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CY3 poLlNn

[I\ I'mol) 'T'oiiiKciiT Jannat negarornka MHCTUTYTUAA PU-
Il 1 mm WocH 6yiinya Ta\cun onyBum Tanabanap y4yH yk -
. lam n iiK ((u3vka LlTtepmoguHammka Kypcu \amza cemu-
Mip mak’pnannapu acocuga é3mngn. Maskyp kutobga cratumc-
IM ¢un Mka na 1ICI)MmoguHaAMMKa acocniapuHmn eTapamn gapaxaga
11Wua (lai'ii jTuna \apakaT KuAnHAKM Ba 6y haHnapHu mycTa\-
lam Mnipiamia K.Ymak 6epMOK,y4yH MuUconnap Ba macananap
[| "wm|, 41 (iiinaii) kenTupungu.

N(iHis In'vnanmaTTr acocuini mak”cagu Wy (haHHWHT acoc-
elapnmmi, i-,0ilyii KomganapuHuurtcwabanap TOMOHUAAH My-
I . IMMWL n.wunantunra K,apatusira.

'1>1 nlka acocuin thannap numaa eTakdm ypuHHM arannangu.
< LI NIK (urmka )ca ([ju3vmkaHWMHT acocuid 6ynumnapujaH

M\ ([|II" I - liimip.

lili I (lami'UUs (Ju 1nKa acoCUHM KNaccuK Ba KBAHT (hn3u-
| .mumn acocuii | (M napnra rasaumb \amga mateMaTuk cTaTucTu-
1.1 (xMtocMiii ()(11pananmnb, y3ura xoc siHru ycynga 6aéu
nunua \apakar Kunauk.

Ma yp ku ro6 "Knaccuk ctaTuctuk gmsmnka" sa "KaHT cTa-
mciiiK (|)IMika" ne6 nomnaurad UKK1 kucMmgam néopat. bupuH-
I kmemga (1, HHI—VIIl 606nap) MyBO3aHaTAM CTAaTUCTUK Pu-
n|l,1acocnapu, myBo3avarin TepMOANHAMUKAHUHT acocuid my-
Hocaoarnapu 6acu aTunraH. IKKUHYM Knem "KBaHT CTaTUCTUK
thn mka" Kiiaii'i'Tusum (cuctema)napuHUHI MyBo3aHaTu \onat-
nnpu, ynapuuur bose-9iHwTenH Ba Pepmun-LAnpakTakcumoT-
napw acocujga ramcugraHmwn myBo3aHaTv \ONaTHN ypraHuil-
Aan 1OMYyHO Yauar;m X,01aTHW ypraHuwira ytmiaa my\wum 60ckuy
\ucobnanaaunlaH hnyktTyauna Hasapusacy 6aéH sTuaraH.

KTno6HUHT 1l 6061 3" TUMonnap Ha3apuACUHUHT 6ab3n aco-
CUI rywyHyanapura 6arMwnaHraH.



MUKAOPUIA MyHocabaTnapuHy aHnKgalw (Tonuw) y4yH MUKPO-
(hM3MKAHMHT(YHAAMEHTAL KOHYHNapmaaH oiacwaHmil 3apyp
6ynagn. MakpOoCKOMUK TUSUMHUHT CTATUCTUK KOHYHWATNAPK-
HW ypraHuwga MMKpOGU3MKAHUHT KNAaCCUK MeXaHUKa KOHYH-
napupaH €ku KBaHT MexaHuKa K,OHyHfnapuaaH goiganaHnam-
Wwura Kapab, cTaTUCTUK PU3MKa KNACCUK CTaTUCTUK (r3mKa
&KN KBaHT CcTaTWUCTWK OH3Ma:li gerinnagn.

Arap MakpoCKOMWK TU3UM TeEPMOANHAMUK MyBO3aHaT \ona-
Tnaa 6ynca, 6yHAal TUSUMHUHT CTaTUCTUK KOHYHNapUHW Ba
yHAaru MUKLopuin MyHocabatnapHu MyBO3aHaTM CTaTUCTUK
(hmsnka ypraHagn. bByHpaa, KynuHya, "MyBOo3aHaTAN" feraH cy3
Tywupnb kongmpunagn. Arap TM3MM HOMYBO3aHaT Xonartja
bynca, 6yHgaih TU3MMHMWHT CTaTUCTUK XOCCanapMHU HOMYBO-
3aHaTNM CTaTUCTUK PU3MKA ypraHagw.

CratncTnk m3mka acocmpa OfIMHIAH ypTaya KaTTanuk-
nap (MoMeHTNap), YNapHWHT y3rapuwnapu, KOHyH1apy Mak-
pockonuk Guankagarn (TepMoAnHaMuKa, rMapoauHaMuKka,
rasoguHamuka Ba LWy kabunnapgaru) napameTtpnap, ynap-
HUHT y3rapuwinapu, KoOHyHnapura moc kenagu. LWy mabvHoaa
CTaTUCTUK PU3MKAHWHT BasmMdacu MakpoCKoONuUK hu3nka Bea
YHUHT KOHYHIapUHWU MONEKYNAp aTOMUCTUK TacaBBypnapaaH
Kennb ynk.nb acocnawgaH xam nbopar.

CraTucTukK (Pm3nvka 6Up TOMOHAAH KNacCUK MexaHUKa Ba
KBaHT MexaHWKaHWHr ycnybnapura TafgHca-ga, UKKWHYM TO-
MOH/aH, YHWHI MaTemMaTuK yCcnybnapuHUHI acocuja 3xXTu-
MONNKNAp Hasapusacu éragu.

WyHaai kKunnb, cTaTUCTUK PU3NKa Ha3apuin hU3NKaHUHT
6up 6ynumu 6ynu6, y MoLAaHUHT XOCCanapvHU Xap TOMOH-
nama Ba YyKyp ypraHuwpaa, yHaaru hu3nk xogucanapHu Taa-
KWK aTULL A XYyAa 3apypaup.

TUN3NM BA YUVHI XOJIATU

MakpOoCKOMNUK TU3nMnap Tawku TusuMnap 6unaH myHoca-
6atura kapab yu Typra 6ynuHagu. Arap kapanaérraH TU3um Ta-
WK Tnsumnap (Myxut) 6unaH xed KaHgain anokaga 6ynmaca,
AbHU ynap 6unaH nccukauk (aHeprus) xam, appanap (macca)
XaM anmMalumMaca, YHU aKKanaHraH Tusum feiivnagn. Lewmak,
AKKanaHraH TU3VMMHWUHT 3HEPruacK Ba 3appafiap CoHu y3rap-
mainau, ynap gommuin 6ynagu. Arap TU3MM TallKu TU3MMmAaap
6unaH NCCUKAUK KOHTakTmaa 6ynub, YHUHT aHeprusacuK ysra-
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{HM MmymKnH 6ynca-to, aMMO0 3appanapu coHu (maccacu) go-
(I nyuca, yHn 6epk Tuaum aeb atainmms. Hwu’osT, arap
Il HM UMKA Trsmmnap 6unaH sHeprus Ba macca anaMallMHu-
mm INP.NYIM yHUHT 3Hepruscu Ba maccacu (3appanap CoHuU)
\ IM|H .1, yHaai TM3UM ounl, TU3MMiXxeTnaT- MakpoCcKonuk
Il nIM MTIr makpockonuk (TepMOANUHAMUK) XONATU LY TUIUMHU
2, |]|]|m (TaBCUGNOBUN) TEPMOLMHAMUK NapaMeTpiapHUHT
| tum.nnapn 6unad aHnkgaHagm. Arap TU3UM TEPMOLUHAMUK
MyTmanaTga 6ynca, Tabpudra Kypa YHUHT TepMOSMHAMUK Ma-
[|.]Mn|)napuHnHr, macanaH, Temneparypa, 60cuM, 3U4INK, KOH-
]'||lpallmanapHUHT KuiimaTnapuw ysrapmaingn. by myBosaHat
V'Mania MaKpOCKOMUK TU3MMHWN aHWKL0BYWN rapameTpiap COHH,
210 IV juMUUHT TEPMOSUHAMUK IPKUHNWK fapaXkanapn CoOHU
[ll,] Inllap KO mup acu ra 6UHOaH aHUKAAHAAW: -
I'li ncihiiipii com N TU3UMHN TaLwKWN 3TTaH KOMNOHEHT/IAp COHK
I1,'d 2 Hn '<;yuwmb, TU3MMHMHT hazanap COHU I HM ainpub Taw-
hHt.'iHHi."a TeHr:
N=n+2-r.

1. M'visumManHIr MakpoCKONuK (TepMogunamunk) napameTprapu.
11MVHV/HT MyBO3aHaT/IM MaKPOCKOMUK X0NaTUHWU aHUKL0BYN
napameTpnap MKKW Typau: agauTuB Ba MHTEHCUB XapakTepu
(0.Ynggu. MacanaH, TUSUMHUHT 3appanapu coHn N, xaxmu V
(m IMHMH kncmnapw opacsgaru y3apo Tabcup abTubopra oinH-
marauja) aHeprusacu E, aHTponuacu 5afanuTtmus KaTTanmknap-
NP, ABHU TUSUMHUHT KaTTanuru (macanadH, N w V) Tu3um
KUCMNAPVMHUHT YLILaHAAA KaTTaNMKNAPUHUHT MUTUHLNCUTATEHT.
MacanaH, N= TV + K ™3um
KMCMApPUHWHT 3appasiapy COHNapu Ba XaXXmaapuanp.

TU3VMHUHT NapaMeTpiiapyM MHTEHCUB XapakTepra ara 6ynu-
imi MYMKWH. MacanaH, TUSUMHUHT TemnepaTypacu T, 60cu-
MM /’, 3M4NIUTU P UHTEHCWUB NapameTpnapgup, AbHU TU3UM-
VMHI KYCMapura Termwny napameTpnap YHUHr ywaHaan na-
pAMITpRapuUraTeHr.

MacanaH, I, = = Tip, = =p.

2. Penakcaups. Tusum 6upop Tabeup ékn Tabcupnap cababnm
llomyHo3ilHaTAM xonatra kenraH 6ynca, 6y Tabcupnap TyxTaraH-
NaH KeANH TM3MM MablyMm T BaKT 5 Uwwin 6unaH y3MHUHT TEpMO-
OVHAMWK MyBO3aHaT xofiatura kenagu. by xapaéH penakcaums

Jeinnagmn Bar BakT peflakcaumns Bid/(:Tm geivnagn.



cu Xonnapga MONeKynsip-KUHEeTUK ycnybHM KM HOMyBO3aHaT-
N TEPMOAMHAMUK YCNYOHW Kyniaw MyMKUHAUTA MacanacuHu
\an kunuwra mawxyp onumnap H.H. boronto6os, . Mpuro-
XKW KaTTa xucca kywaunap [1,2]. Homyso3aHatim Tepmoau-
HaMMKa Ba MOMEKYNSP-KMHeTMKara Termwnm gonnap éunax ke-
MNHPOK, TaHMULLAMU3.

138 TUBUMHUHT AUHAMWK MUKPOCKOMUK
XONATNAPU

TWU3NUMHUHT Xap 6Mp 3appacy KnacCMK MexaHuWKaga yMyM-
nawiraH KoopfvHatanap Ba ymymnawrad mMmnynscnap 6unad
aHWKAaHajun, KBaHT MexaHukacmpa aca (KoopauHartanap éku
umnynocnap €ku 6owk.a AMHAMUK KaTTanuknapra 60rnuk,
b6ynraH) TynKUH yHKUMA 6uaH aHUKZAHagW.

TU3NMHM TalWKWA 3TraH 3appanapHUHT ymyMaliraH Koop-
AuHaTanapu Ba UMNynbcnapu éku TyNuuMH QYHKLMANapm Mab-
nym 6ynca, TMBUMHUHI X0NaTh aHWKAaHraH 6ynagn. byHpaii
ycyn 6unaH aHWKAaHraH TM3UM XO0NlaTUHW AUHAMWUK MUKPOC-
KOMWK y;onaT Aeb atanmms.

Tu3nm 3appanapummnHr xapakatnapu, Tyk™Mawmuiwnapu Tydaii-
NN YNapHWUHT KOOpAMHaTanapy Ba MMnynbcnapmw ysrapagu. e-
MaK, 6yHaal AMHaMUK MUKpPOXONaT Bak,T yTulKM 6unaH xatTo
TU3NUM TEPMOAUHAMUK MyBO3aHaTAa bynraHja xam ysrapaau.

YMyMmnawiraH KoopanHatanap Ba yMymaalliraH umnynbcnap
Kyn yn4oBau pa3oHWHT KOOpAMHaTa ykaapu feb uapanca, 6yHaai
Kyn yn4oBnu (aszofa xap 6Up Hyk,7a TU3UMHUHT AUHAMUK MUK-
poxonaTuHu udoganaiign. byHaain Gaso TMBUMHUHT 0A35B«H
hasocu, AUHaMMK MUKPOXOoNnaTHU mudoganaingurad Hyura aca
thaszasuii HyuTa Rtimnam- Mabnymku, (asaBuii Hyk,Ta Bak,T
yTuwu 6unaH ysrapagu, asasunii hasoga y hasaBuii TpaekTo-
pus unsagn.

Kap*waétraH TepMOANHAMUK MYBO3aHATAN TUSUMHUHT Xap
61p 3appacuHUHT AMHAMWUK X0NnaTnapuHu TaBcugnangnraH xapa-
KaT TeHrnamMacu, MexaHuka K OHyHnapura acocaH, BakTra Huc-
6aTaH uHBapuaHTaup. Jemak, MyBO3aHATAN TUSUMHUHT AUHA-
MWK MUKpOXonaTnapu sa 6ynapHu reoMeTpuk Tascunanguran
(hasaBuii HyKTanap TeHr Kyynu 6ynub, ynap 6up-6upnapura
HucbaTaH a3annnknapra xamga ycTyH/ImMKnapra ara amac.

LWyHaan kunnb, LMHAMUK MUKPOXONAT Ba yHra Moc unHa-
MUK MapameTpnap (kaTTanuknap) Bak,T yTuwmn 6unaH ysrapa-

10



lili, Mmymno'wHaTgarn makpo™onar BayHu aHuKaanauraH makpo-
[|.]|41M 1pnap aca y3rapmaingu. Y3rapyBum Mukpoxonatniap aco-
| 1111 YHapmac Makpo\onart, y3rapyBuu JUHaMUK KaTTanmknap
Jlnrmga aca MakpoCcKOMWK napameTpnap K,aHgain kenmbé uuk,a-
€U, n(4an caBon Tyrunagu.

'm)||an 613 MukpoxonaTnap 6mnaH MakpoxonaTt opacuparu
MyHocabaTra, MMKpoxonatnapgaH KaHgaii Kunnbé makpoxonat
1IMT6 yMKagwW, geraH macananapratyxranamms.

1.4-§. TUSUMHWHI ANHAMUWK MAPAMETPU
BA YHUHI KWAMATNAPU

MyBo3aHaTgaru TU3MMHWHT BakT yTULLIW Tydainm xocun
oynran 6apya AMHaMWK MUKpoxonatnapu 6up-6upura akeu-
iigjieirr (TeHr Kyunn) 6ynuwnra KapamacgaH WYKM Ba TalKu
rabcmpnap Tydannm TUSUMHUHT UXTUEPUIA (U3UK KaTTanuk
(napameTp) 1(OHWHT KuiimatTnapugaH 6ab3unapum Kynpok
nakT, 6ab3nnapun aca KaMpOK BaKT Ky3aTtunagn. dapas kunai-
nnk, L un3nk KaTTanuk

I, L.

OVUCKPET KuiimatnapHu kabyn kuncuH, 6yHga N N @ Ky3a-
ruwnap ytkasmnradga L. kuiimat n. mapta KysatunraH 6yncuH,
Abun L. KuiimaTt/7. Ta AMHAMUK MUKpOXonaTnapga Kang atun-
raH 6yncuH. bowkaya aiTraHga, AMHAMWK KaTTanmk L HUHT
6mpop KmiimaTUra Moc KefiraH MUKpOXoataap KaHua Kyn 6ynca,
Wy kniimaTra Moc Mmkpoxonatnap Tynnamuga TU3NM LWyHYa
y30K (Kyn) BakT Oynagu Ba, gemak, L HuMHr Kuiimatu Kyn
MapTa KysaTunagu. by aca Tusum 6ab3u xonatnapga Kynpok,
6ab3n xonaTnapga KaMpok BakT bynagu, gemakaup.
Kysatuwnap coHn N ra, juHaMUK MUKPOX0aTnap CoHK

raTeHr 6ynraHga L. kuiimatra moc KenraH fMHaMmMK MUKPOXO-
natnap coHu (Tynnam 3nemeHTiapu CoHu) n. HW L. Kuiimatu-
HWHT aiiHiLW Kappacu Xxam geiunnagn. kkanaHraH Tusmmaa Ta-
6uninkm,

=¢2=... = L =const

bynagn. lemak, 6y xonga aHuULW Kappacu ra TeHr 6ynagw.
YMyMaH MyB0O3aHaTAM TUBMMHUHT 6y L napameTpn kuiimatna-
pu y3rapmaigu Ba femak, 6apya AMHaMWK Xonatnapga napa-
MEeTPHUHT KuiiMmaTnapu y3apo TeHr 6yaraHu yuyyH /V/mapTa Ky-
3aTunraHga 6apyacnga 6utTa 6Up XMn Kninmat onvHagn. L — by



cakfgaHyB4yu napameTtp (MacanaH, arHeprua E). YmMymunin xonga
OVHaMUK MUKpOXonatnap TeHr Kyunu (6up-6upura aKBUBanNeHT)
bynca-ga, aMmMo pu3nk KaTTiUIMKHUHT KniimaTnapura moc gu-
HaMWK Xonatnap Tynnamnapu 6up-6upunaaH dhapk Kunnagu.

1.5-8. AMHAMUK KATTAIVKNAPHIW BAKI® BY INUA
YPTAYAMALL

Arap TM3MM TeEpMOAMHAMMK MyBO3aHaTa bynca, yHU aHUK-
naignraH MakpoCKOMMK napameTpnap, Tabpudra 6uHoaH,
y3rapmaingu. JIeknH Wy TUBUMHUHT AUHAMUK MUKPOX0/aTy
y3rapagu. AuHaMnK MUKPOXonaT BakT Byinya ysrapmiwm xampaa
TaWKN TabCup Tydannm TMUSUMHUHT UXTUEPUIA AMHAMUK KaT-
Tanurn £ (MacanaH, 3Heprus, WUMNYAbC, UMMNYAbC MOMEHTM
€Kk 6Ol Ka KaTTanuknap) ysrapaguM Ba yMyMuii xonga y Xxap
XWUn KuiimaTtnap kKabyn kunagu.

TusumHn 1 (0 BaKT gaBomupa Kysatunca, y 6apya guHa-
MUK MUKpoxonatnapga 6ynagu. (byHgai TU3UMHMW 3pProgmK Tu-
3UM genunnagn).

dapa3 kunannuk, / kKarttaauk

E,, EA.., b... (4)

KuiimaTtnapHu Kabyn KuncuH. b(/) kKaTTannkHu N 00) Map-
Ta Ky3aTainnmk. by xonga guHamunK KatTanuk ¢ (/)HUHT ypTaya
KuiimMaTy Kyiingaruya aHukgaHagu;

00, (5)

Arap N Ta Taxpuba yTkasunraHga (4) kmiamatnap Moc
paBuwwga
A, 12, ..., n ..

MapTa Kenmb YmkkaH 6ynca, yptadya E

— . HH' kaAverrepn coHm

U=~ | ni,u,M-"~oc (6)
ANTUHAWM 6uNaH aHnKgaHagu. Xap 6up Taxpuba yTKasuw Bak-
TMHK A/ ra TeHr geb ¢apas Kuacak, y xonga ymyMmunii Kysatui
BakTV / = YYAIra, . Ta Ky3aTul BakTUHM M raTeHrgeiiunnca,
OVHaMUWK KaTTaIMKHWHT BakT 6yiinya yptavacu (6)Hu Kylhinga-

rmya é3uw MyMKUH; _
4 =1X1,Al;, 0
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N TMUUMT AUHAMUK MUKPOXO0NaTK BaK T Byiinya y3nykcus

\ ;Il, YHra moc 6ynraH L KaTTaInKHUHT KuiimaTtu \am ys-
nn niYMapag. L, L+dL opanukgarn L{t) HUHT KniimaTtna-
I'lii.1 MOC KenraH BaKTHM 6unaH 6enrnnacak, inMHa-

VI |;n rannkHUHT BakT 6yiinya yptadacu (6) Ba (7)Hu

A=~ ®

o« >

L{t)dt ©)
(0]
lypTTrwapga é3mw MyMKUH.

Byepna MyHW TabKugnaw nosMmku, / pa yprada Kat-
lllm<  Taxpwmba (Ky3atuw) 60wnaHraH Baktrabor.™kamac,
nLIl rn3vm TepmoguMHaMuK MyBo3aHatga bynraHga Ll BakTra
iMi iHIK 'JMac. by aca Mmakpoxo/faT Ba Tusumgaru pnykryaumns-
'bIpTMU' BaKTra 60rNMK aMaciurmHn Kypcartagu.

M.rbllyMKW, MyBO3aHaT Xonatia TUSUMHUHT Taxpunbaaa Ky-
MMLwaauraH MakpoCcKonuk Kattannknapu (MacanaH, Temnepa-
| 6ocum, 3nunuk Ba bow* ap) ysrapmangn. TaxpubagaH
nnuTK an By KatTanul*apHu L, raTeHr ge6 kabyn kunmHaau,
(Mmmkava aitTraHga, LL makpockonuk usnkagarn Kattanuk-
I ysnanp.

Nvanga fMHamunK KaTTannknapHu BakT byiunya yptayanawl
MVIVKiiii amac. XaknkaTaH xaMm, AMHAMUK MUKPOXO/aTHU Ba,
MMIIK, anHamnk kattanuk L{f) HW i MOMeHTAa aHHKAALW Y4YyH
1 VIMA TalwKua 3TraH Xxamma 3appasapHWUHT XonaTuHu 6m-
411l tapyp. Xap 6up 3appa S3IpKUHANK fapaxacura ara 6ynca,
Niji lappagaH néopat TUSUMHUHT JUHAMUK MUKPOXONaTUHU
/N(Dcpcminan TeHrnamanap TUIUMUHU, KNACCUK MeXaHWKaaa
My ra 6UpuUHYM TapTMONIN KaHOHUK AnddepeHLman TeHrnama-
ILk]) 1n3umuHm eunw 3apyp. Tabuuiikn, GUHAMUK MUKPOXONaT-
Ml anmk 6unnw (MHTerpan 4OMMUNNAPUHU aHHKAALW) Y4YH
HIM .’ /V.vra kywmmya (Yerapaeuii, 6ownaHrny) waptnap 6epu-
I kepak. MacanaH, 6upnuk xaxmgaru rasga 10 noHa éup
WMHWIn 3appa 6yncuH. Knaccuk mexaHukaga xap 6up sappa-
HUHT XOA4aTWHWN aHUKAAaLW YYyH yyTa UKKUHYY TapTnénm gud-
thepeHuman TeHrnama (HbIOTOHHUHT MKKWHYM KOHYHWTa aco-
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CaH XapakaT TeHrnamanapu) €ku ontuta 6UMpPUHUYKN TapTU6HMM
angpepeHynan teHrnama (FaMnAbTOH KaHOHUK TeHrnamana-
py) eynnuuwn 3apyp. emak, 6UpnvK \axmgaru rasHuHr gu-
HaMWUK MWKPOX;0NaTUHWU aHukKjaw ydyyH 6- 10-“ Ta GUPUHUK
TapTUGIM gnuddepeHLman TeHrnamanap TMsMMm
n m a (10)

HA eunw 3apyp; 6yHga 9 — TU3UM raMUbTOHWAHU; p., 4 —
yMyMAatrad uMnynscnap sa ymymnaiwurad koopguHaranap. byH-
JaH Tawk” apu, TM3UM 3appanapuHUHT XONaTUHWU aHUK, Gunuw
YyUyH 6 ¢ 10“Ta nHTerpan jouMuninnapHu aHukgaw sapyp. by-
HUHT y4yH 6 ¢ 10" Ta KywnMmya (bowwiaHrny, yerapasmuii) wapT-
nap 6epunnwn kepak. byHaail katTa coHgaru TeHrnaManap Tu-
3UMUHK cekyHamura 10 mnpga, xatto 100 mapg. onepaumsa 6axa-
pagurad 3X.M xam ygganain onmaigu.

Arap TM3MM HOMYBO3aHaT Xonartga Oynca, yHra Tervmwnm
OVHaMUWK KaTrIIVKHKY ypTadanall macanacu mypakkabnawiaiu.

WyHpain kunnb, MakpoCKONMK napamMeTpaapHu MUKpoQu-
3MKa (K/lacCMK MexaHMKa EKW KBAHT MexaHukKacu) acocupa
aHukpawga 6owu 6epk Kyyara Kupnb KonMHraHaan. AMmo cTa-
TUCTUK (n3mKaga by macanaHu xan aTuLW Aynn TONUNAN.

1.6-8. CTATUCTUK MUKPOXONAT.
CTATUCTUNK AHCAMBJ1b

CTatucTuk pmsnkaga cTaTuCTUK aHcamb/ib TyLIYHYACU Ku-
putunagn (YHuM 6UpMHYM MapTa amepukanuk onum B. Tnéée
KuputraH). by TywyHuara 6MHOaH, TM3UM 6MnaH TepMoguHa-
MUK XXUXaTAaH aitHaH 6up xun 6ynraH, aMMo JUHAMUK XUXaT-
faH (TU3nMm 3appanapuHUHT Xonatnapu >uxatgaH) (apkau
OynraH >xyga Kyn Tusumnap tynnamu (aHcam6nu) tacaBByp
aTunagn. by TusnmMmnap 613 KapaétraH pean TUSUMHUHT KONUA-
napu (Hycxanapwu) ge6 kapanagu.

TM66CHUHT By hyHAAMEHTan TylWwyHYacu — CTaTUCTUK aH-
caMb/ib Ba YHUHT 3/1eMEHTNAPUHN SKKOMIPOK, TYLIYHUL YUYYH
KyiAngarn oganii MUCONNapHN Kapanamk.

Mabnym nanw numnpa 6utra 3appa xapakarga 6yacuH. Ysu-
HWUHT XapakaTu Ba MAuUW fLeBopu 6unaH TyKHawwuwnapu Ty-
(haiinm 3appaHWHI AUHAMUK X0NaTu BaKT byiinya y3rapagu.

a) dapas kunannuk, 3appa mguw gesopu 6mnaH Kaninw-
KOK (31aCTUK) TYKHAWCUH, AbHU 3HEPIMA anMallMHULWK CO-
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[IlI) 6ynmacuH. By xonga 3appaHUHI UMMYNbCUP Ba KOOPAMHa-
111( y'napuwu Tyainam guHaMmnK MUKpPOXO0aT y3rapagu, ammo
[.IDp:nmnr aHeprusicu ysrapmaigun. byHgain AMHAMUK MUKPO-
YHMTAap Tynnamura aHeprusacu 6mup xun 6ynraH, Bak.T 6yiunua
VM MpMmaigurad, aMMo Xap Xun KuiAiMatnum Tacognduii katta-
nuKnapp, 4 6unaH aHMKgaHaguraH cTaTUCTUK MUKpPOXoiaTnap
nocTynart cudatmga mocnawtmpunaan. K.apagaétrad sappaHuHr
Kouunanapu (Hycxanapu) aHa Ly cTaTUCTUK MUKpOXonaTnapaa
rypuban neb kapanagu sa 6y konusinap (Hycxanap)Hu 3appa-
HVHI CTaTUCTUK aHcambm aeb atanaau,

LWyHpai kKnnmb, 6uTTa pean 3appa ypHUAa YeKCU3 Kyn 3ap-
panap TacaBByp 3Tunun6, ynap BakT 6yiinya foumunii ge6 kapa-
nagw; ctaTUCTUK aHcamb/b aneMeHTNapn — Oy xap Xun guHa-
MWK MUKpOXOnaTnapgarv 3appaHuHr Hycxanapu. OHan 6yHpaii
MUKPOXO0NaTnapHu Ba, AemMak, aHcamb/1b 3ieMeHTIapuHM Taco-
an(vii ge6 kapanub, YHUHT COAUP BynMW 3XTUMONAUKNApK
\akmgarn macanaHv eumit no3um 6ynagu. AnHammK MUKpPOXO-
natnap TeHr Kyynu (3KBUBasieHT) GynraHu Ba YNapHUHT Xap
6upura noctynat cuatmga CTaTUCTUK MUKPOX0NaT MOCNaLLTH-
puaraHu Tydannm 6y cTaTUCTUK MUKPOXONAT TEHT KyUun, SbHU
TEHT AXTUMONNMANP. By CTATUCTUK MUKPOXONATNapHUHT aHep-
InAcn kniimaTtnapm 6up xun. bup xun aHeprusnu xonatnapra
6Up X1 IXTUMONNNK MOC Kenagu.

JpKWH 3appa aHeprusicn E = p~/2T gonmuii (ysrapmangn).
CTaTuUCTuK Pu3mkaga skkagaHraH (AbHW 3HEPrusacK ysrapma-
AVraH) TU3BUMHUHT MUKPOXONatiapu TeHr (TEKUC) 3XTUMONIN
[eb, noctynat cuatmnga Kabyn KunuHagu'.

6) 3appa nauw fesopu 6unaH TyKHallraHga sHeprua an-
MalWnHWUWK coamp 6ynuium MyMKkuH 6yncuH. by xonga 3appa
navw fesopu 6unaH KOHTaKTAa OynraHu, uauw 3ca Tawku
TusmmMnaap 6unaH KoHTakTga 6ynraHu cababnu, yHUHT aHepru-
dacu (O, 00) opanukaa ysrapagu. [lemak, Mukpoxonartnap sappa
aHeprusicm E HuHr (O, oo) opanukgarm Kuiimatnapura moc
&kn pMHUHT (O, 0o)garv KninmaTnapmra MoC paBuLiaa y3rapagm.
OHeprusa E (Eku p Ba M)HKM Tacoaupuii katTannk geb kapab,
xap 6up AMHAMUK MUKpPOXOoNaTra CTaTUCTUK aHCcaMbb 3neMeH-
TV MOCnawTupunagm.

' AvHamunk (MexaHUK) MyK,Tau HasapfaH TeHr Kyunu (3KBUBANEHT)
)Monatnapra ara 6ynraH 3appaHu CTaTUCTWK aHcambnb 6unaH anmawTu-
puwga CTaTUCTUK (U3NKagarn MWKPO?"onaTtnapHUHI TEKUC, TeHT 3XTU-
MONAUTN )\aM Y3 aKCUHW Tonagw.
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LWyHpan kK.mnnb, 6UTTa 3appaHunHT Bak,T Oyiinya ysrapum
Tyhaiinu xocun 6ynraH JMHaMUK MAKPOXonaTnap TynnaMm ypHu-
ra WyHAan 3appclliapHuHr BanT 6yiinya ysrapmaliguraH cratmc-
TUK MUKpOXonaTnapu Tyniamm — cTaTUCTUK aHcambb MoC-
nawTmpunagmn ea byHpaai xap 6up 3appaHu Ba yHra MOC MUK-
poxonaTHW Tacoanduii KaTranmkaeb K.apanagin. Kyngarn acocuii
NOCTyNaTHU Kabyn Kunamus: cTaTUCTUK MUKPO)(;onaTnap TeHr
ax;Tvmonn'. [lemak, cTaTMCTUK aHCamMbb 3IEMEHTNAPU Xam TeHr
axTumonnu. by noctynat acocuga cCTaTUCTUK PU3UKAHWUHT aco-
CUHW 6aH 3TULWHWHI, TAKCUMOT PYHKUMANAPUHN UCOOT KU-
ANWHUHT SHTN UMKOHUATW Tyrunagu.

dapa3 kunannuk, ngnwgarn N Ta 3appagaH mbopat ras
navw gesopw 6unaH sHeprusa anMawTUPULLN MYMKUH BY/CHH.
a3 3appanapuHUHT xapakatnapu Tydainnm ra3HUHr JUHaMUK
MUKpOXonaTnapu BakT 6yiuua ysrapagn. TUSUMHUHT aHeprua-
CU K YMYMUI X0nga (0, oo) Opanukia ysrapagu.

YMyMUii X0n4a Xap Xun 3Hepruanv gUHaMmuK MMKpoxonar-
NapHUHT xap 6upura, M'mobe roscura 6MHOAH, CTaTUCTUK MUK-
poxonat mocnawTupunagnm. TUSUMHUHT YMYMallraH Koopau-
HaTanapu vy By ... BAYMYMAALWTAH UMNYAbCNAPY
ey P-y .. HW BAKT Oyiinua y3rapmaiiguraH tacoguduii katTa-
nvknap 6unax anmawTmpunagm. Xap éup ctatucTMk MMKpPOXo-
naT Wy TacoanguiA KaTTainKNapHUHT KWAMaTnapy opkanu aHuK-
naHagw.

WyHgad Knnnb, TUSMMHWUHT BakT y3rapuwu Tydainnm co-
Avp BynaguraH gMHaMUK MUKPOXO0NaTNapuHUHITynaamura wy
TU3MUMHUHT BakT 6yiimya ysrapmainguraH MukpoxonaTnapu
Tynnamm — cTaTUCTUK MUKPOXonaTnap Tynnamu, (tabpud 6yiin-
ya) MmocnawTupunagu. CTaTucTUK MUKpoxXonaTnapgarum TU3mMMm
HYCXaNnapuHWHT TYNNaMUHN TUSUMHUHT CTaTUCTUK aHcaMbm
neiAnnagmw.

[Jemak, MyBO3aHaTAN CTATUCTUK (hU3MKaaa (CTATUCTUK aH-
cambnb TyllyHYacura acocaH) TUSMMHUHT JUHAMUK MUKPOXO-
natnapu Tynnamura BakT 6ylinua y3rapmaiaraH kapanaétrad
OVHAMUK TU3UM Hycxanapu Tynnamu mocnawtupunagn. by moc-
NaWTUPULIHUHT PYHOaMeHTaN axaMnaTu WYHLAKWU, AUHAMUK
KaTTanuk KuiiMatnapu Tynnamm cTaTMCTUK aHcamb6/b TYLIYH-
yacu acocupa Tacoguduii KaTTanmk Kuiimatnapu Tynnamu o6u-

' Xo3upraya cTaTucTUK hnsnkaga GyHzaii nocTynart (ak;aT sKKanaHraH
TU3UM YYyH YpuHU Ae6 K,abyn K,unuuraH agu.
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naH anmawtupunagn. CTatucTuk u3nkaga x.ap nkkana Kui-
matnap Tynnamnapu, 6up-éupura ailHaH TeHr ge6 kabyn Kunu-
Hafgu. by TEHIIMK 3ca aprofunK TeopeMaHnHr MabHOCUHM Tall -
KU atagu.

1.7-§. MUKPOXONATNAP BYVUUA YPTAUAMALL
dapas Kunanuk, ¢Tacogudunii KaTTaamk

1,... (n)

KuiiMaTnapHu Kabyn KUanwm myMkuH 6yncuH. Arap N mapTa
Takpuba ytkasmnranga | tacogunin kattanukHuHT (11) Kuii-
.MaT/apm MoC paBuLiga

n, m .. nmn, ..

mapTa Kennb unkkaH bynca, ypraya Kuiimat
n- = -~ [wl + oA +L) =N E A =M (12)

TEHI MK acocuaa Tonunaau; 6yHaa n. kaTtanuk | HUHT 1. Kuii-
MaTW Kenué YNKULW U COHM.

w=nr,/=123,. (13)

6enrmnawHm Kupntnb (12)Hu

(14)
]
KypUHMLLIAA é3UW MYMKWH. Xap 6up ynuaw A? BakKT 4aBOM
aTraH 6ynca, n. - Kabu é3mw mymkuH. by xonga (,13)
HUCc6aTHN
=N, /= (15)

KypuHuwaa 83w MymkuHd. L= n/bl Hucbat Honb 6unaH 6up
opacupa ysrapagu. N~ 6ynraHga, arap IV. = n/bl Hucéar
aHuK 6up kmiimatra (nMMmuTra) MHTUACA, yHU | Tacoanguii
KaTTa/IMKHUHT |. Kuitmat kabyn Kunuwm axtumonu geb kabyn
KunnHagu'.

By xonga, (13) ékm (15) ra acocaH, arap Tacoguduin kar-
TanMK b HUHI Kabyn KUAMWyM MYyMKUH 6ynraH Kuiimatnapu

" 9XTUMONAUK Ba YHra Termwaym 6ab3u Tywynya xamga teopemanap Il
606na KenTupunagu. |

2— A. Boiigenaes | | TECMOwn|



ARy L., ... HUHT 3*tumonnunknapu X, ey WL,
6epunraH 6ynca, ynapHu Moc paBuLllga KynanTupuno, CyHr nu-
rmoé ypraya K,uiimaTHu (MOMeHTHHU) (14) TeHrIMK acocmpa T0-
nunagun. WyHpad kununb, ctatucTuk usnkagarn acocuin ma-
CanaHWHr eynnuwn a*TumMonnap Takcumotn WH v WL
HUHT 6epunnwmnra 6ornuk 6ynué kongu.

Arap Tacoguduii KatTanmk L y3nykcus ysrapca, y xonga L
KaTTiuiHKHHHr L, L + dL opanukga 6ynuw 3aXTUMONIUTUHN
dW{L) 6unaH 6enrunacak, (14) wdopa ypHura KyinmgarmHu
é3nnagu:

ZV = J Ldw{L) (16)
(i)
KN
dW{L) =~~AAdL =f(L)dL,

TEHIMKAAH (holiganaHcak:

In=iLfiDdL, 17
0}
6yHaa
(18)

axTumonamknap nunuru. dusmkaga (18)Hm axTumonnuknap
TaKCUMOT (yHKUmMACK feinnagun. Nemak, 6y xonga yprada apud-
METUK KMAMAT Ln HU TONWULL YYYH 3XTUMONNAP 3munmrny (£)
HWU 6unuw 3apyp.

IXTUMONIMKNAP YUYH KyAngarn Hopmanawl LwapTv YpUHIK:
Y3NYKNN (OUCKPET) XON YUYH:

=1 (19)
Y3NYyKCU3 \0a YuyH;
In=j dlIV(L)=j f(L)dL=I. (20)
0] ©
Jproguk Teopema: eai(m 6yiivya onvHraH ypTava L, 6unaH

Tacoguduii uuiiMaTnap Tynnamuy 6yiinya ofvHraH ypTadaysapo
TEeHT, sbHU

T_ ,=L,. (21)
Jemak, MakpoCKOMMK napaMeTpHu aHUKMaLl yYyH aXTUMOJI-
nuknap TakcumoTtm W, v W, ... BKM 3XTUMONAMKNAP
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inunmrn A£)Hn aHMKgaWw — CTaTUCTUK (U3NKAHUHT MapKa3nii
macclnacu akaHauru aéH 6ynagn. Sprogmk Teopemara acocaH Bak,T
byiinya yptayanaw Mmukpoxonatnap 6yiinua ypTavanaw 6unaH
anMawtupunagn. HomyBso3aHaT xonaTHu 6y Teopema acocmga
Kapalga »Xuganin KninHYnankKa gyy Kenumwagn, YyHku mak-
pockonuk napameTpnap (6yHAai TywyHYanapHu KUpuTuLW MyM-
KWH 6ynraH xonnapga) sak™ra 6ornvk,. Ly ca6abnu Baktra 6or-
NIK, MMKpOXonaTnap Ba, Aemak, Bak,Tra 60rnvk, Tacoagnguii kat-
Tanuknap KUpUTUNALW; CYHrpa YNapHWUHT K,MAMaTNapuHUHT
3IXTUMOMIapM acocuaa aHUKAaHraH ypTada K,uiimaTHu Taxpuba-
[aH ONIMHraH QU3NK KaTTanuKKa aiiHaH TeHrnawTupunagm.

1.8-§. MUKPOXOJNIATNIAP BA YNAPHUHI
SAXTUMONNUNKITAPA

CTtatnctmk aHcambnb HazapmacKu Ba Tak,CMMOT PyHKLMANa-
PVHM K,aTbuid acocnall xo3upraya eqynamaradH Mmyammogup (K,
macanaH, [5] 27-6eT). ByHuHr acocuini cababnapugaH 6mpwm,
O6M3HWHIYa, JUHAMUWK Ba CTaTUCTUK MUKpOXOnaTnap, crtatuc-
TWK aHCaMO6/ Ba YHMHT 3/1eMeHTNapy Ba MUKpoxonatnap 6opa-
cugarv TywyH4yanapHu TanMH aTuwaa HoaHukKauknap 6opaum-
I'v Tyaiinuanp. bus Kyiinga wy TywyH4anapra Tyxtanamums.

MyBo3aHaTAarn TMSUMHUHT AUHAMUK MUKPOXO0naTiaapy LwapT-
LIapouT y3rapMaraHga TEHT Ky4/u XonaTnapHUHT 6UpN MKKUH-
yncmaaH ad3aniuru €K Kamumnuru nyk,aeb antrad aguk. Aun-
HaMWK xonatnap AMHaMUWK TeHrnamanap acocuja aHuKgaHaau,
Oy TeHrnamanap aca Bak,T afiMallMHULLNTA HACBATaH UHBapUaHT-
OMp, WYHUHT YYyH XaTTO ynap K,aTyBYaH 3KaHAUTUHMW Xam
aiiTraH aguk. AHa Wy JMHaMUK MUKpoXonaTtnapra tabpug aco-
cria MOCNaWTUPUAraH CTaTUCTMK MUKPOX0onaTnap TeHT 3XTu-
MOMAN KN Y3NYKCWU3 Xonga TeKUC Tak,cumoTra ara. Xosupga
(hak,aT sKKanaHraH TU3UMHUHT MUKPOXONaTAapUHU TEHT 3XTU-
MONIN €KW TEKWC Tak,cMMOoTra ara fe6, acocuit noctynart cudga-
ryga k,abyn knnnHagu. bus aca noctynat cuatmga MyBo3aHart-
farv TU3MMAAPHUHT CTaTUCTUK MUKPOXO0NaTaapyu TeHT 3XTUMOSI-
N EKM TeKMC Tak,CMMMaHraH aeb k,abyn k.unamus. By acocwuii
nocTynaTraacocaH, CTaTUCTUK aHCamb/1b 31eMeHTAaPUHUHT 3XTH-
MOMNapy XaM TEHT AXTUMONNN KN TEKUC TaK,CMMAaHraH. bowk-
aya aiiTraHfa, y3 MmabHonapura Kypa, fjMHaMUK MUKpoXonatnap
Tynnamu cTaTUCTUK MUKPOXonaTap Tynnamu Ba CTaTUCTWK aH-
camb/ib anemMeHTNapW Tynaamu aKBUBaNeHT Tynaamnapaup.
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bu3 tokopuga L pu3nk KaTTaIMKHUHT K.abyn Kuamwm mym-
KWH 6ynraH L. kuiimatnapu Ba ynapHuHr W. a\Tumonnapu
(/ = 1, 2,...) ymymunin )(.onga x,ap Xxun geguk.  mapTa Taxpu-
6anap yTkasunradHga L. kuiimat n. mapTa Kenmb umkagu, geo
thapas aTungu.

AHa wy L. kniimaTtra MoC TUSUMHUWHT /-MWKPOX.0NnaTh MaB-
Xyf gennnca, 6yHgaii MUKpo)~onaTnap aXTUMOIANKAapu, Tabu-
kM ymymuin xonga \ap xvwn 6ynuwu nosum. Acocuii nocTy-
naTra acocaH, CTaTUCTUK MUKPOXONATHUHE axTumonauru I/N
6unaH aHUKNaHagn. AMMO YYMapTa yndaHraHfa n. mapra cTa-
TUCTUK MUKPOXONATHUHT KeNnb Ynknwmn L. KNAMaTHUHT 3XTH-
MONMIMTUHWN aHUKZARAN, AbHU L. HUHT KeNn6 YMKULL IXTUMO-
am X = n/N HucbatHu aHukgangm. bus TMsMMHUHT L. ra moc
W, aXTUMONIU MUKPOXONaTN TYLYHYACUHU KUPUTaAMU3. YMy-
mMuid xonga Wy .. W.... nap xap xun 6ynraHu yuyyH MUKpO-
Xonatnap xam xap xun 6ynagu. /-MUKPOXONaTHUHT aXTUMONN-
rm X = nf,I/N) — 0y aXTUMONAMKNApPHX KyLW WL TeopeMacura
acocaH, W.Ta CTaTUCTUK MUKpPOXO0naTAaH UXTUépuin bupopracu-
HUHT Kenb YMKnLW axTuMonnurngmp. Acocuii noctynarra aco-
CaH CTaTUCTUK MUKPOXONATHUHT axTumonnuru (l/yV)ra TeHr.
LWyHaaH KypuHagMKu, Mukpoxonarnapgarm ctaTUCTUK MUK-
poxonatnap COHW N. MUKPOXONaTHN aHMKAALAa Xy[a MyXum
axamuaTra aragup. by n. HY /-MUKPOXONATHUHT TepMoLMHa-
MUK 30; TUMONMIM feiilaan. By epaa WyHW TabKuananmMuskum,
Taxpmbanap CoHM ékn Kysatuwiap CoHM N, [UCKPET Xon 6ynraH-
[a, CTaTUCTUK X0NaTnap COHM AbHU aHcamb/1b 31eMEHTNIApK COHM

ra kappanu 6ynuwm Tanab aTunagun. AKC xonga kapanaétraH
TU3UMHUHT MUKPOX0NaTnapu Tynnamu kapanaétraH TUSUMHUHT
MakpoxonatuHu Tascudnab 6eponmvaii konagu. Jemak,

N=kN#

WwapT 6baxxapunuwu Tanab atunagn. bynpa k — 1, 2, 3 ..; —
CTaTUCTUK MUKpoxonaTnap (aHcamb6b 3n1eMeHTNapK) COHN.

OHan wy L,, L.,... KWimaTnap axTumonnapura Mocnawl-
TUPWUATAH MUKpOXofaTnap axtumonnuknapun W, Wy ... W...:
TaKCMMOTWUHU aHWNKAARNNK.

1.9-8. MUKPOX;ONNATJ/TAP IXTUMONNVNKIAPU
TAKCNMOTU

XO03MpPru 3amMOH CTaTUCTUK (hU3NKaACUAA TallKU TU3MMANap
6unaH MccUKAMK (3Heprus) KoHTakTuaa 6ynraH TUSUMHUHT
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MUKpOXonaTnapugarv saHeprusa kuinmatnapu M66CHUHT KaHO-
UW/KTakcMMOoTN 6runaH TaBcugnaHagn. AMMo 6yHM acocnawl yuyH
MaBXy/ ycynnapga AskKanraH TU3SUMHUHT MUKPOX,0NaTnapuHuHr
TEHr TaKCUMMAHMLI N KN TEKUC TaKCUMAaHULLM XaKnaarm aco-
CWIA MocTynaThaH Tawkapy 6up KaHya wapTtnap \am 6axapunu-
wu Tanab atunagu. Wy ca6abnu, mawxyp onum P. Ky6o cTa-
TUCTUK PU3NKAHWHT acocnaHuwmnaa KynrmHa HoaHuk mknap
mMaBXyf geraHga, [.H. 3ybapes aca aHcamb/b Ha3apuACUHU sipa-
rMw xamga aXTMMONNnMKnap TaKCMMoTU PYHKLUACUHK acoc-
naw Mypakkaé myammo 6ynu6, xaTTo 6y MyamMMOHU KaHAal
Japaxaga \an Kuamw MyMKUHAUTA \aM HOAHWK 3KaHIUTUHM
aiiTraHga Tyna xakgugunpnap. YyHku 6yryHga aHcamb6nnap Ha-
3aPUACUHUHT X,aMia TaKCUMOT PYHKLUANAPUHUHT acoCnaHu-
WMHW Ha3apuii-MaHTUKWIA XUxaThaH MyKamman geb 6ynmangm.
Ly cababnu x,am cTaTUCTUK PU3MKAHUHT acocnapuHu 6aéH
aTMwaa 6up KaTtop Myammonap Maexygaaup.

JHAM oKopMAa KenTUpuAraH acocuii TylyH4yanapra tas-
HKG, Wy MyaMMonap yctmaa Tyxtanamus.

Tawkn Myx,ut 6MnaH saHepreTUK KOHTaKTAa 6ynaraH TM3nm-
HWUHT CTaTUCTMK MUKPOXO0NaT/iapu Ba ynapra MoC aHepruscu
(by Tacoauuit KATTANMK)HUHT KMiiMaTnapu aXTUMONNKNapy
acocuii noctynatra acocaH y3nyKcus Xxonga TeKMC TaKCUMNaH-
raH éKn JUCKPeT Xon4a TeHT aXTUMonnu 6ynagn. SHepruaHuHT
Kniimatnapunm

< P9< A< < El< ..

TapTnbaa benrunainnuk; 6yHga aHeprusHUHI Knuinmatn EMra
TEHT OYNINLLNNTY, WY BAKTHUHT Y31MAA YHUHT Ta, .. O..
KmmmaTnapra TEHT 3MAC/UTUHN TaKo30 3TagMm. 3HeprV|ﬂHV|Hr
OyHpain KuiiMaTnapyu aXTUMONNNKAAPW TEKUC TaKCMMAaHraH
(TeHr axTumonnu) 6ynmaii, ynap {O, E) aHeprus opanuru
Y3YHAUTUHWUHT KUAMaTNapyu aXTUMONNUKNapyu 6unaH aHnkaa-
Hagu. KOkopugarn b HUHT knitmaTnapu (11) HM OpanmnK y3yH-
AUTUHUHT KuiimaTnapu eb TywyHuw kepak. CTaTucTuk gpusn-
Ka acoCMHM 6aéH aTuLIra aHUKANK KUpUTUnagurad 6yHaan my-
XUM (OMKPHU Xap 4OUM Ha3apfa TYTMOK /I03UM.

JHEPIrUAHWHT Kuiimatnapu ysnykeus 6yncuH. by xonga aHep-
rua kuiimatu {O, E) opanukga 6ynmacuH; E, E + clEga 6ynu-
WK 3XTUMONN, SibHK "BekTOp" E HUHT Kuiimatn E, E + clEna
6ynuw axTumonwu c1¥E) Hn aHukpainmk. by (1LLE) mypakkab
BOKea aXTUMonuaunp: £"BeKTop"HUHT yun E, E + c1ET 6ynunw
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E+dE AXTUMOV TEKUC TaK,CUM-
NaHULIY XaKUgaru nocTy-
-E natra acocaH E, E +dE
OpannKgarv CTaTUCTUK M-
Kpoxonatnap coHun dn(E)
ra mMyTaHocu6. Heprus
dE E kuiimaTununr (O, E) opa-
1.2-pcM. nuKga 6ynmMacnnmk axTu-
monuHu P{E) 6unaH 6en-
runacak, u3naHaeTraH s\TUMONNNKHM

(22)

KypuHuLWAa 31 MYMKUH. ByHa Z — HopmManall waptujaH
Tonunagu.

P{E) HW aHWKgahnuk. BYHUHT yuyH (O, £) Hu i/*opanunk-
nap nurnHgncugaH noopar geb kapannuk (1.2-pacm).

Acocuii noctynatra 6uHoaH, (O, E) opanukga aHeprus Kuii-
MaTUHUHT Bynuw axTumonu E ra myTtaHocu6 éku (3Era TeHr.
{/£'opanukaarn cTaTUCTUK MUKpPOXonaTaa 6ynvi sXTUMONINTU
aca dE ra mytaHocun6 ékv pdE ra TeHr ("macwTab" napameTpu 5
aHuKnaHuwm nosum). dEjxam Ly CTaTUCTUK MUKpPOXONaTnapaa
E HUHT Knitmatun 6ynmacnmru aXxTumonu aca

1 -ME) (23)

6unaH aHnkgaHagu. Arap {O, E) op™wurkHu nTa TeHr i/f napra
byncak, 6y opanukgapgaH 6apyacuga £’ HUHT KninmaTtu 6ynmac-
AUTK (ABHKW ynapgarv cTaTuCTMK MUKpoxonatnapga 6ynmacamnru
6up-6upnra 6ornuk 6ynmaraH n ta BOKeaHWHr 6up BakTAa Co-
anp 6ynuwn) wy (23) axTumonnap KynaiTMacura TEHT, SbHU:

P{E) = {\ ~pdE)"

E = ndEm nHU YeKCU3NUKKA NHTUNTUPNO, SHEPTUA Kuiima-
TUHUHT (O, E) opanukaarn cTaTuCTUK MUKpoxonatnapaa 6ynmac-
nuK axtumonu P{E) Hu Tonamms:

(25)

By epga WyHW AHA TabKUANARMU3KN, CTaTUCTUK MUKPOXO-
natnap Ba CTaTUCTMK aHcaMb/b anemeHTapu (TU3MM Hycxana-
pun) 6up-6upura 60rnnK amac.
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AEMaK, n3naHaéTraH aHeprus KMﬁMaTﬂapM IXTUMONNUKNA-
pn TaKCUMOTHK

c/WE) = Ne-<MUnR{E) (26)
ngosa bunaH aHukgaHagn. byHaa
(27)

61p MUKpOXonaTra TYrpu KearaH aXTumonnuknap sudnuru. Ly-
HWUHT YYyH AUCKpeT Kuinmatnap 6ynraH xonga

(28)

ngogaa ésnnagn. bynapsa Homabnym napameTp Z HM Hopmanatl
LapTm

eKm
ngopanapiaH
(29)
eKM
(30)

3KaHAUTUHWN aHuWKnaiimus. by epga AMrnHAN (EKn mHTErpan)
MUKPOX0NaTnap CoHM 6unaH aHMKAaHagn. Z —CcTaTUCTUK UH-
Terpan (iwpunan) geinnagn.

Tekuc TakCUMOoTra MUCON KenTupannmk.

Mwncon. Agpo emupunuwn. Xap 6up pagmoakTus A4po
BaKT Oyinya eMUPUANLIN IXTUMOAAUTA apnon TeKnuc (TeHr)
TakcumoT feb kabyn kunuHagu. by xonga agpoHuHr (O, /)
BaKT4a emupuamMacaH dfBaktaa eMupuaniLn Mypakkab Boke-
agup: 6y BoKeaHWHT axTumonnurn c/i¥(l) BakT J1ga AAPOHWHT
EMUPUANLL IXTUMONKN, TEKUC TaKCMMOTra acocaH, dMékun Jtil
6unaH xamga (O, O BaKT opanuruga eMmpuaMacink aXTMmonm
P(0 6unaH aHMKnaHagu, AbHW.

aley = ()}
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P{t) v TOonuw yuyH (O, t) HM n Ta dt opanuk”™yanapra
6ynamus. by opanukyanapHuHT xap 6upnuaa eMUpuanLL axXTu-
MOAUTN Adt raTeHr Ba Aemak, eMUPUIMACTUK IXTUMONIUTIA
(L —Adt) ra TeHr. (O, /) opanukaa eMUPUAMACINK IXTUMONN-
rm Pit) Wy opanvk,4anapHuHTr xaMMacma eM1upuaMacianK axTu-
MONMIMKNAPUHUHT KynaikTmMacugaH nbopart, SbHM

P{i)y = (1 - Adty = (1 - A/m)" e~ (N ~ oo). 2)

Jemak, n3naHaéTtraH 3XTUMOJIINK

dW(t) = Ae~"Mdt 3)

/= Opa ™Ta sgpo 6ynca, tBak.Traya emupunmai konrad N{t)
Ta aapo {P{t) = jV(O/A(, = e“"naH)

N{t) = N, e @)

nopna bunaH aHuKfaHaau.
1.10-§. 3HTPOMNUA

TU3NMHUHT
1 2 3, ..., 1 .. (31)

AVCKPET MUKPOXoaTnapm
W, W,,...W,... (32)

AXTUMONAUKNAPHN KaByn K.MAcWH. Tabpudra Kypa, AMHaMuUK
MUKpOXonatnap Tyniamm, CTaTUCTUK MUKPOXoaaTnap Tyniamu
Ba CTAaTUCTUK aHCaMbib 3NeMeHTAapyu Tynaamyu TeHT Kyuau,
ABHU YNAPHWUHT 3/1eMeHTapu CoOHNapu 6up-6upura TeHr.
mMapTa CTaTUCTUK MUKpOXonaTtnap 6unaH Taxpuba yTka-
sunraHga (31) mukpoxonatnap (kM MapTa CTaTUCTUK aH-
cambb Ky3aTuaraHa yHWHI afeMeHTAapyu) Moc paBulLja

«2, .. M... (33)

mapTa Kenmb YymkkaH 6yncuH. bowuayva aiitraHga, TU3UM yCTU-
fa N mapTa Taxpuba ytkasmnraHga y (31) mukpoxonatnapga
MocC paBuwa (32) axTumonnuknap 6unaH KysatuaraH 6yncuH.
ByHaa n/N HUCOATHUHT TMMUTU, SHHU

= (34)
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/ MUKPO\ONIATUHWMHT KENNG YMK,MLW X TUMOIUTUHUN KypcaTaju.
JNcocuid nocTynatra acocaH CTaTUCTUK MUKPOXONATHUHT Kennb
YUKW axTumonnuru 1l/yVra TeHr. «.TagaH UXTUEpuin 6upn-
MUHT KeNN6 unk.mwmy — 6y MUKPOXONATHUHT KENN6 unk™Mm
axTumonun «yyVraTeHr, abHu iV = 6ynagn. (31) Mukpo-
\onaTnapHuHr jVMapTa Taxpuba yTkasuaraHga moc paBuwija

«2, ... [7,... MapTa Kennmo6 Ynkuw (SbHU CTaTUCTUK aHCamb/lb
3NeMEHTNapUHUHT MabayMm (MacanaH, /) TakcumoTu (33)HUHT)
axtumonnurn LLY) (32) acocupa

PY(O=  (/W'2(/WL- (/) =T W"() (35)

ndoga 6unaH aHMKLaHaAN. AHCaM6/b 3N1EMEHTNAPUHUHT TU3UM
MUKpoxonaTnapu 6yiinya TaKCUMOTUHUHT axTumonaunrm L)
(hak AT Wy KapanaétraH TU3UMHUHT CTAaTUCTUK KaTranurugup. LLY)
IXTUMOJIIMK Y3UHUHT MabHOCUTa Kypa, yMyMUWiA Xonga arap Tu-
3M HOMYBO3aHaT xonataa 6ynca, YHUHI MakpOCKOMUK X0naTu
y3rapuwimn cababnm (penakcayms Tyannm) MMKpoXonataap CoHM
(31) xam, MuKpoxonaTnap axTumonnuknapu (32) xam ysrapagu
Ba, Aemak, L) axTumonnuk xam ysrapagu. AMMO TU3UM MYy-
BO3aHaT xonatga 6ynca, IMf) axTumonnuk gonmuia 6ynagu.

Xamma Mukpoxonatniapga 6yna onniimn MyMKUH 6ynraH Tu-
31M 3ProAvK TH3W W feiunaan. Kyinga MyBo3aHaTharu aproguk
TU3UMHM Kapaimus. ®apas Kunanmk, TMSMMHUHT XaMMa MUK-
poxonatnapu 6up-bupnra TeHT, AbHK = L2 W=
6yncuH. by xonga

KN 6yHpaH: = Inw —CcTaTUCTUK aHCAaMOIHUHT Xap 6up
anemMeHTUra TyQu KearaH cTaTUCTUK KaTTaMK. YMyMUin xonga

CTaTUCTUK aHCAMOBIHUHT J1"Ta 3NeMeHTNapUHUHT MUKPOXOo/aT-
nap 6yiinya TAaKCUMMQHULWNAPUHUHT 3XTUMONNNKNAPU YUYH

HopmManaw waptn ~XK (/) =1, 6yHga J1/— TakcumnaHuwinap

COHM. MyBo3aHaTAaru TM3UM y4yH fovuMuin 6ynraHun Ty-
thalinn Hopmanaw wapTuHn MLU[) = 1kypuHuwAaa é3uw Mym,-
KWH; ByHAaH aca KyimaarnnapHu onamus:
-1nM = Yn,.1nnN <0
|
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EKN

\n
N = (36)
/ /
(36) ngopa xap 6up cTaTUCTMK 3NEMEHTra TYrpu KearaH ypra-
Yya CTaTUCTUK KaTTannkanp. M = BenrnnaliHyM KnpuTannmk

(¥>0). byxonga
Y=1nM =-77,. 1n«™ 37)

[ > O— nHpopmaLma MMKLOpK gennnagn. Xap 6up anemeHTra
TYrpy KenraH yprada MHopMaLnsaHy aHuK/Taw yuyH YHu J1'ra
6ynun6, MB6CHMHT aHTponusa ndogacm — LLeHHOH hopmyna-
CUHW 0namus;

g=Hnr =-Ar1np A =AM IR (38)
/ /
BKn
A=-Xoomn / @n")=E *(39)
6yHaa
5 = 1n(1/1") (40)

noaa MUKPOX;0NaTHUHT 3HTponuscu Ae6 atanagn. Ymymuii
Komgara Kypa;

5 =<5> (41)

TU3UMHUWHT 3HTponuack (MHpopmaunusa Hasapusacuga uHdgop-
thopMaumoH aHTponus) geinnagn. (39) npopasa

parun xap 6up xag — XX1n X > O6ynraHu yyyH aHtponua 5 > O
6ynagmn (1.3-pacm). Mukpoxonat sHTponuacu 5. = 1n(1/K) Muk-
poxonat axtumonauru IV. optuwy 6unaH MOHOTOH Kamaiinb
6opyBUM KaTTanukaup (1.3-pacm).

X HUHT xonatnap 6yiinya yptayacy TepMognHammkagarm 5 > O
aHTponuaAgaH nbopart. AKKafaHraH TU3UM YUYH 3HEPTUA y3rap-
Main Ba MMUKpOXonatnap 3XTUMONAMKAAPU XaM y3apo TeHr
bynagn. by xonga 5 = 5TeHrnukK ypunnu éynagw.

dapas kunanank, MUKpoxonaT axtumonauru U =/, abHn
MUKpoxonat 6uTtTa 6yncuH. by xonga5=5 = 0 TEHI UK YPUH-
nm 6ynagn, AbHU TUSUMHUHT 3HTPOMUACK HOMra TeHr bynagu.
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Mukpolonat 6utta 6ynraHga,
louopuaa antTuaraHnapra Kypa,
OVHaMUK mukpo\onat \am 6mT-
Ta 6ynagu; y Tusumpaaru 3appa-
nap \apakatum 6up-éupura Huc-
6ataH cogmp 6ynmaiign (TU3NM T. Swpn oW
Tynanuruya ?”,apakatnaHuiim
MYMKWH, leKUH 6y \apakaT me-

/ 1
XaHUK X,apakat 6ynubé, ctaTtuc- ! L
TUK hunsmka OyHpal x"apakar- f Vo o
NapHW TagkuK. K,unmMaiigm). Akc 0 Wm=0,37 L,

\onga 3appanap xapakatu Ty-
(haknn LUHaMUK MUKPOX,0naTt-
nap Ba, fiemak, cTaTUCTUK aHcamb6b anemeHTnapu Ba 6yHaaH
aca Mukpo\onat Tawkua Tonrad 6ynyp agu. 3appanapHu X,apa-
KaTga 6ynmaraH TU3MMHUHT ~onaTtu (acocuit xonatgarn xapa-
KaTu 6yHfaH MycTacHo) 6y Tyna TapTubnununk xonatnaump. Ae-
MaK, Tyna TapTubannuk x;onaTuga TW3MM 3HTponuscu S
Honra TeHr. By mngopga MepHeT TeopeMacu geiimnagn. bup-
6upura HucbaTtaH 3appanap xapakaTu to3ara Kenca, TUSUMHUHT
Temnepatypacu T HongaH apkan 6ynagun Ba Tyna taptnéau-
Nk 6ysnnagun, TapTubcn3nuk (xaoTusauus)'rosara kenagu. by
xonga W < 16ynagu Ba, gemak, 5 = In1/>K optagn (W kamaii-
nwn 6unan), ymymaH TU3um,3HTponmacu xam optagm (1.3-
pacm). bolikaya ainTraHaa, TUSUMHUHT 3HTPONUACK 5" (LUYHUH-
raeK MUKpOXonaT 3HTPOMUACK S. XaM) TapTUBCU3NUK fapaxa-
CWHW TaBCcunaauraH KaTTanukanp.

Arap aKKanaHraH Tusumga raptmbnunmknap (MacanaH, OKMM-
nap Ba 6owkanap) 6ynca, MabayM BaKT yTuwun 6unaH Taptuné-
CU3NMKnapra ytagunap sa Tusumpa TepMmogmMHaMnK MmysosaHaT
xocun 6ynagun; 6owkaya anWTraHaa, 3Hr HOKOpW gapaxagaru
TapTUOCU3NUK XONaTu to3ara Kenagu; 6y xonga YHUHT 3HTpPO-
MUACK 3HT KaTTa (Makcuman) KMimaTHu Kabyn kunagu.

JHTponua S udopacn (39) faH KypuUHaAUKW, YHUHT Xap
6up xagn X In1/XK makcumym knitmatgaH ytagu. XK1nl/XK
XaAHUHT MakCUMYM KMAMaTUHW TOMULW YYYH YHAAH Xocuna
0116, HOoAra TeHrnawTupunagun, asHU 3(K1nl/HK)/3 XK= 0O
faH AWM= ¢e*' ~ 0,37 H1 Tonamus. Jemak, (XKInUMO,,ax “
(1.3-pacm).
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QHTPOMNAHWMHI XOCCANAPA

JHTponus 5yuyH WeHHoH (IT'nb6c) hopmynacu ,
S =-AlIVIinl, =Ysiv,.A

1
6yHAa MUKPOCKOMMK X0NaT 3HTPOMMUSCH

5 =1n1/X.

TU3NMHUHT 3HTpoNuMAcK 5’Kyidngarn xoccanapra ara;

1. SuTponua 5 MmaHpnin 6ynmaraH \ak,uK,uii KaTTannK. QHT-
ponus ugogacu (39) pa > OBa 5 > O06ynraHu yuyH
3HTPONWA 5 HUHT MaH(pWi 3MacAUrn, AbHU O 3KaHNumu
Kenno YnK,amm.

2. Arap TUSUMHWUHT MUKPOXONaTnapyu TEHT axTumonnum (Te-
KUC TakcuMmnaHraH) 6ynca, SbHU

X, = = .= 1y=

bynca, YHUHI 3HTPOMNMACK MaKCMMyM KuiimaTt kabyn
Kunagu.

Mukpoxonat axTumonnuru PK= n/M Hu abTu60Opra onuo,
MH(opmaLua nhogacuHmn

/= =N™MInYY-~n,. /g (42)
/ /
KypuHuwga é3aiinnk; oyHga =N =M/, — CTaTUCTUK
/
MuKpoxonatnap (CTaTUCTUK aHcambb 3nemMeHTNapu) COHW;

A=1 2 3 ..

a) Mwukpoxonatnap TEHTr aXTMMOMAAM Xonga n. = 1 6ynagu
(cTaTcTUK MUKpoxonaTnap TeHr axTumonnu). By xonga uH-
opmauusa J{W), n. = LlakaHnurugad \nn. = O6ynraHun yuyH,

/("0 = HLW (43)
ngona 6unaH aHnknaHagu, aHTponua 5{YY) aca
5( = v (44)

bynaaw.
6) TeHr axTuMonnu 6ynmaraH 6apya UXTUEPUIA Xonnapga
n > 1 6ynraHn yuyH 1l > O 6ynagu Ba, gemak, (42) ga iu-
PUHAWHWHT Xap 6up xagm n\nn. >0 6ynraHn yuyH 6y xongaru
NH(opmauns
(A1, vy Ky ) = M¥) <L (45)
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bynagn. (43) Ba (44) ndpoganapgaH, 5"= J/N H\ Haszapga Ty-
TUACA, TEHT 3XTUMONNM MuKpoxonatnap aHtponusacu ¢"(lio,
NXTUEpnii TakcumoTra ara 6ynrad Nia. mukpolonatnapnm Tu-
3num aHTponusack S(1V) gaH katta 6ynagn, SbHU:

S{W)>S{IV.) (46)

3. TW3UMHWHT KuCcMnapu 6up-bupura 6ornuk,6ynmaca, ynap-

HUHT 3HTPOMUANAPU AUTUHAUCKA TU3UM SHTPONUSACUTA TEHT,
AbHU 3HTPONUA aaaMTUB KaTTauK. TU3UM UKKU KUCMAaH nbopat
6yncuH. BUpUHMHT Mukpoxonatnapn WH .. X... bunaH,
WKKUWHYUCUHUHT MUKpoxonatnapu P,, PN ... P.... BuiaH aHuK,-
naHraH 6yncuH. Ymymuii xonga 6y KKu Mnkpoxonatniap Tyniam-
napun 6up-6upura 60ranK, 6YAnMWN MyMKNUH, SbHU / MUKPOXO-
NaTHUHT KeNn6 YnK, Uy axTumonnur XK. sa WY WY ... TV....
MUKpoOXonaTnap 6epunraHgay MUKpOXoNaTHUHT Kenunbé Yunk,u-
W axtumonnuru P.(MO 6upranmkga

IXTUMONNMKNAP KynaiTmacu 6unaH aHuknaHagn: P(UO Hm
LWapTn 3x; TUMOINKA&6 atanagn (k- 11 606). ByHpali Tnsum-
HUHT aHTponuacu S(MY, F) Hu

5(k,p)=-X t (fA)in WAPjm ) =
i J

1]
=-X WiInWAINPJ{W)- X TV, {W)]n F{W) =
i J B )
=-5"W.IniV,-Y, B (") In Fj {W) = S(fV) + S,, (P)
KYPUHULIAA 31 MyMKUKH. [lemak,
S(1V, P) = S~AP) + S(fV) (47)
5(M0 — N\ N2’ mm 3XTUMOIINKNAP MUKpOXofaTnapra

ara 6ynraH TM3UM KUCMUH UHT aHTponusacu; SNP) —6upuH-
4yn KMem MuUKpoxonatnapu 6epunranga P,, PA,... P.... axTumon-

NVKNapu MUKpoxonatnapra ara KUCMHUHT aHTponusacu, SYYP)
HU WapTam aHTponus gennagun: (47) HM onmwpa HopManaw
LapTnapu

2 » ' :1,E/ "TW i

/
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Haszapga TyTunau. Arap TUBUMHUHT KucMmaapu 6up-6upura 6or-
NuK; 6ynmaca, ynapHuHr mukpoxonatnapu \am 6up-é6upura 6or-
nuK. bynvaingn Ba, gemak,

P.{\¥)=P. (48)
6ynagun. (48) Hu abTMHOPra oncak,
SJ,P) = 8{P) (49)
TEHT MK YpuHAu 6ynagu. by xonga (47) ndoga
8{\y, P) = + 5{P) (50)

afaMTUB KYPUHULLHW 0nagu.

Tu3um 6upop Tabcup éku Tabcupnap cababnm Homyso3aHat
xonatra KenraH 6ynca, 6y Tabcupnap TyxrtaraHga (onmMHraHga)
TM3UM MYBO3aHaT xonatra Kenagu, 6yHga TUSUMHUHT 3HTPO-
nusacn 6'optnb 6opagu, AvHM (18 >0 6ynagn. by macanaHm
afabuméTtaa xap xvun ycynnap 6unaH eumiira UHTUAWHIaH.

Bup-6upura HucbaTaH 3appanap xapakatu 6ynmaraHga aHru
OVHAMUK MUKpoXonat coaup bynmaian Ba, gemak, 6utra cta-
TUCTUK MUKPOXONaT ByNraHnnru y4yH MMKpoxonaT Mykappap
BOKea 6ynaau; YHUHr axTumonu XX = 1 6ynub, sHTponuacu
aca 5=0 6ynnwunHu 6m3 rOKopMaa anTamk.

JHAN XapaéHnap Tydannm sHTPONUAHWHT opTuwura 6a-
TaCMNPOK,TyXTakmMus. AHTponus ndogacu:

(51)

faH KYpUHAAWKW, SHTPONUAHUHT Xap 6up xaau (by kat-
TanuKiapHW pacmpa Kypca-
TUW Makcagmpia y3nykcus
y3rapagmn, neb kaparimus)
HUHT OpTULWKN GUNaH YN3NK-
NN MOHOTOH opTaguraH K
Ba 1OrapuMuK MOHOTOH Ka-
mMaaguran ~ =/n1/>K ky-
naintysumnapgaH ubopat
(1.4-pacwm). bowkaya aiiTraH-
[a, aHTponus JTHUHT Xap 6up
xaanm Xn.= X1/)K makcu-
MyMAaH yTaan. Makcumymra

AOGK1nX) = 1Py, +1=0
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TaptaaH XXHuHr fVA=\/e~ -WigW
B 0,37 Kninmatmga spuwmnna-
an (1.5-pacm).
Ta\nun KWWLocoH 6ynu-
LM YYYH MUKPOXO0/1aTap COHM
27T1a, YNapHUHT 3 TUMONNNK-

niapn Moc pasuwga XX, ra
reHr 6yncvH. Hopmanatu wap-
™ X + = 1pa WAr=W,

PH=1 -W GenrmnawHm
Knpntnb, 6yHaan TUSUMHUHT
3HTPOMUACUHN

1.5-pacm.
S=- W \ n | V = +%2 (52)

KypuHuwaa ésamums. 1.6-pacMfa KypuHaguku, 2 Ta MMKPOXo-
NAaTAN TUSUMHUHT 3HTPONUACK ¢ "MaKCUMYM KUimaTaaH yTagu.
Bowkaya aiTranga, XX HUHT Mabnym opanurmuga X optuwu
6unaH 5 optnb 6opagn. LLyHuHrgek, XX HUHT 60WK A MyaisiH
opanukga Kamanumwm 6unaH xam 50pTn6 60pagn (1.6-pacmra
KapaHr). Xap MKKW XONHW TYWYHTUpannmk. Ymymuin xonga X,
L, ... XX ... mukpoxonatnap maBxyg. ®apas kunainmk X, = 1
AbHW TU3MM BUTTA MUKpPOXosaTha Mykappap 6yncuH. by xonga
5=0 6ynagu. by xonHn 613 lOKOpUAa Taxana KUnraH aguk ea
YHUHT HepHCT TeopemacuaaH nbopat s3KaHJINTUHN aliTraH afuk.
dapa3 kunaiinmk. X = O 6yncuH (aHukporn XK,-"0, AbHYK
IXTUMONNNTN XyAa KNUMK 6ynraH mukpoxonat 6yncuH). By
X onga TUSUMHUHT 3HTponusacu 5-» O 6ynagn. Jemak, TU3UM
MUKPOXO0NaTh 3XTUMONINKNAPUHUHT y3rapuwn (AbHU MUKPO-
XO0NlaT/IAPHUHT COHWM Ba 3PKUH/IMK fiapaxanapu COHNapu ysra-
puwn) cababnu YHUHr 3HTPONUACKH 5 MaKCUMyM KuiimaTgaH
ytagn (] .6-pacm). X N Ob6ynranga, 5-» O6YyNMWNHN Taxaun
aTalnuK.

Ouckpet xon. KeasuctaTuk (MyBO3aHaTharm) >kapaéHHu
Kypannmk:

byHoa . = , demak 5= 1n1/XK = + + 1ng X -
opTYBUM (PYHKUUA, 5.— KamawoBuuM GyHKuua. Mwukpoxonat
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a\tumonnurn "KHWUHT OpTU-
WK1 6unaH YHUHT aHTpoNmA-
CU Kamasgu Ba, femak, LWy
MUKpoOXxonat aHepruacu E
\am kKamasagu. boluk™ava ainT-
raHga TM3MM HOK,0pu 3Hepru-
AN, NEKUH KUYUK X TUMON-
am mukpolonatga 6bynca, y
KWYNK 3HEPrUsnun, neKuH
KatTa 3)"TMMonnn Mukpo\o-
natra ytagn. byHaa Tusnm-
HWUHT 3HTponuacK 5 y3 ngo-
pacuparn J¥ HWUHT opTuLK
x;ucobura optagn. TUSUMHUHT 6y MuKpo\onaTnapuga axpanraH
3Heprus a"\TUMONANTN KaTTa 6ynraH MMKpo\onaTnapHUHT aHep-
FMACUHMW OWIMPULUTA Ba Xa0TU3auusa fapaxacuHUHI Kydaiin-
wwura capt b6ynagn. WyHgaid kunub, mukpolonatnap ax.Tv-
MONAMKNApPW OPTULIMN Ba KaMahunim 6munaH 60ranK, MKKU Xun
pakob6aTnawagnraH xxapaéHnap cogup 6yamwm MyMKuH. X.ap
MKKanaxapaéHga \am TU3VUMHUHT SHTPONUACK OPTaAM Ba MakK-
CUMYM KUAMAT Kabyn Kuauwra MHTUNagn. 3> TMMonm Knumk
MUWKPOX,0/1aTnapfaH ax,TMMOAN KatTa MUKpOX,0natnapra yTuu,
MeXaHuKagaru TUSUMHUHI KaTTa aHepruany 6ekapop x,onatgaH
KNynk aHepruanm bapkapop (TypryH) \onatra ytuwimra mMoc
kenagu. (1.7-pacmpa sHTPONMA 5 HUHT Yan KUCMUAA YHUHT
opTn6 6opuwin). Tusmmaa katta a\Tumonnm Mukpo\onarnap-
faH KNYuK a\Tumonnu Mukpo~onarnapra ytulinap aca cratuc-
TUK (n3mKagarn TapTub gapaxacum OKOpW X,0natgaH Taptub
fLapaxacu nacT 6ynraH \onatra yTuwnap, SbHU TapTUB6CU3NNK
fapaxacu Katta 6ynraH x,onraytuwnap (TapTubnmnukgaH Tap-
TUOCU3NMKKA YTUL XaoTUKNaHWW) moc kenagn (1.7-pacmpga
JHTPONUA 5 HUHT YHT Kucmumparn optnb 6opuwun). Tusmmaa
6yHgan pakobatnawagmrad yTuWAapHUHITEHT allyBU MUKPO-
)onatnapHuUHr Kuiimatuga cogmp 6ynagm (1.7-pacmjaa aHT-
ponusa 5 MakcuMymra spullagn Ba 6utta Kuimat HU Kabyn
Kunagwn), 6y aca TepMOgMHaMUK MYBO3aHaT X,0naTaup.

Mwucon yuyH sKKanaHraH TU3UM Y3MHWHT MyBO3aHaT \ona-
TMgaH 6upop cababra kypa (macanaH, gpnykTayns Tydainm)
HOMYBO3aHaT X,0natura ytraH 6yncvH. by \onga ax.TUMonnuk-
napu Ku4YukK, aHepruanapu karta 6ynraH MWUKpOX;0naTnapra

1.6-pacm.
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1,7 pncwm.

yTuwHY \amn;| ATm ()M 1N n Kana, NeKUH XaoTUKNaHuLW faa-
paxacy Kuuuk (1a|iM)mMunTK fapaxacu ok~ opu) Ba sHeprua-
cu Knuuk \oldiai bljma YHUNNapHu TyWYHMOK,N03UM. By UKKHK
xun ytuwnapl a 1/ pacmga \tumonnuk XHUHrukku X Ba
KK kpiimatnapn |Y|pn m-nagu; ynapra aca aHTPONUAHUHT 6UTTa
5k,miimat moc Mm'na;ul(l.7-pacm).

YMyMaH WNUAHUMWU' UKKU \onaTura 3HTPONUAHUHT 6up
Kuiimatn moc M'nnnw, A>HM sHTponus \onat ax TMMoNAnru-
HUHT 6Up Kuimarnm (l)yHkHuscu 6ynmail, UKKW KuiAiMatim
(PYHKUMACK '»K.'MWTUHT KypcaTagu. by aca ctatuctuk ¢pusu-
Kagary K,abyn KAMuwaH 3HTpoONMa X"ONaTHWUHT Bup Kuiimatiu
hyHKUMACK acMnraM Tc3mcra aHUKANK KUPUTUIUWUHW Ta-
Ko3o atagu.

M ncon. Xomara KY3gUPUIraH XUcm Knputungu. Yi \aso-
CW Ba XUCMUW SIKKanaHraH tusum geb \ucobnab, yHgaru xa-
paéHnapHu 1a\;|un aTaiinmk. Mccnknuk roTuamwm \mcobura
3aBOJa XaowkKuawunw Kyyaagu, 6yHaa Mukpolonatiap CoHM
OPTULWWN MYMKUM; YNapHUHT 3\TUMONNKKIApN Kamasnu, aMMo
MUKpOKoga ! )Hrponmacu 5. opTagu Ba ymMymaH TM3uM \aBocu
KUCMUHUAUT )Hrponusacu 5opTtagm (1.7-pacm, yHT KaHOT).

TU3UMHUHT BUp KUCMU Byiinda XXUCM HOKOPU 3HEPTreTuK
cat\/lim KYI/L aHepreTuk catxgapra ytaam, Mmukpo\onatnap-
HUHT 3 \Tm()nnnknapn optagu; 5, kamaiica-ga XX HUHT opTU-
wun \mc()MNNa, ymymnin suTponua 5 optagn (1.7-pacm, yan
KaHOT), YMyMaH aiiTraHza, TU3UMHUHT (yil \aBOCK Ba KU3UraH
Xucm) mjipolmacu 5 = ~XK;.5,. optagu [1.7-pacmpa\ap vkkcLia
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(yan Ba YHr) KaHoT], fibHU é/5ymw o = dS >0. by mu-
CO/THM TepMOAUHAMUKaAa Kyingarmya TyWYHTUPULW MYMKUH.
MyBo3aHaTAa 6ynraH KnacCuk TM3UMIap MCCUKANK KOHTaKTra
KeNTUpUAraHaa, ynapHUHE 3HTPONUANAPUHUHT y3rapuiinapm
KapHo-Knay3nyc Teopemacura acocaH (TepMOLVHAMUKAHUHT 2-
KOHYHW):
dS(){aso) =" , ¢/50kucm) =
ngpopganap 6unaH aHukgaHagu, ynapaa
dQ”">0,dQ,”<0,dQ,=\dQ,M\.

MacanaHuHT WwapTuraacocad T~> 7, bynapraacocaH dS{\sso) >
> [¢/¢’Okmem)]. Oemak, Tu3nm (KUCM + X,aBo)ga KanTmac xapa-
&Hnap Tyainm YHUHT SHTPOMUACK OPTULIMN, SBHU

dSx,aBo) - B (xucm)| =dS >0

MyHocabaT, cogup bynaau.

WyHpain knnnb, Kyhmpgarm xynocara kenamms: agabuér-
napparn bonbuman popmynacu 5 = 1nA"ga XXHu TM3mm \ona-
TUHUHT 3\TuMonu feb kapabd, TM3UM KUYMK 3\TUMONNUN X OnaT-
napfaH katTa a\Tumonnu x"onatnapra ytagu, fe6 TylwyHTupu-
anwmn 6up ékgama, yMymaH ainTraHga HoaHukKaup.

FOKkopuaa TaHMWKUAraH YMyMWii TyllyHYanapHu Muconnap
Ba Macananap Bocutacuga Kapaunuk.

MWCONNAP BA MACANANAP

1. Makpockonuk ?7onar. MakpoCKONUK TUSUMHUHT
MaKpOCKOMWUK \onatu yHW aHuKgaamraH MakpoCcKonukK napa-
mMeTpfiap, MacanaH, Temneparypa, 3M4nMK Ba 6owkanap Kui-
MaTNapuHWUHT 6epunuin 6unaH aHuknaHagn. TUSUMHUN aHUK-
naingmraH MakpoCKOMWK napaMeTpaap COHM LWy TUSUMHUHT Tep-
MOAMHAMUK 3PKUHAMK Japaxanapy CcoHugup. MMOOCHUHT
thazanap Komgacura acocaH, TU3MMHUHT TEPMOAUHAMUK 3PKUH-
NNK fapaxanapu CoHN YW-Ly TUSUMHUHI KOMMOHEeHTapu M Ba
(hazanap CoHuU r ra 60rnuk.

Arap TM3MM TepMOAMHAMUWK MyBO3aHaTaa 6ynca, YHUHT Tep-
MOAMHAMUWK 3PKWHWK gapaxanapu COHU  KyiAugarumya aHuK-
naHagm:

MA=2 +n-r.
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TU3NMHUHT MaKpPOCKOMWK Xxonatu
Ty N, napaMeTpHUHI K,uiAmaTnapm
6unaH aHMKgaHagw. 1 .

2. TepMogunamuk myBo3aHaTa- * .
rn\onat. Arap Tusum HomysosaHat Y 1 V2
repMogmHammkxonarga 6ynca, SbHu
remneparypa, 3appanap COHMW 31M4nu-
r Ba WYy Kabunap TUSUMHUHT Typau
K \vicmnapuga Typan K,uimatnap K,abyn kunaca (Tawk apugaH Tu-
3uMra Tabcup 6ynmaca), y penakcayus xapaéHnapu tydannm
Mab/iyMm Bak.ThaH KelinH y3-y3HflaH TepmoanHamMunk mysosaHaT
\onatra kenagn. TepMoAMHAMUK MyBO3aHaT XonaTha TU3UMHU
aHuKTanguraH MakpoCcKonuK napameTpnap Kumarnapu ysrap-
Maiaun.

3. TUBUMHUHT ¥Y3-y3uJaH TEPMOANHAMUK MyBO3aHaTra Ke-
aMwnra pen akcauma >xapaé Hugeimnagn, MyBosaHatra
Kenuw Bak“u I 3ca penakcaums faeivnagn.

4. MacanaH, ngmwpa (1.8-pacm) Y¥TasappagaH nbopar ras
OyncuH. Manw xaxXmu GukKpaH TeHr UKKU K™McmaaH nbopat
6ynnb, yYHUHT 6upuga Ta, UKKUHYMCKMAA  Ta 3appa 6Y/CuH.
ABHKMU,

1.8-pacM.

jV=1, + «.

Tusum (ras) TepMOAMHAMWUK MyBO3aHaT xonarga 6ynca, Tax-
pnba KYpcataguku, 3appanap .3ununurnp = J1/K6up xun 6yna-
au. By aca TepMoAnHamMuK MyinosaHaTxonataup. byHaa, ogataa
MOVWHUHT Xap MKKU KMMCMUZa 3appasiap COHM TaXMUHAH TeHr
bynagn, AbHn  ~ M\ AMMO MyaisiH xonga 3appanapHuHr, ma-
canaH, 6up kucmugarn coHn N/2 gaH AbHW 3appanapHUHT TEHT
TakCUMNaHUWUAaH YeTnaHnwy (apk aHULWN) MYMKUH; SbHU
TU3NUM TepMOAMHAMUK MYBO3aHaT XonaThaH YeTnawunwm mym-
KWH. 3appanap COHUHUWHT 6yHAal TeHT Tak CUMMaHWLWIAAH YeT-
nawuiimnra sappasap COHWHUHI (3UUNIMKHUHT) (AyKTyaumacu
neinnagm.

Oaaunit mynoxasa WwyHra onnb Kenagnku, XaTTo 3appanap-
HUHT XamMMacu xaMm UAUWHUHT | K uemmga 6ynmné K,0nuwm yuyH
6upop 6up NnpuHUMNMan TYCK MHANK IyK, Jemak, sKkanaHraH
TU3WM, Xe4 K"aHAal TalK ™ TabCMPCK3, Y3MHUHT MyBO3aHaT Xona-
TUAAH YeTnawmuwmn MyMKUH. ByHaH xynoca WyKW, SKKanaHraH
TU3MM TepMOAMHaMUK MyBO3aHaTfa 6ynca Ba yHra Xeu K.aHgain
TalWwk,Mm Tabcup BynMaca, y xap KaH4ya Y30K, Bak,T YTca-fa Yua
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ab a b a ab
1,9-pacM.

MyBO3aHaT )“onarga Konasepagwu, geraH TepMOAWHAMUKaHUHT
KaTbuii xynocacu 6axxapuamangn. IKKWUHYM TOMOHAAH, TepMo-
OVHaMUKaHWUHT Xynocanapy TaxpubaHWHI HaTvxkanapura acoc-
NaHrax.

Xyuw, 6y cTaTUCTMK (hM3nKaja Ba TepMOAMHaMmnKaga aii-
TUNTaHNapPHUHT MabHOCMAarn apkHW KaHgah TYWYHULW Ke-
pak? Muconnap opK,anv 6YHU TYLWYHTUPaMn3.

1 Nanwpa nkkita o Ba € 3appa 6yncuH. byHaa nanwHuUHT
1 Ba 2 KMCMNapuga 3appanapHUHT Xonnawnw ycynnapm coHm
TypTTa 6ynaan (K.apaHr 1.9-pacm).

MonwHuHr 1 Ba 2 K,ucmnapuga sappanapHuUHr TeHT Tak,-
CUMTaHULLIN KONraH X~ onnapHuHr \ap 6upura HucbataH 2 MmapTa
OpTUK,. bowkaya aiiTraHga, 3appanapHUHT X,2kM 6yiinya TeHr
TakCMMAaHuwy (SbHKU "MyBO3aHaTK™) KaTTa 3)*TMMONra ara.

Xonatnap (syeiikanap, Kataknap) COHUHW Z, 3appanap co-
HUHW YVounaH 6enrmnab Zxonatnapfa YYTa3appaHWHT XO0i-
nawunw ycynnapu COHM — KOHMUIypauuanapHUHT COHWUHK
aHUKaannnK.

Tusum (3appanap) ukkuta \onatga (karakga) 6ynuwim mym-
KWH, geninuk. Arap Tusum 6mutTta 3appagaH nbopar bynca, \onat-
nap byiunya 2' = 2 ycyn 6unaH xoinawaan. 3appanap coHm N =2
Ta 6ynca, OKopuaa KypraHummsgek, 2° = 4 Taycyn éunadH. M=b
bynca, 2*= 8 Tta ycyn 6unaH, N = A llinca, 2*= 16 Ta ycyn
6unaH xonnawagn (1.1-xagBanra KapaHr, 3appanap a, b, c, d
6unaH 6enrunadHraHd). Y mymuii Ponga J1'\ta 3appaHuHr Zra sa4ei-

Kaga (kaTtaknapga) Xonawnw ycynnapu coHn 7~ raTeHr. Tu-
3UMHWHT MaKpo\onaTUHU X,0CUN KUAULIN MYMKWH BynraH ycyn-
nap coHuHun (muconga ;=1,4,6,4,1 HW) TepMmognnamumk

3X, TUMONVK Aeunnagn.

N=A Z= 2 6ynraH >"0ofHn Ta\nun atannmk. Arap nauw
TEHT UKKW KUCMZaH mnbopat bysica, ugean 3appaHuWHr naui-
HUHT 6up knucmuga eynuwn (Ekn 6ynmacnurn) a*tumon (1/2)
ra TeHr 6ynagun. 4 Ta 3appaHuUHr 6up "cTaTUCTUK MUKpoxonar"
4a 6ynuiu ax TMMonun 3appanap aXTUMOANNKNAPUHUHT KynanT-
Macura TeHr, abHu (1/2)*= 1/16. MacanaH, 12-CTaTUCTUK MUK-
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1.1->kapgsan

. . Mukpo-
Ne | y;onat  2y;onaT C(n) w Wx/007¢ nonawap
abed 1/b 6,25
abc d
ahd c
acd b 1/4 25 1
bed a
6 ab ed
7 ac bd
H ad be :
Yy ed ab 3/8 37,5 In
10 bd ac
1 be ad
12 a bed
13 b acd
M c abd 1/4 25 v
15 d abc
16 abed 1/16 6,25

[F\onaTHUHT a\Tumonu (1/2) «(1/2)" = 1/16. Ka\tumonnuk\am
acocuin noctynatra acocaH 1/16 ra TeHr. byHpgali "ctatnctumk
MUKpoxonaTtnap" kKapanaétraH muconummsga 16 ta (1.1-xag-
Han).

P UN3NK KaTTaIMKHUHT \ap Xun Kuiimatnapura moc Kenagu-
raH "mMukpo\onatnap" coHun 5Ta. X,ap 6up "MukKpo)*onatr” HeuTa
"cTatucTuk mukpo”onat” gaH talll'Kmn tonraHu x,am 1.1-xapg-
nanga kypcatunrad. MacanaH, Il "mMukpox”~onat" 6 Ta "craTtuc-
TMK MUKpo\onaT™ faH Tawkun TonTaH. by x.ap 6up Mmnkpo\o-
natra Tyrpu KenaraH ycynnap CoOHM — "CTaTUCTUK X,onatnap”
COHMHM C(n) 6unaH 6enrmnainnmk. Y >onga )"ap 6up Mmmnkpo\o-
NATHUHT 3\TUMONN, ABHU N 3appafapHUHT UAUWHWUHT BUp Kuc-
muga éynuw a\tumonu PF Kataknap coHu Z= 2 6ynraHpga
Kylingaruya aHuKnaHagm:

W,,=C(n)P~=C{n)/2". @)
CTATUCTUK MUKPO\ONATHUHT 3\TUMONNNUTK; 1/2n,
C(/1) HU MMKpOX"ONaTTIMHI TEPMOANHAMUK X MUMONNTN Aelin-

nagp.

KypunaétraH muconga Z=2, N - A OyaraHanrm yu4yH Muk-
po\onatnapHUHT 3\TUMONANKNAPWN Ba TEPMOANHAMUK 3X.TUMOJI-
NNKNapu Kyiugarunya:
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C(4)=C(0)=1, WA=W,, =1/\6,
C@3) = C(1) = 4, IVA=W=1/4, @)
C(2) = 6, X, = 3/8.

J"Ta MUKpO3appaHUHT MUKPO~NonaTura TYrpyu KearaH ycyn-
nap COHM CTAaTUCTUK MUKPO~onaTnap COHW (TEPMOANHAMUK 3XTU-
MONAWK) Kylinaarnda aHMKNaHaau;

c("™=Cc(/V-,) ="~ . (€)

ByHga Z= 2 K;abyn K MAWHTaH Ba MAULWHUHT 6up K McMnga
n Ta, UKKNUHYM K mcmmga N —n Ta 3appa xoinawraH fe6
xucobnaHraH. /-mukpo\onaTgaru cTaTUCTUK MUKPOXO0s1atiap COHM
C{n) Hu
C.(«) = WM GY«, )

KypuUHuWga ésaiinuk, 6yHaa

C(«13) = (@ («W- )=~ A =G {Wwo" {w)

&kn xonatnap (katak4yanap) COHM Kyn, macanaH, ZTa 6ynraHga

C, («l,«2,...n,...) - ?.(«,)(«2)..G, IO =1 («/t)
K=\

notaHun €3n MyMKuH. by™onga Mukpo™onar aXTUMonNanru
Wi=~G,=N\PG,

ngopna bunaH aHnbyTaHagn. G Wy /-MUKPOXONATHUHT C/UAraHc-
AunMKBa3/ WM aHnK N aiigun. FOK,opugarnnapiaH KypuHagnku, Muk-
poxonataxtumonanrun W.ctaTUCTUK MUKpoOXosatiap coHn MGH
8KWN CTaTUCTUK Ba3HHMW XapaKTep/noByn KaTTanuk G 6unaH Tu-
3UMHUHT MUKPOXONaTW aHUbylaHULWWN MYMKWUH; 6epunran Tu-
3UM yudyH 3appanap CoOHM YYBa KaTakfiap COHU ZJouMuingup.

KapanraH mucongaH KypuHagMKun, aHr Katta IXTUMONNUK-
Ka ara 6ynraH MMKpoxonaT — 3appaiapHUHT TEHT TaK,CUMaH-
raH xonuaup (1.1-xagsanga Il xonar),

3appanap coHu Xypga katta 6ynraHga, macanaH, N - 10" Ta
bynraHga, sHT KaTTa 3XTUMOAN TEHTTAKCMMIAHTaH xonataa-
M TU3MMHU XapakKTepnoBYM MaKpOCKOMMUK napaMeTpnap geqp-
nun y3rapmangun. By aHT KaTTa 3XTUMONIM MUKPOXONaT — My-
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iH Mill) Ju11 Il tepmoguHamuk \onataup. bynapgaH KypuHagu-
Iy, 1 IMMATU< pr3nkaga TMSUMHUHT MUKPOXOSlaTu TyLYHYa-
I Il pMU/MTUMUK XONaTTyWwyHYacura HucbataH KeHo Mab-
WHY1 TMUUrUNagn. XXymnagaH, TepMoguHamMmukagarm MyBo3aHat
<wonii, LAWMMW y3rapmac feb6 kapanraHu Xxonga, CtaTUCTUK
thm M lui.i (3 xonaT KaTTa 3XTUMONNN XONaT feb Kapanub, Ku-
‘Nu Num()nnun mukpoxonatnap (1.1 xapsanga I, 11, IV, V

1.4]) \1im cogmp 6ynmwmn MmymknH geb kapanagu. MacanaH,
[n|.mpl|||,21 Il Muconga xamma (4 Ta) 3appanapHUHT BUPUHYN KUCM-
w N\ n'[.mwmb k,onnwn 16 TagaH ltacmpa, TEHT Tak CUMAAHULL
n| @ 1.1110;| pyin 6epagn. 3appanap coHun 10 Ta 6ynraHga, ynap-
I miiiimmiir apmuga Tynnanné konuwmn 2 = 1024 tTapaH
ML hi v'liuii cogup 6ynagu; TeHr TacuMnaHuwWwKM aca 252 Tacu-
w1 \4|1|(D1L 3appanap coHu 100 Ta 6ynraHfa ynapHUHT nauLL-
iiimi upmmnga TynnaHmb Konuwmn 2™’ TagaH éuttacmuga y4ypaii-
Il JI'MIK, /VeTapnu gapaxafa KaTta 6ynraHga, y1apHUHT UANLL-
mim vpmuga TynnaHnt KWL axTumonnurn 1/2” ra TeHrgup,

......... Ak mmngup.
liiMimiii )Lr karra aXTUMOJINN TEHT TaKCUMIAHULIW XonaTu-
|| v| (irpMivu-niaMHK myBo3aHaT xonaTugaH) Kartrta ormw Hu-
\MJIUl B nymK aXTUMONNMKKA 3ra, aMM0O KUUYUK OTULL amanga
I ¢ niMiipnii )\'Tumonnn xongup. CTaTUCTUK PU3nkKaga TU3UM-
nnT WpmogmmaMuk MyBO3aHaT xofnatugaH (Katbuii antun-
I 1,1, 1 VHAAT MakpOCKONWK NapameTpiapu yprada Kui-
«bll i .Kivn KnnraH xongaH) YetnaHuwy aykKTyaums xoguca-
iHiiiip Mucongaru Mi, Ly, 3XTUMONNN XOonaTnap
®'IM Niiiimiiijip Tycaiinm cogmp 6ynmiwm MyMKknH 6ynraH xonat-
lip'iiip bynapfaH paBlaHKW, KatTa QAykKTyaumanap KW4mkK
\[[|M v M|, KnunK hnykTyaumanap katrta aXTuMmonnun éynagm-
M p

M\ L[Twmn Taarv \on yuyH aliTunraHngek, TepMognHammKka-

Il m\ Malnr'iomoHra ysrapagu, geb katbuin aiituaca, cratmc-
Il o MM nnn myBo3aHaTra Kenui >kapaéHu (SbHU penakcaums
1ipM uny KT 3XTUMONNN XapaéHaup feb Kapanagu.

Mill 1||np kapawgagasomataiinuk. Mucon; z= 3, JV=2
............. < MW UC'TUK XonaTnap CoHK = 3 = 97a (kapaHr; 1.2-
w.mil 14) v Him :lappanapvHu KBaHT MexaHWKa acocmfa Kapan-
"N .TUAMNUK TamoWwnnmHm xucobra onuw Kepak. by xonga
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Ne | x;onaT

ab

2 x,onaT

ab

1.2->kapBan

3 -\ojiam

ab

CTAaTUCTUK MWUKPO)™0naTnap COHWU t0b;0puaarm Knaccuk x,0ngaru
CTAaTUCTUK MUKPOXONaTnap CoHMAaH apk. Kunagu. Xakuk,ataH
\am, aliHaHnuK Tamolnnun x™cobra onuHca, 4 Ba 7, 58a 8, 6
Ba 9 xonatnap 6up-6upugaH apkgaHmaingun. by x,onga "cratuc-
TMK MUKpo)“onatnap" coHnYY, 2) Kyiungarnya aHuKnaHagu:

N9 1lykonoT
/ ab
2 —
3 —
4 —
5
6
7 a
8 J—
9 J—
w J—
n b
12 b
i3 b
14 -
15

=
(2]
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2 MonaT

ab

(L 7\ - (Nmvz-\y. _~

3y;onaT

ab

)
1.3->kagsan

4y;onaT

ab



Arap (Maynu Tamoimnura 6uHoaH) 6up katakga (\onarga)
6mrragaH opTuk,3appa 6yna onmacnuru tanab atunca, “cratuc-
TUK MUKpoxonaTnap" coHn 3 ra TeHr 6Ynagu, SbHU:

- N\ -
f{N.Z) = Z\(Z-N)\ =3. ®
Kyiinga Z= A N = 2{a, b) muconHu k"apainnuk (1.3-xagsan).
By muconga Knaccuk ctaTUCTUK MUKpo\onaTnap coHu (2taa, b
:lappaHuHr4 Ta KaTakga onnawuiw ycyniapu coHn) = 4= 16
Ta. KBaHT MexaHuKacuaa ainHaHNMK Tamoiunnra acocaH 5ea 11;
6 Ba 12; 7 Ba 13; 8 Ba 14; 9 Ba 15; 10 Ba 16 \onatnapHu 6up xun
[e6 x,ucobnamok, kepak. by \onga "cratncTuk Mmkpoxonatnap"
COHU

NA(Z-\)\

Arap 3appanapHuHr Maynun Tamoinamra 6yncnHuwn tanad atun-
ca, y xonga 1, 2, 3, 4 gonnap maBxyj amac. by \onga nkkuta
3appaHuHr 4 Ta KaTakga Xoinawuw ycynnapu coHu (“cratuc-
TUK MUKpPOX0onaTtnap" coHn)
— z!
f{N.Z) = N\(Z-N)\ ~ 6
ngona 6unaH aHMKaaHaau.

VNAMWHWHT 6up KMcMuga n Ta 3appa, UKKWHYM Kucmuaa
N-n Ta 3appa Xoinawuiw 3XTMM-paun, SbHU 6yHLall MUKPOXO-
natHUHT axTumonm XK (1) Ba (3) rk acocaH Kyiimparmya aHuk,-
naHagu:

N\
270 n\(N-n)\ (6)

1.1-afBanfaH KypuHaguKu, 3HT KatTa aXTUMONIN MUK-
poxonat — 6y 3appanapHUHT TEKUC TaK "CUMIAHULIN, UONL XaX-
MUHUHT KMMcmnapu 6yinya TeHT Tak cumaaHuwmanp (Mmuconga
2 Ta 3appa 6up Kucmmpa, 2 Ta 3appa UMKKUHYM K MCMUAa).
XakukaTaH xam, 3appanapHUHT TeKUC Tak CUMNaHUWnaa, SbHU
n = N/2 6ynraHga, MMKpPOXonaTnap aXTUMONAUTUHUHT ngoaa-
cn XX Makcumym k™MiimaTra apuwagn. bowk®a fonraH MUKpo-
xonatnap (KoHwurypauusanap) 6ynmwm MyMKUH, NeKUH ynap-
HUHT 3XTUMONINKNAapK HucbaTaH Kuumk. LyHgan k.unmb, K,apa-
NaéTraH MmcongaH KYpuHub Typnoanku, TMSUMHUHT MyBO3aHaT
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XxonatgaH (TEHF TaK,CMMOT,an) KaTTa YeT/aHUWN KNYNK 3™TK-
MONN, AbHU

K IV, « i}

6ynagn. KOkopugaru MMcongaH KypuHaguku, NKKATa XONHUHT
6upnga TM3UM 3appanapyu UAUWHUHT ApMuga ainrnané konu-
W1 MyMKuH. Arap YYkatta 6ynca, 6yHfan XonHUHT cogup 63'm-
LN HUXOATHA KMYMK IXTUMONU BOK,eagup. MacasnaH, arap 3ap-
panap coHu 80 bynca, KOH(Urypaumanap coHm 2* = 0%
6ynagun. by aca, arap TU3UMHU CeK KysaTtu/ca, 1cekyHp
BaKT fasomuga 80 Ta 3appaHuUHT Xammacu UANWHUHT apMuja
ANTUANG KONULLMHMN KypyLl MYMKWUH. ONaMHUHTELL N TaXMUHaH
10**cek ra TeHr. flemak, Onam (KOMHOT) éwngaH MUIIUOH
mMapTa OpTUK BaKT Ky3atunca, 80 Ta 3appajaH mbopart TU3UM
(ra3) MaUWHUHT apMuaa 1 cek TyniaHnob KOMUWKU MYMKUH.
Arap Netapnu fapaxafa KatTta 6ynca, TU3UM 3appanapumnuHr
Xammacu UANWHUHT apmuga 6ynub Konuwun GaHTacTuk gapa-
Xafa KN4nK axtumonnu sokeauup. LUyHaaid kunub, katta payk-
Tyaumsanap avbHM N » N/1 ékm n« N/1 xonnap amanga Kysa-
TUAMangn. AMMO, MyBO3aHaT XonaTugaH KNYMK YeTnaHuwnap
eTapnn fapaxaga tes-Te3 yupab TypuLIn MyMKWUH.

FOkopugarn MUCONMHWHT TaxNunugaH Kyiugarm xynocanap-
ra Kefamms:

1. 3appanapHUHT TEKUC TaKCMMNaHULW W, TepMoguHaMuKa
HyKTau HasapugaH myBo3aHat xonaraup. [lemak, MyBo3aHar xonart
TUSUMHUWHT 6YNIUWN MYMKWUH GyNraH MMKpoxonatnapugaH aHr
KaTTa SXTUMONIUTULNP.

2. TusnMa KNWYMK 3XTUMO/INN XOoNaTNapHUHT peanusauns-
CW, ABbHU TUSUMHWHT MyBO3aHaT XonaTAaH YeTnaHuwuy — 6y
(hNyKTyaums xogucacugmp.

By epga WyHW Tabkugnaw N03VMMKU, TUSUMHUHT MYBO3a-
HaThaH KMUYMK YeTNnaHMLWM KaTtTa IXTUMOINKKA, KaTTa YyeTna-
HULWW 3ca HUCOBaTaH KUUYMK IXTUMONNKKA 3ra.

3. (3) nthogagaH KypuHaguku, //Ta 3appagaH nbopart Tu-
3UM MUKPOXONATUHUHTIXTUMOJIINTN KOH(UTypauuanap CoHu-

- N
C{m) = n\(N-n)\
ra 6ornuk. by epfa WwWyHn Tabkugnamusku, 6epunraH sappa-
napgaH nbéopart TU3UM MUKPOXOATUHUHT 3XTUMONINTU Y3ra-
pyBYaH
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=TiTfibn CT

Ka ruiimkka 6ornuk,. bowk,ava ainTraHga, MMkpo\onaTnapHuHT
(j>ajmn cTaTUCTUK Ba3HUHU XapakKTep/iioBum KaTTanuk G{n) HUHT
Y'ap xun Knimatnapura 60rnuk,.

4. Arap Tm3um 6upop cababra Kypa (Tawk,m Tabcup, Gayk-
Tyauuanap Tydaiinm) HomyBo3aHaT \onatga 6ynca, y katta
Nrumonnank 6unaxH y3sMHWHI MyBO3aHaT X,0MaTura sk, MHnawa-
an. By xoaucaHn penakcauus (pnyktyauus cababnu éynraH
bynca, YHUHT "cyHuwn") geinnagu.

5. Ok,opngarn muconnapgaH KypaukKu, MUKpOX,0naT ax,Tu-
MONANTN KyAngarnya aHuk/laHagu:

1.1-mucon. Mukpoxonatnap TeHT 3XTUMONAN BYNCUH, SHHN

W, = W2 =...= W. =..=~", (8)

6yHga N= kN~ k= 1,2, 3,..., /7, TV, — cTaTUCTUK MUKPOXO-

natnap (aHcam6nb anemeHTnapu) coHu; N — KysaTuwnap
(Taxpubanap) coHu. by xonga TUSUMHUHT IXTUMONNUTK
W = Y\W"™" HU aHUK,NaHT, Tax/aun 3TUHT.
' " r
Eunmw: x =N .N =L N =KkN” Hu Hazap-
fa TyTmé, W aXTUMONANK YUyH
.
L (9)
N,
npogaHu onamus; byHga 6Up CTaTUCTUK MUKPOXO-

NaTHUHT axTumonnuru, (1/1')~aca J1"1a aneMeHTHUHT 6upaaH
Kenué Ymk,uW 3IXTUMONAUTK; arap K = 16ynca, CTaTUCTUK aH-

CaMOMHUHT aXTUMONAUTN WN™ounaH aHUKaaHaaw; acaJ/M
Ta 3N1eMEHTNAPHUHT xonatnapga (MMkpoxonatnapaa) Xoi-
nawuiw ycynnapy CoHu.

1.2-mmncon.  3appaHuHr T Ta KaTtakga wu,, \ ...,  TajaH

XOnawTupu ycynnapu CoHu;

roo- N\

IKaAHMNTUHW KYPCaTUHT.
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Eunw: Knaccuk ctatuctnkaga Mmkpoxosnar akar 3appa-
nap coHu 6unaH aHukfaHaawu. J1°1a 3appagaH N1 Ta ypuH an-
MalwTUpuLIap XOCWa KuMw MYMKWH. ByHaa mMukpoxonat
y3rapmaign. AMMo 6MpnHYM Katakga (aueiikaga) f,, UKKUHYN
KaTakfa «”Ta B.X- 3appa XoWnawraH 6ynca, 6MpuHYM Katakga-
M Ta 3appafiap aaMaluHuWwuia, 2-kaTakgaru r'*rasappa-
HWHT Y3ap0 YPWH anmalnH1WngaH MMKpoxonatnap ysrapmaii-
OW; KaTakgaru 3appanapHuHT YpUH anMalluHuWngaH MUKpo-
xonatnap ysrapmaingu. lemak, Mukpoxonatnap y3rapmac coHniap
Kynantmacu

nl ml nl

JaH nbopat. Kataknapgarv sappanapHUHI KaTakiap opacujaru
YPVIH anMalHuwiapm coHuHm Céunan 6enrmnacak, 6y coH C

Hu AlY, /7Y, L, N ra KyHanTupuwgaH yMyMUia ypuH anmatd-
TMpuwnap coHn M Kenmb Ymkagm, SbHU,
YYI= Cg,l,
8KN 6yHpaH
Cc = M
n!, orl, .. mn,!

n3naHaétraH cTaTUCTUK MUKpOXosiat/iap COHU Cronunagu.

1.3-macana. bup-6upugaH tapkgaHmanguraH (aitHaH 6up
Xun 6ynraH) /VTa 3appaHuHT 7 KaTaknap 6yimya Tak“cumna-
HUW (KoMnaluw) ycynnapm COHMHN aHUKAAHT.

Eunw: dapas kunaiinmk, l-kaTakga f1, Ta, 2-Katakja
Ta, B. X-K. Z-KaTakfga Ta 3appaxoinawraH 6yncuH. MHOyk-
TMB ycyn 6unaH aHuknaiwnmk. Z = 1 pga 1 xun ycyn 6umnau
C = lxoWnawagn; Z= 2 xo0nga 3appajapHuHr y3apo ypuH an-
MalwTMpuLLIapn SHIYM MUKpoXonatra oMb kenmangm, svHu S
anmMalTMpuLLIiap AHrM MUKPOXONAT XOCUN KUAMaimn; SHAu
YMYMUWIA YPUH anMaliTupuwnap COHMHM ToNannuk: Kataknap
COHW Z= 2 BynraHfja ypuH afMallMHYBYMN 3/IEeMEHTIAP COHMU
6utTara optagu: O 1, 2, 3, ..., IV Ta 6ynaau; gemak, ypwH
anmMawMHuLnap coHn PY+ (Z —1)] !ta bynaaw.

Jemak, 6y xonga MUKpOXofiatnap COHM

N1

ngoaa 6unaH aHukaaHagu; Z = 3 Aa GynraH xonga ypuH anma-
wuwnap SN SHrM Mukpoxonatnapra onmé 6opmaingm (assanru
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\ongarugai); Z= 3 6ynraHga yMyMuin anemeHTiap coHu 2 Tara
opTagu, AbHU

0012.YY

bynagn, ékn (Z- 1=2) o6ynraHga W+ (Z—1) Ta 3anemeHT
bynagu. lemak, yMymMuid ypuH anMawnHuwiap coin {(M+ Z -
I)! gaH nbopaT 6ynagn; ammo Z = 3 fa 2 Ta sdeinkagarn 0,0
3NeMeHTNAapHUHIYPUH anMallnwnapu, paswaHku, SHrM HaTu-
xa 6epmaingn. Oemak, onuHrad Hatmwka {N + 7 —\)\/M Hn,
AHa 21 = (Z-1)! ra, abI T O (HONL) 3NeMeHTNap ypuH anmMa-
WMHMLWKX COHUra 6ynnw 3apyp. HW™oAT nsnaHaéTraH HaTUXaHu

0oNnamMuns,;
A M 2.0

Z= 4,7 = 58X xonnapga\am (11) mukpo”onarnap CoOHM 0nu-
HULINTA OCOHTMHA ULWIOHY \OCUN K.UAUW MyMKKH. Z= 2, N=4
\onpga Ba Z= 4, N=2 \onpga acocuini matHga 5 ta Ba 10 Ta
MUKpPOX”™onaTnap oNinHraH san. Xak.Mk.aTaH X,am.

(4+2-1)' T 51 _5

41(2-1)! 411
(2+4-1)! _ 5! _.n
21(4-1)1 213!

l.4-macana. Z> « wWwapt 6axapunraHga, 6up-6upuaaH dapk,-
naHmaniguran (ainHaH 6up xun) Y¥YTa MUKpPO3appaHuHT syeil-
kanap (kataknap, xonatnap) 6yiinya Tak,cumnaHuw coHn C
aHMKAaHcuH; 6yHaa \ap 6up avelikaga 6uTTagaH OpTUK MUK-
posappa 6yna oniMacuH geb X,ncobnaHcMH, ASbLHU MUKpOo3appa-
nap Maynun Tamoimnura 6yiCyHCHUH.

Eunw: dapa3 knnaiinmk, ZTa Katakga Moc paBulija

3appanap xolinawraH 6yacuH, AbHM

L1 N

«, «2 - «r m

My Z> YéynraHga san. = 0,1 wapTt 6axapun-
raHga yMyMuin ypuH anMawiTupuwinap coHm Z! ra TeHr, 6yHga
3appanap aHaHAuMK (6Up XWANWMK) Tamoimnmura GyncyHraHm
yuyH JWN ypuH anMawiTuprwnap SHru HaTuxa, SHrM MukKpo\o-
natnap 6epmaiign; emak,

ZUYV.
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Ammo Z >0 OynraHga Z — N Ta Aueiikagarn "O' anemeHTnap
YPUH afMal TUPULLNAPK XaM SHIWU HATUXa, AHTU MuKpo\onaT-
napra onm6 Kenmangu; gemak Z! Hu AHa (Z - JIO ra xam
6ynuw 3apyp. by xonga nsnaHaétraH ycynnap CoHu
r= Z

NA{Z-N)\ (’2)
ngpopa bunaH aHuKgaHagn. Z= 4, N=2 \on yuyH 6 Ta MUK-
poXonaT ONMHraH 3gun. Xak,uk,ataH xam (12) gaH

no-o2121

aBBasrn HaTmxa 6 Kennoé umk™agm.

Il BOB
IXTUMONNNKITAP HASAPUNACNOAH MAB/TYMOT

2.1-§. KUPULL. ACOCU TYLWYHUANAP

TM66CHUHT CTAaTUCTMK aHCaMbb ycynuaa MuKpoxonarnap
IXTUMONANKAAPU Tak CUMOTUHM aHMK AWl CTaTUCTUK PU3MKa
yCYNuMHUHT acocmaup. Ly cababnu 6y 6064a s\tumonnap Hasa-
PUACUHWHT Bur3ra 3apyp 6ynraH acocuii TywyH4yanapu, Teope-
Manapu, Tak cmoTapy Ba IXTUMONNAp 3UYANKNapy yctuaa K,uc-
Kaua TyxTanamums.

IXTUMONNAP Ha3apUACMHUHT MYXUM TyLIyHYacu —Tacogm-
thuin katTanukgup. by (kaTTannmk) mukgop 6epunraH waptga
Y3UHWUHT UMKOHMWATU BynraH K,uimarnapmgaH 6MpuHM Mabiym
axTumon 6unaH K'abyn K,unagn. MacanaH, arap TaCOANMUA MUK,-
LOp 4YekIn BKW YeKCU3 KeTma-KeT Xap xun x,, X~ ..
OUCKpeT K,uimatnap K,abyn K,uica, YHUHT YUYyH 3XTUMOnap
TaK;CUMOTU K OHYHW LY K™ MiAMaTnapra moc

P P P

3) TUMONINNKNAPHN KypcaTuw 6unaH 6epunagu. Arap Tacogu-
(unii MMKAOP Y3NyKCcKU3 K.uiimatnapHu k'abyn k*mnca, 6y xonga
IXTUMONNAP Tak"CUMOTK LLOHYHM Xap 6up X, X + i/xopannkyuyH
IXTUMONNNK

dIVNix) X < A< x + dx

Kypcatunuwu 6unaH 6epunagun. Arap 6y xonga opanuk, Yeknm
{a, b) 6ynca, fV/~a, b) axTUMONANK Kyimaarn TeHIAMK GunaH
aHuKgaHagu;
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U(a,b)= 1 c/LW(x) @
EKun

W(a,b) = 1/(x)c/x,
6yHaa: a

cl]¥{x) = ~clx = H{x)clx,

IM =A )

Ox) — ax,Tumonnuknap sndaurn (6up ynyamam \on yuyH);
13Nk afabuérna 6y QyHKLUA TaK.CUMOT PYHKLUMACK [eb topu-
Tunagn. Matematmkaga TakCUMOT (yHKLMACK atamacu L(a, b
3AX.TUMONINK YUYH nwnatunagm. ®unsnka sa maTematmka aja-
6uétnapugaru 6y TywyHuanap \ap XWAnuru aHrnawuaMoBYn-
NIMKKa 0116 6opmacnnru Kepak.

1-M 1 ¢ 0. YUM3UKNU FTapMOHUK OCLUANSATOPHUHT 3HEPTUSCH
e, ="M (1 +1/2), «=0, 1 2,...

KniimaTnapHu Kabyn Kunagu.

CratucTuk msnkaga dyHaain ocumnnatopnap aHcambénunga
ocuMNNATOpHUHr n= O/ 1, 2, ... napra Moc 3aHeprus kuiimal-
NapuHu Kabyn Kuauw-ii ax,TUMonnap TakCMMOTWN (DYHKLUACK
6unaH 6epunagun.

2-M ncon. MakpoTUsMMHN Kypainnuk. Knaccnk mexaHuka
KoHyHnapura acocaH BakKT yTULIK 6MNaH MaKpPOTU3UM KeTma-
KeT mukpolonatnapga 6ynagu. by mukpoxonatnap Tyniamu
OVHaMUK XapakTepra ara. F'm66¢c aHcamb6im (Tynnamum)Hum Taw -
KW/ 3TraH TU3SMMHUHT MUKpo\onaTnapu cTaTUCTUK XapakTepra
ara. 'nb6c aHcamb6mMra moc KenraH KaTttanamk (MMKLOpP), maca-
naH, Tacogupuii (Mukgop) KatTanmkaup. Mukpox”~onatnap-
ra | HUWHr kabyn Kuanwm MyMKnH 6ynraH kuiimatnapu

Moc Kenaau (GUCKPeT \on yuyH). A\TUMONINKNAP TAaKCUMOTU
KOHYHMIa acocaH 6y Knimartnapra moc 3) TMmMonanknap

P(1), ., P{1)
X,aM 6epunuLimn no3nm.
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By epga WyHW TabKMaNakMun3Kn, MUKpPOXonaTNapHUHT Bak T
bylinya Tynnamu 6munaH mukpo~onatnapHuHr mebe Gylinya
Tynnamu anpuopu 6up-6upura TeHr feb kabyn kunnHagu. by
3ca 3proAmK TEOPeMaHMHI MabHOCUHM TalKWA 3Tagu. byHaa
MMB66CHMHI faxocm — TU3MM ramunbToHM E Hu Tacoguduii
KaTTaNMKKa KenTupuwnaagmp.

Tacogudmii Bouea. bepunraH wapouTaa Tacoannin MuK,-
LOPHUHT Kabyn KUaMwm MyMKWH 6ynraH kuiimaTtnapgaH 6m-
PUHUHT coanp Gynuwmn (Eku 6ynmacnnru) Tacofmduii BoLea
ne6 atanagu. [lemak, xap 6up anemeHTap BOKeara y3ura moc
IXTUMONNNK TYrpu Kenagu. Tacognduii Bokeanap afeMeHTap
8Kn 6up Heya anemeHTap BOKeanapaaH nbopart Mypakkab 6ynu-
LW MYMKUH. OXTUMOMIIMK TyLYHYacuaaH oiganaHniia aHuK-
AWK YYyH MaTeMatukajaru YHUHr TabpugpuHu Konmaropos
Oyiinya KentTupamus. BYHUHT yuyH Tacoandunii KaTTaMKHUHT
KeTMa-KeT KuimatnapuHu é3annuk:

Xj, ..., X,

By KniimaTnapHWHI COAUP 6ynuwin 3nemeHTap BoKeanap

Ny 14y, .., 14,,..
6YNCUH.

1. Xap 6up anemeHTap BOKea  ra, YHUHT 3\TUMONANTK
ne6 aTanyBun maHguii 6ynmaraH xakukuit P{A) coH moc ke-
nagm (akcuoma).

2. Arap Bokea an6atrta cogup 6ynca, y uwoHunun (Mykap-
pap) Bokea 6ynagu. MacanaH, UMKOHUATK BynraH Kuimartnap-

X, XA X,

LaH UXTUEPMIA GUPUHMHT (cogup Bynnwn), SbHK
4,

BokeilnapaaH 6UpMHKUHT cogup 6ynnwn — 6y mykappap (MLWOH-
unu) Bokeaaup. Mykappap (MWOHYAN) BOKEAHUHT 3XTUMON-
ANTN 6Upra TEHT, AbHU;

P (nxtnépnii AJ = 1

3. Arap A Ba B 6upra maBxyg 6yna onmaiiguraH Bokeanap
6ynca (ABa PTynnamnap kecuiwmaca) yHaa A éku B Bokeanap-
AaH GUPUHUHT cogup 6ynuwmn axTumonnurun P(A + B) ékn
P{AUB) kypuHuwpa é3nnagn Ba Kyingarnya aHuknaHagu:

P(A[jB) = P(A) + P(B).
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4. MyMKUH 6GyfiMaraH BOK,eaHUHT 3X,TW-
MOJIIUT HOJra TEHT, ABbHMU:

P(A) = 0.

5. A, ékn B, éxya 6up Bak“ga A Ba B
BOK;€aHWMHI cOAMp O6YNuLIN IXTUMONANTK
P{Ayj B) kyimpgarnya aHukgaHagn (2.1-
pacmra K,apaHr):

P{AKJB) = P{A) + P{B)~ P{A(J/1B)

6. bup BakTAa 6ynmaiiguraH A Ba B Bok”eanapaaH 6UPUHNHT
cogmp 6ynuw axtumonnurun P{A + B) Kyiingarnya aHukgaHagu:
P{A + B) = P{A) + P{B) - 2P{AT1B)

Bupra maexyp 6yna onmainguraH, A Ba S5BoK,eanapHuHr 6up
Bak.TAa cogup 6ynuw axtumonaurn P{A (1B) = 0 (abHn ABg. B
Tynnamaap Ke.cuwimangm) (2.2-pacMmra K,apaHr)

by xonga

P{A + B) = P{A) + P{B)
EKkn ymMymMuii Bok“eanapgaH A HUHT, €K ANHUHT, ..., ANHUHT
(6owk,aya aiTraHga, Wy BOK;eanapfaH UXTUEPUIA GUPUHUHT)
coamp 6ynuw aXTUMONAUT P Kyingarn aXTUMONANKAQPHUHT
AnrnHgucy 6unaH aHUKgaHagu (3XTUMOMNKAAPHM KyLINLW Teo-
pemacw):
P4 w™2wu...n, _,np,) =

SP(f)+/>(4) +..+P(4,) = (P (4) ©)

VIMKOHMATK 6ynraH Bok™eanapfaH UXTUEPUA BUPUHWHT CO-
anp éynnwmn — 6y myk“appap (MWOHYK) BOK.ea. byHpan my-
KNappap BOK,eaHUHT 3XTUMONUTU Tabpudra Kypa 6upra TeHr.
By x0/14a 3XTUMONNNKNAPHN KYLWINLW Teopemacu (3)

P=\P(A,) =\ 4)

KYPVHWLWHW onagu.
7. A BOK.,ea cogup 6ynraHga B

BOK,EaHUHT LWAPTAN IXTUMONAUTY

PA(B), Tabpura kypa, Kyinumgaru-

Ya aHWKy3aHagu:

p (9g)=

’ P{A) 2.2-pacm.
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KN 6yHAaH

P{Ar'/1B) = P*(B) P(A)
eKun

P(AMB) = PMA) P(B).

Arap A Ba 5 6up-6upwura 6ornuk, 6ynmaraH Bok"eanap 6ysnca,
loKopuaarunapjax;

P(AMB) = P{A) P{B)

3KaHU Kennb uuk;agm Ekn, ymMymuii x,0naa, Bok“eanap AN AN

A% ... paH HUHT \am, HUHT X,aM, ..., ANHUHT X.am
6upranukga cogup 6ynuw aXTUMOAAUTU Kyimaarn ax Tumon-
NVKNAPHWHT KynaiTmacy 6unaH aHukgaHagn (3" TUMONIMKIapHM
Kynantupuiw Teopemacu):

P{Ap4 N ..4,_,04) =P{A) 04)...PL)) (5)
WapTan axTumonnunknap tabpuguaan
P, (B) P(A) = P(B) PJ.A) (6)
TEHI MK KeNnb umk;agu.
dapas kunannuk, n, AN ..., A, .. bupraaukga éynuwm

MYMKWUH 6ynmaraH Bokeanap 6yncuH. ¥ \onga (6) paH

PM)“P ()" )

TEHFIMKHU €3aMn3. 5 BOK;eaHWHT Tyfia 9XTUMON WAaPTAN a\TU-
MONIZIMKNAP OpKanu Kyinaaruya aHuKAaHaLm:

P{B) = P{A)P,~ (B) + P{A,)P,"(B) + ... + P(4)/>,45) +.. (8)

(8) HM abTMbGOpra onnb, (7) HM Kylhinpgarnya é3amums:

Pe(4) = PiA) ~P{NI0Pa”{B)+HA2)Pa2/1A)+--A1/1,)Pn,(B) 9)

By Beiiec hopmynacnTp-

YMyMaH Tacoguguii ~ogncanap gaso HyKTanapura Ba BakT-
ra 6ornuk 6ynraH tacogmuduin pyHkumanap 6unax Tascugna-
Hagn. by Tacognduii GyHKUMANAPHUHT (KN KaTTaIMKNAPHWHT)
Kuiimatnapu KeTma-KeT ANCKPET KuimartnapaaH éku y3nykcus
KnimaTnapgaH mnbopat 6ynuwn MyMKWH. BU3 aHa LWy WKKK
Typra Teruwnm tacognduin kattTanuknapHu (hyHKLnanapHu)
ano.\nga-ano\mga Kapawra Kupuiiamns.
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2.2-§. JNCKPET TAK.CUMOT/AP

Tacognguii § KaTTanunk guckpeT (Y3nyknu)
X, Lo X

KuiimatnapHu K.abyn kuncuH. by \onga aATumonnuknap tak\cu-
MOTW KOHYHWra acocaH 6y Kuiimartnapra Moc axTUMONMKNap
\am 6epunagun. Xycycuii XonHu K,apainuk. Tacoanduin karranmk
(hak™aT MKKUTa K,MAMaTHN K,abyn KWACUH, ABHW (hak,aT 2 xun
BOKea cofump 6yncuH. by \onga s*"TUMONIMKNAP TaKCUMOTU KOHY-
Hura acocaH P, Ba P*6epunagun Ba 3 "TUMONAUKNAP TabpUPUaaH:

P+ -1 (10)
2.2.1. BEPHY NN TAXPUBANAPU

dapas kunannunk, Taxpuba Gakat UKKM UMKOHUATAN Ha-
TKara ara 6yncuMH Ba 6ynapHuUHT a\tTumonnmknapn 6mp-6u-
pura 6ornuk 6ynvaraH KanTta Taxxpubanap yTkasuaraHga ysrap-
Maii KoncuH. byHgai TaxxpubanapHu unk 6op Akos bepHynnu
(1654—1705) yTKasraH.

Opataa 6y MKKW HaTWKa-BOKEAHWHT 3 TUMONapuHU p Ba
4 6unaH 6enrunaHagu; p ra Moc BoKeaHn mysaddakuaT (omag)
Ba [ ra MOCMHM 3ca MmyBapakmaTcmsnuk aeb araiigunap. by
BOKeanapHu Kynanmk yuyyH M sa YowunaH 6enrunainnuk.

AéHkn, by xonga

p o+ 4NN

BepHynnu Taxxpubac!™7 mapTa yTKasuICcuH. Y xonga UMKo-
HUATK GyNraH Bokeanap COHMW 2" ra TeHr 6ynaau.

byHpaa

MHMHH..MMH

KeTma-KeT Bokeanap axtumonnauru P{MHMHH...MMH) Tax-

pubanap 6up-6upnra 60rnmMkK 6ynmaraHun ydyyH 6y keTma-keT
BOKeanap aXTUMONNNKAAPUHWUHT KynaiTmacura TeHr, SbHU

P{MHMHH...MMH) = papas...ppa
2.2.2. BMUHOMWAN TNKCNMOT

BepHynnu Taxpunbanapnga MBOKeaHUHT K MapTa KeTMa-KeT
coaup 6ynuw sXTUMONAMIX / “Mra, WyHAa  BOKEAHWHT M —K
MapTa cogup bynui axtumonnuru (7**Ta; Xxap MKKana BOKea-
HUHT cogup 6ynuw SXTUMOMNWUIX 3ca OKOpUAarn aXTUMon-
NVNKNApPHUHT KynaiTmacu ra TeHr.
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KynuHya 6u3Hn n mMapTa yTkasunrad bepHynnm Taxpuba-
cufa K mapta mysaddak T Ba, AemMak, M —K mapta mysadda-
K MATCU3NUK K,M3UK, TUPNOG, BOK,eaNapHUHT Mab/lyM KeTMa-KeT-
AUTY KM3MK.TUpMaign. By \onga nTa anemeHTAaH A:TagaH Heu-
Ta ycynga xap xun TaHna6 onuwHu 6unuw nosmm. by 3aca
()  K\(n-)\ AN Nak, BU3HU K,U3WK, TUpPaéTraH BOK,ea-
HUHT axTumonnuru W{K; n, p) aXTUMONNUKNAPHU KYLUULI Teo-
pemacura acocaH aHuK/laHaaw;

ln > = Y nn

SRTGE 8
ycynnap

[;3XTUMONAUKHN fouMunii fe6 Kabyn Kunainuk; n mapra yTka-
3nnraH Taxpubagarn MyBapdak maTnap COHUHM  6unaH 6en-
runanuk. Y xonga W(k; n, p) = = K) ibHU OyHAa 5 —
OUCKPEeT KniimaTtnap Kabyn kunysum tTacoguguii kattanuk, W(k;
N, p) aca Wy KuiiMmatnap aXTUMONapu TaKCMMOTUHU Kypca-
TyBUM QPyHKumnagup. Wy W{k; n, p) pyHKuna 6MHOMMAb TaK-
CUMOT gelinnagun, YyHkn {p + g)"" HUHT GMHOM Eélinnmacmgarm
N-xaguHn WEK; m, p) dyHKLMA aHUKnagn, abHU:

W{O; m,p) + JV{\;n,p) + .. + Wn;n,p) ={p+g’'=1

OXuUpru TEHr UK aXTUMONNnKIap Taspugu (p + g = 1) aco-
cupa ésmngn. buHomuan TakeumoTt ngogacu W{k; m, p)aw Kypum-
HaguKu,

W(k\n,p) _ (n-k+\)p _ . (n+\)p-K
W{k-\\n,p) kg kg.

ByHgaH, arap k<{n + \)p 6ynca, (12) Hucbat 1 gaH Kat-
Ta, gemak, LUK; n, p) aXTUMONNUK aBBanrucupaH Karra,, arap
k>{n + \)p 6ynca, y 3XTUMONINNK aBBaNrucuaaH Kn4ynk ynagu.-
WyHpaih kunnb, K HongaH nrava ysrapraHga W{k; n, p) axtu-
MOINK ONANH MOHOTOH OpTUG 60pM6, CyHrpa MOHOTOH KaMa-
Aam. Arap (J+ \)p- T 6yTyH coH 6ynca, k = T 6ynraHga W{k;
N, p) 3XTUMONNNK Makcumymra spuwagun. by LWT; n, p) Hu
MakcuMan 3)(; TUMOTIMK jXtm mm , T HW 3ca myBaddakmatnap-
HUHT 3HI KaTTa X TUMO/VIM COHN gelinnagn. Arap mp >> 1
bynca, T = np 6YINWNHN KypcaTULl MYMKMH.

Bu3HK ogatga KynuHya mysaakuaTiap COHW Kamuga r
Oynuwmn aXTUMONK, AbHK
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P{8,,>r) = "\Y{r +y,n,p),
y=0
Oynuw Knsuk Tupagu, 6yHga y> n—r x"onga 6y K.aTOPHWUHT
X,aMmMa \agnapun HONra TeHr.
YpTaya kuiimatnap K,k K' Ba gucnepcus (paykryayms)
02 =" HW aHUKZaliMn3. /TapTUban MOMEHT N HU aHuK,-
nainmms. Tabpudra acocaH;

P = AMKI¥{K; N,p) = MK'CAPAT! =

K K

Ap)
K

XycycaH, 6yHaH KyiingaruHu Tonamus;

K=pMMp+4a)'=np{p +4)

=np, (14)

NAPTPPTPAPAAY =PTpAP{PAAT" =

=np[p+q” " +mr(n- () +")" " =np 1+p[n- 1) . (15)

(14) Ba (15) ra 6uH"iiH gucnepcus (pnyKTyayna) HA aHUK-
naimus:

-KMN-kN=np 1+7?(n-1) - pM=np - p) =npa

ol=npg. (16)
FOkopugarunapfaH KypuHaguku, np » 16ynraHga,
K~T
6ynagun. (7) pjaH KypuHaguku, noptuwn 6unad Gayktyauma
a\ opTtagu; amMmo n opTUWKM 6unaH HUCOWUIA DayKTyauus
=-~n/np kamasagu.
BuUHOMMAN TAKCUMOTHUHT KYNNaHULINTA UKKUTA OA44NIA MW-
CON KeNTUpamms.
1 KyTtunpgaru wapnap macanacu.
KyTunga ok Ba Kopa wapnap 6op. KyTugaH oK wap o/iMHULIN
(myBaghakmaT, omMmag) a*TUMONM P, KOPa WAPHUHT ONTMHULLN

(myBaghhakmaTcmusnmk) artumonu g =\ - p 6yncud. Kytngan
X;ap ran OfINHraH LWapHW KyTura Kamntapu6 conub, wapnapHu
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apanawTtupunagm (LWy ycyn 6unaH xap rangaru KytugaH wap
OJINWHH 6up-6upwnra 6ornuk, bynmarax Taxpubanap geb kapawira
Kentupunagu). by bepHynnu Taxxpubacugump.

BepHynnu Taxpubacu n mapTta yTKasuiraHga K mapracu-
fa OK, Wap Yuk.mwm (omag) axXTuMonn 6uHomMMan Tak CumoT
WK', n, /7) 6unaH aHnKgaHagu.

2. V xaXMmam nauwga 6up-6upura 6ornuk. 6ynmaraH n Ta
monekyna (ngean ras) 6op. KXaXXMHUHT Vv K.MCMUaa Monekyna-
HUHT OYuLW aXTUMONIUIU p 6yncmH. Kxaxmpa K 1a (fc < n)
MOJIEKYTAaHUHT 6YNNG K.ONULL 3XTUMONNUTN BMHOMUAN TaK.CUMOT
W{k; n, p) 6unaH aHukKgaHagu.

2.2.3. MYACCOH TAK.CUMOTU

Awmanuii macananapHu KaparaHga bepHynnu Taxpubacugaru
/7 HucbaTaH KaTTa,/? 3aca HMcHaTaH KWUYUK 6ynagu; ynapHuHT
Kynaitmacu X = np, K = OyuyH
W{0;n,p) ={\ - pY{\ -wy.
byHpaH n ™ 0 6ynraHga
1¥{0;n,p)="e~" (€))
ngpofaHn onamms.

LyHMHTgek, n p O, ammo X = np yeknn bynraHga

Huco6aT
W(k\n,p) _ np-{k-\)p A

Wk-\-,n,p) kg K
6ynagun. by HucbatgaH (MHAYKUMS acocupa):

W{\\'n, p) = XLWQO; n, p) 95t
W{2-n,p) =\xW{\-n,p)™M\I"e-~

Wik\n,p)-~nre-n

eKKn
W{k-X)-Are~~A, (18)

by (18) MyaccoH TakcumoTumaump. KypuHnbtypumb-
ankn, k=0, 1, 2, ..., napga (18) Hu kywuw yuyH Teinop
KaTopuHuHr é4\ra Kynaitmacura TeHr. [lemak, 6epunran AyuyH
WK, X) SXTUMONANKNAPHUHT AUTUHANCK 6Upra TeHT, AbHMU:
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YAW{t,X) =\ (19)
*=0
Bak,T 6ylinua keTma-keT cogup 6ynagurad tacoguduii Bo-

KcanapHu, macanaH, paguoakTuB eMUpuaunLl, TeneoH cTaH-
nnacnga "vak,mpuw" ("BbI30B")NapHN Kypanamk. BYHUHT yuyH
Il opanu”yanapra 6ynMHraH 6MpanK Bak,T OpaIUrMHN 0NaAmnK.,
byHaa \ap 6up opanuk™yaga coamp O6ynuwn MyMKWH 6ynraH
6vp ékn 6Mp Heya BOK"ea ) TUMONN  HM y3rapmac fgeb K,apaii-
nuk. by macanaga \ap 6up Bak,T opasvK,4acu BoK“ea 6unaH é
6aHp, é 6yw 6ynagn. Opann”uanap 6up-éupura 60rnnk, amac-
nurugad 6y bepHynnu Taxpubacura Kenagu: “opanumk,4aHuHT
6aHanMr S\TUMONANTI

W(k; n, p)
6unaH aHUknaHagu. byHga opanukia 6upopTa Xam Tacognpuii
BOkea (bupopTa x,am 4p0 eMupuanwn) byamacanru, x.ap omp
opanukyaga x.am 6y Bok,ea cogup bynmacnnrngaH noopat. by
Bokea aca ' = (1 - p)" a\Tumonnukka ara Ba 6yHaaH N @ Ba
np = Xueknu éynraHga niumuTra ytuo,

(20)

ndogaHn onammus. /COp MK, YanapHUHT 6aHLANTY IXTUMONINTH
aca Wk, A), avHu MyaccoH TakcumoTun 6unaH 6epunagu.

Amanunii macananapga 6MpAuK BakT OpafUruHU UXTUEPUIA
BaKT opanuru tbunaH anmawTupuica, Tabuninku, AHu Xt 6u-
NaH anMawTupuw nosum. ¥ \onga MyaccoH TakCUMoTu

W{k-Xt)=A-"eg-A" (1)

KypuHULLga 6ynaau.

bus okopuga Tacogmuduii BOKeanapHUHI BakT yKu / 6yiin-
Ya TAKCMMOTUHUN KYPAMK. JIEKWH LWy BOKeanap TaKCUMOTUHMK
t03a \axxm (éku pasoBuin \axxm) 6yiimya Kypuw \amMm MYMKWH.
ByHaa BakT opanurv ypHura to3a €Ku X,akMm opanuru 6ynagu.

2.2.4. TIONNHOMUWAN TAKCUMOT

BuHOMManN TaKCUMOTHM Kyingarnya ymyMnawTmpuw Mym-
KWH. X.ap 6up Taxpubagatacognduii KaTTaIMKHUHT BN BN, ... £
Kuiimatnapu cogup 6ynuiwim mymkuH 6yncud Ba E ra A(/=1,2,
.. ) 3\TUMONNNK MOC KENICUH. Y MYMUiA X,018a

P, + P, + ...+ P =
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n mapTa Taxpuba yTkasmnraHpga, K, mapta E,, k¥ mapta B Ba
K TapHWUHT Kenu6 uuk;uwu (BoK,eaNapHUHT coamp 6ynuuin)

AIXTUMONNUTK \ A'I_ - AT
r A9
P2--PT (22)

6ynagun,6yHaa
fii+ 2+ ..+ Kx—n.

(22)Hn nonunomwuan TaucuMoT feAunnagu, UYYHKuW Yy
(P, + Pj + mem+?)" MONMHOMHUHIEMAMACKLArN YMYMUA Xxagn
6unaH 6up xungup.

2.3-8. Y3NNYKCN3 TAKCMOT dYHKLWNANAPU

2.3.1. S X TUMOJNINUNKNAP 3N4nnNrn

Ykpaaru (6up ynuyoBau ¢asofaru) sXTUMOANWNKAAP 3NYNU-
rm J[X) ne6

[(x)>0, \f{x)dx =\ (23)

YHKUMAHK aiiTunagn:
Xap 61p 3aXTUMONNUK 3n4nurnra PTak,cumMoT GyHKLUsACK
MocnalwTupunagm:

F{x)=1f{y)cly. (24)

By Ax) dyHKumna OBa lopacupga y3rapaguraH MOHOTOH PYHK-
umagup. Arapix) pyHkunMsa a <x<b opanukga maBxyg 6ynu6,
6y opanukpaH Taw™apupja Honra TeHr 6ynca, Ox) wy a < X <b
opanukga maBXyg bynagu, YHAaH TalWkK,apuia Honra TeHr 6ynagu.
{a, b) opanunkka

F{b)-F{a) =]f{x)dx (25)

3?N, TUMONNIUK MOC Kenagun.
Kyn ynuoBaun Xon yyyH xam sXTUMONNUKNAP 3UUYNUTU oK OpK-
jarura yxwatw Kuputunagu Ba Kyinparnya aHukgaHagu:

(X, X2,..,X,,)>0, 1 /(X[,X2,... X )X, 0/X2,,..,0/X, =1 (26)

MKKn ynyosnu asofa axtumonnaumknap smunurun/(x)g(y)
HWHT 6epunnun Kyingarm nHterpan 6unaH aHukKgaHagu:

P(A) * £ f(x)g(y)dxdy. (21)
(A)
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My\MM XyCcyCuili XONHN Kypanniuk:
S=X+Y

dapa3 kunannuk, x +j' <'s, g(y) = G'(y) aKaHAUTNHN Ha-
3apga TyTuné, (27)Hn 6yHAaan ésamums:

e>
P(x +jA<i)=  G{s- x)f(x)clx (28)
€KWN,0COHTUHA KYPUHAAWKH,
P(x +j;<5)= jg(j™)f(5-j;)ay, (29)

(28) Ba (29) noganapfaH X+ Y HUHT 3U4NUTU Kylingarnya
aHuKaaHagn:

eo 00

— - x)H{x)dx =] g{y)F{s - y)dy (30)

(30) TEHrNIUKHK ymMyMUin X;0nga Kyingarnda 6enrunnaHagn:

00 eo

f *8=j fis- y)g{y)dy =1f(x)g(s - x)dx. (31)
D)

2.3.2. YP'p4ull KAMMAT. MOMEWTNAP

Tacoguduin Kkarranmk aXTUMONNNKAAPU TAKCUMOTUHUHT My-
\um xycycuatnapugaH 6upn — 6y ypraya Kuinmat (matemaTmk
KyTunma)aup. ®apas Kunannumk, X Tacognuii KatTannkKHUHT
KniAmatnapu X,, X2,..,X.... Ba YHUHT 3XTUMONNNKIapu
...P, 6yncuH. By xonga XHUHT YpTaya kuimatu

<X > =X, 0N (32)
1=1
AKMHNAWYBYN KaTop 6unaH aHnkKnaHagu. Arap X HUHT KWimar-

napu ysnykcus 6ynca, y xonga Yprada Kuiimat
+09

<m>= xf(x)dx (33)

AKUHNaWyBYN MHTerpan 6munaH aHMKnaHagw.
F(x) Tacognunin KatTanumk X HAHT TaKCUMOT DYHKLKUACK
OyNCuH. Y xonga X HUHT KTapTubam MOMeHTH
+00

<x* >=  X"dF{x) (34)
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nHTerpan noga 6unaH aHnkgaHagu. byHga, arap X HUHT guc-
KpeT Kuiimatnapm x,, x4, .. X. ,... Moc pasuwga P,, P ... P.
3>;TUMONANKNapra ara 6ynca, K TapTMban MOMEHT

<X'=>=|AXAN, (35)
/=1
KaTop 6unaH aHukpfaHagw; arap x Tacoanguii KaTTanmk/(x)
TaK;CMMOT 3u4nurura ara 6ynca. ATaptmbanm MomMeHT
+00

<xn o> = XHF(X)dx (36)

nHTerpan 6unaH aHnkKgaHagn (byHga k > 0). TapTn64a mapkasuii
MOMEHT <X — < X >>* Kkabu aHwk/TaHagn; OyHga K =2 6ynca,
<X - <X >>2 HWU X HUHT (pAyKTyauusacu (gucnepcuacu) geniu-
nagu.

KeTma-KeT TapTMbanm MOMeHTNapHUHT 6epunuiimn acocnpa
3) TUMONNMKNAPHN aHWUKAAL Macanacu MOMEHTNap MyammocK
[eb atanagu.

2.3.3. 3KCMOHEHLMAN 3UUYNNK
NxTunépnii, myaligH o >0 yuyH
Ox) = Hx) = 1- e-*;x>0 (37)
Ba X <O 6ynranga OX) = F(x) = O 6ynca, [IX) dyHkyns 3KC-
NoHeHUMan yHKUNA pelinnagu.

2.3.4. HOPMAN TAKCUMOT

Arap 3XTUMONANKNAP 3UUYNTK
P(x) =-"exp[-(x-<x>)V2cT"] (38)

sjincr
KypuHuwra ara 6ynca, Tacognuii KaTTanauk X HUHT 3\TUMON-
AnKnap Tak cuMoT HOpPM an Tak“cumoTtgeiivnagn. byngpa —
TacoaMMuii KaTTanuK X HUHT PAyKTyauuscn (gucnepcumscu).
By epfa WyHM aliTuwl N03UMKMK, Mabaym wapTnap 6axa-
punraHga, 6MHOMMAN TaKCMMOT HOpPMan Tak.CUMOTra yTagu.

2.3.5. TEKNC TAKCUMOT

Arap 3uunuk {a, b) opanukga goumnin Ba \/{b - a) ra
TeHr 6ynca, Tacoantuin kKattanuk (a, b) opanukga TEKUC Tak,-
CUMNaHraH geinnagn. by \onga s\tumonnuknap Tak*cumotu
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F(x) = (39)
(O, 1) pa aHukylaHraH 6ynagu; 6yHga a < X < h
2.3.6. TACOAN®UNIN BEKTOP

dazogarn Tacogmduii BeKkTop €6, Tacognuii nyHannwga
YyTKa3unraH, y3yHauru tacogudnin kattanuk (Mmkgop) 6ynuo,
MyHanuwra 60ravk, 6ynmaraH BEKTOPHUW TyLYHUIaaW.

Tacognduin BEKTOPHUHT 3XTUMONNIA XOCCAaCUHW TEKLLINPpUL
YUYH YHU 6Upop yKKa, MacanaH, OX yKKa MpOeKUUACUHUHT
3X,TUMOMINIA XOCCanapyuHW TeKWNPUL eTapan. BYHUHT yuyH Bek-
FOPHWHT Y3YHAUTWU KuiiMaTnapu Takcumotu Ko6unaH yHWUHT
npoekuuacu Kuiimatnapy TaKCMMOTK opacugarv 60rnaHuwHmW
6unuw kepak. bepunraH liyHanuwgaru 6UpanK BEKTOPHUHT Ox
YKKa npoekuunsacu x 6yncuH. ¥ xonga = xL; (O, 1) opanunkpga
TEKUC TakcumnaHraH Ba L ra 6ornumk amac. X =X 6ynraHga
Lx < tBokea thakaT L < i/x 6ynraHp,arV|Ha coanp bynnwn
MYMKUWH. LLYHWHT y4yH A

F{t)=\vU\Ix, t>0. (40)

ByHAaH Ternwnm snunnknapHn guddeperumnannab kyiugaru-

O 0f (D

ByHaaH xocuna oncak:
= VD). (42)

WyHpalh knnmb, Tacogntunii BeKTOPIapHUHI Tacoganduii
Y3YHAUTY BUAaH YHUHT Tacoanduii npoekumnscy opacmpaa 6or-
NaHuLW aHuknaHau. (41) myHocabatgaH Kmabnym 6ynca,/Hu
TONWUW YYYH, (42) myHocabaTgaH 3ca/ Mabnym 6ynca V Hu
TONWULW YYyH (hoiganaHnLL MyMKWH.

dapa3 Kunannuk, Tacognnin Nnpoekuns Kartanuk (Muk-
[0p) KniimaTtnapu Hopman TakCUMOT 6unaH aHUKAAHCUH:

Y xonga Tacogn@uii BEKTOP Y3YHAUTU KUAMaTnapu axTUMOon-
napu suunurn F(42) acocmnpa Kyinpgarnya aHMuKnaHagu:
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y(0 = 1> 0. (43)
by Makceenn Te3nnknap TakCUMOTU KOHYHUAMUP.

2.3.7. TAMMA-3NYNTNK

Famma-gpyHKLmMA
+00

r(y) = I x""e~xIx (44)
WHTerpan ugoga 6unaH aHukgaHaan, byHga V= Q 1, 2 .. oy-
TYH coHnap yuyH I'(r+ 1) = r! ¥Ymymuin \onga aca, Vmumkaop
(0, oo) Opanukpa ysrapraHga, (44)Hm 6ynaknab uHTedannaw
opkanu aHukgaHagu; I'(y-- 1) = VI(r) [Ox) ramma-3nunuk

Mp,(X) =~A13"'x"-'e-Melx (45)

thopmyna 6munaH aHuKgaHagw.
MamMma-3nunmknap inrnwTMpMa onepayusicura HucbartaH
MUK, AbHMU,

= A>0, (46)

2.3.8. XAPAKTEPUCTUK ®YUNKLUNATAP

Tavpud. Tacogupnin katTanmkK (MMKLOP) a\TUMONNMNK-
napu snunuru Y(x) ra ara 6yncuH. by x,0nga X,akvik,mii katTa-
MUK (MUKLOP) YUYYH Y(X) 3UUNMKHUHT XapaKTEPUCTUK (YHK-
uusacn R(N) Kyhngarnya aHMKgaHagw;

(p{") = JerY(x)clx (47)
KM
P = < e, (48)
PaBliaHKK, YMyMUA xonga
) = n*) + i) (49)

M acana. N'aMMa-TaKCUMOTHUHT XapaKTepUCTUK PyHKLMA-
e <Py HUM aHUKAAHT.

Eunw.
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oy =JeMVpAxydx=  J =

= _/\ ’ X"_le dX: ““e/\VX_ _________
r(v)J a- ||/Pf

2.3.9. KYTT APTYME1LLT/IN TAK.CUMOT ®YHKUWNATAP

Bup neuTa Tacoguduii KaTTanuMknap x,, X4, X\ ... ra 60rnuk,
BOK,eaHUHT 3*Tumonnuknapu dW{x®, x”,...) Kyhngarnya €3u-
ANWU MYMKWH:

dW{X™, x) = f{x™ x?)dx, dx]
d XK (X[, Xj, X3) = 1(x,, X3, X3)iX| r/x2<1i3;

(50)
<r/PK(x,,X2,...X,,) = I(X[,X2"...x,)i/x,f/x2...d"X,,.

X|, Xj,...x» Tacogudnin yaTtannknapra 60ramk, Mypakkao
Tacoanpunin kattanmk L (4,, X™,..X) HWUHI ypTaya K,uimartm
(MOMeEHTHN)

<L>= J Z,(X,, X2, X, ) (X], X 2...,%,,)ilX,i/x2..i/%,,  (5])
(1

ngponta 6unaH aHuKgaHagu.
dapa3 K,unaiinmk, Tacoguunii KaTTannk yd ynyosnm (SbHu
yuTa x,y, ~tacogmduin kattanuknapra 6oravk,) 6yncuH. Y x,0nga:

dwW{x, y, 2 =4x, vy, z)dxdydz. (52)

®a30HUHT MabayM K,MCMUAA aHUKAAHTaH Tak,CUMOT YHK-
unacn WIx, y, z) Hu Ttonuw yuyH (52) Hu dxdydz "Ky6'nap
Oyiinya uHTerpannaw 3apyp, SbHU:

W{x,y,z) =\ J\f{x,y,z)dxdydz. (53)
(52) ngopana OekapT KoopauHatanap TUsMMUAaH chepuk
KOOpAWHaTanap Tuaumura ytannmk. Y \onga:

dW(x,y,z) =dwW(r,~(p) = f{x,y,z)dxdydz =
= f{r,i9,(p)\J\d/9d(pdr = f{r,<?,(p)s,\n6>d6>d(pr/dr.
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By ndogaHn bypuaknap 6ylinya nHTerp”binab, Ymk kaH ndoga-
HU (/IM(r) 6unaH 6enrnnannuk: j

dwW{r,e,(p) =dW{r) =rdr f (r,8,(®sinsded(p =
W.V) (0.<)

=(p{r)Anrdr =(p(r)dV =y/(r)dr.

ByHga dV - 4 m~dr paguycnapu r Ba r + dr 6ynraH MKKu
cthepuk CMPT opacuaarn afeMeHTap \axm.

YMymuia \onga Kyn apryMmeHTIv TaucuMoT (PYHKLUACUHM
&K1 Tacoandmii KaTTaNMK MOMEHTMHM TonuLaa gasoHun dx,,
AN, M "runepky6" napra 6ynn6, wynap 6yinya nHTerpan-
nab6 aHukgaHagn (byHAan ycyn KaHOHWUK TaUCMMOT (PYHKLMA-
[aH thoiganaHraHja yupaniamn, keinHru 6o6ga 6yHn Kypamus)
€k ha3oHK runepcchepanap épgammia 3NeMeH-
Tap Xaxmnapra 6ynu6, wy \axmnap (ks paguyc Kuinmatna-
pun) Byiinya nHTerpannad aHukgaHagn (6y x0n Mukpo\onar-
NAPHWHT 3HEPTUAHUHT KniimaTnapuw 6ylinya aHMKgaHUWwy ou-
naH 6ornuk macananap KapanraHja yupanign).

/// BOB
MYBO3APIATOAT N TUSUNM
MUMKPOMONATIIAPN TAKMNCMOTU

3.1-§. Knpmul

MabayMKK, TaKCUMOT OYHKLMACK EKN 3UYINK ONEPaTopu
yuyH JlnyBunnb Ba HelimaH TeHrnamanapy maexyg. Arap Tu-
31M TepMOAMHaMUK MyBO3aHaTfa éku cTaumoHap \onarga 6ynca,
Oy TeHrnamanapHu ramuabToHMaH H(p, q) HUHT MXTUEPWIA COYHK-
umnsacnyY(A) kaHoaTnaHTUpaan. lemak, craumMoHap kK MyBO3a-
HaT X0/iaTHM TaBcupnangmnraH TakCMMOT (PYHKUUACUHN UXTUE-
puin AA) dyHKUManapaaH TaHNab onunLl y4yH anbatTa TU3MM-
HWHT \onaTtura Ternwan, Kylmmya mabaymoT 3apyp.

MyBo3aHaTAary \ONaTHUHT TaKCUMOT (PYHKLMACUHUN aHUK-
naw yyyH aeBan m66e (1901), keinH TonmeH (1938) Tepmo-
ANHAMWK MyBO3aHaTAaru sikkanaHraH TM3uM MUKpo~onatiapu
TeHT 3\TMMONNNKNapra ara, AeiunnraH thapasHu aritagunap.

TabUNIAKN, TUSUMHUHT TalLKK MyX,UT BunaH 60rnaHnLL xa-
pakTepura kapab, aHUK4aHWLWIN N03KUM GynraH TakCUMOoT (PyH-
Kumsanapu x,am \ap xun éynagu. MacanaH, sKkanaHraH TU3nm,
AbHM TalWKn My~ T 6unaH y3apo Tabcupga 6ynmaraH Ba, fe-
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MakK, 3Heprusacy Ba 3appanap CoHW JOUMMIA BynraH TU3UM Xonatu
YUYH MUKPOKanoWK TaucuMoT Aeb atanyBum TaKCUMOT (hyHK-
LUACK KNPUTUAAN.

Pean xonnapga TM3UM TaLlK,1M My MT BunaH y3apo Tabcupaa
Oynagm, SbHU YHU MyT/iak™o skKaiaw MyMKWH amac. Arap K.apa-
NaéTraH TM3MM Tak™ My\uT 6rnaH dek™ar aHeprus anMatlmHa
ONCa, AbHKM y énmnk,6ynca (O6yHAan TM3MMHN afabueTaa KynuH4ya
TalK.M My\uT (TepMocTaT) 6MnaH UCCUKANK KOHTaKTUaarn Tn-
3um aeb atanagm), 6yHAan TUSMMHUHT MUKpon~onaTiapy K a -
HOHWUK Ta KCMM OT doyHKUMACK OpKanm aHUKAaHaaun.

Arap TU3VM TaLlK,M Myx;uT 6unaH \am 3aHeprus, xam Moaaa
(3appanap) anmallMHa 0fca, YHU OumK, TU3UM Aeb atanaaw,
OyHAan TU3MMHUHT MUKPOXONaTh KaTTa KAHOH MUK TakK,Cu-
M OT dpyHKUMACK BunaH TaBcudnaHau.

BupnHun mapTa B. M'n66C cTaTUCTUK aHcamb/1b acocua Tak,-
CUMOT (PYHKUMACUHWN aHUKAagM. ByHaa MyBo3aHaTgarn xonar
TaKCUMOT (DYHKLMACK dhakaT TU3MM XapakaTu UHTerpaiiapn —
raMuabTaHWaH, UMMybC Ba UMMY/bC MOMeHTapurarnHa 6or-
NVK BN MYMKWH.

Brpok TakcMMOT hyHK| Tiisicy, XxymnagaH, MMO6CHUHT Ka-
HOHVK TaKCMMOTW, MaTeMaTUK HyKTan HasapdaH KaTbWid uc-
60T KnnmMHmaraH. (MacanaH, AliseHwuny, [7], 3ybapes [5] Ba
6oLLKanapra KapaHr). Mawxyp anoH cwmsurn P. Ky6o ctatuc-
TUK (pr3nKa acocnarm KWANHYNANKNAP XaKnaa:

"AHVK thaHnap opacuia IM3nKa eTak4ymM YPUHHKU arannai-
AM, CTAaTUCTUK MeXaHWKa 3Ca YHUHT acocuii GynumnapugaH 6upw.
OHAM 613, CTAaTUCTUK MexaHuKa acocnapuja bup kaHya Hoa-
HUKANKNap 6op, Ae6 alitcak, 6y YKYBUMHWN XalipOH Kunaan Ba
TaaXOKyonaHTMpagmn. JIeKMH, axBon XakukataH Xam LUyHAan"
aeraH OUKpHK ainTraH agun [4].

MabnymMKuK, CTaTUCTUK (on3mnKa ycynm 6munaH xmcobnaHra
Kuiimatnap Taxpubaga Kysatunagurad pean kattaanknap K-
matnapura Moc kenagum. LUy ca6abnu, ctatucTuk domsmkara 6a-
rMwnadraHd afgabméraa Moe6e TakeuMoT OYHKLUACUHUHT Taj-
6ukura abTnbOp Gepunagn. bus sca kyiimaa (Lwy 606aa) cTaTn-
CTUK (hu3nKa yCynuHW Ba y 6unaH 6GOrIMK TakCUMOT
(PYHKLMACUHUHT KYPUHULLINAPUHM acocaLlra acocuii abTmoop-
HW KapaTammn3. BU3HWHIYa, 6y MacaiaHn Myxokama KuauL yc-
Ny6UIA HyKTam HasapAaH XaM KM3nkKapanamp.

Mabnymkn, N Ta 3appagaH M60paT TUSUMHUHT AUHAMUK
MUKPOCKOMWK X0/1aT! 3appasiap XapakaTtu TeHrnamanapu (mMa-
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canaH, KnaccMk mexaHukaga amMunbTOH TeHrnamanapu éxku
KBaHT MexaHuKacuga LLpeguHrep TeHrnamacy) acocuja aHvik,-
naHagn. CTaTUCTUK Pr3nKaga TUSUMHUHT CTaTUCTUK MUKPO-
xonatv JInyBuNAb TeHInamMacu 6unaH TascudpnaHagm.

MyBo3aHaTAarv ctaTucTuK consmnkaga JInysuiib TeHrnama-
CUHWU KaHOATNaHTUPYBUN UXTUEPUI (OYHKUMA O A) HUHT OLU-
KOP KYPUHWLIMHW aHWKAaL, 60w Macanagmp.

B. I'mb6c cTaTMcTMK aHcamb/1b TYLLYHYACUHW KUPUTUG, YHUHT
acocugaZlsl) HUHT OLIKOP KYPUHULLW YYyH

/(8).Xr-o0" (1

ndpogaHu é3an. byHga A = “TUSUMHUHT TYINK,3HEPTUACH,
Ba Zb6epuaraH TU3UM y4YyH JOUMWIA NapameTpnap 6ynmo, Tep-
MOZMHamMuKa MyHocabatnapy 6unaH Tak,K.ocnall Ba HopMmasaLw
LLIapTU acocuga

8= 1AT; Z=exp(-A1) (2)
9KaHNUTW aHUKyTaHagW; P —TU3UMHUHT 3pKUH aHeprusacu, T
YHUHT TemrepaTtypacu.

Cratuctuk domsvka oaHu apatunnLmMaa aHcamo6/1b TyLLYH-
4acu KMpUTMAMLLK Ba LWy acoca (1) NGPOJaHUHT aHUKLAHWLLIN
hyHpameHTan a\ammaTra ara 6yncaga, (6yHga P. BuHep KBaHT
MeXaHWMKa Ba HUCOUINIMK Hasapusnapn Kawd) KMAMHULWINAaH
ycTyH thuim [8]) (1) ndpogaHm acocnawuga, macanaH, TepMoan-
HaMuKara Mypoxaat K,UAVMHULLN Ha3apUAHWUHT MaHTUANIA Xn-
XaThaH Mykammas amac/imrngaH fanonat 6epagu.

XakukataH xaM, CTaTUCTUK (U3MKaHM acocnallfa KynruHa
HOoaHMKAMKNap Masxys. 3ybapes [. H. aitTraHngain "AHcamb6/b
Ha3apuACMHMW ApaTuLL Ba OfIMHTaH TaKCUMOT (PYHKUMANAPHM
acocnall Mypakkab Ba xo3upraya Tysa e4msimaraH Myammoaup.
XatTo, By aHMKeUYMM KaHfAal fapaxaga MyMKUHIUIA HOaHWK-
anp". [5,27-6eT].

Bu3 wy epga TabkmanaiMmnsky, rapum Mmeo6e TakCMMOTH
PYHKUMACK, Ha3apUA-MaHTUKWUIA XuxaTgaH KaTbWil MCOOT
KMNUHMaraH 6ynca-fa, 6yHUHT YPUHAN 3KaHNUTUIa YHAAH Ke-
N6 YmMKaguraH Hatvxanap TepMOLMHaMUKa MyHocabaTnapura
MyBOGOMK KeNmLIn Ba, fieMak, Taxpnba HaTuxanapura Moc Ke-
NN 6UNaH KaHOAT XOCW KUMHAP 34W.

LyHaalh knnnb, M'mbbe aHcambnm Ba YHUHI acocuja Tak-
CUMOT (PYHKLMANAPMHW acocnall KaTbUin aiTunraHga, ysun-
Kecun, Tyna xan KunvHmaraH macanagup. (k- [4, 5, 9, 10] Ba
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6oLwkanap). KOkopuaa avitunrad cababnap Tydpaiinm, nHdopma-
ums Ua'sjmscu TywyHyanapura TasHné, LLieHHOH dhopmynacu
acocmfa cia rmcrk U3MKaHMHT aCOCUHW KypuLL, TaKCUMOT (oyH-
KUMSNapMHKX acocnatl MyMKUH 3au. AMMO By ynHKU pyééra uum-
K,apuLua yenyomin xmx ataH KuianHumamknap 6op agu.

Bu3 cTaTUCTMK husnkaHn acocnatugarn 6y K MAMHUMAMKIAP,
HOAHMKMLIKNap Ba YCyouin K \MAMHYNAMKNAPHW GapTapad 3TWLL-
ra \apakar K.unguk. bolukaya aiTraHfa, CTaTUCTUK om3mnka Ba
CTaTUCTMK TEPMOAMHAMMKA acOCMapUHK \am Hazapuid, \am ycny-
OUIA XKMLLTAAH MyKaM MaalTUpULLIra ypUHAKK.

3.2-8. AKKAJIAHTAH TU3UM.
MMKPOKAHOHWMK TAKCUMOT

Tabpudpra acocaH, fKkanaHraH TU3MMHUHT 3Heprusacn E
Ba 3appasiap COHW YYLOUMUAAWP, SbHM:

E =E = const, N = const (1)

By \onga mmnkpoxonatnap ax ®UMONIMKIAPU TEHT I\TUMO-
NN CTAaTUCTUK MUKPOX,0naTnaf{5"kabn aHuKaaHau:
=..= W Hopmanaw wapTw:

AV, =WAL, =WN,=I. (2)

/ i
by ndoganaH

Bapua mMukpox”™onatniap yuyyH 6mp xun 6ynraH (3) TakCMMOT-
HW MUKPOKAHOHUK TaK;cMMOT Aelnnagn. QHTPONMUA aca AkKa-
NaHraH TU3NUM YYyH

ndpoga 6unaH aHMKLaHaLW.

TU3UMHUHT MUKPOX,0M1aTUHWU 3HEPruUs KUnmatu opk amm
aHWK,laHraHW Ba 3Heprusa duak™ar 6uTta KuiiMat E=E" Hu
Kabyn KunraHu Tycpainu TU3UMHUHT GyHAai MuKpo\onatu
5— 4. 1>oluwicaaes 65



6utTa 6ynagu Ba YHWHTr axtumonnunrn cINEE) y3nykcms >l
Yy4yH
(1]Y{E)=6{E-E")1E ®)
ndgoga 6unaH aHnknaHagu; 6yHAa aXTUMONNNKNAP 3UUINUTK
i{E-E”) OnpakHUHT fenbTa-pyHKUnacuanp. Hopmanaw
LapTu
+00

" (I\Y{E) = \5{E-Ea)clE=\ (6)

KYPUHWMLLTa 3ra.

3.1-macana. FAKKanaHraH TM3UM y4YyH HOpManal LIapTu
=1 Ba 3HTpONUA nogacn 3 = n  fjaH do-
JanaHn6 MUKPOKaHOHWUK TaKCUMOT (PYHKUMCUHW aHUKNaHT."
dcnaTtma: MyBo3aHaT xonatmaa 5 MakCMMyM Kuiimatra
ara Bay ysrapmangn. Eunwu:
Hopmanaw waptu Ba aHTponug mndgoganapn sapuaums-
NapyvHWN oNnamms:

, 3

55 =-(X, % " =0-X 2)

(1) H¥ NarpaHXHWHT HOMab/lyM KO3(IMULIMEHTM a ra Kynai-
TUPWG, CYHT YHM (2)ra KyLumnb, KyingaruHu onammus

/

IV uxTnépwin ysrapranja (3) garv TeHrIMK 6axapuanLLmn yuyH
A L ongugarn koadhhmumeHTNap HOMra TEHT GYNNLLIN LWapT,
ABHU

a-1n>X =0. (4)
6ynuwn kepak. byHaaH 6apuya xonatnap y4yH
L (5)

TaKCUMOT YHKLUMACUHM onammu3. XK HU HOopmasawl LiapTura
Kyamus:
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£||/I/=|£r--1,=e”2/1-='

ByHfaH xonatnap CoHK = ’} 1- yuyH

nojaHn onamms; gemak,
L = VN (8)
By xonga TU3MMHUHT Xap 6up MUKpoxonaTha byimi axTu-
monaurn XK, MUKPOXonatiap SXTUMOJINKIAPU Y3ap0o TeHr
OynraHAnrn y4yH, MUKPOXONatnap COHWHWUHT TeCcKapwu K.Mii-
Math 1™ ra TeHr. bow” aya ainTraHga, 1 HM MUKpoxonaTtnap
COHM JT'ra 6ynm6, mukpoxonatnap axtumonnuru (V. Ttonu-
nagn. ilemak, MMKpOKaHOHMK TaKCUMOT YUYyH acoCuii MaTH-
garn ucogaHn onammus. (6) HU IHTpONUA mUdpogacura Kynmo

MabayM UAOLAHN ONaMU3;

/5 =mnn
3.3-§. BEPK TU3UM. KAHOHWK TAK.CMOT

Tabpud 6yinnua, 6epk TM3MMAA 3appanap COHW y3rapmai-
an, abHU N = colis? Tallkn TM3MM BunaH K.apanaétraH TU3nm
KOHTaKTza bynraHu Tycpainnm yHuHr £ aHeprusacu (O, oo) opa-
NVKAA y3rapuiy MyMKUH. TU3nM TepMOANHAMUK MYyBO3aHaT
Xonatga 6ynraHfa YHUHT ypTada SHepruscu, SbHN UYKN aHep-
rmscu

h = (7)
aovMmnia Gynaaw.
ByHfalh TUM3MMHWHI MWUKPOXOnaTnapu 3XTUMONNUKNApW
TaKCUMOTU PYHKLMACK
(8)
Y31yKCM3 Xon 6ynraHfa aca TaKCMMOT (PYHKLMACK
AE) =Ne-N'A ©)]
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KAHNUTUHN BMpUHUM 606aa aHuMKparaH aguk. (8) éku (9)
KaHOHMK TalucuMoT TMAAT. ByHaarn HoMabaym ¢ 'HUHT npo-
JaCVvHV HopMasaLll LapTu

EN/.=1 (10)
/

AaH aHVKyTaHaau:

Z—CTaTUCTUK ANWHAM (MUKpOXONaTiap y3nykKcu3 ysrapraH
XONnfa CTaTUCTUK UHTerpan) germnagn. VIKKMHYM HOMab/ym
KoatpdomumeHTt/? Hn (7) faH aHMKaaHaguw.

3.2-Mmacana. BepkTU3UM yUyH KAHOHUK TaK,CMMOT (DYHK-
umuscMHn Fmboe dpopmynacu

3= (D
/

NYKK 3Heprus mncogacn (7) Ba Hopmanaw wapTtn (10) wmdo-
panapaaH oinganaHnb aHMKLaHT.

Eunw. 1. AHbaHaBui ycyn. MyBosaHaTAaru Xonar yuyH
(7), (10) Ba aHTpPOMMSA  HWHT BapuauusanapuHu onno,

N /=5"E N/.=0; (2)
/
/ ©)
<F=-5" LW 1n n =0 4
/ /

TeHrnamanapra ara 6ynamms. (2) Ba (3) HM HOMabayM KO3h-
dmvumeHTnap p Ba a ra Kynaiitmupmu6, cyHr (2), (3) sa (4) Hu
KyLLNG,

"}{a-ln)K,-lSE,)SLLI,zo (5)

ndogaHy onamms.

IV nxtnépuii ysrapraHga (5) TEHIANK 6aXapUANLLN YYyH
KO3hoMLMeHTIap HOJra TEHT BY/INLLNW LWAPT, AbHU
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a-\n\¥.-pE.=b (6)

Oynmiun Kepak. ByHfaH M3naHaétraH KaHOHWK TaKCUMOTHM
Tonamus

Q)
6yHaa
(8)

Genrunall KMpUTUALU. KaHOHMK TaLcMOTAarn MKKMTa HoMab-
nym KoappuumeHT Z (Bku a Ba Y3 HM HOpManall LapTu Ba
NYKU 3Heprusa udpoganapmpaH onganaHnb aHuknaHagwu;
\akumkK.aTaH, (7) HA HOpManall LapTura Kymme,

©®

nhoaaHn onamms. YBHM aHUKAaLWHN KeAUHPOK, Kypamus. (7)
HU MUKW 3Heprna mdpogacura Kysmms.

/- XV -+ A 0-T anr
R =

Jemak,
{=- 3ﬂ 4. (10)

(7) Hn aHTpOnusa udogacn (1) ra KyaMmus:
5=- <\n]¥>"p<E> +InZ.

[Jemak,
8=pu+\n2. (n)
2. AHrn ycyn. Keasucratuk (MyBo3aHaTaarun) xapaéH-
nap y4yyH Hopmanawl LapTu =1, 3HTponmMs ndogacu
A BaMuUKM 3Heprua 11 ="'~ EN¥ HUHIy3rapumil-

NapuHn e3annnk:
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0-YNdW, (12)
/

13
/ 13)

81U = MYGEE,. + "E,cll . 14)
) ] /

dHeprusa ysrapuNapuHUHE (KaMalulNapuHUHT) ypTa-
yacu WYCE, = - <clE > TM3MM TOMOHMAAH 6GaxapwunraH

CIA nwrin TeHr, AbHN - <ClE> = clA LWyHra 6uHoaH (14) Hu
KariTa é3amus;

’\/E;cl",:clm + EA (15)

TepMogVWHAMUKAHUHT BMPUHYN KOHYHUHU €3aMun3s;
éa”(}u + clA (16)

(15) 6unaH (16) HM Takkocnab, UCCUKAUK UoaacuHUN ona-
MU3;

c10 = ~E,c1]¥, 17)
5 1

a2 HM a ra Kynamtupmb, cyHrpa yHm (13) ra Kywmb
MyBO3aHaTAaru XapaéH yuyH

cl5 = ’\I{a-\nlr,)cll>’;, (18)

TEHTIMKHN 0NaMu3.
MyBo3aHaTAaru xxapaéHgarn UCCUKOUK MUKOOPU HK
¢/8 ra TEHrNaWTUPUL YUYyH, YHU P ra Kynaitupammns*, ssHu

c15 = Pcl0,, = A/APE,(1\¥, (19)

(18) 6mnaH (19)HM Tak,Kocnab, KynmgarmHn onamms,;
a - K =/%,

* BepunraH TWU3UM YUYyH LWYyHAA /2 KynaiTyBum (MatemMaTUK Wyk Tam
HaszapfaH LWyHAall WHTErpannoBuYu KynaiTyBum) MaBxyZd 4e6 K,apangu.
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Q1 6yHAaH KAHOHWUK Tak"“CMMOTHMU
aHNKaanMun3

3.3-Macana Mwukpoxonatiap TU3UM
3HEpruacyn Kniimatnapu £'6mnaH aHuK-
naHagn. TU3MM 3HEPTUACUHWHT KNiAMa-
w1 (O, E) opanukga 6ynmacgaH, 6an-

KA YHUHT paguycnapy E w E +8E

OynraH MKKW runepcdpepa 6unaH YeknaHraH 3/IEMeEHTap XaXm-
farv xonarnapgaH 6mpuga 6ynuy sXxTUMonv aHUKaaHcuH (3.1-
pacw).

Eunw. MKkn runepcdoepa opacugarv afemeHTap xaxmaa
CTaTUCTMK MUKPOXO/ATap COHW ¢l ra TeHr 6yncuH. by xonga
TM3UM.3HEpPruacn E HUHT KniimaTtu paguycnapn Ew E +EE
bynraH runepcdpepanap 6unaH YeknaHraH 3fNeMeHTap Xaxm-
garv én xonatnapgaH WXTWépuin Gupuga GynuLl 3XTUMONU
((\¥¥BE) acocuii mocTynatra acocaH ¢lnra NPonopLMOHan, SbHW:

~I{E) @

Tusnum aHepruacuHuHr kuiimatnapu {O, E) opanukpa
oynmacnvk axtumonnurn P(£) HU aHnMKgannuk. TU3nMm aHep-
rmacuHuHr (O, E +c1E) opanukga 6ynMac/ivk aXTUMONINUTA
P{E +c1E) ra TeHr. by P{E +EE) dyHKunsaHn RE HWHI ga-
paxanapu BGyiunda Kkatopra éainnk:

P{E +(1E) = P{E) + LL(1E +... ©)

WIKKWHYM TOMOH/aH, 3Heprus knimatnapuHuur {O, E +iE)
opanunkga 6ynmMacink aXTUMONnNrn aHeprusHuHr (O, E) opa-
NUKAa 6ynmMacink sXTUMONAnIn [£) HUHT LWy SHEPrus Kni-
matuHuHr {E, E ¢1E) opanukga xam 6ynMacink axTmmor-
nirn P ra KkynatmacugaH noopat, SbHU:

P{E +¢1E) = P{E)P (©)
SXTUMONNIMKNAPHUHT TEHT TaKCUMMNAHULLI XaKuaru acocui

noctynarra 6UHOaH 3Heprua KUNMaTMHUHI E, E +c1E opa-
nvkaa eynuw sxtumonnuru E ra mytaHocn6. LLIYHUHT yuyH

P+Pc1E=\ 4)
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ByHaa B aHMKgaHWLLIM NO3MM 6ynraH “"macluTtab™ napametp. (3)
Ba (4) AaH:
P{E+dE) =P{E)- P{E)RE ®)

(2) xatoppa GUpUHYN MKKUTA Xaf 6unaH yerapanaHu6, CyHr
yHU (5) 6unaH TeHrnawTMpcak, Kynmparn TeHrnamaHu ona-
MU3:

n =-RdE.

ByHAaH
P(E) = AeZE

TEHTIMKHW 0/1aMU3. Y3yHAUrn Honra TeHr éynrad (O, E) opa-
JWIK. TUSUMHUHT By/IMacnmri mykappap Bokea \mcobnaHagu. My-
Kappap BOKEAHUHT 3XTUMONNTN, Mab/lyMKWU, GUPra TEHT, ibHU
[O) = /1 =1 [lemak,

apg =efE (6)

LLIyHpai knnnb, nsnaHaétrad axtumonnvk dW{E) axtumon-
NNKNapHW Kynaitupumw Teopemacura acocaH, d]V(E) ~e~Ph
éKu

dW(E) =-e-Adn (7)

ndoga bunaH aHUKNaHagn; Z —napameTpHU HopMmaaLl Lwap-
™™MaaH Tonunagn. (7) gaH aXTUMONIUK 3UUINUTN — KAHOHMK
TaKCUMOT pyHKumscK fiE) yuyH

ncogara ara 6ynamma.

1-113 0 X- IXTUMONMKAAP 3UUNNTY NGDOJACAAT TUSUMHUHT
TY/INK 3Hepruacu (raMMnToHmaH) £ ymymnawiraH KOOpAvHa-
Tanap g,, A... BAyMymMnawraH M Mny nbcnapra 60ruk,
abHn E =E{p, 1). Ctatnctnk dpmsmnkaga ymymnaturaH Koopau-
HaTasiap Ba yMyMmawlraH umnynbcnap (Kuckaya ynapHu g, p
6unaH 6enrnnainmms) Ba, gemak, E{p, 1) raMmnbTOHMaH Taco-
andpuid kattanuknapgup. LWyHuHrgek, dn aHeprus E ra Ba,
aemak, (p, 1) ra 6ornuk, abHu dn{E) ékmn dn{p, n).
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2-n30 TakcMmOT dpyHKumMsacugarn Z sa macluTtab napa-
MC'th BTUSUMHWUHT TepMoguHamuk \onatmra 60rimK, TM3NUM-
HUHT MuKpo\osiaTnapura, AbHU yMmymalliraH KOOpAuHara-
nap Ba ymymsawiraH umnynbcnapra 6ornmk 6ynmaraH Katra-
nuKnap.

3-n 30\. CtatncTnk domsnkaaa sHN \/KTra TeHr fe6 kabyn
KunuHraH; 6yHga Kk — BonbumaH gounmuiicn, T aca TU3NM-
HUHT KenbBMH LLIKaiacKMaa ofiHraH Temneparypacu. by >onm
®)\TMONIVKNAP TaKCUMOTU (PyHKLMACK (8)

/(£) ="exp(-£'/A:T) (o)

KypuHULIra kenagu. (9) KaHoHUK Ta/”cumoT fernnagm.

3.4-8. OYUNK TU3UNM. KATTA KAHOHWVK TAK.CUMOT

OuVK TUSUMHUHT Tabpuddra Kypa, YHUHT aHepruscu E Ba
3appanapu CoHu TYy3rapuiy MyMKWH, SibHW ynap LOVMUIA
6ynmaingunap. AMMO~MK TU3UM TEPMOAMHAMUK MyBO3aHaT
X.0natmga 6ynca, YHUHr ypTaya 3Hepruscu (MUYKU aHeprusciu)

(10)
/

Ba 3appanapHUHT ypTaya COHU

Q)

y3rapmangu.
OunK TM3UM YUyH X,.aMm aBeanru ycyn ounaH E sa XXnapra
60rINK TaKCUMOT (DYHKLUACUHWUHT

Y-z (*2)

NofacUHN ONnLL MYMKUH. ByHAa /;, aHa 6uTTa HOMab/ym
KoapdpuumeHT 6ynnb, y (11) udoga acocnga Tonunagu; 7 sa
ABHV HOpManaLl LapTy

(3)
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Ba MUKW 3Heprus mndogacu (10) gaH doinganaHné Tonunagm.
MacanaH, (12) Hu (13) ra Kyinb KyingarmHm Tonamms:

14

/ (14)

(12) HM KaTTa KaHOHWK TaucumoT (yHKUWACK aeArnaam,
Z{U, <N>) HM 3ca C(TaTUCTUK AMTHLK LeAnnagn.

Bus Tm3nm 3appanapu CoOHM (EKM 3IPKUHNNK Aapaxanapu
COHW) AOVMMMIA B6YyNraHAa YHUHT 3HEPruacK Kuiimatnapuy Tak-
CUMOTUHWN TaBcUpnananraH KaHOHWK Tak,CUMOTHU KYpAWK.
AMMO amanga gpakatrmHa aHepruacy aMac 3appanap CoOHU Ba,
AemMakK, 3pPKUHMK Japaxanapu COHM XaM y3rapaguraH Tu-
3¥mMnap xam y4ypargan. MacanaH, CcytOKauMkaaH oGyrra Ba 6yr-
[aH CYIOKNMKKa Monekynanap ytub Typuwin MyMKUHKK, Cy-
IOKMIMKHN XaM, OGyrHuM Xam 3appaiapu COHW y3rapyByn Tu-
3umnap geb kapanuwn MyMKUH. /TU3UM TalKy TU3UM 6unaH
3appanap anMawinb TypcuH. Talku TU3uM bunaH 6upnnkaa
OepK TU3UM (XyCyCuin XOMNfa, AKKafaHraH TU3KUM) XOCU KUJl-
CVH. ByHpai 6epK TU3MMHUHT MyBO3aHaT X0/1aTh YYyH KaHO-
HUK TaKCUMOT YPUHIIN:

/(E) =he-An (15)

ByHaa Z —ymymuit 6epK TU3UM yUyH XaMm, 613 kapaéTraH
/TV31M YYyH XaM yMymuid napametp. E3amus:

] (16)
byHga £ =® —PKagantme yHKumsa F = , OYH[aH:
K=¢-PK. )

F\ ®,Ba V— kapanaétraH /04nK TU3UMHUHI MOC paBuLUaa
3PKMH 3HEPTrUAacKU, TEPMOLNHAMMK NOTEHLMANN BA XAXKMULAH
nbopar 3KaHMHWN KEMMHPOK Kypamus.

YMymunin 6epk Tmsum aHepruscu E, 3appanap coHu N Ba
YHUHT XaXMu VKylhngarnya aHukgaHagn:

EAMELN=IJMN,V ="V, (18)
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Hy epaa TM3MMYanapHUHT y3apo TabCUpP 3HEPIMACK Xmcobra
onMHMaan. MyBo3aHaT X0naTAa XMMUK NOTeHLManap

=/2=-+N'-=A (19)

WXXaHIUMMHU 3bTU6opra onmb Ba ®.= NA .= M.y HM xucobra
01nb, YMyMUIA TaKCUMOT (PyHKUMACK L E) yuyH ywiby udo-
JaHW é3ammns;

/(&) =exp[X(/" 17,72 =
=e explE(,»,-E)L.1 e -«"» . (20)

ByHga:
N =exp(-4/°K); PK =612 (21)
Arap (20) ga N™y3rapysun fe6 kapanca, HOpManawTUPULL Lap-

TWULAH KaTTa KAHOHWK TaKCUMOTAarn cTaTUCTUK MHTerpan (Exkm
ANTMHAW) Z y4yH ywby mnogaHn onamms.

N9
= (22)
NeO
ByHfa y3nyKcu3 Xon Y4yH:
/ (23)
AMCKPEeT X0/ YUyH:
;o (24)

/

E/— J1"1a 3appagaH néopar TUSUMHUHT /-xonaTaaru sHeprua’
ch. (20) UhofaHN KaT Ta KaHOHUK Toi(cumoT geiinnaT’, (22)
NHoLaHN 3ca OUYUK TU3MM YUYH CTaTUCTUK UHTerpan éxku
HHXWAW aennaamn.

3.4-macana. QUMK TU3MM yUyH acocuin matHgaru (10), (11),
(13) Ba aHTponua ndogacu

5 =-XAnInt e (3)
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AaH hoiganaHm6 kaTTa KAHOHMK TaKCMMOTHM aHWUKMaHT.
Eunw. Myso3aHatgaru \on yuyH

6

/
B<M >=8Y N.W=Q, ©)
5AALL, =0, 4
/LU. )
55 =-AA>¥, = NS, =0 ©)

TeHrnamanapHu onamus. by (2), (3), (4) TeHrnamanapHu Ho-
Mab/lyM KoadpdpuumeHTnap”™, —¥1, a ra Moc pasuLLja Kynam-
™mpn6, (5) HM \am abTubopra onmné, Kyimaarn ymymmii ndo-
faHn onamu3

E/(a -m - PE, +dTY,) 5 =o. (8)

ABsiu“rn 1, 2 macananapgarn kabu, 6yHgaH IV HU aHUK-
nanimMms:

(7) HM KaTTa KaHOHWUK TalucumoT AeiAnnagn, 6yHaa

~ (8)

Genrunawl KAPUTUAAM; HOMab/IyM KO3hdmumeHTNap /3 Ba K
(10) Ba (11) waptnap acocupa tonunagn. (7) Hu (13) ra
KyNmnb cTaTUCTUK MUTMHAWM ndpogacu Z HWU onamus. (7) Hu
3HTpoNUA 5 ndpogacura Kyiinb, MyBo3aHaT X \orar SHTPONMACK
YUYH Ky™MAngary nepogaHn onamus:

{-"N-PE; +Publ;) =\nl +pn -p~i<N >{9
3.5-macana. TepmMogmMHaMuk noteHuman ®yyyH
® =uy,<y>=u-83 +PY (10)

faH onganain6, /T =o InZ TEHINMKHU UCOOT KUUHT,
1b



Eunw. Tabpudora kypa,

5 = =-<mW >=-<-InZ-i3(£’-"i,v,)>=
/

=n2 + < £m>-/3iM"™ <y, >=\nl +pu - pd =
=\nr+pu-p{n-s5+PY);

5 =\nr +pe3-pPrl.
ByHga 03= 1 [emak,
PY=B\nX.

3.6-macana. AkkanaHraH TM3nMaa U4Kku xxapaéHnap (Maca-
naH, donykTyaumnanap), "peakymsanap” tycainm "Tysmamwnap”
(TapTMbAMAMKNap), "byuauwnap™ 6ynné TypuLin MyMKuUH. By
\o/1ja TU3UMHW XapakTepnosym "Kucmnap™ ("Monekynanap" éku
ynapgaH Ty3uiraH "KOMMNekc" moJiekynanap) COHW y3rapmo
Typagu. LUy Tydpaiinm TM3MMHM XapakTepaoByn "spKUHAUK Aa-
paxkanapu coHn" Vixam y3rapu6 Typagu. AMMO TU3MM TepMON-
HaMWK MyBO3aHart xonatuga bynraHga 6y VVCOHHUHT ypTayacwm,
ABHU

S (I

y3rapMangm. Tu3MM MUKPOXOnaTnapu aXTUMONNNKNAPUHUHT
"IPKMHNMK fapaxanapn”

/ V,, V,, ...,V

6ylinya TaK.CUMOTUHWN aHUKAAHT.
Eunw. AkkanaHraH TM3uMM y4yH ymymuid ndpoganap mab-
nym:

=1 (12)
/
=5 (13)
/
MyB0O3aHaTarn xonar yuyH:
=0, (14)



5 <\/>=5"y,~, =0, 15)
-<5];I/I’\.1nl/l’\. =55 =0 (16)

TeHrnmknapra aramus. (14) HA HoMabyM KoadhdhuumeHTa ra
KynanTnpamms.

(11) HU éKn (15) HM HOMabAyM KO3ULIMEHTTA KynaiTu-
pnb, CyHr <y> Ba V 6unaH Genrunawl MyMKWH. ByHAa r yuyH
MabHO Y3rapmaign. YHUHT KMAMaTUHKU 3ca KenH aHuunai-
Mu3. (14), (15) Ba (16) TeHrIMKNapPHU KyLn6,

’\}a-lnl/ll.-y,)(SI/I". =0 (17)

ncogaHn onamms. IV uxtnépuia yarapraHaa (17) TeHrnunk 6a-
XapUINLLIN YYyH

a-\nl¥.—y. =0 (18)

TeHrnama 6axapuavwmn wapt. by TeHrnamazgaH
(Y% \(19)

TAaKCMMOT (DYHKLMACMHM 0flaMu3. ByHM Hopmanall LiapTura
Ky1in6,

r= 5/’\ (20)
ndofaHn onamus.

1-n 30 X% KOkopw TeMnepatypagarn cuiipak ras gespav nae-
an ras Ae6 Kapamiiym MyMKMH. AMMO Temnepatypa KaManuiin
Ba 3UYIMKHUHT OpTUG BopULLIM BuiaH rasga MKKW Monekyna, yd
MOJIeKy/a Ba X. K. lapfaH noopar rypyxgap \ocun 6ymwm mMym-
KvH Ba H/XCHT cyrokauk dpasacvaa \amMma Mosiekynanap Mab/ym
Japaxaaa 6up-6upn bunaH 6ornaHraH Gynagu.

3n4 rasnap Ba CyrOKAMKnapgaru )“ocun Gynuwin MymKuH
bynraH GyHAal rypyxgapHu ncesgomonekynanap geb kapanu-
LM MyMKUH. By xonga rypyxgap namparu, ibHu ncesgomMone-
Kynanapgarv 6ornaHuwnap tygannm TM3MHU XapaKTepioByn
IPKUHIIVK fapaxanapn ymMymaH ysrapysyaH Oynagu.
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MyBo3aHaTarm Tmsumaarn 6epunraH Temnepatypa Ba 60-
cumpa (3nunukga) 6yHaar ncesLoMOeKynanap Mabaym cra-
TUCTUK TakcMMOTra ara 6ynagn. AnbatTa, 6y nceBaoMOeKyna
opacugarn y3apo Tabcup \ak.MKUiA Monekynagarngain Kyyim
oynmanan.

2-1 3 0 % B13 KAHOHWK TaKCUMOT Y4yH

M (21)

ngojaHn onraH 3gukK. Arap TU3UM gKKanaHraH 6ynca,
Br=EB'- .. =u 6ynagn. demak, (21) Hu

(22)

KYPUHMLLIAA B3ULL MYMKWH. AKKanaHraH, n4kn "peaxkymanap”
6ynmaraH \on y4yH

V, =¥2 = ... =< V>=YV

3KaHIUTUHW Haszapaa TyTno, (19) ndoaaHn

(23)

KypuHuwa é3mw MyMKUH. (22) Ba (23) Tak.CMMOTMApPHUHT
TEHT 3KaHAUTWU Ba ynapfarn Z 6up Xun skaHnuMrugad my>"vim
HaTMXa 0/1aMu3;

pn=y (24)

Xycycuin xonnapga V HUHT KWAMaTNapuHU GuaraHmmmn3
Xonga, P HUHT XaM MabHOCUHM aHMKaallra Myeadpak. 6yna-
Mun3. KelnmHpoK, (24) HM 6OLLK,.a YyMyMWUA ycyn 6unaH Kentu-
pnb YnkKapamms.

3.5-§. BEPK TU3VM SHEPTUACU
KUMNMATIHAPUHUWHI TAKCUMOTU

Bu3 mmkpoxonatnap 6yiinya Tak,cCMMOTHN —KaHOHUK TakK,-
CUMOTHU KYPAMK. SHAN TU3UM 3HEPrMsAcU KuiimaTtnapm byinya
IXTUMONNIMKNAP TaKCUMOTUHU Kypamnnmk.

ByHuWHT yuyH asBanru naparpadpgaru (7) ra acocaH (/>K(E)
IXTUMONIUKHU
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dW{E) =e-~Af 25)

KypvHuwa é3ainunk. byHga dn/Z —Tu3nuMm 3Hepruscu K,ui-
MaTUHUHT paguycnapu £ Ba E +dE 6ynraH runepcepanap
O6unaH JerapanaHraH xakm anemeHTu /T\garn \onatnapgaH
NXTUEPUIA Brpuga Bynuw 3> TUMONIUIMHKL KypcaTagun. ByHaa
MUKpoxonatnap coHn dn{E) xaxm anemeHTn df" ra myTaHo-
Cnb, AbHM:

dn(E) =drn

Kyn ynyosiv ¢as3o yuyyH mMabaym mytaHocubnuk M-~ E
eKu

drh~ dE

OymuwmnHy Hasapra oncak, dW{E) kyiugaru
dW (E) =%""E"-'dE (26)
J

KypuvHuwra Kenagu; 6yHga C —Hopmanawl wapTuaaH Tonu-
nagurad MyTaHOCUOINK KOIPULMEHTHN, AbHU:

e-PEE"-'dE = e-"x"-'dx = 1.
Zp

(o]

ByHgaH C/Zhh Tonamms:

Z7 ) (27)

6y epga F(v) — ramma-goyHKUMA Kynaaru

r(v) =je-"V'i/x (28)

(o]

nHTerpan ndoga unaH bepunagu.
(27) Hn (26) ra kyim6,

dmE) =XE)dE (29)

ndhogaHn Tonamms.
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JHeprus kuimatnapu 3\TUMONINKIAPU TaKCUMOTK (IXTU-
MONNNKNAP 3UYNINTN)

n.c7= (30)

ndoga 6unaH aHMknaHagn. by 7°,(£) — pyHKUMSHN raMMa-
TaucumoT Aennnagm.

(29) Ba (30) mdpoganap acocmia yprava saHeprua <€> Huy,
ABHWN MUKW 3HEPTUAHWN aHUKNANNNK:

r{v)p (31)

ByHga Ar + 1) =yI{y) skaHAUTUHW Ha3apfja TyTcak, NUKK
3Heprus yuyH

n=<E>=y/p~ys (32)
TEHTIMKHW onamns. ByHgaH
/=1/n (33)

KaHNUTN (TepMOAUHAMUK MyHocabaTniapra mMypoXaat Kun-
macfaH) 6esocuTa Kenmbd ymkagm.

LyHaah kunnb, Homabnym napameTp/NHUHT TUSUMHUHT
KaTTanmknapy opkann nofacuHn TONAMK. Y — KBAHT X0nja
TU3VM TaMU/IbTOHNAHVHW aHUKMOBYN y3rapyBumniap CoOHW, 2y —
KNacCuK Xonga TM3MM raMu/ibTOHMaHUHN aHUKNOBYMN YMYM-
NaluraH KoOpAuHatanap Ba ymMymaallraH UMMynbciap CoHW.

1-n30x- TU3MMHUHT (ha3aBmin xaxmun THKU runepcdepanap
opacugaru afieMeHTap Xaxm ¢l napra 6y MyMKWH; Ly
thazaBmii xaxm HK runepky6 eI = &g clp™...claép...clp”™ napra
XaMm OynuL MyMKKH; runepkybnapra 6ynuHraHaarm MMKpoxo-
natnap aXTUMOJIIVKIAPN TaKCUMOTH

EI¥[E{p.0)) ="e-~""Un{p.p) (34)

noga 6unaH aHuknaHagu; cln(p, g) —runepkyégaru cratmc-
TUK MUKPOXO0/IaTniap COHM.

2-130X. Arap ¢ha3aBuin Ha3OHMHT SHT KMUUK 3NeMeHTU A Byn-
ca (ff —MnaHk goumuitcn, N —dpasasnin daso ynyamu), ///?
HucbaT xonarnap CoHura TeHr 6ynagw; arap XONaTHUHT
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aiHMLL aapaxacu g 6yn-
ca, sneMeHTap xaxm cll
YUYH Kylngarn TeHTInK
ypviHAW Bynagu:

dr=tgdn. (35)

3.7-macana. 3 rMmon-
NNKNAp 3UYIUTA TaK,cu-
MOT (OYHKLMACK

(2

3Heprus E HMHT Mabym KMimatmga makcumymra ara éynagu
(3.2-pacwm). LUy KuiAMaT  HW TOMUHT.

Eunw. (1) ndoganaH E 6yiinua \ocuna onmb, CyHr Hon-
ra TEHrawTmpuno, Kynngarn TeHrnaMmaHn onamms:

v-1-/7£=o.
By TeHrnuKaaH:
E=e(v- 1)=i/(- 1) (2)
a) ngean ras yuyH v = 3/2. [lemak,

E,=T ©)
6) arap V>> 1 6ynca,

E, « n (4)

3.6-8. TAMMA-TAK,CMMOTIA ona MWCONAP

Bu3 tokopuaa sHeprusg Kninmatnapu s TMMONAUKNapn ram-
Ma-TakCUMOT BMaH aHUKAAHULWINHW KYPAUK. DHAWN Ly Tak-
CUMOTHWHT G0LLIKaYa MCOOTUHWN KeNTUpannuk.

1 dapas Knnannuk, TM3UM vVTa 3pKUH y3rapyBuuiapra ara
OY/ICMH Ba YHUHT Xap 6upwura TErULLIN SHEPTUA &, MPUHLMN
xuxatgaH, (O oo) opanukga yrapyiiym MyMKUH BY/ICUH.

MM66Cc aHcambnM TyllyH4Yacura acocaH, 3pKWH y3rapys-
ynnap (mapameTpnap) yekcus kyn o6yncuH. LUy eppa guHa-
MUK 3pPKWUH y3rapyBum tacogndmnii kattanmk bunaH, yHra Te-
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VLN 3HEPTUA XaMm Tacoandmii KaTTanunk unaH anmawTmpu-
nagn. Xocun GynraH 3pKWH y3rapysumiap TyrnnamMy Ba yHra
TETVILLAWN 3Hepruanap Tynaamu 3XTUMONINKNAP Ha3apuacu-
garn 60w TynnamHn ndoganaingn. LUy 6ow TynnamMmaaH uxtum-
épuin yTa ysrapyBum 6us kapaétraH TM3umra Teruwnn rméée
aHCaMOBNMHUWHT 3NIeMeHTUHW udoganainan (Tascudpnaiign).

SHAM CTaTUCTUK (PU3NKaZarn acocuii MacanaHu KysMms:

yTa IPKUHAVK Japaxanapura ara TU3UM 3Hepruacu "Bek-
Top" E HuHr yun {E E +(1E) opanukga 6ynmw sXTUMONINTA
AHWKOAHCKIH.

E kaTTanuk yuyyH 6oLnaHrny kuinmat £, = Oékn £, >0
oynmium mymkuH. KOKopmgarn aiTmnraHnapra acocaH:

E=£ +£N+ -+ £, (5)

Acocuin noctynatra 6uMHOaH 6oL Tyniamaaru xap 6up ap-
KUHAWK fapaxacy (3N1eMeHT) TeHT aXTUMONNU. [emak, yHra
TErULUN 3HEPTUSA KUAMATNapU XaM TeHT aXTUMONAN (Y3NnyK-
CM3 XO/ffa TEKUC TaKCUMMaHraH).

By nocTtynat acocuja toKopugarvm acocuin macanaHu Kymu-
faarnya xan kmnamms. 1) bow Tynnam 3nemeHTnapu 6unax,
MacanaH, n >y MapTta CMHOB'YTKasuraHaa 6y CUHOBNAPHUHT
1 MapTacmaa £, ) £,napaaH UXTUEPUIA BUPUHUHT YMKULLIN
axTumonnuru £], ..., BOKeanap cogup Oynuwm 3XTUMOI-
NNKNAPUHUHT AUTUHAMCKTA TEHT. AMMO 6y 3XTUMONIMKNAP,
SHEePrUSHUHT TEKUC TaKCUMIaHULLW XaKugarn nocrynarra (doa-
pasra) kypa, £,+£2-t...+ e"3Heprus Kuiimatnapura MyTaHo-
cn6. bowkaya ainTraHga, £, ..., £™1apgaH GUPUHUHT YAKNLL
axTumonnuru (5) ndpogara MytaHocuo.

2)  bow Tynnam 6unaH « >r1 MapTa CMHOB (TaXpunba) yTka-
3unraHga 6y CMHoBNapHUHT VMmaptacuga £, ..., E apHUHr
UMKWLL IXTUMONNUTN, AbHKM E aHepruann mbb6e aHcam6/m
3nemMeHTnapuaaH 6mpu Xocun 6ynnuLn 3XTUMONANUTA (BU3HWHT
coppa 6aéHMMM3aa TUSUMHUHT E aHepruann mukpoxonartia
oynuw axtumonu) £,,£s ...,£ ,BoKeanap cogup 6ynuwl axTu-
MONSIMKNApW KynanTmacmaaH néopart, sbHu E ra mytaHocu6,
oy axTumonnvk ¥E) ~E' "ektop"” yuuHuHr (O, E) opanukaa
OYNMULLNWUTUHY aHWUKZanan. BusHu aca “sektop" E HuHr {E
E + (1B opanukga 6ynuw axtumonnurun ¢!¥{E) knsmktupagu.
By aca f] + £2 + e+ £napaaH 6upuHUHT yun {E E + (1E) opa-
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NNKaa GynnLm 3apypvrMHn Kypearagu. by axtumonnuk c1¥E),
KYPUHWNG TYpnbAnKN,

(11¥{E) ~E'-"tE (e)
O6unaH aHuUKLaHagW.
3) N CMHOBHWHI N —v MapTacuaa E HuHr kuitmatn {E E)
opanukaa Gynuwl aXTUMOSIUTK, aéHKMN,

(7)
ra TeHr.

LLIyHAain Knnnb, 613 n3naétraH acocuin aXTUMONNUK E)¥{E)-.
rra ]+ +..+ napHuHr (O, E) opanvkgia Ba ynapgaH 6u-
puHuHr {E E +c1E) opanvkga 6ynuw axtumonnurn (e) Ba
(n - V) Tae napHuHr {E E) opanukaa 6ynui 3) TMmMonnmrun
(7) napHMHr y3apo KynanTMmacugaH nbopat, SbHU:

i\¥~ E'-GE{E, - £)'m (8)

byHpaa, /,,3Heprua n Ta e. nap sHeprusnapn AArMHINCH.
[emvak, 60w Tynnampaa y-cainaHmara Tyrpu KenaraH taco-
ANOUIA KaTTaIMK — 3HEPrnsa KUMmatnapu aXTUMONIMKIAPK
(8) ndboga 6unaH aHWKAaHaAW.
Ywoéy

A1 >0

LIapT 6axapunraHga (8 )udogaHn Kypannmk:

ByHAav <msa n 00 BYAraHANTU YUyH

@a- g e B 1 (10)
Jdemak,
(AIE)= CE'&YIE, (11)
6yHga ;3= We\ Caca
. C1]¥{E) =c\E "MerbIE =\ (12)

(E) o
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HOPMaTALLTUPULL LIAPTUAAH TOMUNAAN:

C= r{v) - (13)

(13) H® xmcobra onmnb, (11) HW KbGaiiTa E3amm3:
dW{E) = fASE)dE,

(14)

(14) 6wn3ra mabnym raMma-Tak,CMMOT.

LLIyHW sHa TabKMANaiMU3KN:

KBaHT X0/4a TU3UM raMUIbTOHNAHWN V —3PKUH y3rapyBym-
Nnap COHWUra TeHT,;

Knaccuk Xonga TM3UM raMUbTOHUAHW 2V Ta 3PKUH y3ra-
pyBUM — yMyMAallraH KOOpPAMHaTanap Ba yMymialuraH WM-
ny/ibcnap COHUra TeHr.

3.8-macana. bow Tynnamga n mapTa carinaHma yTkasusraH-
[a aHeprus 6y cmHosnapHuHr v MmapTtacuga (O, E) opanukaa,
n—v maprtacuga (EN —£) opanukga oynuwnuru 6uHomuan
TakCUMOTra 6yNCYHULLIMHN KypcaTUHT. LLIYHUHT4eK, Mabaym
LIapT 6axkapuaraHaa, oy 6uHoMMan Tak cMMOTAaH raMma-Tak,-
cnumoT kennb WKINLHAKypcaTuHr.

Eunw. Acocuii noctynatra KYpa, 3Heprus Kmimatnapu

E= £] + Ej + ...+

TEKUC TakCUMaHraH. LLYHWHT ydyH axXTUmMonnuknap 3uy-
AT JOUMWIA; IXTUMONNNKNAP TakcuMoT dpyHKumsen {O, E)
OpaIMKAA 3HEPr A KWAMATUHUHT OyIMLL SXTUMONIATY 3Ca, aEHKM,

ndpoga 6unaH aHMKaaHaaKn; 6yHaa A SHEPrUSHUHT 6OLLNAaHTNY
Kninmatu. by xonaa nanaHaétraH axTUMONNK

WF) ~F{{-
OGUHOMWaT TaKCUMOT BunaH aHuKgaHaau. ByHaa (1 —i) aHeprua
KuimatnapuHuHr (O, E) opanvkga 6ynmacink aXTUMONIUTNA,
abHn {E E) opanukga 6Ymww sXxTUMONANTHK KYpcaTaau.
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Bow Tynnampaa n mapTa Taxpuba yTkasuaraHia, MacanaH v
Tacmga GupuHun £, .., e Ta Kennd umkiwun, wy £,
napAaH UXTUEPWIA e. HUHT KeNn6 YMKMLW 3XTUMONAMKnapn E
NAPHUHT KynanTMacura TeHT; SbHU T Ta e, JaH UXTnEé-
pyii GUPUHUHT KENNG YMKULIKX LIy KWUIAMaTnap AnrnHamcn E
(Bkm E- £,)ra myTaHOCK6. N MapTa CMHOB yTKasuaraHga, oy
CMHOBNAPUHUHT Xap 6upunga cTaTUCTUK aHcamb/1b 3/1EMEHTU

E= f+£+.+£

HMH Vtacuga 6upunun £, £3 ..., £,1apHUHT KENNO YNKALLIN
E'ra (ékm E™ Q6ynraHga ({E —EY"ra) mytaHocnbanp. by
xonga n -V tacuga £, vy B, NAPAAH OUPVMHUHT YMKULLIN
£ + Ba2 + eeet O, —Era, 6yHga n -v mapTa Kenué uu-
knwn aca (E —EJ HUHT n —v gapaxacura, avHu (BN —E)"'»
ra MyTaHoCK6. N MapTa CUHOBAaH v Tacuga £, £°,..., £ .., n —v
Tacuga £, w>L NAPH VHT KENNO YNKULLIM SXTUMOSNTK
E(£ - BE"éxn {E- /7))UN, " B 'ra myTaHocmbamp. by xonga
Nn-v Tacupa e +ej + ...+ e~ NAPHUHT KEINO YMKMLLN 3XTK-
vmonmurn E* (£, - E)"™/Nékn °—EB)"~ TaMmytaHocn6. AHcam6/1b
3NEMEHTM BYNMLLIM YUYH 6UpUHYKM B, 7 ..., e*BynnLw LwapT aMac,
YHUHT YUyH N TafaH yTacu 6ynuwn etapnn. by xonga nrtagaH v
Ta XOCW/T KMATaH TYPYXNaPHUHT 3XTUMOJIINKNAPUHMN KyLIULL
nosum. ByHgai rypyxaap conm «/v! (n —v)\. demak, nnaHaér-
raH aXTUMONJINK

ra mytaHocu6 (15) Hu abTMbOpra onnb, M3naHaétraH axXTu-
Monnuk LLIE) GMHOMMaN 3IXTUMONNK 3KAHIUTUHU KypaMu3:

= (16)

/" axTnmonnunk AFra ysrapca, LLLE) xam y3rapagm:
AW{F) = W(E+ JI/) - WB), (17
OyHza
\¥(E+ AFi-iF +AD X |-E-AE)"-~ (18)



AP o 6ynraHga {P+ ,AP)" Hu KaTopra éin6, GupuHun
NKKUTA Xaf 6bunaH vyerapanaHamns, SbHU:

(/+07) = +VE> AT +... (19)

WkknHun kynatmaga AP Ob6ynraHga 1 ra HucbaTaH
YHU Xn1cobra onmanmms, SbHu

@a- A/)'--= @ - PYN . (20)

AHan (19) Ba (20) mdchomanapHu Hasapra onm6, (17) Hu
Kyiungarmnya éamms:

c1I¥{P)~ P"-\\-P)"-~cIP, (21)

O6yHpaH, (15) HM Haszapja TyTMO, AHa raMMa TakCUMOoT
HW 0f1aMK3.

1-n 30X Opataaru ycyn 6unaH cTaTMCTUK M3NKaHKW acoc-
NaHraHga TeHr aXTUMONNKNAP XaKngarn nocTynar skkanaH-
raH TM3UM MUKPOXOaTiapura HucbataH ypuHam e xmcobna-
Hagw. Br3 aca NOCTYNAaTHUHI Ky/NaHWULL YerapacuHM 6upmyHya
KEHranTUpAnK.

2-n30% MartemaTuka agabuétuga/(£) ékn WTm-
MOJIZINKNIAP 3nunuru, dunsnka agabunétmga aca X TUMonamknap
TayctMMoT PYHKUNACK ANT NafH. IXTUMONNUKNAP TaKCUMOT
hyHKUMsCK feb, maTemaTuKa agaburétmaa

¥E) =1(11¥{E) =1/1{E)1E

PYHKUNAHW aiiTunagn. ATamallyHOCAUKAA By UKKU XUNNKK
rann3nmnKka, aHrnawmnIMoBYNINKKa ONMG 6OPMACTUTA NO3UM.

3.7-8. CTATUCTUK SHTPOMNA
BA KAHOHUVK TAKCUMOT

M66C 3HTPONMACK 6*HU Tabpud Byiinya aHeprus Knimmar-
napwv y3nyKcmu3 y3rapraH X0/ yuyH Kyhugarnya aHuKgaHagu:

5 =-] / \nfdn. (36)
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XonaTnap AUcKpeT KuikmaTtnap kabyn KunraHpga aca

8 = 37

p (37)

KYPUHULLJA aHUKAAHAAW. YMYMaH CTaTUCTMK (on3nKaa SHTPO-

nus 5 HU ynyaman KaTTanuk aed kabyn kunuHraH. LUy ca6a6-

nn (36) Ba (37) ndoganapia yHrtoMoHNapHW bosnbumaH Lou-

MUIACK K ra Kynantmpunagn. AMMO 613 3HTPONUA 5 HX ynyam-

CU3 KaTTanuk cudpatmga kabyn Kunguk, \am MabHO, Xam

ycnyouia xxuxataaH 6yHaan kabyn kmnuw kynaigmp (by maca-

nanapra IV 606aTynapokTyxtanamms).

KaHOHUWK TakcMMOTY (£) Ba CTaTUCTUK UHTerpan (AUTUH-

an) | y3nykcnus ysrapyByum (KNaccuk) TU3UM YyyH

= (38)

r=I (39)

ndpoganap BocuTacuia, sHepruacu AUCKPeT (KBaHT) KVII/IMaT-
nap Kabyn KuiyBuM TU3MMIAp Y4YyH aca ;

(40)

= 41
r=, (41)

ndpofanap 6unaH aHUKLaAHULWKW 6u3ra mavnym. LLYyHUHTLEK
6epK TU3MM YYyH 3HTPONWUS

5=<5> = <Inl//>=/3[/+InZ (42)

ndoga 6mnaH aHMKAaHULWWHW KypraH 34UK. pu =Yy 3KaH/n-
rmaad, sHTponus 5 yuyH (42) gaH

S5=r+Inz (43)

ndofaHn onamms.

TapTMbnunukaaH TapTMBbCU3NNKKa (xaotusawnsra) ytuja
TU3VIMHUWHT 3PKUHVK fapaxanapn CoHu opTub 6opaaun (ge-
MakK, VopTnb 60paan), HOKOpW 3Heprusnu x onarnapgaH nact
3Hepruann x"onmarnapra ytmwaa Z optnb 6opaau, sibHU 6y
Kk \onga \am sHTponua 5 optagun. (43) acocnga TM3NM 3H-



TponuACK S afLNTMB KaTTaIMK 3KaHIUTUHU OCOHMIMKYaA Kypca-
TULL MYMKWH. Papa3 Kunannuk, TM3suM UKKU KucMzaaH nbopar
OYNCUH. YHUWHT 3Hepruacyu £'KUCMIaPHUHT 3Hepruanapyn  Ba
B*napHuUHT inrnHgucnra TeHr 6yncuH. by xMonga

/\:E :KE E =\ (44)

|
hopmynagaH:
5=V, + 2+ InZ] + InZj = V, + InZ] + Vj + InZ" =
=5 + (45)

ByHaH 3HTPONMUA S HUHT afAUTUB 3KAHUTU KYPUHALK.
3.9-macana. KaHOHWK TaKCMMOT acocuia

=-NV:InlV;

CTaTUCTUK SHTPOMUSA ONIMHULLNHUN KYPCATUHT.
Euynw. BepK TM3UM YYyH TaKCUMOT (PYHKUMUACH

= (1)
OyHAa CTaTUCTUK ANTUHAN
Z=E" @)
Nukn aHeprus UTabpudp 6yiinya aHMKnaHagw:
-UNNEAW, 3)
/
(3) HM anchdhepeHUMannab: KyimaarmHu onamua:
— /Y\
aw. , =M @
OyHza dATU3NM 6axapraH WLL:

Y EidW-=dU+ dA (5)

(1) paH:
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E =-e{\nZ+\nW),e =\Wp 6)
Jemak,
N BENW, =-8 In dwn - =
/ / /
=-0MnWAE/HA. (M
ByHga d' Wi =0 akaHNMrn Haszapga Tytungu. byHu Ha-
3apga TyTn6,'(7) HW y3rapTMpub é3amms:

Y,E,dWi =-0/ 1" A . S)
i / r i

S =-Y/AWMW, 9)

ne6 6enrunawl kmpwutcak, (5) Ba (9) gaH:
edS=-dU+dA. (10)

(10) mMyHOcabaT TepMOAVUHAMUKAHUHT GUPUHYUM Ba UKKUHYK
KOHYHNAPMHUHT YyMyMWIA udhogacnamp. S HUHT (9) mndhogacu
(Tm66c Tabpudmn 6yinya) sHTponms dopmynacmanp.

N30 MyBo3aHaT/IM TaKCUMOT QDYHKLUMACK acocuia Kea-
3nCTaTuK XapaéHnap yuyH (9) ucpoga 6unaH aHUKAAHTaH S
PYHKLUNA MaBXYyLAUTW Ba YHUHT y3rapuwn (10) MyHocabat
OVnaH aHMKAAHULLNHW YMYMUIA X0N4a KypcaTauk.

3.8-8. CTATUCTUK SHTPOMNA.
MMNMKPOKAHOHNMK TAKCUMOT

AKKanaHraH TU3VMHUHI X0NaT¥ MUKPOKAaHOHWK TaKCwu-
MOT 6unaH TascudpiaHagn. Tabpudora Kypa, AKkanaHraH Tu-
3UM TallKW MyXWT 6unaH 3Heprus xamga mopaaa (3appanap)
anMaLumaiaun, SbHN YHUHT 3HeprusacuK E, sappanap coHn (Eku
y3rapyBumiap COHU V y3rapmangu:

E(p,q) = EN=u =const, v =, = const. (fl)

SIKKanaHraH TM3MMa MUKPOXO/aTnap AUCKpeT bynraHaa
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y3nykKcu3 bynraHpga aca
e~"\dn =e-' dn {d

npoganap ypuHnu. {b sa (i/) H1 aHTponus udogacn (42) ra
Kyinmnob, skkanaHraH TU3UM 3HTPOMUACUHM TONaMu3;

N = , (46)
/
S =\nQ. 47)
byHpaH —MWUKpPOXonatTnap (CTaTI/ICTI/IK MUKpoOXonar-

i
nap ékn 'mbb6e aHcaMbnM 3NeMEHTNApU) COHU;

dn{pq). (48)
uQ

ByHaali MMKPOXONaT yuyH TaKCUMOT (PYHKUMACK Kylinpaa-
TN KyPUHULLZA E3UULLN MYMKUH;

ME) =B(E(p, D-E,)5{y-V,), v._"49

o6yHaa 5(E —EY Ba v —Y). AnpakHUHT fenbTa-hyHKLNA-
napu E=E”, V= 6ynraHjaruHa HongaH dhapkauaupnap!
Opatga 5(E —BY HM muKpokanowk TayctumoT Aernnagu.
By TakCMMOT (DYHKLMSA fKKanaHraH TU3UMHWUHT 6apya xocca-
NapviHW, XymnagaH, MUKPOKaHOHWK napameTp KniiMatnapuHm
Xucobnatura UMKOH 6epaau.

AEHKN, 6epK TU3UMHUHI 3HEPTUACK y3rapmac, AbHU
E = const feinnca, y AKKanaHraH TuanmMra ainaHagu. Tabumii-
KW, YHUHT XONaTUHW XapaKTepsioBYM TaKCUMOT oyHKLMACK

jca y3 Hasb6aTuaa AupakHuHr fenbTa-yHkumacu 5 (E - EY ra
YTULLK 3apyp. XakKuKaTaH Xam LyHAal.

SHeprus KMMmMaTnapy yuyyH caHoK TUSUMUHWUHT 60LLINaHK-
Wwm ged  HW kabyn Kunanunk. Y xonga raMMma-TakCumoTgaru
(Ooo) opanukpaa ysrapaguradH  ypHura E—E“Hu &1 no3um
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6ynagun. by Yonga TakeumoT ¢ Y H KU 1 g ¢ n BY kyingarn
KypVHMLLTa Kenagw:

i,(E-E,) = TS BYTXPLHE- B E-E>0

O £-£,<0
ByHpa:

N=7TT7T"™ (i/- ™) =] (E-E0)fRAE- E,)dE (51)

Tabpudora kypa U= < E> bl. aKKanaHraH TM3UM yyyH 3ca
n = fy,ra sraMmmn3. LLYHWUHT yuyH B LLIAPT Kenné 4ymka-
an. by wapTt 6axapunraHga, BEY dyHKUMAHN TeKLIKn-
paiinuk. Ed SmpyncuH. byHga E> B \on 6ynmwimnm MyMKUKH.
By \onga aéH 6ynagunku.

lim fBA{E) = lim PRUAMANA =0, (52)

/37~ r(v)

E < fi,6ynraH \onga, Tabpudira kypa,
= 0. (53)

By xonga E < BE*6ynraHu yuyH Ukattanuk E*ra van T0-
MOHfaH UHTUNagn, sibhn U—BE™*—Q gemak B N -0°. LLIyH-
Aain Knunno, sHa KynuugarmHu onamms:

M i87,(E - Eo) =Q E <Eo

LLly mabHOAa KAaHOHUK TaKCMMOTAAH Xycycuii \onga Muk-
POKAHOHMK TaKCUMOTHU KeNTUPUG YMKapULL MaHTWKaH Tyrpu-
pokaup. HopManawTvpuL LwapTura acocaH:

i3,(E-E,)dE= {f8,(E-E,)dE =I. (54)
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BbyHpaH, (52) Ba (53) ndpoganapHun Hasapra onraHaa,
= (59)

OynMLIN KeNno Yk agu.

LLyHzain Kunmo, “ wapt 6axapuraHa, AbHN AKKa-
NaHraH TU3MM YYyH TaLCUMOT OyHKLMACK (3 TUMONnap 3ny-
NATW) KyWnZarn KypuHuLIra Kenagu:

£ o, E &0
0) - Q0 E o/ (56)
[Jemak, (54) sa (56) napgaH
/p,(E'E,,) :8(E{p,ﬂ)'E,) (57)

3KaHNTW Kennmo Ynk,agu.

LLyHAalh knnnb, 6us MMKPOKAHOHWMK TaKCMMOT KaHOHMK
TAKCUMOTHWHT 3HEPrus AoMMUA bynraHaa kenmoé yYmkaguraH
XYCYCUIA XONMN 3KaHAUTUHWU KypcaTauk. By epaa WyHU Tab-
KMANALL NI03UMKMN, CTaTUCTUK OU3NKaHW aHbaHaBUin ycyn 6u-
NaH 6aéH 3TULLIAA MUKPOKAHOHWK TaKCMMOTAAH Mabaym LuapT-
nap 6axapunraHia KaHOHUK TaKCUMOTHU KeNTUPUG YnKapuLL-
ra ypuHunagun. AMmMo 6y epfa KentupuaraH OU3HWHE yCyn
MaHTMKaH paBLUaHPOKAMP.

YeTnaHunw. AUHaMUKy3rapyBUMHUHT )KYMIaLaH raMmu/ib-
TOHWAHHWHT X,ap 6UpP KNAMATUHW ULLOHYM BOKea Aeb Tacas-
BYP KWAcakK, By NLLIOHYAM BOKEAHWHT 3XTUMONINKNAPY 3UUIN-
TMHW AenbTa-goyHKUMA Opkanu TaBcudpnal MymKnH. Ly mab-
HOfA AMHAMUK KOHYHUAT CTaTUCTUK KOHYHUATHUHT XyCyCUiA
XONMN KyPUHMLINTa Kenagu; 6yHAaa CTaTUCTMK (hm3nKagarn oaat-
Jarv aXTUMONMKNAP 3nYnurngad AupakHUHT genbTa-pyHK-
UmMACK BUNaH aHMKAaHaAMTaH 3XTUMONMKNAP 3UYanrnra >
nosum 6ynagw.

MacanaH, 6upop AUHAMUK y3rapyBuu AMHAMUK KOHYHUSAT-
ra Kypa KuiAiMaTHW Kabyn Kunca, 6yHW aXTUMONAMKNAP 3K4-
mrn 5{X—XY bynraH Tacogudmii katTannk e TacasByp
KW MYMKWH: 6yHaa XTacoandonii kaTTanuk qouKpaH Kabyn
KUAMLWWN MYMKUH 6ynraH kuiimatnap. LLly mabHOfa AMHAMUK
KOHYHUAT CTaTUCTUK KOHYHUATHUHT XyCYCUIA XONUANP.
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Oxupnga WyHW TabKUANanMmsky, rapum E= n = 6ynca-
Aa, yMyMAaluraH KoopauHaTanap 4 Ba ymymaawiraH MMnynbc-
nap p ysrapuwim Tycpaiinm skkanaHraH TUSUMHUHT CTaTUCTUK
MMKPOXONaT/iapi COHM XYyAa Kyngup.

3.9-8. CTATUCTUK NHTEIPAN.
XONATNAP 3nN4nnrmn

dapa3 Kunanuk, 6epk TUSUMHUHT 3HEPTUACU Y3/YKCU3
Kniimatnap kabyn KWACKMH. Y x"0onga KaHOHWK TakCMMOT
/(£) =-1exp(-/3£') Ba HOpMaMaWITUPULL LIAPTU

/{p,0)cln =] (58)

[aH CTaTUCTUK UHTerpan Z yuyyH

2 = (59)
nogaHN onamms; AUCKPET Xongarn cTaTUCTUK WMTUHAWM Z
Y4yH
r= ©
/

ndogaHn onamms.
ZHWUHTAHTY NPOJACMHIN ONaINK. BYHUHT yuyH

(I\¥ =/p,(E)c{E =Mp,p)cln{p,p)
AaH:

Fe-"bln(p,q) =-r{yI;"-'e-"LIE (61)

OyHaaH:
Z=~Q , o= (62)

ByHaa O —xonatnap 3uynuru.

¢In(E) = ¢1l/K";6yHaa paauycnapu Esa E+ c1EGynraH
rmnepcdpepanap opacmgarn gpasaBnini OasOHUHT XaXMUIA 3ne-
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MeHTU. Pa3aBuil haso X  =AELT = WAFVE’akaH-
NUTUHW Ha3apfa TyTno,

Q(E) =

ndofaHN onamms,

Knaccuk ctatuctmMkaga CTaTUCTUK UHTerpan Z Hu \mcob-
naw yyyH dn(p,q) Hv dF/W 6unaH anMawiTMpuLL n03uM, 6yH-
ga dr - dpdq chasaBuii (a3oHWMHT 3NeMeHTU (3neMeHTap ru-
nupky6 \axmu). byHaaH Tawk™apu, Z HM \mcobnawga 6up
XUN 3HEPTUA KNAMATUHWU X OCWI KUYBUYK YCyniap COHW § ra
(58) wHTerpanHu 6ynuw no3um (6yHM BonbuMaH hakTopu
Aenunnagm; (“\CoH 3appafapHUHI YPUH anMallTUpULLIIapu co-
HWHW X,aM Hasapfja TyTagu), SbHu:

-ge dr

Z=\e-"ti{p,q) =
h'g m

[Jewmak, knaccuk dmsukaga Q Ba Z yuyH

dE g

, = Ar(v +1

RvhAg (63)

ncoganapHn onamms.
CTatTUCTUK nHTErpan Z HNU nuxyam Luaknga ésmw MyMKuH:

N Iy) dn _ f{v +1) dn
RVE"-" dE Rv  dE"
6yHaa "3nunuk"
Q{E")

den
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Mwucon. J1"a3appagaH néopar KnacCuK TUSUMHUHT CTa-
TUCTUK WHTErpain Z HU aHUKAANNINK. YHUHT 3HEPruscu
E— EMoyncuH. byHaa KWHETUK 3Heprus

N 2

y3ap0 TabCWp MOTEHLMAN SHEPTUsCH

ncpoganap 6unaH aHMKgaHraH 6yncuH. By Knaccuk X,0n yyyH
CTAaTUCTUK UHTErpan Z Hu Kyingarn KypuHULLAA E3aMn3:

Z= (65)
ByHga
e ' -d = e éx
¢ 2-d3yy I/IT;I -
={2nT/P) M7, (66)
oY=1< "dq . (67)

o

(68)  Ba (67) napHW Hasapfa TyTMO CTAaTUCTUK UHTerpan Z Hy
é3aMms: T
3n'/r

29T
Z= 8=3M . (68)

ByHaa 0™HW KOHUIypaLnoH UHTerpan W ni T .
3.10-macana. Vpgean ras yyuyH ycynnap COHM § HU aHUKAAHT.
Eunw. by \onga B*= O6ynraHu yuyH 0= Voynagu;

3Heprms aca E~E” + BEM+ ... +  AUrMHAM 6UnaH aHuKaa-

Hagn. E HM )YMocun KUyBYM 3N1EMEHTNAP COHU X.am J1°Ta. by

X,0M4a ycynnap coHu J1”ra teHr 6ynagu. Jemak, J1*1a 3appajaH

néopat ngean TM3UMHUHI CTaTUCTUK-TTerpanu
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A1/2"N

3/2*¢
N
7 = V 2nt 1 2n1O n=M/ZY
N ~/ry3 n

noga 6unaH aHnKaaHagu.
3.11-macana. V) axwm vauwga \apakatnaHysum 3appa
(naean ras) yuyyH CTaTUCTUK WHTerpan Z| HN aHUKAaHT.
Eunw. WMpaean ras yuyH TakCUMOT (PYHKLUACH

(1)
6yHpa:
27
(2)
1
NOAT(V D) ’ ®)
N=AE. 4
AéHKn,
y=3/2, lb=/" a= 1
epipiep. =
=Y {2TEYM =— Y(2Ty/ BN = AR ©)
byHga:
A="N-Y(2T)MN\ (6)
. L/ / \ /1\
+1] =
rk 2 3o 2, O
r [X'/N-"e-NEx= jx-"Me-Nx =40,

[o}
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Kypcatma. X=y", (/X=2yc/y anmMawiTMpuLl K,WInHCa,

'2 NyaccoH nHTerpanura ytagu:
Vioy

r =2\e->'"Nly =N .
\2/
Jemak,
M 1+1 - A7T0n
\?2 Yy
Oemak, [, Ba _ 1 HUMHT ndoganapunu (3) ra Kymmo,

KyiungarmHn Tonamms:

3/2
1 I

K 2nTkl (8)

3.12-macana. J1'ra 3appafaH TalLKWUI TonraH ugean ras cra-
TUCTUK UHTErpasIMHA aHUK™aHT.
Euwnw. by )onga

e =e,tE2 +..+e ="{p-N +pl+.. +pl") _ (1)
iT

Oemak, 2y = 3T 5 = JY. bus Zg, HX aHMKNaLW YYyH Kyinu-
Aarn ycynHu kynnarimmus. K~apanaétraH i1 yuyH Ta’CMMOT
dyHKUMACK

/u{E)ln =— e-~4Yn, p =KT 2

6yHaa ¢ 'aHeprua (1) ndpogasaH aHuk/aHagn. KypunaétraH
x,0nga N Ta ngean 3appa 6ynraHu y4yH YHUHT Tak CUMOT OYHK-
LMscK T¥Ta GKUp 3appany Tak\CUMOT (OYHKLMANAPU KynainTma-
cura MmytaHocué bynagmn (3\TUMONMKNAPHM KynakTUpULL Teo-
pemacura acocaH), ibHu

~/(EXErY.NE,) =’ (3)
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3Ham £, E® £1 aneMeHTNapHUHT S1"Ta Katakga N Ta
WLLpPaJaH XoMnalmw ycynnapu COHu ra YHr TOMOHUHMN
KynauTupmo, CyHrTeHrnawTmpumo6

N -
0-PE . .-PE @

n(dogaHn onamma. byHaaH n3naHaéTraH cTaTUCTUK MHTErpan
7\T TONAMU3;

®)

OyHaa

3/2

(6)

InTkT

(5) ndpofa ZyuyH asBas 0OnUHraH ndpogara Moc Kenagu.

3.10-§. MAKCBENTHNWNT TAKCMOT K.OHYHWU

CTaTUCTUK KOHYHUAT HaMO&H OynaauraH My\mMm mucon —
naean rasz MonekynanapuHUHT 3Heprusa (Tesnnk kM UMNynse)
Kniimatnapu 6ylinya TakeMMNaHULWM KOHYHU — MaKCcBeNHUHT
TEe3NMKNap TaKCUMOTN KOHYHUANP.

ABBa/IO LUYHWN TabKuAialw N03MMKKW, ngean ra3 —oy 6mtra
3appa y4yH Ty3unrad Mmo6c aHcambnugmp. Ly ca6abnu ngean

ras yuyH
L = 2y =3. (69)

Bu3sra aHeprus KniMaTnapm yuyH KentupuaraH raMmma-Tak-
CMMOT Mab/lyM

(1]¥(E)=/E)IE, (70)

(71)
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(70) Ba (71) napaaH coliganaHno,
TEe3/IMK KniAiMaTnapu s TMMONINKNa-
Py TaKCUMOTWHW KyRngarn TeHrna-
MafaH Tonamms:

/™ E))E=Ab)1N (72)
(69) paH:

eE =Taclp, M{b/2) =]x'" e-Ux =4n/2 (73)

nojanapHn Hasapaa Tytcak, (72) gaH a"TUMONIMKNAP Tak cu-
MOTW Y4yH

-i3m2 (74)

nhogaHn onamms,
B1¥(E) = ¢/LLHO =4Ab)cHO;

6y epza (1]¥{n) —monekynaHuHr Te3nurn (& &+ o/ opanukia
oynmw ax mumonnmrngump (3.3-pacm).

M3o0\. KapanaétraH >"onmarn 6MTTa 3appa yuyH 'mb6c aH-
cambnm —o6y nean rasanp. Vaean ras éku cmiipak ras mone-
KynanapuHUHI coHu YeTapnu fapaxaja katra oynraHga, oy
(74) wnpbopagaH choliganaHnnaan. Y \onga (74) wdopagaH
(# 1) + (/& opanukgarn Te3NUKIM MONeKynanap ynyLmHU aHuK,-
nawl yyyH dpoinfanaHmnagn (Mgean ras yqyH Tak.CUMOT (OYHK-
unanapuHn, xxymnagaH, Makceenn ta”*cuMotuHN VI 6063 Kypa-
MU3).

Wpaean ra3 yuyH P = \/KTaKaHNUTUHWU KypcaTainuk.

Moniw 1eBOPUHUHT BUPAKK to3acura 6UpvK BakTaa MoJsie-
Kynanap (Mjean ras sappaiapu) ypunuwingaH 6epunaétraH -
nynbcnap —Oy rasHWHK AeBopra 6ocummanp. Xmcobnatl Kypca-
Tagukuy, (k. 13-macana) 6y 6ocum

(75)
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n(xofa 6unaH aHuKaaHagm; 6yHga n = M/Y—o6upnuk \axm-
Jaru 3appanap COHMW.

TaxpubagaH MabayMKu, Uaean ras ydyH \onat TeHrnamacu
Kyiugarnya;

P=nkT, (76)

6yHaa K —bonbumaH gonmuniicu. (75) Ba (76) gaH naean ras
Y4yH

AB =KT (77

3KQHIUTU Kennoé umnk™aau.

MaKCBE/ITHUHT TEe3/INKIap TaKCUMOTW KOHYHU (74) paH
KypvHagvku (3.3-pacm),/(T7) doyHKuma N = Osa OynraH-
Aa HOMra TeHr, abHN By yHKUMA 47) > OBa # HUHI Mab/lym
Kuiimatn § Aa MakcMMympaaH ~T'ag.

Te3NNKHUHT By , - Kwniimat aHT kaTTa a\TUMOn-

N
nn Te3NuK gerivnagn (2. 4-macana). SHr katra ax TUMO/IN

Te3/IMKNW 3appalapHUHT (KUHETUK) aHepruanapy Tb\ il Tem-
nepatypara MyTaHOCMOAUP, AbHK;

N o=kT. (78)

(74) Ba (78) paH KypuHaguku, Temreparypa opTiwn 6unaH
) PyHKUMAHMHT MakcuMan Kuiimatu

1/2
T

110 = (79

_-e 2nKT

kamasgu Ba 3.3-pacMfa yHrra CUmKniAgu, Temneparypa kamanm-
LM GunaH aca y optagu (4anra cumxkmiign) (3.3-pacm). LLy-
HUHTfIEK,

TAO. (80)
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HopwmanawtmpuLl WwapTu
(81)

Ba (80) maH kypuHaamku, T O6ynraHaa/{b) Tak.cuMOT PyHK-
UMs genbTa-pyHKLMAra UHTUNAAMN, SHHN

/() =5(#) - (82)

3 Ta 3pKMHAKK fapaxacura ara 6ynraH 6uTTa 3appara Tyrf
KenraH nuku aHeprua ;/yuyH 3= y/[14.aH

KT
n =3 (83)

Kennb uvkKagm, SbHU x.ap B1p IPKMHANK Japaxacura KT/2 aHep-
T TYrpu Kenagu.

Ommo, ymymnin \onga, OBa gemak, P dpa”aTrmHa Temnepa-
TypararmHa 60rmK. amac.

Te3nuK K,MAMaTUHNHT &+ (1) opanukaa oynuw 3) u-
MONMIMJINN/ N v paguycnapu § Bag + dg 6ynraH cdepanap
opacugarn \axm dv{n) ga 6ynuwun opkanu é3ainnuk. byHpa,
aéHKK, aXTUMONAUKNAAP BUP XK, aMMO 3\TUMONINK 3UYUTU
y3rapagn. Xak.MKataH X;am.

2

T o=, o ¢ dviD) (84)

6yHaa

dv{g) - d ru (85)

By XTMIVVKHA umnynbcnapra HucbaraH &3annmk:

1 43/2 N

dil p) =f{p)dp = =

2nTKT
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oyHaa dV(p) = m™dV(d) —wumnynbcnap dpasocuga paguycnapu p
Hap + dp 6ynraH cchepanap opacmaarn \axm. (86) jaH KypuHa-
VKW, UMNYNbC NPOeKLMANapu

P., Px+dp,,
Py, Py +dPy, (87)
PN Pz+dp,

opanukaapga oynuw a\tumonnauru dW{p®, p® p) HM TONULL
YUYH 3 "TUMONIMKNAP 3UYTIUTUHY

1
f(P.,Py,P2) = e (82)

2NTKT

aneMeHTap X,akM dp™ dy dp” ra KynanTMpuLl Kepak, SibHU:
d™(P,, Py, P) =NpA Py, P)dp”, dp”, dp/. (89)

Wpaean ra3 yuyH ymymnawiraH UMnynsc kKuiimatnapu (87)
OpanvKaa Ba yMymaliraH KoOOpauHata Kuiimatnapu

4, +dq,,
gy, Q +day, (90)
Q' Q@ +dg,

opanukga oynuw 3) tumonaurn dW(p”?, p® p., ¢ @Y §.) Hu
aHUKAaMM3.

WMpean ra3 3appanapu (F'n66¢c aHcambnn anemeHTnapun) naui
\axmy KHUHT XTnépuii Hyk,Tacuga 6ynuil s\tumonnuru éump
XWn 6yNraHnnrv yu4yH ymymnatllrad KoopanHara K,uiimatnapu-
HUHT (90) opanukga 6ynni 3 "TUMONAUTK

dia,, ay, g) =dg" dg®, dqJ V (91)

ngoga bmnaH aHNKLaHaaw.

YMymnawiraH MMMynbC KUAMatnapuHuHr (87) opanukaa
OynmLum Xxampaa ymymnaliraH KoopauHara K,uiAmatrnapuHuHr (90)
opanukga 6ynuwim 6up-6upwura 60rnuk, Bok.eanap bynmaraHIn-
MM ydyH mn3naHaétrad s\tumonnuk d}V(p, q) ynapHuHr sx,Tu-
MONIMKNAPUHUHT KyrnanTMacura TeHr, SbHU:
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3/2

daw{p,a) = _ ImkT dpdg. (92)

By upogana anemeHTap "xaxm" dpdq =dp dp dprdqdq dgt
HMH ynuamnuru (aHeprua X Bak,T)\ ax“TUMONMKIAP 3UYSIUTU
ynuamanrn aca (3Heprus X Bak.T)-"faH néopar. A\TUMONIUK-
nap 34U yn4amcu3 6ynnLLIN yUyH YHU ynyaMn (3Heprus X
X Bak,T) BynraH >ra kynantnpamus (J1—rinaHk gommuiicn).
By \onga (92) uoga

B/2

dW{p,q) = e (93)

KypuHuwga ésunagn. byHaa
PAr=pl+pl+pb dn =dpdg/h\
(93) garm a™TUMONAMNKNAP 3UYANTNA YUYH KyAUAArMHN OlaMU3;

1 2
/(PY)=-¢ : (94)

3/2

(95)

2NTKT

ByHfa Z] —kapanaéTraH ugean ras ydyH ctaTUCTUK UHTer-
pan. (93) TaKCUMOT PYHKLUACUHN UMMYNLC, TE3NINK Ba KOOP-
AVHaTanap Kuimatnapm Tak cumotniapy 6yinya ésainuk:

h g
dw{p.q) =dW{p)dw{q) = gnT ddeP3ysz dq"dg’\dq
ByHaa
dw{p) = dpjpydp.. (%)

2nT

o7)
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()6) HM Te3nMKnapra HMcbaTaH é3annuk:
/ T \
= b )N — 98
¢cTp) =c1\Y{b,b\b,) =y (98)
Bynapga TakcuMOT yHKUManapu (3\TumMonnnknap 3uu-
Nnrw)

(99)
UPx>Py"P) = , (100)
_MN(92,,2,/1
20 (101)
\Z®Ey

(200) Ba (101) napgaH KypuHaguKu, UMMYAbC Ba TE3/INK KOM-
MOHEHTNIAPWN K.MAMATNAPUHUHT 3X. TUMOJIIMKNAPW TaK.CUMOTUHM
anox.mga-ano\mga ésmw \am MymMKnH. Macana,

/{p.pyp)=Tr(py)T"
/@# /™) =/ (p)/ (")

ndpoanapaa
3/2 p!

Med= opry (102)

/(&)= 5y " P 1=XYI- (102, @)
acnartma:
r 7 A(y+)

nhogasa 6uTTa 3appa yuyH

2T
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ﬁ :_§_:___1_ /\:.3,5 =3"=7
2n KT 2 "

aKaHnurngad (93) uchogaHn 6esocuTa ONULL <aM MyMKUH 3[W.
3.13-macana. WMgean ras 3appanapuHUHT nauw gesopura
6ocvMK aHMKAaHCUH Ba 6y x;onga P = 1M akaHnnrn Kypca-
TU/CKH.
Eunw. Xap 6up 3appa OAyKKa TUK t03ara 2T4" UMMNynbC
6epaan (3.4-pacm). Bupnuk Bak taa 6MpPKK t03ara Te3NNKNapm
opanukaa 6ynraH MONeKynanapHUHT YPUInLLIIapK
COHY

Q
n —OUPAKK axmaarn Mosekynanap coHn. byHaa

or we nTl o
2nKT
[a3HMHT Mauw aesopura 6ocMMmHKM Tonmw yuyH fl~nf
™ HW 2Tb" ra kynaitmpmo, (o; oo) opanukga  6ylinya
NHTedhaNaL N03nUM (LAMHAP Numgary Monekynanap CoHv ngh,
LUWANHAP aCOCUHUHT 03U 1 CM™):

P =2mn\b\f{g,)df", . &)

WHTerpanHm x,ucobnab,

00

éx =n/p (a)

IKAHNNIMVHN aHUKAAL MyM-
(I KWH. TaXpuGagaH naean ras
TEHrNaMacy Mabiym:

P=nkT. (5)
3.4-pacwm.
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(4) Ba (5) nappaH vaean ra3 yuyyH 1A3=10 = KT TEHIIMKHK

TOMamms.
N3oX

nh

nchoaana

TEHIIMKHK 3bTUOOpPra 0/cak, =1/ Kenmo6 umk.agn. byH-

AaH poinganaHuno, sHa P = n/P noga onMHALWN MyMKUH.
3.14-macana. MakCBeNSIHUHT Te3NnKNap Ta” cumMoTn

3/2 10
/(A):4H 2nKT

MaKCVMMyMra 3puLLIafuraH KuiAmatra Tyrpu KenaguraH aHr katta

XIMMITUTE3NNK  HU aHUKAAHT,
Eunw. ®yHkuma/{-1) HUHT MaKCUMyMra spuLlnLL Lwap-

™ a/{LWL/an =O 6ynraHnurn yuyH/(5) gaH \ocmna onmo, yHu
HO/Ira TEHrNaWwTMpnG, Kynaarn TeHrnamaHu onamms:

1-">/2Al =o0.

ByHaaH:

3.15-macana. Te3IMK HAHT ypTaya apumMeTUK K,MimaTy

b HWM aHUKNAHT.
Eunw.

3/2

2nKT

/2!
=4 (KT e
0

107



ByHgaH:

V7rT
3.16-macana. YpTa‘—Ia KBafpaTUK TE3NTNK N HK aHWKOAHT.

Eunw.

O A0
ByHaaH

N A=l
«l * Vi e

3.17-macana. Xap 6vp 3appara Tyrpu KeslyBum ypraya aHep-
M U HU TOMWHT.
Eunw.

n =<g>= f»

N =3kT/T akaHAUrMfaH hoifanaHcax:

W =<[E >=34r r

3.18-macana. Vpgean ra3 MKKMTa MONEKynacy KBagpaTuk
HUCOWNIA TE3NNTU - HUHT ypTaya KUiAMaTh aHUKAAHCUH Xamja

gk =¥+~ (1)
6vp Xxmn 3appanap ydyH aca
=25" ©
3KaHINTX KypCaTU/ICUH.

Eunw. 1) EunmHmM 6eBocnTa Mcobnab Kypcatuil MyMKUH
(k. [10]) /Ba K 3appanapHUHT HACOMIA Te3nnrun

git, = +1K
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ngogagaH
i =N+ 142N MC0BON

ndogaHu onamms (3.5-pacm). byH-
4a e ATe3nnknap Ba opacu-
aarn 6ypyak. Mabaym iyHanuuira,
macanaH, M3 HanmLira HucbataH

NapHUHT RyHanuLnapy (Myso3aHat \onatuaa) CUMMETPUK-
anp (TeHr 3 >tmmonnuamp). Akc \onga rasfga uyaku ovMnap
x;ocun 6ynraH 6ynagn. LLyHWHT yuyH By, =0,

3.5-pacwm.

81 =N+ T1+ 22-"CO50,,
HaTUXaHW onamuns. bup xun monekynanap yuyH. =2,

3.11-8. UMK TAPMOHWK OCUWMINATOP
KOOPANHATACU BA MMMYNbCU KNUNMATIAPA
IXTUMONNTUNKIAPU TAK.CMMOTU

OcunnnaTopHM K.apall 6unaH 6oramk, Macananap uankaga
XyZia Kyn yupaingu. MacanaH, KarTuk, XXMCM aTtom/iapu y3u-
HWHT MyBO3aHaT )"onatn atpodmpa KMYnk TebpaHnod TypuLmn
MacanacuHW K,apainnivk. ByHaan TM3MM 3HepruscUHN (raMmusib-
TOHWAHWHW) KyiAngarnya éanw MyMKuH:

2 A
N =1 .Ij_l
OyHaa Pa =Pa ! —YyMymnaLuraHd umnynscnap, —
HopMan koopguHatanap;, = /71 . [emak, Oy x,0n4a Tu-

3UMHUHT 3Hepruacu E 6up-6upwura 6ornvk, 6ynmaraH Hopman

TeGpaHuWLLINAP 3HePrusnapu RUrMHANCKTA, SbHU YN3UKAN rap-
MOHWK OCLIMNNATOPNAP SHEPTUANapy WATMHANCK KypyHULIKTa
Kenagu. Yn3nKan rapMoOHMK OCLMNNSTOPHUHT 3HEPTUACK

=\{pl +(iLaLy, (104)

Kylinga NHAEKC a HM e3maimus.
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Acocuii Macana, OCLMNNATOP HOPMan KOOPAWHATW ( HUHT
Kuiimatnapu q, q + dq opanukga Gynuw 3 TUMONANUTK

dmq) =f(q)dq (105)

\amfa ymymnawiraH umnybciap p HAHT Kuiamatnapu p,p + dp
opanukga bynuw 3\TUMONNTI

ciW(p) =f(p)dp (106)

ndhofanapyHn aHMKaaLaaH noopar.

Knaccuk ctaTUCTMKaa KWHETUK Ba MOTEHLMaN SHeprmsanap
£ =pV2, =w\YY2 KypuHuwaa 6ynraHu y4yH ogataa o6y
MaccLLa OCOHIMHa e4nnaau:

dWN, {g) = aQxp[-<o”qy2KT], (107)
dW,_,(p) = btxp[-p~/2kT], (108)
6yHaa abrb Hopmanawl wwapTnapuaaH Tonunagn. Xakunkarta,

e\p[-(0”"g™ /2kT]dg =1

b exp[-p™ /2kT]dp =1

TeHrnuknapgaH a sa b Hu Tomamu3: a =a /yj2nkT;
b=V"'Jbzkf. by epga nHterpannap Te3 sKMHNaLraHn cabab-
nm - Ba/? nap (—eo, 0o+) opanukza ysrapaau aed kabyn KUnmHau.

KBaHT cTtatuctmkacmga (105) Ba (106) garv 3>TUMOIMK
nap 3nunuknapu f{q),f{p) HM Kyiimaarn mndoganapgaH Tonm-

naau:
(109)
(110)

6yHzap,, —I'mb6¢ TakeMMoTK:

(117)
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e,, =h(o(n +-) (112)

iq) Ba —OCUMNNATOPHUHI 3Hepruacura Moc KearaH
TYIK™H PyHKUManap. Ocumnnatopra Tervwnn 3\TUMONINK-
nap snunuknapu {q) saf{p) H1 GuprHun mapTa Bnox aHMKaa-
raH. YHuHr (109) sa (INO) acocupa aHUKAaraH nynu etapnu
Japaxaga mypakka6b (k,.[11]).

Bu3 6y epia Bnox TOMOHMAAH ONIMHTAH HATWXaHW Y3 yCy-
NMKU3 61NaH OCOHTMHA 01aMU3.

Yusnkan ocumnnatop yuyH V= 1 LLIYHWHT y4yH

P =v/U =V/<E >, (113)

<e> —YWBR/K/ AW ocunNNATOPHUHT ypTaya sHepruacu. KeaHT
\onarnapfa aHeprus kuiimatnapu (112) nucoga 6unaH, tak cu-
MOT cpyHKUMACK Tnb6e TakcumoTn (111) Gyiinya aHMKaaHaaW
£e6, <E> HUHI yMyMUA NHOJaCUHN ONaMu3:
w

t
<e >= )\( e,.P:» =7 cth-2KT (114)

g Bap KuiAmatnapu axTUMONIMKNAPW TaK,CUMOTUHU Y3UMU3-
HUHT ycynuMKn3 6unaH aHuKaaiMmn3. AMMO GyHaa Tak,CUMOT
hyHKUMACHm/(£) nojacuia e HUHr Kiaccuk ndo-
pacu (104) paH hoiganaHamms:

/(£) =y4exp(-j8E) =Acxp{-~{p" +«T)) =

_ b tiw
= exp ”\]hzm A exp - th ) (115)
Hopmanawtmpuwl waptnapugaH

f(p)dp =1, if(q)dq =I

A Ba A napHun ToNMb Ba ypHUra Kyino, sxTMMONMKIap
anunuknapm {q) \amgaf{p) y4yH ywibynapH1 onamms:



\1/72

T = exp ANTOXT (116)

1/2

AP)-( o 2er &P (117)

(116) Ba (117) ndpoganapHUHT XyCycuid X;0NMapuHN Kypamuk:

1. Knaccuk \on, sbHU boy« KT OyncuH. ByHga X = Q(TV'

[Jewmak, (116) Ba )117) faH Knaccuk CTaTMCTUKA HaTUXana-
PUHW 0N1aMU3:

’ oL _
bl® = P 2kT (118)
N2
bl p) = 2nKT exp- 2KT (119)

By epaa UKKnHYM ndpofa —Makcsenn TakCMMOTU (PYHK-
umacuamp. T

2. KBaHT \osi, abHM TT» KT . ByHga I/?-" =1,
2KT

[Oemak, 6yHaa (116) Ba )117) uchoganap Kyinvpaaruya 6ynaam:

/ Nz
exp =</"09), (120)
2
Ap)= . exp n =LI1{P), (127)
6ynapaa
/ \1/4
¥M = exp Az (122)
N 2



WorP) * om exp (123)

v/ Ba y/,(p) OCLMNNATOP acOCKIA XONATUHWUHT [ —TacaBByp
Bap —TtacaBBypgarv TyNK.MH QyHKUUANapUanp.

3.19-macana. Hopman KoopAamHata fi BaTHOPMCLL UMY bCp
NapHUWHT ypTaya KBagpaTuK Kninmatnapwu Ba aHUKfaH-
CUH.

Eunw. Bwusra mabnymku,

2 2
ByHaaH, ymymunii ycyn 6unaH ypTadanab KyinmaarmHn onamus:
pr HONN =2¢ m

UM3MKNM rapMOHUK OCLMNNIATOP ypTaya IHepPruscu e Ku-
HETMK Ba NOTEHLMaN 3Heprusnapra TeHrTakCMMnaHraHn yuyH

eKun

</> = <e >, > = <e >/(iK

YMymMuiA ycyn 6unaH yptada ONIMHraHga y TaxpmnbaaaH &ku
6oLUKa ycyn 6unaH aHUKAaHraH ae6 kapanagn. bus <€ >yuyH
(114) ndbogaHn kabyn kmnainmk. Y \onga

<pl>:@((‘/ﬁzli': <ﬂ,2>=lClK-!j-'y- (:D

Tabumnii umnynsc Ba Tabumii KOOpAUHaTanapra yTuLL yyyH
p =pNY[T, & =%/ -/T napHu 3bTUOOPra oML Kepak:

<p1 >="c1lU -’\,<X’\ >=/NT
n 2T 2KT 21

2KT = (2

8— A. boiigepnaes 113



. 3.20-macana. Yusmbywm rap-
MOHWK OCLMNIATOP YYyH ha3a-
BMIN PA30OHUHT 3HT KMYUK 3/1e-
MeHTap \axmu ApAXT TA™nap
K ra TeHr 3KaHIUTMHW ncboT
KW VH (T —TebpaHnLL aaspw).

Eunww.
3.6-pacwm. ApAXZTAEZ N (l)
3KaHAUTUHN UCOOT KMnamma. OCLI,VII'II'IFITOp JHepruacn
E=P R
27 2

NhoJacuHM y3rapTupno ésamma:

TE 2EIK T 2

ByHaaH KyprHagnku, ocumnnatop thasasmii hazoga a1amnc
ymsagy (3.6-pacm). LUy anannc 6unaH YerapanaHraH oasaBuil
thaso "xaxmuHM" TONaknK:

2

fe=n.2TE~ =2nE. ' neE =TE. [©)

ByHpaH, TebpaHuLL faBpu T= conalbynraHia
A= TAE ®
SHEPIrUAHUHT ANCKPETINK XOCcacu

=Ito{n+1/2)

ra acocaH, (3) gaH VKKK anamnc opacugarn asasuii ¢aso ane-
MEHTW Y4yH

Al =T,,,,-T,,="Mco =H (5)

nhogaHn onamma.
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JHEPIUAHMHT AMCKPEeTAMKXOccacura acocaH, (5) faH Kypu-
Nagnkn, aneMeHTap } o MnaHk goumnincn ApaH KN4mk
Oyna onvanan. lemak, ¢pazasnii hasoHMHT [lekapT KOOpAMHa-
Tanap TManmunaa ésnnraH anemeHTtap \axmmn Ay \am HpaH
Knumnk 6yna onvawgu. bynapgaH MC60T KMAUHWLIX N103UM
oynraH (1) npoga kenmbé YnK;aau, SbHK:

Arr=AgAXx = TAE- H (6)
YMymnia xonga:
Ap Ax = TAE =1 @
ékn
ApAX=TAE>K. (8)

M 30\. (7) ndoga, AbHM ha3aBuin Pa3OHUHT SUCKPETINTY
HEPTUAHUHT LUCKPETINTULAH KeNnb Ynkau.

[emak, aHeprus UCKpeT Knuimatnap kabyn kunraHga oy
SHEPTMANN TUUMHUHT pasaBmii hasocn \am AUCKpeT Bynaan
Ba aKCWMHYa (pazaBuin (PasOHWMHI JUCKPETAUTUAAH 3HEprus
KuniimatnapuHuHT GUCKPETANTA KeNnmb Ynkagu.

3.12-§. YMYMJIALLUTAH KOOPAMHATA
BA YMYMNALWUTAH MMMNYNbC KBAAPATUNK
PNYKTYAUUNANAPUN OPACUNAOATVN MYHOCABAT

Hopman koopfuHarta Ba HOpMan UMMNYNbCHUHT KBagpaTuk
hnyktyaumanapm 6msra aBeanry naparpadpiaH Mabaym:

{AY =<e > {Aqf =<e>jo0? , (122)
OyHaa
<e>=e¢=!ircth”". (123)

YMymnalraH KoopAvHata Ba yMymaaturaH MMnyabcra H1C-
6aTaH (122) ndoma

(ApxY =T <e > (AxXY =< £>/T1co", (124)
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KypuHuwga éynagn. (122) éku (124) paH, (123) Hu Hasapga
TYTMO,

[(A:)NA9)2]N =/nethn (125)

MyHOocabaTHu onamus. byHga cthx =-€é\— - rnep6onvK Ko-
TaHreHc (1,°°) opanukga ysrapagu (3.7-pacm), X = Jio)/2AN Genrn-
naw KApUTainuk.

1 o (Bkm Q->0) 6ynraHga x-~ Obynagn. by xonma
cthx”™ 00 akaHNUTN Y3MHUHT NPOoJacUEaH MabJyM.

2. o6ynranga X -> oc Oynagu. by>"onga clbx-> 16yna-
an. Oemak, 6y x,0nga (125) myHocabat

(126)

TEHIIMKaH nbopat. KBaHT MexaHMKacuiaH Mab/lyMKu, 6y TeHr-
NNK BaKyyM X omar yuyH (3HEPruAHUHT MUHUMaN KUAMATU Y4YyH)
ypuHAu. Bolwkaya aiTraHga, KBaHT MexaHMKacugarn Bakyym
X\OriaT CTaTUCTUK dhr3mkagary Temnepatypa Homb (7 = o) 6ynraH-
Jarv X.0NaTHUHr yanaup. LyHgai knnmb, rokopugarvn antunn-
raHnapgaH ,

cth-2s ¢ (127)

MyHocabart ypuHnun. by my-
Hocab6art Tydhaiinm (125) Hu

(A" (A5) 22A (128)

KyPYHMLLAA €311 MyMKWH;

Oy 3ca KBaHT MexaHMWKacu-

parn eliseH6epr MyHoca-

Gatvamp. (128) ndpopa (125)

X=Vo/2JTr  MyHOCabaTHUHI XyCyCWM

3.7-pacm, XONN 3KaHAUTN Tabumii.
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(125) ndhopaHn K.McK.aua MKKMHYM (DNYKTYyaLnoH MyHocabaT
(Cein3eHBEPrHUHT yMyMUiAi MyHOcabaTn) fe6 arblua 60LLNaHAN.
KyLwuanok, Kyy Ba KoopfuHata (TepMOAUHAMUK Ky4 Ba TepMO-
OMHaMUK OKUM) donyKTyaumanapn gonyKTyaLnoH-guccunragm-
OH Teopemacu Ba 60LLK,a 6up K,aH4a MyHocabaTnap 6unaH (125)
MyHocabat opacuga yMmymuii 60rnaHuLL 6opMIrMHA KeMnH Kypa-
MU3.

1YB0b
TEPMOAVNHAMUK MYHOCABATI/IAP

TepmognHamuK MyHocabatnap, XymaagaH TepMOAUHaMMKa
K,OHyH1apy Taxxpubanap acocuja aHUKLaHraH.

CTaTncTuK hmnsnkaga TepMoLMHaMUK napameTpiap Ba ynap
opacugarm MyHocabatiapH1u MOJeKynap-KMHETUK TacaBByp aco-
cuaa KenTMpmné Yvkapunagun, CyHr ynapHu TaXpUOaHMHE HaTK-
xanapu éunad connwiTmpunagn. CTatucTuk on3nKaHMHT aco-
cuiA Taxxprbasnin TasHUM \am WwyHaa. bus 6y 6064a Tepmoam-
HaMKK MapameTtpnap (MOMeHTNap) Ba ynap opacujarm MyHo-
cabaTnapHmn cTaTUCTMK M3nKa acocuia KenTmpmoé umk apamms.

4.1-§. CTATUCTUK TEPMOANHAMUKAHWHI
ACOCNIN MYHOCABATU

MyBoO3aHaTAarn TU3UM yUyH Tak CUMOT (PYHKLMSICH MabyM;
AE) =uxp(-7).8 =n/yn=<E>, (9
ByHAa CTaTUCTUK MHTedDan

Z =]exp(-Ma'n. (2

Z HVHT MyBO3aHaTjarv kapaéHja ysrapuiivH/ aHuKgaL
YUYYH YHU fudhbdhepeHumannaimms;

e 0cl{—" )iln = /{E)cl{—:JE)cln.
B
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ByHzaH:

— =<d(-1)>. @3)

(3) HVHT YHT TOMOHWMHY (1>HW Ha3apra onraH \osiga OyHaan
€3amms:

<d{~-)>=-{<E>-<dE>)-dv.
B B

3Han (3) HU KanTa é3amms:
9d(v+ InZ, = /<£ >+ <-dE > @)

By TEHr MK CTAaTUCTUK TEPMOAMHAMMKA YUYH acoc bynagu.
Acocuii TepMOANHAMUK MyHOcabat (4) faH MyBOo3aHaTaarun
XapaéHnap yuyH Tynuk, andbdepeHuman

dS=d(v +\n2)y =pU 5)

Ba fleMak, onar oyHKUMACU S MaBXyqd AeraH My~MmM Xynoca
Kenné umkaaun.

BU3HUHT By AHIM ycnyBMMmM3 acocuia ONMHIaH S PyHKLUS
TU3UMHUHT 3HTPOMUSACK 3KaHNUTUHW KEAMHPOK Kypamma.

4.1-macana. ¥3apo MyBo3aHataa 6ynraH nkkm Asa 56epk
TU3UM YUyH

KaHOHWK TakcumoTnap ypuHnu. bynapga = 5™ akaHNUTUHN
KYypCaTUuHT.
Eunw. Xap nkkn (A + B) TU3UM Y4yH KAHOHWK TAKCUMOT

mg " @

KypuHuwwiga 6ynagn. W. —ymymuii TUSUMHUHT J1 Kuemn /x"orar-
fa 6bynraHga, 5 kucmmyxonarga oynu ax tumonuamp; 6yHaa

Ef =Ef +Ef. ®)
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Mkkn Aa B Tn3um 6up-6upura 6ornmk, amac geb K.apan-
raHza

@)
TeHr MK ypuHnu. femak, (1) sa (2) ndpoganapiaH

1 -|SAB(Ef+ET) 1 -PAEF-|iBEF

B ~ANB

TeHIIMKHW onammn3. bynapga:

7 -PaskEveB)
B ~
n

A |3AE P
AANB - A
0

(5) HU Kylinparnya é3amms:

N~  =-Pap(EM +7/) +PaEN +PsE! =
={Pa-U ag)E~+{Ps -P ap)E . (6)

byHaa E, Blmyc6aTt kuiimatnap. (/,Y) uxtnépuii 6ynraHga
(8) HMHT YHT TOMOHW JOVMWIA 6ynnLIK y4yH PN = Ps = /3nbynu-
wm wapt. bynapaaH = Z\1TEHINIUK Kennmo wikam./3" = pA
TEHIIMKHWN TepMOogNHaMUKaHUHT HONUHYK / (OHYHMe0 \am topK-
Tnagn. AHbaHaBuiA K,apaluaa N @yAraHAUInA yuyH pr =ph
TeHrNUK TA= TaTeHrNMKKa 3KBUBANEHTANP.

4.2-§. TEPMOOVNHAMUWKAHNHI BUPUHYN KOHYHWU

TU3UMHUHT 3HEPTUACK (FaMUNBTOHUAHWN) (YHUHT XaXMU
K 3pKMHAVK fapaxanapu coHu y (ogataarn 6aéHga 3appanap
COHM M) Ba yMymnaluraH napameTpnap napra 60rvk,, SbHu

E=Ep 4 My xY
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6yncuH. By x,0nga

D P VL. V. L NN )
- w ny g Mav. ra
FamunbTOH TEHINamManapu
- AD,E /; o _bE
3, ivi
acocuaa
RE , . AE
— dgj+ — dpj = +7,,) =0
> qi 3 pi ®,) ()

6ynagn. TU3MM TOMOHUAAH TaWK.A TU3MMIa KypcaTuiaéTraH
G6OCUMHM P, TalKW TU3MMTa TabCUP KUNAETraH YMyM/aLiraH
KyunapHu aca  Ae6 6enrmnacak, IpKMHANK gapaxacura Moc
KenraH KUMEBWUIA MOTeHUMAn  HU, Tabpugra Kypa, Kyinga-
rmya aHuKnaHagu:

P=-< AY s > =+< Z.(8)

(6), (7) Ba (8) nthoganapHn Hasapga TyTnb, acocuin myHocabat
(4) HM KyWngarn KypuHuwga é3aMmms;

Bdiv+1InZ) =dU +pdY +~ FWXV- |[Midv. )
K
Arap Tawk,m 60cMM Ba TallLM Kyynapra kapwu 6axapunraH
nwHK dA 6munaH 6enrnnacak, sbHu

(10)

neb oncak, (9) MyHocabaTHM Kyimgarmya é3uw MyMKWUH:
Ad{v+\n 1) =dU +dA-|.1"dv . (11)

MabnymMKW, TEPMOLNHAMUKAHUHT GUPUHUYN KOHYHUW Y4yH
Ky/ngarn ymymunin MyHocabat ypuHnu
dQ = dU+ dA (12)
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B>yHoa dQ mv/biTT. 6epunaétrad (EKn yHAaH oNnnHaéTraH, arap
(j0 < Obynca) UCCUKANK MUKLOPW.

Busgaru ypHura ogatja é3nnagum; 3appanap
COHW y3rapuwmu, /Ao—6uTTa 3appara Tyrpyu KearaH KuMéEBuii
noTeHUman; aéHku,

KapHo Teopemacwura acocaH, ymymuii \osiga, sbHuW K,aihtmac
(xycycuin \onpa KaliTyB4yaH) >xapaéHnapga 6axxapunaraH (12) garm
&1 nw KaiTyB4YaH apaéHnapfga 6axapunraH (11) garu) éA
nwpaH katta Oyna onmaigu. Maskyp TeopemaHu X,amga

pidv Hu abTMbopra oncak, (11) Ba (12) TeHrnIMkKIap-
faH Kyiungarn mMyx,uMm myHocabaTHu onamus

dQ>ed(v+\x\Z). (13)

ByHAa TeHI MK uwopacy KaliTyBuaH (MyBO3aHaTaru xapa-
€Hnap y4yyH), TEHFCM3/MK ULIOpacK 3ca KaliTmac XapaéHnap
YUYYH YPUHIN.

Acocuii myHocabat (4) H1 abTubopra onmnb ywbyHm ésmwn-
MWN3 MYMKWH:

dQ< d<E>-<dE>. (14)

By MyHocabatgaH dQ HUHT CTAaTUCTUK MabHOCK Kenub yum-
Kagn: myBo3aHaTgaru (kainTyBuaH) xapaéHnapga TM3nUm TOMO-
HUAaH ONUHTaH UCCUKAUK MUKLOPYU dQ MUKW 3HEprus ysrapu-
Wy (yptaya raMmnbTOHWAH y3rapuiun) 6unaH raMmuabTOHUAH-
nap ysrapuwm yptavacu opacuparu apkka TeHr. KonraH
x™onnapga, AbHU KainTMac xapaéHnapaa TM3uM TOMOHUAAH ONUH-
raH uccukNuk mmkgopun dQ 6y apkpaH kam 6ynagu. (12) sa
(13) paH

Bd(y + 1n2) >dU+dA -udv (15)
MyHOcabaT YpUHAWN 3KaHIUTUHK Kypamus. LLyHaan kmnm6,
dQ~9div + \n2) (16)

HW Hasapra oncak, (11) MyHocabaTHMHT MyBo3aHaTgarm (Kai-
TyBYaH) >KapaéHnap Y4YyH CTaTUCTUK (U3NKa acocuia ONIMHIaH
TEPMOAMHAMUKAHUHT BUPUHYN KOHYHU 3KAHNIUTUHU Kypamus.
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By epaa WyHN TabKnManaiMu3Kn, Knaccuk TepMogmHamm-
Kaga 6bupnamum TywyH4anap "uccukauk™ Ba "mw'" acocmga aHrm
TyLWyHYa 6ynraH x;onat PyHKLUACU — "NUYKN 3HEPTUa" Knpu-
Tunagn. CTaTUCTUK TePMOANHAMUKALA KYPAUKKW, "MYKKN 3Hep-
rma" Ba "uw" TywyH4yanapu acocumfa fHru TywyH4ya "nccuk-
NUK", KNPpUTUILK.

Bus ctatucTuk uHterpan (ANrnMHAN) npogacmHn 6unamms;

1
a7

6yHha Z HW y3rapyBuunap B, v, V Ba X,, XV .. X" NapHWHT
(hyHKUmMAcK geb Kapanunk, AuHu;
Z=27(6, V. K X, .x\ .,.). (18)
ZHuHTguhhepeHumanmHu (17) acocmpa aHUKAARNNK:
Jiv4

i iz

Z
ilz=— (IB+= &Y + &x. + =2 d
I oB ( oy 'Yr oX. ’ dy Y (19)
byHpaa,(17) ra acocaH.
— =-Z,No=i(ilil-B&y) . n (20)
os B v

(20) HK abTUGOpra onnb, (19) HM KaiTa E3amus:

‘alhr
AY  oamA
+ éx. +9 >an2”
SJ'k 18y, o eyn

(v +

av (21

(21) H¥M ymymuii myHocabaT (9) 6unaH conuwTnpmnb ywobynap-
HU 0namus:

\n2
p=g " (22)
oy
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a\n2

,=B

P - (23)

in--0 A \.n 2 (24)
A oKk

Tapuxuii MabnymoT. TepMOgNHAMUKAHUHT 1 KOHYHUHWHT
Kawg sTUAMW KM yuta 6yOK 01MM HOMWU 6unaH 6ornaHagu:

Hemuc onumnapu KOnnyc PobepTt Maliep (1814—1878), Nep-
MaHH JTrogsur ®epanHaHg Menemronby, (1821 —1894), nHrnms
onnmun XKelimc MpeckoTT XKoynb (1818—1889). Maliiep Tepmo-
OVHAMWKaHWMHT 1-K.OHYHMHU Kawd KuaraH 6ynca, Fenbmronsy
PUBOXNAHTUPUG, IHEPTUAHUHT CaKAAHUL KOHYHU feb aTaiu;
WHIN3 OIMMU MW 6MNaH NCCCUK/MK 3KBUBANEHTUTUHUN KC-
60T KWL y4yH KUpK linngaH opTuk, Taxxpnbasuii TagKMKOT-
nap yctuga vwnagu.

4.3-8. UCCUKJTMK CUTUMN

Tabpudra kypa, TM3NMHUHT UCCUKIUK CUTUMK KyAugaru-
ya aHWKNaHagu:
_T
c= (25)

c!IT

ByHa MCCUKNUK MUKLOPU ¢ Q HM onuwin (ekn bepuiumn)
Tyainm yHUHT Temnepatypacu T HUHT y3rapuwun c1TT TeHr.
BepK TM3UM yuyH TEPMOANHAMUKAHUHT GUPUHYU KOHYHMU

10 = clu+clA. (26)
Kynainnuk ydyH TU3UMHUHT X"0Nnatm UKK1UTa napameTp 6u-

naH aHWKNAHCUH aennuk, aeHu WT, V)

i = 2 clT + <Y cT¥ 27)
AT Ay

Ba LWy 6unaH 6upra nw clAdakat 6ocum PTydainurmHa 6axa-
puAcuH gennunk. Y xonga (26) Hu
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can=C"" are CMY 4 ay (28)
VAT v \ 3K/
eKun
— (an~ v
N L (29)
\ yv \°>7 /T

KYPUHULL A E3ULL MYMKWH.
1. dapa3 kunainnmk, cly= O abHu Fagoumunii 6yncuH. Y
x,onga (29) paH

= M (30)
AT
Jewmak,

\ (31)

2. ®apa3 kunannuk, 6ocum ysrapmac 6yncuH. Y x;onga (29)
AaH

6yHaa
3K

a = —
V\ 3y

XNOKMUIA KEHTANMLL KO3 PULUNEHTU.
3. bup monb mgean ras yuyyH (32) udogaHu Kypannumk.
Mpean ras yuyH.

=0/ =5~ (33)

Bup Monb ugean rasHUHr \onaT TeHrnamacy
PY= KT (34)

faH a = 1/T. (33) Ba (34) napgaH ¢oWganaHn6, (32) Hu é3a-
MU3;

Cp= Cy+ K (35)
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6yHAa R —yHuBepcan ras goumuiicu. byHn Maliep Tenrnama-
cv geinnagn.

4.4-§. XONNAT TEHINTAMANAPK

TepMoAUHAMUKAHWUHT GUPUHYN K,OHYHUHU GEPK TUUM YUYH
dQ = dU+PdV (36)

KypuHuw aa ésamm3. Xonat TeHrnamanapuim V, TeaP, na-
pameTpnapra HucbaTtaH é3annunk
WNceukank curumm

C=dQ/dT (37)

ngpoaa 6unaH aHMKgaHaan. Ysrapysumnap V, Féynravga

du = d7~ Y% gy = cydT + dv
{aT)y \AY fr NELYA

(37) Ba (38) H¥ Haszappa TyTM6, (36) faH
{C-Cy)dT=1/V (39)
TeHrnaMaHu onamus, byHga:

A (40)
\dv/

dapas kunainuk, xxapaéH saktnga P = const 6yncuH. Y \onga
(39) naH

" Cp-C
\PK Va (41)
eKu
P+ an _Cp ~ O
ny Ka
6yHaaH = feb 6enrmnals KMputno,
\ 2Ky
—
APV =P @)
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XonaT TeHrnamacuHu onamm3s. (41) Hu (39) ra kyinmnb, TBa Vra
HucbaTaH Kyimaarmia

(c-cy)dt P Yy
Ya

eKku
K- ariydT (43)

OndepeHyman xonart TeHrnamMacuHu ofamMus, byHaa

C-Cy

Cp " Cy

(44)

AHgn (P, T) ra HucbaTaH XonaTt TEHTNaMacMHU Kypahauk.
ByHUHTY4YyH (36) HWHT YHT TOMOHUHW y3rapTupub E3aiinmnk:

dQ=~dH- VdP = dT +LdP. (45)
Vol
6yHgaH un + PV,
N
v (46)
\ APy
(45) pa
o4
ar

yyHky dHp = d(U + PV) = dU + PdV = dQ. LUyHWHT yuyH (45)
{C-C,)dT=I/P (47)

KypvHULUITa Kenagu.
dapa3 kunannuk, V= const 6yncuH. Y xonga (47) paH

P1P= Cy-Cp
eKM

op (48)
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ngpotaHu onamuns. (46) ea (48) paH
Cy-Cp OH'] -V

pp AP
aH

\ AP/

feb 6enrnnaw KMpuTno,

P{y-y,) =nc”-cy) (49)

\onat TeHrnamacuHu onamns. (47) sa (48) napgaH /*sa I'napa-
meTpnapra HucbataH

(C-Cp)clT .c1P
eKm pL

- PnpclT (50)

)(.onat TeHrnamacuHu onamus; 6yHaa

C-Cn

M= (51)

Cy - Cp
bus
C.-C=PY¥Tap (52)

39KaHNUTMHKU Ha3apra oncak (k. 4. 2-macana), (42) Ba (49) TeHr-
namanapHu

(P+ P) = PTp, P = P{TP- 1), (53)
{y-¥Y)=¥YTa, ¥ =Y{\-Ta) (54)
KypuHuwaa ésuw MyMKuH. Wgean ras yuyyH =0 =0

(53) Ba (54) paH npean rasHUHr TeEPMUK KOs puLneHTNapU

= [, = \/T k,uiamat kabyn kunagun. by (53) Ba (54) Hu 6up-
6upwura kynaiitnpu6, (52) H1 Hasapga TyTub, Kyhngaru xonat
TeHrnamacu

{(P+P){Y-Y)=PYTrap=LC-C) (55)
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onunHagu. (53) sa (54) xonat TeHrnamanapujaH TepMmuk Koag-
(huuueHTnap aBsa p yyyH

141
TP P (56)
v \
— e N =
a = n =« v (57)

\Y
noganapHu onamus; 6yHga ~ Ba R MOJIEKYNaNapHUHT y3a-
po Tabcupu Tytainm a Ba ‘S HUHT a,, Ba  napAaH (apk,uHu

KypcaTyBuu napametpnap. (49) sa (50) xonaT TeHrnamanapuHm
6up-6upura Kylamms:

WP {any + Pnp)ciT . (58)
v

By xonat TeHrnamacuHu mnaean ras ydyH ésainnuk. by xonga,
a=p= 1/ skaHnurugaH, (58) TeHrnama

dv dpP aT 59
S (59)

KypuHuwra kenagu; 6yHga n”+ Mp= 13KaHAUTKU Hasapga Ty-
Tungu. (59) TeHrnamaHu uHTerpannab ywoyHu onamms:

PY= constrl,
6yHAaH, 1 Monb yuyH const = JibenrmnawHn KUpnTmne,
PV=RT (60)

KnanepoH TeHrnamacuHu Kentmpub Yuk,apamus.
(58) ymymuin TeHrnamaHuWHr yHr TomoHunHun (56) Ba (57)
NnapHW Hasapga TyTub, y3raptTupué ésanmk:

av dpP dT Vv o dT
- P (61)
\% P T

By TeHrnamaHu nHTerpannas,

PV= RTeM (62)
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\Olia F TEHF1aMacuHu onammu3s; 6yHaa

1T
| = T (63)
const = R 6enrmnawnapHn KNpuTauK.
Wpaean ras yuyH/ = O, YyHKHU
Al - A
= =0, = =0. 64
Pn = 3K ap (64)
by x"onga (62) TeHrnamagaH
PV=RT (65)

ACnaneiipoH TeHrnamacy (1834 i1.) kenn6 yuk agw.
"/ HWHT Xycycuii xonnapgarn ngpogacuHn Kypannmk:

aT K, dT
= N p T NkT
1. i3oxopuK xapaéHga My=0,Mp = 1,

P. dT

fv = P T
2. N306apuk xapaéHgan = QO n = 1,

~edT
n=- g+
BaH-gep-Baanbc TeHrnamacugaru

Yn=b (66)
TysaTmanapgaH hoiganaHné, KylingarmnnapHu éaamms:

= 67
n apv"t’ VT ' (67)

PV= /rl'TeHrnamagaH ¢oiiganaHn6,//, HUHT Takpnéuin ndo-
[JacuHN aHNKAAKMK3:

9— A. boiigeaaes



ruT b
/p--bﬂ (68)

im 0T2
BaH-gep-Baanbc TeHrnamacwu py":{'—-—a" aH

. N Y-b Y-b
honganaHnb/MHN aHUKLANMK3:

clT
(69)

(68) Ba (69) ngopanapgaru (p (V) sa ¥*(P)uHTterpan pou-
mMuiinapn. by Takpmbuinnnknapga/ HUHT \axm 6yinua y3rapu-
wwn, (68) gaH kypuHaguku, (p (V) = b/Y ngoga 6unaH aHuk,-
naHagn. LWYHWHT YYYH/HUHT ndojacuHu

b 1 a L]

| =- - b — - 70
KT ¢ y ~y ar b y (70)

KypuHMWKUaa onaiinvk. byHaall Takpnouidnukaaru sHru xonar
TEHr1amacy

b-- 1-1 (71)

HT \Y

KypuHuwra ara 6ynagn. BUSHUHT 6y X,01aT TEHrN1aMaMU3HUHT
Xycycuii \onnapuHu Kypannuk:

1) Npean ra3 yuyH a = O, A= 0. by \onga (71) KnaneiipoH
TeHrnamacura ytagu. (

2) Monekynsap Gu3nkKa Hyk;Tau HasapjaH a —TOPTMLUML
Kyuynapu Ba 6 — uTapuw Kyudnapu 6unaH 60ravk, Tysatmanap.
Mabnym Temnepatypaga (MHBepcusa Temnepatypacuga boinb
HyKTacuga) ynapHuHr \uccanapu TeHrnawagm sa 6y Temnepa-
Typaja pean ras ugean ras kabw 6ynagn. BUSHWHT TeHrnama-
mu3 (71) gaH kypuHaguku, b-{a/RTi){\ ~b/Y) = Opga, AbHU
T. = (a/Kb) {I - b/Y) 6ynraHga (71) TeHrnama mjean ra3 TeHr-
namacura ytagu:

PY-= AT .

3) (71) TeHrnamaga 6/"*KNUYNK BynraHu yuyH yHu

=1+ - =
1-blY Y- (72)
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KypuHnw ga é3uw MyMKuH. (72) Hu (71) ra kyinuné

P{Y - 6) = KTexp 2 ~"KTe (72a)
nrK

LNTepeuynHMHITEHTTamMacHN 0namus.
4)  Awntepeun TeHrnamacmgaH {b/Y)« \ 6ynraHga BaH-gep-
Baanbc TeHrnamacu Kenné vmk,agn. Xak,ux;ataH xam

KYT
Hu (72a) ra Kyinn6, BaH-gep-BaanbCHUHT ylwby
p _ N

~ V-b K(K-T)~ K-%* | K'

TEHr1aMacuHU 0Namms.
Amanga doinganaHuw yuyH (71) HUHT YpPHUAA MXYaMPOK,
Kyhngaru

P(y-b) = KTexp\1(12-7] (73)

Xonat TeHrnamaCuHun TaBCcuAa 3TaMmuns.

4.5-§. MONNTPOMUK XXAPAEMNAP
BA YNAPOUNT TEHTNAMANAPWU

YXKapaéH Bak,TMaa TUSUMHUHT UCCUKAUK CUTUMKN y3rapmali
K.oncuH. ByHgali xxapaéHnapHu nonuTponuK >kapaénnap Aelin-
nagu.

Bepk TM3UM yuyH TepMOANHAMUKAHUHT BUPUHYN KOHYHUHN
é3ainnuk:

60 =¢éun + pcly,
6yHpa 6ocmmpaH 6owk™a Kyunap nykaeb kabyn KuanHauW.
1. TU3MMHUHT X”HKMK Ba TemnepaTtypacu opacugaru 6orna-

HUw (Meli-/lloccak KOHyHM). By xonga nuku aHeprusa u(T,Y)
HW Hasapga TyTu6, (39) HM KaiiTa é3amuns;

CclT= C/clT+ 1ycly, (74)
byHaa:

Ay = P+

an'
3K (75)
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WyHUHT (32) garn kninmatnHm (74) ra Kyiimb TUSUMHUHT Y aKMM
KBa Temnepatypacu Topacugarvu 60rfnaHuWHN TONamums;

o CCY T - Myack, TIy= c-Cy (76)
Cp - o op - Oy
&Kkn 6yHu nHTerpannao,
V =Y,exp TMyaeH (77)
KypuHuWwaa 3nm MyMKUH;  —wuccu™aumk curumm C- Cy

oynraH xongarv TUSUMHUHT \aXMu. (76) ékn (77) TUSUMHUHT
\aXXMu Ba Temnepartypacu opacugarv 60rnaHuLLHN KypcaTyBUn
TeHrnamagmp.

$apa3 Knunannumk, x,@km Ba TemnepaTypa y3rapuiiiapu ysrap-
mac 6ocmumpa cogmp 6yncuH. byHpain >xapaéHnapHu nsobapuk
>kapaéHnap gelinnaT. by xonga C= C\6ynraHu yuyH (76)

YaclT (78)

eKu
Y(\ - aAT) (79)
KypuHulTa Kenaau; 6yHja TUSUMHUHT Temnepartypacu

y3rapn6 7'6ynraHgaru x,axkm, V—o6ownaHrny xaxm. (79) Hu
[ein-J1toccak LOHYHU xemaidX)Am

1. TU3MMHUHT 6ocvmn P Ba Temnepatypacu T of*acuparu 6or-
naHvw (LWapnb KOHYHW). TepMOANHAMUKAHWUHT 1 KOHYHUHW
y3rapTupm6 ésannuk;

cl0= (j{n+ PIN) - YcIP=c{H-YclP, (80)

6yHoa H= n+ PYaHTanbnusa blu nccuunuk pyHKumnacnneT -
nagu. (80) na 6ocum gonmmia 6ynca, (j0N = 6ynagu.

Arap TmsumMHuHr \onatn P Ba T ra HucbataH aHMKNaHraH
bynca.

/\ ' TaN
cttp, Ty = A AT Y o cpar+ A e g
\AT/p VAP yr \ 3Pyt
6yHaa
C p = N = AH
N caT aT
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(81) Ba = CaT’ Hu Hasappa TyTn6, (80) HK
CclT= CAT+ 1AP (82)
KypuHuwga ésamus; byHga
‘1H

-V (83)

dapa3 kunannumk, xapaéH BaTmaa Xaxm LOMMUA KOMNCUH.
ByHpaii xapaéHnapHU M30X0opuK >KapaéH geinnagn. by xonga
C = C,,3KaHNuImMHun Hasapga T1ytn6, (82) Hu

Cy=Cp+1pPp (84)

KypUHULLAa é3aMu3, GYH/AH:

~ - (85)

npP
AT i
(85) Hu (82) ra Kyinmnb, TMSMMHUHT 60cuMK P Ba TeMnepaTypa-
cu Fopacupary 60rnaHUWHN TaBCUMIOBYY TEHI1aMaHuW ona-
MK3:

— GOCUMHUHT TEpMUK KO3 ULUEHTH,

P o CRP P =P = SR . e

dapa3 Kunannk, N30Xopuk xxapaéHnap cogup 6ynaétrau
6yncuH. By xonga C = 3KaHnurugad (86) teHrnama 7

c1P= PpciT, PA= P{1 +P/IT) (87)

KypuHuwra kenagn. bynga P~ea /’Temnepatypa IéynraHgaru
Ba 6ownaHpmy xonatgarn 6ocmmnap. (87) myHocabatHu L apnb
LLOHYHU AeiAnnagn.

3. TU3UMHUHT 6OCMMYK Ba XaXKMU opacugarn MyHocabaTHu
aHuknannuk. (76) Ba (86) AaH M3naHaéTraH TeHr1aMaHu ona-
MW3:

v p =0, (88)
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byHaa

"= = (89)

[T—nonuTpona KypcaTKW4uM AeAunagun; U HW n3oTepma
KypcaTkmuu (EKn Koppensauus napameTpa) 4eb ataimus.

a) dapas kunannuk, Pea KysrapraHgaTemnepartypa y3rap-
MacuH; 6yHpai »xapaéHapHU U30TePMUK >KapaéHnap
an. By ?onga €0/c1T- CpaH C @ 3KaHAMTM Mabnym 6yna-
an. [lemak, nosmMTpona KypcaTknyu n n3oTepmMuK XapaéHnapia
lrateHr(«= 1) 6ynagn. YMmymuis TeHrnama (88)

AN NN (90)
\ P n

KYPVHWLIHW onagu.
Wpean ras yuyH (88) Ba (90) moc paBuwiga

+N = (91)

KypuUHULLapra ytagu; YyHku 6y \onga = 1 (ugean ras yuyH
a= 1/T,/3= 1/T), (88) 6unaH (91) Hn \ampa (90) 6unaH (92)
XonaT TeHrnamManapuHu Takkocnab, Kynugarm xxyga My um xy-
NIOCaHU YMKapamMus: pean TUSUMHUWHT y3ap0o Tabcup NoTeHuanm
8KWN YHUHT Koppensaums pyHKUMsCK dan™aT M napameTpra 6orVviK;-
mvp. LUy ca6a6aaH L Hu Koppensiuust napameTpa Ae6 aTagnk.
6) ®apa3 Kunannuk, TMSUMHUHT 60cUMKM Ba \aXXMu y3rap-
raHfa TM3uM TalwKyu Myx™ T 6uiaH UCCUKNK aiMallMacuH, SbHU
80 -0 6yncuH. byHgai \ongaru >xapaéHnapHu agnabaTuk

pgennnagn. Agnabatuk xapaénga ((/O/cl/) = C ugo-
pgagarn C = OskaHnurn mavnym 6ynagu. by Yonga n=y = -2
bynagn. YMymunin TeHrnama (88) agmabatuk xxapaéHnap yuyH”

YANA-4A =0 93)

KypuHULITa Kenaau.
(k)



Wpoean ras yyyH aca (93) gaH

r +— =0 (94)

TeHrnamMaHu ofiaMus.
MonnTponuk xapaéHnapga «, yooumuin 6ynranu yuyH (91),
(94) xampa (92) TeHTNamanapHu UHTerpannab, Moc pasmja

PV" = const, (95)
PV~ = const, (96)
P K= const 97)

TeHT/NamanapHu onamus. (96) Ba (97) TeHTNnamanapHuM moc pa-
BuLwWAa MyaccoH Ba Bolin-MapuoT T /Monynnapu g.einnaT.

Arap /t Hn gespnun {P, V) ra 60rnvk, amac éku xyga 3ang
6ornuk, genmnca, (88), (93) Ba (90) TeHTNnaManapHU UHTerpan-
nab, moc paeuwga

= const, (98)
/>K"* = const, (99)
= const, (100)

TeHTnamanapHu onamus. bynap (95), (96) Ba (97) TeHrnamanap-
HUHT pean rasfap yuyyH ymymMmnawtaHnapuaup.

4, TW3MMHUMHT 60cumMuK, \aXXMK Ba TeMnepaTypacu opacuja-
rm 60rnaHnUWHN aHMKgannuk. (76) sa (86) Hu Kywu6, P, V, T
napameTp/siap opacmgarv 60rfnaHuWHN TaBCM(I0BYM

iy +iL =eadT  e=" (101)
A P n- 1

TeHrnamaHu onamms. gean ra3 yuyH ju = \,a= 1/[3kaHnu-
rugaH (101) TeHrnama

=A 002)

KypuHuwra kenagu. (102) HU uHTerpannab, ugean ras y4yH
yMyMUIA X,018a

PV=const T (103)
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X0NlaT TeHrnamacuHu
onamns. (103) paH
1 MO/b MAeasn ras yuyH,
const = R 6enrunauw
KnpuTtn6, KnanepoH
TeHrnamacuHu ona-

-N30Tepma Mu3:

0 PV=RT. (104)
4.1-pacm.
1-nsox- U=i3/a
napaMeTpHUHT Kop-
penauna PyHKUMACU MHTerpann 6munaH 6OrIuK, 3KaHANTUHK
KeMnHPOK, KypcaTamus.
2-n30X%X ¥Ymymnii xonga N =p/a 6ocMm Ba xaxmra 6or-
nuK,. Ly cababnu pean rasnap y4yH OfIMHraH noauTpona TeHr-
namacu (98), agnabata TeHrnamacm (99), nsotepma TeHrnamacm
(100) Tathnbuii TeHrnamanapgmp. BOCUMHUHT (EKM XaXKMHWHT)
KaTTa opanukfia ysrapuwinapuga (98), (99) sa (100) TeHrnamanap
TaxXpunba HaTXKanapuiaH apkam HaTuxanapra onmb Kenca, aHuk,
angepeHymnan teHrnamanap (88), (90) sa (93) ra mypoxaar
K,MN1LW MYMKWH.
WN3o06apa P = const, nsoxopa V= const, nsorepma T = const
Ba t/Q = OapuabaTanap 4.1-pacmga Kentupungun. by xxapaéHnap
TeHrnamanapuiaH UCCUKAMK MallnHanapu Hasapusacuga, nopT-
naw (EHuw), TOBYL XKapaéHNapuHu Taxgun aTuwga gongana-
Hagunap.

4.2-macana.
{P+P){V- V)=T\C-C,) (1)

TeHIMamMa

P+~ {V-b) =RT @

BaHgep-Baanbc TeHrnamacm 6unaH conMWTUPUICKH Ba N30X-
NAHCWH.

Eunw. Mabnymku, ngean ra3yuys C — = J1 by xonga
(1) Ba (2) TEHrNaMCLUAPHUHT YHT TOMOHU “up-6upura TeHr. (1)
Ba (2) TeHrnamanapHWHT Yyan TOMOH/IapU TeHT ByNnLWIN YYyH
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p, = Kl:

M
=b
.9K P, ©)

FCHrAMKNap 6axapuanwu wapt.
dapa3 Kunalnuk, Monekynanap opacugarv ysapo Tabcup
TOPTMLWNLW Ky4umgaH nbopat 6ynno.

UK T) =/(T) +n{Y) @

KypuHuwga 6yncun. P, - GYNMLLN YUYH, TOPTULLINLW Ky-
uura 60rMK NoTeHUUan

n{y)n-y ©®)

KypuHuwga 6ynuwmn tanab atunagn. X KnkataH \am

[An'] an(y) _ a

P. - ok 3K (6)
_ raﬂ \ 7 |/|
SHan K = ; HU Ta\nun atannuk. Ngean ras yyyH
A
K="(n+PYy) (n + 4T) =o. (7)
Ap AP T=cowl

Pean Tn3snm yuyH:

K- ~u{TY)+PY) )
TyTp [r?p(AT _ 9K _traag.,]\ tY (8)
Busra mabvnymku,
P sk Cp>;:y ©
KA
T TYXTE —py . (10)

(9) Ba (10) HM (8) ra KysiMu3:
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y _T/_cp-cy
PP

Cp- Cy= PVTaPaaH hoiifanaHcak,
V,=V(l-Ta) =- (AT)
AP
Jemak:
K=-cm~.r.. (12)
— Xoynb-ToMcoH agdpekTn KoagppuuymeHTn. LWy
6abnu A O 6yMWN MYMKUH.
1-n3ox,. Arap F = ¥(1 - 7a) Hm (1) TeHrnamara Kyiunca,
(P + P,,)V = (Cp_cy)/\

TeHrnama osinHagn.
2-n30x TdS= CydT+ lydVm.H

T[sK;-.—:T[ar

by ngogaHn ly = 6unaH conuwTnupnb, C\N—Cy =

= PVTaP utogaHu onamus.
4.3-macana. /n KoppenaunoH napameTpHuHr K x,amga P*
Ty3aTmanap opK,anm nhofanaHuWHN aHUKAAHT Ba YHUHT BaH-
fep-Baanbc ras u yyyH ndopacuHu TonuHr. ONMHIaH HaTuxa-
HW N30XAaHT.
Eunw. busra mabnymku.

_(pH~ p = (ann
T AP I ) ()
P = -YXT', XT = 7 )
(~nn (aP
aT p A 'qT (3)

AHUKAANNNK;
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_(aqa]

(an'~ (aY1]
= n+PY Y +P
[apdr AP( )Jr P, v 4P
an] (an] 4
P +Y-PYXr- P (4)
on
— (an'' <aP’ AP Aun] ©)
P= Ay v yaP Array s YxT AP
(5) Hu (4) ra Kyiicak:
V =-2~P +K-K -
pp" 5

eKNn

Ansl = £
-V b 1+

EyH,an n3naHraH I/I(*)O,anI/I onamns:

(6)

BaH-pep-Baanbc TeHrnamacuga

Y,=b>0, P,=7>0. )

(7) Hu Hasappa TyTn6, BaH-gep-Baanbc TeHrnamacu ra 6yicy-
HaguraH ras yuyyH KOppensuuoH napameTpHU aHUK;NaliMu3:

1+- 2~

py- ®)

1-n3zo\. TepMOAMHAMUKAHUHT OUPUHYM Ba WKKUHYM
KOHYHNapuaaH qoiiganaHnb onnHraH

Y,=Y(1-aT), r
P,=P(PT-\)
MyHocabaTnapfaH T HW TOMWG, CYHT yNapHW TeHrnawTupmo,
AHa (6) uogaHn oNn MYMKUH. Xaku"ataH xam
N Y)a
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b, =T

Ba OynapHu TeHrnawTupuo,

HaTxXaHu onamns; 6yHaaH (6) ndoaa Kenmb vuk.aau.

2-n 30 (9) parv 6UPMHYMN TEHTIMKAAH KypuHagnku, 6o-
cumra Ba\axxmra Ty3atmanap P x,amga K 6up-6upura 6ornuk,.
TepmogmHamukaga arap a,Rnap 6epunran 6ynm6, 6up Tysatma
MabnyMm Bynca, MKKUHYUCUHWN aHUKAALW MYMKWUH.

3-n30x,. bepunran Temnepatypaga \ap xun 6ocumnapga

R = C ey aHubfaHraHga (macanaH, TaxxpubagaH)
—
P.= 0y (10)

Ty3aTMaHWHT K,uiiMaTtnapMHu aHuKgaw MyMKWH. By aca pean
TU3UMHUHT UYKKN 3HEPTUACK i/x;akm Kra uaHgain 6ornaHmi -
[a 9KaH/UTUHKW TonuLira MMKoOH 6epagm.

4-1 30 X. 3-U30)" HaTMXKanapura acocnaHnb TM3NM MONEKY-
nanapuw opacugaru y3apo Tabcup \ak.mga, MUKAOpPUin myHocabat
X,aK;uga Xxynoca unapuwl MMKoHu 6ynagu; 6ynapgaH aca Kop-
PenaunoH yHKLMANAP X,aKMaa Xyaocanap YmK,apuil MyMKUH.

5-n 30Xx. (9) myHocabat mMyaisH Temnepatypaga LOMMUI-
OVp, AbHU BUPUHYM Ba MKKWMHYM K,0HyHNnapra Kypa abcontot
xapakTepra ara. bowk,ava aiiTraHga, \ap xun mogen Ba fiK,MH-
nawysnapra 6y gonmuii 60rnvk, smac. bepuarad temnepartypa-
fa (bupop Mofenb y4yyH) x,ap Xun 6ocum Ba xaxmnapga Aou-
MUNNNKAAH YeTnaHuw cogup 6ynca, y X,014a 6YHUHT U30X,MHU
TEPMOAMHAMUKAHUHT UKKUHYUN K,OHYHW ndogacm Té3 garn T
JaH n3naw 3apyp oynagu.

6-u 30X,. BaH-gep-Baanbc rasmga <> OBa 6 > Ob6ynraHu
YUYH (8) AaH KYpUHaAUKMK, KOPPEensLMoH napameTp 6yHpaai ras
YyUyH \ap goum

M>1 (11)

bynagmn Ba femak,
P>a. (12)
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4.4-macana. Ma3HUHT KeHranwWnaa YHUHT 3HTanbMUsACUHN
y3rapmac fe6 \mcobnab, Temnepatypacu ysrapuwin mudgogacu
TONW/ICUH. By TemnepaTypaHUHT y3rapuilin UKW 3HEPTUAHUHT
NOTEHLMAN KNCMUHUHT y3rapuwunra 60rnuk, akaHimru Kypca-
TUNCUH. ONIMHTaH HaTWXaHU MONEKYNAP-KUHETUK HYK,Tau Ha-
3apfaH M30X4aHCUH.

Eunw. OuTansnua H(P, T) = V + PY, macanaHUHT wap-
TWUra Kypa ysrapmac:

(gHN
[ATJ p

aH\

clH{P, T) = a1t + ¢ c1lP=CpclT+ Y,clP.

ByHfaH TemnepaTtypaHuUHr 60cum y3rapraHgarv (KkamanraH-
naruv, SbHU X,@KM opTraHfarun) ysrapuwinHun tTaBcuhiosum ngo-
jalt onamus:

B A A I
busra mabnymku,
Y, = ¥Y(\-aT), @)
P,= PhT-\). 3)
(1) Hm (2) paH toliganaHnb, kbaiita é3amMuns:
il @

a3 keHraiiraHga, 60ocum Kamasagm, abHu

clP< 0. )
(2) ékn (4) paH kypuHaguku, arap K < O abHu aT> | 6ynca,
(iT<0 6ynaawn, AvHK By x,0naa ras cosuiign; arap K > O abHu
aT< 16ynca, c1T>0 b6ynagu, AvHKM By Xx,0nga ras ucungu.
MHBepcua TemnepaTtypacu 7.4a pean ras ugean ras kabu 6ynraHu
cababnn K = O P = O6ynaau; (2) Ba (3) gaH

TMT,) =1,

TEHIrTaMasiapHn on1aMns.
141



a3 Temnepatypacu uH-
Bepc A Temnepatypacu 7] aaH
KaTTa € Kuumnk bynraHga Kop-
penaunoH napameTp 6up xun
XapakTepra ara 6ynmwn yuyH
(1-macanara k.) F < O6ynca,
P > O6ynuwwn, ¥,>0 6ynca,
P, < O6ynuwun nosum.

Oewmak, V,,< O 6ynraHga.

AbHW ra3 coBuraH xonga

o 70 ©

b6ynagu; K > O6ynraHga, SbHU ras ucuraH xonga:

_fdU]
P, = oK <0 . @)

N3 OX- (6) Ba (7) AaH KypuHaguKW, rasHuHr A = const
bynraHgarv keHranwmnga copuwm toptuwmnw {U< 0) Kyuna-
pu 6unaH, ncuwun aca utapuwmw (i7> 0) kyunapu 6unaH xa-
paKTepnaHaau.

4.6-§. TOBYWHWHI TAPKAAUW TE3NUTA

Bepk TM3nm ydyyH 60CMM Ba XaXm opacugarn ymymuin 6op-
naHvw auddepeHuman TeHrnama (88) 6unaH aHM naHULWN Mab-
nym. Wy TeHrnamaHu Kyinugarmya é3amms:

(105)
Tabpudra Kypa, TOByW TapKanuw Te3Nnrm OHM Ky-
Angarnya aHMKNAnMm3;
2 dpP
Y (106)

&k (105) HM xucobra onmb, TOBYLW TapKanuw Te3AUTUHUHT
Ky/ngarnya TepMoagnHaMuK MhojacuHM 0naMms:

= nAPV. (107)
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n HUHI UCCU1<Y1UK CUTUMU C
ra 6ornuk™urun 4.2-pacmpja
KypcatuaraH. 4.2- sa 4.3-pacm-
napgaH KypuHaguku, TOBYLU
N30XOPUK >XapaéHra K aH4ya
KIH 6ynca, abHU CUK MTYB-
YaHIMK K"aH4ya KM4unkK 6yrca,
TOBYLU TE3NUIN LIYHYa KaTtTa
Oynaaw.
Ly cababpaH, KaTTuK.
XUCMIa TOBYLLHUHI TapK ainLL
Te3NUrn HucbaraH KatTa, YyHKu C~ CA
Xycycuint xonnapHu Kypannmk.
1. ToBywWw Tapkanuil >apaéHUHU M30TepMUK XapaéH feb
K,apainunk. by x;onga C-~ oo Ba n = 16ynagn. [lemak, ToByL
Te3/IUTUN YUYH

4.3-pacm.

er=1nPy (108)

ngpotaHu onamns. Mpgean ras yuyH il = 1Ba, gemak, (108) gaH:
PV (109)

HblOTOH hopMynacuHu ofaMmus.

2. ToByw Tapk anvw xapaéHu agnabaTuk xapaéH 6yncuH,
pennuk. Amanga, >akvK.araH \am WyHAan ne6 kapanagu. by
\onga C = O gemak, n = y. ToBywW Te3nuru yuyH aca (107) paH

i>I=YLiPV (110)
thopMynaHu onamms.
Wpaean rasga ToByw Tapkanuw tesnuru yuyH (MO) paH /lan-
NaCHWHT Kyingarv opMynacuHu ona.Mus:

dl=yPV. (111)

YMymaH TaxxpubagaH ~(co) opk™anm n{(o), cyHr C{(0) HM aHuK;-
nab, TOBYLU TapKanuwy XapaéHu K,aicm NoNNTPONUK KapaéHra
AKVH akaHNury \ak.uga MabiymMmoT 0vL MYMKWUH.

4.5-macana. Na3nap Ba rasnapra yxwaw TusumMaap yuyH tep-
MOOWHAMUKAHUHT GUPUHYN KOHYHW YUYYH 3PKWUH y3rapyBuu-
nap MKKuTta éynraHga

dQAdU+ PdV= CAdT+ IV, @)
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Cy={an/aT)y.ly =P +{an/aY)r, @
C10= CAT+ 17P, ©)
c10 = T™clY+ T/P 4
MyHocabaTnap ypuHau.
1) CY T HWHT ndoganapnHun TONUHT.
2) KyingarnnapHu ncboT KWIWHT;

~ +C
jp:wﬂ_ >C_ Cy+Cp

Ya

PN ap =

T, = y
Cp —Cy cp —Cy’

” Vi
WN3oTepma kypcaTknum ~ ~ ™ A ~'p[¥\ n
3) Apmnabata KypcaTkuum y= CyC Kyiingarm myHocabat-
NapHW KaHOaTNaHTUPULLNHWN KYPCATUHT:
_ (3P/ay),»

n (aP/py)r

~ 1l @ay/ipmn
-r  {3Y/aT)p,

r _ {aP/gT)» 1 _ vy
/-1 @P/oT)y > ~ PXT Px3

4) N130TepMUK Ba afnabaTuk CUKUIYBYAHAMKNAP HUCBATH

-r, (AY)
ap

39KaHNUTUHU KYPCATUHT.
5) IproHain3eH KOaphULMeHTH

I =apY/ XrCy
YUYH Kylungarunap ypuHam sKaHAUTUHU NCOOT KUNHT:

v y
Cy Cy (an/,nP)y
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6) MproHali3eH KoahpuumeHT 6ocumra 6orank, bynmaraH

X0/ YYYH Ta3HUHT YMyMWiA \ofiaT TeHF1aMacuHWN TOMUHT.
Eunw;

1) €10 = cL{T, P) + PclY{T, P) =
(an pp @ gy P Ly gp

P [ATI qap. T i"gpd
byHaaH
(an'] @~ _ A - AH) _dop_ "
[aT)p P P )n+PYlp = aT\p  EéT

(an™ @Y™ _ray'!
[op.r ' [AP7~ [op] "PYXT-1P

cla= Cep v+ Bl gp
( 4P)

n
oY e )
ByHpaaH aca;

= an- - AM
T.=P+ Y i Sp= P

2) (1) Ba (3) gaH KyimparnHu onamus
{Cp-Cy)c!T=17Y-1p(]P

ByHu (4) 6unan conuwTnpun6, ywbynapHu Tonamms;

lyCp —_ |p@

(5) TeHrnamagaH Kynmngarun ngoganapHu aHuxKM@AMn3;

(ay'" _ cp-cy (9P> _ cp-cy
~aTap iv [(-)r;y 1ip

éKkun bynappaH;

~ pp
(7) paH /“HUWHr lpra HAUCOATUHU 0NNG

10— A. boiigesaes

©)

(6)

™
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ndogaHn onamus. Mpgean ras yuyH ju= I

(®)

3) (4) Ba (6) faH, XapaéH agnabatuk, abHKU c10= 0 6ynraHga.

©

XKapaéH nsotepmuk, svHu c¢lT= ObynraHga, (1) Ba (3) gaH

_—
1p

ay T

nogaHu onamus. (9) sa (10) gaH:

AP TP
Mak™ o [aK;t

(1) myHocabaTgaH:

3k _ X
ar
(3) Ba (4) paH
ar p Ty
ByBa = Cply/{Cp- C,) myHocabaTnapjaH
ar 5 " _ Cywy __ 1
3K ap Cply y-1 -«
ar
(3) maH:
AP Cp
ar Ip m

(1) Ba (4) paH xapaéH M30X0puUK BynraHaa:

oP _ cy
ar vy Wp

KeinHru myHocabaTtnapgaH

mh tpcy

Cp—Cy
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npopaHn Hasapga TyTnb, KylingarnHu onamms;

AT a2 Cplpy T
Cylp(Cp-Cy) y-1
ar
(8) Ba (10) paH
(aPn ly P
9K T 1p \Y
EKKn ByHpOaH:
Y1XT=1"P- (12)

(11) Ba (12) paH:
N= nPXT = ¥YrPXs-

4) (4) paH:

_ Ip_0Olp
AP Ly  Oply

(1) Ba (3) paH:

KelinHry nkkn mMyHocabaTgaH:

oK
bP
3K X5
ap

roK"
K

N p rak"”
XTCy 3K ., [ariplak;
-HP

5r=

Mabnymku,

Mak>
[ar;, kapy v [9K]

ByHgaH (oinpganaHn6, proHainseH KoahuumeHTn I HM é3a-
MU3:
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_ PYyPy

Cy 4T
Iap-
r= \ATiv-y "l y v
[aal ~am)y o (Ant nip
AT vy VAP v
TEHTINKAaH;
Tp
AP
an
AP
eKu
cln = "\ cl1P
byHaaH;

n==x(PYy +4MN);

6yepAaauMHTeTrpan goumuiicn.

4.6-macana. 4.5-macanaHuHr waptugaH goiganaHno
™ =y TepMOAMHAMUK MyHocabaTHU ncbotnanr. byHaa

aT url

Eunw. ToByw Te3nurun

2 CP

=Y ay (1)

HW y3rapTnpmb é3ainnuk;

2~ _y2a@p/CiT

(avyT ¢

ToByLW TapKanuWWHU agnabaTuk xapaéH gecak,

__l2 "P/ (1T)s _ py _Pspy_ py
(©)
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ByHun
r/* = YiiPV ()

6unaH connwTMpunb, UCO0T KMIMHMOK;UM 6ynraH wudoga
HW oflaMu3.

M 30)". By TEHTIMKHW 3bTUOOPra oncak, agmuabara TeHrna-
macy (90) Kyingarn KypuHULWHW Onagw:

PV>5 _ const, ©)

Oy epaa 'Y\ —pean agnabata KypcaTkmuu, muaeclll raz yuyH agua-
6aTa KypcaTKuuu y ra TeHr.
4.7-macana. 4. 5-macanaHuHr wapTugaH goiiganaHn6 Ba NH-
BEpCUA TeMmnepaTypacua ugean ras Xxonar TEHrn1amacu ypuHu
neb xucobnab, koppenayma napameTpm inbunad P TysaTma opa-
cugarn MyHocabaTHU aHUKaHT. ONIMHIaH HaTUXaHW U307 NaHT.
Eunw. YMymuin xonat TeHrnamacu

PV= RTef @
npean ra3 xonat TeHriamMmacu PV=RTra

/| = =0 @)

WwapT baxapunraHga ytagu. (2) wapt 6akapuauwimn yyyH vH-
Terpan uwopacu octugarvn noga Hoara TeHr 6ynuin sapyp:

8Kn 6yHpaH
K " " C-Cym =m
YUYH YMYyMUA nhoga mMabiym:

1+ " (4)
~\-VIV

(3) HKM (4) ra Kyiin6, Koppensuma napameTpu ji 6unaH TysaTma
P, = ("dU/B V)j opacmgarn nsnaHaérraH MyHocabaTHu 0namus;

. APJP 3IAYzIL =1L A
A X~nPjPt P T nnd
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4.8-macana. Xonat TeHrn1aMmacuHu

= 1+ A+ _M+ o
PV =RT 1tA+_ W

KypuHuw aa ésagunap, 6yHga B, C Ba \oka3o Temnepatypara
6ornvk. Bupman kKoapuumnentnap 4.5-macana waptugaH oii-
fanaHun6, BaH-gep-Baanbc rasm yuyH Bupuan KoahpuumeHT B

HU aHWUKAAHT.
Eunw. BaH-gep-Baansc TeHrnamacu

{P+p{V-b)"RT,

Oy TeHrnamMaHmn y3raptTmpuo ésannuk:
/ \ -1

RT 1+ -—7 :
PV~) \ V]

©)

K'AF6ynraHga, (2) Hu TakpmbaH Kyiingarmya é3amus;
1, <« /a "
(©)

ab «

PV =RT

(3) HUHT yHr TOMOHMAArM PYHU PTb Www anMallTupaMmms:

(4)

_ 1wn 0
PV = KT 1+V R fl

(1) Ba (4) HM connwTnpmn6, n3naHaéTraH Bupmnan Koaou-

LMEHT B HM TONaMu3:
n ©)

B=b -

MN30X: yMyMunit xonat TeHrnamacu
PV~ RTen.
/< < 16ynraHga, expf- 1+/ skaHnmurmugaH
PV=RT(I+f)
KYPUHULWIHWU onagun. (6) Hu (4) 6bunaH conmwtupud BaH-gep-
Baanbc akuHnawysuga/ HY Tonamms:

©)
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By SKMHNaWwyBaa yMyMUid TeHrn1ama acocuii MaTHAa KenTu-
pUAraH KYpUHWLIHW ONaan, SbHY

py = i (8)
4.9-macana. Xonat TEHrnamMmacuHu
PK=£+£ '/ + 2+ 9

KypuHuLW ga é3uw MyMKWUH; £,£2 Ba \0oka3o Bupuan Koapgu-
umneHTnap 4.5-macana waptmgaH oiiganaHnb, BaH-gep-Baanbc
rasm yuyH

E,=KT,E2=b-~ (10)
IKAH/TNTUHN KYPCATUHT.

Eunw: assanrn macanaga BaH-gep-Baancb TeHrnaMacuHUHT
Takpubouii ndogacm (3)

_ KT
PY = KT + )

KypuHuwga agn, (11) pga {KT/Y) =/* ge6 kabyn kunuuca, (9)
6unaH (11) HU connwTUpM6b n3naHaétrax (10) ugoganapHu Tona-
MK3.

4.10-macana. B Ba KnapametpnapHu 3pKuUH y3rapysuunap
ne6 }mcobnab, Pesa mn opacmparv 60rnaHULWHN —XonarT TeHT-
NnaMacuHW aHMKNaHr.

Eunw. Tabpud 6yiinya nukn sHeprus

i/=07(3InZ/20),,,, (1)

noaanaH sa 6ocuMm
P=0(3InZ/3F),,,, " @)

ngpopasaH aHnknaHagn. bynapaaH aéHku.
2
N(P/10)= ©)
8K ByHAAH YMYMUIA X,0NaT TeHrnamacu
P+{on/p¥X=9(aP/aB)y 4

HN onamMmmns.
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MN3o\. (1) Ba (2) gaH ¢oiifanaHnd ywoyHn E3uwnmms
MYMKWH:

d\inZ=:inrde*~-~rdV.INde*tdV, )
6yHOa
dd=~-~dv
\ \Y

aKaHnurugaH gonganann6, (5) HU ézamus:
9d{v +\nZ) =dU + PdV . (6)

ByHAa MyBO3aHaTAaru xapaéHiap yuyH TyauK, AndhepeH-
uman

dS = d(v + \n2),

AbHW X0naT PYHKUUACKH S MaBXy[ 3KaHAUTU AHa 6ok a ycyn
6unaH Kypcatungm.'

4.11-macana.

z AT (y+1)B"’

ngpogasarn A PyHKUNAHN

A= )
KypuHuUww ga aeb,

F =jJd\nz’
=i
dv eV
[aH XonaT TeHrnamMmacuHu aHuk aHr; 6yHga N — 3appanap COHW.
(Wpean knaccuk Tnanmga Axaxm Vra 60rnvk, amac).
Eunw. dapas. Kunannuk, xaxxm ysrapraHga A HUHT y3ra-
pULWIMTa acocuii XUccaHn GUPUHYM KynaiTyBUM P' KyLICWH,
AbHW acOCMIA TabCUMPHM V KypCaTCUH. Y xonga:

' Knaccnk TepMoguHamuKajga aBBasl XonaT (yHKUMACKM S MaBXyaau-
I kypcaTnb, cyHr (4) myHocabaTHM Ba, femak, \onaT TeHrnamacuHu
Kypcatunagn (0) HUHr ypHuga KT onnHagn. CTaTUCTUK TepMOAMHAMUKaja
613 aBBan (3) mMyHocabaTHW, CyHr aca S \onat QYHKLMUACK MaBXy[ 3KaH-
NUTUHWN KypcaThuK.
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(8) ypuHan 6ynrad \onga (2) \onat TeHrnamacu Hux,oTga
coafa KypuHULLIra Kenagu:

P=8" =nB )

EKn
py =me =~un. (10)
\
M 307 1) N Ta 3appagaH mbopart KiacCuK maean ras yuyyH
V= 3un/2 Bg = KT. [lemak, X,0nar TeHrnamacu

py= MKT

ékn 6yHaaH ABoragpo coHu N 6ynraHga KnaneinpoH TeHrna-
MacCUHU 0namus:

KT.

2) KBaHT wngean ras. by \onga V= bM\onat TeHrnamacu
(10), pemak,

PY= n/3
EKK
P=u/3,u=ny.

3) KBaHT ugean 3appanap MabayMm lyHanuiigarnHa >"apa-
KaTnaHcanap (6y ctaTucTMK (hM3nka maccliacu amac, anbarra),
yuTa KOMNaHeHTafjaH (hak;aT Wy WyHanuwHuUrnHa astubopra
(xucobra) onuw no3um, AbHU y-M . (9) x"omar TeHrnamacwu
P = v KypuMHULWITA Kenagu.

4.12-macana. ABBa/irm Macana wapTtugaH gonganavno,

PY = -0
Xonat TeEHrnaMacWUHW ONINHT.
Eunw:

PY =—m
\

TeHIrMamMagaru M/y HUHT YpHUra., aBBanrn macanagaru

N
+1=
A\
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TEHTTIMKHUHT KWAMATUHN KyVII/I6, MacCasa wapTngarn Xonart TeHr-
namMmacuHu onamms.

N 30X Npean ra3 yuyH jn= 13KaHAUTUHMW Hasappha TyTuo,
rasofuMHamunkaga onganaHmb KenuHaguran
PV= U(Y- 1)

TEHrlaMaHn 01aMus.
4.13-macana. AgnabaTtuk xapaéH yuyH

PI™ = const @
TeHrnamagaru 4OMMWUA COH const HUHT A = wapT 6axa-
punraHgary NhoaacuHU TONUHT.
Eunw.
Z= ,
z
TEHIIMKNapaaH

5V o AYAT(y+)s”
h"g

By TeHrnukHu, PV = N6 Hu Hasapga TyTub, Kbaitta é3aMm3:

Ns-v tpY /wW*

ByHAaaH:
Iv
Nny+J py~/"d
h"g

eKM
pyNA + 1 = PgS/v

by TeHrnamaHu agunabara TeHrnamacu (99) 6unaH conuwTpuo,
aBBa/rM macanagaru TeHrnaMaHu onamus;
M1=1+ N/ V.
By TEHrMMKHUK 3bTMBOpPra oncak, n3naHaéTrax
pyn- ~ pgS/v
TeHrnamaHu onamus; byHga

B=Ne  rofiv+) @
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m 30 Arap agnabaTukkapaéHia sHTPONUSA AOUMUIA IKaH-
NUTUHU 3cnacak, oxmpru (2) TeHrnama aHa (1) TeHrnamara Ke-
nagw.

4.14-macana. Mabnym yHanuwiga kaTbuin \apakatnaHaéT-
raH ngean rasga ToByw Te3nurn vl HblOTOH opmynacu 6yinya
\ncobnaHraH ToBywW Te3nurm vl JaH MKKM mMapTa KaTTa 3KaH-
NUTWUHW KYPCATUHT, AbHU

vl = 2v]

3KaHANTUHN NCOOT K INHT.

Eunw. Mabnym yHanuwpa xapakaTnaHaéTraH ras yuyH
N =v. [lemak,

yi=1+/Tmlv =2,
vl =PVrti =2PV- vl =PV
ngoganapiaH n3naHaéTraH TEHIINKHN aHW KlaHaaw.
4.15-macana. PV= N6 TeHrnamagaH toiiganaHuo,
P=Uini- 1)

X0NaT TEHrNaMacuH KeNTUPUG UMK apuHr.
Eunw. OpguitruHa kypcatuwl MyMmknH (PV = N9 6ynraHga)

Cy =RU, C,=za{U +PV) =aH.

BynapfaH n3naHaérraH TeHrnama onnHagu.
4.16-macana. Ctatuctuk uHterpan (MMrnHgn)

Z =\e>™cln, Z = Y/"e~""\> (1)
acocuga
a) VHUHT aHuK, K,uiiMaTnaa
Z= C,(K vA;)0-% @)
6) 1M HWHT aHWK, K,uimMaTmnaa
Z=C2iU,V,X,)e-- (3).

3KAHUTWHW KypcaTuHr. C, Ba  OWKOp 6ynMaraH GyHKLMWsA-
nap.
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Euunw. a) Tabpura Kypa, M4Ku aHeprus ndogacnHu ésa-
MK3:

n =/ E{E)cln=";jEe~Un=-1" ; @)

V—6epunraH (pukcaymanaHrad) gecak, 6 = 1/ /3 akaHnurun-
faH ¢oiiganaHun6, (4) HM Kyingarnya é3amms:

byHaaH
r= CJy, ©)
éKun
z= c,(r, k,n;)(i/Iv)". (6)

M 30X.. CTaTUCTUK uHTerpan (MuruHgmn) ngogacu

1 =A A T (AP)AO =uly

faH (6) uota ONMHNLWIN MYMKWUH, ABHU:

r=C.,(y.¥Y)(n/y)\ O
6yHaa

6) (/bnkcaumnanaHraHga

ByHu abTub60Opra onnb, KynngarnHm €samms:
n dz
4%
BKn
r=Cp,Y,X")e-\ ®)

THWHT ndogacnia WyHAalh e " KynanTyBUM 60p aKaHIUTU-
HW 6oLl Kaya ycyn 6unaH xam Kypcatuwl MyMKWUH. XaKukaTaH
Xxam

5= V+ InZ

ndogasaH
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7= e
YKaHAUTN Kenné uuk agn.
4.17-macana. CTaTuCTUK UHTerpan Zy4yyH ONIMHIaH

1_
r/ary+l)

ngona acocnpa 4.16-macanaga onnHraH (2) ea (3) npoganapHu
aHUKAaHT.
Euunw. a) (1) npopana

@

6enrunawl KUpuTNG, (1) MHOJAHNHT M3NaHAETraH
1=C(y,Y)B" ®)

ngoga 6unaH 6UpP XU aKaHNUTUHU Kypamus.
6) dapas kunainuk, V—OyTyH Ba eTapnu gapaxaja Katra
COH 6yncuH. By xonga CTupaunHr opmynacugaH oganaHamms:

Ay + 1) = yi= )
ByHu abTubopra onnb, (2) Hu
C{y,Y) = Ave"kmg )

KypuHuwaa é3amuns. SHAM B = T/y 3KaHNUTMHKU Ha3apha Ty-
TnG, (3) HM é3amus:

r ="p~"=C(y,Y)un'en )

byHaa
C(y,M = AIT'SA. )

4.18-macana. OCUMNNIATOP YYYH CTATUCTUK UHTErpan ZHu
aHbaHaBWii Ba AHTU ycyn 6unaH aHMKgaHr. ONMHIaH HaTuXXa-
NapHU CONULLITUPUHT.

Eunw.

r= ()

e, =nn)(n+1/2), n=o0,l,.., )}

0=1//3 =(1T/ly=<£>/y y=1. (3)
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Mpoean ras yuyH
0,=1/A,=A:T. @

(1) acocnpa Z Hu TonNannuk;
- roe cuM\.N _ )
X = Rj-iw = fiw / KT

<e > HW aHUKNannukK:

<e>=-Ye = |I-in=
A —ZdR,
_ I dZ ax _ tm + _ tiw tm ,
~*za7apg7"X"N2" 12 w
OHOM Z hnh
I _ A'g
2 fir(v+)o" ™

acocuaa aHMKaannuk.

s=\Ww=ie=U/V=<e>gqg- ]
Av + 1) = f(2) =1,
Nle =AE = Ae,, = Anw{ti +\/2) ={n”~\/2)h.

ByHAaH:
A=h/tm=2n/w.

(7) paH Z HW aHnKpakMK3;

7 2>ke> In tiw Tiw
I v A Ctn

hw tm 2 kT

Jemak,

(5) Ba (8) ncoganapHu CONUWITUPAANIUNK.
dapas kunannuk, x = /13,/;,w « 1 6yncuH, abHKU TemnepaTty-
pa eTapnu gapaxafa katta 6yncuH. Y xonga
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N AfiR 2.

[emak, 6y xonga aHbaHaBuin ycyn 6unad onnHrad (5) ugoga
Ba AHIM ycyn 6unaH onuHraH (8) noga 6up-mupura moc Kenaam.

1  -n30X (8)faH KypuHagnku, Z epuaraH TepMOLUHAMUK
Xonatgaru ypraya KBaHT XonaT/iap CoHM:

r=zr=<n>+1,

2-1 30X- Acocuii xonaT abTubopra onnMHmaca, Z= <n>.
3-1 3 0 X TcaTxgaru "3appanap” CoOHM ypraya < n> 3Ca KBaHT
CTaTUCTMKACK TAKCUMOTU 3KAHINTUHUN KEANHPOKKYpPaMm3.

4.7-§. SNTPONNA. TEPMOANHAMUKAWUWHT
MKKHYN K,OHYHWU

Bn3 myBo3aHaT/IM XapaéHnap y4yH
Bcl(y + \nr) = dQ, (112)
HOMYBO3aHart xosiatnap yuyyH, KapHo Teopemacu acocuga

Bd(v + \nZ)>dQ (113)
npoganapHu ésrad sgnk. (112) sa (113) parm
('=v +1InZ (114)

OYHKUMAHU TUSUMHUHT 3HTponusacK, (114) TeHrnukHu 3aca
3HTpONMA TeHrnamacu ge6 roputamms'. (112) sa (113) 6upnukga
é3unraH ymymuii MmyHocabat

8dS>dQ (115)

HU TepMoAMNaMUKaLlNr UKKUHYM [AoHYMY el aT .
BU3HUHT yecynumusgaH hap A/ pasuwga ogatia 3HTpOnu-
AHM TnM66C Tabpudura Kypa,

8=-<[n/(E)> (116)

KypuHuwaa ékn bonbumaH opmynacu (KeinHpo”6y gopmyna
6vnaH TaHUWaMKM3) acocmaa KupuTunagm.
Fm66¢c Tavpngu (116) gaH Ba /

'QHTpoONMA S HUHr 6yHAal ycyn 6unaH KUPUTUAWLIW; Ba YHWUHT TeH-
rnamacu (114) 6upuHYM MapTa €3MnAnTwu.
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13-v 11l (117)

ndoganapHu Hasapga TyTu6, aHa 6U3 KUPUTraH sHTponua Ugo-
pacn (114) Hu onamus. [lemak, aHTponua TeHrnamacu (114)
M66c Tabpudgmra Moc Kenagn'.

TepMOgMHAMUKAHUHT UKKUHYWN KOHYHWUTA MyBO(UK, TU3UM-
HUHT \onaT PyHKuuMsacu 5 Kylingarn xoccanapra ara;

1) QHTpoNUA y3rapuiLn cl8 KK KucMmgaH noopart;

c18=c18, + cI8n (118)

6yHAa ¢/5 —TalWKn My MThaH TU3MMTa KenyBun (EKWU KeTyB-
umn) aHTpoNus; cl8™ — TUBUMHUHT y3uga KaikTmac (guccuna-

TMB) Xapaénnap Tydainnm x ocun 6ynyBUM IHTPONMA.
2) c18 T3MmMAaru KanTyByaH (MyBO3aHaTgaru) >xapaéHnap
YUYH HO/ra TeHT Ba KaiiTMac xapaéHnap y4yH mycbataup, abHu;

(187>0. (119)

3) TusuMmra KenyB4YM 3HTPONUA TU3MM BUNaH TalK,u My~ T

y3ap0o TabCUPUHUHT KOHKPET XapakTepura kapab myc6ar, HO/b
€K MaH(Uii ByNNWIN MYMKWH, ABHN;

(120)

XycycaH, agnabaTuk aKKanaHraH TU3UM YUYyH, SbHU TaLIKK
MYX.UT 6BUNaH MCCUKAMK X,aM, MOAAa X'aM anmalumMangurad Tu-
3UM Y4YyH

ds, = 0. (121)
TEHI MK ypuHau. by x"onga (118) kyihingarvnya é3unagu;

dS>0. (122)

(122) ngpona —aamabaTuK aKKanaHraH TU3UM y4yH TepmMo-

OVHAMUKaHUHT UKKUHYM KOHYHUHUHT é3nnuwnanp. (118) TeHr-
nnkpa, KapHo-Knaysunyc teopemacura acocaH.

(123)

‘Opatga, aHTPOMUAHM ynyamau napamertp = ~Kk< 1n/> KypuHuwpga
K.abyn kunagunap; K — bonbuMaH fouMuUiACK.

160

Ba AeMak, fHa TEPMOAMHAMUKAHUHT UKKUHYU KOHYHWUHWUHT
yMyMuini ndhogacura Kenamms,;

d8 >dQ/e. (124)

TepMoAUHAMUKAHUHT BUPUHYM KOHYHW (12) HM abTU6Opra
0116, 6UPUHUY Ba MKKWHUYMN KOHYHNApHW Gupranukia

ed8>dU+ dA - j.idN (125)

KypuHuw ga ésamuns. byHu rnb6c-Aorem mynocabaTw nelll na-
an; Knaccuk x*onga B = KT.

CTaTuCcTuK usmkagta sHTPONUAHU X>0M1aT 3N TUMONUTUHUHT
yN4oBM cudatuga Kapanagnm. SHTPOMUAHUHT CTAaTUCTUK Mab-
HOCW 6UNaH TaHULWINL YYYH KYAUZArn MUCOMHU Kapainmus.

ABBan 6up-6upmnaaH axpanraH 5" Ba 82 3aHTpPONUANU TuU-
3umnap MyBso3aHaTAa 6yncuH. CyHr ynap ypracufa KOHTaKT
\oCun KWNMHraHAaH KeiuH 5, Ba 8A3HTPONUANN SHIU MYBO-
3aHaT xXonatura KennmHaau.

Arap 6y TM3MMNapHM fiHa KaTagaH aXpatunca, ylapHUHT
MyBO3aHaT X onatnapu 6y3nimaingn; KaTbuipoK MabHOAa ainTa-
AuraH 6yncak, MyBo3aHat \ofnaTnapHuUHT 6y3uniMacnuru gesp-
NN NWWOHYN BOKeagmup; byHaa 6'= 6% -- s~. bowkayva ainTraHga,
oxupru \osiaT — MyBO3aHaT X0/1aT 3HT KaTTa ax TUMOJIIN X,0/1aT-
aup {Z = 4, N = 2 6ynraHfarv MuconiHu acnaxr!). by aca 1Ba
2 TM3NUMNapgaH nbopar TU3UM X TUMONN KNUYUK + 5" x,0nar-
faH ax TMMosnn Katta 5, + 8/x"onarra yTraHAUurnHn Kypcartagu,
O6yHAa TUSUMHUHT 3HTPONMACKU 5 feap/iv UWOHYIN BOKea Kabu
optagu, avHU AS > 0.

WyHW aATUw NO3MMKU, TU3UM TEPMOAMHAMUK 32 TUMOS-
NIUTY KNYUK X,0MaTAaH TepMOANHAMUK 3> TUMOIINIXA KaTTa\osat-
rays-ysmfaaH, y3uHUHI Xoccacura Kypa, Tabuuii pasmwga yra-
AW; AKKanaHraH T3nMaa aHTponus opTagu, sbHu d 8> O6ynaau;
yMymuii x"onga aca d8> dQ/s 6ynaT.

dapas Kunannnk, MysosaHataaru sKkanaHraH TUSUMHUHT
MUKpo~onaTtnapu coHuM VWOyncuH. Y \onga TeKuc Takcuma-
HULWTra acocaH /-x,0nar ax TMMONNII

W. = 1/N

ngopga 6unaH aHMkKgaHagun. Mméée Tabpmcpmga acocaH;
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5 =AM AN)¥;=\nM. (126)
/

By — myBo3aHaT \onat yuyH bonbumaH dhopmynacu 6ynmo,
OYHOAH YYUeKnn 3KaHAUTK \am Kenuo unk™agu.

FOkopugarunapgaH, arap MMKpo\onatnapHuHra>! TuMonnk-
napuv TeKuc TacMMmnaHmaraH 6ynca, 3HTPONUA MakCUMyM K.Mit-
mMaTra HucbataH KU4YUK Kniimatra ara 6ynagm, sbHM \onat HO-
MyBO3aHaTAa 6ynagu, geraH XynocaHum ynapmil MyMKWH.

ByHaa TM3UM penakcauusa TamolinanMra acocaH MyBo3aHaT
x"onatra fiK;uHnalasepagn Ba, HUM\OAT MyBO3aHar,x,0MaTra Ke-
nagun, aHTpPoONuUA Makcumym Oynagu, s*TUMONAUKAAP 3UYSIUTK
TEKWC TaucmMMnaHraHd 6ynaau, seHu 6y epfa roK.opugarunapgaH
JHTPONUAHUHT OPTULL TaMOWWUAN Kennb unk"agw.

1-n3o0 dnykryauuns xxapaéHnapuga MysosaHatharu tu-
3um KaTta XTVMITM \onatnapaaH KUYMK 3"TUMONNMN XOnaT-
napra ytagu, 6yHaa TUSUMHWUHT SHTPOMUACK KaMasaun.

2-n30\. OHTPOMUAHWHT yn4yamcu3 KaTTanuk cudaruga
aHNnKMaHWK, GU3HNHTYa, METOAMK HyK Tan HasapAaH Kynai-
ANK XOCWUN Knnagu. YHAaH Talwkapu aHTPONUSHUHT GyHaan
aHWKAAHULW W, BUPMHYNAAH, YHUHT TapTUOCU3NNK fapaXKacuHu
KypcaTuwira, MKKMHYnMgaH, MHHopMaLmnsa Hasapusacmaarm aH-
TPONUAHWHT LLeHHOH TOMOHUAAH TabpugnaHuwmra sa, HU"o-
AT, YYMHYMLAH, KaTbWid aiiTraHga, UXTUEPUiA Tynaam 31emMeHT-
napu uxtuépuii 06vekTnap 6yanwmn MyMKUHANTUTA XXY[a MOC
Tywaan, AbHU YHUHT yidamau 6ynmai, ynyamcns 6ynmwm mak,-
cagra mysopumkoynagn. ®msmka agabuétunga aHtponus (aHep-
rus/rpagyc) ynyamra ara.

Tapuxuii MmabnymoT. JHTpONus TywyHyacu 1865 iimnga
Hemuc onumm Knaysnyc TOMOHMAAH KUPUTUATAH.

Monekynap-KMHeTUK TacaBByp/iapra acocnaHmb aHTponus-
HWHT OPTULLM Xaknga 6upmHum 6064a anTraHnapummn3ra KyLwmnm-
Yya ukpnap roputTamms.

BW3 nuku aHeprus n yuyyH ymymuii x"onga

(127)
/

ngpopara sramus. Keasucratuk (MyBso3aHatgaru) xapaéH co-
anp éynraHga
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(128)

Jaii hoiganaHmno,

cin =1, +E =< >+E '29)

/ / /

npojaHn onamms. HW y3rapTupuné ésainmk:
(DK = -XKil(InZ+ [3£) = (130)

6yHga ’§ = InZ + pE. — MUKPO\OTaTHUHT SHTPOMNUACK; paBLLaH-
kKn, 5= <5> = In 1/)K. (130) gaH ¢oiiganaHn6 (129) Hu

clL + clA = -YJNIEjdSj = - < E)l8l > (131)
/
KypuHULW Aa é3aMun3. TepMOANHAMUKAHUHT BUPUHYN K.OHYHU
cl+c1A = cl10 (132)
Ba MKKMHYMN KOHYHU
cl0<Bcl3 (133)

ngopanapura acocaH (131) gaH myBo3aHatgaru \on yuyH
-<E.€8.>= BcCl8 (134)
TEHTIMKHW onaMn3 ékn ymymuidi \onga
-<E.c18.>=8c13>c10 (135)

MyHocabaTra ara 6ynamms. fkkanaHraH Tuanumaaru xapaéHnap
Y4yH
-<Ep5.>=ecl15>0, (136)

6yHAa TEHTIMK KalTyBYaH, TEHICU3NNK KaliTMac >kapaéHnap

YUYYH YPUHNN.
a) KaliTyBuaH KapaéHnapHu Kypainumk. byHpaa

-<E.c!8.>=8c18=0. ~ (137)

Tabuwnitkn, (137) myHocabaT 6axxapuanwn yuyH
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-<EijdSj>=-Y,WIEdSi (138)
/
AnpuHanaa #1 Ta MMKpo)(,onatnap SHTPONUSANAPUHUHT y3rapu-

wu dS. maHgpnii, Ta MUKpo\onaTnapHWHI 3HTponusanapu-
HUHT y3rapuwun d9™ aca mycbat uwopanu 6ynuwun wapT;
N = — MWUKPO~ONaTNapHUHT YMYMWIA COHM,

1=\\MMN Kk = 1,22 6enrunawnap kuputmno, (138) uchogaHu

-i"WJEJdSJ =-"WjEdS, -*WKE,dSk =0
N / K

KypuHMLW fa €3 MYMKKH; 6yHga dS. < ObynraHn yyyH

-EjdSi>0 (139)

bynagu; 6yHga dSj < O\on mukpo\onat a> "Tumonanrn \¥. HUHT
opTULWIMTa MOC Kenagmn, AbHU KUYUK 3)TUMONAN MUKpo~onat-
napgaH katTta axTUMOnIM MukpolonaTtnapra yTuwiap cogup
6ynagwn. dsf, > O6ynraH \onnapga mukpo\onaTnapHUHr KatTa
IXMTUMONINKNAPUAAH KUUYMK 3\TUMONIMKNapura ytuwnap co-
anp 6ynagn. MyBo3aHatga 6y MKKW KOHKYPEHT YTULINAPHUHT

ypTayacu TeHr Ba = O 6ynagn. Ymymuid \onga dS> O Ba,
[eMak,
N2
WiEjdSj > -'YAW, E/NSIN (540)
/ K

[emak, Knuuk s\Tumonnu mukpo)(;onatnapgaH karra a\tu-
MOANWM MUKpo™onatnapra “Miw nap akcuHya ytuwnapra Hucba-
TaH YCTYHAMK 6unaH 6opagun. "HomyBo3aHaTgaru xapaéHnap
yoruga TM3uM KU4YuK 3> TUMoNu x~onatnappaH Katta a\Tumor-
AN xonatnapra ytagu", gelinnrad néopaHu wy mabHoga Ty-
LUIYHMOK, N031M.

Arap TM3um 6owaHpuy nantga Mykappap (guHamunk) \onatga
(K yHra sK,MH X,0nataa) 6ynca, Tawkol Tabcup bynmaraHga
BaK,T yTULWIN BunaH y MyBo3aHaT \onatra KaTTa axTUMONANK
6unaH Kenagu, AbHU IHTPONUAHUHT y3rapuwmn dS> 0 6ynagu.
By x,onga XTVMOVIK XX HUHT Kamaiduwmra SHTPONUSHUHT

-edS =" WJEJdsJ = ~*PV;EidSj "Y~W ,E,dSk
y / K
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ngopgacu moc Kenagn. byHga dS> O6ynuwWIn yuyH

LLiccpt 6axkapunuium 3apyp (k. 1.4-pacMfa yHT KaHoT); 6yHpa IV
HUHI Kamaiuwura Tyrpu kenraH dS~>0; YHUHT opTuwnra
Tyrpu kenraH dSj < 0. bowkaya ainTraHga TU3MM genbTa-hyHK-
LUMANKN XonaTAaH KaHOHMK Ta“CUMOTAM Xonatra Kenagu.
4.19-macana. 1) QHTponusaHUHT Tnb6C ngogacu

5= ©)

MYKW 3HEpPTUs ngogacu

Ba KAHOHWK Tak"CUMOT

X,=lexp(-/3£)) €))

acocuia TepMOAUHA.MUKAHUHT WKKUHYW K,OHYHUHU KENTUPnG
UMK, apUIHT.
2) TepMOANHAMUKAHUHT GUPUHYM BA MKKUHYU KOHYHapU

BdS=dU+ PdV, B = uly 4
acocupga \onat TeHrnamacuHu
P=ns ®5)

KENTUPUG YWK,apUHT.
Eunw. 1)(1)paH ywbyHn onamus:

dsS = MnlvidlVvi , N 6)
/
6yHga ‘~dLW =0 avTmMbopra onuHamn. (3) HU (6) ra Kyimb

KyingarmHu onamms;
ds = EidW;j . 7
i
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(2) pan 3ca;

2) EjdWi =dU +dA, (8)

6yHaa dA= -<dE>. TepMOAUHAMUKAHUHT BUPUHYN K.OHYHU
dQ=dU+dA )

(8) Ba (9) faH MCCUK/MK MUKAOPUHWUHT YMYMUIA NPOAACUHN
aHuKganmmns:

dQ =Y/,EidWi. (10)

MyBo3aHaT/1 Ba K.aiTap »xapaéHnap y4dyH (7) Ba (10) gaH
PdQ,,=:dS. (11)
KapHo Teopemacura acocaH, yMyMuii xonga
dS>pdQ. (12)
ApnabaTtumk xapaéH yuyH
ds> O, (13)
KaliTmMac KapaéHnap ydyH
dS>0. (14

(12), (13) Ba (14) TepMOANHAMUKA UKKUHUYN KOHYHUHUHT UG O-
fanapw.

2) Xonart (', V) napameTpnapra HucbataH aHuk”aHcuH; (11)
TeHrnama v = const \on yuyH (3appanap CoOHVM goumuii bynraH
X0/l Y4yH) é3unraH. (13) Hu

du

av P dv (15)

KypuHULWAa é3annuk. i/5Tyna gudpdepeHymannnrmgan

4 ldu
ak 19dT_ aT\o _goy (16)

TEHT/INKHU €31 MYMKUKH. (16) HM Kylhngaruda é3annuk:
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02(7 I 960i/ ~ 1 a™t/ ,1 Q3P I dceu P do
0 ayaT dvdT sany sBar 62aTay ar
B - U/vBa V= const HM abTMbOpra oncak,
[0 bW _ [0 Aun

ay oT ~ oT oy

TEHI UK ypUHNWU. byHn Hasapga TyTn6, (17) man®

o/>  2mo _
e Y m,P =Cs

TEHIMKHU onamns; C — uHTedan goumuiicn T ra6ornm”amac.
Mpean ras yuyyH

Py = «0|, = nKT.

ByHpaH C = n—3appanap 3munuru. lemak, ymymnii \onga

p=nB ,e=Ulyv (18)
\onaT TeHrnamacuHu onamms.
4.20-macana.
2
C[)-C:y='T\/?kr (1)

TEHTIMKHU NCOO0T KMNHT.
Eunw. busra mabnymku,

C ,-C ,= Valy,
TdS= CANAT+ 1INV
Ba Maccsenn myHocabatu 6ynraH

(aPn
T NAT)

TeHIMnKgaH

T/\dS'/\ _ TA’D'P] —

\AY yr aT A

Cp-Cy =PVTA ; @)
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(ay"\

=1
[aT)y plaP) ©)

(3) paH thorganaHn6, P HUHT U oaCUHMN E3aMK3;

=-an
AT v Cop (M PxT @)
oP

Oemak, (4) Hn Hasapga TyTn6, (2) gad (I) ndogaHm ona-
MU3.

4.21-macana.
XT-X3-YTH
Cp

TEHTIMKHWN UCBOT K,MNHT.
Eunw. busra mabnymku.

ABBanrn macanaga
- = A
Cp-Cy =YTa (1)

3KaHW KypcatuaraH sgu. byHu y3raptupnb ésainmk:

@
(1) Ba (2) paH:

2
XT—X3 =Y¥Ta

4.22-macana. 'mboe-Arorem myHocabatn acocmga CtethaH-
BonbLuMaH KOHYHUHU UCO6OTNAHT.
KypcaTtma. POTOH ras Myku aHeprusacu

Ye{T) (1)
ngpopa 6unaH aHnkgaHagm ge6 \mMcobiaHCcuKH.

Eunw. 'mbb6ec-Arorem MyHocabaTu

A% 1T+
aT

168



TAY, HUHT Tyna gudpepeHynannnrugan

3 113~ 3 1
3K [T aT) AT T[3K N

TEHIIMKHW onamus, 6yHgaH P = e/3 Hu Hasapga TyTub,

TEHIIMKHWU 0Nnamun3 éku 6yHaaH
e=aTh

CTtethaH-bonbymaH K,0HyHW Kennb umk™agn. cr— nHTerpan go-
UMUIACKU. YHUHT KuiimaTtu MnaHkK HasapusacmaaH aHuk/1aHagm.

4.8-§. CAKYP-TETPO4 TEHI/TAMACW.
Fr’MBEBC MAPAJOKCU

JHTponus opmynacu

(141)
HM N Ta 3appafaH ubopart GynraH uaean KiacCuK ras yuyyH
TaTomMK 3Talnuk. byHpaid mpean ras yuyH V= 3/1¥2; = kT
Ba CTAaTUCTUK UHTerpan ZyuyH
(142)
ngopara sramus; 6yHaa
3/2
(143)

thopmyna 6unaH aHuknaHagn: (142) Ba (143) HW Hasapga Ty-
16, (141) Hn KaliTa 83aMun3;
_ NN i
5T, 5 . ) Inm
eKHU
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= 2neTO0,
NTE T s <= (144)

buTTa 3appara TyrpuM Kenras aHTponus (144) Hu Ca-
Kyp-TeTpog TeHrnamacu geimnagn. (144) naH KypuHagukw,
TemnepaTtypa T Ba 3nunuk n = Ty/Ky3rapmaca, {5/M) 3HTpoO-
nus \am ysrapmaigm.

N Ta 3appafaH nbopaT Knaccuk ugean ra3HuHr aHTponus-
CUHK nbbe-[orem TepMoaAnHaMMK MyHocabaTuaaH aHuKaam-
NUK:

Bc!8 = clm+ PclY. (145)
Wpean ras yuyH v = u(T) Ba gemak
clm = CclT. (146)
Mabnymku,
PY= NkT (147)

(146) Ba(147) Hu \ucobra onnb, (145) TeHrnamaHu €3amms:
Kc13=Cy”"™ +”/clY. (148)

ByHgaaH
k8= C;nT+ Nk\inY+ (149)

6yHpaa 6, — uHTerpan 4OMMUIACK. Y YMYMaH, 3pKUHANK gapa-
Xanapu coHu ékn 3appanap coHura 6oriuk,:

= gkm = 6,010 (150)

Bu3 macanaHm kapaétraHnmmsga N \w UXTUEPUIA LOUMWIA
ne6 Kabyn KuaraH aguk.

Ywoy MUCONHN Kypainnk: Kx“axkmam nguw Tycuk. 6unax
MKKW a B b KUCMra axpaTtunrad 6yncuH. K \axmpa e
X KkMaa  uaean rasnap oup xun Temnepatypaga 6yncuH. by
rasnapHuHr (149) ra acocaH aHTponusanapu

A5 = CANT+ NLUAY” + K3MM) (151)
A5 = CANT+ JUJUNYM+ K3AM) . (152)

Xap MKKKW rasgaH nbopat yMyMuin TUSUMHUHT 3HTPOMNUACK
SHTPOMUAHUHT aAAUTUBINK X0ccacura acocaH, (151) sa (152)
NapHUHT AUTUHANCK, SbHU
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(153)

6unaH aHMKAaHagw.

Arap nauw KucMaapu opacugarv TyCUK HU ONMHCa, rasnap
apanawagu, andgdysusa \ogucacu 103 6epagn. Mabnym Bak TaaH
(penakcauusa BauTuaaH) KelimH TU3MM Y3MHWMHT MyBO3aHart \ona-
TUra Kenagu; a Ba b rasHuHr >@p 6upu MANWHUHT BYTYH \aXMu
YHu srannaiign. AuddysnagaH KeinmH, TU3UM MyBO3aHaTAa
6ynraHfa a Ba brasnapHuUHr aHTponuanapuHu (149) dhopmyna
acocufa aHWKNai.Mmu3, SbHK:

K8A= CANT+ NpxAM{Y+Y,) + (154)
k3, = C> T+ ININ(Y+Y,) +k3,{M).  (155)

la3nap apanawraHfjaH KeiiuH apanawimMa TUSUMHUHT yMY-
MWlA 3HTpoNUACHK

+ (156)

ANTMHANGaH nbopaT bynaaw.

JHAM a Ba b rasnapHuHr apanawuwmn (guddysnacu) Ty-
thainm TUSUMHUHT YMYMWUIA SHTPONUACUHUHT Y3rapuwwmnHu To-
nannuk. ByHuHr yuyH (151), (152), (154) Ba(155) ndoganap-
HWN Hasappga TyTn6, (156) ndoaapaH (153) HKM ailmpammns, SbHU:

KK3 = k5- K3 = M,k In " + M.k In (157)

&Kn 6yHAaH
= (158)

ngoaa onvHaau.

by hopmyna (158) rasnap yyyH, macanaH, aproH, HeoH Ba
6oLK,a rasnap y4yyH tacgukgaHagun (k. (12)). ®apas kunannumk
NKKUTa 6up Xun ras = TYuguwaa apanawicuH. (157)
ékn (158) dhopmynara acocaH, apanawmw (y3gugpdysus Tydainnm)
SHTPOMUAHUHT OPTULLN

A5=2Mn2 (159)

ndoga 6unaH aHUKAaHaAW. YMyMaH, 6Up XUN ras yuyH aHTpO-
MASHAUUT OPTULIM 3HTPOMUAHUHT MaBXYyZ amacaurura onuné
Kenagu; YyHKU FasHUHT X,ap KaHgaln >"onatuHu, 613 ras Kmem-
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NapUHWHT opacugarn TYCUK apHUHT ONMHULWIN Tyhalinu to3ara
KenraH, ge6 TacaBByp 3TULWIMMMU3 MYMKUH. By 3ca YHUHT 3HT-
ponuscu, (159) raacocaH, aBeangaH 6epuaraH xap K.aHgain CoOHAaH
KaTTa 6yna OnMLWKNHK KypcaTagu.

AMMO 6up xun ra3 bynraHga Tycuk. 6ynuwin €Kn yHWUHT
OJIMHULLN MAKPOCKOMUK XapaéHUHUHT (Anddysmsa xogucacu-
HWHT) 6ynuwnra onm6 6opmanan. MyBo3saHaTaarm TUsMMAaa Mak-
POCKOMUK XapaéH bynmacnmrn yuyH (6up xun rasga ysgudg-
hy3ma xonmcacum —TepMOLMHAMUK >KapaéH amac!) YHUHT
aHTponuMAcKu y3rapmacnuru nosum. LLyHaain kunmnb, Tepmoan-
HaMuKagaH kenn6 ympkad (159) mdoga amangarn HaTuxara
3npavp. by smaamatHu Mmb66e napajoken jeTnaT -

FM66¢c By 3MaAMATHU 3MNUPUK ycyn 6unaH xan kmngu. Cra-
TUCTUK Pu3mkagarn (144) dopmyna acocuga 6y 3amaauaT ys-
y3npaH 6apTtapag aTunagm; xaku™ataH xam, xap Xun rasnap
apanawranga (144) qopmynagaru 3ununuk n = 7Y/Kysrapagu
Ba, AeMak, 3HTponus ysrapaau; 6up xun rasnap "apanawraHga”
aca TyCcuK, bynmwm ékn ONMHUWKU BuNaH 3NYINK y3rapmangm
Ba, fleMakK, 3HTPOMUAHUHT K.MiAmaTun ysrapmaiign (Fm66¢c napa-
LOKcKu bynmangn).

1 -u3ox- CTaTUCTUK PU3MKaHUHT ofaTaarvn 6aéHuia 6y 3u
OVATHU KBAHT MexaHukacugaru (Xo3mpru 3aMmoH MUKpo3appa-
nap gusnkacmgarn) anHaHIMK TaMOMUANHK Xncobra onnb, CyHr
CTUpAuHT opmynacugar onganaHuil opk anm xan KunmHagm
(Cakyp-TeTpog thopMynacvHu onuLija xam, aHbaHaBuid ycynga
WyHAah KnanHagn).

BU3HWMHT ycynummusga aca, Mmb6c napafoKCMHM Xan aTuwja
CTupnuHr opmynacugaH oiganaHuwra axTnéx 6ynmarnigm
(k. [12] 241-6eT).

2-n 30 x- Cakyp-TeTpof TeHrnamacupga 1-~ ObynraHza aH-
TPONWA S HONMra UHTUIMaraHu yuyH, Cakyp-TeTpog TeHrnama-
CU TEPMOANHAMUKAHWUHT YUMHUN KOHYHWUHW K,aHOaTNaHTUpMaii-
awn, pevnnagn (macanaH, K. [12] 219-6et). AMMO Temnepartypa
T HOMra UHTUAMLWK Xap BUpP 3PKUHAUK gapaxacura Tyrpu Ken-
raH 3HEPrUSHUHT HOMra UHTUAULWIN AeMakaup. SHeprusa ys-
NYKCW3 y3rapraH xonga ¢aso xam Y3fyKcu3 y3rapuwum Tanab
atunagu, abHum J1  Obynuwn Kysga Tytunagu. Ly cababnu,
Cakyp-TeTpog TeHrnamacuga WY(Obk\ Jly/cT’HucHaT HOAHWK,
6ynnb6 k,0nagm Ba, femak, T-~Q bynraHga TeHrnama TepMoam-
HAMUKaHWHT YYNHUN KOHYHWHW KaHoaTnaHTupmarananrm (Eku
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KanoatnaHTupuwmn) Homabnym 6ynm6 K,0nagu. Arap KaHoat-
NaHTUupagmn, SbHU fa SN0 6ynagn geinwnnca, (h™NT)
YUYH Mab/lyM YerapaBuii KWiAMaTHU ONULL MYMKWH.

4.9-§. BO/NIbLUMAH ®OPMYJIACHU

AKKanaHraH TU3MMHMW Kapainmk. Tabpudgra Kypa 6y \onga
£m=< jE'>= i/= const. (160)

KBaHT \o n. CTaTUCTUK AUTUHAN

rPEi (161)

6yHoa  -/-MWUKPOXONaTHWHT 3Heprusacu, ammo, (160) ra aco-
caH, 6y \onatnapgaru aHeprus y3sapo TeHr. LUyHuUHT yuyH (161)
HW Kylngarnya €3mil MyMKWH:

=]

eKku
Z= (162)
byHa

(163)

Xonatnap coHn Znnnr (162) nthofacuHu aHTPONMUA TeHrnamacu
5=v + Inz (164)

ra Kyimb sikkanaHraH TU3UM 3HTPONMUACK YUYyH ywby ndoga-
HW 0NaMu3:

5= 1M, (165)
By ngoga bonbuMaHHUHT MaLXyp opmynacuamp.
Knaccuk x,0n. by\onga ctaTuctuk nHterpan
(166)
KypuHULW ga aHukaaHagu. (160) ra acocaH E = const 6ynraHnu-
M yyyH
Z (167)
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TEHTNIUKHWN 0N1laMU3; 6yH,u,a:

= _ (168)

(167) HW 3HTponuAa TeHrnamacu (164) ra kyiin6, aHa bonbu-
MaH thopmynacuHu onamms'. by epga  TusmMm hazaBnin haso-
farv “syeiikanap" Katakiap COHM 6unaH aHWKAaHagu.

SHTPONUAHUHT 6OoWKaya KYpUHULWNHN Kypannnk. SKka-
NaHraH TU3UM Y4yH

MA = \an=~\cll :EF}CN’ (169)

3KaHW Mabaym. byHparu thasaBuin E Ba E + pagunycnm
runepcepanap opacugarv \axkm. eTapnu fapaxaga KU4uK
Oynnwmn MyMKuUH. (SIKKanaHraH TUM3UM Y4YyH cUpTiap opacwu
Xyfa onka fgeb oputunagm sa Opeinnagn.) ¥ xonga

= | oy Bkm AT~ = | (/fg

(E) (AE)

®dunsnkaga KynumHya IHTPONUSHUHT y3rapuwun mMy\um
6ynraHnnru yuyH, (165) HUHT ypHUra
A5=1n/" ékn A8=1nAr~" (170)

E3UNINWN MYMKWH. DHTPOMUAHUHT ojatdaru wgoganapuaa
BosnbuMaH JOMMUIACK K NWITUPOK 3Taaw:

5, = yIy. (171)
n66¢c Tabpuu Byiinua sHTpONMUA  KMPUTMAraHaa

8,= -k<1ln/">, (172)

' CTtaTucTuK husnkaga bonbumaH opmynacu noctynart cudatnga K,abyn
K,ununagv, BusHWMHI 6aénummsga aca y 3HTPOMNMUA TeHrnamacupaH Kentu-
pn6 unk,apungu.

174



Ammo 3HTpoNuA (" TapTUOCU3NNK fapaXacuHN aHUKAanam-
1'aH KaTTa/InK 6ynraHn yyyH y ynyamnm 6ynuwim wapT aMac Ba
XaTro ynyamcus 6ynmwmn TapTubcnsnmnk gapaxxacuHu KypcaTyByun
(cKNn MHpopMaunAHN aHUKA0BYN) cuaTnga Xxam MaHTUK,aH,
\am ycny6uin xmxatgaH 6GU3HUHr4Ya TYrpUPOK, 3KaAHUTUHU
toNopupa anTraH 3guk.

Tapuxuii MabnymoT. QHTPONUA QPOPMYanapuHUHT, XXyMna-
faH, bonbuMaH QOPMYNaCUHUHT PU3NKA YUYH XYyAa MYXUM-
NMMrMHNM KyBoHMHT "CTaTUCTUK MexaHuka" KuTobupa Kentu-
puaraH Kyiuparn mabnymoTgaH Xam 6unané onuw MyMKUH.
"y3an BeHaHWHT mMapkasunii kabpuctoHuaa Jlrogsur bonbuymaH
(1844—1906 nnnnap) XxoTmpacura KyiuaraH é4ropankka, yHUHT
NHCOHMATra 6e6axo Tyxgacu, abHU S = RIn IVdopmynacu aba-
Anit Myxpnab KynamnraHaMruHum mynosumnap Kypuwinapy Mym-
KWH.

Mabnym 6ynuwnya, S = J1/mXKdopmynaHm aiiHaH Wy Kypu-
mmwpa bonbuMaH y3m xed KayoH é3maraH. MnaHK Y3WHUHT
WCCUKAUK HYpNaHULIWN Ha3apuacu b6yinya KuaraH nekuuHna-
pvga wy gpopmynanu 6epaau..." [4].

Mawxyp AnoH gusnrn Ky6o TepmoanHaMUKAHUHT BUP~H-
UM Ba UKKMHYUN KOHYHNapu xacupga é3mb, y Kyimaarn 4mponnim
yXWaTUWHN Kentupagn: Tabunin xxapaéHnapHUHT 6yoK ab-
pukKacmpa 3HTponusa TamonMAM LUPEKTOPANK Kuanmb, xamma
6utumMnap (Kenuwysnap) TypaapuHu Ty3uLira Ba ynapHuHr'6a-
Xxapunuwura 6yripyk 6epagu; xyaau Wy nanTha SHEPTUSHUHT
CaK[aHMWL KOHYHM (hak.aTrvHa byxrantep poauHu yiiHa6, gebet
Ba KpeauT (KMPUM Ba YMK.UM)HU MYBOMUKAALWTUPULL (TEHT-
nawtvpuw) 6unad wyrynnaHagu.

1-u 30 XmAKKanaHraH TM3Mm y4yyH
Z- e-'N, (1)
ngoga onuHAN. (1) faH.
V= \n{NJZ). @)

Nra 3appagaH n6opat ugean ras yuyyH (2) Hu

®)
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KYpUHULLAA é3ULW MYMKWH. Y3/1yYKCU3 Xpn YUyH "~ofatnap coHun'
NS HU

M = (dn=4-(df

eKn

KypuHuLga é3auk. (4) asaBuii haso "katak"nap COHMHMW aHuK,-
naign. Npgean knaccuk ras ydyH (3appanap coHu J1"a 6ynran-
fa) g = N~ [Jemak,

®

(5) ja  —ycynnap coHu. [lemak, xap 6up Mukpox;onarga
ofatparu afabuétga kabyn kunuHranugek J1! ta ycyn éynmac-
faH, 6ankn M/~Taycyn 6opamp, SbHU X,.ap 6Mp MUKPO>~onaTHK
M'Axw ycyn 6unaH onvw mymkuH. Ly cababnum mukpolonart-
nap COHWHK ra (J" — 6y ycynnap COHUHUHT 6MP KNCMUHW
TalWKua 3Tagn) Kynantupuil 3apyp.

2-n 30 X Wpean knaccuk ras sappanapu

(6)
Xonatnapga 6yncuH. Mukpo”onariap COHM  ra TeHT Oy/CuH.
AmMMO ByHAaru Ta MUKPOYONaTHUHT xap 6upun toKopuaaru
KaBcnapHWHT (3appanapHuHr) ypuHIapuHu anMawiTupuil Ty-
thainn \ocnn KUAMHUWKW MYMKWUH. ByHpail "aHru x“onatnap"
coHn M)XXTagaH nbopat 6ynagn. AMmo 6y sHru \onatnap mab-
NYM ¢'3SHEPTUANN MUKPONONaTHU X OCWT KUAVHULIWIUHUHT 6up
KMCMU XOMocC. £'3HepPruany MUKPOX,01aTHN HOKOPMAaru Kasc-
napfaH N~ Ta ycyn 6unaH \ocun KWW MYMKWH, LWYHWUHT
YUyH HU ra KynanTupuiw Kepak:

CTaTUCTUK (husnkaga 6MTTa ycynra Tyrpu KenraH MMKpPO-
X0NaTNapHUHI COHUHMW TOMWLW YYyH KaTaknap COHUHW N/ ra
6ynuw nosum.

4.23-macana.
vAIn(NJZ) )
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IlO]-)Myna acocnpa /1" ta 3appagaH mbopat uaean ras "\onatnap
Tonn"™ Y¥,HM aHNKAOAHT.

Eunw. by\onga y= 3/1Y2,
1 ( 12 AN/1
Yy y2nTKT)

bynapgaH ¢oliganaHn6, (1) Hu kbaiiTta é3amun3s;

eKun

32 rN/1
1 <2neTkTH '2neTKT

K

ByHaaH, MMKpo~onaTnap coHM  TemnepaTtypa T Ba 3uu-
JWK n ra 6op/uK, 3KaHAUTN Kennb unk"aaw.

4.10-§. TEPMOAUHAMUK ®YHKLUSANAP
TakCMMOT (hYHKLMACU B IHTPOMUS YUyH
ME) =~e-~\ (173)

5'=y+Inz=Ai/+InZ (174)

ngopara aramms.
CTaTuCTUK MHTerpan ZHu Kylhingarnya anmawitupamms:

+ (175)

ByHzaH:

Inz= -13E
eKu

E= -01nZ (176)
TEHTIMKHU Tonamus. (176) Hu (174) ra kylicak:

8=pu-pP
eKu

P=wun-8 b a77)

12— A. Boligeaaes 177



Arap 0, = Nréynca,

n- TkS
KK
F=n- T (178)

6yHoa 5 = kS. (178) garn / "HUHT ngofacMHn —TepMonHa-
MUKagaru spkun aHeprusi {CenNbMronsl, NoTeHUUanu) gennnagm.
B = n/ynan toiiganannd, (177) Hu

F=U(\-S/y) (179)
KK
f+f =1 (180)

KYpVUHMLW A €31 MYMKWH.

AKKanaHraH TM3nMAa K,atmac >xapaéHnap cogmp bynaértrau
bynca, TepMOAMHAMUKAHUHT UKKWHYUN KOHYHMWTa acocaH, YHUHT
aHTponusAcKu S MyBo3aHat \onaTura KenryHra kagap optub 6o-
pagu, AbHU MakCMMyM KuiMaTura apuliryHra kagap optub
6opagu. by xonga aHeprus E Ba, geMak, W4KuW 3Heprus U
y3rapmaraHauru ( cakgaHrannmru) caba6nm, (179) gaH kypu-
HagWKW, 3pKNH 3Heprus /"kamaiinb 6opagu Ba S MakCUMyM
KuiimaTt Kabyn KunraHga y MUHUMYM Kuitmat Kabyn kunagu.

CTaTUCTMK TepMOMHAMMKA HYKTaM HasapugaH TapTubcus-
NNK JapaXXacUHWHT OpTULWMN (TU3UMHWUHT MYBO3aHaTra AsKMHnNa-
wyBswn) TapTnbay \apakaTHUHT Kamalimwura Moc kenagm. Tap-
TN6W XapakaTHUHI KaMakuliy TU3SUMHUHT 1w 6axapa onuu
KOOGUAMATUHUHT Kamaiumwmn gemakgup. WyHaalhi kmnu6, ap-
KWH 3HEprua TUSUMHUHT nw 6axapa onvil KoGUINATUHN Xa-
pakTepnaign. TusMMm MyBO3aHaTra sKMHnawWuwm 6unaH apKuH
3Heprusa kamasagu Ba, AemMak, TUSUMHUHT unw 6axkapa OnunL
KOOGMAMATU Kamasgu Ba, HM\OAT, / MUHUMYM KuimaT Kabyn
KunraHga TUSUMHUHT MW 6axapa oanw KoGunmatu inykonagu.

TepmoanHammnkaga

hb=E+PY (18*1)
ngpofaHn TepMoagnHaMUK noTeHumnan (EKM MMO66CHUHT TepMo-
AVHAMWK MoTeHumnanun) geinnagu;

H=U+PV (182)
n([)oganm aHTanbnuna (Ekm uccuigiukK dyHkuusacK) gernnagu.
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(181) pait KypuHaguKKM, AKKanaHraH Tusnmpga >xapaédniap
M)aup 6ynaétraH 6ynca, YHUHT TeEpMOAMHAMUK MOTEHLUMANM
Kamainb 6opagm.

3HAM TepMoOgUMHAMUK QYHKUMANAP; UYKK 3Heprua U, ap-
kM1 3Heprusa F, TepmofuHamMuk noteHuymnan ®sa aHTanbnua H
IIHy3rapuwnapnHu Kypamnnuk.

TepMmogmHaMUKaHUHT | Ba 11 KOHYHAAPUHWHT YMyMUli Mo-
pacu 'nbbe-Aorem myHocabatm

0dS = dU + dA - R~dy (183)
Musra mabnym. byHpa Rdv = TEHTIKAaH (oliganaHno,
(183) HM KaiTa E3amus;

edS =dU +dA- lidN, (184)
OyHAa ji — KMMEBMIA noTeHuman, N — TM3MM 3appanapu COHW.

Tnsmmra 960cmMm Ba yHAAH Tawk apy x,, X\ ... X.... Ky4nap
Tabcup KunaétraH 6ynca, 6ynap TabCUPMAA YHUHT X;@KMU Ba
6owka X|, x*, .. X. ... napameTpnapu ysrapuwn MyMKWH. by
\onga TM3MM TOMOHMAAH 6axapunaétraH uw

dA = PdV + Y, Xidx,- (185)
|

npoga bunaH aHNKLaHaM.

dapa3 kunannuk, 6epk Tusnumra (svHu dN = O6ynraHga)
(1>akar 60cm Tabemp kunaétran 6yncuH. Y \onga (183) myHo-
cabar

9dS=dU+PdV (186)
€Kku

dU=edS-PdV (187)
KYPUHULWHW onagn. bByHaH WYKW 3Heprus /—TepMmoaunHa-
MUK QYHKLUUAHWUHT apryMeHTapu 3HTponusa S Bafaxm KakaH-
arn kypuHagn. (187) paH 6ocum PBa B y4yH

p=_ Al A<E> (188)

, 0K

23 (189)

ngoganapHu onaMmus.
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Mpean ras yuyH B K T . by \onga (189) gaH, xycycuii
?Monga abcontoT Temnepatypa T HAHT TepMOAMHAMUK Tabpudu

= A
S (190)
HW onamus.
(187) TeHrnnKHM
d(U-eS)= -Sde-pdV (191)
eKu
dF= -Sde-pdV (192)

KypuHULW fa éKn yMyMuUin >onga
dF =-Sde -PdV +ndN - * Xjdxi (193)

KypuH/W Aa é3uw MYMKUH. (192) gaH KypuHaguku, 3pKuH
aHeprus x,axm K Ba 0 ra HucbataH TepMOgMHAMWUK MOTEH-
unangup (PyHKUnagmp). YHgaH

/\'1 AP/\

’P:_

s 1y (194)

ngpopanapHy onammns. Arap B = const 6ynca, sbHU XapaéH n3o-
Tepmuk bynca, (192) ngopa

-dF=PdV (195)
KypuHuwra Kkenagn. byHaaH n3oTepMuk XapaéHa spKuH aHep-
TMAHWUHT KAManuwm TUSUMHUHT 60CMMU TOMOHWUAAH TaWwK™ KyY-

napra Kapwu 6axapunraH uwira TEHT, geraH Xynoca unk"agu.
(193) myHocabaTHu

d{F + PV) = VdP - Sde +i~dN -
EKn
d0 =VdP-Sde+ndN ~Y,XidXi (196)
KYPUHULLTA OCOHNNK 6BUNaH KentupuLl /MyMKVIH, byHaa
h=F+PV=U-eS+PV (197)
(196) myHocabatgaH

v="ml g po

AP)eNXi P.N,Xi (198)
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(196) paH P, B, Voonmuin bynraHga
-d0 =dA

npogaHn onamus. lemak, 60cum, TemnepaTypa Ba  LOUMWUIA
6ynraHga TU3UM TOMOHMAaH 6ocMMAaH GOLLIK A TaLLK,M Ky4napra
[<apwwm 6axkapuaraH v TepMOAMHAMUK NOTEHUUANHUHT Ka-
mMaiumwmnra TeHramp.

AKKanaHraH TMsMMga Katmac xapaéH 6opaéTtraHga sHTpo-
UUAHUHT yCULWIKN TY(aiam YHUHT TePMOLMHAMUK MOTEHLMaNm
® kamasgun. (187) myHocabaTHU Kyiimgarmya KypuHmwga ésaii-
NNK:

dH=6dS+ VdP, (199)
6yHaa
H=U+PV. (200)

A —3HTanbNua éKN UCCUKANK PYHKUMACU. YMYyMKUiA Xxonga

dH =edS + Vdp + BdN Xjdxi (201)
ByHAaH KyiinaarvHu onamus:

ds J VT {8P SNXi (202)
WyHuHraek (201) gaH KypuHagukm, P, N Ba X goumui
bynraHga

dH=(edS),,~=dQp,", (203)

TEHTIMKHWU 0N1amus.
WyHaain knnnb, 6epk TM3MMa TallKW LWapouT y3rapMa-
raHga n3obapuk >xapaéHga TmsmMra 6epunaétraH wccuw/ink
MUKLOPY TU3UM 3HTANbMUACUHWHT Y3rapuwmnra TeHrgup.
JHAW 6Up HeuTa TepMOSMHAMUK MYyHocabaTnapHu KenTu-
painuk: (188) Ba (189) maH:

P
voo[sy) (204)

(193) paH

‘aph
30yv  [AY) (205)
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(198) paH:
(dv/de)s =-(dS/dP)g. (206)

(202) paH
(dV/dS)p=(de/dP)s. (207)

onuHraH (204)—(207) TeHrnuknapHu Makcsenn mynocabaT-
nal)H gennnagn.

Bepk TM3um yuyH v = const 6ynraHu Tygainmn (180) ga S
HUHT ypHura (194) gaH YHUHT KUAMaTUHW KenTupué Kyimo,

F apP

n

=1
\ yV.N.X,

TEHrUKHU onamus. (184), (193), (196) Ba (201) udonanappaH,
ABHU

dU =edS - PdV + ludN -
dF =-Sde - PdV +ndN - ~ Xli/x-

d0 =-Sde + VdP + 7idN - A Xidxj
dH =GdS + VdP + ndN - N X~dx,
TEHIMKNapgaH, TErUW M napaMeTpaap y3rapmai KonraHga,
(du),,, = (dF)~,, = (d0)p~, = (dN),,, (208)

TEHTNTIUKNapHW 0NaMus.

4.24-macana. dU, dF, d0, i///napHu Bupuan koappuum-
eHTNap opK,anu udoganaHr.
KypcaTtma TUSUMHWUHT ueannnkhaH YeTnaHuwwnapy yuyH
av (208) TeHrnamanap ypuHan 6yncuH, geb ) mcobnaHr.
Eu nw. Xonat TeHrnamacuHu supuan KoaphuumeHTnap
B(T), C(I'), ..., opKanu é3annuk:
PV~ NkTW\ + nB(T) + rfC(T) + ..) @)
EKn
PV-NKT=nNKT[B(T) + nC(T) + ..\ )
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Oyuga (PYYNg= MkT— Knaneipon \onat TeHrnamacu. Kypcar-
mara acocaH, (208) garu ysrapuiu

n- = MnkT{B{T) + nC{T) + ..) 3
(208) ndopara acocaH:
MnkUB{T) + nC{7) + ..). 4

@ Ba Anapra HUcbaTaH \am LWy Kabu TeHrNMKNapHu ésunaau.
2.25-macana. YMmymuii \onga 6ocum yuyH

_ IP
P= 3K BN ®)

ndoga mabnym. AeBanru macanagaru (4) nogagaH ongana-
nuné, (5) faH Bupuan KoauumeHTnap oOpKanu \onart TeHr-
NamacuHu KenTupmué Yn apuHr.

Eunw. (5) garm PHUHT ypHUTra YHUHT ndogacu

WcaAB(1) + aC(7) + ..]

nM KysMns:
__'ar) ar
P= 1y Y MnkT(B{T) + nC(T) + ...))K

= pA+ AKTBIT) +. = PA+ NAKTB(T) + .. = PAL + nB(T) +...)

6yHaa = nKT3KaHAUTMHK 3BTUGBOPra 0ONMHCA, YHU BUpUa
Koa(h(hMuMeHTNap opKcwm é3nnrad \onaT TeHrnaMacu 3KaHIurm

mabiym bynaaw. .
4.26-macana. bepk TU3NUM Y4YyH CTaTUCTUK UHTerpan
r=C{y,Y , X)un )

KYPUHULLTA 3ra SKaHUTUHN KYPCATUHT.
Eunw. Bepk TM3nm ydyH 3appanap coHu TYBa, gemak,, K
y3rapmaiigun. Ly cababnu

iIs'=illnz =~ilz @
busra (189) faH mMabnyMmKu,
= "ﬂ'M' =
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(7) H¥ abTMGOpra onnoG, (8) HM é3annuk:

A = 7 (an)l
v (s VARYN']
8Kk byHgaH
dz, dUNX:
z n

TEHTNUKHU E3aMU3. By TEHTNMKHKU UHTerpannab, nanaHaétraH

(6) nwopnann Tonamms. byHpa C(v, V, X — nHTerpannawl fom-

muiicu v, VBa x, napra 6ornuk, 6ynné, s ra 60rnuk. amac.
4.27-macana. YMymuii \onaT TeHrnamacm

aRPViP +P,){V -K,) =(Cp-CyY )
NCcOOT K.MAMHCUH, byHaa

_pi/" _(/J,H\
» Lok, 17 " T yap] @

Eunw. bnsra mavnymku,

_(,U'Vln P _ cp-cy

/K - 3K Va (3)
SI/U-I - ¥ = Cy-Cp
3K PR @

(2) 6enrmnawnapra acocaH (3) Ba (4) HM é3amMus:

{(P+P,)V=UCp-Cy), ()

(V-K)P =-UCp-Cy). (6)

K < Kakannurn C\> C/paH kenu6 yuk.agmn. (5) sa (6) Hu
6up-6upura Kynantupmb, nnaHaétraH \onat teHrnamacu (1)Hu
0Nnamms:

iP+PI(V-V,)PV = (Cp-Cyf. @

Tapuxuii mabnymoT. TepMOgUHAMUK PYHKUWUANAPHUHT
Homnapu \ak>mpa (k. [4]). "OHeprua” atamacu "sH" (Inhalt
= capacity) curumMm, MMKLOPHU Gunaupagm; apr (e'pyov — wui)
nWw cy3ngaH Kenmb Yik.K,aH. TU3NM sHeprusacu atamacu Apuc-
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rotenb acapnapuga ydpangu; "nuku aHeprusa" atamacuHm Tom-
coH (1852 ii.), Knaysmyc (1876 ii.) knpuTraH, "aHTponua” aTa-
mMacuHu Knaysuyc (1865 ii.) KMpuUTraH; HOHOHYa y3rapuil,
y3rapyByaH KatTa/vK cy3ufaH ofinHraH. "3HTtanenua” (Kamep-
NUHT-OHHec, 1909 iA.) HOHOHYA UCCUKAWMK MWUKAOPWU Cy3faH
onvHrad (Mm66¢C Wy GyHKUUAHM 6ocum goMmuii 6ynraHga uc-
CUKAMK (DYHKUUACK JeraH). "OpKuUH aHeprua” atamacuHu enbm-
ronbl (1882 i.) kmputrad. TepmognHamunk noteHymnan & Hu
(TMBBCHMHT 3pKWH 3HepruacK) Mmbbec KNpUTrax.

4.11-8. KUMEBUIN NMOTEHLWUAN

Nuku 3Heprus T, aHTponus 6’ 3pKuH 3Heprus P, Tepmo-
OUHAMUWK noTeHuunan @ Ba aHTanbnus H yw6y P Ba T napa-
MeTpnap LOMMUIA 6ynraHia agauTvB KaTTanukaupnap. by aca
TU3NMHUWHT MOAAA MUKAOPW, Wy 6unaH 6upra spKUHINK fapa-
anapu CoHu Ba, Aemak, 3appanap COHW Heya MapTa owica, By
(hYHKLMANAP X.aM LWYyHYa MapTa opTagu gemakamp.

ALOUTUBIMK X0CCACUTa acocaH KyimngarmnapHu é3uw Mmym-
KWH;

n = Nf NN (209)

(210)

(211)

0 = Nf[P,T), (212)

6yHpaa/6buTTa 3appara Tyrpy KenraH gyHKUnMagup.
Kylingarn gngpdepeHymnannapHm é3annnk:

dU =edS-PdV X,dx, +lifrdN, (213)
dF-=-Sde - PdV-Y, +~NdN, (214)

dO =-Sde + VdP-"~X;"dx, +i.indN , (215)

dH =edS + VdP - A X7dXk + fividN (216)
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(213) — (216) gudppepeHumannappaH

(U K. (Ao (aH\
AN AN gyx Mg ablap (217)

IKAHNUTU Kenub umk™agn, abHU KUMEBUIA NoTeHuMan in HK I,
P, ®, ATepMoAMHaMUK GyHKUUANApAAH 3appanap CoHM Byiun-
Yya \ocmna onmnb aHMKZaW MYMKUH. AMMO GynapHUHT X.ap 6u-
puiaH jlaHWKAaHraHMa yHUHT y3rapyBun napameTpnapu \ap
xun eynuwu (217) gaH KypuHagu. (212) sa (217) paH aéHku,

®=N~(8,P). (218)

[emak, 6up xun 3appanapgaH no6opat TMSMMHUHT KUMEBUIA
noTeHUMann 6up 3appara Tyrpu kenraH TepMOgMHaAMUK NOTEH-
unangaH néopart.

X\ napameTpnap 6ynmaraHga cldyuyH

cl®d = -5clB + YéP + =
= -8clB + YcIP + c!{"N) - N(1" . (219)

ByHaaH, (218) HK Ha3apra onub, é3amus:
din = -3¢l + pclP, (220)

6yHOa 5Ba b 6UTTa 3appara Tyrpu KenraH aHTpoONuMA Ba \axm.
OndhpepeHumnart c!Pun é3amus:

6P =-3ée - PclY +/clbl = -3¢19 - PclY + (/(uM) - Uéy

eKu
cl{l - yM) = -5clB - Pcly - McIN (221)

byHpaa
F~|.IN=F-®= -PY (222)

(221) Ba (222) paH:
-c1(PY) = -5c¢l18 - PclYy -

eKn
N =y K (223)
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4.28-macana. TepmogmHamnk pyHkumna & ndogacugaH goi-
[anaHmo,
N =v (P , S =v
T

TEHTTUKNapHN ncbot OWITNHT.

Eunw. 'mbb6e-Atorem myHocabaTnHu é3amums:
TclS=dU + PdV - f.ulN, N ()]

IIN=0 =U+PV-sT. 4]
(1) Ba (2) nappaH:

TdS =dU + PdV + Ndn - d{Npi) =
=dU + PdV + Nd/j -d U - PdV - VdP + TdS + SdT

KK
SdT + Nd»~ -VdP =0. €)

(3) paH nsnaHaétraH ngoganapHn onamums.

4.12-8.NNCT TEMNEPATYPJTAPHW
onnw YCYJJIAPA

1. XKoyn-TomcoH athpeKTH.

flKKanaHraH TU3UMHWU Kypainuk. ByHpai Tusmmpga uuku
Heprus ysrapmaign. a3 monekynanapu opacuga ys3apo Tab-
CUpP Ky4ynapu Ba, flemak, NoTeHuuan aHeprus maexyq 6ynca,
ra3 KeHraiuwmnga MoneKynanap opacmgarm mMacoga ysrapmwm
Tyhaiin NoTeHUMan saHepruscy ysrapmwmy kepak. Masraw”a-
pufaH aguabatvk axpaTuaraHu yvyH Oy sHeprus ysrapuiim
MONEeKYyNnanapHUHI KMHeTUK 3Heprusnapu )™umcobura éynagu.
Bowkaya aiiTraHga, arap MoJieKynanapHWHI y3apo Tabcup Mno-
TeHUManu maexyg 6ynca, ras KeHraiiraHga yHUHr temnepary-
pacu y3rapuwun 3apyp. AHa Wy MacanaHu \an Kunuw yuyyH
1852—1862 iinnnapga XXoyn Ba ToMcoH Taxkpubanap yTKasau-
nap. by Taxpubanapfa rasHuUHr Temneparypacu opTuwun, Ka-
Malinlin Ba XaTTo Mabaym Temnepatypaga ras KeHraraHaa yHuUHr
TemnepaTypacy y3rapmaii KOnuwm xaM MyMKUHANTN aHUKAaH-
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an. by \ogncaHu Xoyn-ToMcoH agheKTU aranagun. byHpa
TemnepaTypa nacainmwm (ras coBywun) mycbaT agdekT, TeM-
nepatypa Kytapunuwuy (ras K.nM3vmwun) maHpuin addekT Aeb
atana 6ownaHgm.

dapas K,unainnuk, 4.4-pacmga LMAnHApPAAru nopLieHaap oc-
TUAarn ra3napHuUHr 6ocumnapu P, > 6yncuH. by \onga, arap
XXYMPpakK ouukK, bynca, naxra KyiunraHu cababnm ras CEKMHANK
6unaH KeHraagu. Tawk™apugaH aguabaTuk axpatuarad yHgan
KapaéH yuyyH TepMOANHAMUKAHUHT BUPUHYN K;OHYHU

= (224)

bynagn 6yHpaa:
AU=UN-U,, (225)

1 MoJb ras yanm TOMOHAAH YHF TOMOHTFa yTraHaa YHUHT 6a-
XapraH Wy Kyiuaarura TeHr:

YHIF TOMOHAArn rasHuHr 6axapraH mwm = N A =
= PWYN YMymuii 6axkapuaraH uu:
on= A1 + = PAYN-PYY,. (226)

(225) Ba (226) HM (224) ra Kyamus:
V|,'V|,+p,y,'p,y,:
=1, +p,y,-(U,+p,y,) =H,-H,=0. (227)

By \onga TM3MMHUWHT 3HTaNbNUACK H AOMMWIA KONagm, SbHU
cll= 0. TUBUMHUHT X,0naTuHKN (P, 7) ra HACGaTaH aHWKNaHraH
[e6,

. = ('qH/\ ~ + Aeﬂl! = 228
éH ; nT 1P clP=0 (228)
TeHrnamagaH
roq" rod"
ap _ an T
1(1p H (oH Cp (229)
AT %

HucbaTHM onamns; éP<0, C,> O3kaHnnrmngaH cITHUHT ULWO-

pacu {aH ra 6ornuk, 6ynagu, avHn Xoyn-TomcoH addek-
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TUHU ndofanoByUn Koag- IV'*
hULMeHT X HUHT uwopa-
cu (-'q)dl HUHTMWwopacu- — Il
ra 6ornuk.. Fm66e-Arorem
MyHOoca6aTy 4.4-pacm.

i PN

Tcl8= cln+ Pcly

HW Kylingarnya é3uw MyMKUH:

raq" . [
i/r + clP- Y(1P 230
[ar, p \aap ( (230)

byHaa <YS5Tymuk guppepeHumnan 6ynraHun yuyH

Tcl3 =

(aH \H _y
op AT aT Ap

TEHT UK Baxapunagn. byHpaH

(AHAT: y-T 22%’\) = K- Ta) (231)

TEHINMKHU TonaMmus. Jlemak, >Koyn-TOMCOH 3a(hheKTun yuyH

ar _ ¥Y(Ta-\) _ TY(a-ao0)

K= p Cp Cp

(232)
HucbaTHW onamus, byHga o, = 1/T.

(232) ndogauun Ta>ywmn atannuk. 1. o = a, = 1/l 6ynca,
AbHW ra3 ugean bynca, yHUHr \@XXMu KeHraliraHaa Temnepary-
pacu, KyTuaraHgek, ysrapmangm, abHu apgekt X = O6ynagu.

2.a > wapT b6axapunca, EP <0 6ynraHaMrn ydyH c1T<0
bynagu, abHM GyHgall wapT baxapuaraHjary KeHranuwga ras
cosuinan (¢/r< 0).

3. a < «ywapT 6axapuaraHga ra3 KeHraraHga y Knsmigm
(¢/T>0).

4. OKopugarunapgaH KypuHaguku, 6epunrad 6ocum Paa

a{P, T) = 1II. (233)

TEHT/INK KaHOaT/aHTUpPUnaguraH TeMmneparypa r ha ra3 KeH-
ral‘/’lraH,qa X=n 6yna,q|/| Ba, AeMaK, Fa3HWHI TemMneparypacu
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A
P y3rapmaingu. by .Temneparty-

pa WHBepcus TemnepaTypacu
aennnagw.

5. (233) TeHrnamaga 6ocum P

HUHT y3rapuwmn 6unaH nHBeep-

cus TemnepaTtypacu ysrapagm,

Trr 2Tax T (K. 4.5-pacm) UHBEPCUS YN3UTY

naingo 6ynnwuHm Taxpuba

Kypcatagu. by nHsepcus ymnsu-

rmgaH 60CUMHUHT 6Up K;uiima-

TWUTa MHBEPCUS TeMnepaTypacUHUHT UKKWN KUiAMaTh Tyrpu Ke-

MWK Ba MMHUMAN XaMja MakcumMas UHBEpPCUs TemnepaTyp’ia-

py MaBXyAnurun KypuHagu. WHBepcua 4yumsmru myco6at

Xoyn-TomcoH aghpekTn coxacMHm (AbHK ra3 KeHraraHga co-

BMIAgWUTaH COXpaHu), MaH(uid adekT colacnaaH (ras KeHrai-
raHga KmsninguraH co)agaH) axpatuob Typaau.

Kylingarn xagsanga 6yHra Muconnap KenTUpuaran:

4.5-pacwm.

ras r, atm T..,,K
CoO, 18-100 2050 249
Ar 50 723 125
?aBo 150 553 140

LWyHpan kmnmb, Xoyn-TomcoH agdekTn épgamuga nact
TemMnepartypa onuLW YYyH rasHMHTr Temnepartypacu MHBepcus
Temneparypacn FAMaaH KMUYKK, AbHU T < Gynuwiu wapr.

Wpean ra3 sa BaH-fgep-Baanbc rasm yuyyH uHBepcus Temne-
patypacuHu aHukgannuk. Xoyn-TomcoH aphekTn Koapdpu-
LUneHTU ngogacu 6usra Mabaym:

(c1iT” Y(Ta~\) _ roy\

YASP) U o T V) (234)
1) Npgean ras yyyH x,onat TeHrnamacu PY = fifgaH a = 1/T

kenn6 umkagu. Aemak, (37/gP)y =0. Wpgean ras KeHrai-

raHfa YHWHT 3Heprusacx Ba feMak Temnepatypacu ysrapmaingm.
2) Ymymuin xonga Y{T.a{T.) —1= 0gaH I HM TONWwW no-

3UM. By TEHTNNKHN
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-K =0

AT\,
eKu
ray” -
naH urJ[aP;[ay)
or
o7
oK

3KaHNUTMHW Hasapaa TyTuno, (235) Hu

-T -V
Jin g 0K

KYPUHULLTA KeNTupamus.
BaH-gep-Baansc TeHrnamacu

P=vb

[emak, 6yHAaH:

(ap"
ART 1K Y-b [0k Jr

(238) Hu (237) ra kyicak:

=0
KT 1 2«
(Y~b)» yn
ATb

Ab”"

y’

(235)

(236)

(237)

(238)

by xonga

KT KTY — 2a _ 23 _
Y-b ' (Y-b)A yn T TN T YyA(\-bIY)N T
eKu
Kol
(\-b/y)~
3nununk katta 6ynmaraHga b/Y << 16ynagu.

_ 27
f~Tb e

T < Tpa ras copuinign, T> T. ga ras Kusumigw.
M 30x;. (239) gaH KypuHaguku, MHBEPCUA TeMnepaTypacu
T. utapuw KyunapuHu (Monekyna "X,axm"1MHu) XapakTepsoBym
braTeckapu nponopumnoHas Ba TOPTULIKLL Ky4napuHU xapak-
TEPNOBYM Ty3aTMa a ra Tyrpu nponopLmoHan.

(239)
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2. MasHn agmabaTuK KeHraTMpub nact TemnepaTypaiapuy
OJINLL YCY/IN.

M., Kanuya rasHn kaiiTyBYaH agmabatuk xxapaéH 6unaH
KeHrantTmpub nact Temnepatypanapum onuLW yeyanHu nwnab
ymeamn Ba amanga yHuU KypcaTau.

rm66¢-Atorem MyHocabaTMHM KaikTyB4YaH aguabaTuk xapa- |
€H y4yH Kylhinparuya €3ainuk:

Tcl5 = c1H- YclP = CpéT + 0 -V clP=0. (240)

busra mabnymku,

a9

e =Y-¥YTa (241)

(241) paH doiiganaHun6, (240) TEHFIMKHW KyiAnaaruda ésa-

MU3:
1T YTa
(Clp ac >0 (242)

ByHpaaH, ¢iP<0 6ynraHu ydyH, ras K,aiTyB4YaH agmabatuk
XapaéH 6unaH KeHrairaHga \ap govMM COBMIAAW, ABbHM c1T<0
6ynaaw.

3. MapamarHnTNapHn agmabaTukK MarHUTCU3NaHTUPULL Ayn
6unaH nact Temnepartypanapun onnLL ycynu.

CyloK.BOLOPOAHUHT Temnepatypacy 14°A" H20°/1THK, CyloK,
renuin Temnepatypa colacu K -"-42°A' HA TaWwKun 3Tagw.
X03upru 3amoHga Maskyp refuii TemnepaTypacuHu, ogaTaa,
nacT TemnepaTypasap cogfacH geiinnagn; FA'gaH nact Tem-
nepaTypaHu acayTa nacT TemnepaTypa comacu feinnagu.

Y'ranact Temnepartypa K,uiimatnapuHu onviw yuyH 1926 iiunga
[ebaii myTnakaHrn ycnybHu apatam, y MarHuTo-Kanopuk ag-
thekTaaH hoinganaHnb napamarHMTaapHu agnabaTtMk MarHuT-
CU3NAHTUPULL OpPKanu yTa nact TemnepaTypa onuw yeynuHu
Taknng atTau.

MarHuTo-Kanopuk aheKTHU —>XKUCMHUHT TemMnepaTypacu
6unaH yHaarm MarHMT MaingoHu opacmga 60rfnaHuWHN TYLWYH-
TUPANNNK. BYHUHT yUyH XXUCMHWUHT SHTPOMWACK  HU TeMmne-
patypacu T Ba MarHuMT mMaigoHn fAra 6ornuk. ge6 K.apain\k,
AbHN 3{T, A) 6yncuH. MarHuTt maiigoHun Axucmpgarn (napa-
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mMarHuTgarn) TapTubcmsnmkka Tabcup 3Tn6, yHaa TapTmbam-
NNKHW X,0CUN K;WIMOK,4n 6ynraHn yuyyH $k,aHya Katta 6ynca
TapTUOBCU3NNK AapaXaCUHW KypcaTyByUM 3HTponusa 6’ WyH4a
Knumk 6ynagun (K. 4.6-pacm).

TemnepaTypa Kamanumwu 6unaH, Tabumniikun, 8(T, H) xam
Kamasagwn. lNapamarHuT assan [, Temnepartypaja Ba (Bkm
A, = 0) marHuT maigoHaa H) \onatpa 6yncud. Mapamar-
HUTZArn MarHUT MangoHHN N30TEPMUK K,alTyBYaH >apaéH 6u-
naH  Kmiimatrava owwnpamms (4.6-pacm, ABuTw<). by \onga
TalKW Ky4nap napaMarHuTAatTapTubnnank\ocnn Kuamw yyyH
(1Pra. (3pKWH 3Heprua opTMWNra) TeHr nw 6axapagun. by xonatga
aHTponua 52(TA, HY) kuiimaTHM Kabyn Kunagu. by xongaxucm
(mapamarHuT) TOMOHMAaH TepMocTatra 6epuaraH MCCUKIUK
MUKLOpK

(243)

ngpopa 6unaH aHMKNaHagn. IHAM KaliTyBYaH agnabaTuk xapa-
&H 6uNaH MarHMT MalgOHHM KamanTupnb (napamarHUTHW mar-
HUTCM3NaHTUPKUG) aBBanrm A, Kuinmatra Tywunpamms. byHpaa
napamarHuT \onaTu aHTpoONMUACH A,) faH ubopat byna-
an. by xapaéH 4.6-pacmpga BC uusmk 6unaH 6epunraH. by
agmabaTuk xapaéHga temnepatypa I, naH raya nacasgu.
Agvabatvk xapaéHga (10 = 0 6yiraHn y4yH 6UPUHYM KOHYH

a{/+ p4 =0 (244)

KypuHuwga 6ynagun. MapamarHuTaa .MarHWT Mak4OH ONUHTaH-
fla TapTu6nn marHeTuknap (MoOHNap) TapTMOBCU3NMKKA Kenuwmu
YUYH YTapHUHT y3apo TabCUPNapuHM eHrmw yuyH mw 6axapa-
avnap. (244) paH KypuHagumku 6y U MYKKM aHEprusa xucobura,
AbHU TemnepaTypaHWHI na-
canmwun xmcobura 6ynagw.
Jemak, Temnepatypa nacas-
an. flHa wy TemnepaTtypaja
napaMarHUTHNU U30TePMUK
mMarHuTnab, CyHr yHu agma-
6aTUK MarHUTCMU3NaHTUPKG,
TemnepaTypaHu nacanTupuL
MYMKWH. By ycynHu KaiiTa-
Kaiita kynnab, mabnym yera-
paBuil yTa nact Temneparty-
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paHu oMW MYMKUH. (4.6-pacmaa MyHKTUP Ym3mK, bunaH Kypca-
TunraH). by yerapa napaMarHUTHW TalW KW KUATaH MarHeTuK-
NapHUWHT y3apo TabCcup aHepruscu 6unad aHnkaaHagu. byHgain
y3apo TabCup 3HEPrusAcy Xyna Knunk 6ynraH TuauMmnapga, ma-
canaH, 3NeKTpPoHNap CAMHNApKU EKN A4p0 CMIMHNAPKW Y3apo Tab-
cupu 6unaH 60rnuk, TMMMnapaa TeMnepaTypaHuHT Yerapasuii
K,uimMaTnapn >Ta nact 6ynagu. [lemak, 6y ycyn 6unaH aHa wy
yerapagaH mactra (yHu xycycuii abcontoT Temnepatypa aeb arta-
AMK) Tywn6 6ynmangu.

4.6-pacmpaaH KypuHaguku, TemnepaTypa Kamaimwm éunaH
5{T, H) \am kamaiun6 60pagn Ba A HMHT Bapya KuiimaTnapunga
Yy Mab/lyM IUMUTra (YHW HOMra TEHrNaWwTUPUNaam) UHTUNASM.
ABBan A"garn napamarHUTHW U30TEPMUK KapaéH bunaH mar-
HUTNab, CyHr agmabaTuk xxapaéH 6uiaH MarHuTCM3NaHTUpuo6
Ba 6y ycynHu 6up Heua MapTa Takpopnab, yTa nact TemnepaTy-
paHu onuw MymkuH. Macanad, 0,001°/IMxarTo yHAaH X,am nact
Temnepartypa K,uimMmaTuHn onuw MymkunH (k. [13, 14]).

YTa nacTTemnepaTypaHu ONULLIAArMA Yerapasuii Kuimar na-
pamMarHUTHUHI MarHuTyanapw opacujarv y3apo TabCup noTeH-
uniUlura 60rnnkaurnHn Ba 6y y3apo TabCup NOTeHUManu K,aH-
ya KMUmK bynca, TemnepaTypa KUAMaTUHWUHT Yyerapacum LWyH4ya
nacT GynMWANTMHN WYy ypuHaa fsHa 6up 6op Takpopnaimus.
MacT TemnepaTypaHn ONMLWIHUHT By ycynn KaiiTyBuyaH agmaba-
TUK XapaéHra acocnaHagn. by x,onga 8 = 8{T, H) Hn é3nwiun-
MU3 MYMKWH:

cl5 = at+ (N gy -0 (245)
H

byHga
irras ¢,

. T1 o (246)

Busra mavnymkun Makceenn myHocabatu

FeXn
\Ap, 1

MarHuTo-Kanopuk x,oaucanapHu K,apaw yuyH (P, V) xyqT-
faH (A, M) xydTra ytuw kepak. byHga (V, P) napgaH 6upu-
HUHT OpPTULINIa UKKUHYUCUHUHT KaMaiulinm MoC Kenagu.
(M, ) pa aca GUPUHUHT OPTULLNTA MKKUHUYNCUHUHT OPTULLN
moc kenagu. LLUyHUHT yuyH MakcBenn MmyHocabatu
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r35]  (gM'\

[aH)r [ar] (247)

KypuHuwga ésunagun. (246), (247) um avtnbopra onub, (245)
nn KainTa é3amms:

Ac1T +(ﬂ'¥'\ ¢IH = 0, (248)

6yHAa A — MarHuT MaifoH KyunaHraHamru, M — marHuTna-
HUW BeKTOpU. ByHpaaH

e17? [ o (249)
clH

MarHuTto-kanopuk apdekt (4M/aT)y ) ocunara 60riuK..
MapamarHuT yuyH
M=XH. . (250)

Kiopu KOHYHHM

C
X=y, (251)

6yHga C—pgoumningup. (250) Ba (251) ngpoganap acocmga yu-
6yHV onamus:
'aM] cu

Gry  T2e (252)

MacT TemnepaTypcLuiapfia KaTTUK. )XUCMAAP UCCUKAUK CUTUMU
yuyH [ebail K,0HyHU

C,NATA (253)

ngoga 6unaH aHnkKgaHagn. A —nomMmuii Mukgop. (252) ea (253)

HW (249) ra kNinb, MarHMTO-KanopuK 3PeKT yyyH yuoby
TEHTINKHW TONaMun3:

(3Tn oA = 254
Y 49>0, (254)

6yHpa B = C/A. AgnabaTtuK MarHUTCU3NAHTUPUATAHAA, AbHU
€H <0 6ynraHga, (254) gpaH KypuHaguKW, TemnepaTypaHuHr
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Kamanmwuy dT < O fbHKM TemnepaTypaHuHr \/T K,0HyH 6yiin-
Yya nacanmwm cogup 6ynagm.

1-1n 30/1- "MarHeTuknap" HWHI y3apo TabCcup NoTeHunanu
(sHepruscu) 6unaH aHMKgaHagMraH TeMnepaTypaHuHr 3HT nact
yerapasuii K,uimatn T HU Taxpmbaga onuw MyMKUH. AMMO
M= O KMAMATHU 0NN MYMKWH 3Macinru MaHTUK aH Kenué
unkagun. (by xynoca I'= O TemnepatypaHu onub 6ynmaciuk
XaK,uparv TepMmoguHaMukaHuHr 11 KoHyHuaup).

2-n 30X;. BupnHun n3ox xynocacufaH aéHku, 4.6 pacmpga
A, Ba ¥ 6ynraHgaru arpyu unsmnk”ap, agabuétga antunraHgan
= Opa amac, = 7,5'0pa y3apo Kecuagu.

4.13-§. JIE WATE/IbE-BPAYU TAMOWNWAN

1 JNe-LWaTenbe Tamoinnnn. MyBosaHaTAarn Tusumra XTtab-
cup KypcatunaértraH 6ynca, TUSUMHUHT Tyrpu peakuyumacu (ka-
BOGM) Wy TabCUPHW KamaiTMpuwra KapatuaraH oynagn (AHpw
Nywn Ne-Watenbe (1850—1936 i1.) thpaHLy3 onmMmu).

Mwu con. I'temneparypanu 1-Ba 2-Tu3nmiap Myso3aHaTaa
6yncuH (K. 4.7-pacm). ®apa3 Knnannmk, 1-Tusnumra UCCUKLNK
6epuw (XTabcup) 6unaH 1- Ba 2-TM3nMmaap opacuga myBsosaHat
6ysnnagn. by xonga uccMkKAuk 1-TusumpaaH 2-TusmmMra yrta 6ow-
nangn (Tusum peakumsacu ). TUSUMHUHT By peakumacu Tem-
nepatypanap GapKuHU KamaTupuwra onné kenagu. Jle-Lla-
Te/lbe TaMOMMAN TUSUMHUHT Y3 TeMnepaTypacuHUHT opTULIMnra
KapLu peakuuacura acocnaHrad. byHaa ncCMKanK okumu ca-
62611 1-TU3UMHUHT 3HTPOMUACKU Kamasaau:

6yHaaH AT

ar =B MO, AQ<Q As <0

aQ 2. Jle LLlatenbe-bpayH Ta-
Moiinnun. Arap MyBo3aHaTja-
rm TusmmMmra X tabcup byna-
ucen mkh éTraH 6ynca, 6y Tabcupra
TU3UMHUHT 6UnBOCUTA peak-
T+l T LUACK y WY Tabeup X HU Ka-
MalTUpUWITa KapaTunarad

4.7-pacm. 6yna,qv|.
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Mwu con. Mogpa uccu™nunk AQ

Y'rkasaguraH LMAnNHAP N4ura Xom-

nawTupunraH 6ynuo, (k. 4.8-pacm), %

y MyBo3aHatga 6yncuH. MyBo3a- CUDKTU
HaT \ofatga MYKK Ba Tawk™ 60-
cumnap 6up-bupura MUKLOpP Xu-
\aTngaH TeHr 6ynagu; nopleHb
\apakatcu3 6ynagu. Mogpara AO
ncensank GepuncuH {X tabcup
KypcaTuicuH). Y )YMonga myBo3aHaT 6y3unagun; MoALaHUHT TeM-
nepatypacu optagu. by MmoggaHvHT Tyrpu peakumnacu. ByH-
[aH TalwKapu nopweHb ocTuaaru MoafaHuHr 60CUMu, \axx Mu
OPTULLU MYMKUH. BY —TU3UMHUHT 6unBocuTa peakumsacn (ka-
BOoOW). ByH[a NopleHb CUMKMULWLN MYMKWUH. By \onfa, aéHKu.

4.8-pacm.

(B7)>(AT) .

LLyHaain Kunmb, x,akvm y3rapmac 6ynraHgaru temnepartypa
y3rapuwmn (A7)" 6ocum ysrapmac 6ynrangaru (AT)? aaH (AbHK
nopLlueHb y3rapagurad \ongarngaH) karta. by nkkuHum \onga
NOPWeEeHHWHT \apakatn TU3UMHUHT 6MnBOCMTa peakumnsacm X
TabCUPHMW KaMainTupuLira KapaTuaraH.

4.14-§. HEPHCT TEOPEMACMW.
TEPMOAVHAMUWKAHWNHI YUYNHYN KOHYHW

Busra Mab/TlyMKN UCCUKTUK CUTUMMUN

a0 (255)

CHWHT X.ap 4OMM MyCOaTAnrnaaH TemnepaTtypaHuHr ysra-
puWwmn 6UNaH UYKN 3HEPTUAHWUHT MOHOTOH Yy3rapuwu Kenub
ynKagu.

Arap TUBUMHUHT TemnepaTypacy HOAra MHTUACA, Y UMKO-
HUATWM ByNraH sHr KUYMK aHeprus  ra ara \onarga 6ynaau.

MKKMHUYM ToMOHAaH, MyBO3aHaT \onatga Mukpolonartnap
a\TumMonnMkKnapun TaucMMoTn PyHKLUACK
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6unaH aHukpaHagu. B = (\/ j 5) O 6ynraHga 6y ¢yHKLNS
/p\ LU AMpaKHUHT genbTa-pyHKUMACUra ytuwmn 6umsra mabnym,
SbHU

/p,(E) =5(E - E,). (256)

ByHAaH 3HT KNUYMK 3HEPruanM MUKPOCKOMMK X0NaT AroHa-
OVp feraH mMabHO umk™agn. MainzeHb6epr HoaHWK/IMK foupacuja-
MM 3HEpPrua Knimatnapura Moc KefaguraH juHamuk \onatnap-
HW KBaHT MeXaHWKacu HyKTau HasapugaH Xam Ky3aTtuw myM-
KUH amac. Ly cababnm Ky3aTuiu MyMKUH BynmaraH g*xonarnap,
amanga cTaTuCcTUK pusnkaga AroHa xonat geb kapanuwym Mym-
KUH.

flKkanaHraH Tu3umfga sHeprua E Tabpudra Kypa, AroHa
KnuiimaT f,HU Kabyn Knnagu; YHUHT TaKCMMOT PYHKUMACH —
MUKPOKAHOHWK TAKCUMOT, SibHU JMpakHUHT genbTa-hyHKUMAacH
5{E - fm) gaH néopatgmp. AMMO JHEPrnANN AKKanaHraH
TM3NUMAarv 3appanapHUHT xapakatu Tydaknm Mmukpoxonarnap
COHMU yerapanaHraH 6ynca-ga, xyga Kyn 6ynagu.

LLly ca6abnun sHT KMYUK IHEPTUANN TUSUMHUHT MUKPOXO-
naTnapu akkanaHraH TU3UMHWHT MUKpoOXonaTnapuaaH Ty6aaH
thapknu.

XakukaTaH, 6y kapanaéTraH xonga aHeprus remneparypa-
HUHT KamainuJu 6unaH KBaHT PAyKTyaunoH poHravya Kamaii-
16 6opagn. MacanaH, KaTTUKXUCMHWHT OCLUNNATOP MOAENN-
4a xap 6up ocUMNNATOPHUHT aHepruacu Tw/ 2 raya Kamaiinb
6opagn. NKKUHUYN TOMOHAAH, SHEPTUSHWUHT KUAMATUHW aHUK-
nawgarn HoaHukauk leiiseHbepr HOAQHMKNUK MyHocabaTtura
Kypa bca/ 2 TapTubuga.

Jemak, aHeprna KWAMaTUHNHIY3N HOaHUKNK coxacy Tw/ 2
fa étagn. Xo3upru 3amoH (hu3mkacu tacaBBypura acocaH 6utra
MaKpoxonatra amanga 6utta MUKpPoxonaT MoC Kenagu

ByHpali xonga cTaTUCTUK MUTUHAW

2 = . (257)
/

By xonga aHTponus TeHrnamacuaaH

5=z=y+1nr=0 (258)
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)SumMrn Kennb unkagn. lemak, Kyinmgaru TeopeMa ypuHau:
0 Opa6 Oobynagu. (259)

By TeopemaHun HepncTnunr keHraliTupunran (EKM ymym-
nawran) Teopemacu ne6 aTanmms.

Taxpuba HaTwxkanapu wyHu kypcataukm (W. Nernst —
M HepHcT, 1906 i.) 6Mp XXUHCAWM TUSUMHUHT TemnepaTypacu T
nosira UHTUAraH4a YHUHT 3HTpPONusAcK 60CMMra, 3udnkka éku
(Lazara 60rnmk, 6ynMaraH AMMUT (LOMMUIA K,MiAMaT)ra MHTUNa-
. M. Mnank (1911 i1.) 6y poumnii  kuiimaTHu Honra TeHr,
ABbHU

lim6”=Jo =0 (260)

[e6 Kabyn KUNULWHW Taknug aTau.

(260) ngponaHn HepHcT (EKU HepHcT-Mnauk) Teopemacu
aerimnagn. Taxxpubanap HaTuxacu 6ynraH 6y (260) ntopa Tep-
MOAMHAMUKAHWUHT GUPUHYN Ba MKKUHUYM KOHYHNapu bunaH
6upranukga TepMOANHAMUKAHWHT aCOCUMHW Tall KU 3Tagn Ba
YHU TepMogMnamMmnkanunryymnyu uonynun’6 atanagu.

CTaTUCTMK DM3MKa HYKTan HasapuaaH TepMOANHAMUKaHUHT
YUYMHYN KOHYHW TU3MMHW TalKWA 3TraH 3appanapHuHr 6up-
6upura HucbataH (KysaTunaguraH) xapakaTnapuHUHITyxTara-
HUHKN nogcaigm (acocuin \onatgaru 3appa \apakaTtu cTatuc-
TMK u3nKaga Kapanmangu!), asvHn Oy X,0n4a AroHa guHamuK
MUKpo~onaT Ba, AeMak, AroHa CTaTUCTUK MUKpo~onaTra ara
6ynuHagn. byHpaali Bokea Mykappap Bokea 6ynn6, YHUHT aX.Tu-
Monmrn 6upra TeHrgup (TepMognHamMmuk s\Tumonnnk \am éupra
TeHr). byHpail xongarv TUSVUMHWHT 3HTPOMUACKH HOMATA TEHT
6ynagn (abHW 6yHga W.= 1, = O, 5= 0). HepHCTHUHT ymy-
Munin Teopemacu (259) gaH = JIF6ynraHga, HepHcT Teopema-
CUHWHT ndogacu Kennmbd Yymkagu.

OHeprus 0= U/v ungean (KWHETUK 3Hepruara 60rnmk)
Ba noTeHunan 0V (moTeHuwan aHeprusara 60rnvMK) KucmaapgaH
noopar, AbHK

O=00+ | |
dapas kunannuk, 00 < O6yncuH. by x,onga 0 =0, - \su
HepHCTHUHT ymMyMuin Teopemacura acocaH, 0 =0, -10,,j » O
bynraHga, 5-> O6ynuwmn yuyH
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00 (261)
6ynuwn 3apyp. Arap \s[,\\ = KT" ge6 oncak, (261) Hu
T; (262)

KypuHuw ga ésamns. emak, x.ap 6up MoaLa Y3UHUHT XyCyCuii
noTeHuManra ara aKaHnuMrura abTUGOPHU KapaTtcak, x.ap 6up
MOAAa YYYH Y3MHUHT Xycycuil abcontoT Temnepatypacu 7" MmaB-
XYL 9KaHIUTKU Kennb uunk;agm.

By TacaBBypra Kypa, x,.ap 6up mofaa Y3WHWHT 3HT nacT
(verapasuil) TemnepaTypacura ara. YHWHI TeMnepaTtypacuHm
amanga wy 7\ TemnepaTyparaya TyWwmpuil MyMKuH. (261) ngo-
fJafaH KypuHagukun, ngean TMsum yyyH [6a1 = O 6ynraHauru-
[aH YHUHT abcontoT nacT Temnepatypacu 7y = Obynaaw.

TepMOAUHAMUKAHUHT YYUHUMN K,OHYHU[AH, XyCyCaH WUCCUK,-
MWK CUTUMU, TEPMUK KO3 PuUUMeHTNap (MCCUNMTUKAAH KeH-
raiimiy a, 60CUMHUHT TepMUK KO3 duumneHTn /3) Ba 6ok a
Wy Kabu kaTTanuknap Temnepatrypa T-~  6ynraHga (xycycaH,
7, = O pa) Honra uHTUNagu.

4.29-macana. Temnepatypa MHonra MHTUAraHga UCCUK TUK
curumm C HOAra MHTUINLLK, SBHU

lim Cy - O (1)

r-»0(7())
3KAHNUTVHWN KypCaTuHT.
E unw. Tabpudgra acocaH, UCCUKANK curumu C yuyH

C=4r “Tuar @

nhoda ypuHnu. TepMogUHAMUKAHUHT YUNHUM K,OHYHWIa acocaH:

i 7= 11 AN I =
il ¢ =M M rygma ATV gy *S
=lim[Q +6]=1limS +limQ =0. €)
(3) paH, yunmHuUM KOHYHra Kypa
lim =0 (4

JKaH/MNrn Kypcatmnagwn.
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4.30-macana. TepMuK KoaphuumeHTnap:

AT AT @
TepMOAMHAMUKAHUHT YYMHUM KOHYHUra acocaH Opa Hon-
ra UHTUANLWUHWN KYPCATUHT.
Eunuw.
rakK| M5" 5(,qPJ'I )
[AT)p [TV "aY) @

MakcBenn MyHocabatnapm 6vsra Mabnym. YUMHUM KOHYHra aco-
caH '—0 bynraHga TUBUMHWHT 3HTponusicm 5 6ocum P ra,
3munmk p ~1/K ra 6oP/IMk 6ynmarad \onga goMMuiinnkka
(BoMMMIA KaTTanMKKa) MHTUNAAMW, feMakK Obynagu. ByHn
abTMbopra onunHca, (2) ga

- r
K’\O mp 0. H’% ay ®
(2) Ba (3) ra acocaH,
@

Mn30\. Ncecukgnk CUPVMA C yuyH

Bc18=c10=Cc!T

MyHoca6aTAaH HepHCTHUHT yMyMUWiA TeopemMacura acocaH

nogaHn onammns. byHpaa 6ynraHga ¢'->0 6ynraHaumru
yuyH, anbatra, 7, bynraHga C~O Oynuwun wapT, akc
xonga nHterpan octugaru ugopa (C/0) yekcus karta ynapau.

KaTTuK, )X MCMHUHT UCCUKAUK CUTUMUN C HUHT TemnepaTty-
para 6opnaHuwn Xapaktepu 4.9-pacmpa cxemaTuUK KypcaTtun-
raH, 6y epga C{T) YN3NKHUHT JIONOHT-T1TU KOHYHNAAH OrunLL
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XapakTepu Ba YHUHT yerapa-
cn 7\ MOJLAHMHT "KaTTuK,-
nmK", "MypTamk" kabu xocca-
napuHu xapakTtepnangmn. Arap
(DOHOHMAPHMWHT Y3apo TabCu-
pu 3bTMBOpPra onaMHca, ymy-
MaH, [lebaii KOHYHMU

CAA{T-TAY

4.9-pacwm.

KypuHULW ga 6ynuiim no3um. by epaa KenTupuaraH acocra Kypa,
3N1eKTPOHMAP TU3UMU YUyH NOTeHLMan aHeprusa (CNUH y3apo
TabCcup BYHAAH MYCTacHO) UTapuLWMWLL XapaKTepura ara ynra-
HW cababnu > 0. by x,onga

0=01+0,

ngpopagaH 0->0 bynravga 0, < O 3KaHAUTW Kenub 4ymkagu.
Jemak, ' = Opfa anekTpoHnap TMUSUMUHUHT UCCUKAUK CUTUMU
C Hosra TeHr amac (4.9-pacm).

7'= Oparn C= a 3NeKTpOH/Iap y3apo utapulml Kyium 6u-
naH 6ornuk. HasapusHuHréy xynocacnHu Taxpubaga TeKwm-
pyLW MYMKUH.

BU3HMHIYa, KAaTTUKXKUCM UCCUKAUK CUTUMUHUHTIONOHT-
MTN KOHYHUAAH YeTnaHuwmnra xamaa arpyu YM3nK xapakrepura
Kapab, YHUHT KaTTUKIUK KainWwKOKAUK Ba 60LiKa xoccanapu
Xakmga MabnymoT ONuW MYMKWH. YHUHE Xycycuii abcontot
TemnepaTypacu P HM aHUKWAW MOTeHLMan aHeprus \akupga
MabayMoT 6epagw.

4.31-macana. XapaktepucTuk yHkuuagaH qoigananuo,
raMmma-takcuMoT A E) HUHr 0-~0 6ynraHfa genbTa-QyHKLK-
Ara yTUWWHY MCOOTNAHT.

Eunmw. XapakTepucTuk yHKUMA (p Tabpudra Kypa
Kylingarmya aHmknaHagu:

(1)

byHza

7(V)
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Jewmak,
P
r().

o
Y3rapyBUMHW Kyinugarmya anmaliTupannuk;
E(P-10 =y.

ByHAa MHTerpan Kyiuaaru KypuHuwra Kenagu:

(P-1nY My)
EKn byHAaH:
pv
-1y (-1py (T @
byHpa aca:
©)
Jemak, xapakTepncTuk gpyHkumnsa Tabpugu (1) ra acocaH
[ =? n
TWU3UM X0Nnatu firoHa E = Okuinmatnn (Ekn acocuin E = KWiA-

matnun) \onatga 6ynagu. emak, TaKCUMOT (PYHKLMACK

E{E) = | /,NE)c1E
0
6uTTa HykTaratynnanraH. LyHaai kunnb, ramma-3nuankgens-
Ta-PpyHkumara ytagu(k. @ennep [15] 573-6eT), 6owkava ant-
raHga, (1) jarm raMmMma-TakcUMoT fenbTa-hyHKunagaH nbéopat
bynagu:
WI/N.(E) =5{E).

1nm30\. P o (Bkm 0~ 0) 6ynraHga CTaTUCTUK UHTEr-
pan (MAMrMHAN) ZHUHT
/37 @)
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ngogacu, \onat 6UTTa 6YraHAUTN YUyH

KypuHullra kKenagu. 3HTpOI'II/IFI TEHINamacu

A= V+ InZ

acocunpga
A=Q

Kenué umk,agu. By HaTXKaHWU, SbHU HepHCTHUHT yMyMuii Teo-
PEMACKHM HOK,0pnaa KypAUK.

2-n30X- Npgean ras yuyH  -> o bynraHja

1
2 AT(>H) ©)

ngonasaH

aKaHnury Ba, gemak, 3 - V+ InZacocupga
5 00 (y < °°) (6)
Kenné ynkagun. Xyaam WYHUHTAEK, naean raz aHTponuscu

5 = =C>T+ 1IMnV+ @)

ngpogacugaH xam I A O 6ynraHga (6) ndoga Kenmbd Ymkagu.

BupuHumaaH, TapTUBCU3NUK gapaacuHU aHUKAOBYM CTa-
TUCTWK KaTTannk 5 maHguii 6ynuwin, 6U3HMHIYa, MabHOra ara
amac. UyHKM TapTU6CU3NMK gapaxacu Hoara TeHr 6ynuwu, 6y
Tyna TapTnenmMamnK geMakaup.

WM KkuHungaH, ymymuii udoganap (4) sa (5) 6y ©
yerapasuili xonga 6up-éupngaH tapuy kunagunap. Yerapasui
xonga 6yHgai 6up-6mprra Moc KeaMacamKTaaxxxybnaHapnm-
avp.

(7) nipopagan ' O pma -00 3KaHAUTU Kenunb 4wk, -
KaH/mrn cababnu agabuétaa aHTponua ugogacu (7) ydyH HepHcT
TeopemMacu ypuHcu3 geiinnagu. Mgean ras yuyH 6y yerapasuii
X0M4a ONMHTaH 3UAAMATHN Kylimgarnya TywyHTUpmunagn: nact
TemnepaTypaja rasnapfa aiHuu, xxymnafaH CytoKInK Ba KaT-
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TWK arperat \onatnapra ytuw 103 6epagn. byHpaii \onatnap
YUYH WUAean ra3 aHTponusacyu NhoJacuHUHT (7) KYPUHULLN YPUH-
cu3 bynagn. (MacanaH, K [14] 194-6eT).

Acnna macanaHu 4yKyppok Kapasnca, TepMOAUHAMUK yCyn
6unaH HepHcT Teopemacu opacuja TaoByT 6ynamMacaunmnra NoHY
\ocun Knamw MyMKWH Ba, flemMak, afgabuértaarn Kywumya Ty-
WyHTUMpUwwapra \am a\TUéx 6ynmacinru MyMKuH.

XakukataH \am, B ékm 0->0 é\yg U O (ngean
ras yuyH 0) 6ynuwwimn, aHeprma KMAMaTUHUHT Y3NyKCKU3
y3rapagu geiinnuwura onué kenagu. by aca pmsukagarn ymy-
Muii Tamoiun  fr-> O GynraHgarv TMMUTUHW aHUKAAL 103UM

6ynagw:
Ar(v+\) m ®
By HoaHuKNMKHK Tonuw ydyH (4) Ba (5) napHW 3kBuUBa-
NeHT 0eb6 kapab, (4) Hu B ynraHgary TUMUTUTA TEHT-

nawTUpUW Makcagra myesogukamp. by \onga:

lim —= =e" o)
B™LoZ Ar(v+\) .

ByHpali verapasuin >‘onga
. ("0)
N Ta 3appagaH nbopat ugean ras yuyH
s = 3N,v==3N/2,g=T.

BynapHu abvTu60Opra oncak, (10) paH:

lim /m3=nr 7 (11)

8kun B = UA;7\ akaHNurngaH, by yerapasuii x,onga:

lim ., = (12)

2nek T

By (12) wapT 6axapunraHga, Cakyp-TeTpog TeHrnamacu
(144) paH \am HepHcT Teopemacn kennb uymkagu. Opatgaru



YMYMUA huKp: ngean ras ydyH HepHCT Teopemacu €ku Tepmo-
AVHAMUKAHWHT YYMHUYN KOHYHU Gaxkapuimaiigu, geanwira ypuH
Konmaingn. AKcnH4Ya, GU3HWHT K,apawMMu3ga, vugean TU3UM
YUYH, 9bHU B = Oy4yyH HepHCT TeopemMacuHUHTI \o3upru 3a-
MOH Tabpudu Tyna baxkapunagun. TepMmoanHaMuka ycynm 6unax
onuHraH (7) HWM unpgean ras yuyyH Cakyp-TeTpopn TeHrnamacu
(144) 6unaH conuwTMpKG,

2/3
N
=1n / 1 2neTk
n 1,2

3KaHAUTMHW Kypamu3; 6yHAa e — HaTypan norapud acocu. ByHu
xucobra oncak, (7) ga M'm66c napagokcn xam nango 6ynmangu.
YMymuin xonga aca, 6usHuHrya, HepHcT ymymuin Teopemacu
YpUHAN Bynagu.

4.32-macana. TepMmogMHaMuUK ycyn 6unaH ofIMHraH aHTponus

5= C,In7’+ [?21n1"+ (1
I/Id)O,CI,aCVI 6unaH CaKyp-TeTpO,q TeHrnamMmacu
5=A 4+A1nq 1 "2nTkTA @
1Ty

HU conuwTnpnG,  UpoJacCUHU TOMUHT.
Eymw. 5 = 3KaHIUTUMHM 3bTU6Opra onamus. Npean ras
yuyyH Cy = BMK/1, K = Y1 k8" aKaHNUTUAaH:

=710l + 7Y10K + 50 ®
(2) Hu é3amus:

5 = AT +WInK+ 1 207K

By ngpopgavun (3) ra TeHrnawTupcak:

1InTK

~1pP~

31y 2nTKe 1 2r|TK"3/2
n - 1n
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u3/2
2NeTK

(o = 1In 4

W 30)". buTTa 3appara Tyrpu kenraH 5= 5,//1"un Tonai-
NK:

3/2

=iy 5)

WyHpain kunuob, nHterpan gouMmnincn  3appanap coHm N
HUHT X"amfa 3appa Maccacy T HUHT PYHKLUACK 3KaH.

YBOb
DA3ANTAP MYBO3ANATU BA ®A3ABUN YTULLAP

5.1-§. TEPMOAMNAMUNK MYBO3AHAT LAPT/IAPU

TepMOANHAMUKAHWHT MKKWHYN KOHYHWUIA acoCaH X.ap K,aH-
fai TM3umMm MyBoO3aHaT x"onarra kenagu. by myBosaHaT x“onarga
YHUN XapakTepnaiguraH TepMogMHamMuk noteHumnan (QyHkumsa),
mMacanaH /(x) aKCTpemMymra apuwiagun, sbHW MyBO3aHaT x“onar-
Aa J{xX) HUHT 6UpUHYM TapTn6aM \ocmnacu Honra TeHr Gynagu:

rapg!

=0. T
ax

MapamMeTp X HWHI MyBO3aHaTfaru kuiimatuga (macana,
x = X|,4a) JH{X) QyHKUMA MakKCUMyM Oynumwmn yuyH ./(X) HUHT
NKKWHYM TapTubnm x ocunacv MaH@uii uwopanu, abHU

<0, @)

Gynuwv 3apyp, MUHUMYMra ara 6ynuwm ydyH aca Mycbar uilo-
panu 6ynuiLn Kepak:

N \V; AN
w0 @
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TepMmogmMHamunK TacaBBypra Kypa, TU3MMra Talku Tabeup
6ynmaca, y y30K BaKT LIy MyBO3aHaT x“onatga 6ynaau, sbHU
TepMoAMHaMUK MyBO3aHaT \onaT 6apkapopgmp. XonaTtHUHT By
6apkapopnnk Me3oHn (KpuTepuacu) TepMogMHaMUK NOTEHL M-
a/THUHT 3KCTPEMYMra 3puLraHamrngup. TUSUMHUHT TepMOaK-
HaMuK noteHumanu J, 6ocum P, \axxm K Temnepatypa T Ba
3appanap coHu J1”ra Huc6ataH aHWKnaHraH, avHu /{P, V, T,
N) 6yncuH. K*yiingarn 6mp Heva \OIHU Kypawiink.

1. Tusanm sikkanaHraH 6yncuH; Tabpugra Kypa
JIE =0, MNA=0, 4

6y \onga, Tabpu Oyinmya, NYKM 3HEPTMA y3rapMaian, SbHU
cln=0.
busra

clu= Tcl8- Pcl¥+/1clbl ()

3KaHU Mab/iyM. TUUMHUHT \aXX MU y3-y3ujaH KeHravwm MyMm-
KuH. By \onga ¢/5 > O6ynagn Ba, Aemak, 5 makcumymra wH-
Tunagn. Arap \axxm goumuii 6ynca, 6yHgali Tusum 6apkapop
MyBO3aHaTAa 6ynuwu yuyH

¢/5=0, ®)

<0 ()

6ynuwun Tanab atunagu.
2. Tn3uM yuyyH gommMnin Temnepatypa T, LOMMUI XXM Y B¢
LOVMMWIA 3appanap coHM  6yncuH. By \onga 6usra Mabnymkum,

clp= -8clT-Pc/Y 8

By 6epk TM3nmMAa aHeprua ysrapuiuy MyMKWH, 3appanap
COHM  y3rapmaigu, xaxm ”x,am ysrapmaign. Tusmmaa xapa-
éHnap y3-y3mpaaH 6opaétraH 6ynca, 6y \onga temnepatypa (8ku
\@XM) opTULWIM MYMKWH, 6y >onga <Y”<0 skaHnuru Ttanab
aTunagn. MyBo3saHaT \onatga 6yHgaii 6epk Tuammga c1T= 0,
cly= 0, cIM—O6ynraHn yuyyH /"MUHUMYM KniimMaTt Kabyn kuna-
an, abHU cl1P= O

>0. 9)

208



3. Tusum P, T, Y¥Ynapra HAcGaTaH aHWbyTaHraH 6ynca, 6usra
MabyMKW,

6 = -8clT- YéP +/LL. (10)

Tusnmpa xxapaéH ys-y3ngaH keyaétraH éynca, ® = P + PY
faH TMUHUMYMra UHTUAUWKUAAH D \W MUHUMYMTa UHTUANK-
W1 Kenmb ymk.agn, SHHK

(i®<0. ")

MyBo3aHaT xonarga clT=0, éP =0, clbl= O6ynraHugaH

(h=0,(~1 >0 (12)

n

bynagun, AbHU TEPMOAUHAMUK MOTEHUMAN MUHUMYM K™MiAMaT
Kabyn kumnagu. TUSUMHUHT TEPMOSUHAMUK (DYHKLUACUHUHT,
mMacanaH, 3HTPONUACMHUHT BUP Heya MakCUMyMIapu MaBXy/
Oynuwin MyMKUH. TUSUMHUHT 3HT KaTTa Makcumymra Tyrpu
KenraH \onatu ctabuns (abcontoT TypryH), myso3saHatnum \onart
HucbaTaH KNUMK KWAMATAM MakcuMyMmaapra Tyrpu kenrad \onat-
napHu aca metactabunb \onatnap geiunagu. Tusum metacTa-
6unb )"onatga 6ynca, ¢pnykTyayusnap tydainnm metractabunb
AonatnapfaH Ynknb6 abconwT cTabunb \onatra —TepMofnHa-
MWK MyBO3aHaT \ofiaTra Kenuwmy MyMKUH. AMMO 6ab3aH Tu-
3UMHUWHT MeTacTabunb X~ onatuaaH Y3MHUHE acocuii TepMoAnHa-
MUK MyBO3aHaT x"onatra Kenmiin yuyH WYHYannK KaTTa BakT
KeTaguku (AbHU AyKTyauus Tydanam ytuwm s\TUMoNu WyH-
YanuK Ku4ymk bGynagukm) 6y metactabwunb \onaTHu cTabuib
(TepmoguHaMMK MyBO3aHaTAarn xonar) geé \ucobnaHuwm ama’
A KUX,aTaaH MYMKUH 6ynagm. MacanaH, ogatgarv wjwa me-
Tactabunb (amop®) x"onarga 6ynagu, y acocuii TEpMOLUHAMUK
MyBO3aHaT \oflatvra ytub KpucTannaHuwmn ydyH >Xyfga Kyn
nunnap kepak 6ynagn. ®apas kunannumk, Tmsum T, P, V, 8, V
napameTpan (KuiiMatnu) MyBo3aHaT X"onaTfaH yHra xygaa skuH
\onatra P, Fgoumunii 6ynraHaa KanTmac KapaéH 6uiaH yTCuH.
by myBo3aHaT \onatra kenraHga ), 51, K kuiimatnap kabyn
KunraH 6yncuH. by >"onga, TepMogMHaMUKaAHUHT |l KOHYyHUTA
MYBO(UK, TU3UMHUHT TEPMOANHAMUK NOTeHUnann & kamasn-
W, AbHU:

A® = {/-{/,-71:5-5,) + AK-K,)<O0. (13)
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dapa3 kunanuk, Tmaum f*, T, 6. K MyBo3aHaT
\onatgaH P,, I,goumunin 6ynraHga kantmac xxapaéH 6unan P,,
I'p ¢/, 5, KmyBo3aHat x"onarra yTcuH. by \onga ;"am tepmoaun-
HaMuK noteHunan @ kamasgmn, AbHU:

Ab=(/,- 6 [ - + (*<0. (14)
(13) Ba (14) napHu kywwnb6, (5,- 5) (- r)+ {P*- P) (K -
- K) < Oéknu

(5,-"(7°,-7)-(P,-P)(K,-l0>0 (15)

TEHICU3INKHN 0N1aMn3. VIKKM MyBO3aHaT X,0N1aTHWUHI napameTpia-
PU KNAMaTAaPUHUHT(apKNUHU U(poganoBymn TeHrensnuk (15) Hu

N5A7’-APAK>0 (16)

KypuHuwga é3annuk. (15) ékmn (16) myHocabaT TM3UM MYyBO-
3aHaTy 6apKapoOpAUTUHWUHT eTapau WapTuanp.

Bup myBo3aHaT x"onatAaH MKKUHYM MyBO3aHat \onatra \ap
XUN YTULLNAPAATYPPYHAINKHUHTMYasH KpUTepuitnapmHn (wapt-
N;1PUHN) aHUKNaW MyMKWH. MacanaH, TM3UM U30X0PUK Xapa-
éH 6unaH yTtca, (16) paH

A5,N1T>0 a7
wapT kenmb umkagu. byHga A5 > O skaHaurugaH AT > O
3KaHIUTM Kennub Ynkagn.
Aby =-~"CyAT>0

ndogasaH

© -(s71 "0 %)

WwapT 6axxapuanwmy Kenub Yymkagmn, abHKM 6yHaan \onga TM3nm
NonatnHuHT 6apkapopnuk waptu (18) naH nbopargmp.

Arap T3um 6up MyBo3aHaT \onaTAaaH MKKWHYM MyBO3aHaT
x™onatra N30TepMuK xapaéH 6unad ytraH 6ynca (abHuU AT = O
6ynca) (16) gaH MyBO3aHATHUHI BapKapopiIurn yuyH

-APAAY >0 (19)

LwapT Kenmbé ynkaam. Xonatnap 6up-6upuraxyga akuH éynraHsia
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wm|)opapaH doligrwaHnb, (16) HU é3amus:

apP A
[3Y/ (4K >0.
ByHga (AYY> O6ynraHnnru y4yyH MmyBo3aHaTHUHI 6apka-
pop 6ynuwiu

3P
\3%}r <0 (20)

LWapT 6axapunuwmnHm Tanab atagu.

5.2-§. TOMOTEH TUSUMHWHI MYBO3AHAT LWWAPTU

ABBan (pasza Ba KOMNOHEHT TyllyHYanapu 6unaH TaHuwan-
NUK.

1. KOMMOHEHT TywyHYacK. TU3UM n Xun MONekynafjaH TaLu-
Kun TonraH 6yncuH. Arap monekynanap opacmia KuMEBuia pe-
akuuanap 6ynmaca, 6yHaa TU3MMHU N KOMMOHEHTAN Aeiinna-
4N, AbHU XWnnap COHWra KOMMOHEHTNAp COHWU TeHr 6Gynaaw.
Arap TU3VUMHMW TalWKWa 3TraH \ap xwn Mofekynanap opacuja
KUMEBUI peakumanap, macanaH, T Ta peakumns maexyg 6ynca,
KOMIMOHEHT/Iap COHN XUNiap COHMAaH T Taya Kam bynaau. Ma-
C;TaH,

J, + = NH,
+ O, =2Hp,
180" + O, = 250a.

ByHpa cys Ba O napjaH TalWKun TONraHura kapamain
6UTTa KOMNOHEHT. Arap Tusum &°, Ba A"O apanawmagaH
néopat feb K.apanca, Xunnap CoHu 3 Ta, peakuus 6utrta Aeb
Kapanca (MacanaH, 24" + 0°-> 2HN0), yHAa 2 Ta KOMNOHEHTN
Tnum (A0 Ba  éku G x"ocun 6ynagun. bollka peakuunsanap-
ra HucbataH \am wWyHaal pukp antunagn. KOMNOHEHT TU3MM-
HUHT WYyHAaW KNCMUKWA, YHUHT MUKAOPY GOLIK A KOMMOHEHT-
nap MUKAOPWUHUHT y3rapuwura 6ornnk, 6ynmaiign. MacanaH,
1 kr cyB Ba 1 Kr cnupTAaH TalwKua TOMraH TUSUMHUHE CyB
KOMMOHEHTUHUHT MUKAOPMW X,ap K,aH4ya y3rapTUpuaMacuH, Ly
TM3nmga 1Kr cnupT MUKLOPW y3rapmaiign (peakuus MaBxyf
amac feb6 K,apanagm).



TW3MM N Ta KOMNOHEHTAAH TaWKUA ToNraH 6ynno, K KOM-
MOHEHTHWHT Maccacu /w*ra TeHr 6yncuH. by \onga

o= pa(«/n/ (21)

K KOMMOHEHTHWUHT KOHUeHTpauusacu éynagn; M — TUSUMHUHT
maccacu; k= 1,2, ..., N 3pKWH KOHLUEHTpaumnsnap COHU KOM-
MOHEHTNap CoOHMAaH 6uTTa Kam 6ynaau, abHWM U — 1ra TeHr
6ynagn.

2. @ a3a TywyHyacu. ®u3nMkK xoccanapu \amma Hy tanaps
6up xun 6ynraH TM3MM romoren TU3UM geinnagn; éup HeuTa
roMoreH TM3MMAaH TaWwKWA TOMraH TU3UM reTeporeH TU3UM
gennnagn. ®un3nk 6Mp XKUHCAN XXUCMHM nennagn. ete-
poreH TU3MM WKKW Ba YHAAH Kyn (pasafaH TalwKua Tonrad
OYNMLWN MYMKWH.

M wn con. Cys Ba CNUPT Tyna apanawinb 6up XXuUHCIuU my)™mr
\ocun kunarad 6ynca, yHu 6up dasanum Tuum geinnagn, 6up
HeuTa KOMMOHeHTAaH nbopat ras apanawmMa \am 6up asanu
6ynMwn MyMKWH; TU3UM CyB Ba My3aaH mbopart 6ynca, 6yHgan
TU3UMHWN UKKWU (hazanu reTeporen TusmmnenwaT. ®asaHUHr
XapakTepnum ToMoHu (6enrucu) wWyHfaH nbéopatku, y 6oLk,a
(hasanapfaH aHukK, yerapa 6unaH axxpanuné Typagu: bup komno-
HEHTAHWHT, MacanaH, CyBHUHraderar x,0Natnapu KaTTuk,, CyHoK,
Ba O6yr (hasanapHu Tawkun atagm. AMmo arperart \onatnapm 3 Ta
(nnasma \onatHu ano)™Mga geb6 K,apanmaca), azanap-coHu aca
Kyn 6ynnwn MyMKWH; mMacanaH, MY3HWHT 6 Xun Moaungpuka-
unanapm —asanapy MaBxyg; MarHUT KpUcTanan KaTTUK KUCM-
HUHT eppoMarHuT, napamMarHuT asanapu mMaexyq, Metann —
KaTTuk, )KUCMHWHT HOpMan Ba yTa YTKasyBYaH/IUK X onatnapu
(dhazanapu) masxys.

FOMOreH TUBMMHWHT MYBO3aHaT LWapTUHU Kypainuk. Tu-
3UM (DM3UK BUP XUHCIU N Ta KOMNOHEHTAaH nbopart 6yncuH.
By romMoreH TUSUMHWHT TeEPMOAMHAMUK MOTEHLMaNm

P=dP, T Y, M)

KOMMOHEeHTNap 3appanapun CoHnapu Yy, Iopla 60rnuk,
6ynagn. TemnepaTypa Ba 60cuUM AoOMMUIA BynraHga TEpMOAUHA-
MUK NOTEHLMaIHUHT y3rapuwmn MyBO3aHaT X,0/1aTAa Ho/ra TEHT,
ABbHU:

AP="clT +WcIP+~cIM, +2cIM2+... +~cIM,+... =0
a1 oP OHX are
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TR LW »1

eKu
Xun.dN ;=0 (22)
/

6yHaa
30
A= Nm (23)
/ KOMNOHEHTHUHT KNUMEBWIA noTeHuManu. Tusmmpaa KuMEBUi
peakuuanap, Wy XymnafgaH guccouuanmanap sa nonnMmepusa-
uuanap 6ynca, sappanap coHu N.y3srapagmn Ba th Obynagm.
Knmésnin peakumsanapfa sappanap COHUHWHT y3rapuiwm cll (Eku

KOMMOHEHTa MacCaCUHWUHT y3rapuwmn éT) CTEXMOMETPUK KO-
athpuumneHT v. ra myTaHocub 6ynagn. MacanaH,

J, + = WNH

peakunsaga / Ba A monekynanap COHU (EKW YHWHT y3rapuiiu)
Ty = 2T, Ba A" MoJsiekynanap coHnapu 3ca = lBa
= 1lra myTaHocub6aup. LUyHaalh kunmo,

eM.~r,

HW Hasapga TyTu6, roMoreH TM3UMHWHI MYBO3aHaTW LapTK
(22) Hm
(24)

KypuHuLga 3aMms.
Wpean rasnap yuyH (24) ndogaHn Kypannmk. MIuku aHep-
rMs Ba 3HTPONUA aaANTUBAUTUAAH 3PKUH IHEPTUAHU

P=u-T8 = =X« - =
I / / H /

KypuHUW Aa €31 MYMKUH; 6yHAa . Ba - / KOMNOHEHTAN
rasHUHT 6UP MONIMHUHT UYKWN 3HEPruacK Ba 3HTponuacu (apa-
nawmb K\aXmHu arannaraHgaH CyHr):

nrC,T,8rC,\xnT +K\nY/nns§,
MabnymKn,

=un,-T8 +PY =-PTINn" +1n, +KT-Ta InT-

-T8,,; = AT In«, - KT\n V,+¢7,+ AT- TCy.\nT - 75,,. =

= /77°1nC,+/(N,
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OyHac! n.- C.N skaHAuruM Hasapga Tytungu. (24) myso3aHaT

WapTuHM é3aMus:
XN, -1?2rXv,InC,+/(7T)Xv,=0
: . i .

byHaaH

eKku
Y{c~* = K{T,P). (25)

(25) ntogaHn maccanapnunr Tascup Yy orVw geinnagn; K{P, 7)
HU KUMEBWIA peakLMAHWUNT KONCTaHTacK geinnagun. Y Mymui
x"onga K 6ocnumra \am 60rnuk,.

5.3-§. TETEPOr'EV TUSUIMHVHIT MYBO3AHAT
LUAPTU. PASAJIAP KONOACU

N Ta KOMNOHEHTa Ba I Ta (pasanu AKKanaHraH reteporeH
rmsmm 6epunrad 6yncuH, Wy TUSUMHUHI MyBO3aHaT LWapTUHK
aHukgannmk. Kynainmk yuyyH TM3MM WKKW KucMmaaH (gasa-
[laH) néopat 6yNCUH. Y napHUHT >'gp 6Upu MyBo3aHaTtaa 6ynuo,
YMYMUA TU3MM 3ca MyBo3aHatga bynmacuH. by k.mcmnap (ha-
3a/1ap) MyBO3aHaTra Kenuilin yyyH ynap v 6axapuiim, uc-

CMKAMK anmMalMHuwun pyin 6epuwin Ba 3appanap 6up gasagaH
WKKWHYN (hazara yTuiunapym MyMKUH.

By (haszanapgarv myBo3aHaTfaru >xxapaéHnap yuyyH Tepmoju-
HAaMMWUKaHWHT acocuii MyHocabaTnHu €3aMm3:

TAdS=dU~+PA6V-~cNdN,
TAS, = dUn + - AN (26)

YMyMuii TUSUM siKKafiaHraH GynraHu yuyH
Silil, =i, dvA = ~dvA, AN = -dNA, @7)

UYHKU

U= U+ U'=const, V= V + V = const, N. + K mconst.
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daszanap MyBo3aHaTh (SKKafaHraH Tyfa TU3UMHUHT MYBO-
'WHATK) YHUHT 3HTPONUSACH MAKCUMYM K,MiAMaTra apuiLraHsa,

SBHU
dS=dS” + dsh= 0 (28)

bynraHga cogup 6ynagn. (27) Ba (28) Hu Haszapga TyTub, (26)
JaH

N Plgy 4+ M_B. dN, =0 (29)
nr
TEHTIMKHU onamun3. byHaa dU®, dv, dN™ uxXTuépuin ysrapuium
MYMKWH 6ynraHnurn cababnu (29) TeHrnukgaH gasanap my-
no3aHatga 6ynunwmn yuyH ynapHuHrTemneparypanapu, 6ocnm-

napw \amga KuMEBuin noTeHymannapu 6mup-6upura TeHr 6ynm-
WK Kennb umnk,aam:

P=P, (30)

="\y-
daszanap Temnepatypanapu TeHraMrn 7, =  fa UCCUKAUK
anMawnHuwun bynmaiifn, TepMUK MyBO3aHaT to3ara Kenagu;
6ocmmnap TeHrnurun P, =  fa MexaHWK MyBO3aHaT to3ara Ke-
nagu, mexaHukK uw 6axapuamangn; KMMEBUI noteHumannap
TeHrnuru/(| = pa gupdysnsa xapaéHu TyxTahgu, 3appanap-

HWUHT 6VIp (*)aaa,an NKKWUH4YN (*)asara YCTYH paBuwiga yTuin
TyxTangu. _
Arap (hasanap Temnepartypiuapu sa 6ocumnapu TeHr (I, =
Ba P = Pj) 6yncalo, aMMO KUMEBWUI NOTeHUWannapn TeHT
6ynmaca, avHu/i, fij 6ynca, TMSUMHUHT (hasanapu opacmpa
6upngaH MKKMHYMCKUTA YCTYH paBuLifa 3appanap yTULWK 103
6epagn. by xonga myBo3aHaT K,apop TOMTyHra K.agap TU3nM-
HUHT 3HTponmusAcu opTub 6opaau, abHK (28) Ba (29) paH:

dS =%/ dN,>0. (31)

Arapl/tj > 6ynca, 6upuHYKN pasza 3appanapu CoHU opTnG
6opagn: thM > 0. lemak, 3appanap KUMEBUIA NOTEHUMANN Ku-
Yuk 6ynraH pasza TOMOH yTagunap.

Arap UKKu hasanu Tu3um dak,at buTTa KOMMNOHEeHTAAH nbopat
bynca, KUMEBMIA MOTeHUMan (TepmogmHaMunk noTeHynan) da-
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KaT 6ocum P Ba TemnepaTypa T HUHTI QyHKLUsicU Gynagu Ba
(hasanap MyBO3aHaTW

WP, T = WP T)

TeHrnukgaru (P, 7) napfaH GMPUHUHT y3rapuwn GyHKLUSA CU-

(haTmaa MKKMHYMCUHUHT y3rapuwmnra MocnawTupunagn, SbHu

thazanap myBo3aHaTuga T, P napHu uXTuépuii y3raptupub

bynmanigm.

leTeporeH TM3UM y4yH YyMymuid \onga dasanap opacuga me-
XaHWK Ba TEPMUK MyBO3aHaT bynraHga
P =P = =P

' A 32

rh=7=.=Tr, (32

TeHrnuknap 6axapunagn. ®asanap opacuga sappanap yTuwm

TyxTab, MyBO3aHaTra KenraH 6ynca, ynapHWHr Kumésuii no-
TeHUmnannapm 6up-éupura TeHr bynagu:

=M2 = - = u* A=1,..« (33)

ByHaa kMMéBuMiA moTeHuman TemnepaTtypa T, 6ocum P Ba
KoHueHTpaumnanap C/ HUHT QYHKUMACUANP; NACTKN WUHOEKC
I =\, 1 (hasaHu KypcaTagm.

n Ta KOMMNOHeHTa Ba /-Ta (pasajgaH mMbopaTt reTeporeH Tu-
3UMHU TaBcunaiamraH TepMoOgMHaMUK napameTpaap COHUHM
aHuKnannuk. TUSMMHUHT )"ap 6up hasacuHu xapakTepnangu-
raH napameTtpnap — 6y n— 1Ta KoOHUeHTpauua sa P, T napa-
meTpnapgaH néopat. Pea T napameTtpnap \amma hasanap y4yyH
ymymuiignp. emak, /-Ta hazanapgarv ysrapysumaap CoOHU

2+ {n- \r (34)

npoda 6unaH aHuMkKgaHagun. r Ta hasa MyBo3aHaTga 6ynuwiu
YUYYH YNapHUHT \ap 6Mp KOMNOHEHTACUHWUHT KMMEBUIA NOTEH-
umannapu, (33) ra acocaH, 6up-bupura TeHr, abHU

=WM2=..=

=A== Iy

M= =..=u (35)
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6ynuwn kepak. byHgaru TeHrnamanap couu a(r- 1) ta. fe-
MaK, KapanaéTraH reteporeH TUSUMHWUHI MyBoO3aHatgaru \ona-
TUHW aHWKNOBYM 3PKUH NapameTpiap COHU

N=2+{n-\)r-{r-\)n - n+2-r (36)

6ynagn. TWU3MMHWHT TEPMOAUMNAMUK IPKUHMNK Japa>kanapm
COHH geiinnagun. ~M3nHMHI MabHocura kypa N >0, gemak,

r<n + 2. 37

[eMak, nTa KOMNOHEHTAAH N6opaT TUUMHUHT N + 2 TajaH
opTuK, 6ynmaraH pasanapu mMyBo3aHaTha 6ynumwn MyMKuH. by
(37) npogaHu Mmb6eHUHT hasanap ougacu geiinnagn.

5.4-8. KKV PASAHNHI MYBO3AHATW.
YUTAHMA HYKTA

Bup KOMMNOHEHTAN TUSUMHW Kypainuk. Arap 6y Tusum 6up
thasaga 6ynca, yHUHT MmyBo3aHaTgarn \osaTuHW TaBcugnangn-
raH napameTpnap coHm N= n+ 2 - rgadH n= \,r= 1 6ynra-
HU yuyyH N =2 6ynagu. by \onga TUSUMHUHT TepMOAUHaMUK
IPKUHNNK gapaxanapu 2 Ta, AbHU 60CcUM Ba TemnepaTtypagmp.
BynapHn mabnym opanukga uxtuépuii ysraptupunca \am gasa
y3rapmaingu. Tusum nkku dasaga mysosaHat \onatga 6yncuH
(macanaH, cyB Ba My3). by \onga TUSUMHUHT TepMOAUHAMUK
3PKMHAMK fapaxanapu coHn N = | 6ynagu. Tabuniiku, ¢asa-
NIAPHUHT Temnepatypanapu T Ba 6ocumnapu P,, PMy3apo
TEHT, AbHM

r! = 7;! Pl = Pl (38)

6ynuwn wapT. bynapaaH Taw” apu 6yHaaii reTeporeH TU3nUM
MyBO3aHaT4a Oynuwmn yuyyH 6y MKKW asaHWHT KUMEBWIA MoO-.
TeHUuMannapu TeHr, SbHU

AL(P, T)=I<,(P, T) (39)

6ynuwimn Kepak. by TeHrnamagaH MKKu hasa MyBo3aHaTga 6ynraH-
fa Temnepatypa T Ba 6ocum P opacugaryu 60rnaHuw aHUKga-
HUWKN MYMKWH. bolwkaya aliTraHAa, MKKKU asza TemnepaTtypa
Ba 6OCUMMHUMHI UXTUEPWIA KMiAMaTnapua MyBo3aHataa 6yna on-
maingu, 6ankn (39) TeHrnamaHu KaHoaTnaHTUpaguraH Temne-
paTypa Ba 60CcuMM KuiimaTnapuaarnHa MyBo3aHataa 6yna onagu,
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AbHA T Ba PnappgaH 6utTacu
IPKUH Y3rapyByu, WKKWUH-
UNCU YHUHT YHKLMACK CK-
thaTuga ysrapagu.

Xyoanm ukku hasa MyBo-
3aHaTugaru kabu, yd gasa-
HUHT MyBO3aHaTU y4YyH

N=2 +n-r=0 Ba

5.1-paem. T=T=TP=P=P
M,(P T)=yulP, 7), (40)
uNP, 7) =MNP, 7) (41)

wapTtnap 6axapunuwu 3apyp. Jemak, yyta hasa Myso3aHatia
bynraHga TUSUMHUHT TEPMOANHAMUK 3PKUHNUK fapaxanapu
COHW YYHonra TeHr, AbHW 3pKWH y3rapysuunap 6ynmaingn. Yuta
(hasaHMHT mMyBo3aHaTu (40) Ba (41) anrebpank TeHrnamanap-
HW KaHoaTnaHTupaguraH PBa [ HUHT K;uiimaTnapu 6unaH aHuK,-
naHaguraH 6utTta\onatga cogup 6ynagn. by HyKTaHu yunaHma

peinnagn. Vikku asa Ba yuta pasaHUMHI MyBO3aHaTna-
puHn (39), (40), (41) TeHrnamanap acocupa rpadpukia Tas-
cunainnmk (k. 5.1-paem). by myBo3saHat unsuru (39) acocmga
(arap YHUHT OWKOP KYpUHULWIKN Mabaym Bynca) onnHagu, 3 1a
(haszaHMHr myBoO3aHaTu 5.1-pacmpa KoopauHaTanapu (40) Ba
(41) acocmnpa aHuK/1aHaanraH yuynaHMma C Hyk“Ta 6unaH Kypca-
TUATaH. HyYKTaHWHT KoopauHaTanapu  Ba PMHu (40) Ba (41)
TEHrnamcu1apHn eunb (YHUHT OLKOP KYPUHULIKN Mabliym Bynca)
aHunK/maHaaw.

5.5-§. ®A3ABUN >NLLJIAP

Kyn thasanu (reteporeH) TM3um HoMyBoO3aHaT \onatga 6ysnca,
mogganap 6up dasafaH UKKUHYKM (hasara ytuwnapm MyMKWH.
MacanaH, moffa CytokK, )*onatiaH ras éku KaTTuk, x;onatra ytu-
Wn, MOALAHWHT (heppomMarHuT ¢asafaH napamarHut gasara
yTULWK, MeTaNAHWHT HopMan \onaTgaH "aa yTKasyBYaHIMK Xona-
TMra ytuwu, reanin | HUHT rennii Wra ainaHnwun dasasuii
yTuwnapra Mucon éynagu.

218



dazaBuii yTuwnap UKK1 Typau 6ynagu: éupmuHum Typ dha-
3aBWiA yTULWAa AWMWPUH UCCUKAWK axpanagn (EKn toTunagu)
x"amga conmwTupma X,akMm (3M4nnK) ysrapagu; macanaH, oyr-
HUHT CYIOTNKKa aifaHnwWm, CYKK/IMKHUHT KaTTuK, X onatra
yTUWK 6UpUHYN Typ asaBuii yTuwnapanp.

VKKMHYM Typ hasaBuin yTuwaa SWUpuH UCCUKAUK axpan-
Maiign ékn lTuAMakan \amga conuwTUPMa X,@KM y3rapmanm.
AMMO 60LLIK™a X;0ccanap, MmacanaH, UCCUKAUK CUTUMUN Y3rapaau
(mMacanaH, KaTTUKXUCM (heppoMarHeTUKHUHT Kiopy Temnepa-
TypacujaH HOKOpvaa napamarHeTMkka ainaHuwu, rennii LHUHT
2,2°K T renuin W ra aiinaHuwm Ba 6owkanap).

VKKKN hazanu reteporeH TM3MM MyBO3aHaT Xosiataa 6ysicuH.
By x,0nga thasanapHWHT KUMEBMWI NOTeHLMannapu €Ku Conmil-
TpMa TepMoAuUHaMUK noTeHuuannapu (pMP, 7) Ba \P, T)
6up-6upnra TeHr 6ynagn (pasanapHUHr MyBO3aHaT LIAPTH):

PP, )= <pfP, T). (42)
daszanap MyBo3aHaTMHW Gy3MacaaH TEPMOAMHAMMK NOTEH-
UnaniapHu ysraptupannuk:
RN 7)y+dA (N T7)= iphiP, 7) +dy),(N1 7)

8kn 6yHfa TemnepaTtypaHUHI y3rapuiwimra moc pasuwpa 6o-
CUMHN (42) acocupa y3rapTupusca, pasanap myBso3aHaTu 6y-
3nMaian, SbHU:
cMUIr)  a<p.(P.T) ,,p _ A<P2{P,T) 3<P2(P.) ,1p
aT AP T aT AP el A~

Bynapaa

3KAHNIUTUHW Hasapga TyTu6, (43) Hu

T &M "
KypUHULLTa KeNTUpaMmus; byHaa Ba &\ A"MOC pasBuLja
(hasanapHUHI conmwTUpMa sHTponmsLI1apy Ba conmMLITUPMA X,aKM-

napuaup.
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Mwucon. Wgnwpa cys Ba cyB ycTugarn UAWL K,0MK.OTu
ocTuga (nopweHsb Tarnga) 6yp mysosaHaT \onatga 6yncuH. Arap
60CUMHM owmpcak, 6YrHWHT 6Up KMCMK CyBra ainaHuwu, wy
6unaH 60cuM oWMLINTa TeCKapy XapaéH —60CUM Kamanuiu
cogmp 6ynagn. bowkayva ainTraHaa, Jle-LLatense Tamoiunnra
MyBOGMK, 60CMM OLIMILINTE TECKapX MyHanuwwaa xxapaéH Keda-
an. ®asanap myBo3aHaTh Oy3uMacnury yyyH TeMmnepaTypaHu
6ocmMMra Moc paBuLIAa OWMPULL 3apyp.

5.6-8. BMPVHUN TYP ®A3AB/IA YTULLL
KJTAMENAPOH - KJTAY3MYC TEHIMIAMACH

BupvHUM Typ hasaBuii yTULLIAA SHTPONUSA 5, CONULLITMPMA
\axxm K'ysrapagu. ¥Ynap hasanap yerapacuga cakpab ysrapagu,
AbHN:

5°- 5, A Q 0. (45)

LWy Typ thasaBuin yTuwha AWUPUH UCCUKAUK A aXpanu6
umK,aau EKu TUNAaN, SBHN:

T{S~-S,) =T~S =~Q"gq. (46)
(46) H¥ Hazappa TyTMO, (44) HK

= -3 /nn\
(T §2-9°

KypuHuw ga é3amms. bUupnHum Typ hasaBuili yTuwl ydyyH é3un-
raH (47) Hn KnanelipoH-Knaysnyc TeHrnamacu nellinaw- By
TeHrnamaja conmwTupma X,@kM YBa (hasaBuil yTuwgarn awm-
PUH MCCUKAMK g TemnepaTypa Ba 6ocumra 6ornuk,. LLyHpali
K,unnb6, 6upuHYN Typ hasaBuii yTuwnapga hasanap TepMmogu-
HamMuK noTeHumannapu y3nykcus ((42) TeHrnuMk), ammo ynap-
HUHT TemMnepaTypa Ba 6ocum 6purya 6UpMHYM TapTMOAN XOCK-
nanapw ysunuura ara ((45) ngopara k,apaHr)..Kyga Kyn kat-
TUK, XXUCMIap apuraHga > O6ynaan Ba yNnapHUHT conmwTupmMa
\axxmnapu optagu, avHu > K 6ynaaw.

Ly ca6abnu {c1P/cl) > O abHM 60CUM OPTULIM GUIAH 3pULL
TemnepaTtypacu optagu. byHaai monekynanap Ukku hasacuHUHT
MyBO3aHaTWUa TemMmnepatypa opTuwiy 6unaH 6ocum X.am opTasu,
AbHU N17°> Opa AP > O6ynagu. AMMO cyB Ba My3 Oy K.omgafaH
NCTUCHO, AbHK ~ > O, aMMO MY3HUHT conuITUpMa ?(20kmm cyB-
HUKMAAH Knuuk: K < Yy LLIyHWUHT y4yH TemnepaTypa opTuLm
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6unaH 6ocum Kamasagu (K.
5.2-pacm), abHKM 60CUM Op-
TUIWW BUNAH MY3HWUHT 3puLL
TemnepaTypacu nacasaau 5.2-
pacmaa (47) TeHrnama 6u-
NaH TaBcuU(NaHyB4YM My3 Ba
cyB (hazanapum MyBO3aHaTu
4ym3unru, cys Ba byr pasana-
pU MyBO3aHaTV YN3UTK, My3
Ba OyK (hasasapu MyBO3aHa-
M ym3urn \ampa ydrta ta-
3aHWHI MyBO3aHaTWHM TaBCU(PIOBUYM yUNaHMa HyK.Ta Tap\uii
(cxematunk) pasmwpa kentupunraH. Cys Ba 6yr myBO3aHaTu
YM3NTU" HyKTafaH KpUTUK HykTa JlrayafaBom atagu. YunaH-
Ma A HyKTafaH nactfa cysB (asacu maBxyp smac. CyB yuyH
yunaHMa HyK,Ta KoopAuHaTanapu:

5.2-pacm.

[y=0,0078°C,P = 0,006 aTm.

Mogjaa nact Temneparypanu hasafaH ok opu TemnepaTypa-
nn hasara yTraHa AWWPUH UCCUKAUK 4 HU toTagn. Tusmm
(my3) JE'HYK,Tafa 6ap”apop (TypryH) (5.2 paem). Arap Wy HyK-
Taja My3-CyB TU3UM 6ynca, y HOTYpryH Gynaau Ba CyB My3ra
ailnaHagn. Arap 60CMMHU y3rapTupmaii nccukauk bepunca,
YHUHT (MY3HUWHI) TemnepaTypacu opta 60pu6, MyBO3aHaT yu-
3urura 6opraHga (O HykTaga) TemnepaTypa OpPTULLKM TyXTai-
au, cyB (hasacu naingo 6ynagn. Nccukamk MMKLOPUHUHT 6y O
HyKTaga 6epununin cys MacCaCUHUHT (MUBLAOPUHUHT) OPTHU-
wwura onnb 6opaamn. Arap by Hyutaga 6ocum opTtca, yHra mMoc
paBuLwa TemnepaTypa y3rapca (My3 y4yH TemnepaTtypa nacas-
an), UKKKN (ha3a MyBO3aHaTW cakpaHagum. BocuMHUK y3rapTup-
mMacgaH 6y HyKTafla Temnepartypa owca, moasta 6up asara —
CyBra ailifiaHagu Ba yHWHT Temnepatypacu £'/°unsuru 6ylinya
opTnb 6opaau.

5.7-8. KPUTUK XONAT

YunaHma Hy”TafaH 6olwnaHraH KaTTUK™ X1UCM — CYHOKANK
(hazanap MyBO3aHATM YU3UTU, KaTTUK. XXUCM — ra3 asanap
MyBO3aHaTu YM3NTK oK opu 6ocuMm, TemnepaTypa Ba nact 60-
CUM, TemnepaTypa TOMOHNapuaaH yerapanaHmaraH. by unsmk,-
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NapHW JaBOM 3TTUPULL MYM-
KVUH. AMMO CYHOK MK — ra3s
thasanapy MyBO3aHaTh 4u-
3nrn AMHykTaga Tyxtanan (k.
5.1-pacm). By HykTaHu (\o-
NnaTHU) KpUTUK nyyTa
LlonaT) geinnagn.
CyromK —ra3 Tusmumu-
HUWHT (pa3anap MyBO3aHaTU Ba
(hazaBuii yTuwwnapmHu Ta\nun
Kunuw yuyH P, Kguarpammaga taxxpuba Hatuxacuia ofIMHIaH
nsotepmanap (5.3-pacm) Ba BaH-fep-Baanbc nsotepmanapuHu
kentupamus (5.4-pacm).

5.3-pacmparu J1IA'5co\aga mogaa reteporeH \onatga 6ynraH-
Ja CY K™K Ba byr hasanap bupranvkga maexys. AK 4nsuk,-
HUHI Yan TOMoHKAa (hak.aT cyr” nukK Gasacu, (ATUNSUK HUHT
YHI TOMOHMAa hak;aT 6yr asacu maexygnamp. HOk,opn Temne-
patypanu mnsoTepmanapfa MKKM asaHUHT MaBXYyLInK co?acu
Kuckapn6 6opaau Ba 7" nsoTepmaga (KpUTUK TemnepaTypagaru
n3otepmaga) x,.ap Mkku asa 6up asanm gonarra — KpUTUK
\onatra ainaHagu. by x;onatga Mogga CytokyTuk \am, 6yr \am
amac. by \onaT napameTpnapuHUHI Maxcyc K.uiimatnapu T PY

fa cogup 6ynagu. P, Kguarpammagarn nsotepmanapga co-
aMwTupma X.akmnap > F ap\v Temnepatypa optuwn 6u-
naH Kamaiinbd 6opub, KpUTUK HykKTaga 6y apK. HOMra TeHT,
AbHn K = K = Vi 6ynaam.

KpuTuk Hyk,Ta A'farn ytuwaa conuwtupma \axm ysrap-
margn, COVKIWIK oTunmaign (Ymk™apunmaingm), aMmmMo UCCUK,-
ANK CUTUMKN, \@XKMUA KeHranw KoshgpuumeHTn, cuk™mys-
YyaHnunK cakpab ysrapagu (ysumnuwra ara). 5.4-pacmga BaH-gep-
Baasibc TeHrnamacu

A A (48)

acocupa OfIMHraH usotepmanap kentupunaradH. byHpga T< 7%
bynraHga P HUHT X;ap 6up Kmiimatura V HUHT yyTa KUimMatu
Tyrpu kenagu. P{V) umsmk, — nsotepmMa MakCUMyM Ba MUHU-
MyMzaH yTaau. Temnepartypa opTa 6opuwin 6unad PHUHT Mak-
CUMYM Ba MMHUMYM KuiimaTtnapu 6up-bupura aknHnawunb 6o-
pagv Ba, HWUX;0aT, 7’= ".ga MakCMMyM Ba MUHUMYMAnap 6upna-
Wb 6ypunmnwL HykTacura alinaHagun. by HykTa KkpuTuk nyuTa
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faenvnagn. Peaf nsotepmanap

6unaH BaH-gep-Baansc unso-

TepMagapuHu conuwTmpunca,

>NKMHUHE Kamaiuwunra 60-

CUMHUWHI Kamaiuwmn Tyrpu

KenaguraH BaH-gep-Baansc

n3oTepMacuHUHI O C K™Mcmm

MOALAHWUHI HOTYpryH \ona-

TUra Tyrpu Kenagu. Y Tax-

pnbaga KysaTunimaiam, sbHu

y pean amac. YHUHT ypHura

TaXxpubaga ropusoHTan (n3obapa) umsuk,/4M kysatunagn. by
epda WyHW aiiTM Kepakku, pean nsotepmaga xam K Hy”tara
6ypunuw nyyTacu aeb Lapanagu.

Taxpuba KypcaTagmku, CYlKLUK — ras Tusmmuja ras ga-
3acu Bb meTacTabun \onatga —yTa TyWnHraH 6yr \onatuaa,
CYHOKAMK hasacm AC meTtactabmn x,0natga — yTa K;usuraH cy-
KAVK Xonatuga 6ynmiwnapy MyMKuH. 5.4-pacmaaH KypuHagn-
KW, KpUTUK n3otepma MpgaH tok™opugarn n3otepmanap, AbHu
T > 7" garn nsotepmanapga P{¥Y) MOHOTOH y3rapyBuu Ba 6up
tasi'lnm Tm3mm (rascumoH \onat)Hu TaBcu(1)naingu; T, AaH nact-
farn nsotepmanapga P{Y) MUHUMYM Ba MakCUMyM K™MiimaTnap
Kabyn kunagn. by MmakcMMyMm Ba MMHUMYM opacuga BaH-gep-
Baanbc usotepmacmga (9P/3K),A>0 kuitmatnm cola pean
TM3MMNapAa mMaBxyg 6ynmangun. Pean Tmsmmnapga 6y co,\aga
{aP/onY\ =0, AbHU rOpuU3OHTaN KUCMAaH ubopat Gynaau.
YMyMaH, n3oTepmagarn A"HykTaga 6ypunmLl HYKTacu mas-
Xyg.

CTaTMCTUK (PM3MKa HYKTauM HaszapupaH Kpuctana K ATTUK
XUCMnapa ynapHu TalKua KUAraH 3appanap opacuga mabiaym
TapTMonunmk (y3ok Taptub) mMaexypn. TemnepaTypa opTuLLn
6unaH KpuUcTann naHxapa TyryHnapugaru sappanapHuHr (atom-
NapHWHT, NOHNAPHWHT) TebpaHuwy Kyyas 6opulimn Ba okubar
HaTuXaga TapTUBANANKHUHT By3unuwuy 103 6epuwn Tydainnm
KaTTUK XXWUCM 3puiign Ba CyrK arperat \osiat naingo 6ynagu.
Cytokhasafa TapTubCU3NUK fapaxacu yctyH bynaam. Moagasa
KECKMH cudaT ysrapuwm cogup bynagmn; KaTTUK KucMmpaa gesp-
nm 6ynmaraH uarapunaHMa )“apakaT ponb yitHaii 6ownaingw.
LWyHpain kmnmb, KaTTMK (hasa CYlKAUK hasacupaH KeCKWH
thapkgaHagu.

223



Cylokguk asacuga TapTmbnunuk "kongupmn" gonrax 6ynca-
ga (yHga FKVH TapTubnunuk masxXxyfd), OKYBYUaHMWK, LIAKN
y3rapyByaHauK Kabu Myxum xoccanapu YHW xapaktepnangu.

Cylok, hasaHMHT TemnepaTypacu opTuwy GunaH Monekyna-
NapHWHT, aTOMMAPHUHT, YNApPHUHT KOMMNAEKCNAPUHUHT nara-
punaHMa x"apakatnapy ycTyH paBuLiga optub 6opasm; "Konguk,
TapTMGAMAMK" gapaxacu kamainm6 6opagu Ba HW>"oAT Byrna-
HULW TemnepaTypacuia K,aTTUK KUCMAaH fonraH "Konguk, Tap-
TMONMANK" (SK,MH TapTUBIMAKNK) yKonagu, nnrapunadma \apa-
KaT 6unaH 60rnMK, TapTMO6CU3NNK YCTYHANKKA 3puwagn. Tem-
nepaTypaHnHI SHa OPTTUPUANLIM NPUHUUNNAN AHTUANKKA 01n6
6opmaian, TapTUHCM3NUK gapaKaCUHUHT opTuwmnra oimb 60-
pagu (rascumoH hasaga). TapTubCcusnuk gapaxacua sHTponus
acocmpa rascMMoH pasajaH CytoK/imK asacura yTuwm taxgaun
aTufca, uarapunalma \apakart 6unaH 6ornuk. aHTponua 5™
Temnepartypa nacaiimiim 6unaH kamainnb 6opaau. ®asasuii yTuLl-
[a YHVHT TapTMOCM3NMNKAArM YCTYHANK fapaxacu (asaBuii yTuL-
fa Wykonaau, 6y yTuwwiga mabiym gapaxaga "Ttaptmonanauk"
nango 6ynagn. Ly cababnu sHTponua 6y yTuwga cakpab ysra-
pagu. TemnepaTypaHWHI Kamainuwmy 6unaH ras hasaCUHUHT "K;on-
ONK, TapTMbemn3nuk" gapaxacum kKamaimb 6opagn Ba y "Cylok,-
NNK-K,aTTUKKMCM" (ha3aBuid yTuwaa, SbHU abconoT TapTnban
KpucTann K.aTrTUKKUCM (hasacura yTraHfa, ra3HuHr "k ongvk.
TapTMoCM3NMK" Japaxacu HoMra Tywaan, AbHU nykonagu. “Msvra
xoc "HepHcT Teopemacu” 103 6epagu, AbHM K.oTuw (3puLw)
Temnepatypacu — 6y unrapunaHma xapakart 6unaH 60rnumk, aH-
Tponusa y4uyH "abconmoT" HOMb TemnepaTypaaup. LyHaaii K,unmb,
"CYIOK/WMK" KaTTUK KUCMHUHT "TapTuenuanurn™ K,onguru, ras-
CUMOH (hasaHuHr "TapTMoeCM3NUIn™ K,onauru 6unaH xapakrep-
naHaguraH "opanmk," dasagup.

CylKAMK — ra3 reteporeH TU3um Temnepatypa OpTULLN
6unaH CyrOKAUK (hasaCMHWHT TapTUOCM3NNK fapaxacu opTuo
6opagm (sHTponusa opTagm), Cytk/mK thasacugaru "K.onguk,tap-
TMoNUnMK" kKamaiinbd 6opagm Ba HU\OAT KPUTUK HyK,Taga by
"KONAnK, TapTMbnnaunk" nyk,0nagn, MKku tasaga 6up xun tap-
TMbCcu3nuk gapaxacm )(ocun dynagmn, abHu 6y HyK,Taga 3HTPO-
NUAHWHT cakpab y3rapuwun 6ynmaiign. by kpuTtuk )*onatgmp\®
KpuTuUK x,0natra aK,MHNaWNLWAA CONULLITUPMA X,aKMap 6up-
6upura fK,MHMaWaan: AWNPUH UCCMKAUK KaMaiinb 6opagu Ba
KpUTUK x;onatga » = Oea K =  6ynagw.
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AWNPUH NCCUKANK [ HU-
mara cap® 6ynagn? BU3HWHT-
ya, CYIOKNMKAAH rasra ainna-
HUWAA cyrokankaarm "K,on-
LMK, TapTn6annnk" Hu 6y3mni,
MYKOTUL YuyH capd 6ynagu.
TemnepaTtypa T KPUTUK TEM-
nepaTtypara k"aH4ya fK,UH
6ynca, WyHYa "K oNaMK Tap-
TNONUAMK" KaM OynraHu yuyyH g (AWWMPUH MUCCUKAWK) Kam
6ynagn. Kputuk Hyk"Taga aca » = Obynaau.

a3 asacmpa TemnepaTypa Ba 60CMM OpPTULLK, CONMULLITUPMA
\@KMHUHT Kamaiuniwm 6nnaH Cyroby1MKKa aifnaHunil yuyH 3apyp
bynraH u Kamainb 6opagu. By aca "TapTubem3nuk" gapaxacu
Kamaiinb 6opuwmnHN, AbHU 3HTponua 8{T, P) KaMaiuLInHW
Kypcatagn. bocum opTuwm 6unaH ysrapmac Temnepatypajga 5{P)
Kamasgn. Mabnym TapTUOCU3NUKHU yK.0TUG (KamainTupub),
"KONAUKATapTUOANANK" HKU TUKNaW y4yyH (6yr CyrOKYTMKKa aii-
NnaHraHfa) kam g 3apyp 6ynagu! Kputuk x,0onatga aca * = O
Ba, Aemak, 5, = 5™6ynagu.

MACANANAP

5.1-macana. BaH-gep-Baanbc rasHUHI KPUTUK HYK;Tagaru
Py, HU aHUKNAHT; KPUTUK KOIDPUUUEHT RTIPAYA HU
)McobnaHr Ba yHU Taxkpuba HaTuxanapu 6unaH Tak,jpcnaHr.

E 4 uw. busra BaH-gep-Baanbc TeHrnamacu

— KT a
P=vb &)
mMabnym. BaH-gep-Baanbc rasu nsotepmanapu 5.5-pacmpaa Kypca-
TunraH. BaH-gep-Baansc n3oTepmMacu MakCMMyM Ba MUHUMYM-
faH ytagu. by skcTpeman k“uiimatnapga
=0

wapt 6axapunagn. Kputuk Hyk,7aga MakCUMyM Ba MUHUMYM
6upnawmnb, bypunuw Hyk TacuHm )(,ocun Kunagu. by 6ypununw
HyKTacuga

ro=o ©

WwapT 6axkapunagu.
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By epaa WwyHM TabKnanainMusku, pean TUSUMHUHT KPUTUK
\onatmn 6apkapop 6ynmwmn yuyH \am (2) Ba (3) waptnap 6a-
Xapunuwu Tanab atunagun. uam (1), (2), (3) TeHrnamanappaH

yuTa HOMabayMm aHVK™aHagu: AbHN

p* = y’_b ’ (4)
Ar A

. __JE=o0 (6)

{YK-b? ]

BynappaH:
N _ f

Yk - o, p a 71 _8o @
b - 8 - 8. (8)

(7) Ba (8) faH KPUTUK KO3IDHULNEHTHU aHUK aiiMun3:
11 =1=2,667. 9)

KpnUTUK KO3 hnuneHT yuyH Taxpuba HaTuxanapu Kyiu-
Jarv xxagBanga KenTupuaran:

Mogaa KTYP /I
Cenuii 3,13
Bopopoz 3,03
A30T 3,42
Kucnopoa 3,42
Cys 4,46
BeH3nH 3,75
Cupka kucnota 4,99
Metun cnupt 4,56

1-n30 Wpean rasz yuyH ATVPr = 1
2-n 30 (7) paH ¢oliganaHn6, BaH-gep-Baanbc TeHrnama-
CUHWN KENTUPUATaH Waknga ésamms:
P Yy T
(10)
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(10) Hu (1) ra kyammu3; 6yHga (7) HM \mcobra onamms:

a _ a
27121~3y-1)  ~T2"”
6yHaaH
|a +-7(3y-1)=-8T

KenTupunraH BaH-gep-Baanbc TeHrnamacuHu onamus.

5.2-macana. AuTtepuun \onatTeHrnamacuiaH KpUTUK Hyb;Ta-
faru HW aHUK/1aHT. KPpUTUK KOS (PULUEHT
HU X™COBNaHT; KenTupunrad \onat TEHrnaMacuHW aHUK/1aHr.
Eunw. Auntepnyn TeHrnamacu

(1)

Kputnk \onatga

M =0, 2
\oy)T @

AP =o
o ®

WwapTnap K~ aHoaTnaHTMpunagu.
(1) paH TOonamms:
(oKt ATU  Y-b_ ()
a | r
4 :

T or - nTy» Y-b_ 4 (K-6)" aTy-' ©)

(2) Ba (3) wapTnapra acocaH (4) Ba (5) HuK é&3amu3:

y\ =: a
Y-b RT’ ©®)
Ba
_ 2a (7)
(6) Ba (7) paH
Vies =2, K =2b. 8
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(6) paH
©)
(1) paH
AR ® (10)
Kputnk KoapduuyneHt
N, 355
()
[unTepnumn TeHrnamacu KenTUpUAraH waknja
Ll NS oXp ) (12

KYpUHULLAA e31nagn.
W 30 x- AnuTepuumn xonaT TeHrNamMacuaaH Kenmé Ymi<;agura

N =365

KPUTUK KO3 (hnumeHT BaH-gep-Baanbc TeHrnamacuaaH o/MH-
raH HaTuXa

Ln- =1 =2 67
AN 3

ra HucbartaH Taxpuba HaTuxKanapura SK;MHpPoOK. (>kagsanra K,.).
5.3-macana. bus

PY = KT
y[' xT)
\onaT TeHrnaMmacuHW onraH 3guk. Ly TeHrnamaHuHr yan To-

MOHUTa ¢Ty3aTMaHW KUPUTUG, YHITTOMOHUTaTEHTNallTUpaii-
NUK:

- M "1 "
P{Y-b) = KTiaxp y (b HT}l 0
LLly ?(onat TeHrnamaCUHUHT KPUTUK MapameTpaapu A
T aHUKNaHCUH Ba KTP“Y™ \ucob6naHun6, BaH-fep-Baansc

\aM,qa, ,ﬂ,VITepVI'—II/I TEHIaMalaph HaTuXXanapu 6nnaH Tak;K.oc-
NTaHCUH.
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”qyl—r (y'by n
N1 AN

W \

\"r 1 1// a "

T ) exp [IA ar).  Y-b T VKM

=P yp w1

2) faH
2) A w -
A

(2) HM Haszappa TyTu6 Kyhmgarnya onamms;

VoK)
{¥-b)
(4) paH;
¥
{YK-b) AN
(3) Ba (5) paH:
o= 2;M=21
YK-b
(6) HM (3) ra KMyihmb, HW Tonammus;
mp a
ST

(6) Ba (7) HM (1) ra Kyuo, P,HM onamms;
rl AN

BUW3HUHT yonatr TMraamMmamMm»3HUHT KentTmpunraH
T rMs

KypuHuwWga 6ynaau.

(2)

©)

@)

®)

LHaKnn

(6)

@

G
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KpuTuk koapuumneHtHn \ucobnanmms:
KT,

2 m ©)

Kyingarn xagsanga BaH-gep-Baanbc, Outepnun Ba (1)
TEHrnama HatukKanapu Tak,K,0cfiaHraH.

THa KTK/PH,
BaH-gep-Baansc 127

San 8127 8/3= 2,7
f-e”MTripa"“'ﬂL‘a"('m 1den 14 en2 = 3,65
(1) TeHrnama 150 1/5 eMN2 = 3,65

5.8-§. SAHIN ®ASAHUHI MANOO BYNULLN

AHrn asa mabiyMm LapouTaa 3CKW hasajary MogfanunHr
hnykTyaumsacu Tydainm cognp 6ynagn. byHaa, macanaH, CyroK,-
NMKAA KaiHaw voruga 6yr asacMHUHT KypTaknapu — nydgak-
nap, TyinHraH 6yrfaa cyrokauk asacuHUHT "Bakunnapm" —Tom-
yunap nango 6ynagunap. bynapHuHT naingo 6ynnwnra moaga
SUUYNUTUHUHT PAyKTyaumnsacu cabadum bynagn. AMMO AHIU da-
3ara yTuw pyééra YvK;uwn yuyyH sSHru hasaHWHT KypTakiapu
6epunraH Mab/lyMm LIApoOUTAA YCULL, PUBOXKIAHULI UMKOHUATK-
ra ara 6ynuwm 3apyp. Knck™acu, sHrun asa KypTarmHUHT ycu-
WKW, pUBOXKNaHUWK 6UP K,aH4a ommuanapra 60rnvk,, XXymnagaH,
X,0Cun BynraH aHrn asa KypTaruHuHr ynyamura 6ornuk,. Arap
KypTak Ku4mk Oynca, sHru asa 3appanap (Monekynanapu)
WHWHT aHYarmHa KMCMW SHIM Ba 3CKM (pasanap opacugaru cupt-
fa 6ynagu. Ly cababnu aHru gasa KyptarmHu Ta)yimmn sTun-
raHga cupT 6unaH 6ornauk, \ogucanapHu x,am Hasapga TYTMOK,
nosum.

MabayMKKW, CUPT KO3UHWHT y3rapuiim c!l Tygaiinm baxa-
punrad nuw dA = -;a/X(6yHa a — CUPT TapaHrIuK Koahu-
uneHTn). Jonmunit Temnepatypaga 6axapuaraH U 3pK1UH aHep-
TMAHWHT Kamaiunwura TeHr, abHn 6P = omdl. Ly ca6abnu, aHru
Ba 9CKM (pasafapHWUHT TYPTryHAWK WAPTUHWU aHuK;naw Y4yH,
CUPT X0ccanapuHu Hasapa TyTraH \onja, spKuUH aHeprus ysra-
puwmngaH oiganaHMoK, 103UM.
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TusumHuHT Temnepatypacu I, \axxmun KBa 3appanap coHu
Npoumunii 6yncuH. by \onga 3apKUH 3HEPTMAHWUHT y3rapuiu:
Kyhngarngek 6ynagu:

dF = -P,dV”~ - PdVv™ + + NN + 0dZ. (49)
LlapTmm3ra acocaH:
V= WV + V~- const, W= iV + jYj = const.

ByHAaH:
-dVA = dvY dN = -dNA, (50)

(50) Hu Hasappa TyTn6, (49) Hu
dF = P,-il4-aff dV,+{n,-~)dN, (51)

KypuHuwaa é3amms, byHga

rfs =|irf)5.
VKKK ¢pa3a myBo3aHaTga bynraHga dF =0 Ba/<, = by
\onga (51) paH
(52)
ngpotaHu onamms. \ocuna cupT arpunurura Ba, ge-
MakK, arpuamkK paguycu R ra 6ornuk,. Chepa yuyH:
32 _ 2 (53)

XK R

ByHpaii cthepa KypuHuwmga \ocun 6ynraH sHru ¢asa 6ap-
K,apop 6ynmwn yuyH

p=P,- (54)

TEHTUKHKU onamu3. (52) paru <"3yEp-CI/IpT 6ocumun gein-
nagn. by 60cM CUPTHUHT Kabapuk, TOMOHMAAH 60TUK, TOMOHU-
ra lyHanraH. by 6ocum hasanap yerapacu Tekuc bynraHga Honra
TeHr 6ynaau. LUyHUHraeK, Katta cupTnu xucmnap (dasanap)
YyYyH )am y \mcobra onmacnvk pgapaxacuja Knuyuk. Kuunk
KypTakka ara 6ynraH aHru gasanap (MacanaH, ToMmumnap) yuyH
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6y 60CcMM ce3nnapan Ba YHUHT pagnycu K aH4a KU4uk 6ynca,
lWYyHYa KaTTa 6ynaau.

MacanaH, cyBga 6yp hasacu (nydaknap)HuHr naigo éynu-
WWHN Kypainnuk. Arap Talwk,u 6ocum Ba cupT 60cumm \ocun
6ynraH nydakHWHT numngarn TyiinHraH 6yp 6ocummngaH KartTa,
ABbHU

(55)

bynca, y )onga nydak cuk Mnagn Ba AHru gasa CyB KU3UraH
nantga \ocun 6ynmaid, nyk,0nagn. TemnepaTypa OpTULLIN EKK
6ocum kKamanmwun 6unaH AHrU (asa (6yp)HUHr 6yHAan Kyp-
Taknapu (nygaknapu) kKynasgu, 6apuapop 6ynagu, cyB K,ai-
Haingu, abHU ByHaa

"CyroK + N Pry, (56)
6ynaau.
TyiunHran 6ypga KoHgeHcauma \ogucacu (Tomumnap) nain-
[0 6ynaau Ba 6apk™apop/in 6ynuWmn yuyH

P/l ACPT A (57)

6ynuwn nosmm. AKc x;onga 6ypnaHu6, Tomum iyk,onagn (6o-
CUMM KaTTanawagu, TemnepaTypa optagu Ba bypnaHaaw).

5.9-8. MKKVHU/ TYP ®A3ABUA >STTULLIIAP

TaxpnbagaH MablymMKu, aipum (hasaBuii yTuiLnapaa NCCuK,-
NNK @Xpanuwun ek iTUuaMwWwmn cognp 6ynmaingu, conmwtupmMa
X,@KM y3rapmaingn. MacanaH, Kiopu Hyk;Tacuga heppomarHut-
HWHT NapamarHuTra aifaHuiu, cyroK, renuiAHuHr 2,18°A'na re-
avii 1l cytokK™MKKa aifaHMWmnM MKKUHYKM Typ (hasaBuin ytuwra
MMconamp.

By thasaBuii ytuwga (44) ndogagarn cypat \am, Maxpax
\am (abHU 3*- 5, Ba K)) Honra TeHrgup. LWy cababnu 6y
KaCPHWHT IMMUTUHU OAULL YUyH JlonuTanb K~ ougacura acocaH
cypaT Ba MaxXpaXXHUHT nocunanapnHu onuno, ynapHUHr Hucba-
TUHU aHUKLAMOK, Kepak:

ACK) \
ap_ _ \3Tlp
AT M

[aTlp
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byHga:
=PIl = £¢h (59)
T r

\dTjp UTjp Utlp

AaTip \aT)p aT/p (60)
Jemak, MKKMHUYM Typ haszasunii yTuwnapgay?, = 6ynap-
nMur 6upmnHYM TapTnénm >"ocunanapyn  —S\, —K j"sapo

reur 6ynm6, TepMOANHAMUK MOTEHLUATHUHT UKKWHYYN TapTn6m
) ocunanapu Ba  K.1ap ysuauwra (cak-

pawira) aragup. 5.6-pacm-
fa Hel HuHr Hell ra ad-  (
NaHnwmnga UCCUK/mMK cu-
FTMMUHUHT TeMnepartypa
bylinya y3rapuwm Kentu-
pWAraH.

YHpa C HuHr 2,18°Ar
[la cakpawura ara sKaHnu-
M KypcaTuiraH.

(59) Ba (60) HM Hasap-

fa Tytmb, (58) HuM Kbaiita 2,18 T, K
é3amus: 5.6-pac.

(IP ~ irCp

dT  Tvaa (61)

(58) udopnaga A5ynK=0/0 HoaHUK,AUKMK JlonuTtanb
K,onmpacy 6puya NTUMUTUHKM aHMKnawga 6ocum Gyiinua "3ra-
PUWMHW 0Nainnuk (MMMUT MLopcLuapn é3unmaamn)

P _ A5 MII

cif AV (62)
me(il
6yHza:
oS -
b = ip NP h Ma, 63)
N\
I"VA - (oKkn =AAXT- (64)

UPY7- \agP 1t [~p 1
233



Jemak,
P _ Aa
clT KXr

(61) Ba (65) nap 3pndecT TeHrnamanapuaHWaLL- Y napHu
6up-6upura kynantunpuo,

ACp=AXT[N]TY (66)

TEHTTINKHW O0flaMU3.

VI BOb
KNACCUK CTATUCTUKA. NOEA A3

6.1-§. KMPNLLU

CTaTUCTUK YCY/THUHT acoc/apyn Ba YHUHT CTaTUCTUK TepMO-
AuHamMukagarn myHocabatnapu 6unaH ymMymuid ;<onga TaHuLL -
AVK. By 6064a CTaTUCTUK YCYNIHUHT naean rasra tatomk™ 6u-
NaH TaHWwamus. Mgean ras ydyH cTaTUCTUMK PU3MKa yCynu
6yiinya \ncobnawHyM oxmpura eTkasuw MyMKUH. ByHaaH TaLl-
Kapv aMnupuk ycyn éku anemMeHTap KMHETMK Hasapus acocnga
ONIMHTaH MyHOocabaTnapHu, napagoKcaapHU CTaTUCTUK (u3n-
KaHWHT yHAaMeHTan ycya acocupa onuw 6y yCylHUHT cama-
pajopnurnHu Kypcatagu, Wwy 6munaH 6upra yHu ysnawtmpuwira
épnam 6epagun. CTaTUCTUK hU3NKa YyCYNUHU ak™aT pusmk \oam-
canaprarumHa amac, 6anku Tabunii aHnap ypraHaguraH co\a-
NapHUHT Kyn >“ogucanapura Kynnaw MyMKUHAUTUra \am nioHy
\ocun K nuHagw.

a3 xoccanapuHu ypraHuwga cTaTUCTUMK un3nKa ycyanHu
AK,K,01 TaCaBBYP 3TUL Ba YHW y3nalITUPUL Kynangup.

3appanap opacuparu y3apo tabcup HucbataH 3aud (Kyycus)
bynraHga ras xoccanapuMHu Kyn X;onnapga ano”mga sappa exku
Xy(T 3appanap xoccanapu acocuga ypraHunagu. a3 xoccanapm-
HW ypraHunaétraHga YHUHI 3appanapy opacuja y3apo Tabcup
yK, oe6 k"apanca, 6yHfali rasnapHu ngean ras gennagu.

Typpwu, ra3 HOMYBO3aHaT X;0natga 6ynca, MyBo3aHaT X;0nar-
ra Kequwuy yyyH 3appanap (Monekynanap, atomnap) opacupg”
y3apo Tabcup, anbarTta, 6ynmwmn wapT. AMMO MyBO3aHaT X"onar-
Jarn rasHuHr xoccanapuHu 6ab3aH YHUHT 3appanapu opacuga
y3apo Tabcmp Mykaeb dapas Kuanb ypraHmw MyMKUH.
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YMyMaH, TU3UM 3appacuMHUHT \onatu YHUHT atpogumaaru
sjappcLuap 6unaH 6ynraH ysapo Tabcupra 6orauvk,. By y3apo Tab-
cUp MpuHUMnuan xu\athaH MKKKU Typra: 3apagnap (macanaH,
0NeKTp, paHr, \ug") 6unaH 60rnuk, yapo Tabcup Ba 3apsagnap
6unaH 6ornuk, 6ynmaraH (cnuH 6munaH 60rnuk, 6ynraH) ysapo
Tabcupnapra 6ynuHagn. CnuH \am 3apsafg Kabu 3appaHuHr UH-
auBugyan xoccacmaup Bay 6oLk,a 3appanap 6unaH myHocabat-
fia Tabcup Kypcartaam.

3appanap \apakaTuHu Koppensauusa K,uayBum 6yHaan KBaHT
Xocca ra3 sappanapu 6up-éupnapura ge bpoinb TynK,UH Y3yH-
mvrn A= /r/P macogacuia ékn 6yHAaH SK,MHPOK, Macodasa
bynraHnapmga HamoéH bynaau; 6yHaa ~p —3appaHuHT ypraya
nMnynbcun: 'p _ PaBlwaHKu, TeMnepaTypa nacaiunwmu ou-
naH ge Bbpoinb TynkuH y3yHauru. optu6 6opagu Ba, femak,
KBaHT Koppensyns HaMoéH 6ynaguraH macodga xam opTub 60-
pagn!

WyHaad Kunmb, KBaHT Koppenauus uadgak,at 3appaHuHr
XapakaT K,0HyHWHUWHT K,ailTa K;apanuwuira cabab 6ynmain, 6an-
KM CTATUCTUK (DU3UKAHWUHT XaM MYXWUM y3rapuinra — KBaHT
CTATUCTUK (DU3NKAHUHT ApaTuauwura onub kengu. Y3 Haeba-
TUfa 3Ca KBAHT CTAaTUCTUKACUHUHT 6030HMap CTaTUCTUKACK Ba
(hepMunoHIap cTaTucTukacura 6yMHuLWINTa 0NnG Kengu.

Jemak, KBaHT cTatucTumkacu nact 77 < 7 {T"~
allHMW TemnepaTypacu) TemnepaTypanapja KBaHT rasnapra
KynnaHunagu. ®otoHnap, GOHOHMAP, OK,MUTTKN K0N4y3nap, HenT-
pOH tongy3snap Ba 60LUK,anap KBaHT rasfnapra Muconnapamp.

By epfa WwyHW anoxuga Tabkuanall 103MMKN, akcapuaT ras-
NapHWHT aiHWW TemnepaTypacu LWYHYaAuK MacTKW, YHUHT
KBaHT X0cCafapn HaMOE&H Gynuwira ynrypmaii, yiap CyrKyTuK,
XaTTo K,aTTUK,)KMCM X0natura yTagu.

Tabpud 6yiinua, monekynanapv opacuja y3apo Tabcup iyk,
OynraH rasHu ugean ras geiimnagun. flemak, ras monekynanapu
opacufa y3apo Tabcup LWyHYanuk sand éyncaku, ynapHu xucob-
ra ofiMHmMaca, 6yHpain rasnapHu wupean ras geiinl MyMKWH.
Amanga pean ras etapav gapaxajga cuipaknawiraH éynca, 6yH-
fai xonnapga MofieKynanapHUHr y3apo TabCupuHM xucobra on-
Mac/nK MYMKUH.

' By epga paHr Ba \ug Kyunu Ba 3au@ (Ky4ycus) y3apo TabCUpAapuUnHL
man6au GynraH 3apsiAfapHUHT MOMapw.
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3appanap opacuja y3apo Tabcup yKam-

rm 8Kn yHU “ncobra on1Macnuk gapaxacu-

fa 3au@ (Knuuk)nurun, Kyn sappanap gu-

3uKacu macananapuHu 6up sappanu ycyn

mMacajiacura Kentupuwira UMKoH 6epagu.

AbHM KN 3appanapfaH ubopat 6ynraH

6 1-pacm TU3UM MacanacuHu 6MTTa 3appa yuyt

canaHu Hasapui xu) atgaH eun6, ofiMHraH

HaTUXXaHW 3appanap TMaummra kK™inaw MMKOHWHW 6Gepagu

(KBaHT cTaTUCTMKara K,apaHr). by epga WwWyHn Tabkmgnaimms-

KW, HOpMan wapouTtaarn Temneparypa \amga 6ocumpaarn pean

rasHu fespnv ugean ras fe6 K,apaw MyMKWH. AMMO XyZa nacTt

TemnepaTypa Ba lOKOpu 6ocumaarv rasnapHu KBaHT MeXaHuKa-
CW acocmfa Kapatl nosum bynagm.

Cwuilpak rasHu Tak“pubaH mpgean ras ge6 kapawl MYMKWH.
LLly myHocabat 6unaH "cuitpak ras" TylwyH4YacuHU ognHMAL -
TUpanuK.

HeiTpan atom Ba MOneKynanapHUHT TabCcup pagnycum Tax-
MUHaH 10”— KO*cm TapTnbaa 6ynaawn. a3 cuitpak 6ynraH \onga
3appanapHUHT YMyMUid X;akmn Wy Mra 3appa \apakaT K;unaéT-
raH namw x,okmv KgaH Xyja KU4mK, abHU

T << V @

fe6 )*mcobnaHagn. Bowk™ava aiiTraHga, navwga sappanap gesp-
NN 3pKUH >"apakatnavagu. by epaa bpaguycu 2/, ra TeHr 6ynraH
LWapHUHTX axXMn (6.1-pacm), AbHU:

b= (44/3)(2r,)1

[a3HWHT cniipaknuk wapTtn (Me3oHn) (1) HK K yiingarmya é3ni
MYMKWH:

107« « ], (2)

6yHaa n = {M/Y) 3appanap 3uunurun; (2) gaH KypuHaguku,
ras cuiipak ge6 >"McobnaHULWN y4yyH YHUHT 3UYAUTU

n« 102"- 1021 cm-3 e

WAPTHN KaHOAT/MaHTUPULLMN Kepak.
(2) wapTHU Kyhngarnya €3 MyMKUH:

<< A @)
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lynga KAV = 6y epga A — mMoneKynanapHuUHr Ypraya ap-
KVH torypuw iwynu. flemak, cuiipak rasga ypraya apKuH tory-
uw Aynn A ysapo TabCcup pagumycupaH xypa katta 6ynagw;
Mow aya aiiTraHga, 3appanap Kyn Bak,T 3pKWH X"apakarja 6yna-
nmnap. MacanaH, 3appaHuUHT 3pKWH OTypuLl Bak,TU  ra HUc-
6aTaH MKKWU 3appaHunHT TykHawuw \onatmga 6% mw Barm T,
Xyda Kuumk 6ynagu, AbHW cuiipak ras ydyH ésmnrad (4)
waprra

r,» Tl ®5)
WapT TeHr Kyunuaup. Bowk,aua ainTraHga, MKKW 3appaHuHr
TYKHalWWLW Bak,TM Xyfa KM4uk 6°'nub, 6y BakT  pgasomuja
yuTa 3appaHuHr 6uprannkga T K Hawuwu amanga (gespnu)
6ynmaingn. 3ud rasnap Ba CytK/Tuknap yuyH \Oig > 1 8ku  »A
wapt 6axapmnagu. by >‘onga TyK“Hawuwnap TywyH4yacum "3
KYUUHWU AYKMOTULLIM MYMKWH, YYHKW MOJeKyna >ap 4OUM y3u-
NUHr aTpouaarn KywHU MOJieKynanapHUHI Tabcupu gomnpa-
cupa 6™Mviagw.

6.2-8. KNIACCUK CTATUCTUKA

Bepk TM3MM MUKpox~onatnapy s\TUMONNUKNAPU TAaKCUMOTHU:
dW(E) =J[E)dn. (6)

By ugogana TaK;CMMOT (PYHKLMNACK
NE) = (1/2)) exp (-/3£) 7

KypuHuwra ara. Knaccuk )*onga aHeprua E = E{p, q) HU Ku-
HeTUMK aHeprua E{p) Ba noTeHuuan aHeprua E{q) nap Wn-
FTMHAMCU KYpPUHMLWIMAA KyAugarnda é3unagn:

E{p, 09) = E{p) + E{0). 8

By \onga knaccuk ctaTucTuUkagarv 1ak,cumoTt yHKumacuy (£)
HU

r&lLil
©)

KYPUHMLW A €31 MYMKUH. ByHAaru Zp Ba Zg HU Hopmanat
WwapTaapugaH Tonunagu;

(10)
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z7=Q= (M)

6yHaa
g Mg

Wpean ras yuyH E{q) = 0. by xonga KiaccukK CTaTUCTUKAHWUHT
Tak“cMMoT (hyHKLuacK (9)

KypuHuira ara 6ynagun. (11) gaH KypuHagukm,
0= P,

b6yHAa F—TU3NMHUHT XaXMu; yW—3appanap coHu. LyHpaai
K;unmb, ngean Knaccuk ras yuyyH a\TUMONUK

= (12)
KYPUHMALWITA, 37 TUMOTMKAAP 3UUSIUTY TaK CUMOT (YHKLUSACK
AE(p)) = (1/Z *n  exp 1-pE(p)] (13)

KypuvHMWTra ara. U3  HWHT UGOAAcCUHU aBBan aHMK"araH
MK

6 = 1/0. (14)

29T |

6.3-8. KJIACCUK TUINMAA SHEPTNANNNT SPKUHINK
OAPAKATIAPY BYMNYUA TEHI TAK.CYMNIAHNLLIN

Knaccuk TM3NM YUYyH 3HEpPrus

E(p, 9) = E{p) + E{q) (15)
6yHAa

E{p) = “.P ruT (16)
TVIBVM 3appanapHUHT KUHETUK 3HEPTUacH;

E{g) = ENo\ a) (17)

238



T.4AMHUHT NOTEHUMAN 3HEPrMACU, 2y — YMyMAaliraH M-
nynbcnap Ba yMymaalraH KoopgauHartanap COHWU. JHEPrus K,ui-
MATNapn £Y4YyH oK opuaa ramma-Tax;CMmMoT YPUHAN 3KaHN-
THUW Kypauk.

AHan Ba E Tacoguduii Mmukgopnap K vimarnapu yyyH
Tak cUMOT ((hYHKLMANapUHN ONaMuns.

JHepreTMK TacaBByp y3rapyBumiap COHU KOOpAuHaTa Ba
umnynscnap coHuWra HucbataH 2 mapTa Kam bynagau. dHepre-
TUK TacaBBypfa y3rapyBuunap COHU

Vv, (18)

6yHaa V Ba V —KWHETWK Ba NOTEHLUMAN SHEPTUANapHU aHep-
reTWK TacaBBypAa aHUKAalanraH ysrapysuunap COHMU.
Tabpudra Kypa 6eta-@yHKLUA

B Ba £ KWIAMATNapUHUHT 3\TUMONNUKNAPK TaK CUMOTUHU
aHuKnamnuk. (19) ra acocaH Kyiuaarn TEHIIMK YPUHAN:

(20)
Kyingarn anHusaTHU €3aiinmk:

n.(£)-[3"11-(V)]
BYHUHTYHTTOMOHUHK £ = ¢(‘Opkanm y3rapTupnb é3ainnmk. Y

\onga
pl

Pp /™ -'n P (r E

eKun
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= (21)

(0]
ByuaaH upma \ak,ugaru Teopemara acocaH:
= (22)
byHaa
= (23)

(22) TeHrnukaaH 6epK TU3MMHWHI KWHETWK Ba MOTeHUMan
aHepruanapu Kuimatnapv 3>"TUMONMKIAPU raMMa-Tak,CuMoT
6unaH 6epunuwuy (aHMK aHUWK) Kennub umk,agu. (23) mdo-
[laHn é3aiinuk:

y NN

€E>  <E,> <£(>
EKK

\Y% V., V,

ByHAaH KnacCcuk TU3UM YYYH WYKW 3HEPTUAHWUHT 3PKUHNUK
fapaxanapu 6yinya TeHr Tak,CMMAAHWLW K,OHYHU Kenunb uu-
Kagu (K. 4.1-macana). Knaccuk ngean TMsum yuyH

E,=0,E = &} (25)

By \onga/3,N = YN<E> paH <E> ->06ynraHn yuyH -> aa by
WwapT 6axkapunraHia

Ay1Eg)="bT =KE-E) (26)

TEHI UK MpUHAM BYNMUinHKU KypcaTuw MymkuH (IV 606ra
KapaHr),

ByHu Hasappa TyTn6, genbTa-gpyHKLMUSA xoccacura acocaH (21)
haH:

TE) =ry,{E) =#1£). (27)u

LWyHpain kKunnb, KNaccuk TU3MM YYyH 3HEPTUSHWUHT 3p-
KWHNUK gapaxanapy 6yinya TEHTTar CMMAAHULWUHN YMYMUIA
X;onga ncboT K,Unauk.
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6.1-macana. MaMma-TaKCMMOT YYyH MMIMa X,aK,ugarv Teope-
Ma YPUHAWN 3KAHAUTUHN UCOHOT SUINHT.

Eunw. N aMma-TakCMMOT YUyH Kylhingarn ndoganap mMab-
nym:

©
r(y)= x""e~"clx, 1. (1)
(0]

P=y/l/ <E>, E[x,,X2,..,X2)
Knaccuk \onga
E=E{P,,P..... P) + E@, A,... B). @

|7|I/IFMa TeopemMacura acocCaH:

If5r (*) = Ippyp {"p)" fpMa (M9),

(3) nhogaHn MCOOT KMAULL YUYYH YHUHT YHIT TOMOHUHWN Kypa-
MU3:

n 11
Er=  a/iMalWTUpULL yTKasub, oxXupru ugogaHu E3amms:
N, (M), (E)- - <, =

6y epparu uHTerpan 6eTta-QhyHKuus pgeiinnagn Ba y

N frpsva) o r(y)' KypuHuwra ara. bByHu swtu6opra on-

cak raMma-TakCMMOT yuyH (iiMrma) Teopemacu Mcb0T KUUH-
raH 6ynagu.
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6.4-8. MAKCBE/T/T TAKCMMOTWUN KOHYHWN
BA YHUWHI TATBUKW

BepK TM3NM YyUuyH Tak CMMOT (YHKUMUSNAPW MabayMm:

/{E)cln ="e-~bln, (28)
bl E)dn =ANE-"e-AN(dE. (29)
Bynapga | — ctatuctuk unterpan (MnrmHgn), 3= yin, Ar) —

raMma-hyHKLMa: ngean ras yuyyH/s = \/kT. YMyMmuin ndoganap
(28) Ba (29) HM N Ta MUKK CTpyKTypara ara 6ynmaraH, AbHU
6up aTomnn mMonekynanap (3appanap)gaH nbéopart Knaccuk mae-
an ras yuyH ésuaraHga

\3/2

V \2nTKT, (31)

P=A,2y=3M (32)

ngonanap Hasapga TyTunagu.

Tapuxuih mabnymot. CTokc caBonu. NHrn3onm-
My CTOKC MMTUXOH Bak,TUAa Tanabanapra 6uTra KywMmya ca-
BOJ1 6epap, CaBO/THUHT XXaBOOUHM Y3 XaM bunmacnurn sa by
caBo/ TaflabaHWMHI MMTUXOHAArn 6a\ocura Tabcup aTMACIUTK-
HU aiiTap 3kaH.

Bup kyHu (1859) TanabanapgaH 6uttac CTOKCHUHI Oy
caBonura>xasob Tonn6aun. by Makcsenn agu.

Kylinaa Wwy caBosHW Ba YHra XXaBOGHUHI acoCuil MasMyHuU-
HU KenTupamus. TapTnbecm3 (XxaoTuK) “apakargarv ras morsne-
Kynanapu 6up-6upu 6unaH y3nykcus Tyk,Hawmb Typagu. Ly
Tyainnn ynapHuHr tesnmknapu \ap xun 6ynagu. Tabuniikum,
TepMoMHaMMUK MYBO3aHaT Xonatufaru rasfa xyfga Kuuuk
(Ho/Mb) Ba >XXyda KatTa (YeKcu3 KaTTa) Te3NIMKAU MoJiekyna-
NapHWHT COHW HWUcbaTaH KaMm (Honra fk.MH) 6ynagu. [lemak,
ras Mosnekynanapu Te3nnk K uiimatnapm 6yiinya Ta*cumnaHagm.
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Cason: MonekynanapHuHr
(HMO6WIA COHMHWHT) Te3NMKNap
(>yinya Wy Tak"CUMOTK K,aHfaw
H,(nyHra 6ylicuHagmn? @

Xagob. Nguw nunga my-

nosaHargarn ugean ras mosne- /
Kynanapy ydyH 6apya liyHa-
nvwnap 6a6-6apasap (TEHT Kyu-
nn), abHU TeHr SIXTVIMOTIN
Nrap OekapT KoopauHatanapu
insmmun K ynnaHunca x, y, r
IlyHanuwnap 6yinya monekynanapHUHT )"apakatu 6apasap (6.2-
pacm). MacanaH, OXyky\ 6yiinya x,ap KKK TOMOHTa \apakar-
NaHaéTraH Mmonekynanap TeHr Kyunu (akc \onga 3appanap éup
TOMOHAA KynpoK ATynnaHn6 K.onap agu). AiTuaraHnapra Kypa,
macasaH, + dpropanukga OXyk, 6ynua \apakatnaHaérraH
monekynanap coHu cu{g) Ba OXykK,a Teckapu yHanuwaa ) apa-
KaTtnaHaétraH monekynanap coHu c{n{-b) y3apo TeHr, AbHWU:

6.2-PacM.

clifx)) = >0. (1)

Bow”ava anWTraHga, (1n(g) KaTTaNWK TE3NUKHUHT (AbHW
HUHT) XYDT yHKUnACHaunp:

cin{g,) = Aal)cls,. ()
Anb6atTa cln{g™ opanuk#"., opanuk; (KaTtasnk)ka my-
TaHOCUO 3KAHNWUTW paBlaHanp. Xya4an WYHUHTAEK,

clgpn) = Aal)ela™, ©)

cin{g™ = /{g\)clb, 4

ngoganap ypuHnu. (2), (3) sa (4) ucoganapaa
cLLn) M(by) r1lnNi\ crfg)  fls"2\
T

Te3IMKHUHT GUPNUK oOpanukylapuiarn Monekynanap COHM 3uy-
nvknapugup. Tesnuknap (asocupga TOMOHAapu cia
6ynraH napclunenonunegHuHr cdo® dmy <Y&\axmpgaru (6.2 -pacm-
ra kapaHr) mosiekynanap COHM HU, SHHU

N AN
n’oor ry’ oy y l'ﬂ'l-'— 1CJ‘U' KS)
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opanuk™apgaru 3appanap COHUHUW Tonuw yuyH (2), (3), (4)
HY y3apo Kynaitupuw nosmm (K. 6.3-pacm):

cin( ™ , )=cln)c{n{&\)cln{?) =

eKu
" ()

6yHaa
Me,nn) I (> ) IK)I(B ). ()

(8) 4@ YHI TOMOH XY(T hyHKUMA BynraHn yyyH van TOMOH-
farn \am Xy(PT QyHKUMAanp:

By Tesnuknap asocuparu "6uMpAuK \aXxxm" ra Tyrpu KenraH
MO/ieKynanap coHu 6apya yHanuwnap TeHT Ky4im 6ynraHau-
M yyyH { napHuHr anoxuga K,uimatnapmra 60rauK,
6ynmai, "6upnuk )(axm' HWHT KaHgalh "macoaga" (AbHuU

=pl+p™+'&1 pa) onkwravaurura 6ornuk, (6.2-pacmra
KapaHr), AsbHU BekTOp 4 ra amac, 6anku ra
6ornvk,. emak,

= ©
WyHpaid K,mamb,
N etBting)=1(«)(»3)1(97?) (t0)
3KaH/IMTU aHUK,NaHAaN.

(10)HMHIX,ap MKKW TOMOHMAaH mj Oyiimya Xx,0cunaonain-
NUK:

AelK )IK ) > (12)

6ynapHu TeHrnawTnupub, cyHrpa >'g
WKKW TOMOHUHU (10) ndopara 6ynuo,
yWwo6yHN Tonammns:
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13
Fd8 70 oW (13)

Xyann WYHUHTAeK, 6ok a npoekuuanap y4yH xam
(13) kabw ndoganapHn E3nw MyMKUH. CyHrpa ynapHUHT Xap
aoum 6up-bupnapura TeHraurugad ynap 6upop oumuii coH
P > Ora TeHr 3KaHAUrn Kenué yuk™agu, AbHU:

v KI I 'V K) ,im

f S [(») 5 ) Mi /(1) <iii
ByHpaaH
F{b) = Ae-AM\f{d:)=Be~"""" (15)
TaK;,CUMOT K’\OHyHI/IHI/I Tonamus. /[BHUHT MyCﬁaT 1<;I/IJ1I/I6 ONNNHTa-
HW TepMoAMHaMUKagarn MmyHocabatnapra Moc Kenagu. (8) sa

(15) myHocabaTnapgaH /1 = 5MakaHANTKM Kenuoé unk™aau.
A (Ekn B) HM HOpManaw LwapTu

B { dQi=\ (16)

faH aHuK"aHagu: B = Jdewmak,
= (17)
(17) Ba (18) utoganapHn MakcBenn TaucuMoT nenn-

nagn. by KMOHyHHW, tOKOpMAa ailTraHummusgek, 1859 imnga
MakcBenn kaw@ aTraH.

MakcBens Tak.CUMOT KMOHYHU — BGUPANK "Xaxmra" Tyrpu
KenraH aXTUMONNuK

dn{~”,b”,d,)/dd”,d9",db= F{d) (19)

BHUHT Kamaiuwm 6unaH opTu6 60paan Ba 4 HUHT 3HT KUYMK
KniimaTn A = Ofa aHT KaTTa K.uiimaTra apuwagun. by aca Mak-
csenn (Ekm Makceenn-bonbumaH) TaucMMoT PYHKLUACUHUHT
ojatgarv TYWYHTUpUAMLWNIa 3naaup. by anaanat aliHn”ca 6up
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YN4O0BAM )NONHN KapanaéTraHga fK,K;on HamoéH 6ynagm. X Kukar-
[laH }<aw y3rapmac y3yHNuKKa ara 6ynraH opaawmk#*.,  + dd®
ra Typpu KenraH mosnekynanap (HMo6uii) ooHu

dn(i)) : (20)
(17) ra acocaH Kamainwmn 6unad/(~J Ba, gemak, dn{d)
optnb 6opagn Ba = Opfa (aHur = OHWM y3 MYUTa ONraH

opanukga) AM.) Ba, gemak, dn(&J 3Hr KaTTa KuiAmatra ara
bynagn. Xyganm wyHuHrgek, dn(d®), dn{d) ra HucbataH )'am
IOK.0pyrgarniapHy anTul MyMKuH. lemak, fiHa f, HUHT Kamai-
MK 6unaH F{) HUHT OPTULLUHY TyWYyHULWTa Kenamus. (3c-
natamm3s: dd®, dd®, dd/jiap ysrapmac katTanmknap geb x,ucobna-
Hagm). Xocun 6ynraH 6y 3smaanaTHu (napajokcHKU) 6apTtapad
3TUW YYyH X TUMoNnukK d W H1 ofatgaruywyHtupuwra Ty-
3aTULW KMpPUTULW N103nM: Xak.mK,atga d J V  Mypakkab BOK,ea-
HUHT 3\TUMONNUTU. ¥ § BEKTOPHUHI Yyuu asn,

+ d&, my  + d&‘opanukpapga 6ynuw s\tumonnuru (ogatga
wy nbopaHu aTmw 6unaH yeknaHmnagu). by s\tumonnmk —
aHcaM0bnb 3neMeHTNapu A\TUMONNUKIAPUHWUHT TeKUC (TEHT)
TaucumnaHuwmy \ak.mgarn 6U3HUHT NOOTynaTUMKU3ra acocaH
i3V i, ilM x;a>KMra nponopumoHan Ba V BEKTOPHUHT K MiAMaT-
napu opanukga éynmacnunk a? tumonnurun (6yax Tumorn-
NUKexp ra TeHr) KynainTmacumgaH nbopat. byHga (O#
opanukga A K "MAMaTUHUHT 6yamMacnuk 3? tumonauru exp (-
[3#") opanuk; y3yHnAuru 9 kamairaHu capu optub 6opagm Ba y
HOM y3yHnnkka ara opanukga (O, 0) myk™appap BOK”eaHWHT
X MTUMONIIUTUraTeHrnawagn, SbHN exp - 1 6ynagwn.

6.1-mucon, Monekynap-KMHeTMKa acocuja uanLW aesopura
60CYMHU aHMK"aLl.

Monekynap-KMHeTUK TacaBBypra acocaH, UauL aesopura
ngean rasz MoJsiekynanapuHuHr 6ocumun: 6y 6upnuk tosara 6up\
Nk Bak*Taa (MacanaH, = 1cmN [? = 1¢) Monekynanap To-
MOHMAaH 6epunaétrad UMMy nbonapraTeHr. OX ykKaTuk 6ynraH
navw fesopura pakat Te3NnkK npoekumnsanapugaH > O6ynraH-
napuruHa uMmnynsc 6epaaun (k. 6.4-pacm), Monekyna gesopra
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ypunué KaTraHga yHUHT Te3u-
IM —  raTeHr 6ynagu. [lemak,
(appaHuHr (MONIEKYNAHWUHT)
nauw gesopura 6epaétraH um-

nynbCcu
-{-Tp) =1y (9
bynagu. ' Mopannkgarm
byHaal Te3nMKAM monekynanap
COHM
6.4-pacm.
(In[g®) =n 7 (%)

[Oemak, 6y MoneKynanapHUHT uauw aesopura 6epaétraH UM-
nynbcnapm

2T a™-cln{p™) = 2Tn{"" (3)

JaH noéopat. bupnuk sak*tga (MacanaH, 1cekyHaga) nauw ge-
Bopura eTu6 60pn6 ypunaguraH Te3nUKAWM MOJSieKynanap co-
HUHK TONUW YuyH (3) ndpogaHn unanHgp \axxmm  ra Kynai-
TMpuw 3apyp (6.5-pacm), abHU

2T\ bl )=20mn | 4)

FOk,opugarn 6ocum Tabpugura acocaH, 6ocum P HM TOnUL
YUYH (4) HM (O, oo) OpanuKha MHTerpannaw kKepak (MaHpuii
MyHanuwigarn monekynanap gesopra ypunmaingu!)

®)

I \3/2 ~
\ iy

X'e-
v 0

sy — 1 4n

EX=py2 4

/HUHT 6y KMiAMaTuHKU (5) ra Kyinmb, P HM Tomamus:
/2

\ A
P=2mn é]) 31/7y/f| - ©

247



6.5-pacMmfaH KypuHaguku, 6upnmk
to3ara ara 6ynraH, scosuncu K ra
TEHT UMAnHAP numgarn K Te3nuk-
nn \amma monekynanap | cekyHgaa
nauw gesopwura 6opu6 ypunagu.

N 30\. MakcBenn Tak cMMoTu-
jaryu Homawvnym /3 HU aHuk™naw

6.5-pacm Y4yH KnaneMpOH TEHITamMacu:

P = nkT @

faH doinganaHamus. (7) HM ~-8unaH conuwTMpub, ngean
ras yuyyH Myxum ugogaHun aiimk™Maimus:

2KT! (8)

6.2-mucon. MonekynanapHUHT TE3AUKHUHT abCcoMOT K,WiA-
mMaTnapu 6yinya Tak,CMMAAHULWWMHWN aHUKAaLL.

byHpa 6v3 g, g + clgopanukgarn monekynanapHUHI HUC-
6uii conn cln{n) Hn (¢/1AN)a\TUMONAMKHI) aHnKZaknuk. (BnutTa
3appa y4yyH 'mb6c aHcamb6am — 6y mgean rasgup!) Ymymui
xonga:

c1LLE) (1)
Waoean ras yuyH

E= 2T 2 (2)

clE= T LU, v = 3/2.

(2) HM Haszapga TyTM6 (1) faH K MAngarnHu onamus:

N2 / \3/2
I(«)"(») = )

6yHpga M (3/2)=n/~] 2, P =\/ KT 3KaHNWUrn 3bTUGOPra 0/ivH-
an. Lemak, m& 8§ +cljg opanukgarn MonekynanapHUHT HUCOWN
COHM cln(Y)/n ékmn c{lLl'n) s\TMUMONAMK KyAugarn TaycumoT
K OHYHN 61UnaH aHUKNaHagu:

M ~) = n/g)cto, 4)
3/2
AN = 2KT
/( ) 4s \2nkT (5)
(5) ndopa \am Makceenn TaucuMoTw aranagu.
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(5) MYHOCA6aTHUHT reo-
MCTPVK NPoJacuHn Kypai-
UK (K. 6.6 -pacm). 6 .6-pacMm-
[aH KypUHaguKu, arpm 4u-
wK (6yHn MakcBenn arpu
yn3nru gelinnagmn) Tesnuk-
WAHT Mabaym  KMmiAmaTu-
Ja MakcuMyMmpaaH yTaau,
AbHU & TE3NNKNN MOJeKy-
nanap COHW 3HT Kyn 6yna-
OM Ba  [aH KWYMK Ba YHAAH KaTTa Te3/IMKAN MOJieKynanap-

WUHT HUCONA coHM kuuumk 6ynagn. (5) faH KypuHaguku, 6y

6.6-pacm.

(DyHKLUMAON) HUHT MakCMMyM K iamatu =N2N (3.14-
Macanara uapaHr) 6ynraHaurungaH temnepaTtypa optuwiy 6unan

YHI TOMOHTa cumknb 6opagu. MacanaH, TA< TA< 3/lappa6.7-
pacMia MakcBefin arpy UM3NKy1apu KenTupunrad'.
MonekynanapHuUHT Te3nnknap 6ylinya TakCUMOTU K,OHYHN —
MakcBenin Te3nuKnap TakcumoTu Taxpubanapga 6up Heya map-
Ta CMHaAb KypuaraH Ba y3 TacAurvHy TontaH. LyHgai Taxpu-
6anapgaH 6upn — LLITepH Taxpubacu. by TaxxpubaHmHrtap>"n
Kyinga kentmpunrax (6.9-pacm). by Taxxpubaga metann 6yrna-
pun 6ynraH neyb atpodupa
MKKN KOakcman UAanHap ai-
naHagu. Meyb numparn me-
Tann 6yrn monekynanapu my-
BO3aHart xonarga. Monekyna-
nap neyHuHr /["tmpk™mwm Ba
Ba 8" TMpKMLLapuaaH Ym-
Kb, 6y TupkK,uwnap 6unaH
YK LUAVHAP TUPKULWLKN O

6up Tyrpu ynMsnkpa étraHga 6.7-pacm.

' (3) neogasa = clY(p) 6op. 3appauuHr (CKW 3appanapHUHT 6,

& + ¢ opanukga 6ynuwl 3?<,TMMONAUIK, anbaTTa paguycnapu r Ba r + clr
bynraH ciepuk cupTnap opacuparu \axm c/¥(-g) = 4ng-clg ra MmytaHocub6.
NKK1UHYM TOMOHAaH, O Ba g Te'Mknap opac(l)/HuﬁEm 3appawwr (3appanap-
HUWHT) Te3nuru 6ynmacnumk a“Tumonnmrun e— MyTaHocnbaup. [emak,
Mypakkab Bok.eaHuur, sbHu (O, a) fa 6ynmacnuk sa 4, g +c10 ga 6ynui-
NNK 3)ATUMONAMI ynap 3Tumonnuknapu (3) gaH neopatgmp (k- 6.8 paem).
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MoneKynanap B TUpKMLW aaH
AN6 TalKW UMAMHAP cupTra
6opun6 ytupagunap (énuwa-
avnap). Arap mMoJsiekynanap-
HUHT TE3WUMM Xyf[a KaTTa Ba
6up xun 6ynca, ynap TUpK-
uw O HWHT pynapacura Ta-
WKN UNAUHAP UYKW CUPTK-
HUHT 6up xolinra 60pun6 "r-n-
pap (énuwap) sgunap. AMMO
MOMIEKYNaHUHT Te3anKnapm
MakcBenn Te3nuknap Takcu-
moTura OyiicyHca, ynap Ta-
WKW LMAVHAP CUPTUTa MablyM X,ap XU KanuHAWKAa yTUpaau.
Te3/IMKKa MOC Ke/lraH TalWKy LWAWHAP XKOWKUra aHT Kyn
MosieKynanap 60pm6 yTUpraHanru yuyH y xxoliga HucbataH KaivH
KaTnam x,ocun 6ynagu. X,ocun 6ynraH KaTnaMHu TeKwupui
MONEeKynanapHUHT Te3nnknap 6yinya TakcumMoT — MakcBenn
TaKCMMOTN KOHYHWHWHT YPUHAN 3KaAHAUTUHWN KYpCaTAW.
MakcBenn TakCMMOoTK TaTéMKUra ong macananap Kypamnuk.

6.3-macana. Vigean 3appanapHUHT TaKCUMOT (hYHKLMACK Ba
CTaTUCTUK UHTedann Z| aHUK aHCUH.
Eunw. Ymymuid x,onga:

6.8-pacm.

(b
I _
r Ar{r+1y 2
LLIYHWUHT YYyH KyAngaruHyu E3vWNMn3 MyMKUH:

_Tr p
2r — 3Heprua E HM (raMUnbTOHWAHHW)
aHuKpanauraH ysrapysumnap coHu. by
KapanaétraH x*onga8="b ,b = bbynaau.
Y xonga

(4)

Al



= BPA AN = _E AN
r VclxclycllJ clP,clP-eP A{2TE A-EN'\

Ko

A = YA[2T) AN,

/m(|+])=3/-(3/2) =|1/'(1)=5~" ./ij=14T,

[Jemak, nfean rasz ctaTUCTUK MHTerpanu 7, yuyyH ywoby ugo-
JaHn onamus;
2 M2

V ZaTkKT | (5)

Vpean rasHuUHr 1ak"cCMmMoTy QPYHKLUACK

(6)
KyPUHULLAA aHUKNAHAM.

6.4-macana. Mgean raz MonekynanapuHMHE TE3NMKHUHT ab-
COMOT Kninmatnapu 6yiinya 1ak"CMoTW aHUKLAHCUH.,

Eunw. Wpean ra3 — 6uTTa 3appa y4YyH CTaTUCTUK aH-
cambn 3KaHAUTMHW Hasapga TyTumo,

E = (1)

nthogaHn ésamns. by xonga 2y =3. [lemak, TakCMMOT (hyHK-
umscu

CILINE) = rar2) EeIE @)

dE = 7T&clp, [ (3/2) =n/n/2. ©)

Lemak, usnaHaétraH TakcMmMoT QyHKUMACU MdogacuHM To-
namus;

1
43/2

- - T
cl1¥(W, = {b)clp= 41 kT e @)
O6yHAa a\TUMONNMKNap 3nYnru

3/2

20 ©)

By MakcBenn 1ak cumoT hyHKLMACUaunp.

T ) =An



I-n 30 Wpean ras yuyH Taxxpuba Kypcataguku, 8 = kT.

2-n30 Wpean rasa — F'm66c aHcaMban. AHCamb/1 3NeEMEHTH
— by 6uTTa 3appa.

6.5-macana. Tusnum Y¥Ta Kfnaccuk ugean sappagaH néopar _
6yncuH. Kyingarn s\Tumonnuknap aHMKNaHCUH; |

a) p UMNYNAbC KUWAMATUHWHI p, p+ép opanukaa oygu- *
wu; 6yHga |

AN

E=pn2T, pr=pt+pl+p] "\ (1)
6) P nmnynscnap KunmaTnapuHUHT
PAPX +
pr PN
2

PiN~PrN~dp~N

opanukfapga éynuiiu;

B) P|, P\ .. MMNynbcnap KuinmatnapuHuHr (2) opa-
nuMknapga 6ynuwun, ymyMmaawrad 9, KoopAuHaTa-
nap KuimaTnapuHuHIC

.................... @)

opanukgapga éynuwu.

Eunw. (1) gaH KypamMu3Ku, ramunbToHuUaH (3Heprus E)
HW aHuWKnaWguraH ysrapysumnap coHu 3¥YY ra TeHr, SbHU
2y = 3.

a) 2y= 3M Ba (1) HM Ha3appa TyTu6, 3Heprua Ba, AeMak,
UMAYAbC KUAMaTNapy yUYyH m3naHaéTraH 3x,TUMONAMK cl1¥(p)
HWN é3aMu3s;

cl1¥{E) = c1\¥(p) = EN"'e<NXIE =

= (as3/lyl2/~2(3Y Y /2))1("r)2 p "M-17-pe”p (4)

Arap N — xydT 6ynca, A3N1N/ 2)=("-- 1! Arap TY ToOK,
bynca, A ’
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6) (1) parwm
=pl+pl+mmt

3M ynyamnum uMmnynscnap asocugaru wap TeHrnamacugup.
By WapHUHT \aXXMu:

Paguycnapu p T p + clp 6ynraH runepcdepanap opacugaru
X,@KM

<1¥A(p) = BbICA-Yp )

b6ynagn. AéHku, U —\ pga C3=4n:/3. (5) ndoaaHn Hasapga
TyTn6, (4) 3> TUMONANKHU KbaliTa é3aMu3:

\2T1)

6yHna P Ba, gemak, YVYp) x"axwm (O, 00) opanukpa ysrapagu.
MMnepchepmap opacugarv aneMeHTap X,axm oyin-

Yya WMHTerpannaw ypHwura, Tabuminku, runepky6 anemeHTap

kMK clpelph. (v 6yiinya mHTerpaniaw MyMKWH, SibHU:

+00  +00

- O|P2--P3n- @)

Kublo/Mp)clY M p)va/ M {p™ pA,....pMY) O O 2...0034, napgaru
a\tumonnuknap snunuknapu /*{p) Ba l{p”.p”,.... p~ NnapHu
TEHINAWTUPULL YUYHP HUHI>Map 6UMp KUAMaTUHUpA,ph, ...,
napgaH Heya xun ycynnap 6unaH 0NMHUL COHMHK X™cobra onuLu
3apyp.

Xap 6up 3appaHuHrp® p? p. NTapUHUHT anmMawTUpuLL 3ap-
PaHWHT AHTN 3Heprusacura onnb kenmaigu. LWy cababnm ycyn-
nap COHWHM X,ucobnaraHga 6yHaan anmMalw TUPULLIApPHN 3bTH-
6opra onmainmns. by x*onga

E=BE"+ E,+ ..+E,

oynraHnurugan p (ékm E) k™ miimathun ("cysHu") \ocun K,unys-
yu anemeHTnap ("x"apap”) coHn YYraTeHr bynaau. by aneMeHT-
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nap N Ta xoHanapga (3appanapja) xolinawagn. Mabaymku, Yy
3NeMeHTNapHN 7 = YY(Aueilkanapga) XoHanapAa >onnawtupui m
ycynnapu CoHm 27 = ra TeHr.

c/1¥(p) =Np)clp garn s\tumonnuknap 3ndunurn AP) Hu Ky-
Anparnya é3MWMMN3 MyMKIH:

=AE)clp,, c!lpclphAE NelpMypYipA  (8)

YHITOMOHAArn KynawTmanapHuHriap 6uw/iE)clp™.clp™Mp”.
6up 3appara Teruwnum a\TUMONNNK. 3appanap Knaccuk niean
3appanap 3KaHIUTMHK 3bTu6OpAa TyTaMu3. SHeprusacu éku
umnynscu E, E + (E ékun p, p + c{p ga 6ynraH Ba )‘amga ru-
nepkyb6napgaH 6upuga (abHuM (2) opanukpa) 6ynuw 3x,Tu-
Monauru ciyYNph pn,..., Pag) =/,.{p"™ pN...., 12387 P|dh2...¢h 3" HK
TOMWUW YYyH (8) HWU ycynnap COHM ra Kynaitmpuw no-
3UM, AbHU:

= 1 {P"we’ PiNPIC'P2mmmCPiN = 1M(P)D 1P 2-D 30 =

p3n/2+
Noyyn: T 2T
rMCy”~r(vm/2)
BN /2
clp.
©)
W3naHaétran (2) opanukgarn <U¥{p, ..., p™) 3XTUMONIUK

(9) ndopa opkanu aHuknaHagu. HOK,opuparvnapHu conuLL-
TMpuwgaH

C1Y~M = MXIpclp®. clpgy (10)

3KaHW Kennb uuk;agu.

By epga wyHn Tabkugnaw nosmmku, (9) Hm pN p .p™
nap 6yiunya (—m, +00) opanukaa wWHTerpannaHradga, Ap)
HUHT DK byiunya (O, =) opanukgarn nHTerpanu 6unaH 6up
XU BYNULWLN YUYH YHA ra 6ynuw kepak'.

' By MacanaHuHI CTaTUCTUK (u3mkagarn 6aénunga (9) nHTerpasHu
NapuvHT ypuH anMawTupuwnapn conun M ra 6ynagunap. by
aca, YW ycynnap COMMUUMI 6UP KUCMUAMP.
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AHan (9) ndogagarn C3* HM aHMK aWINK. BYHUHT yuyyH
Kylingarn WHTerpaaHu MKKn xun ycyn 6unaH x“ncobnainmms:

c/ly =nC/-4Yx
3KaHNUTMHU Ky3fa TyTu6, é3amms:
-
cx'e clx e~ = (D)

"N, (D2 CIX,, = =

=nC,Je-\"-~(1x = C, 11 =C./(|+D (12

(0] o

(11) Ba (12) paH:

C,-a>7"" [r (X +1), (13)
(13) H¥ Haszapga TyTM6, (9) HM OyHpal é3amua:
, \EbI2 BM2
(n.n-Nnly)= o2 clpgp2-clPw =

X
(14)

B) Talk,u MaingoH 6ynmaraHja ugean Knaccuk sappanap manw
\axxmun Kpa tekuc Tak.cumnanagu. Ly cababnm ymymnawiraH
KoopauHaTanapHuHr (3) opanukga 6ynuuw s\TUMONIUTK
DK (M, ..7\30,) Kyhngarnya aHukKgaHagm:

{a., An;., (15)

YMymnawiraH umnysnbcnap Ba ymymawiraH KoopguHatanap-
HUHT 6up BakTda (2) Ba (3) opanukpapga 6ynuw 3*TUMOSI-
aurn (14) Ba (15) ax,TMMONAUKNAPHWUHI KynaiTMacura TeHr,

AbHU:
N ¥

~C{py,P2...p~"\4A\,b-Ulbl) = -

2
\2nml

X & 3 ..p3g,.0% (16)
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By ugopana

[aHeprua Bak.T]N" ynyamiukka ara Ba, feMak, 3“TUMONINK?
nap 3M4nuru xam [aHeprus Bak.T]M ynuyamnukka aragup. AMMO
MaTeMaTWK HyK.Tau HasapAaH 3XTUMOJIINKAAP 3UYIUTU yYaMm-
CM3 MUKLOpP BynraHn mabKyn.

Ly ca6a6nu, (16) HK yluamnurun [apr ecek] 6ynraH /r"ra

6ynuno, ra Kynantmpamus, SbHU:
~PE (17 _
onT = 1{E)dn @an
byHpa:
r (18)|
3lyir
ot (19);

Oy epga N Ta ugean 3appajaH Tauikui TOMraH rasHWHT
CTaTUCTUK MHTErpanu.-

6.6-macana. Vgean ras sappanapuumHr 6up-o6upura 60rnvk;
amacnurugaH ¢oinganaHn6, asanru macanagaru c/LLp, g) s\tu-
MOJITUKHU aHUK aHT.

Eunw. YMymnawiraH UMnynbCNapHUHT (2) opanukia, ymym-
NnawiraH KoopauHatanapHUHr aca (3) opanukga 6ynuw a\tu-
mMonanru cll¥(p, o) Kyimgarn a"TUMONNNKNAPHUHT KynainTma-
cuaaH néopart:

cl1¥{P,,PN,P,-, 4,.a",.8") =e-~dnr, [ =1,2,.J1"
\3/2

A = cIPPACLP, cla il (20)

1n

3appanap 6up-6upura 60ornuk. 6ynmaraHu yyyin msnaHaér-
raH c!f¥p), gy XTVMIVIK (YK s\TUMONAUKNAPHUHT Yy3apo
KynaiitMacmura MyTaHOCKU6, AbHMU:

(i\y{p,,p",---p""-,.ﬂ."---A"")~\/{(l\¥,- \oo(21)

By epfa E HUHT K MAMaTUHK BN napfaH Ta ycyn
6unan X O KWL MymknuHAntnHum (\onaTHWHT aliHULW Kap-
pasv rmH 1) xucobra osicak, n3naHaétraH noganapHn onamus:
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c1\¥{p,n)= =
(22)

/T \3n/2

n,, \11|1T/ (23)

1-n3o\. (9) Ba (22) napHu conuwTnUpmnG,
T3/TIr
r -+1
IKAH/IUTUHN Kypamus.

2-n 30 ABBaNrM MaccllaHy 6oLk a ycyn 6unaH euml mMym-
KWH. Busra ctaTucTuk uHTerpan uogacu mMabaym:

I
27 T ATV (24)
byHpa:
= + o+ (25)
by \onga 2y = 3/1¥%u
y=X, 5=3V. (26)

E HK \ocun kunyeum ycynnap coHn » = N2 9Ham I'(y + \) B&A
HU \ucobnaw no3mm.
Arap N xydT 6ynca, r (~ +11=" 1

Arap A*torr 6ynca, ' (N +1) = 1)L T(X).
dazaBnit haso xaxmm
F=NE" = AE?2"N\ (27)
MKKUHUYN TOMOHAAH,
I = \clac{p=y~ clp= Y~ mC,AM2TE)"""- =
= y/\C’A{ZTy/\/\- EAn' (28)

17— A. boiigepaeB 257



(27) Ba (28) paH:
A= \"C,I2TY"\ (29)

byHgaa:
ZI_3/AIZ

Gy = (30)

(29) Ba (30) HM Haszappa TyTu6, (24) faH AHa aBBa/irlM HaTwu-
Xa (23) Hu onamms.

6.7-macana. T maccanu 3appa 6up ynyosnu asoga (Kytu-
fa) (O, /) opanukpga ) apakatnaHaétup (6.10 paem). Ly 3appa-
HWUHT KBaHT \oflaTnapy COHWHW aHWKAAHT Ba YHU (ha3aBuii aso
GunaH CONULLTUPUHT.

E uyn w. by xog yuyH Ll pegnHrep TeHrnamacu Kyingaru-
nek éynaau:

(1)

By TeHrnamaHuHT eynmu
/2TE SPLE.
yl (X) = Ae + Be

Jiinep hopmynacuaaH oiganaHnb, 6yHu
y/(x) = asin o Xt bco?. L X ()
KypuHuw aa é3uw MyMKuH. Manw gesopugax = 0,x =/ga
ur{0) =¥ (/) =0 ©)
6yncuH. by \onga ymymuii eunm (2)
W{x) =a?\n"LLL"x 4
KypuHuLIra Kenagu, 4yHkn 6y
yerapaeuin >onga\p{l) = O
6ynmwu Tanab atunagw.
yl (/) = =0

6.10-pacm. naH
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®)

XaHu Kenuoé uikagn. ByHpaaH;

E = 27!- 8Tl (6)

NynpaH \onatnap COHU N HU TOMamwus;

vV | _ bT/"E _ y/l8T/I-E _ T (7)

ByHga thasaBuii hazo x axmu

F=7"8T1"E =2l TE = AEM" (8)
ngona 6unaH aHnkNaHagun. bup yn4yoesnu ¢haso yuyH
r~gm

Ba
A=21{2TY>K

6.8-macana. bup ynyosnm \on yyyH CTaTUCTUK UHTErpan
Z, KaHOHVK TaucumoT Ba MakcBenn Te3nnknap TaycuMoTu-
nu x~onatnap 3nyunurn udogacugaH onganaHnd aHUKAAHT.

Eunw. bup ynuosnm \on yuyH E(Y) = T'&\/2, femak,
N=1l2, n= 1, 1.

Bup ynuosnu \on yuyyH 3appaHuHr aHepruscu (6.7-macana-
ra K.).

%T1- (D

6yHAa E — "KyTW" HUHT KeHrnuru. byHpaH;

N = E"ABMN2T ENMYN 2
ZHUHT ngopacu
1 P py-\ clE

2 T{y) I 3)

faH, (2) HM abTMbopra onunb, ywbyHn TONamms;

z | \ZnT/ (4)



[emak, KaHOHUK TakK"CUMOT PYHKLMACK;

wm\1/2
2nT (5)
Bup ynuosnmn xonga:
en = 7 n
6yiinya MHTerpannacak,
dn=", d&y
bynagn. SHam
=0p, fcin

TEHINMnKaaH KyVII/I,CI,&FI/IHVI TONnamMmns:

©)
ByHpAabwup ynuamnm x.on ydyH MakcBenn Te3nuknap Tak,-
CUMOTUAUP.

6.9-macana. T maccanu 3appa b éHnm Ky6 numpga \apakart-
naHaétmp. Xonatnap COHU Ba (pasaBuii pa3oHM aHUKAAHT.
Eunw. By x0n yuyH LLUpefnHrep TeHrnamacu:

Au, = Ey/; A=)y + n-)
EynmHn

N(x,y, z) = XKx) ¥(y)2(r) @)

KypuHuwaa ninaiimns. (2) Hu (1) ra kyinb, é3amus:

(3)pa x,ap 6up x.an m ékn y Ka, éku r ra 6ornmk. 6ynu6, ynapu
HUHT WnTuHAMCK goumuii E ra teHr. emak, \ap 6up x,aqaom-
MWUIA COHTa TEHTAMP, SbHMU:

- = pC) _ A2 iT(2) _ p(3) /44
2T (b~ ’ 2T ’ 2T (i1~ N
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Jlwwrn macanaHUHT eduMugaH oinganaHnb, Kyiimgarmya ésm-
LWMMU3 MYMKWH;

u/{x,y,z) =Sar\1*xsm'~ys\n1~z, (5)
E. = £">+ £ + E«' - JN («; +«l +4j)n (6)
[cmak, xonatnap COHUHKM 6enrnnanmmns;

S .= S ! oT
£NE n
(%-k({-a’lj —)&
Tetapnn papaxaga katta 6ynraHja;
@)
(8) HM wap TeHrnamacu Ae6 kKapab, 6y WapHUHT \aXXMUHW
aHUKNanmms;

9)

1, «3 KOOpAuHaTanapHuHr 6yTyH Ba Mycbat KuiimaTnapura
TYrpu KearaH naHXxapaHuHT X,ap 6up HyKTacu KBaHT -x"onarra
mMoc Kenagu. byHpaii m HUHT MycbaT Kuiimatnapura
MOC KenraH )"akM F HUHT Kucmu (9) HUHT 8 ra 6ynuMHraHura
TEHT, SIBHK;

_)If,, - \ /1 1%mU (10)

[emak, \onatnap coHu;
E"<E — pu’ (I/I)
r=AE~\ U =V, (12)

M 30\. Knaccuk xonga ¢asaBuii paso MHM GeBocuTa Ky-
nparnya aHMKnaHagu;

dgdp = VAT2mE)

an
By ngoga (12)ra moc kenagu.

6.10-macana. N = 16ynraHga cTaTUCTUK UHTedanHn \ncoob-
NaHr.
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Eunw. bBupnuHuun ycyn. by macanagas=b =3, 2y=3;
ZHun \ucobnaiimus:

=\
"k
e 2" ‘dpNdpydp” =
K/ \si2 * 3 / \3/2
2 " -
_!? T .E- dx =Y 2nT (13)

\ /
MKKMHYM ycyn. by \onga wap TeHrnamacu

2TE = pl+pl+pl

HW Hasapja TyTuo,

aKaHNUTUHKW onamus; /[’ =(3/2 +1)="".

Oemak, 1/z~v = i3/ AT{y +\) undogagaH K.yingaruHu

oamMun3:
\3/2

2nT (14)
6.11-macana. MTa ngean ra3 yu4yH CTaTUCTUK MHTErpasHu
X MCOoONaHr.
Eunw.bupmHunm ycyn. bylongas -3N, ="'iN,g =
HY \ucobnarimums.

= e-"M-Updg = -¢;Me-~"mrdp-

/ \3nn2 00 2N M/ \HH2
-ipropr- ZATY vedax T e )
MKKnHUYM ycyn
= dpdq = dp, (16)
2TE = +pl+.. +pl®
JaH LWwap X,aKMu
jdp =C,, {2,nE~™\ (17)



llyna1

(18)
JTrmak, i
Al {2I‘IT)LI3n/r (19)
\ Yy
Kynn Hasapga TyTu6, ZyundogaHun €3amms:
| /”ﬁl/.}’/ Vlép, \3/Yl/2
(20)

29T

(15) Ba (20) ndcoganap 6up xun.

6.12-macana. Unsmk™n rapMoHUK OCLUUNMATOPHUHT CTa-
TUCTUK UHTErpanmHn \ncobnar.
Eunw. Ynsmk™n rapmMoHUK OCLUUNNATOP YUYYH

5=1,2y=2,94 =1,

CTATUCTUK MHTerpan Z Hu \mcobnainmms:

(1)

byHga:
2T 2 (2)

Jemak,
7 _ — 3)

Kp [KI pnio’
O6yHpa (KTYNN— 3KaHIUrM Hasapfa TyTungu. OHAN Z Hu
NKKWHYM ycyn Byiimya x™mcobnainumk:

| =M;42) =1 (4)

(2) npopa apumyk”apu
a=y[2TE, b="2E /K
OynraH aNNUMNCHUHT TeHrnamacu. dnaunc 6unaH yerapanaH-
raH ¢aso ("xaxm" N, = JIE) Kyiingarnya aHUKAaHagu:
—iab = 2n1E/0).

Oemak,
A = 2nlT.
263



WyHaah knanb, Z yuyH
~ = Pllco (5)

H1 Tonamus. (3) Ba (5) mudopanap 6Up xun. SHAWM YN3UKLU
OCUUNNATOPHUHT 3HEPTUACU AUCKPeT

(?+1) (6)
KuiimaTnap kabyn KWW WHU XUcoBra 0finG, CTaTUCTUK ANTUHAN
r = ()

N

HU x™mcobnaiinuk. (6) HU Hasapga TyTmb (7) HM Kyimpaaruda
83U MYMKWH:

r = (8)
JEO
6yHga X = P(Jko (8) Aa AWMPUHAM KamaroBYM FeOMeTpUK Mpo-
rpeccusa. LLIYHUHT yuyH

n=0 9)
(8) Ba (9) nappaH

N=-N-T 7T (10)

BU3HUHT ycynumm3ga™o = y/un. by kapanaétraH x,0nyuyH 8= i/i/;
OyHOa N — YN3UKAM OCLUUNNATOPHUHT ypTaya sHeprusacu. by
ypTaya sHeprua ymymuii x,0nga

“_¥5A55 A, (11)

3KaAHAMUTUHU \ncobra 0/caK, X HUHT KUYUK KuiiMaTnapuga,
AbHU Xycycuid x™onga (3) ékm (5) maH (10) mndopa Z kennb
ynKagu.

M30\. by macanaga (3) Ba(10) ndoganapHuHr 6up-6mpu-
ra aHWK MOC KenmacnuruHwHr cabaébu: (3) mHterpan, (10)
VPVHON (aucKpeT KuiimaTnap ydyH) ycynnap 6UnaH aHuk-
NaHTaH. X HAHT KWYUK KuiimaTnapuga QUCKpeT xoccanap Ku-
YUK B6ynrad x,0nnapaa ynapHuHr 6up-6mpura moc Kenmwu Ta-
6umningmp.

6.13-macana. YM3nkam rapMoHUK OCLUNNATOPHUHT (hasa-
BMIN (ha30 x XMW Ba X"onaTiap COHN aHWKMIaHCKH.
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Eunw. Ocumnnatop TeHrnamacu

1)YHU

At ~ 1 @)

1TE 1E/k

KypuHuwaa é3mn6, y anauMnc TeHrnamacu 3KaHIUTUHW Kypa-
MU3. £'3HEPTrnanm oCUUNNATOPHUHT (hazaBuin dasocu \axxmu
(y cuptoaH néopat 6ynaaw)

by epia &= c/ T AaBpuil yacToTa.
HW /; ra 6ynn6, \onatnap COHUHU TOMaMWU3:

- 2nE _ N\
N To) blo W A

KBaHT MexaHMKacuia sHeprusHuHr K,uimatnapu
E,,=FTv{n +\/1) ")

ngpona 6unaH aHuk" taHagu. lemak, \onatnap coHu
= (6)
|

VKK1 anaunc opacuparu cupTHu ("XaXm"HU) aHUK/@inuk.
(3) maH
()

OHI KM4mMK "\axkm" anemeHTU J1ra TEHT.

by epga
8=AE, A=~ =r~ Aarbp. (8)

6.14-macana. JI"ta ocumnnatoppaH nbopar TUSUMHUHT ¢a-
3aBUi (pas3o \axxmMu, xonarnap COHW, CTATUCTUK WATUHAWUCK
aHUK"aHCUH.

Euynw. ByHAah TUSUMHUHT FaMUNbTOHMAHK

IV /
(1) ga y3rapyBumnnapHu anMmawiTupannmk:
o AA} , _/« ! _ X,2 ) pu
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(2) HM abTU6GOpPra onnb, (1) HKU é3amus:
2N

= @)

(3) ndbopga 2N ynuosnm wap {E y3rapmac) TeHrnamacwm.
r{,d=Jdpdg=[ImEf m2E/ k) N =

MmN frrntAilx. _{2nE/(of
col JAa! ' foj r(yv+l) r(yV+i)

F(p, ) = AE™, (4)
A= (29/cy)TT (YY+ 1).
Xonatnap coHu

2nE
S(=7" =\wnl TUT+D) \tuo) r(Af+) (5)

OcuMNAATOP YUYYH ypTaya 3Heprus <e> Ba YHUHT 3HEPTUsCH
MabiyM:

<e>=fcth~",
e, =TT[n+\/2).
CTaTUCTUK MNTUHAW
,-PEN

e = e,te™ .nen ..+e,.

Oemak, Z =J7Z,-. Xap 6uUp OCUUNNATOPHUHT CTATUCTUK
n

VII/IFI/IH,EI.I/ICVI MabnyMm:

-Pen
2sh{r,(o/2kT) m

N tr ocumnnndatopaaH I/I60paT TUSUMHWUHT CTAaTUCTUK I7II/IFI/IH,CLVICVI
Z =2Z" =[1/ 2shrio)/ 2k T f . ®)

6.15-macana. Kytuga ugean ras 6op. LUy ngean ras yyyH
xonat 3nunurn dn/dE Ba Z HM aHUK aHT.
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Eunw. Npgean ra3 — 6y 6uTTa 3appa ydyH Ty3unraH F'mbo6c
aHcam6/n. 3appaHuHT S3HEPTUsAcK

by )(.onga 2y = 3.
(1) ndpopga — paguycn "~2TE O6ynraH WAapPHWUHT TeHrna-
macuaup. Mmnynbcnap asacmgarun wy wap x axmu

e

bynagn. Mgean rasnum MAMWHUHE X @KMU V BYNCUH. Y MyMUii
Tamoliunra acocaH, KypunaétraH \on y4yyH "suelikanap"
(\onatnap) CcOHMK

( = « Bk (VAVIh') = én 3)

6ynagwn; 6yHga /;* — KK "\aXM"HUHT 3HT KNYnNK KMcmm ("sueir-
Ka") \axmu (fr — MnaHk gonmuniicn). (2)aaH

EYN = 27{2 Tyl E'/UE. (4)
y= 3/2 6ynraHga raMmma-yHKUMNA
Mr=(3/2) =712 (5)
6ynagun. (3) Ba (4) napgaH x"onarnap 3MYAUTUHW TONaMM3;

A zy2n(2T/bMN E'N (6)

YMymuii x,0nga \onatnap 3munuru

clE 17(V)
ngpoga 6unaH aHMKAaHagW.
(6) Ba (7) ndopganapgaH GoinganaHnod, Z yyyH

\3/2

NnapHn onamus.

6.16-macana. ToMOHapu B\  6ynraH KyTuaa MUKpPO-
3appanap 6yncuH. Ly >a1yuyH x*onariap 3nunuru (cln/clgE) Hu
aHWKNaHT.

Eunw. Kytnga ge bpoiinb TypryH Tynk™mHnapu x~ocun 6ynu-
LW YUYYH SSPUM TYNK,MH y3yHaurn (A/2) TomoHnap 6yiinya Kap-
panu xolnawunwm 3apyp, SbHu
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v (1

m O6yTyH coHnapHu kabyn kunagwu, (1) Hu ge bpoiin
thopmynacugaH qoiliganaHnb Kyingarnya ézamums;

n_.»2 2. Ir_.,2 _ .2
4ZF X~ Pxs aft <y - 1 4c (2)

= In= 1"= | bynraHfa sHeprug

yuyH (2) gaH toiganaHuo,

(blb™ / k-) E =nl1 + n]+n1l (3)
nthogaHn onamus. (3) paguycu bynraH wap-
HUHT TeHrnamacu. by wapHUHT \axmu

T _ 4 1%t}

Y, «\ M. NapHUHT Myc6aT KuiimaTtnapura Tyrpu KenraH Gy
Wwap XaXMAapUHUHT KUCMW XO0naTiap COHUra TeHT, SbHU:

ByHpaH xonatnap 3sUYUTUHU 0NamMus:

cin _ 213312 m [}'fr -~ £-1/2

clE
P = V geb kabyn kuncak, 6y uoga xonat smuaurn (6.13-
macana) éunaH 6up xun 6ynaam.

N3 0x TomoHnapu 6ynraH KyTuga 6uTTa MMKpO-
3appa 6yNCUH. YHUHT xonatnapu Ba Kabyn KUAULWKN MYMKWUH
bynraH aHeprua kuinmatnapu £'lLU peguHrep TeHrnamacu aco-
cupa tonunagu, 6y xonga L peaunHrep TeHrnamacugaH MMKpo-
3appa aHepPrusacu yuyH Kyimgaru TeHr MK ONnHagu:

E =
sT1‘m(«.?+¢y +«O m
By (3) ndopa 6unaH 6up xun. LWyHaain kunmb, 3appanap Ta-
6maTn Knaccuk éku KBaHT BYyNMWMAAH KaTbW Ha3ap, cTaTuc-
TUK uHTedan (AruHgm) Hmn ° ~ un@opja acocupa aHuK-
naw MYMKUH.
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N3ox- KeNuHrnm wnkkm
)tonga, aCHKMW, aHeprus AUCK-
peT K'niimatniap Kabyn Kunagu.
JIMMO ¢'YUyH Knaccuk popmy-
na E = Tbll gaH doligananno,

faH aHa Makceenn Te3nunknap
Tak "CUMOTUHN ONamus;

.\3/2

6.17-macana. Kyiungarn udogagaH MakcBenn TakCUMOT
KOHYHU[A) HU KENTUPUG UMK apWHT;

dw{v~, K, (1)

2KT" (2)

Eunw. AekapT KoopAuHaTanap TMauMuaaH chepuk Koop-
AVHaTanap Tunmura ytannuk (6.11-pacm). byHaa;

= § sin B cos (p,Ay = 4 Sin B COS coS B

AkobuaH

Jdemak,,
dddadd =  sin eddded<p.

by xonpga (1)
dIV{'&,e,(p) = {""y b~rddsmededq) (3

KYPUHULWIHN onagn. bBypyaknapHu xamma K.niimatnapum 6yinunua
NHTErpannaimMms.
NdW{",0,(p) =dW{b) =f{b)d" =
B(
:d§-(lﬂ sinddp d(p:4n(’r‘l] dd , @
6yHpa
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W32

/(A) :4ﬂ(2nKTl 2 (5)

(5) n3naHaétraH TaKCUMOT PYHKLMACMAND.
6.18-mMacana. JHr KaTTa 3) TUMONUil Te3nuk, b.~A=A22T

3KAHJ/INTUHWN KYPCATUHT.
Eunw. ByHuHr yuyH Makceenn takcumoTtu/ () gaH g 6yin-

ya \ocuna onunb, yHun &= HO/Mra TeHrnawTmupuw 3apyp.
AbHU =0. ByHpaH:

By TeHrnukgaH mnsnaHaértraH
v (1)
npogaHn aHMKAakMmn3.

6.19-macana. Ypraya apupmMeTUK Te3NUK 4 HU aHUKAAHT.
Eunw. Tabvpudg 6yiinya

4=i8f{9)d& =4nin\ =

2KT A\, - [l
- 1 bl T X e ClX 4ﬂ /
[ = x"e~M1x =1/ 2,
N = =
2 MT | '\//lﬂTl ' (2)

byHaa x-"*e~'ix = n\/2 paH ¢oiiganaHguk.

6.20-macana. Ypraya KBagpaTuK Te3nmk HW aHUKOAHT.

) n \2nKTI

N
=4n/ xNe~N'iix = 3o KT
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Hynga 'X™M'e clx = , o7 faH hogananguk.

UMK,

M, (2) Ba (3) maH 3KaHInInm KypuHagmn. (6.5-
pacmra K.)

6.21-macana. MofieKynaHUHT ypTaya 3Hepruacu E HWaHuK,-
naHr. ONUHIaH HaTWMXaHW U30>YTaHr.

Eunw. busra =3 — 3KaHu mabnym. byHgaH
T

22 0T T 2 (1)

[emak, xap 6up 3appara Tyrpu KenraH aHeprua 3 ~ ra TeHr.
ByHOali 3pKWH XapakaT KunaéTraH wugean ras Mofekynacu-
WWHT 3PKUHNUK fapaxanapu coHu 3 Ta. Jemak, xap 6up ap-
KUHNWK fapaxkacura Tyrpu KefiraH ypradya aHeprus kT/2 ra
TEHTAemnnraH KOHyHra MyBOQuK. Kenagu.

6.22-Macana. Hucouii Tesnnk g™ HUHT apnuhMeTNK ypradacu
N HW Ba KBagpaTuK HUCOWIA TE3NNKHUHT ypTayacu ~2 HU aHuK,-
NaHr.

Eunw. 1) ABBan ypTaya KBagpaTuk HUCOWIA Te3nnk g*
HW aHWKIaNnuK.

NkknTa nxTuépwmii / Ba K MOMIEKyla MOC paBulliga i, Ba
Tesnuknap 6unaH \apakatnaHaétraH 6ynCWMH. Y NapHUHT HUCOKIA
TE3NNrn Ba YHWUHT MOZY/M

sik (1)

6ynaan. Vipgean rasz monekynanapu 6up-é6mpura 60rnmk, amac sa
ynap MakcBenn TakCucT KOHyHura 6yiicyHagmnap. LyHuHT
YUYYH HUCOUA Te3nuK g MaKcBenn TaKCUMMOT yHKUmManapu
(/{m&),/(-dl) HMHT KynaiiTMacu opKaau aHuKylaHagu:

) ()
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Sk = JaH:
gi =] +dl - 2,d”coso - (3)
(3) HM (2) ra kyamus (n = 2):

7 5 K H FKS% LW -

-2jJn Ncosofl(#,)I(# )il N =
- NN cos0 / (~,)/ (d,)dW ir,.

Oxupru \agga nHTerpanHu \ncobnaw yyyH gk AyHanuii-
ra HucoaraH HW K;apab, JekapT KoopAuHatanap TU3NMMU-
fJaH chepuk KoopauHatanap Tusumura ytamus, 6yHga /-mo-
Nnekyna X,apakaTUHWHI U30TPONIUKAUTUra acocnaHnb, oxup-
M X"agHn Kyhngarnya é3mw MyMKUH:

db,= Q
n a {0
UyHku 6yHAa Jsin B c0s Ode = sined sin B = xdx = 0. [Oe-
0 0 0
Mak, 3appanap 6up xun 6ynca,
AN =N 4N =Z2_3N =2A (4)

__2) Huncbwuid Te3nuk g™ HUHT ypTaya apu@meTnK KuiimaTu
Sk HW aHMKAAWNuK:

mH l«k K
Sk =

"“W o« K (1)

byHga: -
2nKT! @)
(1) HM x;ucobnawl yyyH MofieKynanapHUHr m& Ba Te3NnNkK-
napupaH ynapHWHI HUCOWIA Te3nuru Ba macca Mapkasu

Tesnurn G ra yTainuk:

Ca, +niY= inili + ovkm ©))
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DHp xmn mMonekynanapHu Kapainuk. ¥ \onga T.= Ba, fe-
mak, (3) gaH

20 = (4)

TEHTINKHN onamui. Hucbuidi Te3nuk, tTabpud byinda

()
(4) Ba (5) napaaH Ja WHAEKCNapHU Tywunpuo ésamma)
5=C+ijlz; (6)
ok=0-111

Tesnuknap asocu anemMeHTNapu Kyinaaruya anmaiTupuiagu:
(3blitbk = JclgdG. (7

ANMalITMPULL KOBMAHK

R/ ok 1 1

| = -2 24 4 =, (8)
A1 pAK 1 1
AC ac

(1) ndopann (2), (6), (7) Ba (8) 1H Hazapga TyTwb, K.aiTa
é3amu3:
o 202t
dGdg. 9
ByHga uHTerpan uyerapanapu ysrapmaigu +°0) fa
6ynagu]. (9) ga cthepmk KOOpANHaTanap Tuanmura ytamus; byHga
bypuaknap Oyimya MHTerpannaHraHfgaH KeiumH dgdG HUHT
ypHura 4ng”dg” 4nG'AdG HM é3uw no3nm 6ynaan, AbHK:

= N "Na NAAN! /\, ' -
g=16 ﬂ\%Kl) \g'"e rdgm\G*e '<™dG

dx\y-e dy;

6yHAa;
x"e =1/2, \y-e ~dy=~/n/ 4.

o]
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Jemak,
(10)
6.23-macana. Bogopog Ba asoT mosiekynanapuHuHr 273°K
faru ypraya Te3IMrMHn aHUKAaHr!
Xagoo6; = 1698 m/c, =454 m/c.

6.24-macana. Hopman wapoutga 1cekyHana 1 cm”® to3ara
ypunaétraH asoT MoneKynanapu COHWUHU aHWUnaHr.

Eunw. 1cekyHgga 1 cm” ra kenub ypunaétran + dop®
opanukgaru Monekynanap CoHU
I n\mT- [ ]
M () ~N"<</s,, B=" (1)

faH nbopat. bByHu (O, 00) opanukga uHTerpannad, Ttonamus;

«(f) "y xe“- dx =
N2KTA'N = man

0 2£ nt | 4 (2)

n,= 2,69- 10"/cm\ =454 m/c sKaHAuUrngaH asoT mone-

KynanapuHWHI AEBOP 6unaH TYKHawunwnapn CoHun

3,4-10"-7 cekcM'

3KaAH/IMTUHWN aHWKNaimus.
6.25-macana. ™ faH KMYNK Te3NNKNM MOoJieKynanap Kucmn-
HN aHUKOAHT.

Euywnw. opanuk;faru Mosiekynanap CoHu;
\W2 T2
dn{&) =4nN \2nkTI Me &)
ByHaaH TE3/IMKAN MOJieKynanap COHWHW TOMWULL YYYH
yHu (O, #) opanukga nHTerpannanmms;
/o -\ / \32~  -mil.

Y

\3/2 3/2 W3 A2
=40 \-~\ \ ML f A% A1 =
\2nkT} \ T/ J
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113

)%

113

+1/2 e rix  -0,35+ 0(1,13)1 TV

(2)na @ (x) =Je fIx —xatonap nHtedanu, ®(1,13) = 0,8900.
bnHobapuH, ®

n{9<y) =N (-0,35 +0,89) = W+0,54. 3
n{O<u™ 0 A
Jdemak, N 0,54 , abHK 54% HK TaWwKWUN aTagu.

MoOsieKyfanap CoHu 3ca 46% HW TawWwKua atagu.
6.26-Macania. OHr Katta a\TUMONNMN Te3NUKAAH KaTTa Tes-
NIMKAN MoneKynanap HUCOWIA COHMHW aHMKAAHT.
XXago6: (n(g > dJ/N) = 0,57, AbHU 57%.

6.27-macana. Teanuru — 6unaH 2& opanurnga éynraH mMmo-
NeKynanapHWHT HUCOWA COHWHWN aHWKAAHT.

XaBo6: ~ =0,87, abHU 87%.

6.28-macana. jkT ypTawa KMHETUK 3HeprusafaH KarTa
JHEPrUANM MONeKynanapHUHE HUCOWUI COHWHWM aHWUK/AAHT.

Xaso6: * =0,39, abHu 39%.

6.29-macana. Mogauin Hyk.Ta X = acoswt K.OHyH 6unaH rap-
MOHUK TebpaHMa XapakaTnaHaéTup. YHUHT X, X + dx opanukga
oynnLW \TUMONNTUHN aHUKAAHT.

Euuiw. X, X+ i/x opanukaa 3appaHuHr 6ynuw axTuMoanru
dW (x), wy opanmkga 6ynmw Bak,7v dt HUHT spum gaspu /2
ra uncbatn 6unaH aHMKZaHagu, SbHU

dW{x) =dt/{T/2) = <~-, dt=& dx

atiisincoi
(1)
Jemak
— — codx _ dx
dW (x) = p [x)dx = nawsmiot  reasinwi 2
6yHpaH

X = QBN = (I - sin® CD) @)
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n

1- gzrz SLHLP; BU(dY/= A —
(2) Ba (3) paH

= = clx (4’
"M XK ? (5)
Jdemak, X bynraHga, abHU 6ypunu Hyk,Tacuga (Tes-

NIVK HOMra TeHr 6ynraHaa) 3appaHuHr 3)*TUMOIUTY 3HT KaTTa
oynaau.
6.30-macana. 3appagaH néopart naean ra3HUHT X" 0O/aT TEHT -

NlaMacuHN aHUKOAHT.
Eunw. Waean rasHUHr cTaTUCTUK MHTErpanm

ul
N
r. (D
+| ﬂ \3/2
= 11
" faH P= -B\n2/- (3)
X~onar TeHrnamacu
P-= - \v1
Jemak,
P=nkT.

6.5-§. MAKCBENN-BOJ/IbLUMAH TAKCUMOT KOHYHU

dapa3s knnannuk, ngean ras (EKu cuinpak ras) Tawk.n maii-
LOH Tabcmpupa 6yncuH. Y x,0n4a x.ap 6up 3appa wy malifoH
TabCUpuga mablym MOTeHUMan aHeprusara ara 6ynagu. bByH-
fali ras x,0Matm macanacuHu Kapaw y4yyH 6up 3appanu yCcysHu
Kynnaw MyMKWH.

KOkopuga aiiTunraHnapra acocaH, UXTUEpwnii 6up 3appaHuHT
TY/VK, 3HEPTUACK

E =|*+i/(x,r), -pl+pl+p\ (33).

nugopa 6unan aHukgaHagm; ¢/(x,. },,N) —/ 3appaHuHr (x, y, )
HyK.Tagarn noTeHLuman aHeprusacu.
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Knaccuk ctaTucTmkara acocaH, 3appaHuHr
n.Nn +oép-> PyPy+ /Py, P,P, +clp (34)
X, x+ (X y, y-"~cly, r, r+ dz
opanukgapga éynuw s\tumonnuru div

dwW{p~r,) ="e-~bln, p =\/KT (35)

MNwnaH aHubyTaHaau; 6yHaa dn =dpdz/ K ; CTAaTUCTUK UHTEr-
pan
-n
[e-~Un = % dp~dpydp~dxdydz  (36)

ngota 6unaH aHubytaHagu. (35) garu

INe ) = * (37)

(DyHKuMaHM Makcsenn-bonbumaH TaKCUMOTU PYHKLUACK Je-
nnagn. by epga nHTerpan

‘dpJdpydp. = 2nTKT)NA. (38)
Jewmak,
3/2 n(x,yn) s ,3/2
Z = 2r||'/|rKT\ KT 'dxdydz = \VW:AMIMN Oy, (39)
4, = e~/MWANdxdydz. (40)

Makcsenn-bosnbumMaH Tak cMOT hyHKUUACKU (35)HK

n ) .(41)

dlVv {x,y,z) = -~e " Adxdydz (42)

KypuHULINapaa e3un MyMKUH.

Mabnymku, (41)Hn Makcsenn taCuUMOT yHKUUACK fe-
nnnagwn; (42) Hn sca bonbuymaH Ta"cMMOT DYHKLUSACU Lelin-
nagn. \tumonnmk dwuln

dW {"p,0) = dW [p)dW i) (43)

277



KYpUHULW fa E3UWNMN3 MYMKUH 3KaHIUTUHUHT cababu, 3ap-
paHWHT (pasogary \apakaTu YHWHT (haszogarn ypHura 60rnuk,
amacnurmgaHgmp.

KOK,opuparunapaH, xxymnagaH (43) gaH KypuHaguku, sap-
panapra Ky4 TabCup aTuMWuWra Kapamai (x;aTro pean rasnapga
\am), MonekynanapHuHr Teanunknap 6yinuya Tak*cumotn Makc-
BeNS Te3MKNap Tak cumoTuaaH nbopart.

6.6-§. TA3 3APPAJIAPVIHUHI KYY MAWOOHUOAT TAKCUMOTW.
BAPOMETPUK ®OPMYJIA

Bus 6up 3appanu ycynga 3appaHuWHr noTeHuuan MalifoH
1{x vy, 1) ga Ta"cumoT pyHKumacu (bonbumaH Tak CUMOTK)-
HW aBBairv 8§ fa Kypauk:

[x.y,r) =-"e (YL (44)
Arap maingoH 6ynmaca, sbHU u{x, y, 1) = 0 6ynca, 0 = VBa

CINA(X,y,r) =~ A (45)

TakK,CMMOT YPUHAN Bynagu, AbHU 3appaHuHr KXaXXMHUHT 6ap-
Ya HyKTanapuja oynuwnuru TeHr a\Tumonnu.

dapa3 knunannk, 3appara Tabcup aTaétraH maijoH — Oy
EpPHWHT TOPTUW MaiifoHU 1 = mgz 6yncuH. Y xonga bonbuman
Takcu MoTu (44)

NI¥(r) = Ae *“Tcl (46)
KYpPUHUWHKX onagn. byHpa c/LUr) = cli{l)/n 3KaHNNTUHWN Ha-
3apga TyTunb, (46) HM KaiiTa €3aMus;
c{n[1) = nfle =
KM yeknu | GanaHAnNMKAarn 3appanap 3munuru 6y epaaH
n(1) = (47)

8kn r = 0pa /?(0) = 6ynca, 3appanap 3UUAUTUHUHT BanaH. M
nukK | 6yinnya TakcuMoTH

_my
n{r) = we " (48)
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6unaH aHukgaHagn. Wpaean ra3 yuyyH P = nkT3KaHAUTUHU Ha-
yapoa TyTm6, (47) acocnga 60CUMHUHT BanaHgnuk 6yinya ysra-
PULLMHK KypcaTyBuM yLi6y 6apoMeTprK hopMynaHu 0n1amums:

P{1)-P,e “T" (49)

6yHga r = o garm 60cMMHM P~ ra TeHr geb onunHAau.

M 30\. Pean wapoutga r opTuin 6unaH TemnepaTypa jou-
MuiA 6ynmai, y nacasgu. Ly ca6abnu, r 6anaHgnnK opTULLK
6unaH 6ocum [r) AHaja Kyunmpok, kamaagu! byHpaH Taww-
K.apu, pean wapouTAa ras HoMyBo3aHat \onatga 6ynraHnmru
YUYyH, 60CUMHUHT GanaHANMKKa uapab ysrapuwy mMypakkab
6ynn6, 6apoMeTpuK opmMmynagaH gapk, Kunagu.

6.7-§. WOEANT TA3 CTATUCTUK WNHTEIPAN
CTaTuCcTUK MHTErpana Ba CTaTUCTUK I\/'II/IFI/IH,CI,I/I I/ICbO,CI,aI'IapI/I
e (49)
E (50)

KypuHuwra 3ara; 6yHga A =y/un Ba E (EkKm E) TUIMMHUHT
raMmunbTOHUAHW (Tyna 3aHepruacu).

1. bup atoMnn monekynanap.
By \onga 3appanap unrapunaHma >"apakatgaruHa 6ynagu-

nap. YNapHUHT KUHeTUK aHepruanapu = PN2T AWTUH-
OVCN TUSUMHWHT 3Hepruacy E ra TEHTr, AbHU
K N
E=""E ,="p\/2T. (51)

K=\ K=\
By X,0n4a "ta 3appafgaH Tawkuna TonraH TUSUMHWUHT CTaTUC-
TUK NHTErpan
- ! — %
- - gh3M
N2

K 2nT ©p = 1/KT.

ByHaa E + B + M+ ... + EY HUHTI \ap 6up Kuiimatmra moc
KenyBuYM ycynnap COHMW g = 3KAHAUTMHN Hasapga TyTuo,
aBBasn OMHraH
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\Y, _{k,/l’\N |-2/'|TKT le™M\

~Ivj 711",
eKun
Z~ = {ZIN)A (53)
Z, = V{2nmkT/hy/~ (54)

HaTuXanapHy aHUKaakMuns.

2. VIKKn aTomnu monekynanap.

Bun3 tok,opmgaru cTaTMCTUK MHTerpan ndoganapuHun ésra-
HUMMK3Aa (hak,aT 3appaHuUHr unrapmnaHMa \apakatuHu \ucobra
ONAVK. Arap MONeKyNaHUHT NYKW TY3UTMLWNHK 3bTbopra onm-
HaguraH 6ynca, NYKM 3PKUHAUK fapaxanapura Tyrpu KearaH
(3appaHuWHIr) MOMEKYNaHUHT 3HEpPruanapuHu x,ucobra onunL
Kepak.

MonekynaHuHr / KBaHT \onatugaru sHeprusicuHu e. sa by
XNONaTHWHT aiHULW KappacuHu g. bunaH 6enrunacak, 6utta mo-
NeKyNaHWHI CTaTUCTUK WUTUHAMCK, YMYMUI Tabpudra aco-
caH, Kyiungarnya aHukgaHagu:

= (55)

AKKanaHraH MoneKynaHWHI KBaHT x™ofaty yHgarn 1) anek-
TPOHNAPHWUHT KBaHT X;0M1aT/lapura, 2) AAPOHUHT KBaHT ~onart-
napura, 3) nykm TebpaHmMa \apakatniapura moc \osisapra x,amga
4) MONneKynaHWHr ailnaHma )“apakaTtnapura moc \onatnapura
6opnukamp. by )“apakatnap, ymymuin \onga, éup-éupura 6or-
MUK, 6YNTaHn y4yH MOMEKYNaHWHT KBaHT \onaTu 6y x"apakar-
NapHWHT y3apo Tabcupura \am 60rnuK, 6ynagn. AMmo 6y ysapo
TabCUpHU (KoppensaynsaHu) \mcobra onmw KWUH GynraHnm-
rmaaH, aHr my\umun 6y y3apo TabCup IHEPrusacH t0K,0puaa Ken-
TUpWUATaH TypTTa \apakaTHWUHT 3Hepruanapura HucbaTaH xyga
KN4YMK BynraHu ydyH Kyn \onnapaa, XXymnagaH cTaTucTuK nu-
rmHan ndogacu (55)HuM x,ucobnawga sbTM60pPra ONMHMa TaLl-
na6 w6opunagun. Ly cababnun, monekyna KBaHT \OnaTUHUHT
aHepruacu £ w”opugarn TypTTa \apakaTtnap aHepruanapu-
HUHT AUrnHaMcnaaH noopat bynaaun, SbHU

e. = £.(an) + £(a) + £.(0) + £(/), (56)

OyHAa MKKWM aTOMAU MOJjleKyna y4yH TebpaHMa X,apakaT aHep-
rudcu £. (y) Ba alinaHma \apakat aHeprusacu e.(r) Kyiungarnya
aHuKaaHagw;
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£,(8) =/m;«,(«+1/2), «=0,1,2,... (57)
e ()=|"I(/+0-/1 =0, ] 2,.. (58)

Kyn xonnapga acocuii anekTpoH \onatu yiroHraH )(.onargaH
cTapnu fapaxaga katTta apk. knnagu. LWy cababnw ogatgaru
TemnepaTypanapga yinronraH \onatnapHu asTubopra onmac-
NMK MYMKWH. By xonga anekTpoH \onatnapra taaiiyk™m ai-
nuw Kappacu (ctatucTuk wnrnHgn Z(3))g"= 16ynagn. AMMO
anpo xonatnapu (\atto 6up atomnm He, Me, Ar 6ynraH non-
napga \am) Agpo CNUHWUHWHI OpueHTauuanapu tydaiwnm —
Kappanu aliHuwra ara 6ynagunap (macanaH, 6uTTa A4p0 YUyH
A,= 28, + 1).

YMyMUii xonga, MoaeKynaHuHr TebpaHma xapakatura yHUHr
alinaHMa xapakaTu Tabcup 3Tagu. AMMO HOKOpMAa aiTraHummnsra
acocaH ogatgarv temnepaTypanapia yN1apHWHT y3apo TabCUPUHM
abTMbopra ofimali, anoxmuga-anoxmaa Kapaw MyMKUH.

FOkopuaa aiiTraHUMu3ra Kypa, 31eKTPOHHUHT acocuii Xxonatu
yIroHraH xonatfaH ogatfarvm Temneparypaga Xyga Katra hapk
KWATaHW y4yH

A(3)=1, 2;3) = 1 (59)
(56) ndopagarn TebpaHma xapakaT 3Hepruscu

£,(#) = m(&),.(«+1/ 2)
3KaHAUTUAAH YHra Teruwam cTaTuCTUK AMTUHAN
7,.(p) =1 = [25/r1i«/NT7’] X =bo)/kT (60)
6unaH aHnkKNaHMWK Mabiym (6.12-Macanara K.)

ALPOHMHT ailHMw Kappacy g(a) YHW TalWKna 3TraH atoMm-
nap 6up xun 6ynca, AbHU roMoALPO MoneKyna AA yyyH

9(q) = (25a+ 1),
arap xap xun 6ynca, AbHU reteaapo monekyna AB yuyH
g(a) = (2s™+ 1)(253+ 1)

ngponanapfaH néopat éynaau; 5 44p0 CNUHN.
MHepuns MOMEHTW / ra TeHr OynraH 4YuM3uk/iv ainaHruy
(pOTATOP)HMHT 3HEpPrUsAcK

/=0,12,., (61)
21



OyHra mMoc CTaTUCTUK wupungn 3Ca (g(r) = 2+ 1)
Z([-)y =~ (21 +1)e =272 + )lmyenn
o

Sk (62)

KBasnknaccuk AK,MHMaWuwwAaa,
AbHY « TbéynraHga

(63)

ngpoga ypuHnu bynagm (6.31-ma-
canara K,.)

6.31-macana. VIKKu atomnu
MOJIEKYNaHWHT aiinaHma \onatu B,
(p y3rapysuu, 6ypuyaknap 6unaH
TagcunaHagm (6.12-pacm). by
)"apakaTtnapra mMoc KenyBuuM WUM-

nynscnap p® pN by \onga aitnaHma \apakat aHepruscu

" 2J N~ 2Jsm4’

(1) acocmpa aiinaHma “apakaTHUHT CTaTUCTUK UHTErpanu
Z{r) H1 \ncobnaHr.

Eunw.
a 31 +H
Z =/7Ji
(r) Jilo| clep™ dPg exp _—
Vv Y
-I" de dxe { i J Om dxe

'V

1/2
- " de{2JkT) (2JkT5mAef\ =

2n"-2JKT eginong = g? N = 20
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3. Kyn atomnun monekynanap (ngean ras).

Kyn x,onnapfa MofeKkynaiapHuHr MHepLus MOMEHTIapK Xyaa
KaTTa O6y/nraHn yuyH, siHW [ llcT)« 1 6ynraHu cababnu
MONEeKYNaHWHT aiifaHma X apakaTuH/ KnaccuK MexaHuKa aco-
cufa Kapaw MyMKuWH. By x"onga MOneKyaHUHT alinaHma )"apa-
KaTu y4yyH CTaTUCTUK UHTerpan udogacu ZA7) knaccuk cra-
ructukagarngad nbéopat 6ynagu.

MoneKynaHWHI W4YKW X"apakatu 6unaH GOrnunK; cTaTUCTUK
ANTUHAMHW KyAUJarn KypuHULWAA 63Ul MYMKUWH:

=aflan)g(a)rZ(v). (64)

ByHaa £(3n) acocuint 3NeKTPOH X,0NaTUHWUHT aliHMLW Kappacu;
§(4) AAPOHWMHI CNUH \ONATWHMWHI alHWW Kappacwu
AA) =M (25, +1); YeummeTtpua coHn (y 6up xun atomnap-
faH nbopaT monekyna ainnaHuwwuga \ocun bGynaguraH cum-
METPUANAP COHMW).

HKOk™opun Temnepartypaga Z(r) alinaHma xapakaT y4yH cTa-
TUCTUK WNTUHAN nogacy

1/2
Z([*) = 2712
) JArerC_ (65)
[ 1~MKT, ¥, ="'/ JekT, Yc =0'"/ 1ckT.
by epaa — MOJIEKYTaHWHT 60W MHepumns Mo-

MEeHTNapu.
Z(v) —TebpaHMa )"apakaT yuUyH CTaTUCTUK MNTUHAM

:I_I g X =l /2KT (66)

6yHga O. (1, 2, ..3n—6) HOpMman TebpaHuwnap yacrtotacw;
n — MOfieKynagarm aToMmnap CoHu.

6.8-§. MOJIEKYJTANTAPHVUHIT TYKHALWUWLWTAPU COHW

1. Bu3 okopuaa 6UPNUK Bak,Taa UAWLL AeBOPUHUHT BUPAUK
to3ura Kenn6 ypunaéTraH Mosiekynanap coHu (6.5-pacmra K,.)

J n \2nT)

ngpona 6unaH aHUKAAHULWNHN KYPAUK.
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2. OHAM 613 6MTTa 3appara KoJiraH sappanapHuHr 6Mpnuk
BaK\Tfa Kenné ypunuwinap COHUHU aHuK;nainnuk. bupop 3appa
MKKWHYM 6up 3appa OunaH dt Bakga TYKHALIMULILW YUYH ynap
6.13-pacmparu UMAnHAP nunga éynuwnapu 3apyp. bup 3appa-
HU COYYBYUM, NKKWHYW 3appaHn counnysuu geb k,abyn kunai-
nnk. CouyBYM 3appaHun paguycun 3appa fuaMeTpura TeHr oynraH
wap 6unaH, COUMNYBYM 3appaHn HyKTa 6unaH anMallTMpannmk
(6.13-pacm). LLUapHWUHT Kecumun o = faH néopat;, —
WKKW 3appPaHWUHI HUCOWIA Te3nuru, AbHU COUYUNyBUM 3appa-
HUHT co4yBYM 3appara HucbaraH Tesnurn. by xonga Jisaktaa
AcoByucK gdt 6ynraH LuUAMHAP nuugarn xamma sappanap co-
yyBuUK 3appa (Mapkas) 6unaHTyK,Hawagn. LinanHapHUHIXaXMn
0 gdt ra TeHr. bupnuk xaxmgarun Tes3nurn (MMMynbcwu)
7,N +d'P parv 3appanap coHn f{P~dP raTeHr.

CouyBum 3appara dl Bak.T4a Kennb ypuayBum 3appanap COHM

agdtdPf{P). (67)
CouyBumn 3appanap (Mapkasnap) COHM Xam HKopugarmpgai

aHuKnaHagu, abHu ~PV'P' + dT' opanukgarn 6upnnk xaxmaa-
M TyKHawuwnap coHn f[P'~dP' ra TeHr.

[demak, /1 BakTAa Te3nuknapu (Mmnynbcnapu)
'P,P +d'P Ba J\J"' +dJ’
opavKyTapga 6ynraH 3appanapHUHT y3apo TYKHALLMLLIapW COHM
f(p)f(P")(rgdtdPdP"

ndopa 6unaH aHnkKNaHagu; bupnuk sakTga 6apya TyKHawWWLL -
nap coHm 3ca

dPjdP'f (?)/ (P')gadPdP" (68)

UHTedan ngpota 6unaH aHMK-
naHagun. byHpa o kecum, yHu"
T ypunuw (TyKuaw ni )HUHT
apdekTMB Kecumn pennna-
oW, YMYMaH y Hucbuii tes-
NUK g ra 60ornuk, abHu a(g).
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Myso3aHaTgarv \onat yyyH MakcBenn TaKCUMOTU YPUHAN.
by \onga (68) HM Kylingarnya y3rapTupul MyMKUH:

I clp\ége = (e)d&drl =

/ \3 "1£1

= I (2) e M7 -

MG

N %zml/ (49) ﬁ\chGe .oafg)i dg =

3/2 TC-

A *N 1 NNNN, =
U gCe 2*" m///4]ilge go{g)

V3 /2 B

dge ~"go (9) = I dge ga{g) =

\3/2

=4nM'(AT4] | 8AY(s) =

3/2

- N N 69
T g~G{g)e ~"dg. (69)

[emak, 6MpAMK Bak.TAarn TyKHaw W ap COHK Kylhinga-
rm ngosa 6unaH aHUKNaHagm:

3/2

(-nL
'b!’\\KTi

(70)

M 30X 1. Arap ugean Kartuk, wapnap yuyyH a =nd'~r = Anrn
(6yHpa KO0, — 3appaHuHr paguycum) K,abyn kunumuHca, (70)Hu
KyAngarn KypuHuLITa KeNTUpmLW MyMKWH:

1/2

(Wl mm (72)
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2. Arap PY = MkTakaHnmrugaH goiganaHcak (KnaneipoH
TeHrnamacm), y xonga 6upnuk \axxmagarv TyK,HalmLwnap CoHm
3 \1/2
\V = ‘M( (72)

KypuHuuira kKenagu.

6.9-§. KBAHT OCUWNNNATOP

X Unsnmkam rapMoHMK OCLMnd-

0 TOpHK 6aTadcun kapainmk. Knac-

cuK hnsmkara Kypa O Hyk,Ta aTpo-

6.14-pacm. punpa OX yku 6yiinya KnumMK amn-

nMtyna 6unaH TebpaHaétraH Teb-

paHrny — YM3MKAW OCLUNNATOP-

HUHT Tyna aHepruscu (6.14-pacm)

E = 2T (73)

ngoga 6unaH aHnKgaHagn; byHaa P — Mmnynbc, X 3ca T mac-

canu Te6paHrnYHMHr OX yKn 6yinmya CUMKNLLIN; K — BUKPANK
KoappuumneHTun. (73)Hn

=1 (74)

KypuHuwaa €3mb, YHWHT 3/11MNC TEHrfamacu 3KaHAUTUHM
KypraH 3guk (6.15-pacm). [lemak, oCUUNNATOPHUHT (ha3aBuii

(hasocugarv TpPOEKTOpUACK 3NNUNcaaH noopart.
£3HEPrUANN OCUMANATOP SNJUNCUHUHT 103U ((hasaBuii has3o
\akmun) 8{E) HM aHUKAANNUK;

A(E). 2nE (75)

AT

= k/T 6enrnnaw Kupu-
TG, (75)HN KaiTa é3amus:

5(£) = 1nE/w. (76)

KBaHT MexaHukacumpga oc-
LWUNNATOPHWHT 3HEPIMACK Ka-
6yn KWAMwm MyMKWUH GynraH
Kuiimatnap (6.16-pacm)
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E,=Tw[n +\/2). (77)
(77)Hn (76) ra kyiin6
5{E,)"5,, = No=l(«+ 1 2) (78)

npopaHn onamms. lemak, KBaHT MexaHMKacuga ocumnnaTop-
NVHT (hasaBuid (ha3ocu KBaHTNaHraH 6ynagu. VIkku anaunc opa-
cugarv hasaBuin haso 3eMeH-

TUHWM Tonamm3 (6.15-pacMra K.): LX)

5,-8, ,AAB=K. (79)

6.32-macana(bl faBpuii yac-
TOTann rapMoHUK OCLUNNATOP-
HUHT 3Heprusacu

e, =TT(n+1/ 2) (1)

ngoaa 6unaH aHMknaHagu. Ly
OCLUMNNATOPHUHT ypTaya a3Heprmacu <E£>HW aHVKYTaHr.

Eunw. butta ocumnnatop yuyyH 'm6bc aHcambnn — 6y
ocumnnaTopnapgaH méopat ugean razgup. by aHcam6n yuyH TaK,-
CUMOT YHKLMACHK

2
6yHza

byHga X = [,iA). FTn66c aHcambnmn Gyiinya oCUMNNATOP 3HEP-

TMACUHUHT ypTadacu
\clzo
<f >= n {E,,) = - roab

(3) nhopgagaH xocuna 0nmb, TONaMu3:
<e>"ac(Ux/2 4
M3o\napl. Ocuunnatop raMmmnbTOHUAHW

E:éT+!;_\. (5)

[ewmak, 2y= 2paH V= 1,0= ¢/ly = <€>. busra mab/iyMKu.
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{E)dE ="~ E~-'e-""“dE = pe-*"fdn ="e->"dn. (6)

ByHpaa
B=p "~ =ptuo, Z=<e>/r,t0 )

By ycyn 6unaH OfMHraH CTaTUCTUK WUTUHAW

z (8)

2. Arap X<< 1lwapTt 6axapusca,
e/2 + e-v2« 2

akaHnurugaH Z —2J), kennb umk.agu.
3. (8) parn TakCcUMOT PyHKUMACK

= 9)

ngpopacmpa ~aHeprusa (5) 6unaH aHuknaHagu; p = 1/<€>. bByH-
Aain TakcuMOT PyHKLMACK BupuHuM mapTa Bnox ToMoHugaH
6ol kava ycyn 6unaH onunrad (k- [M]).

4. Nceuknuk curumn C =at/ / 37 acocupa (4) faH doii-
fanaHu6 Tonunagwu:

ar  max dj . (10)

6.33-macana. /1"1a 6up-6upura 60rnmk 6ynmaraH ocumnnna-
TOpnap TUBUMUHUWHT ypTaya aHepruscu <E> Ba CTaTUCTUK Au-
puHancn ZNaHHi<yiaHr.

Eunw. Wgean ocunnnaropnap y4yH TUSUMHUHT ATaya aHep-
rmsacu Y'ap 6Up OCUMNNATOPHUHT ypTaya aHepruanapu AMpuH-
Aucura TeHT, AbHU

<E>:N<e>:N'\’\cth’Z\,x:7\/. (n
" c

Bup-6upura 6opnnk 6ynmaraH gapkgaHyBym ocLUNNATOP-
nap yyyH a”TUMONNUKNIAPHU KyNanTupuw TeopemMacmiaH ¢oi-
fanaHun6

=zr (2K

3KAHMUTUHU aHUKAW MYMKWH. Ocuunnatopiap TUSUMUHUHT
aHepruscu

Ej = Er+ E2+.. + BA=tm  +y), (@)
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X,ap 6up aHeprus cat\ny

_ (yury-1)
yI(YY-1)! (4)

Kappanu aiiHuwra ara. [Jlemak, TU3MMHUHT CTaTUCTUK WUTUH-
auncu

+A =
Mo (y J=0

BUHOMMHAN Tak,cMMOTAaH Kylimgaru mMyHocabaT mMabiaym;

YYD L aen
E - ( Vs ) . <l3)

ByHoa a = e“'ne6 x™Mcobnab, ywobyHn onamus;

7, (6)

6.10-§. KBAHT POTATOP

Bup atom aTpodnia MKKUHYUCUHUHT aiinaHmwm Tydaiiam
\ocun bynaguraH aiiiaHma x"apakatnaHyBuu (MKKWM atom opa-
cumaarn macoda ysrapmaignraH) aklaHrM4HUu poTaTo p Aei-
nnagm (6.17-pacm). Knaccnk mexaHnkaga 6yHgali poTaTOpHUHT
KUHETUK 3Heprusacu

Tr PP JO
2 2 2J

(nnrapunaHma xapakatgaru mac-
ca T, MNynbC p ailnaHma \apa-
KaTga uMHepuus MOMeHTW / Ba
x"apakaT MUKLOPU MOMEHTW M
6unaH anmalunHaan).

KBaHT mexaHukacuga  guc-
KpeT kuimatnap kabyn kunagu;

(80)

(81)

AinaHma >"apakatgarn potatop-
HUHT aHeprusacu (81) ra acocaH
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J 11 ('2)

s A (iir  ndopa 6unaH aHuk naHagu,
/ ABHW Y OWCKPeT K,uiimatnap
-t=2F-N=— Kunagn. AMMO ocumnns-
' JN  ToppaH apk"TU ynapok,, poTa-
si=l.Ei=— ™P 3HeprusiCUHUHI Xap 6up
B /1 K MiAimaTura Mar#mT KeMHT COH-
0 napu 6unaH ¢apk,1aHyBun
6.18-pacm. (2/+ 1)Ta \ap xun \onatnap
TYrpy Kenagu, AbHU pOTaTOPHUHI X,0MaTM 21 + 1 Kappanu ai-
HuLWra ara.
(82) paH kypuHaguku, lopTuwn 6unaH NKKN 3HEPrus carx;-
napwv opacugaru apk,x;am optnb 6opagm (6.18-pacwm):

E, -rT,, = (83)

6.11-8. WAEAN TA3NTAPHUHI UCCUKTUK CUPUMMU

Knaccuk ctatnctmkaga ncboTnaHraH SHeprusHUHT 3PKUH-
MUK fapaxanapy 6yinya TeHr Tak CUMAaHULL TeOpemMacuHu ngean
rasHUHI UCCUK;IMK CUTUMUHMW aHMK awra KN\ nnainmk.

Y¥T1a Kyn aTOMAM MoJfieKynagaH nbopar naean rasHu Kypai-
nuK. Xap 6up monekyna 3 Ta unrapunaHma, 3 Ta aitnaHma sasTa
TebpaHMa 3pKUHAUK gapaxanapura ara 6yncuH. SpKUHAKK fa-
paxcluapn opacugarv y3apo Tabeup abTubopra 0IMHMacuH. byH-
[aii ra3HWHT NYKKU 3Heprusacu mn\ap 6up IPKUHAKK Aapaxacura
KT/2 3Heprusa Tyrpu Kenuwu \ak,ugarvu Teopemara acoca,

M =Nu=m{3" +3" +~-KT"= MKT(3 +3) (84)

ngoga 6unaH aHnKyiaHagn. byHgan rasHUHI NCCUKANK CUTUMMA
Cy =aun/aT = Mk{b +3) (85)

ngpoga bunaH aHuxnaHagun. (85) ndopasaH KypmHagmukm, Kyn
aToMnun MosekynanapgaH nbopat uccukguk curumm Cpaemne-
patypara 60rnvk,amac. AMMO Taxpuba HaTwxkanapu \ap LOUM
\am (85) npopara moc Kenasepmaingn. AinHuk ca, nacTremne-
patypanapga (85) ndoga 6unaH Taxxpmnba HaTuXKanapu opacuaa
KeCKUH (papk. MaBxy[.
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Maciuian, NKKK aToMnn ra3 yuyyH Hasapus Oyiinya 3 Ta unra-
punaHMma, 2 Ta alinauma Ba 1Ta Tebpamma apKUHANK fapaxana-
pu 6ynraHaurn tygainnm U = N (3KT/2 +KT +KT) =-~KT\
1 monb yuyii aca C*= 1R/2 ~ 29,3 X/monb * K nccuk cmrum
6ynuwun nosmM. XoHa Temnepatypacugarn MKKuW atomaun ras
bynpaii Kanta MCCUK MK CUTMMUTA 3ra aIMaciurnHu Taxpuoba
KypcaTagu. byHaam Tawk apy MCCUK MK CUTUMU TemmnepaTypara
60rNMKIKAHANUTU \aMm Ky3aTunagu.

1 MOJIb  K,aTTUK. XMCMHUHT UCCUKANK CUTUMU, 3HEPTUA-
HUHT TeHr TacumnaHuwmn \ak,mjarum Teopemara acocan,
Cy= 3R = 25 X/monb e K TeHr (A0N0HT-TTU K.OHYHU). AMMO
nacT Temnepartypanapfa KartvK, )KUCMHUHT UCCUK MK CUTUMMK
Temnepartypara 60rnvK, Ba TeMmneparypa Hoara MHTUATaHga uc-
CUKM'K curumm \am Honra uHTunagu. Knaccuk ctatuctmka Ha-
Tacu 6unaH Taxpuba opacugaru 6yHgain tagoByT cababn —
MOJIeKynanapHUHI KBaHT TabwaTu 3bTMbOpra oNMHMAraH-
NUTNJAAMP Ba, AEMAKKW, SHEPTUAHWHT 3PKUHNINK Aapaxkanapu
Oylinya TEHTTaK,CMMIaHULIWN K.OHYHWHW MacT reMmnepaTypanu
TU3MMMIAp YUYyH \amM Kynnaw ok,néatunaup.

VKKV atomniv mMonekyfanapgam TallKui TonraH rasbl (ma-
canaH, CO Ba bGawk”™anapHu) j"apainnuk. byHgali
x,0onga \ap 6up monekynatwr warapunaHma, annaHma, Te6-
panma )"apakaty MaBXyq; 6ynapfaH Talk*apu 3NeKTPOH Ba A4p0
aHeprusanapu \am maexyg. Ly cababnm 6yHAail rasHUHT MUKK
3Hepruscum ymymuin >‘onga tok"opugaru ,\apakaT aneprusnapura
60rnnK,, ABbHU

n=wn ﬂHF + I/Ial'l'ji + I/Ireﬁp + M31+Uﬂn' LSG)

Opataa, amanga KysaTunagurau TemnepatypanapHUHT y3ra-
PULIN aTOM Ba MONeKYNaNapHUHT 3M1eKTPOH Ba A4p0 \onaTna-
puUra, AbHW YHWHT y3rapuiimra espnu Tabeup atmaiian. LWy-
HWHT YYyH FasnapHUHT UCCUK/IMK CUTUMMHM K.apanraHaa anek-
TPOH Ba AP0 \onatnapura TEFUWAN UYKU IHEPTUSHW ofaTaa
\uco6ra onuHmanan. Jemak, MKKM aTOMAU FTA3HWUHT WCCUK,-
MUK CUTUMK

C,=(1™M"=¢C,, +C,,, + (87)

ngpopna 6unaH aHuUK/1aHaau.
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1 MOJIb Ta3HU K,apainmk. Knaccmk cTtaTUCTMKa KOHYHUra
acocaH, \ap 6up nnrapunaHma sapKUHINK fapaxacura kT!1 aHep-
rms Typpy KenuwinHu abTubopra oscak,

N KT
N

6ynagn Ba 6yHgaH
= f (88)

Kenuoé uyub;afu.
ARnaHMa “apakatra TErMwam WUCCUK; UK CUrnumm C,|,Hu
K,apainuk. /\onatgarm poTaTtOpPHWUHT 3HEPrusacK

PoTaTopHUHT xonatu (2/ + 1) kappanu aiHWL COHMTa TEHT
OynraHy yuyyH yHra Termwam ctaTucTuk nurnHgn Z = 20

r :ﬁ (2/ +1)e-Ne :2IA(2/+1) e-"n (90)

ngpoga 6unaH aHuk/aHagn. by  ndofaHWHI MKKKW Yerapa-
BUIA XONNapuHu K" apainmk.

a) TemnepaTypa Xyga nact 6yncuH, avHn [ -> 0. By xonga
(90) npopapa 2 tax,ag (/=0, /= 1) 6unaH yerapasaHamus, AbHU

Mg2t =\ + 18 (91)

6) HOk“opn TemnepaTtypanu “~on

6yncuH. by xonga potatop aHepruscu carx/rapu 6up-é6upura
HucbaTaH AK™WH 6ynraHn yuyH, / HU y3nyKCu3 y3rapanTu fe6
K.apab, (90) garn WNrnHgMHW nHTerpan ndoga 6unaH anmaw-
TMpamus:

r, + + (93)
o] (o]
8kn x = {TyT)1{1 + 1) ysrapyBum kupmutmn6, (93) HM Kylhinga-
rmya 3 nMn3 MyMKU1H:
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WNUKKU 3HEeprus U HU  Cy-h,
CTaTUCTUK (USUKAHUHT
YMYMUiA ycynura acocaH

U=NKTAA~ (95)

ndoga bunaH aHUK aHagm.
by ngomagaH I -» O ga n
i/, Temnepatypara 60rnuK, 6,19-pacm,
amacnuru Ba gemak I O
fa  HOMAra TEHT 3KaHAUTU Kenunb uuk™agu, AbHK

J)

I/,. = conste

r>0pa 7 -» Osagemak C'= O, AbHu Temnepatypa '~ O
oynraHga MCCUK MK curumm Honra mHrunagn C -» O (6.19-
pacm).

Ok,opn TemnepaTypaga, avHu T » [ pa

M, = = NAKT (96)

byHaaH 1 monb yuyH
C=R (97)

npogaHn onamus (6.19-pacmra k,.). Pacmpga aiinaHma x,apa-
Katra Termwnm MCcCUK MK curumu C HUHT TemnepaTtypara
60rnnkK™nK xapaktepu (cxematuk pasuwga) 6epunraH. Cum-
METPUK MKKU aTOMAN MONEKYNAHUHT 2 Ta alinaHMa 3pKUHANK
fJapaxanapy MaBxyj (2 Ta 6ypyak). Knaccuk ctatmcTukara aco-
CaH x,ap 6up apKUHANK fapaxacura ypraya KT/1 aHeprus Tyrpu
KeNraHanrn y4yH 1 MOJib MKKU aTOMIN Ta3HUHT MUKW 3HEepru-
acm = NJCTjXAn n6opar, sbHM ok opu Temnepatypa (I » T)
[a KBaHT CTaTUCTUKACUHUHT HaTuxacu (96) Knaccuk cratumc-
TMKara Moc Kenagw.

By epga wyHM TabkuanaliMusku, ainnaHma xapaktepuc-
TUK Temnepatypa ' MONEKYNAHWHT UHepuusa MOMeHTU J ra
Teckapu MyTaHocu6 6ynraHu yuyH ((92) dopmynara K,.) 3Hr
eHrun monekyna  ga I, = 95°K. bowk™a monekynanapga aca
6yHAaH KMUYMK TemnepaTypanapaa KBaHT adyheKTnap HaMOEH
6yna 6ownangn.

TebpaHMa X,apakaTra TerMwanm UCCUK MK CUrumu Cy Hu
Kapainnuk. Xap 6Uup MKKW aTOMIN MOJSIEKY/laHW KBAHT OCLMWN-
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nATop Aeb KNapab, yHra Tyrpyu KefiraH ypraya aHEpPrusa <e> Hu
aHUKnaiMun3:

<e>=l-al-~. (98)

Jemak, 1Mo/b MKKU aTOMM TasHUHI TebpaHMa )"apakartura
TYrpy KefraH UYKW 3Heprus

JI1=Nno, (99)
By Te6bpaHma \apakaTra Terumwam WCCUK,INK CUTUMM
AT, _ A<e>
AT ax

X- Pbll P - \/ KT\

AX _p . AP__K  p<e> * 7 -
= YYI(x2)2 = A{xr)\

Oemak, 1 Mofb y4yH

CA/,= Wx2)\ (100)

By NCCUK;IMK CUTUMUHWHT Yerapasuii Y onnapnHu Kypai-
UK.

a) X=1" =-"N« 1 6yncuH; ™ = XapaKTepUCcTUK TeM-

nepatypa; T » [ 1OK,0py TemnepaTtypanu >on. by x,0nga

B "LI,T_I-TFl - X-
Jemak,
C,, -1?. (101)
6) X >> 1 (T <<[I') macT Temnepatypanu X,0r:
N o= = (102)
(102)HM Haszappa TyTmb6, (100) HM Kylhuparvya €3amus;
= X=M . (103)

Jemak, nact TemnepaTtypanapfa uccuk/imk curumu (103)
3KCMOHEeHTa Tygaiinn TemnepaTtypa Kamaiimwm 6unaH kamainné
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6opagun (6.20-pacm), AbHU By coxafa KBaHT ageKTnap HaMmo-
CH Gynaau.

Kj/inparn xaasanga aipum MKKW aTOMAN Fa3napHUHT Xa-
pakTepuCTUK TemnepaTypcluapn 6epuarax.

Niinanma ,\apakart yuyyun Te6paHMa >"apakar yuyit

Monekyna ras XapakTepucTuk XapakTepucTuk

Temnepartypa, "K =remnepartypa, "K
|_|' 95 6000
2,85 3340
2,07 2280
na 151 4140
nr 9,0 3300

XKagsangaH KypuHaguku, TebpaHmMa xapakTepucTuk Temne-
patypa 6up Heya MWUHT rpagycra TeHr 6ynu6, ogara XoHa Tem-
nepaTtypanapuja 6y apKuHInK gapaxilnapm HamoéH 6ynmaigm;
ynap "Mysnaran" \onatga 6ynu6, sHeprus anmawmHuwwnapmuga
NWTUPOK 3TMaian (EKn Lespan UWTUPOK 3aTMaligmn). INeKTpoH
~AonaTnapura Teruwnm xapakTepucTuk Temnepartypa 6y remne-
patypanapfaH x.am oK,0py 6ynraHu yuyH ynap \am XoHa Temne-
paTypacu y3rapviinapuga uwTUpoK 3TMainan, ynapHUHT aHep-
rma aamMallMHUIWKNAA UWTUPOKK BynMalign Ba LeMak, UCCUMK/ MK
cUrMmMuga NWTUpPoK aTMainau.

YMymaH T> [ ga Knaccuk ctatuctukagaH, T< [pgasca
KBaHT cTaTucTukacugaH gongilnaHnw 3apyp. TemnepaTypa nacTt
T< bynraHfa sappanapHUHT ypTtaya 3Heprusicn K T KBaHT
\onaTnapuHu yiroTuw yyyH etapnu 6ynmaingn; temnepartypa
ok,opn T > [ 6ynraHga aca 3appaHuUHr ypTaya aHepruacu kT
YNapHUHT KBaHT X,0/1aTNapuHn YroTul yuyH etapau 6ynagu.

OHT oK opy Temneparypa-
napjga x"amva 3pKUHINK fa-
paxkanapv aHeprus anamatlu-

HUWMLA WUWTUPOK 3TULLU
MYMKWH Ba feMak ynap uc-
CUKAVK curummn nthogacmaa
NLWTUPOK 3TULLNEAPN MYMKWH.
AMMO TemnepaTtypa kamaiu-
Wn 6unaH IpKUHNUK fapa-
XanapujaH assan Te6bpaHma



IPKUHNMK papaxanapu,

24,.. CYHT aiifiaHma apKUHAKK ga-

W Cunr="  paxanapu 3Heprus anmaluu-

HUWKUAA UWTUPOK 3TMmau

Kysgunap, AbHU UCCUK MK

curumu udoganapuga ynap-

HWHT X,uccanapu 6ynmaign.

N CCUK/MK CUTUMUHUHT TEM-

| nepaTypa Kamaiinwm 6unaH

y3rapu6, kamaiin6 6opuwun wy 6munaH nox aHagmn (6.21-paem-

ra K.)

Kyn atomnu monekynanapfaH nbopar ras McCUKAMK CUTU-

MUHUWHT Temnepatypara 6ornnk™unru xyaum HOs<;opngarngai Ty-
WYHTUpUNagN.

VII BOb
PEAN TA3NTAP

7N-§. KNPl

Pean rasnapHWHI MOMEKy/CLLApK Y3apo Tabcupaa 6ynnb, ynap
Tes3-Te3 Ty HaWwunb TypraHnnknapu yuyH ynapHuUHI xoccanapu
ngean ras xoccanapupaH apk/iaHaan. MonekynanapHuHr y3a-
PO TabCMpW YNapHWUHT YAroHraH x~onatnapura\am 60rauk,. AMMO
OCOHMINK YUyH By athheKkTHU x™cobra onmainmmus. By X onga mo-
NeKYNaHWHT MUKN X apakati 6unaH 60rnvK, CTaTUCTUK MUTnH-
an poumunii konagu. Ly cababnu y kaTTanmkHu K apamaiimus.
Bowk,aua aiiTraHaa, Knaccuk pean rasHUHr Tyna aHeprusacu E
HW 3appanapHUHI KUHETWK 3Heprusnapu AMrnHgmcy 23) sa ynap-
HUHT y3apo noTeHUMWan 3Hepruacu V gaH ubopat, AbHMU
E= + (/ge6 K apaimus:

E(p™~P2,....PN M, I2,..g, )= (D

Knaccuk husnkaga TUSUMHUHT 3HEPTUACUHUN KMHETUK Ba NO-
TEHUMAN 3HepPruanapHuHT RUrnHagncngaH nbopart geb6 k" apau
MYMKWUH 6ynraHn ca6abnu, ctaTucTukK puankagaru tak,cumot
hyHkumnscn O£) Ba CTATUCTUK MHTErpan Z HU UKKW Kynai-
TUpyBUMAaAH néopat feb K.apaw MYMKUH;
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/(£|)«l« :y6 /\‘/\C!I_I: Tr -n/

- Ae\lp,1lp,,...p, (2)
EKK
/{E)c{n =/{E1)(Ap" clp2,....c[p") [W)crr\,®-r,...,cCrH
Bynapga Hopmanaw wapTtnapu Kyugarnnap:

/{E,)clp™,(1~p”_,....cl'pN=\, (3)

'T{n)cl},cl}r,->cl"rm =\. (4)

By \onja ctaTUCTUK WHTErpan Hopmasaw LWapTuAaH TOMWU-
nagu:

7 = e~Un, (5)
7=y ¢ ' clp”, clp?®, ..., clp”™x
X (6)
BynapaaH
7= . (2a/50)'"'~'e;,,0 =1//3 (8)
0:.= *6 A\ VA Wo Il ARSI oI T AN 9)

0 — kondmrypayMoH uHTerpan ymymuia \onga kyn sappanu
TaK,CUMOTyHKLUMACK / (N ,rr,.*=."«) opk™anu, Xycycuii x onga
—TU3MM MyBO3aHaTAa 6ynraHpga

) (10

DYHKLMA OpKanu aHUK NaHagW.
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7.2-§. XXYPT Y3APO TABCUP MOTEHLMANU

Pean TU3MMHUWHT NOTEHLMAN 3HEPTUACK U HU XY(PT Ab;UH-
nawysga K.apainnuk. by aunmHnalwysna uxtnépuin /-monekyna fon-
raH x,aMma mosekynanap 6unaH {M—1 1a monekyna 6unaH)
XydoT N3apo Tabcupga Typmubam ne6 kapanagu (7,1 -paem), /-mo-

NeKyNaHWHT MoTeHLUMan aHeprusacu

= (11)

KypuHuw ga kabyn knanmagn. TUSUMHUHT

noTeHLMan aHeprmacu (y3apo TabCcup aHep-

TUACK) W WY W NAPHUHT WWTUHAMCKAAH

néopart bynagu:
7.1-paem.

(12

P'y) — aHeprua r. macopagarn MKkM /Bay 3appanapHUHT
y3apo TabCup aHepruacu.

MpuHLMN XK aTnaaH XyqT y3apo TabCUp 3HEPTUACUHMN Ha-
3apuin \ucobnal)] (aHMKyTaw) MymMKWH 6ynca-ga, aMMO KOH-
KpeT \ucobnawnapHWHT Kyn \onnapuga yHUHr Kyimgarm no-
NyaMnumpuk ncoarwapugad oiacllaHmnag:

a) IKCMOHeHUMan noTeHuman

(13)
6y epfia a Ba a gonmuinap;
6) Mops3e noTeHYKUanm
n{r)= 0O A e (14)

6y epga O —ypta Yykypaurun, £ - w{r) HUHT MUHUMYM K.WWA-
mMaTura MOC KenyBYM AHWHT K;MiAMaTu, a — y3rapmac COH.

B) JleHHap->K OHC MoTeHUManu
= N =12. « =6 (15)
6y epaa a, bgonmuinnap.

Lovmuinnap TaxpubagaH aHUK/laHagw.
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7.3-§. XY®T KOPPENALUNA BA YUNWNIIT TELITNNMACK

Tusumpga (cyro K "nkKékun rasga) sappanap 6up-6upun 6unaH
y3apo Tal>cupga 6ynraHu cababnm 6up 3appaHUHT Xolnawm-
Mura 6oL Ka 3appanapHUHT XOMNAWMLILN TabCUP 3TagK, AbHU
ynap opacupja koppenaums (>/3apo 6ornaHuni) mMaxyn 6ynagu.

Bus kylinga TUSUMHUHT UXTUEPUIA 6UP 3apPacUHUHT
\aXM aneMeHTMAA OynuWIM 3\TUMONIUTUTA UKKMHYWN 3appa-
HUHT dr2 ga 6yIMWNHUHITabCUPUHN, ABHW XYPTAN Koppe-
NALNAHN Kypannuk.

TU3UMHUHT V, \aXM/IN MaKpOCKOMUK K;UCMMUAA YV, Ta MO-
nekyna 6yncuH. Ly \axmgarn ypraya Ba KBafpaTukK
ypTaya N] HUWHT NOACLIAPUHN aHWNY 1aliNnnK. BYHUHTY4YyH ép-
gamuy nL[r] dyHKUMA KMpuTannmk:

l,arap7-\axm nunga 6ynca,
Q arap A>"axv  Tawk,apucuga 6ynca.

Arap TUaMmgaru sappanap coHum N ra TeHr 6ynca, 3appanap

COHHN HN
N

A

KYpUHMLI A E3ULW MYMKWUH.
yY3appanu Tak cuMoT (PyHKLUACK

f{u) =

épaammuaa yprada kK,uimart HU aHUKalMK3:
X

A dl] ch\..dr™ =jm (/+)dr, ('6)

ByHpaa 6up 3appanu TaMcMMOT YHKLUACK Kylinmpgarnya aHuk,-
naHagm:

/p) = — )di{...drf, . (17)

N o 6ynraHga, /(/') =« pe6 aHumaHagwu,; /2 — 3appanap

anunmrn. Y \onga (16) gaH K yiingarnHu onaMmus;
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(18)

KBagpatuk ypTaya M\ HUHT ndogacuHU aHUK alinmnk:

u] ] 3

ByHpa or (/)/7? (a) = /«(/") akaHu >™mcobra onnHAn. (16) sa (18)
ra acocaH

>=M,=nvY,. (20)

(19) garn ypTayaHu Kyinugarmya €3aiifink:

i*J

1*1
=N{M-Dj...im{r,)ym{7~,yr, clr,/{r,,r,,... r~yr, clr,..crlr,
=jjm (™ r~ryn{r;iy{rm~ r,yir,clr, =
=«Mu/wn(r,)T(r3)ap,,?2)//- clr,, (21)

6yHIa UKKW 3appanm Tak,CUMOT PYHKLUMACK Kyiingarnya aHuk,-
naHagm;

/(n,/-2) =M{M - 1) yrr,,clI\,....clr™ =
=/ p 1)/ p 2)E{rx,~T1) =n"g(r,.r, y (22)
ByHpa XydT KOppenauunsa pyHKumnacu 6UpUHYM 3ap-

pa clr] anementga 6”°nraHga, UKKMHYM 3appPaHUHT Cl Tl 3/IEMEHT-
fa 6ynuwun 3NTUMONUHN K™MpcaTagu EKM akcuUr™a, MKKUHYMN
3appa cln pga 6ynraHga, 6MpUHUYM 3appaHUHT clr\ ga 6ynuin
IXTUMONUHN aHUK N angn.

Mkkun 3appa 6up-6upungaH etapnu fapaxaga y3okga éynca,
YyNapHWHT opacuparn y3apo TabCup Ba, JemMaK, Koppenauus
\nco6ra ONIMHMACAUTUN MYMKWH, ABbHU Tr-r\ =roo
6ynraHpa,
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bynagu Ba, femak, g(n,/'2)->1 6ynagu.
(20) Ba (21) HM Haszapga TyTn6, (19) HM Kylinpgarmya ésa-
MK3:

Ni =N +n2g(7,7,)cl7clr,. (23)

CaHOK, TU3UMUHUHT 60WWKM Yy4yH 3appanapian 6upu, maca-
naH, 6upuHYM 3appa TypraH XOWHW TaHnab onwuHca,
A, /2) -> g (/%) 6ynagn; r — KKK 3appa opacuparn macoda.
By x,0nga

‘g{t-\,ny~r\,dri =jf/r,Jg(r)i/r =
ByHn abTmMbopra onnb, (23) HM é3amus;
(24)

(18) Ba (24) paH kyimparn HucbaTHU E€3amu3:

=1+«lg [ryir -nVA =1+rtj(s (m)-1 ) (25)

(25) pa M- =(AN”) —3appanap COHM DNYKTyaLMACK-
anp. PnyKTyaumns Hasapuacura acocaH

(AyVj =N"™"MnBXT. (26)

TEHTNIUK YPUHN, ~7 (]™). * busra mavnymkun (4.17-
macanara K.-)

(27)
Ba
(28)

(26), (27) Ba (28)nap maH choiiganaHu6, (25) HM kbalita €3a-
MU3;

| + (/+)-) (29)

M3oTpon Tu3um yuyH ¢ (/M =4A("*) bynraHnurmngax
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A/-=1+/t|t/7-(a(/-)-1) (30)

TeHrnama ypuHnu. (29) sa (30) TeHrnamanap Xyt Koppens-
umns pyHkymnanapu Ba (r) wnir/r KOppensumMoH napa-
MeTp 6unaH 6ornaHuLLNHN aHUK TaligN.

Koppenduns qoyHKUMACUHN, Tabpud 6ylinya, 6ab3aH Kyiin-
narnya avmk/angunnap:

§ 7.4-8. KONDOUTIYPNLIMIOH VHTEIPAN
KoHdurypaunmoH unHTterpan
N =] (31)

ngogacugarn ~3apo TabCUp NOTeHUMaNU (/HU Xy(PT Sk MHNa-
wuwra 6MHOaH

£/(n 7T%2,...,7-70) = (32)
=
KypuHuw ga ésamus. by \onga
e (33)
1/
By xydtnap kynaiitmacu P Hu
B'AMA=1+]] (34)

Kabu ~3rapTupub ésannmk. by \onga (33) K\yihimparm Kypu-
HULIHW onagu:

=(|+0 )@ +n,)...(Im »)(1 +1,)...(tH - =

=1+ /i2 + Y|4 + + /i/V + /1 +

+- +/1-1M+/ 1, +-/ fly A--n- (35)
/AR HVUHT macodpara T'apab ysrapuwu Tapxuii pasuwga 7.2-
pacmfia kypcatunrad. byHpa im/taklDvbaH 3appa fuametpura (MKKu
paguycra) TeHr. Arap atomnap (Eku monekynanap) opacmparu

Macocpa r < c¢/6ynca, ynap 3neKTpoHnap LooburnHm gedopma-
|Lisinab 6up-6upun GunaH TykHawu xapaéHupa bynagunap;

/\)2



/> 6ynraHpja sca 3appanapga 6up-6u-
PVHM TOPTMLIMLL Ky4Yn HaMOEH 63™naaw.
Ogpatja HeliTpan 3appanap (atomnap,
MOJfieKynanap) opacugarn ~'3apo Tabcup
A>p 6ynraHpga (p aca c¢/gaH 3—4 mapTa
KaTTa) amanja Hosra sKuH 6ynagu.
Ly cababnu arap r < p 6ynca,
HoNnpaH chapknu 6ynagu, arap A > p
6ynca, yHUHT uogacniaH KypmHagmku,
yamiuga lronrateHr 6ynagmu.kKynant-
Ma HONfaH cesunapnn apknm 6ynmwmn yyyH /2<p Ba <p
6ynmwun nosum, 4a aca <p, 3<0p, <p
oynnwun 3apyp Ba \. K. lemak, 6y \agnap HonjaH ceaunapnu
thapk™n 6ynuwmn yuyH p paguycnu cipepa nymga 6up saktga
MKKWUTa, yuTa, TypTTa Ba \. K. 3appanap 6”™'nuwm tanab atmnagm.
dapa3 k™nainnuk, pea! ras etapnum gapaxaga cuiipak 6ynmo,
6up Bak"TdA p paguycnu cdepa nmumpa yuta Ba YHAAH OPTUK,
3appanap 6ynuwim s\TUMOANN amanga Hosra TeHr 6yNncuH. Y xonga

Tak \pnouiAi TeHTANMK ypuHanm 6yncwm. (36) mdogaHn 08, HUHT
ngogacm (31) ra Kyamms:

J ¢In,ctr2....drN ~J 1+EL'J/' ‘Ir\,clr2....drN =

ii/nisz-2..,i77-v + ™\ fijdr\,dr2....cIrN =
n

+X dr\,...dri-\ dn*\ drj-i drj+\...drN =
a

= ~Z1lif,.cln,dij. (37)

WHTerpciHm \mcobnaw yuyH c([)epuk KoopamHartanap TU3UMU-
ra yrainuk. KoopauHata 6oiun Y4yH /-3appa TypraH XOWHMU
K,abyn kunannuk. Y \onga

fidl-idl-j =1d | ' i j - ijr- s'mOdOdcpdr =



6ynagn. flemak,
+YA-N2nbI{M - 1)1 - r\r. (38)

(0]
K~Angarn 6enrunall KWputannuk;

b=4n - Welr =1 - \lr. (39)
(39) udhogaHm avTU6OpPra onmb (38) HM KakiTa €3amMus:
(40)

Pean cuiipak ras ctaTUCTUK MHTerpanu 2~ ngean ras cratuc-
TUK nHTerpanu (2 ,//10'~gaH

6unaH hapknaHagu, abHU

v (41)

(39) wHTerpanHu kN/iivgarnya €3amms;

v
b=A1 M _1 ;7oA 1orUr. (42)

By uHTerpan udoganapHu ano\uga-ano\umga ta”mn ataknuk.
V) r <d colaga 1{r) > Oetapnu papaxaga kartra (7.2-
pacmra K.) abHu 1r) » 1 LWy cababnn, 6epunraH /? K,nii-
Matza
e-T,-) << L
(43)

By x;onga 6UpUHYN MHTerpan
= An -1 rxlr ~-An cr=
(44)

6y epaa W) — 6MTTa 3appaHUHT \axmu.
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2) MKKMHYN WHTErpanHn K,apainnuk. byHga r> n'éynraH-
amrm cababnm wu{r) xyga KM4umk Ba MaHOUn K MAMaTIN, AbHW
u{r) < 0. by xonga P un (r) « 1 6ynca,

N1-pu(r) =1+13\u{r) (45)

(45) HW (42) par WKKWHYM UHTerpanra Kyim6, ywobyHu
onamms:

44 -1 rxlr =4a/3 wn (r) rclr. (46)

Jdemak,
b =-Si~a+4np\ n{r)ryr. 47)

(46) HM KyWmparmya TYWYHULW MYMKWH;

m(n) n{r)cly=wu (48)
%
<
6yHpa MT —ungnw x,axkMn Byinya ypTayanaHraH TopTuL Ky-
Yymnra Tyrpu KenraH XydT y3apo TabCup NOTEHLMANUHUHT ypTa-
ya K,MiimMatn (Mycbat kmiimatu (MOAyaun) onuHram). ByHu abTu-
6opra oncak,
-8y, +"Nclr - (49)

7.1-macana. 1) Pean ra3HWHT CTaTUCTUK UHTerpann ndoga-
CW acocupa x~onatTeHrnamacm — 60CUMHUHT UDOJACUHUN aHUK;-
NaHr.

2) ONVHTAH )<orar TeHrnamacnuHu BaH-fep-Baansc TeHrna-
mMacu BunaH Tak,k;0CnaHr.

3) BaH-gep-Baanbc TeHrnamacupgarv a Ba b Tysatmanap-
HUHT (OU3NK MabHOIAPUHU aHUK aHT.

E ynw. KOKkopuga k™ apanraH cuiipak pean ras yuyyH cratuc-
TUK UHTerpan

2K (1

KYpUHULLAa 34un; 6yHa
\3/2

,B =unly. (2)

IpKNH 3Heprusa /MHUHr uogacu sa 60cuM PHUHT udgogacu
TEPMOANHAMUKALAH MabyM;
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—B\\J'll.ry

=- -0 e
P \gY!lo 2n- 9K

(1) gaH K AmparMHM onamms:

+1n 1+ v
-“"ﬁ’z'yﬁi ' wapt ?Fa»(apmnCMH. Y \onga.
- M{M\)b
in v 2Y o
Y\onpa

ByHgaH dpoiiganaHn6 60cum yuyH ywbyHM onamums:

an(\//y)N 0 N{N-\)h
3K 3K 2K

P~B

By x,onat TeHrnamacu n = JlyKakaHnuruga,

2) BaH-fep-Baanbc TeHrnamacu

(p +-""M){V-h,) = NKT.

ByHn kyinpgarnya éamus:

NkT a MKT

A=vis Kk Yabwy)
~ « | wapt 6axapuncuH. by \onga

p ~ nAvucer

Y A BT a
----- +7172" 7w
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(4)

(4, a)
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(6)
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(5) Ba (8) napHmu Tak“k™ocnab Ba B = KT ge6 k"abyn K.nnm6,
ywbyHn TONamms;

ékn byHpaH

*-nlL _Tbhr7-'%)- <»

Oemak, (9) TeHrnuk 6axapunraHfja XygT tabcup \mcobra
onuHraHgarn \oncll teHrnamacu (5) 6unaH BaH-gep-Baanbce
\onat TeHrnamacu (7) 6up-éupura Moc Kenagu.

3) byuyH ((49) ra k,.)

==-M,, +ur-P (10)

ngoga onnHrad agn; 6yHga p= \KT. (9) Ba (10) napHmu co-
nMwTUpcak,

b, =4",(/17-1), (rn)
(12)

(11) ngogafaH KypuHagmku,-Ban-gep-Baanbc Ty3aTmacu
¢»3appllnapHuHT Xycycuin x,akmm  6unaH 6oramk,, Nra kynaiit-
Macum 3ca x"amma 3appanapHIHir Xycycuin X" axmnapu WnruHancu
6unaH 6ornuk,. demak, 3appa 3pKMH >"apakar K,unaétraH \axm
nogyw \axmu KgaH ynapHUHT \axmuy aimpmacu 6unaH aHuK,-
naHagm, abHU

Y~ Hi(ngean raz3 yuyH  =0).

BaH-fep-Baanbc TeHrnamacmgarm 6ocumra Tysatma a aca, (12)
JaH KYpUHAAUKKW, TOPTULIULW Ky4ynapu 6unaH 6ornuk,. byHaa

+ (13)
fecak,
u (14)

ByHga a/]” TopTUWMW Ky4dnapu Tydainnm x“ocun 6ynaguraH
N4Ykn 60cMM. AHa WYy MUK 60cuM Tydhaitnn peeTt ra3HMHT NANLL
AeBopura 6ocummn mnpean ra3HMHT UauWw fesopura 6ocMmuaan
Wwy uyknm bocum as/y- ra kam 6ynagum [(13) udpbopasaH 6y
paBLlaH KypuHuo6 Typnoau].
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BaH-gep-Baanbc TeHrnamacu (7) faH KypuHaguku, arap
ra3 XaXMWHU KamakTupub (AbHU rasHU CuKKB) V HK ra
AK;MHaWTnpcak, ra3 60cUMmM Yekcus KaTTanawmnb 6opagn.

Bus aBa NapHWHT udgoganapy mabnym wwaptnap 6axa-
punraHga (ra3 cMiipak Ba yHMHT TemnepaTypacu K™ opu 6ynraH-
4a) ONAWK Ba PM3UK MabHOCUHW Talk™ MH 3TanK. KOk opugaru
wapTnap 6axapunmaraHga, yHUHr udpogacu, ymymaH 6ot ava
OYNULIN MYMKUH.

7.2-macana. M3otpon TM3nmMpAa y3apo noTeHuuman xydT no-
TeHUMan 6yncuH, abHKU y hak,aT MKKKU 3appa opacmfjarm maco-
thara 60pauk, 6YyNcuH:

..(I'I - =y5077)
1) ByHpgain x"onga y3apo TabCMp Kydu Bupwuanra

a
Xucca KMUNLWMHN KYPCaTUHT.

2) Kxaxmnu nguw gesopu TomoHuaaH P6éocumpgarm rasra
TabCup 3aTaétraH Kyy supuciura (3/2)PKx,mcca KyLwmMwmnHm Kypcea-
TUHT.

3) Trtemnepatypanu # Ta 3appafaH nbopar Knaccuk peasn
ras yyyH

v
TeHrnama ypuHAN 3KaHAUTUHU UCOOT KWUNHT.

3 cnaTtMma JProguk Teopemara acocaH Bak,T 6yiimua ypT:
yanaw 6unaH ctaTUCTUK aHcambnb Oylinya ypTayanaw y3apo
TEHTANUTU YPUHAK [eb K apanagu.

Eunw. 1) //ta3appagaH nbéopatr TU3SUMHUHT BUpuanu C,
Tabpud 6yiinua,

c =427y

ngogagaH aHuy laHagu. byHga  pga Typrad 3appara P; =/
Kyd Tabcup aTaétmp. A Ba I Aarv 3appanapHUHT y3apo Tabcup
KyunHun é3ainuk (7.3-pacm):

By \onga, Tabpuc 6yiinya,
= 1
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Kyuy p Hu Kylingaruda ésainuk

o THf A~ f
&)

(1) Ba (2) pmaH
©)

ByHu Anpuwtnpnb (/ Bay 6yinnya), CyHr aHcambnb Byiinya
ypTayanab, usnaHaérraH uogaHn Tonamms;

EC* =42-;,/,.
n n
2) M anw fesopy TOMOHUAAH FrasHUHT 6/acupTu afieMeHTu-
ra kypcatunaértraH kyd —Pncla ra TeHr (n —Tawk,m HopMan-
HUHT 6UpPNUK BekTopKM). LLIyHra acocaH Bupuanra KywmnnaérraH
\ucca:

nrelex = cyxly = T -32dy =3P¥/2 (5)

ndgogagaH néopart.
ByHpa aycc TeopemacupgaH Ba cl'yr =3 akaHAurugaH oi-
fanaHAnK. TU3UM yYyH Kyiingarn Hopmaaaw LapTtm

/e/m=A e ™Melpdg = 1 ©6)

Mabnym. By uHTterpanga E{p, g) TUSUMHUHT Tyna 3HEPTUsCHU.
By nHTerpanHu 6ynaknaé MHTerpannaifnk;

e -
A clpe =A dp e 4 clg2,..clg +
+P[S\ Iélél,-e-’\q-,q’\c],u,z...cl,q,’\ \ = Ap\clp\g® > =

()
OyHAaH YMYMUIA HaTMXa

B=<g,">

®
HW 0namums.
Xyoum WYHNHTLeK,
-2
O=<F/-N> =< P 9)
IPK T
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eKn

<1 >=| (10)
2ni 2
[~ =ag” =b 1w A, =a, p™ =b gaynap Honra TeHr 4e6 Kabyn
KMUMHAR).
Jemak, KWNHETUK 3HEPTUAHWHT ypTavyacu y4YyH:

E, =Y<II>="—N =2-3N, (%)
'/ 2T 2 2

BuHobapuH, supmbll Cra Kywimnrad xncciuiap (1) Ba (2) nyHKT-
napgarn mndogiuap \mcobra ofMHKMG, Bapnan TeOpeMaHu Kyinu-
farn KypuHWLL Aa é3ul MyMKUH:

£,,=C=3/Vf= (12)
ByHpaaH

Tap uxwn Mabnymot. Bwupuan \akupgarm teopema
E[p) =C Knaysnyc TomoHugaH 1870 innga TabpucpnanraH.
By Teopema aHEepPrUAHUHT 3PKUHANK gapaxanapu 6ylinya TeHr
TaKCUMMAHULI N X,aKMaar TeopeMagaH Kentupmb unk apunniv
X,aM MYMKWH (JTOTUHYa: vires — Ky4nap, Vis — Kyu).

E{p) =-\Y~r,Fi
BUpWan femnagun. Arap Kyd noTeHuMan xapaktepnm éynca,
ANP)=TZ (") 6ynaan.
7.3-macana. Pean rasHWHTr X,01aT TeHrnamacu
pk =/rr(n] +n +..), (9
6y epga B, C— Bupuan koapuumneHtnap. BaH-gep-Baansce

rasm yuyyH B, CnapHu aHUKNaHr.
Eu4nLu BaH-gep-Baanbc TeHrnamacu

{V-b)=RT. 2
(2) HM KyWmnparn KypuHuwpga éamus;

PV= v {9 REGH - ®TH =RT x-bjv RrTV (3
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Takpnbuin ndoga (x « 1oéynraHga)

NS 1EX HXN
\-Xx

AaH toiganaHn6 (3) HKM E3amus;

PY=KI 4

(1) Ba (4) HUcOoNMWTNPKG, n3naHaétraH KO3 PULNEHTAAPHM
TOnam us;

7.4-macana. Pean ras yuyii
PY = fATe> (D

\ofat TeHrnamacu maBxyg. BaH-gep-Baanbc rasm yuyyH/Hu
aHWK"aHT.
Euwnw. (1) TeHrnamaHu

PY =KT(\ +/ +~ 1~ +.) @)
KYpUHMULL Aa €3U MyMKUH. By (2) TeHrnamaHu Bupuan Koad-

duumentnap B, Copk™anu é3unraH teHrnama (K. 7.3 macana)
6unaH conuwiTMpcak,

S ®
Jemak,
©)

W 30>"./HuHr ucgpogacu (4) \onat TeHrnamacu (4.68)ra moc
KeNULWWNHW TabKUANanmMus.

7.5-§. KYM 3APPANN TAKCVMOT ®YHKUWMNACK

Ymymuia \onga 6up atomnu YYTa3appagaH nbéopat TU3NM-
HWUHT

P2AP2+/P2,
(50)

a N->aAN N PNEANPNANMPN
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opcwimnk”Napaa ynapHUHT yMyMmialwiraH KOOpAWHaTanapu [ Ba
yMyMaawraH umnynscnapu p 6ynuwinapm s\TUMoamHu

=/[P\N1>2-~Pm'1\,42-~(1b1)cp(™H (51)

6unaH 6enrunaiinuk. Ymymuin (tyna) aHeprusa E(p, o) HM knac-
CUK hn3nkaga

E{p. 0) = E(p) + E{n) (52)
KypUHMLW Aa E3UW MyMKUH 6ynraHun Tydaiinm (51) TeHrAnKHK
CIp)c{¥n) ={p)dpJ[g)dg (53)

KYpUHMLW Aa €31 MYMKWUH. By ndoga KaHOHWK TaK,CUMOT 1cho-
gacu

= = (54)

faH Kenub umk™agn. Npean ras yuyH BEM=0. by \onga (51) Ba
(54) ndopanapgaH

(55)
Kenno vmkagm.
2nKTTl (56)
N
E{p):"/\ pl/2T1 , (57)
Hopmanaw wapTu
f{p.g)dpdq =""me-"*""*"dpdg =
(58)
neogacmaa
(59)

r,J
HOpManawl LwapTnapu 6axapuiagu.
(58) Ba (59) faH KypuUHafuKW, KNacCUK cTaTUCTUKaga
=7 -7, (60)
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ByHfa 3appaHUHT UYKU CTPYKTYpacu abTubopra onvHmagu. (59)
AaH KOMUTYpaLUoH MHTerpan 7 yuyH Kyiupaaru

= (61)
ngogaHn onamus. Tak cumoT yHKumanapup, d) sa
/ &)=/ ("1,92,-727) =N (62)

NapHW Kyn 3appanu TakcUMOT pyHKUMUANapun geinmnnagn.
Arap 3appanap opacujaru noteHuuan XygT y3apo NOTeH-
uman ge6 kNapanca, AbHU

= (63)
L4
Kyn 3appanu TakCMMOoT pyHKumacK O 4) HM Kyiingarnya
/{cl)cly = (64)
KypuHuwa é3nw MymKuH. byHpga '
(65)

n

7.6-§. KOH®PUTYPALMOWN WMHTEIMPANHWN TYPYXNAPIA
AXPATMLU

Bus 7.3-§ hyHKUMA KUPUTKO

kKongurypaynoH ndoga (65) garm kynainTMmaHm &3raH 3guk:

=M @A+0) =1 +/12)Q +73)+- =

- y
= 1+ (/i2 +/i3 + eeo)+ (-/12/13 + /12/14 + mes) +
nnn/nn-)- (66)

JHan 6y (66) LLh kapa Anuk.

(66) ngogagarn x.ap 6mp xagHu guarpamma (rpad) Ky-
pPUHULL A TacaBBYp 3TUW MYMKWH. MacanaH,/"/;, Hun (1K1),
©-<!) éku™-N3 HM (3XAN kypuHuwga. WyHunHrpek,y;2/;4X

©-0 ®
n

X4 4 4 H KypuHuifa sa > K-
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IF'ypy\ uHTerpannapHu, tTabpud 6yiinya, Kyingarnda aHuk,-
naHagn (MacanaH, /rypyxaun nHterpan b\

W= (/rypy~1m \amma \agnap nuruHgncm).

MaccLuaH:
r=1;

* = -[(CN3)] =-~i(lrulr2/n =

ron o a
- YIKI @ 1 N(2543) +OH3)
~™y\clnedneln [/i2/, +/i3/a +/n/n +/nblrr

(67)

FOk opugarn udoga WUTUHAUCUAATU WHTErpMTAap Kyiugaru
KypUHULLTA 3ra:

Cirndr,f22(r,2) =if{r)clr,
N =4y cln\clr2cln/”~2AN23"
6y araranarax

N(3/12/14/23/14 +6/7 2/ 3/ 4123734 + [ 2f 3/ 4123124/ 4)-

Al 02Ba\. KHuKenTUpUAMahgnuraH WHTerpan-
nap gerunnagn. Ymymuia \onga rypy\ mHterpannap b 6wunaH
KenTUpuaManiauraH MHTerpcLuiap opacuia

(68)
H * '
6ornaHuLW 6OPAUTUHUN KypcaTul MyMKWUH (K, [16]).
/)l = ll

Ny —_N
2—'2 y

b,=\PA+\P2-
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KentupunmaiiguraH nuterpannap /3opk~anm xonat Temrna-
mMacy (6ocum mdpogacun) Kylingarnda €amnagu;

P=nB =10 (69)

WKKMHUYM TOMOHJaH 60CUM U OJACMHM 3UYINK N GyAnYa Tak-
pop N6, KyingarnHm 3uw MyMKWH;
P= me{\ + nB{T) + n"C(T) + 11-0(T) + ... ] (70)

(69) Ba (70) napHun conuwTUpcak;

B{T) =-\P~, (71)
C{T) =-\P,, (72)
(73)

Bynappa B{T), C(7), A7)
Ba X K. HA UKKWUHYM, yunH4umu, WM
TYPTUHYM Ba X K. BUPUTLL KO-
aphuumeHTNap gerinnagu.
Tapuxuii Mabnaym OT.
1927 Awnnga Ypcenn y3sMHWHT
guccepraumacuia Homgean ras
CTATUCTUK MHTEANUHN TYPYX,-
napra axpartun6, BaH-gep-BabLubc
TEHrnaMmacuHuU KenTupueé YuH;a-
puwHn Kypcatau. KelinHpok,,
1937 innga Maitep, KaH, Y neH-
6ek Ba 6oLLK,anap Ypcenn Hasza-
PUACUHU yMyMalWwTupaunap sa 7.5-pacm.
PUBOXNAHTUPAUNAP. XO3UPTK
nanTha CyrOUNMK Ba KMaTTUK, XXMUCMAAp HasapuacuHU Tax™un
aTUw Aa 6y rypyx~wpra axpaTuiw gaH KeHr dpoinganaHunnagu.

7.5-macana. Monekynanap opacuga XyqTam y3apo Tabeup
6ynraHga pean ra3 60cMMmM PyuyH

P=ns 1.] 1-e clr (2

NoAa YPUHAN 3KAHAUTUHU KypPCaTUHT.'
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Euywn w. Macana waptura kypa

U =
g @

Bupuan Teopemara acocaH

Py = % o// @)
ékn (2) ra acocaH
PY =ukT -1 < >= Mcl <r”" >. (4)

VI n
ByHga

ci}\,cln,-,clry,
<-afTM/3,>=—

clri,dr2,...,clrN (5)

(Maxpaxpga n ~ Opeb k.abyn kunmHgn). by x,0nga (5)
ndoga

<rap= \dndi2e-~n, Ay =1, T n " (6)

M=12- I\ mCdepnk KoopamHatiutap Tmammura ytunca, (6)
nojaHn Kyimngarnya 3w MyMKWH:

cr V. clr
. SN
v 0 . m3rdr
4/:/0 ,'be-!’\l/l + 3|’re_/\/\/\dr
4n0 -3 I rn {I-e-’\’\')dr (7)

(7) paH dhoiiganaHn6, PyuyH oxmpru ndogaHn onamms:

P =nkT

YY~ /N—1[ae6 x ncobnaHau.
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7.6-macana. a3 monekynanapu
am{r)=ar"" a>0,n>3,

00 r <a,
6) u{r)~ ~u, =const<0 a <r <b,
o r>b

KoHyHnap 6yiinua y3apo Tabcmpga 6yncmHnap. MKKMH4M Bupu-
an kosppuumeHT 5(7) HKM Ba XKoynb-TOMCOH KO3 PULLMEH-

TUHW TOMWHT.
Euuw. NKKMHYM BUpMan KOSPULMUEHT YUyH

B(T) =-\p, (2
ncoga mabaym. byHga
@
(1) Ba (2) paH
©)

5(7) Hn 6ynaknab nHTerpannannuk:

clr

3 ar
a) N PN B (T)an%r! y3rapyBumMHu

anmawTmpannmk:

Y\onga
B (T) =-20(@/3)"" | xK-"~clx = LI-{ap~" I

(0]

[amma HKU WS

thyHKY, \ 431
M3l XA B
3}
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6) Maccwa wapTugaH goiacliaHmno, ywoyHu é3amus
n V
‘4nr~elr +1(1 - )anrclr +]0

- FLT(OH (M AT - .

>Koyn-TomcoH 3(1)chekTMHU KypcaTahnuk:
Xonat TeHrnamacy MKKUHYM BUpu™ L KO3 pULMeHT opocuT

AK- XKI(1 +nB(T)) (1)
KypuHuL ga é3unagn. byHgaH KHu Kyiingarnya ésamms:

1 _ N/<7T . AKTM p~T\
P Yo oY 'm )

ByHga nkkmHum Yagma blkT= PKge6 k,abyn k unainuk.

! ©
ByHzaH
YN =™, ArauTm)
\atip P atT - (4)
YKoyn-ToMcoH achdpekTu
X\ =1
(,u,Pla o T Vryr -H ©)
(3) Ba (4) paH choiganaHun6, (5) HU é3amus:
(k\ NKT
nal,/ aT
N A _ o
o T~ -B(T) (i

B(T) HUHT ypHUTA YHUHT ndoganapuHn Kyiinb. >Xoyn-Tomcom
atphekTn aHUK N aHaW.

7.7-macana. F'ypyx™n uHTerpan  HWHT KeNTUpUAMaiguraH
MHTerpannapsa/?” opk M nhogacuHU aHUK aHr, 6yHaa

(9
A =,y NCrarnAr/2y (2)

Eynw. Ymymnin ndpoga
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n n o ciara.cin,

6y /13 +Y2Y23+Y |33 +/|2/|3/13 r2clrr.
/=3pa ®-0)

B

WHTerpannap octugarn Apnarpammara moc 3 1a (rpada-
nap) \agnap 6up xvun KuiAmaTHU Gepagn, AbHW

aKaHNuMruaaH ap 6up x"ag 6yHpa dr2 sa ,6yiinya nHTer-
pannaHraHja Ba ynap 3 Ta 6ynraHu yuyyH 3 ndgopara
TEHT.

ofi2/|3B ‘4 AT
Oemak,

63=1 (3AN +27) =1 ar+1A,

METOTHL e

bBa P opacupaaru 6ornaHuWHN agean (Mc6OTCM3) KeNTm-
PWAraH.

7.8-macana. XXy y3apo Tabcup 6ynraHga UKKUHYU BUPU-
an koappuumeHT B{T) HUHT NPOLACUHN aHUKNAHT.
E uun w. Bupuan Teopema acocuga 60CUMHUHT ndogacu

P=nkT 1+2n nr’\Q
0

3KaHNUTW aHuKylaHraH (7.5-maciUlara k,.). IKKWHYM TOMOHfaH
60CMMHUHT BUpMan Koa()dumumeH rnap opk™amm ngogacu

P = nkT{\+nB{l) + mC{T) + ...) )

KypuHuwra ara. (1) Ba (2) H1 conmwTnpmn6, 5(7) HM TONaAMKn3:
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(o]
=4 /20 -jA -

7.9-macana. BaH-gep-BaclllbC TeHrnamacu yyyH MKKUHYN BU-
puan KoapuumneHT 5(7) HU aHUK TaHT. TeHrnamagaru Tysat-
Manap aBa bHU Ta)ymMn K,UINHT.

Eunw. BaH-gep-Baansc TeHrnamacu

p=MT

v-b - (1)
b << VwapT 6axapuacuH. Y xonga

- Mkl NKT
V{\-b/V) W y

MKKMHUYN TOMOHaH

PV/N NKT(l +775(7)). ©)
(2) Ba (3) HM conmwTUpcCak;
6 (M) =A_ NKTV
4
B{T) =2n]r" (5)

Monekynanap opacujaru noTeHUmMan xapakrepu 7.6-pacmga
KypcaTunraH. byHga n—3appa paguycu.  — NOTEHUMANHUHT
MUHUMYM K,uiAMaTu.
7.6 pacmaaH KypuHagukun, KWYNK Ma-
cothanapga r kamaruwmn 6unaH U{r) kec-
KUH 0pTM6 6opagmn, AbHU UTapuw Kyum 6y
cox™aga (0,2 /) Aa yCTYHNUK K.unagn; (0,2r,,)
opMwwukpa arpn YWBVK gespnu Bep rukan
KypuHuwra ara 6ynagu. LLIy cababnu 6y
HW aTOMMapHUHT "pagnycn” gennws mym-
KWH.
KaTtTta macohanapza opanuk, (a romnap
opacugarn macodpa) /'optuwm 6unan W{r)
7.6-pacwm. HucbaTaH ceknH opTnb 6opagu; by co\a rop-

U(rk
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WL Ky4napuHUHT YCTYHAUTU coacuamnp Ba 4”00 6ynraH-
pa wu{r) ~ o 6ynagu.

— MUHUMA LW KWiAMaT aTOM 1apTTr "6apkapop"” x~onatura

moc kenagm. Opataa, 6yHga 7|, mapanaétraH Mmoapna-
HUHT KpUTUK Temnepatypacu. Ok opuga aTunraHnapra b;apab
(5) nHTerpanHu MKk co\aga K~ apanraHn Mabk™'N, AbHU

2N
B{T)"2n 1- e k. (6)
2 |
r HUHT (0,2ry) opanukgarn K.uiimatuga (/(/) > Oxypa Kat-
Ta BbynraHu Tydhaiinm

\ - e~pT
ndogana 6upra HucbataH xyga Kiiuiik 6y/IrAHN-yuyH,
YHU XUcobra 0NMMacnuk MyMKUH:
2'|\/’| 2r+a
2| cir™ 2n r'Aclr==4-"kl= 4-p,,=a

a =4n,, ry—3appaHnHr \axXmun, a —TypTnaHraH \axmra TeHr
MUKLOP.

(2r,], oo) co\aga moTeHuuan HucbataH knumk (ogatga 6y
co)*aga KT > u (/) Bay MaH(uiA nwopanugup. by (2r,, oo)
co”aga pu{r) éynraHu yuyH HW K™aTopra éino; MKKuTa
\az 6unaH yerapanaHamus (YeknaHamu3s), sbHU m ‘-

s (®)
By x,onga
2n [ = -2n r V i5clr = -(5a, 9)
24
a =2n\ n (r) clr. (10)
20 o

(8), (9) Ba (10) ncponanapHu Haszapga TyTn6, (5) HU
Q)

KYPUHMLLAa E3aMK3.
(4) Ba (11) ndhoganapHn conMWTUPKG, yWOYHN TONaMU3:

KT NKT (13
21— A, boligenaes 321



EKn 6yHpaH

®
b= a=M-a=2nM™ "~ r-\u{r)\clr.  (13)
21
(13) HM BaH-gep-Baanbc TeHrnamanapura Kyamuns:
{P+ n"™a)(V - No) = KT, n=M/Y. (14)
0 — WUTapuLLl Ky4yun, a —TOPTUL Ky4ym 6GunaH GOKIMK, MYC:
6at Ty3aTmanap.
- Ha=V
nanw IPK. XaxM.

(11) paH kypuHagukn, T= T. 6ynraHga, B(T) = O 6ynagu,
AbHW Wy Temnepatypaga 5(7) y3 nwopacuHm ysraptagu, byHaa

(15)

(11) wdpopagaH KypuHagukn, T> TI. 6ynraHga B(T) ndogacu-
4a UTapuwuwW Kyynapu ycTyHnuk kwunagu; T < T. 6ynraHpa,
TOPTMLWNLL Ky4napu YCTYHAUK Kunagu. T. TemnepaTypaHun —
MHBepCUA TeM mepaTypacu geinnagn.

7.10-macana. ABBanrm macanagaru MHBepcua Temnepartypa-
cn XKoynb-ToMCOH adhdpekTuarn UHBepcusd Temneparypacura
TEHT 3KaAHNUTW UCBOT KMANHCUH.

Eunw. XXoyn-TomcoH adhdhekTn yuyH

GH T 24 "8) )

3KaHINTW aHUKLaHTaH 3au.
XKoynb-ToOMCOH 3hdpeKkTn HOoNra TeHr 6ynraH Temnepatypa T.

- -B{T,) =0 (2)

TEHINTaMaHW KaHOaT/1aHTUpaan. ABBanrn macanaga

aTt

B= a- KT (3)
IKAHNNTUHN Ha3appha TyTI/I6, (2) TEHTrNnaMaHu K,aI7ITa é3aMmns:
T =
! KT, KT: KT, 0
Za - r - 2;;
KT v Ka m
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VIH BOb
KYAMUN Y3APO TABCUPITN TUSWMNAP

8.1-§. KMPULLU

Bu3 tokopumaa cuiipak rasnap \onatmHu 6up 3appanu ycyn
(6up 3appanu Tak cMMOT Pyukumacn) 6unaH Tascudpnaw etap-
NN 3KAHANTUHK KypamK. K.aTTUK Kucmgarn Kpuctann naHxapa
TYryHnapu xapakaTuHu HopMan KoopauHatclap 6unaH Tascmud-
namnga, yMymaH KBasusappanapHu gesapnu 3pkuH ge6 kapai
MYMKWH 6ynraH x,onnapga ynapHWHr \onatuHu 6up 3appanu
ycyn acocupa k™apanagu. Ly 6unaH 6upra kydcus (3and) ys-
apo Tabcump MaBxyfg 6ynraH \onnapga (KydqpT y3apo TabCup aco-
cuga) Tmsmm \onatuHu BUpMan KospULMeHTNap OPKCLLM TaB-
cudhnall XoNuHU Kypauk.

Pean TM3nM 3app”LUapyn opacuja y3apo Tabeup Kyyunu 6ynraHga
toopugarngain cogganawiTupumiinap apok~cns 6ynagn. Kyunm ysa-
po Tabcup MaBxXyd 6ynraH \onnapHu Ta@xuK, KAWL yYyH Ma-
cafaH, dhoeppomarHeTnam x,0aucacuHu, dpasaBuin 5 MLAC\PHN TaB-
cudpnaw yqyyH 6up k“aHuya Takpubuin ycynnap uwnab Ymk,uaraH.
Bu3 kyiinga wynapgaH apumnapuratyxtinamus. Assan Tall-
KW MarHWT MailfoHAarn napamarHuT KpucTannapHUHE MarHuT-
NaHULIMHW Kypannuk.

8.2-§. MNPAMATHETU3MWWMHI NAHXEBEH WA3APUACK

Tawk™ mannlt maligoH A Tabcupupa napamarHUT Kpuc-
TCLUAHVHT MarHUTMaHWLL BEKTOPU

M =

noga 6unaH aHuk/laHagn, 6yHgax > MarHuUT k~abyn k™ unys-
YaHJIUK.
MapamarHMT MOAA NLIAPHUHTATOMIapKW, MOeKynanapu TaL-
KM MarHUT MaingoH 6ynmaraHia x,am Xycycuid MarHUT MOMEHT-
napra ara 6ynagunap. LLlyHgan aTomnap Xymnacura TOK, COHJAa-
rM 3NeKTpOoHapra ara 6ynraH Ba femak Tyna CuMHIapu Hosra
TeHr 6ynmaraH aTtomnap, x,amga ., Ad, 5d Ba 4/, 5/31eKTpoH
X,0NaTnapu TynmaraH aTomnap, XymnagaH WK opuii metannap
aTomnapu kupagu. KynruHa MarHUTNapHUHT Kabyn K,unyBYaH-
nvry Temnepartypara 6ornuk, 6ynagn. 1895 imnga M. Kiopu wyH-
faii napamMarHUTAapHUHT K,abyn K,uayBuaHAuUru
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X =y (1)

KOHYHra OyiCyHMW MHN Kawd 3TAn, 6yHaa C — Kropw gou-
Muiicnm (KoHcTaHTack), 1905 Mnnga JlaHXeBeH CTaTUCTUK dhu-
3MKa ycynu acocupja napamarHUTHWHT KNaCCUK HA3apUACUHM
apatau.

TepMoAMHaAMUKafaH MablyMKU MarHUT MOS4AHUHT 3PKUH
Heprnacum  6unaH yHWHTr MarHuTnaHuwu Mopacugaru 6or-
NaHWLW Kyimnparnya:

M =- {M-\
ARIT
K~ingarn 6opnaHuw X.am MaBXyg:
F=-NKTInZ, (3)
6yHAa CTaTUCTUK AUTUHAN
Z= 4
/

6ynun6, E,— /HUn caTHWUHT 3Heprusacu. Tawkn maiigoH 4
Jarvi 1 MarHMT MOMEHT/IN 3apPaHWHT NOTEHLUMaN 3HEPTUACK

n = -i.iH C0S9, )

6y epia B — MarHWT MaigoH H 6unaH MarHUT MOMEHT Ji
opacuparu 6ypyak. E HUHT ypHura noteHuman aHeprua U
KysMmn3 Ba Gypuaknap y3nykcu3 ysrapagu geb ~ucob6na6, (4)
4aru AMrnHam ypHura 6ypyaknap 6ylinya nHterpannapHum ésa-
MU3:

n H coss
Z = dp clse sinoi/o. (6)
[e] [e]
Benrnnawnap knputannuk:
a=" ,m=cos0, cx=dcos?9, (7
-l ~

Z =-2n e"dcos9 =-2n e"V/x=" (e"-e*¥)=—sha. (8)
(8) HM (3) ra KyamMus:
F =-NkT\n”sha (9)

JHAN (2) ra acocaH MarHUTNaHUW M HU TONaMus:
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__ dF NOEN IV o
M T UH | "NKTa34a ,a IsH sha a Ctha a.

=N~ L{a), (10)
6yHpaa L{a) —JlaHXxeBeH pyHKLMACK
L(a) =ctha-i . (11)
WyHgain knnnb6, MarHUTAaHWLL BEKTOPUW YYYH
M= NfAL(a) (12
HaTUXaHW 0naMm3. Xycycuii x,0nnapHu K.apainuk.

a) a=" 00, AbHU AHuM\oATha KaTTa 6yncuH. by x,onga
¢(00) 1, {ctha 1, Va~ 0)

Hdemak, 6y x,onga
(13)

Xamma aTOMAapHWUHT MarHut
MOMEHTNAPW MAarHWUT MangoHra
napannen WyHanuo6, TyAMHMLW
K MAMaTMHKW K,abyn K,unagu; 6y
\ojaunca 0COH TylWwyHunagn (8. 1-
pacm).

6) a =yH/KT« 16yncuH —
MalijoH yHYa KaTTa amac (Kyd-
CU3 MarHnT MalijoH) Ba eTap/iu
Japaxapja kaTTa TemnepaTtypanu
napamarHuT.

By )“onga ctha HM gaTtopra éiWn6, A HUHT BUPMHYN dapaxa-
CW KaTHawraH \ag 6unaH yeknaHamms:

ctha =

=+ ¥ (14)
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Oewmak,
AN a3 a3 3
M=~ANH =xH- (15)
ByHAa MarHuT kabyn KunyBYaHIMK

c 5. flp)

cuEt. (17)

(16) ndhogaHu Kropy KoHymmn feiinnagn, yHgarm C — Koopw
AOUMUACUL NP

MacT TemnepaTypanapga napaMmarHUTHUHT MarHUTAannLL W
(12) ndboga 6unax TaBcudnaHagn. Bup Monb napamarHUTHUHT
MarHUT Kabyn KuayBYaHAMTUHMK Gax~onanuk. N ~ 10V mons;
N - 10-20 3pra-L T~ 300 K x~ KO cMYMOb.

8.3-§. MAPAMATHETU3MHWMNOI BPUNNKO3SH HA3APUNACU

3appa (aTOM, MONEKYNaHWHT Tyna MarHUT MOMeHTK (opbuTan
MarHuT Ba CMWH (XyCyCWiA) MarHUT MOMEHTNapu WUTUHAWNCHK)
(hasofa MarHMT KBaHTCOHNap 7. = -1-{/ - 1),...0, 1,
ynap 6unaH aHuK/1aHyBumn 2]+ 1KBaHTNaHraH opueHTaLmanap-
HU (BasmAaTnapHu) kabyn kunagu (/ —Tyna KBaHT COH). Mar-
HUT MOMEHTHUWHT TallKW MarHUT MaigoH SiyHanuwmngaru
(9Zyknra npoekymnacu

= (18)
ndoga 6unaH aHMknaHagu; 6 y H g a—JlaHge dakropm (kynait-
macu), =eii 12/i\.c — Bop marHeTOHW. JlaHXXeBeH Ha3apus-

CUAa MarHUT MOMEHTN MYHANULWNaPUHUHT 6y KBAHTNaHTaHK
HasapraonMHMaraH gu. _
MoTeHUMan aHeprus nm = YUYH £3aMun3:

U, =-m A cossl = . (19
By }onga cTaTUCTUK ANTUHAW
n 5 =\/KT (20)
hy=1
ngoga 6unaH aHuUKNaHagu.
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Benrmnnaws Kuputannuk:
a ="jplleH. (21)

By xonga reoMmeTpuk npodpeccus WATMHAWCK 2 Kylinparmyda
aHWKNaHagu:

e = (22)

(22) pa 6upuHum \ag e  Ba \agnap CoHu (2y + 1) IKaHNUTU
Hasapga TyTungu. (22) Hu y3raptupub ésannmk:

~a/2]a g2yv)a-1
e“/2_e-/2 25ka/2

1 23
2.41w12 ( )

(23) HW Hasapfa TyTub, 3pKWUH 3Heprus ndopacuHm ésa-
MU3:

Ny
P =-MkT\n- (24)

(24) acocmpa MarHMTNaHWL BEKTOPU M HU aHUK aiMuK3:

3H

aa .
o/r
ja _ 8™MB
a4 KT
Oemak, MyuyH yw6y ngoga kenné unk™agu:
M =NgNis [(y +{) dH(y +})« - ~cT | (25)
KN nxyam Lwaknga
M =Ny.wBJ (a), a=]a = ; (26)
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byHga A K< unmmnnans.

AN») = 37«*17 (27)
BpunntosH pyHKUMACUANP. B
TynMHWLWIAAH y30K, nonnapga x << 1pae6 k,apab,
—_~ N
cr/rx N

,TAKPMOUn KMinmaThaH poliganaHno,
(28)

nogaHn onamus (8-1-macanara K,.). ByHu abTn60pra 0nmMb Mar-
HUTNAHWUL YYYH

n M =M H =x""H (29)

nogaHn onamMmns. ByHaaH Kyiugarm ndoga kennb Ymk,aau:

° A
Vm X
(16) Ba (30) napHu conuUWITMPUG Kypammnsku, a « 1 6ynraH-
ga (TyiWuHuwgaH ysokga 6ynraH \onga) JlaHxeBeH Ba bBpun-
NO3H Hasapmanapyn 6up Xun KoHyHra — Kropu KOHyHuUra onvb
kenagunap. byHga MarHMT MOMeHT M Tyfia KBaHT COH Ba JlaHfe
thakTopu 6unaH Kylingarnya 6ornaHnw ga 6ynagm;

=a,d/(/+0O- (31)
Arap a <<l wapT 6axapunmaca, AbHW a katTa 6ynca (Kyunm
MarHuT MaigoH A Ba Temnepatypa T nacTt 6ynraHfa), KBaHT
Hazapuacu popmynacu (26) JlaHXeBeH Ha3apuacu HaTuxacu-
gaH my\um (1l)apkkunagn. KBaHT Hasapusacu TYMMHUL COX,acu-
ra AKUH co>"anapga TaxxpubagaH ONIMHIAH HaTUXanapHU AXLWK
TaBcunaiigm. MacanaH, 9= 5000 3 Ba '= 1,3 A"6ynraHga,
99,5% ra kagap TyWnHUW Ky3atunraH (J1aHXeBeHL,a3apuacu-

paru HUHT A — 22000 3 ga Ba 1,3 Al'ga Kamep/inHr-
OHHec TOMOHMAaH 1923 iinnga 84% rava KMiimMaTu ONUHTAH.
Jemak, JlaHXeBeH Hasapuacuparu X,aKUK,MiA (pean) Tyinm-

HWLWAAH aHYa hapkan. Taxpuba cynbat ragoMHUT YUyH yTKa-
3nnraH. KelinHrn naparpadpfa 6uMp HeuTa MoAennapHu Kypa-
MU3.
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8.4-§. Y3APO MYBO®UKNALITAH MOJNIEKYAAP MAWNAOH

Tusumgarn 6upop 3appanun fapaiinmk. by 3appara yHUHT
atpocbupaary 60LwK,a 3app”mMTap Tabcup Kypcatagu. K,apanaétrau
3appara Tabcup KunaétraH 3appanapHuHr \ap xun x~onatnapura
6ornuk, 6ynraH Mypakkab Kyd4HW MabAym ypTaya MaigoH —
MOJieKynap MaiifoH 6unaH annpokenmaumananMmums', IbHM Coa-
4apok, MaiijoH 6unaH anmaw Tupamms. by \onga k,apanaértraH
(TaHNnaHraH) 3appaHu cTaTUCTMK m .MKa ycynn 6unaH Tas-
cugpnaw MyMKWH. Y3 Hasb6aTuaa, atpo(|>ugarn K5'WwWHM 3appa-
napra TabCup 3TYBYM 3appPaHUHT ypTaya MalgoHUHM aHUKAALL
MYMKWH 6ynagn. TUSUMHUWHT 3appanapu 6up xun 6ynraHga 3ap-
paHuHT 6y x,ucobnaHraH yptaya MainAoHN aBBan KUPUTWUAraH
MONEKYNAp MaiijoH 6unaH 6up xun 6ynagn. by yptaya maingoH
(Monekynap maijoH) TUSUMHUHT CTaTUCTMK X0ecanapuHu TaB-
cubnaiiain Ba gemak, YHUHT épgammaa TM3SUMHUHT TEPMOUHa-
MUK NnapameTpnapmHn aHuknaw MyMkuH 6ynagu.

Kyunu y3apo TAWwempnu 3appanap TM3UMUHKU TaBeudnatl yuyH
apaTunraH 6y ymymuidi yCynHu KBaHT MexaHuKacuga XapTpu-
®ok ycynu (aK,MHnawysun) feb atanagu.

8.5-§. USUHI MOAENWN

By mogenra acocaH peppoMarHuUT KpUCTanniHIHT \ap 6up
aToOMM t(, MarHUT MOMEHTWra 3ra Ba y MabayMm MyHanuwra
HucbataH napannen éku aHTunapannen iyHanraH fe6 kabyn
KMnuHelgm (8.2-pacm). ATOMAapHUHT By
MarHMT MOMEHTNAPUHN W3MHT "O*"0O'
cn MHnapwu gednnagn. M3amHrcnmHna- a . a ,
pn W ysrapysyaH:(/m- 1, 2,.... ¥ N —
aToMfiap COHM) Ba +1 €KW -1 K,uiAimaT-

HW K,abyn kunagn. 8.2-pacm.

MaHXapafarn KyWHWU CAUHNAPHWUHT
y3apo Tabcupw J, arap cnuHnap napannen 6ynca, "mMaHgui"
uwopanu, aHtunapannen 6ynca "mycoéatr" uwopanu 6yncuH,
AbHU

* ANnNpokcMMauma — noTmnya cy3 — KaTTalMKHU MablyM CKU COAAapok;
6owk,a KaTTanMk 6unam mdoganail.
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By xonga cnMHNapHWHT y3apo TabCUp 3UEpPruacu Kyhngaru
nooga 6unaH aHNK/1aHagu,
AL0T = (32)
]
6yHpa 6Mp-6Mpun GunaH y3apo TabCUpAaLyBUM XYPTAN KYLLIHWN-
nap 6yiinya AnrnwTruprunagm.

Arap / > O6ynca, (32) gaH MUHUMYM OYNULIN YUYH
aa. mapannenb, SbHU KYLWWHW CAMWAAP Napannen xolnawmiwra
nHTUnagunap. by nonga doeppomarHeTnsm \ogucacu pyin 6epa-
an. Arap /< O6ynca, y \onga KywWHW cnvuunap aHtunapanien
XOWnawuiira MHTMNagnnap Ba HaTuxaga aHTUpeppomMarHeTvsm
x;04ueacv cogup 6ynaan. bowwk™aua aiiTraHga, arap anMallHuLL -
HWHT y3apo Tabcup aHepruacu / maHguii 6ynca, CNUHAAPHUHT
aHTMnapannenunk \onatm 6apkapoppok, 6ynagu. femak, arap
eTapnv fjapaxagarv nact Temneparypaga CnMHAapHUHT HaBbat-
Ma-HaB6aT \ap xun MyHanuwnapmu cogup bynca, 6yHaam xoii-
nawmuinap HatMxacufja KpUCTafIHUHT Tyna MarHUTAaHULW K
Honra TeHr 6ynagn. ByHpali kpucTannap napamarHMTAapaup.
Anb6atra 6yHAall napamarHeTMknap ofatAarvm napamarHeTuknap-
JaH Yy3NapMHUHT Maxcyc xoccanapu 6unaH capk”aHagunap.
Mabnym KpUTUK TemnepaTypa — Heén Temnepartypacnia CrmnH-
NapHWHT 6yHAaik TapTnbnmnurn inyk,onagn Ba 6yHpali napamar-
HeTMKnap ojarfarun napamarHeTuknapra alinaHagunap.

Arap KpucTannara TalkyM MarHUT MainfoH KUPUTUACE, YHUHT
>'gp 6up aTOMUTa WY TaWK M MaingoH A\ampga KyLWwHW atomnap-
HUHT MarHUT MailgoHW (aNMalLIMHYB y3apo TabCup) Tabcup 3Ta-
aunap. AnmalvHyB (aToMnap CNUMHAapyu anMalluHyBK) y3apo
TabCUp MakgoHW haykTaymanaHyBun MangoHamp. MekuH 6y mali-
LOHHM y3apo MyBOMK/NalIraH AK,MHAaWwuwra (Mogenra) aco-
CaH Mabaym ypTaya MOMeKkynsap MaingoH (yHu Belicc malijoHm
gennagn) A'6mnaH anMaWwTMpULW MyMKWUH. By xonga cnuHra
TabCUpP 3TYBUMN 3hPEKTUB MaliJOHHHU

KYpPUHMLL A E3ULL MYMKWUH.

Arap Kpuctanngarv cnmHnap TM3MMY MarHUTNaHULIra ara
6ynmaca {M - 0), ypTaya MoaeKkynap MangoH A'HM Honra TeHr
feb6 kabyn kmnuHagw, abHu A'= 0. LWyHra acocaH, ymymuii
\onga monekynap maingoH A'Hu marHutnaHuw Afra nponop-
umoHan geb6 kabyn knnuo6,
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H' = gM (33)

MnrouT malinon H

KypyHMLL 2 E3ULLI MYMKWUH, 6YHAa Mmpanncn

4 — MONeKynap MangoH AOUMWIA-

cmamp. Jintunapanncn
CTaTuCTUK (hmr3snka ycynu aco-

cufia KpUCTaNHUHT MarHUTNaHu- 8.3-pacm.

Wwn M HM aHUK alnuk.

®apa3 knnannmk, 1/2 cnuHra ara 6ynraH 3appa N marHut
MOMeHTra ara 6yncuH. ByHpain 3appa MarHUT Maingo)ira Knpu-
TWUACA, YHUHT 3HEPrMa cat.\m 3appa MarHUT MOMEHTUHWHT Maii-
goHra napannen ((¢) ékm aHTMNapannen (—) XolnaHuwnapu-
ra kapab MKkm

-uH, +uH

aHepreTuk cat\ra 6ynuHagmnap (8.3-paem).

Twusum TYTazappagaH nbopat 6yncmH. Atawk,m MaihfoHja-
T 6YTUSUMHUHT MarHUTAaHUWW J1/HKN aHukgannuk. CnnHnap
y3apo Tabcupga 6ynmaca, \ap 6up cninHHM anox™fa K.apaw MyMm-
KWH (ngean ?on). by \onga 6MTTa CNMH Y4yH CTAaTUCTUK K-
TUHAN.

= E<

ndoga 6unaH aHnkaaHagn. CnmHnap y3apo Tabcupga 6ynmaraH
\osnga MTn cnuHnap TUSUMUHUHT CTaTUCTUK WNTUHANCY, Mab-
NYyMKMN,

=[2cNI5MNN (35)
ByHAaH 3pKUH 3HEPTUs yuyH Kyhingaruls-! Tonamus:
=-MkT\n[2ckp™1H]. (36)

JV =- {gP /7 3A)". ncogagaH oiganaHno MarHMTAaHML YUYH
KYyANgarmHmy onamus;

=N | =
M E,H}N kT!n(2cegn(A)]

IclfpH )
SRTYANY SI— = MLUbPUH, =1/ KT. (37)
(37) na heppOMarHUTHUHT MarHUTAAHUUIM YUYH S HUHT ypHUTA
A4 HM Kyinn6, KylingarnHu ésamus:

M = Njl/PLIH = (/1 + M) (38)
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EeKN
A= NTUPLI{H + HY). (39)

(38) ékm (39) udhopanap ysapo MmyBochuk”™awraH maigoH H'
KN MarHuTnawunw BekTopu J1/HWU aHMK™NOBUM ndhoganapamp..
(38) éku (39) ncboganapgarm MoeKynap MangaoH JOMMUIACKH 4
HW aHWK/1annuk.

KapanaétraH cnvH aTpoduaarn KyLHW CIUHAQPHUHT YMY-
MU coHm | ra TeHr 6yncuH, ByHa Ok opura Ba nactra myHan-

raH CNMUHNAPHWHT ypTaya CoOHNapn Mmoc pasuwja 2N Ba Z_
7

6yncuH. By \onga Ba nap toKopura Ba nacTra inyHanraH

CNWHNAP COHWHUHT KUCMWU. BynapHUHTgap™n KpucTannHUHT
MarHUTNaHWLW JapaXacWHW aHUKNaWgn. Tyna MarHUTNaHUW,
an6atta, M,, = My ra TeHr skaHAuUru paswaH. Ly ca6abnu

X M

roor [ (40)

BKKN

(W

Le6 E3MWNMN3 MYMKUH. N MarHUT MOMEHTN X.ap 6up cnuH

KyLWWHW cnuHNap maingoHn A'ga ysapo Tabcup Tydpaiinm ypraya

Hepruara ara. KKkMHYM TOMOHAAH 6y ypTaya aHeprus
J{z+-Z-"~ rateHrnurugax

wAL Yy (-7 )=/X (42)
ngogaHu ésnw MymkuH. byHgaH H'- gM3kaHNUTMHU Has3ap-
fa TyTno,

« X («>

ngofaHn onamus. (43) Hu (38) ra Kysamus;

T, /3vd+pu M (44)

WyHgain Kk,unmb, y3apo MyBoqdMKNawraH SKUHALWYB YCynu
acocufa KpUCTaIMHUHT MarHUTNaHnWmM MHn (M/M”HH) aHUK,-
naguk. Arap Tawk.m maingoH A = O6ynca, (44) ndogagaH

(45)
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TEHTIMKHU 0Nnamu3. (45) acocupia GepunraH TemnepaTtypaga Kpuc-
TaNMHWUHT y3-y3uaaH (CMOHTAH) MarHUTAAHUIWIN MHU aHWK,-
nall MyMKUH.

8.6-§. TEM3EHBEPT MOAENU

lelizeHbepr mogenn acocmpa eppoMarHnT KpUCTannHu
Kapaiimus. ®eppomarHuT KpucTtaaaHuHr \ap 6up aTomMu
MarHUT MOMeHTUra ara 6yncuH, byHpga =ehf 21~"c — bop
MarHeTOHW, S —aToM cnuHKu, g —JlaHge pakTopu. Xap 6up
aTOM Y3UHUHT AK,MH KYyLWHW aTomMnapu 6unad -1JsNSj anmatluu-
HYB y3apo Tabcupga 6yncuH, 6yHga J mycbaTt nwopanu anma-
W WHYB UHTerpan. ETapnnya nacT temneparypaga 6y y3apo Tab-
CUP CAMHAAPHWHT Napanfen nyHanuwnapuHu (opueHTaumsana-
puHW) t03ara kenTnpagmn ae6 kapanagun. KpuctannHuHr 6yHgal
K;hanuwun — einzeH6epr Mogenugnp.

5( CMUHAN AaTOMHUHTAKUH KYLWHW aTOMMIAPUHUHT CMIUHNA-
pn 71, 6yncuMH.  cnuHra 6ornuk,aHeprud KoM/

" (46)
=

noga 6unaH aHnknaHagn; 6yHga H —Ttawk.m maiigoH. Mo-
nekynap MaiigoH Ak“MHnawysuga (Mogennza) HWHT aTpo-
dhugaru cnuunap N HW yNapHUHT ypTadacn <s >6unaH an-

T

MalITUPULL MYMKUH;
=-2Jfy- <s> -gijiHsn = -gj-io +aMy s,  (47)

O6yH[a MarHUTAaHUL

M =ngi.is <s >; (48)
N — KPUCTANAHUHT BUPAKK X aKMULArK CMUHNAP COHM, (
KaTTanuk
= 49
ng Hu (49)

MOMEKYyNAp MaiifoH JOUMMIACHK.

MarHuTt MangoH // HWHT AyHanuwun C>Zidymanuwga ge6
0NcaK, YHUHT hak,at 0 Z KOMNOHeHTacu HongaH dpapk”™u byna-
an. By \onga MarHMTNaHMLW BeKTOPM M HUHT ypTaya KuiimaTtu
YUYH KyRMparmHu é3nmmmns MyMKuH;
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Inb[lis™g[UH<ALL
M =ng|.l w3y (50)
X exp{A»8,2(A+(?N/)H;}

M =ngi.lgS garn " ypTada cTaTUCTUK AMTMHAN ndogacu op-
Kanu ésungu. by ndpogaga, Temnepatypa eTapsiv fapaxa,aa ok opu
6ynuo,

Pgl-~BfM« 1
WapT 6axapuaraHia akcnoHeHUnan MyHKLUAHW KaTopra éiine,
A'MWTUPOK 3TraH GUpPUHUM X,ah 6unaH YerapanaHunca, (50)
HW Kylingarnya é3mw MyMKWH;

M =n{g”I,f P{H

=n{gu)" i5{H +4M) =

+CIM) +...
eKku
I 2 +
M 3 KT (51)
ByHpaH
M=5 oy W=yms (52)
: 2
A WTTe) (53)
_ 2r1(n-+Y)
| ~TK n (54)

(52) ndbopa napamarHuT yYyH YpUHAWU; OGyHJaArM X kaltanuk
T> T, éynraHga ypuHnu (I', — Kropu Temneparypacu). (52)
nogaHn Kropu-Beiicc KOHyHN geiimnagn. (53) gaH KypuHa-
ankn, 1P%6unad Fopacmpa Ynmsnkam 6ornaHul maexys. Tax-
pubaga KynruHapean kpuctutnapga I atpodmparn kuinmart-
napfa 6y YM3UKAM KOHYHAAH YeTnaHuw Kysatunagu. (8.4-pacmpa
/N/HUKeNb yUyH TaXpubafaH ONIMHIaH HaTuKcwap MNyHKTUpP Yu-
3nKbunaH kentupunarad; 6yHga I',HW napamarHuTHUHT Kropu
Tem nepatypacu, I HU beppomMarHMTHUHT Kiopu Temneparty-
pacu gerinnagmn (k. [4].)
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A tap

r- T (55)

feb 6enrnmnacak, %HUHT ndogacu

C
= r-, (56)
KypuHUWHK onaan; C— Kiopu goumuniicun geiinnagn.

8.1-Macana. NTa MarHUT MOMEHTra ara 6ynraH 6upAnMK \axm-
farv heppomarHuT Bek-
TOpU M HUHT ymMymui 2
NDOLACUHN aHUKMAHT N1
(BpunnioaH Hasapuscu). ~2 /=885 r/cm
YHN KaTopra éuuné JV - Fc<=650 K
WH ndpopacu (29) v~ 166K
KeNTMpnb 4YmkapuHr Ba

n30\naHr.

Eunwi. ATOM mMarHuTt 300 500 600 Te< 700
MOMEHTUHWUHT MarHuT
MaigoH AliyHannwunja- 8.4-pacm.

T NPoeKumacu Mg/ UCKPeT KuiiMmaTnapgaH UXTMépuin GupmHn
Kabyn KAAMLWIKN MYMKUH; 6YHAa T MarHWT KBAHT COHY, Yy - |,
wo(/ - 1), —j kuiimatnap kN6yn kunagu.

Bupnnk \axmgarn heppoOMarHUTHUHT S MalijoOHAarn aHep-
rmacu

n =-MH (1
KypUHULW Aa aHWKnaHagn, 6yHpa T. — /-3appaHWHT MarHuT
KBaHT COHW, JI/ 3ca N Ta 3appaHUHT Tyna MarHUT MOMEHTH.
ByHfjal TUSUMHUHT CTaTUCTUK RUTUHANCH

2'= E E exp{I3"fN)NYIl £  exp(™MAiadTA.) =
= Hy=/

W=y uw=y

7N IM
P =\/KT. )
m
By epaa kyiingarn myHocabalfaH doinganaHmngu:

en xn . wx - e

Mo W' 5 2nayx - X 2zlxl 2

K=-n /) Y x2-X 2
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TepmoguHamuk Mynocabart

= Il ar
M aH 2 N (©)
acocmupa yptadya marHutnaHuw M Hu TOnamums;'(>-"!
ar _ () aAH
a1 aH bH]

-y3bxH. -clyH n'.xebxH
aH ~xH 3l7yH mdyH n,::,

=TTI[ACIY/>'A + XX = 11Zm A
u N n'm un'n: -
W ~Ael/1xH-~c(bylL, (n nc'm '
(4); Hn (3): ra Kyicak,
clkxH - cl'kyH
"l
K ingarnya 6enrvnawl KNpUTannuk: ; iu
6yHza rn-rrur o/ nin I
1 2/ 2 /AN “a\
2/, M : (6)
a = pg""pjH

BpunntoaH dpyHKLmMacMaup.

a << \b6ynraHpga, Temnepartypa t4opu Ba A MalifjoH Kyu-
cu3 bynraHga bpunntosH dyHkumacyu 5 HM k3Topra éinb, A
HUHT BUPUHYM fapaxacn 6UnaH YekKnaHUuLW MYMKWH.

clFbyT arap y kuumk 6ynca, katopra énmé kymgarm ndo-

JaHW 0naMus:
)
By Takpnbunii ncogagaH gpoinganaHnb BpunaoaH QyHKLUACK-
HW é3amuns:
B{a) =W, ~-cnl}ila-Lclhf].

2Y+ 1+ 2y+1 172 a

2j  ofaydyn 3.2 Y[a 3-2y]
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11 (y+4
a  3(2)- « o 32y)

Al ey+y-1=r4y(yul) ="1m

T Y

(8)

By xonga marHutnaHuw M yuyH acocuii maTHgaru (29) udo-

faHN 0namms:

M=TO - mB]{a) - n
ByHpaH
W =y
AH ’
C=n

MN3o\nap. L Arapy = /2 6ynca,

-I) _ 062.\-. . 'Q Wn- 3
nx.,."2x 2
"i27372T- ~
() =
by x.onpga
X =n AKT

2. Arap; o bynca, Y=/ ne6 kabyn kuncak,

~@)y= 2’(‘)‘ C/J'I"gl 7 - "’ oy =

y
-iL + AN
-ana-n =d/A- --N =
= N = ~- =
c(I/Iaz] " clba : ¢(9).

22— A. boiigepaes

/Y.(9)

(10)
(11)

(12)

(13)

(14)

(15)
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By \onga marHuTnaHuLw

M

= = cOo»
3. OPKMH 3NEKTPOH yuyH g = 2,y = 1/2. Ymymuid \onga doep-
pomarHutnap yuyH Hum 4 = H + M 6unaH anmMawitupunoé

(5) HM KainTa é3amun3s:
M =ngLigS, = WLYYSB, [PgLIBS (5 +~M)].  (i7)

Scnatma. W= — Bbop marHeToHU, g —JlaHae dak-
TOpU. SPKUH 3NEKTPOH YUyH 5 = 1/2, g ~2\ LLx) — JlaHXxe-
BeH (pyHKLMACK.

8.7-§. AHTU®PEPPOMATHETWN3M

AHTUEPPOMArHUT KPUCTANTHUHT X,ap 6up atomu ¢"cnuHra
ara OyncuH. ®eppomarHeTUIOLWHT [eii3eH6epr MogennaH aHTu-
theppomarHeTUKHUHIhapkn WyH[aku, 6y ~onga 2 |[Y|"\5" raTteHr
OynraH anMallHYB y3apo TabCUP KYLIHW CIUHAAPHUHT aHTH-
napannen nyHanuwnapuaaxoniawnilMHN 0COHNaWTMpPagn.

dapas Kunannnk, KpUCTaNHUHT NaHxapacuHu 6up-6upura
y3apo KMpWLLUTaH 2 Ta a Ba braHxapaycLuapra axparui MyMKUH
6yncuH. Brp naHxapavyaHWHT cnuHaapy napiulnen MyHiulvw TeH-
JeHUMACKIa, MKKMHYM NaHXapaya CNMHIapK 3ca aHTunapanien
AyHiulnwra nHTMAcMHNap. KpuctannHuHr 6y mogennHu BaH
®nekHUHraHTudeppomarH T mopgen vpaelinnagun. a naH-
XapavyaHWHT MONIeKynap MalijoHu bnaHxapa-
YaHWHT MOJIEKYNApP MaifoHu ra TeHr 6yncuH;
6yHga M Ba M,nap a Ba bnaHxapayanapHWHT MarHUTAaHWLL -
napwu, Ba YNapHWHT MarHWTNaHuWw goumMuinapu. by \onga
MarHUTAaHWULLNAp YUYH

M],="ngLigs, (57)

noganapHu ésnl MyMKUH.
ByHga n—6upnuk \axmpaaru atomnap coHn. Kpuctina naH-
Xapavanapugarm Monekynap MaoHHW Kyimgarnya ésamms:
a, =4 - p”Mn_pnMn LLI|=H_ |D|’M11_|D|’M1' (58)
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MaHxapayanap MarHMTAaHWLW Napy yyyin kM yingarnya udogaa-
NIapHU €3nL MYMKUH

= (59)

= (60)

C= (61)

(59) Ba (60) acocmpa KPUCTaANIHUHT TyNa MarHUTNaHHWM BeK-
TOpU

M =M, +M,
nogacMHn aHNKgakMmn3, SbHU
M=f a7 [, +9)[M,, +1/)=f 4 - §q, +q,)M.

ByHpaH

I-HC/27" )< +ik) (62)

GyHpa Kyiingaru Genrunawifap KUPUTUATAH:

Z,, Zj 6BUPUHYM Ba UKKUHUM MNaHxapadanapgarun aK,uH KyLHKN-
nap coHu; /,Ba  nap a BaJl naHxapayanapHUHT aiMall MHYB
sHepruanapu. OnnHraH Hatmka C/{T +B) Hu Kropu-Beiiccicoiiynu
gennnagn. YHu C/T6unaH conMwTMpul KypcaTaouKn, aHTu-
heppomanwTrisHr Kabyn kmnysyaHnurux Kiopu koHyHn C/T
ra Huc6aTaH KMYMK; 6yHAa cnMHAap aHTUNapannen nyHanuuwra

MHTUNagunap
Tapuxuii MabnymoT: AHTUeppoManiuTaAap NnaHxapayvana-
puparn aToMAapUUHT CrNninapu WwyHaai Taptmbaa nyHanraH-
KW, YHUHT MarHUTNaHuL BeKTOpW Gynmangm (y HOMra TeHr).
KpucTannHuHr wyHgain Taptmbnam )onar 6ynamwm MyMKUHAN-
TMHW, AbHU aHTU{)eppoMarHeTM3M MaBXyLAUTUHU Ha3apUii Xun-
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\atgaH 6upuHun 6ynnb6 Héen (1932 Wun) Ba JlaHgay (1933
nwun) aiTraH sgunap.

8.2-macana. AHTUdeppoMarHUTHUHT BaH ® iek mogenu aco-
cnpa Héen temnepatypacuHu aHUK N aHr.

Eunw. busra Mabnymku, KpUTUK Temnepatypa "paH Ku-
YMK TemMnepatypaga aHTUEePPOMarHUT KPUCTaN KKK naHxa-
pauara ara 6ynu6, ynap y3-y3mgaH (CNOHTaH) MarHUTNaHMWL -
nap Ba ra ara 6ynagunap. by marHuTIaHuwnap Moc
paBuwga Monekynap maingoH A' ea HL ra napcwnen iyHanraH-

gupnap M,, a;, , JI 94"
a, =4 - W =H- (9
MarHuTAaHmLWwnap y4yi

A, =y ngi/IBSB™ i™| 3gfi~SLLly, (2

M,=\nguy,sB,(pg”,swy,

MyHocabaTnap ypuHnau. Arap Talwkn MaigoH 6ynmaca (AbHU
A =0), MarHuTNaHuwWnap Ba aHTMnapcTnen 6ynagm Ba
Kyinparn kuimatnapHu kabyn kunagu:

M, =-"ng].IsSBN[] 3 g .1iiS +a2M,) ©)

(3) npogaga marHuTnaHMW M HKM eTapanya KNWYmnK fe6 (AbHK
X HU KNUYnK ge6 kabyn kmnun6) B(x) dpyHKLMANApHM KaTopra
éamuns;

MY, = +WpM,,) +y , @)

6yHaaC Bay mycb6at goumuiinap (k- [4] V 606, 2-macana).
TalWKyM MarHUT MaligoH 6ynmaraHga aHTMdeppomarHuTiap
y4yH
M. =-n/, = M" (5)
440



(Arap - 1/ "6ynca, byHpaii kpuctannapHu heppuTnap
geinnagn). (5) Hm (4) ra kyiicak,

M’ (6)

Arap
7
WwapT 6axapunca, (6) TeHrnamagaH yYHUHT \ap MKKW TOMOHMW-

garn M HuHrongmgarn KoapuumeHTnap MaHuii nwopanu
byncanap, M xakukuii eunmra ara 6ynagm, AbHM

-/\yr) <0

wapt 6axapunraHga M \akuk,uiA kKnitmatnap Kabyn Kuanwm
MYMKWUH. By aca T< WwapT 6axapunraHga cogup 6ynaau;
6yHza
®
Héen Temnepatypacnanp.
M 30x.. /] <~ 6ynca, T<  pa 1apTmbam cnuHNap x,0na-
TN, 9bHU aHTUeppoMarHeTn3m bynmaigm.

8.8-§. BPAIr - BUNbAMC YCYNUN

CTaTuCTMK oM3nKa yCynm acocuia Monekynap MaijoH moge-
avnu kapainnmk. ®apas kunainuk, TM3MmMLUIAHrappancipy CoHm
M cnuHnapu OKopura Ba macTra kaparaH atomnap cCoHu N~
\amga M_6yncuH (YY= + M)). Arap 6y mycbaT Ba MaHuii
CNMHNap apcLlaliMacuHn niean apanawma geb kapilnca, y \onga
TU3NUM HU X,0CUN KWNYBYM KOHGurypayusanap (ycynnap) CoHM

JU+HIT ! (64)

ngopga 6unaH aHnknaHagn. CTupnauHr oopmynacu JN ~
AaH dhoiiganaHuno, (64) Hu

N (65)

KypuHuw ga é3ul MyMKUH. ByHAail TUBUMHUWHT aHTpONUAcK 5'
Hu (65) acocmpa

5=+mn =-

(66)
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KypuHui ga ésamms. byHga

N 2" N 2 (67)

Kpuctannga “"ZN xydtnu kyw}T1 cnuunap masxyn. bynap
nunga Xyt M__ xydT "-—----" Ba Xyt "+
TMngarv xygrnap masxya. by xonga y3apo tabCcup 3Hepruacu
(k.. N3nHr mogenu, (32) udoga)

" .+ - ). (68)
YMyMaH , I JT™ GepunraH JVMBa YY napfa x.ap Xun

KuiimaTnap K.abyn Kunuwm MyMKWUH. Y NapHUHT ypTaya Kuinma-
TUHW KMyAngarnya aH K™ anuk:

N. = A= TYY(L +X)' m

M. =ZN,P=ZNAAMZN(\~x")m,

= —AN I\
IZN _P_ ZN N (69)
N. n,
P. = ™ P_- ‘it ndpoganap KpUCTan/l TyryHNapPUHUHT MyC-

6at ékn maHd it cnuH 6unaH 6aHg 6ynnw 3\TUMOIMHK Kypca-
Tagun; 1/2 KoaphmumeHT aca "++" Ba "-----" ZN P HM xncob-
naraHfa xap 6up cnuH 2 mapTagaH \mcobnaHraHn yyyH 2 ra
6ynuHagn. (69) Hu (68) ra kyinnob (\ak,uK.min Kninmatnap ,

M__ HUWHI ypHUTa yNnapHUHI ypTaya KuiiMatnapuHu
Kyinno), Tyna aHeprus yuyH

E=-1 ™ {\+2x+x* +\- 2x ¥ - 2+

ngogaHn onamums.
(66) Ba (70) HM 3bTMbGOpra onmb 3pkuH 3Heprug P
aHNKAaMU3;

P=E-T5 ="~ZINx™ +Mcl {1 (1 +x)In1 (1 +X)+
+]{1-x) 1 (1-x) (71)

MyBo3aHaT )Monar (3Hr KatTa 3X,TUMONNM X" onar) faru X Hu
{oP /X)) =0 wapTtaaH Tonunagu;
M2
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ZWXMMNKT

:LMcrln"f‘-. (72)

X
ByHn

p v X =’2‘\r| Ix (73)

KypUHULL A2 é3aMKn3. ByHU AHa
2iz), _
~ \-x’

KypyHULLAa €3U MyMKUH. ByHpaaH

X - th{PzJx). (74)

WyHpah kunmb, Bparr-Bunbamc ycynm 6unaH onuHraH 6y
noga Mmonekynap MalaoH yyyH onuHraH (45) udoga 6unaH
6up xun.

Xynocanap. ®eppoMarHeTu3m, TM3MMAaru y3apo Tabcup mas-
Xyanurn Tydainnm, yHaa mabaym TapTUOBAUAUK GYyNULLIUHK
KypcaTyBum TUNWUK MuconnapgaHamp. byHga temnepartypa na-
cas 6opraHu capu TapTUBAMAMK gapaxacu Kydas 6opagu. Tewm-
nepaTtypa Hoara TeHr 6yaraHga TapTMOANANK MaKCMMyMra apu-
wann. Temnepartypa opTuLLy 6unaH TapTMONNIMK dapaxacu mnc-
CQVK/WK xapakaTu (TapTubemanuk) Tydpainnm kamainnb 6opagm
Ba Ktopu TemnepatypacufaH okopu Temnepatypaga Taptnénu-
MWK fapaxacy Honra TeHrnawmb Tyna taptmbeusnmnkka (napa-
MarHuT x~onarra) ytagu (8.5-pacm). Kputnk temnepatrypa I
LaH oKopu Temnepatypaja NCCUKNUK J<gBKaTU HUHT KyUYuiu-
M (MHTeHcuUBAUTK) Tydainnm tn-

SUMHWHT y3-y3UHU TapTubra conub MAME
Typuw kobuauatn nykonagun. Tep-
MOAMHAaMMKa HYKTan HasapugaH 6y
TapTMBAMAMNK (CaknaHmLw) Ko6mnu-

ATUHWUHT AYKOTMAMWMN cababuHu 05m

3PKUH 3Heprma ndojacuiaru aH- -

P P popacua o o5 1 VT
Tponua 6unaH 6orauk, \ag — TS

HUHT aHeprua 6unaH 6ornuk, \ag 8,5-pacm.
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¢7AaH yCTyHIuryn 6unaH TywyHTupunagu. MNacTt Temnepatypa-
nap T<T faaHeprua (7yCTYHAMK KuaraHu Tycgainnm TapTuné-
AVANK KOBUANATM TabMUHNaHagn. By drasasuii ytuw TapTun6-
NANUK-TapTMBCU3NUK yTUL AaH nbopar.

Mact Temnepatypanapfa kpuctanna Taptmbnm éynagun. Nkku
XV aTOMTAPHUHT TapTMbAM \onatnga atomiap TapTU6n XOWA-
nawagmnap (Maean KpuUcTann naHxapadanapugarmgaii). by x,onga
TapTUOGNMNMK NapamMeTpu X Kyinpgarnya aHuknaHagu (Y Mymuii
X;onga TapTUOANANK napameTpUHKN TaHnalw, aHuKnaw Myx,um
mactuTal).

AGCONIOT Hon TemnepaTtypagarn TapTMeaM UKKKU naHxapa-
yanap aBa bnapHu kapanuk. TemnepaTypa HongaH hapkau
6ynraHfga a maHxapadvagarv atomnap bra Ba akcuH4a bnaHxa-
padyafarv atomnap arayTuwun MyMKUH Ba abconoT TapTmbaun-
nuk 6ysunagn. by x,ongaA Ba BaTomnapHUHI naHxapadanapja-
M TaKCUMOTUHU Kyinpgarmya tascudpnal MyMKUH:

K (75)

- A aToMaapHWHT FnaHxapayajarm CoHu;- naHxapa-

farv TyryHnap conu; N/l naHxapayagaru TyryHaap COHWU.
X- 18kn x = -1 bynraHfga. ugean TapTménunuk o3 bepagu;
X-O 3caTyha TapTUOCU3NMKKA MOC Kenagu.

YMyMmaH aiitraHga, Kkyn x“onnapga asasmii yTULLNAPHW KaH-
gangup TapTnbau-taptnbeuns ytuwnap aeb kapaw MyMKuH. AMMO
TU3VUMHWUHT TapTUBIM X,0NaTUHU TaBcudpialw yyyH KaHgai na-
paMeTpHM ONWL €KW TaHMalW OCOH eYynaajguraH macananappgaH
amac. m N |

8.9-§. JEBAN - XIOKKE/Ib HA3APUACU

KynoH y3apo Tabcupnu 3appanapgaH nbopar TMUSUMHUHT Xa-
pakTepn TOMOHW, YHWHT y3apo TabCUp pagumycu KaTTanuri,
MaliJOHHUWHT (Ky4HUHT) y30kKa Tabcup aTyBYaHnMruaup. byHga
MalAoH noTeHumanu macodpa 6yiinmuya 1//-KoHyH acocnfa Cé-
KNH y3rapn6 6opagu. AMMO GyHfain macancliapHu kapawja \am
ypTaya MOeKynsp MaifoH TYyLYHYACUHWN KUPUTULL MYMKUH
6ynaau.

344



Knaccuktnsnm YYyH anSOI/II/IHFFHyKTaCI/I,lJ,aFVI 3apan 3ny-
nnrv )o'(r')lun am'm '

A
KypUHMW Aa €3UL MYMKUH; 6yHAa ™ — 3appaHUHT COPTUHU

Kypcatagu; — MaligoH N = O6ynraHAaru 5coptiuv 3appanap
COHU

A (/¢) = mexp [-e,(p (/*)/ KT] (77)

— BonbumaH Tak,cumMoTH; uAr) coH MTemnepatypagaru, rHyk,-

Tafiary 5 copTaun 3appanap coHu. (p{r) noTeHyman MyaccoH TeH-
rnamacy acocuaa aHuKnaHagu;

O (r) =-4trp (A). (78)
(76) Ba (78) acocmpa 3appanap coHu, <Rr) noTeHUWan aHUK,-
NaHWnG, CYHT TEPMOLMHAMUK NapameTpnap aHUK/laHunagu.
By HasapusaHu [ebait Ba XIOKKeNb MOHAN 3puTMara TaTouk.
aTgunap.
dpuTMagarn mabaym a CopT/iv MOH aTpodhmiarv ypraya ro-
TeHumnan T (r) Hw (76) Ba ;(78) acocupa aHUKaHaW:

= . / (79
/ (79)
dapas K,Mnanmk, TMU3UM 3neKTpHeTpan 6yncuH:
N me =0 (80)
/
Ba Bp{r) « KT wapt 6axapuncuH. by \onga exp(— HU

KaTopra é/16 Ba (eplkT) HUHT BUPUHYM Aapaxacu BunaH Yek-

naHn6 \amga (80) HK Haszapga TyTno, (79) HK Kylingarn Kypu-
HULWTra KeNnTupamms

AL = x™M{r)-,X» / T
® nr X0 = OWwapTHU KaHoaTNaHTUpyBUKM (81) TeHr-
NaMaHUHTeYnMu
NIo) = PN/ (82)

ngogagaH néopar.
X =0 6ynraHga, (82) ncopgagaH HyKTaBuii 3NeKTp 3apag-
HUHT KynoH MalijoHMHN 0N1aMn3. ApuTMaga Mabaym MOH aTpo-
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thmaa 60WwK,a MOHNAPHUHT 6ynnwKn (0faTha MaHUiA MOH aTpo-
thuga mycbat noHnap Ba mycbaTt MoOH aTpodpuga MaH(UiA NOH-
nap TyniaHuLwmn) Wy MOHHUHT MaiiLOHWHK "3KpaHnaingun". by
OMUHW Y)(r) HUHT ndpogacnpa (7=>HUHr MaBXyAnurn kKypca-
Tagun. MNoteHywman (82) Hu

(83)
KypUHULL a é3amun3, ByHAa

ro=\/x- (84)

KynoH MallJOHUHWHT 3KpPaH/IaH UL MHW XapakTepaoBsumn Oy
paguyc g HW Jeb6aii-XtoKkenb paguycu geimnagn (Y 1923
AnNga aneKTPoONNTIap Hasapuacy MLWNaHTaHAa KUPUTUATaH).

8.3-macana. Tusmmpa mycbat 3apsgnap Ba MaH(uii 3apag-
nap (anekTpoHnap)  Tekuc TacumnaaHraH 6yncuH. Tusmm-
HWHT MabllyM HyKTacura  3apsig KUpWUTUnca, 3apagnapHUHT
thaso 6yiinya Tak,cumnaHnwun ysrapagun. (bByHn 6us nnasmaga
dnykTyaymsa Tydannm 3apag TynnaHuwmn 4e6 Tank MH aTuwu-
MWU3 MYMKWH). DNEKTPOHNAP TaK.CUMOTUHMW Kyinaaru NKku Y onga
aHuknaHr: 1) TemnepaTypa XyAa K™ opy Ba 31eKTpOHap aii-
HuMmaraH, 2) Temnepatypa OK ra TeHr, 3feKTpOHNap Tyna
aHuraH.

M3 0X MacanaHn Yn3nKAW AK,MHNALWYBAA X.an STUNCUH.

Euwnw. HykTaBuii 7e 3apag KNPUTUATAH HYKTaHN KOOPAWN-
HaTa 6own ge6 kabyn kunainnuk. by 3apag KupuTMAMWNK Ty-
thaiinu xocun 6ynraH 3neKTpocTaTMK MalifjoOH Ba 3appanapHUHT
TaKCUMOTM, MacanaHWHT WapTura acocaH, cPepuk CMMMeTPUK
XapakTepra ara 6ynagm.

MycbaTt 3apagnap es,, 6unaH Ba maH(huiA 3apagnap (3nek-
TpoHnap) -\e\n 6uiaH aHUKJaHCUH. DNEKTPOCTAaTUK MalijoH
<p[r) MyaccoH TeHrnamacugaH aHUKIaHagu;

A<p(0 =" ( « - )
Ba MaligoH ~(r)

yerapasun WwapTnapHW KaHoaT/1aHTUPaan.
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1 Mac;uiannnr wapTura acocan

n = = e

ByHaa (J = Opa myc6aT Ba MmaHduii aappiuiap coHn by \onga
(1) TeHrnama
/! 7N
KT 2)
5o

KypuHULWTa Kenagu. by HOUM3NKMN TeHrnamaHun, Zr™ << kKT
WwapT 6axapunagm ge6, Yynsmk™n \onra KenTupamus:

= ®)

exun
A(p{r) =x2(p{r), (4)
©)

(4) HUHT eynmmn

cp{r) =A N~ (6)
b="A @)
3KaHAUTUHM 6unamm3. Maccwa waptugaH (0) ~y =~ Bafge-

MaK
<p(r) ="e-"-"\.. (8)

ngogann onamms. (1) sa (4) TeHrnMKNapaaH

ndgogaHn onammus. ByHfaH aca 3n1eKTPOHNAp Tak,CUMOTUHM TO-
namm3

= ©)

2. dnekTpoHNap Tyna ailHuMraH, abHM \ap 6up \onarga 6uT-

TagaH (F'= OK pa) xolnawiraHn y4yH 371eKTPOH XonaTnapw
COHW 3M1EKTPOHANAP COHUra TeHT Gynagu.

By \onatnap coHu caszasuii hazoHn A ra 6ynuw opk am
Tonunagn. byHga 6upnuk \axmaaru \onarnap coHu

«(O =2""n [/ (O- (10)
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ByHAa 2 COHM CAUHAAPHUHT UKKW WYHANULIUHWUHT 3bTU-
6opra oNMHraHANTW Typainm KNpUTUILN.

JHEPrusHUHT Makcuman kuiimatn (7'= O Algarn ®epmu
JHepPruacu) GOUMMUAAND, AbHN,

(M)

n(oo) garn KuiimaTtHu n, e6 kabyn k.mnamms. Y xonga (10)

HaH
1/3

_8n 3 8__93:10 (12)

(11) paH
1/2
P(m)= pl +21e(p (13)
(13) Hm (10) ra kyicak,
2te(p{r) 82
"O=nl« — T (14)
dapa3 Knnannuk.
2TedpAr) n (15)

(15) wapt 6axapunraHga (14) ga yHr TOMOHHM K,aTopra éii-
cak,

8n .3 —
” = 7 (16
)b (16)
«()=« 0 < p (0 - (17
(17) Hm (1) ra kyiicak Ba nm_ - « =«(/*)-«, 3KAHAUTUHMW
abTUHOPra oncak,
A = (p{r) =x1<p{") (18)
- (19)

(18) tenrnamagaru (p{r) =?~e HUHT KniimatuHamn (17)
ra Kyinn6, anekTpoHnap TakCMMOTK N(r) HA TONamms:

= co)
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M30\-XHUM 3KpaHnaw KOHC-
TaHTacu geinnagn. Yum [Le6aii
TOMOHMAAH 1923 Annun KUpUTUA-
raH. \! X Hn aca [e6ain napga-
naw paguycum geivnagun; ¥ —
®epmbi-TomMac napganawl gou-
mMuiicn; 1/ Xph“ mp “ depmn-
Tomac napgiu™aw paguycu.

8.4-macana. E kyynaHunwnm
TaWwun dnekTp MangoHpgaru
3NeKTP AUMON P HUHT ypTaya aHepruacu O HM aHUKLAHT.

Eunw. Tawk;u anekTp MaingoHgarn AUMONHUHT NOTeHLMan
aHepruacu un =-PEcos(P,E) =-PEcose (8.6-pacmra k..).

Wcenk/1nk \apakatu Tydpainnm p BEKTOPHWUHT MyHanuwna-
pv y3rapub Typagu. by y3rapmw Tydpaiinm asogarn p BeKTop-
HUHT AyHCLIMLLNAPY Tak cMOTK BonbuMaH yHKLMACK acocu-
4a aHuK wHagn. bonbymaH TakcumoTura acocaH i/Q chasosnii
6ypuak ocTMarn p BEKTOPHUHT 6ynuwl a\Tumonu

8.6-pacm.

dW =conste’'da = conste*dQ 1)
6unaH aHukgaHagwn; 6yHaa dQ = sinededip, 6enrunaw
KNpUTUNAN.

(1) acocupa aHeprua U= - PE cos B HUHT ypTaya K,uiima-

TUHN TOI'Ial/lﬂ|/151(

| Q806 "™'® sino/o sna/?

— AN

0 €% Mo

Y3rapyBUMHM ;LIMaLLITUPARINK, a cos B = X\y X,0/14a
P74

Q _iin___ _[I7 ~ "= AL
ek

=-kT -1 =kT[\-actha\ =-akT etha - 3

=-akTL[a) =-PEL{a); L(™a) =ctha--.

349



SONOANAHUATIH AOABUET

1. Boromo6oB H A. Mpobnembl fHaAMUYECKOA TeOpUn B CTa-
TMCTUYECKOR punsnmke, M—J1., 1946.

2. Mpuroxxmum . HepaBHOBeCHasa CTaTUCTUYECKAA MeXaHUKa,
"Mwnp", M. 1964.

3. 'nbbe [pk. B. OCHOBHble NPUHLMMbLI CTATUCTUYECKOW Me-
XaHuKuU. M—1, 1946.

4. Ky6o P. CtaTuctnyeckasd mexaHuka, "Mup"”, M., 1967.

5. 3ybapes 1. H HepaBHoBecHas cTaTUCTUYECKas TEPMOSM-
Hamuka "Hayka", M. 1971.

6.3agaun nNo TepMOAMHAMUKe U CTAaTUCTUYECKON (PU3nKe;
nog peg. Nlanac6epra M., "Mwup", M. 1974,

7. AiizeHwny, P. CTaTucTuyeckas Teopus Heo6paTuMbIX Mpo-
ueccos M, M. 1963.

8. BuHep P. KnbepHeTuka unm ynpasneHue n CBA3b B XXUBOT-
HOM 1 mawiunHe. "Cos. pagno"”, M. 1958.

9. leBny B. I. BBegeHMe B CTaTUCTUUECKYIO husnky. I'T N3-
BO., M. 1954

10. KomnaHeeuA. C. TeopeTuueckas dousmka. Foc. Tex. M3-Bo,
M. 1957.

1 \JNaHpgay N. 4., Nucpwuy E. M. Ctatuctuyeckas usnka,
M. 1964.

12. XyaHr K. Ctatuctuyeckas mexaHuka, "Mwup", M. 1966.

13. Mukprokos B. Kypc tepmoguHamuku, MuH. npoc. M. 1956.

14. Basapos W. /1. Kypc TepmoguHammkn. M. 1961

15. dennep B. BBeageHne B TEOPUIO BEPOSATHOCTEN 1 ee Npuno-
XeHnua. TT. 1, 2; "Mup"”, M. 1984.

16. Maiiep k., M'ennepT-Maiiep M. CTaTucTh4eckas MexaHu-
ka, WJI, 1952.



MYHAOAPUXA

CYB BOLUM oottt 3
| 606. CTaTUCTUK (DU3NKAHWUHT acoCuii TyllyH4Yanapwu

BA TAMOMMIMAP M ettt ettt 5
Kupunw

1.1-§. Tu3sum Ba yMUHT )onatu....

1.2-8. K.aiiTap Ba K,alTMAC X APABTIMAP .oveeereerirerierinireesenesieiet s 8
1.3-§. TUsMNUUr JUHaAMUK MUKPOCKOMUK )NONATAAPM oo 10
1.4-§. TM3MMUMNT UHAMUK MapaMeTpu Ba YNUWUT K,uiAMaATAapy ... 1
1.5-§. AuHaMnK KaTTaanknapHu Bak™ 6ylinya ypravanall ... 12
1.6-8. Ctatuctuk mMmkpo\onaT. CTAaTUCTUK @HCAMO b vvererereiirieieiieienns 14

1.7-8. Mukpox,onatnap 6ylinya ypraydanall .............
1.8-8. Mukpo\onatnap Ba ynapHWHI 3?2 TUMONNNKNAPKU .
1.9-§. Mukpo\onatnap ax,TMUMONAMKNAPU TaLCUMOTH..
1.10-§. HTPOMUSA ceiieiieiene

1.11-§. INTPONUAHUHT XO0ccanapu. .28
MUCONNAP BA MACAMAMAP veveeueetiiuieteaieeiesieeaestesieesbe e e ssesbe e sbe e e sbe e enesbeeneeneeas 34
I 606. S\TUMONNMKNAP HA3aPUACUAAH MADBNYMOT ..o 46
2.1-8. Knpuw. AcoCU TyLIYHYANAP ..o .46
2.2-8. [INCKPET TAK,CUMOTIAP .oveeeiieiiseseeisiseses s 51
2.3-8. Y3NyKCU3 TaK,CUMOT (DYHKLUUANAPU cecueiniiriierieiieieieisieeieieeeee e seeneanens 56
11l 606. MyBo3aHaTgarn TM3MM MUKpo~onatnapy Tak,CUMOTMU.............. 62
3.1-8. .62
3.2-§. AkKanaHraH TM3MM. MUKpPOKAHOHWK TakK,CUMMOT. .65
3.3-8. BepK TU3NM. KAHOHUK TAK,CUMOT .veueriiieiiiireiiisieieeie e 67
3.4-8. OunkK, TU3NUM. KaTTa KAHOHUK TAK,CUMOT..cocuiiiriiieirieiiecie e ereesree e 73
3.5-§. Bepk TU3UM 3HepPruacu K,MMMaTtnapuHUHI TaK,CHMOTW.......c.cccee.... 79

3.6-§. MaMMa — TaK,CUMOTIa OUL MUCONIAP cooeeenerereneinreeeereneeetereesieseeeeenes
3.7-§. CTaTUCTUK 3HTPONUS Ba KAHOHWK TaK,CUMOT
3.8-8§. CtaTnUCTMK aHTponua. MUKPOKAHOHUK TaK,CUMOT
3.9-8§. CTatucTuk mHTerpan. \onatnap 3Muanru

3.10-8, MaKCBENNHUHT TaK.CUMOT K.OHYHMW.,.ccovviiriieirnnnns
3.11-§. YTKALY rapmMOHWK OCLUNNATOP KOOpAMHATacu

Ba UMMyNbCKU K uiAimatnapn 3\TUMONNUKNEAPU TaK,EUMOTU ..occovvrereenennne 109
3.12-§. YMymnawiraH KoopjuHaTa Ba yMymaawiraH UMNynbc

KBafpaTuUK (haykTyaumsanapu opacmgarm MYHOCABAT......oiernnenene. 115
IV 606. TepMOANHAMUK MYHOCABATNAP .ocucucuiiiciriciciirieicieinie e 117

4.1-§. CTaTUCTUK TepMOAMMAMUKAUUHT acoCcMini mymocabatm .
4.2-§. TepMOAMNAMUKAHUHT BUPUHUN KNOHYHW...oveiicieeene .. 119
4.3-§. VICCUKNNK CUTUMMN.....
4.4-8. X0NaT TEHTNAMANAP M ..ceiviieeiereeeeeseeeee s 125
4.5-§. MonmuTponuk >Xapaénnap Ba YNapHWUHI TeHrnamanapu.
4.6-§. TOBYLUHNNT TAPK AN TE3NUTU oo .
4.7-§. SHTpONUA. TepMOAUNAMUKAHUHT UKKUHYN KOHYUMW .cooeereinnee 159
4.8-8. Cakyp-TeTpog TeHrnamacu. Mm66c napagokcu
4.9-8§. bonbumaH hopmynacu



4.10-8. TepMoAguHaMuK ynkumsnap
4.11-8. KUMEBUI NMOTEHLUMAN cecvvieeieieiieiesieieneians

4.12-§. TacT TemnepaTypanapuu oauw ycynnapmu
4.13-§. Ne LWWartcnbe-,BpayH Tamoinm”™un
4.14-§. HcpHcT Teopemacu. TepMOAUMAMUKHUHT YYUNIA K,OHYHN

V 606, ®azanap mMynosaHatyn Ba (Pa3aHUH YTULLINAP .ccooerrrierineiieeens
5/1-§. TepMOAMHAMUK MYBO3AHAT LUAPTAAPU eovverrreienenrinnsniennes s .
512-§. TOMOreH TU3MMHUHT MYBO3aHAT, LUAPTU coeis e
5.3-§. eTeporeH TU3MMHUWHI MyBO3aHaT wWwapTu. dasanap Kohgacu .
5.4-§. VKKuU.haszamunr m.ygo.3aHaTn. YunaHma Hyk.Ta
5.5-8. ®a3zaBuil YTULLNAP oot evvieciea,

5.6-§. bupunuu Typ hasasuii, ytuw. Knanetipol;l-1<naysunyC;.
Tellrn.lmacu ..p . n.
5.7-§. Kputuk xonax
5.8-§. AHrM asaHuMHr naingo 6ynnwn
5.9-§. VIKKMHUM Typ hasaBuii ytuwnap ...

VI 606. Knaccuk ctatuctmka. Mpgean ras
6.1-8. KUPULL oot e e
6.2-8. KNacCuK CTATUCTUKA ..c..evveevenne ... e

6.3-§, Knaccuk Tuammpfa 3HEpPrusHUHT 3PKUHANK fapax;lnapu
BYANYA TEHT TaK,CUMMAAHULL M ..oiuiniiiieiiens vttt seeenieeseeeenene
6.4-§. MakcBenn Tak,CMUMOT'KOMYUH Ba YHWUHT TaToukK,n

6.5-§. MakcBenn-6onbymaH TaK,CUMOT K,OHYHW ...
6.6-§. a3 3appanapuunHr Ky4y Maigonngarn tak,ciimoTi. "’
BapomeTpuk opmyna s e 1

6.7-§. Wpean rasz ctaTUCTUK UHTerpanu

6.8-§. MonekynanapHWHI TyKHawlunLwaapn COHU ..
6.9-§. KBaHT ocumanatop
6.10-8. KBAHT POTATOP cevererinriereerieeenesieieieeenas
6.11-8. pean rasnapHUHT UCCUKAUK CUTUMM

VT 800 it ettt ettt e erer e e .
7.8 KUMPUL oo e e e e = e
7.2-8. XKydT y3apo Tabcup noTeHuuanm .. .

7.3-8. XKydhT Koppenaumnsa Ba YHUHT.TeHrnamacw........ ooV -;-
7.4-8. KOHMUIYypauMoOH MHTEIrPaN. o v

7.5-§. Kyn 3app«uln TaKCUMOT PYNUKLUACK .o v e n,...
7.6-§. KOHMrypaumoH mMHTerpanHu rypy>ylapra axpaTtuwl .

VIl 606. Kyunu y3apo TabCUPAN TUSUMAAP cccn coeereeerieianinnenns
8.1-8. KUPUILLL ..o et e

8.2-§. lMNapamarHeTU3MUMNHT JlaHXXEeBeH Hasapuacu ...
8.3-§. MMapamarHeTUIMUUHT BpuUNNO3H Ha3zapuACHU............ .
8.4-8. ¥Y3apo MyBo(hMK/naliraH Monekynap mMampoH
8.5-8. VBUHT MOLEMM cooieiieiiiieieiieie ettt et
8.6-8. TeM3EHOEPT MOLEMM oot e e
8.7-§. AHTU(eppomarHeTusm
8.8-§. Bperr-Buanbamc ycynu .
8.9-8. N1e6aii-XtOKKCAb HA3aPUACU ..o e .




Y3BE'KNCT ok

VEY «&om



