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A H u o .T a u H H 

npHB8Il8Hbl pe3yJJbT8Tbl paC"l8TOB BHyTpH51Il8PHblX K8CK8!lOB, renepnpoBaH

HbiX Il8BSITU69BHbiM rrpOTOHOl\1 B Hnpax cpOT09MYllbCUH. J.1a Cp8!3H8HH.H 9TUX peay.rrh

TaTOB c H3BeCTHbiMH aKcnepHMeHTanhHbiMH naHHbiMH cnenyeT, "'TO npH E = 9 BaB-

·• 
B HYKJJOH-Hil8PHblX CTOJJKHOB8HIIHX, K8K H rrpH M8HbWHX 9H8pl"HHX, pea~rrHayeTCH 

M8X8Hli3M BHyTpHHil8pHOI"O K8CKana. 

Bonpoc o TOM, KaKoB MexaHH3M HyKnoH-.HnepHbiX BaaiiMonei:fcTBHM npH 

oqeHb 5onhWHX 9HeprHsrx IE '>7 10 BaBI, MexaHH3M Tpy6Kn HJJH MexaHH3M. BHyTpn

srgepnoro K8CK8Il8, B H8CTOHU!88 BpeMH H8Jlb3Sl C"!UTaTh peweHHbiM. 
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8 H8CTO.HLU88 Bp8M.H lf3B8CT8H y)i{e U8.TibiH p.H.a paooT 1 IIOCB.HlU8HHb!X lfCC.Tie-. 

D:OBBHHIO p83.TI!f~HhlX D:8T8JI8H B38lfMOD:BHCTB!f.H D:8B.HTlf09BHhlX ~pOTOHOB C .HD:pa

/1/-/}8/ 
Mil • CTO.Tlb 60JiblLOH lfHTepec K 9TOI! ITpo6JieMe o6yCJIOBJ18H B OCHOBHOM 

!lBy~.H 06CTO.HT8.TibCTB8MH: 

I. V!3 H3y'leH!f.H HyKnoH-.HaepHbiX B38!fMo.neilcTB!fil B03MO>KHO IToJiy'llfTb HHTP-

pecHbie cseaeHH.H, Kacaiowuec.H &JieMeHTapHoro aKTa i N N I:-B3aHMo.aei1:cTBIHI, 

Harrpl:!Mep, ITO 9·KCITepnMeHTBJibHbiivf .naHHbiM o semr~HHe cpen:Hero ITpo6era obiCTpbiX 

HYKTJOHOB B cpoTo&MyJibCIIU MO>KHO oiTpe.nennTb BeJIH'lHHY ITO.TIHoro ce'leHH.H I NIV I 

- B38lfMO!l8HCTBH.H at ; H3y~eHH8 9HepreTH~8CKHX Cll8KTpOB ~aCTH U, pO>K.llBIOLUHXC.H 

B HYY.TIOH-.HD:8pHb!X B38HMOD:8liCTB!1.HX, .ll88T CB8D:8HII.II 0 CIT8KTpaX 'l8CTIIU 1 po>K,naiO

IIIHXC.II B I N N 1-cTOJIKHoBeHH.HX II IT03BOJITieT oueHIITb cpenHIOIO 9HepriiiO 

Tep.HeMyiO HYK.TIOHOM B O.:tHOM aKTe I IV ;V ;. CTOJIKHOB8Hlf.H If T.n:. H 8KOTOpb!8 

OTHOC.HlUH8CSI C!0.08 BOITpOCbl 6y,nyT paCCMOTp8Hbi B C.Tl8D:YIOLU8M p83.ll8Jie·. 
'./) . 

. . . /21/~ 1221 . 
2. PsrnoM i:mTo.pos /cM.,HaiTpHMep, . I 6bmo BbrcKa3aHo rrpe;.:rrro.rro-

JKeHne, .~To y;.I<e rrpii aHepriiSIX /9 + 10/ E&B "MeXaHII3M BHyTpnsrn:epHoro KacKa-

123/ 
n:a", p_ea.TJII3YIOLUefrcsr ITpn M8HbWHX aHeprfiSIX I eM. I, n:o.rr>KeH 38MeHHTbCH 

":~,re;(a;I,!J' .. !•.'. 1 "::';lJ:L.~ ", _,·:)r,na HepB'IHHbiii !!'(I:'!'J'\ Jj..:<ClT 33!.lr!\1).Q8HCTBOB8Tb cpa3y 

C H8CKO.TlbKIIMH HYK.TIOHBMH SI.apa. 

B H8CTOSilU88 BpeMSI cpen:H cpH3HKOB HGT 8lliiHOT'O MH8''IISI ITO 9TOMy BOITpocy, 

Ill B pa6oTax. ITpiisen:eHhl apryMeHThl rrpOT!fB Mo.nenii Tpy6KII II yKa3aHo, ~To &Kcrre-

pHMeHTaJibHbie ,ll8HHb!8 HP. ITpOTHBOpe~aT M8X8HH3My BHyTp!HI.aepHOr'O KaCK8.ll8, 

1 I 
On:HaKo pe3y.TJbTaToB 'lHC.TieHHOro pac~eTa TaKHX KacKanos rrpuseneHo He 6w.rro • 

181 
B pa60T8 T8K)K8 OT:\18'l8HO, "'TO M8X8HH3M TpyoKII He MO)>KeT 06bSICHHTb BCefi 

COBOKYIIHOCTH 9KCI!8pHM8HT8JibHb!X .QBHHbiX, ABTOpbl 9TOH pa60Tb! C~HT8IOT 1 ~TO 

B38HM0ll8HCTBII8 D:8B.HTH69BHOT'O HyK.TJOHB C SID:pOM HMeeT xapaKTep "rrpoMe>KyTo<t

HbiH Me)f{ny Mon:eJiblO Tpy6KH P.: Mon:e.rrbiO BHyTpHsrn:epHoro KacKan:a," Hao6opor, 

E.cPpHD:ll8HD:8p C~HTaeT, ~TO M8X8HH3¥ TpyoKII SIBJISI8TCSI OCHOBHb!M rrpH 9HeprH.HX 

E =19-101 E~/ 111 • 
11 . . 1!01 Ill 

nyKHHb!M II· ap. OTM8~8HO , ~TO Bb!BOD:bl paOOTbl 0 M8X8HH3Me 

B381IMOD:8HCTBHSI D:8BATH69BHhlX rrpOTOHOB C .HD:pOM COT'J18Cy!OTC.II C pe3y.TibTBTBMII 

orrbrTOB c KOCMH'I8CKHMH ny'laMH cpenHefi aHeprHII E = 100 Eas I ITon:po6H.:>CTII 

CM, B paoOTe 12911, 
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t.fTOObi pa3JIII'IHTb Me>Kny llBYM" OOCY>I<Jl8IOlllHMHCH MBX8HH3M8MH B38HMO

neiiCTBHH HYKllOHa C HLJ.pOM, Mbi BbiiiOJ1HHJ1H 'IHCllBHHhJe paC'IBThl BHyTpHHnepHOI"'O 

KBCKana H cpaBHHllH pe3YJ1bTBTbi c &KcnepaMeHTBllbHhlMH naHHhiMH. KaK oyneT 

noKaaauo nanee, peaynh!BThl pac'IeToB xopou1o o6~HCHHIOT onhlT. Y'IHThlBaH eoa-

111 . 
pa>KBHHH, rrpHBBJlBHHb!B B pa6oTe npOTHB MBXBHH3Ma TpyOKH, Mbl C'IHTaeM Boa-

MO>KHbiM yTBep>KnaTb,'ITO rrpH B38HMOLJBHCTB~SIH JlBBHTH09BHh!X npOTOHOB C HrlpaMH 

<!JOT09MyllbCUH 1 TaK >KB KBK H. npH · MBHbWHX &HeprHHX, peanuayeTCH MBX8HH3M 

BHyTpHHJlBpHOI"O KaCKana. 

K OHB'IHO, pB'Ib MO>KBT HllTH 00 HHTepnpeTaUHH llHWb OCHOBHbl~ 9KCrrepHMeH

TBllbHhlX ¢aKTOB, T8KHX KBK cpenuue 'IHClla ~aCTHU pa3llH'IHhlX THITOB 1 HX auepreTH

'IBCKHB H yrnOBb!B pacnpeneneHHH. B /lBT8llHX, KOHB'IHO, B03MO>KHbl OTiJOHBHHH OT 

MBX8HH3Ma BHyTpHHnepHOI"'O KaCKana, .BO BCHKOM cny'Iae - OT TOil rrpUOllH>KBHHOii 

21 
ero Monenn, KOTopyro Mbi paccMoTpenn 

._ ..... 

2. Ce'IBHHH eaauMoneftcTBUH ObiCTpb!X qacTHU c uyKnoua·Mu Hnep 

DnH pac'IeTa BH~TpHHnepnhlx KacKanoe neo6xonuMo u~emne ecero auaTb 

ceqeuuH eaaHMonei1cTBHH neeHTu6aeHhl~ HyKnouoe c HyKnonaMu Hnep. DnH onpene

neHHH 9THX CB'IBHHH BOCITOJ1b3YBMCH 9KCnepUMBHT8llbHhlM 3H8'IBHHHM cpenuero CBo-

00/lHOI"'O npo6era B ¢oT09MYllbCHH. 

06hltiHO npu auanuae cnenoa OhlCTphlx qacTrru B ¢oToaMyribcrrn ~~ ~RKCHpy

roTcH cnytiaH ynpyroro pacceHHHH aTrrx. 'I~CTHU na H~pax. Ynpyroe pacceHnne npa 

6onbiuHx sueprHHX HBnHeTcH notiTH uenrrKoM nacppaKunoHHhiM rr np'oncxonnT na 

o'IBHb Manhte yrnhr, KOTOpbre TeM MBHbwe, 'IBM 6onbwe paaM:ep Hnep. Hy)I<Ha cne

uuanbuaH MBTOJlHK8 1 'ITOObi ¢HKCHpOB8Tb MaJJOB HCKpHBllBHIIB CJlB/lOB Dp!i ynpyrOM 

I 1161 K · • • 6 HJlBpHOM paCCBHHHH cp. • 'JlOMB HBynpyr!iX B38HMO/lBHCTBIIIi 0 hi'IHO y'IHTbiBa-

2 I n.YJ.Bnoxrrnuee OTMBTHn, 'ITO nprr B3aHMonei1cTBHii Ob!CTpb!X 'laCT!ilt c 

stnpaM!i B03M0)KHO 0/lHOBpBMBHHOB ,Bb!ObiB8HiiB H3 Hnpa UBllOH rpynhbi HYKllOHOB 
. 124/ . 

ecnencTBHH ¢nroKTyauHH nnoTHOCT!i Hnepuoro BBil.lBCTBa I. B.YJ.BeKcnep 

o6paTHll Hawe BHHM8Hiie, 'ITO BbiOHBaH!iB li3 Hnpa _KpynHbiX OCKOJ1KOB MO>KeT nporrc

XOJlliTb TaK>KB 6naronapH MBX8Hii3My, CXO.D.HOMY C pacnpocTpaHBH!iBM· ynapuoii BOn

Hbl B DllOTHOM BBlllBCTBe. np!i H8WiiX IIpHOllH>KBHHb!X Bbl'IIICllBHHHX Mbl He y'IHTb!B8llll 

9THX B03MO>KHbiX MBX8HH3MOB HyKllOH-SI/lBpHOI"O B381iMO/lBHCTBiiH 0 
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eTcH nHWb npoHcxo.nm.uee Ha cpaBHHTenbHO 6onbwHe yrnbr yrrp•.rroe pacceSIHHe 
. 31 . 

Ha so.nopo.ne 

Cpe.nHHii: cso6o.nHb;ii: npo6er B aTHX cnyqaSix paseH: 

i. 
Ill 

r.ne - qucno /V. 
( ·:<IHcna H.nep 

1 
~ 3 .+. ,.., 

.npyrHX aneMeHTOB B CM 't'OT08Mynb:HH; Vi: - nonHOe ceqeHHe B38HMO,LleHCTBHSl 

rrepsuqHoii: qacTHUbi I 7T -Me3oHa, HyKnoHa, J< -Me3oHa H T,.n,/ c so.nopo-

.noM; a-: C - ceqeHHH HeyrrpyrHX B3aHMo.neii:CTBHH 8TOH qacTHUbl C .npyrHMH H.n-
1.1'\. 

paMu. 

npu 60.TibillHX 8HeprHHX, KOr.na .Ll.TIHHa BO.TIHbl qacTHU, B38HMO.nei:'fcTByiOmHX 

C cpOT08MY.TibCHeii:, MHOrO MeHbWe pa3MepOB H.nep, XOpOWO npHMeHHMa OIITHqecKaH 

Mo.nenb. EcnH npeHe6peqb ynpyrHM He.nHcppaKqHoHHhlM pacceHHHeM, qTo onpas.naHo 

IIpH 60.TibillHX 8HeprHHX, TO ceqeHH5l o-;t\L ' Bblp83SITC5l qepe3 

rrapaMeTpbi H,Llep(KoTOpbie MO:IKHO B35lTb 1 HanpUMep, H3 OIIbiTOB no paCCeHHHIO 

6biCTpbiX aneKTpOH.OB Ha H.npax) H <repe3 nO.TIHOe ceqeHHe B38HMO.neii:cTBH5l nepBHq

HOH qacTHUbi c HyKnoHaMH H.npa crt . 
Ha pHc. npHBe.neabi BbrqHcneHHbie 3HaqeHHH . L :: L ( <1t,) . KaK no-

Ka3anH pacqeTbr, pa3nHqHe npo6eros L(ot) s cpoToaMynbCHHX 'rHrra I11(ord (i..-5 
H H VII<. cpVJ-P HHqTo)KHo. K puBaH Ha puc. 1 npHMeHHMa .nnH o6oux THIIOB 9Mynb-

CHH ll He TOITbKO .nn~ HyKITOHOB, HO qacTHU .npyrHX COpTOB, 

npuMeHHMOCTb 8TOH Kpus'oii: ynyqwaeTC5l c pocTOM 8Heprrm. B pH.ne cnyqa-

eB IIcnonb30BaHue 3aBHCIIMOCTII L ::::. L ( CJt) 5lB.TI5leTC5l e.nHHCTBeHHhlM CIIOC060M 

orrpe.nenuTb senuquHy I 11811 
cp. • 

nonyqeHHhle TaKUM o6pa30M ceqeHll5l 5lB.TI5liOTC5l ycpe.nHeHHhlMH no H30TOnH

qecKOMy CnliHY ceqeHU5lMH B38UMO,LleHCTBH5l C HyK.TIOHBMH, CB5l38HHb!MH B 5l,Llpax. 

31 
KoHeqHo, Te cnyqau ynpyroro pacceHHHH Ha so.nopo.ne, Kor.na qaGTHUbi 

pa3neTaiOTCH non oqeHb MaJibiMII yrnaMH, TaK:tKe He cpuKcupyiOTCH, OueHKH noKa3a

nH, qTo npii aHeprHHX E ~ 10 Bas BKna.n TaKux HeyqTeHHbiX B38HMo.neii:cTBH:ii:, 

He MeH5leT 38MeTHO BeJIH'lHHbl cpe.nHero CB060.LlHOrO npo6era. npH 60J1billHX 

aaeprHHX ocaosaaH qacTb ynpyro pacceHBWHXCH Ha Bo.nopo.ne qacT~U nona.naeT 
s o6nacTb Manwx. yrnos H aTo cne.nyeT yqHThlBaTb npH pacqeTax IB aToM cnyqae 

B cpopMyne 111 cne.nyeT 3aMeHIITb ~ Ha O'it'\. ; eM • .nane.el. 



6 

O.uHaKo npu 6oJ;tbWIIX sHepruHx E: )') E,: !:: 30 N.sB sneprrreil: CBSI3H B SI.llpax Mo:w·· 

HO rrpeHe6pe~b U STU ceqeHIISI OK83hlBBIDTCSI O~eHb 6DU3KHMH K ce~eHH~M B38IIMo-
. 1181 

.ueil:cTBUSI co cBo6o.uHhiMH HyKnonaMu /cp. I. 

B nocne.uHeil: ¢oT09MynhCIIOHHOH pa6oTe.g .ll~SI cpe.unero cBo6o.unoro npo6era .ueBSITH-

6sBnoro npoToHa nony~eno 3Ha~eHne L .:6 35,7+0,7 eM. CooTBeTcTByrowee ce~eHne - . 
-27 2 . . 

N/V -BsauMo.ueil:cTBHSI ~~/32 +-35/•10 eM /cM.pnc.l!. Ecnu B cooTBeTcTBIIII c pa6o-
u 125 r.-J -27 2 

TOH .llDSI Ce~eHUSI yrrpyi'OI'O pacceSIHHSI rrpHHSITb 3HaqeHIIe Ud =8,6•1 0 CM 1 

To ~, .... ~123-261·l0-27cM2 • Mbr Bbi6epeM ~ =35·10-27cM 2· cr._ =26•1o-27cM 2 
.. . 1:;" • tk • 

3. Mo.uenh s.upa· u sKcrrepuMeHT81lhHhie .uaHHbie, ucrronh30B8HHhJe 

rrpii pac~eTe BHyTpiiSI,llepHOI'O K8CK8.ll8 

npn Bbl~Hc.neHUSIX M bl npe.urronaranH 1 ~TO CBOlrCTBa SI.llpa MO)KHO 011HC8Tb 

MO.lleDbiD ¢epMn-ra3a. npe.lliT01lBI'8110Cb, 'ITO HYKDOHbi pacnpe.ueneHbi paBHOMepHO 

BHYTPH ccf:>epbr c pa.urrycoM R = "Z 0 A'/3 . (A- aTOMHbifr Bee 5I.upa)
4 1• JlnSI 

. -13 
6biDO HCIT01lb30B8HO 3H8.'IEmHe 't =1, 35 • 10 CM • 

0 
110CTOSIHHOH '? 0 

123 I 
B pa6oTax 6bmo rroKasaHo, 'ITO pesynbTaThi pacqeTa BHyTpHst.uepHoro KacKa.ua 

nony~eHHbie B paMKax TaKoil: Mo.uenH .llJISI sneprHfi 1: C:::. 2 Bas, DOCTaTO'IHO xopo

wo cornacyroTcSI c orrhrToM. Cne.uyeT omH.c(aTh 1 'ITO c pocToM 8Heonm rrpHMenr-i

MOCTII T8KOH MO,lleJIH 6y.ueT YJIY'IW8ThCSI. 

41 
npene6pe:IKeHHe .llH¢cPY3HOCTbiD Hnepnoii rpaHIIUbl HBJISieTCH rrpn6JIH)Ke

HHeM, ny~we npuMeHHMhiM anSI TSime.rrhrx, '!eM .u.rrSI nerKHX 1!.llep. B rrpe.ue.rrax 

TO~HOCTH H3BeCTHb!X B H8CTOSIWee BpeMSI cPOT09MY1lhCHOHH•rx .ll8HHbiX 1 C KOTOpbl-
Mlf .uanee 6y.uyT Cp8BHliB8TbCSI pe3yJihT8Tbl pac'leTOB,· 9TO He BHOCHT cy·uecTB9HHbiX OWH-

6oK. 0.uHaKO _B .llPYI'HX CDy'laSIX MOI'yT B03HHK8Tb 38MeTH•re OTKDOHeHHH OT OIIb!Ta. 

Mbl 6naro.uapHbl n.VI.EnOXHHuesy, M.r.Meweli11KeBy H A.A.THI1KHHy, 
KOTOpbie IIpH o6cym.ueHHH pesyJihTaTOB pacqeTOB OillaTHJIH Hawe BHHM81!He Ha Te 

SIBneHHSI 1 r.ue MOI'YT H8611ID.ll8ThCH TBKHe OTKJIOHeHH11. 3TOT BOI1p0C 110,llp06HO 

usy~aeTcSI. 

" 
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CnenyeT oTMeTIITb,- •rTo npn saeprnHx f: ~ 1 Baa KOHKpeTHhrti abr6op 

· 51Ll8PHOH MO,ll8JIH cyLUeCTaeHHO CK83hiB8eTC51 JIHillb H8 XapaK'I'epHCTHK8X M8JI09Hep-' 

rH'lHb!X B : 51 . 
- 'l8CTHU H, OT'{8CTH, f) -qacTI1U, XapaKTeDncTrrKn me 6biCTpbiX 

5 -qaCTIIU O'leHb M8JIO MeHHIOTCH np11 aapbHpoaaHHH 51IJ.8pHbiX napaMeTpoa a .iunpo-

Knx npenenax, 

LfTo6br ynpocTI1Tb 3anaqy, ace xapaKTepncTrrKI1 I 'JT N I - 11 INN I -·a3aHMo-

neticTBI1fi BHyTpn Hnpa paccMaTpaaani1Cb ycpe.uaeHHbiMI1 no H3oTonaqecKHM cnnaaM 

Me3oaoa H HYKJioaoa. KaK noKa3aJirr oueHKH, 'raKoe ycpenaearre HaJIHeTcH xopoillHM 

npn6JIHII<earreM, KpoMe Toro, ace xapaKTeprrcTHKH aeynpyrHx CTOJIKHOBe;.mti ayKnoaoa 

H M830HOB C HYKJIOH8MI1 51,llpa paCCM8TpHB8JIIiCb ycpe.uHeHHb!MH no C06b!T!i5IM C pa3-

JIH'lHbiM 'lliCJIOM pomnaiOLU11XCH 'laCTHU. TaK KaK nanee Mbi 6y .ueM paccMaTpnaaTb 

XapaKT2p!iCTiiKH HyKJIOH-51LlepHhlX CTOJIKHOBeH!ifi T8K:>Ke ycpenaeHHhlM!i no C06hlT!i5IM 

C pa3JIIi'lHOfi M~OMeCTaeHHOCTbiO 'l8CTiiU, TO T8K85l anpOKCHM8Ullf! He MOX(eT BHeCTH 

CYLU8CTae~Hb!X 11CK8rK8HHfi a pe3yJibT8Tbl pac'leToa, 

B cnyqae I NN /-cTOJIKHOaearrti acH, c:>6JiaCTb aaeprnti 6bma pa3.ueneaa 

aa nHTb HHTepaanoa; a cnyqae / '];:'IV /-cTOJIKHoaeaati 6bmo paccMoTpeao 'leTbrpe 

9HepreTI1'leCKHX HHTepaana. XapaKTepi1CTI1KH ynpyrnx H aeynpyrrrx I NN. 1-11 

I 1rN I -cTonKaoaearrti, KpoMe noJIHbiX ceqearr.H Gt , .UJIH Kam.uoro 113 aTnx 

HHT8pB8JIOa paCCMaTpllaaJII1Cb nOCT05IHHhlMH H 6hlJIH a3HThl 113 9KCnepllM8HT8.T!bHhlX 

126 I 
pa6oT ' • npn 9TOM Y'll!Tb!B8.TII1Cb KaK 9HepreTII'l8CK11e, TaK 11 yrJIOBbie pacrrpene-

JI8HII5l aTopn'lHbiX qacTHU, 3Ha'leHHH rroJIHhiX ce'leHHfi · "l ( f1 , onpenenHlOLUHe npo· 

6 r:r, er 1i TO'lKY CTOJIKHOBeHii5l HYKJIOHOB H J· -Me30HOB B Hnpe, 381l8B8JIHCb C 3H,1 

'lHT8JibHO 6onee MeJIKHM· lllaroM A E , 'ITO rrpaKTH'leCKH He OT.T!I!'l8.TIOCb OT 38Ll8-

HHH HenpephlBHOfi KpHaofi, 

-B Ta6naue 11 yKa3aHhl paccMaTprraaalllnecH saepreTH'lecKne HHTepaanhl. 

Pa3nenearrl0 o6nacTH sHeprnti r,:. ) 1 Esa Ha 6onee MenKHe nHTepsanhi 

npeiHITCTayeT OTCyTCTarre nonpo6HhiX 9KcnepHMeHT8JTbHb!X Ll8HHh!X, 0IJ.H8KO, aK.TI a D. 

5 I [1) 
nono6ao ToMy, KaK sTo 6brno cnenaHo B :pa6oTe , ace Ha6.rnonae;-..10e 

none HyKnoH-HLlepHbiX CTOJIKHoaeanti 'laCTHUbi pa3.LleJIHM Ha TPH TIIrra: 5- ~ J-
u € -qacTHUbi, TaKoe pas.u'eneHHe orrpaanbiBae"I:CH TeM, 'ITO a c}:JoT09MYJibCHII 

KaiK[lOfi ll3 9THX THITOa 'l8CTHU HMeeT XapaKTepHblfi BHLl TpeKOa /nonpo6Hee CM, (1) I, 
B Ta6nnue 1 npHaeneHbi Heo6xo.unMbre .unH .uanbHefiweti .uncKycCHH 3Ha'leHHH saep-

~ . . . 
l'Hii )/ -Me30HOa H HYKJIOHOa LlJIH j:8/K[lOrO H3 9THX Tpex THITOa, 
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'l8CTHU C O'leHb 60JibWHMH 9HeprHHMH LlOJDKeH 6biTb He60JibWHM 1 • TaK K8K cpenHHH 

9HeprHH CJr -Me30HOB H HYKJIOHO~ ITOCJie ITepaoro I N/'1/ /-cTOJIKHOBeHHH 

- /18/ -/20/ E-,; ::f 1 Eaa H EN- 3,5 Eaa, ' , 'ITo 3H8'liiT,eJibHO MeHbrue MaKCHMarrb-

. Hoii aHeprHH E = 8 Eaa. C npyrofi CTOpOHhi, 6orree MeJIKoe pa36HeHHe o6nacTH 

M8JlbiX 9HeprHfi ~MeT cyrueCTBeHHO . CK838TbCH JIHWb H8 pe3yJibTaTax pac'leToB 

LlliH 6 -'laCTHU, ~aK K8K 9Hepr!IH ITepB!I'lHOf'O ITpOTOH8 LlOCT8TO'lHO BeJI!IK8 H 

s -'laCTHUbi H 3H8'lHTeJibH8H 'laCTb. 8' -'laCTHU o6pa3y!OTCS1 ITpH CTOJIKHOBeHHHX C 

HYKJIOHOM Hnpa HYKJIOHOB 11 '7r -Me3oHoB 6onbruoii alleprnn. B Han5onee Me 

cyruecTBeHHoii o6nacTH E "'1 Eaa ncTHHHhre xap~KTepacTHKH I · N N 1- n I 7r IV /
CTOJIKHoBeHHii He CHlibHO M3MeHSI!OTCS1·ITO Cp8BHeHH!O C HCITOJib30B8HHhlMH ITpH paC'le~ 

.TaX cpenHHMH HX 3H8'leHHHMH. 

XapaKTepHCTHKH ITepaoro HeyiTpyroro I NN /-cTOJIKHOBeHHH ( E =8 Eaa) 

6biJI.H paCC'lHT8Hbi ITO CT8THCTH'leCKOfi TeOpHH MHO:>KeCTBeHHOf'O pO:>KLleHHSI 'l8CTIIU 1 

/18/ /20/ . 
C IIOIIp8BK8MH ITO Ll8HHbiM 9KcrrepnMeHT8JibHbiX pa60T 1 

li TeopeTH'leCKHX 

/17/ /27/ /28/ "' 
pa6oT _ ' ' • (3TH nonpaBKH Y'lHThiBaiOT ITepncpepn'lecKne I NN 1-

B3anMoneficTBH5!). LlaHHbie no yiTpyroMy pacceHHHIO HYKliOHOB 

Ce'leHn5! at U;h oiTpeneneHbr .B § 2. 

4. M eTon pac'leTa 

/25t 
B3HThl H3 pa6oT~ 

Pac'leT BHyTpH5!nepHbiX KacKanoB BbiiiOJIHeH MeT0....:(0M M OHTe-K apno nnH 

CJIY'l8H peJI5!THBHCTCKOfi TpeXMepHOfi KHHeMaTHKH C y'leTOM MHO:>KeCTBeHHOf'O o6pa30-

B8HH5! 'l8CTHU •. 

npuMeHSI1lC5! CJienyiOruHfi ITOpHLlOK Bbi'lliCJieHHfi /eM. CXeMy Ha pHC. 2/: 

1. Pashrrphmanucb KoopnuHaThi TO'lKH axona nepBH'lHoro npoToHa a 5!npo. 

2. YfCITOJib3Y5! 3Ha'leHHH ITOJIHOf'O Ce'leHHH B38HMOnefiCTBIIH HYKJIOHOB a; . 1 

p83bif'pblB8JI8Cb BeJIH'lHH8 CB05onHoro ITpo6era HYKJIOHa B gne'pHOM BeJlle_CTBe 

LN= LN (at). 
3. Ecnn 3Ha'leHne L N TaKoao, 'lTD I N N /-cTOJIKHOBeHne BHyTpn Hnpa 

HeB03MO~KHO,. 'ITO C'leT ITpeKparuaJIC5!. 4HCJIO HeiipOB38HMO.Uel!CTBOB8BWIIX C HLlpOM 

ITpo,ToHOB N't\i. 'onpenengeT ce'leHHe peaKuHn a;: 
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A 2.!3 · ( 1. - AI . /N. ) . f'h t 121 

rne N4:. - rronHoe .'Hicno cTanKHBa!OIUHXCH c HnpoM rrpoToHoB, 

4. EcnH aHaqeHHe LIV TaKoBo, qTo I NN I -cTOJIKHOI!.eHue rrpoucxonHT 

BHyTpH Hnpa, TO OIIpeneJISIJIHCb TpeXMepHhl~ KOOpnHHaThl ToqKH CTOJIKHOBeHHSI H 

paabrrphrBa.TicH BHn I NN I -BaauMoneficTBHH: yrrpyroe HJIH Heyrrpyroe. 

5. EcnH I Nl\l I - saaHMOneficTBHe yrrpyroe, To cnenyeT rrepefiTH K 

IIYHKTy 2. 

qliCJIO HVK.nOHOB Net , ucrrhrTaswux onHo unu HecKonbKO yrrpyrux cToJIKHo-

BeHufi BHyTpH Hnpa 11 BhrwenwHx Hapy>Ky, orrpenens:reT ceqeHue KBaaHyrrpyroro saanMo

neficTBHH C HnpoM: 

lyrrpyroe pacceSIHHe Ha CBSI3aHHqM HYKJIOHe B Hnpel, 

6. Ecnn I NN 1-BaauMoneficTBHe Heyrrpyroe, To paabif'JJhiBaJIHCb qHc.Tio 
61 

pO)Kna!O!llliXCH qacTHU 1 HX 8HeprHH H yrllh! Bb!JleTa 

131 

.Llanee B ·aaBHCIIMOCTH OT TOf'0 1 HBJIHeTCH ponHBWaHCH qa~THUa HYKJIOHOM 

H.TIH :;,- -Me30HOM 1 cnenyeT rrepefiTH K IIYHKTY 2 HJII! K rryHKTy 7, 

7. McrronbayH aHaqeHHH rronHoro ceqeHHH rruoH-HyKnOHHoro saaHMoneficTBHH 

~t ( ~) , paahrrpbiBanacb sen!1qHHa cso6onHoro rrpo6era Jt -MeaoHa B HnepHOM 

BemecTBe 

8. Ec.rm aHaqeHne L;; TaKoso, qTo I Jr N 1-cTonKnoseHne BHYTPH stnpa 

HeB03MOX{HO, TO cqeT rrpeKpa!ll8JlCH 1 a Jt-Me30H cpHKCHpOBaJICH 1 KaK". Bbillle.c:tWHH 
fi('. . 
)', 

Ha Hnpa. 

.. 
61 

YrnoBhre rr 8HepreTHqecKne pacrrpenenenHH qacTrru, pO,l:Oii3rituxcH s rrep-

BOM (/liN) -cTOJIKHOBeHHii 1 6biJIH aanaHhl HerrocpencTBeHHO B na6opaTOp~ioii CHCTe
Me KoopnHHaT. DnH rrocnenyiO!llHX I NN I· ~ I ':liN 1-cTOJIKHOBeHHfi yrnoBhJe u 
aHepreTI!qecKrre pacrrpeneneHHH 6biJIH B3HThr rrSpa6oT 1261 , rne 8TH pacrrpene.TieHHH 
rrprrseneHhi JII!lllb nnH cucTeM hi ueHTpa Mace. B aTIIX cnyqaHx paahrrphrw rroouaso
nuncH B cucTeMe ueHTpa Mac·c, rrocne qero nnH Ka>Knofi Ha qacTHU 6hm cnenaH 
rrepexon B na6opaTopHy!O cHcTeMy KoopnrmaT. 
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9. Ecnn 3HaqeHne L..,.. TaKoBo, qTo I '7f IV 1-cTOJIKHoBenne BHyTpn HLlpa 

B03MO)KHO, TO OITp9Ll9JI51JIHCb TpeXM9pHbl9 KOOpLlHHaTb! TOqKH CTOJIKHOB9HH5l H pa3bi

rpb!B8JIC51 BHLl I 7rN I-B3arrMoueiicTBH51: yiTpyroe nnn Heyrrpyroe, 

10. Ecnn I 7f N 1-B3arrMoueiicTBHe yiTpyroe, To cneuyeT ITepeiiTH K ITyHKTy 

2 HJIH 7, B 3aBHCHMOCTH OT TOI'O, paCCMaTpHBaeTC51 HYKJIOH HJIH 'JT -Me30H. 

11. Ecnn I 'JT'N 1- B3aHMoueiicTBHe HeyiTpyroe, To pa3birpbiBaJIIICb qncno po-

)l<Lla IOIUHXCSI qacTHU, HX 9HeprHSI H yf'Jibl BbiJieTa • 

.Llanee B 38BHCHMOCTH OT T0!'0 1 51'BJI518TC51 qaCTIIUa HYK.TIOHOM HJIH . y;- -M~30-

HOM, cneuyeT ITepeiiTH K ITyHKTY 2 HJih 7. 

KaK yme oTMeqanocb B ITpeLlb!LlYIUeM pa3uene, rrpn pacqeTax HCITO.TJb30Banncb 

xapaKTepncTHKH I N/V 1- n (1iN)- B3aHMoueiicTBnii, ycpeuHeHHbie ITO 3HaqeHHSIM 

H30TOITnqecKoro CITHHa • .4To6bi H3 o6ruero qncna qacTnu, o6pa3oBaBwnxcSI B pe3ynb

TaTe HeyrrpyrHX HYKJIOH-51Ll9pHb!X CTOJIKHOBeHHH, Bb!Ll9JIIITb JIHWb 38p51lli9HHbl9 qa

CTHUbl, Mbl ITp8LliTOJIOlliHJIH, qTo Cp8LlH .HYKJIOHOB 50% COCTaBJISIIOT ITpOTOHbi, a CP9Ll!I 

Be ex " -M830HOB 38p51lli9HHb!MH 51B.IJ5110TC51 213, npu 60JibWI1X 9H8p!'I15IX, KOI'Ll8 

po)!-<uaeTcH MHoro qacTnu, :raKoe ITpn6nn)KeHJie BITonne oiTpaBuaHo. 

B OCT8JibHb!X Ll8T8/l5IX HaWII BblqiicneHJI51 cyrueCTB8HHO He OTliii'l8.TJHCb OT 

123 I 
aHanorJiqHbiX pacqeToB M eTpOITO.TJHca II up. 

5. Pe3yJibTaTbi pacqeToB. CpaBHenne c OITbiTOM , 

A. CeqeHJIH HYKJion-HgepHb!X B3aHMOgeiicTBJiii 

B Ta6JIIIUe .!Jl ITpHBe.aeHbi 3HaqenJIH ceqeHJiii ~ . II a; e( .ann cpe.anero 

N ''f N. o 9)' · P ;ro 
nerKoro I it I, cpe.anero_ T5J£;,enoro I o tf /. II cpe.aHero I ~a. 

31 
I 

H.aep cpoT09MYJibCIIH HYil{cpYJ-P, BbiqiicneHHbie ITO cpopMynaM 121 II 1.'31~ 

CI pH 6onbw JIX aHeprHHX .a on )l<Ha 6biTb M anofi: BepoHTHOCTb nyKnon- HLl epn biX 

CTOJIKHOBeHHH, ITpH KOTOpb!X 9HeprHSI, ITepe.aaHH851 rrepBHqHb!M npOTOHOM O.[l!IOMY 1!3 

HYKJIOHOB H.[lpa, U8JIHKOM nepeXO.[lHT B KHH8TIIqecKyiO 9H8p!'HIO OT.[laqn 9TO!'O Hapa, 

( yiTpyroe H8DHcppaKUHOHH08 paCCGHHHe~Ecnii npeHe6peraTb T8KHMH CTOJIKHOB8HHH· 

MK, TO ITOJIHoe ceqenHe neynpyrnx rrpoueccoB 

~=~-~~. 
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K aK BHnHo u3 puc. 31 11orryqeHHbiB TaKuM o6pa3oM 3HaqeHHH CJ"in. oq BHb 6rru3-

KH K KpHBOH ~\.'\:;: (i'"(V\ (A) 1 BbJqHCJIBHHOH HBI10CpBLlCTBBHHO 110 011THqBCKOH 

Monerru lcp. § 2 I. 

8 Ta6JIHUB 111 11pHBBLlBHbl TaK)KB 3HaqeHHH OTHOWBH·I~H ceqeHHH o; ee 
K ceqeHHIO LlHciJpaKUUOHHOf'O paCCBHHUH Ha HLlPB ~c>l , BbJqHCJIBHHOMY 110 011THqe

CKOH MOLl~Jlll lcM.pHC, 31. npu6JIH3HTBJlbHO TpBTb BCBX CJiyqaeB y11pyror~ pacceH

HHH LlBBHTU6aBHOf'O rrpOTOHa Ha HLlpB HBJIHIOTCH y11pyrHM paCCBHHHBM Ha OLlHOM 113 

CBH3aHHhlX HyKJIOHOB B HLlpB, 3TO COf'JiacyeTCH C 8KCI1BpHMBHTaJibHhlMH pB3yJibTaTa

Mll 1 11onyqeHHbiMH B ¢oToaMyJibCHII, 

E. XapaKTepHcTHKH po)KnaiOWHXCH qacTHu 

B Ta6nHuax lY- Yl 11 Ha pHc. 4-9 11pHBBLlBHbi H3BecTHbie B uacToHmee BpeMH 

8KC11BpHMBHTaJibHbiB naHHbiB LlllH S- H J -qaCTHU H COOTBBTCTBYIOillHB Bbi-

qJ1CJIBHHb!B BBlii1qHHbl, npH 9TOM B COOTBBTCTBHH C yc.TIOBHHMH H3MBpBHHH B pa6q

IJI, 161-1101 
TaX B qucJIO HVKJJOH-HLlBPHbiX CTOJIKHOBBHHH HB BXOLlHT t::JiyqaH 

LlHciJpaKUIIOHHOf'O paCCBHHIIH Ha Hnpax. 

M BTOLlHqecKHB yCJIOBIIH H3MepBHHH, KpHTBpHH OT6opa pa3JIHqHbiX THI10B 

HYKllOH-HLlBpHhlX B3aHMOLlBHCTBHH H HX aHaJIH3 BO BCBX BTHX pa6oTaX pa3JIHqHhl, 

noaTQMY rrpHMOB cpaBHBHHB pB3YJibTaTOB H3MBpBHHH
1 

KaK rrpaBHJIO, OKa3b!BaBTCH 

HBB03MO)!{HbiM. B Ta6nuuax u ua pucyHKax yKa3aHbi ace H3BBCTHbiB HaM pe3yJibTaTbi 

H3MBpBHHH •. 3KC11BpHMBHTa.TibHbiB 3HaqeHHH, B 6oJibWHHCTBB c.nyqaeB, rrpHBBLlBHbl 

6e3 KpHTH'IBCKOH HX OUBHKH, 

Vf3 rrpHBBLlBHHb!X naHHbiX BHLlH0 1 'ITO 8KC11BpHMBHTaJibHbiB H TBOpBTH'IBCKHB 

XapaKTBpHCTHKH :!! -qacTHU XOpOWO COf'JiaCyiOTCH, 

Vf3BBCTHbiB B HaCTOHillBB Bp.BMH ·aKCITBpHMBHTaJibHbiB LlaHHbiB LlllH 

S - H 

TaK/KB B03MO)!{H0 COf'llaCOBBTb C pB3YJibTBTaMH paC'IBTOB BHyTpHHLlBPHOf'O KaCKana: 

1. Cpenuee BKC11BpHMBHTaJibHOB 'IHCJio 

JIBf'KHX HLlBp ciJOTOaMyllbCHB n: = 3,3 ±.. 0,1 

n = 3,5. 

-qacTHU, po mna IOillHXCH B rpyrrrre 

II I . 
.6JIH3KO K TBOpBTH'IBCKOMy 

2. C Y'IBTOM HyKJIOHOB, 
11

HCI18pH10IllHXCH" H3 B036ymnBHHOf'O HLlpa, OK83biB810T

CH 6JIH3KHMH H cpenHHB 8KCI1BpHMBHTaJibHOB H Te::lpBTH'IBCKOB 'IHCJia 'IBCTHU, pomna

IOillHXCH B rpy11ITB THMBJibiX HLlBp, 
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-3. Pac•IeTHhiH cneKTp .11 -Me30HOB B cooTBeTcTBHH c aKcnepHMeHTaJibHhr-

MH ,aaHHhiMH pa60T/l/; jgj :UMeeT .MaY.CHMyM B o6JiaCT:U 9Heprn:ll: /50+ 100/.MaB, 

4.TeopeT:n:'lecK:n:e yrnoBhle pacnpe.aeneH:n:H 8 -'laCTHU 0'18Hb M e.aneHHO cna-

.aaiOT c pocToM yrna a a CpeDH:Uii YI"OJI, B KOTOpOM CO,aep:>K:UTCH rlOJIOBHHa 

BCeX BhiJieT~BlllHX H3 H.apa 8 · -'laCTHU 1 paBeH 70° ~ 90°, 3TO TaK:>Ke COI"JiacyeTCH 

u /II 
c peayJibTaTaM:n: H3MepeH:n:n 

O.aHaKo peaynhTaThi TeopeT:n:'lec~·:n:x pac'leToB -xapaKTep:n:cT:n:K 8 -'laCTHU 

38BHC~T OT KOHKp8THhiX IIpe,anOJIO:>K8Hllll 0 MO.L{8JIII H,apa H II09TOMy M9Hee OIIpe,aeneH-

Hhi 1 '18M IIp:UBe,aeHHbi8 Bhillle DaHHbie .L{JlH s- :n: IJ -'laCTHT.:., 

R 06pa3oBaHHe CTpaHHhlX 'laCTHU 

06paaoBaH:n:e K-Me30HOB :n: r:n:rrepoHOB B HyKJioH-H.aepHhlX CTOJIKHOBeHHHX 

. Ill 131 191 /12/ /13/ 
:n:ay'lanocb B ¢oToaMyJihCHOHHhiX pa6oTax ' .' ' ' • H a:n:6onee rro-

. . /1/ /13/ . 
,a1Jo6Hhie peaynhTaThi rrony'leHhi B pa6oTax ' .anH K -Me30HOB c aHepr:n:-

ell: E~l50 MaB. 

PeaynhTaThl pac'leToB BHyTp:n:HaepHhlx KacKa.aoB .anH cTpaHHhlX 'lacTHU HBJIHIOT-

CH B HaCTOHruee BpeMH B8CbMa H8Ha,ae:>KHhiMH 1 TaK KaK 9KCIIep:n:MeHT8JlbHbie ,aaH

Hbie 0 B38HMO,aell:CTB:UHX 9T:UX 'laCTHU C HyK.TIOH8MH COBepweHHO lJ8.L{OCT8TO'IHbi, _ 

0co6eHHO 9TO OTHOC:UTCH K B38:UMo.aell:CTBHIO I":UIIepOHOB. np:n: Bhi'IHCJieHHHX nprrxo

.L{HTCH HCIIOJlb30BaTb YI"JIOBhle H 9HepreT:U'IeCKRe pacnpe.aeneH:UH, paCC'IHTaHHhle 

IIO CTaTIICTH'IeCKOH TeOpiiii MHO:>KeCTBeHHOI"O po:>K,aeHHH. 0.aHaKo, COB8plll8HHO 

Heii3B8CTHO, HaCKOJlbKO COI"JI8CYIOTCH 9Tli pacrrpe.aeneHIIH C OIIhlTOM, noaTOMy B 

HaCTOHruee BpeMH MO>KHO I"OBOpHTb JIHlllb 06 0'18Hb I"py6hiX K8'18CTBeHHhiX pe3yJibTa-

TaX paC'I8TOB BHyTp:UH,aepHhlX FacKa.L{OB C y'laCT:UeM CTpaHHhlX 'laCTHU. 

TaK KaK K-Me30Hhi po:>K.aaiOTCH y>Ke BHyTp:n: H.apa, a ce'leHn:e :n:x Baan:Mo.aell:

CTBIIH c HyKnoHaMII MeHbwe ce'leH:n:ll: I NN I - :n: ./ 7i/V I - B3aiiMo.aell:cTBirll:, 

TO K-Me30Hhi .L{OJl>KHhi HCIIhiTbiBaTb B H.ape B cpe.aHeM M8Hblll88 'IIICJIO B38HMo.aell:;_ 

CTB:UH 1 'leM HyKJIOHhi HJIH 71' -Me30Hhi, TaK KaK ·. KpoMe Toro, BepoHTHOCTb po-

>K,aeHIIH K-Me30HOB 6hrcTpo yMeHhlll aeTcH c yMeHbweuneM auepr:n::n: cTanK:n:BaiO-

lllHXCH 'lacT:n:u, TO xapaKTep:n:cTIIKH K-Me3oHoB .aon>KHhi B rpy6oM rrp:n:6nn:>KeHrrii, 

orrpe.aenHTbCH B ocaoBHOM rrepBhiM / N N I -cToJIKHOBeHIIeM. 
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Ha puc. 'to H 11 npuseneao cpasaeHue sKCnepuMeaTaJihHbiX pacnpeneneHuii 

C pe3y.TlhT8T8MI1 pac<IBTOB no CT8TUCTI1'!8CKOli TeOpHH MHO:IKBCTBBHH0£'0 pO:>KLl8HHH 

K-Me30HOB B I N N I - CTOJIKHOBBHIHIX npu E = 9 E9B, KaK BIUUIO, yrnoBbie 

pacnpeneneHHH cornacy!OTCH xopowo, HO 9KcnepHMeHTBJihHbill. 3HepreTJI'IPr;roii"I 

cneKTp HBJIHeTCH 6onee MHrKHM. Y<teT onnoro CTOJIKHOBeHHH K-Me3oaa B gnpe 

O'I8Hb M8J10 H3MBHHBT TeOp8TH4BCKy!O f'HCTOrpaMMy H8 pUC, 10 ('lJIH Cp8BH8HHH 

/13/ -
C Ll8HHbll\ll1 ·onbiTa , TeopeTIPIBCK8H KpHB81l ycpeLlHHBTCH no oqeHb 60.TlbUIHM 

yrJIOBb!M HHTBpB8J1aM), HO Ll8BT ·6onee 6JIH3KOe K 9KCnepHMBHT8JibHOMy 9Hepre

TH48CK08 pacnpeneneHue. 

3KcnepuMeHTBJ1bHoe 3HaqeHue OTHoweHHH <tucen f<-- H K + -Me3oHOB 

~ I 1131 I K_-/ K '*" I,....., 1 /20 <:<. 1 Ka<teCTBeHHO cornacyeTcH c pacqeTHbiM, onnaKo, 

·~ 7/ 
KOJ111'18CTB8HHO OK83b!B8BTCH 60JibWHM nOCJIBLlHBrO B /3-7 5/ p83 

6. 3 a K n 10 q e H u e 

CpaBHeHue pe3yn?TaToB pacqeTa BHYTPHHLlepHoro KacKana c aKcnepuMeHTanh

HbiMn Ll8HHb!MH pa3J1IIqHbiX 8BTOpOB BMBCTe C apryMeHT8MII npOTIIB "M8X8HII3M8 

Ill 
Tpy6KI1", np11BBJ.l8HHbiMH B pa60T8X , IT03BOJIHIOT yTBep:>KLl8Tb, q·ro npH 9HeprHII 

E = 9 EsB, KaK H npu MBHbWHX saeprullx peanu3yeTcH MexaHH3M BHyTpHgnepaoro 

KacKana. 

. - /Ill 
ilpoTusonono>t<HbiH BbiBOLl, KOTOpbrii 6brn cnenan B pa6oTe ¢pnnneanepa , 

OCHOBaH H8 paCCMOTpeHHH .11Hlllb O.QHOH y3KO!i rpynnbl cpaKTOB 1 KOTOpblB K TOMy 

6 
. 8/ . 

LI<e 0 bHCHil!OTCH H C TO'IKH 3pBHIHI BHyTpmnepHOrO K8CK8Ll8 

JlpH suepr!IHX E ">) 10 Eas KBK HaneTaromag <taCTllua. TaK n: Hnpo CHJibHO 

C:tK8Thl /s ClfCTeMe U8HTpa !\.iacc/. Jl09TOMy Bp8MH B38IIMOLl8llCTBIIH C HLlpOM QqBHb. 

M8JIO II BOJIH8 B03MYIUBHHR HB ycneBReT pacnpOCTpaHHTbCH B nonepe<tHOM uanpaBJI8HHH 

7/ /13/ . 
CnenyeT y•IeCTb, qTo B pa6oTe npoauanH3HpoBaHo Bcero JlllWb 80 cne-

noB K- Me3oHOB /77 I<+ 11 31<.- 1. JlosToMy 9KCnepuMeuTaJibHbie owH6Kn: Be.TII1KH, 

8/ /30/ 
!lonpo6Hhli1 pa36op 11 KpHTHKa pa60Tb! <PpiiLlJIBHLlBpa Ll8Hbl B pa6oTaX , 
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.aanee, "'eM Ha 'h /f.,.c . B3aHMo.aeficTsne B sToM cny"'ae rrponcxo.aHT JIHWb c Tpy6-

Kofi st.aepHoro· sewecTBa, Bbipe3aeMoro rrepBH"'HOH "'aCTHue.H. O.aHaKo, n B 9TOM cny_ 

"'ae B3aHMo.aeficTBHe Mo:rKeT HMeTb xapaKTep rrocne.aoBaTeJibHbiX B3aHMo.aeficTBHfi c 

0T.091IbHb!MH HYKliOHaMH Tpy6KH, T,e, xapaKTep BHyTpHst.aepHoro KaCKa.aa, 

Borrpoc o TOM, KaKofi MexaHH3M B3aHMo.aeficTBHSI peaJIH3yeTcst B HYKJIOH-

H.aepHbiX CTOliKHOB9HHSIX I1p11 0"19Hb 60JibWHX 9HeprHSIX, SIBliSI9TCSI B HaCTOSIWee BpeMSI 
·~ 

OTKpb!TbiMo . 

M bi 6naro.aapHbi K .Jl. ToncTosy 3a .o6cy:rK.aeHHR pa3nH"'HbiX sorrpocos, 

CBSI3aHHb!X C HYKliOH-g.aepHblMH B3aHMO.aefiCTBHSIMH I1pH 60JibWHX 9HeprHSIX
1 

a Tal,(

:rKe M .r.WacppaHOBOH 3a o6cy)K.09Hlie 9KcrrepHM9HTaJibHb!X .aaHHb!X, 

PyKorrHcb rrocTyrrHna B H3.aaTeJibCKHfi oT.aen 
22 asrycTa 1960 rona. 
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, lqaCT!iUbl C qepHbiMH 
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Ta6nHua I 
K HHeTHqecKast aHep!"'!iSI I Baal 

HyKnOHbl 

0,5 9 0,08 : 7;. ~~" 

0,03 : 0,5 0,15 : 0,08 

~0,03 "0,15 

Taonuua-"li 

ViHTep~San aHep!"'!iH • e Baa 

(NN) 

9 . 4,5 . 
4,5 1,5 

1,5 

1 . 0,5 

<.0,5 

0(;1>e,!l.P.IlellllJJi! Ill!CTI!T: 

nnepm l.'>: llCCJlt.ll.OllRiW' 

5~iE.JU10TEKA 

. frrNJ 

I . 3 . 
3 . . . 0,5 . 

~0,5 
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T a 6 n H u a 111 

'v/ 

(L 27 2 (f 27 2 a; et I cr.t TKR HllpA 't•lO CM set•1 0 CM 

nerKee HJlpO 243..:!: 5 40..:!: 4 0,30 :!:.. 0,03 

cpe.llHee Z.llPO 836 :!:.. 12 87 ..:!: 12 0,41 ..:!: 0,06 

TJfmenee ZJlPO 1090..:!: 15 107 ..:!: 16 0,43 :!:.. 0,06 
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Ta6nrrua .12 

Cpe.a H ee q rrcno qacTrru, po .>K.aa 10 mrrxcH B o; !HOM aKTe nyKnon- Hil epnoro 
B38 11M o.ae i\ CTBI1 51 

Trrrr ··wcTrru rpynrra nerKrrx rpyrrna T~DK8JibiX B pac'leTe na cpen-
H[l ep H[l ep nee Sl[lpO cjJOT08My.llb-

c 1111 

Oil biT TeopnSI Oil biT TeOp!ISl 011 biT TOOplHI 

S -•IaCTHitbl 3 0+0 2 11 I 2,9 3 5+0 3 11 I 4,1 
. I 1 I 

3,7 . -. . - ' . 
.'3,2±_0,2 

.'3.~0,05 
/8/ 

s - 11pOTOHbl 1 0+ 0 5
191 . - , 0,9 

0 68+ 0 01 17 I _, . - ' 
1,0110/ 

I 

3,3±_0,S 
19 

I s- I 
2,8 f110Hbl 

171 xl 
.'1,8!,0,3 

:~.1 1101 ,_ 
'18CTI1Ubl 1 4+0 1

111 
1,5 

Ill 
4,0 .3,1 !,0,4

11 I 3,2 . - . 4,1!,0,5 

~ - 11pOTOHbl 

~ p (1) ooej<) 
f = 4,6xx/ ~ - IIHOH bl ->}i 'Jr Jr 

x/ --nprrBe.aenn 08 3,U8Cb 'li1C.Tl0 II -Me30HOB 1Ip8BOCX01(11T 'IHC.IlO BCGX s- 'l8CT11U /eM. rrepByro CTpOKY 8TOH TaonHUbl/ 11 0 no-BIIJ1HMOMY 0 S1B.TlS18TCS1 

C>i.TlbHO 38Bb!LU eHHbiM, 

xx/ p 

Ji' 

'IHC.IlO IIpOTOHOB 

'lHC.IlO 38p5I)l(8HHI>IX :Jr-M 8:301IOB 
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Ta6nnua E 

Cpe.:lHHi1 yron Ia rpa.:rycax/, B KOTopo:-,1 co.:repH<I!TCH no,"JOBI!f!a 'IaCTuu, 

p0)K.:t8!0WHXCH rip!! CTOJlKHOBBHiili JBBHTH69BHOrO TipOTOH8 C ?..:1pll\1H 

Tan 'IacTrru !pyrrna nerKHX rp>·nnfl TH/l<<e,"Jb!X B pac~eTe H~ cpe.:r-

?..a ep HI:lep Hee H.'J po cpoTo92\Iynb-

CliH 

O!Ib!T TBOpHH 0'1LIT TeOp!IH orr biT Teopmr 

s- '18CTIH(bl 22,5:!:_1 :l I 24 27,5::_1,5 11 I 29 25,0·:__1,5 11 I 28 
' 

s- TipOTOHhl 
~2919/xl 22,5 

s- fi!iOHbl 36,5!,.8,8
191

xl 30 

~- '!8CT!illhl 56,5,!.3 11 I 48 65.;!:3
111 

69 65::_3 11 I 63 

xl 
3TH aaa'ieHHSI yrnoB rronytteHbi JIHWb .:tJlH 3BB3.CI c ttltcno~ peJHJTHBHcT-

CKHX CJIBLlOB I 5 - '18CTHUbii nS ~ 3 • npit 8TOM He yttT8HO 60JibWOe .'!HCl!O 

n < '2 • 191 
y3KHX JiliBHBll C S J • 3TH!\·! MOH<HO 06bHCHHTb TOT cfl8KT, '1TO B pa6oTe 

e 11/ 
nonytieHhi 6onb'wHe aaa'!eHnsr 1.z, , tteM B pa6oTe • 

.. 

~ 
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Ta6nHu·a XI 

CpeaasHI KHHeTHqecKast aaeprHH qacTHU IB Ea_BI, po>KaaromHxcst npH CTOJIKHOBe-

. HHH LleBSITH6SBHOT'O IIpOTOHa C HLlp8MH 

THn qacTHU 

s- IIpOTOHbi, . 

s- IIHOHbi 

3- IIpOTOHbl 

IIHOHbi 

I"'pynn.·a m3rKHX 

staep 

Oil biT TeopHH . 

o,t32:t.o.o2orn o,16 

I"'pynna TH>KeJibiX 

staep 

Oil biT TeOpHSI 

B pacqeTe aa. cpeaaee 

HLlPO ¢oTOaMyJibCHH 

Oil biT 

3 0+0 5 11 I 
t - t 

3 5+0 5 17 lxl 
' - ' 

0 85+0 2111 
' - . 

060+018161 . - ' 
0 65+0 2 17 I, . -· ' 
0 63+0 11101 . - . 

TeOpHH 

2,5 

0,52 

191 ' 

0;120:!:.0,012 11 
I 0,15 

0,040_±0,003/1 I 0,048 

xl . 
8TO 3HaqeaHe oqeHb 6JIH3KO K cpeaaefi KHHeTHqecKOfi aHeprHH 1IpOTOHOB 1 

po>KaaiOlllHXcst B I N/'!1 1-cToJIKHOBeHHH, E- - 13,6 t_-0,51 EaB• TaK · KaK cneKTp 

IIpOTOHOB IIOCJie SILlepHOT'o-CTOJIKHOBeHHSI LlOJI>KeH 6biTb 38HqHTeJibHO 6onee MHT'KHM 1 

' 171 
To aaaqeaHe aaeprHH 1 nonyqeaaoe B pa69Te I HBJIHeTcst 1 no-BHLlHMOMy 1 aaBbiWen-

Hb!M,. 
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Puc. 1. 3aBHCHMOCTh cpeaHero cao6on nora npo6era 4aCTHU B qJOT03MynhCIIH L OT 

Benli'IIfHhl IIOnHOT'O Ce4eHIHI B3alfMOLJ:eiicTUH51 3TI!X 4aCTIIU C HyKnOHaMI1 ~ 
no OCII opaHHaT oTnoMGIIhl CJHa4eHH51 L B eM, rro OCH a6c!~HCC - 3Haqe-

Hif51 at B eL(HHHUaX j Q-27
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I 
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1\) 
1\) 
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P11c. 2. CxeMa pactieTa BHyTpHHaepHoro KacKaaa. 
CMbiCJI oTaeJibHbiX 6noKoB eM,· B TeKcTe, 
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P11c. 3. Ce'IeHH5I B3aHMoaeil:cTBH5I HyKnoHoB c 5I.QpaMH rrpH 9HeprHH E = 9 .J3aB. 

CrrnowHa5I KpHBa5I - Heyrrwroe Ce'IeHHe o;,_-. nyHTHpHa5I KpHBa5I - . 

.QHcPp8KUI10HHOe Ce'IeHHe o-,/ . 3Ha'IK8MH 0 11 • OTMe'IeHbi COOTBeT

CTBeHHO C~'IeHU5I r:Jih. H f7'i ef , . Bbi'IHCneHHhie MeTO,QOM M OHTe-K apno. 
illTpux-rryHKTHpOM IIpOBe,QeHa HHTeprrOn5IUHOHH85I KpiiBaH .Qn5I 3Ha'IeHuil:o;ee. 
Ce'IeHII5I aaHhi B eaHHuuax 10-24CM2. 

A 

1\J 
.l:>. 



r, h" % 0 . 0 

50 50 I : 

-'tO 

30 

20 .. 

10 

tO 

r-- i 

:_ ___ !_ __ '==, 

06 0.2. .-0.2 
a· 

40 

30 

20 

10 

-00 Co.~ a 1.0 0 . .6 

Puc: 4. YrnoBoe pacrrpeneneHHe S - '18CT.HU. ---

0.2 --:0.2. 
B. 

a- rpyrrrra nerKHX HLl ep; B. - rpynrra 
THmenbiX Hnep. nyHKTHpOM HaHeCeHbi 9KCrre-

pHMeHTanbHbie f'HCTOI'paM~bi H.:3 pa60Tbrfl./. /
3

}/ 
To'!KaMu - aKcrrepuMeHTanbHBH · rucTorpaMMa H3 pa6oTbr • 
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Puc. 5. YrnoBoe pacrrpen.eneHHe S -rruoHoB, o6pa3oBaBwuxc~ rrpn 

B38HM01l_eftcTBHH n.eBHTH6SBHOr~IIpOTOHa CO cpenHUM Hll.pOM 
cpOTOSMYJihCHH. nyHKTHpOM yKa3aHa SKCrrepHMeHTa.TihHaH 
rHCTOrpaMMa H3 pa60Tb!/9/. 
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Puc. 6. YrnoBoe pacrrpe.neneHHe 5 - rrpoTOHOB, o6pa3oBaBWHXCH 

u 6 ' IIpH B38HMOLl9HCTBHH Ll9BHTH 9BHOT'O IIpOTOHa CO cpe.UHHM 

HLlpOM cpOT09MynbCiiH. 

nyHKTiipOM yK838H8 9KCIIepRM9HT8nbH8H T'HCTOT'p8MM8 

II3 pa6oThi 
191 
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Pu:c. 7. Yrnoaoe pacnpeneneHu:e ;}- - qacTu:u. 
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- a - rpyrma nerKIIx Hnep; a - rpyrma TH}I{enhrx Hnep; nyHKTIIpOM 
HaHeceHhi aKcn'epiiMeHTanbHhre rn:cTorpaMMhi II3 pa6oThr/1 I. 
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Puc. 8. 8uepreTU'IecKoe pacrrpeaeneHue rruoHoB, pomaaJOruuxcH 

. rrpu B3alfMOLl9HCTBIHi Ll9BSITH69BHOJ:'O rrpOTOHa CO cpeLlHUM 

HLlpDM cpOT09MynhCllH. nyHKTlfpOM HaneceHa 9KC119pllM9H-/g/ 

TanhH8SI ('HCTOPpaMMa, IIOCTp09HH851 110 Ll8HHbiM pa60Tbl • 

I MeTOLllf'IeCKHe ycnoBHSI B 9Tofi pa6oTe HcKnJO'IanH B03MOX(-

HDCTh na6nJOaeHHH ~-MeaonoB c 9HeprHefi ':> 0,54 BaB/. 

3Ha'I9HHSI KHH9TH'I9CKOH 9H9pr'HH ITHOHOB B na6opaTOpHOH 

CHCTeMe KOOpLlHHaT E aaHbi B BaB. 
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PHc. 9. 3HepreTwrecKoe pacrrp<'.'{0.JICHHe fJ- -qacTnu. 

- C\- rpyrrna nerKnx ~L'l.ep; (5- rpyHrra T~>l<eJT&rx srnep. nyni<THpoM nanecenr.T 
SI<crrepnMeHTanbHbJe rncTorpaMM J,J 11:3 paGoThi /11. 3un.'1GIIHH I\HIJeTH'1ecKoii 

' . 3HeprHu E LlaHr.I n E::m • 
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0,4 E 

c.o 
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Pac. 10, YrnoBoe pacrrpe.neneHne K -Me30HOB c KHHeTIPiecKoiJ: 

Puc. 11. 

sHepra~iJ: E ~ 150 J\'\sB, po)K.OaJOruuxcH rrpa B3aaMo
.neiJ:cTBHH .OBBHTH6SBHOI"O IIpOTOH8 CO CpB.OHHM H.OpOM 
cpoT09MyllbCHH, nyHKTHpOM rryHBe.neHa 9KCIIepaMeHT8.Tib
HaH racTorpaMMa H3 pa6oTbi 13 I. 
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+ 3Hepre1'H'IecKoe pacrrpe.'1eneHHe K · -Me30HOB c KHHeTH-
'lecKoiJ: sHepraeiJ: E ~150 MsB, po*.naiOLUHXCH rrpH 
B38HMO,neiJ:CTBHH .neBS1TH69BHOI"O IlpOTOHa CO cpe.QHHM 

H.OpOM · cpOTOSMYllbCHH, nyHKTHpOM IIpHBe.neHa 9KCIIepH
MeHT8llbH8H rHcTorpaMMa ua pa6oTb/13 I. 


