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06maR XapaRT8p.11CTHKa paOOTl:l 
AK'ryaJll,HOCTI, T8MH: M110rOlJ.11CJI9HHl:l9 IlCCJIS,nOBaHM CTOJ1KHOB9HRH 8,JU)OHOB 

Bl:lCOKOH 3H9pr:.m C aTOMH!iMH smpaMH llOKa8a.1:m, "ITO llOHHMaH.110 M9XaHH3Ma 
3TllX npoueccoB H8BO3MOlKHO 093 ytJ:eTa npOCTpaHCTB9HHO-Bp0M8HHOH KapT.11-
Hl:l B3aHMO,neitcTBM 3JI8M8HTapHHX tJ:aCTlll(. YtJ:eT npocTpaHCTBSHHO-BpeMeH

HOH KapTllHl:l B M8PHHX pearu.umx no,nCKa3HBaeTCR pa3BilTil9M KBaHTOBOll 
xpoMO,nRHaMilK.11 .11 IlO3BOJIR8T aHaJill3HpOBaTI, ;nHHaMHKY a,npoHHHX CTOJIKHOBe

H.llfi Henocpe;nCTBSHHO B oOJiaCT.11 IlX B3aHMO,neHCTBM. Ilpoueccu POJK.n8HIDI 
'laCTHn BHYTP.11 smpa 'lepe3 o6pa3OBaHH8 llpOMe;KYTO"IHl:lX COCTOlIIIBil pa3JI~ID
ro Tlllla OKa31:lBam CY1Il9CTB9HHO8 BJIIlf!H.119 Ha npo;nyKTl:l peaKUliil B Tex R.11-
HeMaTl1"18CRilX OOJraCTRX, r;ne OlltB;naSTC.II npOlIBJISH.118 HeOOl:l'lHHX CBOHCTB 
H,D;epuo:ii MaTep.11.11. TaKlle COCTOlilill.lI B 3KCll9pliM9HTWC no o6HapyiK9HlliO 

l}_i.nyKTOHOB. KOPOTKO;ne:iicTBYKll\IDC KOppeMua:ii HYKJIOHOB. M,YJII,TllKBapKOBHX 
oopa3OBaH.11fi H T.n., Hrpa!OT pOJII, \J!OHa, KOTOpl:lil ;nOJiliteH 61:lTI, BH.149JI9H 113 

OCHOBHOrO aj'-JjSKTa,. 
B noCJie;nHee BpeMR ,nJIH .11cCJie;noBaHilf! pa3JIH'lHHX npooJieM TeopeTlt'lec

Koit lJ!li3nK.11, Ha~ C Tpa,D;IlUllOHHliM.11 IlO.]J.XO,naMH, Bee 'l8ll\0 .11CllOJII,3yl<Yl'CR 
pa3Jili"lHl:l9 M8TO,nH MaTeMaTli"ISCKOro MO,neJIUpOBaHM. Cpe;n.11 HillC ocoooe 
M8CTO 3aH.11MaeT MSTO,n MOHTe-Kapno IlJIH MSTO,n CTaTHCTil'lSCKOro MO,neJIHpo
BaHM. B npBMeHeHHH K a,JUJOH-H,IJ;epH!iM cTOJIKHOBSHH.HM ero .11cnoJI1,soBau.11e 

.naeT BO3MOlKHOCTI, C llOMOIIU,ll "BWU1CJI.11T9JII,HOro 3KcnepHM8HTa" H3YtJ:aTI, 

oco6eHHOCTH M8XaHH3Ma B3al!MO,nettcTB.11H. 

JleJlp pa6OTli COCTOHT B H3YlJ8HHH pa3JIHlUil:lX acneKTOB npocTpaHCTB8HHO
BpeueHHoro pa3BHTM Bl:lCOKO3H8preTH'l8CKHX a,JU)OH-H,IJ;8pHHX B3aHMO,neilcT
Bd MSTO,nOM CTaTHCTR'l8CKOro 'MO;n8JIHpOBaHHll. sa.natJa HCCJie,nOBaHHll BRJill

'la8T B ce6R: 
- pa3pa6OTKY M8TO;na MO,neJIHpOBaHM MHOl!t8CTB8HHOro p~eHHll tJ:ac

THn B a,JU)OH-HYKJIOHHliX B3aHMo;nelicTBHIIX Ha OCHOBe ;nyaJII,HO:ii napTOHHOil 

MO,n8JIH; 
- ,nam,Heitmee pa3BHTR8 MO,neJIH BuyTpM,IJ.epH!iX KaCKa,nOB; 
- OO3,naHHe llaKSTa. npOrpaMM, llO3BOJlllllll8ro MO;n8JilipOBaTI, Ha 3H,l 

npoueccu a,JU)OH-HYKJIOHHHX H a,JU)OH-H,D;epHHX B3aHMO,neilcTBH:ii; 
- npoBe;neHR8 H9O6XO~HMHX paC'l8TOB H COllOCTaBJISHHe me pesyJII,Ta

TOB C ,naHHHMR Olll:lTa. 

liayqHM HOBH3Ha g npa.KTR1J8CKM ueHHocTl>, Paspa6oTaHHHil B ,nHccepTaIJ;liill 
llO.JJ.XO~ K 3KCKJill3HBHOil peKOHCTpyKUHH a,JU)OH-HYKJIOHHHX B3aHMo;neilcTB.rlt, 
OCHOBaHHHtt Ha ;n,YaJII,HOlt napTOHHOtt MO,neJIU, llO3BOJI.II8T onacaTI, H npe;ncKa-

3aTI, MHOrO'lHCJieIDWe xapaKT8pHCTHKH MHOlK8CTB8HHOro p~9HHII, Ilo cpaB
HSHHll c ony6JIHKOBaHHHMR B JIHTepaType HHKJID3HBHHMH pactJ:eTaMH, OH OT
KplBaeT 8HalJRT8JII,HO 60JlI,IIIH8 BO3MCllKHOCTli ,nJlH ;neTaJII,HOro COllOCTaBJI8HHll 

p; .. -., .. ,;::~:~~ I r,;.n.i :r."'i"'"" 1.,r,,.. a t,;.1,. t'"' \ )' • 

I ~1e11tux ~ccJeni:n:um.ll 
1 f;l-fE.llriCITEHA . -------



C 8KCII0PHM9HTOM CJI9'ACTB:mi pa8Jlli1IHliX rrpe~OJIOllt6HKl1 0 KBapK-rJII)OHHOM 
M6XaHH8M6 8,IU)OHHWC B8aHMO'A6ilCTBlili H MOllt6T 61:lTL HCllOJil,8OBaH B Ra.qecT
Be 

11
8JI6M9HTapHoro aKTa" B MC>,Il;8JI8'.X 8,IU)OH-SI.I46IJHHX H 8,IU)O-SI.I4epma: 

CTOJIKHOB6H:mi. 

.Il,Jm OllHCaHIDI a,D;pOH-H'A6PHliX B8aHMC>,Il;6HCTBKi1 B OOJiaCTH Bl:lCOKRX 
SHeprml rrpewrOllteHa HOBaSI MO'AHWmtartruI MO'Ae.,m BeyTPnsmepma: Kac~oB. 
0Ha Il08BOJISI6T 9,IU!HHM o6pa8OM IIO'AOilTH K pacqeTY STlllC npo~eccon B lllH
POKOM sHepreT~ecioM HHTepnane OT 'ASCHTKOB MsB 'AO coTeH raB. 

Brrepnl:le Bl:lIIOJIHeHl:l pacqeTl:l KOHKpeTHIDC smepmix pe~Hii, yxam.ma.io
mue Ha 3HaqHT8JILI{YlO POJIL rrepepacceHmrlt qacTuu R P93OHaHCOB B BWieTe 

8,IU)OHOB B o6JiacT:&, sarrpemeHHyIO KHHeMaTJilKOli CBO60'AffOro a,n;poH-HyKJIOHHOro 
paCCMHHH. 

ITOJIYqemrue pesyJILTaTl:l MO!'yT 61:lTL HCIIOJILSOBa.Hl:l IIPH CO3'A8HHH M8TO
'AOB pacqeTa npoxo,.,nemm Bl:lCOKOSHepreTW18CKHX qaCTHU qepes BemecTBO, 
IIPH IIJiaHHpOBallliH HOBl:lX SKcnepmAeHTOB, IlPH o~eHKe si.@eKTRBHOCTH 3KCIIe
PWA8HTaJibHl:lX YCTaIIOBOK. 

Ha 381llm'Y BIIBOCHTCH QJ181IV10lljH6 OCHOBHl:le D68VJibT8.Tij. IIQJWiemrue B 
JIHCC8DTamrn 

I. Ha ocnoBe npe'ACTaBJieHHii 'ASaJIJ.,HOii rrapTOHHoil MO'A6JIR npewrOJKeH 
M9TO'A reHep~RH C IIOMOmLIO 3:EM 3KCKJiro3RBHl:lX KOH6~HX COCTOHHKll B He
ynpyrmc 8,IU)OH-HyKJIOHHUX: CTOJIKHOB8HW!X npu Bl:lCOKOii SHeprHH. 

2. Cg_JOpMyJIHpOBaHa MO'AW.P~POBaHHaH MO'AeJIL BHYTPHsmepma: KaCKa
'AOB. B MO'A9JIH llpOCTpaHCTB9HHO-BpeMeHHoe paSBHTHe BUCOKOSHepre~ec
KRX ~OH-smepmoc B3aHMO'A8llCTBRft ~RTl:lBaeTCH IIyT8M paccMOTP9HHH 
KBapK-rJII)OHHl:lX CTpyH H pe3OHaHCOB B KaqecTBe KaCKa,D;Hl:lX qacTuu. 

3. IlpOB9'A6HO CpaBHSHH6 pesyJILTaTOB pacqeTa Bl:lCOKOSHepreTWI9CKHX 
8,IU)OH-H'A8PHHX B3aI!r.1O'ASllCTBmi C 'AaHHl:lMU ornrra. 3TH pacqeTJ:l IIO3BOJIUJIH: 

- B pe~H pd--ppn npH sHeprHH T-"I rsB c rrOMomn10 ~. 
yqliTl:lBa.RJllRX rrepepacCMHHe IIHOHOB, O6'LIICHRTL CTPyxTYIJY Bl:lCOKOSHepreTH
qecKoii qacTU Cil6KTPa, pacc6HHHl:lX "Hasa,n;" npOTOHOB; 

- B paMKax Kacruwron MO'AeJIH C ~6TOM /:) (3/2,3/2) - P63OHaHCOB 
onucaTL llliKJII)3UBHl:le CIISKTpl:l H KOppeJIH~ 61:lCTPJ:DC npOTOHOB, BW19Ta»
mm: B 3a,D;HIDID llOJIYet!Jepy npu B3a.IlMO'A9ilCTBRH llpOTOHOB (T=640 MsB) C 
aTOMHl:lMH smpaMH; 

- ~SHRTL BKJia.i:c B9KTOpHl:lX M93OHOB, POllt'Aa.RlllllXCH BHyTpll SJ.I4pa B 
SHepreTuqecKRtt Cil6KTp IcyMyJIHTRBHuic IIROHOB, B pearumn P + Ta -;,r: --:-+ X 
npn: sHeprm1 T=400 raB; 

- M9TO'AOM CTaTHCT~9CKOro MO'AeJmpOBaHWt HCCJI9'AOBaTL o6JiaCTL 
llPHM9HHMOCTll MO'AeJIH Kac~a JI~HPYXl!lero 8,IU)OHa H YCTaHOBRTL, qTO STa 
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MO'ASJIL He MOllt9T OllHCaTL cpe,IUIIDO MHOJ!t9CTB6HHOCTL HRSKOSHepreTWISCKHX: 
qacT~, POJ!t'A6HH!lX BO B8aHMO'A0liCTBRH a,D;pOHOB Bl:lCOKOii sHeprllll C TSilKeJil:l
MH Jl)Ula.MlI. 

4. Paspa6OTaHl:l HOBl:l0 aJirOpHTMli H CO3'AaH IlaK9T nporpaMM CTaTHCTH
qecKoro MO'AeJill:pOBaHHH npo~eccoB Bl:lCOKOSHepreTWISCKHX a,n;poH-HyxJIOHHl:lX 
H a,n;poH-smepHilX B88.HMC>,Il;0liCTBRil. 

Anpo6anHH pa6OTij. PesyJILTaTl:l,IIO~eHHl:le B 'AHCCepT~llll,'AOKJia,n;llBaJIHCL 
Ha C9MHHapax JIBTA, JIT<l>, JIB3 om.H, pa6oqHX coBemaHHHX B Ollilli, CeCCHHX 
OHIII AH CCCP (1978-1982 r.r.), 2-oM Bceco10sHOM npo6JieMHOM ceMHHape no 
BsaHMO'AeiicTBRll a,IU>OHOB H smep c H'APaMH npu Bl:lCOitHX :mep1WIX ( TaJJJKeHT, 
1981 r.)' MElllt,eyHapO'AffOR IIIKOJI6 no q_JH3HK0 Bl:lCOKIDC sHeprHii 01lH.H-J.L8P.H 
(XaHKO, liillHMH.nHH 1981 r.). 
Ily6,nmtaI.IHH. Ilo pesyJILTaTaM 'AUCC6PT~ll ony6JIHKOBaHO TplIH~aTL pa6OT. 
O6'!>0M pa6OTij • .ll.HCC0pT81UtfI COCTORT HS BBS'A0HM, TP6X rJiail OCHOBHOrO 
CO'A6pl!UlllM H 8a.KJIIR0HWI; OHa CO'A6plKHT 129 CTPaHHU Ma!llHHOIIHCHOro 
T9KCTa, 43 pucyHKa, 7 Ta6~ u 6H6JIHorpaj)WiecKRil CIIHCOK H3 15I HaH
M6HOBaHW!. 

ConemtaHHe pa6oTu 

Bo BB6'A8HIDi IlO'AqepKHBa6TCH a.ItT]BJILHOCTL H3~9HHH M0XaHH3Ma B3aHMO
'A6ttCTBHli Bl:lCOKOaHepreTWI6CKKX a,n;pOHOB C aTOMH!:lMH H'APaMH· .llaeTCH 
KpaTKO6 OIIHCaHH8 STaIIOB M9TO'Aa CTaTHCTHqecKoro MO'A0JIHpoBa.HM, npm.1e
HH6Moro ,1VJR T6OpeTWI6CKOro RCCJI6'AOBaHWI CJIOJIIHl:lX npoueccoB, KaitHMH 

RBJIHilTCH smepHl:le pe~. B KaqecTB6 l!Jll3Wl0CKOil MO'AeJIH 8,IU)OH-M9pHl:lX 
CTOJIKHOBeHHil Bl:l6paHa MO'AeJIL BeyTpWl'A0PHliX KaCitMOB (MBK). PaCCMOTpe
HO ee M0CTO Cpe'AH 'APSI'llX TeopeTWI6CKHX MO'ASJiell smepmu: pemm:mi. Onpe
'A0JI9H KOHKP6THl:lR Kpyr HBJI8Hmi ,1VJR HCCJI8'AOBaHHli M0TO'AOM cTaTRCTWI6C
KOro MO'A9Jill:pOBaHJl!ll. CWOpAYJIHpOBaHl:l OCHOBHHe BOIIPOCl:l,paccMOTpeHHl:le B 
'AHCC0PT8UHH, 

B rrepBoll rJiaBe 'AHCCepTBUHH paCCMaTpRBaIOTCH OCHOBHl:le IIOJIC1'K9HWI MO'A9-
JIH BHYTPHM6PHlil KaC~OB, OllHCl:lBa6TCH ee nporpaMMHaa peaJIH8~ Ha 
3H~. C ~OMOmbD paspa6OTaHHOtt BepcHH Mill( IIpOBO.Il,flTCH TSCTOBl:l6 pacqeTl:l 
u npuBOMTCH npID.!epu pacqeToB, xapaKTepH3YJlllHX'AOilOJIHliTeJii,Hl:le Bos
MOJKHOCTH MO'AeJIH H M9TO'AU CTaTHCTuqecKoro MO'A9JIUpOBaHM. 

B §1 H3Jial'aDTCH OCHOBHl:l9 IIOHHTWJ MO'AeJIH BHYTPHM9PHlil KaCKa,D;OB, 
KOTopan paCCMaTpHBaeT B3allMO'A0ilCTBH0 Bl:lCOKOaHepreTWISCKOro 8,IU)OHa C 
aTOMHl:lM H'APOM B B~e IIOCJI9'AOBa.TSJILHOCTH ,J.UlyX'laCTuqHliJC B8aRMO'A0HCTBRft, 
POJ!t'AaDIIHXCH ll nepepacceRBaDIUIXCH KaCKa,D;Hl:lX. qacT~ C OT'A6JILHl:lMH HyxJIO
HaMli Mpa. KacKa,n;Hl:le 'laCTHUl:l cqHTaB)TCH KJiaCCWI0CKHMH, 'ABIDeyllllll'.lliCH no 
onp6'AeJI8HHOil TpaeKTOpHH C OllP0'A6JI8HHl:lM HMIIYJILCOM, H.zu}O-M1!lll8HL Ilpe'A-
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CTaBJIJI8TCSI RaK ~epJu-ras ~83aBHCHMIDC HYEJIOHOB C 38.na.HlillM IIpOCTpaH
CTB8HHWwl ll llMIIYJI.bCHW-1 pacnpe,nSJieHrun.rn. 06cy~aJOTCSI ycJIOBllSI IIpllM8HII
MOCTll MO,I(SJill. BH6paHa BepcllSI MO,I(8JIH BHyTp.Hfl,I(8pHHX KaCKa,nOB, B KOTOpofI 
si:,nepmm: llJIOTHOCT:& HS M8HSI8TCSI B npor~ecce pearunm H KaCKa,1vrue '!aCTlllUI 
HS B3anMO,neilCTBYJOT Me~ co6oil. TaKoil BapHaHT MO,I(SJIII ,norrycKaeT MaTe
MaTll'!eceyro ~Op.tyJilipOBKY B B:IUJ;e CIICTeMH HHTerpo-,najl»epeHIUiaJU,HHX JIH
HeiiHHX cTauIIoHapHHX ypaBH8Hllll. 06cy~aIOTCSI IIp8ID,zyI!l8CTBa HCllOJI:&30Bamm 
M8TO,I(a MOHTe-Kap.710 ,I(JlfI pemeHllSI aTmc YpaBH8Hllll. 

n·§~ ,naeTCSI onIIcaHne paspa60Ta.HHoro naKeTa nporpaMM, peaJIII3ynile
ro MO,I(eJI.b BHyTp,mmepHHX KaCita,I(OB Ha 3BM. HOBH8 aJirOpHTMH COCTaBJieHHHX 
nporpaMM cnenHaJI:&HO npncnoco6JieHH ,nJlfI Toro, 'IT06H BHOCHT:& B Hmc He
o6xo.nHMHe JIOrll'!eCKHe ll3MeHeHI!.fI. Tpe6yICIIlIIeCSI npu II3Y'leHIIli a,npou-si:,nep
HOro B3aHMO,nelicTB.Hfl MeTO,I(OM CTaTIICTH'!eCKOrO MO,I(8Jillp0BaH.Hfl, B ,I(aHHOll 
BepcHII Mill{ He Tpe6yeTCSI pa36IIeH.Hfl SI,IIJ)a Ha 30HH C llOCTOSIHHOil llJIOT
HOCT:&ID. MOlKHO HCllOJI:&30BaT:& JIID6yro Tpe6yeMYJ!) llJIOTHOCT:& HyKJIOHOB. Ila.KeT 
nporpaMM cna6.lit8H ll0,IIJ)06HHMH KOMMeHTap.Hf!Mll, ,I(JlfI HaII60Jiee CJIOJKHHX 

nporpaMM npwe,neHH me 6JIOK-cxeMH. qT06H o6ecne'!IIT:& COnplllKeHHe OT,I(SJI:&
HHX nporpaMM-MO,nyJiefI, HMeeTCSI onucanIIe me BXO.nHHX H BWCO,nHHX napaMeT
poB. 

B §3, c neJI.bID npoBepKli npaBliJI.bHOCTH '1.JYHKqllOHlipOBaH.Hfl IIaKeTa 
nporpaMM, npOBO,D;f1TCSI TeCTOBHe,pac'!STH. PesyJI.bTaTH pac'!eTOB cpaBHHBa
IDTC_SI C pesyJI.bTaTaMH pac'!eTOB no .npyrHM BepclUlM Mm{, C,neJiaH BHBO,I( 0 
TOM, 'ITO paspa6oTaIUW:ll llaK8T nporpaMM, KOTOpllil llOJIOilteH B OCHOBY MO,ne
JilipO~aH.Hfl na 3BI~ nponecca won-si:.nepHoro BsaHMo,neficTB.Hfl,WYHKUHOHHPY
eT npaBWI:&HO, 

B §4 npe,IJ,]IaraeTCSI cnoco6 ucnOJI:&30BaH.Hfl MBK ,nJlfI pac'!eTa nOJIHHX H 
,na_ix.,IlepeimHaJI.bHHX ynpyrux ce'!eHHU a,IIJ)OH-si:,nepnoro B3ailMO,neilcTBWI rryTeM 
BH'IHCJI8HllSI MHHMOil '!aCTII ,I>a3H pacceSIH.Hfl, IlOKa3aiiO, 'ITO npe,IJ,]IOJKeHHHil 
cnoco6 60Jiee a<..[;.l)SKTHBeH TIO cpaBHeHHID C TPB.nliUHOHHHMH paC'l8TaMII, oc
HOBaHHHMli Ha OllT:II'leCKOfi MO,I(8JI:II H MO,neJIH rJiay6epa, Kor.na He Tpe6yeT
CSI BHCOKaSI TO'UIOCT:& pac'!eTOB. 

B §5 M8TO,I(OM CTaTIICTH'!eCKOro MO,I(8JIHp0BaHUII :IICCJie,nyeTCSI o6JiacT:& 
npm,ieHIIMOCTII MO,I(eJIH KaCKa,na JI:IUl;HpYJOUlero a,IIJ)OHa. Mo,neJI.b npe.nHa3Ha'!eHa 
,I(JlfI Oll:IICaHWI a,IIJ)OH-si:,nepHHX neynpyrmc B3aHMO,neilCTBlill B o6JiaCTII BHCO
K:HX aneprrul. Ona paccMaTpRBaeT nepepacceSIHIIe BHyTpII SI,IJJJa TOJI.bKO JI:IUJ;II
PYJOO!ero a,IIJ)OHa, a OCTaJI:&HH8 'laCTRUH, o6pasyICIIlIIeCSI B KBllt,ItOM aKTe BHyT
p.Hfl,I(epnoro B3aIIMO.neilCTBWI, ,I(aJI88 He pacceHBaIOTCSI, IlOKa3aHO, 'ITO XOTSI 
MO,I(eJI.b ,naeT 6JIH3Kli8 K 3KCrrepUMeHTaJI.bHHM xapaKT8pRCTIIKR JIHBH8BliX 
'lac~. Olia He BOCnpOH3BO,I(RT aKcnepBMeHTaJI:&HOro ~aETa - llpaKTH'I8ClW 
IlOCTommoro, He 3aBRCSllll8ro OT :mepro nepBR'lHOR '!aCTRUH, 3Ha'leHWI 
ope,nHeil MHOllt8CTB8HHOCTR HR3KOaHepr8TR'leCKHX '!aoTim. 
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Bo BTopoil rJiaB8 HOCJie,nyeTCSI POJI:& I::,, (3/2, 3/2) - p030HaHOOB B 8,IU)OH
M8pHHX B3am.io.neilcTBWIX rrpH aHeprHH T ~ rraB. OlllicaH Y'!8T pOJK,neHIISI, 
nepepacoeSIHmI H pacna.na 8THX peaoHaHOOB B M~eJIH BHYTPIDm8PHHX KaC
Ka,nOB, IlpOBO,Itl!TCSI KOHltp8THH8 pa0'!8Tll si:,nepHHX pe~ ,I(JlfI cpaBHemm C 
MBl{ 683 y'!eTa p830H8HOOB H OllHTOM. KpaTKO H3JiaraDTCSI 8KCil8P:llMeHTaJI.b
Hll8 ,I(8HHH~ R T80p8TH'!ecrui:e MO,I(8JIH, llOOBSlllleHHHe SIBJI8IDDO eyMYJIIITHBHOro 
pOJK,nemm '!aCTm:t. CTaBHTCSI aa,na'la 06 ·ucCJie,noBaHIIH poJIH nepepaooeSimm 
'!aOTHU H p830HaHCOB B STOM SIBJI8HHH H Il:pOBO,IVITC!I HCCJI8,I(OB8HWI. 

B §I paocMaTpHBaeTCSI BKJIID'leHIIe B MO,I(eJI.b BHyTp,mmepHHX KaCita,I(OB 
6. (3/2. 3/2) - peaoHaHOOB B Ka'l8CTB8 KaOKa,IUIHX: '!aOTHU. C'l:IITaeTCSI. 

'ITO KBllt,ItOe Heynpyroe N N- HJIH .1t N - BaaEMo,neilcTBHe H,neT '!epes o6paao
BaHHe /). (3/2, 3/2) - peaoaanoa. 3TOT p830HaHO MOlK8T o6pa30BHBaT:&CSI B 
ynpyroM r( N-B3rulMO,I(8RCTBHII C BepOSITHOCT:&ID, nponopnIIOHaJI:&HOfi p830Ha.HO
HOMY ce-qeanro. Y'!HTHBamCSI· ,noo B:IUJ;a t,N-BaaHMo,neficTBlifi: t:. N1-N2 N~ 
II 111 N1 - b.2. N2. XapaKTepIICTHKH sTHX nponeccoB pacc'!HTHBaJOTCSI no MO
,nSJIH O,I(HOilHOHUOro o6MeHa. flm>O OKasHBaeT BJIHIIHH8 ua ,I(BIDK8HH8 ll pac
rra.n /), (3/2, 3/2) - peaoaaaca. B -qacTHOCTH, npmunm IlayJin· aanpeinaeT 
0MY paona,naT:&C!I B COOTOSIHM, Kor,na KHHeT:II'leCKa!I aaepr.Hfl HYKJIOHa
npo,nyKTa HmK8 MaKCllMBJI&HOil aaeprun IJ)ep,rn, 'ITO npIIBO,I(RT K OYJlleCTBeHHo-:
MY YB8JIH'l8HHID ,D,1IHHll CB060,nHOrO npo6era pe30HaHOa B SI,IIJ)8. B naKeT 
nporpaMM, KOTOpuil pea.mrnyeT MO,nem. BHyTp,mmepmnc KaCKB,nOB Ha 3BM, 
BKJIIOll8Hll ,naHHHe 06 o6pa30BaHHll, ,I(BIDKeHHH BHyTpH SI,IIJ)a, pacna,ne H B3aH
MO,nelioTBHII b,. (3/2, 3/2) - peaoaauooB o BHyTpHII,I(epHHMII HyKJIOHaMli H 
ooa,naHH ,nonOJIHHTBJI:&HHe rrporpaMMH, MO,n8Jillpyronui:e aTu nponeocH. Mo,neJI:& 
rrpHMeHllMa ,I(JIII pao'!eTa HYKJIOH-M8PHHX H llHOH-si:.nepHHX B3allMO,neilCTBHii, 

KOr,na aaeprHII HaJieTaJOlll8ll '!aCTlllUI T~ IraB. 
B §2 C llOMO!I\:&ID MO,I(SJIH mzyTpHII,I(8pHHX KaCKB,nOB C BKJIID'leHHeM 

/j. (3/2, 3/2) - p830HaHCOB paCC'IHTHBaroTCSI aeynpyr11e B3rulM~8liCTBHII 
npOTOHOB pa3JIH'UIHX aHepr:aii C pa3JIII'IHID.m aTOMlWMH SI,npaMH. PesyJI:&TaTH 
paC'l8TOB OOilOCTaBJIIIDTCSI C ,I(aHHHMli 8Itcll8pHM8HTa H p83YJI:&TaTaMH OTa
THOT:II'l8CKOrO MO,neJIHpOBa.Hllll, ue y'!HTHBaICIIl8ro pOXU1;8HHSI BHyTpll si:,npa pe-
30H8HCOB, B '!aCTHOOTH, yoTaHOBJI8HO, 'ITO ,I(aHHalI BepoH!I Ml\K xopomo 
OllHCHBa8T·,I(BOfiHH8 ,nuppepeimnam,HHe 08'leHH!I o6pa30Ba.HM IIPOTOHOB H 

:rc:t-MesorioB. Eea BKJIIO'l8HM pesoaaacoB TaKoro onnoa.HHII llOJIY'IHTI> ue 
y,naeTCSI, 

B §3 paoCMa.TpRBaeTCSI npo6JieMa pOlK,n8HM eyMYJIIITHBHHX '!aCTHU B 
a,IIJ)OH-SI,nep!IHX BSaHMO,I(8llCTBH!IX. KpaTKO HSJUU'aDTOSI 8KOilepm48HT8J.II,Ha!I 
OHTYan:wI H T80p8TH'l8CKH8 MO,neJIH, paspa60T8HHH8 pa3HliMH aBTOpaMH ,I(JIII 

orrncarnm aToro SIBJieHHII, CTaBHTCSI sa,na'la nay-qeHHSI poJIH nepepaoowmM 
'!aCTHU H p830Ha.HCOB B M8X8HH3M8 .KYMYJIIITKBHOrO p0ll!,D;8Hll!l. 

B §4 ucOJie,nyeTCSI M8XaHH3M Heynpyroro pd -paccesmwI "Ha.Sa,!{". 
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~8HTPOH - CaM08 npoCT08 R,IJJl0 C xopomo U8B8CTH0ll BOJIHOB0il ~~eil,'ITO 
,n;aeT B08MOJ!tH0CTl> npn aHaJill88 pearuum llCll0JII,80BaTl> ,n;narpaMMHy:K> T8XHU

ey. 3HepreT~80Rllll Cll8RTP 6HCTPHX llp0T0H0B, BWI8TaJCl!UDC Ha8a,n B perut

Ullll pd --ppn npn HatJaJil>H0M HMIIYJII,Ce I, 66 rsB/c, y,n;aJI001, ollllcaT1> 

"TpeyrOJII,H0il" ,n;narpaMM0il C 0~0llll0HHUM 06M8H0M (CM. pnc. I). HHBa

pllaHTHllH BM C00TB8TCTByKlll8r0 ,n;aj),pepeHUHaJll,H0ro ceqemm B 8aBllCllM0C

Tll OT nepeMeHHol1 X=T/TMaKc ,lJ,ll/l Myx HHTepBaJIOB no cos B noRaaaH Ha 

pnc. I. 3,n;ecl> T - RllH8T~eCKaSI SHeprWI perncTpnpyeMUX np0TOHOB B pe

aKUllll, a ~aKC - KI!H8Tll'I80.Kasl ::meprWI pacceSIHHHX no,n; TeM lite yrJIOM 
npoTOHOB B ynpyroM pd -pacceSIHllll. CnJIOI!lHlle JIHHllll - peayJI!,TaTH pac

tJeToB C ytJeT0M Tpeyr0JII,HOiJ: .n;Uarpa.Ml.m. IlyHRTHJ)Hll8 - BKJIM 0,ItHOiq)aTH0-
ro P n B8allMO,ll;8llCTBWI. . 
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X=T/TMaKr. 
Pnc. I. HHBapnaHTHOe .nlll>J!epeHUHaJll,H0e C8'I8Hll8 perutinm C 

BUX0,n0M IIpOT0H0B B 8MHIDIO Il0JIYo:l>epy, npollHT8rpHp0BaH1{08 

no cosS B HHTepBarre (-I,-0.67)-a n B HHTepBaJie (-0,67,-0,33)--6. 

3Rcnepm.teHTaJII,Hll8 ,naHHHe B8S1Tbl U8 pa6oTU AJia,nanmwrn E.C. H .np. 
Hw, I978, T. 27, c.708 
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Bl\Il;HO BilOJIHe y,n;oBJieTB0PHTMl>H0e corJiacne paC'I8THOl1 RpllD0ii C srwnep11-

M8HTaJII,HID.fiI ,ItaHHHMlI, oco6eHHO B o6JracTn 60.1II,lllllX yrJI0B. Jipu STOI.! 

cneRTP IIp0T0H0B, BW18Tru<Il\llX B 88,l4HIOIO Il0JIYC-_f;epy npu X 'l O, 2 / no,no6eH 

sHepreT~ecR0MY cneRTPY nnoHoB n peaKU1m pd -p p n , rW'l.'opu:it rrpn 

,naHH0M Ha'!aJII,H0M llMIJYJll,Ce llM88T pe80HaHCHIDi xaprutT8p B o6JIUCTU snep

r:ufi llU0H0B, C00TB8TCTByniteii MaKC~ RpHBoii Ha puc. Ia, T.e. 

1 d 6 _ \ 12. d fi 
-6 pn d T ~ A F'.Jf d T . p tot p •~ 

3,n;ec1> ¾% - sHepreTll'!ecRmi crreRTp :rr -Meaonon, F sr --<IiopMCJ.)aKTop m10-

Ha, Y'IUTifBru<Il\llfi cxo,n; c MaCCOB0ll Il0BepXH0CTU, A - CJia6o MSHJilllllMCSl c 

HMIIYJihCClll pacceSIHH0ro IIp0T0Ha tlJY}IK:uwr. 
B §5 M0,IteJil> BflYTpUII,l{ep!IllX RaCRB,l40B C BKJIIO'I8Hll8M 6 (3/2,3/2)

peaouaucoB ucnoJI1,ayeTCSI' ,lJ,ll/l pac'!eTa llliKJII08UBlrux snepreTu'IeCRHX 

cneRTP0B ll R0pp0JISIUllli 6HCTJ)HX np0T0H0B, Bl1JI8TaI01111IX B 3a,nJIJOIO IlOJIYC<j}e

PY B IIp0T0H-.fl,nepHHX B3UUM0,n;eilcTBWIX npn HU'IMl>H0il :meprm1 1'=640 Mon. 
---C\l 
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Pnc. 2 • .fu!\J..lj_J8p8HUllaJ'J,Hbl8 C8'!8HWI BHJieTa IllJ0T0HOB B CT0JIRIIOB8HU

.fIX npoTouoB c sneprneil 640 !.!::ill c SI.ItJ>aMH yrJiepo,na rro,n; yrJiaMn 

84=-I2°, no0~83 "'I30° 1:191 =-I2°, 230°48J-" 250°. KIDieTmecmisI 

3H9PI'll.fl IIp0TOH0B, Bb!JleTi;uoo11nc "Drrepe,n;", 8a.lQIKJtl8Ha B llHT8pBaJie 

255 Man" Tr~330 MsB. r1:1cTorprum,m - peayJII,TaT CTaTHCTll'I8Citoro 

MO,ItSJIRI)ODalillll. T0"!Rll I - ,nauHHe pa6ow Komarov V. I. et al. 

Phys. Lett,, 1979, v.B20, No 1,2, p.JO, 

IlOJIY'l8HO xopomee CO~Jiacue 3RCI18pHMeHTaJII,!I0 ll8M8p0llllliX ll pacC'IllTa.mwx 

liHKJ!l08UBHb!X CI18RTP0B no.n pa3Hb!Mll yrJiaMII li ,lJ,)1/l pa8Hb!X R,nep-MlilileHeii. 

C neJII,I() ,naJil>Heiimefi .nncRpllMHHatnm M8X8Hll8MU BWI8Ta npoT0H0B D 06JiaCTl>, 

aanpemeHHYIO RllH8MaTl!R0H CB060,nH0ro IIp0T0H-HYRJI0HH0r0 paCCe.fIHWI/6b!Jlll 

rrpoBe,neHH pac'!eTbl R0ppeJISiuuil 3TllX rrp0T0H0B C sHeprll'!HID~U I1p0T0HaMU, 
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BWI8Ta.RlllHMll B nepe,II.HIOJO no.nyc:I.iepy. B HaCTOSilll88 BpeM!I HeT TeopllR, KO
TOpaJI 06'.bSICHHJia 6H a\J.)l,iieKTH KOpp~,D TO xe BpeMfl ylJeT fl (3/2, 
3/2)-pe30HaHCOB npHBOJJ.HT K HeIJJIOXOMY corJiacmo pe3yJILTaTOB paC'l:8Ta C 
.U.aHH!lMH OIIHTa. STO BH,II.HO ll3 pnc. 2, r.u.e nplillle,Il.eHO Cpa.BHeHRe H3MepeH
HWC 1,q:roc'!llTaJllillX 1toppeJI1u~il. Ha pnc. 2 Bemmnm T1 , T3 :a 0 1 ,0 3 . 
o603Ha'laIOT KllH8Tll'l:8CKH8 8Heprl!ll H yrJIH BHJieTamutX B P83YJll>TaTe 
JI,Il.epuoil pe~llll npOTOHOB COOTBeTCTBeHHO B HanpaBJieHRR "Bnepe.u." H 
"ua3a.u.". S1tcnepHM8HT TIOCTaBJI8H B "KOMIJJiauapuoil reOMeTpHH", 

B TpeTLeil rJiaBe HCCJI8.JJYIOTCSI MeXaHH3MU a.u.pOH-HyMOHHHX H a.IJ.POH-JI,Il.ep
HWC B3aHMO,Il.8ilCTBllli, npn 8Heprll!DC, Kor.u.a npOHCXO,II.RT MHOlKeCTBeHHoe 
pOlK,Il.emrn 'laCTRU, .llaeTCJl KpaTK08 OillICaHRe .JJYallLHOil napTOHHOil MO,Il.eJIH, 
KOTOpafI IIOJIOJKeHa B OCHOBY pa3paOOTa.HHOro M8TO,Il.a MO,Il.0JIRJ?OBaHM Ha SBM 
npou;ecca MHOlK8CTB8HHOro pOlK,Il.elllifl B a.u.pOHHWC coy.u.apemmx. IlpOBO,Il.llTCJl 
pac'!eT MHOrO'!HCJI8HHWC xapaKTepUCTllK ;noro npou;ecca H conoCTaBJieHHe 
}DCC xapaKTepHCTllltaMH, H3BJI8'!8HHHMH H3 3KCTI8pHM8HTa. Ilpe,lJ,J.[araeTCJI MO
JJ.I!,1illltaD;llfl MO,Il.eJIU BHYTpRfI,11,epHlllC KaCKa,nOB, C TIOMOIIII>IO MO,Il.~~OBaIIHOil 
MBK nOJIYll8HO HeIJJioxoe OITRCaHHe psIJJ.a 8KCnepHM8HTa71LHWC .U.aHHl:lX no BH
XOJJ.Y JIRBHeBwc '!aCTRD;, HcCJie.nyeTCJI POJIL B8KTOpl:lliX M830HOB B MeXa.Hl13-
Me KYMYJIJITUBHOro pQJMeH.lm nHOHOB. 

B §I KpaTKO H3JiaraJOTCJI OCHOBHHe IlOJIOJKeHWI .nya.m,Hoil napTOHHOil 
MO,Il.eJIU, npe,II.Ha3HU'l:8HHOil ,II.JIil OillICaHHll B3aHMO,Il.eilCTBHfl a.IJ.POHOB Ha OOJll>
lliltX: paccTOJIHIDIX, Mo.u.eJIL OCHOBa.Ha Ha TOilOJIOrll'!eCKOM paSJIOlK8Hltlt aM!IJil!

TYJJ.ll 6RHapHWC npou;eccoB B KBaHTOBOil xpOMO,II.HHaMRICe H ~8HOMeHOJIOrll'!eC
KHlC nb,mco.u.ax: K onucaHmo nepexo.u.a KBapKOB B a.u.pow:. ECJm orpault'l:HTL 
paccMOTpeHue- N N :wm ~ ~ HeynpyrnMH He.U.llllPa.JauiroHIWMu B3aHMOJJ.eilcT
BMMH, TO B MO,Il.eJill npou;eccu pCllK,1teHHll npoHCXO,IVlT CJie.JJYQIIHM o6paaoM: 
B pesyJILTaTe CTOJIKHOB8Hllll a.IJ.POHOB nyT8M aHHllI'J4JllID;Hll M0,1I,]IeHHhCC Ba
JieHTHllX KBapKOB RJill D;BeTOBOil nepesap!IJJ.KH o6pasyeTCJI O,II.Ha WllI Hec
KOJILKO KBapK-rJil)OHHl:lX CTPYH• .II.Mee CTPYHH Pa3I)liBallTCJl BaeyyMHli.M}I 
KBapK-aHTHKl38.PKOBHMll napaMH, ,Il.aBaJI JlliBHH KOH8'!Hlil: a.IJ.POHOB. IlapTOHHafl 
KHTepnpeTau;Rfl MHOlKeCTBeHHoro pOJK,I(eHruI ;n;aeT B03MOlKHOCTL MeTO;D;OM MOH
Te-Kap.rro C IlOMOIIII>IO SBM MO,Il.eJIHpOBaTL npou;ecc. 

B §2 onRcana npe,1J,J.1araeMa1I npou;e;n;ypa MO.U.0JIRJ?OBaHHfl neynpyrnx 
a.IJ.POH-HyMOHHl:lX B3a.HMO;n;ellcTBllli. IIepBl:lil mar MO,Il.eJIHpOBaHHll COCTOHT B 
Bl:l6ope JJ.Harp8MM!i COOTB8TCTBYJlll8il: TOTIOJIOrHH. 3aTeM onp8,Il.8JUOOTCJ'I apo
MaTH n, no 3a,Il.aHHHM mmyJILCHHM pacnpe.u.eJieHHJlM, m.myJILCH B3am,m.u.ett

CTBym\HX KBapKOB, aHTHKBapKOB HJIH .U.RKBapKOB, KOTOp!ie 6ylfYT ua KOHD;aX 
08CD;B8THHX KBapK-rJIIOOHHl:lX CTPYH• IloCJie;n;Hnfi mar COCTaBJIJl8T MO;D;eJIHpOBa
HHe npou;ecca pa3pHBa CTPYH• B .U.a.HHOM CJIYllae pa3:plil3 OTPYH MO.U.8JIHPY8T
CJ'I nyTeM H83aBHCRMOll ~parMeHTau;HH KOHD;OB OTpyH!i Bee CHCTeMe u;eHTpa 
Mace. YlJHTl:l:BaeTCJI CTJ>yKTYpa .U.RKBapKOB. KoHelJH!i8 npolfYKTl:l MO,Il.eJIHpOBa-
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HM - a.IJ.POHl:l, KOTOpue BXO,w!T B OOCTaB 6apHOHHOro 56-IJJieTa H M830HHO
ro 35-WieTa rpymru S Ll (6). Ilpou;e;n;ypa MOJJ.BJillpOBamt/1 o6ecne'!UBaeT Bll
nOJIHeHHe 3aKOHOB COXpa.HeHHf! 8HeprHU-mmyJILCa H KBaHTOBWC '!RC0JI, 
B CJIY'la8 H806XO,II.RMOCTH MO,Il.eJilIPYeTCJI pacrra.u. M830HHWC H 6apHOHHWC pe-
80HaHCOB, 

B §3 llPHBO.U.HTCJl cpaBH8HH8 pesym,TaTOB MOJJ.8JIHPOBaIDUI Bl:lCOKO:mep
reTH'!eCKUX ITHOH-HYRJIOHHHX H HYKJIOH-HyMOHlIIDC coy;n;apemn-1 c 3KcnepHMeH
TaJILHHMH ;n;a.mrw.rn. IloKa3aHO, 'ITO B mnpOKOM 8H8preTH'l:8CKOM HHT8pBane 
xopomo onHCHB8.IOTCJl 8KCnepHMeHTaJILHH8 cpe.u.HHe MHOlK8CTB8HHOCTH 3apJI
JK8HHHX 'laCTRU, 0T,ll;0Jll>Hlie KOMIIOH8HT11 cpe;n;HHX MHOJK8CTB8IIHOCT8ii, B.KJIIO
'l8lOl!lHe M830HHl:l8 H 6apHOHHHe pesouaucu, CTpaHHHe '!UCTHD;li, Ilo.ny'!euo 
HeWioxoe onncaune OHCTPOTHHX pacnpe,n;eJieHllli, pacnpe.u.MeHHil no rrpo
,II.OJILHOtfY H nonepe'!HOMY ~JILCy '!aCTHD; H pe30HaHCOD, CorJiaCHe pac
'leTHHX H 8KCnep:11MeHTa.JILHHX .U.aHHHX WIJIIOCTpnpyeTCJl Ha pHC. 3 H 4. 
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PHc. 3, Cpe,II.Hne MHOlKecTBeHHOCTH g0 H ·i++P830HaHCOB, pOJK,1(810-
lllHXCJl B ueynpyrHX ~p-CTOJIKHOB8HIDIX, Kpl'IBHe - pesyJILTaT 
pac'!eTa. Tol!KH 2, H ~ -8KcnepHM8HTaJILH!ie .U.aHHHe, B3JlTli8 

COOTB8TCTB8HHO H3 pa6oT Higgins P.D. et al. Phys. Rev., 1979, 

v.D19, p,651 Higgins P,D. et al. Phys. Rev., 1979, v.D19,p,7J1, 

B §4 npe.u,naraeTCJI MO,ll;HtJ/HKaD;llfl MO,Il.8JilI BHYTPRfI,11,8pHl:lX KaCKa,I{OB, B 
KOTOpoll HeynpyrHe BHYTPRfI,11,8pH!ie B3al!MO;D;ellcTBHJl B COOTB8TCTBHH C .ny
aJILHOll llUPTOHHOil MO.U.8Jll>IO IIpOHCXO,IVlT '!8p83 oopaaOBaHH8 KBapK-rJIIOOH
HHX CTPYH, .U.eJia8TCJl npe,II.IlOJIOlK8HH8 0 MrHOB8HHOM oopa30BaHHH CTIJYH, 
Ilpe.u.nOJiaraeTCJI, 'ITO CTPYHa no.u.o6Ha p830HaHcy, T, 8, llM88T 0Ilpe.IJ.8JI8HHYIO 
Macey, IDnpRHY H P8.3JIH'llllle MOJJ.ll pacna,na. KBapK-rJil)OHHaJI CTPYHa o on
pe;n;eJieHHHMH KBapKOM H .II.HKBapKOM (aHTHKBapKOM) ua KOHD;ax C HYRJIOHOM 
Jl;D;pa B3aHMOJJ.8llCTByeT TaKHM lite o6pa30M, KaK H a.IJ.POH C .U.aHHUM KBapKO
BliM COCTaBOM. KpoMe CTJ>YH B pa3BHTHH BHYTPHJl.II.BpHoro KacKa.I{a_. y'lacTey
llT IllIOHli, HyMOHli, CTpaHHl:l:8 '!UCTHD;li, M030HHHe H 6apHOHHli8 pesomutCH,. 
B03HmtallllH8 OT HX pacnMa. IIpoBe;n;eHo opaBH8HH8 pesyJILTaTOB pac'l:8Ta 
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