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"A.HHOT8URSJ 

PaccMaTpHaaeTcst aonpoc oo yrnoBbiX H saepreTH<recKHx xapaKTepHcTnKax 

BTOPH'IHbiX '18CTHU, oopa3yiOLUHXCSJ npH CT01IKHOB9HHSIX npoTOHOB c HYKJIOH8Mif. 

~ 



nnst HayqeHHR B38HMoaeiCTBHH rrpoTOHOB C HYK110H8MH HCITOI1h30B8118C~ 

:~MyllhCHOHHast KaMepa, cocTannennaH Ha cnoeB 9Myn&CHH HYfK<PYf ·Tim "P" II 

o6nyqeHH8st BHyTp9HHIIM ITYtJKOM rrpOTOHOB H8'CHHXpo¢aaoTpOHe na~opaTOpHH'B~Co-
. . · 12 Sl · 

KHX SHepriiA 06'beaHH9HHOI'O HHCTHTyTa HaepHbiX HCCI19aOB8HHll: ICM,T8K:>K9 ·' 'j,. 

npocMoTp cnoen rrponoauncst ~aon& cneaoa rrepBHtJHhlX rrpoTonon rrpn·y~en~~en~H 
. . . ~ 

• ' C1 ' •. " 
600 x. PerucTpnpoBannc& nee aBeaabi H pac,ceHHIHr na yron _6on&we. 5 •. H,s .antme 

978 M 6bino naAaeno 2623 cnyttast staepn&IX naaHM~itell:cTBidi: TSK?ro ·Tim~; Cpeannll: 

cno6oan&Ill: npo6er oKaaancst paBHhiM 37,3 .± 0,3 eM, <~T.o anatt'enue connaaae.T t: 
' 121 .• 

peayn~:>TaToM, nony'IeHHhiM panee B pa6oTe .. • . ' 

1~ nnst Bl;>IaeneHHst B38HMOaeii:CTBHH rrpOTOn-npoTOH lp-p/ H, npoTon-n'eJl:TpbH 

lp-11 I oT6npamlch cnyqan, nMeiomue ne 6onee' anyx MeanennhiX npoTonon lc no-

nHaauHeA 1 ;!=. 1,4 1 I. Tpe6onanoc& oTcyTcTnue stapa o'fnatJH 1 ~ B cny•1asrx nnaTo 
C tJ9THhiM. 1HICI10M nyqeii: - H fi -sneKTpona. 

nocneayiOIUHJl: OT60p UpOBOaHilCSJ ITO KpHTSpMHM: . 

11 MeaneHHhlit rrpOTOH .Ll011~(9H HMSTb npo6er e?: ·4 MM I Ep ~ 31 Man/, 

3To U03BOI1SI9T HCKJtiO'IHTb cnyqal{ B38HMOaeficTBHSt npoToli-st.apo· c ncrrapanneM 

0 .Cl'HOI'O npoTO !18e 

21 npu JJ.UHHOA sneprun npoTona yron ero BhiJleTa ne aonmea 6&ITb 6onhwe 

qeM npu yrrpyroM paccestnnn npoTon-rrpoTon.-

31 npl; .Ll81lH011 l\!HO.ih9CTB9HHOCTH n.. . YI'~Il Bbli19Ta npoi'ona ne aoll)!<SH 

rrp9BhiW8T~ H9KOTOp0r'O il,g)( (fl.) 1 COOTBeTCTBYIOill9r'O KHH9M8THK9 CTOIJKHOBe­

HHA rrpoTon-ny~enon I p- N I. 

141 
41 non:mHO BhlUOJHHITbCSI H9p8B9HCTBO 

~ ( E,_- 0~ COS {{) ~ M + Eo~ Po 1 

rae £;, .pi, H ~ - 9

1

HeprHfl 1 llMITYllbC H .yron Bb~ll:Ta · i,_ - Toil BTOplPIHOll: 

38pSJ)!<SHHOfi tJ8CTHUhl B ~a. 6opaTOpH~H ~HCTeM_e KOOj)LlHH8T ln,c;1) 1'1 -Macca rrpo­

TOHa1 EO . H p~ - sneprHst H HMITYJlbC H8J19T810Ill9r'Q rrpOTOHa B ll,C, 8Bnay TO­

I'D tJTO H3M9p9HH9 HMITYllbCOB 6biCTphlX 'IUCTHU H~ rrpOH3BOL1Hi10Cb 1 rrpH· rrpllMSHe-

HHH 9TOT'O KpHT9pHS1 qa-~THUhlr HMeiOIUHS ITilOTHOCTh cryCTKO~ · 8 -~ 1,4 g ,· · · ' . . . ITJJ8TO 

ctJHTanHcb if -MeaonaMn, B KatJeCTBe HH)!<Hero rrpeaena .aneprn~ 11 HMrryn&ca 

COOTB9T£!BSHI!O, 
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TaKHM o6paaoM 6hino oTo6paHo 170 cnyqaea c 'IeTHbiM n ·110-: c· He'IeTHbiM 

'IIJ~noM ny'Iefi~ Cnyqan: c qeTHbiM 'lHc·noM nyqefi. <?'IIITanncb aaanMo.n,eficTBHSIMII 

CO CBo'60LlHbiMll IIpOTOH8MII ll11ll C KB83UCB060LlHbiMH IIpOTOH8Mil· B stapax cpOT09MY1Ib_;; 

xl ,.. . .6 
Cllll , cny'Iall C He'I9THbiM ·quC3lOM ny'Ietl - B38HMOLl9.nCTBIHIMH C ·KB83HCBO OLlHbi-

MH HefiTpoHaMH. KpoMe Toro 6bmo HaJ:iaef!o 20. cny'Iaea yrfpyroro lp-pl-pacceSI­

HHSI. KpuTepH_ll OT6opa TaK.HX C1IY:'Ia9B. n :aenH'IHHa a¢¢'eKTifBHOCTH 'l{X perncTpauifH 
· · n1 · · . 

6 b11Ill B3SlTbi II3 pa60T bl. • n 011HOe. C9'IBHII9 ynpyrO!"O /p-:pl-pacceSIHIISl · OK838110Cb 

':f"P· . '2 5/ 
paBHbiM 6pp =11Q 't_ ~l M6 If COBII8Ll89T C Benii.'IIIHOfi, HillfLl9HHOfi B pa6oTax' t • 

2. npn Bb!Ll9119HIUi cny'raeB aeynpyroro B38l!MOLlelicTBHSI HYK1IOHOB' C HYK1IOHa­

MII B.cpOT09MY11bCIIH B03HHKaeT BQIIpOC 0 'IIICTO~e OT06paHHOt'O MaTepnana, TaK 

.KaK YK838HHbie · Bb!llle KpHTepHH SIB!ZS:IIOTCSI HaOOXOLlllMbiMH_, · HO· He .z:lOCT8TO'IHbiMlle 

npe)K.ae BC91"0 cne.ayeT YOBLlllTbCSI .B TOM, tiTO C1Iy'IaH 1 : OT6poweHHbl9 IIO 

KpltTepnro 111
1 

npaKTH'IecKH He co.aep)!{aT ( p._N} -BaaHMo.aeficTBHfi. Ecmr 6bi · 

cpean cnyqaea c o.aHHM Me.atieH~biM .'npo:oaoM If ::6 4 MMI HMemrc:b If - N l­
aaanMD"LleficTBHSI1 To cne.aoeano 6br O)!{lfJJ,aTI:i .nnSI aTnx npoToHoB acHMMeTpnro 

'- . . ' ' 

enepe.a-Haaa.a. B Ta6mrue ~· npuaeaeHbt .ciaHit"bie no qacny Me.aneHHhiX npoTonoa, 

ncnyllleHHbiX a nepe.aaroro 11 aal.laroro nonyccpepy B n.c.~ anSI cny'Iaea, · oT6poweH,HbiX 

TOllbKO no KpHTepnro I 1 I. 

Ta6n:nua 

Cny'IaH c qeTHbiM 'IHcnoM · nyqefi 

Cnyqau c He'IeTHbiM 'IHC.llOM nyqefi 

Bcero 

~Reno M9Ll~9HHhlX npdTOHOB 

Bnepea 

26 

28 

54 

Haaaa 

27 

26 

53 

J.13 Ta61IHUbl 1· B~LlHO, 'ITO 'UfCJ10 M9LlJ1eHHb!X npOTOHOB, HCIIyll.leHHbiX B nepea­

HIOIO H 38LlHlOJO IIOJlyccpepy, O.llllH8KOBOe 3TO CBHneTe11bCTByeT 0 TOM 1 'ITO IIOLlaB-

xl J.1a qn~.tia aayxny'IeBbiX co6b!THfi ncKnto'IanHcb KBaanynpyrne lp-pl-aaauMo­

Ll efiCTBHSI. 
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JISUOIUB£1 'ISCT.b Me.llJieHHbiX npOTOHOB nOHBJI~eTCSI B pe3yJibT8Te HCnapeHH£1. 

npH B38HMO.lleii:CTBHSIX c KB83HCBOOO.llHbiMH HYKJIOHSMH B0_3Mc;;)KeH BbiJieT 

aefiTpOHOB H3 OCTSTOttHOI'O £1.llpa • .D.nsr OUeHKH BJIH£1HH£1 STOI'O cpaKTa paCCMOTpHM 

lp- n I-B38HMO.lleficTBH£1. npu BbiJieTe O.llHOI'O aefiTpOH!'l H3 Sl.llep cpOTOSMYJibCHH 

oonee tteM B 75% ·cnyqaeB llOJI)KeH H801JIO.llSTbCSI p -aneKTpoa. B OToopaHHbiX 

lp- n I cnytta£1X j3 -aneKTPOHbl Ha6JIIO.ll8JIHC::b B 43%. 3To yKa3biBaeT aa Bo3-

MO)KHOCTb BbiJieTa llBYX HeiiTpOHOB H3 '£1.llep SMYJibCHH, npn- KOTOpOM OCTSTOttHbie 

161 
- £1.llpa cTaoHJibHbi.· 3xcnepHMeaTanhHbie .llaHHbre o cetteHH£1X peaxuHA If , pn I 

H I p t p2nl He npoTHBOpettaT C.lleJiaHHOMY npe.llnOJIO)KeHHIO. no-BH.llHMOMy, Bbr­

neT BTOpOI'O HefiTpOHa CBSI38~ 1 B ·ocHOBHOM 1 C HcnapeHHeM. 3TO nO.llTBep)K.llSeTC£1 

cpaBHeHHeM. XapaKTepHCTHK _B3EmMO.llefiCTBHfi C f -sneKTpOHOM H oe3 _, -:-sneKTPO":: 

aa. Cpe.llHB£1 MHO)KeCTBeHHOCTb' aTHX llBYX THnoB B3aHMO.lleficTBHfi 12,54:!::. 0,15 H 

2,67.:!:. 0,22 COOTBeTCTBeHHO/ H HX yi'JIOBbie pacnpe.lleJieHHH, npHBelleHHbie HB pHc.1
1 

He OTJIHttaiOTCSio 

OTaoweaHe ttHcna lp-pl u-1p-n. I- B3aHMO.lleiicTBHfi paBHO 1,55_±0.12. 

Cetteaue aeynpyroro lp-pi-B3aHMO.lleiicTBH£1 oKa3anocb npHMepao paBHbiM 21 Mo, 
ynp /. lf~!Jrrp - . . - . , 

a OTHOWeHHe Off /<$fp _, 0,5. npu oueHKe CetteHHSI aeynpyroro lp-pi-B38HMO-

ll efiCTBH£1 npe.llnOJiaraJIOCb, ttTO B38HMO.lleficTBHSI C KB83HCBOOO.llHbiMH npOTOHaMH. H 

KB83HCBOOO.llHbiMH HefiTpOH8MH npOHCXO.llSIT O.llHHaKOBO '!aCTO. 3TO no.llTBep)K.llaeT­

C£1 paBeHCTBOM ttHCJia cnyttaeB C tteTHbiM H HetteTHbiM KOn:IPieCTBOM nytteii, n'Me;o.;··. 
6

HefJnp 
IURX OllHH npOTOH HCnapeHHSio 3aatteHHe f'f' 

12 7 I 
HbiMH ll8HHbiMH, nonytteHHbiMH B paooTaX ' . '• 

cornacyeTcsr c sxcnepuMeHTanb-

18 91 
H TeopeTHtteCKHMH OUeHKaMH 1 

• 

Bee BbrweyKa3aHHbre cpaKTbi cBH.U eTeJibCTByroT o cpaBHHTeJibHOfi ttliCTOTe 

oToopaHHoro MaTepHana. O.llH:axo cne.llyeT no.llttepx.HyThi ttTo npu paooTe c 'cpciTo·~ 

SMYJibCHSIMH Bcer.lla OCTaeTCSI HeKTOpag HeOnpe.lleJieHHOCTb B. BblOOpe HeynpyrHX 

B3aHMO.lleAcTBHfi n·poToa-HyKJIOH. B ttaCTHOCTHi 3a ctteT BTOpHttHbiX B3aHMO~efi-

CTBldi BHyTpH £1.llpa CTOJIKHOBeaue THna lp-pl MO)KeT ObiTb HHOI'll8 

I p-ll I H aaoop.oT. 

npRHSITO 38 .. 

3 • .Dn£1 lp-pl H I p-11. I - B3BHMO.lleficTBHfi obiJIH nonytteHbi pacnpe.lleneaHsr 

no ttucny 3apsr)Keaabrx BTopHttHbiX ttacTuu, npHBe.lleHabre B iaonHuax 11 u 111. 

B HH)KHeil rpacpe .TaonHu npHBeil._eabi pe3ynh~aTbi pactteTa, Bbmonaeaaoro no cTaTH­

CTHttecxoA TeopHH c ytteTo·M H30oapabrx cocTosrauiixl. Cpeaaee · 3HatteaHe •mcna 

xl ABTOpbl onarO.llapsrT B.C. BapaweHKOBa H B.M. MaKCHMeHKO 38 03H8KOMne­
HHe C pe3yJI.bT8T8MH HX pactteTOB. 
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3 apSDKeHHbiX 'JaCTHU .Z:HISI lp-pl - B3aHMOiJ.eiiCTBiill paBHO 3,22 ±_0,12 Ii .nnSI lp- n I­
B3aHMO.neiicTBHii - 2,62 +_0,13. CooTBeTcTBY!OillHe TeopeTHtJecKne 3Ha'IeHHSI paBHhi 

xl 
3,53 lf 3,25 

T a 5 ri H u a 11 

Pacnpe.neneHHe lp-pl - aaaHMo.neiicTBHii no '!Hcny aapst*eHHhlx qacTHU 

liHcno 
B3aHMO.neficTBHii % 2 4 6 8 

SKCn. 46,8:!:_5,2 44,7.±5,1 8,8,:!:2,3 1,2±_0,8 

Teop. 32,8 58,5 8,6 0,1 

T a 5 n H u a 111 

. Pacnpe.neneHHe lp- n I - B3aHMO.neiicTBHii no '!Hcny aapst*eHHbiX qacTHU 

lJHCJJO 
B3aHMO.neitCTBHil % 

1 3 5 7 

a Ken. 33,6±_5,5 52,7±_7,9 12,7.:!: 3,4 0,9,;:!:0,9 

Teop. 14.5 59,4 25,0 1,1 

4. 0TO*AeCTBneHH~ 'JaCTHU Ii Ii3MepeHlf9 HX SHeprHH npoH3BO.UHnOCb TOnbKO 

.nnst Me.nnea:hiX q~·cTHU, I K ;:, 1,4 g I. ,llnst ocTaHOBHBmHxcst qacTHu sHep-
nnaTo 

rHSI onpe.a.enst,nacb. no KpRBhiM npo5er-sHeprHSI. H a cne.a.ax ttacTiiu, · He ocTaHOBHB-

WHXCSI B K~Mepe 1 np.-O.BO,lllfnHCb H3MepeHHSI HOHH3aUHHo npH STOM .a.nst tJaCTHU · C 

g 0 . . . 1101 . =s 2 0 · HOHH·aaUHSI onpe.a.enstnacb no nnoTHOCTH crycTKOB · ,·.a .nnst 
.:.· nna'I'O g . . · Ill 1 

qacTHU · c 8 :> 2 nnaT0-no MeTo.a.y, npe.a.no*eHHOMy. a pa5oTe .• TaKHM o5pa-

aoM obma onpe.lleneHa sHepr.IHI .llJISI 53 npoToaoa II 9 lT -MeaoHOB a lp-pl :-

xl 
HeKo'ropoe paaHornacHe sKcnepHMeHTanbHhiX H TeopeTH'!eCKHX .llaHHhiX 
MO:>KeT 5hiTb · castaaao c aoaMo:>r<.Hoii ·· .a.ncKpHMHHauHeii npn oT5ope cnyqaea 
aaauMo.a.eiicTauil c. KBaaHcao5o.a.HDIMH HyKnoaaMn. npH 5onbweii MHo*ecTaea­
aocTn. 
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" 22 5 ..... ,, I .... I u X I B38aMO.llenCTBHHX H npOTOHOB a -Me30HOB B p-r~ ~B38HMO.lleHCTBHHX , 

VIs 9THX .n.aHHbiX M02KHO. nonyqaTb HeKoTopbie cBe.z:ieHaH oo yrnoaoM pacnpe­

nenemm BTOpHqHbiX npOTOHOB B CHCTeMe ueHTpa HHepuaa /c,u.a./ a· 0 noTepsrX 

9Hep!"HH nepBaqHbiMH npOTOH8MH 'Ha oopa30B8HHe 

Bsaa MO.ll eiicTBaii BHyTpa c.u.a. neT aT 

53 npoToHa. Ecna npennono2KHTb1 qTo npoTOHbi B c.u.a. HMeiOT H30TponHoe yrnoBoe 

pacnpe.n.eneHae, TO HY2KHO 0)!{H.lJ.8Tb, qTo Ha 170 B3aaMO.lleHCTBait oy.n.eT 

53 
= 1230 npOTOHOB, 0,047 

0onyqeHH8SI OUeHK8 nOK83hlBaeT, ~TO yrnoBOe pacnpe.n.eneHae ITpOTOHOB B 

c .u.a. pesKo aHHsoTponHo. Opa npennono)!{ eHasrx, qTo B on HoM B3alfMo.n.eitcTBHa 

OopasyeTCH } Hna 2 'BTOpaqHbiX npOTOH8 1 nonoBaHHblll yron .n.nH npOTOHOB neTSIIUaX,' B 
0 0 .. ..____ __ 

38.llH!O!O /ana nepe.n.HIO!O/ nonyccpepy paBeH 20 . ana 3Q COOTBeTCTBeHHO, 

Cpe.n.Hait aMnynbc B c.u.a. Bbi.n.eneHHbiX npoTOHOB B /p-p/ a Jp ... Yll- BsaaMo­

neiicTBHHX paBeH: 

/1380 ±. 40/ MaBle 

I 1250_:t 50/ MsB/c 

3 Y '"'nOB 180°..;, 155° H8H 9Hep!"RIO npOTOHOB, neTHIUaX B HHTepBane • B c.u.a., n: 
npe.n.nonarasr caMMeTpaiO 'pasneTa HyKnoHoB, M02KHO oueHaTb Ha2KHaii npenen noTepb 

rne 

nepe.n.aBaeMaH 1f -MesoHaM B n.c. 

Er.n = 2 '(C ( Eoc- Erc}1 
9Hep!"HH npOTOHOB B c.u.a • .llO B38aMO.lleHCTBaSI 1 EO'-

raSI npOTOHOB nocne B38aMO.lleiiCTBaH • .[lonH 9Hep!"1IH1 nepe.n.aBaeMaH 

Cpe.lJ.HSISI 9Hep- " 

ft ":"Me30H8M 

B /p-p/ - B38HMO.lleiiCTBHHX/ p8BH8 

30% 

x/ B TOM cnyqae, Korna qacTHua He ocTaHaBniiBanacb B KaMepe H onpenene-

HHe IIMnynbC8 no MHOI'OKpaTHOMy pacceHHII!O He npoB,C?.llHnOCb' OH8 cqaTa-. 
naCb llpOTOHOM CO CKOpOCTbl0 1 BbJq!IcneHHOit no HOHasauaii, 803MO)!{H8SI . 
npaMeCb U -Me30HOB a .n.eitTpOHOB B 9THX. cny<fasrx,'. BepOSITH0 1 ·Mana, T,K, 

H3 22 OT0_2!<.lleCTBneHHbiX qacTHU' /pacceHHHe-HOHII38UHH/ ·TOnbKO O.llH8 OKa-
sanaCb II -MesoHOM H He HaoniO.n.anocb HII o.n.Horo neiiToHa. 
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ECllH C'IHT8Tb 1 'ITO B Cpe.uHeM Ha B38HMO.[l9HCTBHe HMeeTCSI 1 BTOpH'IHhlH rrpo-

x/ 
TOH ·· 1 TO .[lllSI /p-p/ - B38HMO.[l9HCTBIIfi li.[l9HTIIqlliUHpOB_8HO 2/3 BCeX I1p0TOHOB 1 ne-

TSIIUIIX B. 38.[lHIOIO nonyc¢epy, npe.UnOll8I'8H, 'ITO B OCT8llbHh!X Clly'laSIX npoTOHbl- nepe:-

.[l8IOT BCIO CBOIO KliH9Tli'19CKyiO SHeprliiO B C,U.II. Ha o6pa30B8HIIe ii -Me30HOB, 

MO:IKHO 0U9HHTb BepXHIDIO rpaHIIUY noTepb SHepi'IIII 1 KOTOpaH OK83biB8eTCSI paBHOfi 

45%. O.ulitiKo-a~CJE!.!>_Ho 38BhiWeHHoe 3HaqeHRe. ,DeiicTBIITellbHO, BHYTPII IIHTepBana 

180°- 155° B C,U,llo HeT pe·~~~I';--~-3~;~eH~~ ~elJH'IliHhi C-pe.uH-ero--RMriy;tl'bl;a-c-yrnoM-
. . . . . . ... 0 

I cM.Ta6nHuy 1 Y I R,· cne.uoBaTenbH0 1 MOiKHO .uyMaTb1 'ITO npii yrnax, M9HbWIIX 155 , 

HMnyllbC He 6y.ueT CHllbHO OTllH'I8TbCH OT npHBe.[leHHOI'O Bb!We 3H8'1eHHHo nosTOMY 

cpe.UHH9 noTepH, no-BH.[lHMOMY1 6lJH3KH K 30%. 

T a5nHua 1Y 

-
l1 HTepBan yrnoB Pc• MsB/c 

180° - 1690" 1380 ±. 60 

169° - 155° 1380 ±. 60 

8To cooTBeTcTByeT cpe.uaea sHeprHH Tr -Me30HOB IB npe.unonomeHHH, 'ITO Ha 

o.uHo B38R~.ueticTBHe :nMeeTcH o.uHH BTOpll:'IHhiil: npoToH/ B n.c. Elin....,800 MsB II{ 

B c.u.H. Errc. .-..~ 340 MsB. 

5. ,DnH nonyqeHHSI YI'llOBhiX pacnpe.ueneHHti BTOpH'IHhiX '18CTHU .B C,U.H. Heo6xo­

.UHMO 3H8Tb HMnY.llbChi BceX '18CTHU. VfMnyllbCbi 6hiCTpbiX '18CTHU He H3MepHllHCbi no-

ll8I'8ll0Cb, 'ITO HX CKOpOCTb B C,U.Ho /'JLc paBH8 CKOpOCTH C.U.H. jJc , npeo6pa-

30B8HH9 YI'llOB BhilleTa TeX '18CTHU 1 HMnyllbC KOTOpbiX 6blll H3MepeH 1 npOBO.[lHllOCb 

no COOTH9W9HHIO 

-.~ Jic { -'(C 
ri-n if;.4 -- CDS ViA - ~i.JI 

x/ . . ·. . 
. 8TO. cne.uyeT 1 HanpHMep, H3 CT8TRCTH'IeCKOil: TeOpHH. Bo · BCHKOM cnyqae 

"··· cpe.u·iJee .'IHCllO npOTOHOB Ha B38HMO.U91iCTBH9 M9HbW9 1 '19M 1,7. /eM, 

·npHM9'18HHe Ha CTp, 9/ • 
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YrnoBwe pacnpeaeneHHH BTopuqHwx qacTrru anH /p-p/ - B3auMoae~CTBul nprrBeae­

Hhi Ha. pUC. 2. nonyqeHHhie pacnpeaeneHHH OKa3biBa!OTCH npHMepHO CHMMeTpuqHbiMH. 

A L ( ngrt - nH r 3a Mepy acHMMeTpurr MOMHO npHHHTb Benrrquny u N , rae 

rlcn H n.H - qrrcno qacTHU 1 neTHlllUX Brrepea H Ha3aU B C.U.H. B OUHOM 

B3auMoaelcTBuu, a N - qrrcno B3aUMoaelcTBHI. ilnH Bcex /p-p/-B3aHMoaelcTBI!I 

~rp = 0,16 ~0,13, T.e. rrpaKTHqecKH He OTnuqaeTCH OT HynH. 3TO CBHaeTellbCTByeT 

____ ? TOM, qTo npeanono:>KeHue f3c.c = J3c B HaiiJeM cnyqae HBnHeTCH aocTaToqno 

XOpOIIJHM npu6nrr:>KeHHeM. YJ3 puc. 2 BHUHO, qTo npH ManoA MHO:>Ker,TBeHHOCTH 

!t1. = 2/ yf'noBoe pacnpeaenenrre pe3KO aHH3oTponHo. C yBenuqenueM MHO:>KecTBen­

HOCTH CTerreHb aHH30TponHH Y-MeHblllaeTCSI, H rrpu n =· 6- 8 pacnpe.aeneHU~ npaKTH­

qecKU H30TpOUHO. Mo:>KHO noKa3aTb 1 qTo Ha6niOaaeMaH aHH30TpOllllSI He MO:>KeT 6hiTb 

nonyqeHa BcneacTBHe HenpaBunbHOCTH nepexoaa B c;u.rr; , ecnu ucxa.z:r..H.oe pacnpeae­

neHrre B c.u.rr. H3oTporrHO. 

PaHee 6bmo noKa3aHo, qTo npoTOHbi HMeiOT pe3Ko aHH3oTponHoe pacnpeaeneHue~ 

K a:>KeTCst ecTeCTBeHHbiM CBH38Tb C HHMll aHH30TpOnHIO, uonyqeHHYIO UllH BCeX BTOpn:q-

HbiX qacTrru. Toraa i7 ·-Me30Hhi non:>KHhr 6biTb pacnpeaeneHbi 3HaquTenbHO IIJHpe, 

qeM npoToHhi. 8To noaTBep)KaaeTCH cneayiOlllHMU coo6pa:>KeHHstMu. BHyTpFI yrna 180°-
o . . 0 0 

- 155 B c.u.rr. neTHT 58 npoToHa. B CHMMeTprrqHoM yrny 0 -25 aon)KHO 6biTb B 

cpeaHeM TaKoe :>K e Konf!qecTBO npoToHoB; cpaKTFfqecKrr Ha6niO.i:laeTcH 72 qacTHUhi. YI 3-

6 biTOK 1 paBHbii 72 _;53 = 19 :!:_ 11 1 stBnsteTCst BepxHefi oueHKOfi qucna lr -:Me30HOB B 

o o x/ 
FIHTepBane yrnoB 0 -25 

KpoMe Taro B Tex cnyqaHx, Koraa B /p- N /-B3aF!MoaelcTBHFI HMeeTcst Mea­

neHHhii rrpOTOH, ITO KUHeMaTU'IeCKFIM C006pa:>KeHUSIM/
4 / MO:>KHO oueHF!Tb rrpeaenbHbii 

xx/ 
yron _6 n.c. _BHyTpu KOToporo Mo:>KeT neTeTb BTopol HyKnoH ·· •· Bee qacTiiuhr, neTH-

x/ K aK y:>Ke OTMeqanocb, anH 6biCTpbiX qaCTFIU nepexoa B c.u.rr. ocymecTBnSI1r­
CSI B npeanono:>KeHF!FI j3;,.c =}!le . OaHa~o .anst qacTRU, BhmeTeBIIJHX non 
M8llbiMU yrnaMli B C.U.FI., FICTHHHOe 3Haqerme /-'i.e noqTF! He BllHsteT Ha 
nepexoa F13 n.c. B C.U.Fio nepe6poc :>Ke MeaneHHbiX qaCTFIU Fl3 38UHero KO­
Hyca B pac6MaTprrBaeMhll FIHTepBan yrnoB 3a cqeT aenpaBHnhHOCTH ne~exo­
na nocTaToqHo Man. 

xx/ 8TO n03BonsteT OUeHF!Tb BepXHIOIO rpaHHUY cpeaHero qucna rrpOTOHOB B 
/p-pi-B3aF!Moa eficTBFIFI. B 36 H3 53 B3aHMoa elcTBFifi c MeaneHHHhiM npoTo­
HOM, BHyTpF! npeaenbHoro yrna neTFIT, no Kpall:Hel Mepe, oaHa 6biCTpast 
3apst:>KeHHaH qacTrrua, .KoTopast Mo:>KeT 6brTb · ripoToHoM. Torna 

. 53 + 36 • nQ ~ ,_ 1,1. 
1 53 
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wne BHe sToro yrna, siBnHIOTCH h-MeaoHaMn, TaK KaK BhP·mcneHHhre npeaenbHhie yrnbr 
' ~~- ~- ----- . . 

0 
B n.c~ paBHhi npnMepHO 15-20 , To MO)KHO nocTpoHTb yrnoaoe pacnpeaenemw anH 

IT -Me30HO~, neTH.UlH.X B c.u.H. TOJibKO B 3aL{HIOIO nonyccpepy. B Ta6nHue y npH­

Be.z:teHO yKaaaHHOe yrnoaoe pacnpeaeneHHe npH aayx npeanono*eHHHX o aenH'IHHe p"-

Ta6nnu a Y 

cos t% 0+-0,5• -0,5 + :-1,0 

lfncno qacTHU -fie= !:.c 18 32 

/'t.c = 1.. 24 20 

TaKHM o6pa30M MO)KHO caenaTb BhiBO.z:t 0 TOM 1 'ITO U -M830Hhi B C.U,H, pac­

npei:J.eneHbi 6onee llllfp0K0 1 '18M ITpOTOHbi, nony'leHHbie .U8HHbie H8 ITpOTHBOpeqaT TaK-

·)Ke .. H30TpOITHOMY pacnpeaeneHHIO iT ·-M830HOB B C,U,H, 

6. YrnoBbie pacnpeaeneHHH BTOpH'IHhiX 'laCTHU B c.u.H • .z:tn.H /p- n I - B38HMO-

aeltcTBHii, nocTpoeHHhie .. TaKHM *e o6paaoM KaK H L{JIH lp-pl-aaaHMOL{8HCTBHii 1 

npHBe.z:teHbi Ha pHC, 3 • .D.nH /p- n I - B3aHMO.z:teiiCTBHii Ha6niO.z:taeTCH 3aMeTHaH 
· · . · xl . A 

acHMMeTpHR anepea-Haaa :m • 3Ha'leHHe upn. .unH acex · lp- ft 1-aaaHMo.z::teiicTBHii 

paBHO flpn. = 0,60 ::!:.. 0,15, 

npe)KL{e Bcero cneayeT y6e.z:tHTbCH B TOM 1 'ITO Ha6JIIO.z:taeMaH aCHMMeTpHSl 

He MO)KeT B03HHKHYTb B pe3yJibTaTe HenpaBHJibHOCTH nepexo.z:ta B C,U,H, 

PacnpeaeneHHe aapH*eHHhiX fc -Me30HOB B C,U,H, L{OJI)KHO 6hiTb CHMMeTpHq-

HhiM BCJie.z:tCTBHe Cl:IMMeTpl:ll:l Ha'laJibHOro. COCTOHHl:IH ITO H30TOITl:l'leCKOMY CITHHY lcKOJib-
-+ ~-

KO ·" -Me30HOB neTHT B nepe.z:tHIOIO nonyccpepy, CTOJibKO )!{8 . It -Me30HOB L{OJI)K-

HO neTeTb a aa.z:tHIOIO nonyccpepy n Hao6opoTI. Tor a a noHaneHne acnMMeTpl:ln anH 

if -Me30HOB MOrJIO 6hiTb CBSl3aHO C TeM 1 'ITO HX CKOpOCTb B C,U,l:l. j3ttc MHOrO 

MeHbllle, qeM JSc , a npn nepexoae npeanonaranocb j'3nt: = J3c . 3To yKa3hr-

aano 6hl Ha pe3Koe pa3JIH'IHe SHepreTl:I'I8CKHX CITeKTpOB BTOpH'IHhlX '18CTHU L{JIH lp-pl 

xl . . . 
.D.nH CJiyqaeB C n =,1 HMeeT MeCTO cywecTBeHHaH L{HCKpHMHHaUHS1 1 TaK 
KaK paccMaTpHBaJIHCb paccestHHSl Ha yron, 60Jibllll:lii 5°, nosTOMY· yrJIOBOe 
pacnpeaeneHne a c.u.n. cnnbHO ncKa)KeHo a o6nacTn Manhrx yrnoa~ 

\ 

' I 

'1 
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R /p- t'l I B38MMo.uei1cTBMH, Bhillle obmo noKa3aHo, 'ITO cpe.uHee 3Ha'IeHHe HMnynhca 

B C,U,H, /paCC'IHT8HHOe. ITO Me.uneHHhiM 1IpOTOH8M B Jl,C,/ MJ C1Ie.llOB8T91IhHO, HM:>KHSHI 

I"p8HMU8 IIOT9ph 9HeprHM ,lln$1 /p-p/ H /p- nf,"" B38HMO.lleHCTBMH npHMepHO O.llHHa- · 

KOBhl, noaTOMY TPYLlHO npe.unonaraTh H81IH'IMe pa3HMUhl-9HepreTH'IeCKHX cneKT~OB 

BTOpH'IHbiX 'I8CTRU B 9TMX B3aMMO.lleHCTBHSIX, HaMoonee OT'IeTJIMBO acHMMeTpHSI Bbipa­

)KeHa· B /p- 1'\. I B38HMO.llei1cTBMSI · c TpeMSI BTOpH'IHhiMH aapstmeHHhiMH qacTnuaMH 

I AJ . = 0,83 ±. 0,23/~ Uenecoo5pa3HO cpaBHHTh yrnoBoe pacnpe.ueneHue Tpexnyqe­

BhiX coohiTMH c cyMMapHhiM yrnoBbiM pacnpe.ueneHHeM .uByx- u _'~~ThipexnyqeBbiX 

coobiTHH I A2 ;1f = 0,12'±. 0,14/, TaK KaK. aHepreTn'IeCKHe xapaKTepucTHKM LlBYX 

aTnx rpynn B38HMO.llei1cTBHH, no-BR.llHMOMy, He paannqaiOTCSI, YrnoBoe par.npe.uene­

HMe 1Ip1I n. = 2- 4 Ll1ISI Be ex 'IaCTIIU 'lf 1 cne.uoBaTenhH0 1 i.llJlSI · ii -Me30HOB CIIMMeT­

pH'IHO, noaTOMY YI"JlOBOe pacnpeL'(eneHue ;; -Me30HOB npu n = 3 .ll01I:>KHO Oh!Th 

TaKme CHMMeTpH'IHhiM, Tor.ua ,HaoliiO.llaeMast acHMMeTpH_st MO:>KeT ohiTh. cBst3aHa· 

TOllhKO c npoToHaMH, O.uHaKo c·pe.uHstst 9HeprHst ·BTOpH'IHhiX HYKJIOHOB B /p-p/ M /p-It. I 

- B38MMO.lleHCTBIISIX B C,U,H, O.lliiH8KOB8, noaTOMy1 cne.uyeT C'IIIT8Th 1 'ITO 8CHMMeTpHSI 

B /p- n /- B38HMO.lleHCTBHSIX B03HHKaeT B pe3y1IhTaTe TOI"0 1 'ITO IIpOTOHbl B C,U,Ho 

,lleHCTBHTellhHO lleTSIT npeMMyWeCTBeHHO BIIepe.ll 1 ~ HeHTpOHhl - Ha3a.ll, 

7. TaKHM o5pa30M aHa1IH3 /p-p/ H /p- n I - B3aHMO.lleHCTBHH II03BOJISieT 

c.uenaTh cne.uyiOwue BhiBO.llhi: 

a/ YrnoBoe pacnpe.ueneHMe HYK1IOHOB B /p-p/- BaauMo.ueiicTBMstX peaKo aHMao­

TponHo B c.u.M. YrnoBoe pacnpe.ueneHMe Bcex 'IaCTHU B /p-p/ - B3aHMo.ueiicTBHSIX 1 

aHH30Tp01IHO IIpH MaliOH MHO:>KeCTBeHHOCTH H npHOliH:>Ka'eTCSI K H30Tp01IHOMY C yBenM­

'IeHMeM MHO:>kecTBeHHOCTHo 

5/ .[lOliR 9HeprMH nepBH'IHOI"O 1IpOTOHa 1 nepe.uaBaeMaSI 1t -Me30HaM 1 !3 ll,C, 

COCTaBliSieT npHMepHO 30%, 

Bl HaoliiO.llaeMaR acHMMeTpHR B yrnoBOM pacnpe.ueneHMH. BTOpH'IHhiX qacTRU 

B /p- n. I - B3aHMO·.ueiicTBHSIX CBR3aHa c TeM, 'ITO npoTOHhi B c.u.H. neTSIT npeH-

MyWeCTBeHHO. B nepe.llHIOI01 a Hei1Tp0Hhl B aa.u HIOIO nonyc¢epy~ 

3KCnepHMeHTa1IhHble ,llaHHble IIO /p-p/- B38HMO.lleHCTBHSIM npH ·MeHhlllHX SHep-

/12/ 
I"HHX · , TaKme yKa3hiBaiOT Ha aHH3oTponHIO HYK1IOHOB B c.u.u. HeKoTopaR acHM-

MeTpHSI npoTOHOB B I tt. -p/- B3aHMo.aeiicTBHHX HaoniO.uanach npu aHepruM 1,7 Eas
1131• 

B'. HenaBHO IIOSIBHBlllHXCSI paooTa/
14• 15/ HCClle.llOBaHbl /p-p/-B3aHMO.lleHCTBHSI npH 

6,2 Bas. ABTOpbi npHXO.llSIT K BhiBO.llaM1no.uTBepm.uaiOWHM HalllH peayllhTaTbi, 
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Best coaoKynHocT& .oaHHbiX yKa3biaaeT, no-aR.oRMOMy, Ha cymecTBeHHYIO pon& 
x/ 

nepucpepu'leCKRX coy.oapeHHA HYK1IOH-HYK1IOH • B Ka'lecTae o.oHoit us BOSMO:>KHbiX 

TeopeTR'IeCKIIX MOll en eA TaKRX COy .oapeHHit MO:>K HO npHBeCTH qxeMy 1 paCCMOTpeHHYIO 
xxl VI .E. TaM MOM , , a KOTopoA npe.ononaraeTcSJ, 'ITO asaHMOll eAcTBH~ ocymecTansteTcSJ 

nyTeM o6MeHa o.oHRM iT -MesoHoM, c o6paaoaaHReM .oayx 11so6ap. TaKaSJ Mo.oen& 

DOSB01ISJ9T Ka'leCTBeHHO O~~SJCHHTb KaK.aHH30TpODHIO HyKliOHOB B /p-p/ - BSaHMO­

lleACTBHSJX, TaK .11 8CHMMeTpHIO npOTOHOB. B /p- rt.J- BSaHMOll eti:CTBHSJX B ColleR• 

Soiree .o eTali&HbiA aHanHs aKcnepnMeaTan&HbiX .oaHHbiX · H cpaaHeHne c Teopnea 

B03MO:>KHbi liHWb npH CyUleCTBeHHOM ·yBeliR'IeHHH CTaTHCTH'IeCKOrO MaTepnana. 

AaTopbi pa.obi no6naro.llapHTb aKa.o eMHKa B~Vf .BeKcnepa 11 npocpeccopa 

..B.n .,U:>Kenenoaa sa nocTOSJHHoe co.oeAcTaRe a npoae.oeHHH pa6oTbi 11 nno.ooTaopHyiO 

llHCKyccnro. M bi 6naro.oapHM H .r .5Hprep sa cymecTBeHHYIO noMOillb npH npoae.oeHHH 

KHH9M8TH'I9CKOro aHaliHSa. MaTepnana, npocp. M .H • .llaHbiWa. r.VI .KonbiliOBa H 

·.u.c.t.IepHaBcKoro sa y'laCTHe a. o6c~:>K.oeHHSJX. 

Aa'ropbi. 6naro.o apabi TaK:>K e ·xoitneKTnay na6opaHTOB, npoao.oRawnx npocMoTp 

H HSM.9P9HHSJo 

PyKonHCb nocTynHna a Hs.oaTelibCKHil oT.oen 
- 18 Mast· 1959 ro.oa. 

xl - -
STo o6cTOSJTeli&CTBO 6bi1IO no.o qepKHYTO aKa.oeMHKOM B.Vf .BeKcnepoM a 

x~l 

B CB11SH c o6cy:>K.ll9HH9M pesyn&TaTOB wToSJmeil pa60Tbi. > AHa~orR'IHbie 
coo6pa:>KeHHSJ npHae.oeHbi B pa6oTax/16, I. · 

Mbi aec&Ma npRsHaTen&Hbi aKa.lleMHKY VI.E. TaMMY sa no.opo6HyiO HHcpop-
Maunro 0 p8C'l9T8X 1 CBSJS8HHbiX C p8S1IH'IHbiMH MO..r:t..eliSJMH nepHcpepH'l9CKHX 
coy.oapeHHA. 

·~ -~-~-~~~-----
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PHc. 1. YrnoBbie pacnpe.oeneaHst BTopHtiHbiX qacTBU B n.c • .onst I p-n.. 1-
eaaHMo.oeficTBHli c 'f:J -sneKTpOHOM I nyHKTHpHast JIHHHHI H 6ea .P -sneKTpOHa' /cnJIOWHSSI JIHHHSJ/. . 
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