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OEIUAH XAPARTEP11CTJAKA PABOT!i 
UeJJb!O . ,zmccepTBUHOHHOa paOorn S!BJ!flJJOCb 8KcnepHM6HT8JlbH06 

HCCJJ6JlOBaHHe rrpouecca pa.zmaUHoHHoro pacceS!fillSI: 
'JI:- + p - 'JI:- + p + 'T , . (I) 

rrpH 8HeprHH 43 raB, H3M6p6HH6 .llliTerpaJJbHliX H .llHIPllepeHUHaJ!bHliX ceqe~ 
8TOro rrpouecca B IIIBpOKOM ,zmarra30H6 8Heprd ,-KBaHTOB,2+40 raB. 

liCCJl6JlOBaHHS!, IlOJIOlK6HHll6. B OCHOBY ,zmccepTaUHH,ClHJIH BHITOJIH6HH IIpH 
yqacT:im SBTopa COBM8CTHoa rpynrroa Ol,fJIM-H«iB9-Hq) AH rpccP-1.m.'m (MHJl8H) 
Ha ycTaHOBK~ "C1'1I'MA-AHKC" Ha cepnyxoBcKoM ycKopHTeJJe Y-70. 

HaY,IHH6 p63YJJbTaTll H ~OBH3Ha. B ,zmccepTaUHH nOJJY'i6HH CJl6JlYJallH6 
HOBH6 p63YJibT8Tll, BHJlBHraeMHe aBT~poM JlJISI 38lllHTll: 

l ) IlYTeM M8T6M8TH'i6CKOro MOJl6JIHpoBaHHS! OClOCHOB8Ha B03MOlKHOCTb 
HCCJJ6Jl0B8HHS! Ha YCT8HOBK6 "C1'1I'MA~AHKC" paHee 8KCnepHM6HTaJibHO 
HeHsyqeHHoro rrpouecca pa.zmaUHoHHoro pacceS!fillH ITHOHOB BHCOKHX aHeprd 
'IC-p -- 'IC-p,. 0nTHMH3Hp0B8H8 nOCT8HOBK8 8KCn6pHM6HT8, Orrp6Jl6Jl6HH 
paspemeHHe H aKcenTaHC YCT8HOBKH K H3yqaet.:oa p68KUHH. 

2) BHITOJlll6H aHaJIH3 JtaHHllX 8KcnepHM6HTa no HCCJl6Jl0B8HHIO peaKUHH 
'IC-p -- 'IC-p, rrpH 8H6prHH 43 raB. Paspa00T8HH H peaJIHSOBaHH aJirOpHTMH 
peKOHCTPYKUHH saperHCTpHp0B8HHHX YCTaHOBKoa coOHTd. Habe~ KpHT6pHH 
BHJl6Jl6HHS! COClHTd HsyqaeMoa peaKUHH. nosBOJIHBmH6 OTJl6JIHTb HX OT 
!lK>HOBHX rrpoueccoB. PaapaCloTaHH IIpOU6JlYPH T6XHH'i6CKOro KOHTpoJIH 
arrrrapaTypH H BHITOJIH6H 8HaJIH3 KaJIHClpoBO'iHHX H3Mepe~. 

3) BHITOJIH6H qlll3H'i6CKHA 8H8JIH3 Jl8HHllX HCCJl6JlY6MOA peaKUHH H 
IIp0B6Jl6HH OU6HKH !lK>HOBHX rrpoueccoB. Brr6J>BH6 noJIYq6HH 8KCnepHM6HT8JlbHH6 
aHaqeHHH JlJISI HHTerpaJibHHX ceqe~ aKCKJl103HBHoro rrpouecca pa.zmaUHoHHoro 
'IC-~-P, pacceHHHH rrpH aHeprHH 43 raB: 

or=(· 12,0 ± l,lCT8T ± l,3CHCT) MKO JlJIB oOJiaCTH 
nepeJtaq rrpoTOHY 0,2<1tpl<0,8(raB/c)2 

H 8H6prd ,-KB8HTOB W > 2 raB; 

02 = ( 0.31 ± 0.07CT8T ± o.04CHCT )·MKO JlJIB oOJiaCTH 
nepeJtaq O,I6<ltpl<0,4(raB/c)2 

H 8H6prd ,-KB8BTOB 32<W<40 raB. 
4) BrrepBHe IIpH BHCOKHX 8HeprHHX H3M6peHH .llHl1$lp6HUH8JlbBH6 C6'i6HHS! 

8KCKJl103HBHOrO rrpouecca pa.zmaUHOHHoro pacceHHHSI 'IC--M630HOB Ba IIpOTOH8X 
B IIIBpOKOM ,m18Il830H6 no 8H6prHH !lK>TOHa, HHBapH8HTHOA Macce KOH6'iHOa 
(-n:-,)-CHCT6MH H nepeJtaqe IIpOTOHY-

5) BwoJIHeHH pacqern ceqe~. rrpouecca -n:-p --+ ,c-p, B paMKax 
nOJlXOJla J[oy Hero MO.zm(tMKal.(W!:. IlpoB6Jl6HHll6 pacqern B IIp6Jl6Jl8X OmHClOK 
OITHCHB8IOT noJIYqeHHlle B 8KCnepHM6HTe Jl8HHH6 , qTo no3BOJIS!6T c.neJIBTb 
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BHBO.zt O IIpl!M8Hl'IMOCTH nop;x:o.zta Roy H8 TOJibKO B npe.ztenbHOM cnyqae w-----0, 
HO H B nmpoKo:lt o6nacrn :mepl'H:lt HsnyqeHHoro 1-KBaHTa (B HameM cnyqae 
W=2+40 rsB) • 

IlpaKrnecKaH ueHHOCTb 
OpaBH8HHH no~eHlillX. B sKcnep:m.1eHTe ~itxI>epeHI.U1aJibHHX ceqeHH8 c 

pacqeTaMH, BlllIOnli8HHHMH B paMKax o606lll8HHO:lt TeOpHH Roy, noKa3HBalOT 
IIpl!M8Hl'IMOCTb TeopHH Roy ,nJIH OilHCaHHH npouecca pa~aUHOHHOro pacceHHHH 
%-p---.llt-P1' IlpH BHCOKHX 8H8prHRX B mHpOKO:lt o6nacTH SHeprH:lt ,-KBaHTOB. 

ABTOpoM 6HnH paapac50TBHH npoue,nypH H HB HX OCHOB6 C08.It8H KOMIIJl8KC 
nporpaMM MO.zt8nHpOBaHHH SKcrrepl!MeHTa~bHO:lt YCT8HOBKH H (fnisHqecKoro 
8HaJIH3a )t8HHHX. B qacTHOCTH, 6HJIH paspa6oTaHH npoue,nypu KaJIH6poBKH 
SKcnepl!MeHTanbHO:lt YCTaHOBKH, np9rpaMMH pacqeTa ~peHI.U1anbHHX 
ceqeHH8 H 8KC8IlT8HCa YCT8HOBKH, nporpaMMH o6pa60TKH .ztaHlillX. H 

onpe.zteneHHH ceqeHH8, a TaKEe yqeTa tlK>HOBHX npoueccos. 
CTpYKTyPB p;HCCepTaUHH 
.l{HccepTaUHH COCTOHT H3 BB8)t8HHH, nHTH rnaB, saKJIIOqeHHH H CilHCKa 

UHTHpY8MO:lt Jrn:TepaTypH, BKJIIOqaJOOJ,ero 58 Hal!MeHOBaliH:lt. 06~eM ~ccepTaUHH 
- IIO CTpaHHU, BKJIIOqaff 33 pHCYHKa H 2 Ta6JIHUH. 

AnpoelaUHH pa60TH. Pe3YJibTaTH pa60TH .ztOMa.ztHBaJIHCb Ha HayqIDfX 
ceMHHapax no (fM3HK8 BHCOKHX SHepl'H:lt owrn H patio~ COB8lllaHHRX 
COTpY~8CTBa Cm'MA-.AHKC. 0HH orry6nHKOBaHH B BH)t8 npenpHHTOB H CTaTe:lt 
B (fnisHqecKHX EJPHanax11+6/ 

CO.l{EPJKAIILIB PABOTl:l 
B nepBo:lt rnase H3nOEBHH TeopernecKHe BOilpOCH, CBH38HHH8 C 

IIpl!M8H8HH8M TeopHH Roy ,nJIH OilHCBHHH npoueccoB pa~aUHOHHoro pacceRHHH 
H nocne.ztY!WIHMH ee 0606lll8HHRMH. IlpHBO.ztHTCH tlK>PMYnll ,nJIH MaT~oro 
sneMeHTa HCcne.ztYeMoro npouecca (EEi}. SPA- H HPT-npH6~eHHH), KOTOpHe 
Hcnonb30BaJIHCb ,nJlR pacqeTa ceqeHH8 H aKC8IlT8HCa YCT8HOBKH. Bo BTOpoM 
naparpalle 06CYE.lt8IOTCH CYlll8CTBYKIUH8 SKcnep:m.1eHTanbHH8 )t8HHH8 0 npouecce 
% - p---.'lt-P1'. 

Ilpouecc p~aUHOHHoro pacceRHHH %-p---.llt-p, MOEHO OilHC8Tb 5 
~8rp8MM8MH, noKa38HHHMH Ha pHC. I • Ilepsue qeTHpe OilHCHBalOT HsnyqeHHe 
,-KB8HTOB sapHEeHHHMH qacTHUaMH B HaqanbHOM H KOH8'lllOM COCTOHHHH. Lfx 
BMB.zt B MaTp~ sneM8HT (M3) M = eµ Mµ (eµ- B8KTOp nonRpH3aUHH 
,-KB8HT8) MOEHO BH~CJIHTb Ha OCHOBe KB8HTOBO:lt sneKTpo.ztHHaMHKH: 

•. u [ rJt rJ§ ) [ I1i . li\t .) ' mext=eZ% - ¥TCsr,tp>•p
3

kT(s1,tp) +e~ - ¥T(sf,t%)1p
4
kT(s1,t%) , 

r.zte e- sneKTpOMarHHTHH:lt sapM sneKTpOHa (e2=4m, ~I/13?-nocTORHHaH 
TOHKO:lt CTpYKTYPH); z-n;,p- sneKTpoMarHHTHH:lt 38PM '11:-M830Ha, IlpOTOHa B 

2 

e~ax sneMeHTapHoro sapR.zta; s 1=Cp1+p2 )2 ; sr=<p3+p4)2 ; tp=<p4-p2 )2 ; 
t%=(p3-p1)2 : T(s,t)- MS yrrpyr~ro npouecca 1+2--+3+4 (o6osHa'leHHH cM. 
Ha pHC. I). B cnyqae HsnyqeHHH MlU'KHX ,-KB8HTOB BMB.zt STHX ~arp8MM 
RBnH8TCH OCHOBHHM H IIpHBO~T K xap8KT8pHO:lt l/CJ>-38BHCl!MOCTH M3 OT 
SHeprHH(W) ,-KB8HT8. B pa60T8 Roy1> 6uno ITOKa38HO, 'ITO BMB.zt ::: w0 

ITHTO:lt ~arpaMMH (~int) B pasnoEBmm 
-I O I M=aw +bw +cw + • • • (2) 

MS ITO SHeprnRM ,-KB8HT8 MOEHO onpe.zteJIHTb H3 Tp860B8HHR KaJIH6poBO'lllO:lt 
HHB8pH8HTHOCTH 1µ· <~xt+Mf..l-1rrt> = 0 nonHoro M3. . 

'IT' 

p 
tp 

/ 
p2/""
,, k"-\._ '~4 P. / r '6 ,P4 . 

' 

i 
S;=(Pt+~) 

i 
~=(Pa+P,.) 

k 

/ 
/ 

p2/ , 
2 

tp=(Pi.- Pi) 
2. 

f.r=(Pa- P1l 

' ' ,P4 

' 

PHc. I. .l{HarpaMMH, onHcHBamtHe npouecc p8JlHBUHOHHoro pacceRHHH. 
pl' p3- qeTUpeXl!MrrynbcH HaqaJibHoro H KoHe'llloro %--MesoHa; p2 , p4-
qeTHp8XHMITYJibCH H8q8JlbHOro H KOH8'UIOro IlpOTOHa; k- qeTllp8Xl!MrryJibC 

1-KBaHTa; T(s,t)- MaTpH'lllll:lt sneMeHT ynpyroro npouecca; sHaqeHHH 
· 2 2 2 mmapHaHTOB: s 1 = (p1+p2 ) , sf = (p3+p4 ) , t% = (p3-p1 ) , tp = 

2 . 
=Cp4-P2> • 

lm3KOSH8prernecK8H T80peM8 Roy YTB8pll(,It88T, qTo B c~ae <i.>-+0 
rrepBHe )tB8 qneHa pasnoESHHH (2) (TOJibKO OHH CYlll6CTB8HHH ,nJIH <i.>-+O) M3 
npouecca (I) ITOnHOCTbIO onpe.zteneHH M3 (H ero IlpOH3BO.IlHO:lt no ·S) 
Hep~aUHoHHoro (yrrpyroro) npouecca. TeopernecKH sTa TeopeMa 6una 

I Low F.E. Pl!ys.Rev.,110(1958)974. 
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o6o6meHa H ,ltJIH paccemmn HeITOJlfiPH30B8HH!lX qacTHU co CITHHoM2 >. HeCMOTpH 
Ha TO, qTo HH3KOSHepreTHqeCKaH TeopeMa ~oy HMHeTCH rrpe~eJJhHOtt, 
pacqeTH, BllilO~emrue B paMKax SToro rro.nxo~a, HCITOJlh30B8JJRCh H -~Jiff 

OirnCaHHH 9KCil6pHMeHTaJJhHl:lX ~aHiruX C H3JJyqeHHeM (fx>TOHOB KOHeqHHX 
SHeprHn. JlJIH SToro IlpOBO,ItHJIOCh pa3JJOJKSHHe M3 Hepa.ItHaUHOHHOro rrpouecca 
B HeKOTopon IlpOM6JeyTO~on Me~ 3HaqeHHfiMH s.;i. H sf TOqKe, B qacTHOCTH 
B T0~6 S =(Si+ sf)/2: T(s,t) = T(s,t) + a !(s,t) (S-S). IloJJYqe~oe 

T8KHM o6p830M BHpaJKeHHe ,ltJIH M3 H831:lBa6TCH SPA (~oft ;Ehoton 
fillproximation) - rrpH6JJIDKeHHeM. 

Bee cymeCTBOBBBIDHe ~o HaCToamero 3KCrrepHMeHTa ~amrue 0 
pa.ItHBUHOHHOM paccefiHHH ~-J)-¥1t-P1 61:lJJR ITOJJYqeHJ:l B A-pe30H8HCHOtt 
o6JJacTH ceqeHHH HepB.ItHaUHoHHoro (yrrpyroro) rrpouecca (CM. Ta6JJ.I). 

Ta6JJ.l. 3KcrrepHMeHTaJJhHHe Aamrue o rrpouecce ~-P -- ~-PJ 

PJJa6'rsB/c TKHH,rsB -rs,rsB JJRTepaTYPa 

0,336 

0,848 

0,4Ei9 

0,448 
0,415· 
0,384 

0,300 

43 

0,224 

0,720 

0,340 

0,330 
0,298 
0,269 

0,192 

43 

L258 Deahl. Phys.Rev.,124(1961 )1987 

1,585 Walle. Nuovo C1m.53A(1968)745 

1,342 B.noxmme1:3a. H<I>,8(1968)928 

1,335 
I,312 Ne:l'kens. Phys.Rev.,D18(1978)3911 
1,291 

1,234 Playfer. J.Phys,G13(1987)297 

9,0 H8CTO~ 3KCrrepHMeHT 

HaH6oJJee ~eTaJJhHO rrpouecc (l) HsyqaJJCH (BMecTe c rrpoueccoM 
~+J)-¥1t+pr) B 9KCrr8pHM8HTaX rpynrrl:l UCLA C ueJJhD H3Mepemin MarHHTHoro 
MOM8HTa A-pe30H8HCa. KopoTKoe BpeMH lm3HH A-p830H8HCa He Il03BOJJHeT 
H3MepHTh M8rHHTHl:ltt MOMeHT BO 'BH8IIlH8M MarHHTHOM IIOJJe, H ,ltJIH ero 
H3M8p6HHH 61:lJJO IIp6,ltJIOJKeHo3 > HsyqeHHe peaKUHH pB.ItHaUHOHHOro paCC6fiHHH. 
Ilo~emrue B STOM 3KCITe!illMeHTe ~amrue corJJaCOBl:lBaJJRCh C SPA-pacqeT8MH 

2 

3 

Burnet T.H., Kroll Norman M. Phys.Rev.Lett., 20 (1968),86; 
Bell J.S., Royen Van R. Nuovo C1m.,60A (1969),62. 

KoanpaTJOK ~.A., IlOHOM8p6B R.A. H<I>,7(1968)111; 
3axapoB B-*·· KoanpaTJOK ~.A., IlOHOMapeB R.A. H<I>,8(1968)783. 

4 

TOJJhKO B 06JJ8CTH 3Heprlitt r-KBaHTOB W<40 MsB, H ,ltJIH OIIHC8HHH Bcero 
·CI16KTp8 (~O w<I40 MsB) 61:lJJ rrpe~JJOJKeH M3 EED (~terna.i finission 
Qominance), noJJYqeHHJ:ltt saMeHott 

. T(s,t) - T(S,t) (S=(Si+Sf)/2 H t=(tp+t~)/2) 
B Bl:lp8lK8HHH ,ltJIH M~xt-' 

B ~aJJhHeaJileM 61:lJJO IIOK838H04 >, qTo B 06JJ8CTH pe3KOro H3M8H8HHH M3 
Hep8.IOi8UHOHHOro rrpouecca (KBR, Hanp., B 06JJ8CTH A-p830H8HC8) 
pa3JJOJK8HHe C TOqHOCThD ~o nepBoa IIpOH3BO~oa He~OCT8TO~O (pe3YJJhT8TH 
pacqeTOB 38BHCHT OT_ Bl:l6opa IIpOM8JeyTOqHo8 TOqKH, B KOTopoa IIpOBO,IOiTCH 
pa3JJOJK6HH8), H 61:lJJ npe~JJOJK6H M8TO~ yqeTa CJJe.nyIOOU1X qJJeHOB B_pa3JJOJK6HHH 
M3 Hepa,IOi8UHOHHOro npouecca. Bl:lp8lK8HH8, rroJJyqeHHoe T8KHM M8TO~OM (T.H. 
MeTo~ KoHe~ pasHocTett HJJR HPT - flard. ;Ehoton Theorem), OTJJHq88TCH OT 
SPA-npH6JlIDK8HHH 38M8H08 

aT/as-(T(sf)-T(si))/(sf-si). 
BaJKHHM rrpH rrpoae~eHHH BJ:lqHcJJeHHn ~ paMKax no.nxo~a ~oy HMH6TCH 

Borrpoc Bl:l60pa M6~ MO,IOi{lJm<BUHHMH pacqeTOB H Borrpoc O rpaHHU8X HX 
IIpHM6HHMOCTH ,ltJIH OIIHC8HHH npouecCOB P8.IOi8UHOHHOro paCC6fiHHH • 
TeopeTHqecKH 3TH ~orrpocl:l HsyqaJJRCh B pa6oTax4 •5 >, r~e 61:lJJO YK838HO Ha 
HeKOTOpoe paCIDHpeHH8 06JJ8CTH IIpHM8HHMOCTH no.nxo~a ~oy H ero 
MO,nli(1Jlm8UHH ,ltJIH 1-KB8HTOB Bl:lCOKHX 3Heprlitt. 

IlpaKTffq8CK8H rrpcrnepKa 3Toro YTB6p~8HHH B8JKH8 eme H IIOTOMY, qTo 
aHaJJO~ rro.nxo~ 61:lJJ npHMeHeH ,ltJIH orrn:caHHH npoueccoa cJJa6oro 
B38HMO~eacTBHH6 >. 

3KCII6pHMeHT8JlhHOe ~OK838TeJJhCTBO npHMeHHMOCTH rro.nxo~a Roy ,ltJIH 
o6JJacrn Bl:lCOKHX HaqaJJhHl:lX sHeprHn H ,ltJIH IDHpoKott o6JJaCTH sHeprHn 
7-KBBHTOB . B H8CTOffiUe6 BpeMH Ilpe~CT8MH6T OC061:la HHT6peC, IIOCKOJlhKY 
TaKott rro.nxo~ o6o6maeTcH B TeopHH ,ltJIH orrn:caHHH npoueccoa :1mJJy<ieHHH 
~YrHX THIIOB 683M8CCOBl:lX qacTHU7 >. (K8JJR6poao~ 6030HOB, rpaBHTOHOB). 

Bo aTopoa rJJaae·orrn:caHa sKcrrepHMeHT8JJhHaH ycTaHoBKa131, c rroMomhD 
KOTopoa 61:lJJ HCCJl8~0B8H rrpouecc pa,IOi8UHOHHOro paccefiHHH ~--M830HOB Ha 

. . 

IlpOTOH8X/l/. 

4 IlOHOMapeB R.A. HIT>,12(1970)570; 

.5 

6 

7 

Fischer W.E., Minkowski P. Nucl.Phys.,B36(1972)519; 
Haddock R.P., Leung K.C. Phys.Rev.,D9'(1974)2151. 

l'pH60B B.H. HIT>,5(!967)399. 

Adler S.L., Dothan Y. Phys.Rev., 151 (1966.)1267. 

Lipatov L.N. Nucl.Phys.,B307(1988)705. 
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Ce'l:eHHe p68KJ..Uill · (I) CHJibHO M6HH6TCH B 38BHCHMOCTH OT :mepraa 
H3JJY'l:6HHOro !IK>TOH8 (Ha ,llBa rropH.nKa.B H8W6M CJIY'l:86). Il03TOMY H3Y'l:8Hli6 
p68KJ..Uill (I) IIpOJ30.IUlJIOCb B ,llBa . 3Tarra. OOJiaCTb OTHOCHT6JlbHO MHrroDC 
1-KBaHTOB HCCJie,noBaJiaCb O~OBpeMeHHo C rrpoueccOM yrrpyroro paCC6HHRH141 

B ceaHce I, a 00JI8CTb mecTKHX 1-KB8HTOB - B OT,ne!bHOM C98HC8 2. CxeMa 
YCT8HOBKR rrpRBe,neHa Ha pac.2. 

A,S4 A2 C2 S3 C, S2 D S
1 

J : j ~: E=J } j~r------,1 1 I 11 • 
H2 PCH 5>8 H1PCH1+4 

M PCH1_5+18 [~] 
PCH 31+34 Z= PCH21+24 _______,.____ 

M L .11. I 11 

PCH 9+14 

I I I i I I I P·, ~"·" 
X X X X X 

I z ='--1._ I ~ ~~ 
~0,25 

(108 Y PCH27+30 z 

~ 
Y,H2,0 1,0 

Pac. 2. CxeMa 3KCIT9pHM8HTaJibHOtt YCTaHOBKH. 

S1+S4 - Cll,RHTHJ!JIHUROHHb16 C'l:8T'l:RKR COBrra,neHRtt; A1,A2,A.y,B 
Cll,RHTHJIJIHll,ROHHble C'l:8T'l:RKR aHTHCOBrra.neHRtt; Hl'H2 - ITY'l:KOB!le 
Cll,RHTRJIJIHll,ROHHble ro,nOCKOITll; C1,C2 - rroporo~!le qepeHKOBCKHe C'l:8T'llilm; D 
- ,llll(fJl)epeHll,RaJibHlltt . qepeHKOBCKHlt C'l:6T'IRK; I +34 - (PCH 1+34) 

rrporropu,aoHaJibHll6 KaMepll; T - lKR.nKOBO,nopo~aH Mlllll6Hb; S1,SR 

Cll,RHTHJIJIHUROHHble 38ITYCK81001H6 C'I8T'IRKH; OCH - UHJIHH.ZlPH'I6CKaH KaMepa; AJ 

- u.a.mrn.np:aqecKHtt CURHTHJIJIHUROHHllll: CIT6KTpOM6Tp; W1, WR - ITJIOCKRe 
CURHTHJJJIHll,ROHH!le crreKTpoMeTpll; H3x•H3z - Cll,RHTHJJJIHUROHHllll: ro.nocKorr; 
Cl08 - raMMa-,neTeKTOp (rn). 

Ily'!OK 'lt--M630HOB C RMrryJlbQOM 43:!:l r3B/c Bll,n6JIHJICH C ITOMOIIU,10 
CURHTHJIJIHUROHlillX. C'I6T'IRKOB COBrra,neHRtt S1+S4, 8HTHCOBIT8,n8T6JlbHllX 
C'I6T'IRKOB Ar H A2 H rasOBllX qepeHKOBCKlfX C'I6T'IRKOB a,, 02 H D. 
HarrpaBJieHHe ITY'l:KOBOtt 'I8CTRU!l H3M6pHJIOCb ro,nocKorraMH H1 H 82 H 
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rrporropuaoHaJibH!lMH K8M6p8MH (PCH) 1+8 c TO'IllOCTblO 0=0,I Mpa,n B oOemt 
rrpoeKuaHX· XY H xzB). . 

B 3KCIT6pHM6HT8 HCITOJlb30B8JJ8Cb lm,nKOBOAOP9,ztH8H MHW8Hl, TC paOO'IHM 
o6'beMOM: ,ItJIHHa 400 MM, 0 60 MM. 

HarrpaBJieHHe pacceHHHoro B Mmll8HH 'lt--MesoHa B rrpoetmm! XY 
H3M8pHJIOCb C ITOMOIIU,10 rrporropUHOH8JlbIDlX RaMep 9+ l 4 C TO'IllOCTblO 

0=0,35 Mp8,n. HarrpaBJieHHe B rrpoe~ ZY H3M8pHJIOCb rrporropUHOH8JlbH!lMH · 
KaMepaMH 15+18 H 34 c TO'IHOCTblO 0,2 Mp8,n. ID.!rryJibC paccemmciro ITHOH8 

H3MepHJICH c TO'IllOCTblO op/P = 4% (,nJIH 'l8CTHU C HMrryJibCOM 43 rsB/c). 3TO 
orrpe,neJIHJIOCb, B OCHOBHOM, TO'IHOCTblO-H3M9peHHH H8rrp8BJl9HHH pacceHHHoa 
'!8CTIDlll (Oe=0,6 Mpa.n) B. ITJIOCKOCTH XY c ITOMOIIU,10 R8Mep 31+33 38 

M8rHHTOM. 
IlpoTOHll per:aCTpHpoB8JIHCb .IlBYXIlJI9'I9BllM CIT8KTpoM8TpoM. HarrpaBJieHHe 

IIpOTOHOB H3M9pHJIOCb rrporropu.aoH8JlbHllMH K8Mep8MH (Y-KOOp,naH8T8 
ITJIOCKOCTHMH 19+22 (25+28); Z-ROOp,naH8T8 ITJIOCKOCTHMH 23,24 (29,30)), 8 

TaKEe UHJJHH.l(IlH'l:9CKOa KaMepoa CCH. TO'IHOCTb H3MepeHHH orrpe,neJIHJIH 
MHoroKpaTHoe pacceHHae B nemecTBe crreKTpoMeTpa Ha ITYTH rrpoTOHa .no 
rrporropu.aoHaJibHllX K8M8p (CyMM8pHOe KOJIH'I9CTBO BemecTB8 - 0,04 pa,n.,nJI.) 

H paapemeHHe rrporropUHOH8JlbHllX KaMep o=3 Mpa.n. Kml6TH'I8CR8H 3H8prHH Tk 
IIpOTOHOB H3M6pHJI8Cb B .IUl8IT830He 60+220 M3B Cll,RHTHJIJIHUHOHHllMH 

K8JIOpHMeTpaMH W1, WR c paapemeHHeM151 
2 2 1/2 OT /Tk=(0,74 /TklM3Bl+0,03) • (3) 

k 
· nJifi H3M9peHHH H8Ilp8BJl8HHH H SHepraa J-KB8HTOB c~ raMMa-

,neTeKTOp (rn) 0108 C arrepTypoit XXZ=l200x900 MMZ, COCT8BJI8HHlill: H3 
qepeHKOBCKlfX C'l8T'IRKOB ITQJIHOro rrorJiomeHHH C pa.naaTOpaMH H3 CBHHUOBOro 
CT8KJI8 C rrorrepe'IH!lM p83M8poM IOOxl~ MM2 H ,ItJIHHoa 420 MM (14 pa,n. ,nJI. 
H ::el H,n. ,nJI.). KaJIHOpoBKa H H3Y'I8HH8 xapaKTepHCTRK C'l8T'IRKOB 
rrpoBO,ll;HJIHCb H8 rryqKe 9JI8KTpoHOB C 9Hepr:aea 13,3 H 26,6 rsB. TO'IHOCTb 
H3M9p0HHH 9Hepraa 1-KB8HT8, ycpe~8HH8H no Bcea ITJIOma,n:a, orrpe,neJIHJI8Cb 

!IK>pMY JIO!t . 
OE/E = 0,015 + 0,09/~[rsB] • (4) · 

Koop,naH8T8 ITOIT8.It8HHH 1-KB8HT8 B rn H3M9pHJI8Cb B cpe~eM C TO'IHOCTblO 
o::::II MM, 'ITO COOTB9TCTBY9T TO'IllOCTH o~,95 Mpa.n B H3Mepemm 

Harrp8BJI9HHH 1-KB8HT8. 
3arracb co6uTHtt H8 M8rHHTHYIO Jl8HTY IIpOBO,naJI8Cb B TOM CJIY'l88, Kor.na 

Blip868TliB8JICH CHI'H8Jl "Tparrep", B KOTopua OliJIH BKJID'l8Hll: 

- CHI'H8Jlli C'I9T'IRKOB ITY'l:KOBoro T8Jl9CKO_II8 s1+4' rry'lKOBliX C'I8T'IRKOB 

B KcITOJib3Y8TCH CHCT8M8 KOOp,naHaT: OCb Y H8Ilp8BJ18H8 B,nOJib rryqK8, X -

ropH30HT8JlbH08 H8Ilp8BJI8HH8, Z - B8pTRK8JlbH09. 
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8HTHCOBna,ne:ima AI H Az H cqeT'IHK8. B._KOTOpHe BH)t8JIHJIH B38IDllonettcTBH8 
IJY'IKOB08 qacTHUE,I B MHlll8HH; . 

- CHI'HaJll:l npaBoro (R) HJlH JieBoro (L) p8rHCTpHpYICllt8ro Meqa YCT8HOBKH. 
npencT8MHBllll'I8 coooa COBnaneHHH CHrHaJIOB OT cqeT'IHKOB S1(SR) H 

CHrHMOB MOCKHX KaJIOpID118TpoB W1(WR) (cqeTqffKH SL H SR OHJIH 
pacnoJIOEeHH B0JIH3H MHlll8HH H C 3anacoM nepeKpHBaJIH T8Jl8Clilitt yroJI 
MOCKHX cneKTpOM8TpOB. ~o~e CHrHa~ OOY cqeT'IHKOB MOCKHX 
cneKTpOM8TpOB CYMMHpOBaJIHCb H ~CKpIDIIHHHpoBaJIHCb noporoM, 
COOTB8TCTBYIOOIHM 8HeprOBH)t8Jl8HHIO ~ 50 MaB) ; _ 

- OTCYTCTBH8 CHrHaJia UHJIIDI.ZlPHq8CKOro cneKTpOM8Tpa AJ151• 3anpemaBmero 
B~8T qacTHU H3 MHIIJ8HH B OOJiaCTb a3HMYTaJibHHX yrJIOB, He perHCTpHpY8MYIO 
OOKOBHMH cneKTpOM8Tp8MH; 

- OTCYTCTBH8 CHrHaJia C oxprumoro cqeT'IHKa Al, pacnOJIOE8HHOro no ny~y 
38 MHIIJ8Hbl0 H IDl18Blli8ro B U8HTpe OTB8pCTH8 I70xl40 MM

2 ( cqeT'IHK Al 
npencTaMHJI coooa C8~ffq CBHH8U-CUHHTHnnHTOP TOJllltIDIOtt ~ 2 pan.en. H 
CnJZHn MH nonaMeHHH COOHTHtt C qacTHUaMH, BHJieTalClltHMH non OOnblliIDIIH 
yrJIBMH); 

- CHrHM c ronocKona H3z, KoToputt oOecneqffBai J'!aJIHqHe pacceaHHott 
Bnepen 3apHEeHHott qacTHUH; 

- CHrHaJI Il = - CI· 02 · U noporoBHX H .ztH®)epemmaJibHOro qepeHKOBCKHX 
cqeT'IHKOB, BH)t8JIHJOOtm1 'lt-M830HH B ny~e. 

TaKIDll oOpa3oM. cHrHaJI "TpHrrep" npencTaMHJI coooa 
"TpHrrep" = s1 -s2 -s3 -s4 -x1 -:K2 -B-Il· (L+R)-~ Atl'-H3z. (5) 

B ceaHce 2 MH Toro, qToOH YB8J!HqHTb aKcenTaHC YCT8HOBKH, 
MOCKOCTH 9+14, H3M8PHKX!lH8 Hanp8M8HH8 pacceHHHott qacTHUE,I B npoeKUHH 
XY, OHJIH nOnBHHYTH O~e K MHlll8HH. STO IlpHB8JIO K H800JibIDOMY YXY,nIJ18HHIO 
TO~OCTH H3M8peHHH B npoeKUHH XY HanpaM8HHH Tp8K8 pacceaHHott qacTHUE,I 
(0=0,40 Mpan). B TpHrrepHOM CHrHaJie H8 Tp800BaJIOCb cpa0aTHB8HH8 
ronoCKona H3z H norronHHTenhHO O~o BK.Jm'leHo Tp800BaHHe aHeproBHJteJieHHH 
> 30 raB B rn 0100. · 

Sa BpeMH 8KcnepID118HTa qepea ycTaHOBKY · OHJIO nponymeHO ~.6xI09 

'lt-M830HOB, a Ha Jl8HTH 38IlHC8HO ~ THC. coOHTHtt. PaOOTOCnocoOHOCTb 
OTneJibHHX Y3JIOB H Bcea YCT8HOBKH B U8JIOM KOHTpoJIHpoBaJiaCb BO BpeMH 
HaOopa CTaTHCTHKH c·noMOmhlO SBM. 

B T"p8Tbett rJiaBe OilHCaHa peaJIH30B8HHaH aBTOpOM MOHTe - KapJio 
npoue~a pacqeTa ceqemn!: npouecca pa~aUHoHHoro pacceHHHH H 

aKcenTaHCa YCTaHOBKH. IlpHBonHTCH . <1X>PMY~ ~ pacqeTa ceqemn!:, 
BHpaEeHHHe B HCnOJib30B8HHHX" KHHeMaTffq8CKHX nepeMeHHHX, HCilOJ!b30B8HHHa.' 
B pacqeTax BM MaTp~oro aJieMeHTa Hep~aUHoHHoro (ynpyroro} npouecca 
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H OilHCllB88TCH npoue~a poaHrpHIDa nepeMe~. IlpHBeneHH peayJibTaTH 

pacqeTOB aKcenTaHCa YCT8HOBKH •. 
IlOCT8HOBKa 8KCnepIDll8HTa II03BOJIHJia HayqaTb naHH!ltt npouecc B 

onpeneJieHHott oOJiaCTH 8Heprlitt 1-KBaHTa W B JiaOopaTOpH08 CHCT8M8 H B 
onpeneJieHHOtt oOJiaCTH no nepenBHHOMY IlpoTOHY qeTHpeXHMIJYJibCY 

tp=<P4-Pz) 2 • IlOCKOJ!bKY 8KCnepIDll8HT8JlbHH8 orpamNeHHH H8H00JI88 
8CT8CTB8HHO BHrJIHnHT B 8THX rrepeM8HHHX, W R tp OllJIH BH0p8HH MH 
OilHC8HHH IlpoU8CCa (I) BM8CT8 C IDir= (p3+k>2, HHBapHaHTH08 M8CC08 
CliCT8MH 'lt'f B KOH8~0M COCTOHHRH H nBYMH yrJIOBHMH nepeMeHHHMH: 
~1- a3HMYT8Jlblilitt yroJI 1-KBBHTa B C ll ~ KOHe~oro 'lt--M830Ha H 

1-KBaHTa; 
~p - aaHMYTaJiblilitt yroJI KOHe~oro IlpoTOHa BC ll ~-

IlporpaMMa ~ pacqeTa 8KC8IlT8HC8 · coneplltaJia OJIOK OilHCaHHH 

YCT8HOBKH. B KOTOpiltt 38KJ!anllB8J!HCb paaMepH H KOOp~aTH Bcex 
neTeKTOpoB YCT8HOBKH, 8 TaKE8 KpHT8pHH, HCnOJib30B8Bllll'I8CH npH 8H8JIH38 

naHHHX Mfl OTOopa COOHTlitt HCCJienyeM08 peaKUHH. 
~TerpaJibHOe aHaqeHHe 8KC8IITaHC8' ycTaHOBKH MH coOHTlitt 

p~aUHOHHOro pacceHHHH (I) COCTaMHJIO: 

€'1tpl = 12% MH C88HC8 I, 
€'ltpl = ll,5% ~ ceaHC8 2. 

88M8TIDII, qTo 8KC8IIT8HC ycTaHOBKH no a3HMYT8JlbHOMY yrJiy COCTaMH8T 21%. 

Ero 3HaqeHHe onpeneJieHO p83M8p8MH CII8KTpOM8Tpa IlpoTOHOB OTnaqff. 
88BHCIDllOCTb aKcenT'8HCa YCTaHOBKH OT nepeMeHHHX w. tp H 11½t-y ~ 

ceaHCOB I H 2 npHBeneHa Ha puc.3. 

20 
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9 
O 2 rn.1,r,atl 

PHc.3. 8aBHCIDIIOCTb 8KCenT8HC8 YCT8HQBKH OT nepeMeHHHX w(a), tp(O) 

H ll½t-y(B) ~ C88HCOB I H 2. 

qeTB8pTaH rJiaBa coneplKHT OITHC8HH8 CHCT8Mll oOpaOOTKH naHHHX: 
TeXHRqeCKOro KOHTµOJIH 38IlHC8HHOtt B C88HC8X HH(fx>pMBUHH, npoue~H 
reOM8Tpffq8CKHX IlpHBH30K, peKOHCTpYKUHH ooOHTHtt H K8JIH0poBKH 
annapaTypH. IlpHBonHTCH naHHHe no oOpaOOT8HH08 H 38Ill1C8HH08 Ha BHXO~e 
Jl8HTH CT8THCTHK8. 
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Ilpoue.nypa reoM8TJ)H'l8CKOit IIpllB.113Kll 3JI6M6HTOB YCT3HOBKH COCTO.RJI8 

H3: 

-reOM6TJ)ll'l6CKOtt IIpllB.113Kll IJY'lKOBliX nponopl.lllOH8JlbHHX KaMep H 

rrponopl.lllOH8JlbHHX KaMep M3rHllTHOro cneKTpOMeTpa K OCH . yCT3HOBKll, 
onpeneJieirnott noJio~eHHeM IJY'lKOBliX ronocKonoB Hr H Hz, C noMombID 
HTepal.lllOHHOit rrpoue.nyp!i ZDTST (Zero Degree TeST); 
-npllB.113Kll rrponopJ.lllOH8JlbHHX KaMep OOKOBOro cneKTpoM8Tp8 C noMomhID 
OT06pamrax codHTlltt yrrpyroro -n;-p- pacce.RHH.R H OTHOCHT6JlbHOtt IIpllB.113Kll 
JI6BOro H npaaoro ITJI8'l8 YCT8HOBKll C noMOmbID Ull~ll'leCKOit K8MepH OCH; 
-IIpllB.113Kll CUllHTllJJJI.RUllOHHOrO ronocKona H3 H CUHHTllJJJI.RUllOHHOrO 
cneKTpOM6Tp8 W; 
-IIpllB.113Kll 1-neTeKTOpa C noMOmbID anpoHHoro K8CKana OT 'It--M830HOB B 

1-neTeKTope~21 • 
3HepreTll'l6CKll6 K8Jlll0poBKH 
KaJ!ll0poBK8 M8rHHTHoro cneKTpoM6Tp8 IIpOBOnHJI8Cb no naHHHM H3 

cneUH8JlbHOit 3KCn03lll.lllll BMTEST (Beam Magnet TEST) YCT8HOBKH de3 MJ/ImeHH 
c BKJIIO'leHHHM MarHHTHHM_noJieM (CM. pHC.4). 

N/1 (sB/c 

104 

5·103 

30 

PHc. 4. PacnpeneJieHHe rry'!Koaux qacTlll.l 
no HMIJYJibCY, H3M8peHHOMY 
M8rHllTHllM cn8KTpoM6TpoM. 

50 
P,r1B/c 

0'!8T'lllKll J-neTeKTOpa K8JllldpoB8JlllCb . H8 IJY'lK6 3JI6KTpoHOB C 

HMIJYJibCOM 26,6 raB. 
KaJ!ll0poBK8 CUllHTllJIJI.RUHOHHOro K8JIOpllM8TJ)8151 0HJI8 rrpoaeneHa C 

noMOmbID rrpoTOHOB oTna'lH B coOHTH.RX yrrpyroro -n;-p-pacce.RHH.11
141 

BOCCT8HOBJI6HH6 TpeKOB 38p.R~HHHX 'l8CTlll.l rrpoBOnHJ!OCb no 

npoem..urnM: 
l - XY-npoeKUH.11 IJY'lKOBoro Tp6K8 

2 - ZY-rrpoeKUHH IJY'lKOBoro TpeK8 
} PCHl+8,HpHz 

3 - XY-rrpoeKUH.11 TpeK8 'It ~M830H8 no M8rHllT8 PCH 9+14 

10 

ii 

! 
I 

:1 

l 
\ 

4 - XY-rrpoeKUH.R TpeK8 'It -M830H8 nocJie M8rHHT8 
5 - ZY-rrpoeKI.lll.11 Tp8K8 'It -M630H8 
6 - YX-rrpoeKl.lll.11 TpeK8 IlpoTOH8 
7 - ZX-rrpo8KUll.R TpeK8 IlpoTOH8 

PCH 31+33 
PCH 15+18, 34 
PCH19+22(25+28),CCH 
PCH 23,24(29,30) 

Bo BpeM.R reOM8Tpll'l8CKOit peKOHCTpYKUllll onpeneJI.RJillCb 3H8'l8Hll.R 
3(1q)eKTHBHOCT8it TpeKOBliX CHCTeM: 

61·62 = (88±1)% onpeneJI.RJIOCb H3 cp8BH8HH.R 'lllCJI8 coOHTlltt c· 
IIY'!KOBHM TpeKOM, BOCCT8HOBJI8HHHM C IIOMOmb!l rrponopUHOH8JlbHHX K8M8p H 
ny'll<OBHX ro~OCKOilOB, a TSK!l8 H3 cp8BH8HH.R 'lllCJl8 TpeKOB,BOCCT8HOBJl8HHHX 
no cpaOaTliIBaHH.RM B 4 H 3 ITJIOCKOCT.RX rrporropUHOH8JlbHHX K8Mep; 

63 = (94±1)%, 64 ~ (93±1)%, 65 = (92±1)% onpeneJI.RJ!llCb Ha 
cpaBHeHH.R 'lllCJia coOHTHit co BCeMH BOCCT8HOBJI8HHHMH Ilpo8KUH.IIMR Tp8K8 
'lt-M630H8 N345~3·64"65 H 'lllC8JI coOuTlltt C BOCCT8HOBJI8HHHMH TOJ!bKO nBYMH 
rrpoeKUH.RMH N34~ 3 -64 · (l-65 ), N35~ 3 : (l-64 )·65 , N45~(l-63 )·64 -65 ; 

66 = (78±1 )%, . E7 = (82±1 )% OHJ!ll onpeneJieHH H3 cpaBH8HH.R 'lllCJI8 
yrrpyrHX coOHTlltt C H8Jlll'lll8M oOemr rrpoeKl.lHtt H TOJibKO OnHOit H3 rrpoeKJ.lHtt 
TpeKa rrpoTOHa oTna'lH. 3HaqeHHe s 6,KpoMe Toro,onpeneJI.RJIOCb cnoco0oM141 · 
B KOTOpoM nJIH BOCCT8HOBJieHH.R XY-rrpoeKUHH BM8CT8 C KOOp.ztHH8T8MH C 
rrporropUHOH8IDiHHX K8Mep HCIIOJ!b30B8JI8Cb Y-Koop.mmaTa Tp8Ka, H3M8pelllla.R 
UllJ!llHnpH'l8CKOit K8Mepott OCH. 

OrrpeneneHHe KOOp,z1lffi8Tlil J-KB8HTOB B ,-neTeKTOpe yCT8HOBKH 
rrpoBOnHJIOCb C Y'l8TOM norrepe'IHOtt WopMll 3Jl8KTpoM8rHHTHOro JIHBH.11. 3HeprH.R 
-y-KB8HT8 BH'lllCJI.RJl8Cb C Y'l8TOM KOop.mmam121~ Ilporp8MM8MH 
r~OM6TpH'l8CKOtt peKOHCTpYKl.lHH oOpa08TliIB8J18Cb BCH CT8THCTHK8 TpHrrepHHX 
COOliTHtt (330712 coOHTlltt B ceaHce l H 589395 COOHTlltt B CeaHce 2). Ha 
BHXOnHUe JI8HTlil (DST) ceaaca I 38llHCHB8JlllCb coOHTH.R: 
- CI BOCCT8HOBJI8llllHM TpeKOM IIY'IKOBOit 'l8CTlll.lHj 
- Cl Tp8KOM pacce.RHHott 'l8CTlll.lH, BOCCT8HOBJI8HH_!:lM BO BC8X 3 H3M8p.ReMHX 
rrpoeKUH.RX (X no M8rHllT8, X IIOCJI8 M8rHHT8 HZ). 

.ltJI.R ceaHca 2 KpoM8 coOHTlltt 3Toro KJI8CC8 38llHCHB8JlllCb H COOHTHH, 
B KOTOpHX·BOCCT8HOBJl8H8 TOJ!bKO X-rrpo8Kl.lll.R Tp8K8 pacceHHHott 'l8CTHl.lH no 
M8rHHT8. 

B xone peKOHCTpYKl.lHH coOuTHtt IlpoBOnHJ!OCb ITJI8BH06 OTCJI6~8HH8 H 

Bli'lllT8HH8 IlbenecTaJIOB JtJIH BC8X K8H8JIOB 8MITJIHTYnHOro 8H8Jlll38. 
B nnccepTal.lHH IIpHBeneH WopMaT aanHcaHHott Ha DST m$:>pMaJ.lHH. Bcero 

Ha DST-JI8HTli OHJIO 38IIHC8HO !33258 coOHTlltt B C88HC8 I H 21395! Co0HTH8 
B C88HC8 2. 

IlliTa.R rJiaBa conepJKHT OIIHC8HH8 @i3H'l8CKOro 8H8JIH38 nBHHHX C l.l8JlbE 
onpeneneHH.R ce'!eHH.R PBnHBUHOlllloro paccemnm -n;--MeaoHOB Ha rrpoToHax. 
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06CYlK,!(8DTCH KpliT6pmi HJl6HT$n(amrn: C06liTmt HCCJI6m'6MOa peaKUHH H 
(lx)HOBliX nponeccoB, nporpaMMa KHH6M8TH'i6CKOro llJHTHJ)OBSHHH, npone,nypa 
Hopr,m:poBKH Ha npouecc ynpyroro %-p-pacceaHHH. IlOJIY'lSHHlie ,naHHlie 
cpaBHHBaDTCH C TeopeTHtleCKHMH pacqeTaMH. 

OT6op co6aTmt p8p;HaqHoHHoro pacceHHHH 
Co6liTrul pa,llHSIUiOHHOro pacC8aHHH OT6Hpa~Cb ITO KpHTepHaM, rrpHB6,ll6HHliM B 
Ta6JI.2. 

Ta6JI.2. KpHT6pHH OT6opa co6HTHa 

ceaHc I ceaHc 2 

Ha.lIH'me o.naoro TpeKa rryqKOBoa qacTlflll:l 

Ha.lIH'me o.naoro TpeKa, 2aperncTpHpOBaHHoro 60KOBRM cITeKTpOMeTpOM 

Ha.lIH'me o.naoro TpeKa pacceaHHoro ~--Me3oHa, 2aperncTpHpOBaHHoro: 
BC6MH CHCT6MaMH KaM6p 
Marirarnoro crreKTpOMSTpa 
(% -Me30H ITOITMaeT B 

TOJlbKO B X-npoeKUHH .no M8rHHTa* 

arrepTypY raMMa-.neTSKTOpa) . 
B raMMa-.neTSKTOpe Tp660B8JIOCb: 
Manua CHI'HaJI**<<SOO MaB) (%--M020H He ITOITMaeT B 
B....:cqeT~e. B KOTopaa ITOITaJI arrepTypy raMMa-.neTeKTopa) 
% - M630H,H OTCYTCTBH6 
CHI'HaJia B o6JiaCTH 3X3 BOKpyr 
aToro cqe~a 
Iq)QM6 CHrHaJia OT% -M630H8 
B rJI 38p0rHCTpHpOB8H OnHli 

Ha.lIH'me o.naoro KJiacTepa pa2MepoM · 
~2x2 cqe~a raMMa-.neTeKTopa 

KJISCTep pa3M6poM ~2x2*** 
cqeT~a 

* -H6H3MepeHHli6 xapaKTepHCTHKH %-M630H8 orrpe.nenanHCb 
C ITOMOUU,10 rrporpaMMH KHH6M8TH'i6CKOrO (f)HTHJ)OBSHHH. 

** -aTHM Tp660BaHH6M OT6Hpa~Cb C06HTHH 663 pa3BHTHH a.npoHHoro 
KSCKa.na B rJI. Olm COCTSMH~ (39±1)~ OT ITOnHOrO qHCJia C06HTmt. 

*** -H3 ITOIT6pe~oa (lx)pMhl 8JI6KTpoM8rHHTHOro ~H CJ16m'6T, qTo 
CHI'HSJI OT ommro 'Y-KBaHTa VKJl8l!H'R86TCH B KJl8CT6TI 2x2 cqe~a. 

IlpH H3yqeHHH rrponecca Pa.ztH8UHOHHOro pacceaHHH KHH6M8THtl6CK8H 

06JiaCTb ITO KBa.zq>aTy ITepe.naHHoro IlpoTOHY . qeTRpeXHMITYJlbC8 tp 
orpaHH<mBaJiaCb CHH3Y Tpe60BaHH6M 8HeproBR,lleJieHHH. B CUHHTHJIJIH!UiOHHOM 
K8JIOpHM6Tpe IIpH TpHIT6pHOM OT60pe. Ilepeorrpe,neJI8HHOCTb B qHCJI6 
H3M6peHHRX KHH6M8THtl6CKHX IT6p0M6HHRX B ceaHce l IT03BOJIHJl8 orrpe.neJIHTb 
3HaqeHHe KHH6THtl6CKOa 8HeprHH IlpoTOH8 C ITOMOUU,10 rrporpaMMH 
KHH6M8THtl6CKOro ilJHTHpoBaHHH H H3YqHTb rrpouecc (I) TaKlK6 B o6JiaCTH 
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KHH6THqecKHX 3Heprd IlpoTOH8 60Jibme MaKCHM8JlbHO H3M6pHeMoro 
CUHHTHJIJIHUHOHHRM CIT6KTpOM6TpoM 3HaqeHHH 220 MaB (~ 0,40·(r0B/c) 2 ,llJIH 
tp>· 

BKJIIOqeHHoe B TpHrrepHOM CHrH8JI6 C68HC8 2· Tp660B8HH6 
8HeprOBH,ll6Jl6HHH B raMMa-,neTSKTOpe orrpe,neJIHJIO 06JI8CTb 3HeprHa 1-KB8HTOB 
(w) .llJIH H3yqeHHH rrponecca (I). 

KHH6M8TH'i6CKH6 06JiacTn I \:?.I c craB1c>2'1 w craBJ 

ceaHc I > 0,2 >2 
ceaHc 2 0,!6 + 0,40 32 +· 40 

IJ)oHoBHe rrpogecca 

OCHOBHHM HCTO~OM (lx)Ha HMHIOTCH C06HTHH C %0- ll ~ 0-Me30H8MH B 
KOH6~0M COCTOHHHH. BKJIM (lx)HOBHX C06HTmt C H6CllMM6TPWIHHMH p8CIT8A8MH 

%
0

- ll ri°-M630HOB, Kor.na OnHH ll3 1-KB8HTOB He perHCTpHpY6TCH rJI (TO 
6CTb ero 8H6prHH M6Hbme 3Hepnm o6pe38HHH ~ 240 MaB ~ 1-KB8HT HS 

ITona.naeT B aITepTypy rJI), oneHHBaJicH ns pac!lJ)e.neJieHHl!: co6HTd no cose 
o.naoro ll3 1-KB8HTOB B CllCTeMe ITOKOH %0- H ~ 0-Me30HOB. 

KpoMe Toro, BKJl8,ll (lx)HOBHX C06HTmt C H638perHCTpHpOB8HHHM 
1-KBaHTOM OT pacna.na ~0- ll ~

0-Me30HOB OU6HHB8JICH Tana C TIOMOUU,IO 
nporpaMMH MOHTe- KapJIO, MO,ll6J!HpYIOOt6a pacna.nu %0 - ll ~ 0 - M630HOB, B 
KOTopy10 38KJl8,lll1B8~Cb H3MepeHHlie B HameM 3KCil6pHMeHT6 yrJIOBOe ll 

aHepreTnqecKoe pacrrpe,neJieHHa %0- n ~0-MesoHoB. Ode oneHKH (lx)Ha 
COBITa,na~ B rrpe,neJiax To~ocTea nepBoro MeTo,na. 

/J)QH CHMM6TOH™X pacTISAOB %0-Me30HOB. .lIJIH qacTH ~0-Me30HOB 
1-KBSHTH nona,naJOT B·COCe,nHHe cqeTqHKH rJI ll o6p83YIOT B rJI TOJlbKO OnHH 
KJl8CTep. q8CTb T8KHX C06HTd odpasyeT KJl8CTep p83M6poM ~2x2 cqeT~a 
rJI ll HMH6TCH T8KJK6 HCTO~OM (lx)Ha. 

.lIJIH · no.naBJieHHH (lx)Ha T8KHX C06HTmt 6HJI Haa.neH KO~qecTBeHHaa 
KpliTepd .llJIH pacrrpe,neJieHHH 3Hepnm B KJl8CTepe121 , KOTopaa HCilOJib3YeT 

Be~ Ex, Ez - OTHOmeHHH 3Hepnm ITOJIOBHHH KJl8CTepa (no 
COOTB6TCTBYIOOt6a OCH) K CYMM8pHoa 3HeprHH KJl8CT6pa. .lIJIH KJl8CT6poB C 
pasMepoM ~2x2 cqeT~a B rJI, odpasoBaHHRX .llBYMH 1-KBaHTBMH OT pacna.na 
~

0
-Me30H8, xapaKT0pHO rrpHMepHoe paBeHCTBO 3H6prHa B ero .llBYX 

TIOJIOBHHax. To 6CTb o.nao ll3 OTHomeHHl!: Ex~ Ez llM66T 3HaqeHHe ~ I/2. 
B TOM ES CJiyqae, Kor.na KJl8CTep B03HHK OT 0.llHOro 1-KBaHTa, Ex(Ez)~I/2 
03HaqaeT, qTo 1-KB8HT ITOil8JI B Y3KYIO 06JI8CTb rrocepenHHe M6JUtY 

cqeT~aMH. Ko~qeCTB6HHO 3TH paccyE,neHHH MOJCHO BHp83HTb C ITOMOUU,D 
B6JIWIBHH 
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S = sx<I-sx> + sz(I-sz>· 
BHOopoM sHaqeHHH scut=O.I4 coOurnH ou.1rn pasneneHH Ha 2 
co sHaqeHHeM S~O.I4 conepzaT 

(6) 
rpymm. CoOHTHH 

kr=(78±2)% 
coOuTIDt c O,!J;lmM r-KBaHTOM. CoOHTHH ze c S>O.I4 conepzaT 

kz=(8H2)% 
cooum c ~acTepoM. oopasoBaHHHM ~0-MesoHaMH. 

Ilpoue.nypa KHH0M8TJiq0CKOrO (lMTUpoBSHHH 
,n.nH onpe~eneHHH H8HSM8pemrux B 

YTOqff0HHH HSMepemrux HCIIOnbSOBanacb 
tlMTHpoBSHHH. 

8KCII0pHM8HT8 
rrporpaMMa 

B8JrnqHH H ~H 
KHHeMaTuqecKoro 

N 
~po Plic. 5. PacrrpeneneHHe x2 KHH0MarnqeCKOrO tlMTS 

oToOpammx coOuTIDt B ceaHce I. 

so 

0 10 20 30 X
2 

l.Jlicno · N'JCPT HaOn10naeM!lX B ceaHce I coOuT:mt rrpouecca (I) 
orrpenenHnocb HS rrpHBeneHHoro Ha pHc.5 pacrrpeneneHHH no sHaqemm x2 

KHHeMaTuqecKoro tlMTa. 
B cnyqae ceaHca 2 HS rrpHBeneHHHX Ha pHc.6 a • O H B 

pacrrpeneneHlitt x2 KHH0MaTHqeCKOro tlMTS orrpenenHJrnCb qncna COOliTIDt C 
S<0,14, S>O.I4 H (lx:>HOBliX coOuT:mt OT pacrranoB -r,0- H ~0-MeSOHOB C 
HesaperncTpHpoBSHHHM r-KBaHTOM: N~o.14• Ns>0.14 H N'ICTJ" l.Jlicno coOuTIDt 
rrpouecca (I) N'!Cp'Y CBHSSHO C 8THMH SHaqeHHHMH H K03®MUli6HTaMH kr H kz= 

k-·N - (I-k-)•N N _ --~ s<0,14 ·-~ s>0,!4 _ N (7 ) 
'JCPT - k1 + kz - I ~ • 

OrrpeneneHHe ceqeHHH pannaUHoHHoro pacceHHHH 
B~eneHHe coOuTIDt yrrpyroro ~-p-pacceHHHH B ceaHce I H 2 rrosBo~o 

rrpH BuqncneHHH ceqeHHH· rrpouecca pannaUHOHHoro pacceHHHH. rrpoBeCTH 
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HOpMHpoBKY Ha ceqeHHe yrrpyroro pacceHHHH: 
corr ! o'ltpT = N'ltpT · coe , (8) 

rne N;f - qncno cOOuT:mt. rrorrpaMeHHoe c 
K0~0HTOB • CBHSammx C KpHTepHHMH OTOopa; 

Y'l8TOM aKC8IITaHC8 H 
coe! - HOpMHpoBO'll!ID!: 

Ko~eHT, orrpenenelIH!ltt HS sHaqeH:mt ceqeHHH. saperncTpHpoBaHHoro B 
ceaHCax qncna coOHTmt H aKC6IITaHC8 YCTaHOBKH ~H yrrpyroro 
~-p-pacceHHHH. SHaqeHHH 8TOro K0~6HT8 COCTSMH.Jrn: 

(3,56±0,02)HO/c00liTH6 B ceaHce I, 
(0,58±0,03)HO/coOuTHe B ceaHce 2. 

N1 N 
60 a 60 J~ 0 B 

50 50 

40 40 
S<0,14 

JO~ t S>0,14 

30~ l 
<l>oH 'ff°+\' 

N 
20-1 lh 201 \lh 20 

10 

O 9 18 o 9 18 0918 
x.2. 'X.2 'X.2 

PRc. 6. PacrrpeneneHHe x2 KHHeMaTH'!ecKoro tIMTa nnH coOuTIDt co 
SHaqeHH0M ~0:!4 (a), S>0,14 (0) H nnH (lx:>HOBliX COOliTIDt C IIOTepeA 
onttoro r-KBaHTa oT pacrranoB ~0- H -r,0-MesoHoB (B) B ceaHce.2. 

,n.nH HHTerpanbHHX ceqeH:mt rrpouecca (I) owm IIOnY'JSHli i3HaqeHHH111: 
01 = CI2,0 ± l,ICTBT ± I,3CHCT) MKO nnH oOnacTH · 

nepenaq rrpoToHY 0.2 < ltpl < o.acraB/c)2 

H SHSprlitt 7-KBaHTOB W > 2 rsB; 
02 = ( 0,31 ± 0,07CT8T ± o.o4CHCT) MKO ~H oOnacTH 

nep~naq.Q,!6 < ltpl < 0,4(rsB/c)2 

H 8H8prlitt T-KBaHTOB 32 < W < 40 raB. 
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OCHOBHoa BKJia,n B npHBe.nemme CHCTeMaTHqecime OlllHOKH BHOCHT 
CHCT8M8T~8CK8R OlllHOKa B H3Mepemrn ceqeHHR npouecca ynpyroro 
'lt-p-pacceRHHR B C88HC8. 1141 - IO%. PaCCM8TPHB8IDTCR H OCT8JlbHH8 
B03MOlKHH8 BKJ18,nll B CHCT8M8~8CKYID OlllHOKy, OHH COCT8MRIDT HS 00JibID8 
H8CKO~KHX npoueHTOB. CHCT8M8THqecime OIDHOKH Os~. onpe,neJieHH 
cpe,!UleKBa,npaTH'lllliM CJIOmeHHeM npHBe,neHHHX BKJI8,nOB. 

-1 
d6b.i,14K6 ,rJB 

5,1 

Q10 

0.(15 

0.01 

0 10 20 

PHc. 7. l{HipllepeHI.\Ha~Hoe ceqeHHe 
npouecca pa,nHaUHoHHoro ~-p--'IC-Pl 
pacceRHHR now, HSMepeHHoe B 
KHHeMa~ecKoa oOJiacrn 0,2<1tpl<0,4(raB/c)2 

B C88HC8X I H 2. KpHBlle l,2,3 COOTB8TCTBYIDT 
pacqeTaM, BllllOnli8HHllM C M8TP~ 

. 3JI8M8HT8MH (EED), (SPA), (HPT). 

2 

3 

30 40 w,f38 

CpaBH8HH8 pe3YJibT8TOB C pacqeTaMH 
Ha pHc.7 npHBe.neHo HSMepeHHoe ,llHipllepeHI.\HaJibHOe no w ceqeHHe 

npouecca (I) B CXO,!UIOa MR ceaHCOB I H 2 KHH8M8~8CKOa oOJiaCTH 
0,2< I tpl <0,4 (raB/c )2 • Pacqern, npoBe.nemme c MaTP~ sJieMeHTaMH 
(SPA, lll'T, EED), coBnanamT B oc5Jiacrn sHep~ w<30 rsB H B npe,neJiax 
SKcnepHM8HT8JlbHHX OlllHc50K (Ha pHCYHK8X npHBe,neH!l TO~KO CT8THC~ecime 
OmHc5KH) OilHCllB8IDT ,nHipl)epeHI.\H8JlbH!l8 ceqeHHR no w, tp H 1I½t-y (CM. pHC.7, 

B a ,c5) • 
B oc5JI8CTH w>30 raB pacqeTll C pasH!lMH M8TP~ 3JI8M8HT8MH 

pas~aIDTCR: SPA- H HPT-npHc5JIHmeHHR OilHCllB8IDT B npe,neJiax • 
SKcnepHM8HT8~HllX OmHc50K Bee ,llHipl)eP9HUB8JlbHH8 pacnpe,neJieHHR, 
noJIYqemme B SKcnepHM8HT8 (CM •. pHC.7, 8 B ,r) , Tor.na KaK EED
npHc5JIHmeHHe HS OilHCllB88T ~pemmaJibH08 ceqeHHe no m.q-HHB8pH8HTHOtt 
Macce 7-KB8HT8 H KOH8qHOro 'lt -M830H8. ' 

I() 

dl!/dlp,_
2 

14<60-38,t) 
ckildn,,,i, PHc. 8. l{HipllepemmaJibHl!e (no_tp, 

m.q> ceqeHHR pa,nHaUHoHHoro 'lt p
pacceRHHR, H3M8p8Hllli8 B C88HC8 ! 
(a, c5) H B C88HC8 2 (B, r). 
KpHBll8 I,2,3 COOTB8TCTBYIDT 
pacqeTaM, BllllOnli8HllllM C 
MaTp~ 3Jl8M8Hl'8MH (EED), 
(SPA), (HPT). 

50 M<6t~ 

20 20 

10 

\f 
10 

a 
5 5 

c5 

2 2 
\2,3 

00 0/. QB llplJr3B,1:fOO ,om•r• 
r£Jc! 

116f38.lc)" 
dci/dlp~1 

~-~· 
B 

2.0 

1.0~ 

Q5l 

Q2 

(),20 

0,10 

2 
3 0, 

1 

Q02 

2 
3 

r 

uo Q2 o,4 ltpl,(r3Blcfuo . 10 2.0 f!lfk• 

Hs cp8BH8HHR 9KCII8pHM8HT8JlbHllX ,nHipllepeHUH8JlbHllX pacnpe,neJie~ C 
pacqeTaMH ceqeHHR npouecca (I), BllllOnHSHHllMH C M8TP~HHMH 3Jl8M9HT8MH 
SPA-, HPT- H EED-npHc5JIHme~. MOmHO c,neJI8Tb BllBO,n O I1pHM8HHMOCTH 
SPA-rrpHc5JIIDK8HHR Hero oc5oc5meHHoro BH,na - HPT-rrpHc5JIIDK8HHR MR 0IlHC8HHfl 
npouecca pa,nHaUHOlilIOro pacceRHHR 'lt--M830HOB Ha IIpOTOHaX IIpH B!lCOKHX 
HaqaJibH!lX SHeprHRX B IIIHpOK?M ,nH8II830H8 3Hep~ 7-KB8HTOB. 

PesyJibrarn pac5orn Kp8TKO CYMMHPYIDTCR B saKJIIDqemrn. 
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