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x) 
CTa6unu3aTop nocneaosaTenbuoro Tuna c npocToA caMo38LUHToA 

OcuosoA npuuuunuanbuoA cxeMbi HCTO'IHHKa DY.TSHHH, KOTopaH npaseaeua ua pRe. I, 

HBnHeTcH nocneaosaTenbHbiA CT86HnH38Top, pa6oT8IOLUHA cneayiOLUHM o6pa3oM. T 
3 

u T 
4 

o6pa3yiOT COCTllBHOA perynupyiOLUHA TpHoa. ManoMOLUHble KBCKaahl H8 T I H T:.! paooTaiOT 

KSK ycunuTenu c o6LUHM SMHTTepoM. HaqanbHbiA TOK aMHTTepa T 
3 

3aaaeTcH eonpoTusne

uueM R 8 ( ManaH senuqaua), uaqanbHbiA TOK KonneKTopa T 
2 

-conpoTHsneuueM R 
8 

, ua

'lllDbHbiA TOK KonneKTopa T 1 - e.:>npoTusneuueM R e u sxoaHhiM uanpH)I{euueM T :.!' a TaK

)1{9 sxoaHbiM TOKOM T ;,f Bee TpH Kaei<eaa CX9Mbl( COCTaBHOA Tpuoa e'IHT89M 3a oaHH) 

ecjJa3HpOBaHbl TaKHM o6pa30M 0 'ITOOhl rn8BHaH o6paTHaH CBSI3b Obin8 OTpHU8T9RbHOA, a TOKH 

BO BC9X TpHoaax B pe)I{HM9 CTa6HRH38UHH H<;MeHHRHCb CHHXpOHHhiM oopa30M (ysenH'IHBanHeb 

HDH yMeHblll8DHCb oaHOBp9M9HHO), 

0T THDOBOA nocneaosaTeRbHOA CX9Mbl 093 aononHHT9DbHOrO HeTO'IHHKa DHT8HHH, DOKa-

38HHOA anH epaBH9HHSI H8 puc, 2, aaHH8SI CX9M8 OTRH'IaeTeH RHlllb o6paTHOA DORHpHOCTbiO 

T 2 u noaKnroqeuueM onopuoro auoaa K aepxueA OTpuuaTenbHoA BhiXOLIHOA LUHHe, OauaKo 

3TH npOCTble Mephl 3H8'1HT9RbHO yny'ILUaiOT X8paKT9pHeTHKH eT80HRH38TOp8, 8 HM9HHO: 

I. K oa¢¢RuaeuT cTa6unuaaunH no ceTu nOBhllll8eTc" 38 cqeT ocnaoneHHH CBH3H 

6a3hl T 3 c oTpHuaTenbHOA sxoauoA wauoA. 

2. CxeMa o6naaaeT suyTpeuueA 6bieTpoaeAeTsyroLUeA 3aLUHToA oT KopoTKHX 3aMbiKa

HIIII H8 BLIXoae, .lleACTBHTeUbHO, 'ITOOhl 009CTO'IHTb Bee TpHOabl, LlOCTllTO'IHO o6eeTC'IHTb 

T 1• npn 3aMbiK8HHH Bblxoauhlx KneMM 6a3a u aMHTTep noeneauero OK83biBBIOTeSI aKsuno

TeuuuanbHbiMH, TOK )1{9 KORD9KTOpa yMeHbLU89TeH ao ManoA OCTBTO'IHOA B9RH'IHHb1
0 

onpe

aenSI9MOI! TeMnepaTypHbiM TOKOM, Bo seex OCTBRbHbiX TpHoaax H HB BbiXOae TOKH yMeHb

WBIOTeH ao ypOBHSI T9DDOBbiX, H CX9M8, TBKHM 00p830M, eBMOODOKHpyeTeH, 

HaqanoM pereuepaTusuoro BbiKniO'ieHHH npu neperpy3KBX cxeMa o6H38Ha H8CbiW9HHIO 

T 4 II OODbWOl! ueni!Hei!HOCTII o6paTHOII BODbTBMnepuoll xapaKTepi!CTIIKII eT80HDII38TOpa n5 
Dpl! MBDbiX TOKBX, YpOB9Hb BhiXOaHOrO HanpH)I{eHIIH, Dpl! KOTOpOM DpOHCXOaiiT Bb!KRIO'ie

HHe, Onpet:~enSieTeH_ ODOpHbiM H811pH)I{9HI!eM (eM, Harpy30'iHbie X8p8KTepHeTI!KII HB p1!c,3), 

x) CxeMbi eTa6unuaaTopos not:~o6uoro T&na eM. T8K)I{e: 

I. Tpy Llbl 5-11 KOHcjJepeHUHB no HaepuoA aneKTpOHI!Ke. T.2, '1.2. M., roeBTOMH3Ll8T , 
1963 ,CTp,I6Q, 

2. R. Marshall , A. Transistor Voltage Regulator with Inherent Short-Circuit Protection. _Elect g. Eng., 
v.35, N~420, Febr. 1963, p. 106-108. 
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OcTaTO'IHbil! TOK nopH.aKa 0, I -0,2 OT HOMHHanbuoro s BbiKRIO'IeHHOM cocToHHIUI MO>KeT 

6hiTb nony'<eH nerKo. Ero .aanbHel!wee yMeHbrueuHe ocymecTBnsteTc!l nocpe.acTBOM yMeHb

weHH!I conpoTHsneHHl! R 
7 

, R 
8 

H B03MO>KHoro aanHpaHHst 6aaoBbiX uenell oT oT.aenbHoro 

BCnOM01'8TeRbHOI'O BbJllpstMHTenR. Q6paTHOe BKRIO'IeHHe CXeMbl nocne RHKBH.QanHH KOpOTKOf'O 

aBMbJKaHHR npOH3 BO.QHTCII nyCKOBOll KHO!IKOl!: K
2 

HRH nonHhlM Kp8TKOBpeMeHHbJM CHRTHeM 

Harpy3KH. 

npHse.aeHHbJe Ha pHC. I HOMHHaRbl COOTBeTCTB)IIOT HeperynHpyeMOM)I sapHaHT)I HCTO'I

HHKa nocTORHHoro HanpR>KeHHR 15 sonbT npH TOKe HarpyaKH OT 0 .ao I &Mnepa. CxeMa 

KMeeT cne.Q)IIOIUHe nOK838TenH; a) K03<j>cPHUHeHT CTa6HRH38UHH no ceTH He MeHbllle 200; 

6) nynbCBUHH BbJXO.QHOI'O HanpR>KeHHit He 6on&IUe 3 MB 8Mnn.; K03cPcPRUHeHT OCna6neKH!I 

nynbCBUHll - OKORO 500; s) BbiXO.QHOe COUpOTHBReHRe B pe>KHMe CT86HRH38UHH HB 6onbiUe 

0,03 OM. Harpy30'IHbJe xapaKTepHCTRKH npase.aeHbl Ha pRe. 3( KpHBbJe I). npH neperpya

Kax Bbtllle 2-3 a cxeMa )ICTOli'IHBO BbiKRIO'I8eTCst. JlaHHbiB no TeMnepaTypHOM)I .apellcPY 

He npHBO.QitTCR, noCKORbK)I HCTO'IHHK npe.QH83Ha'leH .Qnll HCnORb30B8HHR 8 HOpManbHhlX 

KOMHaTHbiX ycnOBHRX. B03MO>KHOCTH TepMOKOMneHC8UHH TaKHB >Ke, K8K H y 60RblUHHCTB8 

OCT8flbHbiX CXeM. JlnR nony'leHHR .apyrHX HOMHHanOB BbiXO.QHOf'O H8npR>KeHH!I Tpe6yeTC!I 

uaMeHHTb senH'IHHbl conpoTusneHHll R 
1

_ 
3 

, a TaK>Ke napaMeTpbt Bblllp!!MHTenH. BoaMo>KHB 

nnasHBR perynHpOBKB H3MeHeHHeM R 1 • 

Jln11 CpasHeiiH!I npHBe.QeM noK838TenH 3KBHB8neHTHOll no CRO>KHOCTH H BbJXO.QHbiM 

H<HlpmKeHHIO H TOK)I THnOBOi\ nocne.aosaTenbHOi\ CXeMbl ( pHC. 2); a) K03cP¢HUHeHT CT86H-

liH3aUHH no CeTH OKORO 50; 6) lt03cPciJHUHeHT ocna6neHHR nynbCBUHll OKORO 120; B) BbJXO.Q-

HOe conpoTHBneHHe OKORO 0,06 OM. Harpy30'1Hbte xapaKTepHCTHKH npHBe.<:J!Hbl HB p11c.3 

(KpHBble 2). npu KOpOTKHX 38Mb!KaHH!IX H OTC)ITCTBHII cneullaUbHOl!: 381UHTbl perymlpytoiUIIll 

TpHO;:t, KBK npaBHRO, Bb!XO.QHT 113 CTpO!!o 

CxeMy p11c. 1 uenecoo6paauo Hcnonb3oaaTb npH nocTpoeHHH HCTO'IHIIKOB nHTBHH!I cpe.a

Hero Knacca TO'IHOCTH (nop!!.OKB 0,5%) C BblXO.QHbJMH HanpR>KeHHRMH OT 6 .00 20 Bo noabJ

W9HHe H8llpH)f(9HHH BbiLUe :JQ B 803 MOA<HO II pH HCIIOnb30B8HHH 6onee ·BbiCOKOBOnbTHbiX 

TpHO.QOB T 1 " T 2. 

CTa6HnH3aTop nocne.aoaaTenbuoro THna co cno>KHOl!: caMoaaiUHTOll 

He.aocTaTKaMH cxeMhi pRe. I stBnHJOTCH: a) aaBHCHMOCTb nopora orpaHH'IeHH!I Bblxo.a

aoro TOK8 OT ypOBHSI BXO.llHOrO HaiipS11K9HHH, MOUlHOCTH BhiiipSIMHTen.H H BenHqKHbl OTHOWe

x) 
HHII U Hduon ; 6) aoa.aellcTaue ua ManoMOIUHble TpHO.llbl T 1 11 T 

2 
s cnyqae KopoTKoro 

3aMb!KBHHit nonHOrO HBnpH>KeHH!I Bblllp!!MHTenst. 3THX He.QOCTBTKOB RHllleH .apyroil HCTO'I-

HHK IIHT8HIHI nocne.noeaTenbHOrO THII8 , npHHUHIIH8nbH8Sl CX9M8 KOTOporo IlpHse,aeHa HG 

x) UHO- HOMIIH8flbHOe (MaKCHMaflbHOe pac'leTHoe) BbiXO.QHOe H8llpR>KeHHe, 

U Oil- Hilllp~DKeHH9 OIIOpHOr'O HCT0t.{HHK8. 

4 

' 

~.,!1" j'f'_,J;''I':;,: __ ~··--':'. 

pHc. 4. CyMMBpHaH ero norpewHocTb - nopR.aKa 0,1% H MeHbwe npH HaMeHeHHR Hanpst)l(e

HHH CBTH Ha 10%, TOK8 H81'p)I3KH - OT MHHHM8flbHOJ'O .00 M8KCHMBllbHOT'O H TBMllepaTypbl 

OKpy>KaiOLUel! cpe.Obl - Ha 80°C. nono6Hble CT86RnHaaTOpbl 06bi'IHO npOBKTHp)IIOTCR C llOliOrr

HHTeUbHhJM BblllpRMHTeneM H TepMOKOMlleHCHpyiOU1RMH .QHO.Q8MH. P8CCM8TpRBaeM8R CXBMS 

OTllH'18eTCit OT THliOBOi! nocnellOB8TenbHOJI (eM. pHC. 5) cnenyiOWHMH OC06eHHOCTHMH; 

a) ManoMOIUHB!I CT)IliBHb COCT8BHOJ'O TpHOll8 38M8HeH8 TpHO;{OM 06p8THOJI liOllltpHOCTH, pa6o

TaJOIURM no CXeMe C 06IUHM 3MRTTepoM; 6) RCTO'IHHK onopHOT'O H8llpst>KBHHR H 3MHTTep • 

nepsoro )ICHliHTellbHOT'O TpROll8 liOllKlliO'IBHbl HelloCpellCTBeHHO K OTpHU8TellbHOJI BbiXO.QHOI 

WHHe. 

Jln11 HOpManbHOJI pa60Tbl CXeMbl pRe. 4 H)I>KHbl .088 BhlllpstMHTBllR: OCHOBHOA - H8 llHO

.aax Jl :3,4 H ManOMOWHhlll scnoMoraTen bHhl A - Ha nKonax Jl
1 

,
2

• YlcTO'IHHK onopHoro Ha

npst>KeHHR - TepMoKoMneHcKposaaHbtll Ha CT86HnaaaTopax Jl
7
_

10 
• PaaHOCTHblll cKrHan cpas

HeHHII Bhtxo.aHoro H onopHoro Hanpst)l(eHall, CHHM&eMhlll c R3MepHTerrbHoro .aenHTena R
1

, R 
51 

ycHnllaaeTcst npe.aaapHTerrbHbiMH ManoMOLUHbiMH K8CK8ll8MR Ha TpHonax T 
1

, T ~ u aaTeM 

nocTynaeT s 6aay cocTaaHoro TpHot:~a T 
3

, T 
4

• Ha'larrbHblll pa6o'1Hll TOK KonneKropa T 
1 

aa.aaeTcst Hanpst>KeHHeM Ha onopHOM cTa6HrrHTpoHe Jl
7 

H conpoTHBneHHeM R 
1 

, Ha'lanbllble 

TOKII T 2 H T :J aa.oaiOTCR Hanpst>KeHHeM HB cTa6unuTpoHe Jl
5 

H conpoTHBneHHIIMH R 
7 

a R 
8 

Ylcnonb30B8HI!Je HB38BHCHMOT'O IICTO'IHHK8 DOliOJKHTeObHOJ'O CM9LU8HHst 6830BDIX uen&l 

COCTBBHOT'O TpHO.Q8 CliOC06CTByeT scj)clJeKTHBHOMy OTBOll)l TeDliOBblX TOKOB H 6onee H8.Q&>K

HOl! cjJIIKcauHH BbJKliiO'IBHHoro cocTostHHst RCTO'IHHKa. TpHo.abl T 
1 

H T 
2 

pa6oT810T npu noHa

>KeHHOM Hanpst)l(eHHR KOnneKTOp - 3MHTTep (nopRllK8 2 a). Ha ycHrrHTerrbllblx caoACTBax 

KBCK1l.QOB B pe>KHMB CT861tliR38UHH CHH>KeHIIB KOllllBKTOpHOT'O H8Dpst>KBHHit CK83bJB8eTCII 

H93H8qHTenbHO. 

BKJJIO'IeHHe 3ll9MBHTOB no .CX&Me pHC. 4 li03BOOit&T COBMBCTBTb B HBKOTOpbiX H3 HHX 

no HecKODI>Kycj)yHKUHll OllHOBpeMeHHo. TaK, lliiOllbl Jl
7

_
10 

BbJDOOHstJOT cPYHKIIHH TepMOKoM

neucnposaHHoro HCTO'IHHKa onopHoro HanpR)I(eHRst H o6ecne'IHB810T pauHoH~nblloe nHTBHH& 

KBCKa.aos Ha T
1 

H T 
2 

(aanaiOTCst HB'IanbHNe TOKR npu ManoA noTepe ycHneHHH a o6ner -

'leHHhiX pe>KHMax scex ManoMOillHbJX uenell npenaapHTerrbHoro ycHnHTena). KpoMe Toro, 

.ano.Qbt Jl8_
10 

cosMecTHO c TpHO.OOM T 
41 

H conpoTHaneHHIIMH R 
8

,
4

,
5

,
9 

npHBHMBJOT 

yqaCTHe B cj)opMHpOB8HHH CDBUHBllbHOl! Harpy30'IHOII X8p8KTepHCTHKH
0 

HCKlll0'1810IUell B03MO>K

HOCTb Bhtxo.aa H3 cTpost TpHo.aoa T ::l R T 
4 

KBK npH Manblx H npoMeJKyTO'IHblx neperpyaKax, 

TBK II npH KOpOTKHX 38Mb1K8HHRX. 06IUHJI BHll H8rpy30'IHOJI X8p8KTepRCTHKH DpHBellBH H8 

puc. 6 (KpHaast 1). OrpaHH'IeHHe BhlXO.OHoro TOKa Ha yposHe 1
0 

npH yMeHbillBIOLUeMcst 

conpoTHBneHHH HarpyaKH o6ycnoani!Ho pocToM 6aaoaoro Hanpst>KeHHst T 
3 

H HaCblLUBHReM T 
2

, 

ConpoTHBneHHe R 9 Hy)I(HO He .ana nony'leHHst 3cj:l<j>eKTa orpaHH'IBHHR, a .anst yMeH&UJe-

HHH . paa6poca In OT o6paaua K oopaauy (6e3 Hero paa6poc Oope.aenstBTCR BXO.QHblMR 

xapaKTepHCTHK8MH T 3 H T 4 H MO>KeT COCTBBllltTb 30%). npll llOCTHT'HYTOM orp8HH'IeHHH 
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TOKa H npOJlOn>KaiOWeMeil yMeHbWeHHH R H BbiXOJlHOe Hanp!I>K8HHe yMeHbllllleTell .00 He-

KOTOpOI"'O ypOBHII U n , nocne KOTOpOI"'O npoBeXO.OHT per'eHepaTHBHOe BbiKnlO'IeHHe eXBMbl, 

eonpOBO>K.OaiOWeeeSI eKa'IK006pa3KbiM yMeHbWBHHeM BbiXO.OHOf'O TOKa .00 MllJIOf'O OeTa:roq

HOI"'O ypOBHSI I I • BenH'IHH8 I, • paBHO KaK B un • H In , no.o.oaiOTeH npe.oHaMepeHHOA 

HeaaaHeKMOl! per')"liKP•)BKe nyTeM Bbl6opa onpe.oeneHHOf'O coqeTSHHSI HOMHHanOB aneMeH-

TOB CXeMbl. Yqac:roK yMeHbweHHA :roxa Har'p:f3KB xapax:repHCTBxH TaK>Ke 

no a&I6opy MO>KeT 6biTb e.oenaH pei:'eHepaTBBHbiM BliH 06pBTHMbiM npBH)"JlHTellbHbiM, ,Clpy-

f'HMH enoaaMH, MOI"')"T 6b1Tb pe8liH30BaHbl aapHilHTbl e eaMOeTOSITBllbHblM BKliiO'IeHHBM 

B pe>KHM e:ra6HliH3aUHH noene ye:rpaHeHHII neper'p:f3KB HliH e npHH)"Jl"TellbHhiM BKliiO'IBHH

eM nyTeM aMewa:renbCTBa onepaTopa. 

Conpo:r&aneHHe R 
6 

, 6naf'o.oape eaoeMy nono>KeHHIO a exeMe, noaaon11e:r eoaMeCTHO 

e R
9 

oeyweeTBliiiTb KOMneHeaUHIO Har'p:f30'1HOl! xapax:repHeTHKH B pe)I(HMe e:ra6BliB3B-

UHH (&aMeHeHHB BblXO.OHOf'O HanpH>KBHHII e B3MBHBHHBM TOKa Har'p)"3KH MO)I(BT 6b1Tb yMeHb

weHO .00 H)"liSI), 

CxeMhi pRe. 4 H 5 HMBIOT ene.oyrow&e epaaHHTenbHble napaMeTpbl, eaMepeHHhie 

Ha o6paauax e OJlHHaKOBbiMH Tpeo.oaMe H 6ne3KHMe HOMeHMBMH JlBTaneA, O.QeHaKOBhlMH 

BbiXO.aHbiMH 

Hol! exeMel:. 

Hanpll~<eHHeM B TOKOM (a:ropol! e:ron6eu OTHOeHTeSI K THDOBOl! noene.ooaa:renb-

K03tPtPHUeeHT eTa6HliK3aUKH no eeTH OKOliO 2000 

K03tPtPHUHeHT ei:'lla)I(HBaHHSI nynbCaUHil OKOliO 4000 

OKOliO 3000 

OKOliO 5000 

BbiXO.OHOB eonpo:reaneaee OKOliO 0,002 OM OKOliO 0,015 OM, 

no :reMnepa:rypHbiM xapaKTepee:reKaM o6e CXBMbl O.QHHaKOBbl, B o6eex Jlllll ynyqweHHII 

TeMnepa:rypHOI CTa6enblloeTH nepBbiB yeenHTBllbHbiB KaeKBJlbl MOI"')"T 6&1Tb BbiDOliHeHbl 

8 6anaHeHOM aapeaH:re, B cxeMe pRe. 5 npH KopoTKHX aaMbiKaHHIIX H o:rey:re:raHH ene

UHHllbHOI! aaweTbl pBI"')"liHp)"IOWHil TpHOJl HeH36B>KIIO BbiXO.OeT H3 e:rp011, 

Hble xapBKTepHeTHKH JlliH epaBHellHH npeae.QeHbl Ha .pee, 6 (KpHBble 2), 

Ee Har'pyaoq-

PearoMapyH, no.o'lepxRI!M .. we paa .oocTOKRCTBa cxeMbl pee. 4 c TO'Ixe apeHeA 

npOBKTHpOBaHHII )"HHtPRUHpOB8HHOil "cepHH HR3KOBOllbTHbiX BCTO'IReJCOB neTaReA: 

1.nop01"' OI:'paHe'leKHH TOKa Har'py3KH He 3aBHCHT OT ypOBHH eeTeBOf'O HanpSDKBHHH, 

MOil.lHOCTH CHnOBOro BbUipstMHTenR R HOMHHana BblXO.O.HOrO H8fipR.>KeHHR; 

2, BhiKliiO'IBHHOe eoeTOHHHB Mano aaaHeHT OT 9THX >Ke tiJaKTOpOB, a TaK)I(e OT eoeToSI-

IIHSI uene Har'p)"3KH; 

3. o6nef''leHBble eTaUHOHapHble pe>KHMhl MBliOMOlUHbiX KaCKa.OOB TaK)I(e He 3aBHeHT 

OT Beex BbiWenepe'IHeneHHbiX cpaKTOpOB; 

4. JlliH nonyqeHHH lii060f'O eTa6HliH3HpOBaHHOf'O HBnpg)l(eHHSI Ha BhlXO.Qe, npBKTH'IeeKe' 

6 
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OT H:fll!l .00 nHTH.OeeHTH BOllbT 1 B Dpe.oenax peceypcOB eHliOBOf'O BbiDpHMHTenH H Tpeo.oa, 

Keo6xo.OHMO H3MeHeHHe O.OHOI"'O eonpoTHBneHHH R 
5 

5, .oo6aaneKHeM O.!lHOf'O TOKOH3MepHTellbHOf'O eOIIpOTHBlleHHSI pean&ayeTCH e:ra6Hne

aaTop TOKB e B03MO>KHbiM JlHBnB30HOM H3MBHBHHII BhiXOJlHOf'O HanpSI>KeHHSI OT H:fliSI .!lO 

flSlTHLl9CSlTH BOnbT. 

VfeTO'IHHKII nHTaHHH H8 BhiXO.!lHbiB Hllnp,VKBHHH 150 H il0 __ 0_a __ _ 

npe HanpH)I(eHe!lx BblWB 100a K aaMeHe naMIIOBhiX eTB6HnHaa:ropoa nonynpOBO.OHHKOBbi

MH MHOI:'He OTHOe!ITeH OeTOpO)I(HO BBe.oy HH3KHX .OOII)"eTHMbiX Hllnp!I>KeHell MOWllhiX CepeiiHbiX 

:rpeOL!OB H oco6eHHO BBK,.O)" ManoA HX eTOI!KOeTH K neper'pyaKaM no Hllnp!l)l(eHHIO, HBe36B)I(HhlM 

HpH JlliHTellbHOll pa6o:re HeTO'IHHKa IIHTaHe!l, 8 TO >Ke apeMSI eeTb eepbe3Hblil eTHM)"ll 

Jlllll BHB.OpBHHSI nonynpOBO.OHHKOBbiX npe6opoa B 3TOM HBUpaaneKHH, a HMeHHO - He3KHil 

Kn.n naMnoa&Ix e:ra6Hn&aa:ropoa. HeeMoTpll ua :ro, q:ro e:ra6&nHaHpoaaaHhill BblnpHMe:renb 

>JB,~!IeTeSI npeo6pB30BaTeneM 9Hepi:'eH nepBMCHHOI'O TOKa B noeTO!IKHhlil, TllKOll Bll>KHeiiWHil 

napaMeTp npeo6pa30BI1HHII, KaK Kn,Cl, B naenop:rax naMnOBbiX HeTO'IHKKOB nHTaHH!I, BhiD)"

eKaeMbiX HbiHB npOMbiWli9HHOeTbiO B MlleCOBhiX KOliH'IeCTBilX, .!lB>Ke He DpKBO.OeTC!I, BBH.OY 

el:'o Kpal!He HH3xHx 3Ha'leHKil (o:r 0,1 y Hel'O'IHeKoa Knacca 0,1% BC-11 e .op, .oo 0,2-0,25 

- :r KcTo'IHHKoa Knaeea o,5% YHn-1, caK " .np. l. 

PaeeMaTpHaaeM&Ie HH>Ke nonynpoao.oHKKOBbie KeToqHKKH n&:raHK!I Ha e:raH.oapTHhie 

'llllMllOBble' Hanp!I>KeHH!I pewaiOT yKaaaHH)"IO aa.oaqy, VfeTO'IHHKK noeTpOBHbl Ha 6aae llB)"X

KOHTypHOf'O e:ra6HrrHaa:ropa, OT.~eqaiOJU9f'OeSI OT napannenbHOf'O liOHH>KBHHblM HBllp!I)I(BHHeM 

' llHTaHK!I pBf')"liHp:fiOWef'O TpKO.Qa H KellO.'lb30BilHH9M HenHHCl!HOf'O 6annaeTHOf'd 3liBM9HTa, 

3TO ll03BOliHfl0 eOBMeeTHTb pSI.O llpOTKBOpe'IHBbiX, HO Bll>KHhlX :rpe6oaaHKil: a) BhleOKHB 

BbiXOilHbiB Hallp!I>KeHee H MOlUHOeTb; 6) Ha.!lB>KHOCTb 8 9KennyaTilUKK; a) XOpOillKe 3lleKTpH

qeeKHe napaMeTp&I H Kn,Cl; I:') npoeToTa exeMhi, HK>Ke .oaabi KpBTKHe :rexHHqeeKKe xa

paKTep&eTRKK HeTO'IHHKOB, 

VfeTO'IHHK DKTaHK!I HB 300 B· 

HanpsuKeHKe ceTH 220 a +5"'o,- 10%, 50f'u 

BbiXOL!UOe Hi!llp!I>KeHHe , 300 B 

TOK Har'p:f3KH B pe>KHMe eTa6HnH3aUHB (npK K3MeHeHKH HallpSI>KeHHSI 

eeTH B IIOliHOM .OHaDa30He) , , , , , •• , • • ••• • ••• , , OT 0,!5 .00 0,4 a 

KOMHHanbHblil Kn,Cl (HaDp!I>KeHBe eeTK 2:l0 B, TOK Har'py3KH 

0,4 a) .••••••• • • • • • • 

K03qxpHURGHT eTa6HliR3aUHH no eeTH 

BbiXOLlHOe eonpOTeaneHHe , , 

D)"llbeaURH H W)"M H4 BbiXOLle 

7 

60% 

He MeHbWe 1000 

He 6om.we 0,1 OM 

He 60llbW9 1 MB llHX 



, 

"--

.apet\<iJ BbiXQ.OHOf'O Ha11pSDK81IH!I (sa 24 'laca 8 npoH38011bHOM 

pe}KHM8 npH KQMHaTHOlt T8MI1GpaType) 

LI,Hai1B30H pa60'IHX TeMnepaTyp • • • • 

He 6onbwe 0,1% 

:.~0 :!:)5°C 

cpe.aCTBa 38WHTbl o6ecne'IH8aJOT 8BTOMaTH'IeCKOe OTK11JO'IeHHe HCTO'IHHKa OT CeTH 11pH 

KOpOT!{I{X 3BMhiKaHH!IX H8 Bh!XOLI,8; a TaKHX Cl1y'la!IX norrynpOaO.OHHKOable npH60pbl H ace 

OCT8!!bHbl8 311eM8HTbl cxeMbl coxpaH!IIOT norrHyJO pa6oTOCI10C06HOCTb, a HCTO'IHHK f'OTOB !( 

1108TOpHOMY 8KI1JO'IeHHIO nocne ycTpaHeHH!I KOpOTKOf'O 3aMbiK8HK!I. 

Y!cTO'IHHK nHT8HH!I H8 150 B 

aanpsnKeHHe ceTH ••• 

BhiXO):tHOe H8Ilp5UK9HH9 

TOK aarpy3KH B pe)I{HM8 cTa6HI1H38UHH 

( npH H3MeHeHHH Ha!lp!!)l{eHH!I C8TH a 11011HOM .OH811a30He) 

ab!XO.OHOe COI1pOTHH11eHHe • , 

OCTa11bHbie napaMeTpbl TBKHe )l{e, KBK y HCTO'IHHKa Ha 300 a 

220 a :!:.. 10%, 50 ru 

!50s 

OT 0 LI,O 0,6 a 

He 60I1bWe 0,05 OM 

06a HCTO'IHHKB HMe!OT, 110 cylUGCTay, O.OHY 11pHHUHI1H8!!bHYIO CXeMy ( pHC, 7 )X), • KOTo

p8!1 pa6oraer cne.ay10wHM o6pa3oM. Cra6nrrH3aUHH Bb!XO.:lHOf'O Hll11pSI)I{elfHH ocywecra;t!leTCH 

38 C'leT MBHSIJOlUef'OC!I (a 3aaHCHMOCTH OT 803MyweHHlt) TOKa CHI10aOf'O TpHO;:ta T 4 H npo-

110p!lHOH811bHOf'O TOKy nepena.aa H811p!!)l{eHH!I Ha 6arr:JBCTHOM srreMeHTe lJ 1 , KOTOpbiJI Sl811!1eT

C!I 06J.I.(HM .011!1 KOHTypa H8f'py3KH H peryrrRpyJOw8f'O KOHTypa. noHH>KeHH08 H811p!I>KeHHe na

T8HH!I nocne.auero (KorrrreKTop T 
4 

qepe3 scnoMorarerrbHbill .aao.a n 3 no.aKrrJO'IeH 

K HH)!{Hell CeKUHH abll1p!IMHTerr!l) ::reno a03MO>KHOCTb 3Ha'IHTe11bHO CHH3HTb Tpe6oaaHH!I 

K .aonycTHMbiM HarrpH>KeHHJO " MowHocra rpHoLJ.a H noabiCHTb KnJl cra6ann3aropa. Ylc

non'bt.oaauae H811HHei!HOf'O 6anrraCTHOf'O 8118Mei!Ta - rraMI1bl HaK811HaaHH!I - I103BOJIHI10 .llO!lOI1-

HHTeJibHO CHH3HTb Tpe6088HH!I K T 
4 

110 MaKCHM811bHOMY TOKY H MOUlHOCTH IlpHMepHO a 11011TO-

pa pa.3a H IlOBbiCHTb KnJl IlO cpaaHeHHIO C TaKHM )l{e CTa6HrrH3aTOpOM, HCI1011b3yJOillHM 

B Ka'lecrae 6annacrHoro 3rreMeura rrHHel!Hoe aKTHaaoe conpornanaaHe. B pe>KHMe cra6ann-

3auHii lJ) pa6oTa8T npH nepena.aax Ha11p!l)l{eHH!I B 5-)0 pa3 MeHbWHX HOMHHal1bHOf'O, TO 

eCTb C O'I8Hb crra6b!M HaKarroM, H CpOK ee C11y>K6bl 611H30K CpOKY Cl1y>K6b! MOUlHb!X OCTe

KnOBBHHbiX COllpOTKBn9HH:A:, H9nHH9iiHhiM 38M9HHT9n9M KOTOphiX OH3 H HBnSieTCSI. llayxceK

UHOHH&Ie 8blllp!!MHT811b H <iJHJibTp, H806XO.OHMb18 .011!1 pa60Tbl cra6HJIH3aTopa, He Tpe6yJOT 

11pHHUHI1Ha11bHhiX yCI10)!{HeHHi! riO Cp8BH8JIHIO C 06bl'IHb!M MOCTOBb!M Bbll1p!!MHT8118M 0 8CJIH H8 

C'IKT8Tb .OOI1011HliTanbHbiX BbiBO.OOB .OT BTOpH'IHOi! o6MOTKH Tp8HC<iJOpMaTOp8 H pll3.0811eHH!I 

o.aaolt <iJHrrbTpyJOlJ.Iel\ eMJWCTH aa .nee c MeHbWHMH pa6o'IHMK aanp!!>KBHH!IMH. HaqarrbHble 

KOrr11eK·ropHbie TOKH M8110MOUll!biX ycH11HTel1bHbix rpno.aoa T 
1 

H T 2 3a.aaJOTC!I conporHal1e

!!!.U!.M!L-B-L<L.J!.~Heo6xo;J,HMOe f.ll111 HE!I10Cp8.0CTB8HHOJI Ca!13H COf'118COBaHKe riOTeHUHB-

x) Ha r>HC.7 11':lHB8.08Hbl H.OMHH811bl HCTO'IHHK8 Ha 3008. Y!CTO'IHHK' Ha )f'0B HMe8T Cl18llYIO-

WH8 OT11H'IK!I: Wt•480 n:;'Jt:l 0,74; w
2
=92, w

3
=130 n3B 0,74;. w 4 = 85 n38 0,16; 

nl,2,3- THI18 Ll302; n4,5-THI18 Jl~05; nlO,II,\2 -. oTcyrc·rayJOT; Ec- Ha 120 a; Cl•800,0; 

C
2 

"4f50,0; C
3

=200 M<iJ; C
5

= 150"'¢; R 1 = 50 oM; R < =51 KOM; Rlf"(),5 KOM; R 7 =5,6 KOM; 

R
9 
~2,0 KOM; R 11 ~620 OM. 

8 
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1108 ocywecrnn,.eTCH cooraeTCTBYJOlllKM no.aK11JO'IeHHeM K .aKOllBM nepeoro Kacxa.aa napa

MerpH'Iecxoro cra6HrrH3aropa. Ha'larrbllbill TOK 6y<f:lepHoro aMHTTepaoro noeropnre11S1 T 
3 

3 a.uaerc!l conporHaneaae R 3 H npeBbiWBeT HaH60I1bwHl! aeynpaB11!1eMh!e 6oK 6a3bi T 
4 

p 83HOCTHb!lt Clff'H811 Cp8BH9HH!I Bb!XO.LlHOf'O H811pSI)I(9HH!I H 0110pHOf'O, CHHM89MOrO CO BTOpof'O 

KBCKa.aa napaMeTpnqecxoro cra6nrrH3aTopa, nocrynaer aa 6a3y T 
1 

c H3MepHTeJibHoro .aenH

re1111, B sepxaeM 1111e'le ll811HT911!1 HMeiOTC!I: Ec - 6aTape!l KpeMHHeawx HrrH raaoablx cra6H

narpoaoa .an!! yMeHbWBHH!I .ua¢rjlepeHuHa11bHoro conpoTHB11eHHH; R 8 ·- TepMoconpOTHB11eHHe, 

ocywecrai1HJOJJ.lee KoMneHcauHJO TeMnapaTypaoro llpeli<Pa onopHblx .aao.aoe H E c; R 1 - .uo-

6asoqaoe IlO.OCTp08'1HOe CO!lpOTHBI18HHe, He06XO.LlHMOe .01111 TO'IHOl\ yCT8HOaXH abiXOllHOf'O 

aanp11>KeHHH Ha 3B.LlaHHblll ypoeeHb, EMKOCTb C 
4 

yMeHbwaeT conpoTHarreHHe .ue11HTenSI B 

nepexo.OHb!X pe>KHMaX H O.OH0Bp9M8HHO CI10C<16CTByeT yCTOl\'IHaOCTH ycHrrHTel1!1 (c TO'IKH ape-

8811 '18CTOTHOl\ KOppeKUHH OllTHM811bHaSI aei1H'IHH8 C
4 

- OXOJIO 2000 n<f:l.). nocrrellH9il llerrH 

Cl1yA<aT H 110abiW8HHble CBOiiCTBa, '18CTOTHb19 xaoaXTeOHCTHKH TpHOll8 80 BTOpoM xacxa.ue. 

B .aayxKoarypHoM cra6Hnnaarope rax >Ke, xa x a a napa11ne11bHOM, npH KopOTKHX ·aaMbi

KBHHHx Ha Bb!XO.ll8 CH110BOi! TPHO.O OOeCTO'IHBBeTCSI, YIMeiOlUB!ICll H9C110)1{Ha!l 38lUHTa HCTO'IHH

KOB Bb!Il011H!19T psi.a BTOpOCT911911HbiX <iJYHKUHil,nycKOBa!l KHOllJ(a K 1H CaM00110KHPYIOUl88CSI RO 

cera peJie P. aaMe.a11eHHoe no cpa6aThiBBHHJO aa apeMH nporpeea HHTH 6annacrHoil naMnhl, 

38lUIHJ.IHIOT CH110aOll TpHO.U OT nepeaa11p!!>K9HHI! a MOMeiiT BKI110'18HH!I, a TBX>Ke CHI10aOil 

Bb1Ilp!!MKT".1b, Tp8HC<iJOpM8TOp H 6arri18CTHyJO 118MRY OT .UJIHT8J1bHbiX TellrrOab!X neperpy30K 

(nyreM OTK11J0'18HH!I 611oKa or cera). Ha He6ol1bwoll npoMe>KyToK speMeHa or aaMblxaHHSI 

a a Bbixo.ue .uo ornycKaHH!I pene rpao.abl T 
3 

H T 
4 

oxaabiBaJOTCSI no.uKnJO'IeHHbiMH e HHeep

cHoM HanpaB118HHH K sepxHel\ ceKuHH Bb!Ilp!!MKTe11!1. JlerrHTerrb R 2 - oop,araoe conpoTHBne

HHe .OHO.Oa Jl
3 

npe.aHa3H8'19H .Ll11!1 CHH>KeHH!I o6p8THOf'O H811p!1)1{9HHSI H8 TP.OllaX .00 Oea

OI18CHOll B811H'IKHbi. ConporaaneHne R 1 , 3aMb!KaeMoe &oaraxraMH KHonxn orxrrto'leHHH K
2

, 

o6ecne'IKB8eT 6b!CTpb!ll paap!!LI BbiXO.LlHb!X eMKOCTel\ 11pH abiKRIO'IeHHH 6rroxa H HCKI110'189T 

B03MO:-KHOCTb 11pOH3BOI1bHOf'O 110BTOpHOf'O IIYCK8 B pe>KHMe XOJIOCTOf'O XOlla 38 C'I9T OCTa

TO'IHOf'O 38pH.aa arax eMxocrell. nnasxall npe.aoxpaHHTe11b pa3pbtaaer uenb cereaol! o6Mo-r

KH IlpH KDpOTKHX 3aMbiKaHH!IX B U9Il!IX Tp8HCcpOpMBTOpa, CHI10aOf'O H aCROMOf'8T911bHOf'O 

Bbi11pHMIITenel! H <iJHrrbTpoa. BepoH·rHOCTb sroro .aocraTO'IHO Mana. B c11yqae •MrHoaeHHoro• 

38Mb!K8HH!I Bb!XO.UHb!X K11eMM 9MKOCTb C 
4

, 3BpS1)1{9HHa!l .UO ypOBH!I CT80HI1H3HpyeMOf'O H811p!!

>Kei!H!I, pa3pH>KaeTcSI qepe3 3MHTTepHbil! nepexo.u T 
1

• ConpoTHB11eHae R 8 orpaHH'IHaaer 

TOK pa3p!!.08 6e30I18CHbiM, HO He O'leHb M811biM ('ITOObl He Tep!!Tb ycHrreHHSI) ypoaHeM, 

Ha pac. 8 npase.aenbi aKcnepHMeHTC111bHbte aaaHCIIMOCTH HaH0011bW8f'O H HBHMeHbw.ero 

TOKOB H8f'py3KH B p9>KHMe CT86HI1H3aUHH OT H8I1p<I>KeHHSI C8TH .011!1 060HX THROa HCTO'IHHKOB, 

KpareplleM onpe.ae11eHH!I rpaHHU o6nacTH cra6HrrH38UHH HBrr!!IOTC!I pe3KOe yaenaqeuae 

IlY11bC8IIHl! II yXy.0J.J.IeHH8 CTa6HI1H3HpyJOillHX CBOl!CTB CX9Mbl, o6yC110BI1eHHbl8 IlOTepel\ ycHnH

TenbHbiX CBO&kTB CHnODOrO TpHO.llB B COCTOSIHHSJX OTCelf.KH H HBCbJLUeHHSI. Vf3 9THX 38BHCR-

CHMOCTeA:, B qacTHOCTH 1 cne.ayeT, liTO npH HUllpst}J(eHHRX CeTH BbiUJ~ 200 B HCTOqHHKJf 

9 
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r 
MoryT OTnaaaTb TOK aarpyaKK 60JlbW9 HOMKHI>JlbHOf'O, Tpe6yeTCR JIKWb COOTBSTCTBYIOWHM 

o6pa30M p3CC'IHT8Tb CHJIOBOll BbinpSIMKTSJib, 8 TaKHX CJiyqaRX nonOJIHHTSJ!bHO o6nerqaeTqf( 

pe>KHM cKnoeoro TpKona K yeenH'IHBaeTCR Kn.n, 'ITO eblronao oTnKqaeT neyxKOHTYPHYIO 

CXSMY OT nOCJI91lOB8TQJibHOll, 8apR8HT KCTO'IHHKa lia 300 BOJ!bT KM99T 6onee yaKKll nHana-

30H ToKa aarpyaKK c TeM, 'IT06hr aaK6onbwee eoaMo>Kaoe aanp!I>KeaHe aa T 4 ae npeeblcK

no nonycTHMOll no nacnopTy eenH'IHHbl t>O e, npaKTH'I9CKH HaH6onbwee Hanp!I>KeHKe 54-56 "l no

CTHraeTCH npK MHHKMMbHOM aanpH>KSHKH C9TH H HOMHHaJibHOM TOKe HarpyaKK, PacwHp9HH9 

naanaaoaa ToKa HarpyaKH aeuenecoo6paaao c aHepreTK'IeCKOll TO'IKK apeHHH, K6o eeneT K 

cHH>KeHRIO Kn.U; KpoMe Taro, aepaayMHo aKcnnyaTHpoaaTb MOl.llHhrll HC'l'O'IHKK nHTaHHH 

npH TOKaX H8rpy3KH, COeTBBJ!HIOl.UHX M8JIYIO nOJIIO OT HOMHH8JlbHOf'O , i:JblrOnHee npyroll 

nyTb - MSHHTb HOMHH8JibHblll TOK HllrpyaKH, H3M9HSISI BSJIH'IHHY 68JIJI8eTHOf'O eonpOTHBJIQHKSI 

(nyTeM nepeKJIJO'IeHHH HJIK no6aeneHKH ero ceKuHll). 3ToT cnoco6 ae npKeonHT K yeeJIK'Ie

HKIO aanpg)l(eHKII aa cKnoeoM TpHone K K yxynweHKIO Kn.n. CnenyeT 38MeTKTb, q·ro non

Hoe OTKJ110'19HK8 H8rpy:?KH nnH HeTO'IHKK8 300 B He on8CHO, 8 T8KKX CJIY'I8SIX 0 K8K enenyeT 

H3 38BHeKMOeTH I H MHH~U,. ) (pRe, 8-6), npH U ~ > 217 B TOJibKO H8pywaeTeii CT86HJIR38UKH 

38 cqeT uacbrl.lleHRII T 
4

• CT86HJIH38UHH H K8'18CTBO noeTOHHHoro H8Il~SI>KeHHII aa Bhrxone 

eHOBa BOCeT8HBBJIHBBIOTeSI e BOCeTaHOBJI9HH9M Harpy3KH, KaKHX-nH60 apyrHX IlOCJienCTBHll 

c6poc Tor<a H8rpyaKR He ewahreaeT. 

H8 pRe. 9 npHeeneH8 38BHeHMOCTb Kn.n ReTO'IHRK8 H8 300 eonbT 11 nn11 cpaeHeHKH 

- TaKaH >Ke 38BKeKMOCTb nn11 cepHllnoro naMnoeoro eT86KnKa8Top8 YY!n-1 (KpRebre I H 2, 

COOTBQTCTBQHHO), H8npSI>K9HKe CSTR B o60RX CJiy'I81IX HOMRH8Jlbll08 - 200 e,HeCMOTpii H8 TO, 

'ITO cTa6HJIR3aTop YY!na noeTpoea no nocnenoe8TSJibHoll cxeMe, e npRHUHne 6onee aKono-

114.~"Holl, HenpOH3BOnHT8JlbHbl9 noTepH MOl.UHOCTR H8 H8K8Jl JI8Mn 38 C'IST 6onee HR3KOf'0 0 

no cpaeHeHRIO c Tp8H3HCTopaMR, Kn.n auoaHbiX uenell naMn H8CTOJibKO eeJIRKR, 'ITO peaynb

TRpyJOl.llHll Kn.[l JI8Mnoaoro HCTO'IHKK8 He MSHee 0 'ISM B nB8 pa3a HH>KS npR JII06b!X TOK8X 

H8f'py3KR, J.1HTepeCHO Cp8BHRTb npyrHe 06lUHe TaXHRK0-3KOHOMR'!9CKH8 nOK838TQJIH o60RX 

RCTO'IHHKOB ( T8K08 cpaBH9HR9 He nocTaTO'!HO nOJIH09 0 noeKOJ!bKY no HH3H8'19HRIO 3TH ReTO'I~ 

HHKR He COBCeM 3KBHBMeHTHbr), 

KJ18CC TO'IHOeTH 

HOMHHB/lbHBSI MOl.UHOeTb 

MO!llHOCTb0 nOTpe6JIH9M81I B HOMH

HMbHOM pe>KHMS 

HOMHH8JlbHblll Kn.U 

r86apHTbl 

none3H811 ynenbH811 

06'&9MH8H MOillHOCTb 

sec 

CTOHMOc·rb 

JI8MnOBblll RCTO'IHHK 

YYJn-I 

1% 

360 BT 

1400 BT 

0,25 

480x380x280 MM 
3 

10 

10 BTl nM
3 

45 Kr 

360 py6. 

nonynpoeonHHKOBb!ll 

HeTO'UIHK H8 300 B 

0,1% 

120 BT 

200 BT 

0,6 

320x 120x 140MM
3 

15 BTl nM
3 

OKOJIO 8 Kf' 

OKOJIO 50 py6, 

---.:......ll''l'lll'"lll--'·;,'.!!'' • ,, .. ,., _____ ., ... "JJll--·· '11''111 

rnasHaSI norpSWHOCTb, OllpC.O,SnSUOWB.R K.118.CC BbiC"OKOTOt{HhiX HCTO'iHHKOB 1IKT8HHR, CBH-

38H8 e TeMncpaTypHbiM H epeMeHHblM npellcpoM, Ha pRe. 10 npRneneu8 nnarpaMM8, oTpa

>K810m811 npellcp Bb!XOnHOf'O H8Dpii>K9HHII onHOf'O H3 3K3M9DJI1IpOB HCTO'IHRK8 H8 (50 B 38 

40 q 8 eoa ·H9!1p9pblBHOi! p860Tbl, J.13M9p911HII DpOBOnHJIRCb KOMD9HCaUHOHHblM enoeOfiOM C no

MOillbiO caMOllRCU8 3nn-09 H BH9WH9f'O 3TaJIOHHOf'O H.~npH>KeHHII B YCJIOPRIIX 9CT9CTB8HHb!X 

Kone6aHRll aanpmKeHHII CSTR OT 205 no ~30 BOJ!bT, HarpyaKOl! RCTO'IHRKa IIBJISIJIOCb aKTHB

HOe C011pOTRBJI9HR9 300 OM, 

Ha pRe. 11 npHeeneaa aaanorH'!HaH nRarpaMMa npel!cj:la ReTO'IHRKa H8 300 e 3a 

24 qaca pa60Tbl B yCJIOBRSIX RCKyCeTBSHHOf'O R3M9H9HRSI pe>KKMa, 3anRCb H8'!8T8 qepe3 

15 MRHYT nocne BKJ!IO'IeHRSI RCTO'IHRK8 B CeTb 210 B npR TOKe H8f'py3KH 0,4 B, .Uanee pe

>KKM MSHSIJICSI enenyJOillHM ofipll30M 0 I I - TOK YMSHblUaH no 0,2 a; I 2 - H<~llpH>KeHHe 

CSTK yBE;!JIK'ISIIO no 230 B 0 a TOK HarpyaKH - no 0,4 a; IS - TOK YME;!HbWQH no 0,08 a, 

aanpH;KeHHe - no 220 e. Ha o6eHx nH8rpaMMax nerKo ycMaTpHeaKJTeSI nee pll3JIK'IHble 

KOMUOHSHTbl npellcpa, .Upei!cp, CBSI3aHHblll C li3MSHeHHQM pe>KHM8, B KOHe'IHOM C'I9TQ o6yc-. 

noanea HeTo'IHOll TepMoKoMnencauHell H npencTaBJIHeT npeaen, CHH3HTb KOTOpblll TpynHo 

K3-3a paaJIH'IIIbiX TeMnepaTypHbiX 38BHCHMOCTell HanpH>KSHHH Ha onopH&Ix nHonax, Be H 

KOMneuer<pyJOrueM eonpoTHeneHHH R 8 • Bea nocnenHero aT a cocTaBJIHIO!llaSJ yeeJIH'IHeaeTCH 

B HeCKOJ!bKO pa3, MenneHHOe MOHOTOHHOQ H3M9H9HH9 BblXO/.lHOrO Hll11pSI_,KeHRS1 0 He 3aBHCH-

• 
mee OT pe>KHMa, CBSI3aHO CO CTapeHKeM ra30Bb!X CTa6HJIHTpOHOB H paBHO B cpenHeM 

2-4 MBI'Iae no aa6n10neHRIO 3a 200 'lacon HenpepblBHoll pa6oTbl, EcnH e Ka'lecTee Be 

KCnOJib30BllTb BbiCOKOBOnbTHble Kp9MHHeBbl9 CTa6HJIHTp0Hb! 0 TO epeMeHHOll npel!cp, CBSI3aH

Hblll CO CT8p9HH9M 0 npaKTR'I9eKH HCKJ!IO'!aeTCII, 

KoHcTpyKTHBHoe e&monHeHHe o6oHx HCTO'IHHKOB onHHaKoeoe. I:SaemHHll e11n npKeeneH 

Ha pKC, 12, 

PacCMOTpeHHbiS RCTO'IHHKH npencTBBJISIIOT onHO H3 B03MO>KHb!X pe!ll9HHll ynOMHHyTOll 

npo6neM&I 3aMeHbl ManoaKOHOMH'IIIbiX naMnoeblx e&mp!IMHTenell aa nonynpoeo.aHHKOBbre. Ha 

RX npHMepe MO>KHO OUSHHTb "aKOHOMH'!eeKHi! a¢cpeKT• 0 O>KHnaeM&Ill oT nono6Holl aaMeHbl. 

.£ln11 epaeHeHRSI CUOBa B03bM9M YYJn-1, KOTOpbill, XOTII H !IBJIHeTCH noporHM peryJIHpye

MblM MO!llHb!M HCTO'IHHKOM 0 nnH nHTaHKII 3KCnepHMeHTaJibHOl! annapaTypbl HCnOJib3yeTCH 

B HaCTOH!llee epeMH HaHfiOJiee WHpOKO, Ha 20 KBT Bb!npHMJieHHOll CTa6HJIH3Hpo

B8HHOll MO!llHOeTH (MaewTa6 noTpe6HOCTell nB3 QJ.1HJ.1) OCHOBHbie 31lTp8Tbl DO HCTO'IHH

KaM YJ.1n-1 eocTaBJIIIIOT 20.000 py6 0 no llOJiyllpOBOnHHKOBblM HCTO'IHHK8M - 8.400 py6, 

Paexon aneKTpoaaeprHR1 Ha pac'!eTa aKcnnyaTauHH 300 nHell e rony no 7 qacoe H ueHhl 

4 rconiKBT'I, a TaK>Ke Kn.n 0,25 H 0,5 1cocTaeKT e neHe>KHOM ebrpa>KeHHH 6. 720 a 

J.360 py6nell 1 coorBSTCTBQHHO, 3KOHOMHSI OCHOBHblX aaTpaT - 11.600 H H8 3JI9KTp03H9pf'HH 

- 3,360 py6nell B ron. 3Ha'IHT9JlbHO 60JiblllHll CpOK cny>K6bl nonynpoeonHHKOBbiX npH60pOB 

enoeo6CTByeT nanbHellweMy CHH>K9HHIO 3KCnnyaTaUKOHHb!X aaTpaT, 
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VfcTO'IHHKH UHTBHHSI C rny60KOll peryJIHpOBKOll H8fipli>K8HHSI 

PaccMBTpaeaeMbiB HCTO'IHHKH npe.OCTBBJISIIOT co6oll .nea po.ncTBeHHbiX cTa6HJIH3HpcitiaH-

HbiX BhlllpSJMHTenSI CP,9,llHero KnBCCB TOt{HOCTH H npe.nHa3H8ti9Hbl .lln.H HCITOnb30B8HHH B 

HOpM8JlbHb!X na6opaTOpHbiX ycJIOBHSIX, HK>Ke npHB8.08Hbl HX 8Jl8KTpli'I8CKH8 napa

M8Tpb!, UH<j:>pb! nepeoro CTOJIDUB OTHOCSITC>I K HCTO'IHHKY C MBKCHMBJibHb!M Hanp>I>K8HH8M 

60 B , BTOporo CTOJI6ua - K HCTO'IHHKy C MBKCHMBJlbHbiM HanpR>KeHH8M 30 B, 

HanpR>KeHue ceTH 

nllana30Hbl peryJIHpOBKH H8Hp>I>K8HH>I 

ToK HarpyaKH 

Koa<P<J:>HuHeHT cTa6anHaarlHH 

BbiXO.OHOe coniJOTHeneHHe 

nynbCBUHH Bb!XO.llHOrO HBllp>I>KeHH>I 

220e:!;.IO%, 50 ru 
2-30, 30-60e 1-!5, t5-30e 

OT 0 .no 0,5a oT 0 .no Ia 

He M8HbW8 500 

He 60JibWe 0,02 H 0,01 OM 

He 6onbWe I Me nHK. 

x) 
06a HCTO'IHHK8 Bb!UOJIH8Hbl no O.OHOJI npHHUHllH8BbHOll CXeMe, npHBe)leHOJI )Ia pHCo 13 0 

OcHoeoll cxeMbl RBn>IeTeR CTa6HnHsaTop napannenbHoro THna c nepeMeHHoll racRwell Ha-

rpy3KOll (KOM6RHBUH>I conpOTHBJ18HHll R I'R2 H nepeKJIIO"'BTenell nl fi 2 ) H H8JIHHeJIHbiM 

6annacTHbiM conpoTHeneHHCM (naMna HaKanaeaHHR ). TaKoll Bbi6op c.nenaH no p>I.ny npH"'HH. 

npe>K.ne ecero llOTOMy, \ITo napanneJibHB>I CXeMa o6eene"'HB8eT HBH60JibWHll .OH8U830H 

perynHpOBKH Bb!XO.nHoro Hanp>I>KeHHR. MaKciiManbHoe nanp>I>KeHHe onpe.nenReTc>I na.neHHeM 

H8fip>I>K811H>I Ha H8Cb!W8HHOM TpHO.ll8 T 4 H npH OTDOpe TpHO.llOB 110 yKa38HHOMY npHsHaKy 

MO>KeT 6b!Tb CHH>K8HO .00 0,5 B, MaKCHM81lbHOe H811p>I>K8HHe, KOTOpoe MOlKIIO nony'IHTb 

OT CXBM TBKOrO THna, paBHO .nonyCTHMOMy Hanp!llK8HHIO KOJIJ18KTOp-aMHTTep CHJIOBOrO TpHo

Q.{' T4. 

Bo-eTOpbiX, .naHHa>I exeMa npa nonHbiX .naanaaoHax .nonyCTHMbiX H3MBHBHHll Hanpg>Ke

HH>I H TOKa HBrpy3KH B pe>KHMe CTa6HJIH38UHH 06ecne'!HB88T cpe.OH BC8X npO'IHX CXeM Han-· 

M8HbwyiO MOWHOCTb CHJIOBOrO TpHO.ll8. npH Bb!XO.OHOJI HOMHHBJlbHOll MOWHOeTH 30 BBTT 

HaHOOJlbWB>I MOWHOCTb TpHO.OB He r:peBblWBeT 10 BT. nocne.noeaTenbHa>I CX8M8 C TaKHMH 

>K8 napaMeTpBMH .llOJI>KHa HM8Tb B HeCKOJibKO p83 6onee MOWHb!ll perynKpyiOWHll TpKOJl, 

npu HeUOJib30B8HHH TpHO)lOB THUS n4 p8CCM8TpHB88MBSI eXeMB MO>KeT HMeTb, 8CJIH Tpe6yeT

CSI sHB'IHTenbHO 6onbwyiO MOWHOCTb, CHH>KBHHe MOWHocTH T 
4 

.nocTHrHyTo rnaeHbiM o6pa-

30M sa C'!eT BB8.ll8HHSI rBCRWell Harpy3KH, nocne.OHRSI Bblll011H8H8 C8KUHOHHpOB8HHOJI .llJIR 

yBBJIH'IBHKSI ll1!8BHOCTH perynHpOBKH H BBH.lly OTCYTCTBHR O.llHOro nepeMSHHOrO COUpOTHBne

HHR e HBOOXO)lHMb!MH pecypcaMR no TOKy H MOLUHOeTH. 

x) 0TMB"'BHHb!B Ha HpHHUHfiHBJibHOJI CX8MB HOMHHallbl COOTBBTeTBYIOT eapHaHTY 

HCTO'iHHKB C MaKCHMallbHbiM HBHpH>KSHHBM 60s, CIIBUHqJHKaUHSI HCTO'IHHKB 30 B HMB8T 

cne.nyiOWHB OTJIH"'HR: 6annacTHBSI naMna - THna CM-17; T 4 - THfiB n4n; cl =c .. z500 MK<j:>; 

nl,2- THna D30:.!; C2=100 MK<j:>; R,= R2=10 OM; R- R = 1,5 KOM; R =1,2 KOM. 
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B 6o.lbWHHCTB8 CXBM OTHOCHT8JlbH8R TO'IHOCTb CTaoHJIH3aUHH p83KO yXy.lllllBBTC>I 

C yMeHbWeHH8M Bb!XO)lHOrO H8Upl1>KBHHR .00 ypOBH>I. 8.0KHHU BOJibT K HK>K8. rnBBHOJI npK'IK

HOll STOrO RBJISI8TCSI 3Ha"'KT81lbHBR B81lH'IHH8 BXO)lHOrO COHpOTKBJI8HHSI nepeoro K8CKB.ll8 

ynT, orpaHK'IHBarouwH nponopuKoHanbHbiJl poeT peaynbTKpyiOwell KpyTH3Hbi nepeoro Kac

Ka.na u 113MepKTBnbHoro .nenHTenR. B .OBHHOll cxeMe enH>IHKe yKaaaHHOll npH'IKHbi sHa'IKTenb

HO OCJIBOJISISTe>I 38 C"18T poeTa CYMMapHOrO oannacTHOrO eonpoTHBliBHKSI O.llHOBpeMeHHO e 

yMeHblUSHK8M Hafip>I>KBHKSI H nepBMBLU8HKeM .llBK>KKa R 2 BHK3o C STOll >Ke uenbiO npH 

nepeK11l0'18HHH AKBfi830HOB HafipH>KeHKH He KeU01lb30BBH8 KOMMyTaUHH BTOpK'IHOll OOMOTKH 

TpaHc<j:>opMBTOpa, TO ecTb COXpaHeHKe y.llOBJieTBOpKTenbHOJI eTBOHJlbHOeTH HpH MBJibiX Ha

npg>K8HHSIX (eM. TBOJIHUY napaMeTpoe) .noeTHrHyTO sa e'leT yxy.nweHKH Knn. noene.nHHll 

e CT80HJIH38TOpax e rnyoOKOJI perynHp08KOll He HBJIHeTCH eyweeTBeHHbiM napaMeTpOM, 

DnH .naHHbiX HeTO'IHHKOB, KBK K .nnH paeeMoTpeHHbiX paHee, xapaxTepHa &KcnnyaTauaoa

"'"' Ha.ne>KHOeTb, npaqeM 3)leeb OHB 06eene"'HBaeTeH He eneUHBJibHb!MH cpe.OCTB8MH 38LUH

Tb!, a e eany eaMoll eneua<l:>HKH pa6oTbl napannenbHbiX eTa6HnHsaTopoe. Best exeMa, KBK 

8Hr.\HO H3 pile, 13, OeTBBTeH .noeTaTO"'HO npoeToJI, 

nHTBHHe eHJIOBOJI UBfiH H BCUOMOraTeJibHOro napaMeTpHqeeKoro eT80HJIH38TOp8 oeywe

CTBJIRBTeH OT MOeTOBOrO Bb!UpHMHT8JISI e Bb!BB.lleHHOll epe.OHBJI TO"'KOll BTOpH'IHOll OOMOTKH 

TpaHecpopMaTOp!l, noeKOJlbKY napanJIB.n.bHblll eTBOHJIH38TOp fiOTpe6n>IeT OT Bb!Up!IMHTBJISI' M8110 

H3MBHHIOLUllile>I TOK , JlJI>I erna>KHB8HHH fiYllbCBUHll UBJieeoo6pa3HO HefiOJib30B8Tb ei!O>K-

Hb!ll r-o6pa3Hblll <j:>HJibTp e KOMfieHeauHell nepeMBHHOII COeTBBJISIIOLUell HanpH>K BHHSI 

H8 BbiXO.!lB. npu T8X >KB ra6apHT8X OH OK83biB8eTeH B HBeKOJlbKO pas 6onee ScpqJeKTHBHbiM, 

'IBM npceTOll r-o6p83Hblll !jJHJibTp. Boo6we >Ke, .OJIH UHTBHHH HH3KOOMHb!X Harpy30K 

qJHllbTpb! C HH.llyKTHBHbJM BXO.ttOM eeer.na UpB.llUO"'THTB1lbHB8 0 '18M <j:>HJibTpb! e eMKOeTHblM 

' 
BXO.OOM 0 HOO ra6a pHThl BXO.llHOll eMKOeTH, npH KOTOpblX o6eene•IHB8BTell .nonyeTBMblll DO 

naenopTy ypoeeHb nyJibCBUHJI .OJIH SJI8KTp011HTH'IBeKHX KOH.OBHeaTOpOB, U011Y<810TeH 'lp83Mep

HO OOJlblllliiMH. r-o6pa3Hb!B <j:>HJibTpbl no eeoeMy BbiXO.OHOMY eonpoTHBJIBHHIO H MBTO.OHKe 

pae'!BTa 6JIH3KH K HH.OyKTHBHbiM <j:>HJibTp8M npH TOKBX Harpy3KH, npeBbiWBIOLUHX H8KOTOpy10 

KpHTH'IBeKyiO BeJIH'IHHy (Q,I-0,5 OT HOMHHaJibHOro). 

naoopa-ropHb!ll HeTO'IHHK UHT8HHH MHOrOUBliBBOrO H83H8'1BHHH 

B Jia6opaTopHOJI npaKTHKB HB06XO.llHMbl HeTO'IHHKH HB TOJibKO eTBOHJibHOrO noeTOHH-

HO!'O H<lUpH>KBHHH, HO H CT80H11bHOrO TOKB (.nnH HHTBHHH paaJIH'IHOro poAa MarHH'r-

Hb!X OTKnOHHIOLUHX H qJOKyeHpyiOWHX eHeTBM, ABT'IHKOB XoJIJI8 H T,Jl,), Vfen01lb30B8Tb B 

P83JIH'IIlb!X eJiy'I.OHX enBUHBJIH3HpOB8HHblB HeTO'IHHKH .OOporo H HB eeer.na Y.llOOHOo nee 
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YKB38HHb19 cj>yHKUHK MOJKHO 061>9.llHHKTb 8 O.llHOM npa6ope HB 6aae o6wero CHn080rO 8b1Dp!I

MHTenH, 8H.llOH3M9HH8 nHWb CXeMy CTB6HnH38TOp8, TBKOA yHH89pcBnbHblll HCTO'IIIHK 8~r.lly 

6onee 'IBCToro acnon&ao8aHHH Hy>K.oaeTCH B 8biCOK03cj>cj>eKTHBHoA CHCTeMe aawHT&I. HH}I(B 

pBCCMBTpHBBeTCSI O.llHB H3 B03MO>KHbiX peanH3BUHA, OCHOBOA KOTOpOA !IBnHeTCSI nocn9.ll08B

T9nbHblll CTB6HnK38TOp CO cno>KHOA CBM038WHTOA, 

06wae .llBHHble npK6opa: 

ra6apKTbl , • 

Bee ••••• 

JlaanaaoH pa6o'IKX TeMnepaTyp 

HanpH>K9HHe ceTH ••••••• 

MowHoCTb1 noTpe6nHeMaH Ha xonocToM xo.oy 

IlonHbiA KilJl B HOMHHanbHoM pe>KKMe (Hanps>KeHHe ceTH 
220 B, HanpH>K9HH9 Harpy3KH :.!4 8 0 TOK - 4a) , , , , , , , 

a80 X 200 X 140 MM
3 

OKOno 12 Kr 

:.!O;t.I5°C 

220a;t.10%, 50ru 

He 6onee 20 BT 

HQ M9Hblll9 0,6 

3neKTpH'19CK He 

8biXO.llH09 HanpRJK9HH9 

napaMeTp&I B pe>K H M 9 C Ta6H nH3 BUKK Han pR>K 9HH R: 

ToK Harpy3KH ••••• 

perynKpyeTCSI nna8HO OT 8 .llO 16 H 16-24 8 

npoH3BOnbHblll OT 0 .llO 4 a. 

Knacc TO'IIIOCTH no cyMMe scex 
norpeWHOCTeA , , , , , , , He xy>Ke 0,1% 

Koacj>cj>au H9HT CTa6HnH3aUHH no ceTH ... He MBHbillee 1000 

BbiXO.llHoe conpoTHeneHKe • • • • • • • • He 6onbllle 0,002 OM 

IlyobCaUKH BbiXO.llHOrO Hanp!IJKQHH!I , , , He 6onbllle 0,01% 

JlnHT9UbHbJA Jlpello:jJ HanpHlKeHHSI 
B npOH3BOUbHOM p9>KHM9 nocne 

J. 'laca nporpe8a 3a 8 'laC08 •••••••••••• He 6on&we 0,1 % 

3neKTpH'I9CKH9 napaMeTpbl 8 p9>KHM9 CTa6HnH3aUHH 

perynapyeTcH nnaaHo oT I .oo :.! H OT 2 .oo 4 a 

TOKB; 

ToK Harpy3KH ••••• 

Bb!XO.llHoe HanpR>KeHHe , • , • npOK380DbH09 OT 7 .llO 16 H OT 15 .llO 24 L, 

Knacc TO'IHOCTH no cyMMe acex norpewHocTeA 

Koacj>cj>HuHeHT CTa6KnH~BUHH no ceTH • • . • • • • 

He xy>Ke 0,1% 

HQ M9Hbllle 1000 

0THOCHT9UbHa!l BbiXO.llHaR npOBO.llHMOCTb (npH89.ll9HHaR K HOMH- _
3 HanbHOll npOBO.llHMOCTH Harpy3KH) , , , • , •• , , , • , ••• , , HQ 6onbllle 10 

IlynbCBUHH TOKa Harpy3KH , • • , • , • , • 

JlnHT9UbHblll JlpeAo:jJ TOKa Harpy3KH , •• , , , , ••• 
(nocne I qaca nporpeaa B npoH380nbHoM pe>KHMe aa 

• He 6on&we 0,02% 

• • • • • • He 6onbllle 0,2% 
6 'lacoa) 

3 n 9 K T p 0 H H a Sl C H C T 9MB 3 Bill H T b1 n p K 6 0 p a BblnOnHH9T CU9.llYIOWH9 cj>yHK-

llHK: 1) npH neperpy3Kax OrpBHH'IHBaeT BbiXO.llHOII TOK &a ypOBH9 4,2-4,5 a; 2) npH 

14 

"" ' '' •• ..Jo(.L..__... ____ _ 

CHIDKQHIIH IIO mo6oti npH'IHH9 BbiXO.llliOrO HBllpSI>K9HHR .llO 6-7 B Bb1Kni0'188T Cl-InOBYIO uenb 

(TOK aarpyaKII yM8HbWB9TCH L(O HynH), 

CTpyKTypHBII C X eM a C T a 6 H n II 3 B T 0 p a (eM, pliO, 15) pa60TDC!T Cll8LIYIOWIIM 

06
paaoM. B c!InOBOM KOHType, KpoMe conpoTIIeneHH!I HarpyaKII R H , HMeiOTCH: IICTO'IHHK 

mnaiOwero Hanp>DK8HH!I U 
1 

, perynapyiOWHA npoxo.oaoA TpHOLl PT, o6paauonoe conpoTH8-

neHu:e r 1 
nnH H3MepeHIIII TOKa uarpy3KH, PaaHOCTHbiA CHrHan opaaHeHIIR cTa6HnH3HpyeMo-

ro H onopuoro uanp!l)!(eHHA qepea npenaapHTen&HblA ycHnHTen& YilT nonaeTcH aa 6a-

ay PT. Ilp11 cTa6Hnii3BUHH aanpR)!(eHKH Ha HaMepiiTenbHbiJ! neniiTenb (cnnpo-rweneHHR Ru ,R0 ) 

nonaeTCR HOllOCpet:~CTBeHHO BbiXOLlHOe H8HpRJK8HKe, Ilp11 CTB6HnH3aUHH TOKB H3MepReTC!I 

nat:~eHHe aanpR)I{eHIIR Ha o6pa3UOBOM conpoTHeneHHH r1 • To'IHOCTbiO nocnet:~Hero, HOMIIMO 

ecex npo'IHX cj>aKTOpoe, onpeaenReTCR TO'IHOCTb cTa6Hnll3attiiH TOKB, Pe>KKM pa60Thi (cTa6H-

nHaBUII!I TOKB HnK Hanpg)l{eHHR) onpenengeTCR IIOfiO)I{eHHeM HepeKOIO'IBTenR Il • PerynHpon-

Ka TOY.B HUH HBllpR)I{eHHR B 3B.llBHHblX LlH8na30HaX ocyweCTBO!IeTC!I H3MeHeHIIeM COIIpOTIIB-

neHIIA Ru H R I 8 COOTBeTCTBHH C paseHCTBBMH: 

a) UHE uonRu/Ro I 
B)IH=U

011
R 1 /r 1 R0 • 

(I) 

f1p11 HaHHcaHKK (I) aonycTKMO npeHe6pe'lb: BXOLlHbiM TOKOM Yf1T 110 cpaBHeHKIO c pa6o

'IHM TOKOM 1
0 

Jl90HTefiH 1 TOI<OM 1
0 

no CpliBHeHKIO C TOKOM Harpy3K11 1 BXO.llHbiM H811p!l)l{e

H118M YilT 11 owH6KoA perynKpoaaHKR. 

f1pHHuHnKanbHaH cxeMa (nonaag) HCTO'IHHKa np11eeaeua Ha p11c. 14. Pa3nH'I

Hble neTanH aa aeA crpynnKpoaaHbl a yan&I cornacao cTpyKTypuoA cxeMe. Cnnoeoll K 

ecnoMoraTenbHbill BbiiipHMHTenn n cj>HnbTp&I pacnono)!(eHbi cneaa no 'lepTe)!(y, tj nocne.oo8a

Ten&uoM L -3eeue cnnosoro cj>KnbTpa Kcnonb3oeaH pe3oHaHCHbiA cj>nnbTp-npo6Ka, aacTpoea-

Hb!l! HB 'IBCTOTY 100 ru .YpoeeHb nynbCBUIIA HB ero BbiXO.lle B 2-5 pa3 Hll)l{e, '19M y npo-

cToro Il-cj>unbTpa npK Tex >Ke ra6apHTax neTaneli. 

TepMoKoMneacapoaaHHblA KCTOqHHK onopaoro aanpH)I{9HK!I - LlHO.!lhi Jl 10_ 13, YilT -

.aea 6anaHCllblX KBCKB.lla H-9. TpHOLlaX T l-'1 H uenK HX IIKTBHHR Ha cxeMe 06BeLleHbl nyHKTKp

HOJI nKHKe;i, a B npH6ope CMOHTHpOBBHbl Hll OT.llefibHOll WIBT9, 

8 KB'IeCTBe perynHpyiOWKX HCIIOnb3yiOTCR .llBB TpKOLla TKUB Il210, COe.llKHeHHbie 

napannenbHO, PacKa'IKB OT 9MHTTepHoro UOBTOpHTenR HB TpKOLle !1202, CKMMeTpHpOBBHHe 

TOKOB IIOCpe.llCTBOM 9MHTT9pHblX COllpOTHBfi9HKll R
21 1 R 23 !10 0,5 OM KB)I{Ll09. 

B HH>KHell qacTK puc. 14 pacnono.>KeHbi H3MepKTenbHbte uenH cTa6KnH3aTopa n, B qac-r

HOCTH, nepeKniO'IBTenb pe>KKMOB pa60Tbl !1
2

, nepeKOIO'IBTenb LlKBnB30HOB HBnpR)!(eHHSI !1(' 

nepeKniO'!aTenb J:lKana30H08 TOKB n
3 

H ace H3MepHTenbHble conpoTHBneHHSI, l:j B9pXHeM 

LlllanaaoHe TOKa pa60TBIOT napannenbHO LlBa TOKOH3MepHT8fibHblX conpoTHeneHH!I ~9 H R20 

B HH)!(HaM - OLlHO R 
19 

, 3TO CJlenaHO C uenbiO yMeHbWeHKR H3MeH9HHA HBllpH)!(QHH!I HB 

TOKOH3MepHTellbHOM COllpOTHBfi9HHH UpK .llOCTBTO'IHO rny50KOll perynKpOBKB TOKa, nocnenuee, 

15 



.~!',~ 

k 

B CBOIO oqepe,ab, ,aaeT B03MO.iKHOCTb ~KH3HTb 06W.HA: ypoaeHb 3TOrO Hanpst>K8HH.R (H~MeHHeT-

CSI oT 0,5 .no I a) H KOMUpOMHCCHO peWHTb npOTHaopeqHabi9 aonpOCbl BbiCOKOl'O: ~n.[l 

H ab!COKOli TO'IHOCTH B pe>KHMe CT80HflH38UHH TOKS, J:3 pe>KHMe CTat5HUH38UHH H8Upli>K9HH51 

o6a conpoTuaneHHR wyHTHpyiOTCll nep9Kfl10'18T9U9M n
2

_
2

. 

V1 HllHKSUHll Hanpli>K9HHSI H TOKa H8rpy3KH ( TO'IH9e nponOpUHOHSUbHOl'O TOKY fl81l9HHSI 

Hanp51>K9HH51 HS conpoTHaneHHH R 21 ) no abr6opy ocywecTansreTCSI CTpeno'IHhiM npuoopoM 

C llOOSaO'iHblMH conpOTHaneHHSIMH H nepeKUIO'IST9U8M, 

BaKay oonbwoJ! TO'IHOCTH cTa6HnHaauHH Toxa ace cxonbxo-HH6y.nh aHa'IHTenbHbte 

flOTpeoHTenH TOK8 ( KOHTpOUbHSll USMUa H rnaaHaR abiXOilllSll eMKOCTb 0 HMeiOlllSR YT9'1Ky 

nopS!IlKS MHnnHaMnep) nHTSIOTCR, MHHYR HaMepHTenbHoe conpoTHaneHHe, B npoTHaHOM cny

'lae CT80HflH3HpOa8TbCR oy,neT He TOK Harpy3KH 0 8 CyMMS TOKOB 0 UpOTeKSIOIL{HX qepea H3-

M9pHT9UbHOe conpOTHaneHHe. CneaoaaTenbHO, paaeHCTBO ( 1-o) oyaeT HapylllSTbCR. AHa

norH'IHYIO OCTOpO>KHOCTb cneayeT COOniOilSTb H UpH npoaepxe TO'IHOCTH CT8oHUH38UHH TOKa 

H8flOCpe.z:tCT89HHO Ha BblXOLl,HbiX Kn8MM8X. 

KoHTaKTbl nepeKUIO'ISTenSI n2-2 H C081lHHHTC3nbHble npoao.aa HMeiOT aaMeTHOe conpo

THaneHHe UOCTOSIHHOMy TOKYo KOTOpOe nopTHT Harpy30'IHYIO xap8KT9pHCTHKy CTaoHUH3aTopa 

Hanp51>K9HH51, .[lng KOMU9HCSUHH ~ITOl'O BUHliHHSI B CXeMy CT80HUH38TOpa HSUp51>K8HHR aae,ae-

Ha npl!Ma51 Ca513b UO TOKy Harpy3KH, 'lepea COUpOTHan eHHe R 16 Ha axoa YnT noaaeT-

CR cHrHan, nponopulloHanbHbiJ! Toxy HarpyaxH. KoMneHcauHro uenecooopaaHo npoaoaHTb npH 

H9KOTOpOM npoMe>KyTO'IHOM HSUp51>K9HHH 0 CKa>KeM
7 

10-15 a. 

30'IHOJ! XSpSKT9pHCTHKH OT UOUHOCTbiO CKOMU9HCHpOaSHHOJ! a 

Toraa OTKnO.<IeHHSI Harpy-

KpaJ!HHX TO'IKSX llHaUS30H8 

perynHpOBKH Hanp51>KeHH51 He npaBblwaroT, xax npaauno, 0,05% H HM910T npoTHaonono>K-

Hbl:H: 3H8K. 

B cxeMe YnT c uenbro yMeHbweHHR TeMnepaTypHoro apellcpa, ocna6neHH51 aHyTpeH

HHx OTp11U8T9UbHblX cagaell H noab!lll9HH51 K09cpcpHUH9HT8 yCHU9HH51 HCflOUb30aaHbl oanaHCHb!9 

KacKBilblo Ha cnyqall TO'IHOl! perynHpoaxu TeMnepaTypHoro xos¢cpHuHeHTa onopHoro Hanp51>Ke·-

HHSI npe.nyCMOTpeHa B03MO>KHOCTb aae,UeHHSI UO.OCTp09'1HOl'O COUpOTHaneHHR R 3 • 

YcTOli'IHaocTb npOTHa caMoaoaoy>K.aaHHll. BaH.ay abicoxoro ycHneHH!I a 

3aMKHYTOJ! UeTne OCHOaHol! OopaTHOl! Ca513H (nopH.aKa 10
4

) CTaOHUH38TOp HMeeT onpe.ae

neHHyJO T9H.Q9HUHIO K CaMOaOaoy>K.09HHIO Ha ab!COKHX '18CTOTBX 0 npH'I9M OOpboB C HHM 

OCUO>KH!19TCR HBUH'IH9M .aayx aaBHMOHCKUIO'IaiOwHX pe>KHMOa pBOOTbl, Cf>B30KOppeKTHpyro

lUBR 9MKOCTb C 4 a H3M9pHT9UbHOJ! U9flH CT80HUH38TOp8 H8Upli>K9HHR cywecTaeHHO CHH>Ka-

9T CKUOHHOCTb K C8MOaoa6y>K.09HHIO a 9TOM pe>KHMe, 0.aHBKO noao6HaR >Ke 9MKOCTb C
5 

a 118M9p11T9UbHOl! U9flH CTa6HUII3aTopa TOKB Hea¢¢eKTIIaH8 aaH.ay H90UTHM8UbHOl'0
0 

C 9TOl! 

TO'IKH 3p9HHR, COOTHOllleHI!R a9UH'IHH COUpOTHaUeHHl!, nonHOCTbiO YCTpSHHTb CSMoaoa6y>K.ae

HHe ao aTopOM cnyqae flOMOraiOT acnOMOraTeUbHble abiXO.OHbl9 9MKOCTH C
7

a 20 MK¢ 3TQ 
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H C =
2 

MK<P MorO (Ha cxeMe He noxaaaHa), CHH>KBK>wHe aepxHK>K> rpaHH'IHYK> qacToTy, 

8 KOTOpSR npH cTa6JWH38UHH TOKa HecyweCTa9Hll8 a OOUbWHHCTae Up8KTH'I9CKHX cnyqaea, 

nocTaaneHHbl9 HeUOCp91lCTa9HHO Y ab!XO.QHbiX KU9MM H OoUBil810.WH9 Manol! yT9'1KOil H HH

.ayKTHaHOCTbiO, 9TH eMKOCTH O.QHOapeM9HHO yM9HbW810T OTpHuaT9UbH09 anHRHH9 nepeXO.QHO

ro conpoTHaneHHSI KOHTaKTOa nep9KUIO'I8T9Ull n 2_2 H8 'ISCTOTHyiO X8p8KT9pHCTHKY CTBOHUH

aaTopa HSUpR>K9HHR. V1cnonb30a8HH9 a nepaOM HUH ao aTOpOM xacxaaax ablCOKO'IaCTOTHbiX 

TpHoaoa TaK>Ke cnoco6cTayeT noab!WSHHJO ycToii'IHaocTH. EcnH ynoMHHyTble cpe.acTaa He 

yc-rpaHRIOT UOUHOCTblO caMOa03oy:>Kil9HH9 a OT.09UbHOM Oopa3U9 npH6opa, TO rnaaHbiMH 

npH'IKHSMH 9TOl'0 RaU!IIOTCR Hey.QB'IHblil MOHTS.:>K HUH CUHWKOM OOUbWOil K09cpcpHUH9HT ycane

HHSio B nocne.aHeM cnyqae an11 cHB:>KeHHll ycaneHHll cne.ayeT aaecTH .ao6aaoqHoe racHwee 

conpoTHaneHHe a n106yK> paayMHYK> TO'IKY cxeMy (HanpHMep, M9>KilY 9MHTTepoM T 5 H o6meil 

oTpHl18T9flbt:oii WHHOil HUH M9:>K.OY 0838MH TpHO.QOa 6anaHCHbiX K8CK8.QOa H T,.Q,), 

¢>opMHpoaaHHe Harpyao'IHOil xapaxTepHCTHKH. Ha pHc. 16 npuae.aeHbl 

Harpyao'IHbl9 xapaKT9pHCTHKH HCTO'IHHKa npH CTaoHnHaauHH HBUpii:>K9HBll (KpHable I) II UpH 

cTa6unuaauHH Toxa (xpuable 3), Ha TOM :>Ke pacyHxe .ana cpaaHeHHH npuae.aeHa Harpyaoq

HaSI xapaKTepHCTHKB o6bl'IHOro nocne.aoaaTenbHoro CTa6unuaaTopa HanpH:>KeHHII (xpuaaH 2). 

npHHilHfl .aeiicTaHII CUO:>KHOil aHyTp9HHeil caM03alUBTbl OT TOKOabiX neperpy30K aO MHOl'OM no

XO>K Ha paHee paccMOTpeHHyro cxeMy nocneaoaaTenbHoro cTa6anaaaTopa HanpH:>K9HHH. Tax, 

nopor orpaHH'IeHHR Toxa Ha KpHabiX I o6ycnoaneH HBCbiW9HI!eM Tpaoaa T 3 H no.a'IHHHeTCII 

TeM >Ke aaxoHoMepHoCTHM. Oaaaxo, MexaaaaM .PaaaHTHII pereHepaTHaHoro BhiKUJO'IeHHH 

( yqacToK •a•) Hecxonbxo HHOl!, HacbiWeHHe T 
3 

o6ycnaanaaaeT yM9HbW9HHe aenH'IHHbl 

HOMKHanbHO oTpHuaTenhHoro xos¢¢auaeHTa pereHepauua cxeMbl, CMeHa :>Ke aHaxa aToro 

xos¢¢HuHeHTa Ha nono>KHTenbHblll o6"bHCHH9TC!I .aeiiCTBHeM nono>KHTanbHoll o6paTHOII: CB113H 

qepe3 SMHTTepHyiO uenoqxy R10 , R 7 
, .n

14
• B pe>KHMe cTa6anaaauaa H Ha aTAne orpa-

HH'I9HH!I TOKS (yqacTKH •a• H "6") K09cpcpHUH9HT nepe.aa'IH U9UO'IKH aecbMa MBU aa C'I9T 

OflOKHpylOWero .ael!cTaHII CT80HUHTpoHa .n
14

, npa nonHOM nepepacnpe.aeneHHH TOKa B nne

'IBX nepaoro xacxa.aa, a T8K>K9 npH yMeHbW9HHH llO HyUII TOKa CTaoHUHTpOHa H yeenH'Ia

HHH ero .aK¢qoep9HUH8flbHOl'O CODpOTHaneHH!I (TO 9CTb UpH HaUp!!:>K9HHH 8-9 BOUbT) 0 KOs¢

¢HUH9HT nono>KHTenbHOl! caH3H Ha'IHHaeT peaxo HapacTBTb, PereaepaTHaHoe BbiKUJO'IeHHe 

npOHCXO.OHT npH HeCKOUbKO M9HbW9M Hallp51:>K9HHH 0 KOl'.QB ab!XO.QHT H3 HaCbiW9HH!I TpHO.O 

T 
3

, H xos¢cpHuHeHT nono:>KHTenbHOil ca!13H CTSHOaHTCII paaHbiM eauaaue. C Bbixo.aoM T 3 

H3 H8CLIW9HH51 a Hil'lane y'IBCTKa •a• K09¢cpHUH9HT OTpHUaT9DbHOil CB113H npOilOU:>KaeT oc

TBBaTbC!I ManbiM aa c'leT uonaoro nepepacnpe.aeneHHII TOKOB a ot5oax 6anaHCHbiX xacxa

nax H · aa c'leT HaCbJIUeHH!I T 
1
, 

B pe>KKMe cTa6HnHaauHK TOKB (xpHBhle 3) pa6oqaM HBnHeTCII eepTHxanbHblll yqacTOK 

HarpyaO'IHOl! xapaxTepHCTHKH, Haao6HOCTH a orpaHH'IeHHH roxa HarpyaKH HeT, nocxonhxy 

ero DOCTORHCTBO UOil.09p>KHa8eTCII .ael!CTBH9M OTpHUaT9UbHOil o6paTHOil CB113H 0 a M8KCHM8Ub

H09 3HaqeHHe, COrllaCHO pacqeTHbiM HOMHH8n8M CODpOTHBneHHA .aenHTenH, He M0)1(9T npe-
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BhiCHTb 4 a • MexaHH3M orpaHH'IeHHR ToKa MO!KeT BeTynHTb e .nelicTaHe nHWb npH 

HapyweHHH HOpManbHoli pa6oTbi cTa6HnHaaTopa ToKa. O.nHaKo yqaeTOK •e• Harpy30'IHOli 

xapaKTepHCTHKH COXpaHReT eaoll eMbiCJl, fiOCKOJlbKy He06XO!lHMO y6epe'lb CHJlOBbie TpHO-'lbl 

OT qpe3MepHOII MOWHOeTH, Bbi.nenRIOWBIIeR npH MaKeHManbHOM TOKe Harpy3KH H eJlHWKOM 

MaJlbiX BbiXO!lHbiX HanpR>KCHHRX. PereHepaTRBHOe BbiKJliO'IeHHe HeTO'IHHKa Ha ypoeHe un 

npOH3BO!lHTeR 3a C'IBT 3MHTTepHOli UefiO'IKH nepBOrO KaeKa,na H nepepaenpe.neneKHR TOKa 

B nneqax. HanpR>KeHHe Harpy3KH B 3TOM pe>KRMe MO>KCT MeHRTbCH npOH3BOJlbHO OT U
11 

UO HaH60JlbWell BeJlH'IHHbl 15-18 RJlH 23-:.!7 B B 3BBHeifMOeTH OT HBnpR>KeHHH eeTH H 

nono>KeHHR n
1

_
1

, nepeKniO'Iarowero OTBO.nbl BTopH'IHOli 06MOTKHo 

CKopoeTb pereHepaTHBHoro BbiK.1IO'IeHHH, TO ecTb apeMH ena.na Bblxo.nHoro TOKa .no 

aeebMB Manoro 3HB'IeHHR, aaaReHT OT eKOpOCTH HapaeTaHRH neperpy3KR no TOKy Heno-

epe.neTBeHHO nepe.n Bb!KniO'IeHKeM H MO>KeT K3MeHHTbCH OT e.nKHRU MKJlJlKCeKyH.n .no cte-

eRTKOB MKKpoceKyH.n. Cne.nosaTenbllo, R a .naHIIoli cxeMe "aneKTpOHHaR• aHyTpeHHHsr aawK

Ta no 6uieTpoa~liCTBifiO npeaoeXO-'lHT 3.'IeKTpOMarHHTIIb19 pene. 

J..1eTO'IHifK, aBTOMaTH'IeeK!f BbiK,110'1HBilJKlieH no.n .neliCTBHeM neperpy3KH, oeTa€'TeH 

a 3TOM eoeTORHHK Heorpai!K'IeHHOe epeMH, e Te'leHRe KOToporo TpKO.nbr T 
6

, T 
7 

no.neep

raroTCH B03,nelieTBHIO fiOJIHOrO BXOUHOrO HanpH>K9HHR npH Hyneaoli (np&KTII'IeCKH, aeebMa 

ManoA) paeeeHaaeMo!t MOWHOeTH, KaK H B .npyrRX no.no6Hb!X exeMax. TaKoe eOCTORHHe 

~nR HHX He onacao, ecnH HanpR>KeHHe He npeabrwaeT .nonycTKMoro no nacnopTy 

KOJIJleKTOpHoro HBnpH>K9HHH. J..lnH atpcpeKTHBHOro OTBO.na TennOBbiX TOKOB 6B3bl ·rpKO.!lOB 

T 6 , 7 H T 5 HeaaaHCHMo OT eenH'IRHbl BbiXO.rtHoro HanpH>KeHKR npe.nyeMOTpeH eTa6HnKTpoH 

.n9• nocne yCTpaHaHHH 3aMb!KaHRH Ha Bb!XO.ne eKJIOBO!t KaHan BKJ110'1B9TCH Ha>KaTK9M 

KHOfiKif "nyeK", no.naroweli '19pe3 R 22 Ha BbiXO.n TOK, .!lOCTaTO'IHbiii ,!lJlH TOrO, 'IT06b! 

.Ll 14 BOWen B p9>KHM CT86KJlH3aUKR If 6JIOKKpOBan fi0JlO>KHTe1JbHyiO o6paTHyiO eBR3b
0 

noc

ne 3TOro CTa6HJllf3HpyeMaR B9JlH'IKHa yCTaHaBnKBaeTeH Ha Hy>KHOM ypOBHe .neliCTBH9M 

0TpKUBT9JlbHOli CBH3Ho 

0 T B 0 .!l ·r 9 n Jl a OT CHJlOBbJX TpK0-'!013 OeyweeTBJlR9TeH 'lepe3 nocpe.rtcTBO pe6pKe

TbiX BJ110MKHK9BbJX pa.nKaTOflOB nnowa.nbiO 15 aM
2

, HBIIHIOWHXeH 'laCTbiO KOHeTpyKUHK npK-

6opa If IIM9IOWHX XOpoWHli 3JleKTpH'IeCKHli H Tennoaoli KOHTBKT C MaceHBHbJM maceR -

OCHOBaHHeM (eM. pRe. J7). TpRO,Qbl KpenRTCR K pa.nHaTop,nc R3HyTpH qepea nocpe.neTBO 

eneuHaJlbHbiX Me.nH&IX KpOHWT9liHOB. nocne.nHRe HM9IOT Tefi,10BOII KOHTaKT C paaHaTOpOM 

no 3HB'IHT9JlbHOli nnowa.nK R H30JlllpOBaHbl OT Hero TOHKOli nneHKOII TetPJlOHa. noea,noq

Hbie noaepXHOCTK TplfOllOB, nepeXO!lHKKOB If pa.nKaTopt•B CMa3bJBaiOTCR Jll06bJM HeyebJXaro

WHM MaenoM, HanpHMep, KaCTOpOBbiM. YKa3aHHaR KOHCTpyKUHH o6eene'IHBaeT nepexo.nHoe 

Tennoaoe eonpoTHBJieHHe Me>K.ny KOpnyCOM •rpHo.na n210 If pa.nHBTOpOM 110pR.nKa 0,3°C/aT 

If Ha.ne>KHYIO H30Jl RUKIO KOJ1Jl9KTOpa OT WaCCK. npH T9MnepaType OKpy>Karowero B03ayxa 

20°C 11 pacceasaeMoll wowsocTH 20 aT TeMnepaTypa paaHaTopa Ke npesbrwaeT 45°C, 

18 
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a TeMnepaTypa KOJ1Jl9KTOpHOrO nepexo,na - 70°C. TaKaR MOWHOeTb HBJlHeTeR MaKeHManb-

HOI! H BblaenHeTCSI Ha Ka>K.nOM Tp110.!l9 npH TOKe Harpy3KH 4 a, BbiXO,nHOM HanpR>KeHHK -

J6 8 If BepxHeM nOJlO>KeHKH nepeKJliO'IaTeJll! n
1

_
1 

(BKJ110'19Ha BeR BTOpH'IHaR o6MOTKa). 

EenH npH 3KennyaTauKH HeTO'IHHKa sepOSITHOCTb B03HHKHOBeHHR TaKoro Kpai!Hero pe>KHMB 

H93HBttHTe.nbH8, TO B KBil9CTBe CHnOBbiX MOryT 6biTb HCllOn.b3QBaHhl 6o:tee ~OCTYITHbi9 Tp8H-

3HeTOpbl THna n4, llpH'IeM 6e3 ywep6a llJlR 3JleKTpH'IeCKHX napaMeTpoB. 

XapaKTep apeli<Pa BblAO.!lHOrO HanpR>KeHHSI O,nHOrO H3 3K3eMll11RpOB HCTOttHHKa 

8 T&'leHHe 32 noene.nosaTeJlbHbJX qaeOB 3KennyaTaUHH OTpa>KeH Ha .rtHarpaMMaX pHCo 18. 

J..1aMepeHHH BblllOJlHeHbl pa3HOeTHbiM enoeo60M e llOMOillbiO eaMOITHeua 3nn-09 If BHeru

x) 
Hero KanH6pOBO'IHOrO onOpHoro HCTO'IHHKa e HanpR>KeHHeM JOB. nepBbJe TpH nonoebi 

eOOTBeTeTByJOT TpeM noene.nosaTeJlbHb!M BKIIIO'IeHHSIM HeTO'IHHKa e HeH3MeHHbJM TOKOM 

Harpy3Kif OKOJIO 4 a H npH eeTeeTBeHHbiX KOne6aHHSIX HanpR)I(9HHH ceTH OT 210 aO 225 Be 

B TaKHX yenOBHHX aa 6 qacoB pa60Tbl o6ecne'IHBaeTeH eTa6HJlbHOeTb nopRaKa 0,0J%. 

nocneaHHH nonoea oTpa>Kae-r HaMeHeHHR Bhrxo.nHoro HanpR)I(eHHR npe ene.nyrowHx KaMe-

HeHHSIX TOKa Harpy3KH IH H HanpR>KeHHH eeTH U0 : 

It - BKJliO'IeHHe B CeTb 215 8 npH TOKe 4,2 a; 

!
2 

- V 
0 

yseJtK'IeHO OT :.!15 .llO 230 B llpH HeHaMeHHOM TOKe; 

OT 230 .no 210 B npH HeH3MeHHOM TOKe; t
8
-V

0 
yMeHbWeHO 

t• -e6poe 1 11 
OT 4,2 a .no HynR npH HenaMeHHOM HanpR)I(eHHH eeTH; 

t -v 
5 • 

yseJlH'IeliO OT 210 .no 240 B npH HyneBOM TOKe; 

te-v• yMeHbWeHO OT 240 .no 205 B npH HyneBOM TOKe; 

t7 -I H ysenH'IeH oT HynR .no 4,2 s; 

t -v 
8 • 

ysenH'IeHO OT 205 .no 220 B llpH HeH3MeHHOM TOKe. 
t· 

Ha ocHosaHHif HoeneaHeli aHarpaMMbJ 

HarpyaKe MO)I(HO oueHHTb B 0,02-0,03%. 

TO'IHOeTb aaHHOrO 3K3eMfiJ1Rpa npH nepeMeHHOII 

3aKJliO'IeHHe 

OeHOBHaR uenb HaeTORLUeli pa60Tbl- noKa3aTb npaKTH'IeeKH, 'ITO THnosaR noene.no

BaTeJlbHaH eTpyKTypa nonynpOBO/:lHHKOBOrO eTa6Hnnaa-ropa (eM. pHC. 2 H 5), KoTopoA B nH-

TepaType y.nenHeTeR HaH60JtbLUee BHHMaHHe, He HBnReTeR HaHnyqLUeA 80 seex OTHOWeHHHXo 

npH yHHcpHKaUHH HeTO'IHHKOB 11HTaHHSI, a TaKOli BOITpOe CTOHT B HaeTORLUee BpeMR OeTpO, 

HCll0Jlb30BaTb ee eneayeT e OeTOpO>KHOeTbiO. PR.ll paeeMOTpeHHbJX BbrWe cxeM peanH30BaH 

H 9KennyaTHpyeTCR B MBJlOM KOJl!f'leeTBe (oT llBYX ,llO 'leT.bipeX 9K3eMnnRpo~. BTopaH aa.na-

qa pa60Tbl - llpHBJle'lb BHHMaHHe K 3THM exeMaM, 'ITO enoeo6CTBOBaJlO 6bl 6onee WHpOKOA 

x) TepMOKOMneHeHposaHHbll! KpeMHHeBblli eTa6HnHTpoH, neTaeMbiii eTavHJlbHbiM TOKOM 

H TellJlOH30JtHposaHHblli OT OKpy)l(aiOWell epe,nbi. 
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HX npoaepKe, 6onee tf:8TKOMY BbiSIBneHHlO LlOCTOHHCTB H H8TOCT8TKOB, 8 T8K.>K9 nepcneKTHB 

.aanbHefi:werO HX COBepweHCTBOB8HHSI H BH8.llpeHHs:t. 

B 311KniO'!eHHe 8BTOp 5naroaapHT a.n.capaHuesa 38 fiO):l.tlep>KKy pa50Tbi, 3.<P.MaT

aeesa, npHHHMBBWero Y'18CTHe B MOHTB>Ke OT.tlenbHbiX 5nOKOB, A.C.raapHnosa aa BHHMa

TenbHOe peueHaHposaHHe pyKonucH. AsTop 5yaeT 6naroaapeH aa see KpHTH'IeCKHe aaMe

'IBHHH no pa6oTe. 

PyKonHcb nocTynana B H3):laTenbCKHil OT.tlen 
12 HIOHH 1964 r. 
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