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OEII!AR XAP.AKTEPHCTH!\A PABOTH 

AKTJ'SJl!,HOCTl> ps6oTH. Ps3BJllTH8 MeTo,noB JllCCJie,noBaHI/Ui CBOICTB ,9Jie
M8HTSpHHX "I~CTRlll .f!BJJJi8TCJi Bamtol as,ns-qeft 9ItCnepHMeHTEIJI!,HOI a.nepHofl 
~J/13mtJII. Cpe~ llIJIIJ)OKoro Ha¢ops paMJll'liHHX .neTeKTOpoB "!SCTHU B llOCJie.n-. 
HJ/le ro,Itl,I H8H6oJiee HHT8HCRBHO paapa68T!lB8JOTCJi ,Jll llpHM8HJJllTC.ff· B ~Rene-: 
pHMeHTSX HS ycxopHTeJIHX MHorOIIJ)OBOJIOtIHHeraaoHaIIOJIH8HHH8KOOp,nJllH8T
HH8 .neTeKTOpli. Blicoxoe 6!i,C_Tpo,nelcTBHe· Ill J{OOp,nHHSTHSJi TO'IHOCTl>, OT
HOCRTeJil>HO JieritSJi B03MOmIOCTl> coa.naHHH ,neTeKTOpoBopHrIIIHSJI!,HHX ItOH
cTJ)Yl<ltd c. 'y-qeToM oco6eHHocTeA ItOHRPeTHoro axcriepHMeHTS , HSJIH'liJlle 
paaps6oTSHHol 9JI8KTpOHHOA perJllCTpMpYJOllleff srmspSTYPH -. BCe 8T,o .noa
BOJIR:8T ,COS,nSB8Tl> KJ)YIIHH8·SBTOM8TJll3MpOBSHHlie .neTeitTHPYllIIHe CHCT8Mll 

KSit WlllpoitOrQ llpoqJHJI.R', TSK H· y_axoueJieBoro HS 3HS'li8HHH •. 
HaH6oJiee BSaH!iM ,noCTOHHCTBOM MHoronpoBOJIO~HHX Koop,nHHSTHliX .ne

T8KTOpoB .f!BJJJieTCH BOSMOmIOCTl> OCYll!8CTBJieHKIJ acpf,eKTJIIBHOro OT6ops,co-
6!iTd as,nsHHoro BH,nS, s TSRJte cnoco6HOCTl> perHCTPHPOBSTl>_MHoroisc
TH'liHHe H,JtepHHe BSSJllMo,neffCTBJllH. STJIIM 06'1,,1ICHH8TCH TO, "ITO cero.nwr MHO
rolIJ)OBOJIO~HHe nponopUHOHSJI!,HH8 KSM8p!i (Mm{) B KS'li8CTB8 ItOOp,nHHSTH!iX 
,neTeKTOpoB BXO.nHT B COCTSB 60Jµ,llll!HCTBS aKcnepHMeHTSJil>HHX ycTaHOBOK :, 
HS ycxopHTeJIHx. Ilo BJll,ny c~eMB HH<J)opMBUHJII .neTeKTOp!i MO!'yT_~liTL.nEgJ
poBHMH }IJIJII SHSJIOrOB!iMJII. B nepBOM CJIY'liSe Koop,nmISTHEIH m$)pr.iamui_on
pe.neJIHeTCH perHCTPSUHeA_CHI'H8JIOB C KSJl,D;oro ~cKpeTHOr0-8JI8M8HTS .ne;._ 
TeKTops C llOMOll!!>ll OT,It8Jil>HOrO ~JI8KTpoHHor6,y~TPQICTl!S. ·ripHMepoM MHO-
ronpoBOJIO'liHHX rasoHaIIOJIH8HHHX ItOOJ).llJIH&THHX aH&JioroBlix .neTeRTopo:e · Mo
ryT CJIYDTl>, HSllpJIMep, .npe~BHe It8M8p!i. (.IIK). •. S TSU~ Mill{,· m$>J)M8-
UHH B ItOTOp!iX C'liH'l'liBS8TCH C .llOMOllll>J! :l!JIIHd as,nepllKH,~<B HSCTOHmee 
Bp8MII psapa6STHBSllTCH H JIICCJI8.nyl>TCH MHOrOCTYII8HliSTHe JISBHHHHe ItSMe
p!i, 1I)IJI Jll,n8HT.BifJJIIKSUHJll 'liSCTHU Bee 60Jiee nmpoKoe llpHM8H8HH8 HSXO,ItfiT · 
BpeM!r-npoeKlll/IOHHHe ,neTeKTOpH pssiiFIHllx MO~HKsnm!. 

Pssps6oTits opzrHHM!>HHx_,neTeKTopoB 1I)IJI pemeHHH KOHRPeTHHX ss-· 
,na-q axcnepHMeHT&Jil>Hoif .imepJ01 t}iJ11sJ11KJ11 · nosBoJIHeT onTJIIJOISMpOBBTit' cTolll-

e6u.anttt"Ulihlil tmcnrryi' I 
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MOCTb HCCJI0.llOB8Hmi C y,I0TOM -rpe60B8HHI, npe.n'bJJBJIJleMllx npocTpaHCTB0H
Ho-BpeMeHHHMH napaMeTp8MR HCCJI0,Jzy"0MllX npoueccoB, 'qTO smmreTCR Kpallie 

aKTYBJibHol aa.naqefl. 
HMH'qHe OTHOCHT0JibHO .nemeBHX 3JI0KTJ)OHHO-BH'll!CJIHT0JibHHX ycT

po!CTB, CHa6JteHHHX 6HCTpo.nelcTBYl'.Xllei Il8MRTbD .nocT8TO'qH0ff eMKOCTH, 
H8PR,Jzy" C p83BHTHeM M0TO.llOB XBTO'AHOro C'qHTliBaHM C MIIlC H JU{, Il03BOJillll

mzx nORy,IBTb 'ABYXKoop,nHHBTHYD HHCPOPMBnHD npH perHcTpaUHH raMMB-REaH
TOB H HelTpOHOB, OTKpl,IJIO B03MOlKHOCTb HCITOJib30B8HHR 3THX .neTeKTOpoB 
B K8'q0CTBe T8K H83HB8eMOro 3JI0KTpoHHoro aHaJiora peHTreHOBCKOI IlJI0HKH. 
Pa60TH.B 3TOM HanpaMeHHH 6WIH H8'q8TJi B C:P8'AHH8 ?0-x ro.noB H Be,Jzy"TCR 

BO MHOrHX ~H3H'q0CRHX ueHTpax, rJIBBHHM o6paaoM no npHMeHeH.lm no.no6HHX 
3JI0KTpOHH!lX .neTeKTOpoB .I(JIR peHTreHOCTJ>YKTYPH!lX HCCJI0JlOBBHHi H Me,IlH
UHHCKOff ,IlHarHOCTHKH. 3aMeHa TpaJlHUHOHHHX .neTeKTOp0B 3JI0KTJX2HHHMH 

IT03BORReT: 
- OTHOCHT0JibHO npoCTO HCITOJib30B8'1'b COBpeMeHHHe cpe.ncTBa npHeMB 

H xpaHeHWI HHCPOPMBUHH, BHnoJIHHT1, MBTeMBTzqeoeyJJ o6pa6oTey paMzqttOI 
CJIOlKHOCTH, npe.ncTBBRRTb peayJibT8TH B npHBH'qHOM .I(JIR HCCJI0.llOB8T8M BH

.ne; 
- yBeJIH'fflTb ~BCTBHT0RI,HOCTI, 38 c-qeT ITOBHWeHHR agqieKTHBHOCTH 

perHCTPBUHH H3Rj"I0HHR H 3H8'qHT0RbHOro CHHlt0HHR ypOBHR ~Ha, TeM ca
MllM CHUB.Fr Hafpyaey HS HCCJie,Jzy"eMl:lA o6'I.eKT (qaCTO pa,IU18UHOHHO H0CTOI

Rd) H YM0HbW8R i3peMH HCCJI0;JJ;OB8Hd B .neCRTRH H COTHH pas. 
Paapa6oTBHH8.fJ _.I(JIR 3KCnepHMeHTOB HB ycKopHTeRRX H TmaTeRbHO OT

MX0HH8R TSM M0TO.nHR8 perHcTpaw,tH HOHHSHpYDllero HSJIY1i0HM, TSKIIIM 06-
pasou MO&eT 6wTb ycnemHO upDleHeHa ·JtJUI ICCJie.noB&Hlll B ,xpyrBX 06.nac-, 
TRX H&yu H TE!XHm. Paspa6o'l'R8 CII0UH8JIH8HPOB8HHHX .neT8KTOpoB H cos.! 

.ll8HHe M8TO,IU'IRH 13HCOR08BTOll8TH3HpoB8HHHX HCCJI8.llOB8Hd·B npHK.7I8.11HHX 
06.naCTRX H8fKH H TeXHHKH fa TOM 'qHCJie B Me~e ll B 6HOJIOnnt) H,1lep
HO~H3H'l:8CRHMH .· MElTO.ItBMH RBJIBeTCR 8RTY8Jil,HOI npo6.neMol, HM8D!l81l Baa
Hoe 3H8'q0HH8 .I(JIR Ji!HT8HCHBHOro p88BHTHJI 8TBX HSyit. 

Uen pa6oTH cocTO.fJJI8 B co13epmeHCTBOB8HHH H J)83BHTHH Mero.noB pe
rzc-rpaUHH HOHH8HPYJ)II18rO HSJIY'q8HHJI nyT8M paspa60TI<H H C03.llSHHH HOBHX 
MOJUIPHRSud rasOHaIIOJIH8KHliXROOp,IlHHSTH!lX ,IteT8KTOp0B, 'npHM8H8HHH HX B '

J)HJ18 4)H3ll'l:8CKIIX HCCJI8;ztOB8Hd, npo'.BO,ItHMl,IX HS mmxpo¢iasoTpoHe owrn H 
ycKOJ)HTeJie H~B3. 8 TSU8 '.B C03,It8lIBH M8TO,ltHKH npOB8,lt8HHR SBTOMSTH3H
poBSHHHX HCCJI8,ItOB8Hd HJ18pHO~JI3Z'q8CKHMH M8T0,ll810l HS QCHOB8 MH0ro
npoBOJIO'qmlX KOOp,JlllHSTHKX ,It8T8KTOp0B B cuemmx 06.naCTU H&fKJI JI 't8X

H.Bltll • 

A:srop · 38111Blll&eT H8CTOSilll81 ps6oTol: 
I. PeW8HJ18 H8R0TOpYX 061JlHX llOnpoCOB per.HCTpaitllH JIOHH3.HpY11118rO 

H3JIY'18HJUJrasoHaIIOJlll8lWNH KO()p.JPIH8T!MOI ,It8'l'8X'l'OpBMII p&SJIJl'UIYX 110.u-
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WHKSumi, pa6oTBIOII!HX B WHJ)OKOM ,IUl8IT830He ;ztBMeHRR raaoBoro H8ITOJIHH
TeJIH. 

2. Psapa6oTey H BHe.npeHHe B npaKTHKY WH3H'!'ecxoro SKcrrepHMeH~a 
HS ycxopHTeJie psma HOBHX CHCTeM.npoBOJIO'l'HHX KOOP.ItHHaTHHX .neTeKTOpOB, 
,naBnrnx K8'l'6CTB6HHO HOBHe B03MOlKHOCTH 3KQIT6Pj™0HT8JibHHM YCT8HOBK8M. 

3. MeTo.n UHqlpollo! pa;ztHorpawHn o6~eKTOB MHoronpoBOJIO'IHHMH raao
HaIIOJIH8HHHMH KOOP.llHH8THHMH ,IteTeKTOpaMH H npHMeHeHHe STHX .neTeKTOpOll 

.I(JIR HCCJI0,ItOB8Hd B npmt118:ztHl,IX o6JI8CTRX H8YKH H T0XHHKH R,nepHO-qJH3H
'l:0CKMMH MeTO.llSMR. 

4. MeTO,ltH H ,IteTeRTl!JlYJOIIUl8 ycTpottcTB8, rrpe'Att88Ha~eHHHe .I(JIR He
paapymamiero BHCOKO~BCTBHTeJibHoro :ztBYM6PHOro 8KCnpecc-aH8JIH88 CMe
ceff M8'l:0HHX coe,ItnHeHHn H8 n~OCKHX HOCHTeJIRx. 

5. MeTO.ItHKY npHMeHeHWI MIIl{ C ITJIOCKHMH .npeff(p()BllMH'rrpoMeJKyTK8MH 

H 6HCTJ)HMH JIHHHRMl'I aa.neplKKH .I(JIR BHCOKOCKOpOCTHllX peHTreHOCTJlYRTYP
HHX HCCJI8,ItOB8HHtt 6eJIKOBHX MOHOKpHCT8JIJIOB. 

6. MeTO.It H .It0T8KTl!JlYJOOlee ycTpoiCTBO (raMMa-KSMepa) ,nJIJJ .nnarHo
CTH'l:0CKHX o6CJie,ItOBaHd B R.nepHofi Me,nnnHHe npH SHeprHH <f -KBBHTOB 
.no IOO xsB. 

. ?. BosMOlKHOCTb npoBe,neHHR HH3KO,nO~Ho:ll pa,IlHorpa~HH ycKopeHHHMR 
ny,IK8MH MHoroasp~;ztHHX HOHOB CHHxpoqia80TpOH8 Ollilli nyTeM RSMepeHWI 
OCT8TO'l:HOro npo6era MeTO;ztHKO:ll ra30H8ITOJIH8HH!lX MHOronpoBOJIO~HllX ,IteTeR
TOpOB, np0Bepem1y1J npe.I(JIOJlt0HHHM R BHilOJIH8HHblM OITHTOM Ha BHB8.ll8HHOM 
ny,IKe HOHOll re~rur • 

HanHBR HOBH3H8 H rrpaKTH~8CK8R U6HHOCTb pS60TH 38KJIIJ'l'aIOTCH B 
npe.I(JIOE8HHH H pe8JIH38UHH PHJlS M0TO,nH'l:eCKHX pemeHIIff R coa,naHJ!H H8 HX, 
OCHOlle'y-HHKSJibHHX ;zteTeRTHPYl'.XJlHX CHCT6M, IT08BORRllllHX ITOJiy,I8Tb HOBHe 
,It8HHH0 npH HCCJie.noBSHHRX, rrpoBO;ztHMHX R.nepHo~H8H~eCKHMJI MeTO,nBMH. 

Paaps6oT8Hli R HCCJie.noBaHH'HeKOTOpHe MO.ItHWIIR8UHH MHOronpoBO~O'l:
HHXraaoHaIIOJIH8HHlilCKOOP.nHH8THHX .neTeRTOpoB B ,ItJ!8IT830He ,naMeHHRJra-
80BOro H8ITO~HHT0JIJI'OT COTeH Ila .no COTeH Klla. 

BnepBHe B orurn HS CHHxpo¢iaaoTpoHe npoBe~eHo MeTo.itz~ecKoe J1ccJie
.noBaHze CHCTeM!l .npe:ll~OBHX K8Mep, pa60T8l'.XllHX H8 JIHHHH C .3BM. 

BnepBHe B CTpaHe npHMeHeHa CHCTeMB MIIK .I(JIR BH6opo-qHoro aanycRa 
3KcnepHMeHT8JlbHOli YCT8HOBKJ! HS ycRopHTeJie (H~ID, CepnyxollJ , 'qTQ ll 
8RCnepHMeHTe IIO ynpyl'OMY ,r;, :- pscceRHJID HS MIIJ!ile yrJIH ITOBHCJIJIO CKO.- . 
POCTI, Ha6opa CT8THCTJIRH 6oJiee,qeM HS nopR,nOR. 

Cos,nSHS JI npJIMeHeHa .I(JIR HSCTpolKH JI KOHTPOJIH MSrHHTOOITTmecRoro 
R8HSJIS 4>opMJIJlOB8HJIR H TpSHCITOPTIIPOBKH 13/q cenap1!pOB8HHOro ny,IK8 SH
TJIJle:llTpOHOB ·c JIMIIYJibCOM 12,2 raB/c (ll~B3, CepnyxoB) CRCTeM8 BHCOKO

TO'qHllX ll!IK/S/. CJ!CT0M8 ycrreomo p860T8JIS 6oJ[ee 5 JI0T, .'!'TO ITOSBOJIIIJJO 
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ocymecTBJITI, lllllJ)Oicy'Jl 1Il)Orp8MMY _ifln3z,:re~Rl'IX IIICCJI8ltoB8Hml H8 rrytµce 8HTJl-

.neA-rpoHOB *. · · 

Ilpe,n.n:oliteH III paapa60T8H HOBHll M8TOJl JI,II8HTleffiRRaunllI l'I Cll8RTp0M8T -
pnn M8Jt)I8HHHX qaCTIIIU BpeMH-np08RUIIOHHHM .neTeKTOp0M-H8 OCHOB~ MIIK C 
mnpoR03830PHHM .npeffg)OBllM npoMSJBYTROM. B OllHT8 Ha ycRopnTeJie C ITOMOIDI,l) 
8Toro Jl8T8KTOpa no~eHO H8Jl8lKHOe l'!ll8HTl'l4ill!UIIIPOB8HJle 1130TOllOB BO.U:OPO
.na l'I reinm. 

Cos.naHa M8TO.U:RR8 BHCOROTOqHoro cqJITHB8HM KOOpJtl'IH8THOii JIH~OpMB
Ill'IH C MID{ npn llOMOIDl'I 8JI8RTpoMBrHl'ITHHX Jil'IHd sa.u:ep~l'I- Ilpe,JtJIOJEeHa II 
nOR888l!8 B08MOltHOCTI, npHMeHeHIDI rasoHaIIOJIH8HHWC KOOp.U:HH8THHX ,u:eTeRTO
POB JI,J1H nleffipoBOH pa.u:norpa~Hll o6~eRTOB B llOTOKe c5 -KB8HTOB HJIH H8HT
p0HOB. B pesyJII,T8Te npoBe.neHHoro 8H8JIH88 s.nepHO--gJH8HqecRHX M8TOJtOB 
HCCJI8JtOB8Hd B p88JIIJqHHX OM8CTHX.H8yRH M TeXHHRH o6ocHOB8H8 ueJieco-· 
o6pa3HOCTI, H IIOK888H8 BOSMOlKHOCTI, npHMeHeHHH rasOHaIIOJIH8HHWCnpOBOJioq
HHX KOOPJtHH8THH~ .neTeKTOpOB JI,J1H HCCJI8.U:OB8Hd ~ npHKJI8JlHHX OM8CTHX 
H8yRH H TOXHHKH, B TOM qnCJie B M8JtHUHHe Ill B 6HOJIOrHH. 

BrrepBHe npe,JtJiolite~a n peaJIHBOBaHa MeTO.U:HKa aRcnpecc-aHaJIBsafrn 
1) - 8KTHBIIHX nJIOCKHX pa.nnoxpOM8TOrp8MM H 8JI8KTp~operpaMM Ha OCHOB8 

opnrnHaJI1,Horo .neTeRTnpymtero ycTpoiicTBa (aBT. cBn.u:eT.56241621221). 
Paspa6oTaHH s.nepHo--ginsnqecRne MeTo.Illl Hepaspymamero BKcnpecc-aHaJinsa 
MeqeHHX CMeceii 6eJIKOB H8 nJIOCKHX HOCIIITBJI!JX, C08Jt8HH op11Ir11IHaJII,HHe .ne
TeKTOpH ycTaHOBOR YPAH-I,2. BpeMIJ 8H8JIHS8 npn 8TOM coxpamaeTCSJ B COT
HR pas, ncCJie.nyeMoe BemecTBO coxpaHHeJcH~ Jt8JII,Helmi HCCJie.noBaHd. 
YCT8HOBRIII .HCnOJII,SYJ)TCSJ.B m'l]3 AH CCCP 25 Ill B MI'Y / 26 • . · 

, Hal,neHH HOBHe Y:8TO,llH'l8CKHe pemeHIIIH · peHTr8HOBCKOro ~ElT8.KTOPJ2~ 
peHTreHoCTIJYKTYPHHX nccJie.u;oBaHntt (aBT. cmm. CCCP '5 92705! Ill 

i !004834·-). Paspa6oTK8 MIIK c nJIOCKHMll .npeff~OllllMH npoMell:yTR8MH ~ 
6HCTpNMll JIIIIHHJJMH sa.nepnIII Ill M8TO.U:HKH ee npI11MeHeHM JI,J1H peHTreHOCTpyR
TYPHHX HCCJI8,U:OB8Hd llOSBOJUt¥1 COS,n9TI, ~p8KTOMOTp KAPn-3, o6Jia,nannd 
peK~~oii npOHSBOJlHT8Jil,HOCTI,l) no cp8BH8HHD C .. 8H8JIOrIJqHIDffl CIIICTeMS-
Mlt 

2 • HSB8CTHH nepBHe npI11M8H8HM MilK JI,J1H peHTreHOCTIJYKTYPHHX HC
CJI8,U:OB8Hd, npe,JtJiollteHHHe KcyoHroP*. 13 Hamel c-rpaHe BnepBHe peuTre
HOBCKd ,u:eTeKTOp Ha·. OCHOB8 MIIK C IUlglpOBHY cqHTHB8HIII8M ~OPM8IlHIII 6HJI 
COS.ll8H B Hfl~ CO AH CCCP (HOBOCH6npcR)H*~ Ilo:Cp8BH8HHD C O,tlHOK8H8JII,
HHM lUB}ipaKTOM8Tp0M Ha KAPn-3·axcno8J/IIUl'JJ CORpameHa B 50 pas npn T8ROM 

* 13aCWil>8B B.B. H .np. IlpenpJIIHT H~B3 80-66, CepnyxoB, !98.0. 
** Xehep n.M.,IlonoB A.H.,8aH8BCKd D.B.,IlemexoHOB B.n •. Ill .np. 

ABT.c:mm.CCCP Ji 10048~4. Em.neT.Z306p.,1983, Ji IO,c.I83. 
~ - . . .. 

Cock c.et al. J. Appl. Crystallography, 1974, v.7, H J,p.319. 
~* Espy C.E. z .IIP• .UoKJI. AH CCCP, 1976. T.227,Ji I,c.82. 
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lite YM8Hl>meHrur ~eBoii HarpysRn Ha 06-paseu. B HK AH CCCP Ha KAP.U-~ sa
BepmeHH c~eMKI/1OKOJio.406eJIKoBHX MOHORpllCT8JIJIOB, B TOM qncJie pa.u:na
IlllOHHO H8CTOiiKHX ll ~ 60JII,WIDA MOJI8RYJIHJJHHM BCCQM *. 

Ilp8Jt)IOl!t8Ha l'I noKasaHa BOSMOJtHOCTh. llpl'IM8H8HIDJ MIIl{ C Jl8BJI8HR8M ra-
30BOI'O H8llOJIHIIIT8JIII B H8CKOJII,KO 8TMO~ep JI,J1H Jll'I8rHOCTH~ecKJix UMeff 
,mepHol MeJlHIUIHH. npz BHeprI1111 raMMS-RBBHTOB .u:o IOO xeB. · 

IlpeJtJiollteH II npoBe,u:eH Ha cJIB~SoTpoae OH.Im BK.cnepm1e.HT; Bnep
BHe B CTIJ8H8 noxasaBWd- B03MOlltHOCTI, HCnQJII,.80B8Hl'IH ycRopeHHHX nyqKOB 
MHOrosapJJJUIHx JIOHOB· WIJ'f P8JtHOrpa~JIII~ B peayJU,TSTe BHIIOJIH8Horo OllHTa· 
IIOR888H8 BHCO,R8S qyBCTBJIT8Jil>HOCTI, JIOHHOI pa,IUiorpawn 11. llpOBepeHa BOS.;_ 
MOaHOCTI, JlCllOJII,SOB8HM BHB~AeHHHX nyqKOB MHO~OSB~X HOHOB:CIIlxpo
~80TpOH8 JI,J1H JtHBrHOCTJl'I8CRIIX .ueneff. 

TaRIIM o6pasoM, OCyW8CTBJI8HO mnpoKoe np11MeHeHJ8 ~ JI ,l!JlYI'IIIX MO
~JIR8IlJll,rasoH8llOJIH8HHX llpOBOJIOqHJiX ~OOP.llHHSTHHX lt8T8RJOp0B.B ~
Jl8M8HT!JihHH8 H npJtRJia,tlHHe JtccJie.noBBHM B ~Jtsne sJieueHTBPHHX qacTIIIl, 
6JIOJIOI'Jtll JI Me.tlllm!He, qTo U03BOJIJlJIO pelUTI, R8~8CTB8HHO HOBHe .38A8~!, 
JIJ160 YCKOp:Z:Tl, Ha6op CT8TJICTJtKJt B .neca:TRJI ·11 COTHII pa~ no Cp8BH8HJIJ) C 
'rp8Jlllill[OHHHMlf M8TO,n9MJI. 1 

Ha OCHOBe IIOJIOUTe~I,HOro OIIHT8 !Cll0JII,80B8HJIH rasoHanoJIHeHHX RO
opromaTHHX Jl8T8KTOPOB JIHTeHCJJBHO B8JtYTCH paspa6oTRJt ·HOBHX YCT8HOBOK 
JI,J1H.IIPJ!RJI8,tlHHX BCCJI8,U:OBaHd. 

AnpodanM pa6oTH.· 0CHOBHH8 pcsyJil>T8TH AnccepT8UHH. ,U:ORJI8JD,IB8JIIIICL 
Ha 3 Me:ar.eyHapo,!l;HOM COB8111BHHH no nporropnnOH8.1U,HHM H .npe~BHM K8MepaM 
(.Ily6Ha, 1978), 3 III 4 COBBl!l8HMX llOHCllOJil,SOB8HI'!l) HOBHX F.lt8PHO-qJHSH
qccKHX M8TO,!J;OB ,n.,m. pememm H8y,IBO-T8XHHlI8CKl'IX Jt H8p0JlHOXOSJIICTBeHHHX 
sa,n;aq (.Ily6Ha, !978 Ill I98I r.r.), KoH~epeHUIIIJiX no npOBOJIOqHHM K8MepaM 
(fama' I980 H I983r.r.). XI BC8COll3!10ff ROH4,epemnrn no 8BTOM8Tl'I88IlllIH 
HayqHHx BcCJieAOBaHHff Ha ocHoBe npHMeHeHM 3BM (HoBoca6npcK,. I98I). 
3 MeaJJ,yHapo,tlHOM CllMII08PIYM8 no TOHKOCJIOffHOff xpOM8TOrpatnllI (Bnpu6ypr, 
~PI', 1985), ony6JIHROB8HH B OT8~8CTB8HHHX H s.apy6emmx JKYPH8JI8X, B 
coo6meHMX OIDIH, samnmeHH 8BTOpCRHMH CBH,!1;8T8JII,CTB8MH. 

IlyMHKSIIIIIH. IlpencT8~8M8H /IIICClpT8Ill/IJI OCHOBBH8 H8 M8T8pH8JI8X · 
nccne,u:oBSHd Ill paspa6oTOK I-38 , BHITOJIH8HHX 8BTOp0M B OCHOBHOM B 
I975-I984 r.r. 

OC5~eM 8HCcepT8llBH.JlillccepT8UM COCTOIIIT HS 6 rJISB, COJlBplltHT BBe,n;e
Hlle III 88KJil)tJ8HI/Ie H I/18JIOllteHa Ha 204 CTIJ8HIIIIJ8X MSmllHOnllCHOI'O TBKCT8, 
BKJIIJqag 94 pacyima , 9 TSMHil III CIIHCOK IlllITnpyeMoff JIHTepaTYJ)H HS 

163 · H8HMBHOB8Hd. 

* AH.npnaHoBa M. E. n .np. B- KH. : KpaTitJ.rn coo6mem'l.Fr OIDIH, JI3 - E5, 
lfy6H8, 1985, C.41. 
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KPATKOE COJ:(EPl[AlillEPAEOTH ·r." 
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IlepB8SJ ~JI8B8 HOCHT o6aopHHtt xapaKTep. B Hett pacCMOTPeHH Bonpo-
CH, JIBlIJJlOllllllecsr o6lll.RMJ! .wm IioCJie.ItYJOllllllX paa,neJioB ,nJ11ccepTaI.UUI. 

IlpoBe,neHo CJ11cTeM8TIISJ11poiiaHHoe paccM0Tpem1e npoueccc>B, conpoBOllt
.llBIOillHX B88HMO,nef.1cTBHe ·. p88.7IFIHHX BH,llOB l'IOHIISHJ;>YIOUleI'o lll8JJY1ieHM C Be
mecTBOM ,neTeKTOPOB H onpe.neJimOlIU'lX IIDC OCHOBHHe napaMeTpH. :&:lIIOJIHeHH 
pac-geTH lll npe,ncTaBJieH _rpa~Jll-qecKd MSTepzaJI, aeo6xo,nm.mtt ,nJUI onTlll
MBJibHoro BH6opa ,neTeKTOpoB, npe,nH88H8'geHHHX lJ,llR pemeHM KOHKpeTHHX 
8KCil8pHMeHT8JlbHHX aa,na-g. Ilp11Be,neHH OCHOBHHe napaMeTpH H8Jll60Jiee liIJipO

KO HCIIOJibSyeMl,IX raaoB. Ka-gecTBeHHO paCCMOTpea MeX8Hlll8M·C6opa aapsr,na 
B raaoBUX ,ll8T8KTopax B 88BHCHMOCTJI OT·HanpsrllteHHOCTII 3JI8KTpriecKoro 
IIOJISJ C ~eTOM COBpCM8HHOro COCTOHHM M8TO,nll!KII rasOHailOJlli8HHHX ,1{8T8K
TOPOB. 

BTopasr rJI8B8 OTKpHB88TCSJ KJI8CCJllg)ZK8IlH8tt ~JieKTPOHHHX Koop,nlIH8THHX 
,neTeKTOpOB IIOHJll8ffPYD!l8ro H8JIY'g8HHSJ II onpe,neJieHHeM HX napaMeTPOB. Ilpo
BO,nll!TCSJ cpaBH8HJlle xapaKTepHCTl!K 3JI8KTPOHHHX KOOp,nHH8THHX ,neTeKTOpOB 
p~SJIJll'ql:IHX THIIOB. 

HaJ1160Jiee 8H8'gHMl,IMJII HS MHOronpOBOJIO"gl:IHX Koop,nHH8THHX raaoH8IIOJI
H8HIWX,lleTeKTOpOB SJBJim)TCSJ Mill{. PaccM0TpeH11e IIX H8'g8TO C 8H8JIJIIS8 npHH
uima ,neffCTBHSJ H oco6eHHOCTett K8TO,nHoro C'qHTHB8Hlm' ~H~OPMBilHH, IIOSBO
JIJrnll!ero IIOJJY'i8Tb .nBYM8Pizy10 l'lH~OPM8IlHD C o6H-gaott TpexsJieKTpo,nHott K8-
MepH, 11TO oco6eHHO BBlKHO nplll perJ11cTp8Illlllll raMM~-KBBHTOB H aettTpoHoB. 
Ha:e:6oJiee y.no6HHM II ,nemeBHM MeTo,noM K8TO,nHOro C111ITHB8HJUI ~BJISJeTCSJ 
C'beM II~OPM8IllIII C IIOMOmbD JIIIHd sa,nepll!XII (JI3).c'pacnpe,neJI8HHHMH Il8-
paMeTp8Mli Ln H Cn , raJibB8HH'!ecKH coe,n:e:HeHHol c .I{HCKpeTHHMR KaTO.nHH
MR SJieMeHT8MH Mill{. IlOJIH8SJ,S8,neplKK8 JIHHHH onpe,neJISJeTCSJ BupaxeHJlleM:· 

T = t ( L11 C11}-l/z (I) 

r,ne e -JI.l!HettHHtt pasMep .neTeKTOpa. Paapa6oTaHH H m:e:poKo .npHMeHSJ~
csr op:e:rHH8JibHHe IIPOBOJIO'lHHe JI3 C BHCOKOtt O,nHOpO,nHOCTJ,Jl napaMeTpOB 
npH BeJIH'lHHe noroHHOil sa,neplKKH B ,n:e:anaaoHe I+5 HC/MM. Koop,n:e:H8TH8SJ 
H~OPM8IlWi C11HTHB8eTCSJ C ,I{Byx KOHilOB JIB, 11TO Ilp.l!Bo,nHT K y,nBoemID 
M8CIDT86Horo K03qq)HUH8HT8~ C:e:rHaJIH C 06'be,I{HHeHHHX.06~HO 8HO,nHHX npo
BOJIOK HCIIOJll,SYJlTCSJ, K8K npaBHJIO, lJ,llR 8MIIJIHTY,nHOro OT6opa co6HTHtt H 
aanycxa per:e:cTp:e:pynnel annapaTYPH. . 

lT.aJiee npoBe,lleHo C.IICTeM8THS:e:pOB8HHOe cpaBHemrn xapaKTepHCTHK MID{ 

C IlHqlp0BHM 8HO,nHHM R 8H8JIOrOBHM K8TO,nHHM C11HTHB8HHeM ~PM8IlHH. 3a-

. 6 

MeTm&, 11TO np.e: C'beMe miqiopMBUHH C IIOMOml,D JIB CJie~eT p83JIH'l:8Tb Bpe
MeHHoe paspeme1me Mill{ IIO BHO,IO'IHM H K8TO,IO'IHM CHI'HBJI8M •. B nepBoM CJIY-
118e OHO OltOJIO 50 He,. BO BTOpoM - BpeMeHHoe paspememm H MepTBOe Bpe
MSJ ,neTeltTOpB (paBHHe IIPO!llSBe,neH.l!Jl e-r n ) COBil8,n8Xl'l' H p8BHH 06!I'IHO 

0,5+! MKC. Illar HBMOTKR 8HO,na onpe,lleJIJi8TBeJil/l1tilly aeonpe.neJieHHOCTH 
HCT.mmoro SH8118HHSJ KOOp,nHH8T npH C11HTHB8HHH C 8HO,ll8 HJIH_C K8To.na, 
IlpoBOJIOKR KOToporo Il8p0JIJieJII,HH 8HO,nHHM. IlpH C'qHTHB8HHH C K8To,na, npo
BOJIOKH KOToporo paCIIOJIOllteHH OpTOrOH8JibHO BHO,nHHM, B8JIH'gHH8 npocTp8H
CTBeHHoro paapemeHM orpaHH11HB8eTcsr o6u'gffo co6cTBeHHHM paspemeH:e:eM 
sJieKTpoHmtH. nn:a IIOJIY1ieHJ4.II BHCOKoro paapemeHHSJ Heo6XO.llHMO B TP8KTe 
perHCTP8IlHH 06ecne11.11BaT1:, .nocTaT011Ho 60JI1:,moe oTaomea:e:e cHrHaJI/myM 
(OKOJIO 50). IlpH Koop,nHHaTHOM C11HTHB8HHH C 'OMOIDbD JI3 ,llOCTHI'f!YTO 
IlpoCTp8HCTBeHHoe paapemeHHe 6 = 40 MRM /I. 

Ha-gHHa.R c HeKoTopott BeJIJNHHH raaoBoro ycMemm MK, aa sHepre
Tff'gecxoe paspemeHHe MIIK OR8SHBaeT BJil/lSJHHe npocTp8HCTBeHHHff aapsr,ll no
JIODTeJII,HHX HOHOB, cnoco6HHI HCR88HTb 3JI8RTPH118CKOe IIOJie y 8HO,nHOI 
npoBOJioRH. OT BeJIHlmHH HOHRSBUHOHHHX n0Tep1, £ ,npmco~cSI Ha 8.Jlli
HlilllY WUIHH JlHCRpeTHoro sneMeHTa aao,na,· MK aaBHCHT cJie~ o6pa-
SOM: 

M~ == q~-E ·-i . (2) 

,~SlpJJHUHeHT tiK , onpe,neJI.Rmurlf H8118JIO pelltHM8 Orp8HH118HHOI nponr
UHOH8JII,HOC_TH JteTeKTopa. JlJIH MIil{ cocTaBJISJeT BeJIH11:e:ay 3•rrF sB 12 • 
Bnwmze IIOJIO.DITeJibHOro sapsr,na B08p0CT88T C pocTOM HHT8HCRBHOCTH na
.JlSD!lero itaMIIl{ IIOTOK8 11acTHU. PaccMoTpeHo s11epreTH1tecxoe paapemeane 
'z aarpyS011H8SJ cnoco6HOCTI, MilK C 8H8JIOrOBHM H ~poBHM C11HTHB8HReM, 
yRasaHH BOSMOllHOCTH noBllllleHIDJ 6wcTpO.nelcTBHH ,neTeKTopoB. 
· B pa6oTe * BnepBHe 6HJia IIOR88aHa pa60Tocnoco6aocT1> MllK, aanOJI

HeBHolraaoo6paamn.m yrJieBOp;opo,naMZ npn .naMeHHH B HeCKOJibRO Top u. 
Ilpi &TOM BpeMeHHoe paapemeHHe JteTeKTopa MozeT JlOCTm'BTI, ,nOJiel He. 
HccJie,noBSHJm MIIl{ HHSKoro ,lt8BJI8H.HH IIOK8S8JIB BOBMOllHOCTb C08,Jl8HM 
CBJII,Horo O,nHOpo,nHoro SJieK:¥Ji!'leCROro IIOJI.R B o6'beMe K8M8pH C BeJilJqJJ
HOI E/p > IOO B-c1.C1-Top - • IlpH BTOM rasoBoe ycHJieHHe npoHcxo,n:e:T 
ae Tonxo y BH<>.JtHHX npoBOJiox. Ho H B o,naopoJtHoM sJie1tTpH11ec1toM nOJie. 
Kax CJle,JG'eT .II8 pKc.I.,B AflIK HR8Koro ,lt8BJI8111JS{ C J{OilOJIHET8JII,11llM ,npel
~131DI npolff!J[,YTJtoM, RBJIRDl!HMCH no cymecTBy npoMe~TKOM npe,nBap:e:TeJII,
Horo ycueHU (c 1to81fxiilitllHeHTOM Mc), npH ,naBJieHRH napoB zao6yTaaa 

*BinOn.F. et al; Nucl. Instr. and Meth., 1971, v~ 94, P• 27 •. 

HI Top .cocTaBJI.ReT !33 Ila. 
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PKc.I. 3aBl'ICRMOCTI, M8KCm.mJll,HOro 
sHa~eHWJ xoaiWi!IllKeHTa .n:onOJIHKTeJil>
Horo ycWieHWI B o~opo~oM SJieRTJ)K
~ecxoM nOJie npoMelKYTRa Be~KHoff 
4 MM OT ,n:aBJieHWJ napoB K8o6yTaHa. 

OKOJIO 5 Top raSOBOe YCKJieHKe ,n:eTeKTopa MOlltHO yBeJIH~HTI, no~T_l'I Ha ~a 
nop.R~a. ~TO cymecTBeHHO ITOBHmaeT tJYBCTBHTeJII,HOCTI, npl'I coxpaHeHKH 
BHcoxoro BpeMeHHoro paapeweHWJ / 3/_ . · · 

PacCMOTpeHHe Mill{ 38KaH•nrnaeTC.R aH8JIH30M nepBoro B ?~aHe np.HMe
HeHM HX ;rJ.JfR 6HCTJ)Oro OT6opa co6HTHii no yr;ry pacce.RHWJ 4 . H Onl'IC8HH
eM CHCTeMH Mill{ C paCCTO.RHHeM MeJK,JJy aHo~ rrpoBOJIORaMH I MM, npe.n:-
1!83H8~eHHOfi ;rJ)fR HaCTpoiiKH H onepaTHBHoro KOHTpOJI.R B/~ cerrapMpOBaHHO
ro rry~a aHT~efiTpOHOB / 5/_ 06e CHCTeMli R8Mep pa6oTaJIH Ha ycxopHTeJie 
Hil>BS (CeprryxoB). 

°tlaCTb rJiaBH, ITOCB.RIUeHHa.R ,Iij)8Hq}OBHM R8MepaM, HB~HHaeTC.R C aHaJIH
sa HCCJie,n:OB8HH.R Ha CHHXp()(p830TpoHe CHCTeMH ,llK, pa6oTalOOleff H8 ire>HH C 
SBM B peaJ!bHOM M8ClliTa6e BpeMeHH, rrpoBe,n:eHH?ro BrrepBHe B OIDIB 6 .:3a
BepwaeTC.R 8T8 ~8CTI, RP8TKHMH)iesyJil>T8T8MH·cHCT8MBTl'I31'lpOB8HHHX HCCJie-
,D;OB8HV.li JlK HH3Koro ,n:aBJieHH.R /_ · 

BpeM.R-rrpoeRUHOHHHfi ,n:eTeRTOP npe,n:cTaBJI.ReT co6oii h!IlK c paCITOJIOXeH
HHM na.n: Hett llil'lpOR03830PHHM ,n:pei!q:oBHM rrpoMe)IIYTF.OM. Ha pHc.2 nOK838H8 
CXCM8 M8ReTa ,n:eT8KTOpa.PeayJil>T8TH ero HCCJie,n:oBaHWJ nOR838JIK B03MOX-. 

1earo~ C::,::::1:,c 

lt0To31,11,1t n.n0t:ICOCTI.J 

nponopu.1101,1aA6H0t; Ka1:e;:•1 

Pnc.2. CxeMBTnecxoe· 
Hao6paxeHHe M8ReTa 
BpeM.R-npoeRUHOHHoro 

-~eTeKTO~a. K~ROJIJIHM8-
TOp, 22°Fa H 2I0po -
HCTO'!Hmm . ,t_ -~8CTEIJ;, 
I103BOJI.RIOlllHe rrpoBO,D;HTI, 
HCCJie,n:OB8HM ;rJ)fR pa3-
JIH'!HOro yrJia Bxo.n:a 
~CTEIJ; B ,n:eTeRTOp. 

HOCTb: H3MepeHH.R HOHl'I38UHH B,D;OJI~ Tpexa·~aCTEIJ; npK BHCOKOM 8HepreTl'I
~eCKOM paape~eHHH ( A E/E = 3% ;rJ.JfR ,J:, -~CTEIJ; c 8Heprnefi 5,2 MaB)/2/; 
onpe,n:eJieHWJ X-ROOpnHH8TH To~eK OCTaHOBKH ~8CTEIJ;; onpe,n:eJieHWJ Y -RO
op.n:mraTH TpaeRTOpHl'I ~8CTRU, rryTeM l'I3MepeHIDI BpeMeHH ,Iij)e:i!g:a MeRTpo
HOB; onpe,n:eJieHH.R l -RoopnHHaTH (c0Brra.n:a1W1eii c HanpaMeHHeM aHonHHx 
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npOBOJIOK) TO~eK.Ha TpeKe O~HM.K3 ·aHaJIOrOBHX MeTo,n:oB C~HTHBBHM • .1tJIJJ 
J4,ll;eHTH~HK8UHH-Me,n:JieHHHX JtnepHHX ~parMeHTOB B mnpoKOM nH8Il830He RX 
M8CC -H 38p.!J.ll;OB 6HJI paapa60T8H auaJior~HHff .n:eTeKTOj) C tzyBCTBHTeJII,HHM 
06'l>eMOM I000 X 400 X !20 MM /B,9/. CnrHBJibHHe_npoBO~OKH -c.JIYJKRJIH ,n:JI.R 
orrpe,n:eJierum X-KOOPnHHBTH H H3MepeHH.R HOHH38UHOHHllX n0Tep1,. 1:!acTb 
aHO~ npoBOJIOR (pe3KCTHBHHe HHTH) HMeJIH conpoTHBJieHHe 2 ROM/M H 
H8Mepmrn z -xoop,n:HHBTY MeTo.n:oM ,n:eJieHWJ aap.R,n:a: 

Z == L · 1/.r (/11 + /12.)-1 
(3) 

r,ne l - ,n:JIHHa HHTK, fl( H /12 -aMITJIKTY.n:H cHrHaJIOB, perHcTpMpyeMHe .c 
paa~H~HHX ee KoHUoB. Koop,n:HHaTa Y orrpe,n:eJI.RJiac1, HSMepeuHeM BpeMeHK 
,Iij)eilq}a SJieRTPOHOB OT MecTa ROHH38UHK .n:o pesHCTKBHHX.Hl'ITett. B 38BHCH
MOCTH OT BeJil'I~HHH rro.n:aBaeMOI'O H8 HHX KoppeKTHPYl!lllero ITOT8HUl'I8JI8 rrpo
CTP8HCTB8HHOe paapememrn cocTaBJI.RJio Gy = (0, I5+0,3) MM H <5 ~ = · 
= (3+IO) MM. llpK OCTaHOBKH ~8CTIIll B o6'l>eMe .neTeKTopa B03MOlltHO onpe
neJieHH~ RX MBCC K 38p.R,n:OB, MeTo,n:oM MSTeMaTH'!eCKOro MO'AeJIMpOB8HHJI no
K838H8 B08MOlltHOCTI, J4,ll;8HTH~l'IKBUHl'I Me,n:Jiem; .~CTIIll (c SHeprzeff no 
IO MsB/.HYRJIOH) BnJIOTb .n:o HOHOB xeJieaa. ~o ~ IlpK HCCJie.n:oBBHHR ,n:eTeR
TOpa Ha ycKOpHTeJie BTOpnHHe ~8CTRUH IIOI18,n:8JIH B ,neTeKTop IIOCJie npo
XOl!Ol;eHH.R Mill{, CJIYlltBme:ii ;rJ)fR onpe,n:eJieHl'IJI CKopOCTH ,Iij)e~a. IIo BeJIH'll'IHBM 
n0Tep1, 8HeprKH AE.H noJIHofi SHeprHH E BH~HCJI.RJICR rrap8MeTp.H.n:eHTHq)H
K8UHK: 

PI= c[(E+t:.E)8 -E 8] "'m ii; 8=,; 76. c4> 

Ha pRc.3 IIOK83aHo no~eHHOe M8CCOB08 pacnpe,neJIBHHe H30TOIIOB BO,D;O~ 
po.n:a H reJIHJI. Paapema!OO!aR crroco6HocT1, no Mace~ (lllIIB) paBHa IO% ;rJ.JfR 

rrpOTOHOB K .6% ;rJ.JfR .H,n:ep reJIHJI, 

N 

ISO 

1111 

'Ito 

I ..,. ,.. u J , rt' __ .. __ '-e IPI 

PHc.3. PacnpeneJieHKe co6HTHI 
no napaMeTpy imeHT~HKBIU'IH 
(MBCCOBOe pacnpe,n:eJieHHe RSOTO
IIOB BOnopo,n:a H remur). 

C neJil>D rrpHMeHelillll B rrplilltJU!nHHX RcCJienoBBHID 6HJIH paapa6oTa
HH MHorocTYtie~TYe JIBBHHHHe KSMepw - MCJIK 7II,I2 • IIon Hay,mHM py
KOBo,n:cTBOM H rrpx HerrocpencTBBHHOM y,18CTD 8BTopa 6w~o rrpoBe.tteHO 
CBCTBMSTHS.lpOB8HH08 HCCJI8JtOB8HJ(8 J1HorocTYI18H118TJlX JI&BIIHHHX xeuep 
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HOpM8.1Il,HOro ,naBJieHl'IJJ * H HHSKoro ,naBJieHl'IJJ **. Ha OCHOBe 8TOro ,naH 
KpaTKmi 8H8JIH9 oco6eHHOCTeff 8THX ,neTeKTOPOB H pacCMOTpeHY HeKOTOpYe 
BOSMOJKltOCTH HX rrp~eHeHl'IJJ. 

~ 

3aBepmaeTCH rJiaBa paCCMOTpeHHeM BOSMOlKHOCTll HCilOJibSOB,HHH IlP,0-
BMO'lHYX KOOp,nHH8THllX ,neTeKTOpOB .Jt)IJI UHqlpOBOff pa,nHorpa~HH 13- 167. 

TpeTLSI rJiaBa nocBJill.1eHa MeTo~e HepaspymalOlllero axcrrpecc-aHaJIH
sa M61J6HYX coe,nHHeHHff, pas,neJieHHYX Ha KOMIIOHeHTY cnoco6oM xpOMBTor
pa~HH HJIH 8JI6KTp~opesa B TOHKOM CJIOe. IlpH 8H8JIH3e Heo6XOnHMO JIOKa
JIHSOBaTb Ha IICCJie.nyeMOM o6pasue Me1JeHYe KOMIJOHeHTY, onpe,neJIHTb npo
ueHTHOe COOTHomeHHe p8,nHOHYKJIH,It8 B JIOK8JIH80B8HHYX SOHax ll IISMepHTl'> 
ero a6COJIIOTHOe KOJIH'l6CTBO B HHX. B OTJUi'lll:8 OT KOHBeHUHOHaJibHllX MeTo
.noB, xapaxTepliSYJOIIIHXCH MH HHBKoff 'JYBCTBHTeJil'>HOCTl'>IO H 6oJil'>mHMH saT
paTaMH'BpeMeHH {aBTopa,nHorpa~M), Mil 60JiblliOff Tpy.noeMKOCTl'>IO (06c11eT 
C IlOMOIUb!O lKH,ItROCTHYX CUHHTlL7IJLfIUHOHHllX c11eT1JHKOB) , COBpeMemrae H,nep
HO-gJHSH'leCKHe · MeTO,ntl .perncTpaUHH llSJIY'leHl'IH-IlOSBOJIHIOT npoBO,nHTl'> 8TH 
HCCJie,noBaHWJ MeTo,noM UH~POBOH pa,nHorpa~llH c coxpaHeHHeM 6HOY~ec
KOro MBTepHaJia .Jt)IJI noCJie;JJYlOll\eff pa6oTY c HHM. 

B I1a11aJie rJiaBY onpe,neJieHH OCHOBHlle Tpe6oBBHl'IH K ,neTeKTHPYIOllleMY 
YCTpOffCTBy: o,nHOBpeMeHHYH HepaspymalOIUllH 8H8JIH8·BCeff IlJIOIUB.nH o6pasua~ 
perHcTpaUHH HSJIY'leHM B 60Jil'>lliOM JIHHeHHOM .nHHBMH'leCKOM ,nHanasoHe; BY
COKHe 'JYBCTBHT8JlbHOCTb H npocTpBHCTBeHHOe paspellieHHe; onepaTHBHBH 
o6pa60TK8 ,naHHYX; BYCOKaH BOCilpOHSBO,nHMOCTb pesyJibTBTOB 8H8JIH38, He~ 
o6xo.nHMOCTb perHCTpBUHH fo -HSJIY'leHHH B IDHPQKOM ,nHanasoHe SHeprHH 
npHBO.nHT K onpe,neJieH!IllM TPY.IUJOCTHM. 3gq)eKTHBHocTb aHSJIHsa xapaKTe-. 
pn:syeTCH OTHomeHHeM 1JHCJI8 perHCTpn:pyeMl:lx co6YTHff C e,nHHHUY nJioma.nH ! 

o6p8:'!U8 B ceKYH.IJY ( /v ) K BBe,nei'mon B COOTBCTCTBYKlUHff ero 06'beM aK-
THBHOCTH { ,J/ ) : . 

e = ,,v.' .11-1 
(5) 

IlpH perncTpBUHII IISJIY'leHHH 32P (E..8< 1,7 MaB) OCHOBHBH CJIO!\HOCTb 
88KJIIO'l8eTCH B 06ecne1JeHHH y,noBJICTBOPHTeJibHoro npocTpBHCTBeHHoro pas
peweHM. B CJIY'lae 3tt {Ej. < 18 KaB) orpaHH'IHBBeTcH BeJIH'lHHa E : ' 

E c:::. R.·(2 A_J-I <6> 

r.ne /l - MBKCHMBJibHBH BeJill'lHHa rrpo6era SJieKTpoHoB B n:ccJie.JJYeMoM 
o6pasue TOJIIDHHOff A . 011eBH.UHO, 11To B aTOM CJIY11ae o6paseu ,noJIJKeH 
pa3MBW8TbCH B 'JYBCTBHTBJibHOM o6'beMe .neTeKTopa. 

* Abduehukurov D.A. et al. Nucl. Instr. and Meth.,1985,v.A23B,p~119. 
** 3aHBBCKd ID.B. H .np. ITT3, 1985,1 6, CTp. 54. 
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.. BosMOlKHOCTb K81JBCTB6HHOro H KOJIH'IBCTBeHHoro 8H8JIH38 IlJIOCKHX fo -
8KTHBHYX,8,nHOxpOM8TOrpaMM C llOMOIUblO MIIl{ 6YJI8 BilBPBYe IlOK838H8 B pa-
6oTe /l?. Jtam,HehIHM paSBHTHeM aToro HBHJIOCb cos.naHHe yc-raHoBoK TH
na YPAH /l8-2l/H8 OCHOBB OpHI'HHSJibHOro ,neTeKTOpa fo-HSJJY'leHM 722 •23( 
rrpe.ncTa~ero co6on e,nHHllff MO.nyJib HS Tpex Mill{ c Ha6opoM .npett~BYX 
llpoMe~TKOB ll ~HJibTpOB, O.'l'CBKSlOlUllX HH3K08HepreT~HYe '180TH ~ -cneK
TpoB 1~c H 32P. CxeMB ,neTeKTopa Il0'.K838H8 Ha pHc.4. AHaJIHSHPYeMBH pa
.nzoxpoMBTOrpaMMS BBO,nHTCH B -qyBCTBHT8JILHYll o6'b8M ,neTeKTOpa.11epes . 
IILim3 B repMeTFmoM 6oKce. Cln'Hai!H c aHo.noB_MilK ncnoJib-syl)TCH .ttJIJi oT-
6opa co6YTHtt, Koop,nHH8TH8H ~MBUM CHHMBeTCH JIHHMMH aa.neplKKH C 
KaTo.noB nepBYX nyx MITK. B YCT8HOBK8 YPAH-1 HCilOJib30B8H8 8H8JIOrOB8H 
naMHTb, OTCYTCTByeT KOOp,nHHaTHlltt·c'beM co BTOpon MilK. YcoBepmeHCTBO
BaHHSR ycTaHOBKS YPAH-2 p~60T88T HS JIHHHH C 3BM.CM-4, B peaJibHOM 
MBCIDTa6e B¥eMeHH ocymeCTBJIHeTCH: H,IteHTHq)HKBUHH HSJJY'leHM no BH.ny H80-
TOllOB 3H. 4c, 32P; HCKJIIO'l:eHHe UJYMOB H BHemHel'o ~Ha; 8KCTpanoJUIUM 
TpeKoB B T01JKY BYJie?a .HS o6pasua .Jt)IJI ,nmnmorrpo6elKI!Hx 11acT.HU, MHoro..:. 
KPBTHOe pacceHHHe KOTOpHX He CTMb cymeCTBeHHO. IloCJie,nHHH npoue,nypa 
nosBoJIHeT noBHCHTb npoCTpaHCTBeHHOe paapemeHHe .Jt)IJI 

32P .no 4 MM. JfJIH 
14c H 3H OHO COCTSBJIHeT 3 MM .H l MM COOTBeTCTBBHHO, 

}nK•m{ I, §R 
I II "' ll, . 

!L}rn<-n { 
I i •• l,_1 ~,--.-I-., ~ 

., }~:1{f f I I I I 
I D, 

Do 

M-6~KI; 

PHc.4. CxeMBTH-: 
11eCKOe HS06palle:... 
HHe .neTeKTopa, 
l1pe,nH88H8'leHHOI'O 
,nJIH 8H8JIH88 TOH
KOCJIO!HYX pa,nHo
xpOMBTorpaMM, co
~e~IUHX HSOTOllY 
3lf, I4c,. 32P. 

HcCJI~l{OB8HHe MCJlK, perl'ICTpHJlYIXIUIX Koop,nHHaTY TO'IBK BXO.ItB 1J8CTHU 
B .neTeKTOP, ll0K888JIO BOSMOZHOCTb C~CTB8HHOro noBYmeHBJi rrpoCTp8HCT~ 
BeHHoro paspememm .Jt)IJI 14c z 32P /G4/. Coa.ItBHHl:le no.n HaY1JHYM pyxo
Bo.ncTBOM H rrpK Henocpe,nCTBeHHOM y,u!CTHH 8BTOpa ,neTeKTn:pymui:e Monep
HH8n:poB8HHl:l8 CHCT8MY ll08BOJI11Jll1 o6ecnetJHTb npocTpaHCTBeHHoe paspeme
H.He OKOJIO 1 MM .If,lIJi Bcex npoeMeMIIX HSOTOllOB. lbtsxd 'JPOBBHb ~OHOBYX 
myMOB o6et:ne"<UIBaeT otJeHL BYCOKYJl -qyBCTBftWHo'cTL aHaJIJJsa~ .ItJIJl. 14c, 
HSrrpBMep, -qyBCTBRTeJII,HOCTL COCTaBJIJieT 0,5 nF.B/w/-, BP8MH 8H8JIH88 B 
cpe,nHeM OKOJIO IO -wmyT. 

1i 



T 

fu8MOlKHOCTn 8KCIIp0CC-8H,.JIJll88 llO,nRpOB8HHHX (125)') CMeCell 6emtOB, 
nOK888HHSS! BnepBBe B pa6oTe 251, paCIDRJ)RJI8 o6.JI8CTI, rrp.HMeHeHIDJ,YCT8-
HOBOK, JIICilOi8Y0MliX ,n1IJl 6lllOxm.m110CKlIX JIICCJI0,llOBSHIDi B MI'Y lll m.ffi AH 
CCCP 125 , 26 • PesyJII,TaTH aKcrrpecc-aHa.JIJ11sa o~oii lll8 RcC.Jie,nyeMTix pa
,nllloxpoMSTorpaMM M.7IIOCTpRJ>YeT plllC,5. 

PHc.5.Pactlpe,ne.JieHllle 
8KTRBHOCTH 125 Y B 
pado~efi pa~oxpoMBTor
paMMe (cHRMOK C 8Rpa~ 
HS ~CIIJI0S!) • 

IlpH 8HSJilll8e lllCCJI0,llOBaTeJII, IlOJIY'l80T ~OPMBUHil 06 OTHOCHT0Jll,HOtt BKTlllB
HOCTlll 30H, KOOP.JtRHBTH 00HTP8 me TS!Z0CTH, KOOJ>,lllllHSTH lI 3H8~0Hll!e MBKCH
MYMB B.soae, rzcTorpaMMli rrpe,ncTBBJIJnlnHX RHTepec ce~ead pacrrpe,neneHM 
lll80TOII8. KomeCTB0HllH0 JIISMepeHIDJ pacnpe,nenemm HSOTOII8 IIO SOHSM ocy
mecTBJISmTrui: CTBTJIICTnecxott o6pa6oTKOft BU,ll0JI8HHSX HCC.JienoBaTeJieM Ha 
8Itp8He MOHJIITOpa .l!HT8pecymunc ero ~8CTKOB. 

3axa~JIIB8eTM rJIBBS paccMOTpeHHeM,HeKoTOJ)HX IIpHM0H8Hd YCTSHO
BOK ,n1IJl JIICCJI8,llOBSHd B MOJI8RYJIRI>HOft 6JIIOJIOrJIIH.H M8~HHe; 

lleTBepTaSJ rJiaBa noCBJlllleHa lllCnOJin80B8HIDO MID{ B K8~0CTB0 8.JieKTpOH
Horo aHaJiora peH'rreHOBCKOH IlJI0HKlll IIplI lICCJI0,D;OB8HMX 6eJIKOBHX MOHO-'· 
Kpll!CTSJIJIOB. 0CHOBHl,T0 Tpe60B8HM K rrapaMeTpaM peHTreHOBCKOrO ,neT0KTO
pa, perlllcTpRJ>yiauero ~YM8PHYD .nmfu,aKOJ110HHYID KapTlllHY, cJielJYIOlllRe: o.n
HoBpeMeHHas_perHcTpaUM 60JI1,moro ~HcJia oTpaiKeHHfi, .nocTaTo~Hoe yrno
Boe paspemeHze ,n;m pas,neJinHoii perlllcTp8URlll pe(pJieKco:s OT KJ>RCTaJIJioB c 
60JI1,nmM rreplllO,D;OM p~meTKJII, BHCOKSS! H O,llHOJ>O,llH8S! no TIJioma~ aqq)0KTlllB
HOCTn perncTpanRz ZSJIY~0HM, .BHCOKOe 6HcTpo,neficTBJlle, Y.IlOBJI0TBOPRT0JII,
HOe SHepreTlll~ecKoe paspemeHllle ,ttJIR ll!CKJIIO~eHIDJ cpoHoBoro_HSJIY'IBHM, Hllls
Kmi ypoBeHn co6cTBBHHoro · cpoHa ,neTeKTopa, oTHOClllTeJin11air rrpocToia lI 
IIJ>lll0MJI0M8S! CTOZMOCTD. HaH6oJiee IlOJIHO 8TJIIM-TJ)860B8HlIS!M Y.IlOBJI0TBOpS!0T 
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MilK c qJIOCKHMH .npe~OBHMlll np0M0lltyTK8Mlll lll 6liCTJ>llMlll JilllHMMH sa.ne~-
Kll /27/ • . . . . 

reoM8TJ>~8CK8SJ cxeMa c~eMKlll MOHOKJ>lllCTSJIJIOB IlJIOCK.HM .neTeKTOPOM 
IIplllB8,ll8H8 HS plllc.6. 0rrTlllMlll880M reoMeTJ)llllll C~0MKlll II08BOJIS!0T o6ecne~l'!TI, 
MBKClllMBJinHoe paspemeHllle,cieMKH rrpH gJlllKCRJ>OBBHHoM yrnoBoM paspemeHllllll, 
a T8Klite MlllHlllMBJII,HOe OTKJIOH0Hllle perl'!CTPRJ>Y0MliX raMMB-KBSHTOB OT HOp
MBJilll K noBepXHOCTZ MllK, ~TO KJ>SRHe B8lKHO lIS-88 OTHOClllT8JIDHO 6oJinIDOH 
ee TOJillllllHH. AH8JIH8 rrapaMeTpOB .neTBKTOpa ,n1IJl peHTreHOCTpyKTYJ>HHX l'!C
CJie,llOBSHmi Il0K888JI, ~TO CT8Il8HI, ycKopeHJIIS! C~8MKlll orrpe,neJISJeTCSJ, rJIBB
HHM o6p880M, aqqieKTlllBHOCTI,ID perlllCTJ)SURZ lll ~l'!CJIOM 8JI8M8HTOB npocTpSH
CTBeHHoro paspemeHIDJ ,neTeKTopa. 

n~Ht&I 
peHTrtHO&CKu/.i 

n~aOK 

Plllc. 6. reoMeTpITT0CK8SJ cxeMa c~eMKz MOHOKplllCTSJIJIOB 
MilK C IIJIOCKZM .npeRgJOBBM IIPOM8lltyTKOM, e -. 6psrroB
CKlllll yrOJI. 

JJ,aJiee paccMBTJ>llB80TCS! paspa60TSHHHfi .IVLfI peHTreHOBCKoro ~YXKO
op,lllllH8THOro ,lll'lgJpSKTOM8Tpa KAPn-3 .Il8T0KTOp H8 OCHOB0 II~OCKOH Tpex-
8JI0KTJ>O~OH MllK. ,llmJ nOBHID0HM aqqieKTllBHOCTJII lll o~opo,nHOCTlll perlllCT
P81U'llll 1'!8JIY'l8HM no IlJIOma~ BBe~eH IlJIOCKD .npe~OBliH npoMeJKYTOK (2 MM) 
MelKJJY TOHKOnJieHo~HHM (11s aJIIDMHHlll8RJ>OBBHHoro MafiJiapa) BXO,nHHM oKHOM lll 
nepBBM KaTO,llOM MllK. · MaJIOCTI, ~8M8Tpa KSTOJlHHX IIpOBOJIOK 0 OTHOClllT8JII,HO 
mara lllX H8MOTKlll lll peaJinHHX. pasMepOB Y8KIDC .IlllcI>parJIIPOB8HHHX,~KOB 
o6ecrre~JIIB80T BliCOKYID O~Opo~OCTI, ·lllX perlllCTp8URlll. EoJinmlle JilllH0HHHe 
pasMepli MilK (350 X 350 MM) no cp8BH8HlIID C ee TOJIIDlllHOH {KOHBepClllOHHHR· 
IIpOM0lltyTOK - IO MM) o6ecne~JIIB8!0T B~60KYID rrpol'!8BO,D;l'!T0JII,HOCTI,, H0CMOTPS! 

'. . . . 
Ha H8KO'.t'Opoe yxy,nmeHJlle IIpOCTp8HCTB0HHOro paspemeHM ,n1IJl HSKJIOHHHX 
.IlllcI>parRJ)oBaHHHX ~oB. KaMepa pa6oTaei.Ha cMeClll Xe c 20% CH4• 

B xo.ne paspa6oTKH cos.naHa MeTo,nmca SKcnep.HMeHTBJinHoro orrpe,neJie
HM rrap8M8TJ>OB peHTreHOB7Koro ,neTrTopa ;rI,JU! CTpyKTYJ>HHX l'!CCJI0,llOB8HD 
6eJIKOBBX MOHOltplllCTBJIJIOB 21 •28-3I 'paccMOTp0HH8S! B rJISBe .Il0CT8TO~HO 
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IIOJlP06Ho. 3axawnmaeTcsr rJiaBa _!<l)BTimM paccMoTpeuneM C03'ASHH011 c ,,,V'tac
THeM 8BTOPi YCT8HOBRR (Taairmia I), Bome;1t111el B COCT8B ~8KTOM8Tpa 
KAP.U-3 /32 • , . 

Ta6mm:a I. OcHOBHlile rrapaMeTp!I YCT8HOBRH AP,U-I. 

M IlapaMeTp 

I. 3qqleKTHBH!Ifi 06'1,8M K8Mepu 
2. KBaHTOB8SI aifxl>eKTHBHOCTI, . ( UI I{ ,,t, ) 

3. Heo,nHOpO,IlHOCTI, aqxpeRTMBHOCTH 
no nJioma.nn 

4. EMKOCTI, 38IIOMIDI8Bllt8ro ycTpOICTB8 
5. ~HOJIO 8JI8M8HTOB npOCTp8HCTBeHHoro 

paspeweHwi: (,nrur nepneH,IUiKYJIJipHHX 
K IIJlOCKOCTH Mill{ IIYtJKOB) 

6. Heo,nHOpO,llHOCTI, IJIHPRHII 8JI8M8HTOB 

.nncxpeTH381Jl'IH IIO + 
7. BpeMeHHoe paspeweHne 
8. Ilpe,neJibH8H CROpOCTI, C'I8T8 rrpH 

noTepmc 25% 
9. Ilpe,neJII,Hl,18 napaMeTJ)li HCCJI8JJY8M!lX 

MOHORPRCT8JlJIOB 

3Hatiemrn 

346 X 320 X IO MM 
70% 

:t I% 
64 K 

50 000 

~ 
4% 
0,5 MKC 

2,5•Ia5 c-I 

a) MBRCHMBJibHHtt IIepzo.n pemeTim, HM 9+I8 
6)_paspemeHH8 C'l,8MKH, HM COOTB8TCTB8HHO 0.16+0,36 

Ha ~KTOM8Tpe KAP.U-3 ocymecTBJI8H HB6op .IlBHHIIX C 40 6eJIRoBHX 
MOHOKpHCT8JlJIOB, .neTeRTOPOM saperKCTPHPOBBHO 60Jiee 3·106 p~eKCOB. , 
:3xcnepHM8HTH IIPOBO,w!TCH C yoxopeHH8M C'l,8MKH B 50 pas no cpaBH8HHD C 
KOHB8HIJl'IOH8JII,HIIMH M8TO,It8MH IIpH COOTB8TCTBYJJll8M' Y?,i8HI,W8HD p8,Ill!8UJl[OH
H08 HarpySKH H8 6eJIKOBY8 KpHCTaJUIH. STO II08BOJU!8T Iij)OBOJtl[TI, npeua•
OBBHe HCCJie,noB8HWI Iij)OCTp&HCTB8HHOI 8TOMHOI CTPJKTYJ)Y 68J[lt0B C CSo.lJ,

IIIJDI MO.II8JtYJIJIJ)IUDI B8COM, B8CT8611Jll,HBX 68.mtOBHX ROIIIJJl8RCOB, 1)18HLUTL 
'lllCJlO ueo6xo.JtPYX .1tM KC0.18Jl()B8llU o6pa8UOB, ZX BeJIB1111HJ'. 

B IIHTOI rJiaBe paCCMOTP8H8 M8TO,Ill!lt8 IIpHM8H8Hmr Mill{ micoROro ,l8B
JI8HM 1l,1Ul ~OH8Jll>HOI ,Ill!BrHOCTJIKH B HJt8pHol Me,ItJIIU!He. 0,llHO KS nep-

- 14 

I 

CII8KTHBHHX HarrpaBJieHRI p83BRTM HJt8PHoil M8.JUmmIH - H3YtJ8HH8 ,IUiH8MH
'I8CRHX nponeccoB C rrpHMeHeHH8M pa.nnoqiapM8U8BTH'I8CRHX npenap8TOD, Me

'I8HHHX ROPOTKO- R YJibTpaxopoTKOUBYJIU™H pa,nROHYKJIR,Il8MR, 'ITO Tpe6yeT 
paspa6oTKK raMM8-K8M8P C xoponmMH II8paM8TP8MR, 1l,1Ul if3JIY'I8HWI C :mep
rnett .no 100 KSB H o6Jia.nalOOlHX BIICORHM 6HCTpo,nelcJBH8M. OpHOBHHe Tpe6o
B8HM K ,neTeKTOPY raMMB-RB8HTOB OJie~e: l) .ltOCT8TO'IHO BIICOKSH llq)-
lp8KTHBHOCTI, perHCTp81Jl'IH H8JIY'I8HM H BHCOK8H O,llHOpo.nnocTI, .agxJleKTHB
HOCTH no IIJioma,IlB; 2) 60JI1,moe agxJleRTHBHOCIIOJie speHM, T.e. <fiopMHpO
B8HHe H306paEeHHH Ha 60JII,WOI IIJioma.nn; 3) xopomee co6CTB8HH08 npocT
p8HCTB8HH08 paspemeHHe; 4) xopomee SHepreTHtiecxoe paspemeHne; 5) BH
coxoe 1mepreTHtiecxoe paspeme1rne; 6) cTa6MbHocn napaMeTpoB, BHcoRHe 
3RCIJJJY8T81Jl'IOHHII8 K8'I8CTB8. ,lleTeKTOp!I HS OCHOBe Mill{ BIICORoro ,It8BJICHRH 
y,noBJieTBOPHJOT ST.3M Tpe6oB8HRHM B 3H8'IHT8JII,HOI CT8Il8HH. 

naJiee paccMOTPSHll KoHcTpyxnwi:, oco6eHHOCTR pa6oTH H xapaRTepnc
THRH ,neTeKTopa, noK838HHoro Ha pHC. 7 / 33 ,34/_ 

B 

fl 

. 
D C C 

M 

't 

Pnc.7. CxeMST~ecxoe 
H306paEeHHe .neTeKTOpa. 
AHO.It - A, 60RC - B, 
CBHHUoBaH · samnTa - PB , 
cTBJibHol ~naHen, no.n
.nepuBBmHI BXO,llH08 
oRHo - K ( Fe ) , cmrn
uoBUff ROJIJIHMSTOP -
K ( P8 ) , ToHKoe Bxo.n
Hoe oRHO - M. B TOtIRe I 
npoRCXO,ItHT ROHBepcHH 
nepBR'IHOro "6 - KB8HT8 , 
B Totrae 2 B03MOJ!H8 KOH
BepcM ginyopecueHTHoro 
KB8HT8. 

JleTeKTOP, npe.nCT8BJimllld co6oft Mill{ C .npeff~OBIIMR rrpoMelflYTK8MR 
B8JIH'IHHOI 34·MM, pasMemeH B repMeTH'IHOM 6oxce, Il03BOJIHD!l8M pa60T8TI, 
npH H36HTO'IHOM .naBJieHHH B 5 8TMO~ep. KoJIJIIDviaTOP, orrpe.ne.11HllllZI IIOJie 
3peHI/IH ,ncTeRTopa, RMeeT rexcaroHaJibHYJO CTPYKTYPY, OTBepcTM p 2 MM 
pacnoJioZeHH c maroM 2,5 MM rro n~oma.nR 270 x 270 MM • .l{eTeKTop pa6oTa
eT Ha rasoBoff CMeCH RC8HOH8 6 IO% M8T8H8 • 
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IlpH ~OToaqxjieKTe Ha 8TOM8X KCeHOH8 BOSMOXeH Bmcon qi.JlyopecueHTHO
ro KBanTa n sHeprnen 30, 4 xsB -H cpe~en .nn:RHoit oBo6o~oro npo6era 
OKOJIO 3,4 CM, ~.iryopecmeHTHHft KB8HT MOXeT BHftTH 38 npene;ra neTeKTopa_ 
MR, B pe3yJibT8Te BSBRMOneftcTBIDI, B CBOID otiepen:r, BHSB8TI:, BTOpon (~o~ 
HOBblH} Cl'lrHaJI. Bo B_peMe1tn STH nBa cnrIISJIS pssneJieHH sa · ctJeT pasroro 
nyTn'i:uieii~a ~OTOSJieKTpOHOB H MOryT ll,UeHT~HIUIPOB8TI:,C,H SMIIJIHTYJJ.HHM 

8H8Jll!!SOM ·HMnyJII:,COB C 8HOnB neTeKTOPS. . · 
l1CCJI8JJ:OB8JICH neTeKTOP C llOMOl!ll,ID ¥ -HCTO'IH.0KOB 24111,,, H 109C/B 

COOTBeTCTBHH C cymecTBYmtHMH OTaHnapTaMH nJIH raMMB-r:aMep. IlOK838H8 ' 
xopoma.H Jit'!HeHHOCTl, l'I o.nnopo,nHOCTI, · no Been IIJIOI118nll neTeKTO.PS, npOCT-'
paHCTBeIIHOe paspememrn nJIH 241 Jim COCT8BIDIO Be.nHtil:!HY OKOJIO' I,5 MM. . 
:3qq)eKTHBHOCTI, perHcTpaUHH npomenmero tiepes KOJIJIHMBTOP HSJIYtieHrur B 

38BHCHMOCTH OT 8HeprHH noKaS8H8"H8 pnc.8 (KpHBa.H. I). 0T6paKOBK8 '180-' 

TH COOHTmi -OHCTpHM BpeMeHHHM rrpoueccopoM rrpl'IBO.JtHT K CHHEeHHID peaJibHOft 
ajqleKTl'IBHOCTH npHMepHO B I,5 pasa (KpHB8.H 2), y.iry-qmaH ROHTp8CTHOCTI:, 
HS06paEeHH.H. ~)IJJ KB8HTOB C SHeprnett 60 RSB peaJibH8,H sgxf)eKTHBHOCTI:, -
42%. 3aKaH'IHB8eTC.H rJiaBa 1)8CCMOTpeHHeM pesyJibT8TOB npe,I038pHTeJibHHX 
HCCJienoBaHmi paspa60T8HHOtt CHCTeM!l B cpaBHeHHl'I C o6H'IHOft CUHHTHJJJIJI
UHOHHOff raMMB-KaMepon. Ha pHC.9 noK838HO HSo6paEeHHe ITO'leK, no~eH~ 
Hoe raMMB-KaMepon ja ocHoBe MIIK BHcoKoro naBJieHH.H, pa6oTanuen Ha JIH
HHH C MHHH-3BM / 34 • 
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Pl'!C. 8. SgxI)eKTHBHOCTb 
perHCTPBUHH HSJIYtieHM, 
npome.nmero B ,neTeKTop 
tiepes ROJIJIHMBTOP, B 
saBHCHMOCTH oT sHep
rHH raMM8-KB8HTOB. 

ThMMB~RBMeps HS ocHoBe MIIK_BHCOKoro .nsBJieHM MOJ'YT 69Tb HcnoJII:,
soBaHH npH ~OHSJII:,HOl~octmce C npDleHeHJleM npenapaTOB~ Me-

1J8HHHX noTonaD c sHepr:11el •s~eHu · .no IOO xsB. Taue raMMS-RBMeps 
MOJ'YT BMeTb 60Jn,moe npmroyrom,Hoe llOJI8_. speHU np• OTHOCIT8Jll>HO:-uIS
ROI mt CTOHMQO'l'K:.Il.I>.K, Iij)D18H8HU 6WCTJ)OI perICTpBpylJltel SJI8K'l'J)OHHOI 
ammpa~s-:eoBMouo odecne"IHn duoTPo.1teAcTl!lrie no 2,5·ro5o-1 / 31/. 
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_Pim. 9. PesyJibTaru o6cJie
.noBaHH.H C llOMOl!lbID raMMa
K8Mepu Ha OCHOBe MIIK Eli

COKoro .rtallJ.IeHWI. Heo!'H,I(-
PHH - 197H . Ha CHHMRe 
c .nncITJien ~o 

1
o:,roBoe 

nopaxteHHe IIOTielt' 34 • 

llieCT8,H r~aBa llOCB.HilleHa 8KCnepHMeHT8JII,HOMY HCCJie.noBaHHID BOSMOX
HOCTeH pannorpa~Hl'I B JJYtIRe HOHOB re~HR ~ pemeHHID MeTO,nHtieCKHX npo6JieM 
nOCT8HOBKZ SKCITeP,HMeHTa. PaCCMOTpeHH Kp8TKO OCHOBI!He noJioJKeH.lm HOH
Hott pa,nnorpa~nn 735/, c~e~aHH oueHKH ee tIYBCTBHTe~:r,HocTn nJIH pas~nq
HHX TRJKeJillX sapmtemwx '18CTHU. 

BHBO~ IJY'IROB .H~ep·cpe~nx·sHeprHtt (.rto COTeH MsB/HYKHOH) OTKpHBa
eT ,JtOnO~HHTeJibHHe BOSMOlKHOCTH Me,nl'IK0-6HOJior~eCKHX HCC~e,n'OB8Hd HS 
CRHxpoqiasoTpoHe 01'.ffiH • .Ivm nOJtTBep.lK,ll;eHH.H SToro 6!i~8 cos.naHa YCT8HOBK8 
C ueJII:,ID npoBe,JteHH.H OnHTa no HOHHOH pa,nnorpa~nn nyTeM H8MepeHrur OCT8- / 
TO'UIOro_ npo6era '18CTHU. MeTO,JUIBOi1: npoBO~O'IHHXrasoHaIIOJIH8HHHX ,neTeKTO= // 
poB. Y CT8HOBK8 co.nePJK8~8: I) CIUU!TWLJIJJUHOHHlle C'leT'lm<H H nByxKOop.nn/ 
H8THHe MIIK·co cql'ITHB8HHeM l'IH~OPM8Ul'lll ~HHHRMH sa.nepxKH, CJIYEBl!ll'le ,nJil> 

ee sanycKa H onpe.ne~eHIDI Koop~HH8T IJY'IROBHX '18CTHU; 2) ,neTeKTo~&
T8HOBKH <no), CJIYlltBmntt ,nn:.H npeunsHOHHoro HSMepeHH.H OCT8Toqimx/npo6e-. // 

roB qacTHU, npome.umnx qepes ncc~e;:iyeMHft o6~eKT; 3) SJI8KTl)O~Hoft cnc-
TeM!l c~eM8 IDi~OpM8UHH, npe~a8H8tieHHOH ,nn:.H npneMB CHrHaioB, BHpa6oT-

. . . / 
KH TpnrrepHHx HMnyJibCOB, oT6opa co6!iTmi no sa.naHHHM/I<P.HTepHRM, opra-
Hnsaunn CBHSH c SBM HP-2II6_B. CxeMS pacnoJioxeH~/annapaTyp!,I Ha RaHa
Jie noK838H8 Ha pnc.IO. Ily'IOK g,nep reJilffi C 8Heprnen 200 MsB/HYKJIOH 6HJI 

/ ·-~ 
cos,naH cneuna~bHO nJI8 .nBHHOro OITHT8, ero XJP8KTepncTmtl'I HCCJie,noBBJIHCb 
C llOMOillbID cos,naHoft YCT8HOBK.H. PasMepu ny'!Ka - 80 X I20 MM, yrJIOB8,H 
pacxo,nHMocrL - MeHee IO MJ>annaH,li3M8Hefme HHTeHcHBHOCTH no nJioma.nn 
He npeBRmaJio IO%. Oco6eHHOCTbIO ycTartbBKH RBJI&1.[ac:r, nepe,natia 6o~:r,moro 

/ 
o6~eMB .naHHHX sa BpeMR c6poca ny,i<a (60Jiee 24 KCJIOB sa 250 Mc), '!TO 
orprum'll'IBaJIO Tpe6oBaHrur x HHTeHCliBHOCTli. 

- ~~------r,: ---- --eMtt1~li/;Uh1Liil IDK:'t'f.nl'l~ 
Wltf.itlbJJ[ UtGJelOMm'iJ . 

. I . t";HE:,JH,j(ffEHA 
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6oxc c BO,llOit ~ 

Pnc.IO. CxeMB pacnoioxeHM sxcnepRMeHTam.not anrrapa-· 
TYPH Ha BHBe,lleHHOM ny,me l'IOHOB reJll'IH, IT - norJIOTHT~m.. 
S - CUHHTIJ-!IJiffill'IOHHHe CtJ9TtJHKH, JlQ- ,lleTeRTOp OCTBHOBm1:-

JleTeKTop OCTBHOBKH rrpe,1tcTa~eT co6ol cncTeMY na I2 HeaaBHCHMHX 
rrpoBMO'IHHX RBMep (KSHBJIOB) C paaMemeHHHMR M8l!rJJY Hnm norJIOTl'ITeJUIMJI, 
pom, ROTOpHX BHITOJIHJ:tJm 8JIDMY.HReBHe R8TO.u;fl. lleHS KBH8.1IS no COCTBBJIJJJia 
0,082 r/c;l•TKBH88KBJIBaJieHTHOro B8ll!9CTBS. Tl'IIll'I'IHSH rncTOrpaMMa CTS
THCTl'I'l8CKOro pscrrpe,lleJieHM TOtJeR OCTBHOBKH 1I8CTl'J!l ,ll,}JR roMoreHHOro 
nor~oTnTeJIH noxasaHs HS pnc.II. Pacrrpe.neJieHne xopomo onHCHBSeTcH rayc-

COBOH 88Bl'ICRMOCT!,D, B9JIHlll'IHS cpe,ItHBKBB,Iij)S-
' I Tli'IHOro OTMOHBHM COCTa~eT I,9 KBJIBM no, 

if · Mn O,I56 r/cr/-. McCJie.nyewl o6~eRT, noMemeH-i• , !i& HHH B rry1IOK l'IOHOB reJIM, "npoeru1pyeTcH" Ha 
iif nJIOCKOCT!,, opToroHSJll,f!YIO OCH ny'lKS, S rrpe,It-uu CTSBJIJml!8H HHTepec nJioma,ltb ,ll8JIHTCH Ha p8BHJ,18 

iip: no BMJNHHe npHMoyrom.HHe H1IeffKn (IOO x IOO). 
:HtU Pscrrpe,lleJieH11e To11eK ocTaHoBKn ,ll,}JR KSlK,D;ol e.1.1e-
j ! f 1 !i MeHTSpHoit HtJeffKn orrpe,lleJIHeT nJIOTHOCTb 1I8CTII 

dn11·1' o6MKTS, rrpoemrpyeMoro H8 COOTB8TCTByJlllYI) HJ H . J11ieibty. PesyJI1,TaTH rrpe,llcTsBJIJmTCH c n0Mom1,D 
-~h: 1 i: UBeTHOro TB-MOHKTOpa, 88HOCHTCH B 0,ItHOMepHHe 
f !!~!:Jfi II 203YMepHHe rHCTOrpSMMII II T86JIHIUi. 
M ••••• :::::... • 3aKSiltUIBaeTcH rJiaBS BHaJI11soi.t pesyJn,TSTOB ··--•1 .. •i• .. ;;- .~ 
•:::: •• ::i-•~~IICCJI8,llOB8HJ!il, KOTOpHe IIOKS88JIII BOSMOGOCT!, 

· · 11crronso:aaHM BHBe,lleHHHX iiytmoB H.It8P AM ne-
P11c. II. · Jieft pa,llllorpa~Jlii. tlyBCTBJ1TeJI1,Hocn ue-ro,lla on

~.lleJieHu BSM8HeHd IIJIOTHOCTII COCT8BJIJf8T 
0,0~ rrp11 rrpOCTpBHCTBeHHOM paspemeHn, JiyTm1e11, 

'18M 2 X f3~~;JIY'18BOI HarpysK\H8 o6~eKT JlCCJie,llOBS~, M8Hl,mel, '18M 
I Mps,n. • 

18 

B ~3aKJIIO'l8HHH C(p()PMYJillpOBaliJ,1 OCHOBHH8 BliBO,llli ,Itl!CC8pT~: 

I •. ITpoBe,neHO Cl'ICT8M8TJI'lecxoe IICCJI8,llOBSHBe BMilJIHTY.ItH!iX l'I rrpoCT
paHCTBeHHO-BpeMeHHHX xspaKTepl'ICTHK rrpOIIOPIU!OH8Jll,llllX H ,Iij)e·llq)oBllX Ka
Mep, aanOJIHeHHHX rasOBllMR CM8CHMH H8 OCHOB8 IDiepTH!lX rasoB-MB napsM.l'l 
yrneBO.ItOPO,D;OB npRI ,ll8BJI8HRIH OT COT8H Ila ,no COT8H I<lla. IlcixasaHo, 'ITO 
npn HH8KOM ,ll8BJieHn11 (0,2+I I<lla) RMeeT MecTo MexaHH8M ,nonomiHTem.Horo 
yc.MeHM 88 C'I8T Y.ll8pHoit l'IOHH88UHJI rrpn ,llBH.l'.8HIIH 8JI8KTpoHOB B'O,ItHopo,It
HOM 8JI8KTpH'18CKOM IIMe. 3To Il08_BOJU!8T B M!IK C .Y8K03S80pH!lMH .npe~BH
MII npoMe,cyTK8M.l'l noBHCHT:b r880B08 YCHJI8Hll8 Ha ,llBS nopH,ItK8. ITo.n H8y-qH!lM 
pyKOBO,llCTBOM SBTOpa JI ITPJI ero Henocpe,llCTB8HHOM y-qscTHR BnepBHe -13 CTpa:.. 
He C08,ll8Hll, l'ICCR8,llOB8HH B BHe,u;peHlil MHOrOCTYIT9Hl.I8Tlle JI8BllllHll8 RBMepll, 
pac5oTBil!IMe B IIIJip()KOM ,nnanssoHe .naBJieHJII~ ' 

Psspa6oTaHs MeTo,D;HKa mnpoRoro npRIMeHBHM Mill{ JI ,u;pyrnx Mo.nwf)mca
ud rasoHanOJIH8HHHX KOOp,llHH8TH!lX ,neTeKTOpOB B ipyH,IJ;8M8HT8Rl,Hlil9 JI rrpnx
JI8,ItH!i8. JICCJI8,llOBBHHH B ~JISHKe 8JieM~HT8~HlilX 'ISCTJIU, 6JIOJIOrHH l'I M8,IJ;l'IUH
H8, xsx c ueJil>D ycxopeHM Hs6ops CTBTJICTHKH, TSK JI .ItJIH pemeHJIH xa
-qecTBeHHO HOBllX 88,llB'I. 

2. BrrepBlle B CTpaHe npBMeHeHH Mill{ ,ItJIH opraHB88UHH Bll6opo'IHOro 
sanycxa 8KcnepHMeHT8Jil,HO! YCTSHOBKJI no ii:BMepeHBD HS ycROPJITBJie M~B3 
yrrpyroro $"'p -pacceHHM Ha Mame yrm;· . · 

3 •. BrrepBllB B ORfIM paspa60T8HS JI BCCJI8,llOB8HS Ha CHHXp()(pS80TPOHe 
CBCT8M8 ,Iij)eit~OBllX KBMep, pa60T8Dl\8H H~ JIHHJIJI C 9BM. IlOK888HO, 'ITO B 
xaMepax c 60JI1,mon .nmmoit_,Iij)e!gia (.no 50 MM) o6ecnel.IIIBae-rcH orrpe.neJieHne 
KOOp,llHHBT TPBKOB 88pHl!8HHHX 'ISCTJill C TO'IHOCT!,D He xyxe 0,2 MM. 

4. Paspa60TB.Hll H BB8.Il8Hll B 8KCilJIY8TSUHJO B COCTSBe snrrapaTYJ)ll ,lll'I-
. arHOCTRKII ny-qxa (H~B3, CepnyxoB) MIIK C uwf)pomtM C'IHTllB8HB8M, o6ecne

'll'IB8!0JllB8 BllCOxyD KOOp,lll!HSTHYJ) TO'IHOCT!, (mar HBMOTRH 8HO,ll8:- I MM). 
CncTeMB 11s.I0 T8Kl'!X KSMep ycnemHo RCnOJI!,80B8JI8C~ 6oJiee 5 ~eT ,ItJIH HSC
TpoffKn cenapnpoB~HHoro ny1IKa SHT~ei1TpoHoB c JIMnyJil>CoMI2,2 raB/c. 

5. Ilpe,llJIO.EeH, C08,ll8H JI JICCJI8,llOB8H_BpeMH-rrpoeKUBOHHH!.,ll8T8RTOp Ha 
OCHOBe Mill{ C mnpoK08S80pHllM ,Iij)8itqJOmtM rrpOMBJKYTKOM, pa6oTSl!llld Ha rrpm
uime sReKTpoHiioro ii:p<>eiu1po11aHM Tpexs sapHllteHHol 11acTJillll zs ,Iij)eilqlc>Boro 
npoMe,cyTKa Ha 8HO,llHyD n~OCROCT!, MIIlC •. IlOKS38HO, 'ITO ,ll8T8KTOP no8BOJIHeT 

. . . . ' 

BOCCT8H8BJll'IB8TI, nMffYD rrpOCTp8HCTB8HffYD RBPTIDIY ,llBU8HJIH 8SpH.1'.8HHHX 
'JSCTJIU B ero.o6~eMe 11118M9pHT!, IIJIOTHOCTI, IIOHII38UHJI HS Tpexe. 3Hepre
TJI'IBCK08 psspemeHJ!B rrpn perJICTPSUJIJI I, :-tJSCTJill. C SHeprnel. 5 MaB He xy
lte 3%. !IpoCTPSHCTBeHHoe paspemeHJie oROJIO 0,3 MM ( G ) • 

HcCJie,llOB8HJie ,ll8TBKTOPS HS CIIHX~880TpOHe ORfIM noK83S~O_BOSMOllt
HOCTI, pss,u;eJieHJIH JiaoTonoB Bo,nopo,na JI reJIIIH, paspemannsH cnoc66HocTb 
no Meece rrpl'I STOM (lllIIB) cocTSBJUia IO n 6% cooTBBTCTBeHHo. MaTeMSTB-
11ecKHM MO,llBJIJipoBaHJieM noRaBsHa BOSMOEHocT1, ii.neHTwf)JllUIIUIJI a.neMeHTOB .llO 
IIOHOB lt8JI88S BKJIJll!HTB~l,HO. 
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6. Ilpe,ItJIOJKSHH .JI C08.U8H!l OpHI'IDiaJII,HHe- MO,ItHq).lllrallJ!H 3JI8RTPOM8rHJIT
HIDC JIJIHmi aajeplKKH, paapa6oTaHa MeTo,JUma Ha JIX OCHOBe B!lCOROTOtfHOro 
RaTo,ItHoro c~mnrnamm xoop.ItPIHaTHoff nHtiopMaJ.UUi~ 'ITO Ham.'l:o mzpoxoe rrp1r
mmemm npJI C03.U8Hl'IJI cnerura.mrnnpOB8HHl,!X YCT8HOBOK •. IlpRI perHCTpanim 
J: -traCTmt C. 8Hepr11:ei1 OROJIO 5 MaB ,l(OC'l'BrffYTO Iij)OCTp8HC'l'BeHHoe paspe-

memrn 6 = 40 MRM. ' 

7. 06ocHOBaH8 JI axcnepllMeHTaJihHO no,nTBep,!(,Iletta nepcneRTHBHocT1, 
npl!MeHeHM npoBOJio·rHHx rasoHanOJIHeHHwc Roop.ItIDISTHHX .ne-reRTopoB 'lf -RBaH
TOB JI HSffTpOHOB ;ri.Jur neJieff p8.l(1IOrpa~z~. IlpoBC,It8HO ·cp8BH8HJI8 p8.l(1IOrpa
~2'18CRJDC CJICTeM Ha OCHOBe 8TJIX ,neTeRTOpOB JI TP8.IUIIUIOHHHX CJICTeM. 

8. IIpe,nJio.lleHo Bnepmie· JICllOJIJ,30BaTb npOBOJIO'll!He rasoHaIIOJIH8.HHH8 RO
Op.l(JIHSTHHe .neTeRTOPH ,l(JIJi K8118CTBeHHoro JI KOJIJNCCTB8HHOro aHaJIJI88 ILlIOC
RIIX pa.IUfOXJlOMaTorpaMM Jr MeKTp~perpaMM ,Me'leHHwc ..fo -aRTJIBHWMJI 11so-
TonaMJI 3H, I4c' 32p. . . 

Bnepmie llp8,nJIOJl8Ha Jr 8RCilE!p1™8HT8JIJ,HO. IIOR8'88H8 BOSMOZHOCTJ, npoBe
,lt8HJIIJi 8H8JIJI38 JIO,It1IpOB8HHOi1 CMCCJI 6eJIROB (125J') nyTeM per.lCTPEIUU X8-
paRTepHCTJr'l8CROrO II8JJY'i8HJ111l'. C n0Mom1,~ TSRlllC ,l(8T8RTOPOB. 

IIpe,nJio.lleHH JI peaJIJIBOBSHH B yc-raHOBRaX ,ItJIH aRcnpecc;.;.aHaJI11sa 11e11e-

HHX coe.l(1IHem Ha nJIOCRJIX.HocJITeJJHx opJJI'JJHBJIJ,HHe ,neTeRTopu }-: H 'f
Jra.71Y'ieHl'!H. P88p860T8H8 M8TO,l(1IKS 8RCnpecc-i3H8JIJr88 B Ilp8RTmte JICCJIEl,l(O
BSHJrlt B o6JracTJr MOJI8RYJIRPHOff 611:0.irornii: I npo:e'o){!Ml:X: H,nepHo-qm81'ftf8CR1IMH 
MeTo,naMJI. Paspa6oTaHHHe MeTo,na II annapaTYP8 ycrie111Ho npl!MeHHeTcH npn 
lJCCJI8.UOB8HMX 6l'fOJIOr1ItreCRl'f 8KTID3HHX BemecTB ,M8"i8HHHX p8.UP!OHYRJill!Jl8Ml'f' 

B MI'Y 1261 JIB HHcTBTJTe MOJI8RyJIRJ)HOI 611:0JIOrHH AH CCCP 1251_ , 

9. IIpe,nJio.lleHa JI cos.naHa opJIT'JrHSJIJ,HSH MIIIC c IIJIOCRIIMJI ,I!J)ef!qioBHMJI 
II:fOM8~TR8Wf JI 6HCTph'MP.I JIJIHMMJI sa,nepl!RJI, BO!ll8,nlll8H B COCT8B!)8HTr8HOB
OKOro .u~p8RT0!,'.8Tpa RAP.l{-3. Paspa6oTaHa MeTO.IUIKS l!CnOJIJ,SOBSHRJH KO
Op,IUiHSTHHX IlpOBOJIOtfHHX .ne-reR'I'opon c 6!lcTpHMI'! JI3 .ItlIH ~paKToMeTpl'!-
'tiecxn 3RCn€.pmJieHTOB C 68JIKOBHMRJ MOHOKp1ICT8JIJI8MRJ. '· 

MIIIC o6ecne-qJIBa~T BllCOicyD agxf)eRTimHocu per11cTp8UJIH Cul,e -RI8JIY
'<ieHM (70%), xopowyxi O,ItHOpo.JiHocn ~eKTIIBHOCTI! no IJJIOmamt (:t I%} H 

OKOJIO 50000 aJieMeHTOB npocTpaHCTBeHHoro paspememra ~PSRIUIOHHo! 
RBpTJrnll. 

Ha ~paKToMeTpe RAPJl..:?3 Bill{ AH CCCP JicCJie.QYDTCH Kp11cTaJIJIH c ne
p,ro,noM pemeTKJ[ ~IB HM np,r paapemeHJIB c~eMKJI O,I6+0,35'liM COOTBeTCT
BeHHO, 88 ROpOTRJiit cpoR UOJJY'ieHH .UBHHHe .It7!H 40 MOHORJ)IICTSJIJIOB 6eJIKOB, 
npll BTOM saper,rcTpJIPOBaHO OKOJio 3·I06 OTpallteHd. 3Kcnep1!MeHTH no cpa
BHe~ 0 0,nHOKSHBJIJ,HIIMR ,lUlqipaKTOM8TpaMJI npOBOMTCH C ycKopeHlleM BO 
BpeMeHJI B 50 pas IlpJI TBKOM.lle YM8HJ,WE!HJI1I Jiy'lleBoff H8rpy8KII HS o6paseu. 

IO. BnepBlle B OTpaHe npe,nJioXeH JI cos,naH .neTeKTOP 1(~KB8HTOB Ha 
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OCHOB8 MIIK .BHCORoro ,l(SBJieHU (rBMMB-ltSMepa), KOTOpB.fl B COCTaBe ;uar
HOCT.INSCKOI YCT8HOBR1t npe,D;HaSH8118H8 1l,1ISi 060Jie.no:aamm nanaeHTOB. 

. 060CHOB8H8 BOSMOmlOCT!, npl!MeHeHH.fl ra80HaIIOJIH8HHHX KOOl).llHHBTHHX 
..neTeRTOpoB 'If - RBSHTOB ,l(JIJi Jta8I'HOCTFl8CXHX. neJiel ·.fl,ll;epHolt ve.iummm. 
,IIeTeKTOP C 6onllll!M noJieM speH:Hll .HMeeT BHCORyD aq'x}\eRTIIBHOCTJ, peracT
panaa HSJIY118HH.fl C 8Heprael .no IOO xeB B BHcoxoe co6oTB8HHOB I!pOCT
paHCTBeHHoe paspemeHJle. IIpe.ItBSpJITBJIJ,HHe HcOJie.noBBHJ!.fl noxasan .Bos
MO.llHOCTE. BCll0JIJ,80B8lllm raMMS-KSMepH 1l,1!Rj)Jl,l(8 ;IUISI'HOCTHt:feCRJi!X. o6CJie
,llOBaad, B HSCTOR111ee BpeMJJ raMMS-RaMepa npoxo;uT .Jt1IBTem,mie KJIB
HHt:J:ecue BCIIHTSHB.fl. 

II. Ilpe,nJI~eH axcnepBMeHT no BOHHol pa;uorpaqiBH, paapa6oTaHa 
B peaJmSOBSHS 8KcnepmaeHT~JIJ,H8JJ M8TO.llBR8 OIIHTS no HOHHOI pa;uorpa
qiBH Ha CBBXpO(p880TPOH8 OHHH C U8JIJ,D onpe,neJieHWI 1IYBOTBBT8JIJ,HOCTB 
M8TO,ll8~ Ilpopa6oTaHa CX8M8 8KcnepJIMeHT8, oneHBHH H .HCCJI8,llOB8Hii napa
M8Tpl:I BHB8.lt8HHOro ny1IK8 MHorosaps.JtHHX HOHOB reJIWI. Cos.naHa ,neTeK
TBPYJll!S.fl traCTJ, 8RcnepDeHT8JIJ,HOI YCTBHOBRB. Ilpe,nJI~eHH H8KOTOpH8 
SJII'OpHTMll, BCIIOJIJ,Syewe np11.06pa60TK8 8KCllep.BMeHTSJIJ,HOI HHIP()pMBUKH. 

BnepBHe B C'l'paHe 8KCnep111MeHT8JlJ,HO IIOR838H8 BOSMOmlOCTJ, HCIIOJIJ,
SOBSHH.fl ycxopeHHHX 'IJSCTHU ,l(JIJi HHSRO,llOSHOI pa,nnorp~BH. Ha ny11R8 HO
HOB reJ!WI paspemeHJ[e no IIJIOTHOCTH COCTSBHJIO 0,08%, IlpOCTpaHCTB8H
H08 paspemeHHe - 2 X 2 MY, npH 8TOM JIY118B8.fl HarpySRS 6HJia OKOJIO 
I MpaJl. 

I2. HaROIIJieH OIIHT HCUOJIJ,30B8HliVJ ra80HaIIOJIH8HHHlC ROOP.IUm8THHX 
,JteT8JtTOpoB B qiyH,l(aM8HT8JIJ,BBX B npBltlIS.JtHHX KCCJl8,JtOBalillSDC B (pH8HK8 
a.neMeHTapHHX 118CTHU, M8,IUlIUIH8 H 6.HOJIOI'Jll'I. 
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