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O6mM xapaKT80RCTnKa pa60TH 

Pa6oTa nocBJimeHa cncTeMaTl'I'!ecKoMY aHa.im:ay npoueccoB Heynpy
rmc a.n;poH-JI.n;epmrx B3anMO.n;ettcTBd npn BliCOREX aHepI'IDIX B_PaMKaX 
Teopmr MHOrOKpaTHlllC CTOJIKHOBeHd. C e.n;RHott TO'IKR apeHR!I paccMOT
peHH n npoaHa.im:anpoBmIH MHorne cymecTBeHHue xapaKTepncTHKR Heyn
pyrnx coy.n;apeHd a.n;poHoB c HYKJIOHru.m n H.n;paMl'I B nmpoKott o6JiacTn 
aHeprd. Ha ocHoB~ npn6JIIDKeHIDI MHoroRpaTHoro pacceffiIR/J HaJieTatO!llett 
~aCT:m:(li C BHYTPM.n:epHHMH HYKJIOHaMn pa3BRT TeopeTl'I'!ecKd no.n;xo.n; K 
onncamno cneRTPOB 6HCTPHX ~aCTRU B pa3HHX o6JiaCTHX KHHeMaTR'I8CRHX 
nepeMeHHIDC, a TaRXe ocHOBHIDC xapaKTepncTmt npoueccoB MHoxecTBeH
Horo polK,D;eHRH ~acrnu B a.n;poH-H.n;epHIDC coy.n;aperumx. B ~acTHOCTR, 
npoBe.n;eHH nccJie.n;oBaHRJI no H3Y~8H1IIO cpe.n;Hett MHOX8CTB8HHOCTR BTopm
HHX ~aCTRU ~ a.n;poH-JI.n;epHIDC B3aRMO,n;ettcTBRJIX, pacnpe,n;eJieHM IDC no 
6HcTpornw nepeMeHHHM n aHeprRHM HaJieTruomett ~acTm:n,, cKe:ltmmroBmc 
CBOttcTB pacnpe.n;eJieHM no ~HCJIY polK,D;eHHmc.(BTOPlmllllC) ~aCTRU, ltOp
peJIHUntt JIRBH8BHX K Me,n;JieHHIDC ~aCTRU n, iraKOHeu, l'IHltJI103HBHBX cneitT
poB ;m.n;npynnmc n BTopnlfl!HX ~acTnu B npoueccax c 6om,nuiMn nonepe~
HHMR m.mym,caMK. Pa6oTa co.n:ePl!WT COIIOCTaBJieHKe KOHKPSTHHX pac~e
TOB, npoBe.n;eHHmc Ha·ocHOBe o6o6meHM Teopmr MHOrOKpaTHIDC CTOJIKHO
BeHnit C MHOrO~CJieHHHMn aKcnepIDv'leHTMbHliMR .n;aHHm.m paa~mc 
rpynn. 

PaaBnTa TeopM npoueccoB nottttott nepeaapJI.n;ror MeaoHOB Ha HYK
JIOHax n H.n;pax npn BliCOKI!JC SHeprRJIX n npe.n;Jio~eH .n;JIJI onncaHRH STHX 
peaKIUJ:li Tait Ha3HBaeMllli TpeyrOJibHml: M8XaHK3M. 
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PaccMOTpeH!:l OCHOBH!:le CJI8.UCTBIDI P8.3BRToro no.uxo.ua H peRoMeH
.uarnm R B03MOlKHOll IlOCTaHOBRe 6y;rcyIIU'IX 3RcnepRMeHTOB c uem,ro npo
Bepirn npe,UTIOJIOJKemrn:, .3aJIOJK8HHl:lX B OCHOBY Teopmi: ,UBORHOH nepeaa
PR,I(Irn M830HOB Ha HYK.'IOHax R H,Upax. 

AR7'YaJil,HOCTn noo6JieMl:l. MccJie,UOBaHne B3anMO)l8llCTBIDI a.upOHOB 
BHcom aHeprHM c H.upaMn o6ycJIOBJieHo Ha.ue~on Ha noJIY1IeHne HOBHX 
CBe,UeHHH RaR O CTPYRTYpe .ff,Upa H MexaHR3Me .ff,UepHl:lX peaRUHH, TaR R 

0 CBOfiCTBax 3JieMeHTapHb!X -qacTtm R ,UnHaMI!Re CRJinHl:lX B3ffi'!MO,U8HCTBHH. 
Bospocnmfi B nocJie.uirne ro.uu nHTepec R aTofi npo6JieMe CTRMYJIR

poBaH C03,UaHReM Monnrux ycRopnTeJiefi. K HaCTO.ffll18MY BpeMeHn HaROilJie
Ha o6nmpHM n P8.3.H006pasHM 3RcnepRM8HTaJinHM :imqiopMauR.ff B 3TOfi 
o6JiacTn cpnsn:im B!:lCORRX 3HeprHH. EcTeCTB8HHO, 1ITO no Mepe IlO.ffBJI~
HM 3KCnepnMeHTaJinHl:lX cpaRTOB npe.unpHHRMaIDTC.ff MHOrO'llICJieHHHe no
Il!:lTRH .uaTn TeopeTR'l:eceyro nHTepnpeTauRID c nem,ro nsBJie1IeHM co.uep
JKallleilcH B HllX (pR3R1IeCROfi RHtpOpMaumi:. Bee 3TH IlOilHTirn, B OCHOBHOM, 
HOCHT noJIYcpeHoMeHoJior:II'recRIIH Mo.ueJI:E,Hl:lfi xapaRTep H, RaR npaBMo, 
npeTeH;rcyroT Ha ormcaHIIe BnoJIHe orpaHII'reHHoro Rpyra ,UaHH!lX. 

B cBHan c STRM npe.ucTa.BJTJieT 6om,mofi RHTepec TeopeT:II'recRRfi 
aHaJIR3 Heynpyrnx a.upoH-H,UepHHX BsanMo.ue:il:cTBd B e.uRHoM no.uxo.ue 
Ha OCHOBe COBpeMeHHH.lC,UaHH!:lX O CBOllCTBax a.upbH-HYRJIOHHoropacce.ff
HR.ff. 

Han6oJiee P8.3BRTl:lM n mIIpOKO RCilOJil,3yeMl:lM ,UJI.ff RHTepnpeTamm 
aKcnepID11eHTaJThHHX ,UaHHHX MSTO.UOM nccJie,UOBBHM HBJIHeTc.ff TeopM 
MHOroKpaTHl:lX CTOJIRHOBeHRfi. CymeCTBYJODme 3RCilepID/leHTaJThH!:le cBe.ue
HR.ff YK8.31:lBaIDT Ha TO, l!TO -qacTRUa, CTaJIKRBMCn C H.UPOM, RCill:lTHBa
eT.KpaTH!:le coy.uapeHRH c BHJTpRH,UepHHMR HYKJIOHaMR. 06 3TOM CBR
.ueTeJil,CTByeT y6e,URTeJI1,HOe OilRCaHIIe, B paMKaX TE!Opm! MHOrORpaTHl:lX 
·cTOJIKHOBeHHH' 3KCTie pRMeHTaJThHl:lX ,UaHHl:lX 06 yrrpyroM n_. KB8.3lJYilpyroM 
paccemmn, a TaJOJte o rroJIHHX ce-qemm:x: a.upoH-H,UepHHX B3aRMo.ueficTBd. 

Il03TOMY COBepmeHHO ecTeCTBeHH!:l ycwnm, KOTOp!:le HailpaBJim)TC.ff 
Ha pasBRTne R o6o6meHRe aToil TeopeTR'l:ecKofi cxeMH Ha 6oJiee CJIOX
HHe rrpoueccu. 

JJ,mI Toro l!T06H IlO~Tn 6oJiee Ha.ue,raue CBe,UeHM_O M8XaHR3-
Me H,UepHHX pearu:nm rrpn BHCOKRX aHeprwnc, Heo6xo.um,o paccMoTpeTn 
c e.mmofi TO~ speHM RaK crreKTPH Jill,I(l'IPYJODmX (coxpammmmcc.ii:) 
a,UpOHOB B mntm:l3limHl:lX peamnmx, TaK R xapaKTepncTRirn BTOp:ir<ml:lX 
-qacTRU, po~eHHHX B a.upoH-H,UepH!:lX CTOJIKHOBemmx. 
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Oco61:lfi RHTepec cpe.un HeKorepeHTHHX peaRUd rrpe.ucTaBJUIIOT 
rJIY60KoHeynpyrne a.upoH-H,UepHue npoueccu, cymecTBeHHoe rroHRMaHIIe 
KOTOPHX MOJKeT rrpoJIRTn cBeT Ha aHoMam,Ho CMnHYIO A -saBIICIIMocTn 
ce1reHM peaKURfi c 6oJinmRMR rrorrepe1IH1™n IIMITYJI:E,CaMR Fi n Ha npo
HBJieHIIe POJIII IlOCJie,UOBaTeJinHl:lX CTOJIRHOBeirnfi B!:lCOKOH KpaTHOCTn. 

OrpoMHoe sHa1re1rne nMeIOT·,UJIH aHaJIRsa Tarui:x rrpoueccoB noHBRB
mIIecH He,UaBHO 3KCnepRMeHTaJinH!:le .UaHH!:le, ITOJIY1!8HH!:le Ha 1IRCTl:lX 
.ff,UepHl:lX MRmeHHX,n ,UaHH!:le O po~eHIIR B a.upoH-.ff,UepHl:lX B3anMO,Uefi
CTBIIRX -qacTRU n CTpyfi. 

TecHo CB.ff3aHHl:lfi·c rrpn6JIIDKeHIIeM MHoroKpaTHl:lX CTOJIKHOB8HIIH 
o6o6meHHl:lH no.uxo.u B COCTO.fflrnR OilllCl:lBaTn OCHOBHl:le -qepT!:l MHOJKeCT
BeHHoro o6pasoBaHM 1racTRU B a.upoH-H.uepHHX coy.uapeHMX, HaOJIID,Ua
eMHe 3KcrrepRMeHTaJThHO. Ha ero OCHOBe MOJKHO IlOJIY1IlITn BaJKHYIO nH
cpopMauRID O )llIHaMRKe C~nl!!lX B3anMO,UeficTBnfi II CBOllCTBax 3JI8MeH
TapHl:lX -qacTRU, 

CymecTByromne aKcnepnMeHTaJinHHe .uaHHue o rroJIH!lX ce1reHMx 
,UBOHHOH rrepesapH,Ulill M830HOB Ha H,Upax npn cpe,UHllX n B!:lCORIDC 3Hep
rMX ITOJIYl!Mn Ka1recTBeHHoe orrncaHne B paMKax nim6JIIIJKemm MHoro
KpaTHHX rrocJie,UoBaTeJinHHX coy.uapeHm1.·BBn;rcy BaJKHOCTn aToro HBJie
HlI.ll ,UJIH rroHRMaHlI.ll npnpo.uu nsMeHeHlI.ll SJieRTpn1Iec1wro sapH,Ua nJin 
CTpaHHoro RBaHTOBoro lIRCJia rrnoHOB n RaOHOB Ha npoTnBOITOJIOJKHl:ll1 
3HaK IlplI llX B3anMO,UellCTBHn C .ff,UepHHM BemecTBOM B03HimaeT Heo6xo
,UilMOCTn 6oJiee .ueTaJinHoro nsy1reHM .uaHHoro rrpouecca. 

3a,na-qa ocMHcJieHnH n KOJIR-qeCTBeHHoro onncaHM MHoro1rncJieH
HIDC 3KCnepIIMel!TaJinH!:lX (paRTOB B o6JiacTn Heynpyrnx a.upoH-.ff,UepHHX 
CTOJIKHOBeHntt HBJI.ff8TC.ff BaJKHOH n aitTYaJinl!Oll )lJI.ff TIOHRMaHn.ff Mexa
Hli3Ma H,UepHHX peaRUnfi rrpn BHcoKnx 3Hepr:rui:x • 

UeJin n sa,na1rn IICCJie.goBaHM. UeJinIO pa6oTH HBJUieTc.ff nay1reHne 
rrpoueccoB Heynpyrnx a.upoH-H,UepHHX BSaRMo.ueilcTBHH B paMKax Teopnn 
MHOroRpaTH!:lX CTOJIKHOBeHIIfi. OcHOBHl:lMII sa.ua1raMn lICCJie,UOBaHM .ffBJI.ff
lOTC.ff: 

- rrocTpoeHne TeopeTwi:ecKofi cxeMu, KoTopM cnoco6Ha onncu
BaTn B e.unHoM no.uxo.ue m11:poRRfi Kpyr aRcnepmneHTaJinHHX .uaHHHX; 

- o6o6meHne TeopIIII MHoroKpaTHHX CTOJIKHoBeHnfi Ha npoueccu 
Heynpyrnx B3anMO,U8HCTBnfi a,UpoHOB C .ff,UpaMn npn B!:lCOKllX 3HeprMx; 

- nHTepnpeTaunH c e.unHoil TOl!Rn speHn.ff aKcnepnMeHTaJinHHX 
.UaHHIDC KaK o cneRTpe JIR,Unpy1001en 1racTlilll:l B Heynpyrnx a.upoH-H~ep
HHX coy.uapel!Il.ffX, Tart no xapaRTepncTnKax BTOPillIHHX -qacTnu, po~
.ueHHHX B a,npoH-H,UepHHX B38HM0~8liCTBIBIX; 
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- BH.fIB.7.leHHe aiMie1tTa MHoroKpaTHoro nepepacceHHIDI a,npoHOB Ha 
BHYTPIDIJJ;epHllX HYKJIOHax B mnpoKofi 06RaCTH 8Hepr:iitt, yrRa perHCTpa
r.um, npH pasJIBTilIHX SHatJemmx noTepH l'!MIIYRMa HMeTannefi tJaCTHlijl 
B aKTax nocRen;oBaTeRbHllX CTORKHOBeHd H B SaBHCHMOCTH OT aToMHoro 
HOMepa Hn;pa-MHmeHH; 

- onpen;eReHHe,npn JJ;OCTRrHYTOfi TO'IHOCTH 8KCnepHMeHT~HllX n;aH
HllX, OTHOCHTe~HllX BKJiaJJ;OB pa8HllX KpaTHOCTefi, a TaKJKe Bll.fICH8HRe 
poRH ynpyrnx H Heynpyrroc HeKorepeHTHIDC nepepacceJIHRfi.B pas~ 

KHH8MaTH'!8CKHX o6RaCTHX; 
- aHMHS cneKTPOB KaK ~py:iouurx, TaK H BTOPH'!HllX 'laCTHil B 

HHKJJIOSHBHHX npoueccax c 6oRbmHMH nonepetJHHMH HMnY~caMH; 
- onHcaHRe Koppe.JimXHii RHBH8BllX H Me~eHHHX tJaCTHil, poJK,Il;8HHllX 

B a,npoH-Hn;epHllX BSaHMon;efiCTBH.llXj 
- paaBRTHe Teop:im JJ;Bottliott nepesap~KH M8SOHOB Ha HYKJIOHax H 

Hn;pax npn BllCOKHX aHeprHHX. 

HaytJHM HOBHaHa R sHatJRMOCTb npoBeneHHOtt pa60Tll 

I. Ha OCHOBe o6o6memm Teop:im MHOrOKpaTHllX CTOJIKHOBeHd paapa6o
TaHa TeopeTntJecKaH cxeMa onHcaHIDI HeynpyrHX a,npoH-Hn;epHHx 
BsaHMon;ettcTBRtt B en;HHoM nonxone. 

2. BnepBlle B paMKaX TeopHH MHOrOKpaTHllX nepepacceHHd paccMOTpe
Hll cneKTPll ~PYIOlllHX H BTOPH'!HllX tJaCTHil B HHKJIJ03HBHllX peaK
r.umx npH 6o~nmx nepen;atJax HMflY~CoB. 

3. Onpen;eReHll OTHOCHT8~Hll8 BKJianH CTOJIKHOBeHd pa3HllX KpaTHOC
Tett H BWICHeHa po~ ynpyrmc H HeynpyrHX HeKorepeHTHHX nepe
pacceJIHHtt B pas~ 06RaCTHX KHHeMaTH'l8CKHX nepeMeHHHX 
B 3aBHCRMOCTR OT aTOMHoro HOMepa Hn;pa-MHmeHH. 

4. YKasaHa H806XOJJ;RMOCTb ytJeTa KOHKpeTHIDC YCROBd nocTaHOBKH 
8KCrrepRM8HTOB H cnelU1('pHKH o6pa60TKH HSMepeHd cpenHHX sHatJe
HHli nonepe'IHllX l'IMIIY~COB H K08qxpHilH8HTOB HeynpyrocTH B a,npoH
Rn;epHHX BSaRMon;ettcTBIDIX npR cpaBH8HmI TeopeTR'l8CKHX pactJeTOB 
C !3KCil8PlIM8HTMbHllMR n;aHHHMR. • 

5. KaK cRa6M A -saB.RcRMocn onttmc Be~HH, TaK .n: c~HM A -
SaBHCRMOCTb n;pyrroc xapaKT8PHCTHK B a,npoH-JinepHllX BSaRMOn;ett
CTBRHX IlQRY~ YJJ;OM8TBOPHT8~Hoe on.n:caHHe B paMKB.X TeopHH 
MHoroKpaTHllX CTOJIKHOBeHHil. 

6. BnepBue onncaH " ;i -cKeitmmr" B a,npoH-JinepHHX coyn;apeHHHX, 
o6HapyxeHHlltt aKcnep.RMeHT~Ho. 

4 

·: 

! 
I 

.! 

.( 
I 
I 

11 

l r 
I 
:i 
I q 

., 1' 
t.! 
~ ,t· 

Ii 
' l 
I 
I 

f ,I 
i 
: I 

I 

1 I 

?. OTMe'leHO, 'ITO Be~HHa cMemeHRH ueHTpa 6HCTpoTHltlC pacrrpene
R8HHH B a,npoH-Hn;epHHX BaaHMon;ettcTBIDIX rrpo~eT V -cKett
RRHroByro SaBHCHMOCTb. 

8. IlpoBen;eH cpeHOM8HOROrH'l8CKHli aHMHS npoueccoB JJ;BOliHOH nepesa~ 
PHnKH JL H K MesoHOB Ha HYKJIOHax H Hn;pax npn BHCOKRX 
aHeprIDIX,H npe~oxeH MexaHR8M OilRCaHHJI 8THX peaKURH. 

9. OCHOBHlle pesyRbTaTll ITORY'l8Hll B,aHMHTH'l8CKOM BHJJ;e ll rrpHBOJJ;.f!T. 
K CaMOcormcoBaHHOH KapTHHe KpaTHllX BSaHMon;efiCTBHH HM8TaJO
mett tJaCTHUH C HYKJIOHaMR JIJJ;pa, a corRaCRe lJRCR8HHllX pactJeTOB 
C 8KCnepRM8HTMbHl1MR JJ;aHHllMR JJ;OCTRrHYTO 6es BB8JJ;8HRJI JJ;OilOJIHR
T8RbHllX napaMeTpoB. 

IlpaKTH'leCKM geHHOCTb. 06o6meHRe TeopHR MHoroKpaTHllX CTORK
HOBeHHH Ha npoueccu Heynpyrnx HeKorepeHTHHX Baal!Mon;eit..cTBHil a.npo
HOB C HJJ;PaMH HBM8TCR HOBllM H HHTepecHw HanpaMeHReM B ¢R3HKe 
BllCOKHX 8Heprntt. 

IlORY'l8HHlle pesy~TaTH MOryT 6HTD liCil0~30BaHll JJ;M onncaHRH 
3KCnepHM8HTMbHllX JJ;aHHllX O HeyrrpyrHX a,npoH-Hn;epHllX CTORKHOB8HH
HX B nmpoKott o6RaCTH aHeprntt. Ha OCHOBe 3TOro non;xona MOJKHO HS
BJieKaTb HS 3KCnepHMeHT~HllX JJ;aHHllX H8KOTOpHe B~Hlle CB8JJ;8HRH 0 
M8XaHHSM8 Hn;epHllX peaKIUitt R 06 a,npoH-HYKJIOHHOM pacceJIHmI IlpH Bll

COKHX 8H8prnHX. 
8Ta MOJJ;e~ MOXeT TaroKe npHMeHJITbCJI rrpH MaHHpoBaHHH H aHMH

se HOBHX sKcnepHMeHTOB no HsytJeHHID Heynpyrroc a,npoH-Hn;epHHX coyna

peHHtt. 
CorrocTaM8HHe pesy~TaTOB pactJeTOB C HOBHMH 8KCnepHMeHTMb

HllMH JJ;aHHllMR npH 6oRee BIICOKHX SHeprHHX IT03BORHT ycTaHOBHTb rpa
HHilll npHM8HHMOCTH TeopHH MHoroKpaTHllX CTORKHOBeHHtt. 

Ilpe~araeMM Mone~ JJ;BOHHOtt nepesaPJinKH M8SOHOB Ha HYKJIOHax 
H HnPBX MOXeT naTb cymecTB8HHYID HH~PMauHID O MeXaHH3Me npoTeKa
HH.fl TaKHX 3K30TWI8CKHX npouecCOB HO Be~HHax pasJIBTilIHX·BKJia,I{OB 
B cetJeHHe STHX peaK{ld. 

Anpo6a.rµm pa60TII. PesyRbTaTH, no.7IY'leHHHe B pa6oTe,ony6RHKOBa
HII B lKYPHMe "H,n;epHM qJH3HKa", B npenpHHTax H coo6meHHJIX OIDIB, a 
TaKllte B MaTepnMax Yil M8JK,Il;YHapoJJ;Hott KOHcpepeHilHH no !pRSHKe BHCOKHX 
aHeprHtt H CTPYKTYPe RJJ;pa (Uiopnx, 19??), Ylll Me~apon;Hott KoHcpepeH
IlHH no qJH3HKe BllCOKHX 8Heprd R CTPYKType RJJ;pa (BaHKYBep, I9?9). 
Pa60TII, BOIDen;mHe B ,ll;HCCepTa{lHID,JJ;OKJia,nIIBMHCb Ha C8MHHapax Jia6opa
TOpHR Rn;epHllX npo6ReM H Jia6opaTOpHH TeopeTHtJeCKOR qJH3HKH OIDIB. 
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CTPYRTypa nIIccepTaµIrn • .II>rccepTaIUIB COCTO!IT Jl3 BBe,nemm, 6 
rJiall, 3aJtJIIO'!eHIDI, rrpIIJioJKeHIIR II 6II6mmrprup:.m. ,IlirncepTarurn co.nep
lK!IT 50 pHCYHitoB II IO Ta6.mm:. 

l{paTROe coneQJKaH.l'!e nIIccepTamrn 

Bo BBeneH!IH .naeTCR RpaTR!Ifi o63op COBP8M8HHoro TeopeTll'!8CROro 
n 3RcnepnMeHTaJILHoro no,/loJKeHIDI B nccJie,noBamrn a,npoH-R,nepmnc B3aH
MoneficTBHfi rrpH BIJCORHX 3HepritHX, a TaRJKe H3JiaraeTcR RpaTRoe co
.nep,Kamrn ,nHccepTaUHH. 

IlepBM rJiaBa TIOCB.ffill8Ha II3JIOlK8HIDO o6mero cpopMaJI.ll3Ma TeopIIH 
MHOroRpaTHllX CTOJIRHOBeHIDf .D;JIR orr.ncaHHR cneRTPOB JI.ll.UHPYJOilllIX '!aCTIIH 
B a,npoH-R,nepHIJX B3aIIMO,U8HCTBIDIX. Ha OCHOBe 3TOro rro,.nxci.ua .lIHTepnpe
TIIPYJOTCR 3RcnepIIM8HTaJILHble .n:aHHIJe O xapaRTepHCT.lIRaX JI.ll,llIIPYJOIIU1X 
'!aCTHU B Heynpyrnx a,npoH-R,n:epHllX coy.uapeHilRX rrp.n BHCOR.lIX 3HeprIDix. 
)Io He.UaBHero Bp8M8Hll C'!.lIT13.J!OCI,, 'ITO HaJieTaIOill!IH a,npoH B pe3yJILTaTe 
ero Heynpyroro B3allMO.U8HCTBIDI C HYRJIOHa.Mll mi;pa ncqe3aeT, .lI O,l(HO
npeMeHHO TIORBJIRJOTCR ,n:pyr.ne HOB!Je '!aCTHUIJ. 0,nHaRo 3RCTiepIIM8HTaJII,
H8JI .lIHcpopMaullR roBop.nT B TIOJIL3Y Toro, 'ITO a,npoH, IlCTilJTanmnfi MHOro
RpaTH!Je CTOJIRHOB8HIDI C BHYTPAA.rrepHIJMH HYRJIOHaMH,coxpaHReT CBOJO 
IIPHPO.Il'J, T.e. yRa3HBaeT Ha cymecTBOBaHne 3[!XPBRTa JI.ll,llHpOBaHM. 
ToJILRO B TIOCJI8.IlHll8 ro.n:11 TIORBHJIHCI, H8ROTOpl1e .UaHHHe O CBOHCTBaX H 
pOJIH JI.ll.UlIPYJOIIU{X '!aCTIIH B a,npon-R.rrepirnx B3ffiIMO,nefiCTBMX. Ha,neJKHo
ro TeopeTH'!8CROrO aHaJI.ll3a 3THX .rraHHllX noRa HeT. 

B pa3,neJie I.I CqJOPMYJillPOBaHH OCHOBHHe rrpn6JIIDKeHM MO.U8JIH 
MHoroRpaTirnx CTOJIRHOB8H.lIH II paccMOTP8Hl1 H8ROTOpl1e BaJKHIJe oco6eH
HOCTll 3HepreTH'!8CRHX crreRTPOB '!aCTIIH, IlCII!JTaBlliHX MHOrORpaTHble 
coy.uapemm. 

B pa3,neJie I.2 B paMRax Teopnn MHoroRpaTHllX CTOJIRHOBeHnfi rro
JIY'!8Hl1 cpopMYJIH ,nJIR oTIHcaHM crreRTpon Jill,llllPYIOOlHX qacT.nu :s a,npon
R.rrepnmc B3a.nMO.U8fiCTBMX. Ilo.rrpo6HO orrncano npHMeHeHne 3THX qJOPMYJI 
,UJIR aHaJI.ll3a cneRTpoB rrpoTOHOB B HHRJIJ03KBH!JX peaRIUIBX Ha R,npax rrpn 
HMIIYJILCe HaJI8TaxI!lHX rrpOTOHOB 19 n 24 r3B/c • 

B paa.rreJie I.3 o6o6meHa TeopnR MHoroRpaTHIJX rrepepacceRH.nfi Ha 
rrpoueccu Heyrrpyrnx HeKorepeHTHIJX B3rutMo,nettcTB.nfi HaJieTaxxnnx a,npo
HOB C R,llpaMH rrpn BHCOKHX :rneprnRX. IloRa3aHO, 'ITO_ B rrpe,neJILHYX 
CJJY'IruIX MaJIHX .H 60JII,IIIHX IIOTepI, 3Hepr.nn HaJieTruanefi 'l8CTllU!l B rue
Tax IIOCJie,nonaTeJILHHX coy,napeH.nfi ee 9 BHJTpIDI.I(epHHMR_ HYK7IOH8MH 
MOJKHO rrpocymmpoBaTI, pR.n no CTeneHRM KpaTH!JX HeKorepeHTHHX CTOJIK-
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HOBeH.nfi ,llJIR .rrHqqJepeHUHaJILHoro cetteHM,n IIOJIY'IHTI, 3aMKHJTl1e Bl1pa
JK8H.IIB, CBR3l1BaIOD.llle HHBapnaHTHIJe ce'leHKR perumntt hA - hX n 

hN-hX . 
B IIPMOJKemm ,naHH H8ROTOpHe CBOl!CTBa 3qxpeKTHBHl1X ttnceJI 

NnC6,A)-
Bo BTopott rJiaBe rrpoBe,neH aHaJIH3 3RCrrepnMeHTaJII,HHX ,naHHHX, OT-

HOC.ffilllIXCR K Jill,llllPYJOD.IHM 'laCT.lIUaM B,Heynpyr.nx a,npoH-R,nepHHX B3a.lIMO
.nettcTBKRX. 

B paa,neJie 2.I paccMaTpmiruoTcR rrpocTettm.ne xapaRTepncTnRn -
KosqxpunneHTH HeynpyrocT.n.n cpe,nHne nonepe'lH!Je .!IMIIYJILCIJ JIH.n:HPYIO
mmc 'laCTIIH B a,npoH-R,nepHHX coy,napeHKJIX. 

XaprucTepHofi oco6eHHOCTI,JO 3TllX .nnyx B8JIH'!IlH RBJIR8TCR IlX CJia-
6aR 3aBilCHMOCTI, OT aTOMHOro HOMepa R,npa-MilllleHn. Ha OCHOBe npoBe
,neHHHX pactteTOB IIORa3aHO, 'ITO cymecTBYIOOlil8 3Kcnep.lIMeHTaJII,Hl1e ,UaH
HHe o K03qxpnuneHTax HeynpyrocT.n n cpe,nHnx 3HatteHnRX rronepe'!HHX 

KMIIyJII,COB,a T8KlK8 O 38BllCHMOCTll HX OT aTOMHOro HOMepa R,npa Y.UOBJieT
BOpHTeJILHO OII.lICHB8IOTCR B p8.MR8X TeOpHH MHOrOKpaTHHX CTOJIKHOBeHHfi. 
YK83aHO Ha TO, 'ITO cpaBH8H.lle pe3yJILTaTOB BH'lllCJieH.nfi C 3RCII8pHMeH
TaJILHHMH ,UaHH!JMil Ha.no npOBO,llllTI, C ytteTOM ROHRP8THHX YCJIOB.lIH rro
CTaHOBKH 3KCrrepm.ieHTOB H crreuncp.nK.ll rrpoue.nypl1 o6pa6oTKH ,naHHHX. 
HarrpHMep, rrpn orrpe.rreJieHHH BeJllI'IIIHIJ RoaqxpnuneHTa HeyrrpyrocTH n 
cpe,nHero 3HatieHM norrepettHoro HMIIYJILCa Jill,llllPYIOOlHX tiacTun Heo6xo
.UHMO yttnTHBaTL pacrrpe,neJieHHR no ,noJie aHeprnn X , yHocm.iott 611cT
pott tiacT.nue:fi, oco6eHHO B6Jlll3Il x--o n ?C - i . 

B pa3.U8JI8 2.2 rrpone,neH .rreTaJILHlitt aHaJIH3 3RCTiepHMeHTaJILHHX 
,nrurHHX o cneRTpax npoTOHOB B peaKUHRX P., A ➔ P,. X ,nJIR CJIY'IM · 
B3rutMo,ne:ircTBM npoToHOB c R,npaMn A2 , Cu, PB rrpH .lIMIIYJILce 
I9,2 raB/c. 

B oTiHttne OT 3Rcrrepm.ieHTaJII,HlJX ,naHHIJX, paccMOTpeHH11X B pa3-
,UeJie I.2 ,B 3TOM 3RCrrepHMeHT8 CTI8KTPl1 TIPOTOHOB Il3M8p8Hl1 B 6oJiee 
mnpoROM nHTepnaJie 0,5 < X <. 0,8 rro.n yrJiaMH B = I2,5; 20; 30; 
40; 50; 60; 70 Mpa,n B Jia6opaTopHOH CHCTeMe KOOp,nHHaT, T.e. B 
npe,neJiax rrepe.rratt HMrryJILcoB 0,I <. 9, ~ I ,2 raB/c. 

PaaBnToe B nepBofi rJiane o6o6meHne TeopHH MHoroKpaTHIJX cToJIR
HoBeH.nfi HCIIOJIL3Y8TCR ,llJIR OIIHCaHM 3THX ,UaHHHX. B K8'!8CTB8 BXO,U
HHX B8JIIlttnH B3RTH ,UHqxpepeHUHaJILH08 C8'!8HH8 yrrpyroro paCCeRHHR 
IIPOTOHOB Ha HYKJIOHax Il ,naHHHe O crreRTpax rrpoTOHOB B peaRUHH 
pN➔ p X . YttTeHo B03MOJKHoe HapymeHne cpettHMruroncRoro cRefiJIHHra, 

IIOCROJILKY B paccMaTpnnaeMOM CJIYttae aHepI'lm He RBJIRJOTCH acnMITTOTil

ttecKH 6oJII,IIIIlMil • 
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B npe,n:enax 8RcnepRM8HTaJII,HblX onm6oR, ROTOpHe COCTaBJJ.ITTOT 15%, 
no.7IYqeHo y,n:oBneTBopnTenbHOe cornacne tracneHHHX pacqeToB c ,n:aHHH
MH B nmpoROM RHTepBMe TIOT8pb 8HeprRR HM8T8.!0mett 'laCTlill,l:l, 

Ilo,n:po6HO o6cyJIO];aeTCSI Bonpoc O COOTHOmeH:ruIX M8JIOJ:Y BM~aMH B 
cneRTp B peaynbTaTe CTOnRHOB8HHH pa3n.r<iHHX TlIIIOB H pa3HHX RpaTHOC
Teil B 3aBHCliMOCTH OT nonepeqHoro RMIIYnbca H STOMHoro HOMepa JI,Jq)a

-MlimeHH(A>-rroxaaaHo,qTo ocHOBHoil B~ B cneRTp ,n:am o,IUioRpaTHHe 
Heynpyrne CTOnRHOB8HWI,ROTOpHe COCTSBMDT.OT 3o% ,n:o 80% B 3aBHCli
MOCTH OT x , 0 n A . 

·Ha OCHOBe ,n:eTMbHOrO aHanR3a OTM8'18HO, qTo BM~H RpaTHWC 
CTOnRHOBeHd, CO,D;8PJitall1l'I8 ynpyrne nepepacceRHM, y6HB8.IOT C pOCTOM 
nonepeqfforo RMTIYnCa R... 6HCTpee, '18M BM~H OT CTOnRHOB8Hl'IH 
TOH xe RpaTHOCTl'I, HO CO,D;8PJitall1l'I8 TOnbRO HeynpyrRe nepepacceRHM. 
IlpRB8,D;8HH ROnl'I'18CTB8HHH8 pacqeTH, YRa3HB8lOl!ll'I8 Ha TO, 'ITO TIPR ,n:o
CTaTOqffO MaJIHX aHa'!eH:rurx X B o6nacTR 6onnmx aHa'!eHRH nonepe-q
Horo RMTIYnbca BM~H ynpyrmc HeRorepeHTHHX nepepacceRHI'Ill CTaHo
MTCJI npeHe6peXRMO MMHMR. Ha PRC. Ia B Ra'!eCTBe HJIJIDCTpa.rnm· 
npe,n:cTaBn8HH peaynTaTH TeopeTR'18CR.IDC pacqeTOB ,It11lt CJIY'IM B3al'!
MO,n:eACTBM npoTOHOB C SI,D;pOM 8JIXlMIDIIDI llpl'I paa;m,mux yrnax perRCT
pamm B cpaBH8Hl'Il'I C 8RCTI8pm.f8HTMbHID.m ,IJ;aHHHMR. tJ:RcneHHH8 peayn-
TSTH napnHaJII,HHX ceqelid do(i.KJ/d.fl.dp , COOTB8TCTBY!l!IIRX 
pa3H!Il>! RpaTHOCTRM ynpyrmc ( K ) R Heynpyrmc ( 2 ) CTOnRHOBSiid R 

me BM~ B cyMMapHoe ceqeHRe B cpaBHemm c ,n:aHHI™R nao6pruteHu 
Ha pnc. 16. 

B paa,n:ene 2.3 npoBe,n:eH aHanxa aRcnepm.ieHTaJil,HHX ,n:aHHl:llC o 
cneRTpax npoTOHOB B perucrum pA-pX , r,n:e A= Be, Ti, W 
npn 8H8PI'lm HM8T8.IOm.lDC npoTOHOB 300 raB no,n: yrnoM ?? Mp~. B 
na6opaTOpHofi. Cl'ICT8Me ROOp,D;RHaT B RHT8PBM8 nonepe'IHIDC RMTIYnCOB 
BTOpHtIHUX npoTOHOB f3._ = (O,? + ?,O) raB/c, 'ITO COOTB8TCTBY8T 
3H8'18Hl'IRM X = 0~03 + 0,3. 

Ilo,n:po6HO pacCMOTpeHa_3aBRCm.fOCTb BM~OB CTOJIRHOB8Hl'IH 
pa3nl'I'IHOH RpaTHOCTR OT nonepeqfforo RMTIYJII,Ca l'I STOMHoro HOMepa. 
ITORa38HO,'ITO OTHOCRTenHHil B~ B cneRTp BCne,n:CTBl'I8 n.~RpaTHOrO 
CTOnRHOB8HWI onpe,n:eMSTCSI B8nl'I'll'IHB.Ml'I 8qqleRTliBHHX 1111cen Nn (o,A) J 

R C POCTOM · ~ Haqmm.m ,IJ;OMRHRPOBSTb BMa,n:H 'In8HOB, COOTBeT
CTBJllllRX CTOnRHOBeHMM BHCOROH RpaTHOCTR. B.pru.max TeOpl'IR MHoro-· 
xpaTH!IX; nepepaccemmtt ,n:aHa RHTepnpeTa.rum cxnHofi A -3aBRcRM6c
TR RHBapRaHTHblX C8'18Hd nR.D:RPY!OIIISH 'ISCTRUH B nponeccax Tl'!lla 
pA- pX (cM. pnc. 2). 
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Pnc. Ia. :lli.!nyncHoe pacnpe,n:ene- PHc. 16. BR.Jr~ cTonRHOBeHd 

c,( 

,.z 

LO 

D.I 

HRS npoTOHOB BO B38.ID/IO,IJ;8liCTBRR paaHHX RpaTHOCT8H B cneRTP rrpo-
npOTOHOB.C RMnynCOM 19,2 raB/c TOHOB rrpn CTOnRHOBemm npOTO-
c SI,D;pOM aJIIOMHHHSI,3RCTiepRM8HTMJ,- HOB c RMTIYnbCOB 19,2 raB/c c 
HH8 ,n:aHHHe ,UE • .AJIJia6R l'I .ItP• SI,D;pOM 8.JI!OMRHRSI, 

p I< 

0 2 " 6 D 2 '1 6 D z " 6 

P.i. ma1c) 

Pl'Ic. 2. 3cppeRTRBHHfi noxaaaTenbA -aaBRCHMOCTR RHRJII03RBHl:llC ceqe
Hl'Ill npoTOHOB, aHTRllpOTOHOB ll RaOHOB, POJIOJ:8HHHX B pea.roumx npo
TOHOB c RMTIYnCOM 300 raB/c c SI,D;paMH Ti R W . 
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B TPeToeil rRaBe paCCMOTpeHU npoueccu MHOXeCTBeHHoro poJK,IJ;eHIDI 
~aCTlll( BO B3aHMoneilCTBIDIX ~aCTlll( C .ff,ll;pa.Mli RaK pesyRoTaT RpaTHH.X 
Heynpyrnx CTOJIRHOBeHntt HMeTa.iomero ~poHa C BHYTPIDinepHblMH HYMO
HaMH. 

Ilpe~oxeH MeTon pac~eTa /fillyRTYaullli noTepn sHeprntt HMeTa.iomeil 
'laCTHIJ;ll B aKTax nocRenoBaTeRoHH.X coynapeHllH C HYMOHaMH Rnpa. 
YruisaHO Ha tzyBCTBHTeRoHOCTo xaprutTepHCTHK MHOXeCTBeHHOro polK,I(eHIDI 
~aCTHU R Mone~ RnepHoil MOTHOCTH. 

B RpaTROM BBeneH:tm B pasneRe 3.I o6cylK,I(aRJTCR npH6JIIDKeHIDI, 
KOTopue ncno~syroTcR B nMoHefurrnx pac~eTax • 

.B pasneRe 3.2 B~CReHa cpenHRR MHOXeCTBeHHOCTo BTOP~H.X 
peMTHBHCTCKHX ~aCTlll( B ~POH-.ff,ll;epHblX B3aHMoneilCTBHRX H nonpo6HO 
o6cylK,I(eHU ee 3aBHCHMOCTH OT 3Heprrur, aTOMHoro HOMepa .ff,ll;pa-MillIJeHH 
HOT THna HMeTa.iomnx ~aCTlll(. MsBeCTHO, ~TO R03qlPRUHeHT MY~TH
~RauHH RA B npeneRax SRcnepHMeHTMoHH.X orun6oR SaBHCHT TORo
RO oT cpe~ero ~ncRa cToJIRHoBem V , T.e. HMeeT MecTo "V -cReil
~r". Teoprui: MHoroRpaTHllX nepepacceRHnil He npencRasHBaeT cTpo
roro "~ -cRefiJIHHra", o~ruto ~HcReHHue sHa'leHrui: RA ~ pas
R~HHX TllIIOB H8JI8TalOlllHX 'laCTlll( 6~3RH Me.lK,lzy co6ott ( CM. plm. 3). 

3,-,-----r-----,------, 

RA 
___ , •• p 

:=::1 l.-
~.,....-1--

/ ,,p , 

2 1 3 

PHc. 3. KO3qlPRUHeHT MYRoTHn~ruiurrn ~ 
pa3HH.X HM8TaJOIJIHX 'laCTlll( B saBHCHMOCTH 
OT cpenHero ~HCRa CTO~HoBeHllH V • 

OTMe~eHo, ~To Be~'llllia RA cymecTBeHHo yMeHoruaeTCR npn cpaBHH
TeRoHO CRa6oM H3MeHeHHH C 3Heprneil cpe~efi MHOX8CTB8HHOCTH BTO
p~ux ~aCTHU B ~POH-HYMOHHH.X B3aHMoneilCTBHRX. 

B pasieRe 3.3 HCCRe;nyeTCR MIDIHHe pas~mc napaMeTpH3aullli 
Ha cpenHroro MHOX8CTB8HHOCTo polK,I(eHHH.X B ~poH - .ff,ll;epHH.X coynapeHH-
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RX ~aCTlll(. IlpH 3TOM ~HTHBaRJTCR ql]IYRTYauHH nOTep1, imeprHH Jm,I(H

pyromefi 'laCTHU!l B nocRenoBaTeRl>HH.X CTOJIRHOBeHIDIX. IloRaSaHO, ~TO 
RaR cTeneHHWI, TaK H Rorapnqt.1HtieCRWI 3aBHCHMOCTH OT 3HeprHH xo
pomo OTIHCb!BaRJT 3RCnepHM8HT~HHe naHHue B WHpOROfi o6RaCTH 3Hep
rntt,H 3TH npencRasaHHR,MaJIO OTJ!lfliaRJTCR B o6RaCTH nocTHrHYTHX · 
YCROpHTMl>HH.X BHeprHfi. 

PacnpenMeHHR BTOpH'lHH.X peMTHBHCTCRHX 'laCTlll( no 6UCTpoTHHM 
nepeMeHHHM paccMaTpHBaRJTCR B pasneRe 3.4. IlORa3aHO, 'ITO xaprutTep
HUe oco6eHHOCTH 6UCTPOTHl,IX pacnpeneReHHfi BTOP~HH.X 'laCTlll( B ~
poH-RnepHllX B3aHMonefiCTBRRX, ycTaHOM8HHUe 3RcnepHMeHTMl>HO, xo
poruo BOCnpoH3BO~TCR B paMRax T8OpllH MHOroRpaTHH.X CTOJIRHOBeHHfi 
~pyromett '!aCTHUU C BHYTPHRnepHUMH HYMOHaMH. 

Ilo~'leHa ROJIH1I8CTB8HHWI oueHRa CMemeHHR ueHTpa 6ucTpOTHOro 
pacnpeneReHM B ~poH-:-RnepHH.X coynapeHrurx ( d n /d!J hA oTHO
cnTeRoHo ueHTpa COOTBeTCTByromero pacnpeneReHHR B ~poH-HYMOHHllX 
BsaHMonettcTBHRX ( d n Id y) hN • Y:rmsaHo, '!To BeJIH1IHHa 
sToro C,nBHra saBHCHT TORl>RO OT nepeMeHHofi V 

IloRa3aHO, 'ITO H3 no~~eHHH.X pesymTaTOB B 3TOfi rRaBe H83aBH
CHMO OT napaMeTpHeauim (dn/dyhN. cRenyeT, ~To: 
a) Ry= (dn/dy ),.,,4. /(dn/dgJnN-,. 1 B o6RacTn ipparMeHTauim 

ny'lrui, T. e. npn y ➔ y rna.x , 

6) Ry ➔ 7J B o6RacTH q>parMeHTaunn MIIWeHH, T.e. npn 
y ➔ Yrni11 .ITpH BTOM OTMe~eHa Heo6xo~OCTo ~eTa BM~OB, 

COOTB8TCTBYIOIIUD( RH~PYIDil1HM ~aCTlll(aM, noCKORoKY Ha6Rronaewe pac
npeneReHHR BTOP~H.X 'laCTlll( no 6UCTpoTaM BKRro~aroT,nOMlIMO polK,I(eH
HHX,TaRXe H coxpaHHBWHeCR ~aCTlIUU. 

B paeneRe 3.5 o6cylK,I(aRJTCR cneKTPH BTOP~H.X ~aCTlll( c 60Ro
lliHMH nonepe'!HHMH HMTIY~CaMH B peaKUHRX TlIIla, paccMOTpeHHoro B 

· pasneRe 2.3. BmHcReHu sqxpeKTHBHue noKasaTe~ A -saBHCHMOCTH 
HHKRID3HBHHX ce'leHHil aHTHnpoTOHOB H K -MesoHoB B saBHCHMOCTH PT 
nonepe~HH.X HMTIYRl>COB. IloRasaHo, ~TO MoneRl> KpaTHHX CTORRHOBeHHfi 
nepenaeT ocHOBHoil xaprutTep aHOMMoHo CMoHoil A -:-3aBHCHMOCTH 
HHBapnaHTHH.X ce~eHHil (CM. pnc. 2). 

qeTB8PTWI rRaBa nocBRmeHa o6cylK,I(eHHID CKefi~HrOBH.X CBOfiCTB 
MHOXeCTBeHHH.X pacrrpeneReHHil ~poH-RnepHH.X B3aHMonei1CTBllfi. B pae
neRe 4.I H3ROX8HO KpaTKOe BBeneHHe, rne yKa3aHO Ha BaxHOCTl, y~e
Ta 3HepreTH~eCKOH 3aBllCHMOCTH MHOX8CTB8HHH.X xaprutTepHCTHR ~pOH
HYMOHHH.X CTMKHOBeHHil. 3TO YTB8plK,I(eHHe neMOHCTpHpyeTCR Ha npHMe
pe B~MeHHR RB~paTa nncnepcrur B coynapeHHRX ~poHoB c HnpaMII. 
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B pas;n;e~e 4.2 paCCMOTpeHO COOTHOWelille MruKJJY KHO qf{HKUIDIMH B 
a;n;pOH-HYRJ!OHHHX H a;n;pOH-M0PHHX B3aHMO;D;0HCTBIDIX.IlOJIY'l0Ha ~PMY~a. 
CBJI3HB8Klll8H KHO-iflY'HRIJ;HH B a;n;po:&-.fl,ltepHHX CTOJIKHOB0HIDIX C pesy~iTH
PYilllHM pacnpe;n;e~eHHeM no quo~ qacTHU BCJI0;D;CTBHe B3aHMO;D;eHCTBIDI 
HMeTaI0111ero a.n:poHa C \)- HYKJIOH8.MH R;n;pa. IlOK838HO, qTo Bn,n: KHO
cpyHruurn B CTO~KHOBemmx a;n;pOHOB C R;D;pa.MH 0~860 38BilCilT OT _aTOtffiO
ro HOMepa R;n;pa-MnWeHn. C nOMOlllI>ID 3TOH (!)OPMY~R,ncnMb3YR KHO-<pyHK
umi a.n:poH-HYKJIOHHlllC B38IDIIO;D;eHcTBlill B rrapaMeTpnsamm C~3TTepn,MOX
HO, B npnmurrre, B~IlCRilTb KHO--qiyHKUilil a;n;pOH-R;D;epHIDC coy;n;apeHnit 
npn ~OM KOHe~oM 3HaqeHnn V B RBHOM Bn;n;e. 

B pas;n;eRe 4.3 IlCCRe.n:yIDTC.fI HOpMilpOBaHHHe MOMeHTH B a;n;poH-
R;n;epHllX BsanMo;n;eHcTBnRX CphA n oTHomeHne me K aHMorli'IllllM 
BeRRTJilHa.M 'AM a.n:poH-HYKJIOHHlllC CTOJIKHOBeHHH C'/N . IIo~qeHH 
aH~TnqecKne BHp~eHM 'AM HOPMilPOBaHHblX MOM8HTOB nopJI;n;Ka p = 

2,3,4,5 JII nOK83aHO, qTQ OHR He saBilC.fIT OT 3Heprnn HaJieT8lOIIUDC 
f'\""'1/C"N qacTnn. BuqncReHH OTHomeHM C..p p B 38BilCRMOCTR OT aTOM-

Horo HOMepa R;n;pa-MnweHH ;n;M Tpex TRITOB HaJieT8lOIIUDC a;n;pOHOB (rr,K,p)· 
Il npn pasM~llX 3Haqemm:x: RoaqqinnneHTOB HeynpyroCTil BO B3aRMO;n;eH
CTBRIIX a.n:poHOB C HYKJIOHaMH. lfnCJieHHHe pacqeTH noRas~. qTQ OTKJIO
HeHne OT e;n;HHnnH 3TRX OTHomeHntt pacTeT C poCTOM nopR;n;Ra MOMeHTa, 
O;n;HaRo ocTaeTcR ~60 He6onmRM, ~60 cRa6o saBHCRIIUlM OT A • 

II~qeHHHe B pas;n;Max 4.2 n 4.3 pesyRbTaTR no;n;TBepJK,IJ;aroT, 
qTo KHO ¢YHKUHJII B a.n:poH-HYKJIOHHblX R a.n:poH-R;n;epHHX CTOJIRHOBemmx 
pas~ruoTCR HesHaqnTenHo. 

B pas;n;eRe 4.4 no.n:po6Ho paccMaTpRBaeTCR ~ne <pJiyKTYa.rnrlt 
IlOTepb 3Heprntt ~PYIOllleH qaCTHIJ;!:J B aRTax noCJie;n;oBaTeRbHHX nepe
pacceRHRH Ha CReWIRHrOBHe CBOHCTBa MHOXeCTBeHHHX pacnpe;n;eReHlill 
B a.n:poH-R;n;epHHX coy;n;apeHilRX. IloRcHeHne .n:aeTCR Ha npRMepe .n:BYXKpaT
Horo B3aRMO;n;eficTBM HaJieTruomett qacTnnH C HYKJIOH8.MH R;n;pa. ,ll.ruI 
6oRee ;n;eTaJibHOH npoBepKil npe.n:cKa38Hnit Mo.n:e~ MHOroRpaTHHX CTOJIKHO
BeHlill (~ Mo;n;eM KacKa;n;a ~pyromett qacTnnu, KaR 06~0 HasI:IBa
IDT B ~TepaTVpe) IlHTepeCHO 6~o 6H 3KCnepRMeHT~HO R3MepnTb Be-

em 
~H p 'OTBeqruomne onpe;n;eReHHofi KpaTHOCTll CTOJIRHOBeHRH 
~npyromefi qacTnnu c HYKJIOHaMH R;n;pa. 8Ta Muon no.n:po6Ho 06cy:1K,Ita
eTCR B pas;n;eRe 4.5, r.n:e paccMoTpeH Bonpoc o Bmio~eHnn "qacTHoro" 
KHO-cKe~Hra. Ha OCHOBe rrpoBe;n;eHHOro aH~3a c;n;MaH Bl:IBO;D; 06 on
pe;n;eReHHRX npen:MYmeCTBax n:iyqeHM a;n;poH-R;n;epHHX B3anMO;n;eficTBRH, 
r.n:e uapymemi:e "qacTnoro" KHO-cKefi~ra oXH;n;aeTcR Ha ypoBne ID% 
BO BTOPOM H TpeTbeM HOpMilpOBaHHHX MOM8HTax pacnpe.n:eHeHHH. 
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B IlRTOH rRaBe TeopHR MHOrOKpaTHlllC CTOJIKHOB8HilH npRMeHReTC.fI 
'AM onncaHHR KOppeMumi ~HeBIIX n Me~eHHHX qacTHU B a;n;pon-R;n;ep
HllX B3anMO;D;efiCTBRRX. 

B pas.n:eRe 5.I Il3ROXeHa OCHOBHaR 3KcrrepRMeHT~HaR CHTYa.rum 
no IlCCRe;n;oBaHilID Me;n;ReHHIIX BTOPH~l:I.X qacTnn, po:IK,IteHHHX B a.n:poH-
R;n;epHHX coy;n;apeHRRX. • 

B pas.n:e~e 5~2 06cy:1K,ItaeTcR KoppeJIRIUIB s n !f -qacTnn 'AM 

npoueccoB B3anMO;n;efiCTBil.fI a;n;pOHOB C ~erKOH KOMnoHeHTOH qJOT03MYn
cnn. PaccMOTpeHo pacnpe;n;eReHne no qnc~ j -qacTnn n paccqnTaHH 
BeRRTJilHH RA n HOpMnpoBaHHHX MOMeHTOB CphA ( p =2,3,4,5) B 
38BilCHMOCTH OT qncRa 9-- -qaCT.l!U ( n, ) • C nOMO!llbID ITO~t:J8HHIIX 
aH~TRt:JeCKHX BHp~eHntt IlCCRe.n:yIDTCJI,npn cpRKcnpoBaHHOM 3Hat:JeHnn 

n,-_ , CM8!ll8Hlle U8HTpa 6HCTpOTHHX pacnpe;n;eReHd, B8Mt:JHHa 
R~(na) n OTHOmeHne R.~(n3)/Ry B o6RaCTil cpparMeHT8UHH MRWeHH. 

B pas;n;eRe 5.3 06cy:1K,It8lOTCR Bee rrepet:Jnc~eHHHe B rrpe;n;bl,I(ymeM 
pas;n;eRe xapaRTepncTRKn ;n;M·npoueccoB Bsan:Mo;n;eficTBHR_HaJieTruo!llilx 
npoTOHOB c· TJIXeROH KOMnoHeHTOH qJOT03MYncnn. CpaBHenne TeopeTH
qecKRX pact:JeTOB B paMKaX Teopnn MHoro~paTHHX CTOJIKHOBeHRH Bcex 
ynOMHHYTRX B pas.n:e.nax 5.2 n 5.3 Be~ C 3KcnepRMeHT~HhlMH 
suaqeHilJlMR .n:aeT y;n;oMeTBopnTenHoe cor~acne. 

B pas;n;eRe 5.4 paccMaTpnBruoTcR npoueccu c 6onmHMn nonepeq
HHMn RMITYncaMH Il o6cy~aeTCR B03MOlKHM nocTaHOBKa 3KCnepHMeHTOB, 
B KOTOpmc MOXHO 6~0 6H nsyt:JaTb COOHTM, OTBeTiruolJlile TORbKO 6on
mHM KP8THOCT~ ueynpyroro B3aRMO;n;eficTBHR a;n;poHoB C HYKJIOHaMil 
R;n;pa-MnWeHH, He npn6eraR K n;n;eHTilqJilKaunH HYKJIOHOB OT;n;aqJII. 

llieCTM rRaBa IlOCBR!lleHa P83BilTRID Teopnn ;n;BOHHOH nepe3apJI.n:KH 
Me30HOB Ha HYMOHax R R;n;pax npn BHCOKilX 3HeprRRx. 

B pas;n;eRe 6.I Il3ROXeHO COBpeMeHHoe COCTORHile 3Kcnepn:MeHTaJib
HHX n TeopeTRt:Jecroric nccRe;n;oBaHlill no nofiuofi nepesapR;n;Ke ff n K
MesoHoB Ha HYKJIOHax n .fl,ltpax npn BHCOKilX SHeprRIIX. 

B pas;n;eRe 6.2 paccMOTpeHa peaRURR ;n;BOHHOfi nepesapR;n;KH IUIOHOB 
Ha HYKJiouax, ;n;M onncruum KOTopott npe~oxeH TaK HasI:IBaeMHfi Tpe
yronmnt MexaHnsM. Ilo;n;po6Ho paccqn:TaHH_ pas~e BKJia.n:H B RHBa
pnaHTHoe_ ceqeHRe aToro npouecca (KaR saBnC.fI!llile, TaR n He saBHCH
!llil8 OT 3Heprnn). II~t:JeHHue TeopernqecKHe pacqeTH npn RMITYRbcax 
2,69; 3,25; 8 n 16 ThB/c .n:ruoT y;n;oMeTBOpRTe.m,noe corRacne c aKcne-. . . 

pn:MeHT8nHHMll-. SHat:JeHHHMR. 
Ha OCHOBaHllll npoBe;n;eHHHX pacqeroB ·n CpaBHeHRR RX C 3KCUepn

MeHTMbHHMil ;D;ammMll C;D;M8.H '.!31:lBO;D; 0 TOM, TITO ;D;OMRHnpyeT BKJia;n; B 
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mrnapnaHTHoe cetJeHRe OT polK,Il;eHIDI pe3oHaHcOB J , :/-, j , a BRJia
nu OT TOtJeK BeTMeHHH B IIJIOCKOCTH KOMIIJieKCHoro MOMeHTa He3HatJR
TeJII,Hll. 

.PeaKURR C ~OHHHM ll3MeHeHHeM CTpaHHOCTll pacceRBaeMUX tJaCT:tm 
noRa eme CAa6o H3ytJeHll 3RCnepIDlieHTMhHO, 'ITO, no-B~RMOMY, 061,

J1CHJ1eTCJ1 MMOCTh!O me cetJeHIDI. TeM He MeHee,cymecTBYJOOUie naHHHe 
ITOCTaBMll pRn BOITpOCOB, Ha KOTOplle ITOKa HeT onpeneAeHHOro OTBeTa. 

ITpoueccu c nofiHofi nepenatJefi cTpaHHocTn K -Me3oHoB nonpo6Ho 
pacCMOTpeHll B pasneAe 6.3 • .lJ.mI BlltJRCAeHHH cetJeHRJI 3TOH peaRURR 
npeMOJ!teHa Monefil, aHMOrUtJHM TpeyroAnHOMY MeXaHR3MY, llCITOfil30-
BaHHOMY B npenu.nymeM pasneAe. C noMomnro sTofi MoneRR npoBeneHH · 
BITTHCAeHHH pasAHtJHllX BRJIMOB B cetJeHne ):IBOHHofi nepesapJI~ K -
Me30HOB npn BllCOKIDC 3HeprRJix. PeaRURJI ~ofiHOH nepesapRnKR ITHOHOB 
He naeT TOtJHOH RH¢opMaunn O Be~RHe BRJIMa BeTMeHnfi ns-sa OOAh

ruoro ¢oHa OT polK,ll;eHRJI MesoHHllX pe3oHaHcoB. OnHaRo ~ 6o~ee ne
TMnHoro nccAenoBaHRJI BeTMeHntt npoueccu nBofrHott rrepesapJinKHK -
Me30HOB J1BRJ!IOTCJ1 6oAee nonxOnJimRMH, TaR KaR ll3-3a OOfillliOH MaCCll 
K-Me30HOB pesoHaHCll s*, c,o, ... He MOryT naTL BRJIMa B o6AaCTL 
:Z~1 , T.e. BR.JIM BeTMeHntt T8M nomiteH Ha6RronaTLCJ1 B tJHCTOM 
B~e. 

B pasneAe 6.4 nsytJMac1, nBofiHM nepesapRnKa rrnoHoB Ha Rnpax 
B llHKRI03llBHhlX peaKllHHX rrpn BllCOKRX 3HeprHHX • .lJ.mI 3TOro rrpouecca 
06cylK,Il;aIOTCJ1 nBa B03MOlKHllX MexaHH3Ma: llBOHHM nepesapJinKa Ha on
HOM ll3 HYRJIOHOB Rnpa ll llBYXCTyrreHtJaTM onHoKpaTHM nepesapJinKa 
Ha pa3MtJHllX lfYRJIOHax Jinpa. PactJeTU IlORasamr, 'ITO noMRHHpyeT 
nepBllfi MexaHH3M • .Il,aHll npencKa3aHHH ~ ¢opMll RMITYfilCHllX cneKTpOB, 
3HepreTHtJeCROH ll t -3aBHCRMOCTll RHBapnaHTHllX cetJeHntt. 

B KOHUe KalK,ll;O:ii rAaBll R3AOlKeHll OCHOBHlle BllBOnll, BllTeKaIOmne U3 
pesyALTaTOB, ITORYtJeHHllX B nanno:ii rAaBe. 

OcHOBHlle pesyfilTaTll pa60Tll 

I. TeopRJI MHoroKpaTHHX cTo~oBeHnfi o6o6meHa Ha Heynpyrne 
B3aRMone:iicTBRJ1 MPOHOB C J1llpaMR npn BllCOKRX 3HeprMX. 

2. Paspa6oTana TeopeTntJ6CKM cxeMa, IT03BOMKl!lM OITRCllBaTL 
npoueccu Heynpyrruc MpoH-JinepHHX coynapenntt B enRHoM rronxone. 

3. B paMKax sToro rronxona paccMoTpeHH cneKTpH ~nnnpyroamx n 
BTOpn'l'.HllX tJaCTllU B nH~3RBHllX peaKURJ1X C OOALllinMR nonepetJHHMn 
RMnyfilCaMR. 
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4. Ha OCHOBe Teopnn MHOrORpaTHllX CTO~KHOBeHntt npoaHaM3llPOBa
Hll C enRHOfi TOtJKR speHHJI 3KCnepRM6HTMLHlle naHHHe O cneRTpax HMe
TaK111efi tJaCTRUll B Heyrrpyrnx MPDH-JinepHHX coynapeHIDIX Ro xapaRTe
pncTnRax MHoieCTB6HHOro o6pa30BaHRJ1 tJaCT:tm B MPDH-JinepHHX B3aRMO
nettcTBIDIX. 

5. nana RHTeprrpeTaurur sqxpeKTaM MHoroKpaTHllX nepepacceJIHntt 
MPOHOB Ha HYRJIOHax Jinep B runpoKOH o6~aCTll 3Heprnfi R yrAa pacceJI
HRJI rrpn pa3~tJHllX 3H8tJ6HIDIX X. . R B 3aBRCRMOCTR OT aTOMHOro HO
Mepa Jinpa. 

6. OrrpeneAeHll OTHOCRT6filHlle BRJIMll CTO~RHOBeHntt pasHllX KpaT
HOCTett n po~ ynpyrnx n Heynpyrnx HeKorepeHTHUX rrepepacceJIHntt B 
pa3~tJHllX KRHeMaTntJeCKRX o6~aCTJ1X RB 3aBRCRMOCTR OT aTOMHOro HO
Mepa Jinpa-MRllieHn. 

7. IloKasaHO, 'ITO B paMKax Teopnn MHOroKpaTHllX CTOARHOBeHntt 
ynaeTcJI onncaTL KaR cAa6yro A -saBncnMocTL onHnx BeMtJRH (Kosqxlin
UReHTH HeynpyroCTR ll cpenttRe nonepetJHlle RMny~LCll) MPOH-JinepHllX 
B3aRMoneficTBntt, TaR n aHOMafilHo cn~LHYIO A -saBncRMocTL npyrnx xa
paKTepncTRK, TaKnx,KaK RH~3RBHlle cneRTpll ARnRPYKl!lllX R BTOPRtJHllX 
·tJaCT:tm upn OORLlllRX 3HatJeHRJIX norrepetJHllX RMnyALCOB. 

8. IloRasaHo, 'ITO sKcrrepRMeHTMLHllfi pesyALTaT, yRasHBaromntt Ha 
no~IO HesaBHCRMOCTL R03qll)RUR6HTOB HeynpyrocTH OT aTOMHoro HOMepa, 
o6ycAoMeH OT6pacHBaHReM COOllTRH c X< 0,3, 'ITO COOTBeTCTBYeT rro
naMeHll!O BRJIMa OT CTOAKHOBeHntt BllCORO:ii KpaTHOCTR. 

9. ITpenAoJKeHa Monn¢nRauRJI MoneAH RacRMa A~npyrome:ii.tJacTHIIH 
C ytJeTOM ~RTYilllllll 3HepreTHtJeCRRX rr0Tep1, AllllllPYIOmefi tJaCTRUll B 
aKTax noc~enoBaTeALHHX coynapeHntt ee c BlfYTpllJillepHHMR lfYRJIOHaMU. 
YKa3aHo Ha tJYBCTBHTeAnHOCTL xapaRTepncTRR MHOlK6CTB6HHOro o6pasoBa
HllJ1 tJaCTUU B MPOH-JinepHUX B3aRMoneficTBRJ1X R ¢QpMe JI.n;epHofi IT~OT- · 
HOCTH. 

IO. 0TMetJeHo, 'ITO Kosqxp:imtteHT MYRLTHIIJIHKaURH RA cAa6o 3aBR
cnT KaR OT sHeprnn HMeTarome:ii tJaCTll'.Ull, TaR n OT Bnna napaMeTpnsa
URH cpenttett MHOlKeCTBeHHOCTll B MPOH-HYMOHHllX coynapeHIDIX.OnHaKO 
sHatJeHM RA CMLHO 3aBRCJIT OT sHatJeHnfi KosqxpHIIUeHTa Heynpyroc
TH BO B3aRMonettcTBIDIX MPOHOB C lfYRJIOHaMU. 

II. tts MoneAR MHoroKpaTHllX nepepacceJIHnfi B CRYtJae cTeneHHott 
3aBHCHMOCTR cpenttefi MHOlKeCTBeHHOCTll MPOH-HYRJIOHHllX CTO~OBeHRtt 
cAenyeT, 'ITO tJRMeHHHe Be~tJRHU RA ~ pasHHX copTOB HMeTaro
amx tJacTllU rrpn OnHOM n TOM JKe V T.e. ~ pasHHX sHatreHnfi A , 
COOTB6TCTBYJOOUIX pa3~llM HM6T8.lOlllRM tJaCTllUaM C OnRHaKOBllM 3Hatre-
HReM V , co~m .. 
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I2. YqeT cpJIYKTYa.rura 3HepreTWJ8CKIDC rr0Tep1, H8JI8TaJOIJ{ett qacTn
UH n BH6op ,IlJlfI pacqeTOB peaJrncTnqecKIDC IIJIOTHOCTefi ,Itiiff H,nepHott 
MaTepRR rrpRBO,nHT K yMeHI>memno sHaqeHRfi Be.JIK'IRH RA u V . 

I3. TeopRR MHoroKpaTHHX rrepepaccemum xopomo BocrrpousBo,nuT 
KaK 3HepreTWJecKYID, TaK n A -saBncHMocTH 6HcTpOTHHX pacrrpe,ne
xeHd anpoH-H,nepHHX B3aHMO,neHCTBRH. 

I4. ITo~qeHa qJOPMYXa ,Itiiff CMell{eHHR ueHTpa 6HCTPOTHOro pac
rrpe,nexeHRR B anpoH-~epHHX coy,napeHURX OTHOCHTe~HO COOTBeTCT
Byromero pacnpe,nexeHHR B anpoH-HyMOHHHX BsaRMo,nettcTBIDIX. PesyJih
TaTH pacqeTOB rroKa3HBaJOT, qTo C POCTOM A ueHTp pacrrpe,nexeHUR 
cMemaeTcH B cTopoHy MMHX 6HcTpoT, a Be~a cmmra HMeeT "v -
cRett.mrnroBoe" rroBe,nemre. 

I5. Ms Teopnn MHOl'OKpaTHHX CTO~HOBeHllli He3aBRCRMO OT rrapa
MeTpnsru.um (dn/d.2f)hN cxe.n;yeT, qTo a) Rg -1 B o6xacm 
cpparMeHTaunH nyqRa, 6) R:1. - V B o6xacTn cpparMeHTaunR MIDIIeHR. 

I6. ITo~qeHO COOTHOmeHHe, CBR3HBaromee KHO--<'pymunm anpoH-. 
H,nepHHX II anpoH-HyMOHHHX BsanMo,nettcTBd. Tom KHO--<'pyHKUHH cxa6o 
3aBHCIIT OT aTOMHOro HOMepa H,npa-MllllleHII. 

I7. ITORa3aHO, qTo ll3 YCXOBRR BHITOXHeHHR KHO-cRett.mrnra Ban-
poH-HyMOHHHX CTOXKHOBemmx H B rrpenrroxoxeHnn .cTerreHHofi 3aBllCll

.MOCTH OT 3Heprnn cpe,nHefi MHOXeCTBeHHOCTll B anpoH-HyMOHHHX coy
,napeHl1/IX cxe.n;yeT BHITOXHeHIIe KHO-cRett.mrnra B anpoH-H,nepHHX B3aII
MO,neficTBHRX. 

I8. ITo,l!YqeHH aH8JIHTHqecRne BHp~eHRR ,It}Iff HOpMnpoBaHHHX MO
M8HTOB ctA (P= 2,3,4,5). llncxeHHHe pacqeTH C IlOMOmI>ID 3TIDC 
BHp~eHd rroRasaJrn, qTo BeJIBllllHH CphA Ma.JIO OTJIK'IaIDTCH OT aHa-

chN xorHqHHX Be~ p • 

I9. B paMRaX TeopIIII MHOI'ORpaTHHX coy,napeHd orrncaHH ROppe
JlfIUH:l'l XHBHeBHX H MenxeHHHX qacTIIU, POnRBumxCH B anpoH-H,nepHHX 
B3aHMo,nettcTBHRX. 

20. ITpoBe,neH aHaxII3 peaKUIItt nofiHofi rrepesaPfl,nRH (ff_ n/<-Me
soHoB Ha HyMOHax n H,npax rrpn BHcoKnx sHeprRRX II rrpenxoxeH Mexa
HII3M OITIICaHHR TaKIDC rrpoueccoB. 

2I. C IlOMOIJ{I,ID pasBHToro rronxo,na IlOCTpOeHa TeopUR nofiHofi 
rrepesap~RII B HHKXID3IIBHHX peaKUIDIX. Ilpe,ncRa3aH PR.n scpcpeRTOB, RO
TOpHe MOXHO Ha6xro,naTI, 3RCilepHMeHT8JII,HO. 
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