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OOPMUPOBATEJIM UMITVJIBCOB TOKA

JIUII KOHTAKTHOM CBAPKU

IIpeonoocena xknraccugpuxayus gopmupo-
gameinell UMNYIbCO8 MOKA Ol KOHMAKN-
HOUL C8APKU, YYUMDBLEAIOWAsl HOBbLE CXeMO-
mexHuyecKue peuieust 8 OaHHoU ooaacmu
U meHOeHyuu ee pas3sumusl.

OnHO# U3 BaXHEHUIITNX COCTABIAIONINX 000pyI0Ba-
HUS 7151 KOHTAKTHOHM CBApKHU SABJISIOTCS (JOPMUPOBATEITH
UMIYJIbCOB TOKA. IMEHHO Ha HUX BO3Jaraercs 3ajava
obecrieyeHns HEOOXOMUMBIX TSI CBAPKH aMILIHTYIEI,
JUTUTEIBHOCTH IPOTEKAHMS U (POPMBI HMITYJIECA CBAPOU-
HOI'O TOKa, OT KOTOPBIX HAlpsIMyI0 3aBUCUT KaueCTBO
MOJTy4aeMbIX COeIMHEHUN. B CBs3M ¢ TeM, YTO ypOBEHb
Pa3BUTHUS DICKTPOHHON TEXHUKH, TPUOOPOCTPOCHHUS
TpeaBBISICT BCe Oojee Bo3pacTaroniue TpeOOBaHHS K
KaueCTBY CBAPHBIX COSIMHEHHIA, BO3PACTalOT U TpedoBa-
HUS K TapaMeTpam GOPMUPYEMBIX HMITYJIbCOB, & TAKKE K
XapaKTEePUCTUKAM (POPMUPOBATEIICH ITUX UMITYIIHCOB.

s perienus psijia TEXHUYECKUX 3a]1a4, CBA3aHHBIX
C MpOeKTUpOBaHKUEM (popMupoBaTenel UMITYIbCOB TOKA
Jutst kouTaktHOU cBapku (DU TKC), Bo3HuKkaeT HeoOxo-
JUMOCTh B MPOBEJICHUN aHAIHM3a TMPUHIIUIIOB MOCTPOe-
HUS TaKUX (OPMHPOBATENCH C MO3UIMHA WX (HYHKITHO-
HaJTbHBIX BO3MO)KHOCTEH, OBICTPOICUCTBHS, TOYHOCTH OT-
paboTKH 3aITaHHOH (POPMBI CBAPOYHBIX UMITYJIHCOB, BITU-
stHUST (JOPMHUPOBATEIS Ha TIMUTAIONIYIO ceTh. Ha JaHHbIH
MOMEHT MOKHO KOHCTaTHPOBaTh OTCYTCTBHE ITyOIIHKa-
ITHi, CTIOCOOHBIX TOCTATOYHO TIOJTHO OCBETHTH PaccMaT-
pUBaeMbIil KJIacC YCTPOUCTB NPeoOpa3oBaTeIbHON TeX-
HUKH, JaTh IPEJCTaBICHNAE 00 NX OCHOBHBIX XapaKTepH-
CTHKaX. B CyIecTByOMUX MyOIHKAIUsIX HE OTPayKCHEBI
HOBBIE CXEMOTEXHUYECKHE PEIIeHUs] B paccMaTpuBae-
MOIi 006J1aCcTH, a TAK)KE COBPEMEHHBIE TEH/ICHIIUH €€ pa3-
BuTHs. Kpome TOro, H1u B OJIHOW M3 U3BECTHBIX padOT
YETKO HE BBIJICICHBI IPU3HAKH, HA OCHOBE KOTOPBIX MOYXK-
HO KJIACCU(PHUIIMPOBATh (DOPMHUPOBATEIIN UMITYIBCOB JIS
KOHTaKTHOW cBapku. Tak uTo, HECMOTPSI Ha UMEIOIIYIO-
cs1 MHPOPMAIIHIO, MTOJYUIUTh MPEACTaBICHHE O (POPMHU-
POBaTeIIX UMITYJIBCOB KaK KJIacce yCTPOMCTB mpeodpa-
30BaTEJIbHOM TEXHUKH J10BOJILHO CIIOXKHO.

[enbro paboTHI SIBIISICTCS aHAIN3 U 0000IICHNE TIPHH-
IIUIIOB TIOCTPOCHUS (DOPMHUPOBATENICH MMITYIIECOB TOKA
JUIsL KOHTAKTHOM CBapKH, a TAK)Ke BbIAEJICHHUE NPU3HA-
KOB, TI0 KOTOPBIM MOYKHO KJIACCH(HIINPOBATH TAKUE ITpe-
o0Opa3oBarenu, U COCTaBlIEHHE Ha UX OCHOBE COBPEMEH-
HOU KJIacCH(HUKAIIH.

KoHTakTHBIE MallIMHBI 110 TUITY UCTOYHUKA CBAPOYHO-
r'0 TOKa KJIaCCU(PHULIUPYIOT CIEAYIOMNM 00pa3oM: repe-
MEHHOTO TOKA, HI3KOYaCTOTHBIE, TIOCTOSTHHOTO TOKA M KOH-
nercaropusie. [logoOHO#M KaccrpuKaIiy IpHICPKIBa-
10Tcsi aBTOpHI [ 1, 2]. B coBpeMeHHO# MalllMHOCTPOUTENb-
HOM 3HIMKJIONEANH [3] K yKa3aHHBIM TUIIaM HCTOYHUKOB
CBapOYHOTO TOKa OOABIICH €IIIe OJJMH — MOBBIIICHHON
4acTOTHl. ABTOPHI [4] GopMupoBaren UMIYJILCOB pa3-
JIEISII0T IO KoMU4ecTBY (pa3 muratroieil cetu (oqHo- U
Tpex(azHbIC) U 110 TUITY UCTOUYHHUKA MUTAHUS (01HO(Da3-
HBIC TIEPEMEHHOTO TOKA, OCTOSIHHOTO TOKa, HU3KOYac-
TOTHBIC ¥ UMITYJIbCHBIC — KOHACHCATOPHEIE H DJICKTPO-
MarHuTHble). B paGoTe [5] BblAeNEHbl YEThIpE THUIIA
OUTKC: 1) c HEMOCpeICTBEHHBIM ITUTAHUEM OT CETH Ue-
pe3 TUPUCTOPHBIM KOHTAKTOP; 2) C TUTAHUEM CBAPOYHO-
ro TpaHcopMaropa pa3psaoM 6aTaper KOHACHCATOPOB;
3) popmupoBaTeN, KOTOPBIE MPEICTABISIOT COOOM KOM-
OMHALIMIO IBYX MPENbIIYINX, IPUYEM TIEPBbIA U3 HUX
HCTIONB3YETCSI IS IO/IOTPEBA COSTMHACMBIX ICTaNCH, st
CTaOMITM3alMK KOHTAKTHBIX CONTPOTUBIICHUH, & BTOPOH —
IUTS TIocTenyromeld ceapkw; 4) hopmupoBaTemny, odec-
MeYMBaroIe MUTAHUE CBAPOUHOTO TpaHC(hOpMaTopa To-
KOM TIOBBIIICHHOM YaCTOTHI.

3apyOeskHbIC aBTOPBI U MHOT'HE (UPMBI-TIPOU3BOIH-
TN TPUACPKUBAIOTCS CIEAYIOMIEH KITacCH(pUKaIIIm:
(hopMupoBaTeny UMITYJILCOB IEPEMEHHOIO TOKA Ha OC-
HOBE TUPUCTOPHBIX PETYIATOPOB MEPEMEHHOTO HaIps-
xxerus (AC Type), popMupoBaresn UMITYJILCOB Ha OC-
HOBE pa3psIIHO-KOHACHCATOPHBIX cTpyKTyp (Capacitive
Discharge Type), ¢popMupoBarenu UMIyIbCOB MOCTO-
SIHHOTO TOKAa Ha OCHOBE TPAH3UCTOPHBIX PETYISTOPOB
(Transistor Type wiu Linear DC Type), hopmupoare-
JIM MIMITyJIbCOB HAa OCHOBE MHBEPTOPHBIX NMpeoOpa3oBa-
tesneil (Inverter Type). B [6] npuBeneHo pazaenenue ¢op-
MHUpOBaTellell NMITyJbCOB Ha IBE OOJBININE TPYIIIHI:
OUTKC, noTpebisioniie 3HEPrHi0 U3 CETH TOJIBKO BO
Bpems cBapku (Direct Energy), u ®UTKC, ocymects-
JSFOIIME HAKOTUICHUE SHEPTHH B TIay3aX MEKIy CBapKa-
mu (Energy Storage). K mepBoii rpymnme aBTopbl oTHEC-
JIM CIIeLyIOIHE THITBI (QOpMHpoBaTeneii: oqHO(a3HbIE r1e-
pemenHoro Toka (Single-Phase Alternating Current); on-
HO(ha3HBIE IEPEMEHHOTO TOKa C KOppeKIuei koaddurm-
enra MomHocTH (Single-Phase Alternating Current Plus
Correction to Reduce KVa Demand); ®UTKC c pac-
npeneneHHoi Harpyskoii (Load Distributing Type); npe-
oOpasoarenu yactoTsl (Frequency Converters); BbII-
psmurtenu (Dry-Disc Rectifier). Ko Bropoit rpymme ot-
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SHEPTETHYECKAS SJIEKTPOHUKA

HOCATCS (POPMHUPOBATETHN Pa3psAHO-KOHICHCATOPHEIE
(Capacitor Discharge), snexrpomarauthsie (Electro-
magnetic), ¢ akKKyMyJIsaTopHOU OaTtapeei (Storage
Battery), anexkTpoMexaHU4YeCKUE, B KOTOPBIX SHEPTHS
3aracaeTcsi Bo Bpamaroniemcst maxouke (Homopolar
Generator).

O4eBHIHO, YTO OOICTIPUHATAS OT€YECTBEHHAs U 3a-
pyOexHast Kiaccu(UKAIIMA UMEIOT CYIIECTBEHHEIE OT-
smuust. Creyer Takoke OTMETUTD, YTO B U3BECTHBIX Kilac-
cUUKAINAX, 32 UCKITFOUCHNEM [4, 7], HEe BBIJICIICHBI YeT-
KO KJIaCCU(UKAITMOHHBIE TPU3HAKH.

AHanu3 nmuTeparyphl, IaTeHTOB, KaTaJOTrOB, TEXHHYE-
CKHX OMUCAHUH U Jp., coaeprkarux ceenenust o DUTKC,
MIO3BOJIMJI BBIIETIUTH OCHOBHBIE NIPU3HAKU U COCTaBUTh
KI1accu(pUKAIIMOHHYIO cXeMy (OpMHUpOBATEICH HMITYIIb-
COB, IIPEJICTABIICHHYIO Ha pHc. 1.

Hawu6ornee 00mmm knaccu(puKalnoHHbIM IPU3HAKOM
MOXKHO CUMTATb 6UO0 POPMUPYEMO20 UMNYIbCA C8APOY-
HO20 MOKA, B COOTBETCTBUH C KOTOPbIM MOXXHO BblJie-
JIUTB TPYIIIHI (POPMUPOBATENCH HMITYITECOB IOCTOSHHO-
TO, IEPEMEHHOT0 M MYJIbCUPYIOIIETO TOKa [§], a TakKe
KOMOWHHPOBAaHHBIX MITYJILCOB ToKa [9]. Hanbonee xa-
paxTepHble (POPMbI UMITYJIECOB CBAPOYHOTO TOKA MOKA-
3aHbl Ha puUc. 2.

a) 6)
[CB ICB ;

t t
B) r)
ICB

ICB
TN
t v t

Puc. 2. ®opmbl UMITYTBECOB CBAPOYHOTO TOKA:
a — IIOCTOSIHHOTO, 0 — MMyJbCUPYIOWIECTIO; 6 — IECPEMEHHOI'O;
2 — KOMOWHUPOBaHHbIH

1o 6udy npeobpaszosanus suepeuu ®UTKC moxHO
pa3enuTh Ha IBE TPYNIILL: (DOPMHUPOBATEIH C TIPSMBIM
npeobpazoanueM 3uepruu (Direct Energy) [1, 2, 6, 7],
peoOpasyroIue SHEPTUI0 HEMOCPEICTBEHHO U3 ITUTAT0-
mieit ceTu B Ipolecce CBapKu, U (POpMHUPOBATEIH C aK-
KymyiupoBanueM dHepruu (Stored Energy) [10], npe-
o0pazyrormue B IMpoIiecce CBapKU MPeaBapUTEIbHO 3a-
MACEHHYIO B CHCTEMax HAKOIUICHHSI SHEPTHIO.

OUTKC ¢ npsMbIM NpeoOpa3oBaHUEM YHEPTUH 1O
Konuuecmsy ¢as numaiowel cemuy MOXKHO Pas3JeUuTh
Ha OJHO- U Tpexdaszuble [4].

Taxxe ®PUTKC ¢ npsmbIM ipeoOpa3oBaHUEM dHEP-
THU TIUTAIONIEH CETH MENATCS MO CXEMOTEXHUIECKOMY
PELLEHUIO CUIIOBOH yacTH. Pa3ianualoT cxembl Ha OCHO-
BE TUPUCTOPHBIX PETYJISATOPOB MEPEMEHHOTO HaIIpsiKe-
Hud [11, 12], Ha ocHOBe BhIpsiMuTenei [ 1, 2], Ha ocHO-
BE MHBEPTOPHBIX Mpeodpazoparereii [13, 14], Ha ocHO-
BE€ TPAH3UCTOPHBIX PEeTyIsiTOpoB [15].

Kak mpaBwuiio, Bce cXxeMbl Ha OCHOBE THPHCTOPHBIX
PETYIATOPOB IEPEMEHHOTO HaIpspKeHHs (puc. 3) conep-
JKaT CBapOYHBIN TPaHCPOPMATOP, B CBSA3H C YEM UX MOXK-

Ccy

Puc. 3. Cxema ®UTKC Ha 0CHOBE TUPUCTOPHOTO PEryIATO-
pa HaAIpPSHKEHU:
TK — tupucropusiii kommyTarop; CY— cucrema ynpaBieHUs;
T — tpancdopmarop; H — Harpyska

HO Pa3/IeJInTh Ha JBE IPYTIIBL: ¢ @bINpAMumenem Ha BTO-
PHYHOI cTOpOHE cBapovYHOTro TpaHchopmaropa [1, 4] u
6e3 svinpsmumens [11, 12].

CxeMsbl (hopMHpOBAaTEIIeH HMITYJILCOB HA OCHOBE BBI-
npsMuTtencii (puc. 4) no ynpasniemocmu npoyeccom
Gopmuposanss MOXKHO pa3/ieNInTh HA YIPABIIEMBbIC U
HEYIpaBJIsieMbIE.
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Puc. 4. Cxema ®UT Ha ocHOBE BHIIPSIMUTEIISA:
KII— xommyTatop nossipHocTH; Y B — ynpapisieMblii BEIIPSIMUTEb

Cxembl ®UTKC Ha 0CHOBE TUPUCTOPHBIX PETyJIsi-
TOPOB MEPEMEHHOT'0 HAIPSKEHHSI 1 CXEMbI Ha OCHOBE
YIPaBISIEMBIX BEIIPIMUTEINCH 10 cnocoby ynpasienus.
MOJKHO Pa3JIeJHTh Ha CIEAYIOMINE THIEI: ¢ (Pa30BBIM
yIpaBIeHNEM (M3MEHEHUEM YITIa OTIIHPAHUS THPHUCTO-
POB); C aMIUTUTY/HBIM yIIpaBleHUEM (M3MEHEHUEM KO-
s¢dunmenTa TpanchopMaIy CBapOUHOro TpaHchop-
Maropa); ¢ KOMOMHHPOBAHHBIM (aMILTUTYIHO-(Pa30BbIM)
YIPaBIEHUEM.

OUTKC ¢ akKyMyIMpOBaHUEM SHEPTUH 1O MUNY CU-
cmeMbl HAKONAeHUs IHep2uL MOKHO Pa3esIuTh Ha IPyII-
bl C €eMKOCTHBIMH, JIEKTPOXHUMHUYCCKUMH, UHITYKTHB-
HBIMH, JIeKTpoMexanndeckumu [ 1, 2, 6, 10, 16] u xom-
OMHUPOBAHHBIMHU HaKomUTeNAMHU [ 17].

Jst DUTKC ¢ akkymMynmupoBaHUEM SHEPTUH Pa3Iiv-
YaloT CIEAYIOIINE CXeMOMEXHUYECKue peulenus Cuio-
60l wacmu: CXeMbl Ha OCHOBE THPHUCTOPHO-KOHJICHCA-
TOPHBIX CTPYKTYp [1, 6, 16, 18], Ha ocHOBE UHBEPTOP-
HBIX TIpeoOpasosareneii [17, 19, 20] u Ha OCHOBE TpaH-
3UCTOPHBIX perynsiTopoB [21—23].

CxeMmBbl (hopMHpOBaTENCH UMIYIBCOB C aKKyMYIH-
POBaHMEM YHEPTUH Ha OCHOBE THPHCTOPHO-KOHICHCATOP-
HBIX CTPYKTYp (PHC. 5) MOXKHO, B CBOIO OU€peab, pasie-
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Puc. 5. Cxema ®UTKC ¢ akkyMynTupoBaHHEM YHEPIUU:
3Y — 3apsaHoe ycTpoiictBo; PT — pa3spsansiii TupucTOp

JIUTBH TI0 KOJIMYECTBY Pa3psHKAIOIINXCS HE3aBUCHMO JAPYT
OT JIpyTa SHEPrOHAKOIMHUTENbHBIX KOHICHCATOPOB (C O
HUM FJIH HECKOJIBKIMHU YHEPTOHAKOIIUTEIISIMHE); IO YII-
pasisieMoctu (hopMoil UMITynbca B mpouecce ero ¢op-
MHUPOBaHUsI (YIpaBIsIEMbIC M HEYNPaBIsIeMbIe); TIO Ha-
JIMYHIO CBAPOYHOTO TpaHchopmaTopa (TpanchopMaTop-
HBIC 1 OecTpaHc(hopMaTOpHbIE); TI0 HATMYHIO BBITPSIMU-
TeJIst Ha BTOPUYHOM CTOPOHE (C BBIPSIMUTEIIEM U O€3 BBITI-
pSIMUTEIS).

OUTKC Ha 0OCHOBE HHBEPTOPHBIX ITpeoOpazoBaTeneit
MOTYT OBITh IOCTPOCHBI KaK M0 CXeME C ITPSIMBIM TIPE00-
pazoBaHueM SHEpruu nuTaromiei cetu [ 13, 14], Tak u mo
CXeMe C aKKyMyJIupoBaHHUeM dHepruu (puc. 6) [19, 20,
24]. lanee X MOXKHO Pa3JICIIUTh TAKMM 00pa3oM:

— I10 TUITY IPUMEHSAEMBIX Tl KOHTAKTHON CBApKU CXEM
— OUTKC Ha ocHOBE MHBEPTOPOB HampsDKEHUS [14] n
OUTKC Ha 0CHOBE pe30HAHCHBIX HHBEPTOPOB [24];

— TI0 MOJU(HKALUN CXEMBI HHBEPTOPA — MOCTO-
Bele [13, 14], co cpeaneil Toukoii B nenu Tpanchopma-
Topa [19, 20], co cpenneii Toukoii B 1ieny nUTaHus [25]
Y KOMOMHHpOBaHHBIE [24];

— II0 HAJMYUIO CBAPOYHOTO TpaHchopmaTopa —
TpaHchOpMaTOpHEIEC U OecTpaHCPOPMATOPHBIE;

— I10 HAIWYHIO BEHINPSIMUATEIS BTOPUIHON CTOPOHE
[13] — ®UTKC c Bempsimutenem u PUTKC 6e3 Bbim-
PSIMUTEJIS.

OUTKC Ha 0CHOBE TPaH3UCTOPHBIX PETYISITOPOB MO-
T'YT OBITH MIOCTPOCHBI KaK 0 CXEME C TPSMBIM ITpeobpa-
30BaHUEM DHEPTUH NUTaroIeH cetu [ 15], Tak u mo cxeme
C aKKyMynupoBaHHeM dHepruu [21—23, 31] (puc. 7).

W3 sroii rpynmst DU TKC Ha 0CHOBE TPaH3UCTOPHBIX
PETYISATOPOB MOXKHO Pa3/Ie/IUTh:

— IO PeXUMy pabOThl CHIIOBBIX TPAH3UCTOPOB —
umIyabcHbie [22], aktuBabie [21, 23, 31] 1 KoMOHHUPO-
BaHHBIE;

— [0 HAJMYHUIO CBAPOYHOro TpaHchopmaTopa —
TpaHcopmaTophsle [15, 21] u 6ectpaHcopmaTopHbIe
[21—23].

PaccmoTpenne ®UTKC ¢ mo3unuii Teopun aBToma-
THUYECKOTO PErYIHPOBAHHS TTO3BOJISIET KIIACCH(UIHPO-
BaTh UX 10 TAKOMY IIPU3HAKY KaK YNpagIsaemMocms npo-
yeccom (popmuposaniisl Ha IBE TPYTIIBL: HEYTIPABIIEMbIC
U YIpaBIIsIEMBIE ¢ CHCTEMaMH aBTOMAaTHYECKOTO pPery-
mupoBanus [21, 26]. Yinpapnsemble (GOPMHUPOBATEIH C
cUCTEeMaMH aBTOMaTHYECKOTO PETYIMPOBaHMs BCET/Ia BbI-
MOJHSIOTCS. KAK CUCTEMbI MIPOrPaMMHOTO PEryInpoBa-
HUS U OBIBAIOT PA30MKHYTBIMH, 3aMKHYTHIMH, CHCTEMa-
MU KOMITICHCAITHH (PETYITUPOBAHKE 110 BO3MYIICHUIO ) WITH
KOMOMHUPOBAaHHBIMHU. DOPMHUPOBATEIH UMITYJIHCOB C 3aM-
KHYTBIMH CHCTEMaMH ITPOTPAaMMHOTO PETYIHPOBAHUS 110
XapakTepy BHYTPEHHHUX TMHAMHYECKUX POIIECCOB MOJXK-
HO pa3feiNuTh Ha CHCTEMBI HETPEPHIBHOTO JICUCTBUS H
CHCTEMBI TUCKPETHOTO ICHCTBHSL.

I
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Puc. 6. Cxembr ®UTKC Ha ocHOBe MHBEPTOPHBIX MpeodpazoBateneit (M):
a — C IIPSIMbIM HpeO6pa30BaHI/ICM OHEPIruu CCTH; 6 — C aKKYMYJIMPOBAHUEM DHEPIrUuu
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Puc. 7. Cxembl ®UTKC Ha ocHOBE TpaH3UCTOPHBIX peryasTopos (TP):
a — C IIPSIMBbIM HpCOGpaSOBaHI/IGM OHEPIruu; 6—c¢ AKKYMYJIMPOBAaHUEM SHEPTUN
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SHEPTETHYECKAS SJIEKTPOHUKA

B ¢opmupoBarensix, peACTaBISIOIIX COO0H pa3oM-
KHYTBIE CUCTEMBI PETYIUPOBaHUs, (POpMa CBAPOUHBIX
HMITYJTECOB OTPEIEACTCS MapaMeTpaMHy DIIEMEHTOB pas-
PSHOTO KOHTYPa, ¥ BOBMOXKHOCTH €€ I3MEHEHHS B IPO-
[ecce CBapKH OTCYTCTBYET, IOITOMY HYXXHYIO (hopmy
CBapOYHOTO UMITYJIbCA H, COOTBETCTBEHHO, BBICOKOE Ka-
YEeCTBO COCTUHEHHSI YIaeTCs ITOTyYUTh HE BCETA.

Oco0oe mookeHne B 00JIaCTH KOHTAKTHON CBapKH
3aHMMaeT KOHTAaKTHAs MUKPOCBapKa, KOTopast 00ecIeun-
BAaCT COCMHCHUE MIUHUATIOPHBIX JIETaNIC MaJIOH TOJIIIIHU-
HBI 1 MAJIBIX CEUCHHH (OT HECKOIBKIX MUKPOMETPOB JI0
0,5 mm) [1]. KoHTakTHast MUKpOCBapKa UMEET CBOU OCO-
OEHHOCTH, KOTOPBIE CO3AI0T JOMOIHUTENLHBIE CIIOXKHO-
CTH MPH pa3pabdOoTKe TEXHOJIOTUU CBAPKU U BRIOOpE THIIA
dbopmupoBarens UMITynbcoB. Cpeau Takux 0COOSHHO-
CTEH BBLACISIIOT OYEHBb MANTYIO JUINTEIBHOCTD Ipolecca
CBapKH U CYIIECTBEHHO BO3PACTAIOIIYIO POJIb MEPEXOI-
HBIX KOHTAKTHBIX COMTPOTHUBIEHUH KaK HUCTOYHUKOB TETI-
JIOTHI BCICACTBHE YBEIMUCHNUS 3HAYCHHH 1 pa3dpoca 3THX
conpoTtupieHui. HeoO0X0ammMo OTMETHTS, 9TO PEKUMBI KOH-
TaKTHOM CBAPKH MPUHSTO HA3BIBATH MSTKIUMH, €CITH JITH-
TENBbHOCTh cBapku ¢ 20,1 ¢, u xectkumu npu £,,<0,1 ¢
[1, 16]. OnHako 1y MUKPOCBAPKH BPEMSI /_, MOXKET CO-
CTaBJIATH JIECATHIC JI0JIM MIJUIMCEKYH/IbI U MeHblue. B
CBSI3M C 9TUM aBTOpaMu [16] ObIJIO BBENIEHO MOHATHE O
«CBEPXIKECTKHX» PEKUMaX KOHTAKTHOH CBApKH, KOTO-
PpBI€ SBISIOTCSI HANOOJIEE XapaKTEePHBIMH IJISI MEKPOCBap-
xu (£,,<0,01 c).

Hcnonp3ys ki1accupukallmoHHYIO cXeMy Ha puc. 1,
MIPOBEJICM aHAJIM3 BO3MOXKHBIX BapUAHTOB IMOCTPOCHUS
OUTKC a5t KOHTAaKTHONH MUKPOCBapKH.

CpasruBasg ®UTKC o Bumy mpeoOdpa3zoBaHus dHEp-
TUH, MOXKHO CA€JIaTh BBIBOJ, YTO 00JIee IPEAIOYTHTEb-
HBIMH JUI1 KOHTAKTHOH MHKPOCBAPKH SBILSIOTCS (POPMHU-
pOBaTeN IMITYJILCOB C aKKYMYJIMPOBAaHUEM SHEPTUH, TIO-
CKOJIbKY B TAaKOM CJIy4yae OTCYTCTBYIOT MPOOJIEMBI dJIeK-
TPOMAarHUTHOW COBMECTUMOCTHU (hopMHUpOBaTENeH C M-
TaroIIeH CEThIO, JIETKO 00SCTICINBACTCS HAKOTIICHNE HYX-
HOTO KOJTMYECTBA YHEPTUH (BBUAY TOTO, YTO JIJISI MUKPO-
CBapKH HEOOXOUMO HEOOIBIIIOE KOTUIECTBO YHEPTUN ),
a TaKk)Ke CHIDKAeTCs MOTpedIseMast U3 CeTH MOIIHOCTb.
D hexkTHBHOCTE HCTIONB30BaHUS AKKYMYJISITOPa SHEPTUH
KaK CpPEICTBA CHIDKECHHS TTOTPEOIIEMON MOIITHOCTH W3
CETH, B YACTHOCTH, IJIs1 EMKOCTHOTO HAKOTIUTEIISI, MOYKET
OBITh OlICHEHA cOOTHOIIeHHEM [ 1, 16]:

R_ b

Pt

TJIE 13 ¥ {, — BPEMsl 3apsi/ia U paspsiia HAKOTIUTEJIS;
P3 " PP — COOTBETCTBEHHO CpeIHUE MOLTHOCTH IPOLIECCOB 3apsi-
Jla ¥ pa3psi/ia HAKOTIUTEJIsL;
n— KIIJI hopmupoBatess UMITYJIbCOB.

OO0br4HO BpeMms 3apsina £, OONIbIIE BPEMEHH paspsiia
tp B 100 1 Gonee pas. B pesynbTare 5TOro Moxer ObITh
JOCTUTHYTO 3HAYUTEIBbHOE, NHOT/A 10 HECKOJIBKHX Jie-
CSITKOB Pa3, CHU)KCHUE YCTAaHOBJICHHO MOIIHOCTH (hop-
MHpOBaTelell ¢ aKKyMyJIHPOBAaHUEM 3HEPIUH 10 CpaB-
HEHHIO ¢ pOPMUPOBATEIISIMH, [TO3BOJISIOLIUMH I1OJTy4aTh
UMITYJIBCBI C TEMH K€ TIapaMeTpaMH, HO C IPSMbIM Ipe-
00pa3oBaHNEM PHEPTUU MUTAOIIEH ceTH [2].

CpaBHMBas CXeMOTEXHUYECKHE penieHus: GopMupo-
BaTeJeH NMITYJIECOB C aKKyMYJIHPOBAaHUEM YHEPTUH, He-
00XOTMMO OTMETHUTD, UTO B (JOPMHUPOBATEIIIX HA OCHOBE
THUPUCTOPHO-KOHICHCATOPHEBIX CTPYKTYD (pHc. 4) hopma
CBapOYHOTO UMITYJIbCA 3a/1a€TCs TOIBKO JI0 Hadaa Impo-
necca popmupoBanusl. CI0KHBINA XapaKTep H3MECHCHHUS
KOHTaKTHBIX COMPOTHUBIICHUN MTPU MUKPOCBAPKE MOXKET
MPUBOJIUTE K HEOMYCTHMBIM OTKIIOHEHHSIM (DOPMBI M-
MyJIbCa U, KaK CIEICTBHUE, K MOSBICHUIO PA3ITHYHBIX Jie-
(hEeKTOB MUKPOCBaPHBIX COCANHECHUI, B YACTHOCTH, BBITI-
JIECKOB PACIUIABICHHOTO MeTalIa.

MeHee 9yBCTBUTEIFHBIME K N3MEHEHUSIM KOHTAKTHBIX
COIIPOTUBJICHUI SIBISIOTCSA (DOPMHUPOBATEIH, TOCTPOCH-
HBIC B BHJIC 3aMKHYTBIX CHCTEM PETYIHPOBAHUS C 00-
PaTHBIMH CBSI35IMU, HA OCHOBE MHBEPTOPHBIX CXEM U TPaH-
3UCTOPHBIX PETYIATOPOB. OMHAKO OBICTPOEHCTBIE Ta-
KX GopMUpOBaTEsIeH IPU UMITYIIbCHOM XapaKTepe Mpo-
Tiecca peryIupOBaHuUs OTPAaHIICHO IPHCYTCTBUEM B KOH-
Type 00paTHOi cBsA3U (PUIBTPYIOIIUX IIEMEHTOB, CyIIle-
CTBCHHO CHIDKAIOIINX OBICTPOACHCTBHE, a TAKXKE OTPHU-
[ATEeNFHO BIUSIONIMX HA YCTOWYUBOCTh CUCTEMBI B I1e-
soM. CHIOXKHBIN HETMHEWHBIH XapakTep Harpy3ku ¢op-
MHPOBATENSI B COYETAHUHU CO CIICIIMATbHBIMU 3aKOHAMH
WU3MECHEHUSI HMITYJICOB HAKJIAIBIBACT CHCHU(PUUCCKUE
TpeOOBaHMs Ha IMHAMHYECKHIE XapaKTePUCTUKU (OPMHU-
poBarest, KOTOpbIe HE BCET/IA YAaeTCsI 00CCICUHTb.

PaccMOTpeHHBIX BBIIIE HEJOCTATKOB JIMIIEHBI (op-
MHPOBATENN Ha OCHOBE TPAH3UCTOPHBIX PETYISTOPOB [21,
23,27—31]. HenpepbIBHBIH pexkuM pabOThI TPAaH3UCTO-
POB, OCYIIECTBISIONINX PETYIUPOBAHUE CBAPOUHOTO
TOKa, [T03BOJISIET IOCTUTATh HAMITYUIIIHMX [TOKa3aTeNlei Tou-
HOCTH U OBICTPONEICTBHUS U MOTY4aTh CBAPHBIE COSIN-
HEHUSI MaJIOTa0apUTHBIX JIETaJIel BBICOKOTO KadecTBa.
Kpome Toro, st TAKHX CXE€M BO3MOXKHO HCKITIOUCHIE
ANEKTPUYECKU MHEPIIMOHHOTO, TPOMO3AKOTO U HETEXHO-
JIOTHYHOTO B TPOU3BOJICTBE CBAPOYHOI0 TpaHCHOpMa-
TOpa, OJarofapsi YeMy JOCTUraeTcs 3HAYUTEeNbHOE MOo-
BBIIIEHHE TOYHOCTH OTPAOOTKH (POPMBI CBAPOUHOTO UM-
mynbea [21]. CiiegyeT OTMETHTb, YTO BOIIPOCHI, CBSI3aH-
Hele ¢ Hu3kuM KI1J] hopmuposateneii, paboraromux B
AKTUBHOM PEXUME, HEaKTyaJIbHbI IPH OTHOCUTEIBHO He-
OOJBITUX MOIITHOCTSIX UMITYJIbCOB MHKPOCBApPKH.

*kk

Ilocneanue nOCTHXXKEHUS B 00JacTH MPOM3BOACTBA
MOJTYTIPOBOTHUKOBBIX MPUOOPOB U MUKPOCXEMOTEXHH-
KH TIPUBEITH K OOHOBJICHHUIO 3JIEMEHTHOW 0a3bl CHIIOBOM
AIIEKTPOHUKH, TIOSBIICHUIO MOIITHBIX TIOJTHOCTBIO YITIPaB-
JISIEMBIX MTOJTYIPOBOAHUKOBBIX IPHOOPOB, OJHOKPUCTAIIb-
HBIX MEKPOKOHTPOJUIEPOB, BEICOKOYACTOTHBIX DJIEKTPO-
JUTHYECKAX KOHICHCATOpOB. Bee 310, HeCOMHEHHO, CITo-
COOCTBYET IMOSIBIICHUIO HOBBIX PEIICHUH NIPU MPOEKTH-
poBanuu (opmMupoBaTeeit A1 KOHTAKTHOH MUKPOCBap-
KU ¥ CHCTEM YIIpaBJieHus MU [32], a TakKe MOATBEPXK-
JIaeT BBIBOJ, CJICTIAHHBIN C UCTIOJIb30BaHUEM MPEII0KEH-
HOM KJIACCU(HUKAIH O TOM, YTO HanboJiee mepCrneKTHB-
HBIMH JIJI1 KOHTAKTHOM MUKPOCBAPKH SIBILTFOTCS OeCTpaH-
chopmaTopHbIe (GOPMUPOBATEIH UMITYIIECOB C aKKyMY-
JTUPOBAHUEM DHEPTUN HA OCHOBE TPAH3UCTOPHBIX PETYy-
JSTOPOB, pabOTAIOMINX B AKTHBHOM PEKUME.
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Paccmorpensl 3agaun, MeTobl H 0COOEHHOCTH AaBTOMATH3HPOBAHHOT0 J1a60paTOPHOTO
NpPaKTHKyMa C yJda/JdeHHbIM JAOCTYNOM [0 MCCAEA0BAHUIO MOJIYNPOBOJIHUKOBBIX MPH-
60poB, MpUBELEHO onucanne peaausytouleil ero cucrembl AJIIT V]I «DaekTponunka».
[IpuBeaenbl 3a1anns U MeTOJHUCCKHE YKa3aHUs K 1a60paTopHbIM paboTaM Mo 3KC-
MepUMEHTaJbHOMY HCCAEI0BAHUIO U MOJCIMPOBAHHIO MOJIYNPOBOJAHUKOBBLIX JTHOMOB,
CTaOUIMTPOHOB, TOJEBbIX H OMMOJSPHBIX TPAH3UCTOPOB, BKJAIOUAIOIIME H3MEPEHHE
MX BOJbT-aMMEPHBIX XapaKTepPUCTHK U MapaMeTpoB, HCCAEAOBAHHE TEXHOJIOTHUYECKO-
ro pagbpoca u paboThl Ha MEpeMEeHHOM TOKe.

[IpeaHasHaueHa AJsl CTYJEHTOB BY30B M YUalUXCSl TeXHUUECKHX CHellMaJbHOCTeMH
KOJLIe/PKEH, MTPOdecCHOHAIbHBIX YUHINIIL U JHUIEEB /I UCMOIb30BAHUS B 1a060paTOp-
HOM MPaKTHKyMe JAMCHHUMINHBI «DJIEKTPOHHKA» W APYrHX POACTBEHHBIX JAHUCIHMIJIHMH.
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