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B ,nuccepTaUHH onucaHLI HCCJie,noeaHHH, BhIIlOJIHeHHLie 

aBTOPOM e 1968-1973 rr. e Jia6opaTopHH .H,nepHhIX npo~JieM 

O61.e,nHHeHHoro HHCTHTyTa a,nepHhIX Hccne,noBaHHH. Ocuoe­

Hhie, peJyJILTaTLI 3THX uccne,noeauuii 6LmH ony6nnKoeaHLI 

B CTaTLHX H npenpHHTaX /I - 5~ Ilpoee,neHHhIH UHKJI pa6oT 

HBJI.HeTCH pa3BHTHeM MeTo,na oµpe,n:neHHH, Kpop,nHHaT Japa­

)KeHHhIX lfaCTHI.( C IlOMOll.(hlO ycTpOHCTBa 161 , npe,ncTaBJIHIO­

mero co6oii MnoroHHTHHYIO nponopnnonanLnyIO KaMepy c 

HCil0Jlh30BaHHeM npHHl.(Hila ,neneHHH TOKOB. Ilpe,nJIO)KeHLI 

H 3KCnepHMeHTaJILHO uccne,noeaHhl MeTOAhl H KOHCTPYKl.(HH 

KaMep AJIH HJMepeHHH KOOPAHHaT KaK OT,neJILHhIX lfaCTHI.(, 

TaK H IlYlfKOB .lfaCTHI.(, He CJIO)KHLie npH npaKTHlfeCKOH 

peaJIHJal(HH H o6ecnelfHBaIOll.(He BhICOKYIO TOlfHOCTh H3Mepe­

HHH H 3tteKTHBHOCTh npH HCilOJlh30BaHHH BO MHOrHX tn-

3HlfeCKHX OilhITax. 

BBEJ(EHHE 

Ha py6e)Ke 1968 H 1969 rr. o,nuu HJ nau6onee 3tteK­

THBHLIX ,neTeKTOpOB, HCilOJlh30BaBlllHXCH B tHJHlfeCKHX 3K.,. 

cnepuMeuTax copoKOBLIX ro,noe, - nponopnuouanLHLiii ClfeT­

lfHK - IlOJIYlfHJI ceoe BTOpoe po)K,neHHe. TaKHM o6pa30M, 

HOBaH HCTOPHH nponopnuoHaJILHhlX ClfeTlfHKOB e,nea HaClfH­

TLIBaeT 5-6 neT. O,nnaKo nporpecc 3JieKTPOHHKH, BKJIJO'lfa.H 

BhllfHCJIHTeJILHYIO TeXHHKY' Il03BOJIHJI OlfeHh 6LICTPO pa3BHTh 

TeXHHKy nponopnnouaJILHhIX ClfeT'iHKOB. K HJBeCTHhIM ,no­

CTOHHCTBaM 3THX ClfeTlfHKOB, TaKHM, KaK uenpephIBHhIH pe -

)KUM pa6oTLI, Manoe MepTBOe epeMH, H3Mepeuue HOHHJaUHH 

B IllHpoKoM ,nuanaJoue, 'choco6uocTL pa6oTaTL B MarHHTHOM 

none. u ,np. - ,no6aBHJIOCh uoeoe Ba)KHOe KalfeCTBO - BOJ­

MO)KffOCTh . HJMepHTh C 60JihlllOH TOlfHOCThIO KOop,nnuaTLI 
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MeCTa nponeTa 3ap.IDKeHHbIX 'IaCTH.U. ,D;n.a 3TOii .uenH BMeCT0 

npe:lKHHX 0.IJ;H0HHTHHbIX KOHCTPYK-UHH IlpHMeHHIOTCH npH60pbl 

6onbWOH Ilil0illa,D;H C 3IleKTpo,D;aMH, BbIIlOilHeHHbIMH B BH,D;e 

Koapa napannenbH0 HaTHHYTbIX npoBonoK. TaKHM o6pa30M, 

pe'Ib H.IJ;eT p MH0r0HHTHHblX nponop.UH0HailbHblX KaMepax 

/ C0Kpai.ueHH0 MIIK/. Ka11eCTBeHHblii CKa'I0K K C0BpeMeHHblM 

nponop-UHoHaJibHblM Kai,rnpaM npoH3owen nHWb nocne Toro, 

KaK 6blna OC03Halia B03M0:lKH0CTb He3aBHCHMOH - pa6oTbl 

Ka:lK,D;OH -H3 __ MHOrHx HHTeii KaM~pbl H npe,D;Il0:lKeHbl ,cnoco6bl 

CHHrHH,CHrHana ,D;Il.H Oftf.1,eneHHH KO0p,D;HHaT nponeTeB~X 

11epe 3 KaMepy 11acTH.U ' - • , . , _ , 

OIlHCblBaeMble pa60Tbl /I~S/ He HMeIOT 06bl'IHOH npe,D;bJC• 

TopHH, ; .K. OHH Ha11anHcb cpa3y c no.aaneHHeM H,D;eH MIIK 16 , 7/ 

.H,, np0HCX0,D;HilH 0.IJ;_H0BpeMeHHo, C ee pa3BHTHeM. B CBH3H 

c 3_THM .B·-.D;uccepTa.u11H HeT iicTopH11ecKoro o63opa H npHao­

.D;HTCH nepe11eHb 0CH0BHbIX HanpaaneHHii K0HCTpyupoBaHBH 

H npHMeHeHHH MIIK. 

I'Aaea 1. IIOTBHl(HOMBTPHl/BCKHH C1,BM -
HH<l>OPMAIQ{H 

B ynOMHHYTOM ycTpOiiCTBe / 6 / HHTB KaMepbI C0e,D;HHeHbl 

,D;pyr C ,D;pyroM 0,D;HBM K0H.U0M qepe3 pe3BCT0pbl / puc. 1/. 
HMnyilbc T0Ka, Bbl3BaHHblii nponeTeaweii 11epe3 KaMepy 

'IaCTB-UeH, p;eilHTCH TaKOH CHCTeMOH Ha ,D;Be BeTBH, H cpaa· 

HeHBe 3_THX T0KOB Il03BOilHeT cy,D;BTb 0 K0Op,D;HHaTe HHTB, 

oKono KOTopoii nponeTena 11acTu.ua. 3Ta cxeMa no npBH.UHny 

pa60Tbl HBil.HeTCH IlOTeH-UHOMeTpH'IeCKOH. qT06LI HCKillO'IH_Tb 

BilBHHHe Ha'IailbH6ro TOKa, cpaBHBBaeTCH aMililHTy,D;a CHr;.._ 

Hana, . CHHMaeMoro C O,D;Horo H3 KOH.UOB .uenH, C CYMMOH 

a14nnuTy,D; cHrHanoa, CHHMaeMblX c o6oHx K0H.UOB. HeTpy,D;H0 

BH,l\eTb, 'ITO K00p.IJ;BHaTa HBil.HeTCH IlHHeHHOH $ymcu;ueii 3T0ro 

0TH0WeHHH: 

I B 

I A+ I B 

Xz + R 

Nz + 2R 
= kX + r 

/ N - 11Hcno pe3BCTopoa a.uenH AB /. To11HOCTb onpe,D;eneHHH 

K0Op,ll;HHaT 3THM MeT0,!J;0M paBHa paCCTOHHHIO Me)K.IJ;y HHTHMH. 

B pa6oTe /I/ npe;:i;no:lKeHa HOBaH K0HCTPYK-UHH MH0ro-
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Puc. 1. CxeMa -- MH020HU11lJIHOii nponopijUOHUAbHOii KaMepbl 
c nomeHlJU0MempoM - /Humu KaMepb1 coeouHeHbl <1epe3 pe-
3uc111opb1/ . 

' . ,_ 

5 



HHT.IIHOH rrporropl.QIOHanLHOH KaMephl H IIPHBe,D;eHhl pe3ynLTa· 
Thi ee HCCne,D;oBaHH.11. HoBa.11 CXeMa CBO,D;Hnach K 3aMeHe 
cocpe,D;OToqeHHhlX corrpOTHBneHHH, coe,nHH.IIIOIIQIX KOH.Uhl HH· 
Teii B ,D;enHTene pHc. 1, pacrrpe,D;eneHHLIM corrpoTHBneHHeM 
caMoii pa6oqeii HHTH. Oqe:eil,D;Ho, q-ro B TaKoii CHCTeMe 
Koop,D;HHaTa TaIOKe 6y,D;eT orrpe,D;en.11TLc.11 OTHoweHueMTOKOB 
I 8 /{I A:+: I 8 ) •: ,l(n.11 3Toii nenH e,D;HHa.11 rrpoBonoKa, o6na,D;aro.;; 
ma.11 ,IJ;OCTaToqHo··BLICOKHM y,D;enLHhIM corrpOTHBnemieM, Ha­
MaThlBaeTC.11 3Hr3aroo6pa3HO C OIIpe,D;eneHHhlM War·oM Ha 

- ._. ~·. ••• ._<;. ' • • 

paMy, TaK qT,O .rrapannenLHO HaT.IIHYThle yqacTKH rrpoBonoKH 
rrepeKpLIBaJOT Heo.6xo,D;HMYJO pa6oqyio rrn.oma,D;L KaMepLI 
I puc. 2/. 3-ra cxeirn Ha~6onee rrpoc'I'a B. H3rOTopneHHH. 

Pa6o1.f_ai HHTL Hfl.T.llrH:eanacL Ha rrrieKcHrnacoByro paMKy. 

Ill8:r HaMOTKH 6Lm paaeH 0,7 c-w, o6mee co~poTHBneHHe pa-
601.feii IJHTH cocTaamino : 2 KOM. Ka TOJJ.hl pacrrono)KeHLI rra -
paimeJiliHO rrnpCKOCTH·pa6oqHX -aHOJJ,HhlX HHTeH B 1 'CM ~Bepxy 

H .CHH3f. HctneJJ,OBaHH.11 xapaKTepHCTHK KaMephl rrp0BO,D;H· 
nHt;h n}'TeM o6nyqe.HH.II ee IIOTOKOM anLit>a-qacTH.U OT Kon-: 
nHMHpoBaHHOJ'.'O HCT01.fHHK8.. H. CH.IITH.11 ,D;BYXMepHLIX crreKTPOB 
HMnynLcoB c noMomLio auanuJaTopa AH-4O96 /cxeMa ua 
put. 2/. 

lih!rjt · rronyqeHLI- crrel<Tpbl IIpH rrepeMell.{¢~HH 8:J!~q>~- HC· 
TO'IHBKa C waroM 0,1 ·cM Ha.A cepe~HH8.MH aiio.zitthlX HHTeH. 
Hx ~OpMa DOKa3ana ToqHOCTh HJMepeHH.11 KOOP'A~HaT 3THM 
MeTo,D;oM, pairnyro paccTO.IIHHJO Me)K,D;Y HHT.IIMH/: CrreKTphl. 
CBH,IJ;eTenLCTBylOT, B qacTHOCTH, 0 He38,BHCHMOH pa6oTe 
Ka)K,IJ;OH HHTH KaK OT,D;enLHoro cqeTqHKa. IlpoBe,D;eHhl TaIOKe 
H3Mepei111~ KOop'_niliiaT: aJILqia;.~;ac·-rini·'rrpH 'rrepeMe~eHilH HC~. 
TO.~HHKa ~- w~roM. 2) CM qepe; BCIO cpeJJ,HIOio' ~acT~Jc'aM~-: 
Phi, rrpH 3TOM 3KCIIepHMeHTanLHO rronyqeHa nHHeiiHa.11 JaBH· 
CHMOCTh OTHOWeHH.11 TOKOB OT KOOp,D;HHaThl. AHanorHqHhle 
HJMepeHH.11 6blnH IIpOJJ,enaHhl C HHTLJO, HMeiomeii IIOnHOe 
corrpoTHBneHHe 100 OM. 

Bo3M0)KHOCTh 34'4leKTHBHOI'O HCIIOnh30BaHH.II cxeMhl C 
e,D;HHOH HHThlO II03,D;Hee 6blna II0,IJ;TBep)K,IJ;eHa B pa6oTaX 
,D;pyrHX aBTOPOB. 
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Puc •. 2 .. cfeMa MHOZOH_UmJIHOU nponop11uoHaAbHOU KaMepbl 
C o_OHOii '3uz3azoo6pa3HO HQ111.RHy1/IOU HU1/lb10 U3 MamepUClAa 
C. 6blCOKUM ·yoeAbHblM conpOllfUBAeilileM. · KaMepa TIOOCOe· 
OUHeHa K. 3AeKmpoHHOii cucmeMe OAJI U3MepeHU.R KOOpOUHam •. 
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I'Aaea 2. H3MEPEHHE KOOPJ(HHAT 1'EHTPA 
TJDKECTH IIYl/KA 3APJDKEHHhIX lJACTH1' 

Bo MHOrHX cnyqagx BruKHO H3MepHTbHenocpe,nCTBeHHO 

KOOp,UHHaThl ueHTpa TH)KeCTH nyqKa· 3apH)KeHHhIX qacTHU. 

He HHTepecyHCh npo<bHneM nyqKa, H cne,nHT.h 3a CMell\eHHeM 

ueHTpa TH)KeCTH BO apeMeHH KaK npH ManhIX, TaK H npH 

6onhWHX HHTeHCHBHOCTHX nyqKa. TaKoii MeTo,n 6brn HaMH 

npe,nno)KeH B pa6oTe 121. · 
IlpH nponeTe · q~pe3 KaMepy He6onhworo KonHqecTaa 

qacTHU onpe,nenHeTCH KOOp,UHHaTa MeCTa nponeTa Ka)K,UOH 

H3 HHX. Kor,na HHTeHCHBHOCTh nyqKa nOBbIWaeTCH, npH 

COOTBeTCTBYIOil\eM HHTerpHpoaaHHH BhIXO,UHhIX HMnynhCOB 

npaKTHqecKH qepe3 Harpy3KY uenH HaqHHaeT Teqh nocTOHH· 

Hhlii TOK. IlyqoK CBOHM ceqeHHeM 3aXBaTbIBaeT HeCKOilhKO 

HHTeii KaMephl, npH 3TOM C KruK,noii HHTH CTeKaeT TOK, 

nponopuHoHanhHhIH nnOTHOCTH nOTOKa qacTHU B6IlH3H Hee. 

EcnH ,UilH KaMepbl, ,nenHTeilh KOTOpOij COCTaBneH HJ COCpe· 

,noToqeHHhIX conpoTHBneHHii, paccqHTaTb OTHOWeHHe TOKOB 

N . 1 
~ = ..!_. k;l1k (k - 2) 

N N . 
I A+ 10 , I ik . 

k=l 
TO B npaaoii qacTH 3Toro paBeHCTBa OKaJbIBaeTCH KOOp,nH· 

HaTa ueHTpa TH)KeCTH nyqKa B OTHOCHTenhHhIX e,nHHHUaX 

/ i( - _TOK k -oii HHTH, N - qHcno HHTeii KaMephl/. TaKHM 

o6paJOM, O,UHHM HJ HHTepeCHhIX H BeCbMa none JHhIX CBOHCTB 

KaMepbl TaKoii KOHCTPYKUHH OKaJbIBaeTCJI BO3MO)KHOCTh, 

HJMepHH CTeKaIOII\He C KOHUOB uenH A H B TOKH, onpe,ne­

IlHTh KOOp,UHHaTy ueHTpa TH)KeCTH nyqKa HJ OTHOWeHHH 

X - 18/(IA+ 18). 

ToqHo TaKaH )Ke KapTHHa ,neneHHH H CYMMHPOBaHHH 

TOKOB HMeeT MeCTO B KaMepe .qpyroii MO,nHcpHKaUHH, B KO· 

TOpoii HCnOJlh3yeTCH e,nHHaH HHTh C 6onhWHM y,nenhHhIM 

conpoTHBneHHeM, pacnono)KeHHaH 3Hr3aroo6paJHo no aceii 

pa6oqeii nnoll\a.nH KaMephI. 

~nH npaKTHqecKHX H3MepeHHii B pH,ne cnyqaeB MO)KeT 

OKaJaTbCH y,no6HblM cnoco6 cpaBHeHHH .TOKOB c noMOil\hlO 

MOCTOBOH cxeMhI, B KOTOpoii .UBYMH nne11aMH MOCTa HBnH-
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. IOTCH conpoTHB.ileHHH ,nayx ae-raeii pa6oqeii uenH KaMephl, 

,npyrHMH .UBYMH - nneqH HJMepHTenhHOrO noTeHUHOMeTpa. 

lfJMepHeMa.H KOOp,nHHaTa ueHTpa T.H)KeCTH nyqKa HBn.HeTCH 

IlHHeiiHoii cpyHKUHeii conpOTHBJleHHH COOTBeTCTBYJO!qero nne­

qa noTeHWIOMeTpa. 

lfJMepeHHH TOKOB, npoTeKaIOIUHX Ha KOHUaX pa6oqeii 

uenH aHo,na npH o6nyqeHHH KaMephI, npoHJBo,n:e:JIHCh c no­

. MOI.QhIO KOMneHCaUHOHHhIX ycHnH·Teneii nOCTOHHHOro . TOKa. 

PeJyilhTaThl HJMepeHHH ,naHbl Ha puc~ 3., OHH. CJly)KaT "3K~ 

cnepHMeHTanhHhIM· no,nTBep)K,neHHeM JIHHeiiHoii 38.BHCHMOCTH, - ~ . -
KOOp,nHHaThl n;e}!Tpa T.H)KeCTH nyqKa OT OTHOWeHHH TP.KOB. 

lfJMepeHHH, npo:ee,neHHhie C noMOil\hlO MOCTOBOii C.X~Mhl, 

TaIOKe rioKaJanH. xopowee co6.nro,neHHe JIHHeiiHoii JaBHCHMo· 

CTH KOOp,nHHaThl ueHTP~ 1:_.fl)KeCTH nyqKa OT BenHqHHhl co­

npoTHBneHHH nneqa HJMepJIIQµlero noTeHUHOMeTpa. 

MeTO,n Henocpe~CTBeHHOrd· HJMepeHHH KOOp,UHHaT u;e1i'rpa 

TH?f<eCTH n~Ka JaJ)H)KeHHhIX qaCTHU MO)KeT HaiiTH 34>cl>eKTHB· 

Hoe ripHMeHeHHe B ycTpoiiCTBe ,UJIJI O,nHOBpeMeHHoro HJMepe­

HHH KOOp,UHHaT H :rneprHH raMMa·KBaHTOB HilH 3IleKTl)OHOB, 

. HMeIOLQHX BhICOKYIO 3HeprHro. Pa6oTa _:h(?ro ycTpoiicTaa 

OCHOBaHa Ha perHCTpaUHH 3JleKTpOHHO·cpoi;oHHOrO JIHQHH, 

coJ,naaaeMoro 6b1cTphIMH raMMa·KBaHTaMH HJIH .3neKTpolia­

MH B KOHBepTope, C nOMOI.QhlO MHOrOHHTHHhIX nponopuHo­

HanhHhIX KaMep C noTeHUHOMeTpHqecKHM C'beMOM CHrJianoa • ~·. . ,· . . . 

. I'Aaea 3. METQJ(hl TOl/HOI'O OIIPEJ(EJIEHHJI 
, , · .,KOOPJ(HHAT l/ACTHU . . --:-.· · ·" .,, · 

.! ·~~ 

. 1. B 3TOM ,'pa.3;:i;e'.iie'·onHCbIBaIOTC# ocooeHHOCTH C.'be~ia 

HH<bopMaUHH B MIIK npH nponeTe ''qacniu . qepe3 Ka~epy 

HaKnOHHO ~ nnocKOCTH aHo,nHhIX HHTeii / 3/_Kor,na 3ap.JI)KeH­

HaH qacT}IUa nponeTHT qepe3 KaMepy no;:i; HeKOTOphIM yrnoM 

K TIJIOCKOCTH ~HO,nlihIX HHTeii, nepaHqHble HOHHhie napbl 

H nocne,nyIOII\He jneKTPOHHO·HOHHble naBHHhl o6pa3yIOTCH 

B pa6oqHx·o6nacTHX HeCKOJlhKHX HHTeii. B KaMepax C no­

TeHWIOMeTpHqecKHM C'beMOM CHrHanoB B03HHKIIIHe TOKH 

6y,nyT CYMMHpoBaTbCH Ha KOHUax ,nenHTeJIH c BeCOM, npo­

nopuuoHanhHhIM HOMepy HHTH H aenHqHHe HOHH3aUHH, npo-
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H3BeAeHHOH qacTHD;eii B AaHHOH pa6oqeii o6naCTH. «l>aKTH· 

qeCKH npH 3TOM 6yAeT H3MepeHa KOOPAHHaTa ueHTpa nrnce­

CTH HOHH3aUHH, Bbl3BaHHOH npone:reaweii qacTHueii. EcnH 

KOHUbl uenH A H B Harpy>KeHhl Ha YCHilHTenH C MailblM 

BXOAHhlM conpoTHBileHHeM, KOOPAHHaTa 6yAeT onpeAeilHTbCH 

oTHow_eHHeM To1<oa: X - 18 /0A+ 18 ). 

B 06ll{eM cnyqae H3Mep.HeMaH KOOPAHHaTa He 6yAeT 

paBHa HCTHHHOH KOOPAHHaTe. PaccqHTaHHOe 3HaqeHHe owu6-

KH npHBeAeHo Ha puc. 4 . .. 
H3MepeHHH npOBOAHilHCb C IlOMOIUblO OilHCaHHOH B rna • 

ae 1 ycTaHOBKH c nponopuHoHanLHoii KaMepoii. Y3KHii 

/MeHee 0,15 CM/ nyqoK anLqia·qacTHU OT HCTO'IHHKa Ha· 

npaBJIHJICH B pa6oqHii 061.eM KaMepbl DOA yrnoM 90° HJIH 44° 
K IlJIOCKOCTH HHTeii. Pe3yJILTaThl H3MepeHHH npuBeAeHbl Ha 

puc. 5. Ilpu OTBeCHOM naAeHHH qacTHU CTyneHLKH Ha 

rpa<l>HKe qeTKO BhiAeJIHIOT pa60'IHe 061.eMbl Ka)KAOH HHTH. 

Bc.11 HOHH3al{HH npoHCXO,IUIT B. pa60'1eM 061.eMe. TOJlbKO OAHOH 

HHTH (D=O).IlpH HaKJIOHHOM )Ke npoxmKAeHHH ny'IKa CTyneHL· 

KH ucqe 3alOT, 'ITO COOTB~TCTByeT yeenH'leHJilO B03MO)KHOH 

TOqHOCTH H3MepeHHH KOOPAHHaTbl. MoHH3al{HH B AaHHOM 

cnyqae HMeeT MecTo B Tpex unu qeTL1pex pa6oqux HHTep­

eanax (D=3), u KOOPAHHaTa. MO)KeT 6bITb onpeAeJieHa c Toq­

HOCTblO, nyqweii, qeM 0,1. qacTb HHTepaana. 

IIonyqeHHbie pe3yilLTaThl 6blilH Il03AHee IlOATBep)KAeHbl 

pa6oTaMH, CAenaHHblMH B Apyrux na6opaTOpHHX. 

2 .. IloTeHUHOMeTj>HqecKHH Me TOA' Il03BOJIHeT C IlOMOIUblO 

HHTeii KaTOAa, HaTHHYTbIX nepneHAHKYJIHPHO uanpaeneHHIO 

aHOAHbIX HHTeH, H3Me.pHTb C BbICOKOH TO'IHOCTblO KOOPAH· 

HaTY · qacTHUbI, ·naAawIUeii Aa)Ke oTeecHo Ha nriocKoc'ru 

3JieKTPOAOB H BbI3°bIBaKn.QeH JiaBHHY B pa6oqeM'o61.eMe JlHWb. 

OJUIOH aHOAHOH HHTH. 3io B03MO)KH0 ocyll{ec.TBHTb nyTeM . . - . . . . 
H3MepeHHH KOOPAHHaTbl ueHTpa TH)KeCTH pacnpeAeJieHHH 

TOKOB, HaBeAeHHhlX HOHaMH 3TOH naBHHhl Ha KaTOAHhIX HH· 

T.HX /4/ .( 
fihln·npou3eeAeH pacqeT pacnpeAeneHHH 3ap.11Aa, uaae­

,!\eHHoro Ha KaTOAHblX HHTHX. 3HaHHe BHAa pacnpeAeJieHHH 

Il03BOJIHJIO oueHHTb B03MO)KHOe OTKJIOHeHHe H3Mep.HeMblX 

eenH'IHH KOOPAHHaT.,·OT HCTHHHblX, KOTOpoe HMeeT 3aMeTHYIO 

eenuquHy TQJibKo e6nH3H Kpaea KaMep1,1, rAe pacnpeAeneHHe 

BblXOAHT 3a npeAeJihl 3JieKTPOAa. 

II 
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Puc. 5. Pe3yAbmambi U3MepeHuu KoopouHambl Mecma npoAema 
3ap.RJ1CeHHOU 'lQC111Ullbl. X • nOAOJICeHue ucmO'lHUKa QAb,jja­
'lacmu11, lj3 - 3Ha'leHue aMnAumyo cuzHaAoe Ha KOHlle 
H aHOOH<iu ijenu npu ¢uKcupoeaHHOM cyMMapHoM cuzHaAe 
I A+ I 8 ; To'lKU, coeouHeHHble np.RMou, omHoc.Rmc.R K U3Me-

peHU.RM c HQKAOHHblM ny'lKOM (D=3), cmyneH'lamou Kpueoii 
- c ny'lKOM, nepneHOll_KYARPHblM nAocKocmu aHoOa ( D = 0) • 
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,D;na 3.i<cnepuMeHTanLHLix. uccnenoaaHHH 6Lma cnenaHa 
KaMepa c aHO~hlM 3neKTponoM B BHne enuHoii 3Hr3aroo6-
pa3HO HaTHHYTOH npOBOilOKH. OnHH KaTon HCil0Ilb30Banca 
TOilhKO nna cpopMHPOBaHHH 3IleKTpH'ieCKOro nona,. HHTH 
BToporo KaTona coenuHeHLI npyr c npyroM onHHM KOH.QOM 
qepe3 pe3HCTOPhI. H3MepeHHH npoBonHnHCh C rronBIDKftbIM 
anhcpa-HCTO'IHHKOM .. IlpH H3y'ieHHH pacnpeneneHHH HH,iy.:. 
nupoBaHHoro 3apana 3KcnepuMeHTanLHO nonyqeHHoe pac­
npeneneHHe ynoBneTBOpHTenLHO coBnano c TeopeTH'ieCKH 
paCC'IHTaHHbIM. lfaMepeHHH ·KoopnuHaT npOH3BonHnHCh ;np"H 
nepeMeI.QeHHH HCTO'IHHKa C. maroM 0,1 CM. Pe3ynhT_a·i;"~1 
H3MepeHHH noKa3bIBalOT, 'ITO 3KcnepHMeHTanbHble TO'IKH 
xopomo IlO)f{aTca Ha npaMyIO IlHHHIO. O6hl'IHhlM MeTonoM, 
c ucnonh30BaHHeM cHrHanoB c aHo~blX HHTeii, 6hlnH TaIOKe 
npOH3BeneHbl H3MepeHHH KOopnHHa T IlY'IKa npH nepeMel.QeHHH 
HCTO'IHHKa. KaK H. O)f{Hnanoch, CTyneH'iaTaa KpHBaa, nony­
qaeMaa npH H3MepeHHH KoopneHaT naBHH, noKanH30BaHHhlX 
Ha. OTnenhHbIX aHO.D:HbIX HHTHX, nepexonHT B npaMylO :npe 
H3MepeHHH KOOp~ml.T neHTpa Ta:>KeCTH pacnpeneneHHH .3a-' ·.-

PHAOB, HaaeneHHhIX .Ha K~TOAHhlX HHTHX. IIony'ieHHble xa-
paKTepHCTHKH HMelOT BHA, aHanorH'IHbIH npencTaBneHHhlM 
Ha puc. 5. IlpocTpaHCTBeHHOe pa3peIIIeHHe, AOCTHrHyTOe 
B 3THX 3KCnepHMeHTax, COCTaBHno 0,8 MM npe IIIHpHHe 
licnonL30Baameroca nyqKa qac-ren 0,6 MM. 

Bo3MO)f{HOCTH aHanoroaoro MeTOAa c'L'eMa curHanoa 
c :KaTona Hamna ITOATBep:>KAeHee TaK:>Ke B pa6oTax npyrux 
aBTOpOB. 

I'Aaea 4. IIPOIIOP1'HOHAJibHAJI KAMEPA ~JI.R 
AJib~A-CIIEKTPOI'PA~A 

B nocnenHee ronw · 3Ha'IHrenLHo ao3pocno ucnonL3oBa­
Hue MarHHTHhlX cneKTporpacpoB C BhlCO.KllM pa3pewe·HHeM 
H ·oonbIIIOH anepTypoii, '{TO npHBeno K 'pe3KOMY yaenuqe~HIO 
IlOTOKa 3KcnepHMeHTanbHhlX naHHhlX. B 3THX ycnOBHHX Bee 
60ilbIIIe IlpOHBilHIOTCH HenocTaTKH MeTona lpOTOITilaCTHHOK, 
HCilOilh3yeMblX nna H3MepeHHH 3HepreTH'leCKHX cneKTPOB 
B cne1<Tporpacpax. 

B 3TOH rnaae OilHCblBaeTca MHOrOHHTHHaa nponopnuo-
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HanLHaa KaMepa / 5 /, pa3pa60TaHHaa nna 6onLmoro MarHHT­
Horo anLcpa-cneKTporpacpa O6'LenuHeHHoro HHCTHTYTa anep- · 
HhlX HccnenoaaHHH. OnHa _H3 oco6eHHOCTeii cneKTporpacpa 
COCTOHT B TOM, 'ITO anh~a:.qacTHUhl. nepeceKaIOT cpoxanbHYIO 
noBepxHoCTb non yrnoM oxono 45° ,npyraa 3axnroqaeTca a 
UHilHHnpuqecKOH cpopMe cpoxanbHOHilOBepXHOCTH cneKTporpa:: 
cpa. B CBH3H C 3THM 6hln BhI6paH BapHaHT KaMephl C OAHOH 
aHO~OH HHThlO, HaTHH}'TOH 3Hr3aroo6pa3HO H 06nana10ineii 
BhlCOKHM ynenhHhlM conpoTHBneHHeM,_ 

,D;na 3KCnepHMeHTanbHOH npoBepKH . H OTpa6oTKH KaK 
KOHCTPYKUHH KaMepbI, TaK u MeTona a nenoM 6blna cnenaHa 
KaMepa c nnocKHMH noaepxHOCTHMH aHona u KaTona~ ,D;aa 
pana TecpnOHOBhlX CTOil6HKOB KpeITHTCH Ha HH:>KHBH KaT<>nH_bIH 
3IleKTpon. Ha BepXHIOIO qacTb H30IlHTOpoe HaTaruaaeTCH 
3ar3aroo6pa3~0 npoaorioxa aHo~oro 3neKTpona. B!opo~ 
KaTon cnenali: H3 naBCaHOBOH pneHKH, Ha KOTOpyIO HailbIIleH 
anIOMHHHH. IIneHKa IlJ)H)KHMaeTCH K Kopnycy KaMephl KpbIIII­
KOH C axonHbIM OKHOM pa3MepoM. l 9x3 CM. C aHo~oii HBTB 
CHHMaeTCH curHan, nponopnuoHanbHbIH KOOPABHaTe. ·cyM­
MapHbIH CBrHan CHHMaeTCH C KaTOAHOH nnacTBHbl. Ilocne 
ycuneHBH B cpopMHpoBaHHH CHrHailbI C o6oux 3JieKTPOAOB 
IlOAalOTCH Ha ABYXMepHbIH aHanu3aTop C nucppOBbIMB OKH8.MH, 
cpyHKUHOHBPYIOIUHH Ha OCHOBe 3neK'ipoHHOH Bhl'IBCilBTenbHOH 
MaIIIHHbl "MHHCK-2". 

Ha puc. 6 npuaeneH 3HepreTH'ieCKBH cneKTP anLqia­
qacTHL\, H3nyqaeMhlX. npu pacnane B30Tona 238 Pu ._CneKTP 
nony'leH C DOMOIUblO ODHCaHHOH nponopl\BOHailhHOH KaMepbl, 
no1,,1eLQeHuoii ua Mee To cpoTonnacTHHOK B cpoKanLHOii noaepx -
HOCTH . anh<iia- cneKTp0rpa4>a •. ",l{OCTBrHyTaa IIIBPBHa CDeKT­
panbHOH JIHHBB / E ~; 0 = 5499,2 K3B/ Ha nonyBLICOTe co­
CTaBJiaeT 8,6 K3B. OHa 6nB3Ka K 3Ha'ieHHIO, nonyqeHHOMY 
npe per~cTpaneu 3Toro c;neKTpa Ha cpoTonnacTHHKe. 

BblBO~bl 

Cpe.ziu paJnB'IHbIX HanpaaneHHH pa3BHTHJI MeTO~KB MHO­
roHHTHHbIX nponopiµroHanbHbIX KaMep, oco6eHHO B lpH3HKe 
cpenuex H HH3KHX 3Hepruii, ea:>KHOe MecTo 3aHHMaeT aua­
noroablii C'LeM HHqiopMal\HH C KaMep. OH He TOilbKO ynpoina-
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Puc. 6. 3Hepzemu'lecKuii cneKmp aAbtpa- 'lacmutJ, U3Ay'laeMblX 
npu pacnaoe u30111ona 23 8 Pu. IloAy'leH c noMOl/lblO MIIK, 
noMeUleHHoii Ha Mecmo ¢omonAacmuHoK e aAbtpa- cneKmpozpa-
¢e. . 

16 

$) 

eT ::meKTP0HHyro (?XeMy KaMephI, HO . H OTKpbIBaeT H0Bble 

B03M0:>KH0CTH MIIK. :QHKil pa6oT /1-5~ BKmoqeHHhIX B AHC­

cepTaUHI0, II0CBH~eH HC~ne,llOBaHHHM B03M0:>KHOCT.eii· H IlpH­

MeHeHHIO IIOTeHUHOMeTpHqec1<:oro C'hElMa HHqJOpMaUHH B Ka-. 

Mepax_ •. _ 

1. 3KcnepHMeHTanbHO IIOKa3aHa B03MO:>KH0CTb H3Mepe-. 

HHH K0Op,llHHaT 3apH:>KeHHblX qaCTHU. npH II0M0~ MIIK 

C IIOTeHUH0MeTpHqec.KHM C'beMOM. HHqfOpMaUHH, .B KOTop'oii·; 

B OTnHqHe. OT paH~e H3yqeHHhIX K0HCTPYKUHH, · cHr:Hanhl 

CHHMaIOTCH c KOHU0B e,llHHOH HHTH,. o6na,llaro~eii 6onbWHM 

y,lleilbHhIM COIIpOTHBileHHeM H HaTHHYTOH 3Ht'3ar.oo6pa3HO 

110 Bee~ pa6oqeii nno~aAH KaMephl •. 

• -TaKaiI. cxeMa HaH6one~ · npocTa H. TexHon'orHqHa. OHa 

II03B.OJIHeT. H36e:>KaTb PH.Ila KOHCTPYKTHBHhix. ocno:>KHeHHii,· 

xapaKTepHblX ):\IlH KaMep co MHOrHMH OT,lleilbHhIMH HHTHMH.·· 

O6ecneqHBaeMaH ·,CXCMO.H T0qHOCTb. H3MepemiH K00PAHHaT 

paBHa pa6oqeMy HHTepBany · HHTH /HilH paCCT0HHHIO Me:>K,lly 

coce,llHHMH HHTHMH/. ·. 

OT.Meqemi. B03MO:>KHOCTb CHH3HTb HeO~XO,llHMOe y,lleilbl_lOe-, 

COIIPOTHBneHHe npoBOilOKH H TeM caMblM yMeHbWHTb BilHHHHe 

MOHTa:>KHhlX eMKOCTeH pa6oqHX HHTeH II}'TeM HCIIoni.':io:aa­

HHH Ha BhIX0,lle KaMepbl yc_HilHTeneii T0K_a, 09na,llaIO~HX Ma.; 

IlblM BXO,llHblM COIIp0THBileHHeM. 

2. IIpe,llnO:>KeH MeTO,ll Henocpe,llCTBeHH0rO onpe,llene~HH 

K00PAHHaT ueHTpa TH:>KeCTH nyqKa 3apH:>KeHHbIX qacTHU. 

/6e3 npe,llBapHTenbHoro ·· onpe,lleneHllH npoqiHnH nyqKa/ H 

HenpepbIBHOro Ha6mo,lleHHH H3MeHeHHH 3THX K0Op,llHH~T BO 

Bpe¥eHH KaK IIPH 'ManLIX, ·. TaK H IIPH 6onhWHX HHTel:i:CHBHO­

CTHX nyqKa. )J,nH 3Toii nenH Hcnonh3YIOTCH MIIK, noTeH­

UHOMeTpHqecKHe cxeMbl K0TOPhIX BblIIOilHeHbl KaK Ha cocpe­

,ll0T0qeHHbIX, TaK H Ha pacnpe,lleneHHbIX C0IIPOTHBneHHHX •. 

PacCMOTpeH cnoco6 H3MepeHHH K00p,llHHaT ueHTpa TJDKeCTH 

nyqKa c Ii:pHMeHettHeM MOC:TOBo:e cxeMhl. 

MeTOW·· 06ec11eqHBaeT BbICOKyro TOqHOCTb H3MepeHHH, 

pe3yJILTaT·bl KOT0pbIX He 3aBHCHT ·oT Kone6aHHH HHTeHCHB.".' 

HOCTH nyqKa, Ko34>~11uueHTa .. ra30Boro ycuneHHH H BhIXOJ\­

HhlX YCHJillTeneii 6naro,llapH .11CIIOilb30BaHHIO OTH0WeHHH TO· 

K0BhIX CHrHanoB. ,,. 
3. IIoKa3aHO, qTo npH .HaKnOHHOM K IIIlOCKOCTH 3IleKT· 

POAOB na,lleHHH 3apH:>KeHHblX qacTHU, KOr,lla 3aXBaThIBalOTCH 
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pa6oque o6'LeMhl HeCKOJU,KHX HHTeii, TO'iHOCTb onpe,AeneHHJI 

Koop,nHHaT. MeCTa nponeTa qacTHU B MIIK C IlOTeHnHoMe·T­

puqecKHM C'LeMOM HHqJopMa,QHH 3Ha'iHTeJibHO BhIWe; • qeM 

npH OTBeCHOM na,neHHH. 

IlpOHJBe,neH pac'ieT OWH6KH H3MepeHHJI KOOp,AHHaThl B 

3aBHCHMOCTH OT 'iHCJia pa6o'iHX HHTepBaJIOB HHTeii, qepeJ 

KOTOphle npoxo,nHT HaKJIOHHblH TpeK. 3Ta OWH6Ka COCTaBJIJl­

eT MeHee ±O,l BeJIH'iHHhl pa6oqero HHTepBana npu nepece­

'ieHHH TpeKOM .ABYX HHTepBaJIOB u MeHee ±O,OS - npu 

nepece'ieHHH Tpex HHTepaanoB.· 

4. Hccne,noBaH MeTOJ( H3MepeHHJI KOOp,AHHaT qacTHU B 

MIIK npu noMOll(H noTeHJ.(HOMeTpuqecKoro c'LeMa curHanoa 

C KaTOJ(HOro 3JleKTpo.na. IloKaJaHO, '{TO B 3TOM cnyqae J(JIJI 

TpeKOB, nepneHJ(HKYJIJIPHLIX IlJIOCKOCTJIM 3JleKTPO.AOB, MO)l(HO 

J(OCTH'ih TO_'iHOCTH H JMepeHHJI KOOP.AHHa T 3Ha'iHTeJibHO nyq­

weii, qeM paccTOJIHHe Me)K_ny HHTJIMH 3JleKTpo,na. 

C.nenaHLI pac'ieTLI pacnpe.neneHHJI HaBe,AeHHLIX Ha KaTo,n­

HLIX HHTJIX TOKOB, a TaK)Ke pacqeThl OWH6KH HJMepeHHJI 

Koop,nHHaT B peaJILHOH KaMepe. 

IloKaJaHa BOJMO)KHOCTh HOpMaJILHOro $yHKUHOHHPOBaHHJI 

KaMephl C HJOJIJITOpOM HJ Te$noHa '6eJ 061l(enpHHJIThlX 

oxpaHHhlX 3JleKTPO.AOB, ,'iTO JHa'iHTeJILHO ynp0ll(aeT Kou·­

CTpyK,QHIO KaMepLI. 

5. PaJpa6oTaHa Koop,nuuaTHaJI MIIK J(JIJI aBTOMaTHJHpo­

BaHHoro H3MepeHHJI cneKTPOB B 60JILWOM MarHHTHOM anL­

$a-cneKTporpa$e Jia6opaTopuu J1,nepu1,1x npo6neM OHJIH. 

KaMepa YCTailoBneHa Ha MeCTO $oTonnacTHHOK B $oKaJILHOH 

DJIOCKOCTH cneKTp_orpa$a H C Heu npoBe,neHLI HJMepeHHJI 

KOop,nHHaT 'iaCTHU, na,nalOll(HX Ha KaMepy no.n yrnoM OKOJIO 

45 ° K IlJIOCKOCTJIM 3JieKTPO.AOB. IIonyqeHUaJI npH pacna.ne 

HJOTODa 238 Pu anL$a-JIHHHJI / E ao = 5499,2 1<:JB/ HMeeT 

WHPHHY 8,6 .1<3B. 3To JHa'ieHHe 6JIH3KO K nony'ieHHOMY IlpH. 

perHcTpauuu cneKTpa Ha. $oTonnacTHHKe. 

HcnonLJOBaHHe • MIIK B pa6oTax H~ cneKTporpa$e BO 

MHOro pa3 YCKOpJleT nonyqeHHe 3KCnepHMeHTaJILHhlX ,naH­

HhlX H OTKphrnaeT npHHUHDHaJlbHO HOBhle BOJMO)l(HOCTH, He -

J(OCTYilHbie ,tin.ff MeTo.na $oTonnaCTHHOK. 3KcnepHMe.HTaTOphl 

MoryT KOHTponupoBaTL npouecc Ha6opa .naHHLIX u ynpaBJIJITh 

HM, a TaK)Ke npOH3BOJ(HTh apeMeHHLie H3MepeHHH. Ilocne.n -

:nee, B 'iaCTHOC_TH, o6nerqaeT perHCTpal(HIO IlHKOB c CHJlbHO 
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paJJIH'iHhIMH HHTeHCHBHOCTJIMH H paJ,neneHHe JIHHHH cneKTpa, 

6JIHJKHX no JHeprHJIM, HO pa3JIH'iHhlX no HHTeHCHBHOCTJIM. 

II011:eJineTCJ1 B03MO)l(HOCTh npoBe,D;eHHJI TO_'iHLIX uccJie,D;oBa­

HHii, Tpe6yIOll(HX 60JibWOH CTaTHCTHKH. 

6. IIpe,nJIO)KeHO ycTpOHCTBO' IlOJBOJIJIIOll(ee npocTLIM H 

61,1cTphIM' cnoco6oM HJMepJITb OJ(HOBpe~eHHO 3HeprHIO H 

KOOp,D;HHaThl raMMa-KBaHTOB ~JIB 3JieKTPOHOB B o6JiaCTH 

JHepruii BLIWe 5 I':JB. ,lJ;JIJI JToii neJiu ucnoJIL3yeTCJI MIIK 

C noTeHI.(HOMeTpH'ieCKHM C'LeMOM CHrHaJIOB, C IlOMOll(blO KO­

TOPOH Ha BLIXOJ(e HJ KOHBepTopa HJMepJIIOTCJI KOOp,D;HHaTI,I 

neHTpa TJl)KeCTH 3JieKTpOHHO-$OTOHHOrO JIHBHJI, C03,D;aHHOro 

6LICTPOH nepBH'iHOH qacTHUeH B 3TO.M KOHBepTope. O,D;HOBpe~ 

MeHHO npOH3BOJ(HTCJI H3MepeHHe IlOJIHLIX H0HH3al(H0HHLIX 

noTepL 3JieKTP0HOB _JI_HBHJI B KaMepe, Il03B0JIJIIOll(ee onpe,D;e­

JIHTL 3HeprHIO nepBH'iHOH qacTHI.(hl. HcnoJib30BaHHe ,D;BYX 

HJIH 6onee MIIK Henocpe,D;CTBeHHO 3a K0HBepT0p0M H Ha 

HeK0T0P0M pacCT0JIHHH OT Hero ,D;aeT B03M0)l(HOCTL J(0DOJI­

HHTeJILHO onpe,neJIJITb TpaeKTOpHIO nepBH'iHOH . qaCTHUbI. 
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