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6 nocneJ]HHe rOJ]bI, B CBSl3H C H3y'ieHH8M B38HMOJ]ell.CTBHSI 

aJJpOHOB npH Bb!COKHX 3HeprHSIX, BHOBb B03pOC HHTepec K narpaHlKe

BOII q,opMynHpOBKe KBSHTOBOJI. TeOpHH nonsi, 'i8MY HeMano cnoco6cTBO

Bano pa3BHTH8 T8XHHKH 8CHMilTOTH'i8CKoro cyMMHPOBSHHSI rpaq,oB <l>ell.H

MaHa, a TaKJKe MeTOJlOB npH6nHJK8HHOro Bbl'iHCneHHSI, He CBSl38HHOro 

C TeOpHell BO3MYlll8HHSI. 

CpeJ]H TSKHX MeTOJ]OB B KBSHTOBOJI. T8OpHH nonsi oco6oe M8CTO 

38HHMaeT annapaT q,yHKUHOHanbHoro HHTerpHpOBBHHSI, BnepBhle BBe

/1/ 
J]8HHblil B KB8HTOBYIO MexaHHKY <l>eilHMaHOM OKono TPHJlll8TH neT 

H838Jl. 

Peq,epHpyeMaSI JlHCC8pT8UHSI IlOCBSltieaa H8KOTOpblM BOnpocaM 

npHM8H8HHSI MeTOJlOB q,yHKUHOHanbHoro HHTerpHpOB8HHSI JlnSI Bbl'iHcne

HHSI aMnnHTYJl pacceSIHHSI B pa3nH'iHblX MOJ]enstx KB8HTOBOJI. TeopHH 

nonst H B KBSHTOBOJI. M8X8HHKe. DHccepT8UHSI COCTOHT H3 BB8Jl8HHSI, 

Tpex rnaB H Tpex npHnOJK8HHil. Bo BB8Jl8HHH Jl8H KpaTKHII o6sop 

npHM8H8HHSI M8TOJ]OB q,yHKUHOHanbHOro HHTerpHpOB8HHSI B KBaHTOBOil 

TeopHH H nepe'iHCneHbl OCHOBHbie pesynbT8Tbl JlHCCepTaUHH. 

B rnaBe I paCCMOTpeHo npeJJCT8Bn8HHe aMnnHTYJl paccestHHSI 

B KBSHTOBOII TeopHH nonst C noMOlllblO KOHTHHyanbHoro HHTerpana 

no BH8WHHM nonstM H H3Y'i88TCSI KB83HKnacCH'i8CKO8 npH6nHJK8HH8 

B H8KOTOpb!X npoCTbIX MOJ]enstx. YKa3aHH08 KOHTHHyanbHOe npencTaB

nesHe JlnSI MHOrO'iaCTH'iHblX q,yHKUHII fpHHa 6binO nony11eHO eme 

B 1954-55 r.r. H838BHCHMO MHOrHMH 8BTOp8MH C IlOMOlllblO peweHHSI 

ypaBH8HHSI lliBHHrepa B B8pH8UHOHHbIX npOH3BOJ]HblX, a TSKJKe npyrHMH 

/2,3/ 
M8TOJ]8MH 
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B §1 npeanaraeTcs npocToA cnoco6 npeacTaaneHHH a saMKHY

TOM BHJie C noMombro KOHTHHyanbHOro HHTerpana HenocpeacTB8HHO 

S -MaTpHllbl. STOT MeTOJI OCHOBaH Ha npHM8H8HHH B cl>YHKU.OHBnbHOM 

npocTpaHcTae npeo6pasoaaHHH THna npeo6pasoBaHHH BeAepwTpacca 

a oaHoMepHOM cnyqae c uenbro xpoHonoruqecKoro ynopsaoqeHHH 

onepaTopoa nons. nonyqeHHas S -MaTpHna ans cKanspHoro caMo-

aeAcTByromero nons ,p HMeeT aua: 

S a N 
IW (A) " f8Ae o +w, cA+<f,l ( 1) 

(t;A. ~ dA(x) 

JD dA(x) e••oCA> ) ' 
X 

rae l'o, 1'1 cl>YHKllHOHanbI CB060JIHOro aeACTBHH H B3aHMOJieA-

CTBHH COOTB8TCTB8HHO, a N - CHMBOn HOpManbHOrO npoH3B8JI8HHH 

" onepaTopoB nons <f, 

noapo6HO paccMOTpeH npHMep KBBHT0BOA anexTpOJIHH8MHKH. 

npu aTOM HBXOJIHTCH npHM8HH8Mb18 8BTOpOM B aanbHeAweM 4>yHKUHO

H8nbHbl8 C00THOW8HHH, CBH3bIB8IDlllH8 MHoroqacTHqHbl8 aMMHTYllbl 

B TeopHH nons f( p, ... p J q .... q) C aMnnHTYJIBMH noTeHUHanbH0ro pac

ceHHHH r ( p I • q I I A ) 

D 

I (2")'8' { I (p -q )] f(p ... p lq ••• q ).J88e'•oC~ (B)flf(p ,q IB)fl, 
I I I n I n O I J .. , 

(2) 

rJie So ( 8 ) - cpeJisee no BBKYYMY OT s -MaTpHllbl B38HMOJI8ACT-

BH8 cnusopsoro nons c KnaccHqecKHM noneM B , l I• 11 II - Jie-

TepMHHBHT MaTpBllbl •11 

B §2 06cyJ1<AaeTCH CBH3b nonyqessoro npeJicTaaneHHH S -MaT-

pBllbl C np0B3B0JIHmBMB 4>yHKllB0H8n8MH BH8WHBX noneA H BH8WHHX 

BCT0qHHKOB lliBHHrepa B H3yqaeTCSI KB83HKnaccHqecxHA npeJien 

B ~pJienB cxanspsoro nons. 
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HaAJI8HHOe Bbip8)1(8HHe JinH S -MaTpHUbl B KB83HKnaccuqec-

/4/ 
KOM npH6nH)K8HHH COBD8JI88T C pesynbT8T8MH pa6oTbl HaM6y ' 

noKasaawero, qTo TaKas S -MaTpHna onHCbIBaeT rpa!pbI-Jiepeabs, 

npHMeHH8Mb18 B TeopHH cl>eHoMeHonorHqecKHX narp8H)l(HaHOB. 

B §3 B KB83HKnaccHqecKOM npH6nH)K8HHH H8XOJIHTCH8MnnHTY

JI8 Jins npouecca paccesiHHH ,,- -MesoHa Ha HyKnoHe a npocToil 

MOJienH B3aHMOJI8ACTBHH 3apS1)1(8HHbIX M830HOB co CTaTHqeCKHM 

HyKnOHOM. Pe3ynbTaTOM npH6nH)K8HHSI _h_ ➔ 0 ( g - KOHCTaHT8 
II: 

CBSl3H) HBnHeTCSI Bb!pa)KeHHe JinH aMnnHTYJibI, rae BKnaJibl OT M830-

H0B pa3HbIX 3HaKOB paBHbI. AnanorHqHoe Bblp~>K8HH8 6binO nonyqe-

/3/ /5/ 
Ho B pa6oTax SaaapJica , Eap6awoaa H Ec!>HMOBa , rJie Hcnonb-

soaanHCb apyrHe M8TOJibI. 

/6/ /7/ 
B pa6oTax <l>paJIKHHa H Eap6awoaa 6hinH npeJino*eHbl 

npH6nH)K8HHbl8 cnoco6bi BbJqHcneHHSI KB8HTOB8HHbIX cl>YHKUHA fpHHa 

B p8MK8X M8TOJia IPYHKUHOHBnhHOro HHTerpHp0B8HHH. 3TH cnoco6bl 

npHM8HHnHCb JinH H3yqeHHSI HH!ppaKpaCHOA 8CHMDTOTHKH B KBBHTOBOA 

aneKTPOJIHH8MHKe; OHH T8K)K8 OK838nHCb B8CbMa a<!icl>eKTHBHblMH JinH 

HCCneaoaaHHSI aCHMfiTOTHqecxoro noaeaeHHSI aMnnHTyJI pacceSIHHSI 

a KBaHTOBOA TeopHH nonsi a o6naCTH Bb!COKHX aHeprHA H ~HKCHpo

/8-12/ 
BaHH0A nepeJiaqH HMnynbca • C noMOWbID qieilHMaHOBCKOil 

/7/ 
KaK cyMMbl no nyTHM • HHTepnpeTaUHH aMnnHTYllbl pacceSIHHSI 

/10/ 
B pa6oTe c¢opMynHp0B8HO npH6nH)K8HHe npHMOnHHeAHbIX ny-

/8-12/ 
Tell. OJIHH H3 Ba)l(HeAWHX pesynbT8TOB pa6oT C0CTOHT B TOM, 

qTo cyMMa acex JIHarpaMM necTHHqHoro H xpoccnecTHHqHoro THnoa 

acHMDT0THqeCKH CTpeMHTCH K aAKoHanbHOMY npeacTaaneHHID aMnnH

TYJibl pacceSIHHH, KOTopoe anepBbie 6binO nonyqeH0 a HepenHTHBHCT

CKOA KB8HTOBOA M8X8HHKe H ceAqac WHPOK0 HcnonbsyeTCH ans ana

nH38 9KcnepHM8HT8nbHblX aaHHbIX. CneJiyeT 0TM8THTb, qTo BblBOJI 

aAKOHBnbHOro npeJICTaBneHHH ansi JIByxqaCTHqHoil aMnnHTYllbl B Teo-

/14/ 
pHH nons 6bln caenaH paHee Ha 0CHOBe KB83HD0T8HllH8nbH0ro 

/15/ 
ypaaneHHH noryHoaa-TaaxenHJI3e , a npHMeHeHHe onTHqecKoro 

noTeHnHana H !peHoMeHonorHqecKoro aAKonanhHoro npH6nH)K8HHH 

K ipH3HK8 Bb!COKHX aHeprHA anepBbie pacCMOTpeHO B pa6oTax Eno

/16/ 
XHHll8B8 C C0TpyJIHHKaMH • 
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·n rnaaa llHCC0pT8UHH noCBSIIU0H8 H3Y'l0HHIO BblCOKO8Hepre

TH'l0CKOrO noB0ll0HHSI aMnnHTYll noTeHUH8nhHOro pacceSIHHSI CKansip

HblX H cnHHOpHb!X '18CTHU C noMOIUblO M0TOll8 cf,yHKUHOHSnbHOro 

HHTerpHpOB8HHH no TpaeKTOpHHM. 

B §4 Ha OCHOB0 38MKHyToro peweHHSI llnSI cf,yHKUHH fpHH8 

/7/ 
ypaBH0HHSI KneAsa-fopllOH8 BO BH0WH0M CKSnS!pHOM none saA-

ll0HO TO'IHOe Bblp8lK0HHe llnSI aMnnHTYllbl IlOTeHUH8nbHOro paccesi

HHSI B BHlle cf,yHKUHOHanbHOro HHTerpana. 

B §5 H3Y'l80TCSI aCHMnTOTHK8 nonyqessoro Bblp8lK0HHSI npH 

Bb!COKHX aseprHsix. B cny'lae rnallKHX noTeHuHanoB llOK838HO, 'ITO 

OCHOBHOA BKnall ll8eT TpaeKTOpHS! llBHlKeHHSI, KOTopylO MOlKHO npell

CT8BHTb OTp03K8MH npHMblX, HMelOIUHX sanpaanesHe HMnyn&COB qac

THU llO H nocne pacceSIHHSI. npH 8TOM yTO'IHSleTCSI aAKosanbHOe 

/17/ 
npe,!lcTaBneHHe illHct,ct,a llnSI aMnnHTYllbl pacceSIHHSI 88 6onhWH8 

yrnb!. npe MSnbJX y('nax pacceSIHHH H8All8HHO8 BblCOKO8HepreTH'10C

KO0 npe,!lCTaBn0HH8 llnSI aMnnHTYllbl: 

f( ➔➔) 1 fda 1°t<t-t> '· IAXo<•> 
P , q = - r e f d,\ e 

4rr o 
(3) 

.. ➔ ➔ 
X (r) =f dstf,(r+2p 8(s)s+2q8(-s)s) 

{ 

I, s>O 
8(s) = (4) 

0 -00 0, s< 0 

/13/ 
COBil8ll88T C npellCT8Bn8HHeM Mon&epa-rnay6epa B 8TOM napa-

rpact,e pacCM8TpHB80TCSI T8KlK0 cnyqaA pacceSIHHSI Ha IlOT0HUHane, 

38BHCS!lll0M OT Bp8M0HH, H o6CYlKll8IOTCSI ct,eaeqecKHe rpaHHllbl cnpa

BellnHBOCTH nonyqeHHblX npellCTaBneHHA. 

B 116 ll8H BblBOll aAKoHanhHOro npellCT8Bn0HHSI aMnnHTYllbl 

paccesiHHSI llHP8KOBCKOA qaCTHllbl 88 npoH3BOnhHOM IlOT0HUHane. 

npH aTOM llnSI H8XOlKll0HHSI CilHHOpHoA cf,yHKllHH fpHH8 C noMOIUblO 

cf,yHKUHOHanhHblX HHTerpanoa npHM0HSl0TCSI onepaUHSI KBanpHpOB8HHSI 

ypaBH8HHSI LlHpaKa. noK838HO, 'ITO aMnnHTYllbl, nony'l8HHbl8 H3 o6bl'I-
.; 
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HOA H KB8llpHpOB8HHOA cf,yHKUHH fpHH8 C nOMOIUblO nepexona Ha Mac

COBYIO noaepXHOCTb, COBn8ll8IOT. 

B nHTepaType BblCOKO8H8preTH'l0CKO0 p8CC0HHH0 nep8KOBCKHX 

/17/ 
'18CTHU, B OCHOBHOM, p8CCM8TpHBanoCb llnH KynOHOBCKoro nonsi 

/18/ 
HcKnl0'10HH8M S1BnS10TCSI pa6oTa , rne HCCn8llOB8Hbl CKansipHb!A 

H nceBllOCK8nS!pHblA noTeHuHanbl. B llHCcepTaUHH H3Y'l8IOTCSI cny'laH 

c_Kansipaoro, nceBllOCKansipHoro, aeKTopHoro, aKcean&Horo, Tesaop

soro noTeHUH8noB. noK838HO, 'ITO npe pacceSIHHH BblCOKO8H8preTH

qecKHX '18CTHU seecqeaalOIUHA BKnan B cnHH-cf,nen aMnnHTYllY MO1K0T 

ll8Tb nHWb T8H3OpHblA noTeHuHan. HanpHMep, aMnnHTYll8 pacceSIHHSI 

HS KynOHOBCKOM none H038pS!lK0HHOA '18CTHUbl C 8HOM8nbHblM Mar

HHTHblM MOM0HTOM /l HM08T BHll: 

rc ;, q➔) =~p [f
0
(lp-ql > +Cu➔ ;> r,C~p -q➔I> 1 Ylq, 

rlle 

r ,<&> 

➔ 

• 
➔ ➔ 

p X q 

Ip X q] 

' p .. 
f 0 (l\) -~Jp dp J0 (p&)[chx(p) -1] 

2rrl o 

p --2rr 

.. ! pdp J1 (p&) sh x(p) X µ. j a V ( z ,p) dz 
_p 

a 1/' P , 1/' q - llBYXKOMnOH0HTHb10 CnHHOpbl. 

(4) 

( 5) 

B 117, B paMKax sepensiTHBHCTCKoro ypaBH8HHSI lllpellHHrepa, 

paccMaTpHB88TCSI KB83HKnaCCH'l0CKO8 npH6nHlK8HHe nnsi aMnnHTYll 
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pacceSIHHR Ha a¢¢eKTHBHOM noTeHuHane, nponopuHoHanbHOM HMnyrtb-

cy qaCTHUbl B HeKOTOpofi cTeneHH n 06cymnaeTCSI aaBHCHMOCTb 

TpaeKTOpHH '!aCTHUbl OT acHMnTOTH'!eCKoro noseneHHSI ce'!eHHSI, 

a TaKme BOnpoc O cnpasennHBOCTH npH Bb!COKHX 3HeprHSIX 6op

HOBCKOrO H afiKOHanbHoro npH6nHmeaun. 

8 rnase DI C noMOlllbIO peaynbTaTOB nsyx npenhinYlllHX rnaB 

H3Y qaeTCSI acHMnTOTH'!eCKOe noseneHHe aMnnHTyn B HeKOTOpb!X 

MonenSIX KBaHTOBOfi TeopHH nonSI. 

B §8 nonyqeao rnay6epoBcKoe npencTaaneHHe nnH nsyxqac

TH'IHOfi aMnnHTYnbI pacceSIHHSI cnHHOpHbIX qacTHU C seKTOpHb!M 

o6MeHOM, c noMOlllbIO ¢yHKUHOHanbHoro ycpenHeHHSI no BHelliHHM 

nonSIM al!KOHanbHbIX aMnnHTyn noTeHuHanbHoro pacceSIHHSI ( CM. 

¢opMyny (2)). Ha OCHOBaHHH peaynbTaTOB §6 noKa3aHO, '!TO B no

neBbIX MonenSIX CKBnS!pHoro o6MeHa C n10600 CBSl3b!O ( CKanS!pHoll, 

ncesnocKanS1pHofi, ncesnoseKTopHoii) ynpyroe ce'!eHue pacceS1HHS1 

qacTHU co cnHHOM l /2 nanaeT, K8K 1 / s npH s ➔ 00 

B §9 HaxonHTCSI aaMKHyToe KOHTHHyanbHOe npencTaBneHHe 

nnsi seprnHHHOfi ¢YHKUHH fpHHa CKanS!pHbIX H CilliHOIJHblX '!aCTHU, 

B3aHMonefiCTBYIOlllHX C seKTOpHbIM noneM. B npH6numeHHH npS!MOnH

HefiHhlX nyTefi HattneaHoe Bb1pameaue HMeeT nsamnb1-norapH¢MH'!ec

Ky10 8CHMnTOTHKY • 

B § 10 Ha npHMepe noTeHuHanbHOro pacceSIHHSI noKa3blB8eTCSI, 

'!TO BKnanbI OT panuauHOHHblX nonpaBOK a npH6nHmeHHH npSIMOnHHel!

Hb!X nyTel! ¢aKTOpH3YIOTCSI B BHne MHOmHTenSI, COBnanaKII.1ero C Bep-

lliHHHOI! ¢yHKuHel!, uayqeaHol! a npenb1nymeM naparpa¢e. TaKol! me 
/ 12/ 

peaynbTST nnSI nByX'ISCTH'IHblX aMnnHTyn 6bm nony'!eH B pa6oTaX • 

B paMKax paccMaTpHsaeMoro MeTona y'!TeHbI npouecCbI TOpM03Horo 

H3ny'leHHSI BO saernHeM none 'MS!rKHX' ¢oTOHOB H nponeMOHCTpHpOB8-

HO COKpaweaue HH¢paKpaCHblX pacxonHMOCTel!. noK838HO, '!TO npH 

orpaHH'leHHH ycnoBHSIMH 'MSlrKOCTH' KBK peanbHbIX, TSK H BHpTyanb

HblX ¢oTOHOB, ¢yHKUHOH8nbHbII! MeTon npHBOnHT K pacnpeneneHHIO 

nyaccoaa nnSI 'IHCnll BTOpH'IHbIX 'IBCTHU. 

,f 

8 

B npunomeHHH A npennomea cnoco6 BbI'IHcneHHSI ¢yHKUHo

HanbHbIX HHTerpanoB no TpaeKTOpHSIM, KOTOpbil! IIOCTpoeH 110 aaano

rHH C xpoaonorH'l8CKHM pacrryTbIBBHHeM onepaTopoB B KBSHTOBOI! 

T80pHH IIOnSI, 

B IIpHnomeHHH E paccMaTpHBaeTCSI pacceSIHH8 nupaKOBCKHX 

'18CTHU HS BeKTOpHOM IIOTeHuHane B nByXKOMIIOHeHTHOM OIIHC8HHH. 

B IIpHnomeHHH 8 B paMKSX TeopHH B03MyllleHHSI rrponeMOHCTpH-

pOB8HO p8B8HCTBO aMIInHTyn pacceSIHHSI nHp8KOBCKHX '18CTHU Ha 

IlpOH3BOnbHOM IIOT8HUH8ne, nony'leHHblX C IIOMOlllbIO nuael!aol! 

H KBanpHpOB8HHol! ¢yHKUHH fpHHa ypaBHeHHSI llupaKa. 
/9,11,19,20/ 

0CHOBHbl8 peaynbT8Tbl J:IHCCepT8UHH H3nomeHbl B pa6oTaX • 

PS1n peaynbTaToB nono*eH Ha ceMHHapax na6opaTopHH TeopeTH'!ec
/21/ 

KOi! ¢H3HKH OH.RH H Me*nyeapOJ:IHOM COBelllaHHH B Aaay ( 1970) • 

n H T 8 p 8 T y p a 

1. R.P. Feynman. The principle of least action in quantum 

mechanics. Ph. D.thesis. Princeton University (1942); 

Rev.Mod.Phys., 20, 367 (1948). 

2. S.F. Edwards, R.E.Peierls. Proc.Soc. A224, 24 (1954). 

H.H.Eoromo6oa, llAH CCGP, fil!, 225 (1954). 

E.G. <l>pSJ:IKHH. llAH GCGP ~ 47 ( 1954); 100. 897 ( 1955). 

3. S.F. Edwards. Proc.Roy.Soc. A228, 411 (1955). 

4. Y. Namby. Phys.Lett., 26B, 626 (1968). 

5. E.M. Eap6arnoB, r.B. E¢HMOB. )l(:3T<I> fil!, 450 ( 1960). 

6. E.G. <l>paAKHH. Tpynhl <l>HAH CGGP ~ 7 ( 1965). 

7. E.M. Eap6arnoa. )l(:3T<I> ~ 607 ( 1965). 

8. E.M. Eap6arnoa, G.n. KynernoB, B.A. MaTseeB, A.H. GHcaKsia. 

TM<I> ~ 342 (1970). 

{' 

H.D.I. Abarbanel, C. Itzykson. Phys.Rev.Lett., _g 53 (1969), 

H.B. Aat1peeB, )l(:3T<I> .§§, 257 ( 1970). 

9. B.H. nepBylliHH. TM<I> .1, 22 ( 1970). 

9 



l 

,.:· 

10. E.M. Eap6awoe, c.n. Kynewoe, B.·A. MaTtleee, B.H, riepeywHH, 

A.H. CHCSKSIH, A.H. Taexenm1ae. TM4> ~ ·330 ( 1970). 

11. B.M. Barba.shov, S.P. Kuleshov, V.A. Matveev, V.N •. Per

vushin, A.N. Sissakian. Preprint JINR E2-5329,Dubna(1970).· 

12. B.M. Barba.shov, S.P. Kuleshov, V.A. Matyeev, A.N. Sissa

kian, Preprint JINR E2-4983, Dubna (1970). 

E.-J. Chang. Phys.Rev. 1D, 2977 (1970). 

Y.-P. Yao. Phys.Rev., 1Q, 2316 (1970). 

13. G. Moliere. z. Naturforsch. 2A, 133 (1947). 

R.J, Glauber. "Lectures in Theoretical Physics", vol. I, 

p. 315, N.Y. (1959). 

14. V.R. Garsevanishvili, V.A. Matveev, L.A. Slepchenko, 

A.N, Tavkhelidze. Phys.Lett., 29B, 191 (1969). 

15. A.A. Logunov, A.N. Tavkhelidze. Nuovo Cim., ~ 380(1963). 

16. n.H. EnoxHa11es,B.C. EapaweaKoB, E.M. Eap6awoe, Y4>H §.§, 

41 7 ( 1969). 

D.I. Blokhintsev. Nucl.Phys., 2.1 628 (1962); Nuovo Cirn., 

~ 1094 (1963). 

17. L.I. Schiff. Phys.Rev., ~ 443 (1956). 

18. C.n. Kynewoe, B.A. MaTeeee, A.H. CHcaKsia. TM<i> ~ 73 ( 1970). 

19. E.M. Eap6awoe, B.H. nepeywHa. TM<i> .§, 320 ( 1970). 

20. B.H. nepByWHH. npenpHHT omrn P2-5150, ny6aa ( 1970). 

21. E.M. Eap6awoe. n0Kna11 Ha II CoeewaHHH no HenoKam,aoA 

TeopHH nonsi, Aaay, ny6aa, 2-5400 ( 1970). 

,\" 

PyKOITHCb IT0CTynHna B H31lST0nbCKHA 0T/len 

10 aosi6psi 1970 ro11a. 

10 

•'j 

f' 




