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The Possibilities of Production of Relatively 
Cold Compound-Nuclei with High Angular 
Momentum. I. The Model of Fussion of Two 
Colliding Nuclei 

The process of fussion of two colliding nuclei is 
considered on the basis of a simple classical model. In 
the model the balance between the nucleus, Coulomb and 
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C) 1976 06•e~uxerucwll uxcaa,YII .. ~epHwx uccAeooeaxull,lb6HG 

1. BBEJ{EHHE 

B nocne,D.uee apeMH ace 6onhiiiHH HHTepec Bhi3hiBaJOT 

H,D.pa C BhiCOKHM 'rnOBhiM MOMeHTOM, HaXO,D.Hll\HeCH B 

upacT-cOCTOHHHHII . YrnoaoH. MOMeHT TaKHX H,D.ep onpe­

,D.enHeTCH BhiCTpOeHHOCThlO CllHHOB OT,D.enhHbiX HyKnOHOB 

B,D.Onh ocu apamenHH 12 I , u poTauuouuoe .D.BH)J<euue H,D.ep 

B 3TOM cnyqae cymeCTBeHHO OTnH'-laeTCH OT J<OnneKTHBHOI'O 

apameHHH, xapaKTepu3yeMoro perynHpHhiM pacrrono)J<eHHeM 

ypoaueH.. B qacTHOCTH, KaK anepBhie 3aMeTunu A. I:iop u 

E .MoTTenhCOH I 31, ,D.nH TaKHX .JI,D.ep O:>KH,D.aroTCH anoManuu 

B pacnonO)J<eHHH pOTaUHOHHhiX ypOBHeH, I<OTOpbie MOryT 

llpHBO,D.HTh I< noKanhHhiM MHHHMyMaM Ha HpaCT- JIHHHI;f H I< 

BhiCOKocnunoBhiM H30MepaM. KonKpeTHhie pacqe'fhi /4, 5 I 
llO,D.TBep)J<,D.aiOT B03MO)J<HOCTh Tai<HX H30MepOB. 

).lnH BhiCOI<OCllHHOBhiX COCTOHHHH Hei<OTOpbiX H,D.ep MOryT 

HMeTh MeCTO ,D.Ba HnH 6onee MHHHMYMOB ~3He_,PrHH npH cy­

mecTBeHHO pa3nH'-1HhiX .D.e¢opMauuHx H,D.pa la, 6 1
• B npouecce 

CHH)J<eHHH CllHHa H,D.pa llOnO)J<eHHe a6conroTHOrO MHHHMyMa 

MO)I(eT nepeXO,D.HTh OT O,D.HOH nocne,D.OBaTenhHOCTH MHHHMy­

MOB K ,D.pyroH, H B 3TOM cnyqae ,D.On)J<eH ocymeCTBnHThCH 

BH6paUHOHHhiH "<lJa30BhiH" nepeXO,D., COllpOBO)J<,D.aeMhiH cy­

mecTBeHHhiM H3MeHeHHeM <iJopMbl H,D.pa. 

OcuoBHhiM MeTO.IJ.OM nonyqenuH JI,D.ep c BhiCOKHM yrno­

BhiM MOMeHTOM HBnHIOTCJI, Kal< H3BeCTHO, peaKUHH llO.D. ,D.eH­

CTBHeM T JI)I(enhlX ycKopeHHhiX HOHOB. B 3THX 'peaKUHHX 

o6pa3yiOTCJI I<OMnayH,D.- JI,D.pa C 6onhlllHM yrnOBhiM MOMeHTOM 

u JHa'-IHTenhHOH 3HeprueH. aoJ6y)J<,D.eHHJI. Ha nepaoM 3Tane 

,D.eB036y)J<,D.eHHJI H3 KOMnayu,D.-JI,D.pa HCllapHlOTCH HeHTpOHhi 

H nerKHe 3apH)J<eHHble 'iaCTHUhl, I<OTOphle yHOCHT 3Ha'-IHTenh­

HYIO ,D.OniO 3HeprHH B03fiy)J<,D.eHH11 H O'iellh Manyro l.JaCTh yr-
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I ' 
noaoro MOMeHTa. ,LI;anee, cornacuo ' 71 , cne.nyeT cTaTKc-

THl.feCKHH KaCKa,!l. OTHOCHTenhHO 3HepreTHl.fHbiX y - KBaHTOB, 

B pe3ynhTaTe KOTOpOrO R,!l.pO nepeXO,!I.HT llOl.fTH Ha HpacT­

ypOBeHb. 3aTeM npoHCXO,!I.HT 6onee perynRpHhiH H 6onee 

Me.nneHHhiH KacKa,!l. poTaUHOHHhiX /npeHMyiiJ;ecTaeuuo E2 I 
y -nepeXO,!I.OB B,!I.Onh HpacT-nHHHH. 

KaK noKa3waamT 3KCnepHMeHTW, ypoBHH poTaUHOHHoi 

nonochi, 3acenReMhie o6bil.fHO npH .neao36y)f(,!l.eHHH KOMnayu.n­

R,!I.pa, HMeiDT CllHHbl CyiiJ;eCTBeHHO 6onee HH3KHe, l.feM 

nepBOHal.fanhHhiH CllHH, H 3TO pa3nHl.fHe TeM 6onhllle, l.feM 

TR)f(enee 6oM6ap,!I.HpymiiJ;aR l.faCTHu;a. HanpHMep, .nnR peaK­

IIHH 40 Ar 1- 128,130 Te cpe,!I.HHH cnHH 3acenReMhiX ypoaueii 

poTallHOHHOH nonOCW COCTaBnReT O.li.HY TpeTb OT Cpe,!I.Hero 

cnaua KOMnayu.n- R,!l.pa /s/. IIo- BH,!I.HMOMy, cyiiJ;ecTaeuuoe 

CHH)f(eHHe yrnOBOrO MOMeHTa KOMnayu,!l.- R,!l.pa llpOHCXO,!I.HT 

Ha CTa,!I.HH CTaTHCTHl.feCKOrO y -KaCKa,!l.a. 

113 H3no)f(euuoro Bhiiiie cne.nyeT, 'ITO ,!l.nR H3yl.feHHR 

npORBneHHH BhiCOKOCllHHOBhiX COCTORHHH R,!l.ep 6hinO 6bi 

aecbMa none3HO nonyl.faTh KOMnayu.n- R,!l.pa uenocpe.ncTaeu­

uo B HpacT-COCTOHHHH C BMCOKHM yrnOBbiM MOMeHTOM. 

TaKHe R,!l.pa npe,!I.CTaBnRIDT HHTepec ,!l.nR llOHCKOB H HCCne­

,!I.OBaHHi He TOnhKO BhiCOKOCllHHOBhlX H30MepoB, HO H "$a-

30BhiX" nepeXO,!I.OB, CBH3aHHhiX C H3MeHeHHeM $OpMbi R,!l.pa. 

PeaKUHH nonyl.feHHR KOMnayu.n-R.nep a HpacT-cocTORHHH, 

T .e. c uyneaoii 3HeprHeii Tennoaoro ao36y)f(,!l.eHHR, 6hmH 6bi 

HHTepeCHhl ,!l.nR HCCne,!I.OBaHHH pa,!I.HaUHOHHOIO 3aXBaTa TR)f(e­

noro HOHa - RBneHHR, eiiJ;e ue.nocTaTol.fHO H3yl.feuuoro /eM., 

HanpHMep, /9/ I. 

Bonpoc 0 nonyl.feHHH OTHOCHTenbHO XOnO,!I.HhiX KOMllayH,!I.­

x.nep paccMaTpnsancR pauee. HanpHMep, a pa6oTe /10/ 

6hinH paCCMOTpeHbl HeKOTOpbie peaKI.J;HH nonyl.feHHR TR)f(enbiX 

KOMnayu.n- R,!l.ep c HH3KOH JueprHei Tennosoro ao36y)f(­

,!l.eHHR. 

06pa30BaHHe cna60B036y)f(,!l.eHHWX KOMnayn,!I.-R,!I.ep RB­

JHieTCR OCHOBOH HOBOrO MeTO,!I.a CHUTe 3a TpaucypaHOBbiX 

JneMeH ros, npe.nno)f(euuoro lO .IJ..OrauecxuoM /II/ CyiiJ;HOCTb 

MeTO,!I.a COCTOHT B TOM, 'ITO B Kal.feCTBe MHIIIeHH H 6oM-

6ap,!I.HpyiDIIJ;eH l.faC THilbl HCllOnh 3 YIOTCR ,!I.OC Ta TO'IHO llnOTHO­

ynaKOBaHHhie H,!l.pa, a HMeHHO: H30TOllhl TannHH, CBHHI.J;a 

u BHCMyTa /KaK MHilleHH/ H uyKnH,!I.hi a o6nacTH A "' 40-'{)0 
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/KaK 6oM6ap,!J.HpyiOIIJ;He 'IaCTHIJ;W/. IlpH 3HeprHH 6oM6ap­

,!I.HpyiDIIJ;HX qacTHU, nHIIIb ueMuoro npeawrnamiiJ;eii: 6apbep 

B3aHMO,!I.eii:cTBHR B i , 3HeprHR B036y)f(,!l.eHH11 KOMnayu.n-

11,!1.pa, npH6nH3HTenbHO paauaR Bi + Q , r.ne Q - 3HeprHR, 

Bbi,!I.enReMa11 npH · CnH11HHH B3aHMO,!I.eHCTBYIDIIJ;HX 11,!1.ep, CO­

CTaBnHeT 157 20 M3B. 3Ta 3HeprH11 YHOCHTC11 nyTeM HC­

napeHH11 BCero ,!I.Byx-Tpex HeHTpOHOB, 'ITO CHH)f(aeT KOHKy­

peHUHID CO CTOpOHhl ,!l.eneHHR npH ,!l.eB036y)f(,!l.eHHH KOMna­

yH,!I.- 11,!1.ep H yaenH'IHBaeT TeM CaMbiM BWXO,!I. Tpaucypa­

HOBblX 3lleMeHTOB. Yrnoaoi MOMeHT KOMnayH,!I.- 11,!1.ep npH 

3TOM 6nH30K K uyniD. 

B HaCTORIIJ;eH pa6oTe o6paiiJ;aeTC11 BHHMaHHe Ha HeKo­

TOpble B03MO)f(HOCTH nonyqeHH11 OTHOCHTenbHO XOnO,!I.HblX 

KOMnayH,!I.- Jl,!l.ep C BbiCOKHM yrnOBWM MOMeHTOM. Ha npOCTOH 

KnaCCH'IeCKOH MO,!I.enH CnHJIHHJl .li.BYX R,!l.ep, OCHOBaHHOH Ha 

6anauce 11,!1.epHOH, KynoHOBCKOH H poTaUHOHHOH 3HeprHi/l2< 

llOKa3aHO, 'ITO npH CnHRHHH .li.BYX 11,!1.ep paBHbiX HnH llpHMep­

HO pasuwx Mace uaHMeHbrnag JueprHx Tennosoro B036y)f(­

.nenHH KOMnayH,!I.- Jl,!J.ep MO)f(eT 6biTh CyiiJ;eCTBeHHO MeHbiiie 

senH'IHHbi ( B i + Q ) - uaHHH3rnei 3HeprHH so36y)f(_nenHH, . 

.nocTH)f(HMOH npH uenTpanbHOM cTonKuoaeHHH. Yrnosoii Mo­

MenT TaKHX OTHOCHTenbHO XOnO,!I.HWX KOMnayH,!I.-11,!1.ep pa­

BeH KpHTHl.feCKOMY 3Ha'IeHHID, onpe,!J.en11eMOMY orpaHH'Ie­

HHJIMH 80 BXO,!I.HOM KaHane peaKIJ;HH CnHJIHH11. 

2. MOAEJI.b CJIHJIHHJI ABYX JIAEP 

CyiiJ;HOCTh MO,!I.enH cnHHHHH .li.BYX cno)f(Hwx 11,!1.ep, npe,!l.­

no)f(euuoii: a pa6oTe /12/, H3nO)f(HM, paccMaTpHsag nocne­

.li.OBaTenbuo npouecc cnu11HH11. B MOMenT KacaHH11 .li.BYX 

CTanKHBaiDIIJ;HXC11 11,!1.ep C op6HTallbHblM yrnOBWM MOMeHTOM, 

OTnH'IHblM OT uyn11, HX OTHOCHTenbHaJl KHHeTH'IeCKaJl 3Hep­

rH11 peanu3oBaHa a BH,!I.e raureuuHanbHoii 3HeprHH 

E 
rot 

p2 
= E 2 

(R 1+R 2 ) 

f(f+l)t 2 

2JI 

H 3HeprHH pa,!I.HanbHOrO ,!1.8H)f(eHH11 

E rad = E - B i - E rot I , 

/1/ 

/2/ 
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o6ycnosneHHWX, COOTBeTCTBeHHO, nepneH~HKynspHOH H na­

pannenLHOH COCTaBRJIIOU{HMH BeKTOpa CKOpOCTH OTHOCH­

TenLHO npsMoii, coe,nHHSIOU{eii ueHTpw s~ep. B 3THX !llop­
Mynax E - KHHeTH'IecKas 3Hepras 6oM6ap~apyiOU{eii 'lac­

THUW B CHCTeMe UeHTpa Mace, p - KnaCCH'IeCKHB napa-

MeTp y~apa, £ - Op6HTanLHWB yrnOBOH MOMeHT, 

m m 2 J ,. ~J- (R +R)- ~OMeHT HHepUHH ~Byx KaCaiOU{HXCS, 
I m +m I t 

I 2 
HO ell{e ~BH>K)'U{HXcs nocTyna TenLHO s~ep, m I• m 2 - Maccw 

s.nep, R I • R2 - ax pa~HYCLI. 3a C'leT pa~HanLHoii cocTaB­

nsroll{eii KHHeTH'IeCKOH 3HeprHH 06'beMW B,nep 'laCTH'IHO 

nepeKpwsaiOTCB H npoacxo,nHT "cnanaHHe" s.nep c o6paJo­

saHHeM llpOMe)KyTO'IHOB CHCTeMW, Bpall{aiOIJ.{eBCJI KaK O~HO 

uenoe. MoMeHT HHepUHH CHCTeMW npH 3TOM ysenH'IHBaeT­

CJI, llOCKOnLKY ~BHraBWHeCJI ~0 3TOrO llOCTynaTenhHO ~Ba 

s,npa npHBO,I{JITCJI BO Bpa~.QeHHe CHnaMH TaHreHUHanLHOrO 

TpeHHJI. fio 3TOB npH'IHHe 3HeprHJI Bpall{eHHJI CHCTeMW 

yMeHLwaeTCJI, npeapamaJicL B 3HeprHIO Tennosoro soJ-

6y)K,I{eHHs. llocne "cnanaHHJI" s.nep 

E rotn= 

r.ne 

In 

_!j~ l)t~ < Erot I ' 

2111 

m1 m 2 2 2 2 2 2 
----- (RI +R2) +- ml Rl +- m2R2 

m +m 5 5 
l 2 

/3/ 

- MOMCHT HHCPUHH COCTaBHOH CHCTeMbl B npe,nnonO)f(eHHH 

TBep,noTenLHoro poTaTopa. Bw~enaswascs npa "cnunaHHH" 

3HeprHB Tennoaoro BOJ6y)K,neHHJI paaHa 

E 
th II 

E 
rot I 

E 
rot II 

r < r + 1) G20 u-J 1 ) =--------
2 JI JII 

/4/ 

H JIBnSeTCJl MHHHManLHO B03MO)KHOB 3HeprHeH Tennosoro 

B036y)K,I{eHHS KOMnayH,n·JI,npa npH 3a,naHHOM yrnOBOM MO­

MeHTe. 
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,l],anLHeiiwee noae~eHHe cocTaBHOii cucTeMhl - cnBSHBe 
C o6pa30BaHHeM KOMnayH~-JI~pa HnH HeCllBJIHHe B paJneT 
.I\BYX !llparMeHTOB - JaBHCHT OT COOTHOWeHHS Me)K~y CHnaMH 

s,nepHOrO llPHTS)KeHHS, C O,I{HOH CTOpOHW, H CHnaMH Kyno­

HOBCKOrO H UeHTpo6e)KHOrO OTTanKHBaHHS • C ,npyroii. 

KoHKpeTHwe 3Ha'leHHJI 3THX can npH cnHJIHHH .nocTaTO'IHO 

,neTanLHO He HJBCCTHW. O,nHaKo ax HHTerpanLHoe ,neiicTBHe 

MO)KHO Bwpa3HTb qepe3 H3MeHeHHe 3HeprHH, KOTOpoe onpe· 

~enseTCJI B pJJ.~e cnyqaeB HJ ~aHHWX 3KcnepHMeHTa. llo3-

TOMY MO)KHO HCllOnb30BaTb 3HepreTH'IeCKHe COOTHOWeHHS 

,nnJI paccMOTpeHHJI npouecca .nanLHeiiwero cnHJIHHJJ JI,nep, 

aHanorH'IHO TOMY KaK 3TO 6wno c,nenaHO Ha Ha'lanLHOH 

CTa,nHH. 
CnHJIHHe ~syx "cnanwaxcs" s~ep H o6pa3oBaHHe KoM­

nayH~·s,npa B cnyqae npeo6na.naHHJI can JI,nepHoro npHTJI· 

)KeHHJI ,non)KHO conpOBO)K,I{aTbCJI pOCTOM 3HeprHH Bpai.QeHHJI 

cHcTeMhl OT Erot n .no 

E f(f+l)ti2 
rot III'"' 

/5/ 
2 JIll 

2 3 3 2/3 
r,ne JIll • .;-<mi+ffi2)(R t+R 2)· TBep,noTenLHWH MOMeHT HHep-

UHH .I\BYX cnHBWHXCJl B c4lepy JI,nep, JIll < J II. 3TOT pOCT, 
a TaK)f(e KOMllCHCaUHJI B03pacTaHHJl 3neKTpOCTaTH'IeCKOH 

3HeprHH MoryT 6WTh o6ecne'leHW TOnhKO Ja C'leT 3HeprHH 

JI,nepHoro llPHTJI)f(CHHJI. 1136WTOK KHHCTH'ICCKOH 3HeprHH 

pa,naanLHoro ,nBH)f(eHHJI csepx senH'IHHW 6apLepa BJaHMo­

,neiicTBHB He MO)f(eT 6WTb HCllOnh30BaH ,nnJI 3TOrO. 3TOT 

H36WTOK nepexo,nHT B 3Hepraro Tennosoro BoJ6y)K,I{eHHJI B 

pe 3 ynLTa Te ,neiiCTBHJI pa,nHanLHOrO TpeHHJI llpH CTOnKHOBe­

HHH s.nep. Mo)f(HO sa,neTL, 'ITO noTeHUHanLHas 3Hepras ca­

cTeMw, ,nocTynHaJI .nns yaenH'IeHHJI 3HeprHH spameHHJJ. npH 

cnHJIHHH, pasHa Bi + Q • r.ne Q =c
2

(m 1+m 2 -mJ. m3 - Macca 

KoMnayH,n- s.npa. 

CooTHOWeHHe MC)K,I{Y B i + Q H Ewt m-E rot II onpe­
,nenJieT B03MO)f(HOCTb HnH HeB03MO)f(HOCTh llOnHoro cnHJIHHS 

s,nep H TeM CaMWM onpe,nenJieT KpHTH'IeCKHH op6HTanLHWH 

yrnoBOH MOMCHT f cr BXO,nHOro KaHana peaRUHH ,nnJI o6pa3o-
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BaHHH KOMnayH~-H~pa. 06pa30BaHHe KOMnayH~-H~pa B03-

MO)I(HO llpH YCJIOBHH 

(Bi+Q) > (Erotiii-Erotll ). 

0TCIO~a CJie~yeT 

ECJIH 

e cr ( ecr + 1) 
2(Bi+Q) }II }Ill 

. 2 r. (J II - 1m ) 

( B i + Q ) < ( Erot in- E rot II ) ' 

/6/ 

/7/ 

/8/ 

TO CTaJIKHBaiOI.LlHeCH H~pa He CJIHBaiOTCH B KOMnayH~- H~po 
H COCTaBHaH CHCTeMa pa3BaJIHBaeTCH. 

Ha pucymce ~aiOTCH OTHOCHTeJihHhie BeJIHl.fHHhl KYJIOHOB­

CKOH H H~epHoB: 3HeprHB: /KpHBaH 1/, 3HeprHH apai.LleHHH 

/KpHBaH 2/ H TellJIOBOH 3HeprHH /KpHBaH 4/ Ha CTa~HHX 
KaCaHHH H~ep /1/, "CJIHllaHHH" /11/ H o6pa30BaHHH KOM­

naya~-H~pa /111/. rpa¢HKH Ha PHCYHKe ~aHhl ~JIH paBHhiX 

no Macce H~ep ( m 1 = m 2 ) n ~JIH op6HTaJILHoro yrnoaoro 

MOMeHTa, 6JIH3KOrO K e cr · 

Ha pucyHKe TaK)I(e npe~cTaBJieHa poTaiJ.HOHHaH 3HeprHH 

CHcTeMLI /KpHBaH 5 I B cnyl.fae HeCJIHHHHH CTaJIKHBaiOI.LlHX­

CH H~ep H pa3BaJia CHCTeMhl Ha ~Ba 4JparMeHTa C MaccaMH, 

6JIH3KHMH K m 1 H ffi 2 . 3Ta 3HeprHH CKJia~hiBaeTCH H3 3Hep­

rHH BpaiiJ,eHHH caMHX ¢parMeHTOB ( E rot 1 H E rot2 ) H 

3HeprHH OTHOCHTeJihHOrO BpaiiJ,eHHH (E rot 12), onpe~eJIHeMhiX 
CJie~yiOIIJ,HMH cflopMyJiaMH: 

H 

8 

2 

2m 1 ~- E rot II 
E rot 1 "" -5 J II 

E _mlm2(R 1+R?)
4 

E 2m R2 
rot 2 = 2 2_ E 

5 J II rot II 

rot 12 - -. -----"~-- E 
( m + m ) J r 2 rot II ' 

1 2 II 

r>(R 1 +R 2 ) 

1 
J 

I 

l 

~-~I 
7 

0::: 
s. 
L 
Q_ 

ill 
I 
(1) 

I 
-Q 

0 R1+R2 2<R1+~ 

3Hep2UJI OBYX CMQ/IICUBQ10~UXCJI JIOep npu o6pa30BQHUU 
KOMnayHo- JIOpa e 3aeucuMocmu om paccmoJIHUJI r Mexoy 
ijeHmpaMu ux Mace. KpueaJI 1 - 3Hep2UJI KYAOHOBCK020 u 
J10ep11o2o e3auMooeucmeuu; 2 - 3Hep2UJI epa~eHuJI npu 
C6/lUJtCeHUU JIOep; 3 - CYMMQpHaJI 3Hep2UJI KYAOHOBCIC020, 
J10ep11o2o B3auMooeucmeuu u epa~eHUJI npu c6AuxeHuu 
JIOep; 4 - 3Hep2UJI men/108020 B036yJKOeHUJI; 5 - 3Hep2UJI 
epa~eHUJI rfipa2MeHmoe npu ux pa3Aeme e cAy~ae HeCAUJIHUJI 
JIOep; 6 - cyMMapHaJI 3Hep2UJI KYAOHOBCK02o, JIOepH020 
B3QUMOOeucmeuu U epa~eHUJI B C/ly~ae HeC/lUJIHUJI ·JIOep; 
7 - nO/lHQJI 3Hep2UJI. 

Pa3HHIJ.a Me)l(~y 3HeprHeii apaiiJ,eHHH npH KacaHHH H~ep 
E rot I H 3HeprHeH OTHOCHTeJihHOro Bpai.LleHHH tiJparMeHTOB 

Erot 12 B TOl.fKe pa3phiBa r=R1 + R 2 o6ecnel.fHBaeT yMeHL-

weHHe KHHeTHl.feCKOH 3HeprHH CTaJIKHBaiOIIJ,HXCH H~ep B 

TaKHX COy~apeHHHX. 
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3aMeTHM, 'ITO HepaseHCTBaM /6/ H /8/ OTBe'laiOT 
COOTBeTCTBYIOIUHe HepaseHCTBa CHn npH nHHeHHOM XO.Qe 
KpHBbiX 1 H 2 B o6nacTH r <(RI +R2),a HMeHHO FN ><fc + Frot, 
rJJ.e FN - cHna .IIJJ.epHoro npHT.Il:>KeHH.Il, F c - KynoHOBCKall 

H Frot - u:eHTpo6e:>KHa.ll CHnbl. 
KpHTH'leCKHH op6HTanhHbiH yrnosoii MoMeHT, Haii.u.eH-

HhiH no tlJopMyne /7/, orpaHH'lHBaeT o6pa3osaHHe KOMnayHJJ.· 
Jl)l.pa, KOr)l.a f cr < f max , r)l.e f max - MaKCHManhHhlH op-
6HTanhHbiH yrnosoii MOMeHT, onpe)l.enlleMhiH H3 ycnoBH.Il 

KacaHH.Il JIJJ.ep: 

r u +1)= 
max max 

2(E-BdJt 

t2 /9/ 

llpH f cr > f max nonHoe cnHJIHHe orpaHH'lHBaeTCJI f max. 
HepaBeHCTBO /6/ npH :HOM, KaK MO:>KHO BH)l.eTh, BblnOnHJI· 
eTC.Il. Hau6onhwa.ll poTaU:HOHHa.ll 3HeprH.Il KoMnayHJJ.·JIJJ.pa 

paBHJleTCJI 

E rot III= 
rmax( rmax+1 )t 2 

(E-Bi Ht npH fer> rmax• 

2 J III lm 
/10/ 

fer( f cr+l) t2 = J..!lj_+Q).l!!_ npH f cr 'S_ f mu. 
E rot III cr = 2) Jn - Jm 

III 
/11/ 

llpH 3TOM :meprH.Il Tennosoro so36Y:>KJJ.eHH.Il KOMnayHJJ.- .IIJJ.pa 

cocTaBn.lleT 

Ethm= E + Q - (E-Bi )J I npH f > f cr max • 
/12/ 

lm 

(B. +Q) ln /13/ 
Eth III = E + Q - J' - J npH fer ::: f max. 

n m 
flpH 3HeprHH CTanKHBaiOli.(HXCJI Jl)l.ep 

10 

I 

I 

J 

1 
I ,, ... 

( Bi + Q ) Jn J III 
E ""B. + J ) 

cr I JI (J II - III 
/14/ 

MaKCHManhHbiH op6HTanhHbiH yrnOBOH MOMeHT f max JJ.O· 
CTHraeT f cr H 3HeprHJI TennOBOrO B036y)l(Jl.eHHJI KOM­
nayHJJ.· .ll)l.pa OKa3blBaeTCJI MHHHManhHOH no OTHOWeHHIO K 
3HeprHH ero spameHH.Il 

E th Ill (_ Eth Ill ) 

Erot Il~r = \ E rot III min . 

MHHHManhHa.ll Tennosa.ll 3HeprH.Il paBH.IleTcJI 

E 
th III min 

(Bi tQ) Jm0n-1t) 
/15/ 

JI(JII-)111) 

)l.n.11 yJJ.o6cTsa H o6IUHOCTH nocneJJ.YIOIUero paccMoTpeHH.Il 
Bblpa3HM BXO)l.Jlli.(He B tfJopMynhi OTHOWeHH.fl MOMeHTOB HHep­
U:HH qepe3 6eJpa3MepHyiO senH'lHHY Y =ALlAH ,rJJ.e AL H 
An - Maccoshle 'IRena, cooTseTCTBeHHO, nerKoro H T7:>Ke­
noro JI)l.ep, H HCnOnh3YCM COOTHOWeHHe R = r oA I 3 

. 

Tor.Qa HanHcaHHble BbiWe tlJopMynhl /7,9-15/ MO:>KHO npeJJ.­
cTaBHTh B cne)l.yiOll.(eM BH)l.e: 

f (f +1) cr cr 

2 
O,Sm ro 

h2 
5/3 

(B.+Q)A X 
I H 

5/3 I/3 2 5/3 
0+y) [y(l+y ) +0.4(1+yHl+y )l 

I/3 2 5/3 8/3 ' /l6/ 
y(l+y ) +0,4(l+y)(l+y ) -0,4(1+y) 

X 

08mr 2 -I 
r)l.e m - Macca HyKnoHa H _, __ :..JL.._ = 0,0278 M3B npH 
r 0 = 1,2·10-I~M. h2 

11 



2 
e ( e 2m r 0 5/3 

max max +1) = ~(E -B.) A n~ 1 H 

y(l +//~ 2 

1 +y -
1171 

1 I/3 2 
E = ( E -B ) y ( +Y ) 

rot III i 0,4 (1 +Y) 8/3 
npu e > e 1181 

cr max 

E 
Y 0 +yi/3)2+o,4 (1+y)(l +y5/~ 

=(B.+Q) 
I y (1 +y I/~ 2 +0,4 (1 +Y )(1+y5/3 )-0,4(1+y)8/3 rot iller 

npu e s. e 
cr max 

1191 

E th Ill = E + Q - ( E - B I ) -~_: y I/3) 2 

0,4 (1 +Y ) 8/3 
r >rmax' npH cr 

12
01 

I/3 2 5/3. 
y(1+y ) +0,4(1+y)(1+y _!_ 

Eth III = E +Q- ( B i +Q \(l+yi73)2+o,4 0+y )(1+y5/~-0,4(1+y)s/3 

npH e cr s_Cmax , 
1211 

0,4 (1 + y )813 ( y (1 +yl/~ 2+0,4 (l+y)(1+y51'~] 
E = B + ( B +Q) . , 

cr i i l/32 5/3 8/3 1/32 
( y (1+y ) +0 ,4(1+y)(1+y )-0,4(l+y) ]y( l+y ) 

1221 

0,16(1+y)Il/3 (1·+y 5/3) 
E h ,(B. +Q) --- -------

t cr 1 / / / 8/3. y(l+yl 3)2 (y(l+y 1 3) 2+0,4 (l+y )(l+f 3)-0,4(1+yH1+y) j 

1231 

CooTHomeHHe 1161, onpe.u.emnomee :KpHTH"'eCKHH yrno­
BOH MOMeHT .U.JIH BXO.IJ.HOrO :KaHana pea:KUHH CJIHHHHH .U.BYX 
x.u.ep, 6hmo BnepBble nony"'eHo B pa6oTe /12/ xax cooTHo-

12 

I 
j 
~·· 

{ 

I 
~ 

meHHe .u.nx KPHTH"'ecKoro napaMeTpa y.u.apa p ltl>opMyna 
I I 151 pa6oTbi I I2; I, a HMeHHo: 

2 

(B.+Q) > (E till -E II ),E ___ P __ y(l+yi/3)2x 
1 ro rot (Rl+R

2
)2 

1 1 
X ( ------ - ------------ 1 

0,4(1 +y)8/3 0,4(1+y)(l+y5/3)+y(1+yi/3 )2 

H3 KoToporo cne.u.yeT tl>opMyna 1161 HacToxmeH. cTaThH, 
eCJIH y"'eCTb, "'TO 

p2 
E---­

(Rl-t-R2) 2 
E 

rot I 

t 2 r( f+l) (1 +y) 
-----;:-rn----:-r;-

2 2 A 5; 3 (l I 1 3 ) 2 . 
mr 0 H y +y 

B tl>opMyne 151 pa6oThi /12/ H B tl>opMyne I 161 HaCTOH­
meR CTaTbH, KaK MO:>KHO BH.U.eTb, Y'iTeHO H3MeHeHHe MO-

m m 2 
MeHTa HHepU.HH CHCTeMbl OT BeJIH'iHHbi.fi =-I J-(RI+R2) .U.O 

m I+ m2 
mm 22 2 2 2 

BeJIH'iHHhdll = _l_..Z.(R 1+R2 ) +--m R + -- m2 R 2 npu"cnunaHHH" 
m +ID 5 I I 5 

I 2 

2 3 ..3 2h 
H.U.ep H .U.O BeJIH'iHHbl JIII =s-(m1+m2)(R1+t<2)npH o6pa30BaHHH 
KOMnayH.U.- H.U.pa. l.JaCTH"'HO 3TO H3MeHeHHe MOMeHTa HHep­
U.HH, a HMeHHO yBeJIH'ieHHe MOMeHTa HHepUHH npH "cnHna­
HHH" H.IJ.ep OT JI .U.O J II , paCCMaTpHBaJIOCb BllOCJie.U.CTBHH 
B pa3JIH'iHhiX tl>opMax TaK:>Ke B px.u.e .u.pyrux pa6oT/I3- Is/. 
3To HBJieHue nonyquno uaJBaHHe sticking - 3tPtPeKTa. llo­
cne.u.oBaTenbHhiH yqeT H3MeHeHHH MOMeHTa HHepUHH OT 
J I .U.O J II H B KOHe"'HOM HTOre .U.O Jm HMeeT cymeCTBeHHOe 
3Ha'ieHHe npH onpe.u.eneHHH KPHTH'ieCKoro yrnoBoro MO­
MeHTa. 3TO OC06eHHO CHJihHO npOHB1lHeTCH llpH CJIHHHHH 
H.[l.ep C paBHhlMH HJIH 6JIH3KHMH MaCCaMH, llOCKOJihKY B 
3TOM CJiyqae H3MeHeHHH M~MeHTa HHepU.HH HaH6onee 3Ha-
'iHTeJihHhl. llpH y=l Jll =~rf ) 1 Hjlll=0,45Jll=0,63 J1 
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3TH COOTHOilleHHB npH6JIH3HTeJihHO COXpaHBIOTCB BllJIOTh 

AO y = 0,5. 
AHaJIH3 oco6eHHOCTe:H o6pa3oBaHHB KOMnayHA- g,n:ep, pac-

qeT HX HaHMeHhllleH 3HeprHH TellJIOBOrO B036y)l(,n:eHHB H 

KpHTH'iecKoro yrnoooro MoMeHTa ,n:aroTcB B cne,n:yrome:H 

qacTH pa6oThi. 
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