. PENATUB OANHAMWUKA SNTEMEHT/NTAPU

Maxcyc HUCOBMIANNK Hasapusacu Ba YHUHI MocTynatnapu

JlopeHy, anmawTnpuwiapu
JlopeHy, anMawTMpuwnapunaaH Kenné ymkaguraH Hatumxanap
Penatne mMexaHuKafa TEe3MUKNAPHU KYLUMLL  coovivieiiaeeeeeeceieeie e e eeeeeeeneneans
OPAMUK (MHTEPBA) eeeieeetti ettt ae ittt e e et e e eea e e aea e e et e et eaa e e e ean e e eana e e eeanaaeeeens
PEIMATUB M M MY JT B C oot s e e e e e e e eeanenanes
Penatne 3appaHUHr XapakaT TEH TNTAM AC M ..uieiiiiiiiiiiiiii e eeeiii e
XapakaT TeHrnamMacuHWHIr JlopeHy, anmawTupuiinapura HucbaraH uHBapu-

£ L 721 PP

Nw Ba KUHETUK aHeprunsa

] Tynuk asHeprua. 3Heprusa 6unaH MMNynbC opacuaarn 60rnaHuLl ... 141
| NopeHy anmawTupuwnapura HucbataH MHBapuaHT KaTTanAuknap . . . . 142
. QHepruna Ba MMNY/bC YYYH JIOpeHU anMaW TUP UL JTAP M coeeeneenneineeeeneeenaennnes 144
1 Typnn caHOK TU3nMaapuga MMMynbC Xamaa 3HEPrusHUHI CakKNaHUW KOHYH-
2= o 1 PP PN 145
}. Macca 6unaH aHeprua opacuaaryt GO0 TNTAH ML ..ooveueueieeeiieeieieeeeiae e eeiiaeeeeaii e 147

VIII 6 06. XUCMNANAPHWHTI TYKHALWYBWU

TYKHALIYB TYPIAPM  eeeeeeee ittt e ettt ettt e ettt e e et ee e eabe e e e e s e et ae e e e s eabnaeee e s
MyTnak KaiMWKOK TYKHaLW yB..




83- 8
8.4-8.
8.5-8.
8.6-8.

9.1-8.
9.2-8.
9.3-8.
9.4-8.

10.1-8.
10.2-8.
10.3-8.
10.4-8.

10.5-8.
10.6-8.
10.7- 8.

10.8-8.

11.1- &
11.2-

11.3-8.
11.4- &
11.5-8.
N.6-8.
11.7-8.
11.8- 8

11.9-8.

MyTnak HOKalWWKOK TYKHalWw yB

NHepuna mapkasn 6unaH 60ornaHraH caHOK TU3UM KU

bycaraBuii saHeprusa. PynapaBuii TykHalyB4YM 3appanap Tesnatkuynapu . . 155
AHTUNPOTOH XOCUN GYNUNHUHT GYCaraBUii SHEPTUACU cooeeeeeiiiiieeeieeieeeeeeeeeennnn 160
IX 606. KATTUK XNCMNAP MEXAHUKACHU

KaTTUK XXUEMHUHI XapaKaT Ba MYBO3aHAT TEHTNIAMACU c.oeeeneeenieeneeiieeeeeeeeennas 161
XMEMHUHT alnaHuw Ykura Huc6aTaH WHEPUUS MOMEHTW .. .165
Yk atpoduaa ainaHyBUM XUEMHUHT XapaKaT TEHTNAMACU coceeereeeiniaiaaaaaeeeaeas 169
AlinaHaéTraH XWeMHWUHT KUHEeTUK 3Hepruacu Ba 6axapraH M W U ................... 172

X 606. TYTAW MYXUTNAP MEXAHWKACW SNEMEHTIAPU
CYIOK/INK Ba FasflapHUHT YMYMUA X O CCAMAP M cerreeeerininaneaaaaeeeeeinnnaaaeeeeeeeeeennes 174
bocum

CyIlOKNMKNApPHUHI XapakaT Ba MyBO3aHaT TeHrsiamacu

CukunmaignraH CYlKANK TULAPOCTATUKACK  .eooeeeeiiieiieeiiaeiieeeiieeiriereeeeeeee s 179
Vpaean CYHOK/INKHUHI TypryH xapakaTu. BepHYy/N/IM TeHrnamMacH.................... 180
CYIOKNVUKNAPHUHI Halinappa okuwu. Mayseiinb QOPMYNaACU ccoeeeeeeeeeeeeiinnnnns 183
CylOKNIMK Ba rasnappa >XWUCMNapHUHI XapakaTura KypcatunaguraH kap-

wWunuK. fmapoaMHammkaga yxwaw/iMK KOHYH U

rmapoanHamMnK HOTYPryHNUK. TypOyneHTAnK

Xl 606. TEBPAHMA \APAKAT

TebpaHMa XapakaT XAKUAA TY L Y H U @ .oeeeeuuieieineeeeiaeeeiineeeenieeeennnaaees . 189
FAPMOHMUK TEOPAHULLIIAD eeeniiiiiiiiiiiiiii e e e et s e e e s e e e s s e e e e e s e eanaans saeas 192
FfapmMoHUK TebpaHMa XapakaT KWUAYBYU XMEMHWUHT Te3nurun Ba Te3dnaHvwum . 195
FfapMOHUK TebpaHMa XapakKaTHUHI AuddepeHyman TeHrnamacu R 196
MaTeMaTUKABUM TEOPAHTUU cooiiiiiiiiiieit ettt e e e e e e e e e ee e e 198
ONINKABUNA TEOPAHTUY. VBOXPOHIIMK ccceiieeiieatieiiieete et e et ee e e e e e e e e s e 200
FapMOHUK TebpaHMa XapaKaT GHEP TUMACK coceuuueeeiiaaeeeeee e e e e e e 201
AMNAnTypa-sekTop ycynu. bup lyHanuwpaarn 6up xun yactotanu Tebpa-

HULLMAPHU  KYLUUILLL e s e s ee e e s s e e e s e s s anaaas e e e e aeseenans 204
Y3apo TUK 6ynraH TeOPaHULLNAPHU KY L M L .ooiiiriiieeieeeeaeeeen e eeeii e enniaeeens 206

11.10-8. CYHYBUM TEOPAHMLLUMAP ceeeueeiiuuieiitieeett e eeeaa e eeana e eeaan s e e et e eeaeaaeeeenaaeeees

11.11 -8 Max6ypun TebpaHuwnap. Pe3oHaHcC....
doliganaHunraH afabunerT...




Yye6HOe nocobune

Abpaysaxnt KacumoBs, XypalibepgH [L>Xypakynos,
AbpayHazap Cadapos

KYPC ®N3UNKWN, 4. |

Ha y36eKCKOM f3blke

N3paTenbCcTBO CY36eKMCTOH»— 1994, 700129. TalwkeHT. HaBowu,



Taxpupuat mygupH M. CABAY/ITAEB

Knunk myxappup.ll. COMBHA3APOBA

Pacmnap myxappupu U. KYYEHKOBA

TexHuk myxappup C. COBUPOBA

Mycaxxuxnap M. PAXUMBEKOBA. C. TOXVUPOBA

TcpHwra 6epungun 01.06. 93. bocuwra pyxcat atunam 26.04. 94. Koroa
ynuamum 60X90'/16. /inTepaTypHaa rapuutypaga lokopu 6ocma ycynuaa

6ocungun. Waptnn 6ocma T. 14,0. 14,25. Hawp Ta6ok 14,25. Apaaun

7000 kycxa. Ne 694. baxucu wapTHOMa acocupa.

cY3bckucton» HawpuéTtn, 700129. TowkeHT, HaBownit, 30. Hawp Ne 15—93.
~36eKUCTOH Pecnybnukacu [asnaT mMaTOyoT ~“MUTACUHUHI WXapajaru
TolwkKeHT MaT6aa Komb6uHaTuga Tepunmb, TOLIKeHT paHriM 6ocMa habpukacuga
6ocmngn. 700128, TowkeHT, Y. KOcynoB K”™yacu, 86.



KocumoB A. Ba 6OLLK.

K 61 dmnsmka kypcu: Onuii TeXHUKa yKyB OpPTU Tanabanapu y4dyH
yKyB KynnaHma/A. Kocumos, X. Xypakynos, A. Cacapos.
3 kucmnn. Kmem |. MexaHuka.— T.: Y36eKUCTOH, 1994—222 6.

1 1,2 Xammyannudg.

ISBN 5-640-01323-0

Maskyp KynnaHmajga aHbaHaBuii maB3ynap 6unaH GUp KaTopAa 3PKUHAWK Aapaxanapuv. ymymnawrad
KOoOpAMHaTanap. MHepuus Mapkasn 6unaH 60rnaHraH CaHoK TU3MMAApPWU. CakNaHWil KOHYHNapUHUHT (a3o Ba
BaKT CUMMETPUACH GunaH GOrNUKAUIU. MyTnak HWUCGWIA Te3nWK Ba TesnaHWWNap. pPensTus 3appa xapakart
TEeHrNamaeHHUHT JlopeiH anmawTupuinapura HucbataH WHBapUaHTAWIW. GycaraBuii aHeprus Ba Wy Kka6w
maB3ynap KeHr épuTuaraH. MexaHukaBuii Te6paHmMa xapakaT:xakujarn mas3ynap xam Wy Knemra Knputungu.

KynnaHma MyxaHAWCAUK TeXHUKa onuiiroxnapu Tanabanapu yuyyH MymxannauraH 6ynu6. y negaroruka
aTtwiirox.'lapu Tana6anapv xamfa yKUTyBuYMAap ydyH Xam KHMMaTAu maH6a 6ynaau geraH UKpAamH3.

Kacnmos A. un gp. Kypc m3avkmu. B 3 u. Y. 1 22.3973

1604000000—009
K n-94
11 351 (04) 94

Ne 680—93

Anvwep Hasowuli Howmnu
Y36ekneToH Pecny6anKacuHWUHT
AasnaTt KyTybxoHacu






