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Ol3lllAfI XAPAKTEPHC'IYIKA PAEOTbl 

AftTYMbHOCTb npoMeMH. ·11crro~30BaHH6 npoeRI.l,llOHHOro cpopMa

Jllll3Ma UBaHUHra-Mopn /I,2/ ,nJJJI rrocTpoeHHSI saMKeyTwc YpaBHBHMfi 

OTHOCHTB~HO cpyHRI.l,llli pacnpe.ne~eHHSI (wrn .nJJJI CTaTHCTHtJBCKOro 

onepaTopa B ~ae RBaHTOBon MBXaHllRll) SIBJJJieTCSI y,no6Hl:lM HHCTpy

MSHTOM B ll3ytl6HHH H6paBHOB6CHOn 3BO~IDI.l,llH OTRpHTHX CHCTBM S , 
B38.HMO.I(8HCTByJO!IlHX C 60~bllillW'I CllCTBMaMH z3. B .I(HHa.MlitJBCRllX 

CHCTBMaJC, r.ne BOB .nnttaMHtJBCRllB CBOHCTBa MOJKHO sa.naTb rrocpe.ncT

BOM rru.m~TOHHaHa J..lJ WIH JK6 ~ CHCT6MaX, r.ne .I(HHaMl!Ra Ha cpaso-

BOM npOCT}laIICTBe W!KpOCOCTORHlllt 38,l(aeTCR CHCTBMOlt ypaB-

HSHHtt .I(Bllllt6HHSI B CJiytiae HeraMH.JII,TOHOBOn cpopMhl M6XaHllRll, npoeR

I.l,llOHHHe onepaTopH no3BO.mJIOT no~HTb 3aMRHYToe, cpopM~Ho TOtJ

Hoe YpaBHBHHe OTHOCHTe~LHO paccMaTpHBaeMOH cpyHRUHH WIH CTaTHCTH-
' 

qecxor.o onepaTopa. KoacpcpnUHeHTH n~eHHHX B 3TOM ~ae ypaB-

HBHHH JIBHO BHpaxaIDTCSI qepea raMWibTOHHaH Will cneRTP~HH6 

xapa.KTepncTnKH .neltCTBYDmnx cnn. Ecnn y.naeTca 'Bl,1,1{8-

nHTb sqxpeKTHBHHlt ManHlt napaMeTp, COCTaBneHHHlt ll3 pa3Mep-

HliX B8Jllll~H, SJBJJJIIDIUHXCSI ·xapaKTepHHMH MacruTa6aMH H3MepeHHSI qm-

3HtJ8CRllX BMH~H, OililCHBaIOlllHX'npoMeMY, TO no HSMY MOJKHO pa3BH

BaTb TeOpHID B03MyllleHHSJ .naiiHoro cpopMaJil,HO TO~oro YPaBHSHHSJ ll no

~qaTL npH6~HJKeHHHe, 110 qJH3lltreCRll CO.Il6plltB.T6~bHH6 YpaBHBHIDI. 3TO 

Il03BOJJJI6T noc~e.noBaTe~bHO pa3BllBaTL Teopnn·B Bli,n6 TeopHH B03MY

lll6HHSJ, H3yttaSJ IlOJiyttaJJl!lHeCSI YpaBHBHHSJ H CBSI3aHHH6 C IIHMll 3qql6KTH 
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B KaJK,!J;OM nopsm.Ke pa3JIO.lKeHll.ff no MaJIOMY napa.MeTpy.,OCHOBOllOJiarru<lllli

MH B 3TOM HarrpaBJieHHH .fIBJI.fflDTCJI n.n;en Eoro.mo6oBa, BnepB!le BllCKa-

3aHH!le B pa6oTe / 3/_ YKa3aHH!le Bblille 06CTO.fITeJibCTBa ;I(aJDT B03MO.lK

HOCTb C~OpMy-JillpoBaTb ;I(llHa.t.mRo-cTaTHCTHqecRHli Ml1RpoCKOITHqecKllll 

rro.nxo.n K OllllCa.HHIO runpoKoro .KJiacca HepaBHOBeCH!lX JJBJieHHli, pa3Bll

BaeM!llC Ha ITOJIY~eHOMeHOJIOrH'tJ:eCKOli OCHOBe. OTKPllBaIDTCJI Truoi:e ll HO

Bile, He T pa.iu1UHOHH!le )J,JI.fI CTaTHCTH'tJ:eCROll MeXaHH.Kll o6JiaCTll llCCJie

;I(OBaHll.fI, RrurnMll .fIBJI.fflOTCJI, Harrp:imep, ~epHaH ~H3H.Ka / 4/' ~H31Hta 

B3aHMo.neficTBll.ff 3apmtteHH!lX BllCOKo:rnepreTn'tJ:eC!U'!X 'tJ:aCTZU C BemecT

BOM / 5/ ll T.;I(. 

IlOJIY'tl:ru<llllieCR YpaBHeHIDI (.IIJIH KnaccnqeCKOtt MeXaHllKll - 3TO 

06lltJ:HO YpaBHeHM q>OKKep-nnaHKOBCKOro BR.Ila) onpe.neJI.fIIOTC.fI He 

TOJll,KO ~HaMI1tJ:eCKHMH napa.MeTpa.W1, Ka.K 3TO 6llJio yRa3aHO Blime, HO 

lf BlU{OM ycnoBnll, HanaraeMliX Ha llOJIHYD CHCTeMy S+Z 
B HatJ:aJlbH!lll MOMeHT 3BOJIXlUl'IH. 3TO rrpoaBJIReTC.fI B 3aBHCllMOCTH OT 

Ha'tJ:aJU,HllX YCJIOBHfi npoeKUHOHH!lX onepaTopoB. Il03TOMY Bal!tlrnM MO

MeHTOM B H3YtJ:eHllll HepaBHOBeCH!lX rrpoueccoB B OTRPliTliX CHCTeMax 

smJmeTCR H3YtJ:eHl1e H ltJ.IaCCH~H.Ka.UH.fI 3BOJiilUHll rrpn pa3JIH'tJ:HliX orpa~ 

HHtJ:eHH.fIX Ha .KJiaCCli HatJ:aJlbH!lX YCJIOBllll. B CBeTe Bcero H3JIO.lKeHHOro 

H&1eqaeTCH ,IIBa 8.KTYaJILHliX Hallpa.BJieHHH nccne.110BaHHH: 

(i) l13YtJ:eHHe H ltJ.IaCCl'lqiruta.Ull.fI SBOJIXlUl'IH HepaBHOBeCHOil no.n

CHCT0Mhl, B3a.RMO.nettcTByJ(illei1 c 6oJibmott CHCTSMOM Ha OCHOBe Ypa.BHe~ 

nnn cpoKKep-nnanKoBcxoro Bn.n;a,oTBeqavm11x pasnnqnHM xnaccaM HaqaJIL

HliX ycnoBnll.BnepBue nsyqeHne sToll rrpo6new 6!lno HaqaTo B pa6oxel6{ 

(ii) IlOHCK HOBHX, He Tpa,D;llUHOHHliX npnnoxeHHll l13JIOXeHHOll Bllllle 

MeTO,llOJIOrHH K ll3YtJ:eHIHO HepaBHOBeCHHX npoueccoB ~ll3lltJ:eCKHX CllC

TeM, ll03BOJlHJlllHX nocTpollTb HX MHRpoCKOlllltJ:eCRyIO Teopn10. 

B 3TOM IIJiru{e CTporo ;I(llHa.MHtJ:8CRaff ITOCTaHOBRa sa.n;atJ:H·H cy

mecTBOBamrn B rrpo6JieMe MaJioro aqxpeRT:l'IBHoro rrapaMeTpa, Ka.RHM 
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.fIBJI.ff0TC.fI OTHOWeHHe cpe.nnen BeJIH'tJ:HH!l TpaHcBepcaJibHOll COCTaBJI.fI!OmSli 

CKOpoCTH RaHaJIHpyeMott tJ:aCTHU!l Kee rrpo.noJibHOfi KOMI10H0HTe 

( tfL./4 = E << f ) , OTKpllBax>T YHHKaJII,HYJ!) B03MO.lKHOCTb )J,JI.fI H3y

tJ:8HH.fI CTOXaCTlltJ:SCKIDC rrpoueccoB, B03Hl1KaIOIJlHX npn ;I(Bll.lKeHHH BllCOK0-

3HepreTHtJ:8CKOll sapaxeHHOll tJ:aCTHIJ;l:I CKB03b KPllCTaJIJili. Ha 3TOM rry

TH MO.lKHO o6ocHOBaTb n YTO'!J:IIHTI, o6JiaCTI, npnMeHeHIDI paHee llCITOJib-

syeMhlx Mo;neJibHliX npe.ncTaBJieHHu, a TaKXe H8YtJ:aT1> HOBHS qlll3ll-

'!J:SCRHS 3qql8RT!l. llCCJIS;I(OBaHIIB B ;I(aHHOM HarrpaBJISHllll CTHMy-JIHpyIOTC.fI 

6!lCTpliM poCTOM aKcrrepHMSHTaJII,HliX B03MOXHOCT0H $ll3ll.Kll BHCORHX 

3Heprnn, a Ta.Kllte B03~0.lKHOCTb!O HCllOJib30BaHM KPllCTaJIJIOB )J,JI.fI 3q>

¢eKTHBHOro ¢opMHpoBaHIIB ll ynpaBJieHIDI llYtJ:RaMH BllCOR03HepreTH'tJ:8C

KIDC tJ:aCTHU / 7/. 

no 3THM .1lBYM HanpaBJieHIIBM ll npoBO;I(HJillCI, llCCJIS;I(OBaHH.fI, pe

syJI1>TaTH KOTOPHX ll3JIO.lK0Hll B .nnccepTauHH. 

UeJII, pa60TH. llcCJie.noBaHHe HepaBHOBeCHO~ 3BOJIIOUHH S-cnc

TeMli, CJia6o CM3aHHOH c TepMOCTaTOM ( 1::-CllCTeMa). Paspa60TKa 

~HaMHKO-CTaTHCTH~ecRoro rro.nxo.na K HCCJIS~OBaHll!O HepaBHOB0CH!lX 

CTOXaCTll~SCKHX npoueccoB, B03HHRaIDIJ!l1X npH KaHaJIHpoBaHllll. 

HaY'fHaH HOBll3Ha ll npaKTll'tJ:SCKM UeHHOCTl>. B ~HccepTauHll 

BnepBlle IlOJIYtJ:8HO B .fIBHOM Bll,ll;e ypaBHSHHS )J,JI.fI OilllCaHll.fI HSpallHO-

BSCHOH peJiaKCauHll CJia6o CB.fI3aHHOH c TpaHCJI.fIUHOHHO-llHBapllaHTHliM 

TepMOCTaTOM CHCTeMH. l13YtJ:BH!l rrpe.neJI1>H!le CJIY'!J:8.ll 3BOJIXlUl'lll npn 

t➔ 00. Paspa60TaHO MO;I(eJII,HOe rrpe.ncTaBJieHHe llHTerpaJia CTOJIKHO

B0Hllli tJ:epes KoppeJI.fIUl10HH!le ¢yHKUHH BaH-XoBa /Bl. 

Paspa6oTaH HOB!lli ;I(llHaMHRO-CTaTllCTll'tJ:eCKllll llO.I(XO;I( ~JI.fl OITHCa

Hll.fI ;I(Bll.lKeHll.fI BHCOK03HepreTnqecKHX sapH.lKSHHHX ~aCTllU CKB031, 

KpJICTann. 3ra TeXHHKa MOXeT 6!lTL llCllOJII,30BaHa KaK Ha ny-

TH AaJILHellwero HCCJIS,IIOBaHllH pa3JIO.lK8Hllll no MaJIOMY rrapa.MeTpy 
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ll BIDJCH8Hll!O crurnamrux C HlIMil 3qql8KTOB, TaK ll .zµm ll3yt18HIDI 

Had.mo.nae.MI:lX B 3KCIIepllM8HT8 ll3M8Jlfl8.MI:lX B8JIIl'1IlH B y,ite pacCMOTpeH

HhlX np116JrrutteHIDIX. 

BnepBiie B o (£ 2) -np116JrrutteHilll noCJie,n;oBaTeJIJ,HO 11ayqeHhl cTO

xacT1111ecKIIe nponeccH, ynpaBnHDmlle ll3M8H8HH8M ~YHKUHH pacnpe

,1{8n8HHH qac:rnu B 3aBllCRMOCTll OT r.7IYCillHh1 npoHIIKHOB8HIDI ee B 

KpHCTMn ll OTBettaDmHe .nBYM pa~HW,{ pean~anIDJM ~a3OBOro npocT

PaHCTBa COCTOJIHilit 11acTm.n,l: { S.i. = ~, ~ } - HaCiop nonepe11-

Hh1X Koop,D;liHaT ll cKopocTeit KaHanHpyeMoit ttacTHI-U:l; E.J.. - HaCiop 

nonepe'!HOit 3H8prllll RaHanHpyeMoit 11acTHI-U:l, 3BOJIIOUHOHHHit napaMeTp 

z - r.7IYCillHa npolil!KHOBeHIDI '!aCTHI-U:l B KPllCTaJJJI. 11M COOTB8TCT

B8HHO OTB8tJaIOT pacnpe,n;e.neHM f (Z, S..1.) • 9(2,~). 

Ha Ciaae n~eHHWC peaym,TaTOB y.n;aJIOCb BnepBHe IlOKa3aTb, 

~o Ha onpe,n;eR8HHWC r.7IYCillHax npoHIIKHOB8HM B KpllCTaJJJI HacTynaeT 

paEHOB8CHO6 11 A -CTaUHOHapHoe" pacnpe,n;eReHIIe 11aCTllU {B paMKax 

paccMOTpeHHOro o(E2
) -npll6Jrrutt8HM), KOTopoe He 3aBllCHT OT Ha

'!JaJIJ,HOro pacnpe,n;eReHIDI '!aCTHU Ha Bxo,n;e B KpllCTaJJJI ll IlORHOCTblO 

onpe,n;eJI/IeTCJI T8pMO,D;liHaMlitJ8CKIIM COCTORHil8M KPllCTaJJJia ll xapaKTe

poM B3aRMo,n;eitCTBM KaHanHpye.MI:lX 11acTllU C llOHaMil pemeTKII. TeH,D;eH

UHR K .n;aHHOMY paBHOB8CHOMY pacnpe,n;eR8HlIIO npIIBO,D;liT K ~OpMHpYJOmBMY 

BRMHHIO KPllCTaJJJIOB Ha ny'!Kll KaHa.mrpye.MI:lX aapmiteHHHX ttaCTHU, 'ITO 

yKa3HBaeT Ha BO3MO.lltHOCTb llCilOJil,3OBaHIDI KpllCTaJJJIOB WI.lI qJOPMilPO

BaHM ny'!KOB 3apmit8HHHX 3HepreTlltJ8CKllX ttaCTHU. 

ClI8.JtY1<lIUI8 peaym,TaTH Bli,IqmraIOTCR .zpm 3amlITH: 

I. IlOJIYtJ8Hli8 H8MapKOBCKOrO YPaBH8HIDI, OilllCHBaiall8rO peRaK

CaUHIO CJiaCio CM3aHHOit C TpaHCJIRUHOHHO-llHBapllaHTHHM T8pMOCTaTOM 

CllCT8MH, KOTOpouy ~YHKUllH MaKCBenna y,n;OM8TBOPff8T TO~~8CTB8HHO 

.ttruI Bcex t . 
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2. Ilpe,n;CTaMeHIIe llHTerpana CTORKHOB8Hliit 11epe3 ~YHKUlill BaH-

XoBa. 

3. PaapaCiOTaHHHe B ,D;IlccepTaUHll M8TO,n;H ll IlOJIYtJ8HHhl8 YJ)aBHe

HIDI WI.lI OilllCaHM CTOXaCTll'!8CKIIX npoueccoB, BO3HliKalO!IlHX Ilpli Ka

HMllpoBaHllll. 
.J., Cl' . 

4. IlOJIYtJBHHe npe,n;cTaMeHIDI ncont t-ntt.t.un noTeHUHana 

.lIBH,D;xap,n;a 11epe3 T8PMO,D;llHaMlitJ8CKil8 xapaKT8pllCTllKil KpllCTaJJJia, aa

TpaBO'!HO8 B3allMO,D;8HCTBll8 KaHaRHpyeMoit '!aCTHI-U:l C llOHOM KPllCTaJIJia 

ll llH,D;8KCH MllJIJrepa, 3a,IJ;aJOlllll8 HanpaM8Hll8 KaHanllp0BaHllR. 

5. AHami:a ll OTJUl'11IT8JI1,Hll8 '!8pTH ~OPMliPYJOOlBro BRMmm: KpllC

TaJJJIOB Ha IlY'!Kll KaHaJillpye.MI:lX BliCOKO3HepreTll'!8CKllX RerKIIX ll Tmite

RHX llOHOB. 

AnpoCiamm paCiOTH. PeayJIJ,TaTH ,D;liCC8PTaUHH ,D;OKJia,ItlraaRIICb 

Ha IX BcecOI03HOM COBemaHIIll no ~ll3llK8 B3allMO,D;8HCTBllJl aapmiteHHHX 

ttacu1u c BemecxBoM (MocKBa, 1979), Ha ceu:r,IHapax JIN mum, 
4 IDKORe MORO,D;HX yqeHWC Ep~ll (1979), CeMHHape MareuaTlltJ8CKOro 

HHCTllTyra AH CCCP llM. CTeKnOBa. 

llyCiRHitaIµm. Ilo peaym,TaTaM .n;HccepTauHll onyCirnoBaHO mecTb 

CTaTefl:. 

06~eM paCiOTH • .I(llccepTanruI COCTOllT ll3 BBeneHM, Tpex rRaB, 

3aICJillll8HHJI, '!8THpex npWIOlleHilft. 06'1,8M ,Il;HCC8l)TaUHll II5 CTpaH.Hn 

M8IJUIHOIIHCHOro T8KCTa. CimcoK 6H6Jmorpaqum co,n;epuT 125 HaHM8HO
BaHHit. 

CO.J(EP'AtAirnE PAEOTH 
Bo BBe~emm ,nan KpaTimit HCTOpll'!8CKHft o6aop pa3BHTHR MeTO

.na Dpoe~OWIHX onepaTOpoB H IlOCTpoeHHe ypaBH8lfflH THila WOKRepa

-lJJia.mta ~ OITHCaHHR BBOJillllllH IIO,ItCHCTeMH. 0TM8'!8HH nmpoKHe ero 

BOSMOltHOCTH IlpliM8H8HHR K OIIHCaHHD H8paBHOB8CHOI peJiaKCauHH !pll3ll-
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'tl8CIGDC CHCTeM. OClpHCOBaHH B03HlU(aD!IH8 B 3TOH CBJI3H 38,Ita'tlH. YKa-

3aJIO, KaKHe acneKTH aToii oelmeit npo6J.IeMH HcCJie;ItVl)TCR B .miccepTrunm. 

KpaTKO H3ROX8HO co;nepJ!t8.HHe 'AHCC8PTauHH• 

B nepBOH rRaBe HCCJIB;I(yl)TCR npo~eccH, B03HHKallllH8 B ,mIHa

MH'tl8CKOH CHCT8Me 5, CJiaelo B3aHMo;neitcTBynneit C TPaHCJIHUHOHHO

HHBapHaHTHHM TepMOC'l'aTOM npn Macce Ha't!BJII,HHX YCJIOBHii s r :E:'.'.. 

CHCTBMH, 38,ItaBaeMHX COOTHomeHHeM 
,;2>(rS~)~=O = ~(SL--)./'(OS) I S{Jz:.) 2>o(SZ:) , (I) 

r;ne ~(SZ::)- pacnpe;nMBHHe rHClelca }J.JIJ! S+~ CHC'l'eMH, /'(oS) -

npoH3BOJll,H8.fl ~YHKUWJ. 

B § I H3ROXeH o6!llHi ~OpMaRHSM nOJiy,IeHHJI 3aMKffY'l'NX ypa.BHe

HHR ~na ~YHK~HH f(ts) • OTHOCHrenLHO 3TOR ~yHK~HH nonyqeao 

~OpMBJII,HO TO'tlHOe 3aMKHYT08 YPaBHBHHe. 

B § 2 paccMaTPHBaeTCR O (E:2)-annpoKc~ no .KOHCTaHTe 

CBJI3H noRy-qeHHoro TO'tlHOro YPaBHBHHJJ npH Ha'tlBJII,HHX yCJIOBHJIX (I). 

B § 3 'AaHHOe YPaBH6HH6 BllBO,mITCR B .IIBHOM Bime B CJIYllae 

TpattCJIJnlHOHHO-HHBapHaHTHOrO TepMOCTaTa. IlORy'tleHHOe ypmHeHHe 
-,, .....,.. --,. _.. ~ 

HM88T BH;n • -::2, /:'{-t. S) = -V•ll.'.R ((ts)+ ..!... rz·B (t {.'{-r:s) 
• ""'e P1 V , 

17(t .ftr:sJ) = ~ s~ r✓i?ilrJr~J exp [ix-R] JCRKl<'(T) 
0 {277)38 0 _.)Cl (2) 

exp[rnrs>J exp[-ii<-R~ it-[v+Jf] ftcs) , ~= i , 
N - 'tlHCJio -qacT~ B TepMocTaTe, .Q. - ero oel'LeM , T = c- r , 

//(S) = [H(s), ... ] , ./7(::.:..) = [ 1-/(z.),,,.] , 
IY ➔ --r 

R {r' = <exp{-ii}~) exp(Tn(::E:.>).z;::.e-,.p[-,,'K•?';,] ""--
K1< .I . J.a/ ~ 

H (z=.) , H(S) - raMHJILTOHHaHH cooTBeTCTByJ!I!HX cHcTeM, [: ", ·] 

- MaCCH't16CKH6 CKOClKH IlyaccoHa, 8 - T8Mll6paTypa TepMOCT~Ta, 

M - Macca -qaCTHilH S -cHcTeMH, <· • • >~ - ycpe;nHeHHe no pacnpe

;nMeHHD fn:Clelca }J.JIJ! KpHCTaRRa. 
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B § 4 HCCJie;nyeTC.ll'. MapKOBCKHH npe;nM ypaBH8HHII (2). 

B § 5 pa3BHBa6TCR MO'A6Jll,H08 npe;ncTaBReHHe HHTerpaROB CTOJIK

HOB6HHH THna iltt {{~s)) -qepe3 cpyrumH:11 Baa-XoBa /Bl• IloRy-qeH

HOMY ypa.BH6HHD, HBCMOTp.ll'. Ha ero HeMapKOBCKHH BH;n, ~HKQHJJ pacnpe

;neReHHJJ Ma.KCB6J!.1Ul y;nOBJI8TBOp.ll'.8T 'TOJ!r.n8CTB8HHO }J.JIJ! Bcex t- • OHO . 

OllHCHBaeT PeJlaKCau;HD CJia6o B08MY!Jl8HHOH CHCTeMH .It 9TOMY pacnpe

'AMBHH!l. 

BTOpM rRaBa nocB.ll'.llleHa pa8BHTHD ,mIHa.MHKO-CTaTHCTH't18CKOro 

no;nxo;na K OllHCaHHD ;nBHJlt8HH.ll'. 6HcTpllX 3ap.ll'.llt8HHHX -qacT~ CKB03L 

KpHCTBJIJI / 5/• 

B § I OllHCaHa nocTaHOB.Ka 38,Ita't!H H H6ROTOpHe Heo6xo,mIMHe 

npe;nBapHT8Jll,Hll8 CB8'A6HH.ll'.. , 

B § 2 nORy'tleHO 3aMKffYT08 ~OpMBJII,HO TO't1H08 YPaBH6HH8 }J.JIJ! 

onn:caHHJJ H3MeHeHHJJ WHKUHH pacnpe;neJieHH.ll'. 'tlHCJia -qacT~ f(e s..L) 

B IJJIOCROCTH ~a30BHX nepeMBHHHX S.i. B 3aBHCHMOCTH OT r.n:y6HHH 

npoHHKHOBeHHJJ 'tlHCJia -qacTHU Ii KpHCTaRR ,g • 

B § 3 CqK>PMYRHPDBaHa TeOpH.ll'. B03MY!Jl6HIDI no E = ~ /11;. H 

H3y-qeHo o {s) -npn:ClJIHllteHHe ;naaaoro YJJ8.BH8HHH. YcTaHOBJieHa ero 

aKBHBMBHTHOCTL c conl,"n"um .pofenfi·af '~o;neJU,JO JIJnmxap.na / 5/. 

" B § 4 nOJiy,IeHo o{s2) -npn:ClRHllteHHe, y-qn:THBal!lllee nponeccH 

OClMeHa 3Heprneil MellU]y KPHCTaRROM H KaHaJmpyeMOH -qaCT~eit. YpaB

HeHHe }J.JIJ! fr~ !:fi_) B 3TOM 'npH6J.IHllt8HHH HMeeT BH;n: 
-- ,v - ' ,-1 I'. .;;, /(~s.J.) = ..!..f~-~ r(~~/J(R-2_,·)✓-. ·M ~ tr:c5.i.) + 

'l>(.i!.) /.{, ".L ~=, .lL :.s::. ~ 

I! _ I - l ..... -1. - ] 
-1- 1 s✓z- ~ C iK 7.IIK} rl(t{) exp f£(K.J_+ ~)·R.L (3) 

. frJ{/2.r"\2 q_ I( I(' 
0 :.l"" o ,L st 

X [ck_ ,{T} 1K_V ~ 8/ -.,T 4:c1e,{r)1 /"(z-S.L)' 
kK M ~ ..., 'J . 

r;ne T= ~ ~" z- , t1ePTa Ha;n WHKUHeil osaa-qaeT ocpe;naeHHe 

no i!. • 
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T 

/{···) = elm ..!,_ s✓E- fr, .. ), 
. T➔ OO T" ,,., 

tf!, (T) = <.2 expfi~-z-!-1exp(T/'/(r.))L er.p ft~~ 
~ .I~ JY J~ -. < N •~':!r.J.7:>- < # [ ••I-.L7'-,. xZ:-ll>-._ - Z::..e'llpELK.i.''- J r::_ exp -LK_,_·2_j J/.,. • 

.Jj z:. .1=1 .I ~ /.=/ z: 

B § 5 :l-l:3yti6HO acHMIITOTH'l6CKOe npe,n:CTa.BJieHHe ypEU!H6IDUI 

(3) npH _2-,. 00 • Ilpo.n;eMOHCTpHp0BaHO .n:eii:cTBHe .n;HCCHilaTHBHOro !p()

HOHHOro MeXaHH3Ma, o6yCJiaIJJIHBa.I!lllero peJiaKCauHIO .f(.~ S.L) K "2 -

CTauHOHapHOMY" pacnpe,n:eJieHHI>. IloKa3aHO, 'ITO npH ~ ➔ 00 YpaBHe

HHe (3) TpaHC!p()pMHpyeTCJJ B ypaBHeHHe BH,n:a 

-➔ " -~ ,t4(z~) = /;f 't_·'C[. r f; f;'(~Z::)llf:r.] f(.e~)r 
'"a:i! vo ~ a 

I s /..--:, ~ ➔ k4) +Q(~(z-5.J.,) I Q(f(l"S_i_)):: lo/f{,20 o"l"~<.7;.7°(T)) 

r.n:e 
[

...1.. _,,. I -1 /\. . 
x M \7~ + a~ .,.rz-~), 

A (i • ,V 
f? = ...)?/£) •• , , F?(5iz.) = expf 8

1 B, llr~"-z)7 
0 -~- .1=1 .11.J 

• JC 2>
0
(~) /< exp [-J~ //(R'-;J]"- . , 

'/' ✓=I /z::. 
~ (::=) - pacnpe,n:eJieHHe Tu66ca ;zµm KpHcTaJIJia. , 

< j!. T(r)) = e .i: t/(1<4..f) e)l.p [T/l(~fl .Pa(S.i.r.) x, 

.> ---0 ./=I 

r,A'~ .'\ . N:---, ~-+1 
XL z:;;:; ~//(K-z) - I? F? {s..L r.)E;;.V,, L/(R-~) 

J-1 ':J. ..1-1 ,~ • 

B § 6 arumeHO paBHOB8CHO8, ""ii! -CTanHOHapHoe" pemeHHe (4), 

o6cj'lr,IteHlil tp0pMHpynnee .1telcTBHe KpHcTaMa Ha IlY'lKH KaHBJIHpyeMWC 

-qacT~, OTJIH'll!TeJIJ,Hll8 'l8l)TH sToro <ti<>J>MHPYD116ro BO3,1t8ICTBWi Ha 

ny-qKH KaHaJIHpyeMWC TJllteJIHX H Jier.KHX HOHOB. 

8 

B TpeTnel rJiaBe CTp0HTCJJ MaPKOBCK8H annpoKCHMa.URII paao6paH

Horo BO BTopol rJiaBe cToxacTH'lecKoro npouecca. 

B § I IlOJIY'i8H MapKOBCKHI aHaJIOr ypaBH6HHI (2)-(3) B o(s2J

npH6JIHllt6HHH. 

B § 2 ,n;eJiaeTCJJ ~YHKUHOHaJIDHBH aaMeHa nepeMeHHHX li B onnca-

HHH oT ~yimu~rn /'(~~) - K .9r:e~JonHcaHH10. oooomaeTcH 

cxeua XaKeHa/9( 

B § 3 HCCJie.n;yeTCJJ ypaBH8HHe ;It1IIJ 9~ -5) B o(s:.2J-npH6JIH

llt8HHH, IlOJiyq8HII ypaBH6HM, OTJIH'laIOillH6CJI OT ypaBH8IDIB THna JlHH.n;

xap.n;a .n;Hffl3HOHHOro B~a HaJIH'!H6M 'lJI8HOB 'lHCTO TepMO,ltHHaMH'l8C

Koro xapaKTepa, nponopun:oHaJIDHIDC ff . PaccMoTpeH npe,1teJI 6oJib

mnx g . 

B § 4 ITOJIY'ieHHOe B §3 ypaBHeHne npiMeH1JeTCJJ K OUHCaHHJO Ka-
. ➔ 

HaJIHpOBaHHJI HOHOB, xapaKT8PH3Yl!XIIKXC.IJ KOp0TKO,lt6HCTBYJOII18H t/(r::J 
/ID/, IlocTpoeH nponaraTop ~aHHoro ypaBHeHrur, BHnHcrurn ero peme

HM, 

B § 5 o6cy,imeH ~3H'l8CKHI CMIICJI HHTerpaJia CTOJIKHOBeHHI 

IlOJiyqeHHllX ypaBHeHHI. 

B 3aKJIIo-qeHHH npHBe,n;eHa KpaTKBH CBO.n;Ka IlOJiyq8HHIDC peayJID-

TaTOB. 

B IlpHJIOllt6HHJI I,2,3,4 BIIHeceH!I Bonpocu, HeO6XO,ltHM!Ie ;It1IIJ 

noCJie,n:oBaTeJinHoro n Jiorn-qecKoro H3JIOllteIDIB co,n:epJKa.HM .n;HccepTauHH, 

HO Tpe6YJOillH6 rpoMO3.n;KHX MaTeMaTH'l8CKHX BwrHCJI8HHI. B npHJIOJKeHH

JIX I,2 o6cyxr;n:aeTCJJ ,, con/;nuum pofe11f,ctf"'JIHH,n;xap;rr.a ,n;JIJI oceBoro 

H IlJIOCKOCTHoro KaHaJIHp0BaHM, ero CBJI3b C HH.n;6KCaMH Mw:mepa, 

KOTOp!IMH Sa,1taeTCJI HanpaBJieHHe KaH8JIHp0BaHM. B npHJIOllt6HHH 3 BIIBO

,n;JITCJJ H6KOTOp!Ie BCilOMOraTeJIDH!Ie ~OPMYJW. B npliJIOllt6HHH 4 ycTaHaB

JIHBaeTCJJ npn.HI.Wn OCJia6Jiemm Koppe.mnmn ;zµm onpe~eJieHHoro BH.n:a. 

KOppeJI!IUHOHHHX WHKUHH
0

IlO KpHCTaJIJiy. 
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OcHOBHHe pesym,TaTH, ITOJ,!Y'I8HHH8 B 8HCcepTaI.J;HH 

1. IlOJiy'l:8HO ypaBH8IDl8, OIDICHBa.IOOl88 peJirutcarnuo CJia6o CM3afl

H0ll C TepMOCTaTOM CHCTBMH :II,JIR orrpe,neJieHHOro KJiacca Ha~am.HHX yc

JIOBHH. 

2. Pa3BHTO ITOJiyql8HOM8HOJIOrH~ecKoe rrpe,ncTaBJI8HH8 HHTerpaJia 

CTOJIKHOBBHH.fl ~epes (!)YH.KUHH Brur-XoBa. 

3. PasBHTa IlOCJI8.I(OBaT8JII,HaJl cxeMa ~HaMHKO-CTaTHCTH~ecKoro 

OITHCaHH.fl .I(BIDKBHH.fl 6HCTPHX 3apmKeHHHX ~acT:im CKBO3b KpHCTaJIJlli. 

l13y,i:eHH o(E) ' o{0-rrpH6JIHJK8HH.II ypaBH~HH.fl ,Jt}Ill cpyruunrn /(i! SJ..) • 

I ~ 

Ha~eHo rrpe.ncTaBJieID!e con 1·11,U,U,,.,, rroTem.uraJia ~epes :z~eKcH Mwr.ne
'J 

pa HaITpaBJIBIDI.II KaflaJIHpoBaHM. 

4. IloKa3aHO, ~TO y,i:eT o6MeHa 8Hepr:zen M8lKJJY rry,i:KOM ~aCTHU 

H KPHCTaJIJIOM rrpHBO~T K YPaBHBIDI.IIM THrra qioKKepa-IlJirurKa :II,JIR f(c~ 
IlpoHJIJIIOCTpHpoBaHO ,neficTBHe .I(HCCHITaTHBHOro qiOHOHHOro M8XaHH3Ma, 

O6yCJiaBJIHBa.I001ero peJiaKCa.ul!IO /(i!: SJ..) K ":i! -cTa.ul!OHapHoMY" 

pacnpe,neJieHHJO. 

5. l13y,I8HH Ka~eCTBBHHO OTJIH~T8JII,HH8 ~epTH qiopMHpyIOmero 

qiOHOHHoro MexaHH3Ma Ha~ T.IIJKBJIHX H JierKHX HOHOB. 

6. IIocTpoeHa MapKOBCKaJl arrrrpoKCHMa.uI!.II ,naHHHX CTOXaCTH~ecKMX 

rrpoueccoB. IIocTpoeHo RX iii , z; -npe.ncTaBJiemrn. Hsy,i:eHH qiox

xep-nna11KOB CKHe ypaBHeHH.II 0(£2) -rrpH6JIH11teID1.1I aToro rrpe,ncTaBJie

HH.II. Ha~eHH HBKOTOpHe pememm 8THX ypaBHBHHH, OllHCHBa.IOOIHe 

rrpouecc "t -peJirutcauHH". 
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