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OEll!AH XAPAKTEPMCTl1KA PAEOT~ 

AKTYSJILHOCTL T8Mhl 

B ll0CJI8,ltli88 BpeMH 38MeTHO Boapoc HHTepec K HCCJieiOB8HHID npo6JI8Mhl 
. ' , : _,.,, / . -. , ' -

,ltHHSMHKH CilCTeM, J338HMO,l{8HCTBYIDlllHX C 3JICKTpOl.!arHHTHblM noneM. 8TO o6y-

C.JIOBJ!8HO neJiblM pH,l{OM npHl!HH, rnaBHU_e H3 KOTOPhlX CBO].IHTCH K' CJie].lyIDll!eMy. 

. Bo-nep:BblX, . 6narOA8PH llOHBJieHHID MOil!Hl,IX HCTOqHHKOB KorepeHTHoro H3- · 

·nytz8HHH B ll!HpOKOM ,itHanasoHe tzSCTOT, npellt].le :scero nasepo:s'cnepecTpa- · 

HB88MOi1 tzaCTOTOii, npOHCXO,ltHT CTpeMHTeJibH08 p83BHTHe K8KTeopeTHtz8CKHX, 
. . . 

, .TSK. H l'JKCnepH!.48HT8JILHhlX HCCJie,itOB8HH£1 WHPOKOrO Kpyra HBJI8HHH,. CBH38H:- - · 

· · a1:,1x c pesoHaHCHNl4 .Bsa.e:Mo,ite.ltc:TBHeM Bell!eCTBa. c .1f8nytzeH.e:e1,1. Ilp.e:1,1epa11H ·Mo~ . 

. - ryT . cny~TL' OllTHtz8CK8H ·. HyTSnHH, - 38TYX8HHe. c:so·60:ztHoJ:! . llOJIHpHsanHH, qio-

. TOHH08 , axo t C8MOHHAYnHPOB8HH8H npoapatzHOCTL, H8Cbllll8HH8 norJIOill8HHH, 

MHOroqioTOHHble pesoHaacu _l4 T • .zi. EonLmoe .BHHM8HHe y,iteJIHeTcfi: HsytzeHHD a:s- , 

JI8HHH KOOnepaTHBHOrO CllOHTSHHOro HSJiyqeHHH ( CB8plCHiJJiytzeHHH) H CBH38H-

., Jiux·c HHM HeJIHHeiiHHx a!MeKTOB. · .. · • . · 

· BO-'BT,OPblX, .' npocTe/;imyID. wo.z(eJibHYD 38.ztaqy, OilHCLIBSHllllYD llSKPOCKOnHqe

CKYID CHCT8MY .,l{ByxypOBHeBblX_ HsnyqaTe nett, : P830H8HCHO-B38 Hll0,l{8HCTBYIDlllHX 

. C aneKTpo11arHHTHblM nonew' y,l{anocL TOtzHO pemHTi, B ·cirncne Bblt{HC.JieHHH Tep-;. 

-MO].IHH8MH~8CKHX xapaKtepHCTHK •. TOllHhl6. pe/nemJH .ztHH8MHtzflCKHX 38].lffq T8Kll8 ... 
. . .. .. - . . . • , . . I . 

61,1m1 HaJ:!,l{eHbl, .l{JIH OT,l{en&Horo ABYXYPOBHeBoro · STOMa, BS8HMO.ite.ltcTBYID!ll8ro 

C 0,l{HOti .pesOHSHCHOM MO,l{OH KBSHTOBSHHoro nonH HSJiytzeHHH. Kalt HSBeCTHOi· 

.lIHCno TOtzHO pewa'eitux saiatz Becua HeBeJIHRO; -TOr,l{S K8K :HM8HHO. TSKHe 38-

,ltSllH, KSK. npaBH~o, OK83blB8lOT, onpe].!eJiHJJll!ee B03].18£lCTBH8 HS pasBHTHe_.Teo- · 

PHH:: "3ytzeHH6 ·.ztallte ynpoll!eHHblX,. HO TOqHO pemae111:,1x MO].leneii,. nOSBOnHeT 

nocTpOHTb. 8A6KB8THOe onac~HHC ue·noro PHAS qi{3Htz'ecRHX npouecco~ Id npe,it-
CK838Tb Pll.zt. npHHnHnHan&Ho. HOBblX HBJieHHti. · · · · · - . · · .· · · • 

~ ~ ... . . . " ) ' , 

B-:-Tpenn, B P83JIH1lliblX'o6nactiix qJHSHRH•HsytzaIDTCH npo6ne111:,1 HCCJie,l{O-
. , . '. . ,·1 ,' ,, ,\ ''\, ' 

BSHHH ,ltHHSMKKH CHCT811 1 B38HM0].16J:!CTBYIDlllHX C p83JIHtzHhlllil 60SOHHblllH llOJIH-

MH, cxoiut~e no 11~TeuaTHtzecK0'1 cTpyKType-. B xiiaHTOBott onTHKe H pa.itirnqiH

SHKe pOJib 6osoim'i>io llOJIH HrpaeT '. aieKTPOMSrHH,THOe none - qlOTOHbl.' B \l)H-.-. 

3HKe TBep,itoro Tena ,aTO paanHtzHhl8 KB83Hll8CTHUbl - qJOHOHbl, MSrHOHhl H T.,it. 

B KB8HTOBOlt TeOpHH 38TyxaHHH H penaKCSUHOHHblX npouecco:s HCCJI8].ly8TCH . 

KHH6THKa· 11a11oa cHcTe111,1, BSBHMO].leilcTBYDlllett ·c 6onLwHM TepMocraToM, Koi-o

p1:,1U MOllHO sa11eHHTb 'ifeKHM 6osoHH~-M none 11. c 6ecxoHetzHo don&WHM tzHCJIOM 
"--• •.. · . ' ' j 

CTeneHei CB06o.ztil. AH8JIOrH'IH8H_ CHTYSnHH HM86T ueCTO H ,B l.lPYrHX' o6naCTHX' 

\IJHSHKH: :a TeopHH c:sepxnpoBOAHMocTH, c:sepicTeKytzecTH, B Teopirn nnasllbl, 

ceraerosneKTpHKoB,, 11arueTHSM8 H T.,l{. 8TH npo6neu1:,1 no cBoei MSTeMaTatze

.cKott CTPYKType o6pasyDT onpe.l{e'neHHhltt KJISC,c 38,l{Sq, TeCHO CBH38H~NX -

,,l{pyr c ].1pyro11. IIoa·ToMy weTo.zt1:,1 accne,l{oBaHaH, paspa60Taiiu1:,1e B O,l{HOJ:! 06-
. JIBCTH, MoryT ycnemHO npHMeHHT~CH '~ B. ipyr.e:x'•o6nacTHX. • , ' . 

·-.~· ~ -~-- ., ' ..• =--t · Od!s,.,·~-d .... , .... ,. 7r,':n,,j"T. 
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TaKIW o6paaoM, npo611eua onHcaH.HH .itHH8MHKH cHcTeM HB;nyqare nett;· 
~saHMo.zteitcTBYIOll!HX c: aneKrpowar~HTHUit · noneii, HB1IH8TCH aKTyanI>Holi a . . .. ·. 

, Bam1ol1 KBK c T01,IKH. speHHH o6utei TeopHH, TBK H .ztlifl npaKTHqeCKHX npHlIO
xeHHit B H8lIH_H8ilHOil OilTHK8 H .ztpyrHX 061I8CTHX ~H3HKH. 

· UenI> pa6ow cocroHT B Hccne.ztoBaHHH .ztHHaMHKH CHcTe1.1 Hanyqa re nett· c 
Koaeqa1,1w IIHCJIOM ypOBHe.tt; BBBHMO.zteitcTBYIO!IUIX c aneKTpouarHHTHNM none», . 
113yqeaHH CT8THCTHqeCKHX xapSKTepHCTHK T8KHX CHCT8M Ha OCHOBEi CTpormc 

• i • M8TO.l{OB I paCCMOTpeHHH B03MOlltHblX. KBBHTOBblX · H81IHH8l1HWC aqiqieKTO; B T8KH~ 
' CHCT8M8X~. 

.1 ./ / f, 

HayqiiaH ·HoBHsHa · H npaKTHqecKafl · ueHHOCT:& ·pa6oTH •: 

. 'B. ,ltHCCepT8UHH :,11aHO IlOCJI8.l{OB8T8lII,HOe. H CTporoe .OilHC8HH6 .l{HH8MHXH 
cHcTeM Haixyqarenei.t; Baa11uo,11e~cT;y10U1Hx· c • a11eKTpo1.1arHHTHuM no11e1,1. Bnep- • 

• Bli8 nocipoeiIH TO'tHble HepapXMH iumeiHqecKHX: ypa:irneHHit, .l{11H TBKHi'CHCTeM~ 
Ilonyqeai,r MHKpocKon11qecKHe Bblpal!teHHH .ltlIH KHHeTHqecKHX KoaqiqiHIU!eHTo:e. : 

· HOBblM BKlI8.ltOM RBliHeTcH m:clie,110BaHHe CBepxHsliy11aTelII>HOit reHepault!H · • 
B.· CHCTeMe · ,11ByxypoB1f8,l'lb!X HBJiyqaTene'1, npH HElO.l{HOpO.l{HOM yiiuipeimH lIHHHH 
HS OCHOBe 0 '.rOqHO.ii. HepapDIH KHH8THiie'CKHX ypaBH8HHl1. - . . . . / 
. . IlocrpoeHO KHH8THtiecKoe yp8BH8HH8 .ltlIH CHCT8Mbl CB0601(HO ABHl!CYutHXCH 

- . ·-, .·__ , .• , ' . - ' ,_ I .- . . , , , ' , 

.l{Byxyp_OBH8BblX · HBJiyll_8TeJieit H no;nyqeHbl oueHKH .l{JIH .Bp8M8HH P8JI8KC8UHH. 
· · · PaaBHT Mero.it onepa~iopHblX ypaBHeH11tt.'1irut 11ccne1io.aaHHH )Ulyx~TOHHoro 

. npouecca · B. TpexypoBH8BO~ CHCTeue • · · . . . . . . . 

· · Bnep.a1i1e noJiyll6Hbl KB8HTOl'lO-aJieKTpo.iurnau11-qecKHe Bblp8l!t8HHH .lt11H p,Byx
qioTOHHblX_ qacxoT PaCiH; ·YCT8HOBlI6Hbl COOTHOlll8HHH J48llt]ly. CT8THC'J.'HqecKH.UH _'. 
xapaKT8PHCTHK8MR (J}OTOHOB H H8C8118HHOCTHMH ypO.BHt3l1 B TpexypoBH8BOif CHC
T8MEl. Hait.lteHbl HBHb18 Bblp8~8HHH ,llllH.Bp8118HHO.lt 38BHCHMOCTH Oil8IJ8TOpoB'H8-
CEllI8_HH9C1'8H ypoBHett, q11ce11: qioTOHOB, · onepawpoB nepexo1ioB H (fJoTOHHl:lX 

· a,ilnJIHTY.lt• · . 1 . 

· B 1iiicceprau1111 npep,cKasaHo H onHcaao a:aneHHe· BBToaxa B TpexypoBae ... 
BOit 'C:HCT6M8 • . . . • J. 

.JUifl 3All!HTbl Bu,zumrAKJTCH CJIE~YIOJJIHE OCHOBHblE PE3Y]IbTATbl, 
IIOnY~EHHblE B ~HCCEPTAUHH 

" 

_I. HitoCHOB8 •M8T0;8 HCKIIIOq~mtH 6030H~WC,IlepeMeHHblX IlOCTpOelW TOll-
Hbl8 Hepapua KHH8Tllll6CKHX ypaBH8HHil.lt1lfl .ltBY,XYPOBH8BHXCHCTeM, BE8HKO.:.: 

.1ieitcTBYDlllHX.c aneKTpo:irnrHHTHHMH nonii1m, c' Hcnon1,soBaHHeM qiop1,,1annsMa . 
·Kai< HH.ltHBff.ltYBJII>HllX, ·TaK H KonneliTHBHblX nepeMeHHHX ~mr no.ztCHCTew HBny:.. 

• • • . • . . . • • • • j" 

, ll8T8lI8it •.. · .. 

)- .j, 

: . 2. IlonyqeHbl 0606111eHHl:le KHH6TR'l8CKHe ypa:aHeHJia THil8 ".Master.Equa
tion" P.JIH cpe~m1x .zi11HauHqecK~x Ben111,1aa ~ 1tarpHu1i1 nnoTHocrn nop,cH?T8Wi 
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, HS11yqaTeJlei 1 .flOBBOIDllOIIU!8 OllHCblB8TL IlPOU8CCbl KOJIJI8KTHBHOrO, ,B TOM qnc-
• - • ~ • • •- 1' ' - r 

JI6 CilOHT8HHOro H ~blHY)IC.lt8HHOro, H3JiyqeHHH npH yqere H80.lU{OpO.ztHoro ym11-· 

, peHHH llldHHH.. . 
, 3. Halt1ieaa 38.BHCHMOCTI, KHH8THll8CKHX K084KllaQH8HTOB OT- MHKPOCKOilH-

. ·qecKHX napaMe;poB cHcTeWi. IloitasaHo; · qTo HH.ltH.B~.ltY8JII>Huii C.l{BHr qacTOT . 
· H Koaq4HI.tHeHTbl, on11ci.Baio11111e npouecci. HBJiyqeHHH H nor11ouie11HH~ saBHCHT. 

. . . ' . ,- ., . • '.. ,j . 

OT HaqaJII>HOrO nona, B TO Bpeua K8K K011JI8KTHBHblli C.ztBHr OT H81,18JII,HOro 
. 

llOJIH.He 38:SHCHT. . . 
4. P8CCMOTP8H8 npo6neMB CB8pXH811yqaT8JII>HOit reH8P8UHH B°CHCT8Me 

.ltBYXYPOBH8BblX HBllyqarene.11. Ilo;nylleHH ypaBH8HHH ){11HHHB8pCHO.tt H8C8118H
HOCTH,. Il08BOJIHIJUU!8. OilHCblBSTI, npo~ecc KOlllI8KTHBHOrO CilOHT8HHOro Hsliy
ll8HHll H qiop1o1y Hlllly111,ca npH y-qeTe H80.l{HOPOP.HOI'O ymHpeBHH 11HHHH •. Hall.lte..; 
HH aua·11HTHll8CKHe pememrn '/1,lIH p831JHqaux 8T8IlOB. H311yqeHHH. OnHC8HO BJIH
HHH6 Heo.lU{opo1iHoro ywHpimHa JIHHHH H8 qiopwy H •1ipyrHe napaMeTp1i1 c:aepx
HaJiyllBTe111,aoro mrnyJII,ca. · IloKaaauo, •llTO He 01iHopo1ia·oe ywHpeHHe JIHHHH 

' . ,, ·. ' ,· .. ' . ' . . . . \ ' : ·. _,' 
np~BO.ltHT K 8CHlolll8TpHH giopui. H11ny111,ca I yBeJI111qeHHIJ ero '.ltJ1HT811I,HOCTH H 

BP81l8HH 381(8}JZKH1 YM8HI>m8Hl.rn IIBKCHM811I>HOH HHT8HCHBHOCTH. . . . 
s. IlOCTpOeHo KHH8THll6CK08,J'P8BH8H.H8 '/1,JIH CHCT81W CB060.l{HO All.HllY

ll!HXCH .ltBYXYPOBH6BblX HB11yqaT8Jielt. Onpe.zie11eilupenaKC8UHOHHH8 xapaKT8pH
CT.HKH CHCT81lbl H Hait.zteHa ·38BHCIDlOCTI> OT· 11aq!3JII,HOro _IlOJill •.. 
· : 6. ¥tccJiep,oBaHa P.HHBMHKa )UlYX~TOHHOro · pesoaaacuoro npouecca · B 

TpexypoBH8B0£1 CHCTeue. Ilonytieiia. 38MKHyT8H :cHcTeMa onepaTOpH!iX ypa~ae
HHlt .ztlIH .. .lt.HH8M.Hll8CKHX B8JIH1,IHH H Hait,lleno. TOtmoe 'pelll8HH8 ,T8KOii CHCT8~bl. 

S"c. ero llOMOll!I>ll CTporo HCC118.zt0B8HB >]!HH8MHK8 H8CEl118HHO~Telt YPOBHelt .H qH- . 
cen ~TOHOB npi.1 pasnaq1Wx aaqa11I>Hb1X cocTOHH.HHX. Halt.zteHbl KBBHTOBoaneK-

.. . . . .1 .. 

TPO.ltHH8MHll8CKH6 Bblp8X8HHH'.zt11H .ltBYXq>OTOHHblX qaCTOT Pa6H .H HOBblil H8lIH-
H8l1Hbllt HHTerpan ·.ltBHllteHHH. IloKaaauo cyll!ecri3oBaHHe · MHr~olt B8TBH aTHX · · 
qacTOT~ IIonyqeHH BblpBll8HHll '/1,llll BepOHTHOCTe.t! p83;tIH1,IHblX O]!HO\i)OTOHHWC H 
.l{ByxqiOTOHHblX nepexo.ztOB B • CHCT8J.18 •. ··~ . . . 

.7. Ilpe.ztcKasaao. H onlicailo HBJieHHe a11Toaxa (llepe1ioBBHHH Boso6HOBJ18'.'"· 
HHil ii ocna611eaHtt ociurnnHUHlt .ltHHBMaqecKHX 11enHqaiJ) B rpexypo:eHeBoit :~· 
CHCTeMe,: HHHUHHpyeuoe HallaJII>Holt xorep'earHo.tt HaKaqKol1 1ieBoa6y1::zteHHOit 
aTOMHDii cHcrer.m •. Oco6eaaocn1J aBroaxa HBJIHeicH .ltBOltuaa nepHO.ltH'IHOCTI> 

. OCUHlI11H[tHlt, qffCJ18 qX)TOHOB CHrH81II>Hoi'i MO](!,! H H8C8JI8HHOCTH COOTB8TCTBYIO
Ill8rO ypoBHH. IIoi<asaHN 'npoHBJI8HHH KOHKypeHUHH »ex.zty uo1iaMH H.BOSMOll-
HOCTI> IlO,ll8BlI8HHH 0'/1,HOro·nepexo1ia' ]!pyrHM.. ' ~ . ' ',' ·', ..:., .. 

., . 8. YcTaaoBJieHbl H crporo itccne1i0Baiii. coOTHomeHHH 1i1ex1iy craucTHlle
cKHMH xapaKTepHCTHKBMH qioTOHOB H HaceneHHOCTHKHBTQMHUX ypoBHeil. Hait-

-, .. . . . ' -• . - ·- , 

. , '.zteHbl xapaKT8pHCTH1,18CKH8 q/YHKUHH ,· qiYHKUHH pacnpe1ieneHHH, CT8THCTHll8-
cm1e MOlleHTbl qoroHOB H ~aKllt~ ~YHKUHH KoppenHQHH M8lK.ltY. uo1iaMH · ~Jili mupo
Koro·Knacca aaqan1,ft1i1x.ycnoBHlt. 
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9. 'rronyqem,1 TOllHHe BlipallteH111.a .zvm onepaTopoB nepe:X:o,lloB H qio'?onHux . 

aMnIDITY'A• CTporo HCCJI8,llOBaHa .llHHaMHKa ,CHCTelW npH yqeTe, paccTpoliKH 

MO]{ B cnyqae ;ZJ.BYX!l10TOHHOropeaoHaHC8. rioK838HO, tlTO T8K8Hp8CCTpoltxa 

,· npHBO~HT 'K p8C!ll8llJl8HIUO MHrKOit B8TBH Q8CTOT H8 nRHeliiHhlX J03YXq>OTOHIWX .. 

OCUH111Ilil\Hli Pa6H. . . t. 

Anpo6au;Hf! paCiOThl~ .· OCHOBHble peaynI>T8Thl · ;ztHccepTaJii,rn H80,l{HOKP8THO 

){OKJl8,l{b!B8ID!CI, Ha ceuHHapax JiaoopaTOPHH TeopeTHtleCKOit qJH3HKH 06:ria]{H- , 

HeHHoro HHCTHT,YTa a;ztepnb!X Hccne,lloBaHd, Kaqie.l{p1,1 KBaHTOBolt CTB'?HCTHKH 

H T80PHH nona MOCKOllCKoro I'OCY.llBPCTBeHHoro ·yHHBepCHT8T8 HM. M.B.JIOMO

HOCOB8. 'tiaCTI, 1P83Y1II>T8TOB ,l{OK1Ia]th!B81l8CI, H8 n ,H 'Ill Meit,l{,YH8p0.l{IWX. cmmo-, . 

. 3Hyuax no H30P8HHliY npo61I8M8K CT8THCTll!tl8CKOlt M8X8HHKH (~y6Ha,· 1981 r. 
H 1984 r.;) ~ . ·. . .- . . ' . . : . . . ..• ·_ .. , . -. 

IlYClnHKau;lrn. O~HOBH!,18, pesy1II>T8Tbl ony61IHKOB8Hl,l'._B pa60Taxl1- 191. 
06'ba~ · paCiOTH. ~zccepT~UHH co1tepuT 144 c~paHHUN neqaTn~ro TEIKC;~, 

6H6ru10rpailJH11ecKHit cnncoK H3 ,127 H8HMeHoBaHH.i! JmTepaTypllliX HcfotlHHKOB, 
7, 'pHCYHK,OB.- . . . . . 

COJIEPJKAHl-IB PAEOTbl 
• JIHccepT8[1HH COCTOHT .HS ;BBe.n;eHHJI,. Tpex rnaB OCHOBHOro .T9KCTa,: aa:...;. 

KJlllll8HHH H CllHCKB UHTHpyeM.Oill JIHTepaTyp1,1. ·. _ . . . • 

·· .. ''Bo BB8.ll8HHH IlpBB8,ll8H KPBTKHit o6aop paCCM8TpHB88UblX npo~neM, ,ll8HO 

o6ocHoBaHH8 ex. aKTYBJII>HOCTH _H BaeocTH, · icpaTKO HanoxeH MaTepHan 'AHC-:-. 

·· cepTBUHH, nepeqHcneHbl nonoxe1urn, B,NHOCHMlie Ha · aall!HTy. · · . _ 

B nep:eott rna:ee · ;ltHCCepT8l\HH paCCM8TpHB88TCH npo611e11a OllHC8HHll ]lH~ . 

: H8lWKH M8KpOCKOllHtl8CKOii CHCT8Mbl l-lBYX.YPOBH8Bl,IX HSnyqaTe11eii, BS8HMO;ztett;;; 

CTBYllil{HX C 31IeKTp~M8rHHTHhlM noneu. TnaBa COCTOHT HS qe,TNpex haparpa-· 
q>OB •· :>' ' . \_ ' < .' : . • . ··" :-' : ' ' , '. , • •. ' . 

. •, B, nepBOM nap!!rpaqie pacCM8TpHB88TCH CTpyKTypa MO,llemf, OllllCl,IBBIOIIte«' 
! . J' ' ., . ' . ,' ' ' ' ', ' 

'MBKPOCKOllHtleCK,YIO'. CHCT8MY ;zu3yxypOBH8BliX H311j'll8T8 neii, B38HMO,llel1CTBYllUUIX 

C 8118KTpOM8rHHTHI,JM 110118M. BTOpolil.: naparpaqi llOCBHll!8H p83BHTHll M8T0.1{8 ,, 

H.H.Eor(1/Il06o:im H .H~H.EorOll':)60B8 (Mn.) :HCKJI!Otl8HHH 60SOHHl,IX n~peM8HH!lX 

. H. llOJIYtl8HHll TOtlHl,IX Hepapult ,llH!HlMHtl8CKHX ypaBH8HHii .zt1IH CHCT8M.1,1 7-lBYX::... 

ypoB,H8BhlX H3JIYq8T8118H, 'B38HMO,ll8HCTB.YlO!llHX C 3118KTpo11arHRTHI,JM noneM B ~ 
, q>OpM8JIHSMe''ii111,l{HBH,llyaiI>HhlX nepeMeHHliX. B TpeTI>eM naparpawe p8CCM8TpH.:. 

, B88'l'CH.KOll1I8KTHBH08 OIJHC8HH8' ,llHHBMMKH CHC'l'6)1l,1. 1leTBepTiilii naparpacl) no~ 
. . . - . . ·- . . 

· .. , 

.. 
CBHlll8H Bl,IBO.ztY H HCCJI8,llOB8Hll!Bl OCHOBHhlX YP8BH6HHii ·_Teo pHH K01Ill8KTHBHOrO 

H31IYlleHHH. :Ha OCHO:S8 TOtmI,JX HepapxHii ypaBH8HHit, nocTpOeHIWX B §§ 2-3,· '., 

nonyt18Hli 06061ll6H~1,1e KHH8TH<i~cmrn ypaBH8HHH 'l'l;fll8 ,Master_'-Equation, ,J.lrul ,. 

, c~)tma:'.,llHHaut1ecKHX .BenHti1ui H 11aipHUN nnoTHOCT:i(no,l{CHCTeiw HanyqaTe-

;neit. 8TH YP8BH8HHH Il03BOnHilT OllHCLlBBTI, npouecci.i' KOll116KTHBHOro. :e:'. TOIi 

· qHcne cnoHT8HHOro H BliHyE)teHHOro, HSJIYQ8HHH npH yqeTe H80.l{HOp0,l{HOro._; 
, , ," - , \ . 
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ymHp8HHH.lIHHHH. Kpoue Toro, 3,ll8CI> no11yqen1,1 Blip8lK8HHH ,1{1IH 'KHH6TH1l:8CKHX 

• ..: .· KoaqiilJHIU1eHTOB. IIoKasaHo, llTO HH){HBH.llY81II,HNH C,llBll!r qaCTOT .H} KOSq>q>HUH-

;eHT1,1, OilHCliB81llllH8 npouecc1,1 HS1IY1l:8HHH H nor1IOl1!8HHH, 38BHCHT oT'.naqa;nI,-:: 

aoro nona_,. B TO :epeMH KBK K011118KTHBHblH .C,l{BHr OT, HaQ8lII,HOro nomi He 

38BIIICHT. 

BT'opa.fi r;na:aa ,llHCC8PT8l\HH llOCBHII!6H8 IIICC1I6,l\OB8m1IO HHT8HCHBHOCTH 

CBepXH31IYQ8T8lII>HOJil. reH8PBUHH B CHCTeMe·.l{ByxypOBH8Bl,IX 111311Yll8Tenett:a, 

Ol.l8HK8 Bp6K8HR penaKC8UHIII. I'JiaBa COCTOHT ~3 tl8T1,1pe:x: naparpaqio:e 

(§§ 5-8). I 

. B '§ 5 llOJIYtl8HO yp8BH8HH8 ,ll1IH .HHB6pCmI H8C8116HHOCT8lt,. OilHCI,JB8IO!ll86 

, npouecc K011118K'l'HBHOro cinoHTBHHOro H311Yll8HHH H qx>puy, HMnyni,ca np111 y,rn_: ' 

Te H80.ltHOPO.llHOrO ym11p8HIIIH 1IRHHH. OHO -i'lueeT CJI8'AYllI!lHii BH,ll . , , 

-.:; <R.<t)>;,:. ;J:N +(R,CtJ)+rTf s(R,Ctl/Je.-t/TJ : (I) 

8~e~r, , ( ~) - cpe~H~fi HH~epCHH,H8Cell8HHOC;~H, N: _: llHCJIO H3-

;nyqaTeriett I T - H80.ztHOPO.ztHOe :speMH lltH3HH H3llyqaTeneii, · ,·, 'to - BP8MH ·. 

~llQHTBHHOrO pacria,1{8, · Ji,\ - reOM8TpHtl8CKlllij q>8KTOP, 0C - napaMeTp, 

YllH'l'liB8!0il{lllii BK118,ll 8HTlllpesoH8HCill,IX qneHOB B rBMH1II>TOHHaHe Cll!CT81W npH. 

H80,l{HOPO.zt~OM -ymHpiHIIIH llll!HHH~ B § 6 ,paCCl40Tp8HO np~6ruiJKeHH06 p~meHH8 . 

yp8BH8HHH (1). llonyqeHO :e1,1p8lK8HH6 ,l{Illi , < R (t)) qepe3,UH1IHH,llpHqe..:, 
CKH8 qJYHKUHH i , · - ' ·, i! . . . · . · . i 

<R,(t)) = -~. et'·T~{~;+ ~}- ::~: J } (2) 

r.lle ·. - . • .. · · - . · · .-_ · · .''· - ·. \., -

y(t)t('r ·" {3 !tiffz •• cTrn_ 1/-E('''J .. (3) D) V_yv-r:. 113 . D .. 
'; .•, . , . 

8A8CI, f ,·o - napaMeTpli CHCT81W, H ,., _ 

( 4-) . . \?1,3ct) =C1)u~·\t]+ c~~1,3c-t). ) 
r.zte , JO<(iJ)'l {x') ~ qJYH~UHH Eeccen~ l~rO H. 27I'O p0;!\8 COO'l'B8T-
CTB8HHO. •· · ~"'-· , .· ,. ' , . ·, 

TIOK838Hci, llTO H8 (1) C118.l{y8T 1113BeCTlt08 ypaB~emrn Pe;nepa:..l36epm1. 

· .. ,B. § .? o,nHC8HO. BJIHHHHe f!80,llHOpO].lHOro ymap8HHH nHHIIIH, Ha qx>pMy H 
l-lPYrHe napaMeTp!i cBepxHsnyqaTen:r,Horo iwnyni,ca. IIoKasaHo,qToTaKoe 

ymHpenie- np111BO'AHT, K acm&11eTpHH qopM1,1 "iIMny~1,c·a, · K ·yBeilHtleHHio ero 7-lHH
T~nLHOCTH H BpeweHH aa.ztepinrn/K yyim:r,~e-HHro MaKCHMaJII>Ho~ HHTeHCHBHoc-
TH. · IIoJiyqeH1,1 qne,llyll!JUie ocieHK\ · ' · '·· 

5 



t ,....:__ 

j':-

I 

' 
/ 

\ 
/ i ; 

/ 
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T ' ...... T . . . t . ·T p ·. . .,: • ·I-* ·I T t 
N- '"~~ .r -m.~ Ln -t J -m. "':' m· - Tl'I. r: (5) 

. T t..... . T .-. . . . T 
r.zte "C;/t: ,r: ( IN I t-m: ,I-m:) , - .ztMTeJI:&HOCTI, HWIYJI:&C8, BpeMH 
38.ztepJKKH H. M8KCIU48Jl:&H8H 11HT8HCHBHOCT:& 1 . COOTB8TCTB8HHO I np11 yqeTe. 
(688 yqeTa) ueo.ztHOpO.ztHOro ym11peHHH JIHHHH~ H8H,!l8Hli KPHTep1111 np11MeH11-

, ; ' " • ' ' •• c 

MOCTH 118JIOJK8HHOrO OilHC8Hl1H 

,, ... :<·T~t~5<1 ;N·tt»·~ iL~J~~~ (6) 

B §' 8 B. ·up1115nHJKSHHl1 HH8KOii. IlJIOTHOCTH• itccne.ztOB8Hli Kl1H6THqecx11e . 
CBoiicT:aa c11cTeMli.CB0Cio.z1uo .mlHJKYntHXCH .ztBYXYPOBHeBliX: H8JiyqaTeneii. Pac~ 
CIIOTP6HHe 0,l(H()qacTHquott IPYHK~H pacnpe.zten:eHHH Il08BOJIHeT onpe.iieJIHT:& . 
penaKC8~HOHHlie' xap8KT8pHCTl1K11 CHCT8Jlli. B CJiyqae CHCTellli C. O,l(Hoa pa6o
qe£t_ qacTOTOit .0. , npH ycJIOBHH . 'tt..0.«.-rr-c..a. ){JIH lipexeu peJiaKca~H . : 

. -c.; 
1 
r_ nonyqeHU Bh1P6lK8HHH .... : 

.~ >-c = 3. t?c.~1· S~mrt'J"1'f~r~;pcrpti.cKa,) -,1 
1· :7 

: :t \ p' ·P 1 .•.:, ···., L~1-p(tpncK1)>i J l ( 7,) 
' ,:_' :- __ . ' 

·r.zte" 

(8) , .· . ;.. , n . 
K1 .. ·- . . I . ,/""' .. c.':t.'p/-m 

:rn,p.:.·1.1acca H Hi.myn:&c irnJIYqaTe:irn, COOT1,l~TCTB8HHO; ~ -:,ptopOCT:&: ( .. 
~Be Ta, d. -:: Ben11lll111a .z111non:&uoro ~oMeuTa nepexo.zta, · p. - T_eunep.a""'. 
Typa.l HaiA.zteHu npe.zteJI:&HUe auaqeHHH ,l(JIH' r. B .ztBYX cnyqaruc: liH8KOtt H 

·•BfiCOKott TeMn.epaTypu; nonyqeuuue' o~eHKH npe.ztcTaBnHJOT ,HHTepec B, CBH8li 
C ripo6ne11ol1 Bli60pa pa6oqero peJKHM8 B c~epirnanyt18T8JI~HNX Jiaaepax peHT

'reuoBCKoro H raMM8-,l(H~Il830HOB.0HH x:opowo cor.nacyJDTCH C pauee:~aBeCT-
. HUMH peayn:&Taiauli. .. · .. ·· . ·. .. • . · '· 

Tpena -rna:ea .ztHccepTa~H nocBallleHa· 11ccnei10BaHHD:.ztBYX\POTOHHorc> 
npo~ecca B ·rpexypOBH8BOl1 CHCTeue. ·rnaBa COCTOHT. 118 uieCTH naparpaqioB .' 
~§§ 9-:-14). · . . ' .. , , . ·, . · 

· B • §. 9 paccuoipeH MOJJ.eJI:&Hu.li. ra1111n:&TOHHBH;. OIIHCUBBJOll!•di .ztiiyx:lj/oTOHHu.£1 .•·. 
pe3ouaucuH!t .npo~ecc ,B rpex:ypoBaeiio« c11cTeL1e B .ztHnon:&uow np0:6nHJ1teu1111 H · 

t,, , · :- . r ,~ - - ~ • • · · :. _ ' · , 

npm'.5JIHllt8HHH BPBlll. aJO.~.li~nlB· o.na11 . ..,..,. .. :a... , .. •.: :.. · . , :- ·, · . 
·tt + ·R I+· "'I""-· . · . ':" .· n. ,a, . · • ·t n. co a. . a. t . ' . ' . . .:J JJ . - . o(. . . a£.: o(. .' J=1 . . «-1 ,..,_ • 

·+t]1 i°' (~ Ra-c. + U: R~3) . 
,, . 

(9)' 
t 

.6 

,. 

. I.· ·• 

·1{1. 
I , 
, .. 

.,~\ . 
'1' 

I· 
' 
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·, .·-.: 
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i; 
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'.!: 

: 

' ')t 
!1· 
11 

·•·~\1 .. 

'·.•-t. 
•I: 

• ✓:· 

> ~ 
✓ l-. 

· 8.ztec:& onepaTop. :l{LJ=!L><Jt · .·· <>1;KC.!-BaeT: npH. ·~.=f=j 
nepexo)t 8TOM8 118 .ypOBHH j B YPOB8H:& .L , 8 npH L = J - uace
JI8HHOCT:& YPOBHH ·. l. C COOTBeTCTBYlD11!8A auep'rHeidi.. .nj. ~ _OnepaTOPli Q ; 
... -1- . . . . . . . , • •. . . . . o<. 
a.oc. 0Ill1Clill8IOT .YHHqTOllt8Hl(6 · 14 p0lt,l(6Hl18 qx)TOH8 B MO.zte · OC. C COOTB6TCT-

:BYIOllt8it pe8ouanc:Holt iiac~~Toit · oo"' ~ .n
3 

_. .O.OC: . :-C11cTewa HMeeT o6Dt~ 
11epxn11lJ.' ypOB8H:6. . . . , 

I B § IO IlOK838HO, ltTO T8K8H 116.zta'in, TOqJJO HHTerpHpye11a. C HCilOJI:&:30~ 
BBHHeM cne~~n:i;uux: CBOHCTB .oilepaTopo'B Ri.; . :-:. reuepaTopoB rpynnH 
SU . ' · .., 

' ,,(3) . "" A,, .· A,, 

·KtJR"f.~ Ri.·e::0:,J . (IO) ... 

nonyqeHS 8811KHyTBH CHCTeJla ruiHaiiH!iX .ztH\Wl8P6HUH8JI:&HliX on~paTopuux ypa.B
HeHKI .itmt )tHHa·11uqecux· :eeinmrn. To1Di:oe pemeu11e raxoa cacTellli ypaBHe-' 
HWtlU(eei ~ , :.: • : . -..· ., '. . . . . . .... ;, .·· ' 

"R (t)= N (t)- fi1(0)+ R • (o) =: 
. , 11 · .1 . . , . 11 •. .--. . 

,= F(cosxt -1) +J si.nAtf. . .· ....... 
+?:fu.(co~iAt.~1).t~~i:n:.i~tJ +, R,1(0):_ I 

\ -.··. '__:_ .. ,, .,..._, '.; '"": :,1 

:,R · (t)::: ~(t)-~.:i.(o)+R,a,Co}= .. 
' ;1.;i, • ' ...... : . . -"' .. = -:-F (co$At . .:.1)~~si:n.A t ,· •"' ... 

+ >--; [u.Ca>s;i.~t -1J-t-i"sina.1tJ+ ~.i. C0
) ; 

' '\ .. - - .- ' , . • . , , : . - , ·, •. ,. ' ~ • . ••••••~" r • ~ , ,-

_ ,• f ·ct)~ ~t~[li(c.o_s:i'At=-1) t ~5Ln.;i;1tJ~: R13 {b) ',/. ,! 

33 , · . . . .• . · . . , :- . " . . (II), 
- _,._ -~- .,,.. "' ,:·, ' . ' 

1•.iie · , -A' ;•a.A • .... · KBBHTOBOaJieKTpO~Hli_a1111qecK11e B!ipaxe,iIHa ,l(Byx\P()TOHHHX 
qacioT Pa611 · · , · 

A~Vl)'+~· -). 
-;:.. ,~_q VA tl,/·. 

. o<. . O"'- . oL . , . 
-_......,,_, 1...-,.,,,,,. ,._ ............. ..,, 

--~ .M = N - R · 
• . . . . .l 0C. . •' oc . """' . . . . . 

(12) . 

A~iln'.a_.!Y.ztH!l8 _Oj8P.8TOPY,.f 1 ~. J u../iJ : on .. pe~emtlOTClt .. u~qam,·u.·lillH yc·~ .. oBiffl- . 
11'-: Rjj Co) 1 ~/o) · ·. _ .,Or11eTHM, _qTo .~Yll{8CTBOBBHHe, MJtrxol. BeT:BH. 
A )tBYX!llOTOHHUX: qacToT Pa6H HBJIHeTCH'xapaKTepuoi•oco6eHHocnJO Tpex-

. • • . • ·,· $ .. - , , ~- , .,, - . ~ . - ' ''. - • • " ,, ~ • 

ypOBHCBOtt.CHCT8Jll:I~. 
I • 

·.,_ 

., 
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HaltzieH. HOBlill1 Henr.He.l1Hlill1 HHT6rpan ,1tBllll!tBHlllfl B 'pac_CM8TPIIIB881,{0l1 CIIIC~ 
_Teue· 

"""""-. , . A _......., - • K r-:- ..... R .... -t ..... R ·) .,,:a,"" .,. .i"" 
• :::: ~1~a.\a.1 ~ .2.1 +Q1 ~ 1a. .-\ R.1.:1. - ·\. R11 (I3) 

'--..~. 

B § II-,12 111ccne.n;yeTCfl ,llHH8MHK8 CHCTewi Ha ocHoBe TO'lffioro pemeHHfl 
(II). B § II paCCMOTpeu cnyqatt' HaqanbHOro COCTOllHlllfl C onpe.i:teneHH!lMH . 
q111CJ181,{I4 aanonHeHHfl: Hal1.i:t8Hlil Blilpallt6I!Hfl ,l.Uill B8POflTHOCTel1 paan111qHL1x mi-' 
peX~AOB B CIIICTBMe. B § 12 paCCl40Tp8H cnyqait npOH3BOJII,HOro HaqaniHoro 
cocTOHHl!fl•'noJrn; Ilpe.i:tc.KasaHa :eoaLiouocT1, HBneHHH BBToaxa (qepe.i:tciBaHWI 
B0306HOBl18HHl1 Id o'cna6neHHit OCUlllllllHUHi ]:\IIIH8MHqec1rnx BenHqHH) B ipex
ypOBH6BOiil CHCTeMe .. IIIHIIIIU1HPYCM8fl 

0

Haqan1,Hol1·1<orepaHTHOit H8K8tJKOit ,7.l8B03-
6ylK]:teHHOi 8TOMHOH CIIICTeMlil. 'oco6eHHOCTI,IO · 8BT03X8 HBJIHCTCH ,llBOl1H8H ne
PHO,lllll'lffiOCTL ocn~nJillUH~ •mcna {flOTOHOB. cHr.Han1,110!1 MO.i:tlil H HaceneHHOCTIII. · 
cooTBeTCTBYJOll!ero ypoBHH. IloKaaaHN npoHB~eHHH KOHKypemurn ueJK.i:tY Mo.n;au111 
Ill B03140JICHOCTI, Il0,ll8Bl18HIIIH 0,llHOro nepexo.n;a ]:tpyrHM. . . .• . 

B § 13 ycTaHOBneH1i1 .H· cTpi>'ro 111ccne.n;o~am» cooTHowett111a MelK.i:tY CT8TH-. · 
CTJ4qeCKIIIMH xap8KT8plllCTIIIIt8MH 40TOHOB H H8C8JI6HHOCTHMH 8TOMHlilX ypOBHell. 
IloJiyqeH1i1 onepaToptt11e cooTnomeHHH 

ft:~ct) =fctt t1J: A:J R~<t) +f(; i.· 1 -
..... . - e ....... I(. ......_ e . ---- I{ J( - . )t -- t 7 R Ct) 
N/C~)Na. Ct.): M1 Mei + Mi l M.;i,+1~-M.2.J .i;i. • . . . . .-..rsc- )K ---r:rR-(t) 
. . ·., .. : '.; + M.2. L M1 +1 -,.,M1 5 .11 . .1 - :' 

Jd.( s}~ e~p(Lt~)f[ex~tt5)~1).~j(t) + 1 J, ; 
\ 

'./ 

~ . -~- . ""'.""-- ~- ........... 

'~ (E ~ )·= e>Cp(i.~ M +i.~"M_) · _-. , ,. ·: "· >., - (I4) 
.A :>1J:)a. .· J · ~1 1 , <)~ ~ . . . -"' . • 

1 

l 
. ·· .: . : 7E~xp(i.51)~1J i\/t)+[ ~p(i_sa.>0!.i/t)+1f / '1, 

noaBOJilllll!lHe o~pe~~HTb J:_T8THCT111qecK111e · uoueHT!i ( Ne,(, Ct))' ,, {J!yHKUIDI 
KoppeJIHUIIIIII , · <N1 Ct) N} Ct)), • x~p8KTepWCTHqecKHe qiyHRIU'IH, )( .... Cs) · 

. Ill -·· :f.. ( i1 1 Sa.) • G · IlOMOll!blO 3THX qio PMYJI Y.llBJIOCI, no JIY'!IIITI> qiyHKUHIII. pac~ . 
npe.n;enemrn. qJOTOHOB. H .n;pyrHe CT8TUC'l'Htl6Cirne xapa'KTepiicTUKH ,llllH WIIIPOK~ . 
ro KJiacca Hat1an1,H1i1x cocioaHHit · · ' ·· .. · 

B § 14 aal1J.teHo· Toqaoe pemeH111e' onepaTopHHX ypaBHCHHtt' ,l\JIH onepaT1r ,_ 
poB nepexo.n;oB H q>OTOHHb!X arinJIHTY.i:t• GTporo .11ccJie.n;oBaaa .n;111Ha11111Ka CHCTe:. . 
lii1i1 npH: yt1eTe paccTpollKH lio.i:t B cJiy'qae .llBYX(p(l'l'OHiroro pea0Ha11ca~ IloKaaa- " ., . . .. ' .",, .· - . . ,. - ... ,, "'"' 
Ho, t1To yqeT paccTpol1KH MO.It nplIBO.ztHT it pacll!enneHHJO MHrKoii BeTBH · A 
qacTOT HeJIHHeiiHhlX .n;ByxqioTOHHlilX ocummauHii Pa6H Ha Me ,.n;pyr.11e - A H . • . . . . ·. . . • + 

·, .. 8 

·:--

/ 

·, 

A·.: ·, 
• _, I -·. ' 

~: ~ x f.;A/iJJ : }x =\JA: +J:.: + Aa,/4 ",. I 

(IS) 
. • j;.. . . ·, .. . ' •. /. .,. ;· ·. . . . . 

0
B 3_8KJil!'l8HHII ,7.l8HO Kp8TK08 ,o6cyz.n;eHH8 OCHOBHHX peayJII,T8TOB pa60T!l. 

• ' ' ,r, ; ' 

OCHOBH!IB PE3YJThTATU ]lHCCEPTAIUUI OilYEJI!tlliOBAHU B CJIE]lYKl!IU1X PAEOTAX:. · 

· I.• Eor.onJJ6oB H.H. (Mn.), ;BM 'Jie .Knatt,· llly1,10BCK111!1 A.G~·, o X.1H6THq.ecitoM 
· ypaBH8HHH .n;nil' MY;cyP;BHeBoit c111cTew, -isaHMO.i:tel'lcTBYJOll!eit c ane·KTpo;.. 

uarHHTH!ll,I nonaM.:- TM~, 1982, T. 52, ie· 3,, c. 423-fl-30.. . , . 
2. EoronD6oB, H.H. (MJI.), ~au Jle. KHeH, lllyuoBCKHil A.G. ]lHHBMHKa czcTeuu , 

,7.lBYXYPOBH8BlilX H3JiyqaTeneif, B38111MO,ll8iiCTBYIOU!HX C 31!8KTPOM8rHHTH!il,I •· 
. noneu~- B. KH~ ·:_II MeJ1t,iiyHapo.n;tt1i1l1 c1111,1noa11yM no Ha6paliiI1i1u npo6JieMau · 
, CT8THCTHqecKol1 M8X8HHKH, "]ly6Ha, l:981.- OliHl!l, ]ll77"81~758, c·~ .49-53,: . 

]ly6Ha,C(I982). : .• · ·. . .. . . . . •·. . . 
•3~ EoronJ060B H.H. (MJI.), ~au 'Jle K111eH, IllyuoBCKHl1 A.G. ]l11tta11n1ta MYx- · ·. ·• \ . 
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