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Oiwa J,13 BaJKHblX npoCineM CTaTHCTH'leCKOtl '1Jll31lln1 COCTOllT B paa

pae50TK8 M8TOi'lOB BblBOi'{a KllH8Tll'leCI<llX ypaBH8HHll 1,13 ypaB!JeHHH Jl1,1yB11n-

nH ~ Pa3HOOC5pa3Hble cnocoe5hl pemeHHH STOll 38i'{8'1!,1 MOlltHO paaCiHTb Ha 

ljBe C50JibWHe rpynm,1. B OCHOBe nepnoil rpynnbl MeT~i'lo/1- 4/ 1Iel!(HT 

tllYHi'laMeHTan1HaH paCioTa Boromoe5oB/I/ no pacuen.nenmo ueno'!KH ypirn

HeHHtl BErKH. F.cnH npei'{IIOnO~HTb, '!TO: I) Bee BblCWHe qiyH.~UHH pac

npei'{eneHHR 38BHCHT OT BpeMeHH 'le pea OllHO'laCTll'lHYJO qiyHKUHJO; 2) \PYBH

UHH pacnpelleneHHR YllOBneTBopmoT rpaHH'lHOMY ycnomm ocnaCi11eHHH Kop

pennu1di; 3) tllYHKllHH. pacupei'{eneHHR aHanHTH'l8CKH 3ciBl1CllT OT M8]1!ll( 

napaweTpOB - HanpHMep, OT nnoTHOCTH,-To y~aeTCH ycraHOBllTb CBR3b nap

HOti KOppenHllHOHHOti 4\YHKlll'.!H C OllHO'l8CTH'lHOtl qJYHRUHeil B JllOCiOM IIOPfl/1-

Ke Teop1m B03MYIIl8HID1 • .llnH Oi'lHO'l8CTl'.!'lHOtl WYHKllll11 pacnpei'.(e::emm no

nyqaeTCff 38MKHYTOe Kl1HeTH'leCKOe ypaBHeHHe, B H!lTerpane CTOmrnone-

HHtl KOToporo Y'lllTliBaIOTCH B38HMOi'l8HCTBllH nap, Tpoeu 11 T,/'.l. MOneKyn. 

0CHOBH8H Hi'{eff DTOpow rpynnu IIOAXOAOB/5- 7/ 38K11!0'18eTCH B aHa

nHae ypaBHeHHfl Jl11yBH1!1IH C IIOMOlllbJO i'.(Hcil'JidMMHtlX Me'£0AOB, liyu a'IO!J 

ll11R HeKoTopoll 'Bhli'leneHHOtl 'laCTl1 .N' -'laCTl'.!'!Hoii q1y11K1tl1;; pacnpei'.10-

neHHR ( H811Pl!Mep, ll11H \IJYHKUl1l1 pacnpei'{eneHl'.!fl no 11MIIYJ11C8M) Y JIUeTCfl 

BblB8CTH T8K H83l,IB8eMOe HeMapKOllCKOe OCHOilllO·e mrneTll'leCKOe Y paBHe

Hl1/S/, ICOTopoe IIPHMeHIIMO, B npHHUHlle, K OITHC8HIIJO CIICTeM, B !COTO

pb!X OTCYTCTBY!OT uanue napaMeTphl. 3TO ypaBHeHl1e Y'll1ThlBaeT B flBHOll 

qiopwe BK118ll H8'1811bHblX !COppeJIHUHil, EcJill B Cl1CTeMe l1MCIOTCR uanble 

napaueTpbl, TO MOlltHO noKaaan, q TO Ha BpeMettax nopH/.lRa npeMem1 

B38IIMOAellcTBl1ff MOJieKyn H8'1811bHhle KOppeJIHlll1H aaq1irnaJO'.l'Cfl, Tori'{a np11 

Bhl'll1CJ18HHl1 odoe5meHHOro 11HTerpaJia CT01IKHOBeHl1H MOBHO HCIIOJ1b30B8Tb 

perynHpHyJO TCOPHIO B03MY1IleH11tl 11 YCT8HOBl1Tb1 '!TO MapKOBCK8H WOPM8 

OCHOBHOro KHHCTH'leCKoro ypaBHeHl1H/S/ npHBOi'l11T K peayJJ1TaTaM reo

pm/I/, 

B nocne,w1,1e roi'.(bl 6blJI paapaooraH Cionee oom1,1ti !AeTOll onl1caHHH 
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neo6paT11uux 11pouecco131 np11ro1-1nui! i'lJifl paccMoTpemm KaK KIIHeTwrn

cKoli, T3K 11 ri-ntp01,ll1H3MM'IeCKOH CT31,l1111 3BOJII!ll\1111 Hepa_llllOBeCHl:JX CHC_

TeM/g/. B OCHOllY 3Toro MeTOi'la ITOJIO;K6H onpet1eJieHH11!l ~~Hlll\1-!f! OT60-

pa 33IT331{h!B310Il(l1X pemeHMti ypaBHeHMfl JIHYllMJIJIII, 3313UCflllll1X ( corJiac

ll/I/) OT COKpall(eHHoro Ha dopa nepeMeHHUX/IO/. ITocJiej:!Hllti onpej:!eJif!

eTCfl i.(ill31l'IeCKl!MH oco6eHHOCTf!Ml! lCOHKpeTHhlX Cl1CTeM II TeCHO Cllfl33H 

C IIX TeplJOi'!HH31.!llKOil. 

ITepB!illl Kpyr 3Ui'!3'1, KOToputt B03HIIK3eT np11 IIp11!JeHeHl111 MeTo

i'l/9, IO/ IC npo6neMaM Kllli6Tl1'1eCKOll Teop1111, CBOi'll1TCfl K YCT3110BJie

Hl1IO Cl3fl3/9, IO/ C Jll(e 113.BeCTHill.111 peayJII,T3T3Ml1 Teop11n/1, 51_ flo

C!CQJII,KY Te0pl1fl/I/ He Y'lllTUBaeT a\lXIJeKTOll naMflTH, BCTaeT 3ai'(a'la 0 

T3ICOH MOi'll1g_Jlllt31\1111 M6TOi'l3 cI>YHKl\110H3JII,HUX pa3JIOllteH11il, ItOTOpafl 1103-

BOJif!eT IIOJIY'll1TI, T3It HU31:JB3eMyI!l nceBi'lOMapitOllCKYI!l (a He TOJII,ICO Map

KOBCKYI!l) WOPMY OCHOBHoro Kl1HeT11'16CKOro ypallHeHHfl. 

B MeTOi'l3X/r, 5,9/ HMeI!lTCfl 06Il(11e TPYi'!HOCTH.,B '13CTHOCTl1, B pa-

60TaX/II-I3/ 6UJIO ITOKaaa~o. '!TO np11 11CITOJII,30B3Hl111 perynflpHUX paa

J!Ollte!rnil 110 ITJIOTHOCTl'I. B Bl:JCfilHX 'IJieHaX Pflll3 Teop1111 1303MJill6Hl1ll ITOflB

Jif!I!lTCfl paCXOi'!fll!ll1eCfl Ha 60JII,fil11X BpeMe~ax 13KJI3i'lU 13 i'lBYX'laCTll'IHYI!l 

\PYHKl\llI!l, pacnpe,!!eJieHllfl • ~11311'1eCKaf! npH'IHHa paCXOi'll1MOCTeti 38KJIJO'la

eTCfl B TOM, '!TO B peryJiflPH11X MeTOi'laX ,!l;B11llteHll6 Bhli'(eJieHl!Oll rpynnu 
, . 

MOJieKYJI pacc1.iarp11BaeTCfl 1130JIHpOB3H!IO OT· i'!BlllKeHHfl IIPO'IHX MOJieKyJI 

CHCTeMu; TeM C311blll ,!l;OITJCK310TCfl i'IJIHTeJII,Hhle i'!Bl'llK6Hl1fl '13CTll1\ C M3Jil:J

Ml1, OT!IOCl1TeJII,1!hlMl1 CICOpOCTf!MH. B 1-teilcTBHTeJII,HOCTH, BCJI6i'lCTBl1e 1333-

HMO/~miCTlHiH co "cvetioii 11 , i'lJH!TeJII,!IOCTI, T3KllX i'lBHJKeHIIM He MOJKeT npe

BOCXO/UlTI, BpeMCllll CJJ060Jll!Oro npo6era. II03TD:IIY B03Hl!ltaeT npo6JieMa . 
nepecTpottm1 Pf!Jta reop1111 B03MYI!lCHl1tt C tteJII,I!l BhlBOi'l3 peHOpM3Jil130133H-

llUX !CHHeTH'ICCICUX ypaBHel!Hil, 13 llHTel'pamix CTOJJICHODCH11lt KOTOpux Y'll1-

TIJB3JIOCI, 6hl BJJHf!!IIIO "cpeJtu" Ha i'lBHJteHIIe 'lacrm1. B pa60T/I4/ aTa 

aa4aqa pemaJIUCI, C llOMOil(I,ID IOIIOJIHllTBJII,l!OrO ycpe111c1Illfl l\600'1Kll ypall-

4 

H6Hl1tt EEI'K~; B npHHl\11116 BOffiJOllteH H l(pyroli nonxon, Cl3fl33HlillH C co

xpaHeHHCM OCHOllHUX 7lOIIYill6Hllil Teopl1H/I/, 38 l1CKJII!l'leH11eM npeAIIOJIO

lltCHHfl 06 3H8JIHTl1qHQCTl1 ~'YHKl\Hii pacnpe1teJI6Hl1fl • C YK333HHOtt npo6Jie

MOi! CBf!33Ha 337la'la aiiiweKTHBHOro yqeTa naMHTH; IJIII Kl33HTOBOMexa

HH'leCKOH CllCTCMLI co CJJa6UM 1333llMOi'lencTBl16M OHa 61:JJia nocJiel(OBa-

TCJILHO pemeHa 13 pa60Te/I5/_ . 

BeCI,Ma BalKHl:JM HllJlf!CTCfl Bonpoc O TepMOi'lHH3Ml1'16CKl1X WYHKl\llf!X 

HepaBH0136CHblX CHCTCM • 11aBeCTH3fl cJ>opMyJJa EOJII,l\M8Ha i'lJifl 3HTpomrn, 

co1-1epJKaillaf! 07lHO'l3CTHqHyIO tflYHKl\HIO pacnpeneJieHllfl, np11MeH11Ma JillfilI, 

K CJia6o HeHi'l68JIL!WM raaau. B peaJII,HLIX CHCTeMaX He06XOi'lllldO Y'll1TLl-

133TI, napHlie (n llUCm11e) koppeJif!l\HII. Tpyl(HOCTI, ITOCTpOeHllH qiopMJJIU 

i'lJIH 3HTPOITl111 H611i'l68JILHOro Hepa13H0136CHOro raaa 38KJII!l'l36TCfl B TOM, 

'!TO H3PfllY C npaBHJJI,l!NM on11caHH6M TepMOi'lllH3MHKl1 3HTpOITHfl i'IOJIJKHa 

o6HapylltH138TL Heo6paTl1MOe IIOB6i'l6Hl16 CHCTCMU. floaTOMY ee H6JIL3f! on

pei'leJillTL, Hanpl!Mep, KaK 133f!TOe C o6paTHW 3H8KOM cpe1,lHee 3H3'16Hl1e 

JJOrap11<lJMa TO'IHOH cI>YHKl\llH pacnpeneJieHllfl. 

HaCTOflll!Dff llHCcepTal{HH IIOCllHillCHa nocTpoeHHI!l H IICCJlelOB81llOO 

!J83Jil1'1HiiX Tl!IIOB Kl:IHCTl!qecKl:IX y jJ313H6Hllll AJJfl Cl:ICTeM JCJI3CCl!'l6CKHX 

'13CTl1ll,· 133311M01l6HCTBYI!lllll1X nocpe1,lCTBOM napHOl'O IIOT6Hl\113JIU, l'I '!ac

TH'IHOMY pelllCHIIIO 11epe'll1CJieH!illX BLlll!e npo6neM. B OCHOBe pc.OOTU JW

llCHT MeTo/9/. 

n1:1ccepT31\llH COCTOHT 113 BBe1leHHfl 1 IIHTl1 l'JJ3B 11 3aKJIIO'l6HHH. 

Bo BBeitemm 1-1aeTCH HCTOp;rqecKHli o6aop J,a3DIITHH M6'f01l013 KII

HCTH'leCKOil TCOPIIH 11 co1-1epi1mTCfl IIOCTaHOBKa pacCM3'.l'PllBB6MLIX 1tanee 

33i'l3'1. 

B rnaBe l CTpOHTCH pelll6HR6 ypaBHCHHH JillyBHJIJIH, WYHK1\110H8JILHO 

aaBHCf!IJlee OT Bpe1teHH qepea OAHoqacTH'IHYJO @YHRl\1110 pacnpeAene

nu/16/. rpaHH'IHOC ycJJOBlle, H8KJI3A)il336MOe HU JI' -'laCTl1'1HYJO q&'HK
.,; 

I{HI!l pacnpe/lCJJ6HHH J>(X ;-!:) , HM66T Blli'l 
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:I Jt'e,i e.!'l{•i [j'Cx°;i' J-}Jq (xi, "t)] - D, 
(I) . 

r11e 'lepea l{,/'/) - o6oaHa'!eH onepaTop JIHYB!1JIJIH mrn rpynnu Ha .v Mo-

neKYJI H qepea )(,II/" -COBOKYITHOCTI, qia30Bb!X !t00Pl.\HH8T { ~ 1 = 
= { ~ , ~- } • BeJill'lHHa c, ➔ + 0 nocne BUnOJIHeHlll'I Tep'iA01tHH8Mll'leCKO

ro npe7-1eJII,HOro nepexo11a .,\/'-. oo ,v➔ ""' :, tt = .;lf/V =; C.On.Si 

Taicol1 .nopRAOK npe;qeJII,HUX nepeXOl.\OB noaBOJ!fleT o6oilTll TPYl.\HOCTI,, 

CBR3aHHYIO C TeopeMoli !IyaHKape O B03BpaTax •• B § I rJI. I :ITOKaauBaeT

CR, '!TO, B _OTJJH11l1e 
0

0T 6oroJ11060BCKOro rpaHHlI!iQro yCJJO,Bllll, qippMyJJa ( I) 

npnBO/Hl'l!t.JC IJeMapKOBCKoii 3UBHCllMOCTll, _9 (x.,r; -/;) OT .BpeMeHll q_epea . 

.£ ( x·; -1::) .• 8aTeM rpaHlllIHOe YCJIOBlle (I) BBOAHTCH B ypaBH8jiHe Jl11-

YBHJ!Jll'! .. c noM om1,10 6ecKoHel!HO 1,1anoro 11cTo'lmma19 •.IOI,. CHHMaromero Bu

polKMHlle aToro ypaBHeHllll OTHOCHTeJII,HO lll!BepcnH BpeMeHll: 

. .,/ ; .. . ,.t,I' • j./'; -1 . 

99(x it)+ il{.V) _f'{x-';'-/:) = _ c [ ~ (x jt:) _ fl e. f (x. j t)] . . 
'dt l=-1 1 cf 

CJ (2) 

B § 2 rJI. ·I ll3 ypaBileHHfL (2) Bb!BOi'lllTCl'I nenOlIKa ypaBHeHHli AJ!ll npn-

Bel,teHHblX 4JYHKnnii pacnpe;qeJieHllll . ,l,.>.2•. 

s -

'd:fs,(xs;t)-+- il,{s;f (/jt:) + fdxs+ 1 ~ i(s+-1 £+
1 

(x
st1

; t):: 
9t: s J =1 u . -: : -

s 

= _ e [ 1s c >/; t:):: Q ~ c ~ d=xJ , . --( ~ s <; = , 
.· . d- .• . 

s s 

· /,(s)=·L. I/+ L2 j/ 
J=1 d . j<J<: J'< 

J/ =-ti.1-
d )'n d~-. J 

6 ~ 

.,· 
' 

~-

b 

( _ . 'dq:>(I~- - ~K.1) __ ( .. t- -~) : 
. ~I< - _'l. --. 'ch. 'dh · 

II . 'd2:i r;;i fl< {3) 

H noK83UBaeTCfl, 'ITO eCJJH orpaHWIHTl>Cll nocTpOeHneM MBPKOBCKHX pe

meHllii neno•mH (3). ll npennoJJOJKHTl, aHaJIHTH'leCKYIO 3DBHC11MOCT1> qiyHK

nnli :I; ( xs; t) . OT nJIOTHOCTH, . TO. rpaHlllIHOe ycnoBne, BlC3Il01-IeHHOe B 

(3), cTaHOBHTCfl aKBHBaJieHTHblM 6oroJI1060Bckouy rpaHWIHOMY ycJJoBHIO 

ll npHBOllllT Kera Teopnn/I/, 

BTopaa rJiaBa llOCBlll!leHa 7-laJII,HeiimnM HCCJJe;!lOB8HHflM ypanl!eHHli 

(2) n (3), noaBonaromnM, c 011Hoii cTopottu, o'leH1> npocTo nocTpo11T1, 

lll!Terpan CT03!KHOBeHlltt B JIID60M nopHAKe no ITJIOTHOCTll 11, c 11pyrotl 

CTOPOHU, ycTaHOBHTl> CBll31> Melill.Y TeopneufI/ ll MeT07J.OM OCHOBHoro 

KHHeTllllecKoro ypaBHeHllfl/S/. B 3TOii rJiaBe BBOllHTCfl rpynnoBoe paa

JlO)KeHlle qJYHKnnli pacnpe;!leJi'eHllfl, Ha O_CHOBe KOTOporo CTPOllTCfl pery

JIRpHafl Teopna B03MYl!leHH!f no M8JIOMY napcJM8T!J,1'-llJJOTHOCTl1, l!pe3BU

qattHafl npocTOTa aToro IlOll.XOllU o6ycnoBJieHa,TeM, qTo BMeCTO CHCTe

Mbl qiyHKn110Han1,Hblx ypaBHeHHli AJJH KoppenannoHHUX qiymcnntl nonyqaeT

ca cncTeMa anre6pan'leCKllX ypaBHeHnii. B peayJI1>Ta Te qiopMaJil>Horo pe

meHna aToli CHCTeMU 11HTerpan CT03!1CHOBeHlll1 BbllIHCJieH C TO'!HOCTI,JO ;1!0_ 

TpeT1,ero nopa11Ka no IlJIOTHOCTll. 

B § 2 rn. II noKa3UHO , lIT0'38MKHYTOe KHHeTlllleCKOe ypaBHe-

HHe AJlfl OllHOllaCTl!lIHOtt (1lYHKn111t pacnpeneneHl1l'I MOlKHO nonyl!l1TI, H B 

TeX CJiyqaax, KOI'1ta B CHCTeMe OTCYTCTBYJOT MaJible napa!.leTp/171. B 

qacTHOCTH, l!Jlfl npocTpaHpTBeHHO-OllHOPOIIHOti CHCTeMbl 113 ypaBHeHHl'I 

(2) 6ea ll_OJIOJIHHTeJII,HhlX npeAITOJIOJKeHntt BLIBOll.HTCll 0Cio6J11eHHOe IC11He

TH'lec1coe ypaBHeHne 

'df (h\ -t)/9t -
1 r1 
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0 

= Jcli-elt:Jd~ ... JF. f (lifiL{.<1)ei.t:l.,f.vtuJ~) +')~] fi f (~. :,t+'l:). 
-- w V J,. 1 " J ( 4) 

3To ypaBuemrn 111ccJrenyeTCH c noMOl!lJ,IO n111arpaMMHoro ueTott/5/. Paa

BIIIBaeTCH upouenypa IIICKJIIOllemm npo111aBon11olt no Bpeuem1 trn npaBolt 

l!aCTJ/1 ( 4) Ill BblBOl{IIITCH 06061lleHHOe imaeTl!lleCKOe ypaBHeHne C perym1-

p111a111p0Bal!HW.,! HllPOM/IS, !9/ 

~:f (p ;t)/~t = 
1 4 

S
OL E.'t( I➔ J➔ Ji. l'I id(.,,;) l'f #. fl.JI {' -~ 

= cfCe Jct~ ... p...,«o Ii 1...:Je 1. 1..v)lo >> _.,."' ~(~;-l:+'t'). 
-Oo " (5) 

811ec1, 

,N ..v ( ( ,_ ""1 .N < 0 I(. .. ) IO > = ) · .. )( <1-Z: ) I V , 

a BTOpaH napa yrJIOBLIX CK060K 03Hal!aeT, l!TO npH pa;3JIOllteHHJ/I onepaTO

pu 3BOJIIOl.\lllll B PHll Teop1111 B03!.IYl!lemilt cnenyeT YllllTblBaTI, JIHUIJ, HellpH

BOJtHIAl.ile JUHirpaMMbl. B § 3 HCCJienyeTCH CBH3J, nimrpaMMHOro MeTOi'{a C 

MeTOJtOM rrpoeKUHOHHblX OlI~paTopo/20, 211 H ;l{OKa3blBaeTCR BlllKHOe COOT

llOUlel!J/le . 

<o'..rl ii,'(.,., Jexp{ i.'t: [ l 0
(.v J +(1- 8,,.JJ.:(.;,1-J ]} il'{...r JI o.,.,,->-= 

= <<o",,,.1i.l'{-v)exJ,{t-rl,(.v)}i.L
1

{v,r) lo..J'>>, 

uo31so,1;uoll\e1;J 14aTb Httre1:J11puTUL\l/l,'il TaK h836rnaeirnro uerrpirnonm.rnro orre

paTopa aBOJIJOUIIIH, cottep.rnh!aro B ;JKcrroueure onepaTop npoeKTHpoBa

HIIIR t (..) = S ( ... )(,I~ 51'v·"': 13 ~ 4 rn. 1I co;ieplitHTCR T£tKaH MOllH\llll

Kal.\HH J.JeTOtta ;pyHKi(:IOh.lJIJ,llbl!C pa:J.ilO.XeHn/[/, irnropuil [l. IBOJIHeT Jier

KO llOJIJ 1HITb nceB]tO\lfli}fCOBCKJIO ;J.opl,IJ OCII03!!01'0 KHilOTll'l:·_Koro ypaBHe

llHH. o~•c101ta CJieJt,Yer BiUHblH BblBOl{: eCJIJ/1 HHTepecoBa:r&CH TOJIJ,KO 

8 

q 
] 

I 

t1 
1\ 

nceB;llOMapKOBCKIIMJ/1 pemeHHHMH ypaBH8HIIH ]HYBHJIJIH (T.e. pa3JIO~eHHH

MII HeMapKOBCICHX pemeHHlt no aana3]1UBaIIHIO) 1 TO 11.eTOjJ,/I/ B HRTep

npeoranm/22/ J/1 MeTOl{ OCHOBHOro KHHeTHlleCKoro ypaBHeHHH/5-S/ 6y

'AYT B38HMHO SKBIIBaJieHTHbl. 

B rJI. Ill pa3BHBaeTCH npoCTOtl ;lllrnrpaMMHbltl IJeTO]I ITOCTpOeHJ/IH pe

mem1tt ueITOl!Kll ypaBHeHHlt (3). Ero l{OCTOl1HCTBOM HBJIH6TCH ncnOJIJ,30-

BaHHe Bcero JIHmJ, 'ABYX TJ/IDOB BepmHH, uarJifl;llHOe onpe;lleJie11111e CJ/IJIJ,HOil 

CBH3HOCTJ/I (Henp111BO;l{IIMOCTH) II npurOl{HOCTI, l{JIH OITHCaHIIH npocTpaHCT

BeHHO-HeO;llHOPOllHblX CHCTeM, HaXOMl!lJ/IXCH BO BHemHHX lIOJIHX. B § 2 

BblBOl{HTCH, oc5o6~eHHOe KIIH8TlllleCKOe ypaBHeHHe 

J£(x,.;t)+iC-:f(x:,t)+'Jx 1.L' f(x;t)f(x,·t)= J(x;t), Ji: 1 -1 1 J 2 12. 1 1 -,. '2 · 1 

(6) 

J/IHTerpaJI CTOJIKHOBeHJ/llt KOToporo J/IMeeT Blllll/~3/ 

c,o O I 
,1 "5""' ( 1 t:'t' i' i.t:... 1 s r 
J \X:.,i)=L.i )Cl'te «-l;i.Ai e dv n J" (xd.;t-t-'t:')>>. 

S=~ _ 00 Jc~ 1 
(7) 

B J/IHTerpaJie CTOJIKHOBeHIIil Be]leTCH CYMMIIIPOBaHJ/le no l!IICJIY l!aCT01.\, 

YlloCTBJIO~HX B npoueccax pacceHHHH, II s-tt l!JieH HHTerpaJia CTOJIKHO

BeHJ/llt CO]tep~J/IT Bee CJ/IJIJ,HO CBH3Hble S -llaCTlll!Hble nuarpaMMbl, 111Me10-

1ll1Ie CJieBa O'AHY CB060;l{HYJO JIHHHID. BKJialt s -ro qJieHa nponopUHOHaJieH 

s-1 · n. • B KalleCTBe npocToro npHJIO~eHIIH j'.!HarpaMMHOro ueTOi'.la B § 3 

paccMaTpl!BaeTCR BblBOl{ HeMapKOBCKHX KJ/ll!eTwiecKJ/IX ypaBHeHl1il 41 OKKe

pa-IlJiaHKa, EOJibl(MaHa ll qo-YJieH6eKa ;l{Jlff npocTpaHCTB8HHO-HCO]IHOpo11-

HblX CIICT6M. 

I'JI • IY noCBHl!leHa BblBOllY peHOp~aJIH30B3HHblX KIIHCTJ/ll!CCKHX ypaB

HeHHil, 1111 rerpaJI!l CTOJIKHOBeHH!i KOTOpl:lX YllHTblBaIOT B.Tnllilll1e "cpel{bl 11 

Ha ]IBIIUH;rn Bbl,!leJieHHOH napbl MOJieKy/
24

/. Ilepe11opr.rnpOBKa OCYl!leCT

BJIHeTCH HJ OCHOBe l{HarpaMMHOtt Tex11wrn, pa3.BllTOil B rJI. Ill. Cyl!leCT-
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B8HHW.I MOMeHTOM HBJJH6TCfl BU60p KJJ8CCa, TeX lll13rpaMM1 ItoTOpUe CJl8l1.J

eT OTCYMMHpOB!!Tl>. HHTYHTHBHO HCHO, IITO eCJIH pe% H;tleT, HanpHMep, 

0 nepeHOPMHpOBKe qK)KKep-nnaHKOBCKOrO HHTerpaJJa CTOJJKHOBeHHtt, TO 

CJJe11.YeT YIIHTLIB8TI, B38HMO;tleHCTBHe BUAeJJeHHUX qaCTBU"C MOJJeKyJJaMH 

11 Cpe;tlU11 HMel!HO B llpH6JJHlKeHHH ~OK!tepa-IJ.naHKa. Jlpyrrurn CJJOB8l,!H1 ne-
., . 

pe11op1rnpoBKa j{OJIJK!la CTPOHTI,CH TBK, qTo6u <,lldKKep-nJJaHKOBCKldl (HJJH 

60JJ1>UMaH0Bc;rnil) onepa•rop CTOJJKHOBeHHtt nepenopirnpoBan caM ce6a'.'· 

Apyroii npHHUHn COCTOHT B TOM, IITO peHOPMBJJH30B8HHUe napHUe KOppe

JJHUHOHHLle \[lyHKilH11 B COCTOHHH;i CT8THCTH46Citoro paBHOB6CHH ;tlOJ!lKHU 

coBna;tlaTI> c :r.oppeJJHilHOHHNMH q,ymt~Hmrn o6ul!HUX ypaBHeHHii 4'oKKepa

TinaHKa HJ!ll EoJJnllMBHa. 9TO ycJJOBHe 03Ha11aeT, IITO llPH nepeHOpMHPOB

Ke YIIHTblllBIOTCH '.l'OJII,Jto HepaBIIOBeCHLle a\WJeKTl:l 11 TpeHHH 11 0 "cpe'AY" H 

l!TO BKJJB;tl BCex ;tlOUOJJHHTeJJI>HO CYMMHpyeMUX ;tlHarpaMM B COCTO~HHH paB

HOBeCHH 'AOJ!llteH o6p!!ll!8T1,Cfl B 11yn1,. Tipu STHX orpaHHllemrnx B §§ 2-4 

rJJ. IY BLIBO;tlHTCH KHHeTHl!eCKOe ypaBHeHHe 

0 . 

c):f cg ;t) SJ £t:fd 11 u ( 11 2. ➔ 
-<~= -re x2.i'\2. F x .. x~j't)i;_,

2
Qf(r,.;t+-r), 

9i:: -°"' -r+"t' 
1 J=1 d (

8
) 

r;tle t{ (x .. x
2 
;'t) - peHopMa~H~oBa!IHl:ltt onepaTo_p aiionroium • .llJJH cue!. 

TeMU cna6o B38HMOAeiiCTBY!Oll!HX llaCTHil OH HMeeT BH;tl 

¼, (~x2.;i) = exp{'i-[i,<, -c:D-r (~ ~J]}, 
(9) 

rne 

~t <[ ~) = fd~~2. i(3 [i + i(3 J-
1 

1.(3 ~3 £ (~;{J, 

.iz.-+ o, c:?c1b -f,(xctxb) = 1' (xci xb) + t (x6x0 ) (IO) 

- l{liH&1HtiecK11tt MBCCOBUl'i onepaTop, ·yq11Tt.BU!Oll!IUI. B38HMOA6iiCTBH6 CO 

· "cpenoli" B npHCiJJHlKeHirn ~oKKepa-IJ.na111ta • ./vIH paapeJK-eHHOI'O raaa B. 

10 

giopMyJJy (9) BMeCTO ..2)-i.' (~ ~) cnenyeT UOACTBBHTI, µu11aMHll6CKHH MBC

COButt onepaTOp 

c' . . / -f. / 

Ji-c, <~~J ==Jdx.3~7. il13 [i +i.L1a] il-t3~3t <[;t'J, 
(II) 

YIIHTUBB!Oll(litt B38HMO]teiiCTBHe MOJJeKyJJ I ·" 2 co "cpeAOil II B npH6JJHlite

HHH EOJJl>IlMBHa.-

B rn. IY jaeTCH 06061lleHHe \lJOPMYJJ (9) u·(II) Ha CJJyqafi npOCT

paHCTBeHHO-HeO;tlHOpO]tHUX rasoB • .llOK83UB8eTCH, l!TO MBKCBeJJJJOBCKOe 

(HJJH KB83HM8KCBeT!JJOBCKOe) pacnpeneneHRe ocrpamaeT pe11opMaJJH80BaH

HUe HHTerpanu CTOJJKHOBeHHtt B HJJJI,. OnepaTop 3BOJJIOUHH (9) HCCJJe;tly

eTCH B6JJH3H COCTOHHHH paBHOBeCHH H ll?KB3b!BaeTCH, IITO y11eT siJ}il)eK

TOB ;tlHHBMH46CKOro TpeHHH CYllleCTBeHHO ynyqmaeT CXO;tlHMOCTI, HHTerpa

JJa no BpeMeHH B (8). CTpOHTCH peHOPMBJJH30B8HH!:le napHUe KoppeJJH~H

OHHUe giyHICUUH H OCyli!eCTllJJHeTCfl caMocornacoBaHHaH n.epeHOPMHpOBKa, 

npu KoTopoli "oneBaHmo" nonBepraIOTCH Bee qacTHilU "cpenu". Pesyn1>Ta

TU rJJ. IY IT03BOJ!f!IOT npeononeTI, qaCTI, TPYAHOCTeli, 06H~PYlKeHHUX B 

TeopHHX/I, 5/ pa6oTaMH/II-I3/. 

rn. Y llOCBHlil~Ha·ITOCTp06lill!O-Klla3HpaBHOBecHUX BHCBMOJiell l{JIH 

HepaBHOBeCHl:lX CHCTe/191. Ha oc~~lle' MeTO;tlOB HepaBHOBeCHOli CT8TH

CTHl!e;KOM TepMOAHHBMHKH/g/ B STO~ ~JiaBe noKa311BaeTCfl, 4TO eCJJH 

COCTOHHUe raaa onpenenHeTCH TOJJI,KO Otl;H048CTHqHoli <liYHKUHeii pacnpe

neneHHH, TO ]tJJfl 3HTpO)lHH no.nyqae:rc.H H3BCGTH8fl \I]Opf,IYJJ8 EoJibIUiaHa •. 

B § 2 HCCJJenyeTCfl CBH31, aHTHnpH4HHHOil ipopMynHpOBKH rptlllH4HOro. YCJ10-

BHH OCJJa6JJeHHH KoppeJIHUHM c npOH3BO;tlCTBOM 3HTpOITHH H, ua npiruepe 

paapeJKeuuoro rasa noKas1rnaeTca, q TO oToop onep_eJKaIOI!lUX pemeHHli 

ypaBHeHHH nuyBUJIJIH ITPHBO;tlHT K y6uBaHHIO 3HTponHH co BpeMeHeM. B 

§ 3 CTPOHTCH KB83HpaBHOBeCHUli aHCBM()JII, tl;Jlfl Henneam,uoro raaa H 

II .. 



BUBOl{HTCfl 9opMyJia l{Jlfl ,llJTpomrn C yqeTOM napHUX 1rnppeJIIIUHnfI9/ 

~I( pb = - (-{ /2 )JJx1 dx2. t- (x X; t )en, [f (x X ;t.)lt (x ;t)f ("z; -1:} 
ol I 2 -t ' 2 -t :z. -t 1 1 1. 

( Ha ocHoBe HHUX cooC5palKeHH½ aTa qopuyna 6una nonyqeHa TaKJKe B pa-

6oTel251). B § 4 KBaanpaBHOBecHoe pacnpel{eJieHHe HcnoJinayeTCH l{JIH 

qiopMyJrnpoBKH rpattwrnoro ycJIOBHH K ueno,rne ypaBHeHliliri EEI'M1. ,LlJIII 

TpexqacTHqHOM KBU31i!paBHOB6CHOll WYHKUlillil pacnpel{eJICHHfl nonyqae~Cff 

00'06ll(eHHOC cyneJ?lI031i!Uli!OHHOe npli!6JIHll!eHJile 

. (tp 3 , . 3 

S; (-\ xz )(3 j -C) = n t ( xi xi( ;t-) In f { X ji;) 
J,,<K 2. 0 -, l ' 

0 e =1 

HU OCHOBe KOTOporo MOlKHO lIOCTPOlilTB Kli!HCTJilqecxoe ypaBH6HHe l{JllI nap

HOH rJiYHKUHlil pacnpel!enemrn, np11rol{HOe l{JIH ommaHH!I i'.!OCTaTO'll!O nnoT

Hb!X raaoll. 

B 3mrnroqeHli!H nepeqJilcneHIJ peaynBTa Tb!, nonyqettttue B m1ccepTa-

UHH. OcHOBHLle 113 llli!X COCTOHT B cnel{yY.Jll(eM: l{aHO o6oc5memte MeTOAa 

WYHKUli!OHUJJBHb!X puaJJoJKeHJi!ll/I/, noanonnromee nocTpOli!TB nceBAOMapKoB

cxy10 g)opuy OCHOBHOro Kli!HeTnqecKoro ypaBHeHHH; paapaCiOTUH npOCToll 

;qnarpaMMHb!ll MeTOA pellleHJilfl uenoqJtl'J ypaBHeHnll EErirn; nocJJel{OB8T6JJB- ' 

HO nonyqeHht peHOpMaJil'!30BaHHh!e KHHeTJilqeCKHe ypaBH6Hli!H; nai1;qeH Bli!A 

3HTPOlIHl'l HepaBHOB6CHoro HeHl{eaJIBHoro raaa. 

0Tl{6JIBHble peayJJBTa TU llHCcepTDUlilll llOKJJUllUBaJJJi!CB Ha Ill I'! IY Pa-

60'll1X COBemaHl'JHX no C':'8'!'1i!CTl'Jqec1toli ..,H311Ktl (l{HeB, 1971; ]BBOB, 

1972) H Ha l',lelKl!YHI..: PO All OH .l:WH\J)epCHUl'll'l no MaTeMaTnqecKHM npoCineMaM 

KBaHTOBOil TeOplilll llOJJII II KBaHTOBOit CTaTl'JCTl'!Kl1 (!IocKB&, 1972). Oc

HOBHUe peayJJBT8Tb! i'.IHCCepTaUJillil ony6Jil1KOBaHU B CTaTBHX/I6-I9, 22-241 
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