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noKaaaao, 'ITO nocneaoaarellbHbilt Kone6arenbHbilt Koaryp MOJKeT 

6b1Tb npHM6H6H B 6/lOKe Bb!COKOI"O H8llpiDK6HHH C 8BTOKOile6a TellbHblM 

nsTaHHeM. B 9TOM 6noKe WHPOKO HCnOilb3YIOTCH llHOilbi, TpaH3HCTopbi, 

onepaUHOHHbie YCH/lHT61lH 1 a T8KlKe eMKOCTH. 0nHC8Hbl npBHUHn pa60Tbl 

H cxeMa BbiCOKOBO/lbTHoro 6noKa nHTSHHH. Ha BbiXOile aanpiDKeHHe paaHo 

5 KB, TOK - 0,25 MA, cra6snsaauss aanps)l(eHHH - He xyJKe to-s. 

Pa6oTa BblllO/lHeHa B na6opaTOpHH Hei!TpOHHOI! ¢H3HKH OH~H. 

Coo6JQea•e 06WJU1Beaaoro UCTBTYT& a.11epawx accne.IIOB&HBI. ,Ay6Ha 1978 

Ferenczy F. 
13. 11176 

High Voltage Supply Unit 

It is shown that the sequential oscillate ry circuit can be 
employed in a high voltage unit with an a.utu-oscillating power 
supply. Diodes, transistors, amplifiers, and condensators are here 
widely used. The operation principle and high voltage supply unit 
scheme are described. The output voltage is 5 kV, current is 
0.25 mA, voltage stabilization is not worse than 10 -s 

The investigation has been performed at the Neutron 
Physics Laboratory, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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)J;n.ll ,D.CTCKTOPOB, perHCTPHPYIOUUIX JI,D.epHhle H3ny'leHHJI, 

pa3pa6aThiBaiOTCJI Manora6apHTHhle BhiCOKOBOnbTHhle 6nOKH 

DHTaHHJI. 

Hcnonb30BaHHe Haa6onee wapoKo pacnpocTpaHeHHhiX 

cxeM c aBTOKone6aTenLHhiMH npeo6pa3oBaTenJIMH He Bcer.n.a 

.IIBn.lleTCJI uenecoo6pa3HhiM. llpa nony'leHHH BhiCOKHX Ha

np.II)KeHHi He,D.OCTaTKOM TaKHX CXeM JIBnJieTCJI 60nbWOe 

'IHCnO BHTKOB BO BTOpH'IHOB KaTyWKe, TaK KaK MaKCHManb

HOe Hanp.II)KCHHe Ha nepBH'IHOB KaTyW.Ke He MO)KeT npeBw

waTb Hanp.II)KeHHJI naTaHHJI reHepaTopa. Ka.K H3BeCTHO, 

B cnyqae pe3oHaHca B nocne.n.oBaTenLHOM .Ko»e6aTenLHOM 

KOHType HallpJI)KCHHe Ha KaTyW.Ke HnH Ha CM.KOCTH 6y,D.eT 

B Q pa3 npeBwwaTb HanpJI)KeHHe reHepaTopa U0 . HlDKe 

cne,D.yeT OllHCaHHe npHHUHlla pa60Thl H CXeMhl BhiCOKOCTa-

6HnbHOrO BhiCO.KOBOnbTHOrO 6no.Ka DHTaHHJI C npHMeHeHHeM 

nocne.n.oBa TenLHoro Kone6a TenLHoro .KOHTypa /Bwxo,D.Hoe 

Hanp.II)KeHHe • 4 KB, TOK • 0,25 MA, CTa6HnH3auHJI Hanpa· 

)KeHHJI He xy)Ke 10 -s I. OcHOBHhiMH 3neMeHTaMH 6no.Ka 

.IIBn.IIIOTCJI cxeMw cTa6ana3aUHH Hanp.II)KeHHJI H npeo6pa3o

Ba TenL Hanp.II)KeHHJI. 

liJIOK CT AliHJIH3AaHH 

CxeMa cTa6ana3aUHH BhiCOKoro HanpJI)KeHHJI BwnonueHa 

Ha onepaUHOHHOM ycHnHTene THDa /LA 101, .KOTOphiB pe· 

rynupyeT BenH'IHHY HanpJI)KeHHJI, DHTaiOIUero npeo6pa3oBa

TenL, B COOTBeTCTBHH C H3MeHeHHJIMH BhiXO,D.HOrO HaDpJI)Ke· 

HHJI. B cnyqae, ecnH BhiXO,D.HOC HaDp.II)KeHHe DOCTOJIHHO, 

HanpJI)KeHHJI Me)K.IJ.y .D.BYM.II Bxo.n.aMH onepauuouuoro ycunu

Ten.ll 6y.n.yT paBHhiMH: UN = Up. 
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3aBBCBMOCTL BXO~HLIX B BLIXO~HLIX HanpJDKeHHH B CJiy· 

'lae OTpBIJ;aTeJILHOro B nOJIO)KBTeJILHOrO BLIXO~HOrO Ha· 

npJI)KeHBJI /eM. puc. la,6: 1 ~ onepau;uoHHLIH ycBJIBTenL, 

2 - npeo6pa3oBaTeJIL HanpJI)KeHBJI/ ~aeTCJI 4JopMynaMB: 

ue ua ue ua 
--=--- , -- = --
Rl R2 Rl Rl+R 2 

R2 Rl+ R 2 U =- --U p = --R---Ue. a R e' 
1 a 1 

,Ll,JIJI ~OCTB)KeHBJI MBHBMaJILHOrO TOKa 

BLinOJIHJITLCJI ycnosue R = 
R1·R 2 ---. 

3 Rl + R2 

+1!5V 

I 

+15¥ 

ll 
Puc. 1 

4 

OTCe'IKB ~OJI)KHO 

YpaBHBBaHBe 

lla • -'100. u, 
t 
1 

u.·~Ua 

• 1 

aj 

6/ 

... 

,. 

TOKa OTCe'IKB onepaiJ;BOHHOrO yCBJIBTeJIJI npOB3BO~HM no

TeHIJ;BOMeTpOM P 2 B conpoTBBJieHBeM R 
4 

. 

IIPEOEPA30BATEJib HAIIP.R)J(EHH.R 

Tipeo6pa3oBareJIL HanpJI)KeHBJI co6paH no cxeMe, npe~

cTasneHHOH Ha puc. 2, npBHIJ;Bn ero pa6oTLI o6'LJICHeH Ha 

puc. 3. Ecnu KJIIO'I K JaMKHYT /nepuo~ speMeHB O-t 1 /, 

TO npB nOCTOJIHHOM Do TOK KaTyUIKB (if) JIBHeHHO B03pa

CTaeT no 3aKOHY 

ie 
Uo 
---. t. 
L 

i e 
Uo 

1 L 1 
.. 

T1 

1 
Ia r {K 1 

a/ 6/ 
Puc. 2 

MaKCBMaJILHLIH TOK B03HBKaeT B MOMeHT t = t l B paBeH 

Do 
-t 1 . ie= r= B MOMeHT t = t 1 KJIIO'I K OTKJIIO'IaeTCJI, 

TOK ie Te'leT qepe3 eMKOCTL C B MLI nonyqaeM nocne

~osaTeJILHLIH LC Kone6aTeJILHLIH KOHTYP c pe3oHaHcHoH: 

qacTOTOH w 0 = -
1 

. TaK KaK nepuo~ speMeHB T = 2r , 
y'LC 

~=L. To u) 0 = T r 

5 



ie 
ie 1 ..... ~... 

t 

~~ If 

Dol r I[" 1 3~ b I ' -
t 

T1 

rK 
;k~ ~ 
I ~-c I r;:::;; 

r lnJ' l c; 

Puc. 3 

HJMeueuae TOKa, TeKyiQero qepeJ L, onBCbiBaeTcJI 
CJie,D,yJOIQeH JaBBCBMOCTbiO: 

" D0 77(t-t ) 
io =io · COSW (t-t )= -t ·COS---1 

L L 0 1 L1 T. 

di 77(t-t ) 
Hanp.a*euae ua Ka TYWKe D o = L- = - U . t ..!!.. sin ---1-

:r_ dt 0 1 T T 

MaKcauanbua.a aMnJIBTy.D.a uanp.a*eua.a no.asn.aeTc.a B 
MOMeHT t = t 

2 
B paBHa 

" 
Do= -D ·t · !!..... • 

L 0 1 T 

A uanpJI)I(euae ua eMKOCTB 6y,D,eT cocTaBJIJITb: 
" De=U 0 (1+t 1 ~). 
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J 
1 

' J 

B MOMeHT t = t 3 3HeprBJI OnJITb nepeXO,D,BT B KaTyw
Ky, KJIIOq K BKJIJOqaeTcJI a qepe 3 aero Teqey oTpuna Ten~>
HbiH TOK - if . lfJMeHeHBe TOKa OnBCbiBaeTCJI CJie,D,YJOIQeH 
JaBBCBMOCTbiO: 

ie 
Do Do 

'"L't1+r::;-(t-t3). 

B MOMeHT t = t 5 TOK i £ onJITb ,D,OCTBraeT nOJIO:>KBTeJibHOrO 
MaKCBMyMa, H npou;ecc nOBTOpJieTCJI no BbiWeOnHCaHHOMy 
npHHD;Hny. B H,D,eaJibHOM CJiyqae 3HeprHJI, BBe,D,eHHaJI B KOH
Typ Ja nepao,D, (0- t 1). BOJBpaiQaeTCJI Ja npoMe:>KyToK ape
MeHH (t 3-t 4). 

3aMb1Kauae uena ua nepHO.IJ. spe:Meua 
KJIIOq K /TpaHJHcTop T 1 I, a ua speMJI ,. 
De 

Do 

t 
JaBHCHT JIHWb OT OTHOWeHHJI - 1 

T 

(0- t ~ npOH3BO,!J,HT 
(t 3-t 4)- ,!J,HO,D, ,lJ., 

MaKCHMaJibuoe 

uanpJI:>Keuae ua eMKOCTH onpe,D,enJieTcJI .D.onycKaeMbiM uaa-
6onbWHM DeE -uanpJI:>KeHHeM Me)I(.IJ.y KOJIJieKTOpOM H 3MHT
TepoM TpaHJHCTOpa. ,lJ.JIJI TpaHJHCTOpa 2H3055, npHHHMaJI 
MaKcaMaJibHOe Juaqeuae ynpaBJIJIIOIQero uanpJI:>KeuaJI D 0 
paBHbiM 15 B, nonyqay 

" 
t1 1 De 5 
- < - (- - 1) = - - 1,5 0 

r " D 0 " 

t 5-t 3 = 2t 1 = 3r, a nepao,D, T 
1

=2t 1+ r = 4r. 
MaJibHOM cnyqae qacToTa f 

1 
pasua 28 KTrJ. 

T 
T1 

4 
1 

4f 1 
9 MKC. 

B onTa-

HH.D.YKTHBHOCTb L onpe,D,en.aeTc.a no cne,D,yJOIQei c)op
Myne: 

L 
(t - t )D 2 

0,125~5- 3 0 p---
2 
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p 5 - MaKCHMaJIJ.HaJI MOll(HOCTh reHepaTopa, 

p 
5 

D 
a 

I = 4 KB • 0,25 MA = 1 Bm 
max 

U o= 13 B- ynpaanJIIOI .. ee HanpJI)I(eHHe, 

2 
3r· D0 

L = 0,125--p-- = 0,57 MF, 
2 

L·C 1 

w2 
0 

T 2 

772 
8,2. 10-12 2 c 

OTKy,ZJ;a cne,ZJ;yeT 
c = ~.2·10 -1~ 2 

o.57·10-3r = 14 HcP. 

3HaJI L l , MO)I(HO onpe,ZJ;eJIHTh q&cno BHTKOB nepaHqHoii: 

KaTyWKH no cne.ZJ;yJOll(eii: 4JopMyne: 

N = j L 1 = J ~54 .10-
2 

= 26 ' 
1 AL (d) 800 · 10 -g 

r,ZJ;e A L - HH.ZJ;YKTHBHOCTJ. 4Jepp&Ta B HF, d - ,ZJ;HaMeTp 

npOBO,ZJ;a B MM. 

BenHqHHa HanpJI)I(eHHJI, B03HHKaiOll(ero BO BTOpHqHOH 

KaTyWKe, orpaHHqHsaeTCJI 3JieKTp&qecKOH npoqHOCThiO ee 

HJOnJI .. HH, napaMeTpaMH ynpaanJIJOll(ero ,ZJ;HO,ZJ;a H napa3HT

HbiMH Kone6aHHJIMH B KaTyWKe. ,.lJ;nJI ,ZJ;HO,ZJ;a BY184 3TO 

HanpJI)I(eHHe He ,ZJ;OJI)I(HO npeawwaTJ. 1,8 KB. 
,D;nJI nonyqeHHJI 6onee BbiCOKHX HanpJI)I(eHHii HY:>KHO 

npHMeHJITh CXeMW yMHO)I(eHHJI HanpJI)I(eHHJI. qHCJIO BHTKOB 

sTop&qHoii xaT~H onpe.ZJ;enJieTcJI no cne.ZJ;yJOll(eii: 4JopMyne 

/npe,ZJ;nonaraew M&KCHM&nJ.Hoe HanpJI)I(eHHe 6aTapeii: D 0 
paBHbiM 15 B/: 

N _ N 1,8K8 
• 2- 1 " De 

= N 1_.!& . ..!'~- = N 1 1,8 K83 = 546. 
D 0 (1+77'1-) 158(1+"277) 
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BpeMJI 'I onpe,ZJ;eJIJieTCJI cne,ZJ;yJOIUHM COOTHOWeHHeM: 
2 

r < 'I 2 < 2r , 

HIDKHHH npe,ZJ;en He MO)I(eT 6b1Th MeHJ.We r, TaK KaK B 3TO 

BpeMJI HaBCTpeqy TOKY if TeqeT TOK HCTOqHHKa nHTaHHJI 

H ocna6nJieT ero, a JHaqHT, yMeHJ.waeT aenHqHHy nono)I(H

TenJ.Horo CHrHana. BepxHHii npe,ZJ;en-2r, TaK KaK so apeMJI 

(2r-r) KnJOq K BKnJOqeH qepe3 ,ZJ;HO,ZJ; ,D;. 

YIIPABJIEHHE IIPE0.5PA30BATEJIEM 
HAIIP .R)l(EHH.R 

Bwxo,ZJ;Hoe HanpJI)I(eHHe D a nponop .. HoHanJ.Ho HanpJI)I(e

HHJO U0 . EcnH HanpJI)I(eHHe Ha TpaHJHCTope T 
2 

MeHJieTcJI 

OT 0 .AO 13 B, TO BbiXO,ZJ;Hoe HanpJI)I(eHHe D a 6y,AeT MeHJITJ.

CJI OT 0 ,ZJ;O 4 KB. IIOCKOJihKY BbiXO,ZJ;HOe HanpJUKeHHe on epa

~OHHOro ycHnHTenJI MeHJieTcJI B npe,ZJ;enax ±11 BoTHOcH

TenJ.HO noTeH .. Hana JeMnH, TO Heo6xo,ZJ;~Mo cornacoaaTJ. 

ero BbiXO.A co axo,ZJ;oM TpaHJHcTopa T 2 . 

3TO cornaCOBaHHe npOH3BO,ZJ;HTCJI TaKHM o6pa30M, qT06bl 

B CJiyqae KpaTKOBpeMeHHOrO laMbiKaHHJI TOK lc 2 , TeKyiUHii: 

11epe3 TpaHJHCTop T 
2 

, He npeawwan onpe,AeneHHoii ae

naq&Hbl: 

lcz. 
2£>8 

I c 2= f3 ('I 2) -- - 0 5 A 2,7 lC ' • 

IlpH ,AJIHTeJIJ.HOM 3&MbiKaHHH laiUHT& o6ecneqHaaeTCJI 

npe,ZJ;oxpaHHTeneM B KonneKTope T 2 . 

0TpH .. aTeJIJ.HaJI o6paTH&JI CBJI3h Me)I(,!J;y KOJineKTOpOM 

TpaHJHCTopa T 2 H nono)I(HTenJ.HbiM axo,ZJ;oM onepa .. HOHHo

ro YCHJIHTeJIJI, a T&K)I(e Me)I(,!J;y BbiXO,ZJ;OM H OTpQaTeJihHWM 

BXO,ZJ;OM onepa .. HOHHOro YCHJIHTenJI no.A,ZJ;ep)I(HBaeT KOne6aHHJI 

swxo,ZJ;Horo HanpJI)I(eHHJI Ha onpe,ZJ;eneHHOM ManoM ypoBHe. 

TaK K&K BbiXO,AHOe HanpJI)I(eHHe D a nponop .. HOH&JihHO 

BXO,ZJ;HOMY HanpJI)I(eHHIO U e , TO H3MeHeHHe D e OUpe,ZJ;eJIJieT 

cTa6HnhHOCTh awxo,ZJ;Horo HanpJI)I(eHHJI. Ilo3TOMy .AJIJI no

awweHHJI CTa6HJihHOCTH reHepaTopa BWCOKOro HanpJI)I(eHHJI 

D CHHM&eTCJI C HHTerpanJ.HOrO CT&6HnH3&TOpa HanpJI· e 
)l(eHH.K (p.A 723). 

19 



R1 -P3 

~~ 
~=400 
Ut 

I _..._lf•T I 1-...r.,. I 

TIP 30 
240K .. I ~T2 

u.~ UR~o 

2H3055 ,..,007 

+ +15V] 1 .+ 
100Jo& 4.7n ... 'f .... I .. ,. 

-t~V I • 

uu,•10 
,---

Iii~ 
17 

lue 1 UK 

Puc. 4 

PerynHpOBKa U a ocy~ecTBJIJieTcJI H3MeHeHHeM U e, 
KOTOpoe onpe~eJIJieTCJI URE F - OITOpHbiM HaiTpJI)KeHHeM. 

Co~~OTHBJieHHe noTeHUHOMeTpa P ~OJI)KHO 6b1Tb nopJI~Ka 
10 R 

1
. 

IIO):(FOTOBKA IIPHliOPA K PAiiOTE 

llocne BKmo'leHHJI npH6opa Heo6xo~HMO ~o6HTLCJI c no

MO~biO ITOTeHUHOMeTpOB P 2 H P paBeHCTBa HYJUO HanpJI-

10 

)KeHHH ue H u a. 3aTeM, H3MeHJIJI u e OT 0 ~0 10 B 
C ITOMO~biO ITOTeHUHOMeTpOB p H P 

3
, MO)KeM ITOJIY'IHTb 

mo6oe HanpJI)KeHHe Ha Bblxo~e, oT 0 ~o 4 KB. Bb1XO~Hoe 
HanpJI)KeHHe JIHHeHHO 3aBHCHT OT U e. 

B pa6oTe B OCHOBHOM npHMeHeHbl aMepHKaHCKHe HH

TerpaJibHble CXeMbl H 3JieMeHTbl, aHaJIOrH KOTOpbiX cy~eCT

BYIOT B CCCP H cTpaHax C3B. 

KaK ITOKa3aJIH ~JIHTeJibHble HCITbiTaHHJI, npoae~eHHble 
B JIHcl>, ITpH6op 06Jia~aeT CTa6HJibHOCTbiO BbiCOKOrO HanpJI

)KeHHJI He Xy)Ke 10 - 3 /nyJibCaUHH HaiTpJI)KeHHJI He npeBbi

WaiOT 0,3 B/. 
HcnoJib30BaHHble MHKpocxeMbl o6ecne'IHBaJOT nonyqe

HHe yKa3aHHbiX napaMeTpOB B HHTepBaJie TeMnepaTyp OT 
0°C ~0 40° c. 

B 3aKmo'leHHe xoTenocb 6bl Bblpa3HTb 6naro~apHOCTb 
JI.qepy, ~.Py6HHy, B.r.CHMKHHy, A.B.CTpenKoay 3a HH

Tepec K pa6oTe H none3Hble o6cy*~eHHJI. 
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