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OBmAR XAPAKTEPBCTBKA PABOTU 

AKTyanhHOCTh npo6neMu. OnHoH H3 rnaBHUX 3anaq COBpeMeHHOH · . : .. 
TeopeTHqecKOH ¢H3HKH HBJIHeTCH BKJIIDqeHHe rpaBHT~UHH B 

YHH¢HUHpoBaHHYID peHopMHpyeMyID MOneJih <!Jf HnaMeHTa~bHUX 

B3aHMoneHCTBHH H co3naHHe enHHOH TeOpHH THTia cyneprpaBHTaUHH H 

cynepcTpyH, a TaKJKe npencKa3aHHe HOBllX KBaHTOBllX npoueccoB, 

KOTopue MOI"JIH 6u nonyqHTb 3KCnepHMeHTaJihHOe nonTBepJKneHHe, 
" ' • ' , > • ' 

Heo6xonHMoe nna BepH¢HKaUHH 

rpaBHTaUHOHHllX 3¢¢eKTOB H 

TeopHH~ BeTaJibHOe H3yqeHHe KBaHTOBll~ 

TIOCTpoeHHe 3¢¢eKTHBHllX an~opHTMOB 

¢HnhTpaUHH CHI"HanoB qepeHKOBCKOI"O H3nyqeHHH yJKe ceronHH iHKTyeTC~ 
' ' ' . '.' 

cnenyDmHMH,06CTOHTeJibCTBaMH: 

1. PeanH3auua MeJKnyHaponHoro npoeKTa DUMAND (Deep_Underwater 

Muon And Neutrino Detection) c nporp_aMMaMH ATHENE (ATmospher High 

Energy Neutrino Experiment) u UNICORN· (UNderwater Interstellar 

COsmic Ray Neutrino) TI03B0.llHT npOBOnHTh perHCTpaUHID npouecCOB C 
. . ( 1 l 

046Hh ManuM nonepeqHJlM ceqeHHeM pacceaHHH . npH 3TOM B03HHKaeT 

BaJKHaH 3anaqa TIOHCKa 3K30THqeCKHX npouecCOB C TIOMOmhD 3TOH 

YCTaHOBKH. 

2. nnaHHpyeMlle B HaCToamee BpeMH KaK y Hae B CTpaHe~ TaK H 

3a py6eJKOM 3KcnepHMeHTll, aJihTepHaT H BH!le Be6epOBCKOMY' . CTaBHT 

npo6neMy neTeKTHPOBaHHH KBaHTOBllX rpaBHTaUHOHHllX 3¢¢eKTOB. 

IT03TOMY BTIOJIHe onpeneneHHllH HHTepec npencTaBnHeT . TeopeTHqecKoe 

H3yqeHHe npoueccoB B3aHMoneHCTBHH rpaBHTOHOB OTITHqecKHX qacTOT C 

BemecTBOM, B qacTHOCTH, nByx¢OTOHHllH pacnan rpaBHTOHa. 

3. CeqeHHH MHOI"HX HCCJienoBaHHllX paHee npouecCOB c yqacTHeM 

rpaBHTOHOB 

ceqeHHH, 

H rpaBHTHHO 

06ycnoBJieHH11e 

pacTyT C 3HeprHeH, B TO BpeMH, KaK 

B3aHMoneHCT]=!HH, OCTaJihHllMH THTiaMH 

YMeHbWaID_TCH. CeqeHHH CTaHOBHTCH cpaBHHMllMH npH TIJiaHKOBCKHX 

3HeprHHX. 003_TOMY npencTaBJIHeTCH HHTepecHllM HCCJienoBaHHe 

noeeneHHH ceqeHHH .KBaHTOBllX rpaBHTaUHOHHUX 3¢¢eKTOB npH 3HeprHHX, 

cpaBHHMllX ,c:::·nJiaHKOBCKOH. 

4. . ·aoniiue ceqeHHH IieKoTopux npoueccoB Heynpyroro 

rpaBHTaUHOHHOI"o.pacceHHHH o6pamaDTCH B 6eCKOHeqHQCTh. Heo6xonHMO 

BUHCHHTh npHqHHY 3TOI"O H nonyqHTh KOHeqHJle oueHKH. 

<
11 sepe3HHCKHH B.C., 3auenHH T.r. BosMO~HocrH ~KcnepHMeHTOB c . . . . . . 

KOCMH'JeCKHMH HeifTpHHO O'leHb Bb/COKHX 3HepI'HH.' ·llpOeKT "JJJOMAHJJ.", 

Y~H, 1977, T.122, C. 3-36. 
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5. MonenH senHKoro o6oenHHeHHH npencKa3uBaIDT cymecTB0BaHHe 

qacTHU c MaccaMH M ~ 10
15

f3B, nnH K0Topux npoueccu H3nyqeHHH 

rpaBHTOHOB npH aHHHrHnHUHH H pacnane yme He HBnHIDTCH npeHe6peJKHMO 

ManuMH .. Il03TOMY HHTepeCH0 nonyqHTb oueHKY poQeHHH nono6HUX 

qaCTHU B npoueccax pacceHHHH rpaBHT0H0B Ha ,epMHO~ax. 

6. IlOHCK HaneJKHUX anropHTM0B ,HnbTpaUHH H B0CCTaHoBneHHH 

napaMeTpOB TpeKa 3apHJKeHH0H qaCTHUU B HaCT0Hmee BpeMH HBnHeTCH 

BaEHeAweA 3anaqe8 npH pa3pa6oTKe norpymHux Monyneii B TOH nBo. 

Uenb pa60TU MOEH0 c,opMynHpoBaTb cnenyIDmHM o6pa30M: BUHCHHTb 

noseneHHe ceqeHHH npoueccos Heynpyroro pacceHHHH rpaBHT0H0B 

BUCOKHX 3HeprHH Ha qiepMH0Hax. nnH pacqeT0B Heo6xonHMO paCCM0TpeTb 

rpaBHTaUHOHHoe B3aHM0)leHCTBHe B C0BpeMeHHUX MonenHx 'H3HKH 
3neMeHTapHUX qaCTHU 3neKTp0JlHHaMHKe, KBaHT0B0H 
xpoMonHHaMHKe, MOJlenH canaMa, M0JlenHx senHKoro 

nocTp0HTb 

(KBaHTOBOH 

BaHH6epra 

TeopHID o6oenHHeHHH), 

nHarpaMMHYID TeXHHKy cI>eHHMaHa H 

B03MymeHHH H C00TBeTCTBYIDmyID 

nposecTH pacqeTu npoueccos 
rpaBHTOHHoro pacceHHHH B nepsux nopHJlKax TeopHH B03MymeHHH, 

TaKJKe nocTpOHTb anropHTMU ,HnbTpauHH onTHqeCKHX CHrHanos 

BOCCTaHOBneHHH napaMeTp0B TpeKa 3apHlKeHH0H qaCTHUU no 
qepeHK0BCK0MY H3nyqeHHID. . , 

HayqHaH H0BH3Ha Hccne)loBaHHH C0CT0HT B cnenyIDmeM: 

a 

H 

ee 

1. nocTpOeHa Te0pHH B03MYWeHHH nnH C0BpeMeHHUX MoneneA 

'H3HKH 3_feMeHTapHUX qacTHU C yqeT0M rpaBHTaUHH; 

2. BUqHcneuu ceqeHHH npoueccoB c yqaCTHeM rpaBHT0H0B B 

nepaux nopHJlKax Te0pHH B03MYWeHHH;. 

3. C03)laHU anropHTMU ,HnbTpaUHH onTHqecKoro CHr11ana 

BOCCTaHOBneHHH napaMeTp0B TpeKa 3apHlKeHH0H qacTHUU. 
H 

Anpo6aUHH pa60TU. Pe3ynbTaTU pa60TU Jl0KnanusanHCb Ha 
BcecOID3HUX K0H,epeHUHHX "CospeMeHHUe TeopeTHqecKHe H 

3KCnepHMeHTanbHUe npo6neMu Te0pHH 0TH0CHTenbH0CTH" (Y H YI 

CoBeTCKHe rpaBHTaUH0HHUe K0H,epeHUHH, M0CKBa, 1981, 1984 rr. ). Ha 

BcecOID3HOH K0H4JepeHUHH no npHKna)lH0H 'H3HKe "11cnonb3oBaHHe 
'H3HqecKHX MeTOJl0B B Hepa3 pywaIDmeM K0HTpone" ( Xa6apoBCK, 1981). 

Ha II BcecoID3HOM coe3ne oKeaHonoros (HnTa, 1982), Pa6oqeM 
cosemaHHH "IlepcneKTHBU 

0KeaHe" ( Bna)lHBOCTOK. 

(CeBaCTononb, 1989), 

ocymecTBneHHH nporpaMMU DUMAND B THX0M 

1986), II BcecoID3Ho8 WKone 0KeaHonoros 

nepBOM CoBeTCK0-KHTaHCKOM CHM~03HyMe no 
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0KeaHorpa,HH ( Bna)lHBOCTOK, 1990), IlepBOM MeJKJlyHapOJlHOM ceMHHape 

no 3neKTpOMarHHTHUM nonHM B OKeaHe EMI (Bna)lHBOCTOK, 1991), IY H 

Y emerO)lHUX ceMHHapax "rpaBHTaUHOHHaH 311eprHH · H rpaBHTaUHOHHUe 

BOnHU" (ny6Ha, 011H11 JIT«I>, 1991, 1992), a TaKlKe 6unH npHHHT_UB BH)le 

Te3HCOB Ha MelKJ1YHapon11ue KOH,epeHUHH GR 10 (11TanHH, 1983), GR.11 

(IIIBeUHH, 198_6) H MG 5 (ABCTpanHH, 1988). . .. ,, 

ny6nHKaUHH. no pe3yJibTaTaM JlHCcepTaUHOHHOH pa60TU 

ony6nHKOBaHo qeTupHanuaTb ne~aT11ux pa6oT, 

06oeM pa6oTU. nttccepTaUHH COCTOHT H3 BBe)leHHH. Tpex r naB. 

3aKnID'-ieHHH H CilHCKa nHTepaTypu, COCTOHWero H3 170 Ha3BaHHH, 5 

pHCYHKOB. 06WHH o6oeM JlHCCepTaUHH - 120 CTpaHHU. 

Bo BBeneHHH 

cqiop~fnttpoBaHa 

JlHCCepTaUHH. 

conEPEAHHE n11cCEPTAUHH 

o6ocHoBaHa aKTyanbHOCTb 

uenb pa60TU H KpaTKO 

TeMu JlHCcepTaUHH, 

H3nOlKeHO -coneplKaHHe 

nepBa« rnaBa JlHCCepTaUHH IlOCBHWeHa H3noJKeHHID npHH~TUX B 

HaCTOHWee BpeMH MeTOJlOB KBaHTOBaHHH rpaBHTaUHOHHoro nonH B 

npH6nHlKeHHH nHHeapH30BaHHOH rpaBHTaUHH
121 

H nocTpoeHHID 

JlHarpaMMHOH TeXHHKH cI>eHHMaHa nnH COB peMeHHUX MO)leneA KBaHT0BOH 

Teop1111 nonH c yqeTOM rpaBHTaUHH [13]. 

B nepBOM naparpa,e H3nOJKeH CTaHnapTHUH IlOJlXOJl nnH OTIHCaHHH 

B3aHMO)leHCTBHH 

HHra-MHnnca. 

cnHHOpHoro nonH C rpaBHTaUHOHHUM H nonHMH 

Bo BTOpOM naparpaqie 

KanH6pOBOqHUX noneA. KpaTKO 

qiopManH3MOB KaHoH11qecKoro 

onttcaHa npouenypa 

H3nolKeHa HCTOpHH 

raMHnbTOH0Ba H 

KBaHTOBaHHH 

pa3BHTHSI. JlBYX 

KOBapHaHTHoro 

narpaHlKeBoro H npo6neMU, B03HHKaBwHe npH HX HCTIOnb30BaHHH. 

B TPE;'_TbeM naparpa,e paccMaTpHBaeTCH npHMeHeHHe OTIHC~HHoro 

Buwe n0)lX0)la nnH KBaHTOBaHHH CHCTeMU CTIHHOpHoro, rpaBHTaUHOHHoro 

H HHr-MHnncoBCK0ro noneA B HBH0 KOBapHaHTHOH qiopMynHpOBKe
121

• 

B qeTBepT0M n_aparpaqie H3noJKeHa KBaHT0BaH 3neKTp0JlHHa!,!HKa 

( rpynna BHyTpeHHeH .• CHMMeTpHH U( 1)) npH Hanuq1111 rpaBHTaUHH. B 

121 De Witt S.S., Phys. Rev., 160, 1967, p.1113, 162, 1967, p. 

1195, p. 1293., Faddeev L.D., Popov V.N., ~hys. Lett., 25B, 

1967, p. 30. 
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KaJIH6pOBKe nopeHua none rocTa OCTaeTCH CTepHJibHHM OTHOCHTeJihHO 

3JieKTpoMarHHTHOro 

rpaBHTaUHeH. 

B3aHMO,lleHCTBHH, HO B3aHMO.lleHCTByeT C 

B fiHTOM naparpacpe paccMaTpHBaeTCH npyraH TeopHH C TO'iHOH 

BHyTpeHHeH CHMMeTpHeH - KBaHTOBaH xpoMOJlHHaMHKa (rpynna SU(3)) c 

yqeTOM rpaBHTaUHH. B TeopHH BO3HHKaeT UBeTHOH TpHnJieT KBapKOB, 

OKTeTH rJIDOHOB H rocTOB, B3aHMOJ1eHCTByDmHX C rpaBHTauHeH. 

B wecTOM naparpacpe . - CTpOHTCH JlHarpaMM_HaH TeXHHKa nepeoA 

e)lHHOH TeOpHH 3JleKTpOCJia6oro B3aHMOJ1eHCTBHH C HapyweHHOH 

CHMMeTpHeH - MOJleJib BattH6epra - CaJiaMa ( rpynna SU( 2) ©U( 1)) npH 

HaJIHt{HH rpaBHTaUHOHHoro IlOJIH. B TeopHH, KpOMe 3JieKTpOMarHHTHOro 

ceKTOpa, IlOHBJIHDTCH HeHTpHHO, 3apH~eHHHH w± H HeHTpaJibHHH Z 

6030HH, XHrrCOBCKHe tiaCTHUH, rOJI,llCTOYHOBCKHe H rocTOBCKHe TIOJIH. 

B ce,llbMOM, 3aKJID'iHTeJibHOM naparpacpe, paccMaTpHBaeTCH MO,lleJib 

BeJIHKOro o6~e,llHHeHHH (rpynna SU(5)) c yqeTOM rpaBHTaUHH. TaK KaK 
+ 

B3aHMO,lleHCTBHe rpaBHTOHOB C cpoTOHaMH, rJIDOHaMH, XHrrcaMH, w- HZ 

6030HaMH paCCMOTpeHO BHWe, B naHHOM naparpacpe paccMaTpHBaeTCH 

JIHWb JieTITOKBapKOBHH ceKTOp npH HaJIH'iHH rpaBHTaUHH. 

Bo BTopoii: rnaBe .nHccepTaUHH npe.ncTaBJieHH pacqeTH npoueccoe 

rpaBHTOHHoro po~.neHHH CKaJIHpOB H BeKTOpHHX t{aCTHU Ha cpepMHOHax. 

nnH 3roro CTpOHTCH cne.nyDmHH 6a3HC B CHCTeMe ueHTpa HHepuHH 

t-KaHana: 

eu 

e = 
21 

[(u-m2 -H2 )-2H2 (s-m2 )/(t-H2 )]q -(s-m2 )k -(t~H2)p 
1 1 11 .- 1I 

I 2 22 2 2 2 (t -H )(su-m m )+H (s-m )(u-m) 
1 2 1 2 

2 c1Jklp1J kkql 

I 2 22 2 2 2 (t-H }(su-m m )+H (s-m )(u-m) 
1 2 1 2 

e31 = - 2Hq /(t-H2
) - k /H 

1 1 

3,lleCb H - Macca 6030Ha, ml H m2 - MaCCH Ha'iaJibHOro H KOHe'iHOro 

cpepMHOHOB, 

HatiaJibHoro 

q, 

H 

k, pl. 

KOHe'iHoro 

P
2 

- 4-HMTIYJibCH 

cpepMHOHOB, S, U, 

rpaBHTOHa, 6o3oHa, 

t, - nepeMeHHHe 

MaH,lleJibCTaMa. Ba3HC o6na.naeT CJie,llyDmHMH CBOHCTBaMH: 

(e
1
q) = (e

1
k) = (e

2
q) = (e

2
k) = (e

2
p

1
) = (e

2
p

2
) = (e

3
k) = o 

I 2 22 2 2 2 2 
-(e p) = (e p) = (t-H )(su-m m )+H (s-m )(u- m )/(t-H) 

11 12 12 1 2 

4 

l,_ 

r 

(e p) = -H(s-m2 )/(t-H2
) + (u-m

2 -H
2

)/2H 
3 1 1 1 

(e p) = H(u-m2 )/(t-H2
) - (s-m

2
-H

2
)/2H 

3 2 2 2 

(e q) = (t-H2 )/2H 
3 

BH'iHCJieHHH JIY'illle npOBO,llHTb B cnHpaJibHOM 6a3Hce, r.ne 

BHpa~eHHH ,llJIH aMTIJIHTYJl HMeDT HaH60Jiee npocTtiH BH,ll. 

nHarpaMMH ~eHHMaHa npoueccoB, paccMOTpeHHHX BO BTOpOH rnaBe 

HMeDT BH,ll: 

k 1. "···-... _ ·" k 2 

·-... 
I 
t q 

I k I 

PHC.1. neyxcpoTOHHHH 
pacna.n rpaeHTOHa. 

k 
q 

J 

k 

t 
- --+- -, .. ·>· 

pl P2 

P1~ /P2 

"J 
I 
t q 

I kl 

PHC.2. npouecc HOHH3aUHH 
aTOMa rpaBHTOHOM. 

k I k 

pl t t 
'--r-

I I 

P2 

I pl P2 

t q 

pl pl 

t q t q 

I I I 

PHC.3. npouecc po~neHHH 6o30Ha rpaBHTOHOM. 

B nepeoM naparpacpe paCCMOTpeH HOBHH THil "ceepxceeTOBHX" 

KBaHTOBHX HBJieHHH B eemecTee - npouecc pacna.na rpaeHTOHa Ha 

cpoTOHa. [2). TIOJIHaH eepoHTHOCTb .neyxcpoTOHHOro pacna.na 

,llH3JieKTpHKe C K03ClJClJHUHeHTOM npeJIOMJieHHH n(k) paaHa 

k 

u, = 
K2 

256(2rr) 

max 

I 2{ 2 2 (n - 1) (nq - 2k) - 6q + 

q4 

(nq _ 2k)2 } dk 

k 
min 

.nea 

B 

3,lleCh k H 

K = v16nG , . N 

q - TpexMepHHe HMTIYJibCH cpoTOHa H 

GN - rpaBHTaUHOHHaH IlOCTOHHHaH HhDTOHa. 

rpaBHTOHa, 

BepOHTHOCTb 
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pacnana MaKCHManLHa npH 3HaqeHHH yrna e Me~ny HanpasneHHeM 
llBH~eHHff rpaBHTOHa H ¢0TOHOB e = 2arccos(l/n). 06paTHUH npouecc 
THna 27 ---+ g MO~eT OKa3aTLCff HHTepeCHUM npH peweHHH 3anaqH 0 
reHepaUHH KorepeHTHOro rpaBHTaUHOHHoro H3nyqeHHff OITTHqecKHX 

qacTOT. oueHKa sepoHTHOCTH 3Toro npouecca no3JIHee 6una 
ony6nHKOBaHa s 131

• 

Bo BTopoM naparpa¢e H3no~eHo peweHHe 3anaqu 06 HOHH3aUHH 
aTOMa BOJIOpona HRH BOJIOpononono6Horo HOHa rpaBHTOHOM, paCCMOTpeH 
i penffTHBHCTCKHH H HepenffTHBHCTCKHH cnyqau [9]. nonHoe nonepe4HOe 
ceqeHHe npouecca HepenffTHBHCTCKOH HOHH3aUHH rpaBHTOHOM HMeeT BHJI: 

ff= 32,c
2 

15 
I3 

w4 
(4w - 3I) 

e-4s arcctg S 

1 - e-2ne 

rne I - 3HeprHff HOHH3aUHH, W - 3HeprHff rpaBHTOHa. nonHoe ce4eHHe B 

penffTHBHCTCKOM cnyqae 3anuweTCff KaK 

ff= 
IC2Zse10 ;6(,2 + 2) 

Bn (; _ l)s( 1 2_ l)s/2 

[ 1 -

,
2 

+ 67 +~1 
X ln 

27(; - 1 ) 21 ;2 
- 1 

a llRff ynLTpapenffTHBHCTCKoro cnyqag 

ff = 
ult rel 

IC2Zse10 

~ 

{ 8 + 
i(i - 1 )2 X 

3 (;2+ 2) 

; + ✓; 2_ 1 ll ; - ✓ ,2 - 1 

1 
7 

B TpeTLeM naparpa¢e npuseneHu pacqeTu npouecca pacmenneHHff 
neRTpoHa rpaBHTOHOM (9]. nonHoe nonepeqHoe ceqeHHe npouecca 

pacmenneHHff neRTpoHa HMeeT BHll 

<T = 16 IC2 ff 1 ~I//2 

15 2n 1 - a~ w3 

3lleCL a - 3¢¢eKTHBHUH paJIHYC ffJiepHUX CHn. 

131 ranLUOB n.B., rpau IO. B. , neTyxos B.l.f. H3JIY'-leHHe 

rpaBHTal.lHOHHUX BOJIH 3JieKTpOJlHHaMH'l0CKHMH CHCTeMaMH, M.: l13JI. 

MrY, 1984. 
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B qeT»epTOM naparpa¢e paccMaTpHuaeTCff 3~eKT po>K.lleHHff 
XHrrcou Ha ¢epMHOHax [10]. nonHoe nonepeqHoe ceqeHHe po~eHHff 
xurrcou 3anHcuuaeTCff B BHJie: 

v'2 G G { · 2 2 ( ( ) 2)] u = N 2 F 2 b(a+H
2

) ~ +bH
2 

[1+2 ( ~) - m 2 1+8 ~ -
4(s-m ) s~m s-m H s-m 

[ 
2 22 221 

-m2 s;m -4(H2-4m2)[1-; H -~ )]1nl s-a+b-(H2-m2) + 
s-m s-a-b-(H -m) 

+2H2 (H2 -m2) [1n I a+b+H2 I +bH2 (---1 __ _ 
a-b+H

2 
(a+H

2
)

2
-b

2 :: (s-a-H;-m2 ) 2 -b2 )J} 
rne H H m - Maccu XHrrca H ¢epMHOHa COOTBeTCTBeHHO, ~F- KOHCTaHTa 

~epMH. 

1 [ 2 2( 1 2 2 )] a = 2 s - H -;- 2m 1 + 28 ( H - _m ) 

1 /i[ 2 2 ( 1 2 2 )] 2 b = 2 . s - H - 2m 1 + 25 (H - m ) - 4H
2 m2 

s 

B nffTOM naparpa¢e H3yqaeTCff npouecc 
BeKTOpHUX 6030HOB w±, z H nenTOKBapKOB X H 

ceqeHHe npouecca HMeeT sun: 

po~eHHff MaCCHBHUX 

Y. nu~epeHuuanLHoe 

du 2 2 dt 
2 u-m 
1 = -G g p --

H I s-m2 t-H2 
1 

1+ ~ + ~ + --2- (a2+&2) X 
[ 

2 2 H2 ){ 

s-m u-m t-H 
1 2 

[ [ 
m~ m! . H

2 
) 

2 
[ m~ m! H

2 
) 

X ---+---+--- + ---+---+--- -2 2 2 2 2 2 
s-m

1 
u-m

2 
t-H s-m

1 
u-m2 t-H 

[

·2 2) 2[ 2 2 2) 1 
s-m

1 
u-m

2 1 
H m

1 
m2 H 

-.- ---+--- -- --- 1+---+---+--.- X 4 2 2 2 2 2 2 2 u-m s-m t-H . s-m u-m t-H 
2 1 . 1 2 

( 

2 2 2 22 2 2 22 

( .. 
m -m (m -m ) ) s-m (m -m ) [ 

X 1+2• 1 2 - 1 2 __ 1_ +6-2 1 2 + 1-2 
·., :. H2 H4 u-m2 H2 

. 2 

2 2 m -m 
1 2 

·n2 

(m~-:!J
2 

) u-m; )] + a
2

(m1::i:m2 ):+&_
2

(m!±m2 )
2 

[ 

H s-m (s-m )(u-m ) 1 , 1 1 

m~ m! 
1+---+---+ 

2 2 
s-m u-m 

1 1 

H2 t-H2 

+-------
t-H2 4H2 ](t-H

2
)} 
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B wecToM naparpa¢e paccMaTpHaaeTcH pom.neHHe 6e3Maccoaux 

aeKTopH&X 6o30HOB - ¢oTOHOB H rn10OHoB. nnH Toro, 4To6u nony4HTb 

JIH¢¢epeHUHanbHOe ce4eHHe pom.neHHH 3THX qacTHU, B npe.nu.nymeR 

¢opMyne Heo6XOJ1HMO ycTpeMHTb M - 0, B3HTb ml = m2, p = a ;,; 1., 
& = o. B pe3yJI_bTaTe 3TOH npoue.nypu MU nony4HM JIH¢¢epeHUHaJibHOe 

. . . . ( 4) 

ce4eHHe, cOBna.na10wee C ¢opMynoR, nonyqeHHOH H.A.BOpOHOBUM 

nonHoe ce4eHHe npouecca pacxo.nHTCH. nony4HTb KOHe4HYJO aeJIH4HHY MU 

MOmeM, eCnH aocnonb3yeMCH MOJieJibJO ToMaca-<l>epMH. B HeR nonHoe 

ce4eHHe pomieHHH ¢OTOHa rpaBHTOHOM B 3neKTpoMarHHTHOM none aToMa 

HMeeT BH.ll 

(J' = 
.,m,2z2e2 
--4 [ (1 + t,.

3
) 1n(1 - ~) - 2A

2 
- 4A - ~ 1 

3,necb A = (2a2 w2 )- 1 , a ~ 1,4a z- 1 ✓3 , a = (me
2
)-

1
- 6opoBCKHH 

0 0 

pa,nttyc aToMa ao.nopo.na, ze - 3apH.n H,npa. 
3a_KJIJ04HTeJibHUH, ce,nbMOH naparpa¢ nocBHWeH npoueccy 

rpaBHTOHHOro B036ym.neHHH 6apHOHHUX pe3OHaHCOB. 11cnonb 3 y H 

~ByxypoBHeBUR narpaHmHaH cnHH-BeKTOpHoro noJIH, nony4HM 

BepoHTHOCTb rpaBHTOHHoro pacna.na. 6apHOHHOro pe30HaHca: 

--~' 

G { m
2 

}

3 

N 3 2 r = --m 1 - --14 1 2 m 
. 1 

l.{To6u nony4HTb . ce4eHHe rpaBHTQHHOrO pom.neHHH 6apHOHHOrO 

pe3oHaHca, HymHO nonyqeHHOe COOTHOWeHHe no,ncTaBHTb B ¢opMyny 

BpeRTa-BHrHepa. 
TyeTbH rnaBa noJIHOCTbJO nocBHWeHa Haxom.neHHJO anropHTMOB 

¢HJlbTpaUHH onTH4eCKHX CHrHanoB qepeHKOBCKoro H3nyqeHHH Ha 

BHYTPHMO,nynbHOM H MemMo.nynbHOM ypoBHHX. 
_.B nepBoM napar,pa¢e c¢opMynHp·oaaHa·. npo6nei,rn . aoc·cTaI-ioaneHHH 

napaMeTpOB TpeKa japHmeHHOR qacTHUU no ee qep~HKOBCKOMY 

H3JiyqeHHJO .. B CaMOM o6meM irn.ne . 3a,naqa BOCCTaHOBneHHH napaMeTpOB 

TpeKa· MomeT 6UTb H3o6pameHa cne.ny10meR .nttarpaMMo'R: 

141 BopoHOB H.A. rpaBHTaUHOHHUH KOMllTOH-3~~eKT H ~oropOK~eHHe 

rpaBHTOHa Ha 3ReKTpOHe, ~3T<I>, T.64, B.6, 197~. c.1889-1901. 
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1'( IRk) 
A 

p -
IE:3® IE:3 

J C 

:'T(IR4) 
g -
r 

§'(IRmn/2) 
a 

A(IR"'n/2) 

Jc1 
,a* (IR3m) 

Jc2 
ffl(IRk) ® 1l{IR3m-k) 

3,necb 1'(1Rk) - napaMeTpH4eCKOe npocTpaHCTBO MOJleJIH, k

npOCTpaHCTBO, 

IE:3 - 6-MepHoe 
IE:3 • .. §'{ IRmn/2) _ 

pa3MepHOCTb npocTpaHCTBa MOJieJIH, :'I( IR4
) - TpeKOBOe 

HJIH npo~TpaHCTBO ¢H3H4eCKOH peaJIH3aUHH MO.nenH, IE:3® 

npocTpaHCTBO npHMUX B eBKJIHJlOBOM npocTpaHCTBe 

npocTpaHCTBO reoMeTpH4eCKOH peanH3aUHH MO.nenH, m - 4Hcno y3noB B 
ycTaHOBKe, n - 4HCJIO <1>3Y B OJIHOM Mo.nyne. y3na ( n?:6), A(IRmn/2) -

npocTpaHCTBO aMnnHTY .n.. .a* ( IR3
m) - pe.nyuHpOBaHHOe aMnnHTY JlHOe 

npocTpaHCTBo, ID(IRk)- k-Me~Hoe MHoroo6pa3He •q~cToro cHrHana" 

B ,a* ( IR3
m). 11( IR3m-k)- npocTpaHCTBO OT.nenHMoro wyMa' p- OT06pameHHe 

npocTpaHCTBa napaMeTpOB B npOCTpaHCTBO ¢H3H4eCKOH peanH3aUHH, c

KaHOHH4eCKaH npoeKUHH, g- OT06pameHHe H3 npocTpaHCTBa ¢H3H4eCKOR 

peanH3aUHH Mo.nenH B npocTpaHCTBO reoMeTpH4eCKOR peaJIH3aUHH, 

CBO.llHmeecH K BU6opy reoMeTpHH ycTaHOBKH H reoMeTpHH pacnonomeHHH 

<1>3Y. B Y3JIOBUX Mo.nynHX, a- OT06pameHHe annapaTypHOH peanH3aUHH, 

CBH3aHHOe C '-IYBCTBHTeJibHOCTbJO <1>3Y, GI - nepBH'-IHaH 

(BHYTPHMo.nynbHaH) ¢HnbTpaUHH CHrHana, G2- BTOpH'-lHaH(MemMo.nynbHaH) 

¢HnbTpaUHH, r - H3OMOP¢Hoe OT06pameHHe H3 ID(IRk) B 1'(1Rk) 

MHHHMaJibHaH pa3MepHOCTb npocTpaHCTBa napaMeTpOB 'dim 1' ( IRk) = 4, 
min 

T. K. 3TO COOTBeTCTByeT '-IHcny reoMeTpH'-leCKHX xapaKTepHCTHK TpeKa, 

OHH MoryT 6UTb OTOm.necTBneHU c TpeMH yrnaMH 3Rnepa H OJIHHM 

napaMeTpOM .nnHHU, COOTBeTCTBy10meR paccTOHHHJO, npoR.neHHOMY CBeTOM 

OT cooTBBTCTB yJOiuero 
•· . .-

KOOpJIHHaT., KOTOpoe 

ycTaHOBKH. 

MU 

yqacTKa 

MomeM 

TpaeKTOpHH 

CBH3aTb C 

'-lacnrnu .no 

reoMeTpH4eCKHM 

Ha'-lana 

ueHTpOM 

Bo BTOpOM naparpa¢e paCCMOTpeHU anropHTMU BHYTPHMOJIYJibHOH 

¢HJibTpaUHH onTH4eCKOro CHrHana B cny'-lae peanH3aUHH reoMeTpHH 

Mo,nynH <1>3Y B BHJle Ten nnaTOHa HnH Ten CMewaHHOH 

OKTa3,npo-Ky6H'-leCKOR CHMMeTpHH. 
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B TpeTbeM naparpa¢e H3JIOlKeHll .naa anropHTMa MelKMO.llYJibHOH 

¢HJlbTpauHH ClffHaJia 'lepeHKOBCKO,O H3Jiy'leHHH ,llJIH MHHHMaJlbHOH 
4· 

reoMeTpH'lecKoH Mo.neJIH npouecca ~(~) n Mo.nenn ~(a.~.7,L;µ,Q) 

B 3aKJIIO'leHHH npnae.neHll 'lHCJieHHlle oueHKH B03MOlKHOCTH 

perHCTpaUHH KpynHOMaCwTa6HUMH ,Jiy6oKoBO.llHllMH ycTaHOBKaMH THna 

DUMAND 3¢¢eKTOB KBaHTOBOH rpaBHTaUHH H cyneprpaBHTaUHH. 

OcHOBHlle pe3yJibTaTU nnccepTaUHH. BllllBHraeMHe Ha 3amnTy: 

1. Ha OCHOBe no.nxo.na K KBaHTOBaHHIO rpaBHTaUHOHHO,O noJIH, 

npe,nJIOlKeHHOro :B.C . .ne BHTTOM, JI..ll.C!Ja~.neeBUM H B.H.nonoBllM(
2 >, B 

.llHCcepTaUHH nocTpoeHa TeOpHH B03MymeHHH H COOTBeTCTBYIOWaH 

;urnrpaMMHaH TeXHHKa C!JettHMaHa, Y'lHTUBaDmaH rpaanTaUHOHHOe 

B3aHMO,lleHCTBHe B COBpeMeHHUX MO,lleJIHX ¢H3HKH 3JieMeHTapHUX 'laCTHU. 

2. nocTpOeHa TeOpHH B03MymeHHH .llJIH B3aHMO,lleHCTBYIOWHX 

3JieKTpoMarHHTH010 H rpaBHTaUHOHHoro noJieH B O,llHOpO.llHOM H30TpOnHOM 

,llH3JieKTpHKe. PaCCMOTpeH npouecc .llBYX¢0TOHHO,O pacna.na rpaBHTOHa. 

3. PaCC'lHTaH npouecc HOHH3aUHH rpaBHTOHOM Bo.nopo.na H 

Bo.nopo.nono.no6Horo HOHa. TaK KaK npouecc H3o6palKaeTCH o.nHott 

KOHTaKTHOH .nHarpaMMOH, TO ,B corJiaCHH C Bi,IBO,llaMH, BIHeKalOWHMH 113 

y6uaaeT KaK 
-1 

7 B YHHTapHOCTH. 

COOTBe;rcTBHH 

o6pa3oBaHHeM 

S-MaTpHUll, 

c o6meH 

ce'le.l:JHe 

TeopeMOH 0 

npouecca 

IIOBe.neHHH 

B6JIH3H 

ceqeHHH rrpouecca c 

3apHlKeHHUX qaCTHU ero nopora < s>, C 

yMeHbWeff,HeM 3HeprHH rpaBHTOHa, ceqeHne CTpeMHTCH K KOHe'lHOMY 

rrpe.neJiy. 

4. PaCCMOTpeH rrpouecc rpaBHTOHHO,o pacwerrJieHHH .nettTpOHa. TaK 

KaK B pe3yJibTaTe He 06pa3yeTCH npOTHBOITOJIOlKHO 3apHlKeHHUX qacTHU, 

TO rrpH yMeHbWeHHH 3HeprHH ceqeHHe CTpeMHTCH K HYJIIO. Ce'!eHne HMeeT 

MaKCHMYM rrpH W = 6I, r.ne I - 3HeprHH pacwenJieHHH .ne~TpoHa. 

5. .llJIH MO.lleJIH BaHH6epra-CaJiaMa paccMoTpeH rrpouecc 

o6pa3oBaHHH XHrrcOB Ha JienTOHaX H KBapKaX. npH yBeJIH'leHHH 3HeprHH 

ceqeHHe CTpeMHTCH K npe.neJiy (f - GNGFM~ /B-12. -
6. B paMKax Mo,neJieH BattH6epra-CaJiaMa H BeJIHKO,O o6oe,llHHeHHH 

paccMOTpeH rrpouecc rpaBHTOHHO,O polK,neHHH MaCCHBHUX BeKTOpHllX 

6030HOB H JieIITOKBapKOB. .llH¢¢epeHUHaJibHOe ceqeHHe · npH M - 0 H 

m1 = m2 COBIIa.naeT C .n11¢¢epeHuHaJibHllM ce'leHHeM poneHHH ¢0TOHa, 

IlOJiy'IeHHllM H.A.BopoHOBllM. o6pameHHe B 6ecKOHe'lHOCTb IlOJIHOro 

( 5) 
natt.nay n . .n., nH~WHU E.M. KBaHTOBaH MeXaHHKa, M. :HayKa, 1989, 

767 c. 
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ceqeHHH npouecca rpaBHTOHHoro poneHHH ~OTOHa Bll3BaHa HaJIH'IHeM 

.llHarpaMMll IOKaBCKoro THIIa, .llOMHHHpy!OrueH rrpH HH3K03HepreTH'IeCKOM 

pacceHHHH . .llJIH noJiy'IeHnH KOHe'IHoro ceqeHHH paccMoTpeH rrpouecc 

rrpeBpameHHH rpaBHTOHa B ~OTOH B 3JleKTpOMarHHTHOM IlOJie aToMa. 

7. B .neyxypOBHeBOH MO,lleJIH paCCMOTpeH npouecc rpaBHTOHHOro 

POl!UleHHH 6apHOHHllX pe30HaHCOB. 

8. IlOJIHOCTblO peweHa 3a,naqa BHYTPHMO.llYJibHOH ~HJlbTpalIHH 

onTH'ieCKoro CHrHaJia npH HaJIH'iHH a.n.nHTHBHoro wyMa. 

BOCCTaHOBJieHHH rrapaMeTpOB TpeKa 3apHlKeHHOH qacTHUll. 

9. nocTpoeHu .nea aJiropHTMa MelKMo.ny JibHOH ¢HJibTpaUHH H 

Pe3yJibTaTU nHccepTaUHH ony6JIHKOBaHu B pa6oTax: 

[1] BypyH.llYKOB A.C., - P~CCBHHHe rpaBHTOHOB BUCOKHX 3HeprHH Ha 

KOrepeHTHUX CHCTeMax, C6.:"KorepeHTHUe MeTo,nu a aKyCTH'leCKHX 

H OilTH'ieCKHX H3MepeHHHX", BJia,llHBOCTOK,(1981), C. 100-102. 

[2] BypyH,nyKOB A.C., - I'paBHTaUHOHHUe myMu B OKeaHe, 

C6.:".llHHaMH'leCKHe rrpoueccu e OKeaHe H aTMOC¢epe",BJia.nHBOCTOK, 
(1981), C.56-66. 
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[4] 

[5] 
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