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1. BeeoeHue 

HacToJiw;a.a: pa6oTa .a:snJieTcJI npo,ll,omKeHBeM cucTeMaTu
qecKBX uccne,IJ,oBaHBB peaKUBii rr N • rr rr N s6nBJB nopora, 
npe,11,npBHJ1TbiX HaMB rnaBHbiM o6paJoM c uenbiO nony'leHBJI 
BH~OpMaUBB 0 llBOB·fiBOHHOM B3aBMO,IJ,eHCTBBB npB HB3KBX 
3HeprBJIX. 

HHTepec K peaKUB.&:M rrN _, rrrrN s6nBJB nopora BOJpoc 
B KOHUe 60-x _rO,IJ,OB B CBJI3B C llOJIBneHBeM TeOpBB, OCHO· 
BaHHoii Ha KBpanbHoii SU2 xSU2 anre6pe TOKOB B runoTe3.e 
0 'laCTB'IHOM COXpaHeHBB aKCBanbHO·BeKTOpHOrO TOKa/1/ . 

0,11,HaKo npu 3HeprBJIX na,11,arow:ero nuoHa, MeHbWBX 
300 M3B, ,11,0 nocne,IJ,Hero BpeMeHB OTHOCBTenbHO ,IJ,eTanbHO 
6wn BJy'leH TOnbKO O,IJ,BH KaHan: rr-p -> rr+rr- n . 

3KcnepuMeHTanbHble ,IJ,aHHble o6 3TOM KaHane 6blnB. 
nony'leHbl B 1965 r. B ,lJ;y6He ~OT03MynbCBOHHbiM MeTO• 
,IJ,OM /2/. B 1974 r. uaMB 6wnu nonyqeuw TaJOKe ~oT03Mynb
cuoHHbiM MeTO,IJ,OM oueHKB nonHwx ceqeuuii peaKUBii rr+p-> rr+rr+n 
B rr+ p -. rr +rr0 p npu 3HepruJix 230 B 275 M3B 131 

U.enbJO HacToJiw;eii pa6oTbl JIBnJieTCJI uccne,IJ,oBaHue peaK
UBB rr-p-.rr0 rr 0 n npu 3Hepruu 270 M3B. B o6nacTB HB3KBX 
3Hepruii, ,11,0 300 M3B, BMeeTcJI scero ,IJ,Ba BJMepeHB.a: ce
'leHBJI 3TOrO KaHana, KOTOpble CBnbHO OTnB'IaiOTCJI ,11,pyr 
oT ,11,pyra. 

B pa6oTe qeua u ,11,p. 141 , swnonueuuoii B llpBHCTOHe, 
nonuoe ceqeuue BJMepJinocb no cneKTpaM ueiiTpouos; npu 
3Hepruu 291 M3B ceqeuue peaKUBB rr- p ->rr 0 rr 0 n oueuusa
eTcJI B 1 ,25+0,35 M6. 

B pa6o;e Kpasuosa u ,11,p. 151 c noMoW:biO .II.BYX qepeu
KOBCKBX cneKTpOMeTpOB perBCTpBpOBanBCb cneKTpbl 3neKT • 
pOHOB B ll03RTpOHOB, o6pa30&aBWBXCJI B pe3ynbTaTe KOHBep-
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CHH raMMa-KBaHTOB OT peaKnH:ii rr-p-+77°77° n , 17-p-+rr0y n , 

rr-p_. 77° n , 77-p-+77° 77- p B CBHHUOBLIX KOHBepTopax. IIpo

Be~eHHLIH aHanH3 noKa3an, qyo 76~'cneKTpa o6ycnoaneHo 

raMMa-KBaHTaMH OT peaKnHH rr -p -+rr 0 rr 0 n • IIonHoe ce

qeHHe :no:ii peaKnaH* oKa3anoc& paBHLIM 0,27±0,07 M6. 
B HaCTOJIJUeii pa6oTe ceqeHHe peaKnHH "-p -+rr 0 rr0 n·onpe

~enJieTCJI C nOMOJUhiO 4-KaHanhHOro rO~OCKOna qepeH

KOBCKHX cneKTpOMeTpOB no c;neKTpaM raMMa-KBaHTOB OT 

~BYX KaHanoB peaKUH:ii: 

77-p-> TT0 TT 0 0, 
/1/ 

rr-p -+rr 
0 y n . /2/ 

KaiC 6y~eT noKa3aHO B ,nan&He:iimeM, BKna,n OT peai(UHH /2/ 

B H3MepJieMwe CDeKTphl raMMa-KBaHTOB B ycnOBHJIX Hamero 

3KCnepHMeHTa COCTaBnJieT - 10~. 

2. 3KcnepuMeHJraAbHaJI yclllaHoeKa 

,lJ;nJI Hccne~oBaHHJI peaKnH:ii c o6pa3oBaHHeM Heii:Tpan&

Hwx qacTHU B KOHeqHOM COCTOJIHHH 6wna C03~aHa 3KCnepH

MeHTan&HaJI YCTaHOBKa, 06JUH:ii BH.z:t KOTOpO:ii CXeMaTHqeCKH 

noKa3aH Ha puc. I. 
YcTaHOBKa COCTOHT H3 cne.z:tYIOIUHX OCHOBHLIX qacTe:ii: 

1/ MOHHTOpHOrO TeneCKO_D:a H3 nJITH CUHHTHnnJIUHOHHhiX 

cqeTqHKOB M 1 M2 M3 M4 M 5 ,nnJI BLI~eneHHJI B3aHMo,ne:ii

CTBHJI nHOHOB B BO,z:tOpO,z:tHOH MHWeHH; 

2/ *B~KOBO,z:tOpO~HOH MHWeHH; 

3/ qena~pex qepeuKoBCKHX cneKTpoMeTpoB nonHoro no

rnOJUeHHJI ( r:l C:2 C 3 C 4 ) ~JI perHCTpaUHH raMMa -KBaHTOB 

H H3MepeHHJI HX 3HeprH~;. 1 nepe,z:t Ka~WM cneiCTpOMeTpOM 

6wn YCTaHOBneH q_BI!HIJ..OBLIH KOnnHMaTop H CUHHTHnnJinHOH

HLIH cqeTqHK ( f, 2, 3, 4 ), BKnroqeHHLI:ii B cxeMy aHTHcoana

~eHHH. 

p a6.oqaJI qaCTh *B,z:tKOBO,z:tOpO,z:tHOH MHWeHH npe,z:tCTaBnJI

eT co6o:ii CTeKnJIHHLIH ~hiOap UHnHH~pHqeCKOH ~OPMLI .z:tHa

MeTpOM 12 CM. 06'heM *B,z:tKOrO BO~opo,na - 3 A. BpeMJI 

nonHoro HCnapeHHJI - 20 '1. TOnJUHHa CTeKnJIHHLIX CTeHOK 

* H3MepeHHJI npoBO~HnHCh npH 3HeprHH 275 M3B. 
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;J;LIOapa COCTaBJI.IIeT 4 MM. TOJillUIHa 060JIO'IICB B3 aJDOMBHBJI 
paaua 2 MM. , 

Pa;J;BaTOPLI raMMa- cneiCTpoMeTpoB '6LIJIB B3roToaneHLI 
B3 CBBHIJ;OBOrO CTeiCJia Tcl>-1 C nOBLIWeHHOH npo3pa'IHOCTLIO 
/0,1~ Ha CM/ B BB;J;e WeCTBrpaHHBICOB C paCCTOJIHBeM 
Me)K;J;y napaJIJieJILBLIMB rpaH.IIMB 18 CM B ;J;JIBBOH 30 CM 

/12 pa;J;sau;BOHHLIX ;J;JIBH/. Ka)K;J;LIH pa;J;BaTop npocMaTpsaan
C.II O;J;HBMI ci>3Y-49. HcnoJIL30Bause pa;J;BaTopoanoBLiweu
uoii npo3pa'IHOCTB B nu;aTeJILHLiii po;J;6op ;J;eJIBTeneii uanp.II
>KeHB.II ;J;JIJI <1»3Y-49 n03BOJIBJIB noJiy'IBTL JIY'IWBe cneiCTpo
MeTpB'IeCICBe xapaiCTepBCTBICB ;J;JIJI cneiCTpOMeTpOB ,AaHHOrO 
TBna. 3uepreTB'IeciCoe pa3peweuse cneiCTpoMeTpoa ;J;JI.II 
raMMa-ICBaHTOB c 3Heprseii 129 M3B paBHO /26±2/o/o. 

.IJ;n.11 yny'lweHB.II apeMeHHLIX xapaiCTepscTBIC <1»3Y -49 
BCnOJIL30BaJICJI MeTO;J; BpeMeHHOH npBBJI31CB no nepece'leHBIO 
HYJI.II; 3TO YJIY'IWBJIO pa3peweuse B 4-5 pa3. BpeMeHHLie 
pa3peWeHBJI cneiCTpOMeTpOB npB perBCTpau;BB raMMa-ICBaH
TOB C 3HeprB.IIMB 30-200 M3B B cpe;J;HeM COCTaBJIJIJIB 
/4-5/ HC. lionee no;J;po6HLie ;J;aHHLie o cneiCTpoMeTpax 
ony6nsiCoaaHLI B pa6oTax 16 •7 I 

Casuu;oBLie ICOJIJIBMaTopLI, noMe~eHHLie nepe;J; pa;J;ua
TopaMB, BLipe3aJIB OICHO ;J;BaMeTpOM 13 CM C IJ;eHTpOM no 
OCB CneiCTpOMeTpa. To~BHa CTeHOIC ICOJIJIBMaTopa COCTaB
JI.IIJia 4 eM. CneiCTpoMeTpLI 6LIJIB ycTaHOBJieHLI nonapuo ua 
paCCTOJIHBB 40 CM OT u;eHTpa MBWeHB Ha nO;J;BB>KHLIX nJiaT
I}lopMaX, ICOTOpLie MOrJIB Bpa~aTLCJI BOICpyr OCB, npoxo
;J;JI~eii 'lepe3 u;eHTp BO;J;OpO;J;HOH MBWeHB. 

H3MepeHB.II npoBO;J;BJIBCL B .ABYX reoMeTpBJIX. B reoMeT
puu I o6e napLI cneiCTpoMeTpoB 6LIJIB ycTaHOBJieHLI no;J; yr
JIOM 90° IC ny'IICY, ICaiC noiCa3auo ua puc. 1. B reoMeTpBB I I 
O;J;Ha napa cneiCTpoMeTpoB 6LIJia ycTauoaneua no;J; yrnoM 
60~ a ;J;pyraJI - no;J; yrnoM 120°. B o6osx cny'la.llx pa3HLie 
napLI cneiCTpOMeTpOB HaXO;J;BJIBCL Ha O;J;HOH npiMOH, no 
o6e CTOpOHLI OT BO;J;OpO;J;BOH MBWeHB. 

3. Iloc•aHoaKa 3KcnepuMeH•a 

PeaiCu;Bro /1/ npe;J;nonaranocL BLI;J;eJI.IITL no yy-coa
na;J;eHBJIM OT nap 'lepeHICOBCICBX cneiCTpOMeTpOB, HaXO;J;JI-
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~BXCJI ·no pa3HLie CTOpOHY OT MBWeHB * • B 3TOM CJiy\lae 
~03MO>KJt,LI 'I~TLipe pa3JIB'IHLie ICOM6Buau;ss: (C1 +G>. (C1 +C4 ), 

(~ -+G }, (~ +C_J.YrJILI Me)K;J;y HanpaB-!!eHBJMB pe[BCTJ?BpyeMLIX 
raMMa -ICBaHTOB B ICOM6BHaiJ;BJIX (C1 +C<~) B ( <; +C1 ) paBHLI 

0 0 ...., ..., ~)t. 0 0 
180 ±14 , a B ICOM6BHaiJ;BJIX (C 1+(4)B(C2g, 3 )- 156 ±14 . 
TalC ICaiC peaiCu;BB c o6pa3osauseM 3ap.II>KeHHLIX qacTBu; sc
ICJIIO'IaJOTCJI c'leT'IBICaMB I-4, BICJDO'IeHHLIMB B ICauan aHTB
cosna;J;eHBii, TO, B npBHIJ;Bne, yCTaHOBICOit MOryT perHCTpB
poBaTLCJI CJie;J;yJO~Be peaiCIJ;BB: 

17-p-+ 17°17°0, /1/ 

17-p -+17°y 0, /2/ 

17-P-+17°o, /3/ 

17-P-+yyo. /4/ 

Ceqeuue peaiCIJ;BB /3/ npB 3Heprsu 270 M3B pasuo 20 M6, 
T. e. npsMepuo B 100 pa3 npeBLIWaeT ce'leHB.II peaiCu;Hii 
o6pa3oBaHBJI ;J;ononHBTeJILHoro nuoua. Ce'leHBe peaiCIJ;BB 
/2/, ICaiC 3JieiCTpoMarHBTHoro npou;ecca nepsoro nop.II;J;ICa 
no OTHOWeHBIO IC /3/, ;J;OJI>KHO 6LITL npBMepHO TaiCoii >Ke 
seJIB'IBHLI, ICaiC ce'leHBe I 1/. Ilpou;ecc pa,Asau;souuoro B3JIY
'leHBJI ;J;BYX raMMa-ICBaHTOB /4/ paCCMaTpBBaJICJI B pa6o
TaX/R,9,lO/. TeopeTB'IeCICBe OIJ;eHICB OTHOCBTeJILHOH BepO.IIT
HOCTB npou;eCCOB /4/ IC /3/ COCTaBJIJIIOT 1,2x10-4 19

( a 
3ICcnepBMeHTaJILHaJI ou;euiCa sepxuero npe;J;ena 3Toii senu
'IBHLI ;J;JIJI ocTauosuswsxcJI nsouos - 8,5x1o-4 I~/ H3- 3a 
MaJIOCTB Ce'leHBJI 3TOT npou;ecc B ,AaJILHeiiweM He pac
CMa TpBBaeTCJI. 

reoMeTpBJI ycTaHOBICB B noporB perBCTpaiJ;BB raMMa
ICBaHTOB 6LIJIB BLI6paHLI TaiCBM o6pa30M, 'IT06LI noJIHOCTLIO 
BCICJIIO'IBTL B03MO>KBOCTL perBCTpau;BB nepe3ap.II;J;ICB /3/ 
B CBeCTB ;J;O MBHBMyMa BICJia;J; OT peaiCIJ;BB /2/. 

* Pac'leTLI 34>cl>eiCTBBHOCTB ycTaHOBICB noiCa3aJIB, 'ITO 
BepO.IITHOCTL perBCTpaiJ;BB ycTaHOBICOH 3 B 4 raMMa-ICBaHTOB 
6oJiee 'I eM Ha nop.II;J;OIC MeHLWe, 'leM sepO.IITHOCTL perBCT
pau;BB ;J;BYX raMMa-ICBaHTOB. 
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3ueprH.II 17°-MeJoHa OT nepe3ap.11.zucu no~ yrnaMH, 6nH3-
KHMH K 90°, cocTaBn.lleT -200 M:JB. Hau6onee aepoJITHLIH 
yron paJneTa Me)I(Ay ~BYMJI raMMa-KBaHTaMH npu TaKOH 
3HeprHH 77°-MeJOHa paBeH 8 . ""50° .BepO.IITHOCTL pa3neTa 

0 min 
no~ yrnaMu 180 cunLHo no~aaneua, u, KpoMe Toro, 3HepruJI 
O~HOrO H3 raMMa-ICBaHTOB /neTJIII.{ero B CTOpOHy, npOTHBO
nonmKHYIO HanpaaneHHIO 17 °- Me 30Ha/ He MO)I(eT npeBLIIIIa TL 
15 M:JP. ~nH nonuoro HCKnroqeHHJI B03MO)I(HOCTH perucT
pauuu ~ayx raMMa-ICBaHTOB oT nepe3apJI~KH npu o6pa6oTICe 
~aHHLix ycTauaanuaancJI "nporpaMMHLIH" nopor E y>_ 
~30 M:JB. Ilpu TaiCOM nopore ycTaHOBKa Morna perucTpu
poaaTL ~Ba raMMa-ICBaHTa OT O~HOrO 17 °-Me30Ha TOnLKO 
c 3Heprue:H T17o~ 50 M:JB. 

qTo KacaeTCJI peaiCUHH /2/, TO, KaK noiCaJanu no~po6-
HLie pacqeTLI, BepOJITHOCTL ee perHCTpaUHH Cyll{eCTBeHHO 
no~aBneHa B TaiCOH reoMeTpHH H3- 3a CHnLHOH BLITJIHYTOCTH 
anepe~ yrnoaoro pacnpe~eneHHJI cao6o~uoro raMMa- KBaH
Ta H HJ-Ja ~oaonLHO BLICOKoro 3HepreTuqeciCoro nopora 
/EY~30 M:JB/. PeaiCUHJI /1/ Morna perucTpupoaaTLCJI no 
~BYM raMMa-ICBaHTaM nu6o OT pacna~a o~uoro "o -MeJoHa, 
nu6o OT pacna~OB ~BYX 77° -Me30HOB. 

B 3KCnepuMeHTe ucnonLJoaanacL :JneKTPOHHKa, paJpa-
6oTaHHaJI B OCHOBHOM B . .liopeHICO H ~p./11/, a TaiC)I(e ~Ba 
Tuna 6noKoB, pa3pa6oTaHHLie IO.AKHMOBLIM u ~p. /I 21a Jia-
6opaTopuu Jl~epHLIX npo6neM. 

BcJI uuclJopMaUH.II o perucTpupyeMLIX co6LITHJIX nepe
~aaanacL ua CTOHKY MHoroMepuoro auanuJa 1131, KOTopaJI 
cny)I(Hna ~nJI KO~HpOBICH H ynaiCOBKH BHclJOpMaUHH. 

Co CTOHKH MHoroMepuoro auanuJa curuanLI nepe~a
aanucL B naMJITL auanuJaTopa AH-4096, HaKannuaanHCL 
TaM, a JaTeM C nOMOII.{LIO nporpaMMLI CBJ13H nepe~aBanHCL 
Ha 3BM "XLroneTT-IlaKICap~ 2116-C". 

~nJI KanH6pOBICH cneiCTpOMeTpOB HCnOnL30BanHCL raM
Ma- KBaHTLI, o6pa30BaHHLie OCTaHOBHBIIIHMHCJI 17--Me 30HaMH 
B BO~OpO~HOH MHIIIeHH OT peaiCUHH 77 -p --> n rr0 H 17- p -+ n y /7/. 

4. Bbi'4UCAeHue Ce'4eHUJI peaKflUU 17 -p -+77 °y n 

TalC KaiC B 3KcnepHMeHTe H3MepHeTc.ll cyMMapHLIH cneiCTp 
raMMa-ICBaHTOB OT ~BYX peaiCUHH /1/ H /2/, TO ~nJI onpe-

8 

I> 

... 

.. 

',~ / '/ / ' / ' / / / 

K+A+ 
• a r, 

+ 
' ' I 

' I 

X + 

\ I 
\ I 
\ I 

\ I ;-y 
9 i! 

Puc. 2. ,l{uazpaMMbl, ucnoAb306aHHble npu 6bi'4UCAeHuu 
ce'4eHU.R peaKflUU "- p ... 11°yn. 

~eneHHJI cneiCTpa oT peaKUBH /1/ ueo6xo~HMO 6wno yqecTL 
BICna~ oT peaKUBH /2/. Ceqeuue npouecca "- p -+77°yn 6wno 
ablqucneuo no MO~enu M.M.Mycaxauoaa c ucnonLJOBaHHeM 
~uarpaMM, HJo6pa)l(eHHWX ua puc. 2. Ilpoae.D.eHHwe uaMH 
pauee pacqeTLI ceqeuu:H peaiCUHH "+p ... "+ y p npu :JHep
rHJIX 230 u 275 M:JB no 3TOH Mo~enu 131 OICa3aJlllcL 
B xopoiiieM cornacuu c :JKcnepuMeHTOM H c pacqeTaMH, 
OCHOBaHHWMH Ha COOTHOIIIeHHJIX anre6pw TOKOB/l 4

/. 

rnaBHWH BICna~ B ceqeHHe ~aiOT ~HarpaMMW /a/ B /6/ 
TOpM03HOrO H3nyqeHH.II 77- -Me30Ha H qaCTL ~HarpaMMW 
/r/, onucwaaiOII.{a.ll Hlnyqeuue 3ap.11~a npoToua. 

TaK ICaK OCHOBHOH BKna~ ~aeT TOpM03HOe HJnyqeHHe 
"--Me JOHa, TO npu ero pacqeTe yquTwaaeTc.ll ICaiC peJoHaHc
ua.11 8

33 
-~Ja "N -pacceJIHH.II /~uarpaMMa a/, TalC H ue

pelouaucuwe S- H P -~JW /~uarpaMMW 6/; ocTanLuwe 
.[\HarpaMMW BWqHCn.IIIOTC.II B "pe30HaHCHOM" npH6Jlll)l(eHHB. 

e 



H 

ID! 
I 

80 

40 

~ ~ roM ~ ~·~ ~ m N ~a w •• 
n.KAHAnA 

Puc. 3. OoHoMepHoe pacnpeoeAeHue apeMeHu no.RaAeHu.R 
CUZHaAa 0111 OOHOZO U3 cneKIIIPOMellpOB OIIIHOCUIIIeAbHO MOHU
IIIOpa. 

BKna,IJ; ,IJ;Harpauu a H 6 H qacTH ,IJ;Harpauuw z, onHCbiBaJOllleii 

H3ny'leHHe 3apJI,IJ;a npOTOHa, 3aBHCHT OT 3HeprHH raMMa

KBaHTa Ey npH6nH3HTenhHO KaK 1 /Ey H HMeeT MaKCH

MYM B HanpaBneHHH, 6nH3KOM K HanpaBneHHIO HMnynhca 

nepBH'IHoro TT --Me3oHa. CneKTp rauua-KBaHTOB, cooTBeT

CTBYIOlllHB ,AHarpaMMe /B/, npaKTH'IeCKH He 3aBHCHT OT 3Hep

rHH Ey_ H HMeeT no'I~H H30TponHoe yrnoBoe pacnpe,IJ;ene

HHe. Y'leT KOHTaKTHOH ,IJ;HarpaMMbl, a TaiOKe H3nyqeHHJI 

MarHHTHbiX MOMeHTOB HeiiTpOHa H npOTOHa /,IJ;HarpaMMbl 0 
H 'laCTh ,IJ;HarpaMMbl zj, KOTOpWe B CYMMe ,!J;aJOT He6onhWOB 

BKna,IJ; B nonHoe Ce'leHHe, JIBnJieTCJI CYllleCTBeHHbiM npH 

Bbi'IHCneHHH CfleKTpa raMMa- KBaHTOB flO,IJ; 60nhWHMH yr na:MH. 

Pe3ynhTaTw pac'IHTOB nonHwx ce'leHHii nponecca /2/ npH 

3HeprHH 270 M3B npH pa3Hblx noporax perHcTpanHH CBo-
6o,IJ;Horo rauua-KBaHTa noKa3aHw B 111a6A. 1 

Puc. 4. CneKIIIp zaMMa-KaaHIIIOB o• peaK~uu TT-P ... TT0 TT 0 n u~ 
TT -p ->77°y n ; cnAOUIHaJI AUHUJI - CYMMapHWU cneKIIIp, nyHK- , 

IIIUp- peaK~UJI TT-P->TT 0 TT 0 0. 
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Ce'IeHHe 
p83HhiX 

-
N!N! 

!!!! 
1 

2 

3 

N 

100 

Ta6nHua 1 

peaKUHH "- p ... TT 
0 

y n npH aHepi'HH 270 MaB npH 
noporax pei'HCTp8UHH CB060AHOI'O I'8MM8-KB8HT8 

n opor Ey, MaB DonHoe Ce'IeHHe, M6 

10 0,33±..0,03 

30 0,24:!.:.0,02 

50 0,18±..0,02 

--...J 

30 45 60 75 90 1)5 120 135 
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ToqHoCTb pacqeToB B HHTepBane 3HeprK8 nepBaqHoro 
rr -Me3oHa 100-300 M3B He xy:>Ke 10~. 3To CBJI3aHo 

c TeM, qTO BKna.n; CTPYKTypHbiX ,IJ;HarpaMM I e, 2, ol yqHTbi
BaeTCJI C TOqHOCTbiO 10~. 

H3 ma6A. 1 BH.n;Ho, qTo ceqeHae CHnLHo 3aBHCHT oT 
nopora peracTpau;aa cBo6o.n;Horo raMMa-KBaHTa. HecMOTPJI 
Ha TO, qTo nopor B ycnoBHJIX Hawero 3KcnepaMeHTa 6wn 
ycTaHoBneH paBHbiM 30 M3B, H3·3a yqeTa 3KcnepaMeH

TanbHoro pa3peWeHHJI ClleKTpOMeTpOB npH 3TOH 3HeprHH 
1±8 M3BI Morna peracTpapoBaThCJI raMMa-KBaHTbl H c 
MeHbweii 3Hepraeii I .n;o 10 M 3BI. Ilo3TOMY npa Bwqacne
HHH BKna.n;a npou;ecca B H3MepHeMwe cneKTPbl ycTaHaBnH
BancH "nporpaMMHwii" nopor 10 M3B. 

5. H3MepeHu.R cneKmpoe zaMMa- KeaHmoe om 
peaKijUU rr-p -+rr 0 rr 0 n 

Co6b1THJI, COOTBeTCTBYIOI.QHe peaKD;HJIM 111 H 121, Bbi
,IJ;enHnHCb DO YY -coBna,IJ;eHHJIM OT ,IJ;BYX qepeHKOBCKHX cneKT
poMeTpOB C MOHHTOpOM. Ha puc. 3 llOKa3aHO pacnpe.n;ene
HHe BpeMeHH llOJIBneHHJI CHrHana Ha O,!J;HOM H3 cneKTpOMeT
pOB OTHOCHTenbHO MOHHTOpa. YpoBeHb cnyqaJiHbiX COBna
,IJ;eHHH COCTaBnJleT - 10~. 34MtleKT Ha BO,!J;OpO,IJ;e onpe.n;e
nJinCJI nyTeM BbJqHTaHHJI OTCqeTOB npH nyCTOH MHWeHH. 
B cpe.n;HeM cqeT npH DYCTOH MHWeHH COCTaBnJln 145±51~ 
OT o6I.Qero cqeTa. 

Ha puc. 4 noKa3aH cyMMapHwii cneKTp raMMa-KBaHTOB 
OT .D;BYX peaKD;HH - cnnOWHaJI nHHHJI - H cneKTp raMMa
KBaHTOB OT peaKD;HH 111- llYHKTHp. Ilocne,IJ;HHH nonyqancJI 
BblqHTaHHeM H3 CYMMapHOrO cneKTpa BKna.n;a OT peaKD;HH 
121. BKna.n; OT peaKD;HH 121 He npeBbiWaeT 1 0~ OT CyM
MapHoro cneKTpa. Ha puc. 5 npHBe.n;eH cneKTP raMMa
KBaHTOB OT peaKn;HH 121. Ha puc. 6 cneKTP raM:wa-KBaHTOB 
OT peaKD;HH 111 cpaBHHBaeTCJI C pe3ynbTaTaMH MO.D;enH
poBaHHJI B npe.n;nono:>KeHHH, 'ITO MaTpHqHbJH 3neMeHT peaK
D;HH paBeH KOHCTaHTe. BH,!J;HO, qTo 3KCnepHMeHTanbHbiH 
cneKTp MJirqe pacqeTHoro. 

,nnJI TOrO, qTo6bl Bbi.IICHHTb llOBe,IJ;eHHe cneKTpOB B 6o
nee wapoKou HHTepBane yrnoB, 6wna npoBe.n;eHbl H3MepeHH.Il 
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Puc. 6. CneK•P zaMMa- KeaH•oe o• peaKfiUU "-P .... " 0
" 

0 n. 
reoMe•pu.JI I. Cn.IIOIIIHQ.JI .IIUHU.JI - 3KcnepuMeH•; nyHK•up -
pe3y.11r.•a•r.• MoOe.llupoeaHu.JI e npeono.11oxeHuu nocaoAHHozo 
MallpU'IHozo 3/leMeH•a. a/Oy = 90°, yy- coenaoeHuA(C +C ) 

I 3 
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B ,npyroii: reoMeTpHH: cneKTpOMeTpLI C1 H C2 ycTaHaBnH
BanHCb no.n yrnoM 60°, a cneKTpoMeJPLI ~ H C 4 - no.n 
yrnoM 120° no OTHOWeHHIO K HMnynLCY nepBH'IHLIX nHOHOB. 
PeJynLTaTLI HJMepeuuii: noKaJaHLI ua puc. 7. IloBe.neuue 
cneKTpa no cpaBHeHHIO c pac'leTHLIM ue MeuJieTCJI. 3Kcne
pHMeHTanbHLIH cneKTp, KaK H B nepBOB reoMeTpHH, M.llr'le 
pac'leTuoro. KpoMe Toro, B o6eux reoMeTpH.IIX ua6niD.naeT
CJI pa3nH'IHe B 3~eKTHBHOCTH perHCTpaUHH .I\BYX y -KBaH
TOB B 3aBHCHMOCTH OT yrnOB Me>K,D,y napaMH cneKTpOMeT
poB, c'leT B napax, uaxo,nJIIQHXCJI no.n yrnoM 180~ ua 20~ 
6onLwe, 'leM c'leT B napax , uaxo.nAIUHXCJI no.n yrnoM 156 °. 

liLinH npoBe,neHLI pac'leTLI C MaTpH'IHLIM 3lleMeHTOM 
k 2 

M 2 = 0,5 + 122 
k 

12 max 
/r,ne k12 - OTHOCHTellbHLie HMnynLCLI .I\BYX TT

0 
-Me30HOB/, 

OTpa:>KaiOIUHM aHOMallHIO B cneKTpe MaCC .I\BYX nHOHOB, 
BnepBLie ua6n10,neuuy10 B peai<UHH TT- p -+ TT + TT- n B6nH3H 
nopora /IS/. AuanorH'IHaJI auoManHJI ,non:>Kua ua6n10,naTbCJI 
H B cnei<Tpe Mace ,nByx nuouoB peai<UHH /1/. PeJynLTaTLI 
paC'IeTOB 3~eKTHBHOCTeii: perHCTpaUHH .I\BYX Y - I<BaHTOB 
C HOBLIM MaTpH'IHLIM JneMeHTOM OTllH'IallHCb He 6onee 'leM 
Ha 5~ OT npe:>KHHX paC'IeTOB; OT llH'IHe OT 3KCnepHMeHTanb
uoro cnei<Tpa coxpauunocL.PaccMaTpHBanacL TaK:>Ke BoJ
MO:>KHOCTb onucauHJI ua6n10.naeMoro cnei<Tpa raMMa- I<BaHTOB 
Ja c'leT auuJoTponuu yrnoBoro pacnpe.neneHHJI TT

0 
-MeJouoB 

B c.u.u. O.nuai<o .nnA cornacuJI c JI<cnepuMeHTOM Tpe6yeTCJI 
CllHWKOM 60llbWaJI aHH30TponHJI, 'ITO Mano BepOJITHO npH 
Juepruu 270 M3B. IlpH'IHHoii: pacxo:>K,neHHJI c pac'leTaMH 
MO:>KeT 6LITb 6onee MJiri<HB xapai<Tep CRei<TpOB TT

0 
-Me30HOB 

OT peai<UHH /1/ B paccMaTpHBaeMoii: reoMeTpHH no cpaB
ueHHIO C cllaJOBLIM 06'beMOM. 

6. OnpeoeAeHue noAHozo ce'leHUJI peaKfiUU 
TT- P -+TT

0 
TT

0 n 

Ilonuoe ce'leuue peai<UHH rr- p-+ rr 0 
rr 

0 
n 

no cllopMyne 
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Bbi'IHCll.llllOCb 

a Nn: -n YY 

INH£ 
r.ne N y y- HJMepeuuoe qucno yy- coBna.neuuii:, n y - BLI
'IHcneuuoe 'IHcno yy -coBna.neuuii: OT peai<UHH 12/ c yqe
TOM J<ll<ileKTHBHOcTu ycTaHOBKH, I - noToK nuouoB, na,naiO
mux ua MHweub, N H - 'IHcno .11,nep Bo,nopo.na ua c.M2 B :>Ku,n
I<OBo,nopo.nuoii: MHWeHH, f - J<ll<ilei<THBHOCTb 3I<CnepuMeH
TanLuoii: ycTaHOBI<H I< perucTpauuu yy -coBna.neuuii: oT 
peai<UHH /1/. 

3<ll<ilei<THBHOCTb perHCTpaUHH peai<UHB /1/ H /2/ no 
yy- coBna.nenHJIM pacc'IHTLIBanacL MeTo,noM MonTe- Kapno 
ua 3BM CDC- 6400. )J;nA peai<UHH /2/ pac'leTLI npoBo,nu
nucL c Ma TPH'IHLIM JneMeHTOM, onuCLIBaeMLIM .nuarpaMMaMu 
/puc. 2/. )J;nJI peai<UHH /1/ MaTpH'IHLIB JneMeHT C'IHTanCJI 
nOCTOJI.HHbiM. IlporpaMMa BLI,naBana l<ll<ilei<THBHOCTH pe
rHCTpaUHH .I\BYX raMMa-I<BaHTOB ,nnJI I<a:>K,nOii: H3 B03MO:>KHLIX 
,I\BOHHLIX KOM6HHaUHH cnei<TpOMeTpOB H cnei<TpLI raMMa
KBaHTOB .nnR I<a:>K,noro cnei<TpoMeTpa. 

,D;onJI nuouoB B ny'IKe onpe.nenAnacL no BpeMeuu npo
neTa. AnnapaTypuoe paJpeweuue cucTeMLI, cocTOAIQeii: Hl 
4 cuuuTunnHUHOHHLIX C'leT'IHI<OB, paBHJinocb 130 nc. C'leT
'IHI<H nepei<pLIBanu nnoma.nL 3x 3 ctJ. liaJa Me:>K,ny C'leT
'IHI<aMH paBHJinaCb 6 M. )J;On.ll nHOHOB B ny'IKe COCTaBnAna 
no JTHM H3MepeHHJIM 0,90±0,02. 3ueprHH ny'II<a paBHAnacL 
/270±14/ M3B. 

IlpH Bbi'IHCneHHH Ce'leHHJI BHOCHllHCb cne.nYIOIUHe no
npaBKH: ua yrnoByiO pacxo,nHMOCTb ny'II<a /5CI/b/, ua ocna6-
neuue noToi<a Ja C'leT nornomeuu.11 nuouoB B cTeni<ax 
Muweuu I 4o/o/, ua npoc'leTLI ex eM coBna.neuuJI MOHHTopa 
/60/o/, ua nornomeuue raMMa-I<BaHTOB B cTeui<ax MHweuu 
H B BeiQeCTBe CUHHTHllllJITOpa /40/o/. 

I13MepeuuJI npoBo,nunucL B Tpex ceaucax, B ,nByx reo
MeTpHRx. qepe3 ycTauoBI<Y 6Lino nponymeuo. 4,1x109 qac
THU B 1 ceauce; 4,3x109 - BO II ceauce u 3x109 - B II I 
ceauce. PeJynLTaTLI H3Mepeuuii: nonuLix ceqeuuii: npuBe,neubl 
B 11fa6A. 2. 

Ilonuoe ceqeuue peai<UHH /1/, ycpe.nueuuoe no TpeM 
ceaucaM, a = /0,32±0,04/ M6; owu6Ka H3Mepeuuii: onpe
.nenAnac_L no .nucnepcuu peJynLTaToB HJMepeHHJI ce'leHHJI 
B Tpex ceaucax. 
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7. CpaeHeHue c pe3yAbJfQIIIOMU opyzux pa6olll 

Ce'leHue peaxJUH /1/ npu 3HeprHJIX JJ.o 300 M3B H3-

MepJIJIOCL B JJ.Byx pa6oTax. B pa6oTe qeHa H JJ.p. /4/ npu 

3HeprHH 291 M3B ceqeHHe peaJCI(HH /11 paBHo 

11,25±0,35/ M6, B pa6oTe KpaBUOBa H )J.p. npH 3HeprHH 

275 M3B ce'leHue paBHo /0,27±0,07 I M6. Pe3yJILTaTLI 

pa60TLI qeHa H )J.p. npOTHBO~e'laT HaWHM H3MepeHHJIM 

H pe3yJILTaTaM KpaBUOBa H JJ.p/ I_ KpoMe Toro, OHH Haxo

JJ.JITCJI B npOTHBOpC'IHH C H3MepeHHJIMH nOJIHLIX Ce'leHHH peaK

I(HH TT- p -> TT + TT- n / 2 / , eCJIH HCnOJIL30BaTL H30TOnH'IeCKYJO 

HHBapHaHTHOCTL. Ha 3To o6cTOJITenLCTBO 6wno o6pa~eHo 
BHHMaHHe B pa6oTe M.MaxapoBa H JJ.p/ 16( Ce'leHHe peaxuuu 

111 He MO)I(eT 6LITL CTOJIL 6onLWHM. EJJ.HHCTBeHHLIM o6'LJic

HeHHeM B03MO)I(HOrO pOCTa Heynpyroro Ce'leHHJI B HHTepBa

Jie 270-290 M3B MO)I(eT 6LITL/ ecnu 3KcnepHMeHTaJILHLie 

)J.aHHLie BepHLII noJIBJieHHe HOBOro KaHana TT- p -o 0+ X0 • 

H3Mepeuuoe HaMH nonHoe ce'leHHe peaJCI(HH 111 Haxo

JJ.HTCJI B COrJiaCHH C OUCHKOH 3TOH BCJIH'IHHLI, no

Jiy'leHHOH B pa6oTe KpaBuoBa H JJ.p. I 51. 0JJ.Haxo HMeeTCJI 

JJ.Ba 3aMe'laHHJI B CBJI3H c o6cy)I(JJ.aeMLIMH B JJ.aHHoii pa6oTe 
BonpocaMH. 

IlepBoe 3aMe'laHHe OTHOCHTCJI K Ofi'LJICHeHmo cneKTpa 

3JieKTpoHoB H no3HTPOHOB. B 3KcnepuMeHTe KpaBUOBa 

H )J.p./5/perHCTpHpOBaJIHCL 3JieKTpOHLI, nony'leHHLie B pe-

3YJILTaTe KOHBCPCHH raMMa-KBaHTOB B CBHHUOBLIX KOHBep

TOpax I Pb; 2,5 MMI, noMe~eHHLix nepeJJ. cnexTpoMeTpa

MH. IIonyqeHHoe 3KcnepHMeHTaJILHoe pacnpeJJ.eneHH no 

3HeproBLIJJ.eneHHJO B cnexTpoMeTpax oxa3anocL uaMuoro 

MJir'le no CpaBHCHHIO C pe3yJILTaTaMH MO)J.eJIHpOBaHHJI B 

npe)J.nOJIO)I(eHHH, 'ITO cneKTp y -KBaHTOB OT peaJCI(HH /11 

OnHCLIBaeTCJI nOCTOJIHHLIM MaTpH'IHLIM 3JieMeHTOM. )J,JIJI 

OnHCaHHJI 3KCnepHMeHTaJILHOro pacnpe)J.eJieHHJI aBTOpLI 

npe)J.nonaraJIH, 'ITO B 50~ C06LITHH TOpM03HOe H3Jiy'leHHe 

3JieKTpOHOB B JCOHBCpTOpax He perHCTpHpyeTCJI CneKTpo
MeTpaMH. 

Kax BHJJ.Ho H3 uaWHx H3MepeHaii, cnexTpLI y - KBaHTOB 

He OnHCWBaiOTCJI nOCTOJIHHWM MaTpH'IHWM 3JieMeHTOM H 

C~eCTBCHHO UJIT'IC no cpaBHCHHIO C TeopeTH'IeCKH paCC'IH

TaHHWUB. fiO-BH)J.BUO:W:y, H:W:eHHO 3TO 06CTOJITCJILCTBO, a He 
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qacTHqHax perHCTpaQHX jHepreTuqecKHX noTepb 3neKTpo

HOB cny)I(HT rnaBHOH npHqHHOH CMXrqeHHX cneKTpa 3neKT-

pOHOB. • 

BenuquHa nonHoro ceqeHBX peaKQBB I 11, nonyqeHHax 
/5 I 

B pa6oTe KpaBQoBa B ~p. ' B npe~nono)l(eHBB, qTo cneKT-

poMeTpbl nonHOCTbiO perBCTpHpyiOT 3HepreTBqeCKBe DOTepB 

3neKTPOHOB, pasHa 10,23±0,07 I MO. 

BTopoe 3aMeqaHBe OTHOCBTCX K TeopeTHqecKHM pac

qeTaM ceqeHHX peaKQBB rr -p -+ rr 0 y n. B pa6oTe KpaaQoaa 

B ~p. / 5 / ~nX ODHCaHBX 3TOrO OpOQecca BCOOnb30BanBCb 

~Be ~uarpaMMbl: ~BarpaMMa a I puc. 51 B ~BarpaMMa o~
HODHOHHorc:r 06MeHa. )J,BarpaMMa O~HOOBOHHOrO 06MeHa 

6wna ase~eHa B pa6oTax JI .HeMeHosa B ~p/ 171 ~nx onuca

HHX )l(eCTKOH qacTB cneKTpa y -KBaHTOB OT peaKQBH rr- P-+ 

--rr-ypnpH 3HeprBB 340 M3B; npH 3TOM cornacue c 3Kcne

PHMeHTOM 6blnO ~OCTHrHyTO npH 3HaqeHHH KOHCTaHTbl y 3 T7 

+ 0,22 /18/ 
0,9 . Bo3MO:lKHOCTb onB-

-0,52 
u c 2 

B3aHMO~eHCTBHX 
3 y 17 

CaHHX :lKeCTKOH qacTH CDeKTpa y - KBaHTOB B peaKQHH 

rr-p ->77- y p nocny)I(Hna OOBO~OM ~nX HCDOnb30BaHHX ~Bar
paMMbl o~HODHOHHoro o6MeHa H B cnyqae npoQecca 121. 
O~HaKo BKniOqeHBe ~uarpaMMbl o~HonHOHHoro o6MeHa BHO

CHT Cyll(eCTBeHHble Tpy~HOCTH B DOHHMaHBe npoQeCCOB 

pa~HaQHOHHoro paccexHBX. TaK, no~cquTaHHax HaMH aenu

quHa ceqeHHX npoQecca rr- P-+rr 0 y n npu 3HeprHH 450 M3B 
H 3HaqeHHB KOHCTaHTbl C: 3 17

"" 0,9 OKa3anacb paBHOH 

npu EY ~ 10M3B 0,60 MO, a 6e3 yqeTa 3TOH ~HarpaMMbl -

0,25 MO. To ecTb c pocTOM 3HeprHH BKna~ ~HarpaMMbl 

O~HOOHOHHOrO 06MeHa CTaHOBHTCX npeo6na~aiOI.QBM, qTo 

npHBO~HT K CHnbHOMY pOCTY ceqeHHX peaKQBH rr-p-+rr0 yn C 

ysenuqeHHeM 3HeprHH OT 270 ~0 450 M3B; B TO BpeMX 

KaK ceqeHHe nepe3apx~KH na~aeT OT 20 ~o 10 MO npB 

3TBX 3HeprHXX. 3TOT cllaKT CTaBBn DO~ COMHeHBe pa3yMHOCTb 

BBe~eHHX ~HarpaMMbl O~HODHOHHOrO 06MeHa ~nX OOHCaHBX 

pa~HaQHOHHoro paccexHHX. 

B 1971 r. OO.IIBBnBCb TeopeTBqeCKHe OQeHKB KOHCTaHTbl 

C y
2 

377 Ha OCHOB~ COOTHOWeHHH anr,e6Pbl TOKOB. B pa6o-
; 19/ ; 20r u 
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qeM '3TO cne~yeT B3 MO~enB rr-p -+ rr-yp/l 8 / • ll03TOMY 

BBe~eHBe ~BarpaMMbl O~OOBOHHOro 06MeHa npe~cTaBnJI

eTCX He onpaB~aHHblM. )J;nx ODBCaHBX :lKeCTKOH qaCTB CDeKT

pa B npoQeccax pa~BaQBOHHoro paccexHBX Heo6xo~BMO 

yqBTLIBaTb KOHTaKTHYIO ~BarpaMMY I puc. 2el, BKnJOqeHBe 

KOTOpOH ~BKTyeTCJI clly~aMeHTanbHblMB C006pa:lKeHB.IIMB: 6e3 

3TOH ~BarpaMMbl aMnnBTy~a pa~Bai{BOHHOrO pacCe.IIHBX 

He y~oBneTBOp.lleT rpa,IJ;BeHTHOH BHBapBaHTHOCTB. 

ABTOpbl Bblpa:lKaiOT 6naro~apHOCTb A.A. T JIDKHHY, 

JI.H.JianB~ycy, B.M.CB~OpOBY 3a OOCTO.IIHHblH BHTepec B 

BHBMaHBe K pa6oTe, B.r.3BHOBy, A.H.CBHaeay, A.H.KanB

HBHY 3a o6ecneqeHBe 3KCOepBMeHTa 3neKTPOHBKOH B none3-

Hble o6cy~eHB.II, H.A.Jie6e~eBy 3a TeXHBqecKyiO OOMOU(b 

OpB npOBe~eHBB 3KCOepBMeHTa. 
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PyKonucb nocmynuAa e uaoaJieAbcKuu o•oeA 
1 anpeAJI 19 76 zooa. 

HeT·~K npo6e~oa a BameA 6H6~HoTeKe? 
8hl MOJICeTe DOJIY'IHTb DO OOliTe nepe'IHCJieHHble HKJICe KHKI'K, 

eCJIK OHM He 6hiJIK 38Ka38Hhl paHee . 
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