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Pa6oTa Bhmonueua B Jla6opaTopuu TeopeTH"'eCI<OH $H3H 

I<H 06'be,IJ.HHeHHOrO HHCTHTyTa JI,IJ.epHbiX HCCJie,IJ.OBaHHH . 

0$HUHaJibHbie OllllOHeHThl: 

,lJ.OI<TOp $H3HI<O-MaTeMaTH"'eCI<HX Hayi< 

,lJ.OI<TOp $H3HI<O-MaTeMaTH"'eCI<HX Hayi< 

,IJ.OI<TOp $H3HI<O - Ma TeMa TH"'eCI<HX Hayi<, 

rrpo$eccop 

li.A.Ap6y30B , 

ll.H. lioromo6oa , 

B.A.MemepBI<OB . 

Be.n.ymee uay"'HO - uccne.n.oaaTeJibci<oe yqpe)f(.n.euue -

$u3u"'eCI<HH $ai<yJihT eT T6unucci<oro rocy.n.apcTaeuuoro 

yuuaepcuTeTa . 

AaTope$epaT pa3ocnau " " 1978 r . 

JamuTa ,IJ.HCCepTaUHH COCTOHTCJI " " 1978 r. 

ua Jace.n.auuu crreuuanu3upoaauuoro CoaeTa )J;047 . 01.01 

Jla6opaTOpHH TeopeTH"'eCI<OH $H3HI<H 06'be,IJ.HHeHHOrO HH 

CTHTyTa JI,IJ.epHbiX HCCJie,IJ.OBaHHH, )J;y6Ha, MOCI<OBCI<OH o6na

CTH. 

C ,IJ.HCCepTaUHeH MO)f(HO 03Hai<OMHTbCJI B 6H6JIHOTei<e 

06'be,IJ.HHeHHOrO HHCTHTyTa JI,IJ.epHbiX HCCJie,IJ.OBaHHH. 

Y"'eHbiH cei<peTapb CoaeTa 

I<aH,IJ.H,IJ.a T $H3HI<O- Ma TeMa T H"'eCI<HX uayi< 

P . A . Acauoa 

OEII!A.H XAPAKTEPHCTHKA PAE1 

AKmyaA&Hocm& meMbl 

llocne.n.uue ro.IJ.hi OTMe"'eHbi 6ypHbiM 

BbiCOKHX 3HeprHH. lioraTbiH 3KCllepHMell 

llOJiy"'eHHhlH Ha KpynueHWHX YCKOpHTeJI 

TeopeTHI<aMH 3a,IJ.a"'y H3BJie"'eHH JI HH$0~ 
3JieMeHTapHblX "'aCTHU H ,IJ.HHaMHI<e II 

H3 OllhiTHbiX .n.aHHhiX, a TaK)f(e rrpoaep 

OCHOBHblX llOJIO)f(eHHH COBp eMeHHOH TeOJ: 

ba3HCOM 60JibWHHCTB a Teop eTH"'e < 

$eHOMeHOJIOrH"'eCKOrO aHaJIH3a CHJib Hb 

llpH BbiCOI<HX 3HeprHJIX llpO,IJ.OJI)f(aiOT OC 

rrpHHUHllbl H pe3yJibTaTbl JIOKaJibHOH 

llOJIJI /KTll/. 0.D.HHM .H3 Ba)f(HeHWHX 

JIBJIJieTCJI pa3BHTOe B OCHOBOllOJic 

H.H. lioron106oaa 1 2 ' npe.n.cTaaneuue 

ceHHHJI KaK e.n.uuoii auanuTH"'eCKOH $yJ 

CI<HX rrepeMeHHbiX, CBJ13biBaiOmeii $H:J 

a pa3HbiX Kauanax. )J;anhueiiwee pa3BHTI 

MOCBJ13H Me)f(,IJ.y pa3JIH"'HblMH npOUI 

A.A.JioryuoBhlM. Ha ocuose o6mux np: 

"'eHbi TaKHe $yu.n.aMeuTaJihHbie pe3yJih 

TeJibCTBO ' 3 ' aCHMllTOTH"'eCKHX COOTH< 

u .n.u$¢epeuuuaJihHbiX ceqeuuii, JI<cnepu~ 

I<a I<OTOpbiX MO)f(eT ,IJ.aTb OTBeT Ha BOllp< 

COBpeMeHHOH TeOpHH BJaHMO,IJ.eHCT BH JI 

THU Ha MaJihlX paCCTOJIHHJIX. 3TH H,IJ.eH ' 

Hhl B llOllhlTI<aX llOHJITb MeCTO cymeCTBYl 
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onueua a Jla6opa Topuu TEwpeTH'iecKoii clJHJH
ro HHCTHTyTa H,D;epHbiX HCCJie,D;OBaHHH. 

e onnoHeHTbl: 

·MaTeMaTH'ieCKHX HayK E.A.Ap6yJOB, 

·MaTeMaTH'ieCKHX HayK II.H.Iioronro6oa. 

·MaTeMaTH'ieCKHX HayK, 
B.A.MemepxKoB. 

- uccne.D;oBa TenhCKoe yqpeJK,D;eHue -
T6unuccKoro rocy,llapcTaeuuoro 

T paJocnau " " 1978 r. 
cepTaUHH COCTOHTCH " " -1978 r~ 
cneuuanuJupoaauuoro CoaeTa ,l1,04 7. 01.01 
eopeTH'ieCKOH clJHJHKH 06'be,D;uHeHHOrO HH· 
x uccne.D;oaauuii, ,IJ,y6ua, MocKOBCKoii o6na::-

MOJKHO 03HaKOMHThCH B 6u6nHOTeKe 

aph CoaeTa 

P.A.Acauoa 

/ 

OEfaAJI XAPAKTEPHCTHKA PAEOTbl 

Akmyaii&Hocm& meMbt .i 

. fiocne,D;HHe rO.D;hi OTMe'ieHhi 6ypiJhiM. paJBHTHeM. clJH:JHK" 
BhiCOKHX 3l{epruii. li.oraTbiH 3KCnepHMeHTanhHhiH MaTepifaJI, 
nony'ieHHhiH ua Kpynueiiwux ycl<:opuTeJIHX, nocTaaun nepe.D; 
Teop~THKaMH Ja.D;a'iy HJBne'ieHHH HH$OpMaUHH 0 .c.TpyKTVpe 
3neMeHTapHblX 'laC·T~U H ,D;HIIaMHKe _. HX ~JaHMO,IJ;eHC,T~HH 
H3 OflhiTHhiX ,D;aHHhiX, a TaKJKe npoaepKH. Ha. 3TOH . OCHOBe 
OCHOBHhiX. nonoJKeHHH COBpeMeHH.OH Teopuu. . . ~ 

EaJacoM 6onJ>WHHCTBa Teopeni<lecKHX. nocTpoeuuu, .u 
~eHOMeHonorH'IeCKOro .~HanHJa CHnhHhiX B3aJ:IMO,D;eHCTB,UH 
npH BhiCOKHX 3HepruHX npO,D;OnJKaiOT OCTaBa ThC}!: OC}{OBJibiC 
npHHUHIIhl, H pe3ynLTaThl noKanhHOH . KBaHTOBOH TeopHH 
nonll )K'fll/. 0.D;HHM .. HJ aaJKiieuwux .. npuuuunoa KTn 
HanxeTCH · paJBHTOe B ocuosononararomux pa6oTax 
H.H.Iioronro6oaa· 1.21 npe,D;cTaaneuue. o6 aMnnJITY.lle pac
ceHHHH _KaK e,D;HHOH a~aJIHTH'ICCKOH ~YHKUHH KHHeMaTH'Ie
CKHX nepeMeHHhiX, CBH3hiBaiOIUeH $H3H'ICCKHe npOUCCCbl 
a paJHi.ix l<:aminax. ,lJ,anLJieiiwee paJBHTHe Ko'uuenuuu aJau
MOCBHJH MeJK.ziy . paJnH'IHhiMH npouecCaMH: 6btnO ,D;aHO . - . . 
A.A.JioryHOBLIM. Ha ocuoae o6mux npuuuunoa KTll.nony-
'ieHLI Tal<ile tPYHAaMeHTaJlhHhie pe3ynLTaThi, KaK .D;oKaJa
TenLCTBO '3/ aCHMflT.OTH'ieCKHX COOTHOWeHH.H ,D;nH nonHhiX 
H .D;H$(iJ.epeuuuanLHhiX ceqeuuu, 3KcnepuMeHTanhHax npoaep-
·-:::c-·----',.------·--~----~-------~------ .. --~--------·--· :. -'"- ··------------_____:-__ _________________________ _ 
Ka KOTOphiX MmKeT ,D;aTh·OTBeT,Ha·BOflpOC 0 cnpa~e.D;nHBOCTH· 
COBpeMeHHOH . TeOpHH BJaHMO,D;eHCTBHH 3neMeHTapHhiX 'laC
-ruu ila Manblx paccToHali·Ji.x: 3Tuii.D;eu qpeJBLI'Iauuo noneJ"' 
m.i B nonwTKax noH11Th MecTo cyiUeCTBYIOIUHX TeopeTH'ieCKHX -' 

n~..,_~.:c-c,l.-. , ..• ,'i t···~ I uw'"; ... ,{.s ... _'a- ... _. .. ,.'.~-~~· .. ~ .... :··~· 1 • 
m:-...p!t::.Ollr E· · ·lcllO<f:mt!O 
6~/!Sif~OTEHA . 
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no,nxo,noa Kal< cepHH noc.rie.noaaTeJILHLIX npa6JIH)I{eHHH K 
6y,nymeii TeOpHH CHJILHLIX B3aHMO,neiiCTBHii. 

. ~ ........ ,_ 

Cyi.QeCTBYIOI.QHe Mo.nena KTII o6na.naroT xapaKTepHoii 
OCOOeHHOCTLIO, npHHiJ;HnHaJILHO npHCYI.Qeii, no Bceii BH.iJ;HMO• 
CTH, aceii KBaHTOBOH lbH3HKe. MLI HMeeM B aa.ny OTCYTCTBHe I 

c l 

TO'IHLIX pemeHHH BO BCeX CKOJII;.KO.:HH6y,nL peaJIHCTH'IeCKHX '-
Mo,neJIHX KTU. OpTo,no:KcaJILHaH TeopHH BOJMylil;eHaii, :aepHo 
CJIY)KHBWaH B KBaHTOBOH 3JieKTpO,nHHaMHKe, He MO)KeT OCT a-
BaTLCH e,nHHCTBeHHbiM HHCTpyMeHTOM TeopeTH'IeCKHX H3LI• 

... ,- .• J .., 
CKaHHH, KOJIL CKOpO MLI HMeeM ,neJIO C CHJILHOB3aHMO,neHCT· 
BYIOiiJ;HMll 'laCTHUaMH. 0Tcro.na BLITeKaeT aecLMa aKTyanLHaH 
HLIHe- npOOJieMa pa3BHTHH MeTo,noB, He onapaiOiiJ;HXCH Ha 
TeopHIO B03MymeHHH. 

lleJih pa60Thl COCTOHT B dJopMyJIHJ>OBKe H pa3BHTHH Ha 
6a3e MeTo.noa KTH acaMnTOTH'IeCKHX npa6.riiDKeHaii, .naro-
Ii.J;HX 31bdJeKTHBHOe cpe,nCTBO OnHCaHHH H TeopeTH'IeCKOH HH· 

- . . ~ . u - . . . . .. "'-" .. - ' 
~TepnpeTaiJ;HH B3aHMO,neHCT~HH a,npoaOB npa BhiCOKHX 3Hep· 
ra.s:x. 

-Hay"'Ha.R Hoeli3H'a u npaKmut.t¢cKa.R llf!HHocm~ 

,-B .n:HccepTau;uu -.naeTc:.S: aHaJIH3 npo6ne:MLI cnpaae.nnaao
CTH 3HKOHaJILHoro npH6JIH)KeHiiii B KTII H_ npep;enoa ero 

-npHMeHHMOCTH_ K onJICaHHIO aCHMnTOTH'IeCKOrO noae,neHHH
aMITJIH'u.n- npa Man~>Ix yr.riax pacceHHHH:. -

- : Ha npHMepe :Mo.neJleii KTII iJriepBLie no:Ka3aHo, 'ITO Ha
pymeHae- JiiKoHaJibHoro 'npa6JIH'KeHHH CBH3aHo c H3Meaeaue:M 
B npou;ecce 'B3aHMo.z:ieH-CTBHH COPT~ JIH,napyiOiiJ;H;~ 'laCTHiJ;, 
nepeHOCHiiJ;HX 6onbWOH HMriynbc, c c 

'HOBbiM 'BKJia,noM HBJIHeTCH pa3BifTHe aCHMnTOTU:'IeCKOrO 
MeTo.na - pemeaHH HJITerpaJibHLI;X -ypaBHeliuii KTII I<Ba3a
noTeHuaam~Horo _ -THna /4 .51, no3BOJIHromero _ .na Tb- y,noaneT
BOJ>HTeJibHOe ' OnHCaHHe 31\CnepHMeHTaJiblfbiX ,naHHbiX no 
pa'cceHHHIO a.npoaoa Ha MaJILie 'yrJibi.. '· 

Bne-pBbie ·· · H3y'leH- mapoKHii KJiacc · :Kaa3HnoTeHuaanoa, 
npiiao.n.Hmaii K aaToMo.z:ieJibHOMY no:Be.ne:Haro .nulbdJepeau;aanL ~ , 
HLIX ceqeHHii pacceHHllH qac'iuu; Ha 6onbmile yrJILI. llony'- I 
'leHHbie pe3yJibTaTbi ycnemHo np_!I~~HHro:r_c.s:_:-.nnH_onacaHHH < 
:~ .. CeHHHH·a,npOHOB·Ha:60Jll:iWHe·· yrJILI~·~: -··--:··-.-----· "'-··---.. -·-~-----. -.~ 

·HOBLIM ·BKna.noM HBJIHeTcH pa:lpa6oTKa aapaauuoH:iloro · I 
MeTo.na npH6JIH)KeHHoro KOHTHHyaJibHOro HHTerpapoaaiiHH, 
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·no3BOJIHromero pemaTi. 3a,naqa KTII B o'iKa3e oT Iipe.nno-
. no)KeHHH o ManocTa KoiiciaHl'. ciHI3H.. ·' ·" ·· · ·' 

": ~ - ~~ : .... , i.: I. ._, .. 

)fA.R 3QUIUMbJ 8bJ08UZa10mC.R CAf!OY10UIUe OCH08Hble 
pe3yAbmambJ, noAy"'f!HHbJe 8 ouccepmaijUU · , 

. . r 

1. Hccne.noaaHa npo6neMa · 'o6ociioaaiiHH ;3HKOIIaJibHoro 
npa6JIH)KeHHH B KBaHTOBoii ieopHH noJIH·. Ha' np:HMepe Mo
.neneii KBaHTOBOH TeOpHH ··nOJIH i13yqeHa · CTpyK.Typa. He-
3HKOHanbHLIX BKJia,nOB; nOHBJieHHe KOTOpbiX 'CBH3aHO C H3-
MeHeHHeM copTa na.napyroli.J;eii qacTHULI, ·' nepeH:o'cimeii 
6oJibWOH HMnynLc; Haii.neHa o6nacTb npHMeHHMocia 3HKo
HaJibHoro npH6JIH)KeHHH~ BKJIIOqaJI H'c.riy'laH cymecTBOBaHHH 
He 3HKOHaJibHLIX BkJia,noB. •' 

2. Pa3pa6oTaH peryJIHPHLIH MeTo.n iJoccTaHoBJieHHH Jlb
lbeKTHBHoro noTeHuaana B3aHMo,neiic'i:BH:H acxo.nH H3·aca:Mn'-, ' 

TOTHK pH,na . TeOpHH B03MyliJ;eHHH a· MO,neJIHX" KBaHTOBOH 
TeOpHH noJIH. ·Ha OCHOBe 3TOrO MeTo,na HCCJie,noBaH: cne
iJ;HaJibHLIH KJiacc ,naarpaMM,. ripifBO,nHiiJ;HH · K. KBa3HllOTt!H:.. 
UHaJiy, 6onee CHHryJIHpHOMY~ 'leM 'ipa,nHUHOHHbiH·IOKaBCKHH. 

3. Hccne.noaaHa npo6neMa B3~HMOCBH3H Men>.na ;'npH-
- c • f ' ' c 

MOJIHHeiiHLIX nyTeii· H KBa3HnoTeiluaaJibHoro no.nxo.na B KTII 
npH OnHCaHHH · BbiCOK03HepreTH'IeCKOrO p·acceHHHH 'laCTHiJ; 
B paMKaX 3BpHCTH'IeCKOrO npHHiJ;Hna rJia,nKOCTH B3aHMO· 
,neii.CTBHH. 

Pa3BHT acaMnToTH'IeCKHii MeTo,n·pemeHHH'HHTerpaJIL
HLIX ypaBHeHHH KBa3Hno·TeHu;liaJibHOrO THna H pa3pa6oTaHa 
npoue,nypa HaXO)K,neHHH nonpaBOK K rJiaBHOMY aCHMriT.OTH'Ie"' 
CKOMY. 'IJieHy. " : ' 

4. Ha OCHOBe aCHMnTOTH,eCKOrO MeT<),na pemeo;HH _!<Ba~ 
3HnoTeHu;HaJILHLIX .ypaaHeiJ.HH · c y'leToM TeH3opHoii CTPYKTy
pLI B3aHMO,neiiCTBHH H3y'leHo pacceHHHe' l.faCTHU' CO cnHHaM:H 
0, 1/2• H ·1/2; 1/2. IJonyqeHHbie Bblpa)KeHHH ,nJIH aMnJiHTy,n 
npoueccoa c -nepeaopoTOM H 6e3 • nepeaopoTa cnHHa'cpaa
HHBaiOTCH C _JKCnepHMeHTaJibHbiMH· ,naHHbiMH no rr± P , pp ;.; 
pacceHHHIO H·no npou;eccy-nepe3apH,nKH rr- p -->rr 0 n. ·· 

5. Ha OCHOBe npHHiJ;HTia aBTOMO,neJibHOCTB·.iJ;JIH ,naiWiepeH·-
··--~-~----·U.HilJ!I.II!>I~~C.e~,eHHH_6HilapHb1XpeaKD;.HHnpHBbiCOKHX~3HelU2HH:X..........--

·c noN:om~>ro KBa3anoTeHu;:Ha1Iblloro··ypa:Bii'eiiii'H~norylio:Bii7 ...... ~·-·" 
Taaxe.]lH,n3e.,:accne.noaaHa .nauaMHKa. B3auMo.neiicTBHH npu 
6onbmHx nepe,nal.fax HMnyn~>ca. PemeH npuuuim:Hani.iiLiii 
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aonpoc ·o cyllleCTaoaauuu IIIHpoxoro xnacca -perynxpHLIX 
xaa3unoTeHJ:.tuanoa, npuao.z.tHlllHX :K -cTeneunoMy ·3aKony y6LI
aaHHH ,I.tH~~epeHUHaJibHhlX ceqeHHH pacceHHHH Ha 60JibiiiHe 
yrnLI. _ " _ _ . _: . 

6. Hccne.n;o,aa_ua }TJIOBaH 3aBHCHMOCTh .n;u!WJepeuuuanL :
HLIX ceqeuuii paccexuux a.n;pouoa Iia 6onLIIIHe yrnLI .z.tnH 
IIIHpoxoro xnacca auanuTuqecxux KBa3unoTeuuuanoa. Pe-
3YJILTaThl llpHBO.IJ;HT K .HCHOH ~H3HqeCKOH KapTHHe npouecca 
paCCeHHHH, B qacTHOCTH, YCTaHOBJieHa onpe.z.teJieHHaH CBH3b 

- .J 
M~)K.IJ;Y .,aCHMllTOTHKa~H aMnJIHTYJ.t pacceHHHH Ha MaJILie H 
6oJILIIIHe yrnLI. 

] .. B paMKaX ppHHQHlla y5 - HHBapHaHTHOCTH B3aHMO • 
,n;eiicTBHH .B 06JiaCTH BhiCOKHX 3HeprHH H 60JibiiiHX nepe,naq 
HMnyJILCa HCCJie,I.tOBaHhl yrJIOBbie _ 3aBHCHMOCTH H CllHHOBbie 
3~~eK'!"hl a npot.teccax Me3oH ~ uyxnouuoro. H uyxnou-ilyxnou
uoro pacceHHHH. IIonyqeHHLie pe3yJILTaTLI llfllOJIL3YIOTCH 
.IJ;JIH -- OllHCaHHH 3KCnepHMeHTaJibHhiX ,IJ;aHHhiX no rr± p , p p • 
pacceHHHIO H no npot.teccy nepe3apx.n;KH rr-P~rr 0n Haii.z.tena 
CBH3b_ Me)K.IJ;y ,II;H!WJepeHQHaJibHhlMH ceqeHHHMH npot.teCCOB 
nepe3apx.n;KH H_ ynpyroro nuou-npoTouuoro paccexHHH. 
YcTanoaneuo npH6JIH)KeHnoe paaencTao aexTop- BeKTopuoro 
H aKcHaJI: aKCHaJILHoro _B3aHMO.IJ;eHCTBHH . B HYKJIOH- HYK
JIOHHOM:pacceHHHH Ha 60JihiiiHe yrJibl npH BbiCOKHX 3HeprHHX. 

_ 8~ Pa3BHT BapHaQHOHHhiH MeTOJ.t KOHTHHyaJILHoro HH
TerpHpoBaHHH, yqHThiBaiOIJ.tHH CBOHCTBa CHMMeTpHH CHCTe
Mbl. llpHMeHen,ne 3~,oro MeTO,IJ;a K 3a.z.taqe 0 CHJihHOH CBH3H 
qaCTHJ.thl C KBaHTOB<l,HHbl~ . noJieM n03BOJIHJIO onpe,n;eJIHTb 
OCHOBHOe COCTOHHHe CHCTeMbl H HenpOTHBOpeqHBhiM 06-
pa3oM uaiiTH 3~~eKTHBHYIO Macey qacTHI.thl. Hccne.z.toaauo 
BJIHHHHe BHeiiiHero JIOJIJI Ha OCHOBHOe COCTOHHHe CHCTeMbl. 

9: lbyqeua MO,neJib,- B KOTOpOH CJIO)I(HaH BHyTpeHHJIH 
CTPYKTypa qaCTHQhl OllHCbiBaeTCH B TepMHHaX KorepeHTHhiX 
BeKTOpOB COCTOHHHJI. B 3TOH-MO,IJ;eJIH pa3pa6oTaHa TeXHHKa 
llOCTpOeHHH ~YHKQHH rpHHa C llOMOlllbiO KOHTHHyaJibHOrO 
HHTerpHpOBaHHH. Pa3BHTO COO.TBeTCTBYIOlllee 0606llleHHe 
BapHaQHOHHOro MeTO.IJ;a npH6JIH)KeHHOrO BblqHCJieHHH ~YHK-
l.tHOHaJILHhiX HHTerpaJIOB. .: · 

"'I 

.(:) 

10. Ba puau!!_oHnhlM_MeTo.n;oM.~npu6nH)Keuuor~o_::..I<.<>~~~~X":." .::-.:.::::... __ ~ 
---anLuoro-unTerpupoaanu.H· BLJqucneu ·acuoauoii 3uepreTuqe- -~ 

cxuii ypoae:HL yxa3auuoii Bhliiie Mo.n;enLHOH cucTeMLI. He- · 
cne.n;oaanhl npe.n;enLHLie cny_qau xax MaJILIX, Tax u 6onLIIIHx 
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KOHCTaHT CBH3H, T .e._ Haii.z.teH KOHCTpyt<THBHhiH BhiXO.IJ; _3a
paMKH Tpa.IJ;HUHOHHOH .TeopHH ao·3MymeHHH; .:':_,:· 

11. l13yqeua 3a.z.taqa pacceHHHH c yqeToM anyTpeuueii 
CTPYKTYPhl qaciut.t. IIonyqeuo BLipa)KeH}\e- .n;nx aMnJIHTY.IJ;LI 
pacceHHHH ·qa:cnit.tL~· ~a·· ~o;~~QHaJie --~ xaa'iiToB~M «,i.tpo)Ka-
uueM''; Hcciie.rioaaua· cipy:K'rypa: i~~exTu:Buoro·a3aHMo.z.teii
cTaux H ycTaHOBJieHa· CBH3h llOJiyqeHHhiX pe3yJILTaTOB 
C-. pa,nHaQHOHHhlMH· 3!WJet<TaMH a· MO,IJ;eJIHX•KBaHTOBOH TeOpHH 
llOJIH, , , C~OpMynupoaa.HH~IX Ha H3hiKe' ~eHHMaHOB.CKHX 
,I.tHar:paMM·. · ·,;- ~...;. .... .,-

' 
""> ·~ 

Anpo6at~UJI ouccepmat~UU- ' 
~~-' . J.; . -;.'···. 

. 0CH()BHbie MaT,(!pHaJibl ,nHCCepTaQHH HeO.IJ;IlOKpaTHO ;,n;o· 
Kmt,n;LIBaJIHCL ua ceMHHapax Jia6opaTopHu,,,TeopeTuqecxoii 
~H3HKH Q(}'},e,n;~IHeHHOrO HHCTHTY,Ta · H,IJ;epHbiX HCcJie.IJ;OBaHHH, 
uayqnLIX ceccHHL0R.4> AH CCCP-, .YqeaoM coaeTe no .Teo-., 
peTuqecxoii ~H3uKe 011Rfl. _. qaCTh -, pe3yJILTaTOB· ,I.tOKJia,I.tbl" 
aanacL ua I Me)K,n;yuapo.n;uoii xou~epeuuuu·no MaTet.{aTuqe
CKHM flpo9neMaM - KBaHTOBOH TeOpHH 'llOJIH •H, KBaHTOBOH 
CTaTHCTHKH /MoCKBa -1972/, Me)K,nyuapO,I.tHqlX.mKOJiax MO· -. 
JIO.IJ;hiX yqeHbiX /CoqH - 1974, naKy- 1976,roMeJib ~- 1977/, 
XVIIIMe:>t<.nyuapo.n;uoii xouliJepeHQHH.no ~H3HKe BhlCOKHX 3Hep- -
ruii /T6iUIHCH -1976/:: ·- . . . - . 

Ily6AuKariuu 

IIo pe3yJILT~l.TaM .nuccepTat.tuil ony6nuxoaauo 23 CTaTLH,. 
'. •• • ' • ' .... < ' ;_, 

06oeM pa6ombl 
r 

,[(ucceptaUHH COCTOHT 113 BBe,IJ;eH~H,. n~TH rnaa OCI_IOB
Horo co.nep:>Kauux u· ·3aimiOqeHHH; co.n;elnKit:i · 198 • cl-p-aH:iiu . -
Maw:Huonucuoro ·Tei<c'ra:~ 36 pucyuxoil u 6u6.liHorpa4J:Uqecl<liii -
cnucox nHTepa.fypLI u3_226 "u-a:3aa'uuii. · _ · - · · · . 

.. !"- . - :.__· ~ ' - • • ; ~ J _.. • ~ ' • -. • ., 

·:~. ··;;" 

. COJfEP)/(AHHE-PAEOThl , 
-.· ~· •. ·._,_. . •.. ~ ~ ~-.:~_._ ___ :__ __ • __ _'_:_~.2_..:':::__ ______ ··~------------

<.~-----~---·~---

Bo Bae.ue-Huu xpaTxo H3naraeic.H MaTepuan .z.tHccepTa
uuu 'H .n;aeTc.H o6ocuo-8auue 'aa:limocTH paccMoTpeimwx Iipo .::. 

s-



6neM .I(JIJI peweHHJI 3a.I(a'l, CBJ13aHHLIX C HCCJie,I(OBaHHeM 
a3aHMo.neiicTBHH :meMeHTapliLIX qacTHU npu BLICOKHX 3Hep
ruxx. 

B nepaoii rnaae .I(HCcepTaUHH paccMoTpeH aonpoc o npu-
. . _. - /6 7/ • - ~ --
MeHHMOCTH 3HKOHanLHOrO npH6JIH)KeHHJI_ ' BKBaHTOBOH Te-

opHHUOJIJI • rnaBa COCTOHT H3 Tpex naparpatlJoB. 

B - nepaoM · naparpa!IJe - H3y'leHa:· · npocTeiiwax noneaax 
MO.D;eJIL C f 83 .. g:'Jl+lpifJ ·:,onHCLIBaiOil(aJI B3aHM0,0:eHCTBHH CKa-
JIJipHbiX "HYKJIOHOB" lJI CO CKanHpH~MH "Me 30HaMH" rp ;HHTe
pee K 3TOii Mo.nenu o6ycnoaneH HanH'IHeM B He if TaK Ha3LIBae
MLIX '~3KCTpa~qneHOB" -'8/, HapyruaiOil(HX 3HKOHaJILHO-e npe,n
CTaBneHHe aMnJIHTY.D;Ll pacceJIHHll. 

Hccne.noaaHHe, npoae.neHHoe a 3TOM naparpa!~Je, npu
-ao,nHT K cne.nyromeii KapTHHe pacceHHHJI qacTHU Ha ManLie 
yrnLI npH BbiCOKHX 3HeprHJIX. B COOTBeTCTBHH C npH6JIH)Ke-: 
HHeM npHMOJIHHeHHLIX nyTeH 19 •10/0CHOBHOH Bi<JI~.I( B aMnnH
TY.U.Y paccexHHH- .naiOT nyTH 'laCTHU, 6mi3KHe K KnacCH'IeCKHM 
TpaeKTOPHliM. lfHLIMH CJIOBaMH, Mbl npe,ncTaBJIJieM 
_3TOT · npouecc KaK paccexHue .u.syx qacTHU, He-

- CYII(HX 60RLWOH- HMnynLC H COXpaHlllOil(HX ero BO BCeX 

BHpTyanLHLIX aKTax B3aHMo.neilcTBHH. TaKHe qacTHULI yc- . 
JIOBHO mi.-3BaHLI 'nu,nupyrouiHMH. rlpH :noM c'opT JIHAHpyro
meii 'laCTHUbi He !IJuKcupyeTcx, T.e. Hapx,ny c ripoueccaMu, 
Kor,na fiOJILWHe HMnynLCbl nepeHOCJITCJI Ha'laJILHLIMH 'la

CTHl(aMH, Heo6xo,nHMO Y'IHTLIBaTL H KOHKypupyromue npoue_c
CLI, .B KOTOpbiX, uanpHMep, a,npoH H3nyqa~n )KeCTKHH Me30H, 
nepe,naaag· eMy- noqTH BeCL CBOH 6onLWOH 'HaqanLHLIH HM
nynLc;- IloKa3aHO, 'ITO ITOJIBJieHHe He3HKOHaJILHbiX BKJia.D;OB 

B paCCMaTpHBaeMOH MO,I(eJIH CBJI3aHO- C H3MeHeHHeM B npo
uecce B3aHMO.I(eiicTBHH copTa nu.nupyromeii, 'lacTHULI, U3y
'leHHe CTPYKTYPLI 3THX BKna.n_oa noKa3LIBaeT, 'ITO c yaenu-. 
'leHHeM Mac eLI pacceuaaiomeiics 'lacTHULI ponL ux yMeHL-

- WaeTCH,. a 3HKOHaJILHOe _npe,ncTaBneHHe aMDJIHTYJUd BOCCTa

.\ 

HaBJIHBaeTCH. _3To cax3auo c yMeHLuieH:ueM OT.rta'IH pac
ceuaaromeiicx 'laCTHULI, 'ITO ae.u.eT Knpu6nH)KeHHOMY coxpa
HeHHIO ee 3HeprHH B npouecce pacceHHHH, T.e. K coxpaHeHHIO 

-----'-e=e_--p_OJIH_KaK_JIH.D;HpyiOil(eH .'laCTHl(bl. JlHWL--B-3TOM-CJiy'lae- -------
---npHMeHHM:bi-klkj --npli6nH_)KeHHe 111 •121 H TeCHO . c'HHM c:Bii:: --------'f' 

3aHHLie annpoKcHMili~HH KOHTHHyanLHLix HHierpanoa, · npu~ 

6. 

~O~JIIl(He K, .3HKOHaJILHOH dJopMyne · .D;JIJI aMnJ1HT,y.D;LI pacceJI ~ 
/13-15/ -- -_ - -HHJI • . _ :· • _,,, ', ,_,- .- · .. , 

. HanH'lHe He3iiKoHanLHLix BKna.noa- npHBO.I(HT .K .H3MeHe
HHIO 3~eKTHBHOrO KBa3Hn~TeHl(Hana B3aHMO.I(eHCTBHJI. -3H: 
KOHanLHax !IJopMyna. y'lHTLIBaeT nHWL ero rnaBHLIH acHMnTo_~ 
TH'leCKHH 'lneH. /noTeHuuan IOKaBLI/. Ecnu . 6LI-HTepauux 
rnaaHoro 'lneHa KBa3HnoTeHuuana He npuao.nuna K na,naiO
meii aCHMnTOTHKe, TO ero y'leT 6LIJI 6bl .D;OCTaTO'leH .D;JIJI 
BOCnpOH3Be,neHHJI rnaBHLIX aCHMnTOTH'leCKHX qneHOB aMnJIH
Ty.D;LI pacceHHHJI B Ka)K.D;OM_ UOpH,nKe no KOHCTaHTe •CBJI3H. 
B cny'lae )Ke_ cKanxpHoii Mo,nenu y'leT cne.nyromux 'lneHoa. 
3dJ!IJeKTHBHOrO KBa3HnOTeHl(Hana CTaHOBHTCJI He06XO.D;HMLiM. 

PaccMoTpeHHIO aonpoca o BKita.I(e He3HKOHanLHLIX 'lm!HOB . . - . . . 

· B 3!1JdJeKTHBHOe B3aHMO.D;eHCTBHe noCBJIIl(eH BTOpOH napar.padJ. 
Ha OCHOBe H.D;eH 06 H3MeHeHHH cppTa JIH.D;Hpyroi.Qeii 'la

CTHI(LI H3y'leHO aCHMnTOTH'leCKOe _noae,neHHe cnel(HaJILHOrO 
Knacca ,nuarpaMM, nony'laiOil(Hxcx H3 nec_THH'lHLIX nocpe.n:
CTBOM nepecTaHOBKH HMnynLcoa .I(Byx HyKnoHoB~ Bo3Mo)K
HOCTL nepeHOCa 60JILWHX HMnynLCOB Me30HaMH npHBO.D;HT 
K TOMy, 'ITO BKJia.D; TaKHX .D;HarpaMM .D;OMHHHpyeT Ha,n 3HKO
HaJILHbiM B TOM )Ke nopx.n;Ke TeopHH B03Myil(eHHH. KBa3H
noTeHl(Han, peKOHCTpyupyeMLIH H3 3THX rpadJoB, aCHMnTo
TH'leCKH MeHLwe; 'leM ocHOBHoii 'lneH /noTeHuuan IOKaBLI/. 
0,nHaKO ero BKna,n B aMnJIHTy,ny pacceHHHJI B BLICWHX no
pH.n;KaX TeOpHH- B03Myll(eHHH 60JILWe, He)KeJIH __ COOTBeTCT
BYIOil(aJI HTepauux 'noTeHuuana IOKaBLI. Ha. ManLix paccTox
HHHX 3TOT noTeHl(Han 6onee CHHrynxpeH, 'leM IOKaBCKHH. 

B TpeTLeM naparpa!IJe paccMoTpeH npHMep TeopHH 
c Hey6LIBaromeii acuMnToTHKOH I cKanxpHax 3neKTpo,nHHaMu
Ka/. IloKa3aHa _ cnpaae.nnuaoc.TL .. 3HKOHanLHoro npe,ncTaB
nemix BCJie.D;CTBHe · no,naBJI~H~-OCTH :He.3HKOHaJILHLIX TpaeK
TOpHH. 

060CHOBaHHe _ 3HKOHaJILHOrO npH6JIH)KeHHJI B KBaHTOBOH 
TeOpHH nong npHBO.D;HT K KBa3HOnTH'leCKOH KapTHHe pac
CeJIHHJI, xapaKTepH3yeMOH.KOMnneKCHLIM noKa3aTeneM npe-

noMneHHJI, -MHHMaJI 'laCTL KOToporo. o6ycnoaneHa MHO)K~CT
aeHHLIM -po)K.I(eHHeM ' 'laCTHl( B npouecce CTOJIKHOBeHHJI. 
-·- ·- O'leBH.n;Hax: __ aHanorux--c-noTeHuuan:bHLIM-:.:-pac c eHHHeM---------

~ "-'-·"-·"' "" ···-- ... ~ -~· ....... ·~--~~~-~-- -- -----"~-~~-· -:::~--~"-.....__.,._ __ ~"~·---~·~--~-~-.,_..~~=-
H CTpeMneHHe onucaTL 3KCnepHMeHTaJILHLie ,naHHLie ITpHBO-
.D;JIT K , aonpocy o BLI6ope· 3¢¢eKTHBHoro KOMnneKcJioro 
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KBa3HnOTCHl.{Hana, ,I.{aiOll.(ero a,I.{CKBaTHOe COOTBCTCTBHC 
onhiTHLIX ,I.{aHHbiX H TeopeTH'ICCKHX paC'ICTOB. 

B nuTe·paType OTMeqanacb·Ba:>KHOCTb 3BPHCTH'IecKoro 
npHHUHna · rna,I.{KOCTH noKanbHOrO B3aHMO,I.{CHCTBH.!l / 16 • 17/ , 
nonyquamero uau6onee nocne.I.{oBaTenLuoe aonnoll.(euue B 
paMKax KBa3unoTeuuuanLuoro no.I.{XO.I.{a B KTII. EcTeCTBeu
uo nonbiTaTbC.H CO'ICTaTb H.I.{CIO·rna,I.{KOrO KBa3HnOTCHUHana 
H npu6nH:>KCHHC npHMOnHHCHHbiX nyTeH C uenbiO nony'IHTb 
KapTHHY. paccexuux, onucauuy!P Bhillie. Pemeuuro 3Toii 
3a,I.{a'IH noCB.!lll.(CHa BTOpa.!l rnaBa .I.{HCCepTaUHH, B KOTOpOH 
pa3BHT-aCHMnTOTH'ICCKHH .MCTO.I.{ pemeHH.!l ypaBHCHHH KBa3H

nOTCHUHanbHOrO THna, .!IBn.!IIOll.(HHC.!l Ma TCMa TH'ICCKOH pea-. 
nu3auueii npu6nu:>Keuux npHMo~uueiiHLIX nyTeii u npuuuna 
rna.I.{K_9CTH B3aHMO.I.{CHCTBH.!l ·· BbiCOK03HepreTH'ICCKHX qac
THI.{. rnaaa, cocTOHT H3 Tpex naparpatlJoa. 

B nepBOM H3 HHX tlJopMynupyiOTCH OCHOBbl aCHMOTO.; 
TH'ICCKOrO MCTO,I.{a ).{nH cnyqag paCCC.!IHHH CKanHpllbiX qac
THU, OnHCbiBaeMOrO KBa3HllOTCHUHanbHbiM ypaBHCHtfeM Jlo
ryuoaa-TaaxenH.I.{3e · 

· c v2 + il2 )<ll cr·)"' +- g v cr. E) <(l cr- ) . /1/ 
w 

r.I.{e 
A 2 ... ,, 
w = y 11- - V"' E ~ 2 v 11 2 + p2 2vJ12 +iJ'2. 

... -+, .... "' 
a P H p . - HMnynLCbi na,I.{aiOll.(eH u paccexuuou. qacTHULI. 

11.I.{C.!l aCHMOTOTH'ICCKOrO MCTO,I.{a 3aKniO'IaCTC.!l B Ha~ 
XO:>K.I.{CHHH BOnHOBOH lPYHKUHH KaK pemeHH.!l HHTerpanbHOro 
ypaBHCHH.!l C .H.I.{pOM, nponOpi.{HOHanbHbiM 3lPlPCKTHBHOMy 
KBa3HllOTCHUHany B BH,I.{e pa3nO:>KCHH.!l no o6pa THbiM CTene
H . .!IM. 60nhmoro HMnynLCa CTanKHBaiOll.(HXC.!l 'laCTHI.{. IJpu 
pemeHHH HCOOnb3YCTC.H MO.I.{HlPHUHpOBaHHa.H TeOpH.H B03-
MYll.(CHHH, T. e. pa3nO:>KCHHe B llOKa3a Tene 3KCOOHCHTbi, 
npuqeM n .:hiH qneu pa3no:>Keuux nponopuuouaneu n -oii 
CTeneH!!_3lPlPCKT HBHOro _ KBa3HnOTCHI.{Hana .---11CnOJib30BaHH e 

·--. TaKoro-·po.I.{a·pa-3nmi<euu.H uaxo.I.{ul-c.H ·a cornacuu c mupoKo 

. o6cy:>K.I.{aeMoii runoTe 3 oii 3Kcnoueuuuauuu 3HKouanLHhiX no
npaBOK. 

8 

1. 

- i 

' 

U pe3ynLTaTe nonyqaeTcH cneAyroll.(ee npe.I.{cTaaneuue 
).{nH aMnnHTYALI paccexuuH 

..... , --Jl _,., .......... 

... -ir (p-p ) W (r;p;E) 
T ( p ',p; E) •- _g __ ( dr' e V (r; E )e 

(2rr)
3 

/2/ 
r.I.{e lPYHKUHH W YAOBneTIWpHeT·HeKOTopoMy H-HTerpanbHOMY 
ypaBHCHHIO H nHliiCTC.!l B BH.I.{C p.!l.I.{a no KOHCTaHTC CB.!l3H. 
Orpauuquaaxcb numb nepBhiM qnenoM pa3no:>KeHHH W (r; p :E) 
H nepeXO.I.{.!l K npe.I.{eny BhiCOKHX 3HeprHH H lPHKCHjlOBaJIHhiX 
nepe.I.{a'l HMnynhca, nonyqaeM 3HKouanLuyro tlJopMyny. 

~ 

0TMCTHM, 'ITO aCHMOTOTH'ICCKHH MCTO.I.{ pemeHHH KBa3H-
llOTCHUHanhHhiX ypaaueuuii ,I.{aeT . perynxpuyro npoueAYPY 
HaXO:>K.I.{CHHH nonpaBOK K rnaBHLIM aCHMOTOTH'ICCKHM qne
HaM. )J,nH HX nonyqeHHH Ha.I.{O . numb Y'lCCTb cne.I.{yiOll.(HC 
qneHLI a pil3no:>Keuuu tPYHKUHH W . B nepaoM. naparpa!lJe 
HaH,I.{CHhl nonpaBO'IHhlC 'lnCHhi OTHOCHTCnbHOH BCnii'IHHhi ~ •. 

B 3aKnroqeune 3Toro. naparpatlJa auanu3npyeTCH 4Jn3n
'lecKuii CMhiCn pa~BHT,Oro aCUMOTOTli'ICCKOJ:O MCTO.I.{a. llo-
nyqeuuoe KOHTuuyanLuoe npe.I.{CTaaneuue perneHHHcKBa3u
noTeuuuanLuoro ypaaueunx -AnH aMnnuTy.I.{hl pacceHHHH no
JaonxeT npOBCCTH annpOKCHMaUHH lPYHKUHOHaiTbllhiX :.-HH
TerpanoB B AYXC npu6nH:>KCHHH np.!IMOITHHCHHhlX. llYT,CH .. 
Coana)J,euue rnaBHhiX qneuoa, .ll.a,BaeMhiX tPYHKUHouanhHoii 
annpOKCUMaUUCH II aCUMOTOTH'ICCKUM MCTO.IJ.OM, ycTaHaa
ITHBaCT CTaTyC nocne)J,Hero KaK peanHJaUHH KOHUCnUHH 
npxMonuueiiHhiX nyTeii. TeM caMhiM ,pemeua Ja)J,aqa o6oc
uoaanux cnpaae)J,nuaocTu 3HKonanLnoro npe)J,cTaaneuuH aM
nnHTY.ll.hi paCCC.!IHH.!l H HaXO:>K.IJ.CHH.!l . nonpaBOK K HCMY Ha 
OCHOBC npe.n.nono:>KCHH.!l 0 .rna~KOCTH ITOKanhHOrO KBaJH
llOTCHUHana. 

Bo BTopoM naparpatlJe rnaaw u3yqeno paccexuue qac
THU CO CllHHaMH 0 H 1/2, OllHChiBaeMOC KBa3HllOTCHUHanb
HhiM ypaBHCHHCM 118/ 

[Ey0 +i~y v 

~ 

w {3-1+--,_--, 
w 

A 1 ·- t . -> • 
-{3m- -;::-g V(r;E)11Jl (r) = 0_, /3/ 
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~ ' 2 ~2 
w=V11 -v • w-vm2 -v2 

E "',1 11 2 + P 2 + V rn2 + -p2 _ V 112 + p, 2 + V m2 + P ,2 • 

a /1 H In- MaCChi CKanHpHOH H COHHOpHOH 'IaCTH~ COOTBeT

CTBeHHO; p H p' - Ha'JanLHLIH H KOHe'IHLIH HMnynLCLI B cu

CTeMe ~eHTpa Mace. 

Ha nepBOM :nane ypaBHeaueJI31 npeo6pa3yeTCH K Bu,ny 
I 

-+2 -+2 ·-+ ,.., -+ _,. -+ 
(V +P )cl>(r )= V~!}'cjJ.(r, V )cl>(r), 141 

clJopManLHO COBOa,I\aiOI.QeMy C ypaBHeHHeM 111 ,I\nH CKanxp

HLIX · qacTHI.(. lionee cno:>KHaH CTPYKTypa ypaBHeHH~H 14/ 
3aKniO'IeHa TenepL B 3clJcPeKTHBHOM KBa3HOO:relfl.{Hane V.Hfl!}J , 
co,I\ep:>Kai.QeM onepaTop AH!Pcl>epeauupoBaHHH u HMeiOI.QeM 

Ma TpH'IHYIO ciJopMy. 

3a TeM AnH perneaux I 41 npuMeHHeTcx acuMnToTu'IecKuii 

MeTO,I\,. pa3BHTLIH B nepBOM naparpacl>e HaCTOHII.(eH rnaBLl. 

rnaBHLIH aCHMDTOTH'IeCKHH 'IlleH, HaH,I\eHHLIH. TaKHM MeTo

,I\OM, ODHCLIBaeT 3HKOHanLHOe. DOBe,I\eHHe aMnnHTY.I\Lipac

CeHHHH 6e3 nepeBOpOTa COHHa. ,l),anee BLI'IHCnHioTCH nonpa-

BO'IHLie 'IneHLf OTHOCHTenLHOH BenH'IHHLI 1_ O,I\HH H3 Ko-p • 
TOpLIX ODHCLIBaeT paCC'eHHHe C nepeBOpOTOM CDHHa. 

llony'IeHHLie cl>opMynLI c uenLIO unniOcTpauau ucnonL.~· 
3YIOTCH ,I\nH ODHCaHHH 3KCnepHMeHTanLHLIX ,I\aHHLIX no . 77 N
p~CCeHHHIO. ilpH 3TOM ,I\nH XOpOlliero COOTBeTCTBHH TeopeTH

'IeCKHX KpHBLIX C 3KCnepHMeHTOM B rna,I\KOM KBa3HOOTeH

l.(Hane Y'IHTLIBaeTCH COHH~op6HTanLHOe B3aHMO,I\eHCTBHe H 

H30TODH'IeCKaH CTPYKTypa. llpH ODHCaHHH DOnHLIX Ce'IeHHH 

77 ± P ~pacceHHHH nony'IeH ux norapH!l>MH'IeCKHH poeT npa 

BLICOKHX 3HeprHHX. 06pa60TKe DO,I\BepranHCL TaK:>Ke ,I\aHHLie·. . .. . + 
DO AHcPciJepeHI.(HanLHLIM Ce'IeHHHM H DOnHpH3al.(HH B. 77-p-pac-

CeHHHH u B npouecce nepe3apHAKH 77-P .... 77°n. 

·B TpeTLeM naparpacl>e I I rnaBLI pacc:MoTpeao paccexaue 

'IaCTHI.( CO CDHHaMH 112 H 112, OOHCLIBaeMOe KBa3HDOTeH

l.(HanLHLIM ypaBHeHHeM I 19/ 
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~ 

,· 
·r 
I 
·I 
\ 

j. 

' 1 
l 
I 

A 
v 

.... -+ -+ " - ..:,' .,.., 
[E-1 (8)H(-i V )-H(iV)@l -y0 @y0 gV(r;E))'P(r)~O. 

rAe 151 
H(i \]),my +i'ii\7 

0 

E=2v·m 2 +p 2 .. 2vm 2 +I( 2 , 

... .... 

p H p ' - HMDynLCLI 'JaCTHI.(LI B Ha'IanLHOM. H KOHe'IHOM 

COCTOHHHHX, a i - e,I\HHH'IHaB MaTpHI.(a 4x4. 

TaK :>Ke, KaK u B npeALIAYI.QeM naparpaclJe, ypaBHeHHe 

151 BHaqane npeo6pa3yeTCH K BRAY 141, .D03BOnHIOI.QeMy 

npuMeHHTL acuMnToTH'IecKuii MeToA perneaux. B pe-

3ynLTaTe HaH,I\eH rnaBHLIH aCHMDTOTH'IeCKHH 'IneH aMn-

nHTYALI pacceHHHH, HMeiOII.(HH 3HKOHanLHYIO cl>opMy. · 3aTeM 

,LI'IHCneHhl nonpaBO'IHLie 'IneHLI OTHOCHTenLHOH BenH'IHHLI 

-, OpH'leM O,I\HH H3 HHX OOHCLIBaeT aMOnHTYAY pacceHHHH 

g nepeBopoTOM cnuaa. ,lJ,anee nonyqeaa rionpaBKa OTHoca-

TenLaoii BenH'IHHLI __!_, cooTBeTCTByioi.QaH pacceHHHIO c 
2· 

. .. · p 

,I\ByKpaTHLIM nepeBOpOTOM COHHa. 

Y'IHTLIBaH B rnaAKHx KBa3HDOTeHI.(Hanax raycco-

Ba THDa CDHH-op6HTanLHOe B3aHMO,I\eHCTBHe,. B Ka

'IeCTBe unmocTpauau MLI ucnonL3yeM nony'IeHHLie BLipa:>Ke

HHH ,I\nH OOHCaHHH ynpyroro pp -pacceHHHH B AHciJpaKI.(HOH

HOH o6nacTH IEL.:;: 10 F3B, It I ~· 1,05 I T3B/c/ 2 1. 
0AHHM H3 'pe3ynLTaTOB ODHCaHHH HBnHeTCH poeT DOJIHLJ:X 

Ce'IeHHH pp -pacceHHHB OpH BLICOKHX 3HeprHHX, a TaK:>Ke 

pOCT OTHOlUeHHH ,I\eHCTBHTeJILHOH H MHHMOH 'IaCTeH aMDJIH

TYALI pacceHHHB BnepeA B o6nacTu nono:>KHTenLHLIX 3Ha'Ie

HHH BDJIOTL AO 3Hepruii E L:: 2110 T3B. 

KaK y:>Ke OTMe'IanocL, npa u3y'IeHHH pacceHHHH Ha 

ManLie yrJILI M~I. CYI.QeCTBeHHLIM o6pa30M· OOHpaJIHCL Ha 

rHDOTe3y rna,I\KOCTH noKaJILHOrO KBa3HDOTeHI.(HaJia. 0AHaKo 

DPH. pacceBHHH. Ha 6oJILlUHe yrJILI. rJia,I\KHe DOTeHI.(HaJILI 

C KOHe'IHLI_M pa,I\HYCOM ,I\e~CTBHH DPHBO,I\HT K 3KCDOHeHI.(H·-, 

aJIL~OMY Da,I\eHHI,P AHlPciJepeHI.(HaJILHLI~ ce'JeHHij C pOCTOM · 

nepeAa'Iu .. HMnynLca. 3To o6cToHTeJILCTBO CBH3aHo c TeM, 
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qro rn.a,l\KHH KBa3Hnoreuuuan c KoneqnhiM pa.l\HYCOM ,l\encr
BHH COOTBeTCTByeT B3aHMOJieHCTBHIO "phiXnhiX" llpOTH)I(eH
HhlX cucreM, pa3BanuaawmuxcH npu 6onhrnux nepe,l\aqax 
HMllYJlhCa noqru C C,l\HHHquoii BepoHTHOCThiD. 3KcnepHMeu
TaJihHO )l(e 6Lmo o6uapy)l(eHo Hnneuue creneuuoro y6LIBaHHH 
.1\HtPtiJepeuuuaJihHhiX ceqeuuii pacceHHHH ua 6onLrnue yrnLI, 
qro yKa3Lmaer ua "roqeqnono,l\o6uocTI," auyrpenueii crpyK
rypLI a}J;pona. 06'hHCHenue creneuuoro 3aKona 3Heprernqe
cKoii 3aBHCHMOCTH 3JieKTpOMarHHTHhiX tPOPMtPaKTOpOB a}J;po-
1108 ,. H .1\HtPtPepeni.{HanhHhiX ceqtfHHH pacceHHHH 6hinO ,l\aHO 
ua ocuoae Macfura6uoro alianu3a ' 20-22 /raK na3~mae
Mhi·e "npaauna KBapKonoro cqeia"/. 

)J.JIH 06'hHCHeHHH )l(e yrnOBOH 3aBHCHMOCTH ceqeHHH 
rpe6yercK npuaneqenue }J;ononuurenhHhlX coo6pa)l(eHHH o 
,l\HHaMHKe B3aHMO}J;eiicTBIIH a,l\pouo'B na ManhiX paCCTOHHHHX. 
TperhH rnaaa .1\Hc'cepraunn, cocroH.IIJ.aH H3 r;ex na~arpa
tiJoa,. nOCBHI.l{eHa BBe,l\eHHID .1\HHaMHKH "B3aHMO,l\eHCTBH.fl 
c noMOIIJ.hiD KBa3unoreuunanLnoro no,l\x.o,l\a Jlorynoaa- Tan-

. ;; ; ·-

xenn,U.3e Ha OCHOBe npHHI.(Hna aBTOMO,l\enhHOCTH H pe3ynhTa-. 
ron· pa6or no npasunaM KBapKosoro cqera. 

llpe)I(}J;e scero B03HHI<aer ecrecrsennhlii sonpoc o 
crpyKrype noKanLuoro ,l\~yxqacruquoro KBa3unoreuunana, 
npHBO.l\H~ero K. aBTOMO,l\enLHOMY nose,l\enmo .1\IItPtPepeuun
anLHhiX ceqeJiuii. · 

B nepaoM naparpatiJe paccMorpeno pacceHHHe cKanHp
HhiX 6eccnunonLix qacruu na rnupoKOM Knacce KBa3unoren~ 
unanos; na3l3annhlx naMH ananurnqecKHMH. Bae,l\ennLie aua
miTnqecKue KBa3unorenuuanhi y,l\osnersopHIDT npe}J;crasne
HHID. 

ru. -•2 oo ·~x~2 ->2 
~J(E,tL}-g(E) J dxp(E;x)e . , t- -A 

() 

/6/ 

H HBflHIDTCJI ananUTHqecKHMH tPYHKI.(UHMH B nonynnoCKOCTH 
Ret·<,;.. 0. OcuosnaH 3aBHCHMOCTh or 3Heprnn Bhi,l\enena 
B BH}J;e tiJaKTopa g(E ), creneHHhiM o6pa30M 3aBHCHIIJ.ero oi 
E. IlnornocTh p(E,x), onpe,l\enHIOIIJ.aH xapaKTep B3aHMO,l\eH"" 

·--~TBH}r;:::HBnHeTCH~Me,l\neHHO 'MeHHiOJ.i{eiicJI. tPYHKii,HeH 3-He priilL . 
OruocurenLHO p npe}J;nonaraercH TaK)I(e • cymecrsosauue 
cna6oro npe,l\ena 
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{· 

. 'N . . 
fim s p ( E ; X= 7J / s)- 'I' ( 7J ) /7/ 

s .7 00 ., 

Tf - tPHl<CHpOBaHO 0<7J<"", N >0. 

C llOMOIIJ.hiD KBa3HllOTCHIJ.HanhHOrO ypaBHeHHH HaH,l\eHO. 
Bhipa)l(eHHe .JJ;nH aMnnHTY.l\hl paCCCHHHH TO)I(}J;eCTBeHHhlX 
cKanHpHhiX qacruu, cornacuo KoropoMy npouecc pacceHHHH 
MO)I(HO npe,l\CTaBHTh· cne}J;yiDIIJ.HM o6pa30M. 

· Buaqane HMeer · Mecro MHoroKparuoe nepepacceHuue 
ua ManLie yrnhi, 6naro,l\apH '!eMy ua6eraer 3H.KouanLHaH 
$a3a. Ha 3Toii cTa,l\nH pacceusawmaHcH qacruua ue"omy
maer" noKa )I(CCTKHX co'crannHIDIIJ.HX a,l\poua, oua KaK 6LI 
"BH.l\HT" ero "phiXnhiM", T .e. npouecc nporeK.aer a coor
sercrsuu c Kouuenuueii npHMonnueiiHhiX nyreii. 

3aTeM llpOHCXO,l\HT 0,!\HOKpaTHOe paCCeHHHe Ha ")l(ecr
KOH" cocrasnHwiiJ.eii aH~oua, s pe3ynLrare qero qacruua 
OTKnOHHeTCH Ha 6onhWOH yron. 3Ta CTa,l\HH OllHChiBaCTCH 
6opuoncKHM qneHoM, ·orpa)l(aiDIIJ.HM crpy~rypy a,l\pouos. 
llocne 3Toro · npouecc . nepepacceHHHH ua ManLie yrnhi 
llOBTOpHCTCH, BCnC,l\CTBHe ·qero B aMnnHTy}J;e paCCCHHHH 
llOHBnHeTCH 3HKOHanhHhiH tiJaKTOp, xapaKTepH3YIDI.ltHH ere-. 
neuh npo3paquocTH qacruu ua ManLIX npuuenLHhiX pac
CTOHHHHx H llpHBO,l\HI.l{HH K onpe,l\eneHHOH KOppenHIJ.HH MC)I(}J;Y 
npoueccaMH pacceHHHH a,l\pouoa ua Manhle H 6oni.rnue yrnhl. 

. - )~;! 

Bropoii u rperuii .naparpa$LI nocBHIIJ.CHhi u3yqeuu10 pac-
ceHHHH Ha 60nhlliHC · yrJihl qacTHI.( CO CnHHaMH 0, 1/2 H 
1/2, 1/2 COOTBCTCTBCHHO. B 3THX cnyqagx nnOTHOCTh 
p(E; x) HBnHeTCH Marpuueii, tpaur. Koropon· onpe,l\enHercH 
CllHHaMH qacTHIJ.. flpH 3TO'M yqHThiBanHCh orpauuqeHHH ua 
p. uanaraeMLie rpe6oaauueM y 5 :-uuaapuauruocru B3aHMo
,l\encrauii npu BhiCOKHX 3HeprHHX 1231 . llonyqeuuhle }J;nH aMn
nHTY.l\ Bhlpa)l(eHHH ucnonh3oaannch npu onucauuu 3Kcnepu-

. + . 
MeuranLHhiX .o;auuhiX no rr- PH P p -pacceHuHIO H J1POIJ.eccy 
nepe 3apH,l\I<H rr- P ·+ rr

0 U B o6nac.ru 6onLWHX yrnoa pacceH
HHH. llpa 3TOM ycrauoaneuo npu6niDKeuuoe paaeucrno net<-

-· - - ·- --·- ~ -------.... ----.... ~ 
TOp::.Bel<TOpHOro~ •. H~~-aKCHaJI::aKCHanhHOrO··B3aHMO,l\CHCTBHH;---···-: 
HaH,l\eHa TaK)KC CBH3h Me)I(,D;y .D:HtPtiJepeHIJ.HanLHhlMH ceqeuug

. MH npOIJ.ecca nepe3apH,l\KH H rr ± P -pacceHHHH. 
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Hccne~oaauue npoueccoa pacceaHUH ua 6om.wue yrnbi 
:naeT UHdJOpMal.J,UIO 0 CTPYKType B3aUMO~eHCTBYIOII.J,UX 'Ia
CTUI.J,, XOTH npupo~a TaKOH CTpyKTyphi COCTaBJIHeT noKa 
npe~MeT ~UCKYCCUH. 'B CBH3U C 3TUM· B03pOC • UHTepec K 
~o~eJIHM, B KOTOpbiX CTpyKTypa 'laCTUI.J,bl nOHBJIHeTCH B pe-
3ynhTaTe a3auMo~eiicTBUH. c oKpy)KaiOII.J,UM ee noneM. H3y
qeuuro TaKoro -Tuna Mo~eneii nocBHII.J,eHa 'leTBepTaH rnaaa 

.:~uccepTai.J,uu, KOTopaH cocTOUT U3 -Tpex naparpadJoa. 

' ' ' -~ 
B nepBOM U3 HUX dJopMynupyeTCH U H3y~aeTCH 06II.J,aH 

:3a~aqa nocTpoeHUH lPYHKI.J,UU rpuHa CHCTeMbi, onUCbiBaeMOH 
raMHJibTOHUaHOM 

/1. ' ' ik-; + ' 
-H _ -=- --- + g-~ (Akake +'3.c.)+ ~w.akak 

noJI. 211 - k k -K -

ft 

np~eM [ak, a:. ]_~okk'. /8/ 

KaK U3BeCTHo 124 •251 • Jiro6aH UTepal.I,HOHHaH cxeMa n no
~o6HhiX Mo~enHx ~Oll)I(Ha Y'IUThiBaTb caoiicTBa uuaapuaHT
·uocTu raMUJibTouuaua. B 'laCTHOCTU, raMUJihTOHHaH /8/ 
KOMMyTupyeT c onepaTopo'M nonuoro uMnynbca cucn!Mbl 
P=-iV +~katak . _ · 

B CBH311
1b '3TUM cTpouM lPYHKI.J,UIO Tpuua_D.JIH Koiii<peTHOH 

Mo.Iienu·:.. nonHpoua anpe~cTaBneHHH,KOrD,a P ·ecTh c -que
no. llocnt: KaHOHH'IeCKoro npeo6pa3oBaHUH lioronro6oaa no
nyqaeM KOHTUHyaJibJIOe npeD,CTaBJieHHe ~JIH BeJIH'IUHbl 
<OJexp(-rH)IO>, HMeiOII.J,eii B npeD,ene r->oo BH~ exp(-rE), 
rD,e E"" E ( P ) - 3HepruH CHCTeMbl 

p2 
-+ E +--, E ( P) !.... ,-= . o 2m 

p .... 0 
/9/ 

a - ·Eo H m.- OCHOBHOH ypoBeHb 3HeprHU H. 3«WleKTHBHaH 
Macca nonHpoua. 
_ :__ ___ ~Bo· BTopoM naparpadJe ·nonyqeuuoe KOHTHHyanbHoe· npe~-
CTaBJieHUe · HCnOJIL3yeTcH· ~JIH Bbl'IHCJieHUH- 3HeprHH E 0 .- H 
3dJdJeKTUBHOH MaCChi m.<l>yHKI.J,HOHaJibHaH nepeMeHHaH c' TO'I-

14 

HOCTblO ~0 MHO)KHTeJIH ·' npe~CTaBJIHeT . C060H CKOpOCTb 
~BH)KeHHH no dJeHHMaHOBCKOH TpaeKTOpHU. 3TO ~BH)KeHHe 
Mo)t{eT 6biTb pa36HTO Ha ~Ba. llepBOe - TpaHCJIHI.J,HOHiiOe 
~BH)KeHue noTeHI.J,uanhHOH HMhi, coaepwaeMoe B cooTBeT
CTBHH c 3aKOHOM coxpaHeHHH nonuoro HMnynhca. BT~poe 
npe~cTaBJIHeT co6oii lPnYKTyai.J,UOHHYIO 'laCTb, . COOTBeTCT
BYIOII.J,yiO Kone6aTeJihHOMY ~BH)KeHHIO qacTHI.J,hl BHyTpu no
TeHI.J,HaJibHoii HMhi, C03~aBaeMOH KJiaCCH'IeCKOH COCTaBJIHIO
II.J,eH cKanHpHoro nonH. Cornacuo 3Toii KapTHHe, npu6nH)Keu
uoe Bbl'IHCJieHHe KOHTHHyanbHOro UHTerpana MO)KeT 6biTh 
ablnonueuo B ~Ba 3Tana. Cuaqana Bbl~enHeTCH · ~BH)Keuue
cucTeMhl KaK I.J,enoro,- T •. e. HaXOJ(HTCH CKOpOCTh . ;)0 , . COOT
BeTCTBYIOII.J,aH_ KnaCCH'IeCKOH TpaeKTOPHH. 

: llocne 3Toro KOHTHHYaJihHOe HHTerpupoaauue npou3-
BO~HTCH nHIIIb no dJ:nyKTyai.J,UOHHOH 'laCTH. 3aMeHHH HCTHH
HYIO noTeHI.J,HanhHYIO HMY OCI.J,UnnHTOpOM H npHMeHHH · Bapua
I.J,HOHHhiH MeTOJ{ <l>eHHMaHa /26/, nonyqaeM Bbipa)KeHUH ~nH 
E 0 H m ,npuao~HII.J,He K y~oaneTBOpHTenhHhiM pe3ynhTaTaM 
KaK B cnyqae cna60H KOHCTaHTbl. CBH3H a, TaK H B cnyl{ae 
a>>l. . .. . . . . . 

B TpeTbeM naparpadJe H3y'leH nonHpou B noTeHI.J,uanhHOM 
none. C noMOII.J,hiO pa3BUToro B npe~hl~yiueM naparpadJe 
Bapuai.J,HOHHOro, MeTo~a Bbl'IUCnHeTC_H OCHO~HOR ypOBeHh 
:mepruH CHCTeMbl. 

Pa36HeHue KOOp~UHa Tbl. nonHpOHa Ha TpaHCnHi.(UOHHYIO 
u dJnyKTyupyroii.J,yro qacTu . u:~.u:!eT · auanor'uio _B Mo,nenu Kore-: . 
peHTHhix · ·cocToiiiHii MaTaee:Ba-TaaX:enH~3e'l27/.· B 3Toii_ 
MO~enu y'leT 3dJclJeinHBHOH CTpyKTYPLI a~pOHa J(OCTHraercJi -
nyTeM ~o6aaneHHH K o6bl'IHOH KoopD,HHaTe 'ciJnyKTYBPYK>II.J,eii 
qacTH, · onuchiBae:M'oii · a· TepMuuax onepaiopoa po)K~euH.s 
u yuu'ITO)KeHuH KaauToa clcaJIHpu~ro nonH. 1i.Jiu3ocTh :MeTo~a · 
KorepeHTHhiX COCTOHHUH /~R/ K dJeiiHMaHOBCKOMY uiiT.erJ>H
poBaHHIOUO nyTHM ll03BOnHeT 0606II.J,HTb TeXHHKY, pa3pa6o-:
TaHHYIO B npeD,hiJry~eii rnaae. B nHToii · rnaae ~uccepTai.J,uu 
pa3BHT. MeTO~ HaxmKD,eHHH lPYHKI.J,UH rpuHa 'laCTHiiLI BO BRew
HeM _none C Y'leTOM KBaHTOBOrO "~pO)KaHHH" KOrepeHTHOrO 
Tuna,· no3BOnHIOII.J,HH H3y<iuTb CTPYKTyjmbie 3clJibeKThl B Bhico
K03HepreTH'IeCKOM pacceHHUH. PaccMoTpeua Mo~enh, uc
n9nh30Baawa~cH ~nH. onucaHUH n3M60BCKOro C~Bura _ U ~py_-_ 
rHX 3dJdJeK"I;OB B3aUMO~eHCTBHH C dJnyKTyai.J,UHMH BaKyyMa12 9~ 
rnaaa cocTOHT U3 TI?ex naparpadJoa. · 
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B nepaoM naparpacpe nonyqeuo npe~craaneuue a au~e 
KOHTHHyaJihHOro HHTerpana ~JIH <0 I exp(-rH)I 0'> c raMHJih-. . . 

TOHHaHOM ·,· 

3 . 6. . + ... ,. ... 
H- --+w··:£ a 1- a 1- + V(r+pD ). 

2/1 is 1 . ' 

r~e .. 
. .... + 

D ""IDi l, · Dr,.ai +ai [a+iaj]=oij 
. .J. 

/10/ 

3TO ~OCTHraeTCH JIHUeapHJauueii nannacuaua B H H BBe~e.; 
UHeM 0 -cpyUKUHH 'B cpyHKU,HOHaJihHOM ·. UpOCTpaUCTBe ~JIH 
pacnyTLIBanua T ·JKcnouenThl. BoJnHKaiO~Hii npu 3TOM 
3-KpaT:UhiH KOUTHUyaJihHhiH HHTerpan 'y~anoc'i. C TIOMOillhlO 
3aMeH nepeMeUUhiX HUTerpupoBaHH. C~eCTH K O~HOKpaT
HOMY~ ,ll;anee ua. ocuoae · o6o6meuuw aapnauuouuoro Mei'o~a. 
npe~JIO)I(euuoro. a ~pe;nLI~ymeii rnaae, npoae1ieuo npu6n:H
:>J<euuoe BLI'IHcneuue 3Toro HHTerpana. 

Bo aTopoM' naparpacpe ua npuMepe KynouoacKoro no
Tenu,uana V ,._ {3 /r noKaJauo npuMeueuue nony'leHHLIX cpop
MYJI ~na BLI'IHCneuuJl oclioauoro ypoaug 3Hepruu. Haii~eu
uoe' BI.Ipa)l(eHHe ~JIH ' 3Uepruu . ocuoimoro YPOBHH CHCTeMLI 
JaauciiT • oT' aaimau,uouuoro ·na:paMeTpa u ~omicuo 6LrrL 
MHUHMH3HpOBaHO. 0HO MO)I(eT 6h1Th HCOOJih30BaHO B cnyqae 
JII06hiX {3 H p , 'T.e. ManOCTh KOHCTali:Thl CBSI3,B H aMOJIH· 
TY~LI KBaHToaoro "~po)l(aHuSI" ue · npe~nonaraerci. Hccne~o:.. 
aaHLI npe~eJihHLie cJiytia:u 6onhiiiHx u MaJILix {3 u p • HJ ·· 
OOJiyqe}iHLI:J( cpopMyn; B 'laCTHOCTll~· CJie~yeT, 'ITO HaUH'IHe 

'.hpo)l(aUHSI "npuao~ifT · · K rio.I;JhiiiieHHIO ypoaug ·no· cpaauenHIO 
C KYJIOHOBCKHM, T·.e. BJIHSIHHe OOTeHUHaiiLUOH 3UeprHH 
yMeHLIIIaeTCH~ 

- B i'peTLeM naparpatl)e uJyqeuo BhiCoKo::mepreTH'IecKoe 
pacceJiuue qacruuhl ·ua iiOTenu:Hane c "~po)l(auueM". B npe
~erie· BhlCOKHX 3Uepruft aMITTIHTy~a HMeeT. BH~ 

. ... .... . p2->2 ........ 
·· F ( p . q )· exp (- -

2
- l'x , ) F o ( p • q) : 

. . · -+ 3HK.- · 
/11/ 

~- r~e .. F\H;-=~-3iii<ouanLnaa aMnnuTy~a pacceauua. Huaqe, 
B 6opHOBCKOM OpH6JIH)I(eHHH HaJIH'IHe "~pO)I(aHHH" OpHBO~HT 
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.K CrJia)I(HBaHHlO · BJaHMO~eHCTBHH Ha MaJILIX paCCTOSIUHHX " -+ . . .. 
u •aMecTo V ( r ) BOJHHKaeT 

. -) ~, 2 
A '' • • (r-r) . 

V,J<iJq{f>~<OJV1(r\pD)j0>"" l· (d~'V(r')e- ;~i--
2 3/2. 

(2rrp) . ··/12/ 

hoaaneuue ~ucppa:Ku.uo.~uor'o CllaKTopa MO)I(eT 6LITh 
BHTepnpeTHpOBaHO Ua. H3hi.Ke cpeiiHMaHOBC.KHX ~HarpaMM KaK 

. . . 
yqeT pa~uau,uonHLIX nonpaBo.K, r.e. y'leTnpou,eccoa c MHoro-
KpaTHLIM HCDYCKaHHeM - nornomeuueM MHrKHX BHpTyaJILHLIX 
KBaHTOB OOJIH. • 

B KOHUe naparpacpa paccMOTpeua ucnoni.Jo~aHHaSI 
BLIIIIe .. Mo~enL cKangpnLix · nyKnouoa, n~auMoAeiicTayiOii{ux 
c ,, neiiTpaJILULIM . Be.KTOPHLIM noneM, HJimOCTPHPYlOillaH 3TO 
yTaep)l(~euue. · B 3Toii Mo~enu BLI~mcnena a:MnnuTy.I(a Kaan
Toaoro- "~po)l(anua" F' ·KaK cpyliKU.HSI Mace, Y.~uicia.yiOillHX 
a npou,ecce,paccegnua qacTuu. HJyqeuH:aSI.M<?~enL uarng~uo 
.I(eMOHCTpupyeT npo1Ianeuue anyTpeuueii CTPYKTYPLI 'laCTHU 
B HX BJaHMO,I(eHCTBHSIX OpH BhiCOKHX. 3HeprHHX. 

B 3aKJIIO'IeHHH KpaTKO nepe'IHCJieHLI.·OCHOBHLie peJynL
TaThl, nony'leHHLie a ~ucce.pTa.uuu; 
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