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AHHOT8UHH 

0n RCbiS8 JOT CH 'lJKcnepHM e HTbl no Hcc n eao saHH JO npoT OHH oro p acnaa a pa llROaKT Rs
Hb!X Rllep . n pHSOLl liTCH Ll8HHbl e 00 Ll SYM R30y'laTe ORM Op OT OHOS , KOT Op bie H860 IOLl 80 HCb 
np ll o6n yqeHI!II Ni n y 'IK8M H N'!

20 
H d· . n e ps biA IOLl l!H 113 n e rKRX 1130T OI10 S N e 

RnR Mg I HM e eT nepROLl n on y pa cnaa a / 85 .! 15 / •l0-3ceK 11 Rcnyc KaeT npoTOHbi c s He p-

rH e A / 5 ~ 0,2 1 Ma s . BT o po A I!M e eT nony nepi!Oll , paSHbiA / 23 .! 4/ c eK H Hcn ycKaeT n po
TOH bi c aHeprHe A 2, 5 + 0,2 Mas. Ha ocHosa HHH n<~a a Ol1biTo s aen aeTcH SbiSOLl , 'IT O 
ST Op Ofi R3n y'laTeOb - .;Ll RH H3 nerKRX H30TOI1 0 S, b! IIOH [( r , T.e , S aT OM cn y'l a e 

npo RcXOLli! T Rc n yc Ka HHe noa 6apbepHbiX npo ToHo s / s biCOTa Ky n oHoscK o r o 6 apb epa 

= 8,5 Mas / . 

H a R6o n ee s e p o RTHO, 'ITO npoTOHbi SbineTa JOT Hs aoqepHero Rll p a noc n e noaRTpo H

Ho r o nepeXOLl8 , C KOTOpblM CSR38H 113MepReM bill ne pHOLl 110 0 ypaC08 Ll8 , n pouecc SbiOeTa 
n p o TOHo s c EP "'- 5 Mas noao 6eH HcnycKaHH IO sana3Llbi S8JOWHX HefiTp OHOs . MexaHR3M 
SbmeTa noa6apbepHb1X npoToHos c EP- 2,5 Mas aHanorH'IeH M exaaHsMy 

Hc n ycKaHHR LlORRRonpo6e)I{HbiX a - '18CTRU TR)K enbiMH Rllp8MH. Pa cc MaTpK sa e TcR 
T8K)Ke S0 3MO )K H0CTb npOTORHOrO p8C08Ll8 KOHcPRry paUHOHH biX H30MepOS, KOT Op8H He 

HCKO JO'I e Ha a nR R3ny'laTenH npoToHos c aHeprHeA 2,5 Mas. 

Ab s tr ac t 

Exper iments o n ra d ioac tive nuc le i pro to n deca y a r e describe d, The da ta 

o n 
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two p r o to n e mitters d e tecte d a t the exp osure of Ni to N e a nd 0 beams 

are lis ted. The firs t emitter (one o f Ne o r Mg light iso tope s ) has its life t ime 

o f ( 85 ± 15 ) 1 0- 3 sec. a nd emits pro to n s w ith a n e n e rgy o f ( 5 "!::. 0 .2) MeV, 

while the s e cond o n e having a ( 23 ::_ 4) - s e c . life time emits p r o to n s of a n 

e n e rgy of ( 2 ,5 :. 0.2 ) Me V. A series o f e x p erime nts carried o ut p ermits to con-

elude that the second emitter is o ne of Br o r Kr lig ht isotopes, i.e ., in 

this case s ubbarrie r pro to n e missio n takes pla ce (the Co ulomb barrier height is 

a b o ut 8 ,5 Me v). 

It is most probable tha t pro to n s a r e emitte d fro m a d a u g hter nuc le u s a fter 

p ositro n tra n s itio n which the half life under mea surement is ass o cia te d w ith. 

The p rocess o f proto n e mis sio n w ith E P • 5 Me V is s imila r to tha t fo r delayed 

n eutron e mission. The mech a nism of s ubbarie r pro to n emission w ith EP • 2 .5 ·Me V 

is a n a logou s to tha t for long- range alpha e mis s io n by hea vy nucle i. The p o ssibir 

lity o f config ura tion isomer pro ton decay is also c ons ide r e d, which is n ot e x

clude d in the case of a 2,5 - MeV proton emitter. 



8aeaeHHe 

8 nHTepaType yn<e HeOLIHOKpBTHO pBCCMBTpHBBnCSI BOnpOC 0 B03MQ)I{HOCTU HOBOro Tll 

na pBLIHOBKTHBHOrO npeBpBUleHHSI SIL!ep - npOTOHHOrO pacnaaa , 6Gnee )leCSITH neT HB3BLI 

6binH npeanpHHSITbi nepa bte nonbiTKH AnaapeuoM , 6Hp)l{eM 11 ap. o6Hapy)I{HTb n p o T OH Hbie 113-

ny'laTenH/l-5/ Toraa )l{e MHraanoM H reltniiKM B H OM H n)l{eneno .. biM 
161 

6binO llpOBe.O.eHO TeOpeTHlJeCKOe p8CCMOTpeHHe B03MO>KHbiX MeX8HH3MOB npOTOH H OrO pacna

.0.8 H H eKO T Op btX nyTeA .a.nH CHHTeaa npoToHHo-aKTHBHbiX SI.nep . Ebrno SICHO, qTo pa.a.HoaK

THBH bie fi.O.p8 C ,UOCT8 T 0 1..(H Q 6onbWHM H36biTKOM npoTOHOB 6y,ayT H CT:biTbiB8Tb npOTOHHbiA 

pacna)l T Or o HnH HH OrO THna, noSIBHBUIHeCSI no3L!Hee paC'IeTHbl e pa60 Tb/
7-J JI 6btnll noc -

BHWeHbi yT01.fHeHHIO npe.nnonaraeMhiX xapaKTepHCTHK p - pacna.na, 6onee .aeTanbHOMY pac-

CMOTpeHHIO o6nBCTII pacnpOC TpBH eHIISI SIBneHHSI II nyTel! nony'leHIISI COOTBeTCTBYIOWHX 1130-

Tonoa . 

3HepreTlftJeCK8SI B03MO>KHOCTb npOTOHHOr'O p8Cll8Ll8 fi051BnHeTCSI K8K cne.O.C T B H e CHH-

)1{9HIISI 3 Hepri!H CBSI31! npoToHa np11 yMeHbWeHI!I! 'II!Cna HeltTpOHOB B S!Llpe, TaKoe 1!3MeHeH I! <jl 

9 H e prHH CBH3H npoTOH8 of5ycnoeneHO 38BH C HMOCTblO senHl.J:HHbl st.nepHOr'O B38H MO.lle ACTB H SI 

OT H30TOnHtJecKoro lJHcna H eoapacTBHHeM ponH KynoHoecKoro OTTBnKHBBHHSI. P accMaTpM-

B Bn OCb H eCKOnbKO MeX8HH3MOB npOTOHHOrO p8Cil8.U.J. .. 

8 o-ne pBbiX, B03MO>KHO C IIHTe3 KposaHKe SJL!ep c oTpHuaTenbHOit aHeprHelt CBSI3H npoTo-

H8 ., T a KHe H.Upa HeCT86HnhHbl IlO OTHOW e HHlO K HCilYCK8HHlO npOTO H8 H3 OCHOB HOrO COCTOH-

HI!R , 8 3 TOM cny'!Be KBpTI!HB p - p a c naaa 6yaeT aHanori!'IHB TOMy , 'ITO Mbi - I!MeeM B 

a - p8Cfl8.0 8 H 3 OCHOBHOrO COCTOHHI1:Sl H.Oep. 

B o -aTopbiX, aoaMO>KeH .oayxcTyneHqaTbiti MexaHH3M npoTOHHOro pacna.oa: HB rrepaoM 

3 T a ne - n0311TpOHHbllt pacnaa C BbiCOKOit 3 Heprl!elt, HB BTOpOM 3Tane - Bbin eT n p OTOHB 113 

B036y>KLl9HHOrO ( 8 B H9KOTOpblX cny'IBSIX II 11 3 OCHOBHOro) COCTO~HI!SI LlO'IepHero SIJlpB , 

EcnH 3 HeprKSJ npoToHa HH)I{e BbiCOTbi Kyn oHOBC K o r o 6apbepa , npoTOH BbiliLleT 38 n p eaenbi 

S!Llp a nyTeM KBBHTOBOM exaHK'IeCKoro npOHIIKHOBeHMSI CKB03b 6apbep . KapTI!HB pacnaaa np11 

3TOM IlO.U06 H 8 RBneHHlO H Cil yCK8HHR ,anHHHOnpo6e>KHbiX a - qaCTIIU . Ecn11 SILIPOM 11cnyc -

K8eTCH HB.U68pbepHbi-'\ npOTOH 1 MO)KHQ rOBOpHTb 06 8H8nOrHH C ' 38Il83.llbiB8lOI.UHMH' HeATpo-

H8MH .. 

H aM npe.ocTaanHeTCH, ttTO B03MO>KeH TAK>Ke TpeTHA Mex aH H3M npoTOHHoro p a cna.aa

H30MepH biit ( eM , pB3 Ll 9 n "06cy>KLI9Hl'!C pe3ynbTBTOB" ), 

BecbMB aepostTHO, ttTO HeKOTOpbie tteTHbie no Z 1130T Onbi C 1136b!TKOM npOTOHOB 6y· 

LIYT HCnbiTblB8Tb pBLIHOBKTI!BH bllt p acnaa IIHOro Tl!na - LlByxnpOTOHHbllt, npeanonaraeMOe 

cyweC TBOBBHIIe T8KOrO pacnaaa SIBnReTCSI npS!MbiM cne)lCTBI!9M 3cj:Jcj:JeKTB nap HOrO B381!MO-
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aei!CTBHH HyKnOHOB B Rape. /12/ 8 ps6oTe 3enbaOBH'IS enepewe yKsaweseTcH as 

eoaMO>KRYIO aeycToii'IHBOCTh 0
12 

, Ne
16 

, Mi
9 

OTROCHTenhRO HcnycKSHHH aeyx npoTo-
. /10 13/ 

HOB cpsay. ronbaSHCKHM ' aSH noapo6Hbli! SHSnH3 B03MO >K HOCTH aeynpOTOHH0-

1'0 pscnsas, pSCCMOTpeHhl OCHOBHble OC06eHHOCTH aTOJ'O HBneHH!I H ny TH ero 06HSpy >Ke-

HH!I. 

6onbwHe npeHMywecTBS anH CHHTeaHpOBSHHH H30TOUOB C H36b1TKOM UpOTOHOB aS IOT 

aaepRbie peSKUHH c T!I>KenbiMH HOHSMH. HecKonbKO neT Hsasa Mbi HS'Isna aKcnepaMeH-

Tbl no nay'!eHHIO psanoaKTHBHbiX npoayKTOB peaKuall, Bb13biB&eMbiX e Ni yCKOpeHHbiMH 
20 

HOH&MH Ne I E = 130 Mae / . Mo>Kao 6blno HaaeRTbC!I, 'ITO, cornscao pac'leTy, cpe- . 

aH HHX 6y ayT H30TOUbl, 6nH3KHe K rp&HHUe p -aecTa6HnbHOCTH 11aep. B onbiTax He-

nonbaoesnscb cneuHanhH&ll annapaTypa, BKniO'Iaewaa TenecKon Ha aeyx nponopuHoHanh

HbiX C'leT'IHKOB f an!! H3MepeHHll aHeprHH H yaenbHOl! HOHH3SUHH f. npa perHCTp8UHH ps

aH08KTH9HOrO pacnaas aTHM npH60pOM MOlKHO 6blnO OaH03HS'IHO YCTSHOBHTb THfi H3ny-

'leHHll . 

JleToM 1962 rona 6bmH nony'leHbl peaynbTSTbi, KOTOpble noaeonHnH caensTb BbiBoa , 

'ITO e p eaKuHH Ni + Ne B03HHKSIOT psaHOSKTHBHbie H30T0fibl, HCUbiT biBS IOIUHe npOTQH-

Hbill pacnaa . BpeM!I >KH3HH aTHx npoTOHHbiX Hany'lsTenell oKaaanocb e HHTepeane Me >Ka y 
1141 

0,1 ceK. H 5 MHH. • 8 asnhHeAweM 6blno ycTsaoeneao HsnH'IHe nepHoaoe nonypacna-

aa 0,5-1 ceK H 6onee anHHHoro
1151

. 

3TH peayfibTSTbl 6blnH noaTBep>KaeHbl H yTO'IH9Hbl RSMK B cneayiOIUei! pa6oTe
1161 

0KS38fl0Cb 0 'ITO • aonrO>KHBYlllS!I" npOTOHHS!I SKTHBHOCTb HMeeT nepHOa nonypscnaaa 

~ 25 ceK H aaeprHIO npoToHOB 2,5 - 3 Mae . .llaHRble no H3MepeHHIO npo6ers H ce'!e HH!I 

o6pS30B8HHH 3TOJ'O H3fiy'IST9flll YK83biBSnH H8 TO, 'ITO OH UOHBn!leTC!I B peaynbTSTe psc-
20 

naaa COCTSBHOJ'O Hap a B peSKUHH Ni + Ne , T .e . B aTOM cnyqae M b1 HMeeM H3fiy'la-

TenH rny6oKonoa6apbepHbiX npOTOHOB. K poMe Toro, 6blns o6Hspy>KeHa npoTOHHS!I aKTHB

HOCTh c aHeprHell - 5 Mae H nepnoaoM nonypacnsaa 0,1 ceK. YcTaHoene ao, 'ITO aTOT 
20 

Hany'laTenh no Mscce 6nH30K K Ne 
+ 

npeawecTByeT f3 - pscnaa. 

B o6oHx cny'IS!IX BbineTy npoTOHS, eepoHTHo , 

B 1963 roay rpynns KSH&JJ.CKHX cp H3HKOB coo6mHna o as6nJOJJ.eHHH "asnsaabiB&IOIUell" 

npoTOHHoll paaHo&KTHBHOCTn
117 1

. B aKcnepHMeHTsx ncnoflbaoeancll ny'IOK npoTOHOB c 

aaepraell 97 Mae. npnMeH!Inscb npocTsH p e rHcTpHpyiOIUSH annspaTyps, BKfiiO'ISBmall 

TOnbKO noeepXHOCTH068pbepHbll! JJ.eTeKTOp JJ.n!l H3MepeHH!I aHeprHH 'ISCTHU. JlnH yCTSHoB-

neHH!I THUS 'ISCTIIJl HCCneaoesnOCb HX TOpM O>KeHHe B AJ • Bb1COKHA ypoeeHb cpoHa He 

noaeonHn KaHaacKHM cpH3HK&M pa6oTSTh B o6nacTH aHeprHll HH >Ke 2,5 Mae, B psAoae 

3,5 Mae q,oH 6bm npaMepHo psBeH act>ct>eKTy. TeM He MeHee HM yaanocb asperHCTpapo-
25 

B&Tb HecKonbKO npoTOHHbiX aany'lsTeneA. Hsa6onee noapo6Ho accneaoesH Si 
02 ( Ty

1 
= (0,3! 

0
:
1

) ceK). , Meaee noa po6Hbie aaHHbie npaee aeHbl no no-
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21 1' 13 
soay apyrnx npoTOHHhiX nsnyqaTenel! ( Mg , Ne , 0 ). HaM npeacTaBnH e TcH, OJlHa-

KO, 'ITO aBTOpb! STOll pa60 Tb! 3aBb! W aiOT T O'IHOCT b Onp BJlSllBHHSI 3H9prBH npOTOHOB, npn-

BOJlHMbl9 HMII CX9Mbl p acnaJla Cll9JlY9 T paCCMaTpHBaTb, C KOpee, KaK np9Jlll0llO>KHT9llbHbi9. 

B Y1enbCKOM YHRBepcRTeT e / CWA / npOBOJlSITCSI noRCKH npoTOHHb!X nsny 'laTenel! s 

peaKUH SIX C TSI >KSfibiMH HOHaMH . 8/lS/ C0 0 6W89TC SI 0 H8.6llJOJl9HHH " sana3Jlb!B8 10WHX" 

npoTOHOB c a Heprneli 4 ,0-5,5 Mas, B03HHKa JOwnx npH pacnaae 
17 

Ne / nepHOJl nony-

pacnaaa 0,7 C9K,/. 3TO >Ke S!JlpO H3y 'laUOCb ¢HHKOM H Jlp , /A prOHHCKaH HaUHQ-

HBllbHaH na6cpaTOpHH I s OllbiTax
1 

I Sa 
1

, B KOTop biX ucnonbsosanncb ny'IKH nHTHH. 

HacTOSI W BSI pa6oTa nocBSI WeHa 6onee riOapo6HoMy usno>KeHHJO pesynbTaToB, npea

CTasneH Rb!X s
116 1

. K poMe T aro, aHa co ae p>K HT HOB bie a aHH biS o Ha6nJOaa s wnxcH npo-

TOHHblX H3nj1.18T e nHX . 

3KcnepHM BHT8llbH8SI M9TO BHK8 

3KcnepHM9HTb! 6b!UH Bb!llOfiHSHb! Ha BH y TpeHHSM llY'IKS UHKfiOTpOHa TSI >KSllbiX HQ

HOB OV1 SIY1, npu paspa6oTK e M 9 T0Jl HKH M b l HCXOJlHllH H3 Heo 6xOJlHMOCTH HM9Tb TaKyJO 

ennapaTypy, KOTopaH noasonnna 6bi perHcTpuposaTb npoTOHbi c SHepruell nopllaKa 1 Mas 

Ha <jx) He 6on ee HHTeHCHBHoro I- s 106 
pas / {3 , y -usny'l e HHH. K aeTeKTopy qacTBU 

npBJlbSIBllllllHCb T8K>K9 CllBJlYIOWHe Tpe60BaHRSI: OR JlOU >KSH 06naJl8Tb Cll9KTpOM9TpH

'IBCKHMH K8'19CTB8MK, JlBBaT b B03MO>K HOCTb yCTBHOBHTb THll 'IBCTHUbl, pa6oTaTb B y c

UOBHSIX cnnbHoro MarHHTHoro n o nH H B hiCOKoro yposHH a n e KTp oM arHHTHbiX noMex. Hu-

>Ke .Q89TC SI OllHC8HH9 T BKOH M9TO.Q HKH. 

npo6HHK. H a puc. 1 npHB9Jl9Ha cxeMa ycTpoficTBa, KOTOpoe noMewanocb MS>KJly 

JlY.'iHTaMH UHKfiOTpOHa. n y'IOK YCKOp9 HHbiX HOHOB /1 / nonaJlan Ha MHW9Hb /2/, S!Jlpa -

npOJl YKThl p98KUHli-Bb!U9 T a nH H3 MH WSHH H OCTaHaBnHBanHCb B c60pHHK9 13 1 H3 8U IOMH

HH9BOl! clJonbrH, KOTOp bll! 6bin H3rOTOBll9H B BHJl B BpawaJOW9rOCSI JlHCKa JlHaMeTpOM 8 CM. 

TaKoll c6opHHK ocywecTBnHn nepeHoc paauoaKTHBHhlx SI Jlep K cneKTpoMeTpy aapSI>KSHHb!X 

'IBCTHU, 

CneKTpoMeTp cocTOSin H3 nponopuuoHanbHoro C'IST'IHKa 161 ITo nWHHa 8 MMI H 

pae;UOfiQ)!{BHHb!X 38 HHM JlBYX UOB9pXHOCTH0-6apb9pHb!X Jl9T9KTOpOB H3 Bb!COKOOMHOrO 

Kp9MHJISI 17 I. npHM9H9HH9 TaKoro •TenecKona• aasano B03MO >K HOCTb OJlHOBpeMeHHO 

H3MepHTb yae nbHYJO HOHHaaunJO H aHeprBJO 'laCTHUbl. ConocTasneHue aTnx senB'IHH nos-

BOnH e T Ollp9Jl.9nHTb THO l.{8CTRUbi 1 Han,e >KHO OT.ll9nKTb npOTOHbi OT a n eKTpOHOB R a -qac

THU / nOJlrOTBBUHBBSI 9KCll9pHMBHT bl, Mbl onacanHCb cPOHa 3a C'IST ll0SIBU9HHSI H9H3B9CT-

Hb!X a -aKT HBHbiX S!Jl9p cpeaHero BTOMHOrO Be cal. 

BxoaHoe OKHO TenecKona BaKyyMHO saKnensanocb nn6o ¢onbrol! H3 AI ( 8 fL ) , 

nn6o nneHKOII ns nascaHa ( 5 fL ) , aan bineHHOII cnoeM Mean I - 200 ~I. 06beM 
CM 
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1 

nponOpUHOHBfibHOrO C'leT'I HKB 3Kp8HHpOB8JlCR OT nonynpOBOLlHHKOBb!X Lle T eKTOpOB nneHKO!! 

H3 nascaHa (.3 p.) , TaK >Ke 3BfibineHHoii MellbiO. C'!eT'IHK HanonHRncR cMecbiO 

Ar ( 95% I + CH4 ( 5 % I np11 LlBBneHHII 200 MM Hg • 

B ycnoBIIRX xopowel! r eoMe:rp1111, sHe MarHIITHoro nonR nponopuRoHanbHbill c'leT'IRK 

HM en pa3peUJ eHHe 3% Ll llR a - 'IBCTIIU c 3HeprRell 5,5 M3B , a nonynpoBOLlHH-

KOBb!9 Lle T e KTOpbi - J-1,5% . 0LlH8KO LlllR ysenH 'IeHHR 3 cP<j:Je KTHBHOCTH BXOLlHO e OKHO 

:r e necKona 6 bln o CLlenaHo 6o nbWHM / 2 x5 eM / . O Ll HOspeMeHHO Hcnonb3oBanMCb LlBB 
2 

KpeMHHeBbiX LleTeKTOpa C 'IYBCTBHTellbHOI! UOBepXHOCTbiO 1,5-2 CM KB>Kll bJil. 3TO 

np11seno K 6onbWOMy yrnosoMy paa6pocy perRcTpHpy eMbiX 'IBCTHU H K yxyllwe HHIO pa3-

peweHI!R . .[lnR ra3 o s oro c'leT'IHKa nostsnstncR LlOnon nnTenbHbill pa36poc aMnnRT VLl 113-3a 

BllHRHHR MBrHHTHOrO fi OJlR UHKllOTpOHB, nony'leHHble B pa60'IIIX YCllOBHRX CUeKTpb! LlRR 

KBRH6pOBO'IHbiX a - '18CTHU UOK838Hbl HB pHC. 2. 

Bpawen11e Ll iiCKa / 10-20 I leeK. I ocywecTBnRnOcb 3 neK:rpoMo:ropo M, KOTOpbill pa6o

Tan 38 C'leT MBrHHTH o r o nonR UHKno:rpoHa. B PRLle onbiTOB npHM e HRncR MOTOp c •nonRpn-

30BBHHOll' a non3 UMKno:rpona Ka:rywKoll. HenpepbiBHOe spawenHe c6opHHKa 3aMeHRJlOCb 

6biCTpbiM UOBOpOTOM HB 180° npH fiOLlB'Ie HM nyllbCB TOKB OnpelleneHHOrO HBnpasneHHR. 

B TBKOM pe>KHMe B Te '!e HH e HeKOTOporo BpeMeHH npOLlYKTbl p e aKUHll co6HpanHCb B on

pelleneHHOM y'IBCTKe c6opHHKa, aaTeM 6biCTpo nepeHOCHnHcb K cneK:rpoMeTpy, 

npH 3TOM acj:lcj:leK THBH OC Tb p erHCTpBUHH 6bin8 B H9C KOJlbKO p83 Bb!We, 'leM npH HenpepbiB-

HOM Bp8W9HHH • 

.[lnR H3MepeHHR npo6era 'IBCTHU nepell BXOLl HbiM OKHOM TeneCKOUa fiOM9W8J1HCb 

nornoTHTenH H3 Af , yKpenneHHbl9 HB UOLlBH>KHOI! p8MK9 / 8 /, y npBBJlR9 MOil Ll RCTBR-

UHOHHO. Ha a:rol! >K e paMKe pacnonarancR a - HCTO'IHHK. KonneKTOp HOHOB / 4 / , co-

€.QHH8HHhi:t\ C H3MepHTeneM TOK8, l103B011Hn CJie.QdTb 38 HHT e HCHBHOCTb JO nyYK8 BO Bpe-

MR o6ny'leHHR. 3HeprHR HOHOB H3MepRJ18Cb C fiOMOWbiO Kp9MHH e BOrO Ll9T9KTOpa /5 / , B 

KOTOpbl ll '!epe3 cneuHanbHbill KonnHMaTop nonallana 'IBCTb ny'IKa nocne pacceRHHR a 3o

no:roll cj:lonbre. 

Yc:rpollc:rso, H3o6pa>KeHHoe Ha puc. 1, noMewanocb B MellHbill KO>Kyx, oxna>Kllae-

Mbii! BOLlOI! . B xoll n oe OKH O K O>K yxa 3BKJleRsanocb cj:lonbrol! H3 Af (8 p. I .[lnR oxna>K-

LleHHSl MHweHH, KonneKTopa H Ll HCKB KO>Ky x 3anonnstncR renHeM / 40 MM H/l I . 

3neKTpOHHBR annapa:rypa. V1 cnonb30Banacb 3lleKTpOHH8R annapa:rypa, no3sonRsulaR 

yc:raHasnHBBTb THn pacna lla, oeCTH aMnnHT YLlHbill ananH3 HMnynbcos, H3MepRTb nepH OLl 

nonypacnalla Ll llll Ll BHHoll 3 H ep reTH'IecKoll rpynnhl. 

Ha pHC. 3 np ellCTasneHa o'noK-cxeMa annapa:ryphi . VlMny nhC bi raaosoro c'leT'IHKB H 

Kpe MH I!e BbiX Ll e T e KTopos y c KnRBanllcb npellyCHnHTe nRMH, co6paH HbiM H no KBC~Hol! 
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: xeMe. Ka >K .nblll npe.nycnnnT e nb HM e n o.n H y B biHOCH Y IO naMny, KOTopaH pacnonaranac& 

B M8rHHTHOM none , B Henocp en.CTB 9HHO~ 6 nH30CTH K Cl.JeT'-1 HKY. 0CT8nbH8H '-18CTb ex e

M bl H8 XOllH/18Cb BH e M8f'HHTH Of' O n Oll H . B K84eCT Be BbiHOCHOll /18Mnbi HCnO/Ib30B8/ICH TpH

Oll , HM eiOI.U Hll >K eC TKYIO K OH CTpyKU HIO H T aK yiO r eoM e TpH IO ~meKTpOll OB, KOTOp8H o6ecne4H

B 8 11 8 H OpM 8 /IbHYIO pa,6 0 Ty 11 8M ilb l B C H/IbH OM M8f'HH~·H OM none . 

nocne npe.ny CH/IHTe/IH HMny nbC f'83 0B0f'O C4eT4HK8 llOnOIIHHTe/lbHO YCH/IHS8/ICH, 

cj:JopMnposancH no .nnnTen&H OCTH 11 ,6.1 0-
6 

ceK. I n nocTynan na sxo.n .uncKpHMHHaTopa. 

C HHTerp811bHOf'O S b!XO.ll8 .U HCKpHMHH8TO pa HM ny/lbC nOll8S8/ICH 4epe3 CXeMy 6nOKHpOSOK 

11 K84eCTBe paapewaiO I.Uero Ha n nnel! ny iO cxeM y nponycK8HHH. Ha axo.n cxeMbl nponyc

KaHHH nOCTynan y CH/IeHHblll H c cj:Jop ;,{HpOS8HHblll i10 .lliiHTe/lbHOCTH 14. J 0-
6 

ceK./ HMnyllbC 

C KpeMHH9BbtX 1J. 9'J a KT O p O B. C Bb1XO.ll8 " aopoT" CHPH8n £IO,ll8B8nCH H8 .088 8MllnHTYllHbiX 

8H8/IH38TOp8, Oll HH H3 KOTOp b!X ynpaS /I HIICH .U H cj:Jcj:JepeHUH8/IbHbiM Bb!XOllOM llHCKpHMHH8TO

pa nponopunonan&Horo c 'leT '! HKa. O .n noepeMeHHO aaiiHCbiSBIIHCb .nsa cneKTpa HMnyn&coa 

c n onynpoSOllHHKOBbiX C'leT'lHKOS. B n e pso M cne KTpe 6biiiH npe.ucTasnenw ace 48CTHUbi , 

K OTopbi e , npOXOJlH 4epea f'830Sb!l! C'leT'lHK , OCT8S/IHIIH S HeM aneprHIO > }3 KaS. Bo 

STOpOil cneKTp nOII8.ll8/IH T O/Ib KO Te 48CTHUbl, ll/IH KOTOpb!X HMny/lbC f'830S0f'O C'leT'IHK8 

COOTSeTCTSOS8/I noTepe 3H e pr"KH OT 13 llO 45 K a S. 3TOT HHTepB8/I noTepb OTSe'IaeT npo-

TOHaM c sneprnell 1-5 Mas. K ann 6 p oso4Hbie a - qacTHUhi c aneprnel! 5,5 Mas TepH-

/IH S f'830SOM C'IeT'lHKe 200 KaS. 6biiiO YCT8HOS/IeHO, 'ITO TO/IbKO 1,5% IlO/IHOll HHTeHCHS

HOCTH K811H6poSO'IH b!X a - 48CTHU perncTpHpyeTCH S 'npOTOHHOM' .UH8n830He y.nen&

H biX nonnaaunllxl. TaKHM o6paao M, nepBbill cneKTp .uasan n o nny 10 KapTHHy aneprnll ecex 

TSI >K 9nhlX tf8CTaU, llOSIBH I: WHXCB npH p8 .U H08KTHBHOM pacna n,e , B O BTOpOA >K.e Cll9KTp no

nall8/IH s OCHOBHOM npoTOHbi. Cpasnenne o6onx cneKTpos .uaeano HaM S03MO>KHOCTb Sbi-

.nenHTb npOTOHbl H y cTaHOBHTb HH~e HCH 3HOCTb a - nany 'leHHH. l-1a"MepeHHH npoao.un-

/IHCb S npOMe>KyTK8X Me>K.Qy HMny llbC8MH MOllYIIHUHH Bb!COK048CTOTH0f'O HanpH>KeHHH H8 

.nyanTax l cxeMa 6noxnposKn I . 

Ha pnc. 3 noKaaana TaK >K e 48CTb cxeMbi , npe.uaaana'IennaH .unH speMennoro ana

nnaa. BpeMennoll anannaaTop coc ToHn H3 r e s e paTopa nnnoo6paanoro nanpH>KeHHH, cxeMbl 

npo nycKaHHH H 8Milii~Y.UH0f' O 8H811R38TOpa Al-1-100 . nnne l!HO pacTyi.Uee nanpH>KeHne no-

.naeanoc& P.a aaKpbiTyiO cxeMy nponycKaHHH. Ona OTKpbiSanac & na - 4 MKCeK . 8H8/IH3H-

p yeMbiM cnraanoM , npome.nwHM 4epea .n n cj:Jcj:J epenunan&Hbill .n ncKpHMHHaTop. BenH'lHHa nM

n y n&ca HH Sb!XO.Ue CXeMbl rrpony CK8HHH 6blll8, T8KHM o6pa30M, npOnOpUHOH8/IbH8 speMeHH, 

KOTOp Oe npOlll/10 OT HH'I8/18 3HIIYC KH ' U H /I b l ' .U O MOMeHTH npHXO.ll8 HMnyllbC8 C .QeTeKTOpa, 

MoMeHT aanycKa IIH/I006pa3H0 f'O HanpH >K eHHH COOTSeTCTBOB8/I SbiKIIIO'leHHIO UHK/IOTpOHa; 

x l flona.naHHB a -qacTH U B npOTOHHblll HHTepsan y.nenbHbiX HOHH38UHll CSH38HO C 

TeM, l.JTO cneKTp HMnynbcoa raaoaoro cqeTl.JHK8 HMeeT •xaocT" a o6nacTH ManhiX aMn
nnTyll 38 C'IeT S/IHHHHH Maf'HHTHOf'O nonH Ha co6npaHHe aneKTpOHOB. 
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npH SKn!O'<BHHH SbieOKO'ISeTOTHOrO HSnpSI>KBHHH exeMa f5nOKHpOS8nSeh, 'iaeTOTa MO.ay

nSIUHH HSnpH>KBHHH H8 .llY8HT8X Shlf5Hp8n8eb T8JtOll, 'IT05bl speMSI "MOn'iSHHSI" UHKnOTpo

HS s ueeJtOnhJtO paa npeshiwano aat.<IepHeMbiA nepao.a nonypaena.aa. 

PeaynhTST bl aKenepaMeHTOS 

npa Keene.aOSSHHH paena.aa p8.llH08KTHSHbiX npo.uyJtTOS peSKUHA f5blnO 0,llH03H8'1HO 

yeTauosneuo aenyeJtaHHe TH>Kenblx o.uuoaapH.llHb!X qaeTHu. O.auospeMeauoe H3Mepeuae 

aueprRH 3THX '<SeTHU, HX y,uenbHOll HOHH38UKH H TOpMO>KeHHSI S semeeTse npaseno It 

sblso.uy, 'ITO aTo npoTOHhl. Haa5onee '<eTJto ua5nJO.uanHeh .ase rpynnbl npoTouos e aaep

raHMH ~ 5 Mas H 2,5 "Mas. 

20 
[pynna npoTouos e aueprHeA -' 5.0 Mas, a/ VloaaMH Ne e auepraeA 140 Maa 

o5nyqanaeh HHKenesaa MHW eah Tonmauol! I o,., . B Ka'<eeTBe e5opHHJta aenonb30Banea 

A£ TOnll!RHOll 501' Ta~taH Tonll!HHa .aoeTaTO'IHS .unH nornomeHHH eSt.<IbiX .unauuonpo-

f5e>KHhiX H.UBp - npO.llYKTOS pe8JtURll, B .llHeKe HMBnHeb OTBepeTHH, 'iepe3 KOTOpble onpe

.aeneHHSSI '<seTh ny'<Jt8 nona.uana as xonnexTop TOKa. Tonmaua qyaeTBHTen~>aoro enoH 

ltpBMHHBBbiX .UBT9KTOpOB p8BHHnSeb 

5bin yeTaaoanen nornoTHTenb aa A£ 

2001' 

( 15,.,) 

nepe.U BXO,llHhiM OltHOM TeneeKona 

JlnH onpe.ueneHHSI ¢oaa f3 - a y 

Rany'<eHHH npoao.aunHeh onhiTbi e nornoTHTeneM; 2001' At nepe.a TeneeKonoM I B onhiTax 

e OeTSHOBnBHHbiM .UHeKOM onpe.aenHneH T8K>Ke tPOH, KOTOpb!l! MOr S03HHKHyTh R3-38 Ha-

nH'iHSI S K8Mepe UHKnOTpOH8 oeTSTO'iHOrO ny'IK8 BOROS B HHTBpBaJtrut MB:>K.lly HMnynhCSMH 

uanpH:>KeHHH ua .ayauTax. 3ToT ¢ou npeKTH'IeeKH oTCyTeTBoaan I. 

()/ Ha paeyaJte 4 noKaaaa o.aaa H3 nonyqeaahiX eneKTpos. HeeMOTpH ua To, 'ITO 

B eneKTp nona.aanH HMnynhCbl '18eTHU e HOHH38UHBI! B raaOSOM e'IBT'IHKB > 13 K3!1 0 

tPOH f3 }' - H3ny'IBHHSI npOCTHpaneH .!lO 30 KaHana 8H8nH38TOpa, 3TO eBli38H~ 

e TBM, 'ITO aneJtTpOHbl .!lSH:>KyTeH B MerHHTHOM none no enHpenbHblM TpaeKTOpHHM H 

MoryT TepHTb 3H8'1HTenbHY!O 3Hepi"R!O B re30BOM e'IBT'IHJte, 

B palloae 64 Jtaaana B eneKTpe OT'IeTnHBO aa.neu MaJteHMyM, ou npaua.une>KHT :tpo.,. 
x/ 

TOHaM e aueprael! 5,0 ~ 0,2 Mas , 

8 b!SO.!l 0 TOM, 'ITO 3TH 'ISeTHUbl SISnHJOTeSI npOTOH8t.<IH Bb!TBKSE!T H3 ene.nyJOll!BrO, 

Vla TarlnBUbl I /eM. HH>Ke/ sa.nao, 'ITO 92% qaeTHU yKaaaaaol! rpynnhl oeTaBnHJOT 

s raaosot.<I e'<eT'IHKe aueprwn OT 13 .no 45 Kas. Cpe,nHHH noTepH aaepraa .nn11 npoTouos 

e E - 5 Mas, no oueaKe /e yqeTOM reoM eTpH'<eeKoro ¢aKTOpa/, non>~<Ra 5biTb • 25Kas; 

x 1 npa onpe.n eneHHH auepraa npoTOHOB Y'IHTbiBanoeb 'a5HBSHHe" aanyqaTena B 
ef5opHHK H nOTepSI aHeprHR npOTOH8MH .!lO HX nona,neHHSI S KpeMHIIBBblil .!lBTBKTOp, 
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Ta6nHua 1 x / 

YacTH Ubt liE > 13 Kas 13 Kas < lJ.E <45 Kas II / I 

npoTOHbl 302 279 0,92 
Ep = 2,5 Mas 

npoTOHb! 

Ep = 5,0 M as 
1343 9 14 0,69 

a -qacTHUhi 

E = 5,5 M as 
2648 40 0,015 

BecbMa aarnHUHbl pe3yiihTaTbl onb!Tos, s KOTOpbrx onpeuenHnocb TopMo>KeHae, qac

THu s IleLUecTse. O u HH H3 cneKTpOB Ha pac. 5 nony'leH s OllbtT e , Korua Me>K.ay nony

nposo.aHIIKCSb!MH Ll9T 9KTOp8MH H LlHCKOM H8XO.UH!IC!I TO!lbKO ra30Sbtli C'19T'IHK / aKSHsa

!l9HTHO 20 p. Af I . .Qpyroli cneKTp rrony'leH npH noMeLUeHIIH nepe.a BXOLlH b!M OK HOM Te

necJ<:orra nornoTHTenH 30 p. A r.. CMeLUeHHe IIHKa cooTseTCTsyeT pac'!eTHOMY TopM o>Ke 

Hllto npoToHOS c aHeprKe li 5 M as. 3aMeTHM, 'ITO s antoMKHKesoA cj:Jonbre nonHOCTbto norno-

W 810TCSI a - qacTHUbt c 3Heprn eli :S 8,4 Mas. 

i-!a pHC. 6 !IpHseueHa 0.UH8 H3 KpHSb!X paC!l8Lla H3lly'laTe!lll !IpOTOH OS C aHeprHeA 

- 5 M~s. nepHo.a nonypac na.aa paseH / 0 ,085 + 0,015 / ceK . no-SH.UHMOMy, S Cll 9KTpe 

eCTb TaK>Ke M ea ee HHTeHCHSHa!l rp)"'lna npoToaos c aaeprneli oKono 5,6 Mas. B u anb-

aeAweM 6blnO cocpe·n .oTo'leHo SHI!MaHHe aa rpynne c aHeprl!eli -5 Mas. 

s / 6btll0 npose.aeHO H9CIW!lbKO Ollb!T OS C U9llb l0 H,ll9HTHcPHK8UIIH aToro !IpOTOHHOrO 

H3IIy'laTenH. EcTe c;:TseHH btl! nyTh, KOTOpb!li 6brn Bb!6paH - non btTaTbC!I y cTaHOSHTb THII 

peaKUHH o6paao s aHH!I H30TOIIa. Pe aKUHH Me>K.ay cno>KHb!MH H.apaMH uen!ITC!I Ha .a sa 

K!lacca. npH KpaeB b!X CO y,aapeHH!IX !IU9p !IpOHCXO.UHT !Ip0U9CC nepe.aa'IH Hy K!IOHOS. II o6-

pa3y!OTC!I npo.a y KTb: , 6ni!3KHe no Macce K 6oM6apllHpyromel! qacTHue. 1-fx npo6erH B Af 

paSHbl .U9C!ITKaM MI!KpOH, a Bb!XO.U cpaSHHT9!lbHO C!l860 3aSI!CHT OT COpTa MHW9HH • .Qpy 

rol! Kll8CC - peaKUHH, !IpOT 9Ka!OWH9 C o6pa30S8HH9M COCTaSHOrO !!Ll pa. npo6er llpO.UyK

TOS T8KHX peaKUHl! COCTaS!l!19T H9CKOllbKO MHKpOH. 

B CBII3ll c aTHM 6 bln oueaea npo6er nany'laTenH npoToHos c SHeprHeli - 5 M~s. 

0Ka38!l0Cb , 'ITO OH CY!U9CTB9HHO !Ip9Sb!lll89T 9 p. Ar. : 38M9H8 50 jl - c6opHHKa an!O"" 

MHHH9Bb1M LlHCKOM TO!llUHHOl! 9,3p. !IpHsena K y M 9HbW9HH!O scj:Jcj:JeKTa S 5-1 0 pa3. 

npH o6ny'I9HHH MHW9Hel! H3 TaHTana, M9.UH H an!OMIIHH!I TaK>Ke 6b!ll8 3aperHCTpH

pOBaHa npoTOHHaH aKTHSHOCTb c aHeprael! - 5 J\\ss. BbtXOL'. ee 6btll cooTBeTcTseHHO s 

x / B Ta6no:ue npeucTasneHbl IIHT eHCHSHOCTH .asyx rpynn npoTOHOB npH paanH'!Hbtx yc

nosi!SlX Ha senH'IHHY HMnynbca c raaoeoro c'leT'IHKa AE / p e ayitbTaTbl rrony<~eHbl npH 

o6nyqeHHH Ni HOHaMH HeoHa / . HH lK HSl!l CTpO'!Ka OTHOCHTCII K KanH6pOSO'IHb!M a 

'!aCTHUaM. 
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2, 3 H 5 paa MeHbwe, '! eM Ha H IU<ene. Ce'!eHee o6paaoeaHIH! HccneayeMoro H30Tona e 
20 

peaKUfiH Ni + Ne COCT aBn !!eT HeCKOUbKO aeC!!TbiX MHKpo6apHa ll 1!! 3Hepi' l!H HeOHa 

- 120 M ae ." Mo>KHO c onpeaen eHHOCTbiO yTeep>K!lATb, '!Tn 3TOT >r3oTc n o 6oa3y eTcl! 113 

Nen 3 a c'leT peAKUHH nepeaa'IH Hy KnOHOB. B nonb3Y 3Toro H b!Boaa roeopHT ¢a KT ero 

06p830BAHHH npH o6ny'leHHH Mf!WeHeii B WKpOKOM HHTepeane n OpS!!lKOBbiX HOMepOB 11 

6onbwoli npo6er BToro RJ;lpA . VI TO H a pyroe - Tflflfi'IH hie xapaKTepHCTHKH nponyKTOB 

peaKUHK nepena'IH / !
9

/ AHanKa ceollcTB B03MO>KHhiX nponyKTOB TaKHX p ea KuKif npH eo

LlH T K HAH6o n ee eepoRTHOMy aaKUIO'!e HR IO , 'ITO npoTOHbi c 3HeprHell - 5 M3e HcnycKA IOT-

H 20•21 
cR npn pacnane onHoro H3 nerKHX H3oTonoe HeoHa enH MarHHI! ( Ne , Mg ) • 

rpynna npOTOHOB c 3Heprnelt - 2.5 M3e. a / 6 hin8 npoeeneHa cepRl! Ol1biTOB n o 

H3y'!eHHIO pacnana nponyKTOe peAKUHA c MAUbiM npo6eroM. B 3THX aKcnepnM e HTax ec -

nonb3oeanHcb MHw e Hb ea Ni (2p.) H DHCK H3 Af TOULUHHOA 9,3 p. . n epBbie >K e 

OJI biT hi rroKaaanH, ttTo B crreKTpe H3nytJ eHlHI HeT npoTOHOB c 3HeprHeA 6onbu.Je 3,5 Mae, 

noaToMy TOnLUKHa qyecTBHTenbHOro enol! neTeKTopoe 6bma yMeHbweHa no SOp. 3To 

cywecTeeHHO CHH3HJ10 {3- H Y - tPOH. 

Ha pRC. 7 npKeeneH aMnUHTYLlHblli cne KTp HMny nbCOB , CODTBeTCTBYIOLUHli 'IACTI!UaM, 

OCTaBnHIOLUHM B r a30 BOM C'leT'Il!Ke 13-45 Kae. 3TOT Cl1eKTp nony'leH CyMMI!pOBaHI!eM pe-

3Y.'lbTaTOB wecTH He 3aeHcHMbiX H3MepeHRll. Ka)l(nblll H3 weCTH onhiTOe conpoBolK.oanc R 

H3MepeRHeM <floRa . Ha pRe . 7 noJ<a3aH cyMMapHblll cpo H. 0T'I eTnneo npol!enl! e TcR rpynna 

C MAKCHMYMOM .l 32 KaHan e . 

l?eayJibTaTbi Ol1b!TOB flO onpeneneH>!IO YnenbHOli HOHH38UHI! '<ACTRU BTOl! rpynnbl R 

TOpMO)I(eHHIO fiX II Af yKA3bleAIOT Ha TO, 'ITO aTo· npOTOHbl. LlellcTBKTenbH O , 6bmO y cTa-

HOeneHO, '!TO noTepl! BHeprHH BTfiX '<ACTHU II r830eOM cqeT'IHI<e COCTAenReT 25-60 KBB. 

3TO coenaaaeT c pacq e THOli eenH'IHHOll LlUSI npoTOHOe c aHeprHell 2,5-3 Mae. B C"OOT

eeTCTBHH C 3THM HAXO.QSITCR !lAHHble, npRee.oeHHb!e e Ta6nHUe I, 1!3 KOTOpb! X cnenyeT , 

'ITO - 70% '<ACTH!f rpynnbl OCTABUS!eT e rA3 0 110M C'!eT'IHI<e 13-45 J<ae. 

OnhiTbl no· onpeneneRKJO TOpMolKeHRR KHTepecyJOLUHX Hac 'IACTHU HnnJOcTpHpyiOTCH 

pRe. 8. 3necb npHIIe.oeRbl cneKTpb! aHeprHII aTnx 'IACTHU nocne npoxolKneRHR 11ewecTea, 

BI<IIfiiiAUeHTHOrO J3p. II 28 p. Ai npH nepeXOLle OT OLlHOrO nOrUOTHTeUR I< .opyro-

My IIK!C. CMemaeTCSl B COOTBeTCTBHH C T e M , qTQ O>KU.llBeTCH LtnSI IIpOTOHOB. 

Mai<CHMyM 11 cnei<Tpe /pnc. 7 I cooTIIeTcTeyeT aHeprHB / 2,5 :! 0,2 I Mae I OiuH6Ka 

eb!3118HA e OCHOeHOM HeTO'IJIOCTbiO e y'!eTe TOpMO>KeHHS! npOTOHOB LlO eXOLlA B TenecKon/. 

B cnei<Tpe npencTaeneHbi H 6onee aHeprH'!Hble npOTOHbi I .oo 3,3 Mae/. Cneea OT MaK

CRMyMa HMeeTCSI ewe OLlHA rpynna OpOTOHOe. 0 n HAKO eBHLlY 60J1bWOrO cp OHA BTOT 

y'lacTOK cneKTpa noi<a He HccneaoeancR. 

C J10MOI.Ubl0 epeMR- aMniiHTYLlROrO KOHIIepTOpA 6bin H3ME:peH nepROLl n onypacnana 
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rpynnbr npOTOHOB e MaKeHMYMOM npH 2,5 Maa. O .aHa H3 KpHBbJX paena.aa npHBe.aeHa 

HB pRe. ~ nepHO.Q ITOrrypaena.aa H311Y~8T 8 ITJ! ~8B8H / 23 ~ 4 / eeK. 

6 / Bwn npoae.aeH pR.a 3Kene oHM 8HT OB !l iTH HLleHTHcpHKaui!H nony'IeHHoro H30Tona. 

20 
llnH oueHKH npo6era Rllep MI!W8Hb Ha Ni ( 2p.) o6ny~anaeb HOHaMH Ne c aHep-

rKell 105 M11s; Me>Kny MHW8 Hb ro H spawarowHMeH Ll RCKOM 6bm ycTaHosneH nornoTR-

Tellb H3 Af TonwHHoll 9,3 p. • noM8ill8HH8 TaKoro nornOTRT8J1H npaKTR'18CKJ< CHSIJ10 

;ecj:>cj:>eKT: HKT e HCKBHOeTb aecnenyeMoll rpynnbr ynana He MeHee, '18M s 20 paa. 3To 

oaHa'Ia eT , 'ITO npo6er Hany'laTeneil npoToHos c aHeprHell - 2,5 Mas MeHbwe 9 p. A2. • 

H 
nanee 6b!ITO nposen eHo o6ny'I8HR8 Ni " Fe I MHw8Hb B3 paaneneHHOro aao-

Tona, 1,6 MrleM
2

1 H8 IT0Ll iTO>KK8 Ha •Af (6p.) p83ITH'IHbiMH HOH8MR. npH 06rry'I8HHH 
16 

Ni HOHSMH 0 / 70-100 Mas/ TSK>Ke Ha6nronanacb rpynna npoTOHOs c MSKCRMy-

MOM llpR 2,5 Mas. KpasaH cnana 3Toll aKTHBHOCTR so speMeHH noKaaaHa Ha 

pRe. 10. B npenenax owR6oo: nep11on nonypaenana eosnanaeT co 3H8'18HH8M /23 :!: 4 /eeK , 

KOTOpb!ll nony~HneR npK aH8J1R38 !<pHSOI\ H8 pHe. 9. 3TO Ll88T OeHOS8HHe C'IHT8Tb, 'ITO 

s peaKUHHx Ni + Ne
20 

B Ni + 0
16 

o6paayeTeH OLlHH H TOT >Ke Hany'<aTenb npoToHos. 

npoTOHH8R 8KTKSHOCTb e 3HeprRell - 2,5 Mas He 6b!IT8 o6Hapy>KeHa npH o6ny'le

HHH Ni ( 2p.) HOH8MH B
11 

I 65 Mas / H npH o6 nyqeHHH Fe .. HOH8MH o" B Ta6n. II 

ITOI<a3aH OTHOeHT 8J1bHblll SblXOLl HCenenyeMOll rpynnbl llpOTOHOS S p83ITH'IHblX p98KUHIIX. 

A6con JOT Hoe ee~eHHe o6 paaosaHHH npoTOHHoro Hany~aTenH s peaKUHH Ni + Ne 
20 

nopflnKa MHKpo6apHa. 0Ho ena6o aasHCHT oT aHeprHH s palloHe 100-140 Mas
1161

• 

PeaKuRH 

0THOCHT, SblXOLl 
Hany 'laTenH c 
EpJ:& 2,5 Mas H 

1~ .. 23 ceK. 

Ni+ Ne20 

100 

Ta6nHuall 

Ni + d 6 Ni 

so .< 3 < 1 

He6onbW8H senH~HHa npo6era Hany'<aTenSI npoTOHOB yKaawsaeT Ha To, ~To ero 

M8CeOS09 '!HerrO p8BHO H8 CKOJ1bKHM neeHTKaM. 3TOT SbiBOLl He 38BHeHT OT ITp8LtiTOJ10-

lK 8HHI! o MexaaHaMe peaKuHa
1201

• K o6paaosaHKJO TaKoro nepecbtweHaoro npoTOHSMH 

H30TOITa MO>K8T ITpHB8eTH paena.u B036y>K.U8HHOrO COeTSBHOrO H.upa, B03HHKW8rO npH 

enHHHHR H.Upa-MRW8HH H 6oM6ap.uHpyroweli ~aeTHUht . Mw Ha6nro.uanH ecj:>cpeKT npH o6ny-

'<8HHH Ni HOHaM H Ne
20 

0
16 

H He o6Hapy>KHJ1H ero .UITH peaKUHH Fe .. 
16 

+ 0 

3TOT peaynbTaT MO>K9T 6btTb of:aReHeH, eenH npe.unonO>KHTb, 'ITO nOpS!.UKOSbtll HOM8p 

npoTOHHoro Hany'!aTenR 35-36 I Br , Kr I, a Macca 70-72. 3ToMy 

np8.UITOJ10>K8HHJO He npOTHSOp9'1HT cpyHKUHH B030y>K.U8HKR .UITR 06p830S8HHSI a:roro H.Upa 

s peaKURH Ni + Ne 
20 1161

• Mo>KeT soaHHKHYTb sonpoc, a He o6paayeTCSI nH a:ro:r 
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npoToHHhill Hany'laTenb H3 HHKenR aa c'leT peaKuHll nepeaa'IH? TaKoll eapHaHT eoaMo>KeH, 

xoTR npeacTaBnReTcR MeHee eepORTHbiM . JleilcTeHTenbHO, B aTOM cny'lae cn ea oeano 6 bi 

O>KHLJ.STb o6Hapy>KeHHR acP<PeKTa npH o6ny'le1!HH Ni 6opoM H Fe •• KitcnopO LJ. OM. 

06Cy>KLJ.eHHe pe3yllbTSTOB 

1. B Ta6nHue III ll0K838Hbl OCHOBHhle X8p8KTepHCTHKH Ha6n~Q8BWRXCR npOTOHHWX 

H3ny'laTenellx/ TaM >Ke npHeeaeHbl KynoHoecKRe 6apbepbi (II 
p 

T a 6 n H u a Ill 

VlaoTon (Br,l(r) 
'10·72 N/7 ,u/0-21 

Ep Mae 2,5!0,2 5,0 _!0,2 

Ty, ceK 23 .! 4 0,085 !0,015 

lip Mae 8,5 4 

';, /r o > 10
4 

- I 

LJ.IlR npOTOHOe. 

B rrocnenHell cTpO'!Ke Ta6nRuhl rrpHaeneHo TP - pac'leTHOe epeMa >KH3HH RD.pa, 

HCnyCKSIOLUero rrpoTOH C yKa3SHHOll 3HeprRell /no OTHOWeHHJO K xapaKTepHOMY !ILJ.epHOMY 

epeMeHR 'o I . npH pac'leTe rrpHHRMBilCR eo eHRMaHRe TOilbKO KynoaoecKHA 6apbep, 

IT03TOMy rrpHeeneHHI,Ie B Ta611HUe eerrH'IHHhl ~ / r
0 

cnenyeT pBCCMaTpHeaTb KBK HH>K

HRe rpaHHUbl, Ecn>l yrnoeoll MOMeHT, YHOCHMhlli ITpOTOHOM (f) I OTilH'IeH OT HynR, rp 

6yneT 6onbLUe. 3Ta eenH'IHHa eoapacTeT e nec!ITKH paa y>Ke nn11 f = 2 . 

Hcao, 'ITO aa6niOnaewaRcR aanep>KKa e rroReneHHH rrpoTOHHoro Rany'leHHR ae MO>KeT 

6hlTb o6ycnoeneaa KynoaoecKHM 6apbepoM. HaH6onee eepoRTHO, 'ITO oaa c·eRaaaa c rro-

3HTpOHHhiM pacrranOM .8 pe3yllbT8Te RnepHOH peaKUHH e03HHKaeT H30TOIT, HCITb!Tb!eaiOWHll 

rroaHTpOHHhiH pacrran c 6onbwoll aaeprHeil. Jloqepaee Rnpo o6nanaeT aeebiCOK oll y cToli

'IHeocTbJO OTHOCHTellbHO HCITyCKaHHR npOTOHa . JlOCTaTO'IHO HeKOTOpOI'O eoa6y>KLJ.eH HR noc-
+ • 

ne (3 -rrepexoaa, 'IT06bl H3 Rnpa ebiileTan npoToa. B cnyqae pacrrana rrepeoro Rao-

Torra ( Br, [(r) npOTOH BblXO.!lHT 38 npe.nenbi ~npa 38 Cl.feT TyHHenbHOrO MeX8HR3M8, 

aa ypoeae - 0,3 OT ebiCOThi KynoaoecKoro 6apbepa. Kapntaa pacrrana rrpH 3TOM aaano-

I'H'!Ha rrpoueccy HCITyCKaHH!I LJ.11HHH011p06e>KHb!X a -qacTHU Til >Kerrb!MR RLJ. paMH, npo-

TOH bi c 3HeprHell - 5 Mae rrpoxonRT Han 6apbepoM; e naHHOM cny'Iae HMeeTCII rronaaR 

8HanOrHSI C "'38ll83.UbiB810WHMR" Het\ T pOH8MR. 

OmtcaaHblll THIT npOTOHHoro pacrraaa aon>Ken 6b!Tb eecbMa pacrrpocTpaHeHHbiM 51B

XI 
B Ta6nRuy He eKn,rqea rrpoTOHHbili Hany'laTenb c 

wHAc51 e Haw en pa6oTe 115 . O H o6paaoebleancR Ha Ne 20 

aacTORLUell pa6oTe aTOT Rany'laTenb He HccnenoeancR. B 
eKnan, O'ieeHLJ.HO, s o6nacTb Ep < 4,5 tv\ae. 

12 

T y2 =0,5-1 ceK, Ha6nJOaae
aa C'leT peaKuall nepeaa'iH, B 
cneKTpe Ha pHc. 4 oH aaeT 



neHHeM e6nH3H rpaHHUbi npoTOHHOI! HecTa6HnbHOCTH sr uep ( BP = 0) , a nepeyro oqepe!lb, 

unsr 'leTHbiX aneMeHTOB EcTecTeeHH O, 'I TO u nsr cywecTeoeaHHSI TaKoro pac naua 3Heprusr 

- . 
no3HTpOHHoro n epexoua uon>KHa npeBb!W8Tb aHeprHro cesr3H npoToHa. S o n ee Toro, E 

+ . 
/aHeprHsr eoa6y>KueHHSI sr u pa nocn e {3 - pacnaua/ uon>KHa 6biTb TaKoll, '!T06br KoH-

KypeHu Hsr co cTopoHbl pauHaUHOHHoro nepexou a He 6brna nouaensrrowel!. 3T o no cywe

cTey ycnOBHe unsr 3HeprHH Hcnyc KaeMb!X npOTOHOB Ep = E*- Bp • n o H8 WHM oueHK8M, 

KOHKypeH UIISI co CTOpOHbi Y -Hally'leHKSI 6yueT HecywecTBeHHa np11 EP > EP
0 

, npll'leM 

E MeHsreTCSI OT - 0,7 uo 2 Mae ~p HaMeHeHHH Z OT 20 uo 50. TaKI!M o6paaoM, 
Po + 

LlllSI n OSIBI!e HKSl npOTOHHOrO H31ly'leHHSl no e {:J - pacn8!l8 He06XO!lHMO 

F {3+- ( E Po + B P) > 0 • B e poHTHOCTb npo ecca 6 y.ueT, o<teBH!lHO, yeenH'IHBBTbCSI c poe

TOM "TOll p83HHUbl. H e KOTOpble oueHKH TOll BepOSITHOCTil n o CT8THCTH'IeCKOII MO!lenH 

npoeeueHb! a
1111. CoeepweHHO H e o6SI3 Tel!bHbiM SIBnsreTcsr y cnoeue, Bb!Ll BHH y Toe a 

/ 9 / / 9 / I pac'leTHOII pa6oTe 8 C'!HTaeTCSI He06XOLl:M blM, 'IT06b! H8 npOTOHHo-HeCT86Hnb-

Hb!ll y poeeHb npOHCXOLlHll CBepXp83pewe Hb!ll {3 -nepeXO!l, npoTOHHblll pacnau MO>KeT 

6b!Tb Ha6n rou a eM , ecnu OH npoucxouHT hocne o6biKHOBeHHoro {3 + -nepexoua u ua>Ke 

e c :ru c aTKM nepexouoM KOHKypHpyeT ceepxpaapeweHHbrll 6ea p -pacnau a. Bee 6y-

ueT onpeuensrTbCSI Ce'IBHI!eM o6pa30B8HI!Sl\ H30T Ona H 'lyBCTBI!TenbHOCTblO annapaTypb!, 

Hauo cKa3aTb, 'ITO HI! a O!lHOM 113 Ha6nrouaew11xcsr cny<taee HcnycKaHHsr 'aauep>KaH-

HbiX npoTOHOB ' HeT ceepxpaapeweuaoro {3 -nepexou a ua npoTOHHo-aecTa6HnbHb!ll ypo-

2. BoaMo>Kell ewe OLl HH MexaHH3M p - pacnaua c 6onbll!IIM nonynepuouoM -

1130MepHblll. VlaeecTao, 'ITO a sru e pHb!X peaKunsrx c Tsr>KenbiMII HOH8MII c 6onbwoll eepo

IITHOCTbro UOS!BllS!IOTCA KOH<f:lHryp8UHOHHb!9 H30Mepb!, 3TH Sl!lp8 H8XO!lSITCil B COCTOHHHH 

C BbiCOitHM Cni!HOM, o6p830B8HHOM B p e3yllbT8T9 B036y >K !l9HII Il HeCKOilbXHX HyXnOHOB, 

.[lnll nepeCbiW9HHOrO npOTOH8MH H!lp8 T8K09 COCTOHHI!e MO>K9T OK838TbCil npOTOHHo- He-

yCTOII'IHBbiM, ecnH E* > B p 

Bb!COXHII CUHH COCTOSIHHH npHB9!l9T K UO!l8Bil9HH!O p8!lH8UHOHHOrO nep9XO!l8 , ll!lpO 

6yueT pacnauaTbCH , HcnycKaH npoToH c aHepruell EP = E*-BP. C upyroll c TopoHbr, 

COBM9CTHOe ueiiCTB HB K y llOHOBCXOrO H U9HTpo6e>KHOrO 6apbepOB o6ycnOBHT 6onblll09 

epeMH >K H3HH OTHOCHT 91lbHO UpOTOHHOrO p8CU8!l8. 8 06ll6CTH Tll>K91lb!X H!l9p H86lliO!l8-

llHCb a 8KTHBHb!9 KOH¢Hryp8UHOHHbl9 H30M9pb! C K 03<f:l<f:lHUH9HT8MH 38npeT8 !lO 

1014 121- 23 1, 8 pa60T8X/
24- 251 

nOHBil9HH9 BblCOKOCUHH OBb!X H30MBpHblX COCTOHHHII 06o

llCHH9TCH l'llHRHHeM ocTaTO'!Horo n- p B38HMO!lellcTBHH, B
125 1 

y Ka3biaaeTcH, 'ITO aoa

MO>KHO UOilBilBHHe KOH <f:lHryp8UH0HHb!X H30M9p0B B 06ll8CTH Sl!l9p cpeu aero 8TOMHOrO 

aeca. 

BepoHTHOCTb npoTOHHoro pacnaua HaoMepa MO >KeT 6b!Tb npu6nu>KeHHO aanucaHa TaK : 

KB8HTOMeX8HH'IBCK81l npOHHU8eMOCTb 6apbepa Llllll UpOTOHB C 

MOMeHTOM np11Be!l9HH81l aepOHTHOCTb npouecca, XOTOp8H 38BHCIIT OT CTpy x-

13 



," ~ 

Typbr cocTOIIHHR, H8 pHC, l l nOK838Hbl pe3ynbT8Tbi p8c'leTOB xoa ,P,PHJJcHeHT8 38npeT8 
• / 26/ 

p - p8CU81l8 38 c'leT yrnosoro MOMeHT8 1Hcnonb30B8H8 ,PopM yn8 H3 I anR Rllep 

c Z ; 30 11 50. 38np eT 38 c'leT cTpyxTypHor<> cP8KTOp8 Be Tp eoyeT aeT81lbHwx 

p8c'leTOB. LlnR a - 8 KTHBHblX H30MepOB 3T8 KOMUOHeHT8 381lpeT8 llOCTHr8eT 106 , 

H e HCKillO'IeHo, ,'ITO OOH8py>KeHnbri! H8MH npoTO HH brll H31lY'I8Tenb c nonynepHOilOM "11 

- 2 3 CeK eCTb npOTOHH 0-8KTHBHblfl H30Me!i> CO CRHHOM 8-1 0 1i • 

B H8CTO I! wee BpeMR B H8well naoop8TPpHH RpOilO!f>KaeTC!I Jll8Rblre'lluree Kccne.aOB8-

HHe p - pa c nall8 p81lH08KTKBHblX Rllep . U enbro 3THx pa6oT l!BnReTcll axcnepHMeHTan~o

Hoe onpeaeneHHe MexaHH3M8 o6Hapy>KeaHoro npoToHHoro pacnaa 8 H oonee TO 'I H8R H.a eH

THcPHK8uHR nony'!eHH~ H30TOUOB, 

ABTOp br s ecbM8 n pH 3H8Tenb)ibi 3.3. PbrR ilHHoli c c oTpy,a HHKBMH 38 6onbwoll Tpy.c; 

no H3 roTosneHHIO KpeMHHeBbiX .aeTe k.Topoe , ponh KDTophiX a HBCTOHweA: pa6oTe· cywec TB eH-

H8, ABTOpbr HCKpeHHe 6naro.a8pRT B. THTOB8, Iii. 4yrpeeB8 - 38 npoaeaeHHe KOH-

cTpyxTop cKHX p860T , E . A . MHHHH8, H . Ll8HH/IOB8, 6. 6H6H'IeB8 - 38 noMOLLlb npH noa
.,... 

roTOBKe a xcnepHMeHTOB H rpynny UHK/lOTpoH8 noll pyxoso.acTBOM A . H . ~H nHnCOH8 38 

o6ecne'leHHe o6ny'leHRll. 
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eo 

10 
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P H c. 2. KanH6poBO'IHble KpHShle, rrony'leHHble a pa60'IHX ycnoaHHx: 

a/crreKTp a -'laCTHU The' ; HCTO'IHHK rroMemea Ha Ll HCKe. KonH-

'IecTao aemecTaa Me>Kay RCTO'IHHKOM H Ll eTeKTopoM &KBHBaneHTHO lS~t At 
6 I crreKTp HMll)'llbCOB raaoBoro c'leT'IHKa anSI a -HcTO'IHHKa 5,5 Mas, 
IIOMe!lleHHOrO H8 p8CCTOSIHHR 3 CM OT BXOL(HOrO 0KH8, 
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P u c. 4. a/ 3uepreTH'lBC KKA c neKTP npoTOHOB npH o6ny"'eHHH Ni HOHBMK Ne 

CneKT p fj K y - Q:>oaa 3a wT pa xo saH.I LlHcK - 50 ll Af. 
ttyscTBHTBTJbHbtA c noti KpeM H H B BbiX ,aeT eKTOpOB .,. 200p. I ; 
6/ T OT >KB C OB KTp C B bt'l 8 T OM fJ- Jl y - tj)OH8. npa Onpe.aenBHKH 
aHeprHH I S . Ma e / r pyaa bl npo To Hoe ylfTe Pf O nornoweH ae s sewecTse 
MB>KD,y .C. HC K O M H Kp8M HR 8rtbJMH .aeTBKTOpS M H, 8 T 8JOK8 OOI"'TJOW8 HH 8 B 

C8 MOM .lJ. H C K8 / 38 C'l8T B6HB8HHR R .ae p / . 
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19 



Np 

60 

so 

4o 

30 

2.0 

10 

0 10 

p H C . 7. 

. •; 

a (/; 

t 2.5 HeV Np 
0 60i L + 2,51'fev . 

SIJ 

~0 

30 

eo 

10 

I 0 0)o;;., 
I I 

2D 30 40 so 60 nc 0 tO eo 30 4o 50 60 nc 
20 

a / 3HepreTH'IeCKHl! cneKTP npoT OHOB npH o6ny'leHHH Ni HOHSMH fie 
CneKTp f3- H y - clJoHa noKa3aH qepHbiMH TO'IKSMH. 
I J)HCK 9,3 p. At , 'IYBCTBHTenbH bll! enol! KpeMHHeB biX aeTeKTopos ~ SOp. I. 
61 ToT >Ke cneKTp c Bbl'!eT OM {3 - H y - ctJoHa . 3HeprHll / 2,5M:as / 

rpynnbl npoTOHOB o npeaeneHa c y'leToM nornoweHHll. 

Np 

~0 

20 

1,0 2,0 

-t3f'Re 
2a 11Re 

3,0 EpHev 

P H c . 8. CneKTpbl npoTOHHol! rpynnbl c :aHeprHell 2,5 M:as. Tonu..HHa nornoTHTenll 
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