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cV3 BbOIIU

By kuTo6 Tomkenr Jasaar neaaroruka HHCTUTYTHAA (PH-
HIKQ HXTUCOCH OVitua Taxcuil oaysiu Tanadaiap yuyn yKuii-
11 CTATUCTUK (PH3MKA BA TCPMOAMHAMUKA KYPCH XAMAA CCMH-
M MATCPUALIAPH acOoCHAA E3W U, MasKyp KUTOOMA CTATUC-
1K (PH3MKA BA TCPMOAMIIAMUKA aCOCAAPHITM CTAPIM JapaXKaua
CoUIa BalH ITHLLTA XApAKaT KUAKIIIK Ba Oy (parsapiu MycTax-
KN Sranaauira KyMak 0epMoK yUyH MUCO/UIap Ba Macalaaap
{curizsiapu OMnaH) KCATUPHAIN.

Yoy KyIanMaHUHT aCOCHI Makca/ti iy (haltiiHr acoc-
SEIPHITMHT, KOHYH-KOHAATAPHHHIIT TA1a041a)p TOMOHUAAL MYy-
KOAMAT DTANTAHMIIINEA KapaTWIraH.

(Pu3uka acocnii haraap MUWIA CTAKYH YPUITHH rasLIaiian,
Crarnctk pu3anka aca (PUIMKAHUHT ACOCHH BYnumiapuaall
OUPIYIHP. AMMO YHM acociaulaa GHp KaMua KMAMHMMHK Ba
noawHkAnkaap masxya. Uly cababau, rabuuiiku, CTATHCTHK
(prsika Kypeunu 0a€H 3TUII MIMHHA Ba yciuyOuit xixartaat
MYypakKadbaup.

DBH3 CTATUCTHK (DU3HKA AaCOCHHH KAACCHK BA KBAHT (MI13H-
KM THHT QCOCHIM FOSLIAPHTa TastHMO XaMUIa MATCMATUK CTATHCTU-
Kwtan 6esocuTta hoinananud, y3ura Xoc siHIM yoysiua oagu
MIELFA XapaKaT KHIAKK.

Maskyp kntob "Kitaceuk craructuk pmsuxa” sa "Kpaur cra-
rnerik ¢husmka” 1cd HomsiaHran MKKH KueMaan Héopar. bupun-
wi kueagta (1, 111—VIE 606:1ap) MyBo3aHaTaK CTATUCTHK (DU~
HIKQ ACOCAAPH, MYBO3AIATIM TEPMOANHAMUKAHMHT ACOCHI MY-
nocadaraapu 6acn oruaran. Ukkunuu kucem "KBaHT craTHCTHK
(prrsika” KBaHT TH3MM (CHCTCMA)AapUHMHT MYBO3AHATIN XOA4T-
sapi, yrapuunr bose-Oinureitn Ba Mepmu-Aupaxk TaKCUMOT-
dapi acocupa Tascuduial g MyBO3aHATAM XOAaTIIM Ypraiui-
KU1 IHOMYBO3AHATAY X0AQTHU Ypranuiira yTuia MyxuM 0ocKud
wiicobnanaguran (haykryaius Hazapusicn 6acéH aTHIIraH.

Kuyrrobrunr 11 600un axruMoniap HasapusiCHHUHT 6ab3n aco-
CHiT TYIIYHUanapHra GaruLuIaHran.,
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MYIA3KYD KUTOOHUHT Kin€aMacutn YKuG, ¥3 Mynoxasaiapu-
Hy OyHAAMPran B2 KUIMMaTIM Maciaaxatnap 6eprai npogeccop-
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CTATUCTHUK ®U3UMKAHHUHT
ACOCHUN TYWIYHYAJIAPH
BA TAMOWUIJTAPH

Y30k eaxm smycmaxkam Xxucobaanean acocea
XX acp hanu xyncym guamwdan Kypgmadu.

I.IAPRY
KHPHII

AKyna xyn sappanapiaaH (MOneKyaalap, aTomaap, MMCKTPOH~
nap Ba wy KaduaapaaH TallKui Tolrai TH3uM (CUCTeMa) Mak-
pockonuxk (mepmoduramur) mudum peininanmn). GUsnKauur Kiac-
CHK MCXaHHMKA Ba KBAHT MeXaHUKacH O¥aumaapu GyHnai Tu-
SUMHMHE XOJaTHHHU Ba YHMHT XOCCa/lapvHy 3appalap AMBaMuK
XAPAKATIAPY Ba YIADHUHT ¥3ap0o TabCUPH ACOCUAA YpraHanu.

TuzuMHKHT OyHAAlN AMHAMUK MUKPOXOJAATHHUWHT BakT OVitu-
A y3rapyiuM 3appajiap KYIMryd Ba yJlapHUHT xapakaty Ty-
(haiinun, FosIT Mypakkab xapakTepra 3ra. YHHHT IMHAMUK Xapa-
KATJAPUHY aMaa TAAKUK, KWINIL MYMKHH 3Mac. AMMO KT
3apPATH TU3HMAA MYPaKKad Y3rapuiliim aHuKIalgurad auHa-
MUK KOHYHMSIT Ounan GMpraamkaa uynaai CTaTUCTUK KOHY-
HUAT XaM OOpKH, YK YpraHmul CTAaTUCTHK (PUIMKAHUHT Ba3M-
(hacu xucobnaHaa.

CTaTUCTUK KOHYIIUSITIApHY Yprainuul yuyH IMHAMHUK MUK~
POXOAATIADHUHT KUIMATAAPH TYMIAMUIa KApasa€Trail TH3UM
HycxaiapH (Konusiiapu) TYIaaMu Mocnaurupunany. JuHamuk
MHKpoxojaTiap OunaH apkaaHaaurai TU3UMIHHT Oy Hycxa-
Jqapy TymiaMu ecmamucmux ancamba neiinnanm. CTaTHCTHK aH-
cam6:1 YHCYp (3:1eMeHT)IapuHMHT xonataapy tacoauduit pyHx-
LMSIHMHT KMitMaTaapy opkanu anuknataaun. lynpait kuauo,
CTaTUCTHK (PU3MKALA CTATUCTUK AHCAMOT YHCYPIAPHHUHT MUK~
pOXoaaTnapUlid €KH YHIra MOC napaMmeTp KMUMAaTIapu d5XTU-
MOSITapH TAKCUMOTHHU aHUKJIALL MACATACH KYiMnaau.

CratucTuk (PU3MKaAHUKT acocuit Bazudacu aHa 11y DXTU-
MOJLIap TAKCUMOTH (PYHKIMSICUTa aCOCNaHNG MAaKPOCKOMMUK TH-
3UMHUHT QyHAAMEHTAL KOHYHAAPUHU Kaliidy ITULL, TYLIYHTH-
pULL, YHH XapakTepialauraH KaTTainkiap (lnapamMeTpsap) opa-
cuparn acocuih mysocabartaapHu tonuwaaH ubopar.
MaKpoCKONMK TH3IUMHHHT XOCCAIAPUHY TaBcudhiail, yHUHT
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MHKIOPHE MynocabaTaapHiln aHUKIa1I (TOMUUI) YIYH MUKPO-
thnsukanmnr hyriiaMerntat xonyislapiiaan Qoiaatainiy 3apyp
OVi1ain. MakpoCKOIHMK TH3UMHWHT CTATUCTHK KOHYHHSITAApH~
HH Vprannuyia MUKpOQU3MKAHMHT KAACCHK MEXAHHKA KOlyH-
JapuiaaH CKM KBaNT Mexallnka KoHyHaapuaan dofiparanimim-
uiHra Kapad, CraTHCTHK (PUBHKA Kaaccux cmamucmux uzuxa
€KW Keanm cmamucmuk (puauxa 1CHUIaLu.

Arap MaKPOCKOMHK TH3UM TCPMOMMHAMHK MYBO3AHAT X0s1a-
THHA OVica, OYHAAH THU3MMIUHT CTATHCTUK KOHYILIAPUIIHM Ba
VILIATH MUKJAOPHIA MYHOCA0ATAQPHH MYBO3aHATII CTATHCTHK
dr3uka Ypranaau. bynaa, Kyiiua, "mysosanaran” jeran cys
TYHIHPHO KOAAUPHAAAN. Arap TU3UM HOMYBO3AlaT X0Jaataa
O¥aca, OyHaait TH3UMIMIT CTATUCTUK XOCCAAAPHUIIN HOMYBO-
JAHAT CTATUCTHK (DM3KKa ypranaim.

CrarueTik Dhusnka acocuaa oauHraH ypraua KarTaiumk-
Jap (MOMCHTAAP), YAAPHUHT Y3rapuiliapH, KOHyH1apH Mak-
pOCKONHK (pusukaarn (TepMoAMHaMHKKa, MHAPOAMHAMMHKA,
30 IMNAMKKa Ba 1y KaGMasapaaru) napamerpaap, yaap-
[ y3rapuuiaapH, KoHyipapura moc keaaud. Ly mannona
CTATHCTHK (PUM3UKAHUIT Ba3M(pPaCH MAKPOCKOITMK (PM3HMKA Ba
YHUHI KOHYHIAPUHU MOJIEKYASIP ATOMHUCTHUK TacasByp.1apian
KesHD yukmnb acocialaal xaM nbopar.

Craructuk (pu3vxa GUp TOMOHIAN KJIACCHK MEXAIIMKA BA
KBaHT MCXalIMKaHMHT yCy0napura tasHca-aa, HKKHHUY TO-
MOHARH, YHHHI MATeMATUK YCAyOAApUHMHI ACOCHAQ DXTH-
MOLTAKIap HasapHsICH éraam,

L yiaait knamnb, CTaTUCTHK (pU3UKa Hasapuid GUaMKaruir
oup Oyanumu 6¥nub, y MOLMIAHHHI XOCCATAPHITH Xap TOMOH-
NaMa Ba YYKYp Vpranuupia, yuaarv (hJM3uK xonucasiaptin taa-
KHK DTHHIAA XY 3apypaup.

1.1-§. TUIUM BA YHUHT XOJIATU

MakpOCKONMK TU3UMJIAD TAIUKH TH3HMIIAP GHIAH MyHOCA-
Oatmra kapad yu typra OVauMHaau. Arap KapaiaéTrai TH3MM Ta-
KK TH3UMAAp (MYXMT) OMJIAH XCU KAHIAl ajlokaaa 0yiamaca,
S'bIM yirap GuaaH MCCUKAUK (3HEPUHst) xam, 3appanap (Macca)
XAM ajiMaliMaca, Yilu akkaasanzan muzum detivaadu. Jemax,
SKKAAAHTAH TU3UMHUHT 3HEPrusiCy BA 3appajiap COHM yarap-
MAaHAM, yiap JonMUi Oy 1aau. Arap TU3WM TaLIKY TH3MMIAP
OMIaH UCCHKANK KOHTaKTHAA OYand, yHUHT DHEprusicu ¥3ra-
6
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e Mysmkri 6Y1ca-10, aMMO 3appanapu colin (Maccach) J1o-
sttt 6ynca, yun Gepx muszum nco araitmni, Huxosit, arap
1A TAIKH TH3WMIaP OMAan SHCPryst Ba Macca aTMalinin-
win ryhaitin YHHIT 3HCPUUACH Ba MaccacH (3appajap ColH)
Y apea, OyHAaM TU3UM o4tk muzum Jeitnaaan. MakpocKOruk
1CSHMITMHT MAKPOCKOMKK (TCPMOAMIAMHK) X0AaTH IIY TU3HUMIIN
JAHNKJIOBUY (TAaBCUDIOBIM) TCPMOAKTTAMUK NAPAMETPAAPHUHT
aHiiMaTIapy Guaat aHuKAaHAIH. Arap TH3HM TCPMOJIMHAMUK
MynosaHataa 6yaca, rabprudra Kypa YHUHI TEPMOAMHAMMK 1a-
PAMCTPAAPUHMET, MAcaIal, TCMIICPATYpa, 60CHM, 3UUIHK, KOIi-
HeHTpaUMSLIapHHT KHiiMaTIapy ¥3rapmaitnn. by myrosanar
NOJIATAA MAKDOCKOITUK TH3MMITH AITUKA0BYM [TapaMeTPAap COlu,
WLHH TH3UMHHHT TCPMOAMHAMMK DPKUHAKK JAPOXAIapH COlM
paszajsap KOMAACHUTAOMHOAH ANUKIAHAIM: IpKUnauK od-
pascaaapu conw N musumiy mawikia amean KOMRONEUMAUD COHU
nea 2 nu Kywu6, musumiuite hazaaap conu r nu auupud maui-
laHeanu2a mene:

N=n+2-r.

1. Tu3uMHHUr MAKPOCKONKK (TEPMO/IMHAMUK) NAPAMETPIAPH.
TU3MMEKMIT MYBO3AATAN MAKPOCKOTIMK XOAATUHH aHUKHIOBUY
HAPAMETPAAD UKKH TYPAK: AUIMTHB BA UIITEHCUB XapakKTep:siu
oynanm. Macaaan, TUBUMHUHT 3appanapu conu N, xaxmu V
(TH3UMHMHF KHCMAAPY OPACHJIAT Y Y3apO TabCHp YBTHOOpra 0au1i-
smaranaa) sueprusacu E, surtponuacy S aijutus Karraaimkaap-
JIMD, ABHH THIUMHUHT KaTTajgurn (Macanan, N sa V) tusum
KACMAAPHHMHT Yilaniaai KaTrasikKIapuHUNT HUFUIJIMCHTA TCHY.
Macasau, N=N + N, V=V, + V,; No N,Ba V, V, Tusnum
KMCMAPHIHHT 3appaiapu COILIapH Ba XOKMARPUIUD.

TuauMHKHT NapaMeTpiapk HITCHCHB XapaKkTepra ora 6y~
1K MyMKHH. Macasatt, TH3uMEKIT TeMitepatypacu T, 6ocH-
MU P, 3UUIHTY p MHTCIICUB NAPAMCTPIAPAUP, SHHK THIUM-
HUHT KACMAAPYIA TCPULLIW MAPaMETpIIap YHUHT YisiaHIait ta-
paMeTPIApPHIA TCHT. ..

Macanan, T, = T,= Tip, =p,=p.

2. Penakcaums. Tuzum Oupop Tabcup Eku taberpaap cadadan
HOMYBO3AHATAM XOTATTa KearaH 6ynca, Oy tabcupnap TyXTaraH-
JAH KCHWH THIMM MabiyM T BaKT YTyinM G1nan Y3MIUHT TepMO-
AMHAMUK MYBO3aHAT X0NaTUra Kenain. by xapaéu pesarcauus
xoducacu 1NN Ba T BAKT peAaKcayua axmis NeANNaNN.
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1.2-§. KAMITAP BA KAUTMAC XAPAELLIAP

TusuMuuHr napaMerpu (EKU napaMeTpaapu) IYHUIMK ce-
KHH Y3rapcaku, YHUHI Y3rupuiud yuyyH KeTraH BakT Of tuy
TUSUMHUIIT peaakcalmst BaKTH 7 AaH KUK OYamaca, sibin

o=r (1)

wapT 6axapuaca, 6yuiai xxapa€t (Yarapuin)aa TH3UM Xap JOUM
TCPMOAUTIAMUK MYBO3A11AT/IM X0AaTra Kesumd yarypanu. by xomia,
stbiu (1) 1wapt Gaxapyiaransa MyBO3aHaTAM XOAaT YUyH KUpH-
THATAH NAPAMETPNADHA KUPUTHIL MYMKUH OVnaau. bynuait xa-
pacHaap Mygozanamau Ba Kalimyeuan ycapaénaap 1CAUIAIN.

Macasan, UMAMHIP MOPLIEHH OCTHIA Fa3 MyBO3aHaT X01aT-
a 6yncun (1. 1-pacy). TloplueH Xyna ceKnH 10KOpHIa KyTapHi-
CHHKH, YHIA TALCUD KUAAETIAH Tauiku SocuM p. 6uiaan ras-
HUHI nopiucHra G0CUMHU, SIBHU MUK GOCUM p, IOUMO TEHT
Oyanium, 6uHOOapMII, ra3 MyBO3aHAT XOJ4TAa OYIMIIM Tab-
MUHJIAHCHH. By xosiaa TH3uM (ras) | xonarnan 2 xonarra KaH-
Aait MyBO3aHATIU KCTMA-KET XosaaTaapaaH yTub 6opran 6yaca,
TH3UM Y11 KETMA-KCT MYBO3QHAT/IU X0NaTAAP OPKATH 2 X0MaThaH
| xonarra Kairanu, OyHaa# Xxapa€u xadmyswan (Keazucma-
muk) xapacy aciunanu. XKapaén KaitysuyaH OVIHIUM YuyH Y
CEeKHH coaup O¥nuium Ba Ot = 7 mapTt 6axapuwinuIy 3apyp.

TusuMHMHT XonaT urynaai te3 yaraprupuicaku, oyHnaru
y3rapsul yuyH KeTraH ot BaKT peciaakcauusi BakTH T Aal KUUUK
oyuica, sibhu

ot<r 2

wapt faxapwica, byHaail xapaémusap
(HOMYBO3aHATAHN) Kadmmac xeapaénnap
Achniaau. :
Oxopunarn muconna (1.1-pacura
Kapair) ra3au | xonataan 2 xonarra te3
y3raprupunrasna ot < z wapt 6axapun-
ca, MoplueHb KYTapuanuIliK HOFUAA M-
JIMHAPOATH a3 KeHras Oopany Ba yHAA
XaP XMl Ta3 OKUMJIAPM, Sibiiy yiopMaiap
Ba GoliKa Mypakkal xapaémiap coaup
OVanmm Mymkun. Tabuuiiku, ras | xonar-
[IAH 2 XoaaTra yTHHIMAATH KATOp KCTMa-
KeT xonamiapaaH 2 xoaaraaH | xonarra

S
S
N
S
=
b

—_—
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YL KCTMA-KET X0J1aTNap OpKAIM VTHILK acj1o MYMKHII 3Mac.
Hy cababnu, Oyrinaii xapaéiuap katT™ac xapaéunap neuna-
mit. by xonaa MUCOsLAH paBilUaH KYpUITHG TYpubAHKH, ra3 Mo-
NCKYaa1apy TOMOHWAAIL 1TOpLICHTa K¥pcaTunagTrait HuKu 60-
cim P, nopuietira Kypcatunagrran Talku 6ocum Pr jaH Knumnk
Gynamun, sapun P < P, Bouikaya ailTranaa, HOMyBO3aHaTian
(Kaiirmac) >dedcwmrn ra3 6ocumu Py, MyBosataTin (KanTys-
wan) xapa€Haapaary ras 6ocumu P, naH KMUMK, TbHU P, < P
Oynaan. deMak, myaidsn mawku ump()um()a Kadmap ea kaimaac
Heapaéuaap buaan eas xademunune dV ea xeneatiuuiu 2asmiie Ho-
aygosanamau Katimmac scapaéndaeu 6axcapear uuw oA, = P, dV
yHUIZ Mygo3aHamau Katmysuan wcapaéudazu oadcapaan uuiy
I, = P,dV dan kamma 6yra oamaiidu (Kaptio teopemacu),
YNHH

0A, < 04, 3

Jlokan mysozanatam xonarthap. TH3UM HOMYBO3aHaTiAH
xosaraa 6y¥nud, yHaa Xapa€ijgap cTapiu Japaxana CekHll
Keuaérran 6ysca, TUSMMHMHI Xap OMp HYKTacHM1a Ba BakT
MOMEHTHIA MYBO3aHATAN MaKPOCKONMMK X0aT TYHIYHYACHHHU
KMPUTHIIL MYMKHH Oyiaca, OyHaait xoiulapiaa JoKanl Makpoc-
KOIIMK MapaMeTpaap KUPUTWIAAK Ba yaapHWu ¢azo Ba eaxm
pynxyusaapu ne6 Kapananu, macanan 1 (/‘ f) o (I I ) byn-
Mt MacatanapHy YMyMuUil Xonia HOMYBO3aHATAU Tep-
MOJZHHAaMMKa (XyCycHil xonnapiaa ruapoamiiaMmka, ra3oim-
namMuka ga dolkanap) ycayonapu OunaH Tankuk atuiaaau. Ho-
MYBO3aHATAU TEPMOAUHAMMKA TAAKHUK KWUIAAMUraH Te3NUKIU
Kapa€unap 60CKHUUHN 2udpodunamuxa bockuyu neinnain.,

MakpocKonuK TU3UMJEA XapaéHaap eTapju fapaxaia Tes
KeuagTraH 6ysca, y Xon1a MakpOCKOMMK X0J1aT TYLIYHHACUHU
KHPTHIL Xyaa KUAKUH €KW yMyMaH OyHaai TYliyHUYaHH KUPH-
THLUI UMKOHMY YK OVnanu. Bynaai xoanapuu MOACKynsip-Kune-
(MK Hasapusi (KHHETHK Bocknuga), yMyMuit xoana (AMHaAMKUK
00CKMU) MUKPOCKOIUK Hasapusi (KNaCCUK MeXaHuKa, KBalT
MexXaHuka) TaikuK Kuaaad. Iy aalt kuanb, AMHaMUK, KHHEe-
THK, MTMAPOJIMHAMMK, MYBO3AHAT/IM )apacHaap Ba TYa1a MyBo-
JAHATAM XON4aT GOCKU'Iapyaa TU3UMIIM TaBCcU(IaLl Aapaxaia-
pu KUcKapuO 6opaau, Koppeasiumsiiap cycailud Gopaiu.

KapaéHaapHHUHT CCKMH Ba TE3MIMTH TYLIYHUAIADYHY aHUK-
Jlall MAcanacu, sibHu Kacu xoaapaa AMHaMuK ycayOnu, Kaii-

9
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CH X0/11apIa MOJICKYASIP-KMHCTHUK YCAYOHHW K1 HOMYBO3aHAaT-
JIV TEPMOAMHAMHK YCIYOHW KYJAANT MYMKHILTUIH MACATACHHH
xan kuaura Mawxyp oansiap H.H. boromio6os, M. INpuro-
KMH KaTTa xMcca kyuanaap |1, 2}, Homysozanarau tepMoau-
HAMMKA Ba MOJIEKY/ISID-KMHCTHKATA TEFMUTM XoJi1ap OUAaH Ke-
HUHPOK TAHUIUAMMKS,

1.3-§. TUSUMIMHT JIMHAMUK MUKPOCKOIIHUK
XOJATIAPH

TuauMHuHT Xap OUp 3appacH KJAaCCHK MCXaHMKana yMyM-
AaIrad KOOpAMHATAAAD Ba yMyMAalraH HMOyAaLcaap Ouian
AHMKIAHAAM, KBAHT MEXAIMKACUAA 3ca (KOOPIMHATAAp EKK
nMiyabeaap kM 0OlIKa AMHAMMK KaTTaIMKIapra 60RIUK
Oyaran) TVakui QyHKIKS O1L1a aHUKAaHARK,

TU3UMHH TAIUKKA STTAH 3appalapHMHr yMyMiIanuiray Koop-
AHHATAIADK BA MMOYALCAAPY €KUM TYAKUH DYIKIMIApH Mab-
Jaym Oyaca, TH3MMHUHT X01aTh aHuKaaran o6vaanu. byuaait
yeya OMian aHnuKIanrasd TU3UM XOJaTUIUN JuNaMuKx MUKpoc-
Konuk xo1am ned araiimms.

TH3MM 3appPaIapUHHIT XApaKaTAapH, TYKHAILMIUAAPH Tydaii-
JIY YAAPHHHT KOOPAMHATAIAPK Ba MMITYAbCAApH Y3rapaau. dc-
MaK, OYHIaH AMHAMMK MHKPOXONaT BaKT yTHIUM OMIaH XarTo
TH3UM TEPMOAMHAMUK MYBO3aHaTaa Oyaranaa xam Yarapau.

Yuyyiairal KOopaAHHaTAIAp Ba YMYMAALUFAH UMIYAbCIAp
Ky Vo1uosiu asoHuir KoopadtaTa YKaapu ach kapanica, Oyiai
K¥11 yauoBiu ¢aszoza xap OUp HYyKTa TH3UMHUHT JIMHAMHK MHK-
poxosarnuy udonanaitan. byinai Gazo TuauMHKiL Pazasuii
dhazocu, IMHAMUK MUKPOXOJATIIN HpoTaianran HyKTa sca
hazaeuii nyxma peiviaany. MabayMKu, (pasaBuil HyKTa BakT
Vg 6unan yarapaau, hazasuit dasona y dasasmii Tpackro-
PHST UN3aM.

Kapana&rran TepMOAMHAMUK MYBO3AHATIM THIUMHUHT XAP
OMP 3apPACHHUHI AMHAMKK XOAATAapUHHN TaBCH(PARMKAMTAH Xapa-
KAT TEHIJIAMACH, MCXAHMKA KOHYHIAPMra acocai, BaKITa Hc-
faTtan nHBapuanTanp. deMak, MyBO3aHaTAM TH3WMHWHT KA~
MHMK MHKPOXOJIATIApY Ba Oyaaplin reoMeTpuK tascuduiaiamray
hazapnit HyKTanap TCHr Kyuiu oyaud, yiaap oup-Oupnapura
HucdaTan a3LMKIApra XamMad yCTYILIMKAApra 35a 9Mac.

[Uynpait KUAUO, MIMHAMHK MHUKPOXO/AT BA YHT& MOC JIMHA-
MUK napaMerpsiap (KarTanukiaap) BakT YTHIIW Ounad y3rapa-
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JM, MYBO3AHATIAATH MAKPOXO.IAT Ba YHH alIMKIaiAMIall MAKPO-
napamMeTpaap ca yarapManau. YarapyBun MUKPOXOIaTIIap aco-
CHAA Y3rapMac MakpoXosiaT, Y3rapyBun IMHAMUK KaTTaaukiap
ACOCKMIL CA MAKPOCKOIIMK napaMmeTp;1ap KaHaai Keamd ynka-
JIH, JIETail CABOS TYFHUJIQIHN.

Duan 6u3 MUKPOXoAATAAD OUAAH MAKPOXOJNAT OPACUAATH
myfocabarra, MMKPOXoaaTaapaan Kaluai Kujains Makpoxoaar
KEAUO UHKAIH, ICraH MAacajtaiapra TyXTaiaMu3,

1.4-§. TUBUMHUHT JIMIIAMUK HAPAMETPU
BA YHHUHT KUMMATIIAPU

MyBozanaTaari TUSMMHHHT BAKT YTHINK Ty(halan XOCHi
oynran bapya AMNaAMHUK MUKpOXo.1aTAapH OMp-OHpura sKsu-
BAICHT (TeHT Kyuau) OYIMILMra KapaMacial UMK Ba Talllku
TABCHPAAP TYPaitan TUSHMHMIT UXTHEPHI PUBHK KATTAIHK
(napamerp) L(HHuHI KuiiMaTnapujaad Oan3uaapu KYNpPoOK
BaKer, Gab3naapi 5¢a KaMpoK, BaKT Ky3aTuaaiu. Papas kunaii-
Juk, L (Ppu3nK KaTtTanmk

Ly Loy Lyeoe

AMCKPET KMiMaTaapuu Kaldya KuwicHi, Oyina N - o Kysa-
THULIAD YTKasuaranaa L, KpitMar n, Mapta Kysaruarat 6y:acut,
SLIM L, KMIAMAT 71, Ta AMHAMMK MUKPOXOAATAAPLA KAWL 3THI-
ran OViacun. bouikaua aifTranad, IMHAMHK KaTTaauk L 1mnr
BHpOp KUIMATHA MOC KeJlalt MUKpOXoIaTaap Kkanya Ky dyaca,
My KMAMATIa MOC MUKPOXOAATIAP TYILIAMMIAA THIUM 11yHYa
y30K (Kyn) sakr Oynaam Ba, Aemak, L HUHI KudMaTu Kyn
mapTta kysaruaaan. by aca Tuanm Gan3i xonaraapaa KYHpok,
0ab3M XoaaTiap/la KaMpoK BakT O¥nanu, acMakimp.

Kysarnwnap conn N ra, inaMuk MUKpoxoaatnap conn N,
ra TeHr 6yuranaa L, kuimarra MOC Kejiralt AMHaMHK MHKPOXO-
AaTIap COHM (TYMaaM DAeMeNTIApH COoili) n, Hu L, Kuitmarn-
HUHT adnuw kappacu Xam acimiaau. SIkkananran tTu3numuaa ta-
OMHIKHY,

L =L,=..=L=const

oynamu. demak, Oy xoa1a aitnnw kappacu N, ra tenr 6ynanu.
YMyMaH MyBO3aHATIM TU3MMHUHT Oy L napamcTpy KuitmaTia-
pH y3rapMaiisin Ba geMak, fapua AMHAMHUK X0J1aTaapiia napa-
METPHUHT KMHUMaTAApH y3apo Tenr OynraHu yuyn N mapta Ky-
saTuiaranaa 6apuacuaa ourrTa 6Up xu KuiMaT oanaan. L — 6y
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CakyIaHyBUM napaMeTp (MacanaH, arHeprua £). Ymymuit xonaa
JHHAMHK MUKPOXO0JATAap TEHT Kyuny (OUp-6UpHUra sKBUBATENT)
Oynca-aa, ammo (HU3MK KaTTANTMKHUHE KuiiMaTiaapura Moc at-
HAMMK X0JaTIap Tynaamiapyu 6up-6upuian dapk Kunamu.

1.5-§. JIMHAMUK KATTAJMKJIAPHH BAKT BYAHYA
VIPTAUYASIAIL

Arap TH3UM TEPMOAMHAMUK MYBO3aHaTia Gynca, yHU aHUK-
Janauran MakpoCKOMMK napaMmcTpaap, Tabpudra OuHoa,
yarapmatiau. JIekyvH 111y TU3UMHUAHT AMHAMUK MUKPOXOAATH
y3rapauu. JAvHaMnK MUKPOX0JIaT BakT Oyituua y3rapuium xamaa
TAlIKH TAbCHP TyQaiv TUBUMHUHT UXTUCPUI AMHAMUK KaT-
taaurn L (MacasnaH, dHEprusi, UMNyjbC, UMNYJAbC MOMCHTH
€KM OoUIKA KATTWIMKIAP) Y3rapaily Ba yMyMUil xonma y xap
XM KubiMaTtaap Kabyn Kunanu.

Tu3zuMHYU t - 0 BaKT AABOMMAA Ky3aTuiica, y 6apua JuHa~
MUK MUKpOXosaaTaapaa 6¥nanun. (byunait TH3UMAY dpeodux mu-
3um neidnnann).

dapas kunanank, L katTanmk

Ly, Ly L., (4)

Kuitmarnapuu kabdyn kuacun. L(f) karranukHu N(N - «) map-
Ta Ky3ataauk. By xonia aMHaMuK KaTTanuk L(HHUHT YpTaua
KMAMATH KyiHMaariua aHukKhaHaau:

- N
L,=%§;L,.,N_m, (5)

Arap N Tta Taxpuba yrkasuarawaa (4) kuitmataap moc
paBuLIa
Ry Ry ooy By o

1
Mapra kenub unkkan Oyica, ypraua E
J— 1 Lunr kplisanapi conn
L,=‘lv ; ni,L/,’N—)oo (6)
iuEnHan Gunan anvxiatany. Xap 6up Taxpuba yrkasui Bax-
THHU At Ta TeHr Ae6 ¢hapas Kuicak, y Xonaa yMyMuit KyzaTuill
BaKkTH t = NAftra, n,Ta Ky3aTHLI BAKTUHM Al ra TeHT Aefuca,
AMHAMHK KaTTAAMKHUHT BakKT GYiinua ypradacu (6)um Kyituaa-
ruua €3vi MyMKHH:
7 _ 1
L _T;L,.At,., [ — oo, 0
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TUIUMHUHT AMHAMUK MUKPOXOJIATH BaKT OYiintia y3nykcus
y3rapca, yHra Moc 6ynraH L KaTTaAIMKHUMHT KMHMaTH XaMm y3-
nykeus Varapaau. L, L + dL opanukparn L(t) nuir kuiiMatia-
pura MOC Kearat BaKTHu df, = Atdn, 6unan Geiruiacax, AnHa-
MHK KAaTTAJIMKHWUHT BakT OVitnua yptauacu (6) Ba (7)Hn

N
Ll = —IAT j L”d”,, (8)
0
{
L=1{Lq)dr )
0

KYpulvuap;ia é3uiil MyMKHH.

By epaa myny Tabknuaiail 103UMKH, 1 - 0 J1a ypTaua Kar-
TaK L, Taxpuba (Kyzartuul) 6ouanran Bakira OOFInK amac,
STbHY TU3HM TEPMOAMHAMMK MyBO3aHaTaa 6ynranna [, Bakrra
bornuk sMac. By oca Makpoxonar sa TuauMaaru ykTyaimsi-
JIApDHHHT BAKIra OOFAUK DMACAUTHIIN KYpCaTaam.

MabjiyMKH, MyBO3AHAT XOJIaT/1a TUSUMHMIIT Taxpubdana Ky-
3aTHIALNTAH MAKPOCKONUK KATTUIMKIAApH (MaciaH, TeMNepa-
Typa, 60cuM, 3MUAKK Ba Gowikanap) y3rapmaiinu. Taxpubanan
OJIMHTAaH Oy KaTTAANKIApHH _[: ra Tenr pe6 kabyn kuimuann,
fouikaua aitraniaa, [, MakpockONMK (hpU3MKalaru KaTTaimk-
HUHT Y3uamp.

AMasi1a AMHAMUK KATTAIMKIApIK BakT 6Yitnua ypravanam
MYMKMH 3Mac. XaKuKatal XaM, JMHAMUK MUKPOXOJIATHHU Ba,
JICMaK, AMHAMUK KaTTanuK L(f) K f MOMCHTQ aHUKIALE YUYH
TUBMMIH TALIKKUI 3TTaH XaMMa 3appulapHUHT X0AaTUHN OK-
nru 3apyp. Xap 6up 3appa s 3pKMHIMK Jlapaxacura ara oyaca,
N Ta 3appajgan n6opat TUZUMHMUHT JHHAMUK MUKDOXOJIATUHM
AHMKAAQL YUYH KBAIT Mexanukacuia Ns Ta MKKUHYM Aapaxaiu
audybepeHIMAN TCHIAAMATAD TU3UMUHH, KJIACCUK MEXaHMKala
2 Nsta Oupui1im TapT6am KaHoliuk audxpepeHiiman TeHrs1aMa-
JAap TU3UMHUHM euril 3apyp. TaGUMHKH, IMHAMUK MUKPOXOJIAT-
HU aHUK Ouanie (MHTErpasl JOUMURARPUHK aHKKANT) YUyH
stia 2Ns ta Kyummua (ucrapasuit, 6ouniaHruy) wapriap 6epu-
AWK Kepak. Macaiad, oOupamk xaxmaaru rasaa 102 nosa 6up
aToMau 3appa 6yacun. Kitaccuk Mexanukana xap Oup 3appa-
HUHI XONAaTUHHU alTMKJALL YUYH YITA MKKHMHYK TapTHOau and-
thepenuman teHraaMa (HBLIOTOHHUHT UKKHHYY KOHYHUTA aco-
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CAH XAPAKAT TCHAAMANAPU) €KH OATHTA OUPUIIIM TapTHOAM
nudpepeHiman TeHraaMa (FaMUALTOH KAHOHKMK TeHrAaMaIa-~
pu) eunanmm 3apyp. demax, OUPIAMK XAKMAATH FA3HWHI K-
HAMMK MHKPOXOjIATHHHM aHUKIaul yuyH 6+ 10% ta 6upusiau
TapTuOan audpepeHIIHaT TCHITIAMAIAP TU3MMH
dp; H.dg _ 3l ;_1an
TZL=—%’)7/;,—(-,£~'=H, i=1,3N (10)

1Y cunil 3apyp; Oynaa A — TH3WM raMHALTOHWANW; P, (, —
VMYMAQLITaH KMAYALCIAP B yMyMItalliran koopauiaranap. byn-
AAH TAIIKAPU, TU3UM 3ApPAITAPHIIUMHT XOJAATHHU alluK Guaumi
yuayn 6+ 10% Ta unTerpad aouMuitinaptiu aHukiau sapyp. by-
HHHr yayH 6 ¢ 102 ta kyuinsua (6orinanri, yerapasuit) niapT-
aap Gepuanim Kepak. bynjai karra conaary renriaMaiap -
suMuid cekyuamra 10 mapa, xarro 100 asipa. onepauust 6axa-
pauuran XM xaMm yaaanai oamailau.

Arap TM3UM HOMYBO3aHAT XojaTaa 6yiaca, ynra Teruuuim
JIMHAMHK KaTTUTMKHK YpTadaialll Macatacu Mypakkabaaam.

LyHiait Kuau6, MaKpOCKONUK 1TAPAMETPAAPHNA MUKPODH~
3HMKa (KJACCHMK MEXaHMKAa €KW KBAHT MeXalMKacH) acocHa
anpkgauaa oM 6¢pK Kyuara kMpud KosiMHraiiain. AMMo cra-
THCTUK (hM3UKaaa Oy Macaiany Xau aTUIl RYAW TONWLN,

1.6-§. CTATUCTUK MUKPOXOJIAT.
CTATUCTHK AHCAMABL.JIb

CratucTik PU3MKaga CTAaTHCTHK aHCaMOb TYHIYHUACH KH-
pyuTtHaaay (yHu OMpHHUYK MapTa aMepUKaiInK oaum B. Tnobe
KupuTran). by Tyurynuara 0ui1ioai, TH3uM OHJIall TEpMOAMTIA-
MUK XUXATAAH ailHaH OMp xWwi1 OynraH, aMMo AHHAMHK XHUXAT-
N (THM3HM 3appaslapUHUHT X0JAaTnapy Xxuxatnan) dapkau
oynran xyaa Kyn TasuMaap tynaaMu (aHcam0aM) TacaBByp
sTUNann. By Tuaumaap 613 Kapaétiran peast TMBUMHMWHT KONWsi-
Jlapu (Hyexanapu) e Kapajiaiau.

Fud0cHMHr Oy dryHaamMeHTal TyHIYHUACH — CTATUCTUK aH-
cam0ilb Ba YHMHT JIEMEHTAAPHUIM AKKOJPOK, TYIHYHHIUI YUYH
KYHUHAAry oauHif MHCOTapHU KapaHauK. .

Manjaym uanu vuuga GUTTa 3appa xapakartaa 6yiacud. Ysu-
HHHI XapakaTd Ba WAL AeBOpH Oujan TYKHALIMULIAPH TY-
thaiing 3appannHr AMHAMMK X0NaTH BaKT OVitnua Yarapaiu.

a) Papa3 KUAANAKK, 3appa MUK ACBOPY OMiaH Kalnul-
KOK (971aCTHK) TYKHAIICHH, S'bHU DHEPrust aIMalllMIiHILN CO-
14
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Jup 6yaMacuH. By xoiia 3appaHHHT UMIYALCH p Ba KOOPAKHA-
TH @ Y3rapuIuy TyQaidan JuilaMrMK MUKPOX0oAaT y3rapaiu, aMMo
JAPPAHUHT 3Heprusick Yarapmaitan. bynaait AMHAMUK MHKpPO-
xoAarnap tynaamira sueprusic 6up xua oyarad, sakr 6yiinua
varapMaiJiurad, aMmmo xap xii KuilMatau tacoamdbuit karra-
JBIKAAD p, ¢ GUAAN AHUKNAHAIMTAH CTATUCTHK MUKPOXO,1aTaap
nocryiar cudpatuaa MocialTupwiaan. Kapanagrras sappatuir
KOIMMSUTapH (1IyCXanapH) aHa 1y CTaTUCTUK MHKPOXOoaTiapia
Typubau 1ed Kapanaamn pa Oy Konusiaap (Hycxajiap)Hu 3appa-
Hunez cmamucmuk ancambau et arananu.

ypait kuaub, OUTTa pean 3appa YpHULA YEKCHU3 KYI 3ap-
pasiap TacaBpyp aTHIKO, yiap BakT 6yiinua noumuii ned Kapa-
SIAIM; CTATHCTHUK alcaMoab aacMeHTIapi — Oy Xap xun auna-
MUK MUKPOXOAATIapilary 3appaluir Hycxaiapu. Ouau OyHnait
MUKPOXOJATIAPHM Ba, AeMAaK, aHcaMOab 31CMeHTIApUHUI Taco-
nuduit 1ed Kapaaund, yHUHr coanp 6yanil dXTHMOIMKIAPU
XAKHILATH MacaIaty €Ml Jio3um Oyaaiiu. JIMHaMUK MUKPOXO-
JATAQp TCHY Kyuwin (IKBUBAACHT) OYAralM Ba YAAPHUHI Xap
Hupura noctyaar cudaTiad CraTMCTUK MUKPOX0,1aT MOCAAUITH-
puarain 1ydaitiin 0y CTATUCTUK MHUKPOXO0SIAT TCHT KYWIH, STbHH
TEHT IXTUMOJUIMAND. By CTATUCTUK MUKPOXOIATNAPHMHT 21iCP-
rMsiCH KUMMarnapu Gup xsut. BUp XK areprusiiu xosaraapra
OMP XMl IXTUMOLTHK MOC KCJIAAN,

Dpxun 3appa aueprusicH E = p2/2m novwmuii (Yarapmaiinam).
CTaTUCTHK (PUIMKAAA IKKA1aUTall (sibHK SHCPTHSICH Y3rapMai-
JTAH) TH3UMHWUHT MUKPOXOAATAAPH TEHT (TEKUC) IXTUMOLIN
ned, nocrynar cudaruiaa Kadya Kusuttagn'.

0) 3appa vanin acsopy OuiIaH TYKHAIIITAHAA DHEPTUs al-
MalUHITHIK coanp Oyanium MyMkun Oyacuit. by xonaa 3appa
WML IEBOPH OMaaH KOHTAKTAA OyjAravu, Manul dca Taliku
TU3UMAAP Ouiial KoHTakTaa oyaranu cadadiiu, yHUHT Hepru-
scu (0, o) opanukaa yarapaayn. Jemak, Mukpoxo;lariap 3appa
aneprusicH E uuur (0, «) opanukaarn KH#Mariapura Moc
éxkut p? uuir (0, )aark KxMitMaTaapura MoC paBMuIRa Y3rapailu.
Dueprusa E (Ekn p Ba g)un tacoanpuit karranuk jaed Kapad,
Xap GUp AMHAMUK MUKPOX0AATTa CTATUCTHK aticambib 351eMeH-
TH MOCAQUITHPILIAIN.

b dunamuk (MexaitiK) HYKTaWd 11a3apaail TCHT Ky'Uin (DKBHBRICHT)
XoJaTiapra ora 6yaran 3appanu craTMCTHK ancaMOGan Gwiaan aaMawTH-
PHiNAR CTATMCTHK PUBMKAZATH MHUKPOXOAATIAPHHUIT TCKUC, TCHT DXTHU-
MOETHIH XAM ¥3 aKCUUH TONaau.
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Ilynpai Kuaub, 6UTTa 3appanvur BakT 6yiinua yarapyiuu
Tyaitiin xocua Oysral AMHAMUK MUKPOXOAATIAp TYIIaMu Ypriu-
ra WyHAan 3appanapHMHr Bakr 0yiiuua ysrapmaiamral cratuc-
THK MHUKPOXOJaTjiapy TyniaaMu — CTaTUCTHUK alicamMOan Moc-
Jamrupuiaaay Ba Oyuaai xap OMp 3appaHu Ba yHra Moc MUK-
POXOsaTHU Tacoauduit Kartannk aed Kapanaum. Kyituaaru acocuit
nocryaaTHu KabyJl KWIAMU3: cramucmuk MUKDOXOAAmMAGP meHe
oxmumoanit'. JleMak, CTATHCTUK aHCaMOJb DIEMEHTIAPH XaM TeHr
IXTUMOJUTK. By noctynar acocuna CTaTMCTUK (PU3UKAHUHT aco-
CHHHM GACH STHUWHWHI, TAKCUMOT (DYHKUUSUTAPUHHU HCOOT KU~
SIRLITIMET SIHT HMKOHMSITH TYFHAAIH.

Mapas kuaainuk, viadunary N Ta 3appanad ubopar ras
WM 1€BOPH OUIAH DHEPTUSI ATMALUTUPU LI MYMKHH OYACHH.
["a3 3appanapuHUHr Xapakatiapu Tydaiinu rasHMHE IMHAMUK
MUKPOXOAATAAPU BaKr O¥ilnua yarapaan. TUSHUMHHHT SHEPIUSsI-
cit £ ymymuit xonna (0, «) opanukaa yarapaau.

YMyMUI X012 Xap XU SHCPTHSIIN AMHAMUK MUKDPOXOJaT-
Japtunnir xap oupura, M'nd6¢ rosicura OMHoaH, CTATUCTUK MUK-
poxoaar MocaalTupuaaam. TU3MMHUHT yMYMAQILITaH KOOPAK-
HATANAPH ¢, Gy, -y G}y -.. BA YMYMJIALITAH UMITYALCIAPH P, P,
ceev Py oo W BAKT 6Y1iHMua y3rapMaitauran tacoiamnduit karra-
JIMKGIAp OMIaH anMaluTHpuaany. Xap OMp CTaTUCTUK MUKPOXO-
JIaT 11y TacoOAMPMN KATTVIMKIAPHUHT KMIMAT/I1apy OPKATH aHKK-
JIAHAIN.

Llytjtaii Kuanb, TUSMMHUHT BAKT y3rapyuin tydaitam co-
IMp OVnanural IMHAMUK MUKPOXOAATJAPHHHUHT TYIIAMUTA 11y
TU3MMHUHI BakT OVituua y3rapmailjiuraH MuUKpoxoaariapu
TYILTAMY — CTATUCTUK MUKPOXONATIAP TYILIaMH, (Tabprd) Oyiiu-
4a) mocnaiutTupusiiaand. CTATUCTHK MUKPOXOIaTAapaari TU3UM
HYCXATAPHHHMIT TYTUIAMUHU MUSUMHUNHZ CMAMUCMUK AHCaMOAU
JICHMAAAM,

Hemak, MyBO3aHATIMN CTATUCTUK (PU3HMKaAAA (CTATUCTHK aH-
caM0ab TYIYHUACHTa ACOCAH) TU3WMHUHT IMHAMHMK MUKPOXO-
JIATapyU TYnamMura BakT O¥itnua ysrapMmaidaran Kapaiaérran
JIMHAMUK TU3UM HYCXAMAapy TYIUIaMU MocIalliTupuaaan. by moc-
AALUTHPHUIHUHT (DYHAAMCHTAT aXaMUSITH INYHARKH, AMHAMMKK
KaTTTUK KHItMATAApy TYIIaMKU CTAaTUCTHK aHCaMOab TYLHYIi-
qacu acocuia TacoAUdHil KaTTaiuK KuitMatnapu Tyrammu Ou-

! Xosupraua ctatucTuk (husukana 6yiaaii nocryiaat Qakar sikkanarrait
TU3UM yuyn ¥punan 2cd Kabya KUAMHIaH HaM.
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naH anMamTupunanu. CtatucTuk GpU3NKaaa xap MKKana Kui-
martnap TyriaMmaapu, 6up-oupura aiiHat TeHr ned xkabyn Kunu-
Haan. By TeHTSIMK 3Ca 3proMK TCOPEMaHUHT MabIIOCUHN Talu-
KW 3TaIu. ‘

1.7-§. MUKPOXOJIATIAAP BYYIMYA YPTAUAJIALL

dapas kuiaiauk, L Tacoauduit KaTtainuk
L,L,..L,.. (1)

KMUMaTIapHK Kabya KWMLK MyMKKH O¥ncuit. Arap N mapra
Taxpuba yrkazuiaranaa L tacopmdpmit karraaukumnur (1) xuit-
MAaTJIapH MOC PABMILIILA

Ry Ry oo By o

MapTa keanb unkkan oyica, ypraua kuimar
Ly = 7{7(n,1,, +mly +.mL +.)= -I{/-)I:n,.l,,, §’jn,. =N (12

TCHIIMK acoCKa Tonuaum; 6yHaa a, katranuk L uuur L, kuit-
MaTH KeAuG YHMKHILIH COHH,

W.——-,l—l23 (13)

Searnaauiiy Kuputud (12)um
Ly =SWL, (14)

KYpUHMILAA E3nin MyMKUIL. Xap 6up yauain Ar BakT JaBom
3Tran 6ynca, n,= At /At kabu €3mw Mymxun. by xoana (13)
HUCOATHH

= A" , t=NAI > o (15)

Kypunmniuaa €auiu MymkuH. W, = n /N 1incbar Hoib Gusan 6up
opacwia yarapaau. N - « oyaranaa, arap W, = n /N uncbar
aHuK Oup Kuimartra (nuMmurra) uHTHACA, yuu L taconuduin
KaTTanMKIKMHT L, KHAMAT Kabyn Ky aXrumonu aed Kkabyn
KysinHanm',

By xonaa, (13) €éku (15) ra acocan, arap Tacoauduit kar-
TaAUMK L HMHT Kaby1 KUAKIK MyMKWH 6yaras KuiiMatiapyu

! DXTHMOMTUK Ba YHTA TCrMULTH Bab3u TyuIyitua xamaa tcopemanap 1l

6006/1a KeATHPHIIAAU.
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L, L, .., L, .. uuiroxmumorksiapy W, W, . W,.,
6memu Oyaca, yjaapliv MOC paBHLLA Kynamupu( cyur -
rud yprava kuitMaTiu (MOMCHTHH) (14) TeHIIMK acocHaa To-
nuaaau. Wyuaai kuand, ctatTneTnk pusmkanaru acocuit ma-
CANRIMIE CUMIMILN IXTUMONRAD TakeumoTn Wi, W, ., W, ..
HHHT OCPWIHILIKTG OOFIHK OV1HO KOMIH,

Arap racoamduii karranuk L yanykeus yarapea, y xosnna L
KarrasHkiunr L, L+ dL opaankia OVauul 3XTUMOILIMIMHH
dW(L) ounan ocarunacax, (14) udoja ypHura Kyiuaarniu
CIMNIN:

Ly = [ LdW(L) (16)
(L)
CKH
dW (L) = O_W(_L_ dL = f(LydL,

TCHIIMKAAH (I)OVUIEUI'&HCRIKZ

Ly = | Lf(LydL, (17)
(1)
Oynnaa
J(Ly =220 (18)

IXTHUMOJLINKAAD 3UWINTH, (Duankzma (18)111 oXTUMONAMKAAD
TAKCUMOT (DyHKLMsicH aeiinnaan. Jemak, 6y xosaa ypraua apud-
MCTUK KMIAMAT Ly HM TOHMII YUYH 3XTHMoaap suwanrn f L)
HY OuanIL 3apyp. '

DXTHMOLAKKIAP YUYH KYRMAATH HOPMAJALL 1UAPTH YPUHIK:
YEIYKIN (IMCKPET) X0 YUYH:

W =1 (19)
V3IYKCH3 X0, YUYH:
Ly = j dW (L) = j f(L)ydL=1. 0)
3 A ‘

Dprojuk Teopema: eakxm Oyiuna oaunzan ypmava L, 6usran
macoduuil Kuimamaap mynaamu Oyinva oaunean ypmava y3apo
mene, sionu L

L, = LN . (21)

Hemak, MAKPOCKOMKK HHaPaMETPHK aHUKIALE VYT DXTHMOS-
AMKIap Takeumorn W, W2 ey W, ... €KW 2XTMMOIIMKAAD
8
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suuanru L) 1Y auuKIai — CTaTHCTUK (PU3MKAHMIIT MapKa3unid
MACAIACH IKAHAUTH alH OYaaau. DProauk TcopeMara acocati Bakr
OyiiMa YpTauaiail MUKpoxodaTiaap Oyinua yprauanain Omiau
arMalTupunaad. HoMyBosaHat xoiaTHH Oy TeopeMa acocHaa
Kapaliga XUAIMA KHAKIMAKKKA JIyY KCIHINAAH, YYHKH MaK-
POCKOINUK HapaMeTpaap (OyHNAl TYLIYHUUIAPHA KUPUTHIN MyM-
KuH Oyaran xo/utapaa) Bakrra oornuk, Ly cababnu Bakrra 6or-
JIMK MUKDOXONATIap Ba, JICMaK, BAKTTA BOMIMK Tacoanduni Kar-
TATHKAQD KUPUTUAAAKW, cYUIPA yARPHWUT KUAMATHAPUHHHT
IXTHMOILIAPH ACOCUAA AlTMKIAHTaH Yprata KuiMaTiu Taxpuda-
NAH OJIMHFaH (DU3MK KATTAIMKKA aliHaH TCHIMIAINITHPHIIN,

1.8-§. MUKPOXOJATIJIAP BA YJAPHUHT
DXTHMOJUIMKIIAP Y

Craructuk ancam6ib HA3APHSICH BA TAKCHMOT (PYHKLIMSLIA-
PHHM KAaTBbHI acocaalll Xo3upraya eqMaral MyaMMoanp (k.
macanan, | 5] 27-6er). Bynunr acocuit cababiapuaan 6upH,
BusHKIIIYA, AMIIAMHK Ba CTATHCTHUK MHMKPOX0AATAAp, CTATHC-
THK aticamb;1 Ba YHUHI 31CMEHTIapH Ba MUKpOXoaaTiap 6opa-
CHAAIY TYHIYHUANAPHHN TATKHH 3THLLIA HOAHUK MK IAp Gopian-
ri Ty(paiianianp. bua Kyilnaa my Tyuiynuajgapra TyXTanamMus,

MyBo3aHA AT TH3UMHUIT AKHAMKUK MUKDOXOIATAAPH 111aPT-
HIAPOUT y3rapMaraliaa Telr Kyuam XoAar1apiisr Oup MKKUH-
YUCHAAN AP3LUIUIY EKM KaMUMAKMTU YK 1e6 ailtrad oauk. In-
HAMMK X0JATAap AHITAMKK TEHMaMaiap acOCHIa aHUKIaHalLH,
Oy TeHIIaManap 9¢a BAKT AWIMALIMHUILKTA 11MchaTal HiiBapranT-
JHP, NYHUIT YOy XaTTo yiap KadTysuan SKaJIMTHIKN XaM
AlTraH 31K, AHA 11y IMHAMHK MHKpOXoaaTiapra tTabpudg aco-
CUAA MOCAALITHPUATAN CTATUCTHK MUKPOXOAXTIAD TEUT 3XTH-
MO €KM Y3JIYKCU3 XO/Hla TCKUC TaKCHUMOTra 3ra. Xosupiaa
hakaT AKKATAHTAH TUSHMHIHT MUKPOXOAATAAPHHN TEHT IXTH-
MOJLIM CKM TCKUC TAKCHMOTTa ora j1ed, acocuit nocryaar cuga-
Tiaa Kabya kusmmnany. bua aca nocryaar cudariiaa MyBosanar-
JATH TH3UMIAAPHUHT CTATUCTHK MHUKPOXO/1aTAAPH TEHT IXTHUMOJI -
au €KY TEKMC TakcuaiaHran 1c6 Kadyn kunamui. by acocuii
NIOCTYJIATTA aCOCAt, CTATUCTHK aHCAMOSL DNEMCH TIAPHHNIT DXTH-
MOJUIAPU XaM TEHT IXTHUMOUIHM EKM TEKHC TakcHMitanran, bowk-
aua anTrania, ¥3 MabHONApUTa KYpa, AHHTAMUK MHKPOX0ATaap
TYIIAMU CTAaTUCTUK MUKPOXOJaTap TVINaMH Ba CTaTUCTHK all-
camO0:1b 2JICMEHTIIApH TVIJIaMHK IKBUBLICHT TYiUIamMaapanp.

19
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bus roxkopuna L (py3NK KATTAUTHKHUHT KAOYA KUHLLU MyM-
KuH Oynran L, kuitMataapu Ba ynapHuHr W, axtumosnnapu
(i =1, 2,...) yMymuii xonaa xap xun aeauk. N mapra Taxpu-
Ganap yrkasunranaa L, kniAMat n, mapTa keaub umkanu, aeb
(hapas sTHAAN.

Ana wy L, KniiMatra MOC TH3UMHHUHT i~MHUKPOX0JIaTH MaB-
Ky Aeitnica, OyHaail MUKPOX0AATAAp IXTUMOAAUK IApH, TaOu-
MHKHM YMYMUI X042 Xap Xua OYauium 1o3uM. ACoCHit nocry-
JIATrA aCOCAH, CTATUCTUK MUKPOXOMATHWHTE axtumonaurn [/N
Ouian anukianagd. AMmo N Mapra yauanrasaa #, MapTa cTa-
TUCTHK MUKPOXOMATHUHT KEANO UMKUUIN L, KWAMATHWHE 9XTU-
MOJUTUIMIHM aHUKNAWIM, ALHU L, HUHT KETNG YMKMIL DXTUMO-
am W, = n, /N nucbathu anuknanan. bus tusumuunnr L, ra moc
W, 2XTHMOLTN MUKDOXOJIaTH TYLLYHYACUHH KUPHTaMU3. YMy-
muit xoiula W, W, ... W, ... 1ap xap xwi 6ynrasu yuyH MHKpO-
XO1ATAP XaM Xap XU OVIaau. i-MUKPOXOAATHHHI DXTHMOIH-
rm W, = n(1/N) — 6y oXTHMOAAMKINAPHN KYHINLL TCOPEMACHUTa
acocalt, 1, Ta CTATUCTMK MUKPOXOAATAaH UXTHEPHIA Gupopracu-
HUHT KEAUO YUKHHIT DXTUMOLTUIMAND. ACOCHI NMOCTY/IATra aco-
CAH CTATUCTUK MUKPOXOAATHUHT sxTuMoaaury (I/N)ra teur.
Iynaan KypuHaguKy, MUKPOXOAATIapaaru CTaTMCTUK MUK-
poxoaatTaap COHM A, MUKPOXOJAaTHU aHMK/AILIA XYAa MyXHUM
AXaMUSITrA Sraaup. by #, HM I-MUKPOXOAaTHUHT mepmoduna-
Muk Ixmumonauzu pcinaany. by epia lyHy TabKMIIaiMHU3KH,
TaxXpuOwIap COHM KM Ky3aTniuaap conu N, auckper xon 6ynran-
J1a, CTATUCTHMK XOMATAP COHH SILHU aHCaMOGIb 3MIEMEHTIIAPU COHU
N, ra Kappasiy 6Yamium tanab atuiianu. AKC xo/iaa Kapana€Tran
TUIUMHUHT MUKPOXOATAAPY TYILIAMU KAPTAETraH TUBUMHUHT
MaxKpoxonatHHu TascHdiad beponmait Konaau. Jlemak,

N=kN,
1napT 6axkapuanmiy Tanab stuaanm. bynaa k— 1,2, 3 ...; N,—
CTATHCTHK MUKPOXONATAAp (aHCAMOIb 3EMCHTIAPK) COHM.

Ouun iy Ly, L,,... L, ... xniiMatiap aXTuMos1apyra mocaiu-
THPHATAI MUKPOXOATAAP IXTUMOJLIUKIapu W, W,, ... W, ..
TAKCMMOTUHM aHUKJIAMIUK.

1.9-§ MUKPOXOJIATJIAP 3XTUMOJJIUKIIAPH
TAKCUMOTH

XO03Upru 3aMOH CTATUCTUK (PU3UKACUAA TALIKHM THIUMIAD
OWAaH MCCUIGTUK (IHEPTUsI) KOHTAKTUIA OYATAH TH3UMHHHI

20
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MMKPOXOMAaTAApUIArd SHePrusa KuiMataapy FMGGCHUHT KaHo-
HMK TaKCHMOTH OMnaH TaBcudaanany. AMMO OyHM acociaul yuyH
MABXYI YCYIapia siKKanrain TUSUMHHUHT MUKPOXOAATAAPUHUHT
TEHT TAKCUMAAHULWKM €KW TCKUC TAKCHMAZHUUIM XaKUAAI'Y ACO-
CHit MOCTyNATAAH TAaLIKApU OMP Kaliua mapriaap xaMm daxapuin-
1wy tanad stunaam. Wy cabadnu, Mauixyp onum P. KyGo cra-
TUCTHK (PU3HKAHUHT ACOCTAHHUWIUAA KYNTMHA HOAHHKJIHKAAP
Masxyn aeranaa, 1. H. 3ydapes aca ancam0b Ha3apUSICHITK SIpa-
THLL XaMa 3XTUMOJUINKIIAD TAKCUMOTH (DYHKIIMSICHHU acoC-
naw Mypakkad myammo OynM0, xaTro Oy MyamMMo!lid Kannai
Japaxaga Xxajl KHAML MYMKHHJIUTY XaM HOAHUK DKAHJIUTHHH
afitranaa tyaa xaksmaupaap. Uynku oyrynna ancam®ianap na-
3apPUSICUHUHT XaMAa TAKCHMOT (PYHKIMSITADUIIMHT aCOCnaHU-
HIMHH Ha3aprUi-MaHTUKNI XHXaTaaH Mykamman neb OyamMaiiau.
lily cababnu xaM CTaTUCTHK (PU3MKAHUHT ACOCHAPHHU Dagil
S3TULILLA BUP KATOP MYAMMONAp MaBXYILIND.

DH/IM I0KOPHIA KEATHPUITAH aCOCHI TyluyHuapra Tasi-
HUO, 11y MyaMMoap yCTHla TYXTanaMms.

Tawky MyxuT OMAaH S3HCPreTUK KOHTaKkTaa Oyarad TH3uM-
HHHT CTATUCTUK MUKPOXOIATAapK Ba yaapra MOC SHEPrusicH
(6y Tacoanduit KATTLTUK)HUHT KM HMaTIapy 3XTHMOANTUKIAPH
ACOCHIT MOCTYAATTa aCOCAH Y3MYKCH3 X0A/1a TEKUC TAaKCUMJIaH-
ram €KW JMCKPET X0/11a TEHF IXTUMOMAN OYAIN. DHEPIrUstHMHT
KUIHMATIApHHHU

E<E=<.<E =F=<..

1 2 ol B

TapTHBra Oenruaaitaunk; 6ynua sHeprusiiuur kuitmaru E, ra
TCHT OYNMLINNTH, 1Y BAKTHUHT y3una ynuur £, [, ta, ... E, ...
KyfiMaThapra TCHI IMACIUTHHU TaAKO30 STUIH. DHEPIHSHUHT
OyHnai KuitMatTiapy 3XTHMOJUIMKIIApU TEKUC TaKCUMIatran
(TeHr axTuMoJIN) 6YynMait, yaap (O, E) aHeprus OpajiMFu
Y3YHAUTUHUHT KHEMATAAPU 3XTHMOIMKNAPHY OUlaH aHuKJIa-
naau. HOkopuaaru L uuur kuiimatnapu (11) nu opanuk y3ym-
JIUCUHUNT KMiiMaTaapy Je6 TyuryHuit kepak. CTaTHCTUK HH3HU-
Ka aCOCHHH 0aE€H BT AHUKIUK KHPHUTHAAAUTa OyHaai My-
XUM PUKPHU Xap TOUM HA3apAa TYTMOK JIO3UM.

DHEPrustHUHT KMMaTAapy y3nykeus OyickH. By xosua anep-
rus xuiivmatu (O, F) opanuxua 6yamacuu; E, £ + dE na 6ynu-
LK SXTUMONN, ibHU "BekTop” E nuHr kuitmatu E, £+ dE na
6ynuiu axruMonu d WA E) un anuknaiiuk. by dWA( E) mypakkab
poKea axrumonuaup: E "Bekrop uuur yun E, E + dE na 6ynnui
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IHdE 3XTUMOIMN TEKUC TAKCHM-

E E JalHIIN XAKUAArH [10CTy~
— p — ! garra acocann E, E+dFE
]
' : E OPATUKIAIH CTATHCTUK M-
: Vo kpoxonatriap conu dn(E)
] ]
0! i—p——>p 2 MYTAHOCHO. DHCPIHs
dr L xuitmarunnir (O, F) opa-

1.2-pacm. AYKIQ OVAMACIUK 9XTU-
Monunu P(E) Gunay Gen-
I'HAACAK, MZIAHAETTAIl SXTHMOJUTMKHH

dW (E) = & P(E)dn(E) (22)

K¥puiniaa Eanin MymMkun. bytaa Z — Hopmasian taptaaai
TOMILIVIM,

P(E) i anuknaiinuk. bynunr yayn (O, E) nu dE opasivk-
Srap HuFranMenitan ubopart 1cd Kapaitauk (1.2-pacum).

Acocuii nocryiarra onHoau, (0, E) opanvkia dHCPrust KUit-
MATHHHMHI OyMIn axTuMoan £ ra myranocu6 éxu SE ra tenr.
( E opainkiiaru CratneuK MUKPOXORATAA GV DXTHMOSLINTH
sca dE ra myranocu® €kun Sd Era tenr ("maciutab” napamerpu
AHMIGIAHWIIN J103UM). d E nary 1y CTaTHCTHK MUKPOXOAATAADA
L ivur kuiMatv GYIMacury 3XTHMONH ¢

(1 = pdE) 23)

Owian anuknauanu. Arap (0, E) opainkiin n ra tedr dE napra
OVicaxk, Oy opwinkiapnait Gapuacuia £ Hunir kuiimatn 6yamMac-
JSIMTH (SIBITH YAPAAM CTATUCTHK MUKpOXOs1aTiiapa 6yamMacanru
OUP-Oupura SOrKUK BYAMATaH /1 Ta BOKEAHUHT OUp BAKTIA CO-
AP O6¥nnwn) iy (23) axrumosnap KYnaiTMacHra TEHT, sibHU:

AE) = (1 - BdEY"
L= ndE na n 111 UCKCHU3ANKKA HHTHATHPHO, JHEPIUSI KHiTMa-
TUHUHT (O, £) 0puivKIarit CraTHCTHK MUKPOXOaTaapaa Gyamac-
JMK axTumMoan P(E) 1y ronamus:
N .
P(E)=lim(1 - LE) — &0, (25)

fne—poo
By epaa wyiu siHa TabKMILTAHMM3KHU, CTATHCTHK MHKPOX0-
JICTJIAP BA CTATHCTHK aHCaMOG:1b dCMEHTAapH (TH3UM HycXaia-~
pu) Oup-oupura GORINK 3Mac.
22
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Hemax, nananacrras JHEPIUst KUAMATIapu 9XTUMOLTUK A~
PH TAKCUMOTH

dW(E) = % e PEdn(E) (26)
udoaa Ouitan anMkaaHanu. bynna
S(E)=Ze " (27)

OHpP MUKPOXOAATTA TYFPU KeJITAH OXTUMOMIMKIap 3uuauru. Uly-
HMHT yuyH JUCKpET KuitMaTnap 6yaraii xoia

W, =f(E)=5elh (28)

ndoaa Esunanu. byrapaa nomakiym napamMerp Z Hi HOpMaIali
taptH

[aw(E) = g j e dn(E) =1
0

E

47 | —pe
TH- R

udouanapgan

Z= j e " dn(E) (29)

0
€K1
Z=y3ePh (30)
f

IKAILIMIMITK aHUKAQMKU3. By epaa finFuian (CKM MHTErpAN)
MHKPOXOAATAAP COHN Gunal anukianaam, Z — CrarMCTUK Mii-
Terpast (MUruHAK) jaeidunianm.

TexkHc TAKCUMOTTa MUCOJ KCATUPAHJINK.

Mucon Shapo emupuianiny. Xap OUp pajlMOaKTHB SLIPO
BAKT OVitMua eMUPHIHUIN IXTUMONINIU apriori TCKUC (TCHF)
TakcuMoT Jed kadyn kuaudanu. by xonpa staponuur (0, )
BAKTAQ CMHPWIMACIAH df BAKTAa CMUPWIMIUNA MYPakKad Boke-
anup: Oy BOKEAHUHT XTUMORAUTY d WA BaKT df na SIAPOHUHT
eMUPUHAMLLI IXTHMOJIK, TCKHC TAKCUMOTIa acocatl, dt éxu Adt
onnan xamua (0, 1) BakT opanHruia eMUPUAMACAHK 3XTUMONN
P(#) 6uaan anukaaHaan, sibHU

dW(H = P(DAdt. )
23
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P(ry uum toruui yuyH (0, ) Hu n Ta dr opaauKuaiapra
oyaamu3. by opanukuatapHUHT xap OMPMIA CMUPHINLI DXTH-
MOJUIMIH Adt ra TEHT Ba ICMAK, CMUPUIMACIHK SXTHMOMIKIH
(1 — Adf) ra teur. (0, 1) opaIMKia eMHPHAMACAHK DXTUMOJUIN -
i P(7) wy OpaTMKUUTAPHUHT XaMMaCHIAa eMUPHAMACIUK XTU-
MOJUIMKJIAPHHUHT KY¥nanTMacuaan nbopar, sibhu

P(t) = (1 = Adiy' = (1 = dt/n)" > e (n »w).  (2)
Hemak, M31aHaéTraH 3XTUMOTUK
dW(1) = Ae~dt 3)

t= 0 na N, Ta sapo 6ynca, ¢ Bakrraua emupuiMait Kosradn N(r)
Ta sinpo (P(1) = M#)/N, = e nan)

M1 =N, e @)

Hpoaa OuNaH aHUKAQHAAN.

1.10-§. DHTPOIINSI

TUsMMHUHT

1, 2,3, .., 14, .. €1))
HUCKPCT MUKPOXOJATAAPU

W, W, .. W.. (32)

IXTUMONAUKINAPHY KaGyn kuacui. Tavpudra x¥pa, AHamMmuk
MUKPOXONATAAP TYIUIAMH, CTATUCTUK MUKPOXOJATIap TYILIAaMH
Ba CTATUCTUK ancaMOnb 3AeMEeHTNAPH TYMAAMM TEHT KYWIH,
SILHU YIAPHUHT 3JIEMEHTIAPY COHTapH OUMpP-OMpHra TCHI.

N mapTa cTaTUCTHK MMKpoOxoaaThap OuiaH Taxpuda yTka-
suaraiia (31) mukpoxonaatnap (€ku N Mapra CTaTUCTHK arl-
caMOb Ky3aTHAFAHAAQ YHUHT dAEMEHTIApH) MOC paBHILIA

(33)

mapra kennb unkKa oyncun. bolukaua aitrranga, TH3UM YCTH-
na N mapra Taxpuba yrkazunravga y (31) MukpoxoaaTnapaa
MocC paBuuina (32) aXTUMOTMKIAP OUAaH Ky3aTHarat OVjICcHilL.
byHna n,/N HUCOATHHHT JINMUTH, SIBHK

Ay Ry oo A

limnm /N =W, (34)
24
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i MUKPOXOJAaTHHUHT KEJIMO YHKHUIN SXTUMOIUIMIMHK KYPCATALN.
Acocuii nocTynarra acocal CTaTHCTHK MMKDPOXOJATHUHT KEIMO
unkuil axTumosnuru 1/N ra tenr. n, Tanan uxtuépuii 6upu-
HUHT KeMUO YNKULIK — Oy MUKPOXONATHUHE KENUO UMKHIUK
sxtumonu n,/N ra Teur, ssoiin W, = n,/N 6ynaau. (31) mukpo-
xosartnapuuir N Mapra Taxpuda yrkaswiranja Moc pasuinia
n, Ny, ... 1, ... MADPTA KEIMO YMKMIL (SILHHU CTATUCTHK aHCambiib
JEMEHTAAPUHHHT MabayM (Macanau, /) TakcuMoTH (33)HKHT)
sxrumosuiuru WA (32) acocuaa

N
WD) = Wi (WOl = T W) (35)

ndopa Ounan aHukAaNaaKM. AHCaMONb 3AEMCHTAAPUHHUHT TU3UM
Mukpoxojarnapu 6¥itnua TaKCUMOTHHUHT axTUMourn W)
thakaT w1y KApIaETraH TM3UMHHUHI CTATUCTUK KatTaiuruanp. WA
IXTUMOJUTHK Y3MHMHT MABHOCHTA Kypa, yMyMUii xonaa arap Tu-
3UM HOMYBO3aHAT xonaraa 0¥ica, YHUHI MAKPOCKOITHK X0/1aTH
yarapuiuy cababny (peaakcauns Ty(aiin) MUKpOXoJIaT1ap ColU
(31) xaM, MUKPOXOJIATIAP IXTUMOILTUKIIapH (32) xaM Y3rapaau
Ba, geMak, W) 3XTHMOANUK XaM Yarapaau. AMMO TU3UM MY-
BO3aHaT xonaraa 6ynca, W) sxruMosinK poumuit 6ynanm.
XaMma MuKpoxonatriapaa 6yna onviin MyMKuH Oyaran tu-
3UM apzodux muzum aciiwaann. Kyiuua mysosanatiiaru 3proamk
TU3UMHH KapaitMus. Papa3 KURAMIUK, THSUMHUALT XaMMa MUK~
poxonatiapu 6up-6upura TeHr, svlin W= W,= .= W = ...
6yacui. By xonna ,
W = W"l bt wN

€k OyHaaH: mﬁui =Inw — craTUCTHK ancaMOIHKUHT Xap Gup

3AEMEHTUTA TYFPU KeJIraH CTaTUCTUK KATTANUK. YMyMUH Xonaa
CTAaTUCTUK AHCAMOIHUHT N Ta aeMeTIapUHUHT MUKPOXonaT-
nap 6yitnua TAKCHMJIAHWLLIADHHUHF OXTUMOJUIMKIIADH. YUYH

HOpMaJIalll MIapTH 2 W () =1, 6ynaa M — TakcuMJaHHILap
!

X
couu. Mysozanartaaru Tuaum yuyn WA(/) noumuii 6yiaranm ty-
(aitan nopmanawm wmapruun MW = | kypununiaa €3uin Mym-
KHMH; OyHAaH 2Ca KyHNUaarniapim ojlaMus:

-InM =Y nInW,<0
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GKH

nM _ ; =
_"/_v___i " inW, ~zwmw > 0. (36)

(36) ndona xap GUP CTATHCTUK DNEMCHTTA TYFPU KearaH ypra-
YA CTATHCTUK KATTANUKAMP. M = e* Gearnaauniyn KUpHTaiink
(/ = ). By xonaa

J=InM=-YnmnW, 37
f

J 2 (0 — mhopmannst MUKAOPH AcitM1aau. Xap Oup sieMeHTra
TYFPH KCraH ypraua ni@gopMalmsHi aHukaim yuys J nu N ra
oyaund, Muoocinir snrpointst ndosacu — Lenuon dopmya-
CHHH ONaM3:

=J/N=—Z " ln W, =—EW1n (3%)
CKH

==L W, InW, = X W, in(1/ W)= sW,, (39

i

OyHaa

s =In(l/W)) (40)

Hosa muxpoxeaamnune sumponunacu ned aranaiu. YMyMmuii
Kougara kypa:
S=<s> Al

muzumnune nmponusacu (Mubopmauusa Hazapusicuaa ungop-
dopmanuon Inmponus) acitnaanu. (39) udonana ZW,- InW
aaru xap oup xain — W.inW, = 0 6yaranu yuyn 3n'rp(;nm| S>0
OVnauu (1.3-pacm). Mukpoxonat surponusch s, = In(1/W,) muk-
poxoaar axTumonrn W ooptuiun OGunan MOHOTOH KaMaitnbd
Bopyguu katrasukaup (1.3-pacw).

S, HUIT xo/1aT:1ap O¥inua yprayacy repMoaHamMmKaaarn S = 0
aurTponusiaan ubopar. SKKUAHAH TU3UM YUYW 3teprus y3rap-
Maitji B4 MUKPOXOAATAAD XTHMOAMKAAPU XaM ¥3apo TCHT
Oy1aan. By xonna S = s TCHTAMK YpHHAU OViaaau.

(Dapas KMAAMAMK, MUKPOXONAT DXTUMOUTUI W= [, sbiin
Mukpoxoaar ourta 6¥acun. by xoana S = 5= 0 TeHDIMK Ypuli-
2 O¥NaiH, S'bUM TU3UMHUILT DQHTPOTIHSICH HOAra TEHT GYaaau.
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Miutkpoxonar Gutra oyarawna, L K
I0KOpHAA aiTHAranapra Kypa,
JUHAMHK MUKPOXO.1AT XaM 61T-
ra Oynaaun; y TH3UM/Iary 3appa-
nap xapakaty Oup-0upura Huc-
daran conup Oyamaitan (Tzum
TYAUIMIHYa XapakaTiaalluum
MYMKHH, CKUH Oy xapakat mc-
XaHMK Xapakar 6yaub, craruc-
THK (pU3MKa Oyiai xapakar-
JIApHH TAAKHUK, KMIMaan). AKc 0 Win=0,37 W;
X0//1a 3appanap Xapakatd Ty-
thaitin AMHAMMK MUKpPOXOaT-
Jlap Ba, AeMaK, CTATHCTHK aHCaAMONbL anenMeniapy Ba OynaaH
2Ca MUKPOXOAAT TalltKK: TorraH 6ynyp oan. 3appansapiiv xapa-
Karaa oyaMaran TH3MMHHHT Xoaat (acocHil xoaatnaru xapa-
KaTH OyHiaaH MyCTacHO) Oy Tyna TapTHOAKAUK Xoaatnaup. He-
MaK, myasa mapmubauaur xopamuda muzum sumponuscu S
nosza menz. by ndona Hepuem meopemacu detiuaadu. bnp-
Onpura Hucbartait 3appasap XapakaTy 103ara Keaca, TMUSUMHNUHT
TeMrnepatypacu T wosaman hapkiy 6¥nann Ba Tyia TapTuban-
UK Oy3uaanit, TapTHOCH3AUK (XaoTU3aius) 103ara Kesaau. by
xomia W <[ 6Vaanu Ba, aemak, S = Inl/Wopraau (W kamaii-
A 6UAaK), YMVMAH TU3UM 3uTpondsicu S xam opraau (1.3-
pacm). Botrikatia AWiTrana, TH3UMUMHT HTPOUSICH S (TuyHri-
FACK MUKPOXOAT IUTPOMUSICH S, XaM) TAPTHOCU3INK Aapaxa-
cuin TapeudaaiiaMrad KarraiMkanp.

Arap gKKanaHrai TU3UM/ILA TAPTHEAUAMKAAD (MACAIAH, OKUM-
Jaap Ba botkanap) 6ynaca, MabayM BakT YTuiM Ouaal TapTHO-
CU3IMKIIApra yraauaap Ba TU3MMAA TEPMOJAMHAMHK MYBO3aHaT
Xocui Oynaam; GomwKaya alTraHaa, 3Hr IOKOPH Jlapaxaiaru
TApTUOCHU3NMK X0MAaTH 103ara KeJaaiu; Oy Xoa1a yHHIHT DHTPO-
ITUSICH DHT KaTTa (MakcuMant) Kuimariiy Kadyn Kuianu.

Aurponust S uconacu (39) aan KYpUHAAMKK, YHUHT Xap
oup xaau W Inl/W makcumym kuiimartnant yraan. Wini/W
XAUHHHT MAKCUMYM KUMMATHHK TOMMIUI YUYH YHIAH XOCHUaa
0416, Hosira TCHrALITUPHAALK, sbin d (WMinl/W)/0 W =10

maxj 1

b = = e s = -

A

]
]
X
S
SR S

1.3-pacst.

aan W = ¢! = 0,37 un tonamus. Hemax, (Winl/Ww), . = 0,37
(1.3-pacw).
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1.11-§. SHTPOIIMAHUHUT XOCCAJAPU

Autponust SyuyH Ulenton (I'mboc) hopmynacu ‘
S==3WInW, =Y sW,

OyHaa MUKPOCKOIIMK XOJIAT SHTPOINUSICH
s;=Inl/W.

TU3UMHUHT 3HTpONUSICH S Kyiiutaru xoccanapra sra:

1. OuTponus S MaHbuit OYnmarad XakuKuil KaTTaauk. DHT-
ponusi nonacu (39) ma W, = 0 sa §, =2 0 6yaranu yyyH
sutponus S uuHr Manduit amacauru, ssbHu S= 0 akawauru
Keaud yuKanu.

2. Arap TUBUMHUHI MUKDPOXOJAATAAPH Tellr SXTUMOUIHU (TC-
KUC Takcumilanran) 6ynca, sibHu

Wo=W,=.=W=.=W

Oy:sca, ynuur anrtponusic S(W) MakcuMmyMm Kuitmat Kabyn
KUJIAHU.

Muxkpoxoaat axrumonauru W, = n,/N nu avtr6opra onu6,
nthopmauusa nbogacuHu

J==YnInW,=NInN-Y nlnn, 42)
KYpuHUILLa €3ait;MK; OyHaa 2”«' =N =kN,; N, — cratuctux

i
MUKpOXos1IaTaap (CTATUCTMK aHcaMmOb 2JieMEHTIApU) COHU,
k=1,2,3, ..
a) Mukpoxonatiiap TEHr IXTUMONN Xouaa n, = 1 6ynann
(cTaTucTHK MUKpoxoaatTaap Telr 3xTumosaun). by xonna un-
(hopmanns J(W), n, = 1 skansaurupan Inn, = 0 6ynranu yuyH,

J(W) = NInN (43)
npona Ouaan annkaananu, sHTponust S(W) sca
S(W) = InN (44)

Oynaau.

0) TeHr axTumonnu G6ynmMarad 6apuya UXTUEPMIt xonraapiaa
n,>1 6ynranu yuyu Inn, > 0 G6ynanu Ba, nemak, (42) na in-
FUHAMHMHT Xap 6Mp Xamm n,Inn, >0 6Yaranum yuyyn 6y xonnaru
uHdopMaLus '

JW, W, oy W, ) = (W) <JW) 45)
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oynanu. (43) pa (44) udoaansapaai, S= J/N Hu Hasapaa Ty-
THJICA, TCHT 3XTUMOUIM MUKpoXoaatiap sutponusicn S(W),
HXTUEPUIt TAKCHMMOTIA 3ra 6yiarad N Ta MUKPOXOAATIAPIHN TH-
3uM 3HTponusicu S(W)) nan katta 6yi1aam, spuu:

SOW) > S(W,) (46)

3. TusuMuuHr KucMiiapu 6up-06upura 0ok 6y;1maca, yaap-
HHHE 2HTPONUSIIADH HUFUHAUCH TH3UM SHTPOMMUSICHTA TCHI,
S'BHU DHTPOIUA AIIUTHB KaTTanuK. TU3UM UKKH KUcMaad ubopar
6yacun. Bupununr mukpoxoiatiapu W, W,, ... W, ... 6unau,
MKKUHYMCHHUHT MUKpoXxoaatiapu P, P, ... P,... Oujan auuk-
Janran 6yacud. YMyMmuit xonaa Oy MKKH MUKpOX0JatTiap TyiaM-
Japu 6up-oupura 60OFINK OYIMIIKM MYMKHH, SIBHY § MUKPOXO-
AATHUHT Keaub uukuinm axrumonnunrn Wisa W, Wy, ... W, ..
MUKpOXoJ1aTsiap Gepuiarania j MUKPOXONATHUIT Keau0 unKu-
1IY IXTUMOAJIUTH PI,(W) oupraiuMkna

WP(W)
IXTUMOJTUKAAp Kynairmacu Owaan anvkgadanu: P(W) um
wapmau 3xmumoarux ned atananun (x. 11 606). Byunait Tuzum-
HUHT suTponuscu S(W, P) un

SW,PY =3 S WA, (W)In (W, (W) =

==Y S WP, (W)lInW, +1n P,(W)|=

=S W, W, 3 B, (W)= S W, T P, (W)In P, (W) =
i J i J
=-SW,InW,- > P,(W)inP,(W)=SW)+S,(P)
KprHMu;ﬂa €3l MyMijl. Jemax,
S(W, Py = S,(P) + S(W) (@)
S(W) — W, W, ... W,... 9XTUMO.LIUKIAP MUKPOXORATAAPTa

9ra 6¥aran TU3UM KUCMUH UHT 3nTponuacu; S, (P) — bupuii-
UM KMCM MUKpoxosatiapu 6epwiraiia P, Py, ... P, ... axtumon-

JIMKSIapYU MUKPOXO0S1ATIIApra 3ra KMCMuuIr sutponusicy, S,(P)
HU WAPT/IN 3HTpoNus Acitmnanu: (47) 111 ouMLga HOpManalll

NapTaapy
YW =1 B W)=
i i
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HasapAa TYTUILK. Arap TU3UMHUHI KMCMIapy 6up-6upura Gor-
JIMK OYsIMaca, yaapiMHE MUKPOXOJaTaapy Xam Oup-oupura 6or-
JIMK, OYIMaiian Ba, qeMak,

P(W)=P, (48)
OVnauun. (48) uu abrubopra o1cak,
S(P) = S(P) (49)
TeUrIUK ypuHau 6yiaau. by xosnna (47) udona
S(W, Py = S(W) + S(P) (50)

AWIUTUB KYPUHUILHY OJa1H.

Tusum Oupop Tabeup Eku TabeUpaap cababaun 110MyBO3aHAT
xXojartra kejarad 6ysca, 6y Tabcupiap Tyxraranaa (ojMiranaa)
TU3UM MYBO3aHAT X0;aTra Kejlaau, 6ynaa TH3MMHMAHLT 3HTPO-
uusicu S oprud Oopaau, AvHU dS >0 Oynaau. By macanauu
agadudria xap xua ycyanap Ouaan eumiura MHTHINHIAH,

bup-6upura nucbaran 3appanap xapakaTy 6y;iMarataa siHru
JAMHAMUK MUKPOX0aar coaup 6yamaiiam sa, neMak, ourra cra-
TUCTUK MUKPOXO0AAT OYIraH; I ydyH MUKPOXO0AAT MyKappap
BOKea 6y;1aau; ynunur axtuMoaud W= 1 6yaub, sHrponuscu
aca § = 0 6¥iauiunuu 613 loKopuIa alTAuK.

D xapacnnap Tygaiiam auTpOnUSIHUHT opTHLIKMra 6a-
TAQCHIIPOK TYXTARMU3. BHTPOITUs Hposacu:

S=sWi=3s (51)

Jlal KYPUHAUMKH, SHTPOUUSHUAHT Xap 6up xaau WS, (Gy kat-
TAAMKAAPIA pacMaa Kypca-

54y TULW MaKCaauia y3nykcus
R y3rapaau, ae6 Kapaiimus)
-
A /\ﬂ HUHT OPTUIUM BUAAH YUBUK-
2 S JM MOHOTOH opTaauran W,

Ba jIorapuhMuK MOHOTOH Ka-
Mmasiauran S, = Inl/W xj-
narysumsiapnan ubéopar
(1.4-pacwm). bolukaua aittran-
14, IHTPONUsL S HUHE Xap oup
xaa Ws,= W1/W, makcu-
0 WY Mymman raau. Makcumynmra
WhhW)=InW,+1=0

m

4 =7 (
1. pacM. (’ ”/
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maptaa Wannr W, = 1/e~ -WigW
= (,37 kMitMaTura apyumnna-
au (1.5-pacm).

Taxava Kuiuul ocoH 6¥au-
WY y4yH MUKpOX0SaTiap colu
2 T4, YAAPHUHT 3XTUMOJLTHK-
stapu moc pasumia W, W, ra
TeHr 6¥acun. HopManaiu wap-
™ W+ W,=1na W=W,

W,=1 — W 6eiarvsnawinm

KUpUTHO, OyHnait TUSUMITAHT

1

IHTPOUSICUHN 0 W, w
1.5-pacm.

S=-WhWw-(1-W)n(1-W)=s, +5, (52)

KYpuHMILga €3aMu3. 1.6-pacmia KYpPUHAAKKH, 2 Ta MUKPOXO-
ATV TU3UMHHHE 3HTPONUSICH S MAKCHUMYM KMIAMATAGH YTauu.
Boiukaua aiftranga, W nuitr mabayM opaiuruaa W optuiuu
Huian S optub 6opaau. UiyHunraek, W Hunr 6otka Myaitsti
opaauxaa xamaiuiuy 6uian xam .S optué 6opanu (1.6-pacmra
KapaHr). Xap UKKHM XOJTHU TYHIYHTUPAULTMK. Y MymMuii xoina W,
W,, ... W, ... Mukpoxonataap Mapxya. Papas Kuiaiank w=1
ABUM TU3SUM OUTTa MUKPOXOAaTAa MyKappap O¥iicuit. By xonua
S = 0 6¥nanu. by xo1Hu 643 10KOPUIA TAXIMIT KWITAH DAUK Ba
yuunr Heprcer Teopemacugan nbopat aKaHAMIHHM AUTIaH 3AUK.
(Papas Kuaaitauk, W, =0 6yacun (anukporu W,~ 0, sibHU
IXTUMOSLIUIY XKyAd KMUUK OynraH Mukpoxoaar 6yacun). by
XO5LAQ TU3UMHUHT dHTpottusicu S 0 6yaanun. Jemak, TU3HUM
MHUKPOXONATH IXTHMOLIMKTAPHHHUHT Y3rapuiu (sSibHu MUKpPO-
XOJAATAAPHMIT COHU Ba PKUILIMK lapakajlapy COHIapH y3ra-
puitin) cadabau yHUHE IHTPOITHSICH § MAKCHUMYM KHUHMATHAH
yraau (1.6-pacm). W, - 0 6yiranna, S— 0 6y auwnim Taximil
STaliMK.

Juckper xo:i. Ksazucratuk (MyBnosatiaTnaru) Xxapaéniu
Kypaitnuk:

S=-3, W, = 3,5,
6yuna W, = -é—e"’”" , ieMak s, = Inl/W = + BE +InZ, W, —
OpTYBUH (DYHKUMSI, 5, — KAMAloBUW (hyrkuus. Mukpoxoiar
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IXTUMOUTUTH W HUHT opTU-
111 OUJIAH YHUHT 3HTPOTIUS -
CU KaMmasaMm Ba, AeMak, 11y
S MUKpOXOnaT auepruscu E,
xaM kamasau. boikaua aitr-
rania TH3UM I0KOPH DHEPTU-
SUIM, IEKHUH KUUKMK IXTUMO;1-
M MuKpoxoaatna 6ynca, y
KUUMK DHCPLUSIK, JIEKHH
KaTTa XTUMOJIM MUKPOXO-
natra yraad. Bynaa thsum-
HUHT 3tTpolinscu S ¥3 ndo-
sacuaary W, nuHr opTium
xucobura opraar. TUBUMHULIT Oy MUKPOXONATAAPHIA aXparaH
SHEPrust IXTUMOJUIMIU KaTTa OYiIral MUKpOX0AaTaapHUHT SHCP-
TMSICUHIK OIIMPULITA Ba XaOTU3ALMUS JapaxacuIiMir Kyyain-
wura capd oyaaau. Lynnait xuanb, MUKpOXoaaTiap 3XTH-
MOJLIMKIAPY OPTHLIM Ba KaMaitKliin Onaan GOFIMK UKKY XHJ1
pakobarialagurad xapaéunap coaup Oyaumm MyMKuH. Xap
MKKMIA XAPAEHIa XaM TU3UMHKHT SHTPOIHSICH OPTAAK BA Mak-
CUMYM KMHMAT Kabya KWIMUIra MHTUAAAH. DXTUMOIN KUUUK
MUKPOXOMATIAAPAAH DXTUMOAM KaTTa MUKPOXoAaTIapra yTuui,
MEXAHMKAAAMY TU3MMHUHT KaTTa IHCPrusuin 6¢eKapop xos1ataan
KMUUK IHEPTUsiiv Bapkapop (TYpPFYH) XosaTra yTuiumra mMoc
kenanu. (1.7-pacMaa SHTPONUA S HUHI Yan KUCMUILR YUKUHT
opTtud dopuinK). TUzMMIa KaTTa 3XTUMOITK MUKpOXOaaTIap-
JAH KWYMK IXTUMOJLIA MUKPOXoAaTiapra YTUIap 3ca craTie-
TUK (PU3uKanaru Taptud Japaxac IOKOPU Xoaaraal TapTuod
Aapaxacu nact GyaraH xoaarra YTuwaap, sbHU TapTUOCHU3NINK
Japaxacu karra 6yaran xosira yruiap (taprubnuiamkiaan tap-
THOCH3NUKKA YTULI XAOTHKAAHKIL) MoC Keaaan (1.7-pacmaa
IHTPOSIUS S HUHT YHT KueMmuaary optud Gopuwu). Tusmumaa
OyHuait pakobaraainaanray YTUIIAPHAHT TEHIIALTYBH MUKPO-
xonatiapuuur W kuiiMaruaa conup 6yaauu (1.7-pacmaa oHT-
porust S MaKCHMyMra dpuIUaaM Ba OuTTa KUUMar § w1y Kabyil
Kusaiu), Oy 3ca TepMOAMHAMUK MYBO3AHAT XO1aTAMP.

Muco: yuyH sikkanaHrai TU3UM Y3MHKMHI MyBO3aHAT Xosia-
Tulal oupop cababra kypa (MacaiaH, daykTauus Tydaian)
HOMYBO3aHAT Xxonarura yTrad 6y;acuH. by xonaa 5XTUMOSUIMK-
JapyM KUUMK, DHEprUsIapy KaTra Oyaras MUKpoxogartiapra

Y SR
~N
=
[« ek
-~
T

0 0.

L.6-pacm.
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0 W, W) 1
1.7-pacm.

VTUIHY XAMAA DXTHMOIUTH KATTa, JICKUH XaO0TUKIIaHWL f1a-
paxacu KMUUK (TapTUONWIVK AapaXacy I0KOPU) Ba 3HEPrusi-
CH KHMHKK XoJaTaapra YTHUILIAPHU TYiWlYHMOK J103uM. By ukku
X1 yruniaapra 1.7-pacmMaa aXrumMoaank W umHr ukkn W, sa
W, KuiMaT1apy TYFpY Kej1aau; yiapra 3¢a HTPOMUSLIMHE OUTTa
S kuitmatu moc xenanu (1.7-pacum).

YMyMaH TU3UMHUHT HKKH XOAaTUIa IHTPOMUSHUHT Oup
KUHMaTy MOC KEJIUIUHU, SITbHU DHTPOINUSI X0IaT 3XTUMOSITUTU -
HUHT OUp KuiimaTiau dyukiuscu 6yamai, UKKY KuiMaTiu
(hyHKUMsiCH 3KaHAUTHHY KYpcatajiv. By aca craTucTuk (pusu-
Kanard Kabyn KWIKHTAH SHTPOMUS XOiaTHHIT OUpP KuiiMaTau
(GyHKIMSACH ASHUATAH TE3UCTa AHUKIUK KUPUTHIAUILWUHY TA-
K030 3TaJH.

M u ¢ o4, XoHara KU3AUPUITAH XKUCM KUPUTWIIN. Y XaBo-
CH BA XKMCMHM SIKKafaHrai TU3UM J1ed xi1cobnad, yuaaru xa-
padunapiiv Taxiiua aTaktnuk. Mccukauk iotunuim xucodura
XABOAA XAOTUKJIAIMLI Ky4asian, OViaa MUKPOXOAATIAP COHN
OPTHULLIM MYMKUH; YIaDHWUHT IXTUMOMJIMKAAPH KaMasiiv, aMMO
MUKPOXOJIAT DHTPOMUMSICH S, OPTany BA yYMYMAaH TH3KM XaBOCU
KMCMUHUHT dHTponuscu Sopraau (1.7-pacs, YHT KavoT).

TU3UMHUHE OUpP KUCMU OV KUL XKUCM IOKOPHU DHEPreTHK
caTx[aH Kyiu 3HCPreTHK caTxjapra yraam, MUKpoxoaaTiap-
HUHT SXTUMOJLIUKIIApY opTajii; S, kamaiica-na W, nuur optu-
W xucobura, ymymuil autponust S opranu (1.7-pacm, yan
KAHOT). YMyMaH alTrania, TM3UMHHUHT (Yl XaBocH Ba KM3UTraH
XUCM) DHITpOIIMSICH S = Z W.S, opranu | 1.7-pacMia xap uKkana

3— A. boitacaacs 33

www.ziyouz.com kutubxonasi



(uan Ba YHr) KaHoT], sibHU dS,  + ds,,,, =dS>0. by mu-
COIHY TCPMOAMHAMUKALA KYWHUAATHYA TYIUYHTUPUIL MYMKUIL
Mygo3anaTiaa 6yaras KJIaCCUK TU3UMARD UCCUKIMK KOHTAKTIa
KEITUPUATAHAA, YAAPHUHT SHTPOTIUSNAPUHUHT Y3rapyiunapu

Kapo-Kiay3uyc Teopemacura acocan (tepMogMHaMUKaHMHT 2-
KOHYHH):
40y
X

dS(xaBo) = 7

, dS(xucMm) = i/fQi'i

o

udoaanap OUIaH aHUKAaHAAK, Oyaapaa
do, >0, dQ, <0, dQ, =140,

Macanaimnir waprura acocan 7, > T, bysnapra acocan dS(xago) >
> |(1S(>KMCM)| . Jdemax, TM3UM (KMCM + XaBO)Ia KAUTMAC Xapa-
€uap Tyhailiih YHUHT SHTPONUSICY OPTULLIU, SIBHU

dS(xaBo) - |dS(xucm)| = dS > 0

Mynocabar, coanp 6yaanu.

[lynpait xuaub, Kyiduaary xynocara kejiaMu3s: agabuér-
sapaard boasuman ¢opmyaacu S = InWna Wuu tusum xona-
TUHUHT 3XTUMONH 166 Kapal, TH3UM KUUUK IXTUMOJLTH X0iaT-
Nap/laH KaTTa 3XTUMOSUIM Xolatiaapra yranu, jge6 TylyHTupu-
sy 6up ExsaMa, yMyMaH altrasia HoaHuKaup.

HOKopuaa TaHuIWKIraH yMyMUit TYIIYHUZIADHU MHCOLIAD
B4 Macanajsiap BOCUTaCHIA Kapaliuk.

MHCOIIAP BA MACAAAIAP

1. Makpockonuk xojar. Makpockonuk THU3MMHUHT
MAKPOCKOTIMK X0/1aTh YHU aHUKJIARAMIal MaKpOCKOTIMK napa-
METpJ1ap, MacajlaH, TEMICpaTypa, 3UUIuK Ba 6olikanap Kuit-
MaTAApUHKHT Oepuanuiy Ouaan anuxnanaau. TUIuMHK atuk-
AaiiMrad MakKpoCKOIMK apamMeTp,iap COHU 1Y TU3UMHMHT Tep-
MOAMHAMMK 3PKUHIMK Japaxaiapn couunup. THOOCHUHT
(hasaiap konaacura acocaH, TASMMHUHT TEPMOIAMHAMMUK 3PKUH-
AWK Aapaxanapy COHM N, 11y TUSUMHUHI KOMIOIEHTAAPH /1 Ba
(hazanap couu r ra GOFIUK.

Arap TH3uM TepMOAMHAMUK MyBo3aliataa 6y;1ca, YHUHI Tep-
MOIMHAMUK SPKUHIIMK Aapaxaiiapy conu N, KyAunaruua aHuk-
JAHAIM:

N,=2+n-r
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TusumivHr MaKpOCKOMUK XO.J14aTH ' '

wy N, napameTpHUIT KuiMaTaapy ; :

OMs1aH AaHUKNAHA/IM. S R
2. TepMoaunaMyK MYBO3aHATAA-

s Xouar. Arap TM3uM HoMysozanat |.c 1 ]," 2

TepMOLMHAMUK X01aTAa Oyaca, SbHU
TeMIeparTypa, 3appasiap COMM 31tIn-
rM Ba 11y Kabuaap TU3UMHUHT TypAn
KucMaapyuaa Typsi KuiiMariap Kaby Kusica (talkapuaal TM-
3uMIa Tabcup Oyamaca), y penakcaiusi xapacuaapu tydgaitnu
MabJAYM BAKTAAH KeinH ¥3-y3ujian TepMOAMHAMHK MyBO3alar
xosartra kenaau. TepMOAHAMMK MYBO3aHAT X0,1aTAd TU3UMHH
aHuKJIaiaMral MaKpoCKONUK HapaMcTpiiap KuiMatiapu yarap-
Manau.

3. TUBMMHMHT ¥3-Y3uall TEPMOAMHAMUK MYBO3AQHATIA Ke-
AMIIMrapeslakcaliMsa Xapa€ H 1 reiniany, MyBosaHarra
KC/AML BAKTY 7 3CA pedaxcanus eaxmu Acivnanu.

4. Macanau, uamwaa (1.8-pacm) N ta 3appasad ubopar ras
oViacun. Mavw xaxmu Gpukpan TeHr NKKH KMCMaaHd udopar
6Yaub, yrunr dupuaa n, Ta, KKKMHUMCK/IA /1, Ta 3appa OYICUH.
Aériky,

1.8-pacat.

N=n +n,.

Tuzum (ras) TepMoAMHAMUK MYBO3aHaT xoaaraa oysca, tax-
puba KypcaTanuku, 3appaiap suanr p = N/Voup xua 6yaa-
. By aca TepMoauiiaMuK MyBo3aHaT xoaatiaup. byiaa, onataa
WIOMILHMWHT Xap MKKY KUCMUAQ 3appanap COHM TAXMUHAH TCHT
Oy.1anm, sibHU 1, = n,. AMMO MyaiisiH X0/1a 3apPUIAPHUNE, Ma-
CalaH, OMp KUCMUIATK cOoHM N/2 pa sitkHU 3appajapHUIIT TCHI
TaKCMMIaHyUMAAH yeTnanuiy (papkaratuim) MyMKUL; sibHM
TU3UM TCPMOAMHAMUK MYBO3AHAT XOJATAAH MCTNAMIMINN MYM-
KWMH. 3appanap COHMHUHT OyHpall TeHr TakCUMaaHvILaaH ueT-
JAlNIUITA 3appasap conunune (3udauknunez) gaykmyauuscu
Aenvinans.

Onauit Myoxa3a WyHra oaMd KeIaauku, XxaTTo 3appasiap-
HUHI XAMMacH XaM UAKINHUHT | KueMuna 6¥;1u0 KoM yuytt
Gupop OUp npUIIUMOUAN TYCKUHAKUK VK. JeMmak, skkanairan
THU3UM, XEY KAH/Ial TAWIKY TAbCUPCH3, Y3UIIMHT MyBO3aHAT X0na-
TU/ARH YCTAAIMIUY MYMKHUIL. ByHaait xynoca WykH, sSIKKa1aHraH
TU3UM TEPMOAMHAMUK MyBO3aHaTia OYica Ba yHra xeu KaH/aamn
TALKKY Tabcup OYiaMaca, y xap Kalua y30K BakT yTca-aga yua
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o] ] [a]?] [2]e] [Je]

1.9-pacm.

MYBO3AHAT XONATAR KOMABEPAM, ACraH TepMOAWHAMUKAHMHT
KaTbuit xysocacu daxapunmaitan. Mkxumnuy tomonaan, Tepmo-
JAMHAMWKAHMHT XYJ0CAIaPU TARXKPUBAHUIIT HATHXalapyra acoc-
aanran,

Xyw, 6y craTMCTUK (pU3MKaNa Ba TepMOAUHAMUKALA afi-
TUNTAHJAPHUHT MabHOCUIArK PapKiu KaHaai TyluyHMIU Ke-
pak? Mucoanap opkanu OyHH TYLIYHTHPaMK3,

1. Mavmiga uxkuTa a Ba b 3appa 6yacuil. ByHaa uiHiuHuHT
1 Ba 2 KMCMIIapKUIA 3apPATapHUHT XOMNALLMLI YCY/N2PH COHU
TypTTa 6yaaau (kapaxr 1.9-pacm).

Wpnwinipr 1 Ba 2 KUCMAapu/ia 3appaiapiulr TCHI Tak-
CUMIAHUILK KOATAH XONUTAapHUHT xap Oupura HucbataH 2 MapTa
opTHK,. Bolukaua aiitratga, 3appanapHUI xaxm 6yinua Teur
TAKCUMIAHWIUY (S'bHU "MYyBO3aHaTH") KATTa 3XTUMOJITa ara.

Xonatnap (siueiikanap, Karakjiap) COHUHHK Z, 3appajiap co-
HUHU N 6unau 6enruinab Zxonaraapaa N ta 3appaHuHr Xoii-
Jaluil yCy/IJaapu COHH — KOH(DUTYPALUMUAAAPDHUHT COHMHMU
AHUKAWINK.

Tu3um (3appanap) ukkura xonatua (katakga) 6yauium Mym-
KHMH, 1eWAKK. Arap TH3uM OUTTa 3appanan ndbopar 6ynca, xoaat-
stap 6ituua 2! = 2 ycys Ounai xoittaniany. 3appasap conn N =2
Ta 6¥ica, 10Kopuaa Kypranumusaek, 22 = 4 ta ycya ounad. N =3
oyaca, 2° =8 Ta ycya Ounau, N =4 6¥nca, 2'= 16 ta ycyi
6uian xoinawmaau (1.1-xaasanra Kapaur, sappasap a, b, ¢, d
6unan 6esrunanran). Ymymuii xoana N 1a 3appadunr Zta sueid-
Kaaa (karakiiapaa) xoinawuig yeysanapu cony Z¥ ra reur. Tu-

SUMHHUHT MAKPOXOJAATUHNU XOCUIT KUAWUIITH MYMKKHIT 657511"(1!1 yCyia-
|

N
ap COHMIM (MMCONIA 7T, = 1,4,6,4,1 Hu) mepmodunamux

IXMUMOAAUK JCHUNANN.

N=4, Z=72 0yaraH X0JHY TaxJIUA ITAHINK. Arap uiamui
TEHI MKKHK KMCMAaH ubopart Oyiaca, uacan 3appaHvuur uiuil-
HUHT BUp Kucmuaa Oyanimu (€xu 6yiiMacauru) axrumon (1/2)
ra TeHr 6ynanud. 4 ta 3appasuHr Oup "CTATUCTUK MUKpOXoaar”
A4 OYiu IXTUMOIIY 3appanap 3XTUMOLIMKITAPUHUHT KYTaiT-
Macura teur, suHu (1/2)* = 1/16. Macanan, |2-CTaTUCTHK MUK-
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1. 1-ocadeaa

Ne | Ixoaam | 2x0mam | C(n) w Wx100% | Muxpo-
" " xoramaiap

) abed — ! /b 6,25 {

2 abe d

3 abd ¢

4 acd b 4 1/4 25 I

5 bed a

6 ab cd

7 ac bd

& ad be ,

9 ed ab 6 3/8 37,5 1/

10 hed ac

11 be ad

12 a bed

13 b acd

14 c abd 4 1/4 25 v

15 d abe

_J6 \ o~ ) abed 1 i 625 | _V ]

poxonathuHr axtumoau (1/2) - (172 = 1/16. VaxTUMOiIHMK XaM
acocuit nocrynatra acoca 1/16 ra teur. Byuupai "cratuctuk
MUKpOXonaTaap” Kapanaérrad muconuMusua 16 ta (1.1-xan-
Baj1).

D UMK KATTUTUKHUHT Xap XU KUiiMaTaapura MoC Kelaau-
ran "MMKpoxoaataap” coun 5 ta. Xap 6up "Mukpoxonat” eura
"CTaTUCTUK MUKpoXoaaT” AaH Talukui rorranu xam 1.1-xan-
pasnna kypcatuarad. Macasnas, 111 "Muxkpoxonat” 6 ta "cratuc-
TUK MUKPOXOJAT" JaH TallKuWi Torrail. by xap 6up MHKpoOX0-
aatra TYFPU KCJIrdH ycyjuiap COHWM — "CTATMCTHMK Xonaraap"
couunu C(n) Gunan Genrmnainauk. Y xonna xap 6up MuKpoxo-
NATHUHT 3XTUMOJIN, SIBHU 7 3APPATAPHUMHT UAMLITHUIT GUP KUC-
muaa 6yauin sxtumoan W, karakiap conu Z= 2 Gyiranaa
Ky#ugarnia aHukIaHaau:

W = C(n)P, = C(n)/2". )
P, — CTaTUCTUK MWKPOXONATHUHT BXTUMOJLIUTH; P, = 1/2%
C(n) vy mMuxpoxoramuunz mepmodunamux IXmumoarueu iIcCHu-
JSIAJAH. )
Kypunaérran muconna Z =2, N = 4 6¥arak;iuru yuyH MuK-
POXONATIAPHWHI IXTUMOITMKNAPH BA TEPMOAMHAMMK 3XTUMOIT-
JIMKIIapu Kyhuaaruya:

37
www.ziyouz.com kutubxonasi



Cd)=CO) =1, W, = W,=1/16,
C(3)= 1) =4, W,= W, = 1/4, (9]
C(2) =6, W, =3/8.

N Ta MUKPO3appaHUHT MUKPOXOAATHIA TYFPHU KErait ycyJi-
AapP COHU CTATUCTHK MUKPOXOAATIHAP COHHM (T€PMOAUHANMMK IXTH-
MOJLIMK) KyUuaarnya aHuxaanaum:

v Yl - - N!
C(n)=C(N ”)“‘—n!(/v-n)s' 3)
byHniaa Z = 2 kaOyn KMIMHIaH Ba MAHMULIVMHE Oup KUCMUIA
n Ta, MKKUHYM Kucmuaa N —n ta 3appa xoitnaniran geb
XMCOOIaHa . I-MUKPOXOJIATIArH CTATUCTUK MUKPOXOJIATAAP COLK
C(n) Hun
_ {.
C(n)= Nt G(n,n,)

KypuHunLAa é3aitauk, 6ynaa
G, (m,m) =G, (n,N —n)= '—,—'—, =G, (n)G, (n)
2 .

m.hn

€KH xoaataap (Katakuanap) COHM Ky, Macatad, Zta 6yaraiia

7
G, (M 1y otiys) = G (1) G, (1y)..G, () = [] G: (me)
k=]
udoaan €3nul MyMKUH. By X012 MUKPOXOSIAT IXTUMOSLINIY
W,=25G =N PG,

upona 6unan anuknaHaau. G, uly i-MUKpPOXOJIaTHUHT cramuc-
mux eaznunu ARVK AR, FOkopugaruaapaad KYpuHaaIuKu, MHK-
POXONAT IXTUMOILIUTI W, CTATUCTUK MUKpOXo:aataap coin MG,
CKM CTATUCTHMK Ba3tHM XapaKTep/10BuM KarTaiuk G, 6unan Tn-
3UMHMIT MUKPOXO0/1aTH aHUKJANNIINA MYMKHH; Oepuarad Tm-
3UM YUYH 3appanap conu N Ba KaTak:1ap Cony Z AOMMMHAAMUD.

Kapajiran Mucosisad KYpUHAIMKHK, HE KATTa 3XTUMO UK~
Ka sra 0yraH MUKpPOX0,1aT — 3appalapHuHr TCHT Takeumaan--
ran xoiauaup (1.1-xanBanaa [11 xonar).

3appanap COHU Xyla KaTTa 6yaranua, Macaian, N = 10" ta
Oysiranaa, 3Hr Karta SXTUMONIM TEHT TAKCUMAAHTaH X01aT/AAa-
TV TU3MMHMU XapakTepJIOBYH MAKPOCKONUK NapaMeTpaap JAcsip-
v yarapmaiian. by oHI KaTtTa SXTUMOSIIH MUKPOX01aT — My-
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Bo3aHaTHAry TCPMOAMHAMUK X0j1aTAUp. bysapnan kypuuaau-
Ki, CTATUCTUK (PU3UKANA TUSUMHUHT MUKPOXOiATH TyluyHa-
CH TEPMOAMHAMMK XONAT TYIIyHUYACHUra HUchaTaH KEHIPOK Mab-
Hoaa viatuaany. XKymiaanad, TepMOAMHAMUKARATY MYBO3aHaT
X0nar, KaTbusili y3rapmac jic6 Kapanralu xo;11a, CTaTUCTUK
(pusnkana Oy XxoJaT KATTa IXTUMOJITU XO1aT AeO Kapaind, ku-
YUK IXTUMOIAM Mukpoxosatnap (1.1 xapsanpa I, 11, IV, V
XoJu1ap) xaM coaup Gyanim Mymkun ned kapanand. Macanau,
I0KOpMIIAry MKUCONNA XaMmMa (4 ta) 3appaiapHuHr OUPUHYM KUCM-
Ja T¥nnannb Koauiuy 16 Tagan 1 racuia, TEHT TAaKCUMIAHUIL
aca 6 Tacuna pyit 6cpaan. 3appanap conun 10 1a 6¥aranaa, yaap-
HUMT VARIIHWHT apyuyaa TVinanub koauu 2'' = 1024 tanan
BuTTa X014 COAMP OYs1a1; TCHT TaKCHMIanuLIM 3ca 252 tacu-
na yapaiau. 3appanap couu 100 Ta 6yradia ynapuuir uiauin-
HUIT spMUaa TYIiauus Kosauiu 2'% tagan dSurracuua yupaii-
. Jemak, Nerapin napaxaga karra 6yaraHga, yrapiuir uadii-
HUHT ApMUAR TYIau6 Koauw axtumoaurd 1/20 ra Tenramp,
Oy oca HOJIFa SIKUHIUP.

[HyHnai kunub, cTaTUCTUK (PU3KUKA HYKTayW Hazapuaal TU-
3UMHMHT 3HT KATTa 9XTUMOJUIH TeHT TAKCUMAAHUIUKU XONaTH-
Aan (TepMOAMHAMMK MYBO3aHAT X0;1aTU/AH) KATTA OFMIL HU-
XOSITAA KMUMK 3XTUMOJLIMKKA 3ra, aMMO KUUUK OFHMLI aMaiia
Ce3NNAPAU IXTUMOMLIH X0aaup. CTaTUCTUK PU3NKaLa THIUM-
HUHT TCPMOJMHAMMK MYBO3AlIaT XONaTHUAAH (KaTbui alTui-
raHaa, TU3MMHUHT MAKPOCKOIUK NapaMeTpiaapy ¥prava Kuii-
MaT Kabysn Kuaran xonaai) yetnaHuwu QiaykTyauus xoouca-
cuaup. Mucoagarn W, W, W, W, sxrumonin xonariap
dnykryauusinap tydaiiau cooup 0¥anMM MyMKUH OYAraH xonar-
Aapavp. byaapaad paBuiaMku, Karra QilyKTyauusiap KMUmMK
IXTUMOSLTH, KUUHK DIYKTyallusiap KaTTa 3XTUMOAau 6y 1anm-
nap.

MyBo3aHaTiary XoJ1 yuyH ailTusiraHulek, TepMOAMHaMUKaA-
Jia TH3MMHUHT HOMYBO3aHAT XOJaTH, TAIIKK TabCup OyamaraH-
[la, MyBO3aHaT TOMOHNTA Yarapaau, ned KaTbuii aiTuiica, craTuc-
TUK (hHU3MKada MyBO3aHATIA KEULL XapaCHU (s1bHM pefakcatius
XKapaéHu) KaTTa aXTUMOJLIN Xapaéuanp aed xapanaiu.

Muconnap kapaliga 1aBom aTaiauk. Mucom Z=3, N=2
oyacuH. CTaTuCTUK Xonariap couu Z¥ = 32 = 9 ra (kapaur; 1.2-
xaugan)., TU3KUM 3appajlapMHU KBAHT MEXalHHKa acocuia Kapas-
ca, aliHaH/IUK TaMOMMJMHM Xucobra oauiu kepak. by xomiua
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1.2-0cadsan

N [ xo01am 2 xoaam 3 xoaam

1 ab — -

2 — ab —

3 _ — ab

4 a b —

5 a - b

6 — a b

7 b a —

& b — a

9 — b

CTaTUCTHK MUKPOXO01aT/ap COHM IOKOPHIATU KNACCHK XOS1aru
CTaTUCTHK MUKPOXOAATiap COHMAH apk Kunaau. Xakukarau
XaM, alHaHJUK TaMoiiuau xucobra oausica, 4 sa7,58a 8§, 6
Ba 9 xonataap Oup-Oupunan hapkiranmaiian. by xoana “cratuc-
TUK MUKPOXOaaTaap” coHu AN, Z) Kyiiuaaruua aHUKIaHaau:

N+Z-1)!
fN,Z) = %W?:r))‘ =6 @)
1.3-orcadean ‘y
No I xoaam 2 Xonam 3 xoram 4 xonam
I ab - — —
2 — ab — — i
3 — - ab — .
4 — — — ab .
S a b — —
6 a — b —
7 a — — b
8 — a b -—
9 — a - b
10 — — a b
11 [ a — —
12 b — a —
13 b - — a
14 — [/ a —
i5 — b — a
16 — — b a
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Arap (ITaynu tamoitvsimra 6uHoan) 6up Karakia (xonatna)
BUTTaAAH OPTUK 3appa 6¥na osiMacaury Tanad atuiaca, "craruc-
THK MUKpoOxoaaTiaap” cotin 3 ra teHr Oynanu, siLHu:

=__N' __3

SN, 2)= 755 =3 ©)
Kyituna Z =4, N = 2(a, b) muconuu kapaitiauk (1.3-xansai).
By Myconaa KIACCUK CTATUCTUK MUKpOXoatiap conu (2 ta a, b
3apPaHMIT 4 Ta KaTak/aa xoitraiuuniu yeysuiapu conu) Z¥ = 42 = 16
ta. KBairr Mexanudkacuia ailHariMK TaMoiuiaunra acocan 5 a 11;
6Bal2;78al3;88al4;98als; 10 Ba 16 xonatnapHu OUp XUl
1e0 xucobaamok, kepak. by xoa1a "CTaTUCTUK MUKpoxoatiap”
coim
(N+Z-1)!

f(N’Z)=m_lO

Arap sappasiapuunr INaynu tamofivanra 6y¥cunniim tanad sTuia-
ca, y xoana 1, 2, 3, 4 xoanap Mapxya amac. by xonna MkkuTa
sappaluir 4 Ta Katakiaa xonaamw yeyanapu coru ("cratuc-
TUK MUKpOXOsaTiap” coiun)
- Z! -
TN 2) = vz i = ©
udoaa OunaH aHUKIaaAK.

Haniuduir 6Up KACMHUAA /1 T 3appa, UKKHHYU KHCMMKIA
N—n ta 3appa Xoij1alimun 3XTUMOAH, sibHU OylMail MUKPOXO-
nathuHr axTUMonn W (1) Ba (3) ra acoca Kyiuaarnya aHuk:-
JAaHanu:

N
n AN nY(N-~n)! ©)

. I-xaupangan KypyHaguKu, SHT KATTa DXTHUMOIIU MUK-
POXOIAT — OY 3appas1aplivHI TCKMC TAKCHMIAHWILM, MM XK~
MUHUHT KUCMIapy 6§iinua TeHr TakCuMaaHummwaup (Mucosna
2 Ta 3appa OuUp KuMcMuAaa, 2 Ta 3appa MKKUHYM KUCMHAA).
XaKuKaTaH xaM, 3appajapHuHr TCKUC TAKCUMAHULIINIAA, SSLHN
n = N/2 6yaranma, MEKpOX0AaT1ap 3XTUMOUTUIMHUHT nona-
cu W, MakcumyM KuiimaTra opuinaaun. boika koaran MMKpo-
xonataap (KoHbUrypauusiiap) 6yauim MyMK1HH, JIEKKH yilap-
HUHT 3XTUMOUIMKIApH ucbatad kuuuk, yhaai kuaud, kapa-
JlaéTrad MUCOIAaH KYpHHMUG TYpUOANKY, TU3MMHMHT MYBO3aHaT
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xojraTgan (TCHF TﬂKCMM()TllaH) KAaTTa YCT/IAHU UM KUUHUK IXTU-
MO/UIU, SIBHU

W W, << W,

Oyirann. XOkopusary MUcongaH KYpMHAIUKH, HKKUTA XONHUHT
OUpUAA TU3UM 3apPAalapv UAMILIHUHT IPMUIA HUFHAUO KoAU-
1 MyMKUH. Arap N katra 6yaca, OyHaail XoaHUHT coaup 6¥am-
11K HAXOSITHA KMUMK IXTHUMOMN BOKeaanp. Macanas, arap 3ap-
paszap conu N = 80 6ynca, konudurypaimsanap couun 2% = [0
oysanu. by aca, arap tusumuu 10% cex kysatunca, | cekyHu
BAKT AasoMuaa 80 Ta 3appatuir XaMMacy WAMINHUHT SIDMULR
AMFUAND KOJIMLIMHU KYPUII MyMKHH. OJaMHUHT UM TAXMHUHAH
10¥ cex ra teur. Hemak, Onsam (KouHoT) Clumnal MUUIHOH
MapTa OpPTUK BaKT Ky3aruiaca, 80 Ta 3appanan ubopar TU3UM
(ras) nanumnuHr spMuaa 1 cek TVIAaHUG KOIMILK MYMKHH.
Arap N erapau napaxana Kartra 6yaca, TU3UM 3appatapuHUHT
XAMMACH WIHIUHUHT sipMuyia 0yan0 Kostuin hanTacTuk rapa-
XKala KMUKK 3XTUMO11H BoKeaaup. LlyHnai kuanb, karra dayk-
Tyatmsiiap sibiu 1 >> N2 éxu n << N/2 xoinap amanua Kysa-
THAMAHAKM. AMMO, MYBO3aHAT X0JIaTUAAH KMUMK YeTAaHU1ap
cTapau fAapaxana Te3-Te3 yupad Typriuu MyMKUIL.

[OKopHAArKY MUCOAHUHT TAXAUAUAAH KyRKAArY Xyrocasiap-
ra KejaMus:

1. 3appajiapHUHT TEKMC TAKCUMIAHUILN, TEPMOAMHAMUKA
HyKTay HaszapuiaH MyBo3aHat Xosatamp. JdeMak, MyBO3aHAT XoAaT
TUBUMHUHT OYIMLITYM MyMKUH OYAraH MUKpPOXoaariapuiiaH 3HI
KaTTa XTUMOSLIUTUAND.

2. TuzuMIa KUYKMK DXTUMOLIAN XOS1aTAAPHUHT peanu3alimsi-
CH, S'IbHU TU3UMHUHI MYBO3AHAT X0/14TA4H YEeTAaHMIUM — Oy
dityKTYyalus XOAUCACHAKRP.

By epna wynu Tabkuuiall JJO3UMKH, TU3SUMHUHT MyBO3a-
HaTAaH KUUKK YeTJaHuIUM KaTTa 3XTUMOLIMKKA, KATTa Yeriia-
HUHIY Dca HUCOATAH KUYMK IXTUMONJIMKKA 3ra.

3. (3) ndogagan KypuHaguku, N Ta 3appagaH nbopar Tu-
3UM MUKPOXOJATUHUHT IXTUMOLIUIY KOH(DUIYPALIHSLIAP COHU~

N
Cln) = Semzmy
ra 6oriaunk. by epaa utyHu TabKUaRMU3KY, Oepuiran 3appa-
aapjan uoopaTt TM3UM MUKPOXONATHHUHT IXTUMOUTUTY Y3ra-
pyBUaH
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G(n) = W—”‘)‘. 0]
KaTTalMKKA GOFIMK, bollkaya ailTranna, MUKPOXOAaTAapHUHT
(hapKy CTATUCTUK BAZHUHM XAPAKTCPSI0BUM KaTTauK G(#) HUHr
Xap xua KuiMatiapura OOFIUK,

4. Arap tm3uM Gupop cababra xypa (Taniky Tabeup, (pyk-
TyauMsuiap Tydaitnu) oMysozanat xoiaatia Oyica, y KatTa
IXTUMOSUIMK OWsiaH Y3UHMHT MYBO3AHAT X0:;1aTUra IKUHALLA-
au. By xoaucanu penakcanus (gaykryanmns cadaduu 6yaran
6yaca, yHMHr "cYHHIIK") geiunauu.

5. IOkopuraary MUCOJLIapUAH KYPAUKKH, MUKPOX01aT 3XTH-
MOSUIMIM KYRWAArMYa aHUKJIAHAAU:

_ 1
W, = Z_NCi
1. 1-mMucos. MUKPOXOAATIAP TEHT 3XTHMOIN OYICHH, SILHU
_ — _ — N
W =W, =S W ==, (8)

oynna N=kN, k=1, 2,3,.., n; N, — CTaTUCTUK MUKPOXO-
nartnap (aHcam®ab aaeMenTaapu) conu; N — Kysaruuiaap
(taxpubanap) couu. by xonga TUIUMHMUT IXTUMOSLINUTH
W= I]W,"" HY aHUKJIAHT, TAXJUT DTUHT.

t

Euuvw: W = ﬂWn"—T{V'-] N= Zn N =kN , 1 nazap-

na Tytud, W axTuMOosLIuK yuyn

N
W o=_1 (i (9
NV TN,
udoaaHu ojamus; GyHna N' —'fl OUpP CTATUCTUK MUKPOXO-

AATHUHT IXTHMOJLIUTH, (1/N )Y 3ca N Ta 2AeMCHTHHHT Supnan

KENUO YMKHMIIL IXTUMOMIUIY; arap kK = 1 6ynca, CTATUCTHK aH-
CaMOJIHMHT IXTUMOSLIMTH W/ OuslaH aluKAanagu; N/;VA aca NV,
Ta 9nemelTaapuunr N, xonariapia (MUKpOXOIaraapaa) Xou-
Jalrul yeyaiapu CoHu.
1.2-mucou. N 3appaHuur m Ta KaTakaa a,, n,, ..., 1, Tanan

XKOMWJIAWTUPULL YCYIAPU COTIN:

~ N1

- ”l ”2 m' (9)

IKAHJIUTUHY KYpCaTUHIT,

43
www.ziyouz.com kutubxonasi



E uunin: Kaaccuk craTMcTHKaaa MUKpPOX0s1aT (hakaT 3appa-
Jiap coin 6wian anuknananu. N ta sappanan N!ta ypun an-
MaUrFMpuILIap Xocuin Kuauil Mymxut. byHaa mukpoxonar
yarapmaiian. AMMO OUpHHUM KaTakaa (sueiikana) n,, UKKMHYM
K4TaKaa A,Ta B.X. 3appa xoitjaiuran 6yaca, GUpUHIYM KaTakaa-
(M 71, TA 3appasap aiMamMHULIKAA, 2-KaTaKaaru n,Ta 3appa-
HAHT ¥32P0 ¥Pu iMallMHMIIKAAH MUKPOXOaaTaap y3rapmaii-
JIM; KATAKAATH 3appajiapHuHr Ypul aIMAlMHULLIMAAH MUKPO-
Xxosatiap yarapmaitau. Jemak, MUKpOXoaaTap y3rapMac coHaap
K¥yraunrMacu

nl,onl, .

JaH ubopart. Katakaapaary sappasiapHyHI Kataxiap opacuuaru
YpuH aamMawMiuiL1apy cOonuau Couninad denrunacak, 6y con C
un nt, nl, L on ! ra KynakTupMiuaan yMymuit ypun anmaw-
‘tupuiuzap couu M ke b uuKanu, IhHu,

Ni=Cnlin), .., n

m

'
oon!

¢KM Oynaan
- N!

e
ml nyl o ng!

u3jlanaérral CTaTucTK MUKpoOXoaar/siap Col1 C Tonunany.

1.3-macana. bup-Oupunaan apxaanimaitauran (aitnan 6up
xuit oyusrrai) N Ta 3appanutr Z katakiaap 6yiluua TakcuM.a-
HUI (KOMAZIIKLL) YCY,UIaPY COHMHY AHUKJTAHT.

E v Papas kunaitink, 1-karakaa n, 1a, 2-karakaa n,
T, B. X.K. Z-KaTaKia #, Ta 3appa Xoinaunirad 6yacun. Muayk-
TUB yCyil Ounan aHuiaauk. Z =1 na 1 xua ycya Gunan
C = 1 xolaawanu; Z = 2 x0a4a 3appajapHUHT ¥3apo ypun a-
MALITHPULLIADY SIHTHM MUKPOX0/1atra 0110 KeaMaiau, ssbHU N
LIMAIUTUPULLLIAD SIHEM MUKPOXOJIaT XOCHI KUAMaiau; Suau
YMYMUI YPUH asiMALITHPYUILIAD COHUHYM TONAWAKK: KaTakaap
conun Z =2 6ynranaa YpuH ajMaulMHyBYM 3AcMetTaap Colu
outrara opranu: 0, 1, 2, 3, ..., N ta 6ynaau; memax, ypuH
asvatuHKMuiap conu [N +(Z— 1)) 'ra 6ynanu.

Hevak, 6y X014 MUKPOXOAATAAp COHU

_[N+(Z-D]!
C“L_NT‘—

mhoia Gunan aHuKnaHanu; Z = 3 aa 6yaran xonga ypun ajama-
wriap V! sinry Mukpoxoaaraapra oiud 6opMaiiay (apBanru
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oraain); Z = 3 6ysiranaa ymyMui aieMenTiiap CoHu 2 tara
OPTAIN, SIBHA

12
0,0,1,2,..,N

Oyaaam, €ku (Z—1=2) 6yaranna N +(Z—1) ta saeMeHT
Oynajut. emak, yMymuit ypuit aaMammauiuaap coun (N + Z —
! nan ubopar 6ynanu; amMmo Z = 3 pa 2 Tta siueiikagaru 0,0
WICMEHTAAPHUHT YPUH LIMANIMLIAAPH, PABIIAHKH, SHHITH HATU-
*a 6epMmaiiau. Jdemak, onuurad naruxa (N +2Z— 1)/ M uu,
wha 20 =(Z—-D! ra, annt O (Honb) dacMEHTAAP YPUH anMa-
WY corura 6y unn sapyp. Huxostr uananaérran HaTUXaHK

OJAMI3!
- (N+Z-1)!

N Z-D (n

/=4, Z=5B.X xo;napua xam (1 1) Mukpoxonat;iap coltv 0iu-
NUIIHTa OCONTHIA MIUOHY XOCHT KM MyMkun. Z=2, N=4
xouta sa Z=4, N=2 xonana acocuit Marnaa 5 ta Ba 10 ta
MIIKPOXONATAAP OJAMHTAN 3iIM. XaKMKATAH XaM.

_ (4+2-1)! _ 51
¢= - A >
= (2+4-1)! _ 5t _

1.4-macana. Z > n mapr 6axapwiraiaa, oup-oupunian gpapx-
muisaigaurad (aitnai oup xua) N ta MUKPO3appaHUIir siueil-
Kwiap (xaraknap, xoharaap) 6¥Huua takcumaannin coun C
WHHKJIAHCUH; Oyniia xap Oup siueitkana OGUTTafa OpTUK MUK-
posappa 6yna onmacut b xMcobaaHCHH, SIbHY MUKpPO3appa-
qap Mayau Tamoiunura 6yicyHcun.

Euuw: Papas kuaaitank, Z Ta Katakaa MOC pasuiiaa #,,
N, A2, 3APPASIAP XOMAALITAH OYIACHH, SIHHN

(0] [

nom oo
ny. Hyyeoyyny Z> NOYiaranaa sa 1, = 0,1 wapr 6axapua-
VAL YMYMUA YpuH anMalutdpyuap codn Z!ra teinr, GyHia
sppajgap anannuk (Gup Xuiuk) ramoiiManra Oyicyuranu
yuyit N1 pyH anMamITHpULLIAP SIHTW HATHXA, SIHFTH MUKPOX0-
sirap 0epmaiian; Jemax,
Z\/N,
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Amyo Z >0 6ynranna Z— N ta sueitkagaru "0" aneMcHTAAp
YpUII ATMANITUPHILIIIAPY XaM sIITM HATHXKA, STHTY MUKPOXO0JI1aT-
aapra oanb keamabinu; aemak Z!' uu sa (Z — N)! ra xam
oyaum 3apyp. by xonna uznanaérran ycyniap CoHU

Z!
NYZ-N)" (12)
Hpoaa Ouian adukaanagn. Z= 4, N =2 xoa yuyit 6 Ta MUK~
POXOSIAT OAMHTaH 3. XakukaTaH xaMm (12) nan

= 4! _
C= 2121 6

ABBAITY HATUXA O Kejind YruKaau.

11 5056
SXTUMOJUINKIIAP HABAPUACHUIAH MABJIYMOT

2.1-§. KUPHUIIL. ACOCHUM TYUIYHUAJIAP

M6OCHMIT CTATUCTUK ancaMmOianb YCYIUAa MUKPOXosaaTiap
IXTUMOSLIMKAAPU TAKCUMOTHIU AHUKIAIN CTATUCTUK (PUBHUKA
yeyAuHuHr acocuanp. Ly cababau 6y 6064 axTHMOMap Ha3a-~
PUSICHHKHT Ou3ra 3apyp 6¥arad acocuil Tywynyaiiapu, Teope-
MA4ApH, TAKCUMOTIApU Ba IXTUMOJLIAD 3UMAMKIIAPH YCTHIA KHUC-
KAaua TYXTastaMus,

DXTUMOAAP HABAPUSICUMHUHI MYXUM TYLIYHYACH — TACOJIM-
huit karrasukaup. by (KaTrasiMk) Mukaop 6epuaran wapraa
Y3IUHUHT UMKOHIMSITH O¥aran kuiMaTaapuaan OUpUHU MABIYM
IXTUMOS OuAan Kadbya kytanu. Macanad, arap tacoadgpuii Muk-
A0OD “EKII CKM YEKCU3 KCTMA-KET XA XWil X, X,y oo X, ..oy
JIUCKPCT KUHMaTiap KaOysl Kuaca, YHUIT YUYH 3XTUMOIap
TAKCUMOTH KOHYHU LY KUiMAaT/Iapra Moc

P, P, .., P,.

IXTUMOJLIMKIIApHU KypcaThil Ouaant 6epuaanu. Arap 1acoam-
(huit MUKIOP Y31YKCU3 KMUMATIApHU Kabyn Kuica, Oy xoana
IXTUMOIAAP TAKCUMOTH KOHYHU Xap OUp X, X + dx Opaanx yuyH
AXTUMOILITUK

dW () x<E<x+dx

Kypcatuanun Ouiiad 6epuaand. Arap Oy x0:14a OPAIIMK YCKITH
(a, b) 6¥aca. Ws(n, b) 3XTUMOLIMK KYHUIaru TCHIMUK Guian
AHUKIIAHALN:
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W, (a,b) = I dW, (x) )
347 ”Sig
W, (a,b) = J f(x)dx,
Oynna: i
dW (x) = & dx = f(x)dx,

_aW(x)
S(x) === Q)
fix) — axruMoanukiaap 3uuwiury (OUp yauaman xoi y4yH),
busnk anabuéraa 6y Gyukims TakCMMOoT (PYHKUUICH e 10pu-
THAAaK. MareMatukana TakeuMoT yHkumsicu atamacu W(a, b)
IXTUMOSLIMK YUYH rullatuiaaau. Pu3nka Ba MaTeMaTuka ana-
Suétnapuiary 6y TYynuanap Xap XwuUIMru aHraalujiMoBym-
JUKKa 0116 BOPMACAUTH Kepak.

1-M 1 ¢ 0.1, UN3KKIM rapMOHUK OCHMIUISITOPHUHT SHCPIUsICH
| =
g, = ﬁw(n+ 1/2),n=0,1,2,..

KMUMaTAapHU KAyl KUaaau.

Craructuk (pusmkaaa oyHaait ocuuisitopiiap ancamOiauaa
ocuwasitopuunir n =0, [, 2, ... Japra Moc oueprust Kuidmar-
JApHHU KAOY/ KWIMIUK IXTUMONAAP TaKCUMOTH (hyHKIUsICH
Ounan 6epusianu.

2-m n ¢ 0.41. Makpotusumuu kypaitnuk. Kraccuk mexatmka
KOHYHJIApUIa acocal BaKT YTHIIK OUIal MAKPOTH3UM KeTMa-
KeT MuKpoxoaatnapaa 6ynanu. by Mukpoxoaarnap TYILIAMH
JMHAMUK xapakTepra ara. Fu606c apcamGan (TyisiaMu)uu ram-
KW 9TTal TU3UMHHUIT MUKPOXOJIATAAPU CTATUCTHK XapaKTepra
ara. 'mb06c ancaMbaura Moc KejiraH Karraiivk (MUKA0P), Maca-
aan, L, Tacoampuit (MUKJAOP) KaTTIMKAKP. MUKpoxoaatnap-
ra L iuir kadyn KMauWmM MyMKUH Oyarail KuitMaTiapu

L,L,..L
MOC KCAaAM (JIMCKPET X0 YUYH). DXTUMOSAHKIAP TAKCHMOTH
KOHYHMIa acocal By KMiMaTaapra Mo¢ SXTUMOJLIUKSIap
(L), P(Ly, ..., P(L)
Xam GCpUIMILIKN J03UM.

n
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by epaa myHu TabKuIAHMU3KHM, MUKPOXOAATIAPHUHKT BAKT |
Oyitnua tyiaamy Oui1aH MUKpoxoaaTinapHuHr I'nboc 6yiinua
Tyisiamu anpuopu 6up-oupura tenr jied Kabyi kunuHaau. by
9CA BProjiMK TEOPEMAHMHT MABLHOCHHY TalllKua sraau. byiina
TubGCHMIT 1aX0CU — THU3UM TraMMALTOHU E Hu Tacoauduit
KATTMIIMKKA KEATUPHUILMAAILMP.

Tacoaudmit Bokea. bepusram wapoutaa tacoandiit MUK~
JOPHUNT KaOYA KMAWILIM MYMKUH O¥arad KMiiMaraapaai 6u-
pUHUMHT coaunp Oyaumin (Cku OYiamaciuru) macodughuii eoxea
ne6 arasaun. demak, xap 6up ajeMecuTap BoKeara y3ura Moc
DXTUMOTIMK TYFpy Kesaan. Tacoauduii Bokearap snemerirap
¢KM BUP 1Cya CMCHTap BOKeATapaaH ubopaT Mypakkaod 6yimu-
K MYMKHH., DXTUMOJIKK TYLIYHYacHAaH (hoHAaIaHMULIA aHNK-
JIMK YUyl MarteMaTtukanary YHUHr tanpuduiun KosMaropos
Oyituua KearupamMus. ByHuHr yuyl Tacoau(PMit KaTTATUKHHIT
KeTMa-KeT KMAMaTIapuiu E3aitiink;

DA A S

"

By KUAMATIAPHUHE CORMP OVAUUIM ICMEHTAP BOKCATap
A, Ay s A

OVacuH. !

1. Xap 6up odilemenTap BOKea A, ra, YHMHI IXTUMOJINIU
Ae6 atasnysuu MaHpuit 6yamaran xakukui P(4)) con Moc Ke-
jlaau (akcuoMa).

2. Arap Bokea anbaTra coaup G¥ica, y nuwoiy (Mykap-
pap) Boxea Gys1anu. MacanaH, UMKOHUSITH OYnran Kuitmat;ap-

X, Xy oons

e
HaH HXTHEPHUIA OMpUHKMHT (connp 6YAUIIIN), SILHU

A, A, .., A
Bokgasapaan GUpuHUHE conup OV — Oy Mykappap (BLIOoH-
wiin) Bokecanup. Mykappap (MUIOHUIM) BOKEAHUHT 3XTUMON~
Jiru Gupra TeHr, sinHu;

PR

P (uxtuépuit A) = 1.

3. Arap A Ba B 6upra mapxya 6yaa onmMaiijiMran Bokeasiap
oViica (A Ba Bryniamiaap kecuiumaca) ynia A éku B Bokeanap-
naH oupunmnr coaup oyauwu sxrumonauru P(A + B) éku
P(AUB) x¥punnina €3unain Ba Kyfnaaruua aHuKI1aHIH:

P(AUB) = P(A) + P(B).
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4. MyMKuH Oy Marar BOKCaHniir IXTH- / \

MOJULUTH HOAA TEHT, SBHH: y ’/A P
P(A) = 0. N A
5. A, éxu B, éxyn 6up Baktna A pa B ——" =
BOKEAMHT CONUP OYMIIN IXTUMOLIUIY 2. 1-pacwt.

P(AU B) xyiugaruua auvgiadany (2.1-
pacmra Kaparnr):
AU B)= PRAy+ P(B) — PAN B)
6. Bup sakraa 6¥nmaiinuran A sa B sokeanapaad GupuHunr
conup 6Vani aXTuMoanurd P(A + B) kyitnnarnya anukjianaiu:

PA+ B)= AA) + A(B) — 2AAN B)
Bupra masxyn 6¥1a onmainuran, A sa B Bokcanapnunr oup
BaKTia copup 6ynui axtumosuturn PAN B) = 0 (smum Ava B
TYniamMaap KecuMaiiau) (2.2-pacmra Kaparr)

by xonana
PA+ B) = XA) + P(B)

€xu yMyMuit Bokeanapaau A, HuHr, €ku A, iuHr, ..., A HUHT
(Gotukaua alWTrania, wy pokeaiapaad UXTUEPUH OUpUHKIT)
conup OYANLI IXTUMOLTUTH P KyHMAArd IXTHMOLIHKAAPHHHT
Aurdnavcy 6u1all aHUKIaHaAW (AXTUMOTHKAAPIIA KYLUMILL TEO-

pemacu):
PAUAU..A_,UA)=
= P(A) + P(A4) + ..+ P(A,) = Y P(4,) &)
k=]
MmkoHusiTy 6yaran sokcanapaa UXTHEPUt GUPHUHUHT CO-
aup 6¥nuim — Oy mykappap (uwoiuiin) sokea. byngai my-

Kappap BOKEaHWHI OXTUMOJINUTU Tabpudra kypa Oupra TeHr.
By xos1a aXTUMOLTUK 1apHN KFIuil Teopemacu (3)

P=Y P(A4)=1 )
k=]
KYpUHHILHHA 041N,

7. A Bokea conup 6yiarannga B — P
BOKCAIMHUT LUAPTIIM DXTUMOIKIU AN / N
P (B), ravpudira Kypa, Kyhuaru- A / \ B

; AT /
ya aHUKIaHAIK: \_/ N
_P(AN B)
Pi(B) = P(A) 2.2-pacw.
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8K OyHaH
. PAN By = P, (B) P(A)
&k

PAN B) = P,(A) P(B).

Arap A Ba BOup-6upura 60r1uK OYimMaran Bokeanap 6yica,
I0KOPUAArHAAPAAH:

AN By = KA XB)
SKAHW KeAub uMKaau €ku, yMyMui xoniaa, Bokeajiap A, A,
. A, ... nan A, HUHT xaMm, A, HUHT XaMm, .. , A, nuur >\a\1

6mpraduma couup pyauu axTumommrn Kynvmal " 3XTUMO~
AVIJIAPHAHT KYTIalTMacH Ouaal aHnKAaHaK (3XTUMOAMKIAPIHN
KYIIAWTUPHULIT TEOPENACH):

PANA,N0 LA _NA)=PA) KA)..PA) &)
LLIapTau axTHMOIMKIAP Tabpuduaan
P,(B) KA) = A(B) P (A ©)

TCHIAUK KEAUO MUKEAM.
Mdapas xunaiiuk, A, A, ..., A, ... bupramgia 6yauu

MYMKUH O¥amaraH Bokcasap 6¥acuH. Y xonuaa (6) rau

Py(A) = P(A) A )

TEHIZIMKHY €3aMHu3. B BOKC’dHMI‘lFTy,"Ia IXTHUMOSIH L1apTiau IXTH-
MOJLIHKAAD OpKaIn Kylnaaruua aHukKianaiu:

P(B) = P(A) Py (B)+ P(A)Po(B) +...+ P(A)P (B)+... (8)

8) 1 awsTHOOpPra 0aud, (7) HU Kyiiugaryya €3amMuas:
KY

Py (B)
PN (B) s PUAD P, (Bt PN, (B O)

PI;(A,') = P(Ai)

by beiiec hopmyracunvip.

YMyMaH TacoaHpuil XoAucaaap (pa3o HyKTalapura sa Bakr-
ra GorIuK 6¥irad Tacoanduii pyukuusiaap 6uian Taseudiia-
naan. by taconuduit pyrukimsiapuunr (€K KaTTTMKIAPHMHIT)
KUAMATIAPH KETMA-KeT NUCKPCT KUUMaTIapaan €Kn yaTyKCus
Kuitmaraapaan ubopar O¥auMuin MyMKHuH. bus aHa 1y MKKH
TYpra TErMULTHY TACOAU(BUN KATTAIUKITAPHU (PYHKIIMSLIAPHH)
ATOXMAA-AIOXMIA KAPanira KUPHLIAMAS.
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2.2-§. NTUCKPET TAKCHMOTIJIAP

Taconuduit £ KaTTUIMK AUCKPET (Y3AYKIN)
Xps Xpo won X, o

n
rIIMATAAPHY KaOyn KWiICHH. By X0a0a 3XITUMOANKIIAD TaKCu-
MO I KOHYHMIA acocad Oy KMAMATAAPra MoC IXTUMOIMKIAP
xin Oepustaan. Xycycuit xosinu kapaitnuk. Tacoanduit karrannk
UIKAT UKKUTA KHAMATHUM Kalysl KMacHMH, sibHU (akat 2 xun
nOKCa coaup 6¥nacull. by xonaa 3xTMMOIMKIap TAKCUMOTH KOHY-
ira acocati P Ba P, 6epusiany Ba 3XTUMOLIMKIIAD TabprraaH:

P+ P=1 (10)
2.2.1. BEPHYUIH TAXPABAJIAPH

Mapa3 kuaalauk, Taxpuda HakaT HKKU UMKOIHMATIAN Ha-
risKara sra 6yjucuil a 6yaapHUHE SXTUMOMIUKIApU Oup-0Ou-
pura 60FAMK GyaMaraH Kaita Taxxpubaiap yrkasuiarasna yarap-
sait Kosicui. byraait taxpudanapiu uax 6op Skos bepuyaiu
(1654—1705) yrkasran.

Ouxarga 6y MKKU HATHUXA-BOKCAHMHI OXTUMOLIAPUHU p Ba
¢ Guian Gearunananu; p ra Moc BoKkecanu MysadhdaxusT (omal)
Ba ¢ ra Moculu sca mysadhakusTcHlnMk Aed aTaitnunap. by
BOKEATApHU KylaiiuK yuyH M sa N 6uian 6enruiaiiimk.

AéHku, Oy xojiaa

p+qg=1

Bepuyan Taxpubacu # Mapra yTkaswicuil. Y xoiaa UMKO-
HUATH OY;ITaH BOKeanap CoHu 2 ra TcHI Oynanu.

Bynaa

MHMHH..MMH

KeT™Ma-KeT Bokeanap axtumonauru PMHMHH... MMH) tax-
pubdaiap 6up-6upura 60orFauK Gyiamaranu yuyH 0y KeTMa-ker
BOKEATAP IXTUMOLIMKAAPUHHHT KYIAUTMAacKTa TeHr, sibiHM

PIMHMHH.. MMH) = pgpgq...ppg
2.2.2. BUHOMUAJ TAKCUMOT

Bepuynau taxpubanapuia M BOKeaHWHT k Mapra KCTMA-KET
coaup OYum axrumouiry P ra, mynaa N BoKeaHulr n — k
MapTa conup GYNUIL IXTUMOMINTH ¢" *ra; xap “KKana BoKea-
HUHT COAMP OVIril IXTHMOLIUTI 3CA IOKOPHIATH IXTUMOI-
SUKIIAPHUHT K¥naidT™acu pfg”* ra teur.

51

www.ziyouz.com kutubxonasi



Kynunua 6m3nm »n Mapra yrkasuiaran bepuynnu taxpuba-
cuiia k mapra mysagakusiT Ba, geMax, 1 — &k mapta Mysapda-
KHSITCU3AUK KU3UKTUPUO, BOKCAIAPHUHT MABAYM KETMa-KCT-
JMTH KMSUKTMpMaiiau. By xonaa # Ta aneMenTaan k tagan Heu-

Ta ycyiada xap xun TaHaa® oauiuHu Ousimin ao3uM. by sca

! .
% = k’,(T_k—)", ra TCHF. ﬂeM'dK, ousiu KHU3UKTHPACTTaH BOKea-

HHHT axTumonauru W(k; i, p) aXxTUMOJTMKIAPHM KV TCO-
peMacura acocan aHUKIAHaaN:

. n ) ok -k
Wkinp= Y pe =(ka"q’"" ST Y
XAt
yeysutap
P SXTUMOILIMKHU IOUMUIA 1ed Kabyn KUMalinuK; » MapTa yTka-
suarail Taxpnbagary Mysapdakusiiap conniu S, 6uaan 6ei-
rufaiauk. Y xonna Wik, n, p) = P(S, = k) soun Oyuna S, —
JAUCKpET Kuitmamiap kabyi1 Kunysuu Tacopuuit kartanux, Wik,
1, p) 3ca 11y KMUMATAAp 3XTUMOMAIapU TAKCHMOTHIIU Kypca-
TyBun Gyuxuusnup. Wy WAk, n, p) byuxums bunomuass mag-
cuxom aeivaany, UyHku (p + g)" auHr OuioMm €iniiMacuaaru
k-xapuuu Wk, n, p) dyHKuns anukiaitnu, ssbHu:

WO, n,p)+ W(L;n,p)+ ..+ Wyn,p) = (p+ q)" = L.

OXupru TeHrnuK IXTUMOUIMKAAp Tabpudm (p + ¢ = 1) aco-
cupa Esunian. buromuan Takeumot ndponacu Wk, n, pyran kypu-
HAJIUKH,

Wk;n.p) _ (n-k+1)p _ (nl)p-k
Wk-tu,p) kg =1+ kg . (12)

Byuaaw, arap £ <(n + I)p 6ynca, (12) nucbar 1 nan Kat-
Ta, AeMak, W(k; n, p) 3XTUMOJLIMK aBBafrdCHIAH KATTA, arap
k > (n+ 1)p6¥nca, y IXTUMO LMK aBBAUITMCHAAH KUUWK OYnanu 3
WlyHnait kusno, k Hosnan s rava yarapranna Wik, n, p) axru-
MOJIIMK OAAHH MOHOTOH OpTUO 6opub, cYHIrpa MOHOTOH KaMa-
sti. Arap (n + 1)p = m 6yTyH COH G¥sica, k = m Gyarauga WAk,
n, p) OXTUMO,LIMK Makcumymra spuwanu. By Wim; n, p) un
MAKCUMA IXMUMO2AUK TEAW1anu, m nu aca Mysaddakusitiap-
HUNT 9ne Kamma Xmumoadu Couu Aeilnianu. Arap np >>1
Oyaca, m = np OV.IMIUMHU KYpCaTUIL MYMKHH.

busuu onataa k¥nuuua Mysaddakusitiiap coumn Kamuaa r
OVauviny 3IXTUMOAN, SIBHU
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P(S,zr)=Y W(r+v;n,p),
v=0)

OVt Ku3uKTupanu, Oyrnga v > n — r xoaaa 0y KaTOPHUHT
XAMMA Xa[1apy HOJIFa TET.

ypTﬂ‘lZl Kuumamap k, k2 k' Ba pucnepeust (hnyktyauust)
=k - k HIA aHMKNaiMu3. [ taptuban MOMEHT k’ HU AlUK-
mu‘imus. Ta1,pmbra acocait:

Ek W (k; n, /))—Zk’ Pyt =

- __()_ i k A n -k _ i "

=P3 P o ;C ('Dap) (p+q) (13)
XycycaH, 6yHaan KyHUBArHHK TOIIAMU3:

T ¢ n n-1

k=p5,;(p+q) =np(p+q)  =np, (14)

k =P ()p ()[)

2(pra) =psrn(p+a)” =
= np(p+q)"_ +np* (n- l)(p+q)"'2 = np[l + p(n—l)]. (15)

(14) Ba (15) ra 6uHoaH aucnepcus ((paykryauus) Hu aHMK-
STARMMUS;

o} =kl -k = np[l +p(/1—l)]—nz/)2 =np(l - p)=npg;

o} = npg. (16)
[Okopunarunapaan KypuHaauku, ap >> 1 0yarauna,
k=m

oynaanu. (7) AaH KYpUHAOUKK, # OPTUNIM Ouitan GayKTyauus
o} opTaau; aMMo n OpTHWIKM Owiant HUCOMIT (iyKTyauus
o./k= ,/q/ np KaMasiiu,

ByHOMMAT TAKCUMOTHUHHT KYtanMuinra UKKUTa ojuinit Mu-
COJl KEATHPAMU3,

1. Kyrupgaru niapaap Macaiacu.

KyTuaa ok Ba Kopa wapap 6op. Kyrvaail oK 1uap oJiMHUIUN
(MyBadpakusiT, OMax) IXTUMOIU p, KOPa APUWHT ONUHUILN
(MyBa(pakuaTCcH3AKUK) axTUMONKM ¢ =1 — p OYncun. Kytuaan
Xap rajl OJIMHIaH 1apin KyTura Kantapub conud, wapiaapHu
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apagaprrupuaaan (Wy ycyn 6wian xap raaaaryd KyTMiaH iap
oautiHi Gup-6upura 0oruk OyaMaraH Taxpubaiap aeb kapaiura
Kesitupuiiaian). by bepHyuin taxpubacunup.

Bepuysum Taxpubacu n Mapra yTKasuaraHnja k Mapracu-
Jla OK 1ap YMKUMUIKM (OMal) IXTUMOAM OUMHOMMAN TAKCHUMOT
W(k; n, p) Ouan anuKaHaau.

2. V xaxmin nauinaa oup-oupura 0orauk 6yamaraH # Ta
MOACKY:a (uacan ra3) 6op. VXaKMHUIT v KHCMMIA MOJIEKY 1A~
HANE O6Yan axTuMoaaunry p 6yacun. Vxaxmaa k ra (k < n)
MOSIEKYRAHUHT OYIMO KOAMLI IXTUMOINTY OUHOMUAIN TAKCUMOT
Wk, n, p) OMAaH aHUKAAHAIN.

2.2.3. IYACCOH TAKCUMOTH

AMaiividi MacaiasiapHu Kaparatia bepuiyiny raxpubacuaaru
A nucbaran Karra, p aca nucbarad KUUUK 6Ynaau; yaapHuur
Kynairmacu A = ap, k = 0 yuyn

W0, n,p)y=~10=py=(~1-ny.
Byngau n - o 6yaraHna

W(0;n, p)= e (17

udoaary ofamus.
IyHuurnek, n - o, p > 0, ammo L = np ueku Oyaranuga
tucohar
W(k.n.p) _ fp=(k-)p N A
Wk-1:n.p) kq k

oynanu. by HucbaTnaH (MHAYKUMSL acOCHAA):
W n, p) =AW0; n, p) > A
W;n, p)= %AW(l;n, p)— %Aze"

€K1 B
Wk; A) — ’;(_'e-*. (18)

by (I8) [TyaccoH TakcuMoTHUHUDp. Kypuriud typuod-
auxu, k=0, 1, 2, ..., napaa (18) uu kywuw e yuyn Teiinaop
KATOPUIIMHI € ra KynaiTvacura teHr. Jemak, Gepunran 2 yuyH
W(k, A} 3XTUMOINUKJIAPHUHT HUFUHMCH BUpra TEHT, SILHU:
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——— y, A e

S W (k;a)=1. (19)
k=0

BakT O¥ituua kerma-KeT conup 6yaanuran Taconuduii Bo-
KeanapHH, macanan, paanoakTus emupuauul, tenchoii cTan-
nusicufd vakupuin” ("Bbi3os")napuu Kypadiuk. ByHuHr yuyn
n opanKianapra 6yauHran OMpauK BaKT OPATUFUHH OJIARIUK.
byuna Xap Oup opasimkuana coaup OyauiuuM MyMKuu Oyarau
Oup ¢x¥ Oup nieua Bokea IXTUMOIU P, nu y3rapmac neb xapait-
auk. bY Macanaga xap 6Up BakT opanukKdacH Boxcea GuiaH €
dang, € OYw oyaaau. Opanukuanap 6up-6upura GOFAUK 3MAC-
sauruaat Oy Bepuynnu Taxpubacura Kenaam: k opainkyaHunnr
OanLIATH dXTUMOIUTY

Wik, n, p)

ounan alukananu. byina opanukaa Supopta xam Tacoauduit
Bokea (OMpopTa xaM sipo eMupuarLIK) GYIMACTUIH, Xap 6Up
opanuK'tala xam 0y Bokea conup Oyamacauruaan mbopar. by
BOKea 3¢ ¢" = (1 — p)” aXTUMOLIKKKA Dra Ba OyHjgal #1 = o Ba
np = A 1€Kny 6ysiranaa ammurra ytud,

. ] A

lim(l-p,) =e (20)
ndogat¥ Onamus. k opasiMKIUIapHUHT BAHLINTH DXTHUMOJANTH
aca WAk, 2), sibiiu [Tyaccon TakcMMOTH GUaaH Gepuaann.

AMAMMIA Macananapaa OUPANK BAKT OPAIIMFUHN UXTUEPUIA
BakT oPAUFK f OMAaH aaMatuTupusica, Tabuniku, A ny 1r ou-
jlan apMalirupun no3uMm. Y xo:na Tlyaccon TakeuMoTu

&
W (ks 2r) = G e @1
Kypunnllia 6ynaau.

Bu3 IOKopuaa taconuhuit BokeanapHuur Bakr yxu t 6yitu-
uya TakCMMOTUHHM KYpauK. JlexuH 11y Bokeanap TaKCUMMOTHHHU
1032 XXM (Eku dasosuit xaxm) 6Yiinua KYpull XaM MyMKUH.
byraa BAKT opanuru YpHura 103a 6K XaxM opasinru 6yiaau.

2.2.4. TOJIUHOMMUMAN TAKCHUMOT

BuHOMUa;1 TAKCUMOTHH KyHMAaruua yMyMaalTuPyIn MyM-
knit. XaP Oup raxpubaia Tacomuduit KATTAIMKHUHE E,L,..E
KUAMaTIabu connp Gyamiuy MymkuH Oyacun Ba Era P(i= 1, 2,
... 1) 3XTMMOINIUK MOC KEJICUH. YMYMHUIT X014

P+P+..+P=1
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n Mmapra Taxpnba yTkasuaraviaa, k mapra £, k, mapta E, Ba
X. K JIQpHUHC Kenub uukpiuy (Bokegajiapuuure coaup oyaumu)
IXTHUMOSLIUIHY
l kT
kl 'kz_k l)l pZ 'I)r (22)

Oynanu, OyHaa

k +k,+ ..+ k=n
(22)1tv noanunomuaa makcumom Reidn1anv, UYHKH Y
(P, + P, + ...+ P)" novMHOMHUNT ERMiiMacHaaTh yMyMHil Xann
Ounan BUp XHALUP.

2.3-§. YIIUYKCH3 TAKCUMOT OYHKIINAIAPH

2.3.1L. X TUMOJLTHKIIAP 3ULIIHMI'Y

Vigaru (6up yauoiu $azonaru) IXTUMOIUIMKIAP 3UIu-
ru flx) ned

o

F(x)20, [ f(x)de=1. (23)

—o0

(byHKIMSIHU alTHANK:
Xap Gup 3XTUMOSUIUK 3uuaurura F TakCUMMOT Py1KUMICH
MOCAALITUPUIALN:

Fxy = [ £ (y)y. (24)

by F(x) ¢pyuxkuus 0 Ba | opacuaa y3rapagaurai MOHOTOH (PpyHK-
uusianp. Arap fx) byHkuus a < x < b opasiukaa Masxys 6ynuo,
Oy opanukaall Tauikapuiaa Hoara teur oyaca, Ax) wya<x=<bh
OPWINKIA MaBXKyI OYaaau, yHAAH TAIUKApKIa HOAMA TEHT 6Yaau.
(a, b) opaankka

b
F(b)~ F(a) = j F(x)dx (25)

IXTUMOLINK MOC Kenaiau.
K1 1490814 X051 yuyH XaM SXTUMOLTHKIIAP 3UWIMTH I0KOPU-
Aarura yxuiail KHpUTHIAAK Ba Kyuaaruya alnMknaHaiau:

(X X000 X,) 20, ff(x,,xz,...,x,,)dx,dxz,...,dx,, =1. (26)

Wkku yadosau ¢asona axtuMoiukiaap snuauru flx)gly)
HAHT OEpUiIMLIKN KyHUAary uHTerpat Gunan aHUKAAHaAN:

P(AY = [ [ S(x)g()dxdy. @7

A
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MyxuM Xycycuit X0jIHH K¥paiauk:
S=X+Y

Mapa3 xuaalauk, x+y < s, g(y) = G'(y) aKaHAUTHHU HAa-
sapna Tytv0, (27)Hu Oynaait ¢3aMua:

Px+y<s)= f G(s ~ x) f(x)dx (28)
¢KH, OCOHTMHA KYPUHALHMKHU,

P(x+y <s)= [ §W)F(s - y)dy. (29)

(28) Ba (29) udonanapaan X + Y Hunr 3utiMrn Kyiugaruua
AHUKIAHAILN:

[ GGs—x)f()dx = [ g)F(s = y)dy (30)
(30) TeHrAMKHU YMYMUI X004 Kyiinnariuya oearuiaranu:

frg={ fls-yg)dy = [ f()gls-x)dx.  (3D)
- 0

2.3.2. VPTAYA KUHMAT. MOMEITIAP

Taconuhuit KaTTAIMK IXTUMOLTNKIAPH TAKCHMOTHHUHT MYy-
XUM Xycycustrnapuaal oupu — Oy ypraua xuiimar (MateMaTuk
KyTuJiMa)anp. MPapas KUAAMIKK, X TaCOAN(PUt KATTAIMKHUHT
KUAMATIAPU X, X,,.., X B& YHHHT IXTUMOIMKapu P, P,
... P, 6ysicun. by xoaa X HUHT yprava KunMaTh

<x>=Y xF (32)
i=t

SIKKHAALYBYY KaTop Ouaan aHMKIanaam, Arap X HUHT KMiiMaT-
Japy y3i1yKCH3 OYiica, y XoJiia yprada KuiiMar

<x>= Txf (xX)dx (33)

SIKAHARUIYBUM MHTETPaa Ounan aHUKJIaHAU.
F(x) Tacoampuit XaTTamMK X HUNT TAKCUMOT PyHKLUsICH
OVIICHH. Y X01Aa X HUHT K TApTUE AU MOMCHTH

<xt >= +j?x"dl’(x) (34)
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uirerpai uoa 6unai aHukjananu. byuna, arap x HUHT auc-

KpeT KUHMAaTaapu X, X,, ... X, ,... MOC pasuwaa P, P, ... P,

IXTUMOSLTMKNApra 3ra 6ysca, k TapTubam MOMeHT
<x“>=Y xP (35)
i=l

KATOP OMAaH alMKAaHaaM; arap x Tacoanduit katrannk fx)
TAKCHUMOT 3Udaurura sra 6ysica, & Taptu6;iu MoMenT

<xt>= Tx" S (x)dx (36)

uHTerpaji Outan auukianany (Oyuaa k = ). Taprubra mapkasuii
MOMCHT < x — < x >>k kabu anukianaam; oynaa k = 2 6ynca,
< x —<Xx >>? Hu x UKMHT QilyKTyauusicn (AMcnepeHscu) aeitun-
Jjlalu.

Kerma-ker tapTubiaM MOMEHTIAPHUHT GEPUAMIIIN aCOCHUIA
IXTUMOUIMKNAPHY alIMKAALL MacaJlaci MOMEHT/IAp MyaMMOCH
Ae0 arazanu.

2.3.3. 9KCITOHEHLAAJ 3UIMK
HUxruépuit, myalisin ¢ >0 yuyH
fX)=e> Ax)y=1—-e*;xz20 37

Ba x <0 oy;siranna fix) = Ax) =0 6Yaca, fAAx) pyHkuus akc-
nonenuuan ynxuua Neiviaiu.

2.3.4. HOPMAJI TAKCUMOT
Arap 3XTHMOJLTUKJIIAD 3UYTUTH
_ 1 v 2 2 :
P(x) = 72ﬂ—ﬁe:xp[ (x-<x>) /267 (38)

KypuHMIIra 3ra 6yaca, Tacoaupuil KaTTaanuK X HUIIC IXTHMO-
NUKAP TAKCUMOTH H O P M a 1 TAKCUMOT neivnany. bynna o —
TacouU(pUM KaTTUTMK X HUHME (DAYKTYALMSICH (IIMCTIEPCUSICH).
By epna wyHu aliTHur TO3MMKH, MabJyM wapTaap 6axa-
pYITaHAa, OMHOMUAN TAKCUMOT HOPMAT TAKCHMOTTA YTaau.

2.3.5. TEKUC TAKCUMOT

Arap 3uuauk (a, b) opanukiaa gouMmui Ba 1/(b— a) ra
TeHr 6yaca, Tacoauduit kaTtanuk (a, b) opasukiua TEKUC TaK-
cUMTaltan geinnaam. By x0/11a 9XTUMOUTMKIIAp TAKCUMOTH
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— e~ semematn Y

_ Xx-a
Fx)= 4= (39)
(0, 1) na anukgianrad 6yiaamn; oyuga @ < x < b.

2.3.6. TACOAUDHI BEXKTOP

YRR

Mazoparu Tacoaudmit Bexrop ned, Tacoauduit #ynaauuga
Y IKa3UAran, y3yHIMIY Tacopupuit katraiuk (Mukaop) 6y1uo,
hynanuuira 6OFIUK 6YIMaral BCKTOPHH TYLIYHUAALN.

Tacoanduil BEKTOPHUHT 3XTUMOAMIA XOCCACUTIM TEKLIUPHILL
y'uyn yHu 6upop yKka, macailan, Ox YKKa ApPOCKIUSICHHUHT
IXNTHMOGIMIA XOCCAIapHHU TEKWKPUIL eTapsiu. ByHUHT yuyH Bek-
IOPHUHT Y3YHJAUTH KURMaTAapyY TakKCUMOTH V Guaall yHUHT
NPOCKLMSICH KMAMATIIapH TAKCHMOTH opacujlary OOFNaiMuIHy
O kepak. Bepuaran iynanuusgarn GUpAUK BCKTOPHUHT Ox
¥xka npockumsicu x 6yicun. Y xonna L= xL; (0, 1) opanuia
IeKIC Takeumaanrad Ba L ra 6orauk amac. X = x Gyiaranaa
Iv < fBokea dakat L < 1 /x Oysirannaryuia coaup Oyauiuu
Mymkimi. LTHyHUHT yuyH

Ft) = JLV (i){lx, > 0. (40)

bytaH Ternuiy snMkaapau gugdepenninannabd Kyituoaru-
it QJIAMM3:

f(r)=jV(-)’;)~’f}=TV(y)%,y—- 1)
0 t

byiiatt xocuaa ojicak: )
—if (= N). (42)

Ilynpait kuaub, Taconnpuit BeKTOpapHUHI Tacoanuii
Y3y HJIMTY OWTaH YHUHD TacOAUDHIA NpoeKLMsICH opacuia 6OF-
AU aHKKIaHAu. (41) mynocabaraan ¥V mavaym O¥nca, fHu
ronnu yuyn, (42) myHocabarnan aca f mabiym Oy¥aca V uu
1otsun yuyn oiiaanaHuin MyMKHH,

(hapas Kunaiauk, Taconupuit NPoCcKus KaTrajink (MuK-
nop) KHAMaTIapy HOPMaT TAaKCUMOT Oulall AHUKAAHCHH:

£y = (1) = \Ee'”“.

Y xouia Taconuuit BEKTOP Y3YHAUIY KUMUMATIapy 9XTUMON-

napst 3uuaury V(42) acocuna Kyilyaarua aHuk Iaaam;
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V@) = \Eﬂe"u 2, t>0. (43)

By MakcBeu Te3uKiIap TaAKCMMOTH KOHYHUIMD.

2.3.7. TAMMA-3UYIMK

Famma-QyHkLMs

4co
F(v)= [ x~'evdx (44)
0
unTerpat udoga ounan aHuKiaanaam, 6ynnav = 0, 1, 2 ... 6y-
TyH connap yuyn ['(v + 1) =v! YMymuit Xonaa aca, v MUKAOD
(0, =) opanukna V3rapraHaa, (44)Hu Oynaxinad MHTerpainall
opkaiuy anuknadaau: Fv + 1) = v T'(») j;“(x) raMMa-3uwinK
fpp(x) = #v) B’ xe P dx (45)
dropMmyiia Ounal aHUKIAHAAK.
FamMma-3uuukKaap HMFULITYPMA onepauusicura HucbaraH
€MUK, SAbHU:

S 0= Lopen» #>0, v>0, (46)

2.3.8. XAPAKTEPUCTUK @YHKIIAARAP

Tavpud. Taconupuit KaTTaauk (MUKIOP) SXTUMOSUIUK-
sapu 3uwinry flx) ra sra 6yicud. by xonna xakukui xartra-
JIMK (MUKIOP) YUYH flx) SUUITMKHUMHT XapaKTEPUCTUK (PYHK-
uusick (&) Kyiugarnuya anukjaaHanu:

¢ (&)= [ e fx)dx (47)
€KHU
P(E) = < e8>, (48)
PasuiaHky, yYMyMHii xo054a
p(&) = u(§) + D) (49)

M acana. F'aMMa-TaKCUMOTHMHT XapaKTePUCTUK (PYHKLIUSI-
cu @(§) HU aHUKNAHT.

Eunm
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- _m i'f.\' jEx ‘ 1 'ﬁ\ _
‘/’(G)—ie Joo (X)dx = o )J'e dx =

_ ”( ““] ____/_JV_ e L
r(v)jx e dx T Ix e ™dx =AY

2.3.9. KVIT APTYMENTIN TAKCUMOT OYIKITMSIAP

Bup neura taconuduii karraamknap x,, x,, x,, ... ra 60FIUK,
BOKCAHWHT dXTUMONAKUKiapu dW(x,, x,,...) Kyiiunaruya €3u-
JUIIA MYMKKH:

AW (x,,x,) = f(x;,%,)dx,dx,;
dW (x;, Xy, x3) = (57, Xy, X3 )dx,dx,dx;; (50)

.......................................................

X, XX, Tacommduit karrajuknapra G0FIMK Mypakkad
racoauduit karraiuk L (x,, X,,...X) HUNIT ypTaya KHAMaTu
(MOoMeENTH)

<L>= J' L (xy, %500 X, ) (X0, X505 X, ) dxydXy.dX, (51
(%1 veee X))

ndoga OGunan anMKalagu.
®apas KMAARAKMK, TACONMPUIA KATTAAMK yy VIu0B/id (srblin
yuTa x, y, z racoanguit Katraaykiapra 60s1dk) 6yiacuin. Y xosa:

dWix, y, 2) = Ax, y, Qdxdydz. (52)

Ma3OHUIT MABIYM KHCMIIA AHUKIAHIAH TAKCHMOT (PYHK-
imsicu Wx, y, 2) nv ronuim yuyu (52) wu dxdydz "ky6"nap
O¥itnua uHTerpasiaul 3apyp, sibHu:

Wxy,2) = [ [ [/ (x.y,2)dcdydz, (53)
¥)
(52) ndonana Hexkapr koopauHarasap THaumuaan chepHk
KOOpAMHATanap TuauMura yrainaumk. Y xo.ua:
dW(x,y,2) =dW(ré,¢) = f(x,y,2)dxdydz =
= f(r,0,0)J|dodedr = f(r,0,¢)sinddddor’dr.
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By u(onaiiu dypuakiap 6yitmua nurerpaniad, yuKkan udona-
nu dW(r) Gunan Geardiaanink:

j f (/W(r,o,ga)=dW(r)=r2drj f f(r.0,0)sin0d0dp =

(0.0) (0.0)

= @(rrridr = e(r)dV =y (r)dr. 49

Bytia dV = 4 arkdr panuyciapu r Ba i+ dr 6Virad ukku
C(hepUK CUPT OpPaCHLIary JNMEMCHTAP XAXKM.

YMyMuid xonaa KV apryMCcHTIM TAKCHMOT PYHKLUHSICHHN
€xu TacoardUit KaTTATUMK MOMEHTHHY TonKAa (azonu dx,,
dx,.....dx "runepky6” napra 6y;m0, wynap Gyiinya unrerpasi-
J1a0 anuxsananu (Oyunad yeyil KaHOHMK TAKCUMOT PyHKLUsL~
Aatt dpodaananrania yapaiiu, kelinrru 6061a 6yHu xypamus)
¢ku dasonu runepcdepanap paamuia dW, = cnr\dr anemen-
Tap Xaxmaapra 6y;amo6, wy xaxMaap (€ky paauyc Kuilmatiaa-
pu) OVitnua uirrerpasanad anukianaam (6y xon MUKpoxonar-
AQAPHUHT DHCPTHAHUHT KuiiMaTaapu Oyiluya anmkaanumy 6u-
jlatl GOFTMK MACATANAp Kapairania yupaiam).

1 605
MYBO3AHATIATH TUIUM
MUKPOXOJATJIAPU TAKCUMOTH

3.1-§. KHUPUII

MabayMKH, TAKCUMOT (DYHKUMSICH CKU 3UUIIUK ONCpaTopu
yuyn Juysuaas Ba Heiftman Tenriaamanapy Mapxyn. Arap tu-
3UM TCPMOAMIIAMMK MYBO3aHAaTAA CKu cTalkonap xonarga oyaca,
By TeHraMaIapiu raMvwiibToHdal H(p, ¢) HuHr UXTMEPUM (PyliK-
tusicy fUH) kanoamnantupaay. Jevak, craimonap €Ky MyBo3a-
HAT X011 K TaBCH(DAAIMTAH TAKCUMOT QYHKIMSICHHM UXTHE-
puit fH) pyuxusuiapnan Tanaad onuul yayn andarra TH3MM-
HUANI XOAaTUIa TETHILLIA, KYUIMMUA MaBIIYMOT 3apyp.

MyBO3aHATAArM XOAATHUHT TAKCUMOT (DYHKLMACKIIM AHUK-
Aam yuyr assai 'nooc (1901), keivu Tonmen (1938) tepmo-
AMHAMUAK MYBO3ALATIATH SIKKATAHTal TU3UM MUKPOX0i1aTAapH
TCHI DXTUMOSMKIIApra Jra, AchWiraH (papas3Hu aiitaguiap.

Tabuuiiky, TUSKMHUHE TALLKY MYXUT OWJIaH OOFIaHULL Xa-
pakTepura Kapab, aHMKIaHuIIN J03UM O¥aran TakcMMOT (pyH-
KLUMSLAapU XaMm xap xus 0yaaau. Macasian, akkaianran TM3uMm,
SbIM TAlIKY MyXUT OuaaH y3apo Tabcupaa 6¥aMarax Ba, ze-
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MaK, HEPrusiCY Ba 3appaiiap COHU JJOMMMIT BYIral TU3UM X0AATH
YUYH MuUKpoxanonux magcumom e ataaysum TakCUMOT Qynk-
yuscu KApUTUiIaan.

Pean xo:11apia TH3UM TallKK MyXuT Guaan y3apo tTabeupia
Oys1anu, SIbHU YHU MYTAAKO SIKKAGIAIL MyMKUH DMAC. Arap Kapa-
JAETraH TU3UM TAIIKU MYXUT Oriak pakaT SHeprust ayiMatuniia
oica, siblti y €nuk 6ynca (Oynaail TM3umiy anabuéria KyrnuHya
TatWKY MYXUT (TEPMOCTAT) OKMAA MCCUKIUK KOHTAKTUAIY TH=-
3uM 1eb aTasnanm), Oyl TUSUMHMHT MHKPOXOJIATIAPK K a -
HOHUK TAKCHMOTQOYHKUHICH OPKAAH alIMKJAHAN.

Arap TM3UM TAUIKK MYXUT OHIal XaM DHEPrusi, Xam MoIa
(3appasiap) aamaiumia ojica, YU OUMK TH3UM Aed aTaiauu,
OyHait TUBUMHUIT MUKPOXOJATH KATTA KAHOIIMK TAKCH -
M O T (pyHKIMsICY OuiiaH TascU(IaHAaN.

Bupunuun mapta B. [u66c cratucruk ancam®;1h acocHla Tak-
CUMOT pyHIKUMSICUHIM aHUKAIM. ByHaa MyBo3aHaTaary xosar
TAKCMMOT QYHKIMSICH (DAKAT TU3UM XapaKaTU UHTETPLLIapH —
raMMUIBTAHUAN, UMNTYJIBC BA MMITYJILC MOMCHITIApUIrarnta 6or-
JIUK, OYAMILY MYMKUH.

bupoxk TakcumoT dyHKUMICH, KyMaanand, TuGocHuir ka-
HOHUK TAKCMMOTH, MATCMATUK HYKFAH 11A3apAatl KAThUN 1C-
oot Kuuiunmaran. (Macanan, Aisenmuu 7], 3yGapen [5] sa
bowkanapra kapasr). Mauixyp sinon ¢mauru P. Ky6o cratuc-
THK (PU3KKa acocuuary KHAMHYMIHKIAD XaKMa:

"Atnk daniap opacuna pU3MKa CTakuu Ypuriiy srasiaii-
JIH, CTATUCTUK MCXaHMKa 3¢a YHUHT acocHil Bymaitapuaart Gupu.
Duau 613, CTATUCTHK MEXaHMKa acocaapuia GUp Kallga Hoa-
HUK/IMKap 6op, aeb aiitcak, Oy YKyBUMHW XAl pOH Kusia1u Ba
TamKKyOAaHTUpann. JIeKui, axpoa Xakukaran xam wysgamn”
nerant puxkpHu atran aau {41

MabayMKH, CTATUCTUK (hU3MKa yeyiiu Ounai xucobaatirat
KMUMataap Taxpudana Ky3aTHAIMIaH Peajl KaTTaainKaap Kui-
marnapura Moc kenaau. Ly cababsnum, cratueTrk (hr3ukara 6a-
FAWIanran agadbuéraa Mudoc rakCUuMoT (PYHKIMSICHITHHT Ta1~
Oukura awTU6Op Sepunan. bus nca kyitupa (iny 606aa) craTu-
cTK GU3MKa ycyaulin Ba y Gunan GOFAMK TAKCUMOT
(DYHKUMSICHHRAHT KYPUHULLIAPHITH ACOCAALLITA ACOCH I HBTHOOp-
HU KapataMu3. busznunriua, Oy Macaianm MyXoKaMa KMAULL yC-
JyOUH HYKTau Ha3aplaH XaM KU3UKAP WM.

Mawaymku, N Ta sappanan nGopaT TUHMIIMHE AMHAMUK
MUKPOCKOIIMK XOATU 3appajtap XapakaTH TCHISIaMa1apH (Ma-
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cajaH, Kj1accuk mexanukana FaMuabTOH TeHraamaiapy €ku
KBaHT MexaHrkacuaa Lpeavrep TEHIaMacH) acoOCHMAA aHUK-
sananu. CTaTueTrkK GU3UKaIA TUSUMHYHT CTATUCTUK MUKPO-
XOaTH JIMYBU/LIL TeHrIaMacy ounan TapcupiaHanu.

Mypo3aHariard CTaTHCTUK (pu3uKana JIMyBUAAL TEHTAAMA-
CHIN KaHOATAaHTUPYBUM UXTHEPUEI dyuxkums fH) Huur our-
KOP KYPUHHULIMHM aHKKAaLl 0011 Macaiaiup.

B. I'n66c cratucTux aHcaMO1b TYLIYHUACUHM KUPUTHO, YHUHT
acocuaa f{H) Hunr olKop KYpUHKILY YUYH

- [(H)=SeP* (1)

udonanu éanu. bynaa H = E TUBUMHUHT TYJIMK SHCPTUACH, 3
Ba ZGepuiraH TU3UM YUyH JOMMUI napameTtpaap 6yaud, tep-
MoOAMHaMMKa MyHocadaTaapy Ounal TakKoCAaL Ba HOpMaiall
HIAPTHU aCOCUIA

B=1/kT, Z=exp(-BF) (2)
IKAUSUTY alMKNaHaan; F— TU3UMHUHT 3DKUH 3Heprusicu, T
VITMHT TCMIIEPATYPACH.

CratucTuk (puauka dany sipatiiumia aicamoab TyLyn-
qJacu KUPUTUAMLIY Ba 11y acocaa (1) udonaHMHr aluKaHUIWK
dyHuametiTan axamusirra ara 6yncana, (dOynna P. Buxep ksaut
MCXAIMKA Ba HUCOMMAMK Hazapusiapu Kamd) KUIMHUILKLAH
veryi Kysiau |8]) (1) udropanu acocnauga, Macanai, TepMOAn-
HAMMKAra MYPOXaaT KUAMHUIIKM HA3APUSIHUHT MAHTUKUN XK -
XATHAI MYKaMMasl OMaCIMIUAaH 4aa0aaT Oepatu.

XakukaTad xaM, CTATUCTHK (PU3MKAHKM acocaalila KyrrnHa
noanukankaap masxyn. 3yéapes 1. H. arranuaait "Aucambis
HA3APUSICUHM SIPATULL BA ONMHTAH TAKCUMOT QYHKIIMSIAaPHU
ACOC/IALI MYpakKal Ba xo3upraya TViia euuamMarall MyammMoanp.
Xarro, Oy aHUK euuM Katiiak qapaxaia MyMKMHIUTH 1HOAHUK-
aup”. |5, 27-6eT}.

bus 1y epaa tTabkuanahMuskd, rapuu ['uboe TakcumMoTu
(DyHKLMACKH, HA3apUi-MAHTUKUH XUXAaTAaH KarTbUil ucboT
KuaauiMaran 6yaca-sa, OyHUHT YPUEIN DKARAUTUTA YHAAH Ke-
AMO YMKaAMIaH HATHXaaap TepMogMHaMuka myrocabaraapura
MYBO(UK KEAULIY BA, JeMaK, Taxpuda HaTHXAIApUIa MOC Ke-
SIMINY OuitaH KAHOAT XOCHI KWUHAD DIH.

LWynnai k6, T'ubbe aHcaMday Ba YHUHNT aCOCHLA TaK-
CUMOT (DYHKIMSUIAPUHM acociiaul KaTbuit alTuaranjia, y3mi-
KECWII, TYAa Xa;1 Kdaunmarad macanaaup. (k. [4, 5, 9, 10] Ba
6d
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dowkanap). FOkopuna asituarad caGabaap rydaiau, vHbopma-
1IMsl Hazapusic TytuyHyanapura tasHu0, LetiHon gpopMysnacu
ACOCHUAA CTATUCTUK (DM3UKALIMHT ACOCUHH KYPHLL, TAKCHMOT (hyH-
KUMSTIAPMHK ACOCHALL MYMKHH 9711, AMMO Oy ityniu pyeora uu-
Kapuiuaa ycayOuit Xuxataai KMdnHUHIMKIap 60op sau.

bus cratucTuk huarkaiy acocrawnary oy Kuduuuuankiap,
HOAHUKIMKIAP Ba YCiIyOuit KWHUMAnKnapum daprapagd atui-
ra xapakar Kuiaauk. boiikaua aitranaa, CTaTUCTHK (pU3MKa Ba
CTATUCTUK TEPMOAMIIAMMKA aCOCTAPUIIA XaM HA3ApUI, XaM yeiy-
6111 XXMXATI3H MYKAMMALIALITHPULLITA YPUHIMK.

3.2-§. AKKAJAHTAH TU3WM.
MUKPOKAHOHHUK TAKCUMOT

Taspudra acocar, siKKajaHran TUIMMHUIT 3Heprusicy £
Ba 3appanap coun N LOUMMILIMD, SIbIIM:

E = E, = const, N= const n

by xoa/1a MUKpOXoAaTjiap 3XTUMOLIAMKIAPH TEHT DXTHMO -
NV CTATUCTUK MHKpOXonarnap Kabu anukaanaau: W, = W, =
= .= W. Hopmajiaut wapru:

YW, =WY1,=WN,=1. 2)
i i
by udonanan
_ |
W = Vo (3)

Bapua mMukpoxonataap yuyH oup xuil 6yarau (3) TakCuMoT-
HU MUKDOKAHOHUK maKcumom Neinaaan. DHTPOIIUS ICa SKKa-
JIAHTaH TU3UM YUYH

N N
S=—2 2("’ In "')=I11NA,7’\,L=W'- o)

udopa OunaH alMKIaHaAaU.

TUIMMHUHI MUKPOXOAATHHM 3ncpxmr KUUMaTH OpKaiau
aHuKIalran Ba sneprust gakar 6uTra Kudmar £=E; nu
Kabyisl kuiarauy Tydaiau TUSUMIKHT Oylnait MUKpPOXOaTu
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OuTra O¥naau Ba yHUHT axTumonanru dW(E) yaaykcus xon
YUYH

dW(E)=0(E— E)dE ®)
ndojia 6unaH aHuKJIaHauK; OyHaa SXTUMOIMKIAD 3UWIMIU

O0(E — E,) Oupaknuur penvbra-cdyHkuusicuaup. Hopmanaiu
LapTH

j dW(E) = Ta (E~ E)dE =1 (6)

(E)

KYpuHMuira 3ra.

3.1-macana. SIkkanaHraH TU3UM YYYH HOpMAadall LIAPTH
EW, =1 pa snrponus udonacu §=-Y W, InW, nan doii-
AajlaHU0 MUKPOKAHOHHUK TAKCHMMOT (DYHKUMCHHHU aHUKJIAHT.
AcnaTtMa: MyBo3aHat XonaTuaa .S MakCUMYM KMitMaTra
ara Ba y yarapmaitau. Evum:
HopManaw wapty Ba sutponust udoaantapu sapuanus-
JIApUHU O1aMK3:

§Y W, =0, M
8S=-83 W, InW,=0- InWsnW,=0. )

(1) Hu JlarpatXHMHT HOMABIYM KOIPPULMEHTH o ra Kynai-
TUpKO, cyHr yuu (2)ra KYwuo, Kyiugaruiu onamMmus

ZW,(cx~an,)6W, =0. (3)

W, uxtuépuit yarapranga (3) aaru TeHruK 6axapuaniumg yuyH
AW, onnunard KO3pGULMEHTAAD HOATA TEHT 6YIMIM WapT,
sS'bHU

a—InW =0. 4)
OVnuiuu kepak. ByHnau 6apua xonaTaap yuyH
W, =e (5)
TAKCUMOT (pyHKUMsICUIIY OlaMu3. W, WM HopManam waptura
KYSIMU3:
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www.ziyouz.com kutubxonasi



YW, =Ye -L=e Y1 =1
bynnan xonatnap conn N, = ZI,. YUYH

N =¢2°

A
ndrojianid onamMu3; AcMak,
W, =1/N,. 6)

By x0Ji1a TUBUMHUHT Xap OMp MUKPOX0IaTaa OYanill 3XTH-
mMojtMrn W, , MUKpOXoJaTaap 3XTUMOSUIMKIADH ¥3apO TEHT
OYNralIuTK yuyH, MUKPOXOJatjaap COHMHUHT TECKapu KWii-
matn 1/N, ra tedr. bowkaua aittraina, | HU MUKpoxosaTiap
coun N, ra 6§nub, Mukpoxonatraap sxrumonnuru W, ronu-
naau. JeMak, MUKPOKAHOHHUK TaKCMMOT yUYH acOCHM MaTH-
pary udoganun onamus. (6) vy 3HTponust mdoaacura Kyunod

MabIYM UPOJAHU OaMHU3:
S=InN,.

3.3-§. BEPK TU3UM. KAHOHHUK TAKCUMOT

Tavpud O6Vitnua, 6epk TU3UMIA 3appajlap COHM Y3rapMaii-
, sulin N = const. Tauiky TM3MM Ousant Kapana€tran TU3UM
KOHTaKTAa 6ynrauu Tydaiiau yuuur Estieprusicu (0, «) opa-
JIMKAA Y3rapuiuy MyMKKHH. TU3UM TEPMOAUHAMUK MYBO3aHaT
Xoaataa 6ynraHaa yHUHT ypraya 3HeprusicH, SbHU UUKH dHeEp-
THsICH :

U=y EW, )

oMU Oynaau.
Byiaai THU3UMHUHI MUKPOXOAATIapH 3XTUMOJUTUMKS1apH
TaKCUMOTH (DYHKUMSICU

1 -BE;

W, =l @®)
Y3IYKCU3 X0 O¥arania sca TaKCUMOT (DYHKLIMSICH

f(E)=LeP* ©)
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OKauAuIuHyY OupuHuy 6obxa anukiaran snuK. (8) éxn (9)
kanonux maxcumom geiivnanu. byrinaru HoMabayM Z HUHT Uo-
JRACHHU HOPMAajalll 1MapTy

Sw =1 (10)

AQH AaHUKAQHA/K:
Z=Y el
: :

Z — cmamucmux liurundu (MUKpOXONATAAD Y31yKCH3 Y3rapraH
X0A4a CTATUCTUK UHTerpaj) aenuaauu. MKKMHUM HOMABIYM
Koothdunent § nu (7) nan aHMKNAHAIH.

3.2-Macauna. bepk TU3UM YUyH KalIOHUK TAKCUMOT (DYHK-
uusicuny ['ub6c popmynacu

§=~3W,InW, )

nuky axeprust udonacu (7) Ba Hopmasau wapTtu (10) udo-
Jlanapaad oiganaiinbd aHMKIaHr,

Eunuw. lLAHbanaBu il ycyn MypBo3aHaTaars Xonar yuyH
(7), (10) Ba sxTpONUA S HUHI BApUALUAAAPUHU 01UO,

SU=8Y EW, =0 )
SY W, =0 ©)
55 =8 W, W, =-S InWoW,=0 @&

TeHraamazapra ara 6¥iaamus. (2) Ba (3) HM HOMabAYM KO3(D-
(puumneHTaap 8 Ba a ra kynaittupu6, cyur (2), (3) sa (4) uu
Ky 1m0,

S(a-InW,-BE,)SW, =0 (5)

i

'
n(hoaaHN OnaMU3.

W, uxtu€pnii yarapranaa (5) TeHIUK OaxXapUANILIK YUYH
KO3 bUILIMEHTAAP HONra TeHT OYAMLIM WAapT, sbiU
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a—IW,-BE=0 (6)

f¢au kepak. byHaan v3naHa€Tral KAHOHMK TAaKCUMOTHHU
1OHAMU3
W, =ge’s, (7
Oynna
z=¢ )

Oesrinan Kuputunau. KanoHrk TakCHMOTAArM HKKUTA HOMab-
nym koaddpuumnent Z (€xku o Ba f HU HOPMAJIAILl 1LIAPTH Ba
HukM sHeprust udoaanapuiad (ohaansaHud aHuKIaHaau;
XakMKarad, (7) Hy HopMaial waprura Kyiuo,

Z= Ze'””" 9

ionauy os1aMm3. S HU aHUKIAWHK KCUMHPOK Kypamus. (7)
11 WYKHK DHeprust udogacura KysiMus.

_ | -pE _ _ 1 9 ~BE; | _ _9InZ
U =43 Eet - ZOB[Ze J .

i

Hemak,

U=-|2InZ 10
- B gy, (1)
(7) uu sutponust uoaacu (1) ra Kysmus:
S=—=<InW,>=8<E>+InZ.
Hemak,
S=pU+InZ. (1

2.8 urun ycyi. KBazsuctatuk (MyBOo3aHaTUAry) xapacu-
Jap yuyl HOpMajalll 1uapTy ZW‘, =], dHTponus udoaacu
S = —Z W; In W, Ba nuxu aueprits U = 2 EW, nunr y3rapuu-

i i

JIApUHY E3aiinuK:
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0= dW, (12)

ds ==Y InW,dw,, (13)

dU =Y WdE; + Y EdW,. (14)
i i

Sueprust Y3rapviLIApUHUHT (KaMalMIuTapuHUMHr) Ypra-
Yyacu —2 WdE, = - <dEF > t™3um TomouupaH Gaxapuirau
dA ninrd teHr, spHU — <dE > = dA. Illynra 6unoan (14) Hu
KaHTa €3aMU3;

N EdW, =dU +dA (15)

TepMOAMHAMUKAHUHT OUPUHYM KOHYHUHU €3aMU3:
dQ=dU+dA. (16)

(15) ounan (16) HM TakKocaad, HCCHKIAUK U(POJaCUHU OJa-
MU3:

dQ=2E,dW,. (17)

(12) Hn a ra kynaitupuG, cynrpa ynun (13) ra xywuo,
MYBO3aHaTIaTH XapatH Y4yH

ds = Z ~InW)d (18)

TEHJIMKHUY OlaMHU3.
Mysosanaraary xapa€ngaru UCCUKIMK MUKIOpU dQ, HU
dS ra TCHrAWITUPUUL YUYH, YHHU B ra KYNaiTUpaMu3®, sibhu

dS = pdQ, = Y, BEAW,. (19)

(18) 6uaan (19)nu takKociad, KyivaaruHy onaMus;
a—InW,=8E,

* bepuarait TH3UM yuyH wysaal g xynaityBuy (MaTCMaTHMK HYKTau
113apaalt (IYHAAH UUTErpantoBuu xYNauTyBun) Mapxyln AcG Kapaaau.
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€KM OyHIaH KAHOHMK TAKCUMOTHH
aHUKNaUMuU3

W, = e*e™Phl = %e'“".

3.3-m a c as1a. MuKpoxoaaTiap TH3UM
3Heprusicu Kuitmarnapu £ 6usan aHuk-
gaHaau. TU3UM DLEPIUACHHIMHT KuitMa-
™ (O, F) opaiukaa 6yaMacaan, 6ai- 3.1-pacm.

KU yiuuur paauycinapu E sa E+dFE

OyaraH UKKH runepcdepa OUAAH YEKIIAHTaH 3NeMEHTap XaXKM-
Jlary xonatnapaat 6upuaa 6yIuim sXTuMoan aHukaarcut (3.1-
pacm).

E u v 1. Uxku runcpediepa opacuaard aaeMeHTap Xaxma
CTAaTUCTUK MUKPOXOJATaap coHU dn ra Tetr 6yacuH. by xonna
TU3KUM 3Heprusich £ nuur kuitmatu paanycnapu Esa E+dE
Oyaran runepcdepanap GunaH YeKIAHraH 3JEMCHTAD XaXM-
Jlard dn XohaTnapinan UXTHEPUU Oupuaa OV/MW 3XTHMOSIU
dW/(E) acocuii nocTyaarra acocaH ¢n ra nponopunoHan, sibHu:

dW(E) ~ dn(E) (h

Tusum sHeprusicMiHUHT KuiMmaniapu (O, E) opaiukia
oyaMacnuk axTuMoanuru P(E) uu auuknaitnuk. Tusum sxep-
rusiciiinur (0, F + dFE) opanvMkna 0YynMacink dXTUMONINUTH
P(E +dE) ra reur. By P(E + dE) dyukuusiin dE unur na-
paxanapu Gyitnua Karopra €saitiuk:

P(E +dE) = P(E) + 3L dE +.. (2)

UKKuHYM TOMOHAAH, Heprust KuitMataapuuunr (O, E + dE)
opajlMKaa OYnIMaciIuK axTuMosnury aueprustuunir (0, E) opa-
JIMKJaa 6ynMaciauk axruMonanru P(E) HUHT 11y sHeprust Kuit-
MaTHHUHE (E, E +dE) opanukaa xaMm O6YIMaCIMK 3XTUMON-
quru P ra kynaiirMacugaH mbopar, sibHU:

AE+dE)Y= P(E)P. 3)
DXTUMOUIMKAAPHHUHT TEHT TAKCUMIAHUILKY XaKMIaru acocui
nocryjarra 6uHoaH aHeprusi KuiMatuuunr E, E + dE opa-
JUKAa 6yauin sxTUMosuinru dE ra myraHocu0. LLyHHUHT yuyH

P+BdE =1 4
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bynna ganvkaanuinu go3um 6yirad "maciuta6” napamerp. (3)
Ba (4) nan:

AE+dE)= AE) — HEBdE. &)

(2) karopaa OMpUHYM UKKUTA Xal Ousan yerapanaHuob, cyHr
yhu (5) Ounan TeHrIAlITUPCAK, KyHUAArd TeHOIaMaHn osa-
MU3:

AE) _ _
(E) BdE.

byHnax
P(Ey=Ae?":

TEHISIMKHY OjlaMu3. Y3yHiury Honra teur 6ynrau (0, E) opa-
JIUK TU3UMHKHT O¥TMacMru Myxappap Bokea xucobstataau. My-
KAPPAp BOKCAHUHT DXTUMOITIMIY, MABIYMKU, OMPra TeHr, sibiiu
X0)=A4=1. Hemaxk,

P(E)= e . (6)

IyHuait kKuaunob, usianaérran sxrumoisuk d WE) sxtumost-
AUKIApHM KVnaiTupuul reopemacura acocat, dW(F) ~ e*tdn
€xu

dW(E) = %e-f’fdn (7)

uhona Ounan anKkAaHanK; Z — napameTpHy HopMaiaul ap-
THIaH Tonuaaan. (7) naH IXTUMOIMK 3UWIUIH — KAHOHUK
TakeumMoT GyHkumsicu fE) yuyu

f(E)= Lt ®)

uoaara sra 6yiaMus.

-1 3 0 X. DXTUMOLIUKAAD 3UUAUTH U(POAACHEATH TUIUMHWHT
TYJUK SHEPrusacy (raMunToHuaH) E ymyMnauiraH KoopaMHa-
TAIAP G, ¢y,... B YMYMAAIITAH UMITYABCAAD P, P,,... TA ODOFIMK,
sibiu £ = E(p, ¢). CtarucTik husmkana yMyMaaliran KOopau-
Haranap sa ymymaamran umnyascaap (KUcKaua yaaphu g, p
Ouian GearnaaitMus) sa, aemak, £(p, ¢) raMHIALTOHHAH TACO-
andui Katrasiukaapaup. yHuuraex, dn axeprust E ra Ba,
AeMak, (p, q) ra Gornuk, swiyn dn(E) €xu dn(p, ).
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2 niox TakeuMoT (pyHkuusicHaary Z pa Macwitad napa-
METD B TH3HMHUHT TCPMOAMIIAMUK X0aa1nra DOFIUK, TU3UM-
NN MEKPOXOJIATIIAPUTA, SHHU YMyMSIalrail KOOpAMHATA-
Map Wi yMYMJIAIITan UMilyjpcaapra 60rnuK Oyamaran karra-
T SIHTR

3-n3ox. Crarneruk pusukana f uu 1/kTra tenr neb kabyn
siontnran;, 6ynna k — bBoasniman goumuiicn, T aca TU3MM-
winne KeapBri IIKaaacuia ojaMiran reMneparypacy. by xosaa
IXTHMOJIANKIIAP TAKCHMOTH (yHKUMICH (8)

f(Ey= S exp(-E /kT) )

Kyprinuuira kenanu. (9) xanonux maxcumom neitviaim.

3.4-§. OUMK TU3IUM. KATTA KAHOHHK TAKCUMOT

OuuK TU3UMHKMIT Tabpudra kypa, yuuur sueprusicn E sa
sappaaapy cony N y3raprii MyMKHUH, SILIA Y1ap JIOMMU#A
OyaMaitamnap. AMMO OUMK TU3HM TCPMOAUHAMUK MYBO3aHaT
XojaaTuaa 6ys1ca, YHUHr ypraua sHCPrusick (MUKW DHCPIUsicu)

U=>EW, (10)

Ba 3appaapHUHT ¥pTaua colu
<N>=Y NW, (1

yarapMannu.
OuyK TU3UM yuyl xam asBajird ycyn 6unan £, sa N, aapra
CORIMK TAKCUMOT (DYHKLHSCHHUET

oL eB(E-RNG)
RS (12)

ndonacuuy oamil MyMkul. ByHaa i, gHa OUTTa nHoMabiaym
Koa(hpuuuent 6yaud, y (11) ndoaa acocuna ronunagu; Z sa
f nu HopMajialy apTH

SWi=1 (13)
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Ba Muky aHeprust uonacu (10) nan doiiganaHnd Tonunaam.
Macanan, (12) Hu (13) ra k¥itub KyiluparuHy Tonamus:

Z(U,< N 5)= e Pthimnhi, (14)
i

(12) Hv kamma kanonux maxcumom ynxKuuacu LCAVIANM,
Z(U, < N>) v 3ca cmamucmux Gurundu neivianu.

Bua tusum sappanapu conu (€Ku IpKUIAKK aapaxanapu
COHM) AOUMMUIT O¥Araaa yHUHT 2HEPrUsiCH KMIMATIapy TakK -
CUMOTHHM TaBcHU(IAWINraH KaHOHMK TaKCHMMOTHM KYpIUK.
AMMO amaiaa (pakaTriuHa 3HEPrusiCH aMac 3appajiap COHM Ba,
JEeMaK, IPKMHIMK Japaxalapy COHM XaM Vy3rapaauraH TH-
3uMAap xam ydpaiau. MacanaH, cyloKaukiaaH 6yrra Ba GyF-
JlaH CYIOKJIMKKa MOJjieKyaajiap yTHO TypuILM MYMKUHKMH, CY-
IOKJIMKHU XaM, OYFHM XaM 3appajapyu COHM Y3rapyBuu TH-
3umiiap 1eb Kapaauuniv MyMKUH. { TU3UM TalIKK TH3MM Gusian
3appanap aamauiu6 typcuH. Tauiky TM3um Gunad Oupnukaa
6epK TU3UM (XyCYCHUi X0/1Aa, SIKKaJlaHTaH TH3UM) XOCH KuJl-
cvH. bynaait 6epk TUBUMHUHI MYBO3aHAT X0/1aTH YUYH KaHO-
HUK TAKCUMOT YPUHIIU:

f(E) = e Pt (15)

byuna Z — ymymuii 6epk TH3UM yuyH XaMm, 6u3 Kapaétran
I TU3MM YUYH XaM yMyMu# napamerp. E3zamus:

| .BF .
e (16)

SyHﬂa F=®— PVapnutus hyHkuus F = zi F , Oynpan:
F=®-PV. (17

F,, @,Ba V,— Kapana€traH i O9MK TU3UMHUHT MOC pasuinna
3PKUIH IHEPTUSICH, TEPMOAMHAMUK MOTSHIIMAIHN Ba XAXMUIAAH
MoopaT 3KaHUHU KeRUHPOK KYpaMu3.

Ymymuit 6epk tu3um aueprusacu E, zappanap coHu N Ba
YHUHT XaXmu V Kyiinparuya aiukiaHain:

E=YE,N=Y N,V =3V, (18)
i { i
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by ep/la TH3UMYIAPHUHT Y3ap0o TabCUP 3HEPTUSICHU Xucobra
omiMaan. MyBo3aHaT X01aT4a XMMUK [IOTEHUMALIAP

B=py =t e =p (19)

JKAHAUTUHY 3bTUOOpra 0amnb Ba P, = Ny = Ny Hu xucobra
onub, yMymuit TakcuMoT dytkuusicu fE) yuyn ywdy ndo-
Aaiy €3aMu3:

f(E)=explY, (uN, - E, - PV,)} =
= e expl Y, (UN, - )} = LN )

bynna:
5 =exp(=BPV); PV =6InZ. Q1)
Arap (20) na Ny3rapysuy ne® Kapanca, HOpMUTAIUTUPULE BIap-

THJAH KATTa KAHOHMK TAKCUMOT/IATH CTATUCTUK MHTErpai (Exu
HUFUHAK) Z yuyHd ydy udogaHud onaMus:

Z= Ic_ﬂ(f"'_“N)(llx (p.q)= Z eﬁ"NJ'e‘MNdn (p.a)=
N=0 ~=0

= > eMZ,. (22)
N=0
Byﬂnh Y31yKCU3 XOJ YUYH:
’ Zy = J'e"B EN dn, (23)

JUCKPET X0 YUYYH:

Zy =Y ethn (24)

i
E,,— NTa3appalad ubopar TH3UMHIMHT [-X0/1aTAaru sueprus>
Ni Y

cu. (20) uponatin xamma xanonux maxcumom ncivaau; (22)
undonaHu 3Ca OUMK THIUM YUYH cmamucmuk uimezpai €Ku
HuFunou ieinianmy. :

3.4-macana. OuuK TH3UM YUyH acocuit matiigary (10), (11),
(13) Ba auTponust udoaacu

s:-ZW,.mW,. )
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JaH (poraananmd KaTTa KaHOHUK TAKCUMOTHN AaHUKJIAHT.
L u v w. MyBo3aHaTHAIM XOJ YUYH

sU =5Z EW, =0, Q)
5<N>=6ZN,.W,.=(), ?3)
5Zw,=0, @)
85=—52W,.an,-=—Zan,5W,.=O (5)

Tenraamanapiu onamud. by (2), (3), (4) teHraamMasapHu Ho-
MabiyM KospduimeHTiaap B, — fu, ¢ ra MOC paBuLLIa KYait-
THPHO, (5) KU Xam sbTHGOPra onub, Kyituaaru ymyMmuit ugpo-
AAHU OJTAMU3

> (e -InW, - BE, + BuN, W, = 0. (6)
AsBaiiry 1, 2 macananapaaru Kadu, éyHaarn W, un anuk-
AANMKU3:

_ 1 -B{Ei~nNy)
W, =g e, (1)
(7) v kamma xanonux maxcumom peiiuvnanu, Gyuna

z=¢ ®)

Ocaruiiain KUpUTUIAN; HOMADbIYM KO3(pduuueHTaap § Ba u
(10) sa (11) waprnap acocuaa touuaaan. (7) nm (13) ra
KYinb CTaTUCTHK HUFMHAM udoaack Z uu onamus. (7) uu
sHrponus S udogacura KYiuG, MyBO3aHAT XONAT I TPONUSICH
yuyH Ky#inaaru npoaHu ogaMus;

=—EW,.(~an—ﬁE,- +PuN)=InZ+ BU - Bu< N >.(9)
3.5-macana. TepmognmHaMux riotenuran @ yuyH

P=pu <v>=U-65+PV (10)
nan gohpanann®, PV =6InZ tenraukun nuc6oT KUAUHT.
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I v Taspudra kypa,
S SWinW, =-<nW,>=~-<-InZ = B(E - puv,)>=

mMZ+B<E>-Pu, <v,i>=InZ+pU - O =
nZ+pU-B(U-0S+PV);

S=InZ+poS-pPV.
bynna 68 = 1. demak,
PV=0InZ.

3.6-macana. SIKkananrad TH3UMIA HUKK Xapa€inap (Maca-
nan, paykryaumsiiap), "peakuusinap” rydaitin “rysvauiusap”
(raprubanankaap), "oysunnniap” 6yand rypris MyMxuH. By
XOJLA TUSUMHK XapakTepsiosun "kucemiap” ("mosckyianap” ¢ku
yiapiad Tysuarat "koMmiekc” Mosiexkyiatap) couu ysrapud
rypaau. Ly Tydaitim TH3UMIIKE XapakTepaoBuM "dPKUILIUK Aa-
POKATAPH COHM™ v XaM ¥3rapu6 Typanu. AMMO TH3UM TEPMOAM-
HAMMK MYBO3aHAT xoaatuaa 6yaranaa Oy v COHHMUT Yprauacy,
SILHA

<V >= Zviu/i (1)
i
yarapMaiayn. TU3uM MUKPOXOJIATAAPH DXTUMOLTUKIIAPULIMHT
"OPKUIIMK gapaxanapu”
Vis Vs eens ¥

Oyiiuua TAKCUMOTHHY aHMKJIAHT.,
L uu . SIkkanaHrat TM3UM YUyH YMYMUi vdonanap Mab-
JIYM:

W =1 (12)
YW, InW, =5 (13)
MyBo3aHaTiaary Xo/aT yuyi.
52 W, =0, (14)
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d<v >=6ZV,W,=0, (15)
i
-5y W, InW,=85=0 (16)

Teurnukaapra aramu3, (14) HM HoMabayM KO(DOULHEHT @ ra
KynanTupamus.

(11) vy €xu (15) Hu HoMabaym koadduLMeHTra KYNaiTh-
pub, cyur <v> Ba v, Ouian Genrunain MyMkuH. byHna v yyyH
MabHO y3rapMalan. YHMHI KMUMATHHU 3ca KEHUH auuxai-
mus. (14), (15) Ba (16) TeHrIMKAapHU KyLuG,

S(a-InW, -v,)W,=0 (17)

udonanu onamus. W, uxtuépuit yarapranaa (17) TeHrauk 6a-
KAPUJAUILM YuyH

a—IW—v=0 (18)

TeuraaMa Gaxapusauium wapt. By Tenrsamanau
o —vi 1 v
W, = e = Lo (19)

TaKCUMOT (DYHKIMSCHHY 0aaMu3. ByHu HopManam wmaptura
Kyhiub,

z= Ze“"‘ (20)

nonaty onaMns.

1-u 30 x. OKopy Temneparypanaru cuitpak ras Aesipjiv uie-
an ras ned Kapaauiiy MyMKUH. AMMO TCMIIEpaTypa KaMailnim
Ba 3UMMKHUHT OopTHO GopyLM OUAAH ra3na MKKU MOMIEKYJIA, Y4
MOjIEKYIA Ba X, K. lapiaH UDOpaT rypyxiap XoCHj1 6YIuLLIN MyM-
KMH B2 HHXOSIT CYIOKIMK (Da3acuia XaMma MOoJIEKyiaiap MabayM
Aapaxana 0up-6upu 6uaaH GoFnaHraH 6ynanu.

344 rasiaap Ba CYOKJAMKIApAArd Xocun 6YauIIM MYMKHH
6yaran Oynmail rypyxaapHu ncegdomoaexyaarap ne6 Kapanu-
iy MyMKUH. By xoi1a rypyxjap uuMaaru, Sb-HU ncesaomosie-
Kyhasapaard 60or1aHuunap Tydhaitiu TH3UMHU XapakTep0B4M
IPKUHAMK Japaxanapy yMYMaH y3rapyBuaH 6ynamu.
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MyBoganatnard Tu3MMAaaru 6epuiiral Temneparypa sa 6o-
cumaa (3Munmnkaa) OyHaaid neeBioOMOEKY1adap MabjiyM CTa-
TUCTUK TAKCUMOTTA 3ra Oynanu. Anbdarra, Oy riceBAOMOJIEKyAa
opacuiaru y3apo TabCUP XAKUKUKA Mosexyiagardiaain xKywin
Oynmainan.

2-u30X. bu3 KaHOHUK TAKCUMOT YUyH

= | p-BEi
W,=_e @21
udomaHu onraH 3AUK. Arap TU3UM siKKananraH 6¥nca,
E =E,=..=U 6§nanu. demax, (21) un
W, =Lle? 22)

Z

KYpUHMLIAA €3uid MyMKHH, SKKajaHral, HuKu "peakuusinap”
OyaMaraH Xoa yuyH

V)=V, 2. =<V >EY

3KAHIUIUHU Hasapaa TyTuo, (19) udonann

|
Wi=_e” (23)
KypuHuLga €3uil MyMKUH. (22) Ba (23) TakCUMOT/IapHWHT
TEHT 3KAHJUFY Ba yaapaard Z OUp XuJl IKAHJIUTHAAH MYXUM
HaATUXa 0/1aMU3;

pU=vy (24)

Xycycuit xounapia v HUHT KuHAMathapuHu Ouiaranumus
X074, f HUIT XaM MabHOCHHU aHukawra mysaddax 6yaa-
mu3. Keiinupok (24) Hy Gouika yMyMuil ycyn Omian KeaTu-
pud ynMKapaMus.

3.5-§. BEPK TH3UM DHEPTHUACHU
KUUMATIAPUHHUIT TAKCUMOTH

bu3 Mukpoxonariap 6yfinua TaKCUMOTHU — KaHOHMK TaK-
CHMOTHU KVYPAUK. DHAM THU3MM SHCPIrUsicH KuiiMaTtiapu G6yiinua
3XTUMOJUTMKIAAD TAKCHMOTHHHU KYPaMInK.
ByHHHT yuy agsanry tiaparpagaaru (7) ra acocan dWA(E)
IXTUMONIUKHHU
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dW (E)=e* & (25)

Kypunuiuaa €saiaux. bynuna dn/Z — THauM sHeprusicu Kuii-
MaTuiiuHr paauycaapu L sa £+ dE 6ynran runepcdepanap
Ouaan verapananras Xaxm eMeHTd df, paru xonaraapiaan
MXTHEPUI Bupusa OYaANIIL IXTUMOMLIUT KUK KYpcaTanu. byuaa
MuKpoxoaaraap couu dn(E) xaxm ssnemcutu df, ra mytaHo-
Ccud, sbIK:

dn(L)y = dr,

Ky $nuosnu daszo yuyn mabaym myranocubank I~ E

EKu

dr,~ E-' dE

Oyaviumitd nasapra oacak, dW( L) xyhuaaru
C E v
dW(E)=7e‘”E 'dE (26)

Kypunura kenagu: 6ysga C — HopMmaial HapTHAaH TOMu-
JIAAMIaH MYTAHOCUOIUK KO ULHEHTH, SIBIIU:

Cm -BE rv-) - _(,_'” -x vl =
2—_£e E c/E-Zﬁ‘,le xdx = 1.

bywnan C/Z iyt Tonamus:

7 TE) (27)

oy cpaa ['(v) — ramma-yHKUMST Kydunaru

o

rv)= je""x""dx (28)

0

uurerpal udona dunan Gepunany.
(27) umu (26) ra kyiuo,

dW(E) = £, (E)dE. (29)

“OLAHM TOITAMUS,
&0
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MHeprsi KUAMATIAPH IXTHMOIAAKIAPH TAKCUMOTH (3XTH-
MOJUTHKIIAD 3UUTUTH)

fo (E) = T/{v_) e Mg (30)

ot OWJIaH aHUKIaHaAK, Byf/, (E) — yuxunusiuu eamma-
maxcumom AeRUIanu.

(29) Ba (30) udonanap acocuna ypraua aHcprust <E> Hn,
HLHIT MUKK SHEPIUSIHU alIKKIIUIUK:

I v+
< E>= [ Efy, (E)E = 7 3 31

Byiaa (v + 1) = v/{v) KaAuruHy 1a3apaa TyTcaK, Huku
IMCPIUA YUyH

U=<E>=v/f=v0 (32)
TCHIVIMKHY on1aMK3. Bynnan

pg=v/U 33)

IKAIIUTH (TEPMOJIMHAMUK MyHOcabaTaapra Mypoxaar Kui-
smacsaH) GeBocuTa Keanb uHMKauM.

IHynnait kKUnnb, HOMABAYM NapaMeTp FHUHE TUSMMHKHT
KATTAIMKIapH opkany udogacHiiy ToNAMK. ¥ — KBAaHT X0J1Aa
TU3UM FAMUILTONMALIMHH AHMKAOBYM ¥3rapyBunaap cotu, v —
KIACCUK XOAJa TU3UM FaMWILTOHWAHNHK Q1THKJAOBUN YMYM-
Jaiural KOOpRUHATaNap Ba YMYMAALITAH UMITYALC1ap COHM.

1-1 30 x. Tuaumuuur ¢aszanuit xaxsu I 1iu runepcdepanap
opacuiary saemMeHTap Xxaxm dl', napra 0yauw MymMxuu; my
bazasuil xaxm ' runcpkyd df dq.dq,...dq dp,...dp, napra
xaMm OV;IMIN MYMKHH; rHIlepkybnapra 6y;mnmnndrn MHUKPOXO-
JIATIap DXTUMOLIHKIAPH TAKCUMOTH

dW (E (p,q)) =5 e dn(p, q) (34)

uhona 6uaan anukaanaaun; dn(p, ) — runepkydbuaru cratuc-
THUK MUKPOXOJIATIAD COHU.

2-130x. Arap (pasapui HasOHUHT 31T KUUKUK DACMCHTH /' G-
ca (i — Maank noumuiten, s — daszasuit gazo ynuamu), I/h
Huchar xosartiap coiiudra teur OViaaad, arap XOJATHUHT
6— A. boliaeaacs 81
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/ﬁv(ﬁ‘)‘r aliHu papaxacu g 6yi-

ca, sneMeHTap xaxm drl
YUYH Kyiuaars TEHISIMK
VpuHIu 0¥naau:

dl' = hgdn. (35)
0 E, E 3.7-mMacana. BXTUMON-
3.2-pacm JIMKNap 3UWINru TakCH-
e MOT (yHKLMSICH
f/}v (E):,._Iiv__e'ﬂEEV-l (])

v)

aHeprust E HUHT MabayMm KMiiMaTHaa MakCMMyMra 3ra 6ynaom
(3.2-pacm). LUly kuimat E HU TOMMHT.

Euwuu. (1) ubonanan E 6yitmua xocuna oamd, cyur Hof-
ra TCHrAAUUTUPUO, KyRKIary TeHIiaManu onaMu3s:

v—1-pgE, =0.
By Tenrnukaan:
E =60(v-1)=Ul- 1) 2)
a) ujaean ra3 yuyd v = 3/2. llemax,
E = U/3. 3
6) arap v >> | 6¥nca,
E = U. 4)

m

3.6-§. TAMMA-TAKCUMOTIA OHJ MHUCOJUIAP

bu3 10Kopuaa 3HCPrus KUMMarjiapy 3XTUMOINKIApU raM-
MA-TAKCHMOT OMjiaH aHUKIAHWIKHY KYPAHK. DHAK LIy TaK-
CUMOTHHIT Do1lKaua HCOOTUHM KEATUPAIIUK.

1. Papas kunatiinK, TH3UM v Ta 3PKUH y3rapysuuaapra ara
OVIICUH Ba YHHUHT Xap Oupura TerdliLiy 3Heprus &, npyuHUUDI
Xuxatial, (0, o) opaivkaa yarapuuy MyMKui 6YacuH.

I'n60c aHcamOnu TyliyHuyacura acocaH, 3pKHMH ¥3rapyB-
uyuaap (napamerpnap) uekcus kyn 6yncuun. Wy eppa nuua-
MUK 9PKHMH ¥3rapysuy taconnuit xkattanuk Ounau, yHra Te-
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IHLLZIA SHCPTHS XaM TacoAMUNA KaTTaNNK OUIaH anMaiTUPpH-
Janu. Xocuil 6¥iran SpKUH yY3rapyBumiiap T¥nnaMu Ba yHra
TCIAILIM DHeprusiiap TYMIAMM 3XTUMOTMKAAP Ha3apusiCH-
nary 6o T¥naamuu udoaanaitau. Iy Gour TymiaMaan uxTu-
Eépuit v Ta y3rapyBum Ou3 KapaérraH Tuaumra teruinau I'nooc
aHcaMONMHUHT 31eMeHTUHN Uboganaiay (rapcuduainm).

DN CTATUCTUK (BU3UKAAArM ACOCUI Macanalln KysSaMU3:

¥ Ta 3PKUMHIKK fapaxanapura ara TH3UM SHepruscu "sex-
top" E Huur yuu (E, E + dE) opanuxna 6¥;141 3XTUMOIANTY
AHVIKIAMCH.

E katranuk yyyH Gouutanruy kuimar £, =0 €kn E, >0
6yaniumn Mymxun. YOkopuaary alTyaraniapra acocati:

E=¢ +e+ . .+, (5

Acocwuit noctyaarra 6Mroan 601 TiaMaarn xap 6up ap-
KUMJMK gapaxacy (2JeMCHT) TeHT axtuMmosuin. demak, yHra
TETULLLIY HEPrUst KWAMATIApH XaM TeUT 3XTUMOANH (y3ayK-
CHU3 XONUa TCKUC TAKCUMAHTraH).

by nocrynar acocuaa 10Kopuaaru acocHii MacajiaHu Kyku-
paruya xan kuaamus. 1) bow T¥nsiam ajieMeHTaapu 6uaaH,
MacanaH, n = v MapTa CHHOB YTKasuiarauaa 6y CUMHOBNAPHUHT
| MapTacuna g, g,, ..., &, AapiaH UXTUEPUIA OUPUIIMBT HUKMILK
IXTUMOJLINTH &, €,, ..., §, BOKEAIap coamnp 6YulIn 3XTUMOI-
AUKNAPUHUIT HUFUHAUCUTA TEHT. AMMO Oy 3XTUMOIMK AP,
IHEPrUSIHUHT TEKUC TAKCUMIAHULLIM XAKMIArK rioctyiaria (ga-
pasra) kypa, &, ¥ &, + ...+ ¢ sueprus xuiimMatnapura MyTano-
cub. bouukaya aittranna, €|, Eys oy €, J1APAAI OUPUHUHT MUKHIL
IXTUMOIUTH (S5) udouara MyraHocuO.

2) bom T¥naam 6uaaH 1 = v MapTa cMHOB (TaxXpuba) yTka-
3uiiraliia 6y CUHOBIAPHUHT ¥ MADTACUA €, €,, ..., €, JJAPHUHT
UMKMII IXTUMOLIUIH, SbHU E aHeprustin Tub6c ancamoinu
JJICMEHTAAPUILAH OMPU XOCH OYNULLIM DXTUMOAAUTH (BUSHHHT
coga GaCHMMU3NA TUBUMIIMHE E DHCPIUsLIM MMKPOXOAaTAA
OYANIL IXTUMOIN) £, &,y ..., £, BOKEAJIAD COAUD OYAMLL 3XTH-
MOJLIMKAAPY KYnafTMacuian néopat, auuy £ ra Myrainocuo,
6y axtumoitnuk W(E) ~E "sekrop” yauninnr (O, E) opajinkua
oy avuaurnau annkaaian. busnn oca "sextop” E nuur (E,
E + dE) opanukna 6¥amm axtumosutury dW(E) kusukrupauu.
by scae, + ¢, + ...+ ¢ naprau ouputivnr yuu (£, £+ dE) opa-
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JIMKZA OVSTHLK 3apYPAMIrMHU Kypcataau. By axtumomnnuk d WA F),
KYPUHUO TYPpUBIMKH,

dW(E)~ E"'dE )

OMiiaH anuKIaAHAAK.
3) n cuHoBHUMHT n — v MmapTacusa E nuur kuitmvaty (E, E)
OpAIMKA OYanIll IXTUMOMINUTH, aBHKH,

— Fy-w
(E, — By (7)
ra TCHT.

IUyinait knand, 6u3 nznacérran acecnit axruMoannk dW(E):
vT1a g +¢,+ ..+ ¢ napuunr (O, E) opanukia Ba yaapuay 6u-
punuur (£, E+dE) opanugaa 6yanin axruMonauru (6) Ba
(n —v ) Tag napuunr (E, E) opaankaa 6¥auiln sXxTuMoanuri
(7) siapHuHr y3apo kynaiTMmacujian uboOpar, sibiu:

dW~ E7\dE(E, — E)"™". ¥

byHia, E, oncprust n 1a &, nap sHCprusjiapu HUFUHIUCH.
Hewmak, 6o TY11amMaa v-caitianMara TYFpY KCITaH Taco-
JMOPUR KATTATUK — 3HEprust KuiMatiapu dXTUMOUTHKIIApH
(8) npona OGunan aHUKIAHAIM.
Yuiby

im{ £2)
fim( %)~ 0 o)
mapt daxapwirania (8 )udonanu kypanauk:

daw (E)- B E; (1= EY (1- £) " aE |

Bynna v < o Ba n > oo OYATAHJIUTU YUYH

(1 ‘T,Ea) et (1-EY (10)
Hemak,
dW(E) = CE-'ePrdL, (11)
Oyuna = 1/6; Coca
j dW (E) = C]: ElePEdE = (12)
(£) 0

&4
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HOPAGUIALIITUD KT WapTyuaal TOMW1aidu:

B
C"TW' (13)

(13) Hu xucobra oaud, (11) HM Kalta E3aMu3:
dW(E) = j;,._(E)dE,

fo (E)= rﬂ(v)e-f”-'lfv-', E20 (14)

{14) Ousra Mab/iyM ramMa-TakCHMMOT.

{HyHu siHa TabKHAAARMU3KU:

KBaHT X0JIa TU3UM I'AMUILTOHUAHU ¥ — IPKUH Y3rapyBUU-
AP COlura TeHr;

KJACCHK X042 TU3UM TaMUIbTOHUAHU 2v Ta 3PKUH y3ra-
PYRUM — yMyMJlallraH KOOpAWHATaj ap Ba yMyMJIallraH UM-
HYALCAP COHUIa TEHT.

3.8-macana. bow ryrnamaa # MapTa caitnauma YyTKasuirad-
Jwa sHeprust 6y cunopaapuuHr v mapracuaa (0, E) opanukaa,
n—y Mapracuna (£ — E) opaaukaa 6yauwmnuru 6uHomMUan
rakcumorra OyicyHMIUMHYM K¥pcaTuHT. LyHMHIACK, MabiayM
mapr daxapuararaa, 0y GUHOMMHAN TAKCUMOTIAH raMMa-TaK-
CUMOT KeJIM0 YMKWILMHK KYpcaTuhr,

E u u 1. Acocwuii 1toctynarra kypa, 3neprusi KuiimMariapu

E= ¢ te+ . . +g

Tekuc takcumiaadran. HlyHuHr yuyH axTuMosiunkaap 3ud-
JIUMH JOUMUIA; 3XTUMOLIMKAAp Takeumot dytkuusicu (O, E)
OPAIUK/IA SHEPTUSI KUUMATHHUHI OY;IMIL DXTUMOJUTUTY 3¢a, aéHKH,
_ E-5
F(E)=£F% (15)
uona 6unant aHuk1aHanu; 6ynaa £, 3ueprusiyHr Gowauruy
kuiiMatu. By xoaaa u3naHaéTraH JXTUMOJLIUK

MF) —~ P.(l__ F)n—p
BUHOMMAN TAKCUMOT OunaH ativksianaau. byupa (1 — F) sneprust
KuitmataapuHuHr (O, E) opanukaa 6YIMacimK 3XTHMOJUTUIH,
sbuu (E, E)) opasmkna 6¥;auin dXTUMOLTMTMHU KYpcaTaju,
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Bow Tynuiamaa # MapTa taxpuba yTkasuaradiaa, Macajian v
TACKAA OUPUHYM £, &,, ..., €, TA KEJINO UMKULLM, WY £, &, it
Jlapaan UXTUCPUM &, HUHT KeAUO YMKuLI IXTUMOJIMKAapH F
JAPHUHT KYNANTMACHTA TCHT, IBHU Y TA £, €, ..., €, AAH UXTHE-
pUit BUPUHUHT KEAUO YMKUIIY Wy KUitMaTaap WUFUHAWCH F
(éxu E — E)ra myranocu6. n Mapta CMHOB yTKasunraHaa, Oy
CHHOBJAPUHUHT Xap OMpPUJIA CTATHCTHUK aticambib dieMEHTH

E= g +te+ .. t+eg

HHIT v TaCUAR OUPUHYUMU £, &,, ..., €, TADHUIIT KEJUO YUKHILH
EYra (€xu E = ( 6yaranna ((£ — E,)" ra) myrariocu6aup. By
XOJNA N —V TaCUAA €, |, &, s +vvy €, AAPAAH OUPUHUHT YUKULUH
e, te,,t...te=E — Era, 6ynna n —v mapra Keaub uyu-
kv aca (£, — E)) HuHr n —v papaxacura, ssHu (E, — E "™
ra MyTaHocu®. 7 MapTa CUHOBAAH ¥ TACUAA &, &y, <oy €5 w0y N —V
TaCUAA £, €.y --.s €, 18PH MHT KENUO YUKULIM IXTUMOSUIUIH
E(E, — Ey™éxu (E — E)*(E, — E)"™ra myranocnu6aup. by xonna
n —v Tacuia g, +¢,+ ...t+¢g SNApHUHT KEAUO YUKUILK IXTH-
monaurk £7(E, — E )" €xn (£, — E )" ™ra myranocud. Ancam6sb
JEMEHTH OYIMIIM YuyH OUPHHUK £, &,, ..., £, OYIMALL L1APT 3MaC,
YHUHI YYYH 7 Tanax v tacy 6ynuwun etapau. By xonna » tanad v
Ta XOCHJI KWJITaH IYPYXJapHUHT 9XTUMOINKIApUHY KVl
so3uM. Bywaait rypyxnap couu al/v! (n —v)l. Oemak, uananaér-
raH 3XTUMOJIITMK

L E(E,-E, )"

vi(n-v)!

ra myranocu6 (15) HU abpTHOOpPra 0116, U3I1AHAETIAH 3XTU-
MoK W(F) GuHOMMKan SXTUMONIUK SKAHAUTMHHY KYpaMu3s:

W(F)= sy I (0= F)™ (6)
Faxtumonnuk AF ra y3arapca, W(F) xam y3rapanu:
AWM(F)= MF+ AF)— WP, a7
OyHna
' W(F+ AP~ (F+AF'(1 — F—AFy"™ (18)
86
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AF - 0 6yaranna (F+ AF)* uu xaropra €iub, 6GupuHuU
Wh kM xaa Ounad yerapanaHaMu3, s’bHM:

(F+AFy=F+vF"™ AF+ ... (19)

HUkkunuy kynatitmana AF - 0 6¥aranma | ra Hucbartad
yitit xprcobra onmManmMus, SbpHU

(1—F— APy~ =(1— Fy~. (20)

Duam (19) sa (20) udonanapuu nasapra oaub, (17) Hu
Kylisnaruua €3amMus:

dW(F) ~ F~'(1 —=F)""dF, @n

Gyunad, (15) M Hasapaa TyTHO, siHAa raMma TaKCMMOT j;,V(E)
111 OJIAMH3,

1-u30Xx. Opatnaru ycyn 6Maall CTAaTUCTHK HDU3UKAHU acoc-
MAHTAHAA TEHT SXTUMOIUKAAD XaKKAAry NOCTYNAT IKKaIaH-
rai TU3UM MUKpoOXos1aTaapura Hucbarau ypunau aeb xucobdna-
niik. Br3 3ca NOCTYIaTHUHT KYARAHKLL YerapacuHu 6MpMyHua
KCHIAWTUPAHK.

2-n30x. Maremaruka anabu€runa f(E) €xu f (E) oxmu-
Moasukaap 3uvauen, GUsnka anabuéTna aca axmumosauxaap
maxcumom hynkyusacu 1CHnaan. IXTUMOLAUKIAP TAKCUMOT
(pyHKUMSICH nch, MaTeMaTHKa agabuéTuraa

E £
W(E)=J'dW(E) =ff,jv(E)dE
0 0

hyHKUMSHY aiTWIaRK. ATaMaWYHOCTUKAA Oy UKKY XHUIMK
FATM3NIMKKA, aHMAILIHAMOBYHIIMKKA 0116 6OPMACIMIY JIO3UM.

3.7-§. CTATUCTHK DUTPONUA
BA KAHOHHUK TAKCUMOT

I'n66¢ 2uTponusicH S HU Tabpud 6YiiUUAa SHEPrUs Kuitmar-
JIapH Y3;1YKCU3 Y3raprad Xon yuyH Kyiluaaruya aHuKIaHaau:

’ S =~[ fn in. (36)
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Xoaaraap AMcKpeT KuiiMaTaap Kabyn Kusaranpa aca

S = —2 In W, (37)

KYPUHULIAL AaHUKIATAIU, y.\xymau CTATUCTUK (PUKKALA DHTPO-
tus S Hu YiruaMamn kartaauk ach kabya kununrad. 1y caba6-
s (36) Ba (37) udonanapna yir roMotnapiu boasuMas nou-
Muiicu k ra kynaitupuaaan. AMMo 013 3HTpoOriMst S HU yadaMm-
CHU3 KaTTalIUK cudathiaa Kadya KHAAMK;, XaM MabHO, XaMm
yeayoui xuxaraax oynaain kabyn kuauw Kysiaiiaup (by maca-
janapra IV 60o6ua TYAapoK TYXTasamus).

KanoHuk Takeumort f{ £) Ba ctaTucTuk Uitrerpan (MUFUH-
Au) Z y3ayKeus y3rapyBun (KAACCHK) TU3UM yuyH

f(E) =S e, (38)

7= j e PEdn, (39)

udonanap BOCUTACHAA, IHEPTHICH JUCKPET (KBAHT) KUAMAT-
aap Kadysl KMIYBUM TU3UMIAD YUYH dca

W= e, (40)
Z=Y el @0

udosanap Ouial aHUKIAHUIIKM 6usra mabiayM. LHlyHurraek
OCPK TH3UM YUYH DHTPOMUsI

S=<s>=<Inl/f>=pU+ InZ (42)

uhoga OUNAIl AaHUKAAHUIUMHY Kypran aauk. SU=v akaniu-
rupan, sHTponust S yuyH (42) pan

S=v+InZ (43)

uhoaaHy oraMus.

Taprubiminkaad TapTMOCU3NUKKA (XaoTU3auMsira) yruiuna
TU3UMHUHI 3PKUHANK Aapaxanapu colu optub bopanu (ae-
MaK, v opTub Gopaau), I0KOPY IHEPrUsLIK XoaaTjapaal nacr
IHEPrusiiiM Xoaatnapra yruwaa Z oprud Oopaad, sibHM Oy
HKKH Xonja xam attponug S oprann. (43) acocuna TH3UM DH-
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ipotisicy S aAANTUR KaTTAIUK IKAHAMTHIN OCOIUTUKYA KYpCa-
i MymkuH. Papas KUAAHAKK, TH3UM MKKW KUeMaat ubopar
Gysicun. YHUHT 3Hcprusicy E xuemiaapuuir ateprusiiapu £, sa
E, napunur itueruaucura tenr 6yicutt. by xonua

Z= Ze"’”’ = Ze"”’"‘ ze"m" =27, (44)
i k {
dropMyaanan: N
S=v, +v,+InZ +InZ,= v +InZ +v,+InZ,=
=S5+ (45)

ByHnai anTponust S HAHT QUIMTUB IKATLTMTA KYPUHALHK.
3.9-macana. KaHOHHK TAaKCUMOT acocHa

S=-Y W, InW,

CTATUCTUK SHTPOIUST ONMHHUILIMHU KYPCATHUHT.
E 4 uw. Bepk TH3MM yuyH TAKCUMOT (PYHKILUSICH

/V:le"”‘"', (1)

it Z

OyH1a CTATHCTUK MUFHHAU
Z=3y el )
i
HMuku osueprus U tabpud O6yiinua anukranaau:
U= Z EW.. 3)
7
(3) un auddepernunannad: Kyiuaaruim ojlamMmus:

dU = Y WdE, + Y EdW, =-dA+ Y EdW,  (4)

oyHaa dA tuaum baxaprati uiu:
EE,(IW,. =dU + dA. (5)

(1) nau:
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E=—-6(InZ+ InW),6=1/B. ®)
Jemak,
ZE,.dW,. =—-0In ZZa’W,. ~02|n W.dW, =
i i i

=-0Y InW,dW,. ()
i

byHna dEW,. = () 9KaHJWIU Ha3apaa TYTHWIJU. ByHHu Ha-
3apaa tyti6,’ (7) nu ysraprupub é€3amu3s:

D EAW,=-0) InW,dW,-6dY W, =-0dY W,InW,. (8)
{ i i i
S=-)W,nW, )
1

ned 6enrunaw kupurcak, (5) sa (9) mau:
0dS = dU + dA. (10)

(10) MyHocabat TepMOAMHAMUKAHUUT GUPUHYM BA UKKUHUK
KOHYHJIADUHUHT YMYMUiA Uogacuaup. S HuHr (9) udonacu
(Tn66c Tavprudu 6Vitnua) surponust hopmynacuaup.

M 3 0 x. MyBo3aHaTiiM TakCMMOT (DYHKIMSICH acocHaa KBa-
3UCTaTUK XapaéHnap yuyH (9) udona 6unaH aHuKIaHraH S
hyuxkumMs MaBXyuiuru Ba YHUHr yarapuuiu (10) MyHocabar
OulaH aHUKJAHULIVMHY YMYMU# X013 KYPCaTaMK.,

3.8-§. CTATUCTUK DHTPOIINS.
MHUKPOKAHOHUK TAKCHUMOT

SAkKanaHraH TU3UMHUHI XOJaTH MUKPOKAHOHMK TaKCU-
MoOT Ounan tascuduianany. Tavpudra kypa, sskkanauras Tu-
3MM TallK¥ MyXUT OuiaH SHeprus xamaa mogna (3appanap)
ANMalMaian, sSIbHY YHUHT dHeprusicu E, 3appanap conu (€xku
y3rapyBuujaap COHU v y3rapmaijiu.

E(p,g) = E, = U= const, v = v, = const. (@)

SIKKajaHraH TU3UMAZ MUKPOXOJaTaap AUCKPET 6¥nraHna
— BE; _ =V
Z—Ze 1=¢ ZI,-, b
! i

90

www.ziyouz.com kutubxonasi



v IYKCHK3 Oyiiradjia aca

Z= J‘e'ﬂﬁdn = e_"'[dn (d)

ngroaanap ypuunu. (b) sa (d) vy sntponusa udoaacu (42) ra
KYiin0, sikkananraH TU3UM SHTPOMUSICUHU TONAMUS:

S=In ZI,- , (46)

S=InQ. (47)

Byugan )Y {; — Mukpoxonariap (CTATUCTUK MUKPOXOJlaT-
i p
i
hap éku T'ub6c ancambau 21eMEHTIAPU) COHU;

Q= I dn(pq). (48)

)

Bynaait MUKPOX0AAT YUYH TAKCUMOT (DYHKIIUSICH KyiHuaa-
WM KYPUIHMIIAA E3UTHILM MYMKHH:

S (E)=8(E(p,q) = Eg)S(v—,), (49)

Oyupa & (E — E)) Ba 8(v —v,). llnpakHuur acavra-dynkuus-
sapu E= E, v=y_ O6ynrannarnna Hospau Qapxinaupnap!
Onatna & (E — E) wn muxpoxanonux maxcumom jeviviany.
By Takcumor pyHKUUS SIKKATaHraH TU3MMHUHT Gapua xocca-
JIAPUHY, XKYMIaJaH, MUKPOKAHOHMK [IapaMeTp KuilMat;iapuiiy
Xucob1ailra KMKOH Oepanu.

A€Hku, OepK THU3UMHUHI BHCPIUSCH y3rapMac, SI’bHU
E = const geiwica, y SiKKa1aHraH TM3UMrIa aitnaHany. Tabuuii-
KM, YHUHT XOJaTHHU XapaKTepAOBYM TaKCUMOT PyHKIIUSICH

_ B 1 -pr
So ()= T E" e
[43]
oca ¥3 Hasbatuaa Jupakuur gensta-gpynxuusicu § (E— E) ra
YTHIUY 3apyp. XaKUKATaAH XaM HIyHIail.

DHeprust KUMMaTaAapy YUyH CaHOK, TU3UMHITUHT OoL1aHu-
wu ae6 £, 1y Kabyin Kuaaiank. Y Xo/1a raMMa-TakCMMOTAaru
(0,00 ) opanukaa yarapanuran E ypuura £ —E Hy €311 J103UM -
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oyaanu. By xoi11a TAKCMMOT (l)yHKLllAHCVl/’;V(E E,) kyitunarn
KYpUHULUIra KeJaau;

v )
E-Ey) E-E)|, E-E, 20,
S E=Eyy =7y E 7B el BE-L)L E- £ 20, o

0 E-E, <0.
ByHua
= U-E E E- E)d
B=gziy U-Eo= [(E- Epsp B~ ByaE. (s1)

0

Tavpudra xypa U = < E> Ba sikkanaurad TU3UM yuayH 3ca
U= E, ra sramus. IHynunr yuyn B — eo wapr keaud umka-
au. By wapr Gaxapunrauaa, f, (E— E)) GyHKumsiHM TeKiwn-
paitituk. E# E 6yncuir. Bynpa E> E xon 6§auiun MyMKUH.
by xoana aén 0ynanuku,

hm Spu(E) = llm B"e"’""‘fo’ =0. (52)

fi-yo0

(E~Ey)'™
v)

£ < E, 6yaran xonna, Tabpudra Kypa,
JoAE—E) =0. (53)

by xosina E < E, 6yaranm yuyn U katraaunk E| ra yan To-
MOHIAH UHTUAAIN, stbhn U — E— —0, nemak f — —eo . LlyH-
nav KMAuO, SHAa KYWHIATUHU ONaMU3:

hmfﬁv(E E)) = OE<E

P—reo

Uly MabHOAE KAHOHMK TAKCHMOTHAH XYCYCHIi X0.11a MUK~
POKQUIOHUK TAKCUMOTHY KEJATUPHO YUKAPUIL MAHTHKAH TYFPU-
poxganp. HopMajiauiTupyil apTrra acocan:

jf,fpw Ey)dE = f fp(E-E)dE=1.  (54)
0
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byian, (52) sa (53) ndoaasapru Hazapra oaranja,
f/}v(E"Eo)—)“, E=E, (3)

| OYanwK Keand YumKaau.
Hynpait kuausd, B — oo wapr Gaxapuiaranja, sibHu siKKa-
AANIAH TU3UM YUYH TaAKCUMOT (YYHKIIMACH (3XTUMO,LIAp 3uu-
ANTH) KyHUaary KYpuHUILITa Kej1alu:

=y _ % E= En, .
f/iv(E - b()) = {0, E + EO. (56)

Hemak, (54) sa (56) napaan
Spv(E—Ey) =68(E(p,q) - Ey) (57)

JIKAHJANUTH KENMUO HMKAIH.

Ulyuaait kuaud, 6U3 MUKPOKAHOHMK TAKCHMOT KaHOHMK
TAKCUMOTHMIT DHEPIust AOUMMI 6¥nrana ke ub yuKaguran
XYCYCHH XOJIM 3KAHJAMIMHM KypcaTauk. By epra uiyHd Tab-
KU JO3UMKH, CTATUCTUK (PU3UKALIM aHbaHaBUI yeyi Ou-
JjlaH 6aéH 2TUILLA MUKPOKAHOHMK TAKCHMOTIAH MabjlyM WapT-
J1ap GAXKapUITaHAd KAHOHMK TAKCUMOTHU KCATHPHO YUKApHITI-
ra ypuHuiaaad. AMMo Oy epaa Keatupuirai OU3HUMHE ycyi
MaHTUKAH PABIAHPOKAMUP.

Yertaanuu JuHaMuk Y3rapyBUHHUHT, XXYMIANAH FaMUiib-
TOHUAHHUHT Xap OMp KUMMaTUHH UILIONI'LIM BOKEa e Tacan-

| BYpP KHJICaK, OY MILOH'WTA BOKCAHUIIT IXTUMOLIMKIAPH 3UYIU-
l TUHU ieabTa-PyHKIMS opKaan Tapcudiiam Mymkutr. Ly Mab-
HOMA NUHAMUK KOHYIHST CTATUCTUK KOHYIUSITHHIIT XYCYCHi
XOJIN KYPUHUIIUTA Kes1aiu; OyHAa CTATUCTUK (pU3MKazaru onar-
Hary IXTUMOANUKAAD 3UWIUrHaat JupakivHr AchbsTa-(pyHK-
UHsICH OMAaH aHUKJIAHAIUTAH SXTUMOSLIMKAP 3UMANTIUTa YTHLL
JI03UM O¥nanu.

Macanati, Gupop AMHaMUK ¥3rapyBUu IMHAMHK KOHYHMUSIT-
ra kypa X, kuitmarin Kabya Kuica, OyHu 3XTHMOLTUKIAP 3W-
aury 8(X — X)) 6yaran tacoan(uit katraiuk acb tacassyp
KU MyMKUi: Oynia X Tacoauduii kaTraink Gpukpan kadyi
Ky MyMkui o¥:iran kuiimaraap. LWy maviHoaa aunaMuk
KOHYHUSIT CTATUCTUK KOHYHHSITHUHT XyCYCHIA XOJAUAUP.
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Oxupuna wysu TavKuiaitMusku, rapuu E= U= E 6yrca-
1A, yMyMiaauiraH KOOpAMHaTajap ¢ Ba yMyMsaliraH UMMy;ibe-
Aap p yarapuiuu tyhannu siKKaiaHrad TUSMMHUHT CTaTUCTHK
MWUKPOXOaTaapu cOliy Xyaa Kynaup.

3.9-§. CTATHCTUK UHTEIPAJL
XOJATHAP 3UUAUH

dapa3 KUIAMAKMK, 6CPK TUBUMIIMHT 3HEPTUSICK Y3TYKCH3
KuitMaTiaap kabyn KWMJACHUH. Y X0aJa KallOHUK TaKCUMOT
I
f(E)y= 7exp(—ﬁE) B2 HOPMAJIAIUTUPUIL LLIAPTH

[£p.g)an=1 (58)
JLaH CTATUCTUK UHTerpan Z yuyH

7= f e PErDdn(p, q) (59

uogaHn oaMu3; AUCKPET XOAAaryd CTATUCTUK MWUFMHOK Z
yuyll

Z = Ze‘“i (60)
i
udofatu o1aMu3s,

Z UWHT SIHTH UPOoJACHHU O1ai,IMK. BYHUHT yuyH

dW = fgy(EYAE = f(p,q)dn(p,q)

JIaH:
1 sk B" vl -BE '
— dn(p,q) = —— E' ¢’ *"dFE 61
¢ n(p,q) o (61
Oyupmamu:
rw tn
[ y Q = ——
BE" dE * (62)

Bynaa Q — xonartaap 3uuauru.

dn(E) = dI'/h; 6yuna dI, panuycaapu E'a E + dE 6yaran
runepcdepanap opacunaru (azasuit (pasoOHUHT XaXMUI 2516~
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meuTh. Dazasuit haso xaxmu I, = AE nan dl, = VAE'dE skau-
JIMTMHM Hazapaa TyTuo,

v~
QE) = 4%

H(pofaHU ONaMu3.

Knaccuk craTucTMkaga CTaTUCTUK MHTErpajn Z Hu Xucob-
Jjaul yuayH dn(p,q) uv dI/h* Gunax anMaluTMpuul 1o3um, Gyn-
na dI' = dpdq dazasuit pazoHuur aeMeHTn (9aeMeHTAp M-
nupky® xaxmu). bynpan tawkapu, Z HU xucoGnauiia 6up
XHJ1 3HEPIUSA KUIUMATUHU XOCUN KMJIYBYM YCYJIap COHY g Ta
(58) unterpanuu 6ynuin nosum (Oyuu boasuman paxmopu
Neiunagm; g coH 3appajlapHUHT YPUH ajIMAlITUPULLIAPH CO-
HWHM XaM Ha3sapfa TyTaaM), sS’bHU:

-BE - 1,
Z=je‘”-dn<p,q)=je"’f/‘7.
&g

Hemak, knaccuk ¢usukana Q Ba Z yuyH

_ dn(p,q) _ vAE""'
dE hs‘g ?

Q

_ 7{11‘(v + 1)
pvi'g

&

(63)

ugosanapHu OlaMU3.
CratdcTuk unrerpan Z H1 MxuaM LaKiaa e3ui MyMKHH:

)

B B E" uE g’ dE’

r(v+1 ,
7= <;j ) Q(EY), (64)
OyH/a "3uuauk”
In
QE") ==
(E7) -
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M ucon. NTasappanan ubopaT KJAaCcCUK TUSUMHUHF CTa-
TUCTUK MHTErpaiu Z HU aHUKHaHIUK. YHUHF 3Hepruscu
E= Ep + Eq O6ynicunt. bynina KUHETHK SHEprHsi

V¥3apo TabCUp NMOTCHUHKAT SHEPTHICH
E,=E(4,, Gy - d3)

udosastap Onnax anukianran 6yicul. By Kiaccuk Xon yuyH
CTATUCTHK UHTCIpaR Z 1K KyWuaaru Kypyunuuiga 63amMus:

1 -BF, -BE,
Z-Eje rdpfeadg. (65)

byha

—co

-BL ,-Z/Zm bod N
Ie " dp,dp,...dp,y =(Z'ﬂ] J‘e'“'zdle =
B
=Qnm/ By*"2, (66)

Oy = [ e dg . 67
(@)

(60) Ba (67) AapHM Ha3apaa TYTUG CTATUCTHK MHTETpal Z HiA
€3amu3:

2nm N2 Q :
Z=(ﬁ?—) ?: s=3N. (68)

bynua Q, uvu Konguaypayuon unmezpaa neiinnanm.
3.10-macana. Vigeasi ra3 yuyH ycy/ilap COHUM g HY aHUKIEHT.
Euwnw. By xoana Eq = (0 Gyaranu yayn Q, = V 6ynanu;

sueprust aca E= E, + E, + ... + E, ituFunau 6unan aHuka-

Haau. E HU xocun xunysuu 3icMeHTNIap coln xam N Tta. By

xoana ycysuiap conn N¥ra teur 6ynaau. Hemak, N ta sappagan

UbOPAT MACAT TUSUMITMHT CTATUCTUK MHTETPAIH
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a2 327V
Vi2em 1{ 2nmo
Z =] &0 =1 — = vV

mgona GuaH aHMKIAlAAN.
3.11-macana. V XaxMaIKM MAUUIAQ XapakaTialnyByuu 3appa
(uacan ras) yuyH CTaTUCTUK WUTETPail Z, HU aHUKJALNT.
Euuwm. Maean raz yayd TakCUMOT HPYHKUMSICH

S, q)dn = —7l— e Bhn (1)
-1
OyHna:
!
E = —(pi+py+p),
2m
dn = hl 7 dpydpydp dxdydz (2)
l = - —[—j—j/’——‘g—— = _..l -
Z-Al'(v+l)’ﬂ kT » 3
I'=AF. @)
AEHKH,

v=3/2, W=h g=1

I= fdxdydz J dp.dp.dp, =
v

£ss=(d4rd40d)
- V%"_(2mE)3/2 - 4—:-V(2m)3/2 EM? = AEM?, (5)

Bynna:
A=vem}/?, (6)

=r(3en=2r{ L2l
Fv+=r(3+1)=2 r(z +1)2 : r[zJ, )
]‘(;—) = I[x'”"e""a',\‘ = ix"”e"‘(lx =r.
7— A. Boilacnacs ) 97
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Kypcatma. x=y? dx=2ydy asmamiTupuin KMiuHca,

| .
r (-2-] [Myaccon uHTerpanura yraau:

r(%): 2]:é‘yzdy =.

Hemax,

Hemak, 8, 4ABa F %+ 1 } vy nhonanapuuu (3) ra Kyituo,

KYHWAarvuHu Tonamms:

Vo o2 Y
z 7[‘2;,”&} : ®

3.12-macana. N ra zappazuati TaluKuil TONrax uiacasn ras cra-
TUCTUK UHIETPANIWHN AHUKIAHT.
Eguuw. By xosna

{
E=E +E +..+ EN=2—”7(1712+I)22+~--+[732~). 0

Aemak, 2v = 3N, s = 3N. bus Z, un auugaaw yuyn Kyiu-
nary ycyiuu kyanaimus. Kapasaeérrad xoi yuyH TaKCHMMOT
(pyHKUIMACH

I

f)\l(ﬁ')dn = EI*' e-ﬁEdn; ﬁ = 'k_r_a (2)
N

oyuaa £ sucprust (1) udoaanan aHukianand. Kypunaérrau
xonaa Nta wican 3appa Oysiranu yuyn yHUHT TaKCHUMOT (DYHK-
tmsic N ta OuMp 3appany TakCUMOT dyHKIMsLIapK KynaiTMa-
CUra MyTaHOCHO OVaaau (OXTUMOIMKAAPHY KYnaiiTupyul Teo- -
peMacura acocaH), stbHu
=€ ENEB)f(Ey) =g AR

N “1
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e E, L, ., B saemenTaapruir N ota katakiaa N Ta
Lppasat KoRaamunin yeyutapu cout MY ra Yur ToMoumiu
K$naiitupu0, CYHr TCHraWTHpUo

N
1 _gr N _BE
——et=| = e 4
Zy z,
nwpogany onamusd. bytaan uzraHaéTral CTATUCTUK MHTEIPas
Z J1 TOlAMU3:
| N N
praniiad Beall B! )
Zy |z
OyHaa
372
Lo A
=T ©

Zy V\2mmkT
(5) udpona Z yuyH asBasa osMHraH ugoara Moc Kejaaiu.

3.10-§. MAKCBEJLUIHUHT TAKCHMOT KOHYHH

CTaTUCTHK KOHYHUSIT HAMOEH O¥1aauraH MyXuM MUCO1 —
MACA Ta3 MOJCKYALTAPHHUHKHT SHCPIHS (TE3AUK EKM UMITYJIBC)
KUAMaT1apy 6¥itnua TakCUMAAITMLIM KOHYHU — MAaKCBCAAHUHT
TE3MKIAP TAKCUMOTYH KOHYHUAUP.

ABBANO NIYHU TAbKHUIALL JIO3UMKH, UACAT ra3 — Oy GUTTa
3appa yuyH Tysunran I'n6oc ancamoaunup. [y cababau muacan
ras yuyH

E@, 1‘),,, ¥ )=my?2,2v=3 (69)

busra SHEPIrus Kuﬁmamapu YUYH KCITUPUATad raMmMa-rtaK-
CHMOT MabilyM

dW(E) = f,(E)dE, (70)

B peBE gl U
Ja(E) = o) E™e™P=, B e (710
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6 (70) Ba (71) napnau ¢oitaananud,
TEIIUK KUIAMATAAPY IXTHMOJLIMKIIA-
PU TAKCUMOTUHM KyiH/1ary TeHrna-

: MajlaH TonaMu3s:
{

:7? —p
S (E)AE = fD)d . (72)
3.3-pacm.
(69) nan:

dE = mydd, (3/2) = [x'/2edx = /2 (73)
[0

ndopasapru Hazapaa Tyrcak, (72) 1aH SXTUMOIMKIIAP TAKCH-
MOTH YUYH

3/2
S(@) = dm () p2emr s (74)

mboﬂzum 0aMu3.
dW(E) = dW(D) = fid)dd ;

Oy epua dW(3) — Monekyaanuur tezuru (3, ¢ + d9) opanuiia
Oynuin aXTUMOLIMTUAup (3.3-pacm).

W 30x. Kapaiaérran xoanaru 6utra 3appa yuyH M'i6o¢ an-
caMmbiiu — Oy wieast razaup. Uiea rasz éku cuiipak ra3 Mose-
KyjalapuHUHr colu N etapay aapaxaaa karra 6yaramja, oy
(74) ugonagan doitpananunanun. Y xonaa (74) wdoaasan
(0,9 + ) opaauKIaru TeVIUKIU MOAEKYIANAP VAYILMHYU AHUK-
aaw yayn goitrananuniiagn (Maean ras yuyH TakCUMOT QyHK-
LMSIAPHHM, XyMilanan, Makceseit TakcuMoTrhu VI 6061a Kypa-
MU3).

HUnean ras yuyH = |/kT3kaujaurnnu kypeatainmk.

WMauui ACBOPUHUHI GUPAKK t03acura OUpauK BakTaa MoJie-
Kyilaiap (Maean ras sappasiapy) ypuauniuyaan 6epuiaérrad nm-
nysieap — 6y rasHuHI aesopra 6ocumMuanp. Xucobiaul Kypca-
TallukH, (K. 13-macana) 6y 6ocum

P=%=n0 (75)
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mhoa Sisian anuKiataau; 6ynaa n = N/V — GUPIUK XaxM-
St W SApPAIap COHH.

IikpubajgaH MabiayMKH, WACAS a3 yuyH X0aaT TeHriaMacu
Ry (Htariua; '

P = nkT, (76)

Gyuna k — Bonbsuman poumuiicu. (73) sa (70) nan macan ras
yuyn

.

L =0=kT
)

KALIMTY Kend umkanu.

MakceBCAMIUHT TEIAUKAAD TAKCUMOTH KOHynu (74) jaH
kypunaunky (3.3-pacm), f(9) byakunst 4 = 08a § — « OYran-
Janosira tenr, snin 0y Gynkuus f9) 2 0 Ba & unnr Maniaym

KMiMaTH J_a MAKCUMYMAIaH yTanu.
2kT . o
Tesaukuuur 6y 9, = ,|—— KUAMATU JUT KATTA IXTHMOJI-
m

v Tesank Ackuaann (2.14-macana). DHT KaTTa IXTUMOUIM

TE3;IAKIM 3aPPLIAPHIET (KUHETUK) BHeprusiapu md? /2 Tem-
jicpatypara MyTaHOCHOAUD, SIHHU:

nn‘)z

= kT . (78)

(74) Ba (78) nai Kypuianvky, TeMneparypa optuiin ousian
AD) DyHKIMSIIMHT MAKCHMaT KUUMaTH

e 27rk7:

/2
f(a.,>=-‘3L m ] (79)

KaMasiay ga 3.3-pacsmua YHITa CHDKUIAM, TEMIICPATYPa KaMaiy-
Wy Busian aca y opraum (uarra cuxkuitam) (3.3-pacm). 1ly-
HUHTACK,
f(@,) >0, T — oo,
f@,) e, T 0. (80)
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Hopnmanamrmipyul mwapTH
[r®an =1, @1)
0

pa (80) nan xypunaauxku, T - 0 6¥aranna f(9) TakcuMoT dyHK-
151 ACALTA-PYHKIMSITA HHTUAAUU, SLHY

Tlirn’)10 fM =8 ." (82)

3 Ta HpKHUHANK japaxacura ara 6yiuran OuTTa 3appara TVFpu
Ke:ran uuku aueprus Uyayn 8= v/U aau

U= 3527_‘ (83)

Ke;m0 urKaiu, sibHu Xap OuUp apkuHIMK napaxacura k772 suep-
rust TYFPU KCAQIU.

AMMO, ymymuit xonga, U sa pemak, f dakatruta remnepa-
Typararuta 60FAKK 3Mac.

Tesauk kuitMatununr (@, 9 + d9) opaaukaa 6yauit 3xTu-
Momurd AD)dd vn paanycnapu 4 Ba 9 + &9 6ynran cepaiap
opacuparu xaxm dW(#) na 6yiuwm opkanu élainux. bywaa,
ACHKH, IXTUMOSLTHKIAD OUP XHil, AMMO IXTUMOJLIUK 3UUIINTU
yarapaaun. Xakukaran xam,

m 3/2 ‘ﬁ,‘{’i
= .. AT V(D
1) bﬂJ HT QY (). (84)
Oynaa
AV (9) = a’(-‘"gﬂ’ ] = 492 d? | (85)

By IXTUMOLIMKHY MMNyAbCAApra HuchaTal €3aiinux:

1/2 r 2
mwm=ﬂmw=ﬂmw=ﬂiﬂ) CHTAV(p),  (86)
2emkT
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oyiun d Vip) = md V(@) — umnyascaap dasocuaa paauycnapy p
wa p 4 dp 6Yaran cepanap opacunary xax. (86) nau KypuHa-
HIKY, HMIIYIBC MPOEKUUSLIAPU

Doy P, +dp,,

Pys Py +dpy, (87)

Py P *dp,

opaakiapaa 6yauw axtumosuiuru dWip,, b, ) uy ronuu
YUyl OXTUMOJUIKKIIAD 3ULIMTHHN

372 g2
) e 24T, (88)

fpepy,p)= (

in mkT

WICMCHTap XaxM dp, dp, dp, ra KyNaRTUPHUIL KEPakK, SbIn:

aWip, p, ) =fp, b, pYap,, dp,, dp, . (89)

Waean ras yuyn yMyMmaalmran uMnyanc xuitmatnapy (87)
OPATUKAA BA yMYMJIALIIAI KOOPAMHATA KUUMATIApH

des 4y +dq,,
4., ¢, +dq,, (90)
4. 4, +dq,

opajinKaa oyamw sxtumonauru dWip, Py Py 9y 4y q.) Hu
AHUKIAAMHU3,

Wnean ras sappanapu (I'nb6c ancamO1u saeMelTIapy) UaMLL
XAKMU VHUHT uxTUEPUI HyKTacuaa OYaMIL 3XTUMOAIUrY Gup
XU OVNTaH MMM YUYH YMYMJIALUTaH KOOPAHHATA KUitMaT/iapy-
Huir (90) opanukiaa 6ynui 3XTUMOIUTH

dWq, q,, q) = dq,, dq, dq /V on

ndona ounan aHUKJIAHUIN,

YMyMaaluraH UMAyAne Kuimataapuuuir (87) opaiukaa
BIIMILY XaM/Ia YMYMJIALLTAH Koopaniiata KuitMaTiiapuiinur (90)
opanukaa oynuum 6up-dupura SoFnUK Boxeaap Oyamaranin-
v yuyH usaaHa€rran oxXrumosiuk dW(p, ¢) yaapHuHT 3XTH-
MOJUTMKAAPHHUHT KYNaRTMACUTa TEHT, SILHM:
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372 P2
dW(p,q) = i(—-'—) ¢ TS “’dpdq, (92)
2amkT

by ndonana saementap "xaxm" dpdg = dp, dp,dp,dq dq dq,
HUHI YAUAMIMTY (31ICPIust X BAKT)?, 3xrmm'l,lm<.r1ap 3UUAUTH
yauaMiaury aca (sueprust X Bakr)? nan nbopat. DXTUMOLIUK-
AAP UMY YA4aMCU3 OYIMUIIN YUYH YHU VilaMy (3Heprus X
x BakT)* 6¥aran /r ra kyuairrupamus (i — ITirank noumuiicn).
by xonia (92) ugona

dW(p,q) = _(. e kT gy 93)

2 32 P2
2amkT

Kypunuinga €auaaaun. byina

pl=pi+pl+pl dn=dpdg/ k.

(93) paryn 3XTUMOLIMKAAD 3UWIMIH YUYH KYHHAATMHYA ONaMU3:

2
f(p,q)~~ = %4)
v o Y
7,=7(2,;;kf] - 09

bynna Z, — kapajaérran naean ra3 yuyH CTaTHCTUK UHTeEr-
past. (93) TakCHMOT (PYHKIMSICUHY UMITYIILC, TE3AUK Ba KOOP-
AMHATAIAD KUIUMATIapY TaKCUMOTIapK 6Yilnya €3ailink:

3/2 2
BP” up dp.dp, dg.dq.d
dW(p,q) = dW(p)dW(q) = ([M J e m t[)_\,(/;;‘ Py q.\‘z) q,
2mm i

bynna

3/2 -—P— £+ 2+ 2)
dW(p)=[A2f;;J ¢ W dpydp,(96)

AW (q) = ".."ﬂ!‘."'_f  B=1/kT. 97)
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(96) Hu TesauKAapra HUCOaTaH €3aiauK:

3/2 m,2 9 2
m — (D340 +0%)
AW (p)=dW D 3,.0,) = (m) FEEBD s 49 4, (98)

Bynaapnaa TaKCHMOT (GyHKIMSEIAPH (AXTUMONAUKAAD 3UY-

LU

!
f4..q,,9,) = -5

M2 g2 22
f(/),,p,,/) ) = _ﬂ_ e"z“""'(l’.\"l'lly-(-pz)
neee 2nm

3/2 m 2 .52 .a2
” = (0 u’ +0%)
f(i)x’{)y)ﬂz):['i;o‘) e .

(99)

(100)

(1o1)

(100) sa (101) napnaH KYpUHAAUKUA, KMITYIBC Ba TE3THK KOM-
TOHEHTIAPY KUAMATIAPUHUHT SXTHMOJUTHKIAPH TAKCUMOTHHHU

ANoxXuila-aJloXMaa €3uu xaM MymMKuu. Macanan,

£, 0, p) =) f0) f®),
F@,8) =) /() ()

udopasiapaa
NV
fwo=[——) =
2am
1372 _ﬂilz.
f)= ("’) eP, i=xyz
Jcnarma

il /l!{

1
Z AT+ 1)

ﬂ&w=%ﬂﬂ

ndogana 6MTTA 3appa YUyH

E=-”i=ﬂ”—_—(ﬁ +92492),
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3
=—=-——;V=-—,S=3 v=l
3 4

akarauruaan (93) udoaaHu GeBocKTa OAULI XAM MYMKKH 34U,

3.13-macana. Waeai ras sappafapuHuKr Ayl Aesopura
focuMu aHuKIaHCuH Ba Oy xoapa = 1 /4T skamauru xypca-
THHCUH.

Ly uau. Xap 6up sappa OX yKka Tuk 103ara 2md_umnynbc
6epaan (3.4-pacm). Bupauk BakTaa OUpAUK 1034ra TE3NUKIIapH
(@, 9. + d¥) opanukaa 6y1raH MOAEKYTUTAPHMHT YPUIULIAAPY
COHM

nd f(3,)d0,; M
n — OUPAUK XKMAArM Mojekynaiap conn. Byuna

e I

@

m 72 _1"_”72\_-_
f(ﬂ.\-) =(m)

Fasuvir nanut gesopura 6ocuMunu tonuus yuyu 90 nf
@ )dd, un 2md_ ra xynaiktupud, (0; «) opaaukna J, 6¥itnua
MHTErpajLiall Io3uM (WMAVHAP UYUAATH MOJIEKYAA1ap COHU Al ,
UWIMILAD ACOCUHUHT 103U 1 cM?):

P =2mn j P F(@)dD, . )]
4]

Hurerpainu xucobaas,

P =2mn[92f(3,)d? =
[

0

- %"fxze'*ldx =n/B (4

)

IKAHAUTMHU AaHUKIALI MyM-
kuH. TaxpubagaH uacan ras
TCHE/IAMACH MAbAYM:

P=nkT, )

3.4-pacwm.
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(1) na (5) napaan vaean raz yuyH 1/ =0 = kT Teurnukiu
1OIGIMIS,
Hiox
3

92 = 7( P @)D = 2z

iosvia
2 _ 92,492,392 _ 132
D° =V +0,+0; =30,

ICHEIVKIY 95THBOpra oacak, 92 = 1/ mfB keanb uukanu. byn-
nan doitnananuns, sia P = n/f udonaa ojanMHud MyMKHH.
3.14-macana. MakcBeAAHMNT TE3ANKIAP TAKCUMOTH

32, o2
d 421[ i —] Dee AT
f) = 4n( 0
MAKCHMYMIA 3pUILAAUIAH KUAMATTA TYFPU KCAaaurai 9Hr Karta
IXTUMOMAMN TE3NUK & 1M alHKIANT,
Euunt, @ynkuust /(9 ) HAHE MAKCHMYMTa 3PULLKAIN LIap-
7 Of (D) /09 =0 Gyarassinru yuyu f(9) Aan xocuaa 0aud, yHu
HOATa TeHMAWTAPHG, KYHMAATY TEHTIAMAHY 0AaMU3:

1-82m/2kT =0.
bynaaii:

9= 24

2 m

_ 3.15-macana. Tesituk ¢ HUHT YpTata apudMeTnK Kuimary
? 11 anmKnaur,
Euwnul

m 2

3= [of(®)dd= 47;( ) jaezkrda—

O‘—-»S

/2% 2
= 4(-——2“ ] jx’e"‘ dx.
nm 7 s
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ByHaaH:
5 kT

am
3.16-macana. Ypraua KBagpaTHK T3 MK St HY QHUKAAHT.

Euuin.

= TﬂQf(ﬂ)dt‘)- 78_ kT jx‘* e dx
Q

P

3.17-macana. Xap 6up 3appara TYFpY KeAyBUM YpTaua 3Hep-
rust U HY TONMUHT,
Eunw.

byHaan

U=<E >= j""" F@)do=" ja (z‘))d9—~

0

92 = 3kT / m sxanauruaaH Qoitaatancax:

U= <E>-~-[-<—7—
2

3.18-macana. Mpean ra3 MKKUTA MOJEKYJACH KBaapaTHK
HUCOUM TE3AUTH g2 HUHT YpTaua KMAMATH aHMKRAHCUH XaMaa

gk =07 + 9%, )

Oup Xuia 3appanaap yuyH 3ca

g =20 Q)

IKAHIUTH KYPCATUICUH.
Eunuw. 1) Eunmuu GeBocuta xucobnalb Kypcaruiy MyMKHH
(x. [10]) i Ba k 3appanapuunr HUCOU Te3nuru

g = Vi + 0k
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mosuian
2 .92 2
gy =00 +0, 428,90, cos0,

mhosany onamus (3.5-pacm). Byu-
m 0, Te3UKIIAp D, Ba §, Opacu-
mn it Gypuak. Mabays iyHasMwra,
MaCiIaH, g, #YHanuMiura nucbatan
), NAPHKHT BYHATAILIAPpY (MYBO3aHAT X01aTHIA) CUMMETPHK-
np (TeHr dXTHMOAAUANP). AKC X014 rasfa HUKKW OKUMap
xocua oystran 6yaagan. WyHunHr yuyh ('ﬂ =0,

3.5-paca.

g2 =07 + 9% +29,0,c080, =07 + 02
I . ; .22 982
mKanm oaamul. Bup xuia Monekyaaaap yuyu: g° = 2497,

3.11-§. UM3HKIHM 'APMOHUK OCHHAAATOP
KOOPAHHATACH BA UMIIYJIBCH KHHMATIAPH
IXTUMOJUIUKIAPH TAKCUMOTHU

OciuisitopHy Kapau 0uiad 60rauK Macasianap ¢pusukaa
Ayiaa KV yupaiau. MacaiaH, KATTUK XUCM aToMIapHU y3u-
HIHT MYBO3aHAT X051aTH aTpodiisia KHYKMK Tedpauud Typuiuu
MACATACUMHM Kapaitauk. bynuai TMBUM SHEPIUSICMHY (TaMIb-
IOHHAHWHY) KyHBuarnya €3ui MyMKUH:

Fz(

Oyt P = Py /Nm — YMYMIAIIEA UMUYACAID, ], = x,Nm —
HopMas koopauiaraiap; w, =k, /m. deMak, Oy xonaa Tu-
SEMIITHT DHEPIUsICU E 6up-6upnra OOFaMK O¥amaran HOPMaI
1eOPAHMLIAD SHEPTUSLAapH HMFUHAVMCHTA, SSHHU YU3UKAH rap-
MOHIK OCUMLIATOPIap SHEPIUsLAapi HHFUIAKMCH KYpUHUILNTA
Keaasut, YU3KMKTH rapMOHKK OCLIMTASITOPHUHT DHEPTUSICH

2(pa+w,,qa) Zea © (103)

2 m

6a = 3 (P} + 0l42); (104)

KYTULIA MHACKC ¢ HU E3MaliMu3,
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www.ziyouz.com kutubxonasi



AcocHii Macaaa, OCUMIATOP 1HOPMaji KOOPAUHATH ¢ HHHI
KHiAMaTaapu ¢, g + dq opaaukaa oYUl aXTUMOTUTH

dW(q) = flq)dq (105)

XAMAA YMYMIIAIITaH UMITYALCIAp P HUHTE KUitMaATAAPU p, p + dp
opaituKaa O¥;ui IXTUMOLIUIU

dW(p) = fip)dp (106)

udogaapuHy aHuKaaluAaH uéopar.,
Kaaceuk cratycTiikaga KMHETHK Ba MOTEHIIMA SHCPrUsiap
E =p¥/2, £, = w¢’/2 xypurnwaa 6yaranu yuyn ogaraa 6y
Macana OCOHMMHA eUUIIU:
dw, (q) = aexp|—w’q*/2kT], (107)
dW, (p) = bexp|—p*/2kT], (108)
Oytaa a Ba b HopMasianl WAPTAAPUIAH TOITUNALM. XAKUKATAH,

a_[ exp[-w?q® /2kT)dg = 1 ,

b j exp[-p? / 2kT)dp =1

TEHFAMKAApAAL a Ba b HM Tonamu3: a=w/V2nkT;
h=1/N2rkT. By cpia uurerpajiap te3 sikutaaniraiiv cabab-
JM ¢ Ba p aap (—eo, oo+) opasiMKaa y3rapaiu aed kabyn KUanuHau.

Kpaut crarucrukacuna (105) sa (106) marv 3XTHMOSLTUK
jap auyvimknapu f(q), f(p) uun Kyiingaru udonpasapaan Tonu-
Adin:

f@=Y o, (109)

T =Y o, w0, (110)

OyHua p, — I'nbbc rakcumorn:

| Y
p, =—e /KT (1)
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g, = hw(n+%) (112)

w (¢) B2 W (p) — OCHMIISTOPHUHT DHCPIUSICUTA MOC Kerau
ki hyikuusiap. OCUMUISITOPra TCrMULM 3XTUMOANUK-
nap weLmkiaapk f(g) sa f(p) ud Gnpuiran Mapta baox anma-
vane. Yuunr (109) sa (110) acocyaa anukiaran iyau erapau
napaxana mypaxka® (k.[11]).

B3 Oy epaa Biaox TOMOHKMAAH OJIMHIAN HATUXAHK Y3 yCy-
A3 6UTAH OCOUTHHA OTAMU3.

Uusuau ociusiastop yayn v = 1. ynuur yuyn

B=v/U=l/<¢g >, (113)

<€> — YU3UKAKM OCLIMIUTATOPHUHT YpTaya sHepruscu, KsaHut
xoslataapaa aneprust kuitmataapu (112) ngona dunaun, rakcu-
MOT (bylikumsicu I'mo6ce takeumoru (111) 6yitvua annknadanm
e0, <E> HUHE YMYMMIA U(POJACUTIA ONAMUB:

haw

= = cth —
<e>= 26,,9,, o (114)

¢ BA p KUAMATAAPU IXTUMOJLIUKIIAPU TAKCUMOTHHU Y3UMU3-
HUHT yCyNIuMnA3 Ouaan anukiaanmu3. AMMO OyHaAA TaKCUMOT
-

|
¢yikunsicu f(€) = € udpogacuia € HUIT KIaCcCUK UQo-

nacu (104) aan poitnananamus;

S(e) = Acxp(~fe) = Aexp(-L.(? +0?¢?)) =
- ho Y2 1. e ) p
= 4, exp[ (fh 2kT) :l A4, cxp[ mh(ih 2”)/) :' (115)

Hopmataurrpyui thapTaapuias

[ rorde=1. [ r@ag=1.

A, Ba A, napty tonub Ba ypHura K¥iHub, dXTUMOLIMKIAp
3udMKsIapy f(g) xamaa f(p) yuyH ylOyIapHu oj1aMus:
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172
fl@)= ( =t 2’:‘}] cxp[ g G 2’}:",] (116)

he \'7? 3 | hw
fp)= ( P hzk—T—) cxp[-p };5”1275‘ .11
(116) Ba (117) udonanapHuHr Xycycuil Xoa1apuHu Kypanaux:

A
1. Knaccuk xon, ibHU fiw << KT G¥acut. Bynna (x = ﬁ)

haw e/ e“”

h e - =X
2kT e"';z.,.e 2

Hemak, (116) Ba )117) naH KAaCCUK CTATUCTUKA HATUXAAA-
PUHY OJAMU3S:

2 /2 22

fualg) = (2 er exp{‘;k"r} (118)
1 /2 /)2

Julp) = (m) CeXp— [27(7} (119)

by epaa uxkuHun udora — Makcpes 1 TakCUMOTH (PyHK-
HACHAVIP.

2. Ksaut xon, sibiu hw >> kT . Byuna th :‘; ~

Hemax, 6yrina (116) Ba)117) udonanap kyhinaarnya 6ynanu:

172
@) =[%) exp{l,‘}qz]w(f(q), (120)

1/2
1@ =] e[ o, a2

Oyaapaa
o e
v
¥y (g) =(—7;J CXP{"CIZ] (122)
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174
1
¥o(p) —(m) C\(p[i-m_h p :| (123)

w,(¢) Ba W (p) OCLHAAATOP ACOCUN XOAATHIIUHT ¢ — TaCABBYP
Wl p — TacaBBypiaru TyJIKMll (|)yHKIlMﬂﬂZ][)H}IHp.

3.19-macana. HopMaa Koopiuuata ¢ Ba HOPMaa UMAYALC p
rapIr YpTava KBaapaTK Kuiimamiapu ¢2 pa p? auukiau-
CHiL.

Eauul. busra MabayMkH,

p2 wzqz
+

2 2

=E.

Bynaan, ymyMuit ycyia 6uian yprauaiad KyiHaarnHy ONaMus:

— =
pPrrolqt =2

YusuiIu rapMoHMK OCLMLISITOP ¥praua JHCPIUsICH € Ku-
HETMK Ba NOTCHLUMAN SHEPIHUapra TEHT TAKCUMIALFAHY YUuyH
2

7

VY
| —
e
<
1}

2
EKK
P> = <KE> LG> = <E> /.
YMymuit yeya Ouiati yprada oauurana y Taxpudaian €xku

Bouika ycys Ouaan aHukaairan aed xapanaan. bus <€ > yuyu
(114) udonanu kabyn kuaaiauk. Y xoana

,
<prs=Peml® st
2 2kT 2w 2kT

(0

Tabuuit umMiynbse pa Tabuuii KoopauaTaIapra yruiin yuyn
p= px«/m, ¢ = x /m napuu >uTHGOPra o;11IN Kepak:

@h 110] 2 hm huew
< pi >= 5 1/1 <X° > e cthey i )
8— A. Boitacaacn 113
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)
Ko 3.20-macana. ‘Tusukin rap

MOHMK OCLISTOP yuyH (hasi-
BUit PA3OHMHT IHT KUUMK 3J1C-
__® ». MCHTap Xaxmu Ap Ax sa TAE nap

" h ra TeHr 3KaHIUrMHU ucbor

E KWUHT (T — Tebpauuil nasp),
I

Euwnum.
3.6-pacum. .= —_
pach ApAx=TAE=h  (I)
IKAHANTHHK UCOOT KuilaMu3. OcLUMAITOP SHEPIusicy

2 2
- kx

L = X [ —
2m 2

nposacuny Y3raprupuo €amua;

2 2
L S Q)
2mE  2E /k

Bylnan KypuHaauku, oCUHLISITOp (pazaBuit pasona 3urc
ynzauu (3.6-pacm). Ly sanunc 6unan yerapasaHran ¢asasuii
$razo "xaxMUHKU" TonmakIuK:

ry =n1’2m53€ = 27[5\/7_;=2_ﬂ§ =tk 3)
’ k k w

BytinaH, TeOpaiunl aappy T = const 6ynraiga
Al =TAE @
DHEPrUsSIHUKT JUCKPETIIUK X0Ccacu

&y, =hw(n+1/2)

ra acocai, (3) AaH uKky auniic opacuaary dazanuit paso ne-
MEHTH YUYH

2n
Arl:'= ",,—1',,=—-Fm)=/1 (5)
()
nosaHu osamus.
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DNepristHIE IMCKPETIAUK XOCCACHTA acocaH, (5) jian kypu-
UK, oaeMerrrap Xaxm AL Thiauk noumuiicu A par KNUuK
Oy oanitan. demax, (bn3auuw haszonuur dekapt koopauHa-
VUKD TH3MMUJLA €3MTal DICMEHTap XaXMHi Ap Ax Xam A aau
sk Oyia oamaiau. byaapaad uMcOOT KHAMHMUIK JO3UM
oyntan (1) udoaa keaud uMKaIM, sIHEHTH:

AT,=ApAx=TAL=h. ()
Vatymuid xonna:
Ap Ax = TAL = nh @)
eKH
ApAx = TAEZ . ®8)

U 3o0x. (7) udona, sphu pazasuii (pasoHHHT AUCKPETIUTHU
JNCPTUSHULIT AUCKPCTAUTHAAH KCAUO UHK/H.

Hdemak, aHeprus AUCKpeT KuitMataap Kadbya xwiranjaa Oy
JHEPrusid TUH3uMuuiT dasasuit dazock xam aAuckpet Oyaanu
Ba akcHHua Gazapuit HAZOHUHT OHCKPCTAUIUIAH SHEPTUSI
KNHMATAPUHUHT JIUCKPCTIMIH KENUo YuKaiuy.

3.12-§. YMYMJIAIIITAH KOOPJIMIIATA
BA YMYMJAIUTI'AH UMIVYIILC KBAJIPATHK
OHYKTYAIUSIAPH OPACHJIATH MYHOCABAT

Hopman KoopauHaTa Ba HOPMa UMNYILCHUHT KBAAPATUK
(paykTyauusiiapyu 613ra apsasru naparpadyaai MabIym:

(Ap) =< >, (Ag) =< &> [w?, (122)
OyHaa
<e>=0="2cih )0 ' (123)

YMyMmJlauirad KOOpAHHATA Ba YMYMIaliraH UMNyabera Huc-
Gatat (122) udoaa

(Ap)Y =m<e> (bx): =<¢e>/mw?,  (124)
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Kypuituna 6ya1aau. (122) éxu (124) nawm, (123) uu nasapaa
TyTHO,

hw

AN - QAN VS 2 By B0
[(Ap) (Aq)“)? = [(Ap ) (Ax)“]? 2crh 7 (125)

et et
smytocabaruu osamus. bynaa cthx = - —- runep6oanx Ko-
e -—

TanreHce (1,00 ) opaamkaa yarapau (3.7-pacm), x = hw/2k T Genru-
JAaut KUPUTAMIKK,

1. T— oo (Ekn @ — 1) 6¥nranna x — 0 6yaaian. by xosna
cthx —» oo 3KAHAUTH Y3UHUUT HDOAACHNAH MABIYM,

2. T— 0 6yaranna x— o O6ynaam. By xonna cthx — 1 6ynaa-
. demak, 6y xonaa (125) mynocabar

[(Ax)? (Ap)?] = ;—' (126)

renrimkan uéopar. Kpant MexaHukacusad Mab;iyMKku, 6y Tenr-
SK BAKYYM XOAT YUYH (SHCPIUSHUHT MUHAMAT KHIAMaTH yaynt)
ypuian. bolukaua aitranaa, KBaHT MeXallMKaCHAATH BaKyyM
XOAAT CTATUCTUK (PUBMKagary TeMiiepatypa voiw (7 = 0) 6¥aran-
aarv xonaruyHr yauaup. Llyugai xuanb, 10Kopyuaars aiutu;i-
rarapaan

cth 2 > | (127)
2kT

MyHocabar ypuunu. by my-
cthxa nocabar tydaiau (125) uu

[(ax)? (ap, PV 22 (128)
KYPHUHHLLAA €31111 MYMKHH;
---------- Oy 3ca KBaHT MEXAHUKACH-

naru I'eitsenbepr mytoca-
> Garuaup. (128) nona (125)
MYHocabaTHUHr xycycuit
3.7-pacm. X0JU 3KaHjiury tabuuil.

116

www.ziyouz.com kutubxonasi



(125) ndoganu KUCKaua ukkuHyy QIyKmyauuon smynocabam
(I'ciizenbeprunir ymysitit mytocabati) e arasia doluianiu.
K¥ynianox Kyyu Ba KoOpanHaTa (TCPMOAMHAMMK Ky BA TCPMO-
AHHAMUK OKUM) (pirykTyalmsiiapi (h1yKTyauMon-aHccunTaum-
o1l TcopeMacu Ba 6otKa 6up KaHua mynocadaraap ousan (125)
MYHOCABAT opacujia yMyMuit SoFaanius Gopanruiiu ke Kypa-
MII3.

IV505b
TEPMOAUHAMMK MYHOCABATIIAP

. TepMomraMuK MyHocabaTnap, XyMmaagas TEPMOAUHAMUKA
KOHYHIADU TaXpHOATap acocuia aHUKJIAHTaH.

CraTncTHK hU3nKasa TCPMOAMHAMHUK NapaMeTpiap Ba yiap
opacuaary MyHoOCaGaTIApPHHU MOJCKYASIP-KMHCTUK TacaBByp aco-
cHa KENTUPHD MUKAPUAAIK, CYHT YIAPHUA TAXPUOAHUIIT HATH-
Xaapu OuiaH coaminTupuraanan. CTaTHCTHK (PU3UKAIUHT aco-
cuit Taxpubasuit TasiHuu xam mynaa. bus 6y 606aa repmon-
HaMKK napaMeTpiaap (MOMEHTHAAP) Ba yjaap opaculiaru MyHo-
cabaTjiapHyu CTATUCTHK (PU3HKA ACOCHA KEATUPHO YHKAPAMI3.

4.1-§. CTATUCTUK TEPMOJUHAMUKAHUHT
ACOCHN MYHOCABATH

MyBo3anaTaary TH3uM YUyH TAKCUMOT DYHKUMSICH MABIYM:

f(E)=—;-exp(—§),0=U/v,U=<E>, )

OyHIa CTaTUCTHK UHTCIrpan
L
Z = | exp(-=)dn
[exp(-=)dn. @

Z uuiir MyBO3aHATAArK Xapadiaa y3rapMiumHau aHmkiam
’ YUyH YHH au(pepeHLInanIaimus:
£
/Z 1 - E E
| L e 9d(-Zydn= [ f(E)I(-=)dn.
s z © (n(p.)) 0 (n(p.q) 0
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bynnan:

Zcd-2)>. ©)

(3) Huur YHr ToMmoHuuK (1) HU Has3apra ojran xosnaa Oynaait
é3amMu3s:

<d(—§)>=%(< E>—-<dE>)-dv.

Iuam (3) vy Kaira ¢3aMu3;
Od(v+ InZ) = d <E >+ < ~dE>. “)

By TeHrAMK CTaTUCTUK TCPMOLMHAMUKA YUYH acoc 6¥;1anu.
Acocuit TepMonHaMuk Mytiocabat (4) nan MyBo3aHaTiaaru
XapaéHiap yuyn TYauk anddeperiman

dS=d(v+ Inz),v=pU )

Ba JIEMAK, X0AaT (PYHKUMUSICH § MaBXyn AerdH MyXUM Xyjoca
KeAU0 1uKanu.

BusHuHr 6y sinru ycayGuMmu3 acocuaa onurtras S GpyHkuus
TUIUMHUHT SHTPOMUSCK IKAHIUIMHU KEIMMHPOK, KypaMu3.

4.1-macana. Y3apo mysosaHnataa 6aran ukxu A sa B 6epk
TU3UM YUYH

I -parf 1 -pye8

W= ——e™%, W= et ()
z Z,

i
“A

KalOHMK TaKcHMoTnap ypuruiv. bynapuaa B, = B, skaninrunu
KYpCaTHUHT.
Euwuiu. Xap nkku (A + B) TH3UM yuyH KAHOHUK TAKCUMOT

I -B,pE08
Wy=g—e ™ @

AB

KypuHuwaa 6yaanun. W, — yMymuit THSHMHUHT A KUCMHU | X0J1aT-
na oyaramaa, B kucmu j xoJjiataa oyauiu axTuMoauuup; oyHaa

EM® =E'+E}. 3
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S W e -«

Ukku 4 Ba B TH3uM Gup-6Hpura B0OFIKK aMac ach Kapai-
raiaa

W, =W @
reurauk yprunu. demak, (1) sa (2) ndonanapaan

-BaE-ppE?
| e-ﬂAn(E,."u:,’.’)_ | Pati-Pht;

= e
ZAB ZAZB

®)

TCHIAMKIM oslamu3. bynapaa:

. -BapEf+EF)
Ly = Ze Y
Z

b
- -BaEf vkl
L Zyp=)>e "7 I,

¥

(5) HY Kyitnparuua €3amMmu3;

In ?Z-& = _ﬁAIJ(EiA + EJ'B) + BAEiA + B/}E;} =

Z4Zp

=(B8, - ﬁAB)EiA +(B - BAB)E;‘”- ©)

byuua E,, E mycbat kniimarnap. (/, /) uxrucpuit 6yiraHia
(6) Huur Yur ToMOHM foumuit Oyauwum yuyn B, = g, = f8,,6Viau-
UM 1IAPT. Bynapuaﬂ ZZ,= Z,, Tenrnuk Keaub uukaan.f, = B,
TEHTTUKHU MepMounamuKanune noaunsu Konynu ned xam jopu-
THAAIN. AHbalaBuit Kapanaa B = T Gyarauavra yuyu g, = f3,
Tenrnuk T, = T, TeHIINKKA 3KBUBAJICUTAMD.

4.2-§. TEPMOJANHAMNWKAHUHTI BUPUMHYU KOHYHH

TU3UMHUHT 2HEPTrUsICH (FaMUALTOHHUAHU) E YHUHD XaXKMHU
V, apKUHAKK napaxaiapu coHu v (ogataaru 6aéiaa 3appanap
conu N) sa yMymnalurai napameTpiap x, iapra 60rnuK, st

E=Ep,qV,v,x)
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OyiacuH. by xoana

- oFE oE
(Ib=2(5;l—dq, ; d/’,}+——dV+—lv+Z—~dxk_ ©)

[amunbTOH Tl riaMajiapu

o - OF
Ip; T d¢;

acocuia

Z(O—[:‘(lq, + ——(/[), ] = Z(_ l3i dq; +‘}i dp;) =0 0]
Jg; 7

o¥aanu. Tuaum TOMONWAAH TALIKM TU3UMra KypcaTunaérran
6ocUMHHK P, TaliKy TH3UMTa TAbCHP KUJAAETIal yMYMJAWraH
Kyunapnuu 3ca F, ne6 Gearunacak, IpkUILIMK Japaxacura Moc
KeJraH KMMCBUI NOTEHHMAN M, HU, Tabpu(ra xypa, Kyinaa-
THYa aHUKIAHAIN:

J9E JE oE
P=-<|=—= >SFE=-<|—| >u=+< > (8
14 . ax;, - av -

(6), (7) Ba (8) udonanapHu Hazapaa TyTHO, acocuit myHocabar
(4) ny Kyiuaary Kypyunuiga ésamus:

0d(v+InZ)=dU + pdV + Y Fdx, — pdv . ©)
k
Arap Taliky 60CUM B TAUIKKM Kyusapra Kapiuu 6axapuiaran
HWHW dA OKAaH Oenru1acak, sibHu

dA = pdV + Y Fdx, (10)
: k

neb oncak, (9) MynocabaTiy Kyiiuaardya €3uiu MyMKHH:
Od(v+InZ)=dU +dA - udv . (11)

MabayMKH, TePMOAHHAMUKAHUHT OUPUHYN KOHYHH yuyll
KyiAHaaru yMyMuit MyHocadat Ypuiuim

dQ = dU+ dA —udN, (12)
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Oyina dQ TusumMra 6cpuaaérratl (CKH yIpial o;IMHagTrad, arap
() < 0 6¥Aca) UCCUKITUK MUKIOPU.

Busnaru u dv ypunra onatna [, dN Eauaaim; dN 3appaiap
Conu ¥3rapuwm, W,— OKTTa 3appara TYFPU Kejaran KUMEBHMI
NOTCHLMAT; A€HKH,

pdv = dN.

Kapiio Teopemacura acocaH, yMyMuit X0Jna, sthlin KaiT™ac
(xycycuit xoaia kaitysuaH) xapaéinapaa daxapuaran (12) naru
dA v kaittysuan xapaéunapaa 6axapuaran (11) garu) dA
mggan karra 6y¥a1a oamaiad. Maskyp TcopeMmalu Xamja
U AN =y dv un avbopra oacax, (11) sa (12) renrauxiap-
JAH KyHWAaru MyxuM MyHocabaTHy 0j1aMu3

dQ=0d(v+ Ing). (13)

Byrja TCHIIMK HLIOpACH KaTyBuaH (MyBO3aHaT/aru xapa-
¢1i1ap yuyH), TEHICU3AMK HILIOPACH Bca KaiT™Mac xapaéniap
YUyH YpuHAU.

Acocuii myHocabar (4) 111 apTHOOopra 0and yidyiin €3niim-
MU3 MYMKHIL

dO< d<E>—<dE>. (14)

By myHocabariaan dQ HUHT CTATHCTUK MabHOCH KCAKD uu-
Kaau: MyBO3aHaT/Iaru (KalTyBuan) xapaéaapia TH3MM TOMO-
HUZAH OAMHIAN MCCHUKSIMK MUKAOPH dQ UUKY 3HEPTHSL Y3rapu-
1K (Ypraua raMuibTOHHAH Y3rapuing) OuaaH raMuibTOHMAll -
jJap ysrapuiau ypradacu opacunaard (papkka Tenr. Kosarau
XOsu1apia, SibHY KARTMAC XapadHIApAa TU3UM TOMOLIUAA OAWH~-
rad UCCUKAUK Murpopu dQ Oy dapkaan kaMm 6ynaan. (12) na
(13) nan

O0d(v + InZ) = dU+ dA —pdv _ (15)
Mytocabar ypuiuiv SKaHAMTMHKY Kypamus. Llyiyai kuiauo,
dQ=0d(v+In2) (16)

Hu Hasapra ojicak, (11) MynocabaTHUHI MyBo3aHaTrAIW (Kal-
TyBUAH) Xapaéinap yuyH CTaTUCTUK (PU3NKa aCOCHIA OJTUIITaH
TEPMOANHAMUKAHUHT OUPUITYM KOHYHH DKAHIUTUHK K¥PaMu3.
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By epaa wynuy TabKuaIaliMU3KHU, KI1ACCUK TCPMOINHAMU -
Kaaa oupiaamMuy Tymyluanap "uccukjMK” Ba "ni" acocuiia siHru
TYUIY14a OYraH X0aaT (DYHKUMUSICH — "HYKK FHEPTUS” KUpU-
Tuaauu. CTATUCTUK TEPMOAMHAMMKANA KYPAUKKH, "MUKH IHEp-
rust” Ba "Miu" TYIIYHYAnApH acOCM/IA SHIM TYUIYHYA "MCCUK-
SMK” ) KAPUTWLIN.

bua cratucTrk nnrerpan (WMFHHAK) HQodacuiiv GUIaMu3:

’S, »
= "8 p-i/0, a7

I
Z AT+

Oyhaa Z uu ysrapysuuaap 0, v, V Ba x,, X,, ... X, TAPHMHT
(pyrkuusicu 1ed Kapahiuk, sibHU:
L=Z0, v, V; x, ..x, ..). (18)

Z HuHr gudpgeperuyanuny (17) acocuaa aHuKIaiInK:

0z o7 0z o0z
dZ = -=do + —=—dV =d =d
0" Ty +;axk Mt W (19)
bywuna, (17) ra acocan,
Z v |
—==Z,d0==(dU - 0dv) .
"7 a v( dv) (20)

(20) 1iu obTHbOpra 0auns, (19) Hu KaiTa €3amMus:

ed(v+|n2)=dU+o[."'“Z) dv +
0,y Xk
omZ oinZ
+y 0] —= dx, +6 dv . (20
; [ 09X, )o,v.V ¢ [ w ]9-" Xk

(21) Hu ymyMmuit MyHocabar (9) 6unan conuwtupub yibyaap-
HY 0J1AMMU3;

dlnZ
P=6 , 22
( v )O‘V«“x ( )
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ﬁ;:o{a‘"z) , 23
o.v.V

dx,

weo(20E] 24)
oy 0.V, x¢

Tapuxuit mabvaymor. TepMonuaMHKaHUHT 1 KOHYHUHWHT
Katiid OTMRKLIY yuTa GYI0K 01MM HOMM Gustant GoraaHaau;

Hemuc osvumaapu 10myc Pobepr Maiiep (1814—1878), Tep-
mann Jlioasur ®@epaunana Tensmroany (1821—1894), uuraus
onnumu Keitme Tpeckort Koyan (1818—1889). Maiiep Tepmo-
JUtHaMUKaHUHT 1-KoHynrHy Kawd kusran 6yiaca, leapMroanyy
PHBOXAHTHPUG, DHCPIUSIHMHT CakaHHL KOHYHU Ae0 aTaiu,
HHEAW3 OIMMHU MUl OUAal UCCCUKJIMK DKBUBAJICHTIMIMHK UC-
00T KHULI YUYH KUPK HWIIIAH OPTUK TaxXPUOaBUH TASIKUKOT-
JIAD YCTHAA UILAAAH.

4.3-§. UCCUKJIUK CUFUMMU

Tabpudra Kypa, THSUMHUHT HCCUKUK CUFUMH Kyftuaaru-
Ui AHUKIAHAAK:

dQ
C==x%
dT’ (25)

Byiaa uccukAnMK MUKIOpH dQ Hun oanuiu (Ekn Gepuiiin)
Tyhaiiv yHUHT Temneparypacu T HuHT ¥3rapuiun d7 ra TeHr.
Bepx TM3UM yuyH TEPMOAKHAMUKAHWHT OUPUHUU KOHYHH

dQ = dU + dA. (26)

Ky 1alauk yuyi TU3MMHUIT XONATU UKKKTA napameTp 6u-
nan anukKIancu nesuk, sssuun U(T, V)

1y U
WU =——dT +—dV
¢ 7 AT+ 6 27

Ba 1y 6unan 6upra uil dA pakar 6ocum Prydaitmruna 6axa-~
PIJICKH geitank. ¥ xoaua (26) Hu
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(U o
dQ —(WJV dT + l:[:)—yl + PJ(IV (28)

_{oU U dv
SR R T

KYPHUHHILAA E3UIH MYMKHH.
1. ®apas kunaiauk, dV =0, spuu V goumuit 6yacun. Y
xomna (29) nan

Eku

U
C=C, =| —
’ (()T)y : (30)
Hemak,
_ dv _ U
C—CV +[V T [y —P+(57:‘)y. 31

2. Mapas kuaaiauk, 6ocum yarapmac 6yacuu. Y xosuia (29)
JlaH
C=C,=C,+LV, I, =227, (32
Va
Bynua

XaXMUH KeHrauui Ko3ahpullMeHTH.
3. bup monb upean rasz yuyn (32) wdoxaHu kypaiauk.
Huean ras yuyil,

U
&;l-mb—P. (33)

Bup MOAL naca rasiiMHE X0NaT TCHIJIAMacH
PV=RT 34

naH a = 1/T. (33) Ba (34) nappad ¢oiaasianu6d, (32) uu ésa-
MU3:
C,=C,+ R, (35)
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Gyia R — yHusepcasn raz gouMuiicu. bynu Maiiep menzaama-
cujieitnnanu.

4.4-§. XOJIAT TEHTIAMAIIAPH

TepMOAMUAMUKAHUHT OUPHHYM KOUYHHHH OCPK TU3MAM YUyl
' dQ = dU + PdV (36)

k¥puHriga ésamus. Xosar teHrtamatapunmn V, Tea P, Tna-
paMeTpiiapra HucoaTan €3aianK
WcenkiInK CHFMMMU

C=dQ/dT 37)

vona 6uaaH aunkIanaau. Yarapysuuiap V, T6yramna

dU =(l‘i) (/T+[ﬂ] (1V=C,,(IT+(MJ AV . (38)
v v )y oV )y

J

(37) Ba (38) nu nazapia tytub, (30) aan

(C=CHdT =14V 39
TCHIMAMAHY ONaMK3, OyHaa:
U
[, =P -
y + ( % )T . (40)

(apas Kunaiiink, xapaét Bakruaa P = const 0yiicuit. Y xoi/1a
(39) zaun

- _ ()T - Cl’ "(:y
l, =(Cp CV)(W]P = e 41
éKun
pof20) ZCr-Cy,
v Voo ?
U
Oyijian P, = [5—) Jied 6earuian KupuTHo,
T
(P+ PV =" ;CV (42)
C
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X0AaT TeHrIaMacuHy os1amu3. (41) nu (39) ra kyiub, 7TBa Vra
HUCHATAH KyHHAAIMYA

(C-C)dT = 2=% 4y
Va
CKHM

flyl =an,dT (43)

audyepenimai Xo1aT TeHIIaMacuilK ostaMu3, Oyiiaa

C-Cy
-Gy “4)

3uam (P, T) ra nucbartad xoaar TCHIAAMACUHN KYPARAUK.
Byrunr yuayn (36) tiunr yHr TOMOHUHYU Y3rapTUPHO E3aiauK:

dQ = dH - VdP = (%fi] dT + LdP, (45)
« P
oyuga H= U+ PV:
OH
[ L
d [ap J,. (46)

(45)1’12[
aH
C,=|=
¢ (ar),.’

wyukd dH, = d(U+ PV) = dU + PdV = dQ. Ulyniunr yuyn (45)
P
(C—C)dT=1[dP 47

KYPUHULITA KEAALU.
Mapa3s kuiaiivk, V= const 6ysicuu. Y xoina (47) aax

PLp=C,~C,

CKu
;GG

=t (48)
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wpoaanu onamus. (46) sa (48) nau

CV _C,, _—_(i)_!_’_)—V
PB ar

n

. I ~
¢ku 'V = (:)LPJ Ae6 Ociruaa KUpuTHO,
T

PV -V,)= -,‘;<Cp -G) (49)

XOJ1AT TCHMIaMacuHu ojlamu3. (47) sa (48) aapaan P sa T napa-
merpaapra nucoarau

(C-Cp)dT =S =Cr 4p
kM rh

% = Bn,dT (50)

XO0/1aT TCHINaMacuHu oJlaMi3, 6yHIla

R, = ..C;C—P_
d CV - CI) ) (51)
bus
C,—C,= PVTop (52)

3KAMJIUTHHM nazapra ojicak (K. 4. 2-macana), (42) sa (49) renr-
aaManapHu

(P+P)=PTB P = P(TB— 1), (53)
(V=V)=VTa, V.= V(1 - Ta) (54)

Kypuiuyia €3 MyMxud, Macai raz yuyu vV, =0, P =0;
(53) Ba (54) pad ngeast rasuuir TepMHK KoxpOUuUMCHTAapH
o, = f,=1/T xuilmar Kabys kuaaau. by (53) sa (54) 1n Sup-
Supura xynairrnpu6, (52) Hu nasapga rytud, Kynuaaru xonar
TCHTHAMACH

(P+P)V=V)=PVT?afi=T(C~C)  (55)
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oavtaan. (53) pa (54) XoaaT TCHIAAMANAPHULAH TCPMUK KO-
buunenTaap o sa g yuyH

-_— I ,7' — R’
ﬂ-7‘+7;—ﬂo[|+7jw (56)
a—i_i-—a ]..._l./.'_'

N7 % 7

v r .
vpopatapiin ojamMus; OyHra 7LV Ba I—;’) MOSICKYTAJIAPHUHT ¥3a-
po Tavcupu Tydaiim ¢ Ba f Hulr a, Ba B napaan Gapkuiu
Kypcatysuu napaserpsiap. (49) sa (50) xonaT reHrnaMaiapuHu
Gup-oupura KyaMus:

%‘i + L: = (an, + Bny)dT . (58)

By xoi1aT TeHIsIaMacHY Waeas ra3 yuyH €3aiimx. By xonna,
o= = 1/T sxaniturunat, (58) TeHrnama

dv. o dPdT
—_— — =
v P T (39)

Kypuumura Kesianu; oOyHaa a, + n, = 1 akaiury Hasapua Ty-
Tvaam. (59) reHrsiaMany HHTCrpainad yudyHu oaMus:

PV = constT,
Gyuzan, 1 Mosb yayH const = R 6earunaniiy KupuTuo,
PV=RT (60)

Ks1aneiipos TEHIAAMACHHHN KCATUPUD UMKaApaMu3.
(58) ymyMuli TeHriiaMaHuHr YHr ToMonunm (56) sa (57)
jlapid Hasapaa tyru0, y3raptupud é3aitauk:

av dP _ dT

P v \dT
—t = — | RpB=hy A
voop T("I"V)l 6D
By Tenraamany nuTerpaniab,
PV = RTe¢/ (62)
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XOJ1AT TCHITIAMACUHY 01aMM3; GYHAA
- r, vV, Ydr
f= _[(”p 5 7JT (63)

const = R GenrunatiiapHy KUpUTIAUK.
Wacain ra3 yayn f = 0, uyHku

U ol
P =] — = V =| ~— = .
2 («wl- 0, ¥, [ap]r 0 (64)
By xosna (62) TenurnaManan
PV =RT (65)

Knaneitpon renrnamacy (1834 i1.) keand unkann.
FHUHr xycycuit xosuiapaarv Mpoaacuiin Kypaimnk:

P, dT v, d7
=N - n Lty
A VIVT'

1. Usoxopuk xapaéuga n,=0,n,=1,

h=i%

P, dT

P T

2. U306apuk xapacuga n, = 0,n =1,

- _ (Y% dl
Jo v T

Bari-aep-Baanpe TeHIIaMacHaary

70

a
Po=—,V,=b (66)
v
Ty3aTMaitiapnan doitnananu6, Kyvgarmiaptiuy ¢3aMus;

_aJ‘ T fP=_bJ-(IT ©7)

PV = RTTenrnamanan (poitnananuod, £, HUHT Takpubmit udo-
JAACUHM aHM K 1Al MU3:
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fr=-b= j—z—-—w(l’) (68)

2
Bau-uep-Baannc TeHraamacu P2 =-§2’T—a = % faH
-b
(poinananud f, Hu annKIAAMU3:
V-bdl
f=azop [ ==l o). (69)

(68) Ba (69) udonanapnary @ (V) sa y (Pvurerpan sou-
Muiisnapu. By Takpubnitanisiapaa f HUHT xaxs Oyituua yarapu-
i, (68) nan kypunanvku, @ (V) = b/V udona Gusnan anmk-
nanaau. Ulynuur yyyu fHuHr udoaacuum

a b ! a b
f--nﬁﬁ-;ﬂ-;=7P-;fP-7H 70

KYPUHHIIKAQ O;1aiinunK. ByHnai TakpuOMIMKIary stHrv Xonar

TeHIJIaMacH
PV = RTCXp{ [b—ﬁ(l_f/—)]} )

KypuHuuira ara 6ysiaau. BU3HUHT Oy X01aT TEHIIAMAMUSHUHT
XYCYCHI Xoi11apuHu Kypalink:

1) Uacan ras yuyn a = 0, h = 0. By xonaa (71) Knaneiipou
TeHIIaMacura yraau.

2) Moaekymsip (pM3MKa HYKTAM Halap/aH @ — TOPTHILUIN
KYUAApU Ba b — Wrapyil Kyunapu 6unan SOFIMK Ty3aTManap.
Mauniiym TeMneparypasia (Musepcusl TeMneparypacuaa Boitin
HYKTACUIA) YAAPHUHIT X|CCaaapy Teiraaliiaam sa Oy Temiiepa-
Typaaa pean ra3 uiacai ra3 kabu oviaagu. busHunr TeHrinama-
Mu3 (71) nan xypunanvku, b —(a/RT)(1 — b/ V) = 0 na, spun
T.=(a/ RI)) (1 — b/ V) 6yarauma (71) Tenriama waean ra3 TCHr-
jlaMacura yraau:

PV=RT,.
3) (71) Tenrnamana b/V kuuuk 6¥:araHu yuyn yiu
h/V=]+—Il=————-—l =__V~_
¢ V 1-b/V V-b (72)
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sYpusnma €3min MyMkun. (72) ny (71) ra kyiub

h
[
a v

RTV

PV - b) = RTexp| - ~ RTe ®7T (72a)

JlrrepetnMHE TEHITAMAacUIT Y 01aMU3.
4) Qurepeun Tenrnamacuaan (b/V)<<1 oyiranna Ban-aep-
Baaasc TeHraaMacy Keauo unkaau. Xakuxkaran xam

RVT

-t
e BT ~ |-

v (72a) ra kyitu6, Ban-gep-BaanscHuur yidy
RT a RT a

P = - ~ -5
V-b ViV-H V-b V¥V

TCHIIAMACUHY OJIAMMU3.
AManna Qoiaananvig yuyn (71) HUNT YpHUIA UXUAMPOK,
Kyhusaru

> T Y a
PV -b)= I(Ye.\p[v(/)—ﬁ)] (73)

X0oAaT TCITAaMACH T TaBCHS STaMK3.

4.5-§. INOJAUTPONUK XKAPAEILIAP
BA YJIAPHHUTI TEHIJIAMAJIAPH

XKapaéy BaKTHILA TUIUMIUIIT UCCUKIUK CUFHMH Y3rapMait
Koacun. byHaait Xapa€iuiapHu noaumponuk xcapaénaap deiiu-
Aadu.

Bepk TU3UM YUY TEPMOIMHAMUKAHUIIT OHPUHUN KOHYIIHHK
¢3aitauk:

dQ = dU+ pdV,

Oyuna bocumaat Golika Kyunap ity necd kabyi KuiuiLi.

1. TH3uMIMHT XaXKMHU BA TEMOCPATYPACH OpacHaary 0OFIa-
nmw (Feit-Jlioccak koryHu). By xonaa nuxu aueprust U(7T,V)
HUY Hasapaa Tyrud, (39) uu Kairta ¢3aMus;

CdT= C dT+ [,dV, 749
Oyiina:
dQ b1 U
= e C = — N / = P e
¢ ar’ Y [E)T),, d +[0V]r 73)
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[, nunr (32) parn kuiimatuim (74) ra KYnud THSUMHUHT XXM
V sa remneparypacu T opacujary GOFIaHUUIHK TONAMM3:

v C-C, c-Cy
—=——"0dT =n,odT, =—
VTG hyac ny c,-C,° (76)
€Ky OyHu unTerpaiinao,
V =Vyexp [ madT an

KypuHUMILAA €31Um MYMKHH, V| — uceukiuk curumu C= C,
OyaraH xoi10ard TUA3UMHUHT XaXMU. (76) éku (77) TU3UMHUHT
XAKMH B TCMITEPATYPacy Opacuaary GoFaalMIIHu KypcaTyBun
TeHIIaManInp.

(Papa3 KUAANMK, XaKM Ba TeMneparypa y3rapuilsiapu yarap-
mac 6ocumaa corup 6yncun. bByHnait xapa€inapuu uzobapuk
xucapaéenaap peinnamm. by xoina C = C,6yaranu yuyn (76)

dV = VodT (78)
Exu

Vo=Vl + aAT) (79)

Kypuhiniura xeaanu, 6yHaa V,— TU3MMHUUT TeMIepaTypacu
y3rapu® T Oynararnary xaxm, V— Goutanruy xaxu. (79) Hu
Tedi-/lioccax konynu peiinsiagu.

2. Tu3umuunr 6ocumu P Ba Temucparypacu T opacunarm Gor-
aannm (Wapae koryau), TepmoannamMukanunr | KOHYHUIK
yaraptupub €3aiauk:

dQ=dU+ PV) —VdP = dH — VdP, (80)

oyHna H = U+ PVonmanvnus €k uccuxaux gynxuusicu neiu-
Aaau. (80) na 6Gocum noumuit 6yaca, dQ, = dH 6yaanu.

Arap TuauMHHUHT xonatu P Ba T ra nucbaraH aHUKIaHTaH
Oyica,

oH oH aoH
{H(P,TY=|—| dT +| — | dP=C,d — | dP
dH(P,T) (OT)P(I +(DP).,- Cy T+(DP)T , (81
Oyhaa
c, =499% _(a1
Poar T\t
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(81) na dQ = CdT nv nazapaa tyru6, (80) Hu

CdT = C, AT + 1 4P (82)
KypHlMIAa €3aMu3s; Oyraa
ol
l,=| =] -V
(M, )T X (83)

Mapa3 KHIAMIMK, Xapaél BAKTHIA XaXM JOUMUI KOJICUH.
bynnait xXapa¢nnapiy usexopux xcapaén peiinnaau. by xonna
C = C,axananruny nasapaa ryruo, (82) i

C,=C,+1.PB 84)
KYpuHUNILE €3aMU3, OyLLEaH:
=G -C
4 P/} y (85)

PloT
(85) 11u (82) ra k¥itub, Tusnmuuar Gocumu P sa remncparypa-
cu Topacunarn SorraHAWNY TABCH(IIOBUM TEHIVIAMAIIN Oj1a-
MU3:

1 {oP
byHaa B = —(—) — BOCUMHUHT TEPMUK KODPPUILMCHTH,
vV

AP C~Cp c-C
L= dT = n,pdT, n, = ==L
P C -Cp p nefdl, ny C,-Cp- (86)

Mapa3 XuaalauK, U30X0pUK Xapaéunap coaup Oyiaérrau
6yscun. by xonna C = C, okauauruaan (86) renriama

dP = PRAT, P,= P(1 + BAT) (87)

Kypunnwra kenaau. bynaa P.sa P1emneparypa T 6ynranaruy
pa SouutaHruy xonargaru Gocnamaap. (87) mynocabariiu IHlapas
KOoHynu NCAURAIU.

3. TUBHMHUHT BOCUMU BA XAKMHI OpACHAary MyHocabaTHH
anuknaitauk. (76) sa (86) nan usianagTrad TelriaManm ona-
MU3;

dy dpP
n]u—[;—+—[)—-0, (88)
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Oyuna
l1=-T——:—-"u=_" (89)

1 — noaumpona Kypcamxuyu ACHWAALN; {1 HU uzomepma
kypcamxuru (Exu koppeasuus napamempu) neb ataifiMus,

a) Papas kuaailnuk, Pea Vysraprauna remneparypa yarap-
MacuH; Oynpai xapaGHaapHu usomepmux xeapaénaap neiivsa-
an. by xonna dQ/dT = C gan C - o 3Kanauru Mabaym 6yaa-
. lemax, noauTpoiia KypcaTkuuu # U30TepMuK KapadHiapaa
I rateur (n = 1) 6yiaun. YmMymuit Ternraama (88)

dv (IP

KYPUHUUIHU OSIa/1H.
Waean ra3z yuyn (88) sa (90) Moc pasuuiia

av . dp
—_——— = , 91
5 on
dv  dP
v Lil g
R 92)

KYpUHMULUIapra yTaam; uyHKH Oy xouna (o= 1 (upean ras yuyw
a= /T, B=1/T), (88) 6u:1an (91) Hu xamua (90) Gunan (92)
XONMAT TCHINIAMANAPUHY TaKKOC1a0, KYHHAATH XKyl1a MYXUM Xy-
JIOCAHM WUKAPAMU3: pedq MU3UMHUHE Y3apo Mmascup Nomenyuant
EK1l YHUNZ KOppeasyus (hyricyuscu gaxam U napamempea 60FAUK -
oup. Ly cababoan |1 nu Koppeasuus napamempu Je6 amadux.
6) Mapas KUAAMIMK, TUSUMHUHT 6OCHMU BA XAKMAU Y3rap-
rata TU3UM TAlUKKM MYXUT OUIAH UCCHKINK ANMALUMACUH, ShHY
dQ =0 Oyncul. byHnait xonnaru xapa€Hnapuu aduabamux
xeapaénaap neitnnanv. Aavabatuk xapacHua (dQ/dT) = C uo-

aagary C = 0 akauaurn Maniym 6ynanu. By xonma n=y = £
1 . . | 4
oyitann. YMymuii renrnama (88) annadatuk xapaéHiap yuyH

y -4+ —’,f =0 (93)

KYpUHuLIra Keiagm,
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Muean ras yuyn oca (93) nan

dVv dr
2 9 94
R %4)

ICHIIAMAHY 01AMU3.
Moaurpoiik xapaéiutapaa n, y iouMuil 6yaranu yuyx (91),
(94) xamna (92) renraamanapiy MnTerpaiinabd, Moc pasuniia

PV" = const, 5
PV = const, (96)
PV = const N

rerrmamanapiy onaMus. (96) Ba (97) TenraaMajapiy Moc pa-
prwna Hyaccon sa boiin-Mapuomm xouynaapu jeiinnanu.

Arap t vy aesipau (P, V) ra 60FIMK aMac kK Xkyla 3aud
OoFIuK acituica, (88), (93) Ba (90) TeHrnaManapiu uHTerpat-
a6, MOC paBULILIA

PV™ = const, (98)
PV™ = const, (99
PV* = const, (100)

TeHrAaManapiv onamus. Byaap (95), (96) Ba (97) renraamanap-
HUMHT peasl ras/iap yuyH yMyMaaliraniapuaup.
4. TUBMMHUIT GOCUMM, XKMU Ba TCMACPATYPacH opacuia-
ru GOFRaHUIINY aunkaaiauk. (76) sa (86) uu kywud, P, V, T
napaMeTpiIap opacuaard GOFaHUILHM TaBCHIIOBUH
dv . dp pun =14

——+——=€adr,€=
P

% (101)

n-1

TernaManu onamus. Upean razyuyn u = 1, a = 1/ T oxkannu-
runat (101) renrnama
dv  dP  dT

= (102)

kypunuwra keaaau. (102) um nirerpaanad, uacan ras yuylil
YMYMUit X042

PV=const T (103)
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A 00T
/ ’A)m 1Oat XO0AaT TEHITaMACHIIN

oinamus. (103) nan

\ 1 Mostb Maeast ras yuyn,

\\ const = R Gestrunam

kuputn6, Kianeitpon

\\ TCHLAAMACHHHK OJIdl
N\ he—Hsorepya MH3.

PV=RT. (104)

0 >
4.1-pacM. l-u3ox u=pla
HapaMETPHUHT Kop-
peststiinst (PYHKUMSICH UHTCTPAIM Ounan OOFINK, IKAHANTHHI
KCHUHPOK, K¥pcaTamus.

2-M30X. YMyMmuii xoana u = f/a 6ocum Ba xaxmra 60oF-
aukK. [y cababau peait razaap yuyyH ostMHrat rojauTpona TeHr-
samacu (98), annabara tenraamacu (99), uzotepma TeHraaMacu
(100) Takpubuit TeHrnamaaapavp. bocuMHunr (KM XaX MHUHT)
KaTTa opanmkaa yarapuiapuaa (98), (99) sa (100) renrnamanap
Taxxpuba HatrxXasapyuaH Gapkau HaTwxKasapra oiub Kejica, aHMK,
aucdepenman teuraamanap (88), (90) sa (93) ra Mmypoxaar
KUAWIT MYMKHIL.

H3obapa P = const, usoxopa ¥ = const, uzorepma 7 = const
Ba dQ = 0 aguabatanap 4.1-pacmaa kentupuaau. by xapaéunap
TEHIAMANIAPHAAH HCCUKAMK MALIMHATAPH HA3APUSICUIA, 110PT-
Jawm (EHuIu), TOBYUI XapaéHaapyuHy Taxiu 3Tuinaa ¢oitnaia-
Hanap.

4.2-macaia.
(P+ P)V=V¥)=TC,~C,) M

TEHI1aMa

(P+§2.)(V—b) = RT ’ )

Banaep-Baansc TeHraaMacu OMaaH CO;IMIUTUPUICHH Ba U30X-~
JIAHCUH.

L uwnwm. Mabiymku, nacan ras yuys C — C, = R. By xoana
(1) Ba (2) TeHrAAMA1IAPHUHT YHT TOMOHMU 6up—6upura TeHr. (1)
Ba (2) TeHraMaapHMHI Yall TOMOHIApY TEHT OYIuiuM yuyi
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P=(57), =5e vu =35, =0 ®

retrmkap HaxXapuIKLIY 1IApT.
(hapas KAAAKANK, MOJIEKYIAIAD OpACUAATH ¥34p0 TabCcup
opunnmMu Kkyumaan uoopar 6yauo,

uv, 1y =D + UV) @

. < a o
Kipitmaa 6yiacun, P, = 7T OYNUIIM YUYH, TOPTHUIKIN Ky~

"

unra OOFAUK HOTEH WA

Uwy=-% ©

KYPUHMBLLA OYKIIN Taaad sTunaau. XakuKaTan Xam

(oU) _uW) _ a

v Tav T pTe ©)

uau V, fﬂpﬂ HU Taxaun 2TainkK. Wnean ras yuyn
T

V= _);7(11 + PV)]T - [5‘)5(” ' RT)] ~0. ()

T =canst

Peast TU3UM yuyil:

V, =[S+ PV)] [U) (‘W) N

114 or
{9V U .
+V+PUP)T [aym]( )7- 2 ®)
buara ManbiyMKu,
OU C‘p*(:"
P+ (ay) “Va O
Y -_r

(9) Ba (10) 1y (8) ra xysamus:
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=v-C%
V,=v-Set,

C,— C, = PVTof pan doiipananca,
oT
Vo =V(1-Ta)=~[3T) C,-C,M..,

Hemak:
Vn= _Cprr.T.' (ll)

M, . — XKoyas-Tomcott apdpextn koabduumenu. Ly ca-
6aban V, § 0 Oyamium MyMKuH.
l-usox. Arap V = W1 — Ta) uu (1) Tenriamara xyiuiica,
(P+P)V =(C,-G) o

TCHIYIAMA OJIMHALIN.
2-usox. TdS= C,dT + [, ,dV nau

/
S7(38) < ()
b=T(5v), =715,
By udonanu / =% Gyunan coaumtupud, C,— C, =
‘ 7 T Va ’ e v

= PVTafl udonaiin onavuus.

4.3-macana. [ KOPpEISUMOH napaMeTpHunr ¥V, xamna P,
Ty3aT™Manap opkatv MboraTaHULIMITA AHUKAART Ba YHUHT Ban-
Aep-Baansce ras ¥ yuyn udonacuuu TonuHr. OaUHraH HaTHXa-
HU M30X/1aHT.

E 4 u 1. Busra MabayMku,

v =() p = Q_U_] 1
g (()PJT, “ [OV ’ )
d L . - 1
(-?)_}r— Virs xr =553 [0
_B. _ (v _1(ar
w=gioe=y{3r),. 6=5(5),. )

Anuxainuk:
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(] [ ] () [

=(W - =Y 4
_b;L+V PV, [() V-V )

Pl
() () () s ), o
(5) uun (4) ra gyicak:

__Va o
V== BtV =V

exu
Vi
_7+1_ﬂ0+P)
Bynaan uanaxran uhoaaHyu OnaAMM3:

l+l,i’—

W ©)

H=

Ban-gep-Baanbe TenraasMacuaa
V,=b>0, P,,=7",>0_ 0)

(7) uu naszapga tyru6, Ban-aep-Baasnise TeHraamacura 6yiicy-
HAAWTAH Ta3 yYyH KOPPESILUOH NapaMCTPHU aHUKJIaliMu3:
a
"
T ®
|4
1-u3ox. TepMoanHaMuKanuHur GUPUMHUU Ba WKKUHYHU
KOHYyH.J1apuaaH doiinaiannd osiudraH

V,=V({1-al),
]J":P(ﬁr—l)

u:

myHocabatiaapuay T Hy TonuG, CYHr yiaapHU TCHIAAWTUPUO,
aia (6) udoganm oMU MYMKHH. XakuKaTal XaM
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(l.F!)LL)l_:(l—K’L)lET 9

HaTuxany onaMus; oyraan (6) udona Kesn6 HMKaIH.

2-u30x. (9) naru OUpUHUM TeHTAMKAAI KY[PUHAAKKHU, 6O-
CHUMIA Ba xaxmra Tysatmatap P xamaa V, 6up-©Oupura 60FuK,
Tepvonnnamukana arap «, 8aap 6epwirad o6yaui6, 6up TysaTtma
MabilyM 6¥s1ca, UKKMHYMCUHM AHUKIAL MYMKUH,

3-u3sox. bepuaran Temueparypasa xap xul1 6ocumiiapaa

_ If})P‘l
=5loz

o7 | AHUKaHrania (Macastan, Taxpuba;iaH)
\oi y

_ (92U
k=57, (10)

TY3aTMAHMHT KURMATAAPUHHN attukiall MyMKuil. By aca peas
TU3UMHUHT UUuKHM dHeprusicn U xaxm Vra kana@ai GCornanuiu-
N2 3KAHAMIUHU TOTIMLLFA UMKOH Depaniu.

4-1 30 X. 3-M30X HATUXAIAPUTA ACOCIAHUO TIM3UM MOJICKY-
Jltapy opacusiary ¥3apo TAbCUP XaKMaa, MUKJIOpPHH MyHocabaT
XAKMIA XyRoca UMKApULI UMKOHM OYaaaun; SyaaplaH 3ca Kop-
peIILMOH (PYHKUMSAAAD XAKUIA XyJ0canap YMKAPUUL MYMKHH.

5-u30x. (9) MmyHocabart Myaiilsii TeMnepaTypana J0UMHIii-
IMP, AHHU OUMPHHUM Ba UKKMHYYM KOHYHJIapra K¥pa abcoaroT
xapaxkrepra ara. bowikaya afitrania, xap Xua MOAEN Ba SIKUH-
slatysitapra 6y aoumMuit 60FanK aMac. bepuaran reMneparypa-
Jta (GMpop Momeab yuyH) xap Xui1 60CUM Ba XaKMAApAa JIOU-
MUHAKKIAH YeTJaluLl coaup 6¥aca, y xoa1a OyHMHT U30XHMHU
TCPMOAMHAMUKAHMHE UKKUHUK KOHYHU ndogack TdS naru T
N u3stau 3apyp 6ynanu.

6-n30x. Ban-nep-Baansc razuna a > 0 pa b > 0 6ysirany
YUyH (8) raH KYpUHSAMKH, KOPPCJISILMOH TTapaMeTp Oynaii ras
YUyt Xap JOuM

n>1 (1n

Oy;1anu Ba ieMak,

B >a. (12)
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4.4-macana. Fa3HUHT KCHralMIMKIa YHUHT SHTAALITUSCUTTN
yaapyac aed xucobnab, Temnepatypacy yarapuiun ndouacu
e, By Temiiepatypantuir y3rapuing UK 3HCPIUSIHUHT
HOICHITHAA KUCMAHMUT Y3rapyiumra 60FIMK 3KaHaAuru Kypea-
tanctn. OJHHTaH HATUXAHN MOACKYASIP-KHHCTHK 1IYKTay Ha-
LU H30XIATICUIT.

Luuw. Duraasnus H(P, T) = U+ PV, sacasaluur map-
Hina Kypa yarapmac:

_ (i MY ap = CodT + V dP
dH(P,T) _(OTL dT+(aP)T dP = CodT + V,dP.

Bynnan remnepatypanuHr 6ocum ysraprasaard (KaMairas-
LA, SIBHM X@KM OPTranaary) y3rapuiivbu tascudyiost mdo-
L O TAMK3:

TV e (M) 5oy =(2L)
(), = Ce=(57), 0= (5], O

Bu3sra MabiIyMKH,

V.= Wl —al), 2
P, = P(BT = 1). 3
(1) 1y (2) nan doitnananu®d, kaita £3amMu3:
ary _V o
(;”_‘;)u - 5(66[ h. @)
la3z kenrafiranaa, 6ocuM Kamasiiy, SibHA
dpP < 0. (5)

(2) €xn (4) nan kypunaauku, arap ¥V, < 0, souu o7 > 1 6yaca,
dT < 0 6yaauu, sreni Oy x0ana ra3 cosuitau; arap V. > 0, siviin
oT < 1 6yica, dT >0 Gynaau, abuy Oy X014 ras UCUULM.
Musepeust Temueparypacu 7, na pean ras uaean ras kadu Oynrauu
cababan V =0, P = 0 6ysann; (2) sa (3) nan

Ta(T) =1,
TAT) =1

TCHrAAMAIapHA OTaMM3.
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A
h a3 remneparypacu T nu-

Bepcus Temreparypacu T, nan
KatTa ¢ KH4MK Oyaranaa Kop-

—— e ———————— -

—
T
1
1
]
[ TR PP

b1 PESSILIMOM napaMmeTp Oup xui
_______________ xapakrepra sra 6yauuin yuyn
(I-macanara k.) V, < 0 6yaca,

—% —> P > 06yauun, ¥V > 0 6yica,

’ C pP<o OYANLIN JIO3UM.
4.2-pacu. " "

Hemak, V <0 6yaranaa,
S’bHY I'a3 COBUTAH X0Jaa

_({aU\
A =(35) >0 ©
6yaaam; V, > 0 6ynranpa, abHU ra3 MCHraH Xojuaa:
~(2U ‘
I)ll—[(')y)7<0 * (7)

N3ox. (6) Ba (7) maH KypuHamuKu, rasuuHr f = const
OyaraHaary Kenraitmiumaa cosuiuy toptuiunul (U < 0) kyuna-
py 6unaH, ucuwM aca urapuiunu (U > 0) kywrapy 6uaaH xa-
paxTepataau.

4.6-§. TOBYIHIHHHT TAPKAJIUIII TE3JIUTHU

bepx TH3MM yuyH BOCUM Ba XaXM opacuaaru ymymui 6or-
JNanyu pudrpeperiai TenriaMa (88) OuaaH aHMKJAHULIK Mab-
aym. Iy teHraaManu Kyituaaruua ésamus:

_y 2 dP _
v W—n/.tl’V. (105)

Tabpudra kypa. TOBYLU TAPKAIULU Te3aUIU 82> O HU Ky-
Annaruua aHuKJIalnMus:

1 2 dP
9=V (106)

éxu (105) Hu xucobra 0;1M6, TOBYW TAPKAJIMII TEINIUIMHUHT
KyHujarnua TepmMoanHaMuK uoJacuHU olaMu3;

9% = nuPV . (107)
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2
n HUIT UCCUKINUK curnMu C B4
ra 60FAUKIAUIrK 4.2-pacMmaa
Kypcarunrai. 4.2- a 4.3-pacm-
napaaH KYpUIIAIMKW, TOBYW 4
M30XOPUK XapaéHra kKaHya
skl Oynca, tbHU CUMKUAYB- ﬁr
YalIMK KaHya KMYMK Byica,
TOBYLU TEIJIUIH LIYHYAQ KaTTa
oys1aaM.
[y cababnan, KaTTuk
XUCM/1a TOBYLUMUHT TAPKAIALL
- Teanury nucbarai Karra, uytiku C= C,,.
Xycycuit XonmnapHu Kypaiauk.
1. ToByw Tapxaauil XapaéHUHM U30TCPMHUK XapaCH nch
Kapaiauk. by xosa C— oo Ba n = | 6yaanu. JeMax, Tosyw
TCIJIAMH YUYH

4.3-pacM.

3t = uPV (108)
udogann osiamus. Uaean ras yuyn = | Ba, nemax, (108) nan:
9= PV (109)

HbioTOH (hopMynacuHU O1aMU3.

2. Toyil1 Tapkaauu Xapacétu aguadaTuk xapacH 6YacuH,
neanK. AManga, XakukaTtan xasm mynaail ne6 Kapanaau. by
xojuia C = 0, gemax, # = . Tosym Teaauru yuyu aca (107) nau

ﬂf;:y,uPV (110)
$opmynaiin osaMus.
Wnean rasia tosyiu Tapkaawm tessnuru yayu (110) aau Jlan-
JIACHWHT KyHuaary (hopMyaacHHM OnaMu3;

R=yPV. (11

YMyMau Taxpubanan 9(w) opkanu n(w), cyur C(w) HU aHUK-
J1ab, TOBYW TapKAAWLIM Xapaghy Kalicy NOAMTPONMK XapadHra
SIKMH IKAHIUTY XaKUIa MADTYMOT OJIMII MYMKHKH,

4.5-maca:ia. I'azjiap Ba raznapra yxuiau TH3MMAAp YUyH TCp-
MOAMHAMUKAHUHI OUPUHUN KOHYHU YUYH DDKUH Y3rapyBuu-
Jap uKKuTa 6yaranaa

dQ = dU+ PdV= CdT + 1,4V, (1)
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C, =@U /AT),, I, = P+(dU /3V),, Q)

dQ = C,dT+ 1 dP, )
dQ = mdV+ mdP @)

Myuocadarnap ypuru.
1) Cp, Ip, My, M, HANT uponasapuiiy TONUHr,

2) Kyitunarusapiy ucOoT KUJIUHT:

_ C “CI’ _ —Cy'i'(,p
lp = - by = Voo
Cp _ Gy
" er-c, Cp-Cy
N _ B _ Vi
M3sotepma kypcarkuup M = o - P,

3) Aamabata kypcarkuun y = C,/C, Kyitnnaru myrnocaGar-
JIApHY KAHOATJIAHTUPULIIMHWA KYPCATHHT

_ QP[5
TPV, o

L _@V/am)s

" T v/,

L1 @P/AT)s

y=1 @P/aTy "’ Pyr  Pxs-

4) N3oTepMHUK Ba anuabaTMK CUKUAYBYAHAMK Iap HUCOaTH

(VY . l(aV
Xr/%s =Y, Xr = —V(W;][ » Xs = _-V—(‘a—/’ls

IKAHAUTMHYU KYPCATUHT.
5) I'pronaitsent KooppunmeHTH

r=aV /%G,

yuyH Kyduaarviaap ypuHiIu 3KaHARTMHA UCOOT KUIUIIT:

(o ¢, @U/aPy T mp

[oYer/ary _ PR v v
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6) I'ponaiizent xoadhgunmentu documra bornnk dyimaran
A0 YUYH FA3HUHT YMYMUIE X051aT TCHIIAMACUIIA TOTIHHI.
[ITNTRIIE

1) dQ =dU(T,P)+ PdV(T,P) =

(2] + [0 o

bytnan

Y vy = i 4 P = 1)_1!_ =Q‘f_=
[.)r),,+P(5'fJ,, '(ar]w FPVL (ar),, a7 =Cr.

U (VY _(3UY _ py.,. -

(55, = P57 ) =55 )~ P =,
U QU

dQ = [(—VJ 1]a’V+()P) dP

byiyian aca:
U U
+ m
m = P+(37),im =(55),.

2) (1) Ba (3) naH Kyluparuiu ojamMms:
(C,—C)dT=14dV—1dP. ®)
bynu (4) 6unad coauniurupu®d, ywbyrapHu TonamMms:

-G
C‘p _CV ’ ml’ - C[a _CV ’ (6)

m, =

(5) renrnaManan Kyhunugary udoganapHu atriaaimMmns:

(av) _Cp-GCy (ap) _ Cp=Cy
- ’

Tl Tk Tl T e

¢kit Oyaapaan:

W —C -Cy+C
= GCe g2 GG, <o) )

(7) nan {, nyHr 1, ra uucdaTHHm 0;ub,

1 A. boiiacaacs ' 145
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u=—V,/P| @)

uhoparu onammus. Maean ras yuyn u = 1.
3) (4) Ba (6) nan, Xapa€u anuadaruk, sibiu dQ = 0 6yaranna,

ANy Cely
(aV]s mp - Cylp O)

Kapaéun uzorepmuk, svim d7 = 0 6¥nranaa, (1) sa (3) nan

P\ _ Iy
[W]T i (19)

udogann onamus. (9) sa (10) nau:

()] w

(1) myrnocabarnau:

() - &
T Js ly
(3) Ba (4) nan
w) -
kaT P ny

by sam = CJ /(C,— C) mynocabatnapnan

.

T s _ (s _ CVIIIV — 1
(a_'f,] Tap Gy Tyl
97 Jp

(3) mat:
(QE =-%r
aT Js Ip -

(1) Ba (4) nan xapaén nzoxopuk 6ynranna:

LA
oT )y mp -
Ketiutirn myHocabaraapaay

1:Cy

My = —
F Cp~Cy
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ponany Hazapaa Tyrubd, KyRuaaruiy ojamum3s:

["_”
ar Bo  Clp(Cp=Cy) y~1.
oT Jy

(8) Ba (10) nan
OV_)T 1, - MY

Vxr=uP. (12)

t¢xku Oynpau:

(11) Ba (12) nau:
u=1/Pxr=1yPyxs.
4) (4) nan:
WY e _Glp
LOP)S )

(1) Ba (3) namn:
LTANS
P ),- Iy

Keiiunry MKk MyHocabataaH:
91)
oP ), X
T = .—T. = ’y

i xs
b |

[57)

aT 14 ar

S ST

) FIS R KLA WY CVL r 7
P )y

MabiyMKH,
avy (ATY (9P) L _|
oT Jp\dP Jy oV Jr )
Byunan poinasanud, I'protaiseH kooQpduimerrtu I 1 €3a-

MH3!
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r=g(5r), = o

Cy\ar ¢
l)
_ (_{r!,, aP -V _v
"_' r)U AN
()I' ar
6) [ =~ 4 = ﬁi/.\“ TCHIAUKIat;
mp { au
Lar ),
() ¥
\ory — T
&Ku
di = —dP
byiaan:

U =PV + fV));

Oy cpaa f{V)/I — uurerpan nouMmuiscu.

4.6-macana. 4.5-macajiadumur wapruaad goiaananud
Hg = Y1t TEPMOAMHAMMK MyHocabaTHu ucboTaanr. byuaa

=Bs /s Bs = (op) >O‘S=“':7(Q£) .

aT )

E 4 v . Tosywu re3nuru

P
-p? ‘IV Q)]
nu yaraprupud €3ainuk:
3 _ 2 tl[’/(lT
vi=-¥ dvydT - @

Toryil TAPKUIMILMHY anMabaTHK Xapagl [ecak,

!
2 _ _p2 (dP/dT)s - 7)—((IP/dT)s PV = _f_i:f_PV =u.PV. )]
@ [0 = "L rans s y

www.ziyouz.com kutubxonasi




bytu
Vi =yupPv @

OuiE coTHIUTHPUO, MCOOT KUAMIIMOKYM Oyiran udona
Jy = yu 1K 0J1aMu3.

M 30x. By Tenrauxiiu 3nTubopIa oacak, agpuabara tenraa-
sick (90) kyHuaaru KYpUHALLIK OJIAH:

PV = const, &)

Oy epaa (. — peai aauadata KYpCaTKHUtr, WIEal ra3 yuyH aaua-
OaTa KYpcarkuuu y ra Teur.
4.7-macana. 4. 5-macaaanuur waprtuialn Qoiigananud sa mii-
BCPCUSL TECMAEPATYPACHAA HACAT 1'a3 X0AaT TCHITIAMACH YPUHAK
nch xucobnab, koppeJisiums napamMeTpu (i buian P rysarma opa-
ciaru MyHocabaTin auukianr. OsaMHrad HaTHKAHW WI0XTAHT.
E uu u1. YMyMUit XoaaT TeHMaMacH

PV = RTe’ (h
uacasn ras xonat reurnamacu PV = RTra
— B Vu)dT _
f—J'(n,,-}T n, V) = = 2

iaprt Saxapuaranaa yraau. (2) wapt 6axapuIMWIK YUyH Uii-
TErpas UIOPacH OCTHAATH UPOJA HOSITA TeHT OYIULIN 3apyp:

n,,fI;L-n,,%=0

exn OynaaH

e = o

L. @

(3) uu (4) ra xyiAub, KOpPCSIIUS TTAPAMETPH L1 Guail Ty3aTMa
P, = (U /0V), opacuaaru nzaasaGrran MyHOCaGTHH OAAMU3:

\+«P, /P P 1—gt ;x'l—l
=Bl _ M= =
¢ l+nf, /P’ P nu-l I1—[l_] &)
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4.8-macaia. X0/1aT TeHraMacuHU
PV =RT[1+2+ 5 4. M
vV o y?

K¥puHumaa €3aauiap, oynaa B, C Ba X0Ka30 TeMnepaTtypara
60rauK supuai koadduumentiap 4.5-macana wapruian doii-
qtann6, Ban-aep-Baanbe rasm yuyn Bupuai kod(ppuiment B
HI AHUKAQHT.

E uuw. Ban-aep-Baansc Terraamacu

(P+-5)(V -b) = RT

Oy TenrilamMaiin y3raprupub ézainuk:

PV =RT (1+ . )_l (1—[’)_l 2

- PV2 vV ¢ ( )

ab << V2RT6yaramna, (2) Hu takpuban Kyitugaruya ézamMus;
" 1 a

PV=R1’[1+7(1)-7,7)]_ 3

(3) Huur yur Tomonuaary PV uu RT OGunan aiMaluTupaMus:
—pT l a

PV = RT[H—V—(b—R—T-)]_ @

(1) Ba (4) uu conmuTupu®, naaanaérran BUpUan Kosphu-
UAEHT B HU TomaMu3:

B=b-—om. )
W 3 0 x: yMymuit xo51aT TeHIaMacu
PV = RTe’.
f<< | oyaranaa, expf=1 + f akanunurngan
PV=RT(l +f) ()

KYpUHULLIK onaau. (6) Hu (4) 6unan cosnwtrpud Bari-aep-
Baannc sxUHAAUIYBHAA S HU TONAMH3:

)
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Ly AKMHIAWYBAA YMYMUI TEHITIaMa ACOCU M MATHIA KEJITU-
PUUEH KYPUHHIITHY 01U, SIHHU

a

PV = RTVFP - ®)

4.9-macana. X0aaT TEHIIaMacuIIu
PV=E + EP+ EP+ .. ©®

kypunuinaa €suun mymxuit; E\E, sa xoka3o supnan koahdu-
wtertiap 4.5-macana wapruiaan Qoinaianud, Ban-nep-Baaiise
K3 YUyH

E =RT, By =b-- (10)

IKAHIMEMHY KYpecaTunr,
E uww: assanry Macatana BaH-}le— Baanch TeHmiaMacHHUHT
TaKkpubuii udogacu (3)

PV=RT+1§77;(I;—%) a1

kypuuunaa agau, (1) ga (RT/V) = P ne6 xaby.1 kuauuca, (9)
owaan (11) nu coautrrupud mananaérranu (10) udonanapru Tona-
MU3.

4.10-macana. 9 Ba VnapaMerpaapHu apKuH y3rapysuuiap
aeb xucodnad, Pra Uopacuaaru GOFlaivilIHK — XOAAT TCIT-
JAMACHHM AHUK/IAHT.

E uuw. Tabpud 6¥itnua uuky saHeprus

U =0*@InZ/a0),,, )
nudoitagaH Ba bocum
P=0@InZ/aV),, )
ndonapal aHuknaHaa. bynapaan aéHku,
a5 (P10 =[5 )W /0% &)
¢k OyHIaH YMYMHI X0aT TelrjlaMacu
P+@U/dV), =6(0P/06), @)
HU ON1aMU3.
151
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M3ox. (1) Ba (2) nan doitnananud yuoyHu E3uiminy
MYMKUH!

dinz =217 do + EdV=Zrdo v AV, (§)
OvHuA
do = i‘f/- - gf dv

sKatsimruRan oinanannd, (5) HU é3amMus:
0d(v+InZy=dU + PdV . (©)

bynaa mysozaHataard xapasuinap yuys v¥iuk nuddepen-
1M1
dS = d(v + InZ2),
SUBIUM XOAAT PYHKIMICH S MABXKYL DKAHANTH sHa OOLIKA ycyi
Ous1aH KypcaTuiiau.'
4.11-macana.

L e,

Z  AT(vrDOY

uonanary A hpynKuusiHu
A= V¥4, @)

JdJinZ
pP= 0( )
14 0.v.Xk

JaH X047 TEHTIAMACHHU aHuKIanT; oyriia N — 3appanap COHuU.
(Mucan kiaccuk tusumaa A, Xaxs Vra 60rauk smac).

E uuin. Mapas kuaalivk, xaxm yaraprauga 4 HUHE ¥3ra-
pUILKAra acocuil xuccanu oupuHuKn Kynairysuu V¥ kyucun,
shHY acocuid Taseupuu Y xypeatcuit. Y xoana:

KYypuHUiLa aeo,

P Kaaccuk TepMOAMHAMUKAAA aBBan X0naT dyukiuscu § mMasxyiin-
runn k¥peatnd, cyir (4) aynocadatiiM Ba, JCMAK, XOJAAT TCHUAAMIACHHU
Kypeatnaaan (0) nuur ypuuaa kT oannaayw. CTaTUCTHK TEPMOAMHAMUKAAA
6us assas (3) Mynocabariig, cfnr oca S xoaaT QYNKIUMICH MABXYA IKal-
AWFHNN KYPCATAHK.
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oA N
—_— =i A
w74 @®)
(8) ¥purau Oysiran xoana (2) Xxonat TeHrnaMac HHXOITAA
LOJULE KYPHHULITA KC1aau:

——— N—.
P=05=n0 e)]

PY=No=2U. (10)

M 30x: 1) N Ta 3appagan nbopart KJAaCCHK WACAI a3 YUYH
v=3N/2 6, = kT. lemax, xoaT TCHrAaMacH

PV=NkT

¢ku Oyupad Asoraipo couu IN Oyaranaa Koancitpon renria-
MICHHU 051aMU3;

PV = RT.

2) KpanT wican ras. by xo:na v = 3N xonar tenraamacu
(10), nemak,

PV=U/3
KU
P=u/3, U=uV.

3) KpauT uaean 3appasap MabayM HyHaMILAaruHa xapa-
katnaHcasap (0y cTaTHCTUK (PU3MKa Macanacu axzac, aidarra),
yuTa KoMnaleHTagal (pakar 1y UyHanmmnuruna 9»rudopra
(xucob6ra) onuul J03uM, SiILHK v = N. (9) xonar renriamacu
P = uxypunuiura kcnaau.

4.12-macana. Assairy Macana mapruaas pornaianud,

PV =U(u-1)
X0J1aT TeHr1aMACUHU OUHT.
Eunw:
pv ="y
v

TenrsaMagarn N/v HuHr YpHUra, aBBajiry Macaiaiaru
N
—+ 1=y
v YL
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TEHT;IMKHUHE KUAMATUHU KYHUO, Macana 1uapTuaary Xoaar TeHi-
JAMACUHU OjlaMH3.
N 3o0x. Unean ras yuyd 4 = | akanauruuy nasapaa TyTuo,
razoanHamukana Qoitnanannd keannaaurau
PV=Uy—1)
TCHIAMAHHY ONAMU3.
4.13-macana. AanabaTuK XapaéH yuyd
PV = const )

TCHIAMALArK AOUMUI COH const Huiir A = A V™ mapr 6axa-
puaraHgaryd uholaCUHU TOMMHT.

Euunw.
v g
7 = eS vo b s
 Z T AVNT(v0”
TEHTIMKIapAaH

s-v _ AV (v+1)0"

(4 —
hg

By tenriinkuu, PV = NG nuv Hasapaa TyTu6, Kaiita E3amMu3:
e = 'ALZT—(?” V¥V /NY
bynaaH:
o511 L[ AT+ VY py /v
N hs‘g
KU
PV 41 = Bet,

by Tenrnamanyu aguabara teHraamacu (99) 6unat comMmtTupno,
ABBLIFY MACAIANATY TCHITIAMANW OJIAMU3:

yw=Il+N/v,
By TeHriMkHK 3bLTHOOpPra oncaxk, udnaHaérran

Py™ = BeS!”
TEHTIAMaHM OllaMu3; Oyiiia

We /v
BzNe(W(V‘PI)) . (2)
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H 30 X. Arap annabaTuk xXapach/1a 21TPOIHs JOUMHUIT IKaH-
Tt oeslacax, oxupru (2) Tenraama sida (1) renriamara xe-
LHVIR

4. ld-macana. Mabayn BynHaminna Karbuit xapakarianaér-
L HICAIT TA35a TOBYIL Tediinrn Vs Huloton dopmystacy 6yiinua
\NICOBAAHTAH TOBYII TCHIMIH V) AAI MKKKA MApTa KaTTa KaH-
UMY KYPCATUHIT, SIbHU

2 _ 9,2
vg = 2vp
IKAHSUTUHH UCOOT KMIUHT.
Euuun Mabaym fiyHanuuiga xapakaraanaérral ra3 yuyH
N = v, llcMak,
w=1+N/v=2,

vi=PVyu=2PV; vl =PV
uoaanapaa U3MAHAETraH TCHIHIMKHY AHUKIAHAAK.
4.15-macana. PV = NO teurnamaia oitpananud,
P=U@u-1)
X0J1aT TEHTIAMACKHHU KEATUPUO YMKAPUHT.
E u v . Ogamitrunra xypearuin mymkua (PV = NO 6ynranna)
C, =80, C,=a(U +PV)y=aH.
bBynapiaaH u3nadagTrat TenrinaMa ojauHIn.
4.16-macana. CTaTucTHK uHTErpaT (HHFHHAK)

Z =Je‘“dn, Z=Yebh Q)
acocu/ia
a) v HUHT aiuK KuiiMaTuia
Z=C(V, v X0 @
0) U HuHr aluK KHiMaTraa
Z=C(U,V,X) e, 3)

sKaHaurnKu Kypcatur. C, sa C, owkop Gyamara Qykums-
aap.
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E u nw. a) Tabpucpra kypa, uuku sreprust ndogacutits ¢ v
MU3:

U= j Ef (E)dn = 5, j Ee*tdn=- 5 5% )

v — Oepwiarad ((pukcanusaanrad) gecak, 0 =1/ akanrn
Jau ortpananund, (4) uu Kyhmnarnua ézamus:

do  d7
T
byiian
Z=C(v V, X)0" )]
éxu
Z=C( V, X)(Uw)r. 6)

1 30x. Craructuk unterpan (iinrunan) ndonacu

I _ h/}g
7 Ao /By=0=U/v

nan (6) udpona OMMHULIA MYMKHH, SHHA:

Z=C(v, UM, @)
OyHaa
C,(v,V) = Al(r+1)
h’g -
6) U dukcaumsiianranaa
1
dg = -U—dv.
Bynu svrubopra 0au6, Kyiuaarduu é3amMus:
_udz
T Zdv
¢KH
Z=Cm V, X) e @®

Z uuHr udoaacuaa utynaan e kynaitysuun 6op sKaHaAUrK-
ny Bourkaua ycyit OMitaH xaMm Kypcaruus MyMKuH. XakukaTtax
Xam

S=v+InZ
nonanan
136
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Z=e%e"
oI KEAUO YMKanuy.
4.17-macana. CraTuCTHK MHTErpai Z yuyH OJIMHIaH

! ,(1/B)=0=U/v (1)

7z

L
AT

wmhojta acocuua 4.16-macanana oannran (2) sa (3) udonanapiiu
WIHKJIAHE,
LEuum. a) (1) udonana

Cv,V) = "—"l(r-”,g—') Q

Oenriianr KupuTu6, (1) ndoaatnur uzsianaérran
Z=Cv,no" 3

uehosa 6uaaH 6Up XU IKAMIUTMHY KYPaMU3.
0) Mapa3 KUAAMIMK, v — OYTYH BA CTAPIH Napaxana KaTra
con 6¥ncun. By xonna Crupauiir (popMynacuaan Qoitgananamms:

Tv+ 1) =vt=ve. @
bynu abTHOOpra oyiuG, (2) 1uu
Cw,V)=Aver/hg (5

Kypundwaa é3amus. 3uau ¢ = U/v okanauruuy Hasapaa ty-
110, (3) 111 €3amus:

7 = AV“'e_" 6v - C(V, V)Uve—v (6)
g
OyH1a
Cv,V)=A/kg. @

4.18-macasa. OcuwiiaTop yuyH CTaTUCTUK WHTErpit Z HA
AllbauaByrit sa stiry yeyn 6unan anukianr. QOauuran HaTHxa-
JQPHY COAULITUPUHT,

Eunu.
7Z = ;e""’f" ’ )
g, =hw(n+1/2), n=0,1,.., )
0=1/=U/v=<e>/v,v=1. 3)
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Wuean ra3 yuyH
0,=Y/B,=kT. )

(1) acocuna Z 1 Tonaiauk:
- ~Bohwinvl f2) _ -x/2 -nx_ 1
Z__ze o =¢ 2":(’ —*7—‘——'——2'()". Z-e_x/ (5)
"
x=Bw=nw/kT

<€ > HY AHUKIANAKK:

- Z df,
1 9Z ax _ hw e/ 24e™™2  pw hw
Rt = ol S0 e ML v S O

Suau Zuu

1__Fg
< Arean’ 7
acocH/Ia aHUKIARTUK,
s=lv=1,0=U/v=<e>g=1,
FTwv+1)=r2)=l,
T = AE = Ag,, = Ahw(n+1/2)=(n+1/2)h.
byuaan:
A=h/hw=2n/w.
(7) aan Z U aHuKIaUMHK3:
7 _ 2n<e> _ 27 hw hw
Z= w o w2 t 2kT
Hemax,
g 1 et/ 24emx/2 _<€>
2=y T T ®)

(5) Ba (8) ndonanapuu cCONMTUPANIUK.
Mapas Kunaauk, x = Byhiw << | GYicuH, sibHu TeMiepary-
pa eTapAU Aapaxana katra 6y;icun. Y xonaa
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oA 4 e 22,

Jlemak, 6y xoiiaa anbanasuid yeya ouian onvurau (5) udoaa
Wy yeya 6uaat oautran (8) ndpona dup-6upura Moc Kes1aau.
I-1130X. (8) nau KYpUIaAUKU, Z BEPHIITAH TEPMOIMHAMUK
\OJETIIATY YPTAYQ KBAHT XOJaTaap COHU:
<E> L
=l =< >t
hw 2
2-1 30 X. Acocuit xosar ypTHbOpra oaunmMaca, Z= < n>.
3-u 30X Tcatxgary "sappaiap” couu ypraua < n,> 3ca KBaHT
CLITHCTUKACH TAKCUMOTU SKAILIUTMHU KCHUTIPOK KYPAMHM3.

4.7-§. BHUTPONKA. TEPMOJMUBAMUKAHUNT
HKKUH'IY KOHYHH

Bu3 MyBo3anatin xapadunap yuyH

Od(v+ InZ) = dQ, (112)
1lHoMyBO3aHatT xonataap yayn, KapHo tcopemacu acocujia
Od(v + InZ) >dQ (113)
udoaataprm ésran sauk. (112) sa (113) naru
S=v+1InZ (114)

(DYHKUHSHA TH3UMHKHE auTponusicH, (114) TCHIAMKIHM 3Ca
sHTponusi TelraaMacu ied iopuramus'. (112) pa (113) 6upavikua
E3W/IraH yMyMuit MyHocabar

0dS > dQ (115)

HU mepmodunamMuxanune uKKunsn Kouynu Reinnaau.,
Busuunr ycyanmusaan gpapkan pasriuan oaaTia dHrponu-
siHn I'ub6c rabpudura xkypa,

S= —<InflE) > (116)

Kypunnuiga €k boasumait dopmyiaacu (kefinupok 6y dopmyia
OusiaH TalillaMK3) aCOCHIA KUPHTHIIA/IM.
I'u66¢ ravpudu (110) nau sa

' Dutponus S uuir Oynaail yoyr OMaail KUpuTuwianuin sa yintur Teu-
raamacit (114) Supuitui MapTa C3MIINTH.
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S(Ey= e, B=v/U (117)

nhoaapu Hazapaa TyTHO, siHa OM3 KUpUTIaH aHTponus ndo-
aack (114) nm onamus. demak, sHTponus tenraamacu (114)
['m66c Tanpudpura Moc kenaau'.

TepMoaMaMUKAHUHT UKKUHUK KOHYHUTA MYBO(DMK TH3HM-
HUHI XOnaT GyHKUHUICH S KyRHAarn xoccaiapra 3ra;

1) Durponus y3rapuuin dS ukky kucmaar ubopar:

dS = dS, + dS, (118)

OyHIla dSq — TAlUKK MYXHUTAAH TU3UMIA KejyBUM (EKH KETyB-
4n) sHTpONHUs; dS, — TU3MMHMHT Y3uaa KaUTMac (aMccuna-
THB) Xapaénaap Tyghaiinn xocua 6¥AyBUM SHTPOIKSL.

2) dS*, TU3UMAArU KaiTyByaH (MyBo3aHaToaru) xapachsap
YUYH HOAIA TCHF Ba KAMTMAC XapaéHaap yuyi MycGataup, sbHu:

ds, > 0. (119)

3) TusuMra KeayBuM 3HTPOTIUSE TH3UM DIl TALLIKW MYXHT
Y3up0 TABCHPUHUHT KOHKPCT XapakTepura Kapab mycoar, Hojb
KM MaH(pU OV MM MYMKHH, SILHU:

ds z0. (120)

q <

Xycycat, annabatTvK sSiKKQIAHTAH TU3UM YUYIl, SDHY TalllKy
MYXHMT OMaH UCCHKJIMK XaM, MOJUIA XaM ajiMaltMalaMrad TH-
3HUM YUYH

dSq = (. (120
TeHrauk Ypurutn. by xonna (118) Kyiinparnua é3unanu:
dS=0. (122)

(122) ndpona — a;imadaTuK sIKKATAHIAH TU3UM YUYH TEPMO-
AMHAMUKaHUHT UKKKITUY KOHYHUHUIT E3nannuanp. (118) tenr-
siukaa, Kapio-Kulaysnyc teopeMacura acocas,

ds, = do/e (123)

Y Oaaraa, 21Tponusiy VuaMian napaMerp Sf= ~k <Inf > kypuumuna
Kabya kuaaauaap; k — BoasuMan foumuiicH.
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N4 ICMAK, SHA TEPMOAUHAMUKAIMIT UKKUHUY KOHYHMHUIT
yMyMitil upogacura KesaaMus:

ds=>dQ/0. (124)

TepMoAMHAMUKAHUHT GUpHHUY KoliyHu (12) nu abTHbopra
on6, GUPUHYM Ba UKKHHUK KOHYIIAapHY Ouprainkaa

0dS>dU+ dA — pudN (125)

Kypuisiiaa €3amus. byuu Tubbe-dwoeem mynocabamu neiinia-
st Kotaceuk xoana 0 = kT,

CraTUCTUK (PUBMKALA DHTPOITUSIHK XONIAT SXTHMOAAUTUHUHT
$n4oBd cudatraa Kapanaau. SHTPOMUSIIIUHT CTATUCTUK Mab-
nocy Guaal TAaHWLIMEL YIYH KYWUIArK MUCONHMN KapalMu3.

ABBas Gup-Gupuaan axpairan S Ba Sy DHTPONMSLIN TH-
aaciap mMyposanaraa 6yiacun. Cyur ynap ypracuia KOHTaKT
XOCILT KMAMHTAIAAN Kefinn S, Ba S, SUTPONMUSLAN SHIU MyBO-
RUIAT X0AaTUTA KEAWHAIH.

Arap 6y TUUMIAPHH SIHA KAUTAARN axXpaTuaca, YaapHuHT
MYBO3aHaT Xoaariiapy Oy3naMaian; KATbUIPOK Mabiofa alTa-
Juirad 6¥acak, MyBO3aHaT XOAAT;IApHUHT OYy3MIIMACANTY ACP-
i MIIonuav Bokeanup; Oyiaa S'= S, + §,. bouukaua aiitranaa,
OXHPIY XOJIAT — MYBO3AHAT XOAAT SHT KATTa IXTUMOJLTH X0iaT-
ap (Z=4, N=206yaranaary mucoanu acianrt), by aca | Ba
2 TU3MMIAPAAH HOOPAT TU3NM IXTUMOIM KMUKK S + S7 xonar-
NAH IXTUMOAHM KaTTa S, + S, Xxonatra yrralAuruHy KypeaTajiu,
Oyiiaa TU3UMHUHE SHTPONMsICH S IesIPIIY UILOH'IM BOKea Kabu
opTaau, sibliu AS > 0.

Lynn alTvi TO3MWMKH, TUZUM TCPMOAMIIAMUK 3XTUMOI-
JIMTM KMUMK XOJATAAH TEPMOAUMHAMUK DXTUMOLTUIY KATTa XONaT-
ra y3-y3upan, y3MHUHT Xoccacura kypa, TabOMMid paBuuLla yra-
JUH; SKKATAHMAH TU3UMIA SHTPOITHSL OpTaau, siblin dS > 0 Oynaau;
YMYMUI xosna 3ca dS'2 dQ/0 6ynann.

(bapasz KuJalIMK, MyBO3aHATAArY SIKKIANTal TUSUMHWHT
Mukpoxosataapy cou N 6yacuil. ¥ xonaa TeKuc TakCuMiaa-
HHILTA acocall f~X01aT IXTUMOTUIY

W,=1/N

ndona 6unan auuknanagu. F'vooc Tanpudura acocau:
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S=-FW;nW,=InN. (126)
i

by — myBoszanat xonart yuyu bonbuman popmysiacu 6yi1u6,
OyHaaH N yeKIIM 3KAHJIUTHY XaM Keaub YUKaau.

IOkopunarunapuan, arap MUKPOXOAATIAPHUHT IXTUMOILIUK-
Jlapy TEKHUC TaKCMMJIaHMaraH 6yaca, a3HTPONusI MAKCUMyM KHi-
MaTra HUCOaTal KUUMK KidMaTra sra OVaanun, sbHu X01aT Ho-
MyBOsaHaTia Oynanu, AeraH XyJI0CaHU YMKAPHIL MYMKHIL

ByHia TM3UM pellakcauus TaMOMKIUIa acocad MyBO3aHAT
xoJaarra IKMHIAIABEPaan B, HUXOSIT MYBO3aHAT X0;1aTra Ke-~
JIAIM, SHTPOMUA MaAKCUMYM OVaaau, SXTUMOLIKMKAD 3UUJIUTH
TCKUC TaKCHMJIAHTaH 6yranu, sibHu Oy epra IKOPHARIUAAPAAH
DHTPOMUSIHUHT OPTHIL TAMORMIIN KENG unKany.

1-n30x Oaykryauust kapaéuaapuia MyBO3aHaTAATH TU-
3UM KaTTa 3XTUMOJLIY X0AaTHapial KHUMK 3XTUMOJLIN X0aT-
napra yraau, 6yHaa TU3MMHUHT DHTPOMUSICH KaMasiin.

2-M30X. DUTPOAUAHUHT YAYaAMCU3 KaTTaiuk cudatuaa
AHUKJIAHAIUN, OM3HUHIYA, MCTOAUK HYKTAU Hazapaan Kyjai-
AWK XOCKI Kuiaanu. YHAAH TaluKapy 3HTPONUSIHUHT OyHaam
AHUKJIAHKLIM, OUPHUHYUIAH, YHUIT TAPTHOCUIINK BAPAXKACUIIU
KypcaTuuIra, MKKMHYMaaH, HHEGOPMALIUS 11a3apUSICHAATH DH~
TponusiiinHr LleHnon ToMoHuaal TabpU(MIAHKILNATA B, HUXO-
ST, YIMHUYMAAN, KATHUH aifTranaa, UXTUEPUIA TYILIAM IeMEHT-
Aapy UXTUEPUI 00BEKTAAP OVAMIUN MYMKHILIMTHIA XYJI4 MOC
TYIIAIN, SIbHKY YHRHT Yauamau O¥amail, Yiauamcus 6yannin max-
caara Mypoduk 6ynanu. Ousuka anabuérunaa sHTponus (3Hep-
Iusi/Tpanyc) yauaMra ora.

Tapuxuii masaymom. DHTponust TymyHyacu 1865 iimnna
HeMuc osiumMu Knaysuyc ToMOHKMAAN KUPUTUATAL,

Mosexyssip-KMHETHK TacanBypslapra acocaud oHTponusi-
HUHT OPTUINW Xakuaa OupuHyu 60003 alTraHsapyuMusra KyuiM-
4a PUKpJIap IOPUTAMU3.

bu3z nuxku ancprust U yuyH yMyMuit xooaa

U=y EW, (127)
i

udoiara sramus. Ksasuctatuk (MyBosaHaTaaru) xapaén co-
avp GyiraHna
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W, = %e'“” (128)

it hoitiiananud,
dU = Y WidE; + Y EidW; =<dE >+ EdW;  (129)
i i i
mponanu otamus. d W, iy ysraprupud E3aiimnk:
dW,= —Wd(InZ + BE) = —W S, (130)

Gyina S, = InZ + BE — MUKPOXOIATHMHI ILITPONUSICH; PaBIAH-
ki, S= <85> =In I/W,. (130) nau poitnananmnd (129) uu

dU +d =—2W,~E,~¢IS,~ =-< E;dS; > (131)
i
KypuiriLaa €3avus. TepMogMHAMMKAHMHT DUPUHYY KOHYHH
dU+ dA=dQ (132)
#il UKKUHUYM KOHYIHHU
dg<0dS (133)

udogasapura acocatt (131) jpam MyBo3afaTaary Xo. yuyn
— < EdS,>=0dS (134)
[CHIAMKIHU 07aMU3 EKU YMYMHIT X0J1jla
— < EAS,>=0d5=dQ (135)

smytiocabarra ara 6ysnamu3s. SIkkasalrai TH3MMAACH Xapaéuaap
YUYH
— < EdS,>=0dS>0, (136)

OyHaa TEHIIMK KaliTysuam, TCHICH3AUK Kaittamac xapaciiiap

yuyit Ypuitiu.
a) Kaitrysuan xapagraapuy kypaitiink. byna

~<EdS >=0dS=0. (137)

Tabuuiixu, (137) MyHocadat GaxaprilMIIK YUyH
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- < EdS; >=-Y W EdS; (138)
i

AnFMHIMAQ N, Ta MUKPOXOATaap SHTPONUSLTADUHMHT Y3rapu-
wu dS, manguit, N, Ta MUKpOX0IaTAaPHUHT DHTPONUSIAPU-
HAHT Y3rapuiun dS, sca myc6aT umopanu OYaulIM wapT,
N= N, + N, — MUKpPOXONaTAaPHHIIT YMYMHIl COHU.

i=1,N; k=1,N, 6earnaaunap xuputu6, (138) ndonanu
N N Ny
—Y WEdS; ==Y WiEdS; - Wi ExdSy =0
J i k

KypuHuLAa €31l MyMKUH; Oyiia dS, < 0 6yranu yuyH
—Ei(l'Si >0 (139)

Gyaanu; Oynna dS, < 0 xom MUKpOX01aT SXTUMOSLAMTH W, HUHT
OPTUILIUTA MOC KEIA/IM, SIbHU KUUKK 3XTUMO.LTM MUKpPOXOnaT-
JApNaH KaTTa IXTUMOIAM MUKPOXoaatiapra YTUULIAD COIMD
Oyinanu. dS, > 0 6yaran xoiiapaa MUKPOXONATIapHUHT KaTTa
IXTUMONIKIGIAPHAAH KHUUK 3XTUMOJUTMKIapUra yTuuuiap co-
aup 6ynanu. Mysosanataa 6y HKKU KOHKYPEHT YTUILAAPHUHT
ypTauacu TeHr Ba oS = 0 6ys1anu. Ymymuil xonna dS> 0 ea,
ACMAK,

Ny N,
=Y WiEidS; > =% Wi ExdSy|. (140)
i k

Hdemak, KUUMK 3XTHMOSUTM MUKPOXO1aTAapaaH KaTTa 9XTH-
MOIM MUKPOXOJATAapra YTHIIap akcMHYa YTuuriapra Hucba-
TaH YCTYHSIMK Ouiaan Gopagu. "HoMyBsosaHaTaaru xapaéuaap
YOFU/IA TU3UM KUUYKK IXTHMOJIM X0JATJAP/IaH KaTTa IXTUMOST-
au xosamiapra yraau", aehiuiarad ubopaHu uly mabHoaa Ty-
IYHMOK, JO3UM.

Arap TM3MM DOLLIAHFUY NaiTaa MyKappap (IMHAMUK) X0NaTia
(Ex¥ yHTa IKMH Xxojartaa) 6yica, Taluky Tabcup OyiiMaranaa
BAKT ¥Tuu 6uaan y MyBo3aHaT XOJIATTa KaTTa 3XTUMOLIMK
Ous1al Kes1aau, sSIbHU 3HTPONUSIHUKHT Y3rapuinn dS > 0 6yaanu.
By xonaa axrumoniiuk W HAHT KaMaiuILKUTa SHTPONUAHUHI

-0dS = ZWJE/(ISI = Zu/lEldSI +2WkEdek
I i k
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notiac it Moc kesiaau. byrna dS > 0 6§nuuin yuys

. szEde/\' > EI’V,-E;(/S;
k i

wapt Gakapuaniuy 3apyp (k. 1.4-pacaaa yHr kanor); Oyuna W
1N KaManumura TYepu kearan dS > 0; yHUHT opTuluMra
191 pu kearan dS; < 0. bowkava aitranna TH3UM acibTa-(hyHK-
HIBUIN X051aTAAH KaHOHUK TAKCHMOTU XOAATra KEAIH.
4.19-macana. 1) Durponusiiuur ['mo6oc udonacu

S=-y W;InW, (1)

HIKK 3HepIrus udonacu
U=%EW, )
i
B2 KAHOHUK TAKCUMOT
Wi = 5 oxp(~BE;) 3
4COCHAA TCPMOAHHAMUKRHUHT UKKHHUYY KOHYHWHH KeNTUpUO

YUKAPUIL.
2) TepmoarHaMUKaAHMHT GUPHEUM BA MKKHHYY KOHYH1apy

0dS = dU + PdV, 0= Uy @
acocuna xoaar renrsiaMacuiy
P=nb ©)

KeATUPUO YUKAPUHT.
Euunw. 1) (1) nan yuibyHu ojlamMu3:

ds = 2 In WidW; , ©)

Oyuaa EdWi =0 sbrubopra onuman. (3) uu (6) ra kyiuo6

Kyﬁnﬂarimn ONnaMH3:
ds = BZ LidW; . 7

165

www.ziyouz.com kutubxonasi



(2) naH sca:

D EidW; =dU +dA, ®)

i
OyHua dA = — <dE>. TcpMOAMHAMUKAHWUHT BUPUHUM KOHYHH
dQ=dU+ dA ©)

(8) Ba (9) naH UCCUKIUK MUKJAOPUHUHI YMYMUI UdOIaCHHHN
ANUKIAAMHUS:

dQ =Y EdW; . (10)
Mygo3sanariu sa katrap xapa€uiap yuyn (7) sa (10) nan
BdQ, = dS. (an
Kapno tcopemacura acocatt, yMyMuit xoajia
ds 2 BdQ. (12)
Aunuadbartuk xapaé yuyn
ds> 0, (13)
KaWTMmac xapaémaap yuyH
ds>0. (14)
(12), (13) Ba (14) TepMOAMHAMUKA UKKUHYY KOHYHUHUHT H(DO-

JATapH.,

2) Xosar (7, V) napamerpaapra uncoaran anugancuir;, (11)
TEHIrJIAMa v = const X0 yuyH (3appajiap coun JoUMUi oynaran
X051 yuyn) ésuarad. (13) Hu

ds = +33% 47 + ["U + P]dV (15)

Kypuiniaa Esaitnuk. dS t¥na audeperinuaiaruaan
1 U d U
+
aV’oor 37{ [aV PJ} (16)
TEHIJIMKHY €3u10 MYMKHUH. (16) HU Kyiinaarnya €3aiiuk:
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3 A "“_ 4 ! e I
/ . E A A i
LU MU 1 W L LaP 1 a0 FY

LR -raF. (7
0 oVaT gZ VAT 0 9TaV 03T g2 aTov o2 aT *

() = U/v Ba v = const 111 3THOOpra oncax,

00U _ 20 U
oV oT  aT oV

teneK Ypuiid. Bynn nasapaa tyrud, (17) NaH

dlnP _dln0 4 _
T T N L P=C0

renriukHy onamus; C — uurerpast qormuiicy T ra GOEIMK IMac.
Huewr ras yuyu
P, = n0, = nkT.
Bynaau C = p — sappaiap auuauru. Jemak, yMymuit Xoi1a
P=n6, 0=Uv (18)
XOAAT TEHTNAMACUHH OJIAMMU3.

4.20-macana.

2
C,,—C,,=TV%_- )

TEHTIMKIN UCOOT KUAUHT.
E 4 u 1. buara MabayMku,

c,—C,= Vul,
TdS = C,dT + 1,4V

Ba Maccsesnn myHocabatu Oysran

asy (22
oV )r oT Jy

TEHINMTUKIAH
_(3SY _pfaPY _ '
I, = T(W)T =7 (ﬁ)y =TPB.
Cp—C, = PVToB ; @
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ar
T Jy

(:’—)p (%";]1 =-l &)

=P o g, Vo %
8= P(\O'I‘Jy =~ v - )
ar |
Hewmax, (4) uu naszapaa tyrud, (2) aan (1) wponanu ona-
MU3.
4.21-macana.

o
Xr—Xs = VT‘@'P‘

TCHIZINKHN UCOOT KM HT.
E uun i Busra Manaymku,

.x_. = ’y = _..V_

ABBajiTK Maca1aaa
. |
C,-C, =VTa? -- 1
»=C - M
IKaHU KypcaTuiaraH aau. bynu ysrapmpu6 €3afank:

Co(l "—) Cp(l o R (XT Xs) . )

(1) Ba (2) nan:
1
Ar—Xs =VT0‘ZE~7.
4.22-macana. M'm66¢c-Tiorem myHnocabatu acocuaa Credari-

BoasuMaH KOHYHUHN UCOOTNAHT,
K¥pcaTtma. DoToH ras UKy sHCPrusicu

U= Ve (T (n

ndoaa Guaan aHUKIAHAAKM AcO XMCOBNANICHH.
E uu . I'u66ce-Tiorem myrocabaru
dS; = WU+ PaV) = | 3T + (30 4 Plav]. @
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N e Tyia anddepeHaInrunan

a (1auy_ afi1(oU
W(TW)‘W[?{W”’)]

ICHINHKHY odanu3, OyHaan P = &/3 Hu Ha3apaa TyTub,

e
fﬁ_%

1CHIIIKEH M onaMu3 €kl Gynaat
e=oT?

Credan-boabuMan KOHYHY Keanb uMKaau. ¢ — vHTerpan ao-
wmiitcn, Yuunr kuitmati Tnank Hazapusicuiaad aHuKIaHagu.

4.8-§. CAKYP-TETPO/1 TEHTNAMACH,
TUBBC NMAPAIOKCH

3uTponus (popMynacu
S=v+inZ (141)

ny N T1a 3appaaaH ubopat 6yiraH macan KJIACCUK ra3 yuyH
1a10UK oTaiauk. bynaait unean ras yuyn v =3N/2; O, = kT
B& CTATUCTUK MHTETpaa Z yuyH

AN
rs =(-—] (142)

udoaara aramu3s; 6yHaa

Z‘=7 (143)

NI Jm

2rm O,

phopmyna 6unan anukiananu: (142) sa (143) Hu Hasapaa Ty-
THO, (141) HK KaiiTa E3aMus:

— 1 }‘ 2”"10() -
S= Nl:2 + 5 ln[——-—-«ﬁ2 ) In n]
KU
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S 3 2 0 N
7v‘=7['"[—7§%1;z‘°“ﬂ’ n=g. (144)

butra 3appara T¥rpu kearan S/N surponus (144) uu Ca-
kyp-Tempod menzaamacu peiinaanu. (144) nan Kypunagmky,
Temnepartypa T sa 3nutuk # = N/V §3rapmaca, (S/N) autpo-
[IMSL XaM y3rapMaiau.

N ra 3appanad nOOPAT KIACCUK WIEan Ta3HUHT SHTPOT S -
cvnu F'nooe-ioreM TepMoauHaMuK MyHocabaTHAaH aHUKJIA-
JIMK:

0dS = dU + PdV. (145)
Unean ras yuyn U= U(T) Ba nemak
dU=C,dT. (146)
Mabaymku,
PV = NkT. (147)
(146) sa (147) nu xpcobra oaub, (145) renraavany ¢3amMus:
(T . N
de=C,,5—T——+—l—/"—dV, (148)
byraan
kS = CJInT + NkinV + §,, (149)

Oynaa S, — uHTerpas Joumuiicn. Y yMymaH, JpKuiiMK jlapa-
Kajtapu CoHY €KY 3appajiap conura GOFaunK;
Sy=8y €xu § =S(M (150)
Bus macananm KapaérraHumusaa N 1y uxTHEpuit 1oMMuin
1ed Kabyia xusurad 3fux.
Yoy Mucoasu Kypauank: V xaxman widi Tycuk, Guian
UKKK @ Ba b xucmra axparuiirad 6yacun. V, xaxmpa N, V)

xaxmna N, naeai ragitap Gup xus temnepatypana 6yacun. by
razaapuuur (149) ra acocan aurponusiiapu

kS, = C,InT+ NKaV, + kS(N), (151)
kS, = C,inT+ NV, + kS(N,) . (152)

Xap MKKH razfnaH udopar yMyMui TUBUMHUHT DUTPOIHSICH
FUTPONMIHMUHT ALMTUBIMK Xoccacura acocau, (151) sa (152)
AAPHUHT UMFUHANCH, SBHU
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S'=5+S5, (153)

LN QHUKIAHAAH.

Atap WaKL KUCMIIApU opacHaary TYCHMKIK O1MHca, rasiap
spananiann, auddgysust xonncacu 103 Gepai. Manaym Bakrian
(peniikcaliust BAKTHAAH) KeHHH TU3KMM Y3UHUUE MyBO3aHaT X0aa-
HIE KEIAMM; @ Ba b rasHuHr Xxap Oupy WAMIHIMHT OYTYH XaXKMu
b v oraanaitan. duddysusian KeiuH, TM3MM MyBO3a1iaTaa
fansa g Ba b razaapuuHr aHTponustaapuiin (149) dpopmyna
ACOCIEAA BHUKIAMUS, STHHAL

kS, = C,InT+ NAn(V, +V,) + kS(N),  (154)
kS, = C,InT+ Nin(V, +V,) +kS(N).  (155)

l"aznap apasaluraHaad KeHMH apajialma TU3SUMHUHT yMy-
MItiT DHTPONUSICH

S=S,+S, (156)

HitFMIAnAas udopat 6ynanu.

Duau a Ba b raziapHunr apagaumuin (auddysuacn) Ty-
HAMIM TUBUMHUHT YMYMUI SHTPOIUSICUTIMUT Y3rapuiliniyg TO-
natank. bynuur yayu (151), (152), (154) sa (155) wdonanap-
1 Hazapaa Tytud, (156) udopanan (153) 1u aliupamus, sibliu:

KAS = kS~ kS" = Nk InZe2e o+ Nk ln Zeh (157)
¢ku OyHuan
N,+N, N,+N
A5 = Noln B+ Ny In S (158)

“hoaa OIMHAIN.

By dopmyaa (158) raznap yuyn, Macanai, aprou, HeoH Ba
Douka razaap yuyH tacaukaananu (k. (12)). dapas kunaiauk
UKKHTA OMp xua ra3 N, = N, = N uanwaa apanauicuu. (157)
€kM (158) dhopmyaara acocan, apatatmumiu (Yanudpysust Tyaiinm)
SHTPONMSIHUHT OPTUILIH

AS =2Nn2 (159)

ndona Ouaan aHMKIanaau. YMymat, OUp Xuia ras yuyH sHTpoO-
HUSITIMLIT OPTHLUM SHTPOIUSIHUHT MaBXYA dMACIUTHIA 0aud
Kenaiu; YyHKHY FrasHuHr Xap Kauaai xoaarunu, 613 ra3 kuem-
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JIAPUHMHT opacKaaru TYCHKJIapPHUHT OMMHULINK Tyhailau o3ari
KearaH, aAcO TacaBByp dTULIMMU3 MYMKUH. By 5ca yHUHT 3HT-
ponusicH, (159) ra acocaH, aBasgaH GepUATaH Xap KAHAAM coliaall
KATTa OVita OJUILMHU KYpCaTaau.

AMmo OGup xun ras Oyaranga tycuk Oyamium Exu yHuur
OMMHULINA MaKPOCKOMUK XapaGHUHUHI (Au(pysus xoamcacu-
HUHT) OyAuLura oaud 6opmaiinyd. MyBo3aHaTrard TM3UAMIA MaK-
POCKOMUK Xapa€H Oyamacnury yuyH (6up xua rasjpa y3aud-
(bysus xonMcacu — TepMOAUHAMMK Xapa€H 3mac!) YHUHT
airrponusicy yarapmacaury ao3uM. LyHaait kuané, repmoau-
HaMuKanaH keanb unkkaH (159) udona amanaarn natvxara
avnanup. by suaausithu Tub6c napadoxcu neitvnaam.

'606C Oy 3UAAMATHY IMITUPUK yeya Ounan xan kuaan. Cra-
TUCTUK (busukanaru (144) dopmyna acocuua 6y 3uaausT y3-
yaugad Oaprapad aTHAIANM; XAaKUKATAH XaM, Xap Xwil ras;iap
apanamranga (144) popmynanaru 3nunuk n = N/ V yarapaau
Ba, IEMAK, SHTPONUS yarapaau; Oup xua razaap "apatawratiaa”
aca TycuK OYauum Eky osuHULIM Guaan 3u4anK yarapmaiau
Ba, AeMaK, JHTPOINTUSHUHT KuiMaTy yarapmaitan (I'nb6¢c napa-
JA0OKCcH Oynmaitan).

1-n30x. CratucTuk QU3NKaHUHT ofaTaary 6aénuaa Oy 3uj-
AWSITHY KBAHT MeXaHMKacuaaru (X03upry 3aMoH MUKpo3appa-
J1ap (pusukKacugary) akHaHAMK TAMOMMANHU XUCOOra 0Inb, CYHT
Crupauur dopmyaacuaan (poiigajitaHULI OPKTY XAT KUTHHARK
(Cakyp-Tetpoil popMyTaCHHU OAMILAA XaM, albaHABUI YCys11a
Wynaan KUIMHaau).

BusauuHr yeyaumusna aca, N'm66¢ napasokCHHm Xa 3THiuaa
CrupauHr dopmystacuuan goitnananuuira axTuéx 6yamMaiam
(K. [12] 241-6eT).

2-u30x. Cakyp-Terpoa tenrnamacuna T — 0 Gyaranga an-
Tporiusl .S Hojira MHTHUAMAraHu yuyH, Cakyp-TeTrpoi TeHraaMma-
CH TEPMOAHMHAMMKAHUHT YYUHYM KOHYHUHH KAHOATIAHTUPMAN-
M, feéivnaan (Macanal, K. [12] 219-6er). AMMO Temmnepatypa
7T Hoara MHTHAKILK Xap OUP SPKUHIMK AapaXacura TYFpPH Ke-
raH 3HEPrUsSHUHI HOJITAa MHTUAULIK AeMaKIup. DHeprus y3-
jlykeus yarapraH xosaa (aszo XxaM y3nykcu3s yarapuiuu tanab
ITUAALH, SIBHM A — 0 6yaniuu kysaa tytunaaun. [y cababiu,
Cakyp-Terpon teHrnamacuna h2/&Exu h*/kT Hucbat HOAHUK,
oyaub Konaau Ba, acMak, 7'— 0 6yiraHaa reursiaMa TepMOAM--
HAMUKAHHUHT YYUHYM KOHYHUHU KAHOATAAHTUpMArauanru (Exku
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NHOATIAHTHPUINK) HOMaLAYM OYaub Konany. Arap KaHoat-
wripaan, svun T—0 ga S— 0 6y¥aanv acitwaca, (A1)
VYl MABAYM YCTapaBUi KMIMaTHM OSIML MYMKHH.

4.9-§. BOJIbIIMAH ®OPMYIJIACHU

SIkkasanrad TU3UMHK Kapaiauk. Tanpudra kypa 6y xonna

E=<FE>=U=const. (160)
KsaHT X0, CTaTUCTHK HUFUHAN
Z=Yy e, (t61)

OyHua £, — i-MUKPOXOIaTHUUT IHEPrUsCH, ammo, (160) ra aco-
can, Oy xonarnapaary aHeprus yzapo teHr. Lynunr yuyu (161)
Hu Kyitnparuyua €3uiu MyMKHUH:

vE;

Z= Ze“‘f- = e‘”Zl,-

KU
Z=c¢"N, (162)
Oyiuta

Ne=Xl (163)

Xonarnap coun Z uunr (162) npogacniy DHTPOTHS TEHITAMACK
S=v+InZ (164)

ra KYWuo sIKKajiaHraH TH3HUM QHTPONMSICH yuyH yiudy udona-
{IH ONIAMM3: '
S= InN_. (165)
by udona bosapuMaHHUHT Mauxyp $HopMyaacuanp.

Kaaccuk xon By Xonua CTATUCTUK MHTETrpaitl ?

Z = (e dn (166)

Kypunumaa anukaanaan. (160) ra acocaii £ = const 6yaratinm-
I yuyH

Z=ef f dn=e"N, (167)
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TCHITIMKIIKM ONaMu3,; 6yHua:
— — l
N, = f dn = e j dr . (168)

(167) un auTponus terraamacu (164) ra xyiiud, sua bonpil-
man hopmyaacunn onamus'. By epaa N_tusum pasasuii pazo-
pary "sraelikanap” Katakiaap COHM Ouaan aHMKAaHaIN,

DUTpOnUAHHUT GOIIKAYA KYPUHUILKHY KYpaiiiuK. SIKKa-
JAUTaH TU3UM YUYH

N, =[d =#Id1‘=}7ll;fdf}; (169)

sKatu Mabaym. bynparu dI, dazasuit E sa £+ dE panguycnn
Iunepcdepaiap opacuaari Xaxm. di . erapian napaxajia KHUnK
oyaunn Mymkui. (SIkKaaauras TH3UM YUyl CUPTIAAp opacH
XyAa 1o1ka acbd oputuaansu sa df — 0 nennaann.) Y xosana

Ip=[dl; s aly= | dr,

(£} (af)

Muzukana KYNuHYa HTPOHUSHUHT YITapuUIn MYXUM
ovaranaury yay, (165) HuHr ypHura
AS=1Inl, é&€ku AS=InAl, (70

Cavanmu MyMKuH. BUTPONMSHUHT oaartaard udopaiapuia
bonbimar gouMuiicH k MIUTUPOK 3TAIM.

S, = kInN_ a7n
'm66¢ Tanpudu Gyiinua sutponns S, KUpUTHIraHAA
S,=—k<Inf.>, (172)
l L -
fl‘ - _Z_e Efk7

' Craruetik dusukaaa boasumait fopmynacyt nocTyaart cudaruaa kadya
Kisiiaan, busnuur SaCuMMH3aa oca y 3HTPOIMSL TCHIARMACUIAL KCATH-
PHO UHKAPHUAIK,
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AMMO SHTPONUST S TAPTHOCHBANK AAPAXKACUIIN AHUKAARAN-
Cok R BRUBEK OYATAHKW YuyH Y Yauamsiv Oy wapT aMac sa
oo yrgaMens3 0¥ anIK TapTHOCU3NMK JapaXkacH HU KYPCATYBUH
tet ot LOPMALIMSIHY aHUKJIOBYM) cHDATHIA XaM MAHTUKAH.
WM yeayouit xuxarnan OM3HUHTYA TYFPUPOK, DKAILIMIUHU

o APIYGE AT DAMK.

Lapuxudi Masaystom. DHTPOIUsE (POPMYSTLTAPUITMHT, XKYyMila-
~ob boabivas gopMmyaacuiuAlr GU3MKaA YUYH XYHA MYXHUM-
supni KyGonusr "CratHcTUK Mexatunka” KUTOOHIA KeaTh-
Coa KYIMAary MabiyMoTaan xam 6unmd oaunn MyMKul,
w1 Benanunr mapkasuit kadbpuceronwaa Jhoasur bosibliMan
(b 1906 ftvsriap) xorMpacura Kydwiran Earopamkka, YHUHT
wneornssirra 6edaxo Tyxdaci, sivtin S = Rin W dopmyaacu aba-
it MyXpPaad KYAUITAHAUTMHA UYA0BUMAAD KYPULILIAPH MYM-

Masaym 6¥nuuinya, S = RinW dopsynanu alinan uty kypu-

win boanivan ¥3u xeu kavol é3maran. Thank ysunmnr

aran

e HIJNEK HYPSIaHRITA Ha3apUusiCu Oyituua xuarau jiekumsiia-

piita ey hopmyaanu 6epapu...” [4].

Manixyp stnott pusuru Kybo TepMOAMHAMUKAHUHT OUPHIL-
01K HKKITHY Y KOHYHJIADY Xakua €310, y Kyiluaary 4upoitau
y iy kearupaau: Tabuuin xkapaéiapuuir 6yiok (had-
PHKICHIA 3UTPONUSE TAMONUAN AUPCKTOPIMK KIIUO, XaMma
O siap (KEJKILYBap) TYpAapyUHA Ty3uilira Ba yaapiuinr 6a-
vApatra OyipyK 0cpau; Xyiud Wy NaiTaa SHEPrUsiHUIIT
bk I KOIYHY akaTruma Syxraiarep posuiiy YitHao, neber
Wil RPCIUIT (KUPUM BA YMKUM)HU MYBODUKAAUITUPHI (TCHT-

LA HIPLIT) OWIIAIT WYFYATaHAIH.
| 130X, SIKKanaHTaH TU3UM YUyH
Z=e"N,
wihosa oinigim, (1) zaii.
v=In(N/2).
N ra sappajad udopar wacan ra3 yuyu (2) nu

EL. ln-{!L

2 Zy
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KYPUHMILLIA €3ULL MYMKHH. Y3/1yKCU3 X051 YUyH "Xoaaraap conn”
N, 1y

N, =]d =thjdr

b4 N\, T (4)

Kypunuuina €3nuk. (4) paszasuii ¢azo "karak"aap COMMHY aHUK-
Aaikav. Mnean knaccuk ras yuyH (3appasiap conut NTta 6ynram-
na) g = N~ Jlemax,

A L 5
I
(5) na N¥ — ycyanap conn. demak, Xap 6up MUKPOXO.IaTAA
ofaTaary anabuérna kabyn kuanuranuaex M ta ycyn 6yamac-
nau, 6aikn N¥ ta ycyit Gopaunp, ibHU Xap OUp MUKPOXOAATHH
NV xun ycya 6usian onuit MyMkuH. [y cababnu MUKpOXOIaT-
aap coHuHu N¥ ra (N — Oy ycyanap COHMHUHT OUP KUCMUHU
TAIIKMWI 3Taan) KyrialTUpULL 3apyp.
2-vu30x. Upean knaccuk ras 3appanapu

(Po P, P), (P, P, Py ... (P, P, P)y  (6)

xosaraapaa 6yacuH. Mukpoxonatiaap conn N_ra teur 6¥acuH.
AMMO OyHaary N Ta MUKPOXOAaTHUHTE Xap OMpHu loKopuaaru
KABCAAPHUHT (3apPATTAPHUHT) YPUHAAPUHY AMALITUPUHLI TY-
daitau xocua KMIMHUIUM MYMKUH. Bynaail "auru xonarnap”
conun N/W tajan ubopar 6ynamu. AMMO Oy siHTM X0AaTAap Mab-
AyM E3Heprusiiy MUKpOXOAaTHU XOCHJI KUAMHULIMHUHT GUp
KMCMU X0j10C. E 3HEPrusiii MUKpPOXOJATHH I0KOPHIAFY KABC-
sapaad VY ta yeyn OusaaH XOCHA KWMAMLI MYyMKWH, LIYHHUHE
vayH N Hu N¥ra kynaitvpuiu Kepak:

NYN =L
A I’.\

Cratuctik husukaga 6UTTa ycyara TYFpy Kearai MUKpPO-
XOJIATAAPHUHT COHMHU TONMUI YUYH KaTakiap colivuu NV ra
OyAuMIL 03UM.

4.23-macasua.
v=In(N,/Z) ()
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opaysa acocunia N ta 3appagad ubopar uaean ras "xoaaraap
o™ N HY aHUKIaHT.

L uwuul By xonna v =3N/2,

L (NY 2 Y
Z; - (7} ( 2rmk 7') :
bysapaan ¢oiaananmd, (1) nin xaiita €3amMua:

v N
¢ 7

CK1

N =Z.V?2 = 1 2memkT IN/2 ) nenkT N2
X N ;Nr h2 "2/3112 .

Bynnau, Mukpoxonatiap conu N _temneparypa 7 sa 3uu-
MK A 13 GOFTUK IKAHAUTH KEINOG YHKAIM.

4.10-§. TEPMOAMHAMUK OYUKIINIAP
TakeuMOT QyHKUUSICH BR HTPONUSE YUYyH
(- ,
f(E)=7€pE, (173)

S=v+InZ=pU+InZ (174)

uoyara aramus.
CTatycTiK MHTErpait Z HY KYHUAQrHMQ a1MalITUPAMU3:

Z=+ ¢, (175)

bywunai:

InZ = —fF
€Ku

F=-0InZ (176)
TeHraMkny Tonamus. (176) nu (174) ra kyiicak:

S=pU-pF
EKH

F=U-0S§. (77
12— A. boiacaoen 177
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Arap O, = kT 6ynca,
F=U~ TkS

F=U- TS, (178)

Oynaa S, = k8. (178) narn F uuur ndogacuniiy — tepmojinna-
sMuxauaru apxan snepeus (Ieasmeoavy nomenyuanu) neinjiajin.
0 = U/v nau doitnananuo, (177) Hu
' F= U(1—8W) (179)
exu .
. ’ - vy _ .
ST -L7+——l (180)

[
R

KYprHULA E3Uil MyMKHL,

HAxkkaiaHran TU3UMIA KaiTMac xapacuiap conup 6yaaérran
Oynaca, TCPMOAMHAMUKAHUHP UKKMHYM KOHYHUIA acoCaH, YHUIIT
DHTPONUACH S MyBO3aHAT X0AaTUTA KEJATYHTra Kaaap opTuo 60-
panu, SbHY MAKCUMyM KMMMATUra 3pyULIryHra Kamgap optub
60pa11u, by xonaa aHeprust E Ba, fleMak, uuku sHeprusi U
yarapmatauauru ( c: mlanraﬂnuru) cababiiu, (179) aan kypu-
HA/MKHW, 3pKUH 3Heprust F kaMmailnb Gopaau Ba S MakKCUMyM
KMUAMAT Kabyjl KMIraHua y MUHUMYM KuiiMaT Kabya Kuiaanum.

CTaTHCTUK TCPMOAMHAMUKA HYKTAW Hazapuaal taprubeus-
JIAK JRPOKACUHUHT OPTHLIM (TUSUMHMHT MYBO3aHAaTra SKUIA-
L1YBU) TapTHOIM XapaKaTHUHT KaMaiuiura Moc Keitauu. Tap-
THO/IM XapakaTHUHT KaMaduLIM TUZUMHUIT WU SaXapa OArLI
KOOMAUATUHUHT KaMaituiun aemakanp. Wyugan kunand, sp-
KHH 3HEPrysi TUBUMHUHI ML OaxKapa ONuIll KOOUIUSITUHY Xa-
paxkrepaamau. Ty¥3mMm MyBO3aHaTIa SKUHIALIMINN BuAal 3pKutl
SHCPTUSI KaMAasayd Ba, AEMaK, TUSMMHUHI M Baxapa oauul
KOOMIMSITH KaMasiiu Ba, HUXOAT, F MHHUMYM KMUMaT Kabyn
KMATAHAA TUBUMHUMHT WU Baxapa 0aulll KOOMAUSITH iyKo1aau.

Tepmonuuamuxana

D= F+ PV (181)

uponan mepmodunamux nomenuuaa (Exu Tubbcnune mepmo-
ounamux nomenyuaiu) NeAVIANK,

H=U+ PV (182)
ndosanu snmasvnus (CKV HCCUKAUK ynxuuscu) neiUIaan.
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(181) naH KYpUHANKHKU, SIKKATAHTal TU3UMAA Xapagnap
cojp 6¥1aétran 6yaca, yHUNIT TCPMOAHUHAMUK 1HIOTCHIIUASIH
KiMaiiud Sopauu.

DHaM TCPMONMHAMUK (PYHKIMSLAAP: uuku sneprust U, op-
KUH aueprust F, repmoaniasmuk norcHiman @ pa sutansnust H
tHINr Y3rapunuiapuiy Kypaiiuk.

Tepsmoanuamuxanuur | sa H konyHaapuHuHr ymymuit uo-
nacu ['ubbe-iorem myrnocadaru

0dS = dU + dA - p,d, (183)

Ousra mabaym. bynaa pdv = u,dN tenrankaan doinasanud,
(183) uu xaiita 3amMu3s:

0dS = dU +dA - udN , (184)

Oyiaa 4 — kumEpuit noreHuMan, N — TU3MM 3appaiiapy COHM.

Tusumra P6ocum Ba yHAAH TANKAPY X, X,, ... X, ... Kyw1ap
Tabeup Kuaaérran OViica, Oyaap TabCUpUaa YHUHE XaXMM Ba
fouka x,, X,, ... X; ... HapamcTpiapu yarapuiun Mymkuu. by
X071/1a TU3UM TOMOHKAaH OaxapuaacTran uil

dA = PdV + Y Xdx; (185)

udona Suaan aHUKIAHAIHN.

(apa3 Kunaitink, 6epk THaumra (sibHU dN = () 6yranaa)
dakar 6ocuM Tabeup Kusiagrrad O¥acuH. Y xosua (183) myHo-
cabar

GdS=dU+ PdV (186)
CKH

dU=0dS — PdV (187)
KYpUHUINHK osaau. byiaan nukn sdeprust U — tepmoinna-

MUK (DYHKLMSHTUHT aPTYMCHTRAPY 31TPponust S Ba xaxm Vaxau-
aury kypunanu. (187) aad 6ocum Pea @ yuyH

__[aUu =_0<E>

P= (ay)s v (188)
(U
0-2)

udoaanapiiv ojlaMu3s.
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Unean ras yuyn 0 = kT. By xoana (189) nan, xycycwi
Xoju1a abcoioT Temneparypa T HUHT TCPMOAMHAMUMK Tabpudn

o _{oU
(3] (120
HY OJIAMU3.
(187) TCHIAUKHMU
a(lU-08) = —~8d8 —pdV (191)
GKH
dF = — 8d0 —pdV (192)
KYpUHHIUAA €KY YMYMUI X0i144
dF = -S8d0 - PdV + pudN -y, X;dx; (193)

Kypulinmaa €3ui MyMkuH. (192) pan kypriaavku, spkui
sreprust Fxaxsm V sa 0 ra HucbataH TepMOAMHAMMUK NOTCH-
urananp (Gyuxuusianp). Yunan

gl refEL o

udopanapum onamus. Arap 6 = const Gynca, sibliy Xapaéy uao-
Tepmuk O¥iica, (192) ndona

—dF= PdV (195)
KVpuruiura kesaau. Bysaan usotepMuK xapaéijia 9pKuH a1iep-
TUSIHTUHT KAMARMIIA TU3UMHUHT OOCHMU TOMOHMAAH TALLIKY Ky'-

Japra Kapiay 6axapuiarad Miura TeHr, AeraH XyJoca YMKAIu.
(193) myHocabatuu

d(F + PV)=VdP - 8d0 + udN —ZX,-dx,-
€kH '

dP =VdP - Sd6 + udN - EX,dxi (196)
!
KYPURUILTA OCOHNUK OMIal KEATUPHULL MYMKUH, By1iaa
P=F+PV=U—-6S+ PV. 197) -
(196) mytocabatian
_[od - ﬁ\
V= [:)_F)O.NYE,' S = ( a0 J (198)
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—e—

(196) gau P, 0, N noumuii 6ynraHna
—-d® = dA

ndonany onamus. Jemak, 6ocum, temnepartypa a N 1oumuit
Oyuranaa TU3UM ToOMOHMIAH DocUMIaH BOLLIKA TALUKM Ky4aapra
Kapiuy daxapwiral Wil TEPMOAMHAMUK ITOTCH UMATHHUHIT Ka-
MAiMLIATA TCHTAKD.

Sxkananran TM3MMIa KaHTMaC XapacH GopaéTranga 3HTpo-
HUSTHUHT Yeuin TY()aiiaM YHUHT TCPMOAMHAMUK [OTEH I AN
O kamasuym, (187) mynocabariu Kyiugarmua kypurnuinaa éai-
JIMK:

dH = 0dS+ VdP, (199)

Oyina
H=U+ PV. (200)
H — auTaibiinsg €KM HCCHKIUK (hyHKUIHICU. YMYyMUit X0il1a
dH =0dS +Vdp+ udN - 2 Xidx; (201)

ByHnoan Kyiuaaruuy onamus:

0= [ S }I’.N‘.\',' ’ 4 ( or )S,N..\'i . (202)

lynunraex (201) nan xypunaauku, P, N Ba x noumuit
oyaranna

(203)

dH = (0dS), Ny = dQp ..
TEHITINKHY OJAMU3.

WMyHnait kunnd, 6epK TU3UMIA TAlLiKA LIAPOUT Y3rapma-
ramjia u3obapuk XapaéHaa TM3uMra 0cpuIaérraH UCCUIJINK
MUKAOPH TH3UM SHTANLNUIACUHUHT Y3rapuuiura TEHraup.

BnM 6Up HeuTa TepMOAUMHAMUK MyHocabaTaapHi KeATH-
paitaux: (188) Ba (189) nam;

—(%Jv =(§%L- (204)

(193) aan s
(OOJV [avl,~ (205)
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(198) nan:
@V /00)sg =—(3S/aP),. (206)
(202) nan
@V /08)p =(20/9P)s. (207)
oanuran (204)—(207) Teurnuknapuu Makceeanr mynocabam-
aapu 1eRunaiu.

bepk tHauM yuyd v = const 6Virauu tydaiau (180) na S
HUHT Yprinra (194) nan yHUHT KuitMaTUHKA KEATUPUG KYituG,

v o V.N.a;

TEHIJIMKIKW ofaMu3. (184), (193), (196) sa (201) ndonanapaas,
STHHM

dU =0dS - PdV + udN - ¥ X;dx;
dF = -Sd0 - PdV + pudN - X;dx;

’ I
d® = -5d6 + VdP + udN -y’ X;dx;

dH =0dS + VdP + udN - Z X;dx;

TEHIMKIAPAAH, TEFMLLIK NAPAMETPAAp Y3rapMail KojAraHaa,
(dU)gyy = (@dF)gy = (dD) = (dH),, (208)

TCHINIMKAAPHU 0j1aMHA3.

4.24-macana. dU, dF, d®, dH napuu supuaa xospdpuum-
CHTIap OPKATHU UDoaiaHT.

K§pcartMa: THSHMHUHT HACALIMKAAH UCTIAHUILIAPH YYYH
xast (208) Tenraamasiap ypurau 6yicun, ned xucobianr.

Euu. Xoaar tedrnamacuiy supuan xoadhduuuentiap
B(T), C(T), ..., opKaiu €3ainuk:
PV =NKT(1 + nB(T) + *C(T) +..) t))
£Ku
PV — NkT=nNkT|B(T) + nC(T) + ..]] #))
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.‘/" - 4'1"’. ) T
oywa (PY), = NkT— Kiianeiipon X08T TeHmaMacu l{:fpcn—
YHTH acocan (208) naru y3rapuin y .

U—-U,= NnkT(B(T) + nC(T) +..) 3
(208) uonara acocart:
F~F, = NokT(B(T) + nC(T) + ...). @

& a H 1apra Hucharail xaM 11y Kabu TCHIMMKTAPHU €31.1a11.
2.25-macana. YMyMuid xosi1a O0CUM yUyH

= [
P k(’)V )ﬂbz\' (5)

ndona mabayMm. Assairu Macananaru (4) ndonangan doitnaia-
nuo, (5) gan supuan kodxpdhuuuncHTIAp OPKUIK XOIAT TeH -
NAMACHHU KCATUPHD YMKAPHUIIT.

Eanw. (5) garn FHuHT YpHUra yHrHr udoaacu

F—F, = NnkT|B(T) + nC((T) + ..]

HU KYSIMU3:

dF Wy 9 . . _
P=—(W) = (0;) =57 [Nk T(B(T) + nC(N) +..) ], =
=P, + kTB(T) +o= Py + PATB(T) + ... = Py (14 nB(T) +...)

OyHita P = pkToKauAUIMHU bTNOOPra OAMHCA, YU BUpHA
Koaq)(bmmeumap OPKUIN E3UITat XONIAT TeHIIAMACH SKAH WU
MabJyM OYianm.

4.26-macana. Bepk TM3UM yuYH CTATUCTUK HHTCTpas
Z=C, V, X)U" ©)

KYPHIMLITA 31'a IKAHJUTUHU KYPCATUHT.
E u v ui. bepk tu3um yuyn 3appanap coHu N na, aemak, v
yarapmaitnu. Lly caGaGiiu

dS=dinZ=~dZ )
busra (189) aan ManJiymKH,
_(9U -
0= [ﬁ)mf 0=U/v ®
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(7) Hu bTHOOpra 0au6, (8) HM E3aliauk:

U U
v_gz __)
v \()Z VNX;

€KH Oyi1aH
dZyny; _ v dUyyy,

V4 U

TeNINUKHY €3aMU3. By TeHMIMKIM HHTErpauad, uanaiaérran

(6) ndonanu ronamus. bynna C(v, V, X)) — nurerpauiau sou-

muiicu v, ¥ Ba x, aapra 60rauk 6§aub, 6 ra Gorank amac.
4.27-macana. YMyMuit Xonar TEHIraMacH

ap PY(P + P)(V -V,)=(C, -C,)? 0
HCOOT KUAUHCUH, OYHAa
_{aoU _(oH
£=(5v) =5, ®
E u uni1. Busra MabiiyMKu,
(U _Cp-Cy
b=(57) + P=r, &)
—_ (—)H _ = C,/—Cp
b= (5%, -V =St )

(2) 6earnaaumnapra acocat (3) Ba (4) vy €3amus:

(P+ PV = (Cp=Cp), 3)

V=V,)P =5 (Cs ~C,). ©

V. < Vaxkauaurn C,> C, pan kenud uukanu. (5) sa (6) uu
Oup-O6upura kynaTupuO, UanaHaérrad xo1at TeHrstaMacu (1)Hu
ONaMu3:

(Pe BV V)PV =(ZNG -G @)

Tapuxuii masaymom. TepMognHaMUK (DYHKUMSITIAPHUHT
Homiiapy xakuaa (K. {4]). "OHeprua" aramacu "sn" (Inhalt
= capacily) CHFUM, MUKJOPHU Bunaupanu; apr (Epyoy — vw)
1 cy3uian keand yMkka. TU3UM 3HEeprusick araMacu Apuc-
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10Tenb acapaapuia yupainu; "uuku stcprust” atamacuiu Tom-
con (1852 i), Kraysuyc (1876 i1.) kupurran, "snrponust” ata-
macunin Knaysuyc (1865 i) kupuTratl; ioHoHva y3rapuii,
yarapyBuaH KaTTaauK cy3unan oaunrai. "Suraasnust” (Kamep-
smur-Onpec, 1909 1.) 10HOHYA UCCUKIHMK MUKIOPH cy3nat
o;iaHran (Fuobc my gyuximsiiy 6ocum noumMuit 6yaranaa ne-
CHIGIUK (PYHKLUMSICH Aeran). "DpKuH sHeprus” atamMacii [eab-
roaet (1882 i1.) kupurran. Tepmoannamuk noreniuna @ nu
(TnOGCHMHT 2pKutl sHepruscu) I'nboc xkupuTrau,

4.11-§. KUHMEBUM TMOTEHIIMAJ

Wuku aneprust U, avtponus S, 3pkuH 3neprus F, TepMo-
ArHaMuk noteHuman @ sa awranvnus [ yiuby P sa T napa-
MeTpaap qouMuit 6yaranga anaMTHR KaTtaaukanpaap. by aca
TA3ZUMHUHT MOLIA MUKJIODH, LY OuiiaH OUpra apKUHIIMK dapa-
KATAPY COLM BA, ICMAK, 3appaiap COHM Heua MapTa ouuca, Oy
(hyHKUMSIIAP XaM 11yHUYAQ MapTa OpPTaaAu AeMakImp.

AJUIMTUBIIMK XOCCACUTA acocaH Kyluaaruiapiiu ¢3ui MyM-
KHIL;

U=N(5%) (209)
F= Nf[%.T], (210)
H = Nf(%,P) Q1
® =N/ (PT), (212)

OyHaa fOouTTa 3appara TYFpu KearaHd (pyHKuUsanp.
Ky#tnaarn anddepenimannapiu €3aikiuk:

dU =0dS - PdV - ZXk(ka + pUydN | (213)
dF.==8d0 - PdV =Y X.dx, + pydN (214)
d® =-5d6 + VdP - ZXkdxk + uydN | (215)

dH =06dS + VdP - 2 Xedx, + ppdN | (216)
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Py

¢

ai'
Ly

4 > .
Par < .. - e
£ v : ! t

-

L Q13) = (iiG)iﬁndxbebeluuuaﬁapuail

oL (25, 5L -
N LN Jsixg aN ovx, N Jorx, LN Jspy,  (217)

IKAHIUTH KCIUD YMKAAM, IbHU KUMEBUH NoTeHuan i uun U,
F, @, HrepMoanuamuk (hyHKIMsIIapaaH 3appaiap cotu O6yiiu-
ua Xxocuia onub aHuK1all MYMKIH. AMMO OyJapHUHT Xap 6u1-
pyiall U aHUKIAHTAHK/IA YHUHT Y3rapyBuyd napaMerpiaapu xap
xua 6ynuury (217) aan kypunaau. (212) sa (217) pan aénxu,

@ = Nu(o, P). (218)

HeMak, 6up xuit 3appasapran uéopaT TU3UMITMHT KUMEBHUIA
MOTCHIIMAAKM OUP 3appara TYFPU KejiraH TCPMOIHIHAMMK MTOTCH-
nmasipan nbopar.

X, napamerpjap 6yamaranna d® yuyH

dD =-8d0 + VdP + udN =
=-5d0 + VdP + d(uN) - Ndu . (219)

bynigan, (218) nu 1azapra onm6, ézamus:
dyu =-sdo +vdP , (220)

Oynna s Ba v 6BUTTa 3appara TYFPU KEATaH SHTPOLIUS BA XAXKM.
Hndpdpepenunan dF vm E3amus:

dF = ~-8d0 — PdV + udN = -5d0 - PdV + d(uN) - Ndu

EKHU
d(F - uN)=-8d0 - PdV - Ndu . 220

bynna
F-uN=F-®=—-PV, (222)

(221) Ba (222) nau:
~d(PV) =~8d0 - PdV — Ndu
CKHU

N=V E]
( % Joy (223)

186

www.ziyouz.com kutubxonasi




4.28-macana. Tepmopnnamuk bynxkuus @ ndonacunatt Qoi-

Juranub,
{ap aP
N -z/t,—— R S _”(57_"),,

TCHIMIMKIIapHW UCOOT KUAUIIT.

E u v . I'n66c-Hiorem Mynocabarulin €3amun3s:
TdS = dU + PdV - udN , . 1))

UN =D =U + PV -sT. A}
(1) Ba (2) sapuan:

TdS =dU + PdV + Ndu—d(Nu) =
=dU + PdV + Ndu—dU — PdV —VdP + TdS + SdT

éxu
SdT + Ndu -vdP =90. Q)

(3) pan uzsnanaérran ndonanapiu oamMu3.

4.12-§. NACT TEMIIEPATYPJAPHH
OJIMI YCYJIIAPH

1. Koyu-Tomcon adpdexru. .

Skkasianrad TH3MMHM KYpaitink. byrigait TM3uMaa Hukn
sHeprust yarapmaiian. a3 monekyiaiapu opacuaa ¥3apo Tab-
CHUp KYWIApH Ba, 1CMAaK, NOTCHIIMAT 3HEprus Masxya 6yica,
raz KeHralMuIMaa MoJcKynalap opacuaard Macoda yarapuinn
Tyhaiiayn noreHBMan dHeprusicu yarapuuin kepak. as rawka-
pugaH agMabaruk axparuwaranu yuyn Oy osneprust yarapuinm
MOJICKYAAIAPHUHT KMHETUK BHCPrusuiapyu xucodura 6yaaau.
Bomkaua aiitranaa, arap MOACKYJIATIaPHUHL ¥3apo TAbCUP MO-
TeluraM Mapxya 6ysica, ra3 kelrairaiuia yuuir Temnepary-
pacu ¥arapuing 3apyp. Alla 1y mMacajlany xajl KWinll yuyH
1852—1862 itunnapaa XKoy:1 sa Tomcon Taxpubanap yTkazau-
nap. by Taxpubanap/ja rasHUHI TCMIICPATYpPacy OpTUlLIM, Ka-
MaiiMLIM B XaTTO MABAYM TCMIEPATYPaa ra3 KeHrairanma ynuur
TEMMEPATYPACH Y3rapMail KOJULLK XaM MYMKUHIUIA AHUKTAH-
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. by xonucanu XKoya-Tomcon s3¢pghexmu ned atanann. Byt
TeMneparypa nacaituiuy (ras coByiuu) mycbam sphexm, Tem-
neparypa xyrapuauuiy (ra3 Ku3uiwun) manduii spdpexm neb
arana bounaHau.

(Mapa3s kuaaiuk, 4.4-pacMaa WWIMHAPIATY NOPUICHIap OC-
THAAry rasnapHuHr 6ocumaapu P, > P, 6yacun. by xonna, arap
XYMpak ourk, Oysica, naxra Kyuunranu cababsm raz CeKUHNNK
6uaaH KeHrasiu. TawkapuiaaH aamabaTnk axpaTuiarad OyHnai
KapaéH yuyH TepMOAMHAMMUKAHUHT OUPUHUYK KOHYHH

AU+ AA=0. (224)
Oyaaau Oyuaa:
AU=U,-U, (225)

| MOAb ra3 yan TOMOHAAH YHT TOMOHTa YTranja yiuur 6a-
Xapras Wiy KyHuaarura Tenr:

M, =0-PV,=— PN

Viir ToMOIIArM Ta3HUAT Gaxapran UK AA, = PV, -0 =
= P,V,. Ymymuii Gaxapunran v

AM =84 + A4, = PV, — PV, (226)

2 171

(225) Ba (226) 0y (224) ra KysiMu3:
U,-U,+ BV, - PV, =
=U,+BV,-(U,+RV))=H,-H, =0. (227)
Dy xos4a TU3UMHUHT SHTANLNIMSICU H IOMMUIL KOAaH, SIHHU

dH = 0. Tusumnunr xoiatuiu (P, T) ra Hucbatal aHUK1a1ITaH
aed,

g (2 MY yp o
d]l_(aT)PdT+(aP)TdP 0 (228)
TeH1aMaadaH .
' 5}, _ (%)
"‘(?F],, = (;_f;] Cr (229)
. r

nucbatin onamus; dP< 0, C,> 0 sxaunurunan dT uunr uwo-
ot .
pacu |55 | ra bornuxk 6¥nanu, ssbiu XKoya-Tomcou addek-
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1t UBoAMIOBYM KO-

thimmenT Y nuur miiopa- Y } ANRANANY
. _QH_ . —_— —
Cit aP r HHAHT MLLIOpdCM- [)Zflz‘
ra 0ornuk. Tndoc-liorem
MyHocabaTu 4.4-pacm.
TdS=dU+ PdV
1Y Kylujaaruua €3uu MyMKuH:
e ol e ol
=25 o ~VdP. 230
TdS (OT]Pdl +(al,)r dP - VdP (230)
Bynua dS tynux audypepeniunan 6yaranu yuyH
2y o fen_y) .
aP |7\ oT ||~ oT | T\aP
TeHT MK Daxapuaand. bynman
ol gV
ULl =y -T[2L| = - 231
o) vt vaero e

TeHrIMKHN TonaMus. Jemak, Xoyn-Tomcou adexT yuyn

v

AT _ V(Ta-l) _ TV(a-g) '
(OP ]// TG Y (232)

Hucbaruu onamu3s, Oyuna o, = /T
(232) vdonann Taxaun stainuk. Lo = o, = /T 6¥aca,
SIBHM ra3 uacas 6¥1ca, YHUHT XAXKMKU KCHrairalyia reMncpary-
pacu, KyTWIranack, yarapMainu, sibiin apeekt X = 0 6yi1aiu.
2. @ > o, mapt 6axapuaica, dP < 0 6¥arainurn yayn d7 < 0
oVisiaau, abHK Oyiaai wapt 0axapuarangari KeHraiuia ra3
cosuiiau (d7 < 0).

3. @ < o wapt Gaxapuiranaa ra3 Keurairaiaa y Kusunam
dT > 0).
4. [Oxopujlarunapaad KypuHauku, Gepuiirad 6ocum P ia

P, T)=1/T, (233)
TEHFIMK KAHOATAAHTUPUIIAMTAH TeMriepaTypa 7, ia ra3 KeH-
rafiranga x = 0 Oy;1agM Ba, NeMak, Fa3HUHL TEMICpaTypacH
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[)A ~ . al
ysrapmaian. by 7, remnepary-

pa uneepcus memnepamypaci
aeitvaanu.

5. (233) renrnamaiaa Gocum P
HUHT y3rapuiig ouiat nHsep-
cust TCMIICpaTypacu ysrapauu,

Timin— Tomax T; (K. 4.5-pacM) MIIBEPCHS YMU3UFH
naao OVAMWKHHKU Taxpuba
4.5-pacwr,

kypcaraau. by uisepcust Yu3u-
FUAH GOCUMHUNT OHUp KuilMa-
TUT'A UHBEPCUSE TEMITEPATYPACHHUHT UKKK KMIIMATH TYFPH Ke-
JIMLIY BO MAHUMAT XaMaa MAKCUMAT MHBCPCUSE TeMIIepaTypaia-
pU MaBXy/iiMru KypuHaau. HUHBepcusi uM3uru mycbart
Koya-Tomcou adphpexTu coxacuny (sitbHU ra3 KeHralrania co-
BUiaMrat coxaiu), Mmauguit apdekr coxacuaan (ras Kenrai-
raH1a KU3HItAMran coxafan) axpatuo Typaam.
Kyitnaary xagsanaa 0yira MUCOS1Ap KESITUPUITAH:

ras r, aT™ T K imin?
Co, 18—100 2050 249

AL 50 723 125
X380 150 553 140

Hlyupait xununo6, XKoyi-Tomcon acpdhexkty EpaamMuaa nact
TCMIICpaTypa OIMLI YUYH Fa3HUHT TeMIepatypacu T uHBepcusi
TeMneparypacu 7 fal KMUMK, stbHu T < T OYiiMuiv mapr.

max imax
Waean ras sa Bau-aep-Baaibe ra3u yuyH UHBCPCUS] TEMMIC-
parypacuuu anuk;1aitnnk. Xoya-Tomcon adhdextu koapdhu-
ACHTH Upoaacy 6M3ra Manbitym:

(4) XTab oo o)

= ca =57, - (234)

dP )y Cp

N

1) Maean ras yuyd xonat tenraamacu PV = RTuan a=1/T
keaunb unkanu. Hemak, (07 /9P), =0. WUuean ra3 keuraii-
raHAa YHUHT HEPIrysICU Ba IIEMAK TEMIIEPATYPACH YarapMaitiu.

2) Ymymuit xoana (T.o(T)) — 1 = 0 aan T, nu Tonuiu jio-
3uM. By TeHIsIMKHN
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T[%)P ~V =0 (235)

a7
eKi
{2V (17: CLLid) P
[07 P [a N
Jan
a
ﬂq __(‘77' v
( Tip (3P (236)
),
OKALAUTUIKM Ha3apaa Tytub, (235) nu
AN E T AR
T(r)T] V(Z)V)T 0 (237)

KVpUHXINTA KEITHPAMUS.
Bau-zep-Baaine tenrnamacu

RT a
P = V5 v
Hewmaxk, Oyusan:
Py _ R {DI’ - RT 2a
(57), =75 (37, = s @)

(238) 1u (237) ra kyitcak:
RT RV  2a 2a RTh

TV VT T e
€KM
"‘_RI)T} = ” da 2
=2 T=gl-p)

h

3uunuk Karra 6yamaranna b/V << 1 6yaanm. By xo:na

2a

7.= i - (239)

T < T naras cosuiian, T> T, na ra3z xkusuiam.
M 30x. (239) nad KypUHAUIKK, HIIBEPCUSI TCMACPATYPACH
T, utapuu Kyu1apuny (MOJNEKYNa "XaKM" Mili) XapakTepioBuu
b ra TecKapu NPOROPLMONAN BA TOPTUNIMIL Ky'WIAPMHK Xapak-

TEPIOBYM TY3dTMa ¢ ra TYFpy NPOMOPHUOHAT.

191

www.ziyouz.com kutubxonasi



2. Tazumn apuadatK KEHralTHPHO NacT TeMuepaTypanapusn
OJINII YCYJIH.

IT.J1. Kanuua ra3uu Kaintysual aauadbaruk xapaén ounanl
KeHraitupud macT TeMneparypajapHy OJMIL YCYIUHY HlL1a0
YUKJIK BR aMasiaa yiu Kypcatau.

I'u66c-diorem myHocabaTHHM KAiiTYBUAH aauabaTuK xapa-
€1 yuyH Kyiuparuua €3alnux:

TdS = dH ~VdP = C,dT +[( .‘%)’_) - V] dP=0. (240)
¢ T

buara ManayMkH,

(f;—',é)r =V -VTa | (241)

(241) nan doimananu6, (240) TenriaukiM Kyiiuaarnya é3a-
MU3L
(dTY _ VT«
Lg,:]ag =% >0 (242)

bynpan, dP< 0 6yarauu yuyd, ra3 KaiTyBuan annabatuk
Kapa€H OUAAH KeHrairaHaa xap A0UM coBuiiau, sibHu dT< 0
6yaanm.

3. Napamaruntiapuu 2, MabaTuK MarauTCH3AANTHPULI WY iiH
OuJian ACT TEMICPATYPAIAPHH 0L YCYIIH.

Cy1ok BoopoaAHUHT TeMiteparypack 14°K + 20°K nu, cylok,
reiMi remnepatypa coxacu 1°K +4,2°K i taimkua stagn.
Xo3upru 3aMOH/ld Ma3Kyp TeJMit TeMIICPaTypacuHu, 0laTaa,
nacm memnepamypaaap coxacu aeitvnany; 1°K gan nacr tem-
HEpaTypaHu 3Ca yma nacm memnepamypa coxacu ieiniianu.

Yra nact Temnepatypa KuitMaTiapuiy onuun yuyn 1926 iinnga
NeGaii MyTaak siiry yeaybHu SpaTiu, Y MATHUTO-KAAOPHK -
(hexrnan ¢oitnanannd napaMarHuTIapHY aIMA0ATHK MATHUT-
CU3AAHTUPULU OPKAIM YTA NACT TCMMCPATYPA OJIHIL YCYIUHHN
TaKAUD ITAM. :

MaruuTo-Kanopuk 3¢peKTHH — XUCMHUHI TEMEPATYPACH
OuaaH yHaary MarHuT MaikloHu opacyuaa OOFIatMIITHY TYLIYH -
TUpAIMK. DYHUHT ydyH XUCMHUHT SHTPONUSICH S 1K TeMrie-
patypacu T Ba MarHut maiigouun H ra 60oriuK 1eb Kapaitiuk,
siutin S(7, H) 6yscud. Maruut maitaouu H xucmaaru (napa-
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MArHWTAAIM) TAPTUBCUIIMKKA TaABCUP 3TUO, yHaa TapTudiin-
JIMKHKM XOCHI KWIMOKUM Oynraiin yuyH H kanua katra 6jnca
TAPTUOCU3IHK JapaXacHHU KYPCATyBUH IHTPOMuMst S wiyHua
KMUuuK 6ynany (. 4.6-pacm).

Temmnepatypa kamaiuinun 6unan, Taduuitku, S(7, H) xam
kamasiau. [Mapamarnut assan 7, temnepatypasa sa H, (€kn
H, = 0) marnurt maiinonna S (7, H) xoxataa 6yiacus. MNapawvar-
HWTAArM MATHUT MAHAOIHM H30TCPMUK KA TyBYaH Xapagt OH-
Aau f, knitmatraua onmpamus (4.6-pacsm, ABuusuk). By xostaa
TAIIKY KYWIap rnapaMaridria taprubAuauk XoCuin KUani yuayH
dFra (OpKHH SHEPrUst OPTULIMIA) TeHT Wil baxkapany. by xosataa
sutponust S(7T,, H,) kuitmariin kabya kusaan. by xoiina xuem
(napaMariuT) TOMOHMAAH TCPMOCTATra GEPHITaH HCCHKINK
MHKIOPU

AQ=T(S,~ ) (243)

ndoga Ouan anukaHagy. DHAM KAATYBUaH aauadaTHK xapa-
&1 Ous1an MartuT MAMIOHHYM KaMalTUPKUO (HapamMarimMTiy Mar-
HUTCU3NAHTUPKUO) aBBaaru H, Kitismatra Tymupamus. byHna
napaMaruut xoiaru sutpouusicn ST, H)) nau ubopar 6yna-
av. By xapaén 4.6-pacymna BC uusnk Gunad Gepuiran. by
aguabaruk xapacuja temneparypa T, nan 7, raua macasiau.
Anuabatuk xapa€uga dQ = 0 6¥aranu yuyH OHpUHYKY KOHIYH

AU+AA=0 (244)

Kypunuviaa oyiaaau. ITapaMaruvtaa MaruMT MaitloH ojMHIaH-
na rapruban MarHeTukaap (Kotlap) TapTUGCH3AMKKA KCAKLIK
YUYH YAAPHUHT Y320 TALCUPAAPHHM CHTHIL YuyH Kl Gaxapa-
auaap. (244) nax Kypunaauku Oy ML WUKH dHEPIUsI XHeobura,
SBHUA TCMOCPATYPAHUHT Ma-
caitumu xucobura 6yaaam. (7 "}f
Hemaxk, TeMmneparypa nacas- $
au. Slna my TeMnepartypasa
1apaMarHUTHU U30TCPMUK
MaruuTaalb, cYyHr yHu ajgua- YT ¢
OATHK MarHuTCU3NanTupuo,
TeMIIEPATYPaHM NacalTHpKiL
MyMKHIL. by yCyaHu Kaitra-
KaiTa Kyanad, Mabaym vera-
pasyii yTa HacT TeMnepaTty- 4.0-pacm.
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PaHK OMIL MYMKUH. (4.6-pacMaa nyHnKTUp Ynu3uK OusaaH Kypea-
Tuaran), By uerapa napaMarHWTHU TAIUKW KWITaH MarHeTUK-
JIAPHUHT ¥3apO TabCUP dHEPrUsicH OuitaH anukiaHaau. Byipaii
y3apo TAbCUP DHEPTUSCH Xya KMUUK OVjraH TU3UMAapaa, ma-
CajiaH, YMEKTPOHIAP CAUHIAPH €KUM SIIPO CITMHIAPY Y3apo Tab-
CHpH GuaaH GOFTUK TU3UMIIAPAA TEMITEPATYPAHMHT Yerapasuii
KuiAmariapy yra nact 6ynaaun. Jdemak, 6y ycya Ouiad aHa 1wy
uerapanaH nacrra (YHM xycycuit abcosior teMreparypa aeb ara-
AKK) TyIumd oyamaiiin.

4.6-pacMaan KYpUHAAUKH, TEMITepaTypa KaMaitnium 6unax
S(T, H) xam kamaiin® 6opaau Ba H Hunr 6apua kuilmatiapuaa
Y MabIYM JIMMUTEA (YHM HOJTA TEHIAUTUPHAALN) HHTHIAAN.
Assas 1°K gary napaMarHUTHM K30TEPMUK XapatH Ouaan Mar-
HuTiaad, cyHr aanabaTuk xapacH dunai MAarHUTCU3NAHTUPUO
Ba Oy ycysiHM OMp Heua MapTa Takpop.iab, ¥Ta macT TeMIlcpaTy-
panu onuut MymkuH. Macanan, (0,001°K XaTTo yHAaH XaM nacT
TeMneparypa KUAMaTuun oauus Mymkun (K. [13, 14}).

VT racT TemiiepaTypaHy OJIMILIATH YCTAPABMiA KMitMAaT na-
paMarHUTHUHI MarHATYaJ1apy opacyiard ¥3apo TabCup [oTeH-
uyaiMra GOFAMIKIUTUHY Ba Oy ¥3apo TAbCHUP NOTCHUMATH KAH-
a KMUUK OYilca, Temiieparypa KUEMaTUHUHT Yerapacy IuyHua
f1aCT OYAMILIMIMIEY 1Y YPHUHAA siHA Oup 0Op TakpopiiaiMus.
[lacT TeMilepatypaiy O IMUIHKHT Oy ycyau KalTyBuan agnaba-
TUK XapagHra acociaanaau. by xonma S = S(7, H) un é3uun-
MHU3 MYMKUH:

{98 oS _
ds = (57)” dT +(57)r dil =0. (245)
Byuaa
E = —‘- ras = ._C.Ll_
(‘)T )II T ( oT )” T - (246)

busra mabjiyMmku Makcgesit MyHocabaTu

), -3
LOP Jp aT Jp-

MaruuTo-kanopuk xoaucanapHu kapaul yuyH (P, V) xydr-
nau (H, M) xydrra yTuw kepak. bynga (V, P) hapaaun 6upu-
HAUT OPTUILMIA WKKHHUMCHHHMHL KaMaiKMllM MOC Kejauu.
(M, H) na oca GUPUHUHT OPTULLIKTA UKKUHUYUCUHHHT OPTHIUM
smoc kesaau. LHynnur yuyn Makesein MyHocabatu
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(aSY _ (M
\T”—.]‘r - ( T )// (247)

K¥punnnina é3unand. (246), (247) uu svrubopra 0iund, (243)
HM KaiiTa €3amMu3:

Cu g (OM _
g7 +(3F),, dii =0, (248)

Oytga H — marnur Madinou kyunaurannueu, M — marauria-
HUIIl BEKTOpH. byHnau

(d'r )s _ T{ %ﬁ%)u , (249)

ai Cy

Martuto-kanopuk apdexr (0M /dT),, xocusiara QOFIMK.
[TapamarsuT yuyu
M=XH. (250)
Kiopu KoHYyHH

=%, (251)

Byuaa C— nouanitanp. (250) Ba (251) udonanap acocuaa yii-

Oyt 0J1aMu3:
oMY _ _CH
(), --%.

TTacr reMucpaTypaiapia KATTHK XKMCMIIAP HCCHKIMK CHFUMA
yqyu HeBait Konytn

C,=AT? (233)

udona Gunan anukIaHaau. A — noumuit Mukop. (252) sa (253)

uu (249) ra kyiiu6, MarHuto-Kagopuk sdrbext yuyn yuidy
TEHIJIMKIIH TONAMU3!

aT’ cl B
Zl==r=5H>0, 254
[au )S ATV T (254)
oyuna B = C/A. AunabaTHK MATHUTCUZIANTHPWITAILAA, ShHU
dH <0 6Varanaa, (254) naH xKypUHALUKY, TEMIIEPATYPAHUIT
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kamaitnwu dT < 0, sbvru Temiepatypanuur 1/ 77 xonyu 6yiiu-
ya nacalunuin Coaup oynanu.

1-u 30 X. "Marneruxiap” HUHT ¥3ap0O TALCHUP 110TEHLIMATH
(3Heprusick) Gunal aHUKAaHAAMTaH TeMIepaTypaHUHE DHT 11ACT
yerapasuit kuiimatu 7, Hu Taxpubana oauin MyMKuH. AMMO
T =10 kuiMaThHy OJAWII MYMKHH DMAC/IMIM MAlTUKAH KeJquob
uukanu. (by xysoca 7= 0 Temneparypauu onunb OyaMaciank
xakuaard repmoauHamukaHnir [ konyuuaup).

2-u30X. bupuHuu u30x xynocacuinaH aéuku, 4.6 pacmaa
H, Ba H, 6yaraniary arpu Un3uKiIap, anabuétna ahTuiaradaai
T'=0nasmac, T= T, #0 na yzapo kecumanu.

4.13-§. JIE LUATEJIBE-BPAYH TAMOHUAM

1. Jle-1llaTense Tamoitnan. Mypso3atariaary TuzMmMra X tab-
cHUp KypcaTuaagrran 6yaca, TM3UMIIMHE TYFPH peakuusicy (xa-
BOOM) LY TALCUPHU KaMaWTUpHULIDTA KapaTuarad 6y1aan (AHpH
Jlyu Jle-Ularenne (1850—1936 i1.) dhpanitys onvmn),

M ucon. Ttemneparypaiun [- Ba 2-Tu3uMAap MyBO3aHATAA
ovacun (K. 4.7-pacm). Dapas KUIaiaAuK, 1-TU3UMIa HCCHMKITUK
6epui (X Tabcup) Ounan 1~ Ba 2-TU3UMIIap OpacyUaa MyBO3aHaT
Oyauiaanu. By Xonna HCCUKAUK |-TU3MMAaaH 2-Tusumra yra 6ot~
Jalau (TU3UM peakiMsICH X). TU3UMHUHT Oy PeakiMUsICH TEM~
neparypaiap hapkuHu Kamarnpuuira onud kenanu. Jle-Lia-
TEAhe TAMONWIN TUSMMHUHT ¥3 TeMNepaTypacuHUHT OPTULLIUTA
KApIIM peakuMsicura acocnairad. byHua MCCUKAMK OKMMH ca-
0abay [-TUBMMHUHT SHTPOMMSICY KaAMasIIH:

T(iﬁ)y =G, >0,

Oyi1an o
AT =T25 20 (g AQ <0, AS <O.
Cy Cy .
1 2 Jle Hlarteave-bBpayn Ta-
MOUMIN. Arap MyBO3aHATAA-
ll : 2 ri TusuMmra X tascup Gyna-
HCCURIHK,,  © érrad O¥nca, Oy Tancupra
TU3UMHUHT OMJIBOCHUTA pCaK-
YETVA T : uMsicH y Wy Tabeup X 1u Ka-
MaWTUpHUIIra KapaTuaran
4.7-pacm. oynanu.
196

www.ziyouz.com kutubxonasi




Mucos. Mogia UCCHKIUK AQ

§IRIRULRATE TATMHADP UNUTA KO- AUl L s,
s npiarat 6yiuo, (k. 4.8-paca), / )

y Myno3anaTtaa 6yacun. Myso3sa- / Tewmmen
WIT XOJATHQ UYKM BA Taluku Go- T Tt

CiaLap 6Up-oupura MUKAOp Xxu- W77 T ITT]

Nl TeHr 6yaanM; nopieHb
xipiakatcus 6ynanu. Momnara AQ
HeenKauk oepuacun (X tabcup
KYpcaTUiCHH). Y X0ua MyBO3aHaT Oy3uiajiv; MOANAHMHT TCM-
neparypacu Topraau. By Momtanuur T¥epu peakuusicu. Byii-
JUNT TAIIKAPY TIOPLUEH ] OCTHAAIY MOUIRHUIT BOCHMU, XaXKMU
OPTHUIA MYMKHIT. By — TH3UMHUHT BWIBOCHTA pCakLMSICH (Ka-
1sobu). Bynaa riopuieHb CHIKULLKA MYMKUH. By x0/14, aéuku,

(A7), > (A7),

Wynpait Kuanod, xaxu yarapmac Oy;iraHaard TeMaoeparypa
yarapuum (AT), Gocum ysrapmac 6¥arannaru (A7), aan (snHY
noplueHs y3rapaguran Xoagaruiaan) Katra. by MKkMHUK Xo0i14a
HOPLICHHUHI XapaKaTH TU3UMHKUIT GUIBOCUTA peakumsicu X
TALCUPHU KAMAUTUPHLUTA KAPaTWIraH.

4.8-pacMm.

4.14-§. HEPHCT TEOPEMACH.
TEPMOANHAMHUKAHHUHY YUYUITUN KOIIYHHA

Busra MabiayMKU HCCHKANK CHFUMHU

¢ =(5),>0. (255)
C, HUHIT Xap floruM MycOaTIMruian TeMneparypanunr y3ra-
pUILIY OUTaH UUKK SHEPTUSIHMHT MOHOTOH ¥3rapuliu Keaud
UUKAIM.
ATap TH3UMHUHT TEMNEPATYPACH HOJIMA WHTHICA, Y UMKO-
HustT OYaran sHr KMYKK SHeprus £, ra ara xoaataa 6ynagu.
WUKKHHUM TOMOLIa1, MYBO3aHAT XONaTHa MUKpOXOaatTiap
IXTUMOSIHKIAPU TAKCUMOTH (DYHKUMSICH

P .
fﬁv(E) = ol (E-E) tomBLE 50).
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ounau auukiananu. 0 =1/ ) — 0 oyraivm 6y PyHKins
Sl E) AupakHuHT 1e1bTa-QyHKHASCUTA YTHIOKM GU3TA MAbIYM,
STLHIA

JpL)=6(L ~ £). (256)

Bynaan a1r KUMUK SHCPIUSUTH MUKPOCKOIIMK X0AAT SITOHA-
AWP JeraH MabHO uMkany. Faitsenibepr HOAHHKINK oM pacuaa-
TH SLICPTUS KUIMATIAPUIa MOC KEIaAUTaH ANHAMUK X01aTs1ap-
HH KBAHT MCXaHUKACH HYKTAU HA3APHAAH XAM KY3aTHLI MyM-
knH aMac. Iy cababau KysaTuun MyMKUH G¥aMaraH y xosiaraap,
AMALLA CTATUCTUK (PU3UKAIA SIrOHA X0AT A4e0 KapaTuiH MyM-
KHH.

Slkkastauran Tususaa sueprus £ tappudra xypa, sirona
KHUMaT E; HY Kabys Kunajiu; yHUHT TAKCHMOT (hyHKuuscn —
MUKPOKAHOHMK TAKCUMOT, AbHY JAMpakHUET AeabTa-QyHKIMICH
O (E— E,) nan uboparamp. AMMO L 9HCPIUsUIM siKKa1aHran
TU3UMUATY 3aPPAITAPHUHT XAPaKaTH Ty(aiiin MUKpoXxoaaTaap
conu N uerapajanran 6yaca-aa, xyaa kyn 6ynann.

111y cababau aHr KHUUK SHEPTHUSLIM TUSUMHUIT MUKPOXO-
JATHAPU AKKaANaHTraH TU3UMHWHI MUKPOXOAATIapuaaH Tybnau
hapkau.

Xakukarau, 6y kapajiaérrald Xx0aa 3HCprus TeMneparypa-
HMUT KaMaiUIKW 6uian KBanT Qaykryalimon GoHraua xaMaii-
10 dopaiv. MacaiaH, KATTUK XUCMHMHT OCHWASTOP MOAEIH-
214 Xap OUp OCLUMANATOPHUHT IHeprusick Aw /2 raya kamain®
Bopanu. UKKMHYY TOMOHIAH, JHCPIUSHUHT KMIAMATUHNA aHUK-
jlagary HoanukAuk Ieitscnbepr HOAHUKIAMK MyHocabaTura
Kypa hw /2 TapTubuna.

Hemax, 3Hepryst KAAMaTHHUIT Y31 HOAHUKIMK COXacH hw / 2
fa éragu. Xo3upry 3aMoH PU3HKACH TacapBypura acocan GuTra
MAKPOXO0IATrA AMAAAA GUTTA MUKPOXOIAT MOC KEIN.

Bynaait xo511a CTATHCTUK MHFUHAM

Z=Yeli=el =e, (257)

By XOJJ1a QHTPONUS TEHIAAMAaCH/1aH

S=v+InZ=0 (258)
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iy Keand yukanu. Jlemak, Kyduaary Teopema yputiau:
0 — 0 aa S — 0 Oyaanu. 259)

by rcopemauru Hepucmuune kenzafimupuszan (EKu ymym-
wmean) meopemacu ¢ aTaiMus,

Taxpuba Hatuxanapu myHud kypcarmiukd (W. Nernst —
B. Heptier, 1906 i) GUp XUHCAK TUSUMHUHT TeMnepatypacu 7
HOATA HUTWATAILIA YHUHT SHTPOMUSICU OOCHUMIA, 3UMITUKKA €KU
drasara GOFMUK OYaAMarad AMMUT (ZouMHi KHIIMAT)ra MHTHIIA-
my. M. Thnauk (1911 1.) 6y nounsuii §; knitmaTuu Hosira Tenr,
HBIHH

lTlB(l)S =5,=0 (260)

Nneh Kabya KUAUWHY Takaud ITAM.

(260) uponauu Hepnucm (éxkn Hepnem-Iliank) meopemacu
acivnanu. Taxpubanap Hatuxacu 6Vsarad 6y (260) uhona tep-
MOAMHAMUKAHUHT OUPUHUM Ba UKKKMIIMM KOHYHAapH Owsian
OUPraIMKAA TEPMOAUHIAMHUKAHUHT ACOCHHH TAHIKMI DTaj M Ba
YUY mepmodunamuxanune yuunvu Kouynu ied aranajin,

CratvcTUK (hysHKa 1yKTay Hasapyuaal TCPMOAUHAMUKAHNHT
YUUHYM KOHYHK TU3MMHU TAIIKW; TTaH 3appasapHuur Oup-
Bupura nucbatan (Ky3aTUIaIMral) XapakaTrapyMHUIT TYXTara-
Hunn vdopanaiam (acocHit xoaaTaaru 3appa xapakatu craThc-
TUK (pU3nKaaa kapaaMmaiiaun'), ssbHH Oy X074 SroHa AMHaMHK
MHKPOX0JAT Ba, ACMAK, SIrONa CTATHCTUK MUKPOXONaTra ara
oysiunanu. bynnait sokea Mykappap Bokea 6Viiu0, YHUHT 3XTU-
MOSLTHIM BUPra TeHIAUD (TCPMOAMHIAMMK HXTUMOLIUK XaM Gupra
TeHr). Bytiai xoaaaru TU3UMHIUHT SUTPOMUSICH HOJITA TCHF
6¥ianu (siotiu Oynga W= 1, .5,= 0, §= 0). Hepucriunr ymy-
Mui Teopemacu (259) nan 6, = kT 6¥aranna, Heprict teopema-
cUinir Mposacu Kenaud uuKauu.

Oueprua 0= U/v unean 6, (xnueTUK HCprusira 60FInK)
Ba Hotrenunai g, (norciiupan ateprusira GOLIMK) KUCMIapaant
ndopar, sibHU

0=6,+0,.

Mapas kunaitnuk, 6, <0 6yncun. By xoana 0 =6, -|0,]
Hepreriunr ymymuit Teopemacura acocait, 0 =0, —16,,] — 0
oyaranga, S— 0 6¥nuwm yuyn
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- |0,,| (261)
6yanin 3apyp. Arap [0, |= kT, nc6 oicax, (261) uu
T T, (262)

Kypunvuiga €sanmus. deMak, xap Oup Moaaa Y3MHUHE XyCyCuil
NOTEHUMAIra ra IKAILIUIUEa 9BTHOOPHHU KapaTcak, xap oup
MOZAa YuyH Y3n1uHT xycycuit abeomor temneparypacu T, Mas-
XKYA IKAHIUTH Keaud uukaau.

by TacasBypra kypa, xap OUp Momua Y3WHUHE DHI' MacT
(ucrapasuit) TeMucparTypacura ara, YHUIE TEMIICPATYPACHHK
amaaa wy 7, Temncparyparayua Tymmpui Mymkuil. (261) udpo-
nanad K)“/pmlanwkn, WICA1 TU3MM YUYH |0,,] ={ Oyaranauru-
AaH yuuHr abeooT nact TeMnepartypacy T, = 0 6¥nann.

TepMOZMHAMUKAHUHT YYUHUY KOHYHUIAAH, XyCYCaH UCCUK-
JIUK CUFUMU, TCPMUK KO3 PUIMenTaap (MCCUKAUKIAAH KCH-
raiuw o, OOCUMHHUHT TepMUK KoahduimeHTn B) Ba Gourka
y kabu KaTrasmisiap temneparypa 7— 7T, 6yaramaa (xycycaH,
T, =0 na) Honra uHTUAAAN.

4.29-macaja. Temnepatypa 7 HOATa HHTUITAHAA KCCUKINK
curumu C, HOJITa UHTHINILN, STBHU

lim C, =0 (N

T->0Th)

IKAILINTUHY KYPCATHIIT.
E uu . Tavpudra acocau, uccukank curumu C_yuyn

agy _ dS
€= (dr] T(dT ) @
udosa ypurau. TepMOAMHAMUKATIMHT YIUHYM KOHYHUTA aCOCaN:

1(TS)/oT], _ das _
Jim 8 =lim 22 = lim! 7 /7], “m{ﬂ\df) +S}"

=lim[Cy + S]=lim S +limC, = 0. 3)
(3) naH, yuMH"M KOHYHra Kypa
lim C =0 @

IKAHIUTHY KYPCATHIAIHM,
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4.30-macana. TepyMux koadhppuureHTap:

“=ilsr) p={ir) 0

1CPMOHAMUKAHUHT yMMHYH KOHYHHUFa acocaH T— 0 ga Hon-
10 UHTUAUILUHKA KYPCATUHT.

(35),=-(5),- (5%), =32), @

Makcsenn Myriocabariaapu Gu3ra MabIyM. YUuiUN KOHYHT2 aco-
cann T— 0 6yararaa TU3MMHUHT 3HTponusicy S 6ocum P ra,
UMK o ~ | / V' ra GoFank 6¥aMaran Xoa1a J0UMMUAAMKKA
(nOMMMUIA KATTAITMKKA) MHTHIAAM, AeMaK AS — 0 6¥nanu. Byuu
ybTHOOpra oamiica, (2) aa

Eunuw.

. (as\ _ L (08
jm( 5%, =0 Ym(55), =© ®
(2) Ba (3) ra acocaH,
limjer =0, fimp=0. @

N 30x. Uccukank curumu C yuyH

0dS=dQ= CdT

MyHocabatnaH HepHCTHUHT yMYMUIT TeopeMacura acocaH

§S= T

Slt——y
e&ﬁ

ndongauu onamus. bynna T— T, 6ynranga S — 0 6yaranauru
yuyh, aibarra, 7— 7T, 6ynaranga C— 0 6yavmu wapr, akc
xoaza uHTerpan ocruaaru udona (C/6) yexcus karra 6ynapau.

KATTUK XXUCMHUHT UCCUKAUK CHFMMM C HUHT TeMnepaTty-
para COFaHuiiIM XapakTepy 4.9-pacMoa cxeMaTuk KypcaTui-
raH, 6y epaa C(T) uusukuuHr Jiononr-T1Tv KOHyHHAaH OFULL
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XAPaKTEePU BA YHUHT yerapa-
cu T, momnanuir "KarTuk-
JUK", "MYpMkK” Kabu xocca-
JIAPUHU XapakTepaaiau. Arap
(hoHOUTAPHUTIT Y3aPO TADCH -
pu IBTHOOPra 0IMHCA, YMY-
MaH, Jebait KoHyHU

C=AT-Ty

K¥puuuuiga 6¥amun to3um. By epaa kearupuiarai acocra Kypa,
JIEKTPOHIAP TUZUMHU YUYH MOTEHUHAT DHCprus (Cruil y3apo
TabCup OYHIAH MYCTACHO) UTAPUILLIMIL XapakTepura 3ra oyara-
tu cababaun U, > 0. By xoina

6=0,+0,

4.9-pacwm.

udopanan 8 — 0 6yaranaa 6, <0 sKaHIUTHA KEAUE URKALM.
Hemak, T = 0 pa anekTpoHnap THU3UMUHUHI HCCHKMK CUFUMU
C, Hoara TeHr smac (4.9-pacm).

T=0naru C, = g 31ekTpoHaap y3apo UTApHILKIL Kyuu Ou-
J1aH 6oFauK. Hasapustiuir 6y Xy, 10CACUHM TXpUBAIa TCKILIK-
PULI MYMKUH.

BuaHuHIva, KATTUK KUCM UCCUKNK CUFMMUHMTTE JTos10HT-
FlTit KOHYHUMAAN HETAAHNIUUTA XaMIA DIPU UH3UK XapaKTepura
Kapab, YHUHI KATTUKIUK KaHMLIIKOKAKK Ba BOINKA Xoccaiapy
XAKMAA MABIAYMOT OIMIL MYMKWH. YHUHI XyCycuii aBcoator
Temnepatypacu 7 HY aHUKIAIL MOTCHHHAN 3HCPIUS XAKUAA
MabilyMoT Bepaau. .

4.31-macana. XapakTepucTUK QPYHKIMsIAI (oitganaHuo,
raMMma-TakKCHMOT }‘;,V(E) HUMr @ — 0 6yaraina acibra-hyHKin-
sira YyTHIIMHU UCOOTAAHT.

Euuin. Xapakrepucruk dyukuus ¢ (§) tabpudra kypa
KYWHAAruua aHMKJIaHaIN:

05, ) = [ [, (E)E, (1
0
OyHna
_ B pv1-pE
fpv(E) =To) E" e PR
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Hesak,

(pﬁv(é) = —%;Je"ﬁf-ﬂﬁﬁvp_;dﬁ.‘
0

Varapysuniin Kylinaaruia asMalTUpaisinK:
E(B-if)=y.

byHza titerpast Kyiiaary KYpiuHumra Kejaaam:
ﬂv ! T ~3 =)
= ——————1e d

¢k Oynaan:
)=t = o )
PETT-R T a-ig/ By a-igoy
bBynna aca:
’!ji_lglq)ﬁv(é) = l» [3 = l /0 . (3)

Heaak, xapakTepHceTHK (pytikimst Tabpudu (1) ra acocan

I = f ¢ fo, (EYE
]

TH3UM Xonaty sirona £ = 0 kuitmaran (€ku acocuit E= £ Kuii-
sariu) xostaraa 6yaaau. deMax, TakCHMoT PyHKUMsICH

£
F(E) = | o, (E)IE
G

ourra nykrara rymsiadrate. Wynaait kuiud, raMva-3Hwink aesnb-
ta-yuxumsira yraau(k. Peanep [15] 573-6¢T), Gouikaua aiT-
ranaa, (1) gard raMMa-TakCHMOoT gesibta~hynkumsiaan noopar
O¥naan:

lim fp,(E) = 5(E) .

[-u30x. B — o (CkH Q) —» 0 ) OViIraHaa CTATUCTHK MHTCT -
pajt (AUFUHAN) Z HUHT

Z = Z e Phi @)
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niponacu, xonart 6SuTra GYNraHAUru yuyH

Z=ev"
KYPUHULLIra KeAaAU., DHTPOINUS TEHIIAMACH
S=v+InZ
acocuaa
S=0

Keanb ynkagu. by HatvxaHu, sbHu HepHetuunr ymymuit teo-
pPeEMACHHM I0KOPHAA KYPIAMK.

2-u3o0x. Uaean rasz yuyn f — o Oyaranna

L _ Kp'g
Z~ Al(v+1) (5)
ndonagan

Z -0

IKAHUTH Ba, AeMak, S = v + InZ acocuna
S = —o0 (Vv < ) ©6)
Kean6 uukanu. Xy/Lou IyHUHTAEK, Haeai ra3 SHTPOMUsICH
S,=kS=CInT+ INmV + kS, )

vonacunan xam T — 0 6¥aranaa (6) udoaa kenud yUKan.

BupuHuunan, TapTMGCU3NUK JapaKacMHK aHUKJAOBUM CTa~
TUCTUK KaTTaauk S MaHduit 6yauium, OusHurrya, MabHOra 3ra
3Mac. HyHKu TapTUOCH3NNK Aapakacu HOAra Tenr O¥auium, Oy
TV:;12 TApTUG MUK AeMaKaup.

WMkkunynaan, ymymuit udonanap (4) sa (5) 6y 8 —
yerapaBuit xos11a 6up-OupmaaH dapx Kuaaauaap. Yerapasuii
xoina OyHpaai Oup-6rupura MOC KEAMACIMK TaaxokyOnaHapau-
AUp.

(7) udbonanan T — (0 Aa S — —oo IKAHJIUIU Keaub 4uK-
Kannury cababnu anaduéraa sutponus udonacu (7) yuyn Hepuer
TeopeMacu YpuHcu3 neitunanu. Maeas ras yuyH Oy uerapasuii
X044 OJUHTAH SUAAMATHY Kyiinaarvya TyulyHTUpHAaau: nacT
TeMnepaTypaja rasiapia affiHMIL, XXyMIaJaH CYIOK/ANK Ba KAT-
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IMK arperaT xoaaraapra yruul 103 6epaad. Bynaoait xoaartaap
Yy 1eas ra3 sHTpornusick udogacntuur (7) KypuHUIUM YpHH-
ciy 6yaaau. (Macanay, K. [14] 194-Ger).

Acanaa MacajaHy MyKYppOK Kapajica, TEPMOAMHAMMK YCyil
Gunant Hepucr Teopemacu opaciga tadoByT 0¥ IMacIUIa ULLUOHY
XOCHUT KMAWUI MYMKHH Ba, IeMak, agabuéraary Kywumya Ty-
INYHTHPHLLLTAPTA XaM IXTHEX OYIMACTUTY MYMKUH.

Xakukaran xam, S 2 ekt § — 0 €xyn U — 0 (Maean
tay yayt 7 — 0) 6Vauuim, ateprus KMAMaTHHUHT Y3IYKCU3
$rapany peimanuuvra oand kenaau. by aca (pusukanaru yMmy-
MUit TaMoltua  j —  OVaraHaaru AMMHTUHY aHUKIAL J03UM
O9n:un:

! Wp'g

p_l.ﬂ},]_m_z' SATv+D ®)

By HoaHUKJIWKHU TONUW yuyH (4) Ba (5) napHu 3KBUBA-
aent 4c6 kapab, (4) uu B — oo GYAraHIArU TUMWATUTA TEHI-
AnUTHPUII Makcanra Mysodukaup. by xonna:

1 g% _
n-;l.l.];}_)of TUAT vy T €. )
Byiinait yerapaBuit xonna
p_!m}_éo/rﬂ g=Al'(v+1)e" (10)

N ta 3appazan u6bopat uaean ra3 yuyH
s=3N,v=3N/2,g= NV

BynapHu ssTHOOpra oncak, (10) nau:

. 2
lim hzﬁ = _2.7.3_:6"7 (11)

B-soot—0

¢kut = 1/kT, sxannuruna, 6y yerapasuit xonna:

. 2 _ 1 n2/3
p-].!.r,l;‘,lqo(% /h) = 2mek  m (12)

m

By (12) wapt 6axapuaranga, Cakyp-Terpoa TeHraamacu
(144) nan xam Hepuct teopemacu keand unkaan. Opataaru
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yMyMuit hukp: naean rasz yuyH Hepuct teopemach éxu repmo-
JAHAMUKAHHHT YUAUYY KOHYHK OaxkapuamMaiau, Jeiniura YpuHx
KOJIMAMIM. AKCUHYA, BU3HUHT KAPAUIMMHU3Aa, MACT TU3HUM
yuyH, sibHu-g, = 0 yuyn HepHeT Teopemacurunr xo3upru 3a-
MOH Tabph(u TY1a Oaxapunaau. TepMoaHamMiKa ycysau Ounax
osunrad (7) vy nacan rasz yuyn Caxkyp-Terpoa TenrsiaMacu
(144) 6us1aH conuuITupuo,

2/3 N
_ 1 2memk
S““"[(N 1 ) ]

JKAHAUTUHU K¥paMu3; Oynaa e — Harypas sorapud acocu. bynu
xucobra oscak, (7) na F'm66¢ napagokcn xam naiijio 6ysimaiiau.
YMyMu#l xosaa 3ca, 6uznunrya, HepHeT ymymuil Tcopemacu
ypuHIu Oyaanu.

4.32-macana. TepMoantiaMuk ycy:1 OUIaH OAMHIAH SHTPOMUSI

§=CInT+ RInV + S, (H
uogack ouaan Cakyp-TeTpoa TeHraaMacu
. _3N 3N U (2amkT
~T+Tm[nz;3[ " )] @

1Y coauTupuo, S, ndponacuHu TonUHr.

Euuw. § = kS skauanrunum oxubopra onamus. Maean ras
yayn C, = 3Nk/2, R = Nk. kS, skanaurunais:

S——» InT+NInV+S;. 3)
(2) uu ¢3amus:

9__._+_ lnT+Nan+ lz’;’"‘J In NV
l

by udoaauu (3) ra TenmialwTHpCaK:

Sy ="K+ in tzll"’!‘] In NV =
1

N
3/2
3N [ 2remke N | 2mwmk )
=2 Ini 0 - NY =1n -—{—~A~- )
7 I = | iy
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-\
S =1In ! 271.'('111l\"3/2
0~ N @)
M 30x. burra 3appara tyrpu kesiran s, = S/N 1u Tonai-
JUK:
_ I { 2memk ' ?
Sy =1In [W( . ) )

LWynnait kuan6, uurerpan rouMmuidcu S, sappanap couun N
HMHI XaMjla 3appa Maccacu m HUHT (PYHKIIMSICH DKaH.

V 505
MDA3ANAP MYBO3AIIATH BA ®ASABHUI VTHIIUIAP

5.1-§. TEPMOJHHAMHK MYBO3ANAT HIAPTIAPH

TepMOAMHAMUKATIMHI MKKHHUMA KOHYHITA acOCaH Xap KaH-
Jait TH3UM MYBO3aHAT Xonatra keaanu. by MyBo3aHat xosataa
YHU XapakTepsaiiavran TepMoaMHaMuK notenuran ((pyHkuUust),
Macanas J(x) akcTpeMyMra 3pHiliaan, siblii MyBO3aHaT XoJ1aT-
Aa J(x) HMHr OGUPUITUY TAPTHOAU XOCHIACH HOSITa TCHI" OV1anu:

(”_(")) =0, (1)
0

ox

[MapameTp x HMHr MyBO3anaTaark xKuidMmarvaa (macanant,
X = x,1a) J(x) pynkumsa Makeumym 6yaumm yayn J(x) Hunr
WKKHUIYHM TAPTUO;IM XocHaacu mMaduii uiopain, sLHA

[i” ,J_(i)) <0, %)

ax?

OYAMLIM 3apYP, MUHUMYMTA 31a OViIMIUM YUYH 3ca MycOaT uuo-

pasin BYAMIIM KCpak:
9% (x
(—.‘7‘-2) >0, )
x=xp

ox°
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TepmoanuHaMuK TacasBypra Kypa, TH3UMIa TalIKu TAbCUP
O¥amaca, y y30K BaKT LIy MyBO3aHAT XojaTna 6ynanu, sibHH
TCPMOAUHAMMK MYBO3aHAT X0:;1aT Gapkapopaup. XosaarHuur 6y
6apKapopauK ME30HU (KPUTEPUSICH) TEPMOAMHAMUK NMOTEHLIK-
ATHUHT IKCTPEMYMTA 3PULLITAHAUTUAKDP. TU3UMHUHT TEPMORU-
HaMUK noteHumanu J, 6ocum P, xaxm V, temneparypa T Ba
sappajtap coHu N ra Hucbaran aHukaaurad, ssHu J(P, V, T,
N) 6yacun. Kyiinaaru 6up Heua xonHu Kypakamk.

1. Tusum sxkananrad 6yacun; Taspudra kypa
dE=0,dN=0, @
6y xos11a, Tabpud OyHiMua, MUKK 3HEprus y3rapmaiau, sibHU

al=0.
buara

dU=TdS — PdV + xdN 5)

3KAHU MabAYM. TUSUMHUHT XaXMW ¥3-Y3uaan KeHraiivmy mym-
KuH. by xoana dS > 0 6ynanu Ba, nemak, § MakCUMyMra UH-
THaan. Arap xaxm Vaoumuii 6¥ica, 6yiHaait Tu3aUM 6apkapop
MyBO3aHaTAa OViIMIUN yuyH

ds =0, (6)
() <0 ”

OyauwK Tanad ITUALHN.
2. Tuzum yuyn aoumuir temneparypa 7, goumuit xaxu Vea
JloMMui 3appaiap coHu N 6yncuH. by xoana Guara MabayMKH,

dF = —SdT — PdV +udN ®)

by Gepk TU3MMAA 3Heprus y3rapuiud MyMKHH, 3appasiap
coHun N ysrapmaiiam, xaxM V¥ xam yarapmaitau. Tuszmmaa xapa-
éunap ¥3-ysunaH 6opaérran 6yica, 6y xoaua Temneparypa (€xu
XaXM) OpTUWMK MYMKHH, Oy xoiaaa dF<0 3xanaury tanad
aTuaaau. MysosanaT xonaraa 6vupait 6epk tusumaa d7 =0,
dV =0, dN=06ynranuu yuyH FMuHuMyM kuitmar Kaby.1 Kuna-
an, sibHn dF =10,

(gig) > 0. )
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3. Tusum P, T, N aapra uucbatair anuknauran 6ynaca, 6usra
MIBJIYMKH,

d=—=5dT — VdP + sudN. (10)

Tuanmna xapaén y3-y3unax keuaérrau 6ynca, b= F+ PV

nan FuuruuMymra uuthaviinaan @ xaM MUIUMYMTa MHTHAK-
np1 Kkesnb KAy, sinitn

d® <Q. (an
Myso3zanar xonatna dT =0, dP =0, dN = 0 6¥aravunan
d@=0,(%9) >0 (12)
ux N=x,

0

6yn1aaM, TbHU TCPMOAMHAMUK MOTCHIIMAT MUITHMYM KulMaT
Kaoya kunaau. TUSUMHUHE TEPMOAUHAMKK QYHKIMSCHUITUIIT,
MacasiaH, SUTPONUSICHHUHT OUP Heva MAKCUMYMJIApU MABXYA
OV ALY MyMKUH, TH3UMHUHT DHT KATTA MAKCHMYMIQ TYFPU
KeTaH xosaTy cTabiib (a0COAI0T TYPrYH), MyBO3aHATAU X01aT
HUCOATAH KUUKMK KUIAMATIHM MAKCUMYMIAPTa TYFPU KEITaH X0naT-
JapHuy sca meractabuitb Xoaaraap aeituitaan. Tusnm Meracra-
ouap xonatna Oyiaca, gaykryaumsiaap tydaitan McTacTadbiib
xosatiaapaan YHKu6 abcosioT cTabuib XORaTra — TepMOinHA-
MMK MYBO3AHAT X0J1aTra KCAUNIM MYMKHH. AMMO Bab3aH TH-
SUMITMHT METACTAOWIL XOSTATHAAH Y3UHUIT ACOCHIA TepMONIUHA-
MUK MYBO3QHAT X0/aTHIa KCTHILM YUYH UIYHYAIMK KATTA BaKT
KETaAUKH (sibHU (PriykTyanust Tyhaiim YTULLM IXTUMOIN Lyil-
UMK KHUUK OYnaguki) Oy metactaOuaL xoaarhu crtabuiab
(TepMOAMHAMUK MYyBO3aHaTAAry xonat) ned xucobaaHuuiy ama-
SV XKuxaroan MyMmkuil 6yaaam. Macasan, ojlatiary uiuina Me-
tacTabuan (amopd) xonataa 6ysani1, y aCocHil TEPMOAUIIAMMK
MYBO34HAT X0JIATUTA YTUO KPUCTAJLIAHMIIM YUYH Xyla Kyn
Aunnap kepak 6ynaau. Mapas kunamnuk, tusanm 7, P, U, S, V
napaMcTpian (KUMMarTiv) MyBO3anaT Xo;1aTaal yira xyna sskui
xonarra P, T noumuit Oyaranga kaiitmac xapac Ouitan yreumi.
By myBosawnat xosarra xearanaa U, S, V, kuitmatiap Ka0yit
KuitraHn 6yacun. by xonaa, tepmoaunamukanuur 1 Konyuura
MYBOMUK, THIMMHUHI TEPMOAMHAMUK [TOTCHUMATH D Kamasi-
IU, SAbHU:

AD=U—-U~—TS—-S)+AV—-V)<0.  (13)
14— A. boitgcaaes 209
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Mapas kunaiauk, tmsum P, T, U, S, V, mysosana
xonaraan P, T noumuit 6yaranaa kadtmac xapacu 6unan P,
T, U, S, Vaysosanar xonatra yrcuii. by xona xaMm TepMoau-

!

HAMUK TTOTEHLHAT D KaMasin, sSibiu:
A(D=U,—U—T,(S,—.S)+PI(V,—V)<O. (14)
(13) sa (14) napuu Kywudb, (S, —S)(T~T) +(P,— P) (v, -
~ V)< 0 éku
(S, =S (T,= D~(P,= P (V= N>0 (15)
TCHICU3AUKHN 0s1amu3. MKKI MyBO3aHAT XOAATHHHI 11apaMeTpsia-
PH KUAMATAAPHHUHT (PapKUHUA UDOALIOBUN TCHICUIIHK (15) HK

ASAT —=APAV >0 (16)

Kypunniaa €3aiink. (15) éxku (16) myHocabart TH3UM MyBO-
3aHaTU DAPKAPOPAUTMHUHTE €TapAM IapTUAHD.

Bup MyBO3aHAaT X0AaTAaH UKKHHUM MYBO3RHAT X0IaTTa Xap
XW.T FTriapaa typry TMKHAHT MyaidstH KpuTepiitiapuen (apt-
JIPHHM) aHKKAAIL MYMKHH. Macanai, TH3WM M30XOPHK XKapa-
¢t Bunan yrea, (16) gan

AS AT >0 (7
mapr keand uukaan. byuna AS, > 0 skamsmrupan AT > 0
SKAULINTH KCAUO uMKalu.
AS, = %C,,AT> 0

nojanain

c, =(2)%)y >0 (18)

wapT OaKapuaMUIM Ke;TMO urMKaau, SibHu OyHaait xonaa TH3uM
xosaruHunr 6apkapopauk waptu (18) san nboparamp.

Arap TH3um GMp MYBO3aHAT X0JaTAAH MKKMHYU MYBO3aHAT
XOAaTrd U30TEPMUK XKapaéH Ovaan yrrau 6yaca (spHu AT=0
oy;ica) (16) nai MyBO3aHATHUHT BaPKAPOPAUTY yuyH

— AP AV >0 (19)
WIAPT KCHIMO uMKaau. Xoaatiap Oup-oupura xyua siku 6yararia
= (2P
b = ((w)r av
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wdostazian doitaaianund, (10) uu €3amus:

—(22 2
(aV)r (avy >o.
bByuna (AV )2.;0"657111‘81[}1 MY YyUYIT MyBO3aHATHHHT 6apKa-
pop O¥autun
L
(ew)», <0 (20)

IapT dakapUAUILIMHK Tanad sralu.

5.2-§. TOMOTEHl TH3UMHUIT MYBO3AHAT THAPTH

At (pasa Ba KOMIOHCHT TyulyHuaiapy Ouaan Tanuuaii-
JUK.

1. Komnonewr rymynuacu. TH3uM 72 Xk MOACKYAQIAI TAllL-
KWK Tonrax 6yiicuil. Arap MosicKyaaap opaciaa KUMEBKIA pe-
aKMsaap oyasaca, OyHaai TU3UMEMK 1 KOMUIOHCHTAN JAeinia-
JU, S'IBHM XIL11ap COHUra KOMIIOHEHTIap coly teir 6yaaau.
Arap TH3UMHH TAIKWT 3TIaH XAP X1 MOACKYAaap opacuaa
KUMEBHIT peaknusuiap, MacasuatL, i Ta PCakiMst Masxya oyiica,
KOMIOHCIIT1AP COHM XA COHMAAN m taua kam 6ysaau. Ma-
ca1aH,

J,+ H,=2JH,
2H,+ 0,=2H,0,
250,+ 0,=250,.

3

Gyuna cys ff,sa O japaan tamikii Tourannra Kapamai
GutTa KOMIOHCHT. Arap Tisum H,, O, sa [{,0 apasiawmanan
uBopat acd Kapajaca, Xuasap couu 3 Ta, peakis ourra n1ed
Kapasca (Macaian, 2/, + 0, - 2H,0), yiia 2 Ta KOMUOHEHTM
uanm (1,0 Ba O, €xn 11,) xocui G¥ianm. bouika pcaknusiiap-
ra nucGaran xam Wy Gukp ainaan,. KosMnoHenT TH3uM-
HUHT LYHAAH KUCMUKH, YHRIIT MUKIOPH BO1IKA KOMMONCHT-
Aap MUKIOPUHKIT Y3rapuiunra 6ornk 6ynsaim. Macanar,
1 xr cyB Ba | KI cnUpmIall TAlIKHA TONFaH TU3MMHUHE CYR
KOMMOHCHTHHHHT MUKIAOPK Xap KAlia Y3rapTHpHIMAaCcHH. 11y
TH3MMIA 1 KT CITHPT MUKAOPY Y3rapMaitiy (peaxiuist MaBnxya
aMmac aed Kapasiaau).
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TuzuMm 7 Ta KOMNOHEHTAAH TAIUKKUA ToNraH 6Yaus, k Kom
HOHCHTHUHT Maccacy m* ra TeHr 6yncuH. By xoana

Ch = mo/ M n

Kk KOMITOHEHTHHWHT KOHUCHTpaLmsicH 0¥aaau; M — TU3UMHII
maccacu; k=1, 2, ..., # 3pKUH KOHLCHTPALIMSIAD COHU KOM-
HOHCHTIAp COHMAa OUTTA KaMm OVaauu, sibiu # — 1 ra ten
oynanm.

2. a3a tywynuacu. PU3MK xoccanapu xaMMa HyKTanapii
OMp xuil OYaran TU3UM 20MO2en muzum feiunaumn; Oup HeuTa
roMoreil TU3UMAAH TAILKU/ TONTaH TU3UM 2emepozen Mu3uM
Jciniaanu. OU3uK OUp XUHCAM XKUCMHU ¢haza neiinaaau. Tere-
poren TM3UM MKKU Ba YHAAQH KYN ¢asajgaH TALIKMIA TOMran
Oy MYMKUH.

M u con. Cys Ba cnupr T¥1a apanaiind OUMpP KUHCAH MYXHT
XOCHJ1 KuaTraH 6ynca, yuu oup gazaau muzum nehivunanu, 6up
HeuTa KOMITOHCHTAaH nbopaTt ra3 apanauima xam oup daszanu
OViIMINY MYMKHH; TU3UM CYB Ba My3gaH ubopart 6yaca, OyHaai
TUSVMHW UKk ghazaru zemepozen muzum peitnnagu. GasaHunr
XapakTepsin ToMOHU (Besirucu) wyHaan uoopatku, y 001uKa
asasnapaas aHuK Uerapa 6uinan axpaiud typaau: bup komno-
HCHTAHUWHT, MACAAAH, CYBHUHT arperart Xo/1aTi1apy KATTUK, CYIOK
Ba OYF (pasasiapiy TaLKWI 3Ta/M. AMMO arperat xonariaapH 3 Ta
(111a3Ma xoAaTHU a1oxuaa aed Kapaamaca), ¢asanap-colu aca
Kyn 6ynmﬁn MYMKKHH; Macajal, My3HUHT 6 xu1 Moanduka-
HMsIAPY — asatapi MaBXya; MATHUT KPHCTANA KATTUK XKUCM-
HUHT (DCPPOMATHUT, [IapaMariuT asaiapy MaBpxyil, METAAI —
KATTUK XUCMHUHT HOPMAajl Ba yTa YTKa3yBUAHAMK X0aaT/iapu
((pazasiapmn) MaBxyu.

['OMOTCH TU3UMHUMHT MYBO3alIAT WAPTUHU KYpaitauk. Tu-
3UM PU3UK OUP KUHCIM # Ta KOMIOHCHTAAH HOopat 6VICUH.
By roMorci TUBHMHUWHT TEPMOAKHAMUK NOTEHUMAAU

O@=®P, T: N, N,..., N)

KOMMOHEHTIAp 3appajiapu conaapu N, N,,..., N, _ra GofnuK
oyaanu. Temneparypa Ba 60cuM JOUMMA GjmraHna TEPMOANHA-
MUK AOTEHUUATHUHI Y3rapuuiv MyBO3aHaT X04aTAa HOAra TeHr,
SIBHM:

d<1)——-dT+a)‘£ (IP+L71”-dN + 2 a"’ dN, +.. r——(IN +..

I
<
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oKy

E udN =0 (22)
Oynna
- 99
M= 5N (23)

{ ROMUOHEHTIHHHT KUMEBMI 1OTCHIMANU. TH3uMAa KUMEBKIA
peakisiiap, Wy XKymiagaH JMCCOUHALMNAP BA [TOAUMEPU3A-
muutap 6yaca, sappanap couu N, yarapaau sa dN, # 0 6ynanm.
Kusésuit peakuusiapaa sappaap conununr ysrapuwu d, (€xu
AOMIIOHEHTA MACCACUITUHT Y3rapuinu dm,) CTCXMOMETPUK KO-
nppiteHT v, ra MyTaHocu® 6ynanu. Macanau,

J,+ H,=2JH

peaxiusga J sa H Mojiekynanap cony (Exy yHUHT ¥3rapuuiu)
v, =2 ra, J, sa H, moxekysanap comnapy sca v, =1 na
v, = | ramyranocubanp. Lynaai Kunuo,
dN ~v,
1 i

11 Hazapaa TyTu6, FOMOrCH TU3MMIUMHI MYBO3AHATH 1LAPTH
(22) un

>, =0 24

KYPUHUILLA €3aMU3.
Wuean rasaap yuyu (24) udoaanu xypainauk. Uuku suep-
FUs Ba SHTPOMUS AIAHTUBINIHAAH DPKHUH JUEPTUIAHU

F=U-TS=YnU,-TY nS =Y nU,~TS8)= nF,

KypuHMiAa E3uw Mymkut; Oynaa U, Ba S, — i KOMNOHEHTAK
Fa3sHUHT OMp MOJMHUMHE MUKW SHEPTHUACH Ba dHTponMsicu (apa-
Aawus ¥V xaxMiu sratarataai cynr):

U= C,,IT, S;=C,InT + RinV/n, +S

of

Manaymxu,
m =(%§l =U,~TS,+ PV =-RTInX.+ U, + RT-TC, In T~

=TS, =RTInn ~RTInV, +U, + RT -TCv,InT =TS, =

= RTInC, + f(T),
213
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Oynaa n,= CN skanaurd nasapaa tytuaau. (24) mysosauar
mapTHIg €3aMus;

Sy, = RTY v;InC + f(T)Y v, =0

Bytnan

__ IO, _iwor
Z'Vi InC, = TT—,ZV’ =InK(T,P)

txm
[1¢ =k (T, P). (25)

i
(25) uonanun maccasapnunz mascup xonynu aeiinnanm;, K(P, T)
W KuMEsuil peaxyuanune xoncmanmacu ACHUARAN. Y MyMUi

xosi1a K 6ocumra xam OOFIUK,

5.3-§. TETEPOT'EHl TU3UMHHUHUII" MYBO3AHAT
HIAPTH. ®PASAJIAP KOWIACH

A Ta KOMIOHEHTA Ba r Ta (Da3aau sKKajalran rereporen
TH3NM Ocpuiran OVACHH, L1y TUBMMHUIIT MYBO3AHAT IMAPTHHII
anukaainnk, Kynaiiauk yuyH TH3uM HKKHM KMcMaan (ghasa-
nati) ubopat 6yacuil. Yaapuuur xap 6upu Mysosaitaraa 6yaub,
YMYMHUU TU3UM DCa MyBO3aHaTaa OyAMacuH. by kucaap (pa-
3Q1ap) MyBO3aHATIA KEAMLIM YUYH yiap v daxapuium, uc-
CUK/IMK AIMaIIMHKIUKM pYil Gepuiun Ba 3appasiap 6up (pasasan
UKKUHYKY dasara YTHLLTIAPY MYMKHIL.

By (pazanapnarn mysozaHataary xapacHijap yuyt TepMOar-
HAMMKAHWUHT aCOCHH MyHOCa0aTuHu &3amus:

1.dS, =dU + PdV,—u dN,
T7,dS, = dU,+ PdV,— u,dN,. (26)
YMyMmuil TU3NM siKKasaHran 6yiraiu yuyu
—dU,=dU,, dV,=—dV,, dN=—dN,, 27
HYHKH
U= U+ U =const, V=V + V,=const, N + N, = const.
214
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(Pasanap MyBo3anaTh (AKKaanran T¥ua TM3UMIKMIT MyBO-
3AHATH) YHUHT IHTPOMUACH MAKCUMYM KMIAMATIA dpruIraliia,
STbHH

dS=dS, + dS§,=0 (28)

6yaranga connp 6yaanu. (27) sa (28) nn nazapaa tyrud, (26)

aaH
Lol \gu, +[B-Bgy 4[f2-f)aN, =0 (29)
T T; T T

TCHFAMKIM ofamu3. Bynna dU,, dV,, dN, uxtuépuit yarapunin
MYMKMIT OYnraisury cababau (29) rtenrinknan Qasamsap My-
po3ataTAA 6YAMHIM YUY YARPHHIT TeMOCpaTypaiapu, 60CUM-
Aaph XamMaa KWMEpU norcnuuaniapu 6up-oupura renr 6yan-

1Y KCTUO UHKAIU:

=T,
P =P, (30)
=4

Mazaaap temneparypastapu tenraurn 7, = T, 1a HCCUKIHMK
aAMaMHUII O¥aMaian, TCPMUK MYBO3AHAT 10341 KCAALH;
Socumaap Tenraurit Py = P, 1a Mexauuk MyBO3aliaT 103ara Ke-
AAAH, MCXaHHK v Oaxapuamaiian; KUMEsRI roTeHiHasap
TCHIAUTH 1, = g1, A AU Py3ust xapactin TYXTaiau, sappaiap-
nunr oup dasanan uxkua daszara yeryn pasiniia §Tuium
TYXTaljin.

Arap dasaiap Temneparypanapu sa bocusaapu renr (7, = T,
Ba P, = P)) 6yncaio, aMMO KMMEBHUIT NOTEHIHAMIAPH TEHY
Oynmaca, sbiu g, # g, 6yica, TH3UMHUIT (hasasapi opacuia
OMpHIAH UKKHMHUYUCHTA YCTYH PABUILAL 3appasiap YTUily 103
6epany. By Xosia MyBo3aHaT KApOp TOMTyHIA KAAAp TU3WM-
HUHT 3HTpOnusick optud Bopanu, sivtiv (28) Ba (29) naw:

c/S:%dN, >0. €]))

Arvap i, > p, 6ynca, Gupuinuu pasa sappasiapu conu optud
Gopanu: dN, > 0. lemak, 3appanap KUMEBHI HOTENLMATH KH-
umk Oysiran (paza ToMon yraauaap.

Arap MKKH (asaiv TH3UMM hakat OuTTa KoMioteHTaH nbopat
6yaca, xkuMEBHt noTeHMaa (TepMOAUHAMUK NOTCHIMaN) ¢a-
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Kat 6ocum P Ba temneparypa 7 HHHT (PYHKIMSCH OYaan na
(hazanap MyBO3aHaTH

w(P. ) = w(P, T)

reuravkaaru (P, T) sapaaH OUPUHUHT Y3rapuiuy GyHKIHA Cit
(harmna MKKUIHMUCHHUHT Y3rapuuInvra MOCIAUITUPUIALM, I
aszanap mysosauarusa 7, P aapuu uxtuépuid yaraptupub
oynnmaiau.

[eTeporcH TM3MM yuyH yMyMHUii Xo0/18a (asanap opacuaa Me-
XaHMK Ba TEPMUK MYBO3aHaT OyaraH/ia

P=P=.=P,
(32)
f,=Ty=..=T

TeHrnKaap 6axapunaau. Pasanap opacuaa 3appanap yTULH
Ty¥XxTad, MyBOo3aHatTra kearad 6ynca, ynapHuUHr KUMEBUH no-
TeHUMARAapU CUp-Oupura teur 6Ynanum:

/'llk = u; =... ='uf, k = ],..,n (33)

bynuna kumépuit norenuuan remucpatypa 7, 6ocum P Ba
KOHUEHTpauusinap CX Hulir QyHKUMSICHAND; MACTKA UHICKC
i =1,r (hasanu KypcaTauu.

n Ta Komroteura 8a r ta $aszatan nbopat reTeporeH TU-
3UMHHM TaBcu(pTalAMTaH TEPMOAMHAMUK MAPaMETPIap COHMIH
anuaaitsiuk. TusuMiudr xap oup dasacuuu xapakrepaaiam-
rau napamerpiaap — 6y n — | Ta konuenrpauust sa P, T napa-
merpaapaad ubopar. Pea T napaMeTpiap xamma dasaiap yuyu
ymymuituup. demak, rT1a dhasanapiary yarapyBiuuiap COHU

2+ (n—1r 349)

Hdona dbunan anukranaau, r1a ¢pasa MysozaHaTia oyanILM
YUYH YAAPHUHI Xap OUP KOMINOHEHTACUHMHT KHMEBUIH NOTEH-
nuasiiapu, (33) ra acocaH, 6up-oupura Tenr, sibHu

’

M= ==

W= == | (35)
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— —~~—

sl kepak. byHaary renraamanap conm sa(r — 1) Ta. Jde-
MUK, KAPATAETIaH reTepored TU3MMHHUHT MYBO3aHaTaaru Xoaa-
110TH AHHKIOBUM IPKKHH NMapaMeTpiap coHu

N=2+m-r—-(r-Dn=n+2-r (36)

A9, N TUsuMITMIT mepmodunamux Iprunauk dapaxcasapu
conu Jieiuaaan. Yaunudr Mabiocura kypa N = 0, gemak,

rsn+2. (37

Jlemak, 1 Ta KOMITOHCHTIAH HOOPAT TUZUMHMIT /1 + 2 TamaH
oprisk 6yamarant hasanapy Myso3anataa oOViuiin MyMKuH. By
(17) wdonanuu Tubbcnunz hazasap Koudacu NN,

5.4-§. UKKMN DAZAHUHI MYBO3AHATU.
YHWIAHMA HYKTA

bup KOMNOHEHTAN TU3MMHM KypainukK. Arap Oy Tuaum Oup
thazana 6yaca, yHHHI MyBO3aHaTAAIW X04aTHHY Tascupnanam-
va napamerpiaapcodu N=n+ 2 —rpnaun=1, r=1 oyara-
1 yuy N =2 6¥aanu. By xoina TH3MMHUHT TCPMOAMHAMUK
IPKHILTHK Aapaxaiapy 2 Ta, sibHi D0CUM Ba TEMIICPATYPARMD.
by;1apiy MabayM OpaIMKIA UXTHEPUIM YarapTHpuica xaM ¢asa
yarapmaiind. Tusum ukky dhasana MysosanaT xoaataa 6yacun
(Macanau, cyB Ba My3). By xoaaa TH3UMIMHT TEPMOIAHHAMUK
IPKUHAKK papaxanapu couu N = 1 Gynanu. TaGuniiku, dasa-
napruHr Temncpatypaiapu T,, T, Ba 6ocumiapu P, P,y3apo
TCHI, STBIIU

=T, P=P, (38)

Ooynuum mapt. Bynapaan tamkapu OyHaai reteporet TU3UM
MyBO3AHATAA OYAUILN yuyH Oy MKKK (ha3anuir KUMEBUH No-
TCHILMAILTAPY TEUT, SILHU

w(P, D= (P ) (39)

oy kepak. by Terrnasmanan MKKH hasza MyBosaraTtaa 6yiran-
jna remmnepatypa T Ba 6ocum P opacupary DoFranull anukia-
HUIIKM MYMKMH. bolukaua afitranna, ukku (asza reMmiepatypa
pa COCMMHMIT UXTUEPHIF KUiiMaTaapuaa MyBosasiataa 6yna on-
Maitau, 6aaku (39) TeHraaManu KaHoaTAaHTUPaAUIrall TCMile-
patypa Ba 0ocuM KuitMaTaapuaaruia myso3adataa 6yna onaau,
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svhu T 'Ba Paapnad 6urrach
IPKHH Y3rapysuu, UKKWH-
YUCH YHUIT (DYHKLHSICH CH-
¢artuaa yarapaju.

Xynunu MKKH (paza MyBo-
3anarupard Kadu, yu ¢asa-
HUHE MYBO3QHATH YYYH

T N=2+n-r=0npa
S.b-pacm. ']"I = T2 = 7‘3; Pl = P2 = Ps’
w (P, Ty =p (P, T, (40)
P, T =py(P, T) (41)

mapriaap oaxapuauiuy 3apyp. demak, yura hasza MyBRo3aHaTia
Oyaranaa TH3UMHHAHT TEPMOAUHAMUK IPKUHAMK Aapaxaiapy
conu N nosira TeHr, sibliM 3pKHH y3rapysuuiap oyamaiisu. Yura
thazsanuHr mysosauartu (40) Ba (41) aarebpavk TeHrnzmaaap-
1M KanoaTianTupaaurad Pa 7 HuHr Kuitmaraapu 6Hi1a:1 aHUK-
JlaHaaurait 6uTTa Xonaraa coanp 6ynaau. by HyKTaHu yusanma
nykma neiivnaan. Mkku ¢asa Ba yura Gpazasuir MyRo3aHatia-
punn (39), (40), (41) Tenrnamanap acocuua rpadukia Tas-
cudiaiiank (K. 5.1-pacm). By mysosanar ynsuru (39) acocuna
(arap yHMHT OHIKODP KYPUIIMLIY Mabiym Oyaca) ojuHaau, 3 ta
dasanmur mysosarary 5.1-pacmaa koopauuartasapu (40) sa
(41) acocuna anvknanaguran ywianma C nykra 6uiiat kypea-
Tuaran. Hykraunur koopauiatatapu 7, sa £, nn (40) a (41)
TEHIAMAIAPHU eund (YHUHT OLIKOP KYPUHULLM MabIYyM Oyiica)
AHUKAAHATH.

5.5-§. ®PA3ABHI1 YTULILIAP

Kyn ¢gasaau (reteporet) TH3UM HOMYBO3AHAT XoiaTaa 6yaca,
soraanap 6up aszasad MUKKUHYM asara YTHILLIapU MYMKHH.
MacanaH, Mo CYIOK X0JIaTlaH ra3 €KW KATTHUK X0aTra YTu-
WH, MOMIAHUHT (deppoMariut pasajgaH napaMarHuT ¢asara
YTHILIM, METALTHUHT HOPMai X01aTAaH YT1a YTKa3yRuaHauK Xosa-
tdra yruuid, readit I audr reanid 1l ra aitnasuuim dasasuii
yTUwaapra Mucon 6ynanu.
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Masapit yruuniap ukky Typiau oVaamt: oupuiiu typ da-
BIBHIT YT STHUPHH MCCHKMK aXpaianu (EKH I0TUAALN)
XM COAMUITHPMA XAXM (3HWIMK) ¥3rapaal; MacasaH, Oyr-
HHHT CYIOKAMKKA alJaliuiH, CYIOKAMKHMHT KATTUK X0AaTra
yriy Supuuyy Typ dasasuii yruwaapaup.

WUkkunuu Typ dpasasuii yTHinga sutMpUH HCCUKIMK aXpai-
MO €K IOTHAMAILIM XaMAA COMMIUTUPMA XaXM ¥3rapMaiauy.
AMMO BOLIKA Xoccanap, Macaiatl, MCCUKANK CHFHMU Y3rapaau
(MacajlaH, KATTUK XHCM (peppomarueTukimur Kiopu Temiepa-
Typacuiail I0KopHIa napaMaricTrkKka aiaarnuim, resinit 1 upur
2,2° K aa reauit 1 ra aitaanunmu sa 6otukanap).

Mk azanu rereporecH TH3UM MyBO3aHAT X01aTaa O¥ACHiL.
By xoana (hazanapiuHr KUMEBUI TIOTeHUMAIIApU ¢KU COTHLL -
TUPMa TEPMOAMHAMUK noTeHumnasinapu ¢ (P, T) a ¢,(P, T)
Oup-6upura renr 6yaaam (pazasapumir MyBo3aHaT WapTH):

‘/}l(P: 7) = ‘/)z(P’ 7) (42)

Mazanap MyBo3aHaTHHK Oy3MACAAH TEPMOMAMHAMHK MOTEH-
UMALIApHK Y3rapTHpaiivK:

(P, D+do(P, )= o(P, ) +d (P, T

€KHM Bynaa TeMICPATYpaHI Y3rapriMra Moc pasuiiia 6o-
cumuu (42) acocuua yaraprupuica, asagzap Myso3anatu Oy-
SUAMaMIK, THHM:

doy(P.T) + O(pl(l’.Tlgﬁ _ dga(P.T) . a0y (P.T) ap 43)

oT aP T dr T T 9T o dT”
bynapna
Qﬂ) =-S (9&) -
(a'r P P \or/p Sz
PD)) _y,, (26D :
( or = (), =
DKAIAMIMHK Hasapiaa TyruO, (43) Hu
dP _ $)=8
dT " 9,59, (44)

KYpUHULITa KEATUpaMus; byHna S, S, Ba ?,, U, MOC paBuInaa
(hasasapHUHE COMMILUTUPMA SHTPOIMUSLIAPH BA COAMLITUPMA XAKM-
japunup.
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Mucoa. Mammaa cys Ba Cys ycTuaaru Mavui KOMKOFH
ocTUiA (MOPILEHDb Tarniaa) OYF MyBO3aHAT X01aTaa OYACUH. Arap
documHy ouivpcak, OYFHUHT OMpP KUCMM CYBra ainaHuuIu, 111y
Ousan 60CHUM OLUKILIUTA TeCKaPH Kapaéh — OOCUM KaMaluy
conup 6yaaau. bowkaua aitrranna, Jle-Llarease TamMoimanra
MYBO(MK 6OCHM OUIMLINIA TECKAPH HYHaMILIAA XapatH Keva-
1. Pazanap MyBO3aHATH OY3UIMACIUIH yuyH TEMIEPaTypalm
docuMra MoC paBULLIA OUIMPHLI 3apyp.

5.6-§. BUPUHYU TYP ®A3ABHIA YTUIL,
KIANEAPOH — KIIAY3HYC TEHTJIAMACH

bupuuun typ ¢asasuii yTuuina anTpoiius S, COAMLITUPMA
xaxsm Vysrapanu. Ynap (asanap yerapacuaa cakpa yarapaiau,

STbHU: .
§5-8§ =0, V-V =0 45)

Wy typ daszasuil yruwaa sWUpUH UCCUKAKK ¢ aXpannd
YKKAAKM €KW IOTUIAAH, SIDHU:

T(SZ—S,)=TAS=AQE(1. (46)
(46) 1u Hasapna TyTud, (44) HuU
dP _ ¢

dT =~ ¥,-0, (47)

K¥punuuiga ¢zamus. bupuuun Typ gasasuii yruiu yuyn éaun-
rau (47) uu Kaaneiipon-Kaayzuyc meneaamacu acitvnanu. by
TEHIIaMana COMUILTHPMA XaXxm ¥ Ba dazasuit yTHuLIary siinu-
PHUH UMCCHUKIHUK ¢ TeMIlepaTypa Ba 6ocumra Oorauk. LUyuaai
Kuaub, OuprHuu Typ aszasuit yruwnapaa dasanap TcpMOaH-
HAMMK MOTCHILMAIapU y3ayKeus ((42) TeHrauk), ammo ynap-
HUHT TeMIiepaTtypa Ba 6ocum 6yirnga Oupuruy TapTnbau Xocu-
Aanapu yaunuuira sra ((45) udoaara xapaur). Xyaa kyn kat-
TUK XHUCMIAP 3puraraa ¢ > 0 6yaaau Ba yilapHUHT COSTMILITUPMA
Xaxmilapy optaau, seiin V, > V, 6ynaau.

Ly cababau (dP/dT) > 0, sibHu 6ocum opTHILK OURaH 3pulLll
Temiiepatypacu opraau. Byrpaiil moaexynanap Mkku pa3acuHuHT
MYBO3AHATHAA TEMIIEPATYPA OPTULLIM OHTaH GOCUM XaM OpTaau,
ssbiu AT > 0 na AP > 0 6y1aan. AMMo cyB Ba My3 Oy KovaanaH
MCTHCHO, Si'lbHU g > 0, AMMO MY3HHUHT CONUILITHPMA XaXMHU CyB-
uuknpan kuauk: V, < V. [ynunr yayH temneparypa opruuiu
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Ounan GocuM Kamasad (K.
5.2-pacm), ssbHU OOCHM Op-
THIY 61TaH My3HUHT 3PULL
TCMMCPATYPACH nacasiau 5.2-
pacmaa (47) teurnama Ou-
JaH TaBcualyBum My3 Ba
cyB chasasapy MyBO3allaTH
YU3HFU, CYB Ba OYF (hasana- - - —
PY MYBO3AHATH UH3UFU, MY3 Ty Ie /
Ba 6yr ¢asasiapu MyRo3aHa-
TH YM3MFM Xamaa yuta ¢a-
3AHMHT MYBO3aHATUHY TaBCUDAOBUY YHAAHMA HYKTA TAPXHii
(cxemaTuk) pasuiuaa kenrtupuiarad. CyB Ba OyF MyBO3aHATH
UU3UFU A HYKTAIAH KPUTHK HYKTa B raua gasoM artaau. Yunau-
Ma A4 HyKTajaH racraa cyB ¢pazacu maxya amac. CyB yuyH
yHjlaHMa HYKTa KOOpAVHATaapH:

1, = 0,0078°C, P, = 0,006 atw.

5.2-pacm.

Monpa nact Temneparypaiy (pasafatl IoKopH TeMIlepaTypa-
e hazara VTrauia siMpuil UCCHKSTMK ¢ WU loTaau. TUusum
(my3) F Hykraga 6apkapop (typryn) (5.2 pacm). Arap wy HyK-
Tajla My3-CYB TU3MM OVjca, y HOTYPFYH Oyaanu Ba CyB My3ra
alinananu. Arap O0CUMHU V3rapTupMail UCCUKIHK Bepulica,
YHUHT (MY3HHMIIT) TCMOepaTypacu opTta 6opub, MyBO3alaT umn-
3urura Gopranna (0 HyKraga) TeMieparypa OpTHLM TYXTaii-
JY, cyB (hazacu naitno 6ynannu. MCCUKIMK MUKAOPUHUHT Oy 0
HykKTaga 6eprjiMiuM CyB MaCCACUHUHT (MUK/JOPUHMHI) OPTU-~
1mura o6 Gopaau. Arap 0y Hykraga 60CHM OpTCa, YHIA MOC
paByILa TEeMICPaTypa y3rapca (My3 yuyH TCMIEpaTypa nacasi-
M), uKku asza MyBoszaHaTH cakjaaHagd. bocuMHu y3raptup-
macaaH Oy HykTajla TeMneparypa ouwca, Moaaa 6up ¢azara —
CyBra aitnaHanu Ba yHMHT Temneparypacu EF uusnrn 6yiinua
oprub Sopaau.

5.7-§. KPUTHK XOJIAT

Yynanma HykTagaH GouutaHral KaTTHK XXUCM — CYIOKAUK
dazanap MyBo3zaHaTH MM3UFU, KATTUK XUCM — ra3 ¢asanap
MyBO3aliaTH YH3UFU 1I0KOpU OOoCKuM, TeMilepaTypa Ba nact 6o-
CHM, TeMIlepaTypa TOMOHAAPHUIAH YerapasianuMaraH. by yn3ug-
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P4 JapHu JABOM 3TTHPHIL MyM
KUH. AMMO CYIOK/IMK — Iit)
¢asasapu Myposatati un-
3UFM K HyKTata TYXTalam (k.
5.1-pacs). by nykraum (xo-
AATHKW) KpuMuUK HYKMa
0 > (xoaam) jAciunanu.
% % 62 4 CYIOKAMK — a3 TU3H M-
5.3-paca. HUHT (hazwiap MyBo3aHaTH B
thazaBuit YrluaapuHu TaxmBul
KWK yayH P, ¥V auarpamsana taxpuda HarvxacHila O;IMHTan
usorepMatap (5.3-pacM) Ba Bau-aep-Bawibe n3orepMasapuiin
KeATUpamu3 (5.4-pacm).

5.3-pacmuard AKB coxaga Moma IereporeH xoaataa 6y;iman-
A2 CYI0K KK Ba Oyr (asaiap Oupranuxna Masxya. AK un3nk-
HUHT yan ToMoumria pakar cyiokauk cazacr, BK UU3suKHUIT
ViU ToMoHuaa dakart OyrF pasacu masxymamp. IOKopu TeMite-
paTypaiy M30TCPMaNAPAA MKKH (ha3aHMHI MABXY/UIMK COXacll
kuckapr6 6opajin a 7, uzorepMana (KPUTUK TEMMEpaTypaaru
H3oTepMaga) xap ukku daza 6up dasaid xonaTra — KPUTUK
xoaarra aitilaHaan. by xonaria Mosda CYIOK/IMK XaM, OYF XaMm
amac. by xoaaT napamerpraputuHr Maxcyc kuitmatiapu 7, P,
V, na conup H¥nanu. P, ¥V anarpammanary usotepmanapaa co-
anmTUpma xakmaap V, > V. bapxu Temnepatypa opruuin 6u-
Jan kamaiud dopud, kputuk Hykraaa Oy dapk HOAra Tewr,
spun V.=V, =V, oyianu.

Kputuk nykra K gary §THaa cOaMIUTHPMA XXM y3rap-
MAHAM, MCCUKIUK IOTUIMANILN (MUKAPWIMAIAAK), AMMO MCCHK-
JIHK CUFUMH, XRKMUH KeHraiini KoappuiineHTH, CHKHIYB-
yaMJIMK cakpal yarapaau (yauauuira ara). 5.4-pacmaa Ban-aep-
Baasie Tenrnamacu

=y )
acocuaa OjIMHraH uzorepMaiap kearupuiran. byma T<T,
Oyaranaa P iuir xap OMp KMiAMaTura ¥V HUHr yura KuiMartu
TVrpu keaanau. P(V) uM3uK — M30TepMa MAKCHMYM Ba MMUHH-
svaian yrand. Temneparypa opta 6opumny Owtan P uMnr Mak-
CUMYM Ba MUHUMYM KuHMaTaapu 6up-oupura sskiaamud 6o-
pa Ba, nuxoar, T =T, na makcumy™m Ba MUIUMYMap Oupsa-
1mb Gypusvun nykracura ainanauu. by nykra K kpumux nyxkma
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’ acfiand. Peat uzorepmanap P
o Ba-aep-Baaise m3o-
ICPAMVTIAPUHU COAMLITHPHIICA,
VIAMHHUHT Kamaituuira 6o-
CHUMEHT KaMaRMIIK TYFpU
renastran Ban-nep-Baanse
wiorepmacutuHr DC kuemu
MOJUAHKHT HOTYPEYI X0Ma- >
tra TYFpU Kenagu. Y Tax- 14
p0aia Ky3aTHiMainamn, sibHu 5.4-pacm.

y peast aMac. YHuur ypuura

rikpudana ropusontan (uzodapa) unsuk AB Kysarunaau. by
epaa tyHy aliTHIL KEPaKKM, pean M3oTepMmaaa xam K Hykrara
Oypuanw nyxmacu 16 Kapajtaai.

, Taxpunbda KypcaTaimku, CyIOKINK — ra3 TU3MMuKAaa ra3 ¢a-
acu BD meracrabun xonataa — yra Tyiiunrad 6yr xoaaruna,
cyiokik dasacu AC Metactabun xoJlaTaa — yra KU3Mrai cy-
I0K/IMK XOJIATHAA OYIMULIApH MYMKHMH. 5.4-pacMuaH K¥punaau-
Kif, KPUTHK u30TCpMa T, nait I0KOpHAATH M30TCPMAnap, siblin
T > T, narn usorepmazapia P(V) mororon yarapysun sa 6up
(pazasin TM3MM (rascumon xoaart)im Tascudpiaiiau; T, gan nacr-
Jlary uzorepmasiapiaa P(V) MHHHUMYM Ba MAaKCHUMYM KiitMaTiiap
Kabyn kunanu. by MakcuMym Ba MuHUMYM opacuaa Ban-aep-
Baaabc uzorepmacuia (a P/ aV)'r > KMIMATaM coxa peat
TH3UMAApia MaBxyn oyaMaiinu. Pcaa THanasiapaa Oy coxana
(9P /aV),. =0, abhn ropusoHTan KucMian ubopar 6ynaiu.
Ymyman, T, uzorepmanary K Hykraga OypujiMin HyKTacu Map-
Kyl

CTaTUCTUK DU3NMKA HYKTAU HA3APUILAH KPUCTAMI KATTHK
XKUCMIAPAA YAAPIHM TALUKKIT KWITall 3appaiap OPACHA MakilyM
TapTUOAUAUK (Y30K TapTUO) Mapxyn. Temiiepatypa opTHILK
OMsIaH KpUCTAMJ natkapa Tyrylsiapuiard sappanapuuir (atoMm-
JIAPHMNHT, MOILIAPHUHT) TeGpalivium Kyuast Sopuiuu Ba okudar
HATYXAAA TAPTUOIMAMKHHULIT OY3UIMINN 103 Oepullid Tyhainu
KATTUK XMCM DPUIAM Ba CYIOK arperar xonar naiao oynanu.
Cytox dazaga TapTHBCH3IIMK Aapaxacu yeryn oynaan. Mosaaaa
KECKMH CH(paT Y3rapullin coaup 6yaanm; KaTriK XucMmaa jgeap-
My GyaMaran uArapuaanMa xapakart poas yinai 6ourtaitou.
Iyupait kuand, KaTTHK hasa CyiokjIHK (pasacuaall KCCKUH
(papxnaHaau.
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Cytoxank ¢aszacuia TapTubInink "Koaauru” KoiraH 6ynca-
Aa (yHAA SIKMH TapTUOAMAMK MaBXYyH), OKYBYAILIMK, I1AKjl
Y3rapyBuasinuK Kabu MyXuM XoCcaiapyu yHUW XapakTepaaiau.

Cyiok (hasanuiir TeMIiepatypacy opTULLK Busian MOJIEKY1a-
JIAPHUHT, ATOMIAPHMWHT, YIapHUHT KOMIACKCHAPUHMHT WaTa-
pUJIaHMa Xxapakarnapu ycTyH paBuilia optid dopaiy; "KOJIAMK
TapTUOAMINK" napaxacu Kamaiinu® Gopaiu Ba HUXOST OyFna-
HUUI TEMIIEPATYpacKia KaTTHK XUCMAAH KOAran "KOJAMK Tap-
THOAMAMK" (SIKMH TAapTUOAMINK) HYKOIafH, HarapuaatiMa xapa-
Kar 6unan GOFIMK TAPTUOCU3IMK YCTYHAMKKA apuniaan. TeMm-
MIEPATYPAHUHI SIHA OPTTUPUIIMIIM HPUHITMITUAN SHTUAKKKA 0JIUG
Gopmaitnd, TapTHOCU3NNK JAPAXACUHUHT OpTHLIMIA 01D 60-
paau (rascumon (pasana). TapTHOCUINMK AAPAKACHAA DHTPOITHS
acocuaa ra3cuMoH (hasafaH CyioKIMK (hazacura Ui Taxama
ITHIICA, WITAPHMIAHMA Xapakar Ouiaill 60FIUK auTponus S,
TeMITepaTypa nacaitiiuy 6unan kamaitnd opanu. Mazapuit yTriu-
Ja YHUHT TapTUOCH3MMKAATH YCTYHIUK dapaxacy (pazasuit yruii-
xa hykoaanu, Oy yTvuiaa MabayMm aapaxaja "raptubaniuk”
naiino 6ynanu. Ly cababau sxTpouus 6y yruiuga cakpab ysra-
panu. TemnepaTypaHMHT KaMaituiuy 6unan ras pasacuHuHT "Kosi-
MUK TapTUOCU3AMK” mapaxacu KaMaitné 6opaau nBa y "Cylox-
JUK-KATTUK XUCM" (pasaBuit YTUULIA, sib1IKY a6COTIOT 'rapm@m
KPUCTAUT KATTUK KUCM (hasacura Jrrania, rasHUHT "KOAMNK
mpm()cu:mnx AapAKACH 110ATA TYIALHN, SIBHHY itykonaau. Yaura
xoc "HepHcT Teopemacu” 103 6epaau, sibliM KOTHII (IpULL)
TeMIepaTypacy — Oy wirapyiaHma xapakar ouian OOFIMK 3H-
Tpofivst yuyH "abcomoT” Honb Temreparypasaup. Ulyinai kuiub,
"CYIOKIUK" KATTUK XUCMHWHT "TapTUO MUK KOMAUFU, ra3-
cumon (hasaHUHT "TapTUOCH3NUTU" KOAAMFU GUIAH XapakTep-
slanagurait "opasuk” dazaaup.

Cyioiiuk — ra3 reteporel TU3UM TCMIEPATYpa OpTHLLU
Oui1aH CYIOKIUMK (Ha3ACUHUHT TAPTUBCU3INK apaxacu opTud
Bopauu (IHTpONHUSI OpTaLM), CYIOKIUK (pasacuaary "KosUIMK, Tap-
THOAMANK" KaMaiinG Gopany Ba HUXOAT KPUTUK HyKTaza Oy
"KOAMK TapTUBanauK " iyKonaau, ukku (asana Gup Xun tap-
TUOCUIINK papaxacy xocua O¥aaiu, sibHy 6y HYKTana d1Tpo-
MUAIMHT cakpab y3rapuwy 6yimMaitan. by Kputuk xonataup.
Kputnk xonatra skMHIALIMILAA COAMIITUPMA Xaxmap Oup-
dupura skMHAILAAU: SWUPUH UCCUKAMK KaMaiinb 6opanu Ba
KpUTHK xo:1ataa ¢ =0 Ba V, = ¥, 6ynaau. '

224

www.ziyouz.com kutubxonasi



shimpui UCCHKIMK g Hit- I’Ar
st capd 6¥1aan? busHunr-
Wil, CYIOKJIMKIIAN ra3ra aitna-  Ph----X-\-
NIBULG CYIOKAHKIArK "Kosi- (
HUK TapTHOAMAKUK” 1w Oy3ui,

n ) :

i¥koTr yuyn capd 6ynanu. !

I'eaneparypa T KpUTHK TCM=- 7 »>

neparypara Katda sSixun & |4
5.3-pacm,

Oysca, wyHya "KOAAMK Tap-
THeMAnK" Kam 6yiranu yuyn ¢ (SHudpuil WCCHUKIMK) Kam
OVnaun. Kpuruk nykrana 3ca g = 0 6ynanu.

a3 dasacuna remriepatypa sa 6ocuM OPTHIIHN, COAULITUPMA
XOKMHHHT KaMaiuiy OMaaH cylOKAMKKA aijlaluri yuyH 3apyp
Byiran g kamaitn6 6opaan. By sca "rapTnbeusiaunk” gapaxacu
Kamaiud Gopuuniu, avuy surponus S(7, P) kamakuwmnmm
k¥pcatann. Bocum opruiumn Gunan yarapmac temncparypasa S(P)
Kamasgad. Mabiaym TapTUOCHIANMKHY HYKOTUO (KaMailTupuo),
"KOJAMK TAPTUOAUAKMK" HU THKAAI yuyH (OYF CYIOKIMKKA aii-
nadranfa) kam ¢ sapyp 6¥aanu! Kputuk xonatna aca ¢g=10
Ba, Aemak, S, = .5, 6ynaiu.

MACAJIAIAP

5.1-macana. Bai-nep-BawibC ra3auHuue KPUTHK HYKTAAATH
P, V. T, un aunkiaur; KpUTuK KodpduumcHt RT,/PV, vuu
XMCOOAHT BA yHU TAXPUOa HaTHXAnapy GUaall TAKKOCKAHT,
E u v 1. busra Bax-acp-Baasibe TeHrnamacu
—~ RT _ a
P=y5-7r (1)
Manbaym. Baii-nep-Baanse rasu usorepmanapu 5.5-pacMaa kypca-
TiAral. Ban-gep-Baaibe n30TepMacy MaKCUMYM Ba MUHUMYM-
nau yraan. by akcrpeman kuiiMatnapaa
[ - y)
(DV)T @
wapT Saxapuaaau. KpuTuk HyKTaua MakCHUMyM Ba MUHUMYM
OGupnamnd, OYpUIMLU HYKTACUHU XOCHA Kunagu. by Oypunuii

HYKTacuna
a2pr) _ 0 3
('Wz )’r )
LapT baxapuaanu.
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By epna wyHy TabKuaIaiMU3Ky, pean TA3UMHUHT KPUTHK
xonatu 6apkapop 6yauiun yuyH xam (2) Ba (3) wmaprtiap 6a-
" Kapuauwy Taia6 stuaaaum. duau (1), (2), (3) TeHrnaManapaaH
yura Homabiym P, V,, T, anukianaau: awhn

_ R, _a
F;( = Vk—kb 'ITkZ' ’ (4)
) —_ R L2 _ 5
(a )'rk Vb TR ©
(aV2 n -b) W ©
bynapnan:
= =_4a — _8a
Ve =3b b= 55> T = g5 @
9 RT,
F=9PV,, a=3zRTY,, b=ﬁ. (8)

(7) Ba (8) nan KpyTHK KO3POUUNCHTHU aHUKIAAMMUS:

RT, _8 _
=5 =2,667. )

Kputuk koodipuumeHT yuyn Taxpuba Hatuxanapy Kymu-
Jlard XaaBanja KejITUPUATaH:

Moana RT,/P.V,
Feawit 3,13
Boaopoa 3,03
Asor 342
Ksicnopon 3,42
Cys 4,46
Beuaun 3,75
Cupka xucaora 499
MeTtua cnupr 4,56

I-n3ox. Maeanrazyuyn RT,/P.V, = 1.
2-u3o0x. (7) nan poiinananud, Ban-gep-Baanbc TeHrnama-
CHHM KEJITUPUIITaH 1UaKI1ga E3aMU3:

Pog Vo_y T
7,;_71'3 Vk V, Tk T. (10)
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(10) nu (1) ra xkyamus; 6ysiaa (7) tn xHcodra 0J1aMu3s:

7= R 8a . _a
2767 27RO (3v-1)  9vIh*’

Oynau
(zz +—2-)(3v— 1)=8r

KCJITHPHITaH Bal—l-lle-Banle TeHIAAMaCU N OJ1aMU3.

5.2-macana. Jlirepusitt XoNaT TCHITIAMACHIAH KPUTHK HYKTa-
it P, Vi, T anugnanr, Kputuk koodpuimeHt RT,/PV,
111 XMCOBMANT, KEATUPHIITAN X0J1aT TCHITIAMACHHY aHUKIAHT.
E « u . Aurepuun Tenmamacy

P=75 C“p( I(IV) M
Kpurtuk xosataa
ary _
(35), =0 @
?*ry _
(54), -0 ©

HAPTAAP KAHOATAAHTUPUIAAH.
(1) aan Tonamu3;

(57), ="

?rY _pl_a _ 1 [ -2
(:)W)T—P[RTVI V—[)J+P[(V-/,)7 R'/'V‘-‘J- &)

(2) Ba (3) wapraapra acocan (4) Ba (5) Hu €3aMu3:

[t =75 @

v: o_
Vb TR ©)
Ba
v: . 2a 7
-0  RT’ @
(6) Ba (7) nau
V:"ibj= 2V, =2b. &)
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(6) nau

T, = 7% O)
(1) nau

Pi= 5y (10)

_B'_rk_zf;z3,65. (1)

ﬂMTCpM‘IM TCHTIaMacH KEJITUPW/ITaH 11aksiaa

T

ool o

KYprHUILJA E3UNa0HU.
W 30 X. InTepuun X0aaT TeHITIaMacuian Ke;inb YMKaAUTaH

KpUTHK Koa(hduuueHt Ban-nep-Baasine TeirnamMacuaan onni-
raH Haruxa

=
i
I
oz
n
o
(=)
~

OV

ra HucHaTaH Taxpubda HaTHXaANAPUra SIKMHPOK, (kaaBajira K.).
5.3-macana. bus

PV = RTcxp[{;( ——Rf’,—r)}

X0/aT TeHrnaMacuny ojiraH aauk. Ly renrnamatuur vai to-
MOHUTIA b Ty3aTMAlM KHPUTKHO, YIIT TOMOHUIA TEHIIAITUpAi -
JIMK:

P(V-b)= RTcxp[J‘;(b-ﬁ“—T-)]. (N

Uly xoaaT TeNTIaMacMHUHT KPUTHK napameTpiiapu P, V,,
T, anukiaadenn sa RT, /P, V, xucobnann6, Bau-aep-Baajinse
xamua, Autepuiud TeHriaMaiapy Hatnxaiapy Gunat TaKKoC-
JAHCHH.
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EKIRTRIN

()= el (-l

(2) HH Hazapaa TYTUO Kyluaaruya o;1aMus:
ey _pl- b (p__a
(972'),,.—”[ el RT)]+
L _—2(a _p)|=
P[+——T(V_b) 73((RT b)] 0.
(4) nam:

R o a_
(e-by T\ KL )

(3) Ba (5) nawu:

Vi _r v -
=2V, =20,

(6) uu (3) ra kyiub, T, Hn TOMaMus:

=_q_
T, = SRb"

(6) Ba (7) uu (1) ra xyiud, P, HU oaaMus:

P =_9_
kT 5p%e2

bustiuir XOAAT TeHMITAMAMUIHUHT KCATUPWIIFAH UIAKAU

12

”%7’:55"*’['}(5‘?)]

K¥pHUHHLIga Oyany.
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Kpuruk koadpuimeritim xucob:1aiinms;
Rl _ e
PV, 2° )

Ky#naarm xansaina Bau-gep-Baaansc, Autepuun sa (1)
TEHIZIAMA HATHXWIAPU TAKKOCAAHTAaN,

V./b Pbfa T.Rb/a RTk/P,
Bélfl-ilC])-leél."le 3 127 8/27 8/3=2.7
T-CH
Aurepuun ) 2/
TENRAAMICH 2 1/4e /4 /2 =365
(1) Teuraama 2 1/5¢ 1/5 /2 = 3.65

5.8-§. SIUI'H GAAHUHT HAWIO BYINMIUM

HAury paza MabayM LWAPOUTIA ICKK (Has3ajard MOWIAIIMHI
harykryaumsicn typaitiv coaup 6Vaaan. bynna, macasan, cyiok-
JIMKAA KaliHalu yorraa 6yF hasacHHMHT KYPTaKiIapi — nyghak-
Aap, t¥iMurad Oyraa cytokiIMK hasacuHMHr "Bakwapu” — ToM-
uusap naitno oyaaaunap. bysapiuur naitio 6¥vmura Moa
SWLIMTUHWHT (DAYKTYatMsicH cababuu 6yaaiu. AMMO siHIU (a-
3ara Yyruuy pyeora YHKUIIK YUyH SIHIH (pasaliMir KypTakiapy
Oepuiral MabIyM HIAPOUTIA YCULL, PHBOXIIAHULIL UMKOI{USITH -
ra ara 6yaunm 3apyp. Kuckacu, stiru (asa Kypraruiiir yCcu-
UK, PUBONGIAHMILM OUP KaHuya oMUaaapra OOFIMK, XyMjladaH,
X0cH 6yaran siuru (haza KyprarnHuHr yagamura 6orIukK,. Arap
KYPTaK KWM4MK Oyiaca, siurv ¢pasa sappaiap (Mo.icKynanapi)
MHVHE aHYarvHa KMCMU SIHTK Ba 3CKU (asasap opacuaaru CUpT-
na 6ynanu. My cababiuu ssHru daza KypTaruHy Taxiaua ITHII-
rana cupt Ouaad OOFNIMK XOAUCATAPHM XaM Ha3apiaa TyTMOK,
JIO3UM.

MabayMKu, CUPT I03UIIMIE Ya3rapuwn ¢ Tydaiinu 6axa-
puiran Ui dA = —od2 (0ynna o — cupr Tapanrivk Koaghdu-
uuerit). Jousmuil Temneparypasa Gaxapuarai niil 3pKyil alep-
CUSTHUHT KaMaituuiura Temr, soin dF = od . Uy cababnm, sHru
Ba 3CKU (DABWIAPHUHT TYPFYHIUK LIAPTMHU AHUKIAIL YUyH,
CUPT XOCCAIapKHHU HA3apaa TYTTAH X0,1/1a, DPKUH 31eprusl y3ra-
pulIngaH GoRianaHMOK JJO3UM.
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TusmMunir remneparypacu 7, xaxmu V Ba sappanap coxu
N jonmMuit 6¥ncuH. by X012 3pKUH IHEPTUSIHUHL Y3rapuilu.
Kyitsiiarnack 6ynaan:

dF=—PdV,— PdV, + p dN, +u,dN,+ odX. (49)
[tlapTumMu3ra acoca:
=V, +V,=const, N=N, + N, =const.
bBynaan:
—=dV,=dV,, dN,=—dN,. (50)
(50) um nasapsza tyrud, (49) uu
(!F=(P P+o———)dV+(u 1y JUN, (51)

KypuHHuAa €3amMus, 6ynaa

([E__‘)_Z_

Wkku (paza mysoszanatna 6ynrawna dF=0 sa u, =pu, by
xonmaa (51) man

P=R-0 57- (52)
udogaru oaamu3. d¥ /¥, xocuna cupT arpuaurura sa, ae-
Max, arpuaiik paauycy R ra 6ornuk. Cepa yuyH:

Iz _ 1/(471R2) 2
=l (53)
oV T an o :
r(—i’ik‘) R

Bynnai chepa kypunvinrga xocua 6yaran auru gpasa d6ap-
Kapop Oyauiy yuyH

B=p-2 (54)
9y .

TEHTNIUKHY onamu3. (52) naru O 5y W, CupT bocCH MU ACHN-
nagu. by 6ocum cuprHUHT KaBapHk TOMOHMEAL GOTHK TOMOHMK-
ra iyuanran. by 6Gocum asanap uerapacu tekuc 6yaraiia Hoara
teHr 6¥aaau. [Hyuudraek, karra cuprau xucmnap (dazanap)
yUyH Xam y XHCOOra OnMacaMK Japaxacuiaa Kuuvk. Kuuuk
KypTakka ara oyarait stury ¢gasanap (Macasan, ToMIuiaap) yuyu
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Oy OocuM cesnaapan Ba yHUHT PAAMYCHM KAHUA KHUHK GYica,
myH4a Karrta 6yaaau.

Macanan, cysna Oyr ¢aszacu (yhakiap)HuH naimo oyim-
HIMHU KYpaiink. Arap Taikyd 60CHM Ba CUPT BOCUMU XOCHI!
oyaran nydakHuir vurgaard TViluirad 6yr 00CUMMAAH KaTTa,
SThHU

Poo +092 > L. (55)

eon 75y

O6ynca, y xonaa nydaxk CUKHIAAM Ba stHTH (pasa CyB KU3Mrail
naitaa xocua 6yaman, iykoaanu. Temneparypa optnin €k
bocum kaMaitviun Ouaan siiry gasa (6yr)uuHr 6ynaai Kyp-
Taknapy (nyhakaapu) kynasm, 6apkapop 6yaaau, cys Kaii-
namau, ssbHU OyHaa
CYIOK + cupT = pﬁyi (56)
Oynanu.
Tyiuuran Oyraa KOHACHCALMS Xoaucacu (ToMuuIap) rai-
J10 ©6ynaau Ba Oapkapopsu OYauuIM yuyn
P +P <P 57)

Oyr oatpT CVIOK

oYMy 103MM. AKC xojina Oyr1anu®, ToMuM itykoaaau (60~
CHUM KaTTalaulaiy, TeMaepatypa opTauy Ba OyFnanaiu).

5.9-§. UKKMHYHM TYP DAZABUI YTUIILIAP

Taxpubanan MabIyMKu, alipuM (hazaBUK YTHULIAPAA UCCHK-
AAK AXPpaIMIUY EKH IOTUAKUIM COAMP OVaMaltau, conrmiuTupma
XaxM Yarapmaitau. Macanau, Kiopu nykracuaa heppoMariuT-
HAHT napaMartiuTra allaliuiiu, cylok, reninunr 2,18° K na re-
st I cylokjiMkKa aitiaHMiuM MKKUHYK Typ da3asuit yTutara
MUCOLMP.

by ¢asasuit yruuia (44) ndoaamary cypar xam, Maxpax
xam (siblin S, — S, Ba V, — V)) noira reuranp. Iy cababnu 6y
KACPHHUHT JUMUATHUHY 0JTULL YuyH JIONUTANB KOKIAcUra acocant
CypaT Ba MaXpPaXXHUHT XOCHAANapUHU 0AKUO, yAapHHUHT HUCOa-
TUHY AHUKJAMOK Kepak:

(5)

dP _aS _ _\aT/p

daT = NEAN (38)
oT /p
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bynpa:

A(i’i) =(L&) _(zs_x) “SnCR _ac
p P P T

oT oT oT T

A(O_K)F = (%‘;g)p - (‘lVL)P =Va, - Vi, =V Aa.

oT oT

(59)

(60)

Hesmax, nkkunuu Typ pasasuit yruuinapaa ¢, = ¢,, Oynap-
i Oupuiun TapTubau xocuaaaapu S, — S, V, —V, ysapo

renr 6Vaud, repMoaMHaMUK NOTEHIMAAHMHT UKKMHYY TapTUO M

A8 08 AN L A
xocuaaiapm 3T # FYa ’(TT_: # FYak B

panira) araaup. 5.6-pacm-
na Hel wnur Hell ra aii- ch
JAHUALIKMAA UCCUKAMK CH-
FUMUIIMHE Temilepatypa
Oyiinua yarapuiuy KeaTu-
pUIIraH.

Yuua Cp Huur 2,18°K
A CaKpallura ara 3KaHIn-
' KypcaTiiraH.,

(59) Ba (60) un nazap-

a X. K.lap yauauuwra (cak-

aa tyrud, (58) Hu Kaiira 2.18
€3aMu3:

4P _ ACp.
dT  TVao’®

5.6-pacm.

o 4

(61)

(58) ndonana AS/AV =0/0 noanuxauxuu Jlonurann
KOMAacH OVitnua TUMUTHHY aHuKautaa 6ocuy bYitMua yara-

PULIMHY ONARAUK (IUMUT KIIOpASTAPH E3UTMARN)

5

dP _ AS _ _\dlP/y

dT AV A(g_[/_) ’
;

9P
Oytiaa: (
i) - Q§L) _(QEL) =
A(aP)r (ap o), =98
.a_V_ = Q!l) —(QYL) :‘) .
A(OP)T (ap _\ap ), TR
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Hemak,
dP _ Aa
aT " b, (65)
(61) Ba (65) nap Ipugpecm menzaamanapu feivinany. Yaaphu
Oup-Bupura kynatupub,

\2
= dP
AC, = typ (4] TV (66)

TCHLIUKHU OJaM#3.

VI bOb
KITACCHK CTATUCTHUKA. MAEAJI TA3

6.1-§. KHPHLI

CTaTUCTHK YCYJHUHT acOCapy Ba YIUHI CTATUCTUK TEPMO-
IVHaMMKagary MyHocabariaapu GuiaaH yMyMuii X011 TAHULU -
auk. by 6064a CTaTUCTUK YCYJTHMHT HACA ra3ra TaTéuky ou-
JIaH TaHWwamu3. Maean ra3 yuyyH CTaTUCTUK (PHU3MKA YCYiM
Oyiuya xucobaaliHy OXMpHUra eTka3nil MyMkuH. bysaas taw-
KAPH SMIIUPUK YCY EKU 3ACMEHTAD KMHETUK HA3apus acocuaa
OJIMHTaH MyHocalaTIapHM, NapagoKCAAPHY CTATUCTHK (PU3U-
KaHUHT PyHIAMEHTAR YCYi1 acOCKAA OaMiil Oy YCYIHHHT cama-
PAROPANTUHK KYpcaTaau, wy Ounan Oupra yHu Y3iaTHpuULira
tpaam 6epanu. CTaTuCTUK PUBUKa yCyauHU (akaTt (pU3UK XOAU-
cajlapraruHa amac, 6anku tabuuit pannap ypravaauraH coxa-
JAPHUHT KYTI X0AMCaIapura Kysuiaw MyMKUHANIUIA XaM HLIOHY
XOCHJ KMAMHAIM,

I'a3 xoccasnapuHy ypraHMiuaa CTaTUCTUK (PU3KKa YCYAMHHI
SIKKOJ1 TaCaBBYpP 3THIU Ba YHU Y31alUTHPULI KyAalaup.

3appanap opacuaary ¥3apo Tabcup HucbaTaH 3aud (Kyucus)
6yaraHaa ras xoccajlapuHu KYI xoi1apaa aoXuaa 3appa €ku
Kyt 3appanap xoccanapy acocuaa ypraHuwaaau. ['a3 xoccanapu-
HW YpraHuaaéTraHna yHUHr 3appajiapu opacuia ¥3apo Tascup
YK ned kapanca, OyHaait raanapHUu U aean ra3s aeiunanu.

Tyrpu, ra3 HoMyBO3aHaT xoaaTaa Gyica, MyBO3aHaT X01aT-
ra Kej1My yuyH 3appanap (Monexkyiaanap, aTozMiap) opacuia
¥3apo Tabcup, a1barTa, O¥anuIM WapT. AMMO MyBO3aHaT X0/1aT-
Jlary ra3sHUHT XOccanapuHu 6ab3aH YHUNT 3appaiapy opacuia
y3apo Tabcup NyK aed dpapas Kuaud ypraHuil MyMKHH.
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YMyMaH, TU3UM 3aPPACHUHMHT X0AaTH YHUHT aTpodhuaaru
sappanap Ounan 0¥araH y3apo Tascupra 60FaKK. By ¥3apo Tab-
CHP NPUHLMITHAA XUXATLAH UKKW Typra: sapsiaaap (MacaiaH,
D1EKTP, panr, xul') 6uaan GOFTKHK ¥3apo TahCHp Ba 3apsiaaap
OGunan Gornuk 6¥amaran (crivu 6uaan Gornnk 6yaran) y3apo
Tabeupaapra 6¥auHann. Crini XaM 3apsi Kabu 3appaHUHT WH-
JuBuayan xoccacuaup sa y 6otuka sappanap 6ui1aH MyHocabar-
21a TabCUP KYpcaTaau.

3appanap xapakaTiHu KOPPEsiMsl KUayBuli OyHnail KBaHT
xocca ras sappasapu oup-oupaapura ge bpofins TVAKMH y3yH-
JIMTH A = h /73 macodracuaa Eky OyHAaH SIKMHPOK Macodana
Oynranaapuaa HamoéH 6ynaau; OyHaa p — 3appaHuHr ypraua
uMmnysibeu: p - f7°, PaBumanku, Temnepatypa nacaituiwm 6u-
nau ne bpoitab TYIKUH y3yuauru. opTub Gopaau Ba, acMak,
KBaHT KOpPEISiLMst HaMOEH BYnaanran macoda xam optub 6o-
pasu!

lyHpait Knaub, KBAHT KOPPEsiiivs HadakaT 3appatuHr
XapakaT KOHYHWHKUHT KalTa Kapasuiuura cadad 6yamait, 6a-
KM CTATUCTMK (PU3MKAHMNIIT XaM MYXUM Y3rapuiuura — KBauT
CTATHCTHK (DU3MKAHUMHT SIPATHAMLINTA OAHG Keaau. V3 Hanba-
THAZ 3Ca KBAHT CTATUCTHKACHHKEHT 6030HAap CTATHCTHKACH Ba
(pepMUOHAP CTATUCTUKACHTA OYIRHULIMIA 01U Keaau.

Hemak, ksaut cratncrukacu nact 7 < T, (T, ~ n’h/m
afiHuL) TeMnepaTypacu) TeMmeparypatapia KBaHT rasjapra
Kyriauuiaanu. Morounap, GoHOHAAP, OK MIITTH 10J4y31ap, HellT-
pot 10aay3aap Ba 6oluKanap KBaHT raziapra MUCo1apaup.

By epaa uiynu atoxuaa TabKMILIALW JIO3UMKU, AKCAPHSIT ra3-
JIADHUHT alHUIL TEMMEepatTypacy LIYHUUIMK MACTKH, YHUHT
KBAaHT Xoccajapy HaMOEH Oyauiura yarypmait, yaap cylokink,
XaTTO KATTHK XUCM XOj1aTHra yTaau.

Tabpud 6yitnua, Mosiekynanapi opackaa y3apo Tabeup MyK

" GynraH rasnu mgean ras aeiiunanu. Jemax, ras Mouiekyaaapu
opacuaa y3apo TascHp tynyanuk aucd 6yiacaku, yiapHu Xucod-
ra oamHMaca, Oyuagait raanapHy Miean ra3 A€Ml MyMKWH,
Amanaa peast ra3 etap;au gapaxaia cuiipaknawras 6yaca, OyH-
Jad X0;L1apaa MOJCKYAANapHUHT ¥3ap0o TAbCUPHHU XHcobra oji-
MaciMK MYMKHH.

! By epan paur Ba XA KyuUau Ba 3audy (KyUcH3s) ¥3apo tabelpirapimir
Manban G¥arait 3apsarapunnr joMIapu.

235

www.ziyouz.com kutubxonasi



PYRYs

3appanap opacuaa y3apo Tacup HyK/Iu-
v v €Ky yHu xucobra oMaciuK Japaxacu-
na 3aud (KUUMK)AUTH, K1 3appanap hu-
e‘ 3UKacH MacanailapuHu Oup 3appanu ycyn
Macajnacura KeaTupyiIra UMKoH Sepau.
SIbuu kY0 3appanapnan nbopart Oyaran
TU3UM MacaiacuHy GUTTA 3appa YUyH Ma-
CalaHy HA3APUH XKUXATAAH CUUO, OIMHTran
HATMXAHM 3appatap TU3MMMra xyaaail UMKOHMIM Oepain
(KBaHT craTUcTUKAra kapaur). by cpaa wynu taskuanaimmus-
KM, HOpMaJ IHAPOUTAATH TEMMEPATYPA XaMaa 60cHMMaard pean
ra3Hy AespsTd uaeas ras acd Kapaiy MyMKHH. AMMO Xy/a nacT
TEMIEPATypa Ba I0KOPY DOCHMAATH Ta3iapHu KBatT McXalimKa-
CU acoCHIa Kapaul 1031uM 6yaanu.

Cuitpak rasHu TakpuOan uaean rasz ned kapaur MyMKHIL.
[y myHocabaT 6unan "cuitpak ras” Tywynduacuiiu oijimnnai-
TUPARIUK.

HefiTpan aToM Ba MONEKYTUIAPHUHT TABCUP PALUYCH TaX-
sunad 107 — 10 cm TapTnbaa 6ynanu. Ias cuitpak Oy:iran xo:1ua
3appanapHUHT yMYMUIT xaxMu uty N ta 3appa xapakat Kuiaaér-
raH MavL XaxXMH V oan xyna Kuauk, sibiHy

Nb << V )

neb xucobaanaar. bouikaua aiTranaa, aviiAa 3appaiap Jesip-
M 3pKMH Xapakatnauaau. Dy cpaa b paamycu 2r, ra Teur 6yaran
WAPHUHT XaxMu (6. 1-pacm), sibity:

b= (4z/3)(2r).

la3HuHT cHitpakauK wapTh (Me3onu) (1) Hu Kyiimaarnua 3uin
MYMKHH:

6.1-pacm.

1050 << 1, @

6yuna n = (N/V) sappanap 3uuauru; (2) maH KYpuHagukH,
ras cuiipak ac6 xMcoGaaluILY YUYH YHUHT 3UUAUTH

n << 102 — {02 cm? (3)

I1APTHY KAHOATAAHTUPHILM KEPaK.
(2) wapTHU Kyhuaarvia €3uil MyMKHUH:

r, << A, (G
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Oyt V/N = A3, Oy epaa A — MOjieKyAaIapHUHT YpTaua 3p-
wil OrypuL dysiv. Jemak, cuitpak razaa yprayua 3pKuH 1ory-
o iyiiM A ¥3apo TabCcup paarycuaan Xxyaa karra 0yaaaum;
OoIKaua aifTranaa, sappanap Kyn BaKr a3pKMH xapakataa 6yna-
miap. Macatan, 3appalntr 3pKUH I0TYPUIl BAKTH T, ra HUC-
Ottt KKK 3appalivHr TYKHALUML xoaTuia 6¥auil BakTH 7,
Ayna kUuuK 6yiaaam, sibHu cuitpak raz ydyH €suarad (4)
nmpTra

T,>>1, ®)

mapr reHr Kyuauanp. bouwkaua aitramaa, MKKW 3appaHUHT
1YKpammu BaKTM Xyaa KMuuK 0yaub, Oy BakT T, AaBoMu/a
yura 3appaHUNT OUprafuMkaa TYKHAWWIIM aMainna (nespau)
Gnmaim. 3nd raziap Ba cylokIMKIap yuyH 107 > 1 éku r=A
npT 6axapuaaau. by xonma TYKHalMwAap TyulyH4acu y3
KYUIHY HYKOTUILK MYMKHH, YYILKM MOJEKYa Xap A0uM Y3u-
i arpouaary KYIHA MOAEKYAANAPHUHT TABCUPH 1oMpa-
cila Oyianu.

6.2-§. KIIACCHUK CTATUCTHKA

bepk TH3UM MMKPOX0J1aT/1aph SXTUMOLIMKIAPY TAKCHMOTH:

dW(E) = flE)dn. ©)
by Mdojana TaKCUMOT PYyHKLUUSICH
RE) = (1/2)) exp (-BE) ()

KypuHMiura sra. Kiaccuk xonna sucprus E = E(p, ¢) HY Ku-
HeTHK aHeprus E(p) Ba norenuunas aHeprust £(g) nap itu-
FHIAUCH KYPUHULIMAA KyHuaaruva €3mianm:

Ep, q) = E(p) + E(q). (8)
by X012 K1aCCUK CTATUCTHKAAArK TakCUMOT pyHKumsicu f{E)
Hil

=1 oBEW 1 ,-BE@
eip,q)=—--¢€ -=—e
fe(pa)== Z) )

KypuHUiaa ¢3n MyMkuH. ByHparu Zp sa Zg Hu HopManali
AP THAPUAAH TONUAAIM;
= [ oBEW
z,= j e FED gy, (10)
Ep
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Z,=Q= [ e g, an
[:}’ .

GyHna d
dn=dn dn =4 = drdq
T W g

Unean ras yayu E(g) = 0. By xonaa Ki1accuk CTaTUCTHKAHMHT
TAKCUMOT (pyHKUUsICH (9)

f (E/ ) = 'Z'I; e BED) ?lj

KypuHuLITa 312 0V1aau. (11) aan KypuHaauky,
0=W,

B6yHna V — tusuMHuHr xaxmu; N — sappaiap conn. Ulynnait
KMJIKHO, uieasl KNACCHK ra3 yuyH 3XTUMOLTHMK

dw(E;)=g:e¢“mm55%- (12)

KYPUHULLIFA, IXTUMOMIUKIAP 3ULIUTH TAKCUMOT (PYHKLIMSICH

RE) = (1/Z,- %) exp [-BE()] (13)

KypuHuura sra. bus Z/, HUHT uhoaacuUHu aBBan aHMKarad
DAMK:

=NN( P )m/z‘ Bg=1/0. (14)

I
z, 2nmo

6.3-§. KJIACCHMK THUIUMJIA SHEPTUSIIMHT DPKNHIUK
JAPAXAJIAPH BYNHUYA TEHT TAKCUMJAIIRILHN

Kiaccuk THU3HM YUYH DHEPrUs

E(p, q) = E(p) + E(q) (15)
OyHna ,
E(py=Y P /2m (16)
i
THU3UM 3appanapHUHI KHHETUK IHEPTHUSICH,
E@)=E(q, 9, - 4) (17)
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THINMHUHT MTOTCHIIKAT DHEPrHsICH, 2v — yMyMaaluran M-
IHYALCADP BA YMYyMJ1aniraH KOOPAMHATANAP COHU. DHEPrus Kuii-
maraapu E yuyH loKopuaa raMmma-TakCuMoT ypmmn 3KAHAU-
MK KYPAUK.

Ouau E Ba E rtacoauduit Mukaopiaap KuMMatiapu yuyyH
1IKCUMOT c[)ynxummapmm 0JIaMH3.

DHePreTMK TACABBYP y3rapyBuuiap COHU KOOPAMHATA Ba
uMnyaLeaap conura nucbatad 2 Mapra Kam 6ynanu. DHepre-
IIK TAcaBBypaa ¥3rapyBuMlap COHM

v=v, tv, (18)

Gynaa v, Ba v, — KMHETUK Ba OTCHUMA DHEPTUSNAPHY SHED-
FeTUK TacaBBypna aHUKJAUAMTAH y3rapyBuuiap COHU.
Tabpucpra kypa Gera-QpyHKUUA
1

N (UG
B(v,.v,)= _([(l—t) t 'dr_—r-();)—-. (19)

Eq Ba £ KnitMaTAapMHUHT SXTUMOJUIMKIAPHY TAKCHMOTUHU
aHukAauauK. (19) ra acocad Kyinaary TeHIIMK YPUHIU:

!
Fe)/ T [(L-1)7" e dr=1. (20)
0
Kyituaaru alHusiTHU €3ainmk:

o B[ TOY) B ) iy et

ByHHHT JHr TOMOHNHM £ = Et opxanu yaraptupub €zainux. Y
Xonna
v Yp-1
f;h'(E)=—ﬁ—" _MJ‘(E E) E‘;_’qu=
0
B, _ BE-Eq) B0 pre-1 Pl g
o, (E Eq) e 7o) £ E, dE,

Yg-1
pr ovel _pE, pYe _ ! -p(E-Ep)
r(v,,)E" e —r(vq)(E E,,) e dE,

€Ky
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fon (E ffﬁ (E-E )3, (E,)dE, =

Ifn,,\ E,)fYe(E - E,)dE,. @
byHaan urMa XaKkuaaru Teopemara acocati:
f};l (E) ﬂl,\ (EI’)*fﬁq"q (E’l) (22)
Oynna
B=B,=B, 23)

(22) teHraukaaH OepK TUIMMHMHI KMHCTUK Ba MOTEHIIMAN
IHCPTUsiAapy KMIMATIapy SXTUMO/UIMKIIAPH rAMMa-TaKCHMOT
6unan Oepuanwy (auuknanuium) kenud umkanu. (23) udo-
AaHu €3alnuk:

éxku
<E> _ShpZ ST (24)
byHnau KiacCUMK TU3UM YUYH MUKW DHEPTUSIHUHT 3PKUHAWK

napaxanapu Oyiuua TEHI TaKCMMJIAHUIT KOHYHM Keiub uu-
Kanu (K. 4.1-macana). Kiaccuk uiean Tuaum yuyin

E =0, E=E, (25)

by xonna g, = v /<E> nau <E> - 0 Gyirain yuyn g, - «. By
mapT ﬁaX(apMdelld

By (Eq) =d(Eg) =8(E— E) (26)
TCHMAUK YpUHAM OVauwunu kypcatuiws mymkun (IV 606ra

KapaHr).
Bynu Hazapaa TyTHO, AeabTa-hyHkumns xoccacura acocat (21)
nau:

BUE) =By (E)=v(E). (27)

[ynnait kKuaub, KIACCUK TU3UM YUYH IHEPIUSIHWHT Ip-
KMILTUK Aapa)xajiapy 0YHMYa TCHT TAKCUMITAHUIBUHKY YMYMU i
X013 UCOOT KMAAUK.
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6.1-macana. FaMMa-TakCUMOT yuyH UHFMA XaKUAarm Teope-
Mit YPHILIH DKAHIUTUHK UCOOT KHAMHE,

Euum, TamMa-TaxcuMOT yuyH Kyiuaaru udogaiap mah-
NYM:

Spe (EY=[ BT (v) ] e,
1’(v)=Tx‘ “le*dx, ) (hH

B=v/<E>, E(x,,xz,...,xz,,)
Kiaccuk xoana
E=E(P, P,... P)+ E(q,, ¢, q). -(2)
MurMa TeopeMacHra aCoCaH:

f}h' (E) = fﬁp"p ( ) fﬂq"q ( ‘l)
v=v,+v,0=4,= 5, 0

(3) udoaanu UCOOT KMAMUI YUYH YHUHT YHT TOMOHUHH K¥pa-
MU3;

f}’p*’p (EI’)'ff’q"q (E‘I) = ’

-
BT g -BE, il -BE V<l pvge
X E7 e dE, = ——F—e E-E E " dE,.
7o) 5 I (B BT BT,
Eq= Et aamawrrupuin yrkasul, oxupru udonanu ézamus;
i
ePEE (1= a)" e dr =

L[]

(F E)‘f" p(E- Frz)

D ey ™y
Py EON

= | =
< S

~—

-/;*p‘ ( ) fﬂv"( (I) f(vﬁm
= /o (E)- ‘ v:(;(vq}_l' Vp ARV

6y cpnary uHTerpan OeTa-gpyHKuus deidunanud sa y
riv,)r(v

B(V,,, Vq) ~( ;-)(v)( ") Kypunuira sra. bynu sbrubopra oa-

caK raMMa-TakCuMoT yuyH (i11rMa) teopeMacy uchoT KUauH-

rau 6yiianu.
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6.4-§. MAKCBEJL)1 TAKCUMOTH KOHYHH
BA YHUHTI TATBHUKH

Bepk TH3UM YYYH TAKCUMOT (DYHKUHSLTAPH MabIyM:

S(E)dn =L e dn, (28)

Sp (E)dn = I—/E;)- Ev'ePE(E, (29)
Bynapaa Z — cratuctuk wnterpan (itvrnnan), 8=v/U, I'(v) —
ramma-yHKuMs: uaean ras yuyu 8 = 1/kT. YMymuit udonanap
(28) Ba (29) Hu N Ta Muku CTpyKTypara ara Oyamaran, sblu
Oup aToMIM MOaeKyalap (3appanap)aaH HOOPAT KJaccUK uae-
aJ1 1a3 yuyH €3uaranga

N
o — o v — l
L‘-'EI:,., Ei-m(pfi+pﬁl_+pfi) (30)
N 372
l =_,l,_= _/! N ...!..:._l.. _.h_z._
Z Zy (z,) 'z vV (27tmk’l‘) 1)
ﬁ:-k—'i_,2v=3N (32)

ndoganap Hazapaa TyTMAALN.

Tapuxuit MmabnymMoT.CToKkc caBoiiu. UHIIMS 0n-
mu CTOKC MMTUXOH BaKTUAA Tasabaaapra 6UTTa KymuMua ca-
Bos 6epap, caBoOAHUHI XABOOMHM ¥3u Xxam OuaMacaury sa o6y
CaBo;1 TW1abaHUHT UMTUXOHAArM BaxocUTa TabCHP STMACIUTH-
HU aifTap 3KaH.

bup kynu (1859) tanabanappan 6urracH CToKCHHUHT Oy
caBoaura xaso6 Tonudau. by Makcgsean aau.

Kyiinna wy caBoiHu Ba yHra XasoGHUHT aCOCHI MA3MYHH -
HY KeaTupaMus, TapTubcu3 (XaoTHK) XapakaTiaru ras Mose-
Kynanapy 6up-6vpu OunaH y3inykcus TyKHawub typaau. Ly
Tyhainy yaapHUHT Te3anKaapu xap xvna oynaau. Tabunitku,
TePMOAMHAMUK MYBO3aHaT X0jaTHAard rasfla Xyzaa KHUMK
(Honb) Ba Xyaa Katra (YEKCM3 KaTTa) TE3AUKAM MOjeKyna-
JApHUHT COHM HUcOaTan KaMm (nonra sikuH) Oynanu. JleMak,
ra3 MoieKyaanapu TC3NUK KuiMaTaapu 6¥iunua Takcumaadanu.

242

www.ziyouz.com kutubxonasi




C anoJ: MoaekyaanaphHr

2/
tntehuil COHMHUHE) Te3UKIap “(/15\'
OV WY TAKCMMOTH Kangan L
watyitra 6yitcnnanu? dBy

Xanso6. Muuws nynaa my-
no KilaTAary uaeas ra3 Mosc- "Ux
ryJaiapu yuyn oapua Myna-
aunsiap 6adb-0apasap (TCHI Kyu-

M), SILHA TEHT DXTUMOILIM. B,

Arap Hlekapt KoopavHataiapu 6.2-pacy.

PESIMH KYAJaHuAca X, y, 2

fiyicunuap 6yitnya MoAeKy s IapHuNr Xapakartu dapasap (6.2-
pacsm). Macasan, OX §ku 6¥itnua xap MKKH TOMOHIAa Xapakar-
mntadTran MoeKyaaaap TCHr Kywau (ake xoaaa sappanap oup
roMoHAa KYITpoK TYUAGHKG Koaap 2au). AfTuaraiviapra Kypa,
sacanan, 9, ? +dd opaiukaa OX yK 6¥uua xapakatnanagrra
MOJICKYAQ1ap CoHH dn(z? ) Ba OXYKKa TeCKapy HyHAIHILAA Xapa-
KilTHAHAETIaH MOIeKyAaap couu dn(—1 ) ¥3apo Teur, sibliu:

dn(d ) = dn(—9 ) > 0. )

bowkaua aitrranga, dn(d ) KaTTanuk TE3IMKHUHE (SbHM T
Nr) Xyt QyuKkuusicuianp:

dn(d ) = F@2)dD, . Q)

Anbarra dn(d ) opanuk 9, 9+ dd_ opanuk (KaTraink)ka My-
1M0CHG IKALITUTY PaBIAHAUD. XYW IUYHUHTAEK,

dn(d,) = f(z?f‘)(/ﬁy, 3)
dn(d.) = S@Hdy, @

npopanap ypuunu. (2), (3) sa (4) udoaaiapiaa

dn(dy) _ 2y dn@d, ) 2 (/11(1? ) 2
il = r(92), “ Py = f(92) va b, = £(9%)
ICBMKHUHT GUPANK OPATHKAAPHIATH MONEKYAaNap COHH 3UY-
mikaapuanp. Tesauknaap gasocuua Tomoriapu di , a’t‘) a0,
Gyran napanaenonuneauur di dd dd xwxsmary (6.2- pdC\A—
1l KApaHr) MOJICKyAQiap COHM dn(ﬂ z‘) 50) 1M, sibtH

9. 0.+ A9, D, +daya:, D+ d, )
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opanTUKIapAary 3appaiap couvHu tonuin yuyh (2), (3), (4)
HH Y3apo kynaiTupuul jo3um (K. 6.3-paca):

dn(ﬁx,ﬂ}.,ﬁz ) =dn(d,)dn (1‘)J, )dn (19;) =

= f(92) 5 (92) 1 (02)dD dd,dD, 6)
€xu
dnd, 9, 0)=F®, D, d)dd dd dd, %)
dyHaa
(00,0 )= f(03)£(23)(92)- ®)

(8) na Yur ToMoH Xyt QyHKIMsS OYATraHyU yIyH 4an TOMOH-
naru F(@3,, 9., 9) xam Xyt QyHkumsiaup:

F(9,.,0,,)=F(92,0,87).

by Tesnukiap dasocugaru "oupank xaxM” ra TVEpM Kesran
MOJIEKY.1as1ap COHU Oapua HyHauIIap TCHT Ky Oyaranan-
[M YYyH @, z? D, Jmpumlr anoxuaa Kumxarmpura BOFIUuK
oyamai, 6MpJIMK xaxM" nMHT Kanpai "macodana” (sibHU
92 =02+92+9} na) oaumHranaurura 60mm< (6.2- pdwud
deanr), STbHI Bekrop ¢ ra omac, Ganku P=92+92+92 r
bornuk, demak,
F(02,0,,0%) = F (9, +0}+02). ©)

y’
IHynaait kuano,
F(03+03+92) = 7(03) £ (93)/(92) (10)
IKAHUAUTU aHUKHaAHOU.

(10)1mur xap UKKH TOMOHMAAH ﬂf. 6yituua xocusa osiai-
JAMK:

aF 39° _ OF _ oF

20707~ 99%  90% an
; | o(03)
2
= ST S (92) s (02), (12) .
ifp ................ OyaapHH TEHTAAWITHPUG, CYHIpa Xap
KKy ToMoHuuy (10) udponara 6v.1ub,
6.3-pacy. yiOyH# TONaMu3:
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of(0?) ()
Foor ~ s(03)a0%”

(13)

Xyanu nyHuHraek, owka 9, 9, npoekuustiap yuyn xam
(13) kabu udoaanapuy €3nm mymxun. Ciirpa yrapuuur xap
JOUM Oup-GuUpsiapura TeHMIMIMaAll yjaap 0Mpop RouMuit CoH
B > 0 ra TeHr aKaHAMIK Kenud YMKQIM, SIHHU:

LOF(?) (%)
F 7(93) 4t

Lo v(e) o v(o)
s(03) 493 _f(ag) d9?

bynaan
2 _pn?
"L ()= B (15)
TAKCUMOT KOHYHHWIIYW TOMaMU3, B HUHT MycOaT KWiub ojMHIa-
1Y TCPMOAMHAMUMKALATU MyHocabaTiapra Moc Kenaau. (8) sa
(15) mynocabaraapaan 4 = B} skatauru Keaund unkaau,

A (€KM B) HM HOpM@Iall WapTy

F(9)=Ae"

B[ c*idn=1 (16)
jan asukiaanaan: B = (B/x)\2. demak,
112 _z52
r0)=(5)7 e, (17)
372 _pfad+02s02
Fo)= ()T (19)

(17) Ba (18) udonasiapun Maxceeas maxcumom Kouyuu neiv-
nann. By kouyuiu, okopuaa aittratumusiaex, 1859 iuana
Makcaean kand sTram.

MakcBeaT TAKCUMOT KOHYHU — OUpiIMK “xaxmra" TYFpu
KearaH aXTUMOJLTUK

dn(9,,9,,9,)/ dd,,dd,,dd = F(D) (19)

? HUHT KaMaituiuny 6ujian optub Gopanu Ba @ HUIIT DHT KMUKK
kuitmaTu & = 0 j1a 31T KaTTa KMitmMaTra spuuiaau. By aca Max-
csean (Eku Makcesena—bonniivalt) TaKCUMOT (PYHKIMSICUHUHT
oflaTAary TYINYHTUpUAKIIKIa 3uaaup. by sauaausar alinukca 6up
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VAUOBIY XOMHW KApataGTraHaa siKKoa HaMoen Oyaauu. XaKkuKirs
HAH XaM, Y3rapMmac y3ytiiukka sra 6yiaran opaaunk 9, 9+ di,
ra TYrpy Keiras Modckysaasiap (nucouit) conu

dn(d) = fd )b . (20)

(17) ra acocaH z‘)f, Kamainun 6unan fd ) sa, aemak, dn(d))
opti6 6opanu Ba 9, = 0 na (atimrn 9 = 0 H1 Y3 nuura oaran
opaaukua) i) sa, aemak, dn(d) sur karra Kuimarra ara
oynaan. Xyaau mynuHraex, dn(z?y), dn(@) ra nncbaran xam
I0KOPHAArUAAPHU afiTHLI MyMKUH. JdemMak, siHa § HUHT Kamaii-
iy 6ustad MD) HUHT OpTHIIM MK TYLHYHMIITA Keaamus, (Bc-
Aatamus: d) , dd, dd itap y3rapamac karranukiap aeb xucobia-
Haam). Xocui 6yarad 6y sumausTan (napajlokCHU) 6aprapad
DTULIL YIYH 3XTUMOJIIUK d W HU ojaTgary TYIIYHTUPUUITA TY-
3aTHIL KMUPUTHIE TO3MM: XaKMK’\TIla dW (9 mypaxkab pokea-
HUHE SXTUMONAMIM: Y O BEKTOPHUHI Y4 v, 0+ d, z‘)
0 +dz‘) 17 z‘) + dz? opanuaapna 6Viauin 3XTUMOATHTH (ona’um
1uy MGOpdllM aliTHIL OHNIaH YeKIaHKUAaoH). By DXTUMONIUK —
aHcamOAb IEMCHTIIAPH IXTUMOSLIMKIIAPUHHIT TEKNC (TEeHT)
TAKCUMIIATTHILM XaKHAATH GU3HMHT TOCTYJIaTHMM3Ta acocaH
df) ) ) XaXKMra [pONoOpUHOHA BA V BCKTOPHHUIT KMIMAT-
Japu (O,z‘)') OPALTUKA BYAMACTHK DXTUMOMNUTHY (OY 3XTUMOJI-
AuK exp (—B0?) ra TeHr) kynairMacunad uéopar. bynna (0,5)
opaankia ? KMAMATUHUHT BYIMACHIUK IXTUMOAIUTH exp (—
B0 opamm‘ysynnnm 9 kamaitranu capy optu6 Gopasu Ba y
HOM y3yHiaukKa 3ra opanukaa (0, 0) mykappap BoxeaHuur
IXTUMOIANTUTA TEHTIALIanHU, sbHu exp (—F0%) = 1 6y1aan.

6.1-mucon. MosCKYAAP-KUHETUKA aCOCUAA WM AEBOPUTA
OOCHMHM aHMKAALL.

Mosekynsip-KMeTHK TacaBBypra acocaH, HAKLI AEBOPUTa
Miieal ra3 MOACKy IUIapuHKHT BocuMH: Oy OupauK 103ara Oup-
JIMK BaKTaa (MacanaH, AS = | cM2, A7 = | ¢) MoJckyJaaap To-
MOHUAaH GepuiagérraH uMnynsciapra teHr. OX ykka Tvk 6yaraH
WML AeBOpyra (hakaT Te3auK npoekumsinapuaan 9, > 0 6yaran-
slapurusa umnyasc 6epaan (K. 6.4-pacm), Moaexysia aesopra
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yuuib KaidTraHaa yHUHT Te3nu-
1w -~ 3 raTeHr 6ynanu. demax,
HIPPAHKHT (MOJIEKYTAHUNT)
wann gesopura Sepaétrad Um-
Hyanc —>

md_—(~md)=2md_ (l)

Gynanu. 3, & + dd_opanuxaaru
Syl TeanUKIM Moaexkyaanap

[WR11}31
6.4-pacm,

dn(d,) = n(——) TN ¥)
Jlemak, By MOJeKyAQIapHUHT WK ieBopura 6epacTralk UM-
Ny;1bCaapu
ﬁ 172 -ﬁ!’z-
28 -dn(9,) = 2mn(#)" 9, ", 3)
nan ubopar. bupaunk BakTia (Macanati, 1 cexyiyiaa) uauu ge-
nopira eTu6 6opub ypunanuran 9, Te3NUKIM MOjIEKYAANAP CO-

nu ronuin yuyH (3) udponatiu uuﬂmulp XXMM 9 ra Kyuait-
ripig 3apyp (6.5-pacum), sibHu

172
2mdL-dn(d,) = 2”’”(1;’) vie'ﬂo?‘(lﬂx. @

10Oxopunaru 6ocum Tabpudura acocaH, 6ocumM P Hy Tonuul
yuyt (4) Hu (0, ) opaankia nuterpasiaaml kepak (Mandui
iynaiiMaary Mosiekyajiap desopra ypuamaiian')

2T
P=2mn(ft-) [rie®as,, )
0
T2 -pol 32”2-\ 1 Jr
J =J'V_\.e Ydt, = ) fx dx = PTG
0
J unur oy kuiiMatunu (5) ra xyuuob, P v tonamuas:
- g\"? _1 = _

P=2mn(l) mm =55 ©
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6.5-pacmaan KYprHaguKK, GUPIHK
103ara ara 6yaraun, scosuucu V ra
TEHT HUAKILP nauaary V, TeZIK-
M XaMma Mosiekynanap | cekyHana
uaniu gesopura 6opud ypuiaan.

W 3 0 x. MakcBeL TaKCUMOTH -
JArM HOMADBAYM 8 HU aHMKJALl
yuyn Kualieiipot TeHrsiaMacu:

P=nkT )
naH doigananamus. (7) Hu (H) 6uian cosmmTupub, uacan
ra3 yayH Myxum Uonasy arik1aimms:

_m
= 5T ()

6.2-mucoi. MosexyaaJapHUHT TE3NUKHUHT aDCONIOT Kuit-
Maraapu Oyiuua TaKCUMIAAHUIIMHU AHUKIAIL,

bynaa 6u3 9, 0 + d opwnikiary MoaeKyaIApHUHT HHC-
ouit cotin dn(d) uu (d WD) axTumoLIMKHK) anukaaitiink. (butra
3appa yuyH I'nb66¢c ancambim — Oy maeait rasaup!) Ymymuii
XOIAa:

2
N\\N

TN
N1

A 4

ANNN\N

6.5-pacat.

dW(E) = £ (B)dE = fD)d(D). ()
Hnean ras yuyn
/) - mi?
T T2 @

dE=mddd, v=23/2.

(2) un Hazapaa Tyri6 (1) gan KyHMAArUIW 0J1AMHU3:

mﬂz

ﬁ/ 1/24-BE (_ )3 UT
f(@ )a’(z‘)) G773 E dE =4n ST e %TdY, (3)
byiaa I'(3/2) = 7 /2, B=1/kT sKkauauru s51M60pra os-
am. Hemak, 4, 4 + d opasiukiary MojexyiatapiuuHe HucOuii
couun dn(V)/n éxn dW(9) 3XTUMOMLIUK KyUIarn TaKCUMOT
KOHYHM OWIaH aHUKJAHAIN:

dn(d) = nf(?) ), ©)
3/2 _md?
F(0)=dn(,mo) e T &)

(5) ndona xam Maxceeas maxcumomu ned araiaju.
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(5) MyHOC&6ﬂTHMllE reo- (/7n =55)
MCTPHK Udoaacuny Kypai-
1K (K. 6.6-pacm). 6.6-pacM-
HaH KYPUHALNKY, TPH uU-
3uK (6ynu Makcseast arpu
YH3UFK HEHUIIAIN) TESIUK-
T MaDityM D, KuitMaTi- { >
L MaKCHUMyMaan YTaau, 53 5— \sz 3
ABHU U, TE3/IMKIIN MOJIEKY-
Jaaap COHM BT Kyn Oyna-
1M Ba D JIal KMYMK Ba yHAAH KaTTa TEBAMKIN MOEKYAAIAp-

HUHT |mc6nn COHH KMuMK Oynanu. (5) nau xkypunaimku, Oy

6.6-pacm.

thynknus fAY) HUNr MakcUMyM KuiiMati §, = 2 kT (3.14-
m
sMacanara Kkapaur) oyaranimruaan TeMiucpatypa optuinmg OuaaH

yur Tomotira cuikud opaau. Macanan, 7, < 7, < T, sapja 6.7-
pacMaa MakcBe!L1 oIpy YM3HKIAPU KeTUpuaran',
MosiekyAaaapHUHT TeauKiap 6Yiinya TakCUMOTH KOHYHU —
MakcBeul Te3MKIIAp TAKCUMOTY TaxKpubasiapaa Oup teua Map-
Ta cuHab xypuaran Ba ¥3 tacauruiy Tonrad. lyuaait raxpu-
Ganapaan 6upu — LtepH Taxpudacu. by TaxxpubaHuHr Tapxu
Kyiuaa xeatupuiaran (6.9-pacsm). by Taxpubana metan Oyria-
pu 6yaran neup atpoduaa
MKKN KOAKCHAI LIMIIMHAD ai-  fr48)
nananu. lleub nungary me-
TAJL1 OYFU MOJEKYJIUTAPU MY-
Bo3anar xonarna. Mosiekyna-
aap neuuHr K THpKUiIY Ba
S, Ba S, THPKMULIAPUAAI Y1~
ku0, 6y Tupkuwnap ounau
WUYKH UHAMHAP TUPKUAIUK D
Oup TYFPU un3MKaa ETraHaa 6.7-pacy.

e’“'

¥ (3) udoaaaa 4ad2dd = dV(d) 6op. 3appanuur (Exu 3appagapnuuur 9,
¥ +dd opanukaa OYanul IXTHMOAAUTH, andaTTa paauycrapu r Ba r +dr
G6yaran chepHK CHpTAAp opacuaaru Xaxm dW(D) = 4addd ra Myranocud.
Ukkunyn Tomonaan, O sa # tebauknap op'\cuédru sappanuur (sappaiap-
HUHT) Tery 6YAMAcaMK IXTUMONLINTH € -p? myTatocHdaup. Heaak,
Mypakkad pokeauuur, ssbiy (0, 9) na 6yamacank sa 9, ¢ +dd aa 6¥anui-
JUK OXTHMOMIMTH yaap aXTHMoaankIapu (3) pan udopartaup (K. 6.8 pacy).
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%, Mosekynanap D Tupkuuitan
yTHO TAIUKU UMAMHIP CUPTE
6opub yrupaaunap (Enunia-
aunap). Arap Mosekynanap-

5, HUHI TE3AUTH XKyIa KaTTa Ba
oup xua Oynca, ynap THpK-
uw D HUHTr pynapacura Ta-
WKH UAAUHAD UKW CHPTH-
HMHT OUp xoitnra 6bopud yTu-

75y pap (énuwap) aaunap. AMMo

MOJICKYJIAaHUHT TE3MUKIapH

Makcsenn Te3mKiap Takcu-

MoTura oyicyuca, yiaap Ta-

IUKY LWITMHAD CUPTUTA MabiTyM Xap XU KATHHIHKAA YTUPAIH.

U, TE3AMKKA MOC KCJIFAH TAlIKU LWIMHAP XOMUMUra 3T K¥n

Mojekyaajiap 6opub JTUPrauaurd yuyH y xofiga HucGaran KaauH

Katnam xocuia 6ynaau. Xocusa OYaraH KatnaMHu TEKUIMPHLL

MOJIEKYAAJIaPHMHT Te3AUKap OYHnua TakcumoTn — Maxkcepesu

TAKCUMOTH KOHYHHUHUUT YPUILIA SKAHIUIMHU KYPCATAU.

MakcBse;u1 TAKCUMOTH TaTOMKHUIa OMA Macananap Kypaiiik.

$+dy

6.8-pacmM.

6.3-macaia. Macan sappajiapHuHr TaKCHMOT (PYHKIIMSCH Ba
CTATUCTUK MHTEIPATH Z, aHUKJIAHCHH.
E uuur. Ymymuit xonna:

J(E)= e, )
_ BOAK
AT @

HIyHUHT yuyH KYUMARTHHY €3ULLIMMHU3 MYMKUH:

“m P (2 22
E= 2 21 2m(p"'+py+pz)' e
2y — sHeprus E Hu (raMuibTOHUAHHN)
aHuKJIanaurad yarapysumsnap conu. by
KapanaérraH xonna S = 3, 2v = 3 6ynannu.
Y xo:ana

I w2

VAR 3 : 4)
6.9-pacm. l Af(-;—:]

www.ziyouz.com kutubxonasi

250



I' = [ dxdydz[ dRdB,dP, =V -2 (2mE)"* = A4- E*2,
l
E< s (Pl+ P+ Pl),
A=V*4 (2/71)3/2;
r( +l)=% (3/2)= %lzr(z) 3\/; . B = kT,

Jlemak, naean ra3 CTaTUCTHK MHTErpWIK Z, yuyH yuiby udo-
MM OJIAMU3:

Lo L(_,_.h?__.)” 2 (5)

Zy  V \2zmkT ’

Hueasn rasuuir TaKCUMOTH (PYHKIIMACH
7\ .. | ,-BE .
7(E)= e, ©

KYPHHUUIAQ AHUKTAHAN.

6.4-macana. Vlaean raz MoJCKyAAAPHHHHT TEIIUKIMHT ab-
COTIOT KUUMaTaapy OYHMUa TAKCUMOTH aHHKHAIICUH.

Euywim. Maeaa raz — Ourra 3appa yuyH CTaTMCTHMK aH-
caMmBa IKAMIMIUIIM Hasapaa TyTuo,

E = I)ID 32_02 _H?Z _H<)2 (l)

nonain €3amus. by xoana 2v =3, demak, TAKCUMOT (PyHK-
HHSICH

dW(E) = dW @) = (3/2) E'?ePEdL, Q)

dE = mddd, I(3/2) =r/2. 3)

Jemax, usaavaérran TaKCMMOT (pPyHKUMsicu uporacuHu To-
naMus:

32 _mv?
AW @) = f()d o= 47:( ”/ir) e 27 49, @
6yHAa IXTUMOLIHKAAD 3UWIMTH
372 nn‘)2 '
50 =4n[5;-';b ] e W 0=kT. (5)

By MakcseJit TakCMMOT (DYHKUMSICHIMP.
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I-u30x. Unean ras yuyn taxpuba kypcaranuxu, 6 = k7.

2-u30Xx. Muean raz — 'ub6c ancaMGiin. AtcaMo 3;IeMEHTH
— Oy duTtTa 3appa.

6.5-macaaa. Tusum N ra Kaaccuk uiaean 3appagad uéopar
OyncuH. Kyitnaaru axTuMo/LiMKaap AHUKIAHCHH:

a) p MOYALC KMAMATHHUHE p, p+ dp opanukaa Oyau-
mu; 6yHaa

E=p"/2m, p* = pl + p} +...+ ply; (1)
6) Py, Pyrever Dy MMITYSIBCAAD KMUMATIAPUHUHT
pop tdp,
Py Py dpy s

Pyys Poy ™+ APy

)

opanukaapaa Oyiauniu;
B) P,, P, .. P,y umnyiibcaap xunmatiapuuuur (2) opa-
AMKI1apaa OYnMiun, yMyMmaaurad ¢, ¢,, ... ¢,y KOOpAMHAaTa-

aap KMUMaTaapuHURT

................. )
q3N’ q]N + dq3:V

opaiaukaapaa oyauum,

Euawnwm. (1) nan kypamusxu, ramuiasronitvan (aHeprusi £)
Hy anugnaiaurad ysrapysuwaap conn 3N ra Tenr, abuu
2v=3N.

a) 2v=3N Ba (1) Hu nazapna TyTuo, 3HEPIUsl BA, AEMAK,
UMIOYALC KMEMATAAPU YUYH U3Aanaétran axrumennnk d Wip)
HU E3aMMU3!

pvre Al L

w_y .
=(BY2 /TN /)LL) prteteap. (@)
Arap N — xydr 6yaca, TGN /2)= (32’!— l)! Arap N ToK
oynca,
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r()=(G-16-3)-3rG)
6) (I) naru
Pr=plA Pt Py

3N yauamid uMiyabcaap (pasocuard Wap TCHIIAMACHAND.
By wapHuHT XaXMu:

Vislp) = G0

Paanycaapu p Ba p +dp O6yaran runepcdepaiap opacuparu
XaxM

Vi 0) = 3NC, p*M'dp &)

oynanu. Aéuxkmn, N=1 na C, =4x/3. (5) udonany Hazapaa
TYyTHG, (4) 3XTUMOJUIMKHU Kaitita ¢3aMu3:

ﬁJN/Z | | léi_' -BE V.
(IW(P)=W2‘)';(E) e dViy(p), (6)

bynasa P Ba, pemax, V, (p) xaxm (0, «) oparukaa ysrapaan.
lunepcdepanap opacunarm anemcHTap Xawxm dV, (p) 6iin-

ya MHTCrpagiawl ypitvra, TabUuiikK, 'MNCpKy0 3:cMCHTap

XaXMU dp dp,...dp,, O¥inua nuTErpasiant MyMKuH, SbHu:

dew([)) = f f(/l’xdpz Apyy - (7)

oo —oo

Ammo £, (D)AV, (p) 83 £, (D5 Pyseees P3p) AP dpy...dpy, Rapparu
IXTUMOMIMKAAD IUYAKKIAPH f, (p) BA AP, Pyrerey Pyy) APHU
TCHIAWTUPHUIL YUYH p HMHT Xap OUp KUHMATUIN Py, Pyseeey Pyy
Jlapaan Heya Xua ycysiap OuiaH oAUHULL COHUITH Xucobra o:iuil
3apyp.

Xap Ovp 3appalunHr p,, p., p IapUHULIT AAMAIITUPUIL 3ap-
PAHUHT SIHTU DHCPIUSICHUTa 011146 keimaiau. Ly cababav yeyn-
J1lap coHuHu xucobnarana OyHaai aaMalITHpHUIAPHH 3bTH -
oopra oamaitMus. by xosna

E=E+E+..+E,

yararmruaan p (€ku F) kuinmariuy ("cy3uu™) xocun Kuays-
un oaementaap ("xapdpaap”) coru N ra teur 6ynaaun. by ssemetir-
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sap N ta xoHanapaa (3appasapaa) xoitnamanau. Mabaysmku, N
yieMeHmapin Z = N (sueiikaiapaa) xouaiapia moﬁjmm'rupmu
yeyanapu conu Z¥ = N¥ra tenr.

dW(p) = f(p)dp nary sxTimoaankaap suaury fLP) nu Ky-
funardua €3MIMMpU3 MYMKHH:

S p)dpdp,...dpy, = RE)dp,, dpdp_.. AE)dp dp,dp.y  (8)

Vur toMonaary KyniaiiTManapHuHr xap oupu fE)dp, Ap,dp,
Oup 3appara TCruljId dXTHMOLINK. 3appasiap KJ1accuk M]le{Ul
3appasiap IKAHIUTMHY SbTHOOpUA TYTAMU3. DICprusich Eku
umnyawcu E, E+dE éxn p, p +dp na 6yaran sa xampa ru-
nepkybaapaay 6upuaa (siwHu (2) opasiuxua) 6¥iauin dXTHU-
MOJLIHI'Y dW(p,, Pyrees Papd f(pl, Pyreees pJ\,)(/p dp,...dp,, un
TOHKIL YUYH (8) Hu ycysuap coun NV ra kynatupuut jio-
3NM, SLHW

AW, = f,(Dor Pan ) ADilps...dpsy = N¥ f(p)dpdp,...dp,y =

N
3N/2L{__l_)2

_ AN m\ 2m
=N NG (3N /2)
xe P dp,dp,..dp;y = NV 8/ 2";),\, e dp.
C_M-I‘[ e ) )

Msianacrran (2) opaauxnaru dW (p, ..., p,\) dXTUMOAMK
(9) udona opkaiiM aHMKIAHAIH, l()lqopmarnmplm COSTHIII-
TUPHLIAAH

dv,p) = N¥dp dp,...dp,, (10)

DKAHU KEAUD YUKAIM,

by €PAA WYHU TABKMATAUI JIO3UMKH, (9) wu p, Py D3y
Jgap GyHuua (—oo, +oo) opasmkiaa MHTErpaniaramaa, fip)
HUHT dV 6yiiua (0, «) opanukaard unTerpai Gusan 6Mp
X1 6ynmuu yuytt yuu N® ra 6¥aun kepak!',

' By macairannur ctaTneTHK Giaukagart 6anuaa (9) nuterpanm £,

£, ... E, aapuunr fpunt aamawrrupnmaapy conu N ra 6¥aaamaap. b
) § 19y ¥p p p Y p. by
aca. MY yeyaaap couMidue OHp KHCMMAMP.
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Ouau (9) ndonanaru C,, HU AHUKAANAUK. BYHHHT yuylt
KyWMIAard MHTETPAIHN MKKH XU YCyi Ounan xucob1aiiMua:

V,=Cx.  dV,=nCidx

SKAIMIUHKY KY3aa TyTu6, E3amu3:
< -.\'2 v 2 i 2
Idx‘e ! j' dx, e = Ie dx | =n""?, (a1

T Te {xfed- *")dx,,dxz (l\ Te""de,,(x)=

-

=nC,je  xldx = C, "J. e"y2 dy Cf( +l) (12)
0

(11) Ba (12) nau:
Cuv —n””/r( +1). (13)

(13) vy Hazappa tyrn0, (9) Hu Oynapait €3amus:

] INJ2 3N/2

dw (l’l»l)z Pw) NN N2 (2}") . ¢ Mdﬂldl)z...dpm _
kL2 ]

=N (‘z‘%) 2 e dpdp,...dp,y. .

B) Talky MaliaoH GyaMaraHaa uaean Knaccuk sappajiap Uauil
xaxmu V pa tekuc rakcumnadaau. Ly cababau ymymaawran
KooparHaTasapHuHT (3) opanukaa 6yaull 3XTUMOAAUTH
dW(q,, 4, .--q;y) KYHMAATHUQ AHUKIANALK:

dq.dg,,d dgsy 9,3 n-1,.-Adq
dW(q“qz’_”qu)= 4 gz 93 Sz L}/'vn BN (15)

YMyMaaluraH UMNyabcaap Ba yMyMmaaluran KoopavHarasap-
HuHr 6up paktaa (2) sa (3) opanuknapaa O¥auil 3XTUMOI-
auru (14) Ba (15) sXTUMOLIUKNAPHHUHT KYMANTMACUTa TCHT,
SIDHU:

2am

~ w
dG(plapzmp}N;(IIan“'Q.lN)=(%J (‘E“‘)z x

xe PEdpdp,..dpyndq,,....dgsy (19
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By udonana
- dr=dp,...dp,,...dq,...dq, ,

[aueprust BakT]*¥ ynuaMaMKKa 3ra Ba, OeMak, 3XTHMOMIMK-
Jap 3UWIMTK XaM [aHeprust BakT P yauaMiukka sragup. AMMO
MaTCMaTHK HYKTaW Ha3apAaH IXTHMOLTUKIIAD 3ULTATH YadaM-
CY3 MUKAOP GYAraHn MabKya.

Wy cababau, (16) Hu yauaMmauru [apr- cex] 6yaran A*¥ra
oynuoG, AY ra KynafTHPaMus, sSibHM:

NV ( 12p Wi ~BE dI
dG = (%) (E_J e"E ML~ f(E)dn (17)
bynua:
dn =dlyi*, f(E)= e, (18)
N IN/2
L _(NY (B
’2;"(;/) (57) : (19)

Z, Oy epaa N Tta wjean 3appagad TallKMil TOMIaH Ta3Huir
CTATUCTHK MHTErpasu.

6.6-macana. Mlnean ras sappaiapuHunr 6up-6upura GOEIHUK
sMacauruian Qoinananud, apsanru Macanaiaru o W(p q) OXTH-
MOJLIMKHY aHUKAAHT,

E vy v YMyMitairan uMnyabCIapHuHr (2) OPLIHKER, YMyM-
Aauiran KoopaMHataiapuuHr sca (3) opanukaa 6Yaui 3xTu-
smostauru dW(p, q) Kyitnaaru sXTUMOLIMKIAPHUHT KYnaiiTMa-
CcHaaH ubopar:

dW, (P, P,. P,; q.\,,qy,qz)=—7};e"/3£dni; i=12,.N,

3/2
- 31 K g
dn, = dP.dP,dP. dq.dq,dq, | 0", 7 = ——(7” ) . (?_0)
3appaiiap 6up-6upura GOFNUK GyaMarauy yayl uslaact-
rai dW(p, q) 3xtUMOLIMK d W, IXTUMOIAKKIIADHUKT ¥3apo
KyraiTMacura MyTaHocuo, sibHu:

dW(/)1,/’zs~~-/’3;\'§(/u---q_w)“HdWi . (2n

by epaa E unnr kuitmaruun E,, E,, ...E, napaan N¥1aycyn
OuaH XOCHI KUANIII MYMKHILUIMTHHY (XOSIATHUHT alHUIL Kap-
PaSTUIUHK) XUcoOra 0.1CaK, U3JaHAETral WPONAIAPHY OJTAMMU3:
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dW (p,q) = NNH(’W,' =

N IN/2
=& A ok =1 oBE 22)
(V) (27[1)1) e ([pl"'dq.’m’ Zx e " dn, (
Ny oo \IN/2
LI ' B 3
Zy (V) (Z;Im) ) (23)
1-u30x. (9) Ba (22) AapHH COAUIITUPUO,
N2
C..=-2T_ .
3N r(}_zlvﬂ',l\
J

IKAIIUTUHY KYpaMus,
2-1 30 X. ABBanry Macananu GouIKa yeysit Guaat euuil Mym-
Kuii. Busra cratucTuk nirrerpan Uponacu Mabaym:

| _ Bre
Ty A , @
byiina:
N .
2l 2N AR 2 2 2
E= - Eia Ei = -2-171 (PL\ + E)' + I-:z) (25)
by xonna 2v= 3N éku
y = % 5 =3N. (26)

E un xocua Kustysuu ycysisiap conm g = NY. D [(v+ 1) Ba A
HU Xucobnail J103uM.

Arap N xydr Gyaca, [ (%v- + l) = 3-2/l!.

Arap N rtog 6ynca, T (32M + l) = %ﬁ (-3—’! ~ )% I ([)
(dazasuit Ppazo xaxmu

I'=AE" = A2, (27)
UKKHHUU TOMOHIIaH,
= J.dqdp =y¥. f dp=V"-Cyy (2/71[5)3'\’/2 =
Esﬁ(l‘zl +Rlerl, -
- VNC}N (2m)3~'v/2 L3N (28) o
17— A. holiacaacs - 257
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(27) Ba (28) nan:
A=WC, (2m)*N2, (29)

byHna:
7[ N/2

Gy = r[%—j (30)

(29) Ba (30) Hu nasapaa Tyti6, (24) nait SIHA aBBITH HATH-
xa (23) Hu onamus,

6.7-macana. m Maccanu 3appa 6up ynuosau Bazosa (KyTu-
na) (0, /) opanuxaa xapakatiaadaéTup (6.10 pacm). [y 3appa-
HUHT KBaHT XOJIAT;IAPU COHUHM alIMKJIaT Ba yHu (haszanuit (paso
OMIaH COTMUITUPUHT.

E uu . by xon yuyn Lpeaunrep tenrnamacu Kyiunaru-
aek 6ynaau:

— By (x) = Ey (x). (1)

2m dx

by TeHrnamanuir eunmu

ijZmIi x _N2mk
w(x)=Ae * +Be *

Oitnep popmynacuaan poiinananud, oynu

v (x)=asin “2;” -x + beos Y2ME 93}

1

K¥puHuuaa é3um mymkun. Manut gepopuaax =0, x =/ga
w(0)=w (=0 )]
0yacuH. By xoaaa yamymuit cuum (2)

(x) = asin 1/27"’—"-:-\' @

W
KYPUHHINTA KCI3IH, YYHKU Oy
A\ yerapasuit xoana y() =0

Oyauinu tanad aruaaaum.

i N2ME
q/(l)-asm—TI-O

ER 2

0 ?
6.10-pacm. JaH
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——~“2;1"EI =nm, n=12,.. ()]

K11 Ken6 uukany. bynaan:

2,2 2

nehe 2 n 2

Llon =-—Sn

i 2ml r smi? (6)
li)’ll}lllll xoJiatiaap Cotin a1 HU TONMaMu3:
2 2

n = 2 / 8ml £ _ \/8ml - (7)

EpsE

byiaa dazasiit (paszo xaxmu

I =8mlPE =2I1N2mE = AE'? 8)

ndpona Gunan anukaanaam. bup yiauosan daso yuyn

I~ EV?
i}
A=2002m)\2.

6.8-macana. bup Ya10BIM X0 YUYH CTATUCTUK MITTCrpan
7, KAHOHUK TaKCHMMOT Ba MaKCBELT TE3INKIAP TAKCUMOTH -
1Y Xosamiap suaauru udoaacuaan goitnaiannd aHUKIaHT,

E uu . Bup yavosin xon yuyn E(V) = mz‘)?\. /2, neMax,
V=172, s=1, g=1.
Bup yaqosiu X051 yuyl 3appaHuur sueprusicu (6.7-aacasa-
ra K.).
E= §_1_7n" (1)

oynaa L — "kyru” nunr xenmivru. Bynaan:

Z uunr ndogacu d - £ (h /2mL2) @

| _ B g1 dE

7" f(vj dn (3)
HaH, (2) Hy opTMOOpPra onud, ybyHU TONAMK3:
2 \1/2
I 7 4
Z L\ 2mm : @
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HdeMak, KAHOHUK TAKCUMOT (hYHKUMSCH:

1( pn? 2 -BE
f(p,q)=7(~) A )

2nm

Bup ¥nyosnu xonna:

dn = ‘_I/)-_"/;l_qi =2 dd.dg, .

dq_6yinya unrerpamiacax,
dn = %L.:mx

ovranu. SHau

S8 =fp, q)dn

TCHIAWKIAH KYWMAATHHNA TONAMK3;

mV_\2

r(0.)av.=(52) " e an, ©

Bynna f(# ) 6up yinuaman xon yuyn Makcsesu Tesiukiiap Tak-
CUMOTUIAUNP.
6.9-macana. m maccanu sappa L éuan Ky6 nuuaa xapaxat-
slanaétup. Xonarnap cotiv Ba (azaBuit GazoHU aHUKJIAHT.
Euunwm. By xon yuyh lpeaunrep tenrnamacy:

22 a2

Aw Eu/,A~d—-[+—a—};2 pg (N
EyuMum
Y(x, y, 2 = X(x) (1) () )]

KYpuHUIBaa u3naimus. (2) Hu (1) ra xyiiuo, ésamMus:

2x_nry_nrz._
2m x Im y Tm-z— E’ &)

2 2 2
X" = 0_’2( Yy’ = ,.0_;, 7" = 0_5
x dy Jz

(3)ma xap 6up xan x €kM y Ka, €ku z ra GOFAuK 6yaunb, yaap-
HUIT nurmmm,u poumuit £ ra terr. Jemaxk, xap oup xan qou-
MUii COHIa TEHTIHP, SILHU:

_» d2X L 4 @ " dz *
T m gy = E, 2m @t = £7, 2m dz? =E “)
260

www.ziyouz.com kutubxonasi



ABBUITY Macatanir eyumuaan Qoitaananud, Kyiuaaruya ¢am-
HIUMU3 MYMKHH:

y (x,»,2) = Ssin "'L” xsin Mysmﬂz, (5)
1 2 3 h | 2 2
E,,=E”+E(’+E"=8—””Zf(nz+n2+n3). (6)

Jevaxk, xonatnap conuny dearnnaiMus:

xi= 3 M

st
" "2”,%“,2531111 E

E etapau napaxaza karra Oyaranaa:
2
n+n+nt= —T—S"'L E. ®)

(8) nu wmap Teurgamacy ued kapad, Oy HIApPHUNIT XaKMUHHU
AHUKITAAMMUS,
ax (8mi2 p\?
- an mL

V, = '3“( W E) - 9)
n,, Ny, 1y KOOpAUHATAIAPIMHT OYTYI BA MycOaT KuilMatiapura
TYFPU KesraH MaHXapaHuur Xap OUp HyKTacy KBalT -xoaartra
Moc xenaau. Bynmait ny, ny, n, Huur mycbar kuimatiapura

MOC Ke/IraH Xaxm V, ;mur KMcmu (9) Bunr 8 ra OyauHranura
TEHr, SIbHH:

V, _ 1 4n (sm2 2\
b=tz (3l p) (10)

Jemak, xouarnap CoHu:

4w Vv 32 _ s
2 1= s @mE) (an

r'=AE?, D=V, A=Vi‘.3.'£(2m)”2. (12)

N 30 x. Kitaceuk xoana dasanuit dazo I Hu GeBocuTa Ky-
finaruva anuxaHanu:
= - 3
r= j dgdp = V%’i(2mE) /
2
P
ZmSF
by udouna (12)ra moc Keaaau.
6.10-macana. N =1 6yaranga CraTHCTHK HHTEMPLUTHU XUCO0-
hE
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Eunum. bupnunuu ycyn By macwnanag=1,5s=3,2v=3;
Z HU xucobaaiMus;

(R i dgdg dg, =
=7 Ie dp.dp,dp.dq.dq,dq, =,

B{2..2, 2
14 I\ PN PRI
= '/;Tj.e 2 ( )d]).\'d/)ydpz =

V{2 S A ’ 2 /2
— m =N —_ m
= F(-/_}-) [:[e dx] = V( /TZEJ . (13)

Ukkunuu ycyi. By xoina wap terrjiamacu
2 2 2
2mE = p; + p, + p;
HiK Hasapaa TyTuo,
- 4n 3/2 372
V,= -—3~'(2m) E
IKAHAUTUIM ontamMu3;, I = (3/2 + l) = -3‘{—’?4.
Demax, 1/ Z, = "W J AT (v+1) udonanan Kyitmaarunu

JIAMM3:
372
Loi(#s (14)
Zy VI 2mm
6.11-macana. N 1a uean ra3 yuyyH CTaTUCTUK WHTETPATHN
XucoBianr.

Evvuw. Bupuuuu ycya byxoinaas=3N, 2v=3N,g=N
HU XUCODBAANMM3,

! -BE vy -BE,
Zy = Wje Pdpdg = er Pdp =

T ik kI PN L
= A 2m - =(¥) | 2zm
= WNE ( ;i J [J.e dx} (N) (hzﬁ) . (15)

Mxkunitum ycyn
Ty = {dpdq=V*{dp, (16)
2mE = p* = pl + pl + ...+ piy
JaH 11ap XaXmu
Idp =Cyy (2mE)3N/2 . (17)
262
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bynaa

Cyx =n3”/2/r(ézﬂ+l). (18)
Jemaxk,
A=(Qamy"t VL (19)
5

Bynu nasapna tytu6, Z, ndonanu €3amna:

Ny o2, \3V/2
1L _(NY (28
V4 (V) (271/»1) : (20)

(15) Ba (20) udonanap OMp xua.

6.12-macana. Yusukanm rapMOHMK OCLIMIASITOPHMHT CTa-
TUCTHK UHTCTPUIUHM XHCOOIAHT.
E uu . Uuaukiu rapMOHKUK OCLUNSITOP YUyl

s=1,2v=2,g=1,

CTAaTUCTUK HMHTCIPAA Z HY Xxucobi1aiiMu3;

Z = %“.e"’ﬁdp(lq. (D
bynaa:
E=l ke (2)
2m 2
JeMak,
_12n{m 12 _ 1
z=320) =g 3

6yuna (k/m)/* = w s3KaHAUTY HA3aApAa TyTUALM. DU Z HU
UKKHHUM yeya Oyituua xucobaaitauk:

1 _ 8. _
F = r@ =1 (4)
(2) udona sipumyksnapu

a=2mE, b=\2E /k

Bysrat MAUNCIIMIC TCHIIAMACH. DIIANIIC Gusall yerapanaH-
ran daso ("xaxm" [, = AE) kyiunaruua anukianaam:

I'.=mab =2aE/o.
Jemak,
A =2nlw.
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Wynmait kusind, Z yuyu
|
- = Bhow )

uy ronamus. (3) sa (5) udoaanap Gup Xui1. DUAHU YUIUKAU
OCHWLISITOPIIMHT DHEPTUSICU AUCKPET

AR 1
E, = ho (h + 5) 6)
Kuiimatiap Kabys1 KWAMIUKITK XUcoOra 0110, CTATUCTUK HHFUHAU

7 = Ze-ﬂot’n 7

ny xucobnaitnuk. (6) Hu nasapaa Tyru6 (7) nu Kyiuaaruua
E3UI MYMKMIL

— -x/2 e —nv
Z=etY e, (8)
n=0
OyHaa x = By (8) Ma HHFUILKM KAMAOBUW TCOMCTPHK MPO-
rpeceus. Lyuuur yuyn

Ze-n.\' = :P: . (9)
(8) Ba (9) napaan
1
Z= /TR (10)

busHuHr yeyarmusua 8 = v/ U. By kapasiaérrad xoi yayn 8 = 1/U;
oyHaa U — uu3ukau OCUMMISITOPHUHT YpTayua sHeprusicu. by
ypTaqa aneprus yMyMUi xoaaa
N/2, ,-x/2
U =f'_£°<§'\,___j2j§_xjf, x=hw/kT (1)

IKAHIUMTUHK XUCOOra OJCAK, X HMNHT KUUYKUK KHiiMaTIapuia,
abiy xycycuit xoama (3) €ku (5) pad (10) udona Z xkenud
UUKALH.

W 30 x. by Macanana (3) Ba (10) udonasiapHusr 6up-6upu-
ra aHUK MOC KejMaCiUTrMHHUHT cadabu: (3) uwurerpan, (10)
HUFMHOM (QMCKpeT KUHAMAaTiap yuyH) ycyianap OuijlaH aHMK-
JIaHTaH. X HUHT KUYUK KUIMATIapuaa AMCKpeT xoccanap Ku-
uyuK Oyiran xosutapaa yltapHuMHr Oup-61upura Moc KesIUlM Ta-
Oumidanp.

6.13-macana. Un3KKIM rapMOHUK OCHMAISITOPHUHT (pas3a-
BUit (ha30 XaxKMHU Ba X01aTAAP COHN aHUKTAHCHH.
264
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E v . Ocuuiuisitop TeHITaMacu

o LR
20 T = E. M
byuy
/7\ XZ —
' 2mE + ﬁ/T =1 2)

KVpunnwa €3ub, y 25LMIIC TCHIIaMAacK IKANINTMIK Kipa-
M3, E aHCPrHstIM OCLUMLIATOPHUIT a3asiit (pa3oc xaxmu
(y cuptiat uoopar 6ynaaun)

__”\/2—,”—\/'2? mE__ 3)

k / m ®

Oy cpaa @ =k /m naBpuii yacrora.
S. un h ra 6yan0, xoaataap COHUHUA TOMaMu3;
E

FeRE e *

KBaHT MexanuMkacuia 3HCPrustunr Kuimarnapu

E,=tw(n+1/2) (5)
npona Gunan anukaanagu. Jemak, X0aamiap coum

ZI":n%:'H%' ©)
WMkxy saamnnc opacunard cuptiu ("Xxaxm Hi) aHUKIAWAKK,
(3) nan

S, = S,,—-”hm—h (7)

OHr KUYUK "XaKM” 21eMCHTH A ra TCHI.
by cpaa
S =AE, A———— T ~ gasp. ®)

6.14-macana. N ta oclyusiTopaad uéopat TUIMMHUHT (ha-
3aBuit Ha3o XOKMU, X0JaTiaap COHM, CTATHCTUK WHUFUHAUCH
alMKAAHCHIL

E 4 u . byuaalt TH3MMUKHT raMUALTONHALN

H= E(p, /2m+ = ke ) )

(1) na yarapysumnapiy ajlMaWTUpanauk:

P’ kg}
o2, M= 2 )
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(2) 1uu ovpTMOOpra onub, (1) HU €3amus:

2N
E=Yx}, 3)

i=]

(3) udona 2N Yauosnu wap (E yarapmac) TeHraamac.

r(p.q)= Idpdq = (2mE)N/2 -(2E/k)N/2 J‘Hidx, =
¢ P 7E J )"
( ) .[HM dx, ( ® ) T(N+1) (2I'(EN/+I;

Jemak,

I'(p, g) = AE¥, (4)
A= Qu/o)¥/T(N+ 1).

Xoaariap coHM
=T _(27:5)” 1 =(_E_)N ! 5
- w wh F(N+1)  \nw/ T(N+l)- (5)

OcuunansaTop yuyH ypraua aveprust <¢> Ba YHWHT DHEPrUsicH
&£, MabAYM:

= h h
<E>=S- crhz“,,
g, =hw(n+1/2).
CTaTHCTUK WUFUHIAMU

Z=Y e,
fn

E=E+E+.+E+..+E,.

Oemax, Z =] Z . Xap 6Gup OCUAAATOPHMHT CTATUCTHK
n

AuFMHANCH MabAYM:

~fen -
Z= Ze altihw/2kT)

N 1a ocuunnaTopaal ubopaT TUSUMHUHT CTATUCTUK MMFUHAKCH
Z=2zN=[1/2shhew/ 2kT]" . ©)

6.15-macana. Kytupa naean ras Gop. Ly uaean raz yuyu
xonat suuaury dn/dE 8a Z HY aHUKNAHT.
2606
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Euww. Uaean ra3 — Oy 6utTa 3appa yuyH Tyauaran I'i6oe
wcaM6iu. 3appaHrHr SHEPrUsICH

2
E=L =2 (pj+p)+pl). )
by xoama 2v=3.

(1) ndpona — pannycu omfE Gyarad WAPHUHT TEHrAA-
macuaup. UMnyabeaap ¢pasacuaary wy wap Xaxmu

v, = i3£(2mE)3/2 ()

r

6ysnaau. Maean rasnu manwnuur xaxmu ¥V oyncud. YMymuii
TamMoiiunra acocaH, KypuiaaétraH Xoq yuyH "sueiikanap”
(xonatjap) CoOHHM

(VVP/h3) = ;1 €KH (VdVI/Ir‘) =dn 3)

6ynanu; Gyuna P — W, "XKM"HUHT 3HT KMUUK Kucmu ("staeii-
Ka") xaxmu (h — Taauk noumuiicu). (2)aau

dV,=2x(2my*?EV2dE. 4
v=3/2 6¥nranaa raMma-QyHKLUsI
=(3/2)=vr /2 ()
6y¥naau. (3) Ba (4) napoar XonaTnap 3UUIMTUHK TOMAMMU3!
i - yom(2m/ i)’ B2, (6)
YMyMuit Xo54a X01aTAap 3HUAUIK
=2 e ™

uona Guaad aHKUKIAHAAH,
(6) Ba (7) udonanapgan doitnanaHnsd, Z yuyu

e b5 )m,e=l/ﬂ (8)

V \2rmo

JAAPHU OAaAMMU3.
6.16-macana. Tomounapu L, L, L_GyaraH KyTHIa MUKPO-
3appanap 6yncuH. Ly xon yllyH xona’map auunuru (dn/dE) uu
AHUKJIAHF.
E 4 m w1, Kytnaa ne Bpoitnb TypryH TYAKMHAApK X0ocu 6yiu-
LK YYYH SAPUM TYAKMH Y3YHAUTH (4/2) ToMOHAaap 6Yitnya Kap-
pany XKorAalUILN 3apyp, SAbHU

(3
k=
~J
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=L,ni=1 nt-=L (1)

n, n, n, 6y1yu coHnapHu kabys kuaanu, (1) Hu oc Bpoitn
q)opmynacundu doitgananub Kynvmarwla €3aMu3;

o2 2. B =
dE = PG Gty =Py 4L2 p;- 2
L,=L =L, =L 6ynranna sueprus
=1 (p? 2 2
=5 (Pl +PI+P})
yuyH (2) aan ¢oiaananudb,
(8mL2 /hz) E=nl+n +n (3)
upoaanu onamus. (3) paauycn [8mLY/ R JEV? 6yarau wmap-
HMHI TEHI1aMacH. By wapHUHE Xaxmu

372
_4 $m1?
A

n, n, n_ NapHUHI Myclar KuiMaTiapura TYFpu kearai Oy
Wap XKMAAPHHUHT KUCMU X0AT/1ap COHMTA TeHT, SIbHU:

3/2
Voom §,'"LE. E ’ =hn
8 6\ m T :
byHAaaH xonaatnap 3u4AurHHU o:umm:
dn 2m/? 172
£ ( i ) EX
L*=V ne6 kabynr xuiacak, 6y udonpa xonar suwimru (6.13-
macana) ounad 6up xun Oyaanmu.
U 3ox. Tomonnapu L, L L, 6yaran Kytuna 6uTTa MUKpPO-
3appa OViAcUH. YHUHT xonamapu BA Kabysa KUAMUIK MYMKUH
Oynran sHeprus kuitmatnapu E Ulpeanurep tenrjiaMacu aco-
cuaa ronuaanu, Oy xoaua UlpeanHrep TeHrnamacuiat MUKpo-
3appa SHEPTUsICU YUYH Kyﬁunam TEHTAKK OAUHAIU:
E=_2 n + n +n;
8mL ( )
by (3) udona 6unan 6up xua. Wynnait kuau6, 3appanap ra-

OuaTu Kiaccuk €KW KBAHT OVAMIIMAAH KATbH 11a3ap, CTaTUC-

L_ B dn
TUK MHTErpast (”Vlr””ﬂ”) HU 7 ]__( ) T

J1ail MYMKHH.
268
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M30x. KelnHru MKKu
X051, aCHKW, SHCPrUsl AUCK-
peT KuiMatiiap Kabyn Kuaanum.
AMMO £ yuyH Kiaccuk hopmy-
aa E=md*/2 pan doliganannob,

f(z‘})dz‘)= e PEdn

nait aiHa MaKCBCﬂﬂ Te3aUKIap
TAKCUMOTUHU OJ1aMU3!
32 -mo2 5}’
f(ﬂ) = 471’(%”—;) Be 24T 6.11-pacm.
n

6.17-macana. Kyinaarn ndoaanann Makepesl TakCUMOT
KOHYHU fD) HU KeATHPUD MMKAPUHT:

AW,y ¥, V) =10, 9, ), b, 0
2
F(0,0,9,)= (/’) e, Bt @)

E g u . JekapT KOOpAHHATARAD TUUMHUIAAH C(PepUK KOOP-
JAUHATaIap TU3UMMra yraitauk (6.1 [-pacm). byuna:

J,=dsinbcosp, D, =sinfcosp,d, =0 cosd

Akobuan o, )
O(D,0,,0,
J = _a(ﬁ'”) 92sind |
Hewmak,

dd 49 di = sin 00 dbdlp.
by xonna (1)
_(BY? s 2 :
dw (9,0,¢) = =) e D2 dd sin8dBde 3

K¥puHUIIHK 01aaun. bypuaknapiu xamma Kuimatiapy 6yitnua
HHTCrpaIaiMu3.

[[aw (3,0,9)=aw (9) = f (9)dd=

0 ¢
= d9- (fr’.)m e"‘"zﬂzzsin Gdﬁzfd(p =45 (f})m P9 gy @

OyHaa
269
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372 ml)z
9)= 4z '") e U, 5
f( ) 22kT ©)
(5) M3NAHAETTAH TAKCUMOT hyHKUMSICHAKD.
6.18-macana. DHr katTa IXTUMOAMMN Te3auk, &,=
IKAHJUTUHYU KYPCATUHE.
E 4 v w. Bywunr yuyn Makesesia takeumord f(9) nax & 6yiiu-
ua XocHaa 0aub, yHu & =9, aa HoMra TEHrAAWTUPULL 3apyp,

vk [ 3f (a)/aa]h% = 0. Bynnan:

24T
m

(20, - 20,592} =0, 9,%0.

YIkT
By TCHINMUKAAH u3saxaéTran
2 kT _ kT
¥, =250 0= 4250 (M

udogaHn aHKuKIARMUS,
6.19-macana. Ypraua apudMETHK TEIAMK & HU AHUKAAHT.
E v uw. Tanpud 6yitnua
o 3/2 mv

§=[of(2)do= 4”(77,";27) fﬂ’e Wy =

3/2 2 ) 172
= m 2k 3,-x =4 (2 T) P,
4”(2nkT) ( m ) -([x e dx=4n m PRy J,

J = J.AJ e~ de=1/2,

= 2(2&2)”2 = kT )

m am’

7 2 N
ByHnaa f x*le™ dx = n!/2 nau poisanaHamk.

6.20-macana. Ypraua KBagpaTHK 1e31HK 97 HU aHUKIQHT.
32 Im7

? =fa £ (9)do= dn (o) jﬂ‘*e U 9=
0

3/2 5727
=47z( u ) (—-ZkT) fx" e idx=3. kT
n b m
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2) l
o=y = ——'—\/_ AaH (oinasaiamk.

2 2/!

Vot = BET. 3)

(1}, (2) Ba (3) man 9, < ¥ < \/z‘)=2 IKAHAUTH Kypunaau. (6.5-
pucMra K.)

Dy IX

JlemMik,

6.21-macana. MojeKyaaHUHE YpTayua SHeprusicu E nu AHUK-
panr. OJIMHTaH HATUXKAHW U3OXJIAHT.

Cuunw. Busra 9% = 3% 3KaHu Mabiaym. bynnan

*E‘_mb?_m_3k7‘_3_kT (N
I ——— e —_— .

- 3 kT
Lemax, xap Gup 3appara TYFpH KeiaraH SHEpPrus 3=5- ra Temr.
bDyHoait 3pKuH XapakaT KWIa€TraH Maean ra3 MOJCKy/JacH-
HMHT 3PKUHAKK Aapaxanapy coHu 3 ta. Jemak, xap oup ap-

KAHINK JapdKacura TYFpu Kejaran ypravya sneprust kT/2 ra
TeHr AeHUAraH KOHYHra MYBO(MK Kejlaau,

6.22-macana. Hicbuii Teannk g, HUHT apupMeTHK YpTatacu
g, HY BA KBAAPATUK HUCOUI TEIMUKHUHT YpTadacH E?; HH AHHK-
JaHT.

Euunw. 1) ABpan ypraua KBaapaTtuk HUCOUH Te3nuK gl
HU aHUKIAAIHK.

W kkuTa uxTHEPHiL / Ba k MOAEKy/1a MOC paBuluaa z?— Ba ﬁ—L
TeannKIap 6 Ouaax xapaKaTnaH'leTraH OYACUH. YAapHUHT HACOKI
TEINUTU Gy = 1‘) 17 Ba YHUHT MOOYJN

2 = [T -7 (1)

oynaau. Maean raz mosexyaanapu oup-6upura 60FIUK IMac Ba
yiap MaxcBesi1 TakCMMOT KoHyHura 6yiicynaaunap. Wyuunr
YuyH HUCOUH Te3IUK g" MakcBenn TaKCUMOT QyHKUMsIAAPH
(f(@), f(3,) HUHT KYNAHTMACH OPKAIH aHUKJIAHAAN!

g = [enf (0,)f (9,)dB,dB, @
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gy =0, -7, AaH:
g = 3: + - 29,9, cos0- (&)
(3) un (2) ra kysimu3 (n = 2):

8—2=J.7712f('7i)d5:ff(3k)‘15" +j’7if({)k)(1ﬂ—l;f(ﬂl)d5:‘
=2 [0,9,c080/ (9,) 1 (9, ) dD,dD, =
=01+ 02 -2 [9,8,c080/ (9,) (9, ) dD,dT,.

Oxupru xagaa uHTerpatim xmucobiaam yuyn Dk fyHanuiu-
ra nucbaran ¢ uu Kapab, Jekaprt xoopauuatanap TUIUMHU-
JaH cepuk KooparHatanap TU3UMUTA yTamus, 6yHaa i-Mo-
JIEKYJIA XapakaTUHUHI M30TPOMIMKIAUIMTA acocaalud, oxup-
M XaoHMu Kyiduaaruua €3uiil MyMKUH:

2fz7kf(z?k) z‘)?/(ﬂ,)dﬂ,-hj‘sinocosa’()sz?k: 0.
0

] n 1}

Uynkn OyHaa fsin 0 cos0do = fsin 8dsing = J'xdx =0. He-
0 0 0

Mak, 3appaiap 6up xun 6yaca,
g =0t +91 =23k 2992 (4)

—2) Hucbuit tesnuk g, Huur ypraya apupMeTnk Kuiimaru
i HW aHUKNAWIUK:
m,w‘)? mg ﬂi

:g-lk = fgikAieamrAke_—mrdﬂ—idﬁ—k- =

___I»—- mj ?+m 2, —e—
=AiAkfg,,‘e erlm? ko‘)(lﬂidﬁk (hH
Byuna: 3/2 3/2
—{_m ="
A=(5) s A= () )

(1) Hu Xucobilal yayH MOJEKyAAAapHULT §; Ba §, TCIMIK-
napuaan yilapHuHr HucBuit Tesauru #, Ba Macca MapKasu
Te3iiurn G ra yrahaux:

G (m; + m )= mB: + m, . 3)
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Lip XUa MoncKyaanapHu Kapaiauk. Y xoaua m, = m, Ba, je-
Mak, (3) aau

2G =9 + B« (4)
reneidkHu oaamus. Hucbuit resnuk, tanpud 6¥itnua
gy =0i ~ D« (5)
(4) Ba (5) napnau (g, 1a uHueKcaapHu Tyiupub €samuns)
D=G+g/2 (6)
T=G-g/2
Tezankaap Ppazocu 3MCMCHTIAPH KyHMIATMUA aNMAlITHPHIALK:
d9:idx = JdgdG. Q)

AsMaurTupuin sikobuanm
Al A
og dg|_ 15
J =l =2
9990k | |1

)
2| = =1. (8)
|

G oG
(1) udonanu (2), (6), (7) sa (8) mir nazapaa Tyrud, Kaiita
é3amMu3: o
—-—”’,—.[20%&2_

g= AZJ..[ge E ? ](IE(I:g'. 9

Byta vinterpan ucrapasiapy yarapmaiaum [(—oo, ) na
oynanu|. (9) ma chepuk KOOpAMHATAIAP TUIHMMFA YTamMu3; OyHaa
Gypuakuap Gyitnua vHTerpasianranaan keinu dgdG wuur
ypuura 4agldg - Ax GAd G uv €3vin 103uM OY1a0M, SIHHU!

- 3 _mg® - Gt
g= 167r2( m ) Jg3e 4""(/g-JGze K dG =
0 0

2rk T
3 e\2 3/2°% 5 % )
— 2{ m 4kT Y (kT 3,-x 2, g
= 167 (27rkT) ( m ) (m) !;x ¢ dx-([y e dy,
OyHna:
T2 T, L2
jx‘e “dx =1/2, fyze “dy = /4.
0 0
18— A. Boiiacaacn 273
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Hemaxk, :
g:ﬁ’% =\/-2-1?. (lo)

6.23-macana. Bonopoa Ba azor MonexkyaaaapuHuir 273°K
Jary yprava Te3;MruHu aHUKaaHT!

Kasob: #,, =1698m/c, , =454 m/c.

6.24-macazna. Hopmaa wapoutaa 1 cekynmua | cMm? 1o3ara
YPUIAaETraH a30T MOJEKYRanapyu COHUHHM AHUKIAHT.

Cuwu. | cekynuna | cm? ra keau6 ypuaaérran 9, ¢+ ad,
OPAIMKIATH MOJIEKYNia1ap Cotu

|/Z
z‘}xn({ri) Mgy, B = S (1

naH ubopar. bynn (0, «) opanukia uHTerpaiinab, TonaMus:

( ) jﬂ e””"‘dz‘) —n(-—) B)_'Ixe dx =

172 7
- _,_ 2kT - ae Ny
2 ( m ) 4 (2)

b 781 4

n, = 2,69+ 10%/cv’, 9, =454 M/c sKaHaMrupan asot mone-
KY;JalapMHUHT AEBOP OMaN TYKHALIMULIAPU COHYU

¥y,
14'”—2 =3,4-10% /cex cm?

IKAHJAMTHHY aHUKIANMN3.

6.25-macaaa. 9 JaH KMUMK TE3AUKIU MoneKynanap KHCMU-
HU AHMKJIANT.

Euum. &, 3 + 40 opanukaari MOAEKY1a1ap COHMU:

mo

3/
dn(d) = 47zN —n_ ﬁze %T (g, 1))
o (

byugan 4< ¥ TeaamKIM MOSIEKYAAIAP COHMHU TOMMUIL YUYH
yuu (0, 3) opanvkiaa HHTErpaLIaitMiu3:

n(0<d)= 42N (2””)3/2 }z‘}ze~%’7§_d1‘)=

=4nN(27:ZT) (ZkT)3/2 Ixz e dx =
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L S S S T
- 4/:N(;lt-) J. xe ¥ dx = ! e
2 113 113

- _% +1/2f ~[-0,35+ X1, 13)] V.
n

[

(2) na B(x) = Ie"*’zdx — xaronap unterpaiu, ®(1,13) = 0,8900.
bunodapuu, ¢

(9

(355)

1A

1(9<9) = N (=0,35+0,89) = N -0,54. 3)

Hemax,

= 0,54, 11U 54% HY TawKui aTaqu. 92 9

MOJIeKYaa1ap COHU 3¢a 46% 1M TAUIKMN ITalH.

6.26-macana. DHI KATTA 3XTUMO.LIM TC3AMKIIAH KATTa TC3-
JIMKAN MOJieKyaasnap HUCOUM COHMHM aHUKTALIT.

Xapob: (n(d@ = 9)/N)=0,57, savun 57%.

7,
6.27-macana. Te3nuru == 2 Ounan 29, opasvruaa 6yaran mo-
JlCKyIlZ\ﬂdeMHI‘ HHACOUIT COHMHN 'mmqmm

Xapo6: 5 =0,87, sibHmn 87%.

6.28-Macana. -23-kT ypraua KMHETUK 3HEPrusjiaH Karra

JHEPTUSIM wonexynanapmmr HUCOUI COLUIIM aHUKSIALT.

Xaso6: N =0,39, abun 39%.

6.29-macaja. Mommu HYKTa X = acosw! KOHYH O1aH rap-
MOHUK TebpaliMa XapakaTaaHa€Tup. YIHHr x, x + dx opaitukia
oYV DXTUMOLTUITMHUA AHUKJIAHT.

Euunw. x, x + dx opanvkaa sappaHuiir 6¥1d11 9XTUMOLITHIN
dW (x), wy opaaukaa 6yauiu BakTu df HUHT sipuM gaspu 7/2
ra HucGaTu 6UaaH AaHUKIAHALN, SITBHI

Hemak
-~ = wdx _ de
dW (x) - p (X) dx zaw sin lt)f 7[[1 smml (2)
OyHuaH
x* = a* cos’ ot = a* (1 - sin’ wr), )
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2 . . / 2_.2
| - % =sirof; sinot = Y4=2X
a2

(2) Ba (3) man
dW (x)=p(x)dx = — &

"l ©

P = )

Hdemak, x » « 6ynranpa, sbHu Gypunuil HyKracuaa (Tes-
JIMK HOATA TEHT OYAranaa) 3appalyHr 9XTUMOUTMIH SHE KATTA
oyianu.

6.30-macaya. N 3appana:t MGopaT Uaea ra3sHUHT X0IaT TCHI-
JAMACHHN aHUKJIAHT,

E unw. Uaean ra3HUHT CTATUCTUK HHTErpa;in

(). )
Z “ ,1/2
LIS Y R N
zZy v (27tka) ? 2
ﬁ =e”f naH F=—0InZ,; (3)

X0.1aT TEHIIaMacy
= - f)ﬁ = 0 (gh'l__ZV_) = ..IY.. = =} '
P ((_W)0 nZn) =04=no = kT
Hdemak,
P=nkT.

6.5-§. MAKCBEJUI-BOJIBLIMAH TAKCUMOT KOHYHH

(Papa3 Kuaaiivk, uacan ras (Cky cMipak rasz) TalKy Mai-
NAOH Tabevpuua OYAcHH. Y xonaa xap Gup 3appa wy maiaon
TABCUPUAA MABAYM NOTEHUWAN sHeprusira ara 6ynanu. byu-
Ad# ra3 xoaaTi MacajIaCHHU Kapatu yuyH Oup 3appaiu ycyaHu
KVianaur MyYMKHH,

I0KkopuRa afiTwirannapra acocaH, MXTHEpPK OUp 3appPaHUHT
TYAUK DHEPIUSICH

2
Pi
E =5utU(xy0t), P =pi+py+ Py 3

upoaa 6unan anukianaan; U(x;, y;,2;) — § 3appanuHr (x, y, 2)
HYKTaJary NOTEHUMAT IHEPTASICH.
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Kraccuk crarMcTukara acocai, 3appaHuHr
PPy +dp., Py Py +dp,, p,p, +dp, 34)
X, x+dx, y, ytdy, z, 2+ dz
opaaukaapaa oyiauw axrumonnuru dW

aw (p;r, )= e dn, B=1/kT (35)

OuiaH auuKnanaan; 6ytaa dn = dpdz / i, cTaTUCTHK uiiTer-
pasn

[ —+U{x, yz)j
Z= Je ‘”‘dn-—-' J. dp,dp,dp,dxdydz (36)
upona OGuaan anukaanaau. (35) paru
F(E)=5e" (37

(pyuxumsin Makesenn-boabliMan TakCUMOTH (DYHKIIUSICH Jie-
iunanu. by epsa unrerpan

Ie-ﬁ (Pr py m)

dpdp dp, = 2nmk l")J/2 (38)
Hemak,
372, _Yrz) \3/2
Z = (D)7 [ dndyz = (22T) g, (39)
0 = j e ¥ dxdydz. (40)

Makeseitn-boanimad Takeumot dyrikiusicu (35)uu
L V2 L (2, ey o2
dW(px,[ ) Py ) (2”,"“ ) ETe (px + P+ + Py )dpxd/)y(lpz ,41)

7 U(x.p.2)

dW (x,y,7) = e Tk dxdydz 42)

KYpyHMLIAapaa éaui MyMKl/lH

Mavayaku, (41)upn Makcpean TaKkCUuMOT (DYHKIMSICH Je-
unaaau; (42) um aca boabiMan TaKCUMOT (PYHKIMSICH AeHu-
J1any. DXTUMOAIUK d W 1n

dw (;,Z;) = dW(;)dW (9) 43)
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KYPUHMILAA €3MMMA3 MyMKHU 3KaHAUIMHKUUY cababu, 3ap-
paHMHT (asogary xapakatw yHUHr (azonard ypuura OOFIUK,
IMACAUTMIAHRAUD.

I0OkopunaruaapaaH, xymianan (43) nan KypuHaauku, 3ap-
pajiapra Kyd TabCHUp ITULIKMIA KapaMaii (XaTTo peai rasiapaa
XaM), MOSICKYAQNapHUHT Te3aukKaap 6yitnua Takcumord Make-
BEJI TE3MKI1ap TaKCMMOTHAAH ubopar. '

6.6-§. I'A3 3APPAJIAPUHHIT KYY MAUJIOIMJIATH TAKCUMOTH,
BAPOMETPHK ®OPMYVYIIA

bus Oup 3appany ycyasa 3appaHUuHT NOTEHUMAT MalifoH
Ux, y, 2) na takcumot yHkumsicu (bonbuman TakcuMoTH)-
HU aBBIrK § na Kypamk:
_Uxr)

dW (x,y,2) = QL e * dxdydz. (44)
|
Arap mailnoH 6yamaca, sibuu Ux, y, 2) =0 6¥nca, Q =V Ba
dyd.

TAKCUMOT YPUHIM OYAaau, SIbHU 3apPaHUHT V XaXMHKHT Gap-
ya HYKTIapyuaa 6YAMUNNIY TeHT 3XTUMOJLIH.

®apas KUNARIUK, 3appara Tabeup 3TaéTrad Mailgon — 6y
Epuunr toptuin Masigoun U = mgz 6¥acuH. Y xoaua Boabuman
TaKCUMOTH (44)

dW(2) = Ae *T dz (46)

KYpUHUILHY ojlagn. bynaa dW(z) = dn(z)/n 3KaHAUTHHK Ha-
3apaa Tytnb, (46) HU KaitTa ¢3aMu3;

€KMW ueKiIu z DananLnIKIaru 3appanap 3Huwinry 0y epruax
n(g) = cemeAT 47

exku =0 na n(0) = n, 6y;1ca, 3appanap 3MYIUIMHKHT BanaHa-
JIMK Z 6yiinua TaKkCuMoTH

- mgRE

n(z)=me *7 (48)
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Oitant anukinanaou. Mnean ras yayu P = nkT 3Kanauruxu Ha-
sapaa Tytub, (47) acocnaa 60cUMHUHT SanaHLIUK Oyidiiua y3ra-
PULIKHKA KYpcaTyBuM yiudy DapoMeTpuk hopmyslaHu o1aMu3s:

—mgz
P(z)=Pe *7; (49)
Oynaa z =0 naru 6ocumuu Py ra teur ne6 oauHaM.

U 30 x. Pean wapoutaa z optuiud dunan TeMneparypa ai0ou-
M Oyamait, y nacasay. Ly cabadnu, z 6anaHaAAuK OpTHILH
ouiad Gocum P(Z) sHaga Kydaupok Kamasyin! ByHaan rtai-
KapH, peasl 1apouTaa ra3 HOMYBO3aHAT XoaaTia Oy;IraH uru
yuyH, 6ocuMHuHr GanaHaivkka Kapab ysrapuium Mypaxkab
6ynub, 6apoMeTpuK bopyyaanaH Gapk KUAAIK.

6.7-§. MJIEAJI TA3 CTATUCTUK UHTEI'PAJIN

CTaTUCTHK MHTErpas Ba CTATMCTUK WUFMHAM ucomasapu
—pE
Z = J'e BE 4n, (49)
Z= Ze"”:’ (50)
i
Kypuuuwra ara; 6ynna g =v/U sa E (Eku E) TUZUMHUNT
raMuwibTOHUAHK (TYAQ IHEPTUSICH).

1. Bup aToman Moaekynanap.

by xonna 3appajap unarapuaanma xapakaraarymua oynaau-
nap. YJAapHUHT KHHETHK aueprusiapu E, = P2 /2m HUFUH-
JIACH TU3UMHUHT 3Heprusic E ra TeHr, sibHu

W I
E=YE =Zp,f/2m. (51
k=1 k=1

By xonaa N Ta 3appajan TaKUA TONrail TU3UMHKUHT CTATHC-
THK HHTETPATH
1

—ﬁ72ﬂ2 --E";Zn,%
Z=Ie " kdn=—]—'fe 2 dp,...dpsy - dg,...dgyy =

gh3N
3IN/2 3IN/2
= VN _27”" =Z.’i _2_75_.”_1. . =
G b B

bynna E+E + E, + ... + E nnHr xap 6up Kuitmatura Moc
KeAYBUM ycyanap coHu g = N¥ skaHaurMuu Hazapaa Tyruo,
aBBaj1 OJIUHIAH
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Z, = (.‘C)N (M)Lv/z )

N I
éxu
Z,=(Z/N* (53)
Z, = VQ2amkT/h?)3? (54)

HATHXXaANAPHY AHHUKJaMMK3,

2. MKy aToMiIM MOJIEKYJIaj1ap.

bu3 jokopuaary craructuk uHTerpan udonanapuiy é3ra-
HUMM3Ia Hakat 3appatvuir UATAPUAAIIMA XapaKaTUIY XUCobIa
OJJIMK. Arap MOACKYJAHUIT HUKHM TY3UTHUIMHU DBTHOOPra o/u-
najauraH Oyaca, HUKK 3PKHHIMK Japaxaiapura TYFpU Kesran
(3appaHUIT) MOJICKYNAHUIT B3HEPTUSLIAPUIIM XUcoOra O;TMLI
Kepak.

Moseky:1aHUHT § KBAHT XO/1aTHIArH DHEPTUSICHIIK £, Ba By
XOJAATHUIT alHULN Kappacuni g Ounan Gearunacak, Outra mo-
JICKYJAAHMHI CTATUCTUK MUFUHAMCH, YMYMUA TabpUdra aco-
CaH, Kyliuaaryua aiukiaHanu:

Z(1)= 2 g™ (55)

SIkkasiaHrai MOAEKYAAHUHT KBAHT X0AaTy yuuard 1) oaek-
TPOHJAAPHUHD KBAHT XO1aTAApPUra, 2) sApoHuHT KBaHT XxoaaT-
Japura, 3) UKy TeOpaHMa Xapakariapura Moc Xo;u1apra xamia
4) MONCKYAAHUHT AWJIAHMA XaPAKATAAPHIA MOC XONaT1apura
Goraukanp. By xapakaraap, ymMyMuii xoana, 6up-6upura 6or-
JIMK, OYAraiy yuyH MoJeKYAQHMHI KBAHT xosaru Oy xapakat-
JapHUIT ¥3apo Tabecupura xaMm 0oFiIuK 0y1anu. AMMo Oy ¥3apo
TaLCUPHU (KOPPEastUMsiHU) XUcobra oaui Kuiinu oyaraman-
IHIAH, IHT MYXHMMHU Oy ¥3ap0o TabCUP DHEPIUSICH I0KOPUJIA Kedl-
TUPUATAH TYPTTA XapakaTHUHI SHEPTUsLIApUTa HucharaH xyna
KMYMK O¥araHu yuyn Kyl xosu1apaa, XyMmaagaH CTaTUCTUK Hu-
ruHau udonaacu (55)nu xucobnaiina auTrbopra oaKMaii Taw-
126 106opuiaam. Uy cababiay, MOaeKyaa KBAHT XONATHHIUHT
DHCPrUSICH €; IOKOPUAAIY TYPTTa Xapakartaap 3HEPrusLiapu-
HUAHT HUFKMaucuaan ubopar 6ynanu, sssHu

g, =¢om) te(a) +e (D) +e(n), (56)
Oyria MKKMA aTOMIM MOJICKY1a yuyli TeOpatisa xapakar step-
rUacy ¢, (v) Ba aililauMa Xapakar JHEpruscu € (r) Kyihunaruya
aluKiaHaau:
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&(0)=hw,(n+1/2),n=0,1,2,.. (57)

2
g (r)=%71(/+1),1=o, L 2,... (58)

K§n xoa:;ap/ia acocuit D;1eKTPOH X0JaTH yitFOHTran xosaatgan
vapan gapaxaaa karta gapk kuiaaau. Iy cababau onatnarm
1eMIIepaTypagapaa yiuronran xoaamiapiu abTubopra osamac-
Ak Mysmkui, By xoama onekTpoH xosariapra Tautnykiim ai-
1nunEKappacu (CTaTUCTHK MuruHan Z(3))g, = | 6¥aanu. AMmo
WIpo Xonataapu (xarro 6up aromnu He, Ne, Ar 6yaran xo-
napia xam) sapo CHUHWHMHE OPUEHTAUMATApH Tydadan g —
Kappaay aiiHuwra ara 6ynagunap (Macasar, OMTTa SIAPO YUyl
8 =2s +1).

YMYMU X002, MOIEKYTaHMHT TEOPaHMA XapaKaTura YHUHT
1AM XAPaKaTy TAbCUP 9Taiu. AMMO I0OKOpHIA aitTraliiMu3a
acocat oJIaTaary TeMnepaTypasapia yaapHUHT ¥3apo TabeHprHy
YLTHOOPra 0AMail, anoXUnA-aToXUIa Kapall MyMKUH,

I0Oxopyaa afiTranMMHU3Ta KYpa, SMCKTPOHHMHI ACOCHIT X0NaTH
YIFOHraH X0AaTAAH OlaTAAry TeMnepaTypana Xxyina karrta gapx,
KWIraHu yuyH

g@)=1, Z()=1. (59)
(56) udoaanary TcOparmMa xapakar IHCPIrUsicu
g (D) =nhw (n+1/2)
IKANAUTUAAN YHTA TCTULULIM CTATUCTUK HHUFUELAM
. - -1
Z,(9)= l/(e~‘/2 —e "‘/2) =[2shhw /kT] " ; x =hw/kT (60)
BUNaH aHUKAaHuy MabayM (6.12-macanara k.)

AgpoHnNr aituull Kappacu g(st) yHHA Tallikyi 3Tran atoMm-
Jap Oup xui 6Viaca, sitbHYM roMosIAPO Mojlekyiaa AA yuyr

g =(2s,+ 1),
arap xap Xxui 6ysica, siblHM reTestipo Moackyia AB yuyn
g(s1)=(2s,+ N(2s,+ 1)

npoganapaan nbopar 06yaaau; s sLUPO CHUHY.
Hiuepuust MoMeHTH J ra Tedr Oynran uu3ukiv alaaHruy
(POTATOP) HUHTE DHEPIUSICH

2
& (r)=ghr1(1+1), 1=0,1,2,.., (61)
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OyHra MOC CTaTUCTHK ﬁumunw aca (g(r) =21+ 1)
(2/+l)e g’ JAI _Z 2 + -”+1)0r/7"

(62)

KBazuknaccuk axvuaamiia,
AbHU O, << T 6yaranga

2 :
Z(r)~trgt =200 o)

nona ypursim oynaam (6.31-ma-
canara K.)

" 4

6.31-macana. Mkku atomn
MOACKY;IAHUHIT aliaaiima XonaTu 6,
¢ Y3rapysuu, Oypuaknap Ouaan
6.12-pacm. tascuaananu (6.12-pacm). by
XAPaKaTAaPra MoOC KeAyBUy MM-

NyABCHAP P P, by xonaa aftsiarnMa xapakat 3Heprusicu

()_31 Pz:ﬁ’z_+_5"2_,,___(|)
2J 2J  2Jsint0
(1) acocuaa aitianma XapakaTHUNHT CTATHCTHK WHTErpasi
Z(1) um xucob:adr.
Eunn.

Z(r)= _lz_j'd()fd(pfdP exp[ ;’ (g)z]x

0

XJ dP, exp[— ~k—'--(l"3 /2J sin’ 0)} =

do (kT - J'“ [ dxe 2Jsm 0- kT Tdxe |=
)

x 172
jdo (2JkT) (2JkTsin20)"2n =

_ 2R T f o _ 8n%JkT _ 2T
= —mp———J‘sm 0dg = Z 220 = & 5=
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3. Kyn aromsin MoJiekyaaap (ujieag ras).

Ky xoaapia MoaekyranapHuHr HHEPLUUSI MOMEHITAApH XYyia
varra Oyaranmn yuyi, siHu (hz/JkT) << 1 Oysiraum catabam
MOJICKYAGHUHT aHNAHMA XApaKaTHHY KJIAacCUMK MexaliukKa aco-
L Kapa MyMKuiL. by xoaaa Mostekyaalmir akiaHma xapa-
FA11 YUYH CTATHCTMK MHTCrpai ndonacu Z(T) Kiraccuk cra-
ticInkaaaruaad ubopar 6yaann.

Monekysatiuir vuky xapakaty OunaH OOFIHMK CTATUCTUK
W UHAMHY Kyiuaary Xypusnmaa €3ui MyMKHI:

Z, =8 (1) ()2 2 (v). (64)

byia g(3/1) aCoCHid DJAEKTPOH XOjIaTUHUHT afiHHIN KappacH;
p(s1) SLAPOHMHI CIIMH XOJATHHUHT allHUUL KappacH
g(n)= H (25,, + 1); y cUMMeTpUst coHU (y OUp xuj1 aromaap-
(%)

it Hbopar MoJekyila aitlaHuILrAd XOCUa Oyaanural cuM-
MCTPHSUTAp COHM).

10kopu Temneparypanga Z(r) aitnaiMa xapakart yuyi cTa-
1HeTHK BUFMHAM ndoaacu

1/2
Z(r)=22 (myc) ; (65)
Y, =0 JJ kT, Y=t/ JkT, Yo =1/ JkT.

by epna J,, J,, J. — MOjieKyJaHUHT GO HHCPUMA MO-
MCHTIapU.

Z(V) bt Tc6pau.\m XApaKaT y4yYH CTAaTUCTHUK F]MFMHIIH
In-0 -1

Z(v)=]](2shx) , x, = hwo, / 2kT (66)

i=)
Oymna o, (1, 2, ..3n —6) Hopman TeOpanuiniap 4acToTac;
1 — MOJIEKY/Ialarh aTOMJIAD COHMU.

6.8-§. MONEKYJANAPHMIT TYKHALUKILANAPH COMUH

1. bu3s okopuaa GUPJIMK BaKTAa MAUIT JIEBOPHHUHT OUPIIMK
103ura keaud ypmaéTmu Mosiekynanap couu (6.5-pacmra K.)

J.ﬂ f (Iz‘) —n(“ )

ndosa 6uaax annmaﬂummm KYpAUK.
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2. 3uau 613 OUTTA 3appara KoAraH 3appanapHuHT OUpank
Bak1a2 Kenmub ypuaviiiap COHMHM aHuK1atiauk. bupop 3appi
UKKMHUYM OUp 3appa Ounan dt BaKTAa TYKHAWIKILKY YUYH yaap
6.13-pacmaary MAMHAP UuMaa OVanILIapu 3apyp. bup 3appa-
HU COUYBUM, MKKHIIYY 3apPaHU codMayBUH AcO Kabyn Kunaii-
vk, Couysun 3appativ paguycu 3appa [InaMerpura teir 6ysiran
wap Ous1aH, COYMAYBYM 3appaliv HyKTa OMaa aiMaITUPaitauK
(6.13-pacm). Ulapuuur kecumu o = n(2r,)? pan ubopar; g —
MKKHW 3appaHuHr HUcOWM TEe3AuTH, SbHK COMMWIYBUM 3appa-
HUHT cOuyBYM 3appara iincbaran teanuru. by xoina df sakria
SICOBUMCH gdt OYATAH UMAVHAP UMMAATH XaMMa 3appajap co-
qyBuu 3appa (Mapka3s) ounan TykHawagu. LIHAMHAPHMHT XaxMi
o gdt ra TEHT. BUPAMK XaXMAAry TC3auru (MMIyJibei)
P, P+ dP nary 3appajiap COHu f(P)dP ra TeHr.

Couysuy 3appara df BaKTaa Keand ypyayBuu sappaiap CoHu

ogdtd Pf (P) 67)
CouyRuu 3appasap (Mapkasaap) COHU XaM I0KOpuAaruaan
AHUKJAHAOM, STLHU PP P74 (/ P’ OpaTMKAArk OMPIIUK XaXMIa-
I'M TYKHaluuuiap couu f( )dP ra Tenr.
Jemak, df BaKkTia Te3aukiaapy (MMinyabcnapu)
P,P+dP Ba PP +dP
oOpwIMKIapaa 6Yarai 3appasiapliMHI ¥3apo TYKHaIUMIIapyU COHI
f(P) f(‘ﬁ')agdrdﬁdﬁ'
vdoaa ounan annkaadanu; bupnuk sakraa 6apua TyKiammii-
Jlap COHM 3ca

jdpjdpf( )f( )godpdp' (68)

vHTerpul uhoaa busiaH aluk-
Jananu. bynua o kecum, yiu
ypunuil (TYKHaWMu)uKe
3¢ PeKTUB KecMMU acituiia-
IM, YMYMaH y HUCOUI Te3-
6.13-pacw. JIMK g ra OOFAKK, stbHU o(g).

g(lt
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MyBo3aHaTaaru Xoaar yuyl MakcBean TAKCHMOTH YPUHIIN.
by xosna (68) MY Kyhuaaruua YarapTupull MYMKUH:
Bolpert) s
N (G ) [ai[die 2" " go (g)dz‘)dz‘) -

mGt

= N2 (—--’-’-’ ) J(IGe 2”[de°’ g)e W =

2nkT
=N2(2IZT) (47) Jd(re_"c ]: o(g)e ““ng-

_ N(2 ,27)3’2"‘[158'%’?‘ : NAfffge'mgo ()=

_ _mg 32, . .me
= NzAfdge *Tea(g)= N? (4—2’7) ’ J.dge #Tgo(g)=

=47 N pPey Idge go(g)=
0

— f\;; ( m) J'g o‘(g)e 4A7 (/g (69)

Hdemak, OMpAuK BAKTAArM TYKHALWIAILIAD COHU vV " Kyhuaa-
11t upoaa Ouslan AHUKNAHAAN;

m;.

Vi = %2-( 1 ) fg o(g)e T (g (70)

U30x. 1. Arap naeai Karmik mapiap yuyn ¢ = nd?* = 4nr?
(Oynga ry, — sappauunr paauycu) xabyn kuamica, (70)Hu
KYHHAATY KYPUHUILEA KCATUPULL MYMKHH:

_ N? £3/2 (4kr) 3o -2
Vs —m(k'l') & Ix =

= 162 ()" e < 1o (L)

mn
172
T
v K=16N2(’€,ﬁn~) r2. (1)
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2. Arap PV = Nk T skaunurusian doitnaiancak (Knarneitporn
TeHIIAMAacK), ¥y Xo0i14a OUpIuK XaXMIard TYKHALWLIAP COHI
hss 162np(—2)"
v, = 2% = 161 I 2
t |4 9 (ka) (72)
KypuHniura Keaauu.

6.9-§. KBAHT OCLIKLJLISITOP

Unsuiiit rapMOHHK OCLIMIS-

——— N
0 TopHu Gatadcun kapaitauk., Knac-
cHK usukara kypa O HyKra aTpo-
6.14-pacm, thnpa OX yxu 6yituua KMuUMK amm-

auTypa 6unan teopanaérran tebd-
palruy — YU3IMKJAM OCHULISITOP-
HUHE TY1a 3Heprusicy (6. 14-pact)

2 2
E=2I 4 oo 73
2m 2 (73)
nhoaa oujan aHMKRauaam; 0ynua P — aMnyinsc, X 3¢a m Mac-
catu TeOpanruaHuir OX yxu 6V CUIKKUIN, kK — OUKpAuK
Koappuumenty. (73)Hu
P? x2
o= 74
2Em  2F /K (74)
Kypunuuiaa €3ud, YHUMHI D/UIMHC TCHRJIAMACH 3KANAMTMHU
k¥pran samk (6.15-pacm). Jemak, ocumuadaropuuir Gasasuii
hazocuaary TpoekTopuscK dAUICAal ubopar.
E 3Heprusiiiv oCHMLISTOD 2JLIMNICUHUHT 1034 ((hasasuii (paso
Xxaxmu) S(E) Hu auukIalaHK:
B
87y
S E - _ZH'E i 75
(E)= (75)

wl=k/m Geiiruaain Knpu-

™0, (75)Hu KaiTa ¢3aMus:
€> Y S(B)= E/w. (76)

KBaHT Mexanukacuga oc-
UMLISTOPIHMHT SHEPTUSICH KA~
Oyl KHJIMINK MYMKUIT OyiraH
6.15-pacu. Kkuiimataap (6.16-pacw)
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E,=ho(n+1/2). an
(77)un (76) ra KyiHuo
( ) S = 27rfm)(n+l/2) (n N 1/2) (78)

[{]
noganu ogamus. JdeMak, KBaHT MEXaHMKACUAA OCUUAISITOP-
niHr pazasuit pasocu kpautaanrad 6ynaau. Mkxku asiuunc opa-
cigaru (pasasuit haso snemMeH-

1Hu Tonamu3 (6.15-pacsmra x.): Ulx)a
§~8 =AS=h (19 | J,-s
" b=, ﬂﬁe-ﬂ
6.32-macana w naspuit uac- 3, it
TOTWIM FAPMOHMK OCHIWILISITOP- -2
HUHT DHCPrUsicu fr 1,038
/t—O-RV- N
g, =hw(n+1/2) (N 0 Py
udona 6unan anukananu. Hly 6.16-pacn.

OCIWLISITOPHUHT YpTaua aueprusick <€>Hu alluKaHr,

Euuum. burra ocnmiasitop yuyn Fuboe ancambam — Oy
oclLuusiTopnapaan ubopar ugean razamp. by ancam6n yuyn tak-
CUMOT (PyHKIIMSICH

fe)= €™, By =1/AT, @
Oylaa
_ Py _ /2 Rl 1 _ 1
Zy= R = = e = gy )

Oyitna x = fyhio. 'nbbe anicamban 6¥itnia OCIUILIATOP SHEP-
rAsicCUHMHT Ypravacu

<&>= 26,,f(e,,)=-z,l{2/"2{.
n

(3) ucdbonanait xocuna onud, ToNaMu3s:

<£>=ﬁ£ﬂclhx/2 @)
H3oxnap 1. OcumuiasiTop raMuabTOHUaHK
p\ kz\
T 2m +5 2 ©)
Hemak, 2v=2 pan v=1, 8 = U/v=<g>. Buara MabjlyMKH,
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So (EYAE = B E*1P5dE = pe?® IE 4 = L oPEdn. (6)

)
byHna
—;- BIE = fro, Z =<e> /ho )
by ycys GUAdH oaMHraH CTATUCTUK HUFUHAW
X _ \/2 e—\/2
Z "—C’/ 15 = 2 e\Ti oty (8)

2. Arap x <<I[ wapt 6axapu.ca,
e\'/l + e—x/l = 2

IKaHauruaan Z= Z, keand unkanu.
3. (6) narv TaKkCUMOT (hyHKUMsICH

J(E)=Ze )

vonacupa Esneprus (5) dunan anukianam; g = 1/<e>, byH-
Jal TakCUMOT hytkiusicn 6upunuy Mapta brox TomoHuaan
Oouikaua ycysa ousan oauurau (k. | [1]).

4. Vccukauk curumu C =9U /9T acocuua (4) pan ¢oit-
Jlaaauub ronunanu:

QU _ d<e> dx  df 2
C=§l =25 o L=k(xz,) . (10)

6.33-macana. NTa Oup-Oupura GOFAUK OYJIMATaH OCHM;LIA-
TOpAAp TUSUMUHIIMHT Ypraua sHeprusicd <E > Ba CTaTUCTHK #iK-
FULLAMCH £, aHUKJIANT.

E v v w1, Myiean ocumisisitopaap yuyH TH3UMITMHE YpTayua step-
rUsICH Xap OUp OCUWILIATOPHUIIT ¥pTada SHeprusiapy Wurdi-
[ACUTA TEHT, SHHH

<E>—N<€>—N2cth2,x T ¢))

bup-06upura 60rTuK 6¥amaran apkranyBuy ocHMLISITOP-
J1ap Y4yl IXTUMOILTUKAADHHN KYIIARTMPHLL TeopeMacuaaud doilt-
fanannb

zZ, = ZIN (2)
IKAHIMTUHU aHUKAaIl MyMKUH. OCIWISTOPAAP TH3UMUHUHT
JHEPTUSICU
E, =E +E+.+Ey =hw(»gi+j), (3)
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j=0,1, 2,.
Xap Oup aHeprust caTxu j

Kappainu aittimra sra. B,CMHK, TU3MMHMHI CTATUCTUK HUFUH-

JUHCH
ZN = Zgie—ﬁ“hm (_%’. + J) = e*l\.\'/lzgje—j.\‘

j=0 j=0

BuHOMUIIA TaKCUMOTHAH KYIHAAIM MyHOCAbaT MabiyM:

N—l ,' -N
ZU _|)| —(l—a) : (5)
J=0
bynna a = ™ 1c6 xuco6.1a0, yidy1m o.1amu3s:
-~ — Ay -y ~N ‘.\‘/2 N A
ZN =g W/2 (l —e - ) = (f_e;}') = Z{N (6)

6.10-§. KBAHT POTATOP

Bup atom aTpodiiaa UKKUHUUCHIIMET alaaHuni Tydaitan
XOCHA OYIanuran aitaanMa xapakataanysiuu (MKKY aroM opa-
cuygart Macoga yarapmaidauran) aillairuuyHu poTaTO P UEU-
wiaay (6.17-pacy). Kiaceuk Mexatnkaisa OyHaai potatopiuur
KHUHETHUK JHEPrUsicH

92 2
E, = m)” _ motrt _ Jo? _ M 80
k 2 2 2 2/ (80)
(MarapuilaHMa XapakaTiaary Mac- 4

ca m, UMIY;ILC p akaanma xapa-
KaTaa MHepuMsl MoMeHTH J Ba
XApakaT MUKIOPH MoMelTH M
OwaH LIMALIUHTIH).

KpatT Mexanuxacusa M2 jayc-

KPET KUMa;1ap KaOya Kusta: \--/
M} =1+ 1) 8D

AllanMa xapakatiaaru poratop-
HuHr ateprusicu (31) ra acocan 6.17-pacm.

v
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2 4.].;,:,1@“. _ RA(I+D) 82)

J f —T,‘—’"
i,:,’,F:_(Z_j,_f upona OuIan auuKaaHanu,
3 S'IbHU Y JAMCKpET Kuitmathaap
P=2 k- 217 kaby:a Kuaaan. AMMO OCIUAILIS-

J Topaau (apkiu ¥napox, pota-
{zl'k'l:_"_‘ TOP DHEPIUACHITMHI Xap oup
. KWAMATHTa MarHuT KBaHT COH-
{=v(),]',0= 0 . 6 Vi ‘ .
napu Oujan QapkiaaHysuu
6.18-pacm. (27 + 1)ra xap xua xoaatnap
TYFPU KeNaau, AbHU POTATOPHUHKT XoaaTu 2/ + | Kappaiu aji-
HULUTa ora.
(82) nan kypuHanuky, [ opruiuy GUIaH UKKK 31ICPTUst CaTX-
stapu opacuaaru dapk, xam optu6 dopaan (6.18-pacum):

E -E., ="t (83)

6.11-§. MAEAJ TA3JIAPHHHT UCCUKIIUK CUFUMHU

Kiaceuk cratucTvikaga ucboTIanrad SHEPrUstHUHHT DPKUL-
AMK Japaxaiapy OyHuua Telr TakCUMIaHKII TCOPCMACKHN Hieat
FA3HUHT UCCHK/IMK CUFMMUHM alvKaallra Ky;utailnux.

N Ta xkyn aTomity MosekyaaaaH ubopart unean rasHu Kypai-
JIMK. Xap 6up Mozekyaa 3 ta uarapuianma, 3 ta aijianma Ba s ta
TeOpaAHMa IPKUHIMK Japaxajiapura ara OYACHH. DPKUHIIKK fa-
paxanapy opacuiaru y3apo Tabcup axTudopra osuHMacuH. byui-
A TA3HUHT WYKH 3Heprusicu U xap 6Up 3pKUIANK JapaxacHra
kT/2 aHeprust TYFPU KCAUIIM XaKMAATY TCOpPEMara acocait,

Us=Nu=NQ3EL+350 4 skT)= NKT(3+5)  (84)

uona 6unan aHMaHany. byHaait rasHUHE HCCUKIHK CUFMMHA
y =0U /T = Nk(3 +5) (85)

vdona dunan anuknanany. (85) udoaganan KypuHagHKy, Kyn
ATOM/IM MOsIeKyNIanapaan noopar uccuximk curumun C temie-
patypara DOFIMK 3Mac. AMMO TaXPUOA HATHXATAPU XAP HOUM
xaMm (85) udouara Moc Kenapepmaitnn. AHHKCA, NACT TeMIig-
parypaiapaa (85) udona Ouitan Taxxpuba HATHXATAPY OPaCcKa
KECKHH (hapk, MaBXY/L.
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Macaian, MKky atomaM ra3 yayn naszapus 6¥iivua 3 1o wara-
pitanMa, 2 Ta ainadma ga | ra TedpaHMa IpKUILTKK gapaxaia-
pu oyaravaury tydaitnu U = N (3kT /2 + kT + kT) = 7TN kT,
I aoan yuyn aca C, = 7R/2 = 29,3 XK/moi - K uceunk curnm
Oy;1viuM 103UM. XOUA TCMIICPATYPACHAATH MKKHU aTOMIM ra3
Oyi1ail KaTTa UCCHKAMK CHFMMUTA 2ra 3MaCIMrnHu Taxpuba
kypcaranu. byHaan Tarkapy UCCHIJIMK CUFUAMH TEMIIEpaTypara
OOFAMK DKAHAUIH XaM KY3aTHIAAM.

1 MOAB KATTUK XHCMHMHI UCCUKIAWUK CUFUMH, DHEPIHUsi-
HMHE TEHI TaKCHUMIAHUMIUU XaKUIArM TeopeMara acocatt,
C,=3R=25X/moas - K teur (ioaonr-ITru xonyHu). AMmo
NacT TEMIEPATYPATAPAA KATTHK XKUCMHUHI UCCHKIIMK CUFUMU
TeMiepaTypara GOHK Ba TCMIIEPATYPa HOATA UITUIATAHAA UC-
CHKIUK CUFMMM XaM HOJITa MHTHAARK. Kitaccuk craTtieruka na-
THxacu Gusian Taxpuba opacuaary 6yraaii radopyr cababu —
MOJICKY A TAPHMIT KBAHT Ta0MaTH 3BTHMOOpPra OAMIIMATAH-
JHCMAAAND BA, ACMAKKH, HEPIrUSIHUIT IPKHITUK Jlapaxaisapy
OYiuuA Telr TAKCUMALMIIM KOUYIKIN MACT TeMOCPATYPATU
THU3UMAAP YUYH XaM KYan okuoarHaup.

U ki aromian Moackyjsanapaan Tamku.I TONraH ra3ii (mMa-

canan, H,, 0, N,, CO pa Gamkasapnu) kapaitink. bynnai
X004 X{Ip 6Hp MOJICKYJIaHWHT HArapuianMa, ailianma, Ted-
PAHMA XapakaTH Mapxy;1; Oyaapaad TAWKAPH SAEKTPOH Ba SLAPO
stieprisuiapy xam Masxyi. Ly cabaGau Oyrnait ra3unir uuku
SUCPIHICH YMYMUI X014 I0KOPHAAIN XAPaKaT dHEPrHsIapura
OOFJIHK, SIHLHHU

U=uv, +U, +U, +U, +U,. (86)

sar aiia Tehp

Opnaraa, aManaa Ky3aTHIaauran teMraeparypaiapuyir ysra-
PUILIK ATOM Ba MOAECKYJALIAPHUHT JJECKTPOH BA syIPO XoAatia-
pHTa, SIBHY YHUIIT Y3rapuiidra Acsipauy taseup srMmaian. [Hy-
HHHT YUYH TAVIAPHUHT HCCUIIMK CHFUMUHM KAPAJITAHIA J51eK-
TPOH Ba SLIPO XOMATAAPUIA TCIVIAM HUKH DHEPTUAHN onataa
xucoBra oaunmMaiis. JeMak, MKKH ATOMAY TA3HHHE UCCUK-
JIUK CUFUMU

G =(%) =CtCuntCn @)

ndoaa Ounant anugialaau.
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I mMosib razum kapaitsink. Kaaccuk cTATUCTHKA KOHYHHWTA
acocan, xap Oup wirapuiianma OPKHHIMK gapaxacura k772 sHep-
st TYFPY KETMUIUHU 9BTUOOPra OJICAK,

Uu:lr = %[‘ : 3NA
Oysaam Ba OyHnaH
N 4k
Cn.n' = —2‘5 o= 'iﬁ (88)

KeAHUO UuKaau.
ANIAHMA XapakaTra TCrUULIM UCCUKIMK CUFuMU C, HU
Kapaitauk. / xoaamaru porampuuur SHEPUUACH

E, -——7—1(/+l) (I+l) (89)
Poratopuunr xonaty (2/ + 1) kappaiv ailiiniil COHUra TeHT
Oyararm yuyH yHra TErHibii CTATUCTHK AUFUHAN £ =2,
s2(re)

(U )e M =Y (U 1)e VT (90)

0 i

M:

Z =

npona ounan anuknanamm. by Z udoaanunr uxku uyerapa-
BUI X0/11APUHU KAPAMINK.,

a) Temneparypa xyaa nact 6yacun, sieiin 7 - 0. By xonaa
(90) udonaga 2 ta xan (/= 0, /= 1) Owrai yerapanatamms, sibin

-
lljn?) Z, =1+3e #7, on
6) I0kopu Temneparypaiu xon
T, = 7th <«<T 92)

O6yncun. by xonpua porarop sHeprusicu catxsapu oup-oupura
nuchbaran siKMH 6yarany yuyH, / HY y3:1yKCcu3 yarapsnry ach
Kapa6, (90) aarv #urunanuy vurerpat ngoua 6unad aamal-
THPaMU3:

- - ﬁ + - ——L‘ +
Z, = [y 5 = farsnye T
0 0

dl - (93)

¢ku x =(T /DI + 1) y3rapyBun xupurub, (93) nu Kyiumaa-
rua €3UUMNA3 MyMKUIL

~fleae )

Gl

T _ 2T
b T, A& 4)
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Huku sueprust U nu Gy b4
CHATHCTHK (PUBUKAHUHT
yMyMITit ycynHra acoca

Rp=====
U= NkTZ <)In7 (95)
npona Graan anmqmmum. R
by ndomanan 7 - 0 na o
U rtemmeparypara 60FiuK 6.19-pacat.

aMacadrd Ba iemak 7 - 0
s € HOITA TCHI IKAIUIMTH KEJIUO YUKW, SbHY
U, = conste *T,

TI'>0nma U - 0 sanemak C,=0, siuu temneparypa 7 - 0
Oyaranga Mccuigink curmmu Hoara uirrwiiaau C - 0 (6.19-
pacm).

I0Okopu remneparypana, swiu T >> T ja

U, =NkT? 0.‘"‘ N kT (96)

byHsan 1 Mob yuyn
C=R 97)

uponanun onamus (6.19-pacmra x.). Pacaaa afinaima xapa-
KaTra TerMiIIM UCCUKAUK curumu C LIMHT TeMmIiepaTtypara
GOFNMK/NK xapakTepH (cxeMaTHK pasuiuma) 6epuarair. Cum-
MCTPHUK MKKHW 3TOMJIM MOJEKYTaHUHT 2 Ta aiaiMa apKUIGIMK
Japaxanapu mapxyi (2 Ta Oypuak). Kilaccux ctatucTukara aco-
cat xap Oup opKUILIMK gapaxacura ypraua K 7/2 sueprus TYrpu
KEJTAUAMIH yuyl 1 MOAb HKKH QTOMIM Ta3HUNIT UMKH DHCPIU-
sicu U = N kT pan nbopar, stbliv 10Kopu Temuepatypa (7 >> T)
aa KBaIT cramcmxacmmur HaTuxXack (96) K1acCHK CTaTUC-
THKAra MOC Keaaau.

By epaa mynu TabKuANaMMU3KKH, alaaliMa xapakTepuc-
TMK TeMrepatypa T, MOJCKYJIALMHE UliEpiMst Momenth J ra
TCCKapu Mymnoul6 oyaranu yuyn ((92) dopnmynara K.) aHr
curua mojekyna M, xa T_= 95°K. bouika moickyaanapna aca
OyHAa KWUKK TeMnepatypaiapaa KsaiT s(hQpekTaap naMocH
6ys1a Oosnaitau.

TeGpaiiMa xapakaTra TEIHILINM UCCUKAUK CUFUMU C, 1K
Kapaiinuk. Xap 6up MKKH aTOMIH MOJICKYAAHMN KBAHT OCLIWI-
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srop ned Kapad, yHra TYrpH Kearai ypraya sueprust <e> Hu
AHUKIAAMHAS:

hw ha
<6>——2—Cf/1 TR (98)

1.10MaK, | MO/Ib UKKYM ATOMAM Fa3HMHT 'I'C'Gpllll.\-la Xapakatura
TyF])M KCAran UUKu JHCPrusi

Uy = Ny <& >= "4 e o (99)

Ly TebpaHMa XapakaTra TeruiIe HCCUKMK CUFHMHU
Coin _ d<g> _ d<e> ox O

N, o7 ox o 0T ;

x = Bhw, B=1/kT:
ox _ A8k o<e> - _ 1
')ﬂ h N -JT = ]—:2 ix 11(07 7 : \7'2_ =X77 s

C,, = N k(xZ)? = R(xZ)’.

Jdemak, | Moab yuyH
Cy, = R(x2)% (100)

By C,, MCCHKIMK CHFAMMIMHD MCTapaBuii XoNIapuHy Kypaii-
MK,
T,
a) x = Z—‘;- =+ << | 6ynen; T, = I'i'? XaPAKTCPHCTHK TEM-

neparypa; T >> T _oKopu TeMnepatypatu xoi. By xoiaa

- I 1 1
Z= st T T

[j.emax,
thz R (101) |

0) x >> 1 (T <<T) mact TemrepaTypaiu Xo:
=x/2

) !
ity Pt 7 S (102)

(102)1ny1 nasapaa 1yti6, (100) Hu Kyitmparyua €3amu3s:

Co = Rx’e™, x =12 (103)

Hemak, nacr teMmriepatypanapia uccugauk curumu (103)
JKcnoHeuTa Tydaiau Temneparypa xamaiinum 6uiaan kaMaitnb
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Oopasin (6.20-pacs), sibliv Oy coxana KBaHT 3(pdeKTiap HaMo-
¢ Oynaau.

Ky#huaaru xaasaiaa ailpum MKKYM aTOMAY ra3lapHUnr xa-
PAKTEPUCTHK TeMI1cpaTypasiapu Ocpusiran.

AJZ1A1HMA XAPAKAT yayn TeGpanista xapakar yuyu

Mounekyna ras XaPAKTCPHCTIK XAPAKTCPHCTIK

Tenmucepatypa. ‘K TeMnepatypa, "K
", 95 6000
N, 285 3340
o, 2,07 2280
1ct 15.1 4140
1A 9.0 3300

KagpangaH KYpUHAIMKY, TCOPAITMA XapaKTCPUCTUK TeMIIe-
patypa Oup Heya MUHT rpaaycra TeHr 6yaub, oaataa xoHa TeM-
nepartypajiapuaa 0y apKHHAKK Aapaxaiapy HaMoen OyamMaiiau;
yaap "Mmyanarau” xosaarna 6yau6, aHeprus anManmMiuLiapuaa
MILTHPOK 2TMaiau (EKM e pau UIITHPOK DTMaian). JaekTpou
X0AaTiIapura TeruiLIM XapaKTepUCTUK TeMNepaTypa Oy Temiie-
parypaiapaal XaM I0KOpY OYaraiu yuyH y;ap Xxam xotia remiie-
patypacu Y3rapHiuiapuia UILITHPOK DTMAIMNK, YIapHUHT Diep-
FHSI AIMALLIMHWLIMAR MUITUPOKH OYAMARAM Ba ACMAK, HCCUKAUK
CUFUMIIA MILTUPOK ITMaiAN.

Ymyman T > T, aa kraccuk cratucrukagan, 7 < T, na sca
KBaHT cTaTUCTHKacKaaHd dofinananuimn sapyp. Temnepatypa nacr
T < T_6yarauna 3appajiapHunr yprava sueprusicy kT ksauT
XOJATAAPUHM YHFOTHIN YUyH eTapan Oyamaiiau; TemepaTtypa
okopu 7> T 6¥iranga aca sappanutir ypraua sneprusicu kT
YAAPHUHE KBAHT X0s1aTAAPUIKM YHFOTHLI YUYIL cTapau G¥naau.

DHT IOKOPU TeMIIEpaTypa-
Japaa xamMma spkHuivk na- Gy
paxaiapy SHCPIrusi LIMAILK-
HUILIWIA UIITHPOK 3TULIU
MYMKHH Ba JeMaxK ynap uc-
CUKJIMK CMFUMHU uonacuaa
MIUTUPOK ITHULIAPU MYMKUH,
AMMO TCMIICpATYypa KaMaiin-
1wy OUAaH SPKUHIKK dapa-
Xanapuaat appaja reOpaHma 6.20-pacat.

RF==== -

[ 4

295
www.ziyouz.com kutubxonasi



Ca IPKUILIMK japaxaaapu,

2r% L3R CYHI aii1aiiMa DPKUILIKK 1a-
3R Cupe=>2"  paxwiapy SHCPrHst LiMallIK-
2 HMUIMAR HMIUTUPOK 3TMAal
Rf=- Kysiauiap, sibHu UCCUKIUK
/(.‘, / Cyih ~ CHFMMM Hoaapraa yaap-

o HUHI XMCCAIApH OYImMaian.
W CCHKIMK CUFMMMHUBHT TCM-
neparypa kaMaiduui Guaam

y3rapu6, kaMaiub 6opuiin 1y Ousian uzoxaanaiau (6.21-paca-

ra k.)

Ky atoMiin MosaeKy 1 1apaaH HOOPAT a3 UCCHK/IMK CUFU-

MUHUHKT TCMITEpATYpara OOFIHIINUIY XY/UIH IOKOPUAATHAAL Ty-

WYHTHPWIAIN,

6.2]-pacm.

vili 5Ob
PEAJI TA3JIAP

7.1-§. KUPHUI

Pean raz;apHuHr Mosiekysiaiapy y3apo Tabcupia 6yind, yiap
TE3-Te3 TYKHANING TYPralIKKIApU YUYH YAAPIMHT XOCCaaapu
uacw ras xoccaapuaan gapianaad. MoaekyriapHunr y3a-
PO TABCUPH YAAPHUIT YHFOHTAH X0/ATapHIa XaM 60FTUK, AMMO
OCOHJIHMK YuyH Oy ahpekrin xucobra oaMaiiMus. by xoa:1a mo-
JICKYAQHMHT HUKK XApaKaTh Ouitatl OOFAUK CTATUCTUK HUFHI-
av aouMuit Kosaau. Ly cababiu y KaTTaIMKIHH KapaMaiMu3.
bouikaua ailTraHaa, KAacCHK peast ra3HMHr T:Aa sueprusicu £
HU 3apPAIAPHUIT KUHETHK DHEPIUsiiapy imrFunancu E, sa yiap-
HUHT ¥3apo moTeHiMaid sHepruscu U pan ubopar, sibHM
E = E_+ U ncb apaiimus:

—_ . - - " k714 I)Z ~ - -
E(p,,[)z,...,[)N s P2, Ey )= =+ U (I'l,l'z,...,i‘N). )
~ 2m
Kilaccuk puamkana TH3MMHUHT DHEPTUSICHIM KUHCTHK BA 110-
TCHUMAI SHEPIrUustnapuuur HMruieniad udopar aed Kapain
MYMKHWH O¥nranu cababau, cTtaTMCTUK (hU3UKAZAard TAKCUMOT
dynximsicu fAE) Ba CTATUCTUK UHTCIPAi Z HA UKKM Kynaii-
THpYBUUIAH HOOpaT 1eb Kapani MyMKHH:
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N
Tm/lm - -
J(E)dn = Ze = L e’ dp,dpy,...dpy %

gnh

dp,dpy,...dpy (2)

x ¢~ PUGL T2y

KU
f(EYdn= f(E)dpydpy...dpy - f(U)dri,dra,....drw
Bynapna Hopsmanall wapraapy Kyfivaaruaap:

J'f(Ek)d}il,d'ﬁz,...,d?)N =1, 3)

If(U)d;,,(I;z,...,(!;,v =1, (4)

By X072 CTATUCTHK MHTErPAail HOPMAaRAll IAPTHAAH TOMU-
Aagu:
Z = je—”dn, (5)

—ﬁZI), /2m __. .
J'e ] (pl, dpz, ey dex

x] e"’“(;";z""';“’ MF, d7ysdFy | ©
dn= 4T = —3’{"‘1— = ‘"m'— dp,-dpy-.dpy - dr -dry-..dru(7)
W gN " h
Bynapaau
AN/
Z= TH'g (2rmo)" " Qy,0=1/p (8)
0, = J‘e-ﬁu(;,.;2 ity )a,;,l 1‘1;2 ,‘_"(,;.N : ©)

Q, — KOH(MUIYPALMOH KHTErPAN YMYMU#i Xonaa Ky 3appanu
TaKCUMOT yHKuusicu S {1, r2, ,-.,r/v) OPKATH, XYCYCUIt X0n1a
— TH34¥M MyBO3aHaTAa Gynranna
~BU[F} Fgpal
e BU(Fy Fyul i)

(10)

(byHKLHMS OPKANM AHUKJAHALU.
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7.2-§. KYO®T ¥3APO TABCHP MOTEHUMUAIU

Peast TU3UMHUHT foTeH KA dHeprusicn U Hu Xyt sikuii-
JawyBna Kapaiuk. by sikuiuianyBaa uXTupril i-Monekyna Koit-
rait xamma mojexkyaaiap Ownad (N — 1 1a mosaexyna Ouaan)
Xyt ¥3apo Tancupaa Typudau aed kapasaam (7.1-pacm). i-Mo-

JICKYAGHUHT TOTEHIMA SHEPTHUSICH

N-1
(2) u,.=2u(r,j) (1
Q j
KYpuHnuIa Kabya KInHaau. TUSHMHUHT
0 0 NMoTeHUMAT 3Heprusicu (Y3apo TabCup IHEP-
: 0 rusic) Uy w, napHunr Bnrduaucuiaan
uobopatr oyaaiIu:

’ N
7.1-pacw. ___lzz”( ) (12)

iJ
u(r,) — aueprust r, Macobazaru MKKM { Ba j 3appatapHUHT
y34p0 TALCHMP IHEPIrUSICH.

Tpununn xuxatuaal XxyQr y3apo TAbCUP IHEPTUICHIU Ha-
3apuil xucobnaul (aHUKAAL) MyMKUH OYiIca-1a, aMMO KOH-
KpeT xucobaataapunr KYn xo;r1apiaa yHHHE KyRuaaru no-
AyaMnupuk udoaatapunay poigananuiaam;

&) DKCMOHCHIIMAL NOTEHIIHAS

—ar
u; =ae ", (13)

Oy cpaa a Ba a noumuiinap;
0) Mop3se noTeHuuaiu

u(r) _ D.[e..za(r—l(,) _ ze-u(r—m)]’ (14)
Oy epaa D — ypra uyKypauru, r, — u(r) HMHT MUHUMYM KHi-
MaTUra Moc KeJyBuu r HUHI KUUMATH, @ — Y3rapMac COH.
B) Jlenuapa-KoHc noreHManu

u(ry=-4 -b o m=12,n=6 (15)

m n ’
r

Oy epaa a, b noumuitaap.
Hovmuitiap tTaxpubagait aHMK/IaHaaH.
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7.3-§. XYOT KOPPEAAIIHA BA YHMIE TEHTJAMACH

Tusumaa (CylokAKMK EKK razaa) sappaiap 0up-6upu dunau
y3upo Tabcupna 6yaranu cababau Oup 3appaHunr xoliaanu-
HNEFA BOLIKA 3apPatapliHT XXOWAAIMBIN TABCUP 3TAIM, SIHHH
yjap opacuiaa koppessiiist (Y3apo GOFaariiin) MaBxy1 0ynanu.

Bu3 KyHHIA TU3HMHUIT UXTHEPUIT GUDP 3appacHiiuHT (fp,
NOKM 3ICMEHTHAA OV THUIN 3XTUMOTANIUIA HKKHHYY 3appa-
HUNT dF2 A3 6FTMIMHHAHT TABCHPHHH, SHHH XYPTAKR KOppe-
SJHUHSIHK KYpaiank.

Tusumbuur ¥V xaxman Makpockonk kHesuaa N, ra Mo-
sexyaa 6¥acun. Wy V, xaxmaarn ypraua N, Ba KBanparux
¥prava N2 nmur ndopanapuint ainkiailink. Bynunr yuyn €p-
nRam4u m (!‘ (PYHKIUSI KUpATAHINK:

. (;) _ L arapr xaxum ¥, nunaa 6ynca,

0, arap r xaxm V, Tanikapucuaa  Gynca.

Arap TM3uMaard sappasiap coud N ra tenr 6yaca, sappasnap
count N, nu

K¥pUHULLIAA E3UI0 MYMKHH.
N sappanu TakCUMOT (yHKIUSICH

FO) = f(FisFyrnitn)

¢paamuaa ypraua KHAMAT N, HU AHUKITAITMUS:

N, = [ 3 m(F ) (oo )5 - 5y oy =
= N[ oo m(FMES (P Ty P ) R dy. iy = [ m(F)dF, (16)

bBynaa 6up 3appaau TakCUMOT (PYHKUMICH KyHUAArnya aink-
AAHADN: ‘

f(}'-) = NJ'...J'f(F, JFyrely )d’r}...d?h, . (17)

N - o Oynrauaa, f(r) =n ged auukIaHanu; n — 3appanap
MaAnru. Y xoaaa (16) aaH Kydunaruiy onanums:
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N, =nV,. (18)

Ksaaparuk ypraua /V}I HUHI UDOJACHHU AHUKIANAUK:
N} =< z/:;m(;, )m(;, ) >=< ,Zm(;i )+g}2m(7‘, )m(;, ) >. (19)

Byuga m (r)m( ) m( )3KdHH xucobra oauuan. (16) sa (18)
ra acocam

<Y m(r)>=N,=nV,. (20)

(19) naru yprayanu Kyiiuaaruua é3aijiux:
3 Tn(F)n(R,)>=
= ;ZI...J'm(r,)m(rj )f(r, I )(Ir, dry.dry =
= N(N=0)[.fm(r )m(r, W, d?zf(;,,?z,...?,v Jdr,dr,..dr, =
- (e (G ) 7, =
< P n(r I 5o . . e @n

OyHAa KKKHM 3appasii TAKCMMOT (BYHKLIHSICK KyHHAArnua aHuK-
JaHanu:

F(FuFa) = N(N =) [of £ (FooFasny Wy APy s
= £ ()7 (7 )e(rra) = e (Pt 22)

ByHaa xy(pT koppeasiuyst PyHKUMACH & (rn,Fz) 6MpHHuHK 3ap-
pa dr anementaa 6Y1raHna, MKKMHUY 3apPaHUHT dF2 3IEMCHT-
A2 GYyauLIM IXTUMOAMIY KYpCaTaiu €KM aKCHHYA, MKKUHUH
3appa dr, Oa 6yaranga, GUPMHYYM 3apPaHUHT dF) Aa GYaIuwM
IXTUMOAVHM aHUKAARIMU.

Mkku 3appa Oup-GrpuaaH etapan aapaxasa ysokaa 6yica,
YJapHUHT opacuaaru y3apo TabCHUp Ba, AEMaK, KOppessitiusl
xucobra OAMHMACIUTH MYMKUH, SBHU 'rz —rn.—{ =—>oo
OyaraHaa,
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fPura)= £ (7) 7 (r2)a (Forz) = £ (1) 1 ()

Oya1aau Ba, DeMak, g(Fn;‘z)-» | 6ynann.
(20) Ba (21) uu Hazapaa tytub, (19) Hu Kyiunaaruua €3a-
MU3!

NE =W, + [ g (.7 Y. (23)

CaHoK, THM3UMUHHHT GowK yqyH 3appanapaai 6upu, maca-
naH, GUpHHYM 3appa TypraH Xotuu Tanaab oaniica,

g(rn rz) - g(r) Gyaamm; r — MKKH 3appa opacuaaru mMacoda.
By xonna

f g(r,r2 ), dra = [drif g (FYr =V, [ g (F)r.
byiu avrubopra onub, (23) Hu €3amus:
N3 =N+ ¥, [ g(r)r. (24)

(18) Ba (24) nan xyiupary HucbaTHM €3aMM3:

Ef%ﬁz:la-nf ()dr—nV -l+nf( ()—l)dr (25)

A

(25) na N2 F—(AN ) — 3appanap cOHH QAYKTyaLHsICH-
aump. q)nym'y'\uun Hasapusicura acocatil

(AN, ) = N 6y, (26)
TEHNIUK YpUHAKN, Xr '-7(%%) - busra mavaymku (4.17-
Mmacanara K.)

P=n6 2N
Ba

Py =ut (28)
(26), (27) Ba (28)nap gaH doitnananud, (25) um kairta €3a-

MHU3;
=1+ nJ' dr (g (7’) - 1) (29)

V30Tpon TH3UM yuyH & (;) = g(r) Gyaranaurunan
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w —l+nfdl( (r)—l) (30)

TeHraama ypurin. (29) sa (30) renrnananap Xxydt koppens-
uust pyskumsiiapu g {r) sa g(r) HUHT 1 KOPPCISIMOH flapa-
“McTp OunaH SOFTaHUIIUITN aHHKAQRIN.
Koppessiuums byHkumsicuin, Tabpud 6¥iinua, 6ab3an Kyilu-
Jarvua alukaanauaap;

()= g(F)-1

§ 7.4-§. KOHOUTYPAIIUOH HHTEIPAIL

Kotipurypaiios mirrerpad
Oy = j e M dry,dr...,dry (3D

udoaacu1ary ¥3apo Tapcup noteHurasu U i xydr sikumia-
wuura OMHoaH
U(ru,rz,...,r.v)=2u(r,.j) (32)
i>j
Kypunuiuaa €3amus. by xoaua

et = l_I g Pt (33)
[N
by xydraap k¥naittmacu o P4 1u
e =1t f (34)

Kabu y3raptupub €3aitimk. by xonna (33) xkyituaaru kypu-
HULMHY ONaan:

e-ﬁu=l—[(]+f;,l_)=
=(l+f}2)(l+-f13)"'(l+‘/;’V)'(l+.f23)'”(l+fN-lN)=
___[+f'2+ 13+t |,v+f23+

+oot fuan + Sodis S fiae Suane . (35)

u(r) HyuHr Macodara Kapad yarapuiuu Tapxuit pasumiga 7.2-
pacMmaa kypcatuiaran. bymia d Takpuban 3appa aMaMeTpHra (MKKH
paauycra) Teur. Arap aromaap (6ku MOSEKyaa1ap) opacuiari
zMacopa r < d 6yaca, yaap anckrponnap KoOurHu aepopma-
uns1ad oup-6upn Ouiad TyKHawuul xapacuuga 6yaaaunap;
n?2
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I Kana yaap 6up-6upunu urapuwanm; Uy
r = 6yaranna aca sappaiiapaa 6nup-6u-
PUINTTOPTHLIMIL KYUH HAMOEH OYaauu.

Onataa Heirpan 3appasap (aromsiap,
MOJICKYJIAUTAP) OpacHAary ¥3apo Tabeup "
r> p 6yaranna {p aca d nau 3—4 mapra 0
KATTA) aMaaga Hoara sitkul oynaau.

lly cababaun arap » < p 0Oyaca, jfl
nosinan dapkau O6yaaam, arap £ > p
Oynca, yHUHT uopacuaa KypHitaanxy,
y aMaUIAa Hostra Tenr 6yaam. £, f,, kynair-
Mit HOSLAAH ce3unapiu Gpapkau Oy v yuym r, < p Ba r, < p
Gynuy a03uM, f,f.f, na sca r, < p, r, <p, r, <p
OyanuIn 3apyp Ba X. K. demak, Oy xaiap HongaH ce3uaapan
hapkiy 6Yamuiuy yuyn p pandycau cgepa uuuna oup BakTiaa
HKKIFTA, YUTa, TYPTTa BA X, K. 3appasaap O¥auuv taaab sTui1anu.

Mapa3 Kuaaitauk, pea.i ras erapau japaxaia cuitpak 6ynub,
Oup BakToA p paauycau cepa vuMaa ydTa Ba YHIAH OPTUK
appanap O¥IMIIK IXTUMOAI aMaiga Hosira TeHr 6YicuH. Y xo.1aa

e =1+3 (36)
i

7.2-pact.

rakpHOUIA TeHrMK ypunaun 6§aann. (36) udomanu Q, HUHT
nonacu (31) ra Kysimu3;

Je'ﬂud;l,(/;2,...,(/;’N =J l+2fﬁ [;l,d;Z...,d;,V =
7
= [dridrr,dre +3 [ fydr,dra., dFy =
4
=y¥ 4 Z[Iﬁyd;i,d;j](I;l,...(l;l-l dria d;’j-l (1;/‘-1...(!;‘,\' =
)

—y¥ ey MO [ e dr. )

Uurerpaniu xucobiawl yuyt chepuK KOOPAHHATAIAD TUUMU-
ra yraiiauk. Koopaunara Golumn yuyn /-3appa Typrati Xo#iiu
Kabya kuaaitnauk. Y xonmaa

Ij;](i;id;j = J'd;,-J.(e"w(’) - 1) 1 sin0dodpdr =
=V. 471'.]. (e_ﬁu(') - l) ridr
303
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Oyaaan. demax,
Qu =V + V¥ 12N (N -1) | (e“‘”‘” - 1) Pdr. (38)

0
Kyituaary 6earvnai KHpUTAIMK:

b= 4n".(e"w(’) -~ l)rzdr = j(e'ﬂ"(’) - l)d'f‘. (39)
]
(39) uconanu abTHGOpra 0aub (38) uu Kaitta €3aMu3:
Qy =¥ + XDy, (40)

Pean cuitpak ras cTaTHCTMK MHTCIpaan Z, naeail ra3 craTuc-
THK MHTerpaau (Z,/N)N nan

(1«»”"" ')l))

Sunan dapxnanaan, SbHU
N N-1
Zy =(Z,/N) (l —(Z—VJ ) (41)
(39) uHTEerpaiHy Kyitnaaruua €3amus:

b= 4nj[e"“ v l]rzdr + 47tﬂ:(e'ﬁ v - l]l‘zdl' . (42)
] : o

By unterpan ndonasapHu aioxuaa-a10XHAA TaXIHA ITaHANK.

1) r=d coxama U(r) > 0 ctapau papaxaga xarra (7.2-
pacmra K.) sivhu U(r) >> 1. [y cababiu, 6epuaran  Kuii-
Mataa

e PV << .

(43)

By xo:11a Gupriyn unterpan
d d
b = 47tJ.[e'ﬂU(’) - l]rzdr = —47:J. rdr =
1] 0

Oy epaa 9, — OUTTA 3appPaHMUHT NAUKMHU.
304
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2) UKKuHUM WHTErpa iy Kapaiiauk. byuna r > d 6yaran-
st cababau U(r) Xyaa KMUMK Ba MAH(DUH KMAMATAH, SbiU
U(r) < 0. By xonaa /JIU (r)l << | 6yica,

MO =1-BU(R)=1+BU(r). - @S

(45) uy (42) nard MKKMBUM WHTCrpaara Kyiuuo, yurdynu
ONAMN3;

47:][6'”“” - l]rzdr = 47r,[)"fiU (r) ridr. (46)
d d
llemak, .
b = -89, +4np j U (r)rdr. (47)
d

(46) HM KyHMAaruda TyUIyHHI MYyMKHIL:
—‘17’5”(/ (r)lrzdr =T17.”U (r)IdV =l7,,,, , (48)
d o

oynaa Ur — uan xaxsu 6¥itnua yprauatanrad Toptuil Ky-
yura TYFpM Kearam Xy(QT ¥3apo Tabcup NOTCHUMAIHIANT ¥pTa-
ya Kuitmati (MycBat Kuiimarty (Moayny) onvnran). Bynu suTu-
Oopra oJjicak, .
b=-8v,+BUr. (49)

7.1-macana. 1) Peat rasuuur CtaTUCTHK WHTETpanu udoaa-
CH aCOCHAA XOAAT TEHI1aMacH — OOCUMHHNIT M(POTACUHHE AHUK -
JIAHT.

2) osmuran Xonat redrnamacuny Ban-pep-Baasise Tenraa-
MacH OM;1aH TAKKOCIAHT.

3) Ban-nep-Baasibe TeMriaaMacuaary ¢ Ba b TysatMasiap-
HUHT (DH3UK MABHOAAPUHU AHMKJIAHT.

E u v 1. FOkopHaa kapairail CHIAPaK peasl ra3 yuyH craTuc-
THK UHTErpa

¢ N(N-I
ZN=(Z,/N)A(1+—(2721;) T
KypHHMLIZA 9aM; ByHAA
372
zZ,=v ()" o=u/v. 2)

DpkuH aueprust FHUHr udonacu Ba 6ocum £ unnr udonacu
TEPMOAHHAMMKANAH MABJIYM:
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F=-0nZ,

= ~[9F =._l_0_211)
P (i)V)a OZN(OV o

(1) man KyMMAaruHyY OJAMU3:

anN=ln(Z,/N)~+ln(l+~l\{£g,:l~)b). 3)
y(%v-y_l)? << 1 wapr dxapuacuu. Y xonaa
N(N-1)bY _ N(N-1)b
l"(” W J"' W (4)
Y xonaa
InZy =In(7 /N)" + X200 @, a)

byunan doinananud SocuM yuyH yiibyHy osamMus:

A am(z 7 My 2 (N(N-1)BY _ o N N(N-1)b

By xonat Tenrsaamacy 2 = N/ V sKkawavruaan,
_ N-1
P=no (1 - ) b). (6)
2) Bau-aep-Baasbe Tenraamacu

(P+55) (v = 5) = NkT . (7)

Byiin Kyitnnarnua €3amus:

p,= NI _a _  NKT ___ a
BT Vobg vE T V(i=by/V) VT
’;g; << | mapr 6axapuicut. By xoina
~ NkT  NkThy g
Py ==+ =pa "~y @®
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(5) Ba (8) :lupnln Takkocaad pa 6 = kT ne6 xabyn kuaud,
yibyHu Tonammus:
- /
ﬁ"’_zl)"_” = a- NkTh,

K1 OyHaan

b=7V2—i(NI\7"—b”) ©)

demak, (9) tenrauk daxapuaranna xyQt rabcup x1Mcoora
oauHrapgarn xoaat renrnamacu (5) omsan Ban-aep-Baanse
\oJIaT Tenraamacu (7) Oup-oupura Moc Kenaau.

3) b yuyH ((49) ra k.)

b=-8,+Ur-p (10)

ndona oauuran 3a4; 6ynna 8= 1/kT. (9) a (10) aapiiu co-
JMIITHPCAK, '

= 49, (N— 1), an
a= ﬁ.(f‘z"_') Ur. (12)

(11) udonagan xVpunaanku, -Ban-aep-Baaasc Tysarmacu
b, 3appaapHUNT Xycycuii xakymu 9, Ounan 6orauk, N ra kynaiir-
.\mcn 3Ca XaMMa 3appajapHHHT xycycm‘ft XAOKMAAPH HMFUHAMCH
On1ad Ooruk, JdeMak, 3appa 3pKull XapakaT KitacTrai Xaxm
HANL X2KMH V NaH yJapHUHE XXMM afipMaci Oaan aHuk-
JAHAINU, SIBHU

V—ob, (1111can'raa yuyn h, =0).

Bar-nep-Bawsibe TeHrnaMacnaary 6ocumra tysatsma a asca, (12)
At KYPHHAIMKK, TOPTHILKII Ky'wiapy Ouinan 6oriuk,. bytaa

(Prst 322) = B (13)
JecaK,
Ppcm: Pug - ;f . (14)

bynaa a/V? topruinin kywiapu Tydaiian xocua dynamirail
MUKW BOCHM. AHA iy MUKK DocuM Tyhaitin peas rasHuHE Uauil
AeBOpHra DOCHMHM HIeN1 ra3HMHT WAKIL AcBOPHIa DOCUMKIAH
wy uukyn 6ocum o/ V2 ra xam 6yaaaum [(13) udoaanan Oy
pasitaH KYypuHUO TypHoau|.
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Bau-aep-Baanse tedraamacu (7) Jan Kypunaguku, arap
ra3 XakKMUHH KamMautupud (srbHu rasum cukub) Vum b, ra
SIKMELTALITHPCAK, ra3 OOCHMH YeKCH3 KaTTaaaiumnb 6opain.

bus a Ba b, napuunr nbosanapn Mabaym waptaap 6axa-
puaranga (ra3 CHHpak Ba YHUHI TEMTEPATYPACH I0KOPH Oyarali-
Ia) ONAMK Ba (PpU3HK MABHOCHHHU TAIKHUH 3TaMK. FOKopuaari
waptiap Gaxapuamararaa, yHMHr ugonacH, ymymas doinkaua
OVIIMIIIY MYMKHH,

7.2-macana. Uzorpon tmanmaa ¥3apo noreHunan xydT no-
TenMan O¥AcuH, sibHU Y (pakaT MKKH 3appa opacHiard Maco-
(bara 60EIMK GYACHH:

u(lr,- —r,-l) = u( ,j)

1) bynaaii xonga ¥3apo Tabcup Kyud BHpHanra
| .
3 ; tiJy

XUCCA KYLWHIMKWHUW KYPCATHHHT.

2) Vxaxmiau wiauil AeBopu ToMotinaad Poocumaaru razra
TabLCUP STAETIAH Ky BUpHaira (3/2) PV xucca KYIWMIIMHN KYpca-
THHI.

3) T remneparypanu N Ta 3appanati GOpPAT KAAaCCKK pean
ras yuyH

PV =nb + %z 1,
i

TEHIAAMA YPUHAN SKAHAUIMHU UCOOT KWIMHT,

DcaaTMa. IproJduk TcopeMara acocal BakT Oyitnua ypra-
yaiai GuiaH cTaTHCTHUK ancambab OYHnua yprauanaw yzapo
TEHIJIUTH YPUHIIK 1e0 Kapataiu.

Euwnw. 1) NTa 3appanan ubopat TMH3UMHHUHT Buprann C,
Tabpu OYinua,

C= -——;— Z —F,-I’i
dp;
uponanan annkanagm. byHaa j; na Typras sappara Fi=4
KYU TALCHUP ITAETHD. r; Ba r; AATM 3apPAIADHHHT ¥3apO TaLCHP
Ky'UuHH €3aitank (7.3-pacm):

Fi=-F;j=F.
By xonaa, tavpud) Gyiinua,
C,-j =—-;— F;I—F;_/) %(/‘/—I‘j)ﬁ 1))
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Kyu F HM Kyinaaruaa €3aiank

@=r'—;,fiﬁj‘r”f @
(1) Ba (2) nau
y= =4 -R) B =, &)

Byun itvrmirupu® (i Ba j 6yuw1a), CyHT ancambab Oyiinua
yprauanad, napanaérrai Hpoganyd TONaMMH3;

Z@=-%me- @

2) Uauw nesopu TOMO””/J.&I” m:umnr da CUPTH 3AEMCHTH-
ra KypeaTuaaéTras Kyd — Pndo ratenr (7 — Talllki 1opMajl-
nuur 6upauk Bekropu). LyHra acocaH Bupuasira KyutMaagTran
xHMcca:

gj?zida =§jdiv?dv=_2’i-3de=3PV/2 G)

ichoaanan u60paT
Bynna Mayce Teopemacuan sa divr = 3 sKaHaurnaan Qoii-
AataHauk. Tuaum yuyH Kyimaary HopMasaau 1apTH

J fin = A J e Prdpdg = 1 ©)

MabayMm. by unrerpanna E(p, ¢) TU3UMUHHT TVHA 3HEPTHSICH.
By nnrerpanyun 6yaakiad uHrerpatialnumk;

AJ‘dpe"”qu,, gy = AJ(/[){[ ] dq,,..dgy +

+ B[ 5 dgda,. qu} = ABJdp[q\ S e g, day =

= < —-s— >= l
B ‘Il 24, (7
OyHaaH yMyMHit HATHXA
0 =< -> ® T j T,

11 OJTaMHU3.

Xyaau WyHHHTAEK,
2

LI )

0=< Ek Y=<
Py m 7.3-pacm.
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CKH
2
k

2n,

X

< >= (10)

NS

(qk =a,q, =b Ba p, =a, p, =b paynap noara Tenr ae6 Kadyn
KIUIMHIM).
AeMaK, KHHETHK DUCPIUSIHIMHT YPTALACH YUyi:

Ek=2<£'_>_ 0N=%~3N. (1

2m

bunoGapuii, supuan Cra kyiunarad xpuccaiap (1) sa (2) nynkr-
aapaary udosanap xucodra OAnHUO, BAPHUT TCOPEMaHN Kyiu-
HAarM KYpHHMILAQ €3U10 MYMKHI:

— Lo —
E(,,)=C=3N%=%I’V—5UZIU i - (12)

byinan

P=n0+ Z
i

Tapuxuit ManvaymorT. Bupuan xaknaaru teopema
E(p)=C Kunaysuyc tomonunan 1870 itnaa tavpudpnanran.
By Teopema 31eprHsHINT 3PKHIANK Aapaxaiapy 6Yiinua TeHr
TAKCUMAAH MM XaKAAArM TCOpeMaiall KCATHPUO YMKAPHANILIM
XaM MYMKHH (.ﬂOTHIllm: vires — kyunap, vis — ky4).

=—-—Zr;F,

BUPHAI Aeiiiaanu. Arap Ky' 1oteinnat xapaxkrepsu 6yaca,
E(p)= %Z riV,U (r) 6ynaan.
7.3-macana. Pean ra3HHHF X0aaT TEHTIaMacH
_p B C
PV =R1 (l+7+7f+"')’ m

oy cpaa B, C — supuan koshpuuneHtnap. Ban-acep-Baannc
rasu yuyn B, C napim aHUKJIAHT.
E 1 u 1. Ban-aep-Baansc teHiavMacu

(P+— )(V b) = RT. Q
(2) 1y Kyiinnary KypuHuLLaa E3amMus;

RTV ll a
PV =32y RT(V b RTV) RT(\ BV R7—l7) &)
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Fakpubuit ndona (x << / 6yaranna)

Aol x+a?+o
I-x

nait pohipanannd (3) nu E3amna:

PV =RT l+.--+-V_+ - RW) RT(I +—= V(b—i-) 2+] (4)
(1) Ba (4) 11 cohnurrnpr®, usnanagrran KoagpuiueHTIapIin
TOMAMH3:
B=I)--l-§’-f, C = b
7.4-macana. Pean ra3s yuyH
PV =RT¢ (n

xonaT renriamacu Masxyil. Ban-naep-Baaanc rasu yuyn fum
AUUKJIANT,
Euuu (1) TenmaManu

pV=RT(l+f+%f2+.;.) @

Kypunnigia €3um MyMkuH. by (2) tenrnaMaiin supuan koad-
duumentaap B, Copkann éaitran TeHraama (k. 7.3 macana)
OMAAH COMMILITHPCAK,

-5‘=f’T,g2'=—2°' (3)
demak,
2
=l(p-a).c=L(p- 2.
f‘V(b RT)’C 2(” RT) ' @)
W 30 x. funnr udonacu (4) xos1at TeHraamacu (4.68)ra atoc

KCJMLUMHKY TabKAATARMH3.

7.5-§. KV 3APPANIKY TAKCUMOT GYHKUHUACH

Ymymuit xosaa 6up atomau N ta 3appasail HOOPaT TU3MM-
HURC

51,51 +(I'Z/,, _[).I’T)l +d;}h
4y,q, +dq,, pypy+dp,,

(50)
(IN’qN +(I‘1N N’pN '*'dl’/\'
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OpUIMKIIApAA YAAQPHUHT YMYMIQWTan KOOPAHHATATIapH ¢ I
VMYMAALITal UMIYALCIAPH p OVAKLIIAPDH 9XTUMOAMHH

([W(_p‘n.Bz--'a;).;v;.(;la;}zms;l;v ) =
=f(;p})’zn':};,-\';-ap&z-'-aé},\')dpdq (5”

Onnan Gearunalinuk. ¥Ymymuit (tyna) sucprust E(p, q) uu kiac-
CUK (r3muKana

L, q) = E(p) + E(q) (52
KYpHIniaa €3 Mymxut o¥aranu tydaitan (51) TeHIIMKHN
dW(p)dW(q) = fip)dpflq)dq (53)

Kypununuyia €3uin Mymkui. by ndosa kaHolHk TakenmMor udo-
facu

f ([7, (I) = _é_ e-ﬁl'.' - Ae‘ﬁf(l’)Be'ﬁE(‘l) (54)

AaH Keand uukaau. Maean ras yuyH E, =0. By xonaa (51) Ba
(54) udopanapinay

dW (p,q) = AePH0) &t (55)
Keand unkanu.
A=t - y¥(_# /2
Tz, (27zk’l'm) ’ (56)
N
E(p)=2,p1/2m 57)

Hopmanain uiapti

[ 7 (p.q)dpdg = 5 [ dpdq =

= L [ ,BE(R) ., 1 -BE(e) 4., _

=7 je dp Z J'e dg =1 (58)
upogacuia

L[ ,-BE() g0 1. 1 [ pBE@,

»Z-;J.c dp =1, que dg =1 (59)

HOpMaZIall wapriapy Gaxapuaniu.
(58) Ba (59) nan KYpHMHANMKH, KINACCHK CTATUCTHKAIA

Z=Z+Z

? Y

(60)
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1

hyiaa 3appatiiir MUKW CTPYKTYpacH IuTHOOpra oaunMaan. (59)
L KOH(PUTYPAIHOH HHTErpai Zlytlylx Kyituiaru

Z,=0= fe"ﬂﬁ(")(l(/ o)
iosatm onamus. Takcumot dynkimsiiapu fip, ) sa
= flq,,q p | -BE
£(9)= £ (01500 ) = 4O .

q
MAPIH KYIT 3apPasiv TAKCHMOT (OYHKIMSLIApH JeHiaan.

Arap 3appasap opacuaary norenumnai XxXydr y3apo noren-
i e Kapaiaca, sibiu

E(q)= z y, (63)

i<jf

K11 3appanu Takeumor pynkuusicy fg) un Kyitnpariuua
S (q)dq = Zq"e"’m(")dq = Z,;'e’ﬂz"‘f"" dg=2;'T] e ™Midg (64)
KypuHuLa €31 MyMKUH, byHaa ’
Z,= JH e Migy. (65)
i

7.6-§. KOIIGUTYPAIIUON UHTEIPAJIHH FYPYXJIAPT'A
AXPATUIII

Bus 7.3-§ na f; bynkunst kKnpuri6t
fi= e _ 1
kondurypaipod udona (65) garm KynaiTManu €3raH 30HK:

];[e’ﬂuu =10+ 5)=0+f) (0 + fi3)+ .=

i

=1+ (fp+ S+ )+ (oS + fafia v+
+(Safisfa + ) (66)

Auan Oy (66) nu Kapa HiInk.
(66) udoaanarn xap OMp xamuu amarpamma (rpad) xy-
PUHHILAQA TaCABBYP 9THII MyMKIIL Macanan, f,, f;, imn O-Q,

O-0 éxunf,fun @ g kypunmna. Wynnnrnex, £, f,, %
Q0O |
X fy3Joe Jog 1N O-® Kypnnnwaasax. x
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['ypyx nHTerpumapHu, Tabpud 6yitnua, Kyiinparuua amis,
nanaaun (Macanan, [ rypyxiau uHrerpan b):

! = T (I Typyxau xaMma Xapnap HHFRIIUCH).
Macanan:

b=5H@]= [dr=1;
])2 2lV[®—@] = -21,}--[(/;((/;:2_/;2 = %J‘([;zf(,‘IZ);

170 QO M (D 0, .
b;—»3~!-,-,[++ + I

= o [ARdnd i fiof + fafia + TS + fafuSu ) "

............................................................................

b=z ] dr‘u/fz...d}'-,z[f,j[ f,J . (67)

IOkopugaru udona HUFUHAMCHAATH MHTCIpasap Kyhnaarn
KYpHHHIIra sra:

B = l'/ j j drdr, 7, (;,2 ) = f f(#)dr,

B = 5y f j j drdrad s fiofisfon

By = | j | j drdradrdrs x

X(3fiofuaSuSua + O S fishiafofon + fafisfuaSufautia)-

B.f,BaX. KUAUKECATUDHUAMANHAUTAN HUTCTpAd-
Aap aehunanu. YmMyMmuil xonaa rypyx virerpanap b éuaan
KCATUPUAMaiAMras MHTCrpaiap opacuia

1,,:/;21;]@5_ (3 =1-1) (68)

OoEaaHMIL GOPAUTHHKM KYpcaThi MyMKuH (K. [16]).
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KesrupuaMailauran vHterpauiap § opkaIu Xonat TCHI1a-
wilcH (0ockuM Hdoaacu) Kylingaruia ¢3Maiau:

" r n(){l - E]ﬁt‘;ﬁs”s} = ;10[[ —-'2-[3,11 - %[32n2 —%[gn3 —:' (69)
s=l "

I Aras
| HKKHHUM ToMoHAaH GocHM Hdoaachiiin 3uiauK # Oyitiua Tak-
pop ¢iind, Kyiinaaruim S3uil MyMKHIL
P=n6lt + nB(T)y + i*C(T) + B I(T) + ... | 70)

(69) Ba (70) napHH conutuTHPCAK:

B(T)=-4h, )
c(r)=-125,, (72)
D(T)=-35. ' (73)

byaapaa B(T), (K(T), D(T)
Wl X. K. HH MKKMBYW, YIHIUR, [
IVPTHHUM BA X. K. BUPHAT KO-
W PHUMCHTAAD ACHUANIM.
Tapuxuil MabAYMOT. 0
1927 itwana Ypcean y3uuwunr
JuicCepTalMsicHia HOMlea! ras
CTATHCTHK MHTETPATUHY TYPYX-
sapra axpatn®d, Ba-aep-Baaise
ICHFIAMACUHM KEATHPUD UMKa-
pHiHKY Kypeatan. Keiinnpok,
1937 itnaua Maiiep, Kau, Yien-
OcK Ba Gonikaiap Ypceenan nasa-
PHACHHNA YMYMIMUTHPAMAAD BA 7.5-pacm.
PHBOXJIAHTHPAKAAD. XO3HPIH
HAiTA2 CYIOKINK BA KATTHK XHUCMIAP HA3apUSICUIIN Taxjini
JTHLLLE Oy rypyxjaapra axpatviiaan kenr Goiiaianniaim.

7.5-macana. Moaexkynanap opacujia Xy(riu y3apo TabeHp
Oynramaa pean raz 6ocumu Pyuyn

o

P=npil+2 [l -e‘“"”“‘]dﬁ (1)
(1]
1hoaa YpUILIK SKalJUTMHN KYPCaTHHT.
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E u v 1. Macanta maptura Kypa

U=3u. Q)

i<j
Bupuan Teopemara acoca
_ _1 U

PV = NkT 3<’Zr,;ﬁ'—> Q)

eéxu (2) ra acocan
- _l -y _ L NV-1) QU( )

PV = NkT §<;'”})7;>_ NkT 3 5 <r-g0>. @)
byhna

frip U o~BU

f-
) . e O —_——
< ’aU(’)/a’ Z= f. Ie‘m’(/” (/12 (Ir/v

dridry,..dry

= i/l"TJ‘" I"Z ‘:)U e P dr,dr,...,dry &)

(Maxpaxaa U = 0 ued kabya kuanuan). By xosaa (5)
udona

<r ())!j_ > = ? J‘(lrldrze ﬂli’l J‘d )‘ﬂb(’) ()b(l) (6)

r= ll‘z ~I‘|’. Cdepuk koopanHaTaiap TH3uMira yruiaca, (6)
ndogany Kyiuaarnua E3ui MyMKHHL

du -pU(r) {IU
<r dr V r'e

_Anl U 3T w_ -60 2.2 40 | | =
= Ge " r L) [}[ e 3 dr]
_an0] U Al 2]
= [;e '”+32[1e (/IJ—
40| _Af2 (1 BV @)
== { 32[1‘ (l e )dl}.

(7) nan doinananuns, P yuyH oxupru upoaaHm ogamMus:

P=nkT[1+§I(1 -n(l)dl} ®)

0

dr =

N= N—1 e xucobnagm.
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7.6-wacana. I'a3 Moaekynaiap
N UnN=ar” a>0,n>]3,

oo r<a,
0) U(r)=1{-U,=const<0 a<r<b,
0 r>b

Kotyiiap 6¥itnua yzapo rabeupia 6yncuriap. UKKMHUM BHPpU-
an koapuuwmenrt B(T) nu sa XKoyns-Tomcon koaddhrumct-
TIHIY TONMUIT,

E u u. Ukkunun suprast KoappruUuMeHT yuyH

B(T)=-1B )
1chosa MabayM. Bylula
By = [drfy(r)=[dr(e? -1). Q)
(1) Ba (2) man
B(T)=1-[dr(1-c™®) 6)

B(T) uu GymuolaG HHTErpaiaiank:
B(T)=4[rdr(1-e*)=

=27 ;— r (l —e M )L - —-3—-([ B dU e Pdr =

3 ‘iU -pU

res dr.

=2
3

=
= by §

l

. 2nfion —-n42 - .
a) 4L =~z B(T)=" g—ll—-J' "2/ dr Yarapysunim

dr faad
ZL'HH?.IIJITHpal‘('lﬂl/IKZ
off .. _dafin
=X dr =dx,
VY xonna

B(T)=: (aﬁ }/'J.x"e'*clx— (aﬁ)”"l"( )

TaymMma yHKLms
r ('!:2) =
3
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|

6) Macana wapruian Goigaiannd, yiubynu ézamus

B(T)= —;- j£4nr2(lr + j{(l - g P )47rr2(lr + ]:OJ =

= %%’ia %—3'5(1 —e"’”")(b" —a“) = —2-3’1(1)3 — e (b3 - 03)).

Koyn-Tomcon sihexkTriiv kypearaitank:
XoaaT TeHrAaMacH MKKHIUM BHPHAT KOXD(DHUMEITT OpKATIH

PV = NkT(1 + nB(T)) ()
kypunnuyia &3unaan. byuaan Vi kyitnaariua ésamus:

= MLy NN (), @
bynaa ukkunuy xaua Nk7 = PV &eb kabyn KHnaiinuk.

v =240+ NB(T). )

bynaan

(57), = 4+ 7552, @
XKoys-Tomcon apdexru

9Ty - L ay _
(bp'),, G [T(ar)p V]' ©)
(3) sa (4) aan doinanannd, (5) nu é3amus:

(5), =[5« o7 2828w ()=

- &[0 ()] ©

p

B(T) HHHT ypnum YHUHT udopasapunn Kyinb. 2Koya-Tomcon ‘
A(pexTH aHuKAAHAIY.

7.7-wacana. Typyxiu unmerpat b, Huur keaTupHaMaiauran
uHTErpaAap B, Ba 8, opkain ndoaacniy anukaanr, 6yniaa

B = [drfiy(), M
B, = 2V (/rldl" 12132 0}

Euniu. Ymymuit udoaa
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b= 2[1’[ f,,}/ndrz dr,

_--J‘J'J' Hfu drdrdrs =
= (}V‘J‘I_“[frz i3+ SoSu  fafu + fufals +f3|12|f3|}[):lf1;3(/;33

- 0 D
I"'3.ﬂa
A B

Wurterpainap ocruaaru A auarpammara moc 3 ta (rpada-
nap) xauiap 6up xun KMiMarny 6epajiu, sSibHU

B =+ [ fudridra

DKAIHIKIAN Xap OMp Xan Oynna 4r, Ba 4p; ,0¥iinua nirer-
pasnanranjaa B2 sa yaap 3 ta Oyaraum yayu 3 g udonara
TEHT.

Fohisfs ¥ hdy  Joo = 2 fs ks

Hemak,

(3[3: +2.32)=% +1 ﬂz,
B k'V.[f Hf;jd;n...(lf‘m.

kelzlzjzl
b Ba f opacuaaru OoFTanuwHK asBan (MCOOTCU3) KeATH-
puiras.

7.8-macana. Kyt ¥3apo Tabcup OYVAraaa HKKKIUH BUPH-
an koohdunment B(T) nuur uhoracuHu atMKIaHr,
E 4y 1. Bupuan tcopema acocuua 0OCHMITHIT HBOAACH

P= nkT{l + 2/1] i (l - e"”""”)th‘J (1)
[}

skalsiri anukaadrad (7.5-macanara K.). MKKiHYH TOMOHAAH
GocuMHUHT BUpHaAi KOdhdhuumeniap opkuin ndonaci

P=nkT( + nB(T) + () +..) 2
Kypuiiura sra. (1) sa (2) nu coammrnpu®d, B(7) 1 TonaMu3s:
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B(T)= 277‘([ r (l - C’_ﬂu('))(/l‘ = %J‘(l _ (,-ﬁlf(r))(/)l =
=_%.|.f;3;/’:—"%'ﬂ1- 3

7.9-macana. Bar-uep-Baanse TCHIaMACH YUY MKKHHYHA BH-
puai koapduument B(T) nv anngaanr. Tenrsamanary Ty3ar-
Ma1ap @ Ba b HU Tax;1a KHHT,

E u . Ban-aep-Baaase enrnamacu

_NMT _ a
I 7 (H

b << Viwapr 6axapuicuil, Y xonna

MKkuHuM Tomorian
PV = NET(1 + nB(T)). 3)
(2) Ba (3) HY COAUNITHPCAK:
nB(T)= 5~ iz
NB(T)=b‘7vZ‘T'" @
= 271‘]21'2 (l - e'm"('))dr. ©)
o

Mo:sekyitanap OpacKIary NoTCHIMAN XapakTepu 7.6-pacamaa
KVpcaruirad. bynna r,— 3appa paycu. U, — 110TeHUHLIHHHT
MHHUMYM KHHMATH,

7.6 pacMaaH KYpHHAAMKH, KUUMK Ma-
coanapna r kamaiimwn ounan U(r) kee-
KKH opTHG Sopan, sitbHH HTAPHIL Ky'uy Oy
coxana (0,2r,) na yeryunuk kunanu; (0,2r,)
OP{IMK/IA 3rPH UM3UK, ACSIPSIN BCPTUKAE
Kypuiuiura sra 6¥aaiau. Hly cadabau Oy r,
HH aTOMIIApHIHT "paguycy” ACHKAIL MyM-
7 EEEE) KH1l.

Karra macodanapaa opaauk, (atomnap
opacuaary smacoda) ropruuiu duaad U(r)
7.6-pacar. HucOaTaH cekuH opTHO Dopann; Oy coxa Top-

Ulrk

...‘
~Y
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LHILMHE KYSAAPHHHHE VCTYHANTH COXACHAP Ba # — oo OY.IraH-
na U(r) -0 6yaanu.

U, — MuHnMa KMAMAT aToMAapHUIT "6zlpr<.apop" Xostarura
soc kejaau. Onataa, U= kT ; Oyia T, mpaJchmu MoJuia-
HITHT KPUTHK TCMICPATYPACH. lOKopu;m ATTIFAH; s1apra kapad
(5) MHTErpAIHM KK COXAMa KapaaraHu MabKyl, sbHU

B(T)=2x T 21 =eP O + T r (l - c'/w(')) dri. (6)
0

2n

runnr (0,2r,) opamignary kuitmaruina U(r) > 0 xyna xar-
Ta oOyaranu tydaiinu
| — e 8D

udonana e P Gupra nucbaran xyna KHUMK Oyaranu yuyi,
YHU XMCOBra 0JIMaCAUK MyMKHH:

2722.f' rz( ﬂU(’))d" =2r _[ rdr=4- -—*'?) =4d,=0

o =49,, 9, — 3appaiiir XKMH, 0 — TYPTJAHIAH XAKMIa TEHT
MUKJI0D.

(2r,, ) coxaja norcHIywan Hucbarair KMUMK (onatna Oy
coxaua kT > |U (1)| Ba y Manduit mmopanuanp. by (2r, «)
coxajla BU(r) 6¥aranm yuyit e nu karopra ¢iud, nkkiTa
Xai 6uaaH uerapasaHaMis (MEKIAHAMMU3), STbHH

O =14 iU (r). ®)
By xonna i B
27:_[ r? (l - emw(',‘)a’r = —2nI ” |U|Bdr = -Ba, )
2
o= 27!2{)1 Id/ (10)
(8), (9) Ba (10) ndonanapuun nazapia tytud, (5) Hu
(T) c- —T (1

KYpHHULILIA E3aMU3.
(4) Ba (11) udronanapiu coamiuTupud, ymdyHH Tonamus:

No
No - e T (12)

21— A. Boiigcaacs 321
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¢ku OyHman J
b=No =4N9; a=Na=2xN*[PlU(r)dr. (I3)

1
(13) un Ban-pep-Baanpc tenriiamManapura KysiMu3:
(P+ r’a)(V— No)= RT,n= N/V. (14)

0 — UTapUIL KY'UH, ¢ — TOPTHIL KyUu Ounal OOFIMK MyC-
Bar Tysarmanap. I
2, —
Ppm + n¥a = P

w1’
|
Ih‘llllll - NG V PR XKML
(1) nan xypunanuku, T = T, 6ynranna, B(T) =0 Gynaam, !
sibHU Wy TeMneparypaaa B(T) ¥3 nwopacunu yarapraau, dynaa
[¢4
T = (15)

(11) ndonanan kypunaauku, T > T, oyaransa B(T) ndonacu-
AQ MTapULMIL KyWIapu YCryHauk kunaau; T < T, 6¥aranna,
TOPTHLUMUI KY'4IapH YCTYHANK Kuaau. 7, Tcmnepmyparm —
HHBCPCHUH TeMMepaTypacH aeimiann,

7.10-Macana. ABBAUTTY Macaiaard HHBCPCHs TeMriepaTypa-
cu Koynb-Tomcon addekTraary uiisepcust TeMreparypacura
TEHI KAIJUTY UCOOT KWIMHCHH,
E u n . XKoya-Tomcon apdekrn yiiyh
) (128 p) O)
(OP " FYa
DKAHANTH AHUKAAHTAH DU,
XKoynp-Tomcon opekrn Hojtra Tenr 6yaran remncparypa 7,

IB(T
7,220 - B(T)-0 @
T=T;
TEHFNAMAHN KAHOATAAIITHPALH. Am;emru macanaaa
IKAHJWIMHK Hasapaa TyTHo, (2) TeHrnaManu Kaitta é3amus:
. ] +....a... =_g-— g<=
77(k'r?) T T rn Tt
2o = 2a
=0 T=i
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vill 5Ob
KYYIH Y3APO TALCHUPJIU TUSUMIJIAP

8.1-§. KHPHUIII

b3 1okopHaa cuitpak razaap xoaatHiin 6up sappanit yeyi
(6up 3appaiin TakcMOT (hylkitusick) Onaad taschdiiai crap-
S IKAIEIUIHEIM KYPAHK. KaTTHK XKMCMAATH KPUCTULT Iarkapa
TYTYHAAPH XapakaTHHIT HOPMA KoopiiuHaTaaap O1iaH tascid-
Nanpia, yMyMatl KBazusappajiapili Acsapian apkuit acd Kapai
MYMKUH OYAraH X0inapia ynapHiur xoaardiin Oup sappaiii
yeys acocuua kapajiaan. Ly Ounan 6upra kyucus (3audy) y3-
apo TabCHP MapxXya GyaraH xosiapiaa (kydr ¥y3apo TabeHp aco-
CHJIa) TH3UM XONATHHU BUpUaT KOOD(HIUCHTAAD OPKAIN TaB-
cuhan XONAHIIN KYPAKK.

Peat TM3NMM 3appanapy Opackia Y3apo Tabeup Kywin O¥arana
IOKOPHAATHAAL COTANALNTUPUIILIAP SiPOKCH3 Onann. Kywim y3a-
PO TALCUP MABXKYA O¥iratl Xo,napHy TaAKHK KHAWUI yuyil Ma-
catan, (peppoMarHeTu3IM XoaucacHu, (Gazasuit VrsilLapHu Tas-
cudnam yuyir 6up Kanua TakpuOiit yoyanap Miad duKuIras.
bu3a Kyiuaa wynapaan aiipuaeaapura TXTUIaMu3, Apsai Tan-
K¥ MATHUT MaidOHAArH MapaMarinT KpUCTULaPHHHE MarliuT-
NAHUMIIUHK KYpalnnk.

8.2-§. NTAPAMAIHETU3MHHHT JAIDKEBER HABAPHICHU

Tawxy maruut Maitnon /' rancupuna napaMariiiT Kpuc-
TLTHUHT MATHUTAQIMIL BCKTOPH

M=yH

udona duatt aHUKAAHAAM, Oy1iaa y > 0 Martnt Kadya Kuitys-
YAHJHK.

MapaxiaranT MoAzARAPIHIT ATOMIAPH, MOAEKYAATAPH Tatll-
KH MartuT MaiaoH Oyamaraiaa Xxam Xycyciit MariiT MOMeEHT-
sapra ara O¥:aauap. lynaait atomiap XyMaacura ToK CoHaa-
'Y ANCKTPOHApra ara OYIran Ba AcMaK 1¥,1a cnHNAApH HOATA
TeHT OyjaMaran aromiap, xamuaa 3d, 4d, 5d pa 4f, 5/ anexkrpou
XOAATAAPHU TYAMArAH aTOMIAP, XKyMiaual HIKopHid MeTaanap
aromiapy Kipaad. Kynruna MarHHiapiHir Kadyn Kuiysuali-
Jiru TeMneparypara 6ornunk, ovaain. 18935 inwua I, Kiopu wyn-
Nai napaMarsMTIapiuir Kadya KMAyRUaI UIMTH

-
N
a3
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=< ()

KoHyHra 6yicynuinnn kaud araun, 6ynna C — Kiopu aou-
muiicu (koncradTacu), 1905 itnnna JlanxebeH cTaTHCTHK (hu-
3MKA yCYJIH ACOCHJIA NIAPAMATHHTHHHI KJIACCHK HA3ApPUSICHLIH
SIPATIN.

TepMouHHAMMKALAH MABJIYMKH MAaTHUT MOMULAHUHT 3PKUIH
aHepruscy Founan yHuHr Maruuraanniu M opacujiaru 60F-
JlAHMHI KyHuaaruuga;

M=-(3F), . @
Kyitnparn 60ormaHuIl XaMm MaBxXyut:
F=—NkTIn Z, 3)
OYHIA CTATUCTUK HUFUILLH
Z=3e" @

6yaub, E, — i nun carxHuur sueprusicu. Tauku Maijgon ¥ii
Jard g MarHMT MOMCHTIM 3aPPAHHHT NOTEH LKA JHCPTUSICH

U= -'(;'h" ) = —uH cos0, )

6y epiaa @ — MaruuT Maitlon /I GHAAH MAFHUT MOMENT 0
opacugarn Oypuak. E, nuur yprura noreunman sveprust U
KYSIMU3 Ba Gypuakiaap y3aykcu3 Yarapaan acb xuco6:aab, (4)
Jary WMFUIAM ypHura Oypuaxiiap Oyiuta vHTerpaLiapHy ¢3a-
MU3;

o= plicosg
Z= j do j dOe *T  sin0do. ©
0 0
Bearunauiiap Knputaitink:
a=ik'l—7{, x =co0s0, dx = dcos0, @)

Z= —27:1I e™dcos0 = —271:-{l e“dx = 3‘:-‘ (e" - e"') = %"sha. 8)

(8) un (3) ra xysimmu3:
F = =NkT In % sha &)

a’
SAHaM (2) ra acocan MarHuTIaHnIE M 1Y TonaMu3:
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M = —-(.‘?L) = NkT_L_Q_(Sh(I) 9a = ”‘l“h” N [C[ha - —-] =
. FYZA sha a

o /y sha oa «
= NulL(a), (10)
oynna L(a) — Jlarxesen Gynkumscu
L(a)=ct/za—%. (n
Wlyiiaait KHAHG, MarHUTAQHUIIL BEKTOPH YUyl
M= Nul(a) 12)
HATHXKAHM OJIAMU3. XYCYCHIT XO/LTApHK KapailinK.
A a= IIZITI — oo, ABLHU H HUXOITAA KaTTa OyacuH. by xonna

L() > 1, (ctha » |, 1/a - 0)

Hemak, Oy xo:ina
M_ = Nu. (13)

XaMMa aTOMJIADHUHT MarHuT
MOMCHTAAPH MarHuT Maiiaolira {a)
napaaiaen UyHanuO, TYHHHULL
KuitMaTnii Kabyn kuaaau; Oy i
XO[Hca ocon Tyiynuiaam (8.1-
pacMm).

0) a = u H/kT <<1 6ys1cHH —
MaiigoH yH4a xkarrta amac (Kyu-
CHU3 MArHUT Maitnot) Ba eTapin
HAPAXKAAA KATTA TeMICparypain
NApaMarHuT.

By xonma ctha uu Katopra €iin6, H HuHTr GnpruHuM gapaxa-

CH KaTHaLral xaa Ousad YekIaiaMus;

8.1-pacm.

2

2
G S l+a+%+l—a+% ~
ctha = PCR 1 & o [ 2 .a
+ 8 vy iy
+a +-lva=5 +%
2 2
_ 2+d 1 39 1l a
= , 02 =;+ ) a2 ='(7+§. (14)
a +—§' ﬂ‘k +-—2‘-
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Jemak,

N,2

=" =
M= T H=yH. ) (15)

Bynita MaruuT Kaby.1 KMAYBUAHINK

* . /V;12 _C

L= T (16)

_ Nuz
C-= T 7

(16) wpoaann Kiopu xonymu aeimiaian, ywjuarm C — Kiopn
JOUMHUHCHAMUD.

[MacT TeMneparypatapiaa napaMartierHiiT MACHMTAAHTHILN
(12) ndpona Oustan Tascudaarain. Bip  MOAL HApAMAIHUTHHHT
MATHHUT Kadysl KMAyBUAHAHTHHI Baxoaaitank. N ~ 1023 moib;
u ~10™9pra7!; T~ 300 K; y ~ 10~ cm¥/mMoiib.

8.3-§. HAPAMATHETUIMHUHT BPUJITIODH HAZAPUSICH

3appa (aToM, MOACKYIAHMHT TYAQ MartiiT MOMCHTH (opBuTLI
MAIHUT Ba CAMI (XYCYCHH) MArHMT MOMCIITAAPH HHFHHIMCH)
thazofa MarnuT KBaHT colsap m.= —~j— (j— 1),..0, I, 2,..j = 1,
Jnap Onaad anukianysuu 2/ + [ KBanTiaanrad opuenraumsiiap-
HU (Ba3USITAAPHH) Kadyn kuaaau (f — Tyaa KBaHT coir). Mar-
IIAT MOMEHT g¢ HUHT TAlLIKM Mariut maiinon H iiynanamiupnary
0Z yKura npoexiHicH

;= gmyy (13)
Hepoxa OntaH anHKIaHWIM; Oylida g — Jlanue axkropy (Xyrair-
Macu), Uy =eh /2m.c — Bop marderonn. Jlanxescn Hazapusi-
CHA MATITAT MOMEHTH HYHAUTUULIADMHKHT Oy KBAHT/IAHTAHH
Hazapra oMHMaran sjm. o
IMotenunai sHeprus U = —(,u 11) yUuyH E3aMu3:
U, ==ullcosO; =~pu Il =-g,mupli .  (19)

mj

By xonua cratMcTuK WHFMHAN

+j .
zZ= Y Pl g /kT (20)
mi=-j
upona OMIaH aHHKIAHANM.
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Bestruaaw kuputainK:
a=g;BusH. v]))

By xonza reoMeTpuk Nporpeccust AMFURANCH Z KyiHuaaruya
AHMKIAHANING

' -;a[e(2/+l)"_ ] )
_ ot - o
Z= Z, e —— 22)
et

(22) na Supuran xaa e Ba xamnap conn (27 + 1) akaunuru
Hazapaa TyTUan. (22) ik Yaraptupud E3aiiink:

- —2Ja+a—--—//x J+~
e—a/Z—jalc(Zj#l)a_l] [C’ ( fxil

Z= Oy T A Tsh ] 2 =
) AN h
I e( 3") (’ } L(.”_L (23)
2sha /2 sh
2
(23) 1u nasapaa TyTMO, 3pKUN dHeprus udoaacuun €3a-
MU3; |
sh(j+- o
F=-NkT In —4—/&2)-, (24)
S
2

(24) acocuua marsuriaanui Bekropy M um anukaaiiMma;

sh
M=-g£ = NkT - - 2] — X
sh(n-i)a
&+“—}I’L—k{{’,—— ch sh(;+g)_ 0.
s/t

aH’

do _ XJI‘B

oH kT
Hesmak, M yuyn yuiby siposa keand unkaau:
M = Ng,ug [(j + = )c!/z (j + )a - »%-clh ‘;] (25)
CKM MXUuaM akaia
M = NegtyjB; (), a= jo = 20ll; (26)
327
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QN
'<

HI

B, (a)= %—I cth Qﬂ 7'7 cth '2%’ 7

bBpuaniooH dynkuusicuanp.
Tyiunuiian y3ok xoxapaa x << | ned kapad,

X
cthy = —+ %
x 3
TakpuOMit KHikMaTH (ol iannd,
B (a)~§ 4~ (28)

uoatin osramua (8- 1-macanara K.). bynu asT60pra 0ané mar-
HUTAAHMLI YUYH

_ N &) C
M= NS < 9)
ngpojatin osnamus, byuuan kyiiniaarn udoia keans UMKaau:
Ng? ,ll,;j(j+l)
XS Tk (30)

(16) Ba (30) aapnu coammTupu® KypaMusku, a << 1 6¥aran-
Ha (ryitmnuuaan ysokaa o¥uiran xoana) Jlaikesen sa bpua-
SO Hasapusiapu oup xus konynra — Kiopu koHyHmra o6

eyiap. bynna Maruut MosMenT M, ryaa ksant con sa Jlanue

(I)dKlOpH Onjtan Kyitnjarnua ﬁomaHnuum oy1auu:

1= gugi(J+1). 31
Arap a <<} wapr Saxapuamaca, sibHH g KaTra OViica (Kyuim
MAarHuMT Maiaon H sa temMnepatypa 7 nacrt 6yAranaa), KBaur
Hasapusicu ¢popmysacu (26) JlaHxeBeH nasapHsicu HATHXACH-
nar Myxum dpapk, Kiaain. Ksant mazapusicn Vil coxacu-
ra siKMH COXUIap/a TOXpHOARaH OAMIITAll HATHXANAPIHN SIXUIN
Taseupaanan. Macanan, H = 5000 D sa T= 1,3 KOynranna,
99,5% ra xanap tyinHMI Kys3aTwiran (JlankeseH Ha3apHsicH-
maru M, wuvnr H — 22000 3 na na T= 1,3 K na Kamepannr-
Onnec Tomounaand 1923 jinana 84% raya KUAMATH OJIMHTAH.
Hewmak, Jlawkeses Hasapuscuaarn M, xakukuit (peast) Tyitn-
Hunpaan anua gapxin. Taxpuda cynbhar ranoamHuT yuyH yrxa-
3uarad. Keituury naparpadia 6up Heuta moettapau Kipa-
MHU3,
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8.4-§. Y3APO MYBO®OUKJIAILITAH MOJIEKYJsiP MARAON

Tusumaaru 6upop sappanu Kapaitnuk. By 3appara ynuur
aTpohuaaru 6ouika 3appanap TabcHp kypcaraau. Kapasaérran
3appara TAbCUP KUAAETIaR 3appatapHIIr Xap XK X0AaTAapura
G6oruk 6YnraH Mypakka® Ky'uHH Manay™ ypraua Maiiaon —
MOAEKYASP MaHIoH 6XAH anMpoOKCHMAUMsInaiMH3!, SbHK colt-
JApoK MainoH Suaair anMalutupamits, by xoana kapanaérran
(TansaHrat) 3appaHu CTATUCTUK itinka ycyan GuiaH Tas-
cudqaall MyMKHH, Y3 HapBarnaa, atpopiiaard KYILHg sappa-
Jnapra TabCUP 3TYBUM 3appaHHHT ¥pTaya MafiIoH KM aHHKAAL
MYMKHH 6¥aaan. Tuanaintur sappanapu 61p xua Gyaradua sap-
paHMHI Oy xucobnanraH ypraua MalkooHH aBeajs KUpHTHATAH
MOJEKYISIP MaiiaoH 6unal Oup xun 6¥nann. By ¥praua Maitnon
(MoAeKyIsSIP MAKILON) TH3UMIMHT CTATUCTHK XOCCaNapHIu Tas-
cudpnaitam Ba geMaK, YUHMHT €paaMuaa TU3NMITHIE TCPMOAMHA-
MUK fapaMeTpaapuHi aHngaau MyMkun 6yaanu.

Ky'wau ¥3apo TancHpau 3appanap TU3MMHHIM Tascudai yuyn
sipatuaral 6y yMyMuit ycyanu KBaHT MexaHukacuaa Xaprpu-
Mok ycynu (sixHuaawysy) ned aranaau.

8.5-§. K3IUHT MOJAEJHN

By mozeira acocan (peppoMArHiT KPUCTAUTHIHIE Xap OUp
aTOMM 1, MArHHT MOMEHTHIA 9ra Ba y MabiyM ityuammuwra
HucOataH napanaen €k anTunapanien mynanrad ae6 Kady:
Kunuranu (8.2-pacs). AtoMaapHuHr 6y
MarHuT MOMEHTAApHHH H3NHT SO O o
C MU HAAP MY ekhranu. U3unr cnuHaa- < O O
P o, yarapysuan G=1, 2,..., N, N — GO oS
aroMaap coHM) Ba +1 éku ~ | Kuitmar-
1M Kadya kunagu. 8.2-pacM.

[Marxapanary KYiHM CIHHAAPHUHT
y3apo Tavcupu J, arap cnuuaap napaanen 6ynca, "manduin”
Hinopand, anTHnapasacn 6yaca "mycfar” Hiwopann GYACHH,
SIBHH

J.=d_==LJ_=J

Y Annpokcumanis — JOTHINA CY3 — KATTWIHKNH MabIyM EKH COLNAPOK
6owka kKarramk 6unan uopaiaur,
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by xona1a COMHAAPHUHT Y3ap0 TabCHUP IHEPIUSICH KyHuaaru
ndpoaa OnaH aHMKJIAHAILM;

Ulm’r = Z‘Iaio-j; (32)
if

Oynna 6up-Oupu Sunal y3apo TanCupatyRun XyQrau Kyumm-
JAap Oyinua HUFHILTUPUAALN.

Arap J > 0 6yaca, (32) pan U mMunumym 6yaninn yuyH
00, NAPALICAL, SILHA KYUIHH CIUHAAP Napajiaca Xoiitalmira
uHTuRanunap. by xosa deppomartieTiaM xoaucacu pyii 6epa-
an. Arap J <0 o¥yuca, y xonaa KYUIHE CRHHAAD AHTHIIApAILIC
SKOWIALUM LA MHTIIUAIAD BA HATHXAAA alTH(OCPPOMATHCTH3IM
xoaucacu conunp 6¥aaan. boukada aitrralaa, arap aIMalHHKWIL-
HUHT ¥3apo TabeHp aneprustcu J matipuit 6yaca, criviaapimuur
AHTUIIAPAIENHK X01aTH DapKapoppok Gynaaun. Jdemak, arap
eTapaH HApaXalary HacT TeMnepaTypaga CruinapHuHr Hapoar-
Ma-HABOAT Xap xuir WyHanuiLaapy conup 6yaca, 6yHaaii xou-
JAIMILIAP HATHOKACHIA KPUCTALIHMIT TYAa MArHUTAAHUIITH
Housra TeHr 6yaaan. byHaait KpUCTULIAP napaMarHUTIAapaup.
AnbatTa OyHaall napaMarHeTHKIAp OAATIAIY [TapaMaAlHETHKIap-
HaH Y3aapHuMITr Maxcyc xoccanapu dunaM ¢apkaaHaguaap.
ManayM KpUTHK Temnieparypa — Heén temneparypacuaa crini-
JIAPHUHT BYHAGH TapTUOAUIMIKA HYKOIaun Ba OyHaait napamar-
HCTUKJIAP OAATAArM HapaMarHeTHUKAApra aiiaaHaamaap.

Arap KpHCTAUITQ TALIKM MATHHT MAaHAOH KMPHTHACR, YHHHT
Xap Oup atoMura 11y TalkK Maiinon H xamaa KyiHH atoMaap-
HUHT MATHUT MaiaoHH (UIMAILIMHYB ¥3ap0 TAbCHP) TALCHP 3Ta-
Jaap. AnMauiMHys (AToMaap CruiLiapy anMalMHysm) ¥sapo
TaLCHUP MAIOHY (yKTanMsLIanyRuy maiinonanp. Jlexkuy Oy maii-
JNOHHH ¥3apo MyBodMKAALUTaH SKMHIALIMIFA (MOZE/Ira) aco-
CaH MabilyM ypraua Moaeky/sp MailnoH (yiuu Beiicc maitionu
aAchuaanu) H' Ouaan LIMalUTHPULIT MYMKHMH. By X014 crivnra
TABLCUP ITYBUU S(PPeKTUB MAHAOHHHU

H,=H+H

KYPHHHLLAA €31 MYMKHH.

Arap KpUCTULLIATH CIIUHAAD TU3MMM MAPHUTIAHMLLUTA 9ra
oynmaca (M = 0), ypraua Moaekyisip MaigoH ' vu HOAra TEUT
neb Kadbyn xkuannaam, suHu H'= 0. LWynra acocan, ymyMmui
XONAa MOAeKy. P Maknon H' 1y marnvtiaanun M ra nponop-
nuoHaa Aed kadyn Kuauo,
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H' =qM (33) Marir Maivon 17

»
>

KYpUHUILIA E3H1U MYMKHIH, Oyiiia Tlapaaaca

g — MOJIEKYJISIP MAMAOH AOUMMN- o

CHIMP. ‘rmmump;wﬂcs-r
CraTHCTHK (DM3HKAQ YCYIM aco-

CH/LA KPHCTA/LUIHMHT MATHHTAQHN- 8.3-pacn.

M M i aHHIGTAlA K.

(dapas kainnk, 1/2 cnunra ara 6yaran 3appa i Mariut
soyelrtra ora 6¥acuii. byngaii 3appa MariuT MaigoHra Kupm-
THACA, YIIMHT DHEPIUst CATX} 3appa MArHUT MOMEHTHHMIIT Mali-
jponra napasien (1) Exu aHTHapaiea (—u) Xoitnanviapu-
ra Kapad HKKH

—uH, +uH

3HepreTHk catxra oyimuaaunap (8.3-pacw).

Tuaune N ta 3appauan ubopar 6¥sacuit. H tauku mMaitiaonaa-
Y 6y TH3UMHUHT MarifTianuwu M vu anukaaitink. Cnnwsiap
y3apo tabeupiaa GyiaMaca, Xap OUp CNHIHHM UI0XWia KApaill MyM-
KHH (Mjean xon). By xoaga GUTTA CIMH yUYH CTaTHCTHUK HK-
FUHAN,

Zy = e B =M 4 e = 2ch(puH) (34)

!
nona drunan aunkiaanany. Cnuniaap y3apo tabeupaa oVimMaran
xosaa N Ta CIMHAAP TH3MMMHHHE CTATUCTUK HAFHHIUCH, Mab-
JIYMKH,

Zy =ZY = 2enpuil V. (35)
Byiaan apKus 3Heprus yuyH KyUHaariHy TonaMmua:
Fp ==NKT In[2chputl]. (36)

M=- (aF /oH) , Moaagan (poiianaHud MaruuTAAHMI YIYH
Kyﬁmlarmm oNaMM3:

[Nk TIn(2chput ] NkT2 T up (e ™" —e ) =
=Nu ffﬂ:ﬁﬂ-— = NuthBuH, B=1/kT. (37)
e-l{all —Itl

(37) aa peppoMarHUTIIHIE MAPHWTAAHWLIN YUyH H nuir ypuura
H  , un kyitno, kyitnjgarnnu €3aMus:

b
M = NuthpuH.,, = Nuthpu (I + gM) (38)
331
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€ku
77' = Nuthu (H + H'). (39)

(38) €ku (39) udonanap yaapo mysopukaauiran maitnon H'
€KM MarHuTaawuLl BeKTopH M Hu annkoBun udoaanapaup.
(38) €ku (39) ndbonanapaarn MoneKyasip MailaoH AOUMMIACH ¢
111 RHUKJAWIUK.

Kapana€rran cnuH atpoduaarv KYILHNA CNUHIAPHHUHT yMYy-

YY)

MHit COHU Z ra TeHr 6YncKi, OyHaa I0KOpHTa Ba MACTra HyHa-
FaH CIHHJIAPUKHL YPTaua COHAAPU MOC paBHLLAA Z Ba Z_

oyncuH. By xonaa 52*— Ba —ZZ—‘ Nap 10KopHra Ba nactra HyHairax

CMUHAAP COHMHUHT KHCMH. BynapHuHT apKu KPUCTULTHHHE

MArHUTJIAHMLI JAPaXaCUHU aHUKaaiau, Tyaa MarivTaasui,
anbatrta, M, = N ra TeHr skanauru paswas, LIy ca6aGau

Z. Z
F-F=ws M= Nu (40)
6KH
z+—z_=27”;’: (@1

16 €3UUIMMU3 MYMKHH, 4 MAarHuT MOMEHTAW Xap Oup cnun
KYLWHK cnuiaap Maiaoun H'aa yzapo tabeup Tydaiiam ypraua
wH' sneprusira sara, Ukkunuy tomonaad 6y ypraua sHeprust
J (Z+ - Z-) ra TeHFUrHIaH
77 _F N\ g M
uH -J(Z+ Z‘)_‘,V: (42)
ndonann €3uin MymkuH, Byngan H' = gM 3kadanruim Hazap-
Aa Tyrub,
. 2
q= WM 43)

udonanu onamua. (43) vu (38) ra KysiMu3:
M M
E=rh(ﬁ;¢H+ﬁZJm]. 44)

Wynpait kmanG, ¥3apo MyBoMKIMUTAH SIKUHAAUIYB YCYIU
ACOCHAA KPUCTWUIHMHT MArHMTAannLmn M uu (M/M_uu) aHuk-
Aanuk. Arap Tatiku MaitaoH H = 0 6ynca, (44) ndonanan

M _ M
= thgzJ o (45)
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TEHIAMKHHN 01aMi3, (45) acocnaa Geprirad TeMNEPaTypia KpHe-
TALTHUHT ¥3-Y¥3uaaH (CMOHTaH) MArHMTAAHUIUN M HHM aHMK-
Aaw MyMKHH.

8.6-§. TEN3EHBEPI MO/IE/IM

Feitzentepr monenan acocnaa peppoOMArHUT KPUCTAUIHN
Kapaimu3, PeppoMartiT KPUCTUINHKMHE Xap OMp aToMK g,
MarHuT MoMeHTHra ara 6ysicun, 6ynna u, = eh /2m,c — bop
MarHeToHu, § — atoM cnunu, g — Jlanae dgakTopu. Xap 6up
ATOM Y3UHMHT SIKMH KY1UliK aToMaapu 6unan -2J5,5; aamawin-
HYB ¥3apo Tabcupaa 6yiacuH, bynaa J MycOat nuiopanu anMa-
WHHYB MHTerpas. Etapanua nacr temnepatypana 0y y3apo tab-
CHP CITUHAAPHUHI Napaien RyHanMwaapuiy (OpHeHTalusiAa-
pvHH) 103ara Kearupaa ned kapanaau. Kpuctannnuur Synaai
Kapanuiuy — leiizenbepr moaeauamp.

5, CIIMH/IM ATOMHUHT SIKMH KYLLIHYA QTOMAAPUHUHT CnUHaa-
pH S, 555, 5, 6YACHH. §, cnHHra GOFNMK BHEPTUst KUCMU

b -
U= -2'150 : 2 Sm - g/-‘BI{E() (46)
m=l|
ndona GuaaH aHuKIaHaOK; OyHla H — tawiku maiinon. Mo-
JeKyasp MalaoH SIKMHAALYBUAA (MOAENHNA) §, HMIT aTpo-
(hunaru cnunnap 2 5,, HY YIapHHHT ¥pTavacKn < § > Ounan an-

MallTHPHILLL l\‘lyMKH"l'{:
=205 <5 > -guylBs, = -gp, (7 +4M)-5,,  @7)

OyHaa MarHUTAAHHLL

-

M =nguy <5 >; (48)

1 — KPHCTAIAHHHT GUPAMK XAXKMUAArH CAMHAAQP COHY, ¢

KaTTaUK
=23
ng*u}

MONEKYJISIp MARAOH JOUMHUACH.

Maruut Maitaon H uunr iynanmu OZ iiynaauuiaa ae6
oacak, yHHHT dakat OZ KOMMOHEHTACH HOIAAH (apkan 6yna-
IH. By xonaa MarnuThannu BekTopy M Huir ypraua Kuitmaru
VUVH KYAMIATMHU E3ULIMMU3 MYMKHH:

(49)
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+3

Z mexp{ﬁgu[g(Il+qM)m}
M = ngu, mz:i . (50)
Z cxp{ Bupg(H+qM )m}

m=-s

M = ngu,§ narn s ypraua CTaTMCTUK HUFMILH MDOLACH Op-
Kauin E3nsian. By mposaia, TeMneparypa cTapiin Ipaxaia I0KOpH
Oy:mno,

BguzH << |

HIAPT DKapHITaHAA IKCIIOHEH AT PYHKIMSIHI KaTopra Ei1n0,
H' murupoxk srran Oupritay xan 6inan yerapastanmica, (50)
HU Kylinaarnua é3uir MyMKUH:

M =n(gu,) B(H +qM) E (25*') =

m=-y

= n(guy) B(H +qM) (2-‘3"('2);5:; ) _

gy )
= ——-—ﬂ"{(l’;‘—’is(s+ D(H +gM)+

éKkn
M(l_é.y‘iy'))= (%:‘; s(s+1)H. 6]y
byvhnan
M=t (”"”()r g‘) D gy 2y (52)
_ n(gn ) (x+l) -
X__-:S-I\I(;T ]2‘) » (33)
7; - 2Js(9+[). (54)

3k
(52) mbond HApAMArHHT YUy VPMHIN; OYHAArH ¥ KaTTaIHK
T > T oyaranaa ypunau (T, — Kiopu temncparypacu). (52)
ml)ozmnu Kiopu-Beiicc Konyni aeitunann. (53) pan kyputa-
anku, 1y 6unan Topacuaa un3uiiIM Soraarm Masxyn. Tax-
pnbana kynruna peas kprictannapiaa T, arpodunarn kudmar-
Jlapaa 6y YU3HK M KOHYHAAQH HCTAAH ML Kymeuum (8.4-pacmaa
Nitmkesnb yuyn Taxpubanan OAMHIAH HaTHX1ap NYHKTUP H1I-
3uK Ounan kearupuaran: Oyuaa T, vu napavarautuuir Kiopu
Temiepartypacu, T, 1n (bcppoxmrnnmuﬂr Kiopit remnepary-
pacu aeiunany (K 14].)
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Arap

C= n(g;(Bg:s(sH) (55)
ne6 Genrunacax, y HUHT udogacu
__C

xX= -7 (56)

K¥punHumm oxaan; C — Kiopi gonMiitcy acitnman.

8.1-macana. # Ta MarHNT MOMEHTTa 2ra OYIraH OUPIAMK XaKM-
Jarv GeppoOMArHUT BEK-
TopH M Hunr ymymui
nOJACHHM anukKiaur
(BpHAIO2H HA3apHSICH).
Yuu karopra €iiuo M
nuur uogacu (29) Hn
KEATUPHO UMKAPHHT Ba ,
H3OXJIAHT. ol

Eunur. AToM Mariur 300 400 500 600 ’]&. 700 TK
MOMCHTUHHUHI MarHHMT
maitton /1 inatumaa- 8.4-pacm.
TH NPOCKLMSICH gt 1 NMCKPET KMNMATAApIaH NXTHEPH OHPHHN
KAOY/T KMJAMLIM MYMKHIL, OYHAA m MATHWUT KBaHT COH j, j— |,
oo = 1), — j kuitmataap kadya KUNaH.

Bupsank xaxsaaru peppomMarHuTHUT A mMaiinodaarn spep-

rsici "
=-MH = -gu, 11y m, (1
i=1
KYpuHHIuAa anukaadaau, OyHaa m, — i-3appaHMiir Marnut
KBAHT COHM, M 3ca n Ta 3appaHuur TVjIa MarHUT MOMCHTH.
bynaaii TH3BMMHUHI CTATHCTUK HUFUHANCH

Z= i i CXP(ﬁMN)=ﬂ i exp(ﬁu,,gHmj)=

(9%

NI
P=8.85r/cxi
2F Ta=650 K
T =631 K

(P/XF 104

7
/

==y  my=-j F= mj=—j
sh ﬁgu,;szzil
= 7 , B=1/kT. )
shlkiﬂgy,;li)
By epaa xyHvnari MyHocaGaraan goipviaHunan:
k= 27 ! 1
J X" = " Z xl _ x2"+|—l _ .X"+2—|X—(”+2)
- BT I St
k=-n 1=0 N X2=-x 2
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TepmoanHaMHK MyHocabaT

7 _polnZ Az
M =055~ H 620.‘1 &)

acocuia yprava MardnTandm M HU TOnaMm3s:

aZ _ [ shxl - j
o aHLshyn] x=Peuy

%ﬂﬂln

Z _ syl 7| myshxH chyH | xchxlf

a7 ="t % [ T }

= nZ[-ycthyH + xcthxH | = nZ - Bgu,j

[Z.fz.;.'. cthxH - ——cthyH] @

(4) uyn (3) ra kyitcax,
M = ng,u,,j{ “l cthxH - cthyH}

Kyiuaarnua 6enrunall KUpUTaiInuK:

M = nguyS, = nguyjB, (a), &)
Oynaa
: (a)=%—cﬂzz’;'a %crh{j-_, ©)
a=BgugjH

bpuiunoan dyukuusicunmnp.

a << | 6ynranga, remMnepatypa 10KopH Ba A MailaoH Kyu-
cu3 6yaranaa bpumniosan dynkuusicn B uu katopra éinnt, H
HUHT OMPUHYM Japaxacy GUAAH YEKTAHULL MYMKHH.

cthy na arap y kMuHK 6ynca, katopra €iiud Kyiimaaru ngo-
NAHU ONAMMU3;

cth =%+%. )

By Takpubuit udonanan doiinanannd bpuaniosn pyHkuuscu-
Hu €3amMH3:

2j+ 2_/+l i a _
B(a) 2 "'J'" 'icfh'z—‘l: -~
2j+l 2j 2j+l1 1(2j, a
+ _——— =
[a(2j+l) 3347277 T3

336

www.ziyouz.com kutubxonasi



2j

(2j+l)2:c _i__a _
a3
. 2 a . .
[(2)+1) -l]:mw(/n)

1
- 4 —5—
=lil.
3j a.

(8)

=4
3
By xona MarHuTRaHuw M yuyn acochit Matunaru (29) udo-
NaHKU 0JaMM3:
- , 2
M = ngpsj - B, (a)= ngyyj - £ Bgupjil = n it “2,5?"” H.(9)
BynaaH
OM =
=X (10)
(J+l)(guu) C
A 7Y A ()
o 2
C = nfU*8nB) (12)
3k
U3oxnap. . Arap/j = |/26¥5ca,
-2x 2e2¥ 1207228 2% 2
BI/Z(x)=2£2i‘F e “;-x S eZA s =
_ePie o) M
B Rt 3 e\'_e-x’
B, (a) = tha. 13)
By xonna
(guB)
X=N"gT (14)
2. Arap j » o 6ynca, gu,j = u, ned xabya xuncak
j+] 2_/+l a
B.(a)==Lcth 2‘crhi7
a a - a
=ctha-2.2202e Y —opg ) 2 U
£ “—a".' 2.] |+_a—_—l4..g..
elj—e 2j 2_/ 2]
- 1 2j _ 1 _
= ctha - ctha-— = L(a). (15)
337
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By Xonaa Marduraatiunil

7 o_ . tofl _ ﬂé
M —nuBL( T ), X = (16)

3. 3pKHH INEKTPOH yuyi g = 2,/ = 1 /2. ¥YMymuit xonna dep-
poMartuaap yayu Hun H = H +gM 6uaad anmawtipud
(5) HU Ka#Ta €3aMu3;

M = ngu,S, = ngu,,SBs[{}guBS(H +gM )] (17)

eh
2m,c
TOpH. DPKHH BAEKTPoH YUuyH s = 1/2, g = 2; L(x) — Jlanxe-
BCI1 (DYHKIUMSICH.

AcnatMa. Hg = — Bop marserony, g — Jlanae ¢ak-

8.7-§. AHTUOEPPOMATHETH3M

AHTUGEPPOMATrHHT KPHCTULIHHUHT Xap 6Mp atoMy S cnuHra
ora 6¥acui. McppomarneTuknuur Feisendepr Mmoaeaunsan anTH-
(heppoMarHeTMkHuIir apku wwynnaku, 6y xonna 2|/|5.5, ratenr
Oyaran aamMawMHyB Y3apo TABCUP KYIIHK CIIMHAAPHHUHE aHTH-
HApAICA HYHATMNLIAPKAA XKOMAAUMIITHHK OCOHIALITHPALH.

(bapa3 KMaaliauK, KPUCTALAHUHT Nalkapacuii Sup-Oupura
Y3ap0 KMPULLTAH 2 TA @ BA b NAHXAPAUANAPIA WKDATHLI MYMKHH
OVacuH. bUp namxapaualiMHr CriMHAapK HapaLien fiyHaTuI TCH-
ACHUMACUTA, UKKUINY TatKapaia Cruiiapu 5ca anTHnapaiica
AyMannira urruacuiuiap. Kpucramnuur 6y moieanin Ban
MriekHUHFaHTUPEPPOMATHUT MOAE M ICITHIAM. ¢ NaH-
Xapauanuhr MOAEKYAAp Maijonn —q,M —~q M,, b nanxapa-
UAHWHT MOJICKYJISIp Mailioun —q,M, —q M, ra Tenr 6yicun;
Oynna M_Ba Mnap a Ba b nanxapauanapHUHr MarHUTJIaHUL -
Japu, ¢, Ba ¢, yJApHUHT MArHHTAAHKIL louMuiiaapu. by xoana
MATHATAQHHILINAD YUYH

M, = SnguyS, M, =Lngus$, (57)
vhonaiapHu €3uLT MyMKHH.

ByHua n — 6upauk xakmaaru atomaap coHd. Kpucramt naii-
}Kapauanapuaary MOICKyasp Maitaosim Kyiiuaarnua €3amus:

H, = H"(IzMn‘(l)Mh’ H/: = H_(IZMI;_qIMa‘ (58)

a

"
'
oe
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[Marxapauasiap MAaFHUTAAHKLWAAPHK yuyn Kyiinaarpuua ngona-
JapHy €3U1F MYMKWH

o1, & _nfsug) -
M0—5n3;l”S(,—5—AI nS(S'f‘l)H =
376‘7—‘(H“(11M(,‘(IIMI;)§ (39)
i, = Lngu,$, =1 <%;;f;_l,.5(s F1)H; =
=2—C;(” —fle/;"‘hMu)Z (60)
2 S(S+1
C=n(gu,) - (737(“)-. (61)

(59) Ba (60) acocuaa XPHCTAUTHMHE TVIQ MArtIMTAAHHIL BCK-
opu

M=M,+M,
HporacHIIM AHHKAAHMHAS, SIHHN

M=£ H'E"T‘ (o +q¢)(M +M ) Ci —~~-T (g, + ) M.
bynaax

c/nyi

(crm) c_ ©2)

M = +(C7 2T (arq) T+0

Oynaa Kyitiaarn Gearnaaliap KupuTuiralt;
VAN R A V /Y

l/2)ng2u,2, > (! /2)ng217[
Z,, Z, GMpHHUM Ba MKKHHYH NAHKapauaiapaari SIKHH KYUIHH-
nap conu; [ pa f, ap a Bab nanXapatAnAPHUIC AIMUIHNYB
aneprisiapu. Oannran Hatika C/(T +0) nu Kiopu-Belice komynu
Aernnagn. Yuu C/ T Oounan comiiuTHpuil KYPCATAHKH, AHTH-
(eppomarimTHuHT Kadya Kuaysuananru y Kiopu kouyun C/T
ra HUCGATaH KHUMK; OYH/IA CHHHAAD aHTHITapaLaen Hynainura
HHTHAAAHAAP.

Tapnxuii MabJayMoT: AliTHgeppoMariiHTiap naxapayiaia-
pHAArM ATOMAAPHMHT criMnaapi wynaait raprudaa iynaran-
KH, YHUHI MATHHTIQIHI BeKTOPH OVamaiian (y Hoira TeHr).
Kpucraanuuur mynaait tTapruban xonar GV MyMKHHIN-
THHH, SILHH AHTHGEPPOMATHETHUIM MABXYIUIUIHIIN HA3apHit XH-
339
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xataan OupuHun 6ynmn6 Héea (1932 itun) sa Jlangay (1933
MWy aiiTran saunap.

8.2-macana. Anrneppomarauruunr Ban Mnex moaenu aco-
cuaa Héen TeMnepaTypacuHM aHUK/IAHT.

E uw . busra mawaymku, KpuTuk Temneparypa T, naH ku-
YHK TeMICpaTypana aHTU(hepPOMArHuT KpUCTaA MKKM NaHXa-
pauara ara 6ynu6, ysap y3-y3uian (CnonTaH) MarHUTIAHWLI-
aap /{/'[a Ba M,, ra sra Oynaauaap. by marHuTaannumiaap Moc
pasuuaa Mosiekyasp Maiaon H, sa H, ra napauuen iyHanraH-
aupaap M,,”H’ M,,”H,: :

ﬁ;=ﬁ"42M::'QIMh, —I:=ﬁ_q2Ma_qIMa' (n
Marnumannwnap yayH

M, = L ngu,SB, (Bgu,SH;); )

Mb = %ngu,,SB, (ﬁg.uBSﬁI:);

MyHocabarnap ypuHIu. Arap Talikyd MainoH 6yamaca (sibHH

H = 0), MaruuThaunuLiap M sa M, aHTHnapanaen 6yaagu sa
a b

KyAugaru kuiMarnapHu Kabyn Kunaau:

M, = —%”gHBSBs [ﬁg.“BS (@M, +aM, )]’
M, = -1 ngu,SB [ BeryS(aM, + &:M,)]. @3

(3) udoaana MarHuTIaKKLI M HK eTapIHYa KUUUK A6 (stbHu
X HY KUHUK 0e0 Kadbyn Kuaub) B(x) dpyHkUMsiapHH KaTopra
EaMn3;

M, = “%(%Mn +qM,)+7 (M, +q‘M“)3,
l’=—§(:7‘~‘(41Ma+42M.,)+Y(4|M,,+q2Ma)3, @

oynaaC Bay mychar qonmuitnap (k. [4] V 606, 2-macana).
Tawmky MarHuT MaidaoH 6yamaradia aHtudeppoMarH1TIap
YUYH
M,=-M,=M" )
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(Arap M, # — M, 6yaca, Gynnak kpuctainapny peppuTaap
aetinnagn). (5) uu (4) ra Kyncax,

M[1-L(0-)] =7 (0 - 0) M”. ©

Arap
q‘ - q2 >0 (7)
wapt 6axapuica, (6) TeHIaMalaH YHUHT Xap MKKY TOMOHM-

aaru M uuHr oaauaary koddgduumeHTaap Mmandui niopaiu
oyacanap, M XxakuMkuit eurmra sra 6ynaau, sibHu

[1 _%‘(QI "(12)]< 0

wapr 6axapuaranna M xakuxuit KuAMaraap Kadyn Kujvuu
MyMKHH. By aca T'< T, wapT 6axapuaranaa coaup 6ynaiu;

OyHna
Tv=%(a-0) ®

Héen TeMnepatypacuiup.
H3ox. g < g, 6yaca, T< T, pa TapTnbau cnuuiap xoaa-
TH, S’bHK aHTU(heppoMartieTu3m oy amaitan.

8.8-§. BPIIT — BWIbAMC YCYJIHU

CratucTuK (b13vKa yeyau acockaa MOACKYIsIp MARIOH Moae-
Junn Kapaauk. Mapas kunainyk, TAIUMHMIT 3appajiapy COHMK
N, cnuHiapy 1OKOpHra Ba NacTra Kaparal aromap couu N,
xampa N_6yacuu (N = N, + N_). Arap 6y mycbaT Ba manduit
CIMHAAD apATALMACHHU MICAT apanaluma Jed kapaica, y Xoana
TH3UMHU XOCHJ KHIYBUH KOH(pUTrypaumsiaap (ycyanap) colu

__N!
W=gno (64)

udona Gunan aunkaanaay. Ctupaundr dbopmynacu M = N¥eV
JaH ¢oitnananub, (64) uu
NN
= W‘;N_.N+N§ (65)
KYpUHULIAA €3ULL MYMKWUH. ByHAaail TH3MMHuUHT 3uTponusicu §
Hu (65) acocuaa

S=+1nW=-[N+1nﬁ’Nz+N_1nl"N—_]=
=-N[f(1+ X)L+ x)+ (1 -x)nL(1-x)] (66
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K¥puiMmiaa é3amu3. byuna

N, (|+x),%‘—=%(l—x). (67)

EACI |

N 2
Kpucraanna ; ZN xydram kyunn cnmaap masxya. Bynap
wamna N, xydpr "++", N__ xydr "= —"Ba N_ xydpr "+ —"
Triniarn xydraap Magxyi. by xonaa §3apo Tahcup sHeprusici
(k. N3unr sonenn, (32) udona)

E=+YJoo;==-J(N,,+ N._-N,_). (68)
Yuyman N, , N__, N,_ Ocpuaran N, sa N_ napaa xap xu

KHIMaraap Kady,1 KIMUIM MYMKHH. YaapHuir ypraua Kuiiva-
THHM KYIMIaruua aHnKIaiank:

N,, =1Z/VJ’+— ZN, —-—7N(l+,\) ;
N+_=ZN+P_=ZN——-—N——~ZN( x*);

=LZN.P =LN(5) =1zN(-x). (o)

1
2

l) — N«o P —_ N— . " .
=3 =y Hhoaanap KPUCTIULE TYTYHIAPHIHET MyC-
oar éku Mde)HM cnuy duhan Bana OYman aXTHMOMHN KYpca-
Taiu; 1/2 koadduument aca "++" pa "— =" ZN,_ P, Hu xuco6-
Jaranaa xap OMp crivH 2 MaptajlaH xMcobaanranu yuyn 2 ra
oyannanu. (69) nu (68) ra k¥itn6 (xaknkuit kuitmaraap N, ,
N, _, N__ HuHr ypuura ynapHHHr ypravua KuiiMaTiapuiiu

KYHHO), T¥na sHeprust yuyt
E= -J[ZN(|+2x+x +1=2x+x* —2+2x )]- Lzine (70)

nonanm oamMus.
(66) Ba (70) un ywyrubGopra oand pKHH sueprus F nu
AHUKAAAMU3!

F=E-TS=-LZIN + NCT{L (14 x)In L (14 x) +
+;(l—x)ln;—(l—x)}. a1

MyBo3zaHnar xoaar (31 KaTTa 3XTHUMOJIAH X0JaT) Aarn x HH
(OF /68X ) =0 wapraan Tonunanm:
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ZNJx = L NKT[in (14 %)+ 3 - In L (1-x)- 1] =

=1 NkTIn 5 72)

bynu
BZJx = %m e (73)

Kypuunwiaa ésamu3. bynn sna

eZ[iZIx l+x,

-x’

KYPUHHILIA €301 MYMKHH. BytaaH

2B7x
e -1 -
X = gy = th(BaJx),

x =th(Bz/x). (74)

Wynnait Kuiaub, Bparr-BuassaMc yeviau OunaH oadurad Oy
Hpona Molekynsp Maitnon yuyn onutirad (45) udona 6maan
Oup XL

Xynocanap, MeppomariieTHaM, TH3UMIArM ¥3apo TALCUP MaB-
KYIHIA Tydaitnu, yiaa Mabiaym TapTuOAMIMK OYIMIUMHK
KYpcaTyBuy THIMUK MUcoaaapaativp. bynga temiieparypa na-
cast GopraHu capH TapTHOIMIIMK Aapaxacu Kyuast 6opanu. Tem-
Hepatypa HoJra TeHT OYaAratan TapTUOIMAKMK MAKCHMYMIA 3PU-
wanu. Temneparypa opTuinm Ouhat TAPTUGIMAMK AapaxacH Uc-
CHUKJIHK Xapakaty (TapTubeusmik) Tydaitnm kamaiiud 6opaau
Ba Kiopu TemiieparypacHaaH i0KOpH TeMieparypaia TapTuonu-
JIMK jlapaxacy Hora TeHraawnd t¥na tapTHocuanmkka (napa-
MaruuT xonarra) yraau (8.5-pacm). Kputnk temneparypa T,
aH I0KOPH TEMIIEPaTYPasa HCCHKINK XApaKaTHHMHIT KYWIWIH-
v (muteHeuBaury) tydaitnu TH-
SUMHWHT ¥3-§31111 Izlp'mﬁra conud  pr/py J
Typuiil KoOwuaTy iyKonanu. Tep-
MOAMHAMUKA HYKTau Ha3apuiaH Oy
TAPTHOAMAKK (CaKAaHHLIT) KOOWIN-
SATHHUHT HYKOTHIMILK cababuiin
3pKHH 3Heprus HbouacHaary IH- 0
Tpouust Ounan Gornuk xan — TS
HUHT DHEPIrust OMaan OOFIMK Xan 8.5-pacm.

<
[V ]

05 1 171,
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U nan yetynauru 6unan tywyitipuiaaau. lNacr temneparypa-
nap T< T nasueprust UycTyHauK Kuaranu typanamu taptuod-
JMIKHK KOOMIMSITH TabMHHAanaan. by dazapuit yTuw taptu6-
AMAUK~TAPTHOCH3AHUK YTHULIAH nbopar.

IMact TeMilepatypatapaa Kpuctaat TaptTuban 6ynann. Mkku
XU/ ATOMAAPHUHT TAPTHOAM X0JaTHAA ATOMAAP TAPTHO/IU X0~
Jawagunap (Maean KpUCcTal naipkapauaiapyaariuaii). by xoana
TAaPTUGIMAUK NapaMeTpu X Kyiiunarnua ansiiaraon (YMymui
X0A/1a TApTUOAMAUK NapaMeTpUHM TAHAALL, AaHHKAALL MYXUM
Macaial).

AOCOIIOT HOJ TEMIIEPATYpALary TAPTUOAM MKKM MaHxapa-
uanap a Ba b napHu Kapaitauk. Temnepartypa nonaa dapxau
OyaraHaa @ narkapadagary atoMiaap b ra Ba akCHHIA b naHxa-
pavajard aToMiap ¢ ra yTHM MyMKHH Ba abBCOTIOT TapTHOAK-
JuK Oy3unaau. by xonma A4 Ba B aToMIapHHUHT naHxapauaiapia-
I TAKCMMOTHHU Kyiiuaarnyia taBcuaalll MyMKHH:

[2]= 4000 (5] 40-25 (5]

=%(l—x); [%]:%(Hx), (75)

4
[a] — A ATOMAAPHHUHT g nalpkapavdagark COHu, N— naHxapa-

Jaru Tyrymnap conu; N/2 — naHxapauyanaru TyryH;iap COHMU.
x =1 éku x = —| O6ynranaa uaean TapTHOANAMK 103 GepaiH;
x = () aca T¥na TapTHOCU3NMKKA MOC KeJalu.

YuymMan aliTranga, kyn xosnapia ¢pasasuit yTUILIApHU KaH-
JARAUP TapTHEIK-TAPTUOCK3 YTHIILTap Ae0 Kapall MyMKHMH. AMMO
TU3HMHMHT TapTHOIH X0AATUHY TaBcH(rIaLl YUyH KaHaak na-
PAMETPHH OJAMUI €KY TaHIa1ll OCOH eUHAAAMIaH MacanaiapaaH
aMac,

§.9-§. IEBAU — XIOKKEJIb HAZAPHSICHU

Kyston ¥3apo TabCHpau 3appaiapaaHd Hoopat TH3UMHHUHT Xa-
pakTepsn TOMOHM, YHUHT ¥3apo TabCUP paanyCHU KATTaiury,
MAMZOHHUHT (KYUHHHT) Y30KKA TAbCUP ITyBUaHAnTHanp. byHaa
MalaoH nmoTeHuMany Macoda 6Vitnua 1/r KOHYH acocuaa ce-
KUH y3rapu® 6opaan. AMMO OyHAa MacatanapHi Kapawga Xxam
ypTada MosieKyasip MailaoH TYIUYHUACMHU KUDUTUII MYMKHH
oynanm.
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KsracehK TH3MM YuYH (hasOHMNE FIYKTACHAATH 3apsia 3nk-
amrn p (F) nn

p(r)=ed(F=5)= 3 eme (76)

KYpuHMILAA €3unl MyMKMITL OYHAA § — 3appaHuHT COPTHHH
Kypcataan; n, — maipon ¢ = 0 6yaranaary s COpTA 3appaiap
COHHU

A, (r) =y, exp[—e0 (r)/ kT a7

— boavivan Takeumoru; n(r) con Ttemnepatypasaru, £ Hyk-
rafary S COPTIM 3appattap cotiu. ¢ () notcHiman yaccou teri-
IJ1aMacy acoCHIa aHHKAAHIH:

A (F) = -4np (F). (78)

(76) Ba (78) acocuna 3appanap conu, ¥(r) nOTEHUMMT AHNK-
JaHKO, CYHT TEPMOAMHAMKK [1APAMETPIAD AHMKAAHWIAIH.

By nasapusinin Jebait Ba XI0KKe b HOILIH DPUTMAra TATORK,
ITANAAP.

DpUTMATATH MABIYM ¢t COPTIIM HOH artpoduiary yprava no-
Tenuran ¥ (F) nu (76) Ba (78) acocuaa aHMKIaHAON:

=\_ 4rm - W(F)/ AT
AY (F) = —?Ze,no,.e : (79)
(apa3 KWIaiiiINK, TU3KM dJICKTpHEATpA OYcus:
En,e,. =0 80)
{

Ba ey(r) << kT wapr 6axapuncun. by xoama exp(—e'«7) Hu
Karopra ¢ind sa (ew/kT) unr OUpHIUK fapaxacyu OHaaH uek-
naun6 xamaa (80) nu nasapaa tyru6, (79) uu Kyitnnary xypu-
HHIULA KEATHPAMH3

W - .2 _ 4 i
AY(r)=x"V(r); x —?ﬁ1211ie2. @8
r-> o0 aa () = 0 mapriu KanoarnaHtupysuu (81) Teur-
JAMAHMHI CYMMH

W(r) = Aer/r , (82)

ndonanan uoopar.
¥ =0 6¥nramsa, (82) udonanaH HyKTasuit ss1eKTp 3apsii-
HUHT Kysi011 Mafinolinku onaMu3. 3pyuTMana MabiyM HOH aTpo-
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thuna Goluka Vo apHuHr OYauiM (opaTaa MaH@uii MOH aTpo-
¢duna mycoar MoHaap Ba MycOaT MOH aTpoduaa MaH(pUIK MOH-
Jlap TYIaiuLIM) Wy HOHHKMHT Maiaou MUY "aKkpanaaiiaun”. by
oMWIHU Y(r) HuHr udonacuaa e*T HUHT MaBXYILIMIH Kypca-
Ttagu. [orenumnan (82) uu

e

Y(r)=A4°

(83)

r

Kypunuiga ézamus, OyHaa
r,=l/x. (84)

Kysion MaitloiIMHHHT 9KpaHIAHHIIHHEN XapakTepaoBuu Oy
paanyc r, un Hedait-Xiokkenb paunyen aeinaagm (Y 1923
AWJIA DACKTPONUTAAP HA3APHSICH MILIAHTAHAA KMPUTHATAH).

8.3-macana. Tusimaa Mycoar 3apsyuiap Ba Manduit 3aps-
Aap (EKTPOHAAD) A, TCKUC TaKCHMaHran 6§1cuH. Tusnm-
HUHT MabJIyM HYKTACUTA Ze 3apsiii KMPUTWICA, 3apsmiapHunr
aso Oyitnua Takcumaanuim yarapaiau. (bynn 613 nnasmana
daykryauus Tyaitan apsia TVnaanuiun aed TaaKuH 3THILN-
MH3 MyMKUH). DASKTPOHIAD TAKCUMOTHHM KYHHIAIY KK XON/IA
aimiaanr: 1) TemnepaTtypa Xyla I0KOpH Ba SA€KTpoHAap ai-
Humarad, 2) Temneparypa OK ra reur, snexrporinap tyaa
anHuram.

W 30 x. Macajianu UH3UMKIN SKMHAUUYBAA X1 STHIICHI.

E uwm . HykrasBuit Ze 3apsi)t KHPUTHAFAH HYKTAHH KOOPIH-
nara 6on ned kadbya kunainuk. By 3apsia KUpHTHANLIM Ty-
dainm xocun GYraH 3ACKTPOCTATHK MaH011 Ba 3appaiapHUIIr
TAKCHMOTH, MaCANAMMHT LIAPTHIA acocaH, CheprK CHMMCTPUK
Xapakrepra ara oyaanu.

MycOat sapsuanap en, Ouian Ba MaHbuit 3apsuiap (3j1ek-
TpOIap) —|e|n OMAAH AHUKJIAHCUH, DIEKTPOCTATUK MaNAOH
¢(r) yaccon TeHrnasmacuaan aHUKIAANHK:

Ap(r)= ﬂ:ﬁ (n.-n,) )

Ba MaiIoH ¢(r)

@(r)~0,r— o

yerapasui HIAPTIAPHY KAHCATIAHTHUDAAN.
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1. Macaianuir niaprura acocail
_Zep(r)

+ep(r)/ kT _ 153
, H, = me

n. =nye
Byiua ¢ = 0 na mycoar sa manpuit 3appaiap conn i, By xonia
(1) TeHraama

ane[ GiF _gHF @

Ao (r)=388| okT _ o &T
o (r)==2
)

KypuuHiura keaaau. By nounsukian teurnamanm, Zep << kT
wapT Gaxapuiani ned, YM3UKIAM XOAra KEATHPAMIS:

A (r)= 4’“’-[[ + Z] - Hy 3)
EKH
A (r)=x2¢(r), @)
2 = “’E‘zT"ﬂ (1+2). ®)
(4) HuHr eunMH
0(r) = 4<)" ©
ry=1/x Y
sKaHaMIMHI Gusiami. Macana waptunan ¢ (0) ~ = ;rf 3 J1C-
MaK
o(r)=2e/n.. ®)
udoxanu osamui. (1) Ba (4) TeHrnukiapaaH
47re (n -n, ) Y (p

H(l)OJIZ\HH OJtaMH3. BYIl}lﬂll ACA DJICKTPOHIAP TAKCHUMOTHIIN TO-
MaMHU3

2

X €L -

n (r)=n,+ 47&-. e’ ©)
2. Diekrporiap T¥na aiinuran, SuHy xap 0Mp xosnatia OuT-

Tagan (7= 0 K na) xofi;iairanHu yuyl 3/1eKTpoH Xojaartiapu

COHM BAEKTPOLIALP COHUIA TCHT GyAaan.

By xonatnap coHm dasapuit dasonu 13 ra 6yamin opkanu
Tonuaam. bynnaa 6upink xaxwmm XOJIATHARP COHM

n(r)=2-3%p(r). (10)
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bynuna 2 coHM CITMHAAPHUHT UKKW RYHATULUMHMIT DBTH-
fopra onMBrauanry Tyhaiam KUPUTHILIN.

DHeprusinunr Makcuman Kuilmatn (7= 0 K sarn Pepmu
DHEPrusic) AOUMHUAAUP, SIbHH,

3 0 (F) =0 = 5 p? (). (1)

n(e0) naru KHiMaTHy n, 1ed Kabys kunamus. Y xoaza (10)
naH

I/3
mo=38 g p =L ()" (12)
(11) nan
p(r):[pi+2meq7]u2 (13)

(13) Hn (10) ra k¥yifcak,
n(r)=2% [ p2 + 2meg (r)]” 8z || 4 2mee(r) " 14
kT P T3 Pe 2 (14)

Dapas KUNalaAnK.
2meolr) . (15)

P

(15) mapt 6axapuaranga (14) za YHr TOMOHHM Katopra &it-
CAK,

n(r)= 33;,”3 s [1 +%2_’"re(p(r) + ] ~ n,,(l + 3/"”" (r)); (16)

P
X /3
n(r)=n, + ‘1’%'5 (-320) o (r). (17)
(I7) nn (1) ra xyitcak sa n_ — n, = n(r) — n, SKALAUTHHNK
IBTHOOPrA 0JCaK,
(4n'e) m (3p, I/
ap = L (308 6 (1) 20(r) (18)
2 173
= () ()7 =1/ 24 (19)

(18) enramanarn @ (r)= 7" T mnr kuiimatunu (17)

ra Kyiub, anekrpoHiap TdKCMMO'] H n(r) HHM TOMAaMU3:
eZy;,
n(r)=n, +- z e (20)

= r
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M 30X, ¥ MY BKpaHaal Koiic-
TaHTacu aekinnanu. Ynu ebait
Tomotuaan 1923 iivam kupurua-
rad. 1/ ¥ 1m sca Hedait napxla-
Aaw papuycw peinaanm; 1/ y,,
®epmii-Tomac Ildpﬂd.‘]’llll 11014-
muiicn; 1/ x,=r, — Pepmu-
Tomac napaaiaul paanycu.

8.4-macana. £ kyusaimuiin
Taulku 3JIEKTp Maijaonjgaru
DNEKTP AMNON P HUUT YpTaua 3HEPTUACU U 111 AHUKJIAHT,

Eunul. Tawky 2:1eKTp MaHAOHAATH JRITOAHUIIT NOTEHIIMAN
sHeprusicn U = -PEcos(P, E) = - PEcos0 (8.6-pacMra K.).

Mcenkamnk xapakati Tydaitiin P BEKTOPIUHT AyHanuiia-
pH y3rapu6 Typaau. By ysrapuw Tydaiinu (asonarn £ pektop-
HUHT i¥Hainnapy TakcumMoTy boabuMan (hyHKUHSICH acoCH-
& auuihanaiau. boabuman TaxcuMoTura acocan dQ ghazonuii
Oypuak oCTMAATrU p BEKTOPHWUHT OYJIMUI 3XTUMOIIN

4
dW = conste " dQ = conste ™ *°dQ H

8.6-pacat.

Ounad auuKIananm; oyuna dQ = sinfdodp, o = 1;— oearunai
KUPUTHILIN.

(1) acocuna sueprusa U= — PE cos 8 nuHr ypraya kuitma-
TUHHU TOHIAMJIMK:

2 n
cosOe¢ sinQu cos Qe st gin e
o) €0s0¢5™ sin0d0 e w30 sin el
ey LT 0 ¢ - [1]
U =-akT =5—— = akT————,
qu:f e Ginoao _[ 2o i 00
V] 0 Q

VY3rapyBuHiIM ATMALLUTUPAMNKK, a COS 8 = X; y xoala
-4
xetdx

U=—kT+—=~kT X

ey

~_qe - a(e™ " ~a") _

L

e -a

aq

=kT [ e —-1] =kT|1-acthal = -akT |:c1/m —%:I =

=~akTL(a)=~PEL(a); L(a)=ctha——
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