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B.A.Mopo3oB, T.M.MyMHHos·x/ 

YCfAHOBKA NISI H3MEPEID1R BPEMEH lU13HJ1 
., 

. B03BY~EHHLIX COCfOSIHHR Sl,l(EP B HAHO-

H CYBHAHOCEKY~HOR OBnACTH 

HanpasneHO B nT3 

x/ 
CaMapKaaacKnA rocyaapcTBeHHbiA yansepcnTeT 



Ha 5ase nrrHsoBoro 5eTa-cneKTpoMeTpa c ·TpeyronbHOH ~opMoli MarHrrT-
11/ 

Horo nom1. cosnaHa ycTaHOBKa e- y -coananeHrrli nm1 rraMepeHrrSI 

BpeMeH »cH3HH B035y»cneHHbiX COCTOSIHHH Sinep B H8HO- II cy5HalloCeKyHnHOM 

nrranaaoHe. BpeMSI »cH3Hll B035y»cneHHbiX COCTOSIHHH Sinep onpenenSieTCSI 

K8K no 9KCnOH9HUH8nbHOMy cnany, T8K H no cnBrrry U9HTpOB TSI»c9CTH Kpll

Bb!X sanep»caHHbiX H MrHOB9HHbiX COBnaneHIIH. 

Y"'~T a~~eKToB, CBSI3aHHbiX c BpeMel!HOH rr ·TeMnepaTypHOH HecTa5rrnb

HOCTbiO annapaTypbi, ilpOBOnlinCSI ilpll ilOMOIIlll nByX penepHbiX KpHBbiX 

MrHOB9HHbiX COBnaneHHH 0 nonyqeHHbiX OT nonynpOBOnHHKOBbiX HCTO"'HHKOB 

cseTa. 

YcTaHOBKa npencTaBnSieT co5oli MHoroKaHanbHbiH BpeMeHHOH aHanrraa:op, 

pa5oTaromrrli no npnHurrny npeo5paaoBaHrrSI BpeMeHHoro HHTepBana Me»cny 

nByMSI coBnanaromrrMrr rrMnynbcaMu B aHanoroBoli crrrHan, aMnnrrTyna Ko

Toporo nponopurroHanbHa nnnTenbHOCTH aToro HHTepaana. EnoK-cxeMa yc

TaHoBKH nprraeneHa Ha puc. I. 
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M arHHTHbiif 6eTa-crreKTpoMeTp 

Ill 
MarHHTHbiif 6eTa-erreKTpoMeTp eny)I{HT nmi Bbi)lene!IHSI KOHBepenoH-

HbiX aneKTponon,eooTBeTeTBYIDIIIHX rrepexony, Bos6y)I{Jl8IDIU9MY nnn ennMa

IOIUeMy nos6y)l{nenne neenenyeMoro ypoBHSI. KoneTpyKTHBHO erreKTpoMeTp 

rrpeP.eTaBnSieT eo6oii eonenonn, saKnroqeHHbiif B )l{enesHbiif KO)I{YX (eM. 

pne. 2). MarHHTHoe none erreKTpoMeTpa HMeeT TpeyronbHyiD clJopMy e Hy

neBbiM 3HaqeHH9M rionSI B TO'IK9 flOM9IU9HHSI HeToqHHK8 H MaKeHMBnb!IbiM 

s!IaqenneM rronSI y neTeKTopa. PaeeTOSIHHe neToqnnK-neTeKTOp 24 eM,. nnn

!Ia' TpaeKTOpHif aneKTpOIIOB B erreKTpOM9Tpe ( 30;!:.1) eM. 8!IepreTHqeeKHif 

nnarrasoH erreKTpoMeTpa 20 - 700 K9B. B erreKTpoMeTpe nerronbsoBa!Ibi 

OXB8TbiB8IOIUH9 nnaclJparMbl Xro6epTa, KOTOpbi9 fl03BOnSIIDT rrnaBIIO M9HSITb 

rrapaMeTpbi rrpu6opa ( paspeiiienue . R , eBeToenny - T ) OT R = 0,8% 

T = 5"k ( nnSI ueToqnuKa Q 2 MM). rrpn T = 1,1% no R = 3% .rrpn 

DuTanne o6MoToK erreKTpoMeTpa rrponsB.onnTeSI 2 - .KonTyp!Ioif eneTeM oif 
/2/ . 

eTa6HnH38UHH TOK8 • CrreKTp KOHBepeHOHHbiX aneKTpOHOB M0)1{9T perneTpH-

pOB8TbeSI H8 128-KaHanbHOM ananli38TOpe ~Mrr~~beOB rrpll IIOMOIUH 8BTOM8-

THqeeKoro yeTpoifeTB8e· 

PerneTpnpyroiUaSI eneTeMa erreKTpoMeTpa eoeTOHT ns nnaeTnqecKoro 

cun!ITnnnni-opa KonnqeeKoif clJopMbi ( ocnona!Ine 25 MM, BbteoT~ 25 MM), 

eBeTOBOJl8 )lnliiiOif 50 MM H clJoTOyMH0)1{HT9nSI Tllfl8 "XP-1020"' • llennTenb 

!I8flpSI)I{9liHSI clJoTOyMHO)I{HT9nSI. 38flHT8H flO 06blqHOMy rraprropTHOMY p9)1{HMY • 

ToK qepes nennTenb 3 Ma. 

CunHTHnnnunoHHbiif raMMa-crreKTpoMep 

PerneTpaunSI raMMa-nyqeif rrponsnonnTeSI rrnacTnqecKHM eun!ITnnnSITO-
. 2 . . . 

poM ( 20 x .30 MM ) n $oToyMIIO)I{HTeneM Tnrra "XP-1020"'. llnst rronyqe!Inst 

OflTHManbHOrO BpeMeHHOrO paspeiii9liHSI $oTOYMHO)I{liT9nSI rrpll 6onbiiiHX 38-
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Puc. 1. EnoK-cxeMa ycTaHOBKH Jlmi nsMepeHHSI BpeMeH mnsHH Bos6y)KJleH
HhlX COCTOSIHHfi S!Jl9Po 
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rpy3K8X npnMeHeHa JlBOil:HaSI He38BHCHM8SI 3anHTK8 nennTenSI HanpSI:lKOHHSI 

C <floTOK8TOJl8 H 8HOJl8 OT pa3HOnonSipHbiX HCTO'IHHKDB nnTaHHSio ToK '!Iepe3 

nepByiO qaCTb nennTenSI cocTaBnSieT 10 Ma, qepe3 BTopyiO - 100 Ma. TaKoil: 

nennTenb n03BOnSieT paooTaTb C CHnbHbiMH HCTO'IUHKaMH panuoaKTHBllblX 

npenapaTOB ue TOnbKC C nnaCTH'IeCKHM CUHHTHnnSITOpOM 1 HO li C_KpHCTan-

noM Nal (Tl) 

KoaBepTop n npyrne aneMeHTbi ycTanoBKU 

f1peo6pa30BaHne BpeMeHUOPO HUTepBana Me)K}ly l!MnynbCaMH OT -JlBYX 

nocnenoBaTenbHbiX nanyqeunil: y - KBaHTa n e- - aneKTpoaa), 

CHHMaeMblX C "obiCTpb!X" Bb!XOJlDB <fJo<royMUO)KHTeneil:, B aMnnnTyJly l!Mnynb

ca npOH3BOJlHTCSI B JlliOJlHOM KOHBepTope. f1pHHUHniianbUaSI CXeMa KOHBepTopa 

npnBenena aa pnc. 3. CxeMa. Koa:aepTopa nono6aoro Tuna BnepBbie npenno)Ke,... 
' /3/ 

. aa B pa6oTe fpnaa n np. • <PopMnpoBaJme nMnynbcoB c anonoB <f!oTOYMHo-

)Kl!Teneil: no aMnnnTyne npoH3BOJliiTCSI orpann'InTenSIMII, co6paiU!biMII aa naM- · 

nax 6)!(11f1. <PopMHpOB8HIIO no llniiTenbHOCTII npOII3BOJliiTCSI Ha BX0Jl8X KDHBep

TOpa KopoTK03aMKHYTbiMII BbiCOKotiacToTHbiMII Ka6emtMII PK-100-7-13 
~=-· 

C BOnHOBbiM conpOTIIBliOlll!eM 100 OM. f1ocne <flopM1IpOB8JIHSI nMnynbCbl IIMe-

-8 
roT aMnniiTYJlY 2 B, nnnTenbHOCTb 8 ·10 ceK II nonO)KHTeni>HYIO rronSipnocTh. 

<PyHKUH!o aneKTpOHHbiX "Knroqeil:" BbmonHSIIOT JliiOJlbi oT6opa D . II D ·t . 2 

II Tpaii31ICTo'p T 
1 

• 11uTerpaTopoM SIBnSieTcSI RC uenotiKa, BKnro'IeHJiast 

B KonneKTopuyro uenb Tpan3ncTopa T1 • 3anep)I{Ka B nne'III KOHBepTopa 

BBOJllfTCSI rrpn noMomn Mara31IHa 3anep)KeK TIIIIa " N Z -244." 

C aMnnHTYJlllblX Bb!XOJlOB <floTDYMHO)KIITeneil: IIMnynbCbl 'Iepe3 nnueil:Hble 

yciinnTenH nocTynaiOT aa nn<P<flepeHuiianbHhie JliiCKpnMIIHaTopbi, rAe npon3_Bo

JlHTCSI BbiOOp 9HepreTII'IeCKOPO llH811830Ha raMMa-nyqefi B raMMa-KaHane 

ll OTJleneiiiiO lliyMOBbiX II <fJoiiOBb!X HMnynbCOB OT HMnynbCOB KOUBepCIIOH-

llblX aneKTpOHOB B e - Kauane. 0TceneKTIIpCIBaHHbie II~nynb_Cbi c Bbl-
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XOilOB $OTOYMHO)Kl!Tenefi nocTynaiOT H8 BXOJlbl MeJlneHHOH CXeMbl COBriaae

liiiH C paapeiUaiOIUHM BpeMeHeM 2r 
0 

= 2 MKCeKo. CHI'H8ltbl COBnaaennfi 

Meanennoii: cxeMbi coBnaaennii: cny)KaT KrtiO'IOM ami oToopa nMnynbcoB, 

nocTynaiDmnx c BbiXO.Ila KOHBepTopa na anannaaTop. 

KonTponbnaH cncTeMa 

B . H3Me pell:HHX BpeMeH )Kll3HH B030Y)K.Ilell:Hb!X COCTOHIIHH H.llep Heoo

XO.IlHMO npOBOJlHTb CTpOI'IIH KOHTpOltb anrrapaTypll:biX alf>lf>eKTOB1 CBH38III!biX 

c paanii'IHoii necTaoiinbHOCTbiO annapaTyphl (uaMenenue Koa$$IIURenToB 

yciine~IIH $oToyMHO)KHTeneii:, nopora ananiiaaTopa II T.Jl.), 

/4/ 
B paooTe npeano)Kena cucTe~a cTaoiiniiaauiiii xoa$$IIUIIeHTa 

yciineHIIH II nopora .BpeMennoro ananiiaaTopa,ocnoBannaH na npnMeHeHIIII 

nonynpOBOilHHKOBbiX IICTO'IHIIKOB CBeTa. 

Jlng KOHTpOltH arrnapaTypll:blX alf>$eKTOB rrpii II3MepeHIIII BpeMeH )Kl!3Hll 

ypoBaeii: a cy6nanoceKyH.IlHoii: o6nacTu naMu obma npuMenena cucTeMa 

KOHTpOnH, COCTOHIU8H II3 'leTbipex nonynpOBO,IlHRKOBbiX IICTO'Ill:IIKOB CBeTa 

( CBeTOBbiX .lUIOJlOB) 1 llBYX TpeXK8H8ltbHb!X re.iJepaTOpOB H8HOCeKyll:.llllbiX 

RMnynbCOB Tuna "NZ -231" II CXeMbl CRHXpOHR38UliR (puc, 1).· CBe-

TOBbie llROilblt II3I'OTOBlteHHbie Ha OCll:OBe $oc$R.Il8 I'8ltniiH 1 HBltHIOTCH ll3rty'la-
• 

TenHMR caeTOBhiX BCIIbiiUeK nanoceKyHJlHoii anuTenbHOCTII, KOTOpbiMII aacBe

'IRBaiOTCH $OTOK8TO/lbl $OTOyMHO)KIITeneii:. I1pn noMOIUII M8I'83liHOB 38,1lep

)KeK penepiibie KpRBbie coanaaennil pacnonaraiOTCH no KpaHM mineii:noro 

y'laCTKa KOHBepTOpHOH KpiiBO!i (puc, 4, 7,8), BBRJly TOI'0
1 

'1'1'0 CRI'llllltbl 

perrepHb!X BCnbJIUeK MOI'yT H8XOJlHTbCH BHe 9HepreTII'IeCKIIX llli8II830HOB
1 

Bbi,IlenHeMb!X B y - II C - Kall:anax KJIIO'IeBb!MH IIMIIYltbC8MII1 llltH pei'IICTpa

UIIR perrepHbiX KpiiBb!X MI'HOBeHHbiX COBII8JleHRH Ha 8ll:8nii3aTope Clty)KaT 

IIMIIyltbCbl CO CXeMb! CRHXpOHH38UIII11 KOTOpaH rrpeJlCTaBnHeT COOOH 0/liiO- • 

BIIopaTop C 9MHTTepll:b!MII IIOBTOpiiTenHMII Ha BXO.Il8X II Bb!XO,Ile, Koi!TpOltb 

II y'leT arrrrapaTypHb!X Cll~III'OB BelleTCH no paapeiUeHniO JI ueJITpaM 

TH:>KeCTII perrepll:b!X Kpl!Bb!X MI'IIOBeHHbiX COBIIBJleUIU'i:, 
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XapaK· 

Co6cTBeaaoe paapeiiiaiO 

MOIUbiO reaepaTopa aaaoceKy: 
-11 . = 6 ·10 ceK, .U:If(jl<fle peHuua. 

-8 . 
8 ·10 ceK He .xy)l(e 1%. 

11ccnellOB8Hbl 3aBUCUM01 

CllBUra ycTaHOBKU OT · aHepru: 

MOCTb npeacTaaneHa Ha puc, 

Ko.HTponb annapaTypHbD 

)1(8HHbiX U Mf'HOB8HHbiX COBlla 

HHR Kos<fl<PuuueHTa ycuneHUR 1 

UCTQqHHKOB Mf'HOB8HHhlX U 3E 

)l(e 1%. Ha puc. 6 rrpuaeaeHb 

HbiX COBfialleHUfi 110 OTHOIII8.1U 

naaeHUfi B.38BllCllMOCTU OT B 

PeaynbTaTbi u: 

Ha puc, 7 u 8 rrpuaeae1 
+ + 

)l(ll3HH ypOBHefi 2 U 4 poTa 

(Xyaiiiee apeMeHHoe paapeiiie 

CBeTOBbiM BbiXOilOM OllHOf'O U 

BpeMR )I(H3HH ypoBHR 2 

crraay Kpuaoll: aaaep)l(aHHbiX c 

. BbiX. aaaep)I(8HHbiX U Mf'HOB8H 

IOTCR M8)1(JlY co6ofi U B rrpell' 
/56/ . + 

apyrux aaTopoB ' • T .';2 

BpeMR )l(ll3HH ypoaHR 4 

TR)I(eCTU KpHBbiX 38Jlep)I(8HHbi 



16/>r 

~·-r 
1265 

L81 
0 

~~J 
400 500 

KaHana 

+ 4 c saeprnefi 265 KSB 

XapaKTepiiCTHKII ycTaHOBKII 

Co6cTaeaaoe pasperuaromee apeMn KOHBepTopa, orrpeaeneaaoe c rro

Momhro reaepaTopa HaHOC8KYHAHh!X IIMITynhCOB1 OKasanOCb paBHbiM 2r 
-11 0 

= 6·10 ceK. ll1I~¢epeHUII8nhH8R H8niiH8HHOCTb KOHB8pTopa B AII8IT830H8 

-8 
8 ·10 ceK ae .xy)Ke 1%. 

J1ccneAOB8Hhl saBIICIIMOCTII pasperuaromero BpeMeHII II BpeMeHHoro 

CABIIra ycTaHOBKII OT aaepriiii KOHBepCIIOHHb!X aneKTpOIIOBo 3Ta 38BIICH

MOCTb ITpeacTaBnena na piic. 5. 

. Ko.aTponh aiTITapaTypHhiX a~~eKTOB ITpii periicTpauiiii KpiiBbiX saaep-. 

)K8HHh!X II MrHOB8HHhiX COBIT8A8HIIli: IT03BOnneT Y'IIITb!B8Tb 8~~8KThl II3MeHe

HIIR K08~~IIUII8HTa yciin8HIIR II ITOpora aaanii38TOpa, pa3Hhl8 IIHT8HCIIBHOCTII 
. . ,._,, 

IICTO'IHllKOB MrHOB8HHh!X II 38A8p)K8HHb!X COBITaneHIIH C TO'IHOCTbro He XY:-

)1{8 1%. Ha piic. 6 ITpiiaeaeahr cMemeHIIR ueaTpoB TR)KeCTII KpiiBhiX Mraoaen

HhiX COBIT8A8HIIH ITO OTHOlli8HIIID K U8HTpaM TR)K8CTII KpiiBh!X peiTepllb!X COB

IT8A8HIIli: B 38BIICIIMOCTII OT Bp8M8HII II T8MITepaTyph!o 

PesynhT8Thi II3Mepeaiili: apeMen )KII3HII ypoaneli: 

Ha piic. 7 II 8 ITpiiBeaeHhi BpeMeHiihie ciTeKTphi II3MepeHIIR apeMen 

)KII3HII ypoaneli: 2+ II 4+ poTauiioanoli: ITonochl ocaoanoro cocToRHIIR 
166 Ef. 

( Xyaru~e apeMeanoe pasperueaiie BTopofi peiTepnofi KpiiBofi canaano c ManhiM 

CB8T0Bh!M Bh!XOAOM OAHOrO II3 CB8TOBh!X AIIOAOB) • 

+ t66 E BpeMn )KII3HII ypoann 2 r oiTpeaennnoch ITO aKCIToaeHuiianhHOMY 

ciTaay Kpiiaofi. saaep)KaHHhiX coaiTaaeaiifi II ITo caaiiry ueaTpoa TR)KeCTII Kpii

. BhiX aaaep)KaHHhiX II MraoaeHHhiX coaiTaAeHIIli:. 3TII pesynhTaTbi cornacy

roTcn Me)KAY co6ofi II a ITpeaenax oruii6oK coaiTaaaroT c aaHHhiMII pa6'oT 

. /5,6/ T 2 + ( ) . ( ) -9 · 
apyriiX 8BTOpOB • t/2 . 80,6 K8B = 1,99;!:_0,09 10 C8Ko 

+ 
BpeMn )Kl!3HII ypoann 4 a 166 Er oiTpeaennnocb ITo caaiiry ueaTpoa 

TR)K8CTII KpHBb!X 38A8p)K8HHbiX II MrHOB8HHb!X COBIT8A8111IH C y'l~TOM aiTITapa-

15 



TypHbiX 9¢qleKTOB0 npOBOllHMOMY no 8H8J1H3Y CMeWeHHH UeHTpOB TH)I{eCTH 

T 4+ ( ) ( . ) -10 penepHbiX KpHBbiX COBnaneHHfi 1j 2 265 K9B = ·1,11:!:.0,10 10 K9Bo 
+ 166);'_ 

3aaqeane nepnona nonypacnana ypoBHH 4 LC , nonyqeanoe aaMH, 
. /6/ . 

xoporuo cornacyeTcH c pe3ynbTBTOM pa6oTbi • 

.l13MepeHHH BpeMeH )I{H3HH B036y)l{l]eHHbiX COCTOHHHfi Hl]ep B cy6H8HO

ce~yHAHOfi o6naCTH 6e3 llOCTOHHHOI"'O yqeTa annapaTypHhlX 9$$eKTOB MOI"'yT 

conep)I{8Tb HeKOHTpOJlHpyeMy!O CHCTeMBTHqeCKYIO 0IlJH6Ky. npennaraeMblfi ' 

MeTOll ll03BOJ1HeT cyWeCTBeHHO yBBJlHqHTb HBl]e)I{HOCTb onpeneneHHH.BpeMeH 

. )I{H3HH B036y)l{l]eHHbiX COCTOHHHfi Hl]ep B cy6H8HOCeKyHllHOfi o6naCTH. 

ABTOPhi n9xpeaee 6naronapHhi )l(.)!(eneay H K.H.fpoMoBy 3a nocToHH

aoe BHHMaHn_e H nonnep)I{Ky B pa6oTe, P.Ea6an)l{aHoBy, B.l1.Pa3oay, r.T..Epa

I"'HHY H A.XannKynoay 38 noMoWb aa oTnenbHhiX 9Tanax pa6oThi. 
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