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CY3 boWwwu

>y KnT06 TOWKEHT JaBnat negarornka MHCTUTYTUAA Pu-
LWKa MXTucocu byiinya ta\cmn onyBun Tasabanap yyyH yK,un-
rav CTaTUCTUK (hrn3mka Ba TepMognHammka Kypcu \amga cemuv-
MVp MaTepuannapu acocvaa é3unan. Maskyp Kutobaa crtatmc-
InK hmsnka Ba TepMoanHaMUKa acociapvHn eTapan gapaxana
| ogna 6aéH aTnwra \apakart Knnumuam ea 6y haHnapHu mycra\—
| IM arannawra Kymak 6epmMoK y4yH Muconap Ba macananap
(ounmnapn 6unaH) KenTUpUnau.

Ywoy KNNaHMaHUHE acocuii Makcagy Wy haHHUHT acoc-
SLUPUHWHT, KOHYH-KOUJanapuHUHITasiabanap TOMOHUOAH My-
| IMMan arannaHuwnra K,apatuirau.

dun3unka acocuin haHnap nunaa etTakum ypuHHM aranianau.
( KMUCTUK (hM3MKa 3ca PU3NKAHUHI acocuii BynmmniapuaaH
Mpnanp. AMMO yHM acocnawga 6mp KaH4ya KUAMHYNANK Ba
HOMHMKAVKNAP MaBxyn. Ly ca6abnm, Tabumniikn, cTaTUCTUK
huwka KypcuHU 6aéH aTull UAMWI Ba ycnyouii xu\atdan
Mypakkabamp.

bu3 cTaTUCTUK (pn3nkKa aCOCMHUN KNacCUK Ba KBaHT (on3n-
| .l acocwuii osnapura TasHM6 \amna matemMmaTuk cTaTucTu-
K.WaH 6eBocuTa doriganaHnob, ysmra Xoc sHru ycynga 6aéH
H 1M a \apakaT KUNauK.

Ma3kyp KUT06 "Knaccuk ctaTuctuk gomsmka” sa "KBaHT cTa-
Lwernk pumsnka" e HoMmnaHraH MKKN kuemaaH neopat. BupmH-
Il kmempa (I, 11—V 11l 606nap) myBo3aHaTIN CTaTUCTUK DU-
LLKa acocnapu, MyBO3aHaT/IM TEPMOANHAMUKAHVIHT acOCUii My-
nocubatnapn 6aéH atunraH. VIKKMH4YM kuem "KBaHT CTaTUCTUK
on WKa" KBAHTTU3UM (CMCTeMa)napuHUNT MyBo3aHaTNu \onar-
vnpy, ynapHuHr bose-3liHWwTeH Ba Pepmu-Anpak TakCUMOT-
|lvpn acocuga TaBcunaHnwmM MyBO3aHaTIN X.0MaTHN YPraHuLL-
/UH nomyBo3aHaTn \onatmm ypraHuwra ytuwaa my,\um 60ckuny
\WMY)6naHaauraH nyKTyaums Hazapusacy 6aéH sTuaraH.

KNTOGHUHT |l 6061 3\TMoiap Ha3apUACUHMHIGab3n aco-
= TUyHYanapura 6aBuilaHraH.



Ma3Kyp KUTOOMUHT LLyNE3MacuHn YK,16, y3 Myno\asanapu-
Mi16ungupraHd Ba kKnMmmaTan macna\atnap 6epraH npodeccop-
nap: A. Abgymanukos, M. Xypaesra, goueHtnap: P. Mamart-
Kynos, N. Ncmounos, X. My\ugamHosnapra myanimg y3 MUH-
HaTAoPUYUUTNUK U3\op 3Taau.
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CTATUCTUK OUSUKAHWUHT
ACOCUW TYWYHUANAPMKU
BA TAMOWMWUNNAPHU

Y30K; Ba4T MycTa\kam %mcobnaHraH acncra
XX acp oM Xy>Xym LnvLigan LypumMagu.
r. AAPBY

KNPW LW

/Kypa Kyn 3appanapgaH (Monekynanap, atomnap, a/1eKTpoH-
Li[* Ha Wy KabunapgaH TalwKua ToATaH TU3UM (CUCTeMa) MaK-
MK honvK (TepmMoanHaMKK) TU3NM aeiinnaamn). PnsnkaHMHrknac-
' HK MeXaHWKa Ba KBaHT MexaHukacu bynumniapu 6yHaan tu-
WYHUHT \OflarviHM Ba YHUHIXocca/lapuHu 3appanapanHamMmk

uMKarsiapu Ba yfapHUHI y3apo TabCUpK acocmaa ypraHaaw.

| MI3SUMHUVHT ByHAAl ANHAMUK MUKPOX,0N1aTUHVHT BaKT Gyiin-
|1 vapuwmn 3appanap Kynavuru Ba ylapHUHI \apakatu Ty-
® UMK, foht Mypakkab XapakTepra ara. YHUHI ANHAMUK Xapa—
| .M MpUHU amanga TaaKUK KWW MyMKUH 3Mac. AMMO Kyn
1>min TMsnMaa Mypakkab y3rapullHU aHuKganauraH guHa-
<m K,OHYyHUST 6unaH Gupranukga wyHaai ctatTucTuK Kony-
HUA | \am 60pPKKN, YHN ypraHull CTaTUCTUK (PU3NKaHUHT Ba3u-
dn n \mcobnaHaaw.

CTaTUCTUK KOHYHUSATNAPHU ypraHuw yyyH AUHAMUK MUK-
|H\o'BTnapHMHI K,uAMaTAapH TynaamMmura KapanaétradH Tu3mm
HM ulTpu (Konuanapu) TynaaMmym MocriawTmpunagn. JuHammk

nH po\onatnap 6unan hapknaHaguraH TUBUMHUHTIBY Hycxa-
ei|>» rynnamn cTaTUCTUK aHcambn gennaan. CTaTUCTUK aH-
| IM<>t yHCyp (31€MCHT)NapuHKUHI \onaTtnapu Tacoandunii gyHK-
MHHHUUT UMAMATAapy OpKAnu aHnkgaHagn. LWyHpan kununb,
| 1111c rvk chmsmkaga cTaTUCTUK aHCaMOB1 YHCYPapUHUHE MUK—
[uAn'BTnapuHn ékM yHra mMoc napameTp Kuimatiapu a\Tu-
[" | TP rakCMMOTUMHWU aHMKAaLW Macasiacu Kyhnnagw.

( laTucTnk hmnamkaHMHI acocuin Basudgacu aHa Ly a\Tu-
MU lap TakpMOTU PyHKLMSICUTa acocnaHnb MakpOCKOMNMK TU—
"HMUMUT yHOAMEHTaN KOHYH/IapUHU Kalld) 3TUL, TYLIYHTU-
I'nin, yHM xXapakTepnanguraH Kattanvknap (napamerpnap) opa-

Nmi n acocuini myHocabatnapHu TonuwagaH wubopar.
Mtu pOCKOMUK TUSUMHUHI XOccanapuHu Tascudnall, YHUHr
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...... “ M\~ i HU 67\1ca-10, aMMO 3appasiapy COHM (Maccacu) ao-
UMHN nykKa, yHU 6epkK Tu3um ae6 atanmuni. HwuosT, arap
mi him AUNKMA TM3nmNap 6unaH aHeprmus Ba mMacca asiMallnNHN-
HA | dill hi yHUHr 3Heprusicn Ba maccacu (3appasiap COHW)
M|l Mywnait Tsum ouuu, TM3nMM Aelinnagn. MakpoCcKonmuK
hi WMHULW MaKpocKonuk (TepMoanHamMmK) \onatu Wy TU3NMHMN
v (Mnum (raBcmcpioBUN) TEPMOANHAMMUK NMapaMeTpiapHUHT
ekuuy H MpU 6UnaH aHVKAaHaau. Arap TU3UM TepMOoANHaMUK
iMyiUHIIMU Uin 6ynca, Tabpudira Kypa YHUHI TepMogvHaMm1K na-
lm<1leMpPMHVHI, MacasiaH, Temnepatypa, 60CUM, 3UUINK, KOH-
M HPWLWMNApPHMHI K1iiMaTtnapu ysrapmaign. by myBo3aHaTt
V» | H 11MaKpOCKOMNUK TUSUMHU aHNKAO0BYN NapamMeTpriap COHU,
MWKY hi WMHNW TepMOoANHAMWNK 3PKMHAVK Aapaxasiapy COHU

MUKOOPWIA MyHOcabaTiapmmu aHmknaw (ronmu) y4yyH MMkpo-1
hr3nKaHWHI hyHOaMeHTa1 KOHyHAapuaaH donaanaHni 3apyp |
6ynaan. MakpOoCKOMUK TU3UMHUHI CTAaTUCTUK KPHYHUATAapu-1
HM ypraHvwaa MMKPOQU3NKaHNHI KNAaCCUK MeXaHnKa KOHYyH-1
napvaaH éku KBaHT MexaHuKa KOHyHaapugaH gonganaHunnm- |
HUL, @ K"apab, CTaTUCTUK (hn3nMKa Knaccuk cTaTUCTUK unsuka |
KN KMaHT cTaTUCTUK n3MKa gennnaan.

Arap MakpocKomnuk TU3umMm TepMmoanHaMnkK MyBo3aHart \ona- |
rmga 6ynca, 6yHaan TUBUMHUHE CTaTUCTUK KOHyHNapuHu Ba |
ynnaaTm MUKAOpWA MyHocabaT/iapHM MyBO3aHaTNU CTaTUCTUK |
(])n3vka ypraHagn. byHaa, KynmHya, "MyBo3aHaTtnu" geraH cys |
Tywmnpunb kKongupHnanu. Arap TusuMm HomyBso3aHat \onatga |
bynca, 6yHOaN TUBUMHUHI CTaTUCTUK XOCCaslapyuHN NOMyBO- |

3aHaTN CTaTUCTUK U3nKa ypraHagw. 11

CTtaTncTuK (hm3mka acocuga ONuHraH yprada KaTtTa/imK-
nap (MoOMeHrnap), yJ1apHUHI y3rapuwinapn, KoOHyH/apm Mak-
pPOCKOITK m3vkagarn (TepmMogvHamMuka, rnMapoavHaMmka,
rasoanMHamuka Ba Wy Kabunnapgarv) napameTpnap, ynap-
HHHI y3rapuwinapu, «.OHyHaapura Moc kKenagu. Ly mabHoaa
CTaTUCTUK (PU3NKAHUHT Ba3ucacu MakKpoCKOMNuK hmnamka ea
YHUHI KOHYHNapHW MOJMEKYNSP aTOMUCTUK TacasBypriapaaH
Kennb unknb acocnawgaH \am moéopar.

CTtaTncTuk h1smnka 6Mp Tomongam KiacCuk MexaHuka Ba
KBaHT MeXaHWKaHUHI ycnybnapura TasHca-aa, UKKUHYN ro-
MOHAaH, YHWHI MaTeMaTuK ycnybnapuHuHr acocuga 3,\1u-
MONNUKNap Hasapuacu étagu.

WyHpai Knnnb, cTtatTUcTUK hnanka Hasapuini UsnKaHUHI

®'lIn 1lp Ko npgacu rabmHoaH aHMKgaHaOH: SPKUHANK Oa—
r>* *hi/mcoHn N TU3VMHW Tal KW 3TraH KOMNOHEHTNap COHU
O ' MM BYLING, TU3UMHUHTI ha3anap COHU I HU alnpuno Tall -
hihi'imu,V TeHr:

N=n+2-r.

| | MWMHML MaKpPOCKOMVIK (TEPMOAVHAMMK) MapaMeTp/iapi.
1M WIMHNLL MyBO3aHaT/IM MaKpPOCKOMMK \ONaTUHN aHUKA0BYN
iii)[iiliMi ip iap KKK Typnun: agouTMB Ba MHTEHCUB XapakKTepnu
w, M hi Macanau, TUSUMHUHT 3appanapy coHn AN, \axvun V
| hi WMHULW KMCMNapy opacaary y3apoTabcupabTUOOPraoInH-
MHIiiii i.i) >xcprusacu £, sHTponuacn 5 aganTme KaTTaIMKnap-
Wl hi.mm rusmmHmnHr Kattaamrmn (macanaH, N Ba V) TU3UM
e/ MbIPUNUMTYLWAHAAN KaTraIMKIapUHUHIANTMHANCUTATeNT .

6up Gynumun 6ynnb, y MOAAAHUHT XoccanapuHn \ap romMoH- i 4 I | hiii, /V» A, + N2 V= Vf+ VA A- N2Ba Vr K, TM3um

nama Ba YyKyp ypraHvwa, yHaaru pusmk \ogucanapHu rag- | j h<m'MpUHNHT 3appanapy CoHnapy Ba \axmnapuamp.

Kuk, aTniaa xxya sapypap. | M WMHULL napameTpriapy MHTEHCUB Xapakrepra sra 6ynu-
HIO MyMMLW. MacanaH, TU3UMHUHT Temnepatypacu I, 6ocn-

LI-§. TU3INM BA YUULI \ONATU |« / WUAMrM p UMHTEHCKB NapamMeTpnapamp, SbHU TU3UM-
THIM hiu Mnapira rervwav napamMmeTpriap YHUHT yilaHaah na—
MaKpOCKOMMK TU3MMAap TalKn TU3umMmaap 6uiaH MyHoca- )

6aTn ra kapab y4y Typra 6ynvHaan. Arap kapanaétraH TM3um Ta- |44’ rpupuratenr. .

WK TM3nmnap (My\uT) 6mnaH \ey KaHgan anokaga bynmaca, | Muanan, T{ =T, = Tip, =p2=p.

SAbHW ynap 6unaH uccukauk (3Heprus) \am, sappanap (macca) | Penakcaupsi. Tuanm G1pop Tabemp Eku Tabeupnap cababnm

\am asimalimMaca, YHU fiKkKkanaHraH TU3nm p'eﬁmnap'm_ .D'emaK, iittMvmi wnatnam \onatra Kenrax 6yﬂca, 6y TabCUpnap TyxtaraH-

SKKaNaHraH TU3VMHUHT SHePruscy Ba 3appasap CoHu y3rap- i | hi KOHVH 1131MM Mab/lyM I BaKT yTULLIN GUIaH Y3MHUHITEPMO-

Maiian, ynap goumuii Gynagy. Arap TM3UM Tallku Tusumnap | INN ik MyBosaHaT \onatura kenaau. by xapaéH penakcaums

6unaH NCCUKINK KOHTakTuga 6ynmb, YHUHT 3Hepruscu ysra- \M1, M1 tovinnaay Bar nakTpenakcauus sauTv Aeiivnaau.
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1.2-8. KAWTNP BA KAUNTMNC XAPAEH/AP

TUMMHUHT NapaMeTpy (EKM NapameTpiapy) LWyHYaImKee-
KUH y3rapcaku, YHUHT Y3TMPULLW YYyH KeTraH BakT Ar wy
TUBUMHUWHI penakcaums BauTu I daH KMYnk 6ynmaca, sibHU

"r>r )

Lwapr 6axkapwvnca, byHaal xapaéH (ysrapvw)ga Tmavm \apgoum
TepMoaMHaMMK MyBO3aHaT/ M \onatra Kcamb ynrypaan. by \onaga,
AabHN (1) wapT 6axapunraHaa MmyBo3aHat/n \onaT yuyH Kupu-
TWIraH napameTpiapHN KUpUTULL MyMKUH 6ynaan. ByHaal >xa—
paeHnap MyBo3aHaTNu Ba LaiTyBuYaH >xapaéHiap geimnagu.

MacanaH, uMnmHap NopLUeHn ocTuaa ras Myso3saHar \onar-
fa 6yncuH (1.1-paem). MNMopLueH Xyda CEKUH HKppura Kytapui-
CUHKU, YHra TabCcup umnaétraH Tawk,nm 6ocum pnéunaH ras-
HUHI MOpLUEHra 60CUMU, ABHU UYKU 6OCUM PHOOMMO TEHr
oynuwmn, 6uHoGapuH, ras myesosaHaT \onatga Oy/muwmn Tab-
MUHNaHenH. by \onpa Tm3sum (ras) | \onataaH 2 \onatra KaH-
Jali MmyBO3aHaT/IM KeTMa-KeT \onatnapgaH ytmé 6opraH 6ynca,
TU3UM YyLLa KETMa-KeT MyBO3aHaT/IM Xpratiap Opkgn 2 XpraraaH
| \onatra kauTagn, OyHAal >kapaéH uanTyBYaH (KBasmcTa-
TUK) XapaéH geinnagn. XXapaéH K,aliTyByaH Oy/MLWIN YUYYH Y
CEKVH coaup bynuum Ba dt > r wapTbéaxapunuiim sapyp.

TU3UMHUHT X,0MaTn LWyHAar Te3 ysrapTupusicaku, byHaarm
y3rapuil yuyyH KeTraH dt Bak,r pesakcaums BaTu I AaH KNYUK
oynca, AbHU

H<r 2
wapT baxkapwunca, 6yHoarn >xapaéHnap
(HomyBO3aHaT/IN) UaTMac XapaéHnap

i nelivnagn.
KOkppugarn muconga (1.1-paemra
f K,apaur) rasHn lxanatgaH 2 \onartra Te3

H y3rapTmpuniraHga dt < T wapTt 6akapun-
W W Wwnw  ca nopuweHs KyTapiauwy yoruaa Lij-
nuHapAarn ras keHras 6opagy Ba yHaa

\ap xXun ras oK,uMmnapu, SbHU yropmManap

Ba 60LIKA MypakKab >apaéHnap cogup

OyNnwn MyMKUH. Tabuniikm, ras 1x.onar—

OaH 2 \onarraytywmaaru Karop Kketma-

llpacm KeT ~onatnapgaH 2 \onatgaH 1\onatra



i  m»i'iMl keT \onaTnap opkasim yTmwm acio MyMKUKU 3mac.
llls =HMaOuwn, 6yHOal XapaéHnap KanTMac XxapaéHnap genna—
w IXyuyna MmcongaH paslwaH KypuHuU6Typubankm, ras Mo-
Mt 111 Mpy HOMOHMAAH NOPLUCHra KypcatuniaétraH nuku 6o-
..... /', iMpLLCHra KypcaTunaétraH tTaw”*nm 6ocum PT AaH KNYnK
naut ili, hi.Hn P,,< PT bolwkaya alitTraHga, HOMyuo3aHaTAn
it will mHe) >xapaéngarn ra3 6ocumu Pyn MyBO3aHaT/M (KalTyB-
linl 1]|mcHnapparu raz 6ocumn Pm AaH KUYUK, SbHU PH < Pm
* I 1K*mak, myalisH Tanum wapouTtaa uartap Ba Laitmac
" idp CtnaH ras %axXMmMHMHI dV ra KeHraimwm rasHMHrHo-
WHuuTWT W yaiTmac xapaéngarn 6axaprad niw aJin = P,ftv
NPT| vMKHaHaTAX KaWTyBYaH >apaéHgarn baxapraH wiw
Al, N\/1V gaH kaTTa 6yna onmvaign (KapHo Teopcmacw),
==\Mill

A, < BAW . 3

Imuui myBosaHatn \onatnap. TU3MM HOMYBO3aHaT/In
Vi'nit 6ynub, yHOa >xapaéHnap eTapnn fapaxaaa CekuH
fcPUtIuiM 671ca, TU3MMHUHE \ap 6up HyKTacuga Ba BauT
MtiMiMiiiuia myBO3aHaT/IM MakpocKonuk \onart TyLlyH4YacuHu
L*H IMill MmymkuH 6ynca, 6yHaaii \onnapga fokan Makpoc-
mUMN  NapamMmcTpiap KMputunaam Ba ynapHu ¢as3o Ba BauT

HATpu Acb Kapanagu, macanaH 7' (/%r),p (r >f)- ByH-
uhi Mn ananapHu ymymuii \ongja HoMmyBO3aHaTNu Tep-
nu AnHamunkKa (Xycycuii xpaiapga rmgpoanHammka, rasoom-
1 .Mm a na 6owkgnap) ycnyénapu 6mnaH Tagk,mkatunagn. Ho-
My M laHarnn TepMoanHaMuKa TafkuK, KnnaauraH Tes3nuknu
on||||T'Bp 60ckmMun rmapoaHammKa 6ocuman aerinnaaun.

M Kpockonuk TnammMaa xapaéHnap etapnin gapaxana Tes

e lin 6™Mnca, y \onga makpockonuk \onaT TylwyH4YacuHu
MIMiNn Kyga KUMnH KM yMymaH ByHAan TylWyHYaHU Kupu-
IMIM UMKOHW yk6ynanun. byHaal \onnapHu Monekynsap-kKnHe-
<dit nlwpusa (KMHeTUK 6ocknyaa), ymymuii \onga (AuHammk
MWKMM) MUKPOCKOMNMK Haszapus (KIacCuUK MexaHuka, KBaHT
mi KUHNKA) TaaKukknnaaun. WyHaai knnmb, ouHamumk, KnHe-
|hi InapognHamunk, MyBO3aHaT/IM XapaéHnap Ba Tyna MyBO-
vy 1L hi \onat 60cknynapnaa TU3MMHN TaBcugiall gapaxaia-
IMHKN Kapmb 60pagn, Koppenauusanap cycanmnb 6opagu.

| UWLWIFHNAPHUHE CEeKUH Ba TE3/IUMU TyLUyHYanapuHN aHnK,—
1 Mii .nacu, SbHW K,ancy nonnapga AuHaMuk ycnybHu, Kai-
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cn \onnapaa Monekynap-KUHETUK ycnybHu éku HoOMyBO3aHaT-
N1 TepMoANHaMUK YCYO6HW Kynnaw MyMKUHUIUA MacasiacuHn
\an kununwra maw\yp onumnap H.H. boronw6os, V. Mpuro-
XU KatTa \ucca kywannap 11,2]. HomyBo3saHatnn TepmMoau-
HaMVKa Ba MOJIEKYNIAp-KNHETMKaraTermwam gonnap bunaH ke-
MVHPOK, TAHWULLIAM V3.

13-8 TUSUMHUWHI JUHAMWK MNKPOCKOMNUMK
XOJTATJIAPU

TU3NMHUHT \ap 6up 3appacy KNacCuk MexaHmkana ymym-
NawraH koopAamvHataniap Ba ymymaaliraH umnynbcnap 6unaH
aHVKNaHagu, KBaHT MexaHukacuaa 3ca (KoopauHaTasiap éku
uMmnynbcnap €knm 6owka AMHAMUK KaTTanuknapra 60rnvik
oynraH) TynkKnH yHKUMA 6unaH aHUKOaHaaw.

TU3NMHU TalKWUA 3TraH 3appasiapHUHE yMyMallraH Koop-
OVHaTaniapy Ba UMNYbCapy éku TYNKUH yHKLMANapn Mab-
nym 6ynca, TU3UMHUHI 7onatu aHuKaaHraH 6ynaau. byHpai
ycyn 6unaH aHMKOaHraH TU3UM XpraTuHU AUHaMUK MUKPOC-
KONUK %onaT Aeb atanmMms.

TU3nM 3appaiapLULLHT X,apakatnapu, TykHawmLnapu Tycaii-
NN yNnapHWHI KoopAMHaTasiapu Ba UMNyAbcnapu ysrapagn. e-
MaK, 6yHAan AnHaMUK MMKPO,\o/faT BaKT yTULLIM 6uiaH XarTo
TU3UM TepMOAVHaMMK MyBO3aHaTAa bynraHaa \am y3rapaaw.

YMyMAaluraH koopauHatanap sa ymymnaaluirad umnynscnap
Kyn yn40BAM (0a30oHUHI KoopauHaTa yk3apu eb kapanca, byHaan
Kyn yn4oBnu gazoga \ap 6up HyKTa TUSUMHUHT ANHAMUK MUK-
po,\onatnHn ncoganaign. byHaaii a3o TUSUMHUHT ha3aBuii
hasocu, AnHaMUK MUKpo\onaTHW mndoganaiguraH HykTa aca
hazaBuii HyL Ta gelimnaan. Mabnymkm, hasaBuii HyKTa BakT
yTUwn 6mnax ysrapagw, asasunii pazoga y dhasasuii TpaeKTo-
puvs un3aau.

K,apaniaéTtraH TepMmogmMHamMmK MyBO3aHaTNN TU3UMHUHT \ap
6Up 3appPacyHVHI AVHAMWK XPraT/iapuHn TaBcudhiaiamraH X,ape-
KaT TeHrnamacu, MexaHvkKa KOHyH/lapura acocaH, BakKTra HuC-
6aTaH MHBapuaHTAUp. [lemak, MyBO3aHaT/IM TU3UMHUWHT AMHa-
MWK MUKpo\osatiapu Ba 6ynapHu reoMeTpuk TascudpnaiguraH
hazaBuii HykTanap TeHr Ky4yam 6ynub, ynap 6up-oupnapura
Hucb6aTaH athzanvkiapra \amaa ycTyH/MK/lapra ara amac.

WyHaoan kKunamb, AMHaAMUK MUKPOX,0MaT Ba yHra Moc AuHa-
MWK napameTpnap (KkaTtanknap) BakT yTuwn bunaH ysrapa-
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mi il [aMrm makpo\onat Ba yHU aHuKganguraH Makpo-—
M|mu"l] 4> K ly.napmaiign. Y3rapyeBum Mukpo\onariap aco-
......... . W MakpoOCKONUWK napameTpriap KaHaan Kkenmé ynka-
W1 nlHv i HHON Tyrvnaaw.

nHm fun mMukpo”™onatnap 6unaH makpo\onart opacugaru
MWU..... ; MUKpo\onaTnapgaH kangain Knnmb mMakpokogax

mil M1kagn, gcraH Macananapra TyxXtaiaMmns.

1 ft TUSUMHUHT ANHAMUWK MAPAMETPU
MA YHWHT KWUAMATAAPU

| MowHaTAarm TM3MMHUHI BakT yTuwun Tydannu \ocwn
hi nun Mwpya gnHamuk Mmmkpo\onatnapu 6up-6mpura aKem-
(HEWp iip rydainm TUSUMHUHT UXTUEPUIA (DU3NK KaTTa/InK
(Hu||'MM11p) /,(/)HuHr knimatnapugadH 6ab3vnapu Kynpok
M*' "" 1lMnapn aca KaMpOK BaKT Ky3aTwuiagn. Papas upnaii-
lllit, 1 dwm HK kaTTannk

& ompy| kmimatnapHu kabyn KuncuH, 6yHga N - °° Kysa-
ftimbl|| Vi KasaunraHga L. kuiimar n. mapTa Ky3aTuiraH 6yncuH,
HUW / KuiAmat /( Ta AMHaMMUK MMKpo\osaTnapaa Kaig, stun-
HH1rv nuvH. bowkaya ainTraHga, AMHAMUK KaTTa/IMK L HUHT
OHU|I 1 iimaTura moc kenraH Mykpo\osaTnap KaH4ya Kyn 6ynca,
HV kulma rra moc Mmkpo\onatnap TynjiaMmmaa TU3MM LyHYa
VuyH (kVii) BakT 6ynagn Ba, AemMak, L HWHr kuimatm Kyn
Mii|Hn kv MTUnagn. By aca TM3aum 6ab3n \onatnapga Kynpok,
uiii. in y unTnapna Kampok BaKT 6ynaan, gemakgup.

(= wrmwnap coHn N ra, AMHaMUK MUKpo\onaTiap coHn NA
I(i Min nynraHga L. kniimaTra Moc KenraH AUMHaMUK MUKPONO-
fljtt i ip ‘ OHM (Tynnam 3n1eMeHTNapu COHU) M. HX L. KuiAmaTu-
.......... kappacu \am gelivnagn. dkkanaHraH Tuammaa Ta-
MHMNKW,

= L2=... =L =const

W inin Ademak, 6y Konga anHuw Kappacu /V, ra TeHr ynaau.
YMy4nH MyBO3aHaTNu TU3UMHUHT By L napameTpu kuiAmatna-
|H1i Hnpmaigm Ba Aemak, 6apya ouHamumk \onatiapaa napa-
<* ipiiiuu KniimaTnapwu y3apo TeHr 6ynraHm ydyyH N mapTta Ky-
Wu M.waabapyacnoadbuTTabupxmna KuimaTtonmHagu. L — ey



cakgaHyBYM napameTp (MacanaH, arHeprus E). Ymymuii \onga
ANHaMUK MUKpo\onaTnapTeHr Kyunm (bup-ompmra sKBMBas1eHT)
bynca-aa, ammo U3nK KaTra/IMKHUHI KniiMaTiapura moe au-
HamuK \onarnap TyniamniapH 6up-mpmnaaH gapk kunagw.

158 ANHAMVIK KATTAIMKNAPHW BALIT BYANYA
YPTAYANALL

Arap TM3num TepMogVHaMUK MyBO3aHaTAa 6yrnca, YHU aHuK,—
nangmraH MakpoCKOMWK napameTpnap, Tabpudra 6uHoaH]
y3rapmaign. JIEKUH Wy TU3UMHUHT UHAMWK MUKPOKO/aTu
y3rapagy. iIvHaMK MUKpo\onaT BakTOyilinya ysrapmwm \amaa
rawium Tascup Tyannm TUSUMHUHT UXTUEPUIA AMHAMUK KaT-
raavrn L (macanaH, sHepruis, UMMysbC, MMMY/bC MOMEHTa
8K/ 60OWKA, KaTTaMKiap) y3rapaaym Ba yMyMui Konga 'y xap
XU Knimarnap Kabyn kenaaw.

Tn3mmMHM t =  Bak;T gaBoMuga Kysatunica, y 6apya guHa-
MUK MUKpo\onatnapaa 6ynagn. (byHaah TU3MMHN 3proavk Tv -
31M genvnaan).

dapa3 knnamnmk, L katTanvk

Lv Li.... V- 4)

KuiimatnapHn kabyn kuncuH. L(t) katranmkHm N(N -*00) map-
Ta Ky3aTaunuk. by \onga anHamumk KatTanuk £(r)HUHT ypTada
Knimatn Kynungarmya aHMkIaHaam:

Li =-~EL, N <* GN]

Arap N Ta Taxpuba yTkasunraHga (4) Kuimatnap MoC
paBuwAaa

N, a2 ni ...

MapTa Kenmb YnMkkKaH bynca, yptada T,

. JIHHHT KHIiMarnapuv couun

A= NALAN -»00 ©)

MrmHam éunaH aHnknaHaan. X,ap 6up Taxpmnoba yTKasnll Bak—
TUHM Atra TeHr geb chapas kucak, y \onga yMmymumii KysaTuil
BakTu r= NAt ra, n.Ta Ky3aTull BakTUHW At ra reHrgeinunca,
OVHAMVK KaTTa/IMKHUHI BaKT Byiinya ypTadacu (6)HU Kylhinga-
rmya é3m MyMKUH:

4 =} X AN, /. @

| MWIMHULW AMHAMUK MUKPOXANAaTy BaKT Bylinua y3nykcus
Ve<d' 1 Niii.i Moc 6ynraH L KaTTa/IMKHUHI KuiimaTn \am y3-
JH ' \unpugn. L, L +(IL opanukgarn L(t) HUHT KuiimaTna-
|HH | Mm icnrad BakTHM dtL = Atdnt 6unaH 6enrvnacak, guHa-
MU» | H <1MKIMHr BaKT Gyiinya yptadacu (6) Ba (7)Hun

N
Li= jf\ OA- ®
o)
t
L. L(t)dt o)
o

VIMxHMLINapna é3uil MyMKUH.

In | pan LWYNM Tabkngnai 03MMKN, t -* oo ga ypTada kar-

llinH | upkpumba (Ky3aTui) 60lwnaHraH Baktra 6oMmmkKamac,

...... Mhim OPMOAVMHAMUK MyBO3aHaTAa bynraHga L, BakTra
8H um >mee. By aca makpo\onaT Ba TM3umaarn ayKTyaumns—
H>||[MAVL akrra 60rnnKaMacnmrnHn Kypcataau.

M u. ivm kii, MyBO3aHaT \onarga TUSUMHUHT Taxxpnbaaa Ky-
4iin | hilunMH MaKpOCKONUK KaTrannkiapu (MacanaH, Temnepa-
| - . UM, 3M4NMK Ba 6oLliKAnap) yarapmangn. Taxpudaagan
MUWWH =y KaTTanMknapHn L, ra TeHr ge6 kabyn KuinHaaw,
PHIMI 'i‘ti ainTranga, L, MaKpOCKOMWK hr3nKagarn KarTajmk-
HHW Vwnnp.

\M 11v» AMHaAMUWK KaTTa/IMKIapHU BakT 6ylinya yptadanatl

1M »m»c. Xaku kataH \am, AMHaMUK MUKPO\OSaTHU Ba,
4»MH  MUMaMUK KaTTanuk L{t) HNW rMOMeHTAa aHMKAaLW Y4YyH
*«TMUM |L.HHKWUN 3TraH \amma 3appanapHuUHr \onatmHn om-
nuH Mpyp. \ap 6up 3appa s IpKMHAUK Aapaxacura ara 6ynca,
\ || mpp.wan néopat TM3UMHUHT UHAMUK MUKPO\OMATUHH
| IHK1HM yuyH KBaHT MexaHuKacmaa MTa KKUHYN gapaxxann
vV |.1||vHan TeHrnamanapTUsUMMHN, KNacCuK MexaHHKaga
| \®in HUPUHYM TapPTNOIN KAHOHMK AndhdepeHLman TeHrnama-
Irtjt hi HIMVHA eunw 3apyp. Tabuuinkn, aAvHamMMK MUKpo\osaT-
H* MuH, (Winw (MHTerpan JOUMURNAPUHU aHUKAAL) YUYyH
mnl '/y in Kywmmya (derapaeuvii, 60w A4aHrnY) WwapTtnap 6epu-
IHIHH | epyk MacanaH, 6upnuk \axmgarn rasga 1():" goHa 6up
Am | hi i.ippa 6yncuH. Knaccnk mexaHnkaga kap 6mp 3appa-
*hiH "M || |[MHK aHMKgaAW yYyH yyTa MKKUHYM TapTneam amdg-
@] |- I.... 1 i n-urnama (HBIOTOHHUHT MKKWHYM KOHYHWUTa aco-
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caH \apakaT TCHrnamasiapu) ékm ontuta 6upuHYM TapTMGIN
anddepeHuman TeHrnama (FamMmmiabTOH KaHOHUK TeHrnamana-—
pv) eunnun 3apyp. Jemak, 6upnuvk \axmaarn rasHuHr au-
HaMVK MMWKPO™ONaTMHU aHuKdalw y4yyH 6 -HODTa 6upuHuUM
TapTnénu gmddepeHuman TeHrnamanap TMsMMmmn

1 =T377 (o

ci=-"L m
ill dg, dl  3p
HU eunw 3apyp; 6yHaa H — TU3MM ramMmnbTOHMaHu; p., g —
yMyM/ialraH UMnyabcrap Ba ymymaawiraH koopauHaranap. byH-
[aH Talkapu, TU3UM 3appaslapyuHUHE \ofarvHn aHuk,bunuw
YUyH 6 = 102AJta nHTerpan goMMuiinapHu aHMkaaw 3apyp. by-
HUHT Y4yH 6 «1020tra KywimmMya (6ownaHLy, yerapasuii) WapT-
nap 6epunun kepak. ByHaalh kaTTa coHaarn TeHrnaMmanapTu-
3MUHK cekyHaura 10 mnpg, \arro 100 mipa. onepauus 6axa-
pagurad 3X.M \am ygganam onmvangu.
Arap Tm3um HoMyBO3aHaT \onatga 6ynca, yHra Terunm
OVHaMVIK KaTTa/IMKHW ypTadasall Macasnacy Mypakkabnatiaaw.
WyHpaai Kunmb, MakpOoCKOMNVK NapameTp/apHM MUKpogu-
3nKa (KIaccuK MexaHuka €Ku KBaHT MeXaHukacu) acocuaa
aHVKgawaa 6owm 6epk Kyvara KUpub KonMHraHgan. AMMO cTa-
TUCTUK hM3nKaga 6y MacasiaHu xan 3TUL Wyan Tonunau.

16-8. CTATUCTUK MUKPOXONAT.
CTATUCTUK AHCAMB/1b

CTaTUCTUK hM3MKada CTaTUCTMK aHCaMO b TyLUyHYacu Ku-
putunagn (yHu GUMpUHYM MapTa aMmepukanmk onmm B. Tmb6c
Knputran). by TywyHyara 6MHOaH, TM3MM 6unaH TepMmoguiHa-
MUK XXU\aTgaH aiHaH 6up Xwn BynraH, aMmmMo AVHaAMUK Xun\art-
gdaH (Tnamm 3appanapuHuHr \onarnapu xm,\atgaH) dapkaun
OynraH >xyga Kyn tusumnap Tyniamu (aHcam6sn) TacaeByp
sTunagun. by Tmanmnap 6m3 kapaétraH peasn TU3UMHUHT KOMUs—
napn (Hycxanapwu) geb kapanaau.

MMB6CHMHTI By hyHOAaMeHTan TylyHYacu — CTaTUCTUK aH-
caMb6/b Ba YHVHT 3/1EMEHT/ITapVHU SIKKOIPOK TYLIYHUL Y4YyH
Kyingarn ogonm MMCONNapHU K,apaisvk.

Mabnym nauw nunga 6utta 3appa xapakarga 6yncuH. Y3m-
MUVHI Xapakaty Ba MOV AeBOpu 6wiaH TyKHawwuwnapu Ty-
hainn 3appaHuHI AUMHaMUK \osaTu BaKT Byiinya y3rapagw.

a) ®apas Kunamauk, 3appa MaTn AeBopu bunaH Kaiui-
KOK, (31aCTUK) TYKHALWICKH, SbHU 3HEPrus a/iMalliMHULLIN CO-
14



I'll, la iMiii im 1>y \onna 3appaHVHI UMMYNbLCU P Ba KOOpAuHa-
M, (. n.ijuvHn |ydhainm guHammnk MyUkpo\onar y3rapagu, aMmo

«Mi...... . tiicpinsicn ysrapmanan. bByHpan gnHamMmMK MUKpPO-
yt" " hip i\ii i.iMina aHeprusacu 6up xun 6ynraH, BakTéyinua
[Hi "< nunm, ammo \ap xun KnimaTtam Tacoanduii Katra-

«H 14'r 4bunan aHMKAaHaAUraH cTaTUCTUK MUKPOX,0natiap

»MV hi «" ndpawaa mocnawtupunaagn. K,apanaétraH 3appaHuHr

p«MHH bipy (Hycxanapu) aHa Ly CTaTUCTUK MUKPO.\onatiapaa

NeHb in Heb kapanaan Ba 6y konuanap (Hycxanap)HW 3appa-
ITHTW TUK aHcambnn oeb atanagu.

IIvi | M unnn6, 6uTTa pean 3appa ypHULa YeKcmn3 Kyn 3ap-
pA'Y* nH IMHyp 1 MAnG, ynap BakToylinyagonmmnii aeb kapa-
ii' in »i nHe luk aHcamb6b anemeHTNapm — 6y \ap xun gnHa-
< | Mm |u)\onatnapgarv 3appaHuHr Hycxanapu. 3Han 6yHaan

|HiNil i.i LnapHKn Ba, Aemak, aHcaMb/b 3/1EMEHT/IApPUHN Taco-
1|||lv1 n O uapannb, yHUHr cogmp 6ynuw s\rumonnmknapu
M«un 1nu macanaHu eyl no3vm 6ynaan. JuHamMmmk MUKpPO\O-
j.ijl inn Kyuynn (akBMBaneHT) GynraHuW Ba ynapHWHI \ap
| mu rynaTcudatnga ctaTMcTUK MnMkpo\osat Mmocnawrm-
H HHAM lydhalinum 6y cTaTUCTUK MUKPO,\ONATTEHT KYUn, SbHA
|Wm  IHMonnmgmp. By cTaTUCTMK MUKpO\ONaTNapHUHT SHep-
IHH H kniimaTnapun 6up xun. bup xmn sueprusanu \onatnapra
14l Mo »\lmmonnmk moc kenaaw.

1))HO1 3appa aHeprusicn E =p2Z 2T goumkn (yrapmainan).
( i,iln, 1HK dn3nkKaga sskkanaHraH (SbHM 3HEPIUSCK y3rapman-
LW |"H) mMWwMHUHT MuKpo\onaTiapu TEHT (TEKUC) 3NTUMONN
« 11 inniv iar cuchatnaa kabyn kunmHaakl

nl Inppa nauw aesopn 6unaH TyKHawraHaa aHeprua an-
LI'HHHHUWK cogup 6ynuiim MyMKUH 6yncuH. by xonna 3appa
K:iHIl ncnopn 6unaH KoHTakTda OynraHu, nauw sca Tallku
|H Hi4 Wwp 6unaH KOHTakTAa bynraHn cababnm, YHUHI 3Hepru-
[=u(ll, ") opanukaga ysrapagn. Jemak, Mukpo\onatnap 3appa
®K|[umun E HuHr (O, co) opanukgaru Kuimatnapura moc
(»n / Huw (O, oco)marn KnimaTnapura Moc pasuLaa yrapagu.
Bhimhiih E (Eku p Ba #)HM Tacogudunin KaTTanmk oedb Kapao,
VI nup AVHaMUK MUKpo\osaTra cTaTUCTUK aHCaMbib anieMeH-
lumMT MWTUPUNaaWn.

1/IMvnMUK (MexXaHuK) uyuTam nasapfaH TeHr Kyudiu (3KBUB&JIEHT)
* . 1 jra 6ynraH 3appanu CTaTUCTUK aHcamb6/ib 6uaaH anMaliTn-
mHH, il | ITUCTVK chusukagarn MUKpCAOnaTnapnuHr TeKUC, TeHr a\Tu-
M1 H \aMm y3 akcvHW Tonaaw.
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WyHaan kanub, 6UTTa 3appaHNHI BaKT Byiinya y3rapumiiv
Tyhaiinm x,ocun 6ynraH gMHaMmK MmvKpo\osnaTtiap Tynaiamm ypHul
ra WwyHaal 3appanapHUHI BakT 6yiinya ysrapmaigmrad cratmuch®
TUK MUKpoXxonatnapu Tynnamm — ctaTUCTUK aHcaMbib Moch
nawTupunagn Ba byHgain \ap 6up 3appaHn Ba yHra Moc MyK-:
po\onatHu Tacoanmii KaTTannk Aeb kapanaan. KyiuaaTt acocuii
MOCTy/NaTHN Kabyn Knnamms: CTaTu CTUK MUKPOX,0/1at/iap Tema
aynumonnn'. lemMak, CTaTUCTUK aHcamb/1b afieMeHTNapu Xam TeHH
s\tumonnn. by nocTynar acocnaa cTaTUCTUK (PU3NKAHUHT 800
CUHWN BaéH 3TULLHUHI, TAKCUMOT (PYHKLUUANapUHU UCOOT KU-
JVWHUNHTAHTU UMKOHUATU TYTunagu.

®apa3 kunanuk, naguwaarm N Ta 3appagaH mbopart raa
uamLw [esopy 6mnaH aHeprns anMallTUpuLWn MyMKUH 6yncmumnl
a3 3appaapnHUHI Xapakatiapu Tyannum rasHuHr AUMHaMmk
MUKpo\onaTnapu BakT 6yiinda y3rapaan. TUSUMHUHT 3Heprus-
cn E ymymuii \onga (O, o0 opanmkga ysrapagu.

YMymuii xonna \ap Xun aHeprusnm guHaMmmk Mykpo\onart-|
NapHUWHI Nap 6upura, N'M66¢ rosicmra 6UHOAH, CTaTUCTUK MUK-
poxonaT MmocnawTupuiaan. TUSUMHUHT yMyMaliraH koopau-1
Hataniapun gr qy ..., ¢, ... Ba yMymnawrad umnysnscnapu PVP2A
.s PI ... HM BaK,T Byiunya y3rapmangmraH tacoamgnii katta-1
nuknap 6unaH anvawTupunagn. \ap 6mp cTaTMcTukK MMKpo\o-|
naTt Wy Tacoanunii KaTTa/IMKNapHUHE KNAMaTNapy OpKasiv aHuK-1
naH3aou.

WyHpan Kunnb, TM3MMHUHT BakT y3rapuvwmn Tydannm co-
avp 6ynagmraH AUHaMUK MUKpOXonaTnapuHUHITynammra Ly
TU3VMHUHI BaKT 6ylinya y3rapmaiguraH MWKPOXOnaTiapw j
Tynaamm — cTaTUCTUK MUKpo\osiaTnap Tynnamun, (taspud byiin-
ya) mocnawTmpunaan. CTaTUMcTUK MmnKpo\onariapgaaru TM3mm
HyCXanapuHWHI TynnaMmMHN TU3UMHUHE CTaTUCTUK aHcamMbnm
Aennnagn.

Jemak, MyBo3aHaTNN CTaTUCTUK In3nkaga (CTaTUCTUK aH-
cam6/b TylWyHYacura acocaH) TU3UMHUHT AUHAMUK MUKPOXO—
natnapuv Tynnamura BakTt Oylinya y3rapmaiaraH kapaiaétraH
ONHaMUK TU3UM HycXasapuy Tynfamy Mocnawtmpunagn. by moc-
NaWTUPULLHWHT PyHAAMeHTan a\aMUsiTU LWYHAAKN, AVHAMUK
KaTTa/IMK Kniimartnapu TynjiaMmm CTaTUCTMK aHCaMbb TyLIyH-
yac.nm acocuga Tacoanguii KaTTasIMK Kuimatiapu tynnamm om-

1Xo3upraya cTaTUCTUK hn3mkaaa byHaan noctynat ga™ar sKKaiaHraH
TU3UM YUYyH ypurav ae6 K.abyn kunuHrail agw.



*4  MHMUNH Npugdann. CTaTUCTUK hr3mKaaa X,ap MKKana Kuii-
MH Itip IVH MMmapu, 6up-6upuraariHaH Tenrgcb kabyn Kunm-
....... [., MUM NVK )ca aprogmKTeopemMaHnHI MabHOCUHW TaLl-
MH 11.Will

I 1« MMOKFO\OAATAAM BYWNYN YPTAUNIILL

OUpH 11u 1K, Z Tacoamduii KaTTanmk
Lv Lv ... L,, ... (1)

linn...... 8 Kabyn Knanwm mymkumn 6yncuH. Arap N mapta
fR# 1' M<* V|weiunraHga L Tacoandunii KaTTaniMKHUHT (I 1) Knin-
Mni iiipn Mo( pasuwaa

a,, N2 ... Nn ...

ihi |11 wO ynkkaH 6ynca, yptaya Kuii mat
I h I ("/1 toeecA +..) =j j I NI, =N (12

i. in mi Hocwmna Tonunagw; GyHaa N. KaTTaiMK L HUHE L. Kuid-
MiAH) H int) ynkuwin conHu.

W, =$-,/ =1,2,3,... (13)

*bH' HHULWHW KNPUTUG ( 12)HN
Tl ='2,W,Li (D)

....luMna é3uw MyMKUH. \ap 6up ynuaw Ar BakT OaBOM
81111 oynca, » = An/A/lkabn é3nw MymkuH. by \onga (13)
MH« (WililH

A =], t=N&t -»m® (15)

tifpiniiiuuia é3nw MymkuH. W. = n./N HucbaT HoNb 6unaH 6up
np.» nli ysrapagn. N =* @ 6ynranga, arap W. - n./N Huc6ar
Ailin' nup kuiimatra (MMMUTra) nHTWUACa, YHU L Tacoamduin
kin 11inKHMKT A KU MaTt Kabyn kmnnwm a\tumonn aeb kabyn
bH'MLULLILLIL

Its \onga, (13) ékn (15) ra acocaH, arap Tacognduin kat-
I MIIl / HUHI Kabyn KUAWWW MYMKWH GynraH Kuimatnapwu

AIHMONNUK Ma ynra Tcnumnun 6abv3n Tywy)ixa xa>n Tamxkmanap |l

H LpHIaan. 1' M'=a7T*'OTEKA
" Idllgys T™TMN L nn 7
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Lr L2.., Lt ... HUHT axTumosnknapn Wv W: ..., W
GepunraH 6ysca, ylapHM Moe paBuwga Kynantupmo, CyHr iin
rmbé yptaua KummaTtHn (MOMeEHTHU) (14) TeHrnmMK acocmga To-
nunagn. lWyHaan kmunnb, ctaTUcTUK hmsnkagarm acocuim Mag
Ca/TaHVHI CMUINLWK aXTUMonnap takcmmotn Wr W2..., IV,
HUHT 6epunuivra 6ornukbynué k.onaw. 1
Arap Tacoauduii kKaTTanuk L y3nykcus y3rapca, y \onga /.
KaTTa/IMKHUHT L, L +dL opanukga 6ynuil SXTUMONIUTUHI
dW (L) 6unaH 6enrnnacak, (14) mndopa ypHura KynngarmHu

é3nnaau:

m=1J LdW{L) (16)
(L)
éKun
dW(L) -~~d L =f(L)dL,

TeHIUKAaH hoiiaanaHcak:

Is =] LfL)dL, 17)
<<
6yila
= (18)

s\Tumonnuknap snunmru. dmnsmnkaga (18)Hmn s\tumonnnknap
TaKCUMOT hyHKUMSACK aelivnagn. Jemak, 6y \onga yprada apud-
METUK KUAMAT ZV HM Touunw yuyH a.\Tumonnap 3nunurn i/,)
HW 6UNUL 3apyp.

3,\Tmonnnkiap y4yH Kyingarn Hopmanail WapTv YPUHIN:
Y3YKNN (OUNCKPET) XON YUYH:

1~ =1 (19)
Y3/TYKCU3 XOS YUyH:
In={dwW(L)=\ /(L)dL =1 (20)
<L) )
3proauk TeopemMa: BauT 6yiivua onvMHraH yptada L, 6unan

Tacoguduii K;uimanmap Tyw amu 6yinya onmmranyptada y3apo
TeM, SbHU

(21)
JemMak, MaKpOCKOMMK NapamMeTpHU aHUKAALW Y4yH 3XTUMO/-
nvknap Takceumotn Wv W2 ..., Wp ... ékn axXTUmMonnuknap
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himit A/ wm nnnkgaw — ctaTUCTUK PU3INKAHUHT MapKasuii
<« 1 W .iNn Nnit aéH 6ynaan. dprogvk Teopemara acocaH BakT
WN'm tpblvaHUKM MUKpo\onaTiap 6yinya yptadanawl 6mnaH
HwwpHMNH. HomyBo3aHaT \onaTHM 6y Teopema acocuga
ktliMii *nngnii KNANMHYMNNKKaayY Kenuwaanm, YyHKU Mak-
*>_ M1 HYpNMeTpnap (ByHaal TyLyH4YanapHU KUpUTULL MymM—
Hw nmH \onnapaa) Baktra 6ornmk LWy cababnm Baktra 6o f-
% MHM pMy=>NITiap Ba, AeMak, BakTra 6oTukTacoandui kar-
M KUPUTWUNAAUW; CyHIpa YNapHWUHE KUAMaTnapUHUHC
......... LLMpY acocuaa aHUKIaHraH yprada KniiMmaTHu Tapuba-
LML MmynaH on3nK KaTTa/IMKKa aliHaH TeHr1awTupunaau.

1K-8 MWKPOXONATNAP BA YNAPHUHT
AXTU MONNNKNAPU

< | HHC | MK aHCaMb/1b Ha3apuscu Ba TaKCUMOT (hyHKLMANa-
mm 1,Hi.nii acocnaw \o3unpraya eunamaraH myammoaunp (K
II'IVII'IaM. | 5| 27-6eT). BYHUHT acocuii cababnapugaH 6upwn,
"MnHuH Ya, AMHaMUWK Ba CTaTUCTUK MUKpo”~onatiap, cratmc-
M Ly NM61 Ba YHUHT 3/1IeEMeHTNapy Ba MUKpo\onatnap 6opa-
IM" "n lywyHYanapHUTankKnH sTmwaaHoaHUKguKnapoopnm-
' |ycbninuamp. bus kyhnga wyTyuwyH4yanapratyxranamms.
U\ Tranargarn TU3UMHUHT ANHAMUK MUKPO.\onatiapn LwapT-
NHHHM y napmaraHga TeHr Kyuam \onaT/iapHUHT 6MpU MKKUH-
lIM Hini ndp3anavru ékn kamunnmrmn ykne6 antraH sguk. m-
MuMMT \onatnapamMmHaMMKTEHrnamanap acocuga aHHKIaHaau,
Ir ninyvamanap aca Bakr a/iMalIMHULINTA HUC6aTaH MHBapUaHT-
<o LWIYHUHI YYYH XaTTo ynap KalTyBYaH 3KaH/UTMHW \am
MK .hi (guK. AHa Wy gnHaMmmnK MMKpo,\onatiapra rabpudg aco-
*H/H MOCnawTUpWIraH cTaTUCTUK MUKPOX,0natsiap TeHT a\TU-
MTnw ekn y3nykcm3 \onga TekMc Takcumorra ara. \osupnaa
i|...... MKKanaHraH TUSUMHUHI MUKPO\OIaTNapUHN TEHT aX,Th-
4 | hi OKM TEKNC TaKCMMOTra ara Ae6, acocuin noctynat cudga-
LLUHN Kabyn knnumHagu. brs aca noctynar cudatmga MyBo3aHaT-
iiliin in WMNapHUHICTaTUCTUK MUKpo\onaT/iapy TEHr3\TUMO/-
Il TKN Treknc TakcumnaHraH geb Kabysn KHnamms. by acocui
("M I\ iana acocaH, CTaTUCTUK aHCamMb/1b S1EMEHTIAPU HAHT S\TU-
M" | Tpy \am TeHr 3.\TUMO/ /TN EKMN TEKNC TaKCUM/IaHraH. boLuK-
rtiii nitl raHda, y3 MmabHoNapura Kypa, gMHamMmmnk Mmkpo\onatiap
ANuwMnN cTaTUCTMK MUKpo\onartap TynjamMn Ba CTaTUCTUK aH-
HM(| n, anemeHTNapy Tynnammn aKBMBaIEHT Tyniamnapamp.
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Bu3 tokppuaa L hm3nk KaTraIMKUMHIE Kabysn KNAULWmM Mym-
KNH b6ynraH L. kniimatnapu Ba ynapHuHr W. a\rumonnapu
« =1, 2,...) ymymnii xonga xap xvn geauk. /N mapta Taxpu-
fanap yTkasunraHga L. kuAmart n. Mmapta kenubé unkagwn, ned
hapasatungn.

AHa wy LtkuiAmMaTtra Moc TU3UMHUHT /-MMKPOXONaTn Mas-
Xyn aenvnca, byHaan MMKpoxonatiap SXTUMO/IMKAapu, Tabu-
UAKN YMYMUIA XONAa Xap Xun 6ynuiwim no3um. Acocuii nocty-
natra acocaH, CTaTUCTUK MUKPOXONATHUHT axTumonaurn I/N
6unaH aHnkgaHaau. AMMo N MapTa yndaHraHaa rn. maprta cra-
TUCTUK MUKPOXONATHUHI KENNG YNKNLWN /,. KWAMATHUHT 3XTU-
MOJUIUTMHW aHUKAARaN, SbHU L. HUHT KeNN6 YMKULL 3XTUMO-
an V. = n./N HucbaTHN aHUKganan. Bus TM3MMHUHI Lrra moc
N axrumonnn MMKpoxonatu TYLWYHYaCUHN KUpuTtamms. Ymy-
Mnii xonga Wv Wv ... W.... nap xap xun 6ynraHm y4yyH MUKpPO-
Xonatnap xam xap xXwi éynaan. /-MUKPOXONaTHUHI 3XTUMONIN-
m W: =n(1/N) — 6y aXTUMO//IMKIapPHN KyLLWLLI Teopemacura
acocaH, >fTa CTaTUCTUK MUKpPOXonataaH NXTuépuii bmpopracu-
HVIHT Ke/IMG YMKUL 3XTUMONNIMaMp. ACOcnii noctynarra aco-
CaH CTaTUCTUK MUKPOXOMAaTHUHI axTumonnurn (1/AOra TeHr.
LlyHaoaH KypuHagukn, Mmkpoxonarniapgaru CTaTUCTUK MUK-
poxonatnap CoOHU M. MUKpo\oAaTHN aHuKAaWAa Xyaa MyXum
axamuatra aragmp. by n( HX1 /-MUKpOXONaTUUMHI Tepmoauma—-
MUK aXTumonnnrugennnagn. by epaa WyHU TabknanaimMmmsku,
TaXXpnbanap CoHM EkM Ky3aTuunap coHn N, AnckpeT xon GynraH-
@, CTaTUCTUK XOnat/iap COHWU AbHW aHCcaMb/1b 3/IEMEHTIapU COHU
NV, ra kappanm 6ynuwimn tanab atnnagn. AKC xXonga KapanaétraH
TU3UMHWHI MUKPOXONaTnapu Tynnamm kapanaétraH TUSUMHUHT
MaKpoxonaTHu Tascudginab 6eponmaii kKonaau. emak,

N=KkN,
WwapT 6axxapuanwm Tanab stunagn. bynpak — 1, 2, 3 ..., NV, —
CTaTUCTMK MUKpPOXonatiap (aHcamb6/1b 31eMEeHTapn) COHW.

SHAM wy Lr Lv.. Lr ... kuAMaTnap axTmmorsiapmra Mocnat-
TUpWUraH MUkKpoxonatnap axtumonnmknapmn Wv W2 ... V...
TakCcu MOTUHUW aHWU KOAANnK.

1.9-8. MUKPOXOJTATNAP IXTUMONNUKNAPA
TAKCUMOTKU

X031prun 3amMoH CTaTUCTUK U3nKacuaa Talky Tusnumnap
61naH UCCUKINK (3HepPrusa) KoHTakrnga 6ynraH TU3MMHUHT
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MV ["-.M VH Yapugary aHeprma KuimMaTnapu FMMO66CHUHT KaHO-
||w tiit | nvenn 6unaH TascudpnaHagn. AMMO 6yHMacocnallyyyH
mn | .| ." ViHapnaskkanraHTUsMMHUHIMUKPO\ONaTNapUHUHT
Min lis * MMAVHWNK €K TEKNC TaKCcMMaHuWwm \aK,ngarm aco-
9MD nut in in n,hi rainkapu 6up kgH4Ya Wwaprnap\am 6axapuin-
lliii 1 Wiii nuHann. Wyca6abnu, maw\yponum P. Ky6o cra-
........... .hi MMAaHWHT acocnaHuwaa KynruHa HoaHuKAuknap
M D, | ureilnn, A.H. 3ybapeBacaaHcamb/b HA3apUsCMHU sipa-—
HHM —imuii  =>.\rMMonMKniap Takcm Morm yHKLUUACUHN acoc—
thrtiii Mvpai ka6 myammo 6ynun6, xaTto 6y MyamMMOHU KaHAan
Im 1L iii \ai Knamw MyMKUHANT \aM HOaHWK, 3KaH/INTUHN
|Dwv inii IVIn\akananpnap. YyHkn 6yryHgaaHcamb6ninap Ha-
HIVLMHMwn \ampgaTtakCMMoTHRYHKUMAL4APUHUHIACOCTaHN—
.......... nlapuii —-MaHTUKNIA XXmn\aTgaH Mykammaz, ae6 6ynvanaw.
Ilv nlOltonn \am cTaTUCTUK (PU3UKAHWHI acocnapuHu 6aéH
LIMHMbI bMp Karop Myammosiap MasXxyaaup.

*MV/H toKopuaa KenTupwiraH acocuii TywyH4yanapra tas-
HHO HM mMyammonap yctuga TyxXtaiamms.

| MHKM MY\UT 6UNaH 3HEPreTUK KOHTakTAa bynraH Tmanm-
Hhhi | nnMcruk mukpo\onatnapu Ba ynapra Moc aHeprusicu

i NNAHPUA KaTTaNMK)HUHT KUAMATAapu 3\TUMONInKIapu
Y- HM HocrynaTra acocaH y3nykcu3 \osnga TeKMC TakCUmMmIaH-
||y =l u nmnckpeT \onga TeHr a\TMMoNAn 6ynaan. SHEPTrUSHUHT

£.<f£,< ..<EM<Ei<..

iHpmti/i.i 6¢cnrunainuk; 6yHAa sHeprusHUHr kniimatn E( ra
uni iV HAHAWUIKY, Wy BaKTHUHIy3nga yHUHr Ev Erta,... E....
LIHMMLL iiapra HOHT aMac/IMIMHN Tako30 3Tagu. SHEPTUAHUHT
Hum in kuimatnapu a\TUMOAINKNApPN TEKNC TaKCUMJ/IaHraH
Mitt |\monnun) 6ynmain, ynap (O, E) aHeprus opaivru
| ivi MH MNWHT KNniAiMaTnapu ax, TUMO/I/IMKNapn 6munaH aHuKaa-
Il hi K)kopngarn L HUHT Kniaimatnapu (1) HU opasiuKy3yH-
JHHHHHN KniAMaTnapu Ae6 TyLWyHUW Kepak. CTaTucTuk gusm-
»| ....vMM 6aéH aruwira aHNKOMK KnputunaguraH oyHgam my-
«'| bnkpHM \apgonm HaszapAaTyTMOK/IO03UM.

«in pi HUMVHI KNAMAaTapn y3nyKeus 6yncuH. by xanoa sHep-
litii 1 HUM,HK (O, E) opanukaa 6ynmacuH; E, E + c/Ena 6ynn-
. . . HMOMN, AbHU "BeKTOp" E HUMHI Kuiimatn E, E +dEaa
WYvHW ATmonu d\V(E) Hu aHukaaiinuk. by d\V(E) mypakka6
n if 1 \i umonnavp: £"BeKTOp"HUHI yun E, E +dE gabynuu
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N I'-hil: N 3\TUMO/IN TEKUC TaKCU,Vi-
NaHULWIN Xakmgarm Nocty-
U e » ! natra acocaH E, E +clE

opavKaary CTaTUCTUK MA-
kpo\onatnap conun dn(E)
O%t—— Y-*— p» ra MyTaHocub. IHeprus
(IE I.  kniimatuHuur (O, E) opa-
nukga 6ynmacnumk s\tn-
MonnHM F\E) 6unaH 6en-

rmnacak, nsnaHaérraH 3,\TUMONIMKHN

1.2-pacm.

dW {E) =+ P{E)dn{E) (22)

Kypuunuwga é3n MyMKuH. byHaa Z — Hopmanaw wapTtuaad
TonWwaaw.

P(E) HM aHuKgainuk. ByHUHT yuyH (O, E) HM1 c/Eopanuk-
nap MnrnHancmagaH néopataeb kapannmk (1.2-pacwm).

Acocunii noctynartrabuHoaH, (O, E) opanvkga sHeprms Kuii—
MaTUHUHI Bynnw a\Tumonn E ra mytaHocub6 éku pE ra TeHr.
(‘/E'opannkgary cTaTUCTUK MHKpOXpnarga oynui a\Tm Monurm
aca clEra mytaHocub ékn fidE raTeHr ("macwTab” napameTpw fi
aHVKAaHuWKY no3unm). d E garm wy ctaTtMcTmk Mykpo\onatiapaa
E HUHI Kuiimatn 6ynmacnmrmn ax,™monu aca

@1 -ME) (23)

6unaH aHukgaHaou. Arap (O, E) opasiMkHM N Ta TeHr <7£napra
byncak, 6y op;hiMknapgaH 6apyacuaa E HUHr kniimaTtn 6ynmac-
rv (SbHW ynapgarvm ctaTUCTMK MUKpoxpnatiapaa 6ynmaciavru
6up-6upunra 60rnmMk 6ynmaraH rTa BOKEaHMHI 6up BakTaa Cco-
anp 6ynuwn) wy (23) s\TumMonnap KynamTmacura TeHr, SbHU:

ME) - (1 - fidE)"

E = ndEMX N HN YEeKCU3NKKa NH TMATUPUOG, 3HEpPrma Knima-
TuHHAr (O, E) opanmkaarm ctaTUcTUK MUKpo\osatnapda éynvac-
nuk a\tumonu P(E) HM TONamus:

(25

By epaa WyHW fiHa TabknAanaiMn3ku, CTaTUCTUK MUKPO\O-
natnap Ba CTaTUCTUK aHcamMb/1b aneMeHT1apu (TU3UM Hycxana-
pw) 6up-6upura 60rAnK samac.

/' vHK HwnanaétraH 3Heprus kminmatnapu a\Tumonnmkna-
bin HMiilll

d\V(E) =xe-pEdn{E) (26)
[MAH MyHvm lunkaaHaan. byHaa
OE)="e'pE (27)

ili Mw pnywiarra ryrpm kenrad a\tumonnauknap undinurun. LWy-
MM , L1 MK Kper knimartnap 6ynraH \onga

W, =/(£)) =" e4E> (28)

M 11c in uan. Bynapaa HomMab/lym napamMeTp Z hh HopMasall
1K

\dW (E) =xje-p,dn(E) =\

K o
I'H
VA
ndpn/nnapgan ! i
Z =le-p£dn(E) (29)
(7

hi nil vTHH anukgaiimni. by epaa nurnHan (EKn nHTerpan)
Mrin|V
H|1 | (Hnwngn) aeinnagn.

11 in 1KcMMOTra MUCOS KeNnTUpanmvk.

MHe»n. fapo emupuamwn. Xap 6up paguoakTus S4po0
|'it 1 n\(muya emupunnwn a\TUMONNUTU apriori TEKNC (TEHT)
|hdHIMW, pe6 kabyn kmnuHagu. by ~onga sapoHuHr (O, /)
N< 1' |cMmpunmacaaH J1 BakTAa eMMpUNnLLA Mypakkab Boke-
Lwp @4 nokcanuHr aacrumonvrn d\\V{1) sakT dtga S4POHUHT
(Mvpn HUM »\IMMONK, TeKUC TakcumoTra acocaH, dt ékm Adt
finim m. ;. (O, i) BaKT opanuwga eMUpuamMacink a\rHmonu

| MnHaH anvknaHaau, AbLHU

dw(i) = P(t)M. Q)
23
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P(t) Hm Tonuw yuyH (O, t) HM A Ta dt opanuk,danapra
6ynamus. by opanvik,4anapHUHI Xap bupunga CMUpUINLL 3XTU-
mMonaurn Adt ra TeHr Ba femMak, eMUPUIMACINK IXTUMONINTN
(I —Adt) raTenr. (O, /) opanvkga eMMpUIMacimnK aXTUMOIIN-
1 f\t) iuy opanmkyanapHUHr Xxammacuaa eMMpuIMac/vK sxTu-
MOJIIMKNAPUHUHT KynaiTMacuaaH néopar, SbHU

P(t) =1 - Adt)'= (1 - A/n)" =e-n (1 —*00). (2)
Ademak, n3naHaértraH 3XTUMOINUK
dW{t) =Ae~-Adt 3)

t=0pma NOrasgpo 6ynca, /BakTraya emmpunaman K,onraH N(t)
Ta agpo (f\t) = N(t)/Na= e~"gaH)

M) =N, eMm @)
nchoaa 6unaH aHMKaaHaan.

1.10-8. SHTPONNA

TU3NMHUHT
I, 2, 3 / ... (31)

[OVCKpeT MUKpOXonaTiapu
WV WV ...W,... (32)

IXTUMONNKNAPHN Kabyn kunenH. Tabpudra Kypa, AMHaMuK
MUKpoXonartnap Tynjaamu, CTaTUuCTUK MUKpoXosiatiap Tynjiamm
Ba CTaTUCTMK aHcamb/b 3NeMEHTIapM TynaamMmu TEHr Kyu/u,
ABHU YNapHUHT 3/1IeMeHT/Iapy coHMapu 6up-6bupura TeHr.

N MapTa cTaTUCTUK MUKpPOXonaTnap 6unaH Taxpunba yTka-
snnraHga (31) mukpoxonatnap (Ekm N mapTta cTaTUCTUK aH-
cambsb Ky3aTunraHaa YHUHr 3/ieMeHTNapy) MOC pasBulaa

n2 ... n... (33)

MapTa Kennmb YmkxaH Oy/nicuH. bollkaya aiTraHga, TU3MM ycTu-
da N mapTa Taxpuba yTkasmnraHga y (31) mmkpoxonatnapga
MOcC pasuwga (32) axTumonnuknap éunaH KysatuaraH 6y/scuH.
ByHaa n/N HNCOATHUHT TUMUTK, AbHN



I mul Juy= LIOVANHE Kennb Ynkuni SXTUMONIUTUHU KypcaTaau.
AMH HM nocrynatra acocaH CTaTUCTUK MUKPOXOMAaTHUHT Kennb
HIHIL N\wmOonnmrn ¥ N ra TeHr. n. TagaH UXTUEpuiA bupmn-
IMM 11 mi) MUKULWIN — BY MUKPOXOMATHUHT Kennmb YuMK,mLn
$Niii (Inn nJN raTeHr, AbHU = n./N6ynagn. (31) MMKpo-
W in mpHunr A/mapta Taxpuba yTkasmaranga Moc pasuwaa
Ly n  mMapTa Keimb YnKuw (AbHW CTaTUCTUK aHCcaMbilb
M. Ylun MPUHUHI MabiyM (MacanaH, /) TakcumoTun (33)HUHT)
munHHMK! W (32) acocnga

WO =NVi(/Ww2(w" (/) =N wW? (/) (35)
/

VicoHn | (ni 1.1 aHnkgaHaay. AHCam6/1b 31eMeHTAaPUHUHT TU3NM
H/» rHnapu Oyinya TakKCUMOTUHUHT axTumonanrmn 1)
ilmi M\ ivil|i;uiaCTraH TUSMMHUWHT CTAaTUCTUK KaTramrngup. W{t)
| liNe i iAllK ¥Y3HUHI mabHOCUra Kypa, yMyMuii xonga arap Tm-
Mfci HUMYHO LInaT xXonatda 6ynca, YHUHI MakpOCKOMNUK XonaTtu
TH|||1uH i n6abnn (penakcauma Tyhannm) MMKpoxonatiap CoHM
j 111\nm. MUKpoxonaTnap axXTumMonnuknapmn (32) xam ysrapaam
pi ¥ MH , \\t) aXTUMOMNK XaM y3rapagn. AMMO TU3UM My-
MU..... Vv 4,1 ga 6ynca, LW [) axTumonnmnk govmnii 6ynagwn.

\ iimm.i MMKpOXonarnapaa éyna onvuwinm MyMKUH 6ysraH Tu-
wn =YK rHTum geninnagn. Kyinaa myBosaHaTAaru aproamk
[Hin..... K,|palimmn3. dapas Knnaiiamk, TUSUMHUHT XaMMa MUK—
R <vi1ll mpu Twp-6upura TeHr, sbHU Wx= W2= .= W{= ..

mun v xonga
W =wW'iH2X = wv

IM< tivii/iuii " InNw — cTaTUCTUK aHCaMOB/THUHT Xap 6mp
A= nlm,i iYrpy KenraH cTaTUCTUK KaTTaiMK. YMyMUii xonga

9M>..... - aWaMONHUHI /¥YTa 3NIeMEeHTNAaPUHNHI MUKPOXOaT-

vm'VIlirni rakcMMAaHUWAAPUHUHT SXTUMONNUKAAPU YUYYH
M
/
eHMH M\ IH>MHaTgarv TMsum yyyH LW1) goumnia 6ynraHm Ty-
......... M. N waptnHu ML 1) = 1kypuHuwaa 3uw Mym-
KMH *\MblH Ha KylhngarunapHu onamms:

-InM =" 0, InWt<O
/



éKn
(36)
I /
(36) udoga \apbump cTaTtUCTUK 3N1IeMeHTra Tyrpu KearaH ypra-
ya CTaTUCTUK KaTTamkaup. M = r-i6enrunaiHn Knputanamk
(J >0). by \ova

J =\nM =~Yini\nWi (37)

J > 0 — uHhopMaLa MUKOOPU Aeinnaan. Xap 6up aneMeHTra
ryrpy KenraH yprada nHdopmauusamm aHmkgaw yuyyH YHn N ra
6ynn6, NMMO66CHMHI aHTponusa ngogacm — LLIeHHOH (chopmyna-
CUHW ONlaMn3:

S=J/N =-£2|In"” =-"EW \nWt (38)
| |
EKMn

5 :-2/W, h/ :x/ W, Inq/ I\/,):xI sWy. (39)

oyHaa
5 =In(1/K") (40)

ngoaa MUKPO~NoNaTUMHE sWwnponusck ae6 atanagn. YMyMuii
Komaara Kypa:
S=<s> (41)

TU3VMMHUHT awnponuscn (MHopmaLma Hasapuscuaa UHgop-
hopMauuoH sHTponus) gernnagn. (39) wdogaga ™ It7 In 7

darv \ap 6up \ag, - WMnW. > 0 6ynraHm yuyH sHTponus S >0
oynagy (1 3-pacm). Mukpo”~onart aHTponusacy s. = In(I/W”) Muk-
po\onat a\tumonamru WtopTtmwm émunaH MOHOTOH Kamaiinb
6opyBUn KaTTarmkamp (1.3-pacwm).

5 HWHr \onatnap 6yiinya ypTtadacu Tepmoavlblammkanarn S >0
SHTPONMAAAH MbopaT. AKKanaHraH TU3UM ydyH 3Heprus ysrap-
Malign Ba MUKpo~onatnap 3a\TUMonnuknapu \am ysapo TeHr
6ynaan. By xpnga S = s TEHrNUK ypuHAn Gynaaw.

dapas Kunannvk, Mmukpo\onat s\rmmonanrim /, SbHN
Mmkpo\onart 6uttabyncuH. by \onga 5 =5=0 TeHI/IMK YPUH-
n 6ynaan, SbHU TUSUMHUHE 3HTPOMUACU HOora TEHr Bynaau.
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MHkpo,\onat 6utTta 6ynraHga,
i>Mrpurna aiTunraniapra Kypa,
"IWnnmnk Mykpo,\onat \am 6mt-

|u, Oynagy; yTnsnmpaaru 3appa-
iii]i \npakatn 6up-6mpura H1c-
(Ynnanrunya kKapakatnaHuwmn Tox
IMTSMKUH, NeKnH by \apakaTt me-
o.mwkK \apakar 6ynm6, crtatuc-
' cm3mka 6yHOain \apakar-
ilipun Tagkuk KMNMainan). AKc \Wwm=0,37 V.
ynan 3appanap \apakatun Ty- 13-pacm
ijiiili in guHamMmnkK mMukpo\onat-
[*lleHa, femMak, CTaTUCTUK aHcamb/1b 3fleMeHTNapu Ba 6yHAaH
it H MMKpO.\onatTalwkma TonraH 6ynyp sgn. 3appanapHu \apa-
»n 1 6ynmMaraH TU3MMHUHT KonaTtu (acocuii \onatgarn \apa-
= 1M 6yHgaH MycTacHO) 6y Tyna TapTubnunuk \onatngmp. Ade-
In Tyna TapTmMenununk x~onatmga TU3UM 3HTPONUACK S
17l TeHr. by udoaa MNMepHeT Teopemaen aAeivnagn. bup-
Mn|)a HucbaTaH 3appasiap KapakaTu to3ara Kesnca, TUSUMHUHT
L)mnepatypacu T HongaH hapkan 6ynagw Ba Tyna TapTubnmn-
U K 6y3unaaun, raptmben Jmk (XxaoTnulaHus) to3ara kenaau. by
ynm W< 16ynaam Ba, gemak, S - Inl/t-Koptagn (W kamain-
HI'M 6unaH), ymymaH Tu3sum aHTponusacn 5\am optagn (1.3-
[ M) Bolwkava anTraHga, TU3MMHUHT SHTPOMNMACK 5(LYHMH-
| ul mMukpo\onaT sHTponusacK s.\am) rapTnocusnNnK gapaxa-
1 rascucianguraH katrannmkoup.
Arap fikkanaHraH TmsmMmaaTapTméenunukiap (MacagaH, oK Mm-
w [L un 6owkanap) 6ynca, Mab/lymMm BaKT yTuUlIM 6Gunian Taprmné-
en [WKnapra yragunap sa rmsvvaa TepMoanHaMuK MyBo3aHaT
y nun 6ynagn; 60owkKava anTraHga, SHI OKOpWU dapaxkadaru
| ijlm6em3nmk \onatu tosara kenagm; 6y X,0nga YHUHI 3HTPO-
llliiii H aHr KaTTa (MakcMman) KUAMaTHU kabyn Kuiagw.
)Tponunsa S udgogacn (39) AaH KypuHaauKW, YHUHT \ap
mp Vi IVAN\V/IV makenmym kniimatgaH ytagn. W \n\/\V
\iiiumr MakCcMmMyM KUWMaTUHU TOMULI YY4yH YHAAH KOcuna
I' liifi, Honra TeHrnawTupunagn, sbHn A(iVinl/W/d W=0
ini IK..=e4 ~ 0,37 Hn Tonamms. Acmak, ( W\n\/W)rex = 0,37
Il " paem).
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1.M-8. SHTPOMNUAHUHT XOCCANNPA
SHTponua 5 yuyH WeHHOH (TM66C) dhopmynacu

S =-YIW\nWi =Yj siWi

OyHAa MUKPOCKOMWK X0naT 3HTPONmacu
S=In1l/W.

TU3UMHUHT 3HTpONUACK S Kyhnparn xoccasapra ara:

1 3HTponusa 5maHuin BynmaraH Xaknkuii KaTTamk. dHT-
ponua ucogacn (39) ga W. > O Ba Si > 0 OGynraHun ydyH
SHTPONUA .S HUHT MaHWUF aMacnuru, abHKU S=> 0 3KaHIUTn
Kenné Ymkaaou.

2. Arap TU3UMHUHI MUKpOXbiatnapu TeHr a\TuMosm (Te-
KNC TakcumnaHraH) 6ynca, sbHU

ivr = w2=... = w =..=WwW

oynca, YHUHIr aHTponusacn S(W) mMakcumym Kuimat kabyn
Kunagw.

Mukpo\onat axtumonnumrn W. = n./NHn abTnéopra onmo,
MHhopmMaLmsa ncoaacuHm

] = NV, =NInN -~ nilnn, 42
i /
Kypunuwppaésannuk;oyHaa £ n, =N =KkNA\ NA —cTtatncTmk
i

MUKpoxonatnap (CTaTUCTUK aHcaMb/b 3/M1EMEHTIapn) COHW;
£=1, 2,3 .

a) Mukpoxonatnap TeHr a\tumonnu \onga n.= 1 6ynaam

(cTaTMCTUK MUKpOXonaTnap TeHr axXTumosnnu). by \onga vH-

dopmauusa J(W ), n. = | akaHAMrugaH Insa, = 0 6ynraHu yuyH,
/(N0 = N/«N (43)
ucona 6unaH aHnkgaHagu, aHTponus S(W) aca
S(WO = In/Vv ' (44
Gynagw.

6) TeHr a\Tumonnn 6ynmaraH 6apya UXTUEPUIA Xoniapaa
n.>1 éynraHn ydyyH 1ma >0 6ynaau Ba, femak, (42) pa m-
TMHANHWHE Xap 6up xagy winn. >0 6ynraHu ydyyH 6y \ongaru
MHdopmMauus

/(Wv Wy ., Wt ..) =J(W) <J(W) (45)

Hvimkhi  (43) Ba (44) ncopganapgaH, S =J/N HW Hasappa Ty-
fit uH MU axTUMONAM MUKpoxonaTnap aHTponusacu S(1V),
H* MO |ujin TakcMmoTra ara 6ynraH A/ ra MuKpoxonaTnapam tm-
H<e HHpouuacu S( W) gaH katTa 6ynagm, SbHU:

S(W=>s(L,) (46)

| M WIMHUHT KNcMNapu 6up-6upura 6onwkbynmaca, yrnap-
HH  MUponusanapu ANTMHAUCA TU3UM 3IHTPONUACUTa TEHT,
mini HHpONWS aaaUTUB KaTTa/IMK. TU3NUM UKKM KNCMAaH néopar
in nM1 BnpuHMHIr mmkpoxonatnapn Wr V2 ... Wj...6unan,
MIIMLCHAHT mukpoxonaTtnapwn Pr P2, ... P.... 6unaH aHuK-
WHL mi BYNICUH. YMyMUMiA xonga 6y NKKU MUKpOXonaTtnap Tyniam-
m|ul nmp-6upura 60ranK Gynuwn MyMKMH, SbHN /MUKPOXO-
lelhnw Kennmd ymknwun sxtumonnuru W/.ea Wv W2 ... Wr ..
mve T1\onatnap 6epunraHgaj MUKPOXONaTHUHT KeENNG Ynkn-
HM [\Tmonnurmn P( IV) 6uprannkga

W ftw)
DIH4Hunvknap kynantmacu 6unaH aHukgaHagu: P( W) Hu

in >\Tmmonnuk ae6 atanagn (k- M 606). byHaal TU3UM-
H"'| Hnponusacu S(W, P) Hu

S(W tP) =-YIjAW P} (W)\n(WiPj }V)) =
o
EEN/ />[N WN'+;/>(N)] =
I 1

X W, InW fcPj{W)-Y, wn7)InPj{W) =
| j i i

£ W, InWI-"£PJ{W)INPI (W) =S(IV) +Sw(P)

mV|miiiiiLunaésnw MyIVJIKI/IH. Jemak,
S(W, P) =SHIP) +S(W) (47)

MIf) — Wr . IV.... axTmonnuknap MmKpoxonarnapra
Ihi nyTaH TU3MM KNCMUH UHT 3HTponuacn; SINP) — 6UpUH-
H1 | in M Mukpoxonatnapu 6epunraHga Pr P2 ... Pj ... axtumon-
IM npu MmKpoxonatnapra ara KNOLWWHE 3HTponusacKu, SINP)
HV vbiprav sHTponus geivnaan: (47) HA onvwaa HopManatl
Hjt)iliipil
= £/>(w)=\
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Hazapga TyTunay. Arap TUSUMHUHT LcMiapu 6up-6vpumra 6or
NMNGyNMaca, ynapHUHT Mrkpo\osatiapy \am 6up-6upura 60l
NUKGYNManan Ha, AemMak,

P.(fV) =P} 48)
6ynaagwn. (48) HM abTMBOpPra osicak, 1
SHP) =S(P) 49

TEHINUK ypuHAn 6ynagn. by *onga (47) ndoga
S(W, P) =S(W) +S{P) (50

afNTVB KYPUHULLHU ONaau.

Tu3nm 6upop Tabeup EkM Tabcmprap cababnu Homyso3sanaT
\onatra kenraH 6ysnca, 6y Tabcupnap TyxtaraHga (ofiMHraHga)
TU3MM MyBO3aHaT \onartra kenaau, 6yHaa TU3UMHUHT 3HTPO-
nuacu S oprnb 6opagn, sbHU clS >0 bynagn. by macanaHm
afabuETaa X.ap Xun ycynnap émnaH eumiira UH rmivHraH.

Bup-6upura HucbataH 3appasiap xapakaty 6ynmaraHaa aHrm
AVHaMUK MUKpo\onaT cogmp bynmvanawn Ba, AeMak. butTa cTta-
TUCTUK MUKPO\OSAT BYy/IraHInrn yuyH MUKpo\o/saT MyKappap
BOKea 6ynagmn; yHUHr a\tumonn W = | 6ynmn6, sHTponusicu
aca 5=0 6ynuwmnHmn 6m3 rKopuaa anTamk.

SHAM xapaéHnap Tydainm aHTPONUAHMHI opTulmnra 6a-
raoCUNPOKTyXTanMm3. IHTpONua mngogacu:

(51)

JaH KYPUHaOUKuW, aHTPONUAHUHT \ap 6up \agn IVS. (By Kat-
TannkKnapHu pacmaa Kypca-
TUW Makcaguaa y3fykcus
y3rapaan. ne6 kapaiimma)
HUHTFOPTULLM BUIaH Yn3UK,—
I MOHOTOH opTaguraH W.
Ba /IOrapuM MK MOHO FOH Ka-
MasguraH S. = In\/W ky-
naMTysumnapgaH wnbopat
(1,4-pacwv). bollkava aTraH-
O3, 3HTponma S HUHT \ap 6up
\aan = W.\/W. makcn-

MyMOaH yTaau. Makcnmymra
jlp (W InlV) =In +1=0
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MV 'inn W HUHr W= /e~ - IgW
Il I/ xkulNmvatnaa spyinna-
n " paem).
i yuyii Mmkpo\onatiap CoHM
bl. YMUPUUHT 3\TUMOJI/TUK—
jtit moc pasunwaa Wv W2ra
bill oVuciih. Hopmanaw wap-
i it/ = | pa Wx=W.

H, | — W 6enrnnawHun
nil, 6yHaah TUSUMHUHT
«HPHHUNACUHU 0]
1.5-pacm.
S=-WInW-2-1V)In(l-W) = +s2 (52

|V|ntmtnuia é3ammns. 1.6-pacmia KypuHaguku, 2 Ta MUKpO\O-
MM in NFWMHWHE 3HTPONKUACU S MaKCUMYM KUAMaTAaH yTaawn.
TMMMUN aitraHga, W HUHr mabnym opanurnga W opTulimv
MH litJ1'opTn6 6opaan. LWyHUHraek, W HUHr6O0LWK,a MyasH
Mt HMyba Kamarinwm 6mnad \am S opTn6 6opaan ( 1.6-pacmra
e HK) Xap WKKM \OJIHU TYLLYHTUPaNIVK. YMymMnii \onga
1(,,, Wt... Mvkpo\onaTtnap MaBxyn. ®apas kmnanmnmk X, = 1
tin M3nm 6muTTa MUKpo\onarga myuappap 6yncuH. by \onga
4 (I 6ynagn. by KonHM 613 toKopuaa Ta,\1wi Knnram sguk sa
VHH MepHeTTeopemMacnaaH N6opaTakaHAUIMHN alTraH 34uK.
||.H «.mnainuk, W7 = O 6yncnH (aHUKporn Wx=*0, sibHU
Lwmonanrn xyga Knumk oynraH mmkpo.\onat 6yncuH). by
yAMU TUBUMHUHT aHTponusacu S-> 0 6ynaan. Jemak, TU3nm
MHVES\<>mam 3\TUMO/I/IMKNAPUHUVHT Y3rapum (AbHN MUKPO-
lit i.ii WPUMHICOHN Ba 3PKMHMNK Aapaxanapn COHMapu y3ra—
jtilimi) ea6abnn yHUHr 3aHTpoONUAcKM S MakCUMyM KuAMaTaaH
VIm >h ( L6-pacm). W7, —* 0 6ynraHga, S-* O 6ynuwunHm 1341mn
«lilIMHK.
J|ckpcT kon. KeBasuctaTuk (MyBo3anatgaru) >kapaéHHu
| \|bljinunk:

Mw it Wt - , AeMak st=In\/W = +/IJf +InZ, W. —
UTnunm dyHKumA, j. — KamawBun yHKUMA. Mukpo,\onat
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SHTMMOTIUT W H/Hop 1L
Wy 6unaH YHUHr 3HTponun
Cn Kamasau Ba, AeMak, Ly
Mukpo\onat aHepruacu |
\am kamasgn. bouwkaua aiit-
raHa TU3MM KKOPW 3Hepru
AN, NCKH KNYNK S\LLMOJT*
nvm mukpo\onarga 6ynca, y
KUYNK 3SHEPrUann, JeKkum
KatTa 3\TUMO//IN MUKPOOM
natra ytagn. byHaa Tvsim-
HUHT 3HTponusicn S y3 udo
pacngarn W. HUHT optywi/
\ncobura optaan. TUSUMHUHT By MMKpPO.\onat/iapuaa axpairm
3Heprmsa a\rMMoNINrn Katta éynraH MUKpPO~oMaT/IapHUHT 3HCP
rMACMHN OLIMPULLTa Ba XaoTu3auusa AapakaCMHUHE Ky4vaiiH
wura capd 6ynagn. WyHaanm knnub, mukpo\onatnap a\rm«
MOIINKNapY OPTULLN Ba Kamainwm 6unaH 60ranmk nkku Xy
pakobGaTnawaanraH xapaéHnap coamp 6yamiwm MyMKuH. Xafl
MKKana xapaéHaa \aMm TU3MMHUHI 3HTPONUsACK opTaay Ba MK
CMYM KUAMAaT Kabyn KUnuwra uHTunagu. A\rmMonu Kuamk
MmMKpo\onatnapgaH a\Tumonu Kana mmkpo\onarnapra ymllb
MexXaHVKafarn TUMMHUHE KaTTa SHeprusnv 6ekapop XanarvH
KWUUYMK SHEprusam 6apkapop (TypryH) xonarra yTuiimMra mu
kenagn. (1.7-pacMga 3HTPOMUS S HUHI Yan KucMmaa yHuL
opTn6 60puLn). TUdMMaa Katta IXTUMO/IN MUKpPOotonaLlp
JaH KN4YMK a\TUMONNuU MMKpo\onatnapra ytumwnap aca cratu'
rmK cusmnkagarn Taptnb papakacu tokopw \onatgaH Taplllb
Japaxacu nact 6ynraH \onarra yTuwiniap, sbHU TapTnoecusnm»
Aapaxacu Katta 6ynraH \osara ytuwnap (taptnéenunnkgaH Tip
TUBCU3NINKKA YTULL XaoTUKNaHuWw) mMoc kenagn (1.7-pacm n
3HTPONUA 5 MUHI YHI KNCMUAarn optmé éopuiun). TUMM n
6yHOan pakobatnallaguraH yTULNapHUHITEHT1aWyBU MUKPO
\onatnapHuHr Wmkuiimatunga cogup éynagy (1.7-pacvpaa aHl
ponusa S MakcMmyMra spuvlaam Ba 6uUTTa KniimaT SnmHn KabyA
Knnagm), 6y aca repmoguHamuk mMyBo3aHaT \onargup.

Mwucon yuyH fiKKaslaHraH TU3UM Y3MHUHT MyBO3aHaT \o;i.i-
TnaaH 6upop cababra Kypa (MacanaH, aykrauus Tydainn)
HoOMyBO3aHat \onartura ytraH 6yncuH. by \onga 3TUMOsInK
napy KW4YMK, 3Heprusnapu karra 6ynraH mukpo\onatnapl]
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1.7-pacm.

VIiHu \amaa s\TUMONNUIN KaTTa, JIEKUN XaOTUKNaHULW Oa—-
|[MXICU Knumnk (TapTmbnnank gapaxacu oKopu) Ba aHeprms-—
|H knumnk \onatnapra ytuinapHu TYLWWYHMOK/I03UM. By MKKU
Mn yTuwnapra 1.7-pacmga S\TUMONINK [YHUHT nKkn WXBa
W, kninmatnapv Tychu kenagw; ynapra aca aHTPONMUAHUHT 6UTTa
\ kmmaTn moc Kenagm (1.7-pacm).

YMyMaH TUMMHUHI UKKU XOonaTura aHTPOMNUSHUHE 6up
KUAMaTU MOC KeNuwun, AbHU aHTponusa \onat a\TMmMoaImrn-
1T 6Mp KuAMaTan yHKUUACK BynmMain, MKKU KURMaTin
dynkumsacn akaHAMIMHW KypcaTaan. by aca cTtaTUCTUK hm3n-
KH/UTTW KNOY/T KWIMHFaH 3HTPONUSA XPAaTHUHIOMP KUiAMaT/iv
hyHKUMACK aelinniran Te3ucra aHUKAWK KUPUTUANWKUHN Ta-
K/ K» 3TaaW.

M mncon. XoHara KusgmpwuiraH >XCM KUpu rungu. Y \aso-
| M N XXUCMHK SIKKanaHraH Tnsamnm geb \mcobnab, yHaarm »a-
pPM'HNapHU Ta>yIwi sTalnk. VIcCUKNukK loTuamwmn \mcobura
«HU<11 XaoTuKnawuLw Kyvasau, byHaa Mmukpo\onatnap CoOHU
HPANNN MYMKWH; YNapHUHT 3\TUMONNUKNapU KamMasan, ammo
Mukpo”™onaT aHTponusacu StopTaam Ba ymymaH Tu3um \asocu
t . MUHWHI 3HTponusAcK 5 optaam (1.7-pacm, YHI KarorT).

TMUYUMHUHT 6P KUCMK Byiinya XUCM HKOPU 3SHEpPreTuk
finviaii Kyln sHepreTunk cat\napra ytagn, Mmkpo\onatnap-
lin11 ATumonnuknapn optaan; Stkamaica-pga U7 HUHT opTu-
w1 \mcobura, ymymuii sHtponus S optaam (1.7-pacm. uan
m/Hor). YMyMaH anitraHga, TU3UMHUHT (Y \aBoCcK Ba KM3uraH

Kin m) nrcponnsacn S =N/ optagm [ 1,7-pacmpa \ap nkkana
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(vam Ha yHr) kanort], AbHM dS__ +dS_  =dS >0. by MV,
CO/IMM TepMoAnHaMUKaaa Kyhnaarnda TyWyHTUpULW MyMKUH
MyBo3aHaTAa 6ynraH Knaccuk TM3umnap UCCUMMK KOHTaKT!
KenTupuaraHaa, ynapHUHr aHTPOHUANAPUHUHT Y3rapuluinpu

Kapno-Knay3unyc Teopemacura acocaH (TepMOSIMHAMUKaHNLL 2«
KOHYHW): A
dS(\aBo) = r/s0kncm) = |

*X X 1

ndoganap unaH aHMkgaHaan, bynapga

dQx >0, dQw <0, dQx =\dQW\

MacanaHuHr wapTturaacocaH Tox> T, Bynapra acocaH dS(\aso) 1
> |</50xucm)|. Oemak, TM3um (kucm + \aBo)aa KalTmac xapa-
éHnap Tydaiin YHUHT 3HTPONUACK OPTULLK, SbHU

~(x.aBO) - |<Ubkucm)| =dS =0

MyHocabaTt, cogmp 6ynagw.

WyHoan kHAMG, Kylngarn xynocara Kenamus: agabuct*
nappgarn bonbumaH copmynacm S = In 7ga W HM Tn3mm \ona-
TUHUHT 3\TUMON Aeb kapabd, TU3INM KNUUK 3\TU Mo \onar-
napaaH Katta a\THMOJ/I/IM Xonarnapra yragu, neé TywyHTupu-
nvwn 6mup ékgama, ymymaH antraHa HoaHUKAMP.

HOkopuaa TaHUWUAraH YMyMui TyLlyHYanapHU Muconniap
Ba Macananap BocuTacuaa Lapansmk.

MWUCONNAP BA MACANANAP

1 Makpockonuk *onat. MakKpoCKONMUK TUIUMHUHT
MakpOoCKonuk \onatn yH1U aHuugainamMraH MakpocKonuK napa-
MeTpnap, MacanaH, Temnepartypa, 3U4/IMK Ba GoLUKaiap Kuii-
MaTNapUHNHI 6epunuwin 6unaH aHknaHagu. TU3MMHU aHUK-
naauraH MakpOCKOMMK NapamMeTp/iapCoHn Ly TUSUMHUHT Tep-
MOAVHAMWK 3PKUHAUK Aapaxanapu coHuamp. FMO66CHUHI
(hasanap komnpgacmra acocaH, TUSUMHUHT TEPMOOUHAMUNK 3PKUH-
NVK fapaxanapy coHW N iuy TU3UMHUHI KOMIMOHEHTapu N Ba
hazanap COHU T ra 60rnvkK.

Arap TM3um TepMOAMHaAMNK MyBO3aHaTAa Oyrica, YHUHT Tep-
MOAMHAMVK 3PKUHANK Aapaxanapy coHn NTKyhnparnya aHuK-
NnaHaaw:

NT=2+n-r.



in........ Mii-pockoilttk \onatun
N, nip iM<ipiimii kuimaTnapu
W vinw, mu,nn 1 1

* I'"|limi*ihmiimhk Myuno3anaTga- *
illiiil A ip tnilim HomyBO3aHaT  * 1 A
nitnitinMm \onatnn 6ynca, AbHU
JWFltinvpi  wppwnap conu 3nunm- 8 -pricm.
Ne |w tiii'ii i.ip h iWMHHHT Typn
I |pv ni isp in Kniimatnap Kabyn k,wica (TawkapuaaH Tn-
(in | up dvnmaca), y penakcauus xapaeHnapu Tydannm
Ne 4 mi |ini KClinH y3-y3ugaH TepMogMHaAMNUK MyBO3aHaT
Hwu 111linn |epMmonMnaMnk MyBo3aHat \onarga TM3MMHU
ji 1'hi nm,hi MMKpocKonMK Napa.meTprap KuiMaTaapw ysrap-

| MHUT Yy3-yungaH TepMOANHAMMNK MyBO3aHaTra ke-
| 11cnuwnsa XapaéHwuagehinnagn, MmyBo3aHaTra
UM UM KW penakcauus BauTn gelimnaan.
OV nenH. namwna (1.8-pacm) A/Ta 3appagaH noopar ras
...... 1 IHIM \HXMU UKpPaH TEHT MKKW KUcMaaH mbopart
ml ywnH MNupuna n, Ta, UKKUHYXUCKUAa N, Ta 3appa 6yicuH.
w i

N=n +n.

ly.-m it 11) n pmogunamMuk mMyBO3aHaT xonaraa bynca, Tax-
m h i.... uMmuKn, 3appanap suunurup = N/Veéunp xmn 6yna-
211 In .1 1 pMOoaAMHAMMK MyBO3aHaT xonaravp. byHaa, onataa
wiiiiHiH v.ip nkkn kucmuga sappanap COHM TaXMUHAH TeHr
K,in T.HA N, 1, AMMO MyalsiH Xo/Aa 3appanapHuUHr, Ma-
Bun ftup | in MATHIM coHn N/2 gaH SbHU 3appanapHUHE TEHT
HIl] - ycTNnaHuLwmM (hapkinaHuLLmn) MyMKUH; SbHUA
IN «<HM 1 pMMLWWMHMUK MyBO3aHaT XonatgaH yetnawuniim mym-
. ||bpy Mp CNUHHWHT 6yHAAM TEHITaKCUMIaHULW AaH YeT-
........... wppasiap COYNHUM (3UYNTMKHUM) (PAyKTyaLusacm
u Hil1)

11 mu myto\asza TyHra onmb kenaguku, xatTo 3appasiap-
H »cunn n\am ngnwHuHr | kucmmga 6ynmé Konmwmn yvyH
MMp NpunHUUMan TYCKMHNUK MyK. [leMak, sKKanaHraH
4 'l | HOWIA TalLKM TabCUPCK3, Y3UHUHI MyBO3aHaT XoJia—
{Uhin v rAaMumHAM MyMKUH. ByHAaH Xynoca WYKW, SKKanaHraH
[thim i. pMONMMUMUK MyBO3aHaTAa Oynca Ba yHra xed KaHgawm
Ifi.ii 0 | 1ii yp BGysAmaca, y Xap KaH4a y30K BakT yTca-Aa yuia
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ID bHMI1M

19-pacm.

MyBO3aHaT \ofatga KonaHepagu, AeraH TepMOANHAMUKAHUHT
KaTbuin xypnocacu 6axapunmMaingn. VIKKWHYXM TOMOHAaH, TepMo-
ONHaMUKaHUHI Xy/iocaniapy TaXXpuUbaHUHI HaTwkasiapura acoi
NaHraH.

Xyuw, 6y cTaTUCTUK (hmn3nkaga Ba TepMogMHaMUKaga a
TUNTaHNAPHUHT MabHOCUAAarn )apkHU KaHOal TYLIYHULLI Ke- |
pak? Muconnap opkann 6yHW TyLLYHIMpamMms.

l. Monwpa nkkuta a Ba b 3appa 6yncuH. byHaa nanHy
1Ba 2 KUCMNapnaa 3appanapHUHMKOMAAWLNLL yCynapu COHM
TypTTa 6ynaam (kapaHr 1,9-pacw).

NanwHWHr 1 Ba 2 KUCMIapuaa 3appasiapHUHT TEHT Tak-
CUMMAHULLN KOMraH X,onnapHUHr\ap 6upura HucbaTaH 2 Mapra
oprvk- bolkaya anTraHaa, 3appanapHUHT \axm Oyiunya TeHr
TakCUMIaHULWN (SbHW "MyBO3aHaTu") kaTTa a\Tumosra ara. ;

Xonatnap (syerikanap, KaTakiap) COHUHU Z, 3appanap co-
HUHKU N 6unanH 6enrvnab 7 *onatnapga /YTa 3appaHuHr xoin-1
nawuw ycynnapm COHU — KOHUrypaunsnapHUHT COHUHU
aHVKOANNK.

Tusum (3appanap) nkknta \onatga (katakga) éynmwm mym-
KWH, OCHANVK. Arap TU3nm 6burra 3appagaH noopart 6ynca, \onar-
nap 6yinya 2 = 2ycyn 6unaH xonawagn. 3appanap coHn N = 2
Ta 6ynca, rokopuaa KypraHmMmmsgek, 22=4Ta ycyn 6unad. N = 3
oynca, 23=8 Ta ycyn 6unaH, N =4 6ynca, 24= 16 1a ycyn
6unaH xohnawaan (1 1-xaasanra KapaHr, 3appanap a, b, ¢, d
6unaH 6enrnnaHraH). Ymymmin \onga /¥Ta 3appaHuHr ZTa sueii-
Kaaa (kataknapa) xomnawmiw ycyanapm COHM ZvraTeHr. Tn-
3UMHUHT MaKpOXLWATUHM \OCWU/1 KUMIULLU MYMKWH BynraH ycyrn-
nap coHuHn (mmnconga ~T17~7 =K4,6,4,1 HKN) TepMmoguHamMnK

)X, TUMONK AeNnnagpw.

N=4, Z = 2 6ynrad \onHK Ta\Nun aTanamk. Arap nav
TEHI UKKU KMCMAaH mbopaT 6ynca, naean 3appaHvHI UauLl-
HUHT 6up kucmmpa oynuwn (Ekm 6ynmacnmrun) a\tumon (1/2)
raTeHr 6ynagn. 4 Ta 3appaHuHr 6up "ctaTucTnk mmkpo\osnart"
[a 6yl 3N TUMOoMY 3appanap 3\TUMOIIMKNAPUHWNHT KynaiT-
MacuraTeHr, avHn (1/2)4= 1/16. MacanaH, 12-CTaTMCTUK MUK—
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/. 1->Kapgan

. Mwukpo-
1 0,
F\ithillll - 2umaT C(n) Wh Wx!00% Koganvap
1 1/b 6.25 1
n
c
b 4 1/4 25 I
a
cd
M
bc
ah 6 3/S 375 Il
ac
ad
bed
acd
o 4 1/4 25 v
ahc
abed 1 1/16 6,25 v

“MHUN >\rumvom (1/2) «( 1/2)3= 1/16. Ka*Tumonnuk \am
HU LM <ynaTra acocaH 1/16 ra TeHr. byHpan "cTaTUCTUK
.... WH bIP" KApanaétraH muconmmusga 16 ta (1. 1-xan-

'((NMH Ka] raIMKHMHI\ap Xnn Kniimatnapura Moc Kenaavi-

M pragurrinp” coln 5ta. Xap 6up "Mukpoxgnat" Heuta

MX MW MUKpo~onaT" AaH Talkuna TonraHn \am i.l-xan-

Lm . tVjh nrunran. MacanaH, |1l "Mukpo\onat" 6Ta "ctatuc-

MHb|MNonat" gaH rawkun TontaH. by \ap 6up Mukpo”™o-

M " n IV¥pm kenraH ycynnap CoHu — "CTatucTuK xgnatnap"

NMuwwn ('(/nbnnaH 6enrvnamnmk. ¥ \onga \ap 6up MUKpPO\o-

4A....... i\l UMONKN, ABHM N 3appaiapHUHT NOAUNLLHWUHT BUP KWCc-
LL|,I7IHHUJ MYM NMHUKOaHaaW:

= C(n)PN= C(n)/2N (@]

i *aine iiilk Mukpo\onarHuHr s\tmmonnuru; Ps = /2N
MH) HA MUH/LLNONAMHMHI TEPMOAVNHAMUK LW TUMONNTN Oein-

- ypHMTUYram MH«wmazZ= 2, N = 46ynraHinrmn y4yyH MmnK-
Nhv 1" bIpHUHT 3 TMONANKIaPU Ba TepMOANHAMNK I\TUMOS-
*H- Mpn kyHugarnya:
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C(4) =C(0) = I. vV, = W,= 1/16,
C@) =C(1 =4, n =wu = 1/4 )
c (2) = s, w2= 3/8.

N Ta MUKpPO3appaHUHT MUKpo\osiaTura Tyrpn KenraH ycyn
nap COHM CTaTUCTMK MUKPO\OSAT/Iap COHU (TePMOANHAMMK 3\LL
MOJINIMK) Kylingarnya aHnkgaHaaun:

ByHOoa Z= 2 kabyn KUAWHraH Ba WOWLWHWUHE BUP KUeMwm
/. Ta, NKKUHYMU kucmmga N —n Ta 3appa XoWnawraH aep
\rcobnaHraH. /'-Mnkpo\osiargaryi CTaTMCTUK MUKPOXP/IAT/iap CoOHN
C(n) Hn
C(n) = N\- Gt(nr n3

KypuHMwga ésannuk, yHaa

ékn \onatnap (kaTak4yanap) COHM Kyr, MacanaH, ZTa bynraHga
G, (/?,m2,..1K,...) =G, (n,)G, (»,).. G, (//,) =N G, (NK)

ndogaHn €3nw MymkuH. by \onga mmkpo\onara\Tumonnuru

ndgoda 6unaH aHMkgaHagn. Gty /-MUKPONO/IaTHMHE cTaTuc-
TUK BalLMMK aHVKZdaan. tOkopuaarniapgaH KypuHaguku, MyK—
po\onat a\Tumonauru LU, ctatuctnk Mmukpo\onarnap conu MGl
6KV CTaTUCTMK Ba3HHM XapaKTepioBun KaTTaiMk G. 6unaH Tu-
3UMHVHI MMKPO\OJ/1IaTU aHUKMNaHULLIN MYMKWUH; 6epwiram Tu-
3UM Y4YyH 3appasiap COHM yYBa KaTaknap coHu ZjiohmhTuihp.

KapanraH mucongaH KypuHaauKku, 3Hr Karra ax.TUMOJUINK-
Ka ara 6ynraH MmKpo\osaT — 3appalapHUHT TEHT TaKCUMNaH-
raH \onnuamp (1.1 -Xaaganaa 111 \onar).

3appaniap CoOHM Xyaa Katta 6ynraHga, macanad, N = 10©Ta
OynraHga, sHr katta 3\TW MOJ/I/IN TEHI TaKkCcMMAaHraH \onarga-
M TU3UMHUN XapaKTepP/IOBYM MaKpOCKOMUK napameTpriap Aesp-
nn y3rapManan. by sHr katta 3\Tumonnm mMukpo\onar — my-
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Mill 1 cmonnmamuk \onatnvp. bynapaaH KypuHagm-
.......... |Ww WwkKana TUSUMHUHT MUKPOXOoNaTn TyllyHYa-
[HIMM 1K XonaT TyLyHYacu ra HucbartaH KeEHrpoKMab—
Il Mmn m hi XymnagaH, TepmoguiHamukagarn MyBO3aHaT
wiaHw Y3lapmac Aeb6 kKapanraHu Xonga, ctaTUCTUK
e 11y ymar Kkana axTtumonnu xonataeb kapaamb, Kn-
miHMii rIM mukpoxonatnap (1.1 xagsanga I, II, IV, V
| vim | ogup 6ynnwn MyMkuH aeb kapanagn. MacanaH,
In Min 0 Ma xamma (4 Ta) 3appanapHUHT 6UPUHYN KNCM-
HI..... K<muwn 16TagaH | Tacnaa, TEHrTakCMmnaHuL
....m i |¥116cpagn. 3appanap coHn 10Ta 6bynraHaa, ynap-
N UMHHUK! spMnaa TyHNaHm6 konmwun 20= 1024TagaH
M*IM | Knip 6ynagn; TeHrTakCMMnaHum aca 252 Tacu-
WHH (Mpp&nap coHu 100 Ta 6ynraHaa yiapHUHT navl-
<4mM || rynnaHn6 konumwu 2|0ragaH 6utTacnaa yuypan-
Mwn Ariapmm gapaxaga Katta 6ynraHaa, ynapHUHE najil-
H|»4H in rynnaHmé konmw axtumonnmru 1/2VrateHravp,
WML IMKNHAUP.
1mm hi | MG, cTaTUCTUK (PU3MKA HYKTan HasapuaaH rm-
...... HN Kana 3XTUMOJINUN TeHT TaKCUMAaHULWN XonaTtn-
(¢ |ImMD>L| |[HaMMK MyBO3aHaT Xo4aTtnaaH) KatTa Ol Hu-
I ii'iniv ixX'inmonnnkka sra, ammo knuuk ofhui amanga
Hi hi A\rumonnn xongmp. CTaTUCTUK hnsmnkaga TMsMmMm-
| v |IMH NWwaMukK MyBO3aHaT XonartuaaH (KaTbuii anTun-
1 iNMHUMHI MaKpPOCKOMWK napameTpnapun ypradya Kuii-
MWTly»1l > naH XongaH) YeTnaHuwm ykTyauma xogmca-
HI Mwucongarn Wv W7, IVlv, W axTumonnmn xonarnap
= ivuiuiHiiap Tycannu cogup 6ynmwmnm MymMmknH 6ynraH \onar-
Hl. InmapaaH paBlwaHku, KaTTa aykTyaumanap KU4nk
HMIM hi. | nunk cdonyktyaymsanap karta axtumonnun éynagm-

MV(1| MH.nnaru xon yuyH aituiraHunaek, TepMoanHaMmKa—-
M LWMHHHI HOMYBO3aHaT XonaTu, Talwky Tabeup dynMaraH-
e UMl tOMOHra y3rapagn, Ae6 KaTtbuii antuica, cratuc-
™M MH wia MyBO3aHaTra Kesmw xapaéHu (AbHU penakcauus
uni lana >XTMMOVIM XapaéHampaeb kapanaoun.

MH. " Hap kapawpafasom aTainimk. M ncon: Z= 3, N =2

iy | .nm (111t 1K xXonaTnapcoHn Z? - 32= 9Ta (kapaHr: 12-
quHHI 1 [nhim MppPagapUHM KBaHT MeXaHMKa acocuaa Kapaa-
M hili.iii InK TamonnnanHM xmcobra onuw kepak. by xonga
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/. 261

Ne /uanat 2 xaiain 3xawT
1 ab — _
2 — ab _
3 - — ab ]
4 b
5 a — b
6 - a 1
7 b a "
8 b —
9 — b i

CTaTUCTUK MMKpPOo\OSaTNap CoOHN toKopuaaru knaccuk \ongarm
CTaTUCTMK MUKpo\onat/iap coHvaaH papk kunaan. \aku karaH
\am, aliHaHNMK Tamownnnm \ucobra onvHca, 4 Ba 7, 58a 8, &
Ba 9 xgnatnap 6up-6mpuaaH dapkgaHvaign. by \onga "crtatuc-
TUK Mukpo”~onatnap” coHnJ{N, Z) Kyinmparmya aHnKgaHaau:

N 2= Kty e @
1.3-1aman
Ne 1xanat 2xanat 3xoctam 4xa=>am

1 ah — — —
2 - ah — —
3 — — ab —
4 — — — ab
5 a b — —
6 a — b —
7 a — — b
8 — a b —
9 — a — b
to — — a b
I h - a — —
12 h — a —
13 h — — a
14 — b a —
15 — b — a
16 — — b a



JM|]> 111is in Tamolinnura 6uHoaH) 6up Katakga (\onaraa)
~—MWH |34 K 3appa 6yna onmacnurn Tanab atunca, "cratmc-
KHK|*»»\onatnap" coHn 3 ra reHr 6ynaan, abHW:

©

MM / T 4, N = 2(a, I)) MuconHm kapaiinuk (1.3-xagsan).
Milt" m,11 wceuk cTaTMCTMK M1Kpo\onaTnap coHn (2Taa, b
-ww | la Katakga xonawuwycynnapu coHn) ZF = 42= 16
ANVH MeMLUMKacugaarHaHNMK Tamornamra acocaH 5ea 11;
1L T /w | 8Ba 14; 9 Ba 15, 10 Ba 16 XonatiiapHu 6up xun

* s Kepak. by \onga "ctaTuctuk MmKpox,onartiap”
-/
f(N ,2) =”II\I,T|(-ZZ_1)! =10
w]|h mpnvnr Maynu Tamoinnmnra 6yncuHULWIN Tanab 3Tui-
[fv' 1, 2, 3, 4 gonnap maBxypn amac. by \onga nkkmta
[JlliHiii | ra kaTakga »ovnawmnw ycynnapu coHu (‘ctatmc-

LIHKpnyomartaap" COHKn)

L (wnnn annknaHagu.

MnuwHmnHr 6mp kMcmuga n 1a 3appa, MKKUHYU KMcMuga
'H i.i tippaxoinawmnw a\rumonu, abHM 6yHOaM MUKPO\O-
MUl i\iHvonm N (1) Ba (3) ra acocaH Kyhnparmya aHuUK-

LLHIN

©®

| | | nmwpgaH KypuHagukn, 3Hr Kana 3\rMmosin MuK-
|Mm> By 3appaNapHUHITCKNUC TaKCUMTAHULLN, MO \aXK—
HHLWH KUCMapu Byinya TeHT TakcuMaaHuwmnamp (Mvuconga
| in wppa 6up Knucmmaa, 2 Ta 3appa UKKMHYN KUCMUAQ).
NV V'V OyjnaHga, mukpo\onarnap s\TUMOANTMHUHT udopa-
[li N makcumyMm Kuiimatra spuwaan. bolka KosraH MMKpo-
m)||w Ip (komdurypauymsanap) ymwm MyMKUH, NIEKUH ynap-
1=*ul Ammonnuknapu HucbataH Knumk. LyHaan knnmb, Kapa—
JIVH (an mmcongaH KypuHuU6 Typubankn, TUSUMHUHT MyBO3aHaT
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\onataaH (TeHr TakcMmMoTAaH) KaTtTa YeTNaHULWNM KUYUK a\Tn
MO/, ABbHU

K 7~ « 72
6ynaaun. tOkopugarn MucongaH KypuHaguku, MKKUTa X;0NHTN
évpraa TU3NM 3appasiapy NAULLHWUHE spMyaa iurnnmé Konv
Wwn MyMKUH. Arap N katTa 6ynca, 6yHaam \osIHUHI coaup 6ynn
W HUNoATAA KMUYMK S\TUMONNW Bokeaaup. MacagaH, arap 3ap-
panap coHn N = 80 6ynca, KOHQUrypauymsnap coHm 20= 10m
oynagn. by aca, arap TusnmHu HO2cek Kysatwusica, 1CeKyHn
BaKT gasomMuaa 80 Ta 3appaHUHI KaMMacu UAVLLIHUHE SspMyuaa
ANrMAMG KONULWIMHU KypuLl MyMKUH. ONamMHUHIELWN TaxXMyHarl
10Hcek ra TeHr. femak, Onam (KOuMHOT) éwuvgaH MWAIMOH
MapTa OpPTUK BakT Ky3atunca, 80 Ta 3appagaH néopar TU3nMm
(ra3) nauwHUHr apmuaa 1 cek TynnaHMG KoUK MYMKUH
Arap /Yetapnu papaxaga kKarTta 6ysnca, TU3uM 3appasiapyuHuLL
\ammMacu MANWHUHE apMuga 6ynné Konmwmn aHTacTuk gapa-
Xada KUUYMK aKTUMonam sokeagup. LWyHaam kunvo, karrta dutyk-
Tyaumsinap avHU n» N/2 ékun N«  N/2 ponnap amanga Kysa-—
TMamaingm. AMMO, MyBO3aHaT WnatnaaH KUYMK YyeTiaHuwnap
eTap/n Aapaxana Te3-tes3 yypab TypuLv MyMKUH.

Okopugarn MMCONHUHT Ta\NuAugaH Kynnaarmn xynocanap-
ra Kkenamms:

1 3appanapHUHI TEKUC TaKCUM/IaHULWKW, TePMOANHAMMKA
HyKTan HazapuaH MyBO3aHaT Xpraravp. [lemak, MyBo3aHaT Xa/ar
TUSUMHUHT By MYMKUH BynraH MUKpoKonatiapuaaH aHr
KatTa s\rmmonnamrugmp.

2. Tnanmpa KN4k s\TUMONIN KONaTnapHUHI peaninsaums-
CW, 9BbHU TU3MMHUHI MyBO3aHaT *onatgaH yeTnaHuwun — 6y
dhnykTyauusa kogucacmaup.

By epoa wyHn Tabkmanaw A03MMKWM, TUSUMHUHT MyBO3a-
HaTAaH KUYMK YeTnaHuwmn Karta a\TUMOJI/INKKA, KaTTa YyeT/a-
HULWN 3ca HUcbaTtaH KUYMK 3\TUMOJIIMKKA 3ra.

3. (3) npogamaH KypuHaguku, N Ta 3appafgaH mbopat Tu-
3UM MUKPOX,0MaTUHUHE 3\TUMOININ KOH(IUIrypaumsanap CoHV-

Rarf*

ra 6ornuk. by epga WwWyHW Tabknanalimmskm, 6epuiraH 3appa-
napgaH néopar TM3MM MUKPONONATUHUHT S\TUMON/IUTU y3ra-
pyBuYaH



e = n'.(N-n)’ @)

Bit'l HM . Moisk,. Bolikaya anTraHga, MUKpoO\onaT/IapuUmnHL
HwM ......... Ha3HWHW XapaKTepioBuUM KaTTa/IMK G (n) HUHT
m MM umMuTANpura 60pTUK;.

" 4 Jlnd in him 6UpPOp cababra Kypa (Talwky Tabcmp, ONyK-
Sle....... r |ydainm) HomyBo3aHaT \onatga 6ynca, y KaTta
H ) MN" 1k 61naH y3UHUHI MyBO3aHaT X;onarura skuHawa-

b hv ywucnHmn penakcaums (pnykrtyauuns cababnu bynraH
L)IH \Huw "cyHunwun") gennnagw.

< Vi»kopraarn muconnapaaH Kypamkku, Mukpo~onar a\Ttu-

UM  nlyhngarnya aHnkgaHagn:

K =
I 1 mucon. MUKpOKoSaTiap TeHr 3TUMON GYNICUH, STbHU

(8)

w - kNA k= 1,2, 3,..., "\ Na — CTQTUCTUK MHKPOX;0—

u»o (MHCMMOGNb 3NemMeHTNapu) COHW;, N — Ky3aTuiwnap

mpuln'Hg) coHn. by \onga TUSUMHUHE 3\TUMONNUTU
I HM anmkgaur, Ta\snn STUHT.

n / \N
['inhi W =\\W 1A\ N =Xn. N =kN» H\ Hazap-
IV Mife 1" s\TUMOJ/I/IUK YUyH

( W
w=_u=L_I (9)

1
MHTU onamms; byHaa '5_14'“— :’1‘r4r OMp cTaTUCTUK MUKPO\O-

u».HVM|  »\wmonnnrun, (I/A7™)w3ca YYTasnemeHTnMHrompgax
Il inn ‘inknw a\Tumonnuru; arap « = 16ynca, CTaTUCTUK aH-

pfci.iiiiii >\tumonnmrn O6ugam aHMKOaHaAW; 3ca
M 4 M MCTANPHUHT Na X,0natiapaa (MUKpPOX,onatiiapaa) »ov-
1INV/MVH Vi ynnapn COHMW.

I I mucon. A/3appaHVHr T Ta Katakga nr nr nT TagaH

*| " HHUWpPWLW yCyNnnapu COHW:

nis ©)
| v HU MM KypCaTUHT.



E unw: Knaccuk ctatuctukaga Mmmkpo\onar dakat 3appa
nap coHn 6unaH aHMKAaHaau. J1'ta 3appagaH /! Ta ypuH an
MawTnpuwnap \ocun Kuamw MyMKUH. ByHaa mukpokopal
y3rapmanan. AMMO 6UPUHYM KaTakaa (auerikana) a,, UKKUHUA
KaTakga s2ra B.\. 3appa oinawraH 6ynca, GUpMHYN Katakga
rm //, Ta 3appasiap anaMalwinHmwnga, 2-katakgarv s2ra sappa
HVHIY3apo YPVH a/IMalIVHULINAAH MUKPOX;0/at/iap y3rapmav
ON; KaTakgarn 3appajapHuUHT YpUH anMallMHULLMAAaH MUKPO-
\onatnap ysrapmaign. Jemak, Mvkpo\onatiap y3rapmac CoHMap
KynaniTmacm

n = /72« I'Il-r'
[aH noopart. Kataknapgarv 3appasiapHUHI KaTakiap opacuaarv
YPUH anvalinHuwnapm coHnHM Céunan éenrmnacak, 6y coH C

HU 9,1, 92, ..., 9T! ra Kynaiirmpuwaad ymymuii ypuH anvau
rMpULLIapP COHM Y¥ Kennu6 Ynkagn, sibHu,

IV] = Cs,!, a2, nj
€Kn ByHaaH
C = M
»|l. n2.... nm

n3naHaétraH cTaTUCcTuK MVIKpO\OI'IaTI'Iap COHM CTOI'IVII'Ia,D.I/I.

1.3-macana. bup-6upugaH apkgaHManaurad (aiHaH 6mp
xun 6ynraH) N Ta 3appaHUHr Z KaTtaknap 6yiunya Takcumna-
HULW (KOoMnalunL) ycynnapm COHUHU aHUKAAHT .

Eu nw: dapas kunannuk, |-katakga 4, Ta, 2-katakga nl
Ta, B. \.K. Z-KaTakga n7Ta 3appa xovnawraH 6yncumH. NHayk-
TUB ycyn 6unaH aHvupainnk. Z = 1 ga 1 xun ycyn 6unaH
C = 1xolhnawagun; 2=2 \onga 3appaslapHVHI y3apo YpuH an-
MaLTMpULLNapn SHrM Mukpo\onarra onmé kenvaiign, asHn M
anMawTMpuwnap AHrm mMmukpo\onat \ocun Kuamangu; HAu
YMYMUI YPUH anmMaliTMpmnnap COHUHM TONaunuk: Kataknap
COHM Z= 2 bynraHaa ypuH anmMallnHyBYN 31EMEHTNApP COHU
6uttara optagn: O, 1, 2, 3, ..., N Ta O6ynaan; Aemak, ypuH
anMawmHuwnap coln [N +(Z - 1)]! ta 6ynagn.”

Jemak, 6y \onga mukpo\onartiap CoHu

A [yV+(Z-D]!
c ™M

ndgoga 6unan aHukKgaHagn; Z = 3 ga 6ynradH \onga ypviH anvia—
wuwnap /M aHru mukpo\onarnapra onné 6opmanan (assasirv

a4



IpM'H mi.iii); / = 36ynraHga ymymMuin 3fieMeHT1Iap COHM 2Tara
HHHAA nlim

00, 1,2,..,N

H<|Im cxkn (Z- 1 =2) éynraHga N +(Z —1) Ta anemeHT
WM'i in Trmak, ymymMunii ypuH anmawmnHmwniap coln (N +Z —
|i. 4. hi MpHUMT ypyH anMawnwnapu, paBliaHkn, SHIM HaTu-
*  Jrpwillan Oemak, onvHraH Hatuka (/V +2Z —)I/yW! Hu,
mu " -(/ D! ra amin O (HOMb) 3N1EMEHTNAP YPUH aiMa-—
HHHUMMN cOoHMra 6ynuw 3apyp. HU\OAT nsnaHaétraH HaTvkaHu

» UMW |
r(V+Z-

N\(Z-2)" (11)

m 1,/ -5 u\ \omapga \am ( 11) MMKpoxonaTnap COHV ofv-
EHUHH M IKDIN MHa UWOHY XOCUN K,UAnw MyMKUH. Z - 2, N =4
y=in in / 4, N=2 xonga acocmin maTHAa 5 Ta Ba 10 Ta
B*||||]\OMHInNp onnHraH sgn. XaknkataH xam.

r @121 5 ¢

4121 a1

(" @141 5 1n
21(4—1) 213!

I 1 mMw wuna. Z> n waptbéaxapunranga, up-mpngaH dapk-
wuwn hi v S (QAHAH 6UP Xun) N Ta MUKPO3apPPaHUHT Syein-
M*" T it naknnp, xonartnap) 6yiunya TaucumnaHuw coHu C
AHH | HM VH; ByHOa Xap 6up suelikaga 6uTTagaH OPTUK, MUK-
VL] |I] 30 DX wn onMacuH Ae6 XUCoBMaHCuH, S5HU MUKpo3appa-
4 < Ituv In mmoiinnura 6yiicyHCUH.
| lnin ®npas kunanuk, ZTa KaTakga MOC pasBuvwaa

" Mppnnap xonawraH 6yncuH, SbHU

Lill i3

I, » ..« "'

H Z> N b6ynranga Ba n. =0,1 wapTtbakapwun-
Rtn hi \mymuin1 yprH anmawtmpuwinap coHn Z! ra TeHr, byHaa
A14* 114" NANNHANK (BUP XWNUK) Tamoiunamra 6yncyHraHm
Sun V Vpnii anmawtnpuiiap SHrm HaTtmxa, SHrM MUKPOXo-—
MH |HLin pmnidon; Jemak,

Z\/N\.

n,



Ammo Z> O6ynraHga Z — N Ta aueiikagarun "O" anemeHTnap
YPUH anMawiTupuiiapuy \am sHrM Hatmka, SHrM Mnkpo\onat—
Japra onnb kenmaihign; pemak Z! HuM aHa (Z - A) ra \am
oynuw 3apyp. by \onga nsnaHaétraH ycynnap CoHu
C _ z!

N\(Z-N)\ 12)
noaa 6unaH aHnkgaHaan. Z= 4, N = 2\on y4yyH 6 Ta MUK-
po\onaTt ofiMHraH sgn. X,ak,ukgraH *am (12) gaH

aBBa/INN HaTMXa 6 Kenmnb um Kaaw.

M BOB
AIXTUMONNUNKNAP HASAPUACNAOAH MABNYMOT

2.1-8. KNP/ . ACOCUIN TYWYHUANAP

TMMB66CHUHT CTaTUCTUK aHcamb/1b ycynuaa Mmkpo\onartnap
3\TMMONNKNApW TaKCUMOTUHN aHMKAal CTaTUCTUK (husnka
YCYNIMHUHI acocuamp. LWy cababnu 6y 606aa s\Tumonnap Hasa-
PUACUHUHI 6u3ra 3apyp 6ynraH acocuii TyllyH4yanapu, Teope-
MaZapu, TakCMMoTNapy Ba a\TUMOo/Iap 3UUIMKNapn yctuaa Kic-
Kava TyxTanamms.

A\rumonnap Ha3zapuUACUHUHT My\nM TyllyHYacu — tacoan-
duin kaTtTanmkgup. by (kaTTanuk) Mmkaop GepwiraH waptaa
Y3UHUHT UMKOHUSTU 6ynraH KuimMatiapuaaH GupuHU Mab/lym
3\TMOn 6unaH kabyn kunagn. MacanaH, arap Tacoamguii MuK-
[Op 4YekM EKM Yekcmn3 KeTma-keT \ap Xxun X2 .. XM ...
ONCKPeT KuUAMaTiap Kabyn Kuaca, YHUHT yuyH 3\Tumosnnap
TaKCMMOTU KOHYHW Ly KMAMaTiapra moc

P., Pr, ..., Pn..

a\TMMONAuKNapHU KypcaTtuw bunaH 6epvnaaun. Arap Tacoau-
mii MMKAOP Y3NYKCU3 KHIAMaTNnapHW Kabyn kKunca, 6y \onga
3,\T"MO/INap TaKCUMOTU KOHYHU \ap 6up X, X + dX opasimK yuyH
a\TMmMonnkK

dfV((X) x <£ <x + dx

Kypcatmnuwm éunaH 6epunagn. Arap 6y \onga opanvk Yeknu
(a, b) 6ynca, W™(#, b) a\TumMonnmk kynngarn TeHranMk éunaH
aHMKOaHaau:
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W.(aA)= j dW.(x) (3

MH h
IV. (a,b) =J f(x)dx,
a
d\V(x) ="-dx =f(x)dx,
(2)
NTUmMonnuknap 3nuanrn (bup ynyamnu Xon Y4yH);
§ MM WTOMETAA By PYHKLUA TAKCUMOT PYHKLMSACK Oeb ropn-
Ityftti in Mnrcmatnkaga TakcMMoT hyHKLMACK aTamacn U.(a, b)

MfttMn wuk yuyH nwnatunagn. ®nsmka sa matemMaTuka aga—
PN* 1wipHnarn 6y TyluyH4Yanap xap XWinurv aHrnawnimoBum—
i | HAMG 6opMacInru Kepak.

I M Wc on. YNsmMKay rapMOHUK OCLMNNISTOPHUHE SHEPTUSsCH
e, =—Ew(n+ 1/2), « =0, 1, 2,...

MpHW ~abyn kanagw.

I | HHUCTUK M3MKaga byHaal ocumnnaTopnap aHcamonnaa
|HW |nropHuHr A=0, 1, 2, ... Napra Moc 3Heprua Kuimart-
Il \abyn k,unuwmn axTumonnap TakCumoTn (PyHKLUACK
PHWH TM-puwiaon.

1mwucon. MakpoTU3NMHU Kypaivk. Knaccuk mexaHumka
tyimn Tpura acocaH BaKkT yTUWK 6MNaH MakKpOTU3NM KeTMa-
LUH -11 po\onatnappa 6ynagu. by Mukpoxonatnap Tynnamu
<nT (MrK yapaktepra ara. 'mé6¢c aHcam6an (TynnaMmu)Hun Tall-
i | MM TM3MMHUHT MUKPOXO/aT/iapy CTaTUCTUK XapakTepra

M = | n66Cc aHcambnnra Moc KenraH Katraimk (MMKgop), Maca—
AHH | . Tacogmndmii (MMKOOP) KaTTarmkanp. Mukpoxonatnap-
M | HMW Kabyn KUNULIN MYMKWUH BynraH Knimatnapuv

H#MI" ' T >gm (OUCKPET X0/ yUyH). AXTUMOAAUKAAP TaKCMMOTH
tyMivmuira acocaH 6y KuimMaTnapra Moc axXTUMOINKIap

PL), P(LD, ... , P(LY)
V ‘I Hrpuanwmn NO3nM.
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By epaa WyHW TabknaanMmnskn, MUKpPO\OaT/IapHUHT Bak,1
oyiinya Tynnamm 6unaH Mukpo\onatnapHuUHr Tmebc byihnuya
Tynnamm anpuopun 6up-6émpura reHr geb kabyn KuianmHagu. by
3ca 3proamk TeopemMaHMHIr MabHOCUHW TallKun atagn. byHaa
MM66CHUHI ga\ocn — TU3NUM FaMUIbTOHM E HWM Tacogudumii
KarTa/MKKa KenTmpuw naaavp.

Tacoandmin Bokea. BepunraH wapouTtaa Tacoandmnii MAK,—
OOPHVHI Kabyn KUAWUWW MYMKWUH OynraH KuiimatnapgaH om
PUHUHT cogmp 6ynuwmn (Ekn 6ynmacnurun) tTacogmdunin Bouga
neb aranagn. Jemak, \ap 6up aneMeHTap BOKeara y3umra moc
a\TuMonnuk Tyrpmn kKenagn. Tacoaudunii Bokeanap anemMmeHTap
KM 6Mp Heva anemeHTap BokeanapgaH nbopat Mypakkab 6ynu-
WK MYMKWH. S\TUMOAMNUK TyLlyHYacuaaH qoganaHnaa aHNK-
NIMK YYyH MaTematvkagaru YHUHr TabpuguHu Konmaropos
6ylinya kenTmpamus. BYHMHIy4YyH Tacogucunin KaTTa/IMKHULL
KeTMa-KeT KuimatnapuHun é3ainuk:

*2 . X, ..

By KuiiMaTnapHUHI cogmp GyNULIN 3NeMeHTap BoKeasiap

L ND -
GY/ICUH.

1 \ap 6up snemeHTap BOoKea AnMra, YHUHI 3\LLWMOAANTN
[eb atanyBum MaHguii 6ynmaraH xakukuii f\AJ coH MocC Ke-
nagn (akcmoma).

2. Arap Bokea anbatTta cogmp 6ynca, y UwoH4nu (Mykap-
pap) Bokea 6ynaan. MacanaH, UMKOHUATW BynraH Knamatiap-

OaH NXTUEPUIA BUPUHUHT (Ccoaup BYNNLIN), AbHN
Np A2 ..., An...

BOKeaniapgaH 6UPUHMHE cogyp 6ynuwn — 6y Mykappap (ULWOH-
ynun) Bokeaamp. Mykappap (MWOHYIN) BOKEAHUHT 3\TUMOS-
Nnrn éupra TeHr, AbHU:

P (uxtnépwnii An = L.

3. Arap A Ba 6 bupra MaBxyn Oyna onmanauraH Bokeanap
6ynca (A Ba W rynnamnap Kecuwmaca) yHaoa A éku B Bokeanap-
OaH OUPUHUHE cogup 6ynuwmn s\tumonnurn P(A +B) ékn
P(AUB) KypuHuwwaa é3nnaam Ba Kymgarmya aHuKgaHaau:

P(A{IB)= P(A) +P(B).
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4 MyMKWH 6yniMaraH BOKeaHUHIaX.TU-
ptn T v nonraTeHr, ALHU:

P(A) =0.
L | okn A, éxyn 6up Baknga A Ba B
Il = WYl cogup 6ynnwmn s\tumonnmrun
M 111//) kyhinpgarnya aHukgaHagn (2.1-
AMMia KupaHr):

NA U B) = P(A) + 1\B) - P(A I B)

» Imp Hak,Tga 6ynmaviguraH A Ba B BOK,eanapgaH 6MpPUHUHI
fMiup Ayaut a\tumonnuru P{A + B) uyinagarnya aHnKgaHagw:

1\A + B) = 1\A) + 1\B) - 2I\A I B)

Impia mMaBxXypg 6yna onvananraH, A Ba #BoK,eanapHUHIovp
B kH a cogup 6ynuw s\tumonnmrmn P(A N\ B) =0 (avHu A Ba B
LIl mm up kecmwmarigmn) (2.2-pacMmra KgpaHr)

l¥ ym na

P[A + B) = 1\A) + \B)
Im> YMyMWUA BoK.eanapgaH A{ HNHI, EKN JI2HUHT ..... AN HUHI
Hpww .na ainTraHaa, Wy BOK,eanapAaH UXTUEPUIA GUPUHUHT)
MHY 3\TUMONAUTN PKkynaarn s\rumonnvukKnapHuHr
BHMHMLW 1 6unaH aHKgaHaan (3\TUMONNNKIAPHN KYLLIWLL Teo—-
VIMMLIT)
pla,mn2n..n..nn) =

=P(A])+P(AD +..+ P(A,) ="P(AK) 3
|

MMKOHUATK BynraH BOK.easlapAaH NXTUEPUIA BUPUHUHT CO-
I[H) HHAM — 6y mMykgppap (MWOHYM) BOK.ea. byHaan my-
[wp ip OKCaHUHT 3\TUMONINTN Tabpudra Kypa éupra TeHr.
fH yHUn wmmonnmnknapHu Kywwmu teopemacu (3)

P=~P(AK) =\ @)
*j

"HPHHHHLWWN onagw.
| | vokea coaup 6ynraHga B

Ini aiiiiiii waptam a\TMmonnnrun
N Il vn.pndora Kypa, Kynngarm-
MLLW, Harnaau:

1>(B) =/>(Ar{B
.>( ) >é(A){ ) 2.2-pacm.
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ékn byHaam

1\1 N B) = PA(B) P(A)
€Kn

P(AN B) = Pr(A) P{B).

Arap A Ba B 6up-6upura 60rnvk; ynmaraH Bokeanap 6yricu,
toKopuAaruiapaam:

P(AM B) = /\A) P(B)

3KaHM Kenub umkaawn ékn, ymymuin \onga, Bokeanap Jir A:,
w.. Ar, ... AaH AXHUHI \aMm, A, MUHI XaM...... AN HUHT M
oupraimkga cogyp oynuw a\TUMOIIUIN Kyngarn 3~ Tumon
NMKNApPHUHT KynaiATmacy 6unaH aHnkgaHaan (3\rmumMonanknapum
KynanTupuil TeopemMacwu):

P(A,MA, M .. An, MAN = 4AM,) A4(N)...PUT) ©)
LWapTam axrumonnmknap TaspudmaaH
P,(B) P(A) = P(B) PILA) (5]
TEHIrNUK Kenuoé ynkaau.
dapa3 kunamnmk, Ar Av ..., A, .. bupranukga éynuum

MYMKWUH 6ynmaraH Bokeasiap 6yncuH. Y \onga (6) gaH

@

TEHIIMKHW €3aMu3. B BOKeaHMHT Tyga a\Tumonu waptam a3\t
MOJIIVKNIap OpKasi Kyiingarmya aMukaaHaou:

P(B) =P(A,)P/1(B) +P{A2)P/I{B) +.. +P(A)P/N(B) +... (8)

(8) HKM 3bTMBOpra onmb, (7) HWU Kyhnparnya €3amms:

PYA= P(A ) PUIPIB)+PUT)PRE)+.PULPIE) 9

By beliec chopmynacuaHp.

YMyMaH Tacogndmii \ogmcanap gaso HyKTasiapura Ba BaKT-
ra 6ornuk éynraH tTacognuin yHKumuanap 6unaH Tascudna*
nagn. by Tacogndunii PyHKUMANAPHUHT (EKU KaTra/IMKIapHHLL)
KnimaTtiapu keTMa-keT AUCKPeT KuAmatnapaaH €K y3nykcus
KnimMaTnapgaH uéopat 6ynmwm MyMKUH. Bu3 aHa LWy MKKn
Typrateruwnm Tacogudunini KaTTanimkiapHu (hyHKLMANapHN)
ano,\nga-ano\maa kapawura KMmpuvamms.

2.2-8. ANCKPET TAKCUMOTNAP

fm wwhuning kaTTanuk guckpeT (Y31yKin)
X,, X2 oo Xy

[ Kabyn KuneiiH. by \onga a\Ty Mo Knap Takcu —
H n K'HyHura acocaH 6y kKuiimatnapra mMoc 3\TUMOIMKIap
A (Mpuvnunn. Xycycnii \onHn Kapannuk. Tacognuin KaTTamk
L m i HKKUra KnimMaTtHu kabyn UWUACUH, SbHU dakaT 2 Xun
|HD|" =Dxawp 6yncuH. by \onga a\TUMONNNKAAPTaKCUMOTU Kpuy-
A1« l....... / Ba P26epunaamn Ba s\TUMONIMKNAPTabpuuaaH:

Pt+ P2=\. (o)
2.2.1. BEPHY/I/IN TAXPUBAJIAPY

mdupH! Kunainuk, Taxpuba akat MKKM UMKOHUSATAN Ma—
Ibiihi wna 6yncuH Ba 6ynapHUHI a\TUMOAIKNAPH 6UpP-6U-
Mm) M, ink 6yiMaraH Kaiita Taxpmnbanap yTkasunraHaa ysrap-
kfti W vm. ByHpgan Taxxpubanapun unk 6op AKoB bBepHynnm
[[IM  1705) yTkasraH.
[TUMW K By MKKU HaTuXa-BOKeaHUHT 3\TUMO/I/TapuUHU p Ba
«Mnmu MenrunaHaam; p ra Moc BokeaHn MyBaddakuaT (oman)

I 11 MOCUHN 3ca MyBadhakmaTcusnuk aeb araiigunap. by

| ||4M kynannuk yuyH M Ba N 6unaH 6enrunanimk.
APvkH, 6y \onga
p+g=1

M Iwym Taxkpmbacu N MapTa YTKasuiacuH. Y \onga NMKo-
« || Hfly naH BOKeanap coHu 2' ra TeHr bynagu.

Myl

MHMHH...MMH

[IIv | krl Bokeanap 3\tumonamrn P(AHMW//.. MMH) Tax-
......... 6up-6upura 6ornmk, bynmaraHn ydyyH 6y KeTma-keT
'blbl* >Mp 3\TUMONNNKNAPUHNHT KynaiATMacura TeHr, SbHU

P(MHMHH...MMH) =pqgpqqg...ppq
2.2.2. BUHOMWAJT TAKCUMOT

TH puynnn Taxpmbanapyaa M BOKeaHUHT K MapTa KeTMa-KeT
tpnip mv nvm 3N Tumonnurn Pkra, wyHaa N BokeaHUHT //—K
A ]+ (tviup 6ynuw a\tumonnunru q~kra; \ap mMkkana Bokea-
HiMu  FAgMP 6ynuwl a\TUMONNUIK 3ca tokopuparn 3\TUMOos-
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KynnHuya 613HK N MapTa yTkasunraH bepHynnm Taxpunba*
cvna K mapta myBaddakmAT Ba, AemMak, n— K MapTta Mmysachdui-
KUATCU3MUK K,U3UK.TUPUO, BOKEASTAPHMHI Mab/lyM KeTMa-Krr*
NN K,V3VK, TpMaian. by xonga n Ta aneMcHTAaH ATafaH Hcd
Ta ycynga xap Xwun TaHsab onvwHKM 6unmw no3um. By kin

n/ _ K\M-K\ raTteHr-Aemak, 6U3HN KN3UKTUPaAETraH BOKes
HUHT axTumonnurn W(k; n, p) aXTUMO/I/IMKIapU U KyLUULL TCO
pemacura acocaH aHMKOaHaaW:

W(k\n,p)= £ pkagnklk]p

p SXTUMONIMKHW AonMUi Oe6 Kabyn KUnamnvk; nmapra yTka-
3uraH Taxpubagarn mysaddakuaTiap COHMHU SnbunaH Geny»
rmnannuk. Y xonna Wk; n, p) = P(Sn=K) abHK 6yHaa Sn
[OVICKPEeT KuiMatiap Kabyn KuiyBuM Tacoandmii kattanuvk, LU k;
M, p) 3ca LWy KuiiMatiap aXTUMO/apy TaKCUMOTUHU Kypca*
TyBUM yHKUmagup. Wy W(kK; n, p) dyHKLMA GuHoMManb Taw,
CUMOT gennaagmn, YyHkn (p + Q)" HUHT BUHOM élnnmacugal un
N-xagyHn LW, K; N, p) hbyHKUMA aHUKZAROW, SbHU:

Wo;mp)+ Wi;np)+..+WUn;np)=pE+qg"=I.

OXmpru TEHIINK aXTUMONuKNap Taspudu {p + q = 1) aco-
cmaa ésnnan. buHomman TakenmmoT udpogacn L K;n,p)aaH Kypy
HaVIKN.

W(k\n.p) _ (n-k)p _ j +(nH)p-k (12)

byHgaH, arap Kk<(n + \)p 6ynca, (12) Hucbar 1lpaH kar*
Ta, gemak, L K; n, p) aXTUMONNVK aBBa/ITUCUAAH KaTTa,. arap
K =>(n + \)pbynca, y aXTUMOJI/INK aBBa/ITUCULaH KNUNK Bynagn *
WyHpaa kmnnob, K noggaH n rava ysrapraHga W{k; n, p) a\rnl
MOJI/INK ONIAUH MOHOTOH OpPTMG 60pnb, CyHrpa MOHOTOH Kama*
agn. Arap (// + Dp- T 6yTyH COH bynca, K =T 6ynraHga L K;
n, p) aXTUMOJIZIMK MakKcumymra spuwagun. by W(m; n, p) mm
MaKCUMas1 aXTUMONNK Aelinnaan, T HU aca MyBadipakmaTiap-
HUHI 3HI KaTTa 3XTUMOJI/IN COHWN Aenvnaan. Arap np » |
6ynca, T = np GyNmMwmnHN KypcaTul MyMKUH.

BuU3HM opaTaa KynnHuya myBaddpakmsaTaap COHM Kamupa r
oynuwn IXTUMON U, ABHU

pamM H |



inni 111wy tnpagn, 6yHaa v=> n—r \onga 6y uaTtoOpHUHI
UM | \inmMpun HonrateHr.

V).... KuAMatnap KyKr,K' Ba gucnepcus (pnykryaums)
1T K K1HW aHMKganmMnz. /Taptmban MoMeHT HU aHVIK,—
MMl | n.pudpra acocan:

—£k W (k; n, p)—£ K'Ckpkll Kk =

1 ®™M4TIr'-HY(+r §

Kw yi aH, 6yHAaH KyluaarvmHu tonaMmms:

k=p-$j(p +a)" =np(p +q)"~'=np, n

K'=p™ p”(p+@n=p” mp(p +1a)""1=
*»/'(/7 " A)" +np2(n-\)(p +9)"~2=np[\ +p(n-1)]. (15)

() Ha (15) rabuHoaH gucnepcus (hayKTyaumns) HA aHuK,—
MMMLLL;

VI, —A k=41 +p((n - 1)]- np2=np(\ - p) =

oR =npaq. (16)
MU'dmnpgarnnapgaH KypuHagukm, np »  16ynraHga,
K~T
LUH'Hu (7) paH KypyHaguku, N opTuwmn 6mnaH gnyKTyaums
|y WKWanm; aMmmMo N opTvwn 6unaH HUCbUi nykTyauus
K / A \jg/np kamasgwm.
L.Jiill()Mii;ui Tak,CUMOTHUHI Ky/niaHULWIUra MKKUTa oganin M-
WH Munmnmpamms.
| | .wnarv wapnap macanacu.
I \*nay ok, Ba Kopa wapnap 6op. Kyrngan ok, wap o/IMHULIN
........ omaz) a\TUMOo/n P, Kopa WapHUHT OJIMHULLN

(MpM(pq)nKMﬂTcmnMK) s\Tumonu q =1—p 6yncuH. KytngaH
%4' ill onnHraH WwapHM Kytura Kantapmbé conmo, wapnapHu



apanawTupunagn (LlWy ycyn 6unad \ap rangarn KytugaH uoj> |
ONNLWHK BMp-6upnra 6ornukbynmMaraH Taxxpmbanap Ae6 uaparvH |
kenTpunnaan). by bepHynnmn Taxpmnbacuamp.

BepHynnu Taxpubacu n Mapta yTkasuaraHga K mapracu- |
da OK wWap 4Ynkuwm (omag) sxTumonn 6uHomman TakemMor |
W(\ n, p) 6unaH aHnkgaHagw.

2 V XaXMam vamwna 6up-évpura 6oMuk éynmaraH n bl
Mosekyna (ngean ras) 60p. KXaKMHUHI v KNICMUga mMonekyn» |
HUHT Bynuw axTumonaumru p éyncuH. V\axmvpaa Kk 1a (K £ 5) |
MONEKYNaHUHI 6yNnG KONULW 3XTUMOIUIN BUHOMMAN Tak,cMvol |
L k; N, p) 6unaH aHWKyTaHaaW.

2.2.3. NyNACcomn TAKCUMOTK

Amannii macananapHun Kaparanga bepHynnm taxpubacugalrM
n HucbaTaH KaTTa, p aca HucbaTtaH KNUYMK Bynaau; ynapHuLL
Kynatmacu J1 = Np, K= 0 yuyH
wo:n,p)=@1- p)" =@ - a/7)"
ByHnaH n —* @ 6ynraHga
W(©; n, p) =(a an |
ndogaHn onamma.
WyHWHroek, n oo p -» 0, ammo A = np yeknu GynraHmm |J

Hucoar
Wkin.p) _ np-(xk-\p 4
W(k-V.n.p) kg K

6ynagn. by HucbatrgaH (MHOYKUMA acocma):
W 1; n, p) =94W0; n, p) -»Fed
W(2\n,p) =jA1V(\;n, p) = *xAZX*

W(k\n,p) -» 4T

KN

(1s) 1

By (18) MyaccoH Ta KC MMOT ngunp. KypmHmo typuii- |
ankn, K =0, |, 2, ..., napga (18) HM Kywnw e=xy4yyH Teilinop |
KaTOPWHWHI € 1lra KynaTmacura TeHr. [lemak, 6epunraHyd yuyH 1
UK, ) aXTUMONNUKNAPHUHT NUTMHANCU BUpra TeHr, SbHW;

W(K\X) —»— e"n.
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M * mio

IrI(*:A)=1. (19)

Mukl 6yinya KeTMa-KeT cogup bynaamraH Tacoamduin Bo-

TPWH, MacanaH, pagvoakTUB EMUPUNLL, Tened)OH CTaH—
Mi1" nm "yakmpmnw" ("Bbl30B")N1apHU Kypanank. BYHUHTY4YyH
| vr ewk.'Wwnapra 6yMHraH 6upNUK BakT OPa/IUrMHN ONamuK.
w|Mun \wp 6up opannkyaga cogmp 6ynmwm MymMKuMH Gynrad
« p |KN 6up Heuya BOKea aXTMMONU P HW y3rapmac aeb kapavi-
dH* h\ macanapa xap 6up BakT opasvMkyacu Bokea 6unaH é
HuHa, ( 6yw 6ynagn. Opanukyanap 6up-6bupura 6ornmkamac-
W | nim 6y BepHynnn Taxxpmbacura kenaan: K opanvkyaHHr
pH tHAIl SXTMO/VIATIA

W k; n, p)

(hi hi HHUKnaHagy. byHaa opanvkga 6upopTa Xam Tacoandnii
L1 (BupopTa Xam S54p0 eMupunuLLn) bynamacnuru, xap 6vp
m\F HY,Yana xam By BOKea coamp bynmacnurmnaaH néopar. by
milm na<{ =1 —p)" aXxTUMONINKKa ra Ba byHgaH N -~ @ Ba
H B [ucknn 6ynraHga ammuTtra ytumo,

A_l%(l - pn)" =e'A (20)

Ll H tutln onamms. AopannkyanapHUHr6aHaINTN AXTUMONINTA
H | WM,A), abHu lMyaccoH TakcMmoTn 6unaH 6epunagu.

| AvM Wi Macananapga 6upanK BakT OPa/IMFMHN UXTUEPUIA
M» 1 "|" |nurn /6unan anmawtupuica, Tabumniikn, 9 Hu 9/6m-
4< alMawTupul N1o3mm. Y xonga NyaccoH TakCMMOTHU

W{k\Xt) =" -e - X (21)

O¥pHunwiga 6ynaan.
hit | tokopmaa Tacoanuini BokeanapHUHI BaKT yKU t Byiin-
Hp him uMOTUHM KypAuvK. JIeEKUH Wy BOKeasnap TaKCUMOTVHU
ml* (kn hazoBuii XaKM) Byrinya Kypull xam MYMKUH.
...... aKT Opannry ypHura t3a éku Xaxkm opaivru bynaaw.

2.2.4. IONTIMNO.MNAN TAKCUMOT

(*MHomman TakCUMOTHU Kyinparnya ymymnawTMpui MymM-
|HH \ap 6up Taxxpnbada Tacoamnin KaTTa/IMKHUHT EV ET, ... Er
LU | via | Mapr cogmp 6yamwm MyMKnH 6yncuH Ba £. ra P ji =1,2,
P 11 S\luMONN MK MOC KENICUH. YMYMUiA xXonga

P{+P2+..+P =1



n MapTa Taxpunba yTkasnnraHga, A maprta Er k2mapta E} mi
K TAPHUHI KENG Yk Mwmn (BOK,eastlapHUHE cogup 6ynuin)

3N TUMONTNTU
" _A|

K\K21.kr P' Pr "Pr (22»
6ynagu, byHaa

K, +K, + ..+ K="
(22) 1 nonnnomuan TaucuMmMoT Aelinnagn, UYyHKN y]
{1\ + P2+ mm+-P)" NOANHOMHUHI éinnmacuaarm ymymuin \amm
6unaH 6up xnnamp.

2.3-8. Y3NYKCN3 TAKCUMOT OYHKLUWANTAPU

2.3.1 IX TUMOJIIN KNAP 3NYTNT N

Ykgarn (6bup ynuoBnu dasogarn) s\TUMOANNKIAP 3UUIH-
rm JIx) ne6

/(x)>0, J f(x)dx =1. @Y

hyHKUMAMN aliTunagu:
\ap 6up a\TUMONAUK 3nuyanrmra ~Tak,CMMoT (PyHKUUACH
MocnawTupunaau: v

E() = | fy)dy. 23

By () doyHkums O Ba | opacvaa yrapaguraH MOHOTOH (PyHK
umagup. Arapy(x) dyHKUMA a <X <b opasivkga maexyg, 6ynmo,
Oy opannkgaH Talwkapwuaa Honra TeHr 6ynca, F(X) wy a <.w3 h
opanMkaa Masxyn, 6ynaaun, yHAaH Tallkapuaa Honra TeHr 6ynamm
(a, b) opannkaa h

F(b) - F(a) =J f(x)dx V)]

a

3\TMMONNK MOC Kenaauw.

Kyn yn4yoBnm \on yuyH \aM s\TUMON/IMKNIAP 34T FOKpPU*
Jarvira yxuawl KMputuniagn ea Kyiimgarmya aHukgaHaon:

f {x1x2,...,x,)> 0, | f(x I,x2...,x,)dxtdx1,:...dxn=1 (26)

VKKK ynuosnn ¢pazofa saTUMONAMKNAP 3nunurn Ox)x(y)
HUHr6epuAnLIN Kyingarn nHTerpan bunaH aHMKaaHaau:

P(A) =] ] f(x)g(y)dxdy. 27



My\um xycycuii \onHu Kypamnnuk:
S =X+Y

Ml knnahinuk, x +y <'s, g(y) =G'(y) aKaHAUTUHN Ma-
Ma lyrmb, (27)Hn byHaain é3amms:

P(x +y <s) =] G(s - x)f(x)dx (28)
[, GLonrvHa KypuHaauKu,
P{x +y <s) =J g(y)F(s -y)dy. (29
m (29) wdoganapgaH X + Y HUHT 3U4ANTU KyAngarmnya
THaau:
J G(s - x)f(x)dx =1 g(y)F(s -y)dy (30)

| KI) FOHIIVKHW ymymuin X,onfa Kyinugaruya éenrmnaHagn:

/ *A =1 /C*-y)g(y)dy =]j f(x)g(s - x)dx. (31

232 YPTAUA KWAMAT. MOMEHT/IAP

I mnundmin kKaTTasIMK 3\TUMONNKNAPN TAaKCUMOTUHUHT My-
KyeycuaTnapnaaH 6upn — 6y yptada kuiimat (MmatemaTuk
IM.)mp. ®apas kunannmk, X Tacognuin KaTTaTMKHUHT
nTnapu X,, X2...,Xr.. Ba YHUHr a\tumonnuknapu Pt, P,
NYnenH. by Xbnga X HUHT ypTaya Kuimatu

< n: > (32)

K]ih nuvHyHun katop 6ugaH aHnkgaHagn. Arap X HUHE Kniimat-
Viykens 6ynca, y konga ypradya Kunmar

<x >=] x/(X)dx (33)

WLWYBYU MHTErpan munaH aHnkgaHaow.
/]|") mcoandunin KaTTa/IMK X HUHI TaKCUMOT (PyHKLMACHK
HX Y \onga X HUHT K TapTub/M MOMEHTU

<xkK>=] xkdF(x) (34)
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uHTerpan ndoaa 6unaH aHMkaaHaan. byHaa, arap X HUHrgmc
KpeT Kuhimatnapu ar Xv ... . ,.. MOc pasuwga Pr P2 .. I'
s\Tumosnnmknapra ara 6ynca, K TapTMbnnm MOMEHT

<x > (35)
1=

Karop 6unaH aHukgaHaaw; arap st Tacogudunin kattamk O.\)
TaKCUMOT 3u4nmrura ara 6ynca, K TapTmbaim MoMeHT

t™

<xK >= ] xkf(x)dx (36)

UHTerpan unaH aHnkgaHaau (byHaa K > 0). Taptnéaa mMapkasnm
MOMEHT <X —<X » * Kabu aHukgaHagu; 6yHaa K = 2 6yrca
<X -<X » 2HU VHUHT (hnyKTyaymscu (nucrnepcuscn) geciin

nBaN.
KeTMa-KeT TapTU6/M MOMEHTIAPHUHI GeEpUNULLIM acocnaa
3\TUMONNNKIAPHM aHMKAALL Macasiack MOMEHT/Iap MyaMMOCH

ne6 atanaaw.
2.3.3. 9KCMOHEHLNAN 3UUYNNK
NxTnépnii, myansaH 1 >0 yuyH
OxX) =ed\ FX) =1 - ee@®dx >0 37

Ba jc<O0 6ynraHpa }{x) = F(x) =0 6ynca, f{x) dyHKUMA Xe
noHeHuvian pyHKLmMA aerivnaan.

2.3.4. MOPMAJT1 TAKCUMOT

Arap 3a”*"TMumonnknap 3nunmru
P =27 exPl- (x* <x>) /2a 1 (39

KypuHUnlIa ara 6ysnca, Tacogmuin KatTasiMk X HUHT 3\TUMOon
NIMKNap TakCUMOTU H O P M as1 TaKCUMOT Aennnaan. byHaa a2-J1
Tacoanuin KaTTa/IMK X HUHT hayKTyaumacu (aucnepcusci).
By epaa WyHW aniTUW NO3MMKUK, MabjlyM LuapTnap 6axa
punraHaa, 6MHOM Ham TaKCUMOT HOPMasT TaKCUMOTra yTaaw.

2.3.5. TEKNC TAKCUMOT

Arap 3munuk (a, b) opanmkga gouvmunii Ba /(b -a) lit
TeHr 6ynca, Tacoanduii kKatTanuk (g, b) opanmkga Tekuc Tak
cymnaHraH geinnagn. by \onga s\TmMonnnknap TakCMMoTun



(Il 1) pa aHuMaHraH 6ynagu; 6yHga a < x <b.
2.3.6. TACOAN®UIN BKKTOP

< topgarn Tacoaudnii BekTop Aeb, Tacoanuin iyHanuwaa
ifv ii NMHaH, y3yHnurn tacogndunin kKattanimk (MMKgop) 6ynmo,
NVIhi kHUra 60rnuk 6ynmaraH BEKTOPHU TyLyHUNaaN.

| (Hoannin BEKTOPHMHI 3\TUMOINIA XOCCACMHM TEKLUNPULL
fethll yHn 6upop ykka, macanaH, OX yKKa MPOEKLUSCUHUHT
PLMMIHA XOCCanapuHM TEKLWLMPULL eTapan. BYHUHTY4YyH Bek-
m||||[HHH Y3YyHNUrWM KniimaTtnapu Takcu MOTU K 6unaH YHUHT
llk<*=kHKSicM KniiMaTnapu TakCUMOTU opacugary 60rnanniIHn
OF.... nKcpak. bepunraH yHanuwaarn 6UpAUK BEKTOPHUHE OX
MKN HpocKumacK X 6yncuH. Y xonna Lr=xL\ (0. 1) opannkga
bkHt rakcmmnaHran Ba L ra 6ornuk smac. X = x 6ynraHga
1s tBokea (hakaT L < t/x 6ynraHgarvHa cogmp 6ynuwiun
MUWHWH. LLYHUHTYYYH

F(t) =JVUyx, I"'=0. (40)
0]

| | 34ALU1 rermwnm 3uunuknapHn auddgepeHuvannab Kygarn-
HM (HLLIMI3:

(41)
O r
tun Mm \ocuna oncak:
= K({/). (42
WyHpanm knnub, Tacogudunii BEKTOPMApHUHI Tacoanduii
MuM KH K 6unaH YHUHI Tacoaudnii npoekumnsicn opacmuaa 6or-
MHUW aHukKgaHan. (41) myHocabatgaH V mabnaym 6ynca,/Hu
MUHW yuyH, (42) myHOcabatgaH aca / mabiym 6ynca V Hu
mMHHN yuyH dooiiganaHnl MyMKUH.
onpay Kunannmk, Tacoagudunii Npoekuns KatTaamk (MyK-
MH" kniimatnapm HopmMan TaKCMMOT 6unaH aHNKOaHCUH:

/(/) =2n(0 =" e " 2/2.

V V Ta racogudmnii BEKTOP Y3YH/IUTU KuiimaTtnapu 3,\Tumosn-
aulur Hrinurm U (42) acocmga Kynmmpgarmya aHUKgaHagan:
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By MakcBenn Te3nuknap TaKCUMOTU KPHYHUAUP.

2.3.7. TAMMA-3UUYINK
rammMa-gyHKUMS
f(v) =J x'-'e-xdx (44)

yHTerpan udoga bunaH aHnkgaHagu, yHgav =0, 1,2 ... Oy
TYH COHMap yyyH T(v+ 1) =Vl Ymymuin \onna aca, v MMKAOP
(O, o opanukga ysrapraHga, (44)Hu 6ynaknab VHTerpa/vum
opkom aHukgaHagn: f(v + 1) =v f(v) f (i ramma-anunmk

flu,(X) =- ™ P 'X'-'e-pdx (45)

dopmyna 6unaH aHukgaHagw.
FraMma-3nunuknap MUrnwTMpmMa onepaumscura Hucbanu
énuy, AbHU:

(46)

2.3.8. XAPAKTEPUCTUK o YUNKLUWNANAP

Tabpudg. Tacogudnii kKaTTanuk (MMKLAOP) 3\TUMOINK
napw 3nunurn /(x) ra ara 6yncuH. by \onga \ak,Mkuin Kana
MK (MUKAOP) YUYyH [OX) 3UYAUKHUHE XapaKTepUCTUK qiynK-
unsicn < kynmpgarmya aHvukKgaHaawu:

<P{2)= \] eiixf(x)d x (47)
eKu
) = <ec>, (aH)
PaBwaHKK, yMyMuii *onga
#E) = n(l) +#(§) (43

M acana ramma-TakCUMOrHUHI XapaKTepUCTUK DyHKLN 5
cn <) HU aHUMaHTr.
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2.3.9. KYN APTYMEHTAM TAUCUMOT ¢YNKUHANNP

TP meuta Tacoamndmii KaTTanukaap XV XV XV ... ra6oTunk
hm. ,1111mr sxtumonnuknapy d\V(xv x2...) kyiingarnda eav-
MHVM MYMKUH:

dW(xt,x2) =f{x,, x2)dxtdx2,
dIV(x,,x2,x}) =f{xxx2x})dxtdx2x};

dIV(xt,x2,...xn) =/ (X, ,X2,.. X,)dx,dx2..,dX,,.

IS,, X},..xnTacogmduin kaTTanuknapra 60TmnkK, mypakkab
|«i nMi(Jmii kaTTanuk L (T, X2..Xr) HUHI ypTaya Kuimatu
(W'mrmtm)

J L(xi,x2...,x,)f(xI,x2..,x,)dxldx2...dxn (51)
(¢1..*n)
m(HMLL, BunaH aHMKNamagu.

<[Vpa3 umMnannmk, Tacognnin KaTTannk yd ynyoBan (Sbmu
y.r. rracogndunii Kattanmknapra 60TuK) 6ynCcuH. Y Xonga:

dW(x, y, z) —AX>. z)dxdydz. (52)

<lii loMHiir mabnym kKucmuga aHmegaHraH TakCUMOT (PyHK-
" HU, y, 2 H1M romuw yuyH (52) Hu dxdydz "ky6"nap
HIlii'i.i HHTerpannaw 3apyp, AbHU:

W x,y,r) = z) dxdydz. (53)
n
(Dr)) wbogapa AekapT KoopguHaTanap TuanMugaH chepuk
H|pMmMMaranap TMsumura ytannmk. Y xonga:

i/li/(x,y,z) =dW(r,0,(p) =f(X, Yy, z)dxdydz =
o f(r,V,4)\M\dOd(pdr =f(r,&,<p)$\n0d0d(pridr.



By ndogaHn bypyaknap 6yinya nHterpannab, Yynk”™aH mudogn
Hu d\V{r) 6unaH 6enrunannuvk:

| jdIV(r,e,(p) =d\V(r) =rdrj J f(r,0,(p)s\nOcf&d(p =
P
=(p(nNAnrdr =<p(dV =y/(r)dr.

ByHpa dV = 4 nt*dr pagnycnapu r Ba r+ dr 6ynraH WKKH
c(])epvik cupTopacugaru anemeHTap \axm.

YMyMuii \onna Kyn apryMeHT/IM TaKCUMOT PYMKUUACHMN
€K1 Tacoauuii KaTTaIMK MOMEHTUHU Tonuwaa ¢ a 30H 1 dxft
dx,....dxn"runepky6" napra 6ynuoé, wynap 6ynnya mnHTerpan
nab aHMKgaHagy (byHaalh ycyn KaHOHUK TaKCUMOT QYHKLLUS
[aH doiganaHraHga ydpamgn, KemmHru 6o6ga 6yHm kypamm O
€Kn hasoHn rmnepcdepanap épgammga d\vVn= cnr'~'d r anemeH-
Tap \axmnapra 6ynu6, wy \axmnap (ékn paguyc Kuiimatnn
pH) 6ylnya nHTerpannab aHmkgaHagm (6y kon Mukpo”onart-
NapHUHT 3HEPIrUAHUHI KuiiMatnapu byiimya aHMK4aH vwm 6u-
naH 60rnvK, Macananap KapaaraHga yypainamn).

[l BOb
MYBO3AHATAOATVN TU3NM
MMNKPOXOJTATNAPN TAKCUMOTN

3.1-8 KnPrnm

MabnyMKun, TaKCMMOT (YHKLUACKU EKN 3UYNNK onepaTopu
YUyH JInyHUINb Ba HelimaH TeHrnamanapv masxyn. Arap
31IM TEPMOAVHAMMK MyBO3aHaTAa EKn CTalvoHap KonaTtaa Gyaew,
6y TEHrNamanapHU raMuibToHnaH //(/;, ) HAHT UXTUEPUIA hyHK
umsacu/(//) kaHoatTnaHTupagn. lemak, ctaumoHap € Ku MyBO3/
mat \onaTHu TascudnaigmuraH TakcumoT ((PYHKLMACU N N NXTUC-
pwin/(//) byHKuMsnapgaH TaHab onvw yyyH anbéartTa TU3uUMm
HUHT Kojlatura Ternwam, KywmmMmya MabiyMoT 3apyp.

MyBo3aHaTaar \oNaTHUHITaAaKCUMOTHPYHKUUACUHU aHUK
naw y4yyH aeean mé6c (1901), keiinH TonmeH (1.938) Tepmo-
OVNHaMMK MyBO3aHaTAaru sikkasiaHraH TU3MM MuUKpox”onatnapu
TeHr a\TUMoIIMKNapra ara, gevnnirad papasHu antagunap.

TabUNKN, TUSUMHUHT TawKy My\uUT 6mMnaH 6ornaHuw \i
pakTepura Kapab, aumkgaHuim no3mm éynraH TakKCUMOTQYH
Kuuanapu \am \ap xun 6ynagn. MacanaH, skkasaH ram Tusum,
AbHU TalWKy My\UT 6unaH ysapo Tabcupga 6ynmaraH Ba, fg-
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Wi turpi nsicn Ba 3appasiap COHM JOMWIA BynraH Tu3um \onatu
MUKPOKAHOHVK TAKCUMOT Aeb atalyBMU TaKCUMOT (yUK—
LM< KNPUTUNAAN.

IV.ui \onnapna TMsum Tawku My\uTt 6unaH y3apo Tabcmpga

T in, Mblin YHM MyT/aKo sSiKkasalwl MyMKUH amac. Arap kapa-
YK MU TU3MM Tawkn Mmy\uT 6munaH gakaT aHeprus anmMalinHa
HT 1 #1u y énukbynca (byHaai TM3MMHU agabnétaa KynmH4ya
N1 my\uT (TepmMocTaT) 6unaH NCCUKAWK KOHraktuaarm Tu-
wn uMaranagn), byHoam TUSUMHUHI MUKpPo\o/aT/1apuy K a -
KUM HK TraKCc MMOT (DYHKLMACU OPKaUIM aHUKNaHaau.

Jwip TM3mMm Tawkm My\u roéumnaH \am aHeprus, Kam mMoaaa
(MppaHap) anMallnHa odca, YHU O4YuK Tn3mm feb atanagw,
HuM.in IN3UMHUHT MUKpO™NOnaTh KaTTa Ka HOH MK Ta KC U -
Mu | dyHKUMscn 6unaH TascudpnaHagw.

bkpuHun mMapTa B. TM66C cTaTUCTMK aHcamb/b acocnaa Tak-
I ymn| (])yHKUmMACMHM aHukgagn. byHaa myBosaHatgaru \onat
(k| nmar cpyHKLMsICK thakaT TU3MM \apakaru nHTerpaniapu —
mMMOMankKaH, UMMyNbC Ba MMMYNbC MOMEHT/IapuUrarmHa 6o +-
Uih, HYHLWUN MYMKUH.

KMpOK TakCUMOT pyHKLMACKU, Xymaaaan, TMOOCHUHT ka-
L|.HT rakcumoTW, MaTeMaTuK HyKTau HasapfaH KATbUA uc-
ini KK wHMmaraH. (MacanaH, AhnseHwuny [7], 3ybapes [51Ba
mHVM iapra kapaHr). Maw\yp snoH dwusnrn P. Ky6o cratmuc-
fti* dm Wwka acocugarn kKuinHUYMIMKnap \akuga:

"AnnkgaHnap opacuga pmnsmka etakin YpUHHN aranian-
<l | [.MNCTMK MEXaHVKA 3Ca YHUHTI acocui 6ynnmiapuaaH oupu.
WM 6us, ctatnctmk mexaHuka acocnapuaa 6mp KaHuya Hoa-
(LUKk wknap 6op, aeb aiitcak, 6y yKyBUMHU \aipOH KunagH Ba
m#*KybnaHTupagun. JICKMH, a\Bon \akmkataH \am wwyHgai"
OHUK OHKPHW ainTraH agn [4).

MHWUNYMKW, CTaTUCTUK (hrsmnka ycynm 6unad \ncobnaHraH
LHUM.MnNaptTaxxpmnbana KysatnnagHran peas kaTtamkiap Kuii-
lill i.ipiira moc kenagn. LWWyca6abnwn, ctaTUCTUK hmsnkara 6a-
VKN MHraH agabmnétga Mo6c TakCMMOT PYHKLUUACUHUHITaO-
fttlHitia reTnMGop 6epunagn. bus aca Kympa (wy 6064a) ctatn-
*TK (pu3snka ycynmHm Ba y 6unaH 60rnmMK TakCUMOT
PYHKLUMACUHUHI KYPUHULLIAPWHM acoc/allra acocuii astméop-
k1 | aparamms. BusHnHrya, 6y macanaHn my\okama Knnamuw yc-
MyOM/A HyKran HasapiaH \am Knsmkapnamaup.

Mabilymkn, N Ta 3appagaH néopaTr TUSUMHUHI AUHAMUK
MUKPOCKOIMHK XpnaTn 3appasiap \apakatu TeHrnamanapu (Ma-
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canaH, Knaccuk MexaHukaga FamunbTOH TeHramasiapu mu
KBaHT MexaHukacuga LLlipeauHrep Tenrnamacu) acocnaa aHUK
naHaan. CTaTUCTUK (h13MKaaa TUSUMHUHT CTaTUCTUK MUM 1
xonatu JInyBunnbTeHrnamacu éunaH taBcudpnaHagw.

MyBoO3aHaTgaru ctTatTucTuk usmkaga JInyBunb TeHrNaMH
CUHU KaHoaTNaHTUPYBYN UXTUEPUIA yHKumA J//) Hu W ....
KOP KYPUHULLMHW aHMKAaw 60w Macanagup.

B. M'm66C cTaTCTUK aHCaMb/1b TYLLYHYACUHWN KUPUTNO, YLIMH
acocuga///) HUHT OWKOP KYPUHULLIW Y4YyH

f{H) =%e-pE G

ndogaHn é3an. byHaa // = ETUBNMHUHT TyMK3HePrunCU(]|
Ba Z 6epunraH TM3UM yuyH AouMuiA napametpnap 6ynmb, kp
MOAVHaMKKa MyHocabaTt/iapy 6uniaH Tak,K,0c/all Ba HopMa i.rH
LWapTn acocuaa

P = VKI\ Z= exp(-/?/) on

aKaHAUTM aHnugaHaamn; F — TUSUMHUHT 3pKUH 3HepruyeH, /
YHUWHTI TemMnepartypacu.

CtatucTuk msmnka haHu spaTtuamiwnaa aHcamobib TyTyum
Yacm Kuputunuwm Ba wy acocga (1) ngpogaHNHraHUKANTHHH
dyHaameHTan a\amuaTra ara 6yncaga, (byHaa P. BuHep Kuwwm
MeXaHnKa Ba HUCOMMNUK Haszapusanapy Kawd KUWIMHUMHHMH
yetyn kysan [8]) (1) nogaHn acocnawaa, macanaH, TepMOsH
HamMuKara Mypoxaat KUJINHULWIKN Ha3apUAHUHE MaHTULMA *H =
XaT[aH MyKam Masl aMacnuruaaH ganonat 6epagw.

XaKu KaTaH xam, CTaTUCTUK (h13nKaHN acociallfa KyLwmHn
HOaHMKAVKNap Maexya. 3ybapes [. H. alitraHngaii "/liucamm n
Ha3apUACUHN SpaTULL Ba O/IMHIaH TaKCUMOT hYHKLMSAMPUN
acocnall Mypakkab Ba xp3upraya Ty/sa ednnmaraH Myammo/Lup
XaTTo, 6V aHUK,eunM KaHaalh gapaxkaga MyMKUHUTA Noaunk
anp". [5, 27-6eT).

Bu3 wy epaa Tabkugnialimmsku, rapum Mo66¢ TakcmLn
PYHKUMACKU, Ha3apuii-MaHTUKUA XUxatgaH KaTbuil To Ly,
KnNnHMaraH éynca-aa, OYHUHIypuHAW 3KaHIUIUra yHaaH m
N6 YMKaguraH HaTuxanap TepMmogmHaMmuKka MyHocabatiapuik
MYBOMOUK KeNnLWIN Ba, AeMak, Taxpuba HaTuxanapura MT W”
NV 6unaH kaHoat \ocun KuanHap sgwn.

WyHpanm knnmb, M'mb6c aHCcaMbiM Ba YHUHT acocmaa LuULL)
CUMOT (PYHKLMANAPUHW acocnall KaTbuid aiTuiaraHaa, y w i
Kecun, Tyna xan KuanmHmaraH macanagup. (K (4, 5, (), 10 ot
&4

JNowkanap). FOkopnaa antunrad cababnap Tydaininm, nHpopma-
LM Hazapusicu TyllyH4Yanapura TasHmo, LLeHHOH copmynacu
h IHWOAa cTaTUCTUK PU3NKAHUHT aCOCUHU KYPULL, TAKCUMOT (oyH—
WumnanapuHn acocniall MyMKUH 3auM. AMMO By iynHM pyébra un-
1jjillina yeny6uii xxmn\atgaH KninHunnukaap 6op sgw.

Bu3 cTatncTmk msmnkaHn acocnawaru 6y KWAMHInMnnKkaap,
HovHukavknap Ba ycnybuii KWAnMHYUAKnapHu 6aprapad sTuiL-
IH \apakaT KuIamK. bollkava anTraHgaa, CTaTUCTUK (hr3mka Ba
| tol He TIMK TepMOAMHaMVIKa acoc/iapyHv \aM Hasapuia, Xam ycry-
ihiil >)xu\atgaH MykaMmmannawTmpuLLra ypuHavk.

3.2-8 AKKNNANTAH TU3UM.
MUKPOKAHOWMWNK TAKCUMOT

Fabpudpra acocaH, skkanaHraH TUSUMHUHI 3Heprusacu E
HA Mppanap coHu N goumniigup, SbHU:

E =EO=const, N = const 1)

By xonga Mykpoxonatiap SXTUMOINKIAPU TEHT SXTUMOS-
HlcTtatuctmk Mmmkpoxonarnap kabw aHmkgaHagn: Wx= Wl=
m. W. Hopmanaw wapTu:

(2

By ndopanaH

BHpya MuKpoxonatnap yuyyH 6ump xun éynraH (3) TakCumoT-
M1 HUbI/LUAHOHWK TAKCUMOT Aelinnagn. HTPONuUs aca sikka-
HaHran TU3Mm yuyi

* W =- g (ili) =IN..i -X @

Hhoga 6unaH aHUKgaHaawW.
TUUMHUHT MWKPOXO/SIATUHN 3HEPrus LuiAMaTu OpKau

HHUKO@HraHW Ba 3Heprus akaT 6utta kuiimat E - Ea Hu
KMOYyN KWAraHu Tydannm TU3UMHUHI 6yHAalh MUKpoxonatu
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6utTa 6ynaan Ba yHuHr a”tumonnurn d\V(E) yanykcms \on
y4yH

dW{E)=d(E-E{dE 5)
ngoga 6unaH aHukgaHagw; 6yHAa 3\TUMONMMKNAP 3UYIUTU

O(E - E()) OnpakHUHT aenbTa-gyHKUMacuamp. Hopmanaw
wapTun

J dW (E)=\8 (E - EOQ)dE = (6)
®

KypUHMLLITA 3ra.

3.1-macana. AkKanaHraH TU3MM YYyyH HOpMasnalwl LapTu
=1 Ba aHTponusa udogacn S = In OaH doin-
JanaHnt MUKPOKaHOHUK TaKCUMOT (PYHKLIMCUHW aHUKAAHT.
dcn at ma: MysosaHaT \onaruga S MakCuMyM K,uimatra
3ra eay y3rapmanaun. E 4 n
Hopmanaw wapTtn Ba 3HTpoOnNusa udoganapn Bapuauus-
NapuvHN 0NamMms:

<5X~" =0, (2
|

55 =-<5£/~ In¥, =0- £ InWfinWt =0. (2

/ i

(1) HY JlTarpaHXHUHI HOMab/lyM KoajphuLmeHTa a ra Kynan-
TUPWG, CYHr yHN (2)ra K$Wnb, KynngarvHn onamm3a

AN (a-1nX,.)<5X,. =0. 3)

Wi nxtnépuii yarapradga (3) garv TeHrIMK 6axapuimiim yuyH
AW, ongmparn KoschduymeHTnap Hoara TeHr 6ynuwn wapT,
ABHU

a-InW.=0. (4)
6ynuwmn Kepak. byHgaH 6apya \onatnap yyyH

)

Tak,cumor yHKuUuacuHu onamms. W. HM Hopmanawl wwaprura
Kyamuns:
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/ ! i

lhiiinni v"iiiuiap coHn =£1, YUYYH

MdH'MHM iim mii i; NCMakK.

(6)
w mid1l WinimiiH1r \ap 6up mukpo\onatga 6ynuw s\tn-
.......... I, mykpo\onatnap 3a\TUMONNMKNAPU Yy3ap0 TEHr
Qt VIHH Nun yuyH, MmKpo~onaTtnap COHUHUHI TecKapu Kuii-
M<e=1| JI( |1 reHr. bowkaya antraHga, 1Hu Mukpo\onatnap
....... \, 11 6ynn6, mukpo\onatnap a3 tumonamrun Wi tonm-
eum kMI', MUKPOKaHOHMK TAKCUMOT YUYYyH acoCuUii MaTH-
NUt" nllH i.llN onammns. (6) HM aHTponua udogacura Kymno
M H NyMm ncogamm onamms:

S =IniVv,.
I | ft KEPK TU3UM. KAHOHUK TAKCUMOT

| H puh 6yinua, 6epk TM3MMAa 3appasnap COHU y3rapmMan-
Ly iii.m1 N const. Tawkm TM3MM 6unaH kapaiaétraH TU3NUM
Kin....iii OynraHu Tygainum yHuHr E aHepruscn (0, <») opa-
M 11\ H Ipvi M MyMKUH. TU3UM TepMOAMHaAMUK MyBO3aHaT
LIM.H iiHy naHOa YHUHT ypTaya sHepruscu, b UYKU sHep-
N1 n

UrE,W t @
mvivviv Gyriaam.

ltyl/Wi rM3MMHUHT MUKpo\onaTnapu 3KTUMOMMKAApW
feir 1 nm i PYHKLUACHK

®)

V<\1Lii i \on 6ynraHga aca TakCUMOT (PYHKLUACK

OE) =i e-*£ ©)



3KaHAUTUHN BUpUHUYN 6064a aHuKgaraH 3guk. (8) éku (9)
KaHOHWK TaKCUMOT aeiivnaaun. byHaarn Homawaym Zimur ugo-
[JAaCUHM HopManall wapTu

SA=| (10)

[aH aHuKZgaHaaw:

Z ="e-fifi
/
Z —CcTaTUCTUK MNTHAM (MMKpo\onaTtnap ys/yKcua ysraprar
\onga cTaTucTuUK uHTerpan) aenivnagn. VIKKMHYM HOMabiym
KoahpunumeHTy? Hn (7) gaH aHuKgaHagu.
3.2-mac an a. bepk TM3MM y4yH KaHOHUK TakKCUMOT (DyHK-
UMACUHK Tnb6e hopmynacu

5=-£/.14 W, (n
#

MYKN 3Heprus udgogacu (7) sa Hopmanaw waptn (10) udo-
JdanapgaH coriganaHnb aHUKIaHr.

Eunw. 1.AHbaHaBuii ycyn. MyBo3aHaTAarnxpiatyyyH
(7), (10) Ba aHTpONUA 5 HMHI BapuayunsinapuHn oamob,

0; (2)
/
5 § N =0 (3
<FH=-<5£ In~ In IV'SIV' =0 @)

TeHrnamanapra ara 6ynammna. (2) Ba (3) HM HOMab/AIyM KO-
thmymeHrnap (i Ba a ra kynaitnpm6, cyHr (2), (3) ea (4) Hu
KyLino,

X(«-1nW/,-/3£-,)<51N/=0 = (5)

ndogaHn onamma.

W: nxtnépuii ysrapraHga (5) TeHrNuMK 6axapunuim yyyH
KO3(hUMEHTAap HoAra TEHT ByIULIN WapT, SbHA
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a—InW7-/PE=0 (6)

HyW |Irjuh byngan m3naHaétraH KaHOHWK TakK,CUMOTHWU
MmN |

W, ==-eH (7)

NM..
=e (8)
n*.... . M kIplii Inan. KaHOHUK Ta”\cMMOTAArn MKKUTa HoMab-
u ... I HewT Z (Ekn a Ba /] HMW HOpManawl WapTu Ba

WN» <Mpi na mndoganapvgaH goiganaHnt aHuKaaHaaw;
| nn. €hi (7) HXW HOpManaw LwapTuUra Kymmo,

9

NUHMH o MM 3. (I HU aHUKAAWHN KEMUMHPOK, Kypamua. (7)
HV HM 1 HK-prusi udopgacura Kysmms.

—Ne =- Ei |_ _d\nz
/e = ad 5N

lit Milk,

—_ d\nz

u D e (10)

HNW .Tpoumu udogacn (1) ra KysMus:
S= ~ <\nW>=fi<E> +InZ.

1 Al*muk.
S=pU+\nZ. (12)
i Him un ycyn. KBasuctatuk (MyBo3aHaTAarun) xxapaéH-
H<4 \i\ii HOpmanaw waptn ~u”™ =1, aHTponua wmndogacu
\ V Il Ju W7 Banuku sHeprna U =V E Wt HUHry3rapuiu-

o /
*YTUL, C LWANNK:
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0= (12)
/ i

dS =-~"nWtdw,, (13)
/
dU =Yj WIdEi +Yj E,dWI. n)
/ /
SHeprus y3rapuwiapuHUHE (KamMainwinapuHUHL) ypTa-
yacm -~ \VIdEi =- <dE > T1M3um TOMOHMAaH GaxapwuiraH

dA nuirrf TeHr, abHM - <dE> = dA. LlyHra 6uHoaH (14) Hu
Kbaiita é3amMu3:

YJE.dWt =dU +dA (15)
/

TepMOp,I/IHaMI/IKaHI/IHF 6I/IpI/IHLII/I KOHYHUHN é3amMmn3:
dQ=dU +dA. 16)

(15) 6unaH (16) HM Taknocnab, UccUkauK mnogacMHn ona-
MU3:

dQ =VYj Eidwil. 7)
/

(12) HM a ra Kynamtmpmb, cyHrpa yHu (13) ra Kywmo,
MyBO3aHaTAarun xapaéH yuyH

ds ='£(a-\nWdWi, (18)
/

TEeHI IMKHU 0/1laMu3.
MyBoO3aHaTAarn xapaéHgarn Uccukgmk mmkgopy dQn Hu
dS ra TeHrnawTMpuLW yuyH, yHu /3ra Kynantmpammns*, ssHu

dS =pdQl) ='£ p EidWi. (19)
|

(18) 6unaH (19)HM Taknocnab, KyingarnHu onamMms:

a-\nyV =fiEi

* BepunraH TU3MM Y4yH LWyHAaW P KynawTyBYH (MaTemMaTuk HyKTam
vasapgaH LWyHAal WHTCrpasiioByYM KynalTyBYH) MaBxypn, Ae6 K,;\paiaw.
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H MHN W KaHOHUK TaKCUMOTHU
MMIAMMA |

M miu 1(in. Mnkpoxonatnap TM3num

3.1-paem.

il jfiiinii pagnycnapn E Ba E +dE
th uh in kU rUNepcdepa 6nnaH YeknaHraH afieMeHTap Xaxv-

7011-..... . WpdaH bupuaa 6ynnwn aXTUMON aHUKOAHCUH (3.1-
MM

I 'IHiIn VKK rmnepcdepa opacugarn afnementap Xaxmaa

M/ ®H |in MuKpoxonatiap coHm dn ra TeHr 6yncuH. by xonga
ni Hi........ pi nsicn E HUHT KuiimaTn paguycnapu E sBa E +dE
............ HArpcdcpanap 6unaH YeknaHraH aneMeHTap Xakm-
M|H lIn ywntnapgaH uxrvépuini upuga 6ynuw 3XTUMOIn
[IM1 /1 wnhi ini noctynatra acocaH dn ra nponopLuyoHan, SbHU:

d\V(E) ~ dn(E) %)

Inhim XcprusacuHumHr kuiimatnapun (O, E) opanunkga
anu HU  >\tumonmrv P(E) HM aHmknainuk. Tusmm sHep-
J.vnu (O, E +dE) opanukga 6ynmacinkK aXTUMOIIUTK

N <'ll )ii redr. by P(E +dE) dyHkumamm dE HUHT ga-
10# | 1pil 6yinua KaTopra esnnk:

P(E +dE) =P(E) +~"dE +.. (2)
nm..... M TMOHAAH, aHeprus kunmatnapuHudr (O, E +dE)
ttpi......... . Ivacnuk axtumonnuru sHeprusHuHr (O, E) opa-
[0 NN \ IMacnm k axtumonnuru P{E) HUHr Wy SHeprus Kui-

.............. (/', E +dE) opanukga xam 6ynmacnvk 3\TUMOs-
IHn /1| kynahTmacnagaH néopat, SbHU:

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

9 MHUYN WNKNAPHUHITEHTTAKCUMMAHULLN XaKnaaru acocui
UM» ' MHW OGMHOAH 3Heprust KnimatuHumHr E, E +dE opa-
Mu it i\ umn axTumonnurn dE ra mytaHocu6. LUYyHUHTYYyH
P+pdE =1 4)
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byHga /?aHnKgaHUWKM 1o3uMm 6ynraH "Macwtab" napametp. (3)
Ha (4) paH:

f\E +dE) = P(E) — f\E)[idE. 5)

(2) koTopaa 6UPUHYN MKKUTa >gn 6munaH derapanaHub, CyHr
yHM (5) 6unaH TeHrnawTupcak, Kyhingarn TeHrnamaHu ona
MU3:

byHOaH
f\E) =Ne'T-

TEHIIMKHW 0namMms. Y3yHauru Honra TeHr é6ynraH (O, E) opa-
JWVIK, TUSUMHUHT By/IMacnnrin Mykappap BoK,ea KucobnaHaan. My-
Kappap BOKEaHVHI 3\rT'MMOJIINIY, Mab/lyMKW, GUpra TeHr, bl
J0) = A= 1 Jemak,

P(E) =eR . (6)

WyHpan ko6, wnanaHaétraH a\tumosnnuk d\V(E) a\tumon-
NMKIapHU Kynantmpuw Teopemacura acocaH, dW (E) ~ e-firdn
€Kun

dIV(E) =-Le-pfdn 7)

ngoaa 6unaH aHMKgaHaaW; Z — napamMeTpHU HopManall Lap-
TaaH Tonunaan. (7) AaH 3KTUMOJIIVK 3UY/IUTU — KaHOHUK
TakcuMoOT pyHKuumsicu J[E) yuyH

f(E) ==xe-pE (8)

ndgogara ara 6ynamua.

141 30\. A\rumonnuknap munnrn ngogacuaar TM3SUMHUHC
TYVK, 3Hepruacu (raMmmntoHuaH) E ymymnalwraH koopamHa-
Tanap gr gr ... Ba ymymaaliraH nmnysscnap pr pr ... ra 6ornk.
abHU E = E(p, g). CTatnctuk usukaga ymymaaluiraH Koopau-
HaTanap Ba ymymawraH vumnynscrnap (Kuckava ynapHu g, p
6unaH 6enrunalimmns) Ba, gemak, E(p, q) raMmnbTOHMAH Taco-
ancdunin karrannknapgmp. LWyHuHraoek, dn sHeprusi E ra Ba,
aemak, (p, q) ra 6ornvk, asHM dn(E) ékmn dn(p, Q).
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| <y InkemmoT pyHKumscugarn Z Ba macwtab napa-

o/| I WULMHNLW repmoguHamMmnk \onarmra 60TUK, TU3UM-
M/* po~onatiapura, SbHU ymMymaawiraH kKoopauHarta-
YyMyM'KHUFaM uMnyabenapra 6 0TUK GynmaraH kartta-

LWMHWP

» 1 »n\ (Miuctmk dmnsmvkaga BHn ¥/ KT rateHr aeb kabyn
mfmi'Mii, 6ynga K — BbonbumaH goumuiicu, T aca TU3UM-
IlInH (| n.nuH wkanacnaa onuHraH Temnepartypacu. by \onga
IItiiH'i nH1 up TakcumoTn dyHKUMAcKU (8)

f(E) =xexp(-E/KkT) 9

lif =...hi.i kenagn. (9) KanoONUK TauenmMoT aennnaau.

Il OYNK TUSNM. KATTA KAHOHUK TAKCUMOT

| IHK, in WUMHMHT Tabpudra Kkypa, YHUHI aHeprusicu E Ba
AP Tpu coHn N y3rapuim MYMKUH, SbHU ynap OOUMMIA
WIMiillHii'iap AMMO ouuk Tnsum TEPMOAUHAMUK MyBO3aHaT
WhHHi.i 6ynca, yHUHr ypTada aHepruacm (MYKM 3HEeprusacu)

(10)

MPPHLIPHANT ypTadya COHU

<N >=YJ] N¥W> ()

LonpmHHAW.
| «nn. in wm yyyH \am asBanru ycyn éunaH E. Ba N. napra

MUMUK. INMKCUMOT PYHKLMACUHNHT
| —PW-=nNi)

Z(U,<N>) (12

*u1...hi nihi ONINW MYMKWUH. ByHAa /<, iHa 6UTTa HOMab/yM
..... MHuwcenT 6ynm6, y (11) ngoga acocmga Tonunaan; Z sa
| HM HOpManaw wapTn

=1 (13)
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Ha NYKM 3Heprusa ndoaacn (10) gaH donganaHmbd Tonnnaam
MacanaH, (12) Hn (13) ra Kyimb KynngarmHu Tonamus:

ZU,< N>)=~ e-PE-WNi) (14

(12) HM KaTTa KaHOHWK TauClWMOoT yHKUMACU aeivnaam
Z(U, <N>) HM 3ca CTaTUCTUK WNMVMHON peinnagn.

BM3 rmsmm 3appanapy CoOHW (EKM 3PKUHAVK Aapakanapuv
COHW) fonMuiA BynraHa YHUHT 3HEPrusacu KniiMmatiapu Tak-
CUMOTUHUN TaBcudnanguraH KaHOHUK TaKCUMOTHU KypAauK.
AMMO amanga hakaTrvHa aHepruscu amac 3appasiap COHU Ba,
OeMaK, 3pKUHNK fdapaanapy COHW XaM ysrapaguraH Tu-
3mnap xXam ydypanam. MacanaH, CylKIUKAaH 6yFra Ba 6yF-
[aH CYIKAUKKa Mosekynanap ytnmé Typuwim MyMKUHKWU, Cy-
IOKAVWKHN XaM, OYrHu Xam 3appasiapy COHW y3rapyBuu Tu-
3nmnap geb Kkapamwm MyMKUH. /TU3NM TallKu TU3UM GunaH
3appanap anmalimb TypcuH. Talku Tusum bunaH eupnukaa
6epK TN3MM (Xycycuii xonga, skkanaHraH TU3um) XOCU KAi-
CVH. ByHpan 6epK TUSUMHUHI MyBO3aHaT X0sfaTh y4yH KaHo-
HUK TaKCUMOT YPUH/IN:

/(E) ="eNE (15)

ByHAa Z — ymymMunii 6epk TU3MM YuyH Xam, 613 kapaéTraH
JTU3MM yuyH XaM yMyMuii napameTp. Ezamua:

ByHga £ =0 —PVaggutme pyHkuma F = F | 6ynpan:
E=d-PK. 17

F., ®.Ba K — kapanaétraH i 04MK TUSMMHUHI MOC pasuLIaa
3PKMH 3HEpPruacu, TepMoAMHaAMNK NOTEHLMANN Ba XaKMUOAH
nbopar aKaHMHN KeMNHPOK Kypamms.

YMymMunii 6epk Tmsum aHepruscu E, 3appanap coHn N Ba
YHUHI XakMun V Kylingarnya aHukgaHagn:

E = = (18)
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H ||t/in in wWMYyanapHWHI y3apo TabCup 3Hepruscu ,\mcobra
Hit hi Myuvo3aHaT ~onarga XMMuUK rnoTeHuvannap

Nx=f,2=...+fir..=/i (19)

VH MYHHU H.TM6opra onm6 Ba ® = N./i. = Nth Hu ~ncobra
Hih vmymnl rakcnmoT dyHkuusacu J{E) yuyH yw6éy wmdo-
ptin »I'iMin:

f{E) =cxp[2(»>NI-Ei-PVI)) =
i
«WH>K«AT ,-£e)I= (20)
14 HA
Y =e\p(-pPV); PV =d\nZ. (21)

m |i 1'v» 11 A/Y3rapyBun geb kgpasica, HopmManawTupuLl Lwap-
BU,.W 1K 11 KAHOHWK TAaKCUMOTAArn CTaTUCTMK UHTErpas (EKu
§|||HH mi / yuyH ywbéy ucdogaHn onamma:

| /7 mX 11 je~ptNdn(p,q) =
NO N©O
(22)
thiinii ynykcuns \on yuyH:
ZN =je~pE'dn, (23)
V»i YUYH:
ZN= , (24)

1
\ hi wppagaH néopat TUSMMHUHI/-\onataaru aHeprus-
mi 1'in ndogaHn KaTTa KaHOHUK TaKCUMOT geinnaau; (22)
I "wn HAN YUK TU3UM YYYH CTATUCTUK UHTErpas €ku
#Hhrhi>m nnnnagw.
» \ MW wia. OYMK,TU3NM yuyH acocuii matHgaru (10), (11),
(I < w1 HNponHA ndogacn

Y=-£ 1 'Tn. (1)
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OaH chonganaHnb KatTa KaHOHUK TaKCUMOTHU aHUKAAHT .
E 4 v w. MyBo3saHatgaru \on yuyH

SU =S~ EilVI =0, @
/
S <N =>=5%Ej NIVt =o, (3)
i
o, @
SS =S J[TW7InW = In Wfiw, =0 )

TCHrnamanapHwu onammni. by (2), (3), (4) TeHrnamanapHu Ho
Mab/ym KoadumumeHTnap/3, ~PL, a ra Moc pasuLlaa Kynan-
Tnpno, (5) HM \am abTMbopra oMb, Kyhingarn ymymuin ngo-
[aHn onamun3

£ (a-InllL -PE, +fyiNAW, =o0. ®)

AsBanirn 1, 2 macananapgarn kabw, oyHgaH W. HM aHuL-
naimms:

®

(7) HM KaTTa KaHOHWK TaKCUMOT Agelwnnagun, dyHaa

j= (®)

Genrvnawl KUpUTUNAU; HOMabyM KO3(hUHUCHTNap p Ba A
(10) Ba (I1) wapTtnap acocuga Tonunagn. (7) Hu (13) ra
Kynnb ctatuctuk mmrnHgn umndogacnm Z Hn onamuni. (7) HW
aHTponusa S ndogacura Kynd, mysoszaHaT \osaT saHTponusicu
YUyH Kyhngarn vuogaHn onamms:

S=  Wt(-InZ-pEt+fytN,)=InZ +PU -Pn<N >.(9)

3.5-macana. TepmogmnHamuk rnoteHuyan ®yyyH
® = <v=>=U-0S+PV (10)

naH cdonganaHn6, PV =0INZ TEHINMKHU UCOOT KUUHT.
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Ip umii w.pudrra k™pa,
rli~Vilhin\V, <InW(>=-<-InZ -p(£,:-]jUv,) >=

pIn/ »Neff,>-L1/,<v, >=InZ+ /3Y - /30 =
lift/ =flu 1I{U-OS+PVy,

#e In/ | pos-ppv.
I~iniiA | Ocmak,
/M=98InzZ

* A MHeujiii. AKKanaHraH rmsnmMga nykmn >kapaéHnap (maca-
MM o i\I lyaynanap), "peakuusnap” Tydaiinm "Tyaunuwnap”
n JHVK wwknap), "6ysunnwnap” 6ynnéTypmwn MyMKnH. by
liiiihi TMMH xapakTepnoBum "kucmnap" ("Monekynanap” ékn
IM[I'] Il Tywnran "kKomnnekc" monekynanap) COHW y3rapmb
I] lii I Hly ry<])aiim TU3MMHU XapakTepsioBYn "3pKUHNUKOA-
LW* iiipn coHn" v \am y3rapu6 typagu. AMMO TU3UM TepMOan-
LLKHH My HO taiiar \onatuga 6ynraHga 6y Vv COHHUHT ypTadacu,

H4ll
/ (m

M.||H.nlin Tnamm mukpo\onatnapu a\TIMoNANKNapuHNHI

mftvH i | LKCINMOTVHA aHmKkgaHr.
| yii in flkkanaHraH TU3UM Y4yH YMYMUii ndoganap mab-

£~ =1 (12)
~X~AIn V-5 13)
/

M\ no wmnatgarn \onat yuyH:

<5X~"=0, ()



5<v>=3Y'yM =Q (15)
|
-SAW /Nl =SS =0 16)
/

TeHrnmknapra aramms. (14) HM HOMab/yM KoadhduuymeHTa |;i
KynaiTupamus.

(') HM ékun (15) HM HOMabyM KO3ahpUUMeHTra Kynaitn-
pnb. cyHr <v=> Ba v 6unaH 6enrunawl MyMKWUH. bByHOa VvV yuym
MabHO y3rapManmgy. YHUHT KWAMaTUHW 3ca KEeWWH aHuKnamn
Mu3. (14), (15) Ba (16) TeHrNMMKNapHW KyLuno,

~N(a -InWz -vi)8Wi =0 a7
/

ndgogaHn onammni. W. uxtnépuin yarapraHga (17) TeHrnmk 6a
Xapuamwm yuyH

a—InU7—v. =0 (18)

TeHrnama 6axapunnwmn wapTt. by TeHrnamagaH
W,=eaeV =ie-V (29)

TaKCUMOT (PYHKUMSICMHM OflaMM3. ByHM HopManalw wapTtura
Kyiino,

=8>« (20)

ndogaHn onamms.

130 HKopu Temnepatypajgaru cuiipak ras gespnm naoe-
an ra3 aeb kapanuwu MyMKUH. AMMO Temneparypa Kamanun
Ba 3NYIMKHUHT OPTUG BopunLLIM BUNaH rasga UKKU Mosiekyna, y4
MOJieKyna Ba K. lapgaH néopat rypykiap \ocun 6ynuin Mmym
KNH Ba HN\OSAT CYIOKAMK dpasacuga \aMma Mosekynasiap Mabiym
Japaxaga 6up-6mpn 6unaH 6ornaHraH Gynaaw.

314 rasnap Ba cywkauknapgarn \ocun 6ynuiim MyMKUH
OynraH 6yHOan rypyxgapHu MNceBaoOMOsIEKyariap aeb Kapanm
WM MyMKUH. By xonga rypy\nap vangaru, SbHM ncesaomosie-
Kynanapgarv 6ornaHvwnap Tyganam TUSMMHU XapakTepnoByn
3PKMHANK Aapaxkasiapy yMyMaH y3rapysyaH 6ynaau.
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| |V>.....umTpoarv Tmaumaaru 6epuniraH Temnepatypa sa 60-
iM]i .. 1 nim WKAA) GyHOAK nceeBgoMOiEKyNanap Mab/lym Cra-
UL mMn mi.Hmona ara 6ynagn. AnbatTta, 6y ncesoomoniekyna

HrH 1 \i.ipo Tabcup \akK,MKuii mMonekynagarnaan Kyuynm
rtiMH
F in \ I>H1KaHOHWK TaK,CMMOT Y4yH

Wi =" epE (21)

w ... <JfllaH 3auK. Arap TU3UM sKKanaHraH 6yrnca,
- U o6ynagn. femak, (21) Hun

U =n-m (22)
j <+ NN MyMKUH. AKKanaHraH, n4ku "peakuusanap”
1 \on yuyH
Vv, =V2=... =<V >=V

«MM MH NHX Hasappaa TyTno, (19) ndogaHn
W,=xe-V (23)

»»HHHUWM c3nWw MyMKUMH. (22) Ba (23) TaKCMMOTNApPHUHI
1HH ¥ W WH W Ba ynapgarn Z 6up xXun akaHamrugad my\um
mMH#n | KInMn3:

pUu=v (24)

Hy» yi i \onnapaa vV HUHI KWAMaTnapuHU 6unraHumuni
WA >/ Hnw \am MabHOCUHUM aHuKnawra myBadydak Oyna-
MH K| HuHpOK (24) HM 60WKa YMYMWUIA ycyn 6unaH Kentu-
|| yHmpamms.

0.5-8. BEPK TW3NM ISHEPTUACHK
KNNMATNAPUHWHI TAKCUMOTN

I H»MUKpoxonatnap byrinya TaKCUMOTHU — KaHOHUK Tak-
|i....mu KypamK. QHOMN TU3NUM 3HEPIUACK KniiMaTnapu byirnya
|[MHUY .11 WKNap rakCUMOTUHW KypaWmvk.

li iimii yuyH aBBasir naparpadgpgaru (7) ra acocaH d\V(E)
UiilMn 1amknn
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dW (E) =epE~ )

Kypuunwga é3annuk. byHga dn/Z — tusnm sHeprmacm KL
MaTUHUHT pagnycnapn E Ba E +dE 6ynraH runepcdgepanad
6unaH yerapanaHraH xmkm anemeHTu dfL garn \onatnapnkil
UXTNEPUIN 6mpuga 6ynnw aA\TUMOMITUTUHN KypcaTagn. byHL
Mukpo\onatnap coHu dn(E) \axm anemeHTn dTE ra mytamn*
Ccunb, AbHWU:

dn{E) = drf

Kyn ynuoBnu caszo yuyyH Mabiym MyTtaHocubnuk ME~ T
EéKkun
drF~ E-> dE

6ynuwmnHu Hazapra oncak, d\V(E) kyihugaru
dW{E) ="~epE'-'dE (26)

KypuHuira kenagn: byHaa C — HopManaw waptugaH Tonu™
daguraH MyTaHOCMOGANK KOIPPULUMEHTU, SBHU:

c | e-UEE .\dE =j:_j e*X>idx =j
o o
byngaH C/Z Hu TONAMm U3:

c P
z (27)

oy epga MO') — ramma-hyHKHUS Kyingaru

(2X)
»

umHTerpan udoga 6mnaH Gepunaagn.
(27) Hn (26) ra kynuo,

dW(E) =ffI(E)dE. @)

ngodaHn Tornamms.
so



tin pi HV UuiiMaTnapn a\TUMOAINKIAPU TaKCUMOTKU (3.\Tn-
DH m1m nup 1UYHANTW)

(30)

Lo" iiini MH anvknaHaan. by fA(E) — dyHKUMSAHM ramma-
M\TT neinnaawn.
110) w1 (30) nconanap acocuga yprada aHeprusa <£> Hu,
B»“ HWMU WEPTUAHU aHUKAANINK:

(CAY

| iiiuu Ay M) =vI\Vv) akaHIMrnHn Hasappa TyTcak, N4YKu
L»|MHH yuyH

U=<E >=v/p =0 (32)
Bin wwuw onamui. byHaaH
/?=v/U (33)

BHMHHK (TepmMogvHaMnK MyHocabaTnapra MypoxaaT Kus-
(H'mocuTa Kenmb umkagw.
HiviNitl knAn6, nomabnym napameTp //HUHT TUSUMHUHT
Bf e....... npn opkann ndogacuHn Tongmk. vV — KBaHT \onga
H|"4 IUVH M.TOHVaHWHN aHUKAOBYM y3rapyBuniap coHn, 2V —
'in ynnam TM3MM raMmunbTOHMAHUHU aHUKIO0BYU YMyM-
P ... *MHpAMNaTanap Ba ymymMaawraH ummnysibenap CoHW.
M uin \ [WiIMMHNWNTa3asuii \axxmn Tmu runepcgepanap
MA| Hinun momenTap \axm dTE napra 6ynvw MyMKWH; Ly
LHHHN \u*™m [ Hu runepky6 dT =dg{dgl..dowdpr ..dpv napra
........ MYMKWH; runepkybnapra 6yMHraHgarm MUKpoxp-
P |\wmonnmknapm TakCMMoTH

dw {E{p,q)) =-"e-PEpq)dii(p,q) 34

- "l MH annknaHagw; dn{p, g) — rmnepkybgaru cratuc-
hi mih pmymwTnap coHn.
......... Abip hazaBnii Ga3OHUHIIHT KNUYNKINEMEHTN //'Gyn-
L, Il uihk noumwniicn, s — tpazasunii haso ynuyamn), I/
HPIpi«i mi iuvi iap cOHMra TeHr 6ynagw; arap \ONaTHWUHT
S b/ naH a



anHuW papaxacu g 6'Vi-
ca, ancmeHTap \axwv <l
YUYH Kynnaarn TEHIINK
YPVHAW Bynaau:

dr =hgdn. (35)

NVKNap 3n4nNnrn Takeum
3.2-pacm.
MOT (DYHKLMACK

M

sHeprus E HUHr mabnym kKuimaTuga mMakcumymra ara 6ynagm
(3.2-pacm). Wy knimaT ET HM TONUHT.

Eumw. (1) ncdogagaH E 6yiinya \ocuna onmb, CyHr vog*
ra TeHrnawTMpuoé, Kynnaaru TeHrnamaHu onamms:

(2)

3

“

3.6-8. [NMIMMA-TNKCUMOTIA oung MUCONNAP

Bu3 okopuaa aHeprusa Kuinmatnapu s\TMMOSIINKIapy ram -
Ma-TaKCMMOT 6MNaH aHMKAAHULWWHU KypaUK. SHAW LWy TaK,
CUMOTHUHI 60LWKavYa NCO0TUHU KenTupannuk.

1 dapas3 kmnamamk, TM3Mm vla apKuH y3rapyeuuiapra :na
6Yy/NICUH Ba YHUHI \ap 6upura Teruwnm aHeprusa e, NnpuHUun
xum\atgaH, (0, °0) opaniMkga ysrapmwm MyMKUH GY/CUH.

'M66Cc aHCcamMbnu TyllyHYacura acocaH, 3pKUH Yy3rapyH»
ynnap (NapameTpnap) 4Yekcus kyn 6yncuH. LWy epga anHa
MWK 3PKWNH y3rapysyun Tacoamnuin kaTTasimk unaH, yHra k*
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hi mm |)i HM \am Tacogudmii KaTTanuk bmunaH anMawTMpn-
H  YM, v 6ynraH 3pKuWH y3rapyeuwiap Tyrnjaamn Ba yHra
MVMH HM pLlusnap Tynaamm 3XTUMOJIMKNAP Hasapuacu-
M<"M |Ynnammn ncoganaign. lWyoéow TynnamgaH vxrtm-
Il ‘min VMmapyBun 613 KapaéTraH Tusnmra termwnm rmoeée
VIMIMHHHL 3neMeHTVHU udopanaian (tascudnaiian).
M/ | MIMUCTUK <|)U3UKanary acocuini MacasiaHn Kysmus:
| 11 |].»n|nuk papaxanapuvra ara TU3UM 3HEPIUACU "BeK-

wun yun (£, E +(IE) opanukga 6yl sXTUMOINTA
AMMHH
AN fmmn Ink yuyH 6ownaHrmvy kmnmat En- O ckm En> 0O
BMw" mvmkhii. KOKopugaru aitnnraHnapra acocaH:

E =£ +£2+ ..+ Ef 5

IPO} ". H1 nocTtynatra 6uHoaH 60w Tynaamgarn \ap émp 3sp-
e/ V| Mp/DKACK (3N1IEMEHT) TEHI 3IXTUMONIN. [lemMak, yHra
it hi LWeprna Kuimatnapu xXam TeHr axXTumonnun (y3nyk-
e [H'VIM i f KHE TAKCUMNAHTAH).
lijf T.. i\ iaracocuga rokopugaru acocmii macanaHu Kymm-
N<« 'M uymnammni. 1) bow Tynnam snemeHTnapwu 6unaH,
|/lHH N ey mapTa CMHOB yTKasuaraHga 6y CMHOBAPHUHT
............ n.r, e2 napaaH UXTUEPUA BUPUHUHT YNKNLL N
A»blH Min H T,, €2 ..., er BOK,ea/lap coamp o6ynmwm axXTmmosn-
MPAPHHHW HUTMHOUCUTA TEHT. AMMO 6y 3XTUMOJIIMKNAPp,
mlU»....... rekuc TakCMM/IaHULWKW Xakunaru nocrynarra (ca-
| =V|u. |M+e2+ ...+ei3HEPrna Kuimarnapura myTaHO-
W |umT Ma aiiTraHga, cr e2 ..., £ napfaH 6UPUHUHT YMKULL
LYHMMrunn (5) unogara mytaHocm6.
M 1"lW ¢p|nam 6unaH n > v mapTa CMHOB (Taxxpnba) yTka-
t# ..... . Jly CMHOBNapHWHI v MapTacua e,, €2, e NAPHUHI
......... 4| umonnuru, sibHM E aHepruanu mbé6c aHcambnu
|y, MCMPUAAN BMPU XOCcUN BYINLIN AXTUMOAANTU (BU3HUHT
M MUMM3aa TUSUMHUHE E aHepruanu mukpoxonatga
") i\i HMO/N) c2 £,B0Keanap cogmp 6ynuil axrtu-
Mi inpii kynaiTmacmgaH noéopart, abHM E ra mytaHoCm6,
I NiIMMIM iiiK W(E) ~E "BekTop" yunHuHr (O, E) opanukaa
HHAMHMWWM aHMKnaingn. BusHu aca "BekTop" E HUHI (£,
uy ill) Hpnvkga 6ynuw axTumonnurn c/LLE) knsnkrupagw.
Pi% H + ..+ pnapgaH 6upuHuHr yun (E, E +dE) opa-
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nvKaa 6ynuiim 3apyp/vruHmn kypcatagn. By s\tumonnuk d\{ 11,
KYPUHUG TypnbanKu,

d\V(E) ~ E~'dE (fo)
6unaH aHMKgaHagw.

3) N CUHOBHUHI M —V MapTacuaa E HuHr kuimatm (E, | |
opa/imkga 6ynuw 3™ TUMOIINTN, aéHKN, j

(£ _ H<-) @l
ra TeHr.

WyHaai kunmnb, 613 nanaétraH acocuii a\tumonnuk dwf 11
uta £ +c2+ ...+cnapHuHr (O, E) opannkaa Ba ynapaam =t
pyHuHr (E. E +dE) opanukga 6ynuw a\tumonnurun ((») |
(n - v) taynapHuHr (E, E) opanukga 6ynmw a\tumonnmm(
(7) napHuUHr y3apo KynaiTmacngaH méopaT, SbHU:

dW~ E~'dE(En- (HI

ByHpa, £ sHeprus /7Ta €.nap sHeprusnapm wvrmHgmcu. !
Jemak, 60w Tynnamaa v-cannaHmara Tyrpu KesraH TaeH*
Ondunii KaTTaTMK — 3Heprus KuiAmatnapu SXTUMOSIMKIAPH
(8) nopga 6unaH aHMkgaHaaw.
Ywoy

;I‘lr_nf / 1=>8B 0

WwapT baxapuaraHga (8 )udogaHn Kypainuk:

ByHga v <@ Ba N —* @ 6ynraHImrn yuyH

(0l
Aemak,
d\V(E) = CE'tNdE, an
6yHpa/3= 1/0; C aca

| dW{E) =C\E, 'epedE =1 (.
(E) o

MHMAMPHLU LWapTUAaH TONWIaaW:

_JL
C=t6) = (13)

M mn \ucobra onmb, (11) HM kanTa é3amms:

dW (E) = fp,(E)dE,

r7=E)- 0 Ero (14)
| TH N | Mabnym ramma-TakcumOT.

ill, M\H M bILKNANAAMWNIKN:

MWK Y>UM LI3NUM ramuibTOHMAHU V — 3PKUH y3rapyByun-
Il wun 1 |cur;

*M' I HK \onga TM3MM ramunbTOHMaHu 2vTa 3pKUH y3ra-
IHI yMymMnawraH KoopAauHatasniap Ba ymymiawiraH vm-
HKAnNp Wwnwm TeHr.

I N MHeHWIA. Bow Tynsiamga n MapTa cainaHma yTKasuiraH-
HW |MHM By CMHOBNAPHUHT v MapTacuga (O, E) opanukaa,
*n||" Hupa (£ - E) opanukga dynuwnmru 6uHomuan
LUHHUN 6MACYHULIUHU KypcaTUHI. LUYHUHTAEeK, Mabaym
[In An* ipn iiaiga, 6y GBUHOMWaN TakcMMOTAaH ramma-Tak-
M*f UL N YNKULLINHWN KypCaTUHT.

( Imnhi Acocuii noctynatra Kypa, aHeprus kuiimarnapmu

E- £ +er+ ... +FEr

MA nH «HMNaHraH. WyHWHT yyyH a\TUMOMAAUKAap 3u4-

' «MHMAM: ).\TUMONMKNAP TakcuMoT yHKHusicn (O, E)

« hi 11 HHPVM KNAMaTUHWHT BYNNLL S\TMMOJ/IUIA 3Ca, aEHKM,
f-6i

F(E). E —En (15)

........ an aHvKgaHaau; 6yHaa EasHeprusHMHI 6olunaHkmy
inln 1'V\onpa nsnaHaétraH ax, TUMOJI/INK

W(F)~ P{\- F
MH M iNKCUMOT 6U1aH aHWKaaHaau. byHaa (1 —F) aHeprus

........ (O, E) opanukga 6ynmacnivk 3.\TMMOAINTN,

|/ 1) opanvkaga 6ynuvw sKTUMOJIIUTVIHA KypcaTau.
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Bow Tynnamga N MapTa Taxpuba yTKasuiraHaa, macanaH t
Tacuga 6upuHun £, £2 ..., ega kenmé unknwn, wy £,,£2
napaaH NXTNépuin £ HUHT Kenmb ynknw a\tumonnunknapun /
NapHVHT KynaliTMacura TeHr; SbHU K-Tac,, €2 ..., ¢, 4aH 1UxXTve
pVii BUPUHUHT KENNG YMKULLIW WY KUAMaTaap AnrnHgucn |
(ékm E —£,)ra mytaHOCM6. N MapTa CUHOB yTKasunraHga, oy
CUHOBMAPUHUHI \ap 6upuaa cTaTUCTUK aHCaMOG/1b 3/IEMEHTU

E= £+£, +. . +£

HWHT V Tacuga 6upuHun e,, €2 ..., e, NapHUHI Kenmb LII/IKI/ILIJII/I-L|I
E' ra (ékm E * O 6ynraHga ((£'—£,)” ra) mytaHocmbamp. Lty 1
\onna N vTacuga evH, HA2....ennapaaH GUPUHUHE YAKKLLIH |
«Wi + P2+ ==+£ = En- E ra, 6yHga N —v mapTta Keamb um
kmwu aca (En- E ) HMHr N - v gapaxacura, sbHU (EA- E)url
ra MytaHocu6. N mapTa CMHOBAAH V Tacuaa e,, e2, ..., eV, n vl
Tacuga B, BH2 ..., esanapH UHM Keanb YNKULWK 3NTUMoNAWm |
E{En- £)"séxkn (E —£,)'(E ~ £)" rra myTaHocn6aup. By

n- v Tacmga £, + £2+ ...+ er NapHUHIE Kenmé 4Ynkmwinm s\n)
monamru E"(En- E)"™ ékn (£ - ra MyTaHocu6. AHcamb/1b j
3M1eMeHTU ByMLIn yuyH 6UpunHUK £(, £2....£ 6y LLIAPTIMLL,
YHUHT YYyH MTafgaH r racu 6ynuiwum etapnu. by \onga ntanam r
Ta \ocun KunraH rypy\1apHUHI 3\TUMOJUIMKIapPUHN KYLLHLL
nosum. ByHpali rypyxgap coHn /A4 (N -v)!. [emak, uanaHanTt
raH a\TUMO/INK

d vy, ,E'(E.-E,T ﬂ

ra mytaHocn6 (15) HmM abTmbopra oMb, manaHaérraH
Monnmk W(F) 6uHoMmnan a\rumonguk akaHIUrMHN Kypamu i

(16)
NaxTumonnuk A£ra ysrapca, IV(F) \am y3rapagn:
ALWLP) = LLE+ AF)-W{F), (1
6yHaa
W(F+ AF)~(F +AF)(\ - F-AF)"? (IH)
86
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i/ -1) éynranga {F+ AF)" Hn kaTopra érn6, 6upnHUn
flu yui MnnaH yerapanaHammus, SbHU:

(F+ AF)—F"+VvF<' OF+ .. (19

V»e mmum Kymaitmaga OF - 0 6ynraHga 1 ra HucbaTaH
| Mn obra onmMarimMmns, SbHU

@ - F- AE)"A~ (1- F)'~r. (20)

ImiHi (1)) Ba (20) mndoganapHu Hazapra onm6, (17) Hu
mii ii M4a €3aMmn3:

d\V{F)~ F'-\ 1-F)"~*dF, (21)

MHn (1S) HM Hasapga TyTno6, sHa ramma TakcumoT fIu{E)
Mb|MW).

| mInv Opatgary ycyn 6unaH cTaTUCTUK (hrU3MKaMm acoc—

lcur a\Tnumonnuknap \akugarun noctynat sikkanaH-

I in him MuKpo\onatiapura H1uc6aTtaH ypuHnu geb \mucobna-
[H (in| Ha NOCTyNaTHUHI KyNnaHWLW YerapacuHu 6MpmMyHya
VHLIVPJ/INK.

| Hu|]\ Marematnka apabuétnpa f(E) éku f (E) ax,m-
W «di v, omsuvka agabmnétuaa sca WITUMMOIInKNap
N » <4l oyHKUMACK gennnaan. IXAMMONNVKIap TaKCMMoT
HtwuH 1 geb, matematmka agabnétnga

W (E) =]d IV (E) =] f PYE)dE

o (o]
Muuun MATUNAON. ATaMallyHOC/UKAa 6y UKKU XUIVK

..... 1 aMr galtin/iMoBYUNJTKKa onnoé 60p|v|acn|/|r|/| JIO3NM.

3.7-8. CTATUCTUK SHTPOMNA
BA KAHOHWK TAKCUMOT

- itiii" mnponuscu S HKX Tabpud Gyinya aHeprusa Kuiimar-
RMyi'ivi in | ysrapran \on yuyyH Kynmgarmya aHuKgaHaaun:

S ==J/ Infdn. (36)
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Xonartnap AUCKPeT Kuiimatiap Kabyn KuaraHga aca

S =~YJW, In Wi 17|
/

KYPUHULWAA aHVKIaHaau. YMyMaH CTaTUCTUK nsnkaaa Hi><»
nusa 5 HX ynyamnn kaTtanmk aeb kabyn kununHrad. Lycaévo
nn (36) Ba (37) ndoganapaa yHr TOMOHMapHU bonbumaH goHa
MUIACK K ra Kynantmpunagn. AMMO 613 SHTpPONUS S HU yuam
Cu3 KaTtTaauk cudatnga kabyn Kunguk; xam MabHO, \aM
ycnyouii xxnxargaH 6yHaai kabyn kunuw kynaigup (by MUCH
nanapra IV 606aa TynapokTyxTanamns).

KaHoHuk TakcumoTJ[E) Ba ctaTucTuk mHTerpan (Aunnr
On) Z y3nyKcu3 y3rapyByum (Knaccuk) TU3MM YYyH

f(E}=-Le-»E, (K)

Z =je-pEdn, (1=)

ndgoganap BocuTacuaa, aHeprusicn ANCKPET (KBAHT) KUAMHN
Jap Kabyn KuUNyBYU TU3MMNAp yyyH aca

LLI,:ie—pE, (4]1)

Z ="e~pir (@)1
i

ndoganap 6wunaH aHUKNaHUWKM 6msra mavnym. LyHuwne*
6epK TU3MM Y4yH 3HTpONus

S= <s>= <AnVf> =(iU+ InZ 42)

nona 6unaH aHMKNaHUWKHU KypraH sguk. (iU =v akavmm*
rmgaH, sHTponus S yuyH (42) paH

S=v+Inz 41

ngogaHn onamms.

TaprubnunukgaH TaptTmbceusnmkka (xaotmsaumsra) ymm LA
TUSUMHUHT 3PKNHINK dapaxanapy COHU opTmnb 6opaan (Ho»
Mak, v opTnb 60paan), HOKOPW 3HEePrusaan xonariapgaH nmi
sHeprusann \onartnapra ytmwpga Z optmb 6opagw, sibHu Oy
MKKN xonaa \am aHTponusa S optagu. (43) acocnga TM3MM VM



til..... 1 TnguTyB KaTTa/IMK 3KaHUTMHU OCOHIMKYa Kypca—

MYMKUH. ®apa3 Kunanavk, TM3uM UKKMU KUCMAaH nbopart
Jf'il mi VmI sHeprusacu ~NKUCMAAPHUHT 3Heprusnapu £, sa
Al ...... . Nurmmgmenra TeHr 6yncuH. by \onga

(44)
NN 22

V-r, +r. +InZ, + InZ2= v, + InZ, + v2+ InZ2=
r =5, +52 (45)

plil..... NMpPonus SHUHTaaAANTUB 3KAH/IUTU KypUHaAaMW.
ty murana. KaHOHUK TakCMMOT acocuaa

=-X,NIn"N.

H Mb HM WTPONMUA OJIMHULLNHW KYPCaTuHr.

| <HUr bepk TM3UM y4yH TakCUMOT PYHKLLMACHK

(D

Iy il 111 1 TUCT UK MUNLIHAN

2= )

Il iMi aHeprma U Tabpud Gyiinya aHuugaHagun:

U ~ E tw, 3
y )

{U Hn andpcpepeHumannab: kyiingarmHu onamms;
J1/ — £ WIdEi +£ ElclWi =-clA +£ EidWi (4)
i i i
i[Imi./1lwsnm 6axapraH wL:

£ EdW, =dU +dA (5)

1
I N gHn:



£ =—-90(InZ+ InW~, 0=1/0.
Jemak,
£ £, =0InZE£ N -fIE InW'rftt' =
/ / /
=-0" In IV'dIV'. 74

byHoa /"N~ =0 skaHAUrn Hasappga TyTungu. byHun wn
3appa TyTn6/(7) Hu ysraptmpub ésamms:

£ EWW, =-O~In WidWl -Od~A W, =-Od£ LW, InWt.  (
/ / i /
5=- /A~ T/ (

[eb 6enrmnaw kmputcak, (5) sa (9) gaH:
GdS=dU + dA (K

(10) myHOocabaTTepMOgNHAMUKAHUHTBUPUHYN BaUKKMML
KOHYHTAPUHUHT yMyMuii ndogacmgnp. 5 HuHr (9) mdogmc
(Tmb6ec Tabpudun Byinuya) aHTponua dopmynacuaup.

W 30\. MyBO3aHaT/IM TaKCUMOTHPYHKLUACK acocnaa Mbl
3UCTaTUK XapaéHnap yuyH (9) udoga 6unaH aHuKAalam
QYHKLUMA MaBXygnmrn Ba yHUHr ysrapvwm (10) myHOcaA)
6unaH aHNUOAHULLVHU YMYMUWIA onga KypcaTauk.

3.8-8. CTATUCTUK SHTPOMNA.
MMNKPOKAHOHUK TAKCUMOT

AKKanaHraH TU3MMHUHI \onatu MUKPOKAHOHUK Takm A
MOT 6unaH TaBcupnaHagn. Tabpudra Kypa, sKKaiaHraH L
31UM Tawknm My\uT 6mnaH sHeprua \amga mogda (3appa Mp)
anvawmangmn, aSbHU YHUHT 3Hepruscn £, 3appanap CoHu (N un
y3rapyBuniap COHU V y3rapmanaun:

E(p,q) = £0= U = const, v = v({ = const.

fKKanaHraH TmMmga mMukpo\osatiap AUCKPeT Gynnunm

»



Hy¥n nlnynradga sca

@

m=vp YpuHnu. (b) Ba (d) HM sHTponus mndogacn (42) ra
HUWH wrIMnNaHraH TM3MM 3HTPOMUACUHMW TOMaMm3;

(46)

(47)

fit H hiii Yjh ~ mMukpo\onatnap (ctaTucTuk mMmkpo,\onar-
i
pi* lin 11106e aHcaMbnn anemMeHTIapn) COHW;

(48)

HPyitnnfi Mmukpo\onat yuyH TakcuMoT hyHKLUMACK Kylinpa-
m MpWwHHUAA E3UNNWN MYMKUH:

fv(E) =S(E(p,q)-E0)5(v-vO0), (49)

WMMnH $(1 /A Ba 8(Vv - vO. ANpPaKHUHT AenbTa-thyHKLUMsA-
/ Iy v=wvobynraHgarnHa HongaH papHywanpnap!
Mt/IM 11  EOQ HM MUKPOKAHOHVK TaKCUMOT AeAnnaaw.
Htlj!|n» . HMDI (dbyHKUUA aKKanaHraH TUSMMHUHI 6apya xocca-
Ui....n *ymnagaH, MMKPOKaHOHMK MapameTp KuiAMaTtiapuHm
1.. 11 MKOH Gepaan.

Ji*° n, 6epK TUBNMHUHI 3HEPrusicm yarapmac, SbHU
ft...... K'iMnea, y AKKanaHraH TmsumMra ainaHagn. Tabunii-

L friiHHi \onaTvHu XapakTepnoBun TakKCUMOT PYHKLUACU

M il 1 mi mivna AupakHuHr gensta-gyHKumsicn S (E —Et) ra
H|Il|lH mpvp XalMAataH \am LyHAOaiA.
- |¥HH KniimaTtnapn yuyyH CaHOK,TUSUMUHUHT GOLUIaHN-
MH >" |, HM Kabyn Kunainuk. Y \onga raMma-Takc Mmotaaru
to | tipd niKua Y3rapaguran £ypHura E —EOHM €31 no3um
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fbynagn. by xonaa TakcMMOT (pyHKLMACK —EQ kyhnnw n
KYpUHULLTa Kenaau:

fpv(E - Ea) =j r(v) (E -EJ-"exp[-/?(E-£,)], E-Ea>0

O E - En<O.
byHAaa:

P =f~Y4 {U-£o>=| (£ " Eo)fpv(E ~EME. (n
0

Tabpudra kypa U - <E> Ba fkkanaHraH TMsnm yyyin >
U= Enra srammn3. WyHWNHT yuyH P —»°° wapT Kenamb ynm
on. by wapt 6axapunraHga,”, (E —EQ dyHKUUAHM TeKwmn
paiinuk. E ¢ EnbyncnH. byHga E> Ealon 6ynuwun MymKuH
By \onpa aéH 6ynagunku,

lim fpv(E) = lim Ple**_*») =0. (5
0 -t p-™ /()

VI

by \onpga E < EwubynraHmn yuyH U kaTTanuk Enra vam w
MOHAAH UHTUNaAU, abHU U— E{+—0, aemak p -»-<». I1I\m
gdan Knnnb, siHa KynugaruHu onamua:

lim fpv(E - EO) =0, E <EO

LWy mabHOAA@ KAaHOHWMK TaKCUMOTAAH XYCYCWid Xonna MvH
POKaHOHWK TaK,CUMOTHU KENTUPUG YMKapULl MaHTUKaH (p "
pokavp. Hopmanawitupui wapTura acocaH:



byHaaH, (52) Ba (53) ndoganapHn Hasapra onraHaa,

fpv(E - EOQ>co, E =E|) (55)

MYHWNM Kenné uyutanu.

110\nuaii KunnM6, P — wapT 6axkapwunraHga, SbHU sKKa-
I....... IH him y4yH TakCMMOT QyHKLUMAcK (3\TMMonnap 3ud-
Iiitl Kylingarn KypuHulira kenaau:

(56)

li mak, (54) Ba (56) napgaH
tpv(e —EQ) =S(E(p,q) - Ea) (57)

#= "M Kennoé vnkaan.

MVt KuAn6, 6M3 MMKPOKaAHOHUK TaKCMMOT KaHOHUK

tM<3}HUHI aHeprua goumnii GynraHoa kenub 4ymkaay raH
|fi<Vt nil xonm skaHAUTrMHW Kypcatauk. by epga wWyHWM Tab-
Hpjll mi in WMKK®, CTatTUCTUK (PM3NKaHW aHbaHaBnii ycyn ou-
puv MNWn vuwaa MUKPOKaAHOHUKTaKCUMOTAaH MabiyM LLapT-
| u<1.1lapunraHga KaHOHMK TaKCUMOTHU KeNTUPUG YnmKapuLL—-
ff “pHHUNAOU. AMMO Oy epaa KentupwuiaraH OU3HUHE Yycyn
HuHUH tit pawmaHpokaup.

['1 =] laH nw. nHaMnK y3rapyBUNHUHT, XXyMiagaH raMisib-
ftiitiilHHMH \ap 6Mp KMMaTUHM UWIOHYIN BOKea Aeb TacaB-
H>11 1 un 1, 6y NWOHYIN BOKEAHUHT 3XTUMOA/IMKIAPU 3U4Iv-
[ W' ii.ia dyHKUMSA opkanm Tascudnaw MyMKUH. Ly mab-
1[11 1 HAIMMUK KOHYHUSAT CTaTUCTUK KOHYHUSATHUHT XYCYCUI

Iy 1'\PrimIira kenagn; 6yHOa cTaTMCTUK m3nKagarm ofar-
mH| I' lHMonnuknap 3ndnurugan QupakuuHr genbta-gyHK—

e/ (NUaH anukiaHaguraH aXTUMONINNKAAP 3UUYIUrmura yTuLl

M | lhi, 6upop AnHaMUK y3rapyBum UHAMUK KOHYHUAT-
J HIH V, kuiimarHH kabyn kunca, 6yHu s\Tumonnaunknap 3ny-
-1\ \, 6ynraH Tacogudmini KaTTaMkK Oe6 TacasByp
M MHM M\MKUH: ByHaa X Tacoanunii katTanimk hmkpaH Kabyn
W umMHM MyMKUH BynraH kuiimatnap. Wy mabHOOa AMHaAMUK
BI)I[HHJ| i LHUCTUK KOHYHUATHUHI Xycycuii \onuaup.
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Oxvpnga wymu Tabkmgnammmskm, rapum E= U= Enbytn
Oa, ymymnalwiraH koopauHatanap Ba ymymaaluraH UMmnysbsc
nap p ysrapuwm Tygainm sikkanaHraH TUSUMHUHT CTaTUCTUK
MUKpo\ofaTniapy COHU Xyaa Kynaup.

3.9-8. CTATUCTUK NHTEIPAN.
XOJTATNAP 3NYNNTIN

dapa3 kunanuk, 6epk TUUMHUHI 3HEPruacu ysnykcu!
KniimaTtnap Kabyn KWuACUH. Y xonga KaHOHWK TaKCumT
/(£) =—exp(-/3£) Ba HOpMaaWTMPULL LWAPTH

ff(p,q)dn =1 (59

[aH CTaTUCTUK UHTerpan Z yyyH
Z =| e'pE{rgdn(p,q) 34

ncogaHn onamuns; AUCKPET Xongdaru CTaTUCTUK WnrmHon /
y4yH
z =Y e'PH (W)
/
ndogaHn onamus.

Z HVIHT IHTN NoJacuHu onainnk. BYHUHIy4yH

dwW =fpv(E)dE =f(p,q)dn(p.q)

[aH:
- e pEdn(p,q) =-~~EV'e pEdE Q)]
z r(v)
6yHOaH:
o dh
Z =]"L]n, =
beb1% o =

ByHaa Q — xonatnap 3un4amru.

dn(E) =dT/If; 6yHaa dI\. pagnyenapu £'8a E+ dEbf n.in
runepccepanap opacvgarn asasuii HasoOHUHT XaXMUA M-
o4



"in ®aszaBnii paso pkmun NE=AE gaH cllE= VAE/1/£3KaH-
“.DMHM Masapda TyTuo,

............ onamMums.

| mMarcuk ctaTnucTukaga CTaTUCTUK UHTerpan Z HU X,Ucob-
m|ll yayH <In(p,n) Hn dT/tf 6unan anmawTUpULW N03uM, ByH-

// dpdq c[)azaBuii (ha3OHUHI 3N1EMEHTU (3/1EMEHTap -
In| . N\ii \,2kmn). BbyHpgaH Taw”apu, Z HMU \ucobnawpga 6up
ll« I wrprua KMMMaTUHM XOCUN KUYBYM YCy/niap COHU g ra
H|| HMuupanHm 6ynuw no3um (6yHn BornbumaH ghakTopsl
O on m W; gcon 3appanapHUHT YPUH a/iMallTUPULLIAPU CO-
LMm vim Hasapga TyTaan), SbHU:

Hi u,n , knaccuk gnsmnkaga O Ba Z yuyH
AN _ dn(p.q) _ VAEv 1
2 AP +I)

Pvhsg (63)

Lidwm bibipnn onamms.
I Ihivr Nk nHTErpan Z HYM nx4yam Lwaknga eyl MyMKUH:

Fy) dn f(v +1) dn

(64)

MIH I  [14JHI k
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M mncon. NTa 3appagaH néopat KnacCukK TUSUMHUL i
TUCTUK WHTErpain Z HW aHUK,NaiinK. YHUHT 3Hepru
E= E + £ 6yncuH. byHOa KNHETUK 3Heprus

=4 2in
y3apo TabCUpP MOTEHUMa 3HEPruacu
Eu~F(qv g2 qif)

ndoganap 6unaH aHukgaHradH 6yncuH. by knaccuk \on Y|
CTaTUCTUK WHTErpan Z HU Kyhuaarun KypuHuwaa é3avu i

Z =—-\e-[E’dp\e-p~"dq. b
byHOa
N
-Pzpf/2T ' %}
do\dp2...dpw = 3 e Xx
- (2n71/ P)IN/1,
QN =\ e-Edq .

“

(66) Ba (67) NnapHX Hazapaa TyTU6 CTaTUCTUK MHTCTp.w /\
é3amMu3:

/2r| \3N/2 ot

T j N

Z= , S=3N.
Pb2 > K»

ByHaa Qs 1lit KOHMIypaLWiH NHTErpan aeinnaau.
3.10-macana. Voean ras yuyin ycynnap CoOHu g HA nuT, Mill
Eumw . by \onga E =0 6ynranmn yuyH QN= V ftVIiuH

aHeprua aca E = Es+ E2+ ... + ENnrnHgmn 6unaH iitiHMI

nagn. E HM \ocnn kanyesum anemeHTnap coHm \am N w L

x;onga ycynnap coHm NNra TeHr 6ynagn. Jemak, YYra u|=>»i"e

néopat naean TUSUMHUHT CTAaTUCTUK UHTErpasimn
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V/ na/2~ M L 3/2-
7z = nTt 2itmO , n=N/V

N hap m

|«ummt.i GinaH anvknaHagn.
M |-macana. V \axmnu ugmwpa \apakat/aHyBuM 3appa
mH 1M | ra3) y4yH CTaTUCTUK MHTerpan Z, HWU aHWKIaHr.
| ynw . Vigean ras yuyyH TakCUMOT (PyHKLMSACU

)
6yHaa:
E\= -2% (p1+P2+p1),
dn =F1|_ dpxdpydpzdxdyclz , (2)
7 AT(v +1) T ©
=AE. 4
AniKH,
v= 3/2, ha=h\ g=1
/ =| dxdydz J dpxoipydp. =
"~(nhny*Pz)
ry (2 me)in =2 vemyv IEyi =AEi/2. ®)
liyima:
A=~"K((2w)3/2, (6)
SvHD) =r (L +)= [N +i 7)

/'] 21=]) xX'/2~'e~*dX =] x~'/1le~*dx =4n.
"''n n
\ boiipenacs 97



Kypcatma. x=y 2 dx=2ydy anMawtmpuil Kajmuul,

MyaccoH MHTerpanura ytaau:

r(ij =2e-ydy =yf.

JAemak,

Jdemak, p, Asa I rs +1  HUHI ucdoganapuHn (3) ra kyvno,
2
KynMaarmHu TonaMmms:

3/2

| | h2 4

2n Tkl (H)
3.12-macana. YYra 3appafaH TalKkui TonTaH uaean ras cra
TUCTUK UHTErpPa/IMHN aHUKNaHT.
Eunuw.by \onga

E =E, +E2+..+ En =—(Pt +Pi +mm+pin). 0)

Oemak, 2v = 3N\ s = 3N. b3z ZNHM aHMKNaL y4YyH Kyin
narn ycynHu kynnanmmi. K"apanaétraH \Oon yyyH Tak,cumoT
hyHKUMACK

fin(E =— ¢' P=—
in(E)dn ZNeptdn, —, (2)

K'T

6yHaa NaHeprua (1) ndoganaH aHMbyLLHAAW. Kypunacnim
\onga N Ta ngean 3appa 6ynraHn y4yH YHUHI TaKCUMOT hyunK
umnscn N Ta 6up 3appanin TaKCUMOT PYHKLMSAAAPU Kynai i M
cura MmytTaHocm6 6ynaau (3XTUMONNIVKNAPHU KyNanTupuw reo
pemMaeunra acocaH), SbHU

N-epE~/(EN(E)..I(E,) = )



lHin Ir |, ... EsanemeHTnapmuHr N Ta katakga N Ta
...'Inloilnanimm ycynnapn coHn NN ra yHr TOMOHUUK
|4H|MI* cyHrTeHrnawTmMpmn6

4

No ....... - byHOaH m3naHaétraH cTaTUCTUK MHTerpan
MWHbIMW 1]

®

>3/2

6)

ZN vyinmkT
| >t iiiliolin /y4yyH aBBan onuHraH mdgogara Moc Kenagu.

I 1l MAKCBK/1/111111F TAKCUMOT KOMYUN

I (M1 MK LOHYHUAT Hamoén bynaguraH My\mMm mMucon —

Ll >11'M1 MO tOKyanlapUHUHI 3HEpPrus (TesnnkK EKNM UMMybC)

" Tpu Byimnya Ta”\CMMNaHULIN KOHYHN — MaKCBeISTHUHT
HuH |ip WUCUMOTN KOHYHUOVP.

AWbINO WYHU Tabknanaw no3uMKu, naean ras — 6y utra

fIMi* *riMi TunraH 'mé6c aHcambnnaup. Wycababnn naean

1H« N1Yy1
E(nayf>) =1#>/2,2v=3. (69)

| imn wicpLn KI/II‘/'IMaTI'IapI/I YYYH KenrmpuiraH rammvma-tak,—
»HMio MHbIIYM

cll, E) =fUE)dE, (70)

(71)
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(70) Ba(71)napaaH goiganaHnA,
TE3/IMK K,uiAMaTiapy a\r Mo/ InobI
pY TAKCUMOTUHW Kyngaru Tew ji.i
MaZaH Tonamma:

fpSE)dE =f(d)do m (72)
3.3-pacm.
(69)pan:

dE =mddd, Fr0/2) =jx /2e'xdx =4"/2 71

o

ndpoanapHn Hasapga rytcak, (72) gaH aXTUMONIMKNAP Takc U
MOTU YUyH

(V= =4* (j™ ) Y2* 2e-pm2/2 (74

vchooaHn onamms.
d\V(E) = dW{P) =f(d)dd ;

6y epga dW(g) — monekynaHuHrtesnurun ($, g+ dd) opanvkga
6y axTumonnurugmp (3.3-pacm).

W 3 0 % Kapanaétran xongarn 6u rra 3appa y4yH 'm66c¢c an
cambnn — 6y muaean rasgup. Maean ras ékn cuiipak ras mone*
KynanapuHuHr coHn N eTapnn gapakaga katTta 6ynraHga, Oy
(74) wdopapaH dopanaHunaan. Y xonga (74) wdopanam
(3, A+ dd) opanvkparu Te3nMKIM Monekynanap ynywmHU aHuK
naw yyyH gonganaHunaan (Mgean ras ydyyH TakCUMOT (DyHK-
unanapuviHm, xxymnagaH, Makcsenn takcmmoTtuHu VI 606aa kypl
MU3).

Wpean ras yuyH /3= \/KTaKaHIUIMHU KypcaTaniimk.

M avw OeBOpPUHUHE BUPIMK o3acura 6upankK BakTda Mose
Kynanap (mgean ras sappasiapu) ypuamwmaaH 6epunaétraH um
nynbcnap — 6y rasHMHraesopra 6ocMmmanp. Xnmcobnawl kypca
Taguku, (k- 13-macana) 6y 6ocnm

== (75)

P

Je]0}



nil' 1 ini MM wWnbykwagy; 6yHaa N - N/V— 6UpnuK X,axm-
1iI'l< Mlip COHMW.

| M4 I =k |.nl MabnyMKU, naean ras ydyyH X.onar TEHrilamacum

til nil HII

P= nKT, (76)

| > bonbuyman gonmuiicn. (75) Ba (76) gaH naean ras
* «fit

=0 =kT (77)

UiNiun M MHNG ynkagpm.
MHW W'NAHVHE TC3NMKNap TakCUMOTU KOHYHU (74) gaH
Hrh imun (3..1-pacm),/(3) pyHkuma 3=0Ba il ~ 6ynraH-
Il - H'l tOHr. 9bHU 6y PYHKLKNA./™) > 0 Ba O HUHT Mab/ym
Mm 0  makcumymgaH ytagaw.

' 2KT
[MMmuk||vHr By 09 =, KMMUMATW SHI KatTa 3X,TUMOJ-

U onTt pelivnagn (2. 4-macana). SHr Katta 3\TUMONIN

in MppanapHUHT (KNHETUK) aHeprusinapy WO] /2 Tem-
op'H | Mykwocnbanp, SbHK:

=KT (78)

| 41 v* (/K) paH KypuHaawuku, Temriepartypa opTuwm 6unaH
NKIMMIMHT MaKcuMan Kuimatim

J/2
m

/w0 =- 2nKT (79)

|IRtivtmin HI W paempa yHrra cumkniiguy, TemrnepaTtypa kamammn-
n ... hi >@y opTtagu (4anra cumkuningn) (3.3-pacm). Ly-
MIHI/ZIFK,

/(a,)n0, T —
/(E=>,)-»~, 7-=>0. (80)



HopMmanawTmpu WapTu

sl

Ba (80) maH KypuHaauku, T = 0 6ynraHgall ) TakcMMoT doyHK
umsa aenbta-yHKUmAra MHTUNaam, SbHu

lim 13) =8(a) . ©

3  Ta 3pKMHAUK dapaxacura ara 6ynraH 6utta 3appara Ty| pit
KenraH nyku aHeprua UyuyH /3= v/f/paH

U =3 KT (83

KENMG6 UMKALM, SbHU \ap 6Up aPKNHINK fapaxacura KT/2 aHep-
rma Tyrpu Kenaau.

Ammo, ymymnii \onga, t/Ba gemak, /3dakatrmHa Temnepa
TypararvHa 60TuK, 3amac.

Te3nuk knnmatuHuHr (3, 4+ dd) opanmbyw 6ynuw axTm
Monnuru/ (A3 Hm paguycnapn gea g+ dd 6ynraH ccepanap
opacugaru \axm dV{p) ga 6ynuwun opkanu észaninuk. byHaa,
aéHKM, 3XTUMOJI/IMKNAP BUP XU, aMMO SXTUMOSIIUK 3UYIUT U
y3rapaauv. NaLukaTtaH xawm,

2 on
Jile)) _(;Ta eTkrdVv(d), 84)

6yHOa

43 =4antfdd. @5)

BY 3XIMMONNUKHU UMIy/bCMapra HUcbaTaH é3aiinuk:

| 4y3/2

dw(p) =f(p)dp =f(d)dd = er’krdV(p), (86)
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N i/ii - ni'dV(fl) — vmnynbcnap dasocmnaa paguycnapu p
ftt n i | prpanap opacuparn \axm. (86) faH KypuHa-
« MML, H' MpoeKumsiapu

Pxl Px dpx,

Py, Py +dpy, (87)
p. p.+dp.

HIH|HA 1< ‘=< TY/ILWT XTUMOSVIATA dWip™, p , pP) HM Tonuuw
Wb T wMwwuknap 3su4mrnHn

W _{2—(_k
e Xt
f(Px>Py>Pz) = 2nTKT (88)

[n< ml >y i /v dpvdpvdp. ra kynaiiTmpuw Kepak, SbHU:

B li t uiiilydyyH ymymnawraH mMmnynsc Kuiimatnapu (87)
i.i h i YMyMMalraH KkoopauHata Kuiimatnapm
X, ox +dgx,
Ay» y My (90)
gz, g.+dg.

i.i ". nun a\tumonnurn d\V(px py, p., OX @, Q) Hu
< |1« L.

Mwulli.u BAppanapu (TM66C aHCaMbM anemMeHTAapn) nauvl
IMBHM | Mwu UXTUEPUIA HyKTacuga 6ynuwl 3\TUMOAINIu 6mp
VMm w 1thil 3l n yyyH ymymnawraH KoopamHata Kuimatiapu-
nul  THU WMAnKGa 6y 3N TUMOIUIA

dW(gx ay, d.) = dagx day, dqJV (91)

W| 1T'<ni.ni auvknaHagw.

YM\M l.MuraH vmnynbCc KuiimaTnapuvHuHr (87) opanvkaa
VUpHHL,  IMMa yMyMnaluraH KoopavHata KuiiMaTtnapuHuHr(90)
Mp...... . bynumn 6mp-6upura 6ornvk, Bokeanap ynmaraHnm-
HI Jf'iUi n wanaétraH s\TumMonnuk d\Vvi{p, q) ynapHuUHr a\Tu-
VHHHM 11smllin 11 KynakTMacura TeHr, SbHU:
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2nmKkT

By udopana anemeHTap “"uaxm” dpdg = dp dp dp, dgdqdq
HUHT yn4amamrn (3Heprus X BakT)’, a\TUMONNUKIAP 3U4IUrv
ynuamnauru aca (3Heprva X BakT)’34aH nbopar. INTUMONIMK
nap 3U4Mrn ynyamcns Gynmim yuyyH yHU ynyamm (3Heprust X
X BaKT)36ynraH /3ra kynantupamms (A — lNnaHK AOUMNIACH)
by \onga (92) ncoga

0/2

dW(p,q) =L e 2vkdn (93)
2nTK T

KypuHuwaa ésnnagn. byHaa
p2=p; +P2 p\; dn=dpdg/h\

(93) parv sKTUMONIMKIAP 3UYINTY YUYH KyiAndarvHu onaMmg

I'Ip,A)=~'e"T. (92}

3/2

InmkT (95)

byHOoa Z, — kapanaétraH naean ras yd4yyH cTaTUCTUK UHTEr-
pan. (93) TakCUMOT PYHKLUACUHU UMIYNbC, TE3/INK Ba KOOP-
OVHaTanap Kuiimatnapuy TakcumoTnapm byhinya é3ainmk:

0/2
dW(p,q) =d\V(p)d\V(@) = T

byHpa
dtv _ Ji I\3/2 el2P_I_i 2 . 2*7\2\,d )d 9%
®) = S pdpydpz,  (96)
dIV(q)=dx-y-z, P=\/kT. 97)



H |i nH n | wknnpra HUcbataH é3aiinmk:

/ 32 TR >
/0 MUKfyl ;)= ddxddydd.. (98)
v20y/

[IMH2K1 TKeuMmoT dyHKLmMANapn (3XTUMOMANUKAAP 3U4-
(99)
( 100)

32

br) = 4310y

(101)

[[INT) 1 (101) nappgaH KypuyHaguKu, UMMyNbC Ba TE3/IMK KOM-
mEH* 11« K, UIAMATNAPUHMHE SXTUMOIIMKIAPU TaKCUMOTUHMN
Bl4" 11 moxnaa é3mw xam MyMKUH. MacanaH,

f(PXPy P.) =f(PXf(Py)f(P:),
AW Ne =/(A)/(~)/(m)

mpHM litp/in
P e 1‘£|:' 102
/(/>) = o, (102)
.nq
M)_(aﬁ 20 , I =X,Y, Z- (102, a)
Jtdulma
f(E)dn =-e-pE, -= ? hSv
( ) n Ze P z /N (v+1)
Io...... . OwurtTa 3appa y4yyH

E =fl =H-=5s2+tiz+dd



skaHAurmngaH (93) ncogaHn 6esocmta onnw \am MyMKUH 3

3.13-macana. Vpgean ras sappanapvHUHT nauvw OEBOPULL
60CUMMKN aHUKAAHCUH Ba 6y X,0naa /3= 1/ KT akaHIUTn KypeH
TW/ICWH.

Eunw. Xap 6up 3appa OXyKKa TUK to3ara 2TAXUMNy b
6epaaun (3.4-pacm). BUpAnK BakTAa GUPNKMK Ko3ara Tes3MKIapun
(9v, A, + d&3 opanvikga 6ynraH MoneKynanapHUHT YpWwiniLLia|>m
COHM

na/(a. )ddx; 0
n— 6upankK \axmagaru monekynasap coHu. byHaa

Fa3HUHI Mauw aesopura 60CMMUHU TOMWL YUYyH [X1)
(0, XddxHm 2TAXTra KynanTMpub, (0; <) opasivkga AXGynnyn
VHrerpasinawl 1o3vm (WIMHAP nungarn Monekynasap coHr ni),
UWIMHAP aCOCUHUHT 103K 1cMm2:

3

WHTerpasiHn \mcobnab,

P =2mn]d]f(dxdd’
o

X 3KaHAUTVHW aHMKZall MyMm
KUH. TaxpubagaH mnaean iai
TEeHr/fiamacyu Mab/ym:

P= nkT. ©)]
3.4-pacm.



4] (v (1) nvppaH noean ra3yuyH 1/p = G= KT TEHIIMKHA

n

K P.jgnm»,.“

F =eit+flj+ej =

M iiimmi m.w6opra oncak, t)2 =1/ mP kenn6 umkaan. byH-
Uwn ........... wmnb, sHa P = n/p vdoaa oIMHNLLIN MYMKUH.
"' H MiicMlia MakcBennHUHITesNIMkiap TakcumoTun

] / u3/2

[IM» MvMin *puliagurad KuiimaTratydu KenagmuraH aHr Karra
HLW w I'hi lc3annk g’ HU aH NKOAHT.
, I Inin dyHkyma/ (1?) HUHr MakcuMmymra spuLLInL Wwap-
| Hn rt)/i)/) 0 6ynraHnuru yuyH/($) aaH Kkocuna onmné, yHU
H MUY/ MLUTUPUG, KyMngarn TeHrnaMaHu ofamuns:

1-a\7/2KT =0.

li ,LUMH:

| N MucHNa. Te3NUK A4 HUHT ypTada apuMeTUK Knimatin

| MM UMUK/LLHT.
| MUH.

“ , o2~ uy
) jof(d)dd=4nirLf \ I gre IKTdo=
o o



byHAaH:

*'\JVI
nr’

3.16-Macasia. YpTaya KBagpaTtuK Te3nnk HU aHUKOaH

Eunw .
& =) O)dd= * ™ jx V '2rfx
n o
byHpaH
J¥ =Ne L'
m Nm

3.17-macana. Xap 6up 3appara T*pu KesyBYM ypTada 3HCp
rma U HW TONWHT.
Eu nw.

U=<E >=]~f(d)dd= "9 1d)dd="d1’

[0} [0}

#2=3KT/T akaHnMrngaH conganaHcak:

o

3.18-macania. Vgean ras mkkuta MoOJieKy/siacu KsaapaTuk
HUCOWI Te3NUTN g 2HNHT YpTaya KuiAiMatn aHUKAaHCUH \avan

d =a? +0*. )
6Up Xwn 3appanap y4yyH aca
7 =2n * 2
SKaHMNTN KyPCaTWU/ICUH.

Euy nw. 1) EunmHm 6esocuta \mcobnab Kypcatul MyMKUH
(K- [10]) /Ba K 3appasiapHUHI HUCOUIA Te3Nurn

i/* =Hi + 1K



XA +20,M*0080*

M/ onummns (3.5-pacm). ByH-
i, nunknap 5/ Ba opacu-
< [ypurk. Mabnym iyHanuira,
U....... % yHanmwra HucbataH
TUMWLW NyHanuwnapy (MyBo3aHaT XonaTtuaa) CUMMeTPpUK-
<i 1HuH )\Tumonnngmp). AKC Xonga rasga M4kKu OKumnap
M wn'<HHOH 6ynagn. WyHWHT yyyH OCK =0,

Sk = +VI +2fl,d*cosBk =

w w * ‘M0 ONaMm3. BUp Xun mosnekynanap yuyH: g2=2d2

I li ft YN3NKIN TAPMOHWK OCLMNNNATOP
KOOPOANHATACWU BA UMNOYNbCUN KUMNMATIAPA
IXTUMONNNKITAPN TAKCUMOTN

(H HunnsTopHm xapaw 6unaH 6 0 TM K Macananap unsvkaga
LLF e »MI yuparign. MacanaH, KaTTUK XWUCM aToMnapu ysu-
JHHH myBO3aHaT xonatu atpodmaa KM4YnkK TeépaHné Typuimn
MM tin NHW Kapalinmk. ByHAan TM3MM 3HEPTUACUHN (FaMnSb—
VHW) Kyhnaarmya é3uil MyMKUH:

\
!L%Z,flé_;'él

w H /7 Pa/'l™ —ymymnawrad umnynsciap, ou =xa\[T —
MHI 1koopguHatanap; oo =ka/ T . Jemak, 6y xonga Tu-
4.... HN Xcpruscu E 6up-6bupura 6ornmk 6ynmvaraH HopmMan
lelpynnLLiap sHeprusnapn WNTHAUCUTA, SbHU YASUKAW Fap-
WHHVK |» uunnsTopnap sHeprusanapy AMrMHANCU KypUHULLIATA
|f/iii<Hi Yn3mknn rapmMoHUK OCUUANSTOPHUHTIHEPTUACU

fa =T (Ph +<»Wa)\ (104)

LIHHWY nHaekc a Hy é3maimuns.



Acocnii macana, ocLUMNNATOP HOpMasa KoopAuHaTta  HULL
KuAmatnapu q, q + sopanukaabynui 3 TUMMOoIurv

d\V(g) =f(a)dq (105)

\amga ymymiawraH UMnynbcnap p HUHT KuiimaTtnapy p,p + <4/
opanvkaa 6ynuw 3N TUMOIUTU

d\V(p) =f(p)dp (t00)

ncoganapuHm aHmnknawaaH néopar.

Knaccuk ctaTucTukaga KMHETUK Ba NOTEeHLMan SHeprusnip
£, =p22, £ =w22 kypuHuwaga b6ynraHn yyyH ogataa Oy
Macasnia OCOHIMHa evunnaau:

dwk(q) = oexp[-coY/2A:7’], (107)
dWki(p) = bvh[-p/2KT\, ((Jo

6yHAa a Ba b Hopmanaw wapTnapuaaH Tonuiagn. Xakmkaram,

aj exp[-wV /2kT]dq =I

bJ exp[-p2/2kT]dp =I

TeHrNuMKnapgaH a Ba b HuM Tonmammns: a =a)/\/2nkT,
b =1/y]2nKT. By epaa vHTerpaniap Te3 sKMHNalraHu cabab-
v gBapnap (—°, °°+) opanvkaa y3rapaam aeb kabyn KWmHam

KBaHT ctatuctmkacuga (105) sa (106) garn s\tumongml
nap snunuknapu f(q),f(p) HW kyngarn ndoganapaaH Tonum-
nagw:

f(a) =Zp,kn(a)\\ (109)
/o»)—51>.LLI p)iz> (110)
6yHoapn— Mrbé6¢c TakCcUMOoTHU:

(111)



e, =l (n +-) (112)

@1 vy (/5 OoCuUMNNATOPHUHI 3HEpPruscmMra Moc Kesrau

nT . HWUHAap. Ocumnnstopra Teruwam 3XTUMONINK-

........ i.iptiA<)) Haf(p) HM GBUPUHUYKM MapTa Bnox aHuKnIa-

H TMHM1 (109) Ha (110) acocuga aHuKnaraH Mynm etapniv

M\ |wKkab (K [1 ).
|H>. Im 11. 11 BNOX TOMOHUAAH O/IMHIaH HaTWKaHW Y3 ycy-
DtMli « MW OCOHrMHa onamus.

LUIMH ni ocunmnnatop yuyH v = 1. LUYHUHTY4yH

P =v/U =V<e >, (n3)

uM Nn. in OCUMNNATOPHUHI YpTaya sHeprusicn. KesaHT
I ihjwih >ncprus kunmatnapu (112) udoga 6unaH, Takcn-
d|H»> M.k n Tne6c TakcumoTu (111) 6yiinya aHMKOaHaan
1 ®« HYHT YMYMUIA npoaacuHA ONlaMms:

(114)

ft BkuiimaTnapy aXTUMONINKIAPU TAKCUMOTUHWN Y3UMN3-
fteflll - \MUMKM3 BUNaH aHUKgaimns. AMMO 6yHAa TakCUMOT
X ... .n/E&) = ndgogacuga € HAHI Knaccuk ugo-

|« (M) nmn dhoinganaHamms:

/1> /icxp(~Pe) =/1cxp(-y (22 +ioy2) =

11 MmrnawTMpvL LWapT/iapyuaaH
1 fipdp=1 Jfigdg=1

| inl Al napHM TONM6 Ba ypHUra Kynmb, aXTUMOIINKNap
m | Hn mpnf(q) xampaf(p) yuyH ywbynapHu onamus:
ill



R (e,

w

21 .»
Pt

(116) Ba (117) ndoganapHUHIXYCYCUin XONMapuHN KypPaniHK

1. Knaccuk xon, avbHU bco«KT 6yncuH. byHaa

th 10 ex/2-e~x*2 x Jm
2T eA/2+e-v/2 ~ 2 2kT'

Jcmak, (116) Ba )117) gaH KNacCuK CTaTUCTUKA HaTVpkaHH
pVIHM ONnamms:

( yp N2

. _ meV]
7= 200 TP o Uy
(1 = I'e1
M =ona 7P 1 (an

By epaa MKKUHYM udoga — MakceBensa TakcuMoTu dymk
umnscuamp.

2. KBaHT \on, ibHM bw » kT .bByHaa t h = 1.
2KT

Hemak, 6yHaa (116) Ba )117) udoganap Kyhngarmya 6guiam

< f\(or\f"zexp © 2

m -vlito), (120
an> T g\ )
a) P @nP2 =Vol), (121)
Gynapaa
w
¥o(4) = -7 912 (122)



/ 134 r 1
s P P2 (123)

1 W (/ /3 ocumnnatop acocuii \onaTUHWHI — TacaBByp
fi  i.* nunypparm Tynk,uH yHKUMsnapmuanp.
* » mMucHna. Hopman koopauHaTa g Ba_HOopMasl UMMY/bC P
M|Miniii YpTnua KBagpatuk Knimatnapu g2 sa P2 aHUKIaH-
K’

r ‘Ivin busra mabnymku,
2 2 2
2 2

I'VIDIII, ymymunia ycyn 6unaH yptadanab KyimgarmHm onamms:
p2+c0202=2¢ m

UMNHUMM FTAPMOHUK OCLMISTOP ypTada 3HEePrusicn e Ku-
[»MH HA NnoTeHUMan aHeprusnapra TeEHr TaKCUMIaHTaHN YUyH

P2 _£. 111 £
2 2 2e0V =2

Ik n

P2 =<e >, «?> =<E>/0P

VmvmhH ycyn 6unaH yptada onMHraHaa y TaxpuoagaH éku
Mwnkun Miyn 6unaH aHnknaHraH oeb kapanagu. bus <€ >yuyH
(I I L HdnaaHn Kabyn Knnamnnk. Y xonga

2__un g W 2 & . tw
>=—= <q >=— cth—_ .
b KT 9 =M% {n

| LUMHH uMnynbc Ba Tabuuii KoopAanMHaTanapra yTuil yuyH
n* 1 4in, g x/%m napHn sbTM6Opra onNuL Kepak:

i >=" ~, <X2>="- N
<pi 2v\llcttbk_l_ X2 CIhJI_ 0)

= A Dvpvin "3



3.20-macana. Ynsmknm wp

MOHUK OCLMNNATOP YyUyH cha L

BUA (PA3OHUHT 3HI KNUYUK =D

> mMeHTap \axmu JoAx sa T4/ vp
WM ra TeHr akaHAUTUHU UCIXH
KunuHr (T — TebpaHun AaspH |

Eunw. ill
3.6-pacm. ApAX=TAE=U 0]
3KaHNTUHN nUcbor Knnammna. OCUNNNATOP SHEPrmacy
E =fL +— I
2m 2 -

ndoaacuHn y3raprupmo ésamms:

2mE  2E/« 0)

ByHAaH KypuHaguku, ocumnnisTop asasuii hasoaa a/siwm

unzagm (3.6-pacm). Ly anamnc 6munaH YyerapanaHraH dasaHuin
hazo "\aXXM1UHN" ToNnannunk:

ByHAaH, Te6paHuLL AaBpu © = const GynraHaa
ATE = TAE (_"
SHEPrUSUUHT ANCKPET/INK XOCCacu

£, =tia)(n + 1/2)

raacocaH, (3) gaH UKKW 37/Mnc opacmuaarn gpasasuin ¢aso arne
MEHTW YUyH

~f|,+[~rl'I:—fKO:A ©)

ndgogaHn onamms.
14

mH'|....... nn, NNCKPET/IMK Xoccacura acocaH, (5) aaH kypu-

E|hi «ymrutap \axwv ArEMNnaHkgonmmninicn AgaH KU4mk

PAMWNW [Ademak, pazaBuii hazoHUHr ekapT KoopanHa-

| (n TMnNa c3unraH anemeHTap \axmu ApAX \am / aaH

» (lvim onmangn. bBynapgaH MCO60T KUAMHULIM 103UM
A+ 1111undoga Kenmub ynkagn, SbHK:

AFTE=ApAX=TAE=A (6)

MH I \onpa:
ApYAX = TAE = nh 7
Ap AX = TAE= A )

M k .y (7) ndoaga, abHN hazaBnii Pa3OHUHTANCKPETANTN
MM«*M.... AUCKPETNUTNAAH Kenb YMKIN.

M 4 un 3Heprua AUCKpPeT KuiimaTnap kabyn kuaraHga oy
HttiH 1 in wMuunHr pazasuin azocm \am anuckpeT bynagun
nw wniiii @asaBuUii Pa3oOHUHI ANCKPETIUTMAAH 3HEpPruvs
LIVM <t | ipuiimir AWCKpeTAMIn Kenné Ynkaam.

112-8 YMYMNAWIAH KOOPAOVMHATA
Wil YMYMAOAWTAH NMMMNYNbC KBAAPATUK
OLYKTYAUNANAPU OPACUOATN MYHOCABAT

MHpPMWT KoopAuHaTa Ba HOpPMast UMNYbCHUHT KBagpaTyuK
LWAHAHWKNapW 6u3raaBBasiry naparpagaaH Mabiym:

(Ap)2=<e > (Ap)2=<e >/u12, (122)

<e>=e=Y%lLcthf]. (123)

i\ M ii ran KoopauHaTta Ba ymymaalraH nMnysbera HMC-
«H (1 *2) nchoga
(Apx)2=m<e >, (AX)2=<e >/ TC02, (124)
1s



KypuHuwaa éynagn. (122) éku (124) paH, (123) HXU Hau|m
TYTNG.

[(AZ200)2)~ = [0=x)20x)2]~ :ECthz(T (125)

6 +6
MyHOcabarHm onammus. byHaa cthx =———— - runep6onnk ko
e -e-

TaHreHc (1,°°) opamkga ysrapam (3.7-pacm), X = 1u/2KT(K\\ m
naw Knputannmk.

1 T-*oo0 (Ekn <y —=0) 6ynraHpa x->0 6ynagn. by \o
cthx->  3KaHNUTM Y3MHUHT ndogacuaaH MabyMm.

2. 7'-» 06ynraHga x—=° 6ynagn. by \onga cthx-> 16yn|
an. Nemak, 6y xonga (125) myHocabat

[(3)* (ap) 1=- (UM

reHrnvkaaH noopar. KBaHT MexaHMKacuaaH Mab/ymMKu, 6y TCLL
NMK Bakyym \onar yuyH (3HEPrUAHUHI MUHVUMa/T KUAMATU YUyH)
ypuUHAW. bollkadya aiTraHaa, KBaHT MeXaHuKacuaarn Bakyym
X,0Mar CTaTUCTUK dm3mKadarm Temnepatypa Hosb (I = 0) Gynrmn*
narv \onaTHuUHrysuamp. LWyHpai kunmb, okopugarn annm
raHnapaaH

cth >1 (21»
2KT

MyHocabaT YpUHIW. by my
Hocabart Tydaiinm (125) m

[((Aaxyz @mz21~ =~ (1’'M

KYpPUHULLAA E31LL MyMKVH,
Oy aca KBaHT MEXaHWKLL 1
garn eizeH6epr MyHoLL.
Gatnamp. (128) ndopa (14)
MyHOcabaTHUHI XycycHU
3.7-+peov \onn sKaHAUTM Tabuun



[) HhoANMM KMCKaya MKKUHYM hriyKTyauuern myHocabart
VIMH(H pi HAW yMyMUiA MyHOcabaTtu) aeb atana éownangu.
§IH=K | yu Ha KOOpAMHaTa (TEPMOAVHAMUK KyY Ba TEPMO-
EWMHK WMM) dnyKTyauuanapu gpayKryaumMoH-gmccmnragm—-
f*ii]- mT n Ba 6owkKa 6Up kaH4Ya MyHocabaTnap 6unaH (125)
T | v Onlopacraga ymymuin 60rnaHm 60panrmHn Kemnm Kypa-

IVBEOB
NMTMOOVMHAMWK MYHOCABATAP

|»|M"MMHNAMUK MyHOcabaTtnap, XxymnagaH TepMmogmHamMmKa
mMH* MpU bbKpubanap acocmaa aHMKIaHraH.
P | MHM Ink hmsmkaga TepmoanHaMuK NapameTpriap Ba yniap
H | HN MyHOCabaT/IapHX MONEKYNAP-KNHETUK TacasByp aco-
Em »enupub unkapuniaam, CyHrynapHu TaXXpuUbaHUHI HaTu-
KIH[4| Mnwm conuwtnpunagn. CTaTUCTUK OU3UKAHUHT aco-
e eepullavmii TasHYM XaMm WyHAa. bus 6y 606a4a Tepmogn-
Klii" wmpumcrpnap (MoMeHT1ap) Ba ynap opacmgarm myrno-
[mn1ivfitMcTaTCTK hrsmka acocuaa KenTupmné Ynkapamms.

I-# CTATUCTUK TEPMOAVNHAMUKAUWHT
ACOCUN MYHOCABATW

LyMMLWHNTAANM TU3UM YUyH TaKCUMOT (PYHKLMSICU MabiyM:

Kr.) =lexp(-£), 0 =U/v, £/=<£> , %)

HpH eWWH VMK UHTerpan

z =Jexp(—j)dn . 2

#1HHH MyBO3aHaTAarun >kapaéHga ysrapuliviHM aHuKnaLwl
| m = widdcpeHuyannanmms:

A ) ih(=jdn= J fE)(-dn.
Ry =g (n(p-q)
nuz



ByHAOaH:
itz £
— =<d{— )>. t
z 0

(3) HUHIr yHr TOMOHUHU (1) HM Ha3apra onraH \onga 6yii;uil|
€3amMu3:

<d(_E)>=_B(< E>-<dE>)-dv.

SHAM (3) HU KaliTa é3amu3:
Gdv+InZ) =d<E>+< —dE>. %)

By TEHINMK CTaTUCTUK TepMoAVHaMMKa yUyH acoc 6ynanm
Acocuii TepMmoagnHaMnK MyHocabart (4) gaH MyBo3aHaTm!
XapaéHnap ydyH Tynuk gudpdpepeHuyan

dS= d(v +\nZz),v= PU )

Ba gemak, \onat pyHKumAacn 5 maBxyg geraH Mmy\mm Xyrnocu
Kenuoé Ynkanu.

BU3HUWHI By AHIM ycnybmmMmna acocmnga oNMHraH S oyHKUmm
TUSNMHUHT 3HTPOMNMACN 3KAHNUTUHUN KeANHPOKKYpaMn3.

4.1-macana. Y3apo myBo3aHatga 6ynraH nkku A ea Zffx pu
TU3UM YUyH
*1
KaHOHUK TakcumoTnap ypuHnu. bynapaa Bn= #83kaHNnlxum
KYPCAaTUHT.
Eunw . Xap vkkn (A + B) Tnsaum yuyH KaHOHUK Takcy Mef
*B

KypuHuwaa ynagn. W.. — ymyMuii TUSUMHUHT A Kucmm /\onTt
da éynraHga, B kucmmy\onatga 6ynuw s\rumonngmp; 6yHT»

E*B= Ef +E°. 0)



V—en 1iii B TM3um 6up-6mupura 60TmnK; amac ebé Kapan-
W k

- NnN»nN* 4@
WHYHH spuunn. Oemak, (1) Ba (2) noganapgaH

|  /BlF+el) —Pa”-Pbh

ZmB

©)

L]" H11MMonamns. bynapnoa:

L,
2 A7R = WPATHEL

Ml M *yiinparnya €3amms:
I" 'f- =-IBAE* +Ef) +PAE? +pBEf =
Wa-Pab)E,A+(Pb-Pab)Ej- (6)

byHkm EPAE. myc6at kuiimaTnap. (/,j) nxtmépuii ynraHga

M  MH YW romoHun goumnii 6ynuwmv yuyH PA= Pn=Prvibynn-

HH x »m BynapgaH ZAZB= Z i TeHrnuk kenn6 ukgan./3, = PH

M H TVKHA TcpmoapnamMukanmnr HVIHYA LOHYHN Ae6 \am opy-

in OHbaHaBui kapawpa P =— o6ynraHavrmn yuyH PA= pB
fIHiiiii 1\T FATeHrnMKka aKBMBaNeHTAVP.

<l | TKPMOOWHAMWKAHWHI BUPUHYN KOWYHWN

| H IMWILIH aHeprusicn (ramunbToHnann) E yHunr \axmu
K U uunuk gapaxanapu coHu v (ogataaru 6aéHaa sappanap
MuHH V) va ymymialiraH napameTpiap Xknapra 60TuK,, sibHU

E=E{p, d\ Vv xR



6yncuH. by \onga

<£=£ "Fdg +2E doi +PE v +8E <X A e
.Cl.‘KCh ap, M Ay o/ K Y T =

aMnNbTOH TeH rnamMaviapu

_,qE AE
= cy
acocuaa
aE . AE n
—dj+=—dp, =X(-AN,+?2,0/) =0 0)

e 4

6ynagn. Tnsanm TOMOHUAAH TallKU TU3MMra KypcatunacHiiH]
60CMMHU P, Talky TU3MMra Tabcup «.WiaétraH ymymianmv

Kyunapum aca Fkpaeb 6enrmnacak, apKUHANK Aapakacura Mau!
KenraH KMMEBUIA MOTeHUMan MrHu, Tabpudpra kypa, kyinlaa
rmya aHMKgaHaou:

P=-x< SE > Fk=-< oE

N gy \AK My

(6), (7) Ba (8) ucoganapHn Hazapda TyTub, acocuii MyHoc O,
(4) Hn kylivgarn KypuHmiwga ésamma:

Od(v +InZ) =dU +pdV +~ Fkdxk - n\dv . ()
Arap TalwKmn 60CcvM Ba TalKM Ky4ylapra KapLim 6axkapuiiu,
ULHW dA 6unaH 6enrvnacak, SbHU

dA =pdV +£ Fhkdxk (1

[eb oncak, (9) MyHocabaTHM Kynnaarmnda 3t MyMKUH:
Qd(v +in Z) =dU +dA - nwv . (i

MabayMKn, TepMOANHAMUKAHVHT OGUPUHYN KOHYHW YuyH
Kyingarm ymymmii MyHocabar ypuHan

dQ =dU + dA—/.i/IN, (1



il(J wsmmra 6eprnaétraH (EKn yHOaH ofiMHaETraH, arap
= |l OV n2) ncenkaukK MUKOoPW.
«i.i himi v fidv ypHura ogarpaa fisdN énnagy; dN sappanap
V Hiipmim, 6uTTa 3appara T\pu KenraH KUMEBWUI
HHtI 1. novku,

Hwadv =nsdN.

|In|mii) roopemacura acocaH, ymymuii \onga, SbHU KgTMac
........ A Ta K,aiTyByaH) >xapaéHiapaa 6axapwiraH (12) parv
Mn siill rysuaH apaéHnapga 6axkapunrad (11) garuv) dA
mn | ina 6yna onmangn. Maskyp Teopemamu \amga
V*- fidv Hm abvTMGOpra oncak, (11) ea (12) TeHrNMKNap-
M i nmmy\mm MyHOcabaTHM onaMu3

dQ=> Od(v + \n2. (13

liwi'i | lclunu K nwopacy KaiTyByaH (MyBO3aHaTaru xapa-
Ji v\ 11). TEHIrCU3MMK MLIOpacK 3ca KAUTMAC >xapaéHnap
I\M1un
* MM MyHocabar (4) HU abTru6opra 0mo yLwbyHU E3mum-
I nnMknn:

dQ< d <E >—<dE>. 14

|h myTun abatgaH dQ HUHF CTaTUCTUK MabHOCK KCMG um-
1 M wHatgarn (K,anTyByaH) XapaéHiapaa TU3UM romo-
..... MHWIN NCCUKONK MUKAopY dQ UYKM 3Heprus ysrapm-
IV 1< MMUNbTOHMAH y3rapuwmn) 6unaH raMuibTOHUaH-
| ¢ nMHMM ypTavacn opacugarn gapkka TeHr. KonraH
LV ". T.HU KaifTMac apaéHiap/a TU3VM TOMOHUIAH OfH-
I m' ll» mk mukoopun dQ 6y capkaaH kam 6ynaan. (12) sa

I lull
Od(v + InZ) >dU +dA ~j.idv (15)
mfHH' o n YpuHAM skaHNUTMHK Kypamus. LyHaain kgame,
dQ= Qd(v+ In2) (16)
m |||ii %0 wnuk, (11) myHocabaTHUHI MyBO3aHaTaarn (Kai-
......... . YUYH CTaTUCTUK (IN3MKa acocuaa OfIMHraH
WF ........ MUKIUUNUT BUPUHYMN KOHYHW 3KaHINTUHU KypaMui3.

=



By epaa WyHW TabkugnaiMmnskn, Knaccuk TepmMoauamm
Kaa bupnamun TyLyH4Yasiap "MCCUK™MK" Ba "ML acocuaa SLm
TywyH4a 6ynraH \onat yHKUMACU — "MYKU SHEPTrus” k>
Twiaan. CTaTUCTUK TePMOAVHAMUKAOA KYPAMKKA, "NUKN IM<T
rvg" ea "MW" TyLLIyHYaniapu acocua AHrn TyllyH4Ya "ncaHa

NUK", KUpUrnngw.
Bus ctatnctmnk nHterpan (MurnHam) ncogacuHv 6rnamu i

I hsgpr ..
Z  AT(v +)) (i/i

6yHaa Z nHu ysrapysumnap O, v, V Ba Xv X2 ... XK/TapHLUH
dhyHKUMACK Oeb «.apaiifiviK, STbHU:

Z=209, Vv, V; X, ..XK ...). (IN1

ZHnHr ancbcpepeHumanHn (17) acocuaa aHNLIaanK:

JZ =— de +— oV +Y — dk+—dv. (4]
do 3K k dxt dv

ByHOa, (17) ra acocaH,
— =-Z, dd =-(dU -6d . M
do 0 v( V) ( )

(20) HM abTMBOpPra onmnb, (19) HM KariTa E3amms:

6d(v +Inz) =dU S 173 WY
4V Jaynk
ainZ din Z dv (i||
. gvv v Jey.xk

(21) HW ymymmnin myHocabart (9) 6unaH conmwTrpm6b ywby Mp
HW OnamMm3:



'ainz4

Fk=G (23
BY o
_ (9lnz
m=-0""4 (24)

| 1|>Hwmin mabnymoT. TepMoauMaMUKaHUHT | KOHYHUHUHT
BIMH|| HWIMLIM ymTa BYOK O/1MM HOMK BuniaH 6oriaHagw:

[l mHe onumnapn KOnnyc Pobept Maiiep (1814—1878), l'ep-
M Hioghuir ®epanHang Fenbmronsy, (1821 —1894), nHrnus
[V..... Xelimc MpeckoTT Xoynb (1818—1889). Maiiep repvo-

B||ii M. 11111Ir 1-K.OHYHUHW Kawid) kunraHd 6ynca, Fenbmrossi,

H"" ewntmpmb, 3HEPIUAHVHI CakgaHWLL KOHYHW Oeb ataay;
W1 N1 onnmmn HW 6unaH UCCCUKINK 3KBUBAIEHTIMIVIHA UC-
H i H1MWyuyH K1pK, MnngaH OpTUKTaXXPNOaBuii TaaKNKOT-
1\ nna nnaaw.

438 VOO VK W

| LW.pudora Kypa, TUSUMHUHT UCCUKOVIK ch fiim h  KyAMOarn-
AL, HinHy 1t am:

—dQ

C=

dT (25)
| H’|n Heemkamk Mukagopy dQ HU onuwn (EkKM GepurLLn)

> in yHUHT Temnepatypacy THUHT y3rapuiwm dT raTeHr.
In Ppi iNhim Y4YH TEPMOANNAMNKAHUHT BUPUHUYN KOHYHU

dQ=dU+ dA (26)
NYWILL WK y4yH TUSUMHUHT MofaTM MKKUTa napaverp u-

* 11, THOVH pgeinuvk, ssHu U(T, V)

dld :%Jr dt +%; dv 27)

(Mun |mLini 6upra vw dA dpakat6ocum PTychaniMrmHa 6axa-
Y unH neinvk. Y \onga (26) Hu
13



dQ = aT + +P dv

oyl
yar,

INdV )T
EeKn
aJ) dv
C=|— +
dT 3K jp P dT <M

KYPVHULLAA E3MLL MYMKUH.

1 ®apas Kunainmk, dV= 0, abHn V goumuii 6yncun Y
\onga (29) paH

(du
ar (1q
Jemak,
CUJCr+1r‘%V, v=p +12 "
art (

2. dapa3 upnaiinuk, 6ocnm ysrapmac 6yncmH. Y \ongo (
[JaH

C =Cp=Cv+lv4, ly= ~1L, (32
Va
GyHaa
Q=] (av
K AT

\aKMUA KEHraimw KO3LNEHTN.

3. Bup mMonb mgean ras yuyyH (32) mdogaHn KypanimH
Voean ras yuyH,

aJ

=0,1y=P .
oy y (H|

El/lp MOJ1b ngeavt ra3HNHr \osiaT TeHrnamacu
PV= RT )

HaH a = 1/T. (33) Ba (34) napgaH doriganaHmo, (32) Hn
MU3:

Cr=Cv+ 7/, )
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P ‘tii H yHvBepcan rasgovnmmiicy. ByHu Maitep TeHrnama-
M H WL,

4.4-8. XOJIAT TEHTNAMNNAPU

B pMOAMMaMUKAVVHIGUPUHYMA KOHYHUHW GEPK TU3UM YuyH
N dQ =dU+PdV (36)

Ivi‘iHiniima é3ammn3. XonatteHrnamanapvim V, I sa J1 'na-
H1< ip nipra HUcHaTaH é3alinmnk
Il . uK,inKk CUFHMWU

C = dQ/dT 37)

LipybiblblaH anmnknaHagwn. Y3rapyesuwniap V, MéynraHga

Ilat/I) I-bl/ln
U=, dVv =CvdT + .
|)T)V Dv dv. 9
m14 hi (IX) H1 Hazapga TyTno, (36) gaH

(C-CydT=I/IV (39)

Bill vummikn onamma, ByHoa:

vy (40)
<[ /mai KWaiivk, >xapaéH Baktnaa P= const 6ysicvH. Y \onga
| *e mill

2T =Q-Cy
ly —(Cp —€v) & Va (41)
P+ _Cp-Cy
N Va
W

—  peb 6enrvnawl KNpuUTmo,

(P +P,)V G-ty 42)

PHWPP) 5 P M A ISl § o e adl



*onat TeHrnamacuHu onamms. (41) Hn (39) ra kynmno, 'ea | i
HucbaTaH Kyrngarnya

(C-CV)dT =@ -CQvav
Va

1
eKkn
dv
=anvdT
Y %
AndhbepeHuman \osar TeHrlaMacuH1 onamMus, byHaa
C-Cv
v=~—jr- 44
—ir @),

SHan (P, T) ra HucbataH \onatTeHramacuHn Kypai nH
BYHWUHT yuyH (36) HUHI YHI TOMOHUHW Y3rapTupmnb é3aiinmk

dQ =dH -VvdP ={— )I dT +LdP, (@)
r

oyHoa H - if + PV,

i (dA\ i/
"tU?\,-y - <*
(45) mp
c.m
Pt

uyyHkn dHr =d(U + PV) =dIl + PdV = dQ. LUyHWHT yuyH ()
(C-CpdT= IpdP @7

KYpPUHUWLLIra Kenagw.
®apa3 knnainuk, V= const 6yncuH. ¥ \onga (47) ogH

PJ3=c¢c,—c,



...Hn onamun3. (46) Ba (48) paH

— _ [eb 6enrmnnawl KNpuTKUo,

f opPjr
P(V-V,) =UCf-Cv) (49)
p

m [N remMrnamacuvHn onamms. (47) ea (48) napgaH P Ba T napa-
W | dJiri H1cGataH

(C-CP)dT =Cy QpdP

M

— =PnkdT (50)
p
tin nunnamacuHM onamus; GyHOa

(51)

Cp-Cy=PY¥YTap (52
Ll «1 v v vasapra oncak (K. 4. 2-macana), (42) ea (49) TeHr-
MHWN'HOHW

(P+Pr) =PTP P,=P(TP- 1), (>3

(Y- Y) =YTa, v,= V(1- Ta) (54)

NwH wmna é3mw mymkuH. Mpaean ras yuyH Vii=0, Pn=0;

MI hi C4) paH naean rasHUHr TEPMUK KOaduumeHTnapn
mj* 11 \/T kuiAamar kabyn kmnagn. by (53) Ba (54) HW GUp-
fc'i-»" | kyyniitupmno, (52) HM Hazapga TyTn6, Kynngarun \onar
MHt 111 Mill* 1A

(P+P)(V—VI=PYT2ap=LC-C) (55
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onvHaau. (53) Ba (54) \onat TeHrnamasiapnaaH TePMUK Ko
dvupeHTNap asa p yuyH

\Y p
vofanapHn onamms; 6yHOa ~ Ba N MOJICKyNa/lapHULLL Wil
po Tabcupn Tydhaiinu 1 Ba ft HMHr a0 ea ftnnapgaH depKAMLLL
KypcaTtyBuu napameTpnap. (49) ea (50) \onatreHrnamaniapuH!
6Up-6mprra KyLiamms:
W 9P —(aiiy+PnPdT . (W

By \onat TeHrnamacuHn naean ras yuyH ésainmk. by \n Huy,

a = p = 1/T skaHnmrngaH, (58) TeHrnama

dv dp _ dT

v P r Vi
KypuvHuLra kenaau; yHaa ny + nNr = 13kaHnvMrv Hasapna i»
Tinan. (59) TeHrnamaHu VHTerpasyiad ywoyHuU onamms:
PV =constT,
6yHOaH, 1mosb yuyH const = R 6enrmnaliH Knpmtmo,
PV= RT My

KnanepoH TeHriaMacuHn Kentupmnb ymHapam vs.
(58) ymymnii TeHri1amaHHI YHI TOMOHUHU (56) Ha PM
NapHN Hazapra TyTub, y3raptupuo é3aiiivk: -

Yy P T y T M)

By TeHrnamaHu vHTerpaniab.

HA MYH laMacyvHu oflamms; GyHaa

/ = 63)

le |' (Mu nnawiapHi KUPUTAVK.
|Intal lalyuyH/ =0, 4yHKN

(64)

I\ V1va (62) TeHrnamagaH
PV=RT (65)

Hm I | TeHrnamacm (1834 ii.) kennb ynkaaow.
/HULW Xycycuii Nonnapgary dhogacuiHn Kypamnuk:

| ToxopuvK xapaéHga nv=0, nr = 1,
f _ fPsdT
|
¢ Nwobapuk xapaéHga nr =0, nv= 1,

f=rig

P )y -t

Hm pep-Baarnkc TeHrnamacuaarn

UMyapaaH dhoiiaanaHnG, LyingarniapHi €3amms:

dT e LfdT
nuy pEA-*--*& m (67)

/1 - /T/TcHrnamvagaH doiganaHne,/,, HUHT Takprbmnii udo-

MH ULWIKOAAMNS:
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dT b
BaH-aep-B pv2 RV KTY
aH-aep-Baasnbc TeHriaMacu Vot y-h vn

dhonganaHn6/KHN aHNKOANMUN3:

fv= V-bf:IT = Ak (1_%1) +HG (Mil

/m2¥rz2

(68) Ba (69) ncopanapparn (P (V) Ba W (/MHTerpan oM
Muiinapn. byTakpmounnnmknapga/HUHN\axmv byinya y-wipH
wK. (68) maH kypuHaguku, (V) =b/V ndona 6unan aHMK
naHagy. WYHWHT yuyyH/ HUHT ndogacnHn

= h-— |1-—
/ — | /1

KYPUHULLMAA Onainuk. byHaal Takpubuiinmkgarn sHrm \<um
TeHrlamacu

PV =RT cxp b- - 1-4_}-( (N1»

KypuHuwra ara 6ynagn. bUsHuHT 6y \onat TeHriaMamm LWL
Xycycuin \ofnapyHn Kypamsmnk:

1) igean raz yuyH a = Q b =0. by *onga (71) KnaneipoH
reHrnavacura ytagu.

2) Monekynap m3vka Hyk;Tau HasapiaH a— TopTuLLIKLL
Kyuynapu sa b — utapuil Kyyunapu 6unaH 60rnvK, TysatManip
Mabnym Temnepatypaga (MHBepcusa TemnepaTtypacuga Boi n
HyK,Tacuaa) yiapHUHI \m1ccanapu TeHrnawaay sa 6y Temnep»
Typada pean ras naean ras kabu éynagn. BU3HWHI TeHrnawi
Mu3 (71) paH KypuHagukn, b -(@/RT.)(1- b/V) =Opga, sabiw
T.=(a/Rb) (I - b/V) 6ynraHga (71) TeHrnama maean ras KyH
namacura ytagu:

PV= RT .

3) (71) TeHrnamaga b/V Knunk 6ynraHu yuyH yHu

K 1-b/V V-b (11)



Hi'....... . M MyMKUWH. (72) Hu (71) ra Kyiinb

ave.......... . FcnriaMacuHu Ofiamms.
ti '(nopoun revrnamacngaH (b/V)« 16ynraHga BaH-aep-
B|HM vvmNHMacK kenmob umikgumy. XN KukataH \am

e KT =1- I
RVT

m| 11Y) lii kyinb, BaH-gep-BaasibCHHHI yLLOY
KT a RT a
V-b V(V-b) V-b V2

If hi UM MUHN OflamMn3.
An M/n doiganaHnl yuyH (71) HAHT ypHUAa MXHaMpPOK,
MIITHINw®

(73)

LN n HMMnamacuHu TaBCcUs aTaMn3.

45-8. NONNTPOMWUK XAPNEHNNP
BT YNTAPHWUHI TEHTNTAMANAPU

mii|nu‘H HaLMOa TU3VMHUHT UCCUKANK CUKMW y3rapMaii
tin M1 byngaii xapaéHiapH1 NONUTPONMK Xapaénnap oe-

* M iniiim yYyH TEPMOOVMHAMUKAHUHTOMPUHYN KOHYHUHU

K«HUWHK
dQ= d(J +pav,

MIHii lvmmaan 6oLwka, Kyunap ykaeb kabyn KUanHOu.

| InwmHUW XIPKVIA Ba TCMHCpaTypacu opacugaru 6orna-
..... .. ®m1 Jlloccak KOHyHW). By \onga nuku aHeprust U(T,V)
I (1 nidlipaa Tyrmob, (39) HM kbalita é3aMmna:

CdT=CwWT+ IvdV, (74)

©)
il



AMHvHr (32) parn K,uiimatniuy (74) ra Ky TU3MMHUHT \axn
VBa Temneparypacu T opacugary 60rnaHuLLHN TONamms:

av C-Cv C-Cy
adT =HQCodT, n, =
vV oy p-o O
€K1 Bynu nHTerpanab,
V =\hel vadT vt

KypuyHMWaa é3v MymMkuH; KO— mnceukamk curamm C=
6ynraH ~ongarv TU3UMHUHT \axmu. (76) ékun (77) TU3umMwmnmu
\axmMun Ba TemrnepaTypacy opacugary 6oriaHuULLHN KypcaTymnin
TeHrnamagup.

dapas knnaiinuk, \axm Ba Temreparypa y3rapyiapi yar.L
Mae 6ocrmMaa cogyp 6yncuH. ByHpaal apaéHnapHn M300apbi
xapaéHnap geiivnagn. by \onga C = Cr 6ynraHu ydyH (76)

dv= VadT (7K
eKn

VT= V(\ +aAT) (74)

KypuHuLWra kenagy; éyHga Vr—TU3UMHUHE TemMneparypacu
y3rapnb ToynraHgarn \axm, V—o6ownaHrd \axm. (79) Hn
eii-JTroccak LIoyHW aeiAnnaapm.

2 Tn3MHUHT 6ocvm P Ba TemMnepatypacu T opacugarn MH
nanwn (Wapnb KoOHyHW). TcpMOANHAMUKAHUHT 1 KPHYHWUHN
y3rapTupuo E3ainmk:

dQ =d(U+ PV) - VvdP =dH —VdP (M)
6yHaa H = U + PV aHTan1bnns ékn MccULiK qoyHKUMSICU Ogiin
nagw. (80) ma 6ocum pgovmvmnia 6ynca, dQp= dH 6ynagw.

Arap TU3UMHUHT \onatn P Ba T ra HUCGaTaH aHUKAALLH
6yrica,

' \
dHeyn) =(AHL o1 +C"T gp = cpar + ™
[ 9Ty, 9P =P wyr @
GyHaa
=+l ™M



) m<I0 CdTHu nasapgatyTné, (80) HK
CdT= C/I1T+ 1{1P (82)

mmniii r nmns; GyHaa
GC)
dvpm | KMNainuk, >xapaéH BakTMAA *;akM JOUMUA KOMCUH.

Mt'iiH <HdncHNapHM MBOXOPVIK YXapaéH pernnaan. by \onga
| e, n nunNnNuHM vazapga TyTn6, (82) Hu

Cv= Cp-+1rhL (84)

bl<iiMHin i,i &iamm3, ByHOaH:

(89

APliin (N) ia KMiM6, TUSMMHMHI 60cMK PBa TemmncpaTtypa-
*& | HiiHngarm 6ornaHnwHM TaBcUIoBYM TEHINaMaHu ora-

HIM
> c-c¢, IT = pdT = C—Cp
f Ov-Cr oy —@ (86)
<+ §*i | Knnannmk, U30XopuK xapaéHnap coamp GynaértraH
W ..... Iy \onpga C = C™akaH/vrngaH (86) TeHrnava
dp= rpdT; pt=P{l +@&T) @87)
L |mun ||na kenagn. ByHaa Prea ~Temnepatypa 7'6ynraHgaru
* |.... .Hu w4 \onargarv 6ocmmvnap. (87) myHocabatum LLapnb
v'mmniagn.

| InwmHMW 6ocnmMu Ba \aXmMm opacugary MyHocabatum
tinn 1ni nn. (76) Ba (86) faH w3naHaéTraH TeHrnamMaHu ona-
nn t

(88)
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6yHAOa
-
= C-Q « )

Nn— novTpona KypcaTknuu geinnaan; L, HU U30TepM»
KypcaTKnumn (EKn Koppersiups napameTpbl) aeb ataimma.

a) dapas k,unainvk, P Ba KysrapraHga temnepartypa y3rvp
MacuvH; 6yHaaii XxapaéHnapHU U30TEPMUK XapaéHap AeHIn-
. by *onga dQ/dT = CpgaH C = @3KaHNUTX Mabiym 6ynil
. [lemak, NonnTpona KypcaTkuum N n3oTepMmnK xapaénniap il
lraTeHr (N = 1) 6ynagn. YMymuii TeHrnama (88)

KypyHUvm N onagw.
Wpean ras yuyH (88) Ba (90) Moc pasuLLaa

KypuHuwnapra yragy; YyHkm 6y \onga L, = 1(ngean ras yuyH
a= 1T, (5= 1/T), (88) 6unaH (91) HM1 *ampaa (90) 6unaH (=)
\onatTeHrnamMasapyiHM Takkocnab, Kyivgarm >xxyaa My\HM Xy
JlocaHn YnkKapamms: peart TU3MMHMHIY3ap0 TabCyp MOTEHLYN LU
EKV YHUHI KOoppesiuya dyHKUMISicK doak,aT Mnapamvetpra 6or/Hyy,
p. Ly cababaaH ft H1 Koppersuma napameTpuy aeb atagnk
6) ®apa3 KMNaiInK, TUSUMHUHI 60CMU Ba X,a2KMA Y3rvp

raHaa rsvim Tawkyn My\MTounaH MCCUKOWIK anvallMaCcyH, Vb
dQ =0 6yncuH. ByHpgaii \ongarn xapaéHnapHu agmabatbla

»apaéHnap aeinnagn. Aonabatuvik xapaéHaa (dQ/dT) = C
DOaparn C = 0akaHAvrn mawvnym éynagn. by \onga n=y /
6ynaan. YMmymuii TeHrnama (88) aguabaTtvik xapaéHnap yuyH1

OH)

KYyPVHMLLIra Kenaaq.
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Vv Inl [=a vk xapaéHniapga 1, yooummia 6ynraHmn ydayH (91),
M. ,Maa (92) TeHrnamaniapHn MHTCrpasiiab, Moc pasuLLaa

PV" = const, (95)
PV Y= const, (96)
PV = const (97)

t]|li mm.i npnu onamus. (96) Ba (97) TeHrnamasiapH1U MocC pa-
K i 11lMyaccoH Ba Boiin-MapmoTT LgnyiamMapu neii nnagw.

= /1 vH gesprm (P, V) ra 6ornmnk amac éku xyga 3and
Ihi* .. mclnnca, (88), (93) Ba (90) TeHrnamanapHU NHTerpan-
ub Mn pasviga

PV"== const, (98)
PV = const, (99
PV* = const. (100)

him.napHW onamns. bynap (95), (96) Ba (97) TeHrnamanap-
|I7IH“ |» .1 laznap yuyH ymymialuraHnapuamp.
| 1nlMHUHT 6ocnmK, \axMK Ba TEMepaTypacu opacuia—
' tini MHHWHW aHUKgannuk. (76) Ba (86) Hn kywnb, P, V, T
||HIMvIr ipjiap opacuaarn 6ornaHnWHM TaBcUgNoBYM

(101)

M'n MKMUM onamns. Vipean ras yuyH Ly, = 1,a = 1/MskaHnn-
HMhii (till) TeHrnava

WPMUHMHa Kenaay. (102) HU vHTerpaninab, waean ras yuyyH

yMHWW y»noa
PV =const T (103)
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-\orar TeHrnamMacmHm
onammni. (103) )
1morb noean ras ydyH
const = R 6enrmnal]
Knputnb, Knaneipy,
TeHrnamacuHun ogy*
MU3:

PV =RT. (104)

11n30x,. U=/
napamMeTpHUHI Kop
penauma QyHKLMACKM UHTErpann 6unaH 60TUK, SKaHIUTMHN
KEMMHPOK, KypcaTamms.
2-n30\. Ymymuii \onga U, =P/a 6ocum Ba \axmra 6oi
Jwk- LWy cababnn pean rasnap yvyyH OfiIHraH rnonmuTpona TeLw
namacwu (98), agyabara TeHrnamacu (99), nsoTepmareHriamacu
(100) Takpmbuin TeHrNamanapamp. BocuMHNUE (EKn \aXXMHMLLI)
KaTTa opasivkaa ysrapuiiapmaa (98), (99) sa (100) TeHrnavanmp
TapKpmba HaTvpKaiapaaH apkin HaTvkanapra o/mb Kesca, aHVK
anddbepeHuman reHrnamvanap (88), (90) ea (93) ra Mmypoxa.un
KANLL MYMKWH.
WM3obapa P = const, n3oxopa V = const, nsotepma T = const
Ba clQ - 0aaunabartanap 4.1-pacMaa Kenmypunan. by »xxapaéHaap
reHraMasiapuaH NCCUKOMK MallMHaiapy Hasapuisicnag, nopi
naw (EHuwW), roByLU XapaéHnapuHu Ta\mun aTuwga dorgana
Hanap.

4.2-macana.
(P+ PJ(V- W=T\Cp-C¥ 0]

TEeHIrlava

[P +-$1)(¥ -b) =RT @

BaH,qep-Baanbc TeHrnamacu 6unaH conmuTnpuicun ea n30o\
JTAHCUH.

E ymw. Mavnymku, ngean rasyyyH C —Cv= R. by "q/u
(1) Ba (2) reHrnamanapHWHC YHr TOMOHU (31p-6upura TeHr. (1)
Ba (2) TeHrnamanapHUHI Yarn roMOH/Iapy TeHr GynLIn YuyH
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A (M« V. :{(' =b 3)

WIr 71° *

[<HH Wip GadxkapuMLLN LLIapPT.
»|'4|m | KHYalinuK, Monekynanap opacuaaru y3apo Tabcup
VMVHL, kyungan nbopar 6ynmob,

UV, T)=1(T)+ UWV) @

uHUW N ByncuH. Pn- -y O6ynnwm yuyH, TOPTULLMLL Ky-

m|H «Hm luK noteHupan

uv) =-y ©
IHIMH...... noéynviwmn Tanab atnnagn. \akuv kataH \am
_ _duv) _ a
PRk Twon ©)
HY Ta\nn aTalnuk. aean ras yuyH
"Ly
+W +PV) (U +RT) =0. (7)
ap _T-const
[V WM yyyH:
K
<t
ay +P rn +Vv. (8)

1H VIH MabJ/TyMKW.
T Na ©
(10)

pV =

QM Ha (10) HM (8) ra KyamMus:



Qp—Cv= PVTafigaH doiiganaHcax,

Jemak: -
K= - cMXT. (in

MXXT — Xoynb-TomcoH adhhekT» koadduruyeHTa. Iy i.i
6abrm Y i 0 6ynmwm MyMKUH.

1130\ Arap Vh= K(I - Ta) Hn (1) TeHrnamara k$iinnca,
1

1

(P +PnV=(Cr-C)I,;
TeHrnamMa onvHaagu. |
2-n3o TdS= CwWT + IvdVpaaH n

"IIf1- I

By ndogaHn Iv =% "L 6unan conmwtmnpun6, Cp- cvmi
11

= PVTa/3 wdogaHn onamms.
4.3-mMacana. L, KoppenauyoH napameTpHuHr K \amga /

Ty3aTMa/1ap OpK,ar UChoATAHNLLMHN aHUKAAHT Ba YHUHT BaH*
Jep-Baanbc raz v yuyH MdogacHv TONMUHE. ONMHIaH HaTuka

HN N30\1aHT.
Eumw. busra mawiymku,

AHVIKOANVK:
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KTT

C
/1
|

) s [»ga+" 4 - $ 1 +xk+#,(ai#h

errr*T-{%\""-"rf.

W r Py, Iraern

f K" -
* |<3r)r \MSAN)T  yxr VA
() H1 () in kMicak:
\/|l= ~PF6’ n +V_V0/E)

-Jt+1. £ £l +A).

VEER Y

|mh i,m nuianraii ndogaHn onamus:
J1
i
MM np Baanbc TeHrnamacuga

K=b> o, />,=£> 0.

©)

()

)

1i'"i M wrwppatytmb, BaH-aep-BaanscteHrnamacurabyiicy -

[l<nwmu i.i 1 YHYH KOPPENAUNOH NapamMeTpHN aHI/IK,EI,aVIMVBZ

|+-2
PV

T

®)

. | HT\. TcpmMogMHaMUKaHVUHI GUPUHYM Ba WUKKUHYU

mH* iiipngaH honganaHvb onvHraH

wW=V(l -aT),
P, =P(pT-\)
Mi........ hi InpgaH T HX TONKMG, CYHT yNapHW TEHr1aWTMpuo,

|Hv HO ndogaHn onvwl MyMKuH. Xa” MuaraH *am

(-TH-7



Ba Gy1lapHY TEHr1awITMpuo,

HaTwkaHn onamms; byHaaH (6) nhoga kenmb ukgown.

2-n30\. (9) garv GUPNHYMN TEHINNKOAH KypuHaaukn, OH
cuMra Ba \axmra Tysatmasiap PmMamaa K 6up-6upura 6ormi,
TepMoavHammkaga arap a,/3nap 6epuniraH 6ynmo, 6upTy3aTtmMK
Mab/lym 6yrica, MKKMHYNCUHN aHUKAAW MyMKMH. 1

3-un30\. bepuniraH Temneparypaga \ap xvwn 6ocumiapav

P=if,or yy aHvKaaHraHaa (macanaH, TaxxprnbaaaH)

Ty3aTMaHVHI K,MAMaTNapUHN aHMKAaWw MyMKUH. By aca pcii i
TU3VMHUHT NYKM 3Heprusicn {/\axm Kra uaHgain 6omaHLIn
[a 3KaH/IUTMHM TonuLira MMKOH 6epaap.

4-n30\. 3-130X,HaTmKanapmnraacocnaHMeTM3NM MoseKy»
Naniapy opacugary y3apo Tabcup \ak,uaa, MMKOOpUiA MyHOCab.u
\aK,naa xXyrfoca YmK,apuLl UMKOHM Bynagw; 6ynapgaH aca kKop
pensumMoH PyHKUMSaNap x,akuo Xynocasiap YKapmw MyMKUH

5-n30\. (9) myHocabaT MyaiisH TemMrneparypaga AoV MHA
VP, ABbHU BUPUHYM Ba UKKMHYM KOHYHMapra Kypa a6conot
XapakTepra ara. boLlk,ava aiTraHga, X.ap Xwn Mogen sa auyn
nawysnapra 6y joummnia 60rvK, amac. bepuiraH Temneparypa
Oa (bupop mMogenb yuyH) \ap xu1 6ocmm Ba \axmiapga OOH
MWIANMKO@H YeTnaHuw coamp 6ynca, y \onga 6yHUHT N30\HHA
TEPMOANHAMUKAHUHT UKKMHYM K,OHYHWN udogacy TdS paru |
[JaH v3nawl 3apyp 6ynagw.

6-130\. BaH-pep-Baanbc rasnga a >0 Ba b > 0 6ynraHn
YuyH (8) gaH KypyHaayKm, KOpPPensaumoH napameTp 6yHaam m
yuyH \ap oonm

AN=>1 (1

6ynagn Ba gemMak,
P >a. (12)
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| « Mrervia. Fa3HUHI KeHrainwmaa YHUHT SHTa/IbMUACUHN
npuun Ko \mcobnab, Temneparypacu ysrapuim mdogacu
W H1 by TeMNepaTypaHvHE y3rapuim MYk SHEPrusHUHE
IMH......... WCMUMNUHT y3rapuwmra 60rnnK,3KaHImrm Kypca-

itvH () NMMHaH HaTWXaHU MONEKY/IAP-KUHETUK HyK,Tau Ha—

»I hi n mviaHCHH.
| inhi JHTanbnma H(P, T) = U + PV, macanaHuHr Liap-

|H »\I'll v napmac:
(imp.T) = (“1 dr+ Ne dp=ckPT+v,dp.

Inn iin remnepaTtypaHnUHroocnmysrapraHgaru (KamairaH-
I hi H1 \axXm opTraHaarn) y3rapuiHUTascugIoBun mndo-

VH IV/IMMN3:

Ini H | MabnyMKu,
V, = V(\ -aT), @
Pn=P(pT~I). ®

1) h1 i ") nan conganaHnb, Kaiita 83amMus:

oL

| ii i KeHraviraHga, 60cUM Kamasiam, SbHN

dP <O. (&)

[11"hi (1) gan kypuHagmku, arap VN<O, svHm aT > | Byrnca,

ul » Il 6ynagun, SbHM By X,0da ras coBuian; arap Yn= 0, gbHu

iii - | 6ynca, dT> O 6ynagu, abHK 6y \onga ras ucuiign.

(Mw M wH vmepatypacy T ga pean ra3 naean ras kabm dynraHm
mibtit hi | O, Pn= 0 6ynagw; (2) sa (3) gaH

Tp{T, =1,
TE(T,) =1

iiiMiniapiin onamus.
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a3 Temnepartypacn 7’ vv

Bepcus Temnepartypacu 7).

KaTTa & Ku4mK BynraHaa Kop

pensumoH napameTp 6mp >

Xapakrepra ara oynmim yu\H

(1-macanara K ) ¥, <0 6ynru,

oy cp > P =>06ywun, K >0 6ynru,
4.2-pacm f  Pn< O6ynuwn nosum.

' ' Jdemak, Yn<O0 6ynram.uy,

AbHW ras coBmraH \osnga

oynagn; K >0 6ynraHga, bHWU ra3 ucurad \onga:

M30\. (6) Ba (7) gaH KypuvHaauku, rasHuHr H =const
6ynraHgarn keHraimwmnga cosuwm Toptmwn (U < 0) kyuna*
pv 6unaH, ncmwn aca ntapuwmn (t/=0) kyunapm 6unaH \t

paKTepiaHaap.
4.6-§. TOBYWHMWHI TAPKANM Il TE3NTUTU

Bepk TM3uMm yuyH 60crM Ba \axkm opacugaru ymymmia 6or
NaHnw amdpepeHuman TeHrnava (88) 6uiaH aHMKIaHWLWM Mab
nym. Wy TeHrnamaHn kyvgarnya é3amms:

(MS)

Tabpucpra Kypa, TOBYLU TapKa/mw Te3nurn £2=> 0 HM ky
ngarnya aHVKIaiMms:

(108)

ékn (105) HM "™mcobra onmb, TOBYLI TapKa/mw Te3NUrunmL
Kylingarnya TepmoavHaMiK oaacuHA OfliamMma:



nieM ity IKOVK CMFHVH C
| ONIHK' MW 4.2-pacvpaa
*H MH 4.2- Ba4.3-pacm-
)IMH KypyHaaviky, TOBYLU
Muprk >xkapaéHra kamua
‘M OVCK, SbHU CUKWITYB-
IHin kamua Knuuk 6yrica,
«tin u iinin wymya katta
'MHA
Il . 1 néabgan, KaTTuUK
B L '"MMTYWHNHI TApKOINLL
H | hhii nucéaram katTa, yyHkn C~ Cy.
)| veM v \onnapHn Kypannuk.
LiJihii 1k By \onga C-> o Ba n= | 6ynagn. [emak, TOByLU
P4'HHN yuym

O\=yPy (H08)
mtoil.... onamus. Vpgean ras yuyH U, = | Ba, gemak, (108) gaH:
OP=PV (H09)

LUHTnw cedmynacuHu onamms.
/ liinyiu Tapkanmi xapaémH aanabaTuvk xapaéH 6y/CcuH,
IM(HH Amanga, xaknmkataH \am wyHnaii ge6 kapanagu. by

L ii ( =), gemak, Nn=y. ToByL Te3nMru y4yH aca (107) gaH

d]=niPV (Mo)
/uvH onamms.
I M I'M ;Naa TOBYLL TapKa/mL Te3nurn yuyH (110) oaH Nan-
All (MHH kyngarn dpopmynacmnm onammns:

de=yPV. (1)

NvyMn raxxprbaaaH 4(0o) opkann M(bl), cyHr C(CO) HY aHMK—
g, ..... yin FapKa/InLLIM >XapaéHW KaieH NONNTPONVIK XXapaéHra
"|HH nHWMNM \akuga Mab/iyMOTOINW MyMKUH.

M wmnesna. [asnap Ba rasnapra yxuwatl Tm3vmiap yuyyH Tep-

Mwu..... BUPMHYN KOUYHWN YUYH 3PKUH y3rapyBun-
NeL HM nm BynraHga

dQ =dU + PdV= CydT + hdV, @
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Cy =(du/dT)y, ly =P +(dU/dV)r, @

dQ=cCc/7> //Nn ()
dQ = MHr/K+ m~IP (K

MyHocabaT/iap ypuHIun.
1) C,/, Ta TpunHr ndodanapuHmM TONUHT.

2) KyhinparunapHu ncboTt KUVHT:

M3oTepma Kypcatkuum U :% =- %%L.

3) Agnabata Kypcatknum y = CyC,, Kyingarn MyHocaoT
NapHW KaHOoATNaHTUPULLMHN KYPCATUIHT:

_ (bP/aY)s
r (dP/dV)T >

. I _ (BK/3Na
I-y (ay/aT)p -

y _ (dP/dT)s | p

y-1 (/P/oT)y * 7 PXT Pxs m

4) N30TepMunK Ba aanabaTvk CUKUYyBYaHIVKAAP Hc6arv

XT/Xs=Y, Xt =-p (~)r;Xs i

3KaH/INTVIHW KYPCATUHI.
5) MptoHaiizeH koadhdmumeHTa

I =ttpV/xTCy
YUyH Kyivgarunap YpUHAN 3KaHIUTMHA UCOOT KWINHT:

r = _ pvPi' = y _
Cc(/ ((/ /nP)y nip '
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y | pKNA3cH KoadhdpuumeHT!! 6ocumra 6ornu\ 6ynmaraH
p tydyH ia (HUHT yMyMWiA XoraT TEHraMacuHW TOHVIHT.
I Ty

1) dU =cLU(T, P) +PdV(T, P) =

liyilAlIH

LU+ ri] -
[%VAdi%\'F-

Mil) Ha (3) gaH KylvgarvHu onammns:

(Cp-CyYdT=IlldV-1I,dP. (5)
In HH (4) BunaH conMWITUPKG, ywbynapHM ToNamMu3:
= w =_-'PCY
™ T., (6)

v Cp-Cy " lp Cp-Cy =

Pi nwnamvagaH Kylinaary ndoaanapHi aHedaimna:

_ Cp-Cy p/>\ _ Cp-Cy

10T)p 7y : [d 7 > ip
=H Oynapp,aH:
-C
o= v = “HP e )
111nmaH /, HUHT ra HUCOaTUHM Onno,
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N- - VMPIp

uogaHn onamms. Vigean razyuyH 1 = 1
3) (4) Ba (6) oaH, XapaéH aamabaTuk, AT»Ln dQ = 06ynravwy,

@

faP\ TYy _ Cply
W)S tnp Cyl!p

&)

YXapaéH nsotepMuk, avHU /7= 06ynraHga, (1) ea (3) nil

[P _ M
wl)t b
ncopaHn onamus. (9) sa (10) gaH:
ifL) /HL' =y —
MyHOocabaTaH:
=-£K.
Urls ly m
Ba (4) AaH

®G)
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\at o =5

By Ba nTt= CdJ(C p- Cy) myHocabaTnap>naH

WV
arls _ «v _  Cymy _
9K/ aP Cply Y\ .

ar
(3) paH:
=-ff-
ans |pm
(1) Ba (4) paH xapaéH M30XOpVK bynraHaa:
~AT)y  nip ¢

KelimHrn myHocabatnapgaH

IpCy

r::;

(D)

dl



JKI'h | uni nazapga TyTn6, KyinaarvHm onamms:

Eéfm-y_ Ps _ CplpCy - r

tI P 4, Cy!p(Cp-Cy) r-1 .

:ony
IM w(K)) pan

K* 1 OyHnaH:
UXT =lpm (12)
i) w(12) paH:
L = 1/PXT =\lyPXs-
oil) paH:

(3Y \ _ _ »1p _ Cylp
1,39 )% wy Cply

(1) M(3) man:
AN wlp

aP)T ly

LIMHHMM MKKN MyHOCabaTaaH:

M/- -Xr
B 7
3p
o
9) / =-EEN= ]
-V 137 /=1431/ Jj-
No |
M M.1ymKn,
X Ne (2L) =-\
(H” inn (|>olmanaHnb, MproHalzeH KoathuHUeHTN I HMé3a-
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6) I =7p =r<u_|. TEHININKOAH:
{.)P
(MA =Y
{apW T
eKkn
du =jdP.
ByHAOaH:

U ==(PV +f(V)):

6y eppaf(V)/ T — nHTerpan gommuiicu.

4.6-macana. 4.5-macanaHvHr waptungaH doiganaHné
jw =y/: TepMoaMHaMUK MyHOcabaTHU UchoTnaHr. byHaa

Vs =Ps /«s; Ps =-2(ff),”aS ="~ (ff)sm

E yunw. Tosyw Tesnuru

dv 0)

HW y3rapTnpmb é3ainmk:
2=_y2dP/dT (2]
dv/dT * V;

ToByLUI TapKAMLIMHW aanabaTuK XKapaeH Aecak,

» =Y NS T @uams PV =8PV =Hepv- @



Dy
v\ =YUPV 4

iiu i;ui CONUWITUPNOG, UCOOT KUNMHMOKYM BynraH wu()oga
| v n» onamus.

I 10 bByTeHrnukHu abTMbOopra oscak, agvabara TeHrna-

MH 1 (90) Kyngarn KypUHULLIHU OfasIn:
PV='s_ const, B

rty epaa /< — pean aayabara KypcaTtkuim, uaean ras yuyH aapa-
fnira KypcaTknun y ra TeHr.

4. 7-macana. 4. 5-macanaHvHr WwapTgaH doiiganaHnb sa nH-
vcpeua Temnepartypacuia naean ras XonarreHrnaMacu ypuHam
/1c6 \Mcobnab, Koppensuus napameTpy /mbynaH P Ty3aTMa opa—
oHOarM MyHocabaTum aHUKAaHr. ONIMHIraH HaTWKaHN M30XOAHT.

E 4 nw. Ymymnii onar TeHrnamacu

PV= RTel @D
naean raz onarteHrnamacn PV =RTra

f-IN -+ k)T -0 2

WwapT 6axkapuiraHga ytagn. (2) wapt 6axapunvn yyyH WH-
Terpasn nopacy octuaarn ngpoga Honra TeHr 6yvwn 3apyp:

P v
"r-f-nvY =0
ékn GyHaaH
¥ _nbk - Cc-Cn 3)
A<y4yH ymymMmunii udoga Mabiym:
M=l @

(3) HM (4) ra kynnb, Koppenauma napameTpu /A< 6unaH Ty3aTtma
P, =(3U /3K), opacnparv nsnaHaétraH MyHocabaTtum o/iamMms:

_M/T P el
* UnPIJP" T /(-1
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4.8-Macana. Xonar TeHrnaMmacuHm

PV =RT (

KypuHuwaa ésagunap, 6yHaa B, C Ba \oka3o Temneparypvs
60TuK, BUpUasT KoachdmnueHTap 4.5-macana waptmigan ¢o*
JanaHnb, BaH-aep-Baanbec rasw yuyH Bupman Koagguummn
HW aHVKNaHT .

E 4y nw. BaH-pep-Baansc TeHrnamacu

(P +7)(V-b) =RT,

6y TEHr/TaMaHn y3rapTupmo ésaiinvik:

) K-

ab« ~NréynraHaa, (2) HA TakpnbaH Kyinaarnda ésavm |l

PV =RT 1+

(3) HWHT yHT TOMOHMAarv PV Hn Ar6éunaH anvawwmmpamvH i

PV =RT 1+
\b rt) (o

(1) Ba (4) HM coNMITMPUO, M3NaHaéTraH BMpMan Koaddm
UMEHT B H1 Tonamms:

B :b——RET—. =y
W 30\: ymymunii ,\\onarreHrnavacu
PV= RTe".
/<< | 6ynraHga, expf~ 1+/3kaHnurmngaH
PY =RT\\ +/) (ft)

KYPUHULWHK onagn. (6) Hu (4) éunaH conmwtupmb BaH u 1
Baanbc akmHNawysmuaa/ HA Tonamuns:

/ 4 <>



le>MKWTaLLYHAE YMyMWIA TEHI1lama acocuii MaTHAa Kemy-
|IN.... . YpyHUWHM onagun, abHN

PV =RTeN"" m

| » MHciuia. XonaTtTeHrnamMmacmHm
PY =E,+ EP+ E}P2+ .. ©
MUTUHTM onmMn MyMKUH; E,E2Ba X,0ka30 Bupuan Kosaddm-
W miip | S-macana waptnaaH cdoinganaHno, BaH-aep-Baankc
Tk V'iyii
E,.=RT,E2=Db-£ (H0)

VIBHIHH MMM KYpPCaTUHT .
| unin aBBanrK Macasnaga BaH-aep-Baasch TeHrnamacuHUHE

..... vmm rdpoaacn (3)
r i'v -rt"t {i~w ) (l/l)

[N na )y, (11 pa (RT/V) =Ppeb kabyn kgnnHca, (9)
Hi.... conuuwtnpmb manaHaérraH (10) ndoaanapHu Tona-

I 1l macana. O Ba VnapameTpriapHu 3pK1H y3rapysuniap
M1 »H no ia6, PBa (/opacngary 60rnaHNWHN — XO1aTTeHr—
PV HAM annUOgHT.
I ‘I Min Tabpudp 6yiinya Nukm aHeprus

i/=010InZ/30V.r,4 ()
V" H1111 re 6ocmm

P=0(a \nZ /4 V)gyk @
Ml 1" 1 aHukpaHaaw. bynapaaH aéHku,
! ®)
Nil ftvii/uiH ymymunii \onat TeHrnamacu

P +(dU/dV)a=8B(aP/nB)y @

HA WwHMA |,



M30*. (1) Ba (2) paH honganaHn6b yLOYHU E3ULLNMH]
MYMKWH:

dinz = (10 + (IV =~cle +-= (IV
oo ay o2 0 1 r

GyHoa
de =dL u dv

akaHmMrnaaH conaanaHmno, (5) H1 ésamms:
Qd(v+\n2zZ) =dU +PdV . (Mi

ByHaa MyBO3aHaTAary xapaeHnap yuyH Tynmkauddgepom!

dS=d(v+\nz),

AbHWM \onaTr PyHKLUACKU .S MaBxXy, SKaHIUMN siHa 6oluua yrv/]
ounaH Kypcatunaun.l

4 .11-wmacana.
2 Ar(\’+101
uchopganarvt A yHKLNAHN
A= %)
KypyHULWaa Oeo,
m=0fiJ*LE)
Il aH 1,.X

[JaH \onaTt TeHrnaMacnHy aHuKaHr; 6yHaa N — 3appanap coHM
(Mpean knaccuk Taumaa AO\axm Vra ﬁ]’fl/l(’amac).

E u HwW. dapa3 kunainmk, \axm ysrapraHga A HUHT y Umn
pvwmra acocuini \mccaHn GUpUHYM KynanTysun Vs KYLICHH
STbHM acocuii TabCUpHN PKypcaTcuH. Y \ongg;

' Knaccuk TcpmonuHammkaga ansan \onar yHKumacu S NEIB>Ky/|/M
rMHN Kypcatnbé. cymr (4) myHocabatmm Ba, ACMak, *onat TeHrm.m H/M
kypcatunagH (0) HUHT ypHuaa KT onnHagn. CTaTUCTUK TepMOAUHAMUK L
613 asBan (3) MyHocabaTum, CyHr aca S \onat yHKUMsACKM masxys imM
JINFTHHN  KypcaTavK. A
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av Vv )

r () Ypuwwm 6ynrad \onga (2) \onar TeHrnamacu Hm\ostaa
)|[<v 1lmpuiiwira Kenaay:

P =0y =no ©)

PV =Ne =U. (t0)

0 inv I) N Ta 3appagaH nbopar Kiaccuk ngean ras yvyyH

DBjrV/I On=KT. Oemak, \onar TeHr/namacu
PV= NKT

B L, flyminii ABoragpocoHn N 6ynraHga KnaneipoH TeHrna-
LitMuL onamms:
PV= RT.
)| KnuHT noean ras. by \onga v = 3N \omar TeHrnamacm
m |), /lomak,
PV= U/3

P=w3, U= uv.

I| ' wmn naean 3appanap Mabiym ynanuwgarvHa \apa-
M...... arap (by cTaTUCTUK hM3MKa Macasiacu amac, anbarra),
| vm KNIMNWNeHragaH chakat wy MyHaIMWHUIMHA 3bTMbopra
MMHWUHK) o/v no3umM, sbHM v = N. (9) \onaT TeHrnamacu

i fi ykY|=mHmwra kenagn.
| I/ mvrana. ABBa/irn Macana LwapTuaaH dioiganaHmo,

PV =llyu, - 3
UL, HYH/TAaMACUHW OfTUHT .
lynuw:
PV =—U

hi | iMiiftarii N/V HUHT ypHUra, aBsair Macanagarv



TEHI/IMKHUHT KUAMaTUHW Kyinb, Macana waptugarm \onar nmul
namacvHn onamms.

M 30\. Vgean rasz yuyH /A= 1akaHNUrnHu Hazapaa iymfi(
rasogvHamvnkaga hoiganaHmo KenuHaauraH
PV= Uy~ 1
TEeHrnamMaHy onamms.
4.13-macana. AgnabaTuK xapaéH yuyH

py/» _ const dl

TEHrTaMagary JOVIMUA COH const HUHI A = AaY* wapTt 6axM

punraHgarn UgoaacuHM TOMUHT .
Eunuw.
Z-esv, 7 I.Sg -

TeHrMmKnapgaH
esv _ (y-+e=>
*4

ByTeHrnukHu, PV - NO HM Hasapaa TyTM6, KaiTaé3amil,
esy _ W(v+\) yN{py ] jyy

ByHzaH:
es/y-\ _ ory+\) |' pyN/vA

eKun
PY*A+ | = Bev>

By TeHrnamaHu agyiabara TeHr1amacu (99) uniaH comwmmpnr,
asBa/Iry Macaniafary TeHrniamMmaHu ofiamMms:

WH=1+N/v. <11
ByTeHrnMkHn 3bTMbopra oncak, M3naHaéTriiH
PY»‘ =Bes/r 3|
TeHr/1aMaHn onamms; 6yHaa
( HY VN
Anr(v+\) (»

I ]| =u\ Arap agnabatvk xapaéHaa SHTPONus JOUMNIA IKaH-
HtniH ii i,kak, oxupru (2) reHrnama siHa (1) TeHrnamara ke-

- 11 mHWNa. Mabaym MyHaguaa KaTbuii \apakatiaHaéT-
1H tthim a]maToByW TE3NUMN HbloTOH doopMyriacu Byiinua
Hpcn iiin.iii toBywW Te3nurn vj, OaH MKKN MapTa KaTTa 3kaH-

| BUHHWM | ypcaTuHr, AbHN
VB =2b],
I [ WHH VC60T KWUJIUHT.
| ‘inin Mabnaym lyHanmwga kapakatiaHaéTraH ras yyyH
H * | Ocwmak,
1V w=1+IV/v=2,

K V2 =PYyH =2PW\ V), =PV
Ky  <punllnznaHaérraH TEHI/IMKHU aHUKOaHaaW.
<r* mHcHia. PV = NO TeHrnamagaH choiiganaHmo,
P =Uyn-1

H UL NamMacuHN KeNTUpUG6 YMKapUHT.
| yHhi OpawiirHa kypcarmw MmymkuH (PV =NO 6ynraHaa)

Cv =pU, CP=a(U +PV)=aH.

W"1" Kill K 1naHaéTraH reHriiama onMHaaw.
| lit myrana. CTaTucTmk nHTerpan (MMrnmHam)

Wil
v T MVHI aHVK KniAiMatnga
Z=C,(V,v, XQOr, @

in | KHUT aHWK KnAMaTuaa
Z= C3U, Y, Xy < A3

...y KypcatuHr. C, Ba C20LwKop 6ynmaraH qyHKUmsA-
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Eu nw. a) Tabpudira kypa, N4kn aHeprust UhoaacuHn Ci
MU3:

U=J£/(E)dn = JEe-pfdn=-1~ ;

v —bepwiraH (dmkcaumsinadrad) gecak, 0 =1/, akaHn
OaH choganaHno, (4) H1 Kyingarnya ésamms:

m z
V O Z'
ByHaaH
Z =C.(v, K *)0-
eKun

Z =C,(v, K XR((/v) >

M30*. CTatnctmk nHterpan (MnrmHagn) ndogacm

[aH (6) nhoaa ONIMHNULLIN MYMKUH, SBHU:
Z—C,(v, V)(U/V)\

GyHaa
cliv,r)=1in +l)

6) £/(hukcaumanaHranga
dp =-Ldv.

ByHu abTMbOpra onmeG, KyhinagarmHn ésamms:

eKu
Z= C,v, KXy e". H

Z hhht ndogacuaa wyHaam e 1kynaiTyBuH 60p 3KaH/LLH*

HW 6olKaya ycyn 6unaH \am Kypcatuil MyMKUH. \akK,uMMM

\am
S=v+Inz

ndopafaH
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mH min M litf) umugann.
« | 1murania. CTatucTuK nHTerpast Zy4yn onvHraH

| f <s

l... ... oi wia 4.16-Macanafa onnHraH (2) ea (3) HpoaanapHn
HA VHK

Punin a) (1) Hpopana
C(v.K)y=n ~ @

ML MHM KNpUTKG, (1) ndogaHnmr ninaHaétraH
Z=C(v,V)Or ©)

|- i 1(hi i,hi GBUP XN 3KAHIUTUHN KypamMuns.
in PapL KMnanmk, v—6yTyH Ba eTap/v Japaxaga Katra

HftVii HH Dy\onga CTupnuHr hopmynacnpaH gooiganaHamma:

riv + 1) =v=ve-. @
|t\iiii m.TH6Opra onnb, (2) HM
C(v, ¥Y) =Ave’/h'g 6]

lcnllumna ezammz. dHAM O = U/V akaHIUTMHW Hazapaa Ty-
41| N Hn é3amus:

Z =’\hfL ov=C(v,V)U'e-v (@)
g y '’

AyHra
C(v, V) = A/h'g. )

I IH macasin. OcMnnnAaTop ydym CTaTUCTUK UHTErpast Z HU
Hvxnmnii Ba sHMM ycyn 6unad aHnkaaHr. OnvHraH Hatwka-
LIMIH | onMLLTUPWHT.

Iy Wil

z :EI_I* TR «0
en =tico(n+ 1/2), n=0,1,..., 2

0=Vp=U/v=<e>/v,v=\ ©)



Mpaean ras yyyH

BO- WP» =KT,
(1) acocnpa Z HX TONanNuK;

zZ . -T

X = (irtiw =tiw/ KT

<€ >HW aHUMaNNuK:

<e-m 1
€ z g0
| dZ dx _ tiw e*/2+ex"2 _ /w . hw
~Z9* Oft ~T" ex/2-e'x/2 ~ ~T IkT' @
OHAN Z hh
hg
2 M vH)Ov >
acocuaa aHNKOaWvK.

s=1wv=10=U/V=<e >0-=1
/> +D)=r(2)=1
M'E =AE =Aen =Atiw(n+ 1/2) =(? +1/2)/».

ByHOaH:
A=h/tw=2n/w.

(7) paH Z H1 aHMKOARMKMS:
Y _ 2n<e> _ 7n tiw tiw
hAT~ NIAT 2*7
Jemak,
_ le*/24ex/2 _ <e>
2ex/l-ext* . hv H
(5) Ba (8) ndhoganapH1 CONNLLITUPaRINK.
dapa3 kunanuk, X =flfliw« 1 6yncuH, sbHU Temncp.uy
pa eTapnn fapakaaa karta 6yncuH. Y \onga

15X



W TAMITHTY /AL

ef +ex~2

Al>mk y*onga aHbaHaBwii ycyn 6unaH onnHraH (5) ndoga

#11ll ycyn 6unaH onvHraH (8) ndooaa bmp-6uprra Moc Kenaap.

| nw (8 pgaH KypuHaguku, 26¢cpunraH TepMoavHaMnNK
LWdon in 1 ypTaya KeaHT ~onatnap COHU:

J H 10 v Acocuii \onat abTubopra onMHMaca, Z= </7>.
1H 10 rcarxgarn "sappasiap’ COHM yprada <M= 3ca KBaHT
w.... ... TaKCUMOTM SKAHINTMHN KEAVHPOK; Kypamus.

«17-8& JHTPOMUNA. TEPMOOANHAMU KAHWHT
MKKMHYN KOHYHW

P VH | MyBO3aHaT/ M XapaéHnap yuyH

Odiv +W2 =dQ, (112
ml/Im i wHni \onatnap yyyH, KapHo Teopemacu acocuaa
Qd(v +\nZ) >dQ (113)
MHui i MpHY é3raH a3auk. (112) Ba (113) pgarn
5= v+InZ (114)

mHklimimi TU3UMHUHT 3aHTponuscK, (114) TEeHrIMKHU 3ca
l|<lvm|nH reHrnamacy poeb roputamnsl (112) sa (113) 6upvikga
MM hi ymymmia myHocabat
OdS>dQ (115)
Wr/1 MOAMLLILLMKALLILLIN IKKUMYY LIOMyHW Aelinnaan.
I'll i yeynmmnspaH dhapkay pasuvllaa oaataa SHTponm-—
Ul I'in'(k rabpudmra kypa,

S= - <\nf(E) > (116)
Wi]iiiiiiiiiiua ékn bonbumaH dropmynacy (KeiMHpOK, 6y dhopmyria

HuH nwwnamua) acocuaa KMputuiagn.
1....... abpudm (116) gaH Ba

Hw» Ul» 6upnHUM mapta €3mnantu.
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ncoganapHU Hazapaa TyTub, sitHa 613 KUpUTraH SHTponua g
facn (114) Hn onamms. Jemak, aHTponusa TeHrnamacu (11
M'M66¢ Tabpucpura moc kenaanl

TepMOANHAMUKAHVHT MKKUHYM K,OHyHUra MyBOCOMIK, TU LLLY,
NUHr \onat PyHKUMACK S Kylnaarn xoccanapra ara:

1) SHTponusa y3rapmm (IS MKk KMcMaaH néopar:

dS=dS4+ dsg M

6yHaa dS — Tawkn My\utgaH Tnsmmra kenyeum (Ekm M'iy|l
un) aHTponusl; dS — TUIMMHUHT y3uaa KaiAitmac (QUCHXI

rvB) XxapaeHnap Tydarinu \ocmn 6ynyBum 3HTpPOMNKS.
2) </£ rmsvgarm KantyBdaH (MyBO3aHaTgarmn) xxapanmdg
YUYH HOMra TEHT Ba K,alATMac >kapaéHniap yuyH Mycbatamp, LM

dSK=>0. (1

3) TusmMmMra KesyBYM 3HTPOMNMSA TU3UM GUIaH Talkmy M\l
y3ap0 TabCUPUHUHT KOHKPET XapakTepura K,apab Mycoar, H«M
KN MaHnii GyNnLIN MyMKUH, SBHU:

ds4%°- (1

XycycaH, aamabaTtviK sikkaslaHraH TU3MM yYyH, SbHUA MUH M
My\uT 6unaH nccmkguyk \av, mogga \am anvawmangmnu ill
31M Y4yH

dsg=0. @n
reHrnvk ypuHnu. by \onpga (118) kynngaruya ésnnaau:
ds=0. (UJ]

(122) ndropa —aamabaTvk sKkkanaHraH TM3vuM yuyin mpwm
ONHAMUKAHUHTUKKNHYN KOHYHUHUHTESUnMwnanp. (118 sSuvn
nvikaa, KapHo-Knaysuyc Teopemacura acocaH,

dsit= dQ/0 (1.1)

10patTAa, SHTPONUSMU yNnuamav napavetp S =-—k <In/>........ HIALL,
Kabyn Kunaaunap; K — bosbLMaH [ovMuiAcK.



MMiik , NN TepMogUHAMUKAHUHT UKKUHUYXA KOHYHUHWHT
JNHU ndhonncura kenamms:

ds= (1Q/.. (124)

b'PMUANHIMNUKEHUHTBUPUHUM KOHYHU (12) HK 3bTNGOopra
[1» HHPUMUYM HA MKKMHUYX KOHYHMIapHU Bupraivkia

0(1S>dU + dA —/icN (125)

Itl... . Mi.i c3damms. byHn mbbe-Adrorem MyHocabaTtm aeinna-
|1K] K 11 vk \onpa O =KT.
t | LMHUK dM3nKada IHTPONUAHU \oaT 3 T UMOSTIUTNHANT
cunTnaa Kapanagn. SHTPOMUAHUHT CTATUCTUK Mab-
I« HAW LiN FAMMWNLWL yYyH KyAngarn MUCOSIHN KaparimMus.
JNun 110up-6mpnaaH axpanrad S° Ba S" aHTpoONUANU TU-
fllli bip mMyBO3aHaTAa GyncvH. CyHr ynap ypracmia KOHTaKT
w v | tvwmraHgaH keiimH 5, Ba S23HTPONUSAIN SHIN MyBO-
»|]lin ynnrura kenvHagw.
Al tip oy rM3uMIapHn SHa KIRTaaaH akpartuica, YIapHUHT
IMiHiniiii \onatnapu 6y3unvanan; KaTbMinpoK MabHO4A alTa-
Kak, MyBO3aHaT \onaTnapHuHI 6y3nnmacnuru acsap-
nuum Bokeagyp; 6yHaa S = S{ + Sr bolukava aiATraHga,
... C* N Y »VTT — MyBO3aHaT XO/aT 3HI KaTTa 3XTUMOJINN X,arar—
I/ <, N=26ynrangary MMcoONHU acnaHr!). by aca | Ba
VI»'HM LIpdaH noopar TU3uM 3\TUMOoAM Kndimnk 5" +S" \onar-
«MKMO/MN KaTtTa 5, + S2\onarra yTraHaMrmHn Kypcaraau,
ilti in WWMHHHI SHTPONUACK 5aeapnn UWOHYIN BOKea kabn
UHH >HMAS =0.
LLymMn «ATWLL TO3UMKU, TU3UM TEPMOAUNHaAMNK 3\TUMON-
LiIH HMHK \onatgaH TepMOAVHaMUK 3XTUMOSIUI KaTTa \orar-
t8 f <t 411111, y3MHUHI XOccacura Kypa, Tabumin pasuwaa jhia-
M h = 111raii TM3umaa sHTponusa optaan, abHu dS > 0 6ynaay;
<+ qa| KnnannmMK, MyBosaHaTdarn akkanaHraH TU3VMHUHT
N#|MA\|])|atnapn coHn N 6yncuH. Y \onga TeKUc Takcumia-
wbh.... . OCnH /-\onar a\Tumonnnru

W, = ¥N

mini | (Mm.in AnvkgaHaan. T'e6c Tabpudmra acocaH:

11 |k1iacancn ok



S= Wj InWj =InN.
/

By — myBo3aHat \osar yuyH bonbumaH dopmyniacy 6yLA
6yHaaH N ycknm akaHNUrnm \am Kenné 4umkaau.

HOkopyaarvnapgaH, arap MUKPO\OaT/IapHUHE 3\TUMO i LM
Napy rekvc TaucumiaHMaraH 6yrca, aHTponma Makcmym | ull
MaTra HucbataH KUYMK KAMaTra ara 6ynaaun, sbHu \ona| vl
MyBO3aHaTAa 6yniaaw, sicraH Xy/iocaHu YMKapuw MyMKUH

ByHOa TM3uM penakcaums Tamoinamra acocaH MyLUMLLIbH
\oriatra skuHnawasepaan Ba, HU\OAr MyBO3aHaT *onaTMm kv
nagn, sHTPONUS MakCcUMyMm 6ynaaun, a\TUMOIMKIAP 314 HAM
TeKMUC TakpumnaHraH éynaam, suHU 6y epaa tokopuaarwip/LLA
SHTPOMUAHNHI OPTULL TAMOWNAN Kennod Ymkanu.

1-mn3o\. PnyKTyauus >xapaéHnapuaa mysosaHatgal n w
3uM KatTa a\Tmumosninu \onatnapgaH Kuumk a\tumonnm \oiitlfl
napra ytaau, 6yHaa TUSUMHUHE 3HTPOMUACK Kamasiay.

2-130\. SHTPOMUAHUHI YNY4amMCU3 KaTTa/IMK CUCITHHLLI
aHVIKOAHULLIW, BU3HUHIYa, METOAMK HYKTau HasapdaH KynrnM
AMK \ocWn Kunaay. YHAaH Tallk,apy 3HTPOMUAHUHT GyHmA
aHNKNaHWLLN, BUPUHUMOEH, YHUHT TapTUOCH3NMKaapakac v
KypcaTuwira, UKKMHYMZaH, nHgopmMauma Hasapmacuar v w
TPOMUAHWHT LLIEHHOH TOMOHWAAH TabpudnaHnLMra Ba, HHy*
AT, YYMHUNAAH, KaTbUiA aiiTraHga, NXTUEPWI Tyniam 3/1emnu
napy XTUEPUIA 0ObEKTIaP BYNULLIN MYMKUHANTATA XXyO/T MeL,
ryLwaam, SbHW YHUHT yndamnm Gynmvaid, yndamcns Gynmim vry»
caara Mysodmk, Bynaan. Pnsvka anabmétuaa aHTponvsa ( M p
rma/rpaayc) yndamra ara.

Tapybaiai MablyMOT. SHTponus TylyHyacu 1865 M|
HeMuC onMMK Knay3mnyc TOMOHUAAH KUPUTUIITaH.

Monekynsp-KUHEeTUK TacasByp/iapra acoc/iaHM6 aHTPonmMm
HUHrOpPTMLWLN \aK,Maa G1prHUM 60608 aTraHIapyMm3ra Ky TUm
ya duKpiap ropuTamMms.

Bru3 nukm sHeprus UydyH ymymumian \onga

%
U= (1?7)
/

vdpopara aramms. KeasuctaTuk (MyBO3aHaTAaru) xapacr hi
anp éynraHga
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pv,=4@Fe (128)

eMill 'Mi wr=>,

i’ )§V\A(IE>+)§ E‘dwi =dE >4S/ (1
-Mn....... n). dW. H1 y3rapTnpmb E3aink:
AW = - Wd(\nZ + PE) = - WidSi, (130)

1N In/ + pEi— M1KpoXANaTHUHI SHTPOMUSICA; paBLLaH-
VAV In 1/W.. (130) gaH choiiganaHnt (129) Hm

U+<dA= £ WEjdS] =-< EjdSj > (131)

/
linn.11; nMu3. TepMoANHAMUKAHVHT BUPUHYM K,OHYHW
dUu+dA=dQ (132
HtHiirin LoHYyHN
dQ<6dSs (133

itipni a acocaH (131) maH myBo3aHaTAarv \osn y4uyH
— <EdSj>=BdS (1349
MKHA onammns Ekn ymymunii \onga
- <EdSi>=0dS>dQ (135

......... hi.i >iabynamms. dkkanaHraH TmnMmaaru xxapaéHnap

— <EdSi >=BdS>0, (136)
Hfty-n 1 in MK KNiiTyBYaH, TEHICM3/IMK KaliTMac >xapaéHnap
htt vimiimi.
mi Kiiill\MyaH »apaéHnapHu kypannmk. byHaa
- <EdS{>=BdS= 0 (137)

| MMHVVIM, (137) MyHOCcabaT 6akapuaniumn yuyH



- <EJdSJ >:—AWjEide (”

mmrmeopaa A, Ta MMKpoxonatnap anTPONUANAPUHKHE Y iuimi
wu dS. maHpuii, N7Ta MUKPOXOaTNapHUHI 3HTPOMUU MpU
HUHI y3rapum dSk aca myc6ar uvwopanu 6ynum  uiapi
N = ¥, + N2— MMKPOXOnaT/iapHUHT YMYMUIA COHW.

/=1, V,; K =1/N2 6enrvnawnap kmputnoé, (138) ndommm®

N N, A=
~ZIVjEjdSj = ~ % W KEkdSk =0
Y / *

KypuUHULLAA €31 MyMKWH; 6yHaa dS, <O6ynraHn yuyH
-gjdsj >0 (u

6ynaau; 6yHaa dSf<0\on mukpo\onat axTUMonnnMru VA AHULL
opTULLMIa MOC Kefaam, SbHU KNYMK 3XTUMOSIIN MAKPOGIOH, U
napfaH KatTta aXTUMOJIIM MUKpOXonaTnapra yTULLIIap COSHLY
6ynagn. dSk>0 6ynraH fonnapga MUKPOXoaT/iapumHr Kkaly
AXTUMOJIIMKNAPUAAH KUUYMK SXTUMOIMKNapura ytuuwiap o*
avp 6ynagn. MyBosaHaTAa 6y MKKWU KOHKYPEHT TULLIAaPHIM)
ypTadacu TeHr Ba dS =0 6ynaan. Ymymuii xonga dS=> 0 wmn
Jevak.
N,

~NTULEKS, %W KEkdSk (Mill
i K

JeMaK, KNUUK sxtumonnw MUKPO\ONATNApPAaH KatTa s\Tn
MO/ MMKPOXOoatiapra yTuwiap akcrH4ya ytyuwiapra HIcOw™
TaH YCTYHNUK 6unaH 6opaan. "HomyBO3aHaTAaru »xapaéu up
yormga TU3NM KNYMK SXTUMOJI/IN XOnaTnapaaH KarTa sxXTMng
M Xonatnapra ytagn', genvnraH nbopaHu Wy mabHoga i\
LLYH MOK, JIO3VIM.

Arap TM3um 60LLMaHry NaiATa MyKappap (UHamMunK) xomnaiw
(BKn yHra sikvH xonatga) 6ysnca, Talwky TabCcup OynMaraHs/ik
BaKT yTULIM OGUNaH y MyBO3aHaT Xosarra KatTa aXTUMOJIIK
6GUaH Kenaay, SbHU AHTPOMUAHUHT y3rapuwm dS >0 6ynanH
By xonga sXTUMO/IIMK VI-"HYHI Kamaimiinra sSHTPONUALLHH

-6dS=  jEjdsj =~ E'd Si + X WKEkdSk



Mot kenagn. ByHaa dS> O6ynuwn yuyH

£ WKEkdSk > "WEidS,

m=>..... v inam 3apyp (K. 1.4-pacmaa YHr uaHor); yHoa W
HI1 HHMiilliiiniira Tyrpy kenraH dSK>O0; yHUWHI opTuluuMra
H|I'H  nHm dY <O Bowkgya anTraHgaTnsnm genbta—gyHK-
w* ........ LW1aK KaHOHUKTaKCUMOoTAM \onatra Kenagw.
( N MHTNa. 1) SHTPONUAHMHT TnM66C nthogacn

S = w;mwj ©
i

“ M/ pi nd ndpogacu
n =£ E X @

Hummn K laucumoT
€)
pHaa W pPMOANHAMUKAHUHT UKKUHYM KPHYHUHU KemTupno

*jam
1) 11cMOMMHAMUWKAHWH I BUPUHUA BA MKKWUHUYN KPHYHMapn

QdS=dU + Pdv, B= UN 4
lii...... v'ial TeHrnamacuHm
P=nB @)

HeMnpHO umK,apuHr.
I | Fnin 1) (1) oaH ywbyHu onamuns:

dS=£ Inw,dw>- 6
I

ftprn N dW, O abtm6opra onvHan. (3) HM (6) ra Kyinoé

M MHU oflaMu3;
ds = ) EjdWj m @
i
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(2) paH aca:

£ EjdWt =dU +dA, N
6yHaa dA = - <dE>. TepmogMHaMNKaHUHT 6UPUHYN KOHYH!
dQ=du+ dA 0)

(8) Ba (9) faH NCCUKOVIK MUKAOPUHUHE YMYMUIA 1thodacHm
aHNKOAUMKNS:

dQ =X EidWf . (I0)

MyBO3aHaT/I1 Ba K,aiTap apaéHnap yuyH (7) sa (10) aaH

pdQO=dS. (D)
KapHo Teopemacura acocaH, ymymuia \onga
ds >fidQ. (1)i
AnuyabaTtuK »xapaéH yuyH
ds > o, (m

KaliTmac >xapaéHniap yqyH
~=>0. (M)

(12), (13) Ba (14) TepmoaAHaMUKA UKKUHYN KPHYHUHUHT U0

Aanapu.

2)  \onart (T, ¥Y) napaveTpnapra HucbaTaH aHMkgaHcuH; (111
TcHIriama v = const \on yuyH (3appasiap COHV AOMWIA BY/IMH
\on yuyH) ésnnraH. (13) Hu

i
ds = + lw dT+ Fep av (15)

KypuHuwaa é3ainuk. f/1T1yna amdcepeHumanimrngaH

<Nai/l_allwmn,1l
M\ oa\  or(o|_sk ] )

TEHI/IMKHM €31 MyMKMH. (16) HM Kyingarmya e3aivik:
1%



IlH | [ iiii v=const H1 3bTMBOpPra osicak.

an<¥ a au
dv dr ~!Trw

Hi nn ypuHn. Bylwm HasappatyTn6, (17) gaH

alnP aino _
)T N P =CO

mMtm nH onuvmns; C — mHTerpan gommuiicn T ra 60rnmk,amac.
ApHW hi >yuyH

| Pi=""°a=»KT-

(oH/WwH (’ w/» — 3appanap 3nuaurn. Jemak, ymymuii \onga

P=nO, B= U (18)
pit 1 hi LUMAaCWHW OflaMm3.
(= Mill'llrw,

CP-CV =TV§(|L' ©

MHuU HU MCOOT KUNWNHT.

I 'l Hhi IMiHa MabymKu,
Cp- Cv= Val|n
TdS= CwWdT+ ItdV

K'Mi 'TmMa mMyHocabaTtw GynraH

Mil Y nil
-r(81 =rw \ -
CP-Cy =PVTafi ; ()



fan (in =

TY\AY)P\AP)T

(3) paH honpanaHnod, /? HUHI NPOJACUHN E3aMIN3:

=I(IfL) --a y -
I'S*T)y 7r|n /g\

Jemak, (4) Hn Hasappa Tyrmnb, (2) gaH (1) ndogaHn ouy,
MU3.

4.21-macana.

XT~X3=Yr¢t7_

TEHINIMKHN UCOOT KWUJIWHT.
Eumw. Bmsra mabnymku,

XT _y_Cr
Xs Cy
ABBaUIT Macasiaga
CP-Cy =VTa2— 1)
XT

9KaHW KypcatwuiraH agy. byHun y3raptmput ésannmk:
cP(\-%Y =cPA\-j+) =%&(XT-xs). Gi
(1) Ba (2) maH:
Xr - Xs =}’Ta1|_p .

4.22-macana. 'mbbe-/Arorem myHocabatu acocnaa CregiaH»
BosbLUMaH KOHYHWHW UCOOTIAHT.
KypcaTtma. ®OTOH ras nykm aHeprusicu

U=Ve(T) * ()

vdoga 6unaH aHnkgaHaan Ae6 \Mco61aHCH.
Eunw. Mbbec-rorem myHocabaTtu

dSr=1@U+PAV) =i\ (1w tpyiy (D
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iimhi tyjia anddepeHuyanurngaH

Krany =A 177L+7)

LLl nil HX onamMu3, 6yHaaH P — E/3 HW Ha3apaa TyTuo,
T— e

uw ini' H1 onammns ékn GyHaaH
£=0T4

| Iff 3% BonbLMaH KOHYHU Kenmb YnkKagu, cy— WHTErpan go-
LIMHIT VI YHWHT kniimaTty MnaHK HasapusicnaaH aHnKgaHaaw.

4.8-8. CNKYP-TETPO4 TEHINTAMACWHU,
rnr,eC NMNAPALOKCHU

tiiipoiUHi chopmynacu
S=v+Inz (141
mli N 11 BppagaH mnbéopaT GynraH maean KNacCcuK ras y4yyH

Ihiimu  Halinuk. byHpan mnoean ras yuyH v= 3A/2; 00=«kT
lit Mn< Ik uHTerpan Zy4yn

1

70 (142

- ... Ha,w3; ByHOa

3/2

1_\

Zi v < (143

wm |>mv i [WNaH aHWKOaHaan: (142) sa (143) HW Hazapaa Ty-
fllfi (111) HM kanTa é3amma:

S= N
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N W v

ButTa 3appara Tyrpu kenraH S/N aHTponusa (144) Hu ('«
Kyp-TeTpos TeHrnamacu geinnaan. (144) gaH KypyHagyku
Temnepatypa T Ba 3nunuk N = A/ K ysrapmaca, (S/N) aHTpu
nus X.am y3rapmanau. Y,

N Ta 3appagaH noopart K1accuK nacar rasHUHN 3HTPoONU |
CUHU Tne6e-/Arorem TepMoanHaMnK MyHocabatuaaH aHviaayrl

'HM
0 dS=dU+PdV. (13)
Wpean ras yuyH U= U(T) Ba gemak «
dU =CvdT. (ne)

Mabnymku,
PV - NKT. (n?)

(146) Ba (147) H1 \mcobra omo, (145) TeHrnamaHn é3amn i
kdS =c/-L +!liLd V. (148

ByHaaH
kS=CInT + NK\nV + S, N1

oyHga SO— mnHTerpan govMmMincn. Y ymymMaH, 3pKUHIVIK Japa
Xanapn CoOHM ékn 3appasap CoOHMUra 6ornviK,:

=S ékn Sn=SHN) (150)

Bbr3 macanaHn kapaétraHnmmsga N HA NXTUEPUIA AOVMMN
[e6 K,abyn KuiraH 3gvik.

Ywo6y MUconHu Kypannmk: K\axmnu mnguw Tycuk wum
VKKN a Ba b knucmra axpatunraH 6yncuH. K \axmga Na, |,
x;axvoa Nhupgean raznap 6up xun Temnepatypaga 6yncuH.
rasnapHuHr (149) ra acocaH aHTponusnapu

kSa= CJn T+ Nk\nV + kSgN) : (151
kS, = CJnT+ NBA\nvh+ kSQNBH . (152

Xap VIKKW rasgaH noéopar yMyMuin TUSUMHUHT 3HTPOMUSCK
SHTPOMUAHUHTI aAauUTUBNK XOccacura acocaH, (151) sa (152)
NAPHVIHT MUTMHANCA, SbHN
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St=s"+5* (153)

| nHMMIaan.
Il Knemnapy opacnaarn TYCUKHU OfIHCca, rasnap
mu, andcby3na xaumcacu 103 6epaan. Mabiym Bak,TagH
M NUH HaK;raaH) KeMnH TM3MM Y3UHUHT MyBO3aHaT\o/a-
M WM, a Ha b rasHuHr \ap 61py UOUWHUHT BYTYH \aXKMu
Ha | mugn. Anddy3nsgaH KelinH, TU3MM MyBO3aHaTAa
.... . 4 Ba brasnapHuHr sHTponusinapmHu (149) dopmyna
*H/ IHVKOANMU3, STbHMU:

kSa= CvInT + Nk\n{\Va+\b) + kSyN), (159
kSb= CInT+ NHANn(\Va+ \h) +kSr(Nb. (155)

|n' M|" NnpanawraHgaH KenH apanawma TU3UMHUHT YMy-—
MHPOHNACK

S=Sa+sh (156)

lliiHtiii neéopat 6ynagn.

41 ,| Ha b rasnapHuHr apanawvwmn (anddysmnscn) Ty-
1 WMHAHT ymyMniA 3SHTPOMUSACUHUHT Y3rapuLLINHN TO-
M1 LyHuHr yuyH (151), (152), (154) Ba (155) ndonanap-

*.| Mp bI Tyrun6, (156) ndogagaH (153) HM alinpammns, SbHU:

/M kS -kSO=Na In a +NH In b (157
MyHanH
AJ =N Nhl 1
J »\N an +Nhin “h (158)
L' v wmnanw.
K dopmyna (158) rasnap y4yH, MacasnaH, aproH, HeoH Ba
g|... .. Inl iap yuyH TacomkpaHagH (k- (12)). ®apas kunannmk

Nl =l | rup xun ras jV = Nh= N ngnwga apanawcuH. (157)
mM 11v, | (Jropmynara acocaH, apanawmi (y3auddoysms Tydiaiinin)
WAHH ITHI2ZAIr opTrin

[5=2/11n2 (159)

NLi... Mvwn anvknadHagn. YMymaH, 6vp Xun ras ydyH sHTpo-
WUYMLLN OPIULLN SHTPOMUAHUHI MaBXy/z, aMac/imrmra onmé
VM <i» YyMKM rasHUHT \ap kaHgam ~onatnHu, 613 ras KUucm-
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NapVIHVHI opacugary TYCUKAAPHVHE ONMHULWIK Tydhaiinn o m
KenraH, Aeb TacaBByp 3TULLIMMU3 MYMKWH. By aca yHuUH! HI
ponusicy, (159) raacocaH, aBeasigaH 6epwiraH \ap KaHOaM corm
KatTa 6yna ONIMLLIMHL KypcaTaaw.

AMMO 6up xwni ras 6ynraHaa Tyeuk 6ynuuin éku yumH
O/IMHULLN MaKPOCKOMUK XXapaéHUHUHT (guchdysmsa *ogmc.H n
HVHI) Bynuimra onmé 6opmaingy. MyBosaHataarn Tmarmaa MUS
POCKOMUK >apaéu Gynmacnmrn yuyH (bup xun razga y3avg
dy3ma ~oamcacu —TepMoaMHaMUK XapaéH amac!) yHun
SHTpONMACK y3rapmacanrm nosmMm. LyHpain knnmb, TepmorH
HaMmMKagaH Kenmb ymkkaH (159) mndopa amangarm Hamvg-+HA»
3npovp. bysnaamatHu MOB6C NapaaoKeh Aeinnaan.

MMB6C By 3MAAMATHU AMNNPUK ycyn 6unad \an kwian. Cun
TUCTUK gm3ukadarn (144) copmyna acocmpa 6y 3vagansil \i
y3ngaH Gaptapad atunagy; *akmkataH \am, \ap xwn rai iip
apanawraHga (144) dopmynagarv 3uuimnk N = YY/Kysrap.uv
Ba, AeMaK, SHTPONUSA y3rapaay; 6mup xwi raznap "apanawraHiv
3ca TYCVK, Oy/IMLIM KN ONIMHULLIM BUNaH 3UYVK y3rapman L
Ba, AeMaK, 3HTPOMNUAHMHI KuAMaTtu y3rapmainan (Moe6c napn
Aokeu bynmaiign).

1 -um30*. CtatncTuk M3nKaHMHI ogatgary 6aéHnga 6y mu
OVATHN KBAHT MeXaHuKacugarm (X;03vipry 3aMOH MMKPO3appsT
nap msnkacmaarn) aiHaHIMK TaMoinaMHn \mcobra onmo, Cylu
CtupnuHr coopmynacugaH guoiiganaHnL Opkasiv *an KWIMHH
(Cakyp-TeTpog thopmynacuHu onuga \am, aHbaHaBWUi ycyrim
LUyHOa KnAnHaapy).

BU3HMHIycynmmmnsga aca, Mmb6c napagokcHM \an stuwm
CtupnuHr doopmynacugaH coiganaHmiira s\Tnéx oynvaHH
(K- [12] 241-6er).

2-n30 Cakyp-TeTpog TeHrnamacmga > 0 6GynraHga sH
Tponusa 5 Ho/ra nHTUAMaraHn y4vyH, Cakyp-TeTpoga, TEHIiaMv
CY TEPMOANMAMUKAHVHT YYMHUYN KOHYHVHW KaHOAT/TaHTUPMIIiA
an, perivnagn (MacanaH, K- [12] 219-6eT). AMMO Temnepartyp»
I" HoNMra MHTMAMLWM \ap BUP 3PKMHANK Japakacura Tyrpy Kcn
raH SHEPrUAHUHI HO/ra UHTUANWN OeEMaKOUp. SHEpPrus y»
NYKCU3 y3rapraH X,ona gaso *am y3/1yKcu3 y3rapuium TamnA
aTunagn. SvHKU J1-» O 6ynmwn Ky3ga Tytunagy. LWy ca6abnm,
Cakyp-TeTpog TeHrnamacnaa <@ hZKkT HucbaT HoaHLL.
Oynnb Kanaay Ba, gemak, [-» O GynraHga TeHrnama TepmMoan
HaMUKaHWHT YYMHUN KOHYHVMHW KaHOAT/TaHTMpMaraHnmi (Eku
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(HMM.MHMPULLM) HOMabIyM 6ynnb kpnagn. Arap kaHoar-

Wun. ivm YErapaBuUii KNAMaTHU ONULL MYMKUH.

4.9-8. BOJIbLUMAH ®OPMYNNCH

VMU NrHaH TU3NMHW Kapaiinvk. Tabpudra kypa 6y \onga

E=<E>= U= const. (160)
nun | \on. CTaTUCTUK AnrnHam
“PE (161)
mkin» | /-MUKpO\ONaTHUHI 3Hepruscu, ammo, (160) ra aco-

M1 Ty, ywmnapgarv aHepruna y3apoTteHr. LWyHuHryyyH (161)
(LPKH/ai Mya 31 MYMKWH:

Z =e*N\x (162)

HM
Nx ='Z1li > (163)

Hu| )¢ enip coHn Z HUHT (162) ndoJacuHN 3HTPONUSA TEHTIaMac
5=v+InZ (164)

M1 *VIINA sikkaniaHraH TU3MM 3HTPOMKUACK YYyH YLy mdoaa-
[ MHVIVVA C

5= In/V. (165)

In nchona BonbHMaHHUHT Ma\yp dopmynacuamp.
K l.nu cuk pn. by \ongacratuctnk nHrerpan

Z =j e'pkdn (166)

HVmhmiwna aHvkgaHaay. (160) ra acocaH E= const 6ynraHm-
<H \ivii
Z =epE) dn =e~"Nx (167)
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TEHINIMKHW oflamMn3; GyHaA:

N* =i dn=w $ elr- ("N

(167) Hn 3HTponuA TeHrNamack (164) ra Kyinb, ssHa BoHKM
MaH chopmynacuHm onammsl by epaa NXTr3aum dazasuin ivn
Jarn "sueiikanap” Kataknap CoHM 6unaH aHMKaaHaaw.

SHTPONUAHMHI 6oLLLaYa KYPUHULIVHY KYPaivK. FKKA
naHraH TU3uM y4uyH

N,-\dn*\dr~\drc 0«

3KaHW Mabnym. byHnaru A" chasasuii E Ba E + dE paguyc w
rvnepcdepanap opacuaarv \axwv. dvVEeTapnm gapaxaaa KUHMK
6yNUIN MYMKUH. (FKKanaHraH TU3uUM YYyH cupT/iap opJicu
XyOa onka geb oputuiaan sa Opeinnagn.) Y xanm

e =J dTE ékv ATE - J dTE

(f:) (AE)

dn3nkaga KynuvHYya 3SHTPOMUAHWUHI y3rapuwm my.\um
6ynraHNUrn yuyH, (165) HUHI ypHura

AS=Infc ékn AO5=In /ITE (170

E3VNMNLLIN MYMKUH. SHTPOMUSHUHT OofaTaary ndodanapLuLL
BonbLMaH AOMMUIACK K ULLTUPOK 3Taapm:

SB=K\nNx 172)

Mb6¢c Tabpndin Byiinya aHTpoNuUS SnKMpUTUAraHaa

Sr=-k<\nfr> 172

' CTatncTuk dmsmkaga bonbLmaH diopMynacu noctynar cudgatnaa uy/l
Knnunagn. BusHnur 6aéHnmusga aca y SHTPONua TeHrnamacuaaH Keitu
pn6 umkKapunau.
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M1 Mmponnsa 6'TapTUOCU3NVIK AapadkacHU aHKaaan—-
> HinNuK GyraHn yuyH y ynyamam 6ynvn wapT smac Ba
\num m | GynnLLmM TaprmbemsnK AapaxkacvHn KypcaTyBym
VMHhopMaLVsIMM aHUKO0BYM) cudatnaa X.am MaHTUKaH,
N p || »xuatgaH GMBHMHIYa TYrpUpPOoK 3KaHAUTVIHN
ML numaH 3auK.
MamMyMOT. SHTPONUA POPMYTATAPUHNHT, >XyMTa—
L], tin n.uman hopMynacuHUHI hr3srika yuyH >xyaa My Mm-
M KyOOHUHT "CTaTUCTUK MeXaHuKa" KAToOBuaa Kentu-
KyVnparn mabnymotgaH \am 6unné onuil MyMKMH.
Lii | Mrn.wnr mapkasuii kabpuctoHvga Slirogsur bonbumaH
141 HW1ap) XoTupacura KyinaraH 64rop/vkka, YHUHI
[ néebaxo ry”dacu, sivHN S = RIn V-"doopmynacn aba-
mlll M Wb KyNnAraHAMrMHW MynoBYMiap Kypuwnapu MyM-
[MH
(Mm. lym 6ynmimya, S = RIndhopmMynamm aiHaH Ly Kypu-
Im I{D1LHveH y3u \ey KayoH é3mMaraH. MnaHK Yy3UHWUHI
mVMN) NypAaumwm Hasapusicu byinda kunraH nekumsna-
inv coopmynann 6epagn..." [4].
Mer\yp UHO chmnsmnrn Kybo TepMoguHaMUKaHVHE GUpUH-
= .. KOHYHMapun ~akugaésuno, y Kyimaarn 4ipoinm
mfhiiiHiiini kentupagn: Tabunii xxapaéHnapHUHI GyOK (hab-
Hin WTpONus Tamomunm AUPCKTOP/MK KUIWG, kaMmMa
ﬁ iH lip (kcnuwysnap) TypnapyHu Ty3uwira Ba ylapHUHE Ga-
<HWINn a 6ynpyk 6epaay; \y4y wy nantaa sHeprusHUHL
PAliiihhii konyH v dpakaTrnHa 6yxranTep po/viHK yiiHao, aebet
mPUINT (KUPUM Ba YNKUM)HN MyBOOUKOALLITUPULL (Tenr-
4H HpHin) GunaH wyryniaHagw.

Il nt o fAkKanaHraH TM3UM y4yH
Z=e"Ny 2
mHUM N lnnan. (1) gaH.
v =1In(NJZ). )
h M wppagaH néopat naean ras yuyH (2) Hm

(3)
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KYpPUHALLAA E3ULL MYyMKWUH. Y371yKcu3 \os yuyH "\onarniap ..... |
/YHn

g'ls

exn
N JJL
. i’

KypyHUWAa E3auk. (4) drasaBuii (haso "kaTak’ fiap COHMHM aHVIgA
nangn. Vigean knaccuk ras yuyH (3appasiap coHm N Ta 6ynuw)
[0a) g = M. icmak,

N"Nr=

5) Oa NN—ycynnap coHn. [lemak, X.ap 61p MUKPOLLIA:M.LLY]
ofatparv aaabuétaa Kabyn KunuHraHugek M ta ycyn 6ynmwH
OaH, 6anikn J1”'Ta ycyn 6opavp, AbHU *ap 6Up MUKPONOJIILLH
/Y™ >vin yeyn éunaH onuw MymMkuH. Ly ca6abnm MUKpokod,u
nap coHnHn NNra Y — 6y ycynniap COHUHUHT 61p KncMnmm !
TalWKWA 3Taau) KynanTmpu 3apyp.

2-n30Xx. Voean knaccuk ras sappaiapu

<Nr, n), (P.p, P),... (P,- p,.P)B <

\onatnapga 6yncmnH. Mukpoxonartnap coHn Nt ra TeHr 6yncuH
AMMO ByHAarn NXTa MUKPOXOMATHUHE X80 61pY FOKOPWIILL,
KaBCMApHUVHI (3appasiapHVIHIT) YPUHIAPVHW a/IMaLlLTUpULL iV
dhaiimv \ocun KNAMHUWK MyMKWUH. ByHaai "aHrm \onamvip"
COHU YY/"TagaH mnoopat bynagn. AMMO Oy siHrM \onatnap mu,

nym £ 3Heprvsiivi MUKPOXP/IaTHN XOCUN KUIVMHULLIMHUHT(LW]>
Kucmun xonoc. /TaHeprmnann MMKpPo\OnaTHU tokopuaarn Kve

napgaH Y Ta ycyn 6unaH \ocun Kuaiw MYMKWH, LLyHHLL
yuyH YY HU AN ra Kynantupumi Kepak:

yw iyt =K J
CraTucTuK hmnsmkaga burta ycynra Tyrpy KesraH MMKpO
W naTnapHUHI COHUHW TOMNULL YYyH KaTaknap coHMHU Ns lit
Oyn1LL STIO3UM.

4.23-macana.
v=1In(yvV/2) (n

176

mll'm 11 ,u0cnpa N Ta 3appagaH noopar naean ras "\onarnap
H o J1 H1 AMHKOaHr.
Il yHin By \onga v =3/1/2,

~ (O 2%V

n nipMiii dooriganannb, (1) HM KanTaélamuns:

[/ JN/2 | (IrtemkT~/2 _ ( 2neTkT )™N'/!

K!
Hns7v. /.t

IKy...... MUKpoxonatiiap cCOHu  Temrnepatypa T Ba 3u4-
| MIn(Hm iNK 3KaHAUIM Kenmb unuaau.

I Il ft. TEPMOAVHAMMWK OYHKLUUANAP
liin Mol dyHKLMACK Ba SHTPONUA YUyH
AE)=xe-pE,
S= +InZ=BU+InZ

ftIM 'IM  UTMN3. o
| fniHervk nHTerpan Z hu Kylivgarnua anmMammpamms:

(173)

(a74)

Z= +tre, (ars)
InZ= -PF
=-e\nZz (176)
mH M MHYIVHS. (176) Hu (174) ra Kyiicak:
S =PU-PF
F= U-0S. 177
177

A liiilU " fincii



Arap On= KT6ynca.
F= U- TkS
Ekun
F= U- TS, (

oyHaa Sr=KkS. (178) paru /«'H/HI ndogacH1 — TePMOMLL
MUKadary 3pKMH aHeprs (FenbMrosibL, NoTeHUMabI) Aeinivg
O= U/vaaH ¢hoiiganaHn6, (177) Hu

F=U(\-S/v) (I
éKkn

KypHMLLAA 31 MYyMKMH.

AKKanaHraH TM3mMaa KaTmac xapaéHnap cogmp OyraoH
6yrica, TepMOANHAMUKAHVHT MKKUHYN KOHYHMIa acocaH, YH1
SHTpONMACK S MyBO3aHaT X,0/1atvra KesryHra kagap opmO
pagy, SbHM MakKCUMyM KUiMaTura 3puLLIryHra Kagap opi
6opagn. By \onga sHeprus E Ba, Aemak, WYKN SHCPLUH
y3rapmaraHru ( caknaHranamru) cababnm, (179) gaH kyp
HaaMKW, 3PKMH 3Heprusi Pkamaiin6 6opaay Ba 5 Makcum
KniAMaT Kabyn KnnraHga 'y MUHUMYM KMAMAT Kabyn Kuwiaam

CTaTuUCTMK TepMOgMHaMKMKa HyKTau HasapudaH Taptuecn
JNINK NapaXkaCMHNHT OPTULM (TUSUMHUHI MyBO3aHaTra K
WyBMW) TapTnU6M \apakaTHMHI Kamainwmra Moc kKermagw. it
TM6M \apakaTHUHI Kamauwn TUSUMHUHT v Gaxkapa onmv
KOBUAMATUHMHI KamMannwmn aemakamp. WyHpan kmnnb, d&
KVH 3HEPIrvst TUSUMHUHT MW Gavkapa onmL KOBUANATUHI \
pakTepnaian. TUsnmM MyBO3aHaTra SKUHIaWNLWK GUNaH 3pKI
3Heprvs kamasau Ba, AeMaK, TUSUMHUHE Wl Gaxapa OHu
KOBUNNATN kamason Ba, HU\OAT, F MyHUMYyM Kniimat K |(
KUAraHaa TUSUMHUHT LW 6axkapa O/vw KOBunmaTn nykornan!

TepmoguHammkaga

® =F+ PV (IKI)

ndogaHn TepMogunamMuK noteHupyas (Ekm MOGCHUHN TC/NT
OMHaMUK NoTeHUMarbl) aelinnaau;

H=U+PV (1ut
ndiogaHn SHTaIbNUA (EKN NCENLIK COYHKLMACK) Aeiinnaan,
178
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1IN11 hui KypuHaguKn, SiKKanaHraH Tusnmga >xapaéHnap
ftjl/Iminaii 6ynca, YHUHI TepMOAUHaMUK MOTeHUMnanu
Mm Mnpaay.
[IMn N pmogmMHamMuK pyHKUMANap: Nukn aHeprus U, sp-
| INn puT Al repMogviHamMuK NoTeHUman ®Ba sHTanbnNua H
i 1 i|miwnapmHN Kypaiinuk.
JMn nwamunkaHnHr 1sa |l KOHYHNaPUHUHT YMYyMUIA ndho-
| | Jy: Ororcm myHocabaTu

OdS =dU + A - nvdv (183)

MubuyM. ByHAa j.idv = n"NjdNTeH rnknaH doiigananmo,
IHM knllTa é3amms:

0dS =dU +dA - ndN, (184)

/A FuMeHuii noTteHuman, N —Tn3um 3appanapy CoHW.
imMia /6OCMM Ba yHAAH Tawapm Xr X2 ... X.... Kyynap
Il Hl]ll|aéTraH 6ynca, 6ynap Tabcupuaa YHUHE X;aKMA Ba

M A/ napameTpsapu y3rapuviim MyMKUH. by
mi him HOMOHUAAH GakapnnaéTraH mw

dA =PdV +Y Xjdxj (185)

wft Oli iiill aHnKaaHaow.
flAi kgnaiinuk, 6epk Tnsnmra (sLHU dN =0 6ynraHaa)
BUCUM TabCup K,unaétraH 6yncuH. ¥ \onga (183) myHO-

0dsS= du+ PdV (186)

du= OdS-PdV (187)

tininliit onagn. byHaaH vuku 3aHeprusa U —TepmognHa-

m N'pynHan. (187) gaH 6ocum P Ba 6 yuyH

Lo<t>

P=A -

(188)

(189)

HU TPWH O/laMn3.
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Moean ra3 yuyH OO= KT. By x,0onma (189) gaH, Xycy
Xpnga abcontoT TeMnepatypa T HUHT TePMOAMHAMUK Tabpy

= lD,/I
T dsr Il
HW onamus.
(187) TEHTNUKHN
d(U-eS)= -SdO-pdV (
€Ku

dF= -SdG-pdV
KypuHuwga ékm ymymuin \onga
dF =-Sde - PdV +pdN - Yj Xidxi (
KypuHuwga 3w MyMKuH. (192) gaH KypuHaguku, 3=

sHeprusi P~axm V Ba B ra HucbataH TepmMoaviHaMKK Noi
umnanavp (pyHKUMaAnp). YHOAH

7
ndoganapHn onamus. Arap O = const 6ynica, SbHU XapaeH U
repmuk bynca, (192) ndoga
-dF= PdV <4

KypUHMLIra Kenaan. byHAaH U30TepMUK XapaéHaa 3pKUH L,

FMAHUHT KaMannwim TUSUMHUHT 60CUMY TOMOHUAAH TallKu

napra KapLum 6axkapuaraH vwirateHr, geraH xXysnoca Ymkanm
(193) myHOocabaTum

d(F +PV) =VdP -SdO +HdN - £ X,dx,

EeKn
d<P =VdP - Sde +HdN - £ X,dx, (]

KYPUHULLIa OCOHINK BUNaH KenTupuw MyMKWH, byHaa
= F+ PV= U-QS+ PV (1
(196) myHocabaTgaH



v /, Q N gonmnii 6ynraHga
-c/® =dA'

H" litmms. [lemak, 6ocum, TemrnepaTypa Ba N gonmnii

in him IOMOHUAAH 60CcMMAaH 60LLIKa TallKu Kyynapra

Im | ipiwiraii nw TepmognHamMmnK MOTEHLMATHUHT Ka—
ITH 1THT V.

1vvmH | N3vMaa KaTMac xapaéH 6opaéTraHaa aHTPOo-

HHI M WnH Tydainm yYHUHT TepMOANHAMUK NOTeHLUMamv

mi (1S7) MyHOCabaTn Kynngarmya KypuHuwga ésaii-

dH =B dS + VdP, (199)

H=U+PV. (200)

L, hil.1 M. EKM NCCUKNNK PYHKLUMSCU. YMyMuUiA \onga
1 =0dS +Vdp+pdN -~ XjdX] (201

i in KyinpgarnHm onamma:

1dS jPNex V= }an;l)s,\.xj - (202)

YyHunwnck (201) gaH KypuHagukmn, P, N Ba X govmuii
*

dH=@6dS)pP*=dQ p* (203)

«HU H/ 0ONamu3.
vu LIl knnnb, 6epk TM3MMAa TallKWM LWapouT y3rapmMa-
HTMnpuK xapaéHga tTusumra 6epunaértraH UCCUKAWK
hi him 3HTAILMUACUHUHI y3rapuwmra TeHramp.
H 1lp MeyTa TepMOANHAMUK MyHOcabaTnapHu Kentu-
I INK) Ba (189) gaH:

(204)

I'1'M) kun
\ =[35'
i‘,,p)y l (205)
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(198) paH:
(3V/d0O)s =-$S/dP)e.
(202)nan
(dv/dS)P =(do/dP)s.
onvHraH (204)—(207) TeHrnnknapHu Makcsesn MyLLH nlll
Jlapu perivinagw.

Bepk TM3MM yuyH v = const 6ynraHun rydgaiinm (180) 7|
HUHT ypHUra (194) gaH YHUHT KWAMATU HU KeNTUpuG KyiHB

TEHTIMKHN onamus. (184), (193), (196) sa(201) ndogannpt
SBHU

dU =0dS - PdV +ndN - Y X,dx,
i

dF =-SdO - PdV +ndN - ¥ Xdx-,
|

d(P =-SdO +VdP +ndN -vy X.dXj
i :

dH =0OdS +VdP +iidN - £ Xjdxj

TEHrIMKNapAaH, TEMVILLN NapameTpsiap y3rapMaii KosraHm,
(dU)SIN= (dF)ON= (dO)mN=(dH)SN
TEHIIMKNapHU 0NaMus.

4.24-macana. dU, dF, dO, dH napHu Bupuan koacpprmiA'
eHT/iap opKausin uchoganaxr.

KypcaT Ma TUBUMHUHT NS/ IKOaH YeT/IaHULLIapM Ywy)
\am (208) TeHrnamanap ypuHam éyncuH. e \mcobnaHr.

Eumw . \onat TeHrnamacumHun Bupman kKoagm nmemmn)
B(T), C(T), ..., opkanu é3ainuk:

PV= NK7A1+ nB(T) +nX(T) +..)
eKN
PV —NKT =nNKT[B(T) +nC(7) + ...



i/1 3 NkT—KnaneiipoH \onatteHrnamacu. Kypcar-
éun nv, (208)parn ysrapuiu

U- Ug=NnkT\B(T) +nC(T) + ..) 3
MH/) ndogara acocaH:
| Fk=NnkT\B{7) + nC{T) + ..). 4

|-mi // i.ipra H1cHaTaH \am Wy Kabu TeHIIMKNapHH é3viagn.
h Mmitt . Ymymnii \onga 60cum yuyH

PT_o(sL ®

[n mnmym. ABBanrmn macanagaru (4) ncdogagaH doigana-
m uni BUpuan KoapuumeHTnap opkaam \onaTt TeHr-
>MMH KCATUPUO YMKAPUHT.
unt. (5) parn MHVHT ypHUTa yHUHT udoagacu

- Fm= NnkT[ET) + nC(T) + ..]

MFIEM I |

rag | -Ira ~£[H "KT WL, 1) +nC(T) +..)]T =

A | \ ATB(T) +.. =Pg+nXIB{T) +..=~(1 +nB(T) +..)

M* - MK/ 3KaHINTUHW 3brMbopra oNnHca, YHU BUpnas
Hobgwll'-T.nap opkanu é3unnraH \onarTeHrnamacu skaHamrun

| In Mwwnna. Bepk TU3UM YUYyH CTaTUCTUK UHTErpan
Z—C(v, V, XNIT ©

BMMW)"T " )i:i aKaHANTUHN KypCaTUHT.
I..... in Bepk TM3Mm yuyH 3appaniap coHn N Ba, Aemak, v
LW\ <1 hi Wyca6a6nu

dS =d\nz =~dz @
PIttiii (1X9)aaH mMabiymKu,

0= 11 OTYU/V ®



(7) Hn abTHBOpra onmob, (8) HKN E3alnnK:
4 =7Z(>4)
WNXj

ékn 6yHaaH
dZy i dUKN,
= V-
U
FreHrNKHN é3amun3. byTEeHTNMKHN nHTerpainab, usnaH;ny|n
(6) nchogaHn Tonamms. byHaa C(v, V, X.) —uHTerpannaw h J
muiicu V, VBa X napra 6ornvik, 6ynuo, B ra 60rivk smae,
4.27-macana. Ymymuin \onatTeHrnamacu

apPV(P +P,)(V-V,) =(CP-Cv)2

ncboT KUMnHeliH, byHaga

E 4 nw. bmira mabvnymku,

&
]y=\fW)1T ks Ya
I, (u V - Cy-cp
. Pp =

(2) 6enrnnawnapra acocaH (3) Ba (4) HX é3aMn3:

(p +p.,)v =UcP-cv),

iV-V')P =-=%(C,-Cy). ®

K < KakaHnurn Cp> C™paH kenunb umkaam. (5) Ba (X id
Bmp-bupura KynaimTnpmb, nsnaHaétraH Konat TeHrnamacy (1),
0onamms:

(P +Pn)(V-VNPV= *x\(CP-CY)\ M

TapxaiAi Mab/lyMOT. TepMoAuHaMUK YHKLMANApMMS
Hommapn \akuga (K. [4]). "OHeprus” atamacu "aH" (liilikl
= capacity) cuthm , MUKAOPHU GUunaupaaun; apr (epyov - mu)
nw cy3maaH Kenné YMkkaH. TU3MM aHepruscu atamacu Apu*
ks



i, iiil Up Tpuaa yypaiign; "Mukn aHeprus" atamacnuHm Tom-
|INi/ 1I1'), Knaysnyc (1876 in.) kuputram, "sHTponus“aTta-
tiini Knaysuyc (1865 ii.) KuMpuTraH; HHOHYa y3rapwuu,

W MM KaTTa/IMK Cy3naaH ofinHraH. "3Htanbnua” (Kamep-
| OwHT, 1909 N.) IOHOHYA WUCCUKAUK MUKAOPW Cy3daH
VIHH (1 n66c Wy yHKUNAHN 60CMM AOVUMWUIA BynraHga vc-
e d\ NKumsacK geraH). "SpKUH aHeprus” atTamacuHn Fefbm-
M 11HK’ A.) KupuTraH. TepmognHamuk noteHuman @ Hu

it WMH )PKUH sHepruacn) Me6¢c KupuTraH.

411-8 KUMEBUW MOTEHLUWAN

WH n wcprus U, aHTponusa S, apkuH aHeprust F, Tepmo-
wuH noteHuyan ® Ba sHTanbnma A ywbéy P Ha T napa-
(l4 ip nNnnMKiA 6ynraHga agaMTmMB KaTrannkgmpnap. by aca
ttiHiHiin mogma mmkgopwy, Wy 6unaH upra spKUHAVK dapa-
#»U | oHM Ha, Aemak, 3appanap COHU Heya mapTa ollea, by
mHHH/HP \am WyHYa MapTa opTagn AemMakavp.

W IHM MK Xoccacura acocaH KynnaarunapHum é3uil Mym-

(209)
FAN{N T), (210)
H =N f[* .P} (2112)
0 =/V/(PT), (212)
m/1 11/luma 3appara Tyrpu kenraH yHKLUMAaanp.
| »\1111111 auchdhepeHUmannapHn é3ainmk:
dU =0dS -PdV - £ Xkaxk+nNdN , (213)
dF =-SdO - PdV - ™ X kabxdk +nNdN (214)
dO =-SdO +VdP - £ Xkoxk+uNdN , (215)
dll =0dS +VdP - £ Xkoxk +HXdN . (216)
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(213) — (216) andhchepeHuyannapgaH
M

M- N fW]

low. vdNBEDK ga Ay L

svxk

3KaHMUIN Kennmb YnkKanu, SbHU KMMEBUIA noTeHuuvan /1 vm
F, ®, HTepmoguHaMuk dyHKUMsiNapaaH 3appanap coHn OV
Yya \ocuna onmb aHUKNaw MyMKMH. AMMO 6ynapHunr \ap
puaaH /XaHnKgaHraHn4a YHUHT y3rapyBun napameTpriapm
xun éynnwun (217) paH KypuHagn. (212) Ba (217) gaH arHu)

® = N/KO, P). on

Jemak, 61p xun 3appanapgaH néopat TUSMMHUHI KUMOU

[{%ﬁﬂa"‘%@é"ﬁ 3appara Tyrpu KenraH TepMoguHaMuk unif

napameTpiap 6ynmaradnia c!® yuyH vV
(1 =-SdO +VdP +ndN = "LLL
=-SdO +VdP +d(nN) - Ndn . (21
byHgaH, (218) HM Ha3zapra 01m6, é3aMns: n
dn =-sdO +vdP, (2n

6yHOa SBaV 6uTTa 3appara Tyrpu KearaH aHTponust Ba \;um,
AunddeperHyman dFHn é3amus:

dF =-SdO - PdV +ndN =-5dO - PdV +d(f.iN) - Nil>,
eKu
d(F -nN) =-5dO - PdV - Ndu,
byHOa
F-/iIN=P-0® =-PV
(221) Ba (222) paH:

~d(PV) =-SdO - PdV - Ndn
EeKn

N =y[*L\
| %L - (221)

X6

4 iH «MHUT. FepMoauHaMUK pyHKLUMSA © mdhogacuaaH choii-
N =v )

H)4N1 <u1" m ncbot KWIVHI.

Min | né6e-Arrem myHocabaTtmHn €3amms:
TdS - dU +PdV - ndN, Y @)

ILN =0 = +PV-sT. 2
111 m i) napgaH:

IdS =dU +PdV +Ndn -d(Nn) =
- // <PdV +Ndn ~dU - PdV - VdP +TdS +SdT

SdT +Ndn -VdP =0. 3
|tl limi niMnaétraH ndopanapH1 onamms.

«U2-8. NJICT TEMMNEPATYP/JTAPHN
onnuw yCYNnnApu

|| XK"Y 1 TomcoH adhdpeKTbl.
MKA'MMMan TU3MMHU Kypannuk. byHpal Tusmmaa vukm
|IHH \Hapmangn. a3 mMonekynanapu opacmga y3apo Tab-
&' 4™ Ha, pgemak, NoTeHuMan aHeprus maexyn 6ynca,
BHWW'NHWNNa Monekynanap opacuaary macodga y3rapuim
m..... eHuman aHeprusacu ysrapuin Kepak. a3 Tauk™a-
li*o *mmititlnk axparunraHn yuyyH 6y aHeprusa ysrapuiim
|11V ya bIpUUHT KMHEeTUK aHeprusnapu \ncobura Gynagw.
mill* 1) nil nanga, arap MonekynanapHUHI y3apo Tabcup no-
" 1 hi Mmavxkyq, 6ynca, ras KeHrairaHga yHUHIr Temnepary-
- |Hfi' Munnapga )Xoyn Ba ToMCOH Taxkpubanap yTkasgn-
» In in pubanapga rasHUHr Temneparypacu opTuLLN, Ka-
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on. by \oaucanu YXXoyn-Tomcon acpdekTbl aeb atanaap,
Temnepatypa nacanuim (ras cosywim) mycoat adpdoekt \
nepatypa KyTapuaumwu (ras Kusuwm) mManguii apdoekT _
atasia 6oLunaHan.
dapas kgnannuk, 4.4-pacMga LWWvVHAPAAry NOPLUCH/ILLHA
TMAAru ra3gapHuHr 6ocumaapu /£ =P, 6yncuH. by *onaw, rifl
XYMpaK o4ynK Bynca, naxra KyinnraHm cababnm ras cekHulll
6unaH keHrasgu. TawuapuaaH agnabatuk axpatuirad OyHLL
XapaéH yuyH TepMoAVNHaMUKAHUHT BUPUHYN K,OHYHU
AU+AA =0. ('
6ynagn 6yHaa:
au=U2-U,, ¢

1Mo/b ras YaH TOMOHAAH YHT TOMOHTIa yTraHaa yHum»
XapraH uwmn K™Nangarura TeHr:

YHI TOMOHAArn rasHuHr 6akapraH nwm AA2=P1\j
= PAZ2 YMyMunii 6akapuiraH uml:

AA = AAt +AA2= PA2 - PtW <A
(225) Ba (226) HM (224) ra KyaMuns:
n2-n[+py2-w =
=u2+p&2-(U\ +p¥) =h2- h 1=o. <ny|
By\onga TM3aUMHUHT 3HTa/IbNUACK A40UMUIA Kpragn, uUv)
dH = 0. TuaumHuHr \onatuum (P, 7) ra Huc6ataH aHUKALHL,
g6,
dH ~ {w IdT*(w)Tdp"’ °
TeHrnamagaH
y = mr =k
UPH 11" c,

Huc6aTHM onamus; dP< 0, Cp=>0 skaHnurngad dIN\\\\\\\ mm
pacu ra 6ornvk, 6ynagn, ssbHM XXoyn-ToMCOH adup<»
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fitii 11(/V iynuk,gnpdepeHuyan éynraHm yuyH
_3_
<P
fitii v C.*npunagn. byHgaH

(W (231)
"y-T[\T)rn'-Ta)

ty (HMM1 ronamms. [lemak, XXoyn-ToMCOH ahchekTa yuyH

=|3r} _ ¥Y(Ta-\) _ TY(«-orw)

aP).

...... onamus, 6yHaa aO= 1/T.

Ft '’ fl ngomann ta\nun stainuk. L a =a()= VT 6ynca,
m hi | 11214ean 6ynca, YHUHT \a@kMM KeHranraHga temrnepary-
me> | VIIMaHAEK, y3rapmaign, sbHu achdekt X = Obynagu.

1]. n my, wapt 6axapunca, dP < 0 6ynraHnurn yuym dT<Q
mO (M >HMM6yHAA WapT 6akapuiraHgaru KeHrammwaa ras
BuH hi nW/T<O).

X (232)

O || n m wapT 6axapuaraHga rasz KeHramraHga 'y Knsmigun

w ">
< *snpugarnnapgaH KypuHaguku, epunraH 6ocim P ga
a(P, T) - V. (233)

i MM K.M0aTnaHTUpunaguraH temnepatypa [ fga ras keH-
ItMHii x 0 Gynaau Ba, AeMak, FasHUHI TeMnepaTypacu
10



y3rapmanan. by T.temncp/i

pa WHBepcua Temneparyp

aennnagn.

5. (233) TeurnamagaOocHA

HUHT y3rapuwmv 6uiaH VHKM

cus Temrepatypacu ysuplLl
‘Imin (K- 4.5-pacm) nHBepcus YnHM
namgo G6ynuwIn HA TaxpBs
Kypcatagn. by nHeepcusa umll
MigaH 60CUMHUHTONP K W14l
TUra NHBEpPCUS TeMMEPaATYPACUHUHT UKKN KUAMaTU Tyl pH 1M
1w Ba MMH MMan \amga Makcumas nHeepcms Temnepa ivpiufl
py MaBXyanuru kypuHagun. WHBepcus uumsuru mycll
Xoyn-TomcoH adpekTa co\acuHU (AbHWU ra3 KeHraraHnH LW=*
BMAgnraH co\aHu), MaHguii achdpekT co\acngaH (ras Kcunuy
raHga Kmavinguran co\agaH) axpaTtnoé Typagu.

Kylinpgaru xxapganga 6ymra Mmconsiap KenTmpuaraH:

4.5-pacm.

ras r, atm T,...—K Td!
co2 18-100 2050 29K

Ar 50 723 125
\aBo 150 553 140

WyHpain k,unmnb, Xoyn-TomcoH adpchekTa EpaamMmmaa m
Temnepartypa ONuLL YYyH rasHuUHIr Temnepatypacu TnHiicpi H/
Temnepatypacu I KigaH Kuuuk, abHn T < Tna6eynuwm nMpn

Mpean ras Ba BaH-gep-Baanbc rasv yuyH nHeepcusa temu#!
paTypacuHn aHuknannmnk. Xoyn-TomcoH adgekta komdcpm!
UMeHTn ndogacm émsra Mmabv/yMm:

dT\ _ Y(Ta-13) n =
dp), chP Y\-0T)H- (wm

1) Npean ra3 yuyH \onat TeHrnamacu PVv= RTgaH a - 11
kenu6 unkouun. Aemak, (dT/dP)d =0. Wpean ras keutll
raHga YHUHT 3Heprusicu Ba AemMak Temnepartypacu y3rapmimm

2) Ymymuin xonga K(fa(r.) —1=0 gaH T. Hn ToHwWN 'lit#
3UM. ByTeHrnnkHu
100

I BT 0N

r(w -V =0 (235)
IT )p

13r 1344 3K,

|07
_— t (236)

Itinn Hazappa TyTnoG, (235) HK

(237)
IHHm iiim KCATUPaMWU3.
|uy up Baanbec TeHrnamacu
r v-b V2
n , 6yHaaH:
igP1 _ R_(/n =_ RT @& (238)
[)T)y v-b'{dV )T (V-b)2 Vsm
1)AN| Hn (237) ra Kyiicak:
11 RTV 2a _  2a RTb ~n
| h 1(\/’—&‘ w yl  172(i-h/V)1
— - N -
{ylcg)!?\/Y =2a |T<~ RbE(I v)z'
T .anaéynmaranga b/V« 16ynagn. By xonna
(239)
Rb

f?* | hi ru3 coBniign, T> T.ga ras kuamngw.

I *mM\ (239) faH KypvHaguKu, UHBepcusa Temneparypacu
«/pnH! KyunapmHmn (Monekyna "\axm"nH1) XapakKTepnoBin
r*Ne | npy nponopunoHas BaTOPTULLNLL KyUlapyUHN XapaK-

nD>in is iarmMa a raTpn nponopuuoHan. a1



2. NasHn agmabaTuk KeHrantTupmb nact Temnepa!l ypiti|
OonnLL YCynu.

M./1. Kanuua rasHn KanTyBYaH agmabaTuk Xapacm |>i
KeHrantTupub nact TemneparypasapHu OAuL YCYIUKU M 1! *
YnKaW Ba amasia yHU Kypcataw.

rmé6c-Aforem MyHocabaTUHWN KarTyBYaH aanabatuk
€H yuyH Kyhmngarmya ésannuk:

TdS =dH - VdP =CpdT +

bu3r.a mabnymku,

(8§ 1-V-VTa. A4,

(241) paH dpoiipganaHnob, (240) TEHTINKHU Kynnaarn'si (LU
MU3:
(IT\  YTa
(r?1=-cr=0- "« |

ByHaaH, dP<< O 6ynraHu yuyH, ras kKaiiTyBuyaH afW/oLuLL,
Xapa€H 6unaH KeHrairaHga x,ap AoviM COBURAU, AbHN X/ =
oynaaw.

3. MapamarnuTiapHu agmadbaTuk MarHUTCU3TaHTUPULL HM
6unaH NacT TemnepaTypaiapHU ONnLL YCY/N.

CyoK BOAOPOAHUHT TemMniepaTtypacu 14°K +20°/M Hy, 0)1
renvii Temnepatypa co\acu VK 42K Hu Tawkun ww
Xo3npru 3amoHga Maskyp renvini TemnepatypacuHu, oi;iu
nacTt temnepatypaniap co™acu peiimnaan; I K gaH nacl v
nepaTypaHu acayTa nacTt Temnepartypa co\acu nei wi. v

YTa nact Temnepatypa KniMaTnapHy onv yuyH 1926 Ml
[ebali myTnakaHrn ycnyoHu apaTan, y MarHUTO-Kasiopuk
dekTaaH onganaHmb napamarHUTIapHU aguabaTMK Mallm»
CU3MIaHTUPULL OpKa/u yTa nact Temnepartypa onvl ycyuill]
Taknmd aTau.

MarHUTO-KastopuK 3MEKTHU — XUEMHUHT Temnepa [yjny
6unaH yHgarn MarHuUT MaigoHu opacmga 6ornaHuwHn lyiuyj
TUpainnK. BYHUHIYUYYH XXUEMHUHT 3HTPONUACU 5 HU KMLU
patypacu T Ba MarHuT maligoHn H ra 6ornuk ne6 kapam L&
abHKn S(T, H) 6yncnH. MaruuT maigoHn //xvemgarn (MM

1@



mHM | tnin) TapTU6CM3NnKKa TabCcup 3TnoG, yHAa TapTmbnn-
K|H \ocnn kmvok.411 6ynraHm yuyyH H kaHua katTa 6yrnca
TN CH3NMK AapaacuHW KypcaTyBYH 3HTponus S WyH4a
lint 6ynagn (K. 4.6-pacm).

VcMHcpaTypa Kamanuwm 6unad, Taéuniikn, S(T, H) \am
UmH hi MapamarHuT aBsan I, Temnepatypasga Ba //, (Ekn
* ) marumT maigoHga ST, ) \onataa 6yncuH. Mapamar-
PHHU MarHUT MaiJOHHU N30TEPMUK KaliTyBYaH XapaéH ou-
tn Il, kniimaTrava owmnpammns (4.6-pacm, A Bunsmk). by \onga
MKW kyunap napamMarHUTAa TapTMennamMk \ocun KUImw yuyH
*ii | tpKini aHeprmna opTuwmra) TeHr uw 6axapagn. by \onatga
I(JHIm SZTr H2 kniimaTHU Kabyn kunagu. By \onga Kucm
KpUM.N HNT) TOMOHWUAAH TepMocTaTra GepunaraH MCCUKOUK

Wwnpwn
AQ=TI(SI~S) (243)

<fit OnnaH aHVKNaHagn. dHAM KaliTyBYaH aguabaTuk xapa-
OH MM MarHmMT MagoHHU KamariTupmnb (napamarHATHU Mar-
li nl MnTHPKWG) aBBanrmn //, kniimaTra Tylwumpamms. byHaa
(Mwmur \onatu sHTponuscu SZT2 //,) paH néopart 6yna-

by xapaéH 4.6-pacmga BC umsnk 6unaH 6epuiraH. by
4ii0ni Nk >xapaéHga Temnepatypa T{ gaH T2raua nacasgpw.
IItiii* Miik »xapaénaa clQ = 0 6ynraHn yuyH 6MPUHYM KOHYH

AU+ JN1=0 (244)

U Jupw6nn marHeTukniap (MoHMap) TapTubCcmn3nnkKka Kemwm
[, MyumpnnmrysapoTabCupaapuHn eHruil ydyH vl 6axapa-

H 11>(244) paH KypuHagukm 6y nw nykun aHeprusa \mcobura,
MW fmMmnepatypaHuHI na-

(omv*  roMnepaTtypa nacas-

II) WHa wy Temnepartypaga

MI** Mill nnwn n3otTepmMmnk

VWwHMrno6, cyur yHu agva-

MHH M.H nmnTCcn3naHTUpmo,

........ nacaiTnpuil

= 1 HH by ycynmun kanta-

M T | KYwab, mabiym yera-

MM Y nacr Temnepary-

1™\ |v)lnem;ien 1%



paHn onnw MyMKWH. (4.6-pacmaa NyHKTUP Yn3nkomnan K\
TunraH). by yerapa napamarHMTEH TallKWU/ KUIraH Mallrim
NapHUVIHT y3apoTabCcup aHepruacu 6unaH aHnkgaHaau. byHa
y3apo TabCup 3HEPIUACU XyaAa KNUUK BynraH TMnwiapaa,
caslaH, 34eKTPOHNap cnuHNapu KN S4pP0 cnmHAapu Y3apo itf|
cvpy 6unaH 60rnvK,TM3MMIapaa TeMnepaTypaHvHI YerapHnL,
Kuiimatnapun yta nact 6ynagn. [emak, 6y ycyn 6unaH ;um Ly,
yerapagaH nactra (YHU Xycycuii abconoT Temneparypa aeb .HA
NVK) TYWwn6 6ynmaiigw.

4.6-pacmaaH KypuHaguku, Temneparypa kamainwm Gy m!
S(T’ 9) \am kamalin6 6opaay Ba AHUHT6apua KuiimaTnapLil,
y MablyM IMMnUTra (YHM Honra TeHrnawtTmpunagm) UHTLL LWL
AsBag, M'A"garn napamarHUTHU M30TEPMUK XapaéH bunaH mdl
HUTNab, CyHr aanabaTuk xapaéH 6uiaH MarHUTCU3NamMTUpM
Ba By ycy/lHM BMp Heva MapTa Takpopnab, yra nact Temnepa iy
Temnepatypa KnimMaTtuHm onnw MyMKuH (K. [13, 14)).

YTa nactremnepaTypaHu onvwaarv yerapasuii kuiima! Ht
pamMarHUTHUHI MarHUTYaU1apy opacuaru ysapo Tabcmp HouuM
umanura 60rNMMKANIMHU Ba 6y y3apo TabCUpP MNOTEHLMAT» KUK
ya KMUMK Bynca, Temnepatypa KUMMaTUHUHI Yerapacu TyLiun!
nact 6yMWANIUHN WY ypuHaa siHa 6up 60p TakpopnaimH»
MacTTemnepaTypaHu OJIMLIHUHE By YCynn KaliTyByaH aavial i
TUK XapaéHra acocnaHagun. by \onga S = S{T, If) HK ENHHK-
MMW3 MYMKUH:

byHaoa
35] ,IfTds'j _ C,

aT), r( at), r m (UM

busra mabnymkn Makcsenn myHocabatm

a1 __ (3iv_
3P)T lar

MarHUTO-Kanopuk XaavcanapHu kapail yuyH (4, V) xy<{n
daH (5, M) xydTra ytuw kepak. byHga (Y, P) napgaH 6upw
HUHT OPTULLIMFA WUKKUHUYNCUHUHT KamMalimwiun Moc Kenaau
(v, ) oa aca GUPUHUHT OPTULLNTA UKKUHYUCUHUHT OPUHHH
Moc kenagu. LyHUHrydyyH Makceesnn myHocabatu
i[%}



oS\ _ (dM I
(247)

OH)T (AT

_i/lit rhi MOA (246), (247) HW abTUbBOpra onuob, (245)

M  Mwmn |
T+ (N 1H=
r/Jd I (<r)5 ( 0, (248)
MuHuH Mainon KyynaHraHnuru, M — marHutna-
n"<'n I>ymnan
T-eT
JL] _ iar v/ (249)
<m v Cn

WMhhi kanopuk adpcpekT (4M/A4T), ~ocunara 60rvK,.
HKiniii yuyH
M =XH. (250)

pppu *={M|A

x = (251)

4 (" /roummidgyp. (250) Ba (251) udhoganap acocmaa yil-
IN'BIMH |

(JM1T _ _cKn

1ar), T3 (252)

|ti|H M'mMHeparypanapfa KaTrnkkmcmnap NCCUKAnK CUruMmm
»H« unum konynum

C,=ATr3 (253)
Hfci «m hiii anukgaHagn. A — ponvnin mukaop. (252) ea (253)
|[HO) in KYIn6, MarHUTO-Kanopuk 3deKT yyyH yLiby

H |)H Imn1liomamms:

an

- A0, (254)
IS

lit 11a T[/A AguabaTuk MarHUTCUYIaHTU puUiraHaa, SbHu
Vo M MHuna, (254) gaH KypuHaguku, TemnepaTypaHuHr
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kamainwwm dT < 0, AbHKN TemnepatypamMuHr ¥/ T konyH f;
ya nacanuvwn cogup 6ynaau.

1-n3o0\. "MarHeTuknap" HUHI y3apo TabCup MoTe HX
(aHepruscn) 6unaH aHMKNaHaguraH TemreparypaHvHr vH
yerapasuii Knimatn TaHu Taxprnbaga onvl MyMKUH A
T - O kniimaTHM oNUW MYMKWH 3Mac/iurm MaHTMKaMm Ka
ynkagn. (by xynoca T= O Temnepartypamu oMb Gynm.n
\akngarv TepMoanHaMuUKaHUHr |11 KoHyHUaup).

2-n 30\. BUpUHUYM 130* XynocacugaH aéHkn. 4.6 p.it
/Y, Ba 4, 6ynraHgarn arpu YnMsukniap, agabnétga aintm mn w
T= Opasmac, T = TO* Opga y3apo Kecullaau.

4.13-8. IE WATENbE-EPAYN TAMOWNUNW

1 Ne-WaTtenbe Tamoiinnn. MyBo3laHaTgaru tmsmmra \ i
cup KypcaTunaéTraH 6ysca, TU3UMHUHI Tyu peakumscy |
BO6M) LY TabCUPHU KamanTmpuwira kapatuiaraH oynagy (Ai
Nywn Ne-WaTtense (1850—1936 1.) hpaHLy3 0UMN). |

M mncon. Tremnepatypanu 1- Ba 2-TU3vMIap MyBOLLIMLLL
OyncuH (k- 4.7-pacm). ®apas Kunamnuk, 1-tmsvmMra uccum
6epuw {X Tabcnp) 6unaH |- Ba 2-TUaMMIap opacaa MyVOMLL
Oy3nnagn. by xonga nccmkgmk 1-tmsnvgaH 2-tusumra yin (o]
naigm (Tusmm peakumsicn X). TUSUMHUHT 6y peakuumsicu ny
nepatypanap apkmHn kamanTupuLira onné kenagn. /ic-11
refbe raMoinan TUSUMHUHT y3 TemrepaTypacuHUHI Opi LL/H
KapLum peakuymacura acocnaHraH. bByHAa NCCUKINK OKUMH LU
6a6nn 1-TUSUMHMHT SHTPOMUACU Kamasau:

r (,H.'lr]y =C,>0

AT =1 =#<0, [(2<0, A5 <O

OyHOaH

Q 2
MOMWIN. Arap MyBO3amMnmy»'
m Tusmmra X Tascmp (H'vn
éTraH 6ynca, 6y TabIMpM
TVIBVMHVHI 6BOCUTa pi'HK
umsicn y wy tabcup X Mu M

ManTupuwra kKapartu imii

6ynagwn.

HCCU JINK¥

T+ar T

4.7-pacwm.
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Ne Watense-bpayH v

M*

tm | Mopgga vcCUKNUK
(HAM HMUMHAP NYMra Xori-
...... . 6ynmb, (K 4.8-pacm),
VM n ii 6yncmH. MyBo3a-
IrtiHii nukn Ba rawkm 60-
limp 6upura MmMkKoop Xu-
M Mmm 6ynagn; nopleHb
IDI I M\ mnH. Mogparaio
in 1>|=>nueiill (X Tascup
tut mm) Y \onga myBo3aHaT 6y3unagu; MoaaaHVHITEM -
llwwn | opTagn. By MmogdaHUHT Ty peakuuacu. ByH-
VIMpH nopLUeHb ocTuaarn MoAfaHUHT 60CMur, \aXmu
i MYMkun By — TU3MMHUMHT 6UnBOCUTA peakumsach (ka—
|i=iin nopweHb cumkuwn MymMmknH. by \onga, aéHku,

(a7)(=(AT).

4.8-pacwm.

M.hi KU 6, \axkm y3rapmac bynraHgarn temneparypa
vw ([,7), 6ocum ysrapmac bynraHgaru ([7)agaH (SbHN
in \uvnpaguram \ongarvgaH) karta. by nkkmHum \onga
H/imvm \apakaTn TUSUMHUHE 6unBocuTa peakuusacu X

LM KamalTMpuLLra KapaTuiraH.

4.14-8. HEPHCT TEOPEMACMHW.
I TMOANMNAMMNKAHWHT YYNHUYUN KOHYHWN

| YL Jymkn UCCUKIVK curvumm

n aTt v

I, Mwu \apaoum mycoatnmrnaaH TemnepaTypaHuHr y3ra-
I VM i YK SHEPTUAHUHT MOHOTOH y3rapuwin Kenuot

DA| ni hiMHUHF TEMAEpaTypacu HOAra UHTUACA, Y UMKO-
(v ftVii ;M HUM Knuuk s3Heprus EOra ara xonarga 6ynaaw.
Mi | MMM romoHZaH, MyBo3aHaT \onatga Mmkpo\onaTtiap

HIli | IMK Tpu TakcumoTu hyHKUUACK

r N\ -X—F -F y~'epEH
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ounaH aHuknanagn. O=(1/[1) =0 6ynraHga 6y <{>Mtia
/.,.(E) OnpakHUHT genbTa-yuKUMACLLA YIHLWH 61 Ha MUHJ
SABHU

fPME) =S(E-E,). n

ByHOAH 3HT KNUYUK 3HEPrUsMM MNKPOCKOMMK \o.iai HuLL
AVp AeraH MabHO Ynkagmn. an3eHO6Cpr HoaHHKAWK aoupT ilfl
M aHepruns Kninmatnapmra mMoc kenaauraH AuHamMuK \ O L «
HM KBAHT MexXaHuKacu HyKTam HasapugaH \am Ky3aTuil ML
kmn amac. Lycababnn ky3aTuw MyMKUH 6ynvaraHy \omr [
amManiga cTatucTuk (husmkaga aroHa \onar geb kapanmwum My
KVH.

fAkkanaHraH Tnumaa sHeprusa E Tavpudpra kypa, HHLB
Kunmart £( HM Kabyn Knnaguy; YHUHT TaKCUMOT QYHKHUTL W
MWKPOKAHOHUK TaKCUMOT, AbHU JMPakHUHT AefibTa-(pyHMMM

6 (E- En) pgaH mnbopatamp. AMMo EnsHeprusnu .............. -
TM3MMAAry 3appanapHUHr \apakarv Tyainnm MMKpPoMm, L My,
COHW /V. YerapanaHraH 6ynca-aa, Xyaa KyH 6ynagu. B

lily ca6absim 3HI KNUYMK IHEPTUANN TUSUMHUHT MUKpULL
natnapu sikkalaHraH TU3SMMHUHT MUKpo\onatnapuaaH im >wL
hapknn. A

XakunkaTaH, 6y kapanaétraH \onga saHeprusa temnepa \*t
HUHI KaMaiuwmn 6unaH KBaHT yKryauMoH dpoHravya kamns
16 6opaan. MacanaH, KaTTUKXNEMHUHT OCLWIIATOP MOMoauv
da \ap 6up ocUWNNATOPHUHT 3Heprusacn Aw/ 2 rada kam.umw!
6opagn. NKKMHYN TOMOHAAH, SHEPTUSAHUHT KUAMaTUHN .1, !
nawigarm HoaHMKNUK lelizeH6epr HOAHMKINMK MyHocabaTll
Kypa bll/ 2 TapTnbuaa.

Jemak, sHeprusi KUAMaTUHUHIY3N HOaHUKAMK co\acn An/)
Oa éTagn. Xo3mpru 3aMoH (hr3nKacy TacaBBypura acocaH (uiia
Makpo\onatra amaniga 6utta mmkpo\onaTr Moc Kenagw.

ByHpgaih \onga cTaTUCTUK NUruHan

zZ= —e-pE =e'v. (257
By \on,qa SHTpPONMA TeHrnamacungan
S= v+ 1InZ=0 @311
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in 1ViihG unkaan. Oemak, kyhingarn Teopema ypuHIn:
O—=0 ga S —0 6ynagu. (259)

it Ly MyHM TEPNCTHUHE KenranTupunran (Eku ymym-
| Tro/H'MacK neb ataiimins.

(Mou mnrmwkanapn wyHWM kypcatankm (W. Nernst—
if 1, 1906 i1.) 6UP XXNMHCNU TUSUMHUHT Temnepartypacu T
“U..... ... YHUHT 3HTPONUSCM BOCUMIa, 3NYINMKKAEKN
ow uMm; bynmaraH (MMUT (AOMMWIA K,uiAMar)ra nHTmuna-
Il hiTk (1911i4.) 6y AOUMUIA SNKMAMATHU HOJMra TEHT,

HT5 =50=0 (260)
r->o0
\M K/ WWHW Taknud aTam.
I Mp" nHK Mepuct (ékm Mepuct-lnaHkK) Teopemacu
n | 1llpubanap HaTuxkacu 6ynraH 6y (260) ncona Tcp-
MH1WLLIAr GUPUHYM Ba UKKMHYM KOHYHNapu 6unaH
MMH HOpPMOAVHAMWKAHWHT aCOCUHW TallKWUA 3Tagy Ba
“ 90, LL)LLILLIMMIKSILLIHI YHUMHYA LIOMYHN Ae6 aTasiagw.
lit INK dm3mka HyKTam HasapuaaH TepMoaUVaMUKaHUHT
n I niiviHi TM3NMHKM TalWwKnA 3TraH 3appaiapHUHI Gup-
) w nawm (Kysatunagurad) \apakaTAapUHUHE ryxTara—
HdoHHa lalinn (acocunii xpnatgarm 3appa \apakatu ctatuc-
Il TKn ii kapanmarigun!), sbHM 6y \onga siroHa AnHaMMK
LIl Ha, Acmak, firoHa cTaTUCTMK MUKpo\onaTra ara
ithi 1\ngaii BOK,ea MyKappap Bokea 6ynub, YHUHTr 3\Tn-
HH Hiipi a renrayp (tepMoanHaMmK aXTUMOAINK \am bupra

HH" Mai H (259) gaH O] = /clréynraHaa, HepHcTTeopema-
... WLLLK N KeNnb yvkaau.
[HIFL ) UAV noean 90 (Kn HETUK 3Heprus ra 60rmK)
HUMM a | <# (NoTeHUMan sHeprusra 60rnnK) KucmnapaaH
t hi,Hn
O=0"+0/y

1"i]i,i | | v winuk, O <0 6yncuH. by \onga 0 =0a—10/71
in |HHMI ymymuin Tcopemacura acocaH, 0 =60—10/1—=0
MHK S =06ynnwmn y4uyH
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= 10/4

eynuwn 3apyp. Arap \B\ =KT{ ae6 oncak, (261) Hu

N, 5

KypuHuwaa ésammna. Jemak, \ap 61up Moaaa y3MHMHE XycC)|
noTeHUMasra ara aKaHamrura abTMO0pPHU K,apaTcak, \Hp i
MOAA YYYH Y3MHUHT Xycycuu abcosioT TemnepaTtypacu /,
XY, AKaHANTU Kenubé ynkaauw.

by TacaeBypra Kypa, \ap 6up mogga y3vHWUHI 3w L
(4erapaBsuii) TemnepaTtypacura ara. YHUHI TeMnepaTtyp b H1
avanga wy Trremnepartyparavya TyWpuil MyMKUH. (261) H|
OadaH KypuHagukn, uagean Tmsmm yuyH XUN\=0 6ynraH nilj
[aH YHUHT abcontoT nacT Temnepatypacu T0= 0 6ynagwn.

TepMOANHAMUKAHVHTI YYUHUN KOHYHMUAAH, Xycycan n Si|
JIMK CUTUMUN, TEPMUK KoadpmumeHTnap (Mccnkamkaan

Ly Kabu KaTTanuknaptemnepatypa T—=7, 6ynraHga (xycyLu
T) =0 pga) Honra HTUNAAW.

4.29-maeana. Temnepatypa T Honra HTUAraHda uecukay/l
curumm C Ho/ra MHTUAULIK, SHHA

lim Cx=0

r->()(ro)

3KaH/INMTNHW KYPCaTUHT.
E 4 nw. Tabpudgra acocaH, UCCUKANK CUTUMN C yuyH

\IT)X rn

noga ypuHan. TepMogMHAMMNKAHMHT YYMHUYM KOHYHUra am'Hilj

lim 5 =Ilim U- = lim =limrlTf. +S
T->MTH) L7]' 10T)/aT\x I:\>T)X

=lim[Cx +5] =lim S +lim Cx=0. <4
(3) 4aH, YYMHYM KOHYHra Kypa
imC -0 M

3KaHMNTU KypcaTuiaau.
200



4 1l Mw nia. TepMUK KoaduumneHTnap:

WLLLIMUKAHWHT YYMHYM KOHYHUTa acocaH M-~Oga Hom-
B |H HWWLWW KYPCATUHT.

Nel Hin

m 1 | | Mynocabatnapu 6msra MabiyM. YUMHUYM KOHYHra aco-
| 0 6ynraHga TU3MMHUHE 3HTponusicu 5 6ocum P ra,
Y|y, 112 1/V ra 6ornuk 6ynmaraH xpnga OoOVMUANMKKA
Ml...... ananunkka) nHTunaam, gemak A5-» 0 6ynaan. byHu
tonunca, (2) pa

limX =0, lim ® =0 €)
T-*0\gP)T )r

M1 M) laacocaH,

N M\ Uccukauk curumm CyuyH
O clS=dQ = CdT

MiOhi/i.iii 11epHCTHUHIymMymMuii Teopemacura acocaH

5=f7IT

.]bB

in...... n|..mm3. bynga T—» TO6ynraHga S —0 6ynramnnmm
> muiluna, M-> Tn 6ynraHga C-»0 6ynuiuv LWapT, akc
in i MHKYpan octugarn ugopa (C/0) yekcus KatTa bynapaw.
K.H MU +UCMHUHT UCCUKAMK cUrumMu C HUHT TemnepaTy-
I hiu HWKWK xapakTepu 4.9-pacMaa cxemaTuK Kypcatui-
| »H epitC(7) YN3NKHUHT LIONOHT-ITU KOHYHUAaH OruvL
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KypuHuwaa éynuium nos3mm. by epaa kentupunram acocra K
3NEKTPOHAP TU3UMN YUYyH NOoTeHUman aHeprus (cnuvH Vnl
Tabcup 6yHAAH MyCTacHO) UTapulinwl xapakrtepura ara &1
HK cababnm Un>0. by \onga

ncogagaH B =0 6ynraHaa BO<O akaH/IMIM Kenmé YH.HH!
Oemak, T = 0paa aneKTpoHnap TUSUMUHUHT UCCUKANK cm NMS
C Honra TeHr amac (4.9-pacwm).

7=0 parn C = aaneKTpoHnap y3apo UTapmmnil Kyym HMa
naH 6ornvk,. HasapunsHUHI By XynocacuHU Taxpmbaaa TEKLLN.
pvw MyMKUH.

BU3HMHIYa, K.aTTUKKUCM NCCUKAOMK CUTUMUHUHT JIOXNH
MtV KpHYHUAAH YeTnaHuwura \amaa arpy 4nsmk, Xaparo eplu L
Kapab, YHVHI KaTTUKAUK KalinwKOKMMK Ba 6OLLK;a Xoccampm
\aK,uga MabymMoT O/ MYMKWUH. YHUHI Xycycuii abeontOf
TemMnepartypacu 7, HW aHUKAaLl MoTeHuuman sHeprua “akniLl
Mab/lyMOT Gepaaw.

4.31-macana. XapakTtepuctnk dyHkumsgaH conganaHHO,
ramma-Ta’\cuMoTflh(E) HUHI 0 —0 BynraHaa aenbta-qyHKWmn
Aara yTULLMHW UCOOTNAHT.

Eunw. Xapaktepuctmk yHKUMa Q(£) Tabpudra bapH
Kylingarnya anmknaHaau:

PAS) =je IESFpr(E)dE. (1
o

6yHaa
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Hi

b JT )- N 1" pee-Ye _
(0]

ipvMiitiut kylingarnya anmMaluTMpanmk:
EP-/6)=ym

M! MHTerpan Kyingarn KypuHULLIra Kenaau:

N = N - T1T\NCT Yy
E=n/bH:
PV 1 [
SRR =06_~y -N_j/py ~ (-/E0p = @
Wnun tea:
b‘_m_@pﬂOzb P =1/0. 3

iIMtiK, xapakTepnCcTuK hyHKuMs Tabpudm (1) ra acocaH

/ ={ eEifpE)dE ,
(@]

Vi i.iin aroHa £=0 kniimaTn (ékn acocuin £= EN Kuit-
| v=>unpga 6ynagn. Jemak, TakKCUMOT yHKLMACK

F(.E) =J fpME)dE
0

MYKwraTtynnaHrad. WyHaan kunmb, ramma-3ndnivk agb—
dYH| wuH a yragu(k. dennep (151573-6eT), 60LIKava ainT-
(1) ;tal 1 ramma-TakcuMoT AenbTa-(yHKUMsAaH néopar

"

AL/~ (E) =<5(£).

I m* A-=>ao (ékm 0 -»0) bynraHga CTaTUCTUK UHTer-
I Knnn) Z HUHT

Z =)jeqE @
1
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ndogacu, \onart 6utta 6ynraHAMrn yuyyH
Z=ey
KYpPUHULLra Kenaan. QHTPONus TeHr1amacm
S=v+InZ

acocuaa
5=0

Kenué uvkK,aan. by HaTuXaHu, AbHU HEPHCTHUUT YMYMUA 1H|
peMacuHmn Kppuaa Kypavik.

2-n3o\. Vgean raz yuyH p -» °° 6ynraHga

1_ hpg

Z  AT(Y+])
ndoaataH

Z->0

3KaH/IMIM Ba, AeMak, S = v + InZacocnga

S —-00 (v <00 (1
Kenmb Yymkaan. Xygaw WYyHUHIAEK, naean ras sHTponusacum
5 =kS= C\nT+ 1IMnY+ kSO @)

ngogacnpaH x,am T =0 6ynraHga (6) ndoga kenuoé untanm

BUpuHUYMgaH, rapTMbCcn3NuK gapakacH1M aHUKAOBYM CM
FMCTUK KaTTaNIMK S MaH(uUiA 6ynniin, 6U3HUHIYa, MabHOMT HU
amac. YyHKM TapTUOBCU3NINK gapadkach Ho/ra reHr oy, ny
Tyna TaprméenuankgemMakgmp.

VIKKnHUnpgaH, ymymuii ndoganap (4) sa (5) 6y P >=»
yerapasuii *onga 6up-6mpmnaaH dapk K,unagunap. YerapasuH
\onga 6yHaam 6up-6upura Moc Kenimacsimk TaaxokyonaHapim»
avip.

(7) ndoogapaH T >0 pa S - 3kaHAUTM kennb Y/K*
KOHAMMM cababnn agabuétaa sHTponusa udgogack (7) yuyH Hepucf
Teopemacu ypuHcus geiimnagn. Vigean ras yuyyH 6y yerapasuu
\onga onviHraH 3nnNausTHU Kyhngarmya TywyHtupunagn: mil i
TemnepaTtypaga rasnapga anHuLl, XymnagaH CylKAMK Ba mi
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LW~ tnr \onatnapra ytnw to3 6epagn. byHgan \onatnap

| H nMI ras sHTponNUAcK PO[ACUHUAT (7) KYPUHULLN YPUH-
i, (MacanaH, k- (14] 194-6eT).

| Wwna MacagaHy YyKyppokK K~ P~ ca, TepMmogmHamMunK ycyn

n | li pHcrTeopemacy opacnga Tac[toByT 6y/1Mac/imnmra UwoHY
Mi K Inin MyMKuH Ba, Aemak, agabmnétgarn Kywumya Ty-
HHpHWNapra \am a\Tuéx 6ynmMacimru MyMKuH.
Viii iiKaran *am, ékm B -» 0 e\yg U =0 (ngean
VAVIL / -»0) 6ynuwmn, aHeprus KNAmMaTu HUHE Y3/yKCU3
v|m hi acrinnuwuvra onné kenagn. by aca hmsmkagarn ymy-
n Hmninn /£ —0 6ynraHgary AUMUTUHU aHUKOALL JTO3UM
HAN

M3 =T ®

Hy noaHnkaukHn Tonuw yuyH (4) Ba (5) napHun skBmBa-
[l o> kapab, (4) Hn (} -» °° 6ynraHgarv TMMUTUra TCHIr -
HInpuin makcaara mysocomkamp. by \onga:

o7 “WPn =" ©)
In umun yerapasuin \onga
lim h'fi'g =A/\v +1)¢’ (in)

\ bl 1hpagaH néopart naean ras yuyyH
s=3Nyv= 3/1/2,g= N".

™ AR =2 )

|In A =1/A/OskaHnurugaH, 6y yerapasuii \onga:
HT  (73//>%) = Pnerlm (1Y
v M.”>wapT 6axapunraHga, Cakyp-Terpog TeHrnamacm

jIMi mn \am HepHCT Teopemacu kenub umksgn. Opatgarn
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yMyMuii mKp: naean ras ydyH HepHctTeopcmacu €km H'pu!
NIMHAMWUKAHMHT YYNHYM KOHYHU Baxkapunmanan, gennwra Vp|l
KpiMaign. AKCMH4Ya, GU3HUHI Kapawvmunsga, uaean nuvH
yuyH, sbHU O = 0 yuyH HepHcT TeopemacuHuHr \03iipi n H
MoU Tabpudin Tyna 6axkapunagn. TepMmoanHamMmka ycynm <m
onuHraH (7) HM ugean ras yuyyH Cakyp-TeTtpog TeHrmuy[
(144) 6unaH connUWITMPUG,

50=1In

SKaHIUIMMHU Kypamu3; byHaa € — HaTypan iorapud acocn 1w
\uncobra oncak, (7) ga Mrm66¢c napagokey \am naigo Gynviimm, \
Ymymuii \onga aca, 6U3HMHrya, HepHcT ymymnii TeopemTy]

ypuHAn 6ynagwn.
4.32-macana. TepMoanHaMUK ycyn 6rnaH ofIMHraH aHTponum

5= CIn74 /MV+ S| 11

ndgogacn 6munaH Cakyp-TeTpoa TeHrnamacm

=3 | 2NTK T\
S 7 T o

HU COMMLLITUPNG, SNUGOAACUHN TOMUHT.
Euunw. 5 = KSakaHIMruHm avTnéopra onamma. Vgean int
yuyH Cy=3M/2, R = Nk. kS, skaHnurngan:
s=IT+NInv+so. (4

(2) HM é3amus:

§=N+NmT+Rmnyv+Fin HK 1y Ns

by ndogaHu (3) ra TeHrnawTUpcak:

2nmk

“y- - In VA =

2nmk v

w-p



“)

in\ Butta 3appara Tyrpu kenraH U=SJN Hu Tonan-

©)

Knnnuoé, nHTerpan gonmuiicn 5, 3appaniap coHn N
M HtMi.i tappa maccacn T HUHT (PYHKLMACKU 3KaH.

VBOb
® M VLU MYBO3AHATU BA ®A3ABUN YTULL AP
11 |. TKTIMOAVHAMWNK MYBO3AHAT LWAPT/IPU

LWMaMNKAUMHT UKKNHYX KOHYHUTa acocaH \ap KaH-
H mi him MyBO3aHaT \onatra kenagu. by MmyBo3aHaT Xpnaraa
mapHMcpnanavradH TepMogyiHaMuK noteHuman (pyHkuums),
Iri iiin ./(v) akcTpemymMmra spuwagn, abHKU MyBO3aHaT \onar-
M H/W 6MPUHYM TapTUGIM NOCKMNacK Homra TeHr Gynaau:

0
M|<q|ML|p V HUHI MyBO3aHaTgarm kumimatmga (macanaH,

lil,, W1 ,/(v) hyHKUNS MakcMMym 6ynuwim yuyH J(X) HUHT
BuHT wptnénu \ocunacu Mmanduin niiopasin, SbHU

@

............ ; MUWHUMYMra 3ra 6ymim yuyH aca MycbaT vLlo-
Mn |« Ininn Kcpak:

©)
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TepmoauHaMUMK TacaBBypra Kypa, TU3MMra Tawku bill
6ynmaca, y y3OK, Bak,T LWy MyBO3aHaT \onarga 6ynasaH, n
TepMoAuHaMUK MyBo3aHat \osat 6apkapopaup. Xonannmnm
6apKapopMK Me30HU (KpuTepuscu) TepmMmoanHamMmk nonmm
aNHWHI 3KCTpPEeMYMra 3puLIraHaMrnanp. TU3UMHUHT TCPKUN
HaMUK noteHumann Y, 6ocum P, xaxm V, Temnepartyp!
3appasnap coHn N ra Huc6aTaH aHuknadrad, ssHu J(P |
AO 6yncuH. Kyingarn 6mp Heva \onHW Kypainmk.

1 Tnanm skKanaHraH 6ysicuH; Tabpudra Kypa
dE =0.dN=0

6y *onga, Tabpud Gyinua, MUKM IHEPruwA ysrapmaikau, Liw
du=o.
busra

dU=TdS - PdV +/idN

3KaHN MabnyM. TUBUMHUHT \aXXMW y3-y3uaH KeHrainwH vy4
KUH. By xonga dS > 0 6ynagy Ba, geMak. S MakCUMyMIn L.
Tnagn. Arap xaxkm Kgoumuii 6ynca, 6yHaal Tmamm Gapivipt(
MyBO3aHaTAa 6y/mLmn yuyH

ds =0,
<0
(0)

oynuwuv tanab atnnaau.

2. TU3NM yuyH fovmuin Temnepatypa I, AOUMUA Xakw |
novmunii 3appanap coHn N 6yncuH. by xonga 6usra MabyMm»
dF—sSdT—PdV +//dN

By 6epk TManmaa aHeprus ysrapuim MyMKUH, 3app4 M|
coHn N ysrapmaiigun, xaxm Kxam ysrapmanan. Tusnmaa *npu<
EéHnap y3-ysngaH 6opaétraH Oynca, 6y xonga Temneparypa (0U|
XaKM) OpPTULLM MYMKUH, 6y xonga dF< O skaHnuru unit
aTnnagn. MyBo3aHaT xonatga 6byHaan 6epk Tuanmaa <//-()»
dV —0, dN= 0 6ynraHu yuyH /='MUHUMYM KWii MaT Kabyn Kunum

an, svHu dF= 0O,



I nhim P, T, /¥napra HucbaraH aHukgaHraH oynca. msra
MKH.

(1 =-SdT—VdP +//d\. (10)

tiilM/ia xxapaéH y3-y3ngaH keyaéTtraH bynca, ® = F+ PV
MHHUMYMra nHTUAMWMAaH ®\am MUHUMYMra UHTUAN-
Nlift yuuaan, abHM

do <o. ()
Hlii nwat \onatga dT - O, dP =0, dN= 0 6ynraHngaH

(12

H 'Mm,mi TepMOAMHAMUK MOTEHUMAN MUHUMYM KUNMaT
>N UNN. TUSUMHUHT TEPMOANHAMUK (PYHKLNACUHUHT,
rtil, WTPONUACUHNHI BUP Hevya MakCUMyMapu MaBXys,
XH MYMKUH. TUSUMHUWHI 3HI KaTTa Makcumymra Tyrpu
H v» nHKM cTabunb (a6CoNtoTTypryH), MyBo3aHaT/im \onar
bIH KMYUK KMAMATIN MaKCUMyMIapraTyrpu KefiraH ™ a r -
il nH MeTacTabunb \onatnap geivnagn. TMaMmM mMetacta-
tyt/iinna 6ynca, cnyktyaymanap tydannim metactabusib
| /i bIH unK,M6 abcontoT cTabunb \onarra — TepMognHa-
Mviim .ni.ir \O/IATra Kemwm MyMKUH. AMMO 6ab3aH TU-
«H MMacTabunb \onatngaH y3uHUHI acocuii TepMoaviHa-
MyHNLWHAT ofatura Kenun yuyH LyH4YaIuK KatTa BakT
lim (ublw (donykTyaums Tydainm ytmwm s\TUuMonun wymn-
....... 1k 6ynagukmn) 6y meTactabunb xgnaarnu ctabunb
HWMbIMUK MyBO3aHaTgaru \onart) geé \mcobnaHnwn ama—
fen - 1111 MymMKMH Bynagn. MacanaH, ogatnaru wmiwa me—
H. (nmopd) \onataa 6ynagun, y acocuini TepMmoguHaMmuk
#Hvl \onatura ytné KpuctannaHuwm yudyH Xyga Kyn
ili 11|mk 6ynagn. ®apas kunanuk, Tmaum T, P, U, S, V
jltpJIH (kniimaTnn) myBo3aHaT \osaTaaH yHra xxyga skuH
nn/ | aoumuii bynraHaa KaTMac XapaéH 6uiaH YTCUH.
....T.m \onatra kenraHga Uv Sr Vxxniimatnap kabyn
I1in 'ii im By \onga, TepMmoguHaMUKaHUHT || KOHyHUra
|dll] , hi wuMAMHrTepMmogMHaMuK NoTeHUMann ®kamas-
1,Mmn

N® -U-UI-T\S-SI +P{V-vi)<0.  (13)
H A Kd/H/uon 20



dapa3 kunahinuk, tmaum Pt, Tr Ur Sr Mt myHuw
\onatgan Pr 7goumuin 6ynraHga Kkaintmac »kapacH Omivi
Tr U, S, KmyBozaHaT \onarra ytcuH. by Xpnan \am mpuH
HamMuk noTeHuman ® kamasian, SbHU: JJ

A® =LL- U-1 -S)+P~ - ¥<0

(13) Ba (14) napHu kywm6, (S, - S) (- TY) +(P, /I N
—V) <0 ékn

(S1-S)(TI-7)-(PI-P)(VI-y)=0

FeHrCU3/IMKHU onamm3. VIKK1 MyBo3aHaT \ONlaTHUHT HapaM, ip
py KNiiMaTnapuHUHIrQapKMHM noaanoByum TEHIcnsvK (15)

ASAT-APAV=0 J

KypuHuwga ésannuk. (15) ékm (16) myHocabaT Tusum My
3aHaTN 6apKapop/IMIMHUHIEeTapaAn WapTuaunp.

Bup MyBo3aHaT \onatgaH MKKMHYM MyBO3aHaT\osanit
XUN yTUwnapaaTypryHINKHUHIMYyansaH KputepuinnapuHn (niitf
NnapuHn) aHMKgaw MyMKuH. MacanaH, TU3MM U30X0PUK i
én 6unaH yTca, (16) gaH

A501T >0 j

mapr kenué uMkaau. byHaa > 0 skaHmrugaH Al
3KaHNNTU Kenné Ynkagw.

O51N=—Cy AT >0

<H31>0 «

LWapT GaKapuanwin Kenmb unkaan, SbHM 6yHaar \onga W Ly,
\onaTnHMHI 6apkapopnuk wapTtn (18) faH néopatamp. [ ]

Arap Tu3um 6up MyBo3aHaT \ofiatdaH VKKUHYM MyHO UM.»
\onatra n3oTepmuk XapaéH 6unaH ytraH éynca (asH1 A/ mll
6ynca) (16) gaH MyBO3aHaTHUHI GapKapopanurn yyyH

~AP,AY>0 ' (id

nchosaaaH

WwapT Kenno unkanu. Xonatnapoup-evpura xyna aknH 6ynmTu,

e n 1
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u chonnanaHmb, (16) HM é3amms:

-(Tr(a)1=0
HAI )*>0 6ynrannuru y4yyH myBO3aHaTHUHI Gapka-

LM

KUPUANLLVMHA Tanab sTagu.

I IOMOI EIl TUSUMHWHT MYBO3AHAT LWAPTWU
| )a M Ba KOMMOHEHT TyLUynyasiapy 6unaH TaHuwaki-

MiHMii'irr Tywynuacn. Tnamm N xun mMonekynagaH Tal—
I hil 6yncmH. Arap monekynanap opacmga KUMEBUIA pe-
tp A\ |maca, 6yHAalh TMUMMHMK 1 KOMMOHEHT/IN Aeinnia-
H mi Map COHMra KOMMOHEHTNap COHU TeHr Bynaau.
HUMMW TallKUA 3TraH X.ap XWi MOJIeKynanap opacmuaa
H |1 Xymanap, MacanaH, MTa peakumsa MaBxXxyn, 6ysnca,
HM tap COHM Xuiap COHUAaH MTavya kam 6ynaau. Ma-

12+ H2=2H,
2H2+ 02= 2/110,
2502+ 0, =250y

itii iyii //,Ba O napgaH TawkuMn Tonranura kKapamai

WM.....onT. Arap Tmsum /¥2 02ea HrO apanawmagaH

MO kapasnca, Xunnap coHn 3 Ta, peakuua 6mutTta ged
e M. anaH, 2H2+ 02-m2H2D), yHaa 2 Ta KOMMIOHEHT/N

I O\ O, ékn //2 \ocun 6ynaaun. boll Ka peakLmsnap-
bll<itl \am wyHgaii pnkp antnnagn. KOMNOHEHTTU3UM-
M 11til KNCMUKU, YHUHT MUKOOPW 60KA KOMMNOHEHT—
P "FOpHUUHT y3rapuwu ra 6ornuk éynvanan. MacanaH,
KH Ha | Kr cnupTAaH Tawkuia TonraH TU3UMHUHIE CyB
iNn MUTUHT MUKOOPW \ap KaH4Yyay3rapTMpuIMacuH, LWy
ii | v CAUPT MUKOOPW y3rapManan (peakumsi Maexy[,
M1 kapniagu).



Tn3um //Ta KOMNOHEHTAAH TalKkua TonTaH GynmO !'m
MOHEeHTHUHI Maccacu T Kra TeHr 6yncuH. by xonna

CR=T'W/M
K KOMMOHEHTHUHI KOHUeHTpauusacu bynaan; M—nmMHu 4
Maccacu; K= 1,2, ..., N 3pKNH KOHLeHTpauusnap COM/m
MOUCHTNAp coHnaaH 6muTtTa Kam 6ynaan, abHU M— | H |
6ynaaw.

2. dasza TywyHyacu. P3Nk xoccanapm \amma MyKu i

6mp xun 6ynraH TMaMmMm FOMOIren TU3UM genvnaan; 6up vs
romMoreH TU3MMAaH TallKua TonraH TU3MM FeTeporeH
nernnagn. ®n3nK 6Up XUHCAN XUeMHM ¢o3adeinuim 'm
poren TU3MM WKKW Ba YHAAH Kyn asafjaH Tawkuin bl [
OyNMWIN MYMKMH.

M mncon. Cys Ba cnupT Tyna apanawmod 6up XUHCIN M A
\ocun kuiaraH 6ynca, yHu 6vp dhasanm Tn3um gelinniM,1
HeyTa KOMMNOHeHTAaH mMbopaT ras apasjaliMma xam oup
6yNuLWIN MYMKMH; TU3UM CyB Ba My3fgaH mnéopart 6ynca, Ovijfl
TU3UMHU UKKM (hasaniv reteporen Tmsnm gevnaan. ©n vl
Xapaktepanm TOMOHWU (6enrucu)myHaaH néopartku, y 6 [
hasaniapfaH aHuvK, Yerapa 6unaH axpannéTtypaaun: bup kuu!
HEeHTaHWHI, MacanaH, CyBHUHI adperat xonarnapy Karink «4
Ba 6yF (pasasilapHX TalKWI 3Tagn. AMMO arperar xonatimpi
(nna3ma xonatHu anoxuga aeb kapanmaca), hasanap tomu!
Kyn 6ynuin MYMKWH; MacanaH, My3HUHI 6 xun mnaigm!
unanapn — hasasiapy Maexy, MarHUT KpUCTa/i1 KaTTuK ity
HUHI (oeppoMarHm1T, napamarHuT hasanapn maexyg,; Mi'irtM
KaTTuk, X)XMeMHUHI HOpMas1 Ba yTa yTKalyBYaH/aMK \o i,u u|
(chazanapu) maexyn,

FoOMOreH TUSUMHWHI MyBO3aHaT WapTUHU Kypainmk 1|
3UM (PU3NK BUP XKMHCAU /- Ta KOMMOHEHTAaH mnoopar
By romoreH TU3MHWHI TepMOAMHAaMUK NOTEeHLUManm

® =001 NNvN2.., NJ

KOMMoHeHTNap 3appanapu coHnapn Nr /V,,..., Nmin Mos
6ynaan. TemnepaTtypa Ba 60cUM AoOUMMIA BynraHaa TepMnm
MWK MOTEHLMa/THVHT y3rapuilM MyBO3aHaT Xo/iaTaa Hom i*f
SBHU:
cld =~ .cJT +— (IP +— IN |

AT AP ( uw - Eﬁ?( <t

212



=0 (22)

h="45 (23)

H&»<EHNHI KUMEBWNIA NOoTeHUMann. Tuaumga KUMEeBnii

LWM' iiiv )xymnagaH gmuccoymauymsnap Ba nosvmepusa-—

wppanap coHn N.ysrapaau Ba dN. * O 6ynagw.

M I»MKHUsNapaa 3appanapcoHuUHuHrysrapun dNi (Exkm

*%5i | L MNccacMHUHT y3rapuwwmy dm) cTexmoMeTpuK Ko-
m r i.i MyTaHOCMb 6ynagn. MacanaH,

Y, + 42=2JH

MM / hi // monekynanap COHM (EKM YHUHT y3rapuLin)
lit V Ha Hr monekynanap coHnapu aca v,2= 1 Ba
| hi My mHOCMGAHP. WyHAaah konmo,
dN-~v,

Mwn tyin6, roMmoreH TM3aMMHUHI MyBO3aHaTW1 LWapTn

Xw=0 (24)

NN = 1.1MM3.
Hlinitap yuyH (24) ndogaHn Kypalnnuk. Vuku sHep-
[IMnlum aaanTUBAUIMOAH 3PKUH 3HEPrusaMu

1 1V 2 «A - {U'_TS’)=f
| | i

v it Fnmn MymkuH; 6yHaa \iBa S: - | KOMNOHEHTNN
i ftiip MOMHWMHI YK 3HEPIUSICN Ba SHTPoONMSACcK (apa-
I \]]>KMKn arannaraHgaH CyHr):

Il C,.TS = CIANT+R\nV/n+S,

Ifc/IVMKM,

wp\ Ul—TS, +PV =-RT\n W+U' +RT-TC.y;InT-

ol

\ HIInl,-RTINV{+1 +RT- TCV. InT - TSri =
=RT\nCi +f(T),
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6yHga //.= C N skaHnurn Hasapga Tytungu. (24) myTtm
LWapTUHM E3aMK3:

X MY, = InC, +/ (7’)£ v, =0

/ / /
byHpaH

Xv, InC, = o =Jn A-(I,/>)

/ Ni

EKn

N c-=*(/-,/>).

/
(25) nhopgaHn MacCaTapUUAN TabCUP LIOUYTIN Neinnaapy
HU KAMEBMIA peakUVsMMIT KoncTanTacu aeiivnaan Nwyl|
\onga K 6ocumra \am 60rnuk.

53-8 TETEPOTEH TUSUMHWHI MYBO3AHA1
WAPTWN. ®A3ANAP KONOACK

M Ta KOMMOHEeHTa Ba I Ta (pa3ann fKKanaHraH nucpW
rm3nm 6epunrad 6yncuH, Wy TUSUMHUHE MyBo3aHaT mw|"'H(
aHuknannnk. Kynanmk yuyyH TU3MM UKKW KACMAAN (¢ m
AaH) néopar 6yNCcnH. YnapHUHT \ap 6upn MyBosaHatnn (M
YyMYMUIA TU3NM 3ca MyBO3aHaTda 6ysiMacuH. by kucmmp (¢
3a/1ap) MyBO3aHaTra Kenum yuYyyH ynap v 6akapuiuH
CUbYLLK a/IMalUVHULLN pyin 6epuin Ba 3appanap 6up dm ity
VKKWUHYYM ¢hazara yTunapy MyMKUH.

By thazanapgarn MyBo3aHaTAaru xxapaéHaap yuyyH 1 rHull
HaMUKaHWHI acocuii MyHocabaTUHU é3aMums:

TIdSI =dU™ + PfiVy ~n,dNv
T21S2= dU2+ P21\2- n2IN2
YMyMUii TU3NM sSIKKaslaHraH GynraHn y4yia
-dUt=dU2 dVx=-dV2 dN =-dNv Ll
YYHKN

U= Y+ UR2=const, V—Wt+ V2=const, N{+ A, com
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#inllMyBO3aHaTV (SKKaslaHraH TyAa TUSUMHUHE MyBO-
| AAMH SHTPOMUSCU MaKCUMYM KuiiMaTtra apuraHga.

dS=dSl| +dS2=0 (28)
M | MHp 6ynagun. (27) Ba (28) HK Haszapda Ty rvo, (26)

&L l_dU;L+(fI FQ\d\/\ .dN{ =0 (29)
hj |7~ TKi ' 17> Nj

MA.......nnn. bynga dUv dVr dN, uxtmuépuii yarapuium

LH OYwaHnmrn cababnun (29) TeHrnukgaH gasanap my-

M1/ «>110nn y4uyH ynapHUHE Temnepatypanapm, 60cum-
IM 11KMMEBWUIA NOTEHUMaA1apn 6Up-6mpura TeHr 6yH-
HO unTanu:

T =5
Pl- Py (30)
=/

omap tomnepatypanapu TeHrnaMrn Tj = T2ga nccukgmk
‘bl|] mum nurn P{ = P2p0a mexaHMK MyBO3aHaT to3ara Ke-
MUMMVK ML GadkapunManan; KUMEBUIA NOTeHUmMannap
MH /r “ /1, 0a andpcpy3sus xapaéHu TyxTanau, sappanap-
M= iji.i 1ITT] nKKMHYM pazara ycTyn pasuiga yTulim
wm
it pawaapTemnepaTypanapn Ba 6ocumnapy TeHr (T{—T2
* Oyncato, ammo KMMEBWUI MNOTeHUMaaapu TeHr
Hm HLIMVL, % 6ynca, TU3MMHUHT hasasapn opacuaa
un hi i@ UMYUCUTA YCTYH paBuvLLAA 3appasiap yTULWLKN 103
n I\ yuna myBO3aHaT Kapop TOMryHra Kgaap TU3NM-
<M|Mun|nHen opTné 6opaan, avHU (28) Ba (29) AaH:

JS = dN. >0. (31

/1, 6ynca, 6UpMHYK hasa 3appasiapy COHU Opruoé
If /\ <O [Oemak, 3appasiap KUMEBUIA NOTEHLMATN KN-

......... Faia romoH yTagmnnap.
Hi..... nda wmn Tmnm graugr buTTa KOMNOHEHTAaH néopar
el..... mil noTeHyman (TepMmogMHaMMK NOTeHUWan) a-
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kar 6ocum P Ba Temnepatypa T HUHI dyHKUMscK Gyull]
(hasanap MyBO3aHaTu lil

M 7)) =N 7) -

TeHrnvkgarn (P, 7) napgaH GUPUHUHT y3rapuyiimn dyHKivL,
haTmaa NKKMHYUCUHUHT y3rapuiimMra Mocnawurmpunn i, 9
(pazanap myBo3aHaTuga 7, P napuun nxtmnépuin Yarapuy,
6ynmaiign.

FeTeporeH TU3MM y4yH yMymuiA \onga hasasiap OprcLLM
XaHWK Ba TEPMUK MyBO3aHaT bynraHaa

TeHrnuknap 6axapunagn. ®asanap opacuga sappaiap Ml
TyxTab. MyBO3aHaTra kenraH 6ynca, ynapHUHr kuvemmH |
TeHUunannapun mp-6upura TeHr ynaam:

==/ % =1-W

ByHOoa Knmésuii noteHuman Temnepatypa T, 6ocum P
KOHUeHTpayusanap C* HUHI pyHKUMACUANP; NacTKu UMS
/= 1/= (pazaH n Kypcatagu. U

N Ta KOMMOHeHTa Ba I Ta (pasafgaH uobopart retopwal
3VIMHU TaBcudnaliguraH TepMoAMHaMUK NapameTpap VHLL
aHHKAanNMK. TU3MMHUHT \ap 6up casacnHu xapaktep 1|4,
raH napameTpnap — 6y n — 1 Ta KOHLUeHTpauus Ba P, | im||
MeTprapgaH néopar. 7*sa T napametpnap xamma asanap L,
ymymnnamp. Jemak, rTa dasanapgarv y3rapysumnap LWHM

2+(n-\)r (

ngoga 6unaH aHMKgaHagu. © Ta pasa MyBosaHatda Oygll
YUYH YNapHUHT XOp 6P KOMMOHEHTACUHVHI KUMEBUIA LIN!
unannapwu, (33) ra acocaH, 6up-6upura TeHr, SbHN



n Mp.iK. ByHgaru TeHrnamanap conv n(r—I1) ta. Je-
[H WCcTram reteporeH TU3MMHUHI MyBO3aHaTdarn \ona-
WL, inn'iii 3PKUH NapamMeTpriap CoOHU

N=2+@-\)r- (r-\)n=n+2-r1 (36)

\ MM3VMHUHT TEPMOAMHAMMK SPKUH/IVIK Aapakasiapuy
H1 man. Y3uHUHT mabHocura kypa N > O, gemak,

r</i+2 (37)

Mw», M ra KOMNOHEHTAAH nbopar TUUMHUHT M + 2TagaH
»i'\ in.iiaH (|)asanapn myBo3aHaTAa Oy MM MYMKUH. by
M IMoann TMeGecHMMNI (hasariap LIoMaacy aennnaaw.

5.4-$. VKK ®A3AHWHI MYBO3AHATW.
YUYNTAVUMA HYKTA

ip *MIMMOHEHTNIN TU3UMHW Kypaiinmk. Arap 6y TUsmm 6up
“ 0Vncy, YHMHI MyBO3aHaTgarm \onatmmm Tascudnaingm-
W pHmnprap corm N - N+ 2 - /-paun= 1, r= 1 6ynra-
nnA 26ynagn. by \onga TMUBUMHUHI TepPMOAVNHAMUK
UHMN papaxanapu 2Ta, SbHU 60cuM Ba TemrniepaTypaaup.
UM Mab/lymMm opannkaa NXTuépuii ysraptupusnca \am gasa
MyHHM | n3uM MKKM pa3aga MyBo3aHaT \onarga 6yncuH
nw, cyB Ba My3). By konga TUSUMHUHI TePMOAVHAMUK
M H1 Tpaxanapu coHn N = | 6ynagn. Tabuniiku, casza—-
MH1 u'Mncpatypanapu Tr T2 Ba 6ocumnapu Pr /~y3apo
nin i

r,=1T2 &£=P, (38)

AyHHLLIN Wwapr. bynapaaH Tawkapy 6yHaan reteporeH TU3um
Vi ngm 6ynuiim yuyyH 6y MKKU pasaHUHT KUMEBWUIA Mo-
«-e- - MpUV TEHI, AbHU

/*,(N 7)=,<2/5 7) (39

LLH 11pak. bByTeHrnamagaH MKKU ¢hasa MyBo3aHaTAa OynraH-
fyiiik parypa T Ba 60ocum Hopacmngaru 6ornaHuW aHUKOa-
HI mymkuH. Bolkava aiTraHga, UKKU hasa Temneparypa
MIpHMHNLW UXTUEpWiA KniiMaTnapuga MysosaHaTaa 6yna on-
0 hi 'mIkn (39) TeHrNamaHu KaHoaT/laHTUpaguraH Temrne-
1y]bl TH (HK M KMiAMaTNapugarnHa MyBosaHatga Oyna onagy,
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abHn T Ba Pnapa

K 9PKUWH Yy3rapysu

YNCU YHUHT QYT

dhaTnaa y3rapagn

n- Xyoanm nkku (
3aHaTnagarn kabu

HUHT MyBO3aHart!

v N=2+n-r

5.1-paem.

u,(1 7) =/<qn 7,
AN T)=<]n 7

wapTtiap 6axapunuun 3apyp. [emak, yyta haza myBOLIHIH
éynraHga TUBUMHUHT TEPMOANHAMUK 3PKUHAUK AapUu”™nH
coHn N Honra TeHr, sibHU 3PKUH y3rapyBunnap Gynmanam V «
(pazaHMHr MyBo3aHaTu (40) Ba (41) anrebpank TEHITUMNYB
HWM KaHoaT/aHTUpaaurad P Ba T HHAr KnimaTnapu 6wiaH .HULWL
NaHaauraH 6utta \onarga coamp 6ynaan. by Hykranuv yu LWH®
nyuTa geinnagn. Vikku cpasa Ba yuta pasaHMHI MyBO3/IMUJ]
pyHn (39), (40), (41) TeHrnamanap acocmga rpagukm bl|
cudpnainuk (K. 5.1-pacm). by myBosaHat unsuru (39) ucmill
(arap yHUHr OWKOP KypUHULIW Mab/lym Bynca) onuvann | s
thasaHMHr MyBo3aHaTu 5.1-pacmpaa koopauHatanapu (‘) |
(41) acocmpa aHuKgaHaaurad ydnadma C HykTa 6unaH KV|4)l
TunraH. HyktaHUHr koopguHatanapyn T Ba P Hu (40) ii.i (4]
TeHrnaManapHn eunoé (YHUHI OWKOP KypuHULWN Mabnym (iV'ie

aHKaaHaau.
5.5-8. ®A3ABUW YTWU LW AP

Kyn dasann (reteporeH) Tmamm HomyBo3aHaT \onatin isvi«fl
Mogaanap 6mp hasagaH MKKUHYM hasara ytuwiapyu Myvymnm»
MacanaH, Moaa Cyl K X,0MatgaH rasékm kattuk\osanlmiy
wn, MoAAaHWHI peppomarHuT haszagaH napamarwn ¢.nngd
YTULIN, MET/UTHUHI HOpMan \oMaTAaH yTa yTKasyBUaH/IMK o= |
TUra ytuwu, rennii IHuHr renuii U ra ainnanmwmn <pi mulll
yTuwiiapra Mmcon éynaaw.



[f»" Uy yTuwnap UKku Typam ynagn: 6mpuHun Typ ca-
DIP yMHW §ji AlWMpnH MCCUKANK axpanagn (EKn Tunaan)
UFHHHTUPMa \aXm (3M4nunk) ysrapagu; macaniaH, 6vf-
J tVi"KiiiiiKKa ainnanmwmn, CylOKAMKHUHI KaTTuK, ~onarra
LU\ 6upurHuM Typ hazasuii yTunapamp.
M*.... . Typ hasaBuii yTu Wwnia ASWmMpuH UCCUKANK axXpai-
v loTUWIMaigy \avia conuutnpmMa \axm ysrapmaiign.
(MHwka \occanap, mMacanaH, UCCUKINK CUTUMN y3rapaau
*e1>|,an MK XXNCM heppomMarHeTUKHUUr Kiopu temnepa-
WnvH 1oKopuyda napamMarHeTUKKa ainaHuwu, renmia | HAHT
HV HMLWIA |l ra aMnanmwun Ba 6owwkagnap).
>m11 0.MaNH reTEPOreH TM3MM MyBo3aHaT\onarga 6ysicuH.
I hi Sfti WwnapHWHN KUMEBUIA NoTenumannapu ékn conuvil-
M VU pmoanHamyk noTenuuannapun <p,P. 7) Ba P. 7)
illpiii.i roHr 6ynaan (dhasanapHUHI MyBO3aHarT LIapTu):

=) = P, 7). 42)

Linwmp myBO3aHaTUHM By3mMacaaH TepMOgUHaAMUK NOTEH-
HH|Mw \ Ha pn chaiin nk:

vit/. /) +dw,(17)=yqP, 7)+d<gdP, 7)

Kynnu remnepatypaHuHI y3rapuwmra Moc pasvwga 6o-
HH M2) acocuga y3rapTupusca, asanap MyBo3aHaTh Oy-
WHH MbHU:

M(.T) M(P-T) do _3an(r) pavu(P'T) (F wms.
di ap dr ar ap dT'" vy’
nfiiiii

| @wni1111 Hazapga TyTno, (43) Hu

(IP _ $2~9]
dT ~ did, “4)
mintitiiiM kenTnpamus; 6yHaa S2 Ba t),, A2Moc paBuwaa
mA'ti'Hitiii conmwTnpma sHTponuanapy sa ConnLITUpma \axm-
1S >HVEF
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Mwncon. Vanwpa cys Ba cyB yctugarn vamwl K'viM
ocTuaa (nopweHsTarnga) 6yF mysosaHat \onatgabynuw A|
60CMMHN owmnpcak, 6YrHMHI 6Up KNCMK CyBra ananiinH,?
6unaH 60CcMM olKMLLIMTa TecKapu XapaéH — GOCUM KUMarALL
coamnp bynagn. boTkuHa anTraHga, /le-LWaTtenbe TamoH/t
MyBOCOUK GOCMM OLIMLINTA TECKapW AyHamLaa xKapacH -

nu. ®asanap MyBo3aHaTV G6Y3UIMAcINIY YUyH TEeMMEpPLLYH
6ocMra Moc paBuLLAa OLLIMPULL 3apyp.

5.6-§. BUPUHUWN TYP ®A3ABUN YTUIIL A
KNAMEWPOH - KJAY3NYC TEHT/IAMACW

BupurHumM Typ hasasnii ytuwaga sHTponus S, conmmmmpr
}%m/! Vysrapagun. Ynap casanap yerapacuga cakpab y u,ijdu
S2- 5 * O \V2- Mt* 0. (m

lily Typ thaszasuii ytnwaa AWMPUH UCCUKINK ( a» [M
YnKaan EKN TUNAON, SHHU:

T(S2-S,) =TAS =AQ =q.
(46) H1 Hazapga TyTu6, (44) Hu

KypuHuwaa é3ammni. bupmHum Typ dasasnii ytuil yuyH (*|LLB
raH (47) Hu KnaneiipoH-K/wy3unyc TeHrnamacy aeiniand Iif
TeHrnamaga connwtnpma \axm Ksa chazasuii yruwgal n nilllfl
pPVH MCCUKAMK ( TeMnepaTypa Ba 60cvmMmra 60ravk. Lmmi
Knnub, 6upmHUM Typ haszasuin yTuwnapaa gasanap n'pmwHmiA
HaMWK noTeHumannapun ysnykcms ((42) TeHrnuk), aMmo viitpfl
MUHr Temnepartypa Ba 60cum Byiinya 6UpUHYM TapTneam \<u| LU
nanapu ysunuwra ara ((45) ndogara K,apaHr). Xyaa KyH iiii |
TUKXKMCMNap spuraHga g = 0 6ynaav Ba y/TlapHUHT conmLl Wwpyil
\axmMnapu optanu. abHu Y. > Vt6ynagw.

LWy ca6a6nm (clP/dT) > 0. sbHK 60cUM opTULLIN GUnaH =>pil|M
Temnepartypacu optaan. byHaan monekynanap nkku dgalaumitilfl
MyBO3aHaTuAa Temneparypa opTum 6mnaH 6ocum \am opMHHII
AabHM O, T> 0pa AP > 0 6ynagn. AMMO cyB Ba My3 6y KOum uu, L
WUCTUCHO, AbHU > 0, aMMO MY3HUHT COAULLTUPMA \aXMnN *Wi A

HUKNAaH Knunk: V2< W LLUYHUHT yuyyH TemnepaTypa opriumii |
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B)H [Mncum kamasan (K.
| pit) M), AbHK 60CKM Op-
BHH iMM.m My3HUWHT 3puLL
Btyiiiiyp.icn nacasgn 5.2-
BM>m (-17) TeHrnama 6m-
Bi (HN ndnaHyBun my3 Ba
B dmitmpu myBO3aHaTu
m (MH. cyn Ba 6yF (hasana-
m < =E10IMU wnsvpn, mys
I(]yi dwm wniapn myBo3aHa-
BumHHKM \amga yuTa dha-
WMHH Myuno3aHaTVHW TaBCU(IOBYM yunaHMa HykTa Tap\uii

(a Muw.) paemwpga kentupunraH. Cye Ba 6yF myBo3aHaTu
AHH H | HyUTagaH KPUTKK HyKTa B raya gaBom atagu. YunaH-
H 4wuykragaH nactga cyB asacu Maexyf amac. CyB yuyH

HIitliM.i HykTa KoopguHaTanapu:
[ Iy=0,0078°C, Py= 0,006 atm.

Mwn HM HacTTeMnepaTypanv asagaH Kopu TeMmrcpaTypa-
»H (JMHHa YTraHga AWVUpUH UCCUKINK ( HU toragn. Tusmm
lit H | HyK'raga 6apkapop (TypryH) (5.2 paem). Arap Ly HyK-

LLBH My | cy» TM3um 6ynca, y HOTYpryH 6ynagu Ba cyB Mysra
PHHHMH Arap 60CMMHW y3rapTmpmain UCCUKINK 6epunca,
HHH INB' WWHI) TemnepaTypacu opta 60pnb, MyBo3aHaT Yn—
m Hbl 6npraHga (O HykTaga) Temnepatypa opTULIN TyxTali-
M), 1 ®3ueun naigo 6ynagn. VIcCMKANK MUKgopuHumr 6y 0O
Kilo m (K'punuwm cyB MacCaCUHUHI (MUKOOPUHWHI) OpTU-
Bm Nu(>6opagun. Arap 6y HykTaga 60c1MM opTca, yHra mMoc
IB||H 1M H MmnepaTypa y3rapca (My3 y4yH TemnepaTypa nacasi-
IK|] hi i na3za myBo3saHaTn cakgaHaau. bocumHu y3rapTmp-
L, HuH fiv HyKTaZa TemnepaTtypa ollea, Mogna 6up gasara —
Ami hi MmHagy Ba yHUHr Temnepartypacu E F 4Yusnpu 6yiinua

mLiL MHpann.
5.7-8. KPUTUK \OJ.\T

YL/IMHMA nykragaH 6ownaHraH KaTTUKXXUCM — CYOKAWK
(m\M)i4 ' ip MyBO3aHaTU 4YM3NTK, KaTTUK XUCM — ra3 dasanap
BH'W, '"HM uu Wrn okopu 6ocum, TeMnepatypa Ba nact 60-
MH1 H MW’ parypa IOMOHAapuiaH vyerapanaHmaraH. by unmsmk-
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napHun gasom artmpuw M

KNH. AMMO CyHObYLUK L,

thasanapy Mysosalnm |
supu K Hykraga I’yXI.I"/"f

51 -paem). by HyKTAHN j,

natHu) KPUTUK my*

‘m  (pnaTt) peiimnagu

CYIOKTUK — ra3 TM HIU

5.3-pacm. HUWHT hazanap MyHO3LLMH!

dhazaBuii ytuwnapumm liil

K,umw yuyH P, Konarpammaza Taxxpmnba HaTvkacuaa o MH
nsotepmanap (5.3-pacm) Ba Ban-aep-Baanbc vsotepma lapiHf

kentnpamus (5.4-pacwm).

5.3-pacmparn A KB co \aga moaaa reteporer \onatga Q ilM
[a CylKNuK Ba 6yr cdazanap 6upranvkaa maexya. AK umllf
HUHT Yanl TOMOHUAA hakaT cytokywk casacu. BK umsamkliy
YHITOMOHMAa hakaT 6yF dpazacu maBxyganp. FOkopn HM|A
patypanu usoTepmasiapia UKKU dasaHUHI MaBXyaank cuvifl
Knckapub 6opagy Ba TKusoTepmaga (KpUTUK Temnepa np.HrtfT
n3otepmaaa) \ap uUkku casa 6up gazanm \onarra — Kpuuy!
\onatra ainaHagu. by X,onarga mogda CytoKank \am, 6yi
amac. by xonar napameTpnapvHUHI Maxcyc kuiimatnapu /,, /U

Oa coavp 6ynaan. P, Kanarpammagarn nsotepmanapuv usl
nmwtnpma x,axkmnap V. > K dapkm Temnepatypa opruwH MH
naH Kamanné 60pmb, KpUTUK HyKTaga Oy dapk Homra N H
AbHN K = V.= ~eynaau.

KpuTnk Hykta A'garv ytuwaa conmwtupma \axm Vuitfjl
Maian, UCCUKIUK loTUAManan (Ykapunmaiigm), ammo inh <HM
NNK CUTMMKU. \@KMNi KeHrammw koagpduumneHTa, cukni/j
YaH/IMK cakpab y3rapagy (y3unuiwra ara). 5.4-pacmga Bam wi»f
BaanbcTeHrnamacu

acocua onuHraH usoTepManap kKentmpwiraH. byHoa / mf.
oynraHga P HUHr \ap 6up kuniimatura V HUHF yyTa KuimMnm!
Tyrpy kenagn. P{V) unsmk — nsoTepma MakCcMMym Ba MUHU*
MyMAaH yTaau. Temnepartypa opta 60pulm 6unaH /SHuw MAM
CYIMYM Ba MVHUMYM KUAMaTIapu 6up-6mpura askmHnawmo
paay Ba, HU\oAT, T —TKMa MakcuMyM Ba MUHUMYyM/Iap 6Up m
W6 Gypunnwl Hykracura anaHaaun. by Hykta A KPUTUK /viaHH)
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') Pean nsoTtepmanap
WnN-ncp-Baansc mnso-
i MpUHM conmwITMpunca,
HHHMN KamaHuwwura 6o-
N1 Kamanmwm Tyrpn
«v*in VlaH-aep-Baaasc
plMvw nvmHr D CKI/OWM
nuww iiorypFyii \ona-
hu kenagn. Y Tax-
Mi \ WTuamangy, abHN
H iKiai YHUWHI ypHura
Qi iti topn3oHTan (M3o6apa) unsuk; AB kysatunagn. by
LLyHn aiTuUw Kepakkn, pean nsotepmaga \am K mnykrara
HT yy”*Tacu aeb K,apaiagu.
|LL(\W KypcaTagnku, CyrOKAMK — ra3 Tusummga ras ca-
N/ kHyacTnémn \onatga — yTa TyliMHraH 6yF \onatnaa,
JJu da tacii AC mctactabun \onatga — yta KU3uraH cy-
I» Vi kumpa éynuwinapu MyMKuH. 5.4-pacMaaH KypuHaan-
piiii IHK nioTepma TKaaH touppugary nsotepmManap, SbHU
in in nim (ra3eMMoH Xpnart)Hu TaBcugnangn; 7 gaH nacr-
IH MW pManapgaa P(Y) MUHUMYM Ba MakcuMyM Kuiimatniap
H MIM Ul. By makcumym Ba MUHUMYM Opacuaa BaH-aep-
bl HkHepmacuga (dP/dV)r >0 kuiimatnmn co*a pean

hi lip m maBxyn 6ynmarign. Pean Tusnmnapaa 6y co\aga
), 0O, abHM ropu3oHTan kuempgaH ubopart Gynaaw.
|¥iiil /, nsotepmagaru K HykTtaga 6ypunhui HyuTacu mas-

I bl lin ink dM3nKa HyKTau HazapugaH KpUCTa/ln KaTTUK
P i i|"i,i ynapHM TalwKna K,WiraH 3appanap opacuja Mab/iym
fill? in mi  (y3ok, TapTn6) maexyd. TemnepaTtypa OpTUT U
MH *piu HULW NaHXapa TyryHnapuaaru 3appaiapHyHL (aTom-
sMM1 VoHnapnuHr) TebpaHuiv Kyvas 6opuiun Ba ok,mbar
....... Il 1 WInbnnankHunr 6yannuium 13 6epuin Tydgaiinm
IHn  dii M >puiigp Ba cytok, arperat \onart nango éynaaw.
lit dm bl ii raprmécnsnuk gapaxacu yctyn oynagn. Mogaaga
VINIH | Hob.H y3rapuwm coamp 6ynaau; K,aTTUK KUCMAa Jesp-
M| Min hil nnrapynanma \apakaT ponb yiiHai 6oLwinaingun.
|ifli" m | nw6. K,aTTuK hasa cyrKkAuK asacmagaH KCCKUH

MM LLHMIA
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Cyloknuk thasacuaa TapTmenunuvk "kongukun" koninil ftf
Oa (ymga sikKuH TapTubnuaunk MaeXyf), OKyBYaHMK,
y3rapyBYaHANK Kabu My\1UM xoccanapu yHU XapakTep Ha

CyoK hasaHUHr Temneparypacu optuin 6unad MMLL,
NapHUHI, aTOMAAPHUHT, YNapHUHI KOMMAeKcNapLuLw
pvnaHMa Xapakatniapy ycTyn pasuvwa optué 6opanin, Hu
TapTN6NMNnK" fapaxacn kKamarnb 6opaan Ba HA\<w Iy
HULWW TemMnepaTtypacmaa Kanub; Xunemaan KoaraH "Ko rHy, |
TUONNANK" (SIKMH TapTUeNnInkK) nykonagw, narapuiaHmn i
Kar 6unaH 60rnNMKTapTUOCU3NINK YCTYHINKKA 3PULLLMH
nepaTypaHvHI AHa OPTTUPWANLLN NPUHLMANAI SHIUUKK §
bopmalign, TapTUBCU3NUK AapaKaCUHUHT opTuwivra iHiiftj
pagyn (rasemmoH hazagga). TapTnbcnsnuk gapaxacuga nmiLl
acocuaa raseMmoH hasagaH CyKNMK dasacura yTuwm iii
aTunca, narapunadHmMa \apakar 6mnaH 60rank aHTpnl,
TemnepaTtypa nacainnwim 6unaH kamaimnoé 6opaan. dazamliil
[A YHVIHT rapTUocmnsnnkaary yCTyHIVIK Aapakacy hasaHuii y,
Oa ykonagm, 6y yTuwaa mMabnym fapaxaga "TapiHo Hu
naiigo 6ynagn. LWy ca6abnn aHTponus 6y ytuwaa cakprO !
paay. TemnepaTtypaHUHI Kamaimium éunaH ras giasacu HULL
OVIK TapTubcusnuk" gapaxacu kKamarnnb 6opagn ka 'y 'u
NVK-KaTrnMKKncm" pasasmin ytuwaa, abHM abcontot mMmpu
KpUCTann KaTtTUK XUCM hasacura yrraHaa, rasHHL
TapTMbCen3nnk" papaxacu Honra Tywaan, SbHU w<imwm
Xoc "HepHCT Teopemacu" 03 6epagn, abvHU KPTUILL (1L
Temnepartypacu — 6y unrapmnadHma \apakart 6mnaH 6L LWwm
Tponus ydyH "abcontoT" HonbTeMnepatypagup. LyHaa \iM
"CYIOKMNK" KAaTTUKXUEMHUHT "TapTMenmnurn" konat n H
CUMOH (pasaHuHr "TapTnécusnurn” konguw émnan yvap H
NaHaguraH "opannk” asagup.

CyloKAUK — ra3 reteporeH Tnsamm temneparypa up|lll
6unaH CylKOUK hasaCUHUHI TapTUOCU3NNK Aapakaen np*»
6opaan (3HTpoNusa opTaamn), CyrKINK dasacmgarn "konnm* K
TMEANANK" Kamaliné 6opaay Ba HU\OAT KPUTUK UYKTTIA
"KONAUKTAPTMOINANK " MyKonaan. NKKK gasaga 6up ni-i Mp
TNHCN3NNK Japaxkacn Xpenn bynagun, abHU 6y HyKTana YHpM
MUAHWHI cakpab y3rapuwun éynmMangn. by KpuUTmMK \H bibl||Ne
KpuTnk \onatra skmHnawmwga conuwrupma \axmmiip |
ovpura skuHnawagn: SWnpuH NCCUKANK Kamarino 6npwM Il
Kputuk \onatga q=0Ba = Y26ynagw.
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llil4.....  iimiik qiiii-
I tH|i e WA BU3HUHI-
1% mu fiiilliaii a alina-
iM | yM'KMUKNLWL U "KON-
O TO wwmkK" maBy3nin,
Him viyii i npd 6ynagwn.
JLDBIN|= /'KpnTuK TemM-
[lirl"nii knnya AKkuH
liyii'i.i "konguk TaP*
Hn»' | vm 6ynraHu yuyyH ( (SWMUPUH MCCUKINK) Kam
nu | |=i1 MK Hykraga aca q = 0 6ynaaw.
Ne ijiinm wia Temnepatypa Ba 60CMM OPTULLK, CONULLITUPMA
[tIHHiii K1IM.1AMWW GunaH CyloKAWKKA alinaHULW yuyH 3apyp
bIH /1 nmuniiné 6opaaun. by aca "TapTnbCcu3nuK" gapaxacum
..... AbHU aHTponus S(T, P) kamalimwunHm
i |nHI/IM opTuLWKM 6unaH y3rapmac Temnepatypaga S(P)
H'W  M.n. iyMm TapTUOBCU3NTNKHN AYKOTUG (KamMaliTUpHO),
Iun  bIPWOANANK" HU TUKNALW Yy4yii (BYF CylOKAWKKa an-
...... kam ( 3apyp 6ynagn! Kputuk \onatga aca =0
Wink S =S26ynaawn.

MACANAJIAP

| | mmw i 15aii-gep-BaanbC rasviHAHT KPUTUK HyKTadarm
C / H/ NHUMaHT; KpUTUK KoadhdpuumneHT RTIP KK HM
APMLL W1 yHU TaxXpmba HaTuxKanapH 6unaH TakKOCNaHr.
pi Hni Ini Ha BaH-aep-Baanbc TeHrnamacu

a_ RT_

V-b V7 M
| HM Hay, /top-Baansc rasu nsotepmanapu 5.5-pacmaa Kypca-
MU M fiep Baasibc M3oTepmacy MakCUMyM Ba MUHUMYM-

am ¥*' " b. KcTpeman kuiAmatnapga

(*P) =0 ¥

YH|n hil npugamn. KpuTtuk Hy”*Taga MakCMMyM Ba MUHUMYM
P® HUWLK'. 6ypnnuw HykTacuHu ~ocun kunagu. by ypunnw
I*mMT nwwm

iitpi Wi | fpyiann.
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By epaa WyHW TabknanaiMmnsku, pean TM3UMHLLM
\onatn 6apk;apop 6ynuwimn ydyH \am (2) Ba (3) mapi hili
Xapunmwn tanab stunagn. dHam (1), (2), (3) TeHrnaMHHL*
yura HomawnyM PK WK TK aHuknaHaam: sbHU

P=K+*-a
K X-b Yy?
RTk la 0
=" (ke T
_ RT, 3a _ 0 4
' (vk-bf

bynapaaH:
v =3b, Pk=-%, Tk= 89
* * 2N * 27Rb
T =9PK\WK, a=IRTKWK, b:’gp.
(7) Ba (8) gaH KpUTUK KO3(PPULMEHTHN aHUKOAAMLL
X =1=2'667" «

KpUTNK KOathhULMeHT yUyH Taxpmnba HaTuxanapu ka/M
[arv xaasanaa KenTUpWiIraH:

Moana KT/PN
lenuii 313
Boaopop, 3,03
Nror 342
Kvucnopog, 342
Cys 4,46
BeH3nH 3,75
Cupka Kucrota 4.99
Mctun cnvpt 4,56

I-n3o Wpean razyuyyH RTIPKWK= 1
2-n3o\. (7) gaH doiiganaHn6, BaH-aep-Baansc Telw nmm
cuwn KENTUPWUITaH LWakiaa é3amms:

=4, -i-=V, *r A1)
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I IIH (If Kynmuns; 6yHaa (7) HM \ucobra onamua:

no - Rc8a a
2> 27o0 (3v-l) 9Bl

(w+-£)(3y -1)=-8r

m)0i..... . HvH gcp-BaasibcTeHrnamacuHu onamms.

11 mwv 1hi Autepuun \onaTTeHrnamacugaH KpuTuUK nyk™a-
P/ | |, w anmkgaHr. Kputnk koadppumumeHT R T JPKWK
An'||UH . kcaT npunirad \onat TeHrnamacuHu aHUKOaHT .

|*"H  Iun pyMn TEeHrnamacu

P=T1aexp(-«rr) @
[Hulllll \onarpa
=0, @
\dVIr
t =
\be}’—))T © (3)

W 11 HHNWaHwpwunagu.
H| MH HNWMK3:

@)

©)

|)§| tt (=t nmpTtnapra acocaH (4) sa (5) HM é3amua:

Vi
v~ RT ©®
a W ) @
OH =l | /) nan
* =2 K =2h (8)
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KpnTuk KoathpuuymeHTt
I{

AvTepnun TeHrnamacun KenTmpunraH waknga

KypuHuwga ésnnaan.
U 30 x. AuTepuun \onarteHrnamacugaH kennoé yn~UWn /g

KPUTUK KO3hPMLIMEHT BaH-Aep-Baasibec TEHrnaMacuian HuLL
raH HaTuxa

ra HUc6aTaH Taxpuba HaTwkanapura siK,MHpoK (aaganrn K,)

5.3-macana. bus

/T . Nlexp[£ (*-.£)]

\onarTeHrnamacuHm onraH 3aukK. Wy TeHrnamaHuHr yau in
MOHUra 6Ty3aTMaHVI KI/IpI/ITI/I6, YHI TOMOHUTa TEHINanTUMH
JINK:

/>(K-4)=97-cxp[l(4-")". 0

LWy \onat TeHrnamacuHUHI KpUTUK NapaveTtpnapu I\, I,
Tk aHuknaHcuH Ba RTJPK k\nco6naHn6, BaH-pep-Ba.in.i
X,amaa, AnTepuun TeHr1aMmanapy Hatwxkanapu 6unaH takn<»
JIAHCWH.
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Mill
l, . V xp[I_I
O*I/.," '!.r (*'w)][—F’\ (*‘w )] ~

ICHrpiv > -w)j-vTb - T (@ Th)|=
-/

I HM

| 1V (@)

KN T C)

M1 H/ M/ WIpMa TYyTU6 Kylhingarnya onamms:

w A "“pl-v=i-Mb~jf)]+

S* =o. 4
' m
A /mu
=2 \-g--b
(Ybe /Y, ©
W» bi (5) paH:
A ®
P> nvv O) ra Kyum6, TK HM Tonamwua:
T a
- @)
14 in (7) mm (1) ra Kyimb, PKHM onamus:
PK - 5[:)0 Y, ®)

il tiiMin \<>8&r TeHrnaMmaMn3HNHI KeENTnpwiraH Lwak/H

n= exp
(2K-1)
[fili 1 TkdMMmi Gynaam.
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KpnUTnkK KO3aghhuneHTHN \McobnanmMmms;

A _ c2
PN 2

Kyhunpgarn >xagsanga BaH-pgep-Baanbc, Outepuun w ||
TeHrnama HaTvxanapu TakkoC/iaHraH.

Vib Pfi/a TKRb/a Kn
Bav-pep-Baansc 3 127 8/27 8/3-
T-cn
AnTepHun !
TeHrnamacu 2 el 4 B>/2-
(1) TeHrnama 2 /- 1/5 /2 -

5.8-8 AHIUN OA3AHUHT MANLO BYJ/INLWIN

AHrv dasa mMabnym LapouTtaa acku gaszagarv MoguiHUMY
hnykTyaumsicu Ty(|)annm cogmp 6ynagn. byHaa, macanaH,

NnuKga KaHaw 4Yoruna 6yc pazacMHUHE KypTaknapyu — mydnm!
nap, ryiivHraH 6ypaa cytokank dasacvHuHr "Bakuinapn”  FTOLW
ynnap nango 6ynagunap. bynapHuHr nango éynuwuvra mun/,
3NUYNUTUHUHT PNYKTyauusacm cababum bynagn. AMMO s n g
3ara yTuw pyéora YMK.ULWK YYyH SHTU hasaHUHT KypTak HYY
GepuaraH Mab/ymMm LLApOUTAA YCULL, PUBOXIAHULL UMKOHULLMM
ra ara 6ynmwn 3apyp. K,uckacu, aHrmn asa KyptarHuwn m u*
WK, PUBOXIAHULIN BUP KaMua oMuniapra 60ramk, >xymna M,
X,0cun BynraH sHrM gasa Kyptarv HAHT yndammra 6ornmk Aim
KypTak Kuuuk bynca, sHru casa 3appanap (Monekyna vp
VWHWHT aHYarvHa K1NCMU SIHIM Ba 3CKU (hazanap opacuaaru cLuy
na éynagn. Wy cababnu sHru asa KypTarmHi 1a\nua Hu i
raHga cupt 6unaH 6ornuk \ogucanapnu \am Hazapga ryiMoi
no3uMm.

MabnyMKn, CUPT K3UHUHT y3rapuwmn dZ Tydaiinm 64 i 1
punrad nw dA = -adZ(6yHaa a — cupr TapaHrinkK Koaddgu
umeHTn). Jonmnii Temnepatypaga 6axapunrad vl spkuH MA p
rMAHUHT KaMmanuwmrateHr, aseHu dF - vdZ. Wy ca6a6nm, vim
Ba 3CKU (pasanapHUHI TYPryH/ANK LWWAPTUHU aHuudall yuyH,
CMPT XOCCcanapuH1 Hasapaa TyTraH \onga, SpKuH SHeprus yuu
pywnaaH oinganaHMOKI03MM.
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loiHimin rcmucpatypacu T, \axxmu K Ba 3appasiap COHU
MLUX NyAcKH. By \onga SpKMH SHEPIU'AHUHT y3rapuLLu:

(LWNTY oynagw:
A1 N(Vt- P22 +///IN, H</1YY, + OitZ. (49
BwmMMMM na acocaH:
I W+ YV, =const, /=A, + N2=const

lit IMIH
-dV]=1/K2 A, = -dN2 (50)

Min nH n.Hapga TyTn6, (49) HiK

dl > -1]+0£)dV ]+ (nt -H2)dN, (5Y)
I, ridimiii, 6pr,a
A

|I» |H ijlm11 myBo3aHaTAa 6ynraHaa dF =0 Ba //, =//2 By
B*» * Jlm

P=P-a”
oK 2
mini v iimia. iI'2Z/dV, x,ocnna cupt srpunurura Ba, Ac-
L n.... panycn R ra 6ormvk,- Cchepa yuyH:
53
. (53)

Pimn | niicprpa Kypunuwmaga ,\ocwn 6ynraH sHrn dasa Gap-
B&W|' OVHillln yuyH

(54)

M]l|<dn 1m K i.iMii |. (52) parn aj%— cupT 6ocumupeiin-
mfen In inn UM CMPrHUHI Ka6apuK,ToMmonmgaH 60TUK, TOMOHU-
I . by 6ocum (])asanapuerapacutckmcbynraHga Homra
! "> 1 hi WynuHrack, katra cupTam xucmnap (gasanap)
«Il VI4 v \ucobra onmacnuk gapaxacnga Kuumk. Knmumk
M I'" | "' OynlaH AHrM cazanap (MacanaH, ToMumnap) y4yH
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6y 60cuM ce3nnapan Ba YHUHI paguycu K,aHda Kuumk MM
LyH4Ya KaTTa dynaaw.

MacanaH, cysaa 6yF hazacu (nydaknap)HUHI naiigo ny/|
WNHU Kypainmk. Arap rawku 6ocum Ba cupT 6ocmmmn =Y
oynraH HyakHUHI nungarn TyiimHrad 6yF 6ocummnaaH i Hj
ABHU

6ynca, y \onga nygak cukgsagn Ba aHrn asa cyB KM HUK
nantaa \ocHn 6ynmaii, ykonagn. Temnepartypa opTtuwm 0L
6ocnM Kamanumwmn 6mnaH aHrn asa (6yr)HUHK ByHaarn Ky|
Taknapu (nycdaknapwn) kynasam, 6apk,apop 6ynaau, cyn igtl
Halgun, AbHK ByHOA

6ynaaw.
TyWuHraH 6yrga koHgeHcaums \ogucacu (tomumgap) imli
[0 6ynaay Ba 6apkapopnu 6ynun y4yyH

oynuwmn no3mm. Akc \onga 6yrnaHn6, Tomum ny”onaan (6(4
CMM KaTTasaliaam, Temnepartypa optaan Ba 6yrnaHaaw).

5.9-8 WKKWHYUYWN TYP ®A3ABUN YTULW AP

TaxpnbaaH Mab/yMKW, aipum haszasuii ytiwnapaa na'iM
NINK a@Xpanuiim ékn lTAnWK cogmp bynmainamn, ConmLpym
\axm y3rapmaign. MacanaH, Kiopu HykTacuga deppomannm
VHI NapamarHuTra aiinaHuwn, CyroK, re/IMAHuHN 2,18°A ™M 1o
i 1l cytoMmMKKa ainaHumM MKKMHYY Typ hasaBuii Ynumul
M1conavp.

by thazsasuii ytuwpga (44) nogagarn cypat \am, maypaO
\am (AbHK 5, - 5, Ba V2—V,) Honra TeHraup. lily ca6a6nu ny
KaCpHWHI TMMUTUHU ONunLW y4yH JlonuTtans Kpugacura acnt vv
cypaT Ba MaxpaxXHUHIr \ocunanapuHu onné, ynapHmw UMIOIU
TUHU aHMKNaMOK, Kepak:
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(59)

(60)

Abi, HFr KUHYM Typ (haszasuii yTuwnapaa g = ya2 6ynap-
W) <iiio u TapTnénm ~ocunanapu Sl - Sv V2- \f y3sapo

Y *Jr'lir *Tr>ea Kliapysnnmiwra (eak-
|| 4jvmmp 5.6-pacm-
«HH1 Hell ra aii-

Ml VoOAVK Ot
<M/ IcmnicpaTypa
In Whiiptunti kermmn-

) < vmmr 2,18°K
LUPHMMNH MasKaHIn-

IHIMIUII,
) 11 (60) nn vasap-
jur VH) Hm kaiita 2,18 T. K
5.6-pacm.
(P _ A
(IT  TVba (61)

v I) Huvaga 05/0K=0/0 HoaHUKNMKMWU JlonuTanb
IMM n Nywmnn nuMmutamMmu ammkgawaa 6ocum 6yiinya ysra-
VM HMUTTIMK (AUMAT mwopanapu €3nnmaan)

P s A(S),
(T~ AV (62)
»IU}4
(63)
(64)
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JAemak,

dP _ A«
dT a*7

(61) Ba (65) nap IpnchecTt Teurnamanapu aeiinnagn Vm
6mp-6upura KynantTmpmo,

FeHrMMKHU onamMmums.

VI BOb
KTTACCUK CTATUCTUKA. NAEA TA3

6.1-8. KMPNLW

CTaTUCTUK YCYTHUHT acocnapy Ba YHUHT CTaTUCcTUK 'cpvM
OVHaMnKagarn MyHocabatnapm 6unaH ymymunia \onga biwnll!
OVK. by 606aa cTaTUCTUK YCYHUHT ugean rasra Tatowg M
naH TaHMwamni. Vigean ras yyyH CTaTUCTUK pm3vka my [
6yinya \ncobnalHM oxupura eTkasuw MyMKuH. byHgam 1H«
Kapy aMMIUPUK yCyn EKU 3NneMeHTap KMHEeTUK Ha3apust ackH H A
ONIMHraH MyHocabatnapHu, napagokcnapHu cTaTUcTmk ¢ njl
KaHWUHI oyHAaMeHTan ycyn acocvga onuw 6y ycynHuMr cumy
pagop/rmHn Kypcartaau, wy éunaH 6upra yHu ysnawtmpuws
épaam 6epaan. CTaTUCTUK U3MKa YCYNIMHWN hakaT (PU3nK yTmn?
canaprarvHa amac, 6askm Tabuuin chaHnap ypranaguraH co L
NapHVHI Kyn X,0aucanapura Kysinaw MyMKUHAUIMra \am uutwu
\ocun KunmHagw.

a3 xoccanapuHn ypraHmwaa ctaTUCTUK usnka ycy rHm»
SKKO/ TacaBBYpP 3TMLLU Ba YHU y3nalwiTUPULL Kynanamp.

3appanap opacuaarv y3apo Tabeup HucbataH 3and (Kyd» n\)
6ynraHga ras xoccasapuHm kKyn \onnapga ano\uga sappa oHu
XyhT 3appanap xoccanapu acocuaa ypraHunagn. a3 xXoccH mMpum
HW ypraHwiaéTtraHaa YHUHI 3appasapy opacuia y3apo iai.t, mp
Mykaoeb kapanca, byHaal rasnapHu naean ras geinnnim

Tyrpu, raz HoMyBO3aHaT Xo/narda 6ynca, MyBo3aHaT y T U
ra Keanwm ydyH 3appasiap (Mosekynanap, aTomnap) opricMii
y3apo Tabcup, anbatra, Gynmwn wapt. AMMO MyBO3aHaT LU
[ary rasHuHr xoccanapyHu 6ab3aH YHUHT 3appasiapy opa»
y3apo Tabcup ykaeb dapas KUAnG ypraHmw MyMKUH.
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MM, iii him 3apPpPacUHUHI NonaTM YHUHI atpodmaarm

HMH, *ng’) 6unaH 60rnmk, ysapo Tabcup Ba 3apsg/iap
e 1 WK 6bynmaraH (cnnH 6unaH 60rnnK 6ynraH) ysapo
|IF 6ynnHaan. CnvH \am 3apsg, kabu 3appaHuHr UH-
1 WK (Nncnavp Ba y 60LLKa 3appanap 6unaH myHocabat-
IM|) KYpcrTagw.
| tup \NpakaTuHW KOppensauus K,uiyBun 6yHaan KBaHT
M» Mpp.Mnpu 6Mp-6upnaprra ae bpoiinb TynK,UH y3yH-

1 +h// macodacmga ékm byHoaH AKMHPOK, Macodaga
Mn/wpHnn HamoéH 6ynaawn; byHaa ~p — 3appaHuHr ypTada
Mbl U /A Y/7 PaBwaHKKU, Temnepatypa nacanvwm om-

|» lipuiHi. TynKnH y3yHamru. optnbé 6opagn Ba, AEMak,
IMMipp. 1 (Wa HamoéH BynaguraH macoda \am opTnoé 60—

I, nhill knnn6, KBaHT Koppenauusa Hadak,aT 3appaHuHr
I11i | nnyHnHUHT K,aliTa K,apanuwmra ca6ab 6ynmaii, 6an-
»M..... UK OU3UKAHUHT \amMm My*UM y3rapuimra — KBaHT
lit (1 dm WKaHWHT ApaTunmwnra onmb kengu. Y3 Hasba-
| 4 4+ MMHN CTATUCTUKACUHUHIG030HNap cTaTUCTMKacu Ba
......... ip cArructukacura 6ynnHuwnra onnvb Kenaw.
MMT kuaut ctatuctmkacu nact T < T) (Tu~n2Zh2Zm
M MMcpaTypacu) Temnepartypanapia KBaHT rasnapra
in 11 in ®oToHNap, PoHOHNAP, OK MHTTU tONAy3nap, HeT-
Hiv | Wwp nn 6owkanap KBaHT rasnapra MMco/apavp.
M i i WyMK ano™Maa Tabkmanawl N03MMKNU, akcapusT ras-
IMH hlliihui TemnepaTypacu LWYyHYa MK NacTKW, YHUHT
..... LWAPU HaMOEH GynuLIra yarypmai, ynap Cyrokaunk.
Mi WK >xncm \onartumra yraau.
VH'Hd Miinua, monekynanapu opacmaa y3apo Tabcup NykK
e... Tu ugean ras geinnagn. emak, raz Mosekyianapu
“M \inpo Uibcup WyHYanmk3andg 6yncaku, ynapHm \mcob-
H|||‘|v n, 6yHpah rasnapHu maean ras genni MyMKUH.
v pi'ii | ms cTapnu gapakaga cuiipaknawiraH 6ynca, 6yH-
Vo " WP W MOMeKYNaapHUHT y3apo TabCUPUHN ~Mcobraon-
mill MYMKV/H.

li. 1]iin |H]]] w1 \ug kyunu Ba 3and (Kyycm3s) y3apo TabCUpPNapHUHT
|fci*  'm uni WpUAANPLWLWE MOMNapu.
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Sappanap opacua y3apo Taseup wy
M ékn yHn \mucobra onmacnvk gapu*|
[a 3andy (KN4mk)nmru, Kyn sappa'tip|
3MKacu MacasaniapuHu 6up 3appraH |
Macasiacura Kentmpuwira MMkoH g
AbHM Kyn 3appanappaH mbopar
TU3UM MacanacuHu 61TTa 3appa YUyn i
caniaHn Hazapwuii xxm\atgaH euno, osmnH
HaTWXaHW 3appasiap TU3MMUra Kynnaw UMKoHuHWM (Vp
(kBaHT cTaTUCTMKara Kapamr). by epaa wyHu TabkuaaniiL
K1, MOpMasl wapoutgarm temneparypa \amga éocumgnri
rasHv gedpnav naean ras aeb kapaw MyMKUH. AMMO >y
Temnepartypa Ba HOKOpU 60cMmMaarn rasfapHu KBaHT Mcxu.|(|/||
cY acocua Kapall no3um 6ynagw.

Cuiipak rasHu TakpmbaH uaean ras geb kapaw mMymu!
Ly MyHocabat 6unaH "cuiipak ras" TyLuyH4YacuHn oigum
TUpanunK.

HeliTpan aTom Ba MONeKynanapHUHI Tabcup paguycH
MuHaH 107— 10scm TapTmbga bynagn. a3 cuiipak 6ynraH =
3appanapHuHr ymymuii \axxmm wy N Ta 3appa \apakat kh'ih|
raH uamw Kaxxmm Kaad xyga KMuuk, sbHU

Nb « V

6.1-paem.

[e6 \nucobnanagn. bolikava anTraHga, vavwga sappanap
N1 3pK1H \apakatnaHagn. by epaa b pagnycu 2R) raTeHr
WapHUHI N axmn (6.1-paem), SbHU:

= (4n/3)2m\

FasHUHrcuiipaknuk waptn (mesoHn) (1) HKM kylimparmnya c*LU|

MYMKWH:
0 « 1]

oyHaa n=(N/V) zappanap 3uunuru; (2) gaH KYPUHMAUMB

ras cuiipak e \Mco6naHuWmM yuyyH YHUHT 3M4amnrv
n<< 10H- 102 cv-1

LapTHU KamoaTt/IaHTUPULLIM Kepak.
(2) wapTHU Kyhngarvya €3n MyMKUH:

r. << A



r/n - JI', oy epga [ — MoneKkynanapHuHr yptada 3p-

nynu. flemak, cuiipak rasga ypradya 3pKuH tory-

J1 y3apo Tabcup paguycuiaH xyaa KaTTa 6ynaau;

n .hi 11NWIa, 3appanap Kyn BakT 3pKuH \apakaraa byna-

MT nnaH, 3appaHVHI 3PKUH OFypuULl BakTU T, ra HUC-

MU N WPPaHWHI TyKHaWuw ~onatnga 6ynuil BakTu rt
Wrwk 6ynaan, AbHW cuiipak ras yuyyH ésunraH (4)

I
Mr,» *T (5)

* e H Kyunnaup. bBouwk;aya aitraHga, WKKWU 3appaHuHr
.............. Xyfa KMumk 6ynmb, 6y BakT T gasomuga
IHJi|tiiHIHH 6uprannkga TykHawuwn amanga (gespnn)
v Ivd rasnap Ba cyrokamkiap yuyyH 10@=>1ékurH= [
WisH|>nnann. By *onga TykHauvwwnap TywlyHYacu y3
HU WVi innWwmnm MyMKWUH, YYHKN Monekyna \ap Aoum Y3u-
«||'[Hujmrm KylwHKM MonekynanapHUHE Tabcupw govpa-
nLLm

6.2-8. KJTACCUK CTATUCTUKA

in him Mukpo”onatnapu 3\TUMOMITNKIAPU TaKCUMOTW:

dWAE) =AE)dn. ©®)
"I M L.1<,CUMOT chyHKLMsAcH
Noe ={VZ>) exp (-/7£) @

in...... K HM Knaccuk *onga sHeprus E = E(p, Q) H1 ku-
tv iiit'pi mm E(p) Ba noteHuman sHeprus E(Q) nap imn-

HAH v | \||]|Hnwnpa kyhingarnya é3unaau:
E(p, @) =E{p) + An). ®

«] K | H1cnk cTtatnctukagarm TakcmumoT yHKumnacu/{£)

/e(p.q) = -t-e-pEip) --e-pE(Y) 9
IHiii iii | rH MyMkuH. ByHparu Zp Ba Zg H1 HOopMasiall
ANNiAHH| | ronunagy:
Z, =] epdnr, (20
B
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Z,=Q=j e-"ewdq, |1
E,

6yHOa
dn=dndn =dT={Pp..
"4 WY f7p|

Maean ra3 yuyH E(Q) = 0. by ,\\onga knaccuk ctaTHa MKIML
TakCUMOT pyHKUMsicu (9)

/(E,)=
KypuHuwra ara 6ynagu. (11) gaH KypuHaauku,
Q= W

oyHaa K— Tn3anmMHUHI \axkmun; N —3appanap coHn. VN,
Knnmb. mnaean kKnaccuk ras yuyyH 3NTUMOINK

dW(Ef) =xe->*'dn,$r (1
P y

KypuHMLWIra, 3\TUMOIMKAAP 3UYUIN TAKCUMOT (PYHKLLHH 1

AE(p)) =(VZp-T exp [~13E(p)] (1Y)

KypuvHuwra sra. bus ZpHuHr mneogacuHn assan aHOALL|H(
34VK:

N2

¥3=Nn&§,‘l\”r_d , ﬁ%zl/o. (Ml

6.3-8. KJIACCUK TUINMAOA SHEPTUAHWHT 3PKNHANK
OAPJDKANAPU BYWWNUA TEHT TAKCUMJTAHULWIN

Knaccuk TU3MM yuyH aHeprus

/> o) = E(p) + E(q) (1
6yHoa

E(p) ='£j P2/2T (10)
/

TU3UM 3appPaapHUHT KUHETUK SHEPrUsCH;

E(Q) = £(?,, R..... q) (1?)
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VLl noTeHuman aHepruacm, 2v — ymymaawiraH um-
VH yMyM/iallraH KoopauHartanap COHWU. 3Heprus Kuii-
| yuyH toKOopuaa raMmMa-TakCUMOT YPUHAN 3KaHIN-

PAVILIK

t| w1 /A Tacoguduii mukgopnap KuiAmatnapu ydyyH

d hyMKUMANapUHN Onamms.

(M. No racvmBByp y3rapyBuuiiap COHW KoopAuHaTta Ba

W p coHura HUcbaTaH 2 MapTa Kam Oynagn. JHepre-

MnHyp in yurapysuniap cOHU

(18)

| MHr( KMHeTUK Ba NOTeHLMan aHeprusnapHun aHep-
YW MVIMYpOa aHUKNaiamMraH y3rapyBumnap COHWU.
*|vjum K\'pa 6eTa-thyHKLMA
O [} "
/. KuiimatnapuHWHI 3XTUMOJIIMKNAPU TaKCUMOTUHMU
M nn . (19) ra acocaH kKynnaarn TEHINK YPUHN:

/<) 7 ) (yY) < (1 - H\p tr —'dt =1 (20)
o}

N HIMHMMTHU E3alNVK:

I [IT/r(v)]E-'e-=>"

Il yill toMmoHUHNM EQ= f /opkanun y3raptnpmb é3annmk. ¥
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- B> rAE'VI'M B - I'>)dE'-
ByHaaH Mpoma \ak;ugarn Teopemara acocaH:

n. (E)-/»,,, (r,))'n.,,(£)
6yHoa

(22) TeHrnkgaH 6epK TUBUMHUHI KUHETUK Ba MoT*L|

3Hepruanapu KnimMmatnapu s "TUMOJI/IMKIapy raMmma-i.mvum
6uvnaH 6epunwn (aHMKNaHWUWKN) Kenmb umkanun. (23) Ne
OaHu é3ainuk:

y - ¥ _
<E> <Ep> <EY>
E€Kun
<e> _ <Ep> _ <Ep>
\ VP \%]
ByHAaH KnaccukK TU3UM YYYH UYKW IHEPTUAHUHT Ep<l/l-|i
Japaxanapy 6yinya TeHI TaKCUMaHULW KOHYHWU Kenvo Y
Kagn (k. 4.1 -macana). Knaccuk ngean Tusum yuyH

Ev=0,E =Ep v

by \onga fig= vJ<E> paH <E> ®O6ynraHu yuyH /2, * = H
wapTt 6akapunraHga

JPVdEQ) = &(Eq) =5(£E—EpP

TEHIMNUK YPUHAN BynnwnHuU Kypcatuw MymkmH (IV- Ao(M
KapaHTr).

ByHn Hazappa TyTm6, aenbTa-gyHKLUKMA Xoccacmra acocaH (J1)
DaH:

fl)v(E) =fIlVKE) =IPVH £). (1?)

WyHaad Kunnb, KNacCUK TU3MM YUyH 3HEPTUSHULW LW
KUHVK gapaxanapu 6yinya TeHr TaKCUMAaHULWWHN yMyML!
\onga ncboT KUnguk.
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| I FamMMa-TakCMMOT yUyH iurmMa \akugaru teope-
aMHma  MUVIATVIHA NCO60T KUANHT.
| nin 1 nMMa-TakcuMOoT yuyH Kyhngaru mncoaanap mab-

r(v) =x"e~xx [ (M
o

ft =v/ <E>, E[Xt,X2...,X2)

n \wsa
/> E(Pr P2..., P)+ E{gr 2...q). 2
ﬁHH-“ " " "pemacura acocaH:
u (e ) = ffipvp {Er)'fp,y., {En)>

v=v, +WP=PP=Pqg €)

= [«|n<i.iNN UCBOT KNAWLW YUYYH YHUHT YHI TOMOHUHU Kypa-

n., <€£)- 1'|'_€.|J|'j(£— E«T" e<c'CK

R - V- E"s\(IE
e"*'dEn= >>7(£_£_) \(

H L li inmawtypn yTKasmne, oxuprn ndoaaHn é3ammas:

L (M n.,(E)-TratraCue"'"| (- *

I/*<*> [fehNe i{(1-")",""'V,<"'
9||ll|Hn uHTerpan 6eTa-dyHKUMA [gelnnagn Ba y

m§ 1 |,) "IN KypuHULIra ara. byHu abTU6Opra on-

WH 1/iMMN rakcMMOT yuyH (iMMrma) Teopemacu McGoT KUMNH-
MH ntUWiH,
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6.4-8. MAKCBENNT TAKCUMOTU KOHYHW
BA YHUWHI TATBUKWU

BepK TM3MM yu4yH TaKCUMOT (DYHKLUMANapU Mab/ym

f(E)dn =-le'pEdn,

/,(E)dn~I~"E"c"dE. |

Bynapga Z — cTaTUcTUK UHTed;nl (Murunnn), 2= \/U, /vl
ramma-gyHKUmMA: naean ra3 yuyyH/3= 1471 YMmymuin mgo;uy|
(28) Ba (29) HM A/Ta MYKM CTpyKTypara ara 6yimanm. Mol
6Mp aTtoM/IM Monekynanap (3appanap)gaH néopar Knaccuk [V
an ras yuyyH ésunraHga

P=TT1" 2v=3iV A

ndpoganap HasapaaTyTUnaau. I

Tapuxuih mMabnymoT. CTOKC caBonu. NHrvnHu
MU CTOKC MMTUXOH BakKTuAa Tanabanapra 6utta KyLummun um
BON 6Gepap, CaBOMIHUHT XXaBOOMHU y3n \am bunmacnmru m
caBon TanabaHuur umtTn\oHgarn 6a\ocura Tabcup aTMac M ui
HW aiTap 3KaH.

bup kyHu (1859) TanabanappgaH o6uttacn CTOKCHMLW ft#
caBonnra xasob Tonnéan. by Makceenn sgu. [

Kylnaa Ly caBosiHM Ba YHra >XaBoOHUHI acocuii MasmyHL1
HU KenTupamms. TapTnbcms (XaoTUK) KapakaTgaru ras MLvLl
Kynanapu o6up-6upun 6unaH y3nykcms TykHawmnb typagH Iy
Tydhainm ynapHuHr resnmknapu \ap xun éynaan. TabHulku,
TepMoAMHaMMK MyBO3aHaT \onarmgarn rasfa >Xxyaa Kuuuk
(Honb) Ba XyAa KaTTa (Y4eKcm3 KaTTa) Te3NUKIN MOCKVirt*!
NapHUHI COHM HucbataH Kam (Honra ssKMH) 6ynagn. ArMHb,
ras Mosiekynaiapu Te3nuk Kuiimatnapu 6yinya TakecMmianmnHo
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lo n MonekynanapHUHI
"l LMHHWN) TEe3IMKNAP
| MH WKeMMOoTU K;aHOan
| in II' WALWN?
........ novw nunpa my-
)bm|H wngean ras mone-
m|Ll| yuyyH Gapuya iyHa-
U/IMO n.ipnoap (TEHT Kyuy-
MWUH UMK 3*TUMONNN.
>n M KoopanHaTanapu 6.2-pacm.
1 KVi wnunca X, Yy, Z
HvH W] oyiiHya MmonekynanapHUHr \apakatu 6apasap (6.2-
| wn, OA'YK.M Byiinya xap NKKN TOMOHra \apakar-
»MH MUIOKynanap TeHr Kyuyam (akc \onga 3appanap 6up
L \t \uox Tynnanmé kpnap sgn). ATUAraHnapra Kypa,
mH fl 1) | Noxopanukga O'yk6yunua ~apakat/iaHaéTraH
M 111 ip noHn dn(bX Ba OA'ykKaTeckapy iyHanmwga \apa-
jbtlinii monekynanap coHn dn(-dx y3apo TeHr, SbHU:

dn(d® =dn(-dx >o. (9
jM'M nillraHga, dn(dX kaTTannk Te3NUKHUHE (SbHU OX
Jf*yi|H cyHkymscngnp:

dn{vx) =f(d\)ddx 2

ihUD) opanuk; 3@ gy +ddx opanuvk, (KaTTanmk)ka My-
PA KVHIWU paBwaHoup. Xyaau WyHUHrAeK.

dn(dy) =f(d].)ddy, ©)
dn(9.) =f(d 2dd, @)
M 14t YpuHnn. (2), (3) Ba (4) ndoganapga
M/1,) dn(d.)
M. /(=:). dd, m/(*;) B aarr=/(»?)
... 6MpNnK opanMkgapuaary Mosnekynanap CoHn 3uny-

....... . Tesnuknap ¢pasocmaa TomoHnapu ddx ddy, dd.
...... . (ncnoHvnegHuHr ddxddvr/9.\axmaaru (6.2-pacv-
w1 ) monekynanap coHu dn(fl , Oyr=> Hu, avHK

T+ ddoy, gy +ddfi, 0.+ dd. 5)

243



opaivkgapgarn 3appanap CoOHuHM Tonuw yuyH (2), ((),]
HW y3apo KynanTupuw no3um (K. 6.3-pacm):

dn(9x%,9y,9z) =dn(9x)dn(9y)dn(9t)~
=f(9)f(9])f(9 2d 9 xd9yd9l

eKu
dn(9x 9y, 0 =W x 9y, 9)d>doyd9;,

oyHOa
F(9x,9y,9l)=f(9f(9f(9]).

(8) ma ynr TOMOH XydT YHKUUA BynraHn yyyH yan
narn F[9% 9y, A.) \am XydpT dyHKUnaamp:

F(9x9y,92)=F(91,91,91).

by Tesnuknap gpazocmgarn "ompank \axm" raTyrpm ki
MOJieKylaniap CoOHM 6apua ryHanuwnap TeHr Kyyunm éynll
m ydyyH 9% 9y, O, napHuUHr anokuga kuiimatnapura oLl
oynmai, "6MpnuK X,@xkM' HUHI KaHgdaih "mMacodaga” (L .
N2 =9k+9P+9\ pa) onuHrannurura 6ornuk (6.2-puutfl
KapaHr), sbHU BekTOop 9 ra amac, 6anku 92=9I+9* /|

6ornuk emak,
F (92,92,9]) =F (92+9} +9]). »

LyHpgan knnmo,

=/(»;)/Ne)/Ne) w
3KaHMUIM aHUKIaHaN.
(FO)HUHT Kap UKKM TOMOHUZaH 9\ 6yiunua Kocunm <bi|L,
nuk:

dF aa2 dF _ OF

W Mil
¥(ol)
~WX /(»*)/(#<).
N 6ynapHu TeHrnawTnpub, cymrpa \md
WKKN TOMOHUHK ( 10) uchogarn 6YniA
6.3-pacm. YLIBYHN TONamMm3:
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i)F(d2) _  3/(02)
(13)
Ft)OL

W H wyHnHraek, 6owka Ay, O, npoekuymsanap ydyyH \am

miilH ndogaaapHn é3nl MyMKUH. CyHIrpa ynapHUHI *ap
Mp (wpnapura TeHrNMUrugaH ynap 6upop 4oVUMMIA COH
XC UL KaHAUTN Kenb Ynkagy, SbHU:

| V(*5)e . <°Q) 1 3M)
K1 ru ~X /(2 /(®i)

(15)

MM KOHYHUHW Tonamm3./3HUHI MycbaT KHANG onnHra-
|UMo/'Hnammkagarn myHocabatnapra moc kenagu. (8) ea
blH.... (OarnapgaH A = B- akaHmru kenu6 umkgawn.

(itn Il) HM Hopmanaw wapTn

B\ o-*"dQ=1 (16)
A WwHagn: B =dp/n)'2 Oemak.
\>'2 -=pPb
T )-()'m € i a7
F(T) =(£)v (18)
M 11H) mchonanapHn MakcBes i1 TAaKCUMOT LIOHyWA fe in-
IH MLYHHW, lOKOpuaa anTraHummsgek, 1859 nnnpa
tMM'i MwaTraH.
aL........ -

rakCUMOT KOHYHU — OUPAnK "Kakmra" Tyrpu
H || i tMHMOojuiiik

dn(9xfi,fit)/d9xtdbytd b~F{b) (19)

(Mm | uMMANWH 6unaH opTnub 6opaan Ba$ HUHI SHT KNYUK
BoHwu O 0pasHr katta umiimatra spuilaan. by aca Mak-
| (Pri Mnkcncnn-bonbumaH) TaKCMMOT (PYHKLUMACUHUHT
" ii THYHTUpUAMwMra agavp. by angausT aiiH nkca 6up
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ynuoBnn \osHN KapaniaéTraHga AKKO HaMoéH bynaan, \H
JaH X.aMm, y3rapmac y3yH/IMKKa ara ébynraH opanux A, Jl
raTyrpu KenraH mosnekynanap (HUWC6mia) coHm

M A% =JTOX(OX.

(17) ra acocaH t)2 kamarinwun 6mnaH/O”) Ba, ACMaK, i
oprn6é 6opaan Ba Ax=0 pa (ainiFH =0 HW y3 nuurn r
opanunkga) Or’4 Ba, gemak, CnN(@X sHr KatTta KuAMHUK
6ynagn. Xyaau LWYyHUHTAEK, dn(q,), cin(g,) ra Hucbawm
IOK,opraarunapHi anTuil MyMKUH. Jemak, aHa il HUHT m
nwm 6unad F(d) HUHF opryuwvHM TywyHUWra kenamu i (
natamns: ddx dd. ddfap ysrapmac kattanuknap aeé yv i
Hagu). Xocun éynrad 6y amaanatHm (napagoKcHM) 6npLy
3T yuyH axTuMonnuk dW Hu ogatpary TYWYHTUPTHK
3aTuLW KMpUTKLW fo3nm: Xak.ukatoa dW (4j mypakkal» m»
HUHT aXTUMONAUrn: y # BekTopHuHr yun ax  \illl|(
ty+ddy, n., j), + ddzopanvkgapaa 6ynuw axTumonsw um (tul
Wy nbopaHn ainTuwl 6unaH YyeknaHunagw). by axtumo!
aHcaMb6/b 3/1EMEHTNAPU 3XTUMOJIUTNKIAPUHUHT TeKX (U*
TaK,CMMNaHULIN Xakuaarn 6U3HUHIE NocTyaTuMmsra M <g
diddydd.\ axxmMra nponopuuoHan Ba v BeKTOPHUHT Xihimil
napn (0-1) opanukga 6ynMacnnk axTmmonnurun (6y

nuk exXp (-/ft)2 raTeHr) kynatmacugaH noopart. byHaa (Il
opanvKaa [, KMAMaTUHUHT 6ynmacnivk axtumosnnuru Xt (
fhi2d opanuk y3yHnuru g kamaiiraHu capu optné 6oponv M
HONM y3yH/IMKKa 3ra opanumkga (0, 0) Mykgppap Bo”ciiHB
IXTUMONINTUTa TeHrnawaan, awbHn exp(-/309 = 16enwm

6.1-mucon. Monekynap-KnMHeTMKa acocuaa oyl natpry
60CUMHM aHMKALL.

Monekynsp-KMHeTUK TacaBBypra acocaH, nauw acHnpu||
naean raz MosieKynanapuHuUHr 6ocmmmn: 6y 6upnmk tosnrH NMVIM
NUK Bak,TAa (MacanaH, AS = 1cm2 At = 1c¢) MoneKynwbIp HWY
MOHMAaH 6epunaéTtraH umnynbcriaprateHr. OX y katnk OY'm/1
nanL aesopura hakar Te3nuk npoekuysinapuaad 34> 0 6YnriiM
napurnHa nmnynec 6epagn (k. 6.4-pacm), monekyna gevpl||
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LAMHM aiiga YHUHT Te3nn-
I I....in 6ynagn. emak,

ifniiii  (MonekynaHuHr)
OOHLWpura 6epaétraH VM-
>

#, ( TO) =210x ()

AH M + (IQlopanvkagaru
HU N HUKIN MoseKynanap

6.4-pacm.

I M{9%)=n(%)' epP*dOx ()
t] 1N\ monekynanapHWHr nauw aesopura 6epaétraH v
Wnpwn

| 7TmOx-dn(Ox) =7TN(P-j dxepi*dOx ©)
ML"" Dupnvk BakTaa (MacanaH, lcekyHana) nauw ge-

.LHIM 60pnb ypunagurad OXTe3nnuknm mMonekynanap co-
I..... HM yuyH (3) ndogarn uynmnHap \axxmm OXra KynaH-
n MpYp (6.5-pacm), AbHK

w 7mti\-dn(px) =2mn{EN v 2Adx @

nun 6ocum Tabpudura acocaH, 6ocum P HM Tonuw
Hi Hn (0, co) opaniMkga mHTerpannaw kepak (MaHdwuii
ALLIWITH n Monekynanap aesopra ypunmaingu!)

=2ws(]) fV?e-porddx, )

J jl'lep'dOo=(yl/~Ix2-"AAx=" N
v 14

J o A
Huw fly uHiimatnHm (5) ra kyiimb, P HM Tonamms:

P =2ww(-)2—— - Tr|ro| ©)
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6.5-pacmaaH KypunHas
to3ara ara éynraH, o<
TEHT UWIvHAp numpar

N X,avmva Mosekynana

4= nauwu gesopura 6opvE
X. Makceehi

farn Homabnym /? H
yuyH KnanelipoH TeHr

P =nKT

6.5-pacm.

OaH dhoiiganaHamms. (7) HU (> éunad conuwtupu6, H
rasz yuyH my\um uncogann «Llinaiimma:

6.2-Mvieon. MonekynanapHUHITE3IMKHUHT abCo.HAH 1
MaTtnapu 6yimnua TauCUMNAHUILMHA aHMKaaLl.

ByHaa 6us g, A+ dd opanvkgary mMonekynanapHLLn L
6uii coHun (/n(g) Hu (¢ / ) a\TUMO;i;iNKHM) aHMKAAANMK (1
3appa yyYyH M66¢c aHcambnu — 6y mgean rasgump!) YmyM
\onga:

dW(E) =flE)dE=Ne m .

Vpoean ras yuyyH

Ltn z

dE =nnidd, v=3/2

(2) HM Hazappga TyTM6 (1) gaH KymgarmMHu Onamms;

oyHpa I (3/2) =¥ri/ 2, P =1/ KT akaHmnrnasstnéop!'

. femak, g, ) + dd opanvkgarn mMosnekynanapHUHr wun*
coHn dn(V)/n eku dIV({)) s\tumonnuk Kyingarn Tak,HHM
K,OHyHU 6UNaH anmknaHagu:

dn(d) = nfid)dd,

(5) ndoga \am Makcees1 TaKCMMOTU aeb atanaaw.
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MM unOaTHUHI reo-

ptlUM), 6.6-pacm-
[tIWIIKII, arpu un-

n Makcsenn arpu
»<IM MH) Te3nnk-
li'ivm Q kuimaTtu-
HMYMIaH yTaaw,
AHMKNN MONeKy-
MHH HU Kyn Oyna-
, ANl KNYMK Ha yHOaH Karta Te3IMKNU Mosekynanap-

WMOvH conu knuuk oynagn. (5) gaH KypuHaguku, 6y
N /[0) HMHT MakcumyMm Kuiimatn r), ="2— (3.14-
L npnw) 6ynrannurngaH temneparypa optmwm éunax

HHN | kM6 6opaan. MacanaH, 7j < T2< '3nappab6.7-
MHKCMC/1 3rpy YM3nKaapy KkentmpunraHl
M M LUPHUNTTE3NNKIAP Byinya TaKCUMOTU KOUYHU —
| N WKKnap Tak,cMMOTU Taxpmnbanapaa 6up Heva Map-
<YpwiraH Ba y3 TacAUrMHU TonraH. LyHaan Taxpu-
..... pit LTepH Taxpubacu. by TaxxpmubaHMHrTap\u
»1H npunraH (6.9-pacm). byTaxpmnbana metann yma-
m,m neun aTpocmaa
ViMmn n11 yunuHap ai-
| '4i> nunpgarn me-
M ywiK'kynanapn my-
I vi'iiiTAu. Monekyna-
jtt'linmi K wpknwwu Ba
V wpkuwnapugan yui-
H> wpkuwnap 6unaH
HH MN.I>wpknwn D

INI'H um inkAa éTraHga 6.7-pacw.

11 npHAwm =dV(9) 6op. 3appaHUHT (CK1 3appaslapHUHT 9,
M|inn, 11 6ynuw axTumonauru, anéarra paguycnapy r va r+<t
n >, [HN cHprnap opacugarn xaxm dV(9) =4n9Zt0ra myTaHocu6b.

T|| |*1HML nyomacamk sxtumonnuru €' 1 mytaHocn6avp. [demak,
...... . diltitlir. HbHM (O, 9) ma 6ynmacnvk Ba 9, 9 +d ga 6ynHW-

...... MHW ynap axTumonnvknapuv (3) gaH neoparavp (K. 6.8 paem).
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Mornekynanap D tupkll
YTN6 TallKN UMMHAP >m
60pun6 ytnpagnnap <=f
annap). Arap monrky/
HUHT Te3nurn xyaa t3
6up xun 6ynca, ynap H
vw D HUHr pynapx Ho
iNKN UUMANHAP MYKN 1n
HUHT 6Mp Xonnra Gopm
pap (Enuwap) sgwiap N
MOsieKynaHUHE Te i inkl
Makcsenn Tesnvknap inf
MoTura 6yiicyHca, \iii|
iiik i LWIMHAP cMpTura Mabaym \ap Xumn KaamHnnkaa yu|
3 Te3NnkKKa MOC KeflraH Tawkuy uUnavnHap xohmra mi
Mosiekynanap 60pub yTmpraHanurn yuyH y xoiaa HucbaraH v,
katnam \ocun 6ynagun. Xocun 6ynraH «.aTfiaMHU TOKMML,
MOeKyaNapHUHITE3NNKNap bylinya TakcmmoTn — Mam
TaKCUMOTU KOUYHUHWHTYPUHAN 3KaHIUTVHU Kypcamu

MakcBen1 TakCMMOTU TaTouKnra ong, Macananap Kyp.mum!

6.3-macana. Vigean 3appanapHUHIE TaKCUMOT hyHKLMW» U
CTaTUCTUK MHTErpanu Z, aHUKNaHCUH.

E 4 nw. Ymymnii \onga:

6.8-pacm.

| Mrr/
Z N/>+1)-

LWYHUHTYUYYH KyRngarvHu é3vwmnmMm3 MyMKUH:

r- 2_p - | 1.
2 M ~ Vv +Py +1:1)

2V — aHeprus E HM (raMyUAbTOHLLILLIHIA!
aHuknahnguraH ysrapysumnap CoHu ke
KapanaétraH \onga S =3, b =36y TuM
Y \onga

TREY N
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» ] ,bllytlzf dP>dPydPz=V m (2mE)m =AmEy\
| e p),

, A-V%(2m)n \

;@ H N(3/2H K W =T ' /*='/~

HUM i i;n CTAaTUCTUK UHTerpann Z, ydyH ywoéy wmdgo-
AVMA C
oAl
o v aamid - ®)

lii W TakcMMoTM hyHKLMACK

pi.... .HLWWKNaHaw.
i

hi Vgean ra3 monekynanapuHUHITE3NIMKHUHT ab-
W MLM.Hapy Byinya TaKCUMOTM aHULAAHCKH.

...... Mpean ra3 — 6uTTa 3appa Yy4YyH CTaTUCTUK aH-
W I AMHA Hazapga TyTro,

£ =M |, BE2=dR+H{=p+d2

mH I'wvn 1

(2

By xonga 2v =3. [icMak, TaKCUMOT (PyHK-

d\V(E) =dwW(9) =~ E "' 2'pEdE, 2

dE = tnddd, r(3/2) =Tas2. )

, Whi,T .u-nan TakcnmoT (thyHKUMACK ndoaacnHn To-

, \3/2 _«*E
d\V(0) =f(9)dd=4  n = d2e 2kdd, @)
AMUM" MXKKNap 3n4imrun
n/2 _m»i

/
AOQ) <49 2%_(—)) oz D, B =KIT. 5)

........ | lakc UMOT PYHKLMACUANP.
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1-n3 0\ Waean ras yuyH Taxpuba Kypcataguku, O*

2-n3o\. Npoean ras3 — rM66¢c aHcam61. AHcambn He
— By 6uTTa 3appa.

6.5-macana. Tusmm /YTa Knaccuk uaean 3appaguH v
OyncuH. Kyingarn s\Tumonnuknap aHMKOaHCUH:

a) p MMNynbC UMAMATUHUHT P, P +dp opajiinviii
wu; byHaa

E= p2/ 2T, p2=p2+p\ +... +p\H\
6) pv p2..., UMnynbcnap uniMmatnapuHUHL

PrA\+dP =
Pv P2+ 2,

Pw Pw + dPw

opanvkgapga oynmuu;

B) Px P2 .. PIN umnynbcnap kuiimatnapuHHw (.
nvKgapga 6ynuwu, ymymnawrad gr g2 ... QyNKoopmnH
nap KuimMaTnapuHUHL

% % +dq

@7 3N+ 3N

opanukgapaa 6ynuuin.

Euynw. (1) gaH Kypamnsku, raMmuibTOHUAH (3He|umuy,
HN aHukganguraH ysrapyeumnap coHu 3N ra TeHr, L
2v=3 N.

a) 2v=3N Ba (1) HM Hasappga TyTu6, aHeprus Ba, Stfftf
MMNYNbC KNAMaTnapu yuyyH vdnaHaérrad a\tumonnw <H
HN é3amMn3:

niN2 M|
dW{E) =dW (p)=" N/2)E* ‘ep:dE =
A
=(/M2/r 3BYW/2))I(_L)2 PiN-epdP

Arap N — XxydTt 6ynca, f(3/V/2) = -Di Arap Mt
oynca,
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‘m(¥NY-)(¥-3y~UNN"
1) Aill v
p2=P~A +p\ +- +PiN

mimIl mMHybCcnap gpasocugarn wap TeHrnamacugmp.
PNUNT \akMu:

VIP)=W -

e||>1 A Ha p+dp 6ynraH runepcgepanap opacuaaru

dVIN(p) —3NCifj ? Nidp ©)

Il NeHkn, N =1 pa C3=44/3. (5) ncbogaHn Hasapaa
Il i\Ttimonnmnkumn k.aita é3amms:

v

o</ ! 6>

I'm «cmak, VJS(p) \axm (0, °°) opanvkga ysrapagu.
[V docpanap opacuaaru anemeHTap x,axv dV/(p) Gyiin-
hannawl ypHura, Tabuuniikn, runepkyb anemeHTap

< dpiN6yiinya nHTerpannawl MyMKUH, STbHU:

W +»

| dVIN(P) = J ..J dpldp2..cpIN. @)

wo
I»/.s Ba/3(p,, P2... pw) dp[dp2..dpiN napaaru
Huwwn tap sanunukgapu JWp) sa \pr p2... piIN) napHu
IMniiiipinii yuyH p HUHT \ap 6up KuiimaTuHu pr p2..., piN
u wn. 41\ 1 ycynnap 6unaH OfIMHULL COHUHM \mMcobra onuL

=0 [p JappaHuHr/?x Py, P. TapUHUHT a/iMaluTUpULL 3ap-
....n wcpruacura onmb kenmaign. LWy cababnn ycyn-
& vennen yun obnaraHga 6yHaai anmaluTUpULLIIapHN 3bTU-
'|I[vHn 1Im111. By ~onga

£ =fm+ E2+ ..+En

hi vH mi.hi /) (ékn E) kniimatHu ("cy3Hun") \ocun K,wiyB-
M 1" lip ("\apcnap") conn AraTteHr bynagn. by anemeHT-
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nap N Ta xoHanapga (3appanapga) xxonnawagu. Mai. i\my,
anemeHTnapHn Z = N (suelikanapaa) xoHanapaa Xor ...... H
ycynnapu coHn Z? =NKra TeHr.

d\V(p) =Ap)dp garu s\Tumonnmknap 3uunurn J{h ml
Mmparnya é3nwmnmMmmn3 MyMKUH:

f(p)dp,dp2..dpt§ = J[E{)dpx dpdp....fE)dpjil/tpy/Ipis

YHrToMoHAaru KynaitmanapHuHr \ap 6upurAE.Ulpjijk
6Up 3appara Teruwan 3 TUMOINK. 3appanap Knaccuk w
3appanap sKaHAUMMHU 3bTUBOpAA TyTaMM3. SHCPLUYH»
umnynscu E, E +dE éku p, p +dp ga 6ynraH Ba \nwiy,
ncpkybnapgaH ouvpuga (abHWM (2) opanukga) 6ynuil
monmrn d\Vdpr pr,...yp31) =ft(pr p2...p,Jdptdoy.ilpj
Tonuw yuyH (8) HM ycynnap coHyn NX ra Kynaitupuil
3UM, SiBHU:

dWwp=f,(pi,...,pJN)dpldp2..dp3N = N Nf(p)dpshy <4,

03 25 LT

— mZml
=Nn s\ aNrGENs2)
\3/1‘/2
xe-"~dp,dp2..dpiN =N N \ e, ldp

WN3naHaétraH (2) opanwmkgaru dIV(p...... PiN) a\WwMMnHLY
(9) ndoga opkann aHuMKpgaHagw. K37 opugarvnapun Kuwm=
TUPULLAAH

dVyNp) = NNIp{dpr ..dlpiN

3KaHN Kenué uuTtanu.

By epaa WyHW Tabkugnaw No3umkn, (9) wu pr /A /41
nap 6yinua (—oco, +00) opannkaa UHTerpannadHrad/u [
HuHTr dV 6yiinua (0, <») opanukgarn uHTerpanu éunam (41

xun 6ynuwn yuyH yHu NNra 6ynuw kepakl

1By macanaHvHr cTaTUCTUK hmankagarn 6acHuga (9) nmTcerpwHH (U
... EK napHVHr ypmH anvawtmpuwnapn coHn M ra GKnwinbl|'
)ca. A/ ycynnap COHUHUHE 6Up Knemuamp.
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H I'M udoganarn C3 HU aHUKAARANMK. BYHWHT y4yH
iii MHHTPa/IHN UKKW Xun ycyn 6unad \mcobnanmms:

dV =nCx" 'dx

HMwwn Ky yoa Tyrme, ésammns:

(r/y *...Jdx,exl =] <%ldx (n)

|1 3, (/=7 X)dxl,dx2..dxll =] exXdV,,(x) =

e H( je-*XT'dx =C,fJ -Jyt'dy =C j[f +1). (12
0 0
ni 11’) paH:
K CN=nAN2/T B—+1). (13)

H1 mablpna Tytn6, (9) HM ByHpan é3amus:
/ . \3/V/2 3/N/2

I(ft./1 P\n)= n  eHdoidol.dpiN =

| N
m jfj* *>dol..dow . (14)

VOH » MNIAAOH ByniMaraHAa wnaean K1acCuK 3appanap uauil
ihi | ii rckuc TakcmmnaHagn. Wy cababnm ymymnawiraH
YHXunHwpHuHr (3) opanukga 6ynuw sKTUMOMAAUTU
Y Y U\ kyiingarvua anmknaHagu:

*M (< mh —<tN) = . (15)

bl ..... .in vmnynbcnap Ba ymymiawiraH KoopauHartanap-
I |wj| naktna (2) Ba (3) opanukgapga 6ynuw s\Tumon-
M 11li ml (15) s\TUMONAUKNAPHUHI KynaiTmacura TeHTr,

N <X

il (o, P PU,LNG2.GIN) =~ |2vn) X

-r I <gddpL.MpiNddgi,...,dgiN. (16)
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By ndogana d\v{p,q)= NNY\dWi =

[sHeprus BaKT]3vynuyamnmkka sra Ba, gemak, Nhw
nap 3nunuru \am |sHeprus BakT]3ynyamankka anwmj|
MaTeMaTuK WyK,Tau HasapaH SXTUMOJIIMKAap 3UM MUH L,
CV3 MUKOOP GynraHyn mabKyil.

Wy ca6abnu, (16) HM ynyamnumru |spr —cek| MynwM
6ynmb, /31 ra KynaiTnpamns, sbHu: I nio\. (9) Ba (22) napHu conMwTNpPuNG,

<\V7
(23)

T3N/2

ByHaa: m
dn=dr/I™, f{E) =%e‘PE, I'» mi 1 Kypamu.
N2 ii in v ABBa/IrM MacanaHu 60LWWKA ycyn 6unaH evnl Mym-
L |.NHa cTatnucTmnk nHTerpan ndogacu MabyMm:
v\ 1 2n il, _
’ zlv B AT (y+1) (24)
7S 6y epoa N T1a noean 3appagaH Tawkua Tonrvn iiiilfl ’ y
CTaTUCTUK UHTErpanu.
6.6-macana. Vgean ras sappanapuHuMHIr 6up-omnpnin (U _ -
aMacmrnaaH doriganaHnb, assanry Macanagaru (/M@ ; A L, ' E.xE, E,.=£(P"+*?+/7) (25
MOJUIUKHU aHVKAAHT. . .
My Y Ww. YMymaawrad UMnynbCnapHUHr (2) oparmk/bl. ok, [k|Ui 1m. - *=3N &ku y=X . S=3N (26)

jiauiran koopguHatTanapHuHr aca (3) opamkga Gynmuy L1
monnmrn d\V(p, Q) kyingarn s\TumMonnmknapHuw kKvimM|

cHaaH MGopar: Hfeiii n 1 unnysun ycynnap conn g —Ny. 3Hgm O v+ 1) Ba A

NMIFHitH nosmm.

dW,(Px,P,tP\ oxqy,ql) =xe-I=ni] /=12, A, B AxydT 6ynca, I +)=— le
IN
ch, =dP>dPydP. dopdayda. / 43, \ kik 6ynca, / A2=+1 N |( )
m=M.. —"1 paso uaKmn
3appanap 6up-6upura 60ravk, 6ynmaramm yuyyH MHWH LW — AE' — AED 27
raH d\V(p, @) axtumonnuk dIV. sgTumonnvknapuHH  Vfll F=AE"=AENL @7
KyrnaiTMacmra MyTaHOCWO, SibHU: PMHHYM LWMownaaH,
W {P\,P2-PWAQ....GN)~ 1 /v’ = do=VN CN(2mE)N1
1
By epga E HUHT kuiimatnHu Er Er ...~nappgaH A n "
6unaH \OCH/ K,unmw MyMKUHANTUHW (\ONATHUHT MHLWHW 1L . . (28)
pannruHun) \mcobra oncak, uanaHaétraH ngogornapHH mr>Mill I tiy{7mf,2E3"3
A lihll Ml 257
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(27) Ba (28) paH:
A=Y"C,A2TY"2

byHAaa:

-3N/2

c > If RIED)

(29) Ba (30) HM Hazappga TyTnO, (24) gaH siHa aBBa/ITU H>H|
xa (23) m onamms.

6.7-macana. T Maccanm 3appa 6up ynyosnu ¢azonH (KYL,
0a) (0, 1) opanvikga \apakatnaHaétmp (6.10 paem). llly bl |H
HWHI KBaHT *onat/iapy COHVHU aHUKAAHT Ba YHU pasanuil d<H
6unaH COMULWTUPUHT.

E ynw. by \on yuyH LpegnHrep TeHrnamacu Lyivail n
OeK 6ynaau:
o dx I

By TeHrnamaHvHr eummMmun

W (X) :Aeiﬁ +Be u

dnnep gopmynacuaaH doiiganaHmé, 6yHN

Vv () =asin _—X +bcos%/',_—x
KypuyHuwaa é3mw MymkuH. Mgnw gesopnga X =0, x  /im
y/(0) =y/(l) =0 [
6yncuH. by \onga ymymnii cumm (2)

Y()=asin N w

KYPUHULLTA Kenagu, YyuKH rny
yerapasuii \onga ~'(0 s 0
6ynuwun Tanab atnnagn

V (/) - asin / 0

6.10-paem. AaH
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®)
H  ni(' ywmkann. byHgaH:

(6)
mrid Wiiiiuiap cCOHM N HKM Tonamus:

(1)

| ybmliZE =214ImE =AE'r (8)
LW lini inn aHnkganagn. bup ynyosnun ¢aso yuyH
M~ EY1
A=0 2/nir

| Wvw nw Bmp ynyoBam \on yyyH CTaTUCTUK MHTerpal
Kriiiniim lakcumoT Ba Makceenn Te3nmknap TakCumoTu-
m ||H>H wp wunurn mndogacmgaH doinganaHmnb aHUKOaHT.

P|'u" til bHp ynuosnn \on yuyH E(Y) =TA\ /2, gemak,
O=v2, 5=1, g=1.

BU|[WAIn1111 \on y4yH 3appaHuHI 3Hepruscu (6.7-macana-

"KYTH" HUHI KeHrnurn. byHpaaH:

Ay =E'2(li/2mLF 12. 2
mUINH Hpraacu

AR s VL @)
my | 'l ntt H.wb6opra onm6, ywobyHN Tonamus:

@
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Jemak, KaHOHUK TakKCUMOT (YHKLINSCU:

CesT{NEV 1
bup ynyosnu \onga:

dn= h =Fdd'qu'

dgx6yiinuya nHTerpannacak,

dn =’\hd d x

6ynagn. HAN
Adjddx=](p, q)dn

TEHIMMKAaH KyVII/I,EI.aFI/IHI/I TOMNamMums:

\I2
f e » r dox

ByHaallax 6vp ynuamnu \on yuyH Makceesn Tesnvk tap | .
CUMOTUANP.

6.9-macana. mmaccanu 3appa L énnn ky6 nunga \ap,unq*|
NaHaétnp. Xonarnap COHM Ba hasaBuii pa3oHN aHUKYUYH
Euy nw. by \on yuyH LpeanHrep TeHrnamacu:

*2
~~KiA¥ = A=3D oyl d2 (M
E4ynmHn
iy, 2) = X(x) Y$)Z(2) @)

KypuyHuwga msnanmms. (2) H1 (1) ra Kyninb, ésamms:
P o_tyYAtE T _£

2n v 2my 2m z ’ (ik
XP_aX y*_ oy _0)Z
axs ay*’ 3?

(3)aa \ap 6up xa0, X ékn y Ka, ékn Z ra 6ornuk ynuo, ynuu,
HUHT AnrnHgmen goumniin E ratenr. emak, \ap 6mp \ag T u
MUWIA COHra TEHraup, bHU:

cH) _ ARdx _r2 _ JRdZ _ /+»
d2

ftz d2X
2T dyT 2T

nax™
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Il Mill .LuannHreuMmmnaaH dgoliganaHmnG, Kynugarmya cau

v (le1z) =S Sin@X sin !H_Iy sin L r, (5)

.M, MbIT:

| /™ +Ea) +E0) =JfLj. ¢f] +n] +r). (6)

yt 1n iap cOHUHU GenrnnanmMms:

E - £ ' 0
sl 1+ 4R *E

hi MApWXkana kaTTa dbynraHaa:
u?o |,|?>§Fu§— ““D—F\ - (8)
Il nup tonrnamacn geb kapab, 6y WapHUUT \aXMWUHN

MHIMMK | / o
yn= 1 'E¥ (9)

H  w, | HUpNHHaTaNapHUHI BYTYH Ba MycbaT Kuimatnapura

[H)H 11 w.hi MAaHXapaHUHI \ap 6up HyKTacu KBaHT -\onatra
W wn triii byngai Mnr b HUHT MycGaT KuimaTnapura

mb »eVH \@KM MWHUHT Kuemun (9) HUHI 8 ra 6ynnMHraHura

I Wil
K - 1 4a (8mL2 n JAT
T~¥TN\NTb) (10)
H»l yw.naap COHW:
y \Y / )
rit:
r=nez2r2 1) =Y, A=V*-2m)y I. 12

M in \ Knaccuk \onga chasasuii hazo [ HM 6eBocuTa Ky-

W [yMrH nnHuiaHaaw:
\3/2
/'= ] dgdp=y~-(2mE)2

2
P K 5—-LISF.
Hi ||l|T 111121 a moc kenagw.
it Il MynwmH, V= 16ynraHga ctTaTUCTUK nHTedanHm \mco

O-
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Eunw. bnpuHunm ycyn. by macanagaE=1,s V />
Z HW1 \ncobnaimmna:

dp=>dp/Ip.cipdaydg. =
- bl
w2 s /. \ar
_n2mM - fenlx =V 2In (It
F o4 ) Il

MKKMHYNM ycyn. by \onga wap TeHrnamacwu
2TE =2+p2+p\

HU Hazapga TyTuo,
V=K (2 T)2E£IR

3KaHAUTUHW onamus; [ =(3/2 +1) =

Jemak, 1/ZA = /AT (v +I1) undoganaH Kyinmn.HHMLL
onamms:

(11

6.11-macana. /¥YTa ngean ras yuyH CTaTUCTUK UHTErp.MnHH
\ucobnaHr.

Euvnw BupuHum ycyn by\onmas=3N, 2v=3N,K - fm
HU \ncobnanmMmms.

ZN~ l e 1" dpdqg - je If’dp -
oy/2 i3k
~WW"'\ p —wt W) oil
MKKUHYNM ycyn
r, =j dpdg =VNj dp, (Ift)
2mE =p2=pi +p] +... +p\N
JaH wap \axmu
Jdp =CyN (2inEf " (17)
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Q/V = niINr / T [~y + 1), (18)

A=2a/»Ne2 7 (19)

|| HMtijiini ryTn6, Zv ndgogaHn é3amms:

, / ?E \3W2
+ = * *
Z \V) f 2'nmi'%| (20)

H H 147) ndoganap 6up xun.

I I/ yTnna Yu3nmkKymn rapmoHMK OCLMUMNATOPHUHT CTa-
HMUYpanuHm \mcobnaHr.
f Uuhi Yn waam rapMoHMK ocUUANSTOP YUyH

5=1,2v=2g= 1,

MpPpUH wHTerpanl Z HM \ncobnanmms:

Z =EL' ~pEdpclq. (1)
Hum*
, K2
E=23 2" (2)
y loniry/2_ 1
£p VIZ7" " pu 3

By., {K/TY [ <skaHnuru Hazapga TyTunau. dHON Z HU
HBHMOH y»yM byiinya \Mcobnamimk:

1 =M; I{2) =1 (4)

I al..... MpUMYKnapu
a =y]2TE, b=J2E /K

Mi <" M UHK HUHT TeHrnamacu. dNaunc éunaH YerapaiaH-
fit< 4....("vi*m" T, =AE) kylingarnya aHuknaHagu:

ME—nab = 21E/a>.

A —2nl
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WyHpoanm Knnnb, Z yuyH
-Y = prHo |

HM Tonamms. (3) Ba (5) ndoganap 6Mp XnUn. SHON ....HY,
OCUUNNATOPHUHT 3HEPIUsACU OUCKPET

E, =l +I)
KniAMaTnap Kabyn KUIMWMHU \Mcobraonno, CTatMcTuK iinitiw

Z ='£ ept"
n

HU \1cobnainuk. (6) HM Haszapga TyTn6 (7) Hu kynnnmH||
€31 MYMKWH:
r =e-/2ne"\ A
/1=0
oyHoa X =P Jko (8) ga MIUrMHAW KaMaloBYW reoOMeTPUK Mpu
rpeccusi. LUYHUHTYYyH

b

»=0
(8) Ba (9) nappaH

N Nilg-r/2 m (19

BusHuHI ycynummaaa/3 = v/U. By k,apanaétrad \on yuyH/? |
6yHOa U — un3mkam ocuUIATOPHUHT ypTada aHeprusacn .
ypTaya sHeprusi ymymnii \onga

W,

3KaH/NTVHU \Mcobra oscakK, X HAHT KUYUK KUAMAaTNNpWiA,
AbHU xycycun x.onda (3) ékm (5) gaH (10) mndoga / ™M WA
ynKaaw.

M 30\. by macanaga (3) Ba (10) ndoganapHMHr 6up—-oupH
ra aHvK, MOC KesIMac/UrMHWHIE cababu: (3) uHTerpan, (M
MrnHan (auckpeT KuiiMatnap ydyH) ycynnap 6unaH amm,
NaHraH. X HUHI KMYK KUAMaTnapuaa OUNCKPET XOCCUIP Kv
YyukK 6ynraH \onnapga ynapHuUHr 6up-6upura moc kenuwun In
ennnanp.

6.13-macana. Y13vuay rapMoHUK OCUUNNSTOPUNLL (nLL
BMIA ha3o \aXMun Ba X,0/1aT/iap COHN aHUKAAHCUH.
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Inin (KnwnamntopTteHrnamacm

Em +*2f =£. (1)
“A-+-*2 . =i
AuE o/ )

"limiih,| Cinf), y annunc TeHrnamacu 3KaHIUTMHN Kypa-
/ un-pi NN OCUUNNATOPHUHT ha3aBuin ha3ocH ,\axmm

*...... HOoparb6ynaan)

E _ 2af
Vo - _f%-l//»_ <« €

[Umn ct - yjk/ m paBpuii yacToTa.
E nH h lit 6ynH6, \onatnap COHUHM TOMaMM3:

_ 2nE _
h~™ 1)~ hoy (4)
"W M Y.HWKacuga sHEePrusHUHI Kniimatnapu
E, =ho{n+1/2) ©®
3M 11 aHvknaHaan. Oemak, \onatnap CoHu
XH fw ®)

1w 1 unit opacngarn cuprim (“\axxm"HuW) aHUKNaNIuK.
1 AH
S,-S,.i ="-tt(0 =h. (7)

Bit mi nH "rmkm" anemeHTn h ra teHr.
li. pm
V=AE, A=— =r - pasp. (8)

h I» murmnH Aia ocHunnaTopgaH néopar TUSUMHUHT dha—
Hbnwn | He\,2kMn, \onaTnap COHM, CTAaTUCTUK LILWMLWNCHK

IMMM "" uH,
I Imin byHNah TUSUMHUHI raMUILTOHNAHN

// . EU?/2m+M |. )

111 11 . HapynuuaapHU anmalTUpanInk:

P? _ v2 kq? _ 2
m 2 @



(2) H¥ avTMbBOpra onmb, (1) HWM E3amMus:
2N

=1

(3) ndopa 2N ynuoenu wap (E y3rapmac) TeHrnamacu*
r(p, ) =) dpdg=(2m Ef,~-(2E/K)s : \y\d\I «

(Z2W [r\2Ndx IK]N = (2nE/Wf
\wl Jib " { 0] Tr(41) r(yv+l) -

Aemak,
/7, </)=AEN
A=02NwW)Nr(N + 1.

Xonatnap coHu
V /=1 =(@2£\NN_ 1 =(GL\N 1 -
NT1W Euihl TWH) Qu,é) f(/V+H)- l

OcumnnaTop yuyyH ypTaya aHepruss <€ Ba YHUHI 3Heprui!
ermabnyMm:

<e >=txXdtcth-hllL
b 2 U 2kT'
£, =t(h(n+1/2).

CTaTUCTUK AMrnHOn

En=E{+E2+..+Ei+... +E,.

Ademak, Z = Z,. \ap 6up oCUUNNATOPHUHI CTaHH UT
n

MumupnHpguncn MabﬂyM:

2sh(hw/2kT)'
N Ta ocupnnsTopgaH n6opar TUSUMHUHT CTaTUCTUK MATUH/ILL U
Z =Z* =[1/2shti(o/2KT~f . (ft)

6.15-macana. Kyrnga mnaean ras 6op. LWy waean ras yuyH
*onat sanunurn dn/dE Ba Z HK aHMKAaHT.
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w i ncan raz — 6y 6uTTa 3appa y4yH Ty3unraH M'mboc
hi  (NppaHVHI aHeprusacu

2
" ZPT ) 2|T {p! +Py +P-)- )

wHiv 3

MH=1l  paguycu Yj2mE 6ynraH wWapHUHT TeHrna-
H> limuynbcnap gasacmparun wy wap \axmm

K,="L(2/»£)3R2 (2)

n Il wan razann ManwHUHE \axmn KoeyncuH. Ymymui
Mn acocaH, kKypunaétraH \on ydyyH "adeiikanap"
u Li|l) coHu

(KK/N13 = nékn (VdVIh3 = dn ®3)

m Oywan // — W "\aXM"HWUHT 3HI KNYUK K,ucmun ("aueii-
|[H*MH (It — MnaHk govmMwniicn). (2)gaH

dVp= 2n(2mY,2E?/ZE. (4)
W S Uana ramma-gyHKuUms
r=@3/2)=nm/2 (5)
1 (\) w (4) napgaH \onatnap 3VUYANTUHU TOMaMm3:
4L =V2n(2m/h2) 112 En\ (6)

MHH V =lnn \onatnap 3nunurun
dn _y P fv-i
dE | Tiy) ™
M1 ini MU anvkoaHaaw.
(ft) ni (/) wdomanapgaH cdoiganaHnb, Z y4yyH
|
z'Hriio)'l 0= (8)
HU UNNMUS.
< 11 ynHWKW. TomoHnapu LX Ly, L. 6ynraH kytnna mMmkpo-

W, , 2 U=\ v uH. 11y xan yuyH X,0natnap suunuru (dn/dE) Hm
*liK=iitii

| inin Kyrnga ge Bpoiinb TypryH Tyn~mHnapuv \ocun éynu-

HIVt H HPHM rynKkuM y3yHaurn (A/2) TomoHnap byiinya Kap-
Kav | M1 NHHULWN 3apyp, ABHU
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Mnx ry, rn. 6ytyH coHnapHu kabyn kmnagw, (1) HW OC | <
dopmynacugaH goiiganaHnt Kyinugarmvya é3amms:

Lx=L —L. =L 6ynranga aHeprus

yuyH (2) paH coiiganaHno.

ngogaHn onamms. (3) paguycu [8MLZhJE 2 6ynraH nmMm
HUHT TeHrnamMacu. By LapHUHIXaXMM

nx ry, N. NapHUWHr MycbaT KuhAmMaTnapura Tyrpu kenwm fti
wap XaXMAapUHUHE KNCMUK \onatiap COHUra TeHr, SiblLi

byHOoaH xonatnap 3nyYUrMHU 01aMn3:

D =V peb6 kabyn kuncak, 6y udoga xonar 3uunurn 1<
Macana) 6unaH 6up xun Gynaaw.

M 30x- TomoHnapu LX Ly, L, 6ynraH kytuaa 6urra MUKpH
3appa 6y/NCUH. YHUHI Xonat/iapy Ba Kabyn KUanuwu MyMKUH
GynraH aHeprusa kuimMatnapu E LpeauHrep TeHrnamacu nw*
cuga Tonunagu, 6y xonpa LpeanHrepteHrnamacuaaH MUKpU
3appa SHeprusicn yuyyH Kylingarn TEHT/IMK ONMHAOM:

By (3) udoga 6unan 6up xun. WyHaan kmnub, sappanap 1«1 |
6maTn Knaccuk EKn KBaHT BynvwimaaH kaTbu Hasap, ctamu
TUK uHTetban (Mmrmkign) Hn ~ =-4, ndoga acocraa aHMK

naw MyMKUH.
L



Ipill ® KeAiHru ukku
In, s1 MKW. 3HEpPrma OUCK-
iMm...... mvp «.abyn Kunagw.
it t yuyH Knaccuk gopmy-
m i T I*%/2nan donganaHuno,

7)), pron

Ihim MHKcBenn Tes3nuknap
«MLUVNU ONamMms:

2kT

b ' mwwuna. Kylnpgarn mngopaaaH MakceBenn TakCUMOT
lImm Zhi) HU KCNTUPUG YMKAPUHT:

mv,, y, vi=f(dx9yd Jddxdoyd)z, )
m
2KT’ 2
I | «1mi, JekapT KoopauHaTanap TMsnmMmaaH chCcpuk Koop-
m)LL| ""|" hi wmura ytaiinuk (6.11-pacm). byHaa:

i - I)sin B cos ip, &y=pAsin B cos 93. = Ocos B

*tHIiMIMi
=a (o m -4,
An0<P
o
dipddydd= 92sin 6dcckp
Iy Ihi (1)

diy ().0.(0) = . e-utiz) S\OdOdp (3

Ifln........ hi o wan. bypyaknapHn \amma Kuimatnapu éylinua
[t e T IHIMH'L,
\\dW Qo> =dw (?) =f {9)d»
it y it *® .32 +
ry c 03sinOdfi] dp =4n e'r'~dxd , @
o] n
Ht«MN
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(5) nsnaHaétraH TakCUMOT PYHKUMACMANP.

6.18-macana. IHr kartta a\tumonuin tesnmk, O ,"Ji
3KAHNMUTMHUN KypCaTUHT.
Euymw. ByHMHryuyyH Makceenn takcumotu/(A) gaH AmyH

ya \ocuna onmb, yHM A=  [a Ho/nra TeHrnawTmpuw tit)
abHWU [/ (#)/33]na =0. byHaaH:

(2*,-20, ~ ) =0 MO, |

by TeHrnukagaH nsnaHaérraH

ngogaHn aHUKNanmms.

6.19-macana. Yptaya apngmMeTnKk Te3IMK 3 HU aHuK, 1LL.

Eumw. Tabpud byiinua
3/2

=) o/(0)(19= 4n( | dV XKIdS =
o o o

J =j x'endx =1/2,
(@]

\nT) Vv Tm
ByHaa | Xx2*e~Xadx =nV 2 paH coiiganaHauk.

n
6.20-macana. YpTaya KBaZpaTuK Te3NnK A2 HU aHULYIALL

2 =f=2A(d)dd= anl ~ 1Y9d re 2kacip=

:4n(—’\—2}’1()K %SfoﬁeJ‘ZjX:?»—"l )
\2nkT \'m J m



o*Y ' dx = lyjn paH doiiganaHamk.

MI HH (1) paH O] <&<Vfl2 akaHnuru kypuHagu. (6.5-
W K)

| H win tua MoneKynaHVHI ypTaya sHeprusicn E Hu aHUK-
1 I....hi HaTWKaHW N30\NaHr.

| .Hh l.nHa 02=3—m 3KaHN mMabvnym. byHaaH

(D

- KT

H, —4<(wp 3appara Tyrpy KearaH sHeprus ra TeHr.
«n <€ nH \apakaT K,unaétran mgean ras moseKynacu-
| uy wnuk gapaxanapn coHn 3 Ta. Oemak, \ap 6up 3p-
iffc /ZiilM kncura Tyrpu kenraH yprtada aHeprus KT/2 ra
VWNH MM KOHYHra MyBOMUMKKeNnaan.

e J| v wm 1mc6uin Teannk gKHUHT apUMETUK ypTadacu
Mu vy | nivMpalMK HUCOUIA TE3MMKHUHT ypTayacu g 2 HYaHWK,-

IMHin M MuHan ypTadya KBagpatuk HUcouii tesnuk gk
Hum lillWtIIK.

HM HM Wdrucpuii [ Ba k MOJieKyna Moc paBuga 3( Ba f)k
H |ip I'm toH \apakaTtiaHaéTraH 6y/iICVH. YNapHUHI HUCOWIA
H/™ Mt 1m Ba YHUHI Moaynu

(3

minH 11wvm | ral monekynanapu 6up-6upura 60rnnMk amac ea
M KLM.H H1 u iLIKCIIMOT KoHyHura 6yiicyHaaunap. WyHUHr
M| He "nil kmank g" MakcBenn TakCcUMOT hyHKUUsiIapu

)
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Px =9 - MH:
gk +dl -20id,.cose-

(3) v (2) ra kyammus (N = 2):

-21J m; nxkoos0/(d,) / (%) =
—&j + -2ji«,d*cos0/ (*,)/ (9t)d¥tdVk.

OXxMpru x,aa0a UHTerpanHM ~mcobnail yuyH 3* ywm
ra HMc6aTaH [M, HUW Kapab, [ickapr KoopAavHatanap MHU
haH chepuk KoopauHaTanap TM3MMura ytammus, Gyrs.» =
nekyna ~apakaTUHUHI WU30TPOMINKIUIUra acocsiaHnO, W,
M XOUHN KyiAnparuya €3nil MyMKUH:

2 dkf (k) alf (pt)ddtznfn\sinOcosdo AXk=1)
n A #
YyHkn 6yHaa | sin 0 cos OdO =] sin Odsin 0 =] xdx =m0
MakK, 3appanap 6up xun 6ynca,
gi=dj+di= 2-3*L =2dl (

__2) Hucbuii Te3nnk gk HAHT ypTada apumMeTuK K
gt HW aHMKAANNNK:

Lz @
gk =J &k4e nT Ake—s r dTId9it =
M N
byHpoa:
Q_J\_ZTTUFI)”J A :{cz_nch_).f = (

(1) Hu \Mcobnaw yuyyH mMonekynanapHuHr 3, sa OK mTL, !
napugaH “napHUHI HUcbuii Teanurm AKX Ba macca Muum *
Teanurn G ra ytainuk: 1*

(@, +T K) =/Mmtit +T K6*. flj
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Il n monckynanapHu Kapainuk. ¥ \onga T. - T KBa. Oe-

I M wmn
2C =3/ + 4)

W HU onamm3. Hucbunin Te3nunk, Tabpud byinnua
gik=&,-9k (5)

M) wppaH (gkga vHaekcnapHu Tywmpué ésamus)
dt =G +g/ 2; (6)
dk=G-g/2

hi 111 don tocu aneMeHTNapu Kyngarnya anMallutTupuiaau:

ddiddk =JdgdG.

(7)
hilmi=th skobmaHum
)9 ah [
1=F B _2 2o 4=, (8)
ahgk 1 1 2 2
ac aS

), (6), (7) Ba (8) HM Hazapga TyTnb, K.aita
-PAZIE-
K=AJjge 2 |dGdg. 9)

(wn uHTerpasn 4erapanapwu ysrapmaingm |(—aoo, +00) ga

v 1)) mcepuk KoopavHaTanap Tu3umMmra yramms; yHaa

n lili M»yimya nHTerpannaHraHgad keivH dgdG HuHr
4 1ir'ili; ®ANG2IG HM é3uw no3um 6ynaan, SbHU:

jg'e AKdgmG 2 kr dG =

f\'e 'mix=1/2, I'y2~+ dy =4n /4.
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Ademak,

£=72 W:=n/20.
vnTr dd

6.23-Macana. Bogopog Ba a3oT MoseKyanapumniin )L,
Jarv ypraya Te3MrmH1 aHMKaaHr!

XaBo6: &I2 =1698w/c, 0* =454 wm/c.

6.24-macana. Mopman wapoutga 1cekyHgga | cm’ ntif
ypunaétraH as3oT Mosiekynanapu COHUHU aHUKOAHT.

Eu nw. lcekyHgda | cM2ra Kenmé ypunaétrad 0, 1) >
opa/iMKgarn Morsiekynanap COHU

Y fl

[AaH noopaT. byHu (O, oo) opanukga uHTerpaiiad, KHM'HL,

«, = 2.69- 10'Vem3 212 =454 m/c skaHnurngaH asot M6|
KynanapuHUHI gesop 6unaH TyKHaLIULWAapu COHU

:"Pf"z 3,4 102 / cek cm2

9KaHIUTMVMHN aHUKNaH MU3.
6.25-macana. 0 ggH KMUYUK Te3NNKIM MOMEKyNnanap KK MH|
HU aHUKOAHT .
E uunw. 0, O+ dOopanukgarv monekynanap conu:

N2 it
vA=) 02 nrdo, (I
KT/

BynaaH O<O Te3nuknu Monekynanap COHWUHW Tonuw \dy||1
yHn (0, 0) opanunkga MHTerpanianMmms:

Nr=<0) =4 102 ™TdO=
0

/ 2/nr\¥2u , 2
' UI(r5r) (4F) \
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1(1) Jx@"dx= =] xVVv(x=
i /a0

/5

113
+1/2 ) e xdx =(0.35+0(1,13)] N.

n »

If

T

b It{i) |c ' dx —xatonap nHtecanu, ¢(1,13) = 0,8900.

H(/K rt) =N (-0,35 +0,89)= N m0,54. €]

N =0,54, AbHN 54% HWK TaWwKnN aTagn. #> i)

M H I mp coHn aca 46% HW TallKWUI aTagu.

i lit Mnttne. QHr kaTTa 3\TUMONIN TC3/IMKAAH KaTTa Te3-
PH ... . ynanap HUCOUIA COHUHWN aHMKAOAHT.

Plii null (n(O & 9J/N) =0,57, svHN 57%.

I 1" wnnut. Te3nurn y- 6unax opanurnga 6ynraH mMo-
Il | 'MW HACGUIA COHMHW aHMKOAHT.

¢ in.K, N 0,87, abHN 87%.

| IN murm in  \KT ypTaua KMHETUK sHeprusaaH karta
mMtut in MONcKynanapHUHIE HACOUIA COHUHW aHUKYraHr.
m(nnnO 7, 0,39, abHKU 39%.
» 1« Mmji it Moggmin Hyk,Ta X = acOSWt K,OHyH 6u1aH rap-
1 Dy|KHvia \apakaTnaHaéTmp. YHUHT X, X + dX opanukga
Iﬁ\/ln (MMMO UL NHW aHUKNAHT.
tHm |, \ ( dX opanukaa 3appaHuHr 6ynnLL S\rMMonInru
H p (]i hi\npn wKkaa 6ynuw sautn dt HUHT apum aaspu T/2
AMMHH MNnwmn anumaHagn, AbHU
tiWix) -di/(T/2) :’\nL\ dt:(ﬁ dx

aw Sincol (1

i/H'U) mp(x)dx = Jdx-w =—d ¢

\ aZcos2oct =a2(l - sin2co/), €))
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1- K= =sinay/: sin aat = Va2-x2
0z a

(2) Ba (3) paH
dw = dx =—p*
(x) =p(x)dx =—p*

p(x)=
mila2-x1

Jdemak, X —a 6ynraHga, AvHuU 6ypunmuw Hyktacmnn (I
NIVK HOoMra TeHr BynraHaa) 3appaHuHE A\TUMOINTU NN
6ynaaw.

6.30-macana. /Y3appanaH noopar naean rasHuHr\ojiai JL1
NamacuHN aHWKIaHr.

Euy nt. Voean rasHMHr cTaTUCTUK UHTErpam

I (N
ZN A

Zy V \2nmkT)

Y~ =e 1 gan F= -6\nZN\

\onat TeHrnamacu

Jemak,
P= nKT.

6.5-8. MAKCBENN-BO/IbLUMAH TAKCUMOT KOHYHW

dapa3s kKmnamnnk, naean ras (Eku cniipak ras) Talkm MnL
[OOH Tabcupuga 6yncuH. Y \onga \ap 6up 3appa wy mul4dA
Tabcupnaa mMab/lym noTeHuuan aHepruvara ara éynagm by
Jali ra3 \onatm macanacuHu Kapawl ydyH 6up 3appain y»
Kynnaw MyMKWH.

Okopuaa anTunraHnapra acocaH, UXTNEPUIA 6Up Mp |MUHS
TY/INK 3HEPrUsicn

Ei =)™ +u (XuYHb)e P? =pl +p\ +pl wmn

ngoga 6unaH auviknaHaan; U{x,,y,,Z,) — /3appaHu (V,
HyKTagarv rnoteHuman sHeprusicu.
276

| H3=«t K <TUTUCTMKAra acocaH, 3appaHunHr
/».P, +(Ip,, Py,Py +dpy, P-,PZ+dp. (34
X, X+dx, y, y+dy, z Z+dz
ml| ine1l 6ynuw s\tumonnuru dw

dW(p~rl) =-LepEdn, p.I/KT (35)

p*m num. miwnm; 6yHaa dn =dpdz/  ; cTaTUCTUK UHTEr-

-p

>epcip dpzoxdydz (36)
1 UH aunnknaHaaw. (35) garm
m ) = (37)

innnii MakcBenn-bonbumaH TakcuMoTU yHKUMACKH Ac-
n |, ifia nHterpan

Jc' N 1 U\Ipxdpydp. =(2nTKT)Y ~ (38)

/ \-Vv2 . 3/2
1*1 ftr] )c K dxdydz= o, (39)
<?,=/ e~u/KTdxdydz. (40)

= i Fbu.umaH TakcnmMoT dhyHKLUMACK (35)HK

14'1} [btmkf]  ~e:KThi[P*Py++PMPdPydPz ,(41)

dW (x.~r) ={a--e KTH{"* > )dxdydz (42)

"IH"n mp/lil ¢ HUIM MYMKWH.
4 M uivmmi. (41)iiii MakcBenn TakcMMoT YHKUUsAcK fe-
llitin il.) n Ka BonbLuMaH TaKCUMOT PYHKLUSACU Oein-
evin HAniMiinuk dWww

dW (p,q) =dW (p)d\V ($) 43)
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KypuHMwaa é3nwmnmMmm3 MyMKNUH 3KaHAUTUHUAT cabHln,
paHuUHI hazogarn \apakatv YHUHT hasogarv ypHUrn nnitj
aMacIMrnaaHavp.

HOkopuagarnnapgaH, xxymnagaH (43) gaH KypyuHaguiku,
panapra Kyd Tabcup aTvwmra kapamaw (\atTo pean nHLY
\am), MoneKynanapHUHI Te3nknap éynya TakcmmoT My
BEJUT TE3/IMK/Iap TaK,CMMOTUAAH nbopart.

6.6-8. TA3 3APPAJIAPUHUHI KYY MANAOHNOATU TAM HMn|
BAPOMETPUK ®OPMYIJIA

Bu3 6up 3appasiv ycynaa 3appaHuHr rnoTeHuvan kvibH4|
U(X, Y, 2 Aa TakcUmoT (pyHKUmMacK (BonbLMaH TaKCUMHL]
HU aBBa/ITM § Aa KypavK:

u(.y.z)
dW (x,y,z)= e kr dxdydz. W
Arap maigoH 6ynmaca, svHU U(X,y, 2 =0 6ynca, 0 ~ 1
dw (x,y,z)-"- A

TaKCUMOT YPUHAN Bynaaun, SbHU 3appaHnHr V\axmHnw r*
ya HyKTanapvga 6ynuwnurm TeHr s\TUMOJI/IN.
dapas3 Knnannuk, 3appara Tabcup staétraH MaiifioH
EpHUHTrTOPpTUW MaigoHu U =nogz6yncuH. Y \onga en.nL|
TakcumoTu (44)
_mz ]

d\V(z) =Ae KTdz (afl

KypuHuwHM onagyn. byHaa dW{z) =dn(z)/n skaHnnrnHm n
3apga Tytmb, (46) HK KailiTa é3amus:
_mz
dti(z) =nfAe krdz =n(z)dz
eKn Yeknn z6anaHanvKgaru sappanap 3vunuru 6y epnmH
= ce™NndKT - HL{

ékn z=0 ga N(0) = nabGynca, 3appasiap 3NUIUTUHUL W.H.HA»
NNK T 6y innya TaKCUMOTK

_uyr
n(z) =re K I UI

n(2)

27S

MIl nHnmanagn. Vigean ras yuyH P = nA7’aKaHNUTUHW Ha-
IVHift, (47) acocnaga 60CUMHUHI6anaHaNuK byinya ysra—
llimh KYpcaTtyBun ywby 6apomMeTpuK hopMynaHn onamMmn3:

P(z)=P& (49)

[) parn 6ocMMHM Para TeHr aeb onnHAMW.

M in \ Zoan wapontga ZopTuwmn 6unaH Temrneparypa gov-
I (nim.in, y nacasgn. Wy cababnn, z6anaHa/ MK opTULLN
Um N1 mm /(r) sHaga Kyunmpok Kamasgn! byHaaH Taw-
w| [|" || wapoutga ra3 HomyBo3aHaT \osatga 6ynraHamrim
KOUCHMHWHTI 6GanaHaMKKa kapab y3rapuwinm mMypakkab
Hilf) <i|»omcTpuk hopmynagaH hapk Kunagw.

« | ftt WOEAN TA3 CTATUCTUK NHTETPAN WU

| Mun |IKK MHTerpan Ba CTaTUCTUK WMTMHAN mdoganapu
Z =j e—pkEdn, (49)
Z =2>-N' (50)

kxliiHiii.i Ha; 6yHpa ft =v/U Ba E (ékn E) TUIMMHUHT
INeH.....nKHM (Tyna aHeprusacu).

I ||HR v HMAM Monekynanap.

Hiy »11 lappanap nnrapunaHma ~apakatgarvHa 6ynagu-
| V IY'NUHI KUHETUK aHepruanapn EK - PA/7T hufuh-
*H MMHMHWHI 3Hepruscu E ra TeHr, sibHU

3N 3A
E *,,l' H(:L"t/ZT- <51)
#' emV i.i BppagaH TalWKWA TONTaH TUSUMHUHF cTaTUC-

l=ini

1 Je k'dpt.dpN d..doiN =
ghTM e
\N/1

hzhm ;

lithii/ e/, .. + ENHMHr \ap 6up Kniimatmnra moc
*Hin e | |.|p COHM g NN skaHAUrMHKU Hasappaa TyTuo,
[i] H'IIHHIHI

P =\/KT.
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EKMn
Zv=(Z,/AOv

Z, = Y2ntkT/(,2/'2 Il

HaTWXanapHU aH1LNaiMma.

2. kK1 aToMnn Monekynanap.

Bu3 tokopugarn ctaTUCTUK UHTerpan udoganapmHm &
HUMM3AA hakaT 3appaHuHI nnrapunaHva ~apakaTmHu \Hr
onayik. Arap MoOieKynaHVHI UYKW TY3UULLVMHN 3bTUOO0P.I i
HaguraH 6ynca, MUKW 3PKNHAVK Aapaxanapura Tyrpy ki
(3appaHnHr) MoneKynaHUHr 3HeprusnapuHn \iicoO . «n
Kepak.

MonekynaHuUHr /kBaHT \onatngarm aHepruscumm i( uj
\onaTHUHI aliHuL KappacuHu gtbunaH 6enrvnacak, 6unu
NEeKyNaHWUHI CTaTUCTUK WUTMHAUCU, YMYMUA TabpudLu
caH, Kyhnaarmnya aHMKnaHaam:

Z(\)="g,e™'kK.

flkKkanaHraH mMosiekynaHuHr keaHT \onatn yHgaru |)
TPOHNapPHUHI KBaHT \onatnapura, 2) SapoHUHI kBaw W]
napwura, 3) nykm TebpaHma \apakariapura moc \osapr» v1
4) MmonekynaHuHr anaHma \apakatnapura moc \onnrw|'
6ornukamp. by \apakatnap, ymymuin \onga, 6up-6mpuu
NINK BYNraHn yY4yH MOJMEKY/aHWUHI KBaHT ~onatn 6y
NapHUVHT y3apo Tabcupura \am 60rnmk éynagn. AMmo 6y V
TabCcUpHU (KoppensaunaHu) \nucobra onvl KniinH 6ynvm
rMaaH, 3Hr My\umm 6y y3apo TabCuUp IHEPIUSICU HOKOPU M *
TUpUAraH TypTTa apakaTHUHT 3Heprussiapura HucbatmH *
KNYMK ByNraHu yuyH KyH \onnapga, XymiagaH CTamu: MH.
rmHay ngogackn (55)HM \mcobnawga abtméopra onmHvmI LU
na6 wbopunagn. LWy cababnmn, monekyna kBaHT \oiiaimiM
3Heprusacu e, kKopugarn TypTTa \apakariap 3Hcp| uM-Mp
HVHTI AUrmHaucngad neopar 6ynagun, SbHU

£ =£,(an) +e(a) +enn +£(/e),
OyHAa MKKW aToOM/IN MOJIeKyna yuyyH TebpaHma \apak;m L
rusicn £ (v) Ba anaHma \apakat aHeprusicu cr) Kynmmmm)

aHvLavaau:
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f, (o) =ti (/;+ 1/2), /=0, 1, 2,... (57)
£/(r) =~-7(/H), /=0, 1, 2,... (58)

\ii 11,0 i.i acocuin anekTpoH \onatn yiiroHram \onargaH
n n||)MAaga katTa dapk K.mnaan. Wy cababnu opargarv
|bllu|kniapaa yiironraH \onatnapHu abTnbopra onmac-
IITHH vm Dy \onga 3neKTPOH XAnarnapra Taaiiykau ani-
« vk n (ctaTncTmk mrmHgn Z(3))go= 1l6ynagn. AMMo
‘Min wpn (\arto 6up atomnH He, Ne, Ar 6ynraH \on-
. iN) WIPO CAVHMHWHI OpueHTauusnapu Tygainm ga—

K 11
MHI/I).\OI'I,D,a, MOieKynaHNHIrTebpaHmMa \apakarmra yHUHr
Vivm v donkaTm Tabeup 3Tagy. AMMO HOKOpUAAa aiTraHuMmnsra
Hw ii |nar v Temnepatypanapa ynapHUHT y3apo TabCUPUHU
1HA1 unmaii, ano\nga-ano\uga kapawl MyMKUH.
=\ v | aiTraHMmr3ra Kypa, 371eKTPOHHUHT acocuii \onatun

nm \onataaH odatgary TemnepaTtypaa xyaa Katta dpapk
HU YUyH

a(a)= 1, 2;.(3)= 1L (59)
| |[H|H1111111 TebpaHMa \apakaT sHeprusacu
9) =W /+1/2)
HVW MK yHra Tern wnm cTatmcTmk nmnwan
n) mi/(i*' /) —e_A/2) =[2shti(o/KT] X =b(o/ KT (60)

[l HWY, Kwurwn mabnym (6.12-macaniara K,.)
Wilnmimn alinuw kappacu #() YHU TalKun 3TraH atomM-
L1 mi | 6ynca, abHU romosapo monekyna AA yuyH

A(a) = (2sa+ 1),
| hd* |16ynca, abHM retesgpo monekyna AByuyH

K(s)= (25n+ 1)(2sb+ 1)

MM, pUHM MOMEHTM J ra TeHr GyaraH UA3uKAW aiinaHruy

m/ITHUHMW  (Nepruscn

f

«»(")“ gjpj'P +0. /=0 |=2—
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BYHra MOC CTaTUCTUK iupunan 3CA (g(r) = 21 + 1)

72 =2 (2U e~ T —g 27+ 1)e oV
)

0, =-42
8n-Jk (ft

KBasnKIaccuk SKUULLMLL
avHu OT« 6ynraHpa

7N =82 7 =207

canara K )

6.31-macana. MKkn .HWAU,
MOJIeEKyNaHVHT alinaHmva vviHQ
\ y3rapysuu, Gypyaknap rug
TaBcupnaHagn (6.12-pacvm) L
\apakatsapra MoC KC/AyW4H W,

nynscnappn pf. By ,\onga ainaHma \apakaT sHeprvscu
/4 P PP P~

(1) acocnpa arinaHma \apakaTHUHI CTaTUCTUK M rgLLA
Z(r) Hn \ucobnaHr.
Eu .

Z(r)=y \del dp\ dPoexp - g
n —_—
-
Xjrexp[-~L(~2/2/sin2e)] =
~NJANdQ {kTJ)w J rfxc"’ (2/sin20 «AT)" ] tIxi' ’
t 12
=~jde(2JKT) (2IkTsin20)'/2n =
0

=2«-2)KI fsjn = uYkT = 20T
A ) /e
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An

itf QL (1.
[ M1.1 1 aToM1ap COHW.

Mu inoMIiH monekynanap (ngean ras).
Vvi HWpaa monekynanapumnr MHepLmus MOMEHTapy »xyaa

t NuHMKM alinaHma \apakaTuUHU K/1acCUMK MeXaHuKa aco-
Hpnw mMymkuH. By \onga MofekynaHuHr alinaHma yapa-

MU N 1HA UCTUK UHTerpan udgogacy ZK 7) Knaccuk cra-
BW MW 11111 néopat bynaaun.

« | \MHNNT nykn \apakatn 6mnaH 60rNnK, CTaTUCTUK
MWW Kylingaryn KypuHuwga €3l MyMKUH:

(64)
til 11) acocuin anekTPoH .\ONaTUHWUHI alHULL Kappacu;
| whpHMMMr cnmH \onaTUHUHI alHWULW Kappacu

I 1 (-4 10:y cmmmeTpusa coHM (Y BUp Xmn atomnap-
|

IH|m | monekyna ainanmwmga \ocwun 6ynagMraH cUM-
[tlimp coHwn).

MUVpK remuepatypaga Z(r) alinaHma \apakaT y4yH cTa-
Il nwnHaH n(jtogacu
1/2

(65)
ynyayc,
t YA h /)T, YB=h2/)BKT, Yc =Itl/J]ckT.

Z (r)y=2v2

1 ipiaJv Jir J(.— mMonekynaHuHr 6ow uHepuUs MO-
iipH
H'6paHMa *apakat y4yH cTaTUCTUK MnurnHam
Z(v)= f\@2shjy,) , xi =/, / KT (66)
/M

2, ..3n-6) Hopman TebpaHuLap 4vactoTacwu;

| n| MONEKYNANAPNNUT TYUMAWWWNAPKN COMNWA

til 1in aHUK/WHULWINHN KypPAVIK.
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2. 9HAn 613 BuTTa 3appara yosnrad 3appanapnut M|
BaK,TAa Kenné ypunuinap COHUHN aHUKAannuk. bupop
WMKKUHYN 6Up 3appa 6unaH dt Baktaa TykHawmwm yivil
6.13-pacMaarn LUMAMHAP nurMaa 6ynuiinapuv 3apyp. bup
HU COYYBYM, UKKMHYN 3appaHn coumnysumn aeb kabyn kh
K. CovyBUM 3appaHn paguycy 3appa gnametpura Tew L
wap 6unaH, counayBUM 3appaHn HykKTa bunaH anMannHpuii
(6.13-pacwm). WapHunHr kecumun a =n(2rQ2maH mnéopurH
VKKM 3appaHuHI HUCOUIA Te3nrn, sbHU counnysun
HUHT CouyBYMN 3appara HucbaTaH Tes3nuru. by ~onga ill i|
sicoBumcy gdt 6ynraH umnuHap vumgarn \amma 3appsiLL j
4yyBYM 3appa (Mapkas) 6unaH TykHawaan. LnnnHgpHuw VH
agdt ra TeHr. Bupnuk \axmgarv Te3nurn (HMHyL|
P,~P+dP saru sappanap conn /7 (P)dP raTeHr.

CouyBun 3appara tfreaktaa kenmbé ypuaysun 3appa bLmLL

agdtdPf(p).
CouyBun 3appanap (Mapkasnap) COHM \am HKopw.HLL

aHuKgaHagu, SbHU P'+dP' opanukgarn 6npnnk
rv TykHawmwnap coln / ("P~dP' ra TeHr.

Jemak, dt Baktaa Te3nmknapu (MMNynbcrapu)
P,P +dP Ba J\J'+ d '
opanvKaapaa 6ynraH 3appasiapHUHT y3apo TyKHawwmLnapn =K

f(p)f(p')agdtdPdP'

uoda 6unaH aHMKAaHaaW; bUpnnk Bakraa 6apya iykm.Lwwll
nap coHu aca

JdPjdP'f(9)/ (P)godPdP’

MHTerpan ngoga 6unaH MHHM
naHagy. byHaa a KeouM, \Hu
ypunnw  (TykHawmw)HLLLL
aphekToB kecumun ArllM
N, yMyMaH y HUCOMIT Hp)»
NUK g ra 60ornuk, sbHU <,
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MIl..... warun \onat y4yH MakcBenn TakCUMOTU YPUHN.
PP'lLUN (<K HW Kyhngarnya yraptmpul MyMKUH:

vV () "l) jd~jdde W (#)dddd =

\8 .
K\ ( ;%) JdGe Zkrjidgga{g)e” =
wi~ 7 _»Si
wH* X/ M jcGe 2«GAg'o(g)e Kdg =
0 0

AR, n2 _
Iv( |) |dGe nr sNA\dge UTgo (#) =

n«i

. . 82,
= N Jdgv Aga(g) =N2 J dge AIgo (g) =

mtnNLt r) {&<? 4rg’a(g) =
A

(69)
$(1!'T)nb*aNe u'dg-

mMMK, BUPAIMK BaKTAarn TyKHawuvwnap coHn vin(. Kynnaa—
| *j..... 6unaH aHMKNaHaaw:

v =2 (#) ] (*)e 4T~ * (70

I IH u . Arap ugean KaTTuKwapnap yuyH a=nd2=4n+/2
3appaHuHr paguycu) kabyn kunuHca, (70)Hu
VIMu | Hn KypUHULLTA KENTUPULL MYMKUH:

(71)



2. Arap /XX =MTlakaHnurngaH coriganaHcak (K im t
TeHrnamacu), y \onga ompnmk \axmvgarn TyKHamHHM wWp. i

\1/2
v = PK=16r NP
TKT?
KYPUHULLTA Kenagw.

6.9-8. KBAHT OCUWNAATOP

Yusumknm rapmoHuk ocilll/fl

0] TopuKn Gatadcmn Kapainmk |
cnK ¢msnkara kypa O Hyur,) >M
6.14-pacm. duaa OX ykn 6yimnya Knuuk 'iv

nutyga 6unaH TebpaHa€TImH n
pPaHrny — 4YM3NKAN OCLIN WL
HUHITyNa aHepruscy (6.11 pH

2

26 (
ndoga 6unaH aHMKgaHaau; 6yHaa P —umnynsc, X aca ill m(
canm TebpanrnyHuHr OX yku 6yimnya cumkuwwimn; K—OH L]
koath<L)mupeHtn. (73)Hn

o Yo T L
KypyHMWAA €316, YHUHT 3//IUMC TEHrNaMacu 3KaumnmHHM
KypraH aguk (6.15-pacv). [leMak, OCUMNNATOPHUHT dn iiiNIfl
thazocuaary TPOEKTOPUSCY 3MIMH CAaH M6opar.
£3HEPranmn ocunNISTop SMMNCUHUHT 1031 (hazaHuH @ H
\axmii) S(E) HM annman WA

w-=K/T 6enrvnaiwu bupH
16, (75)HN KaliTa é3amu i

S(E) = bre/wu.

KBaHT mexaHukKacuiH LW |
UMNNATOPHUHT 3HEPIUMCU KA
6yn Knanwm MymMKuUH 6y'ULL
Kuiimatnap (6.16-pacm)
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P?|nii (76) ra kyiin6

S(E,) * Sn=3gto(” +1/2) = n(n+ 1/2) (78)

JUH 1 WMH3. Jemak, KBaHT MeXaHuKacuaa OCLMISTOp-
T . (hasocu kBaHTMauraH 6ynagn. VIKkn anamnc opa-
S»l ... tinii pa3o anemeH-

IniiiMin (6.15-pacmraK):

\Y an=un (79)

I W mucmnawaaspuii vyac-

MH [H|»M(11rK ocumanaTop-
«il Millicit

I« >miio i 1/ 2) (1)

mL[MH'MA annknaHagwn. Llly

'MHI'|HWLW ypTaya aHeprusacu <€>Hu anukaaHr.

Unw ButTta ocumnnsatop ydyyH mbéb6c aHcamb6am — 6y
SNWHpWpaaH nbopar naean ra3oup. by aHcam6bn yuyH Tak,—
jlt dynmwscu

/(e,) =xe-", POWL/KT, )

oo VBT =END ETK= g 1., = gty

JH \ - /LA0). Tn66c aHcambnm Byiinua ocUUINATop sHep-
LifHvve YpTadacu

b
-H....... . \ocuna onnb, TONAMMn3:

< e >=y c/IIX#4)?2
W tii un,ip . OcunnnaTop ramuibTOHNAHN

25 2 ®)
W>H iv ) nan v= 1,0= U/v= <> Bu3ra mMab/lyMKWu.



/, n f cnwlewm|
T(v)
byHAaa
zl " pio, Z =<e >/tD
By ycyn 6unaH OnMHraH cTaTUCTUK MUIMHAU
1e*M.e-*1
Z=iu/;) =
2757 2ere
2. Arap x <<lwapTt 6axapwsca,
wWR2ygi2~ 2

sKaHnurugaH Z~2Z N Kenué UYnKasiu.
3. (6) parn TakCUMOT (PYHKLLMACHK

f{E) =% e*E

ndogacnga £ sHeprus (5) 6unam aHnkgaHagn;/? = 1/<s> M
[al TakcMMOT hyHKUMACKM BUpUHUM MapTa Bnox TommHUA
6owkaya ycyn éunaH onvHrad (K. 1111)e
4. Ncenkaunk curumm C =dU /4T acocupaa (4) n,HHL
OanaHnb Tonunagm:
r - _po<e> px <P _ ./ y \2
AT ~ ox "w OT |

6.33-macana. J¥\ra bup-6mpura 60rnmk 6ynmaraH oeiu
TOPMapTUIMMUHVHI ypTada saHeprusacu <E> Bactamm »
rmHancn ZvaHHKnanr.

Euynw Wae;Inocumnnaropnap yuyyH TU3UMHUHT ypwm N4
rmsacy \ap 6up ocuUUNNATOPHUHI ypTada aHeprusnapn Hint!
Aucura TeHr, SbHU

<E>= N <e>= Ntfcthx,x =j%.
Bup-6upura 6ornmnk bynmaraH gpapkgaHysum ocumn L L

nap y4yH aKTUMONNUKNApPHW KynanTupuwTeopemacmamn ‘|4
nanaHn6

Z, =7*

9KaHIUTMHN aHUKAAW MyMKUH. Ocumnnatopnap TUWMHHUN
3Hepruscn
Ej =/ +E2+..+£NV= (y +Y»
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7=0, 1 2,..
P Mup iiicpi ns cat\n |

_ {i+N-\N\
J7J!r(/v—+)! (4)

H H/HWWIra sra. flemak, TUSUMHUHI CTaTUCTUK ANrviH-

n, + — - *e
/v ;_" A"w( f + A=e 7:Og,e
ttiii.il mKcumoTgaH Kyhngarm myHocabaT mMabiyM:
=(l -a) " =
¥ ew - 1! (/ )> (5)

Il « r ueb \ucobnab, ywbyHn onammns:

(6)

6.10-8. KBAIIT POTATOl

[ litip HUM aTpothraa UKKUHYUCUHUHT ainiaHuWwm Tydannm
H<]| fly 11nn m annaHma \apakatnanyBum (MKKW aTom opa-
mtitiii Mit oda y3rapmaiigmraH) arinaHruunm potaTtop Oev-
IMHH> |/ paem). Knaccuk mexaHukagabyHgam poTaTOpPHUHE
ASMHH  (111prusicn

—mx2 02 _Jto2 _ M
Ex= 2 rT(2 o2 2
........ TMU \apakargaru mac-
«ll .. m in fAannaHma \apa-
mH WHepLMU MOMeHrn J Ba
B T ‘N mukgopn momeHTn M
K n uyamvawmHagH).
m )|ihhi McuyaHvkaenaa [/’ ayc-
N HHiMiii lap uabyn knnagw:

(80)

(81)

hi | \apakargarn potarop-
HX pi men (S 1) ra acocaH
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-1 wnhoga 6unan amnllHa
B 2 ABHU Yy OUCKpeT uuM.H
1-2£,=2le  kabyn kunagn. AMmo OC/L
’ J TopdaH thapknu ynapo!, p

——————————— { TOP 3HeprusicuHuHr \VP
J-a/? -0 KniMaTmra marHuT Kmaum| n

napn 6unaH gapknaHyH
6.18-pacw. (2/+ |)ta \ap xmn \on.m|

TYrpu Kenagw, sbHU poTaTOpPHUHT \onatn 2/ + 1kappu W a
HULWIra ara.

(82) paH KypuHagukun, /opTuum 6unaH MKKM sHep| w int
napwv opacugaru thapk \am optnb 6opaamn (6.18-pacw):

E,-E,-\=.~ N

611-8 VAEAT TA3NNAPHVHIT MCCUKNUK CUHNMU

Knaccuk ctaTuctukaga NcboT/iaHraH sHeprsaHULL  Sfb v
NVK Japaxaniapy Oynya TeHr TakCUMIaHULL Teopemacumm iifi
rasHVHI NCCUKMUK CUTUMUHU aHUKZalra Kyaianamk.

/NTa Kyn aToMmm MonekynagaH noeopar naean rasHn K\|uM
VK. Xap 6up Monekyna 3Ta unrapunaHmva, 3Ta ainaHma iii \i
TebpaHMa apKMHANKAapaXkanapura ara 6y/cuH. SPKUHAVK HA
paxanapu opacuaaru y3apo Tabcup 3bTMb0opra oMHMacum. K
[ali ra3HUHI NYKkn aHepruscn (Lap 6up 3pKUHANK gapaxacm/,
KT/2 aHeprusa Tyrpu Kenuwn \ak,ugarv Teopemara acocaH,

U=Nu=N(3" +3" = NKT (3+5) (Sh

uoaa 6unaH aHHKAaHaaW. byHaain rasHMHE MCCUKAMK CM UM
Cy =vn/aT= NK(3 +s) (ND)

ncoaa 6unaH aHnknaHagu. (85) nogataH KypnHaguku, kVH
aToMn MoneKynagapAaH nbopar UCCUKNK cufhmii C,,Temne
patypara 60rnamk amac. AMMO Taxxpuba HaTmxkanapu \ap gonm
\am (85) ndcogara moc kenasepmaiign. AnHMKca, rnacTt TEMHO
patypanapga (85) ndoga 6unaH Taxpmnba HaTxanapu opacraa
KECKUH (hapK MaBXxya,
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'bIH, UKKW aTOM/IM Fa3 yyyH ilapum byiinya 3T1a wira-

' |, alinaHma Ba 1Ta TebpaHMa 3pKUHNMK Aapakaia-
.......... Tydpaiim U =N(3kT/2 +KkT +kT) =IMKT;
yMyH »ca Cy= 1R/2 ~ 29,3 X/monb- K mcchkcufhm
n tohim XoHa TemnepaTypacugarn UKKW aTtoM/nN ras3
[ I M necemuamMk cUTMUra ara aMacnuruHu Taxpuoda

INdH ByHOan Tallkapy NCCUKINK CUTMMU TemnepaTypara
LL HMH M 1 \am Ky3aTunaau.
VIHH. KanWK >XUCMHUWUHT WUCCUKIUK chfhmh, aneprus-
ii In rakcMMmnaHnwm xa™mparu Teopemara acocaH,
IW- "")X/monb =K TeHr (JnoHr-MNTn KOHyHW). AMMO
It nw |i nypanapga KaTTuk XUCMHUHT nccnkamk cufhmii
c *1\|inl .| 6ornvk, Ba Temnepatypa Hoara NHruaraHaa mc-
...... vMn \am Homra MHTUNaauM. Knaccuk crtatuctuka Ha—
....... M1 1aKpnba opacmaarn byHaanm tTacdoByr cababu —
M/ ee| <pH NI KBAHT TabmaTun 3abTMbBOpra osiMHMaraH-
>HH[1 hi, AeMakKn, 3HePruaHUHI 3PKUHAVK Japaxanapmn
' v ncmnaHnwm KOHYHMHWM NacT remneparypanv
M1 yuyH \am Kynnaw o méarnamp.
MH womnu monekynanapgaH Talkua Tonrad rasHu (Ma-
b I O A, CO Ba 6awkanapHu) uyapainuk. byHaan
%ljt (Wp MonekynaHWHI uarapwnaHma, amnaHma, Teb-
4|l H .HY MaBxyp,; GynapaaH TawLapy 3NeKTPoH Ba S4po
..... . \Jim maBxyg,. Wy cababnm 6yHOan rasHUHI UYKKN
inn N ymymnii xonga rokopuaaru \apakar aHeprusanapura
in  Ht.Il

(86)

HO .M.n,'ii Ky3armnaguraH temnepaTtypanapHUHI y3ra-
H HuM HA MOMEKYaNapHVHI 3N1eKTPOH Ba A4p0 \onatna-

....... MHMNW y3rapuvwunra aespav Tabcup atMangun. Ly-
I'y'n u i.il MPAVHI UCCUKAMK CUTUMWHW KapasraHaa a/1eK-
I |bl M|M1\OHaTNapura TErMwAM NYKU 3HEPTUAHN ogaTaa
nuw, 1 WHManau. lemak, MKKM aToMAN FasHUHE UCCUK-
HU MU

87)

W W e<ynT .umkaaHaau.
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| MO/Mb rasHW Kapannuk. Knaccuk crtatuctuka K,MHyuy|
acocaH, \ap 6up nnrapwiaHva apKNHANK aapaxacura K//,” 1,
rms TYyrpy KenuwuHM 3bTnbopra oscak,

Umnr =7 _g’lNA
6ynaav Ba 6yHaaH

Kenmb umnk,aaw.
AlinaHma \apakatra Terumwnm uccuknuk cumwmm C 1
Kapaiinvk. /\onatgarm poTaTopHUHE SHEPrmsacu

=AT7/(/+0=  +O

PotaTopHUHr \onatn (2/+1) kappann allHULW COHUM
OynraHn ydyyH yHra Termwnm ctatuctuk nnmrmHgn Z » /

Z, =g[2/ +1)tNe -£(2/ +1 Y (K1)

noaa 6unaH anvknaHagu. by Zr npogaHMHI MKKW YCbIpH
BMIA \oNnapuHn Kapamnuk.

a) Temnepatypa >yga nact 6yncvH, sbHu T B 0. by WML
(90) udogppa 2ta \ag, (/= 0, /= 1) bunaH YerapanaHamun3, HMLL

= L
limZ_ =1+3e KIT. Oli
r->0 I
6) HOkopun Temnepatypanv \on

T.=£ « T m

OyncuH. by Konga potaTop aHeprusacy cat\iapu 6mp-6upHMN»
HucbaTaH AKWUH 6ynraHn yyyH, /HW y31yKcn3 yarapantum ai'ft
Kapab, (90) garn nnTHAWHW nHTerpan ndoda bunaH anm.mm
TMpamMns:

Zr =](21+\)e~I'» "{UN/ =j21+\)e~x[{Udl (L
(0] »
ékn X =(TIT)I(l +2) ysrapysun kuputuG, (93) HU Kyinm
rmuya €3MWnMmn3 MyMKUH:



lit'mn pTUKaAHUHT
ilHil s viiii a acocaH

ttfii fluaim fmn kgaHagw.

Vidmv bwhiii T = 0 pa T
pMH. I-nypara 6ornuk 619-pebvt
k' M n hagemak T-*0
.......... a et 3KaHAUTU Kené Ynkagm, sibHU
h

Ur =conste nT.

V'P (I in f/ * 0 Ba gemak C =0, abHM Temnepatypa T -» O
Muwa TOUKAWK curumii HOAra vHtUnagm Cr = 0 (6.19-

« M ’pu toMuepatypaga, SbHu [ >>T fga
(96)

C=R (97)

MnwvH  (MHMK3 (6.19-pacvra K)- Paempa avinaHma \apa-
J mlvw in UCCUKNNK cufumii C HUHI TemnepaTtypara

VLn mi unpakTcpn (cxematuk pasuwpga) 6epunraH. Cum-
I, ,|.-H, hi KM aTOMNN MOMEKYNaHUHI 2 Ta aiiflaHMa 3PKUHAINK
B r* 11>imi MaBXy[, (2 Ta 6ypuak). Knaccmk ctatucTukara aco-
mj »>nvp (PKUHAKK gapakacura yptada KT/ | sHeprus Tyrpm
7 hi MU ydyn | MOSIb MKKW aTOMAN Fa3HUHI UYKU 3HEprn-
wn U. - V/ /paii neopar, sbHU tokopu Temnepatypa (T >>T)

ii"" | | nMucTukacuHMHIr HaTmxacu (96) Knaccuk ctaTuc-
Tbl WUW Kenagy.

liif <t ia wynn TabkngnanMunuskm, ainaHMa XapakTepuc-
Miii'paiypa 7° MOneKynaHUHI MHepuuss MOMEeHTU J ra
| <<t MMaHOCK6 BynraHm yuyH ((92) dopmynara K ) sHr
Hilmn nk\ ia //,pa I = 95°K. bowka monekynanapga sca
HM | MHM remuepaTtypanapga KBaHT addekTnap HamMOEH
LM Aumnniagpw.

t*T*Mwa \npakartra Ternwnam unccuknumk curamm Cy Hu

M Yap 6P MKKM aTOMAN MOJIeKYNaHW KBaHT OCLVAgs



wTop Aeb kapab, yHra Tyrpu KearaH yprada sHeprus «»
aLHYLWIAMWS;

<f£>=~-crh~. C
TYrpn KesjsiraH N4km aHeprums
Uy =N,<E>=M~cthfr.

By TebpaHma “apakatra Tervam UCCUKINK CUramm

_ o<£> _ ()<f> pgx pP
Na oT ox gpP ot ;

X =pbll, p =1/ KT\

] ae> _
BNy Lo py T - NcoZZ - -

C.. = NMxZ)2= R{XZ)\
Ademak, | Monb yyyH
C.ih= R(x2Z)2 (KHop

by Cfih nccnknnk cMruMwWwHr Yerapasnum \osi1apuHN Kypawu
NNK.

a) X =~ =" « 16yncuH; TX -~ XxapaKTEPUCTUK TNk |
nepatypa; T » Txwokopwu TemnepaTypanu \on. by xonga

\H—A%/2 X

Jdemak,
Ch~ 7 (101)

6) X » 1 (I <<[) nacT Temnepatypain Xt

zZ = (102)
(102)Hn Hazappga rytmb, (100) HM Kyhnparmvya é3amms:

Cw - Rxe\ x= .. (l<m)

Jdemak, nacTt Temnepartypaniapga uccukaunk curmmm (103)
9KCMNOHeHTa Tydhalinn TemMnepatypa Kamanuim 6unaH KamaiinO
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(mf) paem), AbHM 6y co\ada KBaHT adpdheKkTIap HaMo-
m

li/HHH mxaayanma aipyM MKKW aTOMAN rasnaprivHr Xa-
4 MH H Mmepatypanapu 6epuniraH.

NMnanma \apakat yuyH Te6paHma \apakar yuyH
A1 XapakTepucTuk XapakTepucTunk
Temnepatypa. "K Temneparypa. *K
95 6000
2.55 3340
2.07 2280
15.1 4140
9,0 3300

<€in 11MH KypuHaaunkn, TebpaHMa XapakKrepucTukremne-
;Imp meva MUHT hbagycra TeHr 6ynnb, ogataa XoHa TeM-
p.i WpHMN 6y 3pKMHANK fapaxanapy HamMOEH bynmainaw;
w» |iai.ui" \onarga 6ynn6, aHeprus anmalunHuLiapmaa
L Hmaian (Ekn geapnn UWTUPOK 3TMaiian). SNeKTpoH
VMW ra lWwmnn XapakTepucTuk Temnepartypa oy Temre-
MPp'MH \am HKppu 6ynraHn ydyH ynap ,\am XxoHaTemrne-
| H VHapuLwnapvga NiiTmpok aTManan, ynapHUHraHep-
- ... IMMLLIMAA NLLITUPOKN ByIMaiian Ba AeMaK, UCCUKOUK
[IHii Mw TpoK aTmangpm.
)M, / = TXga Knaccuk ctaTucTMkagad, T < I gasca
eMTNMKacugaH doiganaHuw 3apyp. TemnepaTtypa nact
1/H Nnna 3appanapHWHT ypTada saHeprusicu KT KBaHT
M.ipiHMi yiiroTnw yyyH etapnm 6ynmanauv; Temneparypa
n | | 6ynraHga aca 3appaHUHr YpTada aHepruscu KT
H/H | nHK \onatnapuHun ymrotuil y4yyH etapnu 6ynagw.
ipn romvepatypa-
J UHMMK >pKuHAnkKga-
ellem iiit’pivs anmawm-
INm HillTpok aTtuwwm
*HW ini nrMak ynap wuc-
- *hi umMmn mdopgacunga
... NWNANPUN MYMKWH.
HH H Miii’puiypa kamain-
H|y An tin  bkmmAnkK papa-
<PMCH MH anvan rebpaHva



IPKUHANK [apagall

2R- CYHT aiiflaHMa 3PKULLHLY,

paxxanapu sHeprust amv<H

HAWKMAAa MWTUPOK »(¢

Kysaunap, abHuU iniinvf

-I—>|‘<2£ curamn udopanapuaH L

M HUHT “urccanapu 6ynuall
Mcenknmnk CIFMMHINITTT i
nepatypa KamanimiwH (LW,
y3rapuo, kamaliiné 6opuun Ly 6unaH no\iavaain (621 =

rak)

Kyn atomnn monekynanapgaH néopart ra3 UCCUK/INK i HO)

MUHUWHT Temneparypara 60rnMkanri xyaom rokopugal nivii f
LYHTUPUNAON.

6.21-paem.

VII BOBb
PEANT TA3NAP

7.1-8 KMPULL

Pean rasnapHVUHIr Monekynanapu ysapo Tascupga oynmné, \ My
Te3-Te3 TYKHaLWNG TypraH/IMKIapu yuyH ynapHUHE Xocca aapll
naean ras xoccanapugaH apknaHaan. Monekynanapwwmn VH||
PO TabCUPW YNAPHUHI YAroHraH \onatnapura \am 60riamk AMvB
OCOH/NK yuyin 6y achdpekTHU \1ucobra onmaiivms. by \onna m
NeKynanuHr NYK1 X,apakati 6unaH 60ranK CTaTUCTUK MLWMN»
O gonmunin Konaau. LWyca6abnn y KaTTaNMKHU KapamarMLu
bolkaya anTraHaa, KNnaccuk pean rasHWHI Tyna aHepruw u g
HW 3appanapHUHT KUHETUK aHeprusnapn nmrmiamcn EKnva yu |||]
HWUHI y3apo noTeHuwan 3sHepruacn U gaH wnbopar, LwW.mu
E =Ek+ Upeb kapai Mus:

v 2

E{=>"p2...N,h,r2..,rN)= ~-~- +U(rph,...,rNy (1

Knaccuk gmsmkanga TUSUMHUHT 3HEPTUACUHN KUHETUK Ha nn*
TeHUWan sHeprusnapHuHr imrnHaucugad néopar neb kapart
MYMKWH OynraHu cababnv, cTaTUCTUK hnsmkagarn TakCumLy,
yHkumscu J{E) Ba cTaTUCTUK UHTerpan Z HU UKKW KynaH

TUpyBuUMaaH noopar aeb kapall MyMKUH:
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3 Mm

D,in I <riv/j= "vep' dp{,dp2,...,dpNx

P '« - rfpl>/2....dpN (2)

| )<in  f (EK)dpl,dp2....dpN = (U)dr\,dri,...,drN
(MH HOpManaw wapTiapn Kyhingarunap:
\ f(EK)d il,dpl,....dpN =1, @)
jf(U)drt,drl,...,drN= 1 4)

M CTaTUCTUK UHTEerpasi HopmMasiawl waptngaH Tonnm-

z=J("n, 5)
. . -PIP\MT -
? e <f>, ~P2. ... (<PNX
JY 1{r'ra.r~drl,drl,...,drN, (6)
» . ‘M- = dpi «dp2-...dpN dr\ dn -...drN(QJ)
PTW’ asv ;_/ ™ UFi
ipilHH
* _ p A (2™ O /2A>0=,/0 (8)
ov - Je"n ('l rm~ ,drt  drN; ©)

........ [imyp;nuioH WHTErpan ymymuii \onga Kyn 3appaiu
dyHkumsen f(n ,?2,...,72//) opk,ann, xXycycuii \onga
him mynouaHatga 6ynraHga
—A1./]..TA) (10)
npL.
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7.2-8. XY®T Y3APO TABCUP MOTEHUWMNANWK

Pean TM3UMHWHI NoTeHUman sHepruscu U HY xyd| um
nawysfa Kapainuk. by akmHnallysna nxTnépuian /-monexk\ v
raH x,amva mornekynanap 6unaH (N — 1 T1a monekyna (Hn
XyhT y3apo Tabcmpaa Typnbam oeb K.apanaan (7.1 -paem) /

NeKynaHWHI NOoTeHLMas aHeprusacu
N-1

=5 > bl
J

KypyHULWAA Kabyn KWanHaan. TU3NMLLH
NOTeHLMan aHeprmacu (y3apo tabcmp LW

ruscu) U wy ir napHUHI AnrmHoucun:
néopart bynaau:

L) I

u(r..) — 3Heprmsa r macodagarv MKKM / Ba j 3appanapymu
y3apo TabCUP IHEPTUACK.

MpuHUMN xmn\atngaH XygT y3apo Tabcup aHeprusacumm m
3apuii \mcobnaw (aHukgalw) MyMKuUH Oynca-faa, aMmmMO KAW»
KpeT \mcobnawnapHmmr Kyn \onnapmga yHUHr Kynngarn rom
nysMnmMpukK ndoganapmgaH gonganaHmnagn:

a) aKcrnoHeHuMan notemMunal

Uy =ae~a, M=
6y epaa a Baa JovmMuiinap;
6) Mop3e noTeHnuanu
«(/*) = )

oy epoa D — ypta uykypauru, rO- uU(r) HAHI MUHUMYM KA1
MaTuMra Moc KejlyBuM I HUHT KUiiMaTu, a — y3rapmac COH,

B) JleHHapA-)XOHC NnoTeHuManun
u{r)=jt~»~ 1 = =6 (v
oy epaa a, b gonmniinap.

Jovimuiinap TaxprbagaH aHUKAAHaaW.
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f»| AAF KoPPENALMA BA YHUHT TEHITAMACMU

mjUiiM/ui (cytoknuk €ku rasga) sappanap 6mp-o6mpun 6unaH
N (HEMppa 6ynraHu cababnu 6up 3appaHMHI Xonnawm-
| MVHM.N 3appaniapHUHT Xonawnim Tabeup aTagun, SbHU
ip H M Koppenaums (y3apo 6omaHLwun) Maexyg 6ynaan.
.in | yinna TMUSUMHUHT UXTUEPWUIA BMP 3appacuHnNHr (§F]
<4 npmwtTnga 6ynmwn s\TM.MOIUrMra UKKMHUYN 3appa-
m |/ ™™OYyIUWUNHUHITAbCUPUHUN, SbHN XYXDTAN Koppe-
Kuun | ypannvk.

WMHAHT YAXDKMAN MakpocKonuk kucmuga /v, 1a Mo-
Wwu I\ kmu. Wy K, kaxmparn yptada N, Ba KBagpatuk
KuH ' HUMHI ncoganapyHn aHMKOaNNnNK. BYHUHT yuyH ép-
JHB1 ) PYHKLUMA KNPUTARINK:

Larapr\axm Vnunumga 6ynca,

'(© @) emap\edkvi VATdilkapncuga 6ynca.
]« mMummnaru 3appanap coHu N ra TeHr 6ysca, 3appanap
Y, m
NaxE pa(")
,mml:].l i MYMKAUH.

n |Dppi W IaKCUMOT PyHKLMSACK

f{u) =f(r,,r2,...,rN)

Ini iii ypTaua kniimat HN aHNKNaNMKn3:
N A y

4% TN2jmA YA ~ri....eN)dr\ dri *’->drN =

NJ jin(r,yrj(r\,n,..., rNyiridr2...drN = (16)
7 I LppasiM TaKCUMOT PYHKLIMSICU Kylinaarnya aHUK-
illii'iii

NG )dr7 -drN m (1?)

* e M MHWNG, /(/m) =n peb aHuKgaHaaw; N — 3appasiap
mMvumM \ \onga (16) aaH KyhiingarvHu onamms:
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NAMNVA ] |

Keagpatuk yptaua n\ HUHI MOAACUHN aHUKNAANH.

i/ i >4
ByHaa /H(/-)/H(r) = /«(/m) 3kaHn \ncobra onmHau. (16) mll
ra acocaH
< '§ n {r1)>=M~n ="Ya-

(19) paru yptadyaHu Kynaarmda €3annmk:

< X5=>=p,4ry>= I

i+J

=N/ -DJ...dm(rDYm(r,)f/:1 drX(r,,ri,...ri)dr)dr, 4
=w2Im (rDw (rl)g(/:t,/:2)c//:, dr2, G

6GyHAa NKKW 3appasin TaKCUMOT YHKLMSICU Kylinaarnuya nHuL,
naHaa:

f(ri,ri) =N(N- DJ...J/(r,.r,,...1, yr)tdr,,...,drN ]
=/(r,)/ (r,)g(r, ,r,)=ny(rt,r,). (22)

ByHAa XXydT Koppensaunsa hyHKLUACK OUPUHUM iip
pa rfn anemeHTaa 6ynraHag, UKKUHYM 3appaduHr dn snemet
Ja 6ynuwn a\TUMOSIMHU KypcaTaau €knm akcuH4ya, UKK/HYA
sappa dn pga 6ynrasaa, 6upuHun 3appanuHr dn ga Gyrum
INTUMOMIHU aHNKaARaN.

MKKn 3appa bup-6upngaH etapan gapaxkaga y3okga oy;u u
YNapHUHI opacugaru ysapo Tabcup Ba, Jemak, Koppensuuu
\1co6ra O/IMHMAcIUIN MYMKWUH, SibHU [r2-nj =| -» «
6ynraHga,
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/(n,n) =/t )/ (r2a(/:|/2)-=/(/:|)/(r2)
HV HA, K'MNK, g (n,r2)-» 1 éynagwn.
N 1m m (21) HM Hasappa TyTn6, (19) Hu Kyiinparvua ésa-
(23

Mm 1M IUMUHUHT 60N yuyH 3appaniapgaH 6upu, maca-
I, AHpnun 3appa TypraH XOWHW TaHab ONnHca,

A1 ® »71 (/=) 6bynagn; r — NKKn 3appa opacvgaru macoda.
A

j KIP\,nY~-N\,/R2=)dr,fg(Or/r=yAg py=s
|4M H.1mnbopra onmb, (23) HU E3amus:
NI =7TA+n X\g (tyr. (24)

(1 me (M) nan kNtinparn HUc6aTHM E3aMus:

D) m A, N*=(ANAf — sappasiap COHM YKTyaLmsacn-
[ ) PnykTyaums Hasapusicura acocaH

[ANAF = NAOKT (26)

ftlIHiit YpuHiu, X1 - ~y (8£) = busra mavnymkm (4.17-
[IMUN K )

P= nB (27)

PxT=L-' (28)

B|) | ‘M Ha (28)nap gaH hoiganaHmn6, (25) HM KaiTa é3a-
/- =1+/)~ra(r)-1) (29)

N*........... him yuyH a (/) =2 (r) 6ynraHnurugaH
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jul=I1+/20r//-g(r) - 1)

TeHrnama ypuHnu. (29) sa (30) TeHrnamanap Xyt k{q+a
umnsa pyHkumnsnapun #(/=) sa g(r) HuHr// koppensuyum!i HV
MeTp 6unaH 60rnaHNWMHN aHUKNanan.

Koppensauusa pyHKUmsacnHn, Taspud byinya, 6astaH \yii
Jarvya aHumkganaunap:

c(;)=«W -1 A
8 7.4-8. KOHOUTYPALUWOH UHTEIPAN

KoHthurypaumoH uvHterpan
QN =j e~pudr\ydri...,drn (H
nchogacnaary y3apo Tabeup noTeHumanu Y Hu xydT sKiHHIA

wuwra 6uHoaH

Uh~n,....,rN) =£«(>7%*) (Y
i>j
KypuHuwiaa ésamus. by xonga

e-w = I___l,e—p/r\] n)
1
By XydTnap Kynantmacu e-H Hu
eH =Il+/j (»4]

Kabn y3raptupub ésainuk. by \onga (33) kyhmpgarn KvoH
HULIHW onaaw:

«m"-MNO+n)- ]
= (I + f\I)0 + A3 )eee(l + /lnr) ‘0 + 13)—0 + fn-IN ) =

= e+ /u + f\i + mm+ AN + />3 +
“+=—=Hn-\N + + -fn/n—INAS- <

u{r) HUHr Macodpara k.apab ysrapuiin Tapxmin pasvwga 7)
paeMaa KypcatunraH. byHaa </TakpubaH 3appa guameTtplua (MkkH
paguycra) TeHr. Arap atomnap (EKu mosnekynanap) opacni.iim
Macogpa r < d 6ysica, ynap afieKrpoHaap kobunwu gegopmm
uuanaé 6up-6mpu 6mnaH TyKHaWMWLW >xapaéHuaa bynaam mp,



*HM V MpOMp-6MpUHN UTapuLiaaw;
rffn n.wna mca 3appanapga 6up-6m-
Hiitptiiniiuii Kyun HamoéH 6ynagn.

d|n>ti in Hel |pan 3appanap (aTomnap,
jjlir/liwap) opacugarn y3apo Tabcup
ji (H n.wna ip jca ¢/paH 3—4 mapta

| Km,LLNA nonra sK,Mn 6ynagw.

K rm6abnn arap r < p 6ynca, f
>11 papkyw 6ynagn, arap r > p
bl v U(|)ogacmgaH KypuHagukuy,
> U1 inl nnTeHr 6ynagn. f nf n kynant-

e nNWw ce3wnapnu apk™ M 6ynun yuyH rm <p Ba rj3<p
«mMn Hosum, FIXifFIApa aca 2 <p, T B<p, Tk <p
mHvH mpyp Ba K. [emak, 6y “agnap HongaH cesvnapnu
jHiit Ovihuih yuyH p paguycnu ccepa numga 6mup Bak,10a
mMM . 1A, ryptTa Ba \. K. 3appasiap 6ynmwu Tanab stnnagw.

in|> 11knnannuk, peat ras etapam gapaxaaa cuipak 6ynuvo,
m o ii p paguycnm cdiepa mumaa ydta Ba yHOaH OpTUK
Ml 17 vHM s\rumonH amanga Honra TeHr 6yncuH. Y Xprga

e-pu™\ +~ /0 (36)
ij
YUHBIMA K'HIWK ypuHAu 6ynaan. (36) ndogaHn QN HUHT
fyiH n (4) ra kyamns:

ite < . <\ =J |+£,’ (Ir\,dr2...,dr,\ =

.. il ,drs +™ Jfidri,dr2....drN =
-l'l 4
, | J fvdri,drjrdr\,...dri-\ drt,idrj-\ drj+\...drN =

H » SNIA L @d?1,d). (37)

[ limuu MCOGNALW YUYH ChepuK KoopauHaTanap TM3umMm-
m nw HM KooppgmHata 60wmn yuyyH /-3appa TypraH >XOMHWU
MM.INWK. Y \onga

| fydiidr/ =jdn e AUr*-1jr 2sinOdOdcpdr =

K Vv A<HD-1) rar
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,,» lit KNNUM MHTerpanHu Kapanuk. byHga r> d 6ynraH-

6ynagn. emak,
1 1iKtii>tu U(r) Xyga KMUYuK Ba MaHOUii KUAMaTAnN, SbHU
Qn =Vn +VN-"2nN(N -\)\(e'pu(r) -\) r',Ir o4 By *onna /3|E/(/-)|«1 6ynca,
0
Kyinngarn éenrvnawl KUpUTanink: e-WM a i-p U (r)=\ +p\U(N\. - (45)
b :45% - W/~ =] e~ - < ( Iti*) HM (42) par UKKUHYX UHTerpanra Kymnuo, ywoeyHu
) )
(39) ncopaHn avTMbopra onmb (38) HKM Kalita €3aMT Asbe'Tr) - NAdr » 41r/3[jU (r)\ 2. (46)
/4
gn =VN+/1~~")v”~h
=- 47
Pean cuipak ras ctaTUcTuUK nHTerpain ZNwmnaean ra»crml, b M O+4np\U (\radr. @7
TUK nHTerpann (Z¥N)NnaH
H b HH kgMNANTYa TYWYHULW MYMKWUH:
+ /T1IAM) AvnA yuy Y
v B fI\U{rydr=f\\U (r\dV-uU,,, (48)
6unaH apkgaHagu, SibHU d I
navw \axxmun 6yiinya yptadaniaHraH TOpTUL Ky-
Z,.(ZJ/V)'(u€gfclUj. FFIL PM fVtpun kenraH Xy T y3apo Tabcup MNOTEHLMANVHUHT ypTa-
[ktillMiiiii (myc6aT kKniimaTn (MO4YNN) ONIMHIaH). ByHW 3bTU-
(39) mHTerpanHu kynmparnya ésamms: BpH I/CHK,
b=-8W+Purte (49)
) =4,I][\//,/(f) “Lrzir +4F||Ae"Né')—1r2dr . (41]— " | mucria. 1) Pean rasHuMHI CTaTUCTUK UHTErpanvn mdoaa-
fo | .= uiii \<sjar TeHrnamacm — 60CUMHUHT NHPOJACUHN aHUNK—
by mHTerpan mndoganapHn ano\nga-ano\Hga taxgun atall wyu!
pacmra K.) abHM U{r) » 1 Wy cababnn, 6epwnraH /i kHA AMpfin>tiHi rakkocnaHr.
Matga L Il HH nop-Baanbc TeHrnamacugarn a sa b Tysatmanap-
H n dwH1 MabHONapUHU aHUKAAHT.
(4§)C IH | 'Unin KOkopuga KapanraH cuiipak pean ras yuyyH cratmc-
11 Hpun
) \" I
By *onga 6UPUHYN UHTErpas B | ZN=@Z, /N) '} B o ¥
E=48|le’B-1irvr =-an) radr = mVIHH M Win; GyHaa
I , \3/2
Zx=V ) ,0=U/v. (2
=-41d3=-f(2rnf = -Sfrj =-Mn- (44)
U....... . M4 /'nnHT nopacn sa 6ocum PHUHT ndoaacu

Oy epga Ogi— 6uTTa 3appaHnHr \axmu. VIMMHHMMKaaH MabiyMm:
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f =-einz;

\bV)o Z,\DV)

(DpaH kKyhingarmHu onamms:

InZw=In(ZI/yV)A,+In[l +~ U "'i].

NW-hh
'Y "« | wapT (WxapuncuH. Y xonga

Y xonga
\nZN ~\n{Z JN )N

ByHaam doaanaHnb 60cMM ydyyH YyWOYHU Onamums:

P (BWbB/bI)") d(N(N-\)h\ _ N O N(S
— +uw 1— ¥ - | =Yy w-»
\ Jo \

by xonat TeHrnamacu n = N/VakaHnmrngat,

2) BaH-pgep-BaanbcteHrnamacu

[P +fr){V-bt)=NKT.
ByHU Kyiinparnya é3ammus:

p _ NKT a _ NKT a

v-bB V(\-bB/v) V

« 1 apT 6axxapuncuH. by xonga

p _ NKT NkThg _ a
rg —y~+ y2 yTm
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Im (K) napmn Takkocnab Ba B - KT geb kabyn Kunmo,
FOHMMW3:
O{N-\)Nb_ :=a_ NkTbg

m fll" Mun

) ©)
m /|f4 n, (9) TeHrNUK 6axkapunraHga XyT TabCcup xucobra
Mounmun 1nun xonar TeHrnamacu (5) 6unaH BaH-gep-Baansc
n'Hranmacu (7) énp-bupura moc kenagu.
[ > I yuyid ((49) ra k)

b ~ V-1 [bIKT

b=-890+Ur wP (10)
@ M kmnam ann; éynaa A= 1/kT. (9) ea (10) napmn co-
' np*""M"
bii=4di(N - 1), (1)
a=~ U r. (12
ol

I (1) ndonanaH KypnHaaukm, BaH-aep-Baanbc Ty3aTmacu
mo duviMMii 3appaniapHMHI XyCyCUin XaXXmnapn NMnrmHgmcu
|H 0L Mw wk,. Alemak, 3appa 3pKUH XapakaTt KUAaéTraH Xakm

AHo( »l«Mn VaaH yNnapHUHT XaKMK anpmacu 6uniaH aHuK-

PO'TI 'll.mn
V - H(ngean ras yuyH /,=0).
< P N.mnbc remrnamacmgarm 6ocumra Tysatma a aca, (12)
M H un ) Y|IHanHku, TOpTUWULL Kyynapu 6unaH 6ornmk. byHaa
(pFHVI_F)‘/‘lj\:pI/)( 13)
«ml
1 L ppean = 'Bx - yal (14)
N 1biMi (1 1plvinnin kyunapn Tydainu \ocun 6ynaguraH

(«l

LWH* HA. HM [JHa Wy NYKK 60CUM Tydhainn pean rasHUHI navil

/ M W .... 11 mn naean rasHUHr nav aesopura ocummnaaH
W oukm Mocum a/V1 ra kam 6ynagn [(13) wdopgagaH 6y
AN~moon | ypuHno typmnbau]. ©
7



BaH-pep-Baanbc TeHrnamacu (7) gaH KypuHa ihmi,
ra3 \@kKMuUHU KaManTupumb (SbHU rasHU CUK,N6) V Hu
AK,MHNawTupcak, raz 6ocuMmn Yekcms Kartanawimo 6op,nu

Bu3 a Ba bBrapHUHI ndoganapy mMab/ymMm LWapTanp nt
pwiraHaa (ra3cMiipak Ha YHUHI remneparypacy HKopM i
[a) o1auK Ba (OU3NK MabHOCUHU Ta/TKUH 3TAUK. FOKopLuii
WwapTnap 6axapunmaraHga, YHUHr ndogacu, ymymar Ooitll
OyNuLLIN MYMKUH.

7.2-macana. M3otpon tmsn.maa y3apo noteHuman XygT]|
TeHuman 6yncuH, abHN Yy pakaT MKKKU 3appa opacuaiu
dhara 60r1nK 6yNCUH:

M(|ry-4]) =bI(r9).
) ByHaaln \onga y3apo TabCup Kyyu Bupuanra
A
,\vcca KyL LWWH N KYPCaTUHT . u
2) K\axmnu uguw aesopm TOMOHUAaH P6ocumnat |

TabCup aTaéTraH Ky4 Bupuasira (3/2)/=Kx,ucca Kylumwmnnm K\,
TUHT.

3) T temnepartypanin ATa 3appagaH néopart knaccu »
ras yuyH

"
TeHr/1ama ypuHAN 3KaHNTUHU UCOOT KU/INHT.

d cnaTma. 9proavik Tcopemara acocaH BakT 6yiinya V|if
Yanalwl 6unaH cTaTUCTUK aHcaMb6/1b Byiinya ypTadanawl v
TEHr U YPUHAN Aeb Kapaniagw.

Eu vnw. 1) NT1a 3appagaH néopart TMUSUMHUHI BUpUa LU
Tabpud byiinua,

/

ndogagaH aHukgaHaan. byHaa }, gaTyprad 3appara /< - I
Ky4 TabCcup 3TaéTmp. N Ba I; Aarv 3appasiapHUHT Y3apo MLy I
KyunHun é3aiinuk (7.3-pacm):

F, :—FJ =F e
By xAnaa, Tavplu|) byiinya,
Cn=-\(Fri-Trj)=-{(ri-rj)?. (1



f mn Nylinparnya ésannmk

F.=r,~ri £f. —ru f.
0 1] JiJ rl1JJ|J- (2)

(.) paH
C» — (©)

inn nwTnpuné (¢ Baj 6yinua), cyHr aHcambnb OGyrnua
M. M3/1aHaéTraH UgoaaHn Tonamms:

4

Il kMn oCcBOPY TOMOHUAAH ra3HUHI da CUpPTU 3NeMeHTU-
MH TéTraH Kyd — Pnda raTeHr (/ — TallKoi HopMas-
Mwnmk BckTopwy). LLyHra acocaH BHpuanra KylumnaérraH

J | arfr =| | divrdv =£ «3jdV =3/>K/ 2 5)

1 néopar.
Ivii i tl nycc TeopemacuaaH Ba d/'wvr =3 akaHNurmgaH ¢oi-
INK. Tm3nm yuyH Kylingarv Hopmasnail LwapTm

J fdn =/Ilj eptdpdg = (6)

im Ly vHTerpanga £(/?, q) TUSUMHUHT Ty/fa 3HEPTUsACK.
[tVipn vw 6ynaknad nureannaniunk;

= Afdp&eTfEQTdgit..jtgM+

m fjvi ~ WUdq,dg2..dg» =Aftjdpjgt~-e'pLdq,...dgN =

e < - > ! )

fell' "1 ymymunii HaTmxka

O-<n >

ok (8) )
il IHMH 1,
AVtiH WyHWHr ek,

-2

©)

m



KN

<il>==¢£
21 2

& =a,gk=b Ba pk =1, /7 =b paynap Honrarew norl|
KO/ mMHAW).
Jemak. KUHETUK 3HEPTUAHUHT ypTayacu yuyH:

Ek=X<IL> = j°N = 11
| 2T 2 2

BuHo6apwH, Bupman C ra kyw wunram \uccanap (1) Ha () nvH
napparn ucoganap \mcobra onvHMG, Bapuan TeopeMamun Ky|
[arn KypuHuwaa é3anw MyMKUH:

£, =C=3/V§."-PV-"-YT], . {
byHAaaH

/,="0+3 fS" -
ij

Tap uxuin mMabnymoT. Bupuan \akmgarn mil*

By Teopema SHEPTUSHUHT 3PKUHIVK gapaxanapn 6™Nivum i*
TakCMIaHULWKM \aK,ugarH TeopemMazaH Kentmpuoé uiuapmy «wm
\aM MYMKUH (JToTMH4a: vires — Kyusap. Vis — Kyu).

/
BUpVan aeinnagn. Arap Kyd noTeHuman xapakrepny Oy HI,

E(p)=\Y,rViuln 6ynaon.
7.3-macana. Pean rasHuHr \onar TeHrnamacu
pv. rt(l+*+£ +.), 1

6y epga B, C — Bupuan koachgpuumeHtTnap. BaH-gep N.mL,
rasu yyyH B, CnapHwn aHUKOAHT.
E 4 v w. BaH-aep-Baansc TeHrnamacu

=+ )(K=-»)=*7\ 11
(2) HM Kyhnpgarn KypuHuwga ésamns:

pv=(- d=rel oy v}:rt[j—-ﬁﬁ_ a ¥
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Muum K|)oga (X «  16ynraHaa)

|
o= ,+X+X2+...
1-.v

h MHiji.i LUHMG (3) HU é3ammna:

4)

11 |1) HM connwTnpnG, n3naHaétraH KoadhguLHeHTNapHN
H 1,1,

B ~ c =b2
= Nexajia Pean ras yyyH
PV=RTer 0

m | MuM Tamacu maBxypn. BaH-paep-BaasibCc rasH yuyH / HU
==
m ywmin (I) renrnamann
@

..... in N Cc NHN MYMKUH. by (2) TeHrnamaHu smpuan Koa-
Bn*l..... .. Copuanm é3unran TeHrnama (K 7.3 macana)

P . 1 nT npcaxk,

©)

f v[b ar)’C \[b rt) = @
N am\ /7Hnw Hgopgacu (4) \onatTeHrnamacu (4.68)ra moc
mMUWWH bibKNANAUMU3.

I*] KYN 3APPININ TAKCUMOT ®YHKLUWNACHK

Vhvmiill \onga 6up atomnn N Ta 3appagaH néopar Tu3nm-

WA\ +dgf, +(fpt,
<h,q2 +dg2, p2,p2+dp2
(50)

~brbl +dgN, ~pN,p N +d~p,
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opanvKnapga ynapHUHI yMymaalwiraH KoopAauHar iy ,,
yMyMAawraH UMnynbcnapv p Gynnwnapu 3.yronnmH

=/ ( Pi,Pr~, Pn;~q,p==—ey) oy

6unaH 6cnrmnainuk. Ymymmnia (ryna) sHeprus E(p, g) MMIN
CUK (hmnsmnkaga

E(p, 0) = E(p) + E(q)

KypUHULLAA €31l MYMKWUH 6ynraHn Tydainm (51) ummn Hw
d\V(p)dW{a) =Jp)dpAq)dq

KypPUHMLLAA €31 MYMKMH. By MdoAa KAaHOHMK TakCHMLL U
nacu

f{P,q) =xe-pE =Ae-pE(P)B e IF,)

daH kennb umuaan. Vgean rasz yuyH E =0. by \onna (M|
(54) ncboganapaaH

Kenmb Yynkagy.

[:(p)=X/2 /21 m i

Hopmanauw waptn

\f{P™N)dpc!q -] fe'*dpdq =

dzght 1Ay = | tfl
ncodacnaa
Z’lpfe'pE"dp =1 'Z4y'Jf e-pErdq = |

HOopMa/iall LWapTiapu 6axxapunaaw.
(58) Ba (59) paH KypuHagWKu, KacCUK CTaTUCTUK.UM

z2=7-7. (NILL
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niii MPPaHMHINYKN CTPYKTypacu abTuéopra onmHmaan. (59)
M MLWUTypaumoH NMTerpiZ yuyyH Kyuuaaru

Z4s Q =j eFUfen, 61)
muni onamus. TakcMmoT yukumsanapmj\p, q) sa
/(?)s /(<7 = (62)

jMIl KYn wppanu TakcMMOT (hyHKLUMANapu aeinnagw.
Alnp vppanap opacuparn noTeHumMan XygT y3apo NoTeH-
d i1ch Kapanca, SibHN

E (v) ZIZ%] uii’ (63)
Wy Tppunm TakcMMoT yHKUMACK J[q) HU Kyhnngarnya
r/ (i(Nf/i/ : Z~'epmdg =Zqge “<dHdg =Zg'Y[ e~dq (64)

LU (MM 1] GRULLL MyMKUH. ByHAaa ’

Z<=\T\ePlirdd- (65)

Pi1TAft MWONTYPALWNOH MNHTETPANHW TYPYXOAPTA
AX PAT UIII

Phil | /V 8 a ;pyHKUUA KUPUTNG
C fi=e-pur -1

» HHLW ypaumoH ndoaa (65) garn KynanTmaHu €3raH 34uK:

( 7
1f (fl2 +/]3 +—) + (fv.fu +NINA + e+
+oco)e 6>

enin iiv (66) nMn kapa MNnuK.
(M>) ndogaparn kap 6up kagun guarpamma (rpad) Ky-
............ j racaeByp 3TMW MYMKWH. MacanaH,/|Z/|3Hn ©-©,

® <D|Hn/,/, qn KypuHnwaga. WyHuHrgek,/~/;»

KYpUHULLIAA BA K-
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Fypy\ vHTerpannapHu, Tabpud dyinya, Kynnuaw naH <HA|
naHagn (MacanaH, /rypy\nm nHterpan b)\

b, =~ (/rypyxnm \amma \agnap nurnHaucm)
MacanaH:
4=plo 1=pj~=1 ; B

b = jry[CEXD]=WlJdandaritn =21da”(fJ) '

N = +cH 3)+(|P© +08 3 J

=6 j dr\dndn \ Aifiy +fufn +Hnfn + =

bh=Twi"iidndr2—drZ \ n fj Ml
\

KOkopugarn ucoga AnrnHancuparn vHterpannap uyVH nil
KypuUHMLLITa ara:

A =~\\cIrA In {rn)=\f {r)dr, j
Pi =~y\\\~dhdhfnfnfu,

PY=—|JJ]| dndndrjdrax

/?,(i2Ba KHU KenTupunmamguraH mHrcipul
nap geivnagn. Ymymunia \onga rypy\ vHterpanaiap n < nt
KenTupuaMaiguraH MHTerpannap opacuaa

= . (2> . < fl
6ornaHunL 60pMIMHU KypcaTmil MyMKUH (K,. 116)).
6,=1,
—j P\
b} =\p? +\p2
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Kunndmnmahignran nuterpannap ft opkanun x,onar TeHrna-
Hiiii im ngogacun) kyngarvya énnagu:

=m (69)

unit romoHaaH 60cnM NPOAACHUN 3NYNNK N BynyaTak-
I'iKi, kylingarmHu €3 MyMKUH:

=nell+ nB{T) + n-C(T) + nD{7) + ... ] (70)

iiii (70) napHu conuwTUpcak:

B(T) =-\ftt,
C{T)=-1p 2,
o(T) =-1b.

hv Mpga B(7), C(7), /)(7)
Ml MM UKKUHYU,YUYUHYN,
HMYN HA \ K. BUpMaT KO-
TUK.HTNap Aeinnaau.
| *Pvxnii MmabnymorT.
inga Ypcenn y3WHWUHT
tmpwIyMrcnaa Hovgean ras
ICaK nnTerpasimin rypy\-
KKpaTnb, BaH-aep-Baanbc
| MM.K HN KeNTHPUO YnK,a-
(1 kypcaton. KeliHNpoOK,
>nwa Maiiep, Kan, YneH-
H,(MONKOyap Ypcenn Hasa-
| imun ymymnawitmpaunap sa
[+ tanrmpaHnap. Xo3Hpru
M 130MNK Ba KATTUK XHemMAap HasapusacuHu Tta\amn
YN >y rypy\napra axxpatnwigad KeHrdoiganaHnnagn.

I A Mmncana. Monekynanap opacuaa XyqT1m y3apo Tabcup
Il Mmwa pean rasz 6ocumu PyuyH

P =nO\\ + dr\ (3

PI((iii pMMAM 3KaHIUTUHWN KYPCaTUHT.
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E 4 nw. Macana wapTtura Kypa

i
Biipiuui Teopemara acocaH
PV =NkT -1<V 4 W->
3 an
€ékn (2) ra acocaH

PV =NKT -1 <Y r,j*i>= NKT -1 </sW{r>
3 m dry 3 2 )

byHOa
dr\,dri....drN
<rdU(r)/dr S »
\.. \e’\vdr\ dn.... ¥z
~yfr\Am pudr\,dn,...,drn 1

(Maxpaxga U ~ O geb k™oyn KunmHgw). by \ouy
vdopa

<rf— >« 5fd°\dr2€-pl o I a2 i)t)

r =y2—+1 Cdepuk KoopauvHaTanap TU3MMura yi u
ngoaaHn Kylimgarnuya é3ni MyMKUH:

< 14> = freprapdr=

- ‘tf Be-pur3x--"-Be - Brar

410 Pe~puyY +3?re~pudr
Y lo Jo

- 40 _3]r2(\-e-p.Jdr
(7) paH coiiganaHn6), P yuyH oxupru udogaHn onamm i

P =nKT 1+fJ(l -e'pv)dr

N~ N- 10e6 \ucobnaHgu.
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i it Mvcana. a3 Mmonekynanapu
M //(/) =ar~" a>0 n>3

@ r <a,
M U(r) = -U0=const<O0 a <r <b,
0 r>b

LWMH h i,ip 6yiinya y3apo Tabcmpga éyncunnap. VIKKMHun Bupm-
m v um|[uHUeHT B(T) HM Ba XXoynb-TOMCOH KO3h(pULMEeH-
WHH ONUr.

I { yHW. NKKMHYM BUpMan KOSOPULMEHT YUyH

[ B(T) =-1Ip{ @

m tilii m.mnym. ByHpa

K| A =jclrf2(rl2) =\cfr(e-pu-\). 2
1 (1) Ha (2) paH

I B(T)={jd?(l-e mr)). ®
K U 1) nn 6ynaknab nHterpannainuk:

H(T) =~ - jrdr(\-e'pu) =

2nlr’(l- epu)[ -2f]r3Pp jL e'pudr =
0

M -]p dU epudr.
-M I]p Y U

IT\ — 24 f - O- ™ j
_ﬁﬂ\'n(\ ZJ?OI’WJ ereodp/j

I k| Annk:

y3rapyBUMHM

r

r
rrni
4(7" @3yv"| x"exdx="(a)'7
o]
ni | pyHKUMS

r(¥)=.p ealx.
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6) Macana waptngad ponganaHno, ywoyHu é3amu i
H n “

510 - 5 Janr dr +J(I -e@h)4nrdr +Jo

= fi3+ \An(, _e-m ) _ a3j= 2" _e-m (,» ,*

YXXoyn-ToMCOH adh(heKTUHN KypcaTan/mK:
Xonart TeHrnaMmacu MKKMHYY BUpUaa Koahiwr =p

PV~ NKT\\+nB(D)

KypyHuwaa éannagn. byHaaH KHuU Kyivparnya éamm i

y _ NKT  NKTN
P VP

byHaa nkkuHum \agna NkT =PV ge6 kabyn kunannmk

B ().

K = NL‘T +NB{T).

byHaa! |
Nk

for), = P oT

YXXoyn-TomcoH adhdhekTn
(3) Ba (4) paH donganaHn6, (5) HM Eé3amums:

=»"\717l, N-B(T) M

B( 7) HMHT ypHUTa YHUHT ndoganapuHn Kyiinb. XXoyn-1 mwf
athhekT anmkiaHagw.

7.7-macana. Typy\im uHTerpasli  HUHI kentmpunmangHnig
mHTerpannap/3, safi2opkann ngpogacHHM anuknanr, yHaom

P,=yidrflAn), Il
ft =N Jarndr ututn o0

E unw. YmMymnin ngoga
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\
Indr2...dn,

1*61W nn dridndn -

BII'// . K~ 3+7=2~3+f'd2i +fnfnfii +fi\fi\fi\ Iflridndry,

I 2 © CcY-Vo
A B

MH rcrpangap octugarn A guarpammara moc 3 Ta (rpada-
1 HW vuuiap 6up xun KnimaTHu 6epaaun, SbHU

A =y\fn<Ir\dn

mMU MO KIaH \ap 6up \ag 6yHaa dr2 sa f/r3 .6yinya mnHTer-
B i..naHga [2 Ba ynap 3 Ta 6ynraHun yuyyH 3 [2 wudogara
«fin
I fvIViAT + AIA\ 'fit ~ IfuAiAi
I M,
W, =1(3p2+2/2) =1 n2+1p2

AS*NVI-J £ Tltvdri. .doki

Ktlilijil i
£ni /] opacugarn 6ornaHUWHM aBBan (MCOOTCU3) KeNTU-
M N

78 macana. Xy T y3apo Tabcup 6ynraHaa MKKUHYM BUPK-
1 wm|)(vupeHT B(T) HUHT ndogacuHn aHHKOAHT .
| 4min. Bupmnan Teopema acocuga 60CMMHUHT ndogacu

P =nkT 1+2/fnrl(i-e-m r))/JIr (3
0

M HUW K aHnKpaHraH (7.5-macanara K,.). MKKMH4YM TOMOHOaH
4 nMnunr supnan KoagguuneHTnap opkanu nudoaacu

P —nkT{\+nB(T) +nrC(T) + ...) 2
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B(T) =2/rjV (I —e-pu®))clr =1J(I -epHnN)Ir -
0

7.9-macana. BaH-gep-BaanbcteHrnamacu yuyH MKMUHu <d

pvian koadhdpuumneHT B(T) HM aHuKgaHr. TeHrnamagwm i\ Mil
Manap a Ba b H1 Ta.\inn K,UnuHr.

E unT. BaH-gep-Baasbc TeHrnamacu

p=NkT a
=\p 1n- i

b << V wapTt 6axxapuncHH. ¥ \onga

NKT a _NKTI, ,b\ a _NKT, | WW,y/, .1 ,M
~ Y(\2ib4V) + yi--r +-p\mn" "I

VIKKMHYM TOMOHAaH
PV~ NKT\I +nB(T)). HI

(2) Ba (3) HM conuwITUPCaK:

ABV ) =v - Nkry>

NB(T) =b- ... M

B(T) =2njr 2(\-e~pun)idr. o1

Monekynanap opacngarn noteHuman xapakrepy 7.6 pm MM
KypcarunraH. byHaa /— 3appa pagnycu. Uu— NOTEHUUN MUHA
MUHUMYM KMIAMaTU.
7.6 pacMaaH KypuHaguku, Knink Mt
codhanapga r kamainwm éunad U(r) kum
KNH opTn6 6opaau, SbHU utapul Kyuu M
co\ana (0,2/;) oa ycTyHnunk Kunagy; (0.."»]
opaIMKAa arpn 4nmsnk, -Oesp/iM BepLUNH
KypuHuwira ara éynagn. LWy caba6nn My h
HU aTOMMapHUHTI "paguycn” geinw mym*
KWH.
Karra macodanapaa opanuk, (aromiMK
opacugaru macoda) /opruwwim 6unaH /H|

HucbaTaH ceknH opTrd 6opaau; 6y co\a M
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VHHUH KyYnapUHUHI YCTYHAUIK co.\acuamp Ba /=*<» BynraH-

U(r) -*0 6ynagw.

Wi— Munmman Kuiimat aToOMIapHUHT "6apkapop” \onatura
(H kenagn. Opgataa, U0~ KTKa byHaa TykapanaétraH Mogna-—
iith KpUTKK Temnepartypacu. KOkopuaa antTunraHnapra uapao
M MHTErpasTHN MKKN COX,aa Kapasiran i MabKy/i, SbHU

n(T) =2n 1yt &M\ dr < (g)
26 /

r HUHT (0,2rg opanmkagaru kKniimatnpga U(r) > 0 xyaa Kar-
bl OynraHu Tydannu

| _ e

MHMAA e~T,) 6upra HucbaTaH Xyaa KMYMK BynraHun yuyH,
IflUi \mcobra onimacnmk MyMKUH:
Jii 0
2n| r N-emrn)ldr=Iin | rdr=4<14+=4-9=0
" o]
It - ), i —3appaHuHr \axXmMun, a — TypTiaHraH \axmvra teL

1 wp,

B |2r,. 00 co\aga noTeHuuman HucbaTaH KM4uK (ogatrga Oy
mKukn A/ >|¥Y(/-)| Ba y maHdhuii nwopanmamp. by (2r0, =)
Mnma flU(r) 6ynraHn yuyyH e-bM HN KaTopra énmnb, MKKuta
Mw( Cunam yerapanaHamms (UeknaHamm3), SbHU

e-W'-l +Ppir). (8)
(I 7317
Inj r2(l -e*”~)dr =-InJ r2|c/|(idr =-Aa, )
a =2nj r2\il (r)] dr. (10)
A

I*li 1) na (10) ndoganapHn Hazapga TyTnb, (5) HU
HT)-o-fr (n)
HV|«diiii(iii;i;i &3aMus.

(1) Ha (I1) ndoganapHn conUWTMPKUG, YLLBYHN TONaMun3:

Ha-WMb-J6¥ (12)

[l A hnll/itiicii 21



éKkn byHOaH
b=No =4Y¥#o; a=N2a =2x/NV2j r2\U(r)p#/ ||

(13) H1 BaH-pep-Baansc TeHrnamanapl/lraziyﬂmm:
(P+ n2&)(V—No) = RT, n —N/V. iHI
0 — UTapuLl Kyuyu, a — TOPTULL Ky4n GuUiaH 6onum, my»
6ar Ty3aTmaniap.
+ n'a = PUF 1
VWLU - No = VapK_ —

(1) paH kypuHagukn, T = T. 6ynraHga, B(T) =O bl m 1)
AbHU WY TeMnepaTtypaga 6(7) y3 nwopacuHn ysraptagn, 6yl/1s
T —a UM

(11) wndogamaH KypuHaguku, T> T.6ynraHga 6(7) nJaannu
[a nTapuwimil Kysnapu ycTyHAukK kunnagn; T < T 6ynnwbl
TOPTULWIMLL Kyynapu YCTYHAUK Kunagn. T Temnepatypamu
MHBepCcUSA TemnepaTypacwu geliniagn.

7.10-macana. ABBa/IrM Macasiafarn MHBepCcus Temnep,m\|m
cu XXoynb-ToMCOH adachekTMaarn HBepCcus TeMneparypkamu
TEHI 9KaHNUTN NCOOT KWUTNHEW H.

E 4 1 w. XXoyn-TomMCOH 3hheKkTn yuyH

1)

SKaHIUTU aHMaaHraH 3gn.
YXoynb-TOMCOH 3dhdhekTn Honra TeHr 6ynraH Temneparypa |

T—© -B(T,) =0
AT T,

TeHrnamaHn KaHoat/iaHTMpaaun. ABsasiry Macasiagga

3KaHUTMHN Hasapaa TyTuo, (2) TeHrnamaHun Kapta ésamur



VII1BOb
KYdnnm Y3APO TABCUPAN TUSNMNAP

81-8 KupPnul

tin | tokopnaa cuiipak rasnap \onaTHNM 6up 3appanu ycyn
i.ippann Tak,cuMoT (hyHKLMACK) 6unaH TaBcudiall etap-
M sKaHIVIMHU KypAavK. K.aTTukkmcmaarn Kpyctani naHxapa
wivni.ipn \apakaTmmH Hopman koopavHatanap éunaH Tascud-
bIHUMW 6ynraH nonnapga ynapHUHr \onatuHm 6mp 3appann
B wi acocnpa kapanagu. LWy 6unaH 6upra Kyycms (3ang) ys-
U' mubcup MaBxyn oynraH \onnapaa (kydT y3apo Tabcup aco-
HUM) IN3uM \onatnHn Bupmnan KospuumeHTIap opKanmTas-
| HPUTIN \onunHN KypAamK.
1.M1 TU3UM 3appasiapy opacnia y3apo Tabcup Kyunu éynraHaa
LWKH|LWaaraai coaaanaliTmpuyiapsapokenseynagn. Kyunm ysa-
|." Inbcnp mMaBxyn 6ynraH \onnapHn TaaknkK KUAULW y4yH Ma-
NbIMK, (theppomMarHeT3mM XpaucacuHm, asasuii yTuLLIapHN TaB-
m(H|| HUH YUyH BMp KaH4a Takpuobuii ycynnap nwnad YMKUIraH.
1H =Kka/inaa wynapaaH aipumMmnapuratyxranamms. ABBas Tall-
»H ML NUT MaigoHaarn napaMmarHUT KpUCTalTapUUHE MarHuUT-
LWHNLWAHNM Kypalinmk.

ns ftt TAPAMATHETU3SM T NAHXEBEH HA3APUACKU

L,UVMKN MarHuT MaligoH // Tabcupuga napamarHuT Kpuc-
BIMMUNT MAarHUTNAHWLLI BEKTOPU

M=xH
HH i.i Bunan aHnkgaHagw, 6yHaax = 0 MarHuUT Kabyn Kunys-
*IHHK
llnpamarH1T MogaanapHUHI atomiapuy, Mosiekynaniapn Tatl-
I H Min Myr maligoH 6ynmaraHga \am Xycycuii MarHUT MOMEHT-
tiipi | »ra6ynagunap. LWyHpali atomniap xymiacura TOKCOHOa-
....... i«lpoHnapra ara 6ynraH Ba gemak Tysa crnuvnaapu Homnra
Ll 6ynmaraH atomnap, \amga 3d, 4d. 5d Ba 4f 5/3neKTpoH
y ML Napu TynMaraH atomnap, Xymaagan UWKOpUn metannap
HUM bIpU Kupagy. KynruHa MmarHUTAapHUHE Kabyn KuiyBYaH-
..... HMlopatypara 6ornmk 6ynagn. 1895 nnga L Kopu wyH-
[ H n,|p;|MarHNTAapHUHT Kabyn KuayBYaHANTU
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KOHYHra 6yncyHMWnHN Kawd atnu, byHga C — Kopu LWH
Muiicn (KoHcTaHTacu), 1905 iinnga JlaHxeBeH cTantcnH Pk
31Ka ycy/iM acocuga napaMarHUTHUHI KNacCUK HasapLluK HAM
Apataw.

TepmognHaMmukagaH Mab/lyMKU MarHUT moggdamniwl =" "ii
3Heprusicn A6unaH yHUHI MarHUTNaHUWKN M opacuai v ruu
NaHuvw Kyhngarnya:

Ky nnarv 6ornaHmnw \am maexyn,:
F= -NkT\n Z, M)
OyHAa cTaTUCTUK MnrnHam

Z ="Ne-pE lit
/
6ynn6, E. — /HuM caT\HUHT 3Hepruacu. Tawkm mMangoH |l
[arv 1, MarHuT MOMEHTNIN 3apPaHVHI NOTeHLMan sHep| vscm

U =-LnH) =-/<//coso0, ¢

Oy epga B — MarHuT maigoH // 6wunaH MarHuUT momoh i A
opacugarn 6ypyak. Ei HMHr ypHura noteHuwan aHeprum 4
KysiMU3 Ba Gypuaknap y3nykcus ysrapagn aeb \ucobnab, Hi
gary imrnHay ypHura ypyaknap 6yimya nHtedannapHu é bl
MU3:

2n n u// cosO
Z - | oqpjclOe KT sin OdO. (@
o o

Benrnnawnap KMpuTannmk:

a=-y-, J1=cos0, dx =dcosO, @
-1 -
Z =-2nj e“'dcos0 =-2nj €*dx =— (e" -e*) =4dksha. (8)
i i a
(8) HM (3) ra KysmMus:

F =-NKT In a—sha &)

3HAM (2) raacocaH MarHUTAaHMW M HM TOMaMus:
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Hii Ua) —JlaH)KeBeH pyHKLMACK

L(a) =ctha-=. (12)

Hb'Hnali Knnmb, marHUTAaHNLW BEKTOPU YYYH
M = NfiL(a) (12)
MLUMYMMK OflaMU3. XyCycuil \oNNapHN Kapamnvk.

,0 a =tJL > abHU H Hu\ositaa katTa 6yncuH. by \onga
LUoo) —* 1, (ctlia =* 1, I/fl =¥ 0)

I \mK, 6y xanga
N/, = tyi. 13)

H«Mva. aTOMNapHUHI MarHuT
MHMCUTIapPU MarHUT MaigoHra
H,|[mnncn yHann6, TynnHnw
MXXMaTuHH kabyn kKunagw; 6y
\1 LLIe1 OCOH TywyHunaaum (8. 1-
M<m).

0)a =fill/ kT « 16yncuH —
nnpon yH4ya kaTTa amac (Ky4-
[ Ml MarHT MaioH) Ba eTap/v
bl L.aoa Karratemnepatypanm
M LIMMarHuT.

Hy \onga ctha H1 katopra éiine, H HUHr 6GUpNHYN gapaxka-

*K KW HawraH \ag 6mnaH yeknaHammus:



Oemack,

m -8 h =xh. (hi
ByHOa MarHuUT Kabyn KunyBYaHMK

'y =N*. =£
Y= % 7T (=

r= . 17)

(16) ndopaHn Kropu koHyun penvnagn, yHparm C — Kiopu
4O UM UMAc ug np.

MacTTemnepaTypasiapga napamarHUTHUHE MarHuWwwwHH
(12) ndopa 6unaH TaBcunaHagn. bup mMonb napamaruT TUH
MarHuT Kabyn KuayBYaHNUruHm 6a”onainuk. N ~ 1(n mo n.,
Mn~10'Dapra-l;, T~ 300 K\ x ~ K0"4cMIMOnNb.

8.3-8. MAPAMATHETU3M HUHT BPUNNIO3H HA3APUX U

3appa (aToM, MOMIEKYNaHVHT Ty/la MarHUT MOMEeHT (opouTiA/l
MarHuUT Ba CMWH (XYCYCMUii) MarHUT MOMEHTIapu WNNHAN(M)
(hazoga MarHuT KBaHT coHnapm=-/-(/- 1),...0, , 2,.,J |
ynap 6unaH aHuKnaHyBsun 2/+ { KBaHT/1aHraH OpueHTaLus Mp
HW (BasnATNapHun) kabyn kunagn (/ — Tyna KBaHT cou). M
HUT MOMEHT/* HUHI TalWlKN MarH1T MaigoH A Mynanwiwniw n
O Zykura npoekumacum

(IH)

nthopa bunaH aHMKgaHaaw; byHaag — JlaHae chaktopu (Kynnmi
macu), n =eti/2mec — Bop MarHeTOHW. JTaHXeBEH Hazapun
CUAa MarHUT MOMEHTU MyHaNMWAapnHUHE By KBaHT/aLL SIHA
Haszapra o/iMHMaraH sau.

MoTeHuwnn aHeprua U =—{/i//) yyyH €3amus:

Um =-pHcosQy =-uy-jH =-gjntjHBH . (19
By xonga ctaTUCTUK AUrMHan

Z= £ p =\/KT (20)

nchoaa 6unaH aHMKaaHaau.
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Benrvnaw knputannuk:
a =gjPnBH. (21)

I'V \onga reomeTpuk npodpeccuss inTHANCK Z Kynuaarmda
MULTaHaau:
p=a pv+>r_i]

=1Ir era= N (22)
T.

I ") ga 6upuHun \ag e Ba \agnap CoHM (2y+ 1) 3KaHAUTK
n.! wpga Tytungun. (22) HY y3rapTupuoé ésainnuk:

e—lja+a—§—ja _ e_fy+£\;N
2= e/l eal 2slia/2

2<5ha/2 3)

(23) HM Hasapga TyTu6, SpKMH 3Heprus ndogacmHn ésa—
MHX

F =-NKT In
A V) (24)

i "N acocmpga MarHUTNaHuW BEKTOPU M HU aHMKyTaliMns;

5/,
JV=-|£ =NkT-—-1
<)H

.
% 5, e
3a _
A *r
ill MK, J1/yuyH ywo6y ndopa kennb Yynkagn:
JV =NgjHB[(y + (y +[or - | cth« ) (25)

HWH HYYam Lwaknga
JVV =Ngin ,jBJ (a), = _jX fl71/»77, (26)
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OyHOa

BpunioaH yHKLmMacnanp.
TylnHUw aaH y30K, nonnapaa X << | aeb k,apad,

crx =+ 4
X 3

Taupubuii kminmatgaH doganaHuo,
I'N|

uconaHn onamus (8-1-macanara K, » byHu avTn60pra onné Mill
HUTNAHULL YYyH

ncoaaHn onamms. byHpaH Ky ngarn ndoga Kkenuoé umkanm

(16) Ba (30) napHu conMWTUPNG Kypamusku, a « | bynuw

Oa (TylnHuwaad ysokaa éynraH \onga) JlaHxeseH Ba bpu i

JII03H Hasapusnapu 6Up Xnn KOHyHra — Kiopu KOHyHUra oo
kenagunap. byHaa marHUT MomeHT J1/.Tyna KBaHT COH Ba Jlan ”
hakTopu 6unaH Kymgarmnya 6ornaHuwaa oynaau:

o =g)™i{i+ ). @1

Arap a «\ wapT 6axapunmaca, AbHM a kaTTa bynca (Kyy L
MarHuT mMaiigoH // Ba Temnepatypa T nacT 6ynraHga), Kvwm
Hasapuscu chopmynacu (26) flaHxeBeH Ha3apusCc HaTMKaCcH
daH My\um hapk knnagn. KsaHT Hazapusicn TyrinHuw council
ra sknuH co.\anapga TaxxpmbdagaH oNvHraH HatvXasiapHU AXHLL
TaBcucnangn. MacanaH, H = 5000 3 Ba T = 1,3 A"6yAriui,i.i.
99,5% ra kagap TyUmHMW Ky3atunran (JlaHXeBeH Hasapusic 1
farm MTax HUHr H — 22000 3 gaBa T- 1,3 K ga Kamepnuw
OHHec TOMOHMAaH 1923 nnga 84% raya KniiMatm ONIMHMLW
[emak, NaHxeBeH Hasapusicngarn Mno\akHKuin (pean)Tyinm
HUWAaH aH4va dhapkamn. Taxkpuba cynbdat rafo/IMHNUT YUyH yTKa
3unrad. KeinHrn napadadga 6up Heuta MogennapHu Kypa
MU3.
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..... L. r"14rin

Vel Y3APO MYBOOWKNALWTAN MONEKYNAP MAWAOH

fMsaumparn 6upop 3appaHn kapainvk. by 3appara YHUHT
wipodhnaary 60LKa 3appanap Tabcup Kypcataan. KopanaértraH
Mppara Tabcup KnnaétraH 3appanapHuHr \ap xun \onarnapuvra
My Ink 6ynraH Mypakkab Ky4yHU Mab/lym ypTaya MaigoH —
MOHOKYNp MalifioH 6uniaH annpoKcHManuanaimmal, sbHu coa-
11pou, MaigoH 6unaH anmawTupaMmus. by \onga k,apanaétraH
(bIHNaHraH) 3appaHn CTaTUCTUK MW Ka ycynm 6unan TaB-
*H(Y KU MYMKWH. Y3 HaBbatnga, atpoduagarn KyLwHWU 3appa-—
elpra TabCUp 3TYBYM 3apPaHUHT ypTaya MaloHVHN aHVKAALL
M\MKWH 6ynaan. TU3MMHUHT 3appasiapy bup xmn BynraHaa 3ap-
pPnvnHr 6y \mcobnaHraH yprada MaigoHn aBBasl KUPUTUTaH
MOJIEKYNAP MaliaoH 6unaH 6up xun bynaan. by yprtaya maigoH
I Monekynsap MaioH) TUSUMHUHI CTaTUCTUK XOCcarlapuHU TaB-
ey Yaliay Ba Aemak, YHUHI épaaMmmaa TU3UMHUHT TepMoanHa-
' WK napameTp/apuHM aHHKAalWw MyMKWUH Bynaaw.

Kyunn y3apo Tabcupnu 3appanap TU3MMUHW TaBcudyiatl yyuyH
HPUTWIraH By YMYMUWI YCYNTHN KBAHT MexXaHuKacuaa XapTpu-
MMK ycynn (SKHHNawyBemn) aeb atanagu.

8.5-8. U3NHI MOAENN

By Mopgenra acocaH oeppOMarHUT KpuUctannHuHr \ap émup
MCOMU i(, MarHUT MOMEHTUra 3ra Ba y Mab/lyM KyHanuwira
HmcbataH napannen €ku aHTunapasinen iyHanraH ne6 kabyn
KNAnMHaan (8.2-pacm). ATOMAapPHUHT By
MarHUT MOMeHTNnapuHm W3nHT —éc ’ﬁ—
r "nHIapnageinagn. N3nmHr cnnHna- (e_ > —
pn < y3rapyesyaH (/'= 1, 2,..., M\ N —

) " * o _*a_arrg
HIOM/Iap COHW) Ba +1 €KN -1 Kuiimat- e e-e €
1l kabyn Kunagw. 8.2-pacm.

Marxapafary KylWHW CIUHAaPHUHT
\tapo Tabcmpwu ¥, arap cnuHnap napannen 6ynca, "mMaHdhuin"
wmopann, aHTunapannen 6ynca "mycéar" nwopanm 6yncuH,
ll.Hn

YH=]- = -A Y+ =],

1  AnnpokcyMaLMM — NOTUHYA CY3 — KaTTa/THKNN Mab/lyM CKW COMAAPOK,
M.HYKH KaTTannk 6unaH udoaanaty.
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By \onga crnuHAapHUHE y3apo TabCUpP 3HEPrusicu LyRULLIMH
ndoga bunaH aHVK4aHaaw;

C/,,OT:‘ZJa‘(7J' (U)
a

6yHOa 6Up-6mpn BunaH y3apo rabcupaallyBum Xyt K MMb
nap 6yinya nMTWTUpUIagn.

Arap Y = 0 6ynca, (32) gaH Uret MUHUMYM Oynnwn yuyH
YCT napasiiesib, SbHU KYLWHW CAUHAAP Napasyien Xohnawmibl
vHTUNagunap. by \onga deppomarHetnam \ogmcacu pyi 6c¢|m
oun. Arap J <0 6ynca, y ~onga KyLlHW CAVHAap aHTUNapasuic i
Xolnawvira iHTURagunap Ba Hatvkaza antudeppomMarHcT im
\oaucacu cogup 6ynagn. bolwkava antraHga, arap asiMatLLLLLLL
HVIHT y3apo TabCcup 3Heprusicu J MaHduin 6ynca, cnMHNapnwm
aHTUNapannenuk \onatu 6apk,apoppok, bynaau. Jemak, anp
eTapnn fapaxaaaru nact TeMmnepatypaga CnHAapHUHT Hanbai
Ma-HaB6aT \ap Xun MyHanuwnapu cogup éynca, yHaamn xoi-
nawmwniap HaTwkacuga KpHCTaHUHTE Tyna MarHUTAanmwm
Honra TeHr 6ynaan. byHaal kpuctannap napamarHuTnapavp
AnbatTa 6yHOaii napamarteTrnkaap ogargari rnapamarHeTuknap-
JaH y3NapuHUHE Maxcyc xoccasapy 6unaH thapkaaHaaunap,
Mab/ym KpUTUK Temrnepatypa — Heén Temnepartypacuga crviH
NapHUHr 6yHaan TapTMeNunurn iykonagy sa yHaan napamar -
HCTUKIap ofaTAarM napamarHeTvknapra annaHagunap.

Arap KpucTa/iiraTalwku MarHUT MaiiZIoH KUPUTW/ICA, YHLUM
\ap 6up atomura wy TawkKkn MaigoH H \amaa KyluHu atomiap-
HVHI MarHUT MaiijoHn (a1 MallV HYB y3ap0o TabCup) Tabeup STa-
aunap. AnMallnHyB (aTtomiap CnMHNapu anmallHyBKW) y3apo
Tabcup MaigoHn hnykTaumanaHysum ManaoHamp. JIeknH 6y mMaii-
[OHHK y3apo MyBOohMKAALLTaH SKMHAawmwra (Mmogenra) aco-
caH MabnyMm ypTada Monekynsp mMaigoH (yHu Belicc maiigoHu
aeimnagn) A'6mnnaH anmawTMpuw MyMKnH. By \onga cnuura
Tabcup aTyBUN 3P (PEKTUB MaliJOHHN

KYpUHMLLAA E3MLL MYMKUH.

Arap KpucTa/iigaru crnvHiap TM3MMm MarHUTAaHuWra ara
oynmaca (/1/ = 0), ypTaya Monekynsp mMaingoH H'H1 Honra TeHr
neb Kabyn kunuHagu, avHU #'= 0. WyHra acocaH, ymymuii
\onga Monekynsp MaigoH A'HM MarHuMTAaHuw M ra nponop-
unoHan geb kabyn Knano,
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H - gM (33) M<iitiii I' MaHnon // A~

PSPUHMLLAA E3ULL MYMKUH, ByHAa Mapanncn

V' mMonekynsp MaiaoH AOUMMUIA-

B o )8 «JInyTw.connnen
CTaTncTmK usmnka ycynm aco-

pyun KPUCTAITHUHT MarHUTNnaHu- 8.3-paom.

hin M HU aHVKNaNuK.
dapas kmnamnuk, 1/2 cnuHra sra 6ynraH 3appa/* marHut
ynMmcuTra ara 6yncunH. ByHaan 3appa MarHUT MaliloHra Kupu-
[vica, YyHUHT aHeprusa cat\u 3appa MarHUT MOMEHTUHWHI Mali-
UMHra napanncn (u) ékn aHtmnapannen (-/t) xonanmwnapu-
1H kapab NKKKN
—vH, +,vH

nopreTuk cat\ra 6ynmHagunap (8.3-pacm).

Msnm /YTa 3appagaH néopar 6yncuH. //Talkmn MaigoHaa-
|1 6y TUBUMHUHI MarHUTAaHUWK M HU aHUKIanavk. CnnHniap
\Mupo Taseupaa bynmaca, \ap 6up CNMHHU anoknaa kapaw Mym-
KUH (ugean x,0n). by xpnga 6utta CUH y4YyH CTaTUCTUK WN-
rVMHAN.

Z, =N e :ep"' +e~H" :2C||(PnH) (34)
/

ndpoga 6unaH aHukNaHaam. CinHMap y3apo Tabeupga GyimaraH
Longa /yTa cnnHnap TUSMMUHUHTCTATUCTUK MUTMHANCA, Mab-
IVVIKII,

ZN=2? =[IchPnH]" = (35)
ByHAalh spKUH 3HEPrusa yuyyH KyingarvHu Tonamma:
Fn =—NKT In[2cAOuH]. (36)

M = (dF /gH) wdoaangaH origanaHné MarHNTIaHWLL YUYyH
KYI7I|/|p,ar|/|H|/| oslaMu3s:

=N ,hH[H p,\/1(T. 37
c M +et"
(W) ba cheppOMarHUTHYHE MarHUTAaHULWKW Y4yH H HUHTYpHUra
I {n H1 Kylnnb, KynngarmHn ésamms;
M =N/.ilhPnH.KM = N nthPn (// +qM) (38)
Al



éKn

N =NnlhPn(H +#"). (10

(38) ékn (39) ncoganap ysapo mysodmugaliraH maigoH Il
€K1 MarHuTnawnw BeKTopu M nn aHMKAo0B4YM Udhoganapvp

(38) ékun (39) ndoganapaary Monekynap MaiigoH 4oOUMUACH <

HU aHUKAOANMUK. J

KapanaétraH cnuH atpomaarv KyLWHU CAVHNAPHUHT yMy
muii cofin zraTteHr 6yncuH, yHaa roKppura Ba nactra yHa i

raH CrIMHAPHUHT ypTaya CoHMlapn Moc paBuwga Z+ Ba /

T
6yncuH. by \onga ~~ Ba
CAVHNAP COHUHWHI KUCMWU. BynapHUHT hapKn KpUCTaUITHALL

MarHuUTIaHML gapaxkacuHW aHuKgaiam. Tyna marHUTNaHULL,
an6atta, M, = Nfi raTeHr akaHAUrn paswaH. Ly ca6abnn

2 - 72 =£ <1
éKn

Z-27 =Zjf- (4D

[eb6 é3MmMMn3 MyMKUH. /i MarHUT MOMeHTIM \ap 6up crnvH
KYLWHW CrvHAap MmainoHn //'na y3apo Tabeup Tydainm yptaya

/.iH' saHeprusira ara. KKMH4YM TOMOHAaH By ypTadya sHeprum
J (Z+-2Z-) raTeHrnmrugaH

A2,
pll/lgb_l(_)ﬁ%%/'l 31 MyMKUH. byHaaH A' = qM 3kaHNUTMHWN Ha3ap-

1 WK 3
ndogaHn onamms. (43) HM (38) ra KysamMus:

WyHaan knnub, y3apo MyBOMKAALUraH SKUHMAALLYB YCynu
acocuga KpUCTa/ITHUHE MarHuTaaHMwn M Hm (M/M”AHIN) aHnK,—
naguvik. Arap Tawkn mangoH 9 = 0 6ynca, (44) ndoganaH

X -WV-k (45)
332

- o aH
nap loKopura Ba nactra yHanraH

1

1CWTINKHWN onamus. (45) acocupga 6epunran TemnepaTypaga Kpuc-
i.i VINWHI y3-y3anpaH (cnoHTaH) mMmarHutnanuwu M uu aHUK-

HIL MYMKWH.
8.6-§. TEM3EHBEPT MOJENN

leiizeH6epr mogenu acocvga PeppoMarHUT KPUCTaITHU
Kupaiimma. deppomMarHuT KpUCTaITHUHT \ap 6up atomu g/n,s
MarHuT MmomeHTura ara 6yncuH, 6yHga us =eh/2n\,c — bop
MarHeToHu, S — aToM cnuHu, g — JlaHge cdakTopu. \ap 6up
WIFOM Y3UHUHTAKUH KYLWHW atoMiapy 6unaH -2Jstsj anvawiv-
llyk y3apo Tabcmpga 6yncuH, byHaa J mycbart nwopanu anva-
NMwHyB MHTedan. ETapnnua nact temnepartypaga Oy y3apo Tab-
1vp CMIMHNAPHUWHT Napannen i HavwnapuHn (opneHTauvisna-
LUMHK) t03ara kentupaau Ae6 kapanagn. KpnctannHuHr byHaamn
K.apamwmn — lerizeH6epr mogenmaup.

SN CMUHNATOMHUHTAKNH KYLUHW aTOM/TAPUHUHT CANHNa-
pn M, S2...,5z 6yncuH. S0 cnuHra 60ranK aHeprmus KNCMn

U=-2/Inm s, - gnBHsn (46)
M

n<iqmp 6unaH anvknaHaau; 6yHaa A — Tawknm maigoH. Mo-
K-Kynsp MaigoH sknmHnawysuaa (Mogenuaa) s, HUHE aTpo-
|lnlparv cnnnnap HW YNapHUHT ypTadacu <s =>6unaH an-

m
MAWTNPULWL MYMKUH:

n =-2)ts0-<s >-gnBW, 0=-StUs (N +CIMy sn, (47)

JlyHOa MarHUTNaHULL
M =ngfiB <s > 48)

N — KPpUCTasITHNHT 6I/IpI'II/IK X,KkMpuaarn cnmHaap coHu, g

KaTTa/IMK
== é_LH 49)

MOJEKY/ISIP MaligoH AoVMUIACI.

MarHuTt maigoH A HUHT iyHannwmn OZ iiyHanuwna aeb
O K aK, YHUHT pakar O ZKOMMNOHeHTacn HonaaH dapkiv byna-
M By Xpnga marHUTNaHuw Bektopu M HUHT ypTaua Kniimatu

VITvii KyigarmHn €3nWmnMMmn3 MyMKNH:
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2" 1exp{Pa/1s(11+(/M)T}

M ="f/<c* == - - (50)
X c\p{Ptigg(H+gM)m)
n=s
M =ngiigS parm s ypTaya CTaTUCTUK WMTMHAW ndogacu op

Kanm éannan. by udogaaa, Temneparypa eTapnv gapaxkana oKppy
6ynuno,
PgfiBH '« 1

LapT 6axkapuniraHga aKkcnoHeHuman QyHKUUSIHM KaTopra eino,
A'MWTUPOK 3TraH GUPUHYM *ag 6unaH yYerapanaHusnca, (50)
HW KyAngarnya €3vi MyMKUH:

M =n(gnRf p(H +gM) £ +..1v
="(s"b)2p{h+aM) @ () tH0 = 3
= s(s +\)(H +gM) +... A
€KMn
Mj', - | N)=W s, s+|)W. (51)
BbyHoaH
Muw . w M H . xN1 (52)

y= ﬂ(’[]—lf_l_f_?_)q+») ’

T _ 2t(n+) 54

(52) ndoga napamarHUT yuyyH ypuHnun; byHparn / KartTasimk
T> T 6ynraHga ypuHam (I — Kiopu Temnepatypacu). (52)
ngopaHn Kiopun-Beiicc KOHYHU aenvnagun. (53) gaH KypuHa-
OnKn, VVX6unaH T opacuaa Yn3HKAM 60rnaHHLW Maxyn,. Tak-
pubaga KynruHa pean kpuctaiapga I atpodmaarn kuiimar-
napaa 6y YN3UKN KOHYHAAH YeTnaHuw Kysatunaau. (8.4-pacmvaa
/N/HVKenb yUyH TaXXpubaaaH OfIMHraH HaTvkaniap MyHKTUP Y-
3nK6uNaH KentTmpwuiraH: yHaa . HU napamarHUTHUHT Kiopu
Temnepatypacu, T. HNW dheppOMarHUTHUHI Kiopn Temneparty-
pacu genvnagn (K. 14J.)
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Arap

55
N (55)
KI=>6enrunacak, X HUHI ndogacu

X =1r (56)

<YpunuwHu onagn; C — Kiopu govmMmuiicu geinnagn.

K. 1-macana, nra MarHUT MOMEHTra ara 6ynraH 6UpPNK \axm-
[ 1l n cheppoOMarHUT Bek-
TP M HUHT yMyMWUii
ndogacnHN aHUKNaHr
IllpynntosH Hazapuscn).
YHN Katopra énmée M
HUW wndogacn (29) Hm
PENVPUNO YMKAPUHT Ba

Ni
. /=885 r/cMm
IS2  Tg=650 K
- Tc =631 K

NNN3aHT.

Eunwi. ATom mMarHmTt 300 500 600 &
MUMEHTUHUHT MarHuTt
uipgoH H iyHanmwunaa 8.4-pacm.

hi Mpoekumsacu™ Mas?amMcKpeT KnimatiapgaH NXTUEPU BUPUHIA
KnByn Knamwmnm mMyMKMH; 6yHaa m MarHUT KBaHT COHY, j — 1,
, (/- 1), —j kniimaTtnap kabyn Kunagwu.
1>mpnnk\axkmaaru heppomMarHUTHUHE H MaigoHaarn aHep-
1HHCK .
U=-MH =-gHBH'Yiml (9
A
m\prvHUWAa aHuKaHagn, 6yHaa T. — /-3appaHuHr MarHuT
en.hit coHn, A/ aca N Ta 3appaHUHr Tyna MarHUT MOMEHTMU.
|.\nnaii TMUBUMHUHT CTaTUCTUK NNTUHONCK

7 = - £ exp(/3A/N)=Tfj £ e\p(PfiBgHmj) =
m—j e jm Hi—
A
p =\/KT. (2)
w I

l.s epoa Kyngarn myHocabatgaH doliganaHnngu:
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TepmogmHamMnk MyHocabat
Vi-a<thZz _ g1 0z M
M -B-TH~—BT LWL

acocufa yptada MarHuTiaHuw M HuY Tonamms:

<Z [O[shxH\ x—nru, 2/41 v =-Beu
H ~ ,qH[shyHJ' 2 'Y 27~"Ng

* =ngdyH 7 -yshxH-cliyH + xchxll
AH shxH W/t shyH

=nZ\-ycthyH +xcthxH] =nZ wPg/ 1Bj
E' GX cthxH - 7 cthyH 1
(4) Hn (3) ra Kyiicak,

T/ =«S/W* cthxH ~yj cthyH}-,

Kylingarnuya 6enrmnawl KUpuTamnnmk:

M =ngnBSz = ngf.iBjB j (a), (5

6yHaa
BJlgloL: ZE]J-lcth 3 a—ﬁ cth% 6)
@) =PgUpjH

BpunitosH dyHKLmacnanp.

a << | bynraHga, Temnepartypa tKopwu Ba //MaAfjoH Kyu
cn3 bynraHpga bpunnosH dyHKuMacn B HM katopra énmn6, |l
HVHT BUPUHYM Japaxacu 6unaH YekaHuLW MyMKUH.

cthyaa arapy kKnumk 6ysnca, katopra énné Kynugarn mndgo-
[aHn onamms:

cthy* i +f ( (7)

by Takpubwnii ncopganaH onganaHné bpunntoaH pyHKLMACH
HN é3amMu3:

B(a)—LI, CthLLE])(a lcth

T a2+ &g/J V o 3%
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fi .@+OM 1 ___a =
[* 3@ f )
@f- Ay o ©

l.. =<ymmMarumtnaHnw M yuyn acocuini matHgaru (29) mdo-
/M onamms:

M ngnBj mBj (s) =ngnB <iyr PBMBIH =nJ{j'fkr - //(9)

lL.ynnaH
av
aff n> (19
. nNe+1NeB c
X 3AT ) re (1
r - (12
n 7]

N |o\nap. 1 Arapy = 1/26ynca,

22X He-n | 2ebde2c-e2xed* -2 =
r-rn en-e
. gx+Raa2

O (3) = tha. 13)
liy \onga
X ~n AKT (14)

2. Arapy =* @ 6ynca, g nj =/<,0e6 kabyn uwnnicak,

JL -JL 1+V-+1-VT

eij-e y
=ctha--~"T— =ctim - - =I(fl). (15)
2y o a

)2 /. boiipenacs 337



By \onga marHUTnaHuLW

<y

3 SPKUH 3NEKTPOH YUuyH g = 2,y = 1/2. Ymymuii \onga {m|>
pomarHutnap yyyH H Hn H = H +gM 6unaH anmawTHpu/l
(5) HKM KaliTa é3amus:

M =ngnBS. =ngnBSBx[pgnBS (// +qM)]. )

dcnaTma. ui~y~ — bop marHeToHu, g— JlaHae dax
TOpW. APKUH 3NEKTPOH YUYyH s= 1/2, g = 2; LX) — JlaHxe*
BEH (PyHKLUACK.

8.7-8. AHTUN®EPPOMATHETWN3M

AHTUEPPOMArHNT KPUCTUTTHUHE \ap 6up atomu Scninini
ara 6yncuH. deppomarHeTUKHUHI Feii3eH6epr MoaenMaaH aHLw
theppomakeTUKHUHIhapKn LwyHAakK, 6y \onga 2 |Y|£,1/ raTeHr
OynraH anMallMHYB y3apo TabCUP KYLLIHW CAVHAAPHUHI am U
napasnen NyHavwiapuaa XonnawmnwmnH1 oCoHNaTupaaq.

dapa3s Knnainmk, KpUCTa/INTHUHT NaHxapacuHu bup-oupura
y3apo KMpULLIraH 2 Ta a Ba b naHxapadanapra axparml MyMKUH
6yncuH. brup naHxapavyaHUHrcnMHAapwy napasvien hyHanmwTeH-
LeHumacura, MKKMHYM naHxapaya CrnHnapn aca aHtunaparvie. i
MyHanuwra uHtuacuHnap. KpuctannHmHr 6y moaenvHn Bawm
ONeKHVMHraHTU G EePPO MarHUT MoOAen U aeintaan. «nan-
XapayaHUHr Monekynap maigoHn -q2Ma-q>xMh b naHxapa»
YaHWHT Monekynsap mMangoHn - g2Mh -qlMa ra TeHr 6yncuH,
6yHaa Maga Muiap a Ba b naHxapayaiapHUHI MarHUTIaHuWL
napwv, ¢, Ba g2ynapHUHI MarHUTNaHWLW OoVIMUANapH. By gonan
MarHUTAaHULLIAP Y4yH

M. =\ngptb5,, Mh=i,gnBSh (57)

ndoaanapHn E3nLl MyMKUH.
ByHaa N — 6mpnuk \axxmaarn atomnap coHn. Kpuctann naH-
XXapavanapugary MoneKysp MaigoHHN Kyrnaarmya é3amms:
H, = - gMa-q,Mh N; =H -gM, -g>M .. (58)
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MMHXapadasiap MarHUTAaHULWNAPKU yYyH Kylhngarnya ngopa-
NP é3nw MymknH

r Ma=i mB»BSa=f ~ S (S +I)h: =

r (59)

Mh=\ngnBsh=f <fsls (s +3h; =
=8 (H - g Mb-q\May (60)
C =n (/\ e)2/\ | . (61)

(V)) Ha (60) acocuga KpucTasITHUHI Tjtaa MarHUTAaHMLW BCK—

M =Ma+JV,

ncosiacHn aHUKAANMN3, SbHU

V=" m* (1 +2)(JIM+*)*T N ~~Tr  +7~ )1~
byHaaH

o (C/T)H _Cc u.
M \+(C/2T)(ql+®) T+0 (62)

Oynua Kynngary éenrvnawaap KUpuTuaraH:
0-CHig, +22), 8- 2M1 (-1 - 223 )

/.6UPUHYM Ba UKKMHYM NaHXapadasiapgarn SKUH KywHWU-
ilip conn; /,Ba /2nap o BaJ1 namxapadyaiapHUHI a/iMallHYB
wicprnanapu. OnuHraH Hatwka C/( T +0) Hu Kiopu-Belicc LioHyHN
acivnagn. YHun C/T 6mnaH CONHWTUPULI KypcaTAUKn, aHTU-
d| ppOMarHUTHUHI Kabyn KuayByaHNUrmn* Kiopm kKoHyHu C/T
i.i mmcbaTaH KNUYMK; ByHOacCNMHNapaHTUNnapasien nyHannwra
HTUnagunap.

Fapuxuii Mabiymor: AHTUdeppPOMarH1TAap naHxapadana-
pn i.tiii aToMNapHUHI cNWHMapy WyHAan Taprnéaa iyHanraH-
>4, YHUHI MarHuUTAaHuw BekTopn O6ynmainanm (y Homra TeHr).
KpuctannHuHr wyHgan Taptmbnmn \onat 6ynvwmn MyMKUNInN-
IMMK, AbHN aHTUEPPOMArHETU3M MaBXYOINIMHU Ha3apUii -
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\atgaH 6upuHun 6ynné Héen (1932 wunn) Ba JlaHgay (1'M|
nn) antraH sgunap.

8.2-macana. AHTUEPPOMArHUTHUHT BaH ® nek moaenn
cupa Héen TemnepartypacvH aHUKOAHT .

Eunmw. Bbusra mabymKku, KpUtuk Temnepatypa Ny gaH hit
YUK TeMnepaTtypaga aHTUdeppPOMarHUT KpUCTauI/T UKKM Navan
pavara ara 6ynn6, ynap y3-y3ngaH (CMOHTaH) MarHuTaanumi
nap MaBa Mh ra ara 6ynagunap. by MarHUTAaHULLANPD ML
paBuwaa monekynsp mangoH H'aea V[ ra napannen iyHannu

M a =\ ngn,SBs(/JgnBSH'ay )

K =~ngn,SBs(pgnBSH'hy,

MyHOcabaTnap ypuHnAn. Arap TalwKu mMaigoH 6ynmaca (il
H = 0), marHutnanmwnap Masa M h aHTunapannen 6ynagn H
Kylimpgaru KnimatnapHu kabyn Kinaau:

M, = -~ngf.iBSBA[(igi.i, S(q2M Il +* * )].

Mh=-\r,gHBSB{(SgnBS{bM a+qg2MBH\- (4

(3) ndogaga marHmTnaHuw M Hm eTapnunya Knumk geb (SbHu
VHU kKnuuk peb kabyn knnub) B(x) hyHKUMANapHN KaTtopru
éammns;

M u —=2T M<-+(1\M«)+Y{91Ma+ )J,
M* =-27 ?iMa+gM,) +Y&Ma+g2M L)', &)
6yHpaaCsay myc6at goumuiinap (k- [4] V 606, 2-macana).

TawkKkyM MarHUT MaiioH 6ynmMaraHaa aHTudeppoMarH1Tiap
yyyH



(Awp Ma* -M héynca, 6yHAaalh kpuctannapHu epputniap
Virimnagw). (5) Hu (4) ra Kyiicak,

M ©)

Jimp
g, - a2 > 0 (7)

Iliipi Gaxkapwuica, (6) TeHrnamagaH YHUHT \ap UKKN TOMOHU-
MMM Humrongmaarn koapduumeHTnap MaHduii nwopam
H kanap, M \ak,umAuii eunmra ara 6ynaam, sbHU

[1-#(<?" ~4r)]< O

in.ipr 6axkapunraHga A/ \aknkKuini Kuimartnap Kadys Knauvmn
MYMKUH. by aca T < TN wapT 6axapunraHga cogup 6ynaauw;
ftyiuw _
TN=8§ (?,-92 ®
Ili rn Temnepatypacnamp.
Iljo qg{<g26ynca, T<TNpgaTapTnbnu cnnHnap \ona-
iii, MbHM aHTUdeppomarHeTsam eynmangw.

8.8-8. BPAIT - BUNBbAMC YCYNU

( TaTMCTUK hm3mKa ycynu acocnaa MOeKysp MaiAioH MOAC—-
HHiM Kapalinnk. ®apas3 Knnannmk, TASUMHUHT 3appaiapy COHU
N, cuMHNapu OKopura Ba nactra kaparaH atomnap conu N+
Vimna N_6yncuH (N = N-++ N J. Arap 6y Mmyc6aT Ba MaHpuii
| vHnap apanalwiMacnHn naean apanaiManeb kapasca, y Xpiga
hi LWWMHK \OCWU/T KNNYBYM KOHAUrypauusnap (ycynnap) CoOHun

— N1

=AMV (64)
noga bunaH aHnkgaHagu. CTMpnAuHr coopmynacn M ~ Nse~N
/vn horiganaHn6, (64) Hu

W = (65)
| \pyumwga €3 MyMKUH. ByHaai TUSUMHUHT 3HTPONUSCU S
HM (65)acocupga

5=+InlV =- N.|n9|\f.+N.|n =

=-7jjo +Il)Ini(l +x) +i(l =*)Ini(l - n)] (66)
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KypuUHULIAa e3aMu3. ByHaa

Kpuctannga ~ZN XydTnn KywHU crninHnap Masxya. by;¥|)
nunga A KyT N .. XydT "-—=" Ha WA xy()T "l =

TMngarv xygTtiap mMaexya. by \onga ysapo Tabcmp sHep| v/l
(K- W3uur mogemu, (32) ndgoaa)

E = =-JyY++N.. - N+). (F.H)

YmymaH A, N__, V+ OGepunrad jv+Ba N. napga \ap win
KniMaTnap Kabyn KManmwm MyMKUH. YapHUHE ypTada KAMvo»
TUHN Kyhngarmya aHuKnanamk:

AT =\ZN.P, = 1Z N~ ==%ZN{\ +x f;
NZ=ZN.P=ZNA~~ =LZN(I-x2y,

AT =<Z/NE={Zn[~)2=\ZN{\- xf. (<)

Pi = P- =~ udoganap KpUcTasin TyryHNapuUHUHT Myo*
6aTEéKM MaHu1ii cnnH 6munaH 6aHg 6ynu 3\TUMOJIMHN Kypca
Tann; 1/2 KoagppuumeHT aca "++" Ba "-—=" ZN 4P +H1 Xn1cob»
naraHga xap 6up cnuH 2 maptagaH \McobnaHraHm yuyyH 2
oynMHaan. (69) Hn (68) ra kyinnb (\aknknii kniimatnap /v, ,
N2 _, N__ HUWHI ypHUra ynapHUHI ypTada KuiMaT/apuHM
Kyiinb), ryna sHeprus yuyyH

E=-JI"(] +2x+%x2+1 - 2x +x2- 2+2x2)] =-1 ZINx2 (70)

vdogaHn onamms.
(66) Ba (70) HM 3bTUOOPra onmb 3PKUH ‘aHeprua F HM
aHVIKNanMu3:

F=E-TS=-1ZINx2+M 7 {' L+a)1(@1+x)+
+i(l-x)Ini(l-x)}. (71)

MyBo3aHaT \onart (3Hr Katra 3aXTUMOJI/IM X,0naT) faru X Hu
(BE/pX) =0 wapTtgaHTONUIaau:
M2



ZNIx =i NKT[/ai (I +x)+i -Ini @-x)-i] =

2 I-x (72)

MyHm
{)3Z/X =i2 In ii I_'EI"_ (73)

KypuHuLaa ézamm3. byunmn gHa

276 1+X.

[ \pynunwaa é3vw MyMKuH. byHaaH

X =th(PzJx). (74)

WyHpai kmnnb, Bparr-BunbsiMc ycynm 6unaH ONuHraH o6y
ndoga MONEKYAP MaiigoH yyyH onuHraHd (45) ndgoga 6munaH
Mp XN

Xyrnocanap. PeppomarHeTn3m, TU3Maary y3apo Tabcup Mas-
»\ViMmurn Tycaiinu, yHga mMabiym TapTUONWUAWK OYNULLINHK
»\pcaTtyBun TUNMK MUCOMNapaaHanp. byHaa Temnepartypa na-
*MMOO0praHn capu TapTUbNnanK gapaxacu Kydas éopagn. Tem-
rneparypa Ho/ra TeHr GynraHaa TapTUenanK MakCumMyMra apn-
wnay. Temnepatypa opTywmv 6unaH TapTUeInInK gapaxacu mc-
BHK/IMK \apakaru (TapTubécnsnuk) Tygainm kamaiind 6opaam
WH Kiopu TeMmnepatypacuiaH 1oKopy TeMmnepartypasa 1aptmbam-
HH Japaxacu Hojra TeHrnawmnbé tyna tTaptnbemnannkka (napa-
il nT Nonatra) yragu (8.5-pacm). Kpntmk temnepartypa T
in11toKopun TeMnepartypasa NCCUKOMK \apakaTv MUHI Kyunmnm-
Il (MHTeHcmBNUIKW) Tychanu Tm-
1UMMUHT Y3-y31HU TapTubra conmob
lypiun Kobunmatn iykonagn. Tep-
MOAMHaMVKa HyKTan vasapuiaH 6y
| Np|MbNnNnK (cakgaHuw) Kobunmn-
HIUNUHI MYKOTUMNLLIW cababuHn
|pknH aHeprusa ugogacnaarn aH-
donuna 6unaH 6ornmk \ag — TS
HUHT 3Heprusa 6unaH 6ornuk \ag,



t/paH yCTyHAUM 6unaH TywyHTupunagu. MNact temnepal yp.i

nap T <T paaHeprua (/yCTYHAUK KUAraHu Tyannm taptmT
NVNNK KOBUNNATU TabMUHNaHaan. by dpasasuin yTuwl TapTUB
NNNNK-TapTUBCU3INK YTULLAAH U6opaT.

MacTTemnepatypaniapga Kpuctana Taptmbnam éynagn. VIkku
XU aTOMIAPHUHT TapTM6M \onatmaa atomiap TapTnob/n XxeH
nawagmnap (naean Kpuctana NaHxapadanapugarngai). by \ojoy,
TapTUeANNUK NapameTpu X Kylngarmya aHukgaHagm (YMymuH
\onga TapTU6AMNMK NapamMeTpuHU TaHnaw, aHmKaall My\HL,
macanal).

A6CONT HOM TeMnepaTypagarv TapTUeIM UKKN MaHXIpH»
yanap a Ba / napHu kapainuk. Temnepatypa HongaH hapmum
6ynraHga a naHxapadagaru atomnap b ra Ba akcuHuya b naH* i
payagarvy atomniap a ra yTuwm MyMKUH Ba abconoT TapTuénun <
nuK 6y3nnaan. by \onga A Ba 6 aTOMAapPHUHI NaHXapadasiap;M
M TaKCUMOTU HM Kylingarmya taBeHgnaw MyMKUH:

[Mc—* L |
117 (1+r) 171

[ 1—AatoMnapHUHT a naHxapadagarn coHn; N —naHxalm

[arv TyryHnap coHu; A/2 — naHxapadazarv TyryHnap COHu
X = 18kn x= - \ bynraHga ngean TapTmonunmk 13 epni;w,
X = 0 3aca Tyna TapTM6CcU3INKKa MOC Kenaau.

YMyMaH aiitraHaa, Kyn xarviapaa hasasuii yTuwiiapHu Kai
AananpTtaprnbnn-taptTmocusyTuiiapaed kapaw MyMKUH. AMMO
TUBUMHUHT TapTnU6M \onatnHyM Tascuaall yuyyH kaHgam rH
pamMeTpHM ONnLL KM TaHMall OCOH eunnaauraH Macanaiapin.L
3mac.

S.9-§. AEBAW - XKOKKE/Ib HA3APUSACH

Kynowu y3apo Tabcupv 3appanapgaH noopat TUSUMHUHT Vi
pakTepnn TOMOHMW, YHUHT y3apo TabCup paguycu KaTTasillu,
MaOOHHUHT (KYYHUHT) Y30KKa TabCup STyBYaHIUIrMamp. ByHnH
MalifjoH noTeHuMann mMacodpa 6yrinuya |/r KOHyH acocuaa cc*
KWH y3rapmb 6opaau. AMMO ByHaal MacanaslapHU Kapawwia \.im
ypTada Moniekynsap MangoH TyLWYHYaCcUMHU KUPUTULL MYMKUH
6ynaon.
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Knaccmk Tnamm yuyyH pasoHUHI I HyKTacuaarm 3apag 3vy-
Min p(r') Hu

p{r)='Zei8 (r-ri) =YJeAbe "Mr)/U (76)
/

S
KYpUHMLIAA €31l MYMKUH; 6yHAa S — 3appaHUHT COPTUHU
KYpcatagy; n)k— MaiigoH o= 0 6y/nraHgary .ycopT/v 3appaiap
FOHU

(r) =% cxp[-e,® (r)/ /cr] (77)

BosibLMaH TakKCUMOTU; « (/=) cOH T Temnepartypagaru, I HyK-
|.Wwary s cCoOpTNH 3appanap COHU. <p(f) NoTeHuman NyaccoH Ten-
| Wmacy acocnaa aumknaHaau:

Ap(r) =-NInp (r). (78)

(7(>) Ba (78) acocupa 3appasiap coHn, 'P(r) noTeHuman aHUK-
MHWG, CYHITepMOANHaAMUK NapamMeTpiap aHUKaaHWUNaau.

By HazapusHu [ebaii Ba XIOKKENb VOH/H 3puTMara TaTouk,
HAMNap.

dpuTmagarm mMmabaym a CopTan MOH aTpodmaarn yprada no-
L-Human 4'(r) Hu (76) Ba (78) acocmaa anvknaHaawu:

N (0 = _ T ﬁ W "'"'"Ng nru (79)
dapas KMnannuk, TUUM 37CKTPHENTpan 6ynCuH:
N nkl=0 (80)
/

W alsfe << KT wapTt 6axapuncuH. by \onga expt-c”* 1) HU
bl Topra cftitG Ba (ty/KkT) HUHI BUPNHYM fgapakacy 6unaH Yek-
Kwmn6 \amaa (80) H1 Hasappaa TyTno, (79) HU Kyinparn Kypu-
HULWra KenTupammn3

at(r) =~4'(r); X2=j£f'Z/»,e2— (81)
/-» @ ga }p(00 = 0 WapTHM KamoaTtnaHTupysun (81) TeHr-
WMaHUHIeYnmMu

ip(r) = Ae~*r'r (82)

ncoganaH noopar.
/ =0 6ynraHga, (82) ndogagaH HYKTaBUi 371eKTp 3apsg-
MUWHr KynoH mMaifoHNHM onamu3. 3pntMaaa Mab/lyMm WUOH arpo-
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dhraa 60owka NOHNAPHUHT Bynuin (ogataa MaHguii MOH atpn
dmpaa mycbat noHnap Ba MycbaTt MOH atpodmaa MaHUiA NoH
napTynnaHnwn) Wy MOHHUHI MailOHNHW "aKpaHniangn”. B«
oMuIHK ip(r) HUHT ndogacnga <T*THUHT MaBXyaaurn kp<.l
Tagwn. MoteHuman (82) Hn

)

KypyHuwaa ésamms, byHaa

= >fe 84)

KynoH MaiAOHUHVHI 3KpaHAaHULWNHN XapaKTepsiosyun by
paguyc rmn H1 [Leb6airi-XwKkKenb paguycu geinnagn (Y 19?\
Mnnaa snekTponuTNap Hasapuscy MaHraHaa KUpUTUraH).

8.3-macana. Tnusmmaga mycbart 3apsignap sa MaHuii 3apsg,
nap (anekTpoHnap) N0TeKNUC TaKkCMMaHraH 6yncuH. Tusmm
HUHI Mab/lyM HyKTacura Ze sapsj, KUputusca, 3apsgiapHuLL
haszo bylinya TakcumMnaHMWH ysrapaan. (ByHn 613 nnasmana
dnykTyauusa Tydaiinm sapsg TyniaHHWH geb TaumMH aTunw
MW3 MYMKWH). 3NEKTPOHNaP TaKCUMOTUHU Kyinaary KK1 \os.m
aHMMaHr: 1) TemnepaTypa Xy/Za HOKOPU Ba 3/1eKTPOHAap an
HumaraH, 2) Temnepatypa OK ra TeHr, a/eKTpoHnap Tyna
aliHuraH.

M 30x- MacanaHun ymsnkgm askmHnawysga \an sTUACuH.

Ey nw. HyktaBuin Ze 3apsg, KUPUTUATaH HYKTaHU KOopan
HaTa 60wun Aeb Kabyn Kunamnuk. by 3apsg KUpUTUAMLWIK Ty-
dhaiinm \ocun 6ynraH anekTPoOCTaTUK MaiigoH Ba 3appasiapHuLL
TaKCUMOTW, MacaslaHUHT WapTura acocaH, chepuk CUMMETPUA
XapakTtepra ara oynagw.

Myc6aT 3apsgnap enn 6unaH Ba maHdhwuii 3apsgnap (3nek-
TpoHNap) -|dr 6wunaH aHUKNaHCUH. 3NeKTpocTaTukK MaigoH
<) MyaccoH TeHrNaMmacuaaH aHVUKOaHaOM:

O]

Ba MaigoH (p(r)

(r) - O, ~—o0.

LIerapaBI/II‘/’I LapTnapH1 KaHoat/1iaHTUupagaun.
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1 MacanaHuHr wapTmra acocaH

n_=n&e+evn/tr, r+=nme KI .

I3Hm = 0 ga myc6bat Ba MaH(unii 3appanap coHn nn by \onga
(1) TeHrnama

ekl _ e KT (2)

|ApyHuwra kenagn. by HOUM3NK™M TeHrnamaHu, Ze<p « KT
WwapT 6axkapunaamn Aeb, Ynsmkam \osnra Kentupamms:

av(r) =1 f\\+ z\% % 3)
vikn
A<p(r) =*2<p(r), 4
** <«E(,®,). 5)
(4) HUHT eunmn
<p() =A 6)
"o = ef* 7)

K MHAWIMHM 6unammns. Macana waptmgaH #0) - y =L sage-
MK
Hr) =f.e-r/r'>.. (8)

H|)OpaHn onamus. (1) Ba (4)TeHrnvknapgaH

(/> - «®) =X
u(JtogaHn onamms. ByHaaH 3ca 3/1CKTPOH/Iap TaKCUMOTUHN TO-
MamMun3

+T0_enno_ «

2. INICKTPOHap Tyna aliHuraH, sbHM \ap 6mp X,onarga ut-
1lan (7=0 K pga) XohnawraHu yyyH 37eKTPOH \onaTtnapu
COHU 3/1eKTPOHIap COHUra TeHT Gynaapw.

by \onatnap coHu aszaBuii ha3oHM A3 ra 6ynmil opkanuv
Monvnagn. byHga 6upnuk \axvgary \onariap CoHu

»(r)=2 j~P3(r)- (t0)
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ByHAa 2 COHM CNUHAAPHUHE UKKU NYHaTULWWNHUHT 3blH
6opra oONMHraHANT Tydannm KMpUTUIgn.

SHEPruaHUHI Makcuman uuiimatn (T =0 A'garn depmu
3HEpPrusacu) AoOUMHAANP, AbHU,

L (i
«(* ) parn knimatHu /,, aed K abyn kmnamms. Y xonga (I11)

1/3

0 nora (12
(1) paH
p(r) =[p! +2meg X" 13)
(13) HM1 (10) ra kyicak,
I + 21Tp(r)
=w [p~ +2T1e(p 7 =W P~ pi (14)

dapa3s kKmnamnuk.
% 15

(15) wapTt 6axkapunraHga (14) ga yHr TOMOHHM Karopra cu
CakK.

; (16)

17)

(A7) Hn (1) ra kyicak Ba N_ - A+=n(r) - ) aKaHANTNHN
3bTMbOpra oscak,

nNo= (tr) v(r)m : (i

(tr':r* < |

(18) TeHrnamagaru <p(r) ="-e '/r HUHT KUAMaTUHU (17)
ra Kylinb, anekTpoHnap TakcMMmoTn /r(r) HU Tonamms:

n("*) =»0+£N  £N - (20)

M 30 \.X HM 3KpaHnaw KOHC-
raHTacu geimnagn. YHn [Oeb6ai
tOMOHUAAH 1923 NN KUPUTUN-
raH. ¥/ x Hn aca [e6an napga-
naw pagnycun aeiivnaan; \/x{} —
®epmbl-TomMac napganatl gov-
mMuiicn; I/ xb=rp — depmun-
F'omac nappanall paguycu.

8.4-macania. E KyuynaHuiin 8.6-pacw.
rawkm 3neKTp mMangoHparm
«IEKTPAMMNON P HUHF ypTaya aHepruscu U HUM aHUKOAHT.

Eunw. Tawku anekTp MaigoHaarn ANNOSHUHE NnoTeHuuvan
xepruacm U = -PEcos(P.E) =-PEcosO (8.6-pacmra K ).

Vicenknuk \apakatu Tydainm P BEKTOPHUHI yHanuvna-
pv y3rapu6 Typaaun. by y3rapuw Tydhaiinm gpasogary P BEKTOpP-
MUHI AyHaMwnapm TakeMmoTu bonbumMaH yHKLMSACU acocn—
ia aHukgaHaan. bonbuUMaH TakcumoTura acocaH clQ dgasosuii

BypUaK ocTuaarn p BEKTOPHUHT GYNNLL SXTUMOSN
n

clw =conste k1dQ. - conste*aod(1Q n
- PE
6unaH aHuKgaHagu; éyHaa (IQ = sintidQd<p, a =— 6enrunawl
KUPUTUAAN.
(1) acocnpa aHeprua U - - PE cOS B HUHT ypTaya KuiAma-

TUHN Tonaﬁnmg;_]
J okAdwe0CUIos) sin OdO
U =-akT-2- N =-akTx-
M e sintdd \]e"m sin OdO

n
j* cos0O<'wo=>sO sin OdO

y3rapyBuMHu afiMallTMpannuvk, a cos B =X\y xonga
-a

Jxexdx
U =-KT— =-kT-
T exdx

=—kT aSX€_ 1 - =kT[l-actha] =-akT~ctha-i =

-ak TL (rt) =-PEL (a); L (a)=cilia—

HHPMAHHMA
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