I 606. KBaHT cTaTCcTUKA

1-§. Kupunw

3appanapu K8aGHM MexaHuKa KOHyH/aapuza byltcyHadu2aH cucmemMaHu
keaHm cucmema Odeuunadu. KeaHm  cucmemMaHuHe — XoCcanapuHu
ypeaHaduzaH cmamucmuka OU3UKAHUHR byumu- K8AaHM
cmamucmukadup.

Kyn 3appann KBaHT CUMCTEMAHWHI XOCCalapUHU YMYMUW XOA4a aHWK,
Kapalw 6up KaH4ya NpUHLMUNNAN KWNNHYMAKKAAPTra AyY KENTUPaaW.

CucTtemMaHu TalWkuA 3TraH 3appanap eTapav  Japaxkaga cumpak
bynraHga, MacanaHu kapaw coajanawagu. by xonga 6utta 3appaHuWHT
XO0laTNapUHM KBaHT MeXaHnKa acocnaa aHuknab, CyHr wy xonataap byurmua
3appanapHUHr  TakKCUMAAHULIN  KOHYHWUHW KypuwWw MYyMKWH. Macananu
byHOau coddanawmupub KapawHu k8aHmM cmamucmukada bup 3appasuu
memod Oeuunadu. bup 3appaBuin MeTos OunaH MacananapHu KBaHT
CTaTUCTMKA acocuia KapajaraHga 3appaiNapHuWHT  y3apo  TabCUPUHM
3bTMbOpra onvHmanaw, dakaTrmHa xap 6bup xonataary 3appanap Y4yH
anMaLuvHyB 3¢ dekT 3bTMbopra onvHaaw.

AnmawnHyB  3ddekT-alHaH  Gup XM 3appanapHUHr  YPUH
anMawTvpuwiapvia HaMoO€H OynaauraH, CUCTEMaHUHE  CUMMETPUACH
XOCCaNapuvHW akC 3TTUPajMUraH, Kaaccuk yxwawnurn 6yamarad, KBaHT
KOPPEeNsLNoH Xoamncaamp.

TemnepaTypa kamannb p~ JT A4e Bbpoinb TYAKUH Y3YHAUMW
A=h/p 3appanap opacuparn mMacoda TapTmbmaa €ku yHAaH kaTtta bHyna
bownaraHaa, 3appanap opacuaarv ysapo TabCcup NoTeHUMaAAaH TalKapwy,

KBaHT KOppenaumacnura o aaMallnHyB Yy3apo TabCup HaMOEH bynaaw.



By KkBaHT koppenauua 3appanap xapakaTura, YAapHWHI cucTeMacwu
xoccacura Myxum TabCup Kypcatagu. by Tabcvp Temnepatypa kKamanuin
bunaH kyuyannb H6opagun. KBaHT Koppenaumsa Hadakat 3appanap xapakaTm
KOHYHNapuHW, 6anku KJaccuk  CTaTUCTUKaHM  XaM  KalTa  Kapaw
3YPYPUATUHN KENTUPUD YmKapam.

LLly MyHOcabaT 6unaH KBaHT MeXaHWKaHUHI MyXUM MPUHLMNAAPUAAH
Maynn npuHUMNM KaTTa poab yMHauau: 6y npuHUMAra acocaH, cucrema
avHWLW remnepatypacugad nactaa bynca, xap 6up bupsappaBun xonataa
6buttagaH optnk depmmoH 6yna onmanan. by npuHumMn 6030Hnapra

TaaAnykav amac. lemak, cuctema temnepatypacu T aiHULW TeMmepaTypacy

hZ
T*:a[—kJnZ/3 AaH KUK 6yaraHaa GepMmmuoHnap cratuctukacy 6030HNap
m

cTaTucTukacugad Mmyxum dapkaaHagmnap (k.108, 1 606).

Hazapun  >xuxatgaH KaTbWu  auTunaguraH  OynvMHca,  KBaHT
CTAaTUCTUKAHMHT By MeToanapw - NocTyaaTnapu mwum runotesa cudatmaa
Kapanmb, YNAPHWHT  YPUHAM  3KaHAWUTW, YAAPHWUHT  HaTUXKanapUHWHT
3KCMEepUMEHTNAP HaTuxKanapura Moc Keanmwun bunaH uncbot KuanHagw.
XakukataaH xam, 6up 3appaBui MeTOoAra acocC/aHraH KBAHT CTATMCTUKA
HaTuXXanapu Taxpubaga OAMHraH HaTuxkanapra Kyn xoanapga Moc
(MyBOOUK) kenaaw. LUynaan 6yncaga, byHaam Kapaw, yMyMHa3sapuii HyKTau
Ha3apjaH, Tabunnky, Tyna KOHUKAPAW 3Mac, YyHku OyHAan nocTynatnap
KapanaétraH CUCTEMaHMHI KBaHT XOcCcanapuaaH, abHuU GyHAaMeHTan KBaHT
MexaHuKa MnocTynatnapugaH keamb umkuwn no3mm 3a1. AMmMo OyHaau
KENTUPMO UnmKapuLL X03Mprn BakTaa KMAMHMaraH.

Bus kyhnaarn KBaHT CTaTUCTUKAHWHI MacananapuHn 6up 3appasuii

MeToZAra acocsiaHnb KapanmMms.



2-8. Cnucrema xonarm.

1. Makpockonuk xonar. Xyaa Kyn 3appanapgaH (atomnap,
Monekynanap Ba 6Oowkanap) Tawkua TOMraH CUCTEMAHWHT AMHAMUK
IPKUHANK Aapaxkanapu Xyaa kyn 6ynaan. AMMO CUCTEMAHWHI XOJaTUHM
aHUKJIAW YYyH OAaTAa YHUHI TemnepatypacuHun, 60CUMUHK, 3UYIUTUHY Ba
bolwka MakpoCKONWK MapameTpaapuHn  yayavaunap. CucmemaHuHe
byHdau  makpockonuk  (mepmoduHamuk) — napamempaap — busaaH
aHUKaHaduU2aH X01amuHU MaKpockonuk xosam Oeliunadu.

2. [dvHamnk mukpockonuk xonat. CucTemMaHn Tawkwua  3TraH
3appanapHuHr  (Monekynanap, aTtomaap, 3NeKTpoHaap Ba bowkanap)
AVHAMVK 3PKUHAWK Japadkanapu OpKaau YAapHWUHT OUPUHUHE XOnaTUHU
KNacCMK  MexaHuMKa €KW  KBaHT  MexaHuKka acocmga  (cuctema
raMWAbTOHMAHWIa acoC/laHraH TeHrnamanap OpKaau) aHuKAaAW MYyMKWH.
CucTeMaHMHT aHa WyHAau AMHAMWUK 3PKUHAWK Aapaxkanapu (AbHW yHAaru
3appanapHVHL xap BUPUHMHT AMHAMWK XONaTUHW aHMKAaLW 6unaH) opkanu
aHVKNaHraH XO0NaTUHW AUHaAMMK MMUKPOCKONMUK XonaTt aeb atanmua.
Hazapui xuxataaH xap 6vp 3appaHuHr xapakaT TeHrn1amacuHu (Macana,
HbroTOH TeHrnamacu €km LpepuHrep TeHrnamacu) eumb, CMCTEMAHWHT
AVHAaMNK MUKPOCKOMMUK XONaTUHN aHMKAAW MYyMKWH. AMMO 3appasiap COHM
HUXOATAA Kyn BYAraHANI yUyH CUCTEMaHWHT X01aTuHWU ByHaan ycyn bunaH
amanga aHvknaw MyMKUH 3Mac.

3. CraTUCTUK MUKpOCKONUK XonaTt. CUCTEMaHUHT MUKPOCKOMUK
XONaTUHM aManfa aHukaaw waoxum 6yamaraHm yuyH (arap OyHpawn
MUKpOXoiaT Mabaym Oynca xam 3appanap xapakatu Ba  y3apo

TyKHawuwnapu cababan y wyHaam Te3 y3rapub Typajavkn, yHAAH amanza



dovnganaHnw [pokcns 6ynnmb Konaau) YHUMHT MUKPOCKMUK XONaTUHU
TaBcudnaw yyyH AHMM MeTOoA, TyLlyH4Ya KupuTuw 3apyp 6yamnb konagw.
LlyHaan aHrm TywyHuya (meton) 6upuHum mapta [vMb6c TOMOHWAaH
KMPUTUAraH CTaTUCTUK aHcambn TywyHuacmamp. by TywyHuara acocaH,
KkapanaétraH 6uTTa pean cucTeMa YpHWUra, YyHra AVHaMUK >XUXaTaaH
3KBMBaANEHT OyaraH, fbHW OMP XWMA ramuabTOHMaHra ara 6yaraH, ammo
bownaHFny waptiapn bunaH dapkiaHaguraH 3KBUBaNEHT cucTeManap
Tynaamun (@Hcamban)um kapanaaw. Pean cucmemaza mocinawmupusi2aH 6y
mynaamHu wy cucmemMaHuHe cmamucmuk aHcambau detiunadul.

Cratuctuk aHcambn TywyHyacura acocaH, 6u3 Tabpud 6ynnua,
CUCTEMAHVHT AMHAMMKK YMyMaallraH KoopAuHaTtanapu q(t) Ba ymymaaluraH
nmnyabcnapun p(t) HWM BakTtra 6ofank GyamaraH Tacoanduin kaTTanmknap
bunaH anmawTMpamuns, AvHM q Ba p Tacoamduu kattaavknap aeb
kapanmus. Tacogmduin KaTTaMknap g Ba P HUHI KuUAMaTaapwu (KBaHT
MexaHuKaga q €KW P HUHF KuiMataapu) pean CUCTeMaHUHE 3XTUMOAUNA
MUKPOCKOMWUK  XONaTUHW  aHuKAanan. byHaah  aHuknaHraH xonaTHu
CTaTUCTUK MUKPOCKONUK Xonat feb atavimuns. CTaTUCTUK MUKPOXoaataap
Tynaamm CTaTMcTMK aHcambara akBuBaneHTamp. LUyHuHraek, rokopugaru
Tabpudra  acocaH, AWHAMWK  MUKpOxosaataap  Tynjamura  xam
3KBUBANEHTAMP.

Cratuctmk  pU3MKaHMHT  acocumn noctynatn.  Cratucrmk
MUKpOxonataap  Tynaamu ANHAMUK Mupoxnatnap  Tynaamura
3KBMBANEHTAMP (EKWN yHra TEHrAMP, KK ywa TynaaMHuHE y3unamp!). Knaccnk
CTaTUCTUK Pu3MKaga (WYHWHTAEK KBaHT CTaTUCTMKaja) q Ba p fap AemMak

6ynap 6unaH dHUKNAHIaH CTaTUCTUK MUKPOXOJATHUHT  peannsaumnaiacuy,



HaMOEH OyauLIN 3XTUMOAMHM aHWKAAW CTaTUCTUK U3MKaZa acoCcun -
Mapkasuu Macanagmp.

CTaTucTnk Mmukpoxosatnap TyrnJamMum KaacCMK CTaTUCTUK ¢u3nkasa
dazaBun Ga3OHUHT KUCMUHW, KBaHT CTAaTUCTMK u3MKaga CUCTEMaHUHTL
KBaHT xonatnapu TynaamuvHn wndoganavan. MyBosaHatan  CTaTUCTUK
bV3MKaHN Kypuw YUyH KyuMAarm UKKWHYM acoCMX MOCTyNaTHU Kabyn
Kunamus: anpuopw (a priori) CTaTUCTUK MUKPOXOJaTaap TEHr 3XTUMOIAN
(tekmc TakcumaaHraH) aeb kabyn kuavHagu. [emak,  CTaTUCTUK
MUWKPOXOAaTaap COHM (CTaTUCTUK aHcaMbn anemeHTAapu cOHM) Na ra TeHr
bynca, CTaTUCTMK MUKpOXxoaaTaap 3xTmmonn by noctynatra acocaH. 1/Na ra
TeHr ©6ynagn. by epaa Maxcyc 3ciatamu3.  aHbaHaBuMW  ycyaja
MUKPOXONATAAPHUHT  TEHI  3XTUMOAAUTN  (TEKMC  TaKCUMAAHTAHAUIN)
xakuaarnm OyHaau nocTynaT fiKKalaHraH cuUCTeMa YUyHrMHa YpuHAn feb
kabyn kuavHraH 3aun. Kysatunagumrad kattraavmk (MacanaH, 3Heprus)
KMimatnapn 6unaH  dapknaHyBum 6ab3v  MuUKpoxosaataapia cuctema
Kynpok (kaTrapok 3xTumon 6unaH), 6ab3n MUKpoOxoonaTiapha cucrema
KaMpoK, (KUUMKPOK IXTUMOA BunaH) 6ynaam.

MUKPOXONAaTHUHT  3XTUMOAM  YHU  TalIKWA  3TraH  CTaTUCTUK
MUKPOXO0aaT/iap COHWUra - CTaTUCTMK Ba3Hra 60fank. MukpoxonatnapHuHr
IXTUMONNAPUN TaKCUMOTM PYHKLMACK KNACCUK CTaTUCTUK MexaHukaga f(q, p)
Ba KBAHT CTAaTUCTUK MexaHukaza f(El) dyHkumsnap 6unaH aHuknaHagw.
MacanaH, 6upop AauHamuk A KaTTaaukHu Taxpwubaga aHuknanguraH

(aHcambn 6ynmua) ypTaya KMMMaTh KAaccuk xonaa.
A=[A(p,q)f(p,a)dpdd,

KBHT X0AnA4a



R:ZAND

ndosanap 6unaH aHnkKNaHagUNaP.

ByHaa Al KBaHT MexaHuKagarn A KaTTaauKHKU YpTauacu:
A=y Ay dt

byHaa A onepatop, Yi-ln KBaHT XONAaTUHUHT TYNKWUH QYHKLNACK.

4. Npean ra3. ®apas kunanamk KypunaétraH cuctema N Ta 3appagaH
nbopat 6yncuH; ynap opacuaa ysapo Tabcup byamMacuH ékn yHU xmcobra
ONMaCINK Aapaxaja Knuyuk 6yncuH. byHaam xonga cucTeMaHuHr- naean
rasHWUHr  3appanapu 6buTta  3appaHWHr  CTaTUCTUK  aHcambau
aneMeHTnapuaaH nbopat bynaam aeb Kapaamwm MyMKUH.

5. bup 3appaBuu metoa. Vaean ras ctatuctnk aHcamMbam yHU Tawku
3TraH pean Mojekynanap, aTomaap, YMyMaH 3appajap aHcambau
(tynnamun)gaH nbopat 6ynaan. Ly HykTam HasapgaH cMcTeMaHuHI (naean
Fa3HWHI) CTaTUCTUK MUKPOX0aaTn butra 3appaHuHr (aTOM, MOAEKYAAHWUHT)
MUKpoxonatn  6unaH  aHuknaHagu. bowkaya aumeaHOd,  KAAcCuk
cmamucmuka p 8a § Kammanukaap Kutimamnaapu G,G+dg ea p,p+dp
uHmepsasinapda b6yauwu  sxmumonu  dW(p,q)=Ap,i)dp,dGg bunaH
aHukaaHaou, 6yHoa sxmumosanap 3udaueu Ap,§) HU bup 3appasul
makcumom gyHkyusacu detiuaadu.

KBaHT cTaTucTMkaja 3appaHWMHr  KBaHT  XxoJsathapga oyavw
IXTUMONNHU aHUKAAW Myxumamnp. CuApak KBaHT ra3 xosataapuHu 6up
3appaBuin  TaKCMMOT PYHKLUMACK opKann TaBcubnaHaan. bus kynnaa kBaHT
CUCTEMaHU Kapanmms.

N T1a 6up-6bupn 6unaH Yy3apo Tabcuppa OysamaraH 3appanap

CUCTeMACK XONATUHUHT TYAKUH GYHKLMACK



WX, X, X, ) 1)
6unaH aHMKNaHraH 6yacuH.

Epr,a raMmMabTOHMAH

o (2)
" h
Hi=—A +U,(x) 3)

nboganap OwnaH aHWKNaHraH OYAcuH;, Xi 6unaH p, €K § NapHU

benrnnaavk.

CrauunoHap xonat yuyH TyakuH dyHkuma (1) LpeanHrep TeHrnamacum
Hy =By @
AaH Tonunagy; byHaa

ZPAI v=Ey
b (5)

Naean ras yuyH y=vy,(x y,(x,). v, (x,) Ba E=E, +E, +..+E, 4eb kapaLiu

MYMKUH. By xonga (5) aaH

Hiy,(x)=Ew,(x) (6)
TeHrnamaHu osamus. by TeHrnamaHum eumb, xap 6up i 3appaHUHT TYAKUH
byHKUMANAPU Ba 3HEPrva caTxjapuvHu Tonamui. Xap 6bup 6bupzlappasui
xonat dyHkuMack (X ) HU aHMKAOBUM KBAaHT COHAApHM (aTomaaru
31EeKTOPOH YUyH KBaHT coHsap n, |, m, ms) 6utta xapd n 6unaH
6enrnnavnunk. by xonaa

E =E +..+E
n ny (7)

mny..ny

Voo =, OOW, (06 )y, (%) (8)

ByHaa cuctema sHepruacn unsmHan (7) faH, cuctemMa xosatv GyHKUMACK

6up 3appasun dyHKumanap kynantmacu (8) gaaH nbopar.



By eppa wyHn Tabkugnanmmsky, 6up-bupm HunaH  y3apo
TabCMpAalWyBuUM  3appanapfaH TalWKwa  TOMAraH cucTeMa  xonaTu
byHKumACKHN, Kyn xoanapga, 6up 3appaBuu  xonat  QyHKUMANAPU
KynanTmanapu bynnya katopra émmamacm cndatmga Kapawl MyMKUH.

Arap cuctema 3appanapu 6up xun 6ynca (bus ctatmcTnkaga wyHAam
XOJIHN KapavMu3), YIapHUHT XxaMMacKu yuyH TeHrnama (6) 6up xun 6ynaam;
YNapHWHT xO0naTnapu Ba 3Heprua catxiapu xam 6up xun 6ynaam. N
3appagaH ubopaTr cucTeMaHuHr kBaHT xonatm N Ta 6up 3appasuu
XONATNAPHUHI  Xap XwWa  KOMOuHauuanapugaH OJAWUHULWN - MYMKWH.
CucteMaHuHr ByHzan xonaTnapu 4ekcum3 Kyn 6up 3appaBuin xosatnap

TynaamugaH N - cavnaw (TaHiaw) OpKaau aHMKAaHaAN.

k &

N

&

1.1- dafi .

AvHamMuk HykTam HasapgaH uxtnépuu 6utta 3appara Tervwam (6)

LLipeanHrep TeHrnamMacuHu eumb, xonatnap w,.y,..y,,... Ba bynapra moc
3HEpPreTnK catxiap, MacanaH, &,s,,..,,... aHUKNaHagn. by 6utra 3appa yuyH

aHVKNaHraH 3Heprus catxaapy COHMHKM 3appanap coHn N ra Hucbatra xygaa
KaTTa 4e6 kapab (by maean KBaHT ra3 Oy/AUWANK LIAPTK), WY SHepPrus
catxsapuga N Ta 3appaHuWHr TakCUMAAHULW KOHYHUHW aHuknaw 6up
3appaBun MeTOAHVHT Badndacmamp (1.1-pacm). AnHamMumk Hykau HasapaaH
6utTa 3appara TervwauM macanaHu eumb, 3Heprua catxaapu bymmua kyn

3appanapHVHI TaKCUMOTUHU TaaKuK Knavw - 6y bup 3appaBuii MeToaanp.



3appanap Y31apUHUHT xonart byHKUMANAPU-TYNAKNH
bYHKUMANAPUHMHT  XapakTepura kapab wukku Typra: 6o030HAap Ba

bepmmonnapra 6yamHaan. bus wynapra Knuckada TyxTanamk.

3-§. AMHaHANK NPUHLUNK

Arap WKKW 3appaHu Kaaccuk ¢u3anka HyKTaum HasapujaH kapasca,
ynap y3nykcu3 xapakaTnaHaéTraHAUIMHW Ky3aTu MYMKWH, AbHU yaapHU
NPUHLMNMAN XUXaTAaH anoxuaa KysaTuw Ba Aemak, axpatvw, dapkial
MyMKWH. KBaHT MexaHvKaja MUKpO3appanapHUHI Xxojiataapu ANCKPeT
y3rapagn. bup Typra Termwau umkku 3appa 6up xun xonataa 6ynca,
YNAPHVHT XapakTepuctukanapu 6up xun bynagu. by aca ynapHuHr anHaH
Bup xmanamaurura, ynapHun dapkaall MyMKWUH 3Macamrura onnb kenaaw.

Knaccuk 3appanap TykHawraHga (1.2-pacm), xap AOMM Kaucm bupwm
KaWCn TOMOHTa KeTraHVHM aHuKaawWw (Kypuw, 6UanLw) MyMKUH.

KBaHT 3appanappa TpoekTopusanap Wyk, wy cababam mabaym
"Tpybka"HM numpa TYAKMH NaKeT xapakaTnaHaétmp aAeb kapaw MyMKWH.
Arap "Tpybka"nap TykHawca (EKn AKMHAALLCA) KauUCK 3appa Kaucu xomaa
3KAHAUIMHN aHUK 6uanw MymkmH 3mac. Ly cababan, 6bup 3appa 6up
TOMOHTra, UKKMHYM 3appa WUKKUHUYM TOMOHFa KETraHAUIMHU (MMMNYAbCHUHT
Cak/JlaHWLW KOHYHWM acocupa) aHukaaw MyMKuH (k.1.2-pacm). LWyHaau
KMAMO, KBAHT MexaHMKaga noctyaat cmdatmga anHaHAMK NPUHLMNK Kabyn

KUAVHaAM.



1.2- dafii .

Bup Typaarn 3appnapHuHr  6up-bupmgaH  bapkaaHmacaury,
avHaHAurn  cababan cuctemagarm  UXTUEPUIA  MKKUTA  3appanapHUHT
YpuHAapu anMaluTMpuLaapu CUCTEMAHWUHT bur3nk XONaTUHU
y3rapTmpmanau.

bup xun wmacca, cnuH, 3apadnapza 32a ea bowka b6up Xxusa u4ku
xoccanap bunaH xapakmepaaHysyu, mascugnaHys4yu 3appanapHU KeaHm
mMexaHukada auHaH 6up xusn 3appanap Oeuunadu. bowkauva anTraHga,
MacanaH, bup 3NEKTPOHHN WMKKUHUYM 31eKTPOHAaH dapkaall npuHuMnuan
MYMKMH 3Mac; bapya 3nekTpoHaap avHaH bup xun 3appanapgup. AvHaH
H6up xmn 3appanap KBaHT MexaHuKagarn GyHAaMeHTan NPUHLUM-aHaHAMK
npuHUmMnura 6ymncyHaau.

AVHaHAVK  MpUHUMMMra  acocaH, 3appajsap  cucTeMacuaaru
3appaNapHUHr  YpUHAApU  aaMalWMHUWKM - Tydanam  xocun  ByaraH
XONnaTnapHu Xxed KaHgan pean 3KCNepuMeHT épaamuaa dapkaaL
(axpaTtunw) MymMkuH 3mac. Ly cababan, byHaanm ypvH anamalivHUWAapAaH
xocun 6ynraH xonaTnapHW CUCTEMAHWHT 6uTtta ¢usmk xonatn Aaeb
Kapanuwm kepak.

AVHaHAVK MNPUHLANK KBAHT MEXaHWKAHWHI KAacCMK MexaHWKajaH
bapKNOBUM acoCMM NMpUHUMNAapAaH Bupu, AbHU KNacCMK MexaHuKaja xap
6UpP 3appPaHUNHT XapakKaTUHWN, TPOEKTOPUACUHM NPUHLMMN XNUXaTAaH Ky3aTuLu
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MYMKWH feb Kapasca, KBaHT MexaHMKaaa 3ca byHaam Kapall Y3 MabHOCUHM
nyKoTaau, xap 6up 3appaHuHr y3 UHANBUAYANNNUTA NYKONAAMW.

MabaymMKku, KBaHT MexaHuKaja 3appa Xoiaty TyaAKuH GyHKuma bunaH
TaBcndnaHaan. KOkopuga avTuaraHnapra acocaH, WUKKW amHaH 6up xun
3appanapHUHT TyAkUH GyHKUmanapu dasosa kMcMmaH (y3apo KonjallyBsra)
y3apo énysra 3ra 6ynca, y xonga, TYyAKuH OGyHKUMANAP aHUKJAaHraH
COXaHWHT BMpPOp 3eMeHTap xaXXMuaa 3appanapgaH kaucm bupu Typnbdan,
AeraH CaBoON MyTNakO MabHOra ara 3mac; 6y nkku 3appagaH bupuHUHT by
3IeMeHTap XaxXmaa 6yanLim sXxTMMOAn xakuaa ranmpuil MabHOIO 3raaump.

Tabuatgarn auvHaH OGup xmn 3appanap WKKM Typra: xonatnapwu
CUMMETPUK TYAKWUH byHKkumsanap bunaH TaBcudnaHyBum 6030HNapra Ba
aHTUCUMMETPUK TYAKUH PyHKUMNap bunaH TaBcndaaHyBum pepmMroHaapra
OyAnHAN.

AVHaHAVK NPUHLUNWAAH KeAnb umkagmran TYAKUH QYHKUNANAPHUHT
By CUMMETPUKAMK XOCCanapw, KAacCUK MexaHuKaga yxwawavrm byamaran,

KBAHT 3P HEKT — a/IMaALLMHYB Y3ap0 TabCUp MaBXyaaurmra onmb kenaaw.

4-§. CUMMETPUK Ba aHTUCUMMETPUK TYNKUH PpyHKLMANap
CnuHnapu 3bTMbOpPra onnHMaraHgarn 2 t1a 6up xua 3appagaH nbopat

CUCTEMAHVHT KBAHT XOMaTWN TYAKUH GYHKUMA w(7,7) 6unaH TaBcubaaHaaw;

w(7,7,)-3appanap KoopanHaTanapuHUHr GyHkumack (k. 1.3 pacm.).
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1.3- pacw.

3appanapHVHr YpuHAapuHu (KOOpAMHaTanapuHK) anMallTupanavk,
AbHW 1 HUHI ypHUra 2 Ba 2HWHr ypHUra 1 3appa >XounawcuH. Y xonjaa
pagnyCc—BeKTOp 7, HWHI WyHaauww y3rapmb 7, aaH nbopat bynaan (k.1.3-
pacm).
M2 =P (9)
3appanapHuHr  OyHAan YpWH  aaMawTUPULLINGPW  CUCTEMAHWHT
XONaTUHW Yy3rapTUpManan, YyHku 3appanap 6up xun. byHaan (9) ypwH
aIMaLLTUPULLHN akcAaHTUpuW aeb atanasw.
AKCNaHTVPULL ONepaTopu P HY (yHU YPUH aiMawmupuly onepamopu

xam deliunadu) TynKnH GyHKUNA w7, 7, )=w(1,2) ra TabCcup 3TKM3anamK:
Py(1,2)=y(2]) (10)

By (10) ra sHa 6up 60p P HW TabCMp ITKM3CAK, PaBLUAHKKM, fHA aBBaaru

X0/1aT xocun 6ynaam, SbHU
P(PylL2))-vit2) ay

KBaHT MexaHWKaHWHI YMYMUU APUHLMANIA acocaH, OnepaTopHUHI TYAKWUH

byHKUMACUra Tabenpn TYAKMH QYHKLUUAHM MablyM COHra y3rapTasu, AbHU
Py(12)=Py(21) (12)
byHAa Mabaym COH P - wy P OMEPaTOPHWHT xycycunin kummatu. (10)

ndosara P onepaTtopHMN sHa TabCUp STTUPANINUK.
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f{fa 1//(1,2)) PPy (1.2) = PPy(12) = Py(12)
(13)

VIKKWHUM  TOMOHAaH, WKKM MapTa anmawTtmpuwgad y(l,2) kennb
YMKKAHAUTMHW 3BbTHOPra oncak,
Py (12)=y(12)
Ba byHAaH
P’ =1,P =+l (14)
HaTUMXXaHW ONaMms.

Bowkaua ycyn: anHaHAMK NPUHLMAMIa acocaH, 3appanapHUHT YpUH
aNMALLTUPUANLLN YHUHT GU3NK XONaTUHK y3raptupmangu. Ly cababan, 6y
YPVH anmawTtmpuwga TYAKUH OYHKUMACUHUHT dasacu y3rapajuv, SbHU
w(21)=¢“p(12) sHa 6up MmapTa ypwH anmawTtupwica, w(L2)=e"y(L2);
OyHAAH ¢ =1 éKM e =+1.

(12) Ba (14) paH KypuHaAuWKKW, akcaaHTMpwuiaraHga  (YpwH
anMaWTUpAraHaa) TYyAKUH QYHKUMSHMHE MWopacy y3rapMacanrn MyMKUH
(P = +1xoz). ByHOal mysakH yHKYUAAAPHU CUMMeMPUK MYAKUH yHKYUSAap
detiunadu;,  cumMmempuk  MysaKuH  @yHkyusaap — bunaH — xoaamu
mascugaaHadu2aH 3appanapHu, rKkopuda atimeaaHoek, 6o3e 3appasap éku
6030H1ap deliunadu.

AkcnaHTupuaraHga TyakMH — QYHKUMAHWMHE  MWOpacyu  y3rapuvim
MYMKUH (P =—lxor). ByHOal mysnkuH QyHKYUSAApPHU aGHMUCUMMEeMpUK
mynkuH ¢yHkyuaaap detiunadu, aHMuUCUMMempuk MyJaKuH @yHkyuaaap
bunaH xonamu mascugaaHadu2aH 3appajaapHuU, rkKkopuda aumusieaHoek,
depmu 3appanap éku goepmuoHaap deltiunadu.

N 3appagaH wnbopaT cucTeMa XONATUHUHT TYAKUH  QYHKLMACK

\U(...Xi,Xk’_._) O6yNCcMH. AVHaHAVK MPUHUMNWIa acocaH, TYAKUH QYHKUUAHUHT
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apryMeHTaapu ypuH anmawTtupca, Gu3mMK xosaT y3rapmaraHu cababaw,
du3mMK xonara Ternwam 6OynmaraH ¢azaBuin  y3rapuw 6ynaanm, AbHU
W(.x,x,..)=e"y(.x,X...) ByHAa a-UXTUEPWUIA XaKWKWIA KaTTaauk; AHa
MKKMHYM  MapTa YPWH aJMalwTuUpWICa, aBBaarn TYyAKUMH QyHKuMAra
kenvHagm:  w(.x,x..)=e*y(.x,x..). byHaan € =1 & =+/1=+1
kennb uumkaan. [emak, roKopuaa XyCyCMUM XOA YYyH auTraHUMU3Zek,
cucTemMaza UKKW 3appa YypVH asmaliraHza YHWHT TYAKUH QYHKLUMACUHUHT
nwopacn Yarapagn (e =—lxor) €kn Y3arapmaian (¢ =1lxoz); Vwopacm
y3rapmaca CUMMETPUK, Yy3rapca aHTUCUMMETPUK TYAKUH QyHKUMAnap
6ynnb, By y3srapuw €kun y3rapMacavK 3appanapHUHC CuHaapura 60fauK,
3KaHAnrMHK B. Mayan (1924 — 1925 nmnnap) TOMOHMAAH KypcaTUaAn.

Apumau  cnuHea 32a 3dppanap (MUcoJs, 3/71eKMPOH, NO3UMPOH,
HelimpuHO, NPOMOH, HeUmpoH ea wy kabunap) xamoa moK coHOaau
¢depmuoHaapdaH ubopam Mypakkab 3appanap (macanaH, mpumud A0pocu:
6y s0po 1 ma npomoH 8a 2ma HeumpoHOaH ubopam, 2enul —3 Adpocu: by
a0po 2 ma npomoH ea 1 HelmpoHOaH ubopam ea wyHea yxwauwiaap)
¢depmuoHnapdaH ubopam 6ynadu. ®DepmuoHnapdaH MAwWKUA MON2aH
cucmemaHu gpepmu—cucmema deliuaadul.

CAWHHWHT MYHaAnWM xam 3bTubopra OAMHraH aHWK KBaHT X0/1aTAa,
Maynn npuHumMnura acocaH, butragaH opTuk GepMUOH BYANLIN MYyMKMH
3Mac, AbHU

n;, =0, (15)

CnunHnapu Honb €kn BYTYH COHra TeHr 6yaraH xamza >yt coHzaru
dbepmunoHnapgaH Tawkma TonraH Mypakkab 3appanap — 6030HAapaaH
nbéopar 6ynaan. (Mmcon ¢GOTOH, Me3OHAap, reavn-4 aapocu, LenNTpun

AApOCK Ba Wy kabwnap). bo3oHaapdaH mawkua monz2aH cucmemaHu 603e—
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cucmema Oeliunadu. bo3oHnap xap 6up KBaHT xonaTha UXTUEPUM COHAA
BYANLWIN MYMKWUH, ABHU
n =0,12,.. (16)

5-§. AamawyB y3apo tabcup. Nayam npuHumnm

KBaHT MexaHWKaHWHI noctynatnapugaH oupwu-fayn npuHumnunamp.
TYNKUH  QYHKUMAHUHT  CUMMETPUK  EKK AHTUCUMMETPUKANTL  YHUHT
dasoBMM  Ba  CIWHAAPWM  y3rapyBUMAAPUHWHT  amalTUpuUIraHaaru
Xycycmatura 6ofank.

Arap 3appanap opacugary ys3apo TabCup Kydynapu 3appanap
cnuHnapura 60fanK Byamaca, CUCTEMaHWUHT TYAKMH QyHKUMACMHM dakaT
KoopAwHaTtanapra Ba ¢akaT cnuHaapra 60famk GyHKUMANAP KynanTMacu
KypUHULWAA Kyhmaarnya e MyMKUH:

“V(Xl’x2""’XN;n‘]sl’rns2""’rnsN): (p(xl’X2""’XN)J(rnsl’n‘]SZ""’rnsN)

[emak, byHaan 3appanap, arap 6o3oHnapaaH nbopart 6ynca, y xonsa
KooopAnHaTtanap Ba cnvHaap GyHkumanapy mp xun cummeTtpusanapra ara
byanwnapu wapTt, AbHU o U,. €kn ¢, U, (byHaa nHaekc “C" cummetpuk “A”
3Ca aHTUCUMMETPUKAVKHW  KypcaTaau); arap depmMuoHnapgaH wnbopart
bynca, ¢ U. €kn ¢ U, aaH nbopat byamwmn kepakx.

Bowkaya anTraHga, anHaHAMK NPUHLMAUIA acocaH, anHaH bup xun
3appanapHuHr dasogarn XoNaTUHW TaBCUDAOBUN TYAKUH QYHKLMAHUHT
CUMMETPUKANK  XOCCaCKM CMUH  TYAKMH  QYHKUMAHUHT  CUMMETPUKINK
xoccacura bofankamp. by aca, 3appanapHuHr dasogarn xapakatvga 6mp—
6bupn 6unaH Mabaym MyBOOMKAALIWLI, KBAHTOBWA Koppenaumsa (xaTto
3appanap opacvgary ysapo TabCcuMp Kyunm OyamaraH xonga  xam)
MaBXYANUIMHW  KypcaTagn. AMHaH 6up xun 3appanapHuHr  dasozaru

xonatmga (cnvHaap  cummetpuscura  b6ofank  paBuwga)  HGyHaam
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MyBOOMKAALLINLLAGP, KBAHTOBMA KOppensuusaap CUCTEMaHUHE 3HEPrmacu
KMAMaTMaa y3 akCUMHUK Tonaawu. by keaHmosul koppenayus 6unaH 60fauk
3Hep2UAHU y3apo mawvCup aimMawlys sHepauacu dedusiadu. AnmallyB Tabeup
3HEPrvACK anoxuaa 3appanap TyaAKuH GYHKUMANAPUHUHT ényB (KonaallyB)
fapaxkacura bofaunk; 6y ényB coxacn kaHya katTa byaca, aamallyB 3Heprus
lWyH4Ya KaTTa bynaan.

LUyHM TabknanavMmnsku 3appajap opacugarn  y3apo  Tabcup
bynmMaraHaa xam, SbHW alHaH 6up xun 3appanapiaH TalwKua TOMraH naean
rasga xam, anHaHAMK NpuHUMNK Tydananm anmMallyB y3apo Tabcup Keambd
ynkagn. AamallyB Y3apo TabCUMP—KBAHTOBUA KOppenauusa 3appanap
opacuparn yptada macoda age bponnb TYAKWMH Y3YHAUIMHHWT ypTaua
KMMMaTK TapTmbunaa €kun yHaaH Knumk 6ynraHga sddektns HaMoEH bynaan.
ByHaa anmaluyB y3apo TabCupuHW xapakTepu depmuoHaap Ba 6e3oHnap
YUYH xap xun 6ynaan. ®epmunoHnap yuyH vy, =¢,U. TYAKUH OyHKUMAAA
CNUHAAP Napanfen 3KaHAUTUAAH 3appanapHUHT AKUHAALWYBMAA UTAPULL
Kyuynapy Hamo€H 6ynaaun; 6y mTapuwl KyunapuHW akc 3TTmpyBuum [layam
NPUHLMNN MKKW Ba YHAAH OPTUK, 3appafapHUHr 6bup xonataa 6yamwwura
Kapawank (TYCKUHAMK) Kunaaun. Bbo3oHnap yuyH anmallyB y3apo Tabcup
3Ca, CMUHAAPHMHT aHTUNApPaANeNNNTMAaH 3appasapHUHE Y3apo TOPTULLNLL
Kyun coamp bynmwnurngaHamp. Wy cababan, 6o3oHnap 6bup xonataa byna
ONNLLNAPU MYMKMH.

Y3apo TabcvpnallyBuM aiiHaH 6UP  XUA  3appanapHUHT  TallKu
MaZOHAArn 3Hepruscura xam KBAHTOBUM KOPPEenaums MaBXyaaurun
TabcMp  Kypcatagn. AmMmo 6y  Tabcup  3appafapHUHT  YPWH
anAMalivWnapuaarn Tabcupra HucbataH wwopacy, ogaTaa, Teckapw

6yaraHaMrn ydyH 6y TabCUpAAPHUHE Xuccanapu 6up-bupura HucbataH
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KaTTa €KM Kuumkaurura kapab, CMCTEMaHWHT YMYMWA SHEPTUACKM OPTULLIN
€KMW  KaMaWnWKM  MYMKWH, SBHU CUCTEMA  XONATUHWHT  Kynauauru
CMUHNAPHUHI  napaaneanrnga (macanaH, deppomarHetnsmaga) Eku
aHTunapannenvrnga (MacanaH Hz Oz monekynanapga) coavp 6ynuwin
MYMKWH.
Bup-6bupura 6ofank 6ynmaran N Ta 3appanap cuctemacu xonatinapu
y4yH
Yins ny =Yn¥n, ¥a, (17)
byHKUMA  KMpUTTaH 34MK. AMMO Yy CUMMETPUKANK XOccacura ara
bynamaraHu  ydyH cucTemMa XxonaTuMHM  TaBcudnawra  spamangu.
CuctemMaHuHr  xonatvHn  TaBcudaaw  yuyH  (17)  HUHT  4n3UKAM
KOMbBUMHaUMagaH CUMMETPUK €KUM aHTUCUMMETPUK PYyHKLUMANAPHU OMLL
Kepak.

MacanaH, ukkuta 6vp 3appaeuit dyHkumanap ¢ 1(x) Ba o,2(x)

bepunraH  6ynca, yHAaH CUMMMETPUKAMKKA 3ra  OyaraH  xonat

CI)yHKLI,I/IFIfIapI/IHI/I Xocnn KNIMwWnmMm3 MyMKMH:

0. = 5 0,000, 06) + 0,0 o, 5]

0c = 75 [0u(x )0 00) = 00 o, )] 18

(18) ndbogasaH KypuHaamku, 1, =n, ékn X, = X, 6yaraHga @, =0
bynagn; SbHU aHTUCUMMETPUK TYAKUH yHKumA bunaH TaBcnbaaHyBum
MKKn 6up xun 3appanap (bepmuoHnap) bup xonataa €km Hup >xonaa
6y amLwmn MyMKmH amac.

By (18) ndogaHu N ta 6bmup-bupu GunaH y3apo TabcupaawMangmran

3appanap cMcTemMacu yYyyH yMyMaawTupanavk:
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1
Ve :WZWM(XJ\V“Z(XZ).--\IMN(XN) (19)

n,~CMUH KBAHT COHHM XaM akC 3TTUpaan. YPUH aaMaluTUpULLINGP COHM
abHM (19) ga xagnap coHn NI byHaa ypuH anmawTvpuwnap w. HUWHT
NWOPACUHK Y3rapTupmanam!
AHTUCUMMETPUK YHKUMA v, HU Kynuaarn aetepMuHaHTaaH nbopat aeb

Kapanagu:

(X0 0%, ) 0 (%)

Y, = i (PnZ(Xl)(PnZ(XZ)...(pnz(XN)
SN T (20)

3appanapHuHr  ypuH anMawTupuwra (20) aeTepMUHaAHTAArM
YCTYHNAPHMHT y3apo aAMalUTUPUANLLA MOC KeNaaw.

Arap WXTUEPUU WKKW 3appaHuHr, MacanaH 1 Ba 2 HWHI KBaHT
xonatnapu 6up xmn 6ynca, abHU 1, = n, 6yACa, y Xonaa AETEPMUHAHTHUHT
KKK KaTopu 6up xun 6ynagn. Wkkm katopu bup xun 6ynca, byHaan
AETePMUHAHT Xap AOWM Hoara TeHr 6ynaan, svHu ¥, =0. ByHaan xonat
peannzaumnanaHmanam by sca Mayan npuHunnuanp. Aemak, 6y npuHuymnra

acocaH 6up xun xonataa 2 T1a pepMmMoH BYANLIN MyMKUH 3Mac.

6-§. KBaHT 3appasapHuHr 6up 3appaBui xonataap 6yinua

TaKCUMOTH
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MabaymMKu, KBaHT CUCTEMaNP YUyH TaKCMOMT PYHKLMSANAPU Xap XU
ycynnap bmnaH (XycycaH, katTa KaHOHWK TaKCMMOTW acoCcua; 3appanapHUHL
COHU, HEPrmacK Ba aHTponus ndoganapyu acocnaa) onnHaam.

bus kynnaa ycnybuin xuxataaH HucbataH oaamin metog bunaH 6up
3appaBuK xonatiap bynmua 3appanap TakCMMOTU KOHYHWHU Ba bose —
SHWTenH, Pepmun —[Jnpak TaKCMMOTN GYHKLMANAPUHN ONaMU3.

Cnctema 3appanapu KBaHT MexaHuMKa acocmaa TaBcudaaHcuH. byHaan
cucteMa TePMOAMHAMUK MyBO3aHaTAa Oyaca, YHWUHT KOHYHUATAApPUHM
MYBO3aHaT/M KBaHT CTaTUCTUK GM3KMKa YpraHaau.

Arap cuCTeMaHUWHI 3appajsapu opacuiaru y3apo TabCUp Kyd eTapau
Aapaxkaga 3aud, kyucns bynca, (Eku by y3apo mavcup uyk bysaca, by xonda
cucmemaHu keaHm udeas cucmema (2as) detiunadu), xap bup 3appa, bouika
3appanapra 6ofank bynmaraH paBuLAa, 3pKWUH xapakatnaHagwn. by xonza

3appaHWHr KBaHT xosatnapu LWpeanHrep TeHrnamacu (6) (Hy, =Ew,)
acocnaa aHuKNaHagy; w,- TYAKUH OYHKUMANAP  &,€,,E;.E;y.- IHEPIUSA
caTxlapw; &,— 3apPPaHVHT i XoiaTAarn sHeprusacu.

Cuctema N Ta uaean KBaHT 3appanapgaH mbopat 6yncuH. byHaau
cucTemMaHu Bup 3appaBuii MeTog acocuaa Kapanaan.t

By cuctema 6up 3appa ydyH CTaTUCTUK aHCambaamp. KapanaérraH
3appa Hycxanapu N aHeprus catxnapura HucbataH o3 (kKnumk) 6yncuH. by
xonga N Ta 3appanapHuWHr 3Heprva catxjapu 6ynmnuya TakCUMAaHWLIN

KOHYHWUHU aHUKNANAVIK.

! 3appanap opacvga y3apo Tabcup Kyuau GyaraHAa CMCTEMaHW KBaHT MexaHuka acocuga Tascubsiall
MYMKUH. AMMO 6y Macana Mypakkab Ba SWAvHAMP. Kyn 3appanapHu TagKukoT KuiaguraH GuanKaHuHT
OYIMMUHN KyN 3appanap ¢usmkacu genvnagn. by 6up 3appaBuit MeToaHM 6ab3aH MOC paBuLLIAaA
y3rapTvpmb, 3appanapv opacuaaru Kyuam y3apo Tabcup 6yaraH cucteMaHu TaBcudaall yuyH Syanab axwm
HaTW>Xanap ONNHAW.
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®apa3 kunanavk, N Ta 3appanap 6up 3appaBuu xonatnap bymnua

Kynngarnya TakCuMAaHraH 6yncuH n,,n,,...,n,, (L4-pacm)

I & N
3 € N
2 & N
1 & n

1.4- oani .

ByHaa i num xonataarv n, 3appanapHUHT 3HEPrUACU E, =ns, AaH
nbopat. [lemak, ! xonataaru cuctema 3Hepruacu E, =Y neg,; 3appanap
COHU N = n,.

LLyHW ainTuW NO3UMKMK, CUCTEMAHWHT KBaHT XOMaTUHU aHUKAanAnraH

[, 3HEpreTUK caTxnapjarv 3appasap CoHfapwu Tynaamu 6unaH Gepunaaw,

abHU | =(n,n,,...,n,,...) I- 3HepreTMk catxaarv », 3appanap OumK CUCTEMaHU
TalWKWA  KWNaaW, SbHU YHAQ »n, Y3rapuwuv MyMKWH. bepuaraH n,

1 1

3appanapgaH nbopat cuctemava yuyH (YMyMUMA CUCTEMAHVHE KUCMU YUYH)

TaKCUMOT PYHKUMACUHU Kyrnaarmya

z 1)

é3amu3. byHaa Z i HUM cuctemauara Termwam CTaTucTUK UMFUHAN,

KT (22)
TepMOAI/IHaMI/IKa noTeHuymnoHan (Di
P =m (23)
H“ XUMUK noTeHunain.

MyBo3aHatin xonataa ¢asanap MyBO3aHaTh yUyH é3uaraH

T1:T2:...T, P1:P2:...Pi, leuz_“:“i:“ (24)
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JlaH Ba
Ei = nl.gl. (25)

ndbogasaH porganaHnb, TaKCUMOT KOHYHM YUyH

1 .
f(E)= = gfléw
(E)=- 06

ndoaaHn onamms; byHaa CTaTUCTUK MNFUHAM

7 = g hn (si—p)
2 o

HOpMaaall wWwapTtn

f(E)=1
> (&) o

acocuja Tonunagu.
TakCMMOT PYHKUMACK (26) KBAHT CMCTEMA XOCCacUHM TaBcudaaLll yyyH

acoc bynagu.

7-§8. KBaHT CTaTUCTUKAHUHT TaKCUMOT PYHKLMACK

®dusmnka HykTam HaszapgaH, xap 6up 3HepreTnk xosnatjaa 3appanap
COHVHWHI ypTaya KMAMATL MyXUM axamuatra ara. LLUyHuHr yuyH TakcumoT
byHKUMACK (26) acocraa i xonaTAaarn 3appanapHUHE ypTaya COHU (n,) HW
TONanAvK.

YMyMuin Komaara acocaH, 3appanap COHUMHWHI ypTayacu Kynuaarnya

aHUKNaHaAW:
(ny=>nf(E)
n;=0

(26) Ba (27) ndoamanapHun Hazapaa TyTnb, (n,) HK

1 dZz 1 dIhz
<N >=—-—=—"
BZ du B dw
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KYPUHMULWAQ E3ULL MYMKWH. {(n,) = f(g,) Benrnnaws Knputmnb, oxmprun ndpoganHm

é3amus.

f(Si ) _ d InZ
Bdu (29)

fle,) HU kBAHM CcmamucmukaHuHe makcumom @yHKyuscu Oeliuaadu.
LLyHaah knamb, f(e,) HX, AbHM 3appanap COHU ypTayaCcUHN aHUKAALW Y4yH
CTAaTUCTUK NNFUHAN Z HW Buanw 3apyp.

Busra Mabaymkn, ApuM  cnuHAn  3appanap-llayam  npuHuumnura
byncyHaguraH 3appanap-dpepmumoHnap 6up 3appaBuu xonataa butragaH
OpTUK Byna onManan, AbHU n, =0,1.

ByTyH cnnHAn ékn HOAMb CnunHra ara byaraH 3appanap-6o3oHnap 6up
3appaBuK xonaTaa UXTMEPUM COHAA BYANLLM MYMKUH, SBHWU n, =0,1,2,... .

Ly cababan, depmmoHnap (3nekTpoHaap, NMPOTOHAAP, HENTPOHAAP,
no3nTpoHaap Ba Howkanap), 603oHNap (PoToHNap, GOHOHNAP, Me30HAap
Ba XydT coHaa depmmoHnapaaH mbopat Mypakkab 3appanap) TakCMMOT

byHKUMANAPUHM anoxmaa — anoxmaa Kapaiw 103mm 6ynaan.

8-§. bo3e — DUHLWITENH CTaTUCTUKACKU
Bo3oHnapHuHr 6Gup 3appaBuii xonatnapgarn TakKCUMOT KOHYHWHM
Kypauauk. by xonaa, n, =0,1,2,... CTaTUCTUK ANFUHAM

7 = Ze—ﬂni(&—ﬂ)
(30)

6030HAap yUYyH <0 wapT baxapuanwm 3apyp. AKC xonaa f(e;) dyHUUS
u4>¢ Ba nm,—>oo Ja JerapanaHmaraH Ba JemMak OU3MK MabHOra 3ra
bynmaraH ¢yHkumsara amnaHagn. u<0 6yaraHaa (30) ndoaa kamaroBUM

reomMeTpuk nporpeccuagaH nbopatamp. YHUHT UMFUHANCH
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- l_eﬁ(#—é‘i) (31)
ndboaa bunaH aHMKNaHAAM.

Cratnctnk nnfnHam (31) HUHTr ndoaacmaan donganaHmb, f(e,) Y4yH

(29) acocmaa kynmaarnya ndogaHu oamMms.

1
<mn >Ef(<9,~)=eﬂ(gT

1 (32)

Xonamaap 6yduya 3appanap ypmadya COHAApHU aHukaauduzaH (32)
ugodaHu bose- lUHwmelH éku boze makcumomu — cmamucmukacu
deliunadu.

Bo3oHnapHUHr ymMymumn coHn N Ba UXTMEpPUMIA xonaTaary yptada COHU
<n, > Y3NAPUHVHT MabHO/Iapura Kypa mycbat kaTtaamkaap N >0 Ba <n, >>0
6ynagn. LLUyHWHr yuyH (32) gaH B(g,—up)>0 €KW yMyMaH —pfu>0 Kennb
ynkaan. byHaaH, B >0 3KaHAUTMHW Ha3apaa TyTcak, u<0 Keanb unkaan.

Y3rapysum coHaum 6030Hnap (3appanap), XycycaH $oToHAap,
bOHOHMAP YUYYH XMMWUK MOTeHUMan ux=0. YMymaH 6030HAAP Y4YyH XMMUK
noTeHuman

#<0 (33)
WwapTra 6yncyHaaw.

Bo3soHnap yuyH &—u 6ynraHga, bose TakCMMOT <n, >= f(g,) — o

bynagn, =0 bynraHga aca (k.1.5-pacm).
| f(e)

23



1
f(O)—maﬂd) (34)

nbosa onnHaaw.
YMyMuin xonga XMMuK noTeHuman g HU 3appanapHUHr YMYMWIN COHMU

nooagacum

1
N:Z,-:< n, >=Zm (35)

acocnaa aHukaaHaaw. Arap 3Heprva Kunumataapuv y3nykcms ysrapagn aeb
Kapasnca,

T og(e)de
N = —
.([eﬁ( ) -1

(36)

nposasaH aHukNaHaan. byHaa g(e) OGUPAMK dHeEPrvs WHTepBanura Tyfpu

KeJiraH Xoaat/jap CoOHM-Xonatnap sn4damnrnanp.

9-§. Pepmu-Alnpak ctaTucTKacu
dOepMUOHNAPHUHT BMp 3appaBuin xonataapaarv TakcumoTmaa n, =0,

ByaraHanrn yuyH, 6y xongarv cTaTUCTuK UMFUHAN Z ndoaacu

Z — Zeﬁni(ﬂ*‘%) — l +eﬂ(ﬂ*5,)

n; (37)
KypuHuwaa 6ynaaw.
Bup 3appaBuin xonataarn GepMUOHAAPHUHT ypTada COHU <n, > YUYH

(29) paH dorpganaHnb onamms.

~dhhz 1

<n >= f (si) Bdu eB(Si_“) +1 (38)
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PepmuoHAap Ypmaya COHUHUHZ2 <n,> bUp 3appasull xonamsaap

bytuya makcumomu (38) Hu Pepmu — Aupak éku Pepmu makcumomu —
cmamucmukacu detunadu. Kynaunamk ydyyH ®epmn — [upak Ba bose —

SVHLWEWNH TaKCMMOTAAPUHMN

1
f(&) _m (39)

KypyHuwaa é3unaan. byHaa mycbat mwopann mndoga depmun — Aupak,
MaHGn nwopanm ndosa bose — IMHWTENH TakCMMOTAAPUTa TETULLN.

depmu cuctema Temnepatypacm T=0 Aa e<u bynraH xamma 6up
3appaBuKn xosatnap (3HepreTuk catxaap) 3appanap bunaH TyaraH 6ynagw;
g, > u caTxjap 3ca xammacu 6yw bynaan. (k.1.6-pacm).

Temnepatypa HoAgaH dapkan 7>0 6yaraHaa TakCMMOT QyHKLMA
NYHKTUP umn3unk bunan kypcatmaraH (k.1.6-pacm).

DepMUOHAAPHUHZ XUMUK homeHyuaau w Hu @Pepmu camxu éku
®epmu nomeHyuanu delunadu, baviaH yHU Pepmu 3Hepauscu deliuaadu.

LWyHn Tabkuanavmunsku, 7 >0 6yaraHaarm OepmMu TaKCUMOTUHWHT
T=0 parun TakcumoTtaaH dapku, acocaH Pepmu caTxuHUHT aTtpodwnaa, kT
nHTepBanga 6ynagn. bowkaya antraHga, T>0 Ja & >u SHEPrUANM
bepmmoHnap acocaH Pepmu catxm skuHUAA bynagmnap (k.1.6-pacm), abHM
ynap ®epmu catxy AkMHUAArM catxaapgaH “byfnaHmnb” ®epmun  catxu
rokopucuaarn by catxaapra yragunap.

®epmMy NOTEHUMANMHWN (IHEPTUACUM u  HUW) 3appanapHUHT YMYMWUM

coHM ndogacnaaH, SbHU Kynnaarm ndosasaH

1
N:Zi:< n, >:Zm (40)
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aHVKNaHagn. Arap 3HEePrusHUHI KUUMaTaapwu y3nykcu3 yarapaaw, aeb

Kapasca, (40) HUHT ypHUra Kyunaarv ndoga

_ 7 9(e)de
N =g (41)
s T=0
| |
2 \\%T>O
Kl ;‘l\ \\\\\
0 ) €
1.6-pacw.

onviHaaw; 6y (41) nbosagaH u aHUKNAHAAMW.

ByHaa 9(e) BUPAVK SHEPTUA MHTEpPBaAWra TYFPWU KenraH xonataap COHW —

xoatnap 3nYanruamp.

Tapnxun mabaymort. bose — SnHwWTeNH cratuctmkacn 1924 nnnga
xuH4 ¢usurn L. bo3e TOMOHMAaH ¢oOTOHANapH TaBcudaaw yuyyH Kawod
stmarad. Wy nnam A DUHWTENH naean rasnapHu TaBcudrall yuyyH Xxam
Ky/naraH.

1926 nunga vtannannk onmm 3. Gepmn bepmMmoHnapHu TaBcmdnall
yuyH ®epmu-Anpak CcTatMCTMKaCcMHM Kawd 3Taan, Wy VWA UHTAN3 OJVUMMU
M. Anpak By CTaTUCTUKAHWHI KBaHT XOCCacuHW TywyHTupawn. 1940 nnnga
weeuapmanm oamm B, Tlayam cratuctuka Typaapy  3appanapHuUHT
CNuHAapura 6OFANK 3KaHJUTUNHU KypCaTAM.

10-§8. Knaccmk ctatmcTuka — KBaHT CTaTUCTUKAHUHT XYCyCUi

Xoan. AMHUW TemnepaTtypacu

Bose Ba epmu TaKkCMMOTAAPUHWN E3ANNVIK:

1

f(g,-)zm 42)
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By TakcumoTaapaa
(43)

e M >>1

wapT 6axapuaca, maxpaxzarn 1 HM 3bTMbOpra onMaczaH TakpmbaH €3

MYMKWH:
~ 1 Bu  ABe —Ps;
f(si ) S e = e™.e™ =Ae (44)

ObyHAa B =1/kT,e, — 3apPPaAHUHT TyAa SHEPTUACK.

Aemak, (43) wapt baxkapuaraHga KBaHT cTaTucTMkanapn Makcesenn —

BOJ'IbLLMaH TaKCMMOTUIa, KJIaCCUK CTaTUCTMKaAra yTaAM.

Knaccuk Ba KBaHT CTaTUCTUKanapHu yMyMMl\/’l KypI/IHVILLIﬂ,a Ky|7||/|,a,arV|L|a

€31 MYMKWH:
f(g,-)zm (45)

byHgaa
0 ééanneé caddatad GHOH

0=4+1
-1 aigiéad oHoH

KBaHT cTaTuCTMKagaH Knaccmk ctatmcTmkara ytmwaaru (43) waptHu

KNacCuK naean ras MMcoanaa Kypauamk.

(44) Hn 3Heprua caTxaapun bynnya NUFULLITUPANANK

Z fle)= Zi:< n, >= eBHZe—Bsi

(46)

busra mabaym
zi< n,>=N

Z,=Ye™

(47)

Y3/lyKCU3 X0 YUyH 3Ca

27



1w
Z  V\2mmkT (48)

By (47) Ba (48) ndoganapaaH dongananunb, (46) Hu yraptnpmb éamms

N=eMZ
E€KMn
3
oLV ansz ’ (49)
N N h
Aemak, (43) ra buHoaH
K(Zmnsz)3/2 o1
N h (50)

eku
(2727%_21€T)3/2 SN
h 14 (51)
wapt H6axkapwuaraHaa KBaHT CTaTUCTUKACK KAACCUK cTaTucTukara ytagw. (48)
ékn (49) paH kypuHagukmn, by WwapT 3MYAMK n=N/V, TemnepaTypa T Ba
3appa (Monekyna, atoM) maccacu m ra OOfauK, AbHM CUCTeMa eTapiau
fapaxaja cvMpak Ba HOKOpW TemnepaTypaja b6ynca, KBaHT CTaTUCTUKAHUHT

YpHUra Knaccuk cratmctukagaH dounganaHvw  MyMkuH, ammo  (50)

Haxkapuimaca, SbHU

EN(ankTT
v | R (52)
eKu
3
N _(2nmkT)?
\Y ( h* j (53)

bynca, cucrema XxocCafapuHW TaBcudaall yuyyH KBaHT CTaTUCTUKaAaH

dbonganaHunww 3apyp.
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(49) TeHrank acocmpa e Hu Bup Heya muconnapaa 6axonannvk;

byHaa k=138-107"° apr /rpag h=6,62-107" 3pr cek.

A) Bogopog atoMnapu cucteMach yUyH exp(—fu) HU BaxonariMns; BOAOPOA

aToM Maccacu m~107* r. by xonaa

e™ ~1,89-10% .7°"2 1
N

Arap 314K N/V =1.89-10"cn™ 6ynca, (By 3MUnunk p~7 atMm. t=0°Cra Tyfpu

kenaawn). by xonaa
o MK _ 2
Arap T =10K 6ynca,
T°? ~31,6K 6ynaan.
Ademak, T~10°K parv BO4OPOA aToOMAapu CUCTeMacu yuyH

e "M 231,6>>1

XaTTo U.IyH,ﬂ,af/'I nact TemMnepartypalda XxaMm Bo40pPO4 aTOM1apU CUCTEMACUHU

KNacCMK CTaTUCTUKACK aocuia Kapalw MyMKMH 3KaH. byHpal, ymymaH

aToMJlap, MOoJeKynanapHun KaaCCnk CTatuCTuka aoCuda Kapall, TaadKnK

KWAUL MYMKWH. HuxosTaa nact Temnepatypa byHaam NCTUCHO!

6) DNeKTPOH yUyH (m, ~1072p)
e Z 242105772 L
N
ndogaHn onamms.  N/V ~242-10%cu”  -by  MeTannapgaru
3/1eKTPOHAP 3UUNUTUra TaXMUHaH TeHr. by xonga

e*,u/kT — 1077 T3/2

ByHaaH T ~10000K 6yaraHaa xam, e “'* ~ 0,1 6ynaan, abHU
y y Aa X ynaa

3PKMH
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—ul kT

e =<<1

6ynagu.
[emak, MeTannapzarn 31eKTPOHJAPHW KBAHT CTaTUCTMKa acocuza

Kapal Kepak. ApyM yTkasrnunapga 3pKVH 3N1eKTPOHAAP 3UNYANTU

N  (10° -10)

\Y cm
TapTnbaa 6ynaaun. Arap temnepatypa 7 =400K 6ynca,
e™ ~(80+8-10°)>>1
TEHICU3NVK YPUHAM BYnaan. lemak, apum yTkasrnuiapaarn sNeKTpoHNapHM
(WWYHMHTAEK KOBaknapHW) TaBcudrawda KBasuKIACCUK  CTAaTUCTUKAHWU
Ky/anaw ypuHan 6ynaaw.

(52) npoapaH Temnepatypa T HYM TONANAMK
s ohe (N
e () e (1)
V) 2nmk mk \ V (54)

by memnepamypa T* HU aUHUW memMnepamypacu deluaadl.

byHaa a=2x.

(54) ndopasa auenkanap (xosnatnap) COHU caTxaap COHWUra TeHr aeb
Kabyn kuamHraH. AMMO nact TemnepaTtypanapia KBaHT MexaHuK xoccanap
HaMOéH 6yna OGownavgn. LWy Tydbannm 3appanapHUHr  alHaHAWK
NPVHLUMMUHK 3bTMOOpPra ONMLW HaTUXKacMia XONaTHUHT alHUL KappPacuHM
xmcobra onvw  no3mMm.  bowkauya awTraHja, xosataap  COHWra
MocnawTupuarad N HUHF YpHUra catxjap COHMHWM oavw yuyH, (54)
ndogasa N HUHTr ypHura N/g Hu €3uLw no3uMm.

Y xonza anHUW TeMnepaTtypacu
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2
T*zah_(l)Z/?a,

mk gV (55)
ndopa bunaH aHuknaHagw, 6yHaa a =27 KAACCUK MAean 3appanap Y4yH.
Boze Ba ®epmu TakCMMOTAApW acocuaa KBaHT MAean 3appanap yYyH aHuk,
xmcobnawl KypcaTagmnku,

33/&%° noean 603e-ras yuyH

0,5(677/&)*"* vpean cepmu-ras yuyr
E=25+1 y4YyH CnuHAap (OpuVeHTauMsnapuHM) BasuATAAPUHK 3bTbOpPra

ONVHraHaarun dakrop (omun).

Mucon He* yuyH T ~3K; MeTannapaarm 31eKTPOHAAp YYyH
T~10°K AVHUW  TemnepaTtypacuMjaH nacTtaa ra3  3appajapuHUHT

(Monekynanap, aTOMAAPHWHI) aWHaHAMK MPUHUMMIMHW HaMOéH 6yna
6ownanan. bose-ras yuyH anHuW TemnepaTypaciaH nact Temnepartypasa
Bo3e-3MHLWITENH KOHAEHCaALMACK xoancacy coanp byna 6ownanaw.

®depmu-raz yuyH avHuUW Temnepatypacu bose-ra3 kabu dazasun
yTuwnap 6unaH 6ofnaHraH amac, 6y temnepatypa ®epmu aHeprusacu bunax
aHuVKNaHaan (MacanaH, u/k 6GwnaH avHWUW TemnepaTypacy aHuKNaHaAw).
DneKkTpoHNap cuctemack yuyH T =~ 10*K TapTvmbaa.

TemnepatypaHuHr 6y T<T7* kKMAMaTAapuaa anHaHAUK MPUHLUMNK
HaMOEH OYyAraHAMUIM YyuUyH, Ta3HWMHI XOCCanapwu KAacCMK ra3 xoccacupiaH
dapkan bynagwn. Ly cababnu, macanaH, UCCUKAUK CUFUM, OOCUMHUHT
TeMnepaTtypara 6OFANKANTM KNacCKK ra3garvgad papkan bynaan.

Temnepatypa nacannwm bunaH, arap 3appajap opacujarn ypTauya

o o - h
Macoda r, 3appaHuHr Ae bponnb TYAKUH Y3YHAUTUHU A =—— AaH KNUYKK
mv

6yna bownaca, sbHM A >r ByaraH xonga anHaHAWK NPUHLMNU KYYANPOK
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(MyXMMpok) HamMOEéH byna 6opaawn. by epaa WyHN TabKUANAUMUIKK, pean
ra3 Ba CytokauMknapgaH dakat reamin aTomaapu yuyyH T <T° wapT
b6axkapunagn. KonraH atomnap cuctemMacu amHuUW TemnepaTtypacu T° ra
KaZap, AbHW ynapars KBaHT XOCCanapu HaMOEH byaryHra kajap KaTTuk,
arperat xosnatnapura ytmb yarypagunap. Frenmmi He' CyrOKAMK y4yH 3ca 6up
TOMOHZAH aTOM MacCach KUUMUK, UKKUHYM TOMOHZAAH FeINil CYFOKANKHUHT
Macca 3UYNnTY eTapan Japaxkaja KaTTa.

lenvn ra3 4,2K pa renanmn Ccyrokankka alnaHaaw; TemnepaTypaHu
fAHaga nacavtupwunaca, 218K pa reamn I cyroknmkaaH reavin II cyrokamkka
yTaau, AbHM Oy Temnepatypaga ¢a3aBuu yTuw 103 (coamp) bynagm (1.7-
pacm). KBaHT xonataarn reamin II cyrokamk yTa yTkasyBUYaHAMK Xxoccacura ara
bynagn, y EnuUWKOKAMKKA 3ra OyamManay, SbHU YHUHT  ENULLIKOKINK
Ko3dduumeHTn Honra TeHr 6ynaan. 218K TemnepaTtypaja NCCUKAUK CUFUM

C HWHT y3rapvwmn A KypuHuwaa éynagu.
C]

Hell Hel

N ——

2,18 T:k
1.7-0ani .

11-§8. Xonatnap 3munurun
Bup 3appaBuin MeToara acocaH, KBaHT cuUCTeMa 3appanapHWHT

YMYMUIA COHW

N = Zni = Z< n, >=ZI/(eﬁ(£’_”) 1),
i i i (57)

YMymunu sHeprusacu E
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F=yE=Yen=Yeon =Yty 68

ndoganap bunaH aHMkKnaHaan. byHaa

1 1
f(gi ) =< >= (eg(gi_p) il)’ B= ﬁ (59)

" n u n

By nodopanapaa “+" nwopa Pepmn TakcmmoTumra nwopa bose
TaKCcMMOoTra Ternwamamp.
®apa3 Kunannvk, sHeprma catxnapy bup-bupura xyga fKUH, 314

>XownnawraH 6yncuH. byHaan xon cncteMaHuHr xaxkmm V eTapan gapaxaga

kaTTa 6yaraHga coaup 6ynagwn, yyHkm 3sHeprua E ~% byaraHANI yuyH

bup 3appaBuM Xxonataap 3NYAUTM KaTTanawmb, ANCKPETAMK XapaKTepu
KaMaunmb, catxnap bup-bupura akuHnawaan. by xonga auckper xonatnap
YPHUra 3Heprva ysnykcvms KunumatnapHu kabyn kunagn aeb xucobnaw
MyMKWH. By wapt 6axapwaranaa,. (57), (58) wdogmanapga WuFmHCan
MWOPACKHM MHTerpaaiaw 6unaH anMawTnpuw MyMKUH 6ynagn. ByHWHr
YUYH &,&+de VHTEPBaNAa g(e)de xonatnap (3Heprma catxaapu) MaBxys eb
Kapauank. DHEPruaHUHT KMAMaTaapu y3nykcus yarapraH 6y xonga (57) sa

(58) nvoganapHm

N[ g
S (60)
po[ s
(" 1), (61)

KYypPUHULWAA E3ULL MYMKUH: ByHAA g(g) XONataap 3nUamnru.
Bup 3appaBuii xonatnap 3UUAUTU  g(e) HU aHUKAQWAUK &,&+de

WHTepBanZarn xonatnap CoHU Kynngarnya aHuKAaHa4M:
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dn(e) = g(e)de = dF_ge)

(62)

dT(e) = “ dxdydz}[ J' do _[ sin ede} 0?dp =V - 4npidp = 4nV - pidp
L (63)

3appa CNWHM BEKTOPVHWHT $a3oaari opueHTaumanapu (Basmatnapm)

COHU & HKM 31:T|/|6opra OJINHCa, XONnaTnap COHN

o= (64)

nboga bunaH aHuknaHagn. byHaa opumeHTaumsnap coum £=2.+1 S -
KBaHT COH. S=1/2 cnuHAN PepMMOHAap (3NEKTPOH, MPOTOH, HEUTPOH Ba
bowkanap) yuyH £=2;5=1 cnuHam 6030HAap YUYH & =3 (aMMO GOTOH yuyH
£=2). YMymnit xonaa ¢ 6unaH p opacuaarm 6ofnaHuw g(p) Mypakkab;

AmMMO naeas ra3 yudyH, AbHW 3appPaHUNHT SPKUH XapakKaTh y4YyH

2

_b
= om (65)

nbosa ypvHAN. DPKUH 3appa yuyH (65) aaH donganaHnb xonatnap COHU

(3nunurn) (64) HM Kynnaarm KypuHuLra Keatmpamms.

3

dn(e) = g(e)de = ZRVQ(i—TJZ S%dS

(66)
byHaa xonatnap 3M4aurm
g(e)=aVe'?
(67)
2m 3,
=275(=7)
a=2r& ; (69)
LLyHaan knanb, 3appanapHuHT yMymuii coHn N Ba aHeprusacu E yuyH
81/2dg
N=aV|———
a I(eﬁ(g—ll) il) ? (69)
E:aVI g'de

[CED) (70)
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ndpoganapHn onamms. by nboganapaaH g Ba u NapHW aHUKNAL MYMKMH.
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II 606. bo3e-dWHIITEAH CTAaTUCTUKACUHUHT Taa6MKU
1-§8. Knpuw

Bose - TakcumoTn f(g,),, 3appanap coHn N Ba aHeprua E

f(g)=<n >= e 1

N=>n=><n>
E:Z:aini :ZSi <n >

nboganap bunaH aHuknaHagaw;, 6yHaa f(g)i xonatgarnm 6GO30HNAPHWUHT
ypTaya COHW.

Bup 3appaBui metogaa aHeprma catxy g CUCTEMAHUHE Xaxxmn V ra

Teckapy nponopuuoHan 6yaraHn cababav, xaxm KaTTanawraH capu
catxnap 6bup-bupura aknmHaawmnbd 6opaan. XaKm eTapau gapaxaja kartra
bynraHaa, AMCKPET 3HEePrua caTxjapu YpHUra yaap XOCWa KWUAraH 30HaHu
Kapaw MyMKWH Bynaan, AbHU € HU Y31yKCuU3 y3rapagan aeb kabyn kuavHca

6ynagm (2.1 pacm).

fE))

m

2.1- dani .

bus tokopuaa € > 0 6ynraHn xonga p Mycbat Kumumat Kabyn Kuanwm
MYMKWUH 3MaCcanrMHK, SbHU p < 0 3KaHAWUIMHW anTraH 341K, Arap akc Xon
bynca, € = n bynraHga N Ba E uekcu3 kuinmatnap kabyn kunaau. by aca

pean xon4a MyMKWH 3Mac, y Taxxpubara 3naamp.
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Arap

I
K

>> ‘ wapT 6a>|<apvu1ca, cnctemMa KJilaccunkKk cucrtemMara

yTUWUHK tokopuga 6u3 kypavik. bose-ras, arap |u/ ~ kT 6ynca, kucmaH

aviHWTaH xosaTtra yTaau.

2-§. AiHnaraH 6o3e - ras. bose — KoHAeHcauuna
Bo3oHnap coHnm N Ba 3Hepruacn E HW Yy31yKCU3 xonatnap YuyH
é3annnk. ¢g,&+de wWHTepBangarn xonatnap CcoHuMHM g(e)de HunaH

6enrunnacak, (2) Ba (3) HM Kynmaarnya émw MyMKUH.

© g(e)de

N = l e (4)
© eg(e)de

E=£g?ﬁjy (5)

DpKUH 6030HNap yuyH g(e)de = a\/g“zds 3KaHAUrnAaH

0 81/2d8

N = aVIm, (6)
0
0 83/2d8 N3/
EzaVv([m,a=2Tc(2m/h)/ (7)

(6) Ba (7) napaa B, = €/ KT = x 6earnnaw knputanaumk. Y xonaa

0 1/2dX
N = aV(kT)*'? [ = 8
SR et ®)

© 3/2dX
E = av(kT)®? [ =X 9
CUR et 9)

(8) acocmpa p Hu %,T napameTpiapHUHI QyHKUMACK cndaTnaa aHKNaLL

MYMKWH.
(6) nbosagaH KypuHaguku, arap temnepatypa nacammb 6opca, yHra
MOC M XaM LWyHAanW Kamanumb 6opuwim Kepakkuy, HaTuXkaga MWHTerpasn
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nwopacn octugarm mdpoga Kuimatu Ba aAeMak 603oHnap coHn N
y3rapmacuH (2.2 pacm). Temnepatypa Kamaiiné 6opuiun 6una [p| kamaiiné
6opnb (n optmb 6opmnb) mMabaym Temnepatypa T, ga pu =0 KMAMaTHM
Kabyn kunaawn. TemnepaTypaHuWHr AHaja Kamauuwm 6unaH, abHU T < T,
coxaga w =0 6yamb konasepaan. by T < T, coxada n =0 6yseaHu y4yH
memnepamypa T y3z2apzaHda (6) éku (8) HUH2 yH2 MOMOHU y32apadu, aMmo

ynapHuH2 4yan momoHudaau 3appanap coHu N 3ca y3zapmaciauau kepak 30u.

by 3uddusmHu SlHwWmMmetH napadokcu deduaadu.

u

2.2- daii .

u =0 6ynraHgarn Temnepatypa T, HM (8) acocmpa Kynmaarum TeHrAnKAaH

aHNKNAHaAW.
© l/ZdX
= aV(kT)*? 10
(KT) I — (10)
Mwucon. (8) Ba (9) ndboganapgarv
[ K o —pu<oun<0 (1)
o € -
nHTerpasHn T < T, coxacnaa aHmknanr. T < T, coxaga p = 0.
Euvw. T < T, coxaga p = 0 LLyHWHT yuyH
T n _de T n N — kX o —kx
_f jx e “dx Zj dx, 2)
0 0 k=0 k=19
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Y3rapyBUnHM aamawTmpanamk: kx=y

In=>% k”l* [y'evdy = &n+Dr(n+ 1) 3)

k=1

ByHAaa 3eTa — dyHKkuma E(n) Ba ramma-pyHkuma I'(n)

M) = X, T = [y e dy
) n=1/2T/2+1&3B/2) = % £(3/2) = % 2612~ 231
3Vn 3Jn

2 n=3/2T@/2+D5(5/2)=="56/2) =" 1341~178

4

| =T(n+21)&(n+1) ndogasaH porgananHmo,

T Xl/XZ?X — T(3/2)&(3/ 2) = 231 (11)

e

KMnMaTHM Tonamms. (11) kuimatHu (10)ra kymmaca,

h* N
kT, = 0,084— (—)*" 12
b - ) (12)

nooaa Tonnnaam.

Ana Tabkuanavmmskn, T < T, coxaga pn=0 Ba TemnepaTtypa
KaMaunraHga nHterpan nédoga (6) ékm (8) xam kamaaan. AMMO (6) HUHT Yan
ToMOHM N 3ca y3rapmacaurn kepak. by napagokcHu kyunaarmua xan
3TMNagu. (6) nHterpan ndoga kymmaaru

N:Z< n > (13)

nbogagarv MAFUHAM NUHTErpan buaaH aamMawTUpULLL OopKaan oauHraH. (13)

HW acocun xonatgarn (e = 0) 3appanap coHn N, Ba ynfoHraH xonatgaru
3appanap coun N° paH nbopart aeb kapanauk:

N =N, + N, (14)
byHaa
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1 1
i —H)

N, = N*:;eﬁ“

, 15
el -1 ()

Acocui xongarv 3appanap coHn N, TemnepaTypa kamaumwm 6unaH,
YHUHT ndogacmaanH KypuHaankuy, optmb 6opaan Ba pu = 0 byaraHaa xamma
3appanap wy g, =0 acocunm xonatga ytagwnap. Wy cababan, g, =0
3Heprmann acocnin xonatHn p =0 6yaran T < T, coxaga Maxcyc Kapanaau.

YnfoHraH xonatnapgarv 3appanap N° yuyH WunsmHan wdogaHn dAHa

nHTerpanndosa bunaH anmalLTMpUNaaQ:

Xl/ZdX
™ -1

“ 1/2 A
N = av'[i ~ aV(kT)*?

eﬁ(s—u) -1 ! (16)

OyHAa MVHTErpasHWHI KyWn 4yerapacu Hoab OGunaH anmawTtvpunagn (6y
YHUaIMK MyX1M XaTo 3Mac).
OHan T < T, coxa yuyH (n=0) (10) Ba (16) ndoganapaaH acocuu

XxonaTaaru 3appanap COHUHN aHUKNAUMU3:
N = N—N" = N@-Y)= N[1- (T /T,)*?] (17)
0o - N - 0

(17) paH kypuHagukw, arap T — T, (Temnepatypa T KpuTUK TemnepaTtypa
T, ra HtnAca)

N, > O N — N (18)
6ynagn, AbHM Xamma 6030HNap YWFOHraH xonatnapga 6ynagwn. Arap
T — 0°K 6ynca, (17) aaH onvHaaw:

N, > N,N" -0 (19)
by xonga xamma 3appanap 3Hepruacum g, = 0 6yaraH acocuin xonataa
6ynagunap.

WyHaan kmamb, T <T, aga TemnepaTypaHUHr Kamauvuwum 6unaH

YWUFOHraH xosaTnapAaH 3appajap acocuin xonatra yta bownavaumnap. by
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xoducaHu bosze — JSuHwmeuH koHOeHcayuAcu OJOeuunadu. (by xoawnca
OYFHUHI  CYLOKJIMKKA  alnaHuwura  yxwaumau. AmMmo 6y  Tawkm
KypyHUWAArMHa yxwawank, xonoc) Hokopuaa KentmpwuaraH napagokc
(ANHWTENH NapafOoKCK) aHa WyHAaW Xan 3TUaagun.

T < T, 6ynraHaa 603e-ra3HuHr Tyna sHepruacy E Hu (8) aaH

) 3/2
E = avkmys[ X9 (20)
€ =1
ndboga bunaH aHmknaHagn. byHaa
) 3/2
[ X _ r(5/2)5/2) =178 1)
b e -1
[emak,
U = E = aV(kT)*’T'(5/ 2)¢(5/ 2), (22)
byHAa
2m.,,,
aVv = 2“‘;’(?)3/ V (23)

Temnepatypa T < T, 6yaraHga, (22) aaH downganaHmb, 6ocum P,

NCCUKSINK CUFfUM C, Ba 3HTpoOMNuA S Hun |<,y|}'1mp,ar|/| MyHOC36anIap,£I,aH TOMML

MYMKWH:

p-2u,.c, =), ., S:(a—Pj (24)
3 oT v -

3-§8. MyBo3aHat/n HypaaHuw. DOTOH ras

V XaXMAN MANWHUHT TUPKULWNAAH SNEKPOMArHUT TyAKMHAAP Knpmo,
T Temnepatypaan wavw aesopu OuaaH TePMOAMHAMWK MyBO3aHATAM
xonatra kenaraH 6yncuH (2.3 pacm). by Hypaanmw unauwra knpmb, Kantmb

UMKMaraHAMrM yuyyH Kopa >XWUCM HypaaHuwwu aeb toputunagn. by
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MYyBO3aHaTAN HYPAAHULIHWHI YacToTa KuiMataapu bynnya TakcumMaaHuLwm

KOHYHWUHW aHUKNANAVIK.

2.3- dafil .

Npavw vumaa MyBO3aHaT Xonatgarn 3AeKTPOMarHut — Oy TypfyH
TYNAKUHAAPAMP. TypFfyH 31eKTPOMarHUT TyAKUHAAPHW (MOAanapHun) ymMyMui
TacaBBypra kypa wanw uumaa 6bup — Obupura  6ofamk  HyamaraH
ocunnnatopaap (potoHnap)aaH wmbopat peb kapanagn. WyHpan kmanb
MyBO3aHaTAN  HYypPAaHULLHUHT yactoTanap 6ynnua TakCUMMAAHMLIN
KOHYHUHM aHVK AL -6y (boTOH-ra3zga) GOTOHNAPHUHT
(OCLUMNNATOPNAPHUHT) 3Heprusnap (4Yactotanap) OyrMmua TakCMMAAHMLLIN
TonuwgaaH wbopar. o, + do YactoTa WHTepBanura TYfpu KenraH
OCLMANATOPAAP COHUHM

Vo(o)do (25)
Bunan 6Genrvnannvk. by xonga 6Gupank xaxmra TyFpu KearaH OyHzaau
OCLMANATOPNAP COHU

g(w)dw (26)
6unaH aHWKNaHaAMW.

OCUMNNATOPHUHT Kabyn KUANLIN MYMUKH ByaraH aHeprusanapu, KBaHT

MexaHukara Kypcatunaanku, €, = io(n+1/2),n=012,...
By kMMMaTAapHUHSF ypTavacu 3ca
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> ho ho
< g >= f = —Cth—— 27
e >= 25 f(e) = Jethy o (27)

3KAHAUTMHU aHuKAaraH 3guk (k. 9-8, VI 606 1-kucm).

4-8. NMnaHk popmynacum
®,® + do WMHTepBanra Tyfpu KearaH HypaaHuw 3Hepruacn dU(w, T)
(26) ra (27) ndopganap acocuaa Kymnaarmua émnagmn.
dU(w, T) =< g(®) > g(w)dw (28)
NkknHUn TomMoHAaH, bepwuaraH temnepatypaga avddepeHumnan dU(w,T)

HU €31 MYMKUH.

dU(oo, T) = (%jdm = p(o, T)dw (29)
0

BUPAVK YacTOTa MHTEPBaAUra TYFPU KearaH HypAaHUL SHEPTUACK 3NYINTU
p(®, T) yuyH (28) Ba (29) HM connwTnpb,
p(e, T) =< &(w) > g(w) (30)

nposaHu onamms.

Bupavk uactota wHTepBanura TyFpU  KeAraH OCUUANATOpPJap
(xonatnap) coHn g(®) HX aHUKAANANK.

®,® + do WHTepBangary xonariap COHWHU (KW LWy WHTepBanzaru
MoOZanap COHWHUW) Kynnaarnya TonamMms.

dxdydzdpdp,dp, pasasuit dpaso anemeHTMAA X0NaTNAP COHY

drdp  dxdydzdpdpdp,

31
h° h® G1)

ra TeHr. V xaxxmaaru xonatiap COHUMHU Tonuw y4yH (31) Hu nHTerpannab

Vdp _ Vdpdpdp,

= 32
i i (32)

nposaHu onamms.
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Bbus kapaétraH Macanasa WyHaavwnapgaH KaTbWi Haszap, ¢akart
yactoTanap (3Heprus kM MMMNyabC) KUMAMATAapU WHTEPBaAUN MYXUMIANUTA
yuyH (32) ga cbepuk koopaumHatanap cuctemacura ytmb, cyHr bypuakniap

byrnua nHTerpannall Kkepak, AbHu

de Ay
2dp|[ dof cosodo = 2T 2 d 33
- hgp pJ cpj s P (33)

Epysnavk Hasapuacuaa p = kh; 6yHaa

p=Kh= ho (34)
C
(34) Hu (33) ra kynnb
4nVh® o Vo?
e do = e > do, (h = 2nn) (35)

nbosaHn onamms., INEKTPOMArHUT TyJAKUHAAP KyHAANAHT TYAKWH OyaraHu
YUYH MKKM KyTBaaHuw (MKKU Tekucamkaa E BekTop TebpaHuLimn) MyMKuH,
wy cababam (35) HWM wmkkmMra Kynantmpub, wm3naHaérraH xoJsataap

(ocumnaTopnap, Moaganap) COHMHM Tonamus (V=1cm® aeb onannuk).

2

dw (36)

2.3

®
J(w)dw = 2-
2n°c
OyHAa C - a1eKTPOMarHuUT TYAKUH TE3UTN.
Bupank xaxkm, 6UpAMK YacToTa UHTepBanAUra TyFpW KearaH HypaaHuL

3Hepruacn (dnekTpomarHmT sHepruacu) ndogacu (30) HM aHMKNANMUE!

®’ hw h— (37)

1) =
Pl T) = e 5 Mo

dcnatMa: Arap OCUMANATOPHUMHI  acoCMK  XONaTMHW  3bTbopra

O/IMHMAca, YHWHI 3Hepruacu g, = Nho, Xyayau wyHaanm wndopa [MnaHk

TOMOHWAAH Kabyn KUAMHIaH 341, CTaTUCTUK NUFUHAN.

L X =ho!/KT. < n>=
l1-¢e* e -1

Z =

44



w

ypTaya aHeprus

< g(w) >=< Nhw >= h—m (38)
e -1

Ba HypAaHULL SHEPIrnaACn 3n4anrn [naHK rmnoTte3acura acocaH,

®° ho
pn((l), T) = TE2CZ (eﬂm/kT _1) (39)
nboganap 6unaH aHMKIaHAAN.

(37) ndoaaHm y3raptmpmnb ésannmnk

o (ho ho

(39) Ba (40) paH kypuHaguku, (40) aa kaBC numaarn GUPUHUM Xaa
aCcoCU XONAaTHUHT 3Heprnacn ho/2 Tydanam navgo 6yaraH. (Bakyym
baykTyaumna GoHun fiw / 2).

Apabuvétnapsa, opfataa CaHOK CUCTEMACUMHMHI  OOLWMHK  acocuii
xonatra kKyuvpunaam (ékm bolwkaua avTraHfa, aocun XOnaTHW xmucobra
ONVHManAn) Aeb, HypAaHULL SHEPTUACUHUHI YacToTa KuinmMatiaapu bynuua
TaKCUMMOT yuyH lMnaHk dopmynack (39) HM Kabyn KuavHaaw.

DHI MyXUM TakCUMOT PYHKLNACK

r— nx

-Be,
f(Sn) _ e _ (5] e _ e (41)

Zn e*BEn e—x/ZZ‘::O ™ Z:’:O e ™

nbojacnaa acocuin XONaTHUHI  MWTUPOKM byamanan. LWy cababan,

HYPAAQHULWIHWHT  cnekTpan Takcumotu [naHk dopmynacn (39) 6unaH
TaBCcMpnaHagm.

1. MnaHK popmynacnHu Kyrumaarmda é3anamnk

KTy X _
TCZChZ ex—l 1 - Ap(X), (42)

P, T) =

byHaa
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A = (kT)° /(rmh)*c®, p(x) = X° /(e* —1)
(42) HY reOMeTPUK HyKTan Ha3lapAaH TaxJAua KWL YUYYH YHUHT TpadurnHm
ynszamnuk (K.2.4-pacwm).
2. 24-pacmaaH KypuHagukn, X = hio/ KT HUHT (ABHM 4aCTOTAHWHT)
MabaymMm kuamatn X da p(X) (dbHU p(w, T)) MakcMmymaaH yTaaw.

DKCTPEMYM LLAPTU

2 3 X
op(X) |- 3 X _ 43)
OX "oe-1 (-2
p)
ol ! ITnank
1, O
1,57 2N
7
1 Bun
0,5 |
| T — }
1 2 x, 3 4 X
2.4- pacm.

By (43) TeHrnamaHuHr Takpubun nngmsn X =~ 2,5 aaH optukpok. byHaa

m

o :27’5kT:aT (44)

3KaHAUTK Kennb unkaan; o = 2rnc/ A Hm abTnbopra onmb, (44) aaH

A -T=Dbb=2rc/a) (45)
ndopaHn onamms; a,b nap benrnnawnappaH KypuHaauvku, o, T napra
b6ofank 6ynmaraH gonmwuninnap. (44) éku (45) Hu BuHHUHZ cu/mkuw KOHYHU

dedunadu. Temnepatypa optvwn OGuaaH 4YacTOTaHUMHI ®_ KWWAMaTWU YHr
TOMOHra (TYAKWH Y3YHAUTMHWUHT A KMWAMaTKW 3Ca 4an TOMOHra cuikmb

6opagu (2.5-pacm).
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oo

TL<T<T

® 00 Q)
2.5- pacm.

3. Penen-XKuHc  KOHYHW. OCUMANATOP  3SHEPrUACMHUHT  ypTaya

KMMMaTK YUyH Knaccuk ndoga < € > = KT kunmat oamb, cnektpan 3muamnk

y4yH

(DZ

Py o(.T) = 2 kT 46)
e

ndopaHn Penen Ba XnHC aHnKIagnnap.

Mnank dopmynacu (39) aa TemnepaTypa toKkopw byaraHaa

ho
— <<l (x<<1
T 1 ( )

wapt baxapwuaca, € HM kaTopra €umb, BupuHUM MKKUTa xagnap GunaH

yeknaHmb, onamms

KT

ho

J1_
e -1 X

[emak, rokopu Temnepatypaga (knaccuk xon) lNnaHk popmMynacmaaH:

® ho ®’
p.(0,T) = —— —KT= —

; kT
n°Cc’ o m°C

Penen->XuHc KOoHyHM (46) kennb unkaau.

KOkopw Temnepatypasa knaccuk ¢pmsmka ypuHan coxasa Penen->XunHc
KOHYHU TaxkpmbajaH O/NMHraH HaTmxara AakuH kenagn (2.4 pacm). AMmo
Penen->XMHC KOHYHW KaTTa uyacToTanapfa, nacT TemnepaTtypanapaa

TaxXpnbasaH KecknH bapk Kuaagn.
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4. FOkopu uactoTanapga, nact Temnepartypaga OCUUANATOPHUHT
< g(®w) > 3Heprmacm yuyH bosbumaH TakcumoTtugaH dovganaHnb, BuH
KynnaarnHu é3am

< g(w) >,= hoe™' 47)

(47) Hn 3BTMOOpPTra oncak, HypAaHULW cnekTpan KOHYHU p(w, T) yuyH

3

P (®,T) = n"jc3 hoe!T (48)

BUHHUHT  KOHYHWHM onamm3. HOkopw uactotanapga BuH  KOHyHM
TaxkpmbagaH ONIMHraH HaTuXKanapra Moc kenmb, nact (KMumnk) Yactotanapga
yHAaH dapknaHagu (2.4 pacwm).

ho >> KT 6ynaraHaa

neb onvHca, Mnanvk dopmynacnaaH BuH KoHyHM (48) kennb umkaaw.
5. Mnavk ¢dopmynacn acocmga V xKMAarn HYpPAAHULWHUHE  TyAa
3Hepruacn U(T) Hn xncobnaw MymkuH. ByHuHr yuyH dU(o, T) = p(o, T)do

HW YacToTanapHuHr Bapua KnnmMataapu bynnya nHTerpaniall Kepak.

U(T):vj dU(o,T) = J' b (0 T)do = VZ j 3h3 j _VeT* (49)
T
0 0
4 4 TE
=———J, ), =44 =—3=—
o= 5l L =LA@ =_3="1
Tcz K4 15 -3 64
= 15 = 7,569- 10 ~apacm epa (50)

(49) ugodaHu (popmynarHu) CmegpaH — boabymaH KoHyHU Oeltiunadu;
o HU CmegpaH — boneymaH doumuticu deduadu.

N30x. PoToHnap — 6y 6030HNap. BO30HAap YUyH TaKCUMOT KOHYHM
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1 1

gem 1 g -1 1)

f(e) =<n >=

®oTtoHnap yuyH p = 0 OOTOHAAPHUHT ypTaya SHEPrUAcK

<E >=g <no>=— (2)

e -1
®PoTOHNAp YUYyH g = hi®d 3KAHAUIMHUM Ha3apga TyTcak, (2) acocmaa [MnaHk
dopmynacn (39) HM onamms, AbHKM Bbo3e cTaTUCTUKACUMHU GOTOHAAP YUYH
kynnab p = 0 3kaHAUTVMHW Ha3apaa TyTmo,
pa(®,T) = g(w) - (E)
ndopasaH NaaHk opmynacnHn ocoHANKbUAaH oNnHaaN.

Tapuxnii mabaymoT. BUHHWHT HypaaHMW KOHYHW HeMuc oammun B.
BuH TomMoHmaaH 1893 vmnga kawd 3tmamnb, 1896 nunga y KOHyH AHaja
aHUKAAWTNPUAAWN.  BUHHMHT  cnmkmw  KOHYHM AT =b  wy BWHHUMHSP
HypAaHWLW KOHyHUAaH 1893 nnnga kentnpmb unkapuarat.

Kopa >MCM HypnaHuwwn KOHYyHW (46) wHramM3 oaumu  Penen
ToMoHuAaH 1900 nnnga sHEPruaHUHT TEHT TaKCUMAAHULL Xakuaarn Kaaccmk
TacaBBypJsiap acocuaa Kentmpub umkapwiaraH. VHrmamns oanmun XK. XKnHc
1905 wmunnappa Knaccvk CTaTUCTMKa acocuia LWy HypAaHWW KOHYHWHWU
KanTa onaau.

1879 nnnga asctpanm dusmk V. CtedaH Kopa >XXMCM HYPAAHWULLM YUYH
Taxxpuba acocmaa HypAaHWLW SHePrvacyM TemnepaTypaHuHT TYPTUHUYM
fapaxacura nponopuMOHAaH 3KaHAUTMHKM Kawd 31an. 1884 wnwnnga
aBcTpaank oaum  Jl.bonbumaH  Hazapuh  xkuxatgaH Oy  KOHYHHW
TepMOAMHaMMKa KOHyHAapura TasHuMb acocnagn. AMMO HYypAaHWULLHUHE
MnaHk  Hasapusacu  ApaTuaraHgaH — KeumHruHa  CredaH-bonbumaH

AOVIMUNCUHN XMocbnall UMKOHW TYFUAAM.
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XIX acpHuHr oxmpura 60pub, knaccmk OGU3MKAHMHE acoCUin yyTa
BYyAMMN: KNacCMK MexXaHWuKa, KAacCUK 31eKTPOAMHAMMKA, TePMOANHAMMKA
MyKaMMaa WWAaHraH 3a1. AMMO 6y 6YyAMMAapPHUHE NCCUKANK HYpPaAaHMLLIN
MYaMMOCKHW Kapalga Kyuaum Ba Kydcus (3and) TamoHAapu AKKO KypUHa
6onaan. Xypam wy paspga, 1900 wunga Hemuc odumsmrm M. TnaHk 6y
HypAaHUL MyaMMOCWHU Xan 3TUL YUYyH HUXO0ATAA Aaaun daBkynoaza oA
auTaAn: HypAaHWLWAA SHEPrUa AUCKPET nopumnanap-kBaHTaap bunaH cogmp
6ynagn. LWy runotesa myHocabatm 6OwunaH Xx03MprM 3aMOH  MUKPO
du3mkacnaa MyXMM pOob YMHananraH MnaHk JOVNMUNCU

h = 6,63-10% apecefh = h/ 2x = 1,054-107") apecek) KNPUTUAAM.

5- §. KaTTuK >XMCM UCCUKANK CUFUMUHUHT Ha3apuAacKu

1. Kpucmann kammuk xucm. Papa3s Kunauavk, Kpuctan KaTtTuk
XUCMZa aToMaap peryasp >XounawraH OyacuH (sayenkanap KabTui
paBuWAa TakpopaaHumb >xounawraH 6yncuH) OyHAaW >kounawuvnap
TyNnaaMu KPUCTa/NIK MaHXapaHW XOCUA Kunaan. Kpucmann naHxxapaHuHe
xap bup myeyHuda amom xounaweaH. by udean kpucmasnn modeauoup.

KpucTanHWHr  aHWMK ~ Ha3apusacuM  31eKTpoHAap Ba  aToMJap
(AApPONAP)HUHT Y3apO TabCUPUHW 3bTMOOPra ONMHIaH TeHrNaMaHu eyunwra
acocnaHraH 6yavwmn 3apyp. byHzaah aHuk TeHrnama acocuga OJIHraH
3HEpPrus catxiapuaaH CTaTUCTUK WUFUHAW (MHTEerpan) aHuKAaHuLWK, CyHr
YHAQH TEPMOAMHAMUK KaTTaJMKAap aHUKNaHULWK N103UM. AMMO Wyn amanja
BGaxkapuamwu  MyMKUMH OyamMaraH KuuUMHUYMAMKka oamb 6opaawn. Ly
cababny, MacanaHu copajanaWTUPYBYM  KYWUAArM  UKKU  acOCUM

AKUHJIaWyBAap — a,ZI,I/Ia6aTVIK Ba rAPMOHUK AKNHAALYyBAAP Ka6yn KNanHagu.
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MabaymMKKM, 3NEeKTPOHHWHI Maccacu AAPOHWHI Maccacura HucbataH
Xyaa kmuuk. Wy cababan  agpo cumkuraHga snekTpoHaap Tesga (apo
CWIKMWIMIA KeTraH BakTra HucbataH Te3ga) agpora «MyBOOUKNAHWUO»
onagn. bowkauva awvtraHaa, A4po TebpaHUWMWM AaBPU SNEKTPOHNAPHUHT
penakcauma BakTura HucbaTaH Xyga katra 6yaraHun yuyH aapo xapakaTvHM
KaparaHga 3/1eKTPOHAap XapakaTWHW anoxuja axpatnd kapaw MyMKWH,
AbHW 3dNeKkTpoHsap 6Hup oHaa (Kyaa Te3) Aapora MyBOdUKIALLIMLIFE
yArypraHavknapu cababnam snekTpoHAAPHUHT X0naTn AAPOHMHT BepuaraH
BakTAarn (oHAaru) KoopAwHaTtanapu 6unaH aHuknaHagu. MaHa wyHzan
ycyn 6bunaH kapaw-agnabaTvH akuHaawmwaaH nbopar.

AavnabaTnk AKWHAAWNLWAA KpwucTann aTOMAAPUHWUHT
(MOHNAPUHUHT) TebpaHuWn aAenuaraHia, AAPONAPHUHT TebpaHuwnapwu
TywyHunaan. byHaan kapaw (tacaBByp) Kpuctann yuyH dakaT a4p0oaapHUHT
KoopAwHaTanapura 60favk OynraH noTeHUMan >SHEpPrus KUPUTUANLLIUTAE
NMKOH bBepaan.

Arap KpucCTann aTOMAapUHUHE TebpaHuw amMnanTyganapu KpucTa
naHxapacu kagamura HucbataH kaTta bynmaraHga, KpucTaaa noTeHuuan
SHEPrMACUHN KaTtopra €umb, YHUHT KBaapaTuK xaanm 6unaH uyeknaHuLw
MYMKWH. By x0n4a KpUCTanaHWHT aTOMAAPWUHWN FapPMOHMK OCLMAATOpAap
TynnammgaaH wnbopat peb kapaw MymkuH 6ynagn. By ycyn-rapmoHuK
AKMHAAWNWAMP. By Mogenb, avHMKCa KPUCTaHUHT UCCUKINK CUFUMUHM
Kapawaa kynavamp. bowka, 6ab3n MacananapHu, XymaasaH, UCCUKANKAAH
KEHranmwmnHn kapawgaa 6y mMogenHw TakoMuaiawTMpuw Tanab stunagm:
6ab3aH 3ca bowka moaenb bunaH Tynampu Tanab stunagn.

2. bup yn4osau kpucmann naHxapd. TapMOHWK AKMHAALIMLLHM

Kypauauk.
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| @aTOMHUHI CUIKULLINHA U, bunaH benrnnannuk. Kpl/ICTa.I'Iﬂ MeXaHWK

MyBO3aHaTAa bynraHga, atomnap opacmaary mMacoda a ra TeHr 6yacuH (2.6

& o o o o
i—3 i—2 i—1 i

i+1 i+2

pacm).

2.6- pacwm.

N Ta atomgaH ubopat 6y 6Gup YA4YOBAM KPUCTA/UTHUHT MOTEHLMan

3HeprmacK V Hu Katopra éannmk:

V(u,,u,u,,...,u,_,) =V, +Z(2—Z] u +%2Gijuiuj +--- (51)

byHaa V, KPUCTAINHMHT MyBO3aHaT XOMaTMAark MUHUMan MnoTeHuman
3HEePrus; YHW Hoara TeHr aeb kabyn KMAMHaaW; WkkuHum xaada (eV /au,),
SHeprMadaH ONMHIaH XOCWMAa MyBO3aHaTAW X0NaTAa MOTeHLMan MUHUMYM
6yaraHn yuyH (AV /U, ), HoAra TeHr;

2
g - OV
' ouodu,

MyBO3aHaT/n xosataary (abHM U =0 parv) noteHuman V jaH OJIHraH

NKKUHUYM TapTnbam xocunanap; ynap ¢akart ( Ba j aTomaap opacuparu
Macodara 60FanK MycbaT KaTTaNuKAAPANP.

KpuctanaHmHr  rapmMoHukK  mogenwmra acocaH, (51) kaTtopHwHr

1
EZ”G”Uin Xagnapu bunaH yerapalaHagn, AbHU aTOM CUJIKULLIapWU

Knumk 6ynaraHza kosraH bHouwka HKopu TapTMban Xaanap Xyha Kauuk

3KaHAUTK cababnn, ynapHuUHr xncobra onvHmanan. lemak,

V= % > Guu, (52)
ij
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{ aTOMHUHT XapakaT TEHrIAMacHN é3aUNnK. YHra TabCcup 3TaéTraH Kyy
oV
F :——:—E G,u, (53)
ou ;

HBFOTOHHUHT MKKUHYN KOHYHWIa aCoCaH

oV o’y
- =m
ou ot*

€k byHun 3bTMbOpra onmob, (53) Hu

m=%+2quj =0 (54)

J
KypUHMLAA E3amMu3.

YMymMui xonga U, BakT t Ba aTOMHWHI KoopAmHatacu X, = al HuHr

byHKuMACHANP. U, HX Kynnaarmya aamawtmpanan:

U =) g e (55)

-
(55) Hu (54) ra kyamus
Xk x _
mzk: Ek(t)e e + ;Cejé';k(t)e -0

EKU

Z{mé,k + ZCije‘(Xj‘X@kak} =0 (56)

k j

Kyu goumuiinap Cg dakat atomnap opacugaru macoda || — j| ra Gofavk
6yanb, | Ba | napHWHr anoxmaa kunmataapura 6ofank amac. Ly cababau,
(56) Aaru AnFuHam wy || — j| 6yiinua onmHagm wynapra acocaH

mw = Cije' " (57)
6enrvnaw kmputamms Ba byHn Hazapaa Tytnb, (56) HM KarTa é3amu3

;(é + 0, ) =0 (58)
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&, dPKWH y3rapyBuumnap 6ynraHn cababau (58) garv UMFUHAW HOATa TEHr

Byanwn yuyH xap 6up xag Hosra TeHr 6yamim WwapT, AbHU

E +o)=0 (59)
LUyHaan knamnb, (55) anmawtmpuil opkann KpUCTaaa naHxapacu atomnapm
XapakaTMHM MPOAaNOBUYMN AMHAMUK Macana, OCUMANATOpAApP TynJaMUHW

Kapall Macanacura Kentmpuaam (3 yauoBam xonga xam Macana WyHAam xan

KuAnHaam). by mabuul koopduHamanap U, HU HOpMAJa KoopOuHamasnap
(mebpaHuwnap, moddanap) &, 6unaH anamawmupuauwu Oetunadu. by

XyAa MyxuUM Hatuxka 6yamb, 3pKvH rapMOHWK OCLMUANATOPHUHT 3HEpPrus
CaTX/IapuHM aHuUKJalWra MMKOH bepagun. YHaarym 4actota o Hokopuaaru
6enrnmnaw (57) acocnaa tonunagn. CUCTEMAHWHI 3HEPrua catxnapu 3ca
KaHaaun KOOpAWHATanap cCucTemMacMia aHukaaHuwmura 60fauK 3mac.
DHeprusa catxjapy aHWKAaHraHAaH KeWWH, CTaTUCTUK UUFUHAW (MHTerpan)
TonuAnb Ba y opkaan Hapua TepMOAMHAMUK MapameTpaap aHWKAaHWLIN
MYMKMH.

Nccnkamk CnfMMHKM  Kapaw ydyH xap 6up atoMHM 3 ya4yoBAu
ocunnnatopaaH nbopat aeb kapanmus. by xonga N Ta atomaaH nbopat
kpuctaanHm 3N Ta  uM3MKAM  TapMOHUK  ocuwanaTopaap  6unaH
anmawTupunaan.t

Xap Ouvp OCUMANATOPHUHI ypTada >SHeprusacu <8(OD)> bynca, 6y
mMogenra acocaH N Ta aToMmaaH nbopat KpUCTANIHUHT NUKM SHEPTUACH

U =3N < g(w) > (60)
nbosa 6bunaH aHuknaHagu. Xaxm V y3rapmac 6yaraHga KatTuk >KUCM

NCCUNKNUK CUFUMU

! TaGunii koopMHATANAPAAH HOPMAI KOOP/MHATAIAPTa YTUO, IIYHAaH OCUMILIATOPIAP TYIUIAMH OJTMHUIIN
MYMKHHJIMTHHH I0KOPU/IA KYPJIUK.
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ngz[@q (61)
a1 ),

ndboga bunaH aHmknaHagm. (60) ndoaara acocaH
0
c-an e 62)
oT

Knaccuk xon. Arap Temnepatypa eTapau fapaxaga rokopw 6yica,
OCLMANATOPHUHT ypTaya aHepruacn < € >= KT skaHaurn mabaym. by xonaa
KPUCTaNAHUHT UCCUKJNK CUFUMUA

C = 3Nk (63)
ékn 1 monb yuyH, N = N,; k = R/ N, 3kaHanrngaH

C=3R (64)
6ynaan, 6yHaa Na ABoragpo conw. (64) Hu JronoHe-lmu KoHyHU deliuaadu.
(63) éxmn (64) paH KYypUHaAANKK, KAaTTUK SXUCMHUHT UCCUKANK CUFUMU YHUHT
xoccacura xam, Temnepatypacura xam 6ofank smac. Viccukamk cusum C
HUHI KaTTUK >XMCM Xoccacura BOFANK 3Macanrn HuxosTaa axabnaHapaw!
XakukataaH xam Taxpuba, rokopu emnepatypanapga AronoHr-Nim KoHyHu
YPUHAN 3KaHAUTUNHM TacanKnanam. (2.7-pacm).  AmmoO nacrt
TemnepaTtypagarv UCCUKANK CUFUM JoNOHT — [1T1 KOHYHUAAH KeCKUH papK
Kunagm Ba Temnepatypa kamaumwum bunaH y xam kamammnb 6opaun (2.7-

pacm).

BRI --rom e

2.7-pacm.
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6-§ NccmknnkK CMFMMHUHT DAHLUTEUH Ha3apuacu

Ncenknmk  cMfFMMHUWHT  nacT  Temnepatypasapja TemnepaTtypara
OOFANK IKAHAUTUHN KypcaTULW YYYH DbHLUTEUH OCUUANATOPAAPHU KBAHT
cTaTUCTMKa acocunaa Kapagau.

Ma'bJ'IyMKI/I, KBaAHT MeXaHNKa acocnaa UN3NKIN rAapMOHUK

OCLUMANATOPHUHT JHEPruacn g, :hoa(n+%J kMuMatnap kabyn kunagu.

YHWHT ypTaya sHeprmacu

ho thh—w

< g(w) >= > C KT (65)

ndboaa bunaH aHMKNaHAAM.

(62) acocnmaa  UCCUKAUK  CUFUMUHUMHT  Tonuwaa  (65) paH
bonganaHamums.
byHpa:

5<8>:a<8>.%.%; X = Bhw; B=i (66)
oT ox B dT kT

- — | = -Z%ho; (67)

0<e> ho o (€”+e”
OX 2 ox\e'? —e

—X/2

6yHpa 1/Z =e'? —¢e

OX " B _ k (68)

= 0) —
op ot (kT)?
(66) ra (67) Ba (68) HM Kynnb, BuTTa ocunanaTopra TyFpPu KearaH UCCUKINK
CUFUM YUYH

0o<g>

T k(XZ) (69)
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nbogaHn Tonamms.
(69) HK (62) ra KynMb, KaTTUK XXNCM UCCUKINK CUFUMN YUYH

C = 3Nk(x2)? (70)
DUHWTENH dopmMynacuHmn onamms. byHoa x = ho/ KT = %; T =hol/k T,

HU Xapakmepucmuk memnepamypa deuusaaou.
Macana 2.1. DAHWTENH Hazapuacuaarn (XZ)? Hu toKopu TemnepaTypa
(Te IT=Xx<< 1) YUYH X° raya aHUKANK 6unaH nboaacu TOMMHT.

Eunmw.

2 2

X X

XZ 2 = =
( ) _ e—x/2)2 ex + e—x _ 2

(1)

X /2

(e

byHaa

e = meﬁ:;e‘x =Z(—1)”XF:

Bynapaan dongananmnb, (1) HUHT MaxpaXKMHu €3amms:

2 3

2 2 4
Ere —2=1rx+ ooy Xy aoxe 2 XX os
4 2 3 4
2 2 2
V| AN NG P 2)
2 4 12
Aemak,
X X
XZ)? = ~1-—; T>T, 3
(x2) < 2 . (3)

a) KNaccmk xon X << 1, abHu rokopu Temnepatypaan xon KT >> ho;

T>>T, 6y xonga Z ndogacmaarn 3KCMNOHEHTaHW Japaxkanapu 6yinumuya

Katopra éumb, BUpUMHUM MKKUTa Xah OunaH uyerapanaHuw (YeknaHumLL)

eTapau:
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1_ €7 e a1t X1+ X ax
Z 2 2
Aemak, (70) npopasaH
C, = 3Nk

[ronoHr — M1 KOHYHU Kennb unkaaun.
6) kBaHT xon X >> 1. by xonga kT << fiw; T << T,, AbHM TemnepaTypa
nacT, ANCKPETANK oMUAN (paKTn) Ha3apaa TyTUAraH xonaa,

l — e></2 _ e—x/2
Z

X /2

= €

By wndoamanm (70) ra kynmb, nact Temnepatypanapgarn KpUCTaAJHUHT
NCCUKINK CUFUMUN YUY H

C. ~ 3NkxXe™ (71)
npogaHn onamms. byHaa T — O(X — o) 6yaraHga, C(T) Temnepatypara
6ofank 6ynnb, y Hosara wHTUAAgW. (2.7-pacMmra KapaHr). DWHLITEeNH
dopmynacn (71) nact Temnepartypanapiarv  UCCUKAUK  CUFUMUHWUHT
Temnepatypara OOfAVK 3KaHAUTMHW  TaBcudaca-Za aMMO MUKAOPUM
TOMOHUWAAH 3KCnepeMeHT bunaH coanwTmpraHaa TaposyT (bapk) bopavru
aHuknaHan (2.7-pacm). Wy cababan SuHwrtenH 1906 wvmnga ApatraH

Ha3apuAHW TaKOMUAAWTUPULL NO3UM 6S’/J'IVI6 Koaaun.

7 - 8. Uccmknmk cnsumHuHr [lebain Hazapusacm

DVHWTEN KaparaH Mogenda KaTTUK XXUCMHUHE xap 6up atommn 6up
XM 4yactota 6unaH TebpaHaan. Ly cababam, K(x2)* Hu ocymanatopiap
coHn 3N Kynantmpumb WCCUKANK CUFUMHUHT DUHWTENH dopmMynacy

aHUKAHTaH 34M.
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Arap xap 6up atom (EKn OCLMANATOP) Y3UHWUHT XyCyCMI YacToTach o,
6unaH TebpaHca, y xonga (70) aaH k[x(w)Z(w)] wm 3N ra kynaittupiu

ypHura 3N xaanapHu MAFAWITUPULL 3apyp Bynaan, SbHU
C= ZC(coi) - kZ [X(00i) Z (i) (72)

By ndopaHn wnxuyamnab, amanga dowvganaHwnaguraH copga KypuHuULIra
KENTUPULL YUYH NNFUHAVHN NHTErpan bunaH aamalutmpanasu.

byHuHe y4yH [lebal modeauda KpucmasanHu y3aykcus (Axaum) Myxum
deb kapab, yHOa 3nacmuk myJaKuHAGp mapkaaanmu deluaadu.

By nbopaHn bowkaya TywyHTUpULW MyMKWUH: Tabuunin tebpaHrnunap
(aTomnapHuHr) Tabuum KoopauHaTanap opKann  é3naraH xapakat
TeHrnamanapuiaH Hopman KoopAuHaTanap Opkaau €3uaraH TeHrnamanapra
yTuaca, (MabayM aaMawTUpuLLnap opkaam) xap bup Hopman KoopamHaTta
TEeHrnamacu YM3MKANW TapPMOHWMK OCLUMANATOP XapaaT TeHrnamacujaH
nbéopat bynaan, SbHW aTOMAAPHUHI Tabunn KoopaMHaTanapAaH Hopman
KOOpAWHaTanapra yTuiaraHaa aTOMJApHWHT xapakaT TeHrnamanapu 3N Ta
OCLIMNNATOPAAPHVHI TEHINaManapuaaH nbopat 6yamb konaaw.

OCUNNNATOPHWUHT SHEPTUACK

e, =ho(n+1]2)

6ynnb, yHUHr ypTaya Kunmatu <s>:h7w-cth2h%_ ndopasaH wmbopar.

ByHaa ®- 3nacTuK TYAKMH — TOBYLW TYAKMHWMHUHE 4acTOTacu €, €, €,,...

3Heprvanap 3ca TyJAKMHW KBaHTAapW — GOHOHNAPHUHT 3Hepruanapu (xyaan

3N1EKTPOMArHUT TYJKUHUHWHT KBaHTAapu — doToHNap byaraHu kabu).
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DHAM acocMh Macana o, ®+ do WHTepBanjarn xonatiap COHU —
ocuMANaTopaap COHU g((o)d(o HW aHWKAawaaH nbopat. bepuaraH yactoTta
KuiMaTmra

Clw) = Kx(@)z(w)f
NCCUKNNK CUFUM MOC KETaHW YUyH ®, ® + do 4YacTtoTa MHTepBanura Tyfpu
KeraH KaTTuK >XNCMHUHT NCCUKANK CUFUMU

C(w)g(w)dw = k(xZ) g(o)dw (73)
AaH  wmbopat. Arap (O, coD) ntepBanra TYFpU  UCCUKAUK  CUFUMHMN
aHuknamokum byncak, (73) Hu Wy MHTepBanja NHTerpaanaw no3mm bynaam,

c- TC(m)g(co)dco _ kT (2 gfoo)do 74)

SHan glo)do HM aHuknaiank. Kpuctann kaTTuk XUCMAa KyHAanaHr Ba
byvnama TyAKMHAApP Tapkanagu. YnapHuHr xap 6bupura o, o+ do

MHTEpBajira  MOC KejlraH XojaTinap CoHMapu (ocumansTopaap COHW)

o’ 0% .
2: PNENCI N do WnfrHanaaH wbopatavp. (By xonatnap COHWHU
TV |

xmcobnaw MnaHk dopmynacmHm ncbot kuanwaa xucobnaHraHgam 6ynagn.
®akat byHaa dOHOHAAp Te3nnknapum v, Ba v, Aap OJMHIaH).

ByHaa v, Ba v, MOC paBuwAaa KyHAanaHr Ba Oyunama TyaKuHAAP
Te3nnknapu, bupvHum xaaaa «2» Ko3GPUUMEHT KyHAANAHT TYAKUHHWUHT 2 Ta

KyTOnanmwm tybannm knputungun. Jemakx,

g(oa)dco:[Z © .9 }dm: 30" 4o (75)

2nvy  2ntV] 21V’

byHaa
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(76)

Genrvnall KMpUTUAAM. YMyMuii xon4a Te3uknap v, Ba v, yactota o ra
6orank: v (o), v,(w) Ba Aemak, v? xam uactotara 6OFUK AbHM AMCepCKs

xoamcacy MaBxya. AMMo By aAncnepcus xoamcacu sbTmbopra osvHMaca, v°
HW MHTErpan uwopacu OCTUAAH TalkKapura 4Yakmpuw MyMKuH. by xonaa
(74) Hn

3k

C= > [(zfedo 77)

21’V
KypyHUWAa é3mMw MyMKWH. byHaa wHTerpan trokopwu uyerapacu ([eban

716 o
YyactoTacn ®,) aHUKNAHULWK NO3UM. BYHUHTI yuyH X = k_T << 1 6ynranHaa,

ABbHW TemnepaTypa eTapau gapaxaja rKopu byaraHaa, NCCUKAnK cuinum C

[ronoHr — M1n KoHyHura acocaH 3Nk ra TeHr 6ynaan, AbHM

C = k| (x2F glo)do ~ 3NK

0

By xonga XZ =~ 1 skaHanrngax

| 0Z) glw)do ~ [ glw)do = 3N (78)

[emak, xonamaap «uuruHOucu» ocyuanamopaap uUufuHoucuza meHz. (78)
Hu febat wapmu delunadu. g((o) HUHT (75) gaH kuimatuHm (78) ra kymmb

OJ1aMK3

0\)3

3 %,
o do = D _ = 3N
2nve '([ 2n°v°

ByHAaH HOMabAyM ®, HW TONaMums:

o, = 6’ Nv’ (79)
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Xonatnap 3u4anru g(oa) HUHF (75) nbojacvHm ®p opkanun Kynuuaarvya

é3amu3 (2.8 pacm):

g(©)

0 (Q)
9Nw’
. o < o,
o) =1 o (80)
0 0 > 0,
ho o o
T, = kD Hu ebatu memnepamypacu detiunadul.

Bupank xaxxmaaru nuku aHeprua U HUHT ndogacmHn ésannunk:

Xp

U= f<8>9(@)d® N[ 70 e = ONKT J‘ xdx 9NkTJ' x3dx

3 X D 33 X 3 X
) w, J € -1 i J e -1 X o€ -1
3 xdx
D :_I 81
M= )ea (81)

0
byHaa
X, =ho, [IKT=T, /T =n.
D(n) Hu Jebali ¢pyHkyuscu Oetiunadu. [lemak, KPUCTAMTHUHT UUKM
SHEPrusacu yuyH
U = 3NKTOn) (82)
nposaHn onamms. by (82) wnodosasaH KPCUTANAHUMHT GOHOH Mozenu

acocnaarm NCCUKANK CUFUM NPOAACUHN ONlaMU3;
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oU aD on

C=—=3Nk + 3nKt — 83
oT Bn) + on oT (83)

1. FOkopu TemnepaTypaau xonHW kapanauk. bynaa T >> T (x << 1)

WwapT 6aXkapuaCcuH.

By xonpa kynnaarm émmwaan donganaHamms (K. Macana 2.2)

=X —}X 4+ — — (84)
e -1 2 12
By xonga
3 | , 1 x* 3|7 . ;
D(n)——J[x ——x3+—}dx_—3{———n n® - }:
2 12 n"| 3 8 60 (85)
3 1
:1—— +_ 2_
g 20"
[emak, 6y xonaa
U = 3Nk 1—3TD+i T (86)
8T 20\T
ByHaaH
C:a_U:;gN 1_i(£j 4 (87)
oT 200 T

2. MNact TemnepaTypann XOAHW Kapawauk. byHaa T, >>T wapT

HaxkapuncuH. by n — oo xonza

D(n) = nif - S-S a1
D(e) = L (88)
[emak,
r _ INKTR @)

U = 3NkT[IOO) = 3NkT i
5n

D

byHaa,
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c_ 09U _12n'Nk_, 120 Nk[lj 90)

oN 517 5 (T

(90) ugoda kpucmann KaMmuk XUCM UCCUKAUK curumu ydyH (1912 tunda
osuHeaH) Jebau KoHyHuUOup.

N3ox. Uccnknnk cnenmm noogacn (77) pan T << T, 6yaraHaa [eban

KOHYHMHWN 6eBOCUTa 0NN MYMKMH. XakuKaTaaH xam

oo 3K

2n*ve

wD 3X%p n

f (x2 )} wide = 9NK£TLJ I22x4dx - 3Nk _[ Z2x'dx  (91)
- N

0 0 0

ByHaa nHTerpan x >> 1 6ynraHaa

j_ IZZX4dX— f xedx  x [ +4j X°dx
(e -1)7° e -1, e -1
0 ) 0 0 (92)
x®dx Arc’
:4-I =4E(AI(4) =
| oy = @@=

3KaHAurngaH dorganaHnb, aHa Jeban KOHYHM

4 3
o _ 12v'Nk( T
5 \T

D

ONVIHAAMN.

WHTerpan yuyH

- S X © 4
x e*dx _SZl:Sé(S)zaTC_:TL’_

0 (ex _1)2 - n=1

ndboaa onvHagy; by epga &(S) - 3eTa QYHKUMAHUHT KMAMATAAPW XXajBanaa

bepunagw.
i(ij =2612 &(2) = 5 i(zj 1341 &(3) =1202 &(4) 90’

TCG

945

§(5) = 1037 £(6) =
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Bup Heua kaTTuk >XUCMnapHWUHT [Jebai Temnepatypacu Tp HU Kyhunaaru
XajBanga Kentnpamus.

KatTuk >xncmnapHuHr Jeban Temnepatypacu. Xaasan.

WyHaan kmnnb, Aeban koHyHura kypa T — O 6yaraHza mccmkank
cnium C~T? KOHYH 6Yinua Hosira uHTMnagu. lMact Temnepatypanapaa

3KCNepUMEHTAA LWYHAAN KOHYHUAT Ky3aTunaam.
T

Bucmyr (Bi )
100 1

2.9-pacm.
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Ammo bup kaTtop xonnapaa, Jeban temnepatypacu Tp Temnepatypara
b6ofank bynraHm yudyH (2.9-pacm), UCCUKAUK CUFUMHWHI Temnepartypara
bofamknmrn eban KoOHyHUAaH yetnaHaan. ByHUHr cababu wykn, Y3MHUHT
pean KpUCTaan MaHxanapura ara 6ynraH pean KpuUCTanaa y3nykcms (Axamr)
MYXUT (KOHTUHYYM) OuNaH anMaWTUPUAMLLM Ba YHUHI YYyH MakKCUMyM

yactota ®, Kabyn kuamHuwnamp. byHgan anmawTtnpuwl HMcbaTaH KMYmK

yactoTanap (Katra TyJKMH Y3YHAMKAAP) YUYYH AXWK HaTuxKa 6epagn, YyHKK
by xonga OyHAAW TYAKWH YUyH KPUCTAJUVIHMHI aTOM Ty3MAMLIW YHYaNMK
KaTTa axamusaTra 3ra 3Mac. Yactota optvwnm 6GunaH KPUCTANIHUHT
CTpyKTypacu (aTomnapapo macoda) posib ynHan bownanam Ba Aemak,
NCCUKAUK CUFUMUHWUHT  TemnepaTtypara 6ofavkavrn [eban KOHyHWAaH
uetnaHa 6ouwnanan. 1°K atpodupa Taxpuba HaTuKanapuHUHTr [ebail
KOHYHWAAH 4YeTnaHuwun Kytatunagmy; 6y coxaja KPUCTaNNHMHE 31eKTPOH
CTPYKTypacu  (31eKTpPOHMap  CUCTEMACKM  UCCUKAUK  CUFUMMK)  POHOH

CTPYKTypacuaaH yCTyHAMK Kuanwm cababananp (2.10-pacm).

C

BRf---erem it

2.10-pacwm.

Macana 2.2. leban dyHykumacmnaaru

X , 1 ., X'
e -1 2 12

ENNAMaHW IOKOPKW TemnepaTtypasa YPUHAN 3KaHAUTUMHU UCOOT KUAVHT.

Eunw. Epaamum dyHKums
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=1

knputnb, yHn x=0 atpoduaa Tennop katopura éanamk:
f(x) = f(0) + f'(O)x+% f"(0)x* + ...

1 x©  el-x-1

M= 1 e~ (@_1

el-x)-¢e Z[ezx(l— X) — ex]

f!!X _
() (ex_l)z (ex_l)B
. Xn B X2
e —ZE—1+X+E+...
[im F(x) = [im X _ [im izl
Xx—>0 X—>0e" -1 x—>0¢€
f'(x) :e(l—x)—l_)e(l—x)—e _ =X _)—1:_}
Xx—0 (e —-1)? 2(e" - 1)* 2(e" -1  2¢* 2
f'(x) 1

(—xe™ + xe* — 26™ + 2xe™* + 2€") =

x>0 (e-1°

(xe”™ + xe* — 2™ + 2e*) >

(e -1)°
e + 2xe” + e + xe* — 47%e + 2¢"
3(e* - 1)’e

-3 +2e +2xe" +1 —1e* + 2xe" + 2" 1
— — =
6(e" — 1)e 6e (e — 1) + 6> 6

[emak, (6), (7) Ba (8) HM (2) ra KMnMb ToNamms.

X X
f(x)=1-—+—...
(x) 2 12

(9) HK X ra KynanTpub, acocuii MaTHAarn éinnma (84) H1M onamms, SbLHY

3 4
x*f(x) = x° XX
2 12

(1)

(2)

3)

(4)

(5)

(6)

(8)

9)
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Macana 2.3. [leban mogenvra acocaH KpUCTANHUHT UYKWU SHEPTUACK

U Ba nccnknmk cninmm C kynngarv npoganap bunaH aHmkAaHagm:

U = 3NKkTOn),
U = 3Nk (n),
bynapaa
3
d
D) = j >
x'e" dx

Dc(n) = —jfﬁd_—[

Kpuctannuumur a) tokopwu Temnepatypa T >> T,

(1)
(2)

3)

()

Ba 6) nact

Temnepatypa T << T, yuyH [eban oyHkumanapn D(n)Ba Dc(n) Hwu

aHunkAaHr. ONHraH HaTUXKanapHW U30X1aHT.

Eunw. a) T >> T, ékn X << 1 xon. by xonga 2.2 macanagaru

X X X

e1 2 12

ndoaanaH doiiganann6, D(n) sa D (1) HM Tonamus:

3

b 4
D(n):%j.[xz—x—+x—)dx 1—§n+in
0

X 12 8 20

P 4 X 4 " p 3
S e | B I e
n 0(e -1 n e — 0e—l

4 5
S +§3 - X X +4D(n) =
@ -1 n 2 12)
___3n 4(1—:—%+i %) _3_11+4__ +=n° =
e -1 8 20 N 25
—1-Snaly

(5)

(6)

}_

(7)
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Aemak, roKkopu Temneparypaniapaa

3 1
U=3NKkT1-=m+—n°|, T>T 8
(inde) T e
3 1,
C=3Nk@d-=m+=1m),T>T, 9)
2 5
N30x. 1. Arap
3¢, X’ X y .
Dc(n)z—ijE(x)OaAa E =€ - X e =N .xIn
nJ (e° -1 c+e" -2
e = Z (=D)"x" /
AaH donganaHnb, Takpnbum ndosacu
2
E) =1 ~1-X (10)
X 12
1+ —
12
ONMHULLN MYMKWH. By xonaa D (1), HWHT ndpoaacu
3 | X 1
D =—Ix2 1- X Jdx = 1— 22 11
() =3 ( 12} 20! (11)
6ynaaun. by xonga
C = 3Nk(1— 1 2) (12)
20"

Xap xun TakpubumavknapaaH donganaHuaradm ydyH C HuHr (9) Ba (12)
HaTuXKanapu xap xua. AMMO (9)HaTmxXa aHUKpPOKANP.

N30x 2. Nukn aHeprua U Ba nccnkamk cninmm C HuHr (8) (9) Ba (12)
ndoganapuaaH KypuHaauky, tokopu TemnepaTypaga (x<<1, T >>T))
[ebain Hazapuacn knaccvk Gusmka HaTudKanapura, SbHU OCUUANATOPHUHT
ypTaua aHepruacu kT Ba nccmkamk cusnmmm 3Nk ra (JronoHr-ITn KoHyHMra)

onnb kenaaw.
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6) Mact Temnepatypanapga (T <<T, >>1) D(n) Ba

ndboganapHn aHMKNAUANK.

3 X
Qw=7jx dx
noe—l

Aarv nHterpan ndoaaHn ésanank

n

J' x*dx [ x%dx _]" x*dx
e -1 e -1 e -1
0 n

0

(13) ma

J‘ x¥dx wt

e —1_E

0

MacT TemnepaTypaga x>>1 6yaraHun yuyH € >> 1 wy cababan

3 0
I X dxl = IXBG_XdX =e" M’ +3°*+6n+6)~e™’
e —

[emak,

4 4
F_ _n3e‘”} = ;3 ~3e">>1 T<<T,

D.(n) Hu kapaiauk:

x3e*dx x*e*dx x*e*dx

) (ex _1)2 - ) (ex _1)2 n (ex _1)2

byHaa

J (e -1y T e -1

e 1 15 15

o 3% 4 °° 3 4 4
J‘(xedx X w4J‘xdx 0+4. " 4t

(3% dx [ . ]
I - :Ix4e “dx = n‘e™
e

0 n

[emak,

(13)

(14)

(15)

(16)

(17)
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4

Dc(n) = ;“3 ~3ne", T<<T, (20)

MNact temnepatypanapaa (T<<Tp) Jeban mogennra acocaH KPUCTaNJHUHT

NUKkKM 3Heprusacy U Ba nccnkamk cninmm C Kkynngarmya aHukaaHagm:

4 3 E
U=ankT 2| ] e | T, (21)
5T,
44 T s T TD
C=3NK || -32e7| T<<T, (22)
5 | T, T

N3ox 3. Arap MUYMKK 3HEPrvsaHUHT Temnepatypara 6ofavkaurvra
KpUCTann naHxanapuHuHr ¢akat TebpaHuwunrmHa cabab peb kapanca,
nukm 3Heprna U Ba femMak NCCUKAVK CUFUM ndoganapu ypuHan bynagn.

Kpuctannga ¢azaBun yTuwnap, «3pKuH 31eKTpoHaap» Ba 6olika
oMuanapHun 3bTmbopra onmHca, by omuanapHUHr tokopuaarn ndoanapra
XMCCanapuHM anoxmaa Kapaw no3mm bynaaw.

N30x 4. ccnkank cuFnmHm Taxkpmbaga yndaw épgaMmmaa Ba

C, = 3NkD.(n)
dbopmyna acocnaa fleban temnepatypacn T, HM aHuKAAW MyMKKH. [Jebau

Temnepatypacu T, HW kpucTanagarv bynnama Ba KyHAaNaHT TOBYLUIAPHUHT
TapKavLWn Te3ANKAAPW v, Ba V_ HW ya4all OpKanu

o, = 6m°NV’
dopmMyna acocmaa aHnKAaL MyMKUH; ByHaa

e, 3 2 1

-
D ]
k v vl Vv

Xap xun metoan 6unaH onvHraH [eban TemnepaTypanapuHu 6up-

bupn bunaH Takkocnab, [eban HazapuaCKM KPUCTANNHM KaHYaNMK aHWK
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TaBCUPaaALLIN XakuAa MabayMOT O MYMKUH. Kynuaarn xaaBanga nkku

XWUN MeTog bunaH onnHraH Jeban TemnepatypanapuHn KenTmpamms.

To
dnemeHT | ToByLW Te3nUrM Nccnknnk
CUFUMMU
Al 399 394
Fe 467 420
Cu 329 315
Ag 212 215

XagBangaH KypuHagukn, WKKU xua metop bunaH onvHran [eban
Temnepatypanapu opacugarn dapk 5% Ba byHaaH kamaup.

MacanaH 24. ®otoHnap Ba QOHOHNAP ra3napu Y4UyH XUMUK
NOTEeHLUMaN | HOra TEHT 3KaHAUTMHN KYpPCaTUHT.

Eunw.

a) Nanw wvumaarn ¢oToHMap CoHM oM 3Mac, AbHU GOTOHMAP
Tyna coHM dukcauuanaHmaraH (aHuK 6up KurMMaTtHU Kabyn Kuamanan)
dN=0.

ByHuHr cababu: wgnw wnumgarm GOTOHNAP wWAWW  AeBOpJapw
TOMOHWAAH HypAaHULWW xamaa TuanG Typuwn MyMkuH. Ly cababaw,
MYBO3aHaTAN HypAaHULWHUHI (POTOHMAP Tas3vHWHI) TepMOAMHaMmuKacuaa
udN ndoga (dN ysrapyBum 6ynraHn yudyH MWITUPOK STULIM MYMKMH 3Mac,
aKC Xon4a TepMoAMHaMUKK napameTpaap y3rapyByaH 6ynnb konaau. by aca
MyBO3aHaTAn xonat Tabpuoura 3maamp. wdN ndosa UWTUPOK STMACAUTK
yuyyH p =0 6yamwam Ttanab stmnagm (Ekm bHowkada anTraHga, WyHAan

Xynoca kenmb umkaam).
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6) ¢doToHnap kabw GOHOHNApP Tyna COHWM AOUMMWK 3Mac. Ynap
KPUCTaAN MaHXapa TOMOHMAAH HypaaHwb, xamga totuamb typanaw. Ly
cababnn doHOHNap rasm yudyH, cucteMa MyBO3aHaTAW xonataa byaraHza
u = 0 éyamwnunrm kenmb unkagm.

WyHpan knanb, dotoHnap Ba GoHOHAAP ra3v yuyH bose-SnHwTenH

CTaTUCTMKACKH
f(e)=<n >:; (1)
! ! eXp(BSi) -1
eKkun
1
f = 2
(©) expBro) -1 @)

KypuHuwra ara 6ynagw; byHaa € = ho(n+1/2),p =1/ KT.

MacanaH 2.5. ®OTOH ra3HWMHr wWukn 3Heprusacn U, 6ocumm P

AHUKJAHCUH.
Eunw. Nanwparu 3N1eKTPOMarHuT TYAKUHAQPHN HOpMaJ
TebpaHuwnap cynepnosvumacn Aeb Kapaw MYMKWMH. [ WYX HOpMan

TeOPaHULLIHUHI LMKANK YacToTacu ®, Ba KBaHT COHU n; 6yncuH. Hopman

Te6paHI/ILLIHI/I 3Ca KBAHT OCUMNNATOP ,£I,€6 Kapaanwm MyMKUH. By XONn4a KBaHT

OCLIMNNATOPHWUHT 3HEPTUACK g, KBAHT MeXaHMKagaH MabayMKw,
g, =ho(n+1/2), (1)

ndosa bunanH aHnknaHaan. KBaHT naean ras-poToH rasHUHE 3Heprusacun £

E(nn,..n..)= Z h(oi(ni + %) (2)

nbosa 6wunaH aHuknaHaaw; OyHAa n; SHEPrUACKM ho, ra TeHr  OyaraH

$OTOH/IAap COHW.
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Xap 3 Ta Hopman TebpaHuw as3ogarn uvaean KBaHT TebpaHrmy
Tybannan xocmn bynaétraH geb kapaamwm MymkuH. bByHaan tebpaHrmnunap
(ngean kBaHT 3appanap) coHn N Ta 6yncuH. by xonga 6yHgam N Ta
CUCTEMAHWUHI  FaMUNbTOHMAHW KBaHT MexaHumkaga 3N Ta (knaccuk
MexaHukaga 6N Ta) ysrapyBumnnapra 6ofank. lemak,

v = 3N (3)
ByHaan cuctemanumHr (3N Ta ocumanaTopaap cucrtemacu) nuku aHeprusacm U

6u3ra Mabaym

’k?
U=VT* o= = 7,569- 10" spe’epad* 4

o - CredaH — bonbuMmaH gonmuincu. emak,
0="=_—" =— " (5)

Naean ras yuyH

P=no (6)

o N
Xonat TeHrnamacum ypuHau; n = v KBaHT naean 3appanaapHUHT bocrmm

y4yH

NuV u
= oo = @
V3N 3

NPojaHN OnNamMus; U 3SNEKTPOMArHWUT TYAKUHAAPUHUHT WUKM SHEPrusacu
3UUANTI.

Macana 2.6. Kattuk xuncm N Ta suenkanap Ba xap bup Aaderikaga r 1a
atToM OyACMH. DnemeHTap fAYenrka peryasap Kautapuaca, 6y wugean
KPUCTaNNHM Tawkua 3Tagu. fAdenkagaru Xap Oup aTOMHM 3pULL
TemnepatypacugaH y3okgarn TemnepaTtypaja 3 Ta UM3UKAM TAaPMOHMK

ocunnaTop Aeb TacaBByp 3TUW MyMKWH. by xonga kpuctannum 3Nr Ta
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ocunanAaTopaapiaH Ba ynapra Moc 3Nr 3pkMHAMK gapakanapugaH nbopar
£eb kapalwl MyMKUH.

Xap 6Up 3pKMHAMK Aapaxkacura (ocumanatopra) k TYJAKUH BEKTOPAU
Ba S KyTOnaHMWAM TebpaHuw (Moga) MOC Kenagw; k TYAkuH BekTop N
KMAMaTAapHU Kabyn kuavwwn, 3r Ta KuAMataapHum S Kabysn kuavwu
MYMKWH.

1. OCUMANATOPHUHT KBaHT coHu n(K,S) HUHF ypTaua KuitmMath <n>
aHUKJAHCUH.

2. Vgean KkpuvcTannHuWHr wnykn 3Hepruacu U aHUKNaHCKMH Ba a)
Temnepatypa T=0 garv yHUHr KMAMaTU TaxAua STUACKH; 6) k y31yKCu3
bynaraHgarn xon yuyH U HUHT KMAMATK aHUKAAHCUH.

Kypcatma. U HuHr wudogacnaarn WNFUHAUHW uvHTerpan 6unaH
afMaTUPULL Kepak.

Eumw. 1. Ocyumnnatop KBaHT COHM N HUHF ypTada KMimMaTu, CTaTUCTUK

OUMKAHWHT YMYMWIA METOAMUra acocaH

<n>= an(gn), (1)
byHAa
1
fe)=—e" 2
(¢, Ze (2)
Z:Zem,B_llkT (3)

OCLI,I/IJ'IJ'IHTOpHI/IHF 3HepFI/IFICI/I €1 KBAHT MexaHnKaaaH Ma'bflyM
e, =ha(n+1/2) 4)

[emak,

1 1
<Nn>=— ne™ = 5
ZZ 1-¢e” ©)
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byHaa X = Bhiw = ho / KT.

=Y em- 1_1ex (6)

(6) aaH pomrgananmb, (5) HM €3amums:

17, e 1

<n> =
Zoy l1l-e* e -1

[emak, ypTtaua KBaHT COH

1 1
<n>ex_1:ehw/kT_1 (7)

2. 3Nr Ta OCUMANATOPAAPHUHT YMYMWUA 3SHEPTUACK OCLUANATOP

SHEPrnanapmHUHI l\/’IVIFl/IHﬂ,I/ICI/Iﬂ,aH |/|6opaT:

E =D ue = D ok 9.9+ 1/2]=

8
= Z % ho(k, ) + ;hm(E’S)n(R’S) - E, +E, ®

byHAa
1 _
E, = ERZ:M(“'S) 9)
E:thn(lzé) :th< n> (10)
exn

E=KTD g1 - (2\;)3 kTZ.[ o7 okdsdk =

VKT X
= k*dkdp cos0dO
oy 2 &1 Kok

(11)

—

ByHaa ® uactota k, S ra, avHu k,0,¢,s y3rapyBunnapra 6ofavk; V /(2r)°
KaTTanuk K, dazoparm GUPAVK xa>kKmMaarv TYAKUH COH.

Macana 2.7. Yactota ® O6wunaH TyakmH BekTopu K, opacuaaru

Avcnepcns MyHocabatu
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o = a(s0,ek', t>0
bynaraHaa UCCUKNMK CUFUM Gy @aHUKNAHCUH.

Eumw.

X = Bho = Bhak'; k' = —; k’dk = (ij X3t 1(}jdx
Bha

ha t

[ema,

kTV( ij J‘ 3“dx

8r’t -
byHaaH

G - oE _ Ton
vaT
KOHYHWUAT Kennb umkasm.
N3ox. Arap t=1 6ynca, (12) gaH
G, = AT®

[eban KOHYHU Kennb umkaaun.

(12)
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Il 606. Pepmu — lupaK CTaTUCTUKACUHUHT TaTOUKU
1-§8. Knpuw

Busra MabaymMKm, KBaHT CTaTUCTUKACMHUHT Ky/IaHMLL cOxacuaa

. h?
T<T =a—n?? (1)
mk
WwapT 6axkapunagm; CUCTEMaHUHI KBAHT XOCCasapu KaTTa 3UYaMK Ba nact

Temnepatypanapsa HaMoEH bynaaun.

3appanap opacugaru yptada macoda r, ~ il Ba Ae bpovnb TynKuH

n3

Y3YHAUTUHUHE YpTavacn A = h/ pea p ~~mKT 3KaHAUMMHU Hazapaa TyTunb,
(1) wapTHM BowkKaya TYWYHTUPULL XaM MYMKWH. 3appalapHUHI opacuaaru
yptada Macoda r ge bponnb TYAKWUH Y3yHAUTM A €KUM YHAAH Knumk Bynca,
ynap opacuia ogatjarn ysapo TabCuMp KyumgaH TalKapw KBaHTOBUWA
Koppenauma MaBxyza 6ynagn. LUy cababan 3appanapHuUHr xapakati Maxcyc
KBaHT TabuaTtra 3ara 6ynaan. by coxaga, anbartra, KBaHT cTaTMCTUKaAaH
donpganaHnw 3apyp ©Oynaan. bowkaua awTraHza, TemnepaTypaHWHT
KaManuwn Tabumni pasuwaa ge bponnb TYAKUH Y3YHAUTMHWUHT OpTULLIMra
onnb b6opraHaury, wy cababam 3appanapfa KBaHT KOppenaums aamallys
y3apO TabCMp HaMOEH 6yamwun Ha ¢akaT anoxuja 3appaHM  KBaHT
MEexaHMKa KOHYHW acocuia Kapawra Maxbyp 3taan, bankum 3appanap
CUCTEMACVHN KapalHW XaM MyxUM y3raptypuwra oamb keamwmnHu 6wms
roKOpUAa TabKuaiaraH 3auk.

By coxasa Myxum ponbHu [Nayam npuHUMNM YHauaW.

Mabaymky, 6y npuHuunra Kkypa, 6up xonataa 6utTagaH OpTUK
bepMMOH Byanm mMymkuH 3mac. Ly cababan depmmoHnap cucrtemacu

b6o3e-cuctemagaH Myxum dapkamamp. by dapk cucTeMaHuMHr  alHULL
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TemnepaTtypacuaaH nact bynraHaarmHa HamoéH 6ynaan. by epaa WwyHu aHa
TabkuAiall NO3UMKW, alHuW Temnepatypacu T ~h? 6yaraHaurngaH, y
(Ttabunnkn) KBaHT TywyHuagmp Ba T< T coxaga 3appanap opacuaaru
yptada mMacoda r,~A 3kaHAurngaH lenseHbepr HOAHWMKANK MAPUHLMMAN
r,p~h Myxum ponb yrHan bolunanam.

Tabvataa (kBaHT) awnHuraH depmn cucTteManapra meTannapgarv
3/1eKTPOHAAP CUCTeMAcH, OK MWUTTU tOAAy3Nap, HEUTPOH tOAAy31ap MUCON
6ynaan.

AHa WyHW Tabkuanaw NO3UMKM, ofaTaarn rasnap, CyrOKJAUKAAPHUHT
avHUW TemnepaTypacu LWyHYaaMK nacTky, ojaTtaarn wapouvTtga ynap
KNAacCuK cTaTucTnk dmsmka bunaH tyna taBcudnaHa bepagnnap.

Bu3 tokopuaa Kypankkm, depmmn TakCMMOTU Kynuaarmya:

JL0 ——— 2)

eﬂ(f*ﬂ) +1
By ¢yHkuma f(e) Temnepatypa T —0(B=1/kT —x) byaraHaa «nofoHaAn»
byHKuMAra annaHagn, AbHW e<p bynraHaa f(e)=Le>u OynraHaa f(g)=0
6ynaan (k. 3.1 pacm).

Arap T>0 6ynca, «nofoHannm» OQYHKUMAHWMHI €= Aarv Kuimatu
atpoduaa kT coxaga Pepmu TakCMMOT «emumpuaraH» Gynagun. Y nyHKTp
unsnk 6unaH 3.1. pacmaa KypcaTuaraH.

f(e

T=0
1 =S

NI~

|

e

7 R—|
W

o
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bup 3appaBuit xonataarnm sHeprusa g ~\£/ bynaraHamrn yuyH xaxm V

opTuwu bunaH catxnap bup-bupura akmHAawmnb, 3nunawmnbd bopasepaaw.
XaXm etapan gapaxaga kaTtta bynraHga, 6up 3appaBui xonataapHu
y3nykcm3 peb kapab, €, € — de wWHTepBangary xonatnap COHM Y4yH
g(e)de ndojaHn €3MwnMMn3 MymkmH; byHaa g(e) — xonatnap 3muaurn. by
y3nykcm3 xonga g(e)de épaammaa cuctema 3appanapy coHn N Ba

3Hepruacy E yuyH

N :j f(e)g(e)de 3)
E - I f (¢)0(e)de (4)

nboganapHn é3mw MymMkuH; byHaa f(e) (2) ndoga bunaH aHuknaHaaN.
1. Temnepatypa T=0K 6ynaranaa, f(g)=(1) Ba aHeprma & HUHr
KUMMaTWN [ = W, Fraya y3rapagm. € HUHF 3HT KNUYNK KNMaTK ¢, (XyCycunia

xonga g, = 0) 6ynca, (3) Ba (4) nboganap Kynnaaru KypuHuwaa 6ynagn:

N = j o(e)de (5)

€0

E = Isg(s)ds, (6)

(5) ndogasaH, arap xonatnap 3nunnru g(e) aHuMKAaHraH 6ynca, p, HW, CyHr
(6) aaH Tyna 3Heprusa E HM aHMKAALW MYMKWH.
2. Arap T>0K 6ynca, p Hu1 Ba 3Heprua E HW aHukAaw yyyH (3) Ba (4)

AaH donganannnagy; byHaa f(e) # 1 Bay (2) bunaH aHuKIaHaaw.

2-§. KaTTuk >xucmnapparv 3/ieKTpoHiap cucremacu
1. 3oHanap. ABan T=0K (3 — oo0) ByaraH X0AHW Kapanauk:
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a) € < u 6yncuH. by xonga (2) aaH kypuHagukn f(g) =1 abHM < ni >=1
Aemak, (0O,u) wWHTepBangarM >sHeprvs catxjapu xammacu 6uttagaH

dbepMunoHaap bunan TyaraH (baHg) (3.2. pacm).

3.2-pacu

6) € >un 6yncunH. by xonga f(g) =0 AbHKW, < ni >=0 [emak, T=0K
bynraHga &= caTx4aH tokopuaaru 3Heprua catxaapu 6yw, yHaa
dbepmMuroHaap (3nektpoHnap) bynmanam.

depmMu TaKkCMMOT NOFOoHaNM rpadukaaH nbopat 6ynaam (3.1 pacm).

2. TemnepaTypa HongaH dapkan 6yncuH, avHn T>0K. by xonpa € = n
bynaraHaa TakcumoT PyHkuma f = (u) =1/2 knnumatHu kabyn kunagw. (3.1
pacm). by xonga f(e) cunamk arpu umsmkgaH nbopat bynagn. bolwkaua
antraHga, e =pn ®depmu catxmra fKUMH 3nekTpoHnap T>0K 6yaraHza
rokopugarn 6yw catxaapra yraaum («byfnaHagu»). T=0K 0da mynzaH
camxJ/1apHuU 8as1eHmMU 30Ha, yHOAH roKopudazu camxiapHuU yYmKkasysyaHauk
30Hacu Oeuunadu. [emak, T>0K pa BaneHTIM 30HajaH YTKa3lyBYaHAMK
30Hacura (Matannapga) sneTpoHaap ytaau.

Bup 3appasuii xonatnap 3HEPruAacK CUCTEMAHUHT Xaxmu V ra (éku L3
ra) Teckapu nponopuuoHan, AbHU Ei~1/V 6yaraHn yuyH cuctema Xaxkmu
optn6 6opca (kaTTanallica), aHeprus catxaapu Kynmkaawmbd (bup-bupura
AakMHAawmb) 6opagwn. by xonza e,€+ de wMHTepBanjarn xonatnap COHWU
g(e)de parn g(e) HM y3nykcmu3 y3rapyBuaH fAeb xmcobnaw MymkuH. bup

3appaBuK xonatiap y4yH
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o(e)de = 4"‘:]'2 dp 7)

3KaHaurm bumsra mabaym (k.10 — §, I 606), 6byHaa g(e) — 6bup 3appaBum
xonatnap 3uuaurn. Arap 3appasap 3pKuH  XxapakatiaHaétmp  aeb
xucobnaHca, € = p° / 2m ndogagaH doriganaHnb

g(e)de = aVe''?de, a = 2rn(2m/ h?)*'? (8)

neoogaHn onamns (3.3 pacm)

gle)

3.3-pacm

by xonaa

1/2d8
1y) +1

N = _[ f(e)g(e)de = aVI — (9)

3/2d8
4]

E = j f(e)g(e)de = avj S (10)

3-§. AbcontroT HOMb TemnepaTtypanu ¢epmmn — ras
DPKWH 3appanap ¢pepmu — cuctemacmHm kapaw yuyH (9) sa (10) HuHr

N/aV Ba E/aV wdopanapungaru

0

g"de
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WHTErpanHu aHuknaw 3apyp. by wuHTterpan T=0K pa, 6yaraHu yuyH,

Kynnaaru
Ho
|, = js”ds
0
coafa KypuHura kenagan. ABBan Wy coasa XoaHun Kypauamk. T=0K 6yncuH.

T=0K pa depmu-rasHVHr TepMOAMHaAMUK MapaMeTpaapuHi aHUKNAUAUK.

(e, = 0 6yncuH).

2% 2 ala 3N 2/3
N:avj' voge = Lavp M = [ 2 12
U, =E=aV J' £%/2dg = ?23 u'%av (13)
0
(12) Ba (13) paH
U 3
%2, o

U
ByHAaH sHeprua 3vunmrn u, = —=
\Y

3 N
Uy :g'vuo (15)
ndboaa bunaH aHMKNaHAAM.
Npean ra3 ndopacm P :%u nAaH donganavmb, myna atHuzaH gepmu

—2a3 6ocnuMu Po HX aHUKNAWMUK3

2N
P = W Ho (16)

Aemak, 6ocum Po 3nunnk n=N/V ra kynmaarnya 60fauk;
PN(N /V)5/3 — r.|5/3
Temnepatypara 3ca 60fa1K 3mac! (T=0°K pa).

Npean knaccuk ras yuyH P=nkT 3KaHAUTMHW 3CaaTamms.
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LWyHaan kmamb, T=0 pa wnaean depmu — rasHuHr 60CcMMM HoAAaH
bapkan 6ynmb, snekTpoHnap yuyH 6axonaHraHga P~ (10" —10°) atom,
atpoduaa 6bynagu.

MeTannapgarv 3neKTPOH CUCTEMAHWHT aiHMLL TeMMepaTypacy

T =p,/k=¢./k~10'K

[leMak, meTannapgarv 3NeKTpOH CUCTEMaHM alHuraH ras aeb, KBaHT
cTaTUCTUKa acocvaa kapauw 3apyp. 10°K ga >kucm katTvk arperaT x0/i1uaa
KonManan. Tyna aunHuraH @GepMmn-cucTeMaHuHr 6owka TepMOoAMHAMUK

napaMeTpnapHn Po, Uy, U, acocnia aHuKawl MyMKWH.

4-8. MNMact temnepartypanu ¢pepmMmun — ras TepmMoanHaMmMKacum
MNact Temnepatypajarn ¢epMn-rasHuHr u4vkn >sHeprudacn U Ba
3appanapHuHr COHM N HW aHuknamauk. ByHuHr yuyH (11) garu In HUHT

Takpnbum ndogacu

n+1

{ e'de m n(n+1) kT,
| = ~ 1+ 17
" !eﬁ(s“)+1 n+1[ 6 (M)] (17)

AaH donganaHamums, byHaa (nkT/ p,)? raua aHMKAMK BunaH Tonuaaau.

3 2
2N 2 el kT (18)
av 37 |8l u

Arap T=0K 6ynca, AHa aBBaAru HaTUXXaHW O1amMu3

3 Ny,
—u =2 = 19
n= U, (2 aV) (19)
(18) Ba (19) paH
w7 = e (T (20)
8 1,

Knuumk xapaa u HW u, 6bunan anmawtmpungn. (20) paH
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e O @)

Yo
1 ,7kT,, kT) 1
N " ~ 1—[—] = (22)
0 Mo ) 12
[3/2 HN €3aNNNK:
l,, = i = 2“5/2 1+§ ﬂ (23)
av b5 8\ u,
(18) Ba (23) ndogmanapaaH ywby HncbatHM onamMms:
I, 1+§ T
u_,_3 8lup
N 1, 5" nz[ijz
2 1+ —| —
8\ u
byHaaH
3 1+:(nij
U=2uN a

2
8\ u

NdoapaHn onamus. (21) pgaH donpanaHnb, kyumaarn Takpmbuin ndopaHu

ON1aMun3:
2
: S nij
8
U= 3N, 1__(11ij bo )
5 81 Ko 1 nij
1+-
8\ M,
2 2
ng“O 12 nij 1. 5[ mkT 1__[nij N (24)
5 8 3\ K, 8\ K, 8\ Ko J |

2] 2
S SV P kT 1+l KT e 314 2 [T | Z gy B
5 12 2y, 5 12\ u, 2
ByHAa@H 3/1€KTPOH rasHUHI UCCUKANK CUFMU Cs HU aHUKIaMK3:
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(GUJ n°Nk [ kT
C, = V = —
oT 2 Y,

Exu
C,=aT (25)
byHA
m*NK?
a=
21,

Temnepatypara 60fank bysmaraH JOMMUN KaTTaauKk.

DNEeKTPOH nccnkank cnemm Cs Xyda nact Temnepartypaga Ynsnkan
KOHyH C>3=T ra 6yuncyHaan. by aca TaxpubagaH OnMHraH HaTtuxkara Moc
kenagn. Xyaa ncu TemnepaTtypafa KPUCTaaa KaTTUK >KUCMHUHT Tyna
NCCUKINK CUFUMUA

C=aT+AT>
ndopa 6unaH aHuknaHagy; 6yHaa A =12rx'kN/5T°. By Temnepatypaga
INEKTPOH UCCUKANK CUFUMU C5 GOHOH WCCUKAUK CUFUMAAH  YCTYHINK
knnaan (3.4 pacwm).
C

3R

3.4 - pacm.

[Mact Temnepatypaga 3/1eKTPOH Tra3HUHT 60CMMUKM Ba SHTPOMUACUHMU

p2u_2N 19, 5[=T (26)
3 5V 12\ u,
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busra mabaym

3 2
U, :gNHO; R :gNMo

BynapaaH donganaHnb, 6ocum yuyH (nact Temnepatypaja)

P:&P+E{ﬁg}] (27)
121 u,

nbogaHn onamms; byHaa 6ocum P TemnepaTypaHWHr  KBajpaTura
nponopuynoHan.

COJWILUTI/IpMa SHTPOMUAHN aHl/lKlﬂal\/'lMl/l?:: SHTPONNMA S HK
T
S:I@JTNT
0

npogasaH aHMKAALL MYMKUH.

S:nrm(gzj 28)
2\ M,

DpKuH 3Heprusa F Hn F=U-ST ndoaa opkanv aHMKNANMU3:

2
F:§Nuo 1_3 KT
5 12\

WyHpan knamb, acocuin TeMOAMHAMUK napameTpaapHu abcontot

HONb TeMnepaTtypagarn Pepmu catxy 3HEpPruscK |, opkaan ndosanasuk.

KosraH TepMOAMHaMMK MapaMeTpiapHM 3Ca WYy aHWUKAaHTaH acoCui

TEPMOAMHAMUK MapaMeTpnap opKaiun I/ICI)O,CI,afIaLIJ MYMKWH. >KnyIaﬂ,aH
p - _(ﬁj
oV ).

Ekv naean ras dopmynacn PV = %U aaruv sHa (26)

2
p 2NKo |, 5 (mkT
5V 12\ p,
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nposa onnHaaw.

Oxupupa KBaHT MexaHWKa Ba KBaHT CTaTUCTMKa ApaTuaraH Kagap
NCCUKAMK CUFUMIa TETULLAN KNacCUK CTaTUCTMKaZarn 3naavatra Ba YHWUHT
KBaHT CTaTUCTUKaZA Xan 3TUANLLMIA KMCKada TyxTananamk.

BupvHunaaH:  meTannapza  31eKTp  YTKa3lyBUYaHAWK,  UCCUKANK
YTKa3yBUYaHANKHW 3PKMH 31eKTpoHAap mogenngaH donganaHmb, (MaccaHm
3bdekTMB Macca 6unaH anamawTupmb) TywyHTUpUW MyMKMH. Knaccuk
ctatuctukagarm 6y odwukpra (Mogenra) acocaH MeTa/NAPHUHE UCCUKJIMK
CUFUMUN N30NATOPAAPHUKMAAH TaxMWHaH 2 MapTa OpTuK 6yanwm kepak.
UyHku xap 6up 3appara (3NeKTpoHra) Knaccuk cTatmcTuk dumsmkara acoca,
3kT/2  3Heprua  Tyfpwu Kenagn.  Mabaymky,  AndnekTpuaapaa
(M3onsTOpNapAa) 3PKMH 3neTpoHaap Wyk aeb kapaaan. AMMO Taxpuba
KypcaTaAuKn, MeTannap Ba W3OAATOPAAPHWUHT UCCUKANK CUFUMU HOKOPU
TemnepaTtypaga TaxMuHaH 6up xun Ba ynap [JronoHr-NMim KoHyHura
6yncyHaan. by 3MaAMAT KBAHT CTaTUCTMKACKAA OCOHIMKYA Xan STUAaAN.

KynruHa metannapga ®epmun catxm sHepruacn p,29B 6unan 1038

opacuaa bynagun. by xonaa arap temnepatypa T=300K 6ynca,

2
L Nk(k_TJ
2\ M,

ndoaanarm (KT/p,) yuyH
KT 30k 3k

~ = = 0,01%
u  2-10° 200

KT . 30K _ 4 00%

v 10-10°

KMAMatnap onvHaan wn/2~5 6ynraHga, 6y kuAMaTaapAaH 3NeKTPOH

NCCUKINK CUFUMU YMYyMUU nccnknmk cnFummra 0,075 Ba 0,015 xmucca ékm

88



1,5% -7,5% xncca kywmwmn kenmb uynkagn. AManga 3neKTpoHAap KpucTaan

ncenkank cusnra 2%-8% xmcca Kywagunap.

5-§. Kpucrannapparm sHepreTuk 3oHanap

1. Kupuw. KaTTuk >xuicmiapgarv 3neKTPOHAapPHUHT Xonataapu 3pKUH
aToOMJIapAarn 31eKTPOHAAp XxonaTaapura Kyn >XuxaTtAaH yxXwauau, UyHKW
KpUCTanngarv KywHW aTtoMaap 3N1eKTPOHAAPUHWUHE Y3apo TabCuMpK aToM
TY3WANLLINHK, CTPYKTYpPacuHu Tyna 6y3mnb robopa oamangn. AMmo wy bunaH
HGupra 6y 3NEeKTPOHMAPHUHI Y3apo TabCupu Typaram 3pKuUH aToMaapaaru
3HEPrns catxaapy LWyHYaAMK Ky4yam TabCup ONAAMKW, FanaéHAMKKa
yuypananky, Hatmxkaga Kpuctaanapga bup Katop YHWHT y3ura XOC SAHTU
xoamca Ba apdekTnap namgo éynaan. by sHru xoamcanapgaH sHr Myxumm —
3PKUH aToOMJIapAarn Baf€HT 3NEKTPOHNAPHUHI 3HEPrns CaTXNapUHUHT
AEAPAV Y3TYKCU3 caTxlapra — SHepreTuk 3oHanapra énnanbd ketnwmnanp. by
SHEPreTMK 30Hafap 3Ca KAaTTUK >KMCMHWHT 31€eKTP, MarHut Ba ONTUK
XOCCaNapVHUHT coamp byauwumra cababum 6ynagumnap.

2. DHepeemuk 30HA/AGp. DHEPrUs 30HaNAPUHMHI Nanvjgo Oy auLNHM
Ky“ungarnya TyLWyHTUPULW MyMKWUH. @Papa3 kunanamk, N Ta 3pkuH atomaap
MaBXya 6yncuH. Xap 6up aTtOMHUHT BUpop aHeprma caTxu, mMacanaH, [ -
caTxy g Kappanaum avHWLW Aapaxkacura ara 6yacuH. AMmMo atomaap 6mp-bupwu
6unaH y3apo Tabcmpga byamaraHm yuyH N Ta 3appanapgaH nbéopar byaraH
by cuctemaga i - 3HepretTuk catx Ny Kappann anHWLW Japaxkacura 3ra
6ynagn. dHaM atomnap bup-bupura aKnHAAWMG, KpacTaal naH>Xapa Xocun
KWACMH. by xonga aTtoMaapHWHT y3apo Tabcvpaapu Tydauam 3SpPKUH
aToOMHUHr Ny Kappann xonatnapw ysrapagau. bowkaua antraHza, y3apo

Tabcup 6ynmaraH xongaru Ny 3KBMBaNeHT (CMMMETPUK) xonataap, y3apo
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Tabcup Tydanam 6ysmnagm Ba ynap bup-bupura xxyaa akuH 6yaraHu yuyH
SHepreTuK catxjap Aacracv Aefpan Y3/JyKCU3 3HEpPrns 30HACMHU XOCWUA
kmnaan. by y3apo Tabcup Tydanam, GupuHuMaaH, 3Heprua catxJapHUHT
nactra cumkuwm 03 bepaan, YyHKM atomnap opacuaa bofnaHuw xocun
bynaan (Mmonekynagarv atomnap 6ofnaHnwn kabu);

MKWHYMAaH, Oy Vy3apo Tabcupra, Tabuumiukwn, atomgarn AapoAaH
y30KJarv BaleHTAN dNeKTPOoHAap Ayd Kenaaunap (Tabcupra YannHaguaap),
YYHKM ynap KyLUHW aTOMAapra 3Hr AKWH XounawraH 6ynagunap;

yuMHUYMAaH, aToMAap opacuaarn MyBO3aHaT xo/aatura TyFpu KearaH
Macoda SHEPTrUAHUHT MUHUMYM KWAMaTUra MOC Keauwun no3vm. fHaja
aTOMNAPHWHT  fIKMHAAWyBMAa yaap opacujarn wutapuwl Kyun Tydamam
3Heprma optnb 6opaan (3.5-pacm).

a0l | 620 T oanesade
iafoa

Yoeei aii aasai oge
yeaeodt i i ei ayi doaey
fiadr €

9
1
1
I
i
I
|
I
I
|
|
|
|
|
|
|
|
1
1
I
|
1
|
I
T
|
|

r

-1 6 i adke eoRIRGHRRE
a0l 1 820 T oanéaase 1 ani 6a

Yi &2y
3.5-dafii .

TYPTUHYMNAAH, aTOMAAP 3PKUH ByaraHaaru sHeprusa catxaapu Ngynap
AKMHAAWMG y3apo Tabcuppa bynaraHaa aedopmaumsanaHmnd, yrapcanapaa,
ynapHuHr coun Ny y3rapmanaw. bolwkaua antraHzga, s — 30Haga xap 6wvp
aToMra Tyfpu KeayBuM 2 Ta 371eKTPOH, p - 30Haja xap bup atomra Tyrpu
KenyBum 6 Ta 3neKTpoH Byna oanwm MyMKuH, abHU S - 30Haga 2N Ta, P —

30Haja 6N Ta 6up-bupura Xyaa SKWUH >KOWNalIraH 3HepPreTuk catxjap
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(YypuHAap) maBxya 6ynaan, SbHU 30HANAPHUHT FOKOPW Yerapacu MaBXyZ
6ynagn. MacanaH, S xonataa 6uTTagaH 31eKTPoOH BYyACMH — aToMaapaaru
BaneHTAn anekTpoHnap N Ta, S 30Hagarn xonatnap (3HepreTuk caTtxnap)
coun 2N Ta. Aemak, macanaH, T=0K 0a wy S 30HaHuHz spumucu [layau
NpuUHYUNU2a acocaH, snekmpoxsaap bunaH mynzaH (yHU easeHmMJu 30Ha
deliunadu), konzaH apmucu byw (yHU ymka3ye4aH/uk 3oHacu oeliunaou)
30HadaH ubopamadup (3.6-pacm). Arap S xonatpa 2 Ta 3nekTpoH 6yaca
(MacanaH, kannun), S — 30Ha anekTpoHnap bunaH TyaraH 6ynaam. AMmo S —
30Ha P — 30Ha 6up-6bupurHm y3apo énraH bynca, ynap xaMm Metannap XoCu
kunagu. bab3m KaTTuK Xncmnapga (Spym yTkasrmd Ba AndanekTpuknapaa)
Ba/JIEHTAN 30Ha OwnaH YTKasyBYaHAMK 30HACM OpacuAa MabH 3STUAraH
(TabkMKNaHraH) A 3Heprus KeHravkka sra byaraH 30Ha maBxys 6ynaam
(byHra KeMMHPOK, TyxTasamms).

Arap kaTtuk >ucm Temnepatypacm T>0 6ynca, tokopuaa
auTraHMmm3gaun, BaleHTAM  30HaHWHT  ®depmm  catxy  atpoduaaru
(AKMHMAaru) 3N1eKTPOoHANap yTKa3yBYaHANK 30Hacura NCCUKIANK
bnykTyaumanap tybanam ytagmnap. by anektpoHnap, sHaM xap 6bup atomra
Tervwam byamacaaH Kkpuctanngarn xamma (bapua) atomnapra tervwnan aeb
Kapaauwm MyMKUH. By OUKpPHM WyHJAW TYWYHTUPULW MYMKMUH: 3PKUH
aToMaapZarn BaNeHTAN 3NEKTPOHNAPHUHE TYAKUH dyHKUmMAnapwn, atomnap
AKMHAAWMG, KPUCTann XoCuUn KuaraHga, 6bup-bupumHu KucmaH €nmb
keTnwaan. LWy cababan, 6Gup atomra Ternwnm 3neKTPOH, MKKMHYMCUra
MabJyM 3XTUMOA BunaH yTuwmn MyMmkuH. LUyHaan knamb, anekTpoH ByTyH

KpucTann byrnmua Murpauma Knamb ropuwm MyMKUH.
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__H____ Ema.x
o Vs ; : | :
; . | | | |
R . | H I i | I i
E o i = i i i i
E 3% AGCAAL
m * ¢ ¢ [y o
- * o
3.6-pacwm. 3.7- pacwm.
3.7-pacmga S xonat oyHkumManapuHu 6up - 6upm bunaH KUCMaH

yMyMUAnalwunwm, énNnwmn KypcaTmaraH. YTkasyBuaHAUK 30Hacugarn byHaali
3/1eKTPOH aToM/1apra 03mMu — Kynmu 60FAnK BYAraHAnIv yuyH yHra Taliku
3NeKTP MAWAOH TabCUP 3TCA, YHWHI XapakaTu 3PKUH 31eKTPOHAap
xapakatugaH dapknaaHagn. AMMO yHM 3ddeKTUB Macca m 6unaH 3pKuUH
xapakaTnaHaéTraH 3apagnuv 3appa A4eb Kapaavwm MyMKuH, sbHu eE =m'a.
YmkasyeyaHauk — 3oHacudaeu 6y m’  maccanu  3appa  3pKuH
xapakamaaHaémeaH 3/1ekmpoHOaH ¢apkau 6yneaHaueu cababau (yHu,
3adppaHu) keasussnekmpoH Oetunadu. Opanni xonnapha Ksasv3appaHWHT
(POHOH, NONAPOH Ba LWy KabWMNAPHUHT) MacCaCcMHU TOMULL YUYyH AUCNepcus
koHyHu E(p) 6epunrax 6ysca,

1 _oE(p)
m"* oP?

ndoaa opkann Tonunagy; byHaa yTkasyBYaHAMK 30HACUAATN SNEKTPOHHUHT

E >Heprusacn, P kBasumnynbcu. [ucnepcns  KOHYHM aHMU30TpONuA

xapakTepra 3ra 6ynca, apdekTnB Macca TeH30p xapakTepra 3ra 6ynagu.
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Kpuctann KaTTLNK, Xncmaarm YyTKa3yBYaHANK 30HacMaa
xapakaT/aHaéTraH 3/1eKTPOH yuyH 3dbeKTB Macca m™ aHuKaaHraH 6ynca, y

X043

ypuHan 6ynaan, by xonaa xonatnap 3snuanru

3/2

ndosa bunaH aHnKNaAHAAW.

YMyMuUn xonga yTkasyBuaHAMK 30HacMAarv 3NeKTPOH Ba Ba/leHTAU
30Hagarn Tewwuk (KOBaK) 3Heprusnapu wumnyabcnap 6bunaH Mypakkab
b6ofaHnwaa 6ynaan. AMMO amanja YyTkasyBuYaHAMK 30HacuM  Tybura
AKMHMAArM 3NEKTPOHMAP Ba BaNE€HTIMK 30HaA toKopucuaary Tewwmknap
(koBaknap) 6unaH v Kypwaaaw. byHaai snekTpoHAapHW 3GdeKTuB m'e

Maccann KBasna/eKTPOHap Ba 3GpGeKkT1B m’y Maccaau |¢ - sapsagav ksasm

NO3NUTPOHANAP ,a,e6 Kapaanwum MyMKUH. Ey Xonaa xonat 3an4anru q)yHKLI,VIFICI/I

3PKWH 3N1eKTpOHAapaary kabu napabonagaH nbopar 6ynaanm (k. 3.8 pacwm).

doe)

By xonga ancnepcma KOHYHM

g(P)=A+ % ( 31€KTPOHNAP YUYH),
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e'(p)= (koBaknap yuyH),

=22
b
2mp
KypyHuiWwAa &é3uw MyMKMH. by epga Tawku 31eKTp MaugoH  Tabcupw
Tybalnan BaNeHTAIM 30Ha «WWNW» Jarn  3NeKTPoHNapAaH KUCMaH

yTKa3yBHaHIIVIK 30Hacura Shl/lLLIVI MYMKNUHAUTUHW XaM Ha3apda TYyTMOK

Kepak.

6-8. Xonatnap snunurun. Kattnk xucmnap typnapm

3oHanap  TaccaBypaapura acocaH KaTTuK >XMCMAAPHW Typaapra
Oyanw xyaa Kynau.

Arap 30HaHUVHT 6Up KncMm TyaraH 6yamb, KoaraH kucmm 6y 6ynca,
€KW TynraH 30Ha bunaH oKopKW 30Ha MabayM gapaxaga 6up-bupuHn énca,

ByHAaN KaTTVK XUCMaap MeTannapgaH nbopatamp (3.9-pacm).

€

Atg

QHHI@@‘

Aai &
dia

3 .9- pacm. Mertamn.

Aeap myneaH 30HAdaH KeUuH 3Hepaus mupkuwu A 6ynca, AbHU MAHb
(mavkukaaHeaH) smua2aH 30Ha b6yaca, byHOau kKammuk >XXUCMIAPHU
duanekmpuk (U3os1amop) éku apum ymkasaudaap dedunadu. Aeap 3Hepaus
mupkwu kT daH emapau dapaxada kamma 6ynca, avHU A >kT wapm
baxapusca, eaneHmaAU 30HA0AH YMKA3y84YAHAUK 30HACU2A 3/1eKMPOHAAP

amanda ymmauou ea 0emak 3/7eKmp MoK XOCUJ KUJy84YU 3/1eKMpOHAAGp
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byamazaHu  ydyH — b6yHOau  KammukK — XXKUCMJAAGPHU  U30/19mopsap
(Ouanekmpuknap) detiunadu.

Arap TabKWK/JaHraH 30Ha KEHIIMIM A yH4a katta 6yaman, kT ra TeHr
EKM YyHAaH Knumk 6ynca, avHn A < KT 6ynca T temnepaTypasa BafeHTAU
30HajaH YTKa3syBYaHAMK 30Hacura oayktyaumanap Ttydaunm TanamrvHa
3N1EKTPOHAAP YTULLIM MYMKWH. D1ekmp MaudoH Kyuusaca (kupumusca), 6y
cepxapakam «4akkoH» 3/1eKMpoHIap 37eKmp moku xocua kuaaou. byHoau

Kammuk XXUCMAAGpHU ApumM ymkaszu4aap deuuaadu (3.10-pacm).

€

( ( iy 7 8 B

TR e

gia

3.10- pacwm. Spumsrkasruy.

DHepreTuK caTx/Jap Ba Ba/JeHTAM 3NEKTPOHAAp COHMapura kapab, KaTTuk,
KMCMHM Kancuy Typra Teruwam 3KaHAUIMHM anTul MyMkuH. MacanaH,

1. bup BaneHTAM >3neKTPOHra 3ra KaTtTUK >XUCMAap MeTannapamp
(nwkopuin metannap: Na,K,b,Cu,Ag,Au). bynapaarn BaneHTAM 30HAHWHT
ApMucK TyaraH 6ynaaw.

2. Xap bup suenkara TOK COHAAru 31eKTpoHAap TYFpu KearaH KaTTuk,
XUCMAap xam Metananapaup. MacanaH, AL Ga,In, TL HuHT xap 6bup atomura 3
Ta Ba/JIEHTAM 3N1EeKTPOH Tyfpu Kenagn. bynap 6up 30HaHM Ba KeWVHIU
30HaHW KMCMaH Tyaampaannap.

3. Xap O6up atomra >Xy®dT 3NeKTPOHAAp TYFpWU KearaH KaTTuk

XUCMMAPHUHT  XaMMach Xam AWNEKTpUK (n3onatop) 6OynaBepmanau.

95



MacanaH, Ky 30Ha bunaH oKopW 30Hanap BMp-OMPUHN KUCMaH énuiimn
MyMKWH (Ba 3.12-pacmnap); byHAan KaTTUK >XUCMAAp XaM MeTannapgaH

nbopart 6ynagw.

eeé ¢giane

N

&1

Axedi oee
gia

3.11- pacwm. 3.12- pacwm.

3.11 Ba 3.12-pacmnapga caTxJapHUHT 6up-6upn OGunaH

KMCMaH EnuanLim, yMyMunaallysu KypcaTuaraH.

lOkopuaa  3pkuH 3appa mogenmaa s(p)=-— éxm  g(p)=

KypuHuwaaH ¢onganaHnb, xonataap 3vuamrn (COHM) y4yH

9(8) = aVe®,a= 2n(2m*J2

h2

de)

3 .13- pacwm.
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Ba YHUHI rpadurmra kypctuaraH 3am (k. 3.13 pacmaa). YmMymunn xonaa,
KPUCTann KaTTUK >XWUCMAArv 3NeKTPOHAap AaBpui MaWAoHAa Mypakkab
xapakat Kkunagunap. LWy cababaw, yHuHr xonatnap 3nuanrm g(e) = aVe''? ra
HucbataH Mypakkab ¢yHkums bunaH TaBcubnaHaawn. Hatmxkasza xonatnap
3nuamrm g(e) Gup Heya kmcmaHnapra 6ynmHmb ketagu. Kpuctanngarum
3N1eKTPOHAAP 3HEPruacyM CrNeKTPUHUHI 30Hanap Tapknbu (CTpykTypacK)

cxematuk pasuwga 3.14-pacmpa kypcatuaraH. Anbatta, xap 6up KOHKpeT

KPWCTaAN Y3MHUHT 30Hanap CTypkTypacura sra 6ynaam.

o)

3 .14- pacwm.

WyHaan kuamb, sikkanaHraH (3pKWMH) aTomAary 3Heprua catxiapu
AVCKpeT xapakTtepra ara. Kpuctann xocun 6ynvwaa atomnap bup-bupura
AKWH Kennwmb, ynapHUHT 3HEepreTk catxjapy y3apo TabCup HaTuxKacuAa
MabayM cumkuwnapra ara 6ynaau. Ly 6unaH 6upra BaneHTAM 3N1€KTPOH
3Ca Y3UHWHTI aToMura Taaanykam 6yamwmaaH Tawkapu y Mabaym gapaxasa
3pKMH feb xam xucobnaHaawn. ByHUMHr HaTuXacmaa KpucTannga 3Heprus
30Hanapu xocun bynaaw.

MeTannapgarn 3Hepretnk KeHramk A =0 Ba ApumyTKasrmunap Ba
AvanekTpuknapga A = 0 6yanwavrn éunad TaHnwauk. LLlyHdatu mundazu
kammuk >kucmaap 6opku, ynapda A =0 6yacada ymkasysyaHaukK

30Hacudaz2u 31ekmpoHaap, Memasnnaapoaauza HucbamaH 6up Heya
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mapmubza kam 6yaub, Aapumymkaszudndap munuza kupaduaap. byHoau
Kammuk >XXUCMHU MUpKUWCcU3 ApuM ymkasauyaap OJetunadu. LyHdau
Kammuk XUCMAap xam 6opku, yJAapHUH2 YmKasy84aHAUK 30HACUHUHZ mybu
8a/leHMIUK 30HAcu rokopucudaH nacmoa 6ynadunap. byHOaH kammuk
xucmaapda, xammo T=0°K da xam ymkasyeuaHauk 30Hacuda 31eKmpoHAap

6ynadu. byHoau Kammuk XUCMAapHU noaymemasnnap dedusaaou.

7-8. Apum yTKasrnunap. Xycycmii yTkasyBUaH/INK

AvanekTpuk €kn ApuM  yTKasrmunapia BafeHTAM 30Ha  bunaH
YTKa3yBYaHAMK 30HACK Opacuza SHEPrns KeHramrn A, sSbHU TabKMKAaHTaH
30Ha MaBXyga 6ynaan. T=0K pa OyHaan KaTTMK >XMCMJAPHUHT XaMMacwy,
paBLUAHKKW, AMANEKTPUK (n3onatop) bynagn. AMMO Temnepatypa HOAZaH
bapkan  byaraHga kT>A wapt 6baxapwaca, BaNeHTAM  30HajaH
YyTKa3yBYaHAMK 30HACKra yTraH 31eKTpOoHAap BaseHTAM 30Hadaru Tewmnknap
(koBaknap) 3NeKkTp yTkasyBYaHAMKHN KenTnpmb umkapaan. Hatmxaga T=0K
Aarv amanekTpuk byHaan TemnepaTypaja ApwWM YTKasrmura annaHagu,
yTagn. dnekTp yTKasyBYaHAMK nNavjo 6ynaauvraH Temnepatypa, anbatra

TabKMKNaHraH 30Ha KeHranMrm A ra 6esocuta 6oFankanp (3.15-pacm).
g (8 ) 70 70 70 ¥ rkasyBuan-
(1

Banentmn
30Ha

Banentin
Y Tka3yBuaH- 30Ha

JIMK 30HAcCH

3.15- pacm.
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Cogp (mo3a) Apum ymkaszeuyda 3/71eKmpoHAAp 8d Mewukaap
(kosaknap) mygatinu xocun 6yaeaH ymkasysyaHAUKHU ApUM YMKA32UYHUHR
Xycycuu ymkasys4yaHiuk oetuaaou.

ApVM  YTKA3rMUHWHT  YTKa3yBYaHAUTX  YTKa3yBYaHAMK 30Hacuaaru
3N1EeKTPOHAAP 3UUNUTU Ne Ba BaJEHTIMK 30HacMzarn Tewmnknap (Kosakiap)
3nYAnrn np ra, 6orank. IddekTne macca metoanaaH povgananHmb (k. 5-8).

depmn — [lMpak CTaTUCTMKaAcK acocuga Ne Ba Np HYU aHUKNAUAUK.
DHeprusa BaJeHTAM 30Ha tokopucmaaH bownab xmucobnaHaaw.

INEeKTPOHNAPHWUHT Tyna coHn N

N=Y -+

n eB(Si_“) +

1
+ 29
1 Z Pl L q (29)

ndosa 6bunaH aHuknaHagw; ObyHaa &, Ba &, YTKasyBYaHAWK Ba BasIEHTIM
30Hanapvaarv sHeprus catxnapu. BaneHtam 3oHagarn anektTpoHnap 6unaH

TyNa catxjapu COHU E |. anekTpoHnap coHn N ra TeHr. by TeHravkaaH
i

dongananunb, (29) ndbosaHu karta amma:

T T g Ty

By TeHravknap 4an TomMoHZarn udoda YTKaslyBUYAHAMK 30HacMAa

3/1EKTPOHNAP COHUHU KycaTaaun. XyCyCMin yTKasyBUYaHAMUKAA Yaap Telumnknap
(KoBakJsiap) COHWUra TeHr;

n =n (31)

SbHM YHI TOMOHAarn mdoaa KoBaknap COHWMHM udogananan. Kynmparm

Takpnbun ndpoganapaaH poviganaHanauk (3.16 pacwm).
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S
s o)
a i
Ko A
. J )
O Aaedi oee
dia
3.16- pacm
2 2
g =A+— g =— P (32)
2m; 2m;

m'e Ba mM’p 3NEKTPOH Ba KOBaKHUHI 3bdeKTVB Maccanapu. 3appanap

COHNApW Ne Ba np y4uyH (32) agaH donganaHmo,

1 dp

n=25 [ (33)
h*J s,

=2 [MSDJ (34)
eﬁm +1

nbogaHn E3MWnMmM3 MyMKWH. “2" cnuH Tydanmam kmputnagn. T=0K aa
ne=np=0 6ynaan. T>0K ga, dapa3 kunanamk A —p >> KT, p >> kN, 6yncun.
By xonaa 3nekTpoHiap Ba KOBakAapHW aviHMMaraH aeb kapaw MyMKuH. by

xonga (33) Ba (34) faaH 31uanknap ne Ba np y4yH

n, je [ +77u] p (zm;:—k-rj p-(a-1p (35)
2 ¢ ] 2emKT )
npzﬁje ,, dp_Z( e (36)

nboganapHun onamms. lemak, ne=np 3KaHANTNHU Ha3apaa TyTmb, onamms:

2 Y
n=n =2 S5 e "2 (37)
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(37) ApaH KypuHaguKK, YTKasyBYaHAWK 30HacuAarn 31eKTPoHJap Ba
Ba/JIEHTAIN 30Hajary KOBakKJap KOHLEHTpauuanapu ne Ba Np 3Heprua
TUPKMLIN KEHTAUTU A Ta xaMza TeMmnepaTypara 3KCnoHeHumnan bofankamp;
TMPKMLW KM4YMk Bynca Ba TemnepaTypa tokopu 6yaca, KOHLeHTpauusanap
Kyn 6ynaaw; wyHaanm kuamb, ApuvMm  yTKasrmunapaa TtemMnepaTypaHuHr
ownwmn 6HunaH KoHUeHTpauuanap optub 6opaan Ba Jemak 31eKkTp
yTKasyBYaHAMK opTM6 6opaan. Tabuuminkuy, Temnepatypa opTuwm 6unaH
naH>Xapagarm MCCUKANK TebpaHuwm optuwun 6unaH Kaplmavk OpTau.
AvMmO 6y 3ddekT ApuMyTKasrmunapda KoHLUeHTpauusnap opTuwimra
HucbaTaH Knunkamp. Metannapga KoHUeHTpaumnsanap TeMmnepatypa opTyLn
bunaH y3rapmManau, 3neKTp Kaplwuavk 3ca TebpaHuwnap tybanan optmb
6opaaun.
Xycycnin yTKasyBYaHAN APUM YTKA3TMUYHUHT XMMUK NOTEHLUMaAN [ HK
(36) HUHr (35) ra HMCBATUHM 0NMB, OCOHAMKYA aHMKAAL MYMKUH:
et = (m*p /m*e)3/4epa/2 (38)

(38) ndboaganu norapudmnab, onamms

A 3. m
Bu=p—=+-In—= (39)
2 4 m
E€KMn
m *
,u:é+§len £
2 4 m*,
N30x, me » Mp bynraHpa ®depmn catxy u  TabKWUKNAHTAH 30HAHWHT

ypTacura skuHuaa 6ynaaw. (k 3.16 pacm).
Mwucon. A=0,73B pa A/k~0,81-10°K 6ynagn. byHaa A/k>>T Ba

A—p>>kT, u> KT wapthap baxapunaan, ogataary Temnepartypanapjia
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T=300°K Ba Me=Mp=m 6yaraHaa ne=np=4,83-10" - 300 e
041.10% /300~1,6-10"cu™ KMAMATHN Onamms.
TabkMKNaHTAH 30HaA KEHrAMrMra Mucoanap: oamoc 6:73B; kpemHun
1,115B, repmanunu 0,723B, kynpaHr kanan 0,1 3B.
Bynap T=0K pa ansnekTpuknap.
Onmoc XOHa TeMnepartypacnia XaM ANINEKTPUK

(n3onatop)anp.
XOHa Temnepartypacmja KpeMHUN Ba repMaHUinAa BaaeHTAN 30HajaH

YTKa3yBYaHAMK 30HaCura ceannapu CoHAaru 31eKTpoHaap yTraH 6ynaan.

8-§. Apanawmanu apum yTkasruunap

Bbus rokopuaa Xxycycuin  yTKaslyBYaHAWMKKA 3ra TO03a (cod)
APUMYTKa3rmynapHn Kypank. AMMO amanjarn ApumyTkasrmunap ogartia
MabJymM apanawmara 23dra 6ynaamnap. XakukatgaH xaM  amanga
bovganaHnnaguraH KynunamMkK apumMyTKasrmuaapra apasawimMa KUpUTuaraH
6ynagn.

To3a kpucCTannapfa BaneHTAM 30Ha 6unaH yTKasyBUYaAHAMK 30HaCK
opacnaa TabKuKAaHraH 30Ha KeHrmrm A bepwaraH TemnepaTypaja
aHu4arnHa keHr 6yncasa, abHU A >kT wapt baxkapunca-aa, bupos apanawma
Knputuanwun Tydavnn ynapga YTkasyBuYaHAMK Xoccacu nango 6ynaaw.
ByHaan Oyavwura cabab, wy TabkMKAaHraH3OHaja Jiokan (AMCKpeT)

3HEPreTnK caTxJlapHUHI Nango 6yanwnanp.

ApUM yTKasrmunapHUHr 31eKTP YTKa3dyBYaHAMUIW apasalimara

Xysa Kyuam 6ofavk 6ynraHn cababan, apanaiMaHuHr ApUM
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S’/TKa3r|/|q,u,ar|/| JHEPrna Ccatxnapm TakCMMOTUIra TabCNPUHKU Kapall

3apypanp.

Apanawma Tydanam xocmn bynagmraH yTkasyBUaHAMKHUHT KKK TypU
MaBXYyA.

n - mundaeu ApuMm ymkasysyaHiauk. by xwunparnm apanawmanu

yTkasrnunapga temnepatypa T=0K ga TabkukaaHraH 3oHaga xocun 6ynaraH
3HEeprva caTxJiapuv 3nekTpoHaap bunax Tyna 6ynaan. J/lokan catxnap 6bunaH
YTKa3yBYaHAMK 30HaAM oOpacugarv 3Heprua TUpKUWK (KeHraurm) Az
6epunradH T>0 Temnepatypaga A1<kT wapTtra 6yncyHaan. by xos0aq,
memMmnepamypa HondaH ¢apkau  byneaHOa, xocun  6ysneaH  J0Kaa
camxnap0aH 3/1eKmpoHAAp,  UCCUKAUK — gaykmyayusacu kT — cababau,
YymKasysuaHAuK 30Hacuea ymaousaap ea 3jekmpoHaap 6busnaH 6ofauK
YMKasys4yaHAUKHU Xocua 3smaduaap. Xocun 6yneaH 6yHOau s0kan

camxsiapHu @oHopAaap detiunadu (3.17 pacm).

Y 7K asyBYaHT Mk # 30HaCu

g) _ /O /O‘ /O

T
JIOHOD A
\

BafeHwIn.
30HA,

?TKB3yB‘iaHJ'IHK

Fary Bapieynaoud

3 .17-pacm.

Mwucon. TypT BaneHTAM atoMauM Kpuctaangary (macanad, 32Ge
repMaHuinga) 6utra aTomHm 6elw BaneHTIM atoM (MacanaH, T3P docdop ekun
33AS Marvmyw) bunaH aaMaWTUPUACKH. 5 Ta BaneHTAN 31eKTpoHNapaaH 4
Tacn XMMnK 6ofnaHnwaa (KkoBeneHTan H6ofnaHuwaa) NWTMpok stagn. 7T=0

Aa 5 HUKM 31eKTpoH apanawmMma Mycbat MOH fkMHUAA ywnaHnb Typaam (3.18-
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pacm). ByHn kpuctann wmumpa >XounawraH BOAOPOJ aTomura yxwaTuil
MYMKWH. YHWHI WMOHWU3aUMACMHM BOAOPOA aTOMWHWHI MOHWU3aLMACKHM

xmcobnaraH kabu xucobaawl MyMKUH, abHN (3B aa)

g, = 13 M

X

X - AVINEKTPUK KO3OPULUMEHT apumyTKasrnuaap yuyH 3.9 (kpemHui), 16, 1
(repmaHuin) atpodmaa 6ynagm. bynapgaH voHu3auuma sHepruacu Ey yuyH
0,053B gaH 0,103B raya kuimatnap onamms. [emak, apanaimMa aTOMUHUHT
MoHM3aumacKm  byanmwmnaa OewmHUYM 31eKTPOH YTKalyBUYaHJIMK 30HAcura
yTaaun. bowkava antranaa, apanawmMa atom 6unaH 60Famk aHeprusa catxm Eq
yTKasyBuYaHAMK 30Hacu Tybmu Eq pad (0,05: 0,10) 3B kynmpa >KowunaluraH

6ynaam (3.17-pacwm).

opTusua opTusya
K- anekTnOH K- anekTnNNH

N-Tungaru KpCMHI/Iﬁ N-Tungaru FCpMaHI/Iﬁ

3.18-pacm.

LLyHW Tabkuanaw no3mmku, 6y sHeprus dpapim Ea-Eq=A 1=(0,05+0,10)
3B koMHaTa TemnepaTypacuparn UccMkank bayktyaumacnm kT paH Knuuk
6ynraHu yuyH, Eq pfarn 3NeKTPOHNAPHMHI  aKCapuaTh  YTKasyBYaHANK
30Hacura ytaan. LWyHpan kuamb nokan  catxaap-AOHOpAap  ApuUM
YTKA3rMYHUHT YTKa3yBYaHWHT 30HACUHW 31eKTPOHAap bunaH TabMUHAAUAM.

byHOal kpucmaaaHu n-munudaau apanawmManu apuMymeasysyaHauK

Apumymekasauy deudunadu.
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p - munddau ApUMYMmKdas2ud. By Tungarm apanawmanu
APUMYTKa3rmyga TabkKWMKAaHraH 30Haja Xxocua OyaraH Nokan 3Heprus
caTxJlapv BaNeHTAM 30Hara AKuH 6yamb, ynap opacuaarv sHepria TMPKULIN
A2<kT waptura 6yncyHaan, ynap 6yw 6ynagm. Temnepatypa HOAAAH
rokopn 6ynca, BaneHTAM 30HajaH Oy Jlokan 3Heprusa  caTxjapura
3NIeKTPOHNAp yTaAu Ba BaJeHTAM 30Hada Tewwuknap (koBaksiap) XOCun
6ynnb, anekTp ManAOHU KUPUTULL OWNaH 3SNEKTPOHNAPHWUHT xapakaTu
Tybananm koBakiap MycbaT 3apsj TawyBuM 3appanap kabwm xapakaTtra
Kenagunap Ba 31eKTp TOK XOCUA Kunaawnap. Xocun bynzaH 6yHOau sokan

camxaapHu akyenmopaaap detiunadu (3.19-pacm).

Y TKasyBYaH-IIMK 30Hacu

aKIenTop a /|\ | |
A

Banentim
30Ha

VYTKa3yBYaHIUK

Vad
O 00O

3.19-pacwm.
byHOal  xundazu apanawmManu  ApUMymkaseu4yHu P -mundaau

Apumymekasauy deliunaou.

p-TUngarn apumyTkasrmura muconnap: 2Ge ga 13Al (antomuH) ékn sB
(bop) €kun soln (MHAWM) 3 BaNEHTAN SNEeMEeHTAap apanalmacu Typanam p-
TMNAarv ApUMyTKasrmy xocua bynaan.

Arap repmaHuin KpucTaaara MHAMNW atoMuHu (éku sB, 13Al aTomnapw)
KUpUTUACA, Yy XOAja KpWUCTann  CTpykTypacu  Oy3uamMaraH — xonja
KpucTanngarn atomnap 6ofnaHuwunaa Tyna TyuuHuw 6yaman Kosaaw,
WHANW aTOMW repMaHuingary BafeHTAN 30HaAaH 3N1eKTPOHHM Y3ura Kabyn

K,VIJ'IVI6 oM MyMKWH. 3neKTp0HnapH|/| BaJieHTIN 30HajaH yuma6 onyBuyun
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aToOMJlap JIOKan caTxJapHU-akLenTopaapHu Xocun Kunagu. BaneHTtam
30Haja 3Ca KoBaknap (Tewwknap) xocun 6ynagn. Hatmxaga 6yHpaun
apanawma kmputuanwmn Tydannm Kosaknap 6bunaH 60fanK  p-Tungarv
ApUMYyTKasrny xocun atunaam (3.20-pacm).

5 BaneHTAM apasnawimMa aTtoM ypTHWra 3 Ba/JeHT/IM apajalima atom
(MacanaH, In) xuputMaCca, XMMWK KOBaNeHT OofnaHuw 6yavwn yuyH
apanawma aToM TYPTUHUM 3SNEKTPOHHW BaNeHTAM 30HajaH (MacanaH,
repmaHu atommgaH) onagu (3.20-pacm). byHaa BaneHTAM 30Haja 3PKUH
KoBakK (Tewwnk) xocnn 6ynagn (3.19-pacm). bByHaanm noHunsauma 6yanwm yuyH
xam (0,05-0,1) 3B sHeprusa 3apyp bynaan. [emak, byHaa apanawima aTtom
3N1EKTPOHHMHT SHEPIUACK CaTxM BaJE€HTAM 30Ha WWNNUAAH oKkopuaa bynaaw.
Ncecnknnk  dnyktyaumsanapn kT cababau anektpoHnap Ea catxnapra—
akuentapnapra yrtagunap. lWynaan kuamb, p - Tmvngarm apanawmManu

YTKa3yBUYaHANKAN APUMYTKA3IMY XOCUA KUANHAAM.

p-TUnAary repMaHui p-THUIIaTH KPEMHUMA

3.20-pacm.

9-§. Apanawmanap KoHueHTpauusnapm 6unaH ®depmu carTxm
opacuparu 6ofnaHun
MeTtannapgaaru depmu CaTXMHU TOnuLra HucbaTaH

apuyTkasrnunapga Pepmu catxMHN aHMKAAW aHM4Ya Mypakkab. YyHku xap
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O6Up 30Hajarn 3NeKTPOHAAP COHU Xap XWJ SHEepPrusa caTxjapu xamgaa LOHOpP
Ba aKkLleHTop/1ap apanalimanap KoHUeHTpauuanapura 60favk,
KpwuctanaHunr 3N1eKTPHENPaNINTNra acocaH, AOHOPAU
APUMYTKA3rMYHMHT  yTKa3yBYaHAMK 30HacuAaru >SAEKTPOHAApP COHWU nNe
MOHAALLraH JOHOP aTOMJIap COHW N¢ ra BaAeHT/AM 30Hajarn KoBakaap COHM
Np KYLWWIraHWra TEHT, SbHN
n,=n, +n (40)
Temnepatypa Xyaa KkaTta OyamaraH xonga, fAbHW A>>kT wapT
baxkapuaraHga KpUCTa/UTHUHT 31eKTPHEeNTpaaIurnmra acocaH apanalimanm
yTKa3yBYaHAMKKa 3ra ByaraH 4OHOPAWN APUMYTKa3rnyaap yuyH

n, ~ n,

(41)
aKLenTopav SpuMyTKasrnunap y4yH

n n

p A

(42)

Q

TEeHrAVKAap ypuHanamp. bynapaa BaneHTAM 30HajaH  YTKasyBYaHAMK
30HaCUAArMaIeKTPOHAAP YTUWMHXW Ba Wy cababan koBaknap naugo
6yamwmHn  xmucobra onmHmagn. by (41) Ba (42) TeHravknapaad
bonganaHnb, apanawmManm APUMYTKa3rMUaapHUHT XUMUK MOTEHLMAANHN
aHMKNALW MYMKUH.

bu3 ne Ba np yuyH (35) Ba (36) npopanapra aramus. bynapga sHeprus
Ba/JIEHTIN 30Ha OKOPM 4erapacugaH xucobnaHraH. Arap 3HepPrusHu
YTKa3yBYaHAMK 30HACMHUHT TybuaaH (TarmpaH) xmcobnaHca, TabkuKaaHraH
30Ha KEHMAUTM A HW aumpuw no3nm 6ynaau. bByHn Hazapaa TyTmb, (35) Ba

(36) ndbosanapHn KarTa €amMms.
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2 kT » \3/2
n = (n—nlj e*B(F‘JrA) — ape*ﬁ(HJrA) (44)

[loHop caTxnapgarn KoBaknap COHW Nng Ba akLEnTop caTxjapiaru
3/1eKTPOHAP COHU Ng HX aHUKNaLW Kepak. bynapHu Tonuw yyyH boabumaH

TakCMMOT  PYHKUMACMAAH doljanaHaMmns. €. IHEpPreTmk catxga Nm

T

3NEKTPOHAAPHUHT Byanw 3xTuMonn Wy Hu
W = cge’em (45)

ndosa bunaH aHNKNANMUS; gr - CaTXHMHT Kappacy. HopMannaw waptm
E W =1
-

AaH C HX TOMaMW3:

€= Z g, l—B(s W)y (46)
e T—H
DNEKTPOHNAPHUHT YpTayva COHU
n, = Z Wi,
y4yH

) Z 19y exp[_B(ST o M)]nT
ndoga ypuHan.
DNeKTpoHaap yuyH, MNayan npuHuymnura acocan, nr=0,1. LLly cababan

1

9 gHerw | 1
g

(43)

e

Byw (0304) AOHOP caTxNapHUHI Kappacy bupra TeHr, SbHU go=1; 3N1EKTPOH

6unaH 6aHA AOHOP CATXHWHI Kappacu 2 ra TeHr (3NeKTPOH CAWHHUHT 2
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WyHanuwn cababau), avHK gi1=2. [lemak, g, caTxfa yTraH 371eKTpoHaap

KOHLLeHTPaLMACK YUyH

nEdEﬁe:]_; (49)
Nd 7eﬁ(8d_u) +1
2
Ng - poHopan atomnap (KOHUEHTpauuAaCcuM) COHW  3NeKTPOoHJapwu

YTKa3yBUaH/IMK 30HacuUra yTraH JOHOpP/IAp COHU Ng; KOHLEeHTpaLums ngNqg 3ca

(49) paH aHMKNaAHaAW:

n, 1 N, 1 1 _ _B(sl_) (50)
] N, }eg(gdfp)_kl 287 4]
2
(43) Ba (50) HM Ha3apaa TyTn6, (41) TeHrANKHM €3amMun3
N
aet=— 94 51
e 2P 4 | (51)
byHaaH
g =1 e“{— 1+ |1+ %eﬁ'ﬂ (52)
4 a,
byHaa ¢, = \— ad\ (BOHOp caTx YyTKasyB4YaHAMK 30Hacu TybuaaH nactaa).
T —> 0 aa (B > o aa) (52) paH
et = 1 /1+ %e‘ﬁ'gd"z (53)
4 a,
byHaaH
1 1 8N 1
“:_ElgdeTan 1+ dz—§|sd| (54)

Aemak, T — 0 pga AOHOPAMK apanalManm APUMYTKA3TUYHUHT  XUMUK
noTeHUMan | AOHOP caTxy ObunaH yTKaszyBYaHAMK 30Hacu Tybw ypracura

AKMH 6ynagm (k. 3.21-pacm).
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2 AN —— i \I/ 2
K A
A " oE
2 AV A
v 3!
T, T T, T
3.21- pacm. 3.22- pacm.

AHVKpPOK XMcobnaw KypcaTaguku, TemMnepatypa opTuwm bunaH AOHOPAM
APUMYTKA3TMYHUHT XMMWK NOTEeHUManuM y3rapaam (K. 3.21-pacwm).

ABBan p 61Mpo3 opTMb, CYHr TabkMKAaHTaH 30Ha ypTacuaarn caxraya
Kamannb 6opaaw.

AKuenTopan ApUMYTKasrmy yuyH tokopugarm kabm xmucobnaw kmanbd

KypcaTuL MYMKWH: YHUHT XUMUK noTeHumanm T — 0 aa

uz—A+|82A| (55)

6ynagmn.

Aemak T -0 pga (p > ®) p - TMNAArN APUMYTKA3TUYHUHT XUMUK
NoTeHUWanu BaneHTAM 30Ha tokopucy (wmndTtn) bunaH akuentop carx
ypracuga 6ynaan. AHuK xucobnaw ypcaTaguky, Temrnepatypa OpTuLn
6unaH akuUKNTOPAN APUM YTKA3rMYHMHT XUMUK noTeHumanu u (T) y3rapaam
Ba HOKOpM Temnepatypaja TabKWKJAaHraH 30Ha ypracmaars caTtxra
AkMHNawaam (k. 3.22-pacm).

Tapnxun mabnaymot. MeTanapHUHI KNacCUK 3NEKTPOH Hasapusacu
acocnHn Hemuc oammum T Apyae (1863-1906) Ba [onnaHaAnAAM OAUM
X.AJlopeaHy, (1853-1928) apatraHnap. by Hazapua 6ynmua meTannapgaru

3/1eKTPOHAAP MKKM XMAZaH (TUngaH): 6ofnaHraH Ba 3pKUH 31eKTPOHAapAaH
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nbopat aeb kapanagn.by Hazapuaga KUPUTUATAH SPKUH I1EKTPOHAap
TacaBBYpW  MeTaMNlapHWUHI  3/1eKTP  YTKa3yBYaHAMK Ba  UCCUKIMK
YTKa3yBUYaHAUTVMHW  AXwWK  TywyHTMpnb 6epa ongn. byHaan 3pkuH
NEKTPOHNAP, KANACUK CTaTUCTUK GU3MKAHWUHT 3PKUHANK  Japakanapu
bynnua SHEPrusAHUHI TEeHr TakCMMAAWW KOHyHMra acocCaH, KaTTuk
XXMCMHUHT UCCUKNUK CUFMMUTa 3nek/2 xncca kywmwnapm kepak 3am (byHaa
Ne 3PKMH 3NEKTPOHAAP COHM). AMMO Oy 3Ca KaTTUK >XUCMAAP WCCUKIUK
CUFUMUHWHT JronoHr-MTn KoHyHura 3naavp. by 3maamatHn @epmun-Anpak
cTraTmcTmkacu  acocuga Hemuc onmmun. A. 3ommepodenss (1868-1951)
b6atapad 31an.

Macana 3.1. DneKTpOHAApPHUHT Tyna coHM N ra TeHr. dNeKTpoHAap
X0aTnapun 3NYANTU

g(e)=const €¢>0
g(e)=0 <0

6yncuH. a) 0 K pga ®epmu 3HEpruacnm po HU aHUKJIAHT 6) CUCTEMaHUHT
KNaCCUK XOAra yTuLl WapTu (aHMMaraHAVK WapTh) aHUKJaHCUH.

Eunw. 3appanap coHn N ymymuin xonga aHukaaHaam: a)

N =| f(s)g(s)da:jfg—dg (1)

eﬁ(s—u)+l
T=0K ga f(¢)=1, MacanaHuHr waptvra acocaH g=const 6yAraHu yuyH
N = [ gde = gu,
0

BbyHAaH
B, =N /g (2)
6) Knaccuk xosra ytvi wapTtm

e >>1 (3)
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By wapt 6axxapwaraHga, (1) acocnga onamms:

Bu

0 (&u)d - 4
! "B @

(3) Ba (4)

NB <<],—<xl1
g kTg

(5) wapTt 6axkapwuaca, cucteMa anHumaraH éynaaun. (5) Hu

kTg>>N

KypyHUWAa €3annnk; by TeHrcmsaukHuHr mMabHocwu: kT wHTepBangaru
xonaTtnap coHu 3appanap coHm N agaH xyaa katra.
Macana 3.2. MarHuT MangoHAarn 371eTPOHHUHI 3HepPruacu ManaoH

MyHanuwmra CNWHHUHE napannenb €k aHTunapanenurvra kapab = pu H ra

TeHr T=0K paryn 3pKWH  3NEKTPOHAAPHUHI  MapamarHuT  Kabyn
KWUAYBYAHAUTMHN XMCOBNAHT.

Eunw. SnekTpoH sHepruacu
e= 1. H (1)

OK pa anektpoHnap  ®epmu catxurada 3Heprus catxjapuvHu baHa

knnagunap. by 3ca mycbar cnuHAM (ManaoH WyHanauwura napannen

2
CANHAW) SNEKTPOHNAPHUHT  KMUHETUK 3SHEPrnacu Zi HOAN I<|I/II‘/’IMaT,£I,aH
m

U, —uH rava ysrapywuy, MaHOMM CAWHAW  INEKTPOHHWHI  KMHETUK
SHEpPrusacuM HongaH u, +pH rava ysrapuwwnHu kypcatagm (3.23 pacm).

Myc6aT Ba MaHOUIM CINHAN 3NEKTPOHAAP COHWN MOC pPaBuLLAA aHUKNAHAAM:
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i

A

+
.
W

— %Hg )
Myc6ar cnuH MaHduin cnuH
YYYH Korarnap ydyH Korarrap
3.23-pacm.
4V 1
N, = P2 — P?=p, —pH
+ 3h3 + (Zm + MO MB j

4nV 1
e e )

DNEKTPOHAAPHWHT Ty/la MarHUT MOMeHTn M

ey, iy, : :
M =—p,(N, - N)=%MB(P3 - Pf)=u5%{2m(uo +ueH)f = [2m(p, —pH)P

U, >> u H 6yaraH xon yuyH

3
4nV (2my, )2 L 3N )
3h’w, 241,

M =3Hp; -

3
2
bupank xaxmaa marHutnaHmw M = yH N:2-4n(2mj /th AaH
Ho

donganannnagn. M = yH 6unan (2) Hn connwtnpmb, onamms:

(3/2)m* _3/2-nu%

KT,
Ho kT,

Q

A =

10

Macana 3.3. dotoadpdekt xoamcacmpa xocmun bynraH ¢otoTok IHm

aHnKNaHr. PoTosPphekT XOANCACUHUHT Kn3ua Yerapacn hv, =y, TywaétraH

EPYFAVIKHUHT ycToTacn v > v,. MeTannga yTkasyBUYaHAMK 30Hacuaaru

3NEeKTPOHMAPHM M, Maccann 31eKTpoHAapAaH nbopat ngean depmu — ras

neb xncobnaHcnH (k. 3.24-pacm).
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GOTOH
hv

A

w
|

3.24-pacm.

§ﬂ|

Kypcatma. 2nekTpoH ¢&OTOHHM toTraHAa YHWHT dakaT mMeTtannra
nepneHanKynap 6yaraH nnyabcu NPoeKumacK yarapagam 4eb xncobaaHcmH.

Eumw. MacnaHuHr waptura kypa, arap

2

hv+%>x+u

WwapT Haxkapuica, MeTanngaH 3NekTpPoH hvaHepruanm GOTOHHM rOTraHAaH

KEWWH Ynka onagu, u - Pepmun catxm byHaaH

P, > J2m*(x+p-hv) = p, (1)
MatennHuHr 6upavk cuptura, bupank Baktaa (1) waptra 6yncyHraH,
pz UMNYNbCAU TYLIAETraH 3/1eKTPOHAAP COHW, AbHW 3/IEKTPOHAAP OKUMK S
Kynnaaru
_ 2 7 P, T BIP?+R2+P2)/ 2ms )
S —Fimdpzj‘idpxdpye
ndboaa 6unaH aHmknaHagn. Kyt koopamHaTtanap cucrtemacura yranamk:
2 pZ

PPy g2 /om* dp.dp, = udedu
2m * g

B
_4ncp ( W +p3) /2 1_
S —Fp{ﬁ*dpzludy{eﬁ“ o g 4

21 ¢ K 2 2\ 2 )
281Dy T g )
h Pom 0
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pu’

- —> U
2m

y3rapyBUnHW y3rapTmpanauk:

S= 4nI;Tm JdpZ pzjdu{exp U+B(%—MH+1} -

_ AmkTm Jdp Pa ) jnl14expl —u-2m_— N
h3 z m*

u=0

4TEkTm
h?

jdp Pz 1+expu_m*
’ kT

Y3rapyBumHu Kyinaaruua y3rapTvpanamk:

y=[p:/2m" —p—A+hv]/kT

_Anm* (KT)? 7 h(v-v,) } R
S= — OI dyln{1+ exp[—k_l_ y } = AT?¢(5) 2)

Xap OuMp 3N1eKTPOHHMHI MeTaanjaH uUMKW 3XTUMOAMHWU o 6unaH
6enrvnavnnk. by xonga (2) HM 3N1eKTPOH 3apAaM e ra o ra Kynantmpmo,
xocun bynaétraH ¢oToTOK / HN aHUKNANMMS:

| =—eaS =—eaT *¢(8) (3)
d=h(v—-v,)/KT 4)

OnuHraH Hatmxa IKCNepmMMeHTra axwm MocC Kenagn.
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IV 606. YTa 1oKOpM TeMnepaTypany Ba 3UMIMKAN MOAAA X0NaT/apy.

1-§. Kupunw

®apa3 kunanamk, 3MYAMK Xyaa Katta 6OyamaraH xosija, Moaja
Temnepartypacu optnd 6opcuH. Arap Moaaa KaTTuK arperaT xonataa bynca,
y CylOK X0JsaTra, yHAAH KeWWH 3Ca ra3cMMOH xonatra ytagu. Temnepartypa
6Up Heya MUWHIr rpajycra KyTapuaraHja TepMuK Anccoumauma COAUp
6ynagn, SbHU MOAEKyNaNaPHUHT aTOMAapW opacmaaru XmmMuk 6ofnap (ynap
10138 Taptmbaa) ysunagu, Monekynanap atomaapra axpanagu; by
xonataarn rasnap aTtomfapgaH Tawkwua Tonaaunap. Arap Temnepatypa
aHaga optmb 10°K pgaH opTca, atom sAaponapu 6unaH 3N1eKTPOHAap
opacugarn 6ofnaHuwnap (ynap 6up Heua 31eKTPOH — BObT TapTMbuaa;
15B=10%K) y3ununb, atomnapaa MoHAALINLI XOAMcacK 103 Hepa bowwnanau;
Temnepatypa 10’K ga moaaa Tyna vnoHnawraH 6yamb, y noHnap (agponap)
Ba 3/IeKTPOHAapAaH nbopar naa3mMa xonatmga bynagw.

TemMnepaTtypaHVHI  AHa oOpTUWKM bunaH AAPOBUA  peakumsanap
6ownaHaan Ba 10°K ga aaponap napyanaHa 6ownaingm; (agposaa 6ofnaHmMLL
3Hepruacy MaH 3B TapTnbaa 6ynaawn); Temnepatypa 10K 6yaraHaa moaaa
NPOTOH Ba 3NEKTPOHMapAaH nbopart 6ynaan; HENTPOH

n—>p+e +V,

Peakuunsa aocnaa NpoOTOH Ba 371eKTPOHra anaaHaAn Ba aHTUHEUTPUHO
xocun 6ynaan. Temnepatypa 102K pan (3Heprus E=103B paH) rokopw
bynraHga HYKNOHAAPHWHI TYFUAULIW Ba YyAapHWUHT 6Holwka 371eMeHTap
3appanapra annaHuwm ywby

e +e o p+ p

€ + € <> ajgpoHnap.
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cxemanap 6yiinua coamp 6yamwm MymkvH. Temnepatypa opta 60pn6, 10°K
(AbHU 3Heprua E=10°M3B) ra eTraHAa 3NeMEHTAap 3appanapHUHr 6up-
bupura avnaHnwm kyyaaaw. Ly 6unan 6y xonaa 3appanap opacuaaru
3/1eKTPOMArHUT y3apo Tabcup Ba 3and (Kyucms) y3apo Tabcup bupnawwimb,
6Up yMymMui y3apo TabCMpPHU (YHU 3A3a y3apo Tabcup Aeb ataguk) coamp
Kunaaunap.

TemnepatypaHuHr T=10%K (QueprusHunr E=10"I3B) kuiimatnapvaa
agpoHnap (bapuoHnap Ba Me30HAAp) Y3 Tapkubnapu-kBapkiapura

axpannmb ketagunap, OyHAa KBapknap Ba JIENTOHAApP opacuga Yy3apo

yTuwnap Ba aunaHuvwnapga (MacanaH, uu <> X oed,ud <Y < ved
y3apo alnaHuvwnapga), 6apuoH 3apaavM  CakJaHULIWHUHE  By3nanLWnHK
Hasapunh >XuxaTaaH Kypcatuw MymkuH. (by eppa u,d-kBapknap). byrok
Hbupnawys Hasapusacura kypa, by xonataa 313a Ba Kyuau y3apo Tabcupap,
6Up yMyMun y3apo TabCUMPHW COAMP 3Tagwnap. YHM 6u3 an3akyy y3apo
Tabcup aeb ataguk.

HuxosaT, uerapaeuin yta tokopu Temnepatypa T~=10°?K aa (3Heprus
E~10%I3B 6ynraHga) XOo3vpru 3aMOH TacaBByp/iapura Kypa, 3appanap
opacuaa 3n3akyd Ba rpaBuTauuva y3apo TabCMpapHU BUPAUTUHKM cOoaunp
KMNYBUM —ArOHa y3apo TabCup MaBxyh 6ynaan. by xonataa matepus 6up
OHIMHa, AbHK t~10* cekyHarvHa “awangmn”.

DHEPIMAHWHT HOKOPU KWMAMaTaapuaa (okopu TemnepaTtypanapza)
3/IEKTPOMArHuT y3apo TabCUPHW TaBCMGNOBYM KOHCTaHTanap o, Ky4aun Ba
3and (Ky4ucms) y3apo TabCUpAapHM XapaKTepaoBYM KOHCTaHTanap o, Ba o,
xamaa rpasuTauMs JOUMMACK o, YMymaH anTraHga, ysrapagawunap. Yaap

cxematuk pasuwaa 4.1-pacmaa KypcaTtuaraH.
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0,2

10° 10" 10" 1(5)15 1(2)19 E, 128

4.1-pacm.
DHAM 6M3 3MUAMK OpTraHiarn Mojgda Xonatnapu 6unaH TaHWULWAWAKK.
Mogaanap y3napuHUHT XMMUK Tapkubnapura kypa, HOpMan wapoutaa
XyZa xunma-xun byncanapga, Moaaanap XoCCafapuUHUHT By XMamMa-Xuaanru
6ocum opTuwKM BunaH Kamanmnb, «cmannknaHmnb» bopaaw.

ByHUHr cababu wyku, 6ocum opta 6opwb, 108 atm. Taptnbuaa
bynraHga XUMMWK XOCCanapHWHIr  xap xwaauirura cababum  6ynaraH
aTOMJAPHWHT FOKOPW KOBUFnaaru anekTpoHaap, y3 atomnapugaH axpanmb
YnKaAUNap; NYKN Kobukaarnnapm aca, akCMH4a 3munawa bopagunap.

Bocum opTtm6 10%atm Taptmbaa 6ynraHaa, 3AeKTPOHAAPHUHT A4PO
H6unaH y3apo TabCcMpu MyxMM poOJb yrHanau. by xonga moazaaHu, acocaH,
aViHUTaH 371eKTPOH-Ta3 Aeb xncobnall MyMKUH.

Bocum 10%atm  (Buuank  p~10°2/cm®) 6ynraHaa, alHWraH ras
PensaTMBUCTMK XapakTepra 3ra 6ynaan, AbHU  3SNEKTPOHHWUHT  TE3AUTU
EPYFANK Te3Urnra akuH 6ynaam.

BocMMHMHI  aHa opTMWwWKM  (BUYAUKHWHT  KaTTanawuwu) Tydanam
3N1eKTpoHAap bunaH agponapaary NPOTOHAap opacuaa

e +p—on+v,
aapo peakuusnapw 6ownaHagnm Ba 6ocum  optmb  10*atm  (3uunuk

p =~ 10"2/cm*) TapTnBra eTraHaa HeMTPOHAALWMLL XapaéHu Typaiam Moaa
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xoNatvaa HerTpoHaap YCTyHAWK Kunaan Ba 6ocuM sHa opTub 10%atm,
3MuanKk p ~ 10%2/cM® Kuilmatra spuvwiradga, sgposnap 6ekapop 6yamb,
napyanaHnb ketagm Ba OyHAa MOAAa acocaH HeUTpOHaapzaH wubopat
®epmu-ras  xonatra yragn. bocum  107atm  6yaraHga 6y  Pepmu-
CMCTEMaHUHT 3UYINTY A4P0 3nunnrn p = 10"2/cm? ra TeHr 6ynaan.

X03uprn 30MOH TacaBBypura Kypa, 3UYJINKHWUHI AHaja OpTULLIU
Tybananm HeUTpPOHMAp Xam nap4yanaHmb, kBapknapgaH wbopaT Mojpaa
xonatu coamp 6yna 6ownanan. byHaa suuamk 10%°2/cm*~10%°2/cm® Ba yHaaH
rokopu Taptnbnapga 6ynaan. MoppaHuHr  rOKOopuaarn - xonataapu
rONAy3Nnap, MUTTU tOA4y31ap, HEMTPOH Ba KBapK tosgy3napja HaMOEH
6ynagnnap. MoaaaHuHr 6y xonatnapu OnamHUHr nango byaraH nanTaa Ba
YHWUHT 3BOJIKOLMACK XapaéHugarn apanapga xaMaa rongysnap Ba yaapHUHT
3BOOLMACKAA HAMOEH Bynagunnap.

Busra mabaymkn, aToMm A4pOCK MPOTOH Ba HEWTPOHAApAaH ynap 3ca
y3 HaBbatuga kBapknapgaH wbopataup. LUyHWHraek eHrun 3appanap-
NenToHNap €Kn HyKTaBWUn 3appanap Aeb aTanyBuuM 3NEKTPOHIAP, MIOOHAAP,
TaoHNap Ba HeuTpuHonap xam depmuonnapamp. Ozam natdo 6yaub,
«Kamma nopmaaw» 0OaH keUuH y k8apk 8a senmoHaapdaH ubopam
daspHu bowdaH ke4dupadu. Onam 3BONOUNACUHUHT KEUWHIN AaBpJapuja
XamAaa roaay3nap y3 3aBosoumanapuaa FoKkopy TeMnepatypann Ba 6ocmam
xonatnapaa éynrannap. dHam,Onam,rongy3nap Ba yaapHUHT 3BOOLUANAPY

BunaH Knckada TaHULLanAnK.

2-§. OnaMmHUHr aBBasArv 3panapm
Xo3upeu 3amoH macassypaapuea kypa, Onam ¢usuk eakyymoaH

keaum ¢paykmyayua Hamuxacuda 52 -10*°cekyH0 dasomudaH natido
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6yneaH. CyHe, lMnaHk spacuda, OnamHuHe éwu 1,3-10*cekyHd 6yneaHOa
«Kamma nopmsaw» 03 6epear.’

ByHaa OnaMHUHr ¢usmk napametprapy T ~ 107K Ba p = 10™2/cm
KMMMaTAapHU Kabyn kunaan. KetiuH OnamMHUHe Keapk-senmoH 3pacu 10°
$_107% cekyHd Odasom >smub, 6y 0aspda yHUHZ hapaMempaapu:
memnepamypacu T=10%K, 3uunueu p = 10°2/cM?, sHepeuscu E ~ 10°3B
mapmu60a 6ynzaH. OnamHuHr éwmn 10 cekyHa 6yaraHaa, 3pkKuUH KBapkaap
AaBpw Tyrab, ynap agpoH «konu»ra (YHU KoHgauHMeHm xoducacu — acupaa
mywuw OJdeldunadu) TywraHnap Ba 6apuvoHnap Ba ME3OHJAPHU XOCKA
kuaraHnap. byHaa Onam napametpnapn T =~ 10°K, p = 15-10%2/cm?,
E ~ 30Qv3B paH nbopat byaraH.

Onam navgo 6ynraHgaH kewnvH, 200 cekyHanapuya BakT AaBOMMUAA,
YHUHE XYLWKWH gaBpu Tyrab, Temnepatypa 1 mapara tywaan. by aaspaa,
200 cekyHp éwnn Onamaa BOAOPOA Ba reanu aTOMJIAPVHWUHE S4po/apu
MOC paBuwga TaxmuvHaH 70 Ba 30 dowuznapHu Tawkun 31agn. CyHe,
Os1aMHUH2 npomoH, 2esnuli A0posapu 31ekmpoHaap xamoa HelimpuHo 8a
¢domoHaapdaH ubopam naasma daepu bownaHzaH dagp 300 MuHz tUunya
dasomM  smeaH. by paBpHuHr  oxumpuga Onam  TemnepaTypacu
T ~ 400K (E~0,43B), 3vunurm 3ca p =35-10"2/cm*® atpoduga 6ynub,
BOAOPOA Ba resvin aaponapn bunaH sanekTpoHAap peKkoMOMHaLMACK YUyH
LLAPOUT BYXXyAra Kenaaw.

OnamHUHI By TemnepaTypann xonaTuaa HeuTpan BOAOPOZL Ba renvin
aTomnapu navpao 6yna 6ownavgan. by pasp TaxmumHaH 700 MUHT Mmnuya

naBom 3tagu. Kocmonorms yuyH myxum 6yaraH 6y pgaBpga moaja Ba

! Apropuunr losicura acocaH, BakyyM/1aH UKKH 3appa — IUTAHKEOH Ba aHTH IUIAHKEOH Naiio Oynaan. CyHr yiap
[Tnank spacuna aHHUTWIALMsUIaHAIM, SbHA «KaTTa nopmianny coaup 3Taau.
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HypAaHuWw 6up-bupuaaH axpanaav. Maskyp nnasma pekombuHayuscu

sapacuHuHz oxupuda, Onam 1 maH éwea kupadu. Wy 6bwunaH onamMHUHT

“TMHY" paBpu bownaHagm Ba y 1 mapg wunda gasom 3Tagn. Onam
3BOJIOLMACKAAr 3panap kymnaarm 1-xxagBanga KentTmpuaraH.
Onam 3Boatoumacu.

1->xaaBan.




onamu CUHTe3n. YTasHMU, MUTTW, HeliTpoH Ba
KBapK tonay3nap, kopa ypanap, Kyéu

CUCTEMACUHWHT Marao 6yanwn.

3-§. Onpy3napaa snemeHTNAp CUHTE3U

4. 1l-xaaBangaH KypuHaguraH, Onam éwnm 1 mapg wnun 6yaraHaa,
YHUHT «TUHY» AaBpu Tyrab, katta Macwtabgarn KOCMUK Kypuanwnap aspu
6ownaHaaw. by jaBpaa acocaH Kypuav Matepuann-BoAopOs Ba reaningan
bupnamum rongysnap nango 6yna 6Gownanan. W.KantHuHr (1724-1804)
rmenotesacura kypa, OnamHW TynampraH XaocC xojatuaarn maTepusagaH
TOPTMAMLL Ba MTapuw Kyunapu Tydannm OnaMHUHT KaTTa MacwTtabaaru
obbektnapn navgo 6yaraH). [paBuTauma TOPTUAMLL Kyun HaTUXKaCKAA
MOAAa CUKUNAAN, Y KM3UAAM Ba TEPMOSAPO peakumanapuHuHr bopuwmra
MMKOH Tyfunaan. by epaa wyHu Tabknanaw xomvskm, OnamHm Talwkma 3TraH
MoAJa MaccacuHuHr 99 domsmHm bapuonnap (Bogopos Ba reamn), 1
domnsra AaKUHMHKM POTOHMAP, 3NEKTPOHAAP 3Ca XYAa KaM KUCMUHUW TaLLKu
3Taaun. bowkaua antraHaa, ranakTvkanapapo TOPTUANULL KYUYMHW, HOaay31ap
X0/MaTV Ba YNAPHWHI 3BOJIKOUMACMHN acocaH bapuoHnap (pepmmoHnap)
aHvknavan. [emak, rongysnap TapkKMOWHW TYLWYHULW Y4yH, >XyMaajaH
3/IEMEHTAAPHUHT Nanao BYANWMHN BUANLW YUYH, AP0 MOAAACU TapKNOUHM
6uanw nosnm bynaan.

Appo npoToH Ba HeWTpoHNaphaH ubopar; NPOTOH Ba HEWTPOH-
HYKJOHHUHI MKKUW X0MaTAaru KypuHuwaapuamp. by xonga sapoHUHT xonatu
YHWHI HYKJIOHAapW 6unaH aHukAaHagn. AMMO Temnepatypa Ba 3UUIMK
opta 6opub, T >10°K Ba p >15-10°2/cM® kuiimatnapra spuiraHga
HyK1OHAap (NPOTOH, HEWTPOH) KBapkaapra axpanagu: KBAPK-TAHOOH
nna3smMa xocun bynagu; KBapkaap y3fapUHUHT aApPOoH «KOMaapu»AaH «0304»
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6ynagnnap. by xonga a4poHM Kyn KBapkau cuctema Aeb kapab, yH1 TaakmK,
3TULW N03UM Bynagu.

Mact Temnepatypaga (T =O0K,p, A4a) A4p0 MOAAACK «CYHOKJINK»
daszacnaa 6ynca, Temnepatypa opTraH capu y rasacMMoH da3ara (HykJoHaap
anxupa-anoxmaa xonga) yragn. Temnepatypa optmwm bunaH 6apmnoHnap Ba
ofup GapuoHsap nanao O6yanmwmnm MymKWMH. TemnepaTypaHUHr  AHaja
optuwn 6unaH bapvoHnap nap4anaHub, KBapkaap KBapK-rAOH (FHOOH-
KBapknap opacugarv Ky4yam y3apo TabCUp MaWAOHHWHT KBaHTAApW)
xonartura ytaau.

Xap 6up KBapK HYKJIOH (EkM Me30H) Tapkmbuaa KBapK-aHTMKBaPK
Xamaa rntooH bynytnapra ypanraH 6ynaan, sbHu «wybax»ra ara 6ynaam.

Xo3upru BakTaa 3 Ta aBsnogra Termwam u,d;s,c;b,t kBapknap 6usra
MabayMm. Ynap OnamMHUMHI nango 6yaraH GMpuMHUYM OHAapuAa YHW TallKuA
3TraH Jactaabku 3appanapaup.

OnaMHuHr éwwn 10%ek 6ynraHaa, aapoH aaspu 6olnaHvnaa
6upunHuM aBnoa U, d; KBapkaapAaH NPOTOH Ba HEUTPOH (HyKAOHAap) Nanao
6yna 6ownanan. Onam éwm 10 6ynraHaa spkuH u,d KBapkaap agpoHnapra
«KOHAeHcaumanaHnb» bynaan. by epaa WwyHW autuw XXousku, 2-Ba 3-aBnos
kBapknap Onam kKypuavwaa vuwtmpok stmanamnap. Onam 3Boatoumacuga
HyknoHnap naingo 6yamwmn  gaspu  107°-10" cekyHg >kysa Myxum
AaBpnapsaH xucobnaHaan. Cynr, lcek—200cek BakT saBomuga Onamparu
XOCWUA  OynraH  MPOTOH-HEUTpPOHAapgaH unbopaT nnasmaja  A4po
peakumanapu (HyK1eoCcrMHTe3) 4aBOM 3TUO, KOCMUK CTPYKTYpPaHW —rafakTuka
Ba O/IAY3NaPHUHT TapKMBUHN xocun kunysum HH? He’ He? Li®Li" napaaH
nbopart ras xocun bynagun: 6y xocun BynaraHras, acocaH, BOAOPOZA AAPOCK
(MpoToH) Ba resmin aagpocy He*, gan nbopart, konraH sgponap Xyaa 03
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KMCMHW  TalKWA 3TajgW; MacanaH, H?*-103-10* Ba He3-10°-10°
TeMnepatypaHuHr  TyLWWWW, MAa3MaHUHE 3UYIUTM Kamannwm  Tydanam
XamMZa HEUTPOHHUHI emupuanwm cababam 6y bGupramum HykKaeOoCUHTE3
Te3ga, OnamHuHr éwn 200 cek 6ynraHga Tyrangm.

[lpomoH (=70%), cenuu sdpocu (=30%), HOMOH, 3/1€KMpPOH,
HeumpuHo ea bowkanapdaH ubopam rKOpU memnepamypdiau naasma
daepu y3okK sakm, 300 muHz Uyn 0asom smadu. CyHe, 700 muHe Gun
pekombuHayusa daspuda Helimpan eHeun amomaap xocusa b6ynadu. ynaa
Onam éwn 1 maH nun 6ynagu. LyHaaH cyHr, bupnamum rongysnap namjo
bynabownanan Ba 6y >kapaéH 1 mapa Munya AaBoM 3Taaw; Gupnamuu
rongy3nap nango byamwm xosmpga xam coamp bynamokaa. by bupnamum
rongysnapaaru repmosapo peakuunanapm Tybanam bolka
DNEMEHTNAPHVHE, >XYMAaJaH OFfUpP 3NEMEHTAAPHUHT  SAPOAAPU  XOCUA
6ynraH. by >xapaénnap Onam €éwnm 1 mapa wWmara eTkaHAaH KenuH
6olnaHraH.

Xo3upru BakTAa eTapav japaxaja Mabaymku, mMaccacm M Kyéuw
Maccacm Mo paH KaTTa €KW yHra TeHr, abHu M>Mo maccaan Hupnamum
rongysnapza 4 stangaH nbopar TepMOALPO CUHTE3N KeYaau.

1. Kyéw maccacumra TeHr €ku yHAaH KUYMK Maccanun roay3napaa,
acocCaH, NPOTOH-MPOTOH LMKAM

H+H > H*+¢e +v,; H'+H’>H!+y; HI+H’ —> H]+2H'
opKanu BoAopoA EHNG, reaviitra anaHaaw. KOngysnapaarv 6y uvkn T=10K
fa bownaHmb, >Xyaa y30k BakT gaBom 3Tagn. (Kyéwaa xam wyHzawm
TEpMOAAPO  peakumsnapu AaBoM  31aANTM. Kyéw Oupnamum  rongys

3MAC/IUTUHW 3CNaTaMmn3).
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2. Bogopopa, acocaH, éHnb6 6ynraHaaH KenuH, raay3 aApoCcu CUKMaa

6ownanan. YHuHe memnepamypacu T=10°K 6yneaHda.

3He' - C* +y
Aa0po peakyusacu (Comnumep peakyuscu) Oyuuda eenul éHbowiauou.
FOnay3HWHT Tawky KOOUFM 3ca KeHrasa bopagn: 6y KM3WA rMraHT AAY34MP.
ByHaan tongy3sHuHr maccacm M>Mo 6ynaan. ConnuTtep peakumACUHM
Kyrvngarmnya TywyHULW MyMKWH: AacTnab

H!+H' > B! +v
AApO peakumns to3 bepagn. byHaa B! HWHI fwaw BakTW HUXOATAA KUUWK,
10" cekyHa TapTmbaa. LUy BakTaa yumHum aapo He' y bunaH TykHawmb

B +H! > C”+y

peakuma coanp 6yanm MyMKuH.

YmymaH 3H! — C* peakumsaga 7,7mM3B sHeprus axpanagn. Hasapui
xucobnaw kypcataguky, mabaym wapowtaa (T = 10K, p = 10°2/cm’) 6y
peakuus 3bopekTs pasBuwaa 6opub, yraepos C¥? HuHr Onamgaru
TapKaaraHAMIMHL TabMUHAaW yuyH CH aa 7,7M3B DHeprusaimn catx, MaBxy/
6y 3apyp. XapakataaHapaucu WyHAAKKW, XyAAN LWYHAAW pe3oHaHe caTx,
C'? pa xakukataaH xaM MaBXyJ 3KaH; BYHUHI HaTvXacuaa peakuuva KatTa
3XTUMON BunaH 6opun TabMUHAAHTaH. Xyaam wy xonataarvHa agapo CH

HUHT yyTa H! ra emupuanwimn  cekuHnawagyn, sbHU IDXTUMOAN KUUMK
Y 12 4 12 1
6bynagn Ba C“+H; Ba C“+H" peakuyuanap 6opuwmra MMKOH Tyfuamo,

rongy3napga  TeMosfApPO  peakuusanap  3aHXUpuU AaBOM  3TULIUrA WY
ounnagm.
[emak, bapua Ofup AAPONAPHUHT xOCuMn Byauwuvra (apatuauiimra)

onmnb bepaauran butraruHa yn — 6y C2 HUHT 7,7M3B 3Hepruann catxuamp.
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XXaHHatra kmpaauraH (yTaguraH) buttarmHa Kynpuk 6yaraHm kabu, opraHmk
Ba HOOPraHWK AyHéra ytaaguraH Ba 6uHobapumH Onamaa Xa€THWUHr nango
OYANWMHN (YHUHT APaTUAULLMHW) TabMUHAAWAUTaH Uyara yTagurad Kynpuk
— 6y C* HUHT Wy 7,7M3B 3Hepruanm catxuamnp.

Xucobaawnapaa acocaH, 010y31ap0au NPOMOH-NPOMOH Yuk/auoda
8000pO0OHUH2 €EHUWU y4yH bup Hedya yH MApO uun manab smuJca,
2e/IUUHUH2 éHUWU y4YyH 3Ca amuau mAaxmuHaH yH MJH Gua eakm manab
amusaadu.

3. Onaysparv temnepatypa T =~ 10°K 6yaranga C* Ba 0'° agponap
éHabowwnanan, ByHUHT HaTuxacuaa HeoH Ne®®, Hatpuin Na?, marHiuii Mg®,
KpeMHuI Si*® Ba 6olika saponap nango 6ynaav. by peakuuanap 6up Heua
MWHT MWAYa JaBOM 3TAM.

4. 6upnamun tongysnapga Temnepatypa T =~ 3-10°K Ba 6yHgaH
opTuK bynraHaa St appocn éHa bownanan Ba HaTUXKaja AAPO peakumanapm
Tydaiiam, 3Hr Katta 6ofnaHuLL 3Hepruscura ara 6yaranH Ni** Ba Fe® raua
apponap nango 6ynaan. LWy 6unaH  rongysnapgarn  TepMos4poO
peakumanapuaa ofup AAPONAPHUHT Nanao byanwm Tyranan. KemmHrm ofunp
3eMeHTAap Nango byamwm yyyH s-npouecc (slow - ceknH) coanp 6yamum
3apyp; AbHW HEUTPOHHM AAPO ylnaww, CyHr B - eMupuanumra Ayyop
6yanwm kepak. HentpoHnap okumum (gactacu) aca maccacm M>2Moy 6ynraH
MacCVB toNay3napaarm

C?+C”" > Mg®+n;0*+0" > S* +n
AP0 peakumanapu tydananm 3 bepaan. Hatmxkasza s-npouecc 6opuwm
YUYYH UMKOH Tyfunagu.
s-npueccaga Z A4p0 TOMOHWAAH HENTPOHNAPHUHI UKKM KeTMa-KeT

YLWAAHULIW YUYYH KETraH BakT, XOCWUA b6ynraH Z SAPOHUHE B - eMUpUAKLLN
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BakTUAAH KaTta 6ynaan, SbHU AAPO HEWTPOHHWM ylinaraHgaH (3a6T
3TraHAaH) KeliMH B - eMUpuanLLra yarypaam Ba Hatvxaga Z+1 aapo xocun
6ynaan. S -NPOLECCUHUHT COaMp 6Yanwm yuyH 6up cekyHaa 10%°-10%ra
HEMTpOHAAp OKMMMK Kepak. By xonga Tabuataa yupanguraH ofvp
3/1IEMEHTIaPHUHT ONIMHULLIV YUyH BUP HEeYa MUHT Mna 3apyp 6ynaau.

s-npoueccaa Bi?®

raya 6yaraH ofvp AAposap OAVHUWAA MYMKUH.
JleknH yHAaH OFMPPOK, AAPOAAP ONMHULWN MYMKWUH 3Mac, YyHKW, YAapHUHT
Allalw BaKTU fAaBoMuaa B - emuypuavwn 6unaH 6upra sgpogaH MPOTOH
aXpanmb umkuw peakumacn coamp bynaam, byHaanm agponap Haebataaru
MKKMHUM HEMTPOHHM 3a6T 3TryHra kagap napyanaHub ketagu. Jemak, Bi*%
AaH OfUP AAPONAPHMHI TabuaTtaa ydpalwuHW TYLWYHTUPULW Yy4dyH 6oLuKa
npoueccnap 3apypanrn TaKkosa 3Tunagau.

AO0po momoHUOaH Kyn HeUmpoOH/AApHU Kemma-kem ywia1ab o/uHuwW
gakmu, xocusa 6ysneaH A0po Awaw 8akmudaH Ku4duk 6yseaH npoyecciapHu

y-npouyeccu (rapid-me3) detiunadu. 3i*%

AaH OFMp AAPONAP OJANHULLIN YUYH
Z-NpoLecc NIITUPOKK 3apyp 6Ynaan. by r-npouecc aca cekyHaura 1027-10%
Ta HENTPOHAP OKUMU BYIULLIMHK Tako3a 3Tagn. HeuTpoHnapHUHT GyHaam
KaTTa OKWMW YTasHIX toA4y3nap nopTaawmia, ranaktmka saapocu
nopTaawmnaa xocun 6yanwm mymkumH. by okmmnap (avHu r-npoueccnap) 0,1
CekyHAAaH bup Heva yH cekyHAraya byaraH KMcka myaaataa coamp 6ynaaw.

LWyHaan kmamb, s-npouecc bGup Heya MUHT 1MnA, r-npouecc bup Heua
[AKVKa JaBOM 3Tajn Ba HaTUXKaja Xap XWA Ofup agponap xocun bynaaw.
KervH 3ca, Mwuaavapa Wuanap  AaBoM  3TaguraH  toagy3napaaru
HykneocmHTe3 Onamga xap Xua XMMWUK 31eMEHTAAPHUHT Nango byauwura,

WYHUHIAeK XaMMa OpraHmMK Ba HOOPraHuUK MOAAaNapHWHI, >XyMJadadH

XaETHUHT Nango 6ynuwunra onnb kenagu.
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4-§. Onpy3 xonatnapm

MopaaHVHT FOKOPY TemnepaTtypanm Kopy 6ocumun (katta 3MUanKIN)
xonatnapwu tongysnapaa HamMoéH 6ynaawn. HOnaysnapHWHI TUMWK BakKWUaW
Kyéwamp. Kyéw acocaH Bogopog Ba reavngaH nbopar naasmaaup. byHaan
FONAY3HW LWap Wakangary BOgOpoAsaH nbopat nna3ma aeb, yHra naean ras
X0NaT  TEHrNaMaCUHUHI  Kyanab, YHWHr  Mapkasugarm 6ocum  Ba
TeMnepayTpaHu baxonall MyMKUH.

KOnay3nap ydyH Ky3aTuiaguraH katTajauvkaap YHUHI Maccacun M Ba
paguycn R 3KaHAUIMHM Haszapga Tytmb, 60CMM yuyH yayamanmk HykTau
Ha3apgaaH

[P] =[G [M][RF
TEHMAVK YPUHAN ByaraHuaaH, Kynnaaru

2
p-2

(1)

MyHocabaTHn ocoHamkya oanHaan. (1) acocmaa Kyéw mapkasmaaru
6ocuMHM baxonaw mymkuH (M, = 2-10°kg R, ~ 7-110 m):

P, ~11-10°a = 10°amm (2)

[paBuTauma Kyuu TyGavnm cCMKUaMW HaTuxKacuaa roaay3 Mapkasmnaa

xocun 6ynaraH 6ocum P(1), cTaumMoHnap Aay3nap YY4yH UCCUKANK Tydanam

XaOTUK XxapakaT HaTuXKacuga xocun OyaraH rasHuHr 6ocumu Pm ra TeHr

bynaam
P=P, 3)

Pr HY aHMKAALW YYYH MAean ra3 xonaT TeHrlamacu

pv ="RT )
u
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(R — ra3 goumumincu, p - Moap Macca) npogacnaaH donganaHmb, cyHr (1)

Ba (3) acocnaa Kyéw mapkasugarn temnepatypaHun baxonail yuyH

Miu

T,~G
° " R/R

(5)

noopaHn onamms. byHgaH T, ~2-:10'K kuimaTMHM  onvHagw. Kyéw

cupTugarv temnepatypa T HY aHuKaW YYyH BUHUMHT cnaxni KOHYHM
Ao T =0,29cm epad

npopacmaan onganaHmnaan. byHaa cnekTpHUHT MaKCUMYMUW CapUK—ALLIWA
CMEeKTp KuUCMura TyFpu kenagu, svbHn AT =5-10°cm . by xonga Kyéuw
cnpt yuyH T=5800 kumnmatmHu oavHagu. KyE€wHwuHr (wyHra yxwal
tONAYy3NapHUHT)  Mapkasumgarm  2-10K  Ba  cuptmgarm  6-10°K
Temnepatypanap ¢apkn TyPanam  yHAa  UCCUKANK  YTKa3yBUaHAUK,
K OHBEKUMS Ba HypJAaHWLW npouecciapy OpKaau WHTEHCMB paBuWAa
NCCUKNNK anMaLLnHYBK coamnp bynaamw.

HypnaHyBumM cupTt (KaTaam)HUHI TemnepatypacuHu buaraHmmums
X043 YHVHT MHTEHCMBAUTMHM CTedaH-bosbuMaH KOHYHM U=cT" acocmaa
aHuKNaWw MyMkuH . KOnay3 HYpAaHULVHWUHT YMyMUU KyBBaTW U HK ronay3
cnpTV 4R’ ra KynauTMpuL OpKaan aHMKAaHAAN:

U =4nR%cT* (6)

U Hu rondysHuHe  épumusnzaHaueu  Oetunadu.  KyEwHwuHr

€pUTYBYAHAUTN
U, = 4nRcT! = 4-3147-10F)* -57-10°(58-10°)*BT = 386-10°°BT = 386- 10°ap/ cexk
LyHaan knanb rokopuaarv antraHnapgaH KypuHaguky , épytyByaHamk U

6unaH cnekTp MakcuMymu (paHr) opacuaa (BuH KOHyHura 6mHOaH) y3apo

6ofnaHnw MaexXys. LUyHUHraek kypcatvw MyMKWH, toaay3 maccacm M
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6unaH yHUHr éputyBuyaHaurn U opacvja Malxyp Kymugary macca -
E€PUTYBYAHANK MyHOCabaTN MaBXyA
U,~M; (7)
by myHocabam xyda kyn ron0y3nap y4YyH YPUHAU 3KAHAU2U
aHukaaHeaH. Cnekmp — épkuHAuk JuazpammacuHu [epywnpyz Pecced
duaepammacu  xam  Oetunadu  (k.4.2-pacMm.  TepuwnpyHr—Peccen
Anarpammacm).

ACTPOHOMUMK Ky3aTUwnap HOAAY3NAPHUHT  PaBLIAHAUTM  (EPYFANK
Aapaxkacu) YNapHUHT paHrura npnopunuoHan 3KaHAUTMHK KypcaTaunap.
MponopuoHanavk Ko3bPULEHTN XxamMMma HAAy3nap Y4YyH TaxMuWHaH 6up
xun. by nponopyuoHannukHu epagukka mywupuaca, yaap epywnpyHe—
Peccen duazpammacuea mywadu, SeHU Kyn4uauk rA0y31ap 32pu YU3UK/IU
bup uynakka xounawaduaap, yHu bow kemma-kemauk deuunaou. AMmo by
uynakka (nosocaza) mywmatiou2aH rondy3nap xam 6op. bynap,
EpKUHIUKIApU Y3 KU3UJ paHau2d MOC Ke/iMauouz2aH, Xyda pasuwiaH Ku3us
tondy3nap, bynapHu kusun eu2aHm toa0dysnap Oeuunadu. LyHuHraek,
Y3VHWHT paHrura Moc KeamaraH xvmpa "ok MUTTU" KUYMK KoAgy3n1ap MaBXya.
By ok, MUTTW tonay3nap — aHuraH GepmMmu — raznapamp.

FOnay3napHUHT  €pUTyBYAHAMKAAPW bunaH cnekTp cuHNapw
opacuga 6ofnaHuw 6yaraHanru cababaw, ynap mynakga mMabaym KeTma-

KeTAnK bunaH xxounnawaannap (4.2-pacm).
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UraHTrap
4
E_ 102 8|pwyc

Syéw

4 0Os
10 MUTTUrEP

Odd. remmeparypa
0% — ~ CnexTprap Typriapu (paHr) Suaun —

4.2-pacm.

FOnay3napHuHr >xyaa kynnapu 6ow keTMa-keTamk aeb atanyBuu
nonocaga (Wynakga) 6ynaamnap. [vraHT rongy3nap (KW3wa ruraHTt, yTa
FMraHT) YHr TOMOHZA toKopuAa: MUTTM OK to/4y3nap 3Ca 4an TOMOHZAA
nacTza >ounawraHnap.

Macana 4.1. KyE@wHuHr rpaBuTaums MaUAOHUHUHI MNOTEHLUMAN
SHEPrUACMHN xncobnaHr Ba dakat wy 3Heprua KyEw HypaaHuWKW yuyH
MaHba bynaraHaa 34K, y Heya nuara etraH 6ynap 3am? OAMHraH HaTUXKaHW
LIAPX/aHT.

Eunw. KyewHmHr (Fonay3HWHT ) MOTEHLMaN SHePrnacu

M,

V. =G 1)

0
Aemak,

6,7-10(2-10°)
V. =
7-10°

K~4.10"K (2)

busra mabaym, KyELWHMUHT EpUTyBYAHAUTN
U, ~3,86-10°BT (3)
(2) Hu (3) ra 6yamb, V), kaHua BakTra eTULWNHK BaxonanmMms:

1
ﬁ ~ 4-10 G)K ~ 10°cexk~ 3-10"Gur (4)
U, 386-10°BT
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(Lun=~ 3- 10 turncekyHO)

N3ox. Kyéw 5 mapa nunnua Hyp coumb Ttypmbaun. LWy cababam
HypAaHULL 3HEPrUACK YUyH FpaBUTaLMA CUKUAMLW Tydanaum axkpanagmrad
3Heprma Kyéw HypaaHuwu 3Heprmuacu MaHbaum 6yna onmangm.

Macana 4.2. Kyéwpaa Tepmoaapo peakuyuacn Tybanam npoToHnap
renmm sgpocura annaHagu. Kyéwaparm 70 ¢$oun3 BOAOPOAHUHI XamMMacu
reJvira arvnaHraHia axxpanamb uvkaauraH sHeprusiHM aHuKAaHr. bepuaraH:
1mab= 166-10%kg npoToH Maccacu mp=1,00813ua6, renvii aapocu
maccacm m,, = 4,00389 mab.

Eunw. 4 Ta npotoHaaH buTTa reamn agpocn xocua bynaaw:

am —, HS'+2e +2v,
ByHaa macca gedekTtu

Am = 4m, —m,__,(4,03252— 4,00389ma6 = 0,02863a6

[lemak, yMyMnin MacCcaHumHr

Am  0,02863
4m_~ 4,03252

p

~ 0,007

KWCMUK 3Heprusra annaHagn. emak, KyEewHvHr a4po aHeprusacu 3oxmpacu

(3anacw)

AE ~ M, 1—70 .0,00%? = 2-10° - 0,7- 0,0073- 10F)* K = 8,78-10°x

By knmat 8,78 -10% K Hn Kyéw éputyBuanamrn U ra 6yamb, sHeprus
30XMpacK KaH4a BakKTra eTULLIMHN TONnamm3.

M,0,7 - 007’
U

_ 231-107

~ 2,31-10"cee = = 7,7-10Gun= 77mnddun

0
N30x 1. Kyéw maccacMHuHr apMu KOoAaryHra kagap (abHu 35 dowus

BOZOPOJ, KOAryH4Ya) CTaumoHap xosataa Hyp coumb Typaawm, aeb dapas
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aTunca, 7,7 Mapg wnaHn 2 ra 6ynmb, KyEewHuHr wyHaan xonatga sHa 4
MAPA Muara bapkapop TYPULLNHUH aHUKNAUMM3.
Kyéw wy BakTraya 4,5-5 mapg nnn «ymp» kypau, a4eb xncobnaHagm.
N30x 2.70% NpOTOHAAP COHU YUYH

0
0,7.%:0,7.21—037’@:0’7.1057:7.1056
m 2-107ke

p
KMMMaTHW 0namMums.

Xncobnaw Kypcatagvku, NpoToH 6unaH MNpPOTOH TyHHen 3bdekTu
Tybanan bup-bupura «TykHawmb» a4p0 peakumac XOCUA KUAULLK YUyH
10%%%unn TapTmbaa BakT Kepak. 4 Ta NPOTOHAAH 6UP rennii AAPOCU XOCU
6yamwn yuyyH 6yHra HucbataH 4 MapTarauda Kynpok, BakKT Kepak. 4 Ta

npoToHAaH 1 reanin agpocn xocun 6yamwmHm 1 umkn gecak, Kyéwgaa 1

CeKyHAAArV LMKANAPHM COHVHM Kynnaarmya Tonamma:

6
7-10° 7 107  UUKIIap COHU o, oo

VK1ap COHN = ~
H P 4.-10°-3-100 12 CeK

Linknnap/cek.
Xap 6uvp uuknga 26,7 M3B 3Heprua axpanvmb umkmwmnHu buncak,

Kyéwpaa 1 cekyHaa axxpanaétraH sHeprna AE Hu Tonamums

AE ~ 267M33 - 6-10* = 1602 -10*MsB=1602-10* - 1,6 -10*BT = 2,56-10°’Bm

KYELWHWHI  Ky3aTUAMWWAAQH OJIMHFaH épuTyBYaHAnMK 4-10°Bm 6y AE
SHEPrusHUHI 15 downsumra Talwkmnn stagu.

KOnay3nap 3BONOUNACUHUHT OXUPU OK MUTTU tonay3nap (pepmu-ras)
HETPOH Ba KBapkK tosay3nap (bepMun-cyrokank) xamaa kopa ypanap bunan
Tyrannagn. 20 munanapa (Mapa) nungaH 6yéd Onam KeHranvwm gaBoMunaa

YHUHI TOpM30OHTW (4Yerapacu) ~2-10%cm ra y3oknawAanW;, mMacca 3uvYanrm
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pt> =~ 3-102pcek /| cM paH p ~10%*2/cM rava kamangu (KysaTuwinap
10%e/ cM KuiAMaTHU KypcaTaan).

Kyvmaarn 4.3-pacmga M=10Mo maccann tonay3 XxOnaTWUHU BakT
byrnua ysrapuwim AaBOMWAA, YHUMHI MapKa3ugarn Temnepatypa Tm Ba

3MYANK p, Opacvaa y3apo 6ofnaHuwWw cudat xuxatmaaH kypcatmaraH (K.

«PU3nK KOCMOCa» KUTobwn, 227-6eT).

|J
1010 M opapanapHUHI HEATPOHIALLMLLIN /,/ PenstuBncTuk
2sFe®—13,He*+4n— "e aliH1raH arex-
—>26p+30n—56n TPOHITEP
rpaBuTaLmMs Korriancy GoLLnaHnLLImn .
10’ YTa sHrv tonays yas-
Halw; tongy3 Tawsu
OBOMOUMSHUHT KENHI BocSnun éa‘rnawwﬁr yro$-
6C*%, O™ &nmwum, o - npouecc ——> TMPMIMLLNEP
10* HENTPUHO HYPIiaHULLIMN T P
3,He!>CY
4,He!—>,0%
Bow ketva
10 KeTmK
\FpaBMTauMOH cusunmw
. (rongys TyfpmLm)
10°°,
} } } } } )
10° 107 10° 10° 10 K
4.3-pacm.

bow ketma-ketnukparm M=15My M=5My, Ba M=Mgy Maccanu
FONAY3NaPHUHT Awal BakTy Moc pasuwaa 10 muH nuna, 70 maH nun Ba 10
MAPA Nnn atpoduraa.

Xynoca Kuanb antraHga, xap 6vp HALY3HUHT Tapuxm-0y rpaBuUTaLLms
Kyuu Ba ras 6ocmmu opacugarv MUAIVOH Ba MUAANOH MMANAP AaBOM 3TraH
«Kypawwm» aaH nbopar 6yamb, HUXOAT rpaBUTaLLUA KYUMHUHT FONMB Keanwm

6unaH TyrannaHaguraH gpamMagaH nbopar.

5-§.YTa AHrM rongysnap
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KOngy3 mapkasmpaary TepMosapo E€Kuafu Tyrab yHAarm 3HeprusHu
HEUTPWUHO HypJAaHUWKM Tawkapura oamMb uukkaHAaH KeuuH, Mapkas
Temnepatypacu nacas bopagun. Hatwxaga tongysgarv AMHaMWK MyBO3aT
6y3mnnb, rpaBuTaLMsa TOPTULLIM Kyun Tydannu oagy3 cukuna bowwnanam
(konnancnaHagm). TOPTULINLW KyYu allHUTaH 31E€KTPOH ra3 60CMMUHM EHIULL
YUyH Mapka3um aapo Maccacn M YaHnapecekap 4verapacu 6yamwn 3apyp. by
MyBO3aHaT Oy3uaraHn cababan, HAAY3HUHT TemMup KOBWFM Xyaa Tes,
CEKYHAHWHI MabayM KUCMMZAA Kucunagm Ba wy cababaum rpaBuTauus
TOpTMWML Ky4da xucobura Temnepatypa kytapuamb, by Kkobwufaarn temmp
"éHbownangn” (4.4-pacm). Temmp KOHBMK EHMLWIN MKKW npouecc Tydpanam
Te3nawaau:

v+ Fe®* —13He" +4n
S XAP4+e >, Y+,

By Xap VKkn npouecc xam 31eKTPOH —ra3 HBOCMMWHWHI KaManuumwunra
0Anb bopraHu yuyH Koananc aHaga Tesnallagu.

Xncobnaw kypcatagvku, rpaBuMTaLMOH KOJANanc Tyrawwm onauaa
KOBUFNAPHUMHI MapKa3ura MMKUAULLK, YHUHT xapakaTh Te3Anrn Mapkasrada
6ynraH mMacodara nponopumoHan 6ynmb, katta Macodasa MOAAANAPHUHT
Mapka3ra TOMOH XapakaTu Te3nuru TOByLW Te3nurnaaH katra 6ynaam (4.4-
pacMaga CH 1987 A tongy3HUHr Konnanc onAnAaH CxXxematuk Ty3uauLun
KypcaTuaraH).

Maccacu Xxygaa katta 6yaraH tongy3napga Koananc gaBom 3Tmb, ynap
KOpa ypanapra aunaHuwum MyMKUH. Xucobnawnap Mabiaym LlapouTaa

(3UUANUrM  aToM  AAPOCUMHUHT  3unuanrn  atpoduaa, Temnepatypa 101K

Taptnbaa) (1,4 -2,7) Mo maccann rongy3napga rpasutauma  Koanancu

135



(v

(cukmamw) Tyxtab, KOpa YyparaH awnaHmMac HeWTPOH toaay3napra
aVNlaHVLWIHW KypcaTaau.

LUyHuHraek, xucobnawnapgaH mabaym Oyavwivua,  HOAAY3HUHT
rpaBuTaumoH kosanancu taxmmHaH 200 mc (0,2 cekyHp) aaBoM 3Tagw, 6y
faBp oxupuga rongy3 kobuFnapupary MacCanapHWHE HOA4y3 Mapkasura
TOMOH Xapakatu Tyxtanam Ba 0,4 mC BakT gaBoMuAa >Xyaa Kyuau 3apb
TYAKMHW XoCcun 6ynagu.

Bownanfny Tesnurn 5-10°km/cex ra akuH 6yaraH 6y 3apb TYAKUH
HaTMXXacuga tonfy3 nopTaangmn-yta AHru toagy3 nango 6ynagwn, OyHaa
FONAY3HWHI Tawky KOOMKNapu yTa 3uunawagy, TemnepaTtypa HKopwu
KyTapuaaan. byHWHr HaTuXKacuaa KeHraroBum Kobusnapaa 6up katop a4po
peakuuanapu, XxXymnagaH ,.Bi*® BucMyTaaH ofvp HykaMANap CUHTE3N XaMm
bynagn. byHaan yTta OkuMMW Ky4uyanm HypaaHuw 6unaH kedagwn. byHaa
FONAY3NapPHUHT Tawkn kobuknap (0,3 Mo Taptmbaarn Maccanm) xyaa KatTa
Te3nuk (TaxmuvHaH 15000km/cex) 6unaH tongysnapapo ¢aszora Tapkaamb
KeTaaun. YTa aHMM ron4y3 NopTaaluy 6Vp Heuva xadTa AaBoM 3Tagu. KyuwiHu,
kaTTa MarennaH 6ynytn aeb6 HomnaHyBuu, [anakTvkaga yakHaraH (1987n)
yTa tongy3 1987 A TagkuK KUAWMW KYypCaTAUKM, MNOPTAawW HaTuXkacuaa
TaxmuHaH 0,1Mo Mukgopaa paanoaktne  2sNi>® cuHTe3 6yaraH Ba yHAaH

B’ -emupununw Tydaninm »7Co>® Ba ByHaaH 26Fe>® aneMeHTaap Xocua 6yraH.

YTa AWMU tongysnap — TabuaTHUHT 6ylok XxoAuccacu 6yambruHa
KONMaW, ynap rongysnap asoaroumacmga, Ba gemak Onam apostoumacuga
Mabaym Oypuanw, 60CKUY POAMHU YWUHAWAWUIaH >XyAa MYyXUM >KapaéH
Xamamp. XakukataaH xaMm yTa SfHIM  HoA4y3 nopTaaraHza, toagysnap
3BoaoUMACHaa AHrM 6ockuuparnm paBp HownaHuwura yHukan, Haéb
UMKOHUAT sipatunagm (Tysunaan). by sHrn gaspaa tabuartaarm 6apya xmumMumk
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3NieMeHTNap: CTabun (TypFyH) Ba HOCTabun m3oTonsap, XymaagaH CUnpak,
KaM TapkajaraH 3/ieMeHTAap navugo 6yavwura  WMKOH  TyFUaaaw;
FONAy31apapo, ranaktvkanapapo MyxuTAary XMMUK dieMeHTap Tapknbu
KECKWH y3rapagun: Mabaym TemnepaTypanapia nopraall HaTuxacmaa Xocmn
bynaraH anemeHTAapAaH MoJsiekyianap Ba ynapAaH Mypakkab monekynanap
3aHXMPU XaMAa >XOHAM TabWaTHMHI AHaja Mypakkab Kypuanw «<FuLT»
Yanapuv nango Gyanwmn yuyH gactaabkum wapT-uaponTaap By>XXyAra Kenaau.

YTa AHrM tongy3nap nopTaaraHaa, YHUHT épUTyBYaH KeckuH opTagu,
CyHrpa HucbataH cekuH y cyHub 6opagu. bByHaa Epyfank 3sHeprusacu
Y3VHWHI KyBBaTWUra kypa 103 mMuaamapanab rongysnapura sra 6yaraH
ranakTuka Hyp/aaHuLWM KyBBaTWra TeHrnawaav; noptiaw tydanam 10 spr
MUKAOP TapTnbaa 3Heprua axpanagn. CoavWTMpULL  yYyH anTmw
MYMKUWHKM, 6up Heuya 10 mapa vmn gaBommaa xam Kyéw ¢dasora byHua
3HEPruaHu TapkKata oManam.

1987 wnnHnHr 23 deBpanvra yrtap Keyacu KaHajaauvK acTpPOHOM
A.llenToH TOMOHMAaH KywHW ranaktuka Katra MarennaH bynytnaa yta
AHIW  FONAY3 MOPTAALUMHM Ky3aTULW acTPOHOMUAAA XaKUKWUA CeHcauus
6ynan. by rpaBuUTauMOH KOANAMNCHU YPraHwll, OFUP 31eMEHTNapP CUHTEe3N
xamaa byHaa Kyuam HEUTPUHO HYPJaHULLW MaBXyZ 3KaHAUTVHN KYpCaTAW.

By yta aHrn tongy3 1987 A Hu komnbroTepAa MOAeNnalTUPUANLL
KypcaTtavku, noptaaraH roagy3 11 MaH nun onamH nango 6ynraH Ba YHWUHT
maccacun 18Mop atpoduaa 6yaraH.

Amepukannk ¢usmknap CBycam Ba T. YuBep xucobnawm 6ymnmnua
ONVIHFaH toAAy3nap  KOOWFAAPUHUHT EHUW AMHaMuKacu kynumparn 4.2-

>agBanga bepuarar.

Tepmosgpo peakumsacn | Temnepatypa K EHuW (peakumsa) BakTy
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Kynuparn pacmaa 1987 A yTa fHIM HOAAY3HWHT NMOpTAalW OAguaarv

TY3WAULLM CXEMATUK KypcaTuaraH

|

s

- Sobuh

H énummn
He énumn
C énuiun /
Ne énumu / /
O énumm / / /

MgéHHmH/ / ////_<
—— e S 80 (5,029

3
7.10°2-10°4-10° 10° 3.107 4.10° SBUWINK, r/cM

4. 4-pacwm.

;

He - $o6wuh (He,O)

C -8obuh (C,JNe)

Ne - Sobwuf) (Ne,O,Mg,Na)

O - 8obuh (O,Mg,Na)

Mg - $obwuh (Mg,Ar,Cr)

MV

\

Besocuta konnanc 6yamwum onguaa 18Mo maccaam CH 1987 A
FONAY3HUHT  TY3WIUWKM  CcXemMatuk  KypcatwiaraH. HOnay3HWHr  Tawku
KOBUFMHWHI paamycn 2.10°km ra, kpemHuii kobusy paauycu 1000km ra
AkuMH.  Konnanc Tydannm navao 6ynaguraH  Kyuam  3apb  TyAKUHM
KObuFnapHu aapogaH 3apb bunaH yumb ketmwumra oamb Kenagm Ba LWy
bunaH Gup BakTAa ynapda KywuM4ya TepMOsApO peakumanapu coaup

6ynnb, oFnp agponap cmHTesura cabab bynaam.
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6-§. Ok muTTK rONAYy3Nap

1. Acmpodusuka 2anakmukadazu munuk ra0y3/1apHUH2 MAapKUbUHU,
YNApHUH2 380/IIOYUACUHU  ypeaHadu. Kyéw xam wy ra0y3nap caguza
Kupadu.

Ogataaru rALY3NapPHUHT, XyMaagaH, KyEewHHr Mapkasnn KmcmMmaa
TepMoaapo peakumanap XapaéHnapu 6opumb, byHaa rokopu Temnepartypa
Tybannm katta ras3 6ocumm Pr Ba HypaaHuw 6ocumu P, tonays
MOAJaNApPUHN  KEeHrautupura xapakat  kunagu. Aamo  tonays
MOZAJANaPVIHUHT y3apo rpaBuTaums Kydnapu tydamam xocma 6yaraH 6ocnm
P., tonay3nap MOALACUHWHI KeHravmwmra WMMKOH 6epmavgun. LyHaan
KMAnb, ronaysnapaa AMHaMMK MyBO3aHaT xoaaTtm coaup bynaaw.

ByHaawn xonatnapaara FONAY31apHU XapaktepaavamraH
(TaBCMpnanguraH) napameTpnap, MacanaH HypaaHuw, 60cuM, 3UYNnK Ba
bowkanap, y3apo 6bup-bupmn myBoduknawraH 6ynagu. Lynapra kapab
FONAY3NAPHUHT  NapaMeTpAapvHN  MabAyM aHUKAMK 6unaH xmcobnaly
MyMKUH. MacanaH, Kyéw mapkasuga Macca 3uuamrn  p ~16Q/ e
Temnepatypa T ~16-10"epad. Kyéw paanycn R, ~ 6,96-10°cm Ep wapwm
pagnycugan 109 wmapta katra; Kyéw maccacu M, ~199-10° rp Ep
maccacugadH 333000 wmaprta KaTTa;, OpPKMH  Tywuwun  Te3NaHuLun
g =GM, / R% ~2,74-10" cm/cex?; HypnaHuw kysatn 3,86.10°33pe/cex.

BakT yTvwun 6unaH rongysnapparv a4po EKUNFU 30xMpacy (3anacu)
BOAOPOA kKamasa 6opaan. MacanaH, Kyéw xap cekyHaa HypaaHuwn Tydanam
Y3VHUHT 4,5 MAH TOHHara AKMH MaccacuHW UyKoTagun. YMyMaH a4po EKuaFu

Kamaa 6opuwu tydpanam (by Muaamaps ninnap AaBOM 3TajuraH >KapaéH)
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TeMnepatypa Kamauuwm Ba AyMak ras 6ocumu, HypaaHuw 6Hocumu
Kamannwmn cababam myBo3aHaT/n xonat by3mna 6bopasam Ba rpaBUTaLMOH
CUKMAMLW Ky4daa bopaaw.

FOnay3HuWHr Tawkn KOBuFMaa 3ca Xanu MPOTOH-MPOTOH LUKAIU
TepMOAApO peakuuanapu AaBom 3Tuwn Tybananm rongy3 keHrasa 6opmb
Kyéw cmncrtemacn taptmbugarn ynuyamra TeHrnawaaun. Epgarn xapopat 700-
1000K Taptnbpa 6ynagun, AbHW HONAY3 KWU3WA TUraHTra aunaHagu. Kusua
2U2AHMHUH2 Cco8UWU Hamuxacuda mawku koburu ¢pazoea co4unub
kemaodu, yHuUHe 2eautioaH ubopam Ko/si2aH 3u4 A0pocU OK Mummu r10y3
deliunadu. by 10°K TemnepaTypanu ok MWTTW tongyznap (Kyéw xam Ly
TMNAaru Haay3) UCCUKAMK 30XMpacy Ba rpaBUTaLMOH CUKMAMLL XMcobura
HypnaHagunap Ba Hatvxaga 10% Wvanap sasomuaa cosy6 6opagunap.
KOngy3nap 6owwunaaH keuaguraH Oy  3BOAKOUMOH  >KapaéHaa, VY3
MacCaflapPUHMHI KMUYMK €KW KaTTaaurmra Kkapab, ok MUTTK (Kapauk) rongysra
(bepmm-ras) €km HEUTPOH tonay3ra (bepMn-cytokank) EKn KBapk roagysra
(bepMun-ras) éku Kopa ypara annaHagmnap.

LyHaan kuamb, ronay3napHUHT 6y 3BOMFOLIMOH 3Tanujarm X0onaTuHu
YpraHuvw y4yyH yfapHU xapakTepaanguvraH napametpaap (MacanaH, 6ocum,
TeMnepatypa Ba 6Oowkanap) HWM aHWKNAW YYyyH KBaHT CTaTUCTMKara,
XyMaagaH, depmMu cTaTucTMkacura acociaHuil 3apyp 6ynaaw.

Arap tongy3 maccacmu M =1,4M_ ra TeHr Ba OyHaaH kuumk 6yinca,
rpaBuUTaLMoH cukmuamw Tydanam y OK MUTTM toagy3ra aunaHman. by
XapaéHaa Moaaa (3nekTpoHnap) ¢epmu-raz  xoccacuHu onabopaaw.
ByHZah ok MWUTTU toAgy3napAa 3uvuavk TaxmuHad 15-10°Pe/ oM (BaH
MaaHeH tonagysnaa) 6yaraHga ras (bepmm-ras) 6ocummn bunaH rpaBuTaLms

CUKUANWKN  HaTm>XKacmaaru bocnm TeHFJ'IaLIJI/I6, oK MUTTNAa ANHAMUK
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MyBO3aHaT/n xonaT coamp 6ynaau, yHUHr yayamm Ep pagnycm (R ~ 1O4KM)
bunaH connwTmpapan gapaxaga kmuvk éynaaw.

AnHamuk MyBO3aHaT Oy3unraHgaH kenvH, 6ab3aH rpaBuTaums
CUKMAMLWIN XyAa Te3 coamp 6yamwm MymkuH. ByHaa mccmkamnk axpanvbd
YMKMLLKM, MyBO3aHaTAW xoaaThaarnra HucbataH Keumkuwm HaTmKacuga
Kyuan 3apb TyaKuH xocmn 6yamb, y roNaYy3HUHT MabayM KUCMUHK (6a3aH
KaTTa KUCMWHK) pa3ora yaoktmpub Tapkatnb robopagun. by xonaa Xyaa
roKopu TemnepaTypajarn CUKAWAraH rasga TepMOoaApo peakumanapwu
Tydanam Xygaa katra HypaaHuw (YakHaww) coamp bynaam Ba yTa fHIM HON4Y3
navgo 6ynagw.

OK MUTTM HOAAY3NAPHW YpraHuW LWYHW KypCaTAMKW, YHWHT Xupa
PaHrAN 3KaHAUTU tONAy3NapAars SHEPrusHMHE acocuin MaHbawm 6ynaraH
BOZOPOAHUHI éHMO Tamom bByaraHum Ba AeMak, YAapHWHI Tapknbu acocaH
reamngaH nbopat 6yaraHaAMrMaaHAnp. YHAarm xumpa pasBLlUaHAMK acoCaH
NCCUKJNK IHEPrUA 30xmpacu xucobmaaH HypaaHuwum cababan xampa 6y
FONAY3NAPHUHT CEKMH acTa CUKAUWK Typaran rpaBuUtTaums SHEPrUSCUHUHT
aXxpannbd uuKWnaaHANP. XO3MpPrn 3aMOH TacaBBypura 6uHoaH, 6y ok
MUTTWU tONAY3Nap HOAAY31ap 3BOMOLMACMHUHT OXMPrK 3TanvHM bowwnaaH
KeumpaétraH bynaan.

Ok muTTMnapgaH 6usra  3Hr  AKMHWU  CUPUYCHUHT  Ayaa0LWN
xucobnaHaau. y
Kyéw cuctemacngaH 8 Epyfank umam macodaga. by xumpa rongysHu
KypoasaHMaraH Ky3 kypa o/amManan. byHaan OK MUTTUAAPHUHE  MUKM
Temnepatypacu T ~10'K aTtpoduga. byHaan Temnepatypaga reanin tyna
MoHnawraH 6ynaan. bowkaua antraHga, OyHaan tongysnap reavn

fAAponapu Ba 3/eKTpoHaapgaH ubopart. byHaan mogenb acocaH oK
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MUTTUAAPHUHT  MapamMeTpaapuHN  aHukaaw  MyMKWH.  Xucobnaw

KypcaTaguKn, OK MUTTU FOAAY3HUHT Maccacn M Kyéw M atpoduga 6yamb,

YHUHT toKopu 4erapacn (YaHppacekap derapacy 1931 1 aHWK/IAHTaH)

M, =14M, ra TeHr. BuHobapuH oK MUTTUAApPHUHT Macanapu 1.4 M, paH
kaTTa 6yamanan. [lemak, M, Maccann aKuMH Maccanun roagysnap >ymaajaH

OU3HMHT  KyE8lWMMM3  XaM  «yMPU»HUHT  OXMpUAa OK MUTTM HOA4y3ra
annaHaawn.

Arap rongy3 maccacm Xxypa katra 6yamb, rpaBuUTaLMOH CUKUAWNLL
AaBoM 3Tn6, aapo moazacu 3uvuamrm 10*r/cm® raua 6opca, y xonaa
HEUTPOHNAHMULL XO0AmMcacKy 03 bepagn BaHaTUXKaAa YTa AHIN KOAAY3 YPHUAA
acocaH HeuTpoOHaapgaH unbopat HeWTPOH toaay3 xocun bynaaw. byHaa
3UUNK OK MWUTTU HOAAY3 3UUAUTMAaH BMp Heya MWAAMOH MapTa KaTTa
6ynagn. Ok MUTTM BUP HEYa MUHT KUNOMETP paanycra ara byaca, HEUTPOH
ronay3 atura Gup Heua KMNOMETPAM pagnycra ara bynaan.

By epaa wyHn Tabkmnanall N03MMKW, KOAAY34arn NPOTOH Ba 371€KTPOH
HEUTPOHHU XOCUA KWIULIM YUyH KylUMM4Ya 3SHEPrua-rpaBuUTaLmns CUKULL
Kyun xucobuaaH onuvHagu. Hatuxkaga NpPOTOH Ba 3NEKTPOH HEWUTpOHra
aviiaHaZun Ba HOA4Yy3 acoCaH HEUTPOHapAaH nbopart 6yanb konaaw.

YMyMaH ok muTTMnapga ¢epmu-raz  (anekTpoHaap) 6ocumu
rPagMeHTV rpaBUTaLMOH CUKUAUW Kyun OunaH MyBoO3aHaTaa Oynaaw.
HentpoH tongysnapaa 3Ca alHWraH ras HeuUTpoOHJap 6ocuMu rpagmeHTw
H6unaH rpaBMTaLLMA CUKAMLL Ky4n MyBO3aHaTaa bynaan.

Ok MuTTUNapHUHT paguycn Kyéw paguycura HucbaTaH 03 MapTtaya
knuvk. [emak, p~1/R® 6ynaraHvgaH ok MWTTMAAPAAr Macca 3Uunry
Kyéwaarn 3ununnkaaH (pzl4]ep/cnxf) MUIANOH MapTa KaTta. byHOau

3u4aukda ok mummu raA0y31apdazu 60CUMHU aUHU2AH 3/1eKMpPOHAAGp
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6ocumu mawkua smaou. LLly cababau xam ok mummu t010y31apHU GUHU2GH
tondy3nap xam 0eb amanadu.

LUyHaan knamnb, Mabaym MaccagaH opTuk ByamMaraH mMaccaay Hopman
ronaysnap, ynapaa TepMosapo EKAFUCM amanda KoJIMaraHgaH KeuuwH
rPaBUTALMOH CUKUAULL HaTUXKacuaa xamaa Talwky KobusnaaH KyTuaraHaaH
KEWWH OK MUTTW tOAAy3napra annaHagn. byHaa aBBan Temnepartypa rHKopu
6ynnb6 y 2-10°K atpoduaa 6ynaaum, cyr ok MUTTM COBUO Bopaan. YnapHUHT
HypAaHuWnAary sHeprns  MaHbanm acocaH  WMOHMAPHUHT  UCCUKJNK
3Hepruacuamp. Xucobnawra Kypa, ranaktvkagarv tongysnapHuHr 3-10
bon3m oK, MUTTK rONAYy3Nap TalWKUA 3Tajn.

DHAM CUKAMLWITa Kapwn GepPMUOHAAPHUHT KypcaTaéTraH 60CnuMuHM
Kypanavk. MNaynan npuHumnura kypa, xap 6up KkBaHT xonataa butragaH
optuKk depmmoH byna oamanan. bupank xaxmgarn p,p+dp MMNyabC
MHTEpBaAUAarn KBaHT xonatnap coHun (2s+1)4mp’dp/h®  wndopa 6unaH

aHvKknaHagn. PepMuoHaap yuyH cnvH s=1/2 6yaranm yuyH (2s+1) =2.

Xyaa nact temnepatypaga (T=0K) xap 6bup kBaHT xonaTaa 6buttagaH
dbepmunoH bynaan. [lemak, bUpavk xaxmaary 3appanap COHM N HWU TONUL
YUYH KBaHT XO/aaTnap COHWHW TONUIr Kepak. ByHWHr yuyH, Mabaymky,
rokopugarn nooganun (0, pr) nHTEepBanga WMHTerpaaiaw no3mMm; byHaa pr

®epmu catxuaarv GepMmMoH MMNybCK:

Peg
8np’dp 8n
n = =
.‘. h® 3h’ Pe

(8)

ByHAaH MMNyAbC pr HU @aHUKAANMK3
p.=(3/8mn)"*hn*? 9)

depmu caTxnaarv 3appa 3Hepruacu €. HOPENATUBUCTUK X043

143



g, = Pz /2m= (1/2m)(3/8n)*'°h’n*"® (10)

PenATMBBUCTMK XON4a 3Ca
g, =cp. = hd3/8r)"°n"? (11)
nboganap 6unaH aHukKNaHagn. AWHMW Temnepatypacm T =¢_/k

MyHocabaTaaH Tonuaagmn; 6ocum P (3neKTpoHap YUyH)

PZQZZneF

3 3 (42
nooaa opkanu tonunaan. (12) gaH HOPenATUBUCTUK XON YUYH
P =23-10"n"°0H/ cM (13)
PEeNATUBUCTUK X0NaT YUYH
P =27-10"n""°0H/ cM (14)

HaTU>XXaHW ONaMu3.
By epaa wyHM Tabkuanaw >KOW3KKW, 3UUYAUK OpTUWK BunaH
3N1EKTPOHNAPHUHT Te3Ur OpTMO, EPYFINK Te3anrura skmHaawa 6opagn. by

3

xonaa (14) ra acocaH 6ocum P ~p*® kOHYH acocnaa opTvb, oK MUTTUNAPAA

ANHAMUWK MYBO3aHATHW TabMWHJIalllra MMKOH ApaTtiniajun.

2u 2 2n
P :_:_n :_h 3/8 1/3n1/3 15
W= T3 = A3/ 8m) (15)

MKKMHYM TOMOHJAH TpaBUTALMOH CUKAMW  Typanam xocun byaraH

ronaysaarm 6ocmm

Pzse = aGM | R (16)
npoga 6unaH aHuknaHaam (a=1) Arap P >Py 6ynca, tongys
cmkuamwmn  aasom  3tagu. CraumoHap tongysnap yuyH P, =Py wapTt

6axkapunagun. (15) Ba (16) HK y3apo TeHrnawTMpmnb
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1/3 2
Z_hC(ij n*s = M2 (17)
3G (8n R

TEHMIMKHM onamms. byHaan n=M/mV Ba V~R® Hu Ha3apaa TyTn6, oK

MWTTW FONAY3HWUHT MaccacK y4yH YaHapecekap yerapacu

3

M =~ My ~ 14M, (18)

2
N

KMMMaTHW OnaMm3: Mn — HYKAOH (MPOTOH) Maccacw, mp-NAaHKeoH
mMaccacu. (18) npopagaH Kyé maccacun yuyH

5me
M, = (19)

2
N
ndoaa YpPUHAN 3KaHANTU KYPUHAAM.

Arap cvkuauw Kyum katta 6yamb, ronayssaa TypFyHAUK (MyBO3aHaTAM
xonart) 6y3sunca, AvHWU Pxp>Pn ,6axapwnca, CUKMAWW AaBOM  3Taju,
HeUTpOHAaWnMW xoaucacn o3 6epagwn, yMymaH Aay3 KoanancnaaHuo,

HEUTPOH to14y3 Nango bynaan.

7-§8 HentpoH tongys

FOnay3nap maccanapura kapab, xap Xwa 3BOAKOLMOH >KapaéHaapHM
bowaaH kedapagmnap. TepMosapo EKUNFU 30xXMpacy TyraraHiaH KeWwuH,
mMaccacu Kyéw maccacm Taptnbuaarun rongysnap nopraall HatuxKacuaa (Eku
TUHY Nyn BunaH) oK MUTTU tONAy3napra aunaHagunap, MacCcuB rOAAy3Nap
noptaaw Hatvxkacugaa (EkM TUHY Wyn OwunaH) HeUWTpPoH (EkM KBapk)
rongy3napra avnaHaaw; bynapaaH xam katra Maccanu ragysiap nopraaca,
ynap Kopa ypanapra avnaHvwmn MymkuH. KOngysnapHuHT TUHY 1Myn 6unaH
KOAMANCAAHULLN XXapaéHU CeKYHANAPAA, XaTTO CeYHAHUHT YAyl gaBoMuaa

coamp 6yamwm MymMKnH Ba 6yHAa HEMTPOH HOAY3HUHT Maccacu 1,4M . paH

145



opTuK Bynaan. HEUTPOH tonay3 yTa SHIW OAAY3HWUHT nopTaaw nyam éunan

nanngo 6ynca, yHuHr maccacm M<1,4M, 6yanwim MyMKumH.

LLyHN TabKnanammmskuy, oK MUTTWU tOAAYy31ap Ba HENUTPOH tonay3nap
MacCaNapuvHUHI KOKOPW Jerapanapu-YaHapecekap uyerapanapv MaBXya,.
MarHuTcmns annanuwra sra 6yamaraH (COByK) HOAAY3NAaPHUHT Maccanapu M

Ba YNApPHWHI MapKasun KMCcMuaaru 3sudavkiapu p. opacugarv 6ofnaHuL
4.4-pacmpa KenTupuaraH.

YTa KkaTTa 3uunnkka p ~ (2-10° —10°)/ cM32a HENTPOH HONKOY3HHT
Makcuman maccacum yyyH Yanapecekap uderapacv M = (L4-2,7)M

KuumMaTHW onvHagn. Oaataa MakcuMym yuyH M = 2M_, MUHUMYM y4yH
M__ ~ 01M_ KMAMaTAapHW, 3UUYIVK YUyH 3ca p ~ 2-10%ep/ cM’ KnAMaTHm
Kabyn KWAMHraH. YMymMun HUCOMMAMK Hazapuacn 3ddekTHM xumcobra

O/IMHMaraHaa, HEMTPOH toaay3 yuyH YaHapecekap yerapacm M ~ 573M,

AaH nbopar.

M ~ 13M_, maccann HEeWTPOH HAAY3HMHI acocui napameTpiapu

Kyruaaru xagsansa bepunran.

Pagunyc R~ 18—-10km
[paBuUTaLMOH paanyc r, = 4KM
Mapkasuii 3Muimk p, = 3-10*-2-10%/ cm
ANNAHULIHWHT MUHEMan AaBpu r =~ (8—3)-10*cee
MaccaHWHT rpaBuUTaLMOH 3P deKTn AM ~ 01— 0,4

AM - ¢ = (1,8-25)-10%3p¢

4.5-pacMpa: HEUTPOH HONAY3HUHT CXeMaTUK KeCUMUW KypcaTaraH. YHaa
1. AVHWraH HeuTpoOHNapfaH wnbopaT cyrK aapo: byHAa Kam CoHAaru
avHWUraH nNpOTOHAAp Ba 3/E€KTPOHAAp MaBxXxya. 2. Hentpownap 6unaH

boumraH atom agponapw; byHaa anHUraH Kam COHAArv 3pKUH HENTPOHAap

146




Ba 3/IEKTPOHAAp MaBxXys; 3. Fe*° agponap kpuctann naHxapacugaH nbopat

TalWKW KaTJ1aM: 6pr,a anHWUraH SNEKTPOHANAP MaB>XXyA.

p, o/em®

0 12 15 16
pamuyc, Km

4.5- pacm.

WyHpanm knamb, maccvB rongy3napia TEPMOAAPO EKUAFU 30xMpacu
TaMOM OyaraHiaH KeWuH, rpaBuTauMa Tabcupuaa xocun 6ynagurad
OfUPANK Ky4M Ba YHra kapwwuiavk 60cMM opacvja AWHaMWK MyBO3aHaTt
by3mnaam Ba HO4y3 rpaBUTaLUA Kyuu TabCUMpW OCTMAA CMKUAa bownangw.
By MyBo3aHaT Oy3uauwn HaTMXKacuaa CUKUAWLL >XapaéHu-rpaBuTaLma
konnanc 1 cekyHA, xaTTo CEeKyHAHUHI KMCMK gaBomMuga ro3 bepmb, macca
33U a4po  Mogdacy 3uuaury, 28-10%e/cM’raua oprtaga. by BakT
AaBoMMZAa OUp TOMOHZAH HEWTPOHAAWML >KapaéHM 6opca, WKKMHUK
TOMOHAAH Kyuan 3apb TyakuH xocun 6yamb, OyHWHr HaTuxkacuaa
rongy3aarm Kobuk (tananrvHa rongy3 maccacu) dasora tapkanmb (counamob)
keTagn. by xonza 3apb TynakuH Tydanam kobuknap TemnepatypacUHUHT
KyTapuauwu Ba Wy cababav Tepmoagpo peauusanapu coamp 6yamb, kyuam
HypaaHuWwK 03 bepaaun. by xapaéHnapga yta aHru tongy3 navgo 6yamo,
Kyuyaun yakHaw coamp bynaan.

[paBUTaLMOH KOAMANC-CUKUAULL XKapaéHuaa Moada 3U4aurn optnod
6opaan; 3NeKTpPoH ras, avHuraH GepMm-ras 31eKTPOHHUHT SHEPrUACK LIy

KaZap OPTaAVKW, YHWUHT 3HEPrusicn sHepretuk bapebepHu yTvb NpOTOH
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TOMOHWZAAH ywnawmb HeWTPOHra annaHagW, SbHU Kynuaarm peakums
copaup 6ynan:
e +p—>n+y,

bowkaya atimeaHda, B -npoyecc meckapu bynzaH noyecc bopadu sa
6yHOa HeUmpuoH HypaaHuwu xocun 6ynadu. KOndysnap ssonroyuscudaau
6y cmadusHu HeumpoHaawuw deuunadu.

AHa Wy HEUTPOHANAWNLW xoamcacu Tybanam yTa AHrM A4Y3 YPHUA],
YHUHT  MapKasuvil  SAPOCUMHW  TallKWMA  3TraH  >XyAa KaTta  3UYaunru
(p >10%e/ cM’) HeWTpoOH tongy3 nango 6ynagwn. MpaBuTaums Tabcupuga
Xyfa Kyuiv CUKUAULL HaTUxKacuAa aufaHyBYM HOI4Y3 HEWUTPOH toAy3ra

aNaHraHAa YHUHT pagnycv xyaa knuuk (r, -~ 10kwm) 6ynagw. Ly cababn,

XapakaTt MUKAOPW MOMEHTWU (Ba MarHUT MOMEHTW) CakJaHWULLIM KOHYHMra
aCcoOCaH, HEUTPOH HONAY3HUHT alNaHULWN TE3NNTU Ba MarHUT MOMEHTU XYyAa
optn6 keTagn. AvnaHuw gaspwu 1 cekyHZ Ba yHAAH XaM KMUMK OyauLim
MYMKWUH. MacanaH, HopMman tongysnap yuyH R~10Mcm 6ynranm xonaa,
HEWTPOH tonaysnapaa R~10%m 6ynraHn yuyH xapakaT MUKAOPUM MOMEHTM
M~R*pcm caknaHraHgaa avnanvw aaspu 10'° mapra kamasaw. Arap tongys
CUKUANLLNAA MaTHUT OKUMM XaM cakaaHaan Aeb xmcobnaHca, YHUHT MarHuT
okumu 10*2-10'* maprara opragu. MacanaH, 1054 nngarv yta aHrv ongy3
nopTaawunaaH KoaraH KWUCKMUYB6aKacMMOH  TyMaHJMKHWHT  MapKasnaa
»xownnawraH NP 0531 — nyabcapHuHr annanuwm gaspm 0,033 cekyHAra TeHr.
BakT yTuwm 6unaH nNyabCapHWHT alnaHuMwn JaBpu optnd Bopagw.
HypaaHuw xmucobura HEMTPOH tongy3nap 6Gup Heya MUHT Mnanap AaBoMuaa
coBnb 6opaan. PagrnonynbcapnapHWHI HypJaHWW KyBBaTW H6Mp Heya YH
MBt /cm?, KyéwHuHr Hypaanuw Kyssati 7000By/cm?. Ctatnctuk Haxonatu

KypcaTaaukuy, ranaktmkaga yprada xap 10 nunga 6utra HEWTPOH tonays
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nanao 6ynaan. by xonga ranaktMkaga MWANMApZ HEWUTPOH roAAy3nap-
nynbcapnap 6yavwm nos3mm 3am. AMMO acTPOHOMMK Ky3aTulinapra Kypa,
xo3npya 400 ra akuH nyabcapnap kaug (kawd) stmaraH.

BupvHUM mapTa HEWTPOH HOAAY3HU-PaANOHYpAaHULW  MaHbaum-
AYyAbCapPHU WHIAN3 OANUMK D.XbIOWUW  Y3UHWHT xoaumaapu 6bunan 1967
nmnga KysatraH. PeHTreH Hypaanvwam nynscap 1971 nunga kysatuarad.
[amMMa uakHalW xam HeWTPOH toAAy3 3Boaroumacumaarn 6up aasp (ctagus)
OYANLLN MYMKWH.

1. TpasuTauusa Tydanam xocmn 6ynrad 6ocum P, HypaaHuw 6ocmmu

P

) AaH Kkatta 6yaraHga, toagysfa cukuavw aaBom 3tagu. KOkopwuaa

avTUATAHAEK 3UYANK ple“’%M3 6ynraHga HeMTPOH AWMU XOoAmcacu

NEeKTPOHNAPHUHT aapora "6ocnb Tywmpuanwmn® HaTuXXacunaa

€ + p—> N+v, peakums acocuja D>SNEeKTPOH Ba MPOTOH HEUTPOHra
avNaHuLLIM >XXapaéHu kevaan. HeUTpoHAapHUHT Kynannwmu tydanam xamaa
HEUTPUHOHWUHT 3Hepruacn oamb umkmavwn Tydparnnm a4po dHepruacu
6ofnaHnwmn cycaa 6opagwn, tonay3 Mapkasm fHaga (coBuwm Tydanawm)
Te3pok, cukuna 6bopagu. Hatmxkasza tongy3 Mapkasv TOMOH CUKMANLL
Te3nawa bopaan Ba agponap emmpunmb, okmbataa HeUTpoHAapaaH nbopar
Moada xonatm coaup 6ynaan. by katra «aTOM AAPOCK» HUHE 3UYANUTU
p ~10%r/cm?® aTpoduaa, abHM 94pO MaTepuacK 3uuanrv Taptnbuaa 6ynaam.
Bowkaua awvtraHga, 6y HenTpoHsap anHuraH GepMUCUCTEMAHWN TaLLKW
3TaAN. YHUHT BOCMMUN HOPENATUBUCTUK X0NAa

pNh_(Nn) J’l_(ﬁj < 10'p"*(Cu 99) (20)
m\V m,\m,
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Xocun 6ynraH HEMTPOH HOAAY3HWUHT CTaumoHap byamwm yuyH 6y 6ocum
rpaBuUTaLMoOH cnkuanw Tybanam ro3ara kearaH 6ocum
P, ~GM! /R, (21)
bunaH TeHr byanwm no3umm:
10'p°° =~ GM? /R (22)
3nuimk yuyH p~=~M /R ndogagaH donganaHnb, HeWTpoH tonays
paanycunHu (22) acocupa 6axonammms:

10 km

10°M " ~ GM?R°/R' R = SV

(23)

Arap tongy3 maccacn M ~M_ 6ynca, (23) acocmaa R ~ 10kM kummart
OZINHaAN.

HOnay3nap y3 rpaButauma MarkgoHuUAa CUKUAMLWNAR YHUHT UMMYAbCU
MOMEHTU CaKJaHaAW:

MoR® = cons
[emak,
MoR = M o R (24)

byHaaH Kyéw yuyH M, =~ 2-10°ke o, ~ 3-10°pad/cex, R, =~ 7-10m
3KAHAUTUHW  Ha3apga TyTmb, Kyéw Ttunuaarn rongysnap, HEUTPOH

roNAy3napra avnaHraHAa, annaHuvw yactotacy opTmwn Kynnaarmyda 6ynagn:
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HypraHuw
SOHYHM

MarHut SyTonapvHUHr
Tpaexk Topusinapu

HypraHuw
SOHYHM

o0, = 0,(—2)*, o, ~10'padl cek (25)

avnaHuw paspu 3ca tp~0,001lcex atpodmaa. LLyHUHTrAEK HEUTPOH tonay3
XOoCun Oyamwmnaa MarHUT MavJOHHWHT OKMMW XaM cak/laHagW, AbHM
HR? = const ékun byHaaH
R 2
() -
Rn

—

OpaTtaa HEWUTPOH OAAY3NAPHUHT  MarHWT MOMeHTaapu P, annaHuw
yactotacum WyHaamwmn 6unaH 6up xun 6yamaraHm cababav, marHut
MOMeHTAap da3oda HEUTPOH HNAY3HUHT alNaHULWNAA KOHUK CUPT XOCW
kunagu (umsagun) 4.6-pacm. HenTpoH tongysnapga yMyMUA 31eKTp 3apaj
bynmaraHn Ba cdepuKk-CMMMeETpUK 6yaraHugaH yHAaH MarHUTOAMMNOJb
HypaaHuwwn cognp 6ynagn. by Hypnanuw J, ynuamnap HykTau HasapgaH

KaparaHga, MarHUT MOMeHTU P ra, annaHuwW YyactoTacn o ra Ba JOVMMUN C

ra Kyumaarmda 6ofnaHvwaa ynagn:

l=—Po... (27)
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(a~6up TapTMbUaArn yauyamcms JOUMUANNK, aHnFn a=2/3). Arap P. ~H R’

HW 3bTMOOpPra oscak,

a ops, s
J ngancon

nbosaHu 0flaMm3; HEUTPOH OAY3 YUYH
H, ~10°3, R =1CFcMm, o ~ 10"/ cek
KMAMaTAaPHU Kyumb, MarHut-4unonb HypaaHuWK KyBBaTu J yuyH ywby
Takpbui KMMMaTHU TOMamMms:
J ~10"3pa/ cex=10"B (28)
By 6up Heua yH MUAANOH KyELlunap HypaaHUWmra TeHr!

—

HelmpoH rady3HUH2 HypsaaHuwu mMdzHuUm mMomeHmu eekmopu P

m

byltuya UyHanzaH bynadu. LLly cababau, HelimpoH r10y3 epdazu Ky3amys4yu
MOMOHUOAH “alnaHysyu Mask-mawvan” kabu 6ynadu, AbHU YHOAH
Ke/naémeaH Hyp/AaHUWHUHe —aaoxuda umnysnecaapu Kydamuaaou. Ly
cababsiu HelUmpoH r0y31apHU nyibcapaap detiunadu.

Macana 4.3. HeATpOH HONAY3HMHI aliNaHMa XxapakaTu 3Heprusacu

%
E = > HV 6ax0aaHr Ba OIMHIaH HaTUXaHW U30XNaHT.

Eyuw. | = MR, E ~ M, 0?RE ~10° - (10) - (10'] ~ 10" XK
M30x. by kninmatHu (28) ra 6yanb, annaHma xapakaT SHepruacy KaH4ya

BaKTra eTUWnHM 6axonanmMmms:

E _10°

J 10®

~ 10%cek~ 10°Gur

[lemak, NynbCapHUHT HypAaHUL AaBpy TakpubaH MUAIUOH nn aTpoduaa
6ynaaw.

Macana 4.4. Kyéw tmnuaarn nyabCapHUHT 3UYANTUHN BaxonaHr.
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M, 3M,
Eyuw. p, = v z4TERf

n

‘M ~M_ =2-10°%23 R ~10'm. BynapHu

n

Hazapga Tymwmb, onamus p ~5-10"ke/ M’ =5-10%2e/cmv’. by saapo
MaTtepuacn (Moaaacum) 3MUanrnanp.

Macana 4.5. HentpoH tonay3nap KBaHT CTaTUCTMKA O6bBeEKTU
3KaHJANTUHN NCOOTAAHT.

Eyuw. bnsra mabaymku, 3appanap opacmaaru yprada macoda (g] 3

Ae bponnb TYyAKUH y3yHaurmn A, Taptmbuga bynca, byHaanm cMtemaHu KBaHT

CTaTUCTUKaCcn acocnia Kapaamwnm no3nNM. EaXOﬂaMﬂMK (Hel\/’ITpOH MaccCacu

14
m ~ 10*ep): (gj ~P 5 (11(?24) HetimpoHaap/cm?=10%Helimpornap/cm?.

n

Vs
[emak, byHaaH (N)

1
3
(110?9) cM~ 2-10"cM. DHAM A, HW Baxonanauk:

PenatmBnctuk xonga p, =m.c 6yaraHun yuyH

h h 6-10°

=— = ~ cmM=~2-10"%cm
> p mc 10*-3-10°

A

|ﬂ,eMc':lK,Hel‘/lIT[:)OH ronay3nap XoJsataapwn, aHUK TaBCI/Iq)J'IaHI/ILLIVI YYYH KBaHT
N )3
CTaTnCTUKa acoCnia Kapaanwm J103UM, YyHKW ynaap YYyH v NKD wapt

baxkapuiaan.

V3o0x. HewTpoHnap ApuM CNuMHAKM OyaraHW yuyyH HEWTPOH HONAY3-
nynbcap ¢epmun-cuctemagup. lynbcapnapga cnvHAapu Kapama-KapLim
MyHanraH HeUTPOH >XXydTaapun-6030Haap nango 6yamwmn xam MymKuH. by
XONAa HEWTPOH tonAy3ha yTa OKyBYaH 003e-CytokanK MaBXKys Oyanwwim

MYMKWH.
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LyHWHrAeK, HEWUTPOH NAy3jarn MPOTOHAAP Ba  3NEKTPOHAAP
apanawmacy MaBxya. [poToHnap cnuHNapu kKapama-kapliv WyHaaraH
XydpTnap-603e 3appanap xocun Kuamb, yHaa yTa yTKasdyBYAHANK XONATUHM
XOCUA KUANLL MYMKUH.

HenTpoH ronay3HWHT rpaBmuTaumnsa MavgoOHUHN Kapanank. bup xuHcan

2
rpaBUTaLMA ManZOHNAATM XMCM xapakati Vv = gt,h :% 6unaH ékn byHaaH

v? = 2gh (h—6anaHOnu)< npoganap 6unaH xapakrtepnaHagn. WKKnMHUM
TOMOHAaH F =mgpa g —Te3nannw, wy 6unaH bupra bupank maccara Tyfpu
KeNyBUM MalgoH kyunaHranaurn (KynoH maigonugarn F =qE kabugaii;
byHaa E =-gradp, ¢—noTeHuman). Arap rpasBuTauLMa MaliJOHWN YuyH

NoTEHUMaN @ TyLWYHUYACMHU KNPUTCaK, aHKW, YH
KYPUHMWLLAQ ONNHAAM, €KW

By ndoganu c’ ra 6yanb, ésamms:

vl
= =2,
C C
V2
6v3ra MabayMKH, c_2<<1 6yaraHaa HbtoTOH Hasapusacu YpuHangup. byHaa

rpaBuUTaLMa MaOHU YUyH

| <<c?

wapTt 6baxkapunaam Ba yHU 3and (kyucmns) aeb xmucobnaHaaw.
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o)

Macana 4.6. TpaButauns manaoHn yuyH — Hu a) Ep yuyH, 6) Kyéuw
C

CUPTU YUYH, B) MUTTU tON4Yy3 CUPTK YUyH, I) HEUTPOH tonay3 yuyH 6axonaHr.

a) >xaBob @ ~107"
C

6) >xaBob @ ~10°
C

8) >xaBob @ ~10°°
C

2) XaBob ‘CEJ ~0,3

2
Kypcatma: y = Z(EJ% dbopmynagaH povijanaHuHr.

C2
HentpoH tongys yuyH \(p\~023|<aan|r|/|p,aH YHUHT  rpaBuTaums

MaoHN KYYIMAMP Ba YHWUHI CUPTUAArM 3appanap Te3nurn V, Epyfauk

Te3MrM ¢ ra AkuH 6ynagn. OnuHraH || ~c® ra Kkypa, nyabcapaapHUHT

rpaBuTaLMa XOoCCafapuHW, Kyuau MaugoH 6ynraHu yuyH, DUHLLTEWHHUHT
YMyMUN  HUCOMWAMK Ha3apuacuM acocuga Kapaw no3vm  6ynaan. by
Hasapwuara Kypa, HEMTPOH tonay3 atpodu akmHuaa ¢aso xoccacn PumaH
reomeTpmacn acocumaa TaBcudraHaaW, Yy PasoHUHI Y3M 3rpuavkka 3ra
Oynaan; CoaTnapHVHIC  HOPULWKW, BaKTHUHT YTULWIM  Kyuyau rpaBuTaLma
MarAoHU TydGanam ceannapan gapaxaja CeKMHaalaam.

HeWTpoH ronay3napHUHT TyfuAMIKAE KYYAW HEWUTPUHOMAP OKMMW
xocun  6ynagn. LWy cababan, HeuTpuHO actpodmsmka aHUHUHT
PUBOXNAHULLIN TaAKUKOTUMAAP KYAUTa, FONAY3NapHU YpraHuL yUyH Kyyau

Kypos 6epraH 6ynap 3an.
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Tapuxun mabaymot. 1932 nnnga HeUTPOH Kawwd 3TMANWKN BrnaHok,
(KoneHrareHra KembpuxaaH HeWTpOH Kawd 3TUaraHnm xakuga xabap
KenraH KyHu, keukypyH H.bop, J1.PozeHdenbs (benrmannk ¢usmk) Ba
N.NaHpay Myxokama Kuanw yofmga) SlaHaay HEUTPOH HOAAY3 xakuaaru fos
bungnpaan. Wkkn wnungaH keumH B.baage Ba ®.LBukkn 6y FosiHM
PUBOX/IAHTMPAMAAP. Ynap HOKOpW TemnepaTtypany, 3UUYANKAN Ba KUYMK
ynyamgarn 6yHaan KOCMUK obbekTiap yTa fHIM toAgy3nap nopTaalimiaH
xocun 6ynmb, mMaccue tonay3nap 3BOJKOUUACUHUHE  OXMPIU  CTajuAacu
3KaHJUIMHW auTagunap.

Ammo, 1967 nunga nynbcap kKawd 3TuaraHgaH KennH Ba HEUTPOH
FONAy3Nap HypAaHULWIW  Ha3apuAaCuM  PUBOXNAHTUPUATAHAAH KEeWWHIMHA
byHaan obbekTaap XxammMa TOMOHWAAH TaH ONMHraH GM3nK peanank 6yamnbd
KOAAMN. AHrnaparv Kembpuxx YHUBEPCUTETUHUHT Mtonnapg,
pagmMoacTpoHOMUA obcepBatopusacmaa npodo. SHTOHMU Xbronw
bowunamrnga 3,7 M pagnoTyNKUHHM Kabyn KuUayBUM aHTEHHaAW, HOKOPU
ce3rmpan paguoteneckonga OCMOHHM 1967 wun  wmoHZaH 6ownab
MyHTa3am Kky3aTa 6ownagunap. Kysatvw 6ownaHraHgaH 1 on yTraHaaH
KeuvH acnupaHTka >XokenvH benn ocMoHaaH aaBpui paBuwaa KenaéTraH
(nango 6ynaétraH) pagnouMnyabCcnapHu ceambd koaan. by bupuHum maprta
KOCMOCAAH KenaétraH PagvoHYypPAaHULIHUHI MaHOanHW Ky3aTUAULWN 34M.
OxTtabpaa  Xbtouw  marapyu  HOMabaym  OyaraH  AHMM  xojmca
Ky3aTWNaéTraHura WLWOHY Xxocun kunan. Hosbppa Xbrovw  Ba YHWHT
xogmmMmaapu bupuHUM MapTa OCMOHJAarn MaHbagaH MyHTa3aM pasuLAa
KenaétraH MMNyAbCAapHU aHuknagunap. by peryaap curHannap kaepaaH
KeNnaéTraHnHM aHuKaawW No3MM 34u. XaTTo ynapHu EppaH Tawkapwugaru

umBMAM3auma (“KMUkMHa Awunn ogamnap”) robopaétraH 6ynca kepak geraH
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TaXMUHAAP XaM MykK 3Mac 3au. by MyaMMOHM Xan KMavLW yUYyH AHa MKKW OU
KaTTUK TagKUKOT nwaapu oamnbd bopuwan Ba HMxoAT 1968 vnn dpeBpansa
"Henuep” >xypHannga 6y kawduét xakuaarn Makoia 3bJOH KUAMHAM
(Hewich A, Bell S.J Ba 6owkanap. Nature, London. 217,709,1968. Pycc.
Tap>xunma «cb “lynbcapbl”» Hawpuétr. Mup . M.1971, 6et 27). By makonasa
CUrHan MaHbam HeWTPOH HoAAy3 OYANWKM MYMKUHAWUTMHWM auTWUAraH 34W.
Ywa 1968 linnga ®.MauvHn Ba T.fong nynbcapnap ainaHyBuM HEMTPOH
FONAY3N1ap 3KAHAUTVMHW Ha3apumn XuxaTaaH acocnaamaap. KemvHrn namrtaa
OyHAan pagno, PEHTreH, ramma HypaaHuUWAapHUHT MaHbanapu 6ynrad
nyabcapaap Kynaab kysatnnam;xo3vpru Baktaa ynap 400 Tara AkuH.
YMymaH, npod. I.Xeromw Ba acnupaHt X.benn tomoHuaaH 1967
Annja nynbCapAapHUHE Kawd STUANLIK, PEANKT HYPAAHWULWHUHT  Kawd

3TMAMLWIM BunaH bup KaTopAaa, acTpodPU3nKaHUHE ByHOK OTYKNapUaaHANP.

8-§. Ksapk tonay3nap. Kopa ypanap

3nunnk xyga katta p=>10p, 6bynraHaa (p=>10p,) 6yaraHga (p, A4pO
3UUNUTN) HEUTPOHAap Bup-bupura xyaa akuHAawWmnb, Gup-bnprHM KMcmaH
énnb robopagun. by xonga kBapkiap 6Up HEUTPOHAAH UKKMHUMCUTA YTULLIN
MYMKWH 6yanb konaaw. LWyHaan kmamnb, ynbTpakatra 3uMuavkaa KBapkaap
ras éku CyroKJMKAarn kabm spknH xapakataaHuLWm MyMKUH 6ynaan.

80 - uuM nnnapga HEUTPOH HOAAY31aP XONATUHW Taxaun Kuamo,
HEUTPOH oAAy3M1ap 3UUAUTMAAH OPTUK, 3UUAMKAApAa 3PKUH KBapkaap
navao 6yamwm MyMKUHAUTUA TaXMWUH KUavHaaw. bolwkava anTraHga, Xyaa
FOKOPY  3UUaMKNapga  KBapknapgaH wubopat  wongysnap  6yavwnm
MYMKUHAUTUHW antungn. 1989 nmn aHBapb ovmnaa bepkamnparn JloypeHc

HOMAM nabopatopusaga yTa aHrn 1987 A wongy3 Tagkuk KUANHWUG, YHUHT

157



Mapkasuaa nyabcap MaBXyaamru kawd 3tmagu. by nynbcapHu KU3MKAUTU
WwyHaaku, y cekyHamra 2000 mapTa avnaHagy; y 6y nantrada kawd sTmaraH
NyAbCapAaPHWUHT 3HF Te3 aunaHaguraHvgaH xam 3 MapTa Te3 aunaHagw.
ByHaan Te3 annaHmw cababuHu Tagkuk Knamnb, H.rneHaeHuH yta aHrmn 1987
A HWHT Mapkasugaru nynbcap-KBapk ronay3 geraH oukpra kengu. AHanums
KypcaTAMKKW, KBApK OAAY3 6YAULIM YyuyH 3nunnk 12p, aaH optuk 6yavwm
3apyp.

FneHaeHVH mMogenura kaparaHga yta aHrn 1987 A agaH konraH aapo-
nynbcap U, d Ba S KBapknapgaH TalWKWA TOMTaH. YHWHr4a, HEUTPOH
rongysaara 60cMM MabayM KPUTUK KMWMaTAaH KaTTa by/ica, HEUTPOH to1ay3
CMOHTOH paBuwwaa (pa3oBuni yTuLLra yxLiall) KBapK roa4y3ra annaHaga.

KBapk tongy3napHuUHr siHa 6up xycycuatu wyHaaH nbopatku, ynapaa
bowka tongysnap, XymaajaH HEWTPOH HoJAy3napiarvjan rpaBuTaLms
TOPTULUMLL Ky4Wn acCOCUA POAHW YHaMan, bankm ByHaa Kyuau y3apo Tabcup
MyXMM pOab yuHanaw. [paBuTaums MangoHU KylMmya €pAamun POaHW
yrHanaw.

Xo3u1prv 3aMOH TacaBBYypJlapura Kypa, HEeMTPOH H0AAy3 KBapK tonay3ra
CMOHTOH YTULWAA HENTPOH HOAAY3HUHE Y4aMy KeCKMH KaMaaan Ba OyHWHT
HaTMXXacuga 3uUYanrM  opTUWKM  TyQalan, YHWHT  alNaHuW  Te3uru,
MOMEHTUMHWHT CakJlaHULI KOHYHMra acocaH, optaau. Ly tydanam kBapk ton-
Ay3nap-nyAbCapAapHUHT  allaHUW  Te3IUTM  HEWUTPOH  toaay3nap-
NyAbCapAAPHUHT alNaHULL Te3UInaaH katTta bynaau.

KBapk rongy3nap xakuaarv 6yHaan TacaBBypaapra acocaH, 6ab3n
nynbcap/iap KBapK roaay3napaaH nbopar gemmamwnra onnd kengn.
XKymnagaH, 6usgan 40 MUHT EpyFAnK MMM Macodadarv PEHTIEH Hyplapy

MaHbawn 6ynraH
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Oxkyw X-3 HUK KBapkK tonay3 Aeb TaxMUH KUAMHMOKAA. YT1a sHrmn 1987 A
ronay3 ypHuaarv nynbcap é6musgan 180 MUHT EpyFAnK NN Y30KANKAA.
Xyzna kaTTa maccanu rogy3napfa TepMoagpo EKUAFM 30xmpacn Tyrab
YHAA AVMHAMUK MyBO3aHaT By3uaraHza rpaBUTaLMOH KOJIAMNC HaTuxkacmaa
CUKWAWLW LWYHAAW AABOM 3TaguKW, 3UUYANK XaTTO AAPO 3UYAUTUTA TEHr
bynraHgaH CyHr xam CUKWAWL AaBOM 3TaBepaAn Ba HUXOAT tOA4y3 “Kopa
ypa'ra avnaHagn. CMKMAMW JaBOM 3TUO rpaBUTaLMsA MaWAOHU HUXOATAA
KyyanraHga knaccvk owusmkagary HbrOTOHHUMHE 6yTyH Onam TOpTMLIMLL

KOHYHW YpHWUra DWNLWTEVUHHUHT YMYMUA HUCOMWAMK Ha3apPUACUHUHT

dopmynacu
F- G'Vz'm[ —r—gj 29)
r r
ypwHan 6ynagun. byHoa
r, = 2(:_(23 M (30)

epasumayus paduycu, M macca mapkasu ampogudaeu r, paduyciu

cgpepaHu Llsapywunsd cgpepacu detiunadu. (29) dopmynasaH KypuHagunkm,

MKKM Macca m Ba M opacuaary r rpaeBuTauus  paguycu r, ra
AKVHNaWraHAa, ynap opacuaars kyy Fxyaa katranawagu, r =r, 6ynraHaa
uekcus3 katta 6ynagn. bowkava antraHza, r, €ku yHAAH KUYMK paguycau

xaxmaarn M wmaccaav tongys - Kopa ypa r <r  macodagarn 6apua

XNUCMAAPHK, XymaagaH GOTOHAapHW xaM y3ura Toptub osnaan. YHAaH
EPYFNVK XaM YMka oamanan!

(30) ndoaara acocaH, rpaBuTaunoH paauyc r, Kyéw yuyH p ~ 2,96km,

Ep yuyH 1, = 0,886cm kuinimaTaapra ara, Kyél maccacura TeHr 6ysiraH Kkopa
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ypa MacCaCUHWHT 3nuanrn p~2-10°2/cu’. By a4po0 Moagacy 3nuanrngaH
KKK TapTmbra opTukAnp (pz2-1014e/01vf'). ByHaan katta 3uunvkaaru
Kopa ypa (tonay3) ¢a3o xoccacura (YHUHT SrPUANTUHUHE XOCua byanwimra)
TabCUp 3TMBIMHA KOJIMaW, Y Y3MHUHI aTpoduaary >xapaéHnap Tesnurura,
BAKTHWHT YTULLMIA XaM TabCup 3Tajn.

Kopa ypa atpodunaa r ysokamkaarn chepa yctmaa UKKM BOKea COANP
6ynraH 6ynCcuH, YnapHuWHT opacuparv BakT (XCyCui BakT) LWy CUPT yCcTuaaru
Ky3aTyBUM HyKTan HazapuaaH At ra TeHr 6yncvH. CupTtgaH eTtapau
fapaxaja y3okaars Ky3aTyBuM HyKTauM HasapugaH 6y VKKW BOKEaHWHT
opacugarn BakT At 6ynca, y xonga yMyMuin HUCOUMWAMK Hasapusacura

aCOcCaH,

(31)

MyHocabaT ypuHan. by myHocabataaH KypuHaaukw, arap r eTapiau gapa-
r
Xaga kaTtta 6ynca, AvHM —<<1 6ynca, 6y xoada WKKM Ky3aTyBumaap
r
BakTnapu At Ba At 6up-bupura gesapav TeHr 6ynagun. Arap cupT paguycm r
rpaBuTaumMsa paguycy I, ra skuHiawca, At kattanawa 6opaav Ba HUXOAT
r=r, 6ynraHga At — oo bynaaw.
AT BaKT 2N1E€KTPOMArHuT TyAKuH aaspu T, =1, /c 6yanwm mymMkuH. by

X0N4a y30KAaru Ky3aTyBuu HyKTau HasapuaaH 6y TyakuH agaspw T 6ynagn. Y

XONAa TYNKUH Y3YHAUT & Kynuaarnya, aHnuknaHagam:

A=—">"— (32)
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(31) Ba (32) myHocabaTnapfaH HypuHajakW, KaTTa Maccann Haay3
atpoduga (AKMHWAA) BAKTHUHI CEKUHAAWMLWK, KU3UA cumkuw 3ddekTn
(TYAKMH Y3YHAUTMHUHE KaTTanawunwm) sbtnbopra oaMHUWKM 103uM bynaaw.

Aeap 1, =r, bysca, éku r paduyciu cupm Lsapywiuisd cgepacu u4uda

bysca, y3okdaau Kyamyg4yuea Cu2HAa  (31eKmpomMazHUmMm  MmyJskuH)
6bopmatidu (At — o0, A — ), Kopa ypa moMoHudaH ywiaaHub kKoauHaou. Ly

cababsau leapywunsd chepacuHu sokeanap 20pu3oHmMu deliuaadu.
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V 606. 3nunmk matpuuacm (oneparopm)

1-§8. Knpuw
Tabpud. KapanaétraH cuctemaHuHr xonatiapu y .,y .,... Ba ynapra
Apmunt klwanok xonatnap e, y'«, 6¢ncnH. bynap ¢3apo optoroHan Ba
HOopManaupaap:
(\V*aﬁ‘l’d') =9, (1)
Arap cuctemaHn o xonatga 6¢anw axtumonn w, 6¢nca, y xonga 6y

CNCTeMaHuMHr - CTatTuCTnkK  XocCcanapu Ky|7||/|,u,ar|/| 3UYANK  MaTpulacu

(onepatopw) bunaH aHUKAAHAAW:

p= ZW{X\V*Q,\V&. = (Z ‘oc > W, < oc‘) (2)

byHAa W, yu4yH HOpMasall wapTm

> w, =1 3)

Mnbbept dasocnaa WXTUEPUK  OpTOHOPMaAIM  6a3nuc  BekTopaap

@.Ln >(n=12...) 6epuaran 6¢ncuH. by 6asncaa 3MuavK MaTprLAacK

< npgn >:Z< na > w, < ajn > 4)

o

kK¢puHuwra sra 6¢nagn. byHaa AvaroHan 31eMEHTAAPUHUHT NUFUHANCK
(ékn maTpuua (onepaTop) wnypu bupra HopmanaHraH 6¢naau:

<rpn>=s, =1 (5)

2-§. AMHaMMUK KaTTaJIMKHUHT ¢pTavacu
BepuaraH onepatop (MaTpmua) HUHT CTaTUCTUK aHCcamMbam acocnaa

AVHAMVK KaTTaMKHUHT ¢pTada KMAMaTK Kynuaarmya aHukKNaHaau:
A= w,(alAo) = SpA (6)
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SpA -ukkn Matpuua p Ba A HuHr k¢nantmacmaaH umbopat 6¢iara

MaTPULAHMHT  AMaroHan 3NeMEHTAAPUHUHT  UUFUHANCUMANP. DCaaTamms:
MaTpuLUaHVHT AuaroHan afeMaHTAapy UNFUHANCK (SbHU MaTpuLa LWnypw)
MHBapUWaHT KaTTalUKAMP; Y KOOpAMHaTanap cucteManapura 60favk amac.

KaHOHMK  TakCMMOTHM  MHOAANOBYUM  3UUAMK  MaTPULACUHUHT
KEPUHULIM Kynnaarnyaanp:

p=Z"%™ =21 e pEoE = 2> e™|E ><E
Towe e Lo

@, = |E > -ramunbToHMaH H HUHF Xycycnii BeKTopu (PYHKLMACK), AbHM

A

H P = Ei(pEi (H

E' >=EE >) (8)
Z=8e™ =) e" (9)
Ei

KaHOHWK TakCMMOT acocmia ANHAMUK KaTTaank A HUHT ¢pTaya KMMmaTu
Kyhvaarnua KEpUHULWAA aHUKAaHAAM.
S Ae"H

A= i
—BH
Speﬁ

(10)

3-§. OCU,VIJ'IIIHTOP KoopAMUHaATacu Ba MMNYJIbCUHUHT 3XTUMOJIJ1apu
TaKCMMoT/lapu
KaTTl/IKI XKNCM aToMnapu KU MOJIEKYNa atoMnapu KN4YnK

TebpaHaétraH 6¢ncnH. by xonaa OCUMNATOPHUHT SHEPTUACK

1 2 2 2
E= EZ(P(X T~ (11)

o
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ndoga bunaH aHnknNaHaan; P, Ba Gs yMymaaluraH MMnyabC Ba yMyMaaLlUraH

Ik
(Hopmas) kKoopauHaTtanap; ®, = ,/— Hopman TebpaHuw yactotacu. KBaHT
m

MeXaHUKada XaM OCUUNANATOPHUHI 3HEPTINACKH

E-= tha(na + %) (12)

anoxuaa OCUMANATOPAAP 3HEeprusnapu WuUFMHAMCMAaH nbopat 6d¢naan.
Ocumnnatop KOOpAWHATaCcKM KMAMATAApPX  3XTUMOANAPU  TaKCUMOTUTa

kapanamk. Knaccvk ctatuctmkaga 6y TakcumoT

2q2

dWq) = Ae deq Ae *dq (13)

AaH nbopar.
KBaHT MexaHWKaja LWy MacanaHn xan aTauamk. Xap 6ump

OCLMANATOPHUHT SHEPTUACK
1
g, = hm(n + Ej (14)

ndopa banaH aHMKNaHaAAW.
g,q + dg nHTepBanza oOCLUUANATOP KOOPAMHATACK KnimaTtn 6¢anwm

3XTUMOAN, YMYMUI Tabpudra acocaH,
dw(q) = p(a)da = da)_ w,v; (15)
w o=ae™ , B=-"— (16)

(15) Ba (16) aaH k¢puHaankn

p(a) = a)_e"y2() a7

(17) aaH xocnna onamms.

dola)) _ 22y ey, v, (18)
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— = Py, 3KaHAMUTMHM Ba N —>N=x 1 ¢Tmmnap peannsaunacum

6¢awanrnin sbTMbopra oamb, (18) HmM é3amm3 (MMNyAbC MaTpuLacu

3/1IeMeHTIapn y4yH N — N £ 1 ¢TnwnaprmHa masxya)

s 2 N
ZaZ e Pen \.|/ I: :| = %Z e P n“Vn[pn—ln\l]n—l + pn+1n\|jn—1]

P,,N=-0q, . P..., =100, , H1 3bTM6OpPra onnb AaBoM 3TTPaMM3;

dp(q) _ 280 ey _
dq - A Zn:e [qn—ln\Vn\Vn—l qn+1\|]n\|jn+1]

n—1— naamawTtnpamms.

dola) _ 280 5.1 ., i o
dq - h ;[e qnn+1\|"n\|]n+l qn+1n\|]nwn+1e ]—
22&)[ b 1]2( gy ‘lfn+1)
dp(a) 2a(o o) .
dg  7n -€ Z SRRV (19)

DHAN ap HW aHMKNANANK
ap = a aze_BSnW§ = aZe_Baﬂ a(\Vn\Vn): aZe_Ban [qun—ln\Vn—l + qunJrln“VnJrl] =
= ‘n _1_> namammupa]wug‘ = a{ie_ﬁsn_ﬁhqumlwanﬂ + Ze_ﬁgnqnﬂn\v n\V n+1j| = (20)

“aft+e )Y q,,p,v,.0 ™

n=0

(19) Ba (20) aaH onamms:

pro _pho

dp(q) 20 1-e™ 20 e’ -e? o Bho
dg P L P CTR—T 5 ™ gpth > (21)
e +e
(21) paH
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dp :_Z_OJthBh_@

-d
o ’ 5 g-aq
eKmn

In p(q) = —qZ%thwlTanC

e Zthmﬂ

pl@)=Ce" 2

LUyHaan kmamb, nanaHaétraH TakCMMOT p(q) HW ONaMn3:

O h
(o) = Com - Ot 2
I dw, = Ip(q)dq =1 (22)

waptaaH donganaHmnd, sonmmin coH C HM ToMamma:

1
C = 1 - (% thth(”Tj2
o oo AT
20 2

LyHaan knanb, oxmprm Hatwxkanw (F.Bloch, 1932) onamma:

1
ho 2 ) /]
dw, = p(a)d() = [n—(*; th%}z exr{—q 9th—‘ﬂdq (23)

KBaHT mexagnHaza KoopAMHaTa KUMMaTaAapy 3XTUMOJIapy
TaKCUMOTWU

2.2

_Bog
el gkm e 2

K¢puHMwaa 6¢anb, byHaa B knaccuk pusmkagaru %_ AaH bapkananp:

2 . ho . 1
B =—th——. B uerapaBuu xonaa, Temneparypa rokopu 6¢araHga — ra
ho  2KT

dtaaw.
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M3ox 1. bnox Hatuxkacwm (23) HK maskyp kutobaarn metos 6umnaH

OCOHIMHa OANLW MYMKUH, XakukataH, (11) H1 Ha3apaa TyTMb €3amua:

f(E)= ¢ = f(a)1(p)

(24)
byHaa
_Bo’a®
f(g)=Ae * (25)
_Bp®
f(p)=Be ? (26)
\% 1
Ocunnnatop yuyH v =1 = — = :
U <eg>
l:< >:h—cocthh—0)

(27) Hm (25) ra k¢nnb, TaKCUMOT PYKHLNACK f(q) HWM bnaox TakcumoTn (23)
H6unaH 6mp xun aKkaHANTNHK K¢pamms.
N30x 2. (27) Hu (26) ra K¢nMmnb, ymymaalraH nmMnynbCc KMinmMatiaapm

IXTUMOSI1IapUn TaKCUMOTUHN OJ1aMU3!

2
p hhm

f(p)=p(p)=Be ™ (28)
(25) Ba (26) (ékn (28) TakcmmoT dyHKuuManapugarn A Ba B HM Hopmanal

wapTaapwu

+

ffmb®)=1

acocnaa Tonmnnagu:
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Macana 5.1. TapMOHWK OCUMANATOPHMHI 3UMYAMK MaTpuuacu q
TacaBBYpPAA aHUKJAHCUH.
Eunw. MyBo3aHaT xonataarm ocuuanaTopaap aHcambam yuyH 3nmuamk

mMaTpuuacu, Tabpud bynmua,

p(q,q')=a;e“"wn(q)\vn(q) "

ndosa bunaH aHMKNAHAAW. j3rapyBUMNAPHU KyMaarmya anMaluTMpaniuk:

gq=r+s,q =r-=s 2)
()
Xocuna \%8/r un Tonaiiamk:

d-q =2s 3)
(@j _0pdq_ dpod _ (3p _dp @

0s), 0qos 0gos oq &g

ap(q’ q) _ —Pe, ' a\I]n(cl)
o C A= Q

op(a, ) e () OV (@)
— n n 6
= aZn:e v (@75 (6)

.. Oy _ . 0
byHaa Iha—qn: v, ; p:_la_q nMnynbc onepatopn. OcuMAATOP Y4yH

MaTpuLua 3neMeHTaapu HongaH papkam 6¢naam: n — n+1 dtnwnap yyyH

(taHnaw kownagacw). bynapHu abTbopra onnb ésamms
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. i
Py, = % [pn—ann—l + pn+1n\|’n+1] =
- '5[— 00, ., () +i0g,.,v,.(a)] = @)

= % [qn,ln\ljnfl(q) o qn+ln\Vn+1(q)]

XyAAN WYHUHTAEK TEHIIMKHU €3aMun3:

d\ljn(q) — 9 ' A '
Br i a4 () = Anenyr, ()] (8)

(5) Hu (7) HX Ha3apaa TyTNb KarTa €3aMums:

dp _ao

aq- 7 ey (q N, v, (@)~ 0, w,a(@)]=[n-1—>n|=

(n —-1—>n aﬂMammupaMu3) €)
B AL YR TS SV
LLUyHWHraek é3amns:
:s - %‘);e*m”wn (@[, ¥, (0) = A w,a(a)]=
_ a;’{ze‘w (W, (@), - ge‘m”wn(q )\vm(d)qmm} = —1—n awmawumuparus|=
o {Zeﬁﬁw (@, (0 ). - ge“"wn(q)\vm(q')qm}

(10)
(9) Ba (10) HM Ha3apaa TyTKb, (4) HM €3amu3:
(GP) g% _p|_
0s ), oq oq
2am

= h{(e"”“’ +1)3e ™, (@, (@), € +1)3e v, (@ )\VM(Q)an} =
= 22@(“ e e ™ [v. (@ vy (@)= v, (@ v, (@),

(11)
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DHAW Sp HU @aHUKNAWAMK. =T +Sg =r—SfdaH g+ =2r;q—-q = 25

S= (q_Tq) ,£I,e|v|a|< q7p Ba —qu JIapHW aHUKAaLW Kepak.

gp=aY.e™ vy, (a )y, (q)=
= a{i e "y (0 v, (@), + > e, (0 )v,.( )qmln} = (12)
=afﬁ“”mmﬁﬁmidhw+§k%wu®%m4®mm}

qp =a Zeiﬁgniﬁhm\vn(ql)lvm—l(q)qnml + Zeiﬁgn\Vn(q)\Vn-*—l(q‘)qn-*—ln :| ) (13)

n

(12) Ba (13) gaH donganaHmb onamms:

sp = ;(q —q)p = g{(l— e™)> ey, (@, (@), + (™ - 1)Z wml(q)\vn(Q)qm} =

n

=2 1re™)y ey, @, @)+ v, @, @,

2 n
(14)
[emak,(11) Ba (14) paH aHUKAANMK3:
—Bho
(%j = — 280 . 2(1+ e_ ) - pS = _@pscthﬁh_m
ds), nooall-e) h 2
ékn byHaaH
_g2 20 pPho 1
r,s)= Alr 2B = — 15
p(r.s) = Alr)e B=is (15)
ABBanru ¢3rapyBunnap g,q ra ¢ranauk:
c_a+d _(a-qd)
2 2
[emak,
. la-qf o, pro
pla.a) = Ale » "% (16)
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g+q =r,q=q 6¢araHaa aBBaarM MacanaHVHI HaTUXKACK OIMHULLIN 3apyp,

ABbHN

.~ 2 2 .
ek 4= pa ’ =40" by 3bTnbOpra onmb éamms

olaa)=( S le ) exp{_ @xal o 2"%} )

(17) Hu (16) ra Kynmb, oXMprn HaTUXKaHW ONaMm3

Vo[ @ h_wi _ola+gf o _ola-q)f . fo
plad) = (nh t 2ij eXp{ m Mar e Mo U9

N30x 1. Matpuua p(q, q') HUHI AWaroHan 31eMeHTaapu p(q, q) (18)
AaH q=( 6yaraHga onnHaan. by AnaroHan snemeHTnap 3ca aBBaru
MacanaHWHI HaTuXKacuaup.

N30x 2. by AwnaroHan snemMeHTAapHWHI Knaccuk xongaru mndbogacu

KT >> hom wapt 6axapuaraHaa (18) gaH onvHaaw:

20 ho Luzq2

p(q) - Ae YT _ Ae_ 2KT (19)

Hopman KoopAuHaTa q AaH Tabunin KoopAuHaTara

yTanamk: o’q’ = K mx® = kxX. by xonga
m

k¥
p(X) = Ae &7 (20)

MNoTeHunan 3Heprus % bynraHgarn Mabaym [mb6c (ékm bonbumaH)

TakCMMOTU ndogacn Kennbd umkaamn.
N30x 3. ho>>KT 6OyaraHaa 3MUavMK  Matpuuacu  AuaroHan

N1IEMEHTUHN aHMKﬂaIZﬂMK:
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qu ) 1 qu

p(a)= Ae " =y, (@) v, = A (21)

V() —OCLUMANATOPHMHT  acocuin  xonat  TYAKMH  GyHKUMAcK  (q-
TacaBBypAaap).

Macana 5.2. Ocumnnatop yuyH 3U4AMK MaTpuuaHu p-—TacaBBYpAa

AHUKNAHT.

)KaBob:

1
V(L e [ (p+p) o (p-p) . ho
p(p’p)_(mhchij eXp{ Aho th2kT 4ho Cthsz (22)

Kypcatma. ABBasrn MacanaHu eumaraH ycyn KyanaHaau.

N30x 1. 3nunnk matpuua p(p, p') HW AMaroHan anemMeHTaapu ndogacm

pPp=p Aa OAnHaAAW:

o(p) = Aexr{— Ethh—“’] (23)

Acocun  MaTtHgarm ymymumn udogagaH 6y (23) udogaHum Kynaarvya
ONNHAAM:

_pe 1 2 . ho
= Ae 2B = = —th— 24
p(p) & <e> ho 2KT 24)

B HUHr By KMAMaATUHK Hasapaa TyTm6, (24) ndoaa (23) TakCcumoT
6bunaH GUP XWMA 3KaHAUTUra KaHoaT XOCUMA KWAMHaAW. A Hopmaasiall
WapTUAAH aHUKAaHaAMW.

N30x 2. knaccuk xonga (KT >> fio wapt 6baxapwuaraHga) (24) ékn (23)

AaH

p2

p(p) = Ae # (25)
MakcBenn TakCMMOTN GYHKLIMACK YnKaaN.

N30x 3. o >> kTxonpa (24) aaH
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p(p) = Ae™ =|y,(p)’ (26)

1 p?

TaKCMMOTHM onamn3. ByHaa w,(p) = A%e 2  OCLUMANATOPHUMHI  acoCuii

XONaTV TYAKNH QYHKLIMACKAMP.
Wzox 4. p(p) ékn p(q) Hu p(q) = [w(a) aeb Tacassyp atunca, ymymuii
X013 \y(q) bYHKLMA KaHAaW TEHTNAMaHWHT eunMmn bynaan?
[w,(q) Ba y,(p)—LLpeanHrep TeHrnamMmacHUHT eunmu]
N30x 5. FapMOHMK OCLIMANATOPHMHT 3UUINK MaTpULacK
p=2" exr{— B Hj H = pl2m + mo’q’|2

g-TacaBBYypZarn MaTpuua 31eMeHTIapu

g ™"

. 1
p(q,Q)=Z<q

1 e
q >= 3"y, (0, (0) 9)

1 < <
npoga 6unaH aHuknaHagu. byHaa e, :hoa(n+£j XyCyCUin Kuimatnapra

MOC KesraH TyAKuH dyHKumanap

v,(a) = (T;Oj 32%,) ¢* [i = %q}

H, (¢) 2pmunT noanHomm

Hn(g):(_l)“eéﬁi]ne—éz -© Jamper
v, (&) HuHr ndopacngaH doiiganaHub, 3MUAMK MaTpULACK 3eMeHTAapu
p(q, q') yuyH (18) ndosgaHu onnw MmymkmH. AMMo By ycyn eTapan gapaxkasa
Mypakkab 6yaraHun yuyH 6y epaa yHM kanTapmMacZaH by ycyn xam fHa

aBBa/IrM HaTMXara oanb KeanWwmnHu Kang 3t bunaH yerapasaHamma.
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VI 606. ®aykryaumsa Hasapnacu

1-§8. Knpuw

CratncTnk PursmKaHuHr acocum Basndacu - TEpMOANHAMUK KOHYHAAP
Ba MyHocabaTaapHu acocnall, ynapHu ncboT Knamw xamaa TepMOANHaMMK
byHKUMANAPHN MONIeKyNap - KWHETUK Hasapus acocuga xucobnawgaH
nbopart. byHaa dun3nk katTannknapHuHr ¢prava Knmumatm xmcobnaHunaaw.
KaTTannknapHuWHr  XakuMKu  KUAMaTAapuHuUHr  ¢pTaua  KuMMaTaaH
YEeTNAHULIVHN (OFULLIMHKN) XaM MyBO3aHaTAN CTaTUCTUK PU3nKa TaAKMK,
Kunagu, ypraHaau.

@u3uk KAMMAnukaap xakukut KulimMamisaapuHuHe yaapHuHe ¢pmadya
kutimamudaH macodugut  YemaaHuwu2a — Gaykmyayusa — xooucacu
deliunadu. MoaaanapHUHI MUKPOCKOMMK xoccanapura daykTyauma tabemp
kunagu. Jemak, 6y XxoccanapHu uykyp TYLWYHUW YUyH OAYKTYaUUSHUHT
TabCnpuHN xucobra oavw 3apyp. Ly cababan, daykryauma xoamcacmHm
¢praHn Tagkuk Kuanw GAyKTyaums Ha3apUACUHUHE axaMUATU LWyHAAH
XaM nbopaTtky, y MyBO3aHaTAM XOnaT Hasapuacu 6unaH HOMyBO3aHaTAU
xonat Hasapuacnm ¢pracmaa  k¢npukHu  Tawkun  3tagu.  Cucmema
My803aHam/au xonamoaH 4YemjaaHUWu cmayuoHap 6d¢auwu MymkuH. by
HOMY803aHAMJIU XAapaéHAapHu ¢peaHuw ycyau KuHemuka Oeluaadu.
OnykTyaumsa Hasapuacu  KUMHETUK  Hasapua  ycyanapuHu  ¢praHuwra
k¢rmaraH Kkagamamp.

Nxtmnépuin  Mukgop x  GAYKTYauUUACMHUHE  MuKAopuid  ¢nuamu

—\n
cndatmga (x—x) KaTTanuk Kabyn KuanHagw. AkcapusaT MacananapHu

eunwaa n=2 64¢araH xonga donganaHnw etapam 6¢nagun. by xonoda (x — ;<)2
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HU X KammanauauHuHe ¢pmaya keadpamuk Gaykmyayusacu €éku

ducnepcuscu detunadul.

2-§. DnyKTyauUAHUHT TEPMOAUHAMUK Ha3apuacu

Gapas kunahamk,cuctema  X(x,X,,..) napameTpra  HucbaTaH

aHuKaHraH 6yanb, ByHMHr ypTada KninmaTn Kynmaarnda 6yacuH:
Xk, %)

Bz X HWHr Xxakuknuni KUAMATAAPUHUHE ypTada Kuumat X  pAaH
YETNAHULIM  KOHYHUATUHKW, AbHWM X HUHT  KUMMaTAapu  3XTUMOANapU
TaKCUMOTUHMW aHUKNALLVNMN3 NO3UM.

OnyKTyaunsHN aHuKNaW YyyyH (YyA4aMCu3) SHTPOMUAHUHE YMYMWUN
Tabpupu

S=—-<Inf(E)> (1)
ndopasaH poviganaHnnaan; byHaa KaHOHUK TaKCMMOTHU Kyraarnya

AHNKNANMMU3:
f(E)= 2™ B = S 2)

byHaa Z-CTaTUCTUK nHTerpan (MNFUHAN), U-nukn 3Hepru4,
2V —CUCTEMAHMHI  TaMUABbTOHMAHVHW  aHWK/AOBYM MapamMeTpaap COHW;
FOKOpY TemnepaTtypaja, SHEPIrUAHUHT IPKUHAMK Aapaxkanapu bynmua TeHr
TaKCUMJIQHULWIW  KOHYHU ypuHAM byaraHgaa (2) TakcumoT [mHOCHUMHT
KaHOHWK TakcumoTura ytaau. byHaaH KaHOHWMK aHcaMbib 3HTPOMUACUHM
TONamMu3:
S=v+InZ (3)
Cuctema €kn YHUHr BUMpop KWUCMUHK XapakTepaavauraH ©¢usmk

KaTTaauk X(xl, x2) HWHT y3rapuwn 6unaH CUCTEMaHMHL X0i1aTu y3rapaau.
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®apa3 kunanavk, sHTponua Temrnamacu (3) dakat MyBO3aHaT xoJsaTAaru
cucTeMa yuyH ypuHam 6ynamacgaH X HUHT Hapua KuMmataapuaa xam
YPUHAN BYNCUH:
SX) = v(X) +In Z(X) 4)
dnykTyaums xoancacmaa spKNHANK Japa>kanapy COHU Jommui aeb,

(3) Ba (4) ndopanapaaH kynnaarura sra 6ynamms:

%E% - exgls(x) - X ©)

byraa S(X)- S(X) = ASX) < 0 Ba aemak Huc6at é((% (0,1) nHTepBanaa

y3rapagn Ba CUCTEMaHMHI MyBO3aHaTAW XONaTAaH YeTAaHMLIN 3XTUMOAU
W(X,)_() HU aHUKNaNAWN, AbHU
W(X, X) = Aexdag(X)] (6)

6yHaa A-HOpMaaiaW WapTUAAH aHUKIaHaAM.
wix, %)= 25 as(x) = s(x) - (%)

(6) ugpodaHu SUHWMelH gpopmynacu deluaaou.

Kyinparm 6up yarapysuan X(x,) = X 6yaraH xonHM kapab unKaiamk.

MapameTp X HUMHF ypTaya KMAMATU X JAaH YeTnaHuWM Knumk 6yncuH. by

xon4a S(x) HM KaTopra Kyuuaarnya €amnmnk:

S(x) = S(?()+§ X_XO(X—)_()+%- oS

o il (x=xf +... )

X = X 6ynraHga s3HTponua S(x) Makcmym kuiimatra ara 6ynaau. LLyHuHr

y4yH

=052, <0 ®)

s
oX

(8) ra acocaH
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sx) - i) = a8(x) = - (x - xf o

byHaa

0°S

PV >0

B =

(9) HM Ha3apaa TyTnG, (6) bopMynaHu Kyunaaru KypyHuLWAa é3amMms:
W(x) = Aexy{— (gj(x - Q)z} (10)

(10) parn A Kynmparm HopmMaanall WapTu

[W(x)dx = 1 (11)
AaH tonunagun. (10) Hm (11) ra kywumb, A = (2£j2 3KaHWHWM Tonamus (6.1-
|

mMacanara kapadr). LWyHagan kuamb x  KaTTaAnKHUMHE - baykTyaumacu

KMMAMaTAapU YUYH Kynnaarn TakCUMoT QYHKLMACUHU ONaMm3:

w)= (L) o (B3] w2

by makcumomHu [aycc makcumomu (éku Hopmasa makcumom)
detiunadu. by TakCMMOT CUMMETPUKANP Ba X = X Aa Makcumymra ara (6.1
pacm).

W(x)

6.1- pacwm.
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2

KBagpatnk daykTyaumsa ypradacu (x—>_<) HW (12) acocmnpa

aHnknanmms (6.1 6.2-macananapra KapaHr):

+00 2

(x——_x)2 = L(X—Q)W(x)dx:%

2nX x)z xg{ M] (14)

FOkopuaa 6up napameTpHUHTr bAyKTyaumMAaCMHN  Kapaauk. Xyaam

(13)

[emak,

WYHWHIAEK, Kyn napameTpaap GbaykTyaunsanapuHm KypuwmMmn3 MyMKuH. by
XON4a CUCTEMA SHTPOMUACK LY napameTpaap X, X,,...,X. HUHT QYHKLMACK
6ynagu:

S(x) = S(x, % -0-1%,)
By xonaa nmapameTpaapHWHT ypTada KMiMataapuiad veTaaHuwm

3XTUMOAM W(X) HU Kyhnaarmua é3amms:
W(X)dxdx,..dx, = AexgASX)jdxdx,..dx, (15)
byHAa

S(X) Hn ()g —Z) Aapaxanap byuuua katopra éamus, ()g —Z) HN KNUnK

AG6,I4KKMHHM TapTM6ﬂM XadnapHu xmco6ra onnw bunaH yerapajiaHamMuns,

ADBHN

X =X,X; x( X _ZXXJ _Z)Jr

< 85 x)i Ly S
:S(X)+Zia—)gxi_x()§_Xi)+2zaxax

1]

ékun (8) ra acocaH

- IS bkak k) as
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(16) Hwu (15) ra Kkywmb, aHukNaWMMKU3 no3um  BynraH aykTyaums

3XTUMONAPYN TaKCUMOTUHM TOMaMW3.
19 Ry
W(X) = Aex[{— EZBH()Q — X Xxj - X, )} (17)
]

byHaa A Hopmannaw wapTtu

+j:o...TW(X)d)(ldxz...dxn =1 (18)
AlaH Tonunaau:

A= (271:)72\/3

B- matpuua B, ; HUHT aeTepMurHaHTK (6.1, 6.2 - Macananapra KapaHr).

Macananap.
6.1. (10) ndogasarn A HN aHUKNAHT.
Eumw. Kynanamk yuyH x=0 ae6, (10) Hu (11) ra kysamu

“” 1
Alexg —=Bx* dx=1
fos -3¢

-

6yHaarun I [MayccoH nHTerpaanHu Tonamms:

eKun

| = J'e’yzdy
BYHVUHT yuyH 12 HW €316, CYHr KyT6 KOoopAuHaTa cucTeMacura yTub,

WHTErpasnall amaanHn 6axapamms, SbHM

1% = JZTeXZyzdxdy: 2JltdcpTrerzdr _on-log
—o0 0 0 2

?

1

Ademak, | = Jr. LyHaan kmamb, A(zﬁj
T
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6.2. (17) ndogasarv A HW aHUKNAHT.
Eunw. (18) wnHterpan ndogaHn xmcobnaw yuyH X ycTvaa LyHAau

HN3NKAN aIMallTnpumLl

=~

X = aX (1)

~ 2
HW Gaxapaiinvkky, KBagpatTuk dopma > B XX, HaTvxaga » X’ ra

aNNaHCWH, AbHU

ZBi,inXj = anz = inxjsi,j (2)

i

(1) HK (2) ra Kynumb, KynmaarmHm xoCua KMnamms:
;Biﬁmajn =93, (3)
ByHaa uan TOMOHZarn matpuua AeTepMuHaHTAapu B = ‘Bij‘, a=[a,| YyHr
TOMOHZAr1 MaTpuua AeTepMnHanTy 3ca 3., | = 1. LyHUHr yuyH
pa’ =1 4)
TEHrIMKKa 3ra bynamms.

(18) vHTerpasHn YM3nKAM anmMalTMpraHiaH KenvH, akobmnaH gonmum

Ba a ra TEHT 3KaHJUIMHW Ha3apaa TyTnb, KynmaarnHn é3amms:

[ -] aW(X Jxdx,...dx :AaT...Tex{— % > xf}dx'ldx'z...dx'n _

—00 —00 —o0 —00

+o© 1, n
=Aq [e? dx} = Aa(2n) =1

€kun (4) Hn 3bTMbOopra oAnb, aHMKNAHULWIN 03UM ByaraH A HU Kyumaarmua

SAKAHJNTUHN TOMaMIN3:

A= (27:)72\/6
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6.3. CucteMa KUCMUWHUHT XONaTMHU undogananavraH napameTp X
6yncuH. SHTponma wudogacm (3) acocmaa X HUHM  dayKTyauuanapm

TaKCNMOTUHN

o, (6)

W(X,X,)=Ce ™ ° (1)

KyPWHWLLFA 3ra 3KaHAUTMHW KypcaTuHr. ByHaa AA . —cuctema KUCMUHWUHT
MyBO3aHaTAn xonat Xo faH X = X, + AX xonatra ytmwgaa 6axxapuavwu
3apyp 6yaraH MUHMManN ULL.
Eunw. Tyna cucrtema xonatu ysrapraHga baxkapvnagumraH vl TepmMo-

AVHaMVKa KOHyHAapura acocaH

dA> dU - 6dS
€KW KBa3M3IaCTKK (KauTyBYaH) XapaéHaap yuyH

dA . = dU-6dS 2)
6ynagn. byHaa U Ba S cMCTEMAHWHT MUKW 3HEPrUACK Ba SHTponuacu. Tyna
cuctemMa  akkanaHraH, avHu dU=0 6yncvH. Cuctema KUCMU  eTapau
fapaxkaga kuumk bynca, cucteMa napameTpu O HUHK y3rapunHu xucobra

ONMacNkK MyMKWH. By xonga cHcteMaHuHr Xo xosnatgaH X = X, + AX

xoJ1aTra yTULIM yUyH (2) acocnaa KyumaarmHm é3amma:
AA,, = -0[S(X) - S(X,)] 3)
(3) HK (6.6) ra kKynumb, NCOOT KUAMHULLIM NO3MM ByaraH (1) ra ara
6ynamus.
TepMOAMHaMUK NapaMeTPAaPHUHT ypTaya KMAMaTaapuaaH
YeT/NaHMLWK, ABHU GAYKTyaumacy Ternwam (Moc) nw baxkapuamwm éunax

coanp bynaaw.

3-§8. TepmoagHaMuk napametpsap PpayKTyaLmnacu
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TepmoamHamuk napametp X HUHT AX ra y3rapuwu Tydanam
CUCTEMAHWHT NUKK 3Hepruacn Ur sHTponmacM S Ba XaXmu V.  HUHT
yarapuwnapy AU,AS Ba AV 6yacuH. Y3srapmac TemnepaTypa Ba
bocumaarn cuctemaga daykTyaumsa cababam Tawkn Kyunap 6axapraH v
TepMOoAMHaMMKa acocuaa Kynumaarmia aHnKNaHaam:

dA> dU + pdV - TdS

(byHaa 6dS= KkTdS= TdS : kynanamk yuyyH MHAeKC HONb E3naMangm).

ByHAaH MAHVMMaNb MW yUyH

dA . = dU+ pdV-TdS (19)
ndpogpara sra 6ynamms. by ndogasa T Ba P myBosaHataarm kunmatnap. U
Hn  AS Ba AV napaxanapu 6yiinua katopra éamms:

oV
ooV

. o0U

(AS) + ye (AV) + 2

2
AU = a—UAS+8—UdV+1[§SL:

AAV | +... (20)
oS oV 2

Mabaymkn, 6y ndogasa xocunanap yuyyH ynapHUHT MyBO3aHaTAaru

KMMAMaTAapPW ONNHAAM.

PN o1
0S oV
NnapHu Hazapgaa Tytm6, T Ba P napameTpaapHUHT y3rapywmnHu é3amMma:
2] 2]
AT:A@ =6L2JAS+8UAV (22)
0S 0S oVoS
2 2
—AP:Aa—U :aUAV+ oy AS (23)
oV oV? ooV
(22) HM AS ra, (23) HM 3ca AV ra Kyumaarnya Kynamntmpamms:
2] 2]
ASAT = & U (AS) + oY \vas (24)
0S oVoS
2 2]
_APav = 2 Li (AV) + oY \sav (25)
oV ooV
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(21), (24) Ba (25) napHw Hasappa TyTmb6, (20) TEHrAMKHM KyWuaaru

KypUHULWAA E3aMm3;
AU = TAS - pAV + %(ATAS— APAV) (26)
X HVHT yekaun y3rapywm X + AX yuyH (19) Hum

AA, =AU —TAS + PAV

KypuHuwaa é3mnb, 6y udoagara (26) gaH AU Hu onmb kenmb kywcak,

Kynnaarn myHocabat xocun 6ynaau:

AA = %(ATAS— APAV) (27)

AA,,,, HUHT By ndoaacnHm
W(X,AX) = C exg{— ﬂ}
KT

ra Kymmb, TepmMoanHamMuK napameTpaap ¢aykTyauusanapu yudyH

KyWnaaruHn onamms:
W(X,AX)=C exp[2k1T(APAv — ATAS )} (28)

By epaa 0 = KT zeb kabyn kuamHaw,

Macananap.

64. (AV),(ATf Ba AVAT ypraua kBagpaTuk daykTyaumsnap
aHNKNaHCH.

Eunw. SpknH y3rapysumnap V Ba T 6yacuH. Y xonaa

AP = (ipjm s (E AV )
oT oV ).

AS = (a—sijT + (a_s AV 2)
oT oV ).

TepMO,ZI,VIHaMVIKaAaH MabJlyMKWH,
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oS Cv (0S oP
L VR R ) ¥ 3)
oT T '\ev). \eoT

(3) HM 3bTMBOpPra 0Anb,(2) HM Kyrmaarmya éamMms:

AS = (@)mv + Cv AT 4)
oT T

(1) Ba (4) napHwu (4.28) ra kynmb, kynmaarn ndoaaHun XxoCUa KMnamms:

oP
(8Vj . Cv 2
W(AV,AT )=C —L(AV ) — AT

: : (5)

AVAT ra MytaHocub 6yaraH xaanap (5) wdosaga wmwTMpOK
3TMaétnp, gemak, xaxm V Ba temnepatypa T dayktyaumsnapm bup-bupura
60FAnK 3Mac, abHU AVAT =0.

(5) B4aH  KYpUHaaMKM  XaxMm Ba TemnepaTypa  KBagpaTuK

baykTyaumanapu yuyH Kynmaarmaapra asramms:

(AV) = —kT(g—\F/)J = kTy,V

(6)

2
(aTy =4I
C. (7)
byHaa ¥, :—\%(2—\;) —WN30TEePMUK CUKUAYBYAHAUK. TepMOaMHaMKK
T

2
TeHrcusamknapgad C, >0 Ba 7y, >0 ¢aykTyaumnanapHuHr (aT) Ba

(AV )’ MmycbaT 3KaHAMM MabyM.
6.5. (AP)’,(AS) Ba APAS dbaykTyaumanapHu aHUKAGHT.

Eunw. SpkuH y3rapysumnap P Ba S 6yacuH.
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(1)

AT :(G_Tj AP+(8—T) AS
P ). es ). 2)

TepMOﬂ,VIHaMVIKaAaH MabAyMKWH,

@@ e
oT ), oS ), \ 0P )
(3) HM 3bTMBOpra 0anb, (1) Ba (2) HM Kynnaarnya €amms:
AV :(8\/) AP+(8T) AS 4)
oP ), oP )
AT = (GTJ AP + LAS (5)
oP ), C.

(2) Ba (5) H® (28) ra kynnb,

W(AP,AS):Cexp{l(anS(AP)Z L (AS)Z} ©)

2kT 0P - 2kC,

3KaHJANTUHW aHUKNANMM3.
(6) maH 6ocum Ba 3HTponuA ¢aykTyaguanapu bup-bupura 60FamK
3Macaurn, AbHU ASAP =0 3KaHAUTXM KypuHaAW. DHTponua Ba 6Hocum

kBagpaTtnk baykTyaumanapuv yuyH (6) aaH Kynuaarvnapra ara 6ynamms:

(AS) =kC, (7)
2 oP KT
AP) =—KT| — | = 8
w7 =-(37) - ®
byHaa A, :—3(2\;j —aanabatuk CUKUAYBYAHANK.
S

6.6. luku sHeprus keagpatvk dpayktyaumacy (AU ) HW aHMKAaHT.
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JpPKWH y3rapyBuunap kuavb, V Ba T HWN ONNHT.

Eunmw.

AU :(au) AT +(5U) AV 9)
oT ), oV ).

ByHW KBagpatra Kynantmpmo, CyHr yptadyanamimms,

(AUY = (au jz (AT) + [au )2 (AV ) (10)

ar ), v ),

(AT) Ba (AV) JnapHWHr YpHWra yaapHWHI KWiAMaTAapuHW Kyiicak,

Kyvngarura sra 6ynamma:

(AU) =C kT* - kT(a—Vj(GU I = kT{TCV +VA, (G—UH

P \ov oV

4-§. 3appanap coHn paykryaumacm
CncTeMaHuHT BUP KNCMU XaXKMUHWUHT daykTyaumacn yuyH (6.4 -

Macanara KapaHr).

(AV) = —kT(a—Vl

TEHANK YpuHAnAnp. Arap cuctema kucmmn N Ta 3appanapgaH nbéopat
6ynca, (29) HmM N? ra 6yncak, conmwTtvpma xaxm GAyKTyaLUusacu yuyH

Kynrnzaarn TeHIrnK Xocun bynaan:

(V) %) 6o
N N2 oP ),

By dnyktyauma cuctema xaxmu €ku 3appanap COHM y3rapmac feb
KapanaétraHura 6ofamk 3mac. WyHuHr yuyH, (30) acocnaa Mabaym
XaXkmaaru 3appasiap COHN GAYyKTyaunUACUHN aHNKAALWLNMN3 MYMKUH.

XakukKataaH xam,
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] ~va )=~ e 61
N N N

ByHW kBagpatra Kytapub, cyHr yptayanab KynmaarmHu TonamMms:

VAN :(AVT

N* N

ékn (30) HM 3bTMBOpra onmb Kynngarn 3appanap  GaykTyaumsacu

nbosacnHm ésamms:

:_ KTN*(oV
(AN) = vE (apl (32)

KpI/ITI/IK Xonatlia (apj CMKWNYBYAHIUK YEKCN3NUKKaA WHTUNaAAWN.
T

LUyHWHr  yuyH (31) gaH KypuHaauky, 3appanap coHu  baykTyaumacu
yekcmanmnkka nHTunaamn. Ly cababam, Kputnk xonataaru >xapaéHaap Maxcyc
KapanuLm NO3HM.

Macananap.

6.7. 3appanap coHn GAyKTyaumnacn Kynmaaru

(AN) = kT[aNj (1)
OH Jry

KypWHMLLIra 3ra 6y avWwnHN ncboTt KUANHT.

oV . .
Eunw. Xocnna P Hu y3rapmac N ga é3amums, abHun

T

2
(5\/) :1( 0 NV) :_V(ﬁ.'\'j
k), NP ). NP V),

By epaa y3rapyBuaH napametp Aeb, V Hu 3mac, N HM OmW MyMKUH

((36) dopmyna myHocabaTn 6munaH anTuAraH U3OXHW KapaHr). Y xonaa

ELE,
oP ), NUloP ),
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d® =d(Nu)=—-SdT +VdP + udN
exn

Ndp = —SdT +VdP

N oP
o5, 2

(3) HM 3BbTMBOpra oanb (2) Hn kynnaarmnya ¢3raptTmpmb éamms:

(2] V(@) (v "
oP )iy N2laon) \opP NZ\an ),

dHaAn (4) Hu (32) ra k¢umb, 3appanap coHwn oaykryaumacn (1) Hu

AaH KyhngarmHu onamms

XOCUN KUNaMU3.

6.8. Knaccuk naean 3appanap yuyH (AN) Hu aHmknaHr.

Eunw. busra mabaymku,

»__kTN*(ov.
(AN) =—=7 (anT @

Waean ra3 tenrnamacu PV =NKT ga ymymuit matematuk myHocabat

PX-H zlra acocaH (1) pan knaccuk 3appanap GAyKTyaumacu yuyH

(AN) =— (2)

ndogara sra 6¢namus; byHaa 1~ koppensumoH napametp. Vigean ras

yuyH p=1 akaHanrngaH nanaHaétran dbaykryauma ndoaacu

(ANY =N 3)

Kenmb unkaan.

5-8. KBaHT npean sappanap coHu paykryaumacu
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Npean KkBaHT 3appanap CUCTEMAaCMHWHI MyBO3aHaT XOJ/aTu Yu4yH

®epmu-Anpak TakcMMoT GYHKLMACK

- 1
ni = f(SI)Z (Ei*H) (32)
e +1
Bose - SMHWTEeNH TaKkCMMOT YHKLMACK
- 1
no=fle)=— (33)
e -1

¢puHAW; ByHAa N —&, SHEpPruaan | KBaHT xonaTaaru 3appanapHUHr ¢pTauva

COHW.
Cuctemagarv KBaHT 3appanap COHM N HuHr GAYKTYaLNACUHN
Kynnaaru
(An Y = kT[ani jT (34)
Op

dopmyna (6.7-macana (1) dopmynara KapaHr) acocmja aHUKAaNnMms.

(32) Ba (33) napaaH [?J HW ToNnB, ctHr (34) ra k¢rmnb, Pepmm-ras

T

y4yH

bo3e-ras yuyH

(An Y =ni(1+n) (36)
npoganapHn onamms.
Knaccuk naean ras yuyH bosbuMaH TakcumoTnaaH ¢ovganancak, (34)

dopmyna acocna

(An ) =n, (37)
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3KAHAUIMHM Tonammn3 (6.8 MacanaHuHr (3) dopmynacura kapaHr). Knaccuk
naean ras yuyyH onuHraH (37) Hatuxka (35) Ba (36) dopmynagaH n;i <<1
6¢nraH yerapaBum xonga Kenmb unkagn.

Macana. 6.9. SpuTmagarn KoHueHTpauna GayKTyaunmacuHU aHUKAaHT.
K¢pcaTtma: (34) dopmynagaH povisanaHuHr.

Eunw. (34) dopmynaHu é3amms:

(An,) = kT@Si jT (1)

ObyHAa n Ba W, puTMagarv i— xuagarn MoAAa 3appanapuvHUHT COHM Ba

XUMUABUA NOTEHLUMANN.

(1) HM 3appanapHUHT ymymuin coHn N? ra 6¢amb, KOHUEHTpaums

C, ::; HUHT GAyKTyaumacn yuyH Kynmaarm GopmynaHn onamms:

2 KTN( oC, KT
AC,) = - |= 2
(AG) == (auij Nz(a“‘jT )
on,

6-§8. dnykryaumanap myHocabatnapwm

®apa3 kunanank, cumctema (EKM YHUHT KUCMMK) yHAarnm GayKTyaums
XapaéHnapu Tydanam ¢3vHMHI MyBO3aHaTAM XOAaTMAaH HOMYBO3aHaTAM
xonatmra ¢rraH  6d¢ncvH.  Cuctema  xonatvHuHT By  ¢3rapullmHm
"dayktyaumanoBum kyy” F (yMymun xonga Tawku Kyd) Tabcupuaa coamp
6ynaantu feb TacaBBYp 3TULW MYyMKMH. By Kyu F Tabcmpm Tydbanam yHra moc
yMyMAawraH  KOOPAWMHATaHWMHI  y3rapulwuHKM  ypTada  KulMaTuaaH
YyeTnaHUWKHKM X bunan Genrmnamnunk. by xonga 6axxapwuaraH vw Fy ra TeHr
6ynagn. HomyBo3aHaTAM XxonaTaarn CUCTEMAHWHI FTaMWIbTOHMAHW, aéHKM

H=H~F,  6Yynagn; 6yHga H, MyBO3aHaTAM xonaTaarn CUCTEMAHUHT
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raMuabTOHMaHW. Jlokan MyBO3aHaT xakuaaru dapasra acocnaHmb, KaHOHUK

TaKCUMOT QYHKLINACUHN
1
f(H)=— expl-p(H, ~F,)] (38)

KypUHMLAA €3amu3.

By epaa mMaxcyc WwyHun TabkANaNMU3KK, naean cMcteMa KapanaéTtraHaa
(Knaccmk éku KBaHT X0 byanwimaaH KaTbmi Hasap) AMHaMUK napameTp X
buTTa 3appara Termwan Gyanwm MyMKmH.

Cuctemagarv X HAHT ypTada KuiMaTm ymyMnn ycyn bunan

Kyrungarmnya Tonunagm:

[ x(p.a)exp[-B(H, — F,)ldpdq

x= [exp[-B(H, — F, )ldpdg

(39)

byHga p Ba  @-3appanapHuWHr  yMymaalraH  MMMNy/abCiapu  Ba

v
KoopAuHaTanapw, 3 = U

(39) paH kyrmaarn xocmnaHn ofamms:

(ax] _ BJx*exp[-B(H, - F,)ldpdg {Jxexp[—B(Ho F)]dpdq}

[exp[-B(H, FXX)]dpdq

oF ), Jexp[-B(H, - F,)dpdg
=p(Ax)’
LLyHAan kKnamb, x napaMeTpHUHT GAYKTyaLmacK yUyH
;[ ox 1
AX) =0 —|,0=" 40
(Ax) [aFl 5 (40)

ndpogpara ara 6ynamms.

Xyaau WYHUHTAEK, GAYKTyauuanoBun Ky4dnapHuUHr  GaykTyaumacm

(AF )" yuyr

(AF) = e(fl (41)
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npopaHn onamms. (40) Ba (41l) kywanok napaMeTpAapHUHI (KymaagaH

CTaTNCTUK KaTTafIl/IKJ'IapHI/IHI') CI)J'IyKTyaLI,VIﬂﬂapI/IHVI dHakKalW MeTognapunanp.

(40) Ba (41) napHu bup-bupura kKynantmpmbd Ba (SEZFJ =1 pneb
X 0
Xncobnab
(AF Y (ax)f =0 (42)

MyHocabaTHn onamus. (42) Hu bupuHumn oayktyauma MyHocabatn aeb
atanmMums.
Onyktyaumnsa yuyH F =P 3kaHaurvHm Hazapga 1ytmb (ByHW KenuH

acocnammms) (42) Hu
(axparyf - @3)
()

KypuHuwaa €é3amm3. (43) HU UKKUH4YM  PaykTyaumsa MyHocabatn peb

aTanmMmms.

7-8. MapameTp/lapHUHT KOPPeNALUACU

OnykTyaumsanap CMMMETPUK BYAraHn yuyH, SbHU YNAPHUHT XaKWKUK
KMMMaTAapWn ypTada KMAMaTAaH MKKM TOMOHTa BUp XuUa YeTaaHraHavkaapu
YUYH GAYKTyauMsaaapHUHT YpTayacu AX Xap A4OVMM HOAra TEHT 6ynaju, AbHM

AX=(x-%X)=x-%x=0

X

Cnctema napameTpaapy X Ba Y HWUHT GAyKTyaumsaapy KynamtMacUHUHE
ypTavacu AXAY HWU Kypanauk.
AXAY = (X=X Ny —y)=Xy — Xy (44)

X MapaMeTPHUHI KUMMaTAapu Y MapaMeTpHUHT KuiMataapura 60fauK

bynmMaca, SbHW YNAPHUHI KUMMaTAapu axTumoanapun bup-bupura 6ofang

bynamMaca, X Ba Yy HUW anoxuia-anoxuja ypradanaw MyMKuH. by xonga
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Xy=xy Ba Aemak AxAy=0 6ynagn. Arap X Ba Yy napameTtpiap
KUMMaTAapUHUHE  Bup-bupura  Tabcupu  Bynca, AbHWM  YNAPHWUHT
xTmmonnapu 6up-bupura 6ofamk 6ynca, Tabummkyu, X Ba Y NapHU
anoxuaa-anoxuaa ypradanab 6ynamanam Ba AemMak Xy =Xy 6ynagu. by
xonga AxAy =0 6ynagu Ba napameTpsiap X Ba Y opacuia Koppensuus
MaBXyZa 6ynagn, KoppenaunaHuHr ya4osm cndbatmga
AXAY = Xy — Xy (45)
nbosaHn kabyn kuavHaan. Arap x=Yy 6ynca, (45) daykryaumaHm
ndopananan.
Ymymnawran F, Ba F, Kyuynapra MOC, CMTeMaHW XapaKTepJoBYM
napametpnap X, Ba X, 6yncuH. Temnepatypa T 6yaraH Tepmoctat buaaH

CncteéMa KOHTaKTAa TypI/l6ﬂ,I/I ,a,e6 X Ba X, napamMmeTpiaapHMNHI

Koppenaumnacn AX,AX, HNU aHUKJANANK.

Ba F

. Kyuynap Tabcup 23TaétraH 6ynca, YHWHT

Cuncremara F

raMuabToHMaHm H
H=H, -Fx - EX

KypwHMLra ara 6ynaaw.

ByHaa X, Ba X, ymMymaawraH KoopAuHatanap (¢ Ba ymMyMaaluraH
UMMYyAbCAAp P HUHT QyHKUMANAPUAKP.

Bup y3rapyBum napametp b6yaraHza (m HW aHLWKJaraHMMmn3 Kabw,
KaHOHMK TaKCUMOT

f(H)=Z"exgdH, - Fx, — F,x]

acocmaa KynmaarmaapHm xaM OCOHMKYA aHUKAALLMMN3 MYMKUH:

AXAX, = 0| — |, 46
o 3) @
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AXAX, = 0| —= |, 47
w3 @

(46) Ba (47) HAHT Yan TOMOHAAPW TEHTAUTUAAH

K[ 48)
ok, ), Lok ),

3KaHAurn keamb umkaan. by (48) myHocabat X, HWHI y3rapuwm X, ra
TabCUpW KaHgam 6yaca, X, HUHT y3rapuwimv X, ra WwyHAauANImHN KypcaTaam
(OHzarep npuHUMnn: F, HUHT X, ra Tabcupun F, HUHT X ra TabCupura TeHr).

Macananap.

6.10. (40) acocnga cuctemMa Xaxmu V HUHI ypTada KBajpaTuk
bAYKTYyaUMACUHM aHUKAAHT.

Eunw. Xaxkmra Moc ymMymnawiraH ky4 - MmaHoui nwopann 6ocnmamp.
BuHoGapwH, aHnKAaHWWK no3uM byaraH ¢aykTyaums yuyH (40) acocmaa X
HW V 6unaH Ba F Hu (- P) 6unan aamawtmpub,

(AV) = —G(Z\F’,j =6V, (1)

ndpopara ara bynamus; byHaa x, = 21

Vv (&j -N30TEPMUK CNKNTYBYHAHTUK.
T

oP
6.11. ¥Y3rapmac xaxmau cuctema T TemnepaTtypanu TepmocTaT 6unaH
KOHTaKTAa 6yacunH Ba 3appasiap MaHbaun bunaH 3appanap aamawmnbd Typum

MYMKUH B6yncuH. by xoaaa cncrema xonatu KaTta KaHOHUK TakCUMOT

f = exp[— B(Er - Mnr )] (1)

" Y exp-BE —un)
6unaH ndboganaHaamn. byHaa p-3appaHnHT XUMUSBMIA NoTeHUmMann, n Ba E
3Ca r -X0NaTAarv 3appanap COHV Ba SHEPrusCuanp.

MabﬂyMKM, MaKpPOCKOMUK cnctemMa y4yyH S'/pTa K||/||7||V|an|ap m Ba E HK

ojaTAa TepMOAMHAMMK MyBO3aHaTAarn kuinmMataap bunad aamawTmpunaam,
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MWKPOCKOMWK CUCTeManapra Joup Macana KapanaraHga 3ca h Ba E

napameTpaap n Ba E 6wunaH aamawTtmpunagn. WynapHu Hasapaa TyTnb,

3appanap CoHw Ba 3Heprva oayktyaumanapu (Anf Ba (AEf Hn xamaa
AEAN KoppensunsiapHu aHUKAaHTr.

a) (An} Hu aHuKnaHT.

Eumw. (39) 6unan 6y macanagarm (1) HM coanwTMpcak, KypamusKu,

3appanap COHWra MOC yMyMaalraH Kyd - 6y XMMUABUM MOTEHUManamp.

LUyHWHT yuyH, (40) ra acocaH, 3appanap CoHU GAYKTyaUNACUHU é3aMun3:

(an) = e(g—ﬂj &

6) AEAN HW aHUKANAHT.

Eunw. E yuyH é3nnraH

E > .E expl- B(E, — pn,)]
Z sexd_ B(Es - lvlns)]

npopasaH p Oynmya xocumna onamms (xocunagarm E Hm E  6BunaH

(3)

aJ'IMaLIJTI/IpaMMB)I

(6_E] _p > nE exg-BE —un)|
on ), > exd- B(E, — pn)]

DI RN SR S RS
B {Z sexd_ B(Es - “ns)]}z B(E Eﬁ)

= B((E - EXn - n)) = BAEAN

byHaaH:

AEAN = e(a—EJ @)
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N3ox. Arap (4) ndopsaga E Hu n 6bunaH anmawTmpunca, 6busra

MabAyM 3appanap coHu (An)f paykTyaumacy onvHaau.

B) (AE)' Hu aHuKAaHT.
Euvmw. By macanaHm eumw yuyH (3) wudogaHn B HGyunmua

avddepeHumnantaimms;

(EJ __2.EE —un)expg-BE —un )]
B ), > sexd- B(E; — uny)]

L 2 Eed-BE —pn ) (E - pn)expl- B(E, - un,)
{Z sexd_ B(Es - “ns)]}z

- E(E—pn) + E(E — pn) = |E - E?) - (En - En)| -

= —l@ — uAEAnJ

(4) Ba (5) npopasaH KymmaarMHm onamms:

eI

N30x. bepk cnctema yuyH (AE)2 = 07 % "Ocuwnnnatopnap tynaamm”

Mogenura acocaH E =0. [emak, (AE) = 0%; Knaccuk xonga 6 = KT 6y

XONAa TakKCMMOT QYHKLMA KAHOHWK TaKCUMOTAaH nbopat 6ynagan. KeaHT

* 6yHaa

xonga 0 = %Ocththofr Ba 6y xonaa Takenumot dyHkums (E) = |y

W -OCLMANATOPHUHT TYAKUH QYHKLMACUANP.

8-§. Npean ras 3appanapu TaKkcMumMoTm
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®apa3 kunanauk, GepuaraH umxtmépun Vo xaxmaa wxtmépun N
COHgaru 3appanap 6yncuH. Ly 3appanap COHM 3XTUMOANAPY TaKCUMOTUHM
Tonannuk. aean rasHMHr yMyMunin xaxmm V, 3appanapuHuUHT yMyMUIA COHW
N, 6yacuH.

Arap 6up >XMHCAM ra3 MyBoO3aHaT xonataa bynca, 6Gupop MxTUEPUIA

o \% o
3appaHuHr V xaxmaa 6yanw 3xTMMonm (Vj ra TeHT 6ynagn. bup BakTaa
0

N
N Ta 3appaHuvHr V ga 6yauw 3xTMMOAM 3ca (\%} ra TeHr. Xyaawu
0

WYHUHrAeK, bBupop nxTnépuin 3appaHuHr V. xaxmga byamacank sxTmmonu

V, -V

ra TeHT, N, — N 3appanapHuHr V xaxmaa 6yamaciavk 3xTMmonu
0

V.

0

No—N
3Ca (VO _V] ra TeHr 6ynagn. LLyHHHT yuyH V xaxmpa nxtnépmin N T1a
3appanapHuHr 6yawn sxtumonn W(N) kyhingarnua aHukaaHagu:
v N vV Vv No—N v N v No—N
W(N) ~ | —| | = = =] |1-=—
VO VO VO VO

Cuctema 6up >uHcam  bynraHga \\//:Nﬁ 6ynaan, uyHkm nV = N,
0

0

nV, = N,. bynapHu abrnbopra onnb, KynmaarnHu é3amms:

-4

N,, V, Ba V nap yuyH N, - o, V, - o Ba V < oo kabyn knam6, W(N)
YUYH KynuaarmHm onamms:
W(N) = consN"&" (49)

Hopmannaw waptn
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JaH
1
const= —
N!
HW Tonamua. LyHaan kmamb,

W(N) = (50)

By W(N) wugean 3appanap TakCMMOTM yuyH OAuMHraH [lyaccoH

TakKCNMMOTUAUP.

Mabaym N yuyH, nekHH y3nykcv3 y3rapyBum napametrp N yuyH
TakcMMoTu (50) HM é3UL MYMKUH:
dW(N)=w(N)dN =C N"e"dN
ekm
dW (x)=w(x)dx = C, x"e*dx (51)

Hopmanaw wapTtugaH
C.Jx'edx=CI(N+1)=1
0

C, H¥1 TONamms,

1
C N =2

6yHaa T'(N +1) ramma-dyHkuma. N 6ytyH coH 6ynranga I'(N +1)=N!

bynaaw; aemak,
_ 1 . -
N)=——N"e"dN
W) (N +1) edN,

1

N"e" - ramma-TakcumoTamp.
(N +1) X AP

byHaa W(N )=

198



Macananap.
6.12. N2 Hu AHWKIaHT.

Eunmw.
Nl 2 “ N - NN N - NN 2
N =NZONZW(N)=e NZZ(N_Z)!H; Nzl(N _1)!:N +N (1)

LLyHAan kuamb, naean ras 3appanapu COHM KBagpaTvk GAyKTyaumsacy yuyH

KyUnaarmHu onamms;

(ANY = N )
6.13. MyBo3aHatan bepk cucTemMa 3IHEeprusacuM  Kumnmataapu
TaKCUMOTUHW

dHUKJ1aHI Ba

f (E)E = DY EriendE (1)

F(v)
3KaHANTVMHN MCBOT KUAMHE. ByHaa v-3pKnHAVMK aapaxanapu coHu, I'(v)-
raMma-QyHKUMA, B =0 3pKUHAUK JapaxacHra TYFpy KedraH ypraua
SHeprus.

EuM. N Ba v 3PKUHAVK gapaxanapura sra 6yaraH cucTeManapHuHT
sHepruanapn E , E  kwiimMaTaapy TekKMC TakCUMAaHraH Ba N> v, v < o
6yncuH.

Mabaym 6Up 3PKUHAUK Japaxacura MOC KeyBuUM  dHepruis
kuiMatuHuear - (0,E)  uHTepBana 6YAuW  3XTUMOAW,  3XTUMOANAp
TaKCUMOTVMHUHT  TEHr TaKCUMAaHWL  xakugary dapasvMmusra  acocaH,
WHTepBan y3yHAurn E ra nponopuvoHan 6ynagn, Mabaym v Ta 3PKUHAMK
Aapaxanapura Moc kenyBum 3sHeprua KuimatuHuer (0,E) uHTepBanga
6ynuww sxTumonn P(E,) aca axTmonnap kynaiitmacy E* ra nponopuyoHan,

ABbHU
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PE)-E )
Arap E y3nykcu3 y3rapca, Mabaym 3pKUMHAWK Japa)kajapura Moc
SHeprusa kunumatnapuHuHr E , E + dE, wHTepBanga 6yavw 3xtmmMonu
dP(EV) YUyH (2) ndogara acocaH, KynmaarmHm €3amms:
dP(E) ~ E"'dE
(byHaa Ba ByHAAH KEVMH MHAEKC v HU Tylumpunb Kkonampamms).
Xyaam rokopuaarvaek, MabayM 3pKUHAWK Japa)kacura MOC KenraH
sHeprua  kuiimatuHmur  (0,E) aa 6ynamacamk  sxtumonn (E, —E) ra
NPONOpLUMOHaA, MablyM N— Vv Ta 3PKUHAWK Japa)kanapura MoOC KejraH

n—-v

sHeprua kwiimatn (0,E) ra 6yamacamk sxtumoan 3ca (E, —E) ra
NPOMOPLMOHaNAMP.

NXTnépnii v Ta 3PKMHAMK Aapaxanu cucTeMa 38epruscuHuHr E,
E + dE unTepsanga 6yamw sxtumonanrn dW(E) rokopuaarv s3xtumonnap

KynanTmacagaH nbopat, SbHM

dwW(E)~(E)™(E, -E)"dE 3)
DHAN XxMcobnanmms;
N> o, nm(%j _ o @)

By dapaszvmus, mabaym mabHoga Tmb6C aHcambavra akBuBaneHT, O 3ca
OUp 3PKMHAMK Japaxacura TYyFpu KearaH ypTada 3Heprus, SbHU Vv
PKUHAMK Japadkacura 3ra 6yaraH CUCTEMaHWHE UYKKU dHepruscn U =vO

6ynaan. (4) Hn Hasapaa TyTnb, (3) ndbosanHn ysraptnpumb ésamms:

n—o0

n -V _E
dw(E)~ lim E:VE”[l—EEj [1-5} dE =n""0""E""e °dE

n n

eKn
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dW(E)=Cn™0""E""e °dE, (5)

byHaa

3KaHM xmncobra onnHaN.

Hopmanaw waptmgaH C HM TONamMms:

[dW(E)=Cn™0" [ E* e "dE =1
0

0

byHaa

E ©
[E'"—e PdE=06"[x""e"dE=0'T(v)
0

0
HU Buarad xonaa C HW aHUKIAUMU3:
C=1/n""0T(v)
LWyHaan kmamb, (5) 3XTUMOANNK YUYH:

1 s
dW(E)_fBV(E)dE_eT—(V)E e *dE (6)

ByHaaH MCOOT KUAMHULWN NO3UM BYaraH 3XTUMOINK 3nunmrn (1) Hu,

0 == 3KaHAUTUHU Ha3apada TyTI/I6, OoJ/1aMIn3.

= |~

6.14. ABBanrn 6.13-macanaHuHr (6) ndbogacnpaH kyumaara [lyaccoH
TaKCUMOTUHW OJINHT:

vV§V

W)=

(1)

Euvmw. by macanaga 3Heprms 6O MabayM, JI€KMH 3PKUHINK

Aapakanapu COHW v y3rapagu:
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v=012,...
By xonga 3pKWHAMK Aapaxkanapy COHWHMHI Bup OGupankka y3rapuiiu,
3Heprua E HuHr 0 ra ysrapuvwmra onmb kenaam, SbHU
AE =0; BAE =1 2)

(2) HM 3BTMBOpPra oMb, raMma-TaKCMMoT PoAaCMHN

1 oE
dW(E)_WE e °dE
Kynngarmya €3amms:
_ BE) egqp). (BE) e
Wie)= o) BIE)= G)

V HUW aHUKNANMUN3;

e

Aemak, v =BE. by epaa
SW(v)=1

3KaHu Hazapaa tytuagu. WyHaanm knanb, (3) ndoaa NMyaccoH TakcnumoTn (1)

6unaH 6up xma.

6.15. Kynuaarn axtumonnvk ndogacu

dw (E)= evrl(v) E''e °dE (1)

faH (6.13-macanagarn (6) dopmynara kapaHr) b6epk cuctema (AbHU Vv
H6epuaraH MabayM COH) YUYH TaKCUMOT QYHKLIKACUHN aHUKJIAHT.
Eunw. v ynuoBan ¢asogzarn paauycnapyn E Ba E+dE 6yaraH

runepcoepanap opacuaarm snemeHtap xaxm dI. Mabaymku, E''dE ra

NPONOPLMOHAN, ABHN
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dr. ~E"'dE
[MnepLapHUHT xaxxmu I, 3ca
I, = AE (2)
bynagu €xm byHaaH
dI. = vAE"'dE, (3)
byHaa A-xap 6Mp KOHKPET X0/ YUYyH anoxuaa aHukKaaHaam.

YmymaH, dI. 6yrmnuya mHTerpannaw ypHura sanemeHTap runepkybnap
(katakuanap, "xonatnap") xaxmnapu d'=dl(p,q), 6yhnua xucobrawl
MYMKUH. By xonzaa

dr, = gdr'(p,q), 4)
6yHaa dI' ranepkyb xaxmu, E 3Hepruanm xonatnap COHW g ra TeHr aeb

onnHaw. (3) Ba (4) napHu Hazapra oamb, (1) ndoaaHn kanTa €3amma:

| m

ge gh*
dwW(E)=— > d'=— >~ e °d
B)= gare )T o are )t "
exn
dW(E)= f(E)dn, (5)
byHaa
f(E)=2" °, (6)
zio M @)

C0'Al(v+1)
dr . o
dn= P ynyamcus coH, h-lNaaxHk gonmummcm.

(6) ndosa aHMKNaHMLWIM 3apyp ByaraH TakCMMOT GyHKUMAcManp; Z -

LY CUCTEMAHWHT CTaTUCTUK MHTErpanun (MMFUHANCK).
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N30x: MyaccoH TakcMmoTW, ramma-pyHyums xamga 6bepk cucTema

YUYYH TaKCMMOT QYHKLMACK

f(E)= Z%e (8)

opacuia WyHAanh 6ofnaHuw 6opkK, ynap Mabiaym wWwapTtaap baxapuaraHaa

6up-bupnapuvra ytmwnapu MyMKuH.

9-§. YNsnKAN rapMOHUK OCLLUNNATOP KOOpPAMHATacu Ba

MMMY/IbCU KMAMaTaapu GpayKTyauualapuHUHI TaKCUMOTHU

CnctemMa X0MaTUHM XapaKTepP/IOBUYM Xap KaHAan GuU3nK KaTTaaMKHUHL
baykTyaumanapm TakCMMOTU LWy CUCTeMa x01aTnapuy TakCUMOTU GYHKLMACK
OpKanWn aHUKAaHaAW, AbHU XoiaTnap TakCMMOTU GyHKUMACK (3XTUMOANap
3nunmrn) daykTyauma HasapuacK yuyH acoc bynaan.

Bepk cnctema (v = cons yuyH

f(E)=2z2"%"™ 6=B"= v (53)

A%

Ocumnnarop y4dyH

P> kX )
E=—* , K. = Mo 54
om T o K, (54)
(E)=U = "@ctn 12 (55)

2 2kT

nooganap MabayMm.
Ocumnnaropnap aHcambam yuyH (53) Hu kynavmmi.  (54) Ba (55)

napHu (53) ra kyamma:

f(E)= f(x p.)=C, exp{— _ (fx)z }cz exp{—

ékn byHaaH
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f(E)=C, exp{— 2(2;)2} (56)

pZ
f(P )=C,exp| — ¢ 57
(R)=C, p{ Z(Apx)z} (57)
byHaa
h o  (E)
A ? = A - th = 58
(0 = (o) = ;1 atn . = 15 (58
2 s Mo ho
Ap.) =(A = h =m(E
(ap,)" =(Ap, (o)) == “cth | —=m(E] (59)
C, Ba C, napHu HopMaall WwapTaapu yyyH é3naraH
Jfax=1 [t(p,)p, =1
ndoganapaaH aHMKNANMU3:
1 1
cit [ o o | 2 E L
mo  2kT Mo’
i ho : L
c, :{nmhmcchkT} = [2nm(E )} (60)

(56) Ba (57) wnoomanap X Ba p,  OdaykTyauuanapu  TakCMMOTW
byHkunanapnanp. by Takcumot dyHkumanap laycc Takcumotmnamp. by epaa
scnatamms: X* 6y X = 0 garv (X — X)°, abHU

X' =(x-x)f, x=0

dHan (56) Ba (57) OyHKUMANAPHUHE XYCYyCUA (4YerapaBuii) XOANaPUHU

Kypauauk.

1. Knaccuk xon: Pam << 1, B = %_

by xonga
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cthBhTw < T B L kT 62)

2. KBaHT xon: Bho >>1
by xoaaa

pro o
cth > ~1 (E) 5 (61)

(57) Ba (59) napra acocaH wgean 3appanap WMNYAbCU KWMMaTaapu

TaKCUMOTW YUyH

1/2nm<E 2m<E } ©3

byHOaH knaccuk xon y4yH Makceenn makcumomuHU 01aMu3:

1 P
f(p)=—— x% __bB 64
o(P.) J2nmkT © 2ka} (64)

KBaHT x0n yuyH (62) H1 xmucobra onnb, (63) aaH

1 2
fu(p)= e —n;*w} (65)

Hu Tonamms. Bunammaky, f(p,) = |w(p,)’ 6yHaa w(p,) - ocumanatop acocwii

XONATUHWHT TYAKUH QYyHKLMNACMANP.

KoopanHata kunmatnaapm TakcumoT dyHkumacu (56) knaccuk xonza

Mm> % M2 X2
fk'(x)_LanTj ex‘{_ 2kT} (66)

BosnbuMaH TakcMmoTn dyHkUmMacmaaH nbopat 6ynaan, KBaHT X0n4a 3ca,

f,(x) = (n—”‘;‘)j exl{— ”‘(’;X} (67)

6ynaan. Bunammaky, . (x)=|w(x)" 6ynaa w(x) - ocumnnstop acocuii

XONATUHWHT TYNKUH GYHKLNAANP.
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Macana. 6.16. Hopmanb «koopawHata Ba HOpPMasjab WMMYAbC
KMMMaTAapy TakCMMOTU QYyHKLMANAPU aHUKJAHCUH.

Eunw. Ocumnnarop aHepruacnHn Kynnaarmya éamms:

b kX 1L
“om ' 2 _JR+%%)

byHaa HOpmanb KoopguHata (¢, Ba HOpMadb WMMNYAbC P, KyWhuaaru

KyPUHULIAA aHUKNAHAAN:

kyimaarm  f(q, )dg, = f(x)dx,  f(p,)dp, = f(p,)dp,  TeHrAuknapaaH
n3naHaéTraH  TaKCMMOT  GYHKUMAAapU  (3XTUMOIMK  3MUAUKAapH)

Kyruaarmda aHukKNaHaAM:

1 1

f(q,)=-m?f(x), f(p,)=m?f(p,)

10-§. dneKTpoMarHuT MaaoH GAYKTYaLMACUHUHT CNeKTpab
3nunuru Ba MNMnaHk popmynacu

Ma'bJ'IyMKI/I, ANEKTPOMArHnNT Mal\/'I,D,OH SHCPrmach smynnrin

&(w) = 4—1n E*() (68)
6ynagn.
TakcMMOT PyHKLMACK
o) Lo o (69)
z

HW MyBO3aHaTAN HYpPAaHULL Y4YyH Tagbuk 3Tamms.

ot £9]
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HW TONaMms.
ByHaaH 3nekTpoOMarHuUT  MangoH  GAYKTYaUMACUHWUHT  CriekTpan

3NYNUTUHWM TOMNAMW3!

(E*(0)) = 2n{g(w)) (71)
Bup ocunnnatop yuyH, daykTyaumoH-anccmnaynoH Teopema (O4T) ra (13-8§
ra KapaHr) acocaH, AaykTyauma cnekrpan 3MUANTM - Kyumaarmua
aHnKNaHaaW:
(e(w)) - (o), (72)
6yHaa (£(®)) OCLMANATOP SHEPIUACUHUHT YpTada KuimaT
(olo) = 2 etn2 g 73)

o () Kabyn KMayBUAHANK KOIPOULMEHTVHUHT MaBXYM KMCMU.
BUpAvK uyacToTa MHTepBaAMAaru xonatnap (ocumnnarop) coHn glo)

Kymnnaarnya bynaam:

g(o) = —C

[lemak, GayKTyaLms <E2(oa)> yuyH (72) Ba (74) napra acocaH,
() = wlololso) 75
exu
() = aoplo) 0
MyHocabaTra sra 6ynamus. byHaa p(w)= g(o)e) - HypnaHnw sHepruscu

CNeKTpaa 3NYANTUHUHT ndogacu.
Bakyym yuyH cuHampuw kypcatknum n=1 Ba o” = 1. by xonga (71)
Ba (7/6) aaH
(E*(0)) = plo) = 2n(g()) (77)
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TeHrnamanap ypuvHAW; OyHAa HypAaHWN 3HEPrvACcK  3UYaAnNrn p(co)
3/1eKTPOMarHnT MangoH GayKTyaumacu cnekTpan 3uvuavrura Tedr. by aca
p(m) HU eku MnaHk bOpMyNacUHUHT AHTN (bowkaua)
NHTepnpeTauuacuanp.

DNEeKTPOMArHUT MavAOH 3HEPruach 3UUYIUTUHUHE ypTaya Kuimatu

<i@>

2 > HyPAaHWLL 3HepruacK 3uuanrn p(w) HUHE 21 ra GYANHraHura TeHr.
T

11-§. daykTyauma Ba HOAHUKJANK MyHocabaTtun
Ocumnnatop  KoopAuHatacu  Ba  UMNYAbCUM  KUMMATAAPUHUHT

dayktyaumanapu 6usra Mabaym:

(AX) = . :im cth BZ“’ (78)
(Ap,) = ”‘Z‘” cth BZ“) (79)

By nkku (Ax)* Ba (Ap,)" ndoaganaH daykTyaumanap KynanTMack yuyH

Kyr“nzgara KMMMaTHM OflaMu3:
1
[Ax)zApx )2]5 _ e e (80)

(80) wdopaHVHr baykTyauuanap YdyH YHMBeEpCan xapakrepra 3ra

3KaHAUTMHN KypcaTanivk.
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<—e
*—>
<—4

6.2- pacm.

dnykTyaumsanap ypradya kmnmatra HucbataH CMMMeTpUK ByaraHn yuyH
(6.2-pacm) 6y dnaykTyaumanapHu MoC pasuwaa 6up-6bupura “ynacuk”
("Tnkcak"), 6y "ynaHraH" ocunanATopaap TynaaMUHU XOCUA Kunaau; “sapum
ocumManaTopaap” HUHI CTaTUCTUK aHcaMbaun - daykTyauusnap TynaamuaaH
nbopar. LWyHaan kuanb, baykTyaumanapHm Kapaw  ocuuanatopaap
aHcambanHu kapawra onnb kenaan. dayktyaumanapHm byHgam ycyn 6unaH
KapawHn “ocumnanatopaap Tynaamn’ mogenv aeb atawmmMmns  MyMKUH.

[emak,

P kX - o’
2m+ 5 E(o), k =mo

nopogasa X Ba Pp,  PayktyaumanaHyBuM ymymaalwiraH KoopAuHaTa,
yMyaaLraH UMnyabCAmp. YMyMun xonaa ynapHuHr eaykryaumsanapm (78) Ba
(79) wdoamanap 6unaH, ynapHuHr kynamtmacu 3ca (80) ndoaza 6unaH
aHuknaHaan. [lemak, GUprHUM Ba MKHUHUYM GayKTyauma MmyHocabatnap (42)

Ba (43) garm 0 - 6y OCUMANATOPHUHT ypTaya 3Heprucu

0= <E> = h?mcth;%r

AaH vbopatamp. WyHaan knamb, nkkmHum dayktyaums myHocabatum (80)
YHUBEpCan xapakrepra 3sra 6yamb, knaccuk Ba KBaHT XOAnapAa, SbHU

NXTUEPUIA TeEMMNepaTypasa YPUHANANP.
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Temnepatypa (0,0) wuHTepBanga Yy3rapraHaa ctk(thOfl_j (1, 0)

MHTEepBaAa y3rapuwmHM 3bTnbopra oamb (6.3-pacm), (80) Hi

[K)ZKX)ZF > (81)

N | St

KYPUHMLLAA E3ULLNMU3 MYMKMH.

cth x

h®
2KT

X =
6.3- pacM.

By (81) lenseHbepr HOAHMKANK MyHOCabaTnamp.

(80) paH KypuvHaaukK, GAyKTyaums MyHocabatn TemnepaTypara

hw o
BOFNNK KNCM Ct%(m_) Ba TemnepaTypara 6ofank 6yamaraH kucm (byHuU

8aKyyM X07am y4yH ypuHau 6ynzaH Kucmu deliunaou) % KynamtMmanapuiaH

néopar.

Knaccuk xon Bhio << 1 6yaraHga (80) aaH

TEHFIWKHW, KBaHT Xxoa Phwo >> 64¢araHga, AbHU GU3MK Bakyym Y4yH

(T =06¢nranaa)
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(e anyf - 83

MyHOC36aTHM OoJ1laMn3.

12-§. Koppensauuma napametrpm Ba ¢a3oBun Koppenaums

opacuparu 6ofnaHun

bup XuHcan nsoTpon cuctemaga (CyrOKJMK EKW rasza) mMoJiekynanap
TEHT 3XTUMONNMK BunaH >Xounawaaw. JlekmH 3appanap 6up-6mpn bunax
¢3apo Tabcupaa 6¢araHavrn cababan, ynap opacuaa Koppenaums
MaBXyaanp. MacanaH, arap UKKu 3appaHun bup BakTAa Kapacak, BUPUHUHT
KONNALWNWINTE UKKUHUNCUHWUHT >KOWAALWMLWIM TabCUP 3TaAWn, AbHU yaap
opacunaa Koppensaums MaBXya.

V, MaKpocKomuK xaxmaars 3sappanap coHu N, 6d¢acun; m(F)

A

OYHKUMAHW KyAnaarnya aHUKAanavk:

1, aeap ¥ xaxem NV, uuuoa 6yica,
m(r):{ p . A ).

0, aeap T xaoxcm NV, mawxapucuoa oOyica.

®OyHkuma m(F) épaammaa N, Hu

|

NA:Zm(i)

-_

N
=1
K¢pnHnwaa ée3vw MymkuH;, N - cuctema 3appanapuHuUHr coHu;, N Ta

3appanapHUHr  TakCUMOT  OYHKUMACUHU (3xTMMONNap  3UYNUrK)

Fo(F.T,.....,F,) 6unan Genrunaiinuk. by xonga ¢praua kuiimat (N,) Hu

11727 N

aHWKNANMU3;
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(84)

= [m(F)F,(F )dF =nv,
By epaa 6up XMHCIM cuctemMa (ra3 ékn CytokanK) yUyH bupsappasui

TaKCUMOT QYHKLMACK Kynmaarnya aHuknaHaau:
F)=N[--[F(.F,....F, JdF,dF,

| drdr,...dr,

(85)
N — oo 6d¢araHga F.(F)=n kabu aHukaaHagu, N - 3appanap 3vuauru.
[emak, bynapaaH
(N,)=nV, (86)
HU €31LL MYMKMH.
(N

2) W anuKNaiaVK:

N3~ EZmeom(e)) ([ Sme+ EEmemie)]) @

i#] i#]

ByHaa m(f )m(F, )=m(F) skaHaurm xucobra onvHaam. Mabaymku,

<Z m(ﬁ)> =nV,. (88)
(87) parn xaaHun €3amMmn3:

S [ il e e, =

i#j i#]

= N(N —1)[---[ m(F, )m(F, )dF.dF, - F(F, ..., T, JRdF, ...dF, =

= [ [ m(F)m(F, )F,(F,, F, )drdr, = n? [ [ g(F, F, )drdF, (89)

ByHaa uWKKkM  3appaBuin  TaKCMMOT  OYHKLMACKM  KyWhmaarvya

|

aHVIKNaHaaW:
F(R.E)=N(N-1)]-[F(F,E,...F dedr, ...df, =ng(F,F,).  (90)
Koppenauuon dyHkumsa g(F,T,) 6uprHum 3appa di, xaxm 3nemeHTAa

6¢araHaa, MKKMHYM 3appaHnHr di, xaXXm anemeHTuaa 6¢anw aXTUMOANHM
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k¢pcatagm (EKM aKCUH4Ya, WKKUH4YM 3appa df, ga 6d¢araHaa OGMpUHUM
3appaHuHr df, ga 6¢anWw 3XTUMOAMHW aHUKNAKAN).

dHan (87), (88) Ba (89) napHu xucobra onmb 3appanap COHMU

bayKTyaumMACUHN aHUKNANMW3:

NZ) = (N, (ANL))  nv, 2 N
< ><NA> : N, s N g o =N =

— 1+ § [ lo(r,,r,) - Ldrr,

eKn

% =1+ Jflof.r.) - el (91)

A

CyrokAvMK Ba rascMMOH (M30TpOM) cuUcCTeManap YYyH KOppeAaunoH
byHKLMA g(ﬁ,fz) MKKW 3appa opacugarn macodpa I = ‘fz - m rarvHa
6ofnnk bynagun. LyHuHr yuyH I Ba T, 6yinva nHterpanHn I, sar =1, —
y3rapyBumnap 6ynnuya uvHTerpasnaw 6bunaH anmawTtnpub AkobuaHHWUHT

bupra TeHr 3KaHAUTMHUK xncobra oncak, (91) TeHrnama Kynnaarnya €mnagm:
(AN,))
(N,
Bab3aH  koppenaumMoH  yHKUMA  Kyumaarmyda  aHUKJaHaAw:
olr) = olr) -1

DHAM 3appanap CoHU  GAyKTyaLmuscy <(AN)2> BunaH  xaxm

=1+n[g(F) - 1fdr. (92)

dayKTyaumacu <(AV)2> opacugarm MyHOCabaTUHU aHUKAaNAVK. ByHUHT
o . \Y o
yuyH aBBan N Hu goumuin peb xmcobnab észamus: AV:NA(WJ; CYHT

6yHaa V Hu gomuin ge6, N Hu y3rapyBum aeb xncobnab
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AV = NVA(ij = —iAN
N N

TEHIIMKHU €3aMu3. by TeHrMKHKM KBagpatra KyTapub, cyHr ypTadanab,
n3naHaetraH

(AN, Y} =n{(aV ) (93)
MyHOcCabaTHW onamms.

YMyMuin METOANMM3 acocuga xaxm GayKTyaumsacu

(av)) = —e(ﬂl, 0=

oP

ndboaa 6unaH aHmknaHagn. VIkknHum TOMOHAaH

1("*’)

dv dP c—cC P\oT B

nu-— +-— =0, n = Popn= s v P

Fv TP g, " 1(avj o
viar ),

x0/1aT TeHr1amMacu 6usra mabvayM (I kmem IV 606ra kapaHr). by TeHrnama

LA
dP  Pun,

KYPUHMLIra €K N30TEPMUK MPOLLECC YUYH (C —>oo,N, = 1)

_ (d_vj — l (94)
dP /). Pu
KYPUHULLTA Kenagu. VI30TepMuK CrKuayBUaHIUK Y, = —(%) KUPUTCaK,
T

OXVPIY TEHIAVKAAH Kynnaaru coaaa, NeKuH Myxumm
Puy, =1 (95)
MyHOcCabaTHW onamms.
(95) H¥ Ha3apga TyTM6, Xaxkm bayKTyaumacu yuyH

(AV)) = (2,—\; (96)
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nboaaHu onamms. 3appanap eaykryaumacm yuyH, (96) HM Haszapaa TyTmnb,
no 1
((ANY) = N M1 (97)
Pu
ndojaHn onamms.

Naean ras yuyn 0 = KT Ba p =1 skawamrmgan (97) wdogasaH
MabayM <(AN)2> = N TeHrank kenmb umkagu. Ymymuini xonga, P = no

3KaHAUTUHW Ha3zapAa TyTcak, pean ras 3appanapuHUHI COHU GAYKTyaLmacu

naean xongarv GapkaaHULWLNHU KYypamMns:

o s,

(92) Ba (98) napHWHr YHr TOMOHAAPWUHW TeHrnawTnpub, Koppeaayus
napamempu | 6unaH  KoppeaayuoH PyHKYUACU g(f) opacugaru
H6oFNaHNWHM NPOAANOBUN AHTU YMYMUI TEHTIAMAHWN OlaMU3:

w* =1+ nf[g(r)- 1dr. (99)

By TeHrnamanu (95) gaH dovrganaHnb

Py, =1+ n[[gF) - 1fdr (100)
KypuHuwaa ésamus. by TeHrnamaga, arap 6ocum P yuyH unaean ras

xongarn nooga P, = NKT kabyn kuavHca, TeHrnama (100) Takprbuii

nkTy, =1+ n[[g(F) - 1]dr (101)

KYpUHUWHK onaan. (101) teHrnama OpHwTenH-LlepHuke TeHrnamacmamp.
[emak, OU3HWHT ymMymun Ba aHuK TeHrnamamms (99) ékm (100) paH

Takpnbui xonga OpHwTenH-LlepHuke TeHrnamacu (101) keanb umkaaw.

N3oTpon cuctema yuyyH KOppensaumoH ¢yHkuma mMacodara 60fauK

6ynnb, nyHanuwra 60FANK 3MaC, AbHM g(f) = g(r )
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N30x.

1. Ngean ra3 yuyn up =1, pemak, g(r)=1 6ynagn, AbHU
KyTUAraHWAEK, 3appasap opacuia Koppenaums nyk.

2. AHnK MyHocabat (95) parm  kynantma Py, HuHr 6uppaH
bapkamanrn  KoppenaumMa napameTpy L HW Ba Yy OpKaau

KOPPENALMOH PyHKLMACK g(r) HW aHWKAaWra MMKOH 6epaau.

B

3. o Ba [ TepMuKk KO3bOUUMEHTNApAAaH WL = — HU Ba JeMaK,
o

KOPpPenaumaHn aHuKAaWw MyMKUH.
4. Pean n3otepma Ba pean agnabataHuWHr Takpubun TeHrnamanapw

PV* = consl Ba PV" =consl acocmaga |1 Ba gemak, g(r)

XaKnga MabyMOT O MYMKUH.

13-§. daykTyaumnanapHuMHr BakT 6yrinua KoppeLwwmvacm

MyBO3aHaT/IM CUCTEMaHHHT BMpOop MNapaMeTpu X HU Kypauauk. by
napamMeTp BakT yTuwm 6unaH Yy3uMHWE YypTada KuAMatu atpoduaa
bnykTyaumanaHagn. Kynamnavk yyyH yprada kunmat <X> HW HOATa TEeHr
AEeVNVK: YHAQ YpTada Knimat GunaH X HUHT XakUKUA KMAMAaTK opacujaru
dapk X(t) AaH nbopart bynaaw.

Xap xwun BakTnapaaru X(t) HWUHT KWMAMaTAapyM opacuaa MabayM
koppenauma 6ynaan, AbHU X(t) HUHT Mabaym (bupop) BakT t parm
KMnMaTh H6owka BakT t + T ga Kabyn KMaMwm MyMKUH ByaraH Knimatiapm

3XTUMOIIapuUra Tabcup Kypcataau. byHaa BakT KoppensaumoH GyHKLNA Eku

aBTOKOppenaums (p(r) KaTTaaunk X(t)X(t + r) HUHT ypTaya kuimatn bunaH

aHMKNaHaAW, AbHA (p(r) = <X(t)x(t + 'c)> by epaa t Ba t + T BakTnapaa X
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KaTTaMKHWUHT Kabyn kuavwm MymkuH 6yaraH 6apya kunmatnapu 6yrmda
ypTayanaHagu. byHganm ctatucTuk ypradanaHuw BakT byrMmuya ypradanawira

3KBMBANEHTAUNP, ABHN

T

o(t) = (X(OK(t + 7)) = lim = [x(O)X(t + 7)dt (102

T T

X(t) napamMeTpHu Pypbe NHTErpann KypuHmwmga ndogananavk:
l +OO —jot
X(t) == [x,e™do. (103)
2T

dypbe - KOMMNOHEeHTa X Kyuuaarnya aHuKnaHagm:

(o)

X, = Tx(t)ei‘”tdt. (104)

dypbe NHTEerpan (104) HW KOppensaumnoH PyHKLMA
o(t—t) = (x(t)X(t')) ra kyiin6,

o(t'-t 1 @nf j j x X &' dpdo' (105)

npogaHn xocmn kunamms. (105) ga yHr TomoHgarn uHterpan dakat t'—t
HUHT QYHKUMACKM OYynMLIM YyUyH, WHTerpan wuwopacu octugarn ndosasa
aenbta QyHkuma 6yamwm wapt. WyHuHr yuyH, Tabpud 6ynunua, kabyn
KMaamMm3:

X X = 2nx’8(m + o) (106)

(106) Hu (105) ra kynmnb,

—t :—IIX {at+o't) 03+c0)d(odco=2i+f_i “dw

Tc—oooo

eKu
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o(t)=— [x’e™“dw (107)

MyHocabathu onamus. Bynaa ¢(t) = @(t'-t) Hunr S(w + ©') aensta-

bYHKLMSAHMHI XOCcacura acocaH, gakat, ® = —' JAarnHa HoagaH Gapkaun
6yanwmn xmcobra onnHAMW.

Xycycuin xon T = 0 aa (107) aaH
-1 Tx_j (108)
21 =,
VIKKWHUM  TOMOHZaH, (p(O) = <X(t)X(t)> = <X2(t)> napaMeTpHUHT
KBagpaTuK GAyKTyauUACUHUHT )”/pTaqacm,u,Mp. LLyHaan knanb,

X3(t) = = jx do (109)
Tc—oo

AnckpeTt xon yuyH 6y ndoaa kynmaarmya ésmnagn:

— 1 %= 17
x*(t) = — [ x*do = — [ x3dn (110)
27 °, 27 =,
(107) Ba (109) napaaH KypwuHaauKw, X_i - MapamMeTpHUHI KBaApaTukK

qDJ'IyKTyaLI,I/IFICI/I ypTaqaCI/IHVIHF cnekTpan 3ndanrn, NKKMH4Yn ToOMOHAaH XOZJ -

KOppenaumoH GyHKUMAHMHT Oypbe KOMAOHEHTAaCUANP, SbHA

+o0

X2 = [(r)edu (111)

—00

(107) Ba (111) myHocabatnap BuHep-XuHunH Teopemacmnanp. by teo-
pemMa KoppenaumoH GyHKLUMA (p(ﬂ:) 6unaH X(t) KBagpaTnK GaykTyaumacum

ypTauacu opacuaarv 60fnaHuWHK ndogananan.

14-§. dnyKTauMoH - AHCCUNALUOH Teopema
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CuctemMara TabCup 3TaéTraH ymymaaliraH Kyu f(t) 6yncuH. by kyu

cababnu cuctema MyBO3aHaT (3Hr KaTTa 3XTUMOAAN) XO/MaTAaH YeTaaHaau
(ofagu), AbHM CUCTEMAHUHI peakumnsacy (kaBobu) o3 bepaan. byHaa cun-

ctema GU3NK KaTTaIMINHUHT OFULLNHN X(t) 6bunaH benarnnanaunk.
CnctemMaHuHr XaBobu (peakumack) X(t) bunaH ymymnawraH Kyu

opacuaarn 60fnaHuLW Kyumaarmia aHnkKaaHaau:
X(t) = [ale)f(t - <dr, 112)

6yHaa olt) - cucTeMaHuHr xoccacura 60FaNK 6yaraH BakT GYHKLMACK Ba
1 < 0 6ynraHaa olt) = 0 6ynaam, uyHkm X Huer t naitaarm kuiimatn X(t)
wy nawnTraya OynraH BakTrarMHa 6ofank 6¢amMwm MymkaH. bowkaua
antranga, x(t) ra f(t') kyyHuHr t'>t garu KuiimMaTiapy Tabcup KypcaTuiim
MYMKMH 3Mac (cababUaT NPUHLMNNTa acocaH).

x(t) Ba f(t) napHu dypbe katopwra éiinb, (112) ra kyiicak,

X = oo)f

()

(113)

(o)

HW XOCUA Knnamus, byHaa

(o) = Toc(r ot (114)

6ymb, t© < 0 6yarannaa oft)=0 wapt 6axapunaan. o(o) - 6epuaraH kyu
TabCuMpuaa CUCTEMAHWHI YMyMmJawraH Kabyn kuaynyBuaHaurn 6ynmb,
YMYMUI X042 YHUN KOMMAEKC KyPUHULWAA Kynaarnya é3mw MyMKUH:
(o) = o'(0) +ia"(0) (115)
(114) aaH KypuHaamKn,
a(- o) = a'(0) od(-o0)=de) o'-o)=-o(o),

abHM o(0) - yacToTaHuHT XydT, o(®) ToK GyHKUMANaPUANP,
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Cuctemara TabCup KWAYBYM Kydynap, MacanaH, Tacoamduin Kyunap
Tybannm cuctema TOMOHWAAH HOTUAAAWUIAH 3HEpPrMa ymymaawraH kabyn
KUITYBUAHIUKHUHT MaBXyM KUcMK, sbHu (o) = Jmom) 6unaH 6ofnaHraH,
WYHWHT y4YyH Tacoamduin Kyunapra cuctema peakumacuga coamp 6ynysum
3HEpPrMa AMCyuMacu kapanraHga o(m) HUHr MaBxym Kkucmmn  Jmow)
MWTapPOK 3Taju.

CuctemMaHuHr MyBO3aHaTIM xosaTtgarn oaykrtyaumnanapy cnekTpan
3M4NUMm x_f) 6unaH YHWHr HOMYBO3aHaTAM XOCCacu-yMyMJallraH kabyn
KWUNyBYaHANK a(oa) opacugarn 6ofnaHnw X.Kannen Ba T.BenbToH HOMAapu
6unaH atanyBum TeopemMa - GAYKTyaTUMOH -AUcCcUnaumoH Teopema (PAT]
OpKann Kynmaarmua aHukKNaHaAu:

X2 =ho"(w)cthho/ 2KT, (116)

byHaa K:ZXi crnekTpan 3nyank x_f) (109) popmyna bunaH aHMKNAHAAW:
X = i]w?dco. (117)
2n 2, °

Buz kynmaa OAT HUHT oaann ncbotTnHu 6aéH kmunammns. Ocumanatop

aHcambnu yuyH

X = el _ k*(oXe(w)) (118)

2

skaHu (58) gaH Mabaym 3au, 6yHaa k(o) = me®. (118) Hu Kyhnaarnua

é3amu3 ((110) ra kapaHr).
X =% = ko)), (119)
byHaa x> Ba X(®) ¢umamk kattanmk X(t) HUHF ypTauacn KBaapaTuK

bAYyKTyaUMACUHMHE CNeKTpan 3MYANKNAPUANP, AbHW

+00

X¥(t) = 2—1n [ X ()n (120)

—00
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(117) Ba (120) napHun MOC paBuLLAa Kyluaarnya éamms;

21 (t) = Txf)(co)dco = TZX_f)doa = Tx_idco,
0 0

—00

2 (t) = ]:E(@)dn _ Iz%)dn _ Ix%)dn.

BynapgaH uyactoTaHAHr MycbaT KuMMaTaapu Y4yH E€3uaraH crenTtpan

suuaminap X Ba X (o) yuyH

X =2¢; % (o) = 2% (o) (121)

HW onamus. Xyaam wyHuHraek, X(t) yuyH
X (t) = 2X(t) (122)

(117) Ba (120) napaaH, (121) napHwn Hazapaa TyTnb, kynmaarn ndogaHu

ONaMn3:
X (0) = X = X, /2 (123)
[emak,
% () = ox; = ko)) (124)
€KW YaCTOTaHWHT MycbaT KMIMaTaapwy yUyH
% (0) = X, = 2k} (o) g(o)) (125)
TeHrAuk 6axapwunagn. byHaaH
(e(o)) = ’%‘” cchhTOfl_ (125)
SKAHAUTNHW 3'bTI/I60pI'a OJ1Cak,
X = hk;l(@)cth;T"’T (126)

HW xocun kunamui. (116) Ba (126) dopmynanapHu 6bup-6bupm 6unaH
connmwtnpuwaan k¢puHagukm, OAT aarn o' (o) poamnn k(o) yitHasanTy,

AbHA
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o (w)k, () =1 (127)
MyXMM MyHocabat ¢puHAN 3KaHANTU Keanb unkaan.
(124) Ba (127) napHu Ha3apaa TyT16, X(t) HUHI GaykTyaumsapm yuyH

KyvuaarnaapHum ofamms:

— 1%dw hoG Ao
Zt — — | === " - d " th
€02 %6(0) = 2 [doorlon 12

— 2 tdo h o
2t —_ = = " — d /] th—
02920 ) -2 Jdou ok 22

Arap daykTyauma xoamcacuaa KMUYMK YacTOTaHUMHE KMUMK MNTepBanu
MyXMM pPOJb YWHaca, (AbHU o~A®) OXUPTM TEHFAUKAAH Kyhuaaru

Takpubum ndogaHm onamms:

x_f(t)z%oc”(oa)@(m)) :%‘”aﬂ(@)cth;(_"; (128)

by ugoda Hatikeucm gopmynacu detiunadu.

Knaccuk xonaa Hanasuct popmynacu

X:(t)~ 2 a'kT (129)
T

lWyHaaM Kuamb, GayKTyauasHUHT ChekTpanb 3uMuaamrn x:

ek X2
cucteMa xoccacura 60FanK 6¢araH ymymaawraH kabyn kunyByaHamk o(o)
ra (éxm k (o) ra) 6ofauk.

LyHn Tabknanaw n03uMMKKM, TepmoauHamuk &ayktyauma 6d¢araH
X0/14a CMEeKTPaa 3MUAMK X2 HUHT YactoTara OLKOpP GOFAMKINIMHY aHMK ALl
MYMKWH. Aeap 1) daykmyayus 3 6bepeaH cucmemayaHuHe ¢3u
mygo3aHamada 6¢aub, nekuH cucmemMaHuHz KOJ2aH KucMmaapuea Hucbamad
(ofuweaH) 4yemnaaHeaH 6¢aca, 2) 6y ofuw mMepMOOUHAMUK (Du3UK
napamemp X(t) kuliMamuHuHz 6epunuwiu 6UAGH AHUKAGHULUU MyMKUH

6¢nca, 6yHOau paykmyayusaapHu mepmMoOuHAMuUK — daykmyayuanap
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detunadu. byHaa 6uvpuHUM WapPT cucTeMavaHuHr GAyTKTyaumMs BakTu T
duank kattaimk X(t) HUHF ¢3rapuwm yuyH xapakTepau 6¢araH BakTaaH
eTapan japaxaga knumk 6d¢naraHga baxapwnagm, VKKMHYM LIapTAaH 3ca

dx(t)
dt

HUHT dakaT X(t) ra BOFANKANT KeN6 UMKaam, SbHY

dt)__1
e Tx(t) (130)

Arap ¢ptaua kuumat X HongaH dpapkan 6d¢nca, (130) TeHrnama Kyumaaru

K¢puwwaa ésmnnagm:

) 1 4
r T(x X) (131)

Arap cuctemara o 4actota 6unaH d3rapysBum gaspuii kyd f(o) Tabeup
3TaéTraH 64¢nca, Tabpudra k¢pa
X() = o) f () (132)
X =a(0)f (o) (133)
6ynagu.
(132) Ba (133) napHwu (131) ra kynmb, kynmaarn MyHocabatHM OfamMm3:
— i(moc(co) = —on(oa) + oc(O)

eKun

afw)= 2O (134)

byHaa T OU3NK KaTTaauK (OKMM) X HUHT peslakcaumsa BakTy.
YMymaH antraHga, (132) myHocbaTHM HOMYyBO3aHaTAU
TEPMOAMHAMMKA YUIUKAN KOHYHUHUHT YMyMuin KEpuHuwmn aeb

kapaw MymKuH. x, Ba f,  ®ypbe-kOMNOHeHTAAp oOpacmaaru

H6ofnaHuLW Kynmaarmya sgn:

x, = ofw)f(o).
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byHaaH
(%) = alolalal 1 1)
exkn
() = al@l= o)ff = [alo) £
(116) paH ponganaHmb, Tacogndnm Kyy Pypbe-KOMMNOHEHTU YUYH

OJ1laMWn3.

72 = h'lo) 7o (135)
dow)  2KT

eKn

2 = h“"(“)z) cth 1 (136)
o ‘a(@)‘ 2kT

Macana. 6.17. Yn3nknm rapmMoHUK OCUMANATOPAP CUCTEMACU Y4YYH
OAT HUHT YPUHAN 3KaHUHU UCOOTNAHT.

Eumw.  MabaymKy,  UMBMKAM  FapPMOHWMK  OCLUMAAATOP  YUyH
2U(x) = k(o)x*(w), 6yHaa U(x) - noTeHuman 3Heprua. By udoaaHw
ocumanatopnap aHcamban 6yimua yprauanmuz: 2U(x)=k (o)’ (o) éxm

2U(x) = (e(0)) akanmaanH

1 A .
ByHaaH k(o) = W@) 3KaHWHW Ha3apaa TyTu6, KynnaarmHu oaamms:

o (0)elo) = (o) = 0¥

skaHanrmaad OAT kennb umkagm.

2

ékn byHaa 2x_f) =X,

15-§8. KoppensauuoH teopema
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®apa3z kunamank, t =0 BakTaaH 6ownab, Ho(p,q) Aepruanm
cucTemara fk(t) Kyynap Tabcup Kkuaa bHownacvH. Kyd TabCHpuaa
CUCTEMaHWHI 3Heprusacy yarapaaw. Bakt At paBomumza fk(t) Tabcupuaa

CUCTEMAHUHT raMWIbTOHMaHN H

H=E - f(t)x(pact) (137)

KYpUHMWAA E3nanWn  MyMKWUH. (6-§8 KapaHr). byHaa Axkzxk(p,q,t)
"Mukpockonuk" okmmnap; f x  3ca cuctema TOMOHWAAH 6Haxkapwarad

"MUKPOCKOMUK" uvLWNap, Kynauamk YuyH Kynuaa WAFUHAM MLLOPACUHN
Tywmnpub ésamms.

[lemak, cuctemaHuHr nokan Takcumotn  dymkumack  p(p,g,t)
Kynngarnya aHuKaaHagW:
pi(p.a.t)=Z" exp{-B[E, —x,(p.a,t)f, (t)] (138)
Z* = [ dpdaexp{- B[E, — x(p. g, t)f,(t)] (139)
TepMOAMHAMMK KaTTanvK X, HU aHUKAANAMK;
X = [ dpdax(p.q,t')p(p,q,th t' >t (140)

(138) Ba (139) HK xncobra oamnb, (140) aaH

6 ‘?8 = X @)%, — xO)x.0)] = A ©)Ax,©) (141)

ndogaHn xocnn kmnamms. byHga Ax (t)Ax, (t) - koppenaunoH GyHKuUmA.
CucreMaHuHr  Kabyn  KUAyBYaHAMK  KO3IOPULMEHTUHN,

Tabpudra Kypa, Knmgarmia aHMKIANMn3;

%g')) = o, (t' - t) (141)
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(by eppa t < 0 6yaraHaa oc(r) = 0 3kaHaurn Haszapga tytungn). (142) nooaa

UYN3UKJIN KOHYHHU ndoganangm:

x(t) = Iocik(r)fk(t — 1)dt (143)

ByHaaH ®ypbe-KOMMNOHEHTaNaPW YUyH Kyinaarn MyHocabatHV onamms;
Z((’O) = a’ik((’o)fk((’o)’ (144)
o, (o) = Tocik(r)ei"”dr, (145)

6yHoa o (w) - ymymaaweaH kabyn kunyeuarauk Oeliunadu. (144) paw

MyHocabaT kenmb unkagm.

= QL ((D) (146)

(142) Hu xucobra onmb, koppenaumoH dyHkuma npogacum (141) Hu
AX(t)AX, () = o, (t' — )0 (147)
KYpUHMLIAA E3aMU3.

®ypbe — KOMNOHeHTaNapwn opacmja 3ca

A (@)%, (@) =[x (@) (0)-x () X (©)]=a,(p  (148)
waknga ésunagn. (147) sa (148) HM koppensymoH Teopema
nboganapu geb ataimms.

LUyHN Tabknanammuskm, KoppenaumoH OGyHKUMANAPHUHE Kynuaaru

nooganapuaaH

X (t,)Xk (t) = Xy (t,)Xi (t)

X ((D) Xy ((D) = Xy (0)) X ((D)

KO3IODULMEHTNAPHUHT ynaarn TEHIAUMU (CUMMEeTpUACcK) Kenmnb

YMKAAAN:

o, t' —t)= o, —t)
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o, (0) = o ()

XycycaH, i =k 6yaraHga ©éusmk KaTTaAMKHUHT BakT 6ynua
koppenaumack, €ku bowkada auvTraHAa, YHWHI ypTada KBaApaTuK
baykTyaumacn ndoaacmHn onamms:

x(t)x(t) = aft' —t)0.
N30x. PaykTaumara ona macananapHu KapanraHia 6 katTaavkHu

0= —u =00
% 2 2kT

AbHU OCANNNATOPHUHT ypTaqa SHEPIrnACn 3SKaHINTUHW Ha3apda TYTMOK

JIO3NM.

16-§. YMymnawraH kabyn kuayBuyaHAInK 6unaH KMHETUK
Ko3pPpuumeHTnap 6oFnaHMLN
HomyBO3aHaTAM TepMoAMHaMuKa YM3MKAWM MyHocabatu Kywuugaru

KYPVHWLLTa 3ra 34u:

x(0) = a, (0)f, = L, f, (149)
6yHaa x(0) - TepmoaumHamuk okum, o (0)=L, - KuHETKK

KO3bpuumeHTNap.

TepMoanHamuk  kaTTaavk X (t)  penakcauMoH  TeHrnamaHu
KaHoaTAaHTUPCKH (14-§ ra kapaHr):

X0 = 7:(%(0) - % (1) (150
byHaa X_k(O) KaTTaankK ﬂf) HUHr t =0 pgarm kuimaty; (150) gaH Pypbe
KOMMOHEHTaNapW YUYyH Kynuaarv TEHIINKHN ONaMU3;

—iox (©) = 1,4(x (0) - x.()) (151)
(144) Ba (149) ndopanapHm (151) ra Kynmb,

ocik(O) =L = ocik(co) — i(x)*cimocnk(oa)
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MYHOCabaTHM XOCUA Knaamms.

By MyHocabaT ymymnawraH kabyn kunyBuaHauk o, (w) 6unaH
KUHeTUK ko3bduumeHt L, nap opacugarm 6ofnaHunwm udoganainam.
dakat Tyfpu 3pdeKkTaapHM 3bTMBOopra oncak, 6y TeHrAMK

a(0) = afw) — ima(w)

KypUHMLIra kenaan. byHaaH
o) = o) (152)

Kenmb ymkagm.

17-8. jnuoB ac606napUHUHT ce3rmpanrura GayKTyauuaiapHUHT
Tabcnpwm

FOkopwn papaxkagarn cesrmp acbobnapaa >XymnajaH, Tapo3wnapaa,
raJBaHoMeTpfapZa Ba LWyHra yxwaw acbobnapga WCCUMKAMK XxapakaTtu
Tybannm ro3ara kenagurad GbaykTyaumanapHm xmcobra onmw axammaTra ara.
XakukataaH, arap ypraHuwaaétraH KaTTalMKHUHE  KUAMaTM  acOOOHHHT
Xycycun  GayKTyaumacuaaH Kuumk 6ynca, y xonga ousmk >KaTTaankKHM
beBocnta Gup MapTa yauaraHga, ypraHaétraH KaTTaaukHW 3mac, 6anku
acbOBHUHT Xycycnin bayKTyaumacuHM Kaug 3tunagn. bolkauva antraHaa,
NcenKNnK xapakatm (poH) Ba wy 6unaH 6ofank daykTyaums xap 6up
acObOBHUHT ce3rmpanrnHm verapanab kyaan. Ousmk KaTTaJMKHUHT KMAMaTK
NCCUKNNK XapakaTn GoHMAaH KMYnk bynraHaa (yHaaH nact 6ynraHaa, YHUHT
numpga OynraHzga), y KWMAMaTHW yadalwl yyyH Ba JeMakK, Ce3rnpank
AapaXkaCMHW HOKOpUAALL yUYyH Kyn MapTa yadawnap éku sHrum acbobnap

ApaTULL NO3MM.
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Arap acb6ob, ¢nyktyauma 6unaH 60fanK OyaraH Y3MHMHE XyCyCUM
XapakaTMHW Kalg Kuaca, y xoaga MabayMky, acbob kypcaTuNapUHUHT
ypTaua KuMmaTtn HoJsra TeHr bynaaw.

Arap ¢oHra Tawkm TabcuMp Kylwwuaca, acbob sHrm xonart atpoduja
baykTyaumanaHaam Ba yptadya ofuw (YetnaHuw) 6y xonga HongaH dapkan
bynagn. byHaa KkaHua Kyn MapTa yAadaw YyTKaswica, LWyHYa KUUunK
MUKAOPHU Kanj KWL UMKOHUW TyFunagu.

Bup Heua acbobHMHr bup MapTa yadawgarv Ce3rnmpanKIapuHu
Kypanaunk.

1. Taznn Tepmometp. Masnm TepmMoMeTp BOoCUTacuaa TemrnepaTtypaHu
ya4aw yuyH y3rapmac 60ocMmaa xaXXMHUHE y3rapuwngaH povganaHunagu.
By xonga ynuaHaétraH TemnepaTypa Xxaxm baykTyaumacn  Tybanam
(cababnwn) yanykcms paykTyaumsanaHnb Typaaw.

®apa3 kunamnuk, TepmomeTpgarn ra3z KnanempoH TeHrnamacuHm
KQHOATNIAHTUPCKH. Y X0n4a, Xa>XMHUHT AV ra y3rapuvn TemnepaTtypaHuHr

Kyvnaarun ysrapuwimra onmb kenaam:

AT = IAV
\%

Arap xaxxm Ba Temnepartypa y3rapuwnapn AV Ba AT dayktyaumanap

cababnn 6ynca, y xonaa:

v | V)V

AV = (AV) = kT(@P]T =N (153)
(ATF = LAV =

AT = (AT) = VR N (154)

Arap N ~10° 6ynca, AT ~10"T 6ynagn. TemnepaTypaHuHr 6y

MUHUMaN  Kuiimatn  10°T  TepmomeTp  épaamuaa  yadvaHaguraH
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Temnepartypa
y3rapuwmra HucbaTtaH Xyaa xaM KN4mkamp.

2. Ocunran ky3ry. ®u3mk KaaTaJMKHU yadall yuyyH MHrn4Ka, ogataa
KBapLuJaH fcajraH unra OCWAraH eHrun kysryaaH downganaHunagn. by
OAAVVIMHA XamAaa >Xyaa ce3rmp acbobnapgaH xucobnaHaan. ACOOOHUHT
Ce3rnMpanK Aapaxkacu, Mnra OCUAraH Ky3ryHWHr KaHjan Kuumk Oypuyakka
BYpPUANLLIMHKN KaWg, 3Ta ONHULWK BunaH aHmMknaHagu. Ogatga 6y 6ypuanL
bypuarv HMWOATAA KWUMK GYnaan. YnuaHWWwM N03uMM 6YaraH 3Hr Knumk
Obypuanw Bypuarn Kysry Ba WMHWHI MOJieKyaanapy WCCUKIMK XapakaTu
Tybannm 6ynaguraH baykTyaumsa Hatukacuga TacogmdaH OypunaguraH
bypyakgaH katta 6ynamwmn kepak. Ky3ryHuHr myBosanatam xonatm ¢ =0
AAH MOJEKYNSAp WCCUKANK xapakaTn Tybanmnnm TacoamdaH ¢ 6Oypuakka
OypuALIM  YyUYH  UMOHWHT  31aCTUKAUMK  KYYMHW eHrmb  Mabaym  umuw
Haxkapunagn. by v MNHAHT NOTeHUMan 3Heprusacura annaHagun. Arap byp-

Yak @ KMUuk 6ynca, by noTeHuman sHeprusa Kynmaarmya aHukKIaHam:

U(p) = kl((D);P (0))
byHaa k(o) - anacTukauk koadduLmeHTn 6yan6, y

_nr’g
o) = L

ra TeHT, OByHAa I -UNHUHT Paanycy, | -YHUHT Y3YHAUTY, ¢-UNHUHT CUIKMLL
KoapdumumeHTn. by eppa ky3ry oakat 6uTTa alnaHuW  SPKUHAMK
Aapaxkacura ara Aeb Kapanagw.

U(p) Hu YpTauanab, daykTyaumMoH - AWCCMNALMOH TeopemaHUHr

nooAacnHU 0NaMun3:

2U () =k, (@) ()
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eKun

¢*(0) = a"(0)e(o)), (155)

6yHaa U(o) = (e(o)) Ba k() = ﬁm) xmcobra onvHaam.

1. KeaHT x014a (g(w)) = h?m aemak,

> _ ho
¢ ((’3) = 2k1((0)
2. Knacevik xonga (g(w)) = kT aemak,
KT
z = — (156)
¢ ((9) kl((;))

By (156) apabunétaa yupanauraH ogataarn ndogasmp.
daykTyaumnsa Tabcumpuraa Ky3ryHUHr 6ypuavw bypuarmHmn 6axonanavk.

T = 30K, Xyaa uMHrMuka keBapuy vn 6yaraHga o ~10° spr 6ynaan. by

xonga +(Ae) ~10*. Arap ynuaHaéTraH kaTTanuk 6yHaaH kuumk Gypuakka
Ky3ryHu bypca, 6up MapTa yauaw Hatmxkacuga by bypuakHu GaykTyauus
Tybannan bypunagmraH Ky3ryHUHr Xycycumn bypuarngan axpatmb byamanaw.
AMMO Xyaa Kyn MapTa yna4ab, Tawku Tabcup Tydanam HongaH dapkau
ypTada KMMMaTHW aHUKAAW MYMKWH. XaTTo GU3NK KaTTaIUKHUHT TabCupu
doHaaH nacT (knuunk) bynraHaa xam.

3. JnekTp TOK QAYKTyaumacu. DNekTp 3aHxuppa Tacoamdumnm SHOK
HUHT TabCcupu Tydalmam 31eKTPp TOK EKU KYUNAHWULLIHUHE GAyKTyaumacu
nango 6ynagn. ®AT acocmnaa 6y daykTyaumanapHu aHUKAANIKK.

SHOK Ba 3nekTp Tok cnekTpan 3uuanknapu &(o) Ba J(o) opacunaarn

H6ofnaHNWHM aHnKAanAMK. KBasunctaymoHap Toknap yuyH OM KOHYHM

Rt 0o 5o (157)
dt ¢ dt
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ypuHan. ®Pypbe KoMMOHeHTanapura HucbataH, J = —img,, Fri —imQq,
Hazapaa TyTuaca, by KOHyYH
g, =Z(w)J, (158)
KypuHuLWra kenagu; byHaa Tyna Kapwmank
Z(w) = R+ i(i _ mL) (159)
®C
(158) Hu “oknM” q, opkann élanamk
q, =a(ok,, (160)
byHaa
: i iR 1 (1
alw) = o) +ia"(®) = = = + | — — oL (161)
()= o) +iao) = = @‘z‘(mc j
byHaaH
o"(o) = Rz (162)
oz
®AT ra acocaH
— R ho
2 = cth 163
i co‘Z‘z 2kT (163)

Knaccuk xonpa (i << kT), abHM rokopu TemnepaTypaga (163)

dopmyna
o = —\;\2 KT (164)
Q)

KypuLwunHra kenagu. by Hanksuct dopmynacw.

2 2
(0]

Tok kyun J(®) ra HucbataH Haiikenct dopmynacy (164) [J(o) = o

HW 3BTUOOPra oNNHKG,

(o) = KT, (165)
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yMyMUI1 Onja 3ca

hoR -y, i (166)

zle) AT

(o)

KypuHUwAa éannaau. (117) ra acocaH Tok kyun J(t) HUHT GaykTyaumacu

I (o) = 2—171 j (o) do (167)

bunaH aHUKNaHaAW.
®OnykTyaunoH TOkAap, KaTtoAAaH uUMKaAuUraH >SNeKTPOHAap COHW
bayktyaumacn bunaH 6ofnvk byaraH "nutpa adpdekTn"' x03mMpru 3amMoH

3N1eKTp acbobnap ce3armpanrvHm Yerapanabd Kymnan.

18-8. 3nununk paykryaumanapmpa EpyFamKk cCouMAnLLN

bunamunzkn,

M M 2 v
= A=Ay, (VY = kT
p =1 Ap=—zAV, (AV) T(@pl

BynapaaH 31unvk GaykTyaUmMAaCcMHU ONaMus:

2 M? 2 p2 oV
A = —|AV) = ——KT| —
( p) V4 ( ) V2 apjT
eKun
ApY KT( oV
¥ (s o
;

3nuank  aykTyaumanaHuwn - cababam  MyXUTHUHT  AN3NEKTPUK

KO3QPULMEHTU XaM PayKTyaumanaHasm:

Ag = (&QJAp; (Ae) = (agj(Ap)z (169)

234



AvanekTpukaaH yTaéTtraH EpyfanK TYAKWUH  YHUHT  ANINEKTPUK
KMpuTyBYaHANK & daykTyaumacn cababan coumnagun. LWy counavwHm
Kapauaunk.

—

KyTbnaHunw BekTOopwm P:(f)ﬁ AVIDNEKTPUK  KOIPOUUMEHT &
T

y3rapyB4aHaurn cababam ysrapagn:

AP = 28E (170)
47

Arap E = E, coswt 6ynca, AP yuyH KyiinaaruHu ésamms:
AP = AP, cosot, (171)

byHaa

—

° 4n

)73rapyBL|aH KyTbaaHui Bektopr AP HM wy yactota 6unaH
TebpaHyBUMN AMMONb AENVNLINMN3 MYMKWUH. TebpaHyBUM ANNOAb WY YacToTa
6unaH 31eKTPOMarHuUT TYAKWUH HypaaTagu. LLyHaan kunmb, AManekTpuKHM
WyHAaW Avnonnap TynaamuaaH noopat aeb kapaw MyMkuH. [Adunonnap
COHW Ba YJIAPHUHT AUMNOJb MOMEHTU AF% baykTyaumanap COHV Ba yNapHUHT
KaTTanury, 3ndnmk GaykTyaumsanap COHW Ba YAAPHUHI KaTTaautura 60fauk.
AnsnekTpukaaH yTaétraH €pyFanK TYAKMHN SHEPTUACUHUHT BUP KMCMMK aHa

Wy TebpaHyBUM AMMOANAP TOMOHUAAH Xap TOMOHra counnaan (Tapkanagm).

BUpAVK BakTAa AMMNONb HYPAAHULIM MHTEHCMBAWIM | Kyiimgarvnua
aHUKNaHaAW:
2 0o\ 2
|= — Aﬁj , 172
303( 172)

byHaa C - EPYFAMKHWHI BakyymAaaru te3nurn. byHaaH coumnraH épyfaunk

HYPU UTEHCUBJIUTUHWNHT S’/pTaL—IaCI/IHI/I TOMaMun3:
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=25 (apy 173)

(173) ¢opmynadaH KypamusKku, COYUM2AH EpYyFauK HypUHUH2 ypmaya
UHMeHCUBAU2U mywaémeaq 8pyFiuk mysakuHu E  yacmomacuHume
mypmuH4u  dapaxacu2a MymaHocub  (éku  MyJaKUH  y3YHAURUHUH2
mypmuH4u dapaxacuea meckapu MymaHocub). by 6ofaaHuwHu Peneu
KOHyHU  Oeliunadu. LWy kOHyH acocupa, atMochepa  3UUAUTK
baykTyaumanapuga EpyfFankK Hypaapu COUYMLINMU acoCMAa, OCMOHHWHT
MOBUM xamaa KyEWHWHr umkuwn Ba 6oTMwMAa TyK capuk 6yavwanrn
TYLYHTUPUATAH.

(173) dopmynaHu, AP, HVHF YPHWUra YHWUHT KUAMATUHU KyiraHaaH

KeWWH, y3raptmpmb ésamms:
- o (EYr— o E, e\
3C3(4n]( 2 303(47J (8pj( P)

o' (B[ Zk_T—z(&j

3¢\ 4n ) lop) V2P oP).

o oP <
by dopmynasaH kypuHagmku, arap (a—vj = 0 6ynca, macanaH, Mmoaaa

T

(174)

KPUTKK Xonataa bynca, 3munmk GbaykTyaumacy sHr KaTTa Ba AeMak, EpyFanK
HYpW COYMANLLN 3HT Kyn 6ynaan. Xakukataa, EPYFANKHUHT KPUTUK XonaTaa
SHI KYyM COUMAUWIM (Aespan Tyna COYUMAULLM) XOoAmcacu Kysatunaga. by

XOAMNCaHM KPUTUK OnanecLeHLmsa aenanagu.

19-§. bpoyH xapakaTun Hasapuacu. JlaH)KeBeH TeHIr1amacu
P.bpoyH 1827 wnunpa cyrokavkaarm manga (konnoua) 3appanap

Y31yKCU3, TapTnbCM3 xapakat KunaétraHuHu ky3atan. by bpoyH xapakatu
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Ha3zapusacuHm 1905 nmnga A3vHwTerH Ba 1906 nmunga M.CMonyxoBCKMM
apataunap.

Cytoknmkaarn ofvp (Koaioua) 3appa xapakaTuHU Tekwupanamk. by
Macasia HOMyBO3aHaTAN cucTemMa MacananapuaaH bvpunanp.

M Maccann 3appara CyroKANK ENULKOKANT Tydanam MKaANHALL
kyun f Tabemp kumnagn. By kyu f wy 3appaHuHr Tesauru V ra
nponopuymoHan (CTOKC KOHYHM), ABHU

f = —Mev, (175)
byHaa & - mwkanaHuw koadoduumeHtn. CytokarMK Moaekynanapw 3appa
6unaH TykHawmnb, yHra Tabcup Kypcatagu. by TabcMpaapHUHT HaTuXaBUn

KYUNHN MR(t) 6unan 6enrunacak, 6pOyH 3appacuMHWUHI XapakaT

TeHrnamacu Kymuaarmya 6ynaam:

v =—tv+R(t), (176)
By JlaH><eBeH TeHramacwm.
MUKPOCKONUK MUKECAA KaTbUM KapaaraHia MkKanaHuw Ko3dpuum-

€HTW BaKTHUHT CI)yHKLI,VIFICI/I Ba

¢ drt
Q% t—1), (177)

6ynaaun. by xonaa JlaH>XeBeH TeHrnamacum

t

W)= M) 0] - a78)

0

KypuHwnaa 6ynaan. VMiHepumoH Kyd abTnbopra onmHmaca, (178) aaH

v(t) =

il F(t— 1) (179)

()

O ey

TeHrnama Kkennb umkaau.

By (112) myHocabaTHWMHT XyCyCuin XONX Ba AeMak,
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V(o) = p(o)F (o) (180)

Elo

Monekynanap 6unaH bpoyH 3appacn xap O6up TykawraHga ys

M((D) = (i) - 3dppa XapakatT4aHJANTNHNHT CDypbe KOMIMOHEHTaCHK.

TpaekTopuAcMaaH 4deTtnaHagn. byHaanm ofvwnap xam katraavk (MUKAOP),
XaM MYHaNuLL XUxaTAaH XyAa Xap XWn Ba HMxosATaa 6etaptnb bynagun. Ly
cababau 6y ofvwnapHy, AbHM R(t) HUHF BakT 6yivua Y3rapuwmaaru
KUAMaTUHM Ba AeMak, BpOyH 3appacuvHWHI Xap 6up BakT MOMeHTuAaru
aHWK YPHW Ba TE3IUTMHW amanga aHuk 6unnb bynmamaa. AMMO 6poyH
3appa OwnaH Monekynanap TyKHAWWWNAPWHWHE  ypTada Tabcupwura
acocnaHmb, OpoyH 3appacu xapakaTMHW  KapawumMm3 MyMKuH. Ly
Ma3MyHza JlaHxeBeH TeHrnamacu (176) ctaxoCtnk TeHrnamanapHuHN TUNUK
MUCOANANP.
JTaH>XeBEH TEHMIAMaCKHM eyrLlAa Kynnaan waptaap 6axkapuacuH:

1. t=0 Baktaarm (MomeHTZa) V, Te3amkanm OpoyH 3appanapwv

aHcambu 6yiinua onuHran R(t) HUHF YpTaua KuiimaTv HoAra TeHr:
<|?e(t)>VO =0 (181)

By wapt 6poyH 3appacnHUHT ypTaya Te3nnrm Makpockonuk TeHrnama (175)
6unaH aHNKNAHULLVHW TabMUHAAUAW.

2. betaptnb TyKHawwuw~nap, arap BakT bynnya etapau gapaxaga bup-
bupnaaH axpanraH 6ynca, 6Gup-bupn bunaH cTratnctuk 60fFaMK 3mac, aeb
xmcobnaHaau. bolwikaua aiitraHga, t, Ba t, naitnapparn kyunap R(t)
KOoppenaumacu TykHawuw Baktn t, <t, —t 6yaraHaa HongaH dapkaw,

T, > t, —t, 6ynraHga Hosra TeHT feb Kapanaauw, AbHU:

<§(tl)fe(t2)>V0 = ot, - 1)) (182)
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ByHaa koppenaunoH GyHkuma CI)(t2 — tl) rpaduvrn t, —t, = 0 ByaraHga
KeCcKMH TUKAMKKa (Yykkura) ara bynaam; t, —t, > t_ OyaraHga aca amanga

HoAra TeHr 6ynagm (6.4-pacm).

o(t)

TC O TC t
6.4- pacm.
=0 t, -t <1,
(D(tz_tl):{_o tz—t1>’r
- 2 1 = ‘¢

Bup >xumHcam 6ynamaraH amddepeHuman TeHrnama (176) HuHr

e4YMMNHU

KypvHULWAa n3namnnk, byHaa

Onp XWHCAM TeHrnama V = —&V HUHT yMymun eummn, V., 3ca (176)

TEHFIaMaHMHT XyCYyCUA e4MNANp:
t
J‘dte‘gT
0

LLyHaan knamb, (176) TeHrnamaHuHN eunmMu

V=ye"+e”[de"R(x) (183)

0

KypuHnwra 3ra. ByHga R(t) - Homabaym, (183) euMMHHHI Xxamma

XagsapuHN aHcaMbib Bynnya yprayananmMms:
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(V) = (Ve™) + < = j dre” R(r> (184)

byHaa
(ve®) =ve* (185)

t

< < dre@fR(r>= * [ dve” (Rlv)) (186)

0
(181) wapTtHM xmncobra oncak, (184) ndogann Kynnaarm KypuHuaa E3umL
MYMKWH:

V), = V™ (187)

Ey 3Ca MaKpOCKOMNWK TeHrnama vV = —&V HUHT ednMmnanp.

(183) ndopaHum kBagpatra kytapmb, CyHr yHU ypTayanab
<V > = <Vze e 2§tjdt J.dr gl <R(1: )R(x, )>> (188)

ndbogaara ara 6ynamms. byHga (181) wapt xucobra onmHan. (188) ndoaasa
y3rapyBumnaapHu
’E1+’C2 =%T, T =S

MyHocabaTaap BOoCcMTacKaa aaMaluTmpmo,

= ifdsd)(s) (189)

bOYHKUMAHU KupuTamuni. byHaa

Idrlidrzei<fl+fz><ré(rl)ré(rz)> = ;]:dsq)(s)zfdxe@% = O;(é)(em ~1)  (190)

(190) Hu Hazapaa TyTn6, (188) HM Kynuaarnya ésamms:

(V) = vie™ + ‘ZL? (1-e™) (191)
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By TeHrnamaga ky3atuiw BakTV t TyKHaLIMLW BaKTW T, AaH eTapan gapaxkaja
kaTTa 6ynca, abHU t >> 1, 6ynca, alt) HUHF YpHUra YHUHT BakTra 6OFAMK

byamaraH kmnmaTtm
o= +fdsq)(s)

HU onvw MyMKuH. (191) dopmynagaH KypuHaaukn, t HUHT >Xyda KUYMK
KuMMaTaapu (t << (2&)_1) Aa Te3nnK GAyKTyaumnacu Te3ANKHUHT BoLlunaHFny
KMMMaTK vV, BunaH aHMKAaHaAaW, aMMo t HUHF Xyja KaTra Kuamataapuaa

Oy 6OoWNaHFUY TE3ANKHUHT POAN YyMyMaH WyKOAaAW (3CAaH 4unKaam) Ba

o o
TE3/IMK KBa4paTukK q)ﬂyKTyaLI,MFICM AOVNMNN  KaTTaJnK 2— ra WMHTWIaAW,

bowkaua anTtraHga, 6y ¢aykryaums 6yTyHnam TyKHaWMLWAAp MexXaHU3Mura
6ofank 6ynmnb, GownaHfudy TE3NMK V. ra 6ofank 6yamangun. t — +oo

bynraHaa cMctema MyBO3aHaT xoaaTura Kenaaw, gennvk, y xonaa (191) aax

<\7 > - 2% (192)

(59) dopmynaaH Mabaymku, pi(w)=me). By GopmynaHn ukkM Yauamam

XOJ1 YUyH é3cak bynaaun:

eKun

ByHzAaH Knaccnk xon yuyH

ékun (192) Hm abbopra oncak,
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o 2kT
2@ M

3KaHW Kennb umkaan. byHn svTnbopra oamb, (191) ndoaaHm

(V) = %T - [vg zl\‘ﬂ e ™ (193)

waknga é€3amus. (193) dopmynagaH KypuHagukn, 6poyH 3appanapu BakT
yTUwn 6unaH Y3VHWHT HGolNaHfFNY TE3NUIMHU 3CAaH YMKapa bopaau Ba
CYIOKJIMK MoseKynanapy 6unaH TykHawwuwaapu Tydauam MyBO3aHaT
xonatura kena 6opaaw.

®opmyna (193) “vmpuk cTpykTypann” €ékm BakT Bynmya TeKMcnaHraH
(cunnunknaHraH) MaHzapaHn  udoganaman. by 3ca  mMakpockonmk
XapaéHnapaa KysaTuayBuM KauTMacanK MUKPOCKOMMK >KapaéHAapHu BakT
Bynmua axamMTaalw opKaau Hasapuara Knpagu, aenuniira acoc bynaaw.

BpoyH 3appacv CUMKUWNAPUHUHE WY 3appa Xamaa MYyXUTHUHT
xoccanapura OOFAUKAUTHHM  Kypauauk. ByHUMHTr yuyH 3appa xapakatu

TEHITaMaCVHU NHEPLMA KYUNHU Xxncobra onmacaaH €é3animk:

& = R(t) (194)
By TeHrMaMaHUHI ednMin
r- —.[drR(r _ %j (195)

=

6ynaan, 6ynaa dF(t) = R(t)dt - kyu nmnyabcu Ba T, - paavyc-sektop T
HUHT t = 0 garm kuinmatun. (195) ndosaHm kBagpatra kytapub, aHcambb

byrnua yprauyananamk:
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= L e, [de, (R(x)R(z,) = (196)

(Ar) = —— -t (197)

KypUHULWAA E3ULW MYMKUH. ByHaaH SnHWwTenH dopmynacn keamb ukaau:

(ar)y = 2Dt, (198)
byHaa
D= 2kT (199)
Mg
oo 6m a _
anddy3ns kosddurumeHTn. CToKC KOHYHU Bynnua & = Y Ba AeMak:
p- KT (200)
3ma
ByHAQ M - CYNOKJIUKHUHT EnUWKOKAMK Ko3bodwmeHTn. a - OpoyH

3apPaCcHUVHI paguycu.
(198) Ba (200) myHocabatnapHUHI ypunan 3kaHuHu X.IleppoH Ba

T.CBepbepr taxpubaga kypcataunap. Ynap bonbuman pgoumuincn k Ba

R
ABaragpo COHM N:E HU Taxpubajga aHuknagunap Ba OynapHUHT

KMMAMaTK Bollka MeToanap 6unaH ONMHraH KuMmMataapra MocC 3KaHAUTUHU
Kypcataunap.

Macananap.
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6.18. XapakatyaHauK “(@):(i) HUHT  Pypbe  KOMMOHEHTU
()

AHNKJIAHCUH.
Eumw. (180) TeHrnamara acocaH
V(o) = p(o)F(o) @)

®AT acocuaa

! B 2 = V(o
u(w) = ) (0)Vi(®)) = Blo)o{v'(w)) 2)

3KaHWHW aHnKNanmMm3. byHaa

1 ho ho
6((,0) = W@)) = ?Ct ﬁ_

(V(0))  Tesnmk  aBTOKOppensuuscn  Pypbe  KOMMOHEHTACUHWUHT

KBagpaTnamp.
6.19. XapakatyaHamk p (EKn wwkanaHUW Ko3QOUUMEHTU &) HU
aHNKIaHT.
Eunw. (184) TeHrnamaHun eTapan gapaxaja KWYMK BakT WMHTepBau
t'—t=1—> 0 yuyH é3amus:
dqt) = u(t' - F(t)dt = p(t' - t)dF(t) 3)
byHaa u(t) KUHETUK KO3POULIMEHT (XapakaTyaHauK “3uunurn’), dF(t)
- Ky4Y UMNyNbCu. (3) AaH KOpPpenaLnoH TeopemMa acocmaa
u(t) = 07 {w(1)) )
MyHOcabaTtHn onamu3, by wndogaHn BakT 6OyuMmuya wuHTerpannab,

XapakaTyaHAunK (kM MWKanaHMw KO3IPPULMEHTN) HUHT yMymunin ndogacu

y4yH

TR % = j;u(t)dr = 6’1_[ dr(w(t)) (5)

0

TeHrsamara ara 6ynamua.
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dcnatma: CTaumoHap xonat yyYyH Kynuaaru

p=limp=0"1m | de(w(t)) (6)

t—o>o t—>owo

MHTerpan MaBXyz Aeb Kapanagu.
420. D = 65" = Ou TEHIIMKHU UCOOT KUAWHT, ByHaa D - anddysms
KO3pdULMNEHTW.

Eunw. aBBanrn macanaHvHr ednmmaad MmabvaymMmku, ((5) TeHrnama)
e t
= = [ dr(w(x)) 7)
& 9

[emak,

D = Id’t<W(’E)> (8)

0
3KaHANTUHU NcboT Knanw Kepak.

1) R(t) = &v(t) Hu Ha3apra 0aub, (189) Hu KyWiigarmua é3amus:

t

alt) = & (o) = 22 ) - 220 ©

0
(9)Hm (196) ra Kynmb, onamms:

(Ar} = 2D(t)- t (10)
t eTapan gapaxaga katta 6yaraHaa, apHW t >> 1. 6yaraHga. D HY gonmunn
neb kapacak, (10) ndoga IvHwTenH dopmynacura ytaam, by aca gnoddysuns
KO3 PUUMEHTH D wudomacm (8) OGunaH  aHMKNAHTaH  TE3NUK
aBTOKOPPENALMACUHUNHT UHTErPaan 3KaHANTUHN ncbotnamnam.

2) IKKUHUU ycyn,
vV =ukF
€KW YeKNM Y3rapuLl y4yH
Ar = pAtF

KoppenaumoH Teopemara acocaH
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OpAt = (ArAr(t))
€KW Xap MKKM TOMOHTa CU/IKULLHM 3bTbopra oncak,
20 At = (ArAr(t)) = 2DAt
6ynagun. byHaaH
D=0u=0¢"

3KaHANTU Kennb umkaam.

6.21. BpoyH 3appacuHWUHr T Macodara CUDKULL  3IXTUMOJMHU
aHUKNaHT.

Eunw. bepuaran xonatgaH OpoyH 3appacuMHUHT  CUKMLLAAPU
Tacoandum Ba cummeTpukanp. Ly cababan cumxmwnap Hopman ([aycc)
TaKCMMOTWU BUnaH aHUKNaHaAN:

dW(x) = Aexp[ X :Idx (11)

2(Ax)

LUyHuHraek dy ra cumkuw 3XTMMOn

dW(y) = Aex{ Y }dy (12)

2(Ayy

6ynagn. bpoyH 3appacvHHHr r ra cumkuw axtumoan (11) Ba (12)
IXTUMOMNIAPHM  Kynmatupub, cyHr Oypyaknap 6yumua umHTerpannab

TONMMIagum:

dWr) = Cex{ _r }rdr (13)

2(Ar )

byHaa (Ar)2 = 2Dt. by ndogasaH kypaHaaukm, (13) TakCUMOT BakT yTULLIM

6unaH énnnmnb Ketaau.
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