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(;}1974 06l>ec)uHeHHWU UHc•u•y• Jlc}epHWX UCCAec)oeaHUU ,4y6Ha 

1. BBE,4BHHE 

C:uuurunmi:UHOHHI:de c'leT'IHKH 6onLwux paJMepoa uaxo­

ABT WHpOKOe npHMeHeHHe AllB AeTeKTHpOBaHHB C Bl:dCOKOH 

3~eKTHBHOCTbiD HeHTpanbHI:dX 'laCTH:U B AHanaJOHe KHHe­

TH'IeCKHX 3HeprHH OT HeCKOllbKHX AeCBTKOB AO HeCKOllbKHX 

coreu M3B. HccneAOBaHHIDTaKHX C'leT'IHKOB, ucnonLJyeMI:dX 

AllB onpeAeneHHB KOOPAHHaTI:d H BpeMeHH nponeTa 'laCTH:U, 

nocBBI.QeHI:d pa6oTI:d /I-6 I . B ma6A. 1 npuaeAeHI:d ocuoaul:de 

xapaKrepHCTHKH yKaJaHHI:dX AeTeKropoa. 

cJ>aKTOpaMH, orpaHH'IHBaiDUUIMH TO'IHOCTb cneKTpOMeT­

pa C 60llbWHM C:UUHTHllllBTOpOM, BBllBIDTCB BpeMeHHI:de 

~nyKrya:uuu, o6ycnoanennl:de JaBHCHMOCTLID apeMeHH npu­

XOAa CBeTa Ha ~OTOKaTOA ~OTOYMHO:>KHTenei OT MeCTa no­

naAaHHB 'laCTH:U B C:UHHTHllllBTOp, CTaTHCTH'IeCKHH pa36poc 

nOBBlleHHB HMnynLCOB, "rynBHHe" /pa3MbiTHe/ BO BpeMeHH, 

3aBHCBI.Qee OT AHanaJOHa aMnnHTYA HMnynbCOB ~OTOYMHO­
:>KHTenei H BpeMeHHOH Apei~ npH AllHTellbHbiX H3Mepeuu­
BX/7J...9/. 

B coapeMeHHI:dX cneKTpoMerpax no apeMeHH nponera 

BKnaA 3neKrpouuoi annaparypl:d a o6~ee apeMenuoe paJ­

peweuue Man /AeCBTKH nuKoceKynA/ no cpaaueuHID c BKna­

AOM CHCTeMI:d C:UHHTHnllBTOp - ~OTOYMHO:>KHTellb C ~OpMH­
poBaTeneM HMnynbCOB /COTHH nHKOCeKyHA/, a n03TOMY HM 

MO:>KHO npeue6pe'lb. Cl>opMy H paJMepl:d C:UHHTHnllBTOpa 

Bb16HpaiDT 06bi'IHO, HCXOAB H3 Ha3Ha'leHHB AeTeKTOpa. }J;nB 

Hawero cneKTpOMeTpa 61:dn Bb16paH C:UHHTHnllBTOp paJMe­

pOM 120xl0xl0 c.w 3 CO CBeTOBOAaMH pa3MepOM 15x1Qx 

xlQ CM 3 ua ero Top:uax, qepe3 KOTOpble C:UHHTHnllBTOp 

"npOCMaTpHBallCB" ~OTOYMHO:>KHTenBMH. 
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Cyme~TByeT .n;aa MeTo.n;a ycTpaHeHHJI anHJIHHJI MecTa 

nona.n;aHHJI 'laCTHU B CUHHTHlln.IITOp Ha TO'IHOCTL H3MepeHHJI 

BpeMeHH nponeTa: MeTO.IJ; llHHeiiuoro CYMMHpOBaHHJI BLIXO.IJ;· 

HLIX HMnynLCOB,BYX O.IJ;HHaKOBLIX BpeMJI· aMnllHTY.IJ;HLIX KOH· 

BepTOpOB / 1, 4, S H MeTO.IJ;, OCHOBaHHLIH Ha npHMeHeHHH 

BpeMJI·KOOp.IJ;HHaTHLIX KOMneHCaTOpOB /8/ H O.IJ;HOrO BpeMJI· 

aMnJIHTY.IJ;HOrO KOHBepTopa. llpH BTOpOM cnoco6e KOMneH­

CaUHH HMnynLCLI OT l!loTOYMHO>KHTene:ii CTaH,n;apTH3HPYJOTC.II, 
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KaK 06LI'IHO, no aMnJIHTy,n;e H ,!:UIHTe.JibHOCTH, a 3aTeM 

06pa6a TLIBaiOTCJI BO BpeMJI· KOOp.IJ;HHa THOM KOMneuca Tope, 

BpeMJI 3a,n;ep~H BLIXO.IJ;HLIX HMny.m.COB KOTOporo OTHOCH­

TenLHO neuTpa nepeKpLITHJI axo.n;uLix nocToJiuuo. B 111a6A. 2 
npe.n;cTaaneHLI 'leTLipe 6noK- cxeMLI cneKTPOMeTpoa no 

BpeMeHH nponeTa, nepBLie .IJ;Be H3 KOTOpLIX nOCTpOeHLI Ha 

OCHOBaHHH MeTO.IJ;a llHHeHHOrO CYMMHpOBaHHJI, a .IJ;Be BTO· 

pLie no MeTo,n;y BpeMJI·KOOp.IJ;HHaTHOH KOMneHCaUHH. llyCTL 

t 0 - BJ)eM.II nponeTa MOHOXpOMaTH'IeCKHX 'laCTHU OT nepaoro 

6a3oaoro C'leT'IHKa .n;o BToporo, a t 1 7 t 4 - cpe.n;uee apeMJI 

npOXO)I(.IJ;eHHJI CHrHallOB OT MeCTa B3aHMO.IJ;eHCTBH.II .IJ;O BLI· 

xo.n;a H3 c'leT'IHKa. A6coniOTHLie l!lnyKTyanHH 3Toro ape Me­

HH o6o3Ha'IHM r 1 7 r 4 • Ha 6noK- cxeMax noKa3aHLI: A H B 
- BpeMJI-aMnJIHTY.IJ;HLie KOHBepTOpLI, C- llHHeHHLie CYMMa­

TOpLI, K H L - apeMJI·Koop.n;HHaTHLie KOMneucaTopLI. BLI­

pa:>KeHHJI .n;n.11 cpe.n;uero 3Ha'leHHJI BLixo.n;uoro cHruana t ner­

Ko HanHCaTL, HCXO.IJ;JI H3 npHHUHna .IJ;eHCTBH.II CXeM, a a6-

COlliOTHYIO l!lnyKTYaUHIO ero T - Ha OCHOBaHHH H3BeCTHOrO 

3aKOHa CllO>KeHHJI .IJ;HCnepCHH. ~llHTellLHOCTL CTaH,n;apTHLIX 

HMnynLCOB Ha BXO.IJ;aX BpeMJI·KOOp.IJ;HHaTHOrO KOMneHCaTo­

pa o6oJuaqeua-i-u 

0TuocHTenLHLie l!lnyKTyauHH BLIXO.IJ;HLIX cHruanoa r 1 t 
.n;n.11 cneKTpoMeTpoa, nocTpoeHHLIX no 6noK- cxeMaM 2.1 H 

2.3, O.IJ;HHaKOBLI, a 6noK- CXeMa 2.4 HMeeT HeKOTOpoe npeH­

MyiUeCTBO nepe,n; 6noK- CXeMOH 2.2 BBH.IJ;Y TOrO, 'ITO OHa He 

CO.IJ;ep:>KHT llHHeHHLIX 3lleMeHTOB H BTOporo BpeMJI-aMnnH­

TY.IJ;HOro KOHBepTopa. Bae.n;eHHe KoMneucaTopa L, a npHHUH­

ne, HeCKOllLKO yMeHLIIIaeT OTHOCHTenLH~ l!lnyKTyal.{HJO. 

~ll.ll 3KCDepHMeHTanLHLIX HCClle.IJ;OBaHHH BpeMeHH npo­

neTa 'laCTHU B DyqKe YCKOpHTenJI 6Lina BLI6paua 6noK­

CXeMa 2.4. 
JierKo onpe.n;enHTL apeMeHHLie pa3peiiieHHJI 6a30BLIX 

C'leT'IHKOB CDeKTpOMeTpa MeTO.IJ;OM H3MepeHHJI reOMeTpH­

'IeCKHX CYMM BpeMeHHLIX pa3peiiieHHH nonapHO B3JITLIX 

l!lOTOYMHO>KHTene:ii. 

3. OIIHCAHHE YCT AHOBKH 

linoK-CXeMa cneKTpOMeTpa C 6onLIIIHM CUHHTHnn.IITOpOM 

H BpeMJI· KOOp.IJ;HHa THLIM KOMneHCa TOpOM ,!:UIJI H3MepeHHJI 
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Ta6Aut~a 2 

t = 2to •(ts•h)- (t1 +t2.) 

'[: v'[~ + r: •tf ·1~ . 

t ~2to +(b + !11)- 2t~ 

r= v ~trt +r! ·T~ · 

t=2to•(ts+t4)- (t1+te.) 
2 

'f= ~ V r; + t~ • ri • tt ' 

t• 2to-t (b•tll)+tu-2!~ 
II. 

t=i v~rl .t~ ·ttz' 

apeMeHH nponeTa noxa3aHa aa puc. 1 a, a ,An.a: H3Mepeaa.a: 
KOOp,AHHaTbl npOXo:lK.D;eHHJI 'laCTH.Uhl - Ha puc. 16. 

~n.a: onpe,AeneHHJI apeM.a:-nponeTaoro H xoop,AHHaTHoro 
pa3peweHHH KnaCCH'IeCKHH TeneCKOn COCTOJin H3 ,AByX O,AH· 
aaxoawx c~eT'IHKOB Sl H S3 co C-UHHTHnn.a:TopaMH NEllO 
pa3MepoM 3x3x1 CM 

3 aa caeToBo,Aax H3 oprcTeKna pa3MepoM 
'4x5 cM Jl~oTOYMHO)I(HTen.a:MH XP1020 /.AHaMeTp woToxa­
TO.Aa 42 MM/. Hccne,AyeMwi C'leT'IHK S2 npe,AcTasn.a:n 
C06oi nnaCTH'IeCKHH C-UHHTHnnJITOpHa OCHOBe nOnBCTHpona 
pa3MepOM 120x10x10 CM 3 K TOpiJ;aM KOTOporo 6blnH npH­
KneeHhl CBeTOBO,Ahl 15x10~10 CM 

3 ,O,AHH H3 KOTOphiX 6bln 
H3roToaneH H3 oprcTexna, a ,Apyroi - H3 nonacTHpona. 
llpH acnwTaHHJIX npaMeH.a:nacL 41oTOYMHO)I(HTenB XP1020, 
a 3a TeM CI>3Y- 63, ,AHaMeTp 41oToKa To,Aa KOTopwx cocTaanJin 
100 MM. 

liwcTpo,AeicTBYIOUlBe 41opMHpoaa TenH co cne,AJIUlBM no­
poroM /lO I 6wnH npHMeHeHhl MJI yMeHLWeHHJI "rynJIHHJI" 
H nony'leHHJI onTHManLHoro apeMeHHoro pa3peweHHJI a wa­
poxoM ,AHana30He aMnnHTYA HMnynbCOB, nocTynaJOUlHX OT 
WOTOYMHO)I(HTenei. CTaH,AapTHhle CHrHanw wopMHPOBaTenei 
no,AaaanHcb Ha apeMJI- Koop,AHHaTHhli KOMneHcaTop TCC /8/, 
apeMJI no.a:aneHHJI awxo,AHoro carHana KoToporo npaKTH­
'IeCKH He 3aaaceno oT MecTa npoxo~eHHJI qacTH.Uhl 'lepe3 
cu;HHTHnnJITop. AHanoroawe cHrHanw OT WOTOYMHO)I(HTenei 
no,AaaanHCb TaiOKe Ha HHTerpanLHhle .AHCKpHMHHaTopw D 17 
+D4c perynapyeMhiMH noporaMH. 

JlorH'IeCKHe CHrHanhl OT ,AHCKPHMHHaTOpOB nocTynanH 
Ha cxeMy coana,AeHHi, KOTopaJI qepe3 wopMHpoaaTenL FS 
C BhiXO,AHhiM HMnynbCOM ,AilHTenLHOCTbiO 50 HC€K ynpaBnJI· 
na nHHeiHWMH aopoTaMH LGl H LG2. 

lloporH HHTerpanbHhiX ,AHCKpHMHHaTOpOB 6wnH YCTa­
HOBneHbl TaK, 'IT06bl ycTpaHHTb apeMeHHYIO norpeWHOCTb 
Ha'lanbHOH 'laCTH xapaKTepHCTHKH WOPMHpoaaTenei CO cne­
.D;JIUlHM noporoM. BpeMeHHwe cHrHanw nocne npoxo~eHHJI 
nHHeHHhiX BOpoT /II/ no,AaBanBCb Ha apeMJI· aMnnBTY ,AHhiH 
KOHBepTOp, pa6oTaiOUlHH no npHHIJ;Hny "cTapT- CTOn". 

BWXO,AHhle CHrHanhl KOHBepTopa perHCTpHpOBanBCb B 
512-KaHanbHOM aMnnBTY.AHOM aHanH3aTope. 

Bee H3MepeHHJI 6wna awnonaeaw a ny'IKe 11- -Me3oHoa 
c HMnynLcoM 4 F3B/c. 
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Puc. 1. EAoK- cxeMbl U3MepeHUJI epeMeHu npo11e111a /a/ u 
U3MepeHUJI KOOpc)UHQI/Ibl 63QUMoc)eUCIII6UJI /6/. 
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4. PE3YJihTAT.bl H3MEPEHHH 

B npo~ecce HccnenosaHHH cneKTpoMeTpa 6~nH onpe­
neneH~ cneAYIOUUie ero napaMeTp~: aMnnHTYAHOe pa3pe­
WeHHe, 34J4JeKTHBHaJI AJIHHa ocna6neHHJI CBeTa B cqeTqHKe, 
npocTpaHCTBeHHoe pa3peweHHe, speMJI- nponeTHoe pa3pewe-

HHe, a TaK~e HccnenosaH cnexTpMacc 
YCKOpHTenJI. 

qacTH~ nyqxa 

4.1: AMnAumyc)Hoe pa3peweHue. Tenecxon 6~n ycTaHos­
neH TaK, qTo6~ nyqox npoxonHn qepe3 cepeAHHY 6onLworo 
c~HHTHnnJITo'pa. HMnynhc~ OT !lloTOYMHO~Teneii nponycxa­
nHCb qepe3 nHHeHH~e aopoTa, HHTerpHpoaanHCb H aHanH3H­
poaanHch a MHoroKaHanbHOM aHanH3aTope. llonyqeHo aM­
nnHTYAHOe pa3peweHHe /nonHaJI WHpHHa Ha nonyB~COTe/ 
30~. 

llpoaepKa pacnpeneneHHJI aMnJIHTYA HMnyJibCOB no KpH­
TepHIO Heii:MaHa-llHpcoHa 1121 noKa3ana, qTo nonyqeHH~H 
aMnJIHTYAH~H cneKTp C HaAe~HOCTbiO 99~ JIBJIJieTCJI pac­
npeneneHHeM llaanay I puc. 2/. 

4.2. 3t/xfJeKI/IU6HQJI c}JIUHQ OC/Ia6A€HUJI C6ellla 6 C'I€111'1UK€. 
H3MepeaHe ocna6neHHJI caeTa co6cTBeHHoro H3nyqeHHJI 
B CUHHTHJIJIJITOpe 120x10x10 CM 3 6~110 B~nonHeHO B TOH 
~e cxeMe, qTo H B n. 4.1. Ha puc. 3 noxa3aaa 3aBHCHMOCTb 
aMnJIHTYA HMnynbCOB, COOTBeTCTBYIOUUIX nHKaM pacnpene­
neHHJI, OT KOOpAHHaT~ nyqKa. H3 rpa4JHKa BHAHO, qTO 34J-
4JeKTHBHaJI AJIHHa ocna6neHHJI CBeTa B cqeTqHKe COCTaBJIJieT 
120 ±15 CM. 

4.3. IlpocmpaHcmeeHHoe pa3peweHue. Pe3yJibTaT~ H3-
MepeHHJI AJIJI AeTeKTOpa C HCnOJib30BaHHeM 4JoTOYMHO~Te­
neil XP 1020 npHBeAeH~ Ha puc. 4, H3 KOTOporo BHAHO, qTO 
npOCTpaHCTBeHHOe pa3peweHHe npaKTHqeCKH He 3aBHCHT OT 
MeCTa nonanaHHJI qaCTHU~ B CUHHTHJIJIJITOp, TaK KaK CBe­
TOBOH CHrHan noCTynaeT Ha 4JoTOKaTOAHe TOJibKO no npJIMOH, 
a H B pe3yJibTaTe MHOrOKpaTHOrO OTpa~eHHJI B C~HHTHJIJIJI­
TOpe. CpeAHJIJI cxopoCTh pacnpocTpaaeHHJI caeToaoro cur­
Hana B cqeTqHKe MeHbWe, qeM CKOpOCTb pacnpOCTpaHeHHJI 
CBeTa B CUHHTHJIJIJITOpe, H paBHJIJiaCb 1 ,4.10 1° CM/CeK. 
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Puc. 2. AMnAuJJyc}Ht.lll cneKJip C'leJI'IUKa S2. 

HcTHHHoe pa3peweHae AeTeKTopa, ycpeAHeHHoe no ceMH 

TO'IKaM H3MepeHHJI, paBHO 3,6±0,8 CM. 3Ta BeJIH'IHHa 

Bbi'IHCJIJIJiaCb UyYeM HCKJUO'IeHHJI KOHe'IHOB WBpHHbl /3 CM/ 
MOHHTOPHbiX c'leT'IHKOB Sl H S3, BbiAeJIJIIOI.qBX ny'IOK qac­

THU, UpOXOAJII.qBX qepe3 AeTeKTOp. ~JIJI C'leT'IHKa C ~OTO· 

YMHO>KHTeJIJIMH CI>3Y- 63 HCTHHHOe pa3 peweHHe KOOPAHHa Tbl 

COCTaBJIJieT 5,3 ± 0,8 CM. 

4.4. Pa3perueHue no epeMeHu npoAema. To'IHOCTb H3-

MepeHHJI apeMeHH nponeTa 61a1na onpeAeneHa BAOJib oca 

C'leT'IHKa Ha paCCTOJIHHJIX 2, 20, 40, 60, 80, 100 H 118 CM 
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oT Topua CUBHTBnnsTopa. BpeMs-nponeTuoe pa3peweuue, 
ycpeAHeHHOe no BCeM OTC'IeTaM, nony'leHO AnS C'leT'IBKa 
c XP1020 560±80 nceK, a AnB c'leT'IBKa c «1>3Y-63 
640 ±40 nceK. MaxcuMyMw speMeuuwx cnexTpos Ans scex 
TO'IeK nonaAanB npaKTB'IeCKB B OAUH B TOT :>Ke KaHan aM­
nnBTYAHOro auanu3aTopa. CnexTp speMeuuoro pa3peweuus 
cneKTpOMeTpa c ~OTOYMHO:>KHTensMB XP1020 noKa3aH ua 
puc. 5. 

4.5. · HccAeooeaHue cneK111pa Mace 'IOC111Ufl. Onucauuwii 
cneKTpOMeTp C BpeMS-KOOpAUHaTHWM KOMneHCaTOpOM, HO CO 
C'leT'IBKOM pa3MepoM 29x5x2,5 CM 3 npBMeHsnCJI AnS BC­
cneAOBaHBS cnexTpos Mace 'laCTBU: OT ycxopBTenJI. Pa3pewe­
HBe no speMeHB nponeTa cocTaBnsno 280 nceK /nonuas 
WBpBHa Ha nonyBWCOTe/. IlpBMep pa3AeneHBS no BpeMeHB 
nponeTa rr+-Me30HOB, npOTOHOB B AeHTOHOB nOKa3aH Ha 
puc. 6. IlponeTuas 6a3a 10,9 M npu BMnym.ce 'laCTBU: 
3,35 T3B/c. 

3AKJIIO IJEHHE 

B pe3ynLTaTe uccneAOBaHBs speMs-nponeTHoro cnexT­
poMeTpa C 6onLWBM Cu;BHTBnnSTOpOM B BpeMS-XOOPABHaT­
HLIM KOMneucaTopoM 6wnu nonyqeuw: 

1. CI>OpMynLI AnB OU:CHKB TO'IHOCTB cneKTpOMCTpa no 
speMeHB nponeTa. B qacTHOCTB, Ans cnexTpoMeTpa c 6om.­
WBM CU:BHTBnnSTOpOM B BpeMS-KOOpAUHaTHLIM KOMneHCaTo­
poM speMs-nponeTuoe pa3peweuue 6wno: 

rAe 

T 2 -

T = l/2y4ri +T~, /1/ 
1
1 - pa3pewa10~ee speMs 1-ro 6a3osoro c'leT'IBKa, 

pa3pewa10Iu;ee speMs 2-ro 6a3osoro C'ICT'IBKa, pasuoe 

. 2 2 V 1 3 + T4 AnS 6nox- C.XCMLI 2.4 B ma6A. 2. 

2. 3xcnepBMCHTanLHO 6wnB onpeAeneHLI AnS BCCne­
AYCMOrO cnexTpoMeTpa r 1 = r3 = 340 ±80 nceK, a r 4 = 
=445 ±80 nceK B, COOTBCTCTBCHHO, paC'ICTHOC pa3pCWai0Iu;CC 
speMs r c ~OTOYMHO:>KHTensMB XP1020 pasuo 440± 
±120 nceK. 
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~0\ 
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3. H3Mepeaw BpeMs-nponeTawe pa3peweaas cneKTpo-

...,.., tJc.~ 
1 .(I) 

MeTpa C pa3nB'IHWMB IIJoTOYMHO:>KBTellBMB: ....: ~~ 
c XP1020 r = 560 ±80 ncerc B I 

U;:s 

c «1»3Y-63 r = 640 ±40 ncerc. 
... ~~ l~ 

4. IlpocTpaHcTBeHHWe pa3peweaas cneKTpoMeTpa nony-
qeaw: ~ ~ ~ 

<'I 

c XP1020 3,6±0,8 CJW 
.,. <'I 

B ~ 

c «1»3Y-63 5,3 ±0,8 CJW. '* ~ :e S! .... c:o .... 
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