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M.~.JlmcatJeB 

Uem,D HacTomyett pa6orn ~eTcsi: HccRe,n;oBaHHe H pa3pa6oTKa HOBHX 
M8TO,D;OB, C03,D;a.HH8 annapaTypH, perHCTPHPYJlllHX KOMIIR8KCOB H CHCT8M OT-
6opa co6HTd, npe,D;Ha3HatJeHHHX 'AM: 

a) H3M8P8HHSI 8R8KTp0MaI'HHTHHX qJOpMqrutTOpOB K--M830Ha H Jf--
M83OHa B OIIliTax no ynpyrOMY K- 1Z H 5f -e pacceSIHmo npH aHeprHH 
250 raB H Henocpe,n;CTB8HHOrO CpaBH8~HSI 8THX qJOp$KTOp0B no pe3ym,Ta
T8M o,D;Horo H Toro xe aKcnepHMeHTa, 

6) H3yq8HHSI aifxpeKTOB.KaH~BaHHSI npOTOHOB H nHOHOB C 8H8prHSI
MH 35, 100 H 250 raB B MOHOKpHCT~, 

B) 8KcnepHM8HTaJII,HOil: npoBepKH BO3MOXHOCTH OTMOH8HHSI TpaeKTOpd 
3apsi:xeH1lllX tJaCTHU H3OrHYTHM MOHOKPHCT~OM, 

r) HCCR8,D;OBaHHSI HMyq8HHSI, BO3HHKa!Jl18ro npH npoXOl!t,Il;8HHH peMTH
BHCTCKHJ!.'. IlO3HTp0HOB H 8R8KTp0HOB qepe3 MOHOKPHCT~ B peX:HMe KaHaRH

poB8.HHSI • 
.AK'fYM:&HOCT:& npo6ReMH onpe,n;eMeTCSI BalltHOCT:&Kl 38,ItatJ, pemaeMHX 

8R8KTpoHHNM perHCTPHPYJllllHM KOMI1JI8KCOM ~H3H'I8CKoro 3KCnepHMeHTa. 
H3yqeHH8 CTPYKTYl)ll 8~8M8HTapHHX qacTHU SIBM8TCSI O,ll;HOil: H3 OCHOB

HW{ npo6ReM ~H3HKH BHCOKHX 8HeprHH. H3Mep8HH8 qiopMlf>a.KTOp0B H8CTa6HJII,
HliX qacTHU, B OTJIHt!He OT OilliTOB no HCCAe,D;OBaHIDJ 8A8KTpoMarHHTHOil 
CTPYKTYPli si:,n;ep H HYMOHOB, npe,n;cTaBMeT co6ott 6oRee CAOlKHYJO aa,naqy, 
nocKOJII,KY H8CTa6HA:&HH8 tJaCTHll;li He MoryT HCilOJII,3OBaT:&CSI Henocpe,D;CTB8H
HO B KatJ8CTB8 qacTHll;li-MHlll8HH. Trut KaK K - -M83OH H JT- -M83OH H8 
o6Aa,naKJT cnHHOM, OHR xapaKT8pH3YKJTCSI TOA:&KO O,n;HHM 8R8KTpoMarHHTHliM 
qJOp$KTOpoM. TO'IHO8 H3Mep8HH8 qJO~TOPOB 8THX tJaCTHU SIBM8TCSI qpea
Bmruhto B8lnIHM npH paccMOTP8HHH pa3JIH'IHHX TeopeTHtJ8CKIDC MO,D;8Rett. 

IlpH B38.HMO,D;8il:CTBHH p8JIJITHBHCTCKHX aapsi:xeHHHX tJaCTH!l; C MOHOKpllC
TaJIJl8MH BO3HmcaKJT MHOrOtJHCAeHHHe HOBH8 qlll:3H'!8CKH8 SIBR8HHSI, Ba.lKHll8 KaK 
B HayqHOM, Trut H npaKTH'I8CKOM OTHOW8HHH. :3To B38.HMO.D;8il:CTBH8 H8Jll,3SI 
pacm.taTpHBaT:& KaK MHoroKpaTHO8 H83aBHCHMO9 paccemtHe Ha OT,D;9R:&HHX H3O
AHpoBaHHWC U8HTpax, Trut KaK CYl!l8CTBy9T CHJII,HM KOppe.mmrui: M8lR,DY nocAe
.D;OB8.T9JII,HHMH co~apemw.m, KOTOpaSI ~HO M8HSI8T xapaKT9p npoTeKa
HHSI npouecCOB B ~OHOKPHCT~e. HaH6OR88 JipKO 8TO npoSIBM9TCSI B SIBRe
HHH, nOJIYtillBW9M Ha3BaHHe•aqxfleKTa ~BaHHSI. 

B pa6oTe* BnepBH8 6Wia BHCKa3aHa rHnoTe3a O BO3MOlKHOCTH y.n;epllta-

*Teyganov E.N.-Fermilab Report TM-682, TM-684, Batavia, 1976. 
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HIDI -qacTHU B pelitllMe KamumpcrnaHIDI npH H3rH6e KJlHCTaJJJia p;o onpe;u;eJieH
Horo pa,neyca KplIBH3HH. 3KcrrepHM8HTaJII,H08 ITO;D;TB8pllr,U8HH8 3TOtt rHITOT831:l 
cymeCTB8HHO pacmupWJO 61:l HamR 3HaHmt O 'AHHaMHKe 'ABmteHmt tiaCTHU -qepe3 
ynopJI.nO'l8HHl:l8 CRCT8Ml:l aTOMOB. 

B pa6oTe* IlOKa3aHO, 'ITO npH 'ABID!t8HIDI JI8rRHJC 3apm,:eHHHX -qacTIDl; 
B;D;OJll, KpHCTaJIJIH'l8CRIDC HanpaBJieHmi ;D;OJDKHO B03HmtaTh-MOl!lH08 3JI8KTJ)C)Mar
HRTH08 R3Jly'l8HH0, Ha H8CKOJI1,KO nopH,IUCOB 6oJiee BHT8HCHBHoe, '18M TOP
M03H08 liJIH CID!XPOTpoHHoe R3JIY'I9HR8. Bo3MO.lKHl:l8 npHKJia,ll,Hl:le npHMeHeHmt, 
Hap.ff,Jzy C 'lHCTO T90P9TH'l9CKm.l HHTepecOM, ;D;9JISDOT HCCJI9;D;OBlllmll ;D;aHHOro 
3qql8KTa BalRHOtt R aKTyaJil,HOH 3ap;aqefi. 

IlpH HCCJI9;D;OBaHHH rrepetIHCJI9HHl:lX qJH3ll'l9CKHJC .IIBJI9Hlitt npm.i:eHJieMruI 
annapaTypa onpep;e.IDieT BCD CIT91U'Iq)HKY npoBO;D;mJ:Oro 3KCil9PHM9HTa, OT H99 
3aBHCIIT ;D;OCTOB9pHOCTh no.eyqaeMWC P93YJIDTaTOB • .I{OCTHl!reHH9 yrul3aHHl:lX 
neJiefi rroTpe6oBaJio pemeHrur neJioro KOMIIJieKca MeTop;mecKHJC npo6JieM. 
CB09Bp9M9HH08 H U8JI8HanpaBJI9HH08 npm.!9H9HH9 HOBl:lX M9TO;D;OB B T9XHHK9 
3KCil9pHM9HTa IT03BOJISI9T B 3HatIHT9JI1,HOR Mepe ITOBl:lCHTb Ka'l8CTBO ®i3H'!9C
KlIX H3MepeHmi H CTaBHTb OIIl:lTl:l, 9!1l9 H9;D;aBHO npaKTll'l8CKH H9;D;OCTynHl:l8. 

El:lcTpo pa3BRBaiallMCH M9TO;D;HKa npe;D;BapHT8JI1,HOrO OT6opa co61:lTHH B 
peam,HoM MaCmTa6e Bp9M9HH, pa60Tl:l aBTOpa B KOTOpoH SIBJISIRJTCH llHOHepc
KliMlI, rrplIBO;D;HT K cymeCTB9HHOR aKOHOMHH rryqKOBOro BP9M9HH, p;oporocTO
H!ll8ro Bp8M9HH 3BM, HaKOITHT9JI9R miqx)pMB.IUm, a Ta:Kllte JIJmCKHJC pecypcoB. 
~KTHBHl:ltt KOHTpoJID H ynpaBJieHHe pa6oToil aKcnepHM8HTaJIDHOtt YCTaHOB
KH, 61:lCTpoe H npoH3BO;D;HT9JI1,H08 rrpe;D;CTaBJI9HHe pe3yJIDTaTOB o6pa60TKH 
;D;aHHHX, aKKypaTH08 MOHHTOPHPOBaHH9 BCex yaJIOB anrrapaTYJH l1/lE1r B03MOllt
HOCTb npoBO;D;HTb ITOHCK ®i3H'I9CKHX .IIBJI9Hlitt ropa3;D;O 3qxp9KTHBH90 H noaBO
JISDOT MaKCl!Ma.Jll,HO COKpaTHTb cpoKH llOJIY'I0HHH p03YJibTaTa. 

HayqHM HOBH3Ha H 3Hatim.lOCTb pa60Tl:l 3aKJIIO'laDTCH B llpe;D;JI0llt9HHH H 
peaJIH3a.IUm opHrmiaJibHl:lX M9TO;D;ll'l9CKHJC pemem H C03;D;aHHH Ha HX OCHOB8 
YHHKaJibHOtt 8KCnepm.ieHTaJII,HOH annapaTYJ)l:l H CHCT9M OT6opa co6HTlitt. 

BnepBl:l9 np9;D;JIOllt8Ha H rrpHMeHeHa B aKcnepl!M9HT8 M9TO~ npe;D;BapH
T9JI1,HOro OT6opa co6HTmi p;.ruI Bl:l;D;9JI9Hmt aKTOB pacceHHRH apl!lp,18THtl8CKl!M 
M9TO;D;OM B peam,HOM MacmTa6e BpeMeHH, peaJIH30BSHHBJI C llOMO!llhD iniqipoBWC 
H aHaJIOrOBl:lX rrpenponeccopoB. IlpoB8;D;8Hl:l 06oCHOBaHH8 H aHaJIH3 3KCnepH
M9HTaJibHl:lX M9TO;D;OB H aJirOPHTMOB rrpe;D;BapHT9JI1,HOro OT6opa C061:lTHtt. 

Ilpep;JIOE9Hl:l H paapa60TaHH HOBl:l8 M9TO;D;H perHCTpanHH RHqx>~ C 
;D;8T9KTOpoB tiaCTIDl;, HCllOJih30BaHH9 KOTOPHX ll03BOJIWIO ;D;OCTHrHYTb peKOp;D;
HOH KOOp;D;miaTHOli TO'lHOCTR perHCTpanHH ;D;8.HHWC C p;pe~BHX KaM:ep, Bnep
BH9 co3;D;aHa annapaTypa ;D;.ruI c6opa .ztBYXTpeKoBOtt BHqx>p.mium c o.u;aoro npo
MSJtYTKa p;pettqx>BHX Ka.Map, peaJIH30BaH c6op Cll8KTJ)OM9TpH'l8CKOit BHqx)P,la-

* Kumakhov M.A.-Phys.Lett., Ser.A, 1976, v.57, p.17. 
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IUm B illlIPOKOM ;D;RH0MH'I9CKOM ;D;Hana30H8 B YCJIOBIDIX 60.m,mHJC HHT9HCHBHOC
T8tt rryqKa • 

OcymecTBJI8Hl:l HOBH9 M8TO;D;H: aBTOMaTH3anHH perHCTPlIPYJlltliX TpaKTOB; 
KOPPBKUHH C'lRTHBaeMoil c HX rroMO!llhD HHqx>IJManHH; ceJieKUHH HaJIOllteHHtt 
;D;8T9KTHpy8MHX tiaCTIDl; rryqKa, H906XO;D;HMOtt ;D;.ruI o6ecnetieH:rur ;D;OCTOB9PHOil 
HHqx)p.uilUm C IIpOBOJIO'lHl:lX ;D;9T8KTOpoiu C'lllTl:lBaH:ru! perHcTpHpyeMHX co61:l
Tlitt B Y'AaJI8HHYJJ SBM; a<MeKTHBHoro rrpep;cTaBJieH:rur p93YJibTaTOB o6pa60TKH 
;D;aHHl:lX H MOHRTOpHpOBaHHH Y3JIOB YCTaHOBKH. 

Ilpe;D;JIOllt9H HOBl:ltt IIpHHUHIT MHOrocpyHKUHOHaJibHOro HCllOJI1,30BaHHH Kpett
Ta KAMAK, ll03B0.1IIIIJllHtt llOM8!1laTb B KpettTe p;o 4 M6attT llaMHTH, pacmH!)SITb 
;D;OCTyn K p;pyrl!M KpeilTaM H npoH3BO;D;HTb aqqi9KTHBHl:l9 H 61:lCTpl:le pelltl!MH 
6JiotIHoA nepep;atIH ;u;aHHHJe. 

C llOMO!llhD IIp8;D;JIOllt9HHl:lX H p9aJIR30Ba.H1Il:lX M8TO;D;OB: 
a) BnepBl:le IIpaMHM MSTO;D;OM H3M9p9H 3apH;D;OBl:lit pap;HyC K"":.. H JI-

M830HOB npH 8H8p.I'HH 250 raB H np0B9;D;9HO IIJ)JIMOe CpaBH9HH9 3JI8KTpoMar
HHTHl:lX paSMepoB 3THX qx>p.$U<TOpoB, 

6) Bll8pBl:l9 Y;D;aJIOCb OTKJIOHHTb nyqoK npoTOHOB C aHeprHett 8,4 raB 
rrpH llOUOIJll! H30rHYTOro MOHOKPHCTMJIB.. 3KcrrepHMeHTaJibHO H3MepeHa EHT9H
CHBHOCTL BH6HBaHM tiaCTHU H3 oceBoro H IlJIOCKOCTHoro KaHaJIH!)OBaHHH B 
IIpJIMHX H H30rHYTHX Ha pa3HH8 yrJIH KpHCTaJIJiaX, 

B)·BnepBl:l8 0Cy!ll9CTBJI9H Bl:lBO;D; ycKopeHHoro rryqKa H3 KaM9pl:l YCKOpH
T8JIH C IlOMO!llhD ltpHCTaJIJIH'l8CKOro ;D;8q>JI9KTOpa, 

r) Bn8pBl:l9 rrpHMeHeHa COBpeM9HH8JI 8JI9KTpoHHM M9TO;D;HKa qJH3HKH Bl:l
COKHX aHeprd K HCCJI9;D;OBaHHJJ a<MeKTOB, B03HHK8J'.JIIHX rrpH npoxollf,ll;eHHH 
JierKHX 3apSillt8HHl:lX tiaCTHU B;D;OJib OCH HJIH ITJIOCKOCTH KPHCTaJIJia. TeM ca
MHM 6HJIH HCCJI9;D;OBaHl:l xapaKT9pHCT~H 3JIBKTpoM8I'HHTHoro H3JIY'I8HH/I B mH
poKOM ;D;Hana30H8 yrJIOB na;u;eHHH tiaCTHU Ha KPHCTaJIJI. 

Ilpa.KTH'l8CRaH U9HHOCTL llOJIY'I8HHl:lX pe3yJibTaTOB COCTOHT B pemeHHH 
npo6JieM M8TO,IUIKH ITOCTaHOBKH 8KcnepHMeHTa·Ha HOBOM ITOKOJI9HHH annapaTy
PH, C03;D;aHHH KPYTIHettinmc 3JI9KTpomrax perHCTPHPYJIJ!lHX KOMITJI9KCOB, Il03BO
JISllJIIHX ITOJiyqHTL HOBl:l9 <pH3ll'l8CKH9 'AaHHH9 0 g,yH.naM8HTaJibHl:lX CBOftCTBa.X 
MaT8p:im. 

Ilo~o H8COMH9HHoro HayqHoro HHTepeca HCC~8'AY9MH9 .IIBJI8HRII MOryT 
HaitTH rrpHMeHeHHe B pa3JIHqHl:lX 06JiaCTHX KaK YCKOPHT9JibHOil TSXHHKH, TaK 
H ®i3H'l8CK~ro 3KCll8PHM9HTa. HaH60JI99 HHT8p0CHl:l8 H3 HHX: 

- KCITOJIL30BaHHe K30rHYTOro KPHCTaJIJia ;D;.ruI Bl:lBO;D;a ycKopeHHoro rryq
Ka H3 KOJI1,U8Bl:lX YCKOpHTeJiett*, 

- BOSMOmtOCTL C03'AaH:ru! ;D;JISI tiaCTHU CB8plCBl:lCOKHX 3H9p.I'Kil ;D;8T9KTOpa 
HOBoro THna, 'lYBCTBHT8JibHOro R Macce tJ:aCT:HIJ;, 

* KomKapeB r • .I{. IlperrpmtT ffi'~ • ./i!30, 1977 
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. - BHBO'A pe.rutTIDlHCTCKHX IJY'IKOB BTOpll'IHIDC lJaCTmr, 
- ql()KYCHPOBKa IJY'IKOB lJaCTmr, 
- noBopoT cmma lJaCTHU npR npoxo~emm l!epes HSOrHYTH8 KPHCTaJI-

JlII B peJ!tllMe KaHaJIHpOBa.Hrut8f, 
- COS'A8HH8 nylJKOB raMMa-KBa.HTOB Wlll 3KcneplDl!8HTaJil,HOi ipRsmm. 
Ilo.nyqeHHH8 C noMOUU,D paspa60TaHHOI M8TO,IU!KH R cos~ol annapa

TYPH ~HSHlJ8CKH8 pesyJil>TaTH cnoco6cTBOBaJIH CT8HOBJI8HliDl HOBOrO HaylJHO
ro H8.IIpaBJI8HM - HCC~8'AOB8.HID! BSaHMO'A0ICTBHI pe.rutTIDlHCTCKHX sapJDKeH
HHX lJaCTHU C MOHOKpHCT8.JIJI8MH. 

Ilp8MOX8HHM BnepBHe M8TO~a npe.u;oopHT8Jll,HOro OT6opa co6HTml: 
HHHUHHpo~ HHT8HCHBHOe,pasBHTH8 STOro H~8HHJI BO BC8X OMaCTJIX 
SKCnepHM8HT8.JI1,HOI TeXHHKH. IlpHM8H8HH8 npe,u;BapHT8Jll,HOro OT6opa co6HTml: 
nosBoJIHeT BO MHoro pas coKpaTHTl> saTpaTH, Heo6xo,IU!MHe wm ycneIDHoro 
BHil~8HIDI nocTaBJI8HHOI <pRSHlJ8CKOI sa;a;al!H. 

IlpeMoxeHHHe cxeMHHe pemeH:wt :e: no.nyqeHHHe n 'AaHHOI pa6oTe pe
sy.m,TaTH MOrYT 6HTl, :e:cno.m,soBa.HH npH IIJIBIDIPOBBHHH H opr8HHS81Uffl 9KC
nepBM8HTaJil,HlllC YCT8HOBOK, a T~e B paMHl!Hmc ,lij)Yl'HX 06.nacTmc HayKH H 
T8XHHKH. 

CTpY]tTYOa ,mrccepTagRH OTB8l!aeT :e:s6paHHol T8M9 H OTpaxaeT, C O'A
HOI CTOpoHH, noc~8'AOBB.T~H08 paSBHTRe SKCnepEMeHTaJil,HOI M8TO~, 
r'Ae Bee noc~e.ItYJ(IIU!e STanH :e:cc~e'AoBaHHI CO'A8JllK8JIH ~eHHHe paHee Me
TO'AKll8CKHe paspa6oTKH, C ,ItpyrOI CTOpoHH, IlP8'ACTaBJUl8T J'!CHO CqlOIMYD
poB8HHH8 9KCnepHMeHTaJil,HH8 ne~, BH6op OllTmm.JIJ,BOI llOCTaHOBKH OIIHTOB 
H mt ycneIDBYD pea.JIHSanliDl • .IumcePTan:wt COCTOHT KS BB8'A8HHJ'!, IIJITH rJJBB 
l!I S8.KJIIJ'18Hl!IJ'!. Pa6oTa CO'A8plltl!IT 261 CTpa.HIDJY T8KCTa, 84 pl!lcym<a, 5 Ta6-
~. 6l!IMHOrpaipRllecKHI cn:e:coK HS 226 HaHM8HOBaliHI H ,u;oo np~llt8HHJ'!. 

Anpo6a.urut . H ny6JmKa.IuyI. 0CBOBHH8 pesy.m,TaTH, HMOllt8HHH8 B )U!C
CSPTanHOHHOI pa6oTe, H ~SHlJ8CKH8 pesy.m,TaTH, no.nyqeHHHe C llOMOUU,ll 
cos~ol aBTOpoM annapaTypH, 'AOKJia,D;HB8.JIHCl> Ha MeimyHapo.n:ma cm.mo
SHYMB,X no ~8PHOI 9~8KTpoHHK8 B Ma.lm.m-EH'I (1973) H BpaTHCJI8.B8 (1983), 
Ba MeE,eyBB.po.ztHHX KOHq)Elp8BUMX no ~smte BHCOKHX SHeprd B T6:wmc:e: 
(1976), B TOKHO (1978), B MRll~8H8 (1980), Ha IX Me~apo~ol KOH
qiepeHUHH no ~HSHKe TB8P'AOro T8Jia B JI:ll:oHe (1981), IlP8'ACT8.BJIStJIHCl, Ba 
pa60l!HX COB8~8Hl!IJ'!X OIDIH no M9TO~e nponopnHOHaJll,HHX RSMep (1973) H 

no M8TO'AHK8 SKCnepm&eHTOB Ha BCTP9l!HHX IJY'lKaX (1983). MaTep:e:aJIH 'AHC
C8PT81Uffl 0Tpallt8HH B 56 !!W-roJ pa6oTax, l!IS KOTOI)HX OOBOBY 'AHQC8PTan:e:H 
COCTa~eT 30 ny~ -30. 

* . Carrigan R.A., Tayganov E.N. et al.-»ucl.Instr.Meth., 1982, 12.¼, 
p.205. 

°EapllleBcm B.r. IlHcliM8. B ffl, T.5, 1979, !82; Jlll60IIIBU B • .n., H~. 
T.31, 1980, 986; M:e:xa.neB B • .n., IlpenpmIT l@B3, 82-29, 1983. 
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ABTop sammqaeT: 
l. MeTO'AHKY perHCTpan:e:R H OT6opa 'A8HHHX B SKcnepHMeHTax no YllPY

rOMY paccea:HJiDl H KaHaJIHpoBaHHD lJaCTHU B MOHOKpHCTaJrJia.X. 
2. Ap:e:queTmecKHe MeTO'AH npe.u;oopHTe.m,Horo oT6opa ~HsHl!eCKHX co-

6HTd B P88Jll,HOM MaCWTa6e BP8M8HH Wlll BH'A8~8HHJI a.KTOB paccea:HHH. 
3. 06oCHOBaH:e:e, 8118.JIHS H.OnTHMHSanHD M8TO,na npe'ABaPHT8Jll,HOro OT-

6opa C06HT:e:I paccea:H:wt B lpR9HK0 BHCOKmc SHeprmi. 
4. COS'AaHHe per:e:cTPHPYDIIHX Ko~eKCOB :e: c:e:cTeM OT6opa co6HTd 

Wlll SKCnepHMeHTOB no Onp8'AM9HliDl 3~8KTpoMarHHTHHX pa3MepoB K- - H 
'.ii- -MeSOHOB B OIIHTax no YnPYrOMY K-e H .'.Jf-e paccea:HIDJ npH SH8prHH 

250 rsB (fflAJI, EaTaB:wt}, HCC~8'AOBaHliDl sqxp8KTOB K8HaJIHpoBaHHJI sapa:xeH
HHX lJaCTEU npH 9H8prIDDC 35, IO0 :e: 250 raB (~HAJJ. EaTaBM}, ynpaMemm 
TpaeKTop:e:m.m sapJDKemmx l!a~THU C noMOUU,ll HSOrH]Toro MOHOKPRCT~ 
(JIB3 OIDrn} H HCM8'AOB8HIDJ HSJIY.'I8HHJI pe.rutTHBHCTCKHX nos:e:TpoHOB H s~eK
Tp0HOB B MOHOKPHCTaJJJia.X O~Ba, CepnyxoB}. 

5. COS'AaHHe mnflpoBHX H aHa.noro:ewc npenponeccopoB 'AM annapaT]P
Hoft pea.JIHSanRH KPHTep:e:eB OT6opa C06HTHI. 

6. IlP8MOllt8BH0 H npaKTHlJeceym pea.JIHSanliDl SH8KTp0HHKH perHCTPanHH 
,naHHHX c ,Itpeiiqx)BHX KaMep. 

7. MeTO'AHKY KOppeKUHH aMIIJIHTY.ItHHX HSMepeHHI, Ka.JIH6pomm H KOHT
poJIH Tpa.KTOB perRCTpaUHH 'AaHHHX, a TaKllte KOHTpoJIH TpaRTOB BHpa60TKH 
sanycRa. YCTBHOBKH. 

8. Ilp8.IVJ:Ollt8HH8 H paspa60TRY YHHKa.m,aoii annapaTypH ,!VlJ'! opraHHsa
UHH H ynpaMeH:wt npoqeccoM c6opa 'AaHHHX, conpa:xeH:e:a: armapaTypH yCTa
HOBOR C y,na.J!8HHOI 3BM, rpaipRllecKoro npe'ACTaMeH:wt pesy~1,TaTOB o6pa-
60TRH 'AaHHHX R 'AHaJIOrOBOI CBJ'!SH SKcnepHM8HTaTopa C 3BM • 

9. HOBHI IlPHHUHllMHOrO~O~Horo HCno.m,soBaH:e:a: KpeitTa KAMAK, 
nosBoJ1fill!IHI HM8Tl, 'AOCTyn K 6o~HM o6~81\18M 3~8KTPOHHOtt nawiTH, BSaH
MO'A0i1CTBOBaTl, C ,Itpyrm.m KpelTaMH KAMAI( H opraHHSOBaTl> s<®eKTHBHHe l!I 
6HCTpH8 PEllltHMH 6~0lJHOit nepe'AalJH 'AaHHHX, a TaKJJte C08'A8HH8 MHKponpor
paMMHpy8MHX C8I'M8HTHHX 11HHT~8KTyaJil,HHX" CP8'ACTB Wlll npm.t8H8Hl!IJ'! B 
. sKcnepHMeHTax BHCOKmc SHeprd H ,Itpyr:wc 06.nacTmc Ha]KH. 

IlepBBSI rJiaBa llOCBJml8Ha paCCMOTp8HliDl R 8Ha.JIHSY OCHOB~ M8TO'AlJ
lJ8CKHX npo6~eM COS'AaHWI annapaTypH ~SHlJ8CKHX YCT8HOBOK/l, 2 • 

B Hal!a.ne rJIB.BH HSJral'aeTc~ HOBHit llO.D;XO'A K o6mett CTPYKTYP8 CHCT8M 
c6opa 'AaHHHX. B OT~He OT KOHB8HUHOHaJIJ,HHX M8TO'AOB nocTp08HHJ'! STOI 
CTPYKTYPH, on:e:mmaeMHI no.n;x:o'A MOllHO llpe'ACTaBHTl, B BH'A8 MHOrOypoBlleBO
ro nponecca, B KOTOpoM ~OMy ypoBHD, xapaKTepHsyeMOllfY pasHHM'.H Bpe
M8Ha.MR HCllOJIH8HIDI, CBOICTB8HHH OT'A8Jll,HH8 annapaTHHe CP0'ACTBa. 3Rcne
pHM8HaJil,HH8 'AaHHH8 per:e:CTPHpymca: Ha nepBOM, CaMOM HID!HeM ypoBlle, H 

9aT0M, llOCJie Y'AOM8TBOP8H:wt H8JIO.ll8HHHM KPHTep:wn.i: OT60pa, nepenHCHBa
mca: Ha coce~,Bllcmd ypoBeHl>. IloMe npoxoll',ll;eH:e:a: l!epes Bee ypoBHK 
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.namru:e 8runICHBam'CSl Ha Mal'HllTHYll JI8HTY HJm ,Iij)yrott H8.KOilllT8Jll, EH!lx>p&l
ium:. Ha K8lr,IJ;OM ypoBHe COOHTHe IlO,nJieXHT WI8JIH8Y, IlOCJie KOToporo npmm
MaBTCSl pemeHHB'O IlOJI88HOCTH ,It8lIHOro COOHTHSl HJIH ero HCKJlll'lemm:, eCJm 
OHO ORa8aJIOCI, HBHHTepecHHM (!lx>HOBHM). ,lT,aH T8.Kllt8 WlaJIH8 ,ItOilOJIHllT8Jil,HllX 
BOSMomocTett, KOTOp!:le ,noJil!!Ha ooecrreliIBaTI, xopomo crrpoeKTHpoBBHHM 
CJICT8Ma coopa ,ItWIHllX: oprWIH38.UIDJ oas1,1 BCITOMoraTBJJl,HHX ,namnpc, Ra
JIH0p0BKY ,It8T8KTOpoB H 3JI81tTPOHHKH, p!iC'IJI8H8HH8 CHCTeMH Ha aBTOHOMHHe 
Y3Jlll, 00111ee yrrpaBJieHHe ycTWIOBKOtt, KOHTp0Jll, ::ia npaBHJJl,HOCTI,D paOoTH 
BC8X OCHOBHHX YSJIOB CHCTeMH, rHOKOCTI, KOH~ CHCTeMH,rHCTOrpaM
MHpoBWille H ,np. 

,ItaJiee '!aCTI, rJiaBl,l ITOCBS11118Ha BOITpoCBM rrpe,ItBapRTeJJl,HOro OTOOpa no
JI83HHX COOHTHil. 3Ha'!HT8Jll,H08 KOJIH'l8CTBO npoHCXO,nsmuDC B MHm8HH 8.KTOB 
B3aEMO,nettcTBWI He rrpe,ncTaBJISieT <l)lisH'!ecKott ueHHOCTH, H sxcnel)HMeHTaTo
p!:l IU?~EMaDT PH.It Mep ,nJISl pacnosHaBaHHSl llOT8~HaJI1,HO E:HTepecHHX COOH
Td.131. ~ OT,It8JI8HHSl "xopommc" COOHTd OT "IlJIOXJDC" BWOJIHSIDT 
CHCT8MH OTOopa COOHTHff, np:m.r8H8HH8 KOTOplX .naeT PH.It H80CllOPHMHX npe
:m.ryill80TB, a HM8HHO: 06ora111eHH8,8aITHCHBa8l40tt miiio~. COKpa!IIBHHe 
perJIBMeHTHpoBBHHoro nyqKOBoro BpeMemr, Heooxo . .ItHMoro .ItJISl BHIIOJIHeHHSI 
llOCT8l!Jl:8HHOtt 38,I(a'!H, YM8HI,ID8HH~ .noporoc,TOS11118ro BP8M8HH SBM ,nJISl IlOCJI8-
,nyllllero aHaJIH3a ,It81IHHX, COKpa!ll8HH8 KOJIH'lBCTBa MaI'HJ!THHX JI8HT ,nJISl 3a
mICH 3KcnepHMeHTam,Hott imiiowa,u;HH, OCY1118CTBJI8HH8 '!aCTH'IHOro WlaJIH3a 
COOHTHff B peam,HOM MaCmTaOe BpeMeHH, 'ITO ll03BOJISl8T KOHTpoJillpoBaTI, pa
OOTY sxcnepm.1eHTam,Hott ycTaHOBKB H pacno3HaBaTI, BOSMOJIHl,IS HeHcnpas
HOOTII. 

~ee RJiaccmpmuq>oBWIH aJirOPHTMH oTOopa no pasHHM KPHTepHSIM, a 
T8ltll8 npoaB8JIH3DJ)OBaBH ,ItBa THUa 8iM9KTHBBOCTH aJirOpHTMa: 8iMeKTHB
HOCTI, no~emm !lx>HOBHX COOHTd, onpe,neJIJDill8,SI Ra'l8CTBO CHCT8MH OTOO
pa, H aiMeKTHBHOCTI, OTOopa•xopoiumc' COOHTHil, BJilISlllllM Ha Ra'IBCTBO npo
BO,It}l,!l,IX HSM8peHd. 

BmloJIHeH 8HaJIH3, ll03BOJIJWitml: ,ItaTI, peKOMeH,nmum np:a npoeKTllpoBa;_ 
mm CJICT8M OTOOpa COOHTd. EcJIH B CHCTeMy coopa .nammx Meir,ny JIDOHMH 
COC8,Itlll!MH ypoBHJIMH BB8CTH ,ItOllOJIHHT8Jll,HHff 8JI8M8HT OTOOpa, OH, cor.nacHO 
H8JIOllt8HHHM KPM'Bp:MM, sanp811l!l8T nepe,naqy Ha BHCmHtt ypoB8HI, !lx>HOBWC 
COOHTd. KaJr,It!:rll: BHOpa.HHH:tt aJirOPHTM OTOOpa xapaKTep:asyeTCSl K081fxI,HUHBH
TOI\I llOJI88HOtt EH!lx>JMmum ·~ (B 00ll!8M llOTOKe N :mnycKOB l!M88TCSl ~-N 
EHTepecBl,IX C ~3H'l8CKO:tt TO'IKH speHHSI COOHTHff). ,lL1IJI OU8H1tH BJIIDIHHSl 
3JI8M8HTa OTOOpa Ha nportecc coopa ,naHHHX BB8,It8HH ,ItB8 BeJIH'lmut': KO* 
~8HT YB8JIH'l8HHSI"noJieSHOtt m1iio:rurunm ky, Henocpe,ncTB8HHO BJilllllJlllrl1 
Ha npo,nOJmHT8JI1,HOCTI, BPeM8HH paOOTH Ha nyqKe, H800XO,Itl!MOro ,ItJUl BHilOJI-

~ Turala M.-Nuol.Instr.Keth., 1980, ill, p.51. 
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HBHIDI ITOCTaBJISHHoro SKCnepHMeHTa, H K031fxI,HUH8HT rro,naBJieHHSl KOJIH'leCTBa 
perHcTpDJ)yeMott }W®p.{auHH kn , BJIIDIIa11mi Ha COKPaI118HHe ITOTORa rrepe-
,naBaeMHX ,naHHHX/37: 

ky = 1 + H ( a + ~) 

1 + H 
li kn= (I) 

r.ne H =Tc·N , a = T p/Tc ( Tc - BpeMSI C~liTHBaHIDl co6HTIDI, 
Ha pHc. I H 2 COOTB8TCTB8HHO 

H kn B <l>YHKUHH sarpysKH H. 
T p - BpeMSI pememm ycTpottcTBa oTOopa) • 
npe,ncTaBJieHO llOB8,It8HH8 K0344)HUH8HTOB ky 

, 
I / ky r a-0,005/ a=O!JS/ 

141- / / 

PHc. I. IIoBe,neHHe 
K0344)HUH8HTa YB8JIH
'IBHIDI no~e3HOfl mI
!lx>pMaUHH B <pyHKUJm 
sarpy3KH. 
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,llaJiee C(p()!MYJilIPO.BaHO o6mee YCJIOBlle Ha U9JieC006pa3HOCTI, BBe,D;eHl!H 
HOBOro SJieMeHTa - ycTpo:iiCTBa OT6opa co6HTHH - B o6mmi npouecc c6opa 
.D:aHHHX. TaK RaR 3TO yCJIOBlle He BCer.na .HBJIJieTCH .nocTaTO'IBHM (He6oJib
moil BHllrPHm B CROpoCTH Ha6opa IlOJie3HHX .namrax He Bcer.na ORynaeT 3aT
paTH, CM3aHHHe C pa3pa60TROR ycTpoiiCTB OT6o:ga., ll He OnpaB.D:HBaeT BBe
,neHlle B CHCTeMY HOBoro HCTO~Hll:Ra BO3MOl!tHHX norpemHOCTeii),·npe,nJIOlleH 
napaMeTp IlOJie3HOCTH ycTpoiicTBa OT6opa b. PaccMOTpeHH TaRXe R ,npyrne 
cpa.KTOpH, Jll!MHTlll)yxIIIH9 CROPOCTI, c6opa .namrax, T.e. CROpoCTI, 3anll:CR RH
(p()pMrunm Ha Mal'HHTHyJO JieHTY n Be~HHa OTBe,neHHoro 6y!pepa rraMHTH 3BM. 

CJie.D:yxIIIM qacTb rJiaBH IlOCBHll!eHa npe,nCTaBJieHmo BrrepBHe npe,nJioxeH
HOii H peaJm3OBaHHOR MeTO.D:RRH OT6opa WH3HtleCRRX co6HTHH C HCilOJib30Ba
HHeM apn(fMeTHtieCRRX aJirOPRTMOB B peaJibHOM MacmTa6e BpeMeHH. OrrHCHBa
eMM MeTO,nnRa 6HJia rrpIDl!eHeHa B 3KCil9pHMeHTe no ynpyroMY '.Ji - P pac- · 
ceHHmo, llOCTaBJieHHOMY Ha YCKOpRTeJie lffB~. 

Ha pnc. 3 npe,ncTaBJI8Ha cxeMa 3KCnepHM9HTaJibHOR ycTaHOBKR, C no
MOllll,D ROTOpoii 6HJI p98JIH3OBaH OT6op co6HTHH. no yr;ry pacceHHM qacT:im 
B MRllleHll. BHBe,neHH aH8JIRTHtl8CRRe BHpaxelil!H H C(p()PMYJIHPOBaHH napaMeT
PH, onHCHBrulllll:9 pa6oTy a;rropRTMa OT6opa .D:JIH BH,neJieHM ~TOB paccea-
HRH. 06mmi BB;IJ; MrOpHTMa .D:JIH 3Toro C~M l!MeeT (p()!MY/4 : . 

1Ax 1 • Bx 2 • Cx 3 •DI > Zx . . (2) 

r.ne X 1 2 3 - KOOp,nHHaTHM HH(p()pM8URH C TpeKOBHX ,neTeKTOpoB, npe,D;Ha3-
Haqemrnx' .D:JIH Buq:HCJieHM yrJia ·paccemma, A,8,C, D - ROS!ppJmlleHTH, 
3aBHCHll!R9 OT reOMeTpllR YCTaHOBRH H napaMeTpoB ROOp,nRHaTHHX ,neTeRTO-
poB, . Z - Be~HHa, onpe.neJI.lllCI!lM 3a,n;aam,di yroJI o6pe3aHM. 

X1 L ~2 M ).(3 . . 
-·-· 

0 • 

~ i~~ 

[ _____________ f_ __ -~~~~ ------ __ J 

Pnc. 3. CxeMa 
3KCil9pIDl!eHT8JibHOH 
YCTaHOBKH .D:JDI OT-
6opa co6HTHH pac
ceHHM. 

*Nurushev s.B.-Proc.o! the. XVII Int. Cont. on High-Energy Physics, 
London, 1974, p.25. 
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ITepBHM B Mlll)e npoueccopoM, pa6OTaJIIllll:M B peaJibHOM MacmTa6e BpeMe
Hn no MrOPHTMY (2), 6HJio ,~oxeHHoe n pa3pa6oTaHHoe aBTOpoM B I9?I 
ro,ny unqipoBoe ycTpo:iiCTBof4 , , xapaRTepnsyeMOe ROS!pp:imHeHTOM noJie3HO:ii 
HH(p()pM8Ull:R ~ = 0,005. B KaqecTB9 ROOp,nRHaTHHX ,neTeKTOPOB 6HJIR npn
MeHeHH CURHT.IIJIJUW.llOHHHe ro,nOCROilH. EJI~o.napa npRMeHeHHo:ii M9TO,nll:Re B 
3KCrrepRMeHTe Y.D:aJIOCI, IlOBHCll:Tl, CROpoCTI, Ha6opa .D:aHHHX B I6 pas. Ha 
pnc.4 npe,ncTaBJieHo npocTpaHCTBeHHoe pacnpe,neJieHne qacT:im 6e3 npHMeHe
HM ycTpoRCTBa OT6opa (a), C OT6opoM (B MacmTa6e I0:I, 6) H OTHOilleHll:e 
3TRX pacnpe,neJieHd. IlapaJIJieJibHO C ~OB1™ 6HJI pa3pa6OTaH aHaJioroBlitt 
npenpouecco/61, xapaRTepn3YJ(lltll:iica 60.IIl,JIJHM 6HcTpo,ne:iicTBReM. YcTpo:iicT
BO pa6OT8JIO COBMeCTHO C npOllOPUHOHaJII,HllMll RaMepaMH (rrepBoe B CCCP 
npll:MeHeHH9 nponopUHOHaJibHHX RaMep B WR3ll'l9CROM 3RCrrep.HMeHTe*) H npe,n
Ha3HaqaJIQCI, .D:JIH 3anyCKa llCK:PoBHX Ra.Map. Ilpn 3TOM CKOPOCTI, Ha6opa CTa
THCTHKll YJtaJIOCb yBe~RTb B 12 pa3. 

Mn 
•10 

,%.ID• 

0, 

OS 

Q2 

02 04 o·6 o·e 

Pnc.4. ITpocTpaHCTBeHHoe pacnpe,neJieHHe perncTpnpyeMHX 
qacT:im 6e3 npEMeHeHWI ycTpo:iicTBa oT6opa (a), 
C OT6OpoM (B Ma.CmTa6e I0:I, 6) H OTHOillSHHe 
STRX pacnpe,neJieHH:ii (B). 

,llaJiee OIlll:CHB,8TCH DP8.D:JIOlleHH8.fI aBTOPPM YHllB9pcaJIH3auRH ~Boro 
ycTpo:iiCTBa OT6opa ?/ H npe,ncTaBJI9H cos,namnrlt Ha 3To:ii·ocHOB9 URqJpOBOR 
npoueccop. EJiaro,napa npHMeHeHm> Mll:Kpo3JI8RTPOHll:Kll C 3MRTTep!IHMll CBH3H
Mll ycTpo:iiCTBO o6ecneq:imaeT oqeHI, BHCORYD CKOpoCTI, BHpa6OTKll pemeHHJI 

( > IOO HC), H83aBRCl!MO OT ROHRP9THO:ii reOMeTpl!H yCTaHOBRH. Ilpoueccop 

* Zanevsky Yu.V. et al.-Hucl.Instr.Meth., 1971, .2!, p.2JJ. 

9 



6wr ycrreDIHO npm1eHeH B cepmr OIIUTOB im IIY'!Ka.X peJIJITHBHCTCKIDC .nettTpo

HOB H Ot-ti:acT.mr". 
B oti:epe,D;HOH ti:acTH rJJaBH rrpe,D;CTa.BJieHH·ocHoBHHe MarHCTpaJI!:,Ho--MO

.IJYJ11,HH8 CHCT8Mll, npHMeHSieMl:le B TexHHKe <pH3H'l8CKOro aKcrrepnM8HTa, H 
,D;a.HO HX CpaBH8HHe. C.neJmH BHBO,ll; 0 H8COOTB8TCTBim CHCT8Ml:l KAMAK 
dy;o;ylltl3M aKcrrepHM8HTaM ipnamui BHCOKHX aHeprmi:. MecTO CHCT8Mll KAMAK B 
npHMeHemmx, r.ne Heo6X0,1Ul'.Ma BHCOKaJI CKOpoCTl> o6MeHa ,ll;8l!HllMll, 3ffiiM8T 
~ACTEAC. B U8JIJIX ycoBepmeHCTBOBaHRII CHCT8Mll KAMAK aBTOpOM 6WI npe.n
JIOJ!t8H HOBHH IlPHHUHil MHOr~OHaJibHOro HCilOJl1,30BaHHJI KP8:ll:Ta KAMAK, 
Il03BOJISDI!tmi pa3Meil!aTl> B Kpe:ll:Te .no 4 M6ai!T 3JI8KTpoHHOii rrawrrH, HM8Tl> 
,ll;OCTYil K 49 BH8111Hl1M Kpe:ltTaM H BHilO.mIJITl, agxp8KTHBHH8 H 6HCTJ)H8 UHKJIH 
6Jio~oii rrepe.nati:H ,IJ;aHHHX/8,9/. 

Om!caHa opraHH3aIUm B3aHMo.ne:ll:CTBIDI 3KCrrepHMeHTaJ!l,HOii annapaTypH 
C 3BM H IlpoaHaJIH3HpoBaHH BOilpoCH Il0Bllll18HRII npoeycKHO:ll: cnoco6HOCTH 
cpe,D;CTB COnpJD!t8HIDI. B KatJ:8CTB8 npHMepa np8,Il;CJa.BJI8HH paapa60TaHHH8 
aBTopoM arrrrapaTHUe cpe.ncTBa, npe,D;Ha3Hati:eHHHe ,Il;JIJI npoMexyToti:Horo xpa
HeHHJI ~H3H'l8CKOii imqiol)Ma.UHH C aKcrrepHM8HTaJ!l,HOij ~apaTypH C noCJie
.IJY](llleii ee rrepe,IJ;ati:eii B 3BM BHe UHKJia ycKopHTem110 • 

IloCJie,ll;Hfill ti:aCTh rJiaBH rrocrunneHa npo6JieMaTHKe npnMeHeHHJI MRKpo
nponeccopHo:ll: T8XHHKH B ~H3H'l8CKOM 3KcnepHM8HT8. YKa3aHH Te 06.naCTH 
aKcnepHMeHTa, r.D;e MHKponponeccoIJH MoryT oKaaaTh Heonein!Mylo rroMol!ll>. 
CqiopzyJIHpoBaHH THITH 3~ati:, HaH6oJiee 3gxp8KTHBHO pemaeMHX Mmtponponec
COpaMlI. Oco6oe BHHMaHHe y,n;eJieHO aJieMeHTaM, xapaKTepH3YXll!HMCH HaHBHC
me:ll: CKOpoCTl>lO pa6oTH, T.e. C8I'M8HTHblM MHKporrponeccopHHM Ha6opaM • 
OrrHCaH C03,IJ;aHHH:ll: aBTOpoM Mmq>Onporpaw.mpyeMH:li nponeccop/Il/, pa3pa-
60TaHHH:ll: Ha OCHOB8 C8I'M8HTHOrO C8M9HCTBa AM. 2900, COOTB8TCTBYJlllnft 
npe,rµroJKeHHOMy npHHUHey lICilOJ11,30BaHHH KP8HTa KAMAK. ApxHT8KTypa ycT
po:ll:CTBa Il03BOJ!ll8T lICilOJ11,30BaTl> ero KaK nponeccop, aMYJilIPYIIIllfil: MHHH
wm MHKpo-3BM; KaK crreUHaJIHaHpoBaHHH:ll: nponeccop .Il:M BHIIOJIHeHHJI apllqi
MeTH'lecKHX BH'IHCJI8HH:ll: H~ ,ll;aHHHMH C IlJJa.BaKil!8ii sarrHTO:ll:, BH'IHCJI8HHH 

~8JIHHX qiymmHit II ,IU). 

Bo BTOJ>O:ll: rJJaBe OilHCaHa 3KcnepHM8H'raJibHM M8TO,Il;HKa H arrrrapaTy
pa, npe,D;Ha3Hati:8HHM ,Il;Jill rrpm.mro H3Mepemm aJieKTPQMarHHTHoro qx>pM/paK
Topa K- H :rr- -M830HOB B orrnTax no yrrpyroMy pacceHHHID KaOHOB H IllIO
HOB Ha aJI8KTPOHax npH.3H8JlI'llli 250 raB nocTa.BJI8HHHX Ha KaHaJie MI 
Me30HHOit .na6opaTopmr ~HAJI (fiaTaBHH/I~.13/_ Ilpe,Il;CTaBJ!8HH ~H3H'l8CKHe 
UeJIH H ,Il;aHa IlOCTaHOBKa 3KCrrepHM8HTa C TO'IKH 3peHHH Tpe6oBaHH:ll: K CHC
TeMaM pernc-rparum H OT6opa co6HTH:ll:. IlplIB8,Il;8Ha 06ll!M CXeMa. 3RCrrepHMeH
TaJ11,HOil YCTaHOBKH, paCCMOTpeHH ycROpHT8Jl1, H xapaKTepHCTHRH IlYtJ:Ka. 

. *A6JI88B B.r. H .IU>• rrra,. 1978, ~2. c.63 

IO 

HaMepeHHe TpaeKTOpmi: H HMeyJibCOB tJ:aCTHU, YtJ:aCTeyKlllIDC B rrponecce 
ynpyroro K- e H '.lT - e pacceHHHH' rrpoBO,Il;HJIOCh C IlOMOll!l>IO MarHHTHOro 
O,ll;HOilJI8tJ:8BOrO crreKTpoMeTpa, ,D;JIHHa ROTOporo cocTaBJUIJia OKOJIO 70 M 
(pnc. 5). ~YHRUHOHaJibHO Cil8KTpoMeTp pa3,D;8JIHJICH Ha TPH 6JIOKa. 3a,ll;ati:eii 
rrepBoro 6JIOKa, COCTOHll!ero H3 ,D;Byx CTaHUHH rrporropUHOHaJ!l,HHX· RaMep H 
,IJ;Byx MO.IJYJI8ii ,IU>eiiqx>BUX KaMep (,ll;K) , 6:wro H3M8peHH8 TpaeKTOPHH rrepBH'lHHX 
KaOHOB (ITHOHOB). TpaeKTOPHH pacceHBIDHXCH B .lKH,Il;ROBO,Il;Opo,ll;HOii MHUI8HH 
ti:aCTHU H3M8PHJIHCl> c IlOMOll!h!O BToporo 6JIORa, B COCTaB KOTOporo BXO,Il;HJIH 
TPH CTaHUHH nponopUHOHaJ!l,HHX RaMep H ,ll;Ba MO,ll;YJIH ,ll;K. ,lJ,Jm rrpocTpaHCT-
B8HHOro donocTaMeHHH TpeKoB B X - H V -rrpoexnIDIX cpe,ll;HHH rrporrop-
UHOHaJil>HM RaMepa BTOporo 6JIOKa 6H.na ITOBepHyTa Ha 45°. TpeTHH 6JIOK 
crreKTpoMeTpa CJIYJKM ,ll;JIH H3Mep8HIDI TpaeKTopH:ll: H HMeyJil>COB BTOPH'lHIIX 
ti:aCTHU IlOCJie 'BUXO,na IDC H3 aH8Jlll3HpYJ(ll1HX MarHHTOB.1IaCTHUl:l C l'lMIIYJil>CaMll 

250 raB/c ITOCJie rrpoxoJK,neHHJI MarHHTOB OTKJIOHHJIHCI, Ha yroJI 18,4 ~. 
a HX Tpa8KTOPHH H3M8PHJIHCl> TpeMSI CTaHUKRMR rrporropnHOHaJihHHX RaMep. 
ltl;eHTH~HKa!l;HH BTOPH'IHHX ::iJieRTpoHOB Ii H3Mepemrn me aHeprHH ocymecTBJIH
JIHCl> ro,nOCKOilH'l8CKHM ti:epeHKOBCRHM JntBH8BHM cti:eTtJ:HKOM. 

6M105' 

A H2 A, /.t PWC7 

•o •, 1"! j j •wee 

Co l l eAmMOOPOeOA ,,1H"' _I 1"" /•\--
~U: I =---~ ''° 
-~rr7,)l,.Lo1·! I ;; 

,WC, PWCO 11 Pwc,-

~M r'r l / 
MH 

PHc. 5. BJroR-cxeMa MarHHTHoro crreKTpoMeTpa ,ll;JIJI aKcrre
pHMeHTOB rro K - e H '.Jf - e pacceHHmo. 

IlpR paccMOTpeHHH 3JI8M8HTOB ycTaHOBKH oco6oe BHHMaHHe 6WIO y,neJIB
HO pa3pa60T8JIHO:ll: B JIBS OHHH CHCTeMe ,ll;K, xapaKT8Pli3YJ(Jlle:ll:cH J!YtJ:WHMH MH
poBl:lMH Il0Ka3aTe~. BBe,neHHe B 3KCrrepHMeHT .lU{ Il03BOJIHJIO 3Hati:HT8Jl1,HO 
YJ!YtJ:IDHTl> pa3pemeHHe Cil8KTpoMeTpa rro rrorrepeti:HOMY HMeyJ11,Cy. HcilOJil>30Ba
HH8 .lU{ Il03BOJIHJIO TaKJ!te rro,naBHTh BKJia.I( qJOHOBHX rrpoueccoB OT CHJ!l>HIDC 

lfi,i11atova N.A. et al.-Nucl.Inatr.Meth., 1977, ill, p.17 • 
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BSaMMo~eHCTBmi npMMepHo BIO pas. E.rraro~apsr reoMeTplm Ka.Mep co c.rum
HJTUMH npOBOJIOKal\lH pas~eJieHRe ~Byx TPSKOB Haqmi:MOC:& C paccTOHHIDI 
0,3 MM, 8Ta BS~HHa B HSCKOJI:&KO pas npeBOCXO~ cnoco6HOCT:& pas~eJie
HM ~Byx TpeKOB C llCilOJI:&SOBaHllSM nponopUHOHaRbHHX Ka.Mep. 

,Il;aJree paCCMaTp:imaeTCSI CllCTeMa perncT~lm BKcnepm.ieHTaRbHHX ~
HIDC, pa60T8.ICIIIM Ha Jimilm c 3BM HP-2IOO (p:e:c. 6). 

200 KAH.V.OS 

JAPRAO-Ult<>P. 
nPEOf>P. 

PEntCTPbl 
coen 

nEPEC'-IETHblE 
ijCTP. 

AOntKA· 
3AOUCKA 

nUAbT 

AOfM.KA 
TECTOB 

APA~&P 
BETBM 

Aum, 

t.l<CK 

MArHMTHblE 

AEHTbl 

3BM 

HP 2100 

Pnc. 6. EiJIOK-CXSMa CRCTElMH 
- c6opa ~ B eKcnepBMeHTe 

noK-e R '.Ji-e paccemum. 

3JreKTPOHmta perRCTpannll ~ 6wra IlOJIHOCT:&D BHilOJIHSHa B CT8H

.ztaPT8 KAMAK R noMema.irac:& B KJl8HTax, opraHnsoBaHHHX B BeTB:& KAMAK 
,n;paiblepoM BSTBR, coe~mieHHHM C YHRBSpcaRbmIM RaHBJIOM BBO~a-BHBO,l(a 
aBM.Ilpn opr81il1SSUHH MaCCRBa .I(aHHHX 6WI yqTeH_TOT gµutT,qTo npeo6pasoBa
TeJIR xapaKTepnsymca pasHHMR BP8M8HaMll ROHB8pcm!, R llOCJI8~0BaT8Jll,HOCT:& 
C'IHTliBaHllll ~omma Ha'!HHST:&CR: C MOJJYJI8H C C8Mlllr! wmm.m.JII,Hm,f Bpel(8H8M 
KOHB8pc:im.3TO ITOSBOJIJIST naqmi:aT:& npouecc nepe,naqR ~ He ~omma-. , 
SIC:& 8aB8p!l8HRR: KOHBepcRR B npeo6paSOBaTeJJJIX, YJ,48H:&lll8J3:.T8M CBMH?,I U:8l)'l'-
B08 Bpe!.ti! YCT8HOBKH. }J)m ~CHpOBaHIDI BOIDlOltHHX O!llRdOK nepe.ztaqlJ ~8.H

moc R c6oeB qiop.mTa uaccHB co6HTIDI 88.RaK'lHBBJICJI ,103ywi "manw:rmnm" 
KOMll1!8M8HTapHllMH CJIOBaMR. 

12 

Bo BpeMH c6poca ycKop:e:TeJIJI (~ I c) cqmuBaeMH:e B 3BM ~amrue xpa
HRRRC:& npoMSJ!tYTOqHo Ha ~CKe. B KO:tme c6poca YCKOPHT8JIJI 3BM Bupa6aTH
BaRa T8CTOBH8 l!MIIyJll,CH, npe,zuiasHaqeHHUe ~ RaR:e:6pOBKH nponopu;HOH~
HHX H ~pe~BHX KaMep, qepeHKOBCRRX cqe~HKOB IlOJIHoro norJIOlllSHM R 
.lij)yrHX YSJIOB ycTaHOBKR. 3aTeM ~aHHHe µepenRCHBaRHC:& C ~CKa Ha MarHBT
HHS JISHTH, H HHHUlmpOBaRCSI npouecc qaCTll'JHOro aHaRHSa HHcpoIJMB.UHR, Boe
ro Hrucan.mmMOC:& OKOJIO 450 rHCTOrpa.MM n Ta6RHU, B USJIOM pa6oTy ycTa
HOBRH MOJKHO 6WIO npe~cTaBHT:& no TOilOJIOrlm co6HTHH Ha ~RCITJiee • 

Oco6eHHOCTH pa60TH ,llK TPe6ym BHllMaTSJll,HOro no.mco~a K npo6JieMe 
c6opa ~amrnx. 8To OTHOCBTCSI, r~HIIM o6paSOM, K nepBOMy SBSHY B npo
uecce perncTpaunn, T.e. YCHRHTeJIIO. CilSUHaRbHO ~ BKCil8PllM8HTa 6WI 
paspa60TaH yc:wrnTe.m,-~CKpl!MHHaTOP .l¥iSI .llK, npn: npoeKTHpOBaHlm KOTopo
ro 6URH yqTSHH CJie,JzyllllKe Tpe60BaHM: Ma.KCmvta.Jll,HM BpeMSHHM TQqHOCT:& 
perRCT~HH cpa6aTHBaH:mi .llK, onpe~eJimlllM npocTpaHCTBeHHOe paspemeHRe 
npn6opa, MHHllMaRbH08 MSPTBOe BpeMH ycHJIBTeJIJI, o6ecneqHBa.JC11188 BHCOK08 
~ByxTpeKoBoe paspemeHHe, MmmMaJJJ,HHe nepeKpecTHHe HaBo~:e: H o6ecneqe
HHe eq$3KTlIBHoro cnoco6a npoBepRH pa60Tocnoco6HocTR ycHJIHTeJIJI, Heo6-
xo~oe BCJIS~CTBRe 60.IIbilloro RO~eCTBa perHcTpHpYKJ.[(HX RaHaJio✓14/. 
Pnc. 7 ITORaSHBaeT xapaKT8PRCTHKy "co6CTBeHHoro ryJIHHHH" ycHJIHTSJIJI B 
SaBHCBMOCTH OT 8MIIJIRTY~ BXO.D;Iioro l!MIIyJ!bCa. EHJia ~OCTHreyTa peKOP.D;IiM 
B~mia BpeMeHHOH IIPHBHSRH K BXO.D;IiOMy CHrHaJJy, paBHM 3, 2 HC. EHJrn: 
Taruite paspa6oTaHH annapaTHHe cpe~cTBa, nosBoJJ.HICJllHe BnepBue OCYlllSCTBHT:& 
perHCTpar:uno ,103yx TpeKOB C O.D;IiOro .lij)eitqioBoro npoMSJltYTRa KaMepu. 

tlHC~-ti,;:-·- ______________________ _ 

8 10 20 40 60 lb 100 
Vlr 

Pnc. 7. 3aBRCHMOCT:& "co6CTB8HHOro ryJIHHIDI" ycHJIH
TSJII! B <pyHRUlm a.MIJJll'ITy.Itl,I BXO.D;Iioro l!MIIyJ!b
ca. 
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CHCTeMa 88llyCKa cneKTI)OMeTpa B 8TOM 8KCnepmJeHTe 6wra nocTpoeHa 
no O~OypoBH0BOH cxeMe OT6opa, KOTopaa·6wra pas,neJieHa Ha pJJ.D; ropH80H
TaJU,HHX ypoBHeii, pas6:RTHX Ha .D;Be napaJIJie.m,HI:le H HesaBncm.m:e Tpaccu: 
,JµIfi BHpa.60TKH 8anyCKa OT K -M080HOB H 8anyCKa OT '.Ji -M080HOB • .nonoJI
HllTeJII,HO B cxeMe 88llyCKa 6UJIO npe,nCTaBJieHO no .D;Ba Ha6opa KaOHHOH H 
llHOHHOii JIOrHKH, pa60Ta!!lllIDC napaJIJieJII,HO , Ha ceyqaif OTKa8a KaKoro-JIH60 
H8 8JI8KTpoHHUX Y8JIOB. J);lm OT6opa nyt!KOBUX KaOHOB TI)060BaJIOCb COBna.ne
HHe CllrHaJIOB OT CI.UlllTWJJIJIUHOHHoro ro.nocKona, CI.UlllTRJIJIHnllOHHHX cqeTqH
KOB Bo, 81 • Bi, .D;Hqxpepemuram,Horo qepeHKOBCKoro cqe~HKa Co k OT
CYTCTBH0 CHrHaJia OT cqe~HKa AH • KpoMe Toro, Tpe6oBaJIOCb, qTo6u 
nponopuHoHam,HliMJI n ,npemfx)BUMH KaMepaMH nepBoro 6JioKa 6wra saperHcT
PHPOBaHa TOJII,KO o~a qacT:ima. 

.n;im sanycKa cneKTpoMeTpa B cJIY'{ae K-e co6uTlrlt Heo6xo.D;HMo Hamrqne 
CHrHMOB OT nyqKOBoro MOHHTOpa, qepeHKOBCKoro JIHBH0Boro cqeT'!HKa, 

. . 

CHI'HaJia, YK88HBaiallero Ha perHCTpalUIIO nponopuHOHaJll,HJ:lMH KaMepaMH 
(PWC5 H PWC6) no Kpafu!ett Mepe ,D;Byx qacT:im, H OTCYTCTBHe CllrHa.Jia OT 
cqe~HKa A5 • 

B CJIY'{ae -:rr-e co6HTmi ,JµIfI sanycKa cneKTpoMeTpa HYJKHO .nonomm
TSJibHOe cpa6aTHBaHHe TpHrrePHoro ro,nocRona TI',. perncTpHPYll!lero' pac
ceRHne nnoHa Ha sJieKTpomme. 

3:ppeKTHBHOCTb pa60TH TPSKOBHX .D;8T0KTOpOB 8KCnepHM8HTa CHJibHO 
8aBHCHT OT Bp0M8HHHX xapaKT8PHCTHK nyt!Ka. J);lm noJIY'{eHIDI IlpaBHJII,Horo 
o6pasa perHCTPlfPY8MOro co6HTR!l Heo6xo.nm~o. qTo6u 88 BC0 qYBCTBHTem,
HOe BpeMJt pa6oTH 8TllX .D;0T0KTOpoB B nyqK0 HaxO.D;HJiaCb o~a H TOJibKO o.n
Ha qacT:ima. 06ecneqeHne 8TllX Tpe60BaIIHil 6HJIO peaJIH80BaHO C noMO!llI>ID 
Jiormrn CeJI0KUHH HaJIOllteHHil ,neTeKTHPYSMUX qacT:im nyt!Ka, KOTOpaJJ no,naB
JIJIJia CJIY'iaH, B KOTopux: 

- ,npyraa: qacT;ima onepe'1UU!a pa6oqYD Ha BpeMJI ,no 500 He, 
- aMilJIRTy.D;a mmyJibca CI.UlllTWJJIJIUHOHHOro C'!eT'!HKa B2 B noJITopa 

pasanpeBHlllaJia YPOB0Hb aMIIJIHTy,ItH ,JµIfi MmillM8Jll>HOfi ROHH88UIDI, 
- BTOpaJJ qacT:ima H0llOCpe,ncTB0HHO CJI0.D;OBaJI8 8a pa6oqeii qacT:imeil 

B npoM8JKYTR0 BpeMeHH 60 HO, 
- <poHOBa.11 'lacT:ima MOrJia noJmHTbCSl sa BpeMJI 500 HC noCJie pa6oqett 

qacT:imu (STO yCJIOBHe npHMeHMOCb ,JµIfi MapKHpoBKH co6HTIDI) • 
.nonoJIHHTSJibHO npHMeHSlJICSl KPHTepd no aqxpeKTHBHOCTH pa60TH .ll.K, 

•ROTOpI,Iii o6ecneq:imaJI 6JIH8IcyJJ K I0O% aqqi8KTn:BH0CTb peKOHCT!)YKIUm nep
BH'!HI:lX TP8KOB, ll88aBHCIDIIO OT JIID6oro H8ROlITPOJlHPY8MOrO noHmt8HM 8q>
q>8KTHBHOCTH pa60TH lIJ{/15/. 

,D;lm KOHTpoJIIJ napruJeTpoB nyt!Ita B TeqeHHe Ha6opa CTaTRCT:mtR B JIO
rHKe sanycKa 6wra 0Cy!ll8CTBJI0Ha B08MOXBOCTb nepRO.D;H'!SCKOro (:KaJlr,ll;Hil: .ne
cSlTHii) 88llyCKa YCTaHOBKll OT nytlKOBOro l\tOHll'l'Opa. 
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B aKcnepHMeHTax no K-e H .'.IT-e pacceRH:mo npH ::meprm!: 250 raB 
Ha M8I'HllTHI:l0 JI8HTH 6HJIO 88IlHCaHO OKOJIO IO? C06HTHii, H8 KOTOpI,IX.MeHee 
I% COCTaBJillJIR ynpyrne co6HTM. 

TpeTM rJiaBa nOCB.f!ll18Ha onHCaHIDO 8KCnepHM8HTMbHOH YCTaHOBRll, 
npe~a8HaqeHHOil ,JµIfi H8yqemm 8qxp8KTOB KBHMHPOBaHM peJIJlTHBHCTCKllX 
8apmt8HHI:lX qacT;im B MOHOKPHCTaJIJie repMaHM. 9TOT aKcnepHMeIIT ncnom,-
80BaJI annapaTYPY npe.D;H.I(yillero onuTa i 6uJI nocTaBJie' B H~HoHam,Hoii yc
KOPHTeJIDHo:ii Jia6opaTOPHR HM.9.lbep,m (EaTamm, ClIIA) I6-I8 • 0xapaKTepH-
80BaHH OCIIOBHHe Y8JIH YCTaHOBKH H c,neJiaHI:l OU8HKH BJIHJlHM H8KOTOPHX na
paM8TpoB CHCT8MH ua K8l!8CTBO perHCTpnpyeMOH HH<popMaumI. 

CHCTeMa perHCTpaum!: .D;aHHHX 8TOH YCTaHOBKH aHaJIOrH'!Ha onHCaHHOH B 
npe.D;H.IJ;yllleii rJiaBe. 3anycK YCTaHOBKH 6HJI KalJ:8CTB8HlIO MO,nHip:imHpoBaH ny
T8M BB0.D;8HIDI BTOporo ypOBHSl OT6opa, COCTOHII18ro 'H8 apHqM8TH'!8CKOro 
npenpoueccopa ,JµIfi oT6opa·co6uTHii, B KOTopux nepBH'!HM qacTHUa paccen
BaJiacb Ha yroJI MeHDme sa,naHHoro ( 'hl.D;eJieHHe qacT;im, npome,nmnx B6JIH3H 
oceil RJIH IlJIOCKOCTeii MOHOKPHCTMJia) 191. IlpOaHaJIH8HpoBaHa nOCTaHOBKa 
sa,naqR ,JµIfi TaKoro TRila OT6opa co6HTHii. PaCCMOTpeHH .D;Ba BapHaHTa npe
npoueccopa, pa6oTamimc no aJirOPHTMY (2): ynpomeHHHti, Ha 6ase sJieKT
poHHHX KOMnOHeHTOB cpe~ero MacmTa6a HHTerpauHH, n 6oJiee rR6KHii (c 
HCnOJib30BaHReM rmI<ponpoueccopHOH TeXHHKR), BHnOJIHSIKlllnii aJirOPHTM OT6o
pa ,JµIfi HeCKOJII,KllX npoMSJKYTKOB H 06Jia.nrucntIDi 6oJiee BHCOKOH TO'IHOCTbD. 
Ha pnc. s·no1<asaua 6JioK-cxeMa npenpoueccopa, BunoJIHeHHoro Ha ocHoBe 
Mmtponpouec·coPHUX C8I'M8HTOB 'cep1m Am 2900. Beeb aJirOPHTM OT6opa Bll
noJIHSlJICSl no HHHUHHJ)Y0MOff 88llyCKOM ycTaHOBKli O.D;HOH MaKpoKOMau.D;e, coc
TO.f!ll18H H8 cepHR MHKPOKOMau.D;, pa8M8I!18HHHX B '3Y. Co,nep;lt8.!IH8 '3Y, B KOTO
poM XpaHHJIHCb KaK MHKpoHHCTPYKUHH, TaK n Bee KOHCTaHTll lI KOa@>:imneHTH, 
H806XO.D;HM1,le ,JµIfi BWIOJIH0HIDI aJirOPHTMa, MO"lltHO 6UJIO MO,D;HipHUHpoBaTb II8-
BH8 C IlOMO!llI>D npHMeHSieMoil B 8KCIT8PHM8HTe 9BM HP-2I00. 

[ 
(ll&NJtOI 
(J)AMllOl Pnc. 8. EJioK-cxeMa cerMeaTaoro npe

npoueccopa ,JµIfi no,naBJieHIDI co6HTml: 
pacceSIHM, 
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Ha p:irc. 9a npe.IJ;cTa.BJieHh! pacnpe.IJ;eJleHIDI peaJ11,Hinc yrJ10B pacceRH:rur 
B Y -npoeKIJ;mi: np:ir yrJ1e o6pe3aHIDI 210 MKpa.IJ;. Pa3pemrul!IWI cnoco6HocT1, 
CHCT9Mhl OT6opa COCTaBJIILJia. OKOJIO ± IO MKpa.D;. Plic. 96 noKa3HBaeT .IJ;Byx
MepHh!ii rpa({nm OT06pa.Hmnc co6HTliii ;IJ)IH. :mepr:im nyqKa 35 raB. Koa<I$mli
eHT nOJl93HOii HHll)OpMauim 9 3aBHCRT OT YCTaHOBJl9HHOro yr;ra o6pe3aHIDI 
R yrJIOBOii paCXO.IJ;HMOCTH nyqKa. B HameM CJIY'Iae OH COCTaB.IDIJI IO - 20. 

uof- - - 'f _ Ll-:+W-1-1 ------ :rfl 1!' . 

P:irc.9a PRc.96 

PHc~ 9. Pacnpe.IJ;eJleHRe yrJ10B paccesmrur B V -npoeKIJ;RR 
np:ir yrJ1e o6pe3aHIDI 210, MKpa.zt (a) H .IJ;ByxMepHWI 
Ta6mru;a OT06paHHHX yrJIOB (6). 

B KOHUe rJlaBH npo.D;eMOHCTp:irpoBaHO, ~TO aKcnepRM9HTH no KaHaJIRPO
BaHRIO MOlKHO ycnenmo npoBO.IJ;RTI, H npH BHCOKllX, MaKCllMaJil,HO .IJ;OCTytIHl:DC 
aHeprrurx. Ilpe.D;CTaBJleHH H9KOTOpue ~H3H'i9CKR9 pe3yJII,TaTH HCCJl9.IJ;OBaH:irii. 

B ~eTBepTott rJiaBe npe.D;CTaBJleHa aKcnepHMeHTaJII,HM M9TO.D;RKa H 
.IJ;aHO OnHCaHHe armapaTypH, KOTOpa.!I 6HJra RCnOJII,30BaHa B JIB:) 0Will ;IJ)IH. 

npoBe.IJ;eH:rur aKcnepmreHTa no ynpaBJie'RJO TpaeKTOPWlMH aapmteHHinc ~acTmi; 
C noMOlJl1,ID H30rHYToro MOHOKpHCTaJIJla 201. IlpHBe,IJ;eHO o60CHOBaHR8 rJraB
Hh!X Tpe6oBaHd, OTHOCHlllIDCCR K pel!UlMy pa6oTH ycTaHOBKH C Y.IJ;aJl9HHO:lt 
SBM. Bli.IJ;eJleH!:l OCHOBHh!e IlPmmmmaJibHH8 oco6eHHOCTH 8KcnepHM9HTaJlbHO:lt 
YCTaHOBKH ;IJ)IH. H3y,I9HIDI RBJl9HD, B03HHKa.nin!X npH KaHaJIRPOBaHim aapsi:
~9HHHX qacTR!fE, CO.D;9PJKHTCR OilHCaHHe OCHOBHh!X 8Jl9M9HTOB cneKTpoMeTpa 
(pRc. IO) •. 

HCCJl9.IJ;OBaHHR npoBO.IJ;RJIHCI, Ha BHBe,IJ;eHHOM H3 cmncpoq,aaoTpOHa nytIKe 
npOTOHOB C aHeprHett 8,4 raB. PerncT~ KOOp.D;RHaT qacTmi; npoH3BO.IJ;R-

* Bo.IJ;on1,smoB A.c., ••• , fy3mt s. n .D;P. IlHcl>Ma B !~. 1979, T.30, 
BHil. ?, c.474. 

16 

rOHMOMETP DCJ 

oo w.~ , , ~i,~: 1-MO~PDBO~. -1ffitll~ 
KPMCTAM M MlrM6. 

\ICTPOMCTBO 

Plic. IO. CxeMa ycTaHOBKH aKcnep:HMeHTa no ynpaMe
Hmo TpaeKTOPIDlMR aaproiteHHh!X qacTmi; H30r
HYTHM MOHOKpHCTaJIJIOM. 

JlaCI, npH noMOIIIR 20 nperurnHOHHl:lX ,IJ;pe:lt({loBl:lX KaMep, 06'I>e,IJ;RHeHHh!X B TPH 
6JIOKa. }l.1rR opHeHTauRH KPHCTaJIJl8. OTHOCRT9J!I,HO OCH nyt!Ka HCIIOJII,30BaJICR 
nperuranoHH!:lii roHHoMeTp. IlyqoK npoTOHOB npoxo.IJ;HJI qepea MOHOKPllCTaJIJI 
KpeMHHR .nmrnoii 2 CM, qacTI, KOToporo no.IJ;BepraJraCI, KOHTpo;mpyeMOMY H3-
rH6y. 

CHCT9MH c6op~ .IJ;aHHl:lX YCTaHOBKH 3HaqHTeJII,HO OTJ!l{qaJIHCI, OT pa.Hee 
OIIHCamru:x:. PerncTpHl)ynllaJI aJleKTpoHHKa aKcnepRMeHTa pa60T8.JIB. Ha JIHHRH 
c Y.IJ;aJleHHoii 3BM F.C-1040, ~TO ;IJ)IH. o6ecneqemm aqxp8KTHBHOii pa60TH ycTa
HOBKH IIOTpe60BaJIO HOBl:lX annapaTHHX cpe.D;CTB. ,IT.a.Ho o6oCHOBaHll8 rJraBHh!X 

. Tpe6oBaHntt K CHCTeMe c6opa ,u;amwx. ~l!CaHa aJieKTpoHHKa CRHXp0HH3~ 
n ynpaMeHM npo~eccoM c6opa ,ItallHl:lX 21/. 

.I{aJree OIIHCruia annapaTypa, 003.IJ;aHHWI )l)lH. CO~eHr ll .IJ;RaJ!OrOBO:ll 
CBR3H c 3BM, a TaroJte ee nporpaMMHoe o6ecneqeHHe 2,23 • 

CJiem'XlllaJI qacn rJlaBH IIOCB1111t~a Bonpoca\! TeCTRPOBaHWI H Ka.JIH6-
p0BKH .IJ;8TeKTOpoB ll me 8Jl8KTp0HIIKH 241. OrMeqeHa BaJKHOCTb 8TO:ll npo6J1e
Mhl .IJ;J1R o6ecneqemm ,u;ocToBepHOCTH perxcTpHl)yer.ioii RH({lopMa.Uim. 

CncTeMa 3anycKa YCTaHOBKH RMeJla .IJ;Ba YPOBHR OT6opa co6HTlltt H BH
noJIHRJia. • CJl8.IJ;ynllH8 iPYHKIUm: 

- BH.IJ;eJIRJIB. co6HTWI, B KOTOp!:lX qacT~ npoxo,u;wm qepea MOHOKPHC
TaJIJIH ll pacceHBaJIHCI, B 38,ItaHHOM T8JleCHOM yrJie, 

- OT6pacHBaJia co6HTID! C HeCKOJII,KllMll O.IJ;HOBpeMeHHh!MH TpeKBMH, 
- OT6HPaJra co6HTHR, aa 5 MC .IJ;O ll IIOCJl8 KOTOPHX He 6HJIO ,IijljTIDC 

qacTmi; (BpeMH c6opa aaPHJta B KPHCTBJrJie), 
- ;n,nH. Y138Jll{qeHHR CKOpoCTH Ha6opa IIOJle3HO:lt HHq>Op,tanllll B H8KOTOpwc 

C8aHC8X IlpoH3BO.IJ;RJICR .IJ;OIIOJillllT8Jll,Hli:lt OT6op co6HTml (aanycK BToporo 
ypoBHR) IIO npll3Haxy K8HaJIRpOB8HHR qacT~. 

}l.)rR KaHaJIRpOBaHHHX qacT~ xapa.KT0PHO yueHDI118HH8 HOHHaarurommx 
n0Tep1, no OTHOmeHHD K H0KaHaJIRpOBlllIHllM qacTmJ,BM (npn6JIH3HT8Jll,HO B .IJ;Ba 

paaa). BxO.IJ;HWI qaCTI, KPHCTB.JI.ira. npe.D;CTaBJIJJJia co6ott nOJlynpOBO.IJ;HmtOBwl 
,IJ;eTeKTOp,·nosBOJIRJlllH:11 H3M8pRTI, lIOHH3~0HH!:le noTepH ~aCTl!ll;~ Ha pllc.II 
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npRBe.n;eH 8MIIJIBTy,IUIHii cneKTp C.lll'HaJIOB OT '!acT~, npome,ll,llJHX '!epea .n;e
TeKTHpYJWIYIO '!aCTI, KpllCTa.JIJia, opHeHTHpOBaHHoro nROCKOCTbID (III) B.I{ORb 
Tiy'!Ra. lJyHKTHpOM noKa3aH TOT xe cneKTp B CJiy'!ae paaopHeHTHpOBaHHOro 
KPHCTa.JIJia. Ha PHCy:HRe BlU);eH nim, COOTBeTCTBYJl]IlHil RaHaJrnpOBa.HHHM '!ac
T~aM. 
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PHc. II. AMlumTy.n;Hoe pacnpe.n;eReHne 
HOHH3aIUfOHHHX noTepi, B opHeHTHpOBaH
HOM nORYnpOBO.I{HHROBOM .n;eTeKTope. 

3To ffilReHHe 6HRO HCnORn30BaHO ;JJ,Jm. .I{Byx ueReii. Bo-nepBl:lX, ;JJ,Jm. 

TO'IHOii opHeHTauHH KpHCTa.JIJIOB. BO-BTOpl:lX, ;JJ,Jm. perurnaauHH BTOporo ypcrn
HJI OT6opa. Ordop C06HTJrli OCYJll9CTBJIRJICJI TaRm/1 o6pa30M, 'ITO H3 cneKTpa 
HOHH3auHOHHl:lX noTepi, annapaTHhlMCnocodoM Bl:l,IJ;8JI&1IaCI, '!aCTh,OTB9TCTBeH
HM aa RaHaJrnpOBaHHe (0,2 ~ 0,7 MaRCHMyMa pacnpe.n;eReHIDI)/3/. 

B noCJie.n;Heii '!aCTH rRaB1,1 npe.n;CTaBReHO nepBoe nPaRTH'!eCKOe npMMe
HeHHe RBReH:wi: ynpaMeHHJI TpaeKTOPIDIMH '!aCT~ MOHOKPHCTa.JIJIOM. B 3TOH 
'!aCTH OilRCHBaeTCJI SKCnepMMeHT no BHBO.n;y YCKOpeHHoro mr H3 cmncpo
qxl30TpoHa OIBilI C noMomI,ID KpHCT8.JIJIR'!ecKoro .n;equreKTOpa S. BHBO.I{ ny-q
Ra 6HR peaRR30BaH B CYJll9CTBYJ!JIIHH RaHaJI, pacnoRoJKeHHhlii C BHeI11Hett CTO
!JOHH KORb~ YCKOpHTeRJI B paitoHe BToporo IlPJIMORHHeiiHoro npoMeJKyTRa. 
.ltJm o6ecne'!eHHJI aa6poca 'lacT~ B RaHrur 6HRO Heo6xo.n;MMo OTRROHHTb yc
KopeHHHe IlpOTOHH Ha yroR O~ORO 35 Mpa.n;. IloBOIJOT Ha 3TOT yroR 6wr 

OCytl(8CTMeH KpHCT8.JIJIR'!ecKl:IM .n;equreKTOpoM, B Ra'leCTBe KOToporo HCITORb-
30BaJiaCI, MaCTHHa MOHOKPHCTaJIJia Rp9MHHJI paaMepOM IIxIOx0,4 wl-. IlpH 
BHBO.n;e ITy-qKa H3 KOJII,Ua cmncpoqnaoTpOHa nomiMaCh Heodxo.n;MMOCTI, npe~ 
.UUSHOHHOro H3MepeHHJI TOKOB !l\3Y CUHHTlt1I.JIJIUHOHHl:lX C'l8T'!RKOB, npe.n;Haa
HatJeHHl:lX ;JJ,Jm. KOHTIJOM HHTeHClIBHOCTH BH.BO.I{HMOro ITy-qRa. C 3TOil: U9RnID 
6HR paspa6oTan cneURaJrbHHH HHTerpaTop TOKa, 06ecne'!1IBaJllllJrli IIIHpqK~ 
.I{l!HaMH'!ecRJrli .n;HanasoH HSMepeHRH H 06Jia,IJ;anitJrlt BHCOKOil: TOtJHOCTI,;/26 • 

. Ha p:ac. I2 npe.n;CTaBReHa 3aBHCEMOCTI, RHTeHClIBHOCTH BHBe.n;eHHOro ITY'!Ra 
OT opneHTaumr RPHCTaJIJia .I{M 3Heprim 4,2 raB. 3:ppeRTHBHOCTI, BHBO.n;a B 
HameM CRy-qae COCT~ ro-4 H onpe.n;eJIJIJiach, B OCHOBHOM, reoMeTpHtJec
RHMH pa3MePaMH KpHCTaJIJia H ITy-qRa. 

" 

l8 

N5 

-3.0 -2.0 -1.0 0.0 ' 1.0 2[) -{o 
YrOA IMPUI 

PHc. I2. 3aBHCHMOCTI, HHTeHCHBHOCTH BHBe.n;eHHoro 
ny-qRa OT opHeHTauHH KPHCTa.JIJia .I{M 3Hep
rHH 4,2 rsB. 

Il!ITM rRaBa IlOCBJJ:meHa pemeHHID M9TO.I{H'l9CKHX npo6ReM SKcnep:HMeHTa 
no HCCRe.I{OBaHHID 3qxp9KTOB H3Ry-q9HHJI, B03HHRamtero npH npoxo~eHHH aa
pm1teHHHX -qacT~ tJepea MOHORPHCTaJIJlll, H paapa6oTKe annapaTypHoro o6ec
ne'!eHHJI HCCR8.I{OBaHHH/27/. PaccMoTpeHH BOilpoCH noCTaHOBKH SKcnepm~eH
Ta, B KOTOPHX ocodoe BHHMaHHe y.n;eReHo npo6ReMe BH6opa COOTBeTCTBYJ(lileii 
CHCTeMH c6opa .I{aHffilX, oueHHBaeTCJI He06XO.I{RMM TO'IHOCTh perHCTpauHH 
yrROB '!aCT~ H :mepreTH'!ecKoe paapemeHHe raMMa-cneKTpoMeTpa, aHaJIH3H
PYfilTCJI Tpe6oBaHHJI K ny-qKy. 

SKcnepHMeHT 6HJI IlOCTaMeH Ha YCKOpHTeRe mBa (r.CepnyxoB) B 
I980-I98I ro.n;ax. CneUHaRbHO ;JJ,JIR STOro OITHTa 6wr C03.I{aH IT03HTpoH-3ReK
TpoHHHtt ny-qoK*. IlpH c6poce Ha MHill9HI, 7 x ro11 IlpOTOHOB aa UHM HHTeH
ClIBHOCTI, no3HTpoHHOro IIy'!Ra Ha SKcnepHMeHTaRbHOH ycTaHOBKe COCTaBHRa 
6 X I04 tJaCT~ C SHeprHeil: IO raB, 'ITO COOTB9TCTBOBaJIO npoBe,n;eHHHM 
pac'!eTaM. 

CxeMa YCTaHOBKH npHBe.n;eHa Ha pHc.I3. IIy-qoK no3HTIJOHOB (sReKTpo
HOB) na.n;rur Ha MOHOKpHCTaJIRH'I9CKYID MHill9Hh, pacnOJI~JK8HHYID B .I{HCTaHUHOHHO 
yrrpaMR8MOM I'OHHOM9Tpe • .Il,Jr.rr orrpe.n;e.neHHR TpaeKTOpHii tiaCTHU .n;o l1 IIOCJI9 
IIp0Xc»K.I{9HHR llMll MilllleHH l1CIIOJib30BaJiaCI, CllCTeMa ,J.(I(, crpyIIIIllpOBaHHUX B Tpex 
OJIOKax.,llJJefupoBM KaMepa HH3KOro .n;aruremrn ,UK2,COCTOB1J1M H3 2X- .Ii 2Y-MOC
KOCTett, 6HRa paspa6oTaHa cneUH8.JIJ,HO .n;RJI HacTo.rrmero sKcnepHMeHTa**. 

* ErulID!tSB M.~ .•••• ,fy3RK 3. H .n;p. mB3, 82-74, CepnyxoB, 1982. 
** Pilatova N.A., ••• ,Guzik z. et al.-Nucl.Instr.Meth.,1983,fil,p.135. 
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McnOJil,30B8.HHe CTa.H,Il;apTHOro 6JIOKa ,1l;I{ 6WIO HexeJiaT8Jll,HO H3-3a 60.lII,IIIOro 
MHoroKpaTHoro paccemnm - nopiI,IUW. IOO MKpa,n;. KpoMe aToro, 6Wio Heo6-
xo.nHMo Mmll!MHSl!pOBaTI, qx>H Ha Bceii Tpacce npoxoll{.I(eIDISI IIY'!Ka. Koop,nH
HaTHM TO'IHOCTI, o6wrnmc .1lJ{ paBHa OKOJIO 50 MKM, a KaMepu HH3KOro ,naB
JieHIDI - OKOJIO 90 MKM. TaKHe BeJIH'Imru: Koop,nHHaTHO:ll: TO'IHOCTH o6ecnetIH
BaJIH paspe111eHHe no yr;cy BXo.na oKoJio 6 MKpa.n (Ha 6ase I7 M), a no yr
JIY BIDCO,na, c yqeTOM pacceJlllIDI B ,llK2 - OKOJIO 30 MKpa,n; ( 6asa IO M). 

~--~·-· 

A1 

M0H0nP0BOA 

~:3-2c1 ~ 
~ i-
·, AK5 

AK•'9'~cnn <l>MIJ>TP 
53 "1:--. _K0HBEPTOP 

PHc. I3. CxeMa ycTaHOBKH, 003.I(aHHOii Ha IIY'!Ke YCKOPHTeJISt 
mBs. 5. A - CIUrnT.liJLIIJIUHOHHHe C'I8T'IHKH, ,1l;I{ -
.npe:ttq,omrn KaMepu, Cs I - raMMa-cneKTpoMeTp, 
qcrm - 'IepeHKOBCKHe c'IeT'IHKH noJIHoro riorJIOI11eHrui:, 
M - MaI'HHTll H KOppeKTOPll, C ~ KOJIJIHMaTOpll. 

Ha pnc. I4 npHBe,neHo pacnpe,neJieHHe HSMepeHHHX yrJioB paccemIWI B 
Y-npoeroum ,Jt1IJi 8JI8KTPOHOB C aH0prH0ii IO raB B ceaHCe 683 WIIIl0HH. 
Cp8,nH8KBB.npa.TH'IH08 OTKJIOH8HH0 ,Jt1IJi aToro pacnp0,n0JI8HHSI COCTaBJUI8T 
33 MKpa.n, 'ITO COOTB8TCTBY8T npoBe,neHIWM B ,nHCC8PTa.I.Um OU8HKaM. q9T

B8PTllil: MOK .np8il:q,oBmc KaMep HcnOJil,30BaJICR ,Jt1IJi onpe,neJI8HWI Tpa8KTOpd 
'IaCTHU nOCJI8 npoxox,neHHR ID.m aHaJIH3HpYJlll8rO MaI'HHTa • 

N t•o 
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80 

60 

40 

20 
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PHc. I4. Pacnpe,neJI8HHe co6u- · 
THH no yr;cy paCC8JlllWI B Y -
ITJIOCKOCTH B C8aHC8 683 MmlleHH. 
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SHeprIDI . r-KBaHTOB, HCnymemwx H3 Mm118HH, onp0,neJIRMCI, C IIOMO
. lllb!O ,neT8KTOpa Ha OCHOBe KPHCTaJIM CsJ (Tl) , OKPy,K8HHOro CB~OBOii 
s~oii C CHCTeMoii C'I8T'IHKOB aHTHCOBna.n0!IliiF. B pa60'IHX YCJIOBHRX .nJIR 

t-KBaHTOB C aHeprneii IOO MaB .neTeKTOp HMM paspe111eHHe 3% (nmpHHa Ha 
ITOJIOBHHe BHCOTH pacnpe,neJieHHR). raMMa-cneKTpoMeTp npe,nH&3Ha'IaJICR .I(JIR 

pa6oTH B 111.lipOKOM ,nHHaMH'IeCKOM ,nHanasoHe • .IT,1uI noJiyqeHHR xopo111ero pas
pe111eHIDI B 06JiaCTH HH3KHX 3Heprd He06XO.I(HM ITOJ!Hllli c6op qJOT08JI8KTpoHOB 
B qJOTOYMHOXHTMe. 0,nHaKO B peaJn,HIDC YCJIOBHRX 3KCIIepHMeHTa ~OK '!epes 
qJOTOYMHOXHTeJil, B 06li'IHOM PexHM8 c]):,Y 6HJI HaCTOJil,KQ BMHK, 'ITO B03HHKa
Jia CYI118CTBeHHM H8CTa6HJII,HOCT& ycMeHHR c]):,Y, 3aBHCRIIIM OT sarpy3KH .ne
TeKTOpa. Ilpo6JieMa 6HJia pe1110Ha nyTeM YM8HI,1118HWI K03qxpHUH8HTa ycHJieHWI 
~SY C O,nHOBpeMeHHHM YB8JIH'I8HHeM ycHJieHHR cneKTpoMeTpH'!eCKOH aJieKTpo
HHKH • .IT,JuI coxpaaeHHR aqxl>eKTHBHOCTH c6opa qJOT08JI8KTpoHOB Ha nepwe ,nH
HO,nH: c])SY no,naBaJIHCI, p8KOM8H,ll;OBaHHHe HanpRXeHWI. 06mee HanpRXeHHe Ha 
,neJIHT8JI8 c])SY He npeBlilllaJIO npH 3TOM 660 B. TaKHM o6pasoM, 6HJia ,ItOCTHr
HYTa xopo111rui: CTa6HJII,HOCTI, K08qxpHUHeHTa ycHJI8HIDI c]):,Y B YCJIOBHRX 6oJllr
lllHX sarpy30K. 

IlRTHtt 6JIOK . .np8iiqx>BHX K8M8p (.IJ;I{5) co BCTpoeHHHM KOHB8P'l'Opo~ 
CJiy,KHJI .nJIR ~3MepeHWI yrJIOB BHJieTa t-KBaHTOB HS KPHCTaJIJia no BOCCTa
HOBJI8HHOli KOOp,nHHaTe B8p!llHHH 3JI8KTpoH-n03HTpoHHoii napu. CoBMeCTHO C 
nepBHM H BTOPHM 6JIOKOM .1lJ{ npH6op o6ecne'IHBaJI H3MepeHHe yrJIOB BWieTa 
t -KB8.HTOB C TO'IHOCTI,JD "' 4 MKpa.n. 

B Ka'IeCTBeMml!eHeH B 3KCIIepHMeHTe HCnOJil,30BaJIHCI, 6es,nHCJIOKaUHOH
Hll8 MOHOKPHCTaJIJIH KPeMHHR ('IHCJIO·,nHCJIOKaUH:i:i He_npeBlID!aJIO IO CM-2). 
KpHCT8JL7lli 6HJIH paspesaHH neprreH,nHKyJISIPHO HCCJie.nyeMHM KPHCTaJIJIOrprupli
'IeCKHM OCRM C TO'IHOCTI,JO ~o' 2° H BHITOJIH8Hll B mme . ,nHCKOB TOJJDP!HOH 
0,5 MM H 6oJiee • .IT,1uI rroJiiieHWI TOHKHX MHlll8H8H ueHTpa.lll,HM qacTE o6pas
ua BHTpaBJIHBaJ!aCI, .no HYJKHllX pa3M8poB. 

lf,aJre0 npHBO,ItHTCR CTPYKTypa CHCT8Mli c6opa .I(aHHIDC aKcnepHMeHTa/28{ 
6JIOK-CX8Ma _OKOH'IaTeJil,HOro BapHaHTa KOTOpoii IIOKa3aHa Ha pHc.I5. CHcTe
Ma c6opa .naHHHX 6HM cos,naaa Ha ocHoBe CTaH,naPTOB KAMAK H NIM; noMe
lllaJiac:& B 8 KP8HTax H pa6oTa.rra B JIHHHJO c SBM EC-1040; OHa pas,nemwac:& 
Ha no,nCHCT~MH: CHHXpOHH3auHH H ynpaBJI8HHR sanyCKOM; perHC-rpauml .naa
HIDC, KaJIH6pOBKH H KOHTpoJIR; BToporo ypoBHR OT6opa co6HTd; conpmttemm 
C SBM H npe,nCTaBJI8HWI ,!(8.HHHX. Ilo,ncHCT0Ma ynpaM8HWI H CHHXpoHH8auHH 
6wra opraHHSOBaHa c ucnoJn,soBaHHeM cneUHaJn,HO paspa6oTammx ,wm aKC
rr0pHMeHTa 8JI8KTpoHHHX MO.nyJiett. Ee sa,na'Ieit 6WIO Bli,IteJISIT:& Bpewi: 3KCll0-
3Immi rry'IKa Ha YCTaHOBKe, CHHXp0HlI3HPOBaT:& B3aHMO,nettCTBH9 OCHOBHHX 
y3JIOB ycTaHOBKH H :q.BM, ynpaBJIRT_I, q,op.mpOBaHHeM pasHHX THIIOB 3anyCKOB, 

* EyJiraKOJ3 H.K., ••• ,fy3mt 3. n .np. owrn:, 13-84-676, )Jy6Ha, 1984. 
**Pilatova n·.A. , ••• ,Guzik z. et al.-Nucl.Instr.Meth.198J,206;p.J79. 
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PHc. I5. EJroK-CXeMa CHCTeMH c6opa 'AamIHX B aKcnepH
MeHTax no HCCJie'AOBamDJ aq;q>eKTOB KaHa.,mpo:sa
HIDI sap.FD!teHHHX 11acT:im. 

onpe'AeJISITb roTOBHOCTb CHCTeMH c6opa 'AaHH!:lX K nepe'Aa'le saperHcTpHpO
BaHHOro.co6HTIDI H ~- PerHCTJ)8.LUUI O11epe,D;Horo co6HTIDI HH:imlfflPOBaJiaCb 
l'IMIIYJIJ,COM sanycKa nepBoro ypoBHJI ( S 1 S 2 A 3A 4 ) , BHpa6aTHBaeMoro aJieK
TpoHHKoa CTa~apTa NIM. B Te'leHHe I5 MKC CHCTeMa OT6opa BTOporo ypoB
HJI aHaJIH~HpOBaJia Bee ~OX8HHHe ,nJI.fl 'AaHHOro THlla sanycKa KpHTepHH OT-
6opa H IlOCJie 8Toro BpeMeHH B~BaJia perneHHe O noJie3HOCTH 'AaHHOro co-
6HTIDI. B CJIY11ae Hey'AOMeTBOpeHHJI XOTH 6H O,IJ;Horo 1tpHTepM CHCTeMa ne
peBO.I4R]IaCb B pel!WM o,nmaHIDI cJie,lzyJlllero sanycKa 'AaHHOro THna. Ilomoe 
BpeMJi C'lHTHBaHIDI O,IJ;Horo co6HTM.COCTa~o 650 MKC. 

Bo BpeMH Ha6opa CTaTHCTHKH qJOp.uqlOBaJIOCb rneCTb THllOB aanycKOB. 
OCHOBHOil THil sanycKa, COCTal3.1IJIKlll}llt OKOJIO 69% OT o6mero 'lH~ sanyc
KOB, npe,IJ;HasHa'lMCH ,nJm perHcTpauHH co6HTd, B KOTOpllX nepBH'lHM qac
Tmi;a H3JIY'l~ B MOHOKPHCT~eCKOi MH!Il8HH t-KBaHT. HMeHHO ,nJI.fl 3TO
ro THila sanycKa 6HJI opraHH3OBaH BTopoa YPOB9Hb OT6opa, C KO~eCTBOM 
Iq)RT9pHeB, 'AOCTHraDIIHX ceMR. C noMO~Kl 11 ny'lKOBoro" THna sanycKa pe
rHCTpHpOBaJiaCb HHqJO~M O nepBH'lHOM ny'lKe, Heo6xo~ ,nJI.fl HOp.IB
poBKK 3KCnepHM8HT~Hl:lX 'AaHH!:lX, a Taruite ,nJI.fl aHaJIHsa pa6OTH CHCTeMH 
BToporo ypoBHJI oT6opa. ,llJm onepaTHBHoro aHaJIHsa pa6oTH raMMa-cneRTpo
MeTpa H ~6poBKH aHMOrOBHX TpaRTOB perHCTpauHH 6~ BBS'AeHH TpH 
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THlla aanycRoB: "CJIY'latimrli". "MesoHHHtt" H 110T. CBeTO~O'Aa". HesaBHCllMO 
OT OllHCaHHHX THllOB 3anyCROB, BHe BpeMeHH HHTeHCHBHOCTH ny'lKa reHepH
poBMCH TeCTOBlitt sanycR, npe,D;Ha3HaT.JeHllllii ,nJI.fl KOHTpo.mr H RMH6poBKH 
CHCTeMH ~eHqx>Bl:lX KBMep. THllH aanycROB T.Jepe'AOBMHCb onpe'AMeHHHM o6-
pa3OM C BO3MOlltHOCTbKJ ynpa.BJieHHJl JDC noCJI9'AOBaTeJibHOCTH H 'AHHaMH'IeCKOll 
BH6OpKK ltpHTepHeB BTOporo ypoBHJI OT~opa. 

H3MepeHHe 3Heprd HCJIYllleHH!:lX t-KBaHTOB OCYllleCT~OCb O,ll;HOBpe
MeHHO B Tpex ~a3OHax:: 'AO 200 MaB, 'AO I raB H 'AO IO raB. ,llJm BHllOJI-• 
HeHIDI 3TOit 3~a11H 6~ opraHH3OBaHH TpH H83aBHCHM!:lX TpaRTa perHcTpa.
~ (c aHO'Aa H noCJie,IJ;Hero 'AHHO'Aa (J;/JY cneKTPOMeTpa). raMMa-cneKTpoMeTp 
pa60TM B YCJIOBHHX 3Ha'!HT8Jl1>HHX sarpysoK H 6OJIJ,lliOro aHepreTH1!8CKOrO 
~asoHa, no::iTOMY CHrH~, nocTynaxmHe OT cneKTpoMeTpH<IeCKHX ycIIJIH
TeJiett, MOrJIH 6HTb BH3:saHH CJJY'lathrnMH COBll~eHWIMH. PesyJIJ,THpYJ(Jlld 
cneKTP Mor TaIO!t9 SIBJIJITbCH.CJ?,IMOit aHeprmt OT HCCJie'AYeMOH 11acTmi:H H JIOX
Hl:lX 11acTHIJ;, npoJieTeBmHX B ~oe Bpew.r. ,llJm B}l'AeJieHHJl HeHcRrutteHHHX 
CO6HTHil H xopp9Kll;Jm saperHC'l'pHPQBaHHOit HHqJOp,muHH 6HJI npHHJIT Pfl'A Mep. 
3a 2 MKC 'AO pa6O11ero CBI'Ha.Jra H3M9PHJICH ypoBeHb cneKTpoMeTpH<IeCKIDC 
CHrHMOB. B 3aBHCm4OCTH OT B8~HHH ero OTlCJIOHeHM OT HOMHHaJia ,ttaHHO9 
CO6HTH9 OT6paCHBMOCb HJIH perHCTpHpyeMHtt Cll8KTP KOppeKTHpOBMCH. 
PHc.I6 np8'ACTaBJ!fl9T cneKTP, perHcTpHpyeMHtt B sanycKe 11 OT CB8TO'AHO'Aa". 
.rr.,m. aHaJIH3a BpeMeHHUX COOTHomelid Mel!U(Y o6pa3OBaHHHMll t-KB3HTaMH H 
npoJieTeBl!IHMH 11epes YCTaHOBKY 'lBCTHU8M11 6HJI CO3'Aa.H "Bp8M8HHOit TpaRT", 
C IlOMOmbD KOTOporo perHCTpltpC)BaJIOCb BpeMH non~aHM 0-KBaHTOB B 
cneKTpoMeTp B ~a3OH9 ± 5 MKC OTHOCHT9JIJ,HO sanycKa ycTa.HOBKH •. · 

·,l{aJiee paCCl,18.TJ)HBllll'l'CH 1tpl1TepHH BTOporo ypoBHH OT6opa H HX anna
paTypHM peaJIH38UWI. ,llJm no,naMeHIDJ perHCTpauHH CO6HTHil, B KOTOPHX He 
6HJI HCJIYllleH raMMa-KBaHT, HOnOJll,3O:saJICH aHepreTH'!eCKlm KPHTepd. ,llJm 

aToro 6HJI paspa6oTaH umlJpoBott npoueccop, KoTopatt B}l'Aa:saJI perneHHe B sa
BHCHMOCTH OT perzcTpHPYeMon raMMa-Cil8KTpoMeTpoM 8HeprHH. 3HepreTH'lec
Kmi KpHTepd Mor HHor.na B}l'ABTb OlliH6O'lHO8 perneHHe H3-3a CJIY'lalliIHX COB
n~eHd HJIH HCKalt9Hd ~oa 11acTHIJ;8H. ,llJm OT6paROBRH TaKHX CJIY'laeB 
HCnOJih3OBaJIHCb 'ABa BpeMeHH!:lX KPHT9pM: Tpe6OBaJIOCb HaJIH'!He m.myJ!bca 
OT raMMa-Qil9RTpoM8Tpa, COBil~8Jlll9rO no BpeMeHH C npoJieTaBllien 'lBCTH
uea, H Tpe6OBaJIOCb OTCYTCTBHe m.m:yJ!bca OT raMMa-cneKTpoMeTpa B ~ana-
3OHe Bp8M8HH, onepeJEaDJ1eM aanycK Ha 5 MKC. PHc. I? IlOKa3HBaeT BpeMeH
HO8 pacnp8'ABJI8HH8 t-KBaHTOB, perHCTpHpyeMoe raMMa-cneKTpoMeTpOM B 
CJIY'lae 6es npm.!eHeHHH BpeMeHHoro KpHTepM oT6opa (a) n c ero npllMe
HBHHeM (6); Kor'Aa Tpe6oB8JiaCb perHcTpauM 6OJ!blliOro KOJIH'I8CTBa KOHBep
Tl!pYSMHX rBMMa-KBaHTOB, 'AOilOJIHHTeJ!bHO npHMeHJIJICH ltpHTeplrll no cpa6aThl
BaHHKJ BCSX ILJIOCKOCTett .I{K5. ,llJm ueHTpoBKH MOHOKpHCTaJIJIOB OTHOCHTeJibHO 
OCH IlYT.JKa HCilOJIJ,3OBaJICH ltpHTepd cpa6aTHBaHM IlOJIYnpOBO,ll;HHKOBOro 'A9-
T8KTOpa, OKPYzaD!lero MOHORPHCTaJIJI. 
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PHc. I6. CKoppeKTHpoB8HJillil: R HecKoppeK
THpOBa.HHHii: cneKTpII B sanycKe 
OT CB9TO,IUlO,D;a, 
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PRc.I?. BpeMeHHoe pacnpe.neJieHRe 
t -RBaHTOB, perRCTpHpyeMllX ► 

raMMa.-cneKTpoMeTpoM: a) 6es oT-
6opa, 6) c npl'IMeHeHReM CRCTeMl,I 
oT6opa BToporo ypoBH.!I. l .... I .. _ 

Bc~e,D;CTBlle Ha.JmtlIDI B sanycKe nepBoro YPOBHH TOJLbKO ,D;Byx c~eT~RROB 
COBila,D;eHd (Heo6XO,ll;HMOCTl, MmlllMR8aIJ;HR_BemecTBa Ha Tpacce nyqKa), B 
Ra~eCTBe KpllTep:wr OT6opa BBO,D;MOCl, TaKllte Tpe6oBaHRe cpa6aTHBaHIDI Bcex 
MOCKOCT9H ,Ill{2. 

B ,IUlCC9pTau:im OilHCHBa9TCH M9TO,ll;RKa pa60Tll BToporo ypOBH.!I OT6opa 
co6UTd :n.nrura npaKT~ecKHe pesy~1,TaTU ero npllMeHeHHH. Ha PRC. I8 -
a R 6 IlOKa8aHO rpaqi~ecKoe npe,D;CTaB~eHRe K08qxpRIUi9HTOB IIO,D;aMeHWI 
8anHCUBaeMoit RHqx:>p.iauHR ( kn ) H YB0~l!'Iemm Il0~08HOil RHipOp,laIUD! ( ky ) 
B 8aBRCl'IMOCTH OT cpe,D;Hero KOJilAeCTBa 38IIyCKOB YCTaHOBKR B ceicyH.Ity. 
KpHBll8 npe,D;CTaBJieHH ,ll;JilI TP0X OCHOBHUX KpllT0PR8B OT6opa (aHepreTmec
KOro, BpeMeHHoro R no a<I$)KTHBHOCTH ,Ill{2) H .ItJIH CYMMaPHOro Koaqxpmi;HeH
Ta no~e8HOtt HHqx:>pMa.IUm ~ = 0,02. Cor~CHO B0JllARHe 8Toro K08qxpRIUi8H
Ta KOJilA8CTBO sanHCaHHHX MaI'HllTHUX ~eHT YM9Hl,JJl:l!JJ:OC1, npl'IM9PH~ B 50-pas. 
B paCCMaTpRBaeMOM 8KCnepHMeHTe cpe,D;HHSI sarpysKa COCT~ 2·ro¾ac-
Tmi;/C, R .ItJIH 8TOil BeJilAHHH kn ,;, 0,05 R ky = 2,4. }J.1IJI aTOro, ~T0-
6u BllHBllTl, peaJLbHUit BllRrPl:lIII OT BB9,ll;9HHII OIIRCaHHOit MeTO,ll;HKH OT6opa, 
He06xO,ll;l'IMO ~eCTl, H BTOpoit q>aKTOP, JIRMHTHPYJJlld CKOpoCTl, Ha.KOM9HRH 
,ll;aHHHX BO BpeMH O,D;Horo :umura ycKOpHTeJIJI, T.e. 06'1,811( llaMHTR aBM, .noc
TynHUit ,D;Jm 6y{pepnsau:im ,D;aHHHX BO BpeMH o,D;Horo :umura ycKop~eJIJI. 
PHc. I9 npe,D;CTaBJIJieT 8aBRCRMOCTl, cpe,D;Hero KOJilA9CTBa co6UTd, pernc
TpHpyeMHX B O,ll;HOM IU!KJI8 ycKOpHTeJIJI, OT KOJIR'IeCTBa sanycKOB C npIDlleHe
HReM ( Ng) H 6ea npHMeHeHHH (Ne) BToporo ypoBH.!I OT6opa, npR pac
TmitKe c6poca ycKopRTeJIJI,paBHOH I,6 c. Ha pHcYHKa BR,D;Ho, ~To BBe,ne
HRe BTOporo ypoBH.!I OT6opa Il08BOJIJieT npm1epHO B 6 pas COKpaTHTl, BpeM!i 
pa60Tll Ha II~Ke, H906XO,!UiM09• ,ll;JilI BllIIOmeHHH IIOCTaBJieHHoit 8a,D;a~H. 
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PHc. I9. 3aBncm.rocT1> cpe,D;Hero ► 

KOJIR'I9CTBa co6uTd, perHCTPHpy
eMIDC CRCTeMOil c6opa yCTaHOBKH c 
npRM8H0HR9M ( Ng ) H 6es npm.re~ 
HeHHH (Ne) OT6opa BToporo ypoBHH. 

PHc. IB. 3aBncHMocTR Koaqxpmnr~ 
eHTOB no,naBJieHIDI 8anHCUB8.0MOH 
RHqx:>pMauHH (a) H YB9JllA9HHII II0-
~98HOit RHqx:>pMaIJ;IDI (6) OT cpe.n
Hero KOJIR'I9CTBa sanyCKOB B ce

KYH,ItY. 
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IlOM9,ll;HHH ~aCTl, rJIB.BH llOCBHlll0Ha npe,D;CTaBJI9HIDO npo6~eM B88l!MO,Jtett
CTBIDI aKcnepHM8HTaJLbHOil annapaTyp~ C oBM. OmleaHU M9TO,ll;H COnpmt8HHII 
ycTaHOBKR c y~eHHoit SBM EC-I04o' 29/ R pacCMOTP0HH cnoco6u rpaqll!'IeC
KOrO npe,nCTaBJI9HIDI pesynTaTOB 06P1160TKH ,naHHUX, pe~80B8HHH0 C no
MOllll>D C08,ll;aHHHX annapaTHHX cpe,D;cTif3D/. 

B 8aRJIIJ'i0HIDl: Cip0p,IY~B81Il:l OCHOBHH8 Bill30,ll;H ,IUlCC8PTan;:im: 
I. Ilpe;ItJIOlleHa·H paspa60TaHa 8KCll9PIDll9HTaJLbHaH MeTO,IUlKa perncTpa

nim H OT6opa !pR8~8CKRX co6HTd ,nJJJI OIIHTOB no ynpyrOMY pacceHHHll H 
KaH8Jlll!)OBaHIDO PeJI.lITHBHCTCKHX ~CT~ Ha ycKOpHT8JJSDC 0Will, l@BS R ~HAJI. 

2. BtiepBH8 npe;ItJIOlleHa H npHMeHeHa B pe~ 8KCll8pHM8HTaJLbHHX 
yc~OBlmX M8TO,ll;RRa npe,nBapHTGJLbHOro OT6opa cpH8R'I9CKHX co6HTBi C RC-
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IIOJil,80BaHIIeM ap:HqMeTHtieeruoc a.JLI'OPHTMOB, npe.Inia8HatJ8HHaJI ~ BH,D;eJiem,m 
aKTOB paeqemr:wr. OcYllteeTBJieHo o6oeHOBaHIIe H ,D,8Ta.JII,mrlt aHaJm8 M8TO,D,OB 
H a.JLI'OpHTMOB CeJieKIUIB eo6llTllli rro pa8JilltllllM KPIIT8pIDIM OT6opa. BUBe,D,eHII 
noruiaaTeJIR, n08BOJJJIJaitHe ROJIHtieeTB8HHO oueHHBaTb BJIIDIHIIe eIIeTeMU OT6o
pa Ha npoueec perHeTpauHH .D.a.HHWC, T.e. R08ifqJHUHeHT YBeJIRtJeH:wr noJiea
Hoii IIHq>op.!alUIB ( ky) H R08qxpll:UH8HT no,D,aBJieHIDI perHeTpHpyeMoii IIHq>op
MauHH (kn). Cq>o!)MYJIHpOBaHO 06Il!ee yeJIOBHe Ha U8Jieeoo6pa8HOeTb BBe,D,e
HHli 8JI8M8HTa OT6opa B eHeTeMY e6opa ,D,aHHl:lX H IIP8MO.llteH napaMeTp no
JI88HOeTII yeTpoiieTBa OT6opa. 

3. IlpeMO.llteHII H eoa,D,aHII perHeTpHpyl!ll1He ROMIIJieRell H eIIeTeMU OT6o
pa eo6uTim ~ OirnTOB no K-e H JT-e paeeemrmo npH aHeprHH 250 raB 
(~HAJI, Ea.TaB:wr), HeeJI8,D,OBaHID:l aqxpeRTOB KaHaJIHpOBaHIDI aapmiteHHU?C trae
THU ripH aHeprHJDC 35, IOO H 250 raB (~HAJI, Ea.TaB:wr), yrrpaBJieHmo TpaeR
Top:am.m aapruJtemmx traCTHU e noMOillbID H80rHYToro MOHORpHeTB.JIJia (JIBS 
OIDrn) H HeeJie,D,OBaHHro 8JieRTpoMarHII'l:HOro II8JIY'l8HIDI peJlf.lTHBIIeTeruoc no-
8HTpoHOB H 8JI8RTpOHOB npII KaHaJIHpOBaHHH B MOHOKpHeTaJIJia.X (:WB3, Cep
nyxoB). 

C noMOillbID8TOH annapaTypll Bnepme H8MepeH IIPRMllM MeTO,D,OM 8JI9KTpo
MarHHTHIIit ~Hye K--M880Ha H eYllteeTB8HHO YTOtIHeH 8JI8KTpoMarHIITH!lii 
~Hye T-M880Ha, BnepBue 8RenepHMeHTaJibHO'IIORa8aHO, 'ITO C IIOMOillbD 
H80rHYToro MOHOKpIIeTaJIJia MOXHO YIIPaBJlf.!Tb TpaeKTOPWIMR aapJt11te:mrux trae
THU, Bnepme OeYil!eeTBJieH BhlBO,D, yeRopeHHoro IIytJKa II8 KB.Mepu CRHXpoqa-
80TpoHa e IIOMOillbID KpIIeTaJIJIHl!eeRoro ,D,8ipJI8RTopa, H8YtJ8Hli 8qxp8RTll KaHa
JIHpOBaHIDI peJlf.lTHBIIeTeRmc traeTHU B MOHORpHeTaJIJiaX repr,ia.HIDI R KP8MHH.f! 
H ,D,8TaJII,HO neeJie,D,OB!l.HO HBJI8HRe enOHTaHHoro II8Jlytr8HIDI II08HTpOHOB II 
8JI8RTpoHOB _Bhleoruoc 8Heprd npn KaHaJIHpOBaHRH. 

4. BrrepBue peaJmaoBaHII apl$.«eTHtJecKHe UHqJpoBUe H aHaJiorome npe
npoueeeopu ~ OT6opa eo6h!Tmi•paeeemrIDI B peam,HoM MaemTa6e BpeMeHH. 
Coa,D,aHII npenpoueeeopu, pa60Ta1CI11He no 3HepreTHtJeeRHM II BpeMeHHUM RPH
TepIDIM OT6opa, a Taroite no aqxpeRTHBHOeTH pa60Tll ,D,eTeRTopoB. BHe,IJ,peHIIe 
IIP8MO.llt8HHWC yeTpoii:eTB OT6opa Il08BOJIHJIO B 8RenepHMeHTe no II8MepeHmo 
yrrpyroro paeeemr:wr Ti -MeaoHoB Ha rrpoToHax B IIHTepBaire aHeprmi 30-60 
raB yeRopIITb Ha6op eTaTHeTHKR B 16 paa, a~ yenenmoro npoBe,D,eHIDI 
8RcnepHMeHTa no HeeJie,D,OBaHHro 8JI8RTpOMarHIITHOro II8Jiytr8HIDI, B08Hmta!O
Ill8ro IIPH KaHaJIHp0BaHHH peJlf.lTHBHeTeRmc aapruJteHHWC.tJaeTHU B MOHORpHe
TaJIJm.X, noTpe60BaJIOeb B meeTb paa MeHblIIe BpeMeHH pa6oTU Ha IIytJRe. IlpII 
8TOM ROJIHtieeTBO 8aIIIIeamrux MarHHTH!lX JI8HT eoeyaTRJIOeb B 50 paa. 

5. IlpeMO.llteHa II peaJIH80BaHa 3JI8RTpoHIIKa perIIeTpauIIII .D.aHH!lX e ,D,e
T8RTOpoB traeTHU (,D,Peiiqx>Blle H npOIIO!JUHOHaJII,HUe RaMepu, raMMa-eneRTpo
MeTp). Paapa60TaH He HMel!lllmi !l.HaJIOrOB yeIIJIHTem, ~ ,IJ,peiiq>oma: KB.Mep 
e rroporoM ,D,IIeRPHMRHauHII 500 HA H OeYilleeTBJieHa perIIeTpauHJI BpeMeHHon 
RHqJOl)Ma!UIH e ,D,Peiiqx>Bott KB.Mepu, n08BOJUIXIIIM IIOJIY'IIITb ROOp,D,IIHaTHYID TO'!-
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HOeTb 50 MKM. BnepBlle _e03,D,aHa annapaTypa perIIeTpauIIII ,D,BYJCTpeKOBOR HH

qiopMauHH e O.Inioro npoMe.lltYTKa ,IJ,peilqioBoil KB.Mepu. PeaJIIIaoBaHa perneTpa
UHSI eneRTpoMeTpHtieeRoil IIHqJOPMauliH B IDHpOKOM ,D,HHaMWieeROM ,D,mmaaoHe 
(IO MaB - IO raB). 

6. Ilpe,D,JioxeHa H paapa6oTaHa annapaTypa ~ opraHU;:iaumi: II yrrpaB
JieH:wr npoueeeoM e6opa .D.8.HHllX, 06eenetrIIBaiaI1M: onpe,D,eJieHIIe pelKIIMOB II 
ynpaBJieHIIe pa60TOR 06Illeil CHCTeMU 3aIIyCROB Bhtemmc ypoBHeil, 8a,D,8.HIIe pe
JKIIMOB pa60Tll yeTaHOBRII, Bhlpa6oTRY noeJie,D,OBaT8JibHOeTII aanyeROB II Ka

JIII6poBOtJHO-TeeTOBllX npoue,D,yp H ,IJ,p. 
7. Ilpe,D,JIO.llteHil II peaJm30BaHl:l aqqieRTHBHhle MeTO,D,hl KaJIII6poBKH II Tee

TI!pOBaHIDI ,D,eTeRTOpoB H eoOTBeTeTBY!(lllHX HM 8JI8RTpoHH!lX TpaKTOB perHe
TpauIIII, a TaK.llte ROHTpoJib ynpaBJmm{IIJC y8JIOB ycTaHOBKII. 

8. Coa,D,aHhl yeTpoii:cTBa qonpIDKemm aKenepIIMeHTaJibHOR annapaTypll e 
3BM EC-1040, no8BOJIJIKll1IIe 3HatJIIT8JibHO eoKpaTHTb MepTBOe BpeMJI ycTaHOB
KII II 06ecnetrIIBaiaI1IIe aqxpeKTHBHHe 6JiotIHhle pe.lltillvlll nepe,D,atrII ,D,aHHHX. 

9. Co8,D,aHht opnrHHam,Hhte annapaTHUe cpe,D,eTBa rpaipIItieeKoro npe.D.
eTaBJieHIIH peayJibTaTOB o6pa60TKH ,D,8.HHllX. 

IO. Ilpe,D,JIO.llt8Hhl .II peaJIII80BaHhl M8TO,D,hl ,D,IIaJIOrOBOli eBR3H 8KenepIIMeH
TaTopa c Y.D.aJieHHoil 3BM, noaBOJIJIKll1He B08,D,eilcTBOBaTb Ha XO.D. "on-line" 
nporpaMM, B8CTII OT 3BM yrrpaMeHIIe YCTaHOBKOii:, BHBO,D,llTb peaym,TaTU o6-
pa6oTKH,'a T8.RlKe IIHq>op.mpOBaTb aKenepIIMeHTaTopa O eoeTORHHII npouecea 
e6opa ,D,aHHhlX II B08MO.lltHhlX HeHenpaBHOeTRX annapaTypll. 

II. Ilpe,D,JIO.llteH HOBhlli npIIHUIIII MHOrcxpyHlcrJ;IIOHaJII,HOro IIenOJib80BaHIDI 
KpeilTa KAMAK, II03BOJIJIKll1IIli pa3M8IllaTb B KpeilTe ,D,O 4 M6aii:T naMJITII, 
HM8Tb ,D,OeTyn R 49 BHemHHM Rpeii:TaM II BHnOJIHRTb eTaH,D,apTHhle UHRJihl Ma
rIIeTpaJIII 0,D,HOBpeMeHHo e UIIRJIOM ,D,OeTyna R naMJITII, 'ITO 3aM8THO yBeJIIItIII
BaeT eRopoeTb 06MeHa ,D,aHHllMII no KaHaJiaM nPRf.1oro ,D,OeTyna. C03,D,aHa an
napaTypa, ,D,alOIIlM B03MO.lltHOeTb qJOJMIIPOBaHIIH eIICTeMHoro Rpeii:Ta Ha oeHOBi:l 
npe,D,JioxeHHoro npIIHUIIIIa. 
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