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K BaCTomD.eMY apeMeBI BMGGTCB psut pa60T, n ocamn.eBBbiX accneAoaaBBJO peaxlUIII 

/ 1-9 / 
C yrnepOIIOM. 

B mBpoKOM ABanaaoBe sBeprz A ycxopeHBbiX "'aCTBn B3M&pSIJJBe& 4JyBKUBH a oo!Sy)KAeBKB, 

ucjM!lepeanBan&able B nonBble ce"'eBHII liAR p a3nB"'BbiX x a aanoa peaxnBB, HMe JOma eeg SKen e-

pHM9BT8llhBbl9 118HBbl9 U03BOIISliOT eAenaT& H9KOT0pbl9 npeAnonoJKeHRII 0 M9X81ll13 Me pear<

JUII renasr-8 e y r n epOIIOM, T a M ae Ma Bee, R3MepeHRII TOn&Ko yrnoabiX paenp eAeneBall 

npOIIYJtTOB pealtlUII R UOIIBbiX Ce"'eBBII Be aeer11a npHBOII!IT It 0 "19BHIIBOMY 38KIIIO"'9HHIO 0 

M9X4BK3M9 p eaxnall, 00!Iy'I9BK9 IIOUOIIBBT9llhBOII RBcjJOpM8URB B03MOJKBO R3 aeeneAOBaHJIII 

nongpaaanaz npOJIYKTOB peaxnxA. 

HaMepeaaA nongpxaau• npOToaoa a peaxnRBX e He3 ilO aaeTomn.ero ape MeRR 

np&JtTR"'eeltH Re npoaoAKnoc&, Haa ecTBa OIIRH nRm& pa60Ta
1101 

no aeeneAOBaHRJO n ongpa-

341UB UpOTOBOB B3 pealtUU B1'XIIe 3,1\) C12* AnSI rpynnbl npOTOBOB, eOOTBeTeTByJOme ll 

nepBOMY aoo!SylKnellBOMY eocTOSUiliJO d 2 
• Oxaaanoc&, "'TO npOTOHbl aa SToll peaKnBB 

HMeiOT 6om.my10 CTeneBh nongpR3HIUIR. 

aa!SnJOII8eTCSI pe3Jt0 Bblp 8lK9BB811 pe30BaHeBHSI 

eTpyltTyp4 cjJyBitlUII B036y)KAeBKSI e Bb!XOIIOM npOTOBOB, 

Yrnoable paenpeAeneuSI npOTOBOB yxaahlaaiOT Ba eRn&ayJO RBTe p cjJep e anHJO paanH"'HbiX 

eOCTOSIBSIII eOCTBBBOrO SIApa d 5 
, Bee 9TO U03BOIIS19T npellnOnaraTh BMK"'Be 3B4"1BT9n&BOII 

UOII8pB38lUIK npOTOBOB B pealtUHSIX renBSI-3 e yrnepOIIOM, 

B BaeTomn.eA pa!SOTe npBBOASITeSI peayn&TaThl R3NepeHKA nongpBaanaB npOToaoa 

B pealtlUIB ci 2(He3 ,p0 )N14 npR 9BeprHR BOBOB He
3 

2,95 M s a IIIISI yrnoB 45~ 90° H 

135°n.e. 

TexaRxa sxenepaMeBTa 

lly"'Oit ROBOB renaB-3 nocne npOXO)KAGRKII I<OIInBMBpyJOWRX IIRHcjJparM IIR8M9TpOM 3 MM 

UOU811Hn Ba yrnepOIIBf!O MRW9Hh 1 yeTaHOBII9HHYIO B ll9BTpe ltHMepbl paeee!IBB!L. ll011 yrnaMR 

8 a 48°, 90° R 185° OTROCRTGn&HO ll811810Wero ny"'K8 ROHOB lle3 yeTHB8BIIRBaneSI nonapa-

MeTp, eOCTOS!IllBII R3 BTOpOII yrnepOIIHOII MHW9HB R TpeX 1tp9Milli9Bb!X nonynpOBOIIBRI<OBbiX 

119T91tTOpOB, 

3 



0AaH K3 9TBX naTQXTOpOB1 yCT8HOBnaSShlA B sanpasnaSBB Bhlll9T& npOTOSOB 83 peax

QBB Sa nepsoA MBW9HB 1 cny~n B Ka~QCTBQ MOBBTOpa. nsa npyrBX pacnonaranBCb CBM-

MQTpB~O x sanpasneBBto BMneT& nporosos non yrnoM IJ •40 

11 MnynhChl OT Tpex neTexTopon onsonpeMesso nonananscb sa 266-xaaanhBMA aMnna

TynahiA 6nox MSOrOKaHanhHOrO aaana3aTOpa B Sa CXaMY KOnspOBKB HOMapa neTaXTOpa. 

•naMBTb' aaana3aTopa pa36ananacb sa secxonhxo ~acTeA nb 266 xasanos; B xa~noA B3 

sax peracTpaponanach aMnynhchl OT coOTBBTCTBytomero neTaKTopa. Taxaa MaTonaxa acxnto

~ana oma6xa B peracTpanaa ~acna BMnynhcon, CBB3aBHbie c npoc~eTaMB aaans3aTopos B 

cny~ae npsMeaeHBB oTnenhHMX aaana3&Topos nna xa~oro neTexTopa, 'ITO Morno t5bi nps

nonaTh K no~aoA aCBMMeTpss. 

11 cxnJO~ease no~aoA aCBMMaTpBB B B3Mepeaaax nongpa3aaBB npencTasnaeT OCHOBHyJO 

TpynHOCTb T&ltHX 9KCU9pBM9STOB. 

B aaCTOl!liieA pat50Te sTa 3&na~a pewanach TWaTenhHMM a3rOTonneaseM nongpaMeTpa 

a xoaTponeM reoMeTpaa nyTeM peracTpanaa a -'laCTBn oT nnocxoro panaoaxTanaoro npe

napaTa, noMemeaaoro sa MaCTO aTopoA MBmeBB. Pa3aana B OTC'IaTaX nesoro 11 npanoro 

neTeXTopon npa peracTpanaa a -'laOTan nasana acaMMeTpato < • 0,005 ±..0,003 B aaxona

IUICb B npenenax CT&TBCTB'Iecxax owBt5ox. BoaMo~as aCBMMeTpBB Taxoro pona nerxo 

yCTpaHBaTCH B B3MapeSBBX nyTeM UOBOpOTa nongpBMeTpa H& 180°. npyroA BBn no~HOA 

acaMMeTpaa - aeconnaneaae oca nongpaMeTpa c sanpasneaBeM BMneTa npOToaon B3 nepnoA 

MBWeBB, 'ITO npBBOnHT K pa3BhlM yrnaM pacCaSl.llBB npOTOSOB aa BTOpOA MBlllaHB nng neso

ro a npanoro neTexTopa. Taxaa acaMMaTpBB ae ycTp&HBeTCB nonopOToM nongpBMeTpa 

aa a3BMYTanDHMA yron rp = liT B Tpe6yeT TW&TanhHOA JOCTBpOBKB nonHpHM9Tpa C TO'ISOCTbJO 

no HQCKOnhKBX yrnOBbiX MBHyT, 'ITO npH nasaoA KOSCTpyltQBB K&Maphl paCCaSl.llBB He MOrno 

6hlTb o6aCQ9'19HOo no 9TOA npa~BHe B3MepeSHBB BCHMMeTpBB Ha C
12 

HOpMHpOBBIUICb H& 

H3MepeHBB B TOA ~e reOM9TpHB 1 KOrna B KB'IQCTBQ BTOpoA MHWQHB BCQOnh30B8JlOCb 3DnOT01 

TaK KBK nnll 30Jl0TB P2 = 0 
/I I / 

sxCTpanongqaa H3MepeasoA acaMMeTpsa aa yrnepone 

<(r!
2
) K 8CBMM9TpHB HB 30nOTQ < (Au) = 0 naeT neACTBBTQJlbHyJO 8CHMM9TpBJO 

yrnepone, XOTOpag HCUOnh3yeTCB nnll Bbi 'IBCneHSH QOJlBpB3IIaHB npOTOHOB P1 

Kax npasano, H3MapeasK nposonsnuCb Tax, 'ITO acaMMeTpBa c 30nOToA MBWallbJO 

6hina K&X nono~HTQnhBOA, TaK H OTpBll&TenhBOA ( eM. pBC. 5) . 

a a 

Ha pac. I npaae)leHa CXQMB OQbiTa. neahiA DL a npasMA DR neTeKTOpbi pacnona-

ranacb non y rnoM IJ ~ 40°. TenecHhiA yron nnB sTax neTexTopon (fl 2 ) cocTannAA 
-2 -2 

2 • 10 CTepan. TeneCHbiA yron nnB BTOpOA MHWQBB (fl
1

) COCTaBJlAA 1•10 CTepaJl. 

l13MepeSBB 6hinB BhinOJlHQSbl npB pa3HhiX TOnliiBHBX nepsoA B BTOpoA MKWQHB 

( 2 2) 3 150-250 Mr/CM , p2 •J0-30 Mr/CM • CpenHBB 9BeprHB BOHOB He HB nepaoA MBWQHB 

cocTaanAAa 2,95 Msn nps cpeJlHBM TOKe ny'IKB I - 2 MKB.. nonaag QOT9pll 9Hepras HOHOB 

4 

He3 B nepnoA MBWQHB npa < 

B peaKQBB C12 (He3
, p ) N14 B 

ssepraa He3 2,75 a 2,ee 
mesaJO m1xa OT a -~acTan 

3aepreTH'Iecxoe pa3perneas• 

8 Msn COCTaBnMO 60 K9B. 

pone B ocaonaoM onpenenan 

onpenensmacb no CMemeHBto 

3aa cnexTp npOToaos nna r, 

MBlii9HH 1 COOTBQTCTBytomeA J 

nasaeA noxa3&H nax npOTOH• 

aa 1,6 Msn. n yaxTapaas na 

Ta. npl!M851 nBHHll naeT 9H9 

s sepraa npOTOHHMX rpynn 

Ha pac. 3 naabi TBRH'I 

npaBbiM neTaKTopaMB nocne 

non K&~nbiM QBltOM QOK83bll! 

nonaoro qacna 3aperacTpap< 

nongpH38llHll UpOTOSOB 

paCCaSl.llHB npOTOSOB HB yrne 

nna BCBMMeTpHH 

rne NL - 'lacno OTC'IaTOB l 

P1 -nongpa3anaa npOToaon • 

nongpa3aQBOHH&B CUOC< 

aoa aa y rnepoJle cnenytomHM 

p = 
2 



dneTa DpOTOHOB H3 peax-

HX pacnonaranHCb CHM-

1 256-KaHSnbHblll SMnnH-

H HOMepa )l9T9KTOpa. 

xaaanoa; a xaJK.noll H3 

• Taxaa MeTOJlHKa acxn10-

reTaMB aaanaaaTopoa a 

:>pa, 'ITO Morno 6bl np.H-

npe.ncraanaeT ocaoaay10 

)TOBneBBeM DOnBpBM9Tpa 

>ro pa.naoaKTBBHoro npe-

rax neaoro B npaaoro 

'0,005 ±_0,003 B HBXOJIB-

raxoro po.na nerxo 

npyroll BB)l nOJKHOil 

naTa npOTOHOB B3 nepaoll 

ropol! MBIDQBB JlnH neB<>-

OpOTOM DOnBpBMeTpa 

IOnHpBMeTpa C TO'IBOCTblO 

pw pacceRBaa ae Morno 
12 

aopMHpoaanacb aa 

r acnom.aonanocb aonOTo, 

MeTpBH aa yrnepo.ne 

'10 SCBMMeTpBIO 

TOHOB P1 

c aonOToll MBWeHbiO 

a a 

.neTeKTOpbr pacnona-

(f! 2 ) COCT8BnSUI 

:sm 1·10-2 
CTepa.n. 

dt MKllieHH 

1e
3 

aa nepaoll MBllleaa 

911 nOTepSI 3H9pl'HB HOHOB 

He
3 

B nepaoll MHllleHH npa cpe.naell eaepraH 2,95 Mas cocTaansma 250-350 xes, Tal< 'ITO 

B peBJtllHH C
12

(He
3

, p ) N
14 

B036ylK)l8nHCb ypOBHH COCT8BROro ll.llpa 015 
, COOTB9TCTBYIOWH9 

saepraa He
3 

2,75 H 2,99 Mea
181

• Tonm•aa nepaoll MHllieHH P
1 

onpe.nensmaCh no CMe-

meHBIO n.HK8 OT a -'18CTBil Po B no lllHp.HBe nBK8 npOTOBOB B3 pe8KilBB d 2 (He3 , p ) N14 

3HepreTB'Iecxoe paapewea•e nonynpoao.nuaxoaoro .neTeKTopa .nnH npOTOBOB c aaeprHell oxono 

8 Mas cocTaansmo 60 xaa. 11osToMy lliHPBBa naxa .nna npOTouoa aa peaKil.HH He3 

po.ne a ocuoaaoM onpe.nensmacb Tonmauoll nepaoll MBWeaa. Tonmaaa BTopoll MBmeaa 

aa yrne-

p 
2 

onpe.nenHnacb no CMemeHBID D.HJ<a npOTouoa rpynnw P0 • Ha pac. 2 cnnolllaoll n•aaell noxa~ 

38H cneKTp npOTOHOB MB rpynn P0 , P1 , P2 6e3 BTOpoll MBllieBH, DpB TOJIIIUIBe nepaoll 

M.HllleHB, COOTBQTCTBYIOWel! nonaoll nOTepe euepl'BB BOHOB He3 340 XeB. lliTpKX-nyBXTBpBOil 

nHBHell DOK838B DBK DpOTOBOB rpyDDbl P
0 CO BTOpol! MKWeBbto B3 yrnepo.na, CMemeBHblll 

Ha 1,6 Mea. 11yaxTapuaa DBBHB coOTaeTCTayeT TOMY JKe n&xy co BTopoll MBlll&BblO aa aon<>

Ta. J1pHM8B DBHBH )lSQT eBepreTB'I9CXY10 IUIDH!SpOBKY )leTeKTOpa DO B3BeCTBblM 3HS'IeBBBM 

3H9pl'BB npOTOBHbiX rpynn 

Ha pac. 3 .naubr THDB'IBbre cnexTpw npOToaoa rpynnhr P
0 

, B3Mepeuuwe neawM a 

npaBbiM Jl9T9KTOpaMB nocne pBCCeHHBH Ba yrnepOJlBOil B 30nOTol! MBWeBB. J1yBKTBpH8H nBHBB 

no)l KSlK)lbiM DBXOM nOK83blB89T eKCTpanonsmato ljloaa, KOTOpblll Bbl'IBTSnCSI npa Bbl'IBCnaHBB 

nonHOl'O 'IBCna 38perBCTpBpOB8BBhiX BMnyJibCOB K8lK)lblM )l9T91tTOpOM. 

Bw'lacneuae nonspsaall.Ha 

11onspaaao:aSI npOTOBOB aa peaxnaa C 2(He3
, p

0 
)N14 

p8CC9HHBB npOTOHOB B8 yrnepO)lBOII MBID9BB. 

onpenenSinacb aa acaMMeTpua 

nna aCBMMeTpHB BMeeM cne.ny10ruee awpalK&BHe: 

• 
r.ne NL - 'lacno OTC'IeToB neaoro .neTeKTopa; NR - 'IHcno OTC'IeToa npaaoro .neTeKTopa; 

P1 -nonspaaanaa npOToaoa H3 peBJ<naa; P
2 nonHpH38DHOHH8H cnocoflHOCTb yrnepo.na. 

11onspaaanaoaaaSI cnoco6HoCTb P2 

HOB Ha yrnepo.ne cne.nylOIIlBM o6paaoM: 

paCC'IBTblBBnaCb H3 JlBHHblX nonHpH38DBB npOT<>-

E ...::f_u_(_E...;.)_P.:..2 ...:.( E...;.)_d_E_ P2=~= 
fu(E) dE 

5 



rne 
~-~() 1 

P
2

(E)= P
2

(E,9 )= u(E) Jq(())u (E,O) P2 (E ,())d(l 

0 
u(E)= ·~ =J q((I)U (E,O) d() 

q(() ) - <jlyHK.llBSI ,-rna (J , 3BRHCmllB!l O'r reoMeTpHH nonSipHM9Tpa. 

Ha psc. 4 noJta3aa RB.ll Rhi'IHCnesablx xpBRbiX P/ E ) H u (E) nn!l yrna 0 = ( 40::!:.5) 
0

• 

B Rhi'IHCneHHSIX <jlyHJO(HH P2 (E) scn011b3osanscb .llBHHbie no nonSipH3B.llHH nprnouos ca 

yrnepo.lle B3 patlOT/
12

-:.!Q/• .£b¢<j>epeHUH8llbHbl9 C9'19HHSI .llliSI Rbi'IHCneHH!l <i>YHK.llHII u(E) 
/21-28/ 

R3SITbl 8 3 patlOT • nocKOllbKY R 9KCnepsMeHTBX no .llROAHOMY paCCO!lHHIO ll9llb3SI yCTB-

HORHTb 3HHK nOl!SipH31lltHH P1 , TO Qll onpe.llaliSiliCSI R COO'rR9TCTRHH C npaRHllaMH 1 npeJI-

liOlKOHifbiMII Ha MelK.llYHapo.llBOM caMn03H'YMe no non~~ps3allJIOHHbiM csoAcTsaM uyxnouos 

/24/ !'! 19~0 r . , a KMVHHo, non~~pa3aUKH P1 Ha3biRaeTcst nonolKIITallbHoA s uanpasneHHH 

[ ~.3 K,] , rAe KHe
3 

- RonHOSOA ROKTOp nBJIBIOIIIHX 'IIICTH.ll H K, -ROJIHOROA R9KT0p Bbl-

neTa!OliiHX 'IBCTB.ll, 

B Taonsne 1 co6paabl sxcnepsMeKTallb&ble p e3yllbTaTLI. B nepsoM CTOn6ne JIHHbl 

yron Ha6nJOJ19BHSI 8 H Cp9.llB!lSI SHeprHSI npO'rOHOR 83 pe8K.llBB. Bo S T OpOM CTOnone - yron 

¢> - nonoJKeHHe non~~psMeTpa. B TpeTbeM - Tonm saa sTopoA Msmeus. B 'leTsepToM - 'IHCllo 

OTC'IOTOR MOHHTOpa R OTHOCHTOllbHbiX O.llHBR.llHX. B nHTOM B !UOCTOM - OTC'I9Tbl nesoro H npasoro 

neTeJtTopa npa pacceHHBa aa yrnepone, SOCbMOM s AORHTOM - auanors'IHbie senH'IHHhi nps pac

cellHaH sa aonrne. B ceJibMOM H AeCHTOM - a3MepeuuaH acaMMOTPB H < , cooTseTcTseuuo AnR 

yrnepoAa a 30JIOTa. B nocneJIHHX Tpex cTon6nax .ll&Hbl 3HB'IeHHH nonSipH3 allHH P 
1 

H p 
2 

H cpeJI-

uee 3HB'IeHse P
1 

• B Sbi'IHcnessSIX ?; Y'IHTbiR&liCSI CTBTHCTBCTH'IOCKHA sec OT.llellbHOrO 

H3MepeHHSI no O'rC'IeTaM MOHHTOpa. npsseneHHbie R THOnB.lle 1 OWHOKH HRll!liOTCSI Cp9JIH9-

xsaApBTH'IHhiMH owsoxaMH H3Mepessa. Ous onpenenHnHcb CTHTHCTHKOA OTC'IeTOR JIOTeKTQ-

pos ~ H NR , ueonpeAeneHHOCTbJO sxcTpanonmas ¢os a s o6nacTb nsKa OT perscTpspye

MbiX npOTOHOB, HeTO'IHOCTbiO IOCTHpORKH OCH nOliSipHM9Tpa OTHOCHT9llbHO HanpasneHH!l .llRH

lKOHHSI npOTOHOS, OWH6K4MH Rbl'IHCliOHHH UOll!lpH3BABOHHOA CnOCOfiBOCTH .llll!l yrnepona. 

Ha pac. 5 sxcnepHMOHTallbHbie pe3ynbT&Tbl npencTasneHbl rpa¢s'lecxa. B sepxael! 

'laCTH pacyuKa naHhi pe3ynLTBTbi H3MepeHHst non!lpH3B.llBH P1 
R 38RHCHMOCTH OT nony'lae-

MOA BCHMM9 TpHH HB 30liOT9 < (Au ) npu HeH3MeHHOl! reoMeTpHH. B HHlKHeA 'IBCTH p scyu-

KB - ycpe.llBeHHb!e no HeCKOllbKHM H3MepeHHHM 3Ra'leHHSI nOll!lpH3 &.llBB pi R 3BBHCHMOCTH 

O'r yrna e (n.c.). 

npsseneHHble pe3yllbTCTbl CRHA9T9 llbCTRYJOT 0 3HB'IHTellbHOA UOll!lpH3B.llRH npO'rOHOR 

B peaxnaa C12
( He3 

• p ) N" nps 9HeprHB OK OliO 8 Mss, ocooeHHO nnH MBllb!X yrnos. neTanb-
0 

HOe HCCllei!OBBHHe SHepreTH'IeCKOA H yrnOSOA 3BBHCHMOCTH UOll!lpH3B.llHH ll03ROliHT nony'IHTb 

nononHHTenLayJO su¢opNanHJO nnH auans3a peaKnsA He
3 

c yrneponoM. 

6 

'} 

It 
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JJIS!pH3aUHH UpOTOHOB l!a 

IHCneHH!I 4JyHKUHH u(E) 

IMY p acce!IHKIO uellb3H ycTa-

rcTBHH C npaBHnaMII, npeA

M CBOIICTBaM Hyi<nOHOB 

i T9nhHOII B Hanp aBnSHHH 

'I> -aonuoaol! aexTop Bbl-

USpBOM CT On15u e A8Hbl 

, B o BTOpOM cTon6ue - yron 

1meaH. B 'IeTaepToM - 'IHClJo 

· - OTC'<STbl neaorco H npaaoro 

. OI'H'IHbiS BenH'IHHbl UpH pac-

Sl f t C OOTB9 TCTBe HHO ll.nH 

oliS!pH3allHH PI B p 
2 

H CpeA

~TH'ISCKHII BSC OTUSnbHOI'O 

mH15KH HBn!IIOTcH c peuue

·HcTHXoA OTC'ISTOB U9TSKTo-

9CTb DHK8 OT per BCTpKpye-

BTe llbHO a anpasne it HSI JlBK-

SaocTH anH yrnepoaa. 

r p a4JH'ISCKH, B aepxaeA 

3 38BB C KMOCTH OT nonyqae-

IH. B HHJKHe ll qacTH pHcyu

a a anHH P1 a a aaHCHMOCTH 

01! nonHpH38UHH npOTOHOB 

0 anH MBnbiX yrnOB, neTanb-

pH3 8UHH U03BOnHT nonyqHTb 

nepoaoM, 

'f 
J 

B aaxmo'Ieuae aaTopbl Bb!paJKaiOT 15naroAapaOCTb A. )f(y i<oay, PoaMapu Kpay a e , 

H. nHHbKOBY aa yqacTHe B sxcnepHMeaTax, H. qenyp'IeHxo a r pynne s xcnnyaTaUBB 

s n exTp OCTaTH'Iecxoro reaepaTopa aa ol5ecne'IeHae pa60Tbl yci<opaTena. 
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