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OBIIJ;AH XAP AKTEPHC 

AKTYaJibHOCTb TeMhl ~HccepTaU:HH: IlHo 

<f>H3HKC KaK HCTO'IHHK HjJ;CpHbiX CH11 H KaK a<l>o 

HHH CBOHCTB aTOMHbiX JI)J;ep. <l>H3HKa nHOH- JI;tl 

HbiM o6pa30M no)J;pa3)J;enHeTCH Ha TPH pa31IH' 

1IH"IHHOH KHHCTH'ICCKOH aHeprHH Ha1ICTa.IOll.l,e: 

0 < T"' :S 80 MaB; o6nacrb Ll-pe3oHaHca 80 

BbiCOKHX aHeprHH T"' ;:::: 400 MaB. HnTepec 1 

aHepreTH'ICCKHX nHOHOB C HjJ;paMH o6ycnOB11Cl 

Bo-nepahlx, nHoHbi HH3KOH aHeprHH HMeK 

6era B H)J;CpHOH cpe)J;e , KOTOpall cyw.ecTBCHHO I 

HyxnoHaMH a H)J;pe. Ilpo3pa'IHOCTb H)J;epHoro B 

n03B01IHCT HCn01Ib30BaTb HX B Ka'ICCTBC aqx 

CBOHCTB JI)J;Cp . 

Bo-BTOpbix, nocxonbKY nHOHbi MoryT nor 

IUCHHe nHOHOB HrpaeT cyruecTBCHHYIO p01Ib 

npOBC)J;CHHe KOppeKTHOrO y'leTa )J;aHHOrO np' 

H)J;CpHoro pacceJIHHH, TaK H MHOrO'IHC1ICHHbi 

JK)J;CHHCM H norJIOIUCHHCM nHOHOB. 

KpoMe Toro, nocKonbKY nHOHbi HMCJOT u; 

peaKuHH HX O)J;HOKpaTHOH H )J;BOHHOH nepe3 

pe3apH)J;Ke nHOH )J;01IJKeH npOB3aHMO)J;eHCTBC 

xnoHaMH H)J;pa. BonbWa.& npoHHKa.IOIUa.& cno 

)J;BYX'iaCTH'IHbiH xapaxTep HX B3aHMO)J;eHCTB 

o6ecne'IHBa.IOT B03MOlKHOC,Tb Henocpe)J;CTBCI 

)J;eHCTBYIOIUHX KOppe11HuHH HYK1IOHOB B .H)J;p 

( HeHTpOHOH36biTO'IHbiX) .H)J;ep. 

Tpa)J;HUHOHHbiM MeTO)J;OM OnHCaHHH B3aJ 

eTCH MeTO)J; onTH'ieCKOrO nHOH-.HjJ;epHOrO no, 
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OBIIJ;AH XA? AKTEPHCTHKA P ABOTbl 

AKTYaJibHOCTb TCMbl ~JiccepTaUHH: IlnoHhl nrpaiOT oco6y10 porrb B H~J;epHoii: 

lf>n:JHKC KaK HCTO'liun( f!j:];CpHbrX CHll H KaK alf>lf>eKTHBHhlH HHCTpyMCHT HCCliC/];OBa

HM cBoii:cTB aToMHm H~J;ep. <I>nnnKa nnoH-JI~J;epH:or~ B:J~Mo~J;eii:cTBHH ecTeCTBeH

HhlM .o6pa:JOM llOj:];pa:Jj:];eimeTCH Ha TpH pa3liH..jHbre o6rracTH ~ COQTBCTCTBHH C Be

liH~HHOH. KHHeTn'!eCKoii: aHeprnn HaneTaiO~ero nnoHa: o6rracTb, HiinKnx aHeprnii: 

0 < T,. :5 80 MaB; o6rrac:rb ll-penoHaHca 80 MaB :5 T,. :5 400 MaB; n o6rracTb 

BhlcoKnx aHeprnii: T,. ?: -400 MaB. liHTepec K nciy'leHHIO B:JanMo~J;eii:ciBHH :tiH:JKo

aHepreTn'lecKnx llHOHOB c i!j:];paMH o6ycnoBliCH CliC~J;YID~HMH o6CTOf!TerrbCTBaMH. · 

Bo-n~pBhlx, nnoHhl HH:JKoii: a:Heprnii nMeiOT 6orr:bwy10 /];liHHY cBo6oAHoro npo-

6era B H~J;~pHoii: cpe~J;e, K~TopaH cy~eciie:H:Ho 6orrbwe cpe~J;Hero paccTOHHHH MC)K~J;y 

HJKliOHaMH B i!j:];pe. Ilponpa.JHOCTb f!j:];CpHoro BC~CCTBainH llliOHOii! HH:JKOH 9HeprHH . . \ 

llO:JBOlli!CT HCOOllb:JOBaTb HX B- Ka'leCTBe alf>4>eKTHBHOro HHCTpyMeHTa H:Jy'leHHJr 

CBOHCTB H~J;ep. 

. Bo-BTOphlx, nodmrrbKY llHOHhl MoryT norrroiu.aTbclr B .!I~J;epHoii: cpej:];e H nor no> 
, ~ ~CHHC llHOHOB ~rpae! cy~eCTBCHHYIO pom> npn Hli:JK~X a~eprm, ·He,o6xo/];HMO 

~pOBCIJ;CH~e KOppeKTHOI'O y'leTa /];aHHOI'O npo~ecca UpH HCCliC/];O~aHHH KaK llHOH

i!j:];CpHOI'O 'paccef!HHH, ,TaK H MHOI'O'lHCliCHHhlX peaK~HH, COnpOBO)KjJ;aiO~HXCf! po-

)Kj:l;CHHCM H llOI'}IO~CHHCM llHOHOB. 

Kpo:Me Toro: nocKoliLKY nnoHhl HMeiO~ unoc~nH: t = .1 ( 1r:1:; 1r0), To Bo:JMO)K~hl 
pe~~HH HX op;HoKpaTHOH .H /];BOHHOii: nepenapi!j:];KH Ha -~iPaX::, ITpn~~oii:Hoii: ne-

1 -,"' 

penapi!~J;Ke nnoH ~J;Oll)KCH npoBilaHMO~J;eii:cTBOBaTb no Kpaii:ireii: Mepe c· ~J;BYMJI Hy-

~rroHiwil: ~~J;~a. Borr~waH ~poHHKaiO~~ ~noc~6HoCTb nnoHoB H~Knx'aHeprnii: n 
~J;BYX'laCTH'lHhlii xapa.KTep nx B:JaHMO~J;eii:cTBWI B pe~~Hf!X /];BOii:Hoii: nepenapHIJ;KH 

o6e~ne'lnBaiOT :B?nMo)I{Hoc.TL :HenocpeiJ;cTBeHHoro nny'leHHH ~J;n~ia.M~Kn :iopoTKo

Aeii:cTBYIO~nx Koppelli!~ii: HYKliOHOB B i!j:];pax, a TaK)Ke cBoii:cTB aK:JOTH'lecKnx 

(Heii:~pOHOH36hlTO~~) ~/];e~. : 

. _ Tp~j:];~;~O~Hhl~ MCT~/];OMO~~C~ B~~~o~eii:~TB~ lin~~os' C .11/];paMH .!IBllfl

eTCf! MCTOA OnTH'lCCKOro ImOH~i!/];CpHoro noTeH~Hana, nocTp~e~Hor~. itpn6rrH)KCH-

' ,.-,_._-.---::!1.~"--· -- ;, 
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HO B TepMHHax p;By~acTH'IHhlx 8.MnrruTyp; nuoH-HYKl'IOHHoro pacceJIHHH. Hec:MoTpH 

Ha p;ocTH)KeHHH, norry'leHHhl~:B paMKax, p;aHHoro MeTop;a,. cy~eCTByeT p.!Ip; Hepe

weHHhlX npo6rreM, 0/];HOH H3 KOTOpbiX .liBl'IHeTC.li. Heop;H03Ha'!HOCTb B ou;eHKe porrll 

KaHarra norrr()~eHHH nuoHoB. B aToii cBH3H OKa3hlBaiOTCH atf>tf>eKTHBHhlMH nop;xop;b:r, 

unHa'ial'IbHO corrracoBaHHhle c Tpe6oBaHHeM yHHTapH:ocTu Teopuu. K ux 'iucrry 
' . - ~' . ' " 

OTHOCllTC.li YHHTapHbiH nop;xop;, OCHOBaHHblH Ha HCTIOl'Ib30BaHHH HeTpap;HIJ;HOHHOH 

tJ>opMyrrupoBKH KBliHTosoii Teopuu pacceHiiHH, npep;rro)KeHHOH ,I(. A; Kup)KHHIJ;eM. 

PanBHTHe, p;~umoro MeT?p;a npuMeHHTel'IbHO K nap;a'l:e nuoH-Hp;epHoro B3aHMo

p;eiicTBHH npuBel'IO K TIOCTpOeHHIO YHHTapHOH TeOpHH MHOrOK~aTHOrO paCCeHHHH, 

TI03BOl'I.liiO~eH TipOBOIJ;HTb pa~'leT Henocpep;CTBeHHO TIHOH-Hp;epHbiX tf>an paCCeHHHH. 
0 ' T • 0 "' ' < > 

IIorry'leHHhlH HTepau;uoHHhlH p.11p; p;l'IH MaTpHIJ;hl pacceHHH.li coxpaH.HeT ee yHnTap-
• •. . . . . . . • . ·, u ~ • ' ' ' ' 

HOCTb Ha Ka)Kp;OM ware HTepaiJ;HH H 6rr?I'op;apH_6blCTp01l: CXOIJ;HMOCTH p.!Ip;a TI03BO-

MeT orpaHH'IHTbCH B. pac'l:eTax HH3WHMH HTepau;HHMH. Corrracue npep;rro)KeHHoro 
' - ' . . . ' . . . . 

nop;xop;a c Tpe6osaHueM: yHnTapHOCTH Teopuu o6ecne'l:HBaeT KoppeKTHoe oTp;em~- · 

HHe a<J>tf>e~TOB :'lHCTO TIOTeHIJ;Hal'IbHOrO pacC~.liHH.li o:: HeTIOTeHIJ;Hal'IbHOrO ( TaKHX 

KaK · HCTHHHoe no~rro~eHue nuoHOB · Hp;paMH) H npasurrbHoe noporosoe nosep;eHue. 
' . .- ' . . ' . ~-- ~ ' . ' ; ' . . ,.-

TIOTeHIJ;Hal'Ia B3aHMOp;eHCTBH.li _ B npep;erre. HWJKHX OHeprHH. 

06rracTb ripHl'IO)KeimH YHHTapHOH TeopHH pacce.HHHH B OCHOBHOM 6blrra cocpe-
, . ; -. _. '. . . . . . ~ ' 

IJ;OTO'leHa Ha H3y'leHHH npo6rreM B3aHM~p;eHCTBH.li HHOHOB C Hp;paMH C HyrreBblMH 

3Ha'!eHH.liMH CTIHHa H HOOCTIHHa. B nocrrep;HHe rop;bl npOHBHl'IC.li 60l'IbWOH HHTepec K 

HCCl'Iep;oBaHHIO CTIHHOBblX etf>tf>eKTOB B TIHOH-Hp;epHOH tPHOHKe. B 9TOH CBJIOH CTaHO~ ., , . ' . " 

BHTCJI ~KTYa.JtbHblM nposep;eHHe o6o6~eHHH YHHTapHor_o nop;xop;a H HCTIOl'Ib30BaHHe 
.. · -., . . . . . . . 

ero B03MO)KHOCTeH)~l1JI H3y'leHHH /];HHaMHKH B3aHM~p;eHCTBH~ TIHOHOB G Hp;paM~ CO 

. OHa'l:eHHHMH GTIHHa H HOOCnHHa OTl'IH'l:HblMH OT HYl'IJI. 
" '' ~. . /". ' ' ' ' ) 

B nocrrep;Hl'(e rop;hl, ppou;eccbl uooynpyroro pacceHHHJI nnoHoB Ha xp;pax c 'ne

pexop;oM .!Ip;pa B p;BOHHOe uoo6ap-aHarrorOBOe COCTOJI~He (DIAS) CHCTeMaTH'leCKH 
) . '' .· . : ,' ' .. 

IIDY'ial'IHCb npu HH?KHX 9HeprHHX H npHBJieKl'IH K ce6e 3Ha'l:HTel'IbHblH HHTepec. 
. . . . -. . . . . 

Cy~ecT~yroT p;~e oco6eHHOCTH, xapaKTepHhle p;l'IH peaKu;uii p;BOHHOH nepenapxp;i<u 

nHOHOB TipH HH3KHX aHeprHH. IlepBaH CBJI3aHa C TeM,· 'ITO H3Mep.HeMhle p;utf>tf>e-
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• peHIJ;Hal'IbHble Ce'l:eHHJI cpaBHHMbr no Bel'IH'IHHe C Ge'l:eH.HJIMH, npH prooHaHCHblX 

aHepru.£:x. BTopax csxnaHa c liarru'l:ueM: nuKa B yrrroBhlX pacnpep;erreHHJIX ce~eHHH 

npu pacceJIHHH snepep;. B · HaCTOJI~ee speMJ! cy~ecTsyeT_ 6orrbwoe KOl'IH'leCTBO 

MexaHH3MOB~ npep;rro)KeHHhlX p;IDI o6'bJICHeHIIH yKanaHHhlx'naKOHOMepHocTeii. 

Borr:bwHHCTBO TeopeTH'leCKHX pa6oT nocsx~eHo uc.crrep;osaHHIO porru Tpap;u-. ) 

u;~oH~oro MexaHH3Ma nocrrep;osaTel'IbHOH nepenapxp;KH (SEQ-MexaHHnM), 'npu Ko

TopoM nHOH HCnhlTblBaeT 0/];HOKpaTHYIO nepenapxp;ey nocrrep;oBaTel'IbHO Ha p;syx 

panHhlX HyKrroHax xp;pa. PenyrrbTaThl no uc.crrep;osaHHIO SEQ-M:exaimnMa B npu-

6rru)KeHHH nl'IOCKHX BOl'IH TaKOBhl: (a).paCC'IHTaHHble p;utf>tf>epeHIJ;Hal'IbHble Ce';IeHHJI 

Ka'l:eCTBeHHO socnpounsop;JIT yrrroshle pacnpep;erreHux,. Ho, KaK npaBHl'Io,. Hep;oou;e

HHBaiOT HX Bel'IH'IHHY 6orree.'IeM B p;Ba pana; (6) penyrrbTaTbl O'leHb 'IYBCTBHTel'Ib

HhlMH K xp;epHoii CTPYKType, K atf>tf>eKTaM KopoTKop;eiicTsyro~ux N N-Kopperrxu;uii, 

K sbl6opy 7r N. tf>opMtf>aKTOpOB H K Heonpep;erreHHOCTJIM B ~-N B3aHMop;eiicTBHH. 

B pxp;e pa6oT 6blrro noK~aHo, 'ITO nHa'l:HTCl'IbHhlH. BKrrap; B -npou;ecc~ ~p;soiiHoii 

nepenapHp;KH MoryT -p;aBaTb TaKHe HeTp~p;HIJ;HOHHble: MexaliH3Mhl, KaK Me30HHble 

o6MeHHhle TOKH u :K8.Harr norrro~eHHJI i::moHOB. Corrracilo aiuM pa6oTaM Ka)Kp;hlii un 

. y~anaH~~i ''a~noTH'l:ecK~x" Mexaau~MOB KoHcTpyK;MBHo HHTeptf>epupyeT:c SEQ~· 

MeXaHH3MOM npu HH3KHX aHeprH.liX H npaKTH'ieCKH nOl'IHOCTbiO BOCnpOll3BO)l;HT 

aKcnepuMeHTal'IbHhle yrrrosble pacnpep;erreHHJI ce'l:eHnii no p;soiiHoii nepenapxp;Ke. 

Op;HaKo crrep;yeT nop;'IepKHYTb, 'ITO aTH penyrrb~a;J 6~mu n'orry'leHhl B npu6nu)Ke

HHH nl'IOCKHX BOl'IH H, crrep;oBaTel'IbHO, 3Ha'l:eHHe p;aHHOrO corrraCHJI C 9KCnepHMeHTOM 
!' 

p;o HaCTOJI~ero MOMeHTa, HeJICHp. 

licKa)KeHue nuoHHOH BOl'IHhl HMeeT MeCTO KaK npu MHoroKpaTHOM pacceJIHHU 

napJI)KeHHblX TIHOHOB B npHXO/];.li~eH U YX,O/];JI~eii BOl'IHaX. (BHeWHee HCKa)KeHne), 

TaK H npH MHOrOKpaTHOM paCCeHHHH npoMe)KyTO'l:HhlX HenapJI)KeHHhlX nHOHOB 

(BHyTpeHHe~ ucKa)KeHHe ). Stf>tf>eKThl ucKa)KeHHJI nuoHHoii. BOl'IHhl;irrx SEQ~MexaHu-

_nMa 6hlnH uny'leHhl B p.11p;e pa6oT. Op;HaKo un nposep;eHHhlX uccrrep;osaHHH MO)KHO . . . .. 

naK;IO'IUTb, 'ITO cuTy~ux c .y'leToM rmoHHoro HCK~~~HHn B SEQ:M~aHnnMe Ha 

p;aHHblH MOMeH; npo;HBOpe'IHBa ~! Tpe6yeT T~a;~l'IbH~r; H<ly;;eH~JI. . . 
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OcnoBHble ueJIH pa6oTbl: Hccnep;oBrume npo~eccoB ynpyroro pacceJIHIIJI II 

nepeml.pJI)J;KII nHOHOB Ha JierKHX Jip;pax B 06JiaCTII HIIIJKIIX 3HepriiH. 

1.- Pa:JBIITHe yHIITapHoro nogxqga, ocHoBaHHoro Ha paccMoTpeHIIII 3BOJIIO~IIII 

KBaHTOBOll CHCTeMbi no OTHOIIIeHIIIO K KOHCTaHTe BIJaiiMO)J;eHCTBIIJI, )J;JIJI CJIY'IaJI 

pacceJIHHJI niiOHOB Ha Jip;paX CO IJHa'!eHIIJIMII CniiHa II IIIJOCniiHa paBHbiMII 1/2. 

IlpiiMeHeHIIe yHHTapHoro nogxoga K uccnep;oBaHIIIO ponii KaHana nornollleHIIJI niio

HOB II cnUHOBbiX a<f><f>eKTOB B ynpyroM pacc-eJIHIIII llHOHOB Ha Jip;pe 3He npH HHIJKUX 

aHeprnJIX. 

'2. Pa:Jpa6oTKa a<J><f>eKTHBHoro MeToga y'IeTa BHeiiiHero ncKa:lKeHHJI nnoHHOH ' 

BOJIHhl, oCH()BaHHoro Ha ncnoJib:JOBaHnn cenapa6eJibHoro pa:Jno:lKeHnJI onTn<iecKoro 

niioH-JigepHoro noTeH~nana B HMnynhCHOM npocTpaHCTBe. Hccnep;oBaHIIe ponu 

. I u ~ fll v 

BHeiiiHero UCKa:lKeHHJI niiO~HOU BOJIHbi )J;JIJI MexaHHIJMa nocJie)J;OBaTeJibHOH nepe-

:JapJI)J;KH B peaK~HH IJ;BOHHOH nepe13apJI)J;KU nnoHOB Ha Hp;pe 14C C nepexop;OM Hp;pa 

-· B IJ;BOllHOe U:Jo6ap~aHanoroBoe COCTOJIHUe: 14C( 7r+, 11"- ) 140(DIAS). , 

Hayqurur uoaHona 8 ueuuocTb pa6oTbl: 

1. Pa:JBHT yHnTapHbiH nogxog, ocHOBaHHhlH,Ha paccM?:rpeHnn 3BOJIIO~nn KBaHc 

TOBOH cncTeMbi no ~THOIIIeH~IO ~ KOHC~aHTe CBJI:JU nnoH-HYKJIOHHoro B:Jan

MogencT~nJI,. )J;JIJI CJIY'IaJI pacceJIHUJI niiOHOB Ha Jip;pax CO t3Ha'IeHHJIMU CniiHa 
' ' ' < '. 

II Ut30CllUHa paBHbiMU 1/2. 

2.' HccnegoBaHo ynpyroe pacceJIHUJI nnoHoB Ha Hp;pe 3He npu HH:JK~X aHeprHHx 

B yHHTapHoM nogxoge n nony'IeHo xopoiiiee. cornacne npoBegeHHhiX pac'!eTOB 

c, UMeiOiliHMHCJI-npe~Ut3HOHHbiMH 3KCnepnMeHTanbHbiMH p;aHHbiMH. ·YcTaHo

:fmeHa cyllleCTBeHHaJI pon& KaHana nornollleHnJI nnoHoB B o6nacTn HH:JKnx 

;meprnii:. Ilpu aHann:Je cnnHoBbiX a<f><f>eKTOB nony'IeHo ·6on&IIIoe :JHa'!eHue 

)J;JIJI napaMeTpa cnnHoBoii: acnMMeTpnn. 

3. Pa13pa6oTaH a4><f>e~TUBHbiH MeTOIJ; y'IeTa BHeiiiHero HCKa:lKeHHJI llUOHHOH BOJI

Hbl, OCHOBaHHbiH Ha HCnOJibiJOBaHHH cenapa6eJihHOro pa13JIO:lKeHHJI onTII'IeC-
1 ' . ' . 

KOrO llHOH-:"'IJ;epHoro noTeH~nana B HMnyJihCHOM npocTpaHCTBe: .J];aHHblll Me-

·/ 
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Tog o6ecne'InBaeT _ npocTyro aHanHTU'!ecKyro npouegypy pac'!eTa ~<f><f>eKTO~ 
- . . . ' ' 

llUOHHOrO UCKa:lKeHHJI H llOIJBOJIJieT npoaHanUIJlipOBaTb pOJib HCKa:lKeHHJI )J;JIJI 

nUOHOB, HaXO)J;JIIliHX~ Ha 3HepreTU'IeCKOll H BHe3HepreTii'Ie~KOll noBepXHO~ 

CTJIX, B p;aHHOM nap~HanbHOM KaHane peaK~UH. 

4. B paMKax MexaHU:JMa nocnep;oBaTeJibHOH nepe:JapJip;Kn ~ccnep;oBaHa ponh uc

Ka:lKeHnJI BHeiiiHUX nUOHHbiX BOJIH B peaK~UU IJ;BOllHOll nepe13apJI)J;KU nUOHOB 

Ha Hp;pe _1~C C nepex~p;OM Hp;pa B IJ;BOHHOe UIJ06ap-aHanOrOBOe COCTOJIHUe: 

14C( 7r+, 1r- ) 140(DIAS). YcTaHOBJieHo, _'ITO y'IeT nnoHHoro ncKa:lKeHHJI JIBJIJI~ 

eTcJI Ba:lKHbiM n no:JBOJIJieT cyllleCTBeHHO yny'IIIIUTh cornacue c 3KcnepuMeH-

TanbHbiMH _ p;aHHbiMU no yrJIOBbiM pacnpep;eJieHHJIM . U Ka'!,eCTBeHHO MeHJieT 

aHepreTn'!ecKyro :JaBUCUMOCTb <f>YHK~H~ Bo:J6Y:lKAeHrui JIApa B peaK~nn ABOH- -

Hoii:nepe:JapJIIJ;KH. 

~ .. ~"~~~ ... ~- y~~~A~· P~:Jyn&TaTbi, npegc~aBneH~ble B gnccepT~nu,'Heog

HoKpaTHO IJ;OKJia)J;biBanUCb Ha CeMUHapax Jla6opaTOpliH ~eopeTH'IeCKOH. _<f>Ut3UKU 
... , - . '•' - ' 

nM. H. H. Boronro6oBa OH.ffH n' HHCTIITyTa JigepHOII <f>n:JHKH Ha~noHanbHoro 

- JigepHoro '~eHTpa Pecny6nnKH Ka:JaxCT~, a ~aK:lKe Ha Me~p;yHapop;HOM COBellla

HUU -no ManO'!aCTU~biM npo6neMaM B <f>Ht3UKe HHt3K~ 3Hepruii: (AnMa-ATa, 1992), 
~ ' ' - ' ' / - ., --

XIII Me::!Kp;yHapop;Hoii: KoH<f>epeH~nu no '!aCTH~aM n JigpaM (Ilepyp;::!Kua, II TanHJI, . . ·. -•, . . '- . ' . . ' 

1993), Me::!Kp;{'Hapop;Hoii KoHcpepeH~nu no Me:JoHaM ,n Hgp~ np~ ?POMe:lKyTo'IH:hlX 

aHepruJix (.IJ:y6Ha, 1994), 6-ii: Me::!Kp;yHapog~oii 1\0H<f>epeH~IIn no Me:Jo~aM ~I-JierKnM , - tc , ' . , . . . ' ... , 

JI)J;paM (CTpa:lK nog PancKeM, l!exnJI, 1995), 7-ii:'Me::!Kp;yHapo~Hon KoH<f>epeJI~nn no 
' • ' ' ; ~ • .j . • . ' • 

MeTOIJ;aM CUMMeTpUU B <f>Ht3UKe (.IJ:y6Ha,-1995). 

IIy6JIHKaUHH: P~:JYJibTaTbi guccepT~HH ony6nnKoBaHbi B 7 ne'!aTHbiX pa6o-

Tax. 

CTpyKTypa H 06'beM AHCCepTaUHH: p:uccepT~HJI COCTOHT Ut3 BBeAeHHJI, 

'!eTbipex rJiaB, IJaKJIIO'IeHliJI H Tpex npUJIO:lKeHHH 06IliHM o&beMOM 96 CTpaH~, 

BKJIIO'IaJI 13 pncyHKOB, 1 Ta61IH~bl .H cnHCOK ~HTHpOBaHHOll 1IH'!epaTyphl Hl3 95 

. HanMeHOBaHHH. 
- . 
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KP ATKOE · CO,IJ;EP)I(AHHE P ABOTbl 

Bo BBe)l;eHHH ):laHo o6ocHOBaHIIe Ba)!{HOCTII IIccne):lyeMbiX npo6neM II a.KTyanh

HOCTII TeMbr j:IIICCepTaQHli, cci>opMyliiipOBaHbi Qellb II Oa):la"'II, II npiiBep;eHO KpaTKOe 

IIOJIO)!{eHIIe COj:~ep)!{aHH.!I. 

B nepaoii··rnaae IIO~O)!{eHbi ocHOBHble· nono)!{eHIISI II ypaBHeHH.!I YHIITapHoii: 

Teopiiii pacce.!IHH.!I, ocHoBaHHOH Ha MeTO):Ie K1Ip)!{HIIQa paccMoTpeHIISI · aBOliiOUIIII 
.• J 

KBaHTOBOH CIICTeMbi no OTHOWeHHIO K KOHCTaHTe BOaUMO):IeHCTBH.!I, a TaK)!{e Bblpa-

)!{eHII.!I, nony"'eHHble npu npoBep;eHIIII o6o6IUeHH.!I YHIITapHoro no):IXO):Ia ):lll.!I cny"'rur 

pacce.!IHH.!I niiOHOB Ha .!Ij:~pax CO CniiHOM II IIOOCniiHOM paBHbiMII 1/2. JipuBep;eHbi 

Bbipa)!{eHH.!I ):lliSI pac"!eTa <I>ao noTeHziiianbHoro nuoH-SigepHoro pacceSIHII.!I B nep

BOM nop.!Ij:~Ke TeOpiiii, a<I><I>eKTOB BTOporo rlOp.!Ij:~Ka, CB.!I::l~Hbiif C Bllli.!IHIIeM KaHaliOB 

B006y)!{p;eHII.!I .!Ij:~pa II norliOIUeHII.!I niiOHOB, a TaK)!{e y"'eTa KYliOHOBCKoro BOaiiMO

j:~eHCTBII.!I niiOHOB C .!Ip;paMH; 

B yH~T~pHoM Me.Top;e K1Ip)!{HUUa noTe'HQIIanbHoe niioH-.!IgepHoe BoauMogeii:, 

CTBUe OlliiCbiBaeTC.!I raMIIllbTOHIIaHOM 

A 
1i='K"+'HA+"XV=h+AV, V=L:v;, 

i=l 

(1) 

rge HA - raMIIllbT~HIIaH ~gpa, K" ·- onepaTOJ,.KIIHeTII"'eCKOH :JHeprim mioHa, V; . . 
.:... noTeHQIIan BoauMogeii:cTBH.!I 'rin~Ha c i-biM: HyKnoHoM Hgpa, ·a A IIrpaeT ponh 

KoHcTaHTbi 1r N -·B:JauMogeii:cTBH.!I. BBmiroQII.!I ciicTeMbi paccMaTpiiBaeTCSI no oTHo

weHii_ro K IIOMeHeHII{o fa;· HYli.!I p;o A = 1. IlapaMeTp A ogecb BBO):IIITC.!I <l>opManbHO 

II B KOHUe Bbi"'IIcneHIIH nonaraeTCSI paBHbiM egiiHIIQe. 

,II;ll.!I apMIITOBa onepaTopa V(A) MO)!{HO 3aniiCaTb a:BoniOQIICJHHOe ypaBHeHIIe: 

ddA V(A) = L[PuV,(A)G!->(Eu)V(A) +·h.c.], V(A ~ 0) = V, (2) 
(J 

rge G(±l(E) = (E- h ± i6)-:1 - '!>YHKUH.!I I'piiHa II Pu = !rfou)(rfouJ,- one~aTop 

npoeuupoBaHIIH .Ha Ha"'anbHOe COCTOHHIIe raMIIllbTOHIIaHa h. 

::l<l><l>eKTIIBHbiH, OaBIICSIIUIIH OT aHepriiii onepaTop U0(E, A) Bbipa)!{aeTcSI_ "'epeo 

V(A) nocpe):ICTBOM CIICTeMbi CBHOaHHbiX ypaBHeHIIH, gonycKaiO~Ueii: IITepaunoHHoe 

6 

,, 
' 

',.J 

\ 

pewemteno cTeneH.!IM V(A). IlepBbie ):(Ba "'neHa aToropa.:Jno)!{e:Hllii IIMeiOT BII):I:' 

,\ 

.Uo(E; A) = V(A)-' 2-;rij dA 1 V(At)Qo(E- h)V(A). (3) 
0 

HeapMIITOBa "!acTh onepaTopa U0(E, A) eooTBeTCTByeT BKJia):ly :Heynpyrux KaHa-. 

noB B pacce.!IHIIe (Hanii"'IIeonepaTopanpoeuupoBil.HII.!I Q :Ha Bon6y)!{):leHHble cocTo

.!IHII.!I .!I):Ipa). 

,Il;nH napuuanbHbiX <I>ao nuoH-H):IepHoro pacce.!IHII.!I nony"'ae~ 

1 

6a(k) ~ --;rc,.A(k) j d.\{(fi;OJU0(E,A)J~;O)h· 
0 

'(4) 

B peciyn~TaTe :3aga"!a HaxoiKgeHIISI nuoH-HgepHbiX <I>ao pacce.!IHH.!I cBO):IIITC.!I i Bhl-· 

"!ucneHIIIO MaTpii"'Horo aneMe~~a (MS) (fi; OJU0(E, A)jk; 0) onep~Topa U0 (E, A), 

KOTOpbiii: B npegno)!{eHHOM nogxoge urpaeT ponh onTu"!ecKoro noTeHQIIana. 
':... 

B nepBm:t iiop.!IgKe paono)!{~HII.!I nnoH-~gepHbie <1>~~ pac~e.!I~IHH IIMeiOT BIIA . . . 

oi1>(k) = -:-7rczrA(k)j ~A { (k1;0JV!1
>(A)j(o)L, ~!1l(A) = t u;(A). (5) 

0 . . i=1 . . 
' . ' _, ' 

B cny"'ae pacce.!IHII.!I niiOHOB Ha Hgpax co :JHa"'eHII.!IMII tnuHa u IInocniiHa pa-

BHbiMII 1/2 cniiH-li::locnuHoBM cTpyKTypa MS IIMeeT BII):I , . 

"A i. . 
(f,.AJ L ui(A)Ji>rA) =A L pfJ(Q)u~(~, ,?; A)'y, (6) 

i=1 fJ=O 

rge Ji,.A), Jf,.A). ~ COC~OHHII.!I nii~~~SI):IepH~~ ~IICT~Mbl p;o HUO~ne BO~IIMO):IeHCTBH.!I. 
lfcnonbOJH pHg npn6liii)!{eHIIH, npiiM~HHeMbiX B onTII"'eCKOH Mogenii, nony"'ae.M Bbl-·. 

pa)!{eHne gnH pac"!eTa napuiianhHbiX <l>ao pacceHHIISI nnoHoB Ha Hgpax B nepBoM 

nopH):(Ke Te~piiii. B ):IIICcepTa~nii TaK:iKe .np~BegeH y"'eT a<I><I>eKTOB BToporo. n~
p~gKa, CBSIOaHHbiX. C npoQeCC~II BOo6y)!{j:leHII.!I H):lpa B npoMe)!{yTO"'HbiX COCTO-

• • , • • . ·. " .. I_ .. , 

HHH.!IX (napaMeTpbi HeynpyrocTn): MHIIMM "!acTh <I>ao pac.ceSIHIISI pacc"'nTaHa B 

liiiHeHHOM no .!Ij:~epHOH nnoTHOCTII np1I6JIII)!{~HIIII: 
.. ·. ·. . . · - : 1 A ·••. ·' . . 

.. lm6!
2
l(k) = 27r2

c,.A(k)Ac,.A(kA) j ~:' p00(Q) j dA j dA 1u(fi, k1';. Xt)u(ki!; k; A). 

0 0 

(7) 

'7 



!IonpaBKa, BO:JHHKaiO~aJI npn y'leTe xaaaJia norJio~eHHH nnoHa, nMeeT BH)l;: 

o:~(k) = /ok,02(q)[Bo(k) + Co(k)(Ki. K)],. (8) 

rJJ;e napaMeTphi B0 n C0 onpeJJ;eJIHIOTCH no nnoH-aTOMHhiM )l;aHHhiM. 

Bo BTopoii rnaae npoBe)l;eH aHaJIH:J ynpyroro pacceliHHH nnoHoB Ha H)l;pe 3He . . . . -. . 

npn HH:JKHX aHeprHHX B paMxax pa3BHToro <PopMaJIH:JMa. Pacc'!HTaHhi )l;n<PqiepeH-
- ' 

UIIaJlbHble Ce'!eHHH yrrpyroro 7r
3He-pacceHHilH, KOTOpbie cpaBHIIBaiOTCH C IIMeiO~H-

• 
MUCH rrpeUII:JHOHHhiMII aKCIIepHMeHTaJlbHhiMH )l;aHHhiMH. 

MccJie)l;oBaHo BJIHHHHe rrapaMeTpa ~. nMeiO~ero CMhlcrr cpe)l;Heii: aHeP,rnn BO:J-

6yJKJJ;eHHH H)l;pa n orrpe)l;el!HIO~ero noporoBoe rroBe)l;eHne rrapaMeTpoB Heynpyro~ 
. . 

c;n, aa )l;n<P<PepeHUHaJibHhle ce'!eHHH yrrpyroro 1r3 He-pacceHHHH. IlapaMeTp ~ JIB-. ~ . 

1!HeTCH e)l;HHCTBeHHbiM CB060)l;HhiM napaMeTpOM YHHTapHOH TeOpHH H, B o6~eM 

crry'!ae, MO:lKeT :JaBHCeTb KaK OT Xap~KTepHCTHK H)l;pa, TaK H qT aHeprHH HaJieTa

IO~ero nnoHa. Pac'!eThi noKa:JaJIH, 'ITO BK1Ia)l; oT aeyrrpyrnx KaHaJIOB, CBH:JaHHhiX 

C BO:J6yJK)l;eHHeM H)l;pa B npoMe:lKyTO'IHhiX COCTOHHHJIX, IIpeJie6peJKHM IIpH aHep

rHHX HHJKe ~0 MaB n H~'IHHaeT OT'leTrrHBO rrpoJIB1Il!TbCJI rrpn yBerrn'leHnn aHeprnn 

HaJieTaiO~ero nnoHa. 

Pe:JyrrbTaThi pac'!eToB yKa:JhiBaiOT Ha cy~ecTBeHHYIO porrb KaHaJia rrorrro~eHnJI · 

B yrrpyroM pacceJIHHH UHOHOB Ha ll)l;pe 3He rrpn HH:JKHX aHeprHJIX. IJpn aHeprHJIX 

IIHOHOB HH:lKe 50 MaB KaHaJI rrorrro~eHHJI )l;OMHHHpyeT B <PopMHpOBaHHH rrapaMe-- . 
!POB Heynpy:ocTn. TaxnM o6pa:JoM, B yHnTapHoii: Teopnn, rro:JB01IJIIO~eii: JIBHo 

Bhi'IHC1IHTb BK1Ia)l; a<P<PeKTOB llOTeHUHaJibHOrO pacceJIHHH, Y)l;aeTCJI OIIpe)l;el!HTb KO-
' . . . -

. 1IH'leCTBeHHO p01Ib KaHaJia norrro~eHHJI UHOHOB B IIHOH-JI)l;epHOM pacceJIHHH. 

HaMn rroxa:JaHo, 'ITO yHnTapHh!ii: IIO)l;XO)l; B crry'lae yrrpyroro 1r3He-pacceJIHHJI 
- ' .. I . . ' 

o6ecne'limaeT xopowe~ orrncaa~e cy~ecTBYIO~Hx axcnepnMeHTaJibHhiX )l;aHHhiX 

BII1IOTb )l;O aHeprnii: IIHOHOB 50 MaB (Puc. 1). Ilpn aHaJIH:Je crrnam3hlx a<P<Pex

TOB rrorry'leHo 6orrbwoe :JHa'leHne )l;1IJI rrapaMeTpa CIIHHOBoii: acHMMeTpnn B o6-

rracTH yrrroB ·pacceJIHHH, rrpn KOTOphiX ce'leHHJI HMeiOT- MHHn:MyM. AaaJiorH'IHOe 

rroBe)l;eHne rrapaMeTpa acHMMeTpHH rrorry'leHo B pac'!eTax, rrpoBe)l;eHHhlx· B paMKax 

8 

j 
~ 

·t\ 
\( 

I 

~He(,-+,,-+) 

10r \\ 

!H•(,•,,•) d. 
T=30.2 MeV t\ 

-'2" 1 

"' ' .l:l 5 
c 0.1 
"0 

' b 
"0 

0.01 

0:001 

-'2" 
"' ' .l:l 5 

' c 0.1 
"0 ,. 
b 
"0 

- 0.01 

0.001 
0 60 120 180 0 60 120 

e •. m. (degrees) e •. ;.: (degrees) 

Puc. 1: .II;n<P<PepeHUHarrbHhle ce'!eHHH yrrpyroro 1r+3 He-pacceJIHHJI . ' ~ ' 

npn T7f = 30.2, 45.1 n 65~0-MaB. CrrrrowHbte KpHBhle - rrorrHhiH 

pac'!eT,- nyHKTHpHh!e 6.e:J y.'leTa ..:. (a)· xaHaJia Bo:J6yJK)l;eHHH JI)l;pa, 

(6) xaHaJia norrro~eHii:JI rrnoHa. 
- ,_. , ''" 

180 < 

OllTH'leCKOH MO)l;el!H. 8xcnepHMeHTaJlbHOe HCC1Ie)l;OBaHHe )l;aHHOH Bel!H'IHHhi -IIpe)l;-
,' . '' ~' . . . . ' - . . ·- , ', . - . 

cTaBrrJieT 6orrbwoii: HHTepec. 

B TpeTbeii rnaae H:JrroJKeH <PopMarrn3M H:JocrrnH-HHBapnaaTaoii: onTH'!ecxoii: 
r· 

MO)l;el!H H rrpe)l;l!O:lKeH · a<P4leKTHBH_hiH -MeTO)l; .. y'!eTa HCKaJKeHHH IIHOHHOH B01IHhi, 
I '.' - . • . . . . . • ' ' '·, ~ • "' '• • 

ocHoBaHHhiH Ha cerrapa6errbHOM pa31IOJKeHHH IIHOH-JI)l;epHoro rroTeHUHaJia B HM-. . •'· ,. . -- . ' ' 

rryrrbCHOM rrpocTpaHCTBe. ,IJ;aHHhiH MeTO)l; o6ecrre'IHBaeT rrpocTyiO IIpOUeJJ;YPY pac

'!eTa a<P<PeKTOB IIHO~~oro HCKaJKeHHH H xio:JB01IJieT rrpoaHaJIH~HpoBaTb p01Ib HCKa

JKCHHH IIHOHOB, Haxo)l;H~HXCJI Ha aHepreTH'leCKOH HBHeaaepreTH'leCKOH IIOBepXHO

CTJIX, )l;1IJI Ka:lK)l;Oro·rrapUHaJibHOrO .KaHaJia peaKUHH. 

,IJ;aHHblii: MeTO)l; IIpHMeH~ )l;1Ill .H3Y'Jelm:a a<P<PeKTOB IlHOHHOro HCKa:lKeHHH B 

J];pyrux·rrpou~ccax(TaxHX·Kax<l>oTOpOJK)l;eHHe H rrorJIO~eHHe ~HOHOB),B KOTOpbiX 
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f 

lliiOH llO.SIBIDieTCJI B Ha'IaJl:hHOM IIJIII KOHe'IHOM COCTOHHIIHX; CorJiaCHO.HalUeMy Me

TOp;y, IICKa:lKeHHaH aMllJIIITyp;a IJ;Jlll TaKIIX npm~eCCOB HaxOp;IITCH KaK npoiit1Bep;eHIIe 

cooTBeTCTBYIO~e:il: rmocKOBOJIHOBo:il: aMllJIIITYIJ;bi II cl>aKTopa ncKa:lKeHIIH, Bbipa:lKeH~ 

Horo '!epen cenapa6eni.Hbie nnoH-Hp;epHbie <I>opMcl>a.KTopbi. 

IIpn npeHe6pe:lKeHIIII aci>ci>eKTaMII HapymeHIIH II:JoTonn'!ecKo:il: CIIMMeTpiiii on

TII'IeCKIIH noTeHQ~aJI (QJI) IIMe~T B~p;: 
• .,J 

U ~.Uo + Ut(;j · T) + U2(;j · T)2, (9) 

rp;e ;J (T) lliiOHHbiH (.srp;epHbiH) II:JOCllliHOB~H onepaTop. IIocKOJII.KY u2 << 

Ut < < Uo, II:JOTeH:JOpHbiH 'IJieH u2 cnep;yeT paccMaTpiiBaTI. KaK BO:JMyiQeHIIe K Ka

HaJlaM ynpyroro pacce.srHII.!I II op;HoKpaTHOH neproap.srp;KII. B penyni.TaTe, B paMKax . ~ 

p;ByxnoTeHQIIaJII.Horo ci>opMarrn:nMa p;n.sr npoQeccoB p;Boi'mo:il: nepenap.srp;Kn: c nepe-

xop;oM .srp;:pa B p;Bo:il:Hoe nno6ap-aHarroroBoe coCTO.!IHHe Mbi nony'In:M cnep;yiOmee 

Bbipa:lKeHIIe p;rur MaTptiQbi pacce.srHIIH· 

{1l'-;DIASITI7l'+;g.s.) =TAR+ ..jT~(2T0 -1)?;DWBA. (10) 

3p;eci. TAR OTBe'!aeT BKnap;y B p;Bo:il:HyiO nepenap.srp;Ky oi nepexo~oB '!~pen IIno6ap

aHarroroBbie cocTO.!IHII.!I. BTopo:il: 'IJieH cooTBeTCTByeT 6opHoBqoMy npn6nn:lKeHIIIO 
... ' ' ' ' '·'· " - ... '. ··,.;.}<• 

IJ;ll.!I II::30TeH::30pHOII aMllJ!HTYIJ;bi, paCC'IIITaHHOII B npii6JIII:lKeHIIII HCKa:lKeHHbiX BOJ!H: 

· ?;DWBA = {tf1;)(7l'-;DJAS)j'U2 jtfk~)(7l'+;g.s.)}, ,(11} 

rp;e .,,(±) 
'~'k 

(±)-. . ... . .. . . nv lk) .. Mcnoni.ny.sr llOJIHbiH ·Ha6op np'oMe:lKyTO'IHbiX llHOH-.!Ip;epHbiX 

COCTOHHIIH C llJIOCKIIMII BOJ!HaMII, MO)KHO :Jann:caTI. 

J;DWBA(E) I: D~-=:.>,DIAs(kJ>qi; E){1l';:-, qi; DIASI?;PWBA.(E)j11'+ ,tli; g.s.} 
ifl,iil 

n{+l . (- k E) X .,..+,g.•. q2, ii , (12) 

• 1' ' ' \ .. . 
rp;e IICK~:lKaiQIQIIe cl>~Topbi fl(±) onpetleneHbi cnep;yiOlliHM o6panoM 

. (±) -. -. - - . (±) - 3 - (±) -. -. . 1 D. (k,q,E)={klflv (E)Iq) -(211') c(k-q)+Tv (k,q,E)., l:'f_\ I :c' (13) 

'10 

Mcnorii.:Jy.sr' Me~oA Be:il:TMaHa, nooBOJIHIOlliHH ripoBeCTII cenapa6eni.Hoe p~no

:lKeHn:e p;aHHoro KopoTKop;e:il:cTBYIOlliero nn:oH-.srp;epHorci noTeHQIIarra, nony'IIIM cne

p;yiOmee Bbipa:lKeHn:e · p;n.sr napQIIaJII.Ho:il: · aM:nniiTYIJ;bi ~BOHHo·n:' nepenap.srp;Kn:: 

?;r;,wBA(kJ> k;; E)= 'Y~w (k,, k;)?;~WBA(k" k;; E), (14)· 

rp;e 

'Y~W (kJ, k;) = (1 - k1F,(kJ )~,(~J ))(1 - k;F,(k;)~o(k;)) (15) 

II 

1 !"" q2
dq'[g,(q)]2 1 

~,(k) = 7l'€.,..A(k) 
0 

271'2 Ya(k) E(k)-B(q) + ic' (16) 

rp;e Fa ( k) - · aMnnn:Typ;a ynpyroro nn:o~-.srp;epHoro pacce.srHn:H, g( q) - ci>opMcl>aKTop 

cenapa6eni.Horo nn:oH-.srp;epHoro · Bnan:Mop;e:il:cTBIIH. 

<f>op~yna (14), npep;cTaBJIHIOlliaH co6o:il: OIJ;HH Htl OCHOBHbi:lCproyni.TaTOB IJ;HC

cepTaQHH, nonBon.sreT .Bbi'IHCJ!.!ITI. IICKa:lKeHHYIO aMnniiTyp;y p;Bo:il:Ho:il: nepenapHp;Kn: 

p;n.!I Ka:lKp;oro napQHaJII.Horo KaHarra KaK npOII::3Bep;eHHe llJIOCKOBOJ!HOBOH aMnJIH

TY/J;hl H HCKa:lKaiOlliero cl>aKTopa. ,II;aHHbiH cl>a.KTOp paCC'IHTbiBaeTC.!I B :rep~HimX 

niiOH-.srp;epHbiX cl>op'Mcl>a.KTopoB, no~y'!aeMbiX c ~o~orhi.~ MeTop;a cenapa6eni.Horo 

npii6nii:lKeHIIH Be:il:TMaHa. CornacHo MeTop;y Be:il:TMaHa, :lTII ci>opMcl>aKTopbi onpe

p;en.sriOT · BHeaHepreTn:'!ecKoe. noBep;eHn:e aMnniiTyp;bi ynpyroro pacce.srHn:.sr. · 

B 'leToepTOH rJiaoe ·B paMKax MexaHnnMa nocnep;oBaTeni.Ho:il: nepenap.srp;Kn: 

(SEQ-MexaHH::lM) IICCJ!eiJ;OBaHa poni. IICKa:lKe:il:H.!I BHelUHIIX llHOHHbiX BOJIH B peaKQHII 

IJ;BOHHOH nepenap.!Ip;KII lliiOHOB Ha .srp;J~ 14C C nepex;p;OM .srp;pa B /J;BOHHOe n:no6ap-
" . . . . . . -·. , . 

aHarroroBoe cocTO.!IHIIe: 14C( 71'+, 71'- )140(DIAS). 

IIpn: a:aarrnne SEQ-MexaHII:JMa HaMII noKanaHo, 'ITO y:eT BHemHero ucKa:lKeHHH 

p;rur peaKQIIII H_a .srp;pe 14C npu 50 MaB ciini.Ho unMeH.sreT penyni.TaTbi, nony'IeHHbie 
. ~ . ' . . ~ . " 

B nnocKOBOJ!HOBOM npn:6nu:lKeHIIH, yBenn:'IIIBaH yrnoBoe pacnpep;eneHn:e npn: pacce-
~ ~ . ' .. . . ' . 

.!!Him Bnepep; II yMeHI.lliaH npn: 6oni.mn:x yrn~ pacce.srHu.sr. IIpn:'IeM IICKa:lKCJiii.!I Ka.K 

Ha :lHepre'TII'IeCKOII, TaK II Ha BHeaHepreTII'IeCKOH llOBepXHOCT.!IX .!IBJ!.!IIOTCH 0/J;HHa-
,. ' ' . . ~ . . ' 

KOBO Ba:lKHbiMH. ThK:lKe llOKatlaHO, 'ITO HeCMOTp.!I Ha cpaBHHTeni.iro Ma:nbiH BKJ!ap; 
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oT aHanoroBbiX nepexo~oB B SEQ-aMnnnTmy, ~aHHaJI aMnnnTma KOHCTPYKTHBHo 
., . . ' ' . ~. . 

HHTep<f>epnpyeT c H:JOTeH:JOpHoii aMnnnTmou HeaHanoroBbiX nepexo~oB. HaMH 

H:Jy'IeHO BnHJIHHe BHyTpeHHOrO.HCKa:lKeHHJI Ha aHanOrOBble nepexO~bi H noKa:JaH01 

'ITO 3TOT 3<f><f>eKT ~HnhHO MeHJieT Ce'!eHHJI, paCC'IHTaHHble B npn6mi:lKeHHH C HCK_a

)KeHHbiMH BOnHaMH npH y'IeTe TOnhKO BHeiiiHero llCKa:lKeHH.!I. ,I{aHHbiU pe:JynhTaT 

YKa:JbiBaeT Ha Ba:lKHOCTb npoBe~eHH.!I OT~enbHOrO H:Jy'IeHH.!I ::~<f><f>eKTOB HCK.a:lKeHH.!I 

BHpTyanbHoro nnoHa B HeaHanoroBoii '!aCTH SEQ-MexaHH:JMa. 

10 
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Pnc. 2: Pe:JynhTaTbi pac'!eTa (a) ~n<f><f>epeHQHaiThHbiX ce'!eHHH H 

( 6) <f>yH~QHH BO:J6y:lK~eHH.!I ~n.!I peaKQHH 14C{ 7r+; 7r-)14Q(D!AS). 

80 

YcTaHoBne~o, 'ITO npoBe~eH~~ y'IeTa IIHOHHoro ncxa:lKeHH.!I JIBnJieTC.!I Ba:lKHbiM, 

n·O:JBOn.!IeT cyl!leCTBeHHO yny'IWHTb cornacne C 3KCnepHMeHTaiTbHbiMH ~aHHbiMH no 

yrnOBhlM pacnpe~em!HH.!IM H Ka'!eCTBeHHO MeHJieT 3HepreTH'J:ecKyiO :JaBHCHMOCTb 

<f>YHK~~~ BO:J6y:lK~eHH.!I .!I~pa B peaKQHH ~BOHHOH nepe:Jap.!I~KH (Pnc. 2). 
B o~KJIJO'IeHHH c<f>opMynnpoBaHbi ocHoB~ble Bbi~o~bi n pe:JynbTaT:br ~n~~ep

TaQHOHHou pa60Tbi. 

12 

OCHOBHhiE PE3YJihTAThl ,IJ;HCCEPTAll;HH 

1. Pa:JBHT <f>opManH:JM yHnTapHoro rro~xo~a, ocHOBaHHbiH Ha pa~cMoTpeHHH 

. 3BOniOQHl;I KBaHTOBOU CHCTeMbi IIO OTHOWeHHIO K KOHCTaHTe B:JaHMO~eUCT-

BH.!I, ~n.!I cny'IaJI paCCeJIHH.!I nHOHOB Ha .!I~pax CO :JHa'!eHHJIMH.CnHHa H H:JOC

IIHHa paBHbiMH 1/2. 

2. Mccne~oBaHO yrrpyroe pacceJIHH.!I nnoHoB Ha .!I~pe 3He npn HIIDKHX 3HeprHJix B 

paMKax pa:JBHToro <f>opManH:JMa. IIonY'J:eHo xopowee cornacne npoBe~eHHbiX 
. ' 

pac'!eTOB C HMeiOl!IHMHC.!I npeQH:JHOHHbiMH 3KCIIepHMeHTaiTbHbiMH ~aHHhl,MH, 
. . . . 

H ycTaHOBneHa Cyl!leCTBeHHaJI ponb ~aliana nornOl!leHH.!I IIHOHO~ B o6naCTH 

HH:JKHX ::~Heprnu. Ilpn aHann:Je cnHHOBbiX ::~<f><f>exToB nony'IeHo. 6on:bwoe :JHa

'!eHne ~nH_ napaMeTpa cnHHOBOU aCHMMeTpHH. 

3. ,I{n.!I y'IeTa BHeWHero HCKa:lKeHH.!I nHOHHOU ~OnHbi pa:3pa60TaH ::~<f><f>eKTHBHbiU 

Me To~,. ocHoB~HHbiH Ha ncnoni.:JoB~HH cenapa6enhHoro p~.:.mo~e~llir onTn-
. . . : ~ . . 

'!ecxoro nHOH-JI~epHoro IIOTeHQHana B HMnynbCHOM npocTpaHCTBe •. ,I{aHHbiU 
'. ••. : • ' ,, ' • !', •• ' . '"; • 

MeTo~ o6ecne'IHBaeT npocTyiO aHanHTH'IecxyiO npo~:~e~ypy pac'!eTa ::~<f><f>ex-. . ·~ . 

TOB IIHOHHOrO HCKa:lKeHH.!I H IIO:JBOn.!IeT npoaHanH:JHpOBaTb pon:b HCKa:lKeHH.!I 

IIHOHOB, · HaxO~.!Il!IHXC.!I Ha 3HepreTH'IeCKOU H BHe::lHepreTH'IeCKOU IIOBepXHO

CT.!IX, ~n.!I ~aHHoro nap~:~nanbHoro xaHana peax:O:nn • 

. . ' 

4. IIpoBe~eHo nccne~OBaHHe ponn BHewHero ncxa:lKeHH.!I IIHOHHoii BonHhl ~nH Me-
t 

XaHH:JMa IIO_cne~OBaTenbHOU nepe:Jap.!I~KH B peaKQHH ~BOUHOU nep<:iJap.!I~KH 

. nHOHOB Ha .!I~pe 14G C nepexo~OM .!I~pa B ~BOUHOe H:Jo6ap-aHanoroBoe COCTO

.!IHHe: 14C(1r+, 1r-)140{DIAS). YcTaHoBneHo, 'ITo y'IeT nnoHHoro ncxa:lKeHHJI 

.!IBn.!IeTC.!I Ba:lKHbiM H no:JBOn.!IeT cyl!leCTBeHHO yny'IWHTb cornacne C 3KCIIepH-, . ' . . . 

MeHTaiTbHbiMH ~aHHbiMH no yrnOBbiM pacnpep;eneHH.!IM H <f>YHKQHH BO:J6y:lK~e-
... -: . .--~ ....... ~.' ··. -~~.~. 

HH.!I .!I~pa. 
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