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1. BBEllEH~E 

B KnaCCH4eCKOH TeopHH nonR H a reH3eH6eproaCKOH KapTHHe 
KsaHToaOH TeopHH nonR AHHaMHKa onHc~aaeTCR ypaaHeHHRMH AnR no
neH. npHMepOM Mo*eT cnY*HTb ypaaHeHHe AnR aeKTop-nOTeH~Hana 
3neKTpOMarHHTHoro nonR 

CJA~(itt) =-1~(i,t). /11 

PeweHHe III Ha4HHaeTCR C nepenHCH ero a HHTerpanbHoH ¢opMe: 

AfJ.(x) =A~ + fg)l(x-y) 1ft( Y ) d
4 

Y. KE(I,t). 12/ 

3AeCb A~ - peweHHe COOTaeTcTayo~ero ca060AHoro (free) ypaaHe
HHRCJA~ = 0, a ~I - OAHa H3 ~YHK~HH rpHHa. YAoaneTaopRo~aR He
0AHOPOAHOMY (Inhomogeneous) ypaaHeHHO: 

11'\1 (4»CJ.IJ (x-y) == -8 (x-y. 131 

B cnY4ae. KorAa 1fJ. eCTb aHeWHHH TOK. 121 AaeT peweHHe Ill. 
npaaaR 4aCTb 121 6YAeT YAoaneTaopRTb III c no6oH H3 ~YHK~HH 
9-' ; SJRet • g)AdV • 5f I~YHI<~HR WTOl<enb6epra - ~eHHMaHa/. Kal<Yo 

H3 3THX ~YHK~HH HaAO Hcnonb30aaTb H Ha l<al<OM oCHoaaHHH? B 60nb
WHHCTae Y4e6HHI<Oa H MOHorpa~HH, rAe 3TOT aonpoc 06cY*AaeTcR. 
a l<a4eCTae OCHoaaHHR Hcnonb3yeTcR npHH~Hn npH4HHHOCTH Inn/: . 
npH4HHa IToK 1fJ. 3apRAoai Aon*Ha npeAwecTaoaaTb cneAcTaHo la03
6Y*AeHHe nonR a T04Ke Ha6noAeHHRI. 

B TeopHH OTHOCHTenbHOCTH ¢opMynHpOaKa nn YT04HReTCR: ~H4H
Ha Aon*Ha HaxoAHTbCR a npownOM I<OHyce cneACTaHR. Bw60p !C t 

06ecne4HaaeT. 4TO AfJ. (i,t) 6YAeT onpeAenRTbCR 3Ha4eHHRMH 
1~(i', t') npH t' < t • TaK 4TO none OTcyTcTayeT AO aKn04eHHR 
TOKa. ~dv COOTaeTcTsyeT cnY4ao. KorAa npH4HHa onepe*aeT cneA
CTBHe H n03TOMY g)Adv Aon*Ha 6~Tb oT6poweHa (CM •• HanpH
Mep./l.lI) 1. 

1B /el AeJlaeTCft TaKaft oroBopKa: "He cneAyeT AYMSTb. 
QTO npHMeHeHHOe 9AeCb COOTHomeHHe Me~y npH~HoA H cneACTBHeM 
OqeBHAHO. HanpaBneHHocTb TeqeHHft BpeMeHH HeCOMHeHHa Anft MaKpo
CKon~eCKHX C05NTHH. HO B09MOKHOCTb 9KCTpanOn.R~H 9Toro OnNTa 
Ha MHKpOCKon~ecKHe ftBneHHft He ftCHa. ~eACTBHTeJlbHO. KaK ypaBHe
HHft ABHaeHHft B MexaHHKe. TaK H ypaBHeHHft MaKcBenna. KOTopNe MO
rYT npHBeCTH K BonHOBOMY YPaBHeHHm. He HMe»T HHKaKoA aCHMMeT
PHH BO BpeMeHH". ----~-.. 

'~1.t.Lc-. C.,. 

la,,:Sc ...: , 
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I 181 .
Apyroro nOAxoAa npHAep~HBanCR H.E.TaMM / ? ICM. TaK~e I: 

" ... ypaBHeHHR 3neKTpOMarHHTHOrO nonR, nOA06Ho ypaBHeHHRM Mexa
HHKH, nOSBonR~T onpeAenHTb KaK 6YAy~ee no npownoMY H HaCTOR~e
MY, TaK H npownoe no HaCToR~eMy H 6YAy~eMY". II ..• nonbSYRCb sa
naSAWBa~HMH nOTeH~HanaMH .•. , MW Mo~eM onpeAenHTb SHa4eHHe ~ 
B T04Ke P B n~60H MOMeHT 6YAy~ero npoMe~yTKa BpeMeHH .•. , nonb
SyRcb ~e onepe~a~~HMH, .•• MW Mo~eM onpeAenHTb ~ B T04Ke P 
B IlnpoweAweMl1 npoMe~yTKe BpeMeHH11 . IlnOCTaHOSKa saAa4, C 1(0TOpw
MH npHxoAHTCR BCTpe4aTbC~ KaK B TeopeTH4eCKOH H 3KcnepHMeHTanb
HOH, TaK H B TeXHH4eCKOH ~HSHKe, B 60nbwHHCTBe cnY4aeB Tpe6yeT 
npHMeHeHHR sanaSAWBa~HXt a He onepe~a~HX nOTeH~HanOB". 

~ paSAene 2 HacToR~eH pa60Tw AOKaSWBaeTCR npaBHnbHOCTb 3TOH 
T041(H speHHR. AOKasaTenbcTBo OCHOBWBaeTCR Ha nonY4eHHH ypaBHe
HHR AnR nonR cpasy B HHTerpanbHOH ~pMe 6es HcnonbSOBaHH~ AH~
~epeH~HanbHoH. OHO npOBOAHTCR B paMKax KBaHToBoH TeopHH nonR 
Ha OCHOBe: lal onpeAeneHHR AI"(t) = U"'(t,to ) AIIIU(t. to) reHseH
6eproBcKoro onepaTopa IU - onepaTOp 3Bon~~HH, wpeAHHrepoBcKHe 
H reHseH6eproBcKHe onepaTopw COBnaAa~T npH t = to I H 161 HHTer
panbHoro ypaBHeHHR AnR onepaTopa 3Bon~~HH B KapTHHe BsaHMoAeH
CTBHR. 

nonY4eHHoe HHTerpanbHoe ypaBHeHHe AnR A~ COAep~HT TonbKO 
~Ret B cnY4ae saAa4H npeACKasaHHR 6YAy~ero H TonbKO ~dv B cny
4ae BOCCTaHOBneHHR npownoro. nn npH nonY4eHHH 3Toro ypaBHeHHR 
He HcnonbsyeTCR. B paSAene 3 MW, Ha060poT, HcnonbsyeM ypaBHe
HHR AnR HccneAoBaHHR Bonpoca 0 TOM, AeHCTBHTenbHO nH npH4HHa 
Aon~Ha BcerAa onepe~aTb cneACTBHe. npH 3TOM nOA npH4HHOH CO
CTORHHR CHCTeMW B MOMeHT t nOHHMaeTCR nH60 HcxOAHoe COCTORHHe 
B MOMeHT to' nH60 BHewHee BOSAeHCTBHe Ha CHCTeMY. TaKaR npH4H
Ha Mo~eT 6WTb npeACTaBneHa KaK HaxOAR~aRCR nos~e cneACTBHR. 
3TO OSHa4aeT, 4TO BWTeKa~~He HS ypaBHeHHH npH4HHHo-cneACTBeH
Hwe OTHoweHHR He onpeAenR~T HanpaBneHHOCTb IHnH cTpenyl BpeMe
HH, cp.npHMe4aHHe 1/. 

OAHaKO paCCMOTpeHHe paSAena 3 HenonHO B TOM OTHoweHHH, 4TO 
ypaBHeHHR Aon~HW 6WTb e~e AononHeHW npaBHnaMH COOTBeTCTBHR 
C Ha6n~AaeMWMH IHsMepReM~MHI BenH4HHaMH, H 3TO oc06eHHO Ba~HO 
B KBaHTOBOH MexaHHKe. B paSAene 4 06cY~Aa~TcR cneACTBHR CBOH
CTBa cnY4aHHocTH pesynbTaTa KBaHTOBoro HSMepeHHR H BepORTHOCT
Horo TonKOBaHHR BeKTopa COCTORHHR. 

B saKn~4HTenbHOM paSAene 5 06cY~Aa~TcR TPYAHOCTH, CBRsaHHwe 
C aKCHOMOH npH4HHHOCTH 60ron~60Ba, H AnR Hee npeAnaraeTCR HHoe 
TonKOBaHHe. 

2 

2. 	~BOA HHTErPAflbHOrO YPABHEHH~ An~ OnEPATOPA 

non~ C nOHO~b~ HHTErPAflbHOrO YPABHEHH~ 


Anfl OnEPATOPA 3BO~HH 


reHseH6eprOBCKHH onepaTOp onpeAenReTCR COOTHoweHHRMH 
ICM. /91 , rn.VI I II 

Ar (t) = U+(t, to) AIIIU(t, to)' 	 141 

la t U(t. to) = HU(t ,t(?). U ( to' to) = 1 . 	 lSI 

~~!~H~o:epo:~:~~ ~~:~:~~~~:,K~~ :~;~~~~a:a:~~~~H~o~~:~e~:M~n:~:_ 
HHaH H = Ho + HI, onpeAenR~HH U. CooTBeTcTBeHHo Ar(t) cneAyeT 
nOHHMaTb KaK HeKoTopy~ ~YHK~H~ I~YHK~HoHanl wpeAHHrepoBcKHX 
onepaTopoB, KOTopaR npH t = to COBnaAaeT C IHeKoTopwM OAHHMI 
wpeAHHrepoBcKHM onepaTopOM Alii. 

1. AnR BWBOAa HHTerpanbHoro ypaBHeHHR AnR Ar(t) npeACTaBHM 
U B BHAe npoHsBeAeHHR 2 U(t,to ) = Uo(t,to) S(t. to) ,rAe ne
BWH COMHO~HTenb eCTb onepaTop, nOA4HHR~~HHCR ypaBHeHH~ 

fa 	 U (t,t )=H U (t.t). 161too 0 0 0 

AH~epeH~HpYR U = U S no BpeMeHH H HcnonbSYR lSI H 161, no
nY4aeM AnR S ypaBH~He 

o 

fa 	8(t,t ) = U+HtU 8 ;: H 1(t)8. /71
toO 0 

3AeCb H1 (t) eCTb raMHnbTOHHaH BsaHMoAeHcTBHR, Bwpa~eHHwH 4epes 
onepaTOpw U; ow Uo> nOA4HHR~HeCR cB060AHWM ypaBHeHHRM. TaKHM 
06pasoM, 8 eCTb TO, 4TO HaSWBaeTCR onepaTopOM 3Bon~4HH B KapTH
He BsaHMOAeHCTBHR, CM./91 , § 14. YpaBHeHH~ 171 C Ha4anbHWM YC

18nOBHeM S(t!fl,t o ) = 3KBHBaneHTHO TaKoe HHTerpanbHoe ypaBHe
HHe ICM. /17 , rn.ll, § 6/: 

I! IT09xe ~ MOTHBHpyeM, noqeMy AnH BNBOAa HaAO Hcnonb90BaTb 
3TO npeACTaBneHHe, CM. HaqanO nYHKTa 2. 

8 Uo(to,t o) He saBHCHT OT KOHCTaHTN CBHSH g, KOTOpoA nponop
~OHaJIbHO "I' nOTOMY qTO U0 (t, to) He saBHCHT OT HI' Ho npH 
g = 0 HMeeM Uo (to' to) = U( to' to) = I. IT03TOMy U o( to. to) = I npH 
mofSOM g, a TorAa S( to • to) '" I. 

3 



t 
S(t.t ) ... 1-1 J HI(t') S(t'.to)dt'. 181 o
 

to 


nOAcTaBnRR U =UoS B 14/, nonY4aeM 

A'" (t ) == S + U;A W U 0 a s+ ( t. to) At (t) a ( t. to) • 191 

rAe At(t) eCTb onepaToP. nOA4HHR~Hi1CR CB060AHOMY ypaBHeHHo 
IreH3eH6eproBcKHH onepaTop cnY4aR HI :: 01 H cOBnaAa~HH cAw 
npH t :: to Ino nOBOAY 191 CM. Aanee. nyHKT 6/. Mcnonb3YR 181 
H eMY 3PMHTOBo-conpR*eHHoe ypaBHeHHe. HMeeM Aanee 

t t 

A I"(t ) "'[ 1+ i J S+(t'. t ) HI (t') dt"] Af (t) [1-1 JHI (t") a(t "'. to) dt"] '" 
Otto 0 

t t 

"',.,! (t) +1 J s+ W. t ) HI(t")dt'. At (t) -lA t( t) •JHI(t"')a(t"'. to) dt" + 
to 0 to 1101 

t t 
+ f dt' J dt"S+(t',to)HI(t') Af(t)Ht(t")S(t".t )·o

to to 

BCTaBnRA nOA HHTerpan B nocneAHeM 4neHe 6(t'-t") + 6(t"-t') '= 

1(J(t) = 1 npH t > 0 H (J(t) = 0 npH t < 0/, pa36HBaeM ero 
Ha ABa cnaraeMwx: 

t t' t t" 

J dt' f dt" S+H At H S + f dt" J dt' S+H ArH S
I I I I' 111/ 
~ ~ ~ ~ 

nepBWH 4neH H3 111/ BMeCTe co BTOPWM H3 110/ AaeT 

t t' 
i J dt'S+( t' t ) H (t') A f ( t )[ 1 - 1 f dt"H (t") S (t" t ) ] = 

'0 I 1'0 

to to 


.. 1 f dt'S+(t'.t )Ht(t')Af(t)S(t'.t)
o 0 

to 

IHcnonb30BaHo 1811. AHanorH4HO nocTynaeM C CYMMOH BToporo 4ne
Ha H3 111/ H TpeTbero H3 110/. 

B pe3ynbTaTe nonY4aeM H3 110/ 
t 

AI"(t)_Af(t) -1 f dt'S+(t'.to)(Af(t) ,HI(t')}_S(t'.t )· 112/o 
to 

4, 

nOCKonbKY Ht (t') eCTb ¢lYHKLtHA cB060AHWX onepaTopOB, TO KOM
MYTaTOp K=[Af(t).Ht(t')}... MO*HO BW4HcnHTb. Pe3ynbTaTOM 6YAeT 
HeKOTopaR ¢lYHKLtHA K cB060AHWX onepaTopOB. Bwpa*eHHe 
S+(t', to)KS(t', to) RBnReTCR TaKoH *e ¢lYHKLtHei1, HO y*e reH3eH
6eproBcKHx onepaTopOB MOMeHTa t', CM. 19/. n03TOMY 1121 ABnReT
CR HCKOMWM HHTerpanbHWM ypaBHeHHeM: AI"(t) Bwpa*aeTCR 4epe3 reH
3eH6eproBcKHe onepaTOpw MOMeHTOB t' < t. 

HanpHMep, B KBaHToBoH 3neKTpoAHHaMHKe 

HI(t') = - f dSx' J~ (I') A: (I'), I" ("i',t'). 

EcnH AI" eCTb reH3eH6eproBcKHH onepaTOp 3neKTpOMarHHTHoro nOTeH
14Hana A~ (x) • TO 

[At(x ) • HI (t')] '" 1 f d 8x ' ~ (I - x') J! ( I'). 

Hcnom.30BaHO H3BeCTHoe 3Ha4eHHe -1 i:( I - I") B"l' AnR KOMMyTaTopa 
[A~(x),A~(X")] • CM., HanPHMep/ll!: 

... ... _(8) ... 
(3) (x) '" O. 3)(:1, 0) '" 0, at 3)( x, t) I ""0 = if (x). 1131 

n03TOMY AnR A~(x) nonY4aeM 

t 

A~ (x) '" A~ ( x) + f dt' f d S:I " !D( I - x' ) J; (:l ')' 1141 
to 

B cnY4ae t > to MO*HO nepenHcaTb 1141 B BHAe 

... 
A~(I) '" A~(I) + f dt' fd8x'3)Ret(x-x")J;Ca"). 1151 

to 

Q\Ret ... 
ecnH BBeCTH ¢lYHKLtHO ~ (I,t) = 6( t) !D(s. t) • 3ana3AWBa~aR 
¢lYHKLtHR B nonY4eHHOM HHTerpanbHOM ypaBHeHHH nORBHnaCb aBTOMa
TH4eCKH. 

2. 3aMeTHM, 4TO nonWTKa 060HTHCb 6e3 npeACTaBneHHR U = UoS 
IHcnonb3YR HHTerpanbHoe ypaBHeHHe AnR 01 npHBena 6w K TpHBHanb
HOMY COOTHoweHHO AI" (t) = AI" (t ) , a He K ypaBHeHHO AnR AI", 

ApyroH BWBOA HHTerpanbHoro ypaBHeHHR AnR reH3eH6eproBcKoro 
onepaTopa npHBeAeH B/1 01 , rn. 17, § 4. BMeCTO HHTerpanbHoro 
ypaBHeHHR 181 AnA S TaM Hcnonb30BaHO AaHCOHOBCKoe pa3no*eHHe 
S B P-3KCnOHeHLtHanbHWH PRA. AHanorH4HO ypaBHeHHe 1151 BWBOAHT
CR B 1121 ICM. TaM CI>OPMyny 13.3711, HO AnA cnY4aR, KorAa J" 
eCTb BHeWHHH TOK. Y 060HX aBTopOB to = - ... , H n03TOMY OHH 
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He MOrnl1 06cY>KAaTb cnY4aH t< to, K KOTOPOMY Mlol ceH4ac nepe
XOAHM. 

3. B HaWeM BblBOAe HCXOAHblM ftBnfteTCft ypaBHeHl1e /8/ Anft 
S(t.t ) • AH~epeH4l1poBaHHe ero no BpeMeHI1 AaCT ypaBHeHHe /7/o
HeSaBI1CI1MO OT Toro, ftBnfteTCft nl1 t 60nbwHM, 4eM to ' I1nH MeHb
WI1M. 4TO KaCaeTCft Bonpoca 0 cy~ecTBOBaHI1I1 peWeHl1ft /7/ npH t<t o , 
TO ypaBHeHl1e U1peAI1Hrepa I1MeeT peWeHl1e BI1Aa 1/1 ( t) = U(t, t 0) 1/1 ( to) 
/rAe U - YHI1TapHblH onepaTOp, ecnl1H B ypaBHeHl111 /4/ caMOCOnpft
>KeH/ npl1 Bcex AeHCTBI1TenbHblx t, CM., Hanpl1Mep, 118,141 • n03TO
MY BblBOA ~Ta 1 6es 113MeHeHI1H npl1nO>KI1M 11 K cnY4alO t< to' 

BOSMO>KHO, B 3TOM cnY4ae 60nee eCTeCTBeHHblM 6b1no 6101 nepenl1
caTb I1CXOAHoe ypaBHeHl1e /8/ B BI1Ae 

to 

S(t, to) = 1 + 1 J HI (t') S( t', to) d t' /8'/ 
t 

/B KOTOPOM I1HTerpl1pOBaHl1e no t' BeAeTCft B npl1Bbl4HOM nOpftAKe 
OT MeHbWI1X BpeMeH K 60nbWI1M/ 11 saTeM nOBTOpl1Tb BblBOA nYHKTa 1. 

11106b1M cnoc060M Mlol nonY4aeM Anft ~ ( x) ypaBHeHl1e, KOTopoe 
Mlol Sanl1WeM B BI1Ae 

t 
8A~(x) '" A~(X) - t dt' J d :1'5)(x -x')J;(x'). 	 /16/ 

m Adv 	...
BBOAft;U (x, t ) = -8(-t)5)(x,t), ero MO>KHO nepenl1CaTb TaK: 

to 
4(X)"'A~(:I) + J dt' Jd 3 x'!l)AdV(x-x')J;(x'). /17/ 

-00 

HTaK, B cnY4ae, KorAa CTaBI1TCft saAa4a Bbl411CneHI1ft npownblx 
sHa4eHHH, Anft nonft nonY4aeM HHTerpanbHoe ypaBHeHl1e, COAep>Ka
~ee 1lAdV. 

4. npaBaft 4aCTb /15/ YAOBneTBOpfteT COOTBeTCTBYlOIIteMY AI1<1><I>e
peH411anbHOMY ypaBHeHl110 /1/ TonbKO npl1 t > to' a /17/ - Tonb
KO npH t < ~. MO>KHO 06DeAHHI1Tb 3TH ABa I1HTerpanbHblX ypaBHe
Hl1ft B 0AHO: 

00 

A;(X) =A~(X) + J dt'fd8x'!DRet(x_:l')j~(x') + 

to 


to 

+ 	 r dt' Jd 3x ' g)AdV(x - x') J I'" (x') == 


...;.. Il 

+00 t 

;;;; A~ (x) + Jdt' JdB X '!l) 0 (x - x') J; (x ' ) ; 	 /18/ 
-00 

. gJtO(x-x')ae(x'_t ) S)Ret(x_x') +e(t _x')g)AdV(x_x'). /19/
o 0 	 0 0 

npaBaft 4aCTb /18/ YAOBneTBOpfteT /1/ npH Bcex t /cp.
1151

/. 
B ypaBHeHHft /18/, /19/ <l>YHK4HH g)Ret H S)Adv BXOAftT B HeKOTopOM 
CMblcne CHMMeTpH4HO, XOTft 3TO He Ta CHMMeTpHft, KOTOpaft HMeeT Me
CTO B TeopHH npftMOrO BSal1MOAeHCTBl1ft SapftAOB <l>oKKepa - YHnepa 

.,.l 

<l>eHHMaHa, rAe <l>HrYPHPyeT t(!I)Ret + g)Adv). 

nOA4epKHeM, 4TO ypaBHeHl1e /12/ I1nl1 /14/ npl1 t :;. to COOTBeTCT
# 	 ByeT saAa4e npeACKaSaHl1ft 6YAy~ero, a npH t.< to - BOCCTaHOBne

HHft npownoro H ftBnfteTCft CTonb >Ke 06~I1M, KaK H ypaBHeHHe /18/. 
npH BblBOAe /14/ y Hac BOSHHKaeT HenocpeACTBeHHO <l>YHK4Hft ~, nOA
4HHft~aftCft CB060AHOMY ypaBHeHHIO /13/ /11 aBTOMaTH4eCKH nOftBnfteTCft 
npeAen I1HTerpHpOBaHHft t/, a He <l>YHK4Hft rpHHa, nOA4HHft~aftCft /3/. 
npe06pasoBaHHe /14/ K <l>opMe /18/ HY>KHO TonbKO Anft 06cY>KAeHHft 
Bonpoca 0 Bbl60pe sanaSAblBa~I1X I1nl1 onepe>KalO~I1X peweHHH. 

5. B KHI1re /21 06cY>KAaeTCft e~e 11 TpeTI1H Tl1n peWeHHft C <l>YHK
411eH rpl1Ha, 060SHa4aeMOH 4epea 0r(x) =1/[,"2(x:_~2 +idl 
/Bnp04eM, aBTopbl He onpeAenftlOT, B KaKOM CMblcne Or He SaBHCI1T 
OT !l)Ret Hnl11l Adv I1nl1 4TO SHa411T "npOHSBonbHoe 4aCTHoe peweHHe" 
ypaBHeHHft /1//. OAHaKo <l>aKTI12ec~1 oKasblBaeTCft, 4TO TonbKO MHH
Maft 4aCTb TmOr(x) =P/[ 4"2(:1 0 -:I ) 1/ P- rnaBHoe SHa4eHl1e/ BHO
CHT BKnaA B peWeHl1e /1/. OHa nOA411HfteTCft CB060AHOMY ypaBHeHHIO, 
11 ee BKnaA AOn>KeH 6b1Tb npl1COeAI1HeH K A~ B /2/. OAHaKo ycnoBl1e 
A~(~, to) =A~ saCTaBnfteT C411TaTb 3TOT BKnaA Hyn7B;'M/TO eCTb 
TpeTbe peWeHl1e AOn>KHO BXOAI1Tb B ypaBHeHHe /56/ B e C HyneBblM 
K03<1><I>H4HeHT.OM 11/. TaKHM 06pasoM, TpeTI1H Tl1n nonHOCT blO HCKnlO
4aeTCft. npl14eM OnftTb 6es 06pa~eHHft K nn. 

6. OTMeTI1M, 4TO XOTft B nYHKTe 1 Benl1411HbI A, U, H 11 T.n. Ha
SblBanl1Cb onepaTOpaMI1, I1X AOCTaT04HO 6b1no 6101 nOHI1MaTb KaK 3ne
MeHTbI HeKoTopoH a6cTpaKTHoH HeKoMMYTaTI1BHoH anre6pbl, B KOTOPOH 
KpOMe onepa411H CnO>KeHl1ft, YMHO>KeHHft 11 T.n. onpeAeneHbI SHa4eHHft 
HeKOTopblX KOMMYTaTopoB. He HaAo npeAnonaraTb, 4TO A, U. H , •.• 
peanHSOBaHbI KaK onepaTopbl B HeKoTopoM npocTpaHcTBe COCTOftHHH. 
nocKonbKY pe4b HAeT TonbKO 0 BblBoAe OAHoro HHTerpanbHoro ypaB
HeHHft /Anft Ar/ HS APyroro ypaBHeHHft /8/. n03TOMY TeopeMa Xaara 
o Hecy~ecTBoBaHI1H YHI1TapHoro onepaTopa S( t, to) 11 &1 K 3TOMy BbI
BOAY He I1MeeT OTHOWeHl1ft. 

7. TaKI1M 06pasoM, YCTaHOBneHO, 4TO HHTerpanbHoe ypaBHeHHe 
Anft nonft AOn>KHO COAep>KaTb sana3AblBalOlltee peweHHe, ecnH pe4b HAeT

" 	 o npeACKasaHHI1 6YA~ero, 11 onepe>KalO~ee - B cnY4ae BOCCTaHOBne
Hl1ft npownoro. KaK H C4HTan H.E.TaMM. npH 3TOM npHH4Hn npH411H
HOCTI1 He 6b1n Hcnonb30BaH. Ha060poT, MO>KHO I1Cnonb30BaTb ypaBHe

7. 
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HHR TeOpHH H HX peWeHHR AnR 06CY*AeHHR BOnpOCa 0 CnpaBeAnH
BOCTH nn. 

3. 	 4TO HO.HO CKA3ATb 0 nPHHUHnE nPH4HHHOCTH 

HCXO~ H3 YPABHEHH~ TEOPHH7 


nn 	HMeeT CMwcn YTBeP*AeHHR /a He npOCTO onpeAeneHHR BXOAR I 
~HX B ero ~opMynHpOBKY TepMHHOB/, ecnH B onpeAeneHHe nOHRTHR 
npH4HHW He BKn~4aeTCR, eCTeCTBeHHO, Tpe60BaHHe, 4T06w OHa npeA
weCTBOBana cneACTBH~. 06cYAHM ABa cnoc06a MaTeMaTH4eCKoro onH
caHHR 3Toro nOHRTHR B AHHaMHKe 4aCTH~ H noneH. 

Bo-nePBWX, H3MeHeHHe /BapHa~HR/ COCTORHHR B MOMeHT to BeAeT 
K H3MeHeHH~ COCTORHHR B MOMeHT t ~ to ' H n03TOMY 3Ta BapHa~HR 
Mo~eT C4HTaTbCR npH4HHOH H3MeHeHHR COCTORHHR /cneACTBHR/. 

BO-BTOPWX,COCTORHHe CHCTeMW MOW-HO H3MeHHTb,B03AeAcTBYR Ha 
Hee BHeWHHM areHToM /BHeWHee none HnH TOK/.Bo3AeHCTBHe Ha3W
BaeTCR BHeWHHM,ecnH CHCTeMa He OKa3WBaeT Ha Hero 06paTHoro snH
RHHR.n03TOMY BHeWHee none HnH TOK MorYT 6WTb npOH3S0nbHWMH 
~YHK~HRMH speMeHH,MoryT sapbHposaTbCR no sone 3KcnepHMeHTaTopa. 
BHeWHee B03AeHCTsHe Mo~eT paCCMaTpHBaTbCR KaK npH4HHa H3MeHe
HHR COCTORHHR. 

HO~HO C4HTaTb, 4TO npHrOTOBneHHe Ha4anbHoro COCTORHHR To~e 
ocy~ecTBnReTCR B KOH~e KOH~OS nocpeACTBOM HeKOToporo BHewHero 
B03Ae.:1cTBHR. 

1. B KnaccH4ecKoH TeopHH HCXOAHoe COCTORHHe CHCTeMW npH t = 
= to onpeAenReT KaK 6YAy~ee I TaK H npownoe COCTORHHR CHCTeMW. 
n03TOMY BapHa~HR COCTORHHR npH to' paccMaTpHsaeMaR KaK npH4HHa, 
Mo~eT 6WTb KaK paHbwe. TaK H n03~e cneAcTBHR. onpeAenReMoro 
KaK COOTBeTcTsy~~ee H3MeHeHHe COCTORHHR npH t ~ to' 

B KsaHTosoH MexaHHKe cHTya~HR aHanorH4Ha. B pa3Aene 2 y~e 
OTMe4anOCb, 4TO peweHHe ~(t) = U(t.to)~o(to) ypasHeHHR Wpe
AHHrepa rOAHTCR Ka K AnR t > to' TaK H AnR t < to' EcnH ~o 
Ha3BaTb npH4HHo.:1 cneACTSHR ~(t), TO 3Ta npH4HHa Mo~eT KaK 
npeAweCTBOBaTb cneACTBH~, TaK H 6WTb n03~e Hero. 

2. PaccMoTpHM SHeWHee s03AeHcTsHe KaK npH4HHy. Ha pHc.l 
H306pa~eHa TpaeKTopHR ABH~eHHR 3apR~eHHoH 4acTH~w, Ha KOTOPY~ 
B 06naCTH 0 Ae.:1cTByeT 3neKTpH4eCKoe none. 

npH OTCYTCTBHH B03AeHcTBHR 0 ABH~eHHe snpaso OT 0 oc~eCT
B!1RnOCb 6bl no WTPI-1XOBOH nHHHH. B03AeHcTsHe 0 RBnReTCR npH4HHoH 
AeH~eHI-1R no cnnOWHOH nl-1HI-1H 1 npH TOM 04esHAHOM ycnosHH. 4TO 
TpaeKTopHR 1 cnesa OT 0 ~I-1KCl-1pOBaHa. HHa4e nonaAaHHe 1 Mor
no 6w npOH30HTI-1 He BcneACTe~e 0, a nOTOMY, 4TO Ha4anbHaR TpaeK
TOPHR 6wna n , CM. nYHKTl-1p~y~ nHHH~. 

1 

I 	 • •• 

u. 
to 	 t 

P"c.l 

PacCMOTpHM Tenepb ASH~eHHe no cnnowHoH nHHHH C T04KH 3peHHR 
SOCCTaHosneHHR npownoro, CM. pHc.2. 

1 

I 

• 


t 	 to 
P"c.2 

KaK H B cnY4ae, Hnn~cTpHposaHHoM pHc.l, MW Aon~Hw ~HKCHPO
BaTb TpaeKTopH~, HO Tenepb cnpasa OT 0 /HnH ~HKcHposaTb COCTOR
HHe s MOMeHT to' Tenepb to >t/. EcnH 0 OTcyTcTsyeT, TO TpaeKTO
PHR cnesa OTO H306pa~anaCb 6w nYHKTHpHOH nHHHeH. npH4HHOH 
cneAosaHHR no TpaeKTopHH 1 RsnReTCR s03AeHCTSHe O. TaKHM 06
pa3OM, npH ~HKcHposaHHoM 6YAY~eM OT 0 3aSHCHT npownoe /OTHOCH
TenbHO 0/ noseAeHHe /nY4we 6wno 6w rosopHTb 0 3aBHCHMOCTH OTO 
OTAaneHHoro npownoro npH ~HKcHposaHHOM HeAaSHeM npownoM/. 

H3no~eHHaR aprYMeHTa~HR nerKO 0606~aeTcR. BMecTo ASH~eHHR 
4aCTH~W MO~HO paccMaTpHsaTb 3S0n~~H~ BeKTopa COCTORHHR. T04Ka 
Ha nHHHH r s MOMeHT to /pHc.l/ Mo~eT H306pa~aTb seKTOp Ha4anb
Horo COCTORHHR CHCTeMW ~o(to) , T04Ka Ha 1 B MOMeHT t - BeKTop 
~(t). TorAa pHc.2 6YAeT H306pa~aTb cneAy~ee: npH ~HKcHposaH
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HOM COCTORHHH. ~O(tO) BapbHPYeMOe BHeWHee BOSAeHCTBHe 0 BeAeT 
K /RBnReTCR npH4HHOH/ BapHa~HH ~(t) B npOWnOM OTHOCHTenbHO O. 

nOA4epKHeM, 4TO paCCMaTpHBaeMaR CHCTeMa npeAnOnaraeTCR HSO
nHpOBaHHOH, 6es Y4eTa BHeWHero BOsAeHCTBHR. B oKpy*a~eM HaC 
MHpe <PHKCHpOBaHO HMeHHO npownoe nOCPeACTBOM InpOTOKonOB" 
/CM./17/, rn. II • § 2/, OCHOBaHHWX Ha TaKHX He06paTHMwx RBne
HHRX, KaK 4enOBe4eCKaR naMRTb, sanHcH, <PQTorpa<pHH H T.n. HanH
4He TaKHX npOTOKonOB oSHa4aeT, 4TO npeAnono*eHHe HsonHpoBaHHo
CTH HecnpaBeAnHBO. 

3. npHH~Hn npH4HHHOCTH B 3TOM pasAene 06cY*AaeTcR B paMKax 
AHHaMH4eCKoro acneKTa TeopHH, B KOTOPWX OH 06W4HO BWABHraeTCR 
H npHMeHReTCR /HanpHMep, AnR YCTaHoeneHHR AHcnepCHOHHWX 
CBOHCTB aMnnHTYA nepexQAOB 1181, rn.X/. 6wno <paKTH4eCKH npOAe
MOHCTpHpOBaHO, 4TO npH4HHHo-cneACTBeHHwe OTHoweHHR, BWTeKa~~He 

HS ypaBHeHHH AHHaMHKH, He MorYT onpeAenRTb aCHMMeTpH~ MHpa 
BO BpeMeHH /C nOMO~b~ Toro HanpaBne~lHR BO BpeMeHH, B KOTOPOM 
npH4HHa npeAwecTByeT cneACTBH~/, CM, HanpHMep/17/, rn. n , § 6. 
OAHaKo COCTORHHe KBaHTOBOH CHCTeMW Mo*eT HSMeHRTbCR He TonbKO 
BcneACTBHe 3Bon~~HH cornaCHO ypaBHeHH~ WpeAHHrepa, HO H B npo
~ecce HSMepeHI1R, CM., HanpHMep,191 r n. V , § 13 , 11 19/ • 

4. 	 BPEMEHHAR ACHMMETPHR KBAHTOBoro H3MEPEHHR 

H BEPORTHOCTHO~ HHTEPnPETAUHH 


AnR cpaBHeHHR TeopHH C onWTOM HaM HY*Ha <pHSH4eCKaR I1HTep
npeTa~HR BenH4HH, HcnonbsyeMwx B TeopHH, TO eCTb HX CBRSb 
C TeM, 4TO HSMepReTcR B 3KcnepHMeHTe. KBaHTOBaR TeOpl1R I1SMe
peHHR H BepORTHOCTHaR HHTepnpeTa~HR BeKTopa COCTORHHR HMe~T 
HenocpeACTBeHHoe OTHoweHHe K nOCTaHOBKe Bonpoca 06 3KcnepHMeH
Te no BOCCTaHOBneHH~ npownoro /retrodiction, postdiction/ KBaH
TOBOH CHCTeMW. KeaHToBo-MexaHH4ecKoe peTpOCKasaHHe B 3TOM ac
neKTe 06cY*AanoCb, HanpHMep, B 119-221 • B 4aCTHocTH, HeHMaH/191 

AOKaSWBan TepMOAHHaMI14eCKY~ He06paTHMOCTb npo~ecca HSMepeHHR. 
Hs 3Toro 06cY*AeHI1R MO*HO CAenaTb BWBOA, 4TO peanHsa~HR peTpo
CKasaHHR BCTpe4aeTCR B KBaHTOBoH <pHSHKe C 60nbwHMH TPYAHOCTR
MH H BOSMO*Ha nl1Wb B onpeAeneHHwx ycnoBHRX. 

Mw SAeCb 06cYAHM acneKT np06neMW. KOTOPOMY B nHTepaType 
He npHAaeTCR Aon*Horo SHa4eHHR. Pe4b nOHAeT 0 <PaKTe cnY4aHHO
CTH pesynbTaTa KBaHTOBoro I1SMepeHHR: RBnReTCR cnY4aHHWM c06w
THe, saKn~4a~~eeCR B TOM, B KaKoe HMeHHO c06CTBeHHoe COCTOR
HHe Ha6n~AaeMOH PeAy~HpyeTcR /KonnancHpyeT/ npH HSMepeHHH 
KBaHTOBaR CHCTeMa. 

MO*HO KOHCTaTHpOBaTb, 4TO HMe~~HeCR onpeAeneHHR nOHRTHR 
cnY4aHHoro /chance, accident, casual, fortuitous/ C06WTHR aCHM~ 

MeTpH4HW BO BpeMeHH. HaH60nee 4aCTO B onpeAeneHHRX npHCYTCTBY
eT cnOBO "npeAcKasaHHe".UrOBOPR 0 cnY4aHHocTH B 06wAeHHoM CMWC
ne 3Toro cnOBa, MW HMeeM B BHAY Te RBneHI1R, B KOTOPWX MW He 06
HapY*I1BaeM saKoHoMepHocTeH, nOSBonR~~HX HaM npeACKaSWBaTb HX 
nOBeAeHHel1 1281. EcnH cnOBO IInpeAcKasaHHe" OTCYTCTByeT, TO ynoT
pe6nReTCR 6YAY~ee BpeMR: "C06wTHe A, KOTopoe npH peanHsa~HH 
KOMnneKca ycnoBHH Mo*eT npoHsoHTH, a Mo*eT H He npOHSOHTH, Ha
SWBaeTCR cnY4aHHWM11 1241 • 

nOKa*eM, 4TO nOCTaHOBKa KBaHTOBOH saAa4H BOCCTaHOBneHHR 
npownoro Tpe6yeT HSMeHeHI1R nOHRTHR cnY4aHHoro C06WTHR. 60nee 
Toro, HSMepeHHR B TaKOH saAa4e Aon*HW peanHSOBWBaTbCR C nOMO~b~ 
HHWX <pHSH4eCKHX npo~eCCOB, He*enH B saAa4e npeACKasaHHR. 

06W4HaR cxeMa npeACKasaHHR B KBaHTOBOH MexaHHKe TaKOBa: npH
rOTOBnReTCR /AO MOMeHTa to/ HCXOAHoe COcTORHHe ~o(~) ; Aane~ 
C nOMO~I>~ ypaBHeHHR WpeAHHrepa BW4HcnReTCR ~(t+) , t + > to; 
KBaApaTw MOAyneH COOTBeTCTBY~HX aMnnHTYA nepeXOAOB Aon*HW Aa
BaTb BepORTHOCTH pesynbTaToB HSMepeHHH, KOTopwe npOHSBOARTCR 
nocne MOMeHTa t+. npl1 3TOM HHTepBanw BpeMeH npl1rOTOBneHHR 
H HSMepeHHR He Aon*Hw nepeceKaTbcR C HHTepBanOM (to' t+) , 4TO
6w He MewaTb 3Bon~~HH cornaCHO ypaBHeHH~ WpeAHHrepa. 4T06w 3TO 
ycnoBHe BwnonHRnOCb B cxeMe peTpocKasaHHR, HcxoAHoe COCTORHHe 
~o(to) B 3TOH cxeMe Aon*Ho npHroTosnRTbcR npH BpeMeHax > to , 

a HSMepeHHe, npoHsBoAHMoe B COCTORHHH l/1( t_) , t_ .< to , AO*HO 
IlHa4HHaTbcR" B MOMeHT t_, aero /cnY4aHHble/ pesynbTaTw Aon*Hw 
CTaTb HSBeCTHWMH B e~e 60nee paHHI1H MOMeHT t:,< t _. TaKoe I1S
MepeHHe He RBnReTCR 06pa~eHHWM BO BpeMeHH npo~eCCOM HSMepeHI1R 
saAa4H npeACKasaHHR. ~eHCTBHTenbHO, OCbl4Hoe HSMepeHHe npespa
~aeT ~(t+) K 60nee nOSAHeMY MOMeHTY t~ B peAy~HpoBaHHoe co
CTORHHe. AnR Ka*AOH oTAenbHOH KBaHTOBOH CHCTeMW OHO RBnReTCR 
OAHHM HS c06CTBeHHWX COCTORHHH ¢n HSMepReMOH Ha6n~AaeMoH. Ec
nH pe4b HAeT 06 aHcaM6ne TaKHX CHCTeM, TO HSMepeHHe npeBpa~aeT 
~(t) B MaTpH~y nnOTHOCTH 

2 
p(t~) <= l:n I<¢nl~(t+) > I I¢n><¢n'. 	 /20/ 

06p~eHHoe BO BpeMeHH HSMepeHHe npeBpa~ano 6wp(t') B ~(t) • 
B peTpOCKasaHHH *e HSMepeHHe Aon*HO npeBpalllaTb ~(t_) B p(t'_) • 
t'_<t_. TaKoe HSMepeHHe MO*HO HaSBaTb speMeHHWM OTpa*eHl1eM 

06W4Horo HSMepeHHR /OTpa*eHHe npOHSBOAHTCR OTHOCHTenbHO MOMeH
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Ta Ha4ana HSMepeHHRI. B OTpa*eHHOM HSMepeHHH ero pesynbTaT 
Aon*eH 6WTb cnY4aHHbiM c06WTHeM, KOTopoe HenbSR peTPOCKasaTb 4 

TaKHM 06pasOM, TeopeTH4eCKH MO*HO peTpOCKasaTb aMnnHTYAw 
nepeXOAOB C TaKHM *e ycnexoM, KaK H npeACKaSWBaTb HX. CM. pas
Aen 3. Ho AnR peTpOCKasaTenbHoro 3KCnepHMeHTa HY*HW OTpa*eHHwe 
npo~eAYpw HSMepeHH~ H BepORTHOCTHoe TonKoaaHHe BeKTopa COCTOR
HHR, npHcnoc06neHHoe AnR peTpOCKasaHHR. 

5. npWHUWn npW4WHHOCTW H aWCnEPCWOHH~E COOTHOWEHWR 

npHH~Hn npH4HHHOCTH, c$oPMynHpoBaHHwH BO BBeAeHHH, BXOAHT 
B CHCTeMY aKCHOM H.H.60ronI060Ba /1S1 , HS KOTOPOH BWTeKa~T HS
BeCTHwe AHcnepCHOHHwe COOTHoweHHR. B 3TOH aKCHOMaTHKe narpaH
*HaH H ypaBHeHHR y*e He RBnRIOTCR HCXOAHWMH nono*eHHRMH. Cnpa
BeAnHBOCTb AHcnepCHOHHWX COOTHoweHHH nOATBep*AaeT onWT, 
CM. /nS/ , § 57. OSHa4aeT nH 3TOT $aKT, 4TO nn cnpaBeAnHB B MHK
pOMHpe? YTBepAHTenbHwH OTBeT Ha 3TOT Bonpoc npHBOAHn 6w K cne
AYIO~HM TPYAHOCTRM. 

Bo-nepBwx, OTBeT OCHOBWBanCR 6w nHWb Ha 06W4HWX 3KcnepHMeH
Tax THna npeACKasaHHR lin - out/, a AnR npOBepKH nn HY*HW 
H peTpOCKasaTenbHwe 3KcnepHMeHTW. aeHcTBHTenbHo, M~ Aon*HW pea
nHSOBaTb cHTya4H~, KorAa npH4HHa nos*e cneACTBHR IB 4acTHocTH, 
HaxoAHTCR B 6YAy~eM KOHyce cneAcTBHR/, 4T06w y6eAHTbcR. 4TO 
TaKaR npH4HHa He BnHReT Ha cneACTBHe. 

Bo-aTOpwx. TaKO~ OTBeT OSHa4an 6w, 4TO AHHaMHKa nHOH-HYKnOH
Horo asaHMoAeHCTBHR IAnR KOToporo npOBepeHW AHcnepCHOHHwe COOT
HoweHHRI BWAenReT cTpeny BpeMeHH InocKonbKY 3TO AenaeT nn. 
CM. pasAen 3/. 06~enpHHRTo C4HTaTb. 4TO TaKY~ ponb HrpaeT Tonb
KO caepxcna60e B3aHMoAeHcTBHe, npORBnRIO~eeCR B pacnaAax B?~Me
SOHOB. 

40TPaEeHHOe HSMepeHHe B KaKoA-To Mepe MO~HO npeACTaBHTb ce
oe KaK "npHroToBneHHe" HaqanbHOrO COCTOHHHJI B npeACKasaHHH. ec
nH nOA nOCneAHHM nOHHMaTb npo~ecc. Ha BwxoAe KOToporo /MoMeHT 
to / HMeeM "qHCTOe" COCTOHHHe r/J( to) • a Ha BXOAe /MoMeHT t; <to / 
- CMeCb, onHCbIBaeMytO HeKOTOPOM MaTpH~eA nnOTHOCTH p( t'o) • B AY
xe STOM aaanorHH npo~ecc HSMepeHHH B npeACKasaHHH Mo.eT pac
CMaTpHBaTbCH KaK npo~ecc npHrOTOBneHHH HcxOAHoro COCTOHHHH 
B peTpOCKasaHHH / cp ,1211 , c. 69/ • 

HaKOHe4, B TeopHRX, saAaHHWX narpaH*HaHOM HnH ypaBHeHHRMH 
IWpeAHHrepa HnH noneBwMH/, npH4HHa Mo*eT 6WTb npeACTaaneHa KaK 
HaxoAR~aRCR nos*e cneACTBHR ICM. paSAen 3/, TO eCTb nn Heae
peH. B $HSH4eCKOH aKCHOMaTHKe B Ka4eCTBe aKCHOM 06W4HO Bw6Hpa
~T nono*eHHR, KOTopwe Ae-$aKTO CnpaBeAnHBW B KOHKpeTHWX TeopH
RX. HanpHMep 3neKTpoAHHaMHKe 1\ • 

B CBRSH C 3THMH saTPYAHeHHRMH OTMeTHM CHa4ana, 4TO AHcnep
CHOHHwe COOTHoweHHR MO*HO BWBeCTH, HCXOAR HS CHCTeMW aKCHOM 
neMaHa,CHMaHSHKa,UHMMepMaHa IflCU/,rAe He HcnonbsyeTcR nn B non
HOM 06beMe, HO HcnonbsyeTcR npH4HHHOCTb TonbKO B CMwcne no
KanbHOH KOMMYTaTHBHOCTH: Aon*HW KOMMYTHpOBaTb onepaTOpw, Co
cpeAOT04eHHwe B 06naCTRX, npOCTpaHCTBeHHo-noA06HWX APyr APyry. 
3TO MO*HO HHTepnpeTHpOBaTb TaK: npH4HHa He Mo*eT 6WTb nOKanHSO
BaHa B 06naCTH, pacnono*eHHO~ npOCTpaHCTaeHHo-noA06HO OTHOCH
TenbHO 06naCTH nOKanHsa4HH cneACTBHR ICM., HanpHMep,/281 I. Bo
npoc 0 COOTHoweHHH aKCHOMaTHK nCU H 60rOIl~60Ba 6bln BWRCHeH 
B/2S1 , CM. TaK*e 1271 H ~HTHpOBaHHYIO TaM IlHTepaTYPY. 

npeAnaraeTCR cneAY~ee paspeweHHe Hsno*eHHWX TPYAHOCTeH. 
B saAa4ax npeACKasaHHR onepaTOp 3Bon~4HH Aon*eH 06naAaTb TaKHM 
CBO~CTBOM; ecnH t2 > t > t 1 , TO 

8(t2 ,t 1 ) = 8(t2 ,t)8(t,t1 ) 1211 

- CHa4ana 3Bon~4HR npOHcxOAHT B HHTepBane (t l' t ) , saTeM B 60
nee nOSAHeM HHTepBane (t, t 2 ) • TO eCTb HS npownoro B 6YA~ee. 
CBoHcTBo 121 I BWTeKaeT HS 181, CM .• HanpHMep /101 rn. II • § 6. 
3TO CBO~CTBO OTnH4aeT onepaTOp npeACKasaHHR OT onepaTopa peTpo
CKasaHHR. KOTOPWH npH Tex *e t2 > t> tl HMeeT CBOHCTBO 

8(t ,t ) = 8(t ,t ) 8( t, t )
1 2 1 2 /221 

- CHa4ana 3Bon~~HR npOTeKaeT B nOSAHeM HHTepBane, nOTOM B paH
HeM IHS 6YAy~ero B nfownoe/. ConocTaBHM 1211 C $OpMynHpoaKoH 
nn B 060sHa4eHHRx/18 • § 20, $oPMyna 126/: 

8(11+ g 2) - 8(g2)8(ll)' 12 > 11' /231 

6Cp.nPHMeqaHHe I H § 52 B KHHre H.rr.Tepne~Koro/261 , B qa
CTHOCTH ero SaMeqaHHe no nOBoAY AHCnepCHOHHMX cooTHomeHHM, 
"HBHO Hcnonb3ytODtHX npHH~Hn npHqHHHOCTH B ToA oonaCTH HBneHHH. 
rAe OH, KasanOCb o~, He HMeeT HHKaKoro SHaqeHHH BBHAY aoconmT
HoA oopaTHMocTH 3aKOHOB ABa.eHHH sneMeHTapHbIX qaCTH~". 
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'2 > 'I OaHa4aeT, 4TO ece T04KH, rAe cocpeAoT04eHo '2' pacnono
*eH~ eo epeMeHH noa*e ecex T04eK g1' 3TO conOCTaeneHHe npHeo
AHT K eCTeCTeeHHoMY npeAno*eHH~ TonKoeaTb /23/ KaK ycnoeHe, 
oaHa4a~ee, 4TO paCCMaTpHeaeMaA aKCHOMaTHKa orpaHH4HBaeTCA pac
CMOTpeHHeM aaAa4 npeACKaaaHHA. nOA4ePKHeM, 4TO HHKaKaA Ha 

/18/OCTanbH~X aKCHOM, c~oPMynHPoeaHH~x e § 52 e , 3TY ponb 
He e~nonHAeT. An~ cpaeHeHHA aaMeTHM, 4TO y ncu eeOAATCA in- H 
out-cOCTOAHHA H aanaaA~Ba~He peweHHA ypaeHeHHH nonA, TO eCTb 
nOAPaaYMeeaeTCA aaAa4a npeACKaaaHHA /cp./281 , e 4aCTHOCTH 
c.1765/. 

3ro npeAno*eHHe He oaHa4aeT npOCTO CMeHY HaaeaHHA AnA 
/23/. HOBoe nOHHMaHHe /23/ y*e He eCTb aaKOH npHPoA~, ~HaH4ec
KHH npHH~Hn /e~AenA~H~ cTpeny epeMeHH/. /23/ eCTb ycnoeHe, 
orpaHH4Hea~ee Knacc aaAa4, paCCMaTpHBaeM~X aKcHoMaTHKoH; /23/ 
Tenepb OTHOCHTCA He K 06beKTY, a K cy6beKTY noaHaHHA. MaTeMaTH
Ka aKCHoMaTHKH OCTaeTCA TOH *e caMOH, H cneACTeHA ee n03TOMY 
He M¢HA~TCA. BeHAY 3Toro Hoeoe TonKoeaHHe /23/ Henb3A onpoeepr
HYTb MaTeMaTH4eCKHMH aprYMeHTaMH HnH 3KcnepHMeHTOM. Hoeoe Ton
KoeaHHe HMeeT TO MeTOAonorH4eCKoe npeHMy~ecTeo, 4TO c~opMynH
poeaHH~e e~we TPYAHOCTH nonY4a~T eCTeCTeeHHoe paapeweHHe. 3KC
nepHMeHTanbHoe nOATeep*AeHHe AHcnepCHOHH~X COOTHoweHHH cneAyeT' 
C4HTaTb npoeepKOH npH4HHHOCTH TonbKO e CM~cne nOKanbHoH KOMMY
TaTHeHOCTH. 

Sa KOHcynbTa4HH, o6cY*AeHHA H aaMe4aHHA A 6naroAapeH n.3KC
Hepy, B.n.naenoey, H.n.Tepne4KOMY, X.~.XpHcToey H oco6eHHo 
B.H.~aHH6epry H A.B.WHpKoey, KOTop~e np04HTanH 3TY pa60TY e py
KonHCH. 
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