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cy3bpoWwwn

TepMmoanHamumka Ba CTaTUCTUK hr3nKa Hazapwuii
PM3NKaHUHT My\MM Ba 3HI Mypakkab 6ynnmnapugaH
\ucobnaHagn. by 6ynnmnapHu mnsnka-TexXHmKa co-
\acugarn MyTaxacCUCNapHVHI MyKaMmMas 6unuvn Kana
camapa 6epaaw.

TaBcusa aTMNaéTraH Tyniam Hasapuii oravka byinya
MaBXXy [, CYHITU gactypra moc \osnga Ty3uaraH 6ynmo,
TepMoAVHaMMKa Ba CTaTUCTUK pu3mnKaaaH y36ek Tn-
nmpa é3urad 6upuHYK KynnaHmagup. TynnaMmHu Ty-
3vwaa myannmdnap TOWKeHT AaBnart MUAING YHU-
BepcuTeTUAA TepMOANHAMMKA Ba CTAaTUCTUK hU3MKa
thaHnapn 6yinya HKppK Kypc Tanabanapwn 6unaH onmo
6opunraH v TakpubanapugaH clioiganaHnwgn. YHra
Myaninudiap TOMoHuAan Ty3vnrad \amaga Hasapuii cou-
3MKa co\acuga pyc Tmavga maexyg, 6ynraH Tynnamnap
Ba YKYB Ky/nnaHManapugaH oiganaHnaraH macrila-
nap KNpPUTWTaH.

Ywo6y tynnam 360 macasiaHn y3 nuvra onagu. YHaa
MacasianiapHu eumLl y4yH TepMogmMHammka, CTaTuCcTuK
hun3mKa Ba KMHETUKa Byiinya 3apyp 6ynraH TyllyH4Ya-
nap, KpHyHUATAap, Tak,cuMoT ynkumanapu, ngogda-
nap Ba TeHramanap Kvckava 6aéH sTuaraH.

MasKyp Tyna1aMHUHT ad)3a/l/IMK TOMOHU LUyHAaH
nbopaTtkn, yHAA Kyrn MacananapHUHI U30AaN eunmu,
KypcaTMasnap Ba xaBo6nap Macana mjaptmgaH KelunH
6eBocuTa 6epunraH. LUyHUHrAek, TanabanapHUHT dia-
O/VIUTMHU OWIMpULLIAA ynapra KynynavkK mMacananap-
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Jarn mypakkab maremaTtuk X,ucobnawnapHu axkapuiu-
napuv y4yH UMKOHUATOEepUIraH.

Myannudnap Tynaam Kysc3macuHU Kypuo YmMkKnaH
6apya rakpmsumnapradongany Macna\ariapy Badmkp-
napy yuyH YyKyp MUHHATAOPUYUNVIK bunampagunap.



NCOCUIN TYW YHYANIAP, KOHYHNAP
BA POPMYNANAP

l. lepMmognHamMuKa acocnga YHUHT yyTa KpHYHU étaan. Tep-
MOLULLIAMUKAHUHT BUPUHYN KPHYHU 3HEPTUSHVHI calliaHuLL Ba
HW LUHALL LIOHYHW BynG, Y UCCUKAOMK XapaéHnapu yuyyH Kyhinaa-
| nya ésnnagu:

8Q =dE+Jjld Xi' ()

6y eppa f.— ymympiawiraH kyd, 9, —ymMymMnialiraH napameTtp,
<Q— Tm3uMra 6epunraH anemMeHTap Uccuk/WK mmkgopu, dE —
TU3MM UYKU SHEPTUACUHUHTY3rapuLLIn.

TepmoguHamukaga nccmkank chfhmh C = Iél._k_ KypuHMLW 4a
ésnnagn. C. Ba C. opacuga Kynuaarvu 60riaHuL MaBxXy/;:

(2
Opavin Tnammnap yyyH (/ = 1, yHpa/ =/, 4, =4);

cf -cx= (qEﬁK_H (*1 _ ©

6y eppa C/£ Ba CM— ymymMmawiraH Kydy Ba ymymsawraH napa-
MeTpap AouMUi BynraHgarn UCCULUVIK curumniapn. Arap/= p
Baf = Vbynca:

QP‘CVZ[& +IM 3,a)



TepMoAVHaMUK XapaéHiap y4yH acocuii TeHrnama nosu-
Tpona TeHrnamacu 6ynné \ncobnaHaau:

aT

)

C
6y epoa N = WP ¢ — monuTpona KypeaTknum. BoLuk,a Typaaru

\amma TepmMoanHaMmK XapaéHnap ydyH TeHrnamanap (4) wudo-
[3afaH onnHaaw.

TepMOgMHaAMUKAHUHT UKKUHYU KPHYHU 3HTPONUSA Tyrpu-
cuaary KOHyH 6ynnmb, TepMOANHAMUK XapaéHMapHUHT NyHanm-
LWWHW mdoganangn:

®)

6y epaa S — sHTPONUS, TEHIINK NLLIOPACU LLaiTyBYN, TEHICU3-
NINK vLLopacK aca KgMTMac xxapaéHniap yyyH Taannyk/w. (1) sa
(5) ndpopganapgaHTepmog MHaAM MKaH MHT aCOCUW TEHT-
namMacu Kenub uvkaau:

TdS >clE+ "™ fd X .
(6)
TepMUK Ba KaJIOPUK KaTTa/IMKNap opacuaa Kymgarn TeHr-
NIVK MaBXyn;:

7

TepMOgMHAMUKAHUHT YYNMHUYM K,OHYHU, 6y HepHCTHUHr
nccuKr'ik TeopemMacnamp: «teMmnepaTtypa MyTnaay, Homra UHTWU-
ranga TU3UMHUWHI SHTPOMMACK TepMOAVHAMUK nMapameTpnapra
6ornmu, 6ynmvaii Lonaay Ba %aMmMa Moaganap ydyH Hosra MHTuna-
W, abNn 6OLLIK,a4a K,unmnb aiitTraHga, HOMb M30oTepmara Hoslb
agmabarta MOC kKenaam».

TepMoAMHaMUMK NapameTpiapHU aHUKOAWHUHE UKKUTa yCy-
NN MaBxXyn: Aonpasuii xxapaéHnap ycynu sa TepMOAMHaMUK Mo-
TeHUmnannap ycynu. by ycynnap tok,opuaa KenTMpuaraH yyta Ko-
HyHra acocriaHaZiu.



| 'M" mi,,, 4T unorcHunannap ycyam tusnum \onatmHn xa-
pn M BHwiIn |,|¢b , nop repMogMHaMmnK NOTEHLMaNIapHU K-
Y linn nmn ... ni>cluon Kyiimaa acocuih TepmogmHamMumK no-
...... . *|4lml \iipiiiuii TynmuanddepeHymnannapu ngogana-
pHH KOJIWpumm |

< liippa iiip , umu y napmac 6ynraH TM3NM YUYyH NYKN 3HEP-
ML an)uim pcumnnn
dE :TdS—X/fAK ®)

cy no°dant. (;1n)
)JPKUN =il v» Ha YHUHT gUdbdepeHunanu:

/ f- TS, (IF =-ScIT - X f dX< )

e [Kn66Cc TcpMONMHaMUK NOTEHLMEN Ba YHUHT anddepeH-
uvanu:

o 7+ = 4 (0)

6ynboAanal ("j)-r = (Ipfi-

SHTaNbNNA Ha YHUHT AU hepeHumnann:

/ =£+24/, & =TdS + 2 4 dfj, (11)

an)*
3appanap CoOHW y3rapyBuaH 6ynraH TU3UM Y4YyH HOKppuaa
KENTUPWAra,, FepMOANHAMNK NOTEHLNANIAPHUHT Y3rapuiLn Ky-
Aparn KypuHULLIHL onaaw:

dE=TdS-"ZfM + 2/ JdNJ. 12)



dF=-SdT-"2ifM +'2,HIdNI. (13)
kt>=-SAT +'Z7df +2/iry - (14)
dX = TdS+'ZXIdfl +'Z.»JANJ. (,5)

By \on yuyH KaTTa TepMoAVHaMMK MOTEHUMaN TyLyHYacu
KNpUTUNaaW:

B=E-TS-Z/<>dN,. (16)
/B= - . W T - £/ /7 0 , @
6y epOp/< — KUMEBWUIA MoTeHuuan.

(9) Ba (10) uchoganapgaH doriganaHm6, Mo66c-rensMrosby,
TeHrnamMmasiapyHn OANLWN MyMKUH:

\3TK (18)

(1)

Opaunii T3mm (f. =p, A = ¥) yuyH (18) Ba (19) paH kyhinga-
rmnap kenné uiuaam:

F-F.-TjE§td T, (20)
Ba
*X=X,,
cp :CbI'I—T\O—’\I/IT. (21)

MM66¢c-TenbMmronsuTeHrNnamanapmagaH goiganaHnb, mexa-
HNK Ba HOMEXaHUK Ky4YapHUHT 6axapraH UWn yyyH Kyinaa-
rM ndoganapH ésmil MyMKUH:

+ - aa,

Ba

(23)



lFasnapHUHr ualitmac agnabatunk xapaéHga KeHranmwunaa
COBULLN EKN K,M31LLIMN Xoyb-TOMCOH Xpaucacy épaamMmmaa aHuK,—
naHagw:

(24)

6y epoa AT = T2- T,; Ap =p2- p{<O.

TeHrnaManHBepcus arpunnrun aeinnagn. EYMMMMHMAHWK,-
naiiiuraH HykTaraMHBepcus HY KT ac 1 Ba Temnepatypara
SAWHBepcuUs TemnepaTypacwu aeinnagw.
TepMoAVHamMUK TU3UMIapAa MyBoO3aHaT Ba 6apKapop/nK
LapTnapu myalisH TMsuMmaap yuyH uapanagu. MsonauusinaHrax
TM3nmaa 6apK,apop MyBO3aHATHUHT YMYMUIA LLAPTU — TU3UM
3HTPOMUACUHMHI Makcumasl GyMwnanp, ssbHN

AS <0ékn 6S=0,d=B <O0. (25)

MacanaH, 6up KOMMOHEHTAN NKKW hasann Tusnmga MyBo-
3aHart wapTtn (25) ndogadaH Kyingaru waptra oMb KenmHaau:
T ' =T"p' =p"//'(T, p) =//(T, p). BUp XnHcan Tmammnapga
MyBO3aHaTHUHTI 6GapkapopnnK LIapTh

ATAS-ApAV =0, (26)
ek

27)

27) TEHICN3/InKka bapkKapopn Mk matpuuyacu aein-
nagn. by eppa AT-T -TVAp=p - pyYV= V- Vr AS=S - 5
FomoreH TU3umIapAa MyBO3aHaT/IMK LLIApTU

(28)

By ncogapaH doiganaHnG, naean rasnap apanaiMacu yyyH
TabCUp 3TyBUYM Maccanap KOHYHUHU €311 MYMKUH:

K = (29)



HaT AOUMUANUIU Aeinnagun, V.— CTEXMOMETPUK KOIPMULIMEHT
Oynunb, peakuusra KUpWyBYM MoALanap y4yH Myc6art, peak-
UMa HaTwkacuaa OfIMHraH mMoAfanap ydyyH MaHdguii 6ynagw,
C.—MOoA4a KOHLeHTpauumsacu. nTa pasa Ba K Ta KOMMOHEHT/N
reTeporeH TM3nMaap y4yH MyBO3aHarT LapTu Kyingarmya é3m-

napw:

TepMoavHaMuKaga OUPUHYN XU Ba UKKUHYM Xwi hasa
yTUwnap Kapanagy. bupuHum xun asa ytuwnap KnaneipoH-
Knay3uyc hopmynacmn 6unaH ndoganaHagw:

dp _ V4
dT  T(v-v)’ (30)

6y epgn, /= T(s" —s') — 6Mp MOMb Mogdara Tyrpy KenraH ytumul
neenkagurn. As =5' -s' — connwitmpmMa SHTPOMUAHUHT y3rapu-
wn, Av = v"-v' — conuuitupma \aKMHUHT y3rapuLliu.

M KKUHYM xmnn caza ytuwniap dpeHdecT opmynacu 6mnaH

ndopanaHaau:

(31)

YTa yTKasyByYaHAUK Wapontuga MarHuT maigoH 6ynmaraH
\on yuyH (31) gaH (f.- - 4; 9(= M) Pyt repe dhopmynacu onv-
Haaw:

(32)

6y epAa Hc— MarHuUT MaiiioH KyynaHraHmrn.



I CTatTucTK omM3nKagaTU3MMHN TalKUA KNyBUYU 3appa-

WPMUHITY3UNULW MOAC/Iapura acocnaHné ctaTUuCTUK TU3NM-
HHUT \ONaTVHN XapakTepsioByYM TepMOANHAMUK KaTra/IMkiapHn
NHUKAaW dopmynanapy onnHaan. ArapTU3MMHU TallKua Kn-
N\ BUM 3appasiap KBaHT MeXaHMKacu LpHyHnapura byiicyHca, y
y>Na TepMocTaTAa XohnawraH TMU3UMHUHT 3Hepruinu \onar-
WPHWHI 6upopTacnga 6ynmw s\TUmMoaanmrm TM66CHUMHT
KMYNK KAHOHUK TaKC MMOT N OpKaiv ndoganaHaau:

n
nr _ e 8o0(0)

XY &

0y epaa 6, — /-cat\oarv Tu3Mm aHeprusacu, B = K T — CTaTUCTUK
ti
Temnepatypa, Q(6',) — KBaHT \onarnap CoHu; z = o6, —
. 1 </[40)

\o/lax UNTHAMNCU, EKN XpnaT PYHKLUUSACU aenniaan; — = — -
Karta coHgaru 3appanapgaH TallKun TonraH TU3Mm yuyH (27)
ndogaaaH MBG6CHNHI KBa3MKIacCUK Ba K1acCUK TaKpUMOT/iapu—
raytuw MyMKWH:

dw = (34)
le~ed£l
dW =+ ~L =p(q,p)dri (35)
\e~odr
i D3
6y epga do. = | - £,£ +d£ —3Heprmnsa opannw-
hiN do

narn keBaHT \onatnap coHn, df=dqdp.(i = 1,3A0 — chazanap
hasocMHUHT gnddepeHuman anemeHTap \axmu, p(q,p) —a\TMmo-
NUiA TakcumoT 3nunurn, Z =je~f/edQ ékm Z =je~/drl —
\onat uHterpanm, I =] ...j dyl...dqgiNdpl...dp)N .
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M3onsymanaHraH EHUKTU3NM 3HCPIUSICU y3rapmac KatTa-
nnk ynagun, svHn A(/;, g.) = E. by *onga a\rumonnmk 3anunm-
m AnpakHuur acnbTa-pyHKumMsacu KypuHuwnga \am undoga
Kunwunnagw:

n(E) ’ (396)

oyepoa £EW(E)=|"™ ékm Q(E) =_1,."

MB6CHUHI Knaccuk TakcumoTmnaaH Makceenn Ba bonbl-
MaH TaKCUMOT/IaPUHU ONNLL MYMKWH:

3 N
dW« = e ™ rd PxdP_dPz, (37)
dWe = ih;}L
ft it (38)
\e KTdV

(37) popmyna épgamuga naean raz Mosiekynanapu Te3mk-
NapUHUHK (VX vX+ du)\ (vy, vy+ dv)\ (ur, vz+ dv.) Te3NNK Kom-
VIOHeHTanapu opanurnga 6ynuw a\TUMo/IIMIMHU \amaa vaean
ras Mmonekynanapu aHeprusacuHuHr (dg, E + dE) aHeprusa opa-
rvaa 6ynuw a\ruMoiIMIMHU oW MYMKWH. Arap vuaean ras
EpHUHI ormpnuk Kyun manmgoHmga 6ynca, y \onga (38) cop-
Myna épaamuaa 6apomeTpuk hopmynia ovHaan:

oy nmy nmy
dit(z) - nGe kTd2\ n(z) =rle KT; p(z)= p'e kr;

6y eppga /0Ba prnmoc pasnwpaa z = 0 Tekucnmkgarn sappanap
KOHLIeHTpaumsacu Ba 60cumMu.

CTaTucTmK TM3uM \oNaTMHU XapaKTepioBYM TEPMOANHAMUK
KaTTa/IMKnap ydyH ctaTuUCcTuK ycyn épaammaa Ky Voaru dop-
MynaslapHU 0NN MYMKWH:

E=kTlid n E=-kT\nz(T.,V);

® =-kT \nZ(T,P)\
12



s =2+ k\nZ(T,v) ékn *y=-(ff) ;

n_ 1<TdIn2r7 ,K)"™ V _ Lr~rg N\Z (' ,p)
p ~ Kl w » v ~~KI TP

FcpmocTaTra xoinalwraH 3appasiapy COHN y3rapysyaH GynraH
UMNNMHUHTE £ aHepruanu \onatnapHUHr bupopTtacuga 6ynuil
| 3appanapy COHU N raTeHr 6ynuil a\TU MOUTN TMOOCHUHT
| aTTa KAHOHMK TaKCUMOTK OpKann noganaHaaun:

w _ e 0 ®&bn)
in fin-tj (39)

SZe B Q(&hn) "’
/n

(39) nboga époammaa TMMmaaru yrapysyaH sappanapHuUHT
ypTaya KunmaTtm yuyH Kyingarn nogaHu onamms:
V-t'i
ii=e™\nZ2e 0 £(£,w). (40)

Arap nkTa 3appa étraH %ksHeprusanm kKonatHn onmb Kapa-
cak, y \onga (40) ndoga Kynnaarn KypuHULLHW onaaun:

( Vtk v+
MK :ozg—ﬁln h & («*). (41)

KBaHT \onatnap coHn Q(nK H1 ~mncobnaw MakcBeN/THUHT
K/laccuK TakemmoTura, bose-3riHwTenH Ba PepMn-Anpak Tak-
cUMOTNapu ra onmb kenagu:

42>

(43)

e B =1

6y epga (- ) vwopa bo3e-3MHLWTENH TakcMmoTura, (+) mwopa
=jca bepmu-[unpak TaKCUMOTUra TEM LN,
Y31yKCn3 aHepreTuk cnektpau \on yuyH (42) ea (43) mdo-
Janap Kynnaaru KypuHULLHWN onagu:
13



(44)
d, =gf(fi)da . (45)

6y epoa dQ. = dVdxPydPz . =_J_ . g=2j+ 1j-

3appa CnviH 1.

Xonatn[, napameTp 6unaH XapakrepraHyByuM TepMOCTaT numaa
éTraH TU3NMHUHT H, A9 + */9 opanukga dnykTyayusara gyyop
oynuw s\TUMOINT U

-n,)2

/"= o <sap2=-~7
\12rA T )

BUp XUHCAN TepMogMHaMUK TU3uMaa \axm Ba TeMnepaTy-
paHVHIr yKTyauusra gyvyop 6ynuw s\ruMonanknapu Kynwu-
narnya 6ynagm:

20
- m 20 dT,
- VZAlS
AT
Oy eppa [? =(a ) = 7%y T  TepmocTaT Temnepary-
nN -
pacn, = VAOT  Luo6uit dnykTyauus.

HomyBo3aHaT \onargarv TusuMnapHUHI \osnatu acocaH Pok-
kep-lnaHk Ba BonbLMaHNAPHUHT KNHETUKTEHI amanapu ép-
Jammnaa Kapananw.

®okkep-InaHK KUHETUK TEHrnamacu

Al+A =o

at ay, »
6y epga 1 =a/0%0/(y,0-~~[*ft(y,0-/(y,0] —ontn
YNYOB/IN TOK 3UYINTI, r) — ONITW YN4YOB/N BEKTOp 6ynunb,

TACBMPWIA HyKTaNapHUHT ypTaya Te3MrnHu 6epaan, b.k— Tac-
14



HUPWIA HYKTaNapHUHI /- Ba K- NPOeKUUsAIapH opacmaarn Kop-
pensuusmn 6epagun; f{y,t)-f{r,pj) — TakpumoT pyHKLNSA-
M. Tawky MaigoH 6ynmaraH \on ydyyH BpoyH 3appacuMHUHT
thnykryaumsacu ®okkep-rnaHkTeHrnamacuaaH Kyivaarm Kypu-
HULWaa 6ynaau:

@y sT=22,

oy epga D auddysmna koacdhpuuymneHT, r— bpoyH 3appacu-
HVHI KaATUL BaKru.
BonbLMaHHUHT KWHETUK TEHIIaMacu:

0y epaa bH— HUCOWUIA Te3nnk, o — adpdhekTus kecum, G — dha-
30BUi Bypyak, F — 3appara Tabcup 3TYBYU TallKU Kyd.

MACAJTANTAP
TEPMOAOVNHAMWNKA

1 3nemeHTap nw yuyH oA - Ifjdi/ gudchepeHyman ngoga
rM3nM X,0Mar napameTpiapn KaHaananpehyHKUUACUHUHITYINK
An(])dbepeHumanm 6yna onMac/ImMrn KypcaTuiacuH.

Euynuw: Tusmm Xpnatm ymymnawrad kKydy”, temneparypa T
Ba Talw”™ napameTpriapA,, A2 ...,Anopkav aHuKgaHagn. dne-
MeHTap v ndogacura TemneparypaHuHrrynnkangepeHum-

anm kupmanan. TynukaudepeHumanivuk waptTmaaH =0
Kennbé ynkagn. by aca TepmogmMHaMUKaHUHE 4acTiabkm ouK-
py — TM3UMHUHT/ =/(A,, 92 As; 7) *onaT TeHrnamacura
3uaomp.

2. 100°C Ba Hopman 6ocmpaa 6up Mosb CyBHUHT 6YyF \ona-
TUra yrmumaarm 6yrnaHull U sa cysra 6epuiaraH UCCUKOMK
MUKAOPY \MCOBNaHCKH.

Eu nuw: KeHrannwpabaxapunraH mw gA - pdV. byrnaHui

y3rapmac 60ocMMm octuaa yTaétmp, LyHra kKypa éaxapunraH mil
N =p(K,- K(), 6y epga VWBa K, — moc \onga cys Ba OYrHuUHr
mMonap \axmniapu. \V2» \V{ 6ynraHnuru ydyH 6yEnaHmwga 6axa-
pviraH v A - pvV2=p = - RT -3125,7 X . bup monb

15



CYBHUHI 6Gyrnavvwmnga 6GepuaraH UCCUKAWK  MUKOOPU

Q= = 40624 )X . by eppoafl = 2258 XX/r — cyB yuyH 6yF \ocun
KHWLW nceukgmrn.
3. M30TpONnK AM3aNeKTPUKHN KyTonawaa Talkn 3NeKTp

MalngoHHNHr6akapraH Uwm \McobnaHCUH.

Eu nw: KO3acu S, opanapugarn macoda / ra TeHr 6ynraH
SCCN KOHAEHCATOP KypUHULLIMAArN AVNSMIEKTPUKHU 06 K.apaii-
NUK. AHa Wy AN3NEeKTPUKHN TalKW 3/1EKTP MalgoHra Kupu-
Talinuk. Y Baktaa ell 3apsa MUKAOPUHU KOHAEHCAaTOPHUHIOUP
Kpr/iaMacnaaH MKKMHYN Konslamacura Kyumpuwaa 6axapusiraH v
A =-(FH-pU=-lWe =-BISda =-675) =-V

| N
UYyHKM € =0S, V= IS — ananekTpuK \axmu, a — 3apsaHVHT CUpT
3nunurn. Arap D = B + 44/,3kaHnnruHu \mcobra oncak, y \onga

6MpPANK \aXmaa NaneKTpukKHU KyTonaw mwmn 8A' = —EdD
Ba XyCycuii MabHOAa KyTonawl mwm gA"' = —6dP 6ynuwmnHn
Tonamus.

4. Tawkn napameTp A ra kywma 6ynraH,/ymymiailiraH Ky4
rascvpugary \ap KkaHgan ogguini TU3suM yyyH Kymugaru aiHn-
ATNAP YPUHIU 3KAHUTUHWN KYPCATUHT:

|
)T

E 4 u w: TepMOoANHAMUKAHUHT MKKUHYM AaCTNabKn MKpu
\O/laTHUHI TEPMUK TEHrNamacu Maexyanmrura onmé kenagw:
f=fiT,X), 6yHoaH

£-6M U : &

Arap Tallku napameTpHUHI TemrepaTtypa 6yiinya ysrapuiim
OOVMUIA yMyMAallraH Kyd Tabcupuga pyi 6epaétmp gecak, y
\onna () gaH



HU onamuns./= p Bad = KbynraH \on yuyH (2) gaH

(Sww8a=-*-

5. TcpMmuk KoadhpmumenTnap opacnga a = Prfiy KypHuMLW-

11 —(— ) — nCcCUKAUKAAH KeHramuw KoaghgpuuneHTn,
ya\aT)p
n_ — MN30TEPMUKCUKOYBYAHINK KOI(PPULMEHTH,
Yo\gp)T
Y 1— . — BOCUMHUHITEPMUK KOINPPULNEHTU.
Pa \O1 iv P thepuy

6. BaH-gep-Baanbc TeHrnamacura GYCyHYBYM Ta3HUHT

KpUTnK napametpnapy pv Vk Tk Ba KPUTUK KO3DPULMEHT
V= RTK/pk\k\u1cob61aHCHH.

X aBo6: k= 3b, TK= Sa/27Rb, pk=a/21Rb\ s = 8/3.
Kypcatma: [Pk + M) = [dv)TrrF; =0,
=0 TeHrnamaniapgaH KpuTuK napametpnap \mcob-

naHagw.
n
7.  OUNTepPUUUHUHIOUpUHYUMTEHrNamacn p[V - b) - RTe "

ra 6yicyHyBUM rasHWHI napameTpiapy pk, Vk TK Ba KpUTUK

KoagppumumeHT s = RTJp K k\ucobnaHcuH. Katta \axmnapga

Avirepyun reHrnamaenHWHr BaH-aep-Baanbsc TeHrnamacura ytu-
LN KypPCaTU/ICUH.

X aB06: pk= a/fledA k= 20\ T= a/4Rh\ s = e22.
KaTtTta \axmnapga AUTepuUynMHUHT BUPUHUYN TEHraMacu—
OaH TyrpnaaH-Tyrpu BaH-gep-Baanbc TeHrnamacura ytuna-

ON. BYHUHTYUYYH exP (~ 7y ) HU katopra énné, GUpPUHUM NKKA
\aay 6unaH YyerapaniaHu Kepak,ii™awwa.

2—p. MamatkynoB Ba 6. 17 BNB/TMOTEKA

Byx. TUM w NN



pty-b)ART[\--~),RT-~

byHaam

p{r-b)+$w p+ {(V-b)z[p+){V-b)=RT.

V(V-b)

8. AUTEPUYNHUHT UKKUHYN TEHrnamacu

{""nYy-b-R

ra 6yMcyHyBYM FasHUHI KPUTUK KO3DPULMEHT S X.MCO6IaH-
CVH Ba ONIMHFaH Harvka yHWHr Taxpunbasuii kmimMaTtu \amga
BaH-aep Baasbc rasm yuyyH ONMHraH Kuimatnapu éunaH co-
NNWITUPUIICUH.

XaBo6: s=3,75; sK= 3,5 4 3,95; bB 1 B = 2,67.

9. Knaysuyc TeHrnamacu

p+ (V-b)= RT
r(y+cy

ra 6yrcyHyBuYM ras yuyyH KpUTUK napameTpnap pk K, Tk Ba
KPUTUK KO3 PNUMNEHT S McoBNaHCKH.
XaBo6: pk= RTK8(b + C); W=3b+ 2C;

- | _8(6+C)
K~y 27Rb-tC)’ n" 3H2C

10. f'p+ -b)= RT Bbeptno teHrnamacugaru a b
Ba R y3rapmac kaTtasimknap pk, VkBa TKKpUTUK NapameTpnap

OPKAN NGOAATAHCHH.

XaBo6: a =DbpKTKYK\ b =\vk- 1=
i M K

11. BaH-paep-Baanbc Ba bepTno TeHrnamanapura 6yiicyHyB-
UM ras yuyyH \aXmuii KeHrammw koacduuneHTa a Ba TEPMUK
cukMnMw KoadppuumneHT/?Tnap TONUICUH.
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12. XamMa rasnap Ba Cylokiuknap yvyyH BaH-paep-Baasibc
UMM YaMacuTUnNuaaruTeHrnaMmanapHuHr(n + 3ed(3a> -1) = &r
| ypuHmwga 6ynuwin KypcatuacuH (kentupunraH BaH-gep-
M.i.uibc TeHrnamacn). by epga n =p/pk, w = V/VK 1 = T/Tk
WyHmnHraek V » \WkoynraH \onga 6y TeHrnama KnaneipoH-
MI4|acneeB reHrnamacmra yTuwm KypcaTuicuH.

KypcaTtma: +pT)(~~ =7 BaH-Oep-Baanbc TeHr-

Wvacuparn p, V, T, a, b Ba R katTanmknap pk, Vkea Tkiap ook am
MchoLaiaHMb, TeHrlamMara Kemmpwind kyinnaon. a = VK= 1
n'hi npunraH BaH-gcp-Baankc TCHrnamacumvHr KnaneipoH-MeH-

h ficcb TCUMIAMacura ytmwm Kypcatunagn. by \onga kentmpuniraH

loHrNama, mv=Rr KYPUHULWIHN onaau. by Teurnukgad
/. nN_8T T _RTkK T

rv.3M\~-S ~PpX KOV WAN I natmxagapK = R1
nM onam3.

13. n =p/pk, w = V/V, T = T/TKy3rapysunnapga Autepnum-
MUHFBUPUHYN Ba UKKUHUYN TeHIrNaMaslapyHUHE lokopuaa Kes-
InpwniraH KyYpUHULLIAPU OSIMHCUH.

KypcaTtma: OnguHrm macasa KypcatmMacugaH doiioanaHcum.

XaBo6: n-2ry-1)=rr2> N ; (-*+" y)(4iiy-1) =5r.

14. p, p Kavadammanapaa nact Temnepartypanap yuyyH pean

rasHUHr nsotepmacu boinb HykTacnga MMHUMYMra ara 6yna-
an. Temnepatypa opTuwin 6unaH bornb HyKTacu aBBasl KaTTa
60CHM TOMOHTIa, KenMH aca KNUYMK BOCUM TOMOHIa CUMKUAAN.
Boiinb Temnepatypacu geb atanyBuym MyailisH Temnepartypaga
n3oTepMagarn MUHUMYM opAauHaTta yKu 6unaH moc Tywaau
(p = 0). boiinb TemMnepartypacuga peas ra3 MKKMHYN BUpUa
KO3 PULMNEHTUHNHT HOMFAaTEHT/INTN KypPCaTUICUH.

[V

reHrnamagaH boiine acomnurn aHnkgaHagu. p = 0 ga (1) TeHr-
namapaH boiinb Temnepatypacu Tonuiagy. Bupuan KypuHuwmn

Euwnuwi
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PV=RT[|+*+c +Bt )
\onat TeH ramacunlln kyumaarn KypmHuLLaa eamms:

pvV =RT 1+4 + o Py
Py (prf'(pvf

By TeHrnamaHuHI \ap UKKM TOMOHWHW y3rapmac TeMrneparypa-

da 6ocum 6yihinya guddepeHunannad sa =0 \amga
L aP J
p = 0 ge6 \mco6nab, B = 0 HM onamun3. Pean rasnapHUHI UK-

KNHYM BUpUa KO3huLmMeHTn Boinb TemnepaTtypacmuaa Hoira
TeHrbynagw.

BaH-paep-Baansc rasu \onnaa

RT a

P=vi y7

(2

(2) TeHrnamaHu 6ocum Byinya amddepeHumnannab, (1)Hn sa
p = 0 HM \ucobra onnw Hatmxacnga Te—a/Rb HM Tonamua.

15. BaH-pgep-Baansc TeHrnamacura 6yncuMHyBYN ras ydyH
UKKNHYY, YYNHUUN, TYPTUHYUN BUPUAT KOIPPULMEHTNAPHUHT
Kuiimatnapu Ba Boiinb Temneparypacu TOMW/ICKH.

Ey nw: MasHMHI XpnaTtTeHrnamacMHMHI BUpuas LWakiun

pvV =RT +
| Yy

KypuHuwunaa émnnaan, 6y epaa Bnempuan koapuumneHT aeb
topuTunaan. BaH-gep-Baanbc TeHrNamMaCMHUHE BUPUan Kypu-
HULWWHWN ONainnk:

RT a RT |  a/RT
P~ylU>-~y1 V .,
\%

T+ e— w1 °T



byuwgaH pV =/rr|| + B, B2=P,B}=P

n MH| ymkagn. boiine Temnepatypacura = 0 6ynraHaa spu-
mi mwaan. emak, BaH-gep-Baansc rasm yuyH TB = a/Rb.

K». ANTrepUUNHUHT BUPUHUM Ba MKKMHYM TEHTamanapura
OYHryHyBUM rasnap yuyyH MKKMHYU, YYUHUN Ba TYPTUHUN BU-
I, 11 koadppmumeHTnap \amga boiinb Temnepatypacu \mcob-
MaMCUH.

17. MocnawraH \onatnap KOHyHura 6yiicyHyBuYn mogaanap

. a, _ N @, Pk .
viyn = -~ Ba ~+ =—= YpUHAM 3KaHANKAAPWU Kypca
"2 * “r2 Pkl
Inncun. Byeppaaa Ba/3nap UKKU MOAOAHUHT \aXMWUii KeHra-

Moc \onga ynapHUHT KpUTUK TemnepaTypaniapy Ba KPUTUK 60-
i MNapu.

Kypcatma: XaXmMuin KeHraiuw Ba TCPMUK CUKUMULL KO-
rumcHTNapy KCATUPWITaH y3rapyByaHiapaa 1oaaiaHCHH.

18. Vlopman wapoutga (T = 273 Kan p = 760 mm HQg) naean
[AWWHT \aXMnii KeHrainw koaddpuumeHTn 0,00368 1/rpagra
Ha repMuyK cnkunmw koad(L)mymentn 0,00132 1/mv HgraTCHr-
iiii M KypcaTucuH.

19. OrvpnnkK Kyuu mangoHunarn BaH-aep-Baasnbc TeHrna-
Macura 6ynicyHyBUM OGUP XUHCAN MOAAAHUMHI KPUTUK HyKTa
npocmaarm 3NYINKTakCUMOTU TOMUIICUH.

20. TepMoAVHAMUKAHUHT GUPUHYN KOHYHW Fa3éKn CyroK-
LWKIAPHUHT CTauuoHap OKUMUra TaTo K KUINHULLW HaTMXa-
cuaa conuuTupma aHTanbnusa yarapmac \osra kenuwun Kypca-
TUJICUH.

Kypcatma: 1) ctaumoHap OKUMMUHE Y3/YKCU3NK LapTiaaH
(rolipanannl kepak;

2) BaKT GUPMIAaA UKKUTa KyHA&MaUT KCCUMIAN a3 CKU Cyro™-
JIKHWHT OKMG yTuumaa 6axapuiran NWHN TONULW Kepak;

3) xapacn agmabatvk \osvia yraam Ac6 \mcobnall Kepak.

XaBo6: fa dx =0, &, =£, +
+pY,- Const. by eppga X, conuwtnpma aHtanbnusd, EO—
conuuTupma aHeprus, Vn— conuuitmpma \axm.
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21. AnemeHTNapgaH cys \ocui dynuuimnaa axxpaiaraH UCCUK,—

NNK M1Kgopun (> = 287 KXX/M0/b, CyBHUHT BYrnaHuL MCCUK,—
nvrun aca @, = 40 kKX. dnemeHTNnapgaH cys 6yku \ocunn KanuLl
YUYH Kepak bynagmraH UCCUKONK MUKOOPWU aHUKAAHCUH.

E u v w: nemeHTNnapgaH cys 6yku \ocun Gynuwinga Kepak

UraH NCCUKANK MUKOOPU ingarn TepmMoxXumMmusiBmii
Té/HF MafaH aHuKgaHaau: KAOPM Q KynA P

{Hri}+\{o2-{Ho}=0.

CyBHUHT \ocun 6éénmm Ba OYK/TaHULL TEPMOXMMUSIBAY TEHI -
naMacun Kywum rmqa NIaan:
+1{°2-{HrO}=0Q{, (HN)-{HD} =-Qr

By TeHrnamasiapHu Ly HaTkacuaa

{H} +\{0}-{H 10} =0x-QL
ByHAaH cyB 6YKMHUHI \OCua ByNn UCCUKOUTIN
Q = Q{ - Q2= 247 KK/MOSb.

22. bup MOJb CyB BYKMHUHT Aonmuin 6ocrumaa \ocmn 6ynm-
LWMAaary peakums NcCcMkavk acpdekra Taw™ M 1w baxapuaMac-

%1 Kedratt I;IJeaKH(v:laﬁgrm UCCUKONK adhhekTnaaH KaHuaka gapk,

E 4 1 w: TepMoaAHAMUKAHVHT BUPUHYA KOHYHUOAH
p = Const 6ynraHgain”™ =d(E +pV) =cfy,
V = Const 6ynraHaa <sQy = dE.

LWYyHUHT yuyH aQp - 6QP =P,dV. byHaaH Qp- Qv=pq \V2-
-K,) =p0Vj - pV x- RT(n2- w,). by epaa nxesa n2peakyusra

Kapap BapeakumsgaH KeivHKN Mosbnap coHn. H, +i 02=H 2D
peakuus yyyH 3,92 =1L Ba dr ril KT 1

23. Jovmnii \axm Ba AovMuiA 6ocumMmaa KedyyBUM peakuus
ncemkgurn Q Temneparypara 6oknmk,. (6Q/i)T)y Ba (dQ/dT)
aHuKpaHcnH. Temnepartypa 'C ka opTkaHAa 6Mp MONb BOAO-
&W”r%\ocmn Unnmé éHnwimaarn NCCUKOANKHUHK y3rapu-

2

| 4nw: Peakumnsa UCCUKOUTVMHUHT TeMnepa kypara 60Kk, -
mil Kupxrody TeHKIamacuaaH aHukgaHagn. BYHUHTyuYyH 6u-
pPHMYM KOHYHHUHT ndogacuaaH temnepatypa 6yiinya gndde-
peHuvan o Kepak:

& =dE+ pdVv

V  =Const 6ynraHga Q = E2- Er PeakuWSHUHT UCCUKAUNK
vlkjtoktn Qv= -Q - f5 - E2 by \on yuyH Kupxroc TeHrnamacu

p = Const 6ynraHga aca (?=(£,+ pV{) — (£ |[+/=K]) =x2- xy
/ E + pV—sHTanbnus ékn nccuyauk dyHKumsacn genvna-
. by Xbn yuyH Kupxkogp TeHkiamacu

YYHKN
_ (dE+pdV\ _ djE+pV) _(ax)
\dT)p { dT p dT \aT )p’

by epga (C,), — 6up monb Bogopog sa 0,5 Monb Kuciopog-
[aH TalwKna TonkaH apanaiMaHHI UCCUKAUK cukumu, (C )2—
OMpP MO/Ib CYBHUHK UCCUKAMK cUKUMK Ba C = C + R HM \m1cob-
ia oncak, ((?), =47,89 XX /K emonb, (C)2=75,42 X/K eMmOsb.
Jemak, Temnepatypamu 'C Ka olumpkaHaa 6up MoJsib BOAOPOA-
HUHK cyB \ocunn Knnmbé EHkaHnga axpanraH ncemkauk (C), -
- (C)2=-27,43 X ra Kamasp 3KaH.

24. TepMoaANHaMUK TU3VMMra MeXaHUKa KpHYH/IapUHU TaT-
6VK, KnNnb, TepMoANHAMUNKAHUHT BUPUHYN KPHYHUHWHK MUK,—
Jopuii uclrogacy onuHEKH. by epaa MNaMmnnbTOH Wakuaarn me-
XaHVKa TeHrniamanapuaaH onaanaHnaCcuH.

Eu 1 w: TepMoagMHaMUK TU3UMHMHT \apakaT TeHrnamacu
FamMUNLTOH TeHramasnap TU3UMU KypuHULLIMAA Kyliaaruia éan-

nagu:



bycpoa H = H p.1k4a'p" ), u,p, —TepMoguHaMunK
TU3VMHWHT YMYyMiallraH KoopauHatanapu sa nmnynscnapu,at
Tawkn napameTpnap, ¢/, p\ — TepMOAMHAMNK TU3UMHW yparaH
MY\UT MONeKynanapuHUHI \osatn Ba UMNY/bCNAPUHN aHUK,-
NOBYM yMyM/aLLraH KoopanHaTanap sa UMmnynscnap.

(1) ndbogaHMHT BUPUHUYNCUHU P. Ta Ba UKKUWHYUCUHN (
ra kynantupué \ammanapm oyrnya MMWHAN ONlaMM3:

Tusum sHepruacu E = H gaH BaKT 6yiinya *ocmna onamms:
dji dE S''3H m, OH -
dt ' dt dp, Pl dr g
v dH dX,
N dkL dt
byHoaH
3

(3) HM KaTra Bakx opa/iMruga ypradaniawtmpamMmms Ba TeEpPMO-
AVHaMUKa GUPUHYN KPHYHU mndogacy 6unaH conmwtupcak, (3)
Kylimpgarn KypuHULWHN onagu:

dE = - " fKdAK+JQ . 4

25. (I, W Ba (/5 V) y3rapyBuaHiapga naean rasHuHr nonamT-
pona Ba aanabara TeHnaManapy O/IMHCUH Ba GOLLIKA, TEPMOAVHA-
MUK XXapaéHnap yuyH ra\Viun KUINHCUH.

X aBo6: TY"~1=Const, TVr-1= Const,
pY" = Const, pY' = Const.

26. Xap TOMOHNamMma 6up xmn 60cnm TabCcupu ocrnga éTraH
. .1 (dVv\ _ 1 (3Y\
UXTUEPUN BUP XXUHCAN TU3UM YUYH Y jj,) ~y\4ap) 3KaH~
mIrn KypcatuncuH. by epoay — aamabarta KypcaTkuiu.
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K\pcaTtm a: TepmogMHaAMMWKAHUHT OGUPUHUYM KOHYHWU
(IF. +pdV pgaH Ba nccnknnk chfhmh TywyHuacmgard dooiga-

TiHuncun,

m. Y =-r HUCGATHN aHUKYTIWHUHT 3HT aHWK, Taxpruba-
null ycyngapuaaH 6Upu ypraHunaguraH ra3fa ToBYLIHUHT Tap-

»1' MM Te3/IMMY vV HU ynyawamp. Arap, Kainwkpk (371acTuk)
< \MlgaToBYLIHMHI TAPKA/IMWTE3NNTN V =

e, Ik moaynn,/? — My\muT 31unurun) mawvaym 6ynca, TOByLL-
nulll Te3nnrn, NCCUKINK CUrumiap HMcbatn y Ba N3oTepMUK
< HLUIMHYOKAVWK (31aCTUKINK) MOAyn opacugary 6ornaHuw To-
MW/ICVH.

| 4 nw: MNasga ToByW TYNKUHUHUHITAPKaNULL Te3IMMM aap-
JH»aTuK XapaéH bynagu, y *onga

(D

TepMoguHaMUKaHVHT GBUPUHYM LIOHYHUAAH anabaTuk xa-
paéH yuyH

(2)

HdogaHN onamuna.

T = T{p, ¥Y) TepMuk \onat TeHrnamacuHu ~ncobra osncak,
N30TEPMUK >KapaéH yuyH

(3)
reHrnamaHu onamms. (2) ea (3) ucogagappaH

\dV)&  \dV heam (4)
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reHrnMMkHn onammus. Kaunndbywk moaynn A'=V ~ HU
\u1cobra oncak,

Kar ¥Kmn (5
oynagun. (5) Hu (1) ra kyhuw HaTwxacuga Kyhingarn ngoaaHm
onamus: n=Jy

28. OngnHIrn Macana HatmxkacugaH onganaHmb naean ras-
[a TOBYLL TY/IKWHW TapKauL Te3IMrMHUHITeMnepartypara 6o f-
nvmkaurm tTonuncuH. 0°C ga \aBoaa TOBYLU TY/IKWHUHWHT Tap-
KO Te3mrn \Mcob61aHCuH.

XaBob6: v—"Y~- =331,6 m/c.

29. BaH-aep-Baanbc TeHrnamacura 6yicyHyBUM pean rasga
TapKanyBuM TOBYL TYNK,MHUHUHT TE3NUTU $TOMUMICUH.

XaBo6: u = +yJ

30. NlccnKanK CUrHMNapu HucbaTtu y Ba TOBYLW TYNKUUN-
HUHT TapKa/nwW Te3NTU V Mab/lym Ae6, naean ra3 N4yku sHep-
rMsicu Ba SHrabNUACKU \MCOBNAHCUH.

XaBob6: £ = X =MJL .+ Xn.

31. BaH-aep-Baanbe TeHrnamacnaaH gonganaHnod, TOBYLL-
HUHT U30TEPMUK TapKa/IULL Te3NIN aHUKIAaHCUH.

XaBo6: vT= - by epgoa ;A — 6up damm

iv(n-bp)2 12
MOJIbHUHI Maccacu,/3 — ras 3u4/nrn.

32. /y3yHNuKparn ctepXXeHb/Kyy Tabcmpuaa yy3nnagH.

Ac(Jropmaymany  Kalnwkok, aed \1cobnao, M30TEPMUK

/of
Baap,ma6aT|/|Ky3a|7||/|Lu KO9hVILIMEHTIAPU (BEB - cCJ (H%

26

......... opKium 60oknaHraHNnUrn KypcatuncuH. byepaa C, sa
CrCPXEeHUUHT /Ba/ponmMmnin 6ynrad \ongarn UCCUKAUK

lwmmanpu.
K ¥Ypc atm a by \on yuyH TepmognHaMUKaHNHI OUPUHUMA KOHYH

JQ - dE - pdI 1)
<Vi'iHHiiiiiiH onagw. (1) udogana E(T, 1) Ba T(f, 1) neb, agnabatvik Ba
\on Kapanaaw.

' M Ky4 MOMEHTWN Tabcupuaa CTEPXeEHb <pbypyakka by-
Ihi 1) in. AgnabaTuk Ba U30TEPMUK XapaéHnapaa CTePXXEeHHUHT

P\plnnw kaTTUKaMKNapn” AM " HUHF HUCGATV TONWACKH.

KypcaTtma: G ) =0, 4yHKM mcmwaa bypanmaraH crcp-

14%ii* chakaT KeHrasam, Gypunnil Gypyarm aca ysrapmMangu.

M. MonuTponuk xapaéHaa ras keHrairaHga 10 kkan uc-
mik'imk onagn. Arap ras kaxmm 10 mapTa KeHraiica, 6ocum 8
MapT Kamasau. MonnTtpona KypcaTkuuu, xapaéH Koadhdpunum-
€HT Ba UYKN 3HEPTUAHUHT Y3rapullin X;Mcob1aHCUH.

XaBo6:n=09;a =pb-=— -= AE = 2 kkan.
Y- n-y 5
35. Mpoean napamarHeTuK yuyH UCCUKAWK curmmnapu giap-

Ku Cy—CMTONUICUH.

Eunmuw: <=

llapamarHeTukniap yy4yH / = - H, X = M. Vgean napamar-

HeTuKnap yuyyH (I)AIQIJFT =0 Ba Kiopn KpHyHura kypa M = ~_|_

(C — Kiopu gounmwuiicun). Hatuxkaga (1) gaH C,, -Cwm =

Hwn onamuna.
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36. Vgean napaMmarHeTUKUMHI aauabata TeHriaMacy Tonui-
CWH.

X aBo6: HM =Const, 6y epga Y =

KypcaTtma: Xap KaHOaA TU3MM yuyH YMyMWiA aaviabara TeHr—
namacn (— 1 df +y§— ) dA =0 pgaH napamarHUT \oam Y4yH
vV7//, of),

/= -//, 4 =M geb kabyn Knamb, TEPMUK TCHIlaMacm M = -y- HK
\ucobra onml Kepak.

37. Kyhinparn xapaéHnapga naean ras nccuktmk cmfhmh
aHUKOaHCKUH: a) p Y 2= Const; 6) p2Y = Const.

E 4 v w: TepMOgNHAMUKAHUHT BUPUHYN KOHYHN 8Q =dE +
chn
+pdV Ba nccuknuk chfhm C = nappan E =E(T, m)

Ba Y= Y(T, X)pe6, kyiingarn ncdonaHu onamus:
Cx=Cv +P(jf)x. (1)

UyHKW, naean rasHUHr N4kn aHeprusacu E = C,,I' + Eun wy-
HWUHT YYYH Kap KaHga gomMnii sga YHUHT UCCUKAUK chfhmh
Cy ra TeHr bynagu.

a) x =pYl=Const ga PY= RT, pY2=RTV = Const,

X ldW\ X \Y
Y=W"'lari =~1171 =~T -(l) ndbogarakypa C =Cy - R.

6) \onmga Cpy =Cv +2R.

38. BUp XUHCAN OpUP™MK Kyun MaiigoHnaa WANMHOpAa KO-
nawiraH, loKopuaaH yerapasiaHmaraH naean ras yCTyHUHUHT Uc-
CUKOUK chfhmh C)) raTeHrnnru KypcaTuiCcuH.

E uvw: Ncenkavk myBolaHaTuaa ycTyHAaru ras remnepa-
Typacu \amma xonga 6up xmn, 6ocmmn aca WM 6anaHgnnkka
kapab nacasgn. by \onga dp = —pgdh, p — ras anunuru.
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pvV =~ RT, pV =y~RT =~RT,

dp =i RTdp =-pgdh.

j ~ MI*
le1 (W tllp —~—u~edh, p =pwe kr Ba p =p@ nr.UnnmHpp-

M 1 n 11 ra3 noteHuman aHeprusicu U =J pgShdn =RT ,S —

(o]

i \H i.I11.HN KecuM to3acu. a3 YCTYHUHUHT TY/IMK,3HEepPrusacu
leu Il Nl NoTeHUMan 3HEPrUSNAPUHUHT WUTMHOUCUTA TEHT:
/ / f U=E(T) + RT. Uccukauk chfhmh

* =L (L*{81=C+« -

V). 5 M’ \axmparn Xx,aso px= 4,052 «105 Na 6ocum Ba
I - (J0Y tomnepaTypaga NoANTPONUK Xprda yunaHma \axmrada
M TAnMnmn Ba 6ocumm p2= 1,013 = 105 MNMa 6ynagn. MNMonntpona
| VIh arkuum, KeHrammiw umwn, UCCUKAMK MUKAOPW Baby >apa-
Gih.i N4KKN 3Heprusa ysrapmwn \Mcoo6/1aHCUH.

Frumw: pY" =p2y2 ékn 4 ¥" = (3Y)". byHaaH nonntpo-
Il I kypcaTkuun n - =1,26.

110 WMrponuK >xapaéH BaLTuaa 6akapusiraH mLl

) ¥
I fpdV N Pl/\/ndv =- K —- - PY
I I ¥n (1-a)Va (1-5) (1-5)
X
w - = 4.B25|tf 101315j0"N kXK = 1884 54 kX

n-1 0,26

110MTPONUK XapaeéHaa NCCUKAMK Mukaopn Q = mc(i2-t,),

Ov epaoa m — ras maccacu, ¢ —nonamMTpona CosMLLITUPMa UCCUKAUK
. _cjre _ =y
I'in umn. TMonuTpona KypcaTknym n = cy JaH c=cy—Yy
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HaTXada UCCUKOMK MUKOopn Q =—  —Ib—LL KypUHULWIH
onaan. mey(t2- /,) = AE£NYKN 3HEPTUs y3rapuLln 3KaHINTNHN
scnab Ba TepMOAMHAMUKAHUHT GUPUHYM KOHYHU AE = Q - W

OaH chonpanaHnb, Q =W ’/‘/4 =659,54 KX HM BaAE = 1225 kX

HU TOMamMums.

40. banaHanMkka kapab Tponocdepa TemnepaTtypacuHUHT
nacamw cababu TYWYHTUPWUACUH Ba \aBOHM uaean ras aeb
\1cobnab, atmocthepaHNHI 6anaHanK Temnepatypa dhagmeHTn
\1co61aHCWH.

Eunw: XaBo GanaHANMKKa KyTapuiaraHga, KU4nk 60cmum
co\acura yTuiin Tydaiinm KeHrasan. by KeHranvwHmn aanaba-

TUK aeb \mucobnawl MyMKUH, YyHKN \@aBOHUHT I/ICCI/IlK,CI,I/IK yTKa-
_r

3yBUAHNUIM XyOa KNUNK. AgmabaTtuk xapaéHaa Tp r = Const.

by ncogagaH + = WKKMHYM TOMOHAAH, 6anaHg-

NukKkKa Kapab 6ocum y3rapuwn dp = -pgdh, p — \aBo 3uunuru.

vl (e}
Wpoean ras \onat TeHrnamacn pV = ™MRT gaH P =y = .

y \onga ,|\3_=II\?'F| h ékn T = Y—B_ZYbI!? I.ILJ,—dh. byHaaH

-r =- _y R XaBo yuyH y = 14; p = 0,029 kr/monb. ba-
ii-
naHAvKka K,apab atmoctepana temneparypa haganeHTn =

=- 9,8105%/M «0,001 K/cm.

t
c
41. X,aBo yuyH C =0,237 kan/r =rpag sa y - =14
9KaHAUTUHK 6unraH \onga UCCUKANKHUHT MeXaHUK 3KBMBa-

NEHTN TOMWACUH. XaBOHWHI HUCOWIA MONEKynsap maccacu
p = 28,84 r/MOnb.

XaBob6: ] = -W —T=4,18X/Kkan.
»Cp (I’ -0
42. NMonnTpona Kypcarknym rn HUHIE LaHaai k™ miivatnapyga
vnaean ras cukmwga K,usnigu, K.aHgan uniimvaTtnapuaa aca co-
BUAAN?
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MA\nunGsn > | ga kusnngn, n <! ga cosmingm.

| < UnnnHapHUHréH gesopnapu AC Ba BD, yNMHI KONKOT
( hi vopweHn MN aguabaTuk KpbuKgaH TawKui ToMTaH.
[>H 1 N ncenkguk ytkasagn (1-pacm). MopleHs uunuHgpaa
nHX | Munwcn3 \apakatiaHagu. MopLlleHsb K,oprcraa Ba oc-
I 1 wunknuk ciifhmh Cv Ba agnabata Kypcatkuum y 6up
[v IinMynl<w 6up MonbgaH naean rasxovinawran. Lnnnmuap-
«HHH MICIKA kmcmmgarn 6upuHYM ras KeasuctaTuk \onga
»H nut in (Ekn coBuingn), Hatmxkaga M N nopLueHb Kysraiaau.
|| lymnni xapaéHga 6mpunHun rasz necnkgukenrmmmn C, ras \axm—
<l |, Ha K2opkanu ndpoganaHcuH. VIKKUHYKM a3 NCCUKOUK
| in UMV nmara TeHr?
| 4nw: BUpUHYM raszonraH aneMeHTap UCCUKAUK MUKLOPU
Cy(IT, +PidV, =CvdT[+~"~-dVr WKKMHYM ra3 onraH
..... . Mnagopn <S5 =0. WyHnHr yuyH C2=0. pt Ba p2
1/i Y| =W I, i >
- + + = -
M UIMNTAPTEHTMIAGH Y, 5 6yHOaH W ‘WI _/I'L lex
-1, &Vj=Const gaH

ugj-i

*HCHTFbl/J1
Ademak C, -Cy +j~ r R-y~rjCy .

44, Arap HOKOpPU KOMKPK,
</>NCCUKOVUK YTKa3yBUYN KN-
iliuica, LMNVHAPHUHT OKOPU
KucMmnaarn rasHuHrremnepa-
lypacu gonmnin cakagaHca, on-
'linn n macanaga xaBob6 KaH-
WiiA y3rapaan?

XaBob6:

¢ :Ight}{/yzrg Acl: :m- 1-pacm.



45. Arap ras \axmm VxgaH K, raya ysrapca, nosimTponuk
»XapaéHga 6up Monb naean ra3HUHI 6axxaprad mwmn \mcobaH-
CVH.

Xasob6: W =" 1-| £

/1-1

46. Xap KaHOa 6up XXUHCAM Mondaaa

MyHOCaGaTypUH/IN 3KaH/IUTN UCE0T/TAHCUH.

47. Xuncm (MacanaH, KOCMUK Kema) uaean rasga ntesnuk
6unaH \apakatnaHaétraH 6yncuH. XXUCMHUHT K,alicm HyKTacu-
[a ras Temneparypacu makcuman 6ynagm? Arap rasHu yparaH
My\UT Temnepartypacu T ra TEHI 6yfca, aHa Wy Temnepartypa
AHWKOAHCWH.

XaBo6: T..=T 1+
2mn
48. TepMmoANHaAMUKAHUHT BUPUHYM KpHYHUAAH (oiiganaHnb,
KnannepoH-MeHaeneeB TeHrnamacmura OyncyHyBYM ras yuyH

C -C,,=R+V MO\ -p 3KaHNUTUN KypPCaTU/ICUH.
\avy), \ap)y
49. Nccnkguk aneMeHTn 6Q HUHI guddepeHuman mngoga-
cu thakaT TePMUK BUP XMHCIN TU3UMAAap y4yH rO/IoHOM. Tep-
MUK BUp XMHCAN B6ynmaraH Tmsnmiap yuyyH dQ HUHE rO/IOHOM
3Mac/Mrn KypcaTuicuH.

Eu n w: Neemuyauk curumnapu C, Ba C2 \ap Karicucm 6up
MONdaH OfIMHIaH Ba UCCUKAVIK yTKasMalauraH nopLueHb Opka—-
n 6up bupugaH axpatuaraH énnk KOoMkKaarn MKKMTa rasHu
0nn6 Kapanuk. ByHaal Tmnmnap yyyH

5(?=50,+5(?2=

= CdT{+pdV{+ CAT2+ pdv2= (C, + R)dTt+ (C2+ R)x

XdT2-j(T I+ T2dp (2)

3R2



HvHm A nil andbcbeperumannunk wapTnHu 6axapa onmanamw.
,qOMH» \ t0olIOHOMMac. by HaTmxa TepMUK BUP XMHCAUMAC

Ml Liii.ion KpHyHMAaH organaHmb naean ras apaiaiMa—
=VPpH MMponuacy Tyducugarn Mob6c Teopemacn ncbotnaH-
*MM

| Inin JanbTOH LOHYHWM Byiinya, naean ras apanaiMacu-

nHin OT MMM aipyM rasnap napuman 60CUMAaPUHUHTANTNH-

. hil vHIE p =~P,- LYyHWHry4YyH naean rasnap apaiaiMa-—

MU M1 1(JH)ganaiau.

M 10 ‘K Ba 10 XK opacugarm temneparypaniap gapuy 3 K
n| 100 A opacmparu TemnepaTtypanap ap” Mra sKBUBa/IEHT/IN-
Ill. 11.111) KenbBUH LWKanacu 6yinya TEHT TemnepaTtypanap opa-
Win (MwepBanmn) A FaKBUBa/IEHTMACIUTN KypPCaTU/ICUH.

| 4unw: bepunraH Temnepartypaniap y4yH KapHo umknnapm-
........ vw KoadhuymeHTnapmn éup-ompura Teur, ge-
MW >KHUBaNEHT Bynaan. AMMO TeHI Temneparypanap gapuy
4 MMUA/ICHT Byna onManau.

SZ. Vipean anekTpoH ra3 \oNatuHUHI TEPMUK Ba KaslopuUK
\nmii reHrnamanapn pV =y £ MyHocabaTtbunaH 60ornaHraH.
I1lv i.i | yayH agnabata TeHrnamanapm (V) sa (I', W) y3rapys-
|in wpga ronnncuH.

| ynw : bupmHum K,0HyH ucogacn 6Q = dk + pdVra K=ga

(D

)

oynagu.
| I’. MamaTtuynos ra 6.



ApnabaTuk xapaéHnapga 6Q = 0 sakaHAUrvHM \mncobra on-
cak, (1) mdooanaH
py =]E

TEHI/IMKKa Kypa p Y 51 = Const Ba (2) ucdogagaH T Y 25 = Const j
NlapH1 onamms.

53. CyBHUMHT \aXMUii KeHrammw koagpdumumeHTa a \apc
pat 4°C 6ynraHgaru nwopacuHu ysraptmpagn. OC </<4°C tem- 1
nepartypa opanuruga MaHguin kattanuk éynagu. Ly temnepa-
Typa opaniurnga cys agvabatnk cn™mnraHga 60LK.a Cytokank
Ba rasfnap kabv kusmmacaaH, COBULLWN KypCaTU/ICUH.

Eunue

SQ =CIE +pciy =CYQAT + .p dy =

=C,dT +T—\((I)__pJV dy =CwWdT +P—dV =0,
6yHOaH
dT =-£dy. (])

(1) ndbopgamaH Wy napca KypuHaguku, cys 0°C <1<4°C Tem-
nepatypa opanmruga a >0 6ynraHamrn yuyH, aganabatmk cu-
Kun raHpa cosuiign.

. repmMoaViHaMUKaHUHT acoCUiA TEHITaMacuaaH doiaast
HM6 MakcBenn kKougacu TUKNaHCcuH: Y,p anadammana BaH-
Aep-Baanbc n3otepmacmHu Taxpmnbasuii Tydu nsotepma-m3o-
b6apa ae (2-pacMm)HU KecnmwmngaH \ocun 6ynraH CyroKaUK-6yr

MyBO3aHaTura Termwam eynaraH
to3anap 6mp xun.

E u n w: TepmognHaMMKaHNHI
acocui TeHrnamacn TdS =dE +
+ pdy HK abede N30TEPMUK LIKN-
ra Tatomk, kKmncak T8dS =
=¢dS +{pdY Hu OGepagmw.
By eppa = <fE=0,

hpdy= 0O- Ademak, to3anap
Séha= Sak, SbHM BUp Xnn Gynap
2-pacm. 9KaH.
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M. VIHH-gep-BaanbC rasviHMHI sHTponusacyu \mcobnaHcmH

HAY)XUH agmabata TeHrnamacu (p, Y) ysrapysyannapga 1onui-
I HH

| 4 nw: TepmognHaMUKAHUHT acocui TeHIrmamacngaH

v
_+50 =

O]
-1c'T + Ne I*y +s*
RT
(1) MnH-pep-Banbec TeHrnamacmgaH p =y—2 -y . BbyHaaH
R N
p— . WyHWHr yuyH (1) gaH BaH-gep-Baanbc ras aH-
1|[MHIMMCHHM \ncobnaimna: S =JCCv (—j’I—+ R\n(Y-b) +S0, arap

11 HKOUK curumm CKHUHITeMnepaTtypara Kyycus 6omMmkamn-
Iummn \mMcobra oncak

S =cCvInT+R 1n(Y- b) + Sa @)

ApaunabaTtuk xapaéHnapga S = Const, WYHUHT y4yH agnaba-
Ul KYHNamacu (2) gaH Kyimgarn KyYpuHULIHWN Onagu:

T(V - b)RG =Const. @)

Arap (p,Y) ysrapyeByaHnapga éscak, (3) gaH (/, +pT) *
m\V -/>)*£ =Const. Cv* Const *on yuyH (V-b)expx

x(V-b)exp T =Const.

56. C - CvaliupMaHUHI \a@XMUii KeHrannw kKoaddhunum-

€HT a BaTEPMUK CUKUNMLW KO3ahuruneHTa 36mnaH 60rmk,—
Il n KypcaTUICUH.

Eywnuw:
C,-Cy-[(ig)r+21l} ), mrér), (If), - YUY K KU
7z a na - lveHrnvkgad (ff), -y. W , ="K
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o I
57. BaH-paep-Baanbc rasm yuyH Co - C/ainpma ~Mcobii
CUH.

:T\SJATBV\P.%.)T),. - rtsg)a (If

BaH-paep-Baanbc tci|rnamacugaH P ~yzj;~ y— X,ocunana-

(>P\ _ ~ T,)P\ nro 2a
pv: Ur/p V-b ) L y=>" by ngoganapHu (1) ra
< R D u
KMimw Hatmxkacmpa C. -C.. =————————— - = ————— . YTa

R5 ) TRTV
cuiipaknaliraH rasfap ydyH aivpma Kyimgarn KypUHULLIHK
onagw:

c--c-=a(|+Tw4

58. TepMoANHAMUKAHUHT BUPUHYM Ba UKKUHYUN KPHYH/
pvaaH doriganaHmb, Kynngarn MyHocabatiap NCO0T/IaHCUH:

T T = ¢ - FEbT  Ee ds

<pL

6y epAaa — X,2KMUIA KeHrainw KoapuumneHTun, /1 —TepMuK
cnKANUW KoadpuumeHTn, 5 —aanadbatmk TepMmMK CUK,WUINLL
KO3(hPpULMEHTU.
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I 'l mhi: 1. (/;,K) ysrapyBunnapga agnabara TeHr1amacu

X

& ),- rn;l . (N
U plk

I - /(K /) paH n3otepMuK xapaéH yuyH

(2)

<1 wm (2) paH

{3y
C,-Cun="n- (@)
I » v (4) gaH
r _ TYaar8
v (P-S)P* ®)
') ma (5) pgaH
cC=~"r- (6)
2 by macanaHn flkobmaHnap xoccanapugaH gonganaHné

*"MHA MYMKUWH.

59. AkobuaHnap xoccacngaH doiiganaHnt (K, 7) Ba (= 7)
, M.pyBunnapga C - C.aimpmatonusicuH.

, .~ -—tQS\ _ rd(s,p)_T9@S,p) (T,Y)_
Luvw: 1. a) S [aT)’ JJjtp) i)(Ty) a\T,P)
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Tr =ru -T*S,r) ap.T)_r T[aT\
v N\ary ApP.T) A(TY) Y-

"m*)c'-c'+T& )N ). -c'+T&1*

ap
—r1 TV‘SI MM (FT) /3P)

e (i) \NFT)\ap)y\ay)T
*p]A*T\r \OY)T

6)C, =CK+rig i, uYyHku(l£~=1.

60. Bup monb BaH-aep-Baanbc rasm gommunia p 6ocmm ocTu-
Ja W \akmaaH Y2 \axmraya KeHrammwm yyyH yHra kaH4a
VUCCUKAVK MUKOOPW BGepnnuin kepak?

Eunuw:
8Q =dE +pdV =CvdT+ |j|£) +p~dV =

=CydT +T (~d v (p +-~Yv-b)=RT

[aH
dVv m
p+17r (K2-*)-/,+ Pl
Z/\ _K)+ab I 1 1
W ~Wj
61.

M30TepMUK Ba aamnabaTuK CUKAMYyBYaHIMKIAP opachaa—
M 60pnaHnLL TOMUJICUH.
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Kiino6: pr =4 +Tpi (6y epoa a — \aXMUA KeHranuvw
PreH|U|LLLMEHTN).

62 Voean napamarHeTMKIapAa WUk SHeprus mMarHutia-
N1l ncktopura 60rIMK3IMac/NIU KypcaTuiICuH.

| ynw: TepMUK Ba Ka/lOpPUK ~onat TeHrnamaiapu opacu-
NHW OornaHnLL

M

»UwHuwmMra ara. MapamarHeTnk \onvga ymymnaiwiraH Kyd
/- //,ymymnawraH napametp 4 = M. Vigean napamarHeTuK-
nuy, topmuk TeHrnamacu M = a H Ba Kiopn koHyHura acocaH
km* (C — Kiopu gonmuiicn). ¥ \onga (1) gaH

—) _'T(AUJ' +A=0

AVilVESy

li-mak (" sHeprusa M ra 60rnMK amac sKaH.

63. [Oowumwuin £8a D aa ANaneKTpuUK UCCUKAMKIap opacuaa-
In hapk Cj— CpKncobnaHcuH.

| 4unw: AMINEeKTPUKHU KyTonaw niwmHu \ucobra onraHga
H PMOOVHAMWKAHWHT | KOHYHW

8Q=dEI—i471IdD (D
| pumunwura ara éynagn. Ncemkauk cnswm C = aKaHIN-

IHn \mcobra oncak: CO = i

6 MT\ a T(K \
"knaH X= ABa / =-”" konyyyH \7o)r'~r =~WLAaT),
oynagu. D =e(T)fc wndopapaH [jf]D=D aT )
I ar r re
1dfi] j3D 7 1
\aTo Ur = 7 4ne L)qlgl
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64. AN3NeKTPUKHUHI 3/1eKTp KyT6naHuwu 'P H1 malinoH
Ba Temnepatypa T HUHT yKumsacn aeb dapas Kuamb, aHepr
3nunnru E(B, T) yyyH ndoga oNMHCUH.

E 4 nw: TepMoAVHAMUKAHUHT acOCUiA TCHrlamacu ANanekK-
TpuK y4yH TdS =dET—EdP kypuHuwaa éunagn. S =SFfE, T)
hyHKLMA KypHUWKAa oncak, y \onga dS HUHI Tyna gudide-

peHUmMan wapTura acocaH j = HW oflamus.
ByHgaH £(£,N) =/[6 (W, +r (|~ df+ E(O,T),6yepaa

E(O, T) -anekTp MaligoH 6ynmaraHgarn AmManekTpuk aHeprus-

cn. Arap 6y copmynaHm xycycuii \on ot -£ yuyH

TaTouK, K,uncak, E~Nw=" +f Jf] +E (O, T) Hu
COllst r2

onamms. Arap e -1 =—  6ynca, y \onga Edpla =— +E (O, T)

6ynaawn.

65. lonmuin ~axkm BaaouMnin MHAYKUMA Oaa AN3NEeKTPUK
VUCCUKANK CATUMUHUHI MaiifoH KyynaHraHamrura 6ornmkam-
rm, MaigoHaa Ba MaldoH 6ynmaraHgarm UCCUKAMK curumnap
dhapku \McobnaHCHH.

Eunw: SQ =dE”~m-  dD.

CQvi> ' 6y mndgpoaanaH (6by epga

C,.— MaiiloHCN3 UCCUKAWK,CUTUMW)

r o __N2Yy 321/e) . CZ \Upe \2 dV
VD y 81 ar2 8nc2 [c\agT"  aTl"
66. ConuwTtupmMa \axm ysrapuwimHm \mucobra onmacaaH sa
e(T 4
& = M1 [e6 \nucobnab, maigoH 0 gaH b rava ysrap-

raHga AUaneKTPUKHUHE B1p-6upamnk \axmaarn n3oTepMmk Kyro-
naHnw nceukgmk adpekTn \mcob1aHCcuH.
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I;'l nin:

dp_
96

cl6 -

J dT =(~) dE-6(]]) d8. 67 macanagaH choiga-

uiik, y \onga
_ . —7_n A VBE o
ny =7 1 7 [riawlrln; 49 9T 1 ds;
\$Q =t- T ~ Xycycuit \ = oonst
0 \sQ =1~ T~ Huonamms. Xycycuit \onga, e =

0~- gﬂl£2 =- |& t. 3 < 0 \onmpaa, N3oTepMunK KyTbnaHumLl
1npncHMOa ANSNEeKTPUK UCCUKAVK axXpaTap 9KaH.

67. Vpean napamarHeTUK WNaTUHUHT TEPMUK TEHr1lamacu
M 1I'(~) KypuHuwnga éynuwin KypcatuncumH. byepga M —

MM UNTNAHFaHIVK, H — MarHuT MaiijoH Ky4ynaHraH/Inru.
Nunw: T{~j - + /= by TeHrnMkgaH MarHeTuknap

yuyH/= -A,9=Mpeb (ffJ) =y wudogaHn onamms. UyHKM
MUC;INaHNHT WapTura Kypa Ba napamMarHeTukiap yuyH (66-maca-

1.0 {Z)lj\l/l_gj =0. OnunHraH nogagaH NHTerpaniall Hatmkacuga

M_F@) A
HU onamu3. Fy ) UdoaaHNHT KYPUHULLMHN TepMoauHaMunKa
NMUKgal onviaian. (1) ndogagaH napamarHeTnkiap yuyH Kropu
KPHYHU M = =xH Kennb unkaupy. YMymMaH, U4KN 3HEPIUsCH
dnkgTTeMnepatypa pyHKuusacu éynraH ngean rmsumniap \ona-

WNNHT TepMUK TeHrnamacn 9 =F (£) kypuHuwnga 6ynaagwn.

68. KaTTuk, KalnW” oK CTepXXeHb YUYH AOVMUIA KyUNaHWLL
H1 govmnin gechopmMaumsga UCCUKANK CMXXMap opacvaarm hapk
Cn—C.\ncobnaHcuH.
4



Eunmw: C, -C =T \LI.T/.D.(\.D._T}f . Uysuw mwn oA = -Fdl =

= -uSdl. by epaa .S— cTep>eHb KyHAanaHr kecum to3sacu, /—
YHUHT Y3YHAUIU, N — KydnaHuw. Arap/= - uS, X = K fecak,
Q"C = =8l j byeplae=n/f_ Hucbunii gedopma-
ums.

r/. //7\21 ,
69. Xonat TCpMUK TeHrnamacu F—=CT Kypu-

HUWKAa 6ynraH pes3vHa HalHUHT AOMMUIA TapaHrnvk'sa Aov-
MUIA Y3YHMKOArn NcCcuk,Mmuk cmHumnapn Cf - C, opacupgaru
hapk \ucobnaHcuH. by epga F —TapaHrnuk, /— y3yHuK,
C = Const >0. WyHaali pe3aiHaHUHT NYKK 3Hepruscu dakar
remnepatypara 60raMkaMru Ba 4vysmwa yHM UcULnM Kypca-
TWU/ICUH.

Eumw: Cf -C, -T .PesanHayuyH X =1, ' =-F,

yyHkM oA = -FdIl. C, -C, =C/,0/o“'/)2] byHaaH C c
14+2(/0//)9 1

TeMneparypara 60pJ'II/IK3MaC.I'II/IFI/I KypnHaan Ba Cf > C,
<»

TeHrnamaaaH ugpanaguraH xanyyyH T (— ) =-T(— ) +F =0,
AEVraR Xanyy {,q! }T {,D,T)/

AbHN PE3VHAHVHT NYKU 3Hepruscu dhakaTTtemneparypara 6or-
VK, 6ynaan. TepMoAWHAMWKAHUHI acocuii TeHrnamacu 7'
dS=dE- F=CtdT- F dl kypuHuwHn onagu. byHaaH

{lﬁwj =1> 0 >aemak Yysuliaa pesnHa Knaup oKaH.

70. Bocumun TemnepaTtypa T HUHE 4M3uKAu (pyHKUMSACK
6ynraH monganap yuyH, CyMCCUKANK CUPUMUHUHI\aXMra 6or-
NVIK, aMacnnuru KypcatuwicuH. BaH-pgep-Baanbc rasm yuyH

o _
~Jp- =0 3KaH/IUTU OJINHCUH.

/¢ _ dE+pdV _ CvdT+T{dpldT\dV
Eunw: an----f f ndoaanaH
dxs dxs a /cv\ 4 (an\ eKn

ayaT TV wapTra Kypa



| J1 [} "7('rl =571+ vjo e -

(f't |(W ~b)= RT . BaHgep-Baanbc rasu yuyH

arny

ocy _
MP=49T “ Wrﬂ: =°’ pemak’ Cr= CIJT), p=aT+b

»LpKHMLW ga bynaan.
71. CyB yuyH C = C/TEHINMK 6axapuanwmym MyMKUHMW?

72. onMunin 60CUM OCTMAA XKUCM KeHranmwmaa yHUHr 3H-
1Un{na yarapuwim \Mco6/1aHCUH.

le4 nw: S = S(p, V) 6ynca,

A-(w),aV-(8),( W/ \hiHTw)/

v ,;s? (IV =~ -dV. 3HTpONUSA y3rapulMHUHI MLWIOpacu
| \ny (p 1 (XV

\i Riitii kKeHrannw kKo3athhNUMEHTU a HUHT nopacura 60rmK,.

73. Kginwk,okgmk mogynn temueparypara 60knmk éynrax
Vi LUK, KONULLKOKCTEPXEHHUHT N30TEPMUK Yy3UINLLINAA HOT-
l.nl nccmkgurmn X;ucobnaHcmH.

X aBo6: SQ =-77~ de, 6yepaoa e = — pechopmauyus,
M KOMMWKPKAWK MOAYNVMHUHI KecMmra kKynamtmacu, /—
/- PXEMHUHIY3YHANTW.

74. Kannw”™okguk moaynu temneparypara 6omMuk éynraH
Karrmk KalinWKOK, CTEPXXEHHUHI aanabatuvk uy3uaviimaarv
n MyepaTypa y3rapun \Mcob/1aHCKH.

Wagod: 47 =—He 7Y de.

75. FOkppuagarn macananiapaarn cTepyXXeHb yuyH AOUMUIA Oe-
dopmaupmsgarn nccnkank curmmm C — AoMUIA- KyynaHuwaa-
Il nccnkamk curmum Cu\mcobnaHcuH.
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Xaso6:c,,llL ,C,=p£L".

c--c¢'~ TI& | (w |1

76. V= KO1+a(T-TO]; =0; C = const TeHrna-
Masiapra OyMCUHYBYUN a3 3HTPOMUSICU aHUKNaHCUH.
XaBo6: S=S§,+ C InT- avyP.

77. Xonat TeHrnamacup =p,(1+aT - bV)\ Ck= const kypn-
HUWAa 6ynraH ra3 ydyH aavabara TeHrnamacu TOMU/ICUH.
Eunuwe

os_so_aepav O NO g
TOT (ttl

5 =5n+JC K('{T— +J||”™) dV =Sn+Cy\nT +apnv. Aguaba-

rK>xapaéHaa S - Sa= AS = const. LyHrakypa. In T =~s E;’FDV

AS-eply @Y
- * . TeQy =
far] - P 1sr v
Tox oir cy MyHOcabaT NC60TNaHCKH.
Eunuw

&Q =dE +pdV =CydT +\ | \ + ,y.c*r+ T7[* \nr.

(s n _ P~
UA~JE Cy
6uaH xoccacngaH onganaHnb ncbortnaw MyMKUH.

79. XoHara TalK.apuaaH COBYK, XXUCM KUputunaaun. by \ongg
XXUCMHUHI NYKU 3HEPIUACK XOHa *aBocu \mcobura owmacaaH,
Talwkn aHeprmsa \mcobura ownLLn Ba NCUTULWAA XOHa \aBOCUHUHI
VYKN 3HEPrUsSCU Ba3HTPOMNUACUHUHI KaMaivLy KypCcaTUICUH.

E 4 nw: XoHaHn ncntuwaa 1kr \aBora y3aTuiraH aHeprus
£ - fn= CjtT-TJ,),aHTponuns y3rapuwm acaS-S0= CUn(7/T)
6ynagun. Y \onga xoHagarn \aBo \axmura Tyrpu KesraH sHep-

a4



lmm Ba 3HTponua £, =pU =CvpT +p(E0—CAI,),
N pS=C,pInT +p(SO- Cpp\nTr) 6y epga p — \aBo 3u4-

'iiiiii ByngaH ~onatTeHrnamacu p =p”~- pgad goinganaHnot
KYI7I|/|,c|,arV|napH|/| oslaMus:

¢ _ Cyftp t pp(en-CyTO0) (1)
Rf ’
=GP iy T RS gl InT) 2)

(n Ba (2) ndoganapgaH LWy Hapca KypuHagaukm, uysgnpuil
HNTvXacmuaa XoHa YK 3HEPIrUsCM BasHTPOMNUACK KamasipaKaH.

80. Bup xun Temneparypa opavruga KapHo umkam éowlua
nuknnapra HucbataH aHr karta ® N K ara 6ynmwnnrmn kKypca-
IMACUH.

Kunw: ®apas kunainuk, S, T gmadammaga (3-pacm)
Mmaaingmp abcdmKn I, Ba T2uerapaeuii nsorepmanap 6mnaH
ynapanaHraH 6yncuH. by LUMKIHUHT poiganmn nw Koachdunum-

A _ 8TdS___ IOiaabcdn

J TdS ~  IOiaAabcBA '
l03a 12341 -5|-52-is 14 _ <
t03a AUBA-Sf-Si ~ I,(S2-5, <5 -82

(71-T2X52-5)-0,-m2  (7]1-T2}{S2-5]) _ TxTr
71Ne-AV-i.-d2 T, -50 T Kk

Jdemak, \ <ijs

3-pacm.



81. Arap WWNOBYN XUCMHUHI “~onaT TeHrsamacu
Y= Yf1l+a(T—7))], |[|E] =0 kypuHunwmnpaa bynca, KapHo
LUK Byinya UWA0BYM UCCUKAUK MallMHanapuHuHr ® 1 K
aHUKOAHCYH.

X aBob: r]= T .

82. MkkuTa nsotepma T = Ba T = T2 MKKUTa MU30XOpPa
V= Vt Ba V= V2nappgaH Tawkun tonraH CTUPAUHI LUNKIN
Oyiinya mnwnosun \aBo MalwnHacuHUHTE ® N K \ncobnaHcnH Ba
YHW LWy Temnepatypa opairnga KapHo uuknu 6yiinya mu-
noBun mawmHa @ 1 K 6unaH conmutmpuncuH (4-pacm).

Euwnuw:

4 |

Maean ras yuyH dS :)C/:—dT +)$ dV skaHAurnHm \mucobra

oJicak:
83. 12 n3oxopuk, 2—3 aau-
abaTuk Ba 3— 1 1306apuK xapa-
art éHNnapaaH Talwkua TonuiraH fe-
Hyap UUKAMHUHT © V1 K X,1cob-
naHcuH (5-pacm). BOCUMHUHT
4 3 ownw gapaxacu S = WKn

S napameTpu 6ynmb ~mcobnaHaawn.
> By
4-pac M.



MMUIOBYM XXMCMHM naean ra3aed \mucobnacak, dS =S_|_— dT -R '
p

oV'liuul.

« | _Cpms ™) . A~r3-7 _ - fisw'-lI)
CP(T2-Tt) ra2-r, 5-1
+ '— + —
by epoa Y=%rel L %2— C I—_ e(-n/r, lr_ xur

MHranTMpuw agnaéatnk \onga ytka-
Muagn, YHUHI éHMWKW 3ca y3rapmac
\,1Amaa yTyBuUM OTTO UMKIN OByiunya
Mwnosun nYaaH EHap ABUraTeIHUHI
ml'[IK ronuncuH (6-pacm). Cu™nw ga-
paxacu f = VIV2 uyukn napametpu
Oyw6 \mMcobnaHagH.

Eunu
3 I
\ TdS +\ TdS j Tds
n 8TdS 2 4
O Jtds | Tds I Tds
A21B
ApanawmaHn naean ras geb \mcobnacak, dS =~-dT +R™-

<>ynagn Ba TVr~ = const akaHNUTMHK \nucobra oncak: j = | -

cy(/~4-r) _j_ M-y, _ - _ 1
m Cy(TAT2) r,-r2 7N

85. ATmocepa \aBocuHUN 1—2
agnabatnk cuk,uw, 2—3 nlobapuk
Kemrammw, 3-4 agmabatuk KeHra-
liniu, 4—1 M30XOpUK COBULL >Kapa-
éHnapgaH mnoéopat Oun3enb LUKIn
6yinya NwnNoBuu nyaaH éHapasura-

K NbHNMHTIPUKTONMNCcUH (7-pacm).

Cuunw pgapaxacu £=VJV 2Ba gact-

nabkn keHrammw gapaxacmp= VJV 2
UMKN napameTpnapu \mcobnaHagu.
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MwnoBuun XUcMHU ugean ras geé \mucobnacak, y \onga

ds =~dT =% dT +R"-
T p T \Y
Ba TVr"1=const, PV =const, 4 ~ =~ j =*" NEFT
' 86. MwnoBun moana cudatnaa cys-
ikT 3 HN onnb, KapHO UUKINHK Gaxapwnb

Kapainuk. Vccukank 6epuvil Ba umc-
CUKAVK Kabyn K,uamw remnepatypaia-

2 a pu moc ~onga 6°C Ba 2°C raTeHr: 6°C
[ X [a CcyB M30TepMUK KeHrasgn, 2°C pa
M30TEPM UK cUKMnaaun. t < 4°C pacys-

1 g HuHF rabuar aHoManurn Tycpaiinm xap

VIKKasia TeMneparypaga UCCUKONK Kn—
putunagn Ba TynmMK \onga uvwira an-
7-pac m. naHTpunaan, Ba\osiaHkn By MKKUHYN
6ownaHvwra anaavp. by anoousaT kaH-

gan \an atunagn?
E u 1 w: TepmoAnHaMMKaHUHI acOCU TEHr1amacura acocaH

Tds =dE +pdV =CydT+ T [~ dV. (])

Tusnm agrabaTuK KeHranmwunga temnepartypa ysrapuwm (1)
OaH Kyhngarn KypuHULLHW Onaau:

dT o V- @)

(2) gaH K, 'TTekmcnukga agmnabata KUanrn

{dV)s Cy\gT)y pcy m w
(3) maH wy Hapca KypuHaguku, t= 4°C ga agnabata KNanurm
MaHwuii (a <0), />0 pga mycbat (a <0) Ba /= 4°C ga3aca ypuHma
apabuvarara ropusoHTan 6ynaan. Fokopuaarn Myrnox;asanap LyHu
48



»Immragukn, /= 6°C Ba /= 2°C parn msoTepmanapHu 6up-
*HHUMPYHYN aapabaTta MaBxy 6ynmac akaH. [lemak, Macaiaga
P\t armnraH KapHo LVKAM MyYMKWH 3Mac 3KaH.

87. N, Ba N2Ta 3appasiapgaH TalKun TOMraH MKKU Xui
mur.hi ras apanalMacMHUHT SHTPOMNKA y3rapuium \Mco61aHCUH.

| ynw: N Ta 3appagaH TallKua ToNraH uaean ras sSHTPonNus-
MHM S =Min N +Nf(t) KypnHuwga é3nw mymKnH. by epaa
/(/) vinponusHUHrTemMnepaTtyparabornMkoynraH KucMmu. Y \on-
L |ypnm xun naean rasnapHy apasiaiTMpuLLra Kagap aHTponus—
H.pn S? =NXin |}V— +NJ(T) Ba 5? =NXiIn o +NJ(T)

\%

(iVnagn. ApanalwitmpraHaaH CyHrr sSHTPoMnuscu
5° =5°+ . (1)

ApanawitpraHfiaH cyHr \ap 6mup 6ynak ras sHTponusinapmu

V., N[k\n*fp- +NIf{T) Ba S2=NX\n”*-+N/(T) 6y-
HHOY, apanawima 3SHTPOMUSCU

S=St+ S2. 2

Apanalima sSHTPOMUSACUHUHT y3rapuLim

=S -S° = NN _
As =S-S5 N.k\n " + N,K n2

88. NxBa N2Ta 3appagaH TalwkKua TonraH 6up xmn nkknta
naean ras apanawMacyUHUHI 3HTpONusa y3rapuwn \mcobnaH-

C/H.
XaBo6: AO5=0.

89. Kyimparu >xapaéHnapga aHTpoNus OWnLLIN KypcaTui-
(nm: a) uccuk, CyB LWyHAAW Maccanm COBYK CyBra WUCCUKAUK
fk-paoy Ba TemnepaTypasiapu TeHrnawaamn, 6) Typnu xmn 6ocum-
MpAaru 6up xun maccanu uaean rasnapHu cauJoByYM TallKu
My\UTAaH agmabaTnkK U3onsauussiaHraH MKKuTa 6mup xun nauw
AyBypya OpKa/iM KpaH 6uiaH GupnawTupuaraH, KpaH ounnaam
Ha ras \onatm nkkana ngmwga 6up xmn 6ynmé kpnagw.

T, +T
Eu v w: a) Apanawma Temneparypacn T = 1 oynaauw.

4 P. Mamatuynos Ba 6. 49



AS=ff +} f =] ~ + f ~ ="Ciln ~ > o |
6) ApanawiraHgaH CyHr ras 6ocumu p = 6ynaan.

4S5 =°f +fM =fT.cydT+f mCvdT = f »'CvVIRdp +
jr JT1 1 T J r J PVIR 1
Pi Pr P pi pi

+] rﬁPX/TRIRdQ =mC¥In 40 =0

P,
90. V3oTepma agnabataHn MKKM MapTa Keculln MyMKWH
3Macnurn NcboTNaHCUH.
~p Euy nuw: ®apas kunamnmk, mso-

Tepma agmabataHm A Ba C HyKTanap-
da (8-pacm) KKK MapTa KecCcuH. by
A0 ENVK. KOHTYpAaH j pdVdo .
VIKKUHYMN TOMOHAAH TU3UM 3HTPO-
nuacu A Ba C Hykrasnapa TeHr, SbHU
SA= SC LWYHUHI YyYyH A =Q =j>TdS =
V =7\ dS=0. 3nanukka kenguk. [e-

nsC

8-pacm. MakK, mnsotepma aguabartaHu WKKWU

MapTa Keca O/iMac 3KaH.
91. HepHCT TeopeMacu MyT/IOK, HOJIb TemMnepaTtypara etm-
W MYMKWUH 3aMacnmrura onmé kKenuwun wnucboTnaHCUH.

92. Kynngarn TepMmogmHaMmnKa y4MHUYN KPHYHUHWHT Tab-
pUNapPUHNHT 3KBUBAJIEHT/IMTUHU MCOOTNAHT: a) UCTauiraH My-
BO3aHaTAaru TUSUMHUHI S saHTponusacu T 0K pa Tepmoam-
HaMMK MapameTprapra 6ornuk, 6ynvan kgnagy Ba 6apya Tn-
31UMap yuyH chakar 6uTtTa 4oMMuniA KuiiMaTtHu kabyn Kunagu,
6) MyT/0K, HO/Mb TeMMeparypara eTuwmnG ynmaingn.

93. TepMOgNHAMUKAHUHT YYMHUN KOHYHU Byin4ya napa-
MarHeTukniap yvyyH Kioopu K,0HyHW (@e = C/7) wucTtanraH nact
Temneparypanap y4yH X,aKk,KoHWi aMacimrHn KypcaTuHT.
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| 4uni: llapamarHcTnknap y4yyH TepMognHaMMKaHUHE aco—
LUH Hynnamacn
TdS=dE-HdM Q)

Yl lnmwpaa 6ynaan. (1) ndoaaHHr \ap MKKU TOMOHUra Ty/INK
VM| Mpopovpian d (- TS-HM) HU Kyliamus Ba KyiinaarvHu ofa-
M |

d{E- TS- HM) = - SdT- MdH. 2

2) naH (fi*j =~(8y) = Kioopu KOHyHura Kkypa
M 1/ =~ //, wyHWHryuyH [|™]r ~~~fT’ byngaH T~*0K
me HU onamun3. By 3ca yYMHUYN KOHYyHra 3vuanup,
yymkn T O A'na ->0- by aca nacT Temrnieparypa co\a-

eHVa Klopy KpHYHW YPUHCU3IUTUHU KypcaTaau.

4. K\aXXMHW arannaraH naean 3N1eKTPOH rasHUHr 6ocrumu

r Ha / V4KK aHepruscu Kynngarn pY =y E myHocabatbunaH
Iku lanran. ByHpaam donaanaHnt 3nekKTPOH rasvHUHE “ NOVH-
<lll )HepruacK” 3neKTPoHAap KOHUEeEMTpaumnacuraborinkakaH-
HIl My TOoNKUHT.

| 4yunw: TepmoANHAMUKAHNHT 6I/Ip|/l2|VIl—IVI KOHYHWAaH, aavia—
|=alvk >xapaéHnapga dE = -pdV, pY =jE Hu \ucobra onraH-

.f =-|] “.byHpgaH
E = const ¥Y'28= N23const(N/ V)24 = const/r23 Q)

Y4nHUM KOHYH Bylinuya Honb amabaTta HOMb n3oTepmara Moc
Tnagwu, WyHWHr yuyH (1) ndoga “HOANHYN 3HEPTUA” HUHT
LLUEKTPOHNAP KOHUEHTpaumsacmra 60rmmMmnruHn Kypcataau.

95. TepMOgMHaMNUKAHUHT acocuin TeHrnaMmacugaH dooigana-
MUO, aanabaTuK XapaéH Wwapontnaa 6ocmm ysraptmpuniramaa
Temnepartypa y3rapuwm ydyyH wudogda TOMWACUH Ba YYMHUU
KOMyHAaH hoganaHnb6TemMmepatypaHn TyrannaHmaraH Knima-
lnraya ysraptmpuiira 3apyp 6ynraH p 6ocum ysrapmwn T - OK
[ YeKCN30LW N6 60puULLN KepakInrn KypcaTUiCUH.

E 4y nw: TepMoAVHAMUKAHUHT acocuii TEHrNaMacuHn Ky-
nMparv KypuHuwga ésaMmms:
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TdS =dE +pciv = (#) _(£| dT +
Hi
P +P 3 o (M
AHTponusamum \am T Ba P6ornaHmaraH napameTpaapHUHT
dyHKumnsacn geb kgpacak, (1) wudopganan: 7‘{3—
p
+P

=(8),

»oor oT)r HM onamu3 Ba (1) ndonaHu Lyhnagarnya

é3amMmns:
TdS - CpdT- 711n-j pV =CpdT-aTVvdp. ()
Jemak agnabatuk xxapaéHaa Temneparypa y3rapuiliu:

dT - T "'—dp. (3)

YUunMHUM KoHyHra kypa TwOK ga C -0 Baa -0, ammo
a Y/CpaHuik, oxvpru yerapara UHTUNaau. emak, Temneparypa
YeKNN y3rapuin yyyH 60CUM YeKCU3 y3rapuun tanab atunap
3KaH.

3Han, aV/C T-+0K ga aHuk, yerapasuii KuiiMatra UHTU-

(@9} (am\
@. p=» Wy-
HUHT YYyH
av) érfp - (amT :_é'ﬂ,}q’lht - J P dT' “)
MNacT TeMmnepatypaga
C =N'(@+bT+cT2+ (5)

oy epga N=>0, a, b, C, ... KOahhnumeHTNap 3ca bocumra 6or-
nvK,. (4) ngpogaHn 6ocnm Byinda andhepeHuvannab, nHTer-
pannaw HaTmkacnaa KyingarmHu onamms:

ay ==Jra'r- +vr +.)=-1I" +£ +.j (6
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it.| ndogaHn (5) ndogara 6yncak sa T—=0 ra UHTUATUPCAK:

=const 6ynaawn.

% . l(Mknnap ycynu épgammaa TyiinHraH 6yp 60CUMUHUHT
1 MHcpaTypara 60rnaHWmnMHU TOMUHT .
I ymnin: Vwum xunucm, cyroKauK BaTynmHran oyrgadH Taw-

| 1 TraH Tmanm KapHo UMKInHK 6axxapcuH (9-pacm). byHaar
WK wnw @K n=~ mEy epga 0, - Q2= (O, - @ dp, 2

m 6Yyr Ba CYIOKANKHUHT conuwiTupma ~axmvniapu, Q{ =9 —
iN UTKNYAAH ONIMHIaH UCCUKAUK MUKOOPWU. IKKWHYN TOMOHU-
_ T—(T-dT) =hlhrin
iiiti KapHo UWKM yuyH ® K T] T T q 1

e _ A
MYMANH df_l -T—\(d.z_\(?’) *

47. LUnknnap ycynn épaammaa rasnbBaHuK anieMeHT 310 K
My remnepartypara 60rNMMKANIMHU TOMWHT.
Cu uw: KaliTyBum rasbBaHVK 3/1IEMEHTAA pa3psaiaHuLL Ba

bipuAIaHMW XapaéHn KapHo uukin byinuya yTCUH Lennnk
() paem). Y konpa OyHOoal 3nemMeHTHUHr O®UK
Yy (?, =E2-E{+A, A=eb, E2- £, = -qe (Q—yTyB-

Il BUpNUK 3apsara Tyrpu KenraH Uccukamk agpdekra). Qy=
- c+ d-- df>- g\ Q-Q2=-edfl Hatmkaga

, dE
1=-e:q u (N
._ T-(T-dT) _ dT

MKKWHYN TOMOHAaH 1] = \I"T " ~ T " HOK,opngaru

K|topanapaaH KaiTyBuM maean ranbBaHUK aneMeHTnap 310 K
UK TeMMepaTyparabornMKaurmHy 6epyeumn FefibMrosbLTeHr -
bIMaCHUN ONlaMn3:
P G
1 T

T-dT

10-pac m.



98. Limknnap ycynugan onganaHmb cuptTapamrinrnHUHI
TemnepaTtypara 60orsaHraHIWw uHM TonuHr (11 -paem).

Eunw: 2 — nnéHka cuptu, S— CUPT TapaHranrun.

byHaam

by epga /— nnéHka CUPTUHM
TjT 6vp 6MpAVKKa owmnpuLl y4yi
capthnaHraH NCCUKAWK MUKOOPU.

99. MyT/I0K HO/Mb TeMMepaTypa
AKNMHUAA Ta/lbBaHUK 3/1EMEHT
QO KHUHT TeMnepatypara 6of- |

NMNK,3Mac/imrn KypcaTtuscuH.
10-pac m.

100. Bup atoMnu naean rasHUHr
Mo/M yuyH F @ Ba” TepMogVHaMUK NOTEHLUMaIAPVIHN TOMMWHT.

E u v w: TepMoaAnHaAMUK NoTeHUMannapHn \mcobnatl yuyH
naean ra3 MUKM SHEePrusiCMHN Ba SHTPOMNUSCMHUN E3ULLI Kepak.
E—CYT + E() Ba S= OANnT+ RINV + 5. lUyHAaspKUH aHep-
ma F= F(T,V) =E- TS=CVI( - In7) - RT\nV-TSa+EQ
rM66¢c TepmoguHamuk noteHuwann ®(T, p) =E-TS +
+pV=(CT(\ - InT) + RT\np - TSNn+EQ  3HTanbnus
X(S,p) =E+ pV= CT+ EO= Cp'-'b-exp{S- SJ/Ci + EQ

101. bornaHmaraH pP,% Ba T, /"y3rapyByaHnapaa TepMoav-
namMmuK noTeHUpannap aHUKNaHCUH.

E 4 v w: 3HTanbnus ysrapuiwm dy = TdS + Vdp, 6yHaaH p,X
y3rapyBuaHnapaa TepMoguHaMmk noteHuman S(p, %) sHTponus
6ynnb \ucobnaHaan:

M.
i ; =- AP
dS=jdx -jdp Ba T - \Y (as)
P I 3

3pkuH 3Heprusa y3rapuiwm dF =-SdT- pdVgaH Tea F

y3rapyB4yaH/iapga TepMoguHamuk noteHuman \axm V(T, F)

eynagn: d V , T -IdF Ba S =
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10/ \axxm [TemnepaTtypara ynsmkaun 6ornaHraH mogga-
MHA C mMcecukOMK CUTMMUHUHE 60cMMra 6ornaHmaraHinmm
MHMMMHCHH.

_.T nébc Tepmo-
.......... “rc-=r (W / Ne \ = Tyupp,rl

NHHHMMK noreHunanuHuHr ysrapuwm (19 = -Sdt + \Vdp gaH
. ey o - oy

(o], BY WdhOhaAEH ot i Arap

K«* 0 «*bT —KkypuHuwga 6ornaHraH 6ynca, \ak,ukargaH \am

0 6ynagn. Oemak, arap \axm Temneparypara Y1smkam
\ <4
011 wubynca, C MCCUKANKCUNLW N BOocMMra 60rIMKaMac 3KaH.
[ %53
103. WMpoean ras sHTanbnuscn X =Cpp[r € <& Hu 6unrax

L1111 yHUHI agmabaTta TeHrnamacu Ba \onart TeHrnamacu To-
HA o

| ynw .dx~ TdS+ VdpgaH anmabara teHrnamac V = %85
5--5)
nunHagn: 'y =y~*C p~lre ¢ , 6y ugoganaH pVv = const Hu

o/lav3.
V _(Wdp)s _ y-1 CpPAKC, _ Cp-Cy C, _ /}
! Cop”™~h ~ C, p~T'PY

104. BaH-aep-Baanbc TeHrnamacura 6ymcmHyBUYn 6Mp MOJSb
iN LWWAHI KanTyBYM N30TEPMUK KEHFannwmnga 6akapuaraH v
\Mco6NaHCHH.

Kypcatma: gA=~(dF)TgaH coiaanaHnicuH.

105. <6 HUHITYNnuKanddepeHunanamrngad doiganaHmo,
naean ras Co/mmMTPMa NYKU 3HEPTUACU Ba SHTANIbMUACUHUHT
th.HyrrremnepaTypaHvHr QyHKLMACU 3KaHIUTUN KYpPCaTU/ICUH.

Kypcatma: dE= TdS - pdV sa dy= TdS + b niopanap-
juiii hoAOaIaHUICUH.

. [ar'!

106. AanabaTuk TemnepaTtypasun KoapuumeHt p >
HOCUM y3rapmac 6ynraHgaru uccukauk curummn C Ba \axmui
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KeHralimw koaguumeHTa anap opacugarn 60MaHuLl Yum
PU/ICKH.

Eunw: ALYV deW dpv | anHUATAAH
P .,s dS T Ip
AT (Sl:l Li
fie (fl M

d<P= -SdT + V. Ey ndosagaH ~(8] —(§7) HA A~

ncoaara anTnb Lyiicak ?il =TYa ju onamus.

107. 1Alyjs Hu S aHTponus, Cpsa a opuany UgoaanaHr.

Eunuw:
by ncomanaH
(sl-Mei-
dx =TdS +Vdp = ds+ Vv

(a,. aT (3

by ndogapaH (J~ = . 106-macasia HaTuKacuHu

. 3¢ | _j_ STa
X;ucobra osicak,

108. =S -y Maccbe TepmogmMHaMuK noteHuvann Vea

T xapakTepucTrK y3rapysumnap QyHKLUSACU KypUHULWLKAA Ge-
puaraH. TU3Mm ~onaTUHUHE TEPMUK Ba Ka/TOPUK TEHrnamanapm
aHUKOAHCVH.

Eunw: =S-f =~ - =-f, KT, V)=-T<p(T, V).
E = T(S - ip). TepMu1K Ba Ka/IOPUK TEHTIaMasiapHX oNaiink:

dF. -s,T-nv, S - -MT.Y)*r (*).;



no1j — Kanopuk\onaTTeHrnamacu.

" (If),- =T(K)Ir* TePMvKTCHIIAVA

10). MnaHk Y =S - E%— xapakTepncTuk yHKumscuaaH

doVgnnaHraH. Karappsa MapHUHTPYHKLNACU KYPUHULLN-
<k K'punraH 6ynca, TUSUMHUHT W, £ Ba 5 napu TOMNW/CKH.
11 n|MK repmMognHaMUK MOTEHLMATTUHUHT TM66C SHEPTUACUHUHT

YpLumacy 6unaH 60riaHnILIN TUKNAHCUH.

Euynw:
Y = =N T N =~T- (,)
¢ =-TY. (10 =-TdY - YdT = +v|dT -
-T\jp\dp =-SdT +Vdp.
byHoaH
s=r(1?)/ > <
K- r(fl- ©

(1), (2) Ba (3) npoganapaaH:
E=TS-TY -PV =72]|E] +TY -

"e '3 0 r-340 H *1}

110. Bab3u TM3MmMnappa Mme6e aHepruen ® =aT(\-
1n7) + RT mnp - TSO— y3rapmac kaTranviknap. LWy TuaMm-
MHHT TEPMUK Ba Ka/TOPUKTEHT iamasiapy TOMUICUH.
Eunw: ® =E - TS+ pY"d= -SdT+ M

v=(?!*“U.aTi>-|nr)tRThb,p m4 -

pV= RT —\onar TeHrnamacu.
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O +TS-pV ~0-T[W -p{LWL:\ =aT L-bIT) +
FNnp-TSO-T[a(X -InT)-or+/Anp-50] -RT =
R)T +EnmE =(a - R)T + EO— kanopukreHrnama.

(# W )Yr(s w 1 =" "1l>04301MHCUH

Eu mw: | ycyn .
p=p(, V) 0
S - const \onuga (1) gaH

Grin B oy ehdiris™. @

% — 1 =-1 alHuATHM \ncobra oncak (2) ndoaa
Blvmpy omp (2) vepon

w 9 40 1

KypuHuwHu onagn. dF= -SdT- pdV Ba dO = -SdT + Vdp
n<|toppriapaaH holifanaHnl HaTWxXacuaa 6epunraH ndoaa onm-
Haow. .

I ycyn. Cn-Cv :T(ff)«f J TeHrnukaaH corigana-
HNOG YN apul MyMKUH.

112. MNacT Temnepartypaniapaa MeTasiiapaa 3/1EKTPOH rasu-

MUHT AHTPONUACK TePMOAVHAMUK TeMnepaTypara MyTaHocuo.
LWy Temnepatypanapia 3/1eK(OoH rasm NCCUKAWK curumnap ai-
vpmMacu C - CVHUHI TemnepaTtypara 60KNuKAnUrn TONuUICuH.

Eunw: Cp-Cy » dF= -SdT- Vdp sa

d0=-SdT+Vdp wudbopanapaaH Apﬁ'\K =£ﬂ%’)ﬂ Ba
—J dS

url, TeHrNMknapHun onammi. LWapTra acocaH



113,  [ebaii KOHYHU Byiinya KpUcTaniap UCCUKOMK CUTMMK
(, naci Temneparypanapga TepMognHaMuK TemnepaTypaHuHr
»\eHla mytaHocn6: Cv=aV. Kpuctannapga Cp-Cy mccmk,-
IM curumnap dapku T O K ga TemnepatypaHuHT eTrnHYn
numxkacura MyTaHoCMGINIn KypcaTuicuH.

| ymw: WapTra acocaH Cy=aT.

c'-c>~717{w \{T\~T-Ccr=17l0 -

S=jfdT-jJ'E<IT =fT’; (8)r r
o] (0}

- A% T\ Hatmkapa Cp~cv =~ \[% \(ff)r rm
\ﬂ'p)T 3 *p

114. v( MONb 6MP XN Ba V2MO/b BOLIKA, XN KOMMNOHEHTa-
MW flai TalKu TonraHd naean rasnap apaniawMacHUHT FenbM-
I" n.u sHeprusacn oAnHCUH. by raznap nsotepmMunk anddysHs-
Hapuaa enbMrosbL, 3HEPrUACUHUHT y3rapuiy TONW/ICKH.

\ u 1 w: TepMoANHAMUK NOTEHLMASIIAPHN aaaUTUB K,OHY-
1114 Ita 6yricnHmnwnHmM \Hcobra oncak, y \onga

F(T,V,vl,v2...v,) =fJFi(T,V,vl) =
H

n

E-T CNInT+ (D

(n nchonara Kypa n3otepmMuk anddysmnsaa spKnuH aHeprms
kamasgun. LWapTra kypa ras apasialiMacu v, MoJsib Ba V2 MOJsb
rypav Xun rasnapgaH Tawkun TonraH. Anddysmsra Kamap by
11uiap apanaliMacUHUHT 3PKNUH SHEPTUACK

£ -T[Cy{InT+RInii +JAj A2[Pr-T{C\InT +
\R\n-=+ +§, , AnddysnsagaH kKelnHru asHepruscn H, =
E{-t[cv,InT+RI n +SAjj+v2NE2-T{CIn T +

*IinT +5e)]" Y xpnga rensmMrosbL, 3HEPTUACUHUHT y3ra
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pywn AF =Fn - Ft =-RT jv,In +2n y'~ 21<0. Arap
K, = K,Bav, =\2= 1 6ynca, y \onga AF = -2RT\n2 6ynaaw.

Arapga rasnap apanalimacy aiHaH rasfapHUHT MKKK TMop-
umscuaaH Tawkmn tonram 6ynca, AF = 0. Typnv xvn apanaiu-
MacugaH 6up xun rasnap apanawumacu ra ytraHga AF= 0 gav
AF= -2RT\n2 ysrapuiuura r’m66¢ napagokcu aennnaau.

115. v, MOJ/Ib 6P XWUN Ba y, MOJIb OOLLKA, XU KOMMOHEHTa-
napfaH Tallkmn TonTaH uaean rasnap apanaiMacuHuHE Tmb6ce
3Heprusacu oNMHCUH. By rasnap aHeprusacUHUHI y3rapuin To-
MUICKH.

Eunw: ® =X v,0, udogara kypa

®(Tp, v, Y3 = Vv~ ,(T,pY +y223T,p3 =
=y,|£, -TXCpIl\T-R\npl+SO)+pl Y]+

+VJ£Ej - UCPRANT-1np2+ S J +p2Y] =
=v jSF) + Y RT\np2rvXZT) + VRT\np2, (N

By epgan;(7) =E(T) - ITC InT +RT + Sf), p, Ba p2aca 6u-
PUHYM Ba UKKMHYM rasnap Ba apasawiMa 60cumum.

Masnap naMWAaTyCUKOPKANW axpatuirad 6yncuH, y \onga
o dysumara kNN Tue6c aHeprusacu  OA=v™NXNT) +
+y/77'1n p, +Vv2X,(T) +vRT In p2 by epga p; =v, RT/VMf Ba
P2 =v2RT/V2.

AnddysnsagaH cyHr aca:
DM = VIA (7)) + V277 In 1+ y2* 2(7°) + y2/27° 1n /2.

By epmapt=v, RT/(M+ ¥ Bap2=\V2RT/(K, + \2. ¥ \onga
M'M66C aHEPTrUACUHUHT y3rapuLlmn

Ad= o, - &,= /77 [vlin(pl/p,’) +vAn(p2/p®)] <O,
uyHku  Pi/Pi =V,/(VI +y2< 1, p2/p\ =Yy/(Y1+v2<\.
Arap K, = ¥2Ba v, =Vv2= 16ynca, y \onga A® = - 2RT\n2.
Bup Mosb GMp XN MKKUTa ras apanawmMacy yayH A® = 0 6ynagn.
OnguHIrn macanagarn Kkabm Mb6c napagokeura Kenamms.

116. Npgean ras Ba BaH-gep-Baansc TeHrnamacmra 6ymncm-
HYBYMN rasfnap XMMUSBUA NoTeHUMan TONUACKH.
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| \pi arma lasnap M'b6c TepmMoaHaMMK NOTEHLMaM \MCoo
UUH ini hi 6rTTa 3appara Ty n kenraH Me6c TepMoaAMHaMUK Mo-
|| iinii.i iiiui Moe kenraH sHeprvs XUMMUSBUIA MOTEHLUMAT 3KaHUIN

um iHtia onMmMemH.

117. U= U(X, Y, 2 TawkKkn noTeHuman MaiigoHaa éTraH nae-
A1 in WKHK XUMKUSBNIA NOTEHLMaIN TOMUIICUH.

K nno6: =uyn+ U. Xycycuii \ongap. =fiu+ ngz

IIH. N =V ?M TeHrnnMkna-

VL kypcaTuicuH.

I ynw: dE ~ TdS - pdV +fidN, dx = TdS + Vdp + fidN,
il -SdT- pdV- NdmBa B =F - ¢ = -pV. VdopanapaaH
Mn ,i i.i ronnnnwmn Kepak 6ynraH KatTa/IMKNapHu onaMmmns.

119. T, u, KysrapyeuaHnapga C,HW TOMNWUHT.

XaBo6: Cy -kT Ml p/v dN
aTtl ar oy,

120. Bab3n anemeHTnapHuMHr 3K K Temnepartypara
«HA MHNmrm £ = [0,96446 + 1,74(/° - 25) m10~4+ 3,8(/° -
- .15r 10-7] B popmyna 6unaH 6epunagn. dnemeHT 10 K HUHr
Kinlgai umcmMmn nccn”™nNmK pesepsyap OpK,a/iM eTKasuauwn Ba
( ba NccMKOUK peakumsacyu HUMara TeHIINMM aHUKOAaHCUH.
Lbynw: t=25°C ga anemeHTHUHI 310 K £ = 0,96446 B.
| n66¢-renbMronbLTEHIIaMacura acocaH

_ oA , -t
B_U'+T(#1;/:e_+T urd, if  [aT

l.y epga z— BaneHTnvK, F—®dapageii coHn, 7’|~ | — anieMeHT

YK )K HMHI UCCUKAVWK pe3epByap OpKa/in eTKasUIaiuraH K.MCMM.

/jil£j] =T w74=0"B =298 1,74 1O ~B =4,585 «10-2B.

1KynoH 3apsigra Tyrpy KenraH UCCUKOMK peakuuscu

=0,96446B -4,585-102B =0,9188 X/Kn.
e zF {8T)p

121. KainTyBun ranbBaHuMK anemeHTa 310 K HUHI Taw™m
6ocumra 60rnMKaUrn TONMUACUH.
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122. Arap BaH-gep-BaasibC rasviHUHI 3U4/INTN KNUKK Byrca
y \onga 6uTtra MHBepCcUs HyKTara ara 6ynamus. YMyMuin x;onga
\ap K,aHgal 3uuIMkKnapAa NKKUTa MHBEPCUS HyLTacu MaBxyn-
i kypcatuncud sa T, panadavmaga BaH-aep-Baansc rasm-
HWUHI VHBEPCUA arpunuru rpapurn 6epuncuH.

Eunw: Xoyn-TomMcoH adhhekrmHmn xapakTepsioBun ngoga

By ndogagaH \axm VHM TOHMG onnb, BaH-aep-Baanbc TeHr-
namacura anTmé KynuLl HaTmxacuaa UHBepcus Temneparypacu
T HU 60CUM P HUHT OYHKLMACK KypUHULIMAA TONaMU3:

123. CwuipaknawraH BaH-gep-Baanbc ras nHBepcus Tem-
nepatypacu 6unaH KpUTUK Temneparypacm opacmgarm 6oma-
HULW \McobNaHCUH.

124. NHBepcusi Hyktacuga Cp-Cy =Y][ ] 3KaHNUTn

KypcaTWUACUH.
Euynw : XXoyn-TomMcOH achdhekTmra Kypa MHBeEpPCUs HyLiTa—

cuaa ~Y O ékn ™1 -V oynagn. WyHWNHT

125. BaH-paep-Baanbc Ba ANTEPUUNHUHT MKKUHUYN TEHINa-
Macura 6yrcmHyBuYM rasnap ydyyH C - C. aimpma MHBepcuUs
HyKTacuaa X.McobsiaHCUH.
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. RT a
2) (+p*r)(*'-*)=*7»H P jTW

c'-cr*yvLi~-R{"v)-

126. Kiopu Ba Kiopn-Beiic kKpHyHNapura 6yiicnmHyBYn Mo.
/nnap yyyH MarHMTOKa/lopuK 3PeKT KaTTanmru Tt
MWICVH.

livnw: M =ard, 6y epga ee=£ — Kopu KpHyHMra Kypa
19\0 ~ Kiopu-Beic KpHyHUra kypa, B— KopvHUHT Napa
MLWHUT MyKTacugaru Temnepartypa. MarHeTuknap yvyH 3sH
Mnbnua  y3rapuvwm dx = TdS + Vdp-MdH paH

{»T =_

Nr = By ndo aH Kioopu «.OHyHUra oyiicu
Lo )sp asl>H_P y udopas Py «.OHyI y

K.) - cH
MyBYM Mogganap (napamarHeTukiap) yyyH H)s,p  APH'
Kiopn-Beiic KOHyHUra 6yncrnHyBuM mogdanap (deppomarHe
[SI;." CTH
TUKNap) yuyH [N7]S =—————- T HW 0namms.

127. Taw”™ MarHuT MangoH // 6yiina6 »konawraH |y3yH
wKgarm crtepxkeHo/ Kyd 6unaH Toptunagn. TaxpmbagaH mab
NYMKMU, 6YH *0on4a CTEPXEHHUHI MarHurfaaHraHamru
M =const-j- ¢opmyna 6unaH 6epunagn. AHa LyHOak MarHu-
CrpyKUMsAa CTEPXEHb Y3YHIMTMHUHE HUCOWIA y3rapuium

\ncobnaHCcuH.
Ey nw: Mb6Cc TepMmoAVHAMUK MNOTEHUVATMHUHT Y3rapu

wwu: c!® = -SdT + Vdp - MdH kypuHuwHu onagun. by udoaa-

JaH \aH >MyHOcabaTHM onaMn3. Hatwkaga Kynmn

narn uvdgogaHn onamms: ~ =—const’2‘/—(1 -af). by epg;
_1d o

y= — yy3nwAarn KANRNWKPK KoahpuLMeHTN.

128. MarHeTuk H marHuTt maigonga xxonawTnpuaraH sa
raw”™m 6ocnm octnga ETtmean. X,axm MarHUTOCTPUKLUS ?
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Ha “ Nbe3oMarHuT” aphekt ~ ) opacugarn 6o0MaHuUT un
|

KapuncnH. OpgaH H rava owun6 60pyBYM Kyuycms maigoHaa

MarHUTOCTPUKLUA \a&XXMUHUHI HUCOUI y3rapuiim ~McobnaH
CUH.

Kypcatma: </¢ = —sdT + Vdhb—MdH. M = xHV, 6y eppa
MarHuUT Kabyn LMIyBYaHINK, K— MarHeTviK *axmm.

XaBob:

129. Arap HypiaHuLL CNEKTPasT IHEPrms 3UUInrn WWGYLLINK-
HWHI aeBop Mopaacura 60knuk éynraHaa sam, 6y \onga uk-
KNHYM XN OVIMUIA ABATaTENTHN aMaira OLLIMpULL MyMKUH Gynap
3amn. AHa wy \on KypcaTuicuH.

130. Kppa XMeMHUHT CneKTpan 3HepreTuK EpUTyBUYaHINMU
€I Ba YHVMHT MyBO3aHaT Hyp/laHULL CMeKTpan SHeprus 3uuinrmi
1, opacugarm 60ornaHv ypHaTUICuH.

XaBob6: er ="p» 6y epaa c — €PYyMUK TE3NUTN.

131. EpyMuMK KBaHT/apu Tyrpucuaary tacaseypra acocam
OliHa geBopra 6epuiraH MyBo3aHaT HypnaHuw 6ocumm \Mcob-
NIaHCVH.

XaBo6: P ~\-

132. MyBo3aHatn HypnaHuw y4yyH Cr F, S, X, ® Ba xu-
MUSBUIA NOTEHLMaNy KNCOBMaHCUH.

Eunw: CredaH-BonbLMaH KOHYHUra Kypa MyBO3aHaT-
M HypnaHuw 3Hepruscn E= uV=oTAV. C =aPK3HT-
pPONUAHU TEPMOANHAMUKAHWHT acOCUi TeHrnaMacuaaH Tona-

mmn3. dS =deHodV = +PHAJ Yy  MyBo3aHaT/M HypnaHu
6ocumn p =N ="Ny-.
dS =4aT2/ ++0TV =d”™0T'v).

ByHoaH S =y crTd.
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MyHO3aHaT/IN HYp/IaHULL 3PKUH SHEPTUscH

F =E -TS =-1<1T%.
MyTI/IaHaTI'IVI HYpAaHNLW 3HTa/1bIMNACH

X =E +pY =| oT*Y.

MyBo3aHaT/IM HypaHuw MM66¢ TepMogMHaMmK noTeHuma-
.H10 F +pY =-\oT*Y n-~oPY =0.

MyHO3aHaTN HYPMaHWULL XUMUSIBUI noreHuyanm
¢ A\
Do N =
I U. Bup 6upnmk \axmaa MyBO3aHaTAN Hyp/iaHULW YuyyH
C,Cy,C - Oy, % aHVKAaHCUH Ba naean ras UCCUKOMUK CU-
MM BUNaH CONULLTUPUIICUH.

lynw: u=orl pgan Cy =(fy~ = 'm ~(ff7)p’ 6y

ql bl X—|/|+P—CO”|/|LL|T|/|pMa QHTanbNnnMA.
‘e

Y \onpga
,Cp=-y<r 3 Cp-Cy =~aTr.ym =CJCV= 1/3

Vaean ras conMwtupma UCCUKAMK CUTMMUHU Tonalinuk.
[l KM FQ3HUHIXMKM BUPMrnaaru UYKn aHepruscu U = ~nkT.

K. \nk. Cp=\nk. Cp- Cv=nk. ylECp/Cy=5/3.
YWrvyvn—5.

134. O~gesopnm K\axmnau Oywnimkgarn K,opa HypaaHuL

yylan wyHpaii gesopnu \aBocu Tyaa Xpnga cypm6 onuHraH Vt
VDKMV BYLLNNKAA KEHFAATUPUATaHda YHUHT SHIPOMUsCU Kpuia
M.Ipla Kynanuwm aHNKOaHCUH.

|4y nw: Nw baxapmacpaH Tnsmm agmabatvk \onga kKeH-
UipuaraHaa YHUHI U4KU aHeprusacu ysrapmangn. WyHuHr
yuyH E =0PY =0oTAY =0oT?{Y +W) 6ynaau. byHAaaH

wy +y)/yY 6ynagn. HypnaHuw SHTPOMNUSACK:

|aT}yY Ba 5 =yoT3(Y +K,) éku S =l Ba N\ ==

T S 1 Kl k
8 y JMdemak, y =\~~~ maPTta‘°PTaP sKaH-

> [ MamaTtkynos Ba 6. 65



135. MyBO3aHaT/IM HYPMAHULLHN aanabaTuUK KeHraiTMpuLL-
02 YHUHT YaCTOTAaCUHWHT y3rapuiy Ba CMEeKTPasl aHeprus 3nu-
vy ~const \amga Yy =const MyHoca6atnap 6unam
AHUKAAHWLLN KYPCATU/ICUH.

E uwnw : MyBO3aHaTIN HypAaHWLL 3/1eKTPOMArHUT Ty/IK,UH-
napfaaH néopart. By Ty/fIKUHAAP UKKUTA KyHOTaHTTY/IKUHAap-
oup. v, v + dv yacToTaniap opanmrugarn TYNKWMHAApP COHU
g(v)dv =2 dv. MyBo3aHaT HypnaHuLL arasinaraH K.\axxvi-

garn >"avva TY/IKUHap COHU 3(\:/ - bynagn. Arap 6ywnuk

\aXMUHN aguabaTuK Konga ysraptmpcak \am, 6y COH y3rap-
MacaaH Konaau:

v 3V = const. @
VIKKMHYM TOMOHAAH aanabatuk KeHrairpuwaa
S =jctTV =const éku P K =const 6ynagn. by ucoganap-

[aH y =const 6ynnwmn kenub ynkaaum.

n=o0T4Ba S =-CT/] udoganapgaH LWy Kenmné YnKagnku,
e(v, 7) sHeprus Ba S(v, T) sHTponusa \ap 6up yacToTaga e(v, 7)=
= const mT «S(v, T) = v<p(W/T) MyHocabaT 6unaH GornaHraH.
MyBO3aHaT/IM HypAaHWULL CrieKTpaa aHeprus anunuru W= c(v,
T) g(v) = v3p(W/T)- const. byHgaH agunabaTuK XapaéHaa
yj- =const 6ynmuwmn kenub unkagwu.

136. Y3rapmac Talkn 60cum octmaa agnabatnk xJgaa n3o-
NAUMSNaHraH NopLUIeHN UMNMHAPAA Uaean ras maexyg,. Tyrpy-
OaH-Tydu sHTponus Bapuauusnapun 6S sa dB HM \ncobnab
MyBO3aHaT KofaTAa sHTPONNs MaKCUMa/I/IMI KypcaTUCHH.

E ywnw: Tusmm myeosaHatunga AS <O, 6S =0 éku 65 <O
GyNULLIM KepaK. TepMoAMHaAMUKAHWHT acOCUii TeHrTamacura Kypa
nmoean ra3yuydH dS - ~d T +ydV sa<3C’= C/JT+prdV. Liu-
NVMHAP aguabatuk musonauusnadraHnmrugad C/1T= - paV.
L YHUHT y4yH aHTponus anddepeHupanm dS =y]|£5-|~— ~ P»}x
xdV =y{p - p0)dV, 6yepma p = — raz6ocymm, f0— TaLlkn
6ocum. ByHAaH Wy KypuHaguku, myBo3aHat konat (dS= 0)
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livkar p =p0ga mymkuH 6ynagn. by \onga ras sHTponuscu
MrKeuman \onataabynagn. Vioean rassHTponusicn 5 = Cy\nT +
I RInV+ G16ynaan.

dapas K,unaiinuk, ras \axmm AV ra, Temnepatypacu aca 8T
hi yarapcuH. ¥ konga

=T [¥ - P°]5V -I[Cr SW +ﬂ/ﬂ=7(/»—P°)SV—
~j-\cy +R By ndopanaH 8S =y(p - pO8YV Ba
$5=- Cv +R j.bBy udomanaH xap kaHga 8T sa 8V

rma <YS<O0 GynmMwmn kenné ymkagun. Jemak, MyBo3aHaT BakTuga
MMPONUs MakcUMas Kuiimat Kabys Kuiap aKaH.

137. 5 = const Ba p = const 6ynraH TM3nMaa MyBo3aHaT aH-
1.1lbnns X HUHT MUHUMYMKAaA, 5 = const Ba V = const 6ynraH
hi TMaa aca myBo3aHaT MYKM 3HEpPrus E HUHI MUHUMYMUOA
KNGepuLlmn KypcaTUICUH.

Eumw: dx<TdS+VdpaaH S = const Ba p = const ga dx <0
ckn A <0 6ynagu. [leMak, MyBO3aHaT 3HTaNbMUA X HUHT MU-
nuvymuaa 13 éepaau.

dE <TdS - pdVpgaH 5 = const Ba V= const ga myBo3aHat
VUKW SHEPTUAHMHT MUHUMYMUAA 103 6epaau.

138. Typam xun Mogaann UKKMTa hasaHuUHI MyBO3aHaT Luap-
lll, sbHU Kap 6Up KOMMNOHeHracn 6uTTa asa Tapkmbura Kn-
pyBYUM UKKW (da3ain UKKM KOMMOHEHTaIM TUBUMHUHT MyBO3a-
ii.ii LAPTU aHUKOAHCUH.

Eunw: Typnu xun mogganaphaH Tawkua Tonuarad (maca-
Invi: cyB Ba KEPOCUH) U.KKM (hasasiv TU3MM MyBO3aHaT Kofataa
BYNULLM yuyH 65 <0&kn<55= 0, dB< 0 6ynuiin Kepak. MIKKu
h.nam MKKMU KOMMNOHeHTanun 6yHAalk TU3MM 3HTPOMUACU
v N's'" + N's" éynagn. Nukn napametpnapu N',N", v',v", E'
nl E" kylingarn waptnapHn kKaHoatnaHtupagu: N' = const,
V"=const, E=E N' + E'N" =const, V=V N' + V///' = const.
S tapo 6ornaHmaraH napameTpnap Aeb v', E Hu kabyn kunamus.
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MyBo3aHaT wapTtn A4S = 0 6ynraHAMrn yuyyH émnnraH udo
panapgaH 6upuHYM Bapuauus 06, TepMoANHaAMUKaHUHIE

acocui reHrnamacmngaH OJIMHIaH 6I/IpVIHLII/I BapunaynaHun

N'— tjH—m+ =0 wudoga bunaH Gupramkaga eun

HaTwkacnga + OBal =T"p' =p'Hu
onamus. XmuMnsBuin noteHumanra \ey kaHaal wapT Kyinnvanau.

139. Tawku MaiigoHAarv TU3MMHUMHI MyBO3aHaT LWapT
aHNK/IAHCYH.

Eumw: byHAaah TM3MMHUHI MyBO3aHaT waptn ¢ >0 ékun
OO =0, g&d >0 6ynagn. TalwKM MailaoH Tabeupy octuaa GynraH
Tn3um sHepruscu dE = TdS - pdV +fidN + ipdN 6ynagn. by
epaa P—6uTTa 3appara Tydu KenraH nNoTeHUman aHeprus. by

noagaaaH MM66¢C TEPMOAMHAMMK MOTEHLUMNANVHUHT Y3rapuiim
yuyH kylhingarn undogaHn onamuz: do =-SdT +Vdp +
+(// +<pd\ by ndpogaaaH ( N}r , <P kenn6 uikagun. by-
TYH XXUCM TEpMOANHAMUK I'IOTeHLLI/IaJ'IVI ® =) (juHp)dn Gynaaw.
Tusumga myeosaHat waptura kypa Ad =J (n+<p)d(dN) =0.
Arap TMaMmparu ryna 3appanap coHm caknadca: Jd (Jw)=0.
Jemak, Talky MaingoHaa 6ynraH rvavm Myso3aHataa 6y/imim

YUyH L} + = const 6ynunLun Kepak.
140. MyBO3aHaTHUHI 6apKapop/uK LWapTu <0,
— =/l >
T3VJp é 0 kaTTa 6Up XUHCAN TUSUMHUHT KNUYMK KNCMU

YUYH YMmKapuiraH. byTyH TM3um yuyH ynap Kabicum \onnapga
TYyrpu Ba Kancu Xpnnapga Horygu?

141. BaH-gep-Baansc achmnmrmnga yta copytuiaraH 6yrHuHr
MeTacTtabun \onatura Moc kenaguraH Ba CylOKAUKHUHT MeTa-
cTabun \onatura Moc kenraH KUCMIapuUHU KypCcaTUHI Ba OXMp-
rMcU yTa KM3uraH CytK/IMKKa MOC KeiMac/IMruHU UCOOTNaHT.

142. Arap n3oTpon MarHeTuk \osatu Kynmaarm KarTasimk-
nap 6unaH xXapakrepraHca:



B H Ba M, y \onga dE =TdS - pdV + HdM. By epga
I E_X,;' MyBO3aHaTHUUT 6apKapopNuK LWapTura Kypa
(1/),» <™ MarHeTuK y4yyH Oy wapT KyhAngarn KypuHWULLHWU
Wwwe:
=">0 |a=// = |, 6y aca Taxpuba 6unaH
Moc kenagw.

0) lﬂWf =5 0, 6y aca gnamarHeTUKIapnuMHr TepMmoguv-
WHMVK 6apKapopnnk WapTUHU KypcaTyBun (ae <0 anamarHc-
TKNap y4yH) Taxpubara anagup.

HO3ara kenraH kapama-KapLInavK cababu TyLUYHTUPUICUH.

KypcaTma:TalKy MarHUT MaiiouTabcypaa U3oTpor MarHc-

TKNAPHUHT \a&XM 6upmrnaa kyrénaw num AA =-— {HdB) Hu
W<obra onmiaa, napamMarHCTUKiap ysyH M = 4 Y/ Ba ova-
A
ML HETUKAP y4yH 3ca L, <0 skaHmrvra acocnaHuLl Kepak.
143. JNEeKTPOH 3IMUCCUACKU HaTwKacuga MetTain nangaruv
||IYwnnkaga anekTpoH rasu \ocun 6ynagn. Myso3saHaT BakTMaa
»PKUH 3HEPrnsi MUHUMYM 6ynuwimra acocnaHm6, T Temne-

purypaga 6yluinnkaary 3feKTPoH FasvHUHE 3UYInrn =p-)

EHLKAAHCUH. SI'IEKTpOHHVIHI' HYNKNLL NN W, QJIEKTPOH rasun-
HUHI SHTPOMNUACK 3Ca 6|/|p atoMnn naeasn rasHUHIr aHTponnAa-
rnra TeHr.

E 4 1 w: XaXKM GUPMrnaarv afeKTpoH FasvHUHT UYKU SHEP-
I MsicK ypTaua KUHEeTUK SHEPrus Ba YUNKULI ULWUHUHT AUTUH-
avicuraTeHr 6ynagu:

E =1nkT+ nW,

YHUHT 3PDKUH 3HEPIrumnsacu
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F=E-TS =\nkT +nW -Tnk(j In T - In n+In i),

6y epAa N— 3/1eKTPOH Tra3MHWHI MyBO3aHaT 3UYUTHU,
b= — y3rapmMac KatTasivk. T Temnepatypaga MyBo-

3aHaT/IN 3/1EKTPOH 3UY/IUTU 3PKUH SHEPTUSHUHT MUHUMYM/INK
( 7iF \ 3w
1
wapTtun | ))TV =0 paH aHnkgaHagn: N=bT 2KT.

144. MyBO3aHaTHUHI 6GapKapop/AuK wWapTura MyBogunK
T-+0 K ga C, Ba CMUCCUKNNUK CUTUMAAPUHUHT C =«
T'(a = const) KypuHUWIMZarM TemnepaTtypaam 6ornaHmwmaa
KypcaTKuy a4 = | aKaH/INTn KypcaTUICuH.

T
KypcaTtma: MyBo3aHaTHUHI 6apKapopnuk waptiapu: —-=>0

T . A p
Ba & > 0-napra acocnaHun6, ni | nuru k™ pcatnnagw.

145. Arap 61p XUHCAN T3uM 6ab3n bapKapop/nK Konatn-

- =0
na By, 0 6ynca, y Baktga 6y \onatga [H;l y

avVv ’
<0 nurmn KypcaTuiacuH.
3H3 P

Eunw: Bapkapopnuk marpuugacn ATAS - ApAV > 0 ga
y3apo 6ornaHmaraH koopguHatanap yuyH I Ba K HU onamus,
y xpnga T =const ga

1 <4 4 (0 1 my)y + 31(C 0 ), (a M) '+ - < O

WapTra kypa { }r =0. Aemak, APAY> 0 6ynuuu yuyH (1)

oy

ndoaanaH o2 - o, 2% <0 6ynuwn Kepak.
ay2 1 \3V3,

146. Arap 6ab3n 6apkapop \onatiapga (N 1 =0 6ynca, y

/=g=n

\onga 6y x,onarnapga A =0> 5yg OCa Myc6aT \am ékun
MaHunii \am 6y NLWANTN KYPCaTUICUH.
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Kypcatma:
ATAS- ApAV =>0. (D

liyepga T=T(V,p)BaS —S(V, p) Aeb kapab, AS >0Ba AS <0
: ar e

t'Hiap yuyH =0, £0 6ynuwun onuuagu.

y p y4y \AY2 0 av\ y il
147. Arap 6ab3un \onatnapga f~ j =0 6ynca, y Baktga 6y

V ||| 6apkapop 6ynuiin yuyyH 6up BakTAa UKKUHUYU TapTubam

Vi mnacnm nam Hoara TeHr 6ynuwun wapT, aMMo 233
nyn«/in.
Kypcatma:
ATAS-ApAV=0. 1)

/,=p(T,S) Ba V- (T, S) pe6, T=const ga [, Y>0Ba/[Y< 0 *onn

_ 3P
YW s T 0

148. BUpP XUHCU TUSUMHUHI6ab3n xavargapyaa ||~ =0.
liy \onaTHMHr6apuapopnuk wapTn KaHgan éynaan?

Eu mw: ATAS - ApAV=0. p=p(V,S) sa T=T(V S) ne6
Kapaimma. Y \onga S = const ga

Ao (AK)Y...<O.
ayl

HAcmak, 6ab3n \onatnapga (-3?.] =0 6ynca, y \onga 6y
Ap £P
v

\onar 6apkgpop 6ynuLInN yuyH =0 Ba <0 6ymwm-

LN Kepak.

149. MyBO3aHaT AOMMUNUTMHUHT TeMneparypara 60rmK,-

1rv/T N1 QP
MU BaHT FodpcpTeHrnamacu J - ~ AyT 6unaH aHvK,—

MaHMLLN KypcaTuicuH, 6y epga Qo—goumuii 6ocmaa peakums
NCCUKONK adpdhekTa.
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Eu nw: M1306apnK-1U30TEPMUK XapaéHnapaa XUMuUsBuii
KyYnUHr 6axxapraH nwmn rmé6c-renbsmronbsl, TeEHrnamacu

A= +TI$T), (
époaMnaa aHUKaaHaan. by epoa Qp— peakums NCCUKONK Xjx)CK-
™. (1 =-SdT +Vdp + V1306apUK-M30TEPMUKKAPAEN-

napga do =" n,dN, =A n,v,, 6y epga An— “aKKa peak-
uus”napcoHu. baxapunrad mw A =-(A®)T,p - Vi fal
=- A Vv([NNnc, +A7V3+"0,(IN)]. Tabcup aTyBUYUM Macaria-1
nap kpHyHura kypa KM nKdT, p) =-kT" v,inp- £ ViM.(7).
By ndogara acocaH A =Ar|KT( TITAD- " vinc, . by mndoga-
aaH =AnK (]f) =AnK InKc- Ing ONVHraH
Mqu,qanapLM (1) dopwmynara evnTM6 Ky:ll/'II/ILLI HaTmwkacmga
(JTc) Q
I AT }p RTT'

150. NTa has3a Ba K Ta KOMMOHEHTaN reTeporeH TM3MMaa

MyBO3aHaT WapTn TOMUACUH.

KypcaTma: uTa hasa Ba K Ta KOMMOHEHTaAaH TalKua Ton-
TaH TU3MMHUHI YyMyMUii MyBo3aHat wapTu AP = 0 6ynaau.

XXaBo6: leteporeH TU3UMHUHI MyBO3aHaTAa Temrnepary-
panapu Ba 60cMmnapu y3rapmac 6ynagy sa \ap 6up KOMMOHEH-
TaHWUHI XUMUSABUIA NOTEeHUManm xamma hasanapaa TeHr 6ynagun.

151. CyB rasuHuHr \ocun éynmuw peakuymsicm H,0 + CO =
= CO, + H2pa myBo3aHaTt T = 1259 Alpa t036epaan. Moneky-
NAp MyBO3aHaT Tapkm6m mawvnym: TAR =0,7 monb, T CO = 9,46
Monb, A0 =9,46 monb, /AR =80,38 Mosb. MyBO3aHaT Aov-
Muiinurn KpaHukaaHcuH.

XaBo6: K = 1591

KypcaTma: Tabcup 3TyBUM Maccaniap KpHyHuaaH coligana-
HWU/ICYH.
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152. Mopam BOAOPOAHUHE \ocun 6ynul peakuuacu
Il 1/2~ 2 HI ra T= 717 Kas spuwwunagn. MogHUHréoLw -
|* Muy monnap coHn mh =2,94 Monb Ba BOAOPOAHUHT 6GOLL-
NHWlvm monnap coHn T H =8,1MoMb HK 6unraH \onga, MyBo-
iniiai \onatpa HI HUHr Monnap coHn aHukaaHcuH. 7= 717 K
Jii myBo3aHaT govmuiinurn mavnym Ba Kc= Kr =0,01984.
XaBob6: TT—5,64.

153. Xap kaHfan 6ocMmaa YHUHI TaxXpubasuin nsotepmMacu
| (/») Bylinya pean rasHMHI y4yyBY4aHANUTN \MCOBNAHCUH.

KypcaTmMa: YuyBYaH/IMKHM anvMMall YCY/IMHUHTACOCUMHW Tall-
KU 3TyBUM Kylimaarn TcHrnamagaH goiiganaHnil Kepak:

ftv epaa 4— connwimmpma \axkm, / — ydyBUYaH/IVIK.

154. MoapaHuHr ra3 Ba KATTUKXMCM \onaTtnapuHuUHE My-
K/ LUHAT LWapTura acocnaHnot, naean rasHUHr aHTponusa aov-
MUAAUTMHM \Mcobnawl y4yH ugoaa TOMUICUH.

Ey nw: MyBo3aHaT wapTtura acocaH, arap K.aTTUK. KUCM ras3
(wnaH MyBO3aHaTAa 6ynca, YHUHI XUMUSBUIA NOTeHUMannapu
HOHr 6ynaau:

P\T.p) =p'(T., p).
=En-TS +pY.
uU\T, p)= EWi- T(Cp\nT-R\np+ S0+ pV—ngean ras
yuyH L'(T,p) =Eg - TS'+ pv’ — K.anuK.KUCM YuyH.
by ndoganapaaH:
RTInp=[E'-E' -;p{v'—V)I+C,TInT—T\,

O, =-"~-Cp\nT +j~f-dT +R\np.
TCc O
byeppa 4' =) dT — TePMOANHaMUKAHUHT YUMHYN KOHY-

o
Hura kypa, Q =E,- E'+p(y' -v) —KYPYK \aitigawl uccuk,-
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nnrn, Q, C, pbnT napHu Taxpubasa aHUKAAG6, ra3 aHTPONK
gonmuiinurn 0 HW aHMKgaw MYMKUH.

155. Kyhngarn sputManapgaH TalKuia TornraH Tusnmiap
TEPMOANHAMUK 3PKUNHINK JaPaXKACUHUHT COHU TOMWJICUH:

a) Cysgarn KCI Ba NaCl HUHI nkkana Ty3UHUHI KpucTan-
napv Ba 6yEnapu vwITMpoKUAa;

6) By Ty3napHUHI My3, MKKana Ty3HWHI KpucTannapu sa
6yrnapu UWTNPOKNAZ;

B) CyBaa Ba KepocvHAa KaHA, My3 Ba 6yF MaBxyanmrnaa.

Eunmw: TepmoguHaMuK p304/VK AapaxkaaHWUHT COHU
/= K+ 2 - NTeHrnama éunaH aHnkgaHaan. by epga n— pasa-
nap COHN, K— KOMMOHEHTNAP COHW.

a) N =4 (6yF, aputma, 2 Ta Kpuctann), K=3 (HA, KC1,
NaCl). Aemak,/= 1

6) N = 5 (sputma, 3Ta Kpuctann, cys 6yrn), K = 3. lemak,
/= 0. B) w=4 (6yF, 3 Ta spnt™ma, My3), K= 3 (CcyB, KaHg,
KepocuH). Jemak,/= 1

156. X,ap 6Mp KOMMNOHEHT XAMMa hasanapra Kupagy geraH
(hapasacocnga M66CHUHT dhasanap Kpugacu ypHatuaraH. Arap
\ap 61p KOMMNOHEHT \aMMa hasaniapra Kmpmaca, dasanap Kpugacu
KOHOal y3rapagm?

157. CupT TapaHrNIUrMHWHIE Temneparypara 60rimkguruHn
ovnraH \onga, NnéHka (napga) HUHI agnabaTtnk KeHranmwmnga
Temnepartypa y3rapuiy Ba yHU U30TEPMUK KeHranmwmaa otmi-
raH NCCU*Y)XXK MUKAO0PU TOMUCUH.

Eunw: CupT 3pKMH 3Heprusicn /~=a2, 3HTpONuACU
5v=-(n) =-X"y- MyBo3aHatn agunabatnk xapaéHga
SHTPONUS AOVIMUIA BYNraHAUIM YUYyH aanabaTtnk KeHranmwmnaa
Temnepartypa ysrapuim £ = const TeHrnaMagaH aHVKaaHaaw.
MyBO3aHaTIn U30TEPMUK XapaéHaa to3acu 2, faH 2, ra opT-
raHza nNnéHka cMpTM TOMOHUAAH KTWIraH NCCUKAVK MUKOOPU
Q=T[SKT,12-5,(I',1,)=-TE (12-E,).

158. ToMmum yctugarn TyiimHraH 6yF 60CUMMUHUHI TOMYM
paguycura 6ornmkaurn aHULLAaHCUH.
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I 'l nw: dapas kanainmk, rpagnycnncytoKaNKToMumcmnoy-
IM6unam myBo3aHaT Kofatda 6yncum, y \onga//(/=, 7) = 7).
L\mna?-u@p T)=u(p", 7) - uE", 7) TeHrmK ypuH-
1n 6ynaawn.

C'YBHUHI KaM CUKWU/TYBYAH/IUTUHN \|/|co62cr:|(111_ oJicak Ba 6yLiu
nmncan ras aeb kapacak, HaTwkaga P’ =perkl ndopaHn ona-

M1l By epga —cyB pasagarn 6mutTa 3appara MOC KenraH
\, DKM, r—Tomuun pagnycwu.

159. Xyga Knumk 3apsignaHraH TomMmum dak,ar yta TyMuHraH
fiyuia ycnb6 konmacpgaH, 6anku TylinHuwra etuwmaraH 6yesna
ViMm ycnb 60puLLn KypcaTuicuH.

Huy 1 w: Tomun-6yr hasacuga roéb6c TepmoanHamMmK no-
N-MUMaNMHUHE y3rapuwn ¢ = (//"- n")N"+ aX By epga
K5 T) — BYrHUHIXMMUSBUR NOTEHLUNAIN,0 — CUPTTaHaH-
lnurn, 2 — 6ysaa XOOA 6ynraH Tomum cupT to3acu, N' —tom-

unpgary appanap coHn. 2 =4m2 N' - , I— TOoMun paany-
=, 7' —TOMUMHUHIrconMITUPMa \axkMun. Hatvxkaga 6yraa \ocun

CYnraH 3apsiiaH MaraH Tomun Mo66¢c TepMoaMHaMUK MOTeHL—
InwwuHr ysrapuwm 49 =4nmon'- 1)/ b9" + 4ndct. Arap 6yF-
lnv ToMun anekTp 3apsg kabyn kunca, y \onga 4P =4 ~

p')Y/W + 4nr*o + Adebynaan, 6y epaa 4¢. — 3apsgnaHraH
IOMUYMHUHT KOCUN Bynnwinaa anekTp MaigoHHUHE Tne6c Tep-
MOAVHaMUVK MOTEHLMANIMHVIHT Y3rapuLLIn:

oo, . +-)(,UV + LYY -

a r a

a a a
liy epoa € — Tomum mapkasmnga kocun bynraH UOH 3apsan, a —
VOH paguycu, £, — ToMUngarn 3anekTp MaigoH KydnaHraHav-
In, B>—ToMunpaH Tawkapugarn Malifion KyunaHraHamru, e —
FOMUYUNHUHT ON3MEKTPUK CUHTANPYBYaHAUTU. LLyHaanm knnmo,

Ot =4nr3/* - +4nr2zr+y (1~ ~ e
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by ndogaHun TaVinn K,mamw Hatwkacuga macanaHuHr Casenmm
»XaBob6 Tonacus.

160. YTuw neen™ amrn X H1 [oUMuin KaTranuk oeé \mc
nab6, TylinHraH 6yp 6ocMmin Temneparypa y3rapuwim éunaH sk
MOHEHLMan K;0HyH Byiinya y3rapuiim KypcaTuicuH.

Eumw: KnanenpoH-Knay3suyc TeHrnamacu: EY, =ﬁ§yr. by
epoa A—ytuw nccumurun, AV= V2- W V2— TyiimHran 6yr
HUHIMoNAp\axmu, VE— CyKNyLWKHUHT Monsip \axmn. Y2 YT
TylinHraH 6y T v uaean ras aeb kmpacak, y \onga J1V- Y2= RT ,
3.? FsgPe— Ey ndoaanaH ® ~J>SF|T In/>=——rI +/ Ba

p =const eRl . by epga /— vHTerpasinaw gouMuiicy 6ynme, Xumm-
ABUI OOUMNANNK Aeb topuTuiaan.

161. 95°C pa cyB K,aHOalh 6ocum octvaa KpHaian? Cys-
HWUHT ByrnaHnw conuwTupmMa nceuk,amrn 22568,4 XX/r.

Eu nw: MacanaHuHr ednMn TyWuUHraH 6yF 60CMMUHKN TO-
nuwra onmé kenaan. ONAMHIKM Macasa eummMmura Kypa TynmHraH

6yf 6ocumn />=constear. by wudogagaH AOUMUNNK
const - /i,exp‘.—'u' J[ 6y epga I, =373 K — HOopman 60cum

ocTmaa CYBHUHI UaiHawl remneparypacu, p = 1033,6 rMa.
p =/=p¢ . eXpLIJ _ P,exp R T by epga

T= 95°C + 273°C = 368 K.
XaBo6: 745,9 rMa.
162. ®a30BUi YTULL UCCUKIUTUHUHT TemnepaTtypara 6of-

JIKNArA dl TOMWUNICUH.

Eunw: A=1(T, p(7)), YyHKM — HU MyBO3aHaT arpunrm

MyHanmwnga \ncobnaw kepak. LLYHUHT yuyH

fA =(aln .fiu) o =fii)
dr {ntJ, [dpld-r laT-j, TY'=-Y)T"
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i - /UT= 45" - S") ékn 9 =xX"~X'y UyHKN (pa3oBUin yTULL
UnH1|)MnK-n3obapuk xxapaéHamp. Y \ogaa

[ =N te'-rf-cj-c;,

In  mccukankaoaH KeHrammw KosagguuMeHTa) SKaHJAUTUHU
dX r. r.”~X XVa-Va)
VtfoOra oncak —|f - ~ prp 7 <bypCUMOH eKkun

ly(blumauma ponuna MKKMH4YM dasaHn mgean ras ged kabyn

uyuncak (y’ » y \onga =C'-C".

163. TyiiMHraH 6yF UCCUKAMK CUTUMM YYyH mndoda OfiMH-
|um 100°C pa TyiinHraH cys 6yl HM aaMabaTuK CMKKaHA4a HUMa
YUyH KOHAEHcaumanaHMmacamri TyLWyHTUPUIICUH.

Ey w: TUBMMHUHT uccnkauk chfhmh C =~ =T~
I\ANHraH GYPHUHT nccnkaunk curmmmn C' yuyyH mdgoga onmwaa

[t

I'ir \ocunaHu cymKnMK—%yr MyBO3aHaT 3(huaInru nyHanmwmnaa
\rcobnawl Kepak. +y-) KnanerpoH-Knay-
. . W das' _r.  Xva'

inyc TeHrnamacvaaH oipananns, C' —T -jf=S“y y Hn
onamuns. KpuTtuk HyktagaH y3okga V' >V, 6yrHm ugean ras
neb kapacak C'=C'-y. 162-macariaga C' -C' = 9KaH-
amrmHn \uco6ra oncak, C'-C'p+" -y . Wdoga Ta\nun

KWTNHCUH.

164. MNacT Temnepatypaaa MeTayTapHUHI UCCUKANK CUTUMUN
C remnepatypara nponopumoHasn. Arap MeTa yTa yTKasyB-
YaHNUK Xprartra ytca, y \osiga YHUHT uccukauk curmmm C
TemnepaTypaHUHI Kybura npornopumoHan. Kputuk temnepary-
paga C = 3 C 6ynuwn KypcaTtusicuH.

Eunw: MacananmHr waptura kypa Cn=aT, Cs=pP.
C=T ~ .by udogagaH *s=ydT. Hatmkaga

Cn ,m, aT wr. ., e~



dSs=y dT =~r-dT =fiTIldT, S5= KpuUTukK Temne-

parypaga Sn= Sséynaau. emak, aTp=1pTE ékn C = 3C.]
165. ¥YTa yTKasyBuaH/IMK LLIAPOUTUAA UCCUKAMKAAH KeHrall

U KO3 PULMEHTUHUHT KECKUH y3rapuwm [a =ar- a Ba

KalinWKpPK, MOAY/IMHUHT KECKUH y3rapuwmn A" =Kn- KsyuyH
noga ToNUACUH.

Eunmw: MarHmTt maligoHgaru yta yTkasyBuyaHAUK mM66c
TEPMOANHAMUK MOTEHUMaNM

y3rapuwm aca dOs =-SsdT +Vedp - MsdH\ T, H =const ga

(1) man

wH.D-vson=A @)

YTa yTKasyByaH/IMK YY4yH TePMOANHAMUKAHUHT TeHrnamacu

®MH$,T) -0S(O,T) = . man

avs 4 AH$j

V,(Hs,T)-Vs(0,T) =H 1 e 3)

(2) ndoadagaH (3) ndodaHn anvpull HaTmxacuga ytuwaa
\aXM y3rapuLmnHnN onammns:

i )

(4) ndopapaH T Ba P 6yiinua \ocmnna onmb, T= T sa H =0Opa

Aa=a,-a, =, o m AK :K,n—Kg:%#E"m ncpo-

[anapHn onamms.

166. KpuUTnkKk MagoH KyufaHFaHAUTU 3rpuanruHmn

I fl)}'

NGT) =401 - napabosna KypmHuwga aHn” \tacasByp

Knnuw MyMKuH. AHa wy mndogagaH goraanaHmé, conuwtmpmMa
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«11|>ormmA Ba conuwiTpma uccuumk chfhm kuiimarnapwm cap-
>3 Has-\onartnapga TOMUICUH.

| ynw: N maligonga marHeTuK yuyyH conuwtupma rmeec
N'pPMOANHAMMK NOTEHLMan y3rapmiim

dO0 = -SdT- MdH. (1
YTa yTKadyBYaHINK YYyH MarHutiaw sekropu Ms =- :“11—
11) nchogaHn NHTerpannall Hatmkacuaa
®,(H) =0,(0) +H- H2 @)

HA onamun3. N Ba ?Xpnarnap Myso3aHaTga bynaguraH KpUTUK
MWIAZOH arpunnrn MyHanMwmaa, conmwTnpma TepmoguHaMmk
inTcnuwnannap ukkana \onarga 6up xvn 6ynuin yyyH

®,(H) =PAH) =05{0) ++ H2 ¢, - PH0) =f H2. (3)

liy ndoopgapaH I 6yiinya xpcuna onamms, Hatmxkaga conmuiTmp-
Ma 3HTPONUS PapKUHU TONamms:

Ac ¢ _ ¢ _  HcdHc

\

@
| > ndogapaH choriganaHmé, CoNMLITUPMA UCCUKNK chfhm dap-
K.HHM OlamMu3:

THod2Hc (aHA1

AC=C3-GFT o 44d12  4dnigra O

=T pa KpUTUK MaigoH KydnaHranwnuru 94 =0, 6y \onga

(4) paH S, = HM Ba (5) maH AC as\ a7 ) HW o/lamMu3.
HQT) =HO W ncogangaH S, —Ss = 1-

_ MIT _
C -Cc= orTr 1-3 ndoganiapHn onamms.

167. KpuTUK HyK;Taga TepMoAuHaMUK TU3UM BocumMmnaaH
/DKM Ba TeMnepatypa 6yiinya onmHraH MUKKMH4YM TapTnebam xXpev-
NaHWHT HondaH hapbyLl 3KaHUIM KYypPCaTU/ICUH.

Eunw: KpuUtnk Hyk,Taga
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6ynagn. Mkkana y3apo 6ornaHmaraH (1) Ba (2) TeHrnamanap
OaH kpuTrk napameTpnap \Vkea TKGMp KMAMATAV XOrTaa aHUKAA-
Hagn. Wkkana TeHrnamaga: f(T, ¥Y) =0 Ba <Q(T, V) =0 y3apo

6ornaHvaraH 6ynaawm, arapga * 0 6ynca. BU3HUHrxonmn-

<, Y)
mnspa/ =( I;p] r,y== | . WwyHWHr yuyH (1) Ba (2) TeHrna—
ManapHUHTI y3apo 6opnaHMaraHivK WapTuaaH
Aap/pY.n2p/nyY2 oo
a.rn ayat nvy
3

D
TUK HyKTaga _,,1_* 0 akaHAUru Kenué dnkagu.

)
ovar

* O 6ynagw. (3) raacocaH, Kpu-

168. ByF KoHAaeHcaumsacnga CyroK MK TOMYNCUHUHT paguy-
c” \MCOBNAHCUH.

E 4 nw: dapas kmnannuk éypaa /-paonyeni CyroKy>XK TOM-
yuncm \ocun 6yncuH. by x.0naa M'mb6c TepMoaNHAMUK NOTEHLLU-
TUHVHT y3rapuLlim

A= - = +al (1
By epoa N' —ToMunaarn sappanap CoOHW, & — CUPT TapaHr-

nvrun, 2 —ToMun cupT to3acu,//" — aHrun asagarm (tomumnga)
MoAOa XUMUABWIA noteuunanu, // — 6yF XMMnsABUIA NoTeHUmna-
m. 2 =4nr2, N" = Oy epga 4' — ToMuuM conuuTupma
\axmun. by ncopanapHu (1) ra o6opub Kyiicak,

&b =~-(/1'-4") +4rd . 2
03({”’) =0 ékM HaTwkaga ”.8:%:7;
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1609. KpnTuk Hyk,Taga XXoysi-TOMCOH KOS(MPULMEHTN aHMK,—

OALKAN.

14 v

., . f t )

it >Koyn-TomcoH KoapduumneHTU. KpUTnk Hyktaga C = ».
LUynnHr yuyH (1) ndpogaHnHI KYPUHULLNHW y3rapTupamMmms.
MyWnHr yuyH

T T w - 1 @

uoaaaaH hoiganaHamns. Y \onga

til N Py (m ©)
P
- A Yel
Go=cy 7 — (4)
I w \

KYpuHULLHK onagw. (3) Ba (4) ndoganapHu (1) ndogara kyicak,
| pnTHK HyKTaaa Xoynb-TOMCOH KO3(MULMNEHTN YUYH Kyiiu-
[arn ndogaHn onamus: L, =

[ar!

170. KpUTUK HyK.Taga TOBYLI TE3MMUIrM yUYyH mdoaa Tonusi-
CVIH.

Eumw: g= 1("1 =Y --T-(-) , M — monsap Macca. Bap-
Vla*ls \Y,
K,apop MyBo3aHaTt \onarga <0 6ynagn, ammo T
/3 \
Aa 1 gp-1 \am Honra synHnawmn6é 6opagn. LLYHUHT y4yH Kpu-

TUK HyK,Tafla TOBYLL TE€3/MIN HoJra TeHr 6ynaaw.

6—P. MamaTkynos Ba 6. 8l



CTATUCTUK oN3NKOOAH MACANANAP

171. td Te3nuK 6unaH NHepuusicn byinya \apakaTnaHymum
T Maccanun 3appa y4yyH ha3oBuii TpaeKTopust anmkiaHCUH.

X aBob:p - T1An

172. p, q hasocupa naean K" aTapyBum Kyru aesoprapLua
rMK NyHanuwga AovMuin Te3nnk 6unaH \apakatniaHyB4ym 3ap
paHWHI (ha3oBUIA TPAeKTOPUACU YM3UACUH. Kyru ynyamnapm
\apakar liyHanwuga 2a

XaBo6: 12-pacmra K.

Ap 173. ZqHyTagaH 6oiu-
naHrny &EFBepTUKaUT Lo
e pvra ilyHanraH Te3nuk om-
e nai ormpavk mamgoHuga
.......................................... \apakaTnaHyBuM T Macca

j NN XUCMHUHT hasosuii
TPaeKToOPUSACH aHNKOAHCUH
1 Ly TpaeKTopus YA3UICUH
XaBo6:
12pacm. P2~Po =~2mlg{z - Za).
174. TopTuULl KYNOH Kyuu TabCUpu octuga Kysranmac +<2,

3apsara TOMoOH \apakatnaHyBunM T Maccain —e 3apsara ara
GynraH 3appa y4yH (ha3oBuii TpaekTopus aHUKAAHCUH Ba 4n
3UCKH. 3appa 6olwnaHruy uMnynsen pO= 0 Ba Macodacy ).

X aBob6: p

175. y <fiOwaptmmaa X+yx +1X =0 TeHrnama 6unaH TaB-
cnUNaHyBYN YN3UKAN FAPMOHUK OCLUANATOPHUHT dasoBuii
TPaeKTOPUACU aHUKAAHCUH Ba YM3UNCUH. BakT yTuwimn 6unan
thazoBuii \axﬂn y3rapuwm Tonuncud. o] =yfkfim.

N N
Euunw: X+yx +a€X — O TeHrlaMaHy eunil y4yH SHIW y3ra-

pyBYaH Z HN KUPUTUG, X =Ze 2 KypuHuwga kapanmMmmni. Ha-
TXaday <<WowapTuaa TeHr1laMaHUHreYnmMm

.Y, .
X =e 2 (x,cosc«/ +E>sin aw) (1)
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By 'Mum. By epaa @D Ba x0MOC *onga oCcUMNNATOPHUHT 6oLiaH-
tiii Ha"T MOMeHTUAarn Te3nurn Ba KoopauHaracu. ( 1) ngoaa-

Ut
< A
M ]= + & 2
AR /

K vnO ynkagn. (2) ndoga TpaekTtopusa TeHriamacu 6ynmé, an-
4w Nk cnupanHu Taceupnangun. by epga K =Tw]. ®asoBuii
m(OKMWUMHI BakKTra kapab y3rapuwu Kyhimgarn KoHyH Oyiunya
Vv 6epaaw:

|d)=JJdpdx:l]D(Paxo) =

cosw/"-sin &t
=e |‘$:| dPdxO =B"*'T'(0),
~ wOsin o cos ad

ni.nn /'(/) =e~00).

176. buTTa Tyrpu 4n3nk 6yinya \apakatnaHyBun MKKUTa
«MPPaHVHI KalULWKOK MapKa3uii TyKHawmw \onv yuyH Jlny-
MH U1 rcopeMacy YpUHAW 3KaHAUTU TEKLWNPUIICUH.

| 4nw: MMNyNbC Ba SHEPTUSHUHT caulaHMW KOHyHapu

H— . A Pi _ B <
A 1Pi =P\Pi Ba ul ' 2rb -—%;l—+éq-2— OaH Kyhingaru umdo-
nniapHY ONlamMms:

1 T+T2 T2 1 W mrT20 /w.mnzp\‘

Anan anmMalTUpuLW AKo6MaHMHN KUCo61aiMms:

p _ (Hqi.gi'piPi) _ Ap\p') _ j
d(<\4iP\.Pi)  MP\.Pi)

[cmak chazoBuMii \axXm y3rapmaii Konap akan.

177. bownaHruy konatn A(pn r,,), B{pn z, + a), C(p) + b, r)
hazoBuii HykTanap 6unaH aHUKNaHaguMraH, 4OVMUIA OrUPNK
MaligoHnaa \apakat/iaHyBuM yuTa 3appa y4yH JInyBuina Teope-
Macu TEKLLINPW/ICUH.

XaBo6:p{=p0- not, z = + ~"y,
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AHrM yubypuak to3acm S =~ =Sn Gynaau.

178. IkKkUTa WapHUHrabcooT HOKaMNLLKOKTYKHaLLWLLH
YUYH JInyBUN TEOpPEMACK TEKLLINPUICUH.

Eunw: dT' ~ DAf=0, uyHkn anmawtmpuw Ako6uaHn
HonraTeHr: D=~ =0. Jemak, hasoBuin “axm cak
NaHMac 3KaH.

179. My\utga uvwKanaHull Kyydu Tes3/IMKKa MyTaHoCw(|
GynraH apkuH 3appa yuyH (g, p) hasosunii Tekncamkaa gaso-

BUIA TpaekTopusa TonuacnH Ba dpdq das3oBuii \aXXMHUHI Bak,I
Oyiinya ysrapmwim \Mcob61aHCUH.

Eumw: p+=p =0 \apakat TeHrnamacugaH p=pae'/%
g=oq+xx{\ —e ) ndoganapHn onammns. by epga r =y —
VKanaHuw KoadduuneHTn. ByHaaH g+ TP = O+ rpa, sbHU
thazoBuii TpaekTopus (<2, p) TekmcaMruga - 4 6ypyak koadhdu-
LUMEeHTAN TyU umsmkaap onnacuHu Tawkmn atagn. Miwkana-
HUW 6ynmaraHga (j =0) TpaekTopus KoopauHat YKUIn
napannen, 4YyHkm p =const. AnmawTupuw AkobuaHu
D= =e',,T. Aemak ha3oBuin \aXm BaKT yTULIN BUNaH

akcnoHeHuman \onga kamasau.

180. ~ J f{W (r,t)}dr =0 akaHnuru nc6otnaHcuH. by epoa
W) unxtmnépuii W =0 pa Honra alinaHysum dpyHkums; LT,
/) — ha3oBMin aHcambn KapakaT TeHrnamacuHu =\HW\
KaHoaTnaHTupyBun ha3oBuii 3XrMMOSIMK 3UUIUTI.

Euynuw:
£ jF{Wr,t)}dr =\-j2r~-dr =\f\fHW\dr =



KMHETUK 3HEPTUSHUHT hak,aT UMMy ibcapra Ba MnoTeHum-
1l WCPrusHUHT thak,aT KoopauHatasiapra 60rIMKANTMHN, SSbHN
./ p) =T(p) + U(Q) skaHnmruxm \mcobra oncak, W =0aa/
OYHKUUSAHUHT HOMra UHTUINLLK, KOOpAMHaTanap éK1 UMMy bC—
MPRVHI Yekcu3 kuiimatnapuga U\, t) =0 HM \ucobra oncak,

y\onga

- S _g =00
J\JP.J Pi= fg: _». =0, J &dqs—f b _ 0.
Wynaain kanuo, \akvK,argaH \am 6epuiram MHTeaHUHT Bak,T
(MnHYa y3rapuim Hofra TeHr 6ynaau.

181. Bop kBaHT noctynati ¢ pdg = nh 6axxapunaguraH un-
LWLLAM FTApMOHUK OCLUNNIATOP ha3oBuiA TPAEKTOPUSICU Ty3Us-
mH (6y epga N =0, 1, 2, ... — KBaHT COHN, A— lMnaHK gon-
MHIACW).

ley Ml YM3mkaM rapmMoHUK OCUNNNATOPHUHT \apakaTTeHr -
Lumacu:

gr+oody =0, (1)

Oy epoa 0="-. Eunmu:
g=Asin (Wt +a) 2
p = Awmcos (Wt +a), (3)

(2) Ba (3) ndoganappaH:
By annvnc TeHrnamacy, tozacu = 8pdq =nab =KTCOA2.
OcumnnsTop aHeprusacu: 6 = NAZ2 =T b PYAF

I{arnxana

B =v9) pdq, ®)

V— OCUMNATOP re6GpaHunll yactotack. KBaHT MexaHuKacu-
OaH MablyMKn ocumunnatop sHeprusicn £ =hv{in+ —=hwn.

Harmxaga
9 pdg =hn (6)

ndogaHu onamus. [lemak, Bop KBaHT nocTynatv ypuHau GynraH
ocunnnaTop hasoBuii TpaekToOpusACM YMYyMUA Mapkasra ara
6ynraH anauncnapTnaMMmmnaaH noopar éynap akaH.

85



182. 3Heprusa runcpcupTy bunaH YyerapanaHraH £ aHeprus
N UYN3uK/W FTapMOHUK OCUMANATOP YYyH has3oBuii \akm
\1cobnaHcnH. SHepreTuk criekTp dopmynacu 8, =/v|// +i
daH doiiganaHnb, anemeHTap asosuii \axxmu 6a\onaHcuH, A

epgaun =0, 1, 2, ... — KBAHT COHW.

Eumw: 18l-macana HaTmxacugaH gpoiiganaHcak, gasosm
\axm /'() =W Oemak, anemeHTap auyelika \axmu / ra rein
6ynap sKaH.

2 22 |

By MacanaHu Kyirgarnya *am eymil MyMKUH: +"m” s/;1

nr
&xm(™) +(6) = =voe (M1 =@b=-g 4

() =nab =*?L =L =h.
© Vv

183. N™axmpaa \apakaTnaHyBuYM Ba V aHeprusira ara, Tumy
\onatgarn maccacu T ()bynraH penaTUBMCTUK 3appa yUuyH ¢aso
BUIA \axm [16) ~cobnaHCcuH.

Eunw: [(C)=" Yp}E)- 6 =Jp Z2+TQ*. bBynapoaH

" No) =EJ§/V\~11'—TW )X 1>6y epaa C—EpyrMMKHUHE Baky-
ymaarv Tesnnru.

184. MoTeHuman KyTnomn apkKnH xapakatnaHysun £ 3Hepru
snn 3appa yuyii O, 6 + dS aHeprus opanvruga KeaHT \osariap
COHW "MCOB/TaHCUH.

Eunmw:

da =Q(fi)dE :‘}‘; :ﬁTiosCrde:
I =J dxdydzJ dpxchy mckz =4nV ] p dp =4~2mE)yi V.

3/2 1

M2 =2?2r(~[ f'20£ h— Nnankgonmniicn. .

185. 3Heprusicu nmnynsc 6unaH il = cp myHocabat opka/m
6ornaHraH sappanap yuyH £, 6 + dS sHeprus opamrnga keat
\o/siatnap CoOHW TOMUJICUH.

Y3H
XaBo6: ASVS By epaa As—\axMm Ba 3Heprusra

6ornunk.6ynmaraH goumMuiA, ~— 0304/IMK AapaXKaCMHUHICOHU.
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186. E sHepruanu mb66C MMKPOKaAHOHMK TaucMmMoTura
ftVili yHyBum 6mp atomnu naean rasHnHr NTa 3appacu Kx,axm-
hi K,,|ManraH. AHa LWy TU3UM Y4yH KBaHT Xpriat/iap COHU ro-
MUCVH.

| Ynw: WE) =T~ p ' T(E’y) =] PePi =y" A\ PtNm

MMnynbcnap ¢asocuna UHTerpannawl co\acu naean ras yuyyH

A
n =)((_1 ~E wapT 6unaH aHvkgaHagy BN p =\I2mE
4T

|Wnycnn 3YYynuonnm pa3o aeb kapanagn. by \on yuyH xmncobnau
nHrmkacn (E,Y) =ANVNEIN2 Hu Gepagn Q(£) =ANVNX

-jl I_}m . An— aHeprusa Ba \axmra 60rnnMkN\éynmaraH AoNMnii
ovVIm6, An =(2m)1l\bJ..J dxt...dxiN . By epaa X, SHI1 y3rapys-
ML NHTedannaw X2+x2+..x2> =1 co\aga yTKasuniaaum.

UHcobnaw Hatmwkacuga Jlbl = KYPUHULLWHW onaaw;

rav/2+)
N\\/2 + ) — 3iinep ramma oyHKLUSACK.

187. NTa 60rnaHmaraH 4n3vK,iM OCLUNATOPNAP Tyrnaamm
yuyH kBaHT \onatnap coHn Q(E) \mco6naHcuH.

XaBob6: =N =2%9,

188. Kyiupgarn tnsmmnap: a) V\axuvgarn uamaniraH oup
.rromm ngean rasHuHr N 3appacu; 6) N Ta 6ornaHmaraH un-
LUKOM OCUMNISTOP/Iap TyniaMmun yuyH s\rumonnuk auunmru p(H)
BWVILLIKOAHCYH.

Kypcatma: MTm66CHNUT MUKPOKANOHUKTaK,CUMOTUAAH TU3NM—
wimr E, E + dE sHeprua opanurnga 6ynuw a\TUMONNK 3UUNIUTK
/K1) = .

)= e
JOvpakHuHr genbta-gyHkumsacn, Q(E) — keaHT \onatnap conu 6ynmné

hopmyna époammaaronunaaun. bycppa<5(//- E) —

yvn nopmManawitupyesum 6ynysum acimus, wynga £1(E) =—
Ha |86-, 187-macananapaaH onvHaam.
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189. TepmocTtaT Mogenu cugpatuga 188- macanagarv TM3um
napHu 0/nM6, MO6CHMHI KAHOHUK Tak;CMMOTU YUK, apUICUN.
Eumw: a) TepmocTar Ba TU3NUM YMYMUIA €MUK, TU3UMMU
Tawkun atagu. By éHuk, TU3UM 3Hepruscu: HOQ',p ¥
+ =E 6ynagn. S\rumMonnvKiapH1 KyLluL Kouaacubl
acocaH,

p(H) =jp(HOH)dp',dg:, P(HOH)=«" - E).

LYHUHr yuyH

—%

CH) =A “ o
6y epaa AQE - H) alo e — Hopwmaraw

TMpyBun 6ynysumnap. by epga N0— govmunin aHeprusnmn Tepmo-
CTaTHUHI hazoBuii \axmn, I —E sHepruann TUsMMHUL
tasosuii  \axmn. Q(E-H) =~ (E-9)~ 1]
N (@)™ —4 / @BN/2+)
WE) =— 7@M2H) E 2 . 3HaW 3appanap COHMHM YEKCU3NNK
KanHTATUpainuk,by\ogna )lY/lLIJ ~ =/"KT\ P(H) =constlim (1 -
— L yj N -xe*

3NKT *
— 4 It

j2 = oonstim (- INKTF "
//
ByHpaH />(//) =const eKT.
6) by *on xav a) xpara yxwaw edymnagn, ammo 6y epga
lim : =KT peb kabyn umnul Kepak.
190. N Ta 6up aToMAM MonekynanapdaH TalwKua Tonuaram

naean rasHuHr *onat nHteanm ~mncobnaHcuH Bay 6uTTa Mo-
nekynaHuHr™onaT nHtedann épgamuaa ndhoaanaHCcuH.

Eunw: Z(9) =je «dT,H :/_1A— =E éku =

r =i exp(~M f)dPidg =\ep[-"kf\ydzdp>dpyhbi =
3 ia
=@2nTKTYY Ba Z(fi) =(2nmkT) 2 VN.
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191 Bup atomnu monekynagaH Talwkun TonraH kKylingarm
Mitan Tuaumnap yuyH £, £ + dfi sHeprua opanurnga rmééc
LWKPUMOTUHUHI KYPUHULLN ONIUHCUH: a) BUTTa 3appajaH Tall-
KMi ronran; 6) YYTta 3appagaH TallKua TOMraH.

£ 1

XXaBo6: dW =nl - e_ede,
\ji03

de ~dt11] hne~e’ de.

192. Tn66¢C TakpumoTUra 6yiricyHyBuM E sHeprusnu mnaean
L1IHWMH N Ta 3appacn V\axmaa «.amairaH. AHa Wy TU3NM-
VMMNr3Hrponusicn Ba Temnepatypacy \MCcob/1aHCUH. XonaTTeHr—-

WiMacy TOMW/ICUH.
Eumw: 5= kInN% ¥Y)- r(@&w) =f*MP, =ANVN&'m .
V  KInAn +kN InK +§I§/'\l In£. Wpean rasHWHr Temnepary-

|LIJCVI TepMOoaANHaAMWUKaHNHI acocuii TeHrnaMmacmngaH Tonuniagn:

TAffd5N - e — *
20N 7=7'(8) =TkNy. ByHga *onat

remrnamacy p V= kNT.

193. £sHeprusann N Ta y3apo TabcupnawMaiguraH Ynsmk-
LI ocumnsTopap yuyH M66¢ MUKPOKaHOHWK TaKPUMOTU YPUH-
ll. AHa wyHOan TU3MM yuyH thazoBuii \axxm [(E), sHTponus S
Ha TemrnepaTypa ~MCco61aHCVH.

Eunmw: MNE) =BrEn, Bn—E sHeprusara 60Tuk, 6ynvaraH
povnvunii. S =K \NlME) = K INBN+ Amin~,

-1 £
T= (| | KN
194. UM3NKAN FapMOHWK OCLMMITOP YYYH 3HEeprusnapu

Oyiinya Knaccuk ak,MHnawmwaa rmé6c TakcumoTn E3nsicuH Ba
YMVHI 3HEPTUACUHUVHI ypTaya KuimMaTtu ~MMCco6/1aHCUH.

Eum w: dW =e —I'né6e TaKCMh_{I?TM. Yumsmkagm oc-
L ] —I
umnnstop yuyH dW = , Z(0) =fe° dE =4~ [Jemak,
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cliV(iv) =~ e krd& UYunsmk™ M rapmMoHuMK oCcUUNNATOP YpTsum

aHeprusicu: W=jedW (K) =KT.

195. N Ta y3apo TabcupiawmaianraH Xxyaa Ka rra coHgarH

3appanapgaH TalKua Tornrad TM3uM ydyH £ Ba B 3Heprusnap

\1cob6s1aHCUH. HUc6aT TOMWUICUH.

XK ago6: I'-t ~[jJN -[)KT™ -

196. WHepuus 60w yKM atpodmga B»,, L2 Bypuaxknu

Te3/INK 6WiaH arnaHyBYM MONEKYNAHUHT co,, co, + /00, LI
o2 + AWAZE] co3 + c/co, OpanMKaa 6ynmi S\TUMONINTN TOMNW/I-
CVH. ViHepums 60w momeHTnapu moc \onga /,, /2, y Atomnap
HUHT NYKM MOMEKyNsap TebpaHuwm \ucobra oNMHMacuH.

XaBob:

3 I

dW =@2nTKTY-{1X4rlY exp( KT J\cbo,cKo,d<0/

197. bypuak Te3NIMKHUHT ypTaya KBaapaTuk kniimatn '[bi*
Ba MOJIEKY/IAHWHT aliflaHuLl KMHETMK MOMEHTa TOMW/ICUH.

XXaB06: S =N/W/, +12+7).
\% 4*20

198. Ngean ra3 raMuabTOHWAHUHW // =7 //, KypynHuwga
A

TacaBByp KOAUW MYMKUH, 6y epga 9. 6UTTa MOMEKYTaHUHT
raMuUIbTOH PYHKLUUSACK. MUKK aHeprus A, SpKUH aHeprus F,
aHTponusa S Ba 60CMM P aHUKAAHCUH.

Euwvw: Noean ras yuyH

1



vepga z =J e jL\dp, =f(T) —umnynscnap casocm-

/iiii n 6UTTa 3appaHuHI \onart nHTerpann.
TU3MMHUHT NYKM SHEPTUSCK CTATUCTUK YCy/Ira acocaH ypTada
MioprusrateHr geb kabyn kunnHagu. LWyHra Kypa,

E =KT2"OT =NkT1

o
M= -kT\nA4T,Y) =-NKT\nf(T) - NKT\nV,
_ _ .din /()
S = iy =NK\nf(T) +NKT T
NKT
p—iffi -
199. K\axxmga >xornawiraH YYTa y3apo Tabcupialimangn-

i.iii 3appanapgaH Talwkun ToNraH Kynuaaru Tmsnmnap yyuyH E,
S, p Ba Cknap aHUKNaHCKH: a) 6up atomnu ras; 6) atomnap
TCOpaHULWIKM TyXTaTuaraH (KaTTUK poTaTop) UKKW aToMAN ras;
1) MOJICKyNnaga atomniap TebpaHun X.Mcobra ONIMHIaH UKKU
aromnu ras (nact TemnepaTtypanap \oan KapasicuH).

Eumw:

a) Z(T,V) =lexp~-~rjrf/? =) cxXp - g omkT dodg, =

- Kk Pi —K* D —
= KV } exp d K*(2aTKT)3 R

«[GI7IMKT)mV]" =z?.

E =kT2LWW %:?’Y) ZFbIKT\

S =y +KInz(7", V) =\ NK +jN k \n(21 mmKT) +NK In VV

NKT
ékn s =\ NK\\r{2nTKT) +1] +NK In P=

i |
6) /.= om P2 * 0o

YUyH Z =r1*, -=(2NTKT)y2Y 8n 2 21KT. By eppa M =M, + /2,
a1

— TU3UM aHepruscu. by \on



E:ﬁ +nb I — MosieKky/niafa atomnap opacuaary MysosaH
n

Macodpa; Hatkaga: Z =K v[A(KT)slf , A =8s2®//(2nA/)/]1

Jevak, E ==#NKT; S =] W\n(KT) +1); p="-\ Cy =|A«U
B) KMunk re6paHuvLLiap skMHIalWmMwnaa

— lo
H=0 +?I|I P’ +A +7£I}nﬁ, Hu(m) +A(r-rov,

6y epaa aTOMTAPHUHT MOTEHLMAN 3HepPrusacu

t/(r) =t/(rQ +1 0 ~r -rn)2

KYPUHULWINAA ONIMHTaH, Y ~ 333 [e6 K,abyn KunuHraH. n

Terpan Tarngarn udgoga r| HykMaa yTkMp Makcumymra ara s,

nact Temnepatypa yuyH Z = VB(KT)v2udoga onvHagun. by epnl

B =2nNA32An(2np)*2r ? . y Konga £ =1.NKN\
Cv =7 NK.

200. Xypaa KaTTa coHZarv sappaslapHu y3 numra oniraH Kea-
3NEMUKTU3NUM SHTPOMNUACUHUHT E ypTaua sHeprusra aumH KBaHT
\onarnap COHUHWUHT norapumMmmura MyTaHoCM6IUrn Kypcatumn- *
CUH.

Eunmw:

Z(T, V) =lcxpl-ILjrfQCf') =expf-~jOfE).
F= - KT\nZ(T,V),

6y ndoganaH &(E) =Z(T,V)exp( =exP [’\er =exp[| j.
Jemak, S= «k In Q(£).

201. TM66CHUHI KAHOHMK TaKpUMOTUAAH oiganaHnoG HT-
ponua 5 mukpo\onatnap oyiinya s\TUMOI/IMK TaKCUMOTUHUHT

thazoBuii 3nunurn opkanm S =-Kin p cdopmyna 6unaH ndo-
JanaHvLIN KypcaTUICHH.



I yHhi: S =K\N\QE). HopmanawTMpHW wWapTura Kypa
Jin/LWY/O =p(E)Q(E) =-"exp|-"NjE2(E) =1 by wudogara
ulii V=Kin ) =-K Inp(E) =—k Inp(l-E).

»
202. dapa3s kunaiinuk Wi -  a\Tumonnuk /-x,onarga 6yn-
MH1 IUSUMHUHT 3NTUMONAUTKU B6yncuH. Arap sHTponus
A - KE Wiln Wt dhopmyna 6unaH ndoganaHca, y \onga sHT-

|HIns makcuman éynraHgarn W. HUHT K,MiAMaTnapyu KaHOHUK
K(K( nmoTra 6yACyHULLNHU TOMUHT.

lunw: W = e , 6yepma Y 6/t =6 =E wapt-
' 1e"PAQ(p,)
LM Tonunaau.

203. Alipum 3appasiap aHepruscu P umnynsc unad H =ap
KypuHuwaa 6ornadraH (a >0, /> 0) N Ta 3appagaH Tawkun
ronraH Ba KXmKMaM nnvaa xxonawiraH naean rasHuHr aHep-
| IMCY B2 60CUMW aHUK/TaHCUH.

Eu v
E =KTT p=kT ™. H=YjHr zZ =z?,
6y epaa

Z =lcxp|-~ dpdg =4sak|exp|-~"r*2p =

=w rm .{kTy/.

3N
Oemak, Z =VN(*793/ v / / T(3/T)] ' ;60cum p =KT d(IJQIZ

=\y\ E =kT1* =]NKT.

204. PensaTnBuUCTUK mngean ras yuyyH xpnar nHtedann \Mcob-
NaHCWH. HopensTMBUCTMK Ba yTpapenaTMBMCTUK 3appanap ye-
rapasuii \onnapu KapaacuH. KeinHru \on yuyH ypTadya sHep-
rma Ba 60cMm \MCO6/1aHCUH.
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Eunw: Waean rasayuyH Z =2zN, r- =J eKTdpidgi =4nY x
X|«p (-3~ - PMNp=4nY(TEKT) AO(N j +277:i(N ]
6y epaa () Ba A, — MaBxyM aprymeHTiM beccen goyHKUUsSNapu

KM) =\f~e ’ arap g==1 6ynca Ba A',(n) =1, arap

X « | 6ynca.
-Nril

HopenatmemcTuk uaean raz\omaa X = W ” 1B\Z -e K X

X(2nmkT)3N1V N . YnbTpapensiruBuctmk raz yuyH KT » TC’
Ba Z =\ " (kT))NVN 6ynagn. E =kT1~ =3NKT,

if pinz 1 E
p=KT1Mr=1Y

205. TM66CHNHI KaTTa KaHOHUK TaucumoTugaH doigana-
HM6 N Ta 3appagaH TawKui TonraH 6up atomnu vuaean ras yyyH
p, E, S Ba/i kuiimarnap TonuacuH.

Eu mw: a3 XpnarMHy xapakreprioByn KatTaimknapHi \mcob-
naw yyyH \onat pyHKumna ZwWwu x,ucobnawl kepak. Mo6CHUHr

KaTra KaHOHUK TakCUMoTn Z = B Q(E,,N) kyiingarn
i N
“ =

~ EH.. iL ..
KYPUHULIHW onaan: Z =27eKTje KTdQ' =~ eKT ~ X

| 3N
X_—Il_e'KT @ KT (2nkT)2 VN _ -
- ynr -[E:? AUk
(JLy-
Z =eq pxT A3 6y epoa PATKT ~”~ —[le BpPOWIbHUHT

eKn

"ICCUMUWIK' TYNKWH Y3YHNUTN.
Npean rasga 3appanapHuHr yptada coHun N =§e? xI
3

dv i kT 3
SodydezdV _ UNTKT 3T L) uepopanan

U =kKT \n , P=KT py



206. T’M66CHMHT KaTTa KaHOHUMK TakcumoTn épgammaa N th
Viapo Tabcuprawimainanrad sappanapgaH Talwkua TonraH tm-
WMHUHI 3\TUMO/IMrn MyaccoH TaucumMoTy 6unaH aHUK N aHn-
MLWHW KypCaTUHT.

»M~N,
Eunvmw: Wm=__e —, H.=£ pa. Y3apo
Ne”™Na(H nn

| recupnawmagurad 3appanap konupga (208-macana)

_" |'<t|(| 3N
. KT KT da'
K= - N . YpTaua 3appanap

KV

cxp

FOHUHUWHI ndogacuHu acnab, MNMyaccoH hopmMynacura Keiamms:
vV =— WV*,
n N\

207. KaTtTa KaHOHUK TaKCUMOTHUHT YMYMUIA XoccannpuaaH
doitganaHne pY =KT\NZ skaHAMIMHU UcGoTNaHr. by epaa
/ KaTTa CTaTUCTUK NUTUHAOWN.

Eumw:F=E- TS, ® =£+ pAF- &= -pY =B —katra
K'pMoauHamuk noteHuman. B =-kT\nZ. pV =kT InZ.

208. Tnsum 6up 6yTYH \onga Q 6ypyak Tesnnk 6unaH an-

Muaau. AiinaHyBum TM3MM koopamHatacuaa M66¢c TakcMMoTu
TOMUJICUH.

E 4 v Ww: AiinaHyBuM TM3UM KoopamHaTacura HucbataH 3ap-
pa Te3nnru Ba KoopAauHatacu V- Ba I gecak, y \onga TM3nm-
HUHT 3Hepruscy Kyingaruya 6ynaau:

I =H((b.r)-i X me NN2mrn66c TakcMmoTu

(
p(//) =Cexp

\



2009. Acocn R pagnycnn 6ynraH W 6anaHgnukgarm Hu
nmHAp naean ras 6unad tynaupunrad. LnanHap acocu ra tmk
GynraH Ba YHVHI MapKa3u opK.,anvM yTyBUM aiflaHWULl YLHbl
HucbaTaH £2 6ypuyak Te3NUK 6unaH annaHagn. Arap rasHuil
yMymMUIA 3appasiap coHn N, alipum 3appanap maccacu T 6yricu,

UMVHOPHUHT €H CUpTUra TabCUp 3TYBUYM ras 60CMMuM TOMus
CUH.

Eunmw : ButTa 3appaHnHr \onat hyHKLUSACK

exP I AT [exp ot dQ., TM3MMHUHI\oNaTyunK

uusicn Z =2\ F= -kT,

—__ _N\N _
\nZ =-NkT\nfexp{ lJr\JlQ NkT\nfcxp KT
ii2R2
— _ 2kT enHT J
Fn- NKT mn milRe -

Arap dV= InhRdR skaHnurnHm \ucobra osncak, y \ongm
_VI

p=~-NTW& € ,6yepgaU=-1L£.
X
210. N Ta 3appagaH TawkuMn TonraH 6up atomMnu uaean mi

yuyH ypTaua K,uiimat H" (N >0) aHnKaaHCUH.

" H
Eunw: Tr =\HndW, dW =— / T+ =< °*[-,
le"»dQ \e~odT

dT =ddql...dgS\tp)...dpm. H =E 6ynran \on yuyH Hn=
HaTvxaga



211. KaTtTa coHparu 3appanapgaH Tallkui TornraH TU3nm
yuyH ncenkagmk chfhmh Cv=aT'(a >0, n> 1). AHa wyHAaai
in him yuyH kBaHT \onatnap coHn Q(E) aHMKOaHCUH.

Eunmw: Q= (ff)K=*(fFf)K=Flr,=fI(f) = o)
N(E) = eifd; InQ(E) =(5(E); 0 =(ff)r.,» By udoaasaH

(lor=fg: </INQ(E) =Ar(£) ={</£; INS2(E) =-f. By ncho-

[a0pH:
£

Q(E) =e”. &)

(1) ndpopamar dE :a—o yde Hu onamus. by udogaHu UH-
torpannab, 9 =- (8 +) M) £ KH) mdogaHm onamus, (2)
a

W()Omara Kyimw Hatuxacuga Vi (£) - exp Aﬂ% >GI/(H+3)

212. 3nuTponua S = &1nAE£) ékn S = K 1nW(E) kyprHuwAa
annkgaHaan. Katrta coHgarn sappanap TM3nMm yuyyH 6y nkkana
U(])oaaHVHT 3KBUBANEHT 3KaHAUTN KYPCaTU/ICUH.

Eunw: dapas yunannuk, Tusum N Ta 3appagaH Tawikun
onraH ngean ras 6yncuH. by \onga gasanap gasocu

3T

r(E) =\dgj...dgiNcpl..dpiN =AXE 2Vs.
KBaHT onatnapconu £(£) = Ay =B,E 2VN.

Arap aHTponusaHN \McobalLLLa TUSMMHN y3rapmMac KaTTa/iK-
nnp AnBa BNoaH mnbopat ae6 \ucobnacak, y \onga \ap mkkana
\on yuyH \am S =Nk In£ +NK InK wndogaHn onamms.

213. MyaiisiH TU3MM Y4yH X, Y Ba ZKaTTa/IMKIap Kuiimatna-
PUHUHT X, X+ dr, y, y +dy Ba 2z z+ dz opanmmapga éTuw
WWTVMO/ UM

d\V(x,y,z) - C eg{*2&2+2)dxdydz
7—P. MamarLynos Ba 6. 97



nchoga KypuHiwnaa 6epunagun. X, Y, ZysrapyBuniapHuHT y3ra
pviw co*anapuHu 1- » , od ae6 \mcobnab, HopMmaiawTMpuL Ao
VMUIACU TOMW/ICUH.

214. OnauHrn \on yuyH J1 KaTTa/InK uniimaTnapuHUHE
X + dx opanvkaa 6ynui a\T MON/IUIY TOMWU/ICUH.

X aBo6: d\V(X) =M£"'*2dx.

215. MM66cC Tak,cuMoTUaAaH poiiganaHnt Kymmagarn Mak
BE/I1 TaK,CUMOT/NApU OSIMHCUH:

1) IxTnépwuii 3appaHuHrtTesnuru [3x ox+dd, [$r, a/+ dd],
[3., A, + dd\ resnuk opannkgapuaa 6ynui S\TUMONIUTU;

2) xTnépuii 3appa Te3nnuru abconoT KNAMaTUHUHT
[, 4 + dd] opanukga 6ynuw 3\T1 MONINIyK;

3) UXTnépuii 3appa KMHETUK 3HEPrUsiCUHUHT [e, € + dE\
opaimkga oynmw a\TUMONNNTI.

Eunmw: 1) d\V =

Qe  rxr ddxddy dd,. Hopmanaw waptv | dp(d) =1 gaH

2) ddyddy o). = gAtOsin2bbd<p skaHnurnHu \mncobra osncak,

r ' "9vs’

3) £= Ba #= ra aKaH/MrnHm \mcobra oscak,



216. Vinrapury macana HatwkacugaH gonganaHno Kyinaa-
M kattanuknap tonuncud: a) ft\ n>-2; 6) ft sa ft2
B) 3appaHVHI 3HI KaTTa 3KTUMOJIIMKKA MOC KefraH Aaes3nunk
KuiAMaTn.

Eunw: a) ' =Jddp(d)= | f"e ¥ di
o (o]
Famma pyHKUMACK TabpudmnaaH oinganaHno, KyiingarmHm
TONammus:

-
6) (1) upogapaH N= 1pa ft= /887 , =2 pa ftx=—
VA m
=0 pan ft, =ft
217. £ Ba 3appa KNHETUK SHEPIUACUHUHT 3HT KaTTa a\Tn-

MO/ KUAMaTn £ 3TOMW/ICUH. by KI/IVIMaTJ'IapHI/IHFTeHFSMaC—

NINK cababu TyLIYHTUPUSICUH.

Eunw: £ =| £dp(£) = 27— 1eKIEMf ="KT.
yn(kT) o

da i

A ekrp =0 pan £0 =KrT> ~ SQ cababu wyHaaKu

s

6uTTa 3appa y4yH \ucobnaw 6axapmngun. Arap Karra coHgaru
3appanapgaH Tawkua Tonrad TM3vMm ydyyH \mucobnaw 6axapun-
ca, y \onga B = £Q

218. Waean ra3 Monekynacu KUHETUK SHEPTrUSCUHUHT 6e-
punraH £ kuiiMataaH kKaTta 6y iMacinK s\TUMOJIINTU TOMWUI-
CUH.



xeKTf',2d& m-: =£2 y3rapyByaH Kuputamunus, Hatmxaga

byeppgpa® (0= r } N { -
\Y / y (0]
XaTonuknap nHtedanu.

219. Arap \amma 3appanap coHn N 6ynca, ngean raga
Teamrm 0 <4,> opanvkaga 6ynrad 3appanap coHn N \vco6-
JTAHCVH.

Euniw; 3],
2KT
m
X
Hatwkaga: Nt =N ®(])_ 2 e-"\  &(x) =[eyAy.
v* J 0

>a =%

220. a3 MoneKynanapuHUHI LaHdai KUCMU ypTadya KMHe-

TUK 3Heprus £ =~KT paH katTa 6ynraH wirapunaHma \apa-
Kar KNHeTUK 3Heprusara ata 6ynagm?

XaBob: +1~0 (1'] =0,39° by epaa
N, =Njdp(£) sHeprusicu £ KT 6ynraH 3appasiap COHMU.
F

221. Nauw cUpPTUHUHE 6UpnnK to3acura 1 cekyHnga ras
MOJIeKYyNaNapUHNHE YPUAULL COHM V =/ M4, KypuHUwAaa éynu-
LN KypcaTuicuH (MN—6upnnk \axmaaru sappanap CoHM).

I

Eumw: dv=9xdn)x =n|” |2 a =jEy-

y=MN(!')5}e-"5»,1,=a" =1n9.

222.\aBocu cypuiraH UAUWLHUHITOPTUP M MWNAEaH Mose-
Kynanap gacracu uvk,aétmp. [lactagarv 3appasiapHUHT ypTada
Ba ypTaya KBaApaTuK Te3/IUr1 TOMUICUH.
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Eunw: Chepuk koopanHatanap tmsnmMmmaa Makcsenn tak-
CMMOTU (PYHKLUMACHAaH hoiaanaHamms:

3
dn(9, 0, () =ydN(ti, B, (p) =«[*]2e'ad212 sinOdOdtpdd,

a =2KT .Y >thnoa, uavw cMpTUHKMHE 1cm2i03acura 1cekyHa-
[@ ypwiraH Ba aHUK,TE3/IMK KuiAMaTura ara 6ynraH Monekyna-
nlap COHM gn(d)=nn(r1;m‘r;'_e XTI d3dd 6ynaan. Oactapa Tes-
mrn A4,6ynraH MonekynanapHuHr d9 opannkaa owkopnat a\Ti-
monnurn dp(&)="~, 6y epga V=zxnd. LWYHUHT yuyH

[actagary MosieKynanapHUHT ypTadya Ba ypTada KBagpaTuK Tes-
NVKNapu yuyH Kyiimaaru noganapHn onamms:

0

223. PeniTUBUCTUK ra3 3appPacuHUHT SHEPTrUsCU UMMYbC

6vnaH $ =Crp2+T rc2 kypuHuwaa 6ornaHraHd. bepunraH xan
yuyH MakcBensa TakCUMOTU E3USICKH. b

Eunvw: dp(p) =CeKkldpdpydiz=Ce KI dpacydov
Hopmannaw waptn | dp(p) =1 [daH y3rapmac kaTtannk CTo-

nunapu:
4

(2 (B)

224. Arap TM3um 6up 6yTyH \onga UM Te3nuk 6unaH \apa-
KaTHU 6axapaéTraH 6ysca, MakcBenn TakCMMOTU KaHAal y3ra—
Pagun? I ug - .2

XaBo6: </p(M)=] er{" d&xd9yddz.

225. Nkknta 3appa HUCOUIA \apakaTt Te3nuru

HUHT abCcomMioT KUiiMaTuHUHE 4, t + dd' opanvkaa 6ynui s\ti-
MOJIIUI TOMW/ICUH. O ypTadya aHUKIaHCUH.
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Ve

Eunw: dp(9,]2 =Ce~ 2Zr dbtdb2e</£=4n-"</3,
dft2=4ji\d02 Ba HopManaw LwapTgam oiiganaHnb Kyingarn
ndpogaHu onamns:

3 MyTER
dp(9t,i)3 = N ONoJl,<H=>2

AHrY y3rapyBuniapra sa 6enruniawiapra yramms:
N N - — _ =N N__
_ o= M-WIZA" M=T1,+T1-7 'r+,\2

HaTxaga TakCMMOT Kyiinaarm KypyUHWLLHN Onaau:

3 A2 3 0o
</p«,0Q=4 a(~]2e'rT2NTFr4n["~,)28"™ B Be

By vpoaanaH
2 M2
</p(N) =4n(™ )V «rI’' W n

kemb ynkaaw. (1) ndopapaH donpganaHne, T, =T 2=T \osuga
HNCOWI TE3TMKHUHI ypTaua KUAMaTUHM Tonamus:

fl =# p(3 ) =0, $=V — ras 3appasiapuHVIHT ypTa-
n nT
Ya \apakaTt Te3mru.

226. dapas kunainuk, 4xd2(3¥)di) katranmk monekynanap
TE3NNKNAPUHUHI 4, & + dd Te3nmk opanvrmuaa 6ynvw a\Tmmon-
NMrviHW 6epcviH, 6y epaa/ (02 — anddepeHumaniaHyBum yHK-
umsa 6ynmnb, KypnHMWn GepuamaraH. IKTUMOJIIMK TakCUMOTH
[eKapT TU3MMW YYyH Te3NNK BEKTOPWY KOMMOHEHTIapy y3apo
6ornaHmaraH ae6 thapas kanuo, Tesnuknap byrnya Makcsesnn
TaKCUMOTU OSIMHCUH.

3 g

KaBo6: /(fl2 =] ~_)2e XT.

227. buTra mornekynaHVHI GMpPMVK BaKT JasoMmaa G6apya
MosieKkynanap 6unaH TyKHallumLl Tyna COHW TONWIcuH. Mone-

(0%



Kynanap 7, paguycnin MyTnak, KaliwKpK wapnap Ae6 K.apan-
CWH. YpTaua lorypuLL iAynm TOMuCuH.

Eunw: dapas K,unainimk, rasHuMHr butra MosekynagaH 6o-
LWK,a KparaH 6apya Monekynanapu Kysranmac 6yncuH. Axpa-
TUIraH Mosiekyna gonraH Kysrasivac Mosekynasapra HicbaTaH
' Te3nuk 6unaH xgpakatnaHagn. by monekyna 6GUpPANK BakT
JaBoMnaa 4° ra TEHT WyNHW yTagy Ba KonraH 6apya mMonekyna-

nap 6unaH o \axmv uwmMHApAa TyKHawagn. AHa LWyHaam
TyK,Hawmwnap coHn dv=od'dn(d") 6ynagn. by epga 4n/2 —
COUNNNLLIHUHT Tyna adphekToB kecumn, dn(d') = ndp(d'), n—
\akM Gupvrugarn Monekynanap coHu,  =y/2n,

BUp/MK BaKT AaBOMMAA MOMEKYIAHUHITY A TYK,HaLLIMLL COHM:

rr - ™ —
V=j civ =] ad'ndp(d") =4n kMKTJ aane utd3dr= 4ne%(m.

YpTaua torypuwl iyim 4 =—= .1 .
v nn/$
228. Nkkn ynyamnu \onga (cupT yctuaa) 6utta mosekyna—

HWHI KOJIraH MoJsiekynasap 6unaH 6up cekyHaaa TyKHawmnap
COHU TOMW/ICUH.

X aBo6: v=-lIn™od, 6y epga ra=y ,4 — MKKM ynyamnm

\onga yptada Te3nmk, N —cmptgarm Tyna sappanap CoHu, S —
CUPT to3acu.

229. £, = AT6epwraH aHeprusaaH KU4MK Ba KatTa sHeprus-
napra ara 6ynraH 3appasiap COHMHUHI HUCOGATW aHUKTaHCUH.

B3

N 1

f 0(0)
2

XaBob6: -=-7"-
r f +H_
2 e
230. lNasHuHr \ap 6up atomn A, TYNKNUH y3yHaurura Bea /,
VHTEHCMB/INKKA 3ra MOHOXPOMATUK EPYINK Hyp/aHTUpaau.
N Ta atomgaH wvbopar ras Hyp/aHULIWHUHE NHTEHCUBANUTU
ATYNKUH Y3YHAUTN (PYHKUMACU KYPUHULLIMOA TOMUSICUH.
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E 4 n w: AToMmnap Typ/v Xwi Te3NnK 6unaH \apakat/iaHraH-
nnruv yuyH, onn.ep addpektnra Kypa kabyn KWINHraH Hypra-
HULLIHUHI TYNKUH y3yHamrnm 9 =4, |l + 6ynagw, KysartyB-
un Or yknga Typmoam aeb kapanagn. 4, A + dX TynkuH y3yHau-
m opanmrngary épyMmunk nHteHenenmrn JdX =a dn(X) 6ynaam,
a —y3rapmac KaTtanuk 6ynné, j JX)dX = NJnwapTtaaH Tonn-
e ™) r o Anrf
dn(¥) =(lW.) =Y  J i AKddt=N 2T dk

Hatmxaga JX)dA =m~7e'a'ssi,2N'c/d, 6y epaa

8 = a = j Aemak: y X) =

vV nt bl 1

231. MeTann numnparn aneKTpPoOHHWHI NOTEeHLMaN aHeprus-
CU YHUHrTawkapucuga 6ynraH xpngarm sHeprusacugad W= ep
MUKOOP Kam aeb \mcob6nab, TepMO3NeKTPOH 3IMUCCUA TOKU-
HUHT 314U @aHUKOAHCUH. MeTauigarn 3/1eKTpoH 3U4nnruv
AQ maccacu or.

Eunw: ] =end — TEPMO3IEKTPOH TOKUHUHT 34T, OX
VIyHal'IMLIJ,EI,aFVI TePMO3/IEKTPOH TOKUHUHT 34T

Ix=enJx=enK\ dxdp(f)X¥\\dp(9y=dx) =end-~—"YX

X Jdse 2rrf3x])] e M d9yd9r="~e X, o Te3nuk
®

...A2

3MIEKTPOHHUHT MeTa/INAaH YMKULL UKW LLapTy = e<qopH
aHvKaaHaaw, 6y epaa @— 3/1eKTPOHHMHT METVVIAAH YMKNLL
vwn. Hatmwkapga yn=" —ﬂ e KI' udopaHn onamns. by Tepmo-
3N1eKTpPoH \oamcacuHNHI PUyapAcoH Kiaccuk hopmynacuamp.

232. f =8(p) KoHyHra ara wmgean ras yyyH 60OCUM

P~ LWi*} ® wudoga 6unaH aHMKNaHULWN

KypcaTtuicuH, 6y epga f(p) vmnynscnap 6yiinya sappanap Tak-
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CHMOTWU, SSbHU 3appaHnHr (P) UMnynbcra ara 6ynvw s\Tmmosn-
vru.

233. Mm66¢c TakcumoTugan doganaHnb, Tawkm U (X, Y, 2)
noTeHUVas Ky4 MaijloHMIra XXonnawtmpwunrad nagan ras nxmm-
Cpwii 3appa kKoopaumatanapu [it, x + dx], [y, y+ dW\, [z Z+ df
opanvikaapuaa T S\rMMonInri TONUACUH.

e Mda _ e dr
Eunw: Mbbctakpmmotn « W e F—W— Hu”

—+ .
U kTdn je *r dr

3appasiap MMNybcx byinda nHTeanaiMmmns, HaTtxaoa:

dp(r) =Ce «r dxdydz

vchogaHn onamus. LWyHAaain 3appanap COHV 6UpAnK \axmaa

Lx.y.r)
dn(r) =n,e k dxdydz -

234. Arap 3pKuH TyLUIMLL Te3/laHuWn g , MONeKyna maccacu
T, rasremnepatypacu 6ynca, 61p XXUHCIN OTMPANK Maiado-
HUra XomnawTmpunrad naean ras yCTyHUHMHI Macca MapKasu
TOMWJICUH.
vu.y.l)

Eunw: dpE= e wWxY)X%x— — BonbyMaHTaKCUMOTH.

Je kI dxdydz
IR
. j zZe KT dxdydz
z =z«=\zdpe=SL-— —— =k-.
je KT dxdydz
o
235. bup xun coHaarn, nekuH \ap xun /M, ..., TK....l],

Maccann 3appanapdaH Ty3uniraH /Ta naean rasnap apaalimacu
pagnycn R Ba 6artaHg/mrm J16ynraH uwwmHapaa EpHUHE ormp-
NNK MaigoHnaa xonawrad. Ly TM3MMHUHI Macca MapKasu
TOMW/ICKH.

105



Eunw: NyHanuwHm zyku Gyiinya onamms. LyHAa K Tvp
1 3appanap OrvpanK Mapkasun ZK TeHr Gynaaw:

h ke
fzke KT dzt
Zk =j Zkdps =1, ay . m.g
Je 7rdx e kT
0
K = Genmnaul kuputamms, y \orga 2k = 2k ~ -j/»

BYTYH TU3VIMHUHI YMYyMUIA OrMPAYK Mapkasn Ay Kyiingarnim
TONUNaaM:

i t |
Z Nmkzk X Nmkbk ,Eﬁ-Nm"—l 1
’<0=_'iﬂ,1 _____ ——— e ——— . 1— ].LlK-
£.n4 £ . Nos* £ A/T*
= *
M =~NmKk pgecak, y *onga 0= ~ - " -

236. 1 banaHg/vkgary MyBo3saHaTt \onargarn ras yctynm-
HUHIOUTTa MOJIeKy/ia MOTEHUMAN 3HEPTUACUHVHT ypTada KUt
MaTu aHVKAAHCUH. a3 6Up XXMHCAWM OrUPAnK MaAdoHNOa KO-
nawmmpwiraH.

h se
Jrr *rdz

Bunw: U=Ag = o= KTl a7/
Je <
(o]

237. Yekcns Ganangnmkgarn ras YCTYHUHUHE NOTeHuuan
SHEPIUSACUHUHT ypTada K,MAMaTy aHNKAAHCKH. a3 61p XXUHC-
N OTVIP/IVIK MaiigoHWAA XXOMNawTupwaraH, Temnepatypacu T

ra rexr, 3appasnap coHn N.
n

J ze~KT dz
Eumw: U - N =Nmg------ =NKT.

\e KTdz
o
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238. bup XMHCAX OMMPIVIK Kyuyn MaigoHuaa >xoinawmm-
pwiraH W 6anaHgvkgarn ras yCTyYHUHUHT OrMpanri Tonwi-
mn. T

X aBo6: 9°=Sk7\n()- nh 6y epga rh=mme KI, S—ra3
YCTYHUHVHI KECUM H03acu.

239. Moc *onpga /M, Ba W2maccanu A, Ba A2 MmonekynagaH
ralknn TonraH MKKUTa uaean rasnap apasallimMacy acoc Hsacu
vV, GanaHgmvrn NeéynraH umnnHapaa kK avarraH. Apanatima orvp-
1NK MagoHnaa étaan. gy gesopura Tabemp 3TyBUM 60CM
\amga mMacca Mapkasn BasusT TOMUICUH.

XXaBo6:

KT - Wb

eur -1

240. 300 /T'temneparypasa Ep armocdepacuaaru kucnopos,
(0 2 monekynanapuHWHI KaHOai Knecmn EpHUHI haBnTauyMoH
MaliJIOHVHN eHra ONNLWIN MYMKUH?

E 4 v w: mmaccanm Kmicnopog, monekynacu Ep rpasMtauyioH

N N
MarigoHnaga U =mgrj - | noTeHUuWan aHeprusara ara 6yna-
awn, 6y epga 10=6,4 ‘(I?CM r) Ep pagnycn, r— monekynagaH

Ep mapkasurada 6ynraH macoda. BUpnvk xxmcmoHmii 6ypuakga
B6anaHaVK 6yiinya 3appasiap COHNHUHT TaKPUMOTU Kynnaarmu-
ya 6ynagw:

n nHu
nr) =re K ,r >° pa -me N
|'|L|_|| Ntngr,,
On=e «7 —p K —gSO_ |Q-14

«©

241.  [Jdovmuin Q Bypuak Te3MK 6uniaH ainnaHysun R pagy-
yCcu LeHTpudlyraga TraH naean ras MosiekyacMHUHE yprada
noTeHUWan sHeprmsacy TOMUICUH.

Eunmw: [N =mSIZ, 6y eppoa r—aiinaHunw yBuaaH mose-
Kynarada ynraH macogpa. MonekynaHmHr noTeHuman aHeprus—

CUHU \1cobnaimms.
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BonbLMaH TakcMmoTura Kypa r, 3 Z UIMHAPUK KOOPYH
HaTa/In HyK,Tafia MOJIEKY/IaHW OLLKOpanaLl 3\TUMOJIN:

d\V(r,(p, 2 =Be KIdV =Be KT rdrdcpdz.

By ndogagaH r 6yiinya TakcUMOT (PYHKLMACUHW ToMamu i

d\V(r) =Ae «kr rdr.

- TH22 £ ngr*

fevax, VN =10dw(r) =- B eaq -1 Je vrrair. 1v

mUzr2
wQ-/-2 e ur

[ 2KT

mil2rz

€ %1 -1

ucogpaaH U - —KT

242. [Oovimnii Q Bypyak Te3nvK bunaH annaHysun Y?paan
yenu ueHTpudlyraga Monekynanapy w, Ba T 2mMaccanapra ara
6ynraH raznap apanaliMacuHN aXpaTuLL yTKasuiaan. AxpaTuLl

nin\
KoahpuumeHTa q =%ﬂ1. 2§*K TOMW/ICUH.
(<

/=0

(a2 -/9,)Q2r2

XaBob6: o= uTt

=e
('l1/~Uo

243. mmaccasiv N Ta MOonekynagaH TallKui TornraH MyBo3a—
HaTgarv 6up atTomm ras 1 6ypuak Te3nuk 6unaH Tekuc aiina-
HyBUM R pagmyenu ueHTpudiyraga xkoiinawraH. a3 temnepary-
pacy T. Fa3HUHI 3HEPrusacy Ba UCCUKAUK CUTMMU TOMUICUH.



liy epga £0Ba C? - Q =0 pga ras sHeprusicu Ba UCCUKOUK
Ml vimun.

244. #Te3naHWNN 6UP XUHCAWU OFMPAVK MangoHnaa Q
Oypyak Te3Nnunk unaH y3 yum atpogmaa ainaHysum R paguyc-
WMHa h 6anaHgMknu BepTUKan umnnHapaa ETraH ras MosieKy—

‘M BPUHWNHT TaLCUMOTU OJIMHCUH.
(mii V- [, 22

XaBo6: dn(r,2 S(kT

N @:—B‘@\(e 7 2 e
w)

245. Bocum Ba Temnepatypaniapu moc \ongapr TN\ eap2 T2
[a cakgaHub TypyBUM WKKM uUavw 5'Kecumam K,Mcka Haiiua
6GuaH TyTawraH. Arap ras Mo/IeKylaCMHUHI Maccacu T, p, = 2p2

Ba I, = 2T26ynca, 6Up NaVWAaH NKKMHYMCUTa OK, MO yTraH ras
Maccacy aHUKOAHCVH.

XaBob6: M = -0,41.
Kypcatma:
-T(yH6Y
N TN\
M =S(n{9ix—n2q2<)=8ng’)9te X dd ffe X
xddyddzzmr’ -SNhjrendNjje XK= dt,dot 2T\

Byeppa s, =AL, & =

246. Vipean ras xonawtupuaraH namwaa S o3am oMa-
noyTrewmnk yinnrad. Tpk=>nwpaH Vvacodaga xxonnawtmpusi-
raH R paguycnmn romano”\gvck yctura TyllaéTraH 3appasiap CoHU
TONUACUH. [NUCK TEKNCANTU TELUMK TEeKUCAUrnra napainen.

S 103a Ba AVCK Mapkasfiapu to3anapra TUK MyHairaH unsmkaa
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crn6nn. a3 Monekynanapy MakcBETHUHT TE3NNKNAP OyliHuM
TaK,cMoTUra GyicyHaaw.

X aBo6: N = (dN(e) =S kT R
J 2V \ Am A2+/2

247. Cvipaknawirad ra3p 6ocumvga ngywaa XomnavHim
KWuknHa  to3anm TUpkiwgaH o™M6 YnuaeTraH rastesnmil m
anmnknaHcvH. byHaa ras monekynaiapy MakCcBeNnIHUHT Te3NMK
nap 6yinya rakpumot LpHYHUra 6ylicyHaam aeb x.vicobnarcun

Eunw: n= ,—dN-dt Smndx . by epaa

3« m(fl2 +»])
T 2*7

fl, =jtixdp(d) =

d9rddtn

va2nm 4

Jdemak, w=-"fSrd

248. Npean ras \apakart/iaHyBuM nopLueHb 6uiaH énunraH
novwaa xonnawraH. MopweHs M macca 6unaH tokIaHraH.
BepunraHd \on yuyH rasHuHr \onart TeHrnamacu aHMKOaHCKH.

E 4 nwi: by \on yuyyH TUSUMHUHT FaMUNbTOH PYHKLMACK

H =ff(Pi,q,)+j*+Mgz

6ynagn. by epoapm z— moc pasuvaa M mMaccany MopLUEHHUHT
VIMMNY/IbCY Ba KoopauHatacu. \ap govm Mg =pS wapT 6axa-
pvnnwn kepak. Y \onga Mgz - psz =pY, 6y epga S — nop-

LeHb to3acn. bapomeTpuk dhopmynaHn \mMcobra onvaraHga (ras
N 2

yCTynu yHua Katta amac) //(p:,q,) =~ N - TUSUMHUWHT cTa-
TUCTUK NHTEANN:

c AL 7 zliL
Z =j e2mrdpM e KIdV] e2Kidpdq =
0 J—
IN*\

=N\(2n1) 2 (kTII\/ZIn\J/Ep— -1
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© =—KT\NZ. V ={—) =— KT,pV =(N +DkT.
ap )T

249. xtnépuii f(qVv ..., gN\pV ..., pN u3mnk KaTTanmnk

yayn 77 =T dr gy Irw TEHIINKNAP YPUHIIN SKaH-

JINrN NCOOT/TAHCUH.

ryunw ./|=|/ | dWr= endr =-kTff/~dI'

+KTJ~e kr dT =KkT By epga dT’ =dql...dqgl I x

x dgM ...dgNipl ...dp»N
WyHra yxwa6: / =kT 3KaHNUTU MCOOoTaHaaN.

250. MTa monekynafaH TallikKua TornraH 6up atomny KBaHT
uaean ras apkunH aHeprusacu, 6ocumm, sHTponuscu sa MNM66¢

TEPMOAVNHAMMK MOTEHLMAIA TOMUIICUH.
Eumw: F=-kKT InZ\ p=kT~\ S =KT"-;

o =F+pY. Z ="Nj;z =le~rdQ; dQ =~"Nd6.
XaBob6: A=-M7'TIn"- +]In*“ N +]|], p=*=*

SzmhﬁﬁTﬁ{§+umw,

_ ~C-ThHIT.
b =NKT\n LY,

251. 3Heprusacu umnynscu 6unaH £ = gpAmyHocabaTt opka-—

Ay SopnaHrax sappaiapgaH Tawkul Tonrax 6M€ iTOMﬂM unaean

rasHVHr \onaT TeHriaMmacu KenTupme umk.
Eunw: p=k 3" _ Burra sappaHuHr *onat dyHKUMsACK
oy

Kylngarunya 6ynagw:
in



(o}

:—htc4{)ekT{r4ﬂdS =r m(kT)\VA

—T dInZ _ NKT ]
p =KT Z1y- =—p— FEeHrNamTn

6unaH Moe Kenaaw.

252. 3appasiapy y4yH 3Heprusa Ba MMNynbC opacnaa £ = wb
MyHOcabaT ypuHan GynraH 6up atomnn naean ynbTpapensil
BMCTUK Fa3HWHI 3PKUH 3Heprusacyu Ba \onart TeHrnamacu To-
MASICUH.

253. /¥YTa 3appagaH TalKui TonraH 6up aTomnm magan ras
sHTponusacu S sHeprus E Ba \axm Vra kaHgawm 60ornaHraH -
i TOMW/ICUH.

XaBo6: S =~Nk InE +Nk InV +const.

254. bup ynyosnv \apakatga naean ras yuyyH 3apkKuH 3Hep-
rma ~Ba aHTponusa S noganiapy TOMUICUH.

XaBo6: F =-NKkT\n L 1 InmkT

by epoa L —co™aHVHIr MNapakar MyHanuwugarm 4nsvkou
ynyamu.

255. Brup ynuosnn ongank Kyun maigoHmaa xomnawraH
6anaHanmrn h Ba acoc to3acu S6ynraH 6up aToman uaean ras
YCTYHVHWVHT 3PKVUH 3HEepruscy TONWICUH. 3appanap coHun A
mMaccacu or, Temnepatypacy T Ba OrVMp/inMK Kyun MaigOHVUHUHT
Te3naHLLIN #0e6 \MCobMaHCUH.
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XaBo6:

o kTS mon N
F=-NkT\1 (27T 2 NkTw 1-e KT
TR " _
256. <7, KaTTa/INK /3pKUHINK Japaxacu y4yH Bupuan

kywiagn. Arap q:L +° pa H-** 6ynca, 6urra spKMHAYK Oa-
paxkacu BUpUasmMHUHrypTada kuiivat jK T rateHrnmrn Kypca-

WAICH.
Eunw:
_M
- ~/ JeK dr
Iqfind 1 dT = W - S— - w ..
xratimdr 2 oft S "
* je kTdT
6]

257. SpKUHNK fapaxacu 6yinya KMHETUK SHEPTUAHUHT
34 <1 .
reHr TakcMmMoTu Tyrpucugarun sa g JﬁzA By KypuHMLWAArY
«

BUpVasT \akugarn TeopeManiapgaH oonganaHnt umsmkgn rap-
MOHWK OCLINIATOPHUHT ypTada SHEPTUACUHN KUCOBIaHT.
XaBo6: £ =KkT.

258. IpKUHMNK papaxacu byiinya KWHETUK SHEPTUAHVHT
TEeHITaK,CMMOTU Ba BUpWan Tydurcmaarn TeopeManapiaH oii-
panaHn6 U(q) =a g2 (« — HaTypan CoH, a = const) NoTeHUW-
an SHeprmaan Tawky MangoHaa 6mp ynuosnm \apakaT 6Gaka-
PyBYM 3appaHVHI ypTaya 3HepPrusacu TOMUICKH.

259.  Bup aToMM YNbTPaPENSTUBUCTMK GMP MOJTb KBAHT MAEgan
rasHVIHI CCUKANK CUMMU C/ATOMUIICHH.

Xaso6: CI/1-2Q\

s— P. Mamartkynos Ba 6. 113



260. T’MB6CHMHI KaTTa KaHOHWK TakcuMoTuaaH doigana-
HUG Pepmu-unpak Ba boze-NMHLWTENH TaKCUMOT (PYHKLMA—
napu ONNHCUH.

XaBo6: dn=gf($)dQ; /(£) =~ —
erT |

By epoa dQ — £, £ + dE 3Heprus opanurugarn KeBaHT \osar-
nap coHu, fi —xummasuii noteHuman, q = 2s + | —cTaTUcTuK
Ba3H, S— 3appa CrnHM.

261. 3appanap TyKHaWWWWHN Kapab Ynkunob, MaynmHUHIC
TakMkKgaw TUMONUIMHK ~Mcobra onraH \onga @epmm-upak
TaKCUMOTU YNKAPW/ICUH.

Eunw: dapas kunaiinmk, L EK — 3appaHu EKaHeprusnm
\onatrga Tonuw a\tumonaurn 6yncuH. Et sa E23Heprusnu
VIKKMTA 3appa TyKHaMwnaaH kelinH £38a EAsHeprusn *onar-
fapra yTuwm yuyH KelnmHrin \onatap TakmkaaHmaraH 6ycuvH.
Y \onga E{+Er Eb+£4 xapaéH yuyH kyiimparn pyHKUN-
OHaJ1 TEeHrNamaHy OflamMns:

WEN-WEAWEMNX-W EA = \Y(E,)[\-\Y(E)\LLLEA]\-
\YEN\, 7(£)= W'\E)~ | dQYyHKUNAHN KUPUTKNO,
f(EJ f(E") =f(E]) f(E 29 whopaHn onamms. By TeHrnamaHMHr
eunmm 6ynef(E) = A e"ExkypyHuLLaari yHKLUMS X1M3mar Kiwia-
on. Hatmkaga f(E) =AeaE =i~ e gaH W(E) =-
depmn-Aunpak TaKCUMOTUHN OJlaMU3.

262. depmu-Aunpak Ekn bo3e-3AHWITERH cTaTUCTUKacura

GYNCYHYBUM £= ~ 3HEPruanN 3pKMH 3appanap YuyH
2

B =--E ypuHnu akaHnMru nc6otnaHcuH. by epga B —katTa

TEPMOANHAMYMK MOTEHLMAN. n

Eunw: B =-kT\nZ, Z =
in *



/xanargarn sappanap yuyH 0y nkkana u((rogaHn 6upnawtmpmo,
é3amus: ( :

pei
Bith~ - KT In | xe KT . Bapua \onatnap 6yiinya niru
HaTvpKacuaa KylinaarmHi Tonamma:
' Htio ' v-ft
B,p==*KT% In 1+e KT ==Arjln 1TekKl dQ.
y > y j

dQ =gstr =844/ -Y, P =>2rE 3kaHNUIMHN \1UCOG-
ra onno, ynaknab nHTedannaw Hatwkacnaa Bdb =-1E Hu
orlamu3.

263. JHeprusa byiinya TakpUMOT (PyHKLMSCMra acoc/iaHno
APUM CAVHAX PEPMUOHNAP YYYH Te3nMKiap byinnya Tak,CMMoT
O/MHCUH. T= OKna 6y oyHKLMA rpadmri YN3nUsICUH.

Eunw:</n =gf(&) dQ, dgd =% =j™np1p —p-1}0 d¥).
depMMOHNap yuyH g= 2, e =—  TeHramknapuvHu \mcobra
oncak, y \onga TakcMmMoT (pyHKUUACK

02d

exp A KT +1

dn(O) _8nt

KypUHULLHW onaan. byHaaH T = OAl'Temnepatypaia:

aa;
<Yy(0) =
o A4=AT fa.

by eppa —
Jarn ®epmMmu aHepruacy (13-pacwm).

264. OngyHrn Macana Hatvbka-—
cungaH donpanaHnd, T = 0pgaanek-
TPOH ras’vHUHI Ba Kar-
TaNMKNapy aHUKAAHCUH.
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265. MyTnak HoMb TeMnepartypasa 3NEeKTPOH rasvHUHT 3ap
pasiap COHM Ba NYKMN 3HEPIrUACU TOMUICUH.

Eunw: Al~j dn=j 2f(e)dQ. = '2/'c' -

f f i’
E =\edn =) 2ef(e)del =4 nk[™]2]) e328=]| /Vfm

266. 7= OA'[a 3aNeKTPoH rasHNMHI 60CUMN aHUKAAHCUH.

XaBob6: P = [

267. Myrnak Hosb TemriepatypagaH ghapkyLl Temneparypasa
HOPENATUBUCTUKANHUIAH 3MEKTPOH Fa3VHUHI SHEPIUACU aHNK-
NaHCUH.

Eunw:
" e, 1
E =\edn =\2ef(e)dSI =2-2A2"\1v\ - " -, @
(o} (e} \% > 0 _ kT .,

By wHTerpanHmn kmco6naw yuyH / =] f(e)e"de (n=>0)

o}
KYPUHULLZAAM VHTErPa/HA EUMLL KEPaK. By MHTErpasHm Gynak-
nab VHTErpaniainMmns, YHKUUSIHA KaTopra éaMm3 Ba HaTkaaa

»Xaagangarn nHtedhasviapaaH doiganaHamns. LLyHaa y
n+l
1= @
vcpoaHn onamms. 3
BusHnHrkonnmmnaydyH 1 =— Hatmxaga (1) ndpoga Kyiin-

[ary KypUHWLLHW Onaapj:



TTLW W

KT
2N j
[pOH ra3 3HeprusacMHN oslaMms:

Arap U = 1 ncoaaHn (3) ra Kyiricak anekT-

E =sNe,, | +i (/m

by eppa/cH=EWOCK ga depmu cat\u.

268. MyTnak Ho/Mb TeMnepaTypasaH hapkaoy Temneparypaja
aiHUraH 3NeKTPOH rasHUHI depmuy caT\m TOMW/ICUH.
KT

U= I
XaBob6: U =l 2 /o

KypcaTtma:

N=\dn=\2f(t)dll =22n[*j|\1v\j£§{JIr
a n e 0 eKT H
vhopgnaH choiAtanaHWICKH.

269. Myrnak HomMb TeMnepaTtypasaH apkay Temneparypaja
HOPENATUBUCTUKAHNIAH a3 UCCUKANKCUTUMW Ba S3HTPONU-

ACW TOMWJICUH.

XaBo6: Cy=~éEOr|K2T 1-"]% };:I_

KT T

SERKT 1y

270. T =0A"pga meTtaigarn yTkasyBum 371eKTPOHIaPHUHT
KaHgaii kmemm 0,5e0 fjaH KaTTa KHHETUK 3Hepruvsra ara 6ynu-
LM aHUKOAHCUH.

Eunw: YW=J] 2f(E)ilQ =2 V feule =AV\egj.
u ) 1 3
05 3

w, =\2/(c)</Q =/1V j e\de =AVj (0,5e,,)y.
a
0,5 enbHeprysigaH KaTta aHeprusira ara 6y/raH yTkasyBum
3NEKTPOHAP COHU
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nr= N - w, =$ﬂe§0 -0,5") m A< P
HW FaLLKWN KUNaau.

271. 18°C TemnepaTypafa metaviga «b'pun <H
\mgaH 001 3B nmacTaa xoWnawiraH >Xopuunb =<l
POH 6unaH Tynaupuanw A\NTUMO/IIW U L, . ThiK 1

KaBo6: (i/(€) =/(f)[I-7(e)]: ILit

272. 7V OK Temnepatypaga aiHuraH depmu i i sm\
HaMVK MoTeHUMaMm @, 3pKUH 3Heprusicn / uni uuy

AHVIKOAHCUH.
X aBo®G:
on
J— KT _
q) —/yﬂ, \ - :I~2 = o i
5-12 | KT
X =N | +
L 21 A

273. KT « 1 LapTaa aiHUraH 3M1eKTPOH M MHHMA
ronwienH?

WaBo6: p=fy'f.in L i

/0

274. depmu cTaTucTUKacura 6yncyHyBUM HA M<MI i
KWW nwmn A = e 6ynraH 3M1eKTpPoHMapHUW H pMunL
3MUCCUA TOKU aHUKyTaHCMH. A —/ » KT geb \v» OH MH*|

Eunuw: Jx=envy, 3*=\dxdn(d) =( ) jjr/fl( ,19

| VHTerpasHm \ucobnat imhim

Ox CXp —H KT +i
Ba m% =@ TEeHrMKAaH c&gﬁ,qanaHM& agivnwH vMgm
onamms: J, :ﬂlcrw—”fk'lf)\/ze ¥ — PyuyapacoHHWH WL il
My/1acu. 1

275. T = OA'Temneparypaga lcm3ue3niga YTk Nnun x&h
TPOHNAPHMHI NUTMHAOWN KUHETUK SHEPTUSCU “MCO&NMH MA
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2
s ,)/(, LU —2-20 t7 [ HY e2de =] yvi,..

2 |
K. m, ** - L[”~)'- by cpga uesuiigarun
- NHUWTPaumsacM n=—— wnoaaaaH Ton wiaaw,

Huww nwunuTt, Y= 132,9 kr/monb, /N, = 6,02- 1056

||»n 7/ 17S0 x

f - "A K unepatypana antoMnHWIA yuyH depmu aHep-
1} (HM M LIEeKTPOH aHepruacu \McobsaHCUH. ANlOMU-
H| ki]i Mp aToMmra yuta apK1H 3NEKTPOH TYTPU Kena-
LLH<Ht him vH.

4»» Y \29B-E= 7,23B.

JH / TA ma kymyLw yuyH ®epmmn aHepruscu \mcobnaH-
m MIMAA 3PKUH 3/IEKTPOHAP KOHLEHTPaLMACK

mM 1ol MW INEKTPOHNAPHUHIAIEKTUB Maccacu 3p-

1ws>y" |l Lijn1ir maccacura TeHrae6 gpapas Ko/IMHCUH.

M "0 / .|.pm. =

| - 0 AJa HOPEeNATUBUCTUK 3/IEKTPOH rasuia 3/1eKT-
NJ..... H 1op 6rnaH Ty HalmL COHU TOMWJICUH.

........ r 32173 N~ Y \axm[darv aneKTpoH-

If< M,I MK HOMb Temnepartypaga ynbTpapensiTMBUCTUK
lifl H" yuyli kBaHT xXpnariap coHu g(e), Yerapasuii vi-
i m..... 3HEeprusacy aHUL/IaHCUH.

= [lIno

y -

MU Mliniiaii ynbTpapenatmBuUcTuK (t = pC) 3NeKTPOH ra—
lliii ini hmhk curumn TonuncuH.
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Eunw:

%*Tr 4
aE)</E£+~N(*NZEBAO +... E = gfg™l =t flx
‘e KT H
IO£2(f)</f+(/<-M,).ELJJ.A,)+y 7)E2p)+~ (KT)2n, i(A,) +-

E=En+™ " (k T)2(n0) .
By epma Q(c) =e2 M(un) =p0 p =/, -"-(1T)2p Ir£ £i

w Jpen

MLHVHT T = OA' par KniAmatu S%KIQ(e)(k =N Mqoo,u,a,qag
@]

TONWaaOW, HaTVWKaOA

(2).
(2) ndpogaHn (1) ra KysamMun3:
- 1
E =gn+KN2
Ur"<3p''{rbc x13* =3 M 4 -

281. ®apa3 kunannuk g(e) — 6up 3appasm \onat 3uuimru
6yncuH. depmn-Aupak ctatucTmkacTta OyncyHyBUM Fa3HUHT

ncenknuk chfhmh, KT « fil) pa Cn =~-k2Ig(fi0  popmyna
6VMaH GEPUIVILLIN KypPCaTWU/ICUH.

Eunw: E =leg/(E)/Q =| — —. (1)
r '

By epma g(e)de =gdQ. =g-" =g!Lyp<ydz (j) ,100.

OaHV MyalisH TemrepaTypa yuyH Katopra éamMus:

E :MJO eg(e)de +(u - nn)nrg(nn) +’\2L—(kT)2g(/un) +
® 2

+T<*nWW+ .- =f. +£(KT)}gtt).
2
By wpogapaH C,, ="-K2Zrg(™).
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i | e A(waptga MeTasiapgarm aiHuraH 3M1eKkTpoH ra-
"'emKiMi HM (inyMM \MCOBNAHCUH.

flp M * /& waprga Metarnapda alHuraH anekTpoH rasvi-
"JgH-in nit | in Mmn énnnnw 3oHacnaaru ahheKTrB aneK-
1" w «upy n,MHknaH 6ornaHnLnN KypcaTuicuH.

m »"" )KI'Id.

m ft /MuHHam ®epmMn rasm yyyH 6ocum p, aHeprua E Ba
unla pY - -E myHocabaT 6axapmnnimn Kypca-

| If» 'mit 266 macana HatvbkacugaH hogaIaHAICH.

mAd *-yjp'cl+mZ4 sHeprusnn Tyda aiHuraH pensty-
VwM MM IjM»H rasvHuHr \osat TeHr/1iamacy TOMUICKH.

B< V13 “#22Vpo+*~" 2+fac)deacs/H» N

| ,NyA
not( ly I ~ ®epmun 3appacu yuyH uyerapaBuii
V4LIAM

MA | HMMHUHI KaTTa KaHOHUK TakpmoTuaaH doligania—
1 lit*= wnHHUTENH Ba PepMu-[Mpak cTaTucTMkacura oyricy—-
*viVh Humnl la3 yuyH aHhONMA S HUHI M. ra 60rMKauUru
‘HAM' vH

H| nnun <1>cpmoHnap yuyH
rs k£ |n\w +@-n)Inl-LW, 6030HNAP YyUyH:

s kV|Miln - @+ 1Ml +«<>].

I |l »



287. TU3UM 3HEPIUACUHU .. caT\iap 6unaH ~Z|jn,
KypyH/LWAA aHUKOa0, KOiTyBumn xapaéHnapaa oA sa dQ kan

[ai MabHOoMapra ara 6y/iMwn KypcatwicuH. . — /-\onatHuT
ypTaya 6aHgmrn.
Eunw: E =" ne;, ysrapyuwm dE =" g, dej +» Etdnt

By MUIMHOMHUHI'MKKUHYM KyLLWUYBYMCA MYy\UT 3appaiiapu
JaH TU3MM 3appaniapura 6epuiraH sHeprus, 6us 0y KaTTamk
HN UCCUKTMK MUKOOPW Aelimns. Y \onga

SQ= X EM =dE~Yj'">den dB, =~SdT - fidXi - n.dn,.

Hatwkana

onlamms.
Jemak, SQ =dE +SA TepMogyHaMMKaHUHT GUPUHUA KPHY-
HUHW 6epaaw.

288. YNbTpapenaTMBUCTUK a3 yuyH Ky Angarnniap Tonwi-
cvH: a) T = OA'ma 61TTa 3appaHVvHI Ty/a Ba ypTadya sHepruvei;
6) 60ocnm Ba Tyna aHeprusa opacugar 60MaHuT.

XaBo6: a) £ =|/V/N0; E =xy0\6) P =\y-

289. bo3e rasviHMHI KoHAeHcauus Temnepartypacu TraHvk,—
NaHCKH.

Eunw: N =\gf(e)dQ-, f(e) =—/*° u ,g=2s+ 15—
e

sAaa
3appa CruHu, =* Ba z= y3ra-

pyBUM KNPUTaMM3, HaTKada
3 . i
*o=2n(2%+1 )[~)2y] - N
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ucposaHu onamus. KoHaeHcaums temnepatypacuaa bose rasm
XUMusiBUiA noteHumanu L, = 0 6ynagy, y \onga
3

N =2*@2j +1)|~ p j2K-2,33 (1)
TEHIIMKAAH KOHAEeHcaUWs Temnepatypac 70HM Tonamus:
T=0084—(_-_1/
290. T< Iopa myc6at aHeprusnm (¢ >0) wnatnapgarn 6o-

30H/aP COHUHN aHNKA0BUYM TaKCUMOT (DYHKLUS
3 I

> w £2d0e

dN(e) =2n(2n +1)(f )
3KaHMIMHN \mcobra onraH \onaa, aHeprust Honra TeHr GynraH

XAnargary 3appasiap CoHM TonuacuH. \amma sappasnap coHn N
Euwnw: e >03Hepruann Tyga sappasiap COHU:

N' =2*(25+ y]i$ - {=2M25+l) (~ f y]~ -

3 .1
OnpguHrn macanara acocaH N =21(2s +1)| INAD|" /]

LyHaa vsnaHaétraH 3appasiap CoOHV

291. T < 7y Temnepatypasia bo3e rasviHUHI Tyna aHeprusacu
E Ba UCCUKYLLK CUTMMW aHUKOAHCUH.

Eumw: E =\ef(E)d£l, £>0 \on yuyyH AHrn y3srapysyaH
KUPUTULL HaTwkacnaa Tyna aHeprus E kyingarnya évnaon:

“w "

£ =2+2i+ DAY (1cTy]r. (D
3
j’;ﬁ‘zljs. @)
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() Ba (2) nchopanappaH:
| s i |
E =0,128(2i +1)|~ J2V (kiy, Cv =0,32(2] +1) j2V(kl) 1

292. T < Tntemneparypaga bose rasviHUHr aHTponusicn J

60CcMK P, 3pKUH 3Hepruscn F Ba M'mb6Cc TepMogyHamMuK Mo
TeHUManM @ HVHI TemnepaTtypara 60rMMKaANIYM aHUKAAHCM.

Eunw: 262-Ba 291-macanasiapra acocsiaHn6 karra Tepmo
OVNHaMUK noteHuman B Hu é3ammns:

B=-Je =-aT* ; « =0,Ne52*+1)(" )2
dB= -Sdt- pdV- Ndp.

XaBo6: S =jaT*2 p="~yT52 F=-1aTs2 ¢ =0.

293. T< "~temnepatypaga bo3e-3MHLWTeNH rasu yuyH KYi-
ryBuUM aamabaTyik XapaéH TeHrlaMac OJIMHCKH.

X aBo6: YTy7r=const ékn /?K53=const.

294. Arap 'He aTOMAapUHUHI CMIMHN HOMra TEHTANIMX, MO-
nap xXmkMn aca 27,6 CM3 HM TalKWa 3TUWK Mabiym 67Vica,
bo3e rasu KoHAeHcauma TemMneparypacy 3appasiap 3u4Imru op-
Kann vdpoganaHcH Ba 'y remmii-4 nsotonm yuyH 6a\onaHCuH.

2

XaBo6: 7Z,= O ,0 8 4 T* =3,13K.
kK (2s+1)J * o
295. b03e-3MNHLWTENH cTaTucTukacura 6yncuHyBum nagan
rasHuHr 6ocumuv p, \axkmun VBa TyNnK aHeprusicu E opacuparm
60ENaHMLL TOMW/ICYH.

W(asoba: P ~KyE—

296. Vigean ras \onat TeHr/iamacuga KBaHT CTaTUCTMKa bU-
NaH 6ornaHraH 6upuHYKM Ty3atma \MCcOGMaHCUH.

3
I N( nh \L

XaBo6: pY - NKT +2g Y \TKT

, By epop“ +” 6enm
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d] pmroHnapra 6enrn 6o3oHMapra Teruwm, g = 2s + 1,
| —3appa crnvHu.

297. MkknTa kBaHT \onataa étraH N ra 3appafaH Tawkmn
HLWraH 6up atoM/In KBaHT naean ras U4Ky sHeprusicn Ba uc-
| nkguk chfhmh \mco6naHcuH.

Eqmu: IX:/—IIC'I'[ZdInZ Ba r_(AEN 2 =—1N,
_ - _ I+ILe*r
Z= =g@kKr o

-Ar

E =Nea+ Afe|Aee cv= M £1 (£)

-AC

sotleT I/I%Tr))

298. £#Ba SHEPrusaIv MKKnTa KeBaHT \onatmga étraH
TUSUMHWUHT 3HTPOMUACK TOMUICUH.

Euvw: S =y +KInZ.

In ~ +AlnENIL
E e t o

299. Tuamm aliHnmaraH £ =/f, 1=0, 1,2, ..., n - 13Hepre-
TUK CriekTpra ara. TUSMMHUHT ypTada 3Heprusacyu aHMKOAHCUH.

o H
Eunw: & =E =kT2? =KT§:3_IF3_—1I'I'£G*'8{G,) =
ar )

-ne

=kT2+ W’ rE;E
1-e*7 er-l e* -l

300. X< o6upn N + lkappam aiHuraH en= (n + \)hvaHep-
reTuk cat\siapra ara 6ynraH N Ta ysapo 60rfiaHmMaraH rapmo-
HUK ocumnnnsropnapaaH TalKma TonuaraH TUSUMHUHT YCCUK,—
NNK chfhmh aHMKAAHCUH (M= 0, 1,2, ..).

Eumuw: i E =kT1™M-. N Ta y3apo 6ornaH-

MaraH MKKW Y/YOB/IWM FapPMOHUK OCUUNNATOpapaaH TallKul
TOMraH CTaTUCTMK MUIMHAW Z Kyihngarnya oynagw:
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-M=>(n+1)

=N gjn+\)e KT W o M g

-0(n+1)
z

| eo
IM(eA_le)o,ﬂ,emaK, N =N77- -T7

E =kT*2}E*N(/w+ 2& [ q,="te)2 +

e kT
1
301. /NTa IKKN aToMNv 3appaniapiaH TallkKua TonraH KMaT
naean rasHUHr TedbpaHma \apakatura Ty KenraH UCCUKIUK
CUTMWN aHVUKOAHCUH.

Eumw: CT" 4 ~ ), » =KT1 ;
. /|
=<W"; Nidip=X e *r NEWP> £P = +-);
g T NI R TR A apa ke

M |

pUCTVIK TeMnepaTypa Aeliniaau.

l-e*r l-e#

7 ~ NKTg k. xdefip . NKtTAL |
Cd>--~"UWIrry v -~ -~

302. YYTa VKK atoMin 3appajaH Tawkua TonraH KeaHT
uaean rasHUHr TebpaHma \apakatmra Tyu KenraH spkKnuH aHep-
st Ba SHTPOMNUA aHNKOAHCUH.

/ "

XaBo6: Fp=  +NKkTin |-€T



rep = NK -Min
(*);
Yr) -

303. MacT Temnepatypaga (T« ') NTa MKKn atomnn 3ap-

porapdaH TallKMA TOMraH KBaHT nagan rasHWHI anaHva \apa-
Karmratyu KeayBUM NHKU 3HEPIUS Ba MCCUKAMK CLUMM aHVIK,—
JiancuiH.

Eunw:

£«, =NkT2+£inZ"n; <T ={~f\ ;
Zan - 2>xp(~Ff-1Qean) - 1LV e 7

gleta) =2j +l; E~=~"7(7 +1); ¥Y=0, 1,2,3...- KBaHT
COH;
T,=ef*~, -1 +3cap(n); Bllu***.exp(=?£];

Clr =12/Vt(i]’ cxp(=a]l.

304. T« Tc:—ﬂr}zl— TemrepaTtypaga OpTo- Ba MapaBo-
8 K
JOPOAHVHI MyBO3aHAT/IM KOHLEHTpauusanapn Kanaanm 6ynagn?

/— BOAOPOA, MOJIEKYACVHVHT MHEPLS MOMEHTW.

—£/<>0
B (&+1)qr
opr _ >=1.35...
Eunw: T
Hap ’
(2y+)g,
y=0.2,4,...
~opT _ (27+OppT _ 2 1+1 _ 2 . T « T = n
«Hape~ (24 — 2 0+1 _ C _ 8n2lk aa
i2r,
-,
7T — T
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305. MyBO3aHaT/I HypAaHuL y4yyH lMnaHk hopmynacu
Hvay

YHK3PW/ICUH.

306. MyBo3aHaT/I HYPMIAHULLHWHI CMNEKTPaUT 3HePrmsa 3u4
NUTUp; ra Moc KenyBun TYNKUH Y3YHUT ALBap, MakCUMyM
hyHKLMSIra MOC KelyBYM YacToTa MYbrpn-6mpurra Moc Kesimac-
NNTN, SbHU XT * T C 3KaH/IUMN KypcaTUICUH.

Eunw:
(9

=0 wapTtaaH

oynaon. by epga X - Xrm ' (2) dopmynagaH X= 4,9651 Hu

Tonamus. =0 wapTaaH | =3, 6y TeHrnamagaH
e -

v
X = 2,8412 3KaHAUTUHU Tonamms. Ademak, X1 T= 0,002896 m <K

Ba T/ar =0,005097 M mK HX Onamu3.

307. A A+dKeéku v,v +dv cnekTpan Kuemga 3Hr Karra
HUCOWIA HYpaHWLL 3HEPIUsa VYN Ty KeTyBYM TeMMepa-
Typa TT aHUKNaHCUH.

Eumw: MnaHk dpopmynacu 6yinda A, A+ dk éku v, v + dv
crekgan Kmemra Tyhu KenraH Hyp/iaHuLL 3HEPIs 3UYIUTN

avidv

inhedn
eKn

Tyna HypnaHuw 3Heprus 3nuamru aca U=aT4 [lemak, A,
A+ dX ékn v, v+ dv cnekTpan kuemra Tydu KenraH HUCOWUiA
HYp/IaHULL 3HEPTUS 3UYNUTA
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=0 wapTaaH _}/_ =4, 6y TeHrnamagaH

=39207 Ba A7 =0,3668.

308. MnaHk thopmynacnaaH onganaHno, Vkakvgarn my-
BO3aHaT/IM HYpPMaHULLHUHI MTMO6C TepMOaUHaMMK MOTEHLMaNn
AHVIKNaHCVH.

XaBo6: ® =F+ pV=0.

309. MnaHkK hopmyacnaaH cloiiganaHné BUHHUNT CUMKHL
KOHYHMATT = NOMNHCUH.

310. VIkkn ynyosnv \onga mMyBO3aHaT/IN HYPSIaHULLHWHT
CMEeKTPaU 3NYNUrv yuyH doopmMyria YAKapW/ICUH.

294 \%
XaBo6: p(v,T) = —ﬂp—"mqrru,—
311. MnaHkK chopmynacupaH hoiipanaHmo, 4, A + (IX ynumH
Y3YHAUIK opanuriga ompnnk \axkmgaru (potoHnap COHU To-
MUCUH.

312. 100 K TemnepaTypaga MyBO3aHATIN Hyp/aHUW 6uniaH
TYNANPWITaH BYLLITMKHUHT \a&XM brprnrngarn (JFoTOHNapHUHE
Ty/la COHU aHUK/IaHCUH.

X aBo6: np=19,24n/ =5<10'cm'\

313. KOrTUK XKMEMHUVHT KaiMLWKOKTeOpaHuWnapuHH Je-
6aii mogenunary bose ctatuctnkacura 6yiicuHyBUM (hOHOHMAP
rasu ge6, YHUHI 3Heprmscy Ba UCCUKINK CUTUMUHU TOMUHT.
Xucm \axmu K, 6yiinama Ba KyHOaNnaHr TyNKUHAaPHUHI TapK-
anuwTesnuknapy moc \onga c Ba c. Knumk temnepatypanap
\onun kapab YNKNICUH.

Eunw: 3N =j&')£(v,)r/v,; g(vi)dvj =L’\Ldv,+ 2 X

9— P. Mnmarkynon Ba 6. ®9



X 4%“ dvt V—uactotasiapu v, v. + dv. Ba \{, v + dv(opanivk-

narv 6ylinama Ba KyHAanaHr Ty/IKMHAap COHW. Arap, v.= V,
Ba ¢ = c( Aeb dpapas kuncak, y \onga g(v)dv = vVv Ha

KaTTUKXXMUCM 3HEPTIUACA

r.'J f*fE
n e*f_’ O

h h
= _Ef-. MacT TeMnepatypaiapaa —\le— = Ban ev| 3%‘-

r 4a5"K T4 ImdNK 7.4. r _ COET~ _ 12n4M: -j.

v,
B =—J]— — [IeGain Temnepatypacu.

314. OngyHMiM Macara HaTwkacuaaH organaHmb nacTremne—
paTypanapaary K.aTrukKMEMHUHT 3pKUH 3HEPrUscU, SHTPOMUS-
cu, 6ocmm Ba M'MB6C TEpMOANHAMMK MOTEHLMANM aHUKOAHCYH.

315. T <<O0"y ~p[a KOImUKIXMCMAap YYyH KBaHT *onariap

coHU Q(£) aHMKOAHCUH.
£

Eunmw: S =k InQ(£) paH £AE) =eK. by epga S — KaTTmnK
YXUCM aHrponuscn. OnguHru macanaga B =3¢ T4. KoTTnk

7 - A4,
XVUEMHUHI 3pKUH 3Heprusacn F =-Tj-~NdT =-"y-T4
0]

S=-(f) =\ANT\ [Hemak, lMN(E) =e 5 *al.

316. 9NEKTPOH FasvHUHI NCCUKOVK CUTMMU JINTUIA KpUC-
Ta/1 NaHXapacMHUHI UCCUKAMK cUrmMura Tewl GynraHaary Tem-
neparypa aHuKZaHCuH. Jlutnii yuyH [ebGaii Temnepartypacu
B =404 K. yHOarn 3pKuH 371EKTPOHMApP KOHLEHTpaLUsacu
n=4,66 «10®m'S

Eunw:

_ Nkji* kT , AUK_ 2Nkn -3 ~ _ / (3073

Ly L 50x- £ -874Tj
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g, =C ,h* waptoaH T =1 -f =5K. m =91 <103 kr;
V247 fnax
N=6,6- 103K/c.

317. 300 Afa Kymyll KpHCTarmaa OOHOHHUVHT 3PKNUH Hory-
pyulW Hynn ypTaya y3yHAurn \McobnaHcuH. KymyLwHWUHE mc-
CUKIUK YTKa3lyBYaHNMK KoadppuumeHTn a&=418 BtMm 'K ]

rOBYLUHWHI TapKasmwl Te3nmrn #r=3700".

Eunw: J = C,. =—, =C, ——conuutupma uc-
cug, vK
CI 2r M 1’3 IAT ot Kr
= 3083 T ; a=/u=|07871";,

p~ =10,5-103 0 = 225K; J¥A =N/ =2«kan/moneK. Ha-
Twxaga: T =147 <105 wm.

318. ATomnap TebpaHnNLLIMHN aHTFapMOH MK Ae6 \1cobnao,
KaTTUK XXUCMHWUHT MOSSP MCCUKMUK chfhmh \MCO6IaHCKH.
Unankam aHrapMOHUK OCLMNATOPHUHE MaMUIbTOH (OYHKLINS-
CU Kyngarn KypuHuLWAa:

H(g,p) =~ +aql -Pg\ 6y epga P« f-
Eunw: Ck=[|"1 ; E -KT2 . KaTTUKKUCMHM y3a-

po 6ornaHMaraH 3N YM3MKAY aHraPMOHUK OCLWTIISTOP/Iap Tyria-
MM Og6 Kapall MyMKVH. By \onipa TMSUMHUHT \onaTt UHTErpasu:

r 2 7 -“wh4
z =7/TBa2=le k ——pJ ekTdp) e Kr KT cf,

Jeljnlkdp (2nTKT)2

i, (i+ 10y, (F1] (Hleg +.),

A w
YYHKN q2<*—7 , aVL.MO LUy coxga » AV Aw LLUYHWHT yuyH

MHTErpan tarngarn UKKMH4Y" 3KC/IOHEHTaHM Katopra éVIVI!'I,EI,VI.
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Jemak, 6epunraH KaTrvk XXUCMHUHT \osaT UHTErpasiv KyH
narv KypuHuwaa éannaan:

7 e
2T W g \ . bup monb

KaTrmK XUC;
ncenkguk curmvn: Cv - 3R71+j O A7 +..j.

319. Kpuctannap yvyyH Mwu-IploHeli3eH MyHocabaTu:
3Ya =ypCy ypuHAM 3KaHAUTWN KypcaTwuiacuH. by eppa
« :3IK(<)7; |(«'=_M)@)KMHI/IHFLIVI3VIK,D,VI KeHraimw koadpmmmen-
m, P=—@3 L] —TepMuk cukunuw koathuumeHTn,

Y =—-p--YV, \amma YacCcToTas1ap y4yH y3rapmac 6ynraH Kar-
TTUK.

Eunvw: p ZRT'—Q\n.JZS\—V)' fﬂz} =§&—. FapMOHVIK SKUHTa-

MHWNa KarwkK XUCMHUHE \onatm \axwv Y Ba ocuunngropnap
Tynnamu (FI =0 1,2,...) 6unaH aHWKOoaHaaW. AHa Ly SKVH-
nwmmiwaa Kpuctann sHepruscn E =En(Y) + R G +th|(V)

6ynaan, Ef(Y) — kpuctaniHvHr kysranviac N Ta 3appasiapUHHE
y3apO0 TabCUp 3HEPIUISICH.

Z -55"Q(E)»2> )=
exp(_EN.)=exp(-">)Eexp(-")=
cxp(alll jexp(-*$>) = =cxp(

3W-6 L e VvV 3V-6 -

r-n™-")naq



-/ \
1 iff-6

p =kT 3In2(7\K) raegn ) Ay, dinyj .
3K {ay)yr vy L 1hi+ ainF
e*r
_ _dfly y(E-EqQ
y oy y
" '
T _TEIE| _ Yp Nemak, 3Va =

I\1L"?2W > N k- T
=ybCy.

320. Arap TakMkaaHraH 30Ha KeHrnvurm temrneparypa yara-
pviwm 6unaH EQ=£° - £T(£ >0) KpHyH Oyiinya y3rapca, Xycy-
cuii ApumyTKasrnyga Pepmm cat”MHUHT Ba3USTU aHUKOAHCYH.

Eunw: AliHumaraH ApuMyTKasrmyga ytkasuil 3oHacugarum
ANEKTPOH/IapP COHM Ba Ba/IEHT 30Hadarn tewnmknap CoOHM MocC

\onga Kynngarmnia 6ynagw:

n=2 p=2[~ L je -
T ) y
by epaa EO— yTka3nw 30HaCUHUHI 3HT MacTKY Yerapacu,
E y— BaneHT 30HaCUHMHT 3HT HOKOpPW Yerapacu, ;7 — Xumussuii
noteHupan ékn depmmn cat”™m geb oputnnagn, E = Ec+ Et.
KBasvHeNTpa/I/IMK WwapTy N = p gaH:

/0 ( \
H="-+\kT In ™ - * CT+| KT\n
ym 2 4 {rmJ
321. £ KyuynaHraH/MKAM OUp XXMHCN TallKn 3/1eKTP Maii-

[oHaa étraH y3rapmac pO MoMeHTIM Afta aMnon Mosekynanap-
[aH TalWKua TonraH maean rasHUHC 371eKTP KyTOMaHULWIN
\MCOBGAHCHH.

Eumw: (1o= -SdT+ W + Vdp\<P= -KT\nZ(T, p, £).
BuTTa MonekynaHuUHI FaMmnibTOH DyHKLUMSCK

n’\’\—Cp’\’\—Zchose.
dinZ
KK, e z=z;

Pa cosfl

M. M.
z,=\e "rdr =<p(Te *r sin9de =<p(Mp= P - 7
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NpOL| j.Byepma L(x) =cthx —NanxeBeH <3ri-
uusicn geb6 roputuiaan.
322. OngyHrn mMacanagaH hoaanaHmo ysrapmac POmomei

m NTa Annosib MonekynagaH Tallkui TonraH naean ras ydyH
AON3NEKTPUK CUHIONPYBYaH/IMK aHNKOAHCUH.

Eunw :r= 1+ 4me, e —OnaneKTpyK CUHT ONPYBYaH VK, &-
KyT6naHyBYaHNK, YYHKU
NaHxeBeH hyHKUMACKU KaTra Temneparypasa Ba Kyucuns MaiiaoHa

LX) =cthx - _ =—+£ =! =£ kartopra élimnagn. by \onga
6UPAVK \akMaarn ras gunos MoOMeHTn 9=y = =B
Jdemak, e =1+y -

323. Monekna/TapHUHI KyTO1aHyBYaH/IMIMN aeHN Tallky Maii
[OH KaTTanmrmra 6ornaHmMaraH ge6 \mco61ab, onamHr Macana
YUYYH AN3ANEKTPUK CUHTANPYBYAHINK aHUKOAHCKH.

XaBob6: e =1+4"ae +| " -].

324. X Ky4naHraHAMKIN BUP XUHCMW TallKM MarHuT Mali-
[JoHAa ETraH y3rapMac M MarHut momeHTIm N Ta MonekyrnagaH
TalKW/A TONraH NAgart rasHUHE MarHUTNaHUWM M \MCOBMaHCUH.

Eunwi:
-n(®)
dN _ e kT sinodOdip

I B

|_e Kr sine dodtp

By eppoa U(B) =-(MX) 5-"secosO; 0 <y=<2n; 0 <0 <.

[ (o \\(0) fiMaxosO)s\nQO .
/7=—  pe6 6enrunacak, ’\K—)———e—x—p(—— OO0,

a

Z(P) =j ep(PmMxcobB) sinddo. MarHuT MaiiooH yHanuwim
6yiinya MarHUT MOMEHTU NMPOEKLMACUHUNHT ypTada KuiAiMaTi:

Xr= = mcos0 N J_exp(gj«8ecosO)cosflsing</g =
™ J exp(/I>tHaecos0)sin0</0
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ézﬁpm T pﬁ*) = w Cﬁ](/?’JV\ae)_P‘n!EeJI *M —mcosQN =

yHoa N X) = ~7 —JlaHxeBeH hyHKUMACK.
325. JY’ra MoneKkynagaH TalKu/ TonraH cuipaknaHTupmi-
lan ras sappanapuv Kyiingaru UpHyH 6yinda Tabcupiallaaun:
Qr=>p\
U(r) =\-U0,p> r>d;
°r <d.

AHa WYHOAA Fa3HUHT WUCCUKYLLUK CUTMMWU aHUKIAHCUH.
I — y3apo Tabcup cdepa pagunycu.

Eunuw:
Cr :(—) , E =KT2%F2’
ATy

BepunraH \on yuyyH pean rasHuUHr \onat QyHKLUACK

)
7 =Z  «+4r11; P =4n% eW \rldr =-800+ ~ ;
1B; 0=y — Monekynapagnycu. Arap, 1=  —3u4-

NK Ba 6 = 466V — Xycycuii \axkmM 3KaHIMIMHW \mcobra oricak,

6y xOnoa:

Ain[1+~7
n[+2V]

E =kTr +KkT2 -P
aTt ar

nbUO

1+

¢y =Cy, "
— (|/|
Jemak, cuipaknaHTUpwaraH pean rasnapga Temnepartypa
opTULLX BMaH NCCUKITUK CUTUMU Kamasip 9KaH.
326. Y3apo Tabcup noTeHuman aHepruscu U(r) =—Xx
X(a =>0,n =>3) 6ynraH rasnap y4yH UKKUHYN BUpUas Koaddu-
UMeHT \MCOBaHCHH.



f dL\
Euvnw: B(T)=--P =2nj \=R%& i, bynakna6

\% /.
VHTerpannaw Hartmxkacuga kymungarn mndogaHu onamns:

327. BaH-pep-Baankc rasviHuHr Mb6c TepmogmHamMuK Mno-
TeHUManm y4yH ndoaa TOMWUICUH.
)XaBo6:
_ A2 N
¢ =dpp +y-(RbT-a), 6y epopa Nn= . ras-
HWHI MOJIp COHU, a Ba b — napameTprap.

328. BaH-aep-Baanbc rasm yuyH sHTponua ngoaacy onmH-
CVH.

3
D e = In VfW T ]I+
XaBo6: S =kKNm W[ 2 ) 2

nFo

329. 3appariap opacnaary y3apo TabCup NMoTeHUYauT 3HEPIrUsAcH
oO<r<r.

2m<r1 < mpa

KypuHuwaa 6ynraH \on yuyyH BaH-aep-Baankc TeHrnamacuga-
v y3rapmac napameTtp a \mcobnaHcuH. by epaa rO— 3appa pa-

anyen.

XaBob6: a =
(7-.3)2" ~°270N0 N0 BT m

330. 3appanapu
o, O<r<d mg

t/(r) =< « r>d na

KoHyH Byiinua y3apo Tabcup/iallyByy CUpaknaHTUpuaraH ras
yuyH \onar TeHr/fiamacura rysarma X.mcobnaHcuH. by epoa d —
3appa gnavetpy, a=> 0, Nn>3
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(K il

XaBob6: /&yt = w \

331. BaH-aep-Baasnbc ras \oNnaTMHUHI KaJTOPUKTEHI/1laMacu
OJ/IHCWH Ba 3PKNH 3HEpPrmacy \Mcob/1aHCUH.

XaBo6: E =En+-'""-\ F =Fm+y(RbT -a).
332. TebpaHULLIHU aHrapMoHUK Aeb \mcobnad, NKK1 aToM-
NN MONEKYNMaHVHI KyLlMMYa WCCUK/TMK CUTMMWU TOMUJICUH.

MonekynaHnr rnoteHuman aHeprmacn U = +Py' +yg\
6y epopa, y —ysrapmac KatTasmknap.

)XaBo6: Q» :2K2r( ' K~Ay

333. X‘® karicmcu N Ta -e Ba +<2 3apsg/m 3apsg/iaHraH
3appasiapfaH Talwkua TonraH Ba V\aXMHW araiiaraH cniipak-
NaWTUPWIraH raasMaHuHI NYKN 3HepPrnsacy \Mcob1aHCUH.

Eunw: £ - £,+ £;B,-C,T* £,; £, _ib{> , B»

epaa @— /3apsan TypraH Hyktaga konradH \amma 3apsaiap To-
MOHMAaH \OCWN KA/MHIraH MaiZioH NoTeHHWanu. MNnasma nkku

CopTAarv Kapama-LgpLuv 3apaa/iapaaH TallKni TOMraHamr yvyH
Ee=i/Ve~(0)-j".(0).
3apag, 3nunurn p/-) = e(n+- a), n+= ree~m/An, N = nrersy.

Xamma 3apsg/iap \ocun KiaraH MaigoH MyaccoH TeHrnamacn
A< = -4np(r) gaH Tonunaaw:

AA = 4se/T|(CH 7T—C y,a)m

C|/||7|paKnaHT|/|p|/|nran nnasmMa ydyyH 3KCrnoHeHTaHu Kartopra
€16 TeHrMamMaHVHI eYNMMNHN ToMamu3:

Z(r) :5r.e—*r + ’r\ e*r.

byepga x =y ' Yerapasuii waprnapnu kynnab C, =e
Ba C, = OakaHAMIrvHmM Tonamms. Mapkasuii 3apsg, MaigoHUHN
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unNapub Tawnab, gonraH 3apsgiap MaigoHn yuyH; £0) =
= -tw; P(0) =ea: HM TONamn3. LLyHaa,

Eo =y Ne(ex) - 1 Neex=-NJx=~n<

E =E_- Ne3/8ﬁ/¥,
m IV
334.  CuiipaknaHTUpWIraH MniasMaHyHE 3PKUH 3HEepruscuy,

SQHTpONuAcCK, 6ocumin Ba NCCUBYXKK chfhmh aHUKOAHCUH.

Eu nw: OnguHri Macasia HaTupkacura Kypa cuiipakiaHTu-

punraH nnasma MYKU 3HepruscugaH choganaHamms. SpKUH
T

sHeprna F =-7*1jfd T, uyHKM yTa cuiipaknaHTUpwWiIraH rjiasma

N \ ft
(y -0 luHTerpannaw gowiimmcy 6unaH 6ornaHraH \ag,

Homnra HTUIaaW. Hatwkana:

r -p 2ij[8V. o —(1 -s - 1Ne3|&N -
3 " lari- 3 fe©T

ns UHTr n 3 Urvs

Cy =Cy)lu+jived )

335. noTeHUWanrada 3aps/iaHraH KoHAanamp >XUCM anek—
TPOHNapAaH (3apsan —€) Ba MOHMapaaH (3apsan —+e) Talkun
rornraH ryiasmara XonnawTmpuaraH. 31eKrpoHaap Temvepary-
pacn I Ba noHnap temnepatypacu I \ap xun ae6 \nuco6nab,
Jeb6ain skpaHiaw paguycy aHUKAaHCUH. nasma KBasyHeTpan
[e6 \MCcob/1aHCVH, NOHMAaP KOHLEHTpaumsacy

XaBob6: ae=1 KI'T> ;

\4an@AT3+T,)

336. Brp »1HCAK TepMoanHaMUK T3UMAA \&XXKMHUHT ypTava

KBaAPaTVK (PAYKTYyaLUmACM aHUKIAHCUH.

<)

Eunw: (AV)2=\(V-Va)2dw =KA2n%T]J(V -V jx
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337. TepmMocTar nanaa XomnawwTupwuiraH Tmaumga temnepa-
TYpaHWHT ypTaya KBaapaTuK oyKTyaumacy aHUKNaHCUH.

Eunw:
-Cy(r-To)l
— _ . 2T
@ T)2=)(T-TO20dW = T-T2 dT.
—7
(AT)2= Ta—TepMocTar Temrneparypacu.

338.  ¥Y3apo 6oknaHMaraH T Ba V y3rapysyaHiapaa aHeprm-

AHUHT ypTaya KBaapaTuK oNyKTyaumacy TONUACUH.
Eunw:

nr=(8#1a7 +(1™N)rpK-

(AE7-<3(AT7Y+ [(1£)] +

ATAY =0 (ff )r :A(§7\ ~P Ba ONAVHIM Macasianap Ha-

TkacugaH doonaanaHnt Kyinagarn nogaHm onamms:

(AE)2=CyKT2+ T[l_aATJI -p 2ZKT\—

T

339. ysapo 60rnaHmaraH I Ba KysrapyesyaHnapga ATAP
TOMWICUH.

Xaso6: ardp =92_'2(§))V [

340. T ea KysrapysuaHnapga AV Ap, ASAV, ASAT To°
MUICUH.

XaBo6: AVAp=-kT\ A5Ar =*T'||£] ; W T =kT.

341. Y3apo 6omaHmaraH/? Ba 5 y3rapyeydaHnapga AAl To-
MWICKH.
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342. pS2=kC; ASAp=Q\ [or =-kKT[-\ 3kaHIIun
KyPCATU/ICUH. LaVv)e

343. Tm66C TaKCUMOTU YPUHN BynraH TepMmocTarda érran
TU3MM YUyH 3Heprua ayKTyaumsacy TOMUIICKH.

Eunw: pE2=E2-(E)2

E =X E,W(,) = neE,) =~
' Ee " UE,)
= IEf 9k(E ) 2
E_ :—__e a___’_ =0 20 — A
x z ,cp}y N 22 AB2 |

le " QE)

NE2=02(MN)K &k OEN =kTZTy.

344. MacT TemMneparypaga MeTa/viapaar 3MeKTPOH rasm 3HCp-
FMACUHVIHT HUCOWI (hTyKTyaLmsacy TONUACKH.



345. MNMactremnepatypanapaa K.artuk XXUCM 3HEePrusiCUHUHT
HUCOMIA chryKTyaumac TONMW/ICKH.

X 6: = [ ]
aso A bnaur3

346. POTOH rasunaa aHeprusa ayKTyauusacn TONUICUH.

Eunmw: AEI =82'3Cé).lt =KT2\YL  MysosaHat/n Hyp-

NaHuLW y4yH Fnank &)opmynacm )A/pI/IHni/yu o= Vh Igt)IA%_X>
(8E J2=WcoEw+- " - (E .
Vunwn

347. kkn cat?ywl Tmsmmga sHepruns qoiiykryaumscy \mcob-
JaHCYH.

anz _ KT2
Al Z 1dT;y
f.-fi >,

Z= =e-'-a +e_’2/8‘2= ft +£i =20

— 2T(dZ )} +Ti2 dz \ .AE£0 _ g|g2AEV f/r
E2=LX2 i+ 2- aFj,/ (AZ) - (@+Se~y-

348. TMB6OCHUHT KaTTa KaHOHUK rakcumoTugaH guoipana-

HMG, (A/V)2=KT *  TEHrInK nc6oTNaHCcuH.
Ty
LrHg
) e KT Of,,n) . _ fineN'G
Eunw: W, n= i ékm W =e KT KYpPUHN-
'Z'Ze KT Te,n) finreN*G
E£e”™ - =

wuaaésnnagn. byepaa GHopmManaw Wwaptm
N n nn-snNn+G

[JaH Tonwiaay. 3appasiapHUHT ypTada CoOHN N =E5> T =
By ndoganaH v
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Hopmanaw waptmaaH — =-A' TEHIMWKHW Tonamm3. Hatn-
(AN)2=kT N
o )Ty

349. H rammnbToHMaHra ara XTmépuin TU3UM MOJISP UCCHIK
nukenwmn C,,= (H-H)2/(KTY 3KaHAUTMHW UCOOTNaHT.

Eunw: E ="E(pj,qi X)dW =/£N"N)E
\ekTdjdg
(E-E)H -H)= EH - EH, arap E= H pgecak, y *onga
(E-E)(H ~H) =(H- WN)2-E2-E2=KkTZy. by vdoaanaH
macasna LLapTV OfIMHAOW.

350. a) bonbumaH, 6) depmun-Aupak, B) boze-diHwWTEN
TaKCUMOTNAPW YPUHAN ByNraH Uaean rasnapiarv appanap CoHM
YUYH HUCOWI (yKTyauma TOMWUACKH.

Eunw: 5 = m(AN)2- KT N
: )Ty
a) y_eW e (AN)2=AN, sn = 6) 1, = —
N e KT #
(O«)2=mi -«7); 5« =) — ;B) 4 =~ —5
v o e KT

(Iqﬂ7)2 :n7(1 +H1); 5: =. _LU._

351. [ebaii mogenmaarn KpUCTau/l YYyH MaHkapa.aToMu:
HUHI KBa4paTuK ypTada CU/mMKULLW aHUKAAHCUH. KpucTann ane-
MeHTap fvelika y3 numra butra aToMHU onaau.

E 4 nw: KpuctannHu W yactotanm 3A—6 Ta Hopmas Tebpa-
HULWNAPHVIHE TyniamMmy Aeb K,apall MyMKUH. Xap 6mp TebpaHuLL

6unaH 6ornaHraH yprada aHepruss — =Agy, [nj +i j. ] ocumn-
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natopra Tyrpu kenraH aHeprus MNo))rj =Ww) |/ +j-j,
M —artom Maccacu. I — aToM CUDKULLIMTaj — HOpMaU Tebpa-

HULW KyLiraH \mccacu.

ma .. C N
-4 - +- N0O)d(.
i / exT. |
By epoa <) = » yyHkn J S(¢)dO -3w. TD-

[Jebaii TemnepatypacuHu kuputamms Ba T« Tp\OM yuyH WH-
TedpasiHM \Mcobnall HaTvxKacuaa

n ( een
amktn 1H25E

vcpomaHu onamms.

352. Aoy AeBOPUHUHT KUYUMKTUPK,ULLW OPKO/IN BaKyyM—
rayumb 4yvMkaéTraH KI1accvK naean ras sappasiap COHN OK,MMAN-
HUHIHUCOWI hnyKTyaumacm aHNKNaHCUH.

%
Eunw: oA = J(AY)_Z_ Burra 3appaHuvHr \ocun KwiraH

okumun (Y- =|£L(flx),.; TYNTAOKNMMU:

v ) 1 -TA |

3app;uiap COHV OKUMUWUHWHT (PIyKTyauusac:

A/n1= =
(I 1

r? >0 co\aga Makcsesin Tak,cMMOTU épJamMmaa ypTadanail Ha—

2 1 2Kl 1 y
TwxKacupa Kyhimparuim onamms: (A7) =-UM1 _|
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KUHETUKALOTH MACAJTANAP

353. )] KoathhUMEHTN ENULLKPK; MY\HTAA \apakaTiaHyH
4n T Maccasim bpoyH 3appacHUHT ypTada KBa[paTuK CUHKN-
LWH aHMKNaHCcKH. 3appa paguycy rQ

Eunw: pa=yJ(AX)2. ®okkep-TnaHK TeHrnamacwu:
a+n =0 ) ="0/(y,t)-\x-[bikyj)f(yj)l6yW
y = (t>,)- Arap Tawku MaigoH 6ynmaca, y \onga a{y, /) =0;
by, 0 =bdt = VZ /=kxpwmga h, = J>>-x)21' x
XLy - X, )</x =A [Or3=r/n Arap TalWKn MangoH Tabcup sTa-

éTraH 6ynca Ba MyBO3aHaT \onarada bpoyH 3appanapn bonbL-

-Y(x.y.r)
MaH KOHyHura 6yiicyHca, y \onga / =fre A Ba J =/0x
a- 2T<FT ekl =0 a = bF =cF — CTOKC dhopmynacwu.
4 = " cPePuk3aPPayYIYH U =£~ We=2KTq, (AX)2=/AF=
=2K'Igr =37"1-A =\J(kx)2= — CMONyxXoBCKNiA Ba

ANHWTEH onraH ndoaa.

354. Ormpnvk MangoHnaa étraH bpoyH 3appacy yd4yH Keag-
paTvK ypTada CUmHKULW aHUKNAHCUH.

Eunw: dapas kmnainuvk, OrmMpavik Kyum r yku 6Gyiinda
Tabcup ataétraH 6yncnH. U = wgj. BpoyH 3appacuHVHI TE3UM
a =gF =~q ¥ =~4ng- VIKKMH4YM TOMOHOaH POKKep lraHK

TEeHrfamacura kKypa a =j|(z~zO); (Z-Zn) =a T =- ggx
(z - ZnN2=Dbr = 2Dr — arapga OTP/INK Ky4n MaiAoHN GyniMaca.
OrMpnvk Kyunm MalgoHu Tabcup 3TaéTraH 6ynca, \onga
(r-"n)2=2Dt -2q(z-Z«)F =2Dr +(gmg)2 171 byeppa/) —



anddysmna koahpmymeHtn. A= 3KaHNNIMHU \mncobra

r
OJ/1cak:

355. Maccacu T BO pagmycy r06bynraH bpoyH 3appacunuHr
I BaK,T JaBOMMAA KBaOpaTuK ypTadya CU/mKUWN (4*)2 ra TeHr
6ynca, ABOragpo CoOHN A™NaHUKOAHCYH.

Xaso6: NA= "F
311 (AX)2

356. CraymoHap pexvmaa 3appaniap 61p yn4yosv noTeHuu-
an Tyeuk U(X) opkanu andpcpysmsnaHagn. Arap Xt Ba X2kecum-
napa 3appasiap COHVUHWHI 34U Mab/ym bysca, 3appaniap
OKUMUHWHI 3U4UTU TOMW/ICUH.

Eumw: a +.CV' =0 — dokkep-lnaHKTeHrnamacu. 3ap-
panap anddysuscn \onmaga N =0 KypUHULUHWN oflaaw.

w TH O _ g No + " dUNL o I'Ie%l
@R ‘w1 TN W oa)” P T §

CypaTtviHm Ba MaxpaXkKUHU X, Ba X24erapaga nHterpainab kyln-
JarvHyi Tonamus:

KT !

357. BepunraH ypTaya aHeprusa Bea 3appaiap coHuga oup
XUHCN Ta3 YUYyH A-PYHKUMACUHUHT MUHUMYM/IUK LLIAPTU
MakcBe/in TakCMMoTUra O/iMG KeNMLLIN KypPCaTUICUH.

Eu v

5 = -kH; H=\\f(r,b,1)Inf(rfi,t)drdd . M
MyBo3aHaT \onatmga TU3UMHUHI 3HTPOMMUACU MakKCUMyM
6ynagn, A-QPYHKUUSHUHT GUPUHYM BapuaHuscn <JH -() Bea

VKKUHUM Bapraumacna2d » 06ynuwmv Kepak. Kyimmua niapi
nap:
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ﬂ[m‘v +U(r) f(r,d,t)drdd= E\ )

jjf(r,d,t)drdd= N ; 3

fjf(S +ceE +AN) =0 @)

— 3HTPOMUAHUHT MaKCUMYM/IMK LaApTU. Kyhnparn épaamumn
hyHKLMOHA TN Ty3aMU3;

«e - 9\P +Inf(r,d,t) +a f(r,d,t)drdd. (5)
BUpMHUYM BapraumsacUHW HONraTeHrnawTnpamMmms:
$L =p ™ 4U(r) +@ +1+Inf(r,d,t) =0.  (6)

NKKNHYN Bapunaunsacn HoOMOaH KaTtTta 6yl'II/ILIJI/I KCpak:

8H _ |
Jiy ~y >[]- By aca MUHUMYMAKK WwapTu. (6) ndoaanaH

s}
/ =Ae @)

A =e X Hopmanaw LWwapTnaaH Tonwiaan, /3= (7) vidpo-
Oa MakcBenn-bornbumaH TakCUMOTUHU 1dhoganaian.

358. Tawkn maigoH U(r) HUHr maexygmrinaa bonbumaH
KMHETUKTCHI IAMacUHWHT cTaupoHap edMn Makcseni-6onbL-
MaH TaK,CUMOTU (DYHKLIMAICU 3KAH/IUTN KyPCATUIICUH.

E yunw: Tawkun maigoH U(r) HUHT uaTHawnwmaa bonbuy-
MaH KVHEeTUKTEHIlaMacu Kyinaarm KypuHULLHW Onaau:

¥ 57 ) jWin) d__ ,
dl ar T or op ' M

Makcsenn-bosnbumaH TakpuMoT PYyHKLMACK
Tﬂ :IJ-(D
f(r.d) =Ae 2)
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BonbuMaH KMHETUK TeHrnaMacu (1) HUHF Yav TOMOHWUHU
noara anaHTMpagn. TykHawmw vHTedanm / =0 6ynaaw,
UyHKM

Hr,b\)/(r,b\) =/(r,L[)MNr,L)
Gaxxapuiaau.

359. TTemnepaTypaa L Maccanv 3appasiap R paguycnn wap
nanga A0 oMW 3MYnuK 6unaH TaucumnadraH. /=0 saur
MOMEHTUAA Wap KOOUIM MyKonaan Ba 3appasiapHUHE 3PKUH
yumwm 6ownaHagn. t = OBakT MOMEHTUAA LWap MapKasuaaH r
Macothaga 3appanap COHUHUHE 3uunuru p(rj) TOMWACKH.
TykHawwuw \mcobra o/IMHMacuH.

Eumvw: TykHawwmw Ba TalWKu MarigoH 6ynmaraH \on
YyUyH BonbuMaH KUHETUK TeHramacu Kyimaarn KypuHuLL-

HU onaaw:

Adrbp ~adran_o0
A a

MacanaHunHr wapTtura Kypa r=0 BakKT MOMeHTMAA
Ar0,A).0=A(ro- /o("™); 6y epga pQro) ndoga /=0 BakT MO-
MeHTUAA 3appasiap COHNHUHT 3nunuru, /(#) — Makceesin Tak-
CUMOTW. 1BaKT MOMeHTUAA 3appa x.onam f = +ft/, yHaaH

r0=r0-dtea /(r, b, t) =pn(r - bl) = (d).
P(r,t) =i f(r,b,t)db=!pQr -bt)f@b)db =

= Po('b) 'fn

(rrO) =mrtos0, 6y udioganapHn ypHUra Kyiinb oypuak oyiinua

I/IHTecbaJ'U'IaLIJ HaTXXacnga KyIZMAarM M¢)0 MWN3:
ir- -T . 2 ® =T
r 7~-1Z

PO(O) oA

Macana waptura Kypa p,{ra) = Fg,rg ><R JJIYHUHE yuyH
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j¢ ====px»(""/ —
6y epoa J(r) =jeZK' r,,dr0. VIHTerpanHu \mucobnHuw Itd

TxKacuaa Wwap MapkasugaH r macoaaa /nakt MOMeHTLLM L1
pagap CoOHU 3UY/TIUTUHU TOMamMmns:

p(r)) =< VR _PR 4o +a)-a(p |

0y epaa |
T
a= .
Zkit*
! q
Nannac yHKUMACK.
360. MeTanngarn aiHMMaraH 3/1eKTPOH ras yUyH »4rkLp

YTKa3yBYaH/IMK KO3hpULMEHTIApPN aHUKAAHCWH, arap Ox VM

Oyiinya ctaumoHap Temnepartypa rpagueHTn Masxya Ha / m.LL
[OH KylinnraH 6ynca, r =A <QfA >0; /> _ 7).

E 4y nw: bepunraH macaga yuyH Oxyu, 6yinya TOK Nri L
M / HU Ba NCCLUYLWIK OKNMU QXHW aHWN1aiMun3:

Jy =\edjdd- (:}(:\]’g}~ 1jdd .

TacMMOT DYHKUUSI KUHETUK TEHTTaMacuaH:

/-nm-*(£f *ee$> Oyeppa n ., ("~ f

MaiiooH 6Ba %T( TaKCUMOT (DYHKLMAHW Kam y3rapTmpam,
6y \onga f =fO+ 29 xfFO-~""NE£ - 1/cT'jf)™ . by ndo/bl

HU ypHUIa Kyinob, nHTechannaw Hatmwkacuga Kyigarn g
JasiapH Onlamms:
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Jx=L,B+kLn ~- QxX=L"S +kl2%?(

T
t)]x O waptmgaH: < - " )(~r)!: J.=» waP*

4r.

«

4 rM_ W
min \ 21 Al
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