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CneqHMH3HpOBaHHoro CoBeTatf. fl.-f,,V'-""r M. g/. JlliXA qEB 

OLIUAH .lAPAKT::P~Tl1KA PAEOTli, 
AKTVaJ!bHQOTk npod~ew. K.na.001NeOKl48 OIWT~·rpymw C.IIAK-Ml'l1 ff/ IIO 

llllKJIDaHBHOMY pa008.HHl1D an8KTp0HOB 0Ka88Jll1 4)yH,ll.8J,l8HTBJU,H08 BJillJUUl8 
Ha IIOHllM8Jili8 OTpyKTYPli H}'RJIOHOB, .na.iu,Hei!mee Ilp0,IU3:U8Hl18 B noone.itoBa
HlW r.ny6oxoHeyIIpyroro paoce.HHnH nenToHoB B o6JiaoTL 6onLIIIZX aaaqem 
JtBB,lij)aTa nepeJJ,B.HHOro qeT!ipexmmynoa TOpMOSll.lIOOL,.O 0,11.HOI OTOpOH!i, 
OTOyTCTBH8M anexTpOHHWC yoxopnTenel 60.lll,111.lll SHeprnl, a O .zu>yroa OTO
pomi - M8JlW,lll ceqeliWllm IIpH 6onwnx Be.mruraax KB8,lijlaTa nepe,1taHHoro 
qeT!ipexm.mynca. 3anycx B UEPH 400-raBHoro IIpOTOHHoro ycxopnTeM n 
008.italill8 Ha H8M BliOOKOllHT8HCllBHOro 141lOHHOro nyqxa o6ecne11Wll1 yc~OBll.H 
.1tM ncone.itoBaHn.H OTPYKTYp!i H}'RJIOHOB Ha 8Ha'iliT8Jll,HO M8HLIUHX paOOTO.H
HID!X. B STll axcnepnueHTax, naMep.HJI aHeprnv n yron pacce.HHHoro MllOHa, 
MOJIHO nayqaTL B81llD40.lt8ICTBll8 BllPTYBJU,Horo ~TOHa C aapJUtelllWMl! ROH
CTllTY3HTBMJ,I HyKJioHa B SaBllCID.!OCTll OT aHeprnn, MaCC!i H IIOJI.Hpnarunm 
WOTOHa. Xapa.KTepncTnxn cJia6oro BSlllD40.itelcTBll.H YOlllHO nayqaTL, naMep.HJI 
HHTePI>epeHI.U!D M8ll!,ey IIponaraTopoM ~ToHa n aelTpanHW4 TOKOM !Bf/. 

BBB.DY Bal!HOCTll 3TWC 3KOII8pm.!8HTOB, nccne.itoBaHB.H r.nyOOKOH8yIIpyro
ro B8am.tO,lt81CTBll.H MDOHOB BliCOIWX 3H8prnl (8KCII8pID48HT NA-4 ) 6wm 
BKJIDq8Hli B IIpOrpawy nepBOOqepe,11.Hux axcnepm.!8HTOB Ha 400-raBHOM IlpO
TOHHOM ycxopnTene UEPH n 6wm HaIIp8.B.118Hli, B OOHOBHOM, Ha npeunanoH
H08 nayqeH11e noBe.iteHn.H OTpyKTypHHX WYHKIXnl ayxnoHoB, nayqeHne s.itep
HWC a«xPeKTOB B OTpyKTypHWC ~YHRIUIJDC, a T8ltlt8 Ha nayqeHne P-HeqeTHlilC 
aiplieKTOB Ilpll IIWJtCllM8.JU,HO BOBMOlltHWC SHeprnn n nepeJJ,B.HHOM qeTupexma
nyJlliC8 B H8,ltOCTYllHOI pa.Hee o6JiacTn lUIB8WlTliiA8ClWX nep8M8HHUX, 3Ta 
IIp06neMB.Tmta. 6wm aitTyanHol Ha IlpOTJIX8Hml nocne,IUWX ,lt8C.HTWI8Tnl H 
.nanee 6y,1t8T HaJCO.ltllTLC.H B ~8HTp8 BHID.!aHll.H B CB.Han C C08.lta.Hll8M HOBOro 
noxoneHn.H npoTOHHux ycxopnTenel TaBHoro .ltllaIIaaoHa. 

Uen pa60Tij - pa2pa60Txa n cos,1taH11e axonepID48HTBJU,HOI ycTEWOBKl4 
n o6ecneqeHHe no.nyqemm Ha Hal axonepm.1eHTanHwc JJ,B.HHWC .ItM ampoxol 
IIpOrpBJ414H nocne.noB9.lllll r.ny6oKOHIYIIpYrOro BSEUD40,1t8IOTBW! loOOOHOB BHOO
KWC 8H8prnl Ha 400-raBHOM IIpOTOHHOM yoxopnTene UE:PH. 

liaUHM HOBRSHa, ,D.,l.H Ilp0B8.lt8Hll.H OIIHTOB B llHT8HOllBHWC nyqKax 

MlOOHOB BHCOKWC 8H8prnl 008,ltaHa 8KOII8pW48HTaJl.LH8JI yOTaHOBKa HOBOro Tll
na - OII8KTpOM8Tp 6onwol OB8TllMOOTH, OT~T8JlLHOI ooo6eHHOOTLD KOTO
poa .HBJI.H8TC.H RCIIOJll,30BaHH8 npOTRX8HHOI MHIIJ8Hll (B TOM qnc~e DJUtOBO,ltO
po,11.Hol B·D;tKO.it8IT8pB8BOI) B paCIIp8,lt8n8HHOI MO.JJYJlliHOI CTpyltTypli .ne-

A/R.E.Taylor, in Proo. 1975 Int.Cont.on Lepton and photon interaoti-
ona at high energies, SLAC, Stanford (1975), p.679 

IIN/:J.M.Dllanky and t1.•r.11otoov, JINR E2-10809 (1977). 
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T8KTHpYIO!ltl!X CllCT9M, npewi:oxeHI,I ll peaJIH30Ba.Hli IIpHHiurllli C03'Aa.HIDi pac
llp9'A8R9HHOro xoop.D;IIBaTHOro 'A9T8KTopa pacceHHHWC MlOOHOB Ha OCHOBe npo
BORO'qHWC nponopnnoHam,HWC KaMep. Ilpn JTOM 6.wr Haii.IteH pg,n; HOBWC M9TO
,I(ll"l:8CKllX ll T9XImtI9CKllX peme:imtt: 

- npewi:oxeH·HoB:wi Tllll KOHCTpyKI:(llll 60Jll,WOli llpOBORO~HOll nponopnno
Ha.JU,HOll KaMepu Ha OCHOBe na.HeRett C COTOBID/1 HanomeHneM, llM8IDIIlefi MaR08 
KOJilI'l8CTBO B811l9CTBa no ~ey; 

- npewi:oxeH HOB:wi Tllll KOHCTPYKrtllll Tp9XKOOp.IUIHaTHOH·nponopnno
Ha.JU,HOli KaMepu, llM81D1!18li nOHmlt9HHyiO 3qxl)9KTllBHOCTb B panoHe ~ ll Bli
COicyiO 3qxp9KTllBHOCTb B OCTa.JU,HOli 06Jra.CTll; 

- paspa60Ta.Ha T9XHOROrllH MaCCOBoro H3rOTOM9HllH 60Jll,JllllX llpOBORO'q
HWC KaMep, OT~T9Jll,HOli oco6eHHOCTbiO KOTOPOli JIBM9TCH HenpepI:mHHH 
KOHTpOJll, Bcex onepanntt B nponecce nsroTOBRBHHH, 06ecne~ai0d BHco
KyiO ~9HT~HOCTb xapaKT9pllCTHK KaMep; 

- npewi:oxeHa ll p9aJIH30Ba.Ha M9TO.IUIKa llCCR9'AOBa.HllH xapaKTepllCTlIK 
nponopnnoHa.JU,lillX RaMep 693 ~Ka C noMO~iO Pa.IUIOaKTllBHoro llCTO~Ka 
ll C03~a COOTB9TCTBYIDIIIM annapaTypa; 

- paspa60T8.H MHOroypOBH9BHH Tpnrrep 3KCnepllM9HTa.JU,HOll ycTa.HOBKll 
C pacnp9'A9R9HHOli ROrRKOli C ncnOJll,30Ba.HH9M llH4JOPMalUIH C nponopnnoHam,
HliX KaM9p ll CnHHT~OHHWC c~eT~OB, H~9Hli cnoco6u, ll03BORHBmll9 
COKpaTllTb BpeMH Ha ero BHpa6oTKy, pem9Hli npo6ieMH ~liCTpoli CM9Hli YCRO
Bllll Tpnrrepa B nponecce Ha6opa 'AaHHHX; · 

- B nponecce aanycxa n aKcnRyaTanim axcnepnMeHTam,Hott ycTa.HOBKll 
paspa60Ta.Ha M9TO.IUIKa KOHTpOM 3qxp9KTllBHOCTll KaMep, o6ecne~maH BliCO
IcyiO CTa6llJll,HOCTb (~e 0,2%) 3qq>9KTllBHOCTH perncTpanim ~aCTHn B T9-
'q9Hll9 ~T9Jll,HWC 098.HCOB Ha6opa 3KCll9pllM9HTaJll,HHX 'AaHHWC. 

IlpaKT~9CKaH ll9HHOCTb. 
I .. Paapa60TaHa, C03~a H 3anylll9Ha Ha ~e 3KCll9pllM9HTaJll,HaH 

YCTa.HOBKa, o6ecne~eHa ee CTa6llJll,HaJI pa6oTa H BliCOKOe Ka'q9CTBO 3RCll9-
PllM9HTaJll,HQli llH4JOPMannH npn Blill0RH9Hllll mnpoxott np0rp8MM!.,1 llCCR9'AOBaHllli 
rRY6oKoHeynpyroro pacceHHHH MIOOHOB Ha paaJilI'IHWC MmJJeHHX. SxcnepmireH
Tam,HaH ycTaaoBxa npopa6oTaRa Ha MJOoHHoM ~e enc IlEPH c I978 no 
I985 ro'A, Ha Hett 6.wro aaperncTpHpoBa.Ho pexop~oe Ha TO BpeMl! qncRo 
(IOO WIH.) rRY60KOHeynpyrnx B3allMO'A9liCTBllll MiOOHOB Ha ~ax pasJilI'IHliX 
Mmll9H9tt. Ha OCHOB9 3TOro MaTepnaRa: 

2 
- ll3M9p9Hli C BHCOKOtt ToqaocTbiO (~3%) CTpyKTypHI,19 qiyHKI:(llll F2(x,Q) 

HyMOHa B ~ax BO'AOPO'Aa, 'A9ilT9pllH, yrRepo~. BlillORH9H qJll3~9CKllli 
aHaJill3 CTPYKTypHWC qiym<:nmi; ll Ollp9'A8R9HO 3Ha~9HH9 MaCmTa6aoro napa
M9Tpa KX.U-Teopm,; - A; 

- Bll9pBli9 o6HapyxeHa BO B3aHMO'A9liCTBllll noMpll30BaHHWC MJOOHOB C HyMO
Hru.m llHTepq>epemum CRa6oro ll 3R9KTpOMarimTHOro B3allMO'A9liCTBM; 

- ll3M9p9HI,I H,ll;9pHI,!9 3qxl)9KTH B CTpyKTypHWC qiyHRnMX HyMOHOB. 

2 

2. Cos~a cnennam,HaH Ha~HO-M9TO.I(ll"l:9CKaH 6asa, BRRiO-qalDIIlaH 

KOMIIJI9KC T9XHOROr~ecxott OCHaCTKll .D;lili H3rOTOM9HllH Ke.Map ll o6opy'AOBa
Hll9 .D;lili llCllliTa.Hllll, KOTOpaH B 'AaJI1,H9liill9M nOCRYJKWia. OCHOBOtt .D;lili 003~
HllH .n;pyrnx RpyllHI,IX axcnepnM9HTaJll,HliX yCTaHOBOK. 

Ha sanm:Ty BHHOCHTCH CR9.lzylOJ!jH9 llOROX0HllH ll peayJll,TaTH. 
I. Paspa60TKa ll C03'AaHH9 axcnepmireHTa.JU,HOH yCTaHOBKll .D;lili HCCR0-

'AOBa.HIDi rRy60KOHeynpyroro B3allMO'A0liCTBllH MIOOHOB BliCOKllX 3Heprntt. 
2. Paapa60TKa ll llCCR9'AOBaHH0 pacnpe'A0R9HHOrO KOOp.D;IIBaTHOro 'A8-

T0KTOpa pacceHHHWC M!OOHOB Ha OCHOB0 llpOBORO~ nponopnnOHaJII,HWC Ka
Mep. 

3. Paspa60TKa KOHCTPYKrtllll ll T9XHOROrnll narOTOM0HllH llpOBORO~HliX 
nponopnnoHam,HWC KaMep Ha OCHOB9 naaMett C COTOBIDI.I Hall0Rli9Hll9M, RM:010-
~ MaJI08 KOJilI'l0CTBO B011l0CTBa no~. llCCR9'AOBaHH8 ll xapaKT8pllCTlIK. 

4. Paapa60TKa ll 003~9 HayqaO-M9TO.I(ll"l:9CKOtt 6a3H, BKJiiOtl'.a1D1I18li 
KOMIIJI9KC T9XHOROI'liI'mCKOll OCHaCTKll .D;lili narOTOBR8HWi llpOBORQqawc KaMep 
H o6opy'AOBaHll8 .D;lili ll llCllliTa.Hllll. 

5. Paapa6oTKa M9TO,IUUW llCC~8'AOBaHHH xapaKT8pllCTllK llpOBORO~ 
KaM9p C noMO~iO Pa.IUIOaKTllBHOro HCTO~HllKa Hee llpllM0H8HH9 .D;lili HCC~e
'AOBaHllH xapaKT9PllCTlIK 3KCll8PHM9HTa "NA-4. 

6. Paapa60TKa M9TO,IUUW llCM9'AOBaHl!IH xapaxTepHCTllK 'A9T8KTOpOB Ha 
~e MIOOHOB ll llpllM8H8HH9 :WC .D;lili HCC~9'AOBaHIDi xapaKT8pliCTHK B peam,
lillX yc~OBHHX npoBeieHWI 3KcnepHM8HTa C neJll,iO o6ecne~eHHH BHCOKOli 
CTa6wn,aoCTll xapaKT9pHCTllK YCTaHOBKll B T8~9Hll9-~T0Jll,HliX C0aHCOB 
Ha6opa 3RCnepHM9HTaJll,HliX 'AaHHliX. 

?. Ilpewi:ol!t8HH9 ll p9aJill3ar(llH pa3BHTHH 3KCll8pllM9HTaJll,HOtt yCTaHOBIW, 
no3BORUBW8ro paCWHpHTb 06RaC~b KHH9Ma.T~9CKHX nepeMeHHWC B CTOpoHy 
MaJIHX x n Q

2 (x? 0,05;Q ~ 8 raB2}. 
8. Paspa6oTKa H C03'AaHH8 Tp8XKOOp.D;IIBaTHHX nponopnnoHam.HWC KaM8p 

C noHHXeHHott 3qxl)8KTllBHOCTbiO B pattoHe ~Ka H BHCOKOli 3qq>8KTllBHOCTbiO 
B OCTa.JU,HOli 06RaCTH. 

9. Paspa60TKa R peaJIH3ar(llH MHOroypoBH8BOro Tpnrrepa YCTaHOBKR C 
paCnp9'A0~0HHOtt ~ornxott C ncnOJll,30BaHH0M IDiq)Ol)M8.Itlm C nponopnuoHam,
HWC KaMep ll CnRHT~OHHWC c-qeTqnxoB. 

Anpo6a.mm pa60TH. MaTepHaJIH, llp8'ACTB.BJI8HHH0 B .IUICC8pTanim, 
'AOMa'Al:lllaJmCb Ha aayrnmx cewmapax OWIH n m:PH, Ha aace'AaHRHX Y-qeHoro 
CoBeTa OHHH, a TBltllte exero'AHO c I979 ro~ Ha MHOrnx M0l!J4YHapo'AHI,IX 
KOHq>epe~ H COB811laHllHX, B TOM -qnc~e Ha M8l!J4YHapo'AHUX KOHq>epe~ 
no qinanxe BHcoXHX aHeprntt, Mex,zcyHapo'AHI,IX KOHq>epe~ EBponettcxoro qin
aW1ecxoro 0611l8CTBa no 4JH3HK8 BHCOKHX aHeprntt, Mex,zcyHapo'AHI,IX CHMnoany
MB.X no ~enTOHHHM H qJOTOHHIDI.I B38.RMO'A8liCTB:wn4 npn BHCOIOIX 3Heprn.a:x,Me3-
'A]HapO'AHUX KOHqiepe~ no H8iTpllHHOtt qJH3HK9 H aCTp04JH3HK9. 
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_CTpyKTypa .Ill'lCCepTrunm OTBS'laeT na6paHHofi T9M9 n CO,It8p.lKaH1!1D • .IJ;nc
cepTBD;IDi COCTOllT ll3 BB9,It9HIIJI, C9Mn r.llal3, 38ll:J'll(Jtl9HID! n 6n6;mOrpa\Pll'l9C
KOro CIDICKa. JmTepaTypl:l. 

KPATKOE CO.llEPJ[AHI1E PAEOTH. 
Bo BBe~emm KpaTKO nsrnaeTCH aKTYaJII,HOCTh llCCJ19,ItOBaHIDI rJIY60KO

Heynpyroro paCCSJllmJI 3apIDK9HHl:lX JI9IlTOHOB Ha HyKJIOHax, KOTopoe .fIBJI.ff9T
CH O;nmM ll3 OCHOBHl:lX M9TO,It0B axcrreplIM9HTaJII,HOrO ll3~9Hlll'f CTPYKTYJll:l 
HyXJIOHOB. • 

0CHOBy ero COCTaB:wm ll3B9CTHl:l9 3KCil9plIM9HTl:l rro HeynpyroMy pac
cemm:ro 3JI9KTpOHOB Ha rrpOTOHax n ,ztefiTpOHax, IIpOB9,It9HHl:l0 B CJIAK, ClllA B 
1967-1975 ro,ztax npn KBa,IijlaTax rrepe,zta.HH!:lX '!9Tl:lp9xmmyJU,COB BMOTh ,Ito 

20 raB2 • JJ;a;u,Hettmee npo~IDK9HR0 B ns~emm CTpyKTYl)H HyMOHOB CTaJIO 
B03MOJKHl:lM IlOCJI0 C03,Ita.Hl1/I BO qiHAJI, ClllA ll B I(EPH, IIIBe_!iuapn.a: Bl:lCOKOnH
T0HCnBHl:lX M!OOHHIDC ~OB. H3~0Hn0 rJIY60KOHeynpyroro pacceHHlIJI MIDOHOB 
Ha HyKJIOHa.X BMOTh ,ItO MaKCIDJaJil,HO ,ItOCTIDlWMHX 3Ha'!emrlt KBa,IijlaTa nepe
'Aa.HHOro '!9Tl:lp9:xm,myJU,Ca BOlllJIO B npOrpaMMy ll9:pBOO'I9p9'AH!:lX 3KCll9plIM9H
TOB Ha ycxopHTSJie enc B I(EPH, IIIBe_!iuapng. JJ;JIH pean:naam,m: Hay-qHofi npor
paw.m 6wm C03~ ~e yCTaHOBKn, O'AHa H3 KOTOpwc - crreKTpOM9Tp 
60JU,WOfi CB9TlIMOCTH, xopomo li3B0CTHl:ltt llO,It Ha3BaHn9M NA-4, r,zte 6yKBl:l 
o6oaHa'!aKlT ceBepliltll: 3KCll9plIM9HTaJII,HJtll: llaBliJU,OH (North Area) - M9CTO 
pacrrOJIOX9HIDI 3KCll9plIM9HTaJII,HOfi yCTaHOBKn, a ~pa - IlOPH,IJ;KOBwi HOMep. 
IloTepll Ha ll3~9Hn0 y M!OOHOB B 104 pas Mem,me, 'ISM y 3JI9KTpOHOB, noa
TOMy ;D;JI/i ll0~0HHH 60JU,WOfi CBSTID~OCTH B 3RCll9plIM9HTax C MlOOHaMn MO.lltHO 
HCilOJI&30BaTh IIpOTHZ9HHl:l0 Mnm9HH, 'ITO H BOMomeHO B yCTaHOBK0 NA-4. 
Bl:lcoKaH ll O'AHOPO'AHM 344)0KTnBHOCTh pernCTpam;m M!OOHOB BO BCSM KnH9Ma
Tll'l9CKOM 'Al{ana30H9 ll03BOJIBJin Ha -3TOfi YCTaHOBK9 pacnmpHTh rpa.mnzy nay-

. 'laeMHX Q
2 

BMOTh ,ItO 280 raB2 n o6ecne'!HTh Ha cero,rom H~'!mylll TO'l
HOCTh 3KCll9pHM0HTaJil,Hl:lX 'AaHHWC. 

B nepBofi rJiaBe 'Al{CcepT~ B KpaTKOM Bli'AO H3Jiara0TCH KHHSMaTH
Ka. npo~ecca rJIY60KOHeynpyroro B3am.!O,zt9!CTBRH MlOOHa C HyMOHOM, OIDICl:l
BaeMoro pe~ett 

},Ir+ p ( n) - ,,.u±+ a,Iij)OHl:l (l) 
Ile:pBll'!Hl:lil MIDOH C aHeprnefi Eo H nMITyJU,COM Po, B3aHMO,Il,9fiCTBYH C HyitllO
HOM, HSJiytl88T BHpTya;u,Hl:lil (p()TOH ¥ C nMITyJlhCOM q , OTKJIOHHSTCH Ha 

yroJI paCC9HHHH 8M H npeBpamaeTCH BO BTOpH'!Hl:l! (paCCMHHwi) MlOOH C 
aneprnett EM H l!MllyJlhCOM pM. HyXJIOH norJiomaeT BnpTyaJ!bHwi qioTOH }( 

ll3~a.a: a,Iij)OHl:l. H3M0pnB ~.PM H 8M, MOJKHO OIIp9,Il,0JmTh Bee napaM0Tpl:l 
B3aHMO,Il,9!CTBIDI. 0CHOBHl:l0 ll3 HHX! 

- PT - nonepe'lH!tll: EMIIyJU,C paccMHHoro MIDOHa 
pT·= PM· sin0M 

-Q
2 = -q2 - RBa,IijlaT nepe,ztaHHoro '!eTl:lpeXlIMI!yJU,Ca 

4 

(2) 

Q2=2E0 ~(1-cos 0M)=4E0 ~•sin2eM /2 

2 
Qmax=2MpEo 

r,Il,e: Mp - MaCCa IIpOTOHa 

V = E0-~ 

(3) 

(4) 

(5) 

llOJIHaJl aneprn.a: a.,IJJ)OHOB, o6pa30BaBIIlllXCH B pesyJlhTaTe 
rJIY6oxoneynpyroro BsanMoiencTBIDI, 

j I 

X - 6espaaMepHM CK911JmHrOBaJl rrep9M9HHM, 3a.KJIKJtl9HHaJl B npe,Il,e-

Jiax 0 ~ x~ l 
Q2 

X=-- (6) 
~11\J 

y - 6espa3M9pHM CKeii.JmHroBa.a: nepeMSHHaJl, 3aKJIKJtl9HHaJl B npe

,IJ,9Jiax O !!::: . y ~ l 

y=(EO-EM)/Eo=V IEo (7) 

.[LBru<.,IU:i ;n;nqq,ep9HWiaJ!hH09 C9'!9HH9 rJIY60KOHeynpyroro B3aHMO,It9fiCTBW:! MIDO

Ha c HYKJIOHOM .IJ;Jm o,ItHo<poTOHHoro o6Mena·srumcli8aeTcH B Bll,Il,e W: 
~ _ 1tno1...2 [ o..2- Y2El- + a.,2. ] ( ~ (8) 
7)Q.2'i) x - Q."' x • 1-Y- 4E~ + 2E./[R(x,a..2.}+f] ~ x, Q. ) 

r.n,e o(_ - llOCTORHHM TOHKOli CTPYKTYPH, 
F2 (x,Q2 ) n R(Q2 ,x) - 6espa3M9pHH9 CTpyKTypHl:le WYH~, co,ztepJKa.ll!He 

HHqiop~ID O CTpyKType HyXJIOHa. 
(l>yH~ R(Q2 ,x)= 6L,/6r 9CTh OTHOIII9HH9 IlOJIHOro C9'!8HlIJI rrorJI01!19HIDi wo
TOHOB C llpO,Il,OJU,HOll IIOJIRPH3~9fi K IIOJIHOMY C9'!9HHID rrorJI01!19HIDI qioTOHOB 
C norrepe'!HOH llOJIHpH3~9li. Ha Bl:lpruK9HlIJI (8) CJI9,ll;j'9T, 'ITO C9'!9HH9 rJIY-
60KOH9yrrpyroro B3ruIMO,IJ,9llCTBIDI H3M9HH9TCR B 3aBHCHMOCTH OT nepe,Il,aHHOro 
HMIIyJlhca KaK 1/Q4 , llOSTOMY f1H. npe~3HOHHOrO H3M9p9HW:! CTpyKTypHWC 
WYH~ B o6JiaCTH 60J1Dmnx Q Heo6xo,IJ,HMa ycTaHOBKa. c 60J1Dmott cBeTn
MOCThID, C9'!9HH9 rJIY60KOHeynpyroro B3aHMO,Il,9liCTBIDI MlOOHOB, H3M8p9HH09 B 
aKcnepHMeHTe, Heo6xo,IJ,HMo KoppeKTnpoBaTh WYH~e~ p~~OHHl:lX nonpa
BOKr(Q2,x) , '!T061:l Bl:l,It9JmTh ,Il,OJIIO C9'!8HW:!, o6ycJIOBJI9HHyID O,IJ,HCW~TOH
HHM o6M9HOM. Ilo~SHHaJl B9Jm'!HHa C9'!9HlIJI 61:lJia llCll0Jlh30BaHa ,IJ;JI.iI H3BJ19-
'!9HIDI CTpyKTYl)Hl:lX WY~ F2(Q2,x) ll R(Q2 ,x). 
~YH~ pa;m~OHHIDC rronpaBOK r(Q2,x) ,IJ,JIR TOpOH,ItaJU,Horo CII9KTpOM9T
pa C'!HTaJiaCh no nporpaMM9, npeh.,'IOlKSHHOit B pa60T9 E1/. 
JJ;JI.ff llpOB9,Il,9HIDi HCCJI9,Il,OBaHnll CTpyKTypli HYKJIOHOB B SKCll8pliIM8HTax no ri:y-
60KOH9ynpyroMy pacCSHHHID MIDOHOB" Tpe6yeTCH HH~9HCHBHl:ltt MOOHHl:ltt ~OK, 
y,ztoBJISTBOpRIDmnfi ca.\WM BHCOKlIM ipe6oBaHIDIM. Taxofi n~oK 6HJI C03'AaH Ha 
ycKopHT9JI9 CilC I(EPH. 
~-A.Buras, Rev.Mod.Phys., 1980,52, No 1, p.199 

JU£/D,Yu.Bardin and N.M.Shumeiko, Sov.I.Nucl,Phye.29(1979) 499, 
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OCHOBIDle xapa.KTepnCTHroI ero llpRB8'A8HH B Ta6~e I. 
Ta6mma I. 

- 50 + 300 raB I. 3Hepr:im Eo(B llp8'A8Jia.X) 
2. lliiT8HCRBHOCT:E. npn EO=28Q raB , - ~2•I07 MJOOHoB/c6poc 

- ± 4% 3. Pas6poc 'iacT:iw; no m.my.lll,cy 4p-
4. TO'iHOCT:E, HSMepeHIDJ HMIIy.m,ca OT'A8Jll,HOtt 

'iaCT:IW;H 
5. IlpHM8C1, a,IJJ)OHOB 

- ± 0,5% 
- _6.I0-6 

6. PasMepH B 3OH8 YCTaHOBKH - ox z O_y = 2 CM 
7. PaCXO'AHMOCT:E, B 3OH8 YCTaHOBKH no: 

ropH3OHTaJm - 0,3 Mpa.n 
B8pTlIBaJIH - 0,6 Mpa,n 

ra;ro ny'!Ka Ha BXO'A8 B cneKTPOM8Tp HMe~o 'AB8 r~aBHHe COCTa.BJJHIOllUie 
qipOHTBJll,Hy!O (no Be~e npHMepHO IO% OT HHT8HCRBHOCTZ nY'IKa) H noc
Tynarouzyro CHHSy :irn-nO'A 38MJru (no Be~e npHMepHO I%), pO.1K,ll;aJIC1, B 
o6~CTH a,IJJ)OHHoro nor~OTHT8JIH. 

MrooHH ny'!Ka polK,ll;a;mc1, ·B npo~ecce 'ABYX'ia.CTH'IHHX pacna,noB .tr-Meso
HOB H K-M830HOB H HMen llpO'AOJll,HylO nOJIHpH3aI(lil:IO, B8JlH'mHa ROTOpott on
P8'A8~C1, OTHomeHHeM 3Hepr:im MIOOHa H PO'AHT8Jll,CROli 'iaCT:IW;H, KaR llp8'A
CT~8HO Ha pHc. I. 

Pnc. I. 

"::t. 
a...i 

\0,-----r--~--~--~--~-~ 

as 

0 

-as 

I 
I • IA3MEP£H~ 
\ o MOHTE KAf\'10 

\ -- Yl'IPO~ \L---
, 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

'',11{ 
' -w ' 

as 06 0.1 as ag ,o 

< Eµ >/<E,. > 

IlpO'AOJll,HaJI nOJIHpH3~ MIOOHOB nY'iKa B 3aBHCHMOCTH 
OT OTHOW8HIDJ 3H8pr:im MIOOHa R ImOHa. 

6 

IlOJIHpli3~ MJOOHOB y'!HTWlaJiaCI, llpH HaCTpohe ny'iRa 'AJlH IIpOB8'A8HIDi HS
Mepemm, 'IJYBCTBHT8Jll,HHX K nOJIHpHS~. 

BTOpaH r~aBa 'AHCC8pT~ nOCBJilll8Ha 06utm,1 BOIIpOCa.M paspa6OTRH R 
COS'AaHIDI cneKTpOM8Tpa 6om,mott CB8THMOCTH. B OCHOBY ero no~oxeH HOBlitt 
M8TO'AR'i8CKHtt npmmmr, 3~!0'ial00tl!HCJJ B TOM, 'ITO ycTaHOBKa COCTOHT R3 
,IVIHHHoro TOpOR'AaJI1,HOro MaI'HHTa C OTB8pCTH8M B ~8HTpam,aott 'iaCTH, r'Ae 
pacno~oxeHa Mnm8HI, (BO'AOPO'A, 'A8fiTepHtt, yr~epO'A). TOpoR'A Ha.MarHH'i8H 
'AO HaCHII18HIDI, H MarHHTH08 no~e Bo HM88TCH TO.lll,RO BHyTpli C8p'A8'1HHKa. 
O6pasyJOOni8CH B pesym,TaTe r~6OKOHeynpyroro B3aHMO'A8liCTBIDi MIOOHOB C 
Ji'APaMR Mmll8HH 'iaCT:IW;H BHXO,It!IT H3 aee R nor~o~aIOTCJJ B MaI'HRT8, a "BH
JKHBalOT" TO.lll,KO MOOHH. IIpmmmr pa6OTH TOpOR'AaJI1,HOro cneKTpOM8Tpa MOJmO 
IlOHCHRTI, C IlOMO~lO pHC~2. 

~ : -• I ::-,., 
$. M1WEHb ' ,......_ 

AAPQHHbliil 11118EHb 

,\112•6.66 PrtB 

,,. • ...!L rt 
CUB Cfmax 

Pnc. 2. ~H3H'i8CKllli npmmmr cneKTpOM8Tpa. 

IloCROJll,Ry no~e B TOpOR'AaJI1,HOM MarHRT8 Hanp~eHo no Kpyry R nepneH'AH
RyJIHpHO K Hanp~eHHIO 'Al3D6HIDJ paccemmoroMOOHa, noMe'AHIDi: OTKJIOHH-
8TCH K ~eHTpy MarHHTa, nepeceKaeT ero,OTKJIOHH8TCH o6paTHO R COBepmaeT, 
Ta.RHMp6pasoM, oc~ no ~e MarHHTa, ocTaBaHC:E. BHyTpn Hero. 
IlpH 8TOM TpaeRTOp:im MIOOHa IIp8'ACTaBJIH8T co6ott 'iaCTH OKpy.lKHOCTR H xapa.K
T8pH3Y8TCH 'AByMI! napa.MeTpaMR: aMIIJIHTY'AOtt ltO~e6aHHtt .6 R ,IVIHHOii no~
BO~ J..r/2, KOTOpH8 CBH3aHH C lWH8Ma.TH'i8CltHMH nepeMeHHHMR r~60KO
Heynpyroro pacceHHRH MIOOHOB IIpOCTHMR COOTHOmeHHHMH: 

Ll = ,-~;.. • _9~-- = --~- •x•y 
0,3B Qmax 0,3B 

(9) 

Ll = -~--
max 0,3B (10) 
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).1/2= _g~:l:-
o,~B 

(11) 

TalGIM o6pa30M, H3M8pl!B napaM8TpH TpaaKTOp:im MTOOHa, MOJ!t.HO onpa,D;eJmTl> 
KRH8MaTR'l:eCRl!8 nepeM8HHl:18 r.rry60KOHaynpyroro pacceRHIDi MJOOHOB Ha HyK
JIOHa.X. 

TopOl!,ll;aJil>Hliii Cll8KTpOMeTp llM88T PR.D; BaJKHHX CBOHCTB: 
- reoM8TpH'!eCKaR S@l8KTllBHOCTl> sa.x:aaTa pacceRHHl:lX MRJOHOB BHyTpn Mar

HHTa npn6JmmaTCR K 100%; 
- P~aJil>HOe CMemeHHa paCCeRHHoro MOOHa H8 3aBllCHT OT nepBR'l:HOH SHep
r:im: nytnta, a onpe,D;eJmeTCR TOJ!l,KO CK9wmHrOBl:lM0: nap8M8HHHMli; 
- SaBHCRMOCTl> ~aJil>HOrO CMemeHHR pacceRHHOro MIOOHa OT OTHomeHHR 
Q2/~ax n03BOJIR8T llpOCTO pel!IHTl> sa.n;a-qy OT6opa C06b!THH no Q

2 
, HC

nOJ!l,3yR ,It1IH STOH neJIH KOJI1,neBbl8 TpnrrapHb!8 c~eT'lllrall; 
- aSHMyTaJil>Has: CllMM8TpnR CHJll,HO YM8Hl>maeT 3aBllCHMOCTl> Il3M8peHHH ca~e
HIDi B38.HMO.D;8HCTBM OT Il3MeHeHHH B qia.30BOM llpOCTpaHCTB8 ~KOB, H8H3-
6eJKHO B03HHKa.lO!llHX npn liSMeHeHmI 3Haita saPR,D;a nytnta, SHaprim, nOJIRPll
sim,m. 

CxeMa SKcnapHMeHTaJil>HOH YCTaHOBKH, nocTpoeHHoil Ha STOM llpHHnllll9, 
npHBa,D;eHa Ha pnc. 3. CneKTpOM9Tp COCTOHT H3 .D;8CSTH l!,ll;eHT~ 

AHTM-rAno QCTEMA 

✓"°"'"'""'" -

~.;---et111~--~ ~· ~· -- ~ ~- ,~ '""~ ~-
•55M 

Pnc. 3. CxeMa pacnoJIO.llteHHS SKCn8p:aM8HTaJil>HOtt yCTaHOBKH 
Ha ~8 MilOHOB. 

nwnm.IIJ)H'!8CKHX cynepMO,IIyJiett SM1 + SM10 , Ka.lJt,D;Wi HS KOTOpb!X HMe8T .zvm
Hy 5,25 M lI HapyJlt!Ibltt ,Itl!aM8Tp 2,75 M. B.D;OJ!l, OCH cynapMO,IIyJll, HM88T OT
B8pCTH8 .D;R8MeTpOM 0,5 M, Ky,D;a BCTaBJI.filOTCJi BHyTp8HHSm o6MOTKa n MH -

W8Hl> (BO.D;OpO,D;, .D;8HT8pmt lI .np.). CynepMO,IIyJIH OT.D;8Jl8Hbl .npyr OT .npyra 
CB060.n;H1Dr!H llpOM8Jey'TKaMH, .D;OCTaTO~Hb!MR .It1IH pasMameHHR ycTpOHCTB .It1IH 

8 

3allOJIH9HHR MHmeHeH H 3aMb!KaHHR 06MOTOK MaI'HHTa. B COCTaB KruK,IJ;oro cy

nepMO.D;yJIR BXO,D;RT: 
- OT,D;eJil>HM MHll!eH1>; 
- OT,D;eJil>Hblli Ma.rHHT co CBOHMH o6MOTKmm; 
- 8 llJIOCKOCT9li nponOp!lHOHaJil>Hl:lX KaMep, lI3M9pRIDmHX noo~epe,D;HO X n 
KOOp.D;HHaTbl TpaeKTOpHH MIOOHa; 
-2 llJIOCKOCTH KOJil>UeBl:lX TpnrrepHb!X c~eT~OB, o6ecne~a!O!llHX perncTpa
IlHID MIDOHOB BHyTpH MaI'HHTa. 

B COCTaB cn8KTpOM8Tpa BXO,Il;RT 3 ~OBl:lX ro,D;OCKona M03~ott 
CTpyKTypbl, KOTOpble o6ecne~aIOT MOHHTOpHpOBaH:ae ~Ka H nosBOJIRRlT 
BOCCTaHOBHTl> Ha'!JaJU,HyID TpaeKTOpHID MRJOHa, pacceSHHoro Ha MIDJJ9HH lI .D;aB
mero sanycK YCTaHOBKH, ,It1IH nocJie.D;ylO!llero Ollp8.D;8JI8HHR ero HMnyJil>Ca C 
noMOml>ID 4 ro,D;OCKOnoB CTaH!lHH lI3MepeHHR HM!IYJil>Ca ~Ka. 

Cnepe.D;H ycTaHOBKa S?JllID!leHa OT raJio ~Ka sanpemaromett cHCTeMott 
H3 CilHHTHJ!JIR!lliOHHl:lX c~eT~KOB o6mett llJIOma.D;l>ID"'22 ~-

0T,D;8Jil>Hblli Ma.I'HHT cynepMO.eyJIR COCTOHT Il3 8 MO.D;yJI8H cep.ne~, 
nsrOTOBJieHHl:lX H3 32 llJiaCTHH HH3KoyrJiepo,D;RCTOH CTaJm TOJimHHOtt II CM. 
IlOCTOHHHb!H TOK 2500 A T8~8T no 06MOTKaM napaJIJI8Jll,HO OCH, 003.D;aBM B 
cep.ne~HHKeKpyroBoe noJie HH.eyK!lH9li B Ha BHyTp8HHeMpa,n;nyca 2,II TJI, 
Ha BHeWHeM Tt;77 TJI. 06paTHblli TOK Te~eT no BHeWHeH o6MOTK8' y.naJieHHott 
Ha .D;OCTaTO~HOe paCCTOHHHe OT cep,D;e~HHKa, ~T06bl Ha OKa3b!BaTl> BJIWmH.fI 

Ha MaI'HHTHoa noJie. 
PasMepb! MarHHTa H Be~a noJIR B onpa,D;eJIRIDT llp8.D;8Jil>Hblli HMnyJll,C 

Q2 , .HIDKe KOTOporo Bee paCCMHHbl8 MJOOHl:l y.nepDBalOTCH BHyTpn JKaJiesa. 
2 

Q np. =(). 60 Bscp< R.iHem-R BHyT) Eo' r.D;e Bscp_ i::-. S44l8KTHBHoe noJie' no~eH-
H08 YMHOllteHHeM Bop Ha cpaKTOp 0,7 AJI,ll ~eTa B03.D;yl!IHl:lX llpOMeJey'TKOB B 
cep,na~HHKe MaI'HHTa. Ilpn sHeprnn ~Ka E =280 rsB =240 rsB2 • Tpa-

2 2 O np 
eK_Topnn MIDOHOB C Q > Q np He T8pHRlTCH, noCKOJil>Ky HX .IVillHbl BnOJIH8 
,IJ;OCTaTO~O, ~T06bl onpa,neJIHTl> KHHeMaTH'!9CKHe nepeM9HHbl8 BllJIOTl> ,D;oQ~ax. 

2 l1M8RlTCH orp~eHHR Ha .. · Q CHH3Y. 0,D;HO - Heynp8.BJISieMoe. o6ycJioBJieHO 
H8JIH'lll:8M neHTpaJil>Horo OTB8pCTHR Ma.l'HHTa, .npyroe - ynpaBJIR8M09, o6ec
ne~aaTCH OTK.lI!Ot!8HH8M COOTBeTCTBYIO!llHX KOJien TpnrrepHl:lX c~eT~OB. 

lIOJIHM WIHHa Cn8KTpOM9Tpa COCTa.BJlll8T IlpHM8pHO 50 M. COKpa.Ill8HH8 
WIHHb! ycTaHOBKR osHa~eT o6pasaH:ae co6HTmt no nonepa~oMY HMnyJil>CY pT· 

IIpn Be~a PT=IO rsB/c n Tott lite HH.D;yK!lHH Bscp=O, 7 Bcp ).. I/2=50 M. 
TaKHM o6pa30M, .zvmHa cneKTpOM8Tpa RBJ!H8TCH onpa,neJIRranm,4 napaM8Tp0M H8 
TOJ!l,KO.C.TO~ 3p8HHH yB8JIH'!8HHH CB8THMOCTH YCTaHOBKH, HOH C TO~ 
speHHR parncTpa!lHH Bcex HHTapecHl:lX co6b!Tmt r.rry6oKOHaynpyroro BsaHMo
.D;eilcTBWI MIDOHOB. 

Tp8Tl>R rrna . .D;HCCBPTa!lHH nOCB.fmlBHa BOnpOCaM paspa6oTitn OT,IJ;8JI1,
Hl:lX SJI8M8HTOB YCTaHOBIW. Ilpn Bbl6ope KOOp,D;HHaTHOro .D;8T8KTOpa ~Tb!Ba-
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JilIC:b: 
a) ~HOBaR aarpyaKa. 

Ee MO]l{HO one.1:mT:&, C'IBTafl, l!TO ra.no ny,:u<a. MIOOHOB paBHOM8pHO pacnpe.n;e
~8HO no BC8:I! noB8pXHOCTH H COCTaBJIH8T•lO% OT nOJIHOH llHT0HCllBHOCTH ny
'!Ka.. IlpH HHT8HCllBHOCTH ro8 MIOOHOB noJIHafl aarpyaKa .n;eTeKTOpa COCTaBHT 

ro7 
I/ceK H llpHB8.D;9T K perHCTprunm c~a.wrnx co6HTmi B IGO% c~aeB 

llpH ~T0JII,HOCT:a CTp06llpiIOII!ero CHrHa.na 100 HC. Y'IBTimafl, tITO llJIOll!a,IU, 
.D;9T8KTOpa COCTa.BJlll:9T 9 0, TaKO:I! nponeHT c~ co6uTmi MOJKHO CtIR
TaT:& npll8M.118MHM, HO H806XO.D;liMO CTpe.MliT:bCH K C0Kp8ll!0HHI) ~T0JII,HOCTH 
CTp06llpYl!lll0ro CHrHa.na. . 

6)TOtIHOCT:b p8KOHCTpYJU(HH Tp9Ka B yCTaHOBK9 B OCHOBHOM onpe.n;eM-
9TCH MHOroxpaTHliM Ky~OHOBCKBM pacceHHH9M MIOOHa B X9JI889, HOT KOOp.D;ll
HaTHOro .D;9T9KTOpa He Tpe6yeTCH peKOp.D;Horo llpOCTpaHCTB0HHOro paapeme
:mm:. 

6) KoJilltI8CTBO B9ll!8CTBa no nYtJKy .D;9T8KTOpa He KpHTlltIHO, noCKOJII,Ky 
MIOOID.l llM9!0T BHCOKyro llpOHlllta.llllzyl) cnoco6HOCT:b. 
B KatI8CTB9 KOOp.D;HHaTHOro .D;9T9KTOpa, perHCTpnpyromero KOOp.D;HHaTH pacce
HHHoro MIOOHa B cep.n;e'IJHRKe TOpOH.D;aJ.Il,Horo MaI'HHTa BH6paH1:I nponop~o
HaJI:bHHO KaM9pH. 

Boero B yCTaHOBK9 80 llJIOCKOCTett nponOpIUIOHaJI:bHHX KaM8p pa8M8POM 
3x3 Nl-. YtIRTimaJi pacnoxoxeHHe Mm1.19HH H o6MOTOK B neHTpe MarHHTa H 
y.n;o6CTBO MOHTa:JKa Ka.Mep B yCTaHOBKe, Ka.lli,I(M llJIOCKOCT:b COCTaBR8Ha H8 
.:itBYX lf,It9HTlltIHHX Ka.Map pa8M8POM 3xI,5 J?, C B.llp980M Ha .n;JmHHO:li CTOpOH9 
.D;M MHlllBHH. ,lLJrJI COKp8ll!eHH.R: tIHc~ KaHa.noB CHrHaJI:bHHe npoBoxotIKH opHeH
TllpOBaHH B.D;OJII, .n;JmHHOfi CTOpoHH c maroM C'IBTliBa.HHH 4 MM, l!TO OnpaB.n;aHO 
Hs-aa cymecTB9HHO 6oJII,me:li B9~H MHoroKpaTHoro pacceaHHH. 

C~TRJIJIJIUHOHHH9 TpHrrepwe Cl!ST'IBKR, ~Cl, COCTaBHO:I! tiaCTI,I) 
KOOp.D;HHaTHoro .D;9T8KTOpa, BlillO~!OT )tB9 ~YH~: 
- Ollp8.D;8.71HIOT np:acyTCTBH9 qacT~ Ha onpe.n;exeHHOM paCCTOHHHH OT OCH 
ny'!Ka.; 

- onpe.n;eJ!HIOT C xopome:li TOqHOCTI,I) MOM9HT Bp8M9HH ;II.JIH CtillTima.HHH ~p-
~ C nponop~OHaJI:bHHX Ka.Map. . 
Ta.KlKe, KaK H nponop~OHaJI:bHH8 Ka.M9PH, ~ llJIOCKOCT:b COCTOHT H8 
.:itBYX lf,It8HTH1IHHX noROBHH, a BCH tiyBCTBHT8JI1,HaJi O~CT:b pas.n;exeHa Ha 7 
pa.n;HaJI:bHHX 80H (noxyKoxen) O.D;llHaKOBO:li mllpHHH no 142 MM. lliHpHHa MSpT
BOH 80HH M8JK,ey KOR:&na.M:a 8 MM. 
Ilo coo6paxeHruiM CTOHMOCTH, ~9CTKOCTH KOHCTp~. npospatIHOCTH, Bpe
M8HHOro paapemeHHH H yMOBHH IlOCTaBKH C~THJIJil'ITOpa C118T"lllltli H8rOTOB
R8HH H8 .lKH,ItKOro CnHHTHJIJil'ITOpa NE-235 C .n;JmHOtt norxomeHHH 60JII,fil9 
4 M H Bp8M8H8M BHCB01IllBaHH.R: 4 HC. 06mee KORH1!8CTBO llJIOCKOCT9li TpHrre_p
HHX cqeTtIHKOB - 20, no 2 Ha Ka.ll!Jnlli cynepMo.n;yR:&. ,lLJrJI 06ecne11eHHJI Buco
Ko:li 8i;fxii8KTllBHOCTH H806XO.n;HMO HM8T:b .D;OCTaTOtIHO 6oR:&moe KORH1!9CTBO cBe-
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Ta, Il08TOMY TO.JllllHHa CtI8T'IBKa no CnHHTBJIJmTOPY BH6paHa paBHO:I! 26 MM, 

a IlOJIHaJi TO.JllllHHa 32 MM. KruK.n;oe noxyKOJII,nO CtI8T'llilta IlpOCMa.TPHBa9TCH 
~TOYMHO.lmT8R8M C o6enx CTOpoH, nOSTOMy IlOJIB:09 tIHMO ~:,y B ycTaHOBK8 
560. ~OHOBM sarpysKa Ka.lli,I(Oro ~OTOYMHODT8.71H OKORO ro6 I/ceK. Paspe
maromee BpeMH ~e I He, Kor.n;a MIOOH nepeceKaeT neHTp noxyKoR:&na n 
npRMepHo 2 He, Kor.n;a OH nepecexaeT xpa:ii noRyKoR:&na,. 

HanpaBR8HH8 H KOOp.D;HHaTH IIy"lltOBHX MlDOHOB Oilp8.D;SJmIDTCH C nOMOU!:bll 
ro.n;ocxonoB H8 6HCTpHX CnHHT~OHHWC CtISTtIHKOB. OHR RM81)T M08aR'IHyD 
CTPYKTYPY H y.n;OBR8TBOPHIOT Tp860BaHHll aSffMYTaJI:bHO:I! Cm.lM8TPmI ycTaHOB
KH. Pa8M8pli OT.D;8R:&HHX 8~8M8HTOB BH6paHH Ta.IWM o6pa80M, 1IT06H Ha RaJlt

.n;ml: 8R8M8HT llpHXO~OC:b 3% Bce:li HHT8HCllBHOCTH nytIKa. Ilpn HHT8HCHBHOC
TH nytIKa MlDOHOB ro8 I/ceK Ha K8.lK,ll;bl:I! 8R8M8HT npllXO.D;llTCH OKO~O 3•106 

MIOOHOB. TO.JllllHHa Ka.lli,I(Oro 8~8M8HTa BH6pa.Ha paBHOH 20 MM .n;.,m 06ecne110HHH 
.D;OCTaTOtIHOro KORH1!8CTBa CB8Ta. IlpocTpaHCTB8HH08 paspemeHHe ro.n;ocKona 
B neHTpe nyqKa COCTaBJ!H8T 2 MM, a Ha nepl[\pepm!: 9 MM, -qTo no no:p.a:.n;KY 
B8JmqllHH COOTB8TCTBY8T cp8.D;H8My CM8lll8IDID H3-3a MHOroKpaTHOro paCC8H
HHH MBJOHa c aHepr:aeii 100 raB, npome.n;mero B yrxepo.n;e 15 M. 06mee imc~o 
ro.n;ocKonOB B ycTa.HOBK8 3, imcxo 8R8M8HTOB 72, o6mee tIHCRO ~TOyMHOD
T8R8H - 216, paapemaromee Bp8MH ~a·0,18 HC. 

3amHTa ycTa.HOBRH OT ra.no nyqKa ocymecTB.lilI8TCH 88IIJ;?8ll!al!lll8:I! CRCT8-
MO:li R3 CnHHT~OHHHX C"<IST"lllltOB o6mett llJIOlll8,lU,D-22 M". raJio-MJDOHH 
Jll!Jm!OTCJi r.na.BHHM nOT8~aJI:bHliM HCT01IHHKOM ~Ha K rRy60KOHeynpyr.im 
B8a.HMO.n;e!CTBlmM, nOCKOR:&Ky xruir,nH:I! ra.no-MIOOH, BXO.ztmIIHH B YCTa.HOBKy 
cnepe.n;R, COBepnaeT KOR86aHHH no ~e MarHHTa lI MOE8T 6HT:b H80T.1Ili'mM 
OT paCC8JlHHOro. 0TClll.n;a BHT8Ka8T rRaBH08 Tpe60BaHH8 K aanpemaromett CRC
T8M8 - BHCOitM 8i;fxii8KTllBHCXillT:b perHCTPrunm lI nO.n;aBR8HHH MIOOHOB. 

OCHOBHHM 8R8M8HTOM aanpemalll!le:I! CHCT8Mli JIBJm8TCJl CTaR:&HOH XOHT8H
Hep, aanoJIHeHHH! .lKH.n;IWM CnHHTliL11JllITOpoM, c pasMepaMH 3x3 ~- B neHTpa 
ero llM88TCJl KBa,l!J)aTH08 OTB8pCTH8 0,5x0,5 t.f-, nOBTOPHIOIIl88 ~PMy BHp83a 
B KOOp.D;HHaTHOM .ll;8T8KTOpe. ,lLJrJI 06ecne-qellHJl·BHCOKO! ai;IxiieKTHBHOCTR pe
rHCTprunm MIOOHOB TOJlllll'IHa c:ci:imTBJIJIJITOpa BH6pa.aa paBHO:li 100 MM, a BCH 
nOB8pXHOCT:b llpOCMa.TpHBa8TCJl nocpe.n;CTBOM 24 ~TOYMHOJmTexe:li • .n:onoJIHH
T8R:&HH8 TBep.n;ue CnHHTl!IJlJIBIOIOHHH8 C"<IeT"llllW pasBRBa!OT ~Olll8,lU, KOHTe!He
pa BHR3, ~Bepx lI B CTOpOHH, a yCTa.HOBR8HHH8 Ra nO)tBWK.HOtt TIRa$pM8 
noaBOMM .n;RCT~OHHO orp~aT:b .n;RaM9Tp ny'!Ka., HaIIpaBJIJi8MOrO B 
MHlll8H:b. Ha~ MlOOH, aaperHCTpllpOBaHHH:I! CRCT8MO:li, BHpa6aTHBa8TCH 
3anp8I!l8,lll!IlHli JOOIYR:&C ~T8R:&HOCT:bD 60 HC. Koai;Ixii~eHT no.n;aBReHHH raxo
MlOOHOB npn 8TOM 6HR ~8 10-5• 

True KaK rxy6oxoHeynpyr:ae C06HTRII B03IDIKam paBHOM8pHO no Beel 
~e MHlll8HH, B 3a,ztaqy TPHrrepa yCTaHOBRH BXO.n;RT TP860Ba.Im8 o6ecne
'IBT:b O.n;:imaKOlm8 yMOBHH aanycxa no BCe:I! .n;.mme yCTaHOBKlil. BTopoe Tpe6o-
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Baima 3a.KJIIU'IaeTCH B TOM, qTo CTpo6npy!OUUrli Clll'HaJI ,IVIH 3JI8KTpOHliffill npo
IlOPJUilOHaJII,HHJC ItaMep .D;OJIJlt8H Il0ffi3llTDCH qepea 420 HC nocJie llpOJieTa pac
C8HHHoro MIOOHa, BH3BaBmero aanycK yCTaHOBKH. 

Bwo.mm:TD o6a Tp060BaHRff MOJKHO, llCnOJU,3yH np:inm,m pacnpe.n;eJieH
HOH·Jiormw: TplllTepa (cM.pllc.4). 

CMf 0111 CNl 
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~ -◄--
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Pnc. 4. CxeMa pacnpe.n;eJieHHott Jiormw: TpRrrepa. 

YCTpottCTBO MAO n03BOJIH8T 'ARCT~OHHO C noMonu,ro 3BM yCTaHOBllTD JK8Jia-
8MylO KOHqllll'yp~IO KOJI0U TpllrrepHoro cqeT~ ll reHepnpym Ha BblXO.D;e 
"cnrHarr IIJiocxocTII" npn npoxo~ewm MiooHa qepea Tplll'repHHit cqeTtmK. 

Ilo KOaKCllaJIDHHM BOJIHOBO.D;aM C lIMII8'AaHCOM 50 OM "Clll'H~ lIJIOCKOCTll" ne
pe.n;aIOTCH B TpllrrepHHe JIOr~ecKRe CT~, YCTaHOM0HHH0 OKOJIO ~O
ro cynepMO.IJYJIH ToqHo no cepe'ARH8: Jior~ecKRe CT~ ynpaMHIOTCH OT 
3BM n noaBoJIHIOT 'AHCT~oHHo ycTaHaBJIRBaTD JK8JiaeMyro KOM6lIHaJUilro coB
na.n;eHRtt Clll'HaJIOB TPRrr0pHWC lIJIOCKOCTett. CKOpOCTD pacnpOCTpaH9HlIH 
Clll'HaJIOB no KOaKCllaJII,HOMy BOJIHOBO.IJY 6Jm3Ka K CKOpOCTll llpOJieTa MJOOHa 
qepea YCTaHOBKy, T0M CBMHM o6ecne~aeTCH CllliXpOHll3~ Clll'HaJIOB B 
TpllrrepHHX CT~. CTaH'AaPTHHM yCJIOBll8M sanycKa yCTaHOBKH ,IV1H Ha-
6opa 'AaHHWC 6HJIO COBna.n;eHHe BO Bp8M8Hll CllrHaJIOB C JII06WC qeTHpex 
TpnrrepHHX cqeTtmKOB C CllrHaJIOM ~ llpll OTCYTCTBHR Clll'HaJia C aan
pema1011tett CllCT0MH B JIID6ott ll3 JIOr~eCKRX CTrun:tmi.CHrHaJI sanycKa,nOH
BllBillllttCH Ha BHXO.D;e JIID6ott JI0~0CKOtt CT~,\'POpMHpOBaJICH no ,wllIT0JU,
HOCTH ll nOCTynaJI: 

- Ha CTp06HpOBaHHe 3JI8KTpOHlIKH nponopJUilOHaJII,HHX KaMep, llplIH8,IVI8JKall!WC 
MliHOMy cynepMO.IJYJIID; 

-B 6HCTpml KOaKCllaJII,HHit BOJIHOBO.D; ,IV1H CTpo6HpOBaHRH 3JI0KTpOHHKR lJ;PY-
rlIX cynepMO.IJYJieii; . 

- B 6HCTpml KOaKCllam,HHtt BOJIHOBO.D; .zvm 6JIOKHpOBaHRH lI;PYrHX JIOr~0CKHX 
CT~ Ha Bp0Mfi C~llBa.IillJJ RH(pop~. 
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Pacnpe.n;e.11eHHaH .11orRKa Tpnrrepa o6ecne'llll3l:UI8. sqqieKTllBHyIO pernc':l'p~ 

TpeKa MIDOHa BHH3 no ~KY Ha Bero ycTaHOBKY ll Hao~ cynepMo,eyJlli 
BBepx llpOTllB ~- KoHTpOJIHpOBaTD ycTaHOBKy BBepx OT T9q~-B8alIMO
.n;ettcTBlIH H806XO'AHMO, qTo6H ycnemHo 6opOTDCH C aanycKaMR OT rarro MIOO
HOB, npo~eHHHX aanpemaromett CllCT8MOH. IlOCKOJIDKY BC0 3JI0M0HTH TpHr
repHOH JIOrlIKH HaxO'ARJIHCD B 30H0 ~. qTo llCKJitotlaJIO onepa.TRBH00 06-
CJiyJKlm~e, .IV1H HX ynpaM8HlIH ll KOHTpOJIH 6HJia paapa60TaHa CllCT8Ma 
SATAN*, KOTOpaH no3BOJIHJia C llOMOUU,IO 3BM ll3M8HHTD ycJIOBlIH Tplll'repa 
ll ocymeCTBJIHTD HenpepHBHHH KOHTpOJU, pa60TH ~ 3JI8M8HTOM Tplll'
repHOH JIOrlIKlI. 

BcH perllCTPHIJYIOlllaH 3JI8KTp0HllKa, llCnOJID3Y8MaH B 3KCil0pBM0HT0, 
6HJia BWIOJIHeHa B CT~apTe KAMAK. ~e ceMD Kp0HTOB, o6~e~eHHH0 
B9TBDIO KAMAK, C~TllBaJIHCb ROBD-KOHTpOJIJiepoM, BXO~ B CllCT8My 
ROMULUS§§/ .Ilpll pa3Mep~ O'AffOro co6HT1IH 500 CJIOB ll llpll8M8 I00-200 

co61:1THH aa O'ARH c6poc o6mHH MaCCllB .D;aHHmc cocTaMHJI (50 + IOO) THC~ 
CJIOB.Ilepe.n;aqa 3TOro MaCCllBa llpllBO~ K M8pTBOMy Bp0M8Hll YCTaHOBKlI 
.D;O 30%. 

,UJm llpll8Ma .D;aHHHX, KOHTpOJIH ll 3anlICll Ha JI8HTY B 3KCil0pHM0HT0 
llCilOJil,30BaJIHCD Tpll 3BM. HP-2II6 MX-E c o6~eMOM naMHTll I60K CJIOB 6H
Jia llp8'Atta3Haqega llCKJIIO~T8JIDHO .IV1H llpH8Ma ll 3anlICll .D;aHHHX. B TeqeHlle 
c6poca ~Ka co6HT1IH llpllHllMaJIHCb ll IlOCJI0.D;OBaT8Jil,HO 3anlICHBaJIHCD B 
6y~epHyIO IlaMfiTb o6~8MOM I28K CJIOB, a B nayaax M0JK,Jzy c6pOCaMll ~ 
nep83anllCHBaJIHCD Ha Ma.I'HllTHYIO JI0HTy. 

KoMIIJiexc 3BM NORD 10/50 c o6~eMoM naMi!Tll 256K cJioB HcnoJIDaoBaJI
cH .IV1H KOHTpOJill'. ll annapaTypH ll CaMllX .D;aHHHX. ~epe3 CM8CllT0Jil, B8TBett 
KAMAK llHq)Op~ napaJIJI8Jil,HO C 3anllCDIO Ha JI0HTY llOCTynaJia B NORD 
10/50 H HcnoJID30BaJiaCD .zvm KOHTpoJIH c U0JU,IO onepaTHBHoro BMemaTeJID
CTBa. 1Iepe3 NORD 10/50 ocymecTBJIHJIOCb ynpaM8Hll0 CllCT8MOtt SATAN' 

ynOMlIHYTOH BHme, H ,IV1H "on-line" BOCCTaHOM0HllH Tp8KOB B YCTaHOBK8 
,IV1H Bll3YaJIDHOro KOHTPOJill'.. 

~8TB8pTaH rJiaBa 'AnCC0pT~ noCBffm0Ha paapa60TK8 H llCCJI8.D;OBa
HHIO KOOp~aTHoro .D;8T8KTOpa. 

Y~THBaH OC060HliOCTll Cll8KTPOM8Tpa B KOHCTPYKIUi!IO nponOpJUilOHaJID
HHX K8M8p 6HJIH 3aJIOX8HH CJI0.IJYIOl!lll8 Tpe6oBa.ima:: 
- BHCOitall ll.D;0HT~OCTD ll Ha,I(SJKHOCTD; 
- XSCTKOCTb ll CaMOnO.D;.D;8p:imBa0MOCTD npll MWml.raJU,Hott T0~8 no ~Ky; 
- MllHllMaJII,HaH HeqyBCTBllT8JIDHaH 06JiaCTD B M8CT8 CTHKOBKH lfl3YX KaM8p 

B IIJIOCKOCTD j 

~IF.Nanni, EP-NA4-NOTE (1977) 
§§/P.J.Ponting, CERN/EP Electronics Note 80-01 (1980) 
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- Ha.1IR'm8 penepHHX OTB8pCTml: C TOqHofi lipllBH3KOH K nepBofi CHI'HaJll,HOfi 
lipOBOJIO'lKe; 

- OTCYTCTBR8 BliCTyII~ qacTeH Ha noBepXHOCTR KaM8pli; 
- CpaBHllT8JII.HM lipOCTOTa B cepml:HoM n~rOTOBJiemm; 
- H806XO,IUIMOCTJ, Kp8IIJI9HRII perncTp:apyromett.sJieKTPOHRKR Henocp8ACTB8HHO 

Ha KaMepe. 
lia.RJiy'lllmM o6paaoM nOCT8BJI9HHHM Tpe6oBamtliM OTBeqa.rra Ka.Mapa lI3 CaMO
no~ep.lKIIBa!OlllllXCH naH8JI8H, YAOBJI8TBOpa:!OlllllX CJI8~l0lltl™ Tpe6oBallllHM: 
- nporn6 noA A9HCTBR8M co6CTB8HHOro Baca He lip8BliIIlaeT I CM B cepe;m-

He; 
- H8llJIOCKOCTHOCTJ, naHeJill He npeBl:illlaeT 50 MKM; 
- OCBOBHO cepml:Hoe lipOR3BOACTBO ~aH8JI9H B lipO.MlillllJI8HHOCTH; 
- npneWieMaJI CTORMOCTb naHeJIR; 
- MIIHHMaJll,Hlifi Bee naHemi:, qTo ynpomaeT T9XHOJIOI'HID H3rOTOBJI9HIDI. 

Ka.Mapa COCTOHT H3 .ItBYX cru.1ono~epl!Gma!OlllllXCH na.HeJiett C COTOBHM 
HaIIOJIH8Hll9M, TO'tlHWC Pa3A9JIRT9JII,HHX paM, Olip8A9MTOO!liX aaaop KaM8pli R 
H9CYII!IDC Ha ce6e neqaTHI:l8 IlJiaTli ~ 3rutp8IIJI9.HWI npOBOJIO~oro MaCCHBa 
R paa~eMOB ~ nOAC08;mH9Hllii pernCTPRPYl!XllBfi SJI9KTpOHlIKll. BeyTp9HHR8 
CTOpOml naHeJiefi l'IMBIOT lipOBOMil!99 nOKpliTHe, A9HCTBYIDII!99 B RaqecTBe 
BliCOKOBOJII.THWC SJI9KTPOAOB. q8Tlip9 no~epJmBa!OlllllX HHTH o6ecnetm:Ba!OT 
CTa6RJII,HOCTJ, lipOBOJIOqHoro MaCCHBa, a qeTHpe pa3A9JIHT9JlbHliX yrropa, 
qepe3 KOTOplie npOH3BO,l01TCH CJKa.TR8 C ycwmeM I00 Kr, o6ecne,nmaKJT 
noCTOJlllCTBO B/B aaaopa Ra.Mepli. Bee RaMepli'B c6ope:6-20 KI', KOJ!Wi8CTBO 
MaT9pnaJia no rryqxy f;0 '64 r/ er?. KOHCTpy~ KaM8pli noJIHOCTJ,ID OTBeqa
Jia Tp860BaHIDJM T9XHOJIOr~OCTR. 

B narOTOBJiemm MOlKHO BUA8JIHTJ, TpH CTa,lOlH: 
- npe~anoHHoe HaroToBJieHne xoprryca ItaMep:i.; 
- narOTOBJI9Hl!8 llpOBOJIO~oro MaCCHBa C o6ecneqeHHeM TO~OCTH mara H 

TOqHOCTH HaTJVK8HHH llpOBOJioqex; 
- TII!aT8JII,H09 o6ecmtnlIBaHne BHYTpemmx qacTeft nepeA OKO~TBJII.HOfi 

c6opxott. 
YcneWHOMY BlilloJIHeHHID KruK,D;ott na cTa.ztmi cnoco6cTBOBaJI noonepartHommii 
KOHTpom,, Heo6xo.v;HMW1: B ycJIOBRIIX cepml:Horo IIpOH3BOACTBa. TeXHOJIOrH
qec~ ~ 6WI paCC'IHTaH Ha narOTOBJI9HH8 Tpex :KaM8p B H8A9Jl10, qTo-
6H YJIOJmTI>CH B ~eCTlClm rpaqi.HK C08AaHHH SKCnepHM9HTaJIJ,HOfi yCTaHOBKH. 
Boero B OWIH 6HJIO naroToBJieHo OKOJio IOO npono~OHaJII.mlX KaMep. IIpn
MepHo CTOJII,KO EB KaMep M8HT~Hofi KOHCTpyKD;lm 6HJIO narOTOBJI9HO B 
CAKJIE, ~pa.im:i,m. IIapaJIJI8JII,H09 H8rOTOBJieHHe KaMep B .ItBYX ~8HTpax: Bli3-
Ba.HO 60JII,JIIHM o6~eMOM pa60T H CJKaTliMH cpoKaMH 008,Ita.HRJi 'ycTaHOBltll.IIoc
Jie HaroTOBJI8HHH KaMepa no,ItBepraJiaCJ, TII1aT8JJl,HOMY HCCJI8AOB8HHD ee xa
paKTepHCTRK. HcnoJII>80BaT:r, P)IJi STOfi ~8Jlll: nyqoK ycKOpHTeJIIJ H8 llp8A
CTaBJI.HJIOCI> B03MOJGWM na-aa 6om,mott CTORMOCTH. HoBM M9TO~, paapa-
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60TaHHM AM HCCJIB'AOBaHHH xapaKT9pHCTHK Ka.Mepu, OCHOBHBa.nac:r, Ha nc

nom,aoBrumn pa;moaKTRBHOro RCTO~ 106Ru, o60PY'AOBIUIHOro MOHRTO
poM C MaJili?,1 KOJill'IBCTBOM B9Il!8CTBa. MoHRTop RM8JI B03MO.lltROCTJ, nepeMe
maTI>CH no BCBH IlJ!OII!a.Im KaMBpli n o6ecne,nmaJI CKOpOCTJ, TPfil'r8pHHX co-
6HTRH~30 I'D; C ypoBH9M qioHa MeHee 0,03%, ~o noaBOJIHJIO llpOBOAHTI> ns
MepeHHe cqeTHOH aqql8KTlll3HOCTH KaM8pli Ha ypOBHe JIY'll!I8 99,9%, napaMeT
poB KJiaCT8poo6paaOB8.HR!I B KaMepe,.ru.mJil'!TYAHHX R Bp9M8HHHX xapaKT8pHC
TlIK KaMepu, ncCJieAoBaT:r, paaJllllilWe BapnaHTH raaoBHX cMece!. Cos,ItaHRaJI 
M9TO;mKa ncnoJII>ayeTCH H no ca! 'A8H1, ,ItJili RCCJI8'A0Bamtli xapaxTepnCTHK 
llpOBOJIOqHHX A8T8KTOPOB AM .n;pyrnx sxcnepBMeHT8.Jll,HHJC YCTa.HOBOK. 

HaMepe.HWI Ha CT8H,It8 llpOBO;mJIRCI, C perncTp:apyl!Xllefi SJI8KTpommott3f.; 
KOTOpM B 'AaJIJ,HeihaeM ncnom,aoBa.rrac:r, B YCTaHOBKe. 

Bu6op raaOBOH CMecn lipOBO.ItllJICH Ha OllHTHOM,06paa~e B O'JIJ:IT,/ Tp8TJ,' 
HaTypaJIJ,HOH BeJllillllHliul_B UEPHe n Ha noJIHOMa.CmTa6HWC o6paa~ax RaMepu. 
C TO'l!IW apeHIDI myMOB, mnpmra: ITJiaTO, rumJmTy,nH CHrHaJIOB, BliCOKOBOJJl,T
HOCTH n BpeMeHHoro paapeme.HWI Bli6paH onTHMaJII,HHH COCTaB raaOBOli CMe
cn: (66,7-68,7)% -aproHa, (28-30)% - nao6yTaHa, 3% ~ M8T:wraJIII n 
0,3% - wpeoHa. Bo Bcex nocJie~Kl!ltIDC·RaMepemmx n B npo~ecce Ha6opa 
'A8,RHHX COCTaB CM8CH H8 M8HHJ1CH. 

0CHOBHH8 WR3li'i8CKH8 xapaKTepHCTRKH KaM8pli CB8'A8Hli B Ta6.nmzy 2. 

TeMHOBOfi TOK lipH Uk:5000 B 
ill:apHHa ITJiaTo npn nopore perncTpartHH 5 MKA. 
CpeAHee aHaqeHHe Ha"l8JI8. IIJI.aTO 
illzpmm BpeMeHHoro cneKTpa no ocHOBamID: 

B Ha'lffiJ!e IlJiaTO 
B K0~8 IlJiaTO 

CpeAHee aHaqeHHe 8.MIIJIRTY.Ini CHI'HaJia: 

Ta6~~ 

-60,5 MKA. 
- 6301'75B 
- 45~5B 

- 55 HC 
- 30 HC 

B HaqaJie nnaTo - I nK 
B K0~8 IlJ!aTO - 20 nK 

Ilocxom,xy qioHOBM aarpyaxa Kal/l8p B YCTaHOBK8 o~:r, BHCOKOff, 
oco6eHHO B 06JiacTH 6.Jmaxoff K nyqxy, Ha CT8H,It8 6Wia. HCCJI8AOBaHa SaBR

CRMOCTJ, KaM8pli OT sarpyalCII, C08AaBa8MOff 'A0IlOJIHHT9JIJ,HHM MOl!lHW4 
Pa.ImOaKTHBHHM HCT01DmltOM. IlOT8pHl3 ~8KTRBHOCTH He 6wm 8aM8TIWMH 
BllJ!oT:r, AO aarpyaXII 2,5•I05 I/xamur•cex. 

Bee KaM8pli Il0CJI8 R8rOTOBJI8Hlm 6wm npoBepeHH no ynp0Il!8HHOli npor
paMMe: 

•lpcos II,Proportional chamber operating system, Lecroy Research 
Syst.Corp., Spring Valley, New Work. 

EE/BUSQann K. et al. CERN, EP Internal' Report 76-10. 
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T8MB:OBOH TOR npn· Uk = 5,2 kB - 61 MKA 
qaCTOTa m.mym,coB ltru!t,D;OH npOBO~O'!Kil: -~15-20 ~ 
Sq$)ItTlIBHOCTI, B 30 TO'lltlll no WIOIIla,D;ll .!. ~99 , 5% 
Ha'laJIO R ItOHeq IL1l8.TO B 8a,mlliHHX 
npe,ne.rrax - 4500-5200 B 

Paspa60TaHHaJJ M9TO~ o6ecne~ ~8HTH1IHOCTI, xapaxTepRCTRK 
ItaMep, :a pesym,TaTe 11ero npaxTR118CKH He noTpe6oBaJiaCI> HacTpoiixa Ka.
Map B COCTa.B9 cne1tTpOM8Tpa, noc~e ,D;OCTa.BKH l!X R8 MocKBH B ieHeBy ca
M0~6TOM. 

lli!Taa r~a · .rr;.rccepT~ nocBJillleHa ncc~e,noBrumro xapaxTepncTRK 
cneKTpOM8Tpa Ha ny1IK9 MIOOHOB. 
!OcTnpoBKa. nponopnnoHam,HHX KaMep 6Wia npoBe,neHa no TpeKaM paccMHHHX 
MIOOHOB, saperncTpllpOBaHHHX :a yCTaHOBKe npn pa6oTe c yr~epOAHOH MR-. 
meHI,IO. MeTO~ IOCTRpOBKR OCHOBHBaJiaCI> Ha onpe,ne~eHRR pa8HOCTR M8JW 
KOOpARHaToii TpeKa., saperncTpllpOBaHHO:ii ncc~e.n;yeMOH RaM8pOH R KOOPARHa
TOH Tp8Ka., BH1IRC~9HHOH R8 Ky6R1IeCKoro MHOro~eHa, qJRTRpyromero ,D;aHHHH 
TpeK. IlpoueAYPa RTepaTRBHO nOBTOpwra.CI> ,no no~eHH!I Heo6XOARMOH TO'l
HOCTR. KaMepu nepBoro n ,necHToro cynepMo.n;y~eii IOCTRpOBaJIRCI> no c~att
HHM IIpmruM Tp8KaM raJIO-MIOOHOB, nepeceKa.IO~ WIOCKOCTI, Ka.Map sa npe,ne
Jia.MH ~HRTa R saperncTpllpOBaHHHM OAH0Bp8M8HHQ C co6HTRHMR Heynpyro
ro pacceHHH!I. Ilpe,n;.n:oaeHHaa M8TO~ no8BO~ npOB8CTR IOCTRpOBKY Ka.
Map no o6em.~ KOOp,ItUHaTaM c TO'lHOCTI,]O G' = 0 ,2 MM, a no yr~ 
5 = 0,31 Mpa,IJ;. 

·,lLJIH RCC~8,D;OBaHRH 8qq>8KTRBHOCTR KaMep 6WIO ncnom,80BaHO OKO~O 
100000 co6uTnii r~601t0Heynpyroro pacceHHRH MIOOHOB Ha yr~epo,ne. 
Sqq>eKTRBHOCTI, onpe,n~CI, Kait 6THOmeHRe: 

· Nk . (12) 
e = --n--

T 
r,ne: Nk - 'lRC~o co6HTnii, saperncTpnpoBammx Ka.Mepoii B sa,n;a.HHOM 

ItOPHAOpe mRpRHOH ± 1,2 CM OT TpeKa., a 
NT - 'lRC~O C06HTRH, npomeAWHX 11epes Ka.Mepy R BOCCTaH~9HHHX 

no COC8AHRM KaMepaM. 
Hcc~e,noBaHRH 8qq>8KTRBHOCTR ll0Ka.8a.JIR, 'ITO BCH WIOIIla,IJ;I, KaM8pH OARHaKO
BO xopomo perncTpnpyeT pacceJ:IHHHe MIOOHH co cpeAHeii :ae~oii sqxpex
TRBHOCTR €= 97%. 0TM81l8H H83Ha1IRT8Jll,mrli cna.n; B O~CTR BHp88a, 
o6yc~oBJieHHHii o -a~exTpoHaMR., 

Hcc~e,noBaHRH ,D;O~OBpSM8HHOll CTa6nm,HOCTR ajqleKTRBHOCTR KaM8p 
llpO.mntTOBaHH oco6eHHOCTI>IO yCTaHOBKR - B8CTR ,ll;JIRT8Jll,HH8 ceaHCH no .Ha-

6opy .nammx B yc~OBRHX 11epe,D;OBaHRH 8HaKa sapHAa ny'lKa., KOrM BaJKHa 
CTa6nm,HOCTI, pa6oTH Itru!t,JJ;Oro 8~8M8HTa yCTaHOBKR. COCTa.B rasOBOH CMe
cn, CKOpOCTI, 06MeHa ra80BOH CM9~R B o6~eMe KaMepH, TOK R BHCOKOB0Jll,T
H08 HanpHa8HH9 Ha KaMepax, a Ta&ae pa60TOCllOC06HOCTI, perncTpnpy1W1ett· 
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a~eKTpOHRKR no,IUJ;epaRBaJIRCI, noCTOHHHO Ha 88,D;aHHOM ypOBHe, 'ITO o6yc~o
BMO R8M9H9HH9 cpeAHeii BWilI'IRHH 81l4>8KTRBHOCTR Ka.Mepu BCero Ha 0,2% B 
Te11eHHe 'ABYXHe,nem,Horo HenpepHBHoro ceaHca. 06[l{ee npe,n;CTa.BJieHRe o 
Ha.n;8JKHOCTR Bcett_CHCT9Mli nponopnnoH~HHX ItaMep MIOT C~8,JJ;yl!lllH8 ,D;aHHH8 
sa O'ARH ro,n HenpepHBHOH pa60TH, B T91l9HH8 ItOTOporo B.l:llllJIR R8 CTpoH: 
- 3 CHrHa.lll,HH9 npoBO~O'lKR R8 06[l{ero 'lRC~ -6000; 
-120 rn6p~ cxeM PC-700 R8 06[l{ero 'lRC~ ~15000; 
- 5 Ka.pT perncTpnpy1W1eii a~eKTpomuca PC-7000 ns 061Ilero 'lllc~ 880. 

IlpOCTpaHCTBSHHOS paspemeHHe KaMep 6WIO HCC~S,D;OBaHO Ha Tpexax 
pacceHHHHX MIOOHOB, npoxo~ BHyTPR MaI'HHTa, R Ha npHMliX Tp8Kax ra
~0-MIOOHOB BHe MaI'HRTa. MeTO~ Haxo~eHRH npOCTpaHCTB8HHOrO paspeme
HRH ItaMep 01l8HI, llOXOJKa. Ha TY, 'lTO 6Wia ncnOJll,30BaHa ,ll;JIH IOCTRpOBKR Ka-

,Mep. IlpOCTpaHCTBSHH08 paspemeHHe KaMep BHyTpR MaI'HHTa 6WIO Hrubl;eHO 
pa.BHHM 6' = 1,55 ±o,OI MM, a BHS ero S = 1,33 ±o,02 MM, 'lTO cy
[!{8CTBSHHO OT~aeTCH OT reoMeTpR"ISCKoro, o6yc~OBJI8HHOro maroM cnr
Ham,HHX llpOBO~O'lSK 6 =l,15 MM. 

li8MepeHRH ajqleKTRBHOCTlJ: xom,qeBHrTpnrrepHHX C'lST'lRKOB 6wm 
npOB8,D;SHH B cnennam,Hl,IX ceaHcax C raJIO-MIOOHaMH npn BliKJIJ!1qSHHOM Mar

HHTHOM no~e cneKTpOMSTpa. S@>SKTRBHOCTi, R8MepwracI> ,ll;JIH Itru!t,JJ;oro qJOTO
YMHOlKHTSM, pacno~oaeHHoro Ha ,nam,HeM xpae no~xom,qa, a Tpnrrep BH
,ne~ MIOOHH,nepeceKa.1W1Re 6JIIDKllliil: xpaii xom,qa. MRlinMam,mrli cnrHaJI, c 
ltOTOpHM pa60TaJIR qJOTOYMHOJKHTe~ TpHrrepHHX C'l6T1IRKOB, COCT~. HS 
6o~ee (4-6) 4JOT08~8KTpOHOB B CaMOM HS6~ronpMTHOM c~ae. Iloporn 
ARCKpm.mHaTopoB 6wm OARHaKOBH li pa.BHH 30 MB. CpeAHHH 81l4>8KTRBHOCTI, 
TpnrrepHHX C'leT'lmtOB B 8TlJ:X yc~OBRHX 6Wia BlllllS 99%. 
BpeMSHHoe paspemeHRe xom,ua caMoro 6om,moro AnaMeTpa (Jfl7) 6Wio Haii
,neHo He xy~e 0,6 HC. Hs R8MepeHRH Bp8MSHH npo~eTa MIOOHa MS!l,IJ;y 'ABYM!i 
~6HMH WIOCKOCT.IIMR TpnrrepHHX C'l8T'lRKOB no~eHo Bp8MSHHOS paspeme-
HR8 G" = 2 HC. 

I18MepeHRH BpSM8HHoro paspemeHRH ny'lKOBHX ro,noc1t0noB npoBO~CI, 
B llpSIMOM ny'llt8 MIOOHOB. H8 Bp8MII-np0~8THHX R8M8p8HRH ll0~8HO paspe
meHH8 0' 6 200 nc. 

Hs6npaT8Jll,HOCTI, Tpnrrepa R8M8pwra.CI, BO Bp8MII ceaHCOB no Ha6opy 
,D;aHHHX H

0

llpli pa60T8 c yr~epOAHOH M0Jil8HI,IO R KOM6HH~ TpnrrepHHX xo
~eu (2-7) COCTa.B~ 2,4•1□-5 ; 1,7-10-5 n 4,2•10-6 OT RHT8HCJIIBHOCTR 
ny1lKa. npn ero 8HeprRH 280 raB, 200 raB n 120 raB COOTB8TCTB8HHO. 
BKJIJO'I8HR8 B Tpnrrep nepBHX KO~eu TpnrrepHHX WIOCKOCT8ll nOBlllllMO 'lRC
~o aanycxoB npmiepHo B 20 pas. 

COCTa:B TpnrrepHHX C06HTnii Cll.lll,HO 8a.BRCS~ OT nepBHtIHOll aHeprmi: 
ny1lKa. RB npoq8HTHOM BHp8Jll'.8HRR Blir~e~ C~8,JJ;y1Dlllm! o6paaoM: npn 8H8p
rRHX ny1llta. 280 raB, 200 raB n 120 raB ,D;OM r~60KOH8ynpy:r::wc C06HTnii 
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COCTaB,1I.HJI8. I4, 25 H 68% COOTB8TCTB8HHO, 'AO.JUI co6mmi, BH3Ba.HHWC a.n
pOHlillMI! JIHBRllMH, - 80, 60 H 26% COOTB8TCTB8HHO H 'AO.JUI C06b1Tmi OT ra
AO-M!OOHOB nprutTH'18CKH H8 3aBHC8Aa OT 3H8prHH IIy'lRa H COCTaBJijiJla 6%. 

PaapemeHHe CITSKTpoMeTpa ITO m,myJiI,cy, KBa.iq>aTy ITepe'AaHHoro HM
nyJ11,ca, CK8:lbnmrOBOil II8p8M8HHO:li X H yr~ BIDCOM pacceJrnHoro MTOOHa 
H3 MHm8HlI 6wm 0Ilp8'A8A8Hli H3 60J11,moft CTaTHCTHKH r~60KOHeynpyrHX co-
6mmi, aaperncTplipOBaHHIDC YCTB.HOBKOH npH pa60T8 C yr;.epO,lUIOH MHm8HbID 
lI co6a:Tmi, creHepHpOBa.HHHX ITO M8TO.Icy' MOHTe-Kap.110. HccAe,eyeMH:li napa~ 
M8TP 0Ilp8'A8JI&1ICH B ~OM Ha6ope co6HTmi, a paapemeHHe HaxO~OCb 

ITO !p()pMYAB: 
4A -= 

AHCT - Area (I3) 

A Area 
Ha plIC, 5 np8'ACTaBA8Hli KOHTYPH O~HaKOBOro altC8IlTaHCa Cll8KTPO

M8Tpa lI)lfi r~60KOHeynpyrHX co6HTmi paccesmm MIDOHOB Ha yrAepO'A8 IlplI 

aaeprWDC ITY'll(a 280 raB, 200 raB n I20 raB. 

~ 

0 
~E 
~ Q5 

"'a 

;.:_t, -□ 0,5 

Y' v/E 

Pnc. 5. KoHTypH O~aKOBOro altC8ITTaHCa npH Tpex 

aaa~eHHHX aaepr:im MTOOHHoro IlY'1lta.· 

BHyTPH KOHTypa B8pOHTHOCTb pernc~pan;mt MIOOHa BHm8 60%. 

18 

llieCTM rAaBa ~ccepTaD;HH ITOCBfflll8Ha pa3BRTmo ycTaHOBKH. Ilo~n 
ll]3yxJ.19THmi: OllblT pa60TH YCTaHOBKR C yrAepO.JUIOH Ml:IIll9HblD R nepeXO'A Ha 
pa6oTy C BO'AOPO.JUIO:li Mllll!9HblD, CBH3aHHH:li C RCilOJll,30BaHH8M MlOOHHHX ~
ROB Ilp9'A9J11,HOH RHT8HCRBHOCTH, Tpe60Ba.Jm y~eHHH pa60TH BC0X 3A8M8H
TOB YCTaHOBKH, ~T06H 'AOCTH'lb OTHOCRT0Jll,HOH TO~HOCTR R3M8pemtit ce~eHRH 
B3aRMO'A8ftCTBHH MIDOHOB ~e I%. BTopoe HanpaBA0Hll0 ycoBepmeHCTBOBa
HHH 6HAO CBH3aHO C paCmHp8HR8M KRH8MaTH'l9CKOH 06AaCTR IT0p8M8HHHX, 
'AOCTyrrHOH lI)lf! lICM9'AOBaHHH, B CTOpoHy Ma.llHX Q

2 ,x , ~TO Ilpll'Aal3a.J!O 
yCTaHOBK8 ~OrH'J0CKylD 3aB8pm8HHOCTb R ~ID B03MO.lmOCTb CpaBHeHHH 
no~aeMHX pe3yJ11,TaTOB C yxe HM810lllHMRCH. 

Ha pnc. 6 IlpRB8'A0Ha CX8Ma pacno~O.ll9HHH arrrrapaTypH Cll8KTpOMeTpa 
B HOBO:li KO~nrypan;mr •. 

C-.tf"4MKN 3KPAM 113 rtlCCAf"OtAIIDJ,M: TFWTD'Ht,IE C'4:T"M<M CErMEMTMP08AI-HIIE ~..: 

:.:~f=-1~jl~~~iji11i-.! ....... .... , 
O!iNICO&blE rOAOCkOOIII ~i.'1 • ~oeWE rcwx:,u,,.. 1,1 

--iOfl-· 

Pnc. 6. CxeMa 3KCIT8pRM8HTaJ11,HOft yCTaHOBKR B HOBOH 
KO.rypan;mt. 

BMecTO nepBIDC lIJ3YX cyrrepMO,eyAett ycTaHOM0H ~OHTaJll,mnl CIT8KTPOM8Tp, 
COCTO.lillllD4 R3 lIJ3YX c~erKa Bli,D;BRHyTHX Bnepe'A Jm'AKC)BO'AOPO'AHHX Mmll8H8! 
R 7 TpeXMOCKOCTHHX nponop~OH~BHX lt8M8p, ycTaHOM8HHHX cpaay aa 
MHlll8Hmm. 

,lJ,na ~ero 3Haml!I xaprutT0pHCTRK ~. paCll!Kp8Ha CHCT8Ma ~
KOBHX rO'AOCKOilOB co C~8.Icy'IOlltRMR qiy~: rO'AOCK0~8CKR0 c~:wr
~OHHH0 C~e~ T5 R f6 (TOH .1lt8 KOHCTpyiw;m,1, ~TOR paH88 lICilOJll,-
3Y8MH8) o6ecnetnma.Jm MOHlITOpHpOBaHH8 ll!IOOHOB ~ lI Oilp8'A8~8HlI8 TO~
KR BXOM B Mlllll9Hb, r? lI rs o6ecnetnma.Jm lI3Mepemie qJa30BOro IlpOCTpaH
CTBa ~. a I'9 BM8CT8 C nor~OTlIT8~8M lI3 CTa.Jm perncTpHpOBaJ! MlOOHH, 
npome,Il;llllie ~apes BOID Mm118Hb 683 B3aHMO'A8HCTBHH, lI M:Ela.J! BalltHYID ~p
~, IT03BOJIJIIIIllYID O.JUI03Ha~HO BH,D;~Tb RH,zyarn:,eyaJ11,HHH M!OOH, BH3BaB
mmt aarrycK ycTaHOBKR. 

3anp8l!lallllaJJ CRCT8Ma 6HAa 'AOITomeHa 81119 O'AHID4 C~TRJIJmllROHHllM 
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C"le~M, "IT06H·llO.I{aBHTb COCTa.BJ!lilOllij'IO ranO-MlOOHOB, KOTOpaH nona,n;ana 
B YCTaHOBKy no.n; yrJIOMtvI6 Mpa,n; K OCH n:y'llta, 

Topo~mni Cil8KTp0M8Tp 6wr .n;oo~opy.n;oBaH HOB!:ll.!ll IlJIOCKOCT.f!M!II 
TpHITepmnc C"IBT"lllXOB M08aH'IBOH CTpyKTypH, KOTOpHe Il08BOJIBJm: 
- ycTpaHJltTb reoMeTp~eceyto H8~8KTHBHOCTb TpHrrepHHX KOJ!b~8BHX 

CtJ:eT~B (npOM8JKyTKH M8JK.n;y KOJIJ,Ua.MH); 
- YB8~Tb 6HCTpo.n;eitCTBH8 TpnrrepHOH IlJIOCKOCTH; 
- BB8CTH KOM6HHaTOpHKy TpnrrepHHX IlJIOCKOCT8H B Tpnrrepe, OCTa.BHB 

H8H8M8HHHM ero ,ItJIHHy; 

- YM8HblllHTb "lyBCTBHT8JlbHOCTb TpnrrepHOH IlJIOCKOCTH K 8JI8KTpOMa.I'HHTHO
My !P()Hy OT a,JlJ)OHHl:lX JIHBH8H. 

~OHTaJ!bmni Cil8KTPOM8Tp o6ecne'll!:Ban H8MepeHHe TpaeKTOPHH pac
CeJmRHX MBJOHOB H BOCCTa.HOBJI8IDI8 B8plllHHH B8aHMO,Il;8HCTBHJI B Il8pBHX ~yx 
MHlll8H.liX, P:ac. 7. a, 6 HJIJ.IIOCTPHpY8T pacnpe.n;8JI8HH8 KOOp.n;HHaT B8plllllli . 
B8aHMO.n;e:tlcTBHH, BQCCTaHOBJI8HHI:lX ~HTMbHliM Cil8KTPOM8TpOM C IlOJIHOit 
(a) R IlyCTOH (6) MH!ll0RID.m, xapaKT0pH8ylDlltRi!: pacnpe.n;eJieHRe B0~8CTBa B 
~e. 

200--~-.----~-----, 

160 

120 

80 

40 

a) rOll • 

0 I J J..C: ·, I 
0 4 8 12 " 

KOOpJIMtt.lU -J)l,Ut,!Ntol aJ~-0,QeitHMiii 

100.---.--~~-~..,...-~..,...-

80 

60 

40 

20 

6) r~A. 6 cT•"" .. 

r'·~r1r 

o I ..I "'I l,,v,o,JV '>«, ra--ar:::- I 
0 4 8 12 -· 

111oop,a_,.,~ Mpw ..... , •.1...,.0.a••teT•Mii 

P:ac. 7. Pacnpe.n;eJieIDie KOop.n;HHaT B0plllHH B8aHMo.n;e:tlcTBH:tl 

MRlOHOB B nepBHX ~yx MHUI8HHX: 
a) C~aH IlOJIHOH MHill8HH; 
6) C~ IlyCTO:fl MHlll8HH, 

Tpmrep YCTaHOBKH npeTepneJI C~8CTB8HHH8 H8M8H0HWI! 
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- COKp~8HO Bp0Mll Ha BHpa60TKY sanycxa YCTaHOBKH, 'ITO Il08BOJ.WJIO no.n;a
Ban CHrHaJI "CTp06" Ha perHCTPHpYIOOIYIO 8JI8KTpOHIIKy KaMep Tpex cynepMO
.n;yJieH ( I5 M) BBepx IIpOTHB ~ n OTCJie.mmaTb c 6onme:a s@)eKTHB
HOCTblO TpeKH raJIO-MIDOHOB; 
- pas.n;eJieHa BCR annapaTypa 8JI8KTP~0CKH Ha JI8Byto ll Ilpa.BYIO IlOJIOBHHH, 
'ITO C~0CTB8HHO COKpaTHJIO ~CJIO ~OHOBHX sanyCKOB OT a,DJ)OHHWC JIHBH0H 
(nonepetIHHe pa8M8pH JIHBH/I TaKOBH, 'ITO 8axBaTHBatoT o6e IlOJIOBHHH, a 
pacceaHHH:8 MBJOH HaxO.n;HTCR B O.n;HOH IlOJIOBHHe); 
- paspa6oTaHa HOBM MaTpn:ua COBna,n;eHHit CHrHaJIOB c TpnrrepHHX IlJIOCKOC
T8H, Il08BOJIHBID8Ji IlO.n;HRTb 6llCTpo.n;efiCTBH8 H a®eKTHBHOCTb Tpnrrepa. 

. Hs6HpaT8JlbHOCTb nepBoro ypOBH/I Tpnrrepa COCTa.BHJia A1lli 8H8~rHH 
IIJ'llta 280 raB - r,2-ro-4; 200 raB - 7,5-ro-5 n 120 raB - 3-ro-. 
~anHeHUiee CHIDK8HH8 ,Il;OJIH ~OHOBHX sanyCKOB 6HJIO ,Il;OCTHrHyTO Ha BTOpOM 
ypoBH8 C IlOMO~IO HH~OpM~ OT npono~OHaJ!bHHX KaMep (A1!li Tpexa 
paCC8RHHoro MlOOHa Tpe60BaJIOCb cpa6aTHBaHH8 tJ:8THp9X H8 meCTH IlO.llJ)R.l( 
pacnoJIOX8HHllX KaMep), 'ITO B I0-20 pas YM8HbillaJIO tJ:aCTOTY sanycKOB 
yCTaHOBKH, 

Ms sanncaHHIDC Ha MarHHTHyto JieHTyco6HTmi .n;oJIH r;ry6oxoHeynpyrnx 
COCTa.BJIRJia 50% npn I20 raB n IO% - npn.280 raB. 

PerncTpHpYIO!IlaH aJieKTpoHHKa 6HJia peopraHHsoBaHa B 6 6pa~-BeTBeit 
B COOTB8TCTBHH C CHCT8MOH REMUS Jf./, 'ITO Il08BOJIHJIO IIpHM8pHO B~oe 
COKpaTHTb Bp8Mll Ha C~THBaHH8 HH~O~. I00-200 C06HTmi,.npHHHMae
MHX sa O.n;HH lUll(JI ycxopH!:9JIH, COCTa.BJIHJIH MaCCHB ,Il;aHHHX (45-90) THCR"l 
CJIOB. IIepe.n;atJ:a ero C JUll(JIOM KAMAK npHBO.n;HJia K MBPTBOMy Bp8M8HH ycTa
HOBIW I5%. 
OcHoBy ~pOHTaJ!bHOro Cil8KTpOM8Tpa COCTa.BHJIH 3-x IlJIOCKOCTHH8 rexcaro
HaJ!bHHe KaMepH C .n;naM8TpOM BilHCaHHOro Kpyra (tJ:yBCTBHT8J!bHOH 80HOH) 
I,5 M. OHR 6HJIH H8rOTOBJI8HH no aHaJIOrHH C KaMepru.m TOpO~Horo 

Cil8KTpOM8Tpa H8 CaMono.n;.n;eplmBatomnxca IlaHSJieii rexcarOHaJ!bHOH ~OpMH 
TOJilllllHOH 2I MM. 

CetJ:eHHe rexcaroHanHoit KaMepH npHBe.n;eHo Ha pnc.8. UeijTpaJ!bHaH soHa 
•KaMep .n;lil:aM8TpOM IOO MM MOrJia pa6oTaTb 688 paspymeHWI B BHCOKOHHT8H-
CHBHOM ~e MIOOHOB npn Il0Hnllt8HHOH ~8KTHBHOCTH H HCilOJ!b80BaJiaCb 
A1!li H8YtJ:8HllR xapaKT8pHCTHK CaMOro IlytJ:Ka, 

0CHOBHH8 xapaxTepHCTHKH KaM8pH npHBe.n;eHH B Ta~e 3. 

Jf./ 
P,Ponting, CERN/EP Electronics Note 80-01 (1980), 
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Pnc. 8. Ce~emre reKCaroHaJI&HOH nponopD;lIOHaJI&HOH 
KaM8pH. 

liar CllrHaJI&HHX IIpOBOROK 
PacCTOHIDie M8JK,JJ;y MOCKOCThlO CllrHam.HHX 
IIpOBORO~eK ll BHCOKOBOnTHHMH SR8KTPOA8Mll 
06mee ~CRO IIpOBOR0~8K 
qllCRO MOCKOCT8H 

- 2 MM 

- 7 MM 

- 3x768 
- 3 

BHCOKOBOnTHOe HaupmK9HH8 - 4,4 KB 
BHcoKOBOnTHOe HanpruK8Hli8 ~8HTpaJI&HOH 30HH - 3,7 KB 
illllpHHa MaTO -~600 B 
Pas6poc no Ha-qa;ry MaTO - ~IOO B 
Ilopor SR8KTPOHHKH - 5 MKA 
.lf.}m:TenHOCTh CTpo6npy~ero CllrHaJia - IOO HC 

Ta6~. 

IlpocTpaHCTB8HH08 paspeweHHe - ~ 0. 9 MM 
<;ppOHTaJI&Hlitt cneKTpOM8Tp n03BO~ C~8CTB8HHO paCWHpllTh 06Jra.CTh 

KHH8Ma.TlfCl8CICHX nep8M8HHHX r~60ROHeynpyroro paccemnm MJOOHOB, AOC

TynHyJO JJ)I.H. llCCR8AOBaHllli. 
Ce,w,MaH rRaBa ,ICHCC8pT8D;IIH noc~eHa ROHTpORID ycTaHOBIW IIpll 

IIpOB8A8Hllll pa60"lliX ceaHCOB ll OCHOBHHM SRcnepMH8HT8M, BHllORH8HHHM Ha 

YCTaHOBR8. 
Bucoxoe Ka~8CTBO SRCnepHM8HTaJI&HHX .l(8.HllllX, no~eHHHX Ha ycTa

HOBRe, 6URO o6ecne~eHO nocTO.liHHHM KOHTpOR8M pa60TOCnoco6HOCTll BC8X 
Y3ROB cneRTpOM8Tpa. Bo Bp8Mll Ha6opa AaHHHX KOHTpoRHpOBaRHCb! 
-,aHa.11oro-uajipoBH8 npeo6pasoBaTem; 
~ BpeMll-rnri;IlpoBHe npeo6pasoBaT8JIH; 
- 6HCTpH8 perncTpH na.MIITH; 
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- C.IJ;BllrOBH8 perncTpH K8M8pHOH SR8KTpOHllKll; 
- Sqql8RTHBHOCTh TpnrrepHott Rormtn; 
- llH,Icy1til;lm MarmITHOrO noM B TOpOHAaJU,HOM MarHHTe; 
- ruyw nponopD;l!oHam.HHX RaMep; 
- Sqq>8KTHBXOCTh nponopD;lIOHam.HHX RaMep; 
- Sqq>8RTHBHOCTh OT'A8nHHX (p()TOYMHO.lKRT8R8H Tpm'I'8pHHX ll ny,ntOBHX 

rO'AOCRO~ecICHX c~eT~OB; 
- paCIIp8'A8R8Hll8 B8plllllH B38l!MO'A8HCTBHH no wnme ycTaHOBICR. 

Ilpn noHBRemm: H8peryJIJipHOCT8H B pa60Te annapaTypH Ha SRpaHe 
~8HTpaJI&HOro MOHHTOpa noSl'.B.JIHJ'lCH RpaTRH! ROMM8HTapd COCTOJmRIJ an
napaTypH. KpoMe Toro, BCH ~pMa.JJ;ru.l:, OTHOC~a.HCH R KOHTpoRID ycTa
HOBKR, 3anHCHBaJiaCb Ha MarHHTHylO R8HTY ll MOrRa 6HT!. IIpO~TaHa B c~
~ae H806XO,Il;BMOCTH IIpll nocRe,ny~eM aHaRH38 'AaHHHJC. 

XpoH0~0~8CKll nepBID.m Ha ycTaHOBRe 6:wm IIpOB8'A8HH SKCnepm.teH
TH no pacceIDIIDO MIOOHOB Ha yrRepO'AHOff Mlll1l8IDI. Ha6op 'AaHHHX IIpOXO'AWI B 
Te~emre Bcero I979 ro'Aa C8aHC8.Mll IIpO'AOJIJmT8RDHOCTl>IO I2 CYTOR ~ 
c nepepHBaMH M8JK,JJ;y C8aHC8Mll no 2 cyTOR. 06ma.H CTaTHCTHKa Ha6pa.HHHX 
co6HTHH COCTaBHRa OKORO IO MWIJmOHOB.IIpll SH8pl'RHX ~Ka 120 TsB, 
200 rsB n 280 rsB. 

B npo~ecce BWlllCR8HllH CTpyRTypHltt ~ HyKROHa ncnoRDSOBa
JIHCh o6menpmm'l'H8 'AOnymeHHH: 

2 -~ R(x,Q) = 0 

- BKJia,n KaJ!i,IJ;Oro HyKJIOHa B H,D;p8 a,n,ICHTHB8H, T.8. 

F2 (x,Q2 ) = F~ (x,Q2 )/12 (14) 

- nonpaBKH Ha HCKal!t8IDI8 sa c~eT ll?epMH-.IJ;BWK8HllH HyKJ.IOHOB B Ml'IIII8IDI H8 
'A8RaJIHCh. 

Oco6oe BHHMaJme 6URO Y'A8R8HO KaRH6pOBR8 MarIDITHOro no.JIB: B TOpOHAaJU,
HOM MarHHTe ll CB8THMOCTH YCTaHOBKR., 
B BWlllCR8HW:!X CTpYKTYPHHX lpyHKD;l!H HCnORDSOBaHH I,5•IOG r~60ROH8yn
pyrnx co6HTHH B KIIH8Ma.TlfCl8CKOM 'Allana30H8 nepeMeHHHX no X -(0,25+0,8) 
n no Q

2
- (25+280)_rsB2. ,llamme xapaxTepnsyJOTcH "4'!ID™BID>HHM :ii:s 'AOC

THrHyTHX Ha cerO'AHH ypOBH8M Kalt CTaTHCT:ifCl8CICHX, TaK ll CHCT8Ma.TlfCl8C
ICHX Olllll60R. 
CR8,IJyJOOtl!IM BaJ!tHBM 3RcnepHM8HTOM CTaJI SRcnepHM8HT no ll8M8p8Hlll0 3R8RT
poCRa6ott acHMMeTpmx. KaR ll8B8CTHO, T80plm 3R8KTpOCRa6oro B38l!MO'A8H
CTBR1i 3f/ npe,nycMa.TpHBaeT .IJ;Ba MexaHHsMa r~6oKoHeynpyroro paccemm,g 
MJOOHa Ha HyKRoHe - BosMoxeH o6MeH RH6o K -il)oToHoM, m6o Z

0 
-6oso

HoM, IIplfCl0M BC~8'ACTBllll 6oRDmo! Ma.CCH z
0 

- 60SOHa ll MaJIOH B8Jmtnlllll 
ROHCTaHTH CRa6oro B38Jil'.MO'A8!CTBRli T80pRli IIp8'ACKa3HBa8T HHT8,P.P8pemnm 

•ls.Wei~berg, Phys.Rev.Lett. 19:1264 (196?). 
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Mexa.HH3MOB 06MeHa, 38llHCIDcyRJ OT Q.2. , ~ 10-'1. Q.2.. 
Te:xmma H3B.7Ie'!emra IDITepcpepe~ M8X3IDI3MOB 06MeHa 3aRJIIO'Ia8TCH B IJ:3-

MepeHRR aCID.!M8TpRR B ce'!emm B31ll:tMO'A~liCTBRff llOJI02KlIT8JU,HO 3apmK8HHhlX 
MIOOHOB C 0Tp~T0JII,HOH llpO'AOJil,HOtt llOJIH:pIJ:38.Il;l!efi H OTp~aT0JU,HO aapa
.llteHHWC .MJOOHOB C llOJIO.lmT8JU,HOH llpO'AOJil,HOH llOJIHI>H38.Il;l!8li. 

B = oY-IJ./-fi-(+ I JJ) 
s+(-IJJ-1-0-(/ll) · 

(I5) 

KOTOprur B paMKaX CT~PTHOfi MO'AeJm MO.llt8T 6h!Tl> BhlpaJKeHa, Ka.It qiyHroum 

OT 9(!f)• fi, r'Ae j(Y) - KHH8Ma.Tll'!8CKHH napaM9fp, Ollp8'A8JJJI8Mh!H '!e
p93 cxe~roByro nepeMeHHyRJ y: 

g(y) = -➔;f~=J3;-- ~16) 

MaMepeHl!ff 6wm npoBe'AeHhl B 1980 r. B Te'leIDie 8 nepHO'AOB no I2 cyTOK 
npH .n;Byx Ha'laJII,HHX aHepr:imx ny-q1ta I20 raB H 280 raB B paMKaX o6mero 
Ha6opa 'AaHHliX Ha yrJiepO'AHOli MmIIeHH. 
IlocKOJU,Ky li3MepH8Mh!H 3qq)9KT O'I8Hl> MaJI, Tp860B8IDIJI It CTa6HJU,HOCTH an
napaTyphl 0'!8Hl> BhlCOiw:. C 3TOH ~em,ro: 
- aal,)H'A ny'IKa MeHHJIC.F.I ,n;BaJK'A8, B T8'!8IDie ~oro nepHOM; 
- Ma.I'llHTHOe llOJie TOpOH'AaJII,Horo Ma.I'HHTa llOM8p.ll!lIBaJIOCl> CTa6HJU,HhlM 

BCJ19,ll;CTBH8 Toro, 'ITO nepeM8.I'IDI'lRBaHHe Bcer,ll;a llpOXO,ll;WIO_llO O'AHOli H 

TOH .lite neTJie rHCTepe3HCa C ynp~eHHeM OT 3BM; 
- IDITSHCRBHOCTl, Tiy'lKOB IlOM8p2KlIBMaCl> nOCTOHHHOfi Ha ypOBH9 7 . 

2· IO MRJOHOB/c6poc. 
CTa6ILThHOCTl> pa60Thl arrnapaTyphl xapaKT8pli3yeT TOT qiaKT, 'ITO BHyTpH 
nepHOM a@le1tTRBHOCT1> npono~OHaJII,HHX Ka.Map IIaMeHJIJia.01> ua Be~. 
M8Hl>DJYRl 0,2%. 

Peaym,TaTu HSMepemm xopomo cor~cymca c npe,I1;c1taaa.mrm.m CTaH
.ll;apTnoil Mo,ll;e;m, ec;m cmcyc yrJia cMemHBamra sin29w npHH.F.!Tl> pal!Hh!M 

sin2 Sw = 0,23. 
CneD;llaJII,Hlifi 3KCnepHM8HT 6wr BllllO.iIH8H no npoBepxe EMC-s@)eKTa~ 

y.llte B HOBOfi KOHqiiil'yp~ cneKTpOMeTpa. B 3KCll8pHM8HT9 EMC B XO'Ae H3y
'!8Hl!ff CTpyKTypHllX qiyHRIJ;llil HyKJIOHa 6wro noKa.SaHO, 'ITO OTHOmeHHe CTpyK
TypHWC qiyHRIJ;llil HyKJIOHa Ha JK9Jle3e H 'AefiTepHH 1/56Ft Fe /1/2F{'D HMe
eT MOHOTOHHO Clla.ll;alOOlHH xapa.KT8p B 38l!HCHMOCTH OT CKeHJIHHrOBOH nepe
M8HH0li x, llpll'I6M 8TO OTHOmeHHe llpH MaJIIDC X 6om.me, a npH 6om,mHX X 

OHO M8Hl>me I. IlOJIY'I9HHllll pesyJI1,TaT H8XO,ll;WIC.F.I B noJIHOM llpOTRBope"Ilm 
C llp9,ll;CKa3aHH.F.IMH TeOpHH. 

1{9JI1, 8KCll8pHMeHTa 3a.KJI10'!aJiaCl> B CJI8.ll;yl0lll8M: 

31! 

J.J.Aubert et al. Phys. Lett. 123 B (1983) 275. 

24 

- nO'ATB8p.ll;RTl> 3(lq)8KT C 60JI1,ill8li 'AOCTOBepHOCTl>RJ; 

- H3MepHTl> OTHOmeHHe CTpyKTYPHhlX qiyHRIJ;llil HyKJIOHa 'AJl.F.I .llteJieaa H 'AefiTe-
PIDI, a TaK.llte aaoTa H .ll;efiTepIDI; 

- HCCJie'AOBaTl> 38llliCHMOCTl, OTHOmeHIDI CTpyKTypHhlX qiyHRIJ;llil HYKJIOHa OT 
l."-

M3MepeHIDI llpOBO.ll;RJmCl> Ha Tiy'!Ke .MJOOHOB C 3HeprH8li 200 raB, 06~ no
TOK MRJOHOB, nponymeHHhlli '!epea ycTaHOBKy COCT8l!HJI 2,3·1017• ~aHHhle 
3KCllepHM8HTa xopomo COBIIa'AaIOT C ,ll;aHHh!Mli EMC npH X ?' 0, 15, a B o6JiaCTH 
X <0,15 Ha6JIIOM9TCH OTJlH'!He B xapaKTepe llOBe'A8HRff Ha ypOBHe ~5%. 

CTpyKTypHhle qiyHKD;llH npOTOHa 6hlJIH H3MepeHhl Ha BO.ll;OpO'AHOli MHmeHH 
.n;JIHHOfi 40 M. 06ma.F.1 CTaTHCTliKa rJIY60KOHeynpyrnx co6mllfi, Bome.rmmx B 
aHaJm3, coCT8ll~ 1,8 MWIJIHoHa npH nepBH'lHhlX sHeprIDix IIy'!Ka 100 rsB, 
120 rsB, 200 rsB li 280 rsB. 0mH6Ka B Ollp9'A9JieHIJ:R CTpyKTypHOfi qiyH~ 
F2(x,Q2 )H3-3a Heonpe'Ae~eHHOCTefi B SHeprRR nepBH'!Horo MRJOHa, B lili,Il;yK

~ M8.I'HHTHOro IIOJJJI cneKTpoMeTpa, B y'!eTe SHepreTll'!eCKHX n0Tep1, MRJO

Ha B .llteJieae li T'.'A· He llp9Bhlma9T I%, 'ITO .F.IBJJJieTC.F.I JIY'ImHM Ha cerO'AH.f.l 
pesym,TaTOM, 'AOCTHrHyThlM B H3MepeHH1Ix.c1yKTypHhlX qiyHRIJ;llil HYKJIOHa. 
Ma 3KcnepmieHTaJII,HOii 38l!HCHMOCTH Fix, Q ) OT Q

2 onpe,ll;eJieHo 3Ha'!eHHe 

MaCmTa6Horo napaMeTpa KJ(JL-TeopHH AQcb= 220 MaB TaK.llte c HaHMeH1>mett 
Ha cero'AH.F.I omn6Kofi. 

B 3aKJIRJ'!eHHH npRBO~TCH OCHOBHhle Bh!BO,ll;hl .ll;RCCepT~. 
0CHOBHhl8 Bh!BO,ll;hl: 

I. B CB.F.13li C nporp~ofi nepBOO'!epe'AHHX 3KCil8pHM8HTOB Ha 400-
raBHOM llpOTOHHOM YCKOPHT8Jl8 I.lEPH 'AJl.F.I liCCJ19,ll;OBamra rJIY60KOHeynpyroro 
B3aHMO'A8HCTBRII MRJOHOB Bh!COKHX 3Heprl:til COS'AaHa KpynH8Hma.F.I 3KCllepHMeH
TaJII,Ha.f.1 YCTaHOBKa HOBOro Tlilla - pacnp8'A9JleHHhlfi Cll8KTpOM8Tp, BKJIIO'!a!O
~ B ce6H llpOT.F.l.llteHHyIO Mm11eH1> .n;JIHHOli 40 M, OKpy.llteHHyRJ TOpOH,l.l;aJII,HhlM 
MarHHTOM, y KOTOporo M8llr,ll,y CTaJII,HhlMH .ll;RCKa.Mli paaMemeHhl 'AeT8KTOpli 
'AJl.F.I per:acTpa.u;Rli pacceHHHOro MIOOHa. OCHOBY yCTaHOBKH COCT8llJl.F.IJI pac
np8'AM6HHllll KOOp.ll;HHaTHHfi ,ll;8TeKTOp H3 80 llJIOCKOCtett npOllOpD;llOHaJII,HhlX 
KaM8p pasMepoM 3x3 ~. 

2. Ilpe.n;JioxeHhl li HCCJ18'AOBaHll llpHHD;llllll COSM:mra pacnpe,I1;eJI8H~oro 
KOOp.n;IDiaTHoro .I1;8TeKTOpa MRJOHOB Ha OCHOB8 llpOBOJIO'!HllX nponopD;llOHaJII,
HHX KaMep. 

3. Ilp8.n;JI0~8H HOBhlli Tlill KOHCTpyKD;llH 6om,mott llpOBOJIO'IHOtt KBM8pli 
Ha OCHOB9 naH9Jl8tt C COTOBhlM HanOJIHSHHeM, HM8IIXIlliX MaJIOe KOJlll'l:8CTBO 

BemecTBa CO ,64 r/crih no ny-qey, nsroToBJieHhl n np0Be.I1;8Hhl xccJie.I1;0Ba
Hll'.H llpOTOTHIIOB. Paspa60TaHa T8XHOJIOrRH MB.CCOBoro H3rOTOBJI8Hll'.Jl 60JI1,

mHX nponopD;llOHaJII,Hl,IX KaMep, OTJIH'lliT8JI1,HOtt oco6eHHOCTl>IO KOTopott .F.IB

~CH Henpeph!BHhlli KOHTpOJil, BC8X onepa.D;llil:, o6ecne'IRBallJlllllli BHCOKyD 
H,l.l;9HTH"D!OCTl> xapaKTepHCTRK KaMep. 
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4. ,llJm o6ecne~eHIDi H3rOTOB~eHIDi B ClKaTHe cpoKH 60JU,Woro KOJm
~eCTBa nponopD;llOHaJll,HHX KaMep 6~ paapa60TaHa H C03.na,Ha Hay,mo-MeTo
,nR'ieCKaJI 6aaa, noaBOJmBWaJI MeHee ~eM·3a 2 ro.na H3rOTOBHTb, HCnHTaTb 
R nomoCTbID no,IU'OTOBRTb K pa6oTe Ha :nrme OKO~O 100 nponopD;llOHaJll,lffiX 
KaMep paaMepOM 3xI,5 'Nf. 3Ta HayqHo-MeTO,nR'ieCKaJI 6aaa B 'AaJll,HeiirneM 
noCJiy.lKWIB. OCHOBOtt A)JJi C03,naHIDi ~yrlIX Kpymrax axcnepliMeHTaJll,HHX ycTa
HOBOK 

5. C n;eJU,ro SKOHOMRR AOporocTo.m11ero ycKOpHTeJU,HOro BpeMeIDI Ilp9'A
~oxeHa H peaJm30BaHa M9TO~ HCC~eAOBaHIDi xapaKTepHCTRK nponopD;llO
HaJll,HHX KaMep 6ea ~Ka C noMOUU,ID p~OaKTRBHOro HCTO~HHKa, C03AaHa 
COOTBeTCTBYIOUlaJI amrapaTypa H npoBeAeHH HCC~eAOBaHIDi Bcex KaMep KOOp
ARHaTHoro 'A9TeKTOpa yCTaHOBKH. 3Ta MeTO~ Haw~a npIDJieHeHHe H IlpH 
C03'AaHRR ~yrlIX SKcnepHMeHTaJll,HHX ycTaHOBOK. 

6. B peayJU,TaTe C03'AaHHOtt MeTO~ Bee H3rOTOM9HHH9 KaMepH 
HM9Jm HA8HT~e xapaKT8pHCTHKH, noaTOMy B KOpOTKlltt cpoK Ha ~Ke B 
UEPH ocymecTM9HH MOHT(llt H aanycK axcnepHMeHTaJll,HOtt ycTaHOBKR,npo
H3B8'A9Ha K0~8KCH8JI HaCTpoihta BC8X 'A9T9KTGpOB COBMeCTHO C perHCTpli
PYIOUlett a~eKTpoHHoi!: amrapaTypott. 

7. Mcc~eAOBaHH B peam,HWC yc~OBIDIX npoBeAeHIDi aKCnepHM8HTa Ilpll 
,n;Jlll:T9JI1,HOCTH RHAliBHAYaJll,HHX ceaHCOB .AO 2000 ~aCOB Ha ~KaX MIDOHOB 
C SHeprwn.m 100-280 raB xapaKT9pliCTHKH ycTaHOBKH, H3~9HO BJIRIIHH9 Ha 
3TH xapaKT9pHCTHKH pa3JIR'IHHX napaMeTpOB, paapa60TaHH M8TOARKli, o6ec
n~~llll!l9 BHCOKyro CTa6HJII,HOCTb xapaKTepHCTHK yCTaHOBKli Ha IlpOTHX9Imll 
7-~eTHett 3KCn03RD;llli B ny~KaX ~aCTHD; BHCOKOH HHTeHCRBHOCTH. 

6. Ilpe,IVlOX8HO H p8aJm30BaHO pa3BRTH9 3KcnepHM8HTaJll,HOH ycTaHOB
KH, HailpaM8HH09 Ha noBHWeHHe TO~HOCTH H3Mepelilili ce~eHRH rJiy60KOH8 -
ynpyroro B3aHMO'A8HCTBIDi MIDOHOB H paCWHp8HIDi KHHeMaTH'I8CKOH o6~aCTH 
H3Mepelilili B CTOpOHy ~ X H Q2 • OTO noaBO~O paCWHpHTb nporpaMMy" 
WR3HtieCKHX,HCC~9'AOBaHRH. 

9. B npon;ecce ycoBepweHCTBOBaHHH ycTaHOBKR npe,IVloxeH H pea;mao
BaH cnoco6 noBHW8HIDi aqx!>eKTRBHOCTR TpHrrepa TiyT8M HCnOJU,30BaIDIH B 
Tpnrrepe o6o6meHHOH RHWOPMaD;llR c nponopD;lloHam,HHX KaMep, a T~e 
BB8'A8HIDi AOnO~T8JU,HHX CD;llHT~OHHHX c~eT~OB M03~HOH CTpyK
TypH. IlpOB9A8Hlil M9TO,!UN9CKHe HCC~8AOBaHIDi Ha~ paa~ aHep
rRH, B pe3yJU,TaTe KOTOpHX BH6pana onTHMaJU,HaJI ~OrRKa Tpnrrepa. 

IO. Ilpe,IVlOXSH, C03.na,H H B KOpOTKlltt cpoK aanymeH cneKTpOM9Tp, 
AOnO~IOU!RH OCHOBHyID KOHWlirypaD;llro H COCTO~ H3 rexcarOHaJll,HHX Ka
Mep C AllaM8TpOM ~BCTBHT8JI1,HOH 30HH OKO~O I,5 M. CneKTpOM8Tp no3BO
~ cymeCTB9HHO pa~WHpHTb2'AOCTynHyID KllH9MaTH'I8CKyID o6JraCTb H3MepeHRH 
B CTOpOHy ~ Q , x( Q ~ 8 raB2 ; x ~ 0,05). 
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II. 06ecne~eHa CTa6HJII,HM pa6oTa YCTaHOBKll H BHCOK08 Ka~9CTBO 
aKcnepRMeHTaJll,HOH RHWOPMaD;llli npn BHil~eIDIR WHpOKott nporpaMMH ncc~e
'AOBaHRH r;ry6oKoHeynpyroro pacceHHIDi MJOOHOB Ha paa.Jm'llIHX MmIIewa:. 
3KcnepHM9HTaJll,HaJI ycTaHOBKa npopa60TaJia. Ha MKlOHHOM ~e enc UEPH C 
1978 no 1985 roA, Ha nett 6~o aaperncTpRpOBaHO peKOpAHoe Ha TO BpeMB: 
~c~o (100 ~.) rJIY60KOHeynpyrn B3aliMO'A9HCTBRH MOOHOB Ha ~ax MR-

u 1 2 12 · '14 56 W8H9H H, D, C, . N, Fe. • 

Ha OCHOB8 aToro MaT8plla.7Ia. C ~aCTH8M aBTOpa: 
- H3M9p8HH C BHCOKOH TO~HOCTbID ( 3%) CTpyKTypHH9 WJHKD;lm 

~Olia B ~ax BO'AOpo.na, 'A9HT8pWI, yr~epOAa, BHilomeH <pll3Htl8Cm 
ana;ma CTPJKTYPHHX WYHKD;llH H onpeAe~eno aHa.~eIDie MaCmTa6noro na-
paMeTpa KX,ll-TeopHR -.A ; · 

- BnepBHe o6HapyxeHa BO B3aHMO'A9HCTBHR n0.7mpll30BaHHHX MIOOHOB C HyK

~OHaMR RHTeppepeHD;llH c~6oro H s~eKTpOMarHRTHoro B38llMO'ASHCTBd 
H H3MepeHH B paMKaX CTaHAapTHOH MO'A9Jm 3Ha~eHIDi KOHCTaHT CBH3H 
MJOOHa C npoMeJKyTO~HM z0 -6030HOM; 

- H3M9pemz C HaHM9Hbllll!IMH Ha ceroAHH Ollil!l6KaMH (I-3%) H,I1;8pHHe 3qxp8KTH 
B CTPYKTYPHHX WJH~ HyMOHOB, IlpOHMHlllllR9CH B cneD;Hq>HtI9CKOH 
X-88BHCHMOCTH OTHOWSHRH CTpyKTYPHHX. WJHKD;llH CB060AHHX H ,:CBH8aH
HHX B ~e ~OHOB. 

0CHOBHH9 pe8yJU,TaTH ARCC9PTanmI ony6JmKOBaHH B c~e.n:ymtWC pa6o
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