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KapnyxHH A,B,, Oonoa A.A., Xa6apoa B.C. 

BnnonHpHbie TpaH3HCTOpbi TD'IHoro Kmo'la a cxeMe 

UH~poaHanoroaoro npeo6pa3oBaTenH 

13 - 11703 

B pa6oTe npe)lCTaaneHbi pe3ynbTBTbi HCcnellOBBHHil OCTBTD'IHbiX napa

MeTpoB 3SMKHYTbiX KniO'Ieil HSDpHJKeHHll HS 6HDODSipHbiX TpSH3HCTOpax, o6na

ll8IOIIIHX OTHOCHTenbHO BbiCOKHM 6biCTpOileiiCTBHeM npH MBDbiX OCT8TO'IHbiX 

CODpOTHBneHHHX, nnH llBYXD03l!UHOHHOrO KDIO'IS Bht6pSHbl TpSH3UCTOpbl 

KT -342B H KT -351 no cxeMe c o6tnHM KDnneKTopoM B HopManbHOM BKniO'Ie

HHH, B Bbi6paHHbiX peJKHMax norpewaocTb npeo6paaoaannH uanpHlKeHHH He 

npeBbiWSeT :_0, 7 MB, npuseneHHble B pa6oTe xapaKTepHCTHKH H ynpomeHH8ll 

MeTOilHK8 D03BODHIOT Bbi6paTb He06XOilHMble THDbl Tp8H3HCTOpOB H pelKHMbl 

HX pa60Tbl, 06ecne'IHB 381lSHHYIO TO'IHOCTb npeo6pS30B8HHll, 

Pa6oTa Bbmonaeaa B 0Tnene HOBbiX MeTOADB ycKopenHH OIHIH. 

npenpRHT 06t.ellHHeHHOrO HHCTHTyT8 llllepHbiX RCCnellOB8HHil, lly6H8 1978 

© 1978 06be/lBH8HHbi/1 BHCTBTyT llll8pHbiJC BCCR8/lOBBBBil [ly6BB 

B cxeMax uu<f!poaaanorOBbiX npeo6pa30BaTeneii ( UA n) 
c cyMMnpoBaaueM aanp.s~~eauH ucnonh3YIDTCH aByxno3uuu

OHHbie TO"'Hbie KniD"'U H8 BKTUBHbiX aneMeHTBX. 3TH KniD"'U 

npH COOTBeTCTBYIDIUHX norpeWHOCTBX U3rOTOBneHUH pe3HCTHB

HOH M8TpHUbi, CTa6unH38UHH HCTO"'HHK8 9TanOHHOrO Hanpg

~eHHH (E3 -tu MBnOM BbiXOAHOM conpOTHBneHHH BHOCHT 

OCHOBHOH BKnaa B o6IUyiD norpeWHOCTb npeo6pa30B8HUH 

npu TO"'HOCTU ""0, 1% B AHHaMu"'eCKOM auana3oae ""5 B. 
Dpu 9TOM ABHHBH norpeWHOCTb onpeaenHeTCH B OCHOBHOM 

napaMeTp8MU 38MKHyTO~O KniD"'8 1 KOTOpbiii B ABYXfi03UUUOH

HOM Knroqe aanp.s~~eau.s~ wyHTHpyeT pa3oMKHYTbrii. Oco6ea

HoCTn noneBbiX Tp8H3HCTOpOB B KniD"'eBOM pe~UMe npu 

pa6oTe H8 OTHOCUTenbHO HU3KOOMHYID aarpy3Ky U TO"'HbiX 

Knro"'eii aa auoaax ae no3Bonunu npnMeHUTb ux B npeo6pa-

3oBaTene paccMaTpnBaeMoro Tuna u Knacca TO"'HOCTU. 

IJ.ng nonyqeHUH OTHOCUTenbHO BbiCOKOrO 6biCTpoaeACTBUH 

npu Manbrx nepexoAHbiX conpoTnBneau.s~x Knro"'a aaunyqwuM 

o6p830M fiOAXOAHT 6unonHpHb1e Tp8H3HCTOpblo 

OcTaTO"'Hbre napaMeTpbr TpaH3HCTopa B pe~u:Me aacbr

meau.s~ ( 38MKHYTbiH KniD"'), BpeMeHa ycTBHOBneHUH HanpH-

~eHUH C 38A8HHOH TO"'HOCTbiD, HX CT86HnbHOCTH 38BUCHT 

O'r THna Tp8H3HCTOpOB 1 CXeMii>I HX BKniD"'eHUH H pe~UMOB 

pa6oTbi. HccneaoBaHHID noaofiHbiX xapaKTepncTUK TpaH3HCTO

poB fiOCBHIUeH pHA pa60T /1-4/ , OAHBKO B HUX paCCMOTpeHbl 

ae BCe THfibl COBpeMeHHbiX Tp8H3HCTOpOB 1 CXeMbl ~KniD"'eHHH 1 

~e yKtl38Hbi pe~UMbi pa6oTbi. B aaaaoa pa6oTe npeacTaB

neHbi pe3ynbT8Tbl HCCneAOB8~HH OCTaTO"'HbiX X8p8KTepHCTHK 

~OBpeMeHHbiX OTe"'eCTBeHHbiX Tp8H3HCTOpOB1 UX OCHOBHbiX 

~X eM BKniD"'eHHH: C 06IUHM 9fHTTepOM ( 03) 1 C o6IUHM 
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KonneKTopoM (OK), B HOpMan&HOM If HHBepcHoM BKlliO'IeHH'""' 
HX. DnH uccnenosaauH ocTaTo'IHbiX xapaKTepncTHK npensa
pnTenhHO OTOOpBHHbiX TpBH3HCTOpOB /2/ npHM9HSillCSI He
nocpenCTB9HHbiH MeT on lf3MepeHHH no fiOCTOHHHOMy TOKY • 

Ha pFic.la npencTaBneHbi cxeMbi BKlliO'IeHHH, a TBK)Ke 
38BHCHMOCTH HanpH)KeHHH Ha KOllll9KTOpe (U K:3 ) OT TOKa 6a3bi 

( npFI TOKe HarpyaKH 0,6 MA anSI HOpManhHoro BKlliO'IeHHSI 
TpaaancTopa c 03) .MnHHManbHhie aHa'leHHSI UK3 nns:~ Ficcne
nosaHHhiX TpaaancTopoB npuseneHhi B T a 6 n Hue. KaK sunHo 
ua aToti: Ta6nHUhi, MFIHHManbHhiMFI aHa'IeHHSIMH UK

3 
a naHHOM 

pe)KHMe ua cospeMeHHbiX TpaasncTopoa o6nana10T KT -3428 
(6,97 MB), KT-351B (3,90 MB), KT-352 (5,4 MB). 

Ha p FI c.l6 npuseneHbi cxeMa HHBepcHoro BKlliO'IeHnH 
TpaH3HCTOpa B KlliO'Ie C 03 If 3aBHCHMOCTH U K:3 = f(l 6 ) 
npu ToKe HarpyaKn I H = 0,35 MA. DaHHaSI cxeMa BKlliO'Ie
HHSI o6nanaeT MeHbiiiHMH 3Ha'1eHHHMH B9lllf'1HH U K:3 
( CM. T a 0 ll FI U y), onHaKo MBllbie nonyCTHMbie HanpSI)K9HHSI 
o6paTHo cMemeHHoro aMHTTepaoro nepexona HanaraiOT 

cymeCTBeHHhie orpaHH'IeHHSI HB BellH'IHHy KOMMyTHpyeMoro 
aanpSI)KeHHSI E 3 T • 

CxeMa HOpManhHoro BKlliO'IeHHSI TpaHancTopa B KlliO'Ie 

c OK u aasucnMocTu aanpSI)KeHHSI UK3 oT TOKa 6a3bi ( npu 
I H = 0,6 MA) npencTaaneHhi Ha p FI c.2a. XapaKTepaoti: 
OC009HHOCTbiO naHHOro BKlliO'IeHHSI HBllSieTCSI TO, 'ITO 

HanpSI)KeHne UK3 MeHSieT nonSipHOCTb, nepeceKaSI Hynesoe 
aaaqeHne. 3ToT ~aKT onpenenSieTcSI TeM, 'ITO naneaue 
HanpSI)KeHHSI, C03naBaeMoro TOKOM 6a3bi Ha COOTBeTCTByiO
IIIIfX Oo~eMHhlX COfipOTHBll9HifSIX TpBH3HCTOpa, KOMfieHCHpy
eT pa3HOCTb HBfipSI)KeHHH HB nepexonax U35 - U6K • 
KpuTepuu Bbioopa TpaHsncTopoa B TaKoM BKlliO'IeHHII Mo
ryT ObiTh cnenyiOmHMH: 

1. HanMeH&IIIee conpoTHBneHne TpaHsncTopa B pe)KHMe 
H8CbiiiieHHSio 

2. HanMeHbiiiHti: HaKnoH xapaKTepncTHK U 
10 

= f(I 
6 

) 
npH UK3 = 0 ( 'ITOObi norpeiiiHOCTb KlliO'Ieti na-sa paa6po-
coa TOKOB ynpasneHHSI Oblll8 HBHMeHbiiieti: ~~6 /16 ==10%). 

3. HaHMeH&IIIee 3Ha'1eHHe 16 HOM (UK
3 

=0) ~To CMSirqaeT 
TpeooBaHHSI K HCTO'IHHKy ynp8BllSIIOWero HanpH)KeHHSI. 

DapaMeTpbi uccnenyeMoA: cxeMbi BKniO'IeHHSI npencTaBne

Hhi B T a 6 n H u e.HaFI6onee npueMneMbiMH anSI cxeMbi T0'1Horo 
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a) 

t.Ut<3[M~l__ -------,-

-~ ~I •·'" o•-••••. t••· 
rH l 1,.. =o,s MA 

I&lMAl 

2.0 S,O 8,0 fO,O 

:!: u~3rMB1 
6) 30.0 

20,0 • E n-'------t 

fO.o 11 1~ xr 1 1 =:J 
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p R C. 1. 3aBRCHMOCTh OCTBTO'IHbiX HanpSI)K9HifH U K:3 
saMKHyToro TpaH3HCTopaoro KlliO'Ia c o6muM aMHTTepoM 
( 03): 8) cxeMa HOpM8llbHOrO BKlli0'19HHSI, 6) CX9M8 

HHBepCHOrO BKlli0'19HHH. 
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pH C 0 2, 3aBHCHMOCTH OCT8TO'IHblX H8IIpSDKeHHA 38MKHY

Toro TpaH3HcTopHoro KniO'Ia c o6mHM KonneKTopoM (OK) 
oT ToKa 6aabx: a) cxeMa aopManbHoro BKniO'IeHHSI, 6) cxeMa 

BHBepcaoro BKniO'IeHHSI, 
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KnJO'Ia oKa3biBaJOTCSI TpaH3HCTDphi KT -3428, KT -351E, 

KT-352,. BenH'IHHa cTaTHCTH'IecKoro paa6poca BenH'IHH 

U K:3 /
5 

aaHHh!X Tp8H3HCTOpOB ITpH Haae}KHOCTH 0,9 H 'IHCne 

H3MepeHHH n = 10 B Bb!6pBHHbiX pe}KHM8X He ITpeBb!WBeT 

0,15 MB. HccneaoBaHne TeMITepaTypHoti aaBHCHMDCTH UK~ 
aano aHa'IeHne U K3 /11T .::;;2 MKB/ °C, 

ilnSI HHBepcHoro BKnJO'IeHHSI TpaH3HCTopoB ITo cxeMe OK 

aaHHbie ITpeacTaBneHbl HB pH c.26 H B Ta 6 n H U e,H3 KOTOpblX 

MO}KHO BHaeTh, 'ITO HBKnOH xapaKTepHCTHK U K'l /I 6 cy

weCTBeHHO 6onhwe, qeM anSI HopManhHoro BKnJO'IeHHSI, 

Dpn pa6oTe TpaHaHCTOpHhiX KnJOqeti Bcex nccneao-

BaHHhiX cxeM BKnJO'IeHHSI B UAD c cyMMnpoBaHneM HaiTpSI

}KeHHti Ha6nJOaaeTcSI naMeHeHHe BenH'IHH UK3 aaMKHyTwx 

KnJO'IeH B 38BHCHMOCTH OT Ha6paHHOH KOaOBOH KOM6IIH8-

UHH, 3TO H3M9HeHHe OITpeaenSieTCSI TeM, 'ITO ITpH ITepeKnJO

qeHHH oaHoro H3 paapSiaOB UA n H3MeHSIIOTGSI ITOTeHUHanbi 

BO BCeX yanax pe3HCTHBHOH MaTpHUbl (aHCKpeTHoro aenM

TenSI HBITpSI}K9HHSI - ililH), 'ITO ITpHBOaHT K H3MeHeHHIO 

Harpy30'IHbiX TOKOB BC9X 38MKHYTb!X KnJOqeti H 0 cneaoBa-

TenbHO, H3MeH9HHIO BenH'IHH HaiTpSI}KeHHH U K'l ( HBITpHMep, 

aHBITB30H H3MeHeHHSI TOKOB Harpy3KH KnJOqeti llnSI ililH 

THITa R- 2R, R = 5 KOM, E3 T= 9 B cocTaBnSieT 0,6 MA). 

DOCKOnhKY COITpOTHBneHHe 38MKHyToro KnJO'IB OTnH'IHO 

OT HyneBoro, TO ITOrpeWHOCTh KnJOqeti H3-38 9TOH oco6eH

HOCTH pa60Tbl CTBHOBHTCSI OITpeaenSIJOweti, TaKOH }Ke 

9<fJ<f>eKT Ha6nJOaBeTCSI ITpH KOMMYTBUHU KnJO'IBMH U3MeHSIIO

lliliXCSI no BenH'IHHe HaiTpSI}KeHnti. Hap H c. 3 ITpeacTaBneHhi 

38BHCHMOCTH HOMHHBnhHhlX TOKOB 683hl Tp8H3HCTOpDB -

I6 HOM ( ITpH KOTOpb!X U !0 = 0 ) OT TOK8 Harpy3KH anSI 

HopManhHoro BKnJO'IeHHSI TpanancTopa ITO cxeMe OK (anSI 

paanH'IHhiX TpaHaHcTopoB c I H = 0,6 MA). 3ru aaBHCH

MOCTH ITOK83biBBIOT, 'ITO anSI Toro, 'IT06b! BenH'IHHa UK') 
OCTBBanaCb paBHOH HynJO B 3H8'IHTenhHOM anaiT830He 

H3MeHeHHSI TOKOB Harpy3KH 0 Heo6xoaHMO H3MeHSITh COOT

BeTCTByJOlliHM o6pa30M TOK 683b! Tp8H3HCTOpHOrO Kn!O'IB, 

EcnH }Ke TOK 683b! aenaTb ITOCTOSIHHhiM1 TO H3MeHeHHe 

TOKB Harpy3KH ITpHBOaHT K B03p8CTBHHIO a6conJOTHOH 

ITorpewHoCTH KnJO'Ia. Ha pH c. 4 ITpeacTaBneHw aaBHCHMOCTH 

BenH'IHHhl UK') 38MKHyToro K'liiO'I8 OT TOKa H8rpy3KH I H 

ITpH <fJHKCHpOB8HHb!X HOMHHBnhHhiX 3H8'IeHHSIX TOK8 6a3b! 

8 

~ 

·~ 

zs.ol 

I I6HOI-4 [MAl 

I I UK1 = 0 I I 

OK- HOpl-4. !~Kn 

-~,-- --- ---
1 

I 20,01-
1 

1s.ol __ 

10.0 

5.001-- I d nF/ 

[MA) 

0 f,OO 200 3,00 

pH C. 3, 3aBHCHMOCTH HOMHHBnhHb!X TOKOB 6a3b! TpBH-

3HCTOpOB ( ITpH KOTOpb!X UK') =0) DT TDKB Harpy3KHo 
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p l1 C, 4. 3aBMCHMOCTM OCT8TO'IHhiX aanpSI:>KeHMfi UK3 OT 

TOK8 Harpy3KH. 

I 6 HOM (cM.puc.3 npu IH = 0,6 MA). ITo aTofi aasu-
cuMoCTH nerKo onpenenuTb conpoTMBneaue aaMKHyToro 
Kmo'Ia B paccMaTpuaaeMhiX pe:>KnMax. TaK, nnSI TpauaucTo

pa KT-342B rKJI = 2 OM, nnSI KT-3518 rKJI = 1,5 OM. 
ITpH'I8M npH yMeHblli8HHH TOK8 Harpy3KH (H COOTB8TCTByiD
rneM H3M8H8HHII TOK8 683bl - CM, p R C. 3) 9TO conpo
THBneHHe B03p8CT88T ( CMo p M C. 5). 

0THOCIIT8nbH8SI yHHBepcanbHOCTb BbiWenpHBeneHHhiX 
xapaKTepHCTIIK KniD'!efi COCTOIIT B cnenyiDrneM, ITp11 38A8H
HhiX paapernaiDmefi cnoco6aocTu UAIT, HoMuaanax peaucTo
poB DDH 11 norperuaocTu aa ocaoae aasucuMocTefi, npen
cTaBneHHhiX HB p II C, 6 Bbi6HpaeM AOCTynHblfi Tlln Tp8H-
311CTOpOB II M8KCIIM8nbH08 3H8'!8HIIe TOK8 Harpy3KH 
I H < E "T/3R, 'IT06hi a6coniDTHoe aaaqeHue aenH'IHHhi 

max - J 

UK
3 

ae npeBbiCuno aanaHHoe. DnSI MHHHMH3auuu o6mei1: 
norpernaocTu UAIT aeo6xonuMo, '!To6bi aenu'IHHa U K3 
KniD'IB Ka:>Knoro paapSina (Bo seeM nuanaaoae uaMeHeHHSI 
TOKOB H8rpy3KII) 6bin8 CHMMeTpii'IHOii OTHOCHTenbHO 

10 

il1 

~ 
l 

+2,00 

UKi [MB] 

0 

0 

,r=-z' I d 2.00 4oo 1, .c.........,. IH [MAl 
• &,00 1,00 .fO,O 

P 11 c. 5, 3aBMCMMOCTII ocTaTO'IHhiX uarrpSI)I{eHuit UK3 oT 
TOKa uarpyaKM nnSI TpauaiicTopoB KT-3428 II KT-3518 nns 

Tpex pa3nM'IHhlX HOMMH8nhHhlX TOKOB 6a3hl, 

uyneBoro 3H8'-l8HMH U K:.l = 0. To 8CTh HOMIIHanhHbiH TOK 
6aahi KniD'-leit Bhi6upaeM II3 puc. 5 nmi cpenuero aua'-leHHSI 

TOKa aarpy3KH I H = I 11 max I 2 . 
C y'-leToM scero BhlrnecKaaaHHoro 6hlna cocTaBneua 

cxeMa onHopa3pSIAHOfi H'-l8HKH nnSI ABYXII03IIUHOHHOro 
KniD'-leBoro aneMe aT a necSITHpaapSinuoro UA IT (eM. p 11 c. 6). 
TpauaucTophi T2, T3 SIBnSIIDTCSI KniD'leBbiMII. TpauaiicTop 
Tl COBM8CTHO C nononHIITenhHhlMH HCTO'-IHHK8Mll IIHTBHHH 
E 1, E 2 aanaeT pe:>KHMhi TO'-lHhiX KniD'-leii H cornacyeT ux 
pa6oTy co cTaanapTHhiMH noru'-leCKHMH ypoBHSIMM TT 11. 
ITpu Heo6xonHMOCTH uaMeHeHHSI 3Ha'-leHHfi senH'-lHH.hi E 1,E 2 
H E 3T aeo6XOAHMO H3M8HHTh HOMHH8nhi COOTB8TCTBYIDIUIIX 
pe3HCTOpOB B COOTB8TCTBIIHH C IlpHBeneHHOH M8TOAHKOfi, 
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P.2 
£,.8K 

Cf- 680 

-E 1 ( -24B) 

T1 
KT· 32Hl 

E2(+38) 

r---¢- E KOH (-9,0008) 

T2 
Y!T-3516 

1 .,K pe3ucmufH-cou 
HOmpuue (R-2~; R-5K) 

T3 
Kf="342 8 

p II C, 6, flpHHUIHIH8nhH8H CXeMa llBYXII03HUIIOHHOf'O 

KniO'l8 HaiipH)I{9HHHo 

•f.O 

0 

-f.O 

lJ, UKn [MB 1 

I 
I • II • II II I 

Jl -II II " 

II 
u 

j 
fO tOO fOOO 

lfUCftO HQI-IOAO£ [ )/ J 

P 11 c. 7. 3aencnMoCTh norpeiiiHOCTH UAIT H3-3a 
HeHneanhHOCTH KnlO'!eti: OT BXOJlHOf'O KOJl8, 

$opcHpyiDmHH: KoHneacaTop Cl cny)I{HT nnn ycKopeHHSI 
rrpoueccoB rrepeKnlO'IeHHSl TpaH3HCTopa T 1, HHTerpHpyiDIIIHR 
KOHJleHCBTOp C2 - JlnSI OTHOCHTenbHOf'O BNpBBHHBBHHSl 
epeMeH 38MbiK8HHSI H pa3MbiK8HHSI KnlO'IeH Ha Tp8H3HCTO
pax T2 H T3 ( pa6oTaiDmHx rrpoTHBo¢a3HO). BpeMeHa ycTa-
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HOBneHHSI C y'leTOM 38Jlep)l{eK cpa6aTbiB8HHSI TBKOI'O Kmo
'leBoro aneMeHTa He rrpeBbUIIBIOT 800 He. florpeumocTh 
UAIT H3-3a HeHneanhHOCTH KniD'IeH:, T.e. 6e3 y'leTa rro
rpeiiiHOCTH nnH I He rrpeBbiiiiaeT .:!:.0. 7 MB ( CM. pH c. 7). 
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