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niOMHHecueHTHBH KBMepa 6bJnB anepBbie npenno>KeHa H C03tlBHB E.K. 3aaol!CKHM H 

COTPYtlHHKBMH a 1955 r/ 11
• B nocneny!O!llee apeMR 3TOT npH6op HenpepbiBHO coaepweHCT

aoaancH KBK a CoaeTCKOM Co103e
12

-4
1, TBK H a npyrHx CTpaHax

151 , H a Hac ToR wee ape-

MSI onpe,aenHnOCb .ll.B8 THll8 niOMHH9CU9HTHblX KBMep, B O.llHOM H3 KOTOpbiX HCllORb3y9TCSI 

roMoreHHbii! cuHHTHnnRTO!l Nal( Tf ) HnH Csl(Tf) 1 B .npyrOM - CUHHTHnnstTOp-, ua-

6paHHbil! H3 nnacTMBCCOBbiX HHTel!
16• 7 I. 

npu HCfl0Rb30BaHHH CUHHTHflflHTOpa H3 HHTel! 3HB'lHTenbHO ysenH'!HBBeTCH KOflH'leCTBO 

CBeTa, flOflB,QBIO!llero HB nepBbil! cpOTOKBTOtl yCHflHTenH HpKOCTH, npOCTO pewaeTCH npo6ne

MB C rny6HHOl! pe3KOCTH 80 BCeM pa6o'!eM 06beMe CUHHTHflflHTOpa, H CTBHOBHTCH B03MO>K-

HblM HCllOnb30B8Tb B KaqeCTBe OCHOBbi CUHHTHnnHTOp8 B9I.U9CTB8 1 C0.£l9.p>K8lllH9 BOD.OpO.U. 

B nepsoM aapuaHTe RIOMHHecueHTHOl! KaMep61 co cunHTHnnRTOpoM, Ha6paHHblM H3 

HHTel!/
4
/, HBRH'!He OflTH'leCKOl! CBH3H Me>KtlY· 3Kp8HOM nepBOrO npeo6pB30BBTenH H cpOTo-

K8TO.ll.OM ycHnHT9nH SlpKOCTH npHBO.ll.HnO K 3H8qHT9RbHOA noTepe CB9TOBOrO H3nyqeHHSI 1 B 

pe3ynbTaTe qero o6mee KonuqecTBo caeTRWHXCH TO'leK no acel! nnHHe TpeKa 6bino npu6-

nH3HTenbHO 8 7 pa3 MeHbWe, qeM cpet:~Hee '!HCRO CUHHTHflnHpy!OlllHX HHTel! HB nyTH npo

We,Qwel! qepe3 06beM CUHHTHflflHTopa 3BpR>KeHHOl! 'lBCTHUbl, 

B HBCTOH!llell pa6oTe c noMOWbiO npyroro THna ycHnHTenR RpKOCTH H nyTeM ynyqwe

HHH OflTH'leCKOl! CBH3H C nepBbiM npeo6pB30BBTeneM YtlBROCb npHMepHO HB flOpHtlOK yaenH

'lHTb KOflH'leCTBO CBeTHWHXCH TO'leK HB tlflHHe TpeKa H nony'lHTb qeTKHe H306pa>KeHHH Tpe-

KOB KOCMHqecKHX q8CTHU C MHHHM8RbHOA HOHH38UHeA. 

06waH ex eM a fliOMHHecueHTHOl! KBMepbl ( nK) UOKB3BHB HB puc. I. OcHOBHbiMH 3ne

MeHTBMH YCTBHOBKH HBflHIOTCH: CUHHTHflnHTOp H3 nnaCTMBCCOBbiX HHTei! ( CH) , OtlHOKBMep

Hbill 3fleKTpOHHo-onTH'leCKHl! npeo6pa30BBTen b (On) C pa60'!HM tlHBMeTpOM cpOTOKBTO,QB 

150 MM, 06beKTHB (Q) tlflH nepetlB'lH H306pa>KeHHH C 3Kp8HB OtlHOKBMepHOrO npeo6pa3o

BBTenH HB BXOtl YCHflHTeflR H pKOCTH, MHOrOKBCKBtlHbill 3fleKTpOHHO- OflT>l'leCKHll np .eo6pB3 0~ 

BBTen b ( 3Qn), cpOTOannapaT ( <l>A) tlflH perHCTpBUHH C06bJTHi!, CHCTeMB flHTBHHH H ynpas

neHHH ace A ycTaHoBKH ( CY), ( CC), no3BORHIOWBH BbitlenRTb H cpoTorpacpH poaaTb HHTepe

cyiOWHe C06biTHH, 

CUHHTHflflHTOp KBMepbl HMen pB3Mepbl 15 X 15 X 20 CM
3 

H 6blfl HB6paH npHMepHO H3 

15000 HHTel! 1 y~o>KeHHbiX CflOHMH, OT,QeneHHbiMH tlpyr OT tlpyra flHCTBMH TOHKOll qepHOll 
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6yMarH. noMHMO :3TOrO, aepxHHe H HH)f(HHe CnOH K8M9pbl qepeJlOBBnHCb CO CnORMH CBHHU8 TOnlUH~ 

aoll 0,1 MM H I MM. C u HHTHnnHpyJOIUHe HHTH llH8MeTpoM oKono I MM BbiTSirHaanHCb H3 pacnnaaa 

6nO•iHOrO llOnl!MepH3 8 T8,npHrOTOBneHHOrO H8 OCHOBe II OnHCTHpona C ll068BKOl! 2% Tep<jle HHn a H 

0 ,02% POPOP
161

• Topubt HIITell annoTHyJO npHMbtKanH K Hapy>KHol! noaepxHOCTH <jloTOK8TOll8, 

HMeBmero c<jlepH'leCKyiO <jlopMy C p8llHyCOM KpHBII3 Hbl 120 MM H TOnlUHHOl! CTeKn a I MM, 

nepeHOC 11306pa>KeHHSI C 3Kp8H8 OllHOK8MepHoro npeo6p83 0B8TenSI H8 BXOll y c HnHTe nSI gp

KOCTH . OCylUeCTBIJRIJCSl C IIOMOWblO OIITH1.1eCKOA CHCT9Mbl, COC TORW9A H3 peHTreHOBC KOrO 

06'beKTIIB8 II OlliiHO'IHOl! nHH3bl, llOMe!UeHHOl! a6nH311 <jJOTOK8TOll8 MHOrOK8CK8llHOrO yCtlniiTe

nSI CBeT8, np11 Bbl6p8HHOM K03tPtPHUHeHTe yaenH'leHHSI nepeH OCIIMOro 11 3 06p8 >KeHHSI, p 8 BHOM 

3 :4, OTHOCHT91JbH Oe OTs e pCTHe BCeA OIITH1.19CKOA C HC T9Mbt 1 H 3 M e peHH09 3 KCII9pHM9HT8 1JbHO, 

paBHSinocb ~ I :0,9, a Koa¢¢11u11eHT npo3p8'IIIOCTH a o6nacTH llnHH aonH, co o TaeTCTBYJOlllell 

cneKTpy BbiCBe'IIIB8HHSI nJOMHHO<jJOp8 OlliiOK8MepHOrO npeo6 p830B 8 TenSI, COCT8BnSin ~ 0, 7, 8 

3TOM cnyq a e 11a axoll ycHnHTenSI S!pKOCTH nepe llaaa nocb llO 6,5% o6mero K o nH<tec Taa cae

Ta , llcnycKBeMoro nJOMHHo<jlopoM OllHOK8MepHoro npeo6pa3oa a T e nSI (a npellnono>KeHHH, 'ITO 

pacnpelleneHIIe 113nyqeiiiiSI II0Jl"'KHSI9TCSI 38KOIIY fl a M6epT8 ). 

CHCTeMB ynpaaneHHSI flK COCTOS!n8 113 llBYX CUIIHTI<nnSIUHOHHbi X C'leT'!HKOB ( C
1 

H 

C
2

), BKnJO'leiiHbiX B CXeMy COBil8lleHHll II pacnonaraeMbiX CBepxy H CHH3Y CUHHTHnnSITOpa 

H3 HIITell, 8 HOpMBnbHOM pe>KIIMe O>KHll8HI<SI C06btTIIll OllHOKBMepHbtll npeo6p83088Tenb 3 8-

IIHTbiB81JCSI IIOCTOSIHHbiM H8IIpSDK9HH9M 1 H H306p8)f(9HiHl BCeX TpeKOB aapJDKeHHbi X \f8CTHU, 

nepeceK810lUIIX p860'1Hll 06'beM CUHIITHnnSITOpa flK, nepellBB8nHCb Ha BXOll yCHnHTenSI S!p

KOCTH, 8Topoll 11 nocnellHHll KBCKBllbl yc11n11TenS1 S!pKOCTH pa6oTanH a pe>KIIMe aneKTpOIIHo-

OIITH1.1eCKoro aaTaopa . EcnH "'epea cuHHTHIJIISIUHOHHbi e C\f 9 T\fHKH H "~YBCTBHTeiJbHhtA o 6be M 

CUIIIITHnnSITOp8 llpOXOllHnB 38pSI>KeHII8SI '18CTIIU8, TO y c 11ne 11Hblll HMnynbC CO!lllBlleiiHll 38nyc-

Kan llBe cxeMbl ynpaaneHI<SI, 

8 nepaoll cxeMe ynpaaneHHSI <jlopMHpoaancSI npSIMoyronbHbti! IIMnynbC c nepelliiHM 

<jlpOIITOM a I MKCeK, llni<TenbHOCTbiO a 60 MKCeK II 8Milni<TyllOll 7 KB, 3TOT I<MnynbC o -r

napan nepabtll aneKTPOIIHo-onTH'leCKHll 38Taop
1 

11 113o6pa>Ke HHe IIHTepecyJO lllero co6btTI<SI npo

nycKanocb Ha nocnellyJOIUHe K8CK8llbt ycHniiTenSI S!pKOCTI< , TaK KBK apeMSI Bhtcae'!I<B a HHSI 

nJOMHHo<jlopa OlliiOKBMepHoro npeo6pa3oaaTenSI cocTaanSieT OKano I MKCeK,. a apeMSI Bbtcae-

'IIIBBHHSI nepaoro 3Kp8H8 ycllnHTenSI S!pKOCTII COCTBBnSieT HeCKOnbKO lleCSITKOB MIIKpOCeKyHll, 

TO llnSI llOCTH>KeiiiiSI OllTIIMBnbHOrO K03tPtPIIUHeHT8 ycHneHIISI CBeTB nepaaSI CXeM8 ynpaane

HHSI BblllBBBnB IIMilynbC , 38llep>K8HHbtll H8 4 MKCeK, 

06ma11 cxeMa aToro reHepaTopa IIMnynbCOB H306pa>Kella Ha p11c. 2. 3allep>K 8 HIIbtll 11a 

4 MKCeK RMnynbC co cxeMbt coanalleiiHll 3anycKan 6nOKKHr-rellepaTop, co6pa11Hbtll H B naM

nax n
1 

II n
2

• 8 03HHK8101UIIll B 8110llHOll uen11 6nOKRHr-re118p8TOp8 I<MnynbC llni<TenbiiOC TbiO 

2 MKCeK R 8MilniiTYll0ll OKano 300 B nepell8BBnCSI 'lepe3 Tp8HC<jJOpM8TOp H8 CeTKY TRpa

Tp011 8 n
3

• 8 K8T0ll110ll uenH THp8TpOH8 tPOpMHpOaanCSI I<MnynbC nonO>KIITenbHOll llOnS!pHOCTH , 

KOTOpb!ll npeo6p830BbiB8nCSI reHepBTOpiiOl! naMnOll fl
4 

B MOIUHbtll, npSIMOyrOnbllblll HMnynbC 
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0TpKU8TenbHOll nonS!pHOCTK, KCnOnb3yBMb!ll a nSI OT <H! p8HHSI nepsoro aneKTpOHHo-onTK'ieCKO

ro 3BTsopa. np" TBKOM cnoco6e ynpasneHKSI ycKnKTeJre M "PKOC TK yaanocb ceecTK K M>r

HKMYMY TeMHoeoll cpoH nepeoro " sTopor-o cj:loToKaToaoe 30na. 

llnSI K 3 6 e )J{ 8 H IISI ey a n11pOB8 H IISl cpOTOnn•· • · ~u np11 perRCTp8 UIIII peaKKX C06biTKll K3-3B cn a -

6oro c ae '-I 8HIHI nocne.nH ero a KpaH a , KOTOpoe o6ycn oaneHo TeMH OBbiM ¢ oHJM TpeTbero H noc

neayJOwe ro cpOTOKBTOL\OB 30na, HMnynbCHO 3BUKTb!B8nCSI K nocneaHRll KBCKBa ycRnKTenll 

S!pKOCTK. 0 6W8 SI CXeM 8 reH ep8TOp8 KMnynbCOB anSI ynpasnBHKSI nocneaHIIM K8CKaaoM UOK8-

3 8H il H a p 11c . 3. VIMnynbc co cxeMbr c osnaaeHKll npeo6pA30BbrBanc!l e asa nocneaoeaTenb-

Hbi X i1MnynhC 8, p a 3,ll 81l9H H biX H H T 8 pB81lOM Bp8MBHH 0,1 CeK. nepBbiA HMnyn bC 38fiYCK81l TH

paTpOH n I. 8 pe3 yn bT8Te n poKcxoaRnB nepe38pllaKa eMK OCTell c 0 II c,' II B03HIIKBIOWKll 

B K3TO,ilHOA: uenH TH'p 8 TpOH 8 JTOJIO)KHT81lbHbiA: HMJTYJibC JTO.U8B81ICH qepe3 p83.0.81lHTeJibHYIO 

eM KOCTb c2 H 8 nocn eaHIIll K 8 CKaa y c KnKT€n!l SIPKOCTII, BTopoll IIMnynbc aanycKan TRp8-

TpOH n
2

, B p eaynbTBTB q e r o cpopMKpOB8nC!I 38aHHll cppOH T KMnynbCa, K nocneaHH ll KBCKBa 

3 8JTHp8 1IC SI CH OB8 . 0nHC8HH 8 SI CX8M8 Jl03801ISIJI8 Jl1l8BHO M8HSITb BMJTJIHTY.D.Y HMJTy1lbC8 .0.0 

12 KB, 

C JTOMOLl..!.blO 8TOro B8 p1-1 8 HT8 1llOMHH9CU9H'rHOA. KBM 8 pbi 6bt1l0 nonyqeHO H9CK01lbKO COT 

cp oTorpacpKll Tpe Koe q acTH U K oc ,.n, qecKoro Kany'<BHH!I. HeKOTOpbre K3 HKX npKeeaeHhi Ha 

pRe, 4 . 0 6p860TK 8 n o ny qeH H o ll c e pKK cj:loTo rpacp>!l! noKaa8n8, '<TO cpeaHee '<K eno cpoToaneK

TpoH o s H8 BCIO a nKHY TpBK a 'i8CTKUbl paBHSieTCSI npKMepHO J00, T,e, B 3TOM cnyqae npK 

'H!Cne H>!Te i!: H a BC ell anHH B Tp89 KTOpK11 'i8CTRUbl B CpeaHeM OKOnO J00 K8)J{a8SI CBeTOB8SI 

T O l.JK8 COO TB9TCTByeT CB8l..f8HH lO OT.D.81lbHOA HHTH. 3TO l.JHCJIO CB8T5HUHXCSI TOtteK npHM9pHO 

H 8 nopSiaOK 6 o nbW e , 'IBM B ne p BO M B8pH 8 HTe nK/
4
/, rae HCUOnb30B8nCSI MHOrOKBCKaaHhiJ! 

ycH nHTenb SipKOCTH c a n e KTpOHH o - on TH1.f e CKHM 38TBOpoM a nepaoM KBCKa.a.e. KonHti ecTaeHHO 

3 TO CornacyeTCH CO c n eny~LUHM p8C4€TOM. 

KocMHqecKa51 'I8CTHua c MKHRM8nbHoll 110HH3KpyJOwell cnoco6HoCTbJO T e pReT B cpea-

1 MM KOnR'iBCTBO 3 HeprKK 0 p8BHOe 2 X 0,08 = 0,16 N\:38, 

rae 2-n o T e pR 3 HeprH11 B M 3 e 11 8 eaHHKuy anKHhl , a 0,08 - cpeaHRJ! nyTb '!8CTRUhi s HK

TH. T a K K8K KOHBepCHOHH ~H 3~~eKTHBHOC Tb nnBCTHti€CKOrO CUHHTHnnR TOp8 COCT88fl ReT 

rrpHM e pHO J %, TO c peaH ee KOnH'IeCTBO cpOTOHOB , B03HHK810WHX B OTaenbHOll HRTR 0 6yaeT 

p aamiTbC 51 1,6.10
3 

I • = 530 cpo TOHOB, rae = 3 3B ecTb 3Hepr11!1 oaHoro cj:loTOH8, 

L{aCTb H 3 3 THX cpOTOHOB, p a BH8R 1/2 ( j-J/ n ) = 0,18, rae n = I ,57 - noK8aaTenb 

n p e n o Mn e HHH nonHCTHpo na, Hc nycKa e TCH a o.a.~oM HanpaaneHHH H 38 ctieT nonHero aHyT

p e Huer o 0 Tp8)J{9HHSI n e p e aa BJC SI B CTOpOHY cpOTOKBTOL\8 , C y'leTOM nornO!llBHHSI CBBT8 B 

HHTK ( K03cpcpii !HIBHT nponyCK8 HHSI anSI 3TOrO cny '181! p8BHRnCSI ~ 0, 75) T OpU8 HKTK aoCTR

r ae T 530,0, 18.0, 75 = 70 cpOTOH OB, KOTOpb! e rrpH 3cp cpBKTKBHOCTH cpOTOK8TO.ll8 JO% npKBOaSIT 

K ri ORBnBHKIO 7 cpOT0 3 neKTpOHOB, 

T8K Ka K 3cpcpeKTIIBHOCTb 3Kp8Ha OL\HOK8MepHoro npeo6p8 aosaTenSI paBHSIBTC!I npR6-

ni!3RTenbHO 0,006/ 8/, TO npK H8ripSI>KBHHH J2 KB KOnH'iBCTBO cpOTO H OB , IICriyWBHHb!X C 
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3TOI'O 3Kp8H8 K COO TB9 TCTBYIOWKX CB 9 '19HKIO OllHOlt HKTK rtepea tPOTOK 8 T OllOM , 6yaeT pa,

Hl!TbCll 7 : 1,2.10
4

.0,006/3 - 170 tPOTOHOB. 0rtTK'I9CK8 ll CHCT9M8 rt epeH OC8 K3 0 6pa>K eHKll C 

3 K p 8H 8 OllH OK 8 M9pH OI'O rtpe o6p8 3 0 B 8 T 9 rtll H8 BXOll MHOI'O K 8C K 8llH OI'O yCKrt H T9rtll llpKOCTK 

n0380 RSI 8 T HCO Onb3 0 B 8 Tb T OnbKO 6 ,5% 0 6 Uler o C B9TOB Or O H3RY 1.J. 8 HlHl 1 B03HH K8 10 W.ero B 3K

paH e . B pe3 yrt b T 8 T e s Tor o H a ¢oT OK 8 T Oll nepaor o K BC K BllB yc >~ rtKTenR RpKOCTH OT •wo6p a 

>KeHHSI OTll9rtbHOlt HKTH rt e pell 8 9TCSI T OrtbKO 170.0,065 = 11 tPO T OH OB , KOTOpb19 rtpH 3 tP tPeK

THBHOCTK tPOT OK8 T Oll8 10% Bbl3b!B810T rt OS!B rt9HK9 B C p9llH 9 M TOrtbKO OllH OI'O tPOT0 3 rt9KTpOH 8 . 

3 T O H 03H 8'189T, 'ITO B OrtKC8HH OM B8pH8HTe nK B03MO>KHO perHCTpHpOB8Tb C B 9 T OBYIO TO 'I

Ky B c p eaHeM OT K8>KllOlt HHTH, '!e p e a KOTOpyiO rt p 0 Wrt8 38p n KeHH8SI '1 8CTHU8 C MHHHM8rtb

HOlt HOHH38UH9lt. 

nornOW8H H e CB8 T 8 B nnBC TM8CCOBblX HKTSIX OOp8.0.8RSIR OCb 3KCriepHM9HT8RbH O OyTeM 

C tt 8 T 8 CB8 TOB b1X T Ott8K HB .LlRHH8 Tp8K8 lJ.BCTHU ,llnR .UBYX OORQ)K8HHA CUHHTHRRSIUHOHH~IX 

C'I9T'IKKOB C
1 

K C
2 

OTHOCKT9rtbHO CUKHTHrtrtSIT Op8 nK, COOTB9TCTByiOWHX CpeaHeMy yaenK

'19HH IO rtyTH rtpOXO>Kll9HHll CB9T8 10 CM . 6b!rt 0 H8ltll9HO, 'ITO HHT9HCHBHOCTb CB9T8 rt8,ll89T 

B e - 2, 7 p 8 3 H8 llrtHHe B 23 CM . 3TO 03H 8'18eT, 'ITO rtp8KTH'I9CKH MO>KHO C06Hp8Tb 

CUHHTKrtrtSITOp H3 HHTelt, HM910WHX llrtHHy .llO 20 CM. 

Cne.ayeT OTM9THTb, 'ITO B OrtHC8HHOM B8pH8HTe nK paapewaiOwee BpeMSI onpeaenSI-

9TCSI Bp9M9H9M BbiCB8ttHB8HHSl nepaoro 3Kp8H8 MHOrOK8CK8.llHOr O yCIUIHT8RSI RpKOCTH H coc

T8Brtli 9 T H9CKOrt bK O .ll9Cl!TKOB MHKpOCeKyH.Il . 3TO rtpHMepHO H8 rtOpll.ll OK 60rtblll9 , '19M B nep

BOM B8pH 8 HTe nK
141

, H rt03TOMy OrtHC8HH bll! B8pH8HT MO>K9T 6b1Tb HCrt 0 rtb3 088H .JlrtSI H86-

rtiOJJ.9HHll rtOC rt9.1l OB8T9rtbHOC TH C0 6 b!Tllll B HHTepaane Bp9M9HH rtOpli.JlK8 10 MKC9K HrtH H8 

ny'IK8X tt8CTHU OOHIOK8 HH O A HHT9HCHBHOCTH, r.ne Cp8LlHHA HHT8pB8n Bp8M8HH M8>K .O.y nocne

.llOB8T9rtbHO rtpOXOllliWHMH '18CTHU 8 MH 60rtblll9 , '19M B p eMSI BbiCB9'1HB8HHSI rt9p80I'O 3Kp 8H8 

YCHrtHT9rtSI S!pKOC TH. 

B nocneaHee apeMR a tPH3HKe '18CTHU BbiCOKHX 3HeprHl! lllHpoKoe p acnp ocT paH eHH e 

nony'IHrtH HCKpOable KBMepbi. Cel!qac TPY.IlHO YK838Tb K8KyiD-nH6 o tPH3H'IeCKYIO aaaa'ly 

.llrtll nK, KOTo pyiO H9rtb3ll 6b!rt0 6bl npowe p e lllHTb C rtOMOWbiO HC KpOBbiX K8Mep, T9M He 

M9Hee B T9X 38.ll8'18X 0 I'.ll9 Tpe6yeTCll T O'IH O 3H8Tb Tp89KTOpHH '18CTHU H938BHCHM O OT 

HX H8rtp88rt9HHll, npo6er '18CTHUbl HrtH HOHH3Hpy10WYIO CrtOC06HOCTb, nK M O>K9T 6b!Tb Hc

rt0rtb30B8H8 c 6ortblllHM ycnexoM
19•101 • 

B H8CTOliW99 Bp9Mll H8M9THrt0Cb MHOI'O rtyTeJI KOHCTpyHpOB8HHll 6onee C089plll9HHb! X 

/5 11-13/ 
K npoCTbiX ycHnHTeneA RpKOCTH ' • OcymecTanean:e TBKHX CHCTeM noaBOnHT aaaqR-

TertbHO yrtpOCTHTb KOHCTpyKUHIO nK H HCrt0rtb308 8Tb ee CTOrtb >Ke lllHpOKO, K8K HCKp08bl9 

K8Mepbt H CUHHTHRRSIUHOHHbi8 C'18TttHKH. 
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