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HeKOTopbie eonpocbi npoeKTapoeaHBSI cxeM aamBThi HH3KOBOnbTHhiX 

BCTO'IHBKOB nBT8HBSI OT KOpOTKOro 38MbiK8HHSI 

H3nOlK8Hbl BOnpOCbl 381llBTbl HB3KOB011bTHblX CT86HnB3HpOB8HHbiX BCTO"'

HBKOB nBT8HHSI OT neperpy3KB B KOpOTKOrO 38MhlK8HHSio npoH3B8A8H 8H8nH3 

H8CKOllbKBX THnOB CXeM 381llBTbl 1 B TOM "'BCne CBCT8Mbl Jt)[JO-BACK • 
npBB8A8Hbl !jK>pMynhl lln!l p8C"18T8 3THX CXeM H A8Hbl peKOM8HA8UHH no 

pa3pa60TKe CHCT8M 381llHTbl. 

Pa60T8 BbinOnHeHa B na6opaTOpHB BbiCOKBX 3HeprHA OH.HH. 

Cooes.tene OCh.e .... euoro DCTJITYT& UepiiWX accJie,aoii&IUII . .Qy6u 1977 

Dulsky R.;, Liplnsky M., Nguyen Viet Zung 

Some Problems of Overcurrent Protection in Low 
Voltage Power Supplies 

'13 - 11110 

Some problems of overcurrent protection in low voltage 
power supplies are considered. Some typical circuits, especially 
of FOLD-BACK type, are analysed, and the practical fonnulas are 
given. 

The investigation has been perfonned at the Laboratory 
of High Energies, JINR. · 

Commlaieatioa of tbe Joint ID8titute for Nuclear Research. Dublla 1 i'l'l 

C) 1977 ~M611••• .... 11•c•DJ'8 •Hp•wx IICCA•boea•MeJ.l{)'CSIIa 

Cpe,D.H pa3nH'IHbiX cHcTeM 3aU(HTbl cospeMeHHblX HH3Ko~ 

BOnbTHblX HCTO'IHHKOB llHTaHH.H O,II.HOH H3 OCHOBHbiX .HBnJieT

CJI CHCTeMa 3all(HTbl OT KOpOTKOro 3aMblKaHHJI /K3/. 
Ee 3a,IJ.a'lei JIBn.HeTcJI 3all(HTa KaK nocne,IJ.oBaTenLHoro 

cTa6HnH3Hpyromero 3neMeHTa, TaK H scex ocTanLHblX, ua

XO,II.JIU(HXC.Il B uenH COe,II.HHeHH.II HCTO'IHHKa llHTaHH.II C 3neKT

pOHHOB annapaTypoii /KOHTaKTOB pa3'beMOB, TOHKHX ,II.Opo

:lKeK ne'laTHbiX nnaT H .1\P./, OT nospe>K,IJ.eHH.II B cnyqae 

neperpy3KH HnH npocTo K3. 
Ha puc. 1 noKa3aHa npocTa.ll cxeMa 3aU(HTbl oT K3, 

a TaK>Ke BbiXO,IJ.Ha.ll xapaKTepHCTHKa HCTO'IHHKa DHTaHB.II, 

T2 u .... 
JH UJ~~o~X 

l~Hot!l _r_ .. 

II 

J'HCIK' J 

Puc. 1. JipUHijunuallbHaJI cxeMa u 6biXOOHaJI xapaKmepu
cmuKa cucmeMbl 3UU1UIIIbl om K3. 

HMeromero TaKyro 3aiUHTy. B nepsoii qacTH xapaKTepHCTH

KH HCTO'IHHK pa6oTaeT B HOMHHanLHblX ycnOBH.IIX KaK CTa-

6HnH3aTOp HaDp.II>KeHH.II. C pOCTOM TOKa Harpy3KH IH Ha

Dp.II>KeHHe URn yBenH'IHBaeTC.II ,II.O MOMeHTa, KOr,IJ.a 3a

U(HIUaiOIUHB TpaH3HCTOp T l OTDHpaeTC.II. C yMeHLWeHHeM 
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COUpOTHBneHHR Harpy3KH RH BbiXO,li.HOH TOK yaenH'IHBaeTCR 

H a npe.D.enbHOM cnyqae .D.OCTHraeT 3Ha'leHHR IMaKc·C JToro 

MOMeHTa HCTO'IHHK npe,li.CTaBnReT C060H HCTO'IHHK TOKa 

/BTOpas 'laCTb xapaKTepHCTHKH/. 

OcHOBHLIM He.D.OCTaTKOM JTOH cxeMLI sanseTcs TOT 

li>aKT, 'ITO a cnyqae K3 Ha BLIXO.D.e MOID;HOCTb, pacceHaae

Mas BLIXO.D.HLIM TpaH3HCTopoM T
2

,HaMHoro npeaLiwaeT Mom

HOCTh, pacceHBaeMyiO Ha nepBOM y'laCTKe xapaKTepHCTHKH. 

3Ha'!eHHe conpoTHBneHHR R 11 onpe,ll.enseTcs no 4JopMyne: 

Rn 
/1/ -~~ 

1
MaKc. 

r,ll.e: Dnp - Hanps)KeHHe 6a3a-JMHTTep /B-3/ TpaH3HCTopa 

T 1/a cnyqae KpeMHHeaoro TpaH3HCTopa c .D.OCTaTO'IHOH 

TO'IHOCTbiO MO)KHO npHHRTb 3Ha'!eHHe unp= 0,6 B/; IMaKC

MaKCHManbHOe 3Ha'leHHe TOKa Harpy3KH. 

B nocne.D.Hee apeMs ,ll.ns 3amHTbl oT K3 wHpoKo npH

MeHseTcs CXeMa C yMeHbWeHHeM BbiXO,li.HOrO TOKa. 3Ta 

cxeMa, H3BeCTHas no.D. Ha3BaHHeM FOLD-BACK I 11; noKa3aHa 

Ha puc. 2, Ha KOTOpOM TaK)Ke fiOKa3aHa xapaKTepHCTHKa 

HCTO'IHHKa, CHa6)KeHHOrO 3ai.u;HTOH JTOrO THna. 

n. 
'" 

Uaw.x 

:14 
R,.l u..,., 

lu ..... 
I 

l' 

L_.L_ ___ _.__J J., :J,.,a~o 

Puc. 2. JipUHIJUnuaAbHaJI cxeMa u ebiXOOHaJI xapaKIIIepu
CIIIUKa cucllleMbl 3aJ14U111bl 111una FOLD-BACK. 

Kor.D.a TOK Harpy3KH IH paaeH Hynro, Hanps)KeHHe 

nepexo,ll.a n- 3 TpaH3HCTopa T 1 CMemeHO B o6paTHOM 

HanpaaneHHH H TpaH3HCTop T 1 3anepT. C poe TOM TOKa 

Harpy3KH Hanps)KeHHe cMeweHHR nepexo.D.a B-3 H3MeHseT 

4 

llOJUipHOCTb, a 3aTeM ,li.OCTHraeT 3Ha'!eHHR, npH KOTOpOM 

TpaH3HCTOp T l OTllHpaeTCS, 'ITO, B CBOIO O'lepe,ll.b, npHBO

,li.HT K yMeHbWeHHIO BbiXO,li.HOrO HanpS)KeHHS H na,ll.eHHIO 

Hanps)KeHHR Ha conpoTHBneHHH R 2 • 
TaK KaK pa3HOCTb Hanps)KeHHH Ha RnH R 2 , KOTopas 

sanseTCR BXO,li.HbiM CHrHanoM CHCTeMbl 3amHTbi, He Me

HSeTCR BO BTOpOH '!aCTH xapaKTepHCTHKH 6naro,ll.aps CTa-

6HnH3HpyromeMy B03.D.eiicTBHID nepexo.D.a B-3 TpaH3HCTopa 

T 
1

, na.D.eHHe Hanps)KeHHR Ha Rrr yMeHLwaeTcs, 'ITO ,B caoro 

O'lepe,ll.b
1
llpHBO,li.HT K yMeHbWeHHIO BbiXO,li.HOrO TOKa IH . 

Pac'leT cxeMLI 3amHTbl CBO.D.HTCR K onpe.D.eneHHID 3Ha

'!eHHR conpoTHBneHHR Rrr H KOJ4MlJH.u;HeHTa a = R 2/R 1 .D.nR 

onpe,ll.eneHHOrO 3Ha'leHHR BbiXO,li.HOrO HanpS)KeHHR U H H 

I MaKe. 

IK3 
fiOCTORHHOH K 

3Ha'!eHHe BbiXO,li.HOrO TOKa I H B nro6oii TO 'IKe BTOpOH 

'!aCTH xapaKTepHCTHKH onpe,ll.enseTCR ypaBHeHHeM 

Dnp UBbiX. 
IH =-o --(a+ 1) + --- • a + 131 , /2/ 

Rrr Rn 

r.ne I 31 - JMHTTepHLIH TOK TpaH3HCTopa T 1 
)J;ns peWeHHR JTOrO ypaBHeHHR HeRBHOH 4JopMbl He

o6xo.D.HMO y'IHTLIBaTb 3aBHCHMOCTb lJs31 =f(IH), HMeromyro 

oco6oe 3Ha'!eHHe ,ll.nR y'laCTKa xapaKTepHCTHKH, Ha KOTO

pOM TpaH3HCTOp T 
1 

OTUHpaeTCR. 3TOMY MOMeHTy COOT

BeTCTByeT Ha'!ano BTOpOrO yqaCTKa xapaKTepHCTHKH /TH

fiH'IHOe "KoneHo"/. 

HH)Ke npHae,neHLI «lJopMynLI ,ll.ns npaKTH'!ecKoro onpe-

,ll.eneHHR a H Rn : 

a= 
(K-0,9)U_!!E_, /3/ 

U -(K-0,9)Unp 
Bb!X 

u 
R =~(a+ 1). /4/ 

II I K3 

B HHX He y'IHTLIBaeTcs anHsHHe ToKa I 1 , H npHHRTO, 

'ITO Urrp i IH =I MaKe Ha 10~ MeHLWe 3Ha'leHHR Unpii -I . ,. 11 K3. 
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B ma6A. 1 noKa3aHbi 3HaqeHHJI HanpJI:>KeHHJI URnH Ko3Cl>

clluuueHTa a ,IJ,nJI THllHqHbJX BbiXO,IJ,HbiX HanpJI:>KeHHH HCToq

HHKa U BLIX .H llpHHJITbiX Ha npaKTHKe 3HaqeHHH K03cllciiH

UHeHTa K, 

Ta6Auija 1 

3HaqeHHJI HallpJI:>KeHHJI U RrrH K03cllciiHUHeHTa a. 

~ 2 2,':> 3 3,':.1 4 ? 

'J 
1,36 1 ,e2 2,36 3 3.75 5,76 - - -

0, 15? 0,237 0,337 0' 4')3 0,592 0,96tl 

1,33 1 '76 2,2? 2,8 3,42 5 
b - - -o, 12) 0,19 0,266 0,351 0,449 0,695 

1,2tl 1,66 2,07 2,'.)2 3 4,09 
9 - -- - -

0,079 0,119 0,163 0,21 0,26 0,3'16 

1,26 1,62 £' 2,4 2,d2 3,75 
12 - - - - - -

0,058 O,Utr{ 0,117 0,149 0,183 0,196 

1 '25 1, j9 1,95 2,33 2,72 3, 57 
15 - - - -0,046 0,068 0,092 0,116 0,141 0,156 

1 '23 1,':>5 1, t:l9 2,24 2,':.19 3,3 
24 - - - - - -

0,028 0,042 0,05':> 0,069 0,084 0,114' 

URn 

0(. 

)J,nJI onpe,D,eneHHJI 3HaqeHHJI K03cllciiHUHeHTa K Heo6xo

,IJ,HMO yqHTLIBa Tb MaKCHManLHOe 3HaqeHHe MOIUHOCTH, pac

ceusaeMOH nocne,IJ,OBaTenLHLIM TpaH3HCTOpOM, H 3HaqeHHe 

HanpJI:>KeHHJI URJl , OT KOTOporo Henocpe,D,CTBeHHO 3aBHCHT 

Kll)J. ucToqHHKa. 

OcHOBHbiM He,IJ,ocTaTKOM npuBe,!l,eHHOH BLIWe cxeMbl JIB

nJieTCJI He06XO,!I,HMOCTb npHMeHeHHJI OTHOCHTenLHO 6onL

WHX 3HaqeHHH HanpJI:>KeHHJI URn. qTO, B CBOIO oqepe,D,L, 

6 

~ 
J 

,, 
I 

B cnyqae HH3KHX BbiXO,IJ,HbiX HallpH:>KeHHH TJ Bb!X . npHBO)J,HT 

K JHaquTenLHOMY yMeHLWeHHIO K)J.ll ucToqHuKa /2/. 
Ha puc. 3a noKa3aH MOAHciluuupoBaHHbiH aapuaHT cxe

MLI Tuna FOLD--BACK B KOTopoB: TpaHJHCTop T 1 , orpaHH

qoBaiOIUHH TOK, ynpaBnJieTCJI CyMMOH HanpJI:>KeHHJI URn H 

HanpJI:>KeHHJI nocne,IJ,OBaTenLHOrO perynHTOpa U632. 

.a. 

Tl Rn JH 

IHI u • .,. R21 u,...x 

a) 51 

Puc. 3. Moou(JuijupoeaHHa.R cxeMa FOLD-BACK. 

3Ta cxeMa o6ecnequaaeT 6onee BbiCOKHe 3HaqeHHJI 

KoJcllclluuueHTa K, qTo HBnJieTCJI oco6eHHO Ba:>KHbiM ,IJ,nJI 

HCTOqHHKOB C HH3KHM BbiXO)J,HbiM HanpJI:>KeHHeM UBbiX. 

BbiXO,IJ,HaJI xapaKTepucTuKa HCTOqHuKa, B KOTopoM npu

MeHJieTCJI 3Ta CXeMa, He OTnuqaeTCJI OT xapaKTepHCTHKH 

HCTOqHHKa, llOKa3aHHOH Ha puc. 26, HO BTOpOH yqacTOK 

3TOH xapaKTepHCTHKH onpe,D,enJieTCJI ypaBHeHHeM: 

I = 
H 

Rrr 

usbix + u632 
R + I 

l1 1 

/5/ 

r,IJ,e: U632 - HanpJI:>KeHue Ha nepexo,IJ,e li- 3 TpaH3HCTopa T 
2

. 
PacqeT cxeMbi CBO,IJ,HTCJI K onpe,D,eneHHIO cne,!l,yromux JHa

qeHuB:: 

a 
u np (K- o,9)-Ktrs32 - PB32 

U BbiX- U rrp (K -0,9) 

/6/ 
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Rn= 
l ' + 0,9Unp ) 

'BbiX ______ (a -t- 1 -

1
MaKc 

uBhlX + us')2 /7/ 
I 

MaKe. 

r,n.e: U f_n 2 - Hanp11!KeHne E- 3 T 
2 

Ami IH= IMaKc , Us3z-
HanpJI:>KCHHe E- 3 T 2 ,l].JIJI Ill o_c I K3 • 

Uenecoo6pa3HO no,n.~epKHYTL, ~To He,n.ocTaTKOM cxeMw 

F'OLD-BACK,noKaJaHHOH Ha puc. 3a, JIBllJICTCJI ee TeMnepa

TypHaJI HCCTa6HnLHOCTL. A nocKonLKY nepexo,n. E-3 TpaH

JHCTopa T 
2 

pa6oTaeT B 6onLWOM ,n.nanaJoHe TeMnepaTyp, 

3TO npHBO,l].HT K TCMnepaTypHOH HCCTB6HllLHOCTH BTOpOrO 

y~aCTKa xapaKTCpH~THKH. 

3TO'I HC,l].OCT& TOK llCrKO ycTpaHJICTCJI llYTCM BKillO"'C

HHJI ,l].OllOllHHTCllLHOrO .1\HO,l].a ,n, KOTOpWH BMllOllHJICT pOllb, 

aHanorH'-IHYIO nepexo,n.y E-3 T 
2

• CxeMa FDLD-BACK c npn

MCHCHHCM 3TOrO ,l].HO)J,B llOKa3aHa Ha puc. 36. 
Ecnn BMCCTo J(Ho,n.a ,n ncnonLJoBaTL nepexo,n. E- 3 

.KpCMHHCBOrO TpaH3HCTOpa H 06CCllC"'HTL paBCHCTBO TeM

nepaTyp ero KpHcTanna H KpHcTanna TpaHJHCTopa T 
1 

, 

TO MO:>KHO llOllY"'HTh llO"'TH llOllHYIO HC3aBHCHMOCTb BMXO,n.

HOrO TOKa HCTO"'HHKB OT TeMnepaTypw Ha 3TOpOM y"laCTKC 

BMXO,l].HOH xapaKTCpHCTHKH. 

3Ha1.feHHe conpoTBBneHHJI R 3 no,n.6npaeTCJI TaK, "'T06bl 

TOK, npoTeKaiOIIJ;HB qepe3 Hero, 6wn scer,n.a 6onLwe ToKa 

,n.enHTenx R 
1 

;R 
2 

. 

,ll.nJI scex cncTeM JaiiJ;HTbl THna FOLD-BACK Ma.KCHMYM 

paCCCHBaCMOH IIOCllC,l].OBaTCllLHhiM TpaH3HCTOpOM MOJ.IUIOCTH 

npnxo,n.HTCJJ. Ha BTopoii yqacToK BbiXOAHOH xapa.KTepHCTH.KH, 

o6w'-IHO All.l! IH ~':" 0,7IMaKc .Kpnsa.11 JaBHCHMOCTB :noB: Mom

HOCTH OT I H HMCCT liJopMy o6paTHOB napa6onbl, llOCTOJIHHbiC 

.KoTopoB: CBJilaHw co JHa"'CHHCM .K03~Hu;HeHTa K. 

HanpHMep, J(ll.ll CXCMbl HCTOl.J:HHKa, HCllOllL3YIOIIJ;CrO TH

llH"'HbiB CMKOCTHbiB liJHnLTp, ,l].llJI K =2,8 BblllOllHJICTCJI yc

llOBHC 

p =p 
IMaKC- K3 , 

rAe P 1 MaKe - MOIIJ;HOCTL, paccensaeMa.ll TpaH3HCTopoM T 2 

npn I 11 = IMaKC'PK3- MOJ.IUIOCTL, paccensaeMaJI Tpa3Hc

TopoM To B ycnoBHJIX K3. 3Ha1.feHHe Ma.KCHManLHOH MOIIJ;

HOCTH cocTaBnJieT P MaKe = 1,28P lMaKc. Ha puc. 4 no.Ka3aHa 

8 

I ,, 

l 
I 

pp 

PHQKC 
II 

~ JlMa~<c 
I .,,.,., 
..-"' 

..-"' 
,...-"' 

,."' 
,."' ,. 

,."' 
JKJ ]Hue J~ 

Puc. 4. 3aeucuMocm& MO~Hocmu nomep& om moKa Hazpy3-
KU . 

3aBHCHMOCTL MOIIJ;HOCTH llOTCpb OT BbiXO,l].HOrO TO.Ka I H • 

llpn npoe.KTHposaHHH cncTeMw JaiiJ;HThl THna FOLD- BACK 

Heo6xo,n.HMO y"'HTWBaTL xapa.KTep Harpy3.KH. Ecnn HarpyJ

.Ka HCllHHCBHaJI, HMCCT, HanpHMCp, xapaKTCp HCTOl.J:HH.Ka 

TO.Ka, MOryT B03HHKHYTL ,l].BC CTa6HllLHLIC pa60"'HC TOl.J:KH/ 3/. 

Ta.KaJI CHTyau;HJI noKaJaHa Ha puc. Sa. AHanorH"'HLIB 3~C.KT, 
,l:(a)l(e AllJI llHHCHHOH Harpy3.KH, MO)I(CT B03HH.KHYTL B cnyqae 

npHMCHCHH.I! CXCMbl, llO.Ka3aHHOH Ha puc. 3a, B .KOTOpOH 

UJIIoLII u 

;:r .. JH 0) a) 

Puc. 5. BAUJIHUe HeAuHeiiHocmu Hazpy3KU UAU e&zxooHoii 
xapaKmepucmuKu Ha pa6omy ucmo'lHUKa. 
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IK:3 << IMaKc'CunbHa.ll uenuHeHHOCTh BhlXO.D.HOH xapai<TepBCTB

KB ucTO'IHBKa nuTaHB.Il .D.n.ll I H ""I K3 B 3TOM cnyqae 

Bbl3BaHa HenuHeHHblM xapaKTepoM nepexo,IJ.a Ji- 3 TpaH3BC

Topa T 
2 

H3- 3a Man!:dX TOKOB 6a3bl /nop.ll,ll.Ka MBKpOaM-

nep/. 
B o6oux nepequcneHHhlX Bblwe cny'la.llx BKmo'leHBe 

Harpy)l(eHHOrO BCTO'IHBKa npBBO,IJ.BT K HenpaBBnbHOMY yeT a

HosneHBIO pa6oqeu TO'IKB A I puc. 5/, a BblXO.D.HOe Hanpg

)l(eHue BCTO'IHBKa He ,ll.OCTBraeT HOMBHanhHOrO 3Ba'leHBJI. 

Uenecoo6pa3HO no,IJ.'IepKHYTh, 'ITO B HCTO'IHBKax, uMero-

IJ.UIX Manoe 3Ha'leHBe K03CW.uuueuTa (K < 5'), sepo.IITHOCTb 

TaKoro 3clMPeKTa oqeHh HeBenuKa. 
Ha OCHOBe BblWeCKa3aHHOrO cne,IJ.yeT, 'ITO npoeKTBpo

BaHBe BCTO'IHBKa llBTaHBJI B ex eM ei:'O 3al.l\BTbl OT K3 He

o6xo.D.BMO Ha'IBHaTh c npe,ll.BapuTenhHoro aHanu3a ycnoBBH 

ero pa6oThl B xapaKTepa Harpy3KB. 
Pe-JynhTaThl 3Toro auanu3a BMecTe c TeXHB'IeCKBMB 

Tpe6oBaHBJIMB K napaMeTpaM BCTO'IHBKa MOryT JIBn.IITbCJI 

OCHOBOH ,l].n.ll npaBBnbHOrO Bbl6opa CXeM 3a~BTbl B OllTB

ManbHOrO 3Ha'leHB.Il Ko3CW.uuueHTa K. 
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paYB H CHHTeJy HOBbiX 3DeYeHTOB 
/)J,y6Ha, 1975 r./ 298 CTp. 3 p. 00 JC• 

HenoKanLHLie, aenHHeii:HL.Ie H aepeaop-
uspyeMLie TeopHB nonJI I AnywTa,1976 r ./ 390 cTp. 2 p. 40 K. 

Tpy.nw MelK.IIyHapo.naoil: KOH\IIepeHJJ;HB 
no B36paHHLIY sonpocaY CTPYKTYPW 
•.npa /,D,y6aa, 1976 r./ 452 CTp. 3 p . 50 K • 

Tpy.nw 11 CHYnoJByua no KonneKTBB-
HLIY YeTO.IIaY YCKOpeHHJI. )J,y6Ha, 1976. 292 CTp. 

Tpy.nw X MelK.IIyHapo.nHoi wxonw 
YODO.IILIX yqeHLIX no \IIBJHKe BLICOJCHX 
3HeprBil:. 6aKy, 1976. 560 CTp. 

2 p. 50](. 

3 p. 50"· 


