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OHJ1AH XAPARTEPHCTHKA PAEOTH 

AKTyanbHOOTb rrpo6JreMH. CTPYKTYPa. npocTpaHcTBa H JIBJreHIDI. MaTe

PHanbHoro MHpa B HBM HaXO,ltffTOSI B ,ltl:l:aJIBKTH'leCKOM B,ltHHCTBe H ~-

OSI HBOT,ltBJIHMHMil: ,ttpyr OT ,ttpyra 06'bBKT&m 'iBJIOBB'iBCKOI'O II03HaHIDI, 3a 

noane,ttHHe ro,ttU HBY'ieHHID CTPYKTYPH npoc~paHCTBa npH,ttaeTOSI 6on»moe 
3Ha'iBHHB B CBIIBH C 3KCIIBpHMBHTaJibHHMH HCCJIB,ltOBaHIDIMH, npoBO,ltHMI:lMH B 

~3HKB BHCO.KKX 3Hepi'l'Iit H C OT.KpHT,BM 'OBHX CBOiiCTB MaTBpHH. Bo3MOJK

.HHit OTKa3 OT IIOHll:TWI JIOKaJibHOCTH I,2 Ha MaJIHX paOCTOffim!IX, ,ttHKTye

MH:Ii BHYTPBHHHMH npo6JreMaMH KBaHTOBOit TeopHH IIOJI.fi 131 ( TaiGtMH, ·KaK 

yJibTP$OJIBTOBHe pacxo,ttHMoCTH, npo6JreMa co6oTB~oi1 :mepl'l'IH aJieKTpo

Ha H T.,tt.) H I'l'IIIOTBSa 0 ~aMBHTaJibHOit ~e 4 ,ltaJIH 0006BHHO 60Jib-

ioit T~OK K HCCJIB,ttOBaHHID npocTpaHCTBBHHO-BpBMeHHHX CBOitCTB MaTBPHH 
5,6, 7/. . . . . . 

B HBCTOJD!lBB BpeMII C'll'ITBBTOSI 06IIlBIIpHHll:THM, 'iTO I!pOHCXOlK,ltBHHB 

YJIBTp$OJieTOBHX paOxO,ttHMOCTeil HB~ HnH HBHBHHM o6paBOM CBII38HO CO 

CBO:IiCTBaMH rrpocTpaHCTBa-BpeMeHH Ha MaJIHX pacOTOHHIDIX.Rnl'I C CaMOit 

rrp:apo,ttoit B3aHMO,tteitcTBHH rrpH BHOOKHX 3Heprzax; IIpHCYIIleA BCeM THIIaM. 

BBaHMo.ttelcTBHH. Ilp:a nocipoeHHH ~all'lec.KKX Teoprut HaMeTRJIOCb ,ttBa 
paSJIHtmHX IIO,IOCO,tta. liepBHil HB HHX OOHOBHBaBTCR; Ha H,ttee 0 e,Ii.mroM OIIH

CaHHH BCeX. THIIOB BSa:HMO,tteitcTBHH ' paMKaX KaJIH6poBO'iHHX Teopl'!A CO 

CIIOHTaHHO HapymeHHoil CHMMBTpHBI B] • Bo BTOpoM IIO,IOCO,ttB BH,ttBHraeTOSI 

I'l'IIIOTeSa 0 TOM, 'iTO xapaKTBp ~3H'lBC.KKX rrpo~BOOOB ( B 'iaOTHOCTH, BH,tt 

BBaHMO,ttBIOTBHH Me~ KBaHTOBaHHHMH IIOJI.fiMH) Ha MaJIHX IIpOCTpaHCTBBHHO-v BPBMBHHHX paccTOffim!IX MBHll:eTOSI HS-38 TOI'O, 'iTO Ha 3T~ paJOTommiiX 

MO~YBTOSI cam CTPYKTYPa rrpoCTPaHCTBa H :BpeMBHH 4-7 • 

. Cpe~ rHIIOTB3 0 CBOICTBax rrpocTpa'cjBa Ha ManHX paCCTOHHHHX (H3-

MBHHHB reoMeTpHH rrpocTpaHCTB,-BpeMe~ 4 , MBJIKOMaCmTa6HaH H pemeTO'i-· 

HaH (,nncKpBTHaH) CTPYKTYPH/9 H T.II.) oco6oe MBOTO 3~~eT H.nBH 0 

cToxacTII!'iBCKOM xapaxTepe caMoro npocTpaHcTBa-BpeMeHH 5-? • · 
Bnep~e ·~.H~ EJio~eBHM / 5/ 6wra saMe'ieHa BOBMOJ!tHBsr. rJIY6oRM eMs:& 

MBllt,ltY IIOHHTHBM HBJIOKaJibHOCTH H I'l'IIIOTB30ft 0 CTOXBCTH'iHOCTH'I!pOCTPaH

QTBa. TaKaH B03MOJ!tHOCTb CTHMy~yeT TIOCTpoeHHe HeJIOKan:&HOft KBaHTo

BOil TBOplm • IIOJI.fi H TeM OaMHM IIOBBOJI.fiBT B,ltHHHM. o6paaoM ytil'ITHBaTb . ai}?

~KTH HBJIOKaJibHOCTH ( HnH CTOXaCTH'IHOCTH) BO · BCBX ~3H'iBC.KKX Tipo~ec

cax. EOJiee Toro, ymmepcaJibHHit xapaKTep sToil ·I'l'IIIoTesH ,ttaeT HaM ooa-
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MOXHOCT:b 3aHOBO OCMUCHHT:b ~aMRRY CTOXaCT~eCKllX ~aCTHU H HCCHe

~OBaT:b HeKOTOpHe BaXHHe npo6neMU TeOpHH CTOXa~eCRHX npo~eCCOB 
(TaKHe,KaK penHTHBHCTCKOe OnHCaHHe ~~HOHHOro H ~HHMaHOBCKOro 
npo~eCCOB H BOnpoc 0 ITpoHCXO~eHHH CaMOTYp6y~eHTHOCTH B ~eHHHX 
CBOOO~ ~aCTHU B HenHHeHHo~ MeXaHHKe H ~.). 

li~:b paOOTH - HCCHe~O~aHne ~ac~eCRHX H KBaHTOBHx CHCTeM 
B paMKax rHITOTS3H 0 CTOXaCTnqBCKOM npoCTJlaHCTBe; 

- ITOCTpOeHze rpa,IU'I6HTHQ-BHBapzaHTHOH TeopzB.3JI8KTpOMarHl1THOrO H '16-
THpex@epMBOHHOrO CJiaOoro B3aBMO~eiiCTBBH JI6llTOHOB; 
- BH~l1CJI6Hl18 KOHKpeTHHX cpH3B'I8CKHX npo~eCCOB II nonpaBOK K Hl1Mr3a 
C'l8T CTOXaCTH'lHOCTH llpOCTpaHCTBaB paMKax 3TOR Teopzz; 
- llOCTp06Hl18 HepeJIHTHBHCTCKOH H.peJIHTHBHCTCKOH ~BHaMBKH ~aCTH~ C TO~
Kll apeHBH CTOXaCTH'IHOCTH npOCTpaHe~Ba; 
-cncTeMaT~ecKoe nccrre~oBaHHe HeKoTopux crre~cTB~ rnnoTeaH o cToxac
TriecKOM npOCTpaHCTBe H 0 !lJ~aMSHT~HOH ~e; • 
- pemeHHe· aMa~ Koum: aBOJIIOI:(HOHHoro· ypaBHeirn!I. (ypaBHeHHe llipe~repa 
.B npe~CT~eHHH B3aHMO~e~CTBHH npH MHHMOM BpeMeHH, T.e. B eBKnH
~OBOH MeTpHKe) c.aanaa~aHHeM B KBaHTOBOH TeOpHH n~ C He~o~ 
KaiT:bHHM B3aHMO~SHCTBHeM. 

HoBHaHa pa6oTH cocTOHT B TOM, ~To HaimeH MaTSMaT~ec~ r.reTo~. 
OCHOB~ Ha 0,1\BHre BpeMeHHoro apryMeHTa . -/; ~ -/; + l1: H TI03B~
IDmHH BBO~T:b CTOXaCT~OCT:b B npocTpBHCTBO 0 He~e~THOH MeTpHKOH 
(B npOCTpaHCTBO _Mm!KOBCKOrO). 9TOT MSTO~ corJ.i:acyeTCH C OCHOBHlOOt 
TJlSOOBaHRffMH HOpMHpyeMOCTH H HHBaJlHaHTHOCTH pacnpe~~eHHH BepoHT
HOCTeil: Koop~aT · cToxacTriei:lltoro npocTpaHCTBa. Taro~te npe,wro:lKElH Me
To~ ycpe~eHHH B cToxac~~ecKoM npocTpaHCTBe, o6ecne~aromnii nepe
xo~ OT CTOXaCTH'IeCKOH MHKpo-o~aCTH K MaKJlOWKarre HeCTOXaCT~eCKOro 
npocTpaHCT~a H npHBO~H K npaBRniHOMY OnHCaHnro llJlOT~HHUX (He
~OKaJI:birux) OO~SKTOB (~aCTHU). 

. HayqHaH geHHocT:b pa6oTH • B ~ccepT~ B paMKax rHUoTeaH o 
CTOXaCT~eCKOM npOCTpaHCTBS npe,wrO:lKElHa CX6Ma llOCTpOeHHH b -MaTpH-

. ~ WlH He~OKaJI:bHOH TeopHH aJieKTpoMarHHTHOro H 'l8THpex!flepMHOHHOrO 
crra6oro B3aHMO~eil:CTB~ ~eiTTOHOB 1 y~OBJI6TBOpHIDmeii OCHOBHHM npBJ~
ITaM peMTHBHCTCKOfi KBaHTOBOH TeOpHH: yHHTapHOCTH, np~OCTH,rpa
.l±z:eHTHOH HHBapHaHTHOCTH, KOHetmOCTH H penHTHBHCTCKOH KOBapHaHTHOC
TH. IlOKa3aHO, ~TO n~eHHaH $ -MaTpzna Taro~te JIBJmeTCH pemeHHeM 
3Ma~ Koum: SBOJIIOI:(HOHHOI'O ypaBHeHHH C aanaa~aHHeM B eB~OBOH 
MeTpHKe. TeM caMHM Ha ypoBHe MaTeMa~ecKOii ~aHKK pemeH Bonpoc 
0 ITOCTJlOSHHH npH"'HHHOii $ -Ma.Tp~ KaK pemeHHH ypaBHeirn!I C KOppeKT
~0 ITOCT~eHHotl: 3Ma~e~ Koum:'npH MHHMOMBJlSMeHH. 
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' C TO~Kil: apeirn!I CTOXaCTWIHOCTH npocTpaHCTBa ~e~eHH H HCCHe.tto
BaHH He.mmeiiHHe ypaBHeHHH cToxacTH~ecKOii MeXaHHKK IO-I2/, pemeirn!I . 
KOTOpHX Be,IJyT CSOH KaK H6KOTOJlH6 Typ6y~eHTHHe npo~eCCH. IlOCTpoeHH 
penHTHBHCTcKKe ~~anoHHHe H ~HHMB.HoBcKKe npo~eccH c pean:bHOH Bepo
HTHocTHO~ Mepoii rayccOBCKOro THna. JIOKa3aHO, 'ITO B Hameil: CXSMe BBe~e- · 
HHe ~a!JISHTaJI:bHOH ,wrHHH ITJlHBO~ K orp~emno Il1IOTHOCTH MaTepHH 
3HatreHHeM U ""fi9f2{'ilc. H ee paCIIMY C BpeMeHeM Elr3HH t-:w {~hiS • . e ,. . . . P 

B paMKax Hameii TeopHH TPH no~o~a K ITOCTpoeHHID TeOJlHH CTOXaCTH
~ecRHX npo~eCCOB, HMSHHO: TJla,Jnnl;liOH~ TIO~O~, OTIHCima.mnfil ~qxpy3H
OHHHe ~eHHH ( Taro~te OPOYHOBCKKe ,IJ,B11lKeirn!I) H ,1\Ba .rwyrnx rro~o~, 
HCXO~e H3 ~OT63~ ·o CTOXaCT~SCKllX CBOHCTBaX a~eKTpo~THOro 
<PoHoBoro nOM IS/ (BaKyyMa) H caMOro npocTpaHCTBa- BpeMeHH (K noc
J!e~eMY Hanp~eHHID TSOJlHH CTOXaCTH'IeCKKX IIpo~eCCOB OTHOCHTCH Hac
TOHmasi-~ccepT~), CBH38HH Me]K,lly COOOH,H CBH3~ ·aJieMeHTOM. 
CJIY"EHT rHUOTeaa 0 CTOXaCTHtmOCTH IIpoCTJlaHCTBa. 9Ta CBH3:b OT'IeT~O 
IIpoJIBJmSTCH npH HCCJI~~OBBHHH eB~OBa MapKOBCKOro IIOM B CTOXaCTH~ 
~ecKoM npoCTpaHCTBe. B HameM no~o~e ,1\ByxTo~etmaH !PYHKIJ;HH lliBHHrepa 
~ ycpe~eHHoro eBKinmoBanOJIH B cToxacT~ecKoM npocTpaHCTBe JIBJmeT
eH TaKJKe He~oKaJIDHoii, a cneKTPaJI:bHaH Il1IOTHOCT:b a~eKTpoMarHHTHoro <Po
HOBoro ·n~ Mo.m$nntpyeTCH npnHarrn~ ~aMeHTaJI:bHOii ~H~ Hama. 
CXSMa llOCTpoeirn!I KBaHTOBHX H Macc~eCKKX TSOJlHH \IJH3~6CKKX CHCTeM B 

' . ~ ,- . ' . . . . 
CTOXaCT~SCKOM npoCTJlaHCTBe nepexo~ B 00~ TeOpHD, KOr~a BMa-
~OM. a a· C'IST CTOXaCTHtmOCTH. ( f-+ iJ) MOiK!IO npeHe6pe%. 3TO HB1IIISTCH 
BHJlalKeHHeM CBOeo6pa3HOro np~a COOTBSTCTBHH, . BHIIMHIIIOllleroeH. 
B ~aHHOH TeOpHH. 

Cnenyromne OCHOBHHe peayJI:bTaTH ngccepTgqHH BgHBHraDTCH 8Rff 
~= 

I. IloHHTne ~~anoHHoro H ~IHMaHoBcKoro upo~eccoB ·oooomeHo 
Ha peJUITHBHCTC~ ~ail:. IlOCTpoeHH JleMTHBHCTCKHe HHTerpanDHHe ypaB
HeHHH THJia ypaBHe~ CMOJiyxOBCKOro H illeiiHMa.Ha .n;1IR. Il1IOTHOCTH BepoJITHOCTH 

f'(ii!,_t) H ,wrH aMWmTY,I(H BSpoHTHOCTH tp(x,t) C peaJIDHOil . 
BepOliTHOCTHoil Mepoii rayccoBcKoro THna, nopo~~e peMTHBHCTCKHe 
ypaBHeHHH ~KKepa-Il7raHKa l!: Kn:e~Ha-rop~oHa .lVIIl _r(X'.:t) n cp{x, -t) 
COOTBSTCTll6HHO • 

2. IIocTpoeHH ypaBHeirn!I ,1\BHJKeHHH HepenHTHBHCTCKOit H peMTHBHCT-
CKOi qacT~ ~ CTOXaCTH'lSCKOM npoCTJlaHCTBe H n~eHHHi peay~:bTaT · 
o6o6meH Ha ~ai ,1\Byx Te~. 

3. lJqJiytleHH HSJlenHTHBHCTCKOe H JlenHTHBHCTCKOe ypaBHeHHH CHBamHH-
CKOrO /J.4/ ,wrH caMOTyp6yJ1SHTHOro ,1\BKllteirn!I CB060~0it qac~. · 
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4. 06~CH6HO npoRCXOJK,IJ;eJme caMOTY!)6yJieHTHOCTR B ,ItBIDKeHRR CB0:-

60,WIOit 'IaCTl!Wl'KaK pesyJII>TaT ,IJ;eitCTBRII CTOXaCTlf'!irOCTH.npocTpaHCT.Ba 

il MBJIOM MaCinTa6e. 

·5. ,Uo~3aH0 1 'ITO ,f .:_MaTPRI¥1 1 nocTpo~HHaH no .irarpamma:ey:B3~~
,Il;6HCTBRII ycpe,WieHHHx nOJ1e~ B cToxacTll:'IecKoM npocTpaHCTBe,coBn~aeT 
C HeJIOJt8m,iJoit $_ -MaTpRqeit B TeOpRR :f.B. Eqlm.ro.Ba C_ e,Il;llHCTBeHHHM 

OTJIWm6M1 'ITO npwmHHIIe W1!Ki.om. fl) (p) mo6UX SapruKeHHUX nOJiel1 .. . . 

saMeruiJOTCJI Ha qiYJI~ · 9)
0
(p) V{-p.at2) 1 r,IJ;e · Vfp2e2) - .qx,prapaKTop 

TeopRR. ·· · 

G. ,U~ CirOC06 ~OCTpoe~ s ~~Tp~ 1 Y.IJ:OB7I6TBOp!IIOI!t~ B~eM 
. nepe'Ill:CJIBHHHM BHIII6 np:mru;miaM (BKmO'IaH rpa,rr;HeHTHYJO mtBapRaHTHOCTI>) 

peJDITRBRCTCKOl1 KBaHTOBoii TeopRR nOM. ·. . .. 

? • .UoKasaHo,'ITo rRTIOTesa o·cToxacTR'l:ecKoM npocTpaHCTBe R WyH
. ,IJ;aMBHTaiTI>HOH ~e npRBO,Il;aT K H3MeHeHHID cneKTpaiTI>HOfi nJIOTHOCTR 

SJIBKTPoMarHHTHOro qx,HOBOro ; IIOJI!I ( 3M\lil1) B CTOXaCTR'I6CKOH SJieKTpo-i 

,Il;llHaMIIKe 1 a TaroKe K orpaHR'IeHHID. nJIOTHOCTH MaTepRR. 

8; Ha OCHOBe noHIITRII oc~ HeiiTpoHa R cyrrepiiOJI!I YCTaHC>B

JieHa CM31> Me]K,ey 3Ha'IeJmeM qiyH,r(aMCHTMI>HOii ,wrmill U BpeMeHeM ii\HSHH 

MaTepRR. lls 3KCII6pRMeHTaiTI>HHX ,Il;aHHUX. IIOJIY'I6HO orpaHR'IeHHe Ha Be-

Jilrnrny qiyH,r(aMBHTaiTI>HOit ,wnUII:I ' I,~ fo29c.Ji. • . • 
9. Ha nOJiysMIIRpll:'Ie·cKoM ypoBHe H B paMKax rmioTesu o CY!IlBCTB~ 

BaHHH. C6M6UCTBa 'I6PHI:IX ,IUlp H~tlneHO, 'ITO XapaKTepHJ:Ie ,ItJIHHI:I B He pap-· 

XHH tVH3H'IECIU!X D3ru!MO,I{6UCT~Hll (BKJIIO'laH MacrnTa6 60JII>l!!OrO 06'b6,lt.llH6HHSI) 

KpaTHJ:I il/2 , r,ne ~ .:_KOHCTaHTa TOHKOH CTPYKTypbl. 

. ro. .UoKa3aHO' 'ITO KOHe'IHaJI H YHHTapHaH s -MaTpml;a, OIIHC:J:IBaJO

~aH HeJIOKarrl>Hble B3aHMO.I{6fiCTBHff KBaHTOBaHiniX IIOJiefi,SIBJISI6TCJI pemeHHeM 

s~a'Ill: KolliH sBOJIIOI.UIOHHoro ypaBHeHHH. c sanas,JUmaHReM. 

·II. llocTpoeHa rpa,rr;HeHTHO-RHBapHaTHBSI KBaHTOBaH SJI6KTpO.IJ;llH8Mll:Ka 

(K3,Il} Ha 'ocHOBe nOHIITM 0 C.TOXaCTR'IBCKOM npOCTpimCTBe. llcCJie,tiOBaHbl · 

MaTpR'IHI:Ie 3JIBM6HTI:I R yCJioBrin rpa.IJ;aeHTHOit HnBapHaHTHOCTR ~ -MaTpR~ 
J:til. Bbi'IRCJieHbl IIOIIpaBKR aa C'IeT CTOXaCTR'IHo'CTR K aHOMBJII>HO!zyMarHHT_:. 

HOMY MOMeHTy JIBIITOHOB R JISM60BCKOMY c,IJ;BRr,Y aTOMHHX ypoBHeit~ llOJIY'Ie

Hbl orpaiitrqeHHH Ha yHRBepcarri>HyroiiOCTOSIHHYJO paaMepHOCTH ,wnUII:I f~ i(/~ . . 

I2. 06o6meHa cxeMa nocTpoeHHH K3.U Ha CJIY'Iait ~acTRq co ciiRHa

MR 0 RIB CTOXaCTR'IBCKOMIIpoCTpaHCTBe. 
' 
I3. llocTpoena rpa.IJ;aeHTHO~RHBapRaTHaJI 'IeTblpexWepMioHHaJI,TeopRSI 
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cna6oro BaaRMo.IJ;eitcTBHH B paMKaX rRIIOTeau o.cToxacTR'l:ecKOM npocTpaH

cTBe. llcCJie,I{OBaHbl pSI,Il; TB.OPRR B03MYlll6HHH R YCJIOB:ml rpa.IJ;aeHTHOit RH

BapHaH'l'HOCTR HBbi'IRCJI6HI:I xapaKTepHCTHKRKOHKpeTHHX npon;eCCOB, 

I4. B paMKax cToxacTR'l:ecKoii TeopRR paccMOTpena npo6JieMa oc

~ He:fiTpmiO H ee CJIB,Il;CTBHH. llcc.rre,IJ;o:Baml HeKOTOp!:Ie SKSOTR'IeC

KRe pacna,wz R sJieKTpoMarHHTHble CBOiiCTBa HeiiTpRHo , BJ:I'IRCJieHJ:I: nonpaB

KR It aapJJ,IJ;OBOMY pa,IJ;aycy Beit'l'pJWO R~!!ro MarmrrBOMY MOMeHTy. · 
I5 •. llocTpoeHO rayCCOBCKOe CJIYliailHoe nOJie B CTOXaCTR'IBCKOM 

npocTpaHCTBe R nOJIYlieHa .n:syxTo"!e'IHaJI (BeJIOKarri>HaH) W'Hmnm lllmmrepa. 

Ha OCHOBe npe,It!IOJIOJKelmll 0 HeHa6Jno.IJ;aeMOCTR BeJIR'IRHI:I ~HOHHOro na-
paMeTpa Y B KBaHTOBOit T60Pll:R · nOJIII IIOJIY'I6Ha HeJIOKaJII>BaJI . Teoplilt F4tii-
MOBa RS BBKJllmOBOii MapKOBCKOii TBOPRR•C qx,pMPaKTOPOM H3 KJiacca IJ;eJIUX 

aHarrRTR'IBCKRX ~tmd. 

ITpaKTH'IBCitaJI qeHHOCTI> pa60TI:I, ·rrocTpoeHHaSI Ha OCHOBe rRIIOT631:I 0 

CTOXaCTR'IBCKOM npocTpaHCTBe ~ -MaTPRl¥1 ~ SJI6ItTpOMai'HRTHOro R . 

'IeTblpexiPepzvmoHHoro CJia6oro BSaRMo,neiicTBRii noaBOJI!IeT Bbi'IRCJIRTI> mo6ue 
HH3KOSHepreTR'IeCKRe npoi'(ecC!:l B JlteJiaeMOM nopSI,IJ;Ke T60Pll:R B03MYlllBimii 

no KOHCTaHTe CM3R Cit R 0: . Hama cX6Ma MoJiteT xipeTeH,noBaTI> 'na 

pOJil> O,IJ;HOfi HS CaMOCOrJiaCOBaHHHX MO,I{eJiefi Wlt3R'I6CKRX IIpo~eCCOB 1 B paM

ItaX KOTOpoii ~0 aHarrR3HpoBaTI> SKCnepHMeHTaiTI>HHe ,I{SHHHe no npoBep

Ite .OCHOBHHX npmn:tmOB ( B 'IaCTHOCTH 1 JIOitarrl>HOC'l'R II npll:'IRHHOCTR) pe

~TRBHCTCKOii KBaHToBoii TBOPRR n~ na MarrbiX paccTOSIHHHX. HeKOTopue 

peaYJI:&TaTJ:I 1 nOJIY'IeHHble n .IJ;rumoii .IJ;accePTan;HR, MOJ:'YT 6J:ITI> ncnOJI:&soBaHbl 

ripR npoeKTHpoBaHRR R aHarrRSe HOBUX 9KCnepHMeHTOB no IIORCKY HBKOTOpl:lX 

SKSOTH'IBC~ pac~OB (BK7I!O"!aH pacna,n; npo'TOHa) II CB6pxnJIOTHOro COc

TOJIHWI MaTepo. Hama cxeMa MOJKeT Truate npHMeHIIT:&CJI npR sKcnepHMeB

Tarri>HOM R TeopeTH'IBCKOM R3YlJ:BHRax CTOXaCTR'IBCKRX I!pOIJ;BCCOB, OCHOBaH

HUX Ha BeJIRBeiiHHX ,IJ;aHaMR'IeCKRX ypaBHeHHHX1 nopC>Jit,IJ;aiOOIH HBKOTOp!:le 

TYP6YJI6HTHb16 npo~e CCI:I. 
'~ ,,•, ' . 

Anoo6atm~~ pa6oTu •• PesyJri.TaTJ:I .J:tlmCePTan;HR .IJ;OKJia,wzBarrRCI> Ha ceMRHa-

pax Jl'NI • Ollilli,WWI CCCP 1 l1HCTRTYTa MSTeMaTRKR .AH MHP R Ha MeJK,IJ;yHapO,Il;HOM 

, cone~8HRK·no HenoKarri>noa TeopRH IIOJISI (Anym'l'a, I9?6 r.)l a TaKEe na 

MBOro'Ill:CJieHHUX ·H~ KOHWeP~Hlnmx R C6CCM MoHrOJI:&CKOii ~eMP!III 
HayK. 

Ily6JIRJ(B.I!t!l!.B _ocnony naCTOSI!Ileii ,Il;I![ccep'l'an;HR,J1erJm peayJII>TaTJ:I I9 pa-

6oT1 ony6JmKoBaHHJ:IX: B BR.ne coo6~elmii Ollilli, o6sopoB R cTaTeii B JitYP

Banax TM~, 3~~ Foundations of Physics, .Inter. J. Theor. fhys., 

Phys~ Lett., .Journal of Phys. A. Math. Gen:. 
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06'beM pa60Tll. niece PTainm COCTOHT H3 C9MH rJiaB, 3aruiJo'ie.lmll, 

JJ:Byx np:wroxe.mtii· H 6H6JIHorpaqimi, · BKJIIO'tJall!Jteii !67 HaHMeHoBa.mtii; ,IWccep
TannH CO~eplltHT !5 PHCYHKOB H 4 Ta~. 

C01JEPiKAIOO! .lll!CCEPI'AIWI 
-· . -

B rJia:ae I H3JIOllteim o6masr. noc'raHOBRa npo6Jiew H Iq>aT.ttoe co~ep-
lltaHlle .n;ll:CCeiJTamm. S~ec:& Ta.Kllte - cnocod BBe~e.lmll 'cTOXacTWIHOCTH 

B npocTpaHCTBO H MeTO~ ycpe~eHBH B HeM. CTOXaCTll'iHOCT:& B npocTpaH

CTBO BBO.n;ll:TCJI Ha ypoBHe apH\PMemaamm_ C06HTllfl , · T.e. noHR:Tlle CTo

xaCTll'iHOCTH npocTpaHcTBa nposiBJifleTCJI.B npoiJ;ecce npllnHCHBaHBH ~o

-~ C06llTHID KOOp~aT - apH\PMSTH3~ TO'i9K npOCTpaHCTBa-Bp9M9HH, . 

B paa~eJie I .2 BBe~eH MeTO~ c,!tBHI'a BpeMeHiioro · apryMeHTa t ~ t + z 7: , 
HI'P8JOlllltii RJIIO'ieByro pom, B nocTpoeHHH CTOXaCTll'leCKOI'O npocTpaHCTBa . 

· R'l ( £) c MaJioil cToxacTll'!ecKOii_. KOM¥OHeHToit, r~e . 

'X=~--:(~+~)= (X0+i~, X.+ C), (:co=t ~=z-). (I) 
,.. E ( __. 

~ ..,. peryJifipHasr 'iaCT:& KOOP~Tll .TO'iim xfi · , a ~ = 4, g)-
HeKoTopllil_CJIY'!aHH!lil BeKTOp c. pacnpe~~eHlleM wf(fiJ -,y~OB1!9TBOpruo
lllHM YCJIOBHIIM . . 

f/~u(e//t2)= f, -wre:le2) ~ o, · (2) 

a~ec:& e · :- HSKOTOpasr YHHBSPcaJ!iHasr (qlyH,J:(aMeHTaJI:&Hasr) ~a: Ta

KOH MSTO~ C,!tBHI'a nepeMeHHOH t _, f; + i t' . BMeCTe 0 npe,ItiiOJIOllteHlleM, 

'iTO ®i3ll'l90Im9 l38JIHlillHll paCCMa.TpHBaiOTCJI RaK <fum~ KOMIIJieKCHOI'O •· 

BpeMeHll t +l7: ('t=~) .B npe~eJie . "[;:~0 ·· ,· .·'/:'.· -CTOXaCTll'l6C

Ka.f! nepeMeHHa.f! , ll03BOJifiJI- BBO.n;ll:T:& rmiOT93Y 0 CTOXaCTH'iHOCTH 9B

lt1m,II;OBa rrpocT~CTBa £'t (i!;1:) MCTO· npoCTPaHCTBa ~ (£. t;) 
M:imKOBcKOro. B paa~eJie !.3 npe,wrOllteHo Ma.TeMa.Tll'!ecKOe nocTpoeHHe, 

o6ecne~ee nepexo~ OT CTOXaCTH'iSCKOit MHKpoo6JiaCTH K Ma.Kpo-
, II!KaJie · HecToxacmecKOro npocorplu.rcTBa · IIyTeM ycpe~e.lmll ·no ME3pe · 

. u( e; I e2
) B ~on TO'i.Ke £ npocTpaHCTBa' 'R{r ( ~ ) • IloRa3aHO, 

. 'iTO JIJ06asr ~H'iecKasr BeJIH'iHHa, c.KallteM nOJie If (.X) , B peayJI:&Ta-
Te ycpe,wreHBH 

. ¢{£,t)= < lff£>> = ~'tf 1Af(~z/e} lf~+1; x.,+it;J 
. -)(~) j<l E • (3) 

CTaHOBHTCJI pa3Ma3aHHllM (HeJIOKS.7II>HllM) B npocTpaHCTBe 6mmoro MaCmTa-
6a. 

rJiaBa 2 nOCBfiiiieHa nocTPQeHHID -~aMHKH liepEwrTHBHCTCKllX H peJifi

THBKCTClWX 'iaCTHIJ; C TO'mll apeHHSI CTOxaCTH'mOCTH npOCTpaHCTBaj no-

6 

~ 
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Jzyt!eHHHH peayJI:&TllT o6o6l!leH Ha CJIY'!aH .itsyx TeJI • !3~ec:& OCHO~HOe BIDIMa

_Hlle_ y,n;eMeTCJI o6o611t9HHID cToxacTH'iecKOil MeXrumrot HeJI:&COHa Ha PeJifiTH

BHCTCKHH CJIY'iaH. Bo BBe~eHIDI 1t 3TOH rJia:ae OTMe'iaeTCJI B03MOlltHa.f! 

B3aHMOCB!I3:& Me1EJIY TeOpHeit CTOXacTH'ieC.KHX npoiJ;eCCOB 1 KBaHTOBOfi MeXa

Hll.KOit H 8Blt1m,II;OBOH KBaHTOBOit TeOpHeit nQJifi, · H3B8CTHOi1 no~ o6Dti!M Ha3~ 
BaHHBM TeO.PllH CTOXaCTH'iBCKOI'O RBaHTOBaHBH CllCTeM { HnH CTOXaCTH'ie~ 
Koii MeXaHHim) /IO-J2/. B paa~eJie 2.2. cToxacTll'iHOCT:& npocT.PaitcTBa 

paCCMaT.PHBaeTCJI C TO'i.KH apeHBH CJIY'!aHHOI'O ~amm H HCCJie~OBaH 
Bonpoc o JI:BHllteHHH 'iaCTmlU B cToxacTll'!ec.KOM npocTpancTBe R3 ( ~) • 

IIORa3aHO 1 'iTO CB060,wta.f! 'laCTm{a B ,TaKOM npoCTpaHCTBe no.I{o6Ha 6poy

HOBCKOH 'IaCTHIJ;e 1 ]J;BmlteHHe KOTOpoit •Xapa.KTepHayeTcJ:i ,JJ;HcnepcHeit . 9) , 
3a:BHCJ!IIt9li. OT YHHBBPCali:&HOH MHHll e . B noCJie~EiM · paa~eJie HSY

-qaeTCH HepeJifiTHBHCTCKOe ~HllteHHe 'iaCT~ B CKnOBOM n~e ~ paMKaX 

llO,IOCO~·Kepmoy, OCHOBaHHOI'O Ha ypaBH8HHIDC CM0JiyxOBCKOI'O ,wifi nJrOTHOC

TH Bepos!THOCTH HaX~eHH!I 'iaCTHIJ;Il J' (~, t) . H WL1I ope~ OKopoc

Teil Bnepe,tt H Has~. Ilo.Ka3aHo 1 'iTO B. nepooM npH6JmllteHHH no napaMeT

PY e JI:BHllteHHe qacT~. BO BHemHeM C:wiOBOM nOJie OUHCHBaeTCJI ypa:aHe

Im.!IMH,, COBna,,taa((ltHMR no lfx>pMe C -ypa:aHelm.!IMH CTOXaC'l'H'iBCKOit MeXaHHim 

.){. Repmoy 1 s. lieJicoHa ll IleHa-:-Ay3p6axa. 

B paa,IteJie 2 .. 4. HcCJieeyeTM ,ItBHJKeHHe peJifl:THBHCTCKOil 'iac'l'Hilll. 

B 'I8Tll_peXMepHOM CTOXSCTll'leCKOM npoCT_paHCTBe H llOJIY'ieH!l YJlaBH8Hlllt 

~pelmJ! 'IaCTmt!l· B .KOBapllaHTijOM .B~e. STH ypamieHWI .· ~M o6o6-
llt8HHBM ypa:aHeHHll Jiepa-IlapRa !I5!, I'ysppa H -Py,II.lltH3po /I6/, · BD:&e/!7/, 

llOJIY'i9HHllX Ha OCHOBe MaTBMa.Tll'l8CKOI'O llO,IOCO,Ita 3.HeJICOHa1 . H -ypa:i3HeHHH 

IleHa-Ays Ji68Xljl, npe,ncTaBJifiillllHX co6oii i!x>pMaJI:&Hoe KoBapllaHTHoe oCSo6nte- . 

HH6 HepeJifiTHBHCT'CKHX ypa:aHemtll CTOxaCTH'ieCKOit MexaimiGI. 

CaMHM,HHTepecHHM, cO MaTeMa.Tll'leCKOit 'T011Im speJmJI, .cpe.mr TIOJIY'ieH

HI:lX peByJil)T8TOB CJie~eT, . no-mr,ItHMO~ 1 U'iHTaT:& TOT {flaKT-, 'ITO nOCTpoeH

Ime HaMH ~ecroie -ypa:aHeJmJI c'i'oxaCTH'iec.KOit MeXaHHim - aTO Hemt

HeHH!le ~pemi;Ra;ln.Ime ·ypamteHH!I B tmcTIWX npoHs'Bo~,- KOTopue 

~OnYCKaroT·~eapH3~o·IlpH 3TOM llOJIY'i8HHll8_~eitHHe ypaBHeHHH 

lfx>pMaJI:&HO COBlla,na!OT C ypaBHeHRf!MR lllpe,Iti!Hl'epa· K 1t1reiiHa-:I'op~OHa, 'eciJm 

nOJiom:o .KOa@lri!D;HeHT .mr~HH · ~ , ·pammM- t j 2 'r1- •. · 
B pa3~eJie 2. 5 H3Y"fieHa. npo6JieMa ]:tByX CTOxaCTWl8CIGIX 'tlaCTHIJ; B 

HepeJifiTHBHCTCKoM H peJifiTHBHCTCKOM C;zyt!aHX. B nepBOM cny-qae UOKa3aHO; 

'iTo ypaBHmme JJ:BllliSHHil ]Jjyx -qacTHIJ;, BarufM<meiicTBYDitKX 'iepes noTeH

IJ;HaJI U{tx;-z;/lpacn~aeTCJI l!a ,ttBe HesaBHCHMHe tJacTH: o,wra HB HHX 

OnHCHBaBT ]J;BllllteHHB neHTpa HHepiJ;Hll, a JUlYI'a.f! - HX OTHOCHTeJI:&HOe ]J;Bll

llteHHe, IIQJIY'i8Hll peJifiTHBHCTCia/!8 ypaBHem JI:SDemm JI:BYX CTOxaCTll'le~ . 
KHX -qacTHIJ;, !toT-opue · coBn~B.DT -a·:ypaBHeHRIIMR KyqJapo IleTpoHH H BmK:&e/I~/ 
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B aepenHTHBHCTCKOM npe~e~e aTH ypaBHeHnH ~ cBo6o~oft ~cT~ npu
, BO~T K,o6aqaoMY ~yx~acTnqaOMY ypaBHSHHID illpe~epa; t~,~aCTl> 
r KOTOpoi'O COOTBSTCTBYST. ypaBHSHHID Ta.MWil>TOHa-HK06H Will ~yx ~aCT~, 
B3aHM0~8ftCTBYEmRX ~epea H~OKarrDHNft KBaHTOBHft llOTe~arr., 

. B- r~aBe 3 .InJccepTrunm HCCJle,lzyiOTCH ypaBHeHnH ~IDiteHnH H aa,Ita~a 
KoiiiH ]J)IH CTOXaCT~SCKOft MeXaimKH, a TaroKe pacCMaTpHBa.IO'TCH HSKOTOpHe · 
ee cne~t]?Rqecrore npoMew, TaKHe, KaK caMOTYP6y~eHTHNe JIB7IeHnH n-fP81tH
v.aaoBcm.te ,npoueccu. 3~ec~> TEUOKe ~aeTCH fi!Ha~ecKaH HHT·epnpeT~ no
~eHHHX peay~TaTOB B CTOXaCT~SCKOft MSXaHHKe. 

Paa~e~ 3.I nocBliiiteH B!:lBO.JJY ypaBHeHnHA~HBammioKoro ~ caMo-< 
TYP6y~eHTHOI'O ~HnH cBo6o~oii ~aCT~ .B paMKa.X cToxacT~ecKOft ;_ 

,TeOpim; OCliOBaHHOft Ha I'HnOT83e. 0 CTOXaCT~SCKOM npocTpaHCTBe;· H T8M 
CaMHM ~aHO 060CHOBaHH8 B03HHKHOB8HnH llOTS~Ma, reaepnpyimero Typ-
6yJieHTHOCTl> B ,IU!IDK8Him ~aCT~,- KOTOpaR: HM88T CTOXaOT~SCKOenpOl'IC..;. 
XOJ!t,IteHHe. IloKMaHO, ~TO, 8CJIH ~SCTl> ~eHH llOp!I.IUta _ £~ npl'I OimCaHim 
,nl'IHB.MHKI'I ttaCTI'IU B CTOXaCTJiiieCKOM npOCTpaHCTBe~· TO B iiameft- ·cxeMe . 
nMB7!HeTCH CaMOTYp6y~eHTHoe JIB7IeHHe, xapaKTepaoe -~ H~ettaoft 
Cl'ICTeM!l. Ilo~eau aepeMTHBHCTCKl'Ie .n penHTMBl'ICTCKHe ypaBHeHnH .Clma
llll'IHCKoro, pemeHnH ,KOTOp!:lX· -l!em ce(1JI KaK HSKOTOp!:le Typ6yJISHTHN8 · 

I 

npoueccu. . . : 
JlaJiee .B paa~~e 3.2 noKa3aHO, -~TO MOllHO. llQCTpoHTl>. l}leilliMaHOB

crutll. npon;epc, qlo.pMaJIDHO pacCMaTpnBWI ero · KaK o~o na ~qxpyal'IOHH!:lX JIBJJ:e

HHft, npol'ICXO.wmll'IX. B eB~OBOM npOOTpaHCTB!}., 3To· nOSBOJIIIeT . BBeOTl'I. 
·peMDlJY!l BepcmTHOOTHY!l Mepy B. cxeM;Y ·KBaaToBoii MeXaHl'IKl'I, npe]J)IOJiteH-

...• HYD-~ef!HMaHoM. TaKl'IM o6pa30M OTpOro B MaT8MaTl'I'I8CKOM CM!:lCJ18 ' on.., 
pe~~eHH PenHTMBRCTCKl'Ie. l'IHTerparrh!.. qJeftHMaHOBCKOro · Tl'Illa•. '·. 

B paa~eJie · 3. 3. · .I{aH qll'Ia~ecKI'Iii cmCJl napaMeTpoB, : BXO.wmll'IX B-aa
my CX8M;V1 l'I. O~~aHa llOllh!TKa 0600HOBaTl> MSTO,I{ Onl'IO~ _ ,nl'IH~Kl'I penn
Tl'IBl'IOTOm l:zaorim;~ ociaoBaHH!ll iia ·noHHTlrii: npomaBo:imol no aaitpaB7!eHl'IIO. 
B no eke~ pas~~ax no~06HO' HOCne,I{oBB.mr YPaBHe~: iBmHl'Iii CT~
iaoT~eo.KOii lllexe.n-IDm :0: nOJIY'Ieim aeKOTopue l'IX _ .'<~aeTHHe · pememist '.Wvi ,. ·
npocT'oro -· OJIY'qafi. PaccMOTpeHa. 'Truate sB.natia. KOnm. ypaBHeHWI ~so 0. 

' . :r.naB8 4 ,nooBiilneiia nooTpoemm: rpa,II;lleHTH<?-:-lumaPl'IaHTHoii KBaHTo-' 
BOit SJieRTpo~aMl'IKl'I "'aCTRQ .co CIDmOO 0~. I/2·1'! I B CTOXaCTl'I"'SCKOM' 
llpoCTpaHCTBe. Bo BB8.1{8K\'[l'I OTMe"'aeTC!l aJtTYMDHOCTl> npoBepKl'I Iffi.I( 
aa; MaJihlX pacioToSnrimi B paw<aX TaKoit .feopo, B KOTopOI cinooo6 aapy

. merom ~OWDHOOTH';· T.e. BBe,I{eHHe H~oitiuriaoCTl'I .I{oJmeH6uTl> CSMo~ 
OOI'Jiaco:s8iUwM. S'To. OSHa"'aeT; "'TO npewraraeMM T'eoinm: ~ci.nmra' y)toB- ·_ 
~BTBOPJ!Tl> OOH~BHNM npmmmxat. PeJmTmcTcK61 KBaHTOBOit ·Teopmi. B '·: 
,ltHOCBPT~ dh!Jio 'noKa3aHO~. ~0 'l'Icxo~\is nmoTeali. 6 OTOXac.f:K'mocTl'I 

. npocTpaHOTBa AI>JKHo .. noc'lipo:ft:i. tieJioitam.izym Teopmo Eq!I!M?Ba 0 TSM. e.mffi
CTBeHlih!M oT.JiirtiHeM, ~To B liamea cxeMe RsMewieTCH 'l'aK3te ·n_iiona'raTop· 
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aapHXeHHNX ~aCTI'IU. 9TO npl'IBO~ K.I{OnOJIHl'IT~HHM-TPY~OCTJIMnpl'I 
nOOTpOeHim $ . ..;.MaTp~~ 'OBH3aHHNM"C. Tpe60BaHl'I8M rpa.InJeHTHOii l'IHBa-

. · pl'IaHTHOCTl'I TeOpim. 

·· B ':Paait~e 4.2 :ol}lOprzyillipoBaau a.irre6p~ecroie cooTHomeHHJI, B!:l
nD.mremre KO'liopHX raprurrHpyeT 'rp~e~~· RHBapMaHTHocT~> Teopmr. Ham 
peay~l>TaT . OCHOBaH Ha pa6oTe Kp6J:rjra I I 9 ; ero MSTO~ TaK H~Ima8Mon d.. 
-oneprunm o6o6meli Ha' ~lift_ n;e.nla: qly!I-.' 3.ll:ec:&· ri(my-qeHH Bee Heo6-
xo;zniM!:le.cooT.HoineHHJI·i;m.·~oKaaaT~cTBa rpa,II;lleHTHoft•l'IHBapl'IaHTHOCTH 
TeopnB: aJieKTpoMmTaoro ·l'I OJia6oro Bamm~encT:Bd_Jien'1ioHoB. ·· 

•• :' • -- j ~ •• • • i : '- ' ·,_ . . ' 

, . B naparpal}le 4.3 cTpOHTCH··JiarpaHlKl'Iaau cl'icTeM!:l nOJieft c noMOIIII>ID 
ycpe~eimOI'O n~j3) l'I .I{aH MSTO~ nQOTp~emm,_$' -:-Ma.Tp~~ _KOT.OpaR: 
BOCnpOl'ISBOJtirr o6aqauft _no CTpyRType ~ TelOpim BO:;!MY!IlSHHii C .TeM · 
OTmHSM, "'TO, BO-:-nE'lpB!:lX,.np~e ·~ BOSX~OKarrl>Hl:lX.nOJiel 
aaMeHHmCH Haa~oKarr~>HHe .qly!IKUIDi ;no (PJ:_;.fiJ(f>);;J!J,,(PJ V(-: p2t~) , 
_Bo,...BTOpHX,· cor~aoao npon;e.nype, KpOJIJia,B BepiiiHHax _BHemHHX qJoTOHHHX 
~ cTaBHTC!l · o6o6metHHrur BepiiiHHa: · · · . . . . . - . . ·~ 

. ,.. . . ' -1 . 
~ -f ~ (1~ x)=: -·~ (i<),.fl)(~).. ;· 

. ' ~ 

BJ':l'ql'!CJleHHe MaTpl'I'IHNX SJISMeHTOB ']J)li SaMKHyT!:lX aapJIJKeHHUX ;rrenToHimx 
~MOB npo~aBo~CH o noMOIIII>lD d· ..:.Jnepainm KpOJIJia~ · : · • . , . 

B paa.I{eJie 4.4 licOJie.I{oBaa ~ Teopim Bos~emtli :a K3.U~ BwmCJ!eHN 
.InJarpa.MMli nOJIIIpuaarhm BaJtYYMa.t>>Co6cTBeimoft·aHeprim l'I :BepiiiHHHoll W'HK
~· PaCC"'l''TWm nonpaBKl'I'\K. aHOMaJ!l>HOMY MarHHTHOMY MOMSHTY._JienTOHOB 

H. JiaM60BOKQMY· O~Hry, aTOMHhlX "ypoBHel. aa C"'ST HB~OKarrl>HOCTl'I. (CTOXaO
T~OCTRY T80p~~ ii~eHH orpaHI'I'ieaM iia napaMe~p .(~) l5;;40'tu.. 

I ,;· '- ,.; • • .!. 
Paa,I{~ 4.5 nocBliiiteH nooTpoeHHID K3.U '<~aOTI'IU co ciil'IHru.m: 0 n I. 

HamenooTpoeHHe ocHOB!:lBMOOl>'HaypaJ3HeHim nepBoro nop~I.IUta .I(aqxpmra
KeMMepa~ .B K3.U 6oaoHOB . - l'IcCJle.I{oBaHl'Ie pJI~a TeopHM B03MY!IleHl'II ~ 
$- Ma.Tpl'IIJ;li; nocTpoeHHol aa ooHoBe aTl'IX ypanHem, qlo.pMMl>Ho 6yJI,eT 
TaKl'IM .:lKB, KaK l'I · B CIIl'IHOPHOI 3JI8RTpo,nrutaMPIKe. · 3,I{e·al> l'ICCJIS.I{OBaHN H~KO:
TOpHe npmmTmu-iue aeripl'IBO.In!Ml:le .In!ai'PaMM!l ~ftHMalta Will 6o30HOB co Cim
HOM 0 l'I I •. 

B:.r~aBe 5. cTpoHTCH rp8,D;2:eHTHo-RHBapl'IaHTHast. "'eTupexql8pMHoHHrur 
T80pl'IH; CJIMOI'O B3B.HMO~ei!OTBKII· B ,paMKaX I'HnOT83li 0 . CTOxaCTl'I"'SC_KOM : 
npocTpaHcTBe. Bo BBe~eHl'Il'I K aToit r~a:Be BhlCKaah!BaeTCH coo6paxteHHe, tJ:TO 
H906XO.itJI:MoCTl>- .. ·. llOC'fPOBHl'IH "'SThlpexqlepMi:OHHOlt- TBOpl'Il'I, CB060.ln{Oit OT 
YJ!l>TpapJIOJ[8TOBLIX pacxo.lD!MocTeit~ l'IJil'I HOBOii T80Pl'Il'I CJIM!:lX B3al'!MO.I{ef.!CTBml 
(SJieKTpoOJI!i6aJI Teopl'IH BaiH6~pra-Carram) CTaHOBMTCH oco6eHHo JicHoit 
npR.pacolrriTpemm ~y)C: i:i.Pe~~mix OJ{yqae:B. ·B -qacTHo~.J..:H, Iiorita aHepnm -

• . •• "'.. -.. l . ··~ .. - • . ·- - . • ' • ' ,. ". . -~ ·- • . ' - . • '·· ' 
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HBP:OCTaTo'IJHa ·~ polK,II;eHHli npoMeJKYTO'IHHX 'llaCTmJ; {Hanp:HMep, VJ-, 2, 
XErrc- CSOSOHH H ~.p;.}, HeOCSXOp;HMHX B KanH6poBO'IJHHX Teop~ (T.e. 
sHepl:-mi M8Jla no cpaB!IeimJO c HeKOTopm.m npep;eJII>HHMH sHa'llemmM!I EK), 
cna6Re npo~eCCR B OCHOBHOM P:OXEHH ~nHCRBaTI>CH C IIOMOmPD 4-qepMHOH
HOI Teopmi:. Hao6opoT, Korp;a E;::. EK , ltBJIHCSpoBotJHWI Teopmr CSyp;eT 
HrpaTt. l'JiaBeHcTBYDJIYD IJOJI1> B CJia6RX Bsa.RMOp;ettcTBHFIX. 3p;ec:r, EK -
- TO SHa'lleHHe 3Heprmi, H8'1JHH8SI C KOTOporo, CSyp;yT po~aTI>C!l HOBRe + . . . 
'IJaCTHUR w-. z K T.p; •• eCJIHOHHeyJIIBCTeyDT. Ha SlSRKe paCCTOSl-
HHtt STO OSHa'llaeT, .'liTO, Ha'IJHHall C H8KOTOporo M8JIOro MaCIIITaCSa tK "-f/5:, 
·poeT ce'l!eHHFI cna6HX npo~eCCOB P:OJIJteH KOMII8HCRpoBaTI>CH sa C'IJBT 
BK1I8.ItOB OT npoMBJitYTO'IHHX 60SOHOB. B pa.MKaX· Hameit cxeMH npoBe.n;eHHRii 
aaaJIHs aRcnepHMeHTaJII>HRX .n;amnDC o cna6RX npo~eccax ·noxasaJI, 'liTO 
BeJIH'IJHHa STOro MaCIIITa6a el(-v to 16c.u., H YHHTapmtli npe,n;eJI B paccMa.T
pHBaeMO:It MOP:eJIK p;ocTHraeTCR IIPK aHep~ £ K ,...., I00-200 . ThB B sa
BKCliMOCTR OT BRC!opa i.{lopMf?a,KTopa. BrrOJIHe .BOSMOlltHO, 'liTO B 3'TOR 
o6JiacTH aHeprmi Ha'I!HHaeTCH npo~ecc oCS'be,ItRHeHHli c.lra6RX H aJieKTpoMal'
HRTHRX B3a.RMO,ll;8i!CTW. Jl:aJiee IIOKaSaHO, 'liTO B CTOxaCTH'i8CKO:Ii (:wm: 
B HeJIOKaJil>HO!) TeopKH IIOHHTKe CTOXaCTH'iHOCTK IIpoCTpaHCTBa {KJIR 
HapYmeHHli JIORaJil>HOCTH) xap8!{Tep:e:SyeTCH He TOJil>KO paCCTOlmK8M l,K, 
HO e~e H i.{lopMO:It pacnpe.neJieHK!I 'ZJ'{ii I e2 ) (:wm BK,ItOM i.{lop~opa 

V (- p2t~ J ) Ha t.'.aJIHX paccTOSIHHfiX~ OcoCSeHHo a To npoSiBJISleTCH 

. •. . • . np:e: KSY'!JeHKH pacna.n;a K't~ ~+_p- H pasHOCTK Mace K1 H K:-
MeSOHOB B paMKBX Hamel! mteMH. . ~ 

B pas.neJie 5.2 rrop;po6Ho HcCJie.n;oBaJiaCI> rp~eHTHall KHBapHaHT- · 
HOOTI> J' -MaTPHUR B TeOpKH CJia6oro BSmiMO,ll;el!cTBHFI • , . 

. B pa3JteJI8 5.3 BH'mCJI8HH "CJia6He" IIOIIpaBim K aHOMBJII>HOJq Mal'

·. HHTHOtzy MOMeHTY JI8II'r0HOB H . JIBM60BCKOJq C,ItBln'Y •. 

-B pasp;eJie 5.4 paCCMaTpKBSDTCSi H8KOTOpHe CJie)tCTBHfl qc~
~ He!TPKHO B paMKBX Hamel rHIIOT83R 0 CTOXaCTli'IJeCKOM IIpoCTpaH
CTBe K II0~6HO KOCJI8.l10BaHH HeKOTOpR8~KSOTK'Il8Cime.pacn~~ CKSEeM 
.;u. ~ 3 e :e: · KI ~ .;« e .. lloKasaao, 'liTo IIIHPHHH pacna.n;on .wm 
aTHX npo~eccoB CMI>Ho sm.mCSIT oT BKp;a i.{lopf$lKTopoB . V(-p2e2). 

' B pasp:eJie, 5.5 KCCJI8,eyl)TCSl 3Jl8KTpoMarHHTHHe CBO:IiOTBa · He!TpKHO 
. H BH'mCJieHH nonpaBim K. BeJIK'IJHHaM cpep;geKBS,IJ;pa.TH'iHoro sap!l.ll;OBoro 
pa.n;J~~Yca x Mal'HHTHoro MOMeHTa He!TpKHo. B STHX pas,n;eJiax qmsH'iecKIIIM 
cool!:cTBaM He!Tpmm yp;eJieHo oco6oe BH:HMaHKe B CBSISH c 6RcTpRM pas
BHTHeM He!TpKHHRX SKCIIepHMeHTOB, IIpoBOp;HMHX 'Ha;y'UlRMH ~eHTpaMJI[ pas

Jm'IJHliX CTpaH. 
. Ko +-

Pas,n;eJI 5.6 rroc~eH HCCJie,noBaHHil pacna.na · /.. ~~.P H pasHoc-
TH Mace Kt- H Kso· -MeSOHOB B paMKBX Hame! cxew.· lloKasaHo~ 
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'liTO C IIOMOmPD COOTBeTCTByromero BR6opa~pMH pacnpep;eJieHHfl lf(C:/e2 ) 
B cToxacTH'iecROM npocTpaHCTBe MOJKHo ·JierKO cor.nacoBaTI> npe,n;CTaroremre 
o ecTeCTBeHHoM "oCSpesaHKH'~ pocTa c.ira6RX BSaHMo,n;e:ltcTBH:It c aHep:rneil 
np:e: aHep~ nop.<I.ttKa Io2 ..;.. I03 I'aB (eli"' 1016_ t011c;.u..). c aKcnepz.;.. 

MeH~aJll>HHMH ,ll;aHHHM!i ( Kt-+.fl"jtl--rr. 411't{kt-K_/)}, Tpe6Ymtmm 
o6pesaHHFI npH SHa'IJHTeJII>HO MeH:&lliHX aHepl'RllX:- llOpsmKa .HeCROJll>KHX p;e
CSITKOB I'aB. TruarM o6pasoM, npo6JieMa nop;aroreHHFI BeJIH'iHH IIOPf!p;Ka 

O(G-F2 ) B pacna.n;e K:-7-.f'j"r H pasHocnr Mace , Am(K:-Ks,0 ) 

MoxeT 6RTI> pemeHa B paMKaX Hamero nop;xop;a 6es BBe.n;eHHFI 'lleTBe.PToro 
KBapKa. B 3TOil rJiaBe HSy'l!aJIHCD B OCHOBHOM HH3K03HepreTH'I!eCKHe cna-· 
6Re IIpo~eCCR. ·3oro CBSISaHO C TeM 06CTOSlTeJI1>CTBOM 0 'liTO IIpli:O'IJeHI> BRco:... 
KHX 3Hep~ IIpoBepKa JIOKa7Il>HOCTH gJJae!HX BSaHMOP:eilCTBHil MOllteT 6RT1> · 
saTp,i.n;HeHa a~KTaMH.KHT8PVepe~ Mex,n;y CJia6RMH H aJieKTPOMarHHTHR
MH BaaHMop;eilcTBWIMH. Harrprr.Mep~ B cTaH.n;apTHo:I!Mo~eJIH a.neKTpoCJiae!HX 
B3aHMop;efiCTB:Wi IIpo.BepKa IIOBep;eHHFI rrpoiiaraTopa ~TOHa 6y,n;eT H6BOSMOX-
HO:Ii Ha-sa HHTepPepe~ C 2 - i.{x>TOHOM. . 

·· B llpHJioxemmt A K ·a Toil rJiaBe · ,n;aH ·ab:ocoCS BWni6JieHitR: KOHTypHRX 

HHTerpaJIOB, BCTpe'llaiOll\HXCSl B pa~ ~eilliMaHOBCKHX ,ItH~ B 
TeKCTe. , - . . . 

. . ... 
B rJiaBe 6 paccMaTPHBaDTCH HeKoTopRe. ~s~ecKUe CJiep;cTBHKXHIIo

TesH 0 CTOXaCTH'ieCKOM npOCTpaHCTBe H 0 qiyH.n;aMeHTMI>HOil ,wnme. Bo 
BBep;emm .n;a.Ho KpaTK~e co.n;e~e aToii rJiaBR. Pas.n;eJi. 6 •. 2 noc~eH 
l'!CMeitoBaHHIO eBKJIH.nOBa.MapKOBCKOro CKaJifipHoro IIOJifi B CTOXaCTH'iSCKOM 
rrpocTpimcTBe. Rl{l x). B PaMKaX. CTOXaCT~'IJecKOil 'Teopmt . .TI:sBR.ltcoHa. lloKaaa
HO, 'liTO MaPKOBcKoe nOJie, ycpe,nHeHHoe B npocTpaHcTBe R'l ( £) , -aKBHBa
JieHTHO HeJIORanl>HOMY . 6BK1IH,l:(OBOMY MapKOBCKOMY IIOJID ,BpeMeHHOil apryMeHT 
. KoToporo YMliomeTCI:t Ha oe!DtHfi '~KTop, saBHCSII!td oT · ~al'!oHHoro ·. rrapa
MeTpa · v . .TI:aJiee B!l'mCJieHa HeJIOKaJII>Hall .nnyxTo'lle'IJHall cJ?yHKitWI inBHHrepa 
.wm cita.m!pHoro • nOJifi. Ha ocHoBe rrpe,nnOJiollteHHFI o HeHa6JID,naeMocTK Be
.JIH~rltim v B KBaHTOBO:Ii. TeopKH ,n;oKaaaHa ·aK:Biman:eHTHOCTI> HeJIORaJII>Holt 
TeopKH EqlHMoBa B eB~oBolt MB.pKoBcKO:It TeopKH o i.{lop~opoM :e:s · 
KJiacca ~em gzyri~n. 3p;ec:r, · p;aa Me ToP: BH'lltCJieHHli i.{lopl.$u<Topa TeopKH · 

B samircmc~it oT BJtp;a pacnpep;eJieHHli w(e; ;e-; n cToxacTW1ecROM npocTPa!i-
cTBe R'l ( ~) • .TI:aJiee pesynTaT, IIOJiy'l!eHHH:Ii B aTOM pasp;e.ire, o6o6~H · 
Ha CJiy'l!a! SJieKTpoMal'HHTHOro IIOJifi. ilOKaSaHO, 'liTO eBK1IH,l:(OBO MaiJKOBC
KOe aJieKTpoM8.I'liHTH06 IIOJie (HeJIORaJII>HOe) . BOCIIpOHSBOp;I'IT 3JleKTpoMal'HHT
HOe WoHOBOe IIOJI6 1l CTOXaCTH'ieCKO:Ii SJleKTpop;HHaMJI[K8 (C3JJ:) •. · 3TO IIOSBOJIJieT 

IIOCTpoHTI> HeKOTOPYD · CTOXaCTH'ieC.IeylO SJieKTpo.n;miSMHKY (He.7IOR8JI1>HYD) C 
MO,nHifiimltpoBrumoa crreKTparr:r,Hoit IIJIOTHOcTI>D·. Ha M8JIHX paccTOSlHK!IX. B : 
C3.Ji IIJIOTHOCTI>. aHeprHH orpaHWieHa. )Iarree IIOKasaHO, 'liTO 'BBe.l16HHe qiyH.n;aMeH-
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TanDHofi.~B cToxacT~ecRyiD TeopHD aBTOMaTH~ecKR npRBo~T K orpa

HR~eHHD ILJIOTHOCTR MaT8PRR H8KOTOPHM SHat.emteM, paBHHM Ut"' 'li.ff2 i~/c, 
3,nec:r:. xe B paMKaX HeJIOKM:&Hoit C3.U R IIOJIYMacc~ecKOro no.nxo.na · BeJI:r:.

Toiia .B!l'lHCJ!SIIa IIOIIpaBI<a K JISM60BCKOM,Y C.ItBRI'Y Sa C~eT H3MeH8HWI CII8K

TpM:&IIOit ILJIOTHOCTH SJieKTpoMarHRTHOro BrutyyMa npR IIaJIRtnm ~a.Meii-
1f . 

. TaJI:&HOit wnum R IIo.nyt!8HO orpaHR'leHRe Ha BeJili'mHY f..£: '1·10 C..t<. , 

B HameM cnyqae HeJIOI<aJI:&Haa C3.U nepexo.ItRT B o6~ C3.U npR npe,neJI:&~ 

HOM cnyqae, xor.na 1!. - 0 
B ·pas,neJie 6.4 paCCMOTp8H BOIIpoC 0 BOSMOlltHOCTR C~8CTBOBaHWi H8-

KOTOporo RepapxR'IBCKOro .MaCWTa6a wnum. Ha IIOJIYSMIIR~eCKOM ypoBHe 

R B paMKax rRUOT83H 0 C~8CTBOBaHRR C8M8RCTBa qepHHX ~ salneRO, 

qTO xapaKT8pHHe ,ItJIHHH B MepapXHH ~HSH'l8CKHX B3aHMO.lt8RCTBHH (B~aH 
MaCIDTa6 6oJI:&moro 06'L8,JU!H8HHJI) KpaTHH ct/2 • 

B .pas,neJie 6.5 C,It8JiaHa IIOIIIlTKa CBiiSaT:& BpeMll lltRSHR MaTepRR C 

B~oit ~HTaJI:&Hoit ~. 3.nec:r:. .naeTCJI o6~ee noHHTRe o6 oO

~ qacTRU R paCCMOTpeHa BOSMOlltHOCT:& OC~ HeitTpoHa B paM

Kax HOBOI'O IIO.ztXO,Ita K TeOpRR rpaBRTamm /ZO/, !IOI<aSaHO, 'ITO 8CJIR BBeC

TR IIOHllTK8 cynepnOJIJI, TO OC~ HeitTpoHa BOSMOlltHH IIpR HaJIRtnm 

rpaBRTauHOHHOro IIOJIII, )la;rree YCTaHOB1I8Ha JIBHaH CBJISI> M8Jlt,Ily H8CTa6WII>

HOCT:&IO MaTepRR R SHa~eHReM <]iyH,naMeHTaJI:&HO:It ~. 06CYJJmaeTCJI Ta-

Kalt BOSMOlltHOCT:&, qTO , 8CJIR <]iyH,na.MeHTaJI:&HaH-~a He C~eCTBYST 
BILliOT:& ,ItO ILJiaHKOBCKOro paCCTOJIHWI . fp("' JO ~ , TO pacna,n Ma.TepRR . 

MOllt8T R,ItTR sa cqe'l' TOJI:&KO rpaBHTauHOHHOro BSa:l'IMO,lte:ltCTBRII, a BpeMll 

lltHSHR MaTepRR B aTOM cnyqae nopa.nKa.I0
43 

JieT. 

B rJiaBe 7 HCCJ!e,ItYeTCJI ypanHeHRe llipe~pa B KBaHTOBOit TeopRR 

IIOJIII 0 HeJIOI<anDHHM B3a:l'IMO,Ite:I1CTBReM, Bo BBe,IteHRR K 3~0:11 rJiaBe c(.{lop
MYJIRPOBaHa . IIOC'l'aJtOBKa sa,naqg R .OTMe'laeTCJI aKTYBJI:&HOCT:& HCOJie,ItOBaHWi 

ypaBHeHWI · llipe~pa npx nocTpoeHRR. ,t · "':'MaTPRUH B KBaHTOBO:It TeopRR -

IIOJIII. IIol<£isaHo, 'ITO '$ -MaTpRD;a,OIIRCHB~aH HeJIOKMiime BSaRMO,Iteit

CTBWI KBaHTOBaHHHX IIOJie:lt, JIBJIIIeTCJI pemeHReM sa,naqg .Konm: SBOJI!OlntOH

HOro ypanHemm c sanas,ItllBaHReM. IIpR STOM .He .Tpe6yeTCJI BBO~T:& mfita
KRX ,ItOIIOJIHRTeJI:&HIDC CTeiieHe:lt CB060.It!i IIO CpaBHOHRIO C oCsll'IHID4 I!pOCTpaii

OTBOM lro.Ita qms~eCKRX 'laCTRD;. 

, B pas.neJie .7 .2 HCOJie.ItOBaHH nOJieBHe onepaTopH npR MlmMOM BpeMeHR ' 

R BBe,neHa onep~ T -npoRsBe,neHWI no MIDIMOMY BpeMeHR 7:. • , .UaJiee 

OIIp8,IteJIJI8TCJI ,ItByxTO'le~aR: .eBKJiliJl:OBa ~ I'pRHa, KOTOpaH JIBJIII8T- · 

CJI aHaJIRTHqeCKRM IIpo,Ito.1'mE!HR8M npR t~ i. '/: ~Oft ~ B I!pOCT

JlaHC'l'Be MmiKOBOROro. liOitaSaH0 1 'ITO TOJI:&KO T -IIpoHSBe,IteHRe onepa

TOpoB qms~eOROro IIOJIII C/J(X) HM88T pasYMHHit MaTSMaT~ecRd CWCJI. 

S.neo:r:. BBO.lt!ITO.'i B paccMOTpemre HOBHe onepaTopH Rfcp] BR.Ita 

12 

f!{rpJ_:_ f ~!fd:r;E··;fJ:cnE~(x,E,.~.; xttE)T(¢f~E) .. ~ ¢(x
11
J)' (If) 

R onpe.ne.mreTCJI onepan;wr YMHoxemm ,ItByx onepaTopoB R
1

[cp] H R.zf¢]. 
' ' - . , . . . . . - . 

Pas,neJI 7.3 IIOCBffmeH IIOCTpoeHHD npocTpaHCTBa COCTOJIHRit IIpH MHR-

MOM ~peMeHR. !IpR STOM npocTpaHCTBO COCTOJIHRit 1f' CHCT8MH onpe,ne.mieT-' 

cir 6 noMOUILIO onepaTopa R [ (/J] • · Iloi<asaHo, _'ITO JII06oe cocTOJIHRe 

B qo.KoBoM npocTpaHCTBe F MOl!teT 6Irr:r:. npe,ncTaBJieHo B BR.Ite '\f' = · 
= R ["¢]/ o> · npH cooTBeTCTBYIOOleM BH6ope Ha6opa !fzyH~ fRn.(XE)} 
B onepaTope R[ cp] • .UaJiee onpe,neJieH' HJI'Ma BeKTopoB cocToinmii 

c noMo~D onepaTopa R [rp] • HsBecTH9 21 , 'ITO ;zr,m cBo6o.ItHoro eB-

KJIIUI;OBa IiOJIII CY¥{eCTByeT raycCOBCKaH IIOJIOlltRTeJI:&Halt Mepa · djf .f. 
TaKM, ~TO 

ft!Jf-/(:K,E) ..• .f(x11E)= (()/ !f¢fxtE)··· rf(xnE))/o>. 

0TCIO;na, COrJiaCHO ( 4), B Hame:ii CX8M8 eBKJiliJl:OBa HOpMa SaiiRmeTCJI 

f¥'//2__ (lff p)- (of R#JR /(pJ /o)= f ri;fl R[fJ /
2

~ oo. 

B paS,IteJie 7.4 IIOCTpoeHH raMRrr:&TOHRa!tH BSaHMO,Ite:iiCTBRff, H SBo

JIIOUHOHHOe YJlaBHeHRe npH MHRMOM BpeMeHR. 3,nec:r:. CflloPMYJIRPOBaHa sa,na

'Ia KomH ;zr,m aToro ypanHeHmi c sanas.It!iBaHReM. IloKaSaHO, qTo sa,naqa 

KomH 8.ltRHCTBeHHa H paspenm:Ma B cnyqae I<BaHTOBOH TeopRR ITOJ!n C 

HeJIOKaJI:&Hl:lM BSaRMO;neitcT:BlieM,R ee pemeHRe BOCITpoHSBO;nHT ~ -MaTPH- · 

rzy, KoTopaR: rr~Hocnro coBrra.naeT c ,s' -r.roTp~e:lt , nocTpoeHHo:li H He.:. 

CJI8,ltOBaHHOfi B I/, TeM CaMHM IIO.Ka3aHO,''l'l'O np~OCT:& ecT:& He ~TO . . . . . ' . 

HHOe KaK KOppeKTHOCT:& sa,naqg Konm: KB~fl'l'OBOIIOJ.!tBOr~. . ypaBHeHHII ' 

llipe.ItRHrepa IIPll MHRMOM BpeMeHR. CJie,eyeT OTMeTHT:&, 'IT01 CTporo rOBOpii 1 . 

flloPMYJIH.POBI<a TaKoro ypaBHeHHII. C,KOppeKTHO ITOCTaBJieHHo:lt sa,na~e:li 
Konm: npu.MllliMoM BpeMeHR He ,ItaeT IIp!IMOrO.OTBeTa Ha.BOIIpOC•O np~
HOCTR $' -MaTPRUII B rrpocTpaHCT~e MlmKOBCI<Oro. 0.ItHaKO o.ItiiosHa~M. · 
aHaJIHT~eCKM CBJIS:& MeJlt,Ily ~ ~MaTp~aMH B npocTpaHCTBax EBKnR;na H 

MH!IKOBCKOro, 6esyOJIOBH0 1 rQBOpRT 0 TOM 1 qTo np~OCT:& aB~OH

HOro ypanHeHHII ;nOJilltHa o6ecne~T:&'OTCYTCTBHe KaKRX-JIR6o qms~eci<Hx 
Ha6JIIO;naeM!lX HenpWmmmx .IIB1Ielmn. · , · · 
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