
1< "' ' "'~ 
06bEJlVIHEHHbl H 

VI H CTVITYT 
T!ilEPHblX 

VICCnEJlOBAH VI B 

Jly6Ha 

.· ~·.:(:.:::::/_.: .. :·::·: .... ;·:········ 

~ 
;J 
t = 
~ 
E ... 
;;I 

i 
! 
2 • .. 
~ 

r;-;; - bv. 

///"'~1 1720 

C. M . KopeH'!eHKo, K.r. HeKpacoe 

VIMnYnbCHbiE rEHEPATOPbl 
Jlnll nV!TAHI-151 l1CKPOBbiX KAMEP 

<ji1i);) I {9 !;.J, ~ '1, c IUJ-1 ~. 

.• ,4 



1720 

C. M . Kope H'!eHKo, K.r . HeKpacos 

HMnYnbCHbiE rEHEPATOPbl 
L!n.H nHTAHH.H HCKPOBblX KAMEP 

HanpaaneHo B nT3 

a I ~--· ( \' f , ,• , 

-· · - · · .. • ... '! ~ . 



Yfaae CT H O , 'iTO .nn st y n y q w e HH SI a peM e HH Or O p aap e w e HHR H C KpOBbiX KBM e p , npe.acT aB­

flSllO Lll HX c o6oA 9 M KOC T b n o p a nnenbH biX llfl 8CTHH-::meKTpO.UOB 1 3 KC ll9pHM 9 HT£l T Op C Tp9 MHTC 51 

C H£lHMeH bW e H a a.aep.>KKOA: n oc ne n poneT8 HOHH3 KpyiOlUe A: '4 8C TI.fU bl n o .a B T b H B 3 fl 9 KTpO.llbl 

K8 M 9 p bi B bi CO KOBOfl b T Hbi A H MnynhC l.f 38 H8H M9HbW ee s p e MSI 3 8 p Sl .llHTb 9MKOCT b K 8M9p Pt Ck 

n o He o 6xo n HMoro noTeHuH a n a , B e n H'IHHy 3Bne p >KKH n o o n y6n H K OB B HH hJM pa6oT aM
1 1

•
2

•
41 

MO>K HO OU8HII T b B 120-30 0 HC e K . 3 a 3 TO Bp8MSI B 3 H 8 '1JIT8 Ti b H Oii C T8TI8HH OTB 8 T C TB 8 HH 8 

aa.a e p >K Ka , B 03H H K 8 l0Ll.l 8 51 B CX9M9 HMllynbC HOf'O r eHep a T o p a , r .a.e B K 8 "1 9C T D9 KOMM yTHpyiO-

L.U HX B bl CO K Oe H B np51>K 9 HHe 3 fleM e H T OB 0 6bPI HO HCll Onb3ylO T C R BO.O.Op O.O.H hi A: THp B T pOH H flH 

ynpaanSi eMbiA p a3pS!J:lHHK c cooTa e T C T B Y JOWHM 3 BnycKBJOWH M ycTpo l!c T BOM , B onop oJ:lH h i l! 

T Hp.1 TpOH y no6eH B 3 KCTITiy 8 T 8 UH 11 0 HO IIM88 T 60UbWYJO 38J:l8p>KKY Cp a 6 8 TbJB 8H KSI, onp e -

.aenH e MyiO a o c HOBHOM e p e M e n e M aa :»< n: r a HH R n p oMe:»<y TKa ce TKB- Ka T o.n . K T OM Y JKe 

MOLU H bi e THp a Tp OHbl D C Hny CBOH X r a 6 a pH T OB HM~IOT 6on bWYlO Hll.UYK THBH OCTb BBO.llOB 1 

'I TO n p e n sH C T Bye T f1 0 TIY'i 8 HHIO H 8 HII 3 KO OMHOl! H81' PY3 K 8 Y£lOBTI8TBOpHT8U bHO ii cp o pMbl HMnyn b ­

ca . O .a. H D. KO n pH o n pe.nen e HH OM pe>K nM e 3 K c nny a TauHH so.aopoJJHOro T HpaTpona y.naeTCSI 

cywec T aeHHO ycKO pHT b e r o c p a6aT bi B8HH e . D e H: c TBH T enbHO , c nosbtW e HH e M H a npH>KeH H R H B K a -

na no.a.o r peaa T e n H Ka T o n a H r e11e p a T o p a a o.no p o .a a ysenn: q n:saeTcst 3 MH CC HSI KaTon a H .n a sn e -

H H e B 0Ll.Op0.Q8 1 0 3 T O BeD.eT K yM e H b W 9 HHIO BpeMeHH 38>KHf' 8 HH51 npOMe>KyTK 8 Ce T KB- KB T O.Q . 

C p OC T OM llMllnHTyLlbl H KpyTH 3 H bl cfJ p OHT8 ll OLl. >KHf'BIOLUef'O HM n ynbC B Bp9MSI 11 0 ,0.>KH f' 8 TH p a ­

T pOH 8 T B K>Ke coKpawaeTC SI / 
31

• B r e He p a T o p e , e x eM a KO T oporo n p11 a e nena na pH c. I , 

6bm ll c n onb3 oaan a o nopo J:lHb!l! THp a Tpon TrVI 1 700/ 2 5 c rroabi wen n b i M H aKanoM , p aan biM 

6,7 a . C x e M a aa n y cKa Bbll10flH 9 H 8 H 8 a n e KTpb HHbi X n a M n ax n 1' n 2. n3, y nflBBnHlOLU H e ceTKH 

KO T Op bi X H 8X O.UHTC 51 11 0 .0 OTpHUllT e n b H biM llOTeHUH B n OM J 380 Hp 8 10lUH M HX H8 BpeM SI M e)KJJ.y 

HM ilynhCBM H. n o nO:>KUTe n bH 8SI n o nHpH OC T b HMI1YflbC8 a nSI OTnHp8HH SI n 2, n3 n on yqaeTCfl 

c noMOWbJO HMnynbCH hiX TpllHCcpo pM a T o poa VIT I, VI T 2 na cp e p p HTOBhiX Konbuax <P- 1000 

J:l K 8M8 T pOM 1 7 MM , n e pBH'IH B<I II BTOpii'IH B SI 06MOTKH TpBHCcp o pM 8 TOpB , HM810!ll ll 8 TIO 18 BHT­

KOB , HBM8T b!B 8 JOTC 51 HB C8 pL!8 '1HHK B OJ:l HH CTI <j il CJ:l B 08H H biM rlpOBOJ:lOM n ~-) flill Q 0, 18 , B xon­

H 8 51 fl 8M n ll fl }-635n n TpH O.UH OM BKfll0'19H H H 0 T Kpbi B89T C SI ll Ofl O>KH T enbHbi M HMil yJibC OM -5s. 

C B bi XO.U HOf' O KBC KB.U B , BblllOn HellH Or O H 8 H MnynbCHOM T e T p O,n e rVl - 30 , n o n yq a e T CSI H ll co­

n p OT HB .18 HHH 4 00 OM 8 MriTIHTyJ:l8 3 , 5 -4 KB C O Bp8M8H8M H 8 p 8 C T 8HH SI 10 HCeK H 38J:l8p>KKO!i 

OTH OC HTe llbHO a xona c x e M bl 3anyc K a 15 - 2 0 n ce K , Vl M nynbC H hl ~ T pan ccp o pM .1Top VI T3 B hmon­

H51 8 T C SI T ll K >Ke , K llK VIT I , VIT2, H O H8 K OTi b U 8 J:lllllM8TpOM 30 MM npoBOJ:lOM nl::l - 0 , 5 1. T H­

paTpOH fl 4 c cjJo p M Hpyiowel! nHI!H eil ct> n " anon e H a corn acyiowe l! n a rpy3Ke 2 5 OM np11 

TIOJ:l KTI IO 'i8 HH Oii UIITIICH J:l pH'1 8CKOil 11 C Kp080 il K 8 M e p e 8 MKOC TbiO 800 ncp C03J:l 8 B ilTI n pS!M Oyr onb­

H bJ?i H M rt ynbC OT pH U8 T e JJbH Oit n o n SipH OC TH C <i:JpoHTOM }5 HC9K H 3 8 .U9p>KK O A' O T HOCHTe nbHO 

3 



HMnynbCS HB C9TK9 fl4 50-60 HC9K. 06lllB!I 38Jl9p)I{K8 CX9Mbl THpB TpOHHOJ:'O reHepBTOpB 

HMeeT B9JIH'IHHy 70- 80 HCeK. ABTOpB MH 6b!JI8 npOBepeHB B03MQ)I{HQCTb yMeH blll9HH!I aa­

Jle-p)I(KH c pa6B TblBBHHII THpa TpOH B npK UOJlB'I e H B 9 !"' 0 C9 TKY H960JiblllOJ:'O UOCTO!!HHOJ:'O H8Up!!­

>K9HHH nono>KRTenbHoil nonRpHOCTH. M aKCHMBnbHOe yMeHbWeHHe aa.ae p>KKH ua 15 uceK 6bino 

nony'leHO npH H 8 Up!!)I{9HHH 24 B. TBKOll pe)I{HM Tpe6yeT CTB6HJibHOJ:'O H CTO 'IHHKB UHTBHKII , 

T 8K K8 K He6 o nbW 09 B03p8CT8HK8 H 8 llpSI>KeHHSI ee.neT K 803HHKHOB9HHIO C8MOllpOK3BOnhH Or O 

38)1( HJ:'8 HHII THpB TpOH B . noaTOMY pa60'IHll BBpKB HT npu6opa B U9JI!IX UOBbllll 9HK!I 9 !"'0 H8Jl9)1(­

HOCTH OCylUeCTBneH C uyneBbiM CM9lll9HH9M H 8 C9TK9 THp8 TpOH8. Bee npHB9.ll9HHbl8 B pa-

60Te peaynbTB Tbl nony'leHbl HB pa6o'I9M BBpHBHTe UpH6opa. JlnKT9JlbH8!1 3 KCnny B T BUHII TKpa­

TpOHHOrO r euepaTopa c HCKpoeoA KBMe poA noa eonHeT c.aenaTb BhiBo.a o TOM, qTo Hcnonb3ye­

Mb!A pe)I{HM THpBTpOHB He liBJili9TCll KpHTH'IHblM BO BCliKOM cnyqae JlO 'IBCTOTbl a anyCKB 

pBBHOA 10 l"'U. 

THpB TpOHH bl9 J:'eHe pBTOpbl C TOKOM HMUyJibCB - 1 KB o6ecne'IHBBIOT URTBHHe H CKpOBbll< 

KBMep c co6CTB9HHOll 9 MKOCTbiO - 1000 n¢. Ecnu T OK 38p!!Jl 8 9M KOC TH ck Jl0CTH J:'89T 10 KB 

K 6onee, qTQ H806XO.llHMO .anSI C03.0.8HHSI 60nbWHX H C KpOBbiX K8Mep C MMbiM H M9>K3neKTpo-

.D..HbiMH npoMe>KyTK8MH, OHH nH60 CT8HOBSITCSI rpOM03.0KRMK, nR60 B0061Ue HenpHeMn9Mbl. • 

Tpe6yeMyJO MOlllHOCTb HMnynbCB yJlaeTC!I nony'IRTb, u cnonb3yH B KB'IecTae KOMMyTHpyJOlllero 

3JI9M9HT8 ynpB BJI!I9Mblll paap!!JlHRK. fly'IWH9 Bp9M9HHbl9 n a p aMeTpbl, 60JiblllOA JlHBU830H T O­

K B B HMUyJibC 9 (JlO 100 KB) UpH H8Upli)I{9HHH 1Q-5Q KB H 6onee Bbll"'OJlHO OTnH'IBIOT 9!"'0 OT 

THpBTpOHB. npKBJI9K89T CB09ll UpOCTOTOA K CTB6KJibHOCTbiO Tp9X3Jl9KTp0JlHb!ll paap!!JlHKK, 

KOHCTPYKUHH KOToporo 6bina npHBeJle H a a pa6oTe
141

• P aapHJlHHK ynpaanHncH MOlllHOA 

HMnynbCHOll n a MnoA. YM e Hbw e uue 3BJl9 p)I{KH c p a6aT b iBB HHll H ee c T a6 unaaauH H JlOCTHranHCb 

OCB9W9HH9M M9>K3fl9KTpO.llHbiX npOM e>K yTKOB KCTO"'HHKOM yn bTp8cflH OneTOBOro CB9T8. reHe­

p a TOp C T 86RJibHO p860T8JI C K BM e poll 9 MKOC TbiO 800 ncj> UpH 8MUJIKTYJl9 HMnyn bCB 6onee 

IQ KB. JlaHHb l X 0 U OB9Jl9HHH p a3p!!JlHH K8 IIpH H BI1 p!!>K9HH!IX M9Hblll H X 10 KB B p a6oT/
4

/ 

He npHBOJlHTCH. nepeJl 8BT0p8MH CTO!IJIB 38Jl8'18 nony'leHHII YCTOA 'IK BOl! pa60Tbl paapHJl­

HHKB B JlR8JI830H9 M9Hbllli!X HBUp!1)1{9HHll (5 -10 KB) JlJIII UHTB HHH MHOJ:'OCJIOl!HOil UHJIHHJlpH­

'19CKOII KBM9pbl 9MKOCTbiO 8000 n cj> C 3830pOM M9)1(JlY UKJIHHJlpBMH 5 MM. 8 3TOM JlKBna-

3089 H8Up!1)1{9HHl! 6b!JI B 06Hapy)I{9H8 C HJibH B !I 38BHC HMOCTb Bp9M9HHblX napBM:9TpOB paap!!Jl­

HHK8 OT reo MeTpHH a neKTpO.D.OB H HHT8 HCHBH OC TH OCB8W8HHSI npoMe)f(yTKOB y nbTpacfJHoneTo­

BblM caeToM. Kone6aTenbHbiA x a paKTep I!MnynbCa a a arpyaKe , wyHTHpoaanHoA eMKOCTbJO 

Ck m lOOQQ ncj>, MO)I{HO 06b!ICH I<Tb BJIH!IHH9M HHJlYKTRB H OCTH U9UH pa3p!!Jl8 9MKOCTH 

C - 100 u¢ (puc. 3). PHJl a Kcne pKM9HTOB npuaen K co3JlB HHJO K OHCTPYKUKH , npeJlcTaane u­

uoA HB pRC. 2. J.1CU0Jlb30B8HH9 CU9UHBJibHb!X 693biHJlYKTHBHblX K OHJl9HCB TOpOB H yM 9Hbllle-

HHe KH.D.yKTHBHOCTH p a3pH.O.HHK8, .O.OCTHrHyTOe noMeWeHH8M e ro B Me.D.H bl ll: CT8K8H, n03BO­

JIHJIH nony'IHTb CTB6HnbHbie xapaKTepHCTRKH npH xopowell cj>o pMe HMnynbCa. P aap!!JlHHK H e 

aaaKyHposaa OT anewueA cpeJlbl. HeHTHn!IUHII Me>!< a neKTpOJlHOJ:'O npocTpBHCTB B H oca emeau e 

ero ynbTpacj>noneTOBbiM caeTOM ocymecTBnHnHCb qepea JlBB OKHB. P accTOIIHHe M9)1(Jly rpacj>u-

TOBbJMH 3n8KTpOJl8MH MO)f{eT MeHSlTbCH .a.nH fCT8HOBKH Tpe6yeMOrO HafipH>K8HHH, KOTOpOe 

4 



JlOJI>KHO 6bi Tb HH.'Ke nopora CTBTHqeCKOf'O npo60S! HB 5 - JO%, HenocpeJlCTBeHHO y OKOH 

CT8K8H8 yCT8H8BnRBanaCb n8Mfl 8 npK-4, llHT88M8SI HCTO'-IHHK OM llOC TORHHOf' O TOKB. ilnH 

ynpaeneHHS! pB3pS!JlHHKOM 6bin Bb!6pBH HMnynbCHblli TeTpOJl rJ.-1-30, l' ~OJl KOTOpOI'O J:'BnbB B -

Hff1.{ 9CKH CBSI38H CO Cp8.llHHM 3 n9KTpO.O.OM p 83pH.O.HHK8. noT8HUH 8 n 8H0.0.8 38JJ.8H .nenHTeneM 

a a co npoTHan eHHRX H paaea nonoBHHe .neA CTayJOlllero BhtCoKoeonhTHoro a a npsnKeHHR. CxeMa 

reHepaTopa npeJlC TBBneHa H B pHC. 3 . no 3BnyCKy 3T8 CXeMB He OTnHqBeTCS! OT THpB TpoH­

HOJ:l. llnst ll0.0.81.JH 01.JHLU810lU8f'O H 8 1lpSDK8HHSJ H 8 K8Mepy B U81lb HMilYflbCHOf'O llHT8HIHI no­

CTBBn eHbl HronbqBTbre pa3pS!JlHHKH P
1 

_ 
8 

, HBCTpaHeaeMbre Ha HanpsDKeHR e - 600 e . P a6oTa 

f'BHepaTopa C KBMepol! eMKOCTblO 8000 n<j:> 6brna ycTol!qJ<BOl! , K BKRx-nH60 H3MeHeHHl! B 

3n eKTpOJlBX p83pS!JlHHKB 38 - 5 • 10
4 

cpa6BTb!B8HHli He 06Hapy>KeHO, l:hiCOKOBOnbTHbili 

KMnynbC, no.aasaeMbiA aa KBMepy, HMen aa.nep>KKY OTH OC HTenbHO HMnynbC a a a sxo.ae cxe­

Mbi 3BnycKa n I 30-35 HCeK. V1 3 HHX 15 HCeK llBJlBlOT Ha cxeMy 3BnycKa. Hec Ta6HnbHOCTb 

38.aep>KKH COCTBBnHnB 5 HCSK. BpeMH H8p8C T 8 HHSI H81lpSDK8HHH H8 3 n8KTp0 .08X K8M9pLI -

20 HCeK. nonyqeHHb!e pe3ynbTBTb! CBHJleTenbCTByJOT 0 TOM, qTo pa3pS!JlHHK MO>KeT 6biTb 

yc newa o Hcnonb30B8H a cxeMe nHTBHIHI 6onbWHX HCKpOBhiX KaMe p. Ero apeMeHHbte napa-

M8Tpb1 3H8l.fHTenbHO nyqwe nonyttaeMblX C BO.UOpO.O.HblM THpa TpOHOM, 8 no HarpyaOttHhiM 

C BOi:tCTB BM O HH flOK 8 He cPasHHMbi. 
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