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06U(llJI xapaKmepucmuKa ouccepmau,uu 

Ai."11':lJILHOCTL npo6Jiel\lLI. ,[(eTaJihHOe 3HaHIIe CBOHCTB rrpouecca ll)'KJIOH·HYKJIOHHOfO 
(NN) B3aHMOlleHCTBIUI HMeeT cymecTBeHHOe 3Ha'!eHHe. TaK KaK :nH CBOHCTBa rrpoirnmnoTCll 
BO MHOrHX o6nacrnx l!llepHOH H cy6bl!llepHOH <pH3HKH H 11rpa10T Ball(HYIQ pOJih B <pH3HKe 
CHJihHhlX B3aHMOLteHCTBHH B ueJIOM. 8 qaCTHOCTH. H3j"leHHe NN-B3allMOLteHCTBHH rrp11 
rrpoMe)i(j'TO'IHhlX II Bh!COKHX JHeprllllX llBJilleTCll Ba)KHhIM HCTO'IHIIKOM IIH<pOp!',laUHII 0 
CITIIHOBOH 3aBHCHMOCTH l!llepHhlX CIIJI. neiiCTBYIQIUIIX MeJKllY HYKJIOHfillH. Xorn B c.rryqae 
yrrpyroro NN-paccellHHll C rrepenaHHhIM IIMITYJihCOM Mettee :: 2 f38/c Mb! HMeeM neno C 
OTHOCIITeJihHO rrpocThIM rrpoueccoM. llO CHX ~op He cyruecrnyeT ero YllOBJiernop11TeJihHOfO 
TeopeTH'leCKOfO onHCaHHll. Ilp11 OTCYTCTBIIH crporoii II 3aKOH'leHHOH Teop1111 CHJihllhIX 
B3llliMOLteHCTBHH (Henepryp6aTHBHOH KX,[() pe3yJihTaThl JKcnepHMeHTOB no yrrpyroMy NN
paccel!HHIO B IIIHpOKOH o6JiaCTH JHeprnii II yrnoB paccel!HHll CJIY)KaT C03LtaHHIO II 
nonoJIHeHHIO 6a3hl npeUH3110HHhlX llaHHhIX. 3TH naHHhie He06XOlll!Mhl llJill BhIITOJil!eHHll 
<peHOMeHOJIOf'H'!eCKHX aHaJIH30B. TaKHX KaK <pa30Bh!H aHaJIH3 H npllMOe BOCCTal!OBJieHHe 
aMnJIHTYll MarpHUhl yrrpyroro NN-paccel!HHll. a TaK)Ke 6ynyr pelIIaIOIUHMH llJill npoaepKH 
Henepryp6aTHBHhlX TeOpHH CHJihHhIX B3llliMOlleHCTBHH. 

IlY3HKOB. Ph!HllHH H CMopo1tHHCKHH [Nucl. Phys. 1957. V.3. P.436) Ha npuMepe 
yrrpyroro NN-paccellHHll aaemi noHllTHe «no.mow 3,.;cnep1me11ma». 3KcnepHMeHT no 
H3yqeHHIO peaKUHH Ha3hIBaeTCll noJIHhIM. eCJIH B ero pe3yJihTaTe no.rryqen TaKOH Ha6op 
JKcnepHMeHTaJihHhlX Ha6JI101laeMhlX. KOTOphlH n03BOJIHT npoaeCTH nOJIHOe n 
HC'!epnh!BaIOIUee onHCaHHe npouecca. 8 JTOH CBll3H yno6HblM H MOlleJibHO He3aBHCHMh!M 
cpe1tCTBOM 1lJlll onHCaHHll OCHOBHhlX CBOHCTB B3aHMOLteHCTBHll llBJilleTCll <pOpMaJIH3M 
MarpHUhI paccel!HHll. CM. pa6oThI [Bystricky J et al.. J. Physique (France). 1978. V.39. P.1. 
Lechanoine-Leluc C et al .. Rev. Mod. Phys. 1993. V.65. N. l. P.47) H CChIJIKH. yKaJaHHhie B 
JTHX pa6orax. B JTOM c.rryqae «no.1Hb11i 3,.;cnepu.11e11m» MO)Kl!O onpeneJIHTh KaK 
COBOKyrrHOCTh JKcnepHMeHTOB. n03B0JllllOIUHX H3MepHTh TaKOH Ha6op JKcnepHMeHTaJihllhIX 
11a6JI101taeMhIX. KOTOph!H no3B0JIHT ocyruecTBHTh npllMOe H OllH03Ha'IHOe BOCCTaHOBJieHHe 
CnHHOBOH crpyi<ryphl MarpHUhl yrrpyroro NN-paccel!HHll. 

HaJIH'IHe y H)'KJIOHa cnHHa n03B0JilleT 3anHCaTh Marpnuy yrrpyroro NN-paccel!HHll B 
BUlle JIHHeHHOH KOM6HHanHH BOChMH He3aBHCHMhIX 'IJieHOB. nocrpoeHHh!X B o6rueii <popMe 
H3 KHHeMaTH'!eCKHX H cnHHOBhIX nepeMeHHhIX HYKJIOHOB. yqacTBYIQIUHX B paccel!HHH. H 
BOChMH HHBapHaHTHhlX KOMnJieKCHhIX aMnJIHTYll- KOTOpb!e llBJilllOTCll <pyttKUHllMH yrna 
paccel!HHll H 3HeprnH. IlpellIIOJIO)KeHHll O coxpaneHHH npocrpaHCTBeHHOH 'leTHOCTH H 
BpeMeHHOH HHBapHaHTHOCTH. npHHUHIIa IlayJIH H H30CnHHOBOH HHBapHaHTHOCTH npHBOlll!T 
K COKparueHHIO 'IHCJia He3aBHCHMhlX cnaraeMhlX MarpHUhl paccel!HHll llO nl!TH '!JieHOB. 8 
JTOM c.rryqae 1lJlll OllH03Ha'!HOro nocrpoeHHll MarpHUhl paccel!HHll HMO onpeneJIHTh B 
KmKLtOM KaHaJie peaKUHH C H30CnHHOM I = 1 H I = 0 nl!Th <pyttKUHH H 'leThipe HX 
OTHOCHTeJibHhie <pa3hl. .[(Jill JTOro rpe6yeTCll ocymecTBHTL KaK MHHHMY!lf neBl!Th pa3Hh!X 
OnhITOB 1lJlll KmKLtOro KaHaJia. JHeprnH u yrna paccellHHll. l13MepeHHe pa3HhlX CITHHOBhlX 
na6JI10naeMh!X B yrrpyroM pp- H np-paccel!HHH npu pa3HhIX JHeprHllX H yrnax paccel!HHll 
no3BOJilleT pernHTh 3TY 3anaqy. B o6JiaCTH cpellHHX JHeprnii < 1 f38 3Ta 3aLta'la no Ha'!aJia 
Hanmx HCCJiellOBaHHH Morna 6bITh perneHa TOJihKO llJill KaHaJia I = 1. Qqenh aKryaJihHOH 
3aLta'leii l!BJillJIOCh ocymecTBJieHHe nOJIHOf'O OilhITa B yrrpyroM HYKJIOH-HYKJIOHHOM 
B3llliMOLteHCTBHH B o6naCTH cpe1tHHX JHeprnii 1lJlll KaHaJia I = 0. 

MeTOllH'!eCKH HenpocTOH xapaKTep CnHHOBhIX JKCrrepHMeHTOB. onHaKo. nenaeT 3anaqy 
ocymeCTBJieHHll TaKHX onhITOB llOBOJihHO CJIO)KHOH. O6bellHHeHHh!H HHCTHryT l!llepHhIX 

06ie,n;HHeHm1J1 HHCTUTyr· 
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HCCJienoaamdi (OIUI11) 61,m 0JlllHM H3 Hay<IHLIX ueHTp0B. me pa3BHTHe cnnHOBOii !pH3HKH 
cpenHnx n BLIC0KHX 3Heprnii uaqanoc1, c 1950-x ronoa. MHorne 3KcnepnMeHTaJILHLie u 
reopernqecKHe HCCJienoaaHHJI B o6JiaCTII cnHHOBOii <pH3HKH. BLIII0JIHeHHLie B OIUI11. HaIIIJIH 
noJJKe caoe pa3BIITHe a pJl.!Ie npyrnx na6oparopnii. 

0:eJIL nnccepTaunouuoii pa6oTLI - nonroroaKa 3KcnepuMeHTOB n npoaeneHHe H3MepeHHii 
cnHH0BLIX Ha6monaeMLIX Aoonn• Ao0s •• DonOn• Ko,·.o. Ko,·,o. N0s•kn H No,·sn B ynpyroM np
pacceJIHHH npu 3Heprnllx ueiirpoHoB 200 - 590 M38 H a n1tanaJ0He yrnoa pacceJ1HHJ1 B 
cHcTeMe uenrpa Mace 60° - 124°. 

TipencraaJieHHaJI pa6ora J1BJIJ1eTCJ1 qacTLJO o6meii nporpaMMLI OIUI11 no peanmauHn 
II0JIH0ro 3KCnepHMeHTa B ynpyroM HYKJI0H·HYKJI0HH0M pacceJIHHH JlJIJI KaHaJia I = 0 B 
o6JiaCTH cpennux 3Heprnii. ~ HCCJie)l0BaHHJI ynpyroro np-pacceJIHHJI ucnoJIL30BaJICJI 
yttHKaJII,HI,IH rryqoK II0JIJlpH30BaHHLIX HeiirpoH0B Ii IIJ)0T0HHaJI n0JIJIJ)H30BaHHaJI MHIIIeHL 
3KcrrepnMeHTaJILHoro K0MIIJieKca NA2 11ucrnryra HM. TiayJIJ1 Weppepa (PSI). 

Hay'IHaH HOBH3Ha pa60Tbl 
1. Tipn yqacTHH aarnpa nncceprauHH B PSI BBeneH B 3KCIIJiyaTaUHIO cneKrpoMerp1tqeCKHii 

K0MIIJieKC JlJIJI H3MepeHHii 0)lH0-. nayx- Ii rpexcrrHH0BI,IX Ha6JIJOJ1aeMLIX B ynpyroM np
pacceJIHHH rrpn 3Heprnl!X HeiiTJ)0HOB 200 - 590 M3B H B .!lHana30He yrJI0B pacceJIHHJI 60° 
- 180° B CHCTeMe uenrpa Mace. HCn0JIL3YJOIUHii noJillpH30BaHHLiii HeiirpoHHI,IH nyqoK H 
np0T0HHYJO n0JIJIJ)H30BaIIH)'IO MHIIIeHL. 

2. Orpa6orana MeTO,!lHKaJKaJin6pOBKH 0T)leJILHLIX Y3JI0B cneKTpoMerp1tqecKoro K0MnJieKca 
}lJIJI H3MepeHHll MH0ro-CITHH0Bl,IX Ha6JIJO,!laeMLIX B ynpyroM np-pacceJIHHH. 

3. TipoaeneHLI rrpeuuJH0HHLie H3MepeHHJI :mepreru<IecKoro cneKrpa n noJIJ1pH3aunn 
HeiirpoHOB H3 3apl!Jl006MeHHOii peaKUHH 

12C(pn)X C noJIJlpH30BaHHLIMH IIJ)0T0HaMH npn 
3Heprnn 590 M38. 

-I. OnpeneneH K03cpcpnuneHT nepenaqn noJIJ1pn3auun D\·0• 0(0°) a peaKunu 12C(pn/2N 
5. Tipu HCil0JIL30BaHHH pa3HLIX KOM6HHauuii n0JIJlpH3aUH0HHLIX C0CTOJIHHii HeiirpOHHOro 

nyqKa II IIp0T0H0B MHIIIeHH II aHaJIH3a cnuuoaoro C0CT0llHHJI np0T0H0B 0T}laqn B 
ynpyroM np-pacceJIHHH npoaeneHLI H3MepeImJ1 K03cpcpnµneHTOB acHMMerpun Aooon
K03cpcpuunenrna II0JIJIJ)H3aUHH PonOO· K03cpcpuuneHTOB KoppeJIJIUHH II0JIJlpH3aUHH Ao~nn H 
Aoosk• K03!p!pHUHeHTOB nenoJIJIJ)H3aUHH DonOn• K03cpcpuuueHTOB nepenaqu n0JIJIJ)H3aUHH 
Ko,·ko H Ko,·so u rpexcnHH0BLIX K03cpcpnuneHTOB No,·kn H No,·sn B nuanaJoHe :meprnii 230 
- 590 M38 II YfJI0B pacceJIHHJI B CHCTeMe ueHrpa Mace 60° - 124°. B C0B0KYHH0CTH 
nonyqeno 6onee 350 3HaqeHHii CIIHH0BI,IX Ha6JIJO}laeMLIX B YKa3aHH0ii o6JiaCTH 3Heprnii 
II yrJI0B pacceJIHHJI. npH 3T0M MH0rne H3 HUX Il0JiyqeHLI anepa1,Ie. 

IJ,ennocTb UOJIY'ICHHLIX pe3yJILT3TOB 
1. 3KcnepuMeHTaJII,HI,Ie Jl0CTHJKeHHJI a ocymecrnJieHHH a paMKax npe.!lCTaBJieHHOH 

nucceprauuoHH0ii pa60TLI nepBLIX 0ilLIT0B C HCn0JIL30BaHHeM n0JIJlpH30BaHH0ro 
HeiirpoHHOro nyqKa H npoTOHHOii 3a1\fopoJKeHHOii noJIJIJ)H30BaHH0ii MHIIIeHH 
I103B0JIHJIH ocymeCTBHTI, B PSI IIIHJ)0KYJO nporpaMMY H3MepeHHJI CnHH0BLIX 
Ha6JIJO}laeMLIX a ynpyroM np-pacceJIHHH. B C0B0KynH0CTH c HaIIIHMH }laHHLIMH 61,mo 
H3MepeHo 15 pa3HI,IX 0.!lH0-. nayx- H rpexcnHH0BLIX Ha6JIJO}laeMLIX B ynpyroM np
pacceJIHHH a nnanaJoue 3Hepruii 230 - 590 M38 u yrnoa pacceJ1HHJ1 a cucreMe 
ueHrpa Mace 60° - 180°. 
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2. TionyqeHHLie H0BMe 3KCIIepuMeHTaJILHI,Ie naHHI,Je cymecrneHHI,IM o6pa30M 
paCIIIHpHJIH 6a3y JlaHHLIX. KaCaJOIUHXCJI cnHH0BLIX na6JIJOJ1aeMLIX a ynpyroM 
HeiirpoH-IIp0TOHII0M pacceJIHHH. Hoa1,1e pe3yJILTaTLI. B C0B0KynH0CTH C 
pe3yJILTaTa>,m. nonyqeHHLIMH B 3Kcnepm.IeHTax no H3yqeHHJO CIIHH0BI,IX 
Ha6JIJO}laeMLIX B npOT0H-np0T0HHI,IX B3aHMO}leiiCTBHJIX. n03B0JIJIT B0CCTaH0BHTL 
rrapaMerp1,I MaTJ)HULI pacceJIHHJI .!lJIJI I = 0 II. TaKHM o6pa30M. 3aaepIIIHTI, 
ocyUjeCm6.1eHue no.7H0i.'0 3-,..-cnepmteHma 6 ynpyi.'0.11 NN-pacceRHUU a o6nacru 
3Heprnii 200 - 590 M38. 

3. Hoa1,1e 3KCIIepuMeHTaJILHLie }laHHLie 6ynyr TaKJKe cnoco6cTBOBaTL ynyqIIIeHHIO 
peIIIeHllii </Ja3060i.'O 0Hll71130. AHaJIH3 HMeJOIUHXCJI B HaCT0l!IUee apeMl! 0TKJIOHeHHii 
TeopeTnqecKHX npenCKa3aHHii. nonyqeHHLIX Ha 0CH0Be pa3HLIX M0JleJILHl,IX 
IIOTeHUHaJI0B. II JlaHHLIX. nonyqeHHI,JX B 3KcnepuMeHTe. CM0JKeT coneiicrnoaaTL 
ynyqIIIeHHJO HMeJOIUHXCJI TeoperuqecKHX M0JleJieii. 

4. TionyqeHHMe MeT0JlHqecKue }l0CTHJKeHHJI CTaJIH 0CH0BOH nayx H0BLIX rrpoeKT0B a 
PSI. "113MepeHue anann3npYJOIUeii cnoco6Hocrn B peaKuun np-pp,r· u ynpyroM np
pacceJIHHH rrpn 3Heprnl!X 270 - 570 M3B". H " l13MepeHne cnHH0BOii 3aBHCHM0CTH 
np-pp,r" peaKUHH rrpu Cpe.!lHHX 3Heprnllx". 

Ha 331QH1)' BblHOCHTCH: 
1. 113MepeHHJI 3HeprernqecKoro crreKrpa H n0JIJIJ)H3aUHH HeiirpOHOB H3 3apJl.!I0-

o6MeHHOii peaKUHH 12C(pn)X C n0JIJIJ)H30BaHHI,JMH np0TOHaMH npn 3Heprnn 590 
M38. • 

2. OnpeneneHue K03cpcpuuneHra nepenaqu noJIJ1pu3auuu D\·o.o(0°) a peaKUHH 12C(pn/2N 
3. l13MepeHHJI K03cpcpuuneHTOB aCHMMerpHH Aonnn, K03!p!pHUHeHTOB n0JIJIJ)H3aUHH PonOO. 

K03cpcpuuneHTOB K0ppeJIJIUHH noJIJlpH3aUHH Aoo1111 H Aoosk, K03!p!pHUHeHTOB 
nerroJIJIJ)maunn Dono,,. K03<pcpnuuenroa nepeHoca rroJIJ1p1t3auuu Ko, ·1o n Ko, ··,o u 
rpexcrrnH0BLIX K03cpcpuuneHTOB No,--k,, H No,··sn a nnarraJoHe 3Heprnii 230 - 590 M3B 
H yrJI0B pacceJIHHJI B CHCTeMe uenrpa Mace 60° - 124°. B C0B0KYnH0CTH nonyqeH0 
6oJiee 350 3Ha'leHnii CIIHH0BLIX Ha6JIJO}laeMLIX B YKa3aHHOH o6JiaCTH 3Heprnii Ii 
yrnoa pacceJIHHJI. 

4. Yqacrne B orpa6oTKe MeTO.!lHKH H BB0.!l B 3KcnnyarauuJO cneKTJ)OMerpuqecKoro 
K0MnJieKca .!lJIJI H3Mepennii OJlH0-. nayx- H rpexcIIHH0BLIX Ha6JIJOJ1aeMLIX B ynpyroM 
np-pacceJIHHn. rrpn 3Heprnllx . HeiirpoHoB 200 - 590 M38 H a nnanaJoHe yrnoa 
pacceJIHHJI 60° - 180° B CHCTeMe ueHrpa Mace. ncn0JIL3YJOlllero nOJillpH30BaHHLiii 
Heiirp0HHLiii rryqoK H np0TOHHYJO noJIJIJ)H30BaHHYJO MHIIIeHL PSI. 

5. Orpa60TKa MeT0JlHKH H3MepeHHJI MH0roCIIHH0BI,IX Ha6JIJO}laeMLIX B yrrpyroM np
pacceJIHHH C HCIIOJIL30BaHHeM pa3HLIX KOM6HHauHii noJIJ1pn3aUH0HHLIX COCTOJIHHH 
Heiirp0HHOro IIyqKa H rrp0TOH0B MHIIIeHH H ananma cnHH0B0fO C0CT0JIHHJI IIJ)0TOH0B 
0TJla'IH. 

6. Orpa60TKa MeT0JlHKH KaJIH6poBKH 0TJleJILHLIX Y3JI0B cneKrpOMerpuqecKoro 
K0MIIJieKca: M0HHT0J)HLIX CHCTeM rrepBH'IH0ro nyqKa Heiirp0H0B; neTeKTopnoii 
CHCTeMLI IIp0T0H0B ornaqu H H3MepeHHJI HX II0JIJIJ)H3auun; .!leTeKTopa pacceJIHHLIX 
HeiirpoHOB; H3MepeHHJI noJIJlpH3aUHH npOT0H0B npOTOHH0ii 3aM0poJKeHHOii 
IIOJIJIJ)H30BaHHOH MHIIIeHH. 

Anpo6aunH pa60Thl H ny6JIHK3UHH: Pe3yJILTaTI,I pa6or. B0IIIe,!lIIIHX B .!lHCcepTaUHJO. 6LIJIH 
IIpellCTaBJieHI,J Ha MeJK.!lYHapo,!lHI,JX KOHcpepeHUHJIX. CHMn03HYMax. coaemaHHJIX H IIIK0Jiax: 
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XIV Me)l(JzyHaponuoii Kou<jlepeumm o rrpo6neMax <pH3HKH MHornx Ten (ICFBP- 14). 

BnnnnaMc6ypr. ClllA. 25-31.05.1994 

Me)l(JzyHaponHoii Kompepemmn «Me30HbI n lUlpa rrpn cpenHnx :.meprm1x». OIUIH. 

)fy6ua. P<l>. 3-07.05.1994 

EeporreiiCKOH IIIKOJie no !pH3HKe Bb!C0KHX :meprnii. CoppeHTO. Hrnnm,. ceurn6pb 1994 r. 

VIII MeJKJlYHapOllHOl\l CHJ\III03H)'Me O rrom1pH3aUH0HHbIX JIBJieHHJIX B lUlepuoii !pH3HKe 

bJI)'MHHITOH. ClllA. 15-22.09.1994 

Me)KJl)'uaponHoii KoHcpepeuunn «):{eiirpou-95». OIUil1. )fy6ua. P<l>. 4-07.07.1994 

Me)!(JlyuaponHoM pafioqeM cosemaunn «SPIN-95». Opara. l!P. 2-7.10.1995 

12-M Me)KJl)'!IapOllHOM CHMII03H)'Me no CIIHHOBOH !pH3HKe Bb!COKHX 3Heprnii. 

N.1cTepnaM. fonnammll. 10-14.09.1996 

Me)KJl)'Haponuoii KoucpepeHunn «):{eiirpoH-97». OIUIH. )fy6ua. P<l>. 2-05.07.1996 

Me)KJl)'HaponuoM pafioqeM cosemaHnn «Symmetry and spin». Opara. l!P. 1-07.08.1996 

Me)l(JzyHaponuoM pafioqeM cosemaunn «Symmetry and spin». Opara. l!P. 24-30.08.1997 

Me)!(JlyuaponHoM pa6o'leM cosemamm «Symmetry and spin». Tipara. l!P. 30.08-05.09.98 

KoucpepeHunn «HYKneoHHKa-98». Opara. l!P. 9-10.09 .1998 

13-M Me)l(JzyHaponuoM CHl\lII03HYl\le no CIIHHOBOH !pH3HKe Bb!COKHX 3Heprnii. OpoTBHHO. 

P<l>. 8-12.09.1998 

* Me)!(JlyuaponuoM pafioqeM cosemaunn «Symmetry and spin». Opara. l!P. 5-12.09.1999 

n orry6nnKoBaHbI B pa6ornx [l-28]. 

CTpyk.-ypa u o6beM a11ccepTau1111: ):{11cceprnum1 cocTOHT 113 nneneHHJI. n»Tn man n 

33KJIIO'leHHJI. lhnmKeHHbie B nncceprnunn MaTepnanbI rrpOHJIJIIOCTPHPOBaHbl Ha 37 

pncyuKax n B 21 rn6Jmue. 6n6nnorpacpnqecKnii crrncoK cocrnnT H3 105 uanMe11onaunil:. 

O6mnii o6bel\l pa6oTbI cocrnBJIJleT 106 crpaunu. 

CoiJepJ1Ca11ue i)uccepmau,uu 

Bo BBC.UCIIHH cpopMy1mpyeTCJ1 uenb pa60Tbl. TipnBOJIHTCJI orrpeneneune «IIOJIH0fO 

3KCIIepnMeHT3» B HYKJI0H-HYKJIOHHOM B3alIMOlleil:cTBHH KaK 3KCIIepnMeHTa. II03BOJIJIIOIUero 

rronyqnTb IIOJ!Hbiil: Ha6op 3KCrrepnMeHTaJibllbIX Ha6JIIOJiaeMblX. 11eo6XOllHMblX JIJlll rrpl!M0ro. 

OJIH03HaqHoro H MOJieJib!IO He3aBHCHMOro IIOCTpoeHHJI MarpHUbl HYKJIOH-HYKJIOIIHOfO 

B3aHMOJieiicTBIIJI. OoKa3a!IO. qro H3MCpenne JIOCTaToq11oro KOJinqeCTBa CIIHIIOBbIX 

11a6JIIOJiaeMbIX II03B0JIJleT peI!IHTb Janaqy ocymeCTBJieHHJI IIOJIHOro OIIbITa. O6ocHOBbIBaeTCJI 

aKTYaJibHOCTb H 11eo6xOJIHMOCTb H3MepeH!IJI CIIHHOBblX 11a6JIIOJiaeMbIX B ynpyroM np

pacceJIHHH JIJIJI 3anep111eHl!JI norr11oro OIIbITa B HYKJIOII-HYKJIOIIIIOM pacceJIHHH npn 3HeprHJIX 

HHJKe l f3B B IIIllpOKOM 11nana3oue yrrroB pacceJIHHJI. 

OpnneneH KpaTKnii o63op JKcnepnMeHTOB. HauerreHHbIX Ha ocymecrnnettne nonttoro 

onbrra B HYKJIOH-HYKJIOHHOM pacceJIHHH. KOTOpble JIO Haqana peanHJanun nporp_aMMbl 

Haumx nccrrenonaHnil: no3Borrnrrn nponecTn npl!Moe nocrpoettne MarpnUhI ynpyroro 

HyKJIOH-IIYKJIOHHOfO pacceJIHHJI JIJIJI KaHana I = l. <l>opMyrrnpyioTCJI 0CHOBHbie npennoCbIJIKll 

peIIIeHl!JI )TOH 3anaqn llJIJI Kauana I = 0. nonqepKHBaeTCJI B3lKHOCTb nponeJieHHJI 

3KCnepnMeHTOB no np-pacceJIHHIO C HCIIOJlb30BaHneM nyqKa norrllpH30BaHHbIX HeiiTpOHOB H 

npOTOHHOH IIOJillpH30BaHHOH MHIIIeHll JIJIJI pe111emrn )TOH 3anaqn_ 

TipnBOJillTCJI CBOJIKa OCHOBHblX pe3yJibTaTOB. rronyqeHHbIX B nnccepTaunn. 
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B nepnou rnane npnnenetto cpettoMeHorrornqecKoe onncattne HYKJIOH-HYKJIOHHoro 

B33IIMOJieiicTBHJI C ncn0Jib30BaHlleM Marpl!Ubl pacceJIHHJI H M3TPHUbl nJIOTHOCTH. ):{aIOTCJI 

OCHOBHbie onpeneneHHJI H o603HaqeHHJI BeJIH'IHH. IICnOJib3yeMbIX B JIHCCepTaunn. B 

qacrnoCTH. paccMorpeHa CTPYKTYPa MarpHUbI pacceJ1HHJ1. 11aeTCJ1 onpenenettne aMnnnryn 

pacceJIHHJI n KJiaccncpnKauHJI CIIHHOBbIX ua6JIIOllaeMbIX n ynpyroM HYKJI0H-HYKJIOHHOM 

B33IIMOJieiicTBHH. 

B Jll060M 3KCnepnMeHTe no HYKJIOH-HYKJIOHHOMY B33HMOJieiicTBHIO TOJibKO yrnonoe 

pacrrpenerreHHe np0JIYKTOB peaKUHH nollllaeTCJI H3MepeHHIO. C ToqKn 3peHHJI n0CTaHOBKH 

3KCnepnMeHTa no H3MepeHHIO CUHHOBbIX Ha6JIIOll3eMblX B ynpyroM HYKJIOH-HYKJIOHII0M 

B33IIMOJieiicrnnn 0C!I0Bl!0ll HHTepec npencTaBJIJleT H3MepeHne nncpcpepeHUHaJibHOro 

ceqeHHJI peaKUHH B 3aBHCHMOCTH OT CIIHHOBbIX COCTOJIHHH IIYKJIOHOB. rrpHHHMaIOIIJHX 

yqacme B JTOM rrpouecce. B TaKOM cnyqae o6mee 11ncpcpepeHunanhttoe ceqettne I(P8 PTPIP2) 

JIJIJI KoppeJIJIUHOHHOro ynpyroro H)'10IOH-HYKJI0HHOro pacceJIHHJI. KOTOpoe coneplKHT Bee 

B031\IOlKHbie cnHHOBble ua6JIIOJiaeMbie H npnMeHHMO JIJIJI aHaJIH3a Ha111nx 3KcnepnMeHTOB B 

JII06oil: B03MOlKIIOll HX nocTaHOBKe. HMeeT BHJI: 

I(PePrP1P2) = I1·h.(dcr/dQ)·{[l + Ao0y0·Pey + Aooos·Pr&+ Ao0ys·Pey·Pro] + 

+ P1· [l + Paooo + Pey·Da0y0 + Pro·Kaooo + Pey·Pro·Ma0yo]-n1a + ( 1) 

+ P2· [I+ Popoo+ Pny-Kopy0 + Prs·Dopoo + Pey"Pro·Nopyo]·n2p + 

+ P1·P2· [Capoo + Pey·Capy0 + Pn;-Capoo + Pey·Pn;-Capys]· n1a·n2p}. 

3necb cnMBOJibI Xapyo (X =I.A. P. D. K. C. M. N) 000J11aqa10T cnnH0Bbie 11a6n1011aeMb1e. P8 

H Pr - noJIJlpH33UHH nyqKa H MHIIIeHn. Ij. pi - JIH<pcpepeHUHaJibHOe ceqe11ne H 

aHaJIH3HpYJ01IJaJI cnoco611ocTb attanHJaTopa norrJ1pn3aunn pacceJ11111oii qacTHUbI i = 1. 2. 

liHneKCbl a. p. y H c5 0603HaqaIOT Hanpanrre11ne noJIJ1pH33UHH HYKJIOH0B. 

OnncaH cnoco6 nonyqeHHJI 11a OCII0Be H3MepeHHbIX o6mnx KOppeJIJIUHOH!lbIX 

11ncpcpepe11uuanb!lb!X Ce'!eHHll ynpyroro pacCeJIHHJI CilHHOBblX Ha6JIIOll3eMbIX: 

K03!p!pHUHeHTOB aCHMMerp11u Aooon- K03cpcpuuneHTOB KOppeJIJIUHH IIOJIJlpH3aUHH Ao0yo 

K03cpcpnune11TOB nepeHoca noJIJ1pu3auun Kopy0. KOJ<p<pnune11rnn 11enorrJ1pn3aunn Dopo8• n 

rpexcnHH0BbIX K03!p!pHUHeHTOB Nopyo-

Bo BTOpoil: rnane onnca11 !pH3nqecKHH K0MnrreKC. C03llaHHbiil: B 11HCTHryTe HM. Oaynll 

llleppepa (PSI). JIJIJI npone11eHnJ1 nonllpH3aunoHHbIX nccrrenonaHnil: B HYKJIOH-HYKJIOHHbIX 

B33HMOJieil:cTBHJIX. np11ne11eHbl OCH0BHbie xapaKTepHCTHKH OTJieJibHbIX Y3JIOB K0MIIJieKCa. C 

ncnoJib30BaHneM JToro KOMnrreKca BbIITOJIHeHa nporpaMMa nccrrenonaHnil: np-pacceJ1HHJ1. 

qacTb!O KOTOpoil: JIBJIJ!eTCJI npeJIJIOJKeHHaJI JIHCCepTaUHJI. 11cnoJib30BaHHbie HaMH 

BbICOKOHHTeHCHBHbie nyqKn noJIJ1pH30BaHHbIX H HenOJillpH30BaHHbIX Heil:rpOHOB nOJl)'"laJIHCb 

B peaKUHH 3aplUlOBOro o6MeHa norrl!pH30BaHHbIX rrpOTOH0B (:meprHJI 590 MJB. norrl!pH3aUHJI 

-75%) C }TJiepOJIHOH MHIIIeHI,IO p(C.N)n nOJI yrJIOM 0°. ):{JIJI npOBeJieHHJI nOJillpH33UHOHHbIX 

nccrrenonaHnii B PSI nocrpoeHa cneunanbHaJI JKcnepnMeHTaJihHaJI 30Ha NA2. KOTOpaJI 

CXeMaTnqecKn H306paJKeHa Ha pnc. l H pnc. 2. ):{JIJI npoBeJieHHJI HaIIIHX 3KCnepnMeHTOB C 

IIOJIJlpH30Ba!IHbll\lH HeiirpoHaMH. o6meii ueJib!O KOTOpbIX 6bIJIO H3MepeHne 15 pa3JIHqHbIX 

cnHH0BbIX Ha6mo11aeMbIX B ynpyroM np-pacceJIHHH B IIIHpOKOM nnanaJOHe :meprnil: (230-

590 MJB) u yrrron pacceJ1HHJ1 (60° ~ 0u."• ~ 180°). 6bmH nocrpoeHbI nna cneKrpoMerpa. 

pacnorroJKeHHbie Ha HeiirpOHHOM nyqKe Ha paCCTOJIHHH 13. 735 M (cneKrpOMerp I. pnc. 3) u 

24.00 M (cneKrpOMerp 2) OT yrneponHoil: MHIIIeHH. po)!(JlaIOIIJeii Heil:rpOHbl. COOTBeTCTBeHHO. 
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IIY'•IOI.: n0.1RpU306GHl/blX HeitmpOH06 

3KcrrepIIMeHTaJibHO 6bIJIO IIOKa.JaH0. 'ITO rrepenoc IIOllipll3aUIIH B peaKUHH 3aplUI0B0ro 

o6Mena p()(. Y)n Ha JierKHX lUlpax X l!BJUleTCll caMbIM 3ip4>eKTHBHbIM. CCJIH HCIIOJib3YCTCll 

MCXaHll3M rrepenoca rroJU1pH3!1I.:(HH na rrepennue YTJibl. Ilp11 HaJill'IHH B PSI 

Bb!C0K0IIHTeHCIIBH0ro rryqKa (-10 MKA) rrpO!l0JlbH0-IIOJillpH30BaHHb!X npoTOHOB 

(nollipll3aUIUI - 75%). HCIIOJlb30BaHHe )'Ka.JaHH0ro MeXaHH3Ma IT03BOJIIIJIO IT0JiyqllTb nyqoK 

IT0!Illp1!30BaHHbIX neiiTpOHOB C ynuKaJibHbil\lll xapaKTepHCTIIKaMH: (a) 3HepreTll'ICCKIIH 

CITCKTP neiiTpOHOB l!BJUICTCll HenpepbIBHbII\I II COCT0IIT ll3 KBa.Jllynpyroro IIHKa rrpu 3HCprHH 

530 M3B II CIIJIOIIIHOro pacrrpeneneHllll rrpll 6onee Hll3KIIX 3Heprn.11x; (6) cpe!IHllll 

IIHTCHCIIBHOCTb rryqKa HCHTpOHOB Ha paCCTOl!HIIH 13.735 M OT MIIIlICHH. polK!laIOilICH 

HCHTpOHbl. II rrpll llCIT0Jib30BaHIIII rrpoTOHH0ro rryqKa C IIHTeHCIIBHOCTbIO -10 MKA. 

COCTaBJU!eT OKOJIO 5. 106 
n. CM-

2
.c-

1
• CM. p1IC. 4: (B) nplI II0Jillpll3aUIIII rrepBH'!HbIX rrpoTOH0B 

- 75% rrom1pmaUI1ll HCHTpOHOB !l0CTIIfaCT 3Ha'!CHIIH OT -15% !lJlll HCHTpOHOB C 3Heprtteii 

18 
18 

14 '\!J.-~--
_...,..---1 17 

-~ NA2 

H++-H 
5M 

Puc. 1. CxeMarnqecKoe mo6paJKenue 3KcrrepIIMCHTaJibH0ii na6oparnpn1I NA2 PSI. / - Ocb 
rrp0TOHH0ro ITyqKa: 2 - PIREX - CTaHUIIll !lJlll o6nyqeHIIll np0TOHaMH; 3 - .UurroJibHblll 

Marum ACDYl (31 rpanycoB); ./ - CBepxrrpoBO!llllllllii coneHottn; 5 - .UurronbHbiii Marnm 

ACDY2; 6 - MarnlITHal! CllCTeMa ilnll ynpaBJICHHll rryqKoM: 7 - MIIIlleHb !lJlll polK.leHn.11 

HeiirpoHoB; 8 - ,UIIrronbHhiii Marum ACF; 9 - rnym11Tenb rryqKa rrpornHoB; JO, -
CBHHUOBbiii <l>nnhTp u KomrnMarnp nyqKa HeiiTpOHOB; // - .UunonbHbiii Marnm ACDY3; 

12 - ,UIIIIOJibHbIH MarnIIT ACDY 4: 13 - Ocb Heiirponnoro nyqKa; / ./ - CrreKTpOMCTp l; 

15 - MoHIITOp 2; 16 - CrreKTpoMeTp 2; / 7 - PIF - crnHun.11 !lJlll 06nyqe11u.11 rrpornnru.m; 

I 8 - ,UOMIIKII !lJlll 3JICKTpOHHOll II BbI'IIICJIIITCJibHOll arrrraparypb!; / 9 - r JIYIIIHTeJib IIY'!Ka 

HCHTpOHOB. 
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1 
-1.'. 2 
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4 2 6 8 9 JO 11 12 
a ~,o /\ 5'-dJ/;Lf)-1=- _____ J ______________ _f._ 
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Cmm I CnHH 
IIpOTOHa HCmp<>Ha ~ 

0 

A 
s 
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n 

PRC. 2. CxeMa HarrpaBJieHllll IIO!Illpll3!1I.:(llll IIp0TOHOB a HCHTpOHOB B!IOJib JIHHIIH rryqKa B 

na6oparnpIIH NA2. I - Ocb rrpoTOHHoro rryqKa: 2 - KBanpynonbHbie Marn1ITb1; 3 -
CBepxrrpoBO!llllllllii coneHOil!l; ./ - .UurroJibHbiii MarnIIT ACDY2; 5 - MmueHb !lJlll 

polK!leHllll HCHTpOHOB; 6 - .UIIIIOJibHblll MafHIIT ACF; 7 - rnymIITeJib rryqKa rrpOTOHOB; 8 
- Ocb HeiiTpOHHoro rryqKa; 9 - ,UIIIIOJibHbiii MarnIIT ACDY3: JO - .UttrrOJibHbIH MarnlIT 
ACDY4; 1/-CneKrpoMerp l; 12-CneKrpoMerp2. 

MoHHTOp.N'!! I --CH2Pb 

tBftt 
M1 M2M3 IlyqoK 

HCihpoHOB 

Vn 

Yrnepon 

_ne-reKTOp HCihpoHOB 

PIIc. 3. CneKrpoMeTp l 
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260 M:iB no - 40% .'IJlll Heli-rpoHOB c JHeprneli Bhill!e 450 M:iB. HanpaBJJeHne nom1pttJaI.1HH 
HeHTpOHOB npoTHBOnOJIO)l(HO HanpaBJJeHHIO nomlpll331.1Hll npoTOHOB. CM. pHC. 5: (r) Ha6op 
MarHHTOB. pacnoJJO)l(eHHhIX snOJJh HeliTpOHHOro nyqKa. nOJBOJJlleT nosepHyrh cnm1 
Heli-rpoHa B mo6oe HJ -rpex HanpaeneHHli k. s, n, CM. pttc. 2: (n) nepesopoT nonllp1I3al.lHH 
HeHTpOHHOro nyqKa MO)l(HO ocymecTBJll!Th qepe3 JanaHHOe BpeMJI. K3K npaBIIJIO qepe3 
KalK!l)'lO CeK)'HllY: ( e) ll3Mepem1e JHeprnH HeliTpOHOB B nyqKe ocymeCTBJJJleTCJI C 
HCnOJJhJOBaHHeM ll!eTO.'IllKH BpeMeHH nponeTa C npHBJl3KOH K cttrHaJJalll BhICOKoqacTOTHOH 

CllCTeMhl (50.63 Mr1.1) ycKOplITeJJhHOro KOMnJJeKca. 
3HepreTHqecKoe pa3pell!eHHe B JKCneplIMeHTax C HCnOJJh30B3HlleM cneKTpOMe-rpa l 

cocTaBJJJIJJO OT 15 M:iB no 50 M:iB !IJIJI JHepnrn HeliTpOHOB OT 200 M:iB no 590 M:iB 
COOTBeTCTBeHHO II nptt HCnOJJh30BaHHll cneKTpOMe-rpa 2 - OT 4 MJB no 21 M:iB !IJlll 
JHepruH HeHTpOHOB OT 200 M:iB no 550 M:iB COOTBeTCTBeHHO. l13Mepeune llHTeHCllBHOCTII 
HeHTpOHHoro nyqKa. ero IIOJlllpll33UIIll II rrpoq>HJJJI rrpoBonnJJOCh BO BpeMll JKCrrepttMeHTa 
HerrpephIBHO C llCIIOJlh30B3HIIeM !IByx MOHHTOpOB. pacrroJJO)l(eHHhlX no II rrocne 

crreKTpOMeTpa l COOTBeTCTBeHHO. 

5 
~ 
Q.) 

i 4l . E-< •• 
0 • • 
~ . . 
~ 3 •••• • • 
g •• . •• 
:r: • 
~ 2 •• 
CJ :r: 
Q.) 
E-< 

1 :r: 
::s:: 

200 300 400 500 600 
'3Hepnrn HeirrpoHOB, M3B 

Pttc. 4. 3HeprernqeCKllll crreKTp HeHTpOH06 ll3 peaKUllll p(C.X)n 

CneKmpo.11emp I 
CxeMaT!fqecKoe H306pa)l(eHHe rrepBoro crreKTpOMeTpa. pacrroJJO)l(eHHOro Ha paCCTOllHHH 

13.735 MOT MIIll!eHH !IJIJI po)KJleHllll HeliTpOHOB. IIOK333HO Ha p1IC. 3. CrreKTpOMeTp COCTOHT 
113: (a) rrpoTOHHOH Jall!opo)l(eHHOH IIOJlllPIIJOBaHHOH MHll!eHH (HJ!ll rrpOTOHHhlX 
uerronllpll30BaHHhIX MUIIIeHeli): (6) neTeKTOpHOH CllCTeMhl rrpoTOHOB 0Tnaq11 ll CllCTeMhl 
HJMepeHHll HX IIOJlllpU3aUHII: (B) neTeKTopa pacceJIHHhIX HeHTpOHOB: (r) CHCTeMhl c6opa tt 
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0 
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600 

PHc. 5. 3HeprernqeCK3ll 3aBHCHMOCTh IIOJlllpH33UHH HeHTpOHOB HJ 33pll!l006MeHHOH 
peaKUHH rrponoJJhHO IIOJIJlpH30BaHHhIX rrpOTOHOB C Hll.paMII yrnepona p(C.)()n non yrnoM 0 
rpanycoB 

peruc-rpaunn nauHhlX. C HCIIOJlh30BaHlleM JTOro crreKTpOMe-rpa IIOJJ)"leHhl 
JKcrrepHMeHTaJJhHh!e nauHh!e. IIOJBOJIJIIOmHe orrpenenHTh onHo-. nByx- H TpeXCIIHHOBh!e 
Ha6monaeMhie B yrrpyroM np-paccel!HHH (cM. rnaBy 5). 

IlpomOHHWI 3a11opo:J1CeHHW/ no.1RpU3060HHWI .llUUleHb U npomoHHble Heno.1RpU306GHHble 
.\IIIUleHU 

COJnaHHal! !lJIJl Hall!HX JKcrrepttMeHTOB rrpOTOHHal! 3aMOpO)l(eHH3ll IIOJJllpH30B3HH3ll 
MHllleHh (pnc. 6) COCTOHT ll3 CJle!IY!OmHx OCHOBHh!X qacTeli: (a) peq>pll)l(eparnpa 
pacrnopeHHJI 

3
He-

4
He: (6) semecrna MHllleHH C o6beMOM -100 CM

3 
(6yraHOJI -

CHJ(CH2)2CH2OH). Haxo!lllmttMCJI B KaMepe pacrnopeHHJI peq>pH)l(eparnpa: (B) 
IIOJIJlp1I33UHOHHOro (2.5 Tn) H ynep)l(HBaIOmero (0.8 Tn) CBepxrrpOBO!lllmnx M3rHHTOB; (r) 
Bh!COKOqacTOTHOH CHCTeMhl !lJIJl HaKaqKH IIOJIJlpH33UHH (qacTOTa - 70 rru): (n) CHCTeMhl 
Jl!lepHoro MarHHTHOro pe30HaHCa . 

HaKaqKa IIOJIJlp1I33UHH rrposonHTCJI B MarHHTHOM rrone 2.5 Tn rrpH TeMrrepaTYPe -150 
MK. B 3aMOpO)l(eHHOM COCTOJIHHH IIOJillpH33UHH rrpoTOHOB (-50 MK) H MarnHTHOM none 0.8 
Tn BpeMJI CIIHH-pell!eToqHoli penaKcaunn IIOJIJIPHJaUHll IIOJl)"laJJOCb 6oJJbllle. qeM l 000 q_ 
IloJIJlpH33UHJI rrpoTOHOB H3Mepl!JJ3Cb C OTHOCHTeJJbHOH TOqHOCTb!O 3-4% C HCII0Jlb30B3HHeM 
TeXHHKH 51:MP. TiepeBopoT HarrpaB.,1eHHJI II0JJllpH33UHH rrpOB0nHJJCJI MeTonoM nHHaMHqecKOH 
HaKa~H B M3rHHTHOM II0JJe 2.5 T. uarrpaBJJeHHe MarHHTHoro II0JIJI He MeHJIJI0Cb. 
XapaKTepHal! BeJJH'mHa II0JIJlpH33UHH rrpOT0H0B BO BpeMJI Ha6opa CTaTHCTHKH C0CTaBJIJIJJa 
60%-80%. B OCH0BH0M B 3aBHCHM0CTH OT T0ro. 6h!Jla JIH IIOJJllpH33UHll HarrpaBJJeHa Bn0JJb 
HJIH rrpOTHB HarrpaBJJeHHJI BHell!Hero ynep)l(HBaIOmero MarHHTHOro IIOJIJI. I1JMepeHHe 
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rroJU1p1naum1 rrpoao.z:urnoch B · naqane H Konue KalKJloro ornenhnoro JKcrrepHMenra. 

311aqe1me rroJU1pHJauHH B mo6oe Janannoe apeMJI MelKJlY na)'Mll HJMepeHHJIMH rrony<1anoch 

MeTOllOM 3KCIIOHeHUHaJihHOH 3KCTparromlUHH. CrreUHaJihllal! MarHHTllal! CHCTeMa. COCTOJ!lllal! 

113 rpex CBepxrrpOB0lllllllHX MarHHTOB. rrpenHaJHaqenHal! Ml! C03llaHHJI ynep)KHBaIOmero 

MarHHTH0ro IIOJUI. naaana B03M0)KII0CTh ycTaHOBHTh IIOlUlpH3aUHIO rrp0TOH0B MHIIIeHH B 

JII060M HJ nanpaaneHHH n, k H s. BMeCTO II0JillpH30Ba!!.HOH MHUJe1111 B OTI(eJihllhIX 

3KCIIepnMenTax HCIIOJih30BaJIIICh TaK)Ke HeII0lUlpH30BaHHhie MHUie1111 HJ CH2 IIJIH C. 

Jleme1-mop npomoHo6 omiJa'lu u cucme.11a 113.11epemm Iix 110.1J1p113ai/Ull 

l-1.JMepHTeJihHal! CIICTeMa !(JUI neTeKTupoaa11m1 rrpoT0H0B OTI(aqH II HJMepeHHJI HX 

IIOJillpH3aUHH (CM. pHC. 3) C0CTOHT 113: (a) CUHHTHJIJIJIUHOHH0ro cqerqnKa s 12. na10mero 

CTapT0Bhie CHrllaJihl Ml! BCero crreKTpOMerpnqecKoro KOMIIJieKca. n (6) T_eJieCKOIIHqecK0H 

CHCTeMhl MHOrorrpoBOJIOqnhIX rrporropuHOHaJihllhIX KaMep (MllllK). 

KalKJlal! HJ MllllK. B CB0IO oqepenh. COCTOHT HJ nayx IIJIOCKOCTeH (paCCTOJIHHe MelKJlY 

IIJIOCKOCTJIMH 18 MM) C B3aHMHO-rreprrell!(HKYJUIPHhIMH rrpoB0JI0KaMH (BOJihqJpaM. TOJilllHHa 

20 MHKpoH) C lllarOM I MM. HJMepe11He IIOJUlpH3aUHH rrpOTOH0B OT,!laqH OCHOBaHO Ha MeTO,!le 

paccel!HHJI rrporo11oa 11a pacceHaarene-a11anuJarope ll3 yrnepona . .[(nll JTOii uenH MelKJlY 

rpeTbeH H qerneproii MllllK TeJieCKOIIa pa3MelllaJICJI paccenBaTem, ll3 yrnep0.!lllhIX IIJiaCTHH 

c TOJllllHHOH 5 CM HJIH 7 CM. DOJlhll!Oe K0JIHqecrno nereKTHpyIOlllHX IIJIOCKOCTeii KaMep 

renecKorra crroco6crnoaano xopoUieii 3cpcpeKTHBHOCTH orrpeneneHHll rpaeKTopHH rrporo11oa 

OT,!laqn H rpaeKT0pHH rrpoTOHOB. pacceJIHHhlX Ha paccenBaTeJie-aHaJIHJaTope IIOJillpHMerpa H 

TeM CaMhIM H 3cpcpeKTHBHOM)' orrpeneneHHIO IIOJillpHJaUHH rrpoTOH0B OT,!laqH_ 

J]eme1-n10p pacceJIHHblX He1impoH06 

l-1.JMepHTeJihHOe rrneqo neTeKTopa pacceJIHHhIX HeiiTpOHOB (pHC. 3) C0CTOHT HJ 

CUHHTHJIJIJIUH0IIH0ro neTeKTopa Vn. BhIIIOJIHJIIOJilero p0Jih BeTo-cqerqHKa. 11a6opa 

OllHHHanUaTH ropH30HTaJihHO paCIIOJIO)KeHHhlX CUHHTHJIJIJIUHOHHhIX CTep)KHeii Ml! 

neTeKTHpoBaHHJI 11eiirpo110B H .!lByx aepTHKaJihHO paCIIOJIO)KeHHhIX CUHHTHJIJIJITOpOB Tl H T2 

IIJUI orrpeneneHHJI BpeMeHHOH rrpHBJIJKH CHrHaJIOB HJ OT,!leJihHhIX nereKTopHhIX crep)KHei1:. 

r opH30HTaJihHal! Koop.nH11arn Mecrn rronanamrn 11eiirpo11a B nereKrop orrpeneJU1eTcJ1 

HJMepe11HeM pa3HHUhl BO BpeMeHH MelKJlY IIOXBJieHHeM CHrHaJIOB HJ .!lByx 

qJOTO)'Ml!O)KHTeJieii. KOTOpbie paCIIOJIO)KeHhl Ha KOHUaX CUHHTHJIJIJIUHOHH0ro CTeplKHJI. 

JaperncrpHpoaaaUJero 11eiirpo11. BeprHKaJihHal! KoopnH11arn JaperncrpHpoaa1111oro 

11eiirpo11a orrpenene11a 

CUHHTHJIJIJIUH0IIHOro CTep)KHJI. 

Cucme.lta c6opa iJaHHblX 

BepTHKaJihHhIM II0JIO)KeH!IeM COOTBeTCTByIOJilero 

qT06hI o6ecrreqHTh HJMepeHHJI B 60JibllIOM ,!lHaIIaJOHe yrnoB paccel!HHJI. o6a ,!leTeKTopa. 

,!leTeKTop paccel!l!Hh!X HeiirpOHOB H neTeKTOp rrpoTOHOB OT,!laqH C CHCTeMoii HJMepeHHJI !IX 

II0lUlpH3aUHH. pacrr0JIO)KeHhl Ha .!lByx IIO,!lBH)KllhIX IIJiaTcpOpMax. KOTOphie MOryT apamaThCJI 

B ropH30HTaJihHOll IIJIOCKOCTH BOKpyr OCH IIOJillpH30BaHHOii MllllleHH. 

CoJ,!la!!.Hal! nayxypoBHeBal! rrporpaMMHpyeMal! CHCTeMa rpurrepa IIOJBOJIJleT Ja,;.laBaTh 

60Jihll!Oe KOJIHqeCTBO pa3Hh!X ycJIOBHH !(JUI perncrpauHH co6bITHH. OcHOBl!hIMH ycnOBHJIMH 

pa60Thl rpHrrepa rrepaoro yp0BHJI. HCIIOJlhJOBaHHhIMH B Hall!HX HJMepeHHJIX. 6bIJIH: 

(a) M3.Sl.S2- rpurrep I1JU1 rrpoBe,!leHHJI BpeMeHH0H KaJIH6pOBKH crreKrp0Merpa: 

(6) M3.S l.S2.A - rpurrep IIJUI rrpoaene11uJ1 reoMerpuqecKoii KaJIH6poBKH KaMep rrneqa Ml! 

nereKTupoaa11ux rrpOTOHOB or.naqH; 
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Il}"IOK 
eeirrpoeos · ···· ··• ·• 

ConeHOH.!1 

--
PHc. 6. l10JU1puJoaa1111al! MHUJeHh 

CHCTeM3 
YJlCpllCl{B310IUHX 

(a) M3.Vn.Sl.S2.N -rpHrrep IIJUI na6opa .!lfiliHhIX. orneqa10mux yrrpyroMy np-paccel!HHIO . 

IlpH pa6ore nereKTopa rrpoTOHOB OT,!laqH B pe)KHMe HJMepeHHJI IIOJillpll3aUHH rrpoTOHOB 

OT,!laqH HCIIOJih30BaJICX rpHrrep BTOporo ypOBHJI. II0JBOJIXIOlllHH BO BpeMll HJMepeHHJI HJ 

.!laJihHei1:IIIei1: perncrpauHH HCKJIIOqHTh ace CJI)"IaH. MX KOTOphIX yron paccellHHJI Ha 

yrneponnoM pacceHaarene MeHhIIIe 3 rpanycoa. CucreMa c6opa na1111h1x 6aJnpoaanach 11a 

cncreMe. pa3pa6ornn11oil: H 06merrpn11xroi1: B PSI. 

Cne1-mpo.11emp 2 
Bropoi1: CIIeKrpOMerp 6bIJI paCIIOJIO)KeH Ha paCCTOJIHHH 24.00 M OT MHUJeHH ,'J.JIJI polKJleHHJI 

Heil:rpOHOB. 011 COCTOXJI HJ: (a) )KllJlKOBO.!l0PO.!lllOH MHII1e11u: (6) MarHHTH0ro crreKrpOMerpa 

C MarHHTl!hIM a!!.aJIHJaropoM H CHCTeMOH npeil:cpOBhIX KaMep. pacrroJIO)KeHHhIX no H IIOCJie 

MarnHrn: H (B) rrporonnoro rroJU1pHMerpa. pacnoJIO)Ke1111oro 11a apama10meiicJ1 rrnarcpopMe u 

pa6ora10mero 11a rrpunuurre paccel!HHJI rrporo11oa or.naqu 11a yrnepon110M pacceuaarene. 

KOMIIJieKC crreKrpOMerpa 2 HCIIOJih30BaJICJI HaMH .!lJUI HJMepeHHJI 3HepreruqecKoro crreKrpa 

H rronllpll3auHH 11eil:rpo1111oro Il)"!Ka H IIJUI orrpeneneHHll K03cpcpuuue11rn rrepe.naqH 

IIOlUlpH3aUHH Dck"Oko(0°) B peaKUHH p(C.N)n B crreuHaJihHO II0CTaBJieHH0M Ml! 3T0ro OIIhITe 

(CM. rnaay 4). 
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B TpeTLeii l'JiaBe ormcaHbl OCHOBHhie npHHUHilhl o6pa60TKH JKCIIepHMeHTaJihHhlX 11aHHhIX H 
cnoco6b! onpeneneHml CIIHHOBhlX Ha6mo11aeMbIX. OcHOBHhIMH JTaIIaMH aHaJIH3a 

JKCIIepnMeHTaJihHhIX llaHHhIX .IIBJUIJIHCh: (a) ocymecTBJieHne npenaapnTeJihHOH KaJIH6pOBKH 

BpeMeHHh!X KaHaJIOB CIIeKTpoMerpn'leCKOH CHCTeMbl H IOCTHpOBKH reoMerpnn OTlleJihHhIX 

JJieMeHTOB perncrpnpyroweii CHCTeMhI: (6) BOCCTaHOBJieHHe Ha OCHOBe 11aHHhIX 113 

HeiirpOHHhIX C'leT'IHKOB reoMerpn'leCKHX KOOpllHHaT rpaeKTOpHii '!aCTHU H onpe11ene1me 

:meprnn HaJieTaIOIUero HeiirpoHa: (B) C npHBJie'!eHHeM COBOK)'UHOCTH KHHeMaTH'leCKHX 

ycnoanii npouecca yrrpyroro pacce.11HH.11 ocymecTBJieHHe rrpenaapHTeJihHOro oroopa 

«xopoumx» co6bITHii: (r) 11eTaJihHhIH. aHaJIH3 npenaapnTeJibHO OT06paHHhlX co6bITHH. 

BKJIIO'laIOIUHH 6onee TO'IHOe onpeneneHHe qJH3H'leCKHX BeJIH'IHH. npe11cTaBJUIIOIUHX 

HHTepec. H npoaenettne OKOH'laTeJihHOro oroopa C06hITHH. YllOBJieTBOp.llIOIUHX HaJIO)KeHHhIM 

KHHeMaTH'leCKHM ycJIOBHaM JKCnepnMeHTa; (11) pacnpeneneHHe OKOH'laTeJihHO OT06paHHhIX 

co6hITHH a COOTBeTCTBYJOIUHe .ll'leHKH rHCTOrpaMMHpOBaHH.11 no JHeprnn pacceHBaeMoro 

HeiirpoHa H yrny pacce.11HH.11: (e) onpeneneHHe .!lIDI Ka)Klloii .ll'leiiKH rncrnrpaMMnpoaattn.11 

BCUOMOraTeJibHhIX BeJIH'IHH (C)'MM). He06XOllHMhIX npn pac'!eTax 3Ha'!eHHll CTaTHCTH'leCKHX 

anrrpoKCHMaTopoB CUHHOBhIX Ha6n1011aeMhIX: ()!() pac'!eT aCHMMerpnii BO Bceii 

COBOK)'IIHOCTH OTo6paHHhIX co6hITHll. 3aperncrpHpOBaHHhIX npH non.11p1I3aUHH HeiirpOHHOro 

ll)"!Ka + H -: (3) onpe11ene1me 3Ha'!eHHll CTaTHCTH'leCKHX annpoKCHMaTOpOB BeJIH'IHH 

CUHHOBhIX Ha6n1011aeMhIX: (n) onpeneneHHe COOTBeTCTBYJOIUHX CTaTHCTH'leCKHX H 

CHCTeMaTH'leCKHX oum6oK UOJl)"laeMbIX BeJIH'IHH. 

3,P,Pe1'mue11b1e cmamucmu'-1ec1'11e annpo1'C1L1Iamopb1 o.1J1 1'03</J</J1111ue11moe 1'oppe.1J1IIuu 
no.1Rp113Gl/llll 

lfacno co6hrrnii yrrpyroro np -+ np pacce.11Hn.11 HeiiTpOHOB c JHeprneii En B HanpaaneHHH 

C IIOllilpHblM yrnoM 0n H a3HM)'TaJlbHhIM yrnoM q:, MO)KHO 3aUHCaTb KaK 

N(En.0n.Cjl) = [ d
2
a/(dQ·dEn)lri(En.0n.Cjl )-L. (2) 

rne d
2
a/(dQ·dEn) - .'lH<p<pepeHUllaJihHOe ce'!eHne yrrpyroro np-pacce.11Hn.11. TJ(En.0n.q:,) -

aKcenTaHC H J<p<peKTHBHOCTh neTeKTHpyroweii JKCnepHMeHTaJihHOll annapaT)'Phl. L -
CBeTHMOCTh CHCTeMbl. )"IHTbIBaIOIUa.11 HHTeHCIIBHOCTh HeiirpOHHOro ll)"!Ka. UJIOTHOCTh 

MHIIIeHH H npOllOJl)KHTeJibHOCTb H3MepeHHll. 5IBHYJO 3aBHCHMOCTh llH<p<pepeHUHaJihHOro 

Ce'!eHH.11 d
2
a/(dQ·dEn) OT a3HM)'TaJlhHOro yrna q:,. UOJI.llpHoro yrna 0n. KOOpllHHaT BeKTopoB s, 

n, k, Pa " PT B (x, y, z) CHCTeMe. JHeprnH paccenaaeMbIX HeiirpoHOB En. llB)'X BeJIH'IHH 

acnMMerpHii Aoobo H Aooo, H 'l_eTbrpex KOJqJqJHUHeHTOB KoppeJI.IIUHH UOJI.11p113aUHH Aoonn

Aooss- Aookk• Aoosk MO)KHO 3anncaTh KaK 

[d
2
a/(dQ·dE)] = Ioooo { l + (PB·n)·Aoono + (Prn)·Aooon + (3) 

+ Ps·PT[(PB·n)·(Prn)·Aoonn + (PB·s).(Prs)·Aooss + 
+ (PB·k)·(Prk)·Aookk + ((PB·s)·(Prk) + (PB·k)·(Prs))·Aoosk]}. 

,[{JI.11 Ka)KllOll H3 '!eTbrpex B03MO)KHbIX KOM6HHaUHll opHeHTaUHH IIOllilp113aUHH ll)"!Ka H 

UOJI.11p113aUHH MIIIIIeHH. (y.8) = (n,n). (s,s). (k,k). (s,k). perncrpHpOBaTJHCh 3Ha'!eHH.II 'IHCeJI 

cofarrHii N(En.0n.q:,.Psr±_p/±)_ HcnoJih3)'.II ace '!eTbipe pa3Hhie KOMfiHHaUHH HarrpaaneHH.11 

non.11p113aunn HeiirpoHoB n rrpornHoB (Ps.PT) = (Ps +.Pt). (Ps +_pT·). (Ps-.Pt). (Ps-.PT_)_ 

UOJl)"laeM 16 ypaBHeHHH llJI.11 onpeneneHH.11 BXOll.llIUHX a HHX BeJIH'IHH. a TOM 'IHCJie 

CUHHOBhIX Ha6n1011aeMbIX Xsrbt· B UOCTaHOBKe HaIIIHX JKCIIep11MeHTOB HanpaBJieHHe 

IIOJI.11pH3aun11 II)"!Ka HeiirpOHOB '1epe110BaJIOCh Ka)Kll)'IO CeK)'Hny H npOBOllHJiaCb 
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perncrpaUH.11 'IHCJia OTC'leTOB N(En.0n.q:>.Psr±_p/±). OTBe'laIOIUHX npOTIIBOUOJIO)KHbIM 

3Ha'leHH.IIM IIOJI.11p113au1111 HeiirpOHOB (Psy±). A6COJIIOTHOe 3Ha'leHne IIOJI.11pH3aUHH B o6onx 

CJl)"la.llX MO)KHO C'IHTaTh OllHHaKOBhIM: Pa+ = Ps"- AHaJIOfH'IHO H aKcenTaHC H 

J<p<peKTHBHOCTb perncrpnpyroweii arrnapaT)'Pbl MO)KHO C'IHTaTh OllHHaKOBhIMH. C 11pyroii 

CTOpOHhl. TaK KaK H3MepeHH.II C npOTHBOIIOJIO)KHbIMH HanpaBJieHH.IIMH IIOJI.11pH3auHH 

npOTOHOB MHIIIeHH npoBOll.llTC.11 B pa3HOe BpeM.11. COOTBeTCTBYJOIUHe BeJIH'IHHhl UOllilpH3auuu 

OTJIH'laIOTc.11: PT+ ~ PT-- Y'IIIThIBa.11 JTO. BMeCTO ypaaHeHHii llJI.11 BeJIH'IHH N(En.0n.Cjl. Psr±. 

p/±) (CM. (2) H (3)) y1106Hee aHaJIH3HpoBaTb ypaaHeHH.11 .!lIDI aCHMMerpnn E(P/±) = E(En.0n.Cjl

p/±). llOJl)"laeMbie 113 'IHCeJI OTC'leTOB N(En.0n.Cjl- Psy±. p/±)_ H3MepeHHbIX np11 OllHHaKOBOll 

non.11pn3au1111 MHIIIeHH p/± H C rrpOTHBOUOJIOiKHhIMH non.11p113aUH.IIMH ll)"!Ka HeiirpOHOB Ps + 
H Ps - COOTBeTCTBeHHO. KaK 

E( p/±) = E(En.0n.q:,. p/±) = [N(Ps +) - N(Ps")] I [N(Ps +) + N(Ps")]. (4) 

rne BeJIH'IHHbI OTC'leTOB N(Ps +) H N(Ps") HOpMHpOBaHbl C HCUOJib30BaHHeM IIHTeHCHBHOCTH 

HCXOllHOro Il)"!Ka HeiirpoHOB. 113MepeHHOll nepBblM MOHHTOpOM. Y'IHThIBa.11. '!TO BCJiellCTBHe 

npnHunna ITaynn Aoono= Aooon- H nonara.11 /Pa+/= /Ps"/. 113 (2)-(4) UOJl)"laeM 

6+ 
E(PT -) = Ps·[(PB·n)·Aoono + PrLy6=s.k.n Ao0y6] I [l + (Prn)·AoonoJ. (5) 

ITOJl)"leHHhie BeJIH'IHHhl aCHMMerpnii E(P/±) He conep)KaT )'iKe 3aBHCHMOCTH OT 

TJ(En.0n.Cjl) n L n npe11cTaBJUIIOT co6oii a o6weM CJI)"lae Ha6op BOChMH 

rpexnapaMerpH'leCKHX ypaaHeHHll llJI.11 onpeneneHH.11 ll.llTH BeJIH'IHH CUHHOBhIX 

Ha6n1011aeMbIX Aoono- Aoonn- Aooss- Aookk- Aoosk- lfro6b! UOJl)"IHTh 3Ha'!eHH.11 )'Ka3aHHhlX 

CUHHOBhIX Ha6n1011aeMbIX. HaMH 6bIJIH ocymecrnneHbl B COBOK)'UHOCTH '!eThlpe cepHH 

JKCrrepHMeHTOB C pa3Hh!MH opneHTauH.IIMH CUHHOB KaK HeiirpOHOB Il)"!Ka. TaK H npOTOHOB 
MHIIIeHH. 

BKJian qJOHOBhIX co6bITHll IIpH o6pa6oTKe )"IHTh!BaJIC.11 KaK J<p<peKT "pacrnopeHH.11" 

UOJUipH30BaHHhIX npOTOHOB B 11pyrHX KOMUOHeHTax aewecTBa MHIIIeHH H MaTepnaJiax. 

OKp)'iKaIOIUHX MHIIIeHb. pacce.llHHe Ha KOTOpbIX IIpHBOllHT K 00.IIBJieHHIO qJOHOBhIX co6bITHll. 

KoJIH'lecrneHHO BKJian qJOHOBhIX co6hITHH )"IHTh!BaJIC.11 c UOMOIUhIO KOJqJqJHUHeHTa 

"pacrnopeHH.11" f. KoJ<pqJHUHeHT f= [N(q>OHOBa.11 MHIIIeHb).K]/[N(non.11p113oaaHHa.ll MHIIIeHb)] 

llOJl)"laJIC.11 H3 'IHCJia 3aperncrpnpoBaHHbIX co6bITHll B JKcnepnMeHTaX C qJOHOBOll 

[N(q>OHOBa.11 MHIIIeHh)] H UOJUip1130BaHHOll [N(non.11p1130BaHHa.ll MHIIIeHb)] MHIIIeHbIO 
COOTBeTCTBeHHO.<l>aKTopK 

K = L:$1Jen IL<j,,.>H (6) 

.IIBJUleTC.11 KOJ<p<pnuneHTOM HOpMHpOBKH HCTHHHhlX H qJOHOBhlX cneKTpOB (CH.IITbIX C 

qJOHOBOll MHIIIeHbIO). paCC'IHTaHHhIM H3 C)'MMapHoii CTaTHCTHKH co6bITHH L><j,<j,,,•, H L<j>c>H B 

o6onx CIIeKrpax • .[{Hqi<pepeHUHaJihHOe Ce'leHHe pacce.llHH.11 UOllilp1130BaHHhlX HeiiTpOHOB Ha 

qioHoaoii MHIIIeHn (nonara.11 PT = 0) MO)KHO npe11cTaaHTh KaK [ d 2a/( dQ·dE)]( qiott )=10000 { l + 
Ps(p&n)·A<j>c>a{En.0n)}. .[{JUI onpe11eneHn.11 BeJIH'IHH A<j>c>"(En.0n) aHaJIH3HpOBaJIHCh 

aCHMMerpnH E<j>c>H• 

E<j>c>" = E(En.0n.Cjl)<j>c>" = [N<j>c>"(Ps+)- N<j>c>"(Ps")] I [N<l><>"(Ps+) + N<j>c>"(Ps-)] 

= Ps(p&n)·A<j>c>"(En.0n)-
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Y'IHTh!BaJI HaJIH'l!Ie lpOHOBhIX co6hITHM. JlHtptpepem.tHaJlhHOe ce'leHHe paccesmm1 

noID!pH3OBaHHhIX Heii:TPOHOB Ha IIOID!pHJOBaHHOM rrpOTOHHOii: MHIIIeHH MOJKHO JaOHCaTb KaK 

[d
2
cr/(d~HE)lml = (l - f)[d

2
cr/(d.Q•dE)lnmnpoT l + f[d

2
cr/(dQ·dE)fotJOH)• 

n Bblpa)KeHHe ( 3) rrpHHHMaeT Bllll: 

[d
2
cr/(dQ•dE)lm> = loooo { l +Pe·(pB·n).[(l-f)·A00no + f·A.t,o") + 

+ Pr(prn)·(l-f)·Ao00n + Ps·PT·(l-f) ·A00yo}-

(8) 

(9) 

B JTOM CJI)"lae 1lIDI orrpeneneHHll CIIHHOBhIX na6monaeMhIX Aoono• Aoonn• Aoo ••• Aooss• Aoosk

rronyqaeM CHCTeMy ypaeHeHHM 

i:(PT°±) = i:(En.0n.cp.PT°±) = [N(Ps+)'"""- N(Pe•)m")/[N(Ps+)m"+ N(Ps")'"c"] = (10) 

= Ps·(pB·n)·[( 1-f) ·Aoono+f·Act,o")+ Ps·Pr(l-f)·Ao0ys)/[l +Pr(prn)(l-f)·Aoono). 

rne y.c5 = s. k. n. ITpH JTOM e ypaeHeHttaX (9) KOJtpq>HUHeHThl y HCKOMhIX BeJIH'IHH Aoono, 

Aoonn• Aookk• Aooss• Aoosk JaBHCU OT aJHMYTaJihHOro yrna <p II Bblpa)KaIOTCll qepeJ q>yHKUHH 

sincp. coscp. sincp.coscp. sin2cp H cos2cp. ( 11) 

ITpm,1eneHHe q>ypbe-aHaJI113a llBID!eTCll yno6HhJM MeTOJlOM llJlll orrpeneJieHHll HJ (9) HCKOMhIX 

BeJIH'IHH CIIHHOBhIX Ha6JIIOJlaeMbIX. 3aMeillUI rrpn qiyphe-aHaJIHJe coorneTCTBYIOIUHe 

HHTerpanbI IIO rrepeMeHHOll cp 1lIDI tpHKCHpOBaHHhIX JHa'leHHM En H 0n(CUM) CYMMaMH 

co6bITHii:. IIOIIallaIOIUHX e COOTBeTCTBYIOIUHe ll'Ieii:KH rncTOrpaMMHpoeamrn IIO JHepruH En H 

IIOID!pHOMY yrny paccel!HHll 0n(C.U.M). 

< sincp>. <coscp>. <sincp.coscp>. <sin2cp> H <cos2cp>. (12) 

TO MOlKHO c HX IIOMOIUhIO Bhlpa3HTh e (9) KOJtpq>HUHeHThl rrpH BeJIH'IHHax CIIHHOBhIX 

Ha6n10naeMhIX. He rrpH6eraJI K rHCTOrpaMMHpoBaHHIO rro <p. Pe111aJ1 CIICTeMy ypaeHeHnii:. 

IIOJI)"leHHYIO TaKHM o6pa30M H3 (9). IIOJI)"laeM xopo111ne arrrrpoKCHMaTopbl JlJill BeJIH'IHH 

Aoono• Aoonn• Aookk• Aooss H Aoosk• 
3</J<jJe,.;.mu6Hble cmamucmu11eci.;.ue annpo,.;.czrnamopbl o.1J1 ,.;.o.11nonenm Gei.;.mopa no.1RpU3auu 

npomoHo6 omoa1111. annpo,.;.czrnamopbl 0.1» i.;.03</J</Jm111enmo6 oeno.1Rpu3az11111 Do~11;. 

,.;.03<jJ</Jm111enmo6 nepenoca no.1J1p113azI1111 Kop_,o u mpex11acm1111HblX ,.;.03</J</Jm111enmo6 Nop1s 

.[(Jill orrpeneneHHll CIIHHOBhIX Ha6n10naeMblX Dopos. Kopy0 II Nopy& B JKCrrepHMeHTe 

Heo6XOJlHMO orrpeneJIHTh CIIHHOBOe COCTOllHHe rrpoTOHOB OTJlaqH . .[(Jill aHaJIH3a CIIIIHOBOro 

COCTOllHHll rrpOTOHOB OTJla'III HlU.IH HCIIOJihJOBaJICll MeTOJl IIX paccel!HHll Ha yrnepOJlHOM 

pacceHBaTeJie MITITK IIOID!pHMeTPa. qttcno pernCTPHpyeMhIX co6hrrttii: paccel!HHll qacTHU co 

CIIHHOM 1/2 H IIOID!p113auHeii: p (B HallleM CJI)"lae rrpOTOH) Ha HeIIOJillp113OBaHHhIX llllpax 

(yrnepon) IIOJI)"laeM HJ (2). me JlHq>tpepeHillfaJihHOe ceqeHHe KaK tpYHKUHll JHeprnH 

rrpOTOHOB OTJlaqH tt IIOIDipHoro 0c H a3HM)'TaJlhHOro <pc yrJIOB paccel!HHll HMeeT BHJl: 

[d
2
cr/(dQ·dE))c = loooo {l + Ac(Ep,0c)·Pn-coscpc-Ac(Ep.0c)·Pssincpc}. HJIH (13) 

[d
2
cr/(dQ•dE)]c= le { l + i:/(Ep.0c) ·cos<pc + i:,C(Ep.0c)·sincpc}. 
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rne i:/(Ep.0c) II E,c(Ep.0c) - aCHMMeTPHH. JaBHCllIIJHe OT aHarrHJHPYIOIIJeii: crroco6HOCTII 

yrnepommro IIOJillpHMeTPa Ac(Ep.0c) II KOMIIOHeHT BeKTOpa IIOJillpllJaUHH Pn II P,. 

COOTBeTCTBeHHO. 

i:/(Ep.0c) = Ac(Ep.0c)·Pn. i:,c(Ep.0c) = - Ac(Ep.0c)-P,. (14) 

qHCJIO co6bITIIM. orneqaIOIIJHX paccel!HIIIO rrpOTOHOB OTJlaq11 Ha yrnepOJlHOM pacce1rnaTeJie. 

MOlKHO JaIIHCaTh KaK 

N(Ep.0c.<pc) = [d
2
cr/(dQ•dE))c ·ri(Ep.0c.<pc)·L. (15) 

rne ri(Ep.0c.<pc) - aKCeIITaHC II J!ptpeKTHBHOCTh neTeKTOpa II L - CBeTHMOCTh CHCTeMbl. l·h 
(12)-(14) IIOJI)"laeM 

N(Ep.0c.<pc) = le·{ l + Enc(Ep.0c)·coscpc + Esc(Ep.0c)·sincpc}·ri(Ep.0c.<pc)·L. IIJIH 

N(Ep.0c.<pc) = lc-{l + Ac(Ep.0c)·Pncos<pc -Ac(Ep.0c)-P.-sincpc}·ri(Ep.0c.<pc)·L. (16) 

PemaJI CHCTeMy ypaeHeH~ii: (16). rronyqaeM acnMMeTPl!H i:/(Ep.0c) H Esc(Ep.0c). 

Korna aHaJI11JHPYIOIIIaJ1 crroco6HoCTh Ac(Ep.0c) 11JeecTHa. TO pemeH11e ypaeHeHHii ( 16) 

IlOJBOID!eT orrpeneJIHTh rrpl!MbIM o6pa30M eeJIH'IIIHhl IIOJillp113aUHII Pn II P,. ECJIH tpYHKUHll 

JtptpeKTHBHOCTH aKCeIITaHCa ri(Ep.0c.<pc) e (15) HMeeT rrepHOJl CHMMeTPl!H 1t IIO 

aJHMYTaJihHOMY yrny <p. TO aHaJIHJ <l>ypbe HJ ( 16) nae,- !IJUI arrrrpOKCl!MaTOpOB IIOJillp113aUIIH 

<P 0> H <P ,> cncTeMy ypaeHeH11ii: 

(i: coo Accos~ rcoo Ac
2
cos

2
cp. 

~coo AcsinJ = l:Eco6 Ac
2
sincp coscp. 

Lcoo A/:i~: cos~ [<Pn>] 

Lcoo Ac sm <p j <P,> 

( 17) 

HJIH B MaTPH'IHOii: q>OpMe 

B = F. < P >. IIJIH < P > = F 1 
• B. (18) 

CYMMbl e ( 17) Bhl'IHCIDIIOTCll llJlll Ka)I(JlOM llqeii:KH rHCTorpaMMllpoeaHl!ll no BCeM 

a311M)'TaJlhHhIM yrnaM <p = <pc COOTBeTCTBYIOIIJHX co6hITHM 

Lcoo Accoscp. Lcoo Acsincp. :EcooAc 
2
cos

2
cp. Lcoo A/sin

2
cp. Lcoo A/sincp coscp. (19) 

flpHMeHl!eMhIM JJieCh MeTOJl rrpHHUO Ha3hIBaTb .11emooo.11 636e!UeHHb!X cy.11.11. B KOTOpOM 

pOJih BeCOB 11rpaIOT aHaJIHJHPYIOIIIHe crroco6HOCTH Ac(Ep.0c ). ,n;ia MaTPl!Uhl 01111160K HMeeM 

V(P)=F1
• 

McIIOJihJOBaHl!e arrrrpOKCHMaTopoB aCHMMeTPIIM IIOJillp113auttii: <P> ( 17). IIOJI)"leHHhIX 

MeTOJlOM BJBellleHHhIX CYMM. yno6HO TaKJKe n 1lIDI yqern tpOHa. KOTOpbIM e o6meM CJI)"lae 

MOJKeT HMeTb npyroe yrnoeoe pacrrpenenem1e. qeM HCTHHHhie co6bITHll. Bhl'leT lpOHa B JTOM 

CJI)"lae yno6Ho rrpoBO)lHTh Ha ypoeHe CYMM ( 19). a He Ha ypoBHe IIOJillpHJau11ii: <P>. HJ 

JKCIIepHMeHTaJihHhIX )laHHhIX. IIOJI)"leHHhIX B 113MepeHHllX lpOHOBhIX co6bITHii: C q>OHOBOM 

Mll!IIeHhIO. MeTO)lOM Bhl'IHCJieHl!ll COOTBeTCTBYIOIIJHX CYMM ( 19) IIOJI)"laeM TaKHe JKe 

MaTPHUhl Bct,oH tt Fct,oH (CM. 18). KaK tt MaTPHUhl B,mmeH• tt F,mmeH• (CM. (18)) llJlll CYMMapHbIX 

/ 06ie,n;irneHH1Il1 HHCTMTYT 

l
15I,D;epmr::17nccrre.n;oBam:1n 

BI1BTTMOTEKA 
----·----·--



co6bITlfll. IlOJI)"leHHhIX C IlOJIJ!p113OBaHHOll MHIIIeHhlO. BKJIJOqaJOllllfX KaK J<p<peKT. TaK If !pOH. 

B JTOM CJI)"lae. MaTpHUhl B If F ( 18). orneqa10m11e lfCTHHHhIM co6hITlfl!M. MO)KHO 3an11caTb 

KaK 

B = B\lnweHb - K•B<f,<,H If F = F,mweHb - K•F<f,<,H• (20) 

me <paKTop HOpM11poBK11 <pOHOBhIX co6brr11ii K onpe.neneH B (6). Marp11ua onrn6oK 

IlOJillp113auHH B JTOM CJI)"lae BhJq!fcJil!eTCll KaK V(P) = F'(F,mweHb + K
2
·F<f,<,") F

1
. 

Pernal! .lJlll Ka)K,llOll llqeiiKH rncrnrpaMMHpOBaHHll (Ei.0icu\l) ClfCTeMy ypaBHeHHll (18) c 

.::taHHh!Mlf (20). IlOJl)"IeHHh!Mlf B lf3MepeHHllX C HOpMaJihHOll If !pOHOBOll MHIIIeHhlO. 

IlOJI)"laeM 3HaqeHml annpoKCHMaTopoB <Pn> If <P,> KOMilOHeHT P. If P, BeKTopa 

IlOJillpH3aUHH npOTOHOB onraq11 (16). COOTBeTCTBeHHO. 113 Haii.neHHhlX 3HaqeHHll BeJIHqifH 

<Pn> 11 <P,> IlOJI)"laeM c11cTeMy ypaBHeHHii (21) 

<Pn> = {Ponoo +Ps.-Konno + Pr.-Donon + Ps.-Pr.-Nonnn + Ps,Pr,Nonss + 

+ Ps,·Pn·Nonkk + Psk·Pn·Nonsk + Pbk"Pr,Nonks}X 

<P,> 

x { 1 + Ps.-Aoono + Pr.-Aooon + Ly&=k.n.,Ps1·Prs•A00ys} •
1 

{Ps,Kos"sO + Psk·Kos"kO + Pr,Dos"Os + Pn·Dos"Ok + Ps,PTn"Nos"sn + 

+ Ps.-Pr,Nos"ns + Ps,·Pr.-Nos"kn + Ps.-Pn·Nos"nk}X 

X { 1 + Ps.·Aoono+ Pr.-Aooon + Ly&=k.n.,Psy·Pri;·Ao0yo}"
1
• 

(21) 

perneHHe KOTOpoii. C npHBJieqeHHeM pe3yJihTaTOB no onpe.neneHHIO KOJ!p!plfUHeHTOB 

KoppeJil!UHH nonllpn3au1111 ( 10). no3BOJilleT onpe.neJIHTh crrHHOBhie Ha6n10.naeMhie Dopoi;. 

Kopy0 If Nopyo• TipOBO.llll lf3MepeHHll npH pa3Hh!X 3HaqeHHllX lfCXO.llHhIX HanpaBJieHHll 

IlOJlllp113aUHH HeiirpOHHOro nyqKa If npOTOHOB IlOJillp113OBaHHOll MHIIIeHH. 113 (21) .llJill 

Ka)K,llOll 3a.llaHHOll l!qeiiKH rHCTOrpaMMHpOBaHHll (Ei.eiCU\I) IlOJI)"laeM ClfCTeMy B3aHMHO 

CBl!3aHHhIX JIHHeiiHhIX ypaBHeHHii .llJill cnHHOBhIX Ha6n10.naeMhIX X,,bi(Ei.0icu"). B (21) 
cnHHOBhie Ha6n10.naeMh1e Dopo&. Kopy0 11 N0p10 Bhlcryrra10T scer.na B CYI\fM_e c 

KOJ!p<pHUHeHTaMH. KOTOpb!e onpe.neneHbl B Ka)l(JlOM OT,lleJibHOM CJI)"lae IlOJillp113aUHOHHh!Mlf 

ycJIOBlfl!Mlf IlOCTaHOBKH JKcnep11MeHTa. 

B qeTBepTOU rJiaBe npHBO.llllTCll pe3)'JlhTaThl npone.neHHhlX npeUH31fOHHhIX lf3MepeHHll 

JHepreT11qecKoro cneKrpa If IlOJillp113aUHlf HeiirpoHOB B 3apll.llOOfo,teHHOll peaKUlflf 12C(pn)X 
C IlOJillp113OBaHHh!Mlf npoTOHaMH C JHeprneii 590 MJB. l·h npoBe.neHHhIX paHee 

lfCCJie,'lOBaHHll 6hIJIO lf3BeCTHO. qTo 3apll.ll006MeHHal! pn-peaKUlfll Ha JierKHX ll.llpax llBJilleTCll 

O.llHHM 113 J<p<peKTHBHhIX MeTO.llOB IlOJI)"leHHll nyqKOB HeiirpOHOB. B TOM q11cne If 

IlOJillp113OBaHHhIX. C11cTeMaT11qecK11e lfCCJie.noBaHHll 3apll.ll006MeHHOll peaKUlflf 

IlOJillpH3OBaHHhIX npOTOHOB Ha ll.llpax yrnepo.na Ha yCKOpHTeJibHOM KOMnneKce PSI 

IlOKa3aJIH. qro peaKUlfll C npO.llOJihHO-IlOJlllpH3OBaHHh!Mlf npOTOHaMH llBJilleTCll 6onee 

J<p<peKTHBHhIM cnoco6oM IlOJI)"leHHll nyqKa npO.llOJlhHO-IlOJillp113OBaHHhIX HeiirpOHOB. qeM 

peaKUlfll C BepTHKaJihHO-IlOllllp113OBaHHh!Mlf npoTOHaMH. Ha JTHX pe3yJihTaTOB. B PSI 6bIJia 

CO3,UaHa cneu11anbHal! JIHH!fll .llJill IlOJI)"leHHll BhlCOKOHHTeHCHBHhlX IlO1IllpH3OBaHHh!X If 

Henonllp113OBaHHhlX nyqKOB HeiirpOHOB. TiyqoK IIOJillp113OBaHHhlX HeiirpoHOB B PSI llBJilleTCll 

B HaCTOllmee BpeMl! O,UHHM 113 JIY'IIIIHX nyqKOB IlOJlllpH3OBaHHhlX HeiirpOHOB B o6JiaCTlf 
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JHepruii Hlf)Ke 600 MJB. BhICOKal! lfHTeHCHBHOCTh II IlOJillp113aUHll HeiirpOHHOro nyqKa 

IlO3BOJIHJIH ocymecTBHTh IlOCTaBJieHHYJO HaMH 3a.naqy 3aneprneHHll nonuoro OilbITa B 

ynpyroM HYKJIOH-nyKJIOHHOM B3aIIMO,llellCTBlflf peanbHOll. 3uaqelllfll BeJI11q11H JHepruH If 

IlOJlllpH3aIIlflf HeiirpoHOB He06XO.lllfMhl lL'lll onpe.neneHHll CillfHOBhIX Ha6JI10.naeMhlX B 

ynpyroM np-paccel!Hlflf. 11 ToquoCTh nx onpe.neneHHll .llJill OT,lleJibHhlX co6bITlfll 

Henocpe.ncTBeHHO BJIHl!eT Ha ToqnocTh onpe.neneHHll COOTBeTCTByIOllllfX CilllllOBhlX 

ua6JI10.naeMblX. B CBll31f C JTHM 6bIJI IIOCTaBJieH crreUHaJihHhlll JKcnepm,teHT .llJill TOqHoro 

onpe.nenemrn JHepru11 11 rroJlllpH3aIIHH HeiirpoHOB C03.llaHHoro B PSI HeiirpoHHOro nyqKa. 

31'cnepu11e11ma1b11GJ1 ycma11061'a 
3KcnepHMeHT OCHOBaH Ha lf3MepeHHH CillfHOBOll 3aBHCHMOCTlf .lllf<p<pepeHUHaJihHOro 

ceqeHHll ynpyroro pn-paccel!HHll C llCI1OJlh3OBaHHeM cneKrpOMerpa 2 H TeXHHKH H3MepeHHll 

BpeMCHH nponern C npHBll3KOll K BhICOKOqacrOTHOll CHCTeMe 50.63 Mru YCKOpHTCJlhHOro 

KOMilJieKca. 3KcnepHMCHTaJihHal! ycTaHOBKa COCTOllJia 113: (a) )Klf,llKOBO.llOPO.lll!Oll MHIIIeHH 

LH2. pacnoJIO)KeHHOll Ha pacCTOlllllflf 24.00 M OT yrnepO.llHOH MHIIIeHH .llJill po)l(JleHHll 

HCllTJ)OHOB: (6) MarHHTHOro cneKTpOMerpa. OCHalllCIIHOro .npeii<pOBh!Mlf Ka>.1.epaMH .llJill 

.neTeKTHpOBaHlfll npoTOHOB OT,llaq11; (B) CUHHTHJIJillUHOIIHhlX ro.noCKOilOB .llJill 

.neTeKTHpOBaHlfll paccel!HHhlX HeiirpOHOB: (r) Ha6opa CUHHTHJIJillUHOHHhIX cqeTqHKOB n 

rpnrrepHoii cncTeMhI .1lJlJI H3MepeHttll BpeMeHH nponern HeiirpoHoB. 

311ep?emu'lec1'uit cne1'mp 11e1impo1106 
Tioll)"ICHHoe c noMOllllO BpeM11nponenmii 6aJhI 24.00 M JHepreTnqecKoe pa3perneHne 

npn onpe.neneHnn JHeprun HeiirpoHOB cocraBJIJLJIO 21 MJB n 4 MJB .llJill JHeprun 

HeiirpoHOB 550 MJB 11 200 MJB coorneTcrne1-1Ho. TioJI)"leHHhiii JHepreTnqecKnii cneKrp 

HeiirpoHOB nyqKa IlOKa3aH Ha pnc. 4. KBa.Jnynpyrnii IlHK c JHeprueii OKOJIO 530 MJB 

IIOJI)"laeTCll B pe3yJihTaTe npouecca 
12C(p.n/2N. Kor.na l!JlpO OT.naqn 

12N OCTaeTCll B 

OCHOBHOM HJIH B036~eHHOM COCTOl!HlfH. AHanoruqHhlC H3MepeHHll JHepreTnqecKoro 

cneKrpa HeiirpOHOB. npoBe.neHHble C HCI1OJlh3OBaHHeM BpeMl!nponeTHOll 6a3bl 13.735 M H 

cneKrpoMerpa 1. ttMeIOT xy.nrnee JHepreTnqecKoe pa3perneHne. TioJTOMy. npn onpe.neneHHH 

o6meii 3a.nep)KKH BpeMeHHOro KaHana II onpeneneHHH JHeprnn HeiirpoHoB .llJill Ka)l(Jloro 

OT,lleJibHOro co6bITllll npn o6pa60TKe JKCI1ep11MeHTaJihHhIX .naHHhIX IICI1OJlh3OBaJIIICh 

pe3yJihTaThl. IlOJI)"leHHbie B ll3MepeHHllX Ha 6aJe 24.00 MC yqeTOM Toro. qTO KBaJll)'Tipyrnii 

n11K HMeeT JHepru10 530 MJB. 

Ilo.1J1pu3az/!Lll 11eitmpo11110?0 ny'l1'G 
8 npeUH311O11HhlX H3MepeHHllX IlOJlllploaunn HeiirpOHHOro nyqKa IICI1OJlh3OBaJIOCh 

ynpyroe pn-paccel!Htte HeiirpoHoB n c nom1pn3au11eii. HanpanneHHOii nepTHKaJihHO (n). na 

npoToHax p )KHJlKOBo.nopo.nHoii l\mrneun. Tipn JTOM HanpanneHHe nonl!p113aunn 

HeiirpOHHOro nyqKa MeIDIJIOCh Ha IIJ)OTHBOilOJIO)KHOe Ka)K,llyIO CeK)'"HJlY nyreM 

nepeBopaqnBaHl!ll IlOJlllp113au1111 npoTOHOB B IIOHHOM HCTOqHnKe ycKOpHTeJil!. Tionllp113aUHll 

HeiirpoHHOro nyqKa onpe.neJIJ1JiaCh 113 acHMMerp1111 Bhmern npoTOHOB B ynpyroM pn
paccellHHH. TioJI)"leHHbie 3HaqeHHll I1OJll!PH3auHH HeiirpoHOB B 3aBHCHMOCTH OT HX 

KHHeT11qecKOll JHepruH npHBe,lleHbl Ha p11c. 5. me OHH I1OKa3aHhl TeMHh!Mlf Kp~KaMlf. Ha 

JTOM )Ke pncyttKe CBeTJih!Mlf Kp~KaMlf IlOKaJaHhl pe3yJihTaThl lf3MepeHHH. nponc.neHHhlX C 

lfCI1OJlh3OBaHlleM BpeMllnponeTHOll 6aJbl 13.735 M If cneKTpoMerpa I. Bo BTOJ)OM CJI)"laC 

JHepreTnqecKoe pa3pemeHne c11cTeMh! x~e. qeM B nepBOM CJl)"Iae. B HeCKOJihKO pa3. B 

CileKrpe. lf3MepeHHOM C JIY'IIIIHM pa3perneHHeM. Ha6mo.naeTCll orqeTJIHBal! CTPyKT)''Pa B 
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06nacn1 3Hepnm Heit-rponos oiono 530 M38. )].orroJIHHTeJihHhie rrposepo'IHhie H3MepeHHll 

IlOKaJaJIH. 'ITO np116opHblH 3cpcpeKT. npHBO.!(JIIIJHH K IlOllBJienmo 3TOH CTpYKTYJJhl. MOlKHO 

HCKJllO'IHTh. Bhll!CHeHHe !pH3H'leCKOH rrpttpO!Ihl 3TOro 3cpcpei.,a. CBl!3aHHOro. IIO-BH!IHMOMy. 

co crpyiaypoii ll!Ipa 
12

N. B '!aCTHOCTH C o6paJOBaHHeM ll!Iep 
12

N B B036YlKJleHHbIX 

COCTOl!HHllX. llBJllleTCll npeJIMeTOM !IaJihHeiinmx HCCJie!IOBaHHH. 

Onpeoe.1eH11e i;:03rjJrjJw111eHma nepeoa'lu no.1J1p111ai11111 Dck·nw(0") 6 peai.111111 12C(pn) 12N 

Ko3cpcp111111eHT rrepenaq11 rroJlllpHJa1111u D\·ow(0 ") B peaKIIHH 12C(pn/2N MOlKHO 

IIOJIY'IHTh 113 IIOJlllpH3aIIHH HCXO!IHOro rryqKa rrpOTOHOB Psp = 75% H H3MepeHHOH 

IIOJillpHJaIIHH IIyqKa HeiirpOHOB Psn (CM. puc. 5). KaK ifk·ow(Epn.0") = Ps,, I Psp. 3necb Epn 

= (T p - T n) paJHHIIa KHHeTH'leCKHX 3Heprnii rrepBH'IHOro rrpoTOHa T p H 3HeprHH 

B03HHKaIOIIJero B peaKIIHH 
12C(pn/2N HeiirpoHa Tn COOTBeTCTBeHHO. TTonyqeHHall 

3HepreTH'leCKall 3aBHCHMOCTh K03!p!pHIIHeHTa rrepenaqu rrpO!IOJihHOH IIOJillpH3aIIHH 

ifrnw(0") non yrnoM 0° B peaK111111 
12C(pn/2N rroKaJaHa Ha p11c.7 TeMHhIMH KPYlKKaMH. 

3aMe'leHHall B 3HepreTH'leCKOM crreKTpe IIOJlllpH3aIIHH HeiirpOHOB (CM. p11c. 5) crpyiaypa 

rrpOllBJllleTCll B 3HepreTH'leCKOH 3aBHCHMOCTH K03!p!pHIIHeHTa D't·ow(Epn•0") rrpH 3HeprnH 

OKOJIO 60 M38. 

0.0 - y 

-0.2~ ? i ~~~~+t+iy? ~ ~· Okk -0 4~ yi•• . ••• t • 
-0.6t.••t y ·;•··1· 
-0-r f 1 

0 100 200 300 400 500 

Pa:mocrr. 3Bepral O> {M3B) 

Puc. 7. 3HepreTH'leCKall 3aBHCHMOCTh K03!p!pHIIHeHTa rrepena'IH rrpOllOJlhHOH IIOJillpH3aIIHH 

D\·oko(Epn.0°) B peaKIIHH p(C.X)n. · 

B DHTOH rJiaBe np11seneHbl rronyqeHHbie HaMH 3Ha'leHHll CITHHOBhIX Ha6monaeMbIX B 

ynpyroM np-pacceJIHHH. C IIOMOIIJhIO pa3Hh!X KOM6HHa1111ii IlOJillpH3aIIHOHHhIX COCTOllHHH 

HeiirpoHHOro IIyqKa H npoTOHOB MHIIIeHH H aHl!JIH3a CIIHHOBOro COCTOl!HHll rrpOTOHOB 
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OT!Ia'IH 6hIJIH rrposeneHbl H3MepeHHll K03!p!pHIIHeHTOB aCHMMeTpHH Aono,,. K03cpcp1mne1n0B 

IIOJlllpH3aIIHH PonO/l- K03!p!pHIIHeHTOB KOppeJIJIIIHH IIOJillpH3aIIHH Aon,,,, H Aoosk, 
K03!p!pHIIHeHTOB nerroJlllpH3aIIHH Do,,011, K03!p!pHIIHeHTOB rrepenoca IIOJillpH3aIIHII Ko,·-w H 

Ko,··,o H rpeXCIIHIIOBhIX K03!p!pHIIHeHTOB Nos""kn If No,··,,, B .lIHaIIaJOHe 311epr11ii 100 - 590 M38 

H yrJIOB paccel!HHll B CHCTeMe 11eHrpa Mace 60° - 124°. 8 COBOKynHOCTH IIOJiyqeno 6onee 

350 311aqe1111ii CIIHIIOBhIX 11a6JIIOJiaeMhlX B yKaJannoii o6JiaCTH 3Heprnii H yrnoB paccel!HHll. 

TT pH 3TOM MHOrHe 113 IIHX 6hIJIH rronyqeHhl BrrepBbie. Y CJIOB!lll ITOCTal!OBKII 3KCrrep11MeHTOB H 

113Mepennhie CIIHIIOBhie 11a6JII01laeMbie X,rbt B n11arraJ011e yrnoB paccel!HHll 60° - 124° C.II.M .• 

rrpe!ICTaBJil!IOIIJlle 11eJib HaCTOllIIJeii nnccepTaIIHOHHOH pa60Thl. rrpnseneHbl B ra6JI. I. 

CrrHHOBOe COCTOllHHe l13MepeHHhie K03cpcpn1111eHThI Xsrbt 

'!aCTHII. yqaCTBYJOIIIHX 

B peaKIIHH 

s r b t 

0 0 n n Aooon Aoonn 

0 0 s k Aoosk 

0 n 0 n Ponoo Donon 

0 s k 0 Kos"kO 

0 s s 0 Ko,·,o 

0 s k n Noskn 

0 s s n Nos"sn 

Ta6n1111a I. YcJIOBHll IIOCTaHOBKH 3KCrrepHMeHTOB H H3MepeHHbie CIIHIIOBbie 11a6JII01laeMbie 

X,ro, B nnarraJoHe yrnoa paccel!HHll 60° - 124° c.11.M .• rrpencraBJillIOIIJHe 11enh HaCTOl!IIJeii 

!IHCCepTaIIHOHIIOH pa60Thl 

TTpencraBJiellllble B HaCTOl!IIJeii pa6ore 3KcrrepHMeHThl llBJlllJIHCh rrepBblMH 

3KCIIepHMeHTaMH B paMKax IIOCTaBJieHHOH rrporpaMMhl HCCJienoaaHnii. B KOTOpbIX 

HCIIOJih30BaJiaCb rrpOTOHHall IIOJlllpH30BaHHall 3aMOpOlKeHHall MHIIIeHb. HaKOIIJieHHhIH OIIhIT 

CblrpaJI CYIIIeCTBeHHYJO pOJih a IIOCTaHOBKe acex IIOCJlellYJOIIJHX ceaHCOB n crroco6cTBOBaJI 

ycrreIIIHOMY BhIIIOJIHeHHIO HaMe'!eHHOH rrporpaMMhl. 

)],Jlll Ka)KJloro 3a}laHHOro Ha6opa IIOJillpH3aIIHOHHhIX COCTOllHHH HeiirpOHHOro rryqKa II 

IIpOTOHHOH MHIIIeHH Ha6HpaJIOCh rrpH6JIH3HTeJibHO OllHHaKOBOe 'IHCJIO co6h!THH (1-3. IO\ 
TaKOe. 'IT06bi o6ecrre'IHTh xopOIIIYJO CTaTIICTH'leCKYJO TO'IHOCTh pe3yJihTaTOB. )],JI.SI 
rrpoaeneHH.ll !pOHOBhIX H3MepeHHH HCIIOJlh30BaJiaCb HeIIOJI.llpH30BaHHall MHIIIeHb 113 wapHKOB 

recpnoHa. CHMYJIHPYJOIIIall. trro Kacaerc.ll coneplKaHH.ll paccettaa10mero aemecraa. 

IIOJlllpH30BaHHYJO MHIIIeHb. KaK rrpu H3MepeHH.llX 3cpcpeKTa. TaK H B !pOHOBhIX H3MepeHH.llX 

HCIIOJih30BaJIOCh OllHHaKOBOe yneplKHBaIOIIJee MarHHTHOe IIOJie MHIIIeHH. Ha rrpaKTHKe 'IHCJIO 

C06bITHH. KOTOpbie perncrpHpOBaJIHCh B !pOHOBhIX H3MepeHH.llX. rrpencraBJI.llJIO OKOJIO OllHOH 

TpeTH co6bITHH. 3aperucrpttposaHHhIX rrpH H3MepeHH.llX C IIOJillpH30BaHHOH MHIIIeHbIO. 
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~ nOJIY'leHH.11 annpOKCHMaTopoB cnHHOBbIX Ha6monaeMbIX rHCTOrpaMMHpoBaHHe 
npoBOllHJIOCL no .11'IeHKaM c umpuHoii no JHeprnu E B 20 MJB H no yrny pacce.11HH.II 011" B 
CHCTeMe ueHTpa Mace C IIIHpHHOH B 4°. ,Un.11 nOJIY'leHH.11 OKOH'IaTeJibHbIX pe3yJILTaTOB 
3KCnepuMeHTaJibHbie llaHHbie 6bIJIH nanee crpynnupoBaHbl B n.llTb .ll'IeeK 
rncTOrpaMl\lHpOBaHH.11 no 3Heprnu. co cpenHHMH 3Ha'IeHH.IIMH 3Heprnii C 260. 315. 380. 460 
u 535 MJB. u B BOceML .11qeeK rncTO'.J'aMMHpoBaHH.11 no yrny ~acce.11Hu.11. c IIIHJJHHOH 8° u 
cpellHHM 3Ha'IeHHeM 64°. 72°. 80°. 88 • 96°. 104°.112° " 120 B C.U.M. 

B Ka'IeCTBe npuMepa no.JIY'leHHbIX llaHHbIX 3Ha'IeHH.II KOJ«pqmuueHTOB nenOJI.11pH3auHH 
Dnnnn npencTaBJieHbl B rpacpuqeCKOM BHlle Ha puc. 8 ('IepHb!e Kp)')KKH). a KOJ«p«pHUHeHTbl 
nepena'IH nolI.llpH3auHH Kn,--kO H TpexcnHHOBble KOJ«p«pHUHeHTbl No,··sn B Ta6JIH'IHOM BHlle -
B Ta6JI. 2 n 3 coorneTCTBeHHO. YKaJaHHbie Ha pnc. 8 n B Ta6JI. 2 n 3 OIIIH6KH TOJibKO 
CTaTHCTH'IeCKHe. Ha pnc. 8 JIHHH.IIMH nOKa3aHbl npellCKaJaHH.11 pa3HbIX MOlleJieii 11 
pe3yJILTaTbl «pa30BOro aHaJIH3a. B KOTOpOM HOBble llaHHbie noKa He yqHTb!BaIOTC.11. 

Kns"kO 
0u" [

0
] 260 MJB 315 MJB 38OMJB 460 MJB 535 MJB 

64 .105(.310) .103(.080) 
72 -.202(.230) -.020(.100) -.039(.060) 
80 -.135(.367) -.159(.100) .048(.079) .182(.060) 
88 .315(.130) .160(.077) .304(.075) .250(.065) 
96 .617(.190) .249(.091) .188(.067) .348(.075) .325(.070) 

104 .007(.120) .393(.073) .417(.060) .421(.075) .210(.071) 
112 .2666(.090) .312(.063) .341(.060) .360(.074) .473(.085) 
120 .063(.246) .251(. 190) .234(.230) 

Ta6nuua 2. KoJ«p«pnuueHTLI nepenaqn nolI.llpH3auun Kns"kO 

flpn onpeneneHHH 3Ha'IeHnii napaMeTpOB KoppelI.IIUHH non.11pH3aUHH Annnn u Annsk• Korna 
CnHHOBOe COCTO.IIHHe npOTOHOB OTlla'IH He aHaJIH3HpyeTC.II. CTaTHCTHKa Ha6paHHbIX co6b!THH 
O'IeHb BbICOKa.11 u CTaTHCTH'IeCKHe OIIIH6KH B onpeneneHHH napaMeTpOB KOppeJI.IIUHH 
nolI.llpH3aUHH CaMbie MaJieHbKHe. CTaTHCTH'IeCKHe OIIIH6KH B onpeneJICHHH 3Ha'IeHHH llByx
" TpexcnHHOBbIX Ha6JIIOllaCMbIX Dnnnn. Kns"ko- Kns•so. Nos"kn H Nn,•sn 60JibIIIe. TaK KaK B 3TOM · 
CJIY'lae Heo6XOllHMO aHaJIH3HpOBaTb cnHHOBOe COCTO.IIHHe npOTOHOB OTlla'IH. '.:ho npHBOllHT 
K nOHHJKeHHIO CYMMapHOH CTaTHCTHKH perHCTpHpOBaHHbIX co6LITHH no cpaBHCHHIO co 
CJIY'laCM. Korna CnHHOBOe COCTO.IIHHe npOTOHOB OTlla'IH MeTOllOM BTOpH'IHOro pacce.llHH.11 He 
npoBOllHTC.11. 

3Ha'IeHH.II BeJIH'IHH OllHOCnHHOBbIX Ha6JIJOllaeMbIX Annon n Pnnnn MOJKHO TaKJKe nOJiy'IHTb 
H3 aHaJIH3HpyeMoro HaMH 3KCnepHMeHTa. flpu HaIIIeM aHaJIH3C. OllHaKo. 3Ha'IeHH.II 3THX 
BeJIH'IHH ucnOJib3OBaJIHCb KaK H3BeCTHbie BXOllHbIC naHHbIC. nonyqeHHbie c 60JibIIIOH 
TO'IHOCTblO Ha OCHOBe o6pa60TKH BCCH COBOKynHOCTH npoBe)leHHbIX HaMH JKcnepHMCHTOB C 
pa3Hb!MH nolI.llpH3auHOHHbIMH COCTO.IIHH.IIMH HCHTpOHHOro nyqKa H npOTOHOB MHIIICHH. 

rpaHHUbl oueHOK CHCTeMaTH'IeCKHX OIIIH60K onpcneJICHH.11 cnHHOBbIX Ha6JIJO.llaeMLIX. 
nOJIY'ICHHb!C B pe3yJILTaTC OIIIH60K B onpcneneHHH BCJIH'IHH Pe. PT " Ac. npHBC.llCHbl B 
Ta6JI. 4. 
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Nns"sn 
0u"[

0
] 26OMJB 315 MJB 380 MJB 46OMJB 535 MJB 

64 .455(.400) -.162(.100) 

72 -.180( .295) - .348( .124) -.173( .080) 

80 .677(.492) -.138(.130) -.142(.100) -.060(.076) 

88 .059(.185) -.085(. 100) -.047(.091) -.143(.080) 

96 -.541(.296) -.248(.130) .087(.087) -.182(.095) .019(.085) 

104 -.117(.186) .058(.104) -.191(.080) -.124(.087) .071(.090) 

112 -.186(.145) -.052(.090) -.096(.078) -.228(.095) -.185(.104) 

120 .221(.412) -.223(.283) . 121(.300) 

Ta6nuua 3. TpexcnmIOBLIC KOJ«p«pHUHCHTbI Nn,·,,, 

CrmHOBLie <l>aKi:op. onpcnen.1110IUHii 0THOCHTCJibHa.ll 

Ha6JIJOllaCMbIC OIIIH6Ky OIIIH6Ka 

Por00 Ac 1.5 - 8 % 

Aooo1 PePr 3.7-4.6% 

Dor01 PTAc 3.8 - 8.8 % 

KorbO PeAc 1.9 - 8.3 % 

Norbt PePTAc 3.9- 9.2 % 

Ta6nuua 4. OTHOCHTCJibHa.11 OIIIH6Ka B onpeneJICHHH CilHHOBbIX Ha6JIJOllaCMb!X. 

Bcero HaMH IlOJIY'ICHO 350 3KCnepHMeHTaJihHbIX 3Ha'ICHHH KOJ«p«pHUHCHTOB aCHMMCTpHH 
Annon- KOJ«p«pHUHCHTOB IlOlI.llpH3auHH Pnnoo. KOJ«p«pHUHCHTOB KoppeJI.IIUHH noJI.11pH3aUHH Anonn 
H Annsk• K03«p«pHUHeHTOB ncnolI.llpH3aUHH DnnOn- K03«p«pHU11eHTOB ncpcHoca IlOJI.11pH3aUHH 
Ko,--w H Kn,--so H TpeXCilHHOBbIX KOJ«p«pHUHCHTOB Nos .. kn H Nos··sn B .llHailaJOHe JHeprHH 230 -
590 MJB H yrJIOB pacce.llHH.11 B CHCTCMC UCHTpa Mace 60° - 124°. HaIIIH naHHble 
CYIIIeCTBeHHbIM o6pa30M .llOilOJIH.IIIOT ony6JIHKOBaHHbie naHHhIC. H B 60JiblllHHCTBe CBOCM 
OHH paHCC HC H3MCp.11JIHCb. 
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. 

PHc. 8. KoJ1l>qmuHeHTL1 ,lleII0ID!pH33UHH Dono,,, Haum .llaHHbie. 

8 38KJJIO'leHHH rrepe<rncJieHbl OCH0BHble pe3yJihTaThl. II0.Jl}"leHHble B .llHCCepTauHH. 
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OcH0BllhlC pe1y.TJ:bT8Tbl auccepTaQHII 33KJIIO'l3IOTCII B CJ1eay10meM: 

I. ITpu yqacruu aeropa .llttcceprnuuu e PSI eeeneH e 3Kcrrnyarnumo 

crreKrpOMerpuqecKHH K0MIIJieKC ,llJIH H3MepeHHH 0L(H0-. neyx- II rpeXCIIHH0BhIX 

Ha6mo,llaeMbIX B yrrpyroM np-paccel!HHII. rrpn 3HeprHHX Helirp0H0B 200 - 590 M3B H 

B ,llHaIIaJOHe yrnoe pacceHHHH 60° - 180° B CHCTeMe ueHrpa Mace. IICIIOJlh3yroIUHH 

IIOID1pll30BaHHbIH HettrpOHHbIH rryqoK ll rrpoT0HHyro IIOJllipH30BaHHyro MHIIIeHb. 

2. Orpa60TaHa MeTOLIHKa KaJIH6pOBKll OTL(eJibHhIX YJJIOB crreKTp0MeTpH'IeCKOro 

KOMIIJieKca ,LIJUI ll3MepeHHH MHOrDCIIHHOBbIX Ha6JIIO,llaeMblX B yrrpyroM np
pacceHHllll. 

3. ITpoee,lleHhl rrpeUHJIIOHHbie ll3MepeHHH. 3HepreTII'IeCKOro crreKrpa II IIOJIHpll3aUl!ll 

HettrpOHOB ll3 1apH,llo06MeHHOH peaKUllll ,:C(pn)X C IIOJIHp1130BUHHbllllll rrpOTOHaMH 

rrpu 311eprn11 590 M3B. 

.J. Orrpenenen K03<p<p11u11e11T rrepena'Ill noJU1p113au1111 D\·oko(0°) B peaKu1111 ,:C(pn)':N. 
5. C IICIIOJib30BaHlleM paJHbIX KOM61111auni1 ITOJIHptt3aUIIOHHbIX COCTOHHIIH 

11elirpo1111oro nyqKa ll npoT0HOB MIIIIIeHH II aHaJIIIJa CITIIIIOBOro COCTOHHHH 

npOTOHOB OT,lla'II! B yrrpyroM np-pacceHHllll npoeeneHbl 113MepeHHH K03!p!pllUHeHTOB 

aCIIMMerpHII Aooon, K03!p!pllUHeHTOB II0JIHpH3aUHll Po,,oo. K03<p<pllUlleHTOB 

KoppeID!UIIII IlOJIHp111au111i Aoonn ll Aoosk, K03!p!pHUI!eHTOB nerro1rnpH3aUHll DonOn, 
K03<p<pllUlleHTOB rrepeHoca IIOID1p1133Ullll Kos "kO II Kos "s0 II rpeXCIIHII0BbIX 

K03<p<p11u11eHTOB Nos"kn II Nos··sn B .u11ana1011e JHeprnfi 230 - 590 MJB ll yrnoe 

pacceHHIIH B CIICTeMe ueHrpa Mace 60° - 124° . .B COBOKYIIHOCTH rronyqeHO 60,1ee 350 
3Ha'IeHHH CIIHH0BhIX Ha6mo.uaeMblX B YKaJaHHOH o6JiaCTH JHeprnli ll yrnoB 

pacceHHHH. 

CpaeHeHne HaIIIHX JKCrrepuMeHTaJibHhIX .LiaHHbIX C pe1yJihTaTaMH. nonyqeHHb!Mll B 

.LIP)THX JKCIIepHMeHTax. r.ue TaKHe HMeIOTCH. IlOKaJbIBaeT. 'ITO BO MHOrHX CJiyqaHx 

ll3Mepe1111b1e llaMH CilllllOBbie 11a6n10naeMbie IlOJiyqeHbl enepBbie. ll TaM. rne 

JKCIIepuMeHTaJibllbie .ua1111b1e )')Ke HMeIOTCH. nonyqe1111b1e Hal\lH HOBhie pe1yJibTaTbl 

cymecrneuuo y.Jl}"IIIIaIOT ony6nnKoea11Hb1e .uaHHhie. 

ITo.Jl}"leHHbie II0Bbie JKcnepHMeHTaJibHhle naHHbie CYIIIeCTBeHHbIM o6paJOM ynyqIIIHJlll 

6aJy ,LlaHllbIX. KaCaIOIUHXCH CIIHHOBblX Ha6JIIO.LiaeMhIX B yrrpyroM 11eliTpo11-npoTOIIIIOM 

pacceHHllll. HoBhie pe1yJibTaTbl. B COB0KyrrHOCTH C pe1yJibTaTaMll. rronyqeHHb!Mll B 

3KCIIepnMeHTax no 1nyqeHHIO CITHHOBbIX Ha6JIIO,LiaeMbIX B npoT0H-IIpOTOHHhIX 

B33HMOL(eHCTBHHX. Il03B0JIHT BOCCTaHOBHTb napaMeTphl MaTpHUbl pacceHHHH ,llJIH I = 0 ll. 

TaKHM o6paJoM. 1aeepIIIHTh ocyu,ecme.1e11ue 110.1110?0 31,;cnepu.lte11ma e ynpy;,o.ll NN
pacceJ111uu B uccneJlYeMofi 06nacn1 ::meprnfi. 

Hoeb1e JKcrrepnMeHTaJihHhre na1111b1e 6yJlYI TaKJKe cnoco6crnoeaTh ynyqIIIeHnIO 

peIIIeHHH <jJa3060?0 GHll1U3G. AllaJill3 HMeIOIUHXCH B uaCTOHIUee epeMH OTKJIOHeHIIH 

TeopeTH'IeCKHX npe,LICKaJaHHH. IlO.Jl}"leHHbIX Ha OCHOBe paJHbIX MOL(eJibllbIX ITOTeHUllaJIOB ll 

naHHhIX. IlO.Jl}"leHHbIX B 3KCrrepuMeHTe. CMOJKeT coneHCTBOBaTb ynyqIIIeHIIIO HMeIOIUHXCH 

TeopeTH'IeCKHX MO,lleJieH. 
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