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O0mas xapakTepuCTHKA JUCCEPTALMHU

AKTyanbHOCTL _TeMbl. PasBuTuio Qopmanusma A ONKCAHHSA
KOJUIEKTHBHOTO SAEPHOTO JBMXEHUS 0ONBLION aMIUIATYIB! [IOCBALIEHO
Gompmoe uyucino pabor. JaHHBIM QopmanusM nOpUMEHAeTCS  UIA
OTIMICAHUS PEaKIiil CIMIHMA, KBA3HIEICHHs, MHOTOHYKIIOHHEIX Mepe/ay
¢ TSDKeJIBIMH MOHAaMHU W [JeJleHus Anep. B Takux mporeccax Hauboiee
CYIIECTBEHHBIMH  CYMTAKOTCS JIMIUBP  HEKOTOpBIE  KOJUIEKTHBHEIE
(MaKpOCKOIIMYECKHE) CTENeH! CBOOOBI, KOTOPBIE BBIOMPAIOTCA HCXOIS
U3 MOTpeOHOCTe UWHTEpPHpeTalud OKCIIEPUMEHTAIbHBIX [IaHHBIX.
HauGonee dYacTO MCHONMB3YEMBIMU KOJUIEKTMBHBIMU KOOpJWHATaAMU
SBJIAIOTCA MEXLEHTPOBOE PACCTOSHUE WM OTHOCHTENBHOE YHIHHEHUE
CHCTEMBI, MapaMeTp Lueiky, AedopManuu B3auMOIESHCTBYIOMUX SAED,
MaccoBas U 3apsiioBas acUMMETpus. [IMHaMHUYECKHM YPaBHEHHEM I
KOJUISKTUBHBIX KOOpPAMHAT  SBJIAETCS CTOXACTUYECKOE YpaBHEHHE
JlamxeBeHa wWid (U3MYECKH OKBHUBANECHTHOE eMy AU dy3HOHHOE
ypaBHenne  @okkepa-Ilmanka  juis  GYHKIMH — pacmlpeneNeHus
KO/UIGKTUBHBEIX KOOPAMHAT M CONPSXKEHHBIX UM UMITYJdbcoB. s
peLIeHHss OSTUX ypaBHEHHH HEOOXOZAMMO 3HAHME TPAHCIOPTHEIX
KO3 QUIIMEHTOB: MOTEHUUANGHOW DHEPrMH, MAaCCOBBIX IApaMETPOB,
ko3 dunmenToB Tperus u nuddysun. IIpu paccMOTpeHHH KOHKPETHBIX
SIEPHBIX MpPOLIECCOB CTOXaCTHMYECKUE YPAaBHEHUS H TPaHCIOPTHBIE
K09()OUIHEHTHI ONpenmendioTcs B~ OCHOBHOM B paMKax
(eHOMEHOIOrMYECKUX TTOAXO0I0B.

XoTsT MHOrWe CBOMCTBa SIEPHBIX peakiuii HMEIT KBaHTOBYIO
NIPUPONY, BO MHOTHX HCCJIEI0OBAHUSIX Ha OCHOBE TPAHCIIOPTHEIX MOJENEH
KBaHTOBbIE CTaTHCTHYECKUE dPPEKTH! UTHOPHUPYIOTCS M HCIONB3YeTCs
KITaCCUYECKOe ONHCaHHe, B KOTOpPOM KOI(PGUIMEHTH TPEHUSI H
mubdy3un  CcBsA3aHB  Yepe3  KJIACCMYecKoe  (PIyKTyalHOHHO-
JWCCUINIAIIMOHHOE  COOTHOLICHHE. PaccMOTpeHHe — 3aTyXaHHs U
GuykTyanuifi B KOJUICKTHBHOM KBAaHTOBOH CHCTEME B OCHOBHOM
OTPaHUYMBAETCS MApPKOBCKUM IIpefenoM (MTHOBEHHas JUCCHUIIALs,
rayCCOBCKHME J1elbTa-KOppeIUpOBaHHbEIE (QIIYKTyalHuu) U NPEeAenoM




c1aboi CBA3M WM BBICOKMX TeMIleparyp. HenokalpHOCTh IUCCHIIALIMU
OOBIYHO HE NpPHUHHMAeTcs BO BHMMaHHE MpH OIMMCAHHHM peaKkUui C
TSDKENBIMU HOHAMHU U JieneHusa. To ecTh CUMTAeTCsl, YTO ATH MPOLECCH
ABIAIOTCS ~ MapKOBCKMMH: BpeMs  pelakcald¥  OJHOYaCTHYHOMN
NOACHCTEMB! 3aMETHO MEHBIIE XapaKTePHOI'O BPEMEHU KOJIIEKTHBHOI'O
IaBwKeHus. [103TOMy KOIMYECTBEHHBIE OLIEHKH BS3KOCTH, B YaCTHOCTH
ONHOTENBHOM, B paMKax HEMapKOBCKOHW MOJEIN MOTYT CYILECTBEHHO
OTJIMYATECS OT TeX, KOTOPhIE MOJY4EHH! B MPEANOJ0KEHUH MapKOBCKOI'0
XapakTepa AUHAMUKHU PEaKIHH.

JlaHHBIE HCCIeNOBaHUS NOCBSILCHbl PA3BUTHIO HOBBIX TEOPETUUECKUX
NOAXOJOB K OIMCAaHWIO MEXaHU3Ma SNCPHBIX peakUUd Ipu HU3KHUX
SHEPrusAx,  YYMTHIBAIOUIMX  HUX  KBaHTOBYI0  JUCCHUIATUBHYIO
HEMapKOBCKYIO IIPHPOAY, TaKMX KaK 3axBaT, CIMSHUE, KBasHICICHHE,
nelieHue sAaep. B ocHoBe Hamlero popManusMa JeXUT TEOPUst OTKPBITBIX
KBAaHTOBBIX cuCTeM. Mcxons U3 JaHHOM TeopuH, CTPOUTCS KBAHTOBBIN
GbIIyKTYallMOHHO-AUCCUIATUBHBIN (AU (Y3HOHHEIM) MOAXO0L, B paMKax
KOTOPOr'0 BO3MOKHO A€TaJbHOE ONUCAHUE pacCMaTPHBAEMBIX IIPOLIECCOB.

IMocnennue sKCriepUMEHTATbHbIE JaHHbIE 110 SAEPHBIM PeaKLUiM IpH
HM3KHMX 3HEPrusX, HalpuMep, Mo Iiy0oKo MoudGapbepHOMY CIHSHUIO,
0OHapyXKMBalOT  HOBBIE TEHICHIMH, HE YKJIQJbIBAIOLIMECS B
CYIIECTBYIOIIME TpaJULMOHHBIE MOAXONBl. B CBA3M ¢ 5TUM co3maHue
HOBBIX TEOPETHYECKUX MOJeNeH, Hapsgy C COBEpUICHCTBOBAHUEM
CYIIECTBYIOIMX, PACIIMPEHUEM TIpaHUL] UX NMPUMEHHUMOCTH SIBIISIETCS
Ba)XXKHOW 3amauedl Qusuku atomMHoro sgpa. Jaxe B pamkax
KJIaCCUYECKOr0 OIMCaHMUS IPAaBUIIBHBIA y4eT OCOOCHHOCTe# SIEepHBIX
peakuuii MOXeT CyNIeCTBEHHO YJIYYIIMTh COIJIache TEOpHUU C
9KCTIEPUMEHTAILHBIMU JaHHBIMH.

BaxcHOIl cocTaBIAOIIEH paccMaTpUBaeMBIX IIPOLECCOB  SIBJISETCS
npobieMa MpeoJoNeHUs] NOTEeHIUANBHOr0 Oapbepa, Kak MPH JHEPrHsX
BBILIE Oapbepa, Tak U NpH NoabapsepHbIX SHeprusx. JanHas npobiema
crienvdUyHa He TOJIBKO AJIS SOEPHOM, HO U Ui aTOMHON (usuku. Takue
SBJICHHS, KaK [eJeHHe BO30YXISHHBIX aTOMHBIX sAep, AWCCOLIUAINS
MOJIEKYJ C TEOPETUYECKOH TOYKHM 3PEHMs NMPEACTABNIAOT co00il pacman
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BO30Y)KACHHONH CHCTEMBI, KOTOpas, II€pBOHAYalbHO HaXoLiICh B
KBa3sUCTALMOHApHOM (MeTacTaOWJIBHOM) COCTOSIHHM, IIPE0JOJIEBaEcT
NOTeHUMANbHBI  Oapbep  Onarofjaps  TEIUIOBBIM  QUIYKTyalHsM.
ITonGapeepHbIe ITpolLieccH UTPalOT BaXKHYIO POJib, HAIPUMEp, B TaKUX
IpolLeccax, Kak 3axXBaT HAJIETAIOLIETO sSIpa SAPOM-MHUIIECHBIO, CIUAHHE
TSDKENBIX MOHOB M CIIOHTaHHOE JeJIeHHE aTOMHEIX szep. KBaHTOBBIN
(IIyKTyalluOHHO-MCCHIIATHBHBIN (qudy3HOHHBINH) MOAXOA MO3BOJSAET
KOPPEKTHO OMHKCaTh TaKKe IPOLECCHI.

Heaplo  padorel sBisercs  paspaborka  dopmanuzMa  Jis
TEOPETUYECKOIO  OMMCaHWs KOJVIEKTUBHOTO  SIEPHOTO  JOBMIKECHUSA
OONBLION aMILIMTYAEl B paMKax KBaHTOBOrO  (IYKTYallOHHO-
JMCCUIIATUBHOI'O  MOAXO0Ja W  ONHCaHWE Ha  €ro  OCHOBE
9KCTIIEPMMEHTAJIFHBIX JaHHBIX 10 SAOCPHBIM PEaKLsIM 3aXBaTa, CIMSIHUS
Y ICJICHUSL.

HayuyHasi HOBH3HA M IPAKTHYECKAs] IEHHOCTD.

e B paMKax MHKPOCKOIMYECKOTO KBaHTOBOTO Iu(pdy3HOHHOTO
NOAXOOa  MCCIENOBAaHbl  MPOHHLIAEMOCTh  MOTEHIMAIBHOTO
Oappepa, a Takke KBa3UCTALMOHApHAas CKOPOCTh TEIJIOBOTO
pacriaga MeTacTabuIbHOTO COCTOSHUSA B Cllydae JIMTHEHHOM CBsI3U
T10 UMIIYJIbCY U KOOpJUHATE MEXKAY KOJUIEKTUBHON M BHYTPEHHEH
noacucremaMu. [lonyueHHBle aHaTUTHYECKHEe (HOPMYJB MOTYT
OBITH  WCHONB30BaHBI  JJI  ONHCAaHHA  (UIYKTYallHOHHO-
JUCCUTIATUBHON IUHAMUKU SICPHBIX peakUuil 3axBaTa, CAMSHUS,
KBa3M JeJEeHHUs, MHOTOHYKJIOHHBIX TIepesiay U JEIeHUs..

e PaccmaTpuBaeMblil MOAXOM YCHELIHO HCIIONB30BaH IS H3YIEeHHUS
TNpoLecca 3aXBaTa HAJNETAIOWEr0 sApa SOPOM-MULICHBIO IIpH
sHepTHiIX OoMOapAUPOBKH OKOJIO M HMXXE KYJTIOHOBCKOTO Gapbepa.
IMTomyuyeno xopouiee onucaHNe UMEHOLIUXCS SKCIEPUMEHTAIBHBIX
CeUYEeHUH 3axBaTa B peakUUsX CcO CEepUdyecKuMu U
JebopMupoBaHHBIMU  siApaMu. IlokazaHo, 4To BHe 00JacTH
OEVCTBUS SOSPHBIX CHI U SIIEPHOTO TPEHUs IaJeHHE BETHMYHUHBI
CeUeHHs] MOAGApbEePHOro 3axBaTa HAJIETAIOUIEro SApa SAPOM-
MHUILEHBIO C  yMEHbBIIEHHEM OJHeprud  OombapIaupoBKu




3aMemsieTcsl. IIpefyioKeHsl peakiMy Ui SKCIepHUMEHTaNbHON
IIPOBEPKM  JTOro  Ipefcka3aHus. BrepBele  uccienoBaHa
H30TONMYECcKas 3aBUCHMOCTH CedyeHHs 3axBaTa "
CpeIHEKBaAPaTUYHOr0 yIJIOBOTO MOMEHTa CUCTEMBI Ha NPHUMEPE
peakuMi ¢ pa3nM4HOM MaccoBod acummerpued. M3syuena pois
CTaTHYECKOH JedopManuy sapa-MUILEHH WIH HAJIETAIOIEro
A1pa, a TaKXKe KaHajla HEUTPOHHOM nepenadu B IPOLecce 3aXBaTa
B AApO-ANEPHOM CTONKHOBEHHH. VlccienoBaHbl I0Jy4EHHBIE
napuuanbHBIE ~ CEYEHHs  3axBaTa B CpaBHEHHH  C
9KCNIEPUMEHTaJIbHEIMU JTaHHBIMU.

¢ Jlomy4yeHs! HOBbIE NPUONIKEHHBIE aHATUTHYECKHUE HOPMYJIBI JJIs
KBa3UCTALIMOHAPHOM  CKOPOCTM  JENCHUS  BO30YKIEHHBIX
aTOMHBIX szep (o6oOmennsie Gopmynasl Kpamepca) B ciydae
WCIIOJIB30BaHNsl MHKpPOKaHOHHWYECKoro aHcamOis. OmpeneneHa
TO4HOCTB popmys Kpamepca kak B ciiyyae MUKPOKaHOHMYECKOTO,
TaK ¥ KaHOHMYECKOro aHcamobuneil.

Anpobanus pa6oTel. Pe3ynsraThl, npencrasieHHbIe B qUCCEPTALHY,
JOKIabIBAINCh U 00CY)KIaIiCh Ha HAyYHBIX CeMUHapax B JlaGopaTopuu
Tteopetnyeckoit ¢usuku wum. H.H. Boromo6oBa OOGbequHEHHOTO
MHCTUTYTa AAECPHBIX HccaenoBanuil (Jy6Ha), a Takxke mpeiCcTaBIsIUCh U
JOKJIaZbIBAJINCh Ha MEXIYHapoAHBIX KoHpepeHumsx “Fusion 20117
(Can-Mano, ®panuus, 2011), “Rutherford Centennial Conference on
Nuclear Physics 20117 (Manuecrep, Benukobputanus, 2011), “Sapo
2011” (Capos, 2011).

Ily6auxaumu. ITo marepnanam auccepranuu ony6inkosaso 7 pabor.

O0bem u cTpyKTYpPa aMccepranuu. Jluccepramusi COCTOUT U3
BBE/ICHUS, YETBIPEX I71aB, 3aK/II0UYEHUS U MPUIOKEHUS 00IMM 00beMOM
123 crpaHumpl, BkmOYass 55 pPHUCYHKOB M CIHCOK LUTHPOBAaHHOM
muteparypsl u3 205 HauMeHOBaHuUiA.




Copep:xaHue paboThbl

Bo BBeneHMH 00CymaeTcs aKTyaJbHOCTh paGOTHl M MOTUBALUA
NPOBOJUMEIX  HCCIENOBaHHM, [JaeTcs KpaTkudi o00630p 1o Teme
JiccepTaliu.

B_nepBoii rJiaBe U3 MHUKpPOCKOIMYECKOrO TaMUJIBTOHHAHA IOJIHOW
CHCTEMBl aHaJIWUTUYECKH [OMyuYeHa U pEeLIeHa CUCTeMa HEeIMHEHHBIX
KBAaHTOBBIX HHTErpo-Av¢epeHInanbHbIX ypaBHeHUN JlamkeBeHa 11
IEePEeBEepHYTOr0 OCLWIIATOpa B Ipenene oO0med CcBA3M MEXIy
KOJUIEKTUBHOHN ¥ BHyTpeHHel noacucreMamu. ITokasaHo, yTo ypaBHEHUS
IBWKCHUS ISl KOJUIEKTUBHON MOACUCTEMB! YAOBICTBOPAIOT KBAHTOBBIM
GIIyKTyallUOHHO-IUCCUNIATUBHEIM ~ COOTHOLICHHUAM M  COOTHOILEHHIO
HeonpeneneHHOCTA. VI3 HeMapKoBCKMX  ypaBHeHMH JlamikeBeHa
NIOJY4Y€HB! JIOKAIbHBIE 10 BPEMEHH ypaBHEHHs JUIA IEPBOTO U BTOPOIO
MOMEHTOB, HO ¢ TPAHCIOPTHBIMH KO2()(QUIMEHTaMH, 3aBUCALIUMHU SBHO
OT BPEMEHHU.

IMompobHO nccnenoBaH ciy4dall JNUHEHHOW CBS3M MO HMIYNBCY HU
KOOpIMHATE MEXAy KOJUIEKTUBHOM U BHYTPEHHEM IIOACHCTEMaMHu.
IMomyuyeHs! aCUMNITOTUKH TPAHCHIOPTHHIX KO3(GHHULUHUEHTOB U PaCCMOTPEH
MapKOBCKHH HIpefes.

Bo BTOpOii riaBe, HCHONB3ys pPa3BUTBIM B IEepBOH IJIaBe
MHUKPOCKOIMYECKHH TMMOAX0[ IJI ONHCaHWd JUHAMHUKH OTKPBITHIX
KBAaHTOBBIX  CHCTEM, pacCYMTaHa IPOHHLAEMOCTh (BEPOATHOCTH
NpOXOXAeHUs) mnapabonuueckoro Oapeepa. HalinenHas B ciyvae
JMVHEHHON CBA3M MO UMIYJbCYy MEXIY KOJUIEKTMBHOM U BHYTpEHHEH
NOJCHCTEMaMU IPOHUIIAEMOCTh CPaBHUBANACh CO CIy4aeM JIMHEHHOM
CBSI3M IO KOopAuHaTe. Takke paccMOTpeHa MPOHHULIAEMOCTh B Cllyyae,
KOTJIa UMEEeT MECTO OZIHOBPEMEHHO KaK JIMHEHHas CBA3b 110 UMILYJBCY,
TaK U MO KoopauHate. V3ydeHbl 3aBUCHMOCTY MPOHUIIAEMOCTH Oapbepa
OT BPEMEHU, DHEPrUM, TeMIIEPATyPHl, CUJIbI CBSI3U MEKAY KONJIEKTHBHOM
¥ BHYTpeHHeM noacucremamu. s nonbapbepHBIX 3HEPTUIl 0OHApYKEH
POCT MPOHULAEMOCTH MPH YBEIHYSHUM KOIPOULMIEHTA TPEHUS.




PacueTel MOKa3pIBalOT, YTO € 3aTyXaHHeM KBaHTOBEIE J(P(EKTHI
pactyT. OT1u 3(¢deKTs MOryT OBITH JOCTATOYHO CHIBHBIMH IPH HU3KHX
Temnepatypax. [lomydeHHble  pe3yJjbTaThl  MOATBEPXKAAIOT,  YTO
KBaHTOBAas1 MpUpPoOJa nepexona depes Gaprep AOMKHA OBITH yYTeHa NpU
pacuere cedeHHsl 3aXBaTa B SAPO-SICPHOM CTOJIKHOBEHHUHU.

B pamkax ucnons3yeMoro noaxoAa paccMOTpeHa KBasucTal[ioHapHas
CKOpOCTh  TEIUIOBOIO  pacmaja; MeTacTabMIBHOTO  COCTOSHHA.
HccnenoBana ee 3aBUCUMOCTh OT KOX((UIMEHTa TPEHUs KaK B CIydae
JUHENHOM CBA3YW IO MMIYJIbCY, TaK M B Cly4yae JIMHEWHOM CBA3U IO
KOOpDAMHATE MEXAy KOUIEKTMBHON U BHYTpEHHEH IOJICHCTEMaMHu.
IToxazaHo, 4TO faHHas 3aBUCHMOCTE SIBISETCS CPABHUTENBHO CNAbOi,
KOI'Zla UMEETCA OJHOBPEMEHHO CBS3b 10 UMILYJIECY U KOOPAMHATE MEKIY
HOJICUCTEMaMH.

B _Tperpeil _riaBe Ha OCHOBE BBILICNIPUBEICHHOTO (opManu3Ma
U3y4eH MpOoLEecC 3axBaTa HAJETAIOLIET0 fIpa SOPOM-MHUIICHBIO IpH
dHEeprusx OoMOapIMpOBKM OKOJIO U HIDKE KYJIOHOBCKOTO Oapbepa.
Paccmotpena 3BomonMs ABOWHON sSAEpHON CHCTEMBI 10 KOJIIEKTUBHON
KOOpJAMHATE OTHOCUTENBHOTO paccrossHus. Halinena dopmyna mis
NapLMaTIbHON BEPOATHOCTH 3aXBaTa, ONPENENAIOLICH IIOHOE CEYeHHUE
3axBaTa (cedeHue o0pa3oBaHUs ABOWHOMN SIEPHON CHCTEMEI).

C ydeTtoM BEpOATHOCTM 3axBaTa pacCUMTaHBl CEUEHUS 3axBara,
CpPEeIHEKBAJpaTH4YHbIE YTJIOBBIE MOMEHTHl COCTaBHOM  CHCTEMB],
acTpodusugeckue S-hakTophl, JorapupMUUecKde Npou3BoAHEIE L, a
TakKe pacnpeneneHus 6apbepoB D s pa3nuyHbIX peakuuit. ITomydyeHo
XOpolIee ONMCaHUE MMEIOIUXCS dKCIEPHUMEHTANbHBIX JaHHBIX KaK s
Hag0apbepHbIX, Tak W MoAOapbepHBIX SHEPruil Uil peakuuit co
chepuueckumu ¥ neQOpMHpPOBAaHHEIMU  sapamu.  IIpeackasaHo
YMEHbIIEHHE CKOPOCTU MAaJCHUS CEYEHHs 3aXBaTa MpU MoHOapbepHBIX
DHEPIUAX W3-3a U3MEHEHUS peXUMa B3aUMOIECHUCTBUS CTAJIKHMBAIOLIIUXCS
A0ep, Tak Kak NpH 3THX DHEPrusiX CHCTeMa OKa3bIBAeTCsl BHE 30HEI
JEHCTBUS sIIEPHBIX CUI U SIEPHOTO TpeHud. JlaHHOe U3MEHEHHE pexXuma
B3aUMOJCHCTBUS OTpPaXKaeTcs TaKXKe Ha CPEeNHEKBAJPAaTHYHOM YITIOBOM
MOMEHTE <J 2 > , aorapumuyecKoit IPOU3BOIHOM L 151




acrpodusuyeckoM S-pakTope. B 3aBUCUMOCTH CpeOHEKBAAPAaTUYHOTO
yTJIOBOTO MOMEHTa M S-hakropa oT E_, BO3HHMKAET MHHMMYM. Takoe
IIOBEJICHHE <J 2> JODKHO TPUBOAMUTH K YBEIMYEHHIO AHHU30TPOIHH
YTJIOBOTO paclpeneleHUs NPOLYKTOB NeICHNUS U KBa3HICICHHUS.
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Puc. 1. 3aBUCMMOCTH  paCYETHBIX Puc.2. To ke, 4To U Ha puc.1, TOJBKO
(crutournbie KpUBBIE) CeueHus 3axBata (@) g peaxumn 2 Ne +2Pb .

17§ CPEIHEKBaJPaTHYHOTO  YIJIOBOTO

MOMEHTa CHCTeMEI Iocjie 3axBara (6) OT

E,, s peakmm O+ *Pb B

CPaBHEHMH C  DKCIEPUMEHTAIbHBIMU
JAHHBIMY, TOKa3aHHBIMH  3HaYKaMHu.
Crpenxoit obo3HayeHa BEJIMYHHA
KYJIOHOBCKOro 6apsepa.

UroObl HCKIIOUUTH H3 PACCMOTpEHHs O(POEKThI, CBI3aHHBIE C
JedopManueil 1 OpueHTanMed B3auMOAEHCTBYIOIIUX SIEP, B MEPBYIO
ouepeab OBUTM U3YUEHB! CIEAYIOLIME PeaKuy co chepruiecKUMH SApaMu:
“He, 190, *S, ®Ca, *Ti + ®Pb, 2®Bi u ?Ne+>%Pb (puc. 1 u2).
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Puc. 3. 3aBucHMOCTH  pacUeTHBIX

CeUeHH 3aXBaTa (a) u

CpeIHEKBaAPaTHUHbIX YIJIOBBIX

MOMEHTOB CHCTEMBI Iocie 3axBata (6) OT
E_, IUI1 COOTBETCTBYHILUMX PEAKUuH B
CpaBHEHHH C  3KCHEPUMEHTAIbHBEIMH
HaHHBIMHU. TeMHBIMH CHMBOJIaMH
MOKa3aHbl JKCIEPUMEHTAIBHBIE JIaHHBIE

ana peakuuu °O + **Pb, ceembiMu —
s 0 +2%Pb.
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rapameTp 3ommepdensaa, "
pacnpeneneHus OaprepoB

D=d*E,,0.,) dE2  (6) mm

COOTBETCTBYIOIINX peakuuil. TeMHBIMU
CHUMBOJIaMHU TOKa3aHBI
9KCIIEPHMEHTaNbHbIE  JaHHBIE  JUIA

peakmiu '°O + ®Pb, crernpiMu — mis
Y0 +*Pb.

HccnenoBana H30TONMYECKass 3aBUCHMOCTH CEYEHMS 3axBaTa H
CPEIHEKBaIpaTUYHOTO YIVIOBOTO MOMEHTa COCTaBHOH CHUCTEMBI Ha
npuMepe crenyromux peakuuii: ‘He,'°0,%S,*Ca + °%20%242%pp (puc,
3 u 4). OGHapyXeHO, 4YTO yBEIWYEHHE uucia HelTpoHOB B Pb

CIIOCOOCTBYET — TMpoLEcCy

3axBara.

M3otonmyeckass 3aBUCHUMOCTD

CpaBHUTEBHO clabas B peakuuax ¢ *He u '°O, Tak Kak supo-saepHbii
MOTEeHIMan cirabo 3aBUCUT OT MAacCOBOrO YHCIA SApa MHUILEHH s



. 36 48
CHJIBHO acHMMETpHYHbIX peakuuil. B peakmuax ¢ =S um ~Ca
W30TOMMYECKass 3aBHCHMOCTh OKasbIBaeTcs Oosee cuiibHOH. Hakion
3aBUCHMOCTH CEYeHMs 3axBaTa oT E,  Mpu IIy0oko moadapbepHBIX

QHEPIrusixX HE YYBCTBHUTECIICH K UHCITY HCfITpOHOB CHUCTEMEI.
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Puc. 5. 3aBucuMoOCTH PaCUETHBIX CEUEHMS
3axpaTa (g) U CpemHero YrJoBOTrO
MOMEHTa CHCTEMBI Hocne 3axBata (6) oT
E., nna peakmuu O + "*Sm.Pacuerst
¢ yueToM craTuueckoi nedopmanun suep
M300paskeHB! CIVIOMIHEIMM KPUBBIMH, 0e3

ydyera — ITpUXOBEIMH. CHMBOJIaMH
MOKa3aHbl JKCIEPHMEHTAJbHBIE JaHHEIE.
Crpenxoit o0o03HaueHa BEJINUHHA
KYJOHOBCKOro  Oappepa B  cily4ae

chepryeckux suep.

Ha npumepe peaxmuii '°O +'2Cd,
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Puc. 6. 3aBHCHMMOCTH pacueTHHIX

TapiuanbHEIX CeYeHMH 3axBaTa OT J
IpH QUKCHPOBAHHBIX E,, I peaKLuu

'O +'Sm. Pacuerst ¢ yueroMm
crathueckoil  nedopmarmm  smep
M306PKEHB]  CIUIONIHEIMA  KPHBBIMI,
6e3 yuera — mTpHXOBEIMH. CHMBONAMH
TTOKa3aHHI OKCTIEPUMEHTATBHBIE

JaHHBIC,

160 +152Sm’
BN + *Ni,

160 + ]84W’
SNi + *“Ni,



4 Ni +'%Mo u3yueHa poib JedopManuu  AOpa-MUIICHH —W/WIH
HaJIeTaIOIEro sApa, a TAKXKE KaHajla HEHTPOHHO! nepenayu B rmpouecce
3axBaTa B SIpO-sJIEPHOM CTONKHOBEHHH. PaccunTansl nonHele (puc. 5) u
napuuanbHble (puc. 6) ceueHMs 3aXBaTa U CPEJHUE YIJIOBBIE MOMEHTHI
CHUCTEMBI ITOCJIE 3aXBaTa B CPABHEHUH C HKCIIEPHMEHTAIBHBIMY JaHHBIMU.
[TokazaHo, 4YTO OKCIEPUMEHTANbHO HabII0JaeMoe  yBEIUYEHHE
nonbapbepHOrO CEUCHMS 3axBaTa U COOTBETCTBYIOILEEC M3MEHEHHE
yrJIOBOTO MOMEHTa B OTHX peakuusx cBsi3aHsl ¢ 3ddexTom
KBaJpyMoJbHON aedopMmauueii crankuparomumxes suep. s peakuuu
% Ni+'Mo yuer spdexra IByXHEHTPOHHOI mepenaun cnaGo BIHIET
Ha TOJHOE U NaplUaIbHOE CEYEHHA. JTO CBS3aHO C TEM, YTO IpOLECC
nepenavy MpaKTUUECKU He BBI3BIBAET U3MEHEHHE KyJIOHOBCKOro 6apbepa.
B peakumn *Ni + “Ni 1ByxHelTpoHHas mepenaya NPUBOIUT K
YBEJIMUYCHUIO JedopMaldd JIETKOTO sipa U, COOTBETCTBEHHO, K
YMEHBIICHUIO BBICOTHl KyJIOHOBCKOTO 0Oapbepa, UYTO B CBOKO Ouependb
ycunusaeT 3axBaT. B peakmmax >*Si +°*'“Mo  mabmromaercs
IPOTHBOIOJIOXKHAsA KapTHHA.

B yerBepToii riase B pamkax Au¢Gy3HOHHOTO TOJX0Na PacCCMOTPEH
mpouecc  AeNeHus  BO3OYXKIGHHBIX aTOMHBIX  suep. IlosmydeHsl
nNpuOMKEHHbIE aHanuTHYeckue (OpMyasl Ui KBasHCTAlMOHAPHOM
ckopocTH geneHus (oGobuienHele Qopmynsl Kpamepca) B ciydae
HCIIONIB30BaHUSl MUKPOKaHOHHMYeCKoro ancam6bus. Ilytem cpaBHEHHSA
PE3yNbTaTOB aHAIUTUYECKHX BBIPAXKEHMH M YHCIEHHOrO paciera C
HCMONb30BaHUEM MU Qy3noHHOrO  ypaBHeHUs  CMOJIyXOBCKOTO
ompejeneHa TO4YHOCTh (opmyn Kpamepca B IIHPOKOM [uara3oHe
OTHOIUEHHMS BBICOTH Oapbepa [eiienus B, k Temneparype 7,
KBa3HCTALMOHAPHOTO COCTOSHUA Kak B CIIydae MHKPOKAHOHHYECKOTO,
TaKk M KaHOHHu4Yeckoro ancamOmeit (puc. 7). HaiimeHo, 4ro TOYHOCTB
uHTerpanbHOM ¢opmyisl Kpamepca cocrapnsier 2%, 4TO CyIIECTBEHHO
BBILIE, YeM Yy OOBIYHON (HOPMYIBI, TMONy4aeMoi U3 HHTErpaJbHON IpHU
WCITIOJIB30BAaHUM  KBaJpPaTUYHOTO INPUONMIKEHHSI H  OECKOHEYHBIX
IpENENOB HHTErpUpOBaHUsA. PacueTsl MpoBOMMINCH UL TPeX suep ¢
pasnuYHON BHICOTOH Oapbepa HEJIeHHs W JUIMHOM CIyCKa OT CeAJIOBOH
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TOYKH a0 TOYKH  pPas3phiBa. HOKa3aH0, YTO  HCIIOJB30BaHHEC

KaHOHHYECKOTo aHcaMmOus i nponecca OCJICHUA ONMpaBJaHO TOJIBKO B
Clly4qa€, Korzga aTOMHO€ sAOpO0 HaXOAUTCSI B CHJIBHO BO36y>KIIeHHOM

COCTOSAHHUHU.
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Puc. 7. B saBucumoctd oT napamerpa & =B, /T, NOKa3aHbl OTHOCHTENbHBIE

otknonenus &, =(R, —R,)/ R, (V) un &, =(R, —Rp)/ R, (V), paccunranusie s
ciay4aeB kaHoHnueckoro (KA) (a-6) u mukpoxanonuueckoro (MKA) (e-e) ancamGueit, u
OTHOIIEHHE KBa3HUCTALMOHAPHBIX CKopocTelt neneHus (oc-u). Pacuers! cpenmaHe! c
UCHonb30BaHueM F-moTeHumana (aHauuTHYeCKas armpoKCHMalys MOTeHIHala C
KOHEYHBIM pajuycoM B3aumopmeiicteus) mia U (cmera), ““Ra (B cepenmue) u

*Pb (cnpasa). R,; u R, KBAa3UCTAlMOHAPHEIE JMHAMHYECKHAE CKOPOCTH,

paccunTanHeie B clyyaiXx MKA u KA cooTseTcTBEHHO. R,, R, — KBa3suCTaLOHApHbIE

CKOPOCTH, PAcCCUMTaHHBIE @10 WHTErpansHONl Qopmyne u (opMyne B ciydae
CBEPX3aTyXaHHs COOTBETCTBEHHO, R, — KBa3HCTal[OHAPHAs JUHAMHYECKas CKOPOCTb.

B 3aK1109eHHH CYMMHUPYIOTCS PE3yJIbTAaThl, BRIIBUTaeMbIE Ha 3aIlUTY.
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B npuaoxeHuu naroTCA SBHBIE BHIpaXKeHHs I 3G GEKTUBHOM

TCMIICPATYPhI 51 ACUMIITOTHYCCKUX zmcnepcm‘/’l KOJIJICKTUBHBIX

KOOpAHWHAT.

Ha 3a11uTy BBUIBHIAIOTCS CJIENVIOIINE Pe3YIbTAThI:

Pa3pabotan MeTOZA pacyeTa MPOHUIIAEMOCTH MOTEHLHAIBEHOIO
Oapbepa U KBa3WUCTAL[MOHAPHOW CKOPOCTH TEIUIOBOTO paclaja
MeTacTaOMIBHOIO COCTOSHHUS Ha OCHOBE MUKPOCKOIHMYECKOTO
KBaHTOBOr0 A¥((y3uoHHOr0 noaxoaa. MeTon ucnonb3yeTcs Kak
B Cily4ae TOJIBKO JIMHEMHOM CBS3M 10 HMIIyJbCY MEXKAY
KOJUIEKTUBHOM W BHYTpEHHEH IMoJCHCTeMaMH, Tak U B Oonee
obmem ciiyyae JMHEHHOW CBA3KM MO MMITYJIbCy U KOOpDAMHATE.
ITpu nonGapbepHBIX SHEPrUsiX MpecKa3aH pPOCT MPOHULIAEMOCTH
c JUccUIalveH. ITokasano, 4TO 3aBUCHMOCTb
KBa3UCTALIMOHAPHOM  CKOPOCTHM  TEIJIOBOTO  pacmaga  OT
K03 hUIMeHTa TpeHUs SBISIETCS CpPaBHUTENbHO cjiaboil mpu
HAJIMYMM CBA3M 10 UMIYJBCY U  KOOpDAMHATE MEXAY
KOJUIEKTUBHOW U BHYTPEHHEH MoJcUCTEMaMH.

PaccmaTpuBaeMbIii OOX0/] UCTIONB30BAH AJIS U3YUEHHs IIporecca
3axBaTa HaJIETAIOIIETO fAJpa SJPOM-MUILICHBIO TPH DHEPTUIX
6oMOapAUPOBKU OKOJIO W HHXKE KYJOHOBCKOro Oapbepa.
IMonmyyena  ananutuyeckas ¢QopMmyna Uil mapHUanbHOM
BEPOATHOCTH 3axBaTa, ONpEAeNsonied cedyeHue oOpa3oBaHuUsd
JBOMHOM  siIepHOW  cucTeMbl. PaccuuTaHel TOJHBIE U
napuyajgbHble ~ CEYeHHWs  3axBaTa,  CpeIHMe <J ) u
CpeIHEeKBaipaTHYHbIe <J 2> yTJIOBbIE MOMEHTHl 00pa30BaHHOMN
NBOMHOM simepHOM CUCTeMBI, acTpodusmueckue S-(akTopHl,
norapudMuUecKkue MPOU3BOAHBIE L, a TakKe pacIpeiesIeHus
OGappepoB I pa3iMyHBIX peakuuid. MccrnenoBanbl 3P QEeKTh
CTaTUUeCKON edopMaluy B3aMMOAEHCTBYIOLIMX Saep, Nepefaunt
HEUTPOHOB MEXy ANpaMH Ha CEYCHHE 3aXBaTa U U30TONHUYECKAs
3aBUCHMOCTb C€4eHMsl 3axBara. [lodydeHHble pe3yJIbTaThl AN
peakuuil co cdepuueckuMd U AeHOPMHUPOBAHHBIMH SApPAMH
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HaXOHATCSI B XOpOIIEM  COMVIaCHM € HMMEROLIUMUCS
SKCIIEPUMEHTAJIEHBIMU TaHHBIMH.

IIpenckazaHO yMEHBIIEHHE CKOPOCTH IMAJCHUs CEYSHHUS 3axBaTa
Ipu  NoA0apbepHBIX DJHEPrUsX H3-3a U3MEHEHHUA pexuMa
B3aUMOJICHCTBUS CTAIKUBAIOILUXCS SAEP BCIEICTBHE TOTO, UTO
BHEIIHSS TOYKA IT0BOPOTa HAaXOAUTCS BHE 00nacTu JEeHCTBUA
siAepHOro  B3auMmopeHcTBui. JlaHHOE H3MEHEHHE peXuMa
B3aUMOJEHCTBUS IPUBOJUT K BO3HHKHOBEHHIO 3KCTPEMATBHBIX
TOYEK B 3aBUCHUMOCTIX S-, L-(axTopoB H <J 2) OT SHEPTuH
CTOJIKHOBEHHS.

[Tosy4eHb! HOBBIE NPUOIDKEHHbIE aHATUTHYECKUE (GOPMYJIBI IS
KBa3HUCTALlMOHAPHOM ckopocTu JeneHus (00001eHHbIe (hopMYIIBI
Kpamepca) B ciyuae WHCIOJBb30BaHUSI MUKPOKaHOHHYECKOTO
ancam6uis. IlyTeM cpaBHEHHS pe3yJbTaTOB AaHAIUTUYECKHX
BRIDQ)KEHMI W YUCIEHHBIX pAacyeToB C HCIOJb30BaHUEM
IuGQY3UOHHOTO YpaBHEHMS OIpefesieHa TOYHOCTH (OpMYI
Kpamepca B ImIMpOKOM Juara3oHe OTHOLIEHHUS BBICOTHI Oapbepa
JeNeHNs K TeMIIepaType B KBa3HCTALIOHAPHOM COCTOSIHHH KaK B
Cllyyae MHKPOKaHOHHYECKOr0, TaK ¥ KAHOHHYECKOTO OMHMCaHHH
nporecca AeJICHUsI.
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