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OEJ(Ali XAPAKTEPl1C'rnKA PA.o01H 

AKTY8llbHOCTb npooneMbl. B·nocneAHHe roAH 60llbmoli lIHTepec Bbl3blB8-

IOT HCCll6AOB8Hlifl HA6PHblX pe8Kl.\11Il npH npoMeJB:yTOtJHblX 3HeprHHX . 

"fcc::(0.05-I) rsB. AKTY8llbHOCTb qJlI3HKH npOM6JB:YTO'tJHHX'3HeprHil o6y
Cll0Bll6H8 H6CKOllbKHMH npHtJHH8Ml1. Bo-nepBHX, 11CCll6AYH B38lIMOA6»CTBHH 

tJ8CTl11.\ lI HA6P C H.UP8M11 np11 npoue~yTO'tJH~X H BHCOKHX 3HeprHHX, MOJB:HO 
IlOllYtJRTb HOBYIO HHWCPMBI.\HIO O CTp06HlII{ BTOLIHOrO H,llpa K CBOliCTBBX a,uep
uoro B611(6CTB8. TaK, 113YtJ6HlI6 H).\epHblX peBKI.\Hii C 60llblllOH nepe,uatJell .HM

ny~nca no-HO_Bo,uy IlOCT8BlrnO BOilpOC O cyll(eCTBOB_amrn H pollH KOpOTKO,ueii
CTBYIOlllHX .KO ppe Jlfll.\lIH BHYTPIIH,Ue pllblX HYK lJOIIOB. Hecou11el!Hblll HHTe pee 
npe,UCTBBlJHIOT 110Clle,UOB8HHH, nanpanneHHble 118 BblHBlleUHe HOBblX q,opM KOll

neK~HBHOrO ABHJB:6HHH a,uepuoll MBTeplI~ (nanpHMep, Y'ABPHble BOllllbl), .BblHC:
HeHHe ll03140JB:HOCTell cyll(eCTBOB81111ll cnepxnllOTllblX H,Uep, IlOlICK 3!j)q>6KTOB, 
CBH38Hllb1X C IllIOHl!Oll KOHA611C81.\lI6il. BO-BTOpblX, T8KlI6 11CCll6,1\0B811lIH ).\810T 
uemiy10 lIH<IJOpM8UlilO O l:l3811MO,UeiicTBlIHX 3ll6Ll6HT8pllb!X tJ8CTl11.\. fiApO-Ll111116Hb 

B s'ToLI cnyqae HrpaeT POllb ceneKTOpa' OT6Hp81011(6rO neo6xo,uHMbl6 811Illll1-

TY.Ubl B38HMO,UeilCTBHH • .Llanee, C8MOCTOHTell,bHlill lil!Tepec npe,uCT8BlJHeT 11sy
qe1111e uexan113MOB npoTeKaHHH peaKI.\HH, KOTOJ>ble B sroia 11 nepexo,uuoi\'1 06-

nacTH suepr11il Muoroq11cneHHbl 11 pasnoo6pa3Hbl. 
11ccne,uonaHHH peaKUHll, npoTeKBlOll(HX npH npoueJB:yTOtJHblX 3Heprl1HX~ 

CTHMymtpOB8HH TBKJB:6 Heo6xo,uHMOCTblO pememrn TBKlIX BBJB:IIHX npHKll8AllblX 
38).\8"!, K8K PBAlI81.\lIOHHBH 38ll(lITB yCKOplIT6lle»· lI KOCMH'tJ6CKHX aonap8TOB, 

PH'AB 6Hoq>H3HtJecKHX, reoqi11a11tJeCKHX lI KOCMOWH3HtJ6CKHX sa,uaq. 
]llJH pe111eHlifl OTM6tJ6Hl!Oro Kpyra npo6lJeM HeOOXO,UlIMO lIM6Tb XOIJOIIIO 

paapaOOTBHHble MeTOAbl on11ca1111H HA6Pllb1X peBKI.\Hll np11 npoMeJB:yTOtJHHX SHep
rHHX. '1'0tJHO pemlITb sa,uaqy 118 OCIIOBe HeCTBUlIOH8PHOro ypannel!Hfl lllpeAHH
repa 'Allfl MIIOrHX Tell B H8CTOfl~ee BpeMH H6B03LIOJB:HO, Il03TOMY Allfl npaKTlI
qec'Koro onHcaHHH a,uepHblX peaKI.\Hil" Hano nosy10TCH pasnHtJHble qieiio1.1euonor·H

qecKHe' 'uo,uenH. 
.,. Ha 6LiCTpOLI CT8,Ulil1 peBKI.\HH ucuycKaHHe BblCOK03HepreTl1l!6CKHX tJ8CTlIU 

B MlIKPOCKOillitJeCKOM IIO,!!XOAe paCCMBTpHBaeTCH B p8MK8X TpaiHl.\ltOHllblX Me
TO,UOB npHMUX Hl,\epllbl:X:' peaKuH/,l (S>WBA 

1 
PWBA ,' M6TO~ CBfl38HHblX K8Ha.:. 

110B) H8 OCHOB6 O,UHO- HlllI 1.morOCTyneHtJ8TUX B030YJKAellHLI IlpHMoro TlIII8. 

B KlIHeTHtJ6CKOLI IIO'AX0,!!6 ,!lllfl 3TOLI uemt HCilOlJLSyIDTCH p83lll1tJHble nepcHll 
W6HOM6HOllOrHtJ6CKOLI 140,llelllI BHYTPHH,!!epuoro KBCKBAB. Alltt OillICBHlifl IlOllHO
ro BblXO,UB tJ8CTHU BC6 8TH MO,UelllI OObltJHO ,llOIIOlJHHIDTCH HCnapHT6!bHOH M0-
).\61lbID, KOTOpaa HCIIOllb3yeTCH ,!lllH pactJeTa lICilYCK8HlIH HlI3K03HepreTH'tJ6-

CKHX tJ8CTHU ua M6A1IeHIJOH CT8,!llill peaKUlilI. 
C yBellHtJenueM aneprHH BosdyJB:,ueHHH CHCTeMbl, 06pa3y10ll(eLlcH B a,uep

Hoti"peaKUHH, ee B},/eMH JltlI8HH yueHbmaeTCR, H OHB MOJB:eT ·pa3B8lllITbCH, He 
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ycneB npH»TH B COCTOHHHe CT8THCTHqecKoro p8BHOB8CHH. C .11pyroU CTOpo

llU, BpeMH JKHSIIH T8KOH CHCT8Mll MOl!C8T OUTb ,llOCT8TOq110 OOJibWHM no cpaB

H8HHIO C xapaKTepHW.!H BP8M6H8MH npml.l:lX peaKJ.(Hll. ,1lm1 onHC8HUII YCT8HOB
JI8HUII CT8TUCTHqeCKoro p8B!IOB8CHII B T8KOB CUCT8M6 H ucnyCK8HHH qacTUQ 
H8 STOli CT8,l\HH p88KQHH ucnOJibSYIOTCII paanHqHue MO,ll6JIH npe,llp8B!IOB8C!IO
ro p_acna,11a. 

UeJib pBOOT!lo B p8MK8X 8,llHHOro KHH8THqecKoro no,11xo,11a p83BHTb ~e
HOl.48HOJIOrHqecKyIO MO,ll8Jib ,l\JIH Olll1C81U1H HyKJIOH-H,llepHUX B38UMO,ll8iiCTBHH, 
OO'.b6,llHUHIOll(6li B ce6e qepTN BC8X Tpex OTMeqeHHNX 'BNW8 CT8,llHlii H,ll8pHUX 

peaKQUti - CiNCTpoB (K8CK8,llHOii), npe7.1paBHOB8CHOli U p8BIIOB8CIIO!ii, U aua
JIU3UpOB8Tb H8 OCIIOBe STOii MO,ll8JIH pasaooopasmrn xap8KT8pUCTUKl1 H,llep
lWX peaKQllii C QBJiblO BUHBJI8HIIH .bKJI8,ll8 pasn11qHf.JX M8X8HHSMJll otip830B8-
HHH BTOpllqHux qaCTUQ'H noHCKa HBHOOJiee qyBCTBHT8JibHUX KHUM xapaKTe
pHCTHK. 

HayqttaH HOBH3H8 U I1p8KTUqecKa!I ueHHOCTb. ll J.lUCC6pT8QUU ll pa1max 

KUHeTuqecKoro no.11:eo.11a BnepBue p83BUT8 1!)8H0118HOJIOruqecKaH MO,ll8Jib a.11-

poH-H,llepuwc B38UMO,ll6HCTBl'lii, 001>6,l\UIIHIOJl8H qepTU Tpex ll.8X8Hld3MOB H,llep
HblX peaKQHii: npaMoro '(KBCK8,llHOro), npe.11paBHOB6CHOro U p8BIIOB8CIIOro 

(KOMnayH,ll-HJ.lPO), yqnTNB8iOll(8H 8HH30Tponnoe npe,llp8BIIOB8Ctl08 l'lCnycKBHHe 
KUK 11yKno11ou, TBK u CJIOiKHUX qacTHU ( d , t , 3 H!. , 4 He. ) • B paMKax 

3TOii M91!6JIII l!CCJI8,l\OB8!1N pas11006pasmi1e xapaKTepUCTUKU 8APOH-H.l\8PHblX 
B38UMO,ll8HCTBHii B OOJI8CTU ane pruli OT,... 20 Mall ,1\0 ,--.. 3 raB u npu 0,1\HOM 

u TOM l!C8 Ha6ope qJHKCUpOBBHHUX napaMeTpOD ,llOCTUrIIYTO xopowee corJIBCHe 

C SKCil6pl'lM8HTOM K8K no aCiCOJIIOTHOB BenuquHe, T8K Uno ~opue pacnpe.11e
nem1ii. BnepBue noKasatto, qTo AJIH cpe7.111ux u THJKenux H,llep npe.11paB110Be
CHaH 311.UCCHH urpaeT cyu1ec0.rB8HHYIO POJib npH SHeprHHX i; > 100 MaB. 
Ilp08H8JIH3UpOB8H8 OTHOCHT8JibH8!1 pOJib paanuqHUX M8X8HH3MOB peaKQHH,B 
aaBHCHMOCTH OT T0 H A • BuHctteHo, qTo Ha KacKa.11noi-l CTB.l\HH peaK

uuu B OOpa30B8HHH KHH8M8THqeCKH sanpell(8HHUX qBCTldQ (K3q) 8qJql8KTHBHO 
yqacTByeT H800JibW08 qJiCJIO (3-5) BHYTPHH,llepHUX HYKJIOHOB ,ll8ll8 ,l\JIH TH
ll8JIOro H,llp8-MHW8HH. ITOK838HO, qTo M8X8HH3M KB83HCBOOOAHOro ynpyroro 
nepepacceHHHH He MOJK6T onHCBTb Buxo.11 J{3q .11axe npu T0 ~ IOO MaB. 
BnepBbl6 npO,ll6MOHCTPHPOB8H8 B8llHOCTb .llBYXCTYn,enqaToro M6XBHH3148 o6pa-
30B8HHH dsq 38 cqeT p0l!C,ll8HHH nHOH8 Hero noCJI8,llYIOll(HM nornou1eHH81d B 
H,llpe ABYXHYKJIOHHOli accouuauueB. 0Q8H8H BKJI8A npe.11paBHOB8CHUX npouec

COB B o6p830B8HH6 KBq. 
- Ilpe,ll~Ol!C8HH8H MO,ll8Jlb ONJI8 HCnOJib30B8H8 ,llJIH HCCJI6,llOB8HHH peaKQHH 

38XB8T8 OCT8HOBHBWHXC!I nHOHOB cpeiuiu11.u U THll8JINMH H,llpa11.u. BnepBNB 

Y.ll8JIOCb onHC8Tb BUXO,ll CJIOllHNX qaCTHQ B T8KHX npoueccax. rronyqeHO 
Y.llOBJI8TBOpUT6Jib!I06 cornacHe C SKCnepHMBHTOM TeopeTHqecKUX cneKTpOB 
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qacTHU (n,p.d, t , 3He, 4He ), 71.BYX 11eiiTpo11Hux KQppennu1111, 
C pe,l\llHX MHOJK6CTB8HHOCTeii, BUXO)lOB H80TOllOB, pacnpe.11ene11nii OC'l'8TOqHux 

H,llep no HMnynbcy. H yrnoBOMY MOM8HTy. 
IlonyqeHHU8- peayJibT8TU MoryT CiUTb HCilOJib30B81lf1 npu llJI8HHPOB8HHH 

HOBUX 3KC118pHM8HTOB Ha M830HllhlX qiaopHKax. P83BllT8!1 MOll,8Jib T,8KlK8 MO

JKBT ONTb 06061l(8H8 ,l\JIH OllHC811HH (j)OTOH,llep11ux peaKQHti, norJIOll(8i!HH H)lpOM 

M8,l\JI8HHUX JI"- - H ,K-:.. M830HOB H CJIYll!HTb OCHOBOtl ll,JIH HCCJI8l!OB8HHH 
H,llpO-Hll,8pHUX B38HMOll,8HCTBHtl. 

AnpooauuH pa6oTu. PesynbTaTu 71.HccepTaUl'lH )lOKJIBll.blBanHcb u oocyJK
.11anHcb Ha ceMHHapax JlT<l>, Jhill H Jltla m1.trn ~ B nmi AH CCCP, B 
UeHTpanbHOM HHCTHTyTe H.l\BpHoli q,uattKH (Pocce1171.opqi, I',l.lP), 11a IY Koaqie

peHUHH MOnO,l\NX yil6HNX J!T<l> ()lyeiHa, 1980), Ha Yill H IX 31'!MIIHX WKOJI8X 
Jll/IB<1> (YCTb-HapBa, 1978, 1979), 11a Jill Mext;iyuapo,niioM CnunosHyMe no · 

B38HMO,ll8HCT.BHIO M6ll,JI8HHUX HeliT pOHOll C H.l(p8MH (I'aycc1-1r, 1978, I'.LlP), Ha 
IT M8lK,llYH8 pO,l\HOII -CHMllO SHyMe no pe 8KUHHM, 'HHHUHHpyeMUM He ii'.l' pouaMH 

(CMOJI8HHl..l8' 1979~ qccP)' Ha Yill f1,8l!C,llyH8pO,llHOil·' KOH\l,JepeHl..lHH no qJH3HKe 
BUCOKHX aaeprHH'H CTPYKType H,llpa {b8HKYB8p; 1979, Katta.11a). 

Ily6JIHK8UHH. no peayJibT8T8M ll,HCC8pT8UHH ony6nHKOB8HO Oll,HHH8ll,Q8Tb 
paCioT. 

06'.beM pa60TU. ,l.luccepT81..lHH COCTOHT HS BB8,ll8HHH, qeTupex rnaB H 
38KJiiOqeHHH; Olia COJ.18pl!CHT 147 CTp8HHl..l M8WHHOilHCHOro T8KCT8, 39 pucyH
KOB, 3 T86JIHl..lf1 H OHOJIUOrpaqiuqecKHii CllHCOK H3 14b H83B8HHii. 

CO.i!l!:P.l!lAl!l'lB :PAbOTLI 

Bo BB8.zt8HHH cqiopMyl!HpOBBHU OCIIOBHN8 BOnpOCN, paCCMOTpeHHNe B 
ll,HCC8pT8UHH. KpaTKO H3JIOlK8HO COll,6pJK8HH8 ll,HCCepT8QHH H ll,8110 oCiOCHOB8-
HH8 8KTY8JibHOCTH H BBllHOCTH noCT8BJI8HHUX aa71.aq. 

B nepBOH rnaBe ,l\HCCepT8UHH OCiCYJtll,88TCH npe.11paBHOB8CHUtl pacna.11 
B030Yllll.8HHNX H,l\Bp. P83BHT8 BepCHH MO,l\HqJUQUpOB8HHOH SKCHTOHHOli MO,lt6JIH, 

8H8JIH3HpyIOTCH ee ll,OCTOHHCTB8 H H8,l\OCT8TKH, H8Meqa10TCH nyTH ll,8JibH61We
ro ycoBepweHCTBOB8HHH Mo,nenu. 

B § 1 00Cj'llt,ll8IOTCH OC!IOBHU8 nonoxe1rnH 3KCHTOHIWX MO,lleneB H,llepHUX 
peaKQHii, KOTOpue pacc11.aTpUB8IOT B38HMO,ll8tlCTBH8 HYKJIOHOB C H,llpOM K8K 
npouecc nocne.110B8T8JibHOro YCJIOJKH8HUH COCTOHHUH Hll,pa 38 cqeT OCT8TOq
HNX ,llByxqacTHqnux BaaH11.071.eiiCTBH~. Hccne71.y10TCH o6o61l(eHHNe KHHeTHqe
CKue ypaBHBHHH (~i - ypaBtteHHH), Hcnonbaye11.ue B aKCHTOHHNX MO
,ll8JIHX ,ltJIH OnHC8HHH YCT8HOBJI8HHH CT8THCTHqecKoro p8BHOB8CHH B H,llpe. 
PaCCMOTpeHa CBH3b M8CTep-yp8Bll8HHI co cnyqaiiHUMH M8PKOBCKIIMH npouec-

0811.H H peanHSOB8H8 MOHTe-KapnoBCK8H cxe11.a HX pemeHuii. 
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B § 2 KOPOTKO 143llOJKeHa npeAHOlK8HH8H BAT~ OHHW MOAHWl4UHPOB8HH8H 

3KCHTOHH8H MOA6llb (M3M) flA8PHhlX peaKUHH, B KOTOpoil no cp8BH8HHIO C 
,llpyrHMH Il0AXO,ll8MH YQT8Hbl T8Kl18 CYUl8CTB8HHbl8 1rnpTbl HBneHHH, KaK'·ne

peXO,llbl B CHCT8Ll8 6ea 143M8H8HHH 1rncna 3KCl4TOHOB n 14 B031,10JKHOCTb 

nocneAOB8T8llbHOro HCilYCK8HHH HeCKOllbKHX Q8CTl1U Ha npeAp8BHOB8CHOil 
CT8AHH peaKUHH. ~anee ,llenaaTCH YTOQH8Hl48 M9M HB yqeT npHHUl1Il8 UaynH 

H HepaaJIHQHMOCTb OAHH8KOBblX 3KCl4TOHOB 14 ,ll88TCH IlOJIH8H <1X)pMynapOBK8 

LIOA8lll1. 
B § 3 8H8lll1311PYIOTCH napaMeTpbl M9!.I, HCCne,llyeTCH BnHHHHe npl1HUl4Il8 

JlayJIH l1 aqxpeKT.bl 06onoqeqno,1 CTPYKTYPhl HAP8 H8 npeACK838Hl1H MO,llenH. B 
pauKax e,llHHOli napaMeTpl13BIUfli nonyqeHo Hennoxoe cornacHe c aKcnepuweH

TOM no auepreTHQ6CKl11,1 cneKTpBLI HyKnOHOB 14 WJHKU11HM B030J)l!,ll6HHH B 

HyKnOH-H,llepHblX peBKUHHX ll 06JIBCTl1 yMepeHHblX { To fG:: 30 lliaB) aueprHit. 
B KOHU6 rnaBbl 8HBJIH3l1PYIOTCH ,llOCTOIIHCTBB, H6,llOCTBTKl114 nyTH ,llBllbHeil

wero ycoBepweHCTBOB8~l1H MO,lll1~l1Ul1POB8HHOli 3KCHTOHHOH 140,llenH. 

Bo BTOpoil rnaBe 3T8 MOABJI:E, o606Ul88TCH H8 yqeT 3Ml1CCl4H CJIOXHblX 

Q8CTl4U H 8Cl4MMeTpl114 yrnoBoro pacnpeAeneHl4H npeAp8BHOB6CHOl1 KOMilOHBH

Tbl l1 C U6Jlbl0 p8CW14P6Hl1H o6nBCTl4 npl1M6Hl4MOCTl1 H8 60nbwl4e 3Hepr1414 
l1 yqeTa npHllhlX npoueccoB 06'.b8Al4HH6TCH C K8CK8AH,OH MOA6Jlbl0. ~anee 1 

yze B p8MK8X_K8CK8AH0-3KCl4TOHHOH MOAen11 Bb1Il0JIH6H Cl4CT6Ll8Tl4Q6CK14ll 8H8-

n11a p83HOOOp83HblX xapaKTepl1CTl4K HYKJIOH-H,llepHblX B38HLIO,llelicTB14ll npH 

aneprl4HX T0 :G:: 150 MaB. 
B § l KOPOTKO 143JI8r8IOTCH OCHOBHble IlOJIOJK6Hl4H K8CK8,!IH0l'l MOA6Jll1, 

KOTOp8H B Kl4!16Tl4Q8CKOM IlOAXOA8 p8CCM8Tpl1B86T B3814LIOA6i1CTBl1e 6LiCTpoil 
Q8CTl4Uhl C H,llpOM K8K IlOCJ16,llOB8T8llbHOCTb .ztBYXQ8CTl4QllblX KB83HCBOOO,!IHblX 
(ynpyrl4X 14 Heynpyr14X) CTOnKHOB8Hl4H Q8CTHU C HyKJIOH8Ml1 H,llpa. 06CJXA8-
6TCH B3814MOCBH3b MO.zten11 BHyTp14HA6PHOro K8CK8,ll8 C 3KCl4TOHHOli MOA6llbl0 

14 OCiOCHOBblBBBTCH OO'.beAH!l8HHe 3THX AByx MO.ztenen B 6,lll411,Yl0 K8CK8AH0-

3KCl1TOHHylO MOA6llb (K9M) HA6PHhlX peaKUHH. 
B § 2 ,!18H8 Il0Jlli8H ~OPLIYJI14pOBK8 K9M, B p8MK8X KOTopoil H,!lepHBH 

pe8KU14H paCCM8Tpl4B86TCH K8K npoHCXOAHU18H B Tpli IlOCJ18,llOB8Tenbllbl8 CT8-
,lll414 - K8CK8,!IHOil, npeAp8BHOB6CHOH l1 paBHOBBCHOil. B COOTB8TCTBl414 C 
3Tl4M K8JKA8H 3KCnepl1M6HT8JlbHO-l13M8pli6M8H B6Jll4Ql1H8 B !(91.1 6yAeT B 001J18M 

cnyqae COA6PlK8Tb TPH KOMilOH6HTbl. ~ KOHU6 naparpa~a 8HBlll13l1pyeTCH 
qyBCTBHTe JlbHOCT:E, npeACK838Hl4il K9M R BXOAHhlM napaMeTp8M 38A8Ql1 • 

. B § 3 MO,llH~l4Ul1POB8HH8H 3KCl1TOH!l8H MOA6Jlb 0606~e11a H8 yqeT 3Ml1C
Cl114 CJIOJKHblX Q8CT14U ua npe,llp8BHOB6CHOll CTB,l.\1411 pe_BKUl4H, llpe.zu10naraeTCH, 

QTO B .xoAe pea. KUHH P· Boa6yJK,ll6HHhlX qacTHU ( aKcHTOHOD) MOP YT c Be-J ' . 
pOHTHOCTblO fJj 11 CKOH,ll6HCl4pOB8TbCH11 , o6pa30B8B CJIOlKHYIO Q8C'fliUY, KO-_ 
TOP8H MOJB:6T 6b1Tb ucnyll(eHa H8 npeAp8BHOB6CHOil CTB,ll.1114 peaKUHll, JqTeHa 
B03MOJKHOCTb HCilYCK8Hl1H npeAp8BHOB6CHblX H p8BHOB8CllblX ,ll6HTpOHOB, HA6P 

4 

'? 

i 
l 

1, 
f 

t , 3 He .11 4 He • t 1{:J1~ r11JeHeciperaeTctt JJKnai'\oM npttMLJX 11pol!eccoB oo
paaoBamrn cnO)!(HblX '18CTl!U !HJ ciblCTpOii (KaCK8,llHott) CT8Al411 peaKUlll4, Ha. ' 

OCHOBe yqeTa 38KOIIOB COXp8i1e111,1jj 3He_prlil4 l1 liMilyJ!bCa !HJ KBJKAOM ware 

ycno~H6HHH COCTOHHHH HAP8 nµe4no~ellbl ABB cuocooa 0Ill1C8HHR 8Hl430Tpo

IlHl4 QBCTHU, 11cny~eHHLlX H8 n~e.ztp8BHOB6CH00 CT8,lll114 pe8KUHl1. natt Cl!CTe

M8Tl4Q6CKHi-I 8H8JIH3 3HepreTH'leCKHX cneK'rpoll, Y!'JJOBLlX pac11i,eA6JieHl!1! l1 
,!IBOilHIJX AH1N,epelll!il8,%llh1X CelJeHHH HYK1IOHOJJ 11 C/IQj~ffhlX 48CTl!l\, UCilYU16H
HLIX B HyKnOH-R;iepm.x I t8KUl!r!l( rl 00/IBCTH 31!6]Jl'H~l T,, OT ~ 15 lvi::ib 
,llO ~ 150 l,18B 14 AJIH fli'\6P-:-MHU8Hei-i O'f 

27 Ae AO 209 Bi . llonyqeHO XO]J0-
111ee cornacl4e c 31tcnep111.1eHTOM, PacqeThl IlQKa3an14, 'lTO d.<5/d. T 14 

d,. r5/ dQ HBJIH!OTCR Heqy BC'rBl4T8nhliblM"1 _X8JJ8l(TepHCTHIWMH AJIH Ollpe,lle

Jl8Hl1H OTHOCl4Te Jlbl!Ol'O BKJ!8,ll8 jJ8 3/1_144JILIX M6lC8Hll3MOB pea1U(l11!, tiaupHMe p, . 
.113 pile, l BH.ll,HO, QTO OTHO{;fl'!'e JibH8H ,POJI:E, K8CK8.IJ,l!Ol'O n1,e.IJ,p8BHOBBCHOro 

H paBHOBecttoro uexaHl!3MOB ·MeHHeTCH c To 14. 111acc0Bw,411 q11cnaMH H,llpa
Ml4W6Hl4 H H6llb3H Butip8Tb KaKyID-TO 00/18CT:E, yrnoB, r.IJ,e OU BK/18.ll, A8D8/I 
TO/lbKO -0,l.llili M8X8Hl13M B3811t.W.IJ,eilc1•BHR. DLIHC!letto, lj'IO lJ u0i,830B8Hl1l1 BTO

pl4'lHhlX qacTHU (_ n, P. 11 ocoueHHO cl , t , 3 He 11 4 He . ) CJ.iec1·Be11-
HYi0 PO/lb HrpaeT 1!p6Jlfl8BHOJJec11uil M8X8Jll43M, 
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P11c. l. YrJIOBhle pacnpeAeJieHHH npoTOHOB, KpHBatt, IlOM6'l6HH8R Kpec
Tl4K8MH, II0Ka3HBaeT BKH8A K8CK8,l.lHUX '18CTl1l\, WTp11x-ny11KTl4p
H8R - npe,llp8DHOB6CH8H KOMil0118HTa, nyHKTll!Jll8H - 11cnap14-
Ten:&Hh16 npoTOHLI, tlenpepLlDH8H KPl1B8H - CYMM8 Bcex Tpex KOM
Il0!16HT, 3KCil6~11M6HT8JlbHUe TO'lKl4 - .113 pa6oT: Bertrand F.E., 
Peelle R. Phys. Rev., 1973, ca, p, 1045; Wu J.R. et al. 
Phys. Rev., 1979, Cl9 1 p. 698. 
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.13 § 4 pe310Ml1~YIOTCH OCHO.BHble pe3ym,TaTU, .nonyqeHHhle BO BTOpo.it 

rnaBe. 

B TpeTbeii rnaBe pa3Bl1T8H'MO,IJ.eJib npl1Metteua ,llJIH l1CCJie,llOBBHl1H OTHO

Cl1TeilbHOli pom1 p83Jil1qHbfX H,llepHUX M8X8Hl13MOB B oOpa30.BBHl1l1 qaCTl1!.l B_ 
KllH8MBT11qeCKO.it oonaCTH, sanpelJleHHOli ,llJIH CBOOO,IJ.HOro pacceHHHH (K3q). 
Ilpl1 3TOM pacCMOTpeHLI B3811MO,ll8HCTBHH npoTOHOB ll r;--M83OHOB C H,D,pa

Mll OT yrnepo,11a ,D,o CBHHl.\B l1 B oonacTH ttaqan1,nux aneprHil OT "- 20 MaB 
,D,O ,,,_ 3 raB. 

B §" l ,D,8H KpBTKl1li ooaop TeopeT11qeCKHX MO,lleneW, Ilp11MBHHeMNX ,llllfl 

OIll1CBHHH oOp83OD8HHH Kaq B paCCM8Tpl1B88MOli 0O118CTl1 3H8prll.it l1 H,ll8p
Ml1WeHe.it. ~OPMYJ!l1pyeTCH IlOCT8HOBK8 88,D,8q!,1 ll Ilpl1BO,IJ.HTCH H8KOTOpb18 H8-

0OXO,IJ.l1Mble Ilp8,llB8pllT8/II,Hble CB8,ll8Hl1H. 
B § 2 llCC/18,D,OBBHbl peaK!.lllll, llHllll,l1l1pyeMbl8 npOTOH8Ml1 npl1 SHeprllHX 

T0 HHJKe nopora nHoHooOpaaoBaHHH. IloRasaHo, qTo B 3Toii o6l!BCTl1 
aHepr1,1.it OCHOBHO.it BK/18,1).'B o6p83OB8Htte OblCTpblX HYK/IOHOB l1 C/IOlKHhlX qac

Tllll H838,ll ,D,8IOT npe,D,p8BHOBeCHble nponeccu. BuHCHeHO, qTo TOJI:E,KO ynpy
rl1M nepepacceHHl18M H8JII,3H OilHC8TI, o6p83OB8Hll8 Ksq ,IJ.BlK8 npl1 

T0 ~IOO M.aB. 
§ 3 IlOCBHl!lBH l1CCJI8,llOB8Hl1IO MeXBHl13MOB o6p83OJJBl!l1H Rl1HBM8Tl1qecKl1 

38Ilp81Jl8HHblX HYKIIOHOB, IlllOHOB l1 C/IOlKHblX qaCTl1l.\ B o6naCTl1 npoMelKyToq
HhlX aHeprH.it (oT nopora nHottooCipasoBaHHH ,D,O T0 ~ l raB). 

B nyHKTe 3.1 IlOK838HO, qTo B p8CCM8Tpl1B88MOH oonaCTll 3HeprH.it 
KSM MOJKeT BilOJIHe YAOB/leTBOpl1T81II,HO OIll1C8TI, BbllCO,ll K3q. llpH 3TOM oc
HOBHblM MeX8Hl13MOM, npl1BO,l1Hllll1M K o6p83OBBHl1IO OblCTpblX HYR/IOHOB Hasa,n, 
HBJIHBTCH ,D,ByxcTyneHq8Tbl.it MBX8Hl13M pOlK,D,8Hl1H Ill1OHB C ero IlOCJIB.llYIOIJlHM 
norJIOl!l8Hl18M B H,llpe KB83H,lleiiTpOHHOH napoli • 

p+N-'JT+ ... . 
l--JT+[NN]- p1+N

1
• {l) 

IlpO,D,6MOHCTPl1POB8H8 T8KJIC8 B8lKHOCTI, npe,llpBBHOBCCHO.it 3Ml1CCl1H HYRllOHOB 
l1 CJIOl!HblX qacTHl.\. BblHCHeHo, qTo l111KJIKl3l1BHbl8 Cil8KTpbl HBllHIOTCH xapaR
T6Pl1CTl1KO.it, cnaoo qyBCTBl1T8Jll>HOH K M8X8Hl13MY pe8Kl.\l1l1 • 

B nyHKTe 3.2 IlOK838HB a,J>ipeKTl1BHOCTI, 8HBJil138 KoppeJIH!.ll1OHHblX l13-

M8PBHl1ii p + A _., p., + fi + · ·· ,D,JIH l1.z!BHTl1iJ}l1KB!.ll1l1 MexaHl13MOB Bsa11Mo,D,e.it-

cTBHH, CBH38HHblX C 3qxpeKTl1BHO.it MBCCOH m ~'{) ~ 2 m tl• .. 
B § 4 paccMoTpeHa oonacTI> aHeprH.it T0 > l raB. KaK BH,D,HO Ha 

pl1C. 2, ll 3,ll8Cb OCHOBHhlM MBX8Hl13MOM OCip830B8Hl1H OblCTpblX HYKnOHOB Ha-
,.,-;-

38,ll HBJIHeTCH 38XB8T JI -M83OHOB KB83l1,ll8.itTpOHHO.it napo.it (I). ~JIH 
cpe,l!Hl1X l1 TfllKBJlblX H,ll8p CYIJlBCT.B8HHYIO PO/lb HrpaeT npe,D,pBBHOBBCHBH 3MHC

Cl1H qaCTl1!.l• 
.B § 5 IlO,D,BO,lll1TCH l1TOr pesyJibTBTOB, no nyqeHHblX B rnaBe Ill. 
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Pl1C. 2. 11HRJII03l1BHbl8 cneKTPli qaCTl1Ll, l1CilYil\BHHble Ilpl1 B3BUMO,lleilcTBHH 
r,;--
11 -M83OHOB C H,D,p8Ml1 CBl1Hl.\8. IlyHKTl1PHb18 lll1Hl1l1 llOKa3blBailT 

BKJI8,D, npe,llp8BHOBBCHOn KOMilOHCHTli; nyHRTl1pH8fl rHCTorpaMM8 
- BK/18,ll OT ,llByxcTyneHqaToro M8X8Hl13M8: (l) j CilJIOWHble rHC
TOrpaMMbl - Bee K8CK8,D,Hble qacTlll.\blj TOqKH - 3Kcnepl1MeHT81II,

Hble ,IJ.8HHble, nonyqeHHble rpynnoil I' .A.JleKCllH8 B 11TS<ll: IIpe

npl1HTbl !1T9<ll - 58 (1979); - 85 {1977); - 19 (1980). 

B qeTBepron rnaBe R8CK8,llHO-3KCHTOHH8H MO,llenI>_ npHMeHeHa ,llRH l1C
cne,D,OB8HHH peaR~l1l1 38XBBT8 OCT6HOBl1BWHXCH nHOHOB H,llp8Ml1-Ml1W8HHMl1 OT 
31p ,llO 2098i. • 

B § l KP8TKO OOCYJK,D,BDTCH MO,IJ.611l1, npHMBHHBMble pattee ,llJIH OIll1C8Hl1H 
peBR!.ll1l1 38XBBT6 OCT8HOBl1BWl1XCH Ill1OHOB cpe,l!Hl1Ml1 l1 TRllt81lblMl1 H,llp8Ml1, l1 

,D,86TCH IlOCTBH_OBK8 '38,D,Bql1. 
. B § 2 l13JIOa8H8 MO,ll8HL, l1CilOJib3yBM8H ,llllH pacqeTa KOOPAl1H8T l1 

M8X8Hl13M8 nornomeHl1fl OCT811OBHBWl1XCH 'Jf-_Me30HO.B B noBepxHOCTHOM 
cnoe H,llpa. IIOBB,IJ.8HHe H,llpa nocne norJIOIJ(8Hl1H Ill1OH8 p8CCM8TpHB88TCH B 

p8MR8X l13JIOaeHHOH BblWe K3M. 
§ 3 IlOCBHIJlBH 8HBJIH3Y xapaRT8pl1CTl1K HYRJIOHOB l1 CJIOEHblX qacTHLl, 

HCilYIJl6HHblX H.l!POM nocne norJIOIJl6Hl1H IlHOH8. C l1CilOJII,3OB8HHeM na6opa 
napaMeTpOB KSM, ipl1KCHpOBBHHOrO BO BTOpott l1 TpeTbeil rnaB8X npl1 0Ill1-
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camrn a,llpoH-HA8PHllX peam-1nii, no11yqetto xopolllee cornac11e c aKcnepm.teH

TO!.I ,D,nfl aHepreT11qeCKll.t cneKTpOB H cpeo4UHX !.lliOJK8CTB8HHOCTeii BTOp~qHllX 

uyKnOHOB ll Cl!Ol!tHllX qacTHU. Ha pHC. 3 Bll,ll!IO, qTQ OCHOBHOH BK118,ll B o6-
p830B811He cnoliU!llX qacTHU ,D,8IOT npeApBBHOBecttue npoueccu, a 11cnap11~ 
T6llbH8H KO!.lllOH6HT8 118l!(l!T H8 O,D,IIU-qeTupe nopH,D,K8 HHl!te 3KCnepllM8HT8. 

H § 4 llCClle~ylOTCH p83H006p83Hbl8 xap8KtepHCTHKll OCT8TQqHllX H,llep. 

I!OK838HO, qro ll!J8.Llp8BHOB6CHll8 npoueccu lll'!JcllOT cy::iecTB6HHYIO pOllb B o6-
JJa30B8!11,11,1 BllCOKOCllllHOBblX ll BllCOKOHMllJllbC!lllX COCTOHHHH OCTj3TO'lllllX 

H,llep. 
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PllC. 3. 9HeprernqecKJ.1e cneKTpbl qaCTHU, HCllYlll8HllblX npH norl!O:Jl8HHH 
ocTaHOBHBlllHXCH n11ottoB H,'.\pa1.111 69 Co 11 

197 Au . Gn11omttble 

KPl!Bble - pacqeT B pa~ax !\BM; nyHKTllpOM llOK83aH .Blt118,ll OT 

11cnapeH11H; 3KCll8plW8HTa1!bHlle ToqKlf - 113 paOOTbl 

Pruys H.S. et al. In: Proc. of the Int. Cont~ on 
Nuclear Reaction Mechanisms. Varenna, Italia, 1977, p.219. 

B § 5 aH·a1111a11pyeTCH ponb paanlfqHllX !.18X8HH3MOB nornoll!eHHH n11oiio:s 

HAP8!.IH. PacqeTll llOK83llBaIOT, qTo ,(11111 cpe,llHHX 11·THA8llllX H,llep OCHOBHOli 
M8X8HH3M ll01'110lll8HHH 1f--Me30HOB - ,llByxHyK110HHblli. 

B KOHU8 1'118Bll npHB8,ll8Hll Kp8TKHe BllBO,llll. 
B 38KJIJOqeHHH ,llHCC8pTau1111 nepeq11C1If!IOTCH OC!IOBHll8 BllBO,llll. 

OCHOBHtlE PE:::lYJlb'lAT!x .Ul'ICChPTAUHvl, B~.lJJutrAEMUE Jl]lH dAJJ!HTlx 

I. B pa!.!Kax KllH8TllqecKoro llO,llXO,lla p83Bl!T8 ~eHOM8H0110rHqecK8fi wq
,ll811b HYKllOH-H,llepHllX B38ll!.IO,ll8HCTBllli, 00~8,llllHHIOlllaH qepTbl Tpex M8X8!1H3-

8 

l r 

!.!OB H,ll8pllllX peBKUllii: npHMOrO (K8CKa,llHOro),npe,llpaBUOB8CHOro ll paBUO

B6CHOro (KownayH,ll-f!,llpO). 
2. Ha OCHOBe pa3BllTOil MO,lle1111 npoaHa1!ll3llpOBaH8 0011blllaH COBOKyn

HOCTb xap8KT8pllCTllK (,llBOHUble .Llllg)(pepeHUllanbHlle ceqeHllH, aHepreT~qe

CKlle H yr110Bll6 pacnpe,lleJieHllH, cpe,1\Hll8 !.IHOl!t8CTB6HHOCTl1 HYK110110B ll 

C110l!tHllX qaCTllU, ,llByxnpoTOl!Hb18 KOppel!HUllll, ~YHKUHll B030Jl!t,ll6HIIH) 8,llpOH

H.ztepHllX B38Hl.t0,ll8HCTBHH B OOJI8CTll atteprHii OT"'"' 20 Mab ,llO 3 raB 11 nony

qeHO xopowee cor11ac11e C 3KCnepllM8HTOM B a6C011IOTHOli lllK8116 np11 O,llHOM ll 

TOM ~e HaOope WllKCllpOB8HHllX napaMeTpOB. 
3. I!OK838HO, qTo B o0p830B8Hllll BTOpllqHllX qaCTllU ( n. 1 p H oco

OeHHO d , t , 3He 11 4 He ) 6011bWyD ponb 11rpaeT npe,llpaBnoBeCHllil Me

xatt11aw Hero BK118.Ll MeHH6Tcu c Haqa11bHOii attepr11ei1 T0 , MaccoBoro 
q11cna A H,llp8-!.llllll6Hl1 11 K11tteuaT11qecKoii 0611acT11 BTop11qublx t1acT1-1u. Bhl

HCHeHo, tlTO 3Hepr6TlfqecKHe. cneKTPll H yrJIOBlle pacnpe,lleneHllfl HBnHDTCH 
HeqyBCTBHTeJibHllMll xap8KTepl!CTHK8Mll ,ll11H onpe,ll8118Hl111 BK118,ll8 paanKqHllX 

wexaHH3!.IOB peaKu11li. Ilo1taaatto, qTo np11 atteprl!HX T0 Hl-!l!te nopora n110-
Hoo6paao:eaHHH ,llJIH onpe,lleneHKH BK118,ll8 npe,llp8BHOB8CHOH 3Ml-lCCllll HeoOxo-
J{HJ.10 KCCne,llOB8T:& d.. zr5 I cl T d Q ( e >90") . . 

4. Hccne.ztOB8H8·POJib paa111-1qHblX U,llepHllX M8X8Hl-13!.IOB B o6p830B8Hllll 
Kaq B cnyqae B38l-lMO,ll8HC'.l'Bllfl npOTOHOB H p--M830HOB C H,llp8MH ,ll11H H8-

qan1>HblX aHepr11ii T0 k 3 i'aB 11 aHeprHii BTop1-1q~11x qacTl1U T k 300 MaB. 
IIOK838HO, qTO BllXO,ll K3q o6yCJIOB118H HeCK011bKll!.lll MeX8Hl-13M8Ml-l 1 8 !-IX OT
HOCKT811bHaH po111, weHHeTcH c To, A 11 11K11HeMaT11qecKHM OKH0!.111 BTO

p1-1t1Hux qaCTl1U. BnepBlle llOK838HO, qTO Ha UllCTpoli (K8CK8AHOli) CT8,lll-lll 
p88KUHH B 06pS30B8Hl-lH K34 8WW6KTHBHO yqacTByeT H800Jlblll08 q11c110 (3-5) 
HYKJIOHOB, ,ll8Z6 AJIH THiK6110rO H,llpa, Tllll8 CBl-lH~a. BblXO,ll OUCTpllX HYK1IO
HOB llO,ll QO]ll,lllH!.lll yr118Ml1 11838,ll He !.IOiK6T 6llTb OO~llCHeH TOnbKO ynpyrl-1!.1 

nepepacceHHHeM ABl!te np11 T ~ 100 MaB, HO .ll11fl 0-.::'.: ~o0 nepepaccef!Hlle 

MOXeT 11rpaTb onpe,ll611HV~YD ponb. 
5. BnepBll8 llOK838HO, qTo B o6p830B8Hllll OllCTPllX HYK110HOB H838,!t 

cy~eCTB8HHYIO ponb llrpaeT .LlBYXCTyneuqaTllli M6X8Hlr13M, CBH38HHLU! C o6-
p830B8HHe!.I H llOC/18,llYD~l-lM ll01'110lll8Hll8M llllOHa .LlBYXHYK110HHOl1 f!,llepHoli ac
CO~l-18~ll8ii. nnH Cpe,llHHX 11'TlliK811UX H,llep cy~eCTB6HHblli BK118A B OOp830B8-
Hl-!e K3q (Kalt HYK110HOB, T8K H C110iKHllX qaCTllU) ,ll8DT npoueccu npeApaB
HOBeCHOli au11cc1111. Oda aT11 MexaHHaMa He Bb1Mllpa10T c pocTOM To 

6. llOK83 8HO, qTo 11HK11!03llBHble xapaKTepHCTl-lKK K34 cnaoo qyBCTBl-l

Te1!bHll K uexanKaMy B38ll!.IO,llelicTBl-!H. llpo,lleM0HcTp1-1poBaua awi!JeKTl-lBHOCTb 
aH8JIH38 1toppe1If!UHO!lllb1X pacnpe,lleneHllli ,llJlfl aKcnep11Mel!T81lbl!O~i ll,ll6HTl-lWl1-

i(8UHH M8X8Hll3M8 B38l-lMO,ll8iiCTBllH. 
7. P83BHT8H MOA6Jlb Oll118 npH!.18116H8 ,ll11H OilHC8HHH uenoro PHA8 xa

paKTepl-lCTHK npouecca norno~8Hl-lH OCT8HOBl!BlllllXCH Dl-lOIIOB H.LlPBMll. ~c-
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noJll,3YH aTy Mi.l/\enh, 1rnepBLIC Y.l\8JIOCh OJlllC8Th. BLIXO,l\ CJIOlKH!lX 'l8CT11U 11 

ycT8110Bl1Th, tJ1'0 Ollj.ie.l(eMJlOUUlil BKJI8.l\ ,l\8lOT npe,l\p8DHOBeCH1,Je npoueccu. 

JloKa:rnuo, 'lTO npe,4pa:i;no1Jecmrn npoueccu 'l8IC!(e 11r1Ja1ar oonbruy10 pom, B 

oopa;;oBamrn DIJCOKOCill1HODLIX 11 Bh!COHOIIMIIYJihCHblX. C OCTOHHl111 OCT8TO'lHUX 

H.l(CJJ. Gv1cTeM8'l';ItJec1rn1i 8H8JHl3 8KCnepv1MeUT8JlhHLIX ,ll8HHLIX B paMK8X MO,l\e

nn 110,ll'l'llel',l\lln DLIDOA O TOM, 'lT O ,llJIH cpe4u11x 11 THJKCnhlX H;llep OCHOBHOH 

MeX8Hl13M no:rno,n;eHllH 'rr- -Me30IIOB - ABYXHyKnomwiit. 

PeaynM·aru AIICceprau1111 onyCin11KonaHL1 n paoorax: 
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