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Tupueropul r yerpc&craaN emnosoi& a,teKrpsltttKt,

B 70-x rolax npounoro cronerilt ynpaBnfleMbte BblnpffMilre-

nu Ha rilprlcropax Hauril caMoe uupoKoe npuMeHeH!4e B pery-

rilpyeMoM sneKrponpuBoEe nocroqHHoro ToKa HepeBepcilBHoro

u peBepcilBHoro rcnorHeH!4r. 3rn npueogut oKa3an!4cb oveuu eQ-

QeKrilBHblMt4 Mfi npoKarHbtx craHoB, uarrHbtx noEbeMHI4KoB, Kpa-

HOe, 6yrraarogenarerbHbrx il TeKcrilnbHblx MauilH tr4 r. g. [1pr erov

6urnn rcnonu3oBaHbr cxeMbt BbtflprMreHilq, paspa6oratHute e

1930-x ropax Enfl prlnHblx eutnpruurenefr il rt4parpoHoB, a raK-

xe npeEnoxeHuuril Tynouov e 1922 r. npilHt.liln Saso-uvnynucro-

ro ynpaBneHilfl BbrnptMilTeneM, noseonn ou1rfr peryrupoBarb cpeg-

Hee 3HaqeHr4e BbrnprMneHHoro HanpFXeHilfl 0T Hynfl Eo MaKCil-

MaflbHoro 3HaqeHilfl.

B eror nepnog Bo BCex nepeEoBbrx B TexHilqecKoM orHoue-

Hr4yr crpaHax r\rilpa pa3BepHynacb uHTeHcilelan pa6ora no co3ga-

ruo u cepufiuoMy BHelpeHl4to gfleKTponpilBoEoB nocroflHHoro r0-

Ka c rilpr4cropuurur npeo6pa3oBarenfi Mil.

B CLLlA crana BbrnycKarbcr cepilt raKilx rt4pt4cropHblx SneKr-

ponpuBopoB nocroflHHOTO rora o6uero nprMeHeHilF MotlHocrbto

Eo 75 rBr. Eurnu cosgaHut ru4pt/cropHbte npeo6paeoaarenl4 rnaB-

Hbrx npilBogoB npoBoroLlHbrx npoKarHbtx craHoB vtou1Hocrurc 4000 rBr

npil HanprxeHr,la 500 B. Ouptuota General Electric co3EaHa u BBe-

IeHa 3KcnnyaTauurc caMaF vlolJiHa, ycraHoBKa c ynpaBnFeMblMl4

Tr4pt4cropHbrvr4 Bblnpfl NIilTerfl Mlt - o6xrruHofi nporarHutrt craH-cnt-

6uur c gerrareneN/ nocroflHHoro roKa N4ou]Hocrurc 8832 rBr Ha Ha-

npfixeHile 900 B ffq npoKarKr cnvtrKoB uaccoi !o 30 r.

lzlHreHcreuure pa6orut no paspa6oxe 14 BHeEpeHho rt4pt4c-

TopHbrx oneKrponpr4BogoB nocroffHHoro tora 6utnr pa3BepHyrbt B

CCCP. Bo BHt4tzlOnerrpoan napar 6urn paepa6oraH rnpucropuuti

greKrponprlBog 6nnvnHra c peBepcnBHbtv npeo6paeoBarereM

r\lorlHocrbro 5000 rBr, Ha rox 6300 A r HanpnxeHile 850 B. Pas-

rklgHbre cxeMbr rnpr4cropuutx npeo6paeoearenefi il ct4creMbt pery-

nupyeMoro oneKTponpnBoga nocroFHHoTO ToKa Ha ilx ocHoee 6ut-

nn paepa6oranur e BOlul, BHl4t4 Snexrpo-

nprBog, CIABHI/OTIA, qOTHI/t/, 3H[/MC.

Perynrropur nocroflHHoro rora pa6oranr

no npilHuilny uilporHo-ilMnyfibcHoro perynil-

poBaHiln. Sror npnuqnn ynpaBneHrt oneKr-

pilLlecKrlMl4 N/aUilHaN/r nOCToflHHOro TOKa npil

noM0u.lt4 3fl eKrpoN/exaH14qecKrx nepeKnlo9arc-

ulilx annaparoB 6utn e Fraqare 1930-x ropoe

ilccneAoBaH coBeTCKt4Mt1 yqeHbrrvrt/ aKaEevlr-

rorv B. C. Kyne6aruuutl,t (pr,t*.I.), npoQecco-

paur,r fi. 3. Llutnrruuttvt, B. E. HaropHutM, a raKxe no3xe He[/]eu-

Kl4M yLteHblvt K. SnaySycou. [1]. B perynrrope nocroqHHoro roKa

nocroflHHoe HanpffxeHile noEBoEt4TCF x norpe6nreno qepe3 rhprl-

cropnuri BbrKrrcearenb. Cpeglee 3HaqeHI4e sToro HanplxeHilr pe-

rynhpyeTct nyreM rsMeHeH!'1, MilrenbHocru nep!4olt4qecKU4 noBro-

pfl rorll/xcfl t/HTepBanoB BKrtoqeHilF t4 oTKItOqeHilt BblKnoLlaTefl F'

flnr o6ecneueHilfl HenpepblBHoro nporeKaHilt roKa B Harpy3-

Ke nph oTKnpqeHl4n l4cTottHt4Ka nocTotHHoro HanptxeHilff ToK Ha-

rpyaKil nepeBoErrcfl Ha EI4oE, noEKnoeenlstfr napannenbHo Ha-

rpy3Ke B HenpoBoEFqeM EflF t4CTOLlHt4Ka nOCTO'HHOTO HanpflXe-

Hr4fl HaFpaBneHv,u. flnn BblKnrcqeH/t Tt4pt/cropa B STolv perynflTo-

pe ilcnonb3yercr np/HygilrenbHat ero KoNnMyraLll4F. Tarne pery-

lflropbr-npepbrBaren[, nocrpoeHHbte no cxeue flxouca [2], ucnonu-

3ytorct B CtlcreMax peryrl4pyeMroro sreKrponpilBoEa Ha noEBl4xHblx

o6rerrax c nilraHileN/l or aKKyMyntropnutx 6arapeil

Tnprcropuute uilporHo-rlMnyflbcHble npeo6pasoearenil B pe-

BepcnBHorv BapuaHre crporr no Mocroeoi cxevre, cogepxarLlei

eerbrpe cr4roBbrx n/pkrcropa, uyHrl/poBaHHbtx o6paruutvu puo-

gaN,ril [3]. B ueroroputx npeo6pasoearerrx npeEycrvarpl4Barcfl

BcnoN/roTarenbriurfr rrpucrop, exnrcvarcu1ufi uenb EilHavlilqecKo'

r0 TopMOxeHilf.

Perynnropur nocronHHoro roKa oTnilvaer or ynpaBnneN/blx

eurnprvrreleil cnelyoular oco6euHocru - Llacrora nepeKnoqe-

Hilq Ktoqei 3Haqt4TerbHO 6onuue, nocKonbKy l4x orpaHilqilBaer He

qacrora nl4Taou]ero Han ptxeH il R, a Er4HaN/I4qeCKre Bo3l\40xH0crl,4

cauux mrcqei. 3rra perynrroput o6ecnelrearcr N/arble nynbcaqilil

BbrxogHoro roKa il coorBercrBeHHo BbtcoKylo cra6rnulocru cro-

pocl4 BpauleHilF EBilrarertt. BbtcoKoe 6utcrpogeilcreue 14, BCfleE-

crBile oroTo, uJr,rpoKo ilcnonb3yrorct e 6utcrpogeilcrByotlt4x Bblco'

KOTOT]HbIX CNEE'U.II/IX CI4CTEMAX, B NPilBOEAX CTAHKOB C NPOTPAMN/-

Hblv ynpaBteHL4eM, npoMb tltreHHblx po6oroe.

LlcnonusoeaHile BbtnycKaeNlbtx e 1970-e rogbl rl4pl4cropoB

Ha TOKrl or eEI4Hl/l-l Eo coreH aMnep il MaKcilManbHble npflvlble

r o6parHure HanpnxeHrfl Eo 1 rB no3Bonuno co3Earb urlpor'

Ho-r.4N/nynbcHbre npeo6pasoearenil, 6eg npilMeHeHilF nocfleEoBa-Prc. I
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rerbHo-napanflenbHoro coeEilHeHr4fl Tr4pr4cTopoB, Ha BblxoEHbre

MOrlHOCr4 EO 300 rBr

Cxevsr rupncropHbrx npepbrBarenefi c eMKocrHofi KoMMyraqil-

efr Mfl naMn HaKarilBaHrfl uJr4poKo npilMeHrorcfl B cr4creMax nil-

TaHilr ynrrHbrx cBeTosopoB, HaBilTaqroHHbrx il aBraqiloHHbrx Ma-

qKoB, a TaKxe EnR peKnaMHoro ocBeuleHilF.

Perynnrop FepeMeHHoro roKa cogepxilr EBa rrprcropa, BKno-

qeHHbrx MexEy co6oi BcrpeqHo-napanneflbHo. 3ru rrpucropsr u

Harpy3Ka coeEilHeHbr MexEy co6ofi nocneloBarefl bHo. Perynnpo-

BaHile HanprxeHilfl ocyulecrBnrercfl sa3o-14MnynbcHbrM cnoco6oM.

OcHoeHurM Eocrol4HcrBoM cnoco6a ynpaBneHilff, cBflBaHHoro c

r,l3N4eHeHileM QOpruur ranpnxeHilR cerr4 B TegeH[e efo nonynepn-

o[a, tBfrreTcfl rv]r,4HrMafl bHaF oTHocilTenbHar EilcKpeTHocTb pery-

nilpoBaHfi, MorJ.lHocl4 ilnil HanpflxeHur. oIHaKo, cnoco6y Qa3o-

nMnynbcHoro y npaBneHu fl npncy uu il HeKoTopbre Heqocr aTKVi:

. BbrcoKr4fi ypoBeHb ilN/nynbcHbtx roN4ex B ceril il pa,qiloKaHane

n3-3a 6orbuJr4x cKopocTe,4 nepeKnoLreHrlfl 14 3HaqilTenbHbrx aMn-

nilryE KoMMyrilpyeMbrx roKoB 14 HanpflxeHui;

o peoKl4BHbri xapaKrep noTpe6nfleN{ofi Mou.lHocrr4 EaKe npil tlt4-

cTo aKrilBHofi Harpy3Ke BCneECrBile ilcKyccTBeHHo BHocr4Moro

Qaeoeoro cpBilra Mexgy HanprxeH[eM il roKoM Ha Hei [4].

B crny yrasaHHbrx npuL+4H nprN4eHeHile peryfltropoB nepe-

MeHHOTO TOKa C QaSO-ilMnynbCHbrM ynpaBneHr4eM EnF BblcoKoToq-

HOrO perynilpoBa{t/1fl tA cra1vfivaawtA reMneparyp, cBeroBblx no-

TOKOB, CKOpOCrei BpauleHilff EBilrarenei orpaHilqilBaeTct He-

6onuu:ruu MoLuHocrrMr4 (go 5 rBr).

B cnyuae npu4MeHeHilr perynrropa nepeMeHHoro roKa EnF

ynpaBneHufl o6beKroM 6onuuoi Mou.lHocfl4 r4 6orbuJofr l4HepqiloH-

HOCI4 ilCnorb3yror Epyrofi cnoco6 ynpaBneHr4fl srr4rvr peryrtropoM,

3aKnlolraouilricfl B t43N/eHeHilil rlilcna uenbrx norynepiloEoB noE-

KnoqaeMoro K Harpy3Ke HanpqxeHilF ceTil. TaKoe ynpaBneH[4e

no3Bofl fl eT cHr43r,4rb ypoBeHb n0N4ex, reHepilpyeM brx rt4pt/cropH blM

perynrropoM nepeMeHHoro roKa, a nprl cr4HxpoHr43al[4il pa6oTbr

HecKonbKilx raKilx perynflTopoB TaKXe cyuecrBeHHo yN4eHbuJl4Tb

ilcKa)KeHuF cr/HycoilEanbHofi Qoprvrur HanpfxeHilF nuraouleil ce-

rr4. OcHoBHofr o6nacrbro npu4NreHeH!4q raKoro cnoco6a ynpaBne-

Hl,4F rBnfeTcff aBTorvrarilSau!4r npoueccoB ynpaBneHu9 MolJ.lHblM

3neffiporepN4r4LlecKuM o6opyEoBaHileM, npil KoropoM perynflropbl

nepeMeHHoro roKa Bbrnofl Hf roT QyHKur/r4 perynff ropoB TeMnepaTy-

pbt o6reKra r4f[4 Morl]HocTrl B Hafpy3Ke.

AgtouorvHure He3aBrchMbte ilHBepropbr roKa u HanpqxeHilff c

npoMexylorrHbrM 3BeHoM nocroqHHoro ToKa K Haqany 70-x roEoe

npounoro cTofrerr4r 6utnr HseecrHur yxe oKono 40 ner. oEuaro

EO KOHLIa 1960-x roEoe, HecMorpf Ha 6onbuoe qucro npeEno-

xeHHbrx 3a 3To Bpel/t cxeM, aBTOHoMHble ilHBepropbl noqru He

Haunl4 npaKTr,4L{ecKoro npfi[reHeHrfl, B ro xe BpeN/q norpe6Hocrb

B TaKOTO poEa ilHBepTopax, FBfrFrolLlr4xcF ocHoBHbilvr y3noM cTaTu-

qecKilx npeo6pa3oBaTenei qacrorbr, 6uila gocrarouHo BeflilKa: Lla-

croTHoe perynupoBaHile acilHxpoHHbrx gerrarenefi, uHEyKut4oH-

uurr,l uarpee, cra6vnv3a\ne qacToTbr npil nepeMeHHofi cKopocrt4

BpauleHhF nepBilrrHbrx reHeparopoB, Hanp[N4ep, Ha cyEax h ca-

rMo,,terax, aBToHot\4Hbre ceril noBbr ueH uori qactotut, HanpuMep, UI n

nvr aHh?, pyq Horo sneKrpouHcrpyMeHra,

OcHoeHaR np[qilHa npaKrilqecKofi HenprrogHocru B ro Bpe-

Nrr aBToHOrMHbrx r4HBepropoB 6una o6ycnoefteHa HecoBepueHcr-

BoM i,lcncnb3oBaBul4xcfl B Hr,4x r4oHHbrx npr46opoB, B ocHoBHotv,

TilpaTpo+33. [lonoxeHre il3MeHilnocb c noFBleHIel\l B KOHUe

1960_x .::: : r,/phCrOpOB.

nPO&r3s&&{TE0 x F€eYP{Sl

fipyruu BaKHbrM HanpaBneH[eM pa3Bt,tTt4t BeHrilnbHblx npe-

o6pa3oBarenei nepeMeHHoro roKa flBtanacb pa3pa6orKa rilpl4crop-

Hbrx npeo6pa3oBaTenefr nepeMeHHoro roKa c perynilpyeMblM Bbl-

xoEHbil\4 HanprxeHfieM r qacToToi 6eg geeHa nocrogHHoro roKa

c HenocpeECTBeHHofi cBtsbro nilraoqei ceril vl Llenil Harpy3Kl4.

B saKflpqeHile MoxHo orMerilTb, 9To rt4pt4cropbl SHaqfiTenbHo

pacuJr4 pilail BoSr\4oxHocT!4 cilnoBofi SneKrpoH rlKt4 B co3EaH 14 il Ha,qex-

Hbrx crar/qecKilx annaparoB il no cyulecTBy BHoBb oTKpblllil EaBHO

n3BecrHbre o6nacru npr4MeHeHilff. 06 srou STane pa3Bl4TrlA rtApvt'

cropoB 14 Tr4pt4cTopHofi TexHfiKt4 MoxHo cKaSarb: "xil3Hu yEanacb>.

Yn pannxenx ur & n-p-n-p-n nepeK.,Iloqarelt u ieu nx mcrop)

IanuHeiLuee il3yqeHile cBoilcrB qerbtpexcnoiHblx nonynpoBoE-

Hr4KOBbrx CTpyKryp npuBeno K co3EaHilo HoBoro ceMeicrBa - cilM-

MerpilrlHbrx rupkcropoB. B rexHuqecxoi nureparype MoxHo Bcrpe-

Tnrb 14 Epyrile Ha3BaHilfl - ct4Mt4crop, EByHanpaBneHHutfi rprog-

uurfi rupucrop, a rapKe rpraax (no repM!4HofloTt4r1 npt4HflTol/ e CIJJA).

Taroi cuuuerpuqHbril rt4pt4crop npeEcraBnfl er co6oi MHorocnofr -

uuri nonynpoeopunroeutfi npr,t6op c n-p-n-p-n crpyxrypota. Kar u

o6ur,{t-lsri Tr4pr/crop oH l4N/eer rpl/ BbtBoEa: aHo!, KaroE il ynpaB-

nnrcu1rfi gneffipoE. CruuerprvHulta rnpucrop NIoxHo paccMarpil-

BaTb KaK BcrpeqHo - napannenbHOe BKnOLIeHI4e EByx Tl/pl'lcrO-

poB, coBN/eueHHbrx B oEHoM MOHOKpl4Cranne. llo oruoueHuo r

o6br.rHoMy r/pt/cropy ct4NIMerpilqHblfr Tilpt4crop ilMeer cyulecrBeH-

Hbre npeilMyulecrBa, a ilMeHHo:

. eTO BonbT-aMnepHat XapaKTepilCTl4Ka CilMMeTpil9Ha OTHoCl4-

TenbHo HaL{afla KoopEilHaT, qro no3BorteT nponycraru u 6no-

KilpoBarb roK nlo60fr nonflpHocrt4;

. B 3aBilCr4MOCl/ OT yCTpOilCTBa ynpaBnqoulero 3reKrpoEa cilM-

MerpuLrHbrfr Tilpr4crop Moxer ynpaBnff Tbcq cilTHafl aM[ nonoxu-

TenbHofi, orpr4qarenbHoil t/fl/I nn6oiA norqpHocrrl (r nonoxr-

renbHoil 14 orpr4qarenbHoi);

. o6raEaer cnoco6Hocrblo K caNitosaulnre - np!4 Bo3Ht4KHoBe-

Hrn 6onuuLux nepexoEHbtx uanprxeurfi oH nepeKnoqaerct B

cocrorHile npoBoEt4MocTl4 npra no6ofr nonfl pHocTl4 npilfl oxeH-

HOrO HanpflxeHilq.

Bce eru Eocrot4HcrBa no3Borl!4flt4 3HallilTenbHo ynpocrt4Tb cxeM-

Hbre peueHilff, raK KaK 6utna peueua npo6neua KoMMylauu/ Ha-

npffxeHr4i pa3nnqHbrx nonflpHocreil c noMol]lbto oEHoro npiloopa,

l,4 cooTBercrBeHHo, 3Hal{ilTeflbHo yMeHbuunucb pa3Mepbl tl crot4-

MOCrb annaparypbr.

Tprar raso6p6n a 1963 rony e C[]A co-

rpyEHr/K Srpllrur General Electric OpsHr l-yr-

uBilnnep (prae.2.) [5], roroputt,t noryLtiln Ha

Hero nareHr CLLlA N43275909

"Semiconductor switch, (gara nproprrera -
19.12.1963 r., lara ny6nuKaqilil

27.09.1966 r.). OH Ha3Ban ero triac (or aHrn. -
triod for alternating carrent). 3a rso6pere-

Hile rpilaKa u 6onee paHHile pa6orb! B o6lacru noflynpoBoEHl/-

roe l-yrqerannep 6stn narpaxgeu npecruxHofr npervr,reil GE Cordiner

(3a BbtEaourlilct BKna[ B KoMnaHillo>.

B CIXA Qrapua General Electric B cepegilHe 1960-x rogoe oc-

eouna cepnfi uoe n poil3BoECTBo ct4MMerpu4 L'tHbtx rl4pl4cropoB qerbl-

pex rrnoB Ha roK [o 10 A n ranpnxeHfleM EO 400 B (p*'r4.3).

B CCCP B KoHue uecrrEecffrbtx rogos 6utro oceoeuo cepri-

Hoe npor3BoECTBo ct4MMerpilLiHbtx rt4pt4cropoe BKEYC EByx rt4-

noB Ha roK no 150 A il HanpflxeHilervr Eo 700 B (p*le.4) [6].

Puc.2
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ClrrrruerpuvHure rilpr4cropbr rrna BK,IYC nepeKnnqa]orcs B

npoBoflff ulee cocrofl Hue uMnynbcoM noroxurenbHoil nonnpHocru,

npilKna,qbrBaeMbrM K ynpaBnfl oqeMy oneKlpogy. ClrlruerpuvHure

l4pr4cropbr runa BK[YC-2 nepeKnoqaorcfl B npoBogflr{ee cocro-

flHile B oEHoM HanpaBneHuh rMnynbcoM nonoxurenbHoil nonrp-

Hocr[, a B ApyroM - rMnynbcoM orpr4qarenbHofr noflffpHocr4.

lzlcroprvecrofi cnpaBeg1fiBocril paflu, cnegyer cKa3arb, riro B

1963 ropy e CCCP corpypHr4Kr4 Mopgoacroro HayeHo-r4ccnepoBa-

renbcKoro sneKrporexHuqecKoro ilHcl4r)fl-a A.H. lyuaHeerq il lO.A.

Eeceea uso6penil cilMr4crop, Ha roropurfi nonyqilnil aBTopcKoe cBil-

EerenbcrBo CCCP N4349356 Ha uso6pereHre "Cruuerpu.tHurfi rh-

pr4crop> (gara npuopureta - 22.06.1963 r., Eara ny6nilKaquil -
30.05.1988 T., r.e. saRBKa Ha sro neo6pereHre 6urna cflenaHa Ha

nonrofla paHbue, qeM oro cpenar [yrqernnep).

B uacroqulee BpeMfr cuMMerpuqHbrc Tupucropbt wupoKo npu-

MeHflfircfr B pa3nuqHbx o6fiacrrx rexHuKu:

. B KaqecrBe 6urcrpogeilcreynu.[4x BblKn0qareneil Anr 3arvleHbt

gneKrpoMexaHilHecKrlx eurKfl nrarenefi ;

. B KaqecTBe nepeKnoqaTefleil c crarixpoHHoti rouuyraquefr, npo-

3'I EKTPOH H bI E KOMNOHEHTbI

usBoErqux BKnOqeHt4e Harpy3OK B Mol\4eHT npoxoxfleHu, Ha-

np9xeHilfl nepeMeHHoro roKa qepe3 HyfleBoe 3HaqeHue;

o flnfl perlnilpoBaHile Qaeur ernoveHug nepeMeHHoro ToKa B

3neKrpoHarpeBarenbHbrx ycrpofrcrsax il cBeroperynflropax;

o flnf per]nhpoBaHhfl qacToTbr BpaqeHufl geurarenei nepeMeH-

HOrO TOKa.

Oco6eHHo uJr4poKo fi cnofl b3yrorcfl cr4M Merpr4q Hbre rupt4cropbt B

sneKrpo6brroBbrx npu6opax: BeHruneropax, KaflophQepax, ueeilHstx

14 KyxoHHbrx MauilHax, pyrrHoM nepeHocHoM SneKrpouHcTpyMeHTe.
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