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38 rrocneJlHHe I'OJlbl B 9KCIIepHMeHT8nbHOii MepHOii <lJH3HKe BbiCOKHX 

9Hepi'Hii BCe 6onblllYIO pOnb OTBOJlslT HCKpOBblM H CTpHMepHbiM K8Mep8M 

60nblllHX 06beMOB, 3TO 06CTOBTenbCTBO IIOBneKnO 3a C06oii p83p860TKY CHC-. 
TeW HerrpepblBHO:li: HnH rrepHOJlH'IeCKOii O'IHCTKH I'a38 B KaMep8X1 HeiiocpeJl-

CTBeqHO B MeCT8X HX HCIIOnb30BaHHB, 0T CTeiieHH 'IHCTOTbl !'8381 KaK H3-

BeCTHO, CHnbHO 38BHCHT 9<lJ<iJeKTHBHOCTb KaMepbl K pei'HCTpaUHH 'laCTHU1 

OC06eHHO nHBHeBbiX. 0JlHHM H3 Ba)I(HbiX 9neMeHTOB CHCTeMbl O'IHCTKH I'83a 

HBnHeTCSI 9neMeHT KOHTpOnSI 'IHCTOTbl 1'838, B H8CTOBlllee BpeMSI CyiUeCT-

ByeT HeCKOnbKO MeTOJlOB KOHTponB COCTaB8 !'838 1 OCHOBaHHhlX Ha HCIIOnb-

30B8HHH pSIJl8 OIITH'IeCKHX1 M8CC-CIIeKTpOMeTpH'IeCKHX1 XHMH'IeCKHX H 3By

KOBbiX BBneHHii, 0JlH8KO BCe OHH 1 K8K IIpaBHn01 '1pe3Bbl'la:li:HO CnO)I(Hbl HnH 

HHepUHOHHbl H He II03BOnHIOT OCyiUeCTBnSITb HerrpepbiBHblii KOHTpOnb 38 H3-

MeHeHHeM COCT8B8 B ycnOBHSIX <lJH3H'IeCKOI'O 9KCIIepHMeHT8, 

B 9TOii KpSTKOii 38MeTKe Mbl XOTHM C006lllHTb 06 O'leHb IIpOCTOM H 

9<lJ<lJeKTHBHOM CIIOC06e TSKOI'O KOHTponB, B OCHOBe MeTOJl8 HCIIOnbayeTCB 

9$<lJeKT CHnbHOii 38BHCHMOCTH IIOTeHUHana 3a)I(Hf'aHHB 1'838 OT ef'O COCT8B8, 

KoHKpeTHO 9TOT 9$<lJeKT peanH3yeTcsr B pa3pMHo-pen8KCaUHOHHOii sr'le:li:Ke. 

H306p8)1(eHHO:li: Ha pHC, 1 ,a H 2, 'lepe3 KOTOpyiO HerrpepblBHO IIpOJlYB8eTCSI 

KOHTpOnHpyeMbi:li: 1'83, K8K BHJlHO H 3 p~C. 1 1 SI'Ie:li:Ka HBnsreTCSI aneMeHTOM 

RC -reHep8Topa. fl106oe H3MeHeHHe cocT8B8 !'838 HeMeJlneHHO oTp8)1(aeTCH 

H8 IIOTeHUHane ef'O 38)1(Hf'8HHB H I'ameHHSI B B'leiiKe H 1 CneJlOBaTenbH01 H8 
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qacToTe cpa6aThiBBHIHI reaepaTopa .• Ha pRe. 1 npHHSIThi cnet 

'leHHSI: R -conpoTHsneaHe, C -KOHlleHcaTop, U o -aanpSl 

Ke, U 3 -HanpS!)I{eHHe 38)1{HI'8HHSI0 UI' -HanpS!)I{eHHe raweH 

38pS!llKH Sl'leHKH llO npo6oSI, t 2 -BpeMSI pa3pSilla, t -TeKyW 

TipocToil aaanH3 rpa(jJHKa pa6oTbi reaepaTopa ( CM, pRe. 1,6} 

'ITO speMSI HapaCT8HHSI HanpS1)1{9HHSI Ha II.OHll9HC8TOpe llO npO' 

pas.li:o 

t I "'T I fu 
U o -Ur 

Uo -U3· 

rtie r 1 -nocTOSIHHaSI speMeHH 3apSillKH, pasHaS! C( R 1 + R2 ) 

ll8 KOHlleHC8TOpa 'lepe3 Sl'leAKy OT HanpS!)I{eHHSI 38)KHJ:'8HHSI 

)l{eHH51 raweHHSI U p8BHO 
r 

t 2 =T fu U 3 2 -~-

u ' 
r 

I'lle T 2 -nOCTOSIHH851 speMeHH pa3pSillKH, p8BH851 C ( r +R 2 ) 

peHHee conpOTHBneHHe 51'19AKH B MOM9HT pa3pSilla, TiepHOll C 

reHepaTopa 

T=t
1
+t

2
,r

1
fu 

Uo-U U 

-
--- C'. n_ 3 + r m 
U-U 2 -u-· o 3 r 

0TClOll8 '18CTOT8 paoOTbl M0)1{9T 6h1Tb onpetieneHa K8K 

u 
3 

f - 1 -r-· 

TipH H3MeH9HHH COCT8B8 1:'838 B Sl'lei!Ke npOH30illleT Cll 

H U , 'ITO Bbi30B9T yXOll '18CTOTbl reaepaTOpa H8 Bl 
I' 
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qacToTe cpa6aTbiBaHIHI r-eHepaTopa,. Ha pHc. 1 npHHHTbi cne.nyJOmHe o6o3Ha-

'leHHsr: R -conpoTHsneHHe, C -KoH.neHcaTop, U o -Hanpsr*eHHe Ha H'leil:-

Ke, U 3 -HanpH)KeHHe 38)KHI'8HHH 0 UI' -Hanpsr*eHHe r-ameHHH, t 1 -speMsr 

aapsr.nKH 'srqeii:KH .no npo6osr, t 2 -speMsr paapH.na, t -TeKymee speMH, 

DpocToA aHanH3 r-pa<j)HKa pa6oThi I'eHepaTopa (eM, pHc. 1,6) noKa3biBaeT, 

'ITO BpeMH HapaCTBHHH HanpH)KeHHH Ha ~OHAeHCBTOpe .({0 npo60H H'!eiiKH 

pas.li:o 

t I "'T I fn 
U o -Ur

Uo -Ua· ( 1 ) 

r-.ne r 1 -nocTOHHHaH speMeHH aapH.nKH, pasHaH C(R 1 +R
2
). BpeMH pa3pH

.na KOH.I:leHCBTOpa 'lepe3 H'leii:Ky OT HanpH)KeHHH 38)KHI'8HHH U 
3

. .({0 HanpH-

)KeHHH I'allleHHH U paBHO 
I' 

t 2 =T fn U 3 2 ---u ' 
I' (2) 

I".({e T 2 -nOCTOHHHBH BpeMeHH pa3pH.nKH, paBH8H C ( r +R 2 ) 0 r -BHyT

peHHee conpoTHBneHHe H'!eiiKH B MOMeHT pa3pH.na. DepHo.n cpa6aThiBaHHH 

reHepaTopa 

ua 
--u-· 

I' 

Uo-U I' 

Uo-Ua+ r21h 
T=t

1
+t

2
=r

1
1h 

(3) 

0TCIO.I:l8 'IBCTOTa paoOTbl MO)KeT 6hiTb onpe.neneHa KBK 

1 
f = -. 

T (4) 

DpH H3MeH9HHH COCTaBa I"83S B H'leii:Ke npOH30il:.({eT C.l:lBHI' HanpH)KeHHii 

u H 
3 

U 1 'ITO Bbi30B9T yxo.n 'IBCTOTbl I'eHepaTopa Ha senH'IHHY 
I' 
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df =ar- 1 

dT .. -~dT. 
T 

0THOCHT91IbHOe lKe H3MeHeHHe '18CTOTbl f npH STOM COCTSBI! 

d f d T 
-f-•--T-. 

BeJIH'IHHa dT MOlK9T 6b1Tb npeJlCTSBJieHa B CJI9JlYIOIIl9M BHJle! 

dT = _2!__d U + .i!_ dU 
au au 

3 I' 

OnpeJleJI.HSl Tenepb npoH3BOJlHbie 
aT 
au

3 

H3 {3) H 
aT 

H --
aUl' 

HX 3H8'19HHSl B { 7) 1 Haft)leM! 

T 1 T2 T 1 T 2 
dT = (--- +-)dU -( + --~)dU 

u -u u 3 u .... u u r 
0 3 3 0 I' I' . 

KoM6HHHpyg Jlanee (3), (6) H (8), 6yJleM HM9Tb 

T 1 T 
2 T 1 T2 ---+--

Uo-U3 U'3 + 
df Uo-U I' ul' --=- dU 3 + 
f Uo-Ul' U 3 U 0 -U U 

T1 fn +T2fn- r 1fn I' +T2 fn ~ 
U0 -U 3 U I' U 0-U3 U 

IT pH pa6oTe c HHepTHbiMH l'a3aMH napaMeTpbi gqeftKH R 1 H R: 

Bbi6HpaiOTCSI H3 ycnoBHSI R1 >>R2 • ITosToMy r 2<<r 1 , HMO~ 

r 2 ~0 • · MolKHO TaKlKe nonolKHTb, 'ITO U ~ 0 , TaK KaK Jlll 
I' . 

l'830B UOTeHUHSJI l'8lli9HHSl HeBeJIHK. 3TH npH6JIHlK9HHSI npHBOJlSIT 

BeHHOMY ynpOIIl9HHIO <jlopMyJibl ( 9) 
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ar 1 
df == -- d T .. - --:::::-1'dT. aT T (5) 

0THOCHTeJlbHOe ll<e H3MeHeHHe '18CTOTbi f npH 9TOM COCTSBHT 

d f d T ------. f T (6) 

BenH'IHHa dT MOlKeT 6&ITb npeacTaaneaa a cneayroweM BHae: 

dT = _!!_d U + .i!_ dU 
au au (7) 

3 [' 

Onpeaen.H.H Tenep& npoH3BOllH&re 
aT 
au

3 

H3 (3) H noacTaan.H.H 
aT 

H-
au 

[' 

HX 3HS'IeHH 5I B ( 7) 1 H8AlleM! 

rl T2 rl 'r2 
dT = (--- +-)dU -( + --~)dU 

u -u u 3 u .... u u r-
o 3 3 0 [' [' 

(8) 

KoM6HHHPY51 aanee (3), (6) H (8), 6yJleM HMeTb 

T I T 
2 

T I T2 ---+--
Uo-U3 U 3 + 

df Uo-U r- Ur---=- dU3 + dU f Uo-Ur- U 3 Uo -ur- U3 ['(9) 
r 1 fn +T2fn- r 1fn +r2 fn-U0 -U 3 U r- U 0-U3 Ur-

llpH pa6oTe c HHepTHbiMH r-a3aMH napaMeTpbi .H'IeAKH R1 H R 2 o6&r'IHO 

Bbi6HpaiOTCSI H3 ycnOBHSI R I » R2 • nosTOMY T 2« T I ' H MOlKHO npHHSITb 

r 2 ~0 • · Moli<Ho TaK>Ke nono>KHT&, 'ITO U ~ 0 1 TaK KSK llnSI HHepTHbiX [' . 
I'830B UOTeHUHan I'aWeHHSI HeBenHK. 3TH npH6nH>KeHHSI npHBOllSIT K cywecT

BeHHOMY ynpoweHHIO !jlopMyn&I (9) 

~ 

7 
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d f d u 
--=- s 

f Uo 
(Uo-Us)l'n Uo -U.s 

EcnH HaCTpOHTb paooTy reHepaTopa TaK, 

( 10) 

us 
'ITO u;- = 0,9 , TO_.KaK 

df dUs 
cneayeT HS <j:JopMynbi (10), -f-.,-4-- , T.e. llpH HSMeHeHHH STOi!: Be

Us 
. nH'IHHbl Ha 0,5%, COOTHOllleHHe d: MeHSieTCSI Ha 2%. TaKOlt CHCTeMa-

TH'IeCKHit YXOll 'IBCTOTbl CpaoaTbiBBHHSI reHepaTopa OT cpellHeit 'IBCTOTbi, 

2 
HanpHMep, f = 10 ru, OylleT OOHapy)I{HBBTbCSI C llOMOIUbiO nepeC'IeTHo-

ro ycTpoAcTsa y)l{e 'lepes 25 ceKyHll. 

DnSI SKCllepHMeHTanbHOit nposepKH a<j:J<j:JeKTHBHOCTH paCCMaTpHBaeMOrO 

MeToaa ohm HsroTosneH o6paseu penaKcaUHOHHoA Sl'lei!:KH (eM. pH c. 2) H 

Ha HeA nocTpoeH RC -reHepaTop. ConpoTHBneHHSI H eMKOCTb B reHepaTope 

HMenH cneayiOIUHe SHa'leHHSI: R 1 = 3,3 MOM, R 2 = 33 OM, C = 22,5 H<j:J. 

3asop Me)l{llY aneKTPOllaMH B pa3pS!llHOit Sl'leltKe paBHSinCSI 0,8 CM. flpH Ha

nonHeHHH Sl'leitKH HeOHOM OCOOOi!: 'IHCTOThl 'IBCTOTa penaKCaUHH reHepaTopa 

cocTaBnSina 80 ru. ohmo BbmonHeHo asa onbiTa. B ·nepsoM HS HHX 'lepes Sl'leAKy 

' 
H HCKpOByiO KaMepy nocneaosaTenbHO nporOHSinCSI ras HeOH, KOTOpbllt, Mell-

neHHO pas6asnSincSI sostlyxoM. HanpSI)I{eHHe Ha RC -reHepaTope noaaep)I{H

sanocb HeHSMeHHbiM, paBHbiM 2 KB, a Ha BbiCOKOBOnbTHOM HMnynhCHOM re

HepaTOpe, llHTaiOIUeM KaMepy, HanpSI)I{eHHe ysenH'IHBanOCb llO SHa'leHHSI, 

I 
HeOOXOllHMOrO llnSI COXpaHeHHSI Ha OllHOM ypOBHe a<j:J<):JeKTHBHOCTH perHCTpa-

UHH s KaMepe 'laCTHU KOCMH'IecKoro Hsny'leHHSI. B aToM onhiTe ohma ycTa

HosneHa, KaK H cneaosano 0)1{HllaTb 0 CHnbHaSI KOppenSIUHSI Me)l{llY HeOOXOllH

MOi!: aMnnHTyaoi!: HMnyn~:>cos E , noaasaeMbiX Ha KaMepy, H 'lacToToi!: 

cpaoaTbiBaHHSI RC -reHepaTopa. 

TaK, anSI 'IHCToro HeoHa E = 7 KBICM, f = 80 ru , llnSI 'laCTH'IHO 

pas6asneHHoro sosayxoM - E = 9,6 KslcM H f = 44 ru. llpH aan~:>Hei!:-

llleM pas6asneHHH HeoHa HanpSI)I{eHHOCTb E aocTHrna senH'IHHbi 11 KslcM, 

8 

-- • 

a f = 20 ru. flpH /lOCTH)I{eHHH f 5 ru, TpeKH B Ka 

soo6me He yaasanoc~:>. 

Bo BTopoM onbiTe penaKcauHOHHaSI Sl'ieAKa cny)I{Hna ane~ 

TpOnSI CTeneHH O'IHCTKH rasa B HCKpOBOit KaMepe. 0'1HCTKa OC 

naCb Henpepb!BHO C llOMOIUbiO aKTHBHpOBaHHOro yrnSI, oxna)l{llE 

TeMnepaTypbi )I{HllKOro asoTa. B Ha'lanhHbift MOMeHT penaKcau 

Ka He cpaoaTbiBana, H TpeKH B KaMepe He HaoniOaanHcb. B a· 

aMnnHTyaa HMnyn~:>cos, noaasaeMbiX Ha KaMepy , ocTasanacb 

H paBHSinacb 10 KBICM. flocne HenpOllOn)I{HTenbHOrO BpeMeHH 

penaKCaUHOHHaSI Sl'leftKa CTana CpaoaTbiBBTb, OllHBKO TpeKH 91 

aanHCb. J1 TOnbKO KOrlla 'laCTOTa cpaoaTbiBaHHSI Sl'leftKH llOCTI 

noSIBHnHcb TpeKH. BbiCOKaSI )l{e a<j:J<):JeKTHBHOCTb perHcTpauHH 'I 

Mepe COOTBeTCTBOBana MOMeHTY O'IHCTKH rasa, KOrlla reHepa 

6oTaTb c 'laCToToft 40 ru. 

PesynbTaTbl 9THX llBYX OllbiTOB CBHlleTenbCTBYIOT 0 TOM 

CMOTpeHHblit CllOCOO KOHTpOnSI HSMeHeHHSI COCTaBa rasa SIBnSIE 

'laftHO 'IYBCTBHTenbHbiM. 3TOT MeTOll .HHTepeCeH TBK)I{e H B T 

'ITO yxoa 'laCTOTbi cpaoaTbiBaHHSI reaepaTopa HenocpeacTseHH 

HSMeHeHHe a<j:J<j:JeKTHBHOCTH KaMepbl K perHCTpaUHH 'laCTHU, T.: 

TepHCTHKa KaMepbl npSIMO CBSI3aHa C llOTeHUHanOM Sa)I{HraHHSI 

MeeTCSI, llBHHblft MeTOll npH COOTBeTCTBYIOIUeft KanHopOBKe MO 

llpHMeHe\lHe H BO MHOI"HX llPYrHX cny'laSIX, rae TpeoyeTCSI oc: 

HenpepblBHblft KOHTpOnb sa HSMeHeHHeM COCTaBa rasa. 

PyKOnHCb nocTynHna B H3llaT• 

23 anpenSI 1969 roll 
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d f d u 
--~- 3 

( 10) 

(U
0

-U ) £'n ~ 
3 Uo -U 

f 

3 

~=0,9 
Uo 

nH HaCTpOHTb paOOTy ~eHepaTOpa TaK, ~TO , TO_.KaK 

df dU3 
H3 «lJopMynbi (10), -f-.,-4-U- , T,e, npH H3M9H9HHH STO:li Be-

df 3 
Ha 0,5%, COOTHOIIIeHHe -f- M9HSI9TCSI Ha 2%, TaKO:li CHCTeMa-

:li yxoa ~acTOTbi cpaoaTbiBaHHSI ~eaepaTopa OT cpeaae:li ~acToTbi, 
2 

f = 10 ~U, oyaeT OOHapy)KHBaTbCSI C fiOMOIUblO nepec~eTHo-p, 

o:licTsa y)j{e qepe3 25 ceKyHa. 

SI 3KCnepHM9HTanbHO:li nposepKH s¢4JeKTHBHOCTH paCCMaTpHBaeMO~O 

Obin H3~0TOBneH Oopa3eU penaKCaUHOHHO:li gqe:liKH ( CM, pHC, 2) H 

ocTpoeH RC -~eHepaTop. ConpoTHBneHHSI H eMKOCTb s ~eHepaTope 

neayiOIUHe 3HaqeHHSI: R 1 = 3,3 MOM, R 2 = 33 OM, C = 22,5 H«lJ. 

9)Kay sneKTpoaaMH B pa3pSiaHO:li SI~e:liKe paBHSinCSI 0,8 CM, flpH Ha-

Siqeii:KH HeOHOM OCOOO:li qHCTOTbl qacTOTa penaKC8UHH ~eHepaTopa 

IS!na 80 ~u. Ebmo BbmonHeHo asa onbiTa. B ·nepBOM H3 HHX qepe3 Siqe:liKy 
• 

y10 KaMepy nocneaoaaTenbHO npo~oHSincSI ~a3 HeoH, KOTOpbi:li, Mea-

36asnSinCSI B03tlyxoM, HanpSI)KeHHe Ha RC -~eHepaTope noaaep)KH

eHaMeHHbiM, paBHbiM 2 KB, a HB BbiCOKOBOnbTHOM HMnynbCHOM ~e-

, nHTaiOrueM KaMepy, HanpSI)KeHHe ysenHqHsanocb ao 3HaqeHHSI, 

I 
anSI COXpaHeHHSI HB oaHOM ypOBHe s«lJ«lJeKTHBHOCTH pe~HCTpa-

qaCTHU KOCMHqecKo~o H3nyqeHHSI. B aToM onbiTe 6bma ycTa

KaK H cneaoBano 0)!{HaaTb 1 CHnbHaSI KOppenSIUHSI Me)Kay Heo6xoaH

nHTyao:li HMnynbCOB E , noaasaeMbiX Ha KaMepy, H qacTOTO:li 

aHHSI RC -~eHepaTopa. 

, anSI qHcTo~o HeoHa E = 7 KBI eM, f = 80 ~u , anSI qacTH~Ho 

HHO~O B03ayxoM - E = 9,6 KBICM H r = 44 ~u. flpH aanbHe:li-

6asneHHH HeoHa HanpSI)KeHHOCTb E aocTH~na senH~HHbi 11 KBicM, 

8 

~ 

a f = 20 ~u. flpH aOCTH)KeHHH f 5 ~u. TpeKH B KaMepe nonyqaTb 

soo6me He yaasanocb. 

Bo BTopoM onbiTe penaKcauHOHHaSI gqe:liKa cny)!{Hna sneMeHTOM KOH

TponSI CTeneHH oqHCTKH ~a3a B HCKpOBO:li KaMepe, QqHCTKa OCyiUeCTBnSI

naCb HenpepbiBHO C fiOMOlUblO aKTHBHpOBaHHO~O y~nSI, oxna)KaeHHO~O ao 

TeMnepaTypbi )!{HaKo~o a3oTa, B Ha~anbHbi:li MOMeHT penaKcauHOHHaSI gqe:li

Ka He CpaoaTbiBana, H TpeKH B KaMepe He Ha6niOaanHCb, B STOM OfibiTe 

8MfinH~yaa HMnynbCOB, noaaBaeMbiX Ha KaMepy , OCTaBanaCb HeH3MeHHO:li 

H paBHSinaCb 10 KB/CM, flocne Henpoaon)KHTenbHO~O BpeMeHH O~HCTKH ~838 

penaKC8UHOHH8SI gqe:liKa CTana cpa6aTbiB8Tb 1 oaHaKO TpeKH erue He HaoniO

aanHCb, J1 TOnbKO KO~aa ~aCTOTa CpaoaTbJBaHHSI Sl~e:liKH aOCTH~na 15 ~u, 

noSIBHnHCb TpeKH. BbiCOKaSI )Ke s«lJ«lJeKTHBHOCTb pe~HCTpauHH qacTHU B Ka

Mepe COOTBeTCTBOBana MOMeHTY oqHCTKH ~a3a, KO~aa ~eaepaTop CTan pa

OOTaTb c qacToToii: 40 ~u. 

Pe3ynbTaTbl STHX asyx OfibiTOB CBHaeTenbCTBYIOT 0 TOM, ~TO pac

CMOTpeHHbi:li CfiOCOO KOHTpOnSI H3MeHeHHSI COCTaBa ~a3a SIBnSieTCSI qpe3Bbl

qa:liHO ~yBCTBHTenbHblM, 8TOT MeToa HHTepeCeH TBK)Ke H B TOM OTHOJIJeHHH, 

~To yxoa ~acTOTbi cpaoaTbiBaHHSI ~eaepaTopa aenocpeacTseaao oTpa)j{aeT 

H3MeHeHHe s¢1PeKTHBHOCTH KaMepbl K pe~HCTpaUHH ~aCTHU, T,K, 9Ta XapaK

TepHCTHKa KaMepbi npS!MO CBSI3aaa c noTeHUHanoM 38)KH~8HHSI ~a3a, Pa3y

MeeTCSI, aaHHbi:li MeTOa npH COOTBeTCTBYIOIUe:li K8nH6pOBKe MO)KeT HailTH 

npHMeHehHe H BO MHO~HX apy~HX cny~aSIX, ~ae TpeoyeTCSI OCyiUeCTBnSITb 

HenpepbiBHbi:li KOHTpOnb 3a H3MeHeHHeM COCTaBa ~a3a, 

,; 

PyKonHCb nocTyn~~:na s H3aaTenbCKHil oTaen 

23 anpenSI 1969 ~oaa. 
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