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OEIUAH XAPAKTEPHCTHKA PAEOTH 

AKTYaJlbHOCTb npo6ieNW. B COBpeMeHHOA ~HSHKe MHOroqacTHqHWX CH

CTeM 60Abmym pOAb HrpamT CTpOrHe MeTOAY, He HcnoihsymmHe B TOA HiH 
HHOA ~OpMe TeopHm BOSMymeHHA. riaBHOA ueAbm CTpOrHx nOAXOAOB B HepaB
HOBeCHOA CTaTHCTHqecxoA MexaHHKe B HaCTOJlmHA MOMeHT JIBAJleTCJI noCAe
AOBaTeA&HWA BWBOA KHHeTHqecKHX ypaBHeHHR HCXOAJI H3 NHKpocxonHqecxo1 

MOAe~H BemecTBa H oTqeTAHBO C~OPMYAHpOBaHHNX CTaTHCTHqecKHX npeAOO
AOMeHHA. BnepBWe 3Ta nporpaMMa 6WAa peMHSOBaHa H.H.EoroAm60BWM, no
nyqHBmHM XHHeTHqecxoe ypaBHeHHe EOAbUMaHa Ha OCHOBe MHKpOCKOnHqecxoA 

AHHaMHKH H npHHUHna OCAa6AeHHJI xoppeAJIUHA. 
IIpH HsyqeHHH BOnpocriB, xacammHXCJI B03HHKHOBeHHJI Heo6paTHMOCTH 

B 3BOAmUHH MHOroqacTHqffNx CHCTeM, npH6AHMeHHJI K paBHOBeCHm, nOJIMeHHJI 

xaOTHqecxoro ABHXeHHJI B AeTepMHHHpOBaHHNX CHCTeMax H T.n., 6on&mym 
pon& urpamT OTXpNTNe CHCTeMlil - MaJIWe KBaHTOBNe CHCTeNW C KOHeqHNM qH
CAOM CTeneHeR CB060AW, BSaHMOAeRcTBymmHe C 6eCKOHeqaoR, HaXOAJlmeRcll 
B COCTOJIHHH TepMOAHHaMHqecxoro paBHOBeCHJI KBaHTOBOR CHCTeMOA, TaKHM 

o6pasoM, eAHHCTBeHHYM CTaTHCTHqecKHM ycno~HeM npH HsyqeHHH AHHaMHKH 
OTKpYTWX CHCTeM JIMJleTCJI Tpe60BaHHe, qTo6w TepMOCTaT onHCWBaACJI 
KMlll-coCTOJIHHeM. KoHuenUHJI OTXpWTHX CHCTeM npHBAeKaTeA&Ha Taae TeM, 
qTO B xaqecTBe HHX MOMHO paccMaTpHBaTb pa3JIHqHNe ~H3HqecxH HeTpHBH
aJlbHNe MOAeAH, TaXHe,xax MOAeAb EKDI, OTKpYTaJI MOAei& HSHHra, NOAeAH 

nasepa. 
Cy~ecTBeHHOR ocodeHHOCTbm no~yqeHHNX TOqHYX ypaBHeHHR JIMJleTCJI 

HaJIHqHe B HHX HeMapXOBCKHX qieHOB, qTo CHAbHO 3aTPYAHJleT HX npllMOe 
HCCAe,llOBaHHe. KoppeXTHOA MaTeMaTHqecxoR npoueAypoR B TeOpHH OTKpNTWX 
CHCTeM JIBAJleTCJI npeAeA BaH-XOBa CAadoR CBJl3H C TepMOCTaTOM C OAHOBpe
MeHHOR nepeHOpMHpOBKOR BpeMeHHOR MKMN AAJI KOMneHcaQHH 5aMe.itAeHHJI 
peiaxcaUHH cHcTeNW, loxasaTen&cTBO ocymecTBHMOCTH Taxoro npeAena B 
MeTOAe npoeKUHOHHOro onepaTopa OCHOBaHO Ha orpaHHqeHH~CTH no HOpMe 
onepaTOpa BSaHMOAeRCTBHJI, qTo HMeeT MeCTO B CAyqae ~epMHOHHOro TepMO
CTaTa. Me~y TeM npodAeMa noCTpOeHHJI TOqHoro MapKOBCKOro npeiena B 
TeOpHH OTKPWTNX CHCTeM, B3aHNOAeACTBymmHx c 60SOHHYM TepNOCTaTOM, 
HMeeT 6oi•moe SHaqeHHe He Ton&xo c MaTeMaTHqecxoA, HOH c ~H3HqecxoR 
TOqKH speHHJI, AaBaJI YA06HNA, annapaT ARR HCCAeAOBaHHJI peMHCTHqecKHX 
MOAeneA CTaTHCTHqecxoA MexaHHKH. 

0111>,;:1H1iJ'.·1idi,,;il imcnrryr 
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UeJJb pa6oTY 

1. MaTeMaTH'leCltH CTporHR BYBOA MapKOBCKHX, TO'IHYX B npeAeJie Bau

XoBa, KHH6TH'l6CltHX ypaBH6HHR A.Jiff AHHaMH'leCKHX CHCTeM 06.ero B~a. Bsa

HMOAeRCTBYD.HX c 6oSOHHYM TepMOCTaTOM. 
2. licCJieAOBaHHe noJiy'leHHYX MapKOBCKHX ypaBHeHHR A.Jiff KOH!tpeTHYX 

MOAeJieR cTaTHCTH'leCKOR ~H3HKH - certteT03Jl6KTpHKa THna "nopMOK-6ecno

pHA0Jt11 H MOA6JIH CBepxH3Jly'leHHJI )lHKJte. 
3. licCJleAOBaHHe HeKorepeHTHOR peJiaJtCaLtHH H nepeXOAa B CBepXHSJiy

'laTeJibHYR pellHM B MOAeJIH .llHKKe. 

HaY'IHaJI HOBHSHa H npaKTH'leCKaJI ueHHOCTb. B AHCCepTaUHH B paMJtax 
MeTOAa EorOJID60Ba HCKJID'leHHJI 6osOHHYX nepeNeHHYX AOKaSaHO cy•ecTBOBaHHe 

npe.zteia Bau-XoBa A.Jiff AHHaMH'leCKHX CHCTeN 06.ero B~a. BsaHNOAeRCTBYD.HX 
c TepNOCTaTO~ JIHHeRHO no 6ose-nOJJJIN. Taxoe AOJCasaTeJJbCTBO JIBJIReTCJI BaJ[~-

·HoR CTyneHbD UR HCCJieAOBaHHJI peJiaKCaUHOHHYX npouecoOB B paSJJH'IHYX NO
AeJIRX OTaTHCTH'leOXOR MeXaHHKH. IlOJI)"l8HHYe MapltOBOUe UHeTH'leoxHe ypaB

HeHHR HNeDT 60J1ee npocTyD CTPYK~ypy, 'leN cn.P'lJleAJIHBYe npH JID60N SH&'le
HHH ltOHCT&HTY OBRSH TO'IHYe ypaBHeHHJI EorOJID<lOBa. OTNe'leHO, 'ITO Heo<lpa~ 

THNOCTb B y1tasaHHYX MapKOBCltHX ypaBHeHHRX BOSHH1taeT JIHllb B npouecce 

ycT-peMJieHHR paswepOB TepMOCTaTa It 6eOEOHe'IHOOTH. 
Ilpx BWBOAe Map1toBcKHx ·KHHeTH'leoxHx ypaBHeHHR .B-NOAeJIH oerueToaiex

TpHxa THna'"nopR,JtOX~6ecnopMOK11 C AaJibHOAeRCTBHeN oaNOOTORTeJibHYD ueu
HOCTb npeACTaBJIJIJIO HCCJJe.ztOBaHHe'OB060AHOR AHH&NHXH nOACHCTeNY npOTOHOB 

B ~Byx'!,mfHOM IlOT0H(Ui8JI0 Ha CBR3HX,l.n& saAa'la 6YJia pe■eH& TO'IHO B Tep
NOAHHaNH'leOJtON npe.zteJJe N-oo. IJOJI)"lelUI ltHHeTH'lecue ypaBHeHHJI, 0606-
•am•He HSB8CTHYe ypaBHeHHJI THna bJIOX&-BaHI'CHecca Ha OJiy'l&R npOHSBOJlbHO-. 
ro OTUOHeHHJI OT paBHoaecHoro cocTORHHJI. B NOAeJIH cBepxHSJI)"leHHR lHx1te · 
nOJJy'leHY TO'IHWe 3BOJIIOQIWHHbl6 ypaBHeHHR AJIJI npOHSBOJlbHOR (,ypbe-JtoNnOHeH

TY noJIHOR HHBepoHH CHCTeNY AByxypOBHeBYX HSJIY'faTeJieR B CJl)"lae aeuyJieBYX 
TeNnepaTyp foTOHHOro TepMOCTaTa, a Tane TO'IHYe ypaBHeHHR AJIJI HepaBHO

BeOHYX AByXBpeNeHHYX ~yH1tLtHR fpHHa c HOKJID'leHHYMH 6ose-onepaTopaMH Tep
NOCTaTa. Ha OCHOBe KOHqenuHH HepapxHH BpeMeH H ltBaSHCTaQHOHapHYX COCTO
JIHHR HCOJieAyDTCR fOJIOBHR B03HHltHOBeHHR ~epaBHOBeCHYX napaNeTpOB nopMKa 
nepeXOA& B OBepxHSJiy'laTeJibHOe COCTOJIHHe. flpOBOAHTCJI oonoCTaBJieHHe 0 

, . . 
3KcnepHNeHTaJibHYNH AaHHYMH no CBepxHSJiy'leHHD B KpHCTaJIJiax C npHNeCRNH. 
IJoJJyqeHHYe- fCJIOBHR roBopRT B noJlbsy OTAeJibHOro, 6oJiee no.1lpo6Horo Teope
TH'lecxoro H axcnepHMeHTaJibHOro HsyqeHHR MHKp0CKOnH'leCltH npOCTpaHCTBeH
HO-HeOAH0p0AHYX CBepXHSJiy'laTeJibHYX COCTOJIHHR. 

Anpo6yu.pa60TY. PesyJibTaTY AHCCepTa[tHH AOKJlaAYBaJIHCb H o6CYJtZta
JIHCb Ha ceNHHapax MaTeMaTH'lec1toro HHOTHTyTa HN. B.A.OreKJ10Ba AH CCCP 
H Jla6opaTOPlfH TeopeTH'leCJtOR ~H3HKH 06~eAHHeHHoro HHCTHTyTa MepHYX HO-
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CJleAOBaHHR, Ham MeJQyHapoAHOM OHMnosHyMe no H36paHHYM npo6JieMaM oTa
THCTH'leOEOR-MeXaHHltH /ly6Ha, I984r./, Ha BceCOD3HOR mltOJie "KBaHTOBYe 

npouecow B HHTeHOHBHYX noJ111x" /KH■HHeB, l985r./ Hua 11 CoBeTOKO-HTaJ1b
RHc1tow OHNnOsHyNe no NaTeMaTH'leOltHN npo6JieMaM CTaTHCTH'leCJtOR ~H3HltH 
/lbBOB, l985r./. 

IJJ(IJIHEaUHH. IJo pesyJibTaTaM AHCOePTaUHH ony6JIHKOBaHO 8 CTaTeR. 

06~eN pa60TY • .lHccepTaUHJI COOTOHT HS BBeAeHHJI, '18TYpex rJJaB H 3a
lCJID'l8HHJI. 06~eN AHOOePTaLtHH: 90 OTpaHHU MamHHOnHCHOro TeKCTa. EH6JIHO

r~H'l801tHR onHOOlt JIHTepaTypY COA8PJIHT 153 HaHMeHOBaHHJI. 

COAEPIAHliE PAEOTH 

Bo BB086HHH OTNe'leHa a1tTyaJibHOOTb BOnpOCOB, CBJIS&HHYX O NaTeNaT■-

'16CltH oTporHN HCCJle.ztOBaHHeN npo6JieN paBHOBeCHOR H HepaBHOBeOHOR CT&TK
CTH'l8CltOR N8XaHHltH; AaH aHaJJHS OOHOBHYX pesynbTaTOB B 3TOA 06JiaCTHo 

O6ocHOBYBaeTOR HeOdXOAHNOCTb 1tOppe1tTHOro HccneAOBaHHR Map1tOBC1tOro npe
A6JlbHOro nJpexoAa B oiyqae HeorpaHH'leHuoro no uopMe onepaTopa BsaHNo
AeRCTBHR. IIOAqepJtHBaeTCJI BaJIHOCTh HCnOJib30BaHHR nonyqeHHYX MaTeMaTH

qeoltH oTpOrHX pesyJihTaTOB B HsyqeHHH CBORCTB KOHKpeTHYX ~HSH'leCXH oo
A8J)lmT8JlhHYX MOAeJJeR, a HMeHHO: NOAenH cerueT03nexTpHKa THna KDP 
c AaJihHOA8ROTBHeN H MOAeJIH AH1t1te CB8pXHSJiyqeHHR. AeJJaeTCJI o6sop CTpyK

TypY AHOOepT&UHH B UeJJOM. 

B rJIQB8 I AHCCepTaLtHH npKBOAHTCR AOKasaTenbCTBO c,-ecTBOBaHHR npe
A8J18 Bau-Xoaa AJIJI CHCTeN 06.ero Bl(Aa, B3aHMOAeRCTBHe KOTOpYx C TepNOCTa
TON JIHHelHO no ueorpaHH'l8HHYN 60SOHHYM onepaTopaM. AaeTOR cnoco6 nooT
poeHHJI N8pltOBCltHX ltHH8TH'leOltHX Y~HeHHR AJJR T6ltHX CHCTeN, o60YJQ68TCR 
npo6JieNa OTpeNJieHHR It paBHOB8CHD., 

B § I npHBOAHTCR raNKJibTOHHaH CHCTeNY o<l•ero B~a: 

+ + + 
H(t,S,T.)=f(S)+f tc.JIC(t" +~[AIC{t,S)IIC +AIC{t,S)il(J. II/ 

A~R JtOTOporo H.H.EorOJJDdOBYN (lyi paspa6oTaH MeTOA noCTpOeHHR TO'IHYX 
3BOJIDUHOHHYX YJ>lllH8HHI O HCltJID'l8HHYNH 6030HHYMH onepaTOpaNH. BxpaTqe 
paCOMaTpHBaDTOR OCHOBHYe HAeH, CBRS&HHYe C npeAeAOM Bau-XoBa CJia<loR 
OBJISH O TepNOCTaTON. 

§ 2 npeACTaBJIJleT oo6oR ltpaTXOe HSJIOzeHHe MeTOAa EorOJID60Ba HCltJID
qem doSOHHYX nepeNeHHYx. IJpHBOAHTOJI AOKasaTeAbCTBO leMMY EorOJID<lOBa, 
OCHOBYBaD~~eCJI Ha KNll-yCJJOBHH AJIJI OOOTORHHJI TepMOCTaTa. , 

§ 3 nOCBJl.eH npeAeiy Baa-Xoaa B TO'IHYX 3BOnDUHOHHYX ypaBHeHHJIX 
EorOJID60Ba. ~OpNyAHpOBaH OCHOBHOA pesynbTaT AaHHOR_rJIB.Bbl: 
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TeopeNa. ITycT& AHHaMH'lecltM cHcTeNa $ BSaHMO.lleACTByeT c TepwoCTaTowE 
TaltHM o6pasow, 'ITO fiOJIHYA raMHJlbTOHHaH HMeeT BH.lt /I/ H BWfiOJIHeHW c.1e

AYlllllH8 YOJIOBHR: 
a/ onepaTOp r( s) HMeeT TOAbKO ,llHC!tpeTHYA oneltTp; 

61 A:{t,S)=)c:(t,SJ; //c:(t,s)/f~M<. 00
; 

B/ {edc•(s) t fO (t.> 0 ). 
~ I(_ , > 

cac(i.,S)= c~ (S) t>o · 
I( , ) 

r/ OTaTHCTH'leCJtHA onepaTOp 1)t npH t :: to yJlOBJl8TBOplleT Ha'laJibHWM 

yc.tOBHRM BH,lta 

~lo = f (S) 1'(L>) ; '"h(~) =Z: exp{-jH(r.)j; 

Sp f ( S) = i ~ 
{S} 

Zz = Sp expf-,u{2)}. 
(:C) 

TorJ(a TO'IHOe 3BOJillUHOHHOe ypaBHeHHe JlJIR npHB6Jl8HHOro CTaTHCTH'l80JtOro 

onepaTopa .Pt (S) = S Pcz:/'>t- ($, 'J:.) » npeAeJie .A ➔ 0 , .A.1t = 't" = co11st 

nepeXOJlHT B ypa»HeHHe MapKOBCKOro THna. 
ITpH ,llOJtasaT~.lbCTBe TeopeMH HCfiOJlbSyeTOR JlOJtaSaHHM B ,llHOOepTaUHH 

Eewwa. ·rrycT& Pll.llW _2 

I: c. (l, t) e i 4 .A l 
at 

H 
r.. J. .tf J. t) i.a_, . ..r2t 
"'- ' e 

cxo,11J1Tc11 pa»Howepao no .A , l H paBHW ,11pyr Apyry, a tYHKUHH. c-' (.1, t). 
H J._ .t (J. 

1 
l) orpaHH'leHHY H HenpepliBHW no t , Tor,lla, ecJIH C)'ll8CTBYllT 

paBaowepawe no -l npe,lleJIY 

f;,.., c.{J.,l)=c"'(l) u l....,. J..JA,t)=ol.{t), 
.A➔ o ,1 .. o 

To oaH oo»n8.ltamT: c"' {i)=- J."' {i) V.t,l. ,,_ 
B § 4 npHBOJlHTCR CJieACTBHe TeOpeMW: 3BOJillUHR OHOT8MW 06111ero BU..a, 

OfiHOIIJIABNall npe,lleJibHYM NapKOBCKHN ypa11HeHll8N, o6paTHMa ,11-111 JtOHe'IHoro ' 
o6~eu TepNOCTaTa H CTaHOBHTCff Heo6paTHMOA JIHmb B TepNO,llHHaMH'l80KOM 

npeJleJie. Ha npHwepe woAeJIH ~peJIHxa no-111potta 6oJI&■oro pl!,ltHyoa ,11ewoHCT
pHpye-rc• :BAEHOC'1'b JlOKaSaHHOA TeopeMW npH HOO-lel,OBaHHH npo6JieNY CTpeMJie~ 
HHJl 1t pallHOBeCHD B ,llaHHOA MO,lleJIH. B saMe'laHHRX o6cyaitaeTOR OBJlSb wap
KOBCKOro npe,llUbHOrO nepexo,lla B cJiyqae 6010HHOro TepMOCTaTa 0 ,ll0ltll8a
T8Jlb0TBOM l3BHOa JlJIH ~epMHOHHOro TepNOOTaTa. 

:• l 

... 

() 

B rJiaBe IT noJiy'leHO TO'IHOe B npe,lleJie Batt-XOBa MapKOBOJtOe JtHH6TH
'16CKOe ypaBH8HHe ,IIJIH MO,lleJIH oerHeT03JI8KTpHKa THna "nopH,IIOJt-6ecnopll.llOK11 

0 ,llaJibHOJl8AOTBHeM, ITpH 3TOM HCCJI8,ll0BaHHe CB060,llHOA l!HHaMHKH npOTOHHOA 
ITO,llOHOTeMW npeJtCTaBJIHeT 0060A OT.1(8,lbHYll HeTpHBHaJibHYll 58,lta'ly, KOTOpaH 
6HJia pemeHa TO'IHO B TepMO,IIHHaMH'leOKOM npeJleJle JI-+ oa • 

B § I B Jta'leOTBe KOHKpeTHOro npHwepa OHCTeMli C raMHJibTOHHaHON /I/ 
BY6HpaeTcR NO,ll8Jlb Ko6MmH, OITHCYBalllllaJI JlBHgeHHe npoTOHOB Ha BO,llOpOJtHYX 

OBRSRX B ,IIByx'bJIMHOM aarapMOHHtl8CKOM ITOT8HUHaJie onepaTOpa.MH KBaSHCfiH

Ha I/2, BSaHNO,lleRcTBYlllllHX 0 ITOJIRpHWNH OITTH'leCKHMH ~OHOHaMH KpHOTaJIJIH
'1801tOA pe■ eTltH: 

#.:cI/11 ~l res)= -2 Jl E s. -- .E s. sJ. 121 j:f J 2/,I ij:1 . , 

I N • + 
1-1i..t cs,z.)::-_r.·f' l 91( sj (Cl(+ e_K). 

V/ol J:-f K 
/J/ 

§ 2 OOCB1111l8H JlOKa3aTe.lbCTBY pH,lla CBOACTB, KOTOpUM Yl!OBJleTBOpReT 
3BOJillQHR.BBe,lleHHYX S,1160& Na1tpooxonH'leOKHX COCTOHHHA. rro onpeJleJieHHll 

ITOOJle,IIOBaTeJibHOCTb COOTORHHA f.'# RBJIReTCH NaKp0CKOOH'l8CKOA OTHOOHTeJI&«. -{ N o( 

HO 1tOJIJie1tTHBHYX onHHOBHX onepe.TopoB SN=;; .r. S·, eoJIH onpaBe.11.IHBO 
. n . J 

yc.1o~e: J~ 

,, ., " .,(_. k ... Spf!1 s,v fN: ~ S •. /4/ 

ITpWOJtNlll. 'Ec.tH _f_p - OOOJiel,OBaTeJlbHOCTb NaKpOCKOfiH'l8CKHX OTHOOHTei&
HO $:: OOCTOJlHHR, TOr.1.a f' N { t) , 8BOHUHOHHpy11111a11 B OOOTBeTOTBHH C ra
MH-lbTOH!faHON r ( S) BH,lla /2/ - T&Qe 00CJl8,llOBaTeJibHOCTb NaKpOOltOITH
'180KIIX OOOTORKHA. llilH, B npe,1.CTW8HHH I'eASeH6epra, 

" o(• " "· ~ ........ ·Sp {2 S..v'(t;Jf# = ~ S '(ti), , /5/ 
-(•{ "'·( 

ru S I 

ti ) YJlOBJieTBOpReT TOA 118 CHOTeMe ypaBHeHHA, 'ITO H SN t) • 
0 8aM8HOI onepaTOpO}I Ha C -'IHc.lOBWe tYHKUHH BpeNeHH, a Taae Ha'laJll,Hl,IM 
JO-IOBHRN, OfB6'1alllllHM /4/. 

B § j pe■eHa sfl,lla'la aoHMIJTOTH'leo1toA npu N ➔ oo cBo60.llKOA .I.HH&MHJtH 
npoTOHHOI no.1.cBOTeNli S • B 8aBHOHNOCTH OT SHa'leHHH HHTerpa.101 JlBitl:6HHR 

s2 = [ s :ca,t t- [ s 8 {-l) J2 + [ s i{t.) J2 . 
l 

~/=-[S:c{I;)- ~11.]
2 

+ [S~UJJ2_ 
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HMeeM AM THna pemeHHR: eCJIH s > ~fl + A ' TO TpaeltTOpHR paona.zr.aeTCJI 
Ha ,llBe HeCBJl3HYe qacTH: 

S2<t)=:t~,_d.,(: ~2 t), Sl{o)=:t~2 

C MO,llyJieM 3JIJIHnTHqecxoR ~YHKUHH 

8_ = ~ y:2.0.ll' 
J2 I , 

rAe 

2 2 (2.n. )i 
~2 =s - 1 -6 • 

3To pemeHHe ecTeCTBeHHO CBRSaTb O certteTO3Jl91tTpHqecxoA ~SOR, EOJIH 

52 ( 2zfl. t 6, TO TpaeK~OpHR CTaHOBHTOJI OAHOOBJISHOA H CHMMeTpH'lHOA OT
HOCHT8JlbHO HHB8pCHH l ➔ - 2: 

S r(t) =J2 cnl/2 I .a ll
1 

i. i 
$ (o)=Ji 

' 
C MOAJHM 

R = iJ21 I , 
2 2.fl.tl · 

.:t: J 
B naparpa~e TaltJCe ·npHBeiteHY BYpaJteHHR All S (t) H S (i) ,, a Taue 
HCCJleAOBaHY npe,lleJlbHYe CJiy'faH '<( 1, H ~ Z ~.n. +- t, , llpH 3TO,C B OJly'fae 

i- 0 pe■eHHe nepeXOJtHT B HSBeCTHOe pe■eHHe npH6JIHK8HHJI X~OTH'feCltHX 

~s. 
§ 4 nOCBJll8H noJiy'feHHll KHHeTH'feoxoro ypaBHeHHJI AJIR npoTOHHOR noA

CHCTeMY, B5aKMOAeRCTBYllDleR C ~OHOHHYM TepMOCTaTOM, B npeAe.le p ... e,o, 

llpH 3TOM C)'lll8CTB8HHO HCnOJlbSyeTCR paSJIOK8HHe 8JIJIHOTH'f8CltHX tYHltlUIA 
B pff.ll.Y typ&e, 

B rJ1aBe m AHccepTaUHH nocJie xpaTxoro o6sopa HMe11mKxc11 KBaHToBo-we
xaHH'feoKHx H paBHOBeCHYX KBaHTOBO-CTaTHCTHtl8CKHX pemeHml MO~eJIH ,nmtKe 
npe,nJ1araeTCR HepaBHOBeCHYR KBaHTOBO-CTaTHCTHtl8CKml no~o~,KOOOJlb311llKA 
KOHuenuHm HepapXHH BpeMeH H KBaSHCTaUHOHapHWX COCTORHKA, 

B § I o60CHOBaH BY6op MO,ll8JlbHOro raMHJlbTOHHaHa B BK.ll.e: 
~ N • 

' i! f { ~ .... ( /}f - -/1(,lt• 

H{t,S, l) d.o.. t SJ + f twl( (ti(+ rv ft}:, 31( ~IC sj e -., +fc)/6/ 

§ 2 nOCBRDl8H 003opy pe3yJl&TaTOB,ITO.nytl8H~WC B paMKax KBaHTOBO-Mexa
Hffqecxoro nOAXOAa B MO~eJIH !HKKe. 

6 

I 

] 

) 
! 

B § 3 o6ospeBamTCR paBHOBeCHY8 pemeHHR, noJiy'feHHYe XennoM H h6oM, 
a Taue MeTOAOM annpoxcHMHpymmero raMHJibTOHHatta H.H.EoroJim6oBa /MJ1,/, 

§ 4 nOOBJIDl8H o6sopy pa6oT no MOAeJIH !HKKe, BYnOJIH8HHYX B TeXHHJte 

HCltJlll'f8HHJI onepaTOpOB 6ose-nOJIJI EoroJ11160Ba, 
B § 5 noJiy'feHY TO'fHYe ypaBH8HHJI AJIR nOJIHOR HHBepcHH CHCTeMH HSJly

'faTeJieA H COOTB8TCTB11lDlH8 HM Map1tOBOltH8 KHHeTHqecKHe ypaBH8HHJI: 

.£_ Sp s: (tJ2i = -~ Jdic /q" '.z ;1/IC :f{{A)k- a) Sp $ ! (t)'tJio -
at {s,~) o ;~ ' o ls, r) 

- 4;~ • .I Jell<~~(' Sf s/(t)S;{iJ'lJio NlJ,c-.0.), /7/ 
Is,~) a,:t H 

rAe 1tOJ1Jie1tTHBHWe cnHHOBlile onepaTopw $1< cBRsaHY c HHAHBK.ll.yaJI&HHNII SJ' 
CJ18AYlllHMH COOTHOmeHHffMH: 

IV ' ' 

Si!_"\'si Ll(X.j ;t Al t :!:l1t:X• 
1e - L. J. e. · SK = ~ S, e J 

' ) . J 
J=f J=1 + _ 

B § 6 yxasYBaeTOJI Ha BaJIHOOTb HsyqeHHR cpe,nHHX sr.,SIC{i)a"{l;)Z,t , 
+ ti r o 

H B npH6JIHJ!8HHH. JtOrAa sf. s,; { t. J 0,t = 0 VI<, t ' no.hy'feHO pemeHHe ,, rl 0 

ypaBHeHHJI /7/, OTB8'f81JDlee'aexorepaHTHOR_ peJiaKCaUHH It paBHOBeCHOMY co-

OTORHHm: 

i! -~{t.•io) i! -,t!{t-to) i <$ 0 {f;))=e (So{l;o))+{f-e · )<S
0
). I~/ 

, , ei, 
TaKHM o6paSON, yxasaHHYe aHOMaJlbHYe cpeitHHe "rpa~T po.lib AHHaMH'fecxoro 
napa>eeTpa nop.11Axa AJIR 0BepxHSJ1y'faTeJ1&Horo nepexoAa, 

fJ1aN If nooBRleHa Blil'fHCJleHHI xoppe.llRQHOHHYX ~YHKUHA B 1tBaSHCTa
UHOHapHON COCTOJIHKH MeTOAOM ABYXBpeMeHHYX ~YHKUHR fpHHa. llpOBOAHTCJI 
Taae oonooTaBJ1eHHe c axcnepHNeHTaJlbHYMH pa6oTaMH no cBepxHuyqeaHm. 

B § I o600HOBYBaeTCJI ltOHUenQHJI HepapxHH xapaxTepHYX BpeMeH B CH
CTeMe npH MaJIOR ltOHCTaHTe 3Jl8ltTpOMarHHTHOro BSaHMOiteACTBHJI, BBOAJITOJI 

JtBaSHOTaUHOHapHYe COCTOJIHHJI, B Te'feHHe KOTOpYlC cpeitHHe Sp_ s!{ll2i 
HSM8HJIIJTOJI OJia6o. ts,r) 

0 

B § 2 BBOAJITCR sanas.zr.H:eammHe tYHKUHH rp"Ha 

(.t) ( + - 1 G,. {t,'l:) = :-;-. 6(1.,-'Z!)Sp [S,,,(f); $,,Jr) ~L /9/ 
,~ ~tj 0 

Ha OCHOBe ltONMJTaTOpa KOJIJl81tTHBHYX COHHOBYX nepeMeHHYX, IloJ1yqeao TOqaoe 

3BOJlllUHOHHOe ypaBHeHHe C HCltJlll'f8HHYMH 6o3e-onepaTOpaMH 'A.Jiff ~YHKUHH . 
fpHHa /9/: 
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-ai., (t;i:J =
at 

t 

~ 
i.Jl.G,.,(t,-c)+ 

2 • .Z f / tc.J (£-a-) (( [ f rl i! I'. - 17 ·'· 
+t.:ivL/ql(/ JaO-e I( 'Sp11i+Al1e) S/({cr)~,.-icd:);S.,(1:t-

1< d i; {1.,z) 

i! .,. - J -,¼ [S,._ 1Ji)S1<(0-);$,.(i:Jj ~-£ • 
. . 

r.11e 

t-1J I ,..., 
G., {t/t:l= (i 0(£- 1:.) G .. {l, rJ . 

B § J BBO,llHTCH pacuennettHe KOppe~HTOpOB B npaBOR qaOTH /IO/, 
Beqa11111ee ManoR KOHcTattTe cBH3H I~ IC I 2 : 

/IO/ 

OT-

Sp_ {{t+Al,c )[s:(o-Js,,~ .. (lJ; s~ (1:JJ-..-¼ [S.,1_1( (-t.)s; (oJ; s: {-z:JJ J 'J:J ;-, 
t,,r1 . t

0 

~ ~ ~ ~ <S.,_IC{'l:'))G.,(v,~)-pK G,,,(cr,,). /II/ 

TOM 
§ 4 nOCBHllleH nepexo.11y B & -npe,llCTaBJ!eHHe B ypaBHeHHH /IO/ c yqe

pacuenieHHH /II/. 
B § 5 no~yqeHO pemettHe ,llRH ~YHXQHH rpHHa B £ -npe,llOTaBJ!eHHH 

B BH,lte 
~ 

G I • ) ( < $" ('t') > lE :ti£. t' = - -------
.. ' ::r-1; £ +- ~ .n. + -0.{ { E, 7;') -:;. i r ( '=, 1:) , 

a TaltJ[e BUpageHHe ,llRH cneKTpaRbHOR HHTeHCHBHOOTH cpe,llHHX BH,lta 
Se_ S!O,JS~('t)Zl-1;

0
• 

/12/ 

,s,s:J 

B § 6 Hccie.11yllTCH CBORCTBa YKa96HHUX cpe,llHHX. 0TMeqaeToa, q1O ne
pexo.11y B OBepXHSJiyqaTeAbHOe COCTOHHHe MO,llU "n" B MOM8HT BpeMeHH 't 
6y.11et COOTB8TOTBOB8.Tb BUnoitteHHe 0,llHOBpeMeHHO .llBYX yc~OBHI: 

~ 

(S
0

(7:)> -:::::o u /1,. { E, 7:) =-0 VE. /13/ 

BTopoe ,~OBHe B paMxax ~eAaHHUX npH6iHlleHHR HMeeT BQ 

<s .. ~"(7:J> ... <s .. : .. <1:J> =.zul( vi(. /14/ 

IloxaaaHo, •TO·Uf"1611, paoCNOTpeHHUA-.lllx&e, OTBeqaeT /13/ K /I4/ ap~ 
np001'~BflHR4ffQUOpo.-Hoac CBepXHUJ'IIIT~WlOM OOOTOHH .. X J3 .. oO • 

:,- ,. 
I • 
I ;_ 

§ 7 nocBHllleH xaqecTBeHHOMy cpaBHeHHll yciOBHA /IJ/ - /14/ C 3KC
nepHNeHTaMH B aeynopH,lloqeHHHX xpHCTaL'IHqecKHX cpe.11ax. OrMeqeHO, qTo 

y.11aeTCH o6~HOHHTb cy111eCTBOBaHHe BpeMeHH 38.Zl8PJ(KH CBepXHSJiyqaTeibttoro 
HNJlf~boa, CBHSb ~yxtyaQHR BpeNeHH Sa,llepZXH C aMnAHTf.llOR HMnyihca, cy•. 
~eOTBOMHHe .-Byx a6co~mTHO H,lteHTHqHJlx npoTHBOnOJIOZHO HanpaBneHHUX HN
OfJlhCOB, yBeiaqeHHe TeNnepaTypu aa6All,lleHHH cBepXH3JlyqeHHH C yBenHqe
HHeM XOHQeHTpallHH aXTHBHUX QeHTpOB, B03HHKHOBeHHe cBepXHsiyqeHHH B He

ynopH,lloqeHHHX OHCTeMaX npH HettyieBWX TeNnepaTypax. 

B aaypqeHKH AHCOepTallHH nepeqffCJleHU OCHOBHUe BWBO,llU. 

0CH0BHYE PE3YlhTATli lHCCEPl'AUHH, nPE.lCTABJIEHHliE HA 3AIIUITY : 

I. louaaHo c111ecTBOJ1aHHe npeAe..ta c~a6oR CBHSH Baa-XoBa .11ia AHHa
xKqec&KX CKOTeM o6•ero BH,lla, BS6HMOAeACTBYllllUIX C 60SOHHYN TepNOCTaTON 

uaeAao no dose-nouw. 
2. IloctpoeH MapxoBcXHA npe.11ei Toqaux aBOJlllQHOHHUX 7paBHeHHR Eoro

~m6o:ea o HcumqeHHYMH 6osOHHWMH onepaTOpaMH. noiyqeaw COOTBeTCTByllmHe 

XRH8TH'l8OXHe ypaBHeHHH, Hccie,llOBaHW npoueccu penaKcaQHII B !)TKpUTHX AH
HaNHqecxax cHOTeMax. 

J. lia woAeiH ceraetoaiexTpHxa THna "nopH.110K-6ecnopa.11ox" c .llaAb
ao.11eAcTBHeM IIC~e.11O:&aHa aOHMRTOTllqeoxH npH .N- c>oToqHo CBO6o.-aaa AH

HaNH&a npOTOHROA nOACHareww. 
4. noiyqeao wapxoBcxoe Toqaoe B npe.11eie Batt-XoBa XHHeTuqecxoe 

fpaBHeHHe AH nOACIJOTew npOTOHOB B NO,lleRH K'DP • BS6HNO,lleAcTBYllmHx 
C paBHOBeCHWNK no~HpHYMH onTffqeCXHNH tottoHaMH, B KOTOpON. toHOHHHe ne

peMeHHYe m~HOCTbm HOJtJlllqeHH. 
5. Ha OOHOBe MeTO.lla HCJtJll)qea11a 6030HHUX onepaTOpOB no~yqeHH TOqaHe 

3BO~mQHOHHWe ypaBH8HHJI ,llJIH ABYXBpeMeHHUX ~YHKQHA fpHHa H AJIH no~HOR 
HHBepCIIH OIIOTeMU 11siyqaT~eR"'B MO,1{8JIH lHKKe B CJlyqae HeHyAeBWX TeMnepa .. 

TfP toTOHH~ro TepNOCTaTa. 
6 •. Ha OCHOBe aHa.tHsa HepapXHH xapaKTepHUX BpeMeH .11aeTCH cnoco6 

BWqHcieHHH HepaBHOBeCHUX napaMeTpOB nopHAKa CBepXH3iyqaTe~hHOro nepe
xo.11a M8TO,llON tfHXQHR rpHHa Ha KBaSHOTaQHOHapHUX COCTOHHHRX. BWHBJleHa 
cBHSh paBHOBecaoro H ttepaBHOBecttoro pemettHR 3MaqH, 

7. B npH6~11zettHH Ma.lOCTH KOHCT6HTY B3611MO,lleAcTBHH toTOHHOro nOJIH 
C BeleOTBON npiyqeHU KBaHTOBO-cTaTl1CT~ecK11e ycnOBl!H ,IVIJl B03HHKHOB6HHR 
CBepxauyqaTe..thHOrO HMnfJlhCa, 0606111a11mHe 113BeCTHUe KBaHTOBO-MexaH~ec
XHe y~oB11a l11xxe. 

8. TipoBe.-eHO conOCT6BJl8HHe noJ1yqeHHUX ycnOBHR C axcnepHNeRTaMH no 
OBepxa11.17qeHKD-B KpHOT8Jl~ax c npHMeCHMH, YKaSaHO Ha BOSNOZHOOTh nOBUme

HXH TeMnepatypu, npH XOTOpoR Ha6nm.11aeTCff CBeJJXl13JlyqeHHe, ,llJIH NHKpOCKO
naqecx11 npooTpaHOTBeHHO-HeOAHOpO,llHUX CBepx11sJ1yqaTeAbHYX COCTOHHHA, 
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