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IIpemuciosue

VICTOYHUKY SIIEKTPOIUTAHIH, ABJIAACH HEOTHEMIIMMONH YACTHIO JIIO-
Boit HHOOKOMMYHUKAIMOHHOK CHCTEMBI 1 JIFOGOr0 TesleKOMMYHUK AIHOH~
HOTO yCTpOUCTBA, BO MHOTOM ONPENEJITIOT HANEKHOCTD MY (PYHKIXOHIPO-
BAHUA U APYTHE TEXHUKO-DKOHOMIIECKIIE IOKA3ATEY. PasBuTHe CPEICTB
CBABH, IIUPOKOE BHEIPEHNE KOMIBIOTEPHEIX TEXHOJIOr HeBO3MomkHO 6e3
CO3IAHHA BBICOKOD(M@EKTHBHBIX HCTOYHUKOB SJIEKTPONNTAHUL, VIOBJIC-
TBOPAIONIUX TPEOOBAHUAM COBPEMEHHBIX MHTEJJIEKTYAILHBIX CeTell CBaA-
su. llepexonm OT HU3KOYACTOTHBIX TEXHOJIOTHH NPe0GPasOBaHUA DIICKTPH-
YECKOH DHEPIUH K BBICOKOYACTOTHBIM, IMHPOKOE NPUMEHEHNE aKTHUBHOM
Koppexnun K09} GInenTa MOIHOCTH, BHEIPEHAE MOLYIHHOTO TIPUHITH-
TIa HOCTPOEHHA yCTPOHCTB B CHCTEM BJIEKTPONUTAHNA, NePEXO Ha, mudpo-
BbIE METOLbL YIPABJIEHN yCTPOUCTBAMU U CHCTEMAMU DIIEKTPOIUTAHII,
OIMPOKOE IPHMEHEeHHe MOHHTOPHHTA, C yHAJICHHOINO HEHTPA YIPaBIeHHs
IJIA KOHTPOJIA 33 PaboToil OTmesIbHBIX yCTPOUCTE M BIIEKTPOYCTAHOBOK
B mejoM. BoT najieko He IOJHBIH HepeveHb TOro, YTO OTJIMYAeT COBpE-
MEHHBIE CHCTEMBI 3JIeKTPONUTAHUA OT PAHEE Pa3pabOTAHHELIX U IMUPOKO
OPUMEHSIOIHXCS OO0 HACTOAMEr0 BPEMEHMH.

Paspaborka m sKCmIIyaTamusi COBPEMEHHBIX YCTPOMCTB M cHCTeM
2JIEKTPOIUTAHNA HEBOSMOXHA 063 M3yJYeHNA U HOHUMAHNS (PU3HICCKIX
IIPOIECCOB, IPOUCXONANMX B HUX [P PASIIUIHBIX COCTOAHUAX CHCTEMBEI,
U METOOB IPenyIpequTeIbHOI0 OOHAPYKEHIA HEHCIPABHOCTE!. DTOo, B
CBOIO O4epenpb, TpebfyeT MIyGOKOro SHAMMA OCHOB CHJIOBON 9/IEKTPOHUKI
¥ yMeHHs OPHEHTHPOBATHCA B €€ COBPEMEHHBIX TEHICHIIUAX, MPUHIIAIAX
IIPOEKTHPOBAHUA CAMUX YCTPOUCTB, CHCTEM 9JIEKTPOIMTAHUA U CHCTEM
KOHTPOJIA M YIPABJCHUS CHCTEMAMIA.

IIpu momrorToBke ywebOHHKA ABTOPHI OCHOBHOE BHUMAHWE VOEIIAIIH
PACCMOTPEHHI0 (PUBHIECKHUX IIPOIECCOB B M3y YIaEMBIX YCTPOHCTBAX, TEH-
OeHIyit X DaJsibHedIero pasBuTHA M MX B3aHMONEHCIBUA B COBpEMEH-
HBIX CHCTEMAaX 3JIeKTPOIITaHHIIL.

Tnaset 1 1 9 manucass: pou. B.M. Bymyeseiv; riaassr 4 m 10 — mom.
B.A. Hemmuckum; riasa b u pasgen 2.3 — mor. JI.®. 3axapoBhIM; LIaBL
3, 7 u pasuen 2.1 — mpod. F0.11. KosnaessiM; rnaset 6, 8 u pasmens: 1.6
u 2.2 — gon. M.®. KosxagoBbiM.



Bsenenne

BypHoe pasBuTHe CPENCTB CBA3H, IMMPOKOE BHEIPEHe MI(POBEIX Me-
TOHOB 00paboTky HHGpOPMALNH, BCE yBEJIUIHBAONMica o0beM IepeaBa-
emMolt u 0OpabarbBaeMoil MHGOPMATNY TPEIbABIAIT BCe DOJIEE KECTKIE
Tpe6GOBAHMS K HANEKHOCTH OecrrepeboliHol Momady K alaparype Telie-
KOMMYHEKAIMH SJIEKTPHIECKOl 9HEprim HeoGXOMUMOro KadecTsa. Pabo-
TOCTIOCOGHOCTS JTH0001 AIIapaTyphl TEJIEKOMMYHAK AT BOSMOXKHE, TOJIb-
KO [IPY YCJOBHM HOPMAJIBHOTO (DYHKIMOHPOBAHUS CHCTEM ¥ YCTPOHCTB
snexkTpomuranud. IInpoxo i ycnemno IpUMeHABITIECH B CHCTEeMaX SJIeK-
TPONMTAHNA B TMOCJIEHHNE IBA NECATUNETHS XX BEKa HI3KOIACTOTHBIE
TUPUCTOPHBIE BHIIPAMUTEIIBEHEE YCTPOUCTEA B HACTOAIIEE BPEMA IOBCE-
MECTHO BBITECHAITCS BBICOKOYACTOTHHIMM BBIIPAMUTENIBHBIMI YCTPOLi-
crBamy ¢. GecrparchopMaTopHBiM BXomoM. IloCKONBKY mepBble HE OT-
BevYaloT TpeOOBAHWAM. COBPEMEHHON aNIapaTyphl TeJIEKOMMYHAKAH He
TOJTBKO TIO YHEPTETHYECKHM M MACCO-TABADUTHEIM TIOKA3ATEIIAM, HO M TIO
IWHAMUYIECKUIM XaPAKTEPUCTHKAM, & TAKIKe 10 YPOBHIO IIOMEX, BHOCHMBIX
HMHE B IMTOMYIO CETh MEPEMEHHOIO TOKA. lIpuMeHeHue HOBBIX THIIOB
MOIIHBIX BBICOKOBOJIBTHEIX 1OJIeBBIX TpansucTopos (MOSFET u IGBT),
IMONOB, KOHIEHCATOPOB X MATHHTHLIX MATEPUAJIOB JIOSBOJIAET OCYIIECTB-
JIATH IPE0BPA3OBAHNE SHEPIUK B yCTPONCTBAX SJIEKTPOIUTAHUA (B BHI-
TMPAMUTEJIAX, HHBEPTOPAX, MMITYJILCHBIX CTAGMINEATOPaxX) HA YACTOTAX B
cotHu kwiiorepil. lloBrIeHne YaCTOTEHI IPeoOpa30BAHNA C OTHOBPEMEH-
HBIM OTKA30M OT METOIOB «KECTKOM KOMMYTaIlU» TPAH3UCTOPOB, IIHPO-
KO NPUMEHSIOMUXCA IO HACTOAIIErO BPEMEHH IIPY TIHPOTHO-HMILYJIbCHOM
VIPaBJICHAY STUMYI TPAHSHCTOPAMH, 1 IEPEXONOM K METONAM «MATKOH
KOMMY T WMV ACTOTHO-UMITYJIHCHBIM CIOCOGaM YIPABJCHUA TPAH-
3UCTOPAMH, & TAKIXKE INPUMEHEHNE TEXHOJOIUY IOBEPXHOCTHOIO MOHTAXK A,
TIO3BOMAIOT CYMECTBEHHO oBbicuTh KIIT ¥ yIebHy 0 MOMHOCTS (MOIT-
HOCTb Ha eHEHUIY 00BEMa, U MACCHT) yCTPOHCTB sstekTponmTanud. Kpo-
M€ TOro, NPUMEHSIONWECA NJIS AHAJIOTOBOH ANmaparypsl CBA3M yCTPOR-
cTBa NPeoOpasOBAHNA SHEPIHUN, BXONAINE B COCTAB CHCTEM BJICKTPOIH-
TAHIHA, He IPUCIOCOBIIEHB! K TPeGOBAMIAM COBPEMEHHBIX CHCTEM CBS3H B
YACTH KOHTPOJIA, MOHITOPUHDE ¥ NPOCPAMMHOTO YIPABJIEHNA C IIEHTDA
TeXHIYECKO BKCIUTyaTalluy, ITO 3ATPYAHAET NEPEXOM Ha WHTEIIEKTY-
aJbHEIE CeTH CBas. I[loowoMy B HACTOAMEE BPEMsA B IPAKTHKE DIIEK-
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TPONUTARNA MIUPOKO BHEIPHAIOTCH IPOLECCOPHBIN MOHUTOPHHT U YIIPAB-
JIEHUE He TOJIBKO PEXHMaMU PabOThl yCTPOHCTB B CHCTEMAX 9JIEKTPOLIN-
TaHUA, HO U NMPOIECCOPHOE ynpasJieHue ux paboroit. B YACTHOCTH, OTe-
JECTBEHHAA TPOMBIIIJIEHHOCTD HAYAJIa BBITYCK TaK HA3BIBAEMBIX IH(PO-
BEIX BEIIPAMUTENEH I MHBEPTOPOB C anycon;LaJIbHoﬁ d)opMoﬁ KpuBOH
BBIXOIHOTO HANPIKEHU. ,

Tlpumenenne MOy TBHOTO npmnmna HOCTPOEHHA CHCTEM 3JIEKTPO-
IUTAHUA C FOPAUUM PE3EPBUPOBAHAEM YCTPOHCTB, BHITOJHEHHBIX B CO-
OTBETCTBMHE C BbINIE YHOMAHYTBIME NPHHIMAIAMHA, U JCHEHTPAJIE3AIL
CaMUX CHCTEM 3JIEKTPONUTAHUA TPeOYIOT HOBBIX nonxonma K UX U3y4e-
HUIO ¥ [POEKTUPOBAHUIO. v

OCHOBHOE BHUMAHHE IIPH M3JIOXKEHUE MATEPHATIA yqe6Hmca VIem-
Jroch GHBHIECKUM IPUHIUIAM PAGOTH YCTPOHCTE TPeobpasoBaHs SHED-
CHU, BXONAMKX B COCTAB COBPEMEHHBIX HCTOYHIKOB M CHCTEM SJICKTPOIIN-
TAQHUA YCTPOUCTB TelMeKOMMyHUKAIm, PaccMOTpeHE! TeHueHIuY [1aJTb-
Hellmero pasBUTHUA YCTPOUCTB U CHCTEM S.JIGKTpOIII/ITaHI/Iﬁ AIIapaTryphl
CBA3M.

Kuura npegHasHAYMEH), 1T CTYJJ;GHTOB, 06y IAIOMIXCA IO HAIPABJIE-
o 210400 «TenexoMMyHEKAIHAY, 8, TAKIKE ACHUPAHTOB U CIEIHAJIH- -
CTOB B 00JIACTH CHJIOBOU mpPeobpazsoBaresibHON TEXHUKH M MCTOYHNKOB
BIEKTPOIUTAHIA  IIMPOKOIO IPUMEHEHW.
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NUcrounmku 31eKTpoCHAOKEeHU
NpedlIpUATU# CBA3H

- 1.1. ITomarua o6 sHeprocucremMax
U 9JIEKTPHUIECKHX CETAX

OCHOBHBIMI HCTOYHMKAMH DJTEKTPHYECKON SHepruir (MCTOYHHKAMI
87IEKTPOCHAOKEHNA) [l GOJIBINMHCTBA NPENUPHATHI CBASH HABJIAIOTCA
" DJIEKTPHIECKME CETH SHeprocucreM. IIpemnprsaTs CBASK CTPEMSITCA IO
BO3MOXHOCTH DACHOTIATATE B MECTAX, IIe OHE MOryT GBITH 0GecmedeHs:
HauboIee HANEKHBIMU M JEIIEBHIMI MCTOYHUKAMY SJIEKTPOSHEPIHN, Ka-
KOBBIMU ¥ SBJIIOTCA B HACTOAIIEE BPEMs BICKTPHUCCKHE CETH SHEPIO-
CHCTEM. . : ‘ -

Ilox anepzemuneckoti cucmemoti (9C) HOHUMAETCA COBOKYIHOCTH
| BJIEKTPOCTAHIMMN, H/IEKTPAYECKIX I TENJIOBBIX CeTel, COSMUHEHHBIX MexK-
. Iy coboit 1’ CBA3AHEBIX OOIIHOCTHIO PEXXWMOB B HENDPEPHIBHOM IIPOIECcce
TIPOU3BONCTBA, NPe00pasoBaHusd, NEPENAYA U PACIPEICIICHH SIICKTPHIe-
CKOM ¥ TemI0BOit HEpruy MpH 0b6ImeM YUPaBICHIN STUMI PEXAMAM.

ONEEMPUNECKAR HACTND IHEPZOCUCTIEMDL — DTO COBOKYIIHOCTD DIIEK-
TPUYECKAX CTAHIHH, 3TEKTPOYCTAHOBOK 1 SJIeKTPHUECKIX CeTell 9Hepro-
CHCTEMBI. DJIEKTPIIECKAs TACTH SHEPIOCHCTEMB ¥ IUTAIOMHUECA OT Hee
IPHEMHIKH 5JIEKTPHIECKON SHEPITH, O6beIIHEHHbIE OBMIEOCTHIO IIPOLIEC-
Ca TTPOM3BOLCTBA, IEPENAYH, PACIPEIEIEHUA | HOTPESICHAA SIEKTPO-
DHEPIHHU, COCTABIIAIOT HOHATHE DIICKTPOSHEPTETHIECKOH CHCTEML.

Snexmpuneckoli cemv1o HA3BIBAETCA COBOKYITHOCTD BJICKTPOYCTAHO-
BOK JIJIA IEPEIASH U PACIIPENEIICHUA DHEPTHM, COCTOATIAL I3 HOICTAHIHIL,
PaCIPeneIHTEIbHBIX YCTPORCTB, BOSLYIIHBIX 1 KAOeIbHEIX JIMHWH SiIeK-
Tpomepenaqy, PaboTaOKX Ha OIPENesieHHol TepPITOpH. -

Ha sjextpocrammuax, sxomamux B cocrad 9C, BHpabaTHIBaeTCA
BJIEKTPHICCKAA DHEPIuA TPexdasHoro NepeMEeHHOr0 TOKa, MPOMBINIJICH-
Holi gactoTel 50 I'm ¢ mpaxTuweckn cuHycoumasbHol dopmolt KpuBOi
Hanpsokenus. G LeJbI0 yMEHBINEHHA OTEpPh 3JIEKTPUYECKOH SHepruu
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€e TPAHCIOPTHPOBKA OT TEHEPHUPYIOITX CTAHIMY JO MecTa moTpedise-
HILA OCYINECTBIIACTCS IO JIMHUAM dJiexTponepenaqan (JIDII) mpu Bricoxux
yposusx manpmxerus (110...750 kB). Ilpenupuarus cBAsH, ABJIAIOMA-
eca A DC norpebuTeIaMu SIIeKTPHIECKOH SHEPIUH, IONKIIOYAI0TCA K
Hell gare BCero ¢ IOMOMIBI0 COOCTBEHHBIX MOHIIKAIONIITX TPAHChHOPMATOD-
HpIx moncranunit. KadecTBo siexTpudeckoil HEPTUY B TOUYKAX 0OIIEro
npucoenurenusa norpeburesneit k DC 3aBUCUT HE TONLKO OT DHEProcHat-
AKAIOIEH OPraHU3aNuy, HO H OT caMux morpeburesnelt. B obmem ciryuae
TIOI, TIOTPebHTeIeM SIIEKTPOSHEPTUNN TIOHUMAETCA BJIEKTPOIPUEMHAK WITI
TPYNIIa 9JIEKTPOIPHEMHNKOB, O0bEINHEHHEIX TEXHOJIOIHYECKHM TIPOIIEC-
COM ¥ PA3MEIIEHHBLIX Ha OMPENEeSIEHHON TeppUTOpIH.

Ha puc. 1.1 mokasan dparment DC. Konbuepaa palioHHas ceTh ¢
wanpsoxerueMm 110 kB nosmywaer 51eKTpOSHEPTHIO KaK OT IIIPOdJIEKTPO-
cranupy (Yepes NOBBIIAIOINYIO NONCTAHIMIO, JIHHUIO SJIEKTPOIEpPeadn
220 kB 1 IOHmKAIIYIO nonc'raHn;mo), TaK ¥ OT TEILTOBOH BJIEKTPOCTaH-
upy depes juHuo 9jekTponepenayn 110 xB u noBeImaromyo moncran-
mro. Kpome TOTo, 9Ta PAfiOHHAA CETH NOJYYAET DICKTDOSHEPTHIO OT
pationnoit Temmonentpanu (TOIT), cuabxaromeit oTpebrresnel syekTpy-
geckoit w Terosoit sueprueit. TOIl Briouaercs B palioHHYIO ceTh ue-
pe3 TOBBIIAINIYI0 [IONCTAHINIO.

K mMecTHO# Cetb . Tr npeanpusitus
cetn 10 kB- 10 kB cgﬂgw P .
K mecTHOR

cetn 10 kB

K mecTHoit
ceTn6 kB

MNoeblwatowas

MOACTAHLMS JIMHus

s Tennosas
anekTponepeaaqu

10KB CTaHuUmst

MoHnxatowas
noacTaHums

Tmgpoanekrpo-
CTaHuus

Puc. 1.1, $parMesT sieKTPOIHEPTETHIECKON CHCTEMEBI
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Ot paifonnoit cern 110 xB vepes MOHMKAIOIYIO IOICTAHINIO HHTA-
ercA paitoEHasa cerh 35 xB, or x0TOPOH, B CBOIO OYEpENDb, YOPE3 HOHIKA~
IOIIYXO0 TOACTRHITUIO MATAIOTCA MecTHBIe cern 10 mam 6 xB.

IIpennpuarua CBA3Y MOIYT HOJIYYATh SIIEKTPOSHEPIHIO KaK OT MECT-
noit cern 10 mmm 6 xB, Tax u or patonnoit ceru 35 ¥B uwepes coberpen-
HBIE TOHIKaomue Tparcopmaropusie noncranmun (TII). Coberpenmbie
TII mpeobpasyior ¢ mOMOmBIO TPexdasHbxX TPAHC(HOPMATOPOB, BXON-
maX B HX COCTAB, DJIEKTPHYECKYIO BSHEDPIUi0 TPexhasHoro MepeMeHHO-
TO TOK& OTHOCHUTESBHO BHICOKOTO yposHa (6, 10 mum 35 xB) B suex-
TPHUYECKYIO SHEPIWIO TPexXdasHOro NEePeMEHHOrO TOKA ¢ HAIPIKEHHIEM
0,4/0,23 xB (B unciuresne Apobu yKasLIBaeTCa NEHCTBYIOMEe SHAUCHHE
JIMHEH’HOr0 HANpPMKEHNH, 8 B BHAMEHATEJe — IeHCTBYIONee 3HANEHTE
bassoro Hampsxerus).

Ilonaaa snexrpudeckoit suepruu x TTI ocymecrsiaercs 160 IO BO3-
OymEeM, u60 Do xabenpusiM JIDIL. C TII yepes pacupenmennmTepHbIC
yCTPOHCTBa IO BOBOYIIHBIM MM KaOEJbHBIM JIMHHAM SJIEKTPOSHEDTHS
TOCTYIIAET HEMOCPEACTBEHHO K HOTpeOuTendaM siekTpoycranosku (DY)
TIPENIPUATHA CBASH.

1.2. Knaccndukauuss npemiupusaTail cBasu
IO HATEXKHOCTH 3JIEKTPOCHAOKEHUA

B ornomenun obecnedeHns HANEKHOCTH 3JICKTPOCHAOMKEHIA BIICK-
TPONPUEMHIKY NPEAIPUATHI CBASH PasHelIAoTCa Ha TPH Kareropuu [1].

K meppolt Kareropuy OTHOCATCH 3JIEKTPONPUEMHWKN, IEpEpLIB B
BIIEKTPOCHADKEHUN KOTOPBIX MOXKET HOBJIEYs 38 co0OH OIIacHOCTDL myrst
KU3HA Juonell W moTepro BaxkHON wHOpMAamuu, nmepemaBaeMoll o Ka-
Hajfam cBAsH. I3 coCTaBa 9JIEKTPONPHEMHUKOB TEPBOH KATETOPHH BEI-
Iensaercsa ocobas IPYNna SJIeKTPONPUEMHIKOB, Gecriepeboiinoe sIIeKTpo-
cHabxeHre KOTOpbIXx obecneansaer mepenady muGOpMammy, BIHAOLelH
HA& XOJ CJIOMKHBIX TEXHOJIOIMYECKHUX IPOIECCOB B OOJIACTH BKOHOMI/IKH,
0GOPOHBI M 3IPaBOOXpPaHEHM JIomelt.

Ko BTopott xareropun OTHOCATCS 9JIEKTPONPUEMHUKH, HEPEPLIB B
BIEKTPOCHAOKEHIN KOTOPHIX MOXKET BHISBATH BPDEMEHHbLIE HOTEPH B IIe-
penate mEdOpMaIMY, He OTHOCAMEHCA K NOHATAIO «BaxKHON mHMOpMAa-
Oue», 0 KOTOPOH YIIOMHHAJIOCH BBLIIIE.

K Tperrell KaTeropun siexTPONPHEMHUKOB OTHOCATCS OCTAJIBHEIE,
He TONIaNAT0IMpe IO OIpeesenre nepsoil u BTOpoit xareropuit, K Ta-
KHM DJIEKTPOIPHEMHNKAM IPEIIPUATHN CBA3SKH MOXHO OTHECTH CBETHIIb-
HUKW HAPYKHOI'O OCBEIIEHWUA, YCTPOUCTBA BAEKTPOOTONICHAA M CHCTEM
TOPSAYEr0 BOTOCHAOXKEHNA, BEHTUIIAINA BCIOMOTaTeILHEIX IIOMEITEHNH.
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 Komkperiibiif Tepedens IPEIIPHATII CBASH C yKa3aHueM Kareropmit
BJIEKTPOIPHEMHNKOB IIPUBOIUTCA B HOPMATUBHBIX JOKYMEHTAX IO IIPOeK-
THPOBAHHIO. ' ' '.

HarexxH0CTS Bi1eK TpOCHAOMK eI A SJIeKTPOHpI/IeMHI/IKOB nepBoli 1 BTO-
poit Kareropuit 0GeCIeIMBACTCS TyTeM PE3EPBUPOBAHNA C IOMOIIBIO HE3a-
BUCHUMBIX HMCTOYHHKOB. )

‘B HOpMaIbHBIX pexxuMax paboThl SJIEKTPOSHEPIeTHIECKOl CHCTeMB
SJICKTPOIPHEMHIKHA NMEePBOfl KATeropuy [OJDKHBI 00ECIeYnBATLCA BIIEK-
TpOSHEepruel OT IBYX HE3ABUCHMBIX APYT OT APYra B3AHMHO PE3EPBUPY-
eMBIX HCTOYHMKOB, M IIEPEPHIB B IUTAHUN BJIEKTPONPHEMHUKOB IIPH Ha~
PYIIEHUN /16K TPOCHAGKEH A OT ONHONO M3 HEX TOMYCKAGTCH TOBKO Ha,
BpeMs paBoOTH YCTPOHCTB aBTOMATHYIECKOrO BBOIA PE3EPBA. .

It €K TPOCHAGKEHS SJICKTPOIPHEMHIKOB 0COBOH Ipymusl mep-
BOIl KaTeropuu JOJIKEH NPeNyCMATPHBATHCA TPETHH He3aBUCHMBIA HC-
TOYHHK 3JIEKTPOSHEPIHIL. TaxuM HCTOTHUKOM Ha, npegmpnf{fmxx CBA3H,
KaK TIPABMJIO, CIIyKaT COOCTBEHHBIE NU3€/Ib-TEHEPATOPHEIE YCTAHOBKM ¥
(wim) axxymysaTopHsie GaTapem, pexe HCHOIBBYIOTCA reHepnpyronme '
UL SHEPTOCUCTEMEL UJIM MECTHbIE BJIEKTPOCTAHINIL. .

VaomamyTeiit BBUIE TPETHE HE3ABHECUMbIH MCTOTHIK And c«mexmpo- ‘
HPHEMHAKOB 0COB0# TPYIIILI MOKET OLITH TPIMEHEH KaK BTOPOil He3aBH- *
CHMBI HCTOYHEK [JIs 9IIeKTPONPUEMHTKOB IepBol 1 BTopoit kareropun.
EcJii ¢ TIOMOTIBI0 PE3EPBUPOBAHAA HCTOIHUKOB SJIEKTPOSHEPIHA HEJIB3A
obecriednTs GecrepebofHOCTD SIIEKTPONUTAHMS aﬁnapafrypm CBABH, TO B -
COCT&B DJIEKTPOYCTAHOBOK IPENIPUATHA CBA3Y BBOIATCA YCTAHOBKH 6ec—

 mepeGoiHOro 9JIEKTPOIHTARI [IOCTOFHHONO WA IEPEMEHHOIO TOKA.,

TIprMEHUTENbHO X TEXHOIOTHIECKOMY 0B0PYHOBAHUIO IPEIIpHATHH
CBASH KaTeropuitHOCTE DITEKTPOCHAOKEHUS IOC/IENHNX YCTAHABIIHBACTCH
BEIOMCTBEHHBIMH CTPOUTEILHEIMI HOPMAME T, B ACTHOCTH, MHCTPYKIH-
eit 10 IPOEKTIPOBAHMIO DIIEKTPOYCTAHOBOK MPEINPUATHI B COOpyKeHuit
sextpoceasu (BCH 332). B coorsercrsun ¢ BCH 332 x amexTponpr-
eMHHKaM 0CODOH MDYTIIEL IEPBOi KATeropuy OTHOCHTCS TEXHOJIOTHIECKOe
060py/OBaHTe MEXKAYTOPOMHBIX TeJedOHHBX I TesterpadHbIX CTaHImH,
CeTEBBIX Y3JIOB ¥ Y3JIOB KOMMYTAIIAH, TOPONCKUX TeJiehOHHBIX CTaHIuk
eMrocThIO Oosiée 3000 HOMEpOB, PallOHHEIX Y3JIOB CBA3HM, & TaKXKeE pe-
PEHEPANIONHEX U YCHJIUTEIbHBIX IyHKTOB MAIMCTPAJIGHON IIEPBHIHOM
ceTH, BKJIOYAA MATMCTPAJIBHBIE TPOUOChEpHbIe pauropesIeiine JIHHIH
(PPJI) u PPJI' mpamo#t Bumumocty. K mepsoit Kareropum OTHOCATCS
IEHTPANbHDIE YCUIUTEIbHbIE CTAHINY PAIUOTPAHCIATIOHEBIX Y3JI0B, T~
ponckue ATC no 3000 HoMepos 1 6a3oBbie CTAHINN IIOIBIDKHON CBABML.
Bce ocTaJsIbHOE TEXHOJOIHYECKOe 00OpYLOBAaHNe CBA3H IOJIydaeT BiekK-
TpocHabkenne 10 BTOPOH Kareropum.



Hemouwnury anexmpochaborcerus npednpusmull ceasu 11

YTo xacaeTca APyroro 060pynOBAHNSA MPENIIPUATHI CBA3M, TO B 0CO-
6yI0 FPYIILY BbIIEJIEHB! CBETMILHUKY aBapHiHOTO I 5BAKYAIORHONO 0C-
BENIEHVA, B MEPBYI0 KATETOPUIO — CBETHJILHAKY CBETOOTDAKIEHUA aH-
TEHHBIX OIOD, SJEKTPOIBAIATEITH TOXKAPHBIX HACOCOB, BEHTWJIAIINH, 2
TAXIKe YCTAHOBKA BHYTDEHHEH CBASH, OXPAHHOM 1 IO APHOH CHTHAJII3a-
ITHH.

Bce ocTasibHEIE 5JI€KTPOIPHEMHAKE OTHECeHBI KO BTOPO# M TpeTheit
KaTeropusM. , , , '

IIpuseneHHbI BHINE TEPEYEHh HIIEKTPONPHEMHUKOB HE OTPAXKAET
BCEr0 MHOTOOODASHA IPHMEHAEMOrO0 Ha CEeTH CBABH TEXHOJIOTHIECKOTO
060pyIOBaHNA, HO TEM HE MEHEE TI03BOJIAET OIEHHTH TPeBOBAHN, IPEIh-
SABJIAEMBIE K HAJEXHOCTH DIIEKTPOCHAOKEHNA IPEINPUATA CBA3H.

1.3. KagecTBO 3JIeKTPOYHEPIrAA

Hopmer xagecTBa DJIEKTPOSHEPTHH, MOCTABJAEMON MOTpeOUTENIAM,
YCTAHABIIMBAIOTCA B TAK HASBIBAEMOH TOUKe OGIIEro IIPUCOEIMHEHH, T.€.
B TOYKE BJIEKTPHYECKON ceTn OOIEro HASHAYCHUS, SJIEKTPIIecKn 6Jm-
Kalmell X ceTAM pacCMaTpHUBaEMOro HOTPebHTeNI, K KOTOPOi npucoey-
HEHBI MM MOTYT OBITH IPHUCOSIUHEHDL 9JIEK TPHYECKUE CeTH APYTUX IOTPE-
Gureneil.

CrienoBaTeIbHO, KAHeCTBO SJIEKTPOSHEPTHE B TOUKE OBMIEro IpHCo-
€IWHEHNA 3aBACHT OT KAUECTBA IIOCTABIIAEMON DIICKTPOSHEPTIHA 1 XaPaK-
Tepa MOTpebIIeHN I TNTAEMBIX SJIeKTPOIPHEMHNKOB. KavecTBO 2JIEKTPO-
SHEpru; y moTpeduresell, UPHCOSTMHEHHBIX K CACTEMAM SJIEKTPOCHAG-
KEHUs OBIIEro Ha3HAYEHNs, PErVIAMEHTHPYETCA MOCYIapCTBEHHBIM CTaH-
maprom I'OCT 13109 [2]. Hopwmbt, yCTAHOBIIGHHEBIE BTHM CTAHIAPTOM, AB-
JIAIOTCA TEMY yPOBHAMHE, IIPDH KOTOPEIX 06ECTIEIUBAETCA SIIEKTPOMATEHT-
HAas COBMECTHMOCTD DJIEKTPUYECKAX CHCTEM ODIMIEro HASHAYCHIST 1 DJICK-
TPHYECKAX cerell moTpeburesel 916K TPOIHEPI . JTH HOPMBI SBAAIOTCH
00A3aTEIBHEIMI BO BCEX PEKHUMAX PADOTEI CHCTEMB! BJIEKTPOCHAOKEHN,
KPOME PEXUMOB, BEISBAHHBIX CTHXMUHLIMY OEICTBHAMY ¥ HEIPeIBUNCH-
HBIMI CHTYANIMSIME CO CTOPOHBI, He ABJIAOmelica sneprocuabxkaomett op-
rapusanuelt u morpeburemem.

CragmapToM [2] yCraHABAMBAIOTCA MOKABATENH KA9ECTBA DIIEKTDPO-
DHEPIHUH, HOPMbI, KOTODLIM IOJDKHEI COOTBETCTBOBATE HTH IIOKASATEIIH, 1
METOJIBI OIIEHKY COOTBETCTBUS IOKa3aresel yKasauasM HopMam. B mpu-
JIOXKEHUN K CTAHIAPTY YKa3BIBAIOTCA HAubGOJIee BEPOATHHIC BHHOBHHUKHN
YXYOIIeHus ToKa3aTesell kagecTsa asekTposuepray. Hanpumep, sHepro-
CHAOXK A0 OPTAHUBAILNA MOKET OTPHUIIATEIILHO BJNATE Ha, OTKJIOHEHI T
HAIPKEHNA, TAK KaK OCHOBHBIMH IPWYMHAMM, BBHISBIBAIOMIUMY HEIOILY-~
CTHMBIE OTKJIOHEHUA W KOJIeDaHNs HAUPSDKEHN, ABJIAI0TCA HUSKHE ypo-

‘
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BEHb BKCILTYATAIMY SJIEKTPUIECKHX ceTell M BJIeKTPOYyCTAHOBOK, Iepe-
IPY3Ka, CeTell HISKOrO HAPKEHN, 8 TAKKEe OTCYTCTBHE MECTHOIO DEry-
JIEPOBAHHUA, DHEPrOCHAGKAIOMAA OPTAHN3AIA TAKKE BJIUACT Ha OTKJIIO-
* HEHMS 9ACTOTHI, JJINTEALHOCTE IPOBAJIOB ¥ MMIIYJILCHbIE HAIPKEHU.

TlorpebuTeny 3AeKTPOSHEPTAN 3aMETHEIM 00Pa30M MOI'YT OKa3BIBATH
HEraTHBHOE BJIMAHAC HA HECHUMMETPUIO HAIPMKEHUs, ucKaxeHue Qop-
MbI KPHBOH HAIIPsDKEHMA B pasMax Haupsokennd., HecuMmMerpuuasiM pe-
FKUMOM. PABOTHI CHCTEMBI 9JIEKTPOCHAOKE NS HA3BIBASTCA TaKOl pexumM,
IpY KOTOPOM . yCJIOBHA PaboThl Omuod miam Beex ¢as ceTw OKaBbIBACTCH
HEOIWHAKOBBIM. PasmJaroT KPATKOBPEMEHHbBIE U JJINTEJIbHBIE HECHM-
MeTpUYHEIe PeXEMEL KpaTkoBpeMeHHas HeCHMMeTDHA OOBIYHO CBABAHA
C aBapuilHEIME IIPOIIECCAMM, TAKMMH KAK KOPOTKHE 3aMBIKAHUT, OOpHI-
BBI IIPOBOJIOB JIMHUY 9JIEKTPONEpPEnad C 3aMbIKAHAEM Ha 3€MJII0 U IIpyTHe
AHaJIOTHYHLIE IIPOIECCH], KOTOPHIE, KaK IIPABUJIO, YCIPAHAIOTCA B PE3YJIb-
TaTe cpabaThIBAHMS COOTBETCTBYIOMUX yCTpofcTs samuTst. JmTenpHasn
HECHMMETPHS BOSHUKAET DK HOOKJIIOUEHNH K CHCTeMe 3JIeKTpOoCHabxe-
HEf HECHMMETPHYHEIX IPHEMHUKOB, HAIPEMED OCBETHTEIHHBIX TpuGO-
pPOB, PA3IUYHLIX ONHOMpABHBIX YCTAHOBOK, B TOM YHCJIE DJIEKTPOBO30B
nepemMenroro Toxa. HecumMerpusa Méxnydasupx nanpsoxennit (Toxos),
ONPEUEIIACTCA TOJLKO HAJIMYMEM HAPsDKeHns 00paTHO IoCIenoBaTe N b-
HOCTH, HeCUMMeTpUs (Ha3HBIX HAIPSDKEHUH — HAIPOKEHNAMI (TOKaMIE)
HyJsteBolt n obpaTHO# mocHemoBarenbHOCTEH. ClleMyeT OTMETUTD, YTO TO-
KI HyJIEBOH MOCIEMOBATEIIBHOCTH CYIIECTBYIOT, KaK IIPABHUJIO, B CETAX C
nanpsmxeswem seime 1000 B, paboraromux ¢ riyxosaseMieHHOl Herpa-
JIBIO,  PACHpeNe/uTeNbHbX cerax Hanpsoxenuem 1o 1000 B. B tpexdas-
HBIX CeTAX 6€3 HYJIEBOrO IPOBOLA HTH TOKHU OTCYTCTBYIOT.

Vickazxenus pOPMBIL KPUBOil HAIPSIKEHIS B OCHOBHOM OIIPEIEJIAIOTCA
| HaJIMYMeM B HATPY3KE TAKUX yCTPOKCTB, KaK BEHTHJIbHbIE TpeobpasoBa-
TeJIH, JYTOBBIE HIIEKTPOIEYN U CBAPOUIHEIE ATPEraThl K APYIHe NOT0OHbIe
ycrpoficrBa. B ceraX NOABJIAIOTCA TOKH BHICIIX TAPMOHHK, KOTODbIE
OPHBOIAT X IOTEpAM B 00OMOTKAX TpaHchOpMATOPOB U apuraTesel, pac-
IPEIEIHTETHHBIX COTAX, NCKAKAT PaboTy M3MEePHTEIbHEIX IPHOOpOB 1
CPEICTB TeJIeKOMMY HuKarui#t, BoJjibnyio omacHOCTE OPeICTABIIAT TOKH,
TIPOTEKAIONIEE B HyJeBOM IPOBOJEe TpexdasHol ceTw.

B xadgecTBe IpEMeEpPa PACCMOTPHM [IPOLECCH. B Tpexdasuoil cern, ec-
JIA B Helt IIPOTEeKAIOT HECHHY COMIAJILHBIE TOKH, 00y CIIOBIeHHEIe HeJTnHe-
HBIME HAIPY3KaMH. B 5TOM CIyJae BEJIIIHHS TOKA B HYJIEBOM IIPOBOLE
MOCTHTAET BEJIMYHH, KOTOPHIE NMPEBHIIA0T TOKY B dazax, IpudeM Ipe-
BAJIIPYIOT TOKH TpeThbeit rapMoHuKy. B OTeseCTBEHHBIX CHJIOBBIX TPEX-
dbasupx Kabesax HelTpaNIbHEL TPOBOJ MMEET MEHBIIeEe CEYeHWe, YeM
dasusre. Haupumep, ecin dbasgsie IpoBofa HMeOT cedeHue 25 mu 35
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MM?, TO Hymesoit — 16 mm2. Taxmv 00pa3’0oM BOSHUKAET OIMACHOCTE Ie-
perpeBa HEHTPaIBLHOIO TPOBOMA, YTO OHNACHO. .

Iloxasaress Ka4ecTBa «OTKAOHEHUE HAIIPAKEHHIY xa,pa,KTeplzfsyeT~
CA BHAYEHUAMM OTKJIOHEHHS HAIDSDKEHNA OTHOCHTEIbHO HOMEHAJIBHOTO
B TOYKaX MPUCOCHUHEHHA NoTpebuTesiel BIIEKTPIIECKOM! SHEPIUH K SIIeK-
TPHYIECKUM CETAM C HOMHUHAJBHLIM HanpsokenneMm 380 B u soime. Bemm-
YHHBI OTKJIOHEHHMA YCTAHABINBAIOTCA B JOrOBOPAX HA, IOJIH30BAHIE DJIEK-
TposHepruel Mmexay cuabxaromell opragusanuelt n norpeburenen ¢ yie-
TOM HeOOXOIUMOCTH BBHINOJHEHHS HOpM crammapra I'OCT 13109. B co-
OTBETCTBHM C DTHUM CIAHIAPTOM HOPMAJIGHBIE W TIPENENIBHO HOITyCTHMBIE
SHAMEHUS OMKAOHEHUA HANPAHCEHUR HA BBIBONAX IPUEMHHUKOB DJIEKTPH-
geckolt sHeprum cocrapiaioT +5 u +10 % coorBercTBEHHO.

HecunyconnmanpaocTs HanpsKeHUa XapakTepUsyeTcs koadhuyuen-
MOM UCKAHCEHRUSA CUNYCOUIANDPHOCTU KPUBOT, HANPANCENUS U K03 PPuru-
enmom n-i 2apmonuneckolti cocmaeasroueld nanpascenus. -Koadbdumm-
€HT MCKAYKEHUA CHHYCOMIANBHOCTH KPHUBOK HANDPSKEHHA ONpPENesideTcs
HENOCPEACTBEHHBIME H3SMEPEHUAMY ¥ HOPMUPYETCA B 3aBUCAMOCTH OT Be- -
JINYUHBL HOMUHAJILHOTO HANPAKEHUA B SJIEKTPUIECKHX cerax. Hampm-
Mep, HOPMAJILHO IOILyCTHMOE 3HAYEHHE HTOT0 K03hhUUrenTs Ipn HOMI-
HaJIbHOM HanpsxeHun cern 380 B — ne Gonee 8 %, a npenensio momy-
crrmoe — He bostee 12 %. Ilpw mommmamsHOM Hanpmxemun 35 kB — 4
1 6 % coorsercraenno. Koadbdumment n-if rapmormaeckoit COCTABJIAIO-
el BaTPOKEHUs OMPEMENIACTCH TAXKe HEIOCPEACTBEHHBIMY U3MEPEHMU-
MH TapPMOHWYECKHX COCTABJIAIOMMNX JUHEHHBIX 1iH cbaBHLIX HaIpsoKeHmi
U TOICYATHIBACTCA 10 GOpMyJe

N
1
Kym) = ]—V-'Z(KU(n)i)za

=1

rae Ky(nyi = Ugnys/ U1yi; Un); — melicTByiomee suadeHne n-if rapMOHUKY
LM -M UCIBITAHIK (H3MEPEHNN ); U(l)1 — meltcTByIOIEe 3HAYCHEE TIePBOH
FapMOHEKHM (OCHOBHAA 4acToTa); N — wmesno nenbiranmit (He menee 9).

Hecummerpunsa HanupskeHul XapaKTepusyeTcs koadduyuenmonm He-
CUMMEPUL Hanpsdicerutd no obpgmnot nocsedosamenvrocmu Koy i xo-
aduyuenmom Hecummempuu no Hyaeeot nomeﬁoeamenbnocmu Korr.
STH KO:»)d)dmrmeHTbI BBIYHCJLAIOTCS TI0 @opmynaM

— U, —Us
Us Ue
e Uy — HauGosibiiee NefiCTBYIOmEe 3SHAMEHNE MeK Ty DasHOTO HAIIPAKe-

mua; Uy — mauMenbIIee mefiCTBYIONMEe 3HAMEHNE M TyhasHOTO HaNps-
xenus; Uz — HOMHHAJIBHOE OeHCTBYIOMEe SHAYECHNE MK TyDPasHOro Ha-

Koy =0, 62 -100, Koy =0, 62 - 100, .
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npmxenus; Uy — Haubosbinee gedcTByomee sHadenne GasHoro Hampa-
xenui; Us — HamMeHnblnee JedcTByOmee sHaUeHHEe (DasHOTO HALPsIKe-
Hus; Us — HOMEHAJIBHOE AeHcTByIomee 3HaderRne (hbasHoro HAPIKeHIIA.

Hopmansso u mOpemesbHO HOIyCTIMBIE 3HAYEHHA K03(MOMUINEHTOB
HECHMMETPHY HANPDOKEHUST 10 06PATHON IIOCIIEN0BATEIEHOCTH B TOYKAX
0BIero IpHCOSTNHEHNA X BJICKTPHIeCKHM ceTsiM pasunt 2 u 4 % coor-
BercTBeHHO. g xoaddUIHeHTOB HECUMMETPHHI 1O HYJIEBOH IT0CJIeno-
BATEJIHHOCTH BEJIMIHHLI COCTABJIAIOT Takxke 2 u 4 % COOTBETCTBEHHO.

TlpoBas HAIPKEHUS XapaKTEPU3YeICs IMOKasaTesieM JAumeabro-
cmu npoeaaa. IIpemerbHo NOMyCTUMOe SHAMEHIE IJINTESIbHOCTH IIPOBAJIS,
B DJIGKTPUYECKUX CETIX C HanpsorenweM 0o 20 kB BRIOIATEIBHO PABHO
30 ¢. JmmremsbHOCTS ABTOMATHYECKH YCTPAHAEMOTO IIPOBAJIA, HAIIPAKe-
HES B JIOOOH TOYKe NMPUCOSHUHEHNA OIPEIesIAeTCA BEIIEPKKAME BpeMe-
HE peJiefHoll 3aIquThl ¥ ABTOMATHKH.

Hmnyave HOnpAHCenUus XapaKTepu3yeTca IOKa3aTeJIAME UMIYJIbC-
HOTO HAIPKCHHA, 3HAYEHHT KOTOPHIX 3aBucat or Tunos JIDII, Towex
TOOKJIIOYCHAA M HOMUHAJIBHOIO BHAIEHUs Hanpsokenus cetn. [lokasare-
JIF TPO3OBBIX W KOMMYTAITMOHHBIX MMILYJIbCHBIX HAIPKeHull, BOSHUKAI0-
OIIX B SJEKTPAYCCKIX CETAX, TMPUBENEHH! B [2].

1.4. Basemiienue 0O60pyIOBAHUSA
BJIEKTPOYCTAHOBKH ¥ MEPHI 3aIUTHI

Ha npenmpusiruax cBAsu 060Dy IOBAHNE DIIEKTPOYCTAHOBKH COSIUH A~
@TCs ¢ MCTOYHUKOM BJIEKTPOCHAOKEHNA ¥ C aNnapaTypolt cBaA3H IpH IO~
Momu cucreM 3azemiieHnda Tunos TN-S u IT B coorBercTsuu ¢ Tabsa. 1.1,
rne neppas 6yksa (T) obosHawaer 3a3eMJIGHHYI0 HeHTPaJI> HCTOYHHKS,
BIIeKTpOYHepruH, a 6yksa I — msonupoBauuyio welfirpass. Bropas 6yk-
Ba (N) ofosHaMaer, w0 OTKPEITHE IMPOBOIAMNINE JaCTH DJIEKTPOYCTaH0B-
KU OPHUCOSIMHEHDBI K [NIYX03a3€MJIeHHO! HellTpasin HCTOYHHKA, & BTOpasd
6yksa T — OTIKpBITHIE IPOBOIAINIAE TACTH 3a36MJICHBI, HE3ABUCAMO OT
NONKIIIOYEHEA K 36MJIe HeHTpasu ucroynuka. DBykxsa S TOBOPHT O TOM,
gTo Hysnepod pabGountt W 3arUTHLIN IPOBOIHHKHE Pa3lesIeHbl.

Ha puc. 1.2 mokasaua cxema coenunenns cucTemsr TN-S.

Ha puc. 1.3 moxasana cxema coeppaenus cucrems: IT, B xoTopoit or-
KpPBITHIE IIPOBONAIIEE YACTH AJIEKTPOYCTAHOBKY 3azemJieHsl. Helrpass
HCTOYHIKS H30JIMPOBAHA OT 3eMJIM MK 3a3eMIIeHa, Yepes3 BOJIBIIoe COIpo-
TUBJICHUE.

IlemecoobpasHo JaTh ONPENEICHNE IPUMEHIeMbIX TepMuHoB [1].

Tiyxosasemyiensas Hefirpass — HelTpaJsip reHepaTopa MM TPaHC-
dopmazopa, NPUCOSOUAEHHAN HEIOCPENCTBERHO K 3a3€MJIAIONEMY yCT-
poiicrsy. [TIyX0323eMIICHHBIM MOKET OBITH TAKIKE BBIBOI, NCTOIHAKA i
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. Tabnuna 1.1
Meczo ' : . Tun cucTeMsp! 3a3eMIEHNA, HelfTpamm
pasMenieHns Bun obopynosanusa V1A CONMMHEHS
SJIEKTPOYCTa- 'C HCTOYHTKOM ¢ anmaparypoit
| Hoprmo BJIeKTPOCHAGKeHnA CBA3W
I'paxnanckue | Yerpoiicrsa Gecmepe- " TN-S TN-3
COODYKEHM Goltroro murarus (YBII) '
) . IOCTOSIHHOTO TOKa
YBII nepemennoro roxa TN-S T
TIpowee o6opynoBamme ) - TN-S -
9JIEKTPOYCTAHOBKY : ‘
“Kpymtio- VBII nocTosaHROr0 TOKa : IT S IT
rabapurHbie : : R
KOHTeHepEr Ipouee oGopymopanue TN-S -
(nmerepHsr) BJIEKTPOY CTAHOBKHA
. L1 o
= 8 . .
s L2 é L1
=
E L3 = L2
o > .
z s . L3
-2 S . PE
~ PE ~ . ‘
' 3. =
| | | >~
- 1 2 . =~
_ = . 2 )
Puc. 1.2, Cucrema TN-S nepemennoro to-  Pnc, 1.8, Cucrema I'T TIEPEMEHHOTO T0-
xa: I — sagsemynress HellTpanm McTouHM- Xa: I — CONPOTHBIIEHWE Ba3EMJICHHA
K& IEPeMEeHHOTO TOKa; 2 — OTKPLITHIE IPO-  Helrpasn MCTOYHUKA; 2 — 3a3eMin-
. pomzmme wacT; PE — samurustt nposon-  Tenn; § ~— OTKphiThIe NPOBONAIEE Ya~
HUK; N — nynesolt pabounit (melfirpass: —crm; 4/ — 333eMIAIMES . YCTPOHCTBO
BeIll) TPOBOAHEK . » BJIEKTPOY CTAHOBKH

_ nomoc HUCTOYHUKA MOCTOAHHONO TOKa B IBYXIPOBONHBIX CETAX, & Tame'
CpefHAs TOYKa B TPEXTPOBOLHEIX CETAX IOCTOSHHOTO TOKA.
Vsonuposannas Herpats — HelTpadis reHepaTopa WJIH. Tpchd)op—
' Macr:opa, HEe TPHCOENMHEHHAA K 3a3eMJIIAIONIEMY yCTPOUCTBY MM TIPHCO-
" eNMHEHHAT X HeMy depes GOJbImoe COHpOTI/IBJIeHI/Ie npubopoB CUrHATIH-

BAIMM, WSMEPEHNs], SaIUTEHL :

" Ozxpsiras HPOBOJAIAA YACT — NOCTYTIHAA MPHKOCHOBEHIIO IIpOBO—
NAMAA JACTH 9JIEKTPOYCTaHOBKY, HOPMAJIBHO HE HAXONAMAACH HOH, Ha~
NPKEHIEeM, HO KOTOPas MOXKET OKA3aThCA IOJ, HANPsKEHHeM IIPH TIO-
BPEXIEHUM OCHOBHOM HMBOIIAImMIA,
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3aseMIUTENbs — IPOBOAAMAA JACTH WM COBOKYIHOCTH COEIUHEH-
HBIX MeXIy coOOl mMpoBOmAIINX YacTel, HAXONAMMXCA B 9JIEKTPHIECKOM
KOHTAKTE ¢ 3eMJell HemoCpeICTBeHHO WITH Yepe3 IPOMEKYTOYHYIO TIPOBO-
OANIYI0 CPEeny.

Samurenit mposomuuk (PE) — nposonenk, NpenHasHadeHHbIN Iy
neseit 9JIeKTPOGE30IaACHOCTH.

Hynesoit pabounit (Hetitpasmbuerit) nmposomurk (N) — IPOBOTHUK B
ssexTpoycranoBkax mo 1000 B, npennasnadeHHbIH Iid NUTAHUA 3JIEK-
TPOIIPUEMHUKOB ¥ COEHWHEHHBIH C IVIyX03a3eMJIeHHOK HellTpasbio reme-
paropa min TparchopMaropa B cerax TpexdasHoro Toxa, ¢ MIyxXo3aseM-
JIGHHBIM BEIBOJOM HMCTOYHUKS, ONHOMASHOIO TOKA, C IVIyXO03a3eMJICHHON
TOYKON MUCTOYHMKA B CETAX IIOCTOAHHOTO TOKA.

CoBMemensEl HyJIeBoil 3amuTHER 1 Hynesol pabouutt (PEN) mpo-
BOOHAK — IPOBOIHUK B DJEKTPOYCTAHOBKAX HampskenueMm no 1000 B,
COBMeNTAo (PYHKIMA HyJI€BOLO 3QIIUTHOrO ¥ HYJIEBOTO pabodero mpo-
BOIHUKOB.

Ipumepom cucremsr ¢ copmementsM (PEN) mpoBOmHAKOM CITyKuT
cuctema TN-C-S, B oboswadennu xoTopolt 6yksa C roBOPUT O TOM, HTO
B cucteme TN QyHKIUN 3aIUTHOTO W HYJIEBOrO PabOdero COBMENIEHBI
B OOHOM IPOBONHHKE B KakOH b0 ee w4acTH, HAYWHAA OT HCTOYUHHKA
OUTAHUA, & JAJIEE B CXEME 3aIMUTHBIY 1 HyJIeBOU IPOBOTHIKY BBIIOJIHA-
OTCA CaMOCTOSTEIHHON TPOBOHKOM. '

TIpn mpuMeReHNN Ha TPEINPUATHY CBASH CHCTEMBI 323€MJICHIA Helt-
rpasu tuna TN-S nosoked GRITH IPEXYCMOTPEH CIIEIYIOMMY KOMILJIEKC
Mep 6esonacHoCTH:

o YDaBHEBAHIE IOTEHIHAJIOR;
® 33HYJIEHWE KOPIYCOB 060py,110BaHI/IH,

® YCTAHOBKZ aHHapaToB 3aI0UTBl OT CBEPXTOKa, C BpEeMEHeM aBTOMA-

THYECKOr0 OTKJIUeHus ue Gosee 0,4 c;
® JONOJIHUTENbHAA 3AIITa, OT HOPAKEHNA DIISKTPHYECKHM TOKOM IIO-

CPEeICTBOM YCTPOHCTBA, 3amaTHOrO oTkirovenus (Y30) na Tox cpa-

Sarpipamua 30 MA.

TIpr npuMeHeHNW HA NPEOUPUATHAX CBASH CHCTEMBI 3a3€MJICHHA
mefrpasu tuna I'T mojoken OBITH HPEIYCMOTPEH CJenyoMmuit KOMIIEKC
Mep 6e30macHOCTH: -

e VDABHUBAHHE [TOTEHIHAJIOB;

® 333EMJIEHUE KOPIyCOB OBOPYIOBAHHA;

® YCTAHOBKA AMIAPATOB 3ALIWTHL OT CBEPXTOKA C BPEMEHEM OTKJIFOYe-
uusi we 6ojee 0,4 ¢ :

e zamupTa OT NPOOOA M3OJAUUN CHIIOBBIX TpchcbopMaTopOB TipH TI0-

MOIIY IIPOBUBHOTO IPETOXPAHITEIIS;




TFT FLF

Hemounuxu anexmpocnabocenus npednpusmut, c6a3u 17

e HEIPepLIBHBI ABTOMATHYECKHH KOHTPOJb -COLPOTHBIIEHUS H30JIs-
L,

e BLIpaboTKa, npe;nynpe;mrenbnoro CHCHAJIA O He,D;Ol'IYCTI/IMOM CHIDKE-
HHH CONPOTHUBJICHUS M30JIANUA ¢ BO3SMOXHOCTBIO €r0 TPAHCIIAINN B
LENH TeJIEKOHTPOJLA.

TlepexomHoe CONPOTUBJICHNE MEXKIY KJIEMMOH 3a3eMJIeHIA ¥ KOPIy-
coM JIE0OOro M3IeJInst, BXOANEro B COCTAB DJIEKTPOYCTAHOBKY, He pomic-
mo mpespumars 0,1 Ow.

IMox ypaBHUBaHMEM IIOTEHIMAJIOB IIOHIMAETCH sneKTpnquKoe co-
eOUHEHIE IPOBONALIIX YACTeH Il NOCTIDKEHNA PAaBEHCTBA KX IIOTEHITA~
JIOB. DTa Mepa IPUMEHACTCA OIS 3AIITHl OT OPANKEHIS SIIEK TPUISCKIM
TOKOM B CJIYIae TOBPEKICHNSI H30IIAIMN, HPHYEM OHA MOKET IPHMEHATE-
cA KaK B OTIOEJIBHOCTH, TAK U B COYETAHWN C IPYIEMI MEDAME 3aITHTHI.

OCHOBHBIM HASHAYEHUEM YCTPOUCTBA BAIMUTHOIO OTKIIOUSHUS
(¥30) apisaercs DONONHUTELHAA BAIIHTA OT IOPAKEHUA DJICKTPHIC-
CKHM TOKOM IIyTeM OTKJIIOUEHIS 3aMUIIAeMOH Ienn OT MCTOYHIKS B CITy-
qae MOABJECHUA B Hell UpesmMepHoro Toxa yreuxw. Y30 mompasmeirsror-
ca Ha mudQepeHnuEaIbabe BHKII0YATENH O0Mero THIa U CeJICKTHBHbBIE
1 depeHIraIbHBe BHIKITI0YATENH, TOCIEIHAE XapAKTEPUBYIOTCA Iapa-
METPOM «BPEMS HEOTKJIIOUEHUAS, T.6. MUHUMAJIHBIM BDEMEHEM, 38, KOTO-
poe muddepeHnpaIbHbI BLIKILOYATE/b He JOJDKEH cpaborars mpu mpo-
TEKAHUN 9€PEe3 HEro OTKJIIOYAIONEro ToKa yredku. (CXeMbl BKIIIOYEHHA
Y30 B ommodasmoit cucreme mokasana Ha puc. 1.4

Cxema puc. 1.4,a paBoraer cienyomum o06pasoM. B HOpMABHOM
pexcmMe paboter Tox Iy pasen Toky [s, mosromy Y30 He cpabarpiBaert.
B ciyuae CHIDKEHUS CONPOTUBIIEHNA B UENH 10 OTHOIIEHHIO K 3eMJle, 110-
ABJIAETCA TOK YTEUKH, KOTOpbill 6yner pasen pasuocru ToxoB [y u [y,
UBMEPUTENBHEIHN asteMent Y30 maeT KOMaHMY Ha OTKJIOUEHNE 3alHila-.
eMoll eIy, eCi pasHOCTHEI ToX (yTeukn) 6ymeT GOJIbINE 33 JAHHOIO 3Ha-
JeHuA,

WUcTouHWK Y30 [:F] OTKpbIThi®
TOKOMpoBOAALLMe

HacTtu

N
== pE

n
Tomenncxuii TOCYAdPCTBOHH b

, -
BUBJIUOT EIe A+ CRpust Bjiofen MLVLWI 3al ]\01

Vupexaenus odpasosanus

SN

Texnlueckiili yHuBepcuTeT
unesn T O Cuyera? oo |
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B saBncuMocTy oT ycsioBuil paBoTHI 9JIEKTPOYCTAHOBKH IONOHPaET-
CA IOPOTOBRIt TOK cpabarsBanus Y30, XOTOPHI MOKET H3MEHATHCA OT
€IMHNL, IO COTeH MuimaMnep. Tak, npu ucnomssopamum Y30 B xaue-
CTBE CPEIICTBA TOTOHITEIHHOM 3AIMITH eJIOBEKa TIPH paboTe ero B 0co- '
60. OACHBIX YCJIOBHUAX TOK OTKJIIOUEHUS BHIOMPAETCS PABHEIM 6...10 MA,
npu pabore B 6oJiee GIATONPUATHBIX YCIAOBUAX JJIA BAIMATHL OT IPAMOLO
IPUKOCHOBEHUA K IIPOBONAIEH 9acTy pexoMmeHuyercs npuMeresne Y30
¢ Toxom He bomee 30 MA. s cnenuasbHbIX Heneit BermycKaeréa Y30
¢ Tokom orxmowenus mo 500 MA. Crenyer nomeepkayTs, uro Y30 He
OrPAHMYINBACT SHAYEHME TOKS YTEYKH, & OTPAHMYMBAET BPEMS IIPOTEKA-
HUA TOKA, €CJH OH IPEBBHIMNAET 33AHHOE HOMUHAJILHOE BHAUCHUE JIJIT
nausoro xoukpersoro Y30. Tpebosamuamu IIpasusn yerpolicTsa siiex-
TPOYCTRHOBOK JUKTYeTCA HeOOXONUMOCTE nipumenerns Y30 B IPYIIOBBIX
poseTounbix cerax. OmEaxo MOIKJIOYEHHE K TAKMM CETAM IHEPCOHAIb-
HBTX KOMIBIOTEPOB WJIM BBLUIPAMATENEH ¢ GecTpaHchOpMATOPHBIM BXO-
JIOM, UMEIOIHUX B CBOEM -COCTaBE BXOJHbIE IIOMEXOMONABJLAIONIE DUIIb-
Tpel — PUILTPHI paguonoMex (cM. raasy 8), 6es ydera ux. cnermuduxy
MOKET IPHUBOIAUTD K JIOKHLIM cpabarsisammam Y30 M OTKINOUEHEAM Ha~
rpysku. JleficTBuTesbHO, TEPBRIMHU BJIeMeHTAME (PUIILTPS PATHOIIOMEX
ABJIAIOTCA, KaK MOKa3aHo Ha puc. 1.4,6, xommencaropst Cl 1 €2, ofmas
TOYKA KOTOPBIX COSMUHACTCA C KOPIIYCOM ycrpolcrsa. B pesymbrare To-
Ku Qasuoro 1, u medrpansroro Iy IPOBOJHNKOB OTJIMIAIOTCA APYT OT
Ipyra Ha 3HaMEHWe TOKa Ipg, IPOTEKAIOmEro yepes BaIITHBIA TPOBOL-
muk PE. 3uauenue Toka Ipg, asmmomerocs mis Y30 Toxom yTeuKH,
IIpK HEM3MEHHbIX TAPAMETPAX MCTOYHUKS TUTAHMA 33BUCHT OT €MKOCTH
KOHIIEHCATOPOB M KOJIMYECTBA yCTPOUCTB, NONKIIOYEHHBIX K PO3ETOUHOI
cern. B [57] npenyaraerca npuHUMATH SHAYEHWE STOTO TOKA Ipg = Iyr
paBEBIM 2...3 MA Ha omHO ycTpocTBO.

1.5. TpancdopMaropHbie HOACTAHINH.
ABTOMaTHIeCKOe pesepBHPOBAHUE

Oynxnun TparchOPMATOPHOM TONCTAHIMY CBOIATCA K IPHEMY BbI-

. COKOI'0 HaIIPsKEHUA, TONBOMEMOTO C IOMOMIBIO JIMENH BIIeKTPONEPENadn,
IPeoBpPasOBAHMIO €r0 B HUBKOE nanpsmxenne 380/220, samure 060pynoBa-
HUA TONCTAHINA U PACIPENLIICHAI0 9JIekTposHepruir. Kax paBMIIo, Ha,
| IPEIIPUATHAK CBASY IPUMEHAIOTCH TTONCTAHIII 3AKPEITOTO THIE, KOTO-
PEIE MOTYT BCTDPAMBATLCA B: OCHOBHOE BIAHHE HJIM DACIOJIATATHCA B. OT-
IensHOM cTpoeHny. s mogcrannntt npuMeHseTcea TunoBoe obopynoBa-
HHe, BBIIYCKaeMOe IIPOMBIIIeHHOCTHI. K aromy o6opyg10BaHmo OTHO-".
CATCA NOHIDKAONe Tpchd)opmaTopm, BBICOKOBOJIbTHBIE BLIKJIIO‘Ia.TeJII/I' '
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WK BBICOKOBOJILTHBIE PASHEIUHUTENH, BEICOKOBOJILTHBIE TIPEHOXPAHITE-
JIM, W3MEPHUTENBHBIE TPAHC(hHOPMATOPEL, PABPANHIKA IJIA 3aIHTEI BO3-
OYIIHLIX BBOIOB ANMAPATYPHI M HPHOOPEI HU3KOTO HAIPOKEHNA.

BEICOKOBOILTHBIE BLIKJIIOYATENN TPUMEHAIOTCA Ui BKJIOUCHUA I
OTKJIFOYCHAA BBICOKOBOJLTHEIX Ienelt. Boximouaresn Moryr cpabarni-
BATH ABTOMATHYECKH W HMEIOT pyuHO# mpmsom Jlia Hampsxenmit 6 u
10 xB maubonsinee pacnpoCTPaHeHNe IOy ININ MaCJIIHbIE BEIKJII0YaTe-
JH, ¥ KOTOPHIX PaSMBIKAEMBIE KOHTAKTHI IIOMEIEHB B TparchopMardp-
moe mMacao. Coueranme BHIOOPA MOMEHTS PA3MBIKAHIA KOHTAKTOB IIPH
TIEPEXO0IIe MIHOBEHHOIO 3HAYCHIS TOKA Yepes HyJIb 1 IOMEIIeHHe KOHTaK-
TOB B MACJO IO3BOJIAET PA3SPHIBATH BEICOKOBOJIBTHYIO LIEb IIPY GOJIBIINK
TOKaX. Ha OpaKTuke NPUMEHSIOTCA DABIWIHBIE KOHCTPYKUMM MACJIA-
HBIX BBIKJIOYATENEH, KOTOphIe BLIOMPAOTCA IPH KOHKPETHOM IPOEKTH-
POBaHME. BHICOKOBOJILTHEIE PABHEMUHATENN IIPEICTABNAT cobolt py-
OHJIBHMKH, CMOHTUPOBAHHEIC A, BBHICOKOBOJIBTHBIX H30ATOpax. Pasb-
eIUHUTEH CIIYyKAT A/ 06CCTOYNBAHMS HeNH OpY IPOBENEHH paboT Ha,
snexTpoobopymoBamuy. I10NB30BATHCA PASHENUHITEIAME MOXHO TOJIb-
KO IIpH - CHATOH HATpPYySKe.

BEICOKOBOJILTHEIE TIPENOXPAHUTEN TIPEIHASHAUAIOTCA IJIA 3AMINTHI
OT KOPOTKHX 3aMBIKaHUI U Ieperpysox cuyoserx emeit. IIpenoxpanure-
JIM HEJIAIOTCA 3aKPBITOTO ‘TUITA, C HATIOJHEHNEM, ITOOBL IPH €r0 CrOPaHMH
OTPAHUYNTE PACIBIL METAJLIIA. '

Tlomrxaiomuye CUIOBBIE TPAHCGHOPMATOPEl HPENHABHAUAIOTCA JJIA
TOHIDKEHNA HANPMKEHHdA. Kax IpaBumiio, CXeMa BTOPUIHON 06MOTKA
TparchOPMAaTOPa BHIOJIHEHS, B BUIE 3BE3HEl C BBIBOIOM HYJIEBOH TOY-
xu. KOHCTPYKTHBHOE MCIIOJHEHHUE IIOHIIKAIOIIUX TPAHCHOPMATOPOB MO-
XKeT OBITh DPABIIMIHBIM.

WsmepurenbHble TPaHCcOOPMATOPEL BEINOJHSAIOT (GYHKIMH TPAHC-
dopmanun u3MepAEMON BENWYHHBI U DPasIeJIeHud BHICOKOBOJIBTHBIX M
HE3KOBOJILTHBIX teneld. Ilepsuunbie 0OMOTKY TPAHCHOPMATOPOB BEIIOJI-
HIIOTCA B BHICOKOBOJIBTHOM MCIIOJIHEHNH, & BTOPUYHBIE — B HI3KOBOJILT-
HoM. B mesax 6e30macHOCTH BTOPUYIHEIE OOMOTKY H3MEPUTEIIbHBIX TPAHC-
dopMaTOPOB ODBIYHO 3a36MIIAIOTCH.

Tlpumep cxembl Opraswsauiii IoHKalomell TONCTAHINY IJIA II0TPe-
BuTeseit ocobolt rpymnel nepsoli xareropun nokazax g2 puc. 1.5, K mon-
CTAHINHA OOTBONATCA IBE BRICOKOBOMBTHBIE uHnn (BJI), koropsie wepes
paspemmanTesn Q2 w Q8 mocrynaror wa mmmsr 10 xB. Ilpaer mexmy
coBoit MoryT coemuEaTLCA pasbenmunTenaMu Q6, Q7. Yepes pasvenn-
murenz Q3, Q10 n npemoxpamuTenu Fl, F2 x muraM IOHCOSNAHAIOTCA
normxapompe Tpauchopmaropsl T1, T2. Bropmunbie 06MOTKH TpamHC-
dopmaropos yepes apToMarTHyecKkue BokIoTaTesan Q5, Q12 monkiowa-
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Puc. 1.5, Cxema Opraswsanuy TOHKAIOMEH TOICTAHINN IJIS MTATAHA
-OTBETCTBEHHLIX HOTpebuTesei

© IOTCHA K INMHAM HUBKOro Hanpsoxenwda. Paswemmmurenm Q1, Q9 cimyxar
JUTA 3a3eMJICHHS IUH B CJIy9ae IPOBENEHNS PEMOHTHBIX Pabor,

-ObopynoBanne KOMIIEKTHBIX TIOACTAHIHN, KaK IPABHIIO, PACIIOIIa-
TaeTCH B OTNENHHBIX KaMepaX, U3rOTABJIMBAEMBIX B 33BOICKIX YCIOBU-
ax. Kopryca xaMep BBUIONHAITCA M3 JIMCTOBOM crasm. BHyTpH Xa-
MEPBI PABMEIIAIOTCA KOMMYTAIMOHHAA alIlaparypa, NpuOOPEl SalluThI,
M3MEPEHWA M CUCHAJIMBALUN M JeNaelcad MOHTaxk uemeh., B xommirekT
3aBOACKOI NOCTABKM BXOIAT IIMHEI,

TpanchopMaTOpHETe TOACTANIMAY C HAUpIKeRneM 10 (6) xB, xoro-
pBle Ha NpequpuATuil CBA3M PasMemaloTCA OTOENILHO OT SHaHuit mpem-
IPUATH, KaK IIPABHAJIO, YCTAHABIMBAIOICH HA OTKPBITHIX ILIOMIAIKAX.
OTKpPHITO yCTAHOBJICGHHbIE Ha OXPAHAEMBIX TEPPUTOPHAX Tpanchopmaro-
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PBI U PACIPENEIUTENbHbIE YCTPOUCTBA HOJDKHEL OrPaXkIaThca 3a60poM,
3aKphIThIE HONCTAHIHNY I KOMIJIEKTHEIE TPAHC(HOPMATODHBIE IOICTAMITINT
(K'TTI), pacmosyiaraemMbie Ha, OXPAHAEMBIX TEPPUTOPHAX NPEUIPUATHSI CBI-
3U, MOTYT HE OIDaKIATHCA. ' '

OGopynoBazue TPAHCHOPMATOPHEIX IONCTAMI MOIKET BCTPAUBATH-
CA B 3UAHAA OPEIIPUATAS CBASH C IPHHATHEM O0COOBIX MED IIPOTHB IO-
maanus Baaru. Kasxmsih Macisubtit tpancopMarop HOJEKEH yCTaHaB-
JUBaTBhCA B CIEUMAJIBHO obopynoBanuoil xamepe. Pacnpenenmrensubre
YCTPOHCTBa, MOJDKHEL MMETh BBIXON HADYXKY WJIM B IDYTHE TOMEINEHUs C
HECTOPAEMBIMH CTEHAMI W IePEKPBITHAMHU,

HopMaTuBHBIME HOKYMEHTAMY IIPEIYCMATPUBAETCA OCYIIECTBJIATE
asrexTpocHabkenne morpeburestell ocoboit IpyNIbL MEpBOit KaTeropuu OT
IBYX ¥ 60JI€¢ HCTOYHUKOB dyieKTposneprun. CaenoBaTesnbHO, BOSHAKAET
HeoOXOMUMOCTh B YCTPORCTBAX, KOTOPHIE MOI'YT ABTOMATHIECKH IIOIKJITIO-
YaThk HAUPY3KY K JIOOOMY MCHPABHOMY MCTOYHUKY, Takue ycTpoHcTsa
TOYYUIIN HASBAHHWE YCTPOUCTB aBTOMATHYECKOrO BKJIIOYCHUA PE3EPBA
(ABP). “

OcHOBHbBIe TPeGOBaHIs, KOTOPEIM HOJDKHEL oTBedars ABP, MOXHO
chopmymmpoBars craenyomum obpasom. ABP mosmkubl uMeTH:

® YCTAHOBKY BEJIMYMHB! KOHTPOJIMPYEMOrO HAIDSKCHII,

® KOHTDOJb IPABUJIGHOCTH depenoBanusd ¢as;

® BO3MOXHOCTH YCTAHOBKH TIPHOPUTETA, JIFOOOr0 M3 BXOJIOB, BKJIIOYAd

VIpaBJIeHNE IM3EJIb-T€HEPATOPHON CTaHIy;

® MHIUKAMIO PEXUMa PabOTH K cocrosuus Bxonos ABP;

® 3AMUTY WCTOYHHUKOB OT IEPErPY30K M KOPOTKUX 3aMbIKAHUH; |

® MEXaHWYECKYIO W 3JIEKTPOHHYIO OJIOKMPOBKU nepexmoqafonmx KOH=

TaKTOPOB. :

Ha npennppmcrpmx CBASH yCTAHOBKS, ABP npoussonurcs Ha, CTOPOHE
HU3KOTO Hanpsoxerns. IIpocreiimas cxema eneKTpOCHa6>KeH1m C IpmMe-
menuem ABP noxasama ma puc. 1.6,

B mopManbHOM pexuMe PAOOTH HAIPYSKH IIOJIyYAiOT IHTAHWE OT
BBOIA IIEPEMEHHOr0 TOKa BHemHel ceru. Ecowm BO BHemHel cerm mpo-
[AIAeT BIIEKTPOSHEDPTHA, TO PA3MBIKaeTcs KOoHTakT K1 u saMbkaercs
xonTaxT K2. OFHOBpeMEHHO C 9THM BBIIAETCI KOMAHIA Ha 3aIlyCK AU-
36JIb TEHEPATOPHON 2JIEKTPOCTAHINN, KOTOPAS 3aMEIIAET IOBPEKICHHYIO
BHENIHIO CeTh. LIpu BOCCTAHOBJIEHUH HAIIPSIKEHIS Ha, BBONE BHEIIHEH ce-
™1 xoHTakT K2 pasvbikaercs, kouTaxT K1 3aMbikaercs, Harpyska BHOBb
nmostygaer mutanue or cerw, ¥ AIIDC ocramaBiuBaercs.

- TIpr ucnospzosanmn ABP mossxbl GBITH NPUHATHI MEPHI, MCKJILIO-
YAIONIIE BO3MOKHOCTS 3aMBIK&HUST MEXIY CODOH NBYX HE3ABUCHMBIX HC-
TOYHUKOB APYT HA IPyra, OpudeM OJIOKHPOBK2 MOXKET OBITHL KaK DJIEK-
TPUYECKOH, TAK M MEXAHUIECKON.
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Puc. 1.6, Ilpumep cxemsl snexTpocHabxenus ¢ upumenennem ABP

IIpmvep peasmsanuu cxemsl ABP ¢ npuMenenneM sIeKTpoMexaHn-
YECKUX yCTPOHCTB noKasan Ha puc. 1.7. CxeMa I03BOJIAET IOIKJ/II0YAT
Harpysky X JioOOMy H3 IBYX WCTOYHUKOB, UMEIOMUXCA B DJIEKTPOYCTa-
HOBKE IIPENIPUATHA CBA3H. lIpemmosioxmM, 910 OT ABYX HCTOYHHMKOB
sexTpocHabxerns (BBOX 1, BBOA 2) TOmAeTCs HANpKeHHe TPeByeMo-
TO Ka9ecTBa. B pTOM Cilydae KOHTAKTHI PEJieé KOHTPOJIA HAIPKEHHT
K1, K2 u K3 samkayTst 1 06MoTKa xonTaxTopa K4 maxommrea monm Ha-
upsoxernem. Harpysku wepes xorTaxTsr K4 NmuTasoTcs OT MEPBOrO me-
rourmka (8Bom 1). HopMayibHO 3aMKHYTHIE KOHTAKTHI PeJie KOHTPOJIA
HAUPIKEHUA W HODMAJIBHO 3aMKHYTHIH GJIOK-KOHTaXT kKomTakTopa, K4,
BKJIIOYEHHBIE B IleIb OBMOTKM KoHTaxTopa K5, Pa3OMKHYTHI ¥ OOMOT-
Xa 9TOro KOHTaKTopa obecrodena. IIpm orkimoueHnn HaIpsxeHus JIIo-
Goit w3 das ucroyrmka 1 OTIYCKAET COOTBETCTBYIOINEE PEJe KOHTPOJIA
HaIpsoKeHnd, obecrounBaercs ob6MOTKa KoHTaxTopa K4 m ero xomTax-
ThI pasMeikarorca. Llocsie oTnyckanusa pesie KOHTPOJIA HANDPSUKEHMA €TI0
HOPMAaJILHO 3aMKHYThIe KOHTAKTH Yepes OJI0K-KOHTAKT KoHTaxTopa K4
IOJAIOT HAUPMXeHHe Ha 0OMOTKY KoHTarTOpa K5 M ero KoHTaxThl IIOI-
KJII0YAI0T HATPYSKY KO BTOPOMY HUCTOYHHKY.

CyMMapHOe BpeMs NEPEKJIOYCHHA HATPY3KH MOMKET IOCTHTATb
0,6...0,8 c. YerpoiicTso Tpefyer perysIMpOBKA W YHCTKE KOHTAKTOB, 00-
JIQAET CPABHATEIHHO HEBLICOKOH HAIEXKHOCTRIO. B HacTosmee BpeMs Ha
06beKTaxX CBA3H IMIHPOKO BHENPsOTCA yerpoiicrsa ABP, peasmsosannsie
Ha ABTOMATHYCCKMX BBRIKIIOYATEsAX C IPUBOIOM, YIDABJIEHUE KOTODHI-
MH OCYIIECTBIIACTCA CICIMAM3HPOBAHHEBIMY KOHTPOAepamMu. B yerpoii-
crBax GecepeboHOro 9yIeKTpoNNTaHILA NepeMernsM Toxom — UPS (cm.
1. 9) MIEPOKO IPUMEHAIOTCS NOJynpoBomaukoseie ABP (craTmyeckme
Bafinacer), xapaxTepusyomuecd 60IbmuM GEICTPONeHCTBIEM i 60JIee BbI-
coxoit HagexxuocTbio. Taxue ABP peammusyroTcs Ha THpHCTOPaX, yIIpaB-
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Puc. 1.7, Ilpumep cxemer ABP ma ocrOBe anekTpoMeXaHHIECKUX yCTpoicTs

JIeHHe KOTOPHIMY OCYIIECTBIIASTCH TPAHZUCTOPAMH M MUKPOKOHTDOJIIE-
_ paMﬁ, Ha puc. 1.8 moxasas mpuMep CXeMBbI IoJrynpoBonaukosoro ABP.
7~1’Iepexmoqa,fon1'umn' anemenTamMu ABP cioyxar mapbl BCTPEYHO-TIapaJI-
JIENTBHBIX TUPUCTOPOB. YIIPABJIEHUE TUPHUCTOPAME OCYINECTBIIAEICA OT
cermasbHOl yupasiaomelt cxemer (YY), Tax xax ABP no npummmu-
| Iy meHCTBEA ABJIAOTCH KOMMYTATOPAMEA CO CBOBOIHBIM (€CTECTBEHHBIM)
CHAJAHHEM TOKS Yepes THPUCIOPHBIE KJIIOUWH HIPY IPEKPAMIESHNN MOTa I
" Ha HUX YIPABJIAIONINX MMILYJIHCOB, TO MX TAKXKE HA3HIBAIOT THPUCTOPHbI-
ME KOMMYTaTOpPaMu ¢ ecrecTsennoll xommyramyeit (TKE).

B HOpMasbHBIX YCIIOBUAX NUTAHNE HATPYSKH IPOMSBOLUTICH OT OC-
HOBHOI'O MCTOYHVKS, 4ePe3 mapsr VS1-VS2, VS3-VS4, VS5-VS6. Ilpu o1-
KJIOHEHUH HAIPIKEHIST OCHOBHOIO HCTOYHMKA, 33, YCTAHOBJCHHBIE IIpEe-
JIBI, KOHTpOupyemble nardukamu [11-I13, ycerpoicteo yupasienua Y'Y
HPEPEIBAET TMONSMY HMILYJIBCOB YIPaBJIEHHA Ha THPHCTOPHI Kmodel oc-
HOBHOTO MCTOYHWKS M B MOMEHT IIPOXOXKIEHWs MI'HOBEHHOIO 3HAYMEHUA
TOKa, 9epes HOJIb, TUPUCTOPHl BaKPBIBAIOTCA.  YCTPOHCTBO YIPABIICHUA
HAYUHACT BHIIABATEH MMILYJIBCHl YIPaBJeHus Ha xmodn VS7-VS12, mon-
KJIOYAIONIHE HACPYSKY K PE3epBHOMY MCTouHpKy. llpm cpabareiBanumm
ABP BpeMa mponajaHus HAIPsOKEHAA Ha, HATDYSKe He [IPEBBIMIAeT: II0
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Puc. 1.8. Cxema nosynposommikosoro ABP ¢ ecrecrennofl xoMMyTauelt Toxa

TpeM dasam — 3 MC, IO ONHOMH (fpase — 10 Mmc. B yerpoiicree mpemycyor-
PeHa BEIIEPKKA BPEeMeH! Ha cpabarsBanue 0o 1 ¢, eCiIi OTKIIOHEHNA KOH-
TPOJHPYEMOTO HAIIPKEeHNd JexaT B penesax oT +10/-15 % mo £25 %
HOMUHAJIBHOTO 3HaueRud. llomymposomunkossre ABP BrImommEaIoTCs Ha
Toxku 50 m 100 A; morepm momuocTH He mpepbimaior 3 %.

Jaa aBTOMATHYECKOro OTKINOYEHAS HArDYSKH IPH HEONYCTHMBIX
OTKJIOHEHUAX HAIIPAKEHUA WM TOKA IPUMEHAIOTCA OTKIFOUAIOIINE YCT-

K

poticta rmma TKW, npencrasmsiomue
cobol THPHCTOPHBIE KOHTAKTOPHI C UCKYC-

3y

—_—

O  CTBEHHOH KoMMyTamuell THPHCTODPOB.
CrpyxTypHas cxema yCrpoMcTBa NOKa-

|

cy

lg—]

3aHa Ha puc. 1.9. B ero cocras Bxomar
CK Tpexdasmbrit THpHCTOpHLI Kyr0u K, cxe-

¢ M& KOHTPOJLA HAIIPMLKEHHUA U TOKa Ha~

Puc. 1.9, Crpyxrypuas cxema - rpysku CK; cxema yupasienua CY Tu-
TKH

PECTOPHBEIM KJIFOUOM ‘M BCIIOMOTATENLHOES
BapANHOe yerpolicTso 3Y.
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Cxema paboraer ciemyromum o6pasom. Eciu HanpmKeHne HaXOMUT-
CA B 33IaHHBIX Tpemesax, vo cxema ynpasienus CY Bbiaer Ha Tpex-
dasupit xmou K uMIyabChl, KOTOPHIE TI00YEPENHO OTKPHIBAIOT THPUCTO-
PBL ¥ HAOPSOKEHUE IMOCTYNAET B HArpy3ky. Kak TONpKO HanpsxeHHe Ha
HArpysKe BBIXONUT 33 HOIYCTUMEIE IIPEIEJIBI, CXEMa YIPaBJIEHNA I2eT
KOMAaHIy Ha Pa3p:An KOHOEHCATOPOB, KOTOPHIE BXONAT B COCTaB KIIHOUA
K, B pesynpTare 4ero HpOBOLAIINE B 9TOT MOMEHT THPHCTOPHL KJIHOUR
K saxpeBarorca. OIHOBPEMEHHO C 9THM GJIOKMDYETCH IIOfIaHa YHpaB-
JISIOMIX MMIIYJI5COB Ha APYIHE THPMCTOPHI M HATPYSKS OTKJIOYAETC OT
WCTOYHUKA. B yCTPOHCTBE MPEIyCMOTDPEHA BBHINEDKKA BPEMEHW, ITOOBI
He GbiIo CpabaTbIBAHMI OT KPATKOBPEMEHELIX HMITYJIHCOB TIEPEHATIPAKe-
HUs, AMIUIATYIEL KOTOPBIX JIEXAT B Ipenesax mo 25 % OT HOIyCTHMEIX
suadenuit. Bpemsa orksrogenus Harpysku He Hosee 1 mc.

1.6. AXKyMyIAaTOPSBI

AKKyMyIATOPBI, IPENCTABIIAKIIHTE CO60H TPHOOPHI MHOIOKPATHOTO
IeHCTBHA, HAXOHNAT CAMOe MUPOKOe MPUMEHEHUE B 3JIEKTPOYCTAHOBKAX
OPEeNIpPUATAR TEIEKOMMYHUKAUHH, TPEXKIIE BCEro NJIH DEeaJIN3alyn CH-
creMm Gecnepeboiinol oOmaty BIIEKTPUYECKOH SHEPIUN NOCTOAHHOIO U TIe-
PEMEHHOTO TOKa K anmaparype. Ilpm 9ToM OHE He TOJIBKO BO MHOTOM
ONPENENAIOT CTOUMOCTE 0BOPYIOBAHMA W HAHEeKHOCTH pabors: DIIY, HO
1, KaX TPaBUJIO, OIPEIESIAIOT YPOBEHD BEIXOLHOrO Haupsukenus DIIY mo-
CTOSIHHOLO. TOKS, BO BCEX PEXEMAX €€ (DYHKIMOHIPOBAHMLA.

B mpocTetinmem ciydae aKKyMyJIATOD IPEHNCTABIIAET COOOH B BIIeK-
TPONA PASNMYHON TPUPOLBI, WOHHAS IPOBOLUMOCTH MEXIY KOTOPHIME
obecrieanBaeTcsa BiIekTposToM. OOBIYHO SJIEKTPOABI MPENCTABIIAT CO-
Golf MeTasIYecKue KapKachl, Ha KOTOPHIE HAHOCATCA AKTHBHBIE BEINe-
CTB&, HEMOCPEICTBEHHO YYACTBYIOIINE B BIIEKTPOXMUMUYUECKON peaximu.
IIpr HOOXKIIOMEHAE HATPYSKH MEXHY 9JexkTpopamu (paspsane akKyMy-
JATOPA) XUMUYECKAs SHEPTHUA AKTHBHBIX BEINECTB, BXONAIINX B COCTAB
DIIEKTPOIOB NPEOBPasyIOTCA B DIIGKTPUIECKYIO BHEPIHIO, & CAMU AKTUB-
HBIE BEIIECTBA, MPH 9TOM IPEBPAIIAI0TCH B IPONYKTEL paspana. s Toro
9TO6BI BIIEKTPOXUMUIECKAA PEaKIuA NPH PaspAfe aKKyMyJIATOpa Hpo-
XOIJJIa, YCIENTHO, SKTHBHOE BEIIECTBO OFHOTO W3 HJEKTPONOB (OTpHIa-
TEJIBHOrO) BBINOJIHAEGTCA M3 METAJIJIOB, &TOMBI KOTOPHIX JIEIKO OTHAIOT
9JIEKTPOHHBI CO cBoel Bremmeli opbursr (cunen Pb, xamvumit Cd, nurui
Li u np.). AKTuUBHOE BEIIECTBO NPYTOrO 9JIEKTPONa (IIOJIOKUTEBHOIO)
IOJDKHO 0fecrednBars CBOGOMHOE IOIJIONICHIE STUX DJIEKTPOHOB. Ilpu
3aPANE AKKYMYJIATOPS MOLBOMUMAAL OT BHELIHETO NCTOYHNK A, BIIEKTPIde-
CKas1 DHEPIHA B OCHOBHOM PACXONYETCHA HA PEreHepaInio IPOTYKTOB Pas-
psana. B DIV u ycrpolicTBax siIeKTPONHTAHA TEJICKOMMYHIK AITMOHHON
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alaparypsl Hanbomee IacTo NPAMEHAIOTCH KUCIOTHBIE AKKYMYJIATOPSL,
BJIEKTPONIMTOM B KOTOPBIX SBJISIETCS BONHEIM DACTBOD CEPHOM KICIIOTBI

(B UIKOM MM CBASAHHOM BHIE). B OTHENBHBIX CIIyYaAX HAXONAT IIPH-

MEHEHNME INeJTOYHBIe HIKeTb-KAIMAEBHIE UM HAKEIb-MeTaJLIOTHAPHIHEE

axxymyJiaropsl. Kpome Toro, B mocsiensee sBpeMa Bee MUpPe MPUMEHAI0T-

CA JIUTHEBBIE AKKYMyNATOPEL. Kaxpiit 13 IepevucIIenHbx THIIOB AKKY-

MyJIATOPOB HMEET CBOH JOCTOMHCTBA M HETOCTATKH.

JIi0601f aKKyMyTIATOp XapPaKTEPHSYeTCA DANOM BJIEKTPUIECKUX I
SKCILTYyATAlUOHHbIX. HAPAMETPOB. OCHOBHI)IG IapaMerprl a.KKyMy.IIﬂTO—
poB:

e HOMUHAJIGHAS €MKOCTDH (Cron) — 'KOJ'II/I‘IBC'I‘BO BJIEKTPUUIECTBA, KO-

‘TOPOE MOXKET OBITH JIOJIYYeHO OT NPENBAPHTEHHO 3aPMKEHHOTO Ha,

100 %.axxyMysaTopa NpH HOMAHAJIBHOM 3HAYMEHHAN PA3PAIHOLO TO-

K&, HOMHHAJIEHOM TeMIepaType OKPYKAIomel CpeNbL ¥ 33 IaHHOM KO-

HETHOM Pa3PAMHOM HATPIKEHUN Ha 3aKIMAX AKKYMYJIATOPR. Cron

u3MepHAeICs B ammep-sacaX (A-q); -

o HOMEHAIBHOE HAUPKEHHe (Usoy); npep;cm_aianmomee co6oﬁ YCIIOB- .. -

HYIO CPEIIRIOI0 BeJIMSHHY HANDKEHHA Ha 32KIMaX AKKYMYJIATODA, .

TIPH €ro paspsfie B HOMHHAJIBLHOM pesxcume, OI‘OBOpeHHOM TEXHHYE- .
. CKHMH yCJIOBHAMY; .

* HOMUHAJIbHENM TOK paspazma (Ip HOM) BHaHeHI/Ie 3TOT0 TOKA 0651qu‘ '

YKASbIBAETCA B JOJLAX OT HOMHHAJILHOH eMKOCTH; _ .

® BHYTpEHHEE CONPOTUBIICHHE AKKYMyJIATOPa. SHAYEHHE 9TOrO conpoj

THUBJICHHS YKA3BIBACTCA B MUIUIMOMAX; ,

® CPOK CILy’Obl AKKyMyJIATOpa, (IPH €ro 9KCIIyaTalil B pe}KnMé He-

TPEPHIBHOLO TON3APANA) HJIM MOIYyCTHMOE MHCIO IUKJIOB’ 3apﬂ,11— _

paspsn, IIpu ycroBuE HOPMaJBHOM SKCIIyATAINE B KOHIE CDOKA .-

cary6p1 (rOCIIe TapaHTHPOBAHHONO 9HCJIa HEKJIOB 3apAN-Daspsi)

AKKYMYJTATOD NOJDKEH OTIABATDH ue Menee 80 % cBO# HOMMHAJIBHOMN

€MKOCTH. :

Kpome mepeunciennpIx BhIme MapamMeTpoB npn BH60pe AKKyMyJIa-
TOPOB [JIi KOHKPETHOTO IIPUMEHEHMA B YCTPOHCTBAX BJIEKTDONATAHVA
IPEACTaBIIAIT HHTEPEC €0 MaCcCOrabapuTHbIE, KOHCTPYKTUBHBIE M CTOU-
MOCTHBIe HapaMeTpPhl, BOSMOKHOCTD yCTAHOBKL B annapaTHLIx croftkax
¥ Ha CTeJUIaxkKax ¢ T.JI. :

1.6.1. CBrHIOBO-KUCIOTHEIE AKKYMYJIATOPLI

K nocrommcTBam CBEHIIOBO-KHC/IOTHBIX (KACIOTHBIX) TI0 CDABHEHMIO,
HAIPUMED, CO INEJIOYHBIMY HUKEIb-KAIMIEBLIMA aKKYMYJIATODAME CJIe-
IyeT OTHECTH NPEX e BCEr0 MIHIMAMBHYIO UEHY, JOCTaTOYHO Y3KHE Ipe-
JEeJIbl M3BMEHEHN S HAIPAKEHNAA ¥ MaJIOe 3HAUEHNE BHY TPEHHEr0 COIPOTHB-
senns. Hroxe mpusenena croumocts 1 Brwac smeprum, nostyaaemolt or
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HEKOTOPBIX THIIOB IIEJIOYHBIX aKKYMYJIATOPOB, OTHOCHTEJIHLHO CTONMOCTH
CBHHIOBO-KHUCJIOTHEIX aKKyMyJaTopos [5]. -
Tun akKyMyJIAaTOpa OrHocurenpHas croumocts 1 Br-gac

DHEPIHHU AKKMYJIATOPOB

CBUHIOBO-KUCIOTHBIM « v vvvviveverrnnrrosnsoosoanenes 1
KaaMueBo-HUKeJIeBEIH (.namennnmﬁ) et 3
Kanmneno-uukesienslit (6e3naMeanLIﬁ) .............. 13
MKeneso-nukesenpili .
Cepe6pro—uuHKOBmﬁ

B nacroamee BpeMsa Ha CTANMOHAPHEIX IPENIPUATHAX CBASH MHUPO-
KO MPUMEHAIOTCA aKKYMYJLATOPHBIE GaTaper, COCTABIJIEHHEIE OO0 13 Ma-
JI006CIIYKUBAEMBIX CBHHIOBO-KHCIOTHBIX aKKyMYyJIATOPOB, KOTOPLIE Ya-
CTO HA3BIBAIOT TAKXKE KJIACCHYECKMMY MM KUCIIOTHRIMMI aKKyMyJIZTOpa-
MH 3aKDBITOCO THIA, JIEO0 #3 HEOOCIIyKUBAEMBIX CBUHIIOBO-KHCIJIOTHBIX
AKKYMYJIATOPOB, KOTODPHIE YACTO HABHIBAIOT TEPMETH3UPOBAHHBIMY KHIC-
JIOTHBEIME akKyMmyJiaropamu. - HeobciyxxupaeMpie CBUHLOBO-KUCIIOTHBIE
AKKYyMyJIATODBL MHOLNA B JIATEPATYDE OIIHUOOYHO HASHIBAIOT TEPMETHY-
HBIME KHCJIOTHBIMH AKKyMyJiaropamu [5].

B akKyMyJIATOPax 3aKPBITOrO THUIA SJIEKTPOJINT, IPENCTaBIAmui
coGolt BOIHBIN PACTBOD CEPHBIA KUCJIOTH, HAXOMETCH B KUIKOM COCTOA-
HUM, TOTHA KaK B TEPMETH3UPOBAHHBIX aKKYMYJIATOPAX aJIeKTponnT Ha-
XOOWICA B TAK HA3HBAGMOM CBABAHHOM COCTOSHHU.

Yerpo#icTBo ¥ DpuHOME DedcTBAS KHCHOTHBIX aKKyMYJIsa-
ropos.: Ilpocrefimull xmaccudeckul CBUHIO-KACIOTHBIH aXKyMyJISITOD
npencrasiser coboll coCyl, BBLIOJHEHHBIH M3 KUCAOTOYIIOPHOIO MaTe-
pHaJIa ¥ 3aIOJHEHHBIA BONHBIM PACTBOPOM CEPHOM KHCIOTH! (SJIEKTPO-
JUTOM), B KOTODPBIH TOMEINEHH! mBa aekTpona (mse mmacrunsr). Keaok-
HOBIH M3 9JIEKTPONOB IPEICTABIIAET COO0H METAJIIMNIECKYIO PEINeTKY, Ha
KOTODPYIO HAHOCWTCHA AKTUBHAL MACCA, YYACTBYIOWIAR B SJIEKTPOXUMU-
YECKHX NPOLECCAX NPOMCXONAINUX B aKKyMYyJIATOPE NIPH ero 3apane U
paspage. MeTayInyeckaa PelleTKa MMeeT BBIBOIBI, C IIOMOIIBI0 KOTO-
PBIX 06eCHeYnBACTCS MONKIIOUEHAE K SJIEKTPONAM HCTOYHHKS, SHEPIHH
(upu 3apsAne aKKyMyJLATOPA) MIM HATPYSKH (IPH Paspsile aKKyMyJIsTo-
pa). AKTHBHBIM MATEPHAJIOM OIJHOIO M3 BJIEKTPONOB IIOJHOCTHIO 3apsi-
FKEHHOTO aKKyMyJATOpa AByderca aucreii csuner Ph (orpumarensusiil
SJIEKTPOL), TOTNE KaK AKTHBHBIM MATEPHAJTIOM BTOPOTO DJEKTPOLA AB-
Jigerca muoxcun csumig PbOs.

B BommOM pacTBOpE YacTh MoJsieKyJl ceprod kxucaorst (HaSO4) pac-
HaIaeTCa Ha MOJIOKHTeNILHEe HOHET Bomopona (mpororsr) HY u orpuma-
TeJIbHEIE MOHBI KHCJIOTHOrO ocrarka SOy~

9H,S0; — 4B+ + 507~ +SO7 ™.
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Toyno Taxxe 9acTh movtexyJr Bomet (HoO) pacnamaerca ma mosowxmu=
TeJBHbIE WOHEL BOIOPOIA K OTPHIATEIbHBIE MOHBI Kucyopoma O~

9H,0 — 4H+ + 20~

IIpugem B mesioM pacTBOp (SJIEKTPOJUT) OCTAETCH DJIEKTPHYECKY HeH-
TPAJILHBIM. .

Eciu B 3JIeKTPOJIAT OTPY3UTE SJIEGKTPOI, AKTHBHAA MACCa KOTOPO-
rO mpencrasiiAeT cobOH ducTh cmEen Pb, TO wacTh- aroMoOB .CBUHIA,
© JIETKO TepAA IO IBa 9JIeKTPoHA (2e7) co cpoeit BHemBelt opburTsl, mpe-
BPAIIAIOTCA B TIOJIOKUTENIbHbIE HOHBI cBuHIa Pb1+, xoropse serymaror
B PEaKIHIO C OTPHUATE/IBHEIMI HOHAME KHCJIOTHOTO octarka SO7 ~, 06~
pasys HeliTpaJIbHEBIe MOJIEKYJIBL CyiibdaTa ceung PbSOy, ocenaromue Ha,
IOBEPXHOCTH IJJaCTUHEL IIpH 5T0M B 9IIEKTPOIIUTE TIOBLIIIAETCA KOHIICH-
TPAIUsA IOJIOKUTEIILHBIX HOHOB BOJOPOA, YTO BATPYNHACT JajbHellmee
00pa3oBaHNe MOJIOKHATEIILHBIX HOHOB CBuHNA. CaM BIIeKTDO, BBULY 13-
OLITKa, DIEKTPOHOB, 3APDKACTCS OTPUIIATENHHO OTHOCHTEIBHO BIIEKTPO-
JmTa. 3HAYEeHNe OTPUIATELHOIO IIOTEHIMATIA STOT0 SIIEKTPONA BABHCHT
OT IJIOTHOCTH DJIEKTDOJIHTA K €r0 TeMIEPATYPHL.

Ecnu Tenepb B 5J1€KTPOJIAT HOTPY3UTE BTOPOR BIIEKTPOI, aKTUBHAL
Macca; KOTOPOTo IIPEeICTaBiIAeT coboit myokucs (muoxcun) caumma PbO,,
TO BBUIY IOBBIEHHOM KOHUEHTPAIMU B BJIEKTPOJIMTE HOHOB BOZOPOLA
IBYOKHCH CBHHIA OYIET TaCTHYHO PACHANATHCA HA, IOJIOKUTEIIBHEIE Te-
THIPEXBaJIEHTHBIE NOHBI cBuHIE Pbt+++ u orpunarensrsie monsr xucito-
poma O~ :

PbOy — PbH+++ 120,

HeTrIpexBaJIeHTHBIC HOHBI CBUHIE, IPUCOSTAHSIT Ha, CBOIO BHEITHIOI
OpOHTY IO JIBa BIIEKTPOHA TJIACTHHEI, TEPEXONAT B IBYXBAJIEHTHBIE HO-
upr Pb+. Tlocnennme BCTymaioT B peakumio ¢ KHCIOTHBIM OCTATKOM
SOy ™, obpasya melirpasbibie Momexkysl PbSOy, ocemaomue Ha mia-
crrge. CaMa IUTACTHHA BBUAY HENOCTATKA HJIEKTPOHOB 3aPMKACTCS IO~
noxuTenpro. 90 Takoro mpocrelinero aKKyMyJaTOpa, ONpeleIaeTcs
KaK PA3HOCTH IOTEHIMAJIOB MEXMY [OJIOKUTENbHON M OTpPHIIATeIbHOM
IIacTHHAMU (3J1eKTponaMu). B pesysbrare CyIbbaTamy I0I0KITEI b
HOTO ¥ OTPHUATE/ILHOTO SJIEKTPONOB (OCEIanus Ha IOBEPXHOCTH IIACTIH
cynbdara cauuia PbSO4) mIoTHOCTD 57EKTPOSITS YMEHBIIACTCH, DTO-
My TaKxKe CIIOCOOCTBYET X OOPasOBAHME MOJIGKYJI BOIEL B DE3YJILTATE
DPEAKINE MEXIY IOJOKHTEILHBIME HOHAMI BO,D;OpO,D;a " O’I‘pI/IL[a,TeJIBHBI—-
M HOHAMI KUCIIOPOZA:

4HT 4+ 207~ — 2H,0.
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PaceMOTpeHHBIH IPOLECE IO CYMECTBY UMEET MECTO B CyXO03aDKEH-
HOM aKKyMYJIATOPE NOCJIE 3aJIUBKY B HEr0 aJiekTposura. Cunraercs, 9ro
€CJIM 4epe3 IBa, YACa II0CJIe 3AJIMBKY 3JIEKTPOJIMTOM IIJIOTHOCTH YMEHb-
murca me 6onee wem Ha 0,02 xr/m, a TeMueparypa dJIEKTPOJIATS, MOBHI-
cirrea me 6osee vem Ha, b °C, To Takoll akKyMynIaTOp cocoben 6e3 sapsana
otnarh He Meree 80 % cwoeit HOMI/IH&JIBH_Oﬁ EMKOCTH.

IIponecce sapana wim H03apsAng aKKyMYJIATOPS 3aKII0OYAETCA B IIpe-
BPAIIEHIN MOJIEKYJ CyJibhaTa CBEHIR HA OTPUIATENIHHOM DJIEKTPONE B
YUCTLIE CBUHEI] U MOJIEKYJI CYJTb(DATa CBUHIE Ha TMOJOXKUTEIHLHOM dJIeK-
TpONE B.ABYOKUCH CBUHIE. CIenoBaresibHO, IPU 3apAlNe aKKyMyJIsLTOpa
DHEPIUA HCTOYHUKA PACXOLYETCH Ha BOCCTAHOBJICHWE aKTHUBHON MacChl
BJIEKTPOIOB M IOBHINICHNE ILIOTHOCTH 3JIeKTposmaTa. IIpw sToM Temme-
paTypa SJIEKTPOJINTA MOBBINIAEICH.

Obmran 91eKTPOXUMHUYEKAA PEAKIAA TIPK 3apAne UMEeeT BT

PbS0O4 + PbSO4 + 2H20 — Pb + PbOy +2HoS04.

TIpm sapsme CBUHIOBO-KMCIJIOTHOIO, K@K ¥ JIOOGOro IPYroro. akky-
MYJIATOPA C.BOOHBEIM DACTBOPOM SJIEKTDPOJINTA, MMEIOT MECTO IIODOTHEIE
IIPOIECCHl BELIEJICHHMA Ta30B. DBblNeseHye KUCIIOPONa Ha IIOJIOKUTE b
HOM 9JIEKTPOJIE CBABAHO C TEM 9TO YK€ IPY 3aPIKEHHOCTH aKKyMYJIATO-
pa Ha 50...80 % orpuuaresbHBIE HOHBL KHCIOPOLS HAUMHAIOT OTIABATH
o1, eHCTBUEM HCTOYHEKS SHEPIUY IO ABA 9JIEKTPOHA, IIPEBPAIAACE P
9TOM B ATOMBL KACJI0POHa. [109ToMy IJIs MOy YeHNs NOIHOR paspamHon
eMKOCTH IIPH 3apANe AKKyMyJIATOPY HeOBXOmuMO 0BECIenTh Iepe3ap L
ma 10...20 % [6]. Brimesenue BOHOPONA Ha OTPHIATENHHOM BIJIEKTPOIE
HAYMHAETCA MPAKTHYIECKH Y3Ke TOCJIe BOCCTAHOBJIEHWS SKTUBHON MacChI
BTOTO BIIEKTPOIa. llepesapsn COMPOBOXKTACTCA BHAIUTEIBHEIM BBIIETIC-
HHEM BONOPOIa Ha OTPUUATESILHOM 3JIEKTPONE M KUCIIOPONa — Ha II0-
JIOKUTEIILHOM. JIf YMEHBIIEHNA BEPOATHOCTH BBINEIIEHUS BOTOPOLA:
YMEHBIMAIOT CONEPKAHNE CYPHMBIL B CBIHIIOBO-CYPEMAHOM CILJIABE METAJI-
JIMYIECKON PEMIeTKY OTPUIATEIHFHOTO BIIEKTPOIA, HCIIOJIB3YIOT AJIA PeIneT-
KU COJIABBI CBUHILA, C IPYTHMU MATEPUAJIAMHY, IPUMEHIIOT METAJIIINICCKHE
PeTIeTKY U3 TAHYTOM MeJH, & TAKXE yBeIuIMBAIOT KOJIMIECTBO aK THBHON
MACCHI 9TOT0 BJIEKTPOIE IO CPABHEHUIO C KOJMYECTBOM aKTHBHON MacChI
TOJIOXUTEIEHOO BIIEKTPONA. B [IOCIIEIHeM CIIyIae IPH IOJIHOM BOCCTa~
HOBJIEHHH K TUBHON MACCHI TIOJIOXUTEIILHOTO DIIEKTPOIIA, JACTh AKTUBHOM
MACCHI OTPHUIATELHOIO SJEKTPOIa OCTAETCA HE BOCCTAHOBJIEHHOM, 9T0. 1
HCKJHOYIAET BBINEJIEHIE BONOPONA. '

Obmas BIIEKTPOXUMUYECKAA PEAKIHUS DK DA3PINE UMEeT BUJ

Pb +PbOg + 2HSO4 — PbSO4 4+ PS04 + 2H,0.
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CBUHIOBO-KHUCIIOTHBIE AKKYMYJISTOPHI BBILY CKAIOTC JIHOO B BUIIE OT-
HEJIbHBIX BJIIEMEHTOB C HOMHUHAJILHEIM HalpsokenueM pasrbM 2,0 B, mmbo
B Bue MOHOOIOKOB. B mociensem ciyuae ommm obmmit xopmyc comep-
KT HECKOJIbKO SJIEMEHTOB (Jalle BCEro 3 wim 6 9JIeMEHTOB), BLIBOIEI
KOTODBIX COSIUHAIOTCA MEXIy cOBO0M OC/IeN0BATENbHO, TAK YT0 HALPS-
JKEHHe Ha BBIXOITHBIX B3aKMMaX MOHOGJIOKS DAaBHO .CyMMeE HATPsKeHu
9JIEMEHTOB, BXOIANMX B ero cocras., ODLIYHO AKKYMYIATODH BEILYCKa-
I0TCA B BHIE MOHODJIOKOB TIPM OTHOCHTEILHO HEGONLIIOM SHAYEHUH ero
HOMUHAJIBHOM eMKOCTH, He IpeBplmaomell, Kak IpaBu/IO, HECKOJIBLKIX,
COT aMmep-4acoB. [epMeTwsMpoBaHHbBIE AXKYMYJIATOPHI B BHIE MOHO-
OJIOKOB HAXONAT IMHPOKOE IPUMEHEHVE HANDAMED B HENEHTDAJIM30BAH- |
HBIX CHCTEMAX SJICKTPONHMTAHIA TeJIEKOMMY HUKAIMOHHOI0 060Dy I0BAHAA
u ucrouHuKax Oecmepeboitroro murasusa nepemensoro Toxa (UPS B am-
riuiCKOf TPaHCKpUIIIUY).

Koucrpykrusuo Jroboli kucaoTHbit aKKyMyHﬂTOp (ssement) npen-
cTaBJAeT cobolt cocyn, (KOPILyC), BBIIOJHEHHbIH 13 KUCIOTOYIOPHOIO Mar-
TEPHAJIA, B KOTOPOM Da3MEmAIOTCA OTPHUATEIbHBIE IIIACTHHEI, CBEPXY
COSIUHEHHbIE MEXKTY CODO! C IOMOLIBIO TAK HABHIBAEMOIO MOCTHKS, B €1~
HBIA IMaKeT, YTO IIO3BOJIAET CYNIECTBEHHO YBEJIWYHTHL ODBHEM AKTHBHON
MAaCChl OTPHUATEIBLHOrO BJIeKTPona. Mexmy OTpHIATETbHBIME IIJIaCTH-
HAMM IIOMEMAIOTCA IIOJIOKHTE/IbHEIE INIACTHHBI, Tak®Ke 0ObeIIHeHHbIE B
enuneri naxer. TlosoXKuTeNbHBIE M OTPUIATEIBLHEIE ITIACTHHEL STHX IaKe-
TOB M3OJIMPYIOTCA OPYT OT IPYra BBICOKOMOPHCTOH cemaparueil, obecie-
YMBAIOME! CBODOMHYIO IMPKYIIAIIIO MOJIOKATETBHEIX X OTPULATEIIHHBIX
VOHOB W 3aIMUNIaIONel OTPHIIATENIbHBIE U TOJOKUTEILHEIE IIACTHHEL OT
KOPOTKOTO 3aMBIKaHIA Mexk Iy coboil. CBepXy COCyI repMeTHYIHO 3aKphI-
BAETCHA KPBHINKOH, 9epes KOTOPYIO BBIBOTATCH OJIFOCHL (GOpHEI) OT make-
T2 NOJIOKHUTEJLHBIX U OTPHIATEIBHLIX IIACTHH. B KIacCHIeckux agKy-
MyJIATOPAX KOPIIYC ODBIYHO BBIIOJIHACTCA U3 MPO3PAMHOrO IIACTHKS —
crupoaxpunaurpuTa (SAN), 9TO NO3BOJIAET KOHTDOSUPOBATEH YPOBEHH
BJIEKTPOJINTA, COCTOAHNE TVIACTHH M BHYTPEHHHX dacrel BbBomos (6op-
HoB). KopIryca repMernsupoBaBHEX aKKyMYyJIATOPOB JAIIE BCErO BHIIOJ-
HAIOTCA Jbo U3 axpunbyTamuencruposa (ABS) mmbo ms mosmmporte-
ma (PP). B K/IacCHYeCKHX KHMCIIOTHBIX AKKYyMYJIATOPAX BEPXHAH KPDIII-
Ka CHabxXaercs pesbbOoBBIM OTBEpCTHEM (OTBEPCTUAME) IJIA YCTAHOBKY
CIeNHAJBHBIX BEIBHHYNBAIOUMXCS IPOBOK, 00eCIeqnBarOmuY. CBOOOTHBI!
BBIXOJI Ia30B (BOIOPOIA M KHUCJIOPONA), 0BPasylOmuXCa B aKKyMyJIATOPE
UpH €ro SKCIUIyarTaluy. B sTuX akKyMyJIaTopax JOJWE JUCTHILINPOBAH-
HOHI BOIBI MJIK DJIEKTPOJINTA B IIPONECCE SKCILIYATAUAN OCYIIECTBIIAET-
CA 4epe3s BLIBHHYMBAIOIIYIOCA IpOOKy B BepxHell kphimke cocyma. Ilo
UPHYIMHE TOCTATOYHO OOJIBHIIOrO ra30BHINEIICHNA NPH 3apANe KIIACCHIe-
CKHE KHCJIOTHBIE aKKyMYJIATODSI PASMEIAI0TCA B OTHEILHEIX CIICIHATb-
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HBIX OMEIEHHAX (aKKyMYJIATOPHBIX) ¥ 3P X BO3MOXKEH TOJIBKO HPH
paboTalomell MPUTOYHO-BHITSEKHON BEHTU LN,

B repMeTrnsupOBaHHBIX AKKyMYJIATOPAX BJIEKTPOJIHT HAXONWICH B
CBABAHHOM COCTOSHMY. JIJIs CBABKIBAHES SJIGKTPOJIUTA TPUMEHACTCH JIH-
6o rexnognorus GEL (dryfit), mbo rexuonorns AGM (Absorbed in Glass
Mat). Ilpu mepBoll TeXHOJIOIMH B BJIEKTPOJIMT BBOMATCSA CHENUAJIHLHBIE
KpeMBniiopragmdeckue nobaskr-sarycrareny (mpumepno 6 % cesmkore-
na Si0y). Tlepen samonHeHueM aKKyMyJIATOPAS 5Ta XKeleoOpasHaa Macca
UHTEHCHBHO IEPEMENIUBACTC, B Pe3yJIbTare OHa CTAHOBUTCI TeKydeil.
Ilocite 3amoHenns AKKyMYJISITOPa T8 MACCa 3aryIlaercs, CHOBA Ipe-
Bpamasachk B xese. IIpu 9ToM B Keje 00pasyercs MHOro Hop (TpemyH)
pasmepom ot 0,1 mo 1 mxm [6], KOTOpBIE IOBBOILAOT ras006PASHOMY KHC
JIOPOLy CBOGOIHO IEPEMEIATHCA OT TOJIOKUTEbHEIX MJIACTUH K OTPH-
LATEJIHHBIM. B repMeTnsHpoOBaHHEIX AKKYMYJIATOPAX, BEITIOHEHHBIX TIO
9TOM TEXHOJIOTMY, KaK ¥ B KJIACCHYECKUX AKKYMYJIATOPAX MEXIY IOJIO-
JKUTEIBHBIME W OTPHIATEILHLIMY TIACTHHAMY, YCTAHABIIMBAGTCS CEIIa-
pamms. TIpu sapsAfie TaKOro akKyMyJIaTOPa MOJIEKYJIB! KHCIOPOIa, 00pa-
3YIOIAEC y TIOJIOKHTEIIBHBIX [IJIACTHE, TePEMEINa0ICs IO STHM IOpaM
(rpemuEaM) K OTPUITATENHHBIM IIACTUHAM. B DEsysbTaTe XUMHIECKOR
peaxnpyn MexX Iy Kucsopomom Og M IOPHUCTHIM CBUHIOM Ha, IOBEPXHOCTH
oTpuiarenbEON muacTrEbl obpasyerca oxcun csuang (PbO):

2Pb + 02 — 2Pb0 E

Cepras’ KI'ICJIOTa, HAXONAIAACA B COCTABE 9JIEKTPOJIATA, PEATHpY-
er C STUM OKCHIOM CBHHIA, B DE3yJIHTATE Hero 06pa,3yeTCﬂ cymbdar
- cpumtia (PbSO4) m Boma:

2PbO + 2H,S0; — 2PbSO4 + 2H20

O6pasopapimuitcs: Ta,I‘(I/IMF o6pade cynnpdar CBUHIA TPH SJIEKTPOXHME-
"IGCKOM BO3I[eﬁCTBHI/I paCHa,D;aeTCﬂ H CHOBa& 06pa3yeTCﬂ CBI/IHGII nu CepHa.H
KHEJIOTa,:

2PbSO4 -+ 2H2 — 2Pb + 2H2SO4

Oﬁ’be,I];HHfISI 3aINCAHHBIE BbIIIe 9JIEKTPOXUMITIECKHE PEAKIMM, 1L
[IPOHECCOB, nponcxo,u;ﬂmmc y OTPUIATEbHLIX. TIACTHH IIPU 38PANE Tep-
METH3HPOBAHHBIX aKKYMYJIATOPOB, MOXHO BalMCATh OOIIEe YPaBHEHHE:

9H, + 05 — 2H,0,

T.€. B TEPMETH3NPOBAHHBIX AKKYMYJIATOPAX MMEET MECTO TakK HashlBae-
Masd PEKOMOMHAIMA KUCIOPONa 1O 3aMKHYTOMYy UukJy. B pesymerare
B YCJIOBHAX HOPMAJIEHOU DKCIJTyaTaly B -AKKyMyJIATOPAX IPH 3apsie

'



32 ' Fanasa 1

IPAKTHICCKH OTCYTCTBYET IOTEPA BOOEL. B 9THX aKKyMyJIATODAX B BEPX-
Hell KphIKe yCTaHABIUBAETCA CHENuAIbHELA Kianan (valve), mo3BOsIA-
IOl TpH M3OBITOYHOM NABJIEHHN IA30B BHYTDH AKKyMyJIATOPa obec-
TIeYUTh BEIOPOC Ta30B B OKPYKAIOMEe IPOCTPAHCTBO. M3-33 HANMIUI
TAKOI0 KJIAIaHA [ePMETH3MPOBAHHBIE AKKyMyJATOpE! (Garapen) B Jin-
Teparype uHorma obosmaarorca kak VRLA Batteries (Valve Regulated
Lead Acid Batteries).

Ilpu Bropoit Texmomorun (Texuonorny AGM) crasbIBaHIe 5IEKTPO-
JIITA, OCYINECTBIIAETCH IIyTeM abcopbUpOBAHIS €ro CIeTaIbHO H3TOTOR-
JIeHHOW MukpomopucTolf cemapammelf. 9Ta cenapamma (cmermmanbHOe
CTEKJIOBOJIOKHO) IPOLUTHIBAETC NOSHPOBAHHLIM KOIMYECTBOM 9IIEKTPO-
JIUTa, TaK, 970 00pasyeTcs HMOPHCTad CHCTEMA, MEJKHE IIOpPhI KOTOPOH
BaIIOJIHEHBL DJIEKTPOINTOM, & Hosee KPYIHBIE OCTAIOTCA IyCTHIMHU, 0bec-
[eurBasd CBOOOMHOE TIePEMEINEHNE Ia3a BHYTPH 06HbeMa aKKYMYJIATOPA.
Kax u mpm rexgomorny GEL, 8TH akKyMyJISTOPHI TAK¥Ke CHAGKAIOTCH
CHeIHAJIBHBIMY KJIANAHAMI, IPENOTBPAINAIONHIMY B yCAOBAAX HOPMAJIb-
HOY BKCIUIyaTAIME BBIIEITICHYE Ta30B ¥ NaPOB CEPHOM KMCIIOTH, YTO H03-
BOJIAET PASMEIIATh TAKHe aKKYMYJIATOPH! B IOMENIEHIAX TeHEePATOPHOIL,
JMHERHO-aNIaPATHLIX IEX0B, B aBTO3ajax u T.4. CienyeT UMeTh B BU-
Iy, 910 (B HACTOAIIES BPEM:) AKKYMYJIATOPH! BAKPBHITOCO THIA LPELH- -
ABJIAOT MEHEE XKECTKUE TPeOOBAHNA K YCJIOBIAM WX SKCILTYATAINH, TaK
KaK JOIyCKaloT 60JIee IIHPOKTE IPEIEeIIbl H3IMEHEHN HATPMKEHIT i TO-
K3 B PeXUME 3apANa W PaspAls IO CPABHEHWIO ¢ TePMETH3NPOBAHHBI-
MH aKKYMYJLTLOPAMIL

B XuCIOTHBIX aKKyMyJIATOpax JIHOG0r0 THIA OTPULATENLHBIE ILIa-
CTHHBI BBITOJIHAIOTCH, KAK NPABUJIO, HAMABHEIMHU (PEUIeTYaTHIME), TIPe-
CTaBJAIOIMA COO0l CBUHIIOBYIO PEMIETKY, B AYEHKH KOTOPOH moMema-
erca akTusHad macca (puc. 1.10,6), npencrapisroman coboit macry us
HOPOIMKOOGPA3HOr0 YHMCTOr0 CBHHIA, 3AMENIAHEOTO Ha, CEPHON KICJIOTE.
I IIpemyTIpesk eI yCauKy ¥ BBIIANEHUA aKTHBHON MAcChl B ACTy
BBOIATCH pasiwiHbie n06apkn. B Hacrosiiee BpeMs B aKKyMyJISTOPAX
OPUMEHAIOTCH NOJIOKATEIBHBIE IJIACTHHEL JETHIPEX TUMOB: MOBEPXHOCT-
HBIE, PEMmIeTYaThIe, CTEPXKHEBbIE ¥ TPyOuaThie, Obmuit B 010K IHTEI b
HBIX TUTACTHH Pas3JIMIHbIX THIOB IIOKA3aH Ha puc. 1.10.

IlonoxwuTeBHbIE TUIACTHHE! TOBEPXHOCTHOTO THNA, TPUMEHIIOTCH,
HaIpUMep, B KJIACCHIECKUX aKKyMyJIaTopax runa GroE. Otu mioacrussi,
Ha3bIBAEMBIE Taxoke IJacTHHaMHu [manTe, OTIMBAIOTCS IO HABJIEHUEM
u3 awucroro cBuENa (99,99 %) u mMerT camyr GOJBITYIO HOBEPXHOCTD
(mpumepso B 8. .. 10 pas GOIBOIYIO IO CPABHEHMIO C MOBEPXHOCTHIO OBBIY-
HOM IIJIOCKOH IUTACTHHBI TAKMX 2Ke rabapuToB). AKKyMYJIATODHI THIIA
GroE umeror maunGosmbumiit CPOK CIIy2K0bI O CPABHEHMIO C AKKYMYJLATO-
PaME JPYTHX THIOB (CPOK CILyKOBI TAKUX aKKYMYJIATOPOB COCTABIACT 25
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AKTWBHasA Macca

a : 0

CrepxeHb CrepxeHb
nnacTuHbl  AKTMBHas macca nRacTuHsl

) 3

Pruc. 1.10. O6muit By MTaCTHE KUCIOTHBIX aKKYMYJISTOPOB: MOBEPXHOCTHOrO (a),
pemeryaroro (6), Tpy6uaroro (6) u crepxHEBOro (z) THIOB

AKTUBHas Macca

set). B HIMPOKO IPEMEHAIONIXCS B CUCTEMAX 5JIeKTPOIUTAHMAA TEIIEKOM-
MYHHEKAINVOHHOH allIaparyphl KJIACCHIECKAX akKyMyaaropax Tuna OPzS
u repMmerusuposanHeX THoA. OP7zV npumensiorcsa TpybdyaTsie MOJIOXKH-
resbEbie mwracTusl (puc. 1.10,6). Takas mmacrura IpecTaBliger co-
6o MeTaJIMYECKHe CTEPKHY, BHIIOJHEHHBIE U3 CBHHIIOBO-CYPbMSAHHOIO
YULE CBRHUOBO-Xastbimesoro cmrasa (OPzSC) kpyroro momepedroro ce-
9YEHHUA, H8 KOTOPBIE HAHOCHTCA aKTUBHAA Macca. CBepXy IId YACPKAHIA
AKTUBHOM MACCBI U IPENyNPEXIEHUS €€ OMOJ32HUA BHH3 ITOI HeHCTBH-
€M CHJIBL TSKECTH YCTaHABINBAITCA TepdOPUPOBAHHbIE IIIACTMACCOBBIE
Tpy6ku (mannupu). IlodsTOMY Takue aKKyMYJIATODHI B JIXTEPATYPE HHO-
L2 HA3BIBAIOT ITAHUHPHBIMH. B yCIoBHOM 0003HAYEHHU TAOKMX aKKyMy-
J1ATOPOB (KaK M akKyMyJsiaropoB Thna GroE) yKasbIBaeTCs GHCIIO HOJIO-
JKHATEJIBHBIX IACTAH (YHCIIO OTPUIATENHHEIX IIACTHE IJLA KHACJIOTHBIX
AKKYMYJIATOPOB JIFO0O0r0 THIIA BCENIa HA €IUHHILY BOJILIIE YHCIIS, ITOJIONH-
TEJIBHBIX [IJIACTHH) ¥ HOMUHAJBHAA éMKOCTH. HampuMmep, ycrnoBHOe 060-
suagenne 80PzS 800 rosopuT 0 TOM, UTO AKKYMYJIATOP UMEET 8 IOIOMXKI-
TensHBIX mactul Tuna OPg, a ero HoMuHABHAS eMKOCTE pabHa 800 A

IInpokoe npumenenue B CHCTEMaX BJIEKTPOIUTAHAA AIIAPATY PBI Te-
JIeKOMMYHIKAIIA HAXOMAT TAKKE KIIaCCHICCKHe (wampumep, Tuma OGi)
U I€PMETHSMPOBAHHBIE AKKYMYJIATOPHLI C IOJIOXUTENbHBIME M OTPHIIA~
TeJILHBIMY IJIACTHHAME PEIITIaTOr0 THIA (C HAMASHBIME ITACTHHAMH).
Ilprvmenenne B repMETHSHPOBAHHBIX AKKYMYJIATOPAX HAMASHBIX ILJIACTHH
B codeTanuy ¢ rexuosaorueii AGM mosBonseT COZHABATL AKKYMYJIATOPEI
C MaJibIM BHYTPEHHHM COIIPOTHBJIEHMEM, CHOCOGHBIE paboTarb IpH KO-
POTKMX pexumMax paspana. Tak, akxymysarop 2RG 200 (Tuna ESPACE
cepma RG) ¢ Homuuambuol emrocThio 200 A9 crocober pu paspsie To-

2—-5312



34 I . TIaasa 1

xoM 352 A B Teuenue 10 MEHYT JO KOHEYHOIQ HanprKeHIm 1,75 B/ax
OTHATH 3apAm papHbt 58 A-u.

OcHOBHBIE apaMeTpPhl CBHHIIOBO-KHMCJIOTHEIX aKKyMYJISTO-
poB. IIC u nanpsorcenue oKKYMYAIMOPE. DIEKTPONBIKYIIAS CHJIA,
(9OC) mOINHOCTBIO BapPKEHHOIO KUCJIOTHOLO aKKyMYJIaTopa (dseMeH-
Ta), BABUCAAL B OCHOBHOM OT TJIOTHOCTH SJIEKTPOJINTS, THCICHHO PaB-,
ua 2,05...2,15 B. II;10THOCTE 9JIEKTPOIIATA 3aPMKEHHOT0 AKKYMYJIATO-
pa (mpm ero temueparype +20 °C) sexur B npepenax 1,21...1,3 xr/m.
Bepxruit ypoBeHsb IIOTHOCTH OTHOCHTCA K CTAPTEPHBIM aKKYMYJIATOPAM,
BKCIJLyaTHDPYEMbIM B 3uMHee Bpemsa. Suavenue DJIC F, B, ¢ mocraroanoit
U1 IPAKTUKHE TOTHOCTBIO MOYKHO ONPEIEIIATh 10 SMIIPHYecKolt hopMy-
ae [7] ' ' ’

F=0,854d,

rne d — GespasMepHAs BEJMIHHA, GACIEHHO pa.BHa,ﬂ TJIOTHOCTH DJIEK-
Tponura upm remueparype +20 °C.

smenenne TeMuepaTypsl SJIEKTPOIATA FHe3HAMHTEIILHO BJIMSAET HA
DIC. Tloseluenne TeMuepaTyphbl SJIeKTpOJII/ITa wa 10 °C ysenmausaer
BIC =a 0,002...0,003 B.

Hanpsxerwe Uy, npu paspane oraagaercs or 9IC Bapﬁ)KGHHOI‘O ax-
KyMyJIATOpa KaK BCiemcTBre yMmenbmennsa camoft DG (3a cuer ymeHb-
IHEHMS IJIOTHOCTH SIIEKTPOJIUTS,), TAK W 38 CUET MANCHAA HAIDAKEHIA Ha
BHYTPEHHEM COIIPOTHBIIEHIN aKKyMyATopa K. Ilpudaem R; sapucur xax
OT TeMIEPATYPEI BIIEKTPOIITA, TAX I OT CTENECHH €r0 PaspsmKEHHOCTH:

U, = E ~iyR;,

IOe 4ip, — 3HAYEHNe DAa3pATHOIO TOKA.

3a HOMUHAJILHOE BHAUEHNE CPEIHEro PasPANHOrO HANPKECHUI CBUH-
HOBO-KMCIIOTHEIX AKKYMYJIATOPOB IIPHHUMAETCA Hampsokenne 2,0 B.

B sxcrnyaranmoHHOl TOKYMEHTAINA Ha, aKKYMYJIATOPEI BCEIMa, YKa-
3BIBAETCHA 3HAYEHNE MUHWMAJIGHO IOIIYCTHMOIO HANDIKEHUS Ha, 3aXKi-
MaxX AKKyMyJIATOpPa Up min (KOHEYHOE Pa3pAIHOE HANPKEHWE) B KOH-
Ie €ro paspala IpY 33NaHHON MHTEHCHBHOCTH ¥ JNJIMTEJIBHOCTH: PABDI-

Pasp#r akKyMyJIATOPOB HEDKE YKA3AHHOTO 3HANEHMS HE JOITYCTHM,
TaK KaK NPHBOIUT K OOPA3OBAHMIO KPYIHO KPHUCTAJIIIMIECKOrO CyIbda-
Ta, CBUHIA Ha TIOBEPXHOCTH SJIeKTpo,D;OB (cymbdarammm IIIACTHH), T.€. K
BBIXOLY WX U3 CTPOsL.

Brympennee conpomusaenue axkymyssmope. BryTpennee axrun-
HOE coupoTmBiieHne R; axKyMyJIATODa IPEICTABIIAET CYMMY COIIPOTHB-
JieHNH: BHIBOINOB (GOPHOB); MOCTHKOB, O0BEMUHAINMMX B MaKeThl TIOJIO0-
KATeNbHBIE ¥ OTPUIATEFHbIE ITACTHHEL, METAJLIINIECKUX PEIIeTOK o~
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CTHH, COIPOTHBJICHIE aKTHBHBIX MACC DIIEKTPONOB U COIPOTUBIICHAE DIICK-
Tposmra. Ilo Mepe paspsama akKKyMyJIsTOpa €r0 BHYTDEHHEE CONpPOTHB-
JIGHHE TOCTENEHHO YBEJIMIMBAETCH 33, CIET YBEJIMYEHUA CONPOTUBIICHIS
AKTHBHBIX MaCC SJIEKTPONOB (YIeNbHOE CONPOTUBIICHNE CyibhaTa CBEHIA
PbSO,4 Ha HEeCKONBKO OPAIKOB GOJIBINE YIEILHOTO CONPOTHBIICHRA CBIH-
va Pb u ynenssoro conporusierns muoxcuna ceuia PbOy).u yeesmae-
HUA CONPOTUBJIEHN SJICKTPOJIHTS B CBASH C YMEHBIIEHHEM ero TLJIOTHO-
cru. BHyTperHee CONPOTHBIIEHNE YBEININBACTCA TAKKE IPYU HOHILKEHHN
TeMIepaTypPhl 9JIEKTPOINTa. BHYTpeHHee CONPOTUBIICHNE TOIHOCTELIO 38~
PAKEHHOTO aKKYMYJISATOPA IPH HOMUHAJIBHON TEMIIEPATYPE DIIEKTPOIIUTA
TeM MEHbINe, YeM GOoJIbIle ero HOMHHAJIbHAA eMKOCTh. Hanpumep, axky-
mynazop Tana 10GroE 1000 (¢ xomunasmaoit emxoctbo 1000 A1) B 3apa-
KEHHOM COCTOAHUN MMeeT BHyTpeHHee comporusieine R; = 0,105 MOwm,
a npu paspsne Ha 80 % mMeeT BHYyTpDeHHEE CONPOTHUBIICHNE MPAKTHYECKI
B OBa pasa Gosbmee. IloMrMO aKTHBHOIO CONMPOTUBIEHUA AKKYMYJIATOD
XapaKTEePHU3YEeTCA eIe ¥ MHOYKTHBHBIM COMpOTHBJEHMEM. Ilpm pacue-
TaX TOKOPACIpPeIeTeNLHbIX ceTell IOCTOAHHOrO TOKa B (8] mpengiaraet-
€A HE3ABUCHMO OT HOMHHAJIBHOH eMKOCTH aKKyMYJIATOPOB NDUHUMATH
HHIYKTHBHOCTE L; ONHOIO akKyMyJIaTopa (SIEMeHTa ¢ HOMHHAJbHBIM
manpsoxenuem 2,0 B) pasnoit 0,2 mx['u. Ilommoe comporusiienue (umM-
NeIAHC) aKKyMyJIaTopHOlt Garapen Zs, COCTABICHHON M3 T MOCJIEIOBA-
TEJILHO BKJIIOUEHHBIX HJIEMEHTOB HA KPYTrOBOH YacToTe W B 9TOM CIYYae
ONPENENAETC CHEIYIOMUM BHIPAKCHACM:

Zg = \/(’I”I,Rz)z -+ (’I’L&)Lz)z

Homunanvran emxocmo axkymyasmopae. Ilom HOMHHAILHOK eMKO-
CTBIO aKKYMYHATOPA Croy HOHIMAETCS KOJMIECTBO 6K TPIraecTsa, (A 1),
KOTOPOE MOXKET OTHATH IIOJIHOCTHIO 3aPAKEHHBIH AKKYMYJIATOD IPH HOD-
MAJILHBIX PEKUMAX DPaspsIa, OLOBOPEHHBIX IpousBomuTeseM. s cra-
UHOHAPHBIX KJIACCHYECKHUX U T€PMETUSMPOBAHHLIX AKKYMYJIATOPOB IO,
HOMIHAJILHOI €MKOCTBIO IalIe BCETO TOMPA3yMEBACTCA KOJIIMIECTBO, KO-
TOPOE MOXKHO TOJIYYHTH TPH PAaspAne AKKYMYJISTOpPa IIOCTOHHHBEIM IIO
BHAYEHWIO TOKOM, UMCJCHHO DABHBIM HOMHAHAJILHON eMKOCTH, NeJIeHHOH
na 10 B reuvenne 10 gacos (10-wacoBoll pexxuM paspsa) IPH TEMIIEPATY-
pe smexTposuTa, pasHoht 20 °C M KOHEUHOM SHAMEHHY HATPSDKEHUT HA
BAKHEMAX aKKyMyJyaTropa, pasHoM 1,8 B (1,8 B/au).

EMKOCTB, KOTOPYIO MOXKET OTIATH MPEIBAPHTENHHO 3P AKEHHbI aK-
KYMYJIATOPA, 3ABUCAT OT €r0 KOHCTPYKIuY (OT THTIA ¥ KOJIMIECTBa IIIa~
CTHH, WX Pa3sMepa, T.6. OT KOJMYECTBA AKTHBHBIX MATEPHAJIOB), IIJIOT-
HOCTH DJIEKTPOJINTA W PEXHM2 DPaspaAna (TOKa paspana W TeMIEepaTy-
PBL OKpyKamomWel cpersl). B TEXHUIECKOH W SKCILTyaTAIHOHHONK MoKy~
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MEHTAINY Ha aKKyMYJIATOPHl YKA3LIBAIOTCA: BHAUEHHE EMKOCTH, COOT-
BETCTBYIOMEH KOHKPETHO! InTelibHOCTH paspsans (HanpuMep, 06osHa~
gerye Cg COOTBETCTBYET TAPAHTHPOBAHHOMY BHAYEHUIO EMKOCTH aKKY-
MyJATOPa NPH IJIHTEJIFHOCTH €ro paspsima, pasHoit 10 wacos); sHatwe-
HUE paspamHoro Toxa (aanpumep, obosuadenue J1g COOTBETCTBYET MAK-
CHMAJIBHO HOILYCTUMOMY Pa3PATHOMY TOKY TpPH JJIHTEILHOCTH PAaspsAma,
pasroit 10 4acos) u 3HAYEHHE IONYCTHMOIO KOHEYHOTO HANPIKEHN Ha,
B3aKHMMAX AKKyMYJIATOPS OJIT KAKIOTO B3 YKA3AHHBIX DEXHMOB paspsa-
na. CyBenuyerneM WHTEHCHBHOCTH PaspAna (YBeJMICHHEM DasPAIHOTO
TOKa WX PasPANHON MOIMHOCTH IIPY COKPALICHWH IJIATEJIBHOCTH pPas-
psina) EMKOCTH, KOTOPYIO MOXET: OTHAThH AKKyMYJIATOP IO NOCTIDKEHH
[PEIESILHO JOMYCTHMOTO PA3PAMLHOTO HAUDKESHNA (3a KOTODBIM CJIEIy-
€T BBIXOI €ro U3 CTPos), yMmenbmaerca. HanpuMep, akKyMysiaTop THIE,
10 OPzV 1000, cmocobubtit ormars emxocTs 1000 A‘w npu 10-yacosom
peXUMe PaspAna, IPH ONHOIACOBBIM PEKAME PA3PAIA TOKOM 565 A Mo-
JKeT OTIATH TOJBKO 565 A mpu KOHEYHOM HANpPKEHHN DaspAna, PaB-
ueIM 1,67 B/ou1. YMmeHbIIEHNWE OTIABAEMON aKKyMyJIATOPOM E€MKOCTH C
YBEJIMYEHHEM MHTEHCHBHOCTH €r0 PaspsAna oObACHIEICA TEM, 9T0 obpa~
3YIOMUECS B IPONECCE PA3PANa YACTHUIHI CyahdarTa CBUHIE Ha HOBEPX-
HOCTH UJIACTHH, 00HeM KOTOPBIX B 2. . .3 pasa boJbie 00beMa, MCXOMHELX
MAaTEPHAJIOB, IPEIATCTBYIOT OHICTPOMY IIPOHUKHOBEHUD BJIEKTPOJINTS, K
IIyOOKHM CTIOAM AKTHBHON MACCHI, KOTOPHIE TAKMM O0Pa30M BBIKJIIOYa-
FOTCA W3 9JIEKTPOXUMHUYECKHX TIpoeccoB. Ilpm HusKOl WHTEHCHBHOCTH
paspsana (Ipu ToOKax paspAa MEHbIINX HOMHUHAJBLHOTO Pas3PIHOLO) aK-
KYMYJIATOP, KaK TIPABUJO, CHOCODEH OTHATL €MKOCTH OOJBIIYH) HOMMU-
HayisHOM, OmHaKo oT60p eMKOCTH GOMbIIel HOMUHAJIBHOTO SHAYCHUS He
HOILYyCTHM, TAK KaK IPHBONUT K PESKOMY COKPAHIEHHIO CPOKA, CIIYKOBI
AKKYMYJIATOPA WM BBIXOLY €U0 M3 CTPOSL.

Msmerenne TeMoepaTyphl BAEKTPOINTS, TaKXKe BJIUACT HA eMKOCTL,
OTIIABAEMYIO AKKYMYJIATOPOM IIPH HEM3MEHHON MHTEHCUBHOCTH PA3PAIA.
C noHImKeHTeM TeMIIEPATYPEI 9JIEKTPOJINTS, YXYIIAIOTCA €r0 YCIOBHA J0-
CTYyIla K aKTHBHBIM MaCCaM SJIEKTPONOB, UTO. IPHBOAUT K YMEHBINEHIIO
E€MKOCTH OTIaBaeMOlt akkymysaropoM. B xagecTse npumepa B Tabsr. 1.2
IPUBEIEHE! JAHHEIE [I0 IIPONEHTHOMY H3MEHEHWI0 €MKOCTH, OTIABAEMON
rEpPMETUBHPOBAHEBIME akkyMyJiaropaymu tuna OPzV or Temmeparypst
st 1, 3, 5 i 10-9acoBBIX PEXUMOB PA3PANE, OTHOCHTEJIBHO HOMUHAJIEHOH
emrocTn (cooTsercrBytomet Temneparype +20 °C). DT cranmoHapHbIe
TepMeTHSUPOBAHNEIE aKKyMyJaTopst (Texmonorus dryfit) ¢ rpy6Guarsmvu
TOJIOKUTEIHPHBIMI TJIACTHHAME TPENHABHATEHEI JJIA PEXMMOB Paspana
ot 1 mo 20 4. B srolt Tabimmne TaxyKe yKA3aHb KOHEUHBIE 3HAYEHNS Haups-
KeHUI Ha, 30KUMAX aKKYMYJIATOPS, OIS KAXKIOTO U3 PEXUMOB Paspana.
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Tabmuna 1.2
Bousuame TEMIIEPATyPhI Ha MKOCTD JJIA aKKymme'ropos Tua, OP zV
BpeMﬂ' KQHetmoe | Mamesenne emkocru, %, npu Temmeparype, °C
paspszna, ¥ | manpskenue, B/om —10 0 +10 +20 +30
1 C 1,67 39 -1 59 80 100 105
3 ' L 55 70 . 85 100 105
5 1,77 60 74 87 100 104
10 : 1,8 60 74 C87 © 100 104
Tabauna 1.3
Brnusmne TemMnepaTypsl Ha eMKOCTD HJIA akkyMynstopos tuna ESPACE cepuu RG
IIpomomxurensa0CcTh Wsvenenne eMyocTd npu Temneparype, °C
paspAna. 0 +5 {410 | +15 | 420 | +25 | 430 | +35 | +40
5...59 MuH -{0,81]08710,91]0,96 | 1,0 [ 1,035 | 1,06 | 1,085 | 1,10
1..24 4 0,87 1 0,91 (0,93 [ 0,97 { 1,0 | 1,02 [ 1,03 | 1,045 | 1,05

B Tabsn. 1.3 npuseness maHHBE 0 H3MEHEHHIO €MKOCTH OT TeM-
NEPATYPEL A TePMETHSHPOBAHHBIX aKKyMyaTopos rtuna ESPACE ce-
pun RG ¢ pamasHbIME TUIaCTEHAME (TEXHOJOrHA AGM) BBIILYCKAEMBIX
xonnepaom HAWKER.

W3 anasmsa JIaHHBIx, IPWBENEHHBX B Tabi. 1.2 u 1.3, cemyer, 4To
HpH KOPOTKHX PeXEMax paspafa (fp < 1 9) usMeHeHue TeMmeparypol
OKa3BIBAET OOoJibIIee BIIMAHUE HA €MKOCTh AKKYMYJIATOPA, IO CpaBHE-
HHIO ¢ BoJiee MVINTENBHBIME PEXUMAMU paspana. - Takas ke TeHIeH-
I COXPAHACTICH U JUIA KJIACCHYECKUX AKKYMYJIATOPOB. 3aBHCHMOCTD
eMKOCTH OT TEeMIEpATyPhl OKDYKAIOmel Cpebl MOXeT GBITh IpenCTas-
JIeHa, B CHENYIOMEM BUIE:

Cy = Cn
T 14 a(20-T)'

rae Cy — eMKOCTh COOTBETCTBY IOIIAs HOPMAJILHON TeMIIEpaType OKpyar-
rommelt cpemet, pasuoii +20 °C; T'— peasnbHas TeMuepaTypa OKpyxRaromei
cpenmpr; oo — TeMmueparypasiit Kosddunpent. Snadenue xoaddunmenta
O 7151 KOPOTKMX PEXUMOB paspana (t, < 1 4) cienyer npuHEMATh paB-
uem 0,01, a moa AJMTENBHBIX PEXUMOB PaspANa (tp > 1 9) — paBHBIM
0,006 [9].

Comopaspsd axxymyasmopos. Llox caMOpaspAmOM aKKyMyJISTOPOB
TMOHMMAETCA MOTEPA EMKOCTH B IIPOLECCE UX XPaHeHUA (B OTKIIIOYEHHOM
OT WCTOYHUKA SHepruy cocrosnum). Camopaspan S 32 BpeMs XpaHEHHA
T OOBIYHO BBIPAKAETCA B NPONEHTAX:

100(Co — Cy)

S = Ch ,
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e Cp — eMKOCTD 3aPIKEHHOTO aKKyMyJIATopa; Cr — OCTATOYHAA eM-
KOCTHh aKKyMYJISTOPA TIOCIIE €r0 XPAHEHNA B TEYEHHE T MECALEB. .

TIpu OTKIFOYEHHN 3APSUKEHHOIO AKKYMYJIATOPA OT MCTOYHIK A SHED-
UM BJIEKTPONUT BCTYNAET B PEAKUMIO C AKTHBHBIMH MACCAMM BJIEKTDO-
0B, 06pasysa Ha TIOBEPXHOCTH OTPHIATESHLHEIX U IIOJIOKHUTEIHHBIX 1A~
CTHH MEJIKOSEPHUCTHIH Ccyibdal CBHHMA. DTOT IPOHECC PACXONOBAHUA
AKTHBHBIX MACC 9JIEKTPOIOB, T.€. CAMOPASPAL HaubO0Iee BHICTPO MIET Ha, |
NEPBOM STATIE MTOCJIE OTKIIOYEHNA OT NCTOYHUKS sHeprun. Tlpum nymress-
HOM XpaHEHWM CKOPOCTH caMopaspana yMenbmaercda. Ommaxo dupma-
MM W3FOTOBUTEIAMM B2IIPEINAeTCA XPaHHTh 3aPsIKEHHBIE AKKYyMYJIATO-
peI 6ostee 3...6 mecanes 6e3 TPOMEXYTOIHBIX nonsapanos. Ha cxopocts
caMopaspAna GONBIIOE BINAHNE OKA3LIBAET TEMIEPATYDA OKPYXKAOIIE
cpener. Ilospunenue remueparypsr Ha xaxgere 10 °C coxpamaer momy-
CTEMOE BPEM#A XPAHEHUA TPUMEDHO B MOJTOPA—IBa Pasa. ‘

Opmpoit U3 IpHYME CAMOPA3PALA ABJIACTCH TAKXKE HAJIIINeE IpuMeceit
B 9JIGKTPOJIATE U B AKTHBHBIX MACCAX 9JIEKTPOLOB, YTO BEISHIBACT moboy-
HBIE JIEKTPOXHMITIECKHE DPEaKIiH, IPUBONANINE K PACXONY AXTHBHBIX
Macc dJeKTPONOB. MHTEHCHBHOCTD 9THUX TOBOTHBIX peaxmuil BOZpacTaer
¢ TIOBBIMIEHMEM TEMIIEPATYPHI OKPYXKAOMER Cpemsl:

OKcmIryaTanys aKKyMyIATOPOB. HOpMaJ'.[I:HLIe YCIIOBHSA BKCILTY-
aTaluyu aKKyMyJIATOPHOH 6aTapen NMpennosIaraiOT IPExKe BCETO BBIIOM-
Henne TpeGOBaHMIT IO IPABU/ILHOMY Pa3sMEEHHIO 1 MOHTAKy 9JIEMEH-
108 (MOHOOJIOKOB), BXOOAMMX B COCTaB drofl Garapem, Ha CTeJIaXKax
WIX B CTATHBAX CHCTEM DJEKTPONNTAHUA C COOJIIONEHEM HEOOXOMIMOT0
3a30pa MEXIY STHMH 2JIeMEHTAMHU M CTPOrOrO BHIIOJIHEHAA PEKOMEH I~
nuit pupmM-msroToBuTesel o BBoNy B axciiyaranyio. Heobxomumpri 3a-
30D MEXIY 9SJIEMEHTaMM, O0DECHeInBAOMIA] IEJIOCTHOCTS KOPIYCOB IPH
TMOCTENYIOmel MX SKCIUIYATANUY M HOPMAJILHBIE YCIIOBUA OXJIAXKIIEHNUA,
PEIVIAMEHTHDPYETCA HJIMHOE CTaHEaPTHLIX MEXDJIEMEHTHBIX COIUHUTE-
selt (mepemsraex). Ilociennue SaxpenisiOTCs B 3aBUCHMOCTH OT KOH-
CTPYKLMHN BBEIBOIOB JIIOO0 MOCPEICTBOM OOJITOBOIO coenuHeHus, Jinbo mo-
CPELCTBOM CBAPKH C COBIIIOIEHIEM pexome}myeme MOMEHTOB BATAKKH
WJIM TEXHOJIOTUU CBAPKM.

B mHacrosmee BpeMsa Ha TPEMIPHATHAX TEJIEKOMMYHUKAIME IpIMe-
HACTCA B OCHOBHOM OIMH CIOCOD 9KCILIYATAIIN, AKKYMYAATOPHBIX OaTa-
pelt — peXMM HempephIBHOTO IION3APsNg, HABBIBAEMBIM Takxke Gydep-
e pexumoM. Ilpm sToM crnocobe sKCITyaTanyi (B yCAOBHAX HOPMAIIh-
HOTO (DYHKIMOHUPOBAHUA CUCTEMbE HIIEKTPONMTAHNA) ANAPATYPA [IHTa-
€TCA OT CETH TEPEMEHHOr0 TOKa YePe3 BBHINPAMUTENbHBIE YyCTPOUCTBA,
paboTraoniue B pexxuMe CTaOUIN3AINN BEIXOIHONO Hanpskennsd. 1loEo-
CTBIO 3APIKEHHAA AKKYMYIATOPHAL Garapes (6aTapen) MOMKIIOYEHS, 18-
PaJLIIEJTLHO BRIXOIY STHX BHIIpAMETENEl (mapasieabuo Harpyske). Ilpu
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STOM 3HAYEHHE BBEIXONHOI'O HANPSDKEHHs BLIIPAMUTENEH opemessercs
TpebyeMbIM HAIPIKERNeM comepxamua U, aKKyMyJiaTopHo# Garapen,
obeCcHednBarOIIIM KOMIIEHCAIHIO CAMOPAasPANa aKKyMyaaTopos. Hamps-
MEHIe CONEPXKaHKA (HENPEPHIBHOIO NON3aPANA) ONPENeJIACTCA TUCIIOM
IIOCTIENOBATEINIHHO COSIIHEHHEIX BIIEMEHTOB B aKKyMYJIATOPHOR Barapen,
TpebyeMbIM HAIPMKEHIEM CONEPIKAHUA ONHOIO BIIEMEHTS U TEMIEpaTy-
poit oxpyxaromeit cpempi. B 3aBucuMocTH OT HOMHUEHAJBHON HIIOTHO-
CTH 9JIEKTPOJINTS, i TEXHOJOIMY H3rOTOBJICHUA AKKYMYIATOPOB HATIP K E-
HME COIEPKaHWA AJIA ONHOIO BJIEMEHTS IIPH HOMUHAJLHON TEMIIEPATYyDe
+20 °C nexur B npenesax 2,23...2,29 B. Ilya obecrnedenna HOpMaJIbHO-
TO PEXHMMa SKCILIYaTANMH W CJISIOBATENIEHO HOPMABHOTO CPOKA CIIyHK-
6Bl TOYHOCTD CTAOHIIMBALNY HAUPIKEHNA CONEPKAHEA aKKYMYJIATOPOB
nomxna ObrTh He Hmke +1 %. B ciydae npuMeHenus BHIIpAMUTEIEH C
MeHbIIel TOYHOCTBIO CTaOUIN3aLHn BLIX_(jJJ;Horo, HaOPAKEHUA It 06ec-
TEYEHNA KOMICHCAIIMY CaMODPaspiANa AKKYMYJISITOPOB MPHXOMATCS YBe-
JIEYMBATE BHAYCHUE HAIPKEHNs comepxanus. Tax, IJIf repMeTHsupo-
BaHHBIX AKKYyMYJIATOpOB TexsHosioruu dryfit tmoa OPzV npu nopmamsrolt
TeMIIEPATYPe OKPYXalomiel Cpenbl I CTaOUIHBAIIY HAIPKEHIA COLep-
JKaHUA ¢ TOYHOCTHIO0 1 % PeKoMeHIyeMoe BHaYEHNE 9TOrO HANPIKEHHA
cocraszer 2,25 B/ou1, a nipu TounocTH crabwmsanmm 2 % — 2,27 B/a
[10]. Hampsokenue COnEpKanus TAKKE CJIeIyeT KOPPEKTHPOBATH B 3aBH-
CHMOCTH OT TeMIepaTyphl OKpyxafomelt cpenpr. Taxas KOPPEeKTHPOBKA,
(TeMIrepaTypHa KOMIIEHCAIUA) MOJDKHA OBITH OPEIyCMOTPEHA B CHCTe-
MaxX 3JIEKTPOIITAHNA TIPEXKIE BCEIO B CIIyIae IPUMEHEHN TePMETHBIPO-
BaHHBIX akKyMyiaTopoB. C pocToM TemmepaTyprl OKpyxaromelt cpemsl,
41005 M30EKATH BOSMOKHOIO BBIXONE U3 CTPOA TePMETH3NPOBAHHEIX aK-
KyMYJIATOPOB, HAPsDKEHNe X CONEPKAHUA HeOOXOIMMO YMEHLIIaTh, B
COBPEMEHHBIX CHCTEMaX becriepeboHOro BIeK TPONUTAHMS JJTA CIIEKEHNT
83 TEMIEPATYPOH AKKYMYJATOPOB HA KOPIYyCa OTHENLHBIX 5JIEMEHTOB
HJIM MOHODJIOKOB HAKJIEHUBAIOTCH TEPMODE3UCTOPEI WM TEPMOIATYHKH C
NOMOIIBI0 KOTOPBIX U OCYMIECTBIIACTCA ABTOMATHIECKad KOPPeKust (TeM-
HepaTypHasd KOMIEHCALNS) HANDIKEHNA CONEPKARIA SKKYMYIIATOPHEIX
barapeli. 3navenune KOPPEKTHPOBOUHOLO ko duIenHTs IJI Pa3IHIHOTO
THIIOB aKKYMYJISITOPOB JIGKUT B npe;(ena,x 0,004...0,005 B/°C. B xauge-
cTBe npuMepa B Tabir. 1.4 npuBeneHbl PEKOMEHIYyeMble JJIA TePMETH3HPO-
BAHHBIX aKKyMyJIATOPOB TexHosornu dryfit Tuma OP7V smavenns Hanpsi-
JKEHHA CONEPKAHMA ONHOIO BJIEMEHTA IIPH PA3JIMIHEIX TEMIEPATYPAX 1
TOYHOCTH CTAOHIIMSALHY STOr0 HANPIKEHNS,

3apAn Kax KJIACCHYECKUX, TaK U [ePMETH3UDOBAHHBIX AKKYMYJIf-
TOPOB IIOCJIE MOABJICHUA CETH NEPEMEHHOr0 TOKa, OCYIIECTBIACTCS U0
no memody IU, smubo mo memody U (Tax HasbiBaemsill maaammmit 3apsm),
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Tabmuaua 1.4
Hanpsokenue COmepXaHusA B 32BHCHMOCTH OT TEMIEPATYPBL

Temneparypa akkymy- | U conepwarus, B/am, npn rounocrn crabmmsanmn, %
Jisrroproit 6arapen, °C 41 +2
—~10 2,35 ' 2,37
0 2,35 2,37
+10 . 2,28 ‘ 2,30
420 2,25 2,27
430 . 2,25 2,27
+40 2,23 ~ 2,23

Tpebyiommit o cpasuenuio ¢ MeronoM U Goskimelt TPOIOIDKHTEIIBHOCTH
OJIsT KOMIIEHCAIINH eMKOCTH, OTHAHHON aKKyMyJIATODAMY TIPH NX Pas3pALe.

Meton TU npenmonaraer 3apsn akKyMyJaaTOPHBIX Darapeil B mBe
crynern. Ha mepso#t crynerw sapsan mesecoodpasHO OCYMECTBIIATh IPH
crabunmsanyy sapagaoro Toxa I, #a yposme (0,05.. .0,3)010. Canemny-
€T OTMETHTb, YTO IJIA KIACCHIECKHUX AKKYMYJIATODOB BEJINUAHA MAaK-
CHMAJIBHOTO 3apPANHOTO TOKA B IPHMHUUIE HE OIDAHMIMBAETCA dupMa-
My msroToBuTenamu. Ommaxo Mpu OOJPIINX SHAMCHHAX 3aPATHOIO TOKA.
TeMIIEPaTyPa BJIEKTPOIUTA B OTIEILHEIX DJIEMEHTAX MOYKET IIPEBBICHTD
TIoIycTUMOe 3Hadenne, pasHoe 45 °C, 4TO BBIHYIWT IIPEPBATH TIPOIECC
3apANa W OXMIATE CHIDKeHnA TeMmueparypsl. Ilo Mepe 3apana u ysesu-
YeHMH IJIOTHOCTH 3JIEKTPOJINTS, HAIPSDKEHNe Ha 3aKuMax Garapen BO3-
pacraer:. -3apsam Ha TMEPBOI CTYNEHW IPOXOJDKAETCA IO TEX IOp TIOKa,
HalpsOKEHWe Ha 3aXKuMaX akKyMyJiaTopHolt 6arapen He NOCTHIHET 3HA-
wenna Uy =.(2,35...2,40)n5,, THE TNyy — 4GHCIO TOCIEHNOBATENBHO CO-
eIHHEHHBIX DJIEMEHTOB B aKKyMyJATOpHOH Garapen. Ilocse vero neob-
XONUMO Cpasy uepefitn ko Bropolt crynenm sapapma. Bropaa crynmess
IPEIIOJIATaeT 3apAl aKKyMyJIssTOpHON 6arapen mpu cTabyimM3alvd Ha-
IpsOKEHHA Ha ypOBHE Hampsoxenus copepxanusa Us. Ilpmmepubii Bmm
KPUBBLIX U3MEHEHHs HANPSOKEHHUsI M TOKA IIPH HTOM CIrocobe 3apsifa Io-
xazaH Ha puc. 1.11,a.

910T criocod 3apsna TPUMEHUM KK IJIA KJIACCHYECKUX TaK M IJIS
TepMETH3UPOBAHHBIX AKKYMYJIATOPOB. I KITACCHYIECKHX aKKyMyJIATO-
POB IPU3HAKOM OKOHUAHUS 3aPANA ABIAETCH IPEXKJIE BCEro IMOCTOAHCTBO
TJTOTHOCTY BJIEKTPOJIATA B’ TEUYECHUE. 2 WACOB a TAKXKE YMEHBIIEHHE 33~
PADHOrO TOKA HO 3HAYEHWSA OJIIMSKOrO K TOKY comepxauud. I'epmermsm-
POBAHHBIE AKKYMYJISITOPBI CIYMTAIOTCA TOJHOCTHIO 3aPKEHHBIMH, €CJIH.
«OCTATOYHBIY 3apATHEI TOK B TedeHne 2 9acoB O0JIbIIE He USMEHACTCH.
3HaYEHNE OCTATOYHOTO 3aPATHOTO TOKA, IJIA aKKYMYJIATOPOB, BEIIOJIHEH-
HBIX IO Texuosornm dryfit cocrasmaer (0,4...0,8) - 1073C)o A mns mByx
BOJIBTOBBIX By1eMenTos i (1...3) - 1073Cy A myrs Momobitoxos [6].



Hemownuru anexmpocnaborcenus npednpusmudl ceasy 41

U 1A
\ U1
UC
U, -
i
U
’ forp locn
Y — >
be -
1-A cTyneHs  2-A CTynexb ,
a) o)

Puc. 1,11, Kpussie TOKa 1 HaNpsKeHAS HA AB npu ee sapane no merony IU (o) m
no merony U (6)

Meron U aBiaercd wacTHbIM cirydaem merona LU. Ilpu sTom Meronme
HANIP;OKEHUE Ha, BHIXONE 3aPANHOrO BEIIPAMUTENS (3apAMHOTO BEIIPAMU-
TeJIA) YCTAHABJIMBACTCA HA YPOBHE HANDMKEHAA COOEpXKAHua GaTapen.
Ipudem B Hagae 3aPANA BHOPAMUATEN PAGOTAOT B PEXXAME OrpaHIIe-
A TOKA, TaK, IT0 3apaAn 6aTapen OCyIMeCTBIACTCA HEMSMEHHBIM 1O SHa-
qeHmIo TOKOM Iy . Ilociie mepexona BempamMuTestel B pexxum crabuinsa-
LMY HATIPSDKEHNUA IO Mepe 3apAna 6arapen 3apsAmHbil TOK yMEHbIIAeTCsI.
IroT METOn 3apANA PEKOMEHIYETCH K IPUMEHEHUIO IJIsd FepMEeTH3UPO-
BAHHBIX aKKyMYyJaTOpPOB. IIpH3HAKOM OKOHYAHHA 3apANa TAKXKe KaK I
npu Merone IU aBjserca cHiDKeHue BeNIWMYHHBL 3QPAMHOTO TOKA IO 3HA~
ueHHA Joer ¥ €T0 MOCHENYIONas HEM3MEHEOCTE. [IpuMepHbIil BiI KpuBOi
HaUpsDKEeHNS ¥ TOKa IIPKU HTOM MeTOJIe 3apAna IMoKasaHn Ha puc. 1.11,6.

B mporecce sKCIIIyaTAIAY MOXET BOSHUKATH HEOOXONAMOCTE B PO~
BEIIEHNH TaX HASBIBAEMBIX YPABHUTENBHBIX (BHIPABHUBAIOIINX) 3aDANOB
AKKyMYJIATOPHEIX Garapeil. YpaBHHTENHHEI 3apAll CISIYET NPOBOIUATD
B TOM CJIy4ae, KOrHa OTKJIOHEHVE HAPIKEHNA Ha OTHEIbHBIX DIIEMEHTaX
AKKYMYJIATOPHOU HaTaper OT CPEMHETO BHAYEHWSA NOCTUTAST SHAYCHUH,
npesbimanmux 0,2 B, IAOTHOCTE 9JIEKTPOIUTa OTHEIBHEIX DJIEMEHTOB
cmmxaerca 6osee ueM Ha 0,01 xr/n or rpebyemoro suavenns (A KIac-
CHYECKUX AKKYMYJIATOPOB) HIIM TEMIEPATYPA KOPIIYCOB PASJIMIHBIX SI16-
MeHToB (MOHOGJIOKOB) oTsimdaercs Gosee wem Ha 5 °C. lpwannamu no-
[OOHBIX SHOMAJIMH Yamie BCEro ABJISIOTCH NJINTesIbHbIE HETO3aDAMBl aK-
KYMYJIATOPOB, CBABAHHBIE, HAIPHMED, C IOHIDKEHHBIM HAPIKEHIeM X
COOEpXaHnA, MK IPEe3MEepHO IVIyboKne paspsambl aKKyMYJLITOPHEIX (a-
Tapeif. YpaBHUTEIbHBIE 3aPANBI KaK KJIACCHYECKHX, TaK ¥ IePMEeTH3H-
POBAHHBIX AKKYMYJIATOPOB CJIEHYET TPOBOOUTH TPU CTAOWIN3AIUN Ha-
NPsKEHNA Ha 3a0KuMax 0aTaper Ha YpPOBHE, OUpENesiseMOM U3 pacders
2,4 B/ost B Teuenne 48...72 vacos. llpwdem HagaabHBI 3apAMEBIH TOK
1e posoxer mpesbimarh 0,35C1p. Ilpm 9TOM BBIIpAMUTENBHQE yCTpPOi-
CTBO (BBLIIPAMUTENBEBIE YCTPOHCTBa) paboTaeT B PEKMME OTDAHUYEHUS *



42 : » : - SR I'Jz‘aela 1

TOKa. YDPaBHUTENLHBIN 3apAM, CINTACTCA 3AKOHIEHHBIM, €CJIU IIIIOTHOCTD
BIIeKTPONNTS, (TOJIBKO IJIA KIIACCUYECKHNX aKKyMyJIATOPOB) M HAIIpKe-
HUE Ha DJIEMEHTaX He H3MEHAI0TCHA B Tevenne 2 uacos. Ilpu paspaborke
CHCTEM BJIEKTPOIMTAHNA CIELYET PELyCMATPHBATD BO3MONKHOCTD Y100~
HOro BEIBOna Garapen us BILY u nomxmoyveHnsa K Hell BRIIPAMATEIHHOTO
yCTPOHCTBa (BHIIPAMUTENBHBIX YCTPOHCTB), 8 TAKXKE CIICKEHUA 33, TEM-
leparypoil m HanpsoKeHMeM OTIEIHHBIX MOHOGJIOKOB 6amapen B CIygae
‘pasMemenus ux B craruBax OIIY.
Ilpn mByxCTYIeHYaTOM WM YDABHUTEJBHOM. SapAHe AKKYMYJIATO-
POB JACTIYHO ¥IMEET MECTO BJIEKTPOIIN3 BOLBI C OOPasOBaHKeM BOIOPOIa
¥ KHCJIOpOoHa. B kjaccuyueckux akkyMyJIaTopax ®TH rasbl, CMECh KOTO-
PBIX IPENCTaBJIAET COO0H rpemyyunit ras, a TAKKe Iaphl CepHOH KHUCIOTH
BBIIEJIAIOTCS B OKPYIKAIOMIEE TTPOCTPAHCTBO, IO3TOMY KJIACCHIECKTE AK-
KyMYJIATOPEI HOJDKHBI YCTAHABJINBATHCA TOJBKO B CHEIMALHBIX ITOMe-
mennax (AKKyMyJIATODHBIX), CHAGKEHHEIX TPUTOYHO-BBHITIKHON BeHTH-
-yiAnueil. B repMeTHsHDOBAHHBIX AKKYMYJIATOPAX PEKOMOMHAIMA Ia30B
cocrasiset He MerHee 95 % [11] HOBTOMY OHU MOTLYT yCTAHABJIMBATECH B
TeX e TIOMEMEHIAX, YTO U anIapaTypa. Heo6xom/IMLIﬁ 00beM MUpKy - -
pyforrero Bosmyxa @ A aKKyMyJIATOPOB JHOOOIO THIIA PEKOMEHIYETCs
OIpeNesIATs B COOTBEICTBAN CO CIICAYIOMMM Bbipaxennewm [10, 11]:

@ = 0,060y f1 f21

ITE Ty — OBIee YHCIO DIIEMEHTOB B aKKyMyJiaTOpHOl GaTapew; fi —,
k09 PUTHEHT, 3HAYEHIE KOTOPOTO BABUCHT OT IPOLEHTHOTO CONEPIKAHNA
CYPBMBI B IOJIOKATEIBHBIX TIIACTHHAX (IJIA aKKYMYJIATOPOB C CONEPKa-
HueM cypbMbl Gosiee 3 % fi = 1, a A/17 aKKyMYJIATOPOB C COXEPIKAHIEM
cypomer menee 3 % f1 = 0,5); fo — xosddunment, sHaueHHEe KOTOPO-
TO IJId KJIACCUYECKHMX AKKYMYJISLTOPOB NPUHAMASTCA PABHEIM L, 'a Ija
repMeTH3HPOBaHHEX — 0,5; ] — 3apanseil TOK, IHCICHHO PAaBHBIH 1A
BCEX THIOB AKKyMyiaropos, 0,1Cg, A. "

Cpox ciry0Obl KIIACCHYECKUX M TePMETU3HPOBAHHEIX a,KKYMYJIfITO—
POB CYIIECTBEHHO 3aBHCHT OT EPEMEHHOU COCTABIIAIOME TOKa AKKYMY-
J1ATOpoB (TaK HASHIBAEMOTO- HAJIOXKEHHOIO [IEPEMEHHOTO TOKA) KaK IIpU
X 3apapne, Tak ¥ upu ux pabore B 6ydepuom pexxume. [lepemennas co-
CTABJIAIONAS TOKA AKKYMYJIATOPOB IOABJIACTCS IPEXKIE BCENO 38 CUET
AMIYJIECHOro norpebiennsa suepruu Harpyskoi. Takol marpyskoit ¢ mm-
IYJIbCHBIM TOTPEBIICHIEM SHEPTUY. ABJLIIOTCA HPAKTHICCKH BCE COBPE-
mennble kousepropsl (DC-DC mpeobpasosaresu) u nrsepropst (DC-AC
IIpeobpasoBaTeNn), NONKIIOYAEMBIE K BHIXOLY BEIIPAMATEIEHO-AKKYMY-
JIATOPHEIX ycTaHoBOK. Ilpu sapsame akkyMmysiaTopos mo merony LU ma
nepBoit crymenu sapama mo Hanpsmxenus 2,4 B/si nelicryromee 3Ha-
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YeHne MEePeMEHHON COCTaBIAMEN TOKa IiiA GOJIBIMMHECTBA KaK KIACCH-
YECKWX, TaK M TEPMETH3MPOBAHHBIX AKKYMYJATOPOB PErTIaMEHTHDYETC
Ha yposHe, He npepbinaomeM 10 A ma 100 A-g HOMHUHAIBHON eMKOCTH
[10, 11]. Ina sropoit crynenu sapsma (uan npu sapsime 1o meroxy U),
a TAKKE I PEXUMA, CONEPKAHNA NeHCTBYIOMEe SHAYEHHE TePeMEHHOM
COCTaBJIAIOMEN TOKa He JOJDKHO mpeBbimaTh b A wa 100 A4 momuHAIH-
HOlt eMKOCTH aKKyMYJIATOPa.

1.6.2, IMTenounsie AKKYMYJIATOPHI

B nepenocHoii anmaparype cBasu, a Takxe aa, ceabckux ATC HeGosb-
ol eMKOCTH HaXOIAT HPUMEHEHHE MEeJIOIHEIe aKKYMYJIATOPEI, KOTOPHIE
B OLJIMYME OT KMCJIOTHBIX MOIYT 9KCILIYATHPOBATHCA IPH HUSKUX TEM-
meparypax okpyxatomedt cpenpl. Ha NpakThuke NPUMEHSIIOTCH KAK rep-
mernausie Hukenb-kagmuesbie (HK) akxymynaropw, Tax w HK axky-
MYJATOPHI 3aKPHITOrO THUIIA.

Hau6onpiuee npumerenre naxonar jamessabie HK akkymynarops
BaKpPHITOro THNa. Jlamesnu HpenCcTasiAoT coOOH IIoCKHe KOPOGOUKY 13
CTaJIBHOI HUKeJIMPOBAHHOM nep(bopnpOBaHHoﬁ JIeHTLI, B KOTODBIE TIOMe-
IAETCA AKTUBHAA MacCa JIeKTponoB. Jlamemn 3aerIIJIHIOTC§I B PaMKax
3 HUKEJIIPOBAHHOMN cTann, 00pasys IONOKATESILHEIE ¥ OTPHIATEIbHBIE
[UIACTHHBL AKKYMYJIATOPa. AKTHBHAA MacCa IOJOXHMTEIbHBIX ILIaCTHH
cocrout w3 runpoxcuna Hukens (NiIOOH), axruBras Macca OTPUIATENH-
upix wiacTue — u3 kanmua (Cd). Ilosmoxurernprsbie # OTPUNATENHHBIE
[JTACTHHBI UBOJIEPYIOTCA APYT OT IPYTa MOJAMEPHBIM CEIapATOPOM H TI0-
MEIMATCA b0 B CTATbHLIE HUKEJNPOBAHHEBIE, JIMO0 B TOJIY IPO3PAHEIE
YIRPOIPOUYHBIE UIACTHKOBBIE COCYBI (YUCIIO TOJIOKUTEIBHBIX ILTACTHH
Ha opHy GOJIbINE UHCJIa OTPHUATENBHBIX IJIAcTHH). Bepxuas xpoimka
AKKYyMYJIATOPA, KK M B KJIACCHYECKUX CBHHIIOBO-KHCJIOTHBIX aKKyMy-
JIATOPaX, MMEET 3aJIMBOYHOE OTBEPCTHE, 3aKPHIBAEMOE ILJIACTMACCOBON
npobKOl. DIEeKTPOIUTOM CJIYKUT BOTHBIH PACTBOP IUIPOKCHNA KAJAA
(KOH) morsocrsio 1,19...1,21 r/cm® ¢ mobasxoit 20 r/s runparta oxu-
cr smrus (LIOH). OcHoBrasA 9NeKTPOXMMEICCKAS PEAKIMA [IPU 3aPAIE
" paapfme HK axxymymsropa mMeer BuL '

3apan
2NiOOH + Cd + 2H,0 ‘3:pﬂ 2Ni(OH); 4+ Cd(OH),.

Kax cnegyer ms sto#t peaxumu, B HK axxyMmysiaropax B mpouec-
Ce 3apAla W PaspAla BJIEKTPOJUT aKTUBHO HE yUIACTBYET W IIODTOMY
€ro KOHIEHTPAIHA IPAKTHIECKN HE MEHAETCA. Kpome OCHOBHOW aiiek-
TpoxuMIYecKol peaxruw, npu nepesapsanax HK axkyMmysisaTopos mpo-
TEKA0T TODOYHEIE IIPOLECCH], CBA3AHHEIE C BHIIEJIEHNEM KHCIOPOHa Ha
TIOJIOPKHUTEJIEHOM BJIEKTPOME ¥ BOIOPOAA HA OTPUIATEIIHLHOM. BIIEKTPOE.
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Kucmopon, BBIenaiomuica ma TOJNOKETEILHOM 9JIEKTPOIe, Yepes Io-
puCTEIi cemaparop HOCTHIAeT OTPUUATEIBHOIO HJEKTPONa, THE W BCTY-
[AET B PEAKIEio ¢ KaIMHeM, peam/myﬂ Tax - Ha3bIBaeMbIi Sa.MKHYTBIﬁ '
KECTIOpOmHBIH mukyr [6]:

1/205 + Cd 4 Hy O "P28™ C‘d(OH)

B Hopmanbﬂoﬁ CUTYaIHH CKOPOCTh HOCTABKA Kncnopona OT TOJIOXKH:
TEJIBHOTO BJIEKTPOSA K OTPUIATETHHOMY ¥ €r0 PEKOMOMHAIMA 06eCIedH-
BAIOT OTCYTCTBHE U30BITOYHOIO MABJIEHUA U B TEPMETHIHBIX HK aKKyMy—'
JIATOPAX. :

CxopocTs OKWCIEHMA BOHOPONA HA IIOJIO}KI/ITe.TIbHOM aﬂeKTpO,D;e
NiOOH + 1/2H, — Ni(OH); nporekaer ¢ 6oJiee HU3KO# CKOPOCTHIO, YTO
MOXET [PUBECTH K HAKOILICHUIO Bonopo,ua Y. PAa3repMETH3AIME repMe-
THYHOTO ' aKKYMYJIATOPA.

Tt 70ro 9TobBl UCKITIOYUTL BOZMOMNKHOCTD pasrepmeTnsauuM, eM-
KOCTb OTPHUIATEIIHHOTO 5JIEKTPOIA (KOIMIECTBO AKTUBHOK MACCh) 0BbId-
HO 3aMETHO IIPEBHIIIAET EMKOCTE TTOJIOKHUTEIILHONO 3/1exTpona. [losTomy
eMKoCTh repmeriranoro HK axxymymnsropa oupenesigeTca eMKOCTBIO €10
"TIOJIOKUTEJIPHOTO OKCHIHO-HUKEJIEBOrO 3JIeKTpona. —I'epmernansie HK
AKKYMyJIATOPBI BEIOHAIOTCA, KaK TPaBUIIO, 6e3/1aMesTbHEME (TLTacTH-
HBI M3LOTOBJISIOTCA HANPECCOBKOH IOPOMKO0GPasHOl akTHBHOMN . MaCcCHL
Ha, CTAJIBHYIO PAaMKy C IOCHemyromel cbopMOBKoﬁ B IPOLECCE KOTOpOit
UM TPUIAI0T HEOOXOMMMYIO IIOPHMCTOCTE M IPOYHOCTD). Besmamesbubie
AKKyMYJIATOPEl XaPaKTepU3yIOTCsH OONBIIMME YIEJIBHBIMY BHAUECHAIMH -

' eMKOCTH ¥ DHEPIMH U HMEIOT CYIIECTBEHHO MEHBINEE BHYTPEHHEE COMPO- '
rusienue. ONHAKO IO CPOKY CIy»0Bl ' MEXaHHIECKON MPOYHOCTH OHU
YCTYIAOT JIAMETBHBIM aKKYMYJIATOPAM. : '

DJIC meouHbIX AKKYMYJITTOPOB HIDKE, 9eM Y KUCIOTHBIX. Y MOJTHO-
creio sapsmxennoro HK akxymysaropa 9C cocrasaser 1,30...1,35 B.
Homunanpuoe Hanpsoxenne (CPEOAee 3HANCHAE HAIPAKEHUA TIPU Paspsi-
ne) HK axkywmysstopa mpuHEMaeTcsa pasHsM 1,2 B, a HAIPIKEHAE B
komne paspana 1,0 B. Koneunoe manpsoxenme sapsama — 1,75...1,8 B,
Crons 6ospnioe orHOCHTEIbHOE H3MeHeHne Haupsoxerus HK axkymyisa-
TOPOB OTPAHMYMBAET UX IPHMEHEHHE B CTALMOHAPHBIX YCTAHOBKAX CBABH.

B macToAmee BpeMa B IEPCOHANBHBIX KOMIBIOTEPAX, COTOBBIX TEJIe-
dbonax, namepurenbrol 1 GErITOBOH TEXHUKE HOCTATOUHO IMUPOKO IIPHME-
HAOTCA PePMETIIHEIE HuKesb-Merasrunpunase (Ni-MH) axkymyssiTo-.
pBl.  3aMEHa OTPUIUATEIIBHONO KAIMUEBOIO BJIEKTPONS Ha, BJICKTPOL M3
CILTTABOB HUKEJIA C METAJIAME PEIKO3EMEILHOM IPYIIIB! MO3BOJIAAS, YBE-
JauanTh B 1,5 pasa o0beM M eMKOCTEH [OJOKUTEIIBHOTO BJIEKTPOA, KO-
TOPBIY M OIperesIfseT eMKOCTDh aKKYMYJIATOPS, IPU TeX e rabapurax u
Macce. OTKa3 OT KQJIMUA O3HAIAET TAKIKE MEPEXO K 6OIIee SKOIIONIIeCKH
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YUCTHIM TPOUBBOICTBAM ¥ II03BOJIAET JIErYE PEINATH NPOBIEMY VTHIIn3a-
1AM MCIOJIH30BAHHBIX aKKyMyJIssTopoB. Kpome Toro B Ni-MH axxymyssa-
TOpax yHaJioCch HO HEKOTOPOHU CreneHH yMEHbIINTH «3(POMEKT IaMATH
(HeoBXOMUMOCTS Hepel 3apANOM IOJHOCTHI0 PaspmKaTh AKKYMYJIATOD
L7151 IPENOTBPAINEHI YXYLIIEHS €r0 XapaKTePUCIHK), YTO MO3BOIIAET
MCIOJIb30BATh WX B ANNAPATYpe B KadecTBe OY(MEPHOTO MCTOYHHKA, NH-
ramud. OT€IeCTBEHHBIME U 3apyOesxHEIMKI (DUPMAMK BEITYCKAIOTCH aK-
KYMYJIATOPHl ¢ HOMUHAJIbHOU eMkocTsio o 15 Ava. HomummambHoe Ha-
npmoxenne Ni-MH axkywystaropa takoe xe, kax u y HK akxymymnaropa.
OmBaxo cjeInyer mMeTs B BIIY, 9To B mporecce sapana Ni-MH axkywy-
JIATOPAa BBIUEJIAETCA OObIne TennoTH, YeM npu sapane HK akxymysa-
TopoB. 1losToMy 1x sKCHIyaTanus npu remiueparypax ssime 40 °C weno-
nyctuma [6]. Kpome Toro, crenyer MMeTh B BULY, ITO IOTEPH €MKOCTH
OTPUIATEBHOTO BJIEKTPONA NpK OYeHb IVIyOOKMX paspamax 6e3BOsBPAT-
HBI, YTO IPENbABIAET OoJiee KeCTKHe TpeboBaHua K NOubopy aKKyMy-
JIATOPOB IP¥ MX IIOCJIENOBATEJIEHOM COSIUHEHNY B GaTAPLI0 ¥ KOHTPOJIIIO
npouecca paspAana, 9eM B Ciaydae menoipszopanms HK axxyMysnaTopos.
Tocnemosarensroe cognunernue Gosiee 10 aKKyMyJIsATOPOB HE PEKOMEHITY-
erca. Ilpu coemunenun B Garapero 6osiee 10 akKyMyJIaTOpOB PEKOMEH-
LyeTcs IPHHUMATH KOHETIHOE PaspsmHoe Hanpsokenwe pasnom (1,1n) B,
Loe 7 — 9YHCIO aKKyMyJsaTopos B Harapee. Axkkymysiarops! B Garapée
COENUHANTCA MEXTY COGOM C IOMOMIBIO HUKENEBO Wil HEKEJIMPOBARHOM
CTAJILHON JIGHTEI, KOTOPAsd IPUBAPUBACTICH K IOJIOXKWTEIHHOMY BHIBOLY
M KOPIIYCY AKKyMYJIATOPa TOYEIHON CBAPKOMH. .

- Ona xourponsa sapsana Ni-Cd u Ni-MH axxyMysIaTOpOB ¥ aKKyMy-
nATOpHbIX Garapeill Benymme GUPMBI MBrOTOBITENN BEILYCKAIOT CIENHA-
JIM3HPOBAHHBIE MEKPOKOHTPOJIIEPH! B HHTErPAILHOM HCIOJIHEHUH, 103~
BOJIAIONIYE KOHTPOJIUPOBATE IPOUECC 3apANa II0 HECKOJBKHM IIapaMerT-
pam, uTo obecrednBaeT HamexHy0 ux padory. Tax, HeMmelKas KOMIa-
mast Maxim ¢ 1997 roma npemaraeT YHIBEPCAIbHOE YCTPOHCTBO il 3a-
pana Ni-Cd u Ni-MH 6arapeti ns 1-16 axkyMmyaaTopoB, B KOTOPOM HC-
HOJB3YeTCs MUKPOKOHTposiep Max2003A, nossonaAouyi caemuTs 1mpu
sapAle 3a TEeMIOEpaTypoll, HaupsoxkeHHeM u TPedyeMOll IJIUTETBHOCTHIO
sapapa. Jssecren Gosiee HameXHEIE KpUTepuil OLEHKY BapsIHOTO IPO-
LeCCa W COCTOAHUA AKKYMYIATOPA [6] 1O OTKIMKY aKKyMYyJATOPOB HA,
TECTOBBII CUTHAJI TIepeMeHHOTO TOKa Huskol wacrorsl. Ilpu coobmennn
axxyMmyJisTopy npumMepro 100 % ero HoMUHANLHONR EMKOCTH HAYHHACTCS
Oy pHBLIH IPOLECT BEIIEJIEHIA KUCIOPOLa Ha, MOJIOKHTEILHOM BJIEKTPOLIE,
B PESyJIbTATE Yero yrojl COBUCA MEXKIY HAIPSKEHWEM ¥ TOKOM TECTO-
BOTO CHTHAJIA YBEJIHYMBAEICHA B HECKOJIBKO Das. OTOT METOI WCIOIb-
syercsi ¢pupmolt Liebert m mis oneHky COCTOAHUS repMeTnsnpOBaHme
KHCJIOTHBIX AKKYMYJIATOPOB. s
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Hanbosee mepCreKTHBHBIME B HACTOAIIEE BPEM:A IJIA TIEPEHOCHOH
AIAPATYPEL CBABY ABJIAIOTCA JINTHH-MOHHEIE B JiuTui-nosmMepusie (Li-
Ton, Li-Pol) axkymysimropsl, obiamalompe MAKCHMATIBHON YHEIBHON
suepruelt (Br-a/mm3, Br-a/kr). Tax, muTult-HOHHbIH aKKyMyJIATODPEI Ce-
puu MP, Brimyckaemete dupmott SAFT [12] ¢ HOMEHANBHOE eMKOCTHIO
or 2,1 1o 5 A-u xapakTepusyIoTCa yuenabHol sHepruell Ha, yposre 250. . .

. 280 Bra/mM®, 9TO CymIECTBEHHO BEIME, YeM IJIA JT060r0 IPYroro THIIY,
TIEJIOYHBIX aKKYyMYJIATOpoB. HOMWHANBHOE HANPSIKEHNE BTUX aKKyMY-
JITLOPOB JIEKUT B npeneiax 3,5...3,7 B. AkkyMmysaTopel paBoTocnocob-
HBI B IIHPOKOM DHAIIA30HE TEMIEPATYD KM TOKOB paspama. (Camopaspsn
ux cocrasuser 5....10 % B mecan. T'apanTuposamubiit cpox cayx6er 500
IIMKJIOB 3aPAN-Pasp:AL, HOCIe KOTOPEIX OHK TepsaioT He Gomee 10...15 %
HauaspHol eMrocTn. Pupma Panasonic BeycKkaer JInTHA-HOHHEIE AKKY-
. MYJIATODBL, yHeJIbHAs SHeprus KoTopbix gocrtaraet 400 Bra/mm®. Homu-
HAJIFHOE HAIIPSDKEHNE 9THX aKKyMyaaTopoB — 3,7 B. Ilpuyaem npu pasps-
me Toxamu g0 2C; aKKyMyJIaTopsl criocobuer otnarh 80 % emxocTa npu
cHmKennn Hanpsoxerna no 3,0 B [6]. Huanason pabouux reMmeparyp:
ot —40 1o +50 °C. HanpHellimee COBEPIIEHCTBOBAHNE JIMTHU-HOHHBIX aK-
KYMYJIATOPOB CUATACTCS ONHAM M3 CAMBIX IIEPCIEKTUBHBIX HATPABJICHNH
pabor B 00/IACTH DIIEKTPOXUMIIECKON SHEPTETHK.

Li-Pol akkyMyIATOPEI UMEIOT PUMEPHO TAKYIO e IJIOTHOCTE DHEp-
ruu, aro u Li-lon, HO HOIMyCcKaioT W3rOTOBJIEHHE B HE TPAIAUITHOHHBIX JIJIA
OOBIYHBIX AKKYMYJIIATOPOB IIACTHIHBIX TeoMeTpraeckux dhopmax. Takue
AKKYMYJISTOPBI CIOCOOHBI 3aTOJIHUTE JII060e CBODOMHOE IPOCTPAHCTBO B
corosoM Temedone. uanason paboumx Temneparyp mna Li-Pol axxy-
MyasTopos or O mo +60 °C [14].

1.7. CobCTBEHHBIE DJIEKTPOCTAHIIMI
C IBHUTraTEJIIMH BHYTDPEHHENO CrOPAHULA

OCHOBHBIM THUIOM COGCTBEHHBIX SJIEKTPOCTAHIMA IPEIIPUATHA CBA-
80 ABJIAIOTCH INU3€JIb-TEHEPATOPHBIE CTAHIMU. DJIEKTPOCTAHUAY PeD-
IPUATHH CBA3W MOTYT 33HUMATH KAK OTOEJBHBIC 3MAHNWA, TAK ¥ YaCTh
IIOMENe N TEXHUYECKOTO BIaHNsI, BHYTPH KOTOPOTO HAXOLATCH DJIEK-
TPOYCTAHOBKH. B COCTaB IH3eNb-reHEePATOPHON YCTAHOBKH BXONAT IH-
3eJIbHBIe IBUIATENIH C CHCTEMaMU OXJIAXKHEHUA U BaIlyCKa, CHHXPOHHbIE
reHepaTopsl, yeTpofcTBa KOHTPOJIA U aBTOMATUKH, ycTpoiicTsa, orbopa,
U pacipenesenus sjekrposnepruu u ABP, a TaKxKe TONIUBHAA CHCTE-
Ma C HEOOXOOMMBIMH €MKOCTSIMH.

Pexumpr paboThl yCTAHOBKY B3ABUCAT OT CTEIEHN ABTOMATHSAIMU
ycrpolicrs ynpassrerus. Ha npemupuaTuax cBASH B OCHOBHOM IpHMe-
HAIOTCA YCTAHOBKH C TaK HA3BIBAEMOH Tperhelt CTeNEHBIO aBTOMATH3A-
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IWY, TP KOTOPOI aBTOMATHYECKH 0DECTIeYnBaETCA TIOMIEPKAHAE TACTO-
THL BPALIEHNUA, TEMIEPATY DB OXJIAKIAIOMEH KATKOCTH, OCTAHOBKA, C BhI-
nadeil CHrHaJIa IpY HNOBBIIEHUH JOLIYCTIMOR TeMIEpaTyphl M CKOPOCTH
BpAIIEHN, CHIDKEHHUT JABJICHNA MACTA, IIYCK JABUTATEIA C BHITIOJHEHHEM
HEOOXOOUMEIX TPEOIYCKOBEIX PAbOT, IIpHEM HArDPYS3KH, MOMOJIHEHUE Pac-
XOIHBIX eMKocTell, yupansenue paboToil BEHTHIIANNN W OTOIJIEHA IIOMEe-
MIeHNA BaeKTpocTannnn. Kpome Toro, aBToOMATHYECKH MONNEPKUBAIOTCS
B 33JaHHBIX IIPEIesIaX TaKWe DIeKTPHIECKHE BHIXOIHBIE IapaMeTPhI, KaK
HAOPKEHWE W YaCTOTa NEPEMEHHOIO TOKA.

CobcrBernast BIIEKTPOCTAHINA JOJDKHA 00eCIeunBaTh BIEKTPOCHAD-
JKEHUEM AIIapaTypPy CBA3HM, CETh OOINEro aBapHHHOTO OCBRINESHUH, SIIeK-
TPOMBUTTE N CHCTEM OTOIUICHHSA U BEHTHJIALAN U 3APAT, aKKYyMYJIATOD-
HbIX Darapell yerpoiicTs GecnepeboiHOro assekTponuTanud. Beibop Mor-
HOCTH [W3eIb-TeHePATOPHOM YCTAHOBKH CJIEHYET IPOBOIMTH C YIETOM
ocobenHocTell noTpebienua ycTpolicTs becnepeboHOIro SIIEKTPONUTAHMS,
B TOM uncJie Koo UIuenTs Cipoca Harpysku. IIpuvMeHeHne B 9JIeKTPO-
yCTaHOBKE NPEIIPHATAA CBASH YyCTPoiicTs GecnepeboliHoro ssexTponnTa-
HUS C IJIABHBIM CTApTOM® IIO3BOJIAET 3aMETHO YMEHBLIIHTH YCTAHOBOY-
HYI0 MOIIHOCTDH IU3eJIb-TEHEPATOPa M YIIYUIIaeT Ka4eCTBO NEPEXOMHOIO
IpPOLECCa TIPY 3aMEMEHUN CeTU TEePEMEHHOTO TOKa.

Ha npennmpuATHAX CBA3H IPHMEHSIOTCA DA3JIMYHbIE THIILI IH3€JIb-
PEHEPATOPHBIX BJIEKTPOCTAHINIH, MOIIHOCTH KOTOPHIX M3MEHAETCA OT ein-
WM, JO HECKOJIBKHX cOTeH kunoBarT. IIInpoxoe npuMeHeHe HANIIN OTe-
YeCTBEHHBIE aBTOMATH3NPOBAHHbIE CTAHIINY C arperaTamu ua 48, 200, 315
n 500 xBz [4].

Arperar [IT'A-3-48 M ofecrieunBaeT HOMAHAJILHYO BHIXOTHYI0 MOMI-
mocTs 1o 50 kBt u Hanpsxerwe 3xX400 B. HectabunbHOCTE HaNpsKeHmA
He xyxe +2 % HOMHHAILHOTO 3HAYEHUA IPH IJIABHOM M3MCHEHUN CHM-
merprunolt mo dasam marpysku ot 100 mo 0 %. Ilpm peskux cBpocax u
mabpocax HArPYSKH B YKA3AHHBIX BEHINE IPEIEIAX HANPIKEHUE HE BHI-
xomuT 3a npenenst 20 %. Homyckaercsa B TedeHHe ONHOTO 9aca 0T6OP
MOIITHOCTH, Ipeskmmaromett za 10 % momumamsryio. Pecypc menpepsisroit
paboTer arperaTa He npepsimaer 200 u. Pecypce arperara mo KanuTaJIbHO-
ro pemorTa cocrasszer 8000 u. Ilpu mmycke arperara IpoIOIDKUTEIBHOCTE
DpeMeHN BKJIOUEHNA BIIeKTpoarperara ne 6osee 12 ¢. Bpems mpuema ar-
PEraroM Harpy3KH IPH IIyCKe C NepBOY MONBITKY M3 COCTOSHMS TOPAIEro
pesepsa He npesrrmaer 15 c¢. Ilocnenyromye BKIIOYEHNUST CTAPTEPS TIPO-
HexonaT rocye Beinepxkku He Menee 60 ¢. Yerpoitcrsa yupasienus pabo-
ol arperara pasMemnaioTca Ha gByx murax [IIIITA-48 M » ITTAB-48 M.
Arperar HopManpEO pafoTaeT IPH MBMEHEHHAX TEMIIEPATYPhl BO3IYXa
B momemernun or +8 mo +50 °C u OTHOCHTENHLHOR BIIAKHOCTH 95i3 %
(npu remmeparype 2542 °C).
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* ABapufiHas OCTAHOBKA, MH3EIA MPOUCXONHUT IPH MCYESHOBEHHY Ha-
TIPSDKEHUA TeHePATOPA, MPEBLIIEHIIT TEMIIEPATYPSI HKUIKOCTH B CHCTE-
Me oxyaxpernuss Bpime 105°C, MOHMKEHUA NABJICHHUS MACJIA B CHCTEME
cmasky musena mesee 1,7 x['c/cm?, HOBBITIEHNs TaCTOTH BPAMIEHAA KO-
JIEHJATOro BaJia nusesid pbime 1700 o6 /Mus, neperpyske reseparopa, ue-
YESHOBCHWH HAIPKEHWA B IENAK YIPABJICHAA W HECOCTOABIIEMCH 38~
nycke. IluTanwe menelt ynpapieHus W NCIOJHUTENIBHBIX YCTPORCTB MPO-
H3BOIMTCA OT MCTOYHHKA IIOCTOAHHOro manpsuxenwusa 24 B. Ycrpo#crsa,
TIONOJIHEHNsT TOIINBHEIX GAKOB, IONOIPEBa BOIBL M Machia paboTaioT oT
nepeMeHHoro Eanpsoxenus 220 B,

Jusens-reneparopustit arperar ACIIA-200-E/400-31, umeer BHIXON-
mHyo momuocts 200 kBT u mampmxenme 3x400 B. Ilpu usmenenmn ma-
rpysku ot Hysna no 100 % u xosddunmuenze mommoctr or 0,8 mo 1,0
HECTaGHJIBHOCTH BBIXOMHOTO HAUpsALKEHHA He Xyxe +2 %. MaxcuMans-
Hble OTKJIOHEHWH HAIpsoKeHus npu copocax u mabpocax 50 u 100 % na-
IPY3KU He BHIXONAT 3a upenestsl £10 u +20 % coorsercrserno. dimremns-
HOCTB IIEPEXOIHBIX MPOIeccoB He npesrimaeT 1 u 2 ¢. Cucrema aBromari-
YECKOrO PEryJIUpOBAHESA YACTOTH BPAMEHAA KOJCHIATOrO BAJIS, MUBEILT

. obecrieunBaeT HECTAOUIIBHOCTD YaCTOTHI BEIXOMHOIO HANpIKeHud He 60-
qee +0,75 % B muwamasome marpyzox or 100 mo 25 % u me Gosee +1 %
npu Harpyskax Hmwxe 25 % HOMHHAJBHOTO 3Ha¥eHHA. MakcHMaJbHOe
OTKJIOHEHHE YACTOTHL JIOCJIe MIHOBeHHOrO cbpoca u mabpoca 100 %-mott
‘Harpysku e Gomee £7 %. IMmMTesbHOCTE IIEPEXONHONO IPOLECCa, TIPK
sroMm Meree 3 ¢. Arperar mouyckaer paboTy IpHM HECHMMETPHYHON Ha-
rpyske mo dazam B npemesax a0 25 % OT HOMHHAJBHOIO TOKa. Ilpm
BTOM MAKCHMAJIbHAH PASHOCTH JIMHEHHEIX Wi (HasHbIX HANPSDKEHUH 10
OTHOIIEHNIO K COOTBETCTBYIOMEMY HOMAHAIBHOMY HANPKEHAIO HE Ipe-
seimaer 5 %. Ecmm marpyska ma arperar ne meree 40 % HOMEHHAJIBHOM
MOIIHOCTH;- TO HOILYCKAeTCs JInTesbHad pabora arperara. Hempepsis-
Has paboTa arperara C HO3aIpPaBKOH TOIUIEBOM M MACJIOM COCTBJIAET
240 4. Arperar npenHasHAMEH Ny PaGOTHI DY W3MEHEHUAX TEMIIEPATY-
PBI OKPYHAIOMEro Bo3myxa o +5 10 450 °C i OTHOCHTEBHOMH BIIANKHO-
ctu Bosmyxa mo 98 % mpu remmeparype 25 °C. Ilyck m mpuem Harpys-
KU [IPU aBTOMATAIECKOM YIPABJICHUM U3 COCTOTHUA TOpAYEit TOTOBHOCTI
OCYIIECTBJIACTCH 32 BpeMA He 6osee 30 ¢, €CJIH BAIYCK arperara pous-
'BETIEH C nepBoﬁ momsrrku. Ilpu 3amycke arperara ¢ Tperbed IONBITKA
BpeMs IpyeMa Harpysku He Gosee 1 MuH. Pecypc 1o mepBoro xamnrasis-
voro pemonTa 8000 w. IlepepniB MexIy HBYMA TEPECPYSKAME HOJEKEH
ObITL HE MEHEEe IBYX JaCOB.

Crammms ¢ arperaramu ACIHA-200, ncmosbsyeMas B Ka4ecTBE pe-
3EPBHOIO MCTOYHKKA, MOXET ABTOMATHYECKH 3aMYCKATHCI B paboTy B
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Tabmauna 1.5
QCHOBHEIE TEXHUYECKUE [IaPaMEeTPEl aJiekTpocTannuit cepun AC

Tapamerp Tun crammum
AC-806/1|AC-814/1 | FC-804/1

HoMmusanpHad BBEIXOOHAA MOMIHOCTH, KBT 315 500 500
MakcuMaJIbHasl MODIHOCTD B Tedenue 1 4, KBt 350 550 550
IloBTOpEHME pekuMa MaKCHMAJIBHOM MOMIHOCTH, 9 5 5 5
Hanpsokenne, B 400 400 400
Yacrorta, ' 50 50 50
Koo dunuent MOIHOCTY MHAYKTHBHEIR 0,8 0,8 0,8
MaxcuManbHOE OTKJIOHEHUE YaCTOTHL IOCJIE
MIHOBEHHOro cOpoca mimn Habpoca Harpysku, % 11 8 7,5
Pecypc HenpepsiBHOl paboTer, I 240 250 - 250
Pecypc Ao xanmTaibHOTO PEMOHTA, I 12000 10000 6000
Cpox ciryx651, JteT 10 10 10
TeMneparypa HapyXHOr0O Boamyxa, °C +50 -
TeMneparypa B MamuHEOM 3age, °C |- 8...50
IIpenesnbHass OTHOCHTEIILHAS BJIAXCHOCT. [IDH
25 °C, % 98
BpeMx 3aIlyCKa IPHU TeMIePaType BOSHI, Mac.na, e
TOILIMBA ¥ BO3Iyxa or 15 mo 50.°C : He GoJiee 15.¢

CITyHae HeIONyCIAMOr0 CHIDKEHMIA HAPAKE I OCHOBHOM ceTyt Tipy” IjIm-
TeJBHOCTH 1O 6 €, 8 TAKKe BHIKIIIOYATHCA 33 BpeMa 12 ¢ mocse BOc-
CTaHOBJIEHVA HAIPSKEHNA OCHOBHOU ceTn. Ilpu aproMarmyeckoM 3airyc-
K€ OINHOBPEMEHHO MOLYT BKJIOYATHCA CPa3y TPH arperaTa, IOCJe Iero
OIMH U3 HUX GepeT HarpysKy, a HBa JPYIUe OCTAHABJMBAIOTCA. B ciry-
4yae cHmkeHus Harpysku 00 30 % wa sroboM us mapasurespHO pabora-
IOMIX ATPEraToB OH OTKJIIOYAETCA: ATpErar IOIyCKAaeT MapaJiIesbHO
paboTy ¢ BHemHell CeThIO. '

IIpu mommocTy noTpeturesell 6onpme 200 kBT NIpUMEHAOTCH aBTO-
MaTH3UPOBAHEEIE OU3esbHbIe dyekrpocTagumy cepun AC (Tabn. 1.5).

A 9Tux sJeKTpocTaHuuil HeCTabUIBHOCTE YACTOTH! EPEMEHHOTO
HAOPSOIKEHUS IPY HEM3MEHHOH Harpyske He mpeBsimaet =5 % moMuHaIb-
HOTO BHAYEHWUS; OTKJIOHEHHST BBIXOMHOTO HAIPKEHWA HE IPEeBLINIAI0T
+1,0 % npu moboit Hensmennol Harpyske. JIONyCKaeTCA HECHMMETPIY-
HOCTDH HArpysku ¢as mo 25 %. Ilpu sTom Hanbosbmas pasHOCTD JIMHEH-
HBIX HaIpmxeHui cocTaniser Menee 5 %. B cirygae c6poca 1 mHabpoca,
HArpy3sKil BBIXOMHOE HAPSIKEHNE BOCCTAHABINBAGTC 0 YKASAHHBIX BhI-
‘IIe BEJIMYHH 33 BpEeMsd, He IIpeBhImaroniee 2 C.

Crapmumu AC OIyCKawmOT JIUIMTEJIBHY HapaJulejIbHyo pabory ¢
BHemEEH CeTHI0 WK OMHOTHIHBIMA CTAHIMAMK. He IOomyCKaeTcsa IJim-
TeJIbHAS paboTa CTAHIMKM Upu ee Harpyske menee 10 % HOMHHAJIBHOTO
BHOYEHH.

s pasMemenns COOCTBEHHEIX BJIEKTPOCTAHIN Ha, MPEmIPUATHIX
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CBA3K ODOPYAYIOTCA CHENUAJbHEIE IIOMENIEHNs. DTH NOMEINEHNs MOIyT
YCTPAUBATBCA KaK B OTHEJIBHBIX BHAHMAX, TaK W B TEXHUYECKUX 3TAHK-
AX OPENUPUATHR CBASH., OJIEKTPOCTEHIINU C TUXOXONHLIMA IBACATEILA-
mu, nMmempavu Meree 1000 oG/MnH, PaCHoJIarafoTCA B OTHEJILHBIX Of-
HOSTAXKHEIX KAMEHHBIX 3matnax. CTaHims ¢ ObICTPOXONHBIMUA IBUTATE-
aavu MomHEocThI0 K0 500 kBT BRKAOYNTEILHO MOXHO DPasMEIaTs B 00-
MEX TEXHUYECKUX BIAHHAX IPEINPHATHS B CHEUHATIBHO BEIIEICHHOM K
060pYNOBAHHOM NOMELIEHUH, MMEIOIIEM BBIXOL 4epe3 3BYKOW30JUPYIo-
mut ramOyp. B obmmx 3maHHAX HE PaspenaeTcd pasmemeﬁne TOCTO-
AuHo paboraromux AIIDC. :

PasMepsI TIOMEIEHNs 3JICKTPOCTAHIAK OIPEIEIAIOTCSA IPH IPOEK-
THPOBAHUY ¥ B 33aBUCHMOCTH OT YCTAHABIMBAEMOTO B HEM 0BODYIOBAHM.
Bricora nomemesnutt obsrano npranMaeTca pasuol 3. .. 3,5 M, TaK XaK B
MaIIHHHOM 3aJI€ IJIS MOHTaXKA W PasOOpKH Arperara yCTaHABIIMBACTCHA
mombeMHBIH MexanmsMm. PyHIAMEHTH! ArperaToB OTHENIAITCH AMOPTH-
supyrompmMy npokgankamu. lupuea IpOXOHOB MEXIY arperaramu, a,
TaKXKe MeXIy arperaToM u creHolt coctasiger 80...100 cm.

IIpTer yopasiesns H pacupeleeEns PasMemaloTCa B OTNEJIbHBIX
HOMEIIEHUAX TaKUM 00pasoM, YTOOHI MX JIAIEBBIE CTOPOHEI XOPOIIO OCBe-
INAJINCH €CTECTBEHHBIM OCBemeHueM. MeTanauyecKkue IyIuTe H Bhl-
XJIONHOH CHCTEMBI YCTAHABIIMBAIOTCS HA HADYIKHON CTeHe 3NaHUsT HA, KPOH-
mrefinax. Pacxommbie TommsHEle 6aKu, Mac/aHeil 6ax i 6ak mJia OXia-
KIAXOMmeEH KUIKOCTH Pa3MEINaloTcd Ha, CTEHAX MAUIMHHOIO IOMEIeHW
Ha, METAJINIHYecKnX Kpormrreimax. Tonmusuei 6aK yCTanaBInBaeTCs Ha
TaKO# BBICOTE, YTOOBI €ro MHO GBIJIO BHIME TONJIMBHOTO HACOCA IUBEJIH.
Ilnia xaxmoro arperara yCTaHABIMBAETCH CBOH Gak.

Axxymysaropras Garapes A NUTAHUSA SJIEKTPOCTAPTEPOB U IIE-
el yIpaBJIEHVA PA3MENMIAIOTCA OOBIYHO B MAIIMHHOM 3aJie Ha HeBOJIb-
THX CTENTIaKaX MI B IePeBAHHBIX MKadax.

1.8. IIpeo6pasoBaresn pasIuIHLIX BAIOB
SHEPIUH B BJIEKTPUIECKYIO

1.8.1. TepmosnexTprIecKHe TeHEPATOPLI

B mpocreitiem Bune Tepmossexrpraeckuit reseparop (TOIY) npemn-
crasjiAeT coboit 6arapero TepMonap, y KOTOPHIX OFHY KOHIIBI CHIAes Harpe-
BaIOTCH, a IPYIVe OXJIaKIAnTCA. Braronapa pasHOCTH TeMIeparyp KOH-
1I0B CIIA€B TEPMOTAP CO3IALTCH TepMO—E),D;C ¥ BO BHEIIHeH Iienu npoTexa-
eT TOK.

TepmopiieMenTEl pacCINTAHBL Ha, PACOTY TIPH PABHOCTH TEMIIEPATYD
B 300 °C, npu »roM KUl 2JIEMEHT TEHEPHPYET HAIPIKEHHE OKOJIO
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0,12...0,14 B. Yncmno ssemenTos B barapee onpenenaerca Tpebyemolt Be-
JIMYHHON BBIXOMHOTO HAUpsuKeHus. IIpakTura MMEeT OUBIT IIOJIYYICHES
TOT' ¢ vanpaxenmem no 120 B, toxamu mo0 500 A u cymmapmema KITIT
oxouio 5 %. Ilo Bumy BombT-aMmepHoli xapaxTepuctuky TOI' 65130k K
HCTOMHWKY TOKA, TIPH HTOM HAHGOIBIIAS MOITHOCTD OTIACTCA DU COTTIa-
. coBanHOH Harpyske (Hpy = Ry).

Asrouomarie ncrounvku (AVIII) ¢ TOT comepxar TepMoaJIeKTque—
ckmit 6JIOK, CHCTEMY XPAHEHHS W HOHAYH TOILJIABA.

Ocuosott AUII apnaercs yandunuposanasiit TOI, HemocpencTBerro

mpeobpasyomuil Tenno, IoIyYaeMoe IPU CKUMAHUU YIJIEBOZOPONHOrO,
I'a30BOr0 MM KUTKOLO TOIJINBA, B SJIEKTPUYECKYIO DHEPIHIO.
" BUIOK 2JIeKTPONUTAHAA NPEICTABIIAET CoBOH TEIION30IAPOBARHbIH
KOHTeltHep myia pasmemenua 1T'OL, annaparypsl TONNEPXKAHAA KAIECTBA,
BIJIEKTPODHEPTUY W ABTOMATIYECKOrO YUPaBJIEHUA djieMeHTamu Gydep-
HBIX aKKyMyJIATOPHBIX Oarapelt emxocrhio mo 190 A-u, arperara pemy-
UHPOBAHUA NABJICHUA a3 [P WCIOJB30BAHUE B KAYECTBE TOIJINBA, T'a~
38, MJIY CHCTEMBI IOZAYMH M HOSHPOBAHUA XKUNKOrO TOINIMBA (KepOCHHA,
OCBETHTEJIHHOIO WJIM ABHAIHOHHOIO TOIJINBA).

B zasucnmocTr or TpebyemMoro ypoBHS MOINHOCTH, BHIA TOILIABY,
HaJEXHOCTH B KOHTeliHepe ycramassusaiorcsa or 3 mo 6 TOI (¢ ropes-
KaMy Ha Ia30BOM WMJIM XKUAKOM TOINKBE). TepMODIIEKTPHICCKHE TEHe-
paropsl Ha rase Tuna I'TK-150 u wa xunkom romnuse Tura I'T2K-160
OTNMIAIOTCA MEXIy cobolt Tospko ropenkamy. It TOT' yErdmmmrpo-
BAHBL TaK, YTO JIETKO MOrYT OBITH B3auMoO3aMeHseMbiMu. B Tabs, 1.6
IpuBeIEHE! OCHOBHBIE mapamerpsl AVIII ua rasoobpasuom (I'TT) m xwmn-
xom (P'T2K) ronmmse.

Ilpusenennsie B Tabiutie nauubie s pasaosumaocreis AU mom-
mocThio 400, 640 u 900 Bt noxaseisaoT, 9T0 GaKTHIECKH OOHA U T2 Ke
woucTpykius AWTT nossosaer moyduTh raMMy CBOHCTB, KOTOPBIE MO-
IYT YHOBJIETBOPATH 3AIPOCHI PAsJIMYHEIX noTpebureneh. Bcee tpu ycra-
HOBKH MM€IOT O0INYI0 KOHCTPYKIMIO U KoMmtexTanwo AWII Wx pasin-
e COCTOUT B CIOCODE KOMMYTAIUH THEPATOPOB ¥ MX HATPYSKH H B
pexumax skciuryaraumn TOL.

Tax, AVITI-400 u AWII-600 oBecreunBaloT NUTAHHE IBYX TaJIbBa-
HUYECKH PasBA3aHHbX norpebuternelt mo 200 u 320 Bt cooTBeTCTBEHHO.
Ot ycrarosku mveor 50%-Hoe pesepBHPOBAHEE. :

Yceraroexy Ha xumkoM Tommuse AVII-320, AVII-480 n AWII-800 or-
JIHYRF0TCA MeX Ty cobolf uncsom pabounx TOI (2, 3 u 5 coorsercrBerHO) -
IPU OMHOM TEHEpPATOpe, HAXONAMEMCA B XOJOHAHOM DE3epBe.

Bo Bcex yxazsammsrx AL pesepBupoBatme OCYIIECTBIISIETCH BKJIIO-
yengueM pesepsroro IO w aproMarmyeckol saMeHOU MM OTKA3ABIIErO
pabouero TOT.
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Tabauua 1.6
AWII Ha rasoobpasnom AWII Ha xKUAKOM
T T p——— romnuse ¢ I'TT-150 Tonsuse ¢ ["T2K-160
CBeUEeHusT AWUII- | AWII- | AWII- | AVITI- | AVATI- | AVATI-
400 600 900 320 480 800
DrekTpUY9ecKas MOIHOCTL, BT 400 640 900 320 480 800
' (2x200) | (2x320) '
Yucao TOT' B ycranoske:
paboune 4 4 5 2 3 5
pe3epBHEBIE 2 2 1 1 1 1
DJIEKTPUIECKAA MONHOCTD O HO~ '
IO TEPMOBIEKTPUYIECKOTO TEeHEPa- ) .
Topa, Br ' 130 190 190 | 180 | 180 | 180
HoMuuansmoe Hanpmxenne
AWITI, B 27l
Pacxon Tommsa AVIL n TS]."
S NAH _
gacosoit AVII, KP/‘{ 1,5 2,0 24 1,34 | 2,02 | 3,36
 (mpupopmet# ras M3 /) (2, 25) (3,0) | (3, 54) : ‘
romosoit AVIIL 13200 17520 | 21200 { 11750 | 17650 | 29400
gacosoit TOT' 0,325 | 0,475 | 0,475 | 0,67 | 0,67 | 0,67
(upnpopmstit ras, M5 /4) . (0,49) (0,72) (0,72) :
YHesbHEBI PacXOl TONJIMBA,
kI /xBra:
"ANTIL 3,76 3,14 2,66 4,18 | 4,18 | 4,18
TOT 2,50 2,50 | 2,50 | 3,50 | 3,50 | 3,50
- | Bamac TomwuBa Ha aBTOHOMHOCTE )
¢ yaerom 20 % ocrarka, T 15,76 21,00 | 25,50 | 7,00 | 19,50 | 17,70
TabapurHbie pasMepst 6I0Ka '
suepronuranna AWIIL, MM, e
Boaee: . .
JTAPHHE, 3240 3240 3240 -| 3240 | 3240 | 3240
IJIAHA, 6330 6330 6330 | 4800 | 5500 | 6330
BBICOTA 6600 6600 6600 | 4800 | 6600 | 6600
(zpancnoprras) (3200) | (3200) |(3200)|(2600)|(3200) |(3200)
Macca 6iroxa sHEPrONUTAHUA i )
AN, xr 8200 8200 8200 | 6800 | 7400 | 8200
Pecypce, mer 10,0 10,0 10,0 | 10,0 | 10,0 | 10,0
IIprmevanne: TeMueparypa B KOHTeHHEpE C PaAMOD/IEKTPORHON anmaparypoit noa-
OEPXIUBALTCH 33 CYET KOHOUIMOHEDS U BEHTUIALMU C BJIEKTPOIPHBOIOM.

1.8.2. Yyaexrporeneparopsl ¢ (poToaTEMEHTAMEA
(conmeunsmvMu Garapesmu)

Hnst snexrpocHalbkKennsa NPENIPHATUN CBA3H, PACIIOJOKEHHLIX B
patiorax ¢ GONBUIIM YHUCTIOM COJIHEYHBIX HHEH, THE OTCYTCTBYIOT SJIeK-
TPUIECKHE CeTH ODIIEro NONB30BAHNA [EJIECO00PAsHO IPUMEHEHNE ABTO-
HOMHBIX YCTAHOBOK Ha 6a3e CONHEUHEIX BiiekTporeneparopos (CD).
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Brenmpenue ma cern cBasu C9 npuxomurcsa ua 80-e¢ rogpr XX Beka.
ITxronepamu B ®Tol 06MACTH BEICTYNHJIM CTPaHbl 3anamuolt Adpuku u
Ascrpasmu. B [15] ommceIBaeTCs yCTAHOBKA TUTAHUsS, BHENPEHHAT B
1989 r. B Ascrpasmn s uudpoBoll cucreMel cBasH. B ToM Xe ro-
oy amrymiickas xomimanua British Teleconsult mpreTymmia K CO3IaHMIO
B 3anmanuolt Adpuxe [16] yeranosok ¢ ucnospsosarmem CO u pesepBHbI-
MHE aKKyMyJIATOpHBIME OaTapesMH MOIIHOCTBIO 52 kBT BMecTo musesn-
TEHEPATOPHBIX M NAPOIeHEPATOPHEIX SJEKTPOCTAHIINN /1A SIIEKTPOITA-
HUA annapaTypel paguopeseiinex crammuit, BechMa, mHTEpECcHbIE pAOOTHE
6bLnn -onybmkoBansl B psame Esponefickux m Amepukanckux usmanuit
[17, 18]. B Poccuz. 3 1990 r. Brmmma paGora [19], B xoTopolt mccieno-
BAJICA ABTOHOMHBIA ucrounmk ¢ C9 mua BJIEKTPONUTAHUS ALIAPATYPHI
BOJIOKOHHO-ONTHYECKO CHCTEMBI IIEPEIatHL. )

CoBpeMeHHOe COCTOAHNE U NEPCIEKTUBEL PASBATHA COJIHEIHON SHep-
reruxu paccMorpenst B [20]. ABTop oTmewaer mBa BaxHeHmMX bakTo-
pa, KOTOpBIe IPUBJIEKAIOT 0CO60e BHUMAHHUE, 8 MMEHHO SKOJOLHMYECKAL
6€e3011aCHOCTD M HEOTPaHWYEHHbIE BO BPEMEHH 33[aChl COJIHEYHOH DHEp-
run. B o e Bpemsa upm upumesesun CD crenyer yuMTHIBATE TaKUe
CyIeCTBEHHBIE IPODIIEMBI, KaK (DIIyKTYAlMH COJTHEYHON! DANUayiy B 3a-
BHUCHMOCTH OT TIOTOIBI . MECTOPACHOJIOXKEHUA YCTAHOBKY, 3, TAKXKE CPAB-
HUTEJIbHO HU3KasA MJIOTHOCTH SHEPIME CONHEYHOH pajmanuu, MOIIHOCTD
koropoit He npessimaer 2 kBr/m?. TexHuKO-9KOHOMIIECKHE NOKA3aTe-
g CYD onpemensAnTCss B OCHOBHOM CTOMMOCTBIO (POTOBJIEMEHTOB M HX
KILI. Hanbomemee TIIpIMEHeHHe HAXOMsT (POTODIEMEHTH] Ha, OCHOBE MO-
HOKDUCTAJUTAIECKOr0 KPEMHHA. ODTOT THUIl BJIEMEHTOB XapPaKTEPU3yeTCs
0TPabOTAHHON TEXHOJIOrNel UBIOTOBJIEHHU, TOCTATOYHO Bbicokum KITIT,
CTaOHIIBHOCTHIO M HANEXKHOCTHIO. KoMMepaeckue 06pasmbl HMEOT KILIT,
14...17 %, B TO Bpems kxax oTHeNbHBIE Jaboparoprbie — 22..,26 %.
Yro KacaeTcsi CTOMMOCTH MOHOKDHCTAJIIMYECKIX DIIEMEHTOB, TO 33, I0-
CIeAyTONIIe HATH JIET OXUIAeTCs ee cHpnkerue Ha 10...15 %. B mpo-
MBIIUTEHHBIX YCTAHOBKAX BO3MOXKHEI KOMOMHAMN PA3IIMIHBIX UCTOUHI-
k0B yexTposueprux u CO, HAIPHMEp AKKyMyJIATOPHBIE Garapew, Iu-
3eJIbTeHepaTophl, Typbo u Tensorereparopsl. IlepCHeK TMBHBL yCTAHOBKH
Ha base CY u akxyMmyisrsropoB. Takuwe YCTAHOBKM, Kax MPABUIIO, COOEP-
xar C9, crarngeckme peobpasoBaTeN, AKKYMYJIATOPHEIE OATAPEN WL
MOJIEKYJIIPHBIE HAKOMATENN U CHCTEMY KOHTPOJIA U ynpapjemuda. [lpu
BEIGOPE ITAPAMETPOB OTIEbHBIX YCTPOACTB CIIEIYeT PYKOBOLCTBOBATHCS
XapaKTepoM pabOThl JEKTPOreHepaTopa (B ABTOHOMHOM PEXUME), TeX- °
HOJIOTHYECKO’ HArpy3Koil, MOIIHOCTHIO CBETOBOY YHEPIHH Ha, KBAID A THBIN
METD IJIA IPENIIOIAraeMOr0 MECT, PA3BMEIEHNA, COOTHONIEHUEM COTHET-
HBIX ¥ TIACMYPHBIX IHell B IOy, a TAKKE OXKUIASMBIMUA SKOHOMUYECKIMHU
TIOKA3aTeJIAMY, BKIIFOUYAA DKCIIYATAIMOMHBIE PACXOOEL.
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Puc. 1.12, DiexTpOCTAHIMA ¢ NCHONB30BAIHEEM COJTHETHEIX Garapeit: I — cosHey-
Hble barapen; 2 — akkyMmyJistropuble 6arapen; J — TEXHOJIOTHYECKUE HATPY3KHU; 4 —
BCIIOMOTaTeJIbHbIE BArpysku; § — Beumpamureny; 6 — AIIDC; 7 — ynpasasonmee
ycrpoitcTeo

IIpumepom meficTByiomelt Ha CETH SJIEKTPOCBABH IPOMBINIEHHON yC-
TAHOBKH, NPENHASHAYCHHON NJIA BJIEKTPONUTAHKA IPOMEXYTOIHOM pa-
muopesteitnolt crammn (PPC), moxer ciryxutsb aneKTpoccrammﬂ, CTPYK-
TYPHAA CXeMa KOTOPOH IOKasama Ha DHC. 1.12.

"Conneunas Garapes conepxcnfr 48 momyneit, Kaxmpit ¥3 KOTOPBIX
PACCINTAH Ha MOMEOCTHL 75 BT npy BEIXOmHOM Hampmxeruy 48 B.

Monysm coenuHEeHb! MOCIIeNOBATENLHO IO YeThIPe IITYKH W cobpa-
Hbl B INECTH IIOCJIEHOBATEIIHHO BKJI}O‘IGHHI:-IX rpynn.  Obma#a miomanm
HOBEPXHOCTH 0aTapes COCTABJIAET 30 m2. Bce momymm YCTaHOBJICHEL B
OZHOM TIJIOCKOCTH ¥ OPMEHTHPOBAHE! Ha, 10T IO, yIyoM 38. . .42° K Iopu-
BOHTY. ﬂByxrpynnHaﬂ aKKyMyJIATOPHAA barapesa Ha Hampsokenne 48 B
YKOMIUIEKTOBAHA 8KKYyMYJIATOPaMr ¢ HOMUHAJIBHOH emrocTsio 900 A,
3arac eMKOCTH paccunTaH Ha 120 JacoB aBTOHOMHOU paboThI.

ApToMaTMsMpOBaHHbIL Tu3eIb-reneparop Ha 8,5 KBA ofecneunsaer
INTaHUE HArPYSKY ¥ 3apAf aKKyMyJIATOPHOU barapen, KOTna CoTHeIHAs
Harapesa HE BHILAET BAIJIAHHPOBAHHON MOIIHOCTH. :

Yupapnaionee yerpoidcTBo cienut 3a paboroi o6opy;103aHHﬂ o Ipu
HEOOXONUMOCTH BKJIIOYAET WJIM OTKJIIOYAET IM3€b-TEHEPATOD WIIK
TPYILIBI COJTHEIHRIX OaTapeil, a TakKe BHIHAET B CHCTEMY TEJIEMEXAHUKH
PPC undopmanmo 06 obopyropanmu. Amaparypa PPC nmorpebiager no
800 BT ssiexTpuveckoil SHEPTUH IMOCTOSHHOIrO TOKS TPH HANPIKEHUN
48 B.

Bcee obopymosanme sirekTpOCTAHNMA, 38 HCKIIIOUEHHEM COJIHEYHBIX
HarTapell, pasMemaercs B TEPMOCTATUPOBAHHOM KOHTelHepe. [Tapamerps:
KJIEMAaTa B KOHTEHHepe MOMIEpKUBAIOTCS aBTOMATIHIeCK: u (WJn) Bpyd-
HYI0 33 C4eT 0DOrPEBA IU3EIb-TEHEPATOPOM M PADOTHI BEHTHIIANMY.
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1.8.3. PDaexrpocrauiysna ¢ TPpEMeHCHHEM
maporypboreHeparopon

s srexTpocHabMEeHUA NPEHUPUATH CBASH, PACIOJIOKEHHBIX B
paitoHax, IIe OTCYTCTBYET SHEPreTHYecKas CeTh ODLIEro MOIb30BAHMUL,
YCIIEIHO IPUMEHAIOTCA ABTOHOMHEIE MTAPOTyPOOreHepaTopHEIE DIIEKTPO-
CTAHIIHHE TIOCTOSHHOrO TOKa. OCOBEHHOCTAMHE 9THX BJIeKTPOCTAHIK T8~
JIAIOTCA BBICOKAA HANEKHOCTD, JUIUTEbHBIN CPOX CJIy:KOBI, OTIIHMYHAMA
SKOJIOTHA, MUHUMAJIBHOE OOC/yKuBaHHEe, B KadyecTBe TOIINBA, MOXKET
HCIOJIB30BATHCH IPHPONHEIN Ia3, KEPOCHH WJIH IU3TONIIABO.

Kax npapmiio, s0eKTPOCTaHIUA COTIEPAKUT IBa NapoTypboreneparo-
pa, aKKyMyJIATODHYIO 6aTapero, TOPENIKY 1 OJIOK KOHTPOJIS M YIpABIIE-
gu#a. Ilaporypboreneparop paboraer ciemyronum obpasom. [openka na-
TPeBaeT B NapoTypOOreHeparope XuIKOCTh, YaCTh KOTOPOH MCHapAeTCs,

U mosryuBmumiiCA ap BpamIaeT XKoJeco TypOmHs!, Ha BAJy KOTOPOH pac- -

HOJIOKEH POTOp reneparopa. llaJjiee map mOCTymaeT B KOHICHCATOD, THe
OXJIAKTIACTCH, KOHIEHCUPYETCH U TOJIYYCHHAS KIIKOCTh OTKAINBACTC
HACOCOM B TIaporenepaTop. IIuKI moBTOpAeTca Ho TeX mop, HoKa paboTa-
er ropeiyika. CHCTeMa IOJIHOCTHIO MepMETUSHPOBAHA W HUKAKMX TOTEDDb
pabodefl KUNKOCTH HE MPOUCKOTUT. DIEKTPUUECKUHA TeHEPaTOp BHIpada-
TBIBAET Tpexdasubii TOK, KOTOpH BRmIpAMIAerca. Mmeerca cucrema
PeryJIEPOBAHUA IIONAYH TOIJIMBA B 3aBHCHMOCTH OT HArpysku. Ilapo-
TypOOreHepaTop OTKIIIOYAETC, 6CIIH BHIXOMHOE HAIPSDKSHUE IIOCTOAHHO-
I'0 TOK HIDKE MJIH BBIME 33IAHHON HOPMEI MY IIPU IIPEBHINICHAN TEMIIC-
paTypsi paboueit xunxocTr. KpoMe TOro, mMeeTcs 3aImuTa OT KOPOTKIX
3aMBIKAHNI U IPEBBINEHNs CKOpPOCTH Bpamrenna Typbunbr. Iy sapana .
aKKyMyJIATOpHOH 6aTaper B reHeparope MPenyCMOTPEH HeO6XO,D;I/IMI>Iﬁ 3a-~
[IAC MOUIHOCTH, 8 B CXeMe CTAHIME — BOSMOKHOCTD aBTOMATHIECKOrO H
PYHYHOrO IEpeKJIOUeHrs baraper U3 PEexUMa HelpPepPBLIBHOIO IMOI3apAIa,
B PEXHM YCKOPEHHOIO 3apAla. _ .

Obparubill TEPeBOS B PEXUM HENPEPHIBHOTO NOM3APANA IPOU3BO-
muTcs Jmbo BPYYHYHO, Jub0 aBTOMATHYECKH TOCHE MCTEYCHUA sajam-
HOTO BPEMEHU 3apAna.

Brimyckaiores napo'ryp6oreHepaTopLI Ha MOIIHOCTH OT COTEH BATT
II0 HECKOJIHKUX KUJIOBATT HA PA3JINYHbIE BHIXONHBIE Hanpasxernd. OHE
PaCCIMTHBAIOTCA Ha, pabory ot —60 mo +45 °C (apxrraeckuit BapuanT)
u Ha, BEICOTE HO 2000 M (cmemwmanbmsil Bapuant mo 4500 M),

WnmocTpaiuell X NPOMBIIIJIEHHBIM NapOTypPOOreHepaATOPHEIM YCTa~
HOBKAM MOTYT CJIyXKUTh U3Iennsd mssectHo#l dupmer «Opmars [21]. o
JAHHBIM (PEPMEBL OIEIT SKCIUIYATAINHE 9THX YCTAHOBOK moxasemBaeT 95 %
BEPOATHOCTD Ge30TKasHOM paboTer 3a BpeMa He menee 2 - 105 wacos, uro
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BHAIUTEJIHHO IIPEBHIIAET HOPMBI MEXK LY HAPOIHBIX TpeOOBAHIH K epBud-
HBIM HCTOYHUKAM SHEPIHA IJIA yIOAJICHHBIX TeJIEKOMMYHUKAIMOHHEIX CH-
creM. YCTAHOBKY XaPaKTEPHU3YIOTCH HUSKUMY DKCIIYATAIHOHHBIMA PAC-
XOIaMu, 9T0 OOBACHAETCA BBICOKOH HANEKHOCTHIO IAPOTYpPOOreHepaTo-
POB 33 CYET WX KOHCTPYKTHUBHBIX ocobeHuOocTel. Momenbubiit psanm ¢pup-
Mel «OpMaTs BKJIIOYAET YCTAHOBKY HA BBIXONHYIO MOHOCTH or 0,2 mo
4,5 kBT Ipu HAIPKEHUH TOCTOAHHOTO ToKa, 24, 48 u 125 B. Usmenenmns
BLIXOIHBIX HANPSKEHUE He BRIXOOAT 3a mpemessr 3,56 %. VYceramosxm
paboTaioT B MUPOKOM IAAA30HE TEMIEPATYD # HA BBICOTE 10 4,5 KM Ham
ypoBHEM MOpPA. TONIHBOM MOTYT CIIyKUTH IIPHPOIHBI HITH CIKVKEHHBIN
ras, OI3eJIbHOe TOIIMBo 1 Kepocud. Cpenmumit pacxon TOIINBa MPH TOJI-
HOM HATPY3Ke MAapOTYyPOOreHepaTOpa M TEMIIEPATYPE OKPYKAIONIeH Cpembl
+25 °C cocrasmnser 17600 xxasn/= na 1 xBr sexommoit momuocru. Ilo
TPeDOBAHUIO 32KA3IMKA (DUPMA MOXKET TTOCTABIIATE THOPHIHEIE YCTAHOB-
K ¢ CD u BETPOreHEpPaATOPAMHU.
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DiiekTpuUecKre KOMIIOHEHTHI
YCTPOMCTB 3JIEKTPOMUTAHUSA

PaspuTre 1 MUPOKOe BHENPEHHE B IIPAKTHKY HOBBIX TEXHOJIOTHIL HE-
BO3MOXHO 6€3 HCHOJTb30BAHMA COBPEMEHHON 9eMeHTHOI 6assl, Ges yue-
Ta (UBMIECKWX OCHOB M ocobemHOCTel €8 (QYHKIMOHMPOBAHUA, YIETA
TeHIeHIM B 001aCTH TOBBIIEHA OBICTPONEHCTBIS IOy IPOBOLHIKOBBIX
pubopoB, OCODEHHO B PEXMMAX HEPEKIIIOYEHNA TOKS, TEHICHIHN KOH-
CTPYKTHUBHOrO ¥x obpamnenust. Ilepeunciennnie 0CODEHHOCTH ONPENeITT-
0T CXEMOTEXHWYECKHe ¥ KOHCTPYKTOPCKWE PENIeHHs MCTOYHUKOB DJeK-
TPONMUTAHNA, BOSBMOXKHEE BAPUAHTHI HADAIMNBAHNA WX MOIIHOCTH, YCIIO-
BHUA OXJIAXKEHNA, HOKa3aTe I 3(pdEeKTHBHOCTH W HAIEKHOCTH, 3a TIo-
CJIEIHAE TONBI CYINECTBEHHO BBIPOCIIS, HOMEHKJIATYPA TOJIYIIPOBOLHUKO-
BbIX pubOPoB (momos w Tpamsucropos). CerofHs OHA TEPEKPHIBAET
IHWANa30H TOKA OT €IWHUIL 10 COTEH aMIIED W HANPKEHUA OT COTEH BOJIHT
mo 1,2...1,56 xunososast. Ilpu sTOM mpaxTHIECKd CHATHI TPOBIIEMBI TIa~
PaJIIeNbHOTO, & BO MHOTHX CJIYy9adX ¥ TIOCJIEHOBATEILHOTO BKJTIOYEH A
npubdopos. <«lIpennournTenbHBINS IUATA30H YaCTOTHl NPecOpa3soBaHUA
SJIEKTPIYECKOl SHEPrud B MCTOYHWKAX DJIEKTPONUTAHUA, 00YyCIOBJIEH-
sb1t OpicTpOmeficTBrEM IPUOOPOB K YIIyINICHUEM KaYeCTBa, DJIEKTPOMAr-
HWTHBIX MaTepHaJIoB, HepeMectuics us nojiocst 18...20 xI'x B obmacts
60. . .200 xI'ry, npuaem KIITI yerpocTs TOIBKO 33 CIET YMEHbINEHIA BPe-
MEHH BOCCTAHOBJICHHS OHOOOB Bospoc Ha 2...3 %. IIpomecc copepmen-
CTBOBaHUA 2JieMeHTHOM Oaspl nponospkaerca. Hanbrelmum Hampasie-
HUEM €8 PasBUTHA ABJIACTCA KWHTEIUIEKTyasmsauus». Ha prerHke yxe
TNPUCYTCTIBYIOT MHTEJUIEKTYAJILHEIE KJIFOUN W MOIYJIH Ha WX OCHOBE IQIA
YCTpOUCTB BIEKTPONUTAHNA, MUKPOUIUTIH! C GOJIBIION CTEIIEHBI0 NHTETrPa-
nun u GonbimM HAGOpOM (GYHKIME KOHTDPOAS U yupaBieuua. 1lo mpo-
FHO38M CHENUAJIICTOB UMEHHO DTO HAIpaBjieHue OyHeT JOMUHHDPOBATH M
OTIPENEIIATH B OIDKARINEM IECATHIIETHI COCTOAHNE KOMIIJIEKCA, BIIEKTPO-
MUTAHAS TEJIEKOMMYHUKAUMOHHON oTpacsm.
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2.1. IlonynpoBonHMKOBBEIE IPUOOPEHI

B coBpemeHHBIX yCTpORCTBAX BIIEKTPONUTAHNA TOYIPOBOIHIKOBEIE
pubOPHI Yalle BCEIO MCIOJIB3YIOTCH KaK «IEPEKIIoYaTenn Tokay., Tep-
MUH «IepeKjIouaTe/lb TOKa» 0003Ha4aeT nNpubop ¢ PE3KO M3MeHsromel-
CA BeJINIUHON TIPOBOAUMOCTH IIOH, BO3HEHCTBIUEM NPHIOKEHHBIX pPaboIux

WM yOpaByARmuX Hanpsmxenud. [Io MexoyHapomHoll TepMUHOIOTHE

9Ta, TPYHNa MpUBOPOB OTHOCHTCA K KIaccy- eewmuaed (Semiconductor
Valves) u, B CBOW 09epenp, NEIUTCH Ha, TOALPYINBI, DAsIHIAIOINHACCH
pANOM TpusHaxoB ((pU3MYECKHe TPHHIHMIBI TOKOMPOBOTHOCTH, CTEICHD
YOPaBIIAEMOCTH MPUGOPOB, OCOGEHHOCTH YIpaBJieHu:A, OpicTponeiicreume
u gp.). Ha puc. 2.1 moxasamsl THNBI NOJYIIPOBOIHAKOBLIX TPUGOPOB,
CrPYINHMPOBAHHBIE 110 NMPU3HAKY YIIPABIISEMOCTH.

B meynpapiigeMBIX KJ0YaX OCHOBHBIM (DAKTOPOM, OIPEeJIAIONHM
HPOBOIUMOCTS YT COCTOAHME (BKJIIOUEHO/BHIKIIIOUEHO), ABAAETCA TO-
JIAPHOCTD pafovero HaNpsoKEHUA. B yHUNOIAPHEIX yHDaBJISEMBIX IPH-
Gopax (TPAH3UCTOPHBIX KITKOUAX): NPOBOJAMOCT ONPEIENIACTCH NTOJIAPHO~
CTBIO CHIHAJIA TOKA WJIM HAIPAKEHNHA, BOSHEHCTBYIONEro Ha ympaBiia-
omuit aaexTpor. 3HAKOM -+ Ha puc. 2.1 yKasaHa HOJIAPHOCTL pabowmx
¥ YUPABJAIONINK HANDSOIKEHUH, a CTPeIKaMyi — HANPABJICHUS paboumx
TOKOB B OTKPBITOM COCTOSHHU KIHOUEH. : »
" Texumyeckue BOSMOXKHOCTH KJo4edl m oddbexTHBHOCTL BX npmvte—
HEHUA B TEX WM UHLIX YCJOBHAX OIDENEJACTCA PANOM NApPaMeTPOB.

Kmoam (/)"

Ynpasnsemsbie (TpaHaUCTOPb!)
Heynpaensemble :
(avoabl) _ A. BunonspHeie -
AHop, | Katon : KO“”eKTOP
TIE'T I i e I ﬁ“
: , SMMTTep +
OrpaHu4eHHo B rloneBble
ynpasnsiembie: |- > : ‘CroKk © . Crok
(TupucTophl) . R L I _I
Avon  Karon | - __ _3aTBO£ } clSaTBop_ s
I - - Wetok ‘ WcTok
2 b, | : B. KomBuHuposaHHble
Konnexrop
Bareop —{[ +1,
SmurTep

Puc, 2.1. OCBOBHbLIE THIIBI nonynpoxaop;ﬂnxdsmx KITFOUelt

¢
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Kaxpas rpynma xiodell HMeeT «CBOIO» CHCTEMy IapaMeTpos (crarm-
YECKUX, MUHAMWYECKUX, YUPABJICHUA ¥ JP.), SHAHAE KOTOPHIX HEOOXO-
OUMO TIPH TPOEKTHPOBAHUM YCTPOUCTB BIEKTPONUTAHUA W TOHHMAHUA
IPUHIANS UX PabOTHL..

TIoBeimenne 4acTOTEH IPEoGPa30OBAHNA SHEPTUH B YCTPOHCTBAX DIk
TPONKTAHUS TPEDYET HE TONHKO HEODXOIMMOCTH yBeIuIeHust OnicTponeti-
CTBUS NOJIYNPOBOMHUKOBIX NPHOOPOB (B YACTHOCTH, YMEHBINEHU BpEMe-
HH BX BI:-IKJIR)‘-IGHI/IH) HO H IIOMCK2 WIDKCHEPHBIX pemeHI/Iﬁ N0 CHIDKEeHWXO °
TIOTEPL MOITHOCTH IHPU UX TIEPEKJIIOYEHNH (KOMMYTAIHORHEIX HOTepb)
ITonobHble permenys MONyIuin B JIATeparype obluee HABBAHHE «METONE!
MALKOY KOMMy Tammey kirrodeld (soft switching modes) [24].

2.1.1. IToryOopoBOTHUKOBBIE THOIHI

Tlonynposonuukoseiit muon asisercs npocreitimum m nHanbosee pac-
NPOCTPAHEHHBIM THUIIOM IIEPEKJIIOIAIONUX IPUOOPOB CHIIOBOH BIIEKTPO-
HEKH. B HacroAmee BpeMA IPHMEHAIOTCA B OCHOBHOM IOJIYIPOBOOHH-
KOBBIe JIUOMBI ¢ p—n-HepexomoM u mmons: ¢ Gapeepom Ilortku wmu Ga-
prepom MoxTa. Ilocienuue BBITOMHO OTIXIAIOTCA OT TOIYIPOBOMHAKO-
BBIX JUOIOB ¢ P—T-IIEPEXOUOM IIPEKIE BCErO OTCYTCTBUEM HAKOILIEHN
¥ DPACCACHIBAHUA HOcHTesell sapama B Dase OUOHA, ITO W ONPEHEAeT
WX XOPOUINe YaCTOTHBIE CBOUCTBA (MEHBIIYIO I/IHepHHOHHOCTb IIPOIECCOB
ux Tepexirodenus) [22].

Craruyeckue CBOHCTBA HOEAJIMSHPOBAHHOTO P—T-IIEPEXOLa ONUCHIBA-
wotca - ypasuennem Hloksu

I= IS[GXP(U/UT) - 1]) \ : (21}

roe Jg — Tox HackimeHus (TEmIOBON TOK), K KOTOPOMY CTPEMUTCH Be-
JranEa | DR OTPUIATEIEHOM SHAYEHAN HAIPSDKEHUA HA P—N-TIEPEXOJIE;
U — nanpmxenwe na muome; Up = KT/q — Tennosolt moTentmal;
K =1,38-1072% I /°C — mocroannas BOJIBIIM&H& T — TeMueparypa;
g = 1,6 - 107'° Kn — sapsy siekTpoHa.

Hpn komuaTHON Temneparype U, = 0,026 B. Hoscromy y2Ke IIpH Ha-
upsokernu Ha muome U = 0,1. B exp(U/Uy) > 11 ypaBHeHHﬂ IJIA Tpsi-
MOro u OGPATHOrO TOK& NPHHUMAIOT BUI

IIIprM = IS eXp(U/UT)’ IOGP = IS'

Bonpramuepuas xapakrepucruka (BAX) nuona, cOOTBETCIBYOMAL
ypasuenno (2.1), upusemena ma puc. 2.2,a. Ilpu amanmse u pacuere
yCTPOHCTB 1IPpeobpas0BAHNA BHEPIMH, BHIIOIHEHHBIX 10 TaK HA3LIBAEMON
HYMBKOIACTOTHOH Texnosyorun (¢M. TUI. 3), 0BBIYHO NPUOEratOT K KyCOIHO-
nvreitnolt anmpokcuvanuu peassuoil BAX mumoma. Ilpm srom mpamas
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Puc. 2.2. BAX nuona (a), anmpocuManus npaMoli BeTsn BAX (6), BKBnBaJIeHTHaﬂ
cxema jxuona () :

-BeTBb BAX 3aMeHACTCS HACANILHBIM KIIIOUOM S, MIEANbHLIM HCTOTHRKOM
HANpPsDKeHUA, PABHBIM IIOPOrOBOMY Hanpsokenuio Uy, i puddepenuain-
HBIM conporusyennem Ryp. (puc. 2.2,6). Ioporosoe mampsoxenme Uy
onperesAeTcA TOUKOl mepecedenus KacaTebHol K npamoll Bersun BAX
B paboueit Touxe ¢ oce0 opmuaar (puc. 2.2,6). CemyeT OTMETHTSH, YTO
IOPOTOBOE HAMPSDKEHNE KPEMHHEBbIX IUOIOB ¢ OOBIMHBIM P—N-11€PEXONOM
(BBIIOJTHEHHBIX KAK TI0 CILIABHOM, Tax u mo muddby3HoHBOMH TeXHOIOTH-
sim) nexxcur B npepenax 0,7...0,9 B TOIa KaK IJIA JUOIOB C 6apbep0M
MMorrxu U, = 0,35...0,45 B. O6paTHaﬂ BerBh BAX peasbHOTO mmoma
3aMEHAETCH COMPOTHBJICHHEM Ropp.

B mpornecce paboThl yCTpoUCTB TpeobpasoBaHus S9HEPIUA B MUONAX,
BXOISAMUX B COCTAB 9TUX YCTPOUCTB, BBHINENAIOTCH [IOTEPH MOITHOCTH
(Pyp), paBHble B OOIIEM CIIydae CyMMe IIOTEPh OT mPAMOro TokKa (Pny),
1oTeps OT 00parHOro ToKa, (Pogp) W DMHAMUYECKUX (KOMMYTALMOHHBIX)
IIOTEPh HA MHTEPBAJIAX MEPEXOINa WO U3 OTKPBITOIC COCTOSHUA B 3a-
xperroe (Py). IIpu 0THOCHTEIBHO HEBBICOKON YACTOTE IEPEKITIOYCHAS T~
OIIOB (IO HECKOJIbKUX KHJIOepII) B GOJIBIINHCTBE IPAKTHICCKHUX CIIyJaeB
CyMMapHBIE TIOTEPH B IHOIAX OLPEIEJIAIOTCA B OCHOBHOM COCTaBIIAOIEH
By, CrnemoBazesibHO, B BTOM CIIyYae MOIJHOCTH HOTEDPh B HHUOLE

1 [t '
Pyp =~ Pnp = T / VD (t)uVD (t) dt = UnIVDcp + I\ZfDRVD, (2.2)
0 .

LIe 4VD, UyD — MTHOBEHHDIC SHAUEHNA TOKA, ¥ HATIPSIKEHIS Ha, OTKPEITOM
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muone; ty, T — WHTEpBaJ OTKPBITOrO CO-

CTOSIHUA [HONA ¥ IIEPUOJ ero KOMMYTa-

IOUE COOTBETCTBEHHO; [ypep — CpenHee e
3HAYEHNe TOKa mmona; lyp — neficrBy- VD
omee sHadeHe Toxa muona; Uy, Ryp — a)
noporoBoe HaupsoKeHwe W muddepenmm- - €4 ‘
aJILHOE COMPOTMBIIEHHE IUOIA, COOTBETCT- i E
BEHHO. :

PaccMoTpuM KOMMYTAIMOHHEIE IIPO-
HeCCHI B. IMOJIE Ha, TIPUMEpEe OIHOIIOJIyIIe- .
DUOZHOM! CXeMBI BLINDAMJICHHA, paboTa-  voi— —
omelt Ha YHCTO aKTUBHYIO HATPYSKYy
(puc. 2.3,0) IpH CKAIKOOGPABHOM H3Me-
HEHWU HanpsoKeHus e. Bpemenwsre pua-
TPaMMBbl, IOACHAIIIHE PabOTy CXEMBI,
nokasaiel Ha puc. 2.3,6. Ha unTepsa-
Jie Bpemenu oT 0 1o ¢y Wepes OTKpPEITETA Vo by N
mpor, VD mporexaer mpamolt Tox JInp = t
= (Bm — Unp)/R, T2K 410 Ha TpaHHUAX
P-N-TePexona MMeercs u3CBITOMHAT KOH-  p 4
UEHTPAIUA HEOCHOBHBIX HOCHTesIeH. ' /\

B MoMmeHT BpeMeHE ] HaIpMKEHHE . L4t ’;ﬁs—t
€ CKaYKOM MEHSET CBOIO IMOJIAPHOCTS I 6
9epes IWOI B TEUEHWE WHTEPBAJIA PACCa-

CHIBaHNA W3OBITOYHOTO 3apAna tp, = ty —
— t1 GyeT IPOTEKATH TOK B ODPATHOM Ha- . o Cxova BRIPAMIICHIA (@)

¥ BpeMEHHBIE JUarpaMMBI, IO~
npap/enmy. Benuuuea 9T0r0 06paTHOO  cusmomme pabory muoma ()
10Ka Iosp max = (Em—uvp)/R. Ilo oxon-
YQHWIO PACCACHIBAHUA H3OLITOUHON KOHUEHTPAIME HOCHTEEH HaIpAKe-
HUe Ha JAUOIE Uyp B MOMEHT fp NAUAeT IO HyJid. B mHTepBasne BpeMeHn
t3 — t2 oOpaTHBI TOK HUOma YyMEHBIIAETCA C Jogpmax 10 losp = s (mo
TOKA HACHUNEHWA). DTOT METEPBAJ BPEMEHH 1, HA3LIBAEGTCA BPEMEHEM
BOCCT3HOBJIEHHs OOPATHOrO COLPOTHUBIIEHNA NHONa (BpeMeHeM OGpaTHO-
ro BoccramoBinenns). Vs xpusoit Pyp(t), upencrasnennoit na puc. 2.3,6
BUIHO, 9TO IIMKOBOE 3HAYEHNE MIHOBEHHOM MONIHOCTH H&, WHTEPBAJE fy
MHOTOKPAaTHO TIPEBLINAET MOMIHOCTH MOTepb Py (moTepn Ha MHTEPBAJE
OTKPEITOTO COCTOSHASA JIHONA), YTO MOXET CIIYKWTh MPHIHHON JIOKAIIE-
HOT'O IleperpeBa K paspymenus xpucrasuia. C pocrom wacrors: mpebpa-
B0BAHUS DHEPTUHA B YCTPOUCTBAX DIEKTPOIUTAHNUS PACTET ¥ CPEIHEES 33,
TIeprox, 3HAYEHUE KOMMY TAIMOHHBIX ToTeph. 1Ipr wacToTax mpeobpasosa-
HHA 9HEPIMHE B HECKOJIBKO HNECATKOB WM JalKe COTeH Kuorepr (Yacro-
TEI H8 KOTODBIX PabOTaiOT COBPEMEHHBIE YyCTPOHCTBA BIEKTPOIMTAHA)

Y
A

R

g
&
o

g"U

N

Puc. 2.3. Opsonosrynepuox-
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g c ‘ f 0,5/06p max
Q, 0'75106p max
6) Iot')'p max

Puc. 2.4, Henureltnas mMonesas nuona (@) 4 auarpaMMa U3MEHEHHs TOKA IIPH €ro
BBIKJIIOYeHKH (6)

HEOOXOOUMO yIHTHIBATE KOMMYTAIOHHEIE IIPONECCET TPH BBRIKJIIOYCHUY
LUOTOB ¥ IPHHEMATH COOTBETCTBYIONINE MEPHI IO UX CHIKeHW0, Cxema,
3aMENIEHNA TUOMA, TO3BOJIAIOMAA YIUTHBATE KOMMY TAIMOBHBIE IPOIEC-
CHI TPV BBIKJIIOYEHWH HMONA, IIpeCTaByenHa Ha puc. 2.4,a. Cxema 3ame-
menna (Momenb) cogepxkuT aubo Gespmepuuonnsit muon, BAX xoroporo
coorsercTyeT ypapHenuto Ilokmm, ymbo, Kax MOKa3aHo Ha puc. 2:4,a,
3aBUCHAMBIN OT HALPSDKEHNS MCTOYHMK TOKA, eMKOCTbh C u pesucTop Ri;
[O3BOJISIOMMY YUNTHBATS HOTEPU B nuope. Taxasa cxema (Momess) wme-
TOJIB3YETCS MPAKTHIECKH BO BCEX M3BECTHBIX MAKETaX KOMIBIOTEDPHOIO
MOZEJIMPOBaHUA 36K TPOHHLIX cxeMm (pSPISE, WORKBENCH, MicroCap
u ap.) B obmem ciaygae emxocts C yUUTHBAET HB& PASIIIHBIX TIO IPH-
pOIé IIPOIECCa, IIPOTEKAOMYX MPH NEePeKJIIOUEHHN TUONOB, W, COOTBET-
CTBEHHO, MMeeT Ape cocraprsomne: mupdysnouuyw (Cy) u 6apbepHyio
(Cs). Obe CymecTBEHHO 3aBUCAT OT BEJIMYUHE! HATDMKCHUA U 0TOBpa-
K0T IIPONECCHl HAKOIJICHUA 3aPANa IIPK IePEKJIIOYeHNH Trona, u obpa-
30BAHMSA 33pANa HA 3aKPHITOM TIEPEXOIE.

Ha puc. 2.4,6 moxasaHa THHOBAsS 3aBUCHUMOCTH TOKA jwoxa 4(t) mpn
ero BeIKJIOueHnn [22]. B MoMeHT BpemeHu t; IpsMOH TOX AMONA HEYH-
HaeT CIaJATH CO CKOPOCTHIO, ONPEIeIseMOll BHEITHUMH, IO OTHOIIEHITO
K nuony daxropamu (HOpMON ¥ BEIMUHHON 3AIMPAIOMIEr0 HADIDKEHH,
UHIYKTUBHOCTBIO Iy u 1p.). B MoMenT Bpemenn ts nmpsaMoll TOK criamaes
IO HYJIst, OJTHAKO HOCUTEJIH TOKa, HAIOJTHAIONIYE P—N-TTePEXOI, TPOI0IIKa-
10T IBICKEHUNE, 00pasys o0paTHEIf TOK. 3a BpeMs HAPACTAHUA by = t3 —1s
o6paTHBI! TOX DOCTHraeT MAKCHMAaJILHON BesmanHbl Josp max. C MOMeH-
Ta BpeMeHU l3 HAYHHAETCA YMEHbINEHHE ODPATHOIO TOKA JO BHAUEHWS
Losp = Is. Ha mpaxTuke peayibHast KpUBas yMEHbIIEHNs 0OPATHOIO TOKA,
SKCTPATIOJMPYETCs IPAMOR IIpoxonanielt yepes TOYKY, COOTBETCTBYIOMIUE
ToraM 0,75 o6p max ¥ 0;5106p max (PUC. 2.4,6). MOMEHTOM OKOHUYAHUA IPO- -
[IeCCa BOCCTRHOBJIEHWSA BaIlMPAOIINX CBOUCTB CYMTAETCA MOMEHT, COOT-.
BETCTBYIOMUH TOUKe IIEPECeTeHN HTOH NPAMOH € OCBIO BpeMeHH (MOMEHT
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t4 ma puc. 2.3,6). Ilox BpeMeneM BOCCTAHOBJICHASA 3aIEPAIONINX CBONCTS
nuona tg(tyr), KOTOPOE YKA3BIBAETCA B CIPABOYHLIX JAHHBIX, HOHIMAET-
CA CYMMapHOe BpeMﬁ HApaCTaHuA Ty W cuana t. = t4 — i3 obparHoro Toxa
nno:ga,. IIo coorHomenmo BpeMenn HapacTaHus ty W BPEMEHN cuana te
PA3IUIAIOT HHOIBI C «MATKHM> BOCCTAHOBJIEHUEM (f. A2 1), «BBICTpHIE>
(te = 0,5ty) u «cynmepboicrpbies (te < 0,2;).

Homumo BpeMeHn BOCCTAHOBIEHNA (fry) B CIPABOYHBIX JAHHBIX (Ha-
upuMep, ¢upmer International Rectifier) yxasesaerca Taxxe sHaYeHHe
TOK8 Lo6p max (Lrrm) B BestmanHa, 3apana Qp (Qrr), HAKOMIIEHHOTO MUOIOM
mpu ero sanmparni. Crenyer OTMETUTE, UTO 3HAYEHHS BLIIE Iepedrc-
JICHHFIX TIapaMeTPOB 3aBUCAT OT TEMIIEPATYPbI iepexons (¢ poCToM TeM-
TepaTyphl 3HAYEHN A TaPaMeTPOB YBeInIuBaioTCa). KpoMe Toro, » Copa-
BOYHBIX TAHHBIX TAKKE YKaSBIBACTCH SHAYEHHE eMKOCTH. p-N-TIepexoa,
C (C:), coorBercTByOMmell NACIOPTHOMY 3HAYEHHIO OOPATHOrO HAIps-
JKeHus. ) '

B peasibHBIX CXeMaX Ha, KOHEIHON CTAINH 3aTUpaEnsa AUONS HAGII0-
maercs xoJiebaTesbHBIM IpOoLece, KOTOPhIH 06HACHAETCA PE3OHAHCHEIMI
ABJICHUAMY, OOYCIIOBJICHHBIMY HAJIMYNEM NADA3UTHHIX UHIYKTHBHOCTEH
B IIeNH TIPOTEKAHUA OOPaTHOr0 TOKa Auoma. A MoACHeHWs TPUPOMBI
BOBHUKHOBEHNA TAKIUX IPOLIECCOB 0OPATHMCH K CXEME OHOTAKTHOTO IIpe-
obpasosarens (puc. 2.5,a). B 910l cxeme HEIYKTHBEOCTL L yUHTHIBAET
MHIYKTABHOCTG IIPOBOITHHUKOB K MAPASUTHYIO HHIYKTABHOCTH MCTOYHIKS,
muranun F (HanpuMep, MHIYKTUBHOCTE BLIBOIOB BLIXOIHOIO KOHIEHCA-
Topa sroro ucrounnka). Konnerncarop C, momKIOYeHHbIH TapaATIIETBHEO
ouony VD, yuuThiBaeT €MKOCTL 9TOr0 THOIA.

B ycranosmBmemcsa pexxume paboTel B mHTEpBAJie BpeMern oT 0 mo
1 X109 S PA3OMKHYT W DHEPIHs, PaHee 3amaceHHas japoccesem Lo, me-
pemaerca B HArPysKky (Ry) 9epes orxperrsiit muonm VD, Ipu saMbixarun
S B NEPBUYHOM KOHTYpe HAUMHAET IPOTEKATH TOK %1 (pumc. 2.5,6), cKo-
POCTh M3MEHEHHA KOTOPOTO IPAKTHIECKY ONPENEJIACTCA HAIPIKEHHeM
E u mamyxrurocrsio Ly (dii/dt = E/Ly).” Tox mmoma, papmbIi pas-
HOCTH {2 | i1, K MOMEHTY BPEMEHH tz YMEHBIIAETCA IO HyJd I majice,
B CHJTy MHEPIUOHHOCTH Ipouecca pexoMOuHanuy HoCKTe e TOKa, H3Me-
HFAET 3HaK, HOCTHIad K MOMEHTY ‘BpeMeHW f3 MaxCHMAaJIbHOH BEJIMYMHBL
Losp max. Ha o1y xe Besmmumny Al = Ispmax TOK i1 TPEBBIIACT 3HA~
YeHHE TOK& fo. HBcim IONyCTHTH MIHOBEHHOCTH BOCCTAHOBJICHHSA 3aIIH-
palomux CBO#CTB mEoma, TO, HAYMHAA C MOMEHTS BPEMEHH i3, SHEPIHH
HHIYKTUBHOCTH L1 Hepemaercs mapasutHON eMKOCTH HuOoNa, HOPOXKIAL
B nemm saryxaiomue xosebanna. Jacrora sTmx xosmebammit ompemesa—
ercd napaMerpaMu KoHTYpa L1 C 1 MOXeT JOCTUraTh HECKOJIBKAX Mera-
repu, Komebarenprsr npouecc 6ymer npono/mkarsea 00 TeX HOp, TOKa,
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Puc. 2.5. CxeMa OZHOTAKTHOIO mpeobpasosarens (a), BpEMEHHbBIC JUAIDAMMEL
TOK& ¥ HAIPKEHUs JHONA IIPH €r0 BHIKJIUYeHUN (6), BKIKUSHHe AeMIpUPYIOmux
. RC uenouex: (6)

- BCs M3GBITOYHAS DHEPITs, HAKOIJICHHAA HHIYKTHBHOCTHIO L1 K MOMEHTY

BpeMeHH t3, HE PACCEETCH B AKTHBHBLIX DJIEMEHTAX KOHTYDA.

_ TloTepy MOI(HOCTH Ha HHTEPBAJE BOCCTAHOBJIEHWT SaNUPAIOIIIX
cBoticts muona Pron, 0BYCIOBIIEHHEIE DHEPrHEH, HAKOIUIGHHOH B Tapa-

suTHOH mEmykTHBHOCTH L) M30BITOUHEIM TOKOM Al = Iy, max MOXHO

BBIPA3UTH Uepes mapaMerpsl B, L1 u mepuon npeobpasopanua T

PAOH =0, 5_L1I36p max/T‘

B ciygae 'Jj';ﬁona C «MATKAM» BBIKJIIOYEHHEM HA HHTEPBAJIE BOCCTa~
HOBJICHHUS 32IIHPAIOIIUX CBOUCTE, HBMEHAIOMIEECH BO BPEMEHHM COIPOTHB-
JIGHHE IHOMA IIYHTHPYET €0 HAPa3UTHYI0 €MKOCTh, YMEHBLIIAs HOOpoT-
HoCTh KOHTYpa, I C i obecreamsas Gostee GBICTPOE BaTyXaHue Koyieba-
+ mmit. Taxolt xe sddext noCTHTaLTCA TOOKITIOYSHAEM IAPAJIIENbHO DJIe-
MEHTaM, pabOTAIONMM B pexuMe frepexmodenus gemadupyiomux R—C
nenovek (Kax iI0KasaHo Ha puC. 2.5,6) C OTHOCHTEJIHHO MAJIBIMU BHAIE-
HEAMH COMPOTUBJICHHUA M eMKOCTH. BMecte ¢ TeM, IeMidupoBaHue Xo-
 neBapuii COIPOBOKIACTCH ‘POCTOM. IOTEPh MOITHOCTH B SJIEMEHTAX DTHUX
JeMIpHPYIOMUX  TIETOYEK.:

BaxxspiM KOHCTPYKTHUBHBIM ITAPAMETPOM IHOLA ABJISETCH €ro CHo-
COBHOCTD OTBOMUTE TEIIO OT HOBEPXHOCTH KPUCTAJIIA. DTa CHOCODHOCTH
BaBUCHT OT 0COORHHOCTEN KOHCTPYKIINK Ipubopa 1 XapaxTepUsyercs Tem-
JIOBBIM COIIPOTUBJIEHEEM (DPATMEHTS «KPEMHUEBAA [IJIACTHHA — KOPIIYC>

RT(H—K) :
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2.1.2. Tupucropnr

K cmpucropaM OTHOCHTCA XJIACC TOJYIDOBOIHEKOBLIX IPHGOPOB,
EMEOMMX TPH min Hojiee p—n-~-Tepexonos u obaaIanmmx 6ucTabIbHol
BAX. HamGosbimee mpuMenenne B yCTPOHCTBAX 9JIEKTPONATAHNEA HAXO0-
AT TPEX3JIEKTPONHbIE IIPHOOPEL ¢ TpeMsA p — n mepexomamu (puc. 2.6,a).
Taxue mpubOpE! B JIUTEPATYPE HASBIBAIOT JMOO TPHOMHBIME THPHCTOPS-
M, JIE60 IPOCTO THPHCTOPaMH. B yCJIOBEAX HOPMAJILHOH PaBOTE THDH-
CTOPa B CXEMAX DJIEKTPOIIATAHIA IIPH TTONAYE Ha, AHOL IIPAMOTO HAIPSIKE-
Hust (2HOI UMEET [OJIOKUTEIIbHBI MOTEHIIAI OTHOCHTEIHHO KATONa, KAk
HIOKa3aHO Ha puC. 2.6,0) THPUCTOP HOTKEH OCTABATHCS B 3AKPBITOM COCTO-
SIHHUE IO T€X 10D, NOKA Ha €r0 YUPABJIAIONINY 3JIeKTpoy, He 6yIeT IomaH
HMILYJIbC HAIPKEHUs HeoBXOmUMON MOIHOCTH (C MOJAPHOCTRIO ILTIOC
Ha YIPaBJIAIOMEM DJIEKTPOIE OTHOCHTEJIBHO KaTofa). Bpems mepesona
3 3aKPLITOTO COCTOSAHMS B OTKPHITOE (HEOBXOMIMOE BpeMs HeliCTBHs OT-
[UPAIONIEr0 MMILYIIHCA), ONPENEIIAEMOe HHEPITHOHHBIME CBOMCTBAME IPH-
6opa, 01 GOJILIEHHCTBA, TUPUCTOPOB H3MEPACTCA SIHHHIAMI-TCCATKAMHA
mukpocekyrn. Ilocse nmepesoma mpubopa B OTKPBITOE COCTOAHUE OH, KK
¥ OOLIYHBIH OHOM, CTAaHOBUTCA Heympasisembim, OBpaTHbI mepexon TH-
PHCTOPA B 3aKPBITOE COCTOAHNE HAUMHASTC TOJBKO MOCTe cHpoca mpax-
THYECKH OO HyJIA ero aHONHOTO TOKa. Bpems:a 3Toro ofparHoro mepexomns
(BOCCTAHOBJICHNS BAIMPAIONINX CBOWCTB) THPHCTODa IMPEBBHINIAET BPEMA
BXJIIOYEHHA B HECKOJIBKO Pa3, ITO IPAKTHIECKH HCKIYAET BOSMOKHOCTD
IPUMEHEHNA THPUCTOPOB B KAYECTBE IEPEKIII0YAIOIINX TPHGOPOB B COBpe-
MEHHBIX BBICOKOYACTOTHEIX YCTPOMCTBAX MpeobpasoBarusa SHEPruu.

Hns 06bACHe A CBOKCTB THPUCTOPa, OGBITHO HCIOIB3YIOT €r0 IBYX-
TPAH3UCTOPHYIO MOIENb, IPENCTABJIEHHYI0 Ha puc. 2.6,6. B sTolt mo-
JeJIH KOJLIEKTOPHBIN ToK Tpamsucropa V11 aBisercs TokoM 0asel I
rpamrsucTopa VT2 (Ipu ToKe yIpaBIIAIOUIEro SJIEKTPONA PABHBIM HYJTIO),
a xoJsinexToprbI Tok VT2 mpencrasiger coboit Tox Gaskl TpaE3UCTO-
pa VI1. B pesynprare momadya WMIYJbCa HAUDDKEHNA Ha YIPABJIAIO-
Ml 9JIEKTPON, UPHUBOINNUT K YBEJIHMUEHMIO TOKa 6asel Tpamsucropa VT2,
a CJIeNOBATEJIHO, H €r'0 KOJIJIEKTOPHOLO TOKA, T.6. TOK3 0asel TpaH3m-
cropa VI1. DTo B CBOIO O4YEpEeHb BHISHLIBAET YBEJIMUEHHE KOJJIEKTOP-
moro Toxa VT, me. roxa 6aser VI2 u T IIpomecc HapacTamms To-
KOB TPAH3WCTOPOB HOCHT JIABMHHBIN XapaxTep, YTo OOYCIIOBIICHO HAJIH-
YHEeM MOJIOXKHTEIBHONE 0OpaTHOR CBA3Y, CyWECTBYIONMEH MeX Ty HUMH, X
OO'bACHAET TeM CaMbIM MEXAHUSM BKJIOUEHUS TEPUCTOPA H YICPKAHLA
€ro B OTKPBITOM COCTOHHEM M IIOCJIE CHATHS OTIUPAIOMIEr0 UMITYIILCa, C
YUPABJIAIOMIETO 3JIEKTPOIA.

Baxxuo oTMeTHTD, 9TO MEXAHH3M aKTHBHSAIINE IOJOKUTEILHON 06-
PaTHOU CBA3SY W CBA3AHHOE C HUM CAMOIIPOM3BOJILHOE BKJIIOUEHNE THPH-

3—5312
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Puc. 2.6. Crpyxrypa tupucropa (a), AByXTpagsucropHas Monens (6)
M BOJIGT-2MIEPHAs XaPaKTEePUCTHKa Tupucropa (8)

Y

CTOPOB MOryT OBITH CIPOBOIMPOBAHLI YBEINYIEHNEM IPAMOTO HAMDIKE-
HH BBIIIE Onpeesiennolt rpanmanoll Benwmanasr Ury, mita 60J1bmoil cKopo-
CTHIO HAPACTAHNA [IPHUJIOMKEHHOI'O HAPKEHN, & CIICHOBATENIBHO, OB~
JICHIEM TOKOB 3apsAMa TAPASHTHBIX eMKOCTeH KOJIIEeKTOPHO-SMHUTTEPHEIX
nepexonos TpamsnucTopos. (CaMONPOM3BOMLHOE BK/OYEHHE THPHCTOPOB
HEHIOIIYCTUMO, TAX KaK OHO IPHBONUT X ABAPHUHEIM CHTYAIMAM B YCTPOR-
CTBax BJIEKTPONNTAHUA. [109TOMY B IACIOPTHBIX HAHHEIX HA THPHCTOPHL
TMPHUBOOATCS BHATEHUS ‘MAKCAMAJIBHO NOTYCTAMOTO TPAMOTO HAIPIIKE-
1t (Usemax), KOTOPOE OOBIMHO OJIMBKO K IIOJIOBUHHOMY sHadeHH0 Upp
M OOIYCTHMOE 3HAYEHHE CKOPOCTH HAPACTAHMA HPAMOTO HANDIKEHNA
(duse/ dt)max.

Boapr-aMmepHbIe XapaxTepUCTHRY THPUCTOPA, IPH TPEX 3HAYSHUAX
TOKa yupasJiiomero snexrpona (Iy) npusenenst Ha puc. 2.6,6. Tam xe
upuBeneHE HanpmKeHnd Uy B Usemax. OOBIMHO B ycTpoiicTBax sJek-
TPONMUTAHASA HA YIPABJIAOIINY BJIEKTPOH THPHCTIOPA IIONASTCH OTIHPA-
fomu#t umoyase [y, OIpu kKoTOpoM Ha npamolt Bersm BAX orcyrcreyer
y9IaCTOK C OTPULATEIbHBIM CONpoTHBIeHHEM (KpuBaf mmpu ly > Iys Ha
puc. 2.6,6), T.e. BAX mveer Taxolt xe Bun, xax u BAX o6BrYHOrO mHO-
ma. BAX opu I, = 0 xapakTepHa IjIA THPHCTOPOB, HEe MMEIOMUX BBIBO-
Jla YIPABJIAIOMErO BIIEKTPONA (IUOMEBIE THPHCTODHI, HA3HIBAEMEIE TaK~
xe puaucTopamu). ObparHaa Bersb BAX TupucTOpa MM AHHHCTOPA (B
TpeTbeM KbampauTe puc. 2.6,6) mo ¢dopme cosmamaer ¢ o6paTHoﬂ BET-
BbI0 BAX oBrI¥HOTO IHOMHA.



Inexmpureckue KOMNOHEHMbL YCMPOTCME INEKTMPONUMANUA 67

2.1.3. BunosispHble TPAaH3HCTOPHL B PEXKHAME
NEePeKIIoIeHA A

Bunonsapsase rpansuctopsl (BT) BBIIyCKa0OTCA OBYX THIOB: N-p-T
u p-n—p. Ilepssii (n—p—n) Tun mpeobnamaeT B CHIIOBOH DJIEKTPOHHKE
U IODTOMY HaJjibHelimee 00OCYXKIEHWE TPAH3UCTOPOB OyHEeT OpPHEHTHPO-
BaHO Ha ®ToT THuU BT.

Brunosnsaprse TpAH3UCTOPEL HOJLYyYMIIM IMUPOKOE PACIPOCTPAHECHAES B
Ka9eCTBE PEryJIATOPOB HANPSOKEHUS MM TOKA, T DAHSHCTOPEI MOIYT pa-
6oTaTh B JIMHEHHOM MJTH KJIIOYeBOM pexume. B numeliHoM pexmme pabo-
9ad TOYKAS TPAHSHCTOPS HAXONUTCA B AKTUBHON 06acTH u mom, nefcTBu-
eM TOKa 6a3bl OTHOCHTEJIBHO MEIJICHHO HEPEMEINASTCs [0 HArPY309HOMl
aueny. B pexwume mepersouenus pabouas TOUKa «BBICTPO» IEpexo-
JUT 3 00IaCTH OTCeYKY (COCTOSHUE HUBKOH IPOBOIUMOCTH) B 00JIACTD
HACBIIEHNs (COCTOAHNE BBICOKOH npoBomumocty). CKOPOCTD U TPaeKTo-
pHA IIepEMENIEHNA 3aBUCAT OT IIAPAMETPOB IENH HATPY3KH, YACTOTHBIX
CBOMCTB TPAH3UCTOPOB, 3HaYeHuA M HopMbr 6a30B0ro TOKa. Paccmorpum
paboTy TPaHBMCIOPA C AKTHBHOH Harpysko#t (pumc. 2.7 u 2.8).

Ha unrepsasne spemenu [0,%1] (puc. 2.8) meynpasnaemsiii Tox L, =
= Ixeo CO3HAET HA Ha30BOM pesucrope Rg oTHHpaioiee nanpsxenue, Ipn-
OTKpBIBaiomee TpansucTop (pabouas Touxa O HAXOMUTCA Ha TpaHuIe 06-
JIACTH OTCEYKW), MOHTOMY IJIsI TIOJTHOTO 3aIUPAHIA TPAH3UCTOPa, HE0OXO0-
OUMO 3303Th OTPHUIATENHHLIN TOK 6a3b! i = —Igo. 1lpu 3TOM pabouast
TOYKA MEPEMECTHTC Ha TPAHMIY 006JIACTH OTCEYKH, B TOYKY bB.

C nocrymieHneM HMITYJIbCA TOK, 6a3bl fg > gy, & IMEHHO NMITYIbCA,
BosIbInero, YeM HeOOXOMIMO I IEpeMEeIneHnA paboyelt TOYKN Ha, TPAHN-
1y HaceiueHus (puc. 2.7, Touka A), HAYUHALTCS MEPEKJIOYEHHe TPaf-
BHCTOPa M €ro TOK KOJUIEKTOPa CTPEMHATCA K Beauwyune i, = IzB, rme
B — xkosddurmenT nepenaun TPAH3UCTOPA M0 TOKY B CXEME ¢ OBIIHM
omurTepoM. Ilpm pocrioxenun sHaverus Iy = (B — Uken)/Rx pocT TOKA
[IPEKPALIAETCA, 8 W30BITOYHBIN TOK 6a3El, T.€. T& YACTH, KOTOPAA IPEBHL-

K3H

Puc. 2.7, CeMelCTBO KOJIIEKTOPHBIX XaPAKTEPHCTUK OUIIOIAPHOrO Tparsucropa (a)
4 CXeMa, BKJIIOYEHH: TPaHsucropa (6)
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Puc. 2.8. BpeMmensbe AUarpaMMbl TEPEKIIIOUEHUs OHIIOIAPHOTO TPAHIUCTOPA,

maer BesmunHy lsy, BENET K HaKOIJIEHHIO 3apaAna B 06asopoif obsacTm.
C ypenmuennem xoaddunmenta usbbirounocrn Ky = Is/Isy ymenpma-
eTCA BpeMsA BKJIOUeHNA Tpamsucropa. Ha nETepBaje BKIIOUEHHA [t1, ta)
TOK KOJUIEKTOPA M3MEHAETCH HPAKTUYUECKH [0 SKCIOHEHIMAILHOMY 38~
KOHY, C IOCTOSIHHOM BpeMeHu T, = 1/ frp, Ilie frp — IpPaHHYHAS YACTOTA
ycunenus rpagsucropa [23]. .

Cuwrad, 9TO 32 BpeMs BKIIOUEHHR (f5) TOK KOJLIEKTODA JOCTUTAET
yposHA 0,95 0T yCTAHOBUBIETOCSA SHAYEHWSA, ONPEIETIUM BEJIUINHY Ty

te =To ln[Kl/(Kl - 0,95)].

Ins xoaddunpentos msbprrounocta Ky = 1, 2, 4 sHadenus t, coOT-
BETCTBEHHO DABHBL Tyn(1) = 2,9947s, 50y = 0,647, thgy = 0,277,

‘ B moMmenT Bpemerwn t3 HAIMHAETCA IIPOLECC BRIKJIIOYEHNE TPAH3UCTO-
pa. IlosHOe BpEMA BBIKJIFOUEHNUA CKIIAIBIBAETCA U3 BPEMEHU 3aIEPXKKH, |
CBABAHHOTO C PACCACHBAHMEM H3OBITOUHBIX HOCHTENEH B objracty HasH,
¥ BpeMmeHw cradg Toka. Oba MHTEPBaJa 3aBHCAT OT W30BITOYHOCTH 06-
paTHOro (3aIUPAIONIEro) UMIYJILCa 6a30BOrO TOKa. B HacTHOM CIrydae
naccusHoro sammpanns (I = 0) ¥ npy HOCTATOYHO MAJIOM BA30BOM CO-
nporusyiesn Rg (B CIPABOYHINKAX STO YCIOBHE OPOBADUBAETCH CIIEIH-
AJIbHO) BPEMA DACCACHBAHUA DABHO BEJIMYUHE, ONPENESAeMOl COOTHO-
menveM t, = In K7, a BpeMa cnaga BenwdwHOR te 2 4Ty,

Ilpy axTWBHOM B3aIMpaHUN TPAHBHCTOPa OTPUIATEIBHEIM TOKOM 0a-
3bl ¢ kparHocTio Ky = —IgB/Iiy BpeMeHa DacCACHIBAHMA W CHANA
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Puc. 2.9, Cxema GOopMIpOBAHUA TOXa 6asbl MOMHOrO Tpansucropa VT

ymeHLmaIbTCf{:_' : . »
Ktk o, K+l
14+ Ko e Ky

Taxnm 06pazsoM, GICTPONEHCTBIE KIIH0Ya, 0YEHb CHJIBHO 3ABHCHT OT
suadenus ¥ Gopmbl 6azoBoro  Toxa. OnruManbuas GHopMa HMIIyIbCa
YIPABJIAKIIEro TOKa MOJDKHA 00ECHeYHTh NOCTATOYHYI0 H30BITOIHOCTE
ToKa Ha mepemmeM ¢porre (K1 = 2..3), cHmbkeHWe W30BITOYHOCTH IO
ypoera K| = 1,5 K KOHIly MHTepBAJIa OTIHPAHNsI, GOJLILYI0 H3OBITOW-
HOCTb OTPUIATENHHOT0 UMITYJIbCa Toka 6aser (Ko =3...5) Ha mrTepBae
PacCachIBAHUA I CIAHA TOKA W HOCJIELYIONEe CHUDKEHNE BEJIHYUHBI TO-
ka no suaveEns Lg,. Ilpumep cxemsl yupassieHus, obecreduBaromei
OIITUMAJIBHYIO (DOPMY HMILYJIBCA TOKA, 63351 MOIIIHOTO Tpansncropﬁoro
xyroga VT, mokasan wa puc. 2. 9.

Benuuunma mMiyseca ToXa Ha mepenteM dbponte +I5 onpenensercs
HapmKeHneM Herodrnka Bl u mapasinensso BRIOICHHBIME PESHCTOPA-
vz R5 m R6. Ilo mepe sapsama xompencaropa Cl Benuuwmba mMIyIsInea
TOKa YMEHBIIACTCA. Janmparonmuil umiyise g d)opanyeTcs{ HMCTOYHI-
xoMm E2 mpm orkpoiBamum Tpamnsucropa VT4,

Tax xak TPAH3UCTOP IPOIYCKAET TOK TOJHKO B ONHOM HAIIPABJIC-
HUH, TO B IENAX C W3MEHAIMUMCA HAIPABIICHHEM TOKS HMaPAJITIEIIHHO
TPAHBUCTOPY BKJIOYAOT BCTpedHsi muox VD (pue. 2.9).

Ilorepn mommocTy B TpaHsucrope Py CyMMHPYIOTCA M3 IOTEPL B
fase u moreph B KOJekTOpe. OrpanuvuBasch MOCISOHEH COCTABJIIAIO-
Imeif, sanmmem BbIpaskeHUe i Hpubsmkennoit omenkn P, opuenTn-
Pyface Ha MHeHHBI 33KOH M3MEHEHHH HAUDSKEHHd U TOKS Ha HHTEp-
BaNax TEPEKJIIOYeHN:

Pe= % [ /t ? e (8) dt + / (el dt] + IaUsonTi/T =

1 tq

t, =T ln
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Puc. 2.10. Obnacru Gesonacuo#t paborTsl TPaH3UCTOPa ¥ BOSMOXKHLIE TPASKTOPHN
ABmkeHus pabouelt rouku (a). Brinouenne nemudupyoOmuX LENOYeK IS CHHXKEHU
KOMMYTAIMOHHBIX HOTEPhb (6)

1 Ktz—tl t5 — ¢4

— T 3 -+ 3 > EIKH + THIKHUKBH 3

rie L, Uxen — TOK KOJUIEKTOPS, M HAIPSIKEHNE HA, KOJIJIEKTOPE TPAH-
3WCTOpa Ha WHTEpBaJle HACLINEHHs; 1 — Nepuoj, HOBTOpeHus; Ty =
= {4 — t3 — IUIITEJIbHOCTHh MHTEDPBAJIS HACHIUEHUA. _

B npaxTrgeckux cxeMax B KOJJIEKTOPHON NEIN CHIIOBOTO TPAH3NCTO~
Pa 0Bs3aTeNBHO IPUCYTCTBYOT HHIYKTUBHOCTH (HATIPUMED, TAPASUTHEIE
UHIYKTHBHOCTH TPOBOLOB), B PE3YJILTATE UEr0 TPACKTOPHUS IEPEKII0Te-
HUs TPAHBHCTOPOB HE COBIANAET C JIWHHeH pesHCTHBHOI HATDY3KH Ha
ceMelCTBe BBIXONHBIX XxapakTepuctuk (puc. 2.10,a). Hamexsas pabora
TPAH3HCTOPA 00ECTIeYNBACTCA, eCyin pabodas TOUKa TIPH TIEPEKTI0UEHIN
He BBIXONUT 33 mpemesisl obsactu Gesonacuoit pabors: (OBP). I'panuus
OBP onpenesnaoT OOMyCTUMbIE SHAYEHNA APAMETPOB B PA3JIAIHBIX pe-
KUMaX W OPUBONATCA B CIpaBodHmKax [27].

Jtst yMeHbIIeHA MOITHOCTY KOMMYTAIMOHHBIX IIOTEPh W IPEIyIIpe-
JKIIEHWS OIIACHBIX PEXMMOB PabOTHI KIIOuell nmpumMeHsercsa Oobmol ma-
60p CXeMOTEeXHMYECKHX HpHeMOB. B kadecTBe mpumepa Ha puc. 2.10,6
NOKA3aH BAPUAHT BKAIOYEHUS NeMIGMUPYIOMMUX TEMTOYEK, TO3BOJIMIONAX
YMEHBIINTh KOMMYTAINOEHBIE IIOTEPH.

Beenenune npoccensa zackimenns L1 B KONIEKTOPHEYIO LENb TPAH3H-
cropa VT'1 mosBosigeT OrpaHwanTh CKOPOCTDh HAPACTAHNA KOJIJIEKTOPHOTO
TOKa TPAHSUCTOPA W TeM CAMBIM YMEHBIIHUTH [IOTEPH MOIIHOCTH IIPH €r0
OTKpBIBaHWN. LIJa paspsaia dHEPruy, HAKOIIEHHON 9THUM IPOCCEIEM Ha
WHTEPBaJIe OTKPBITOTO COCTOAHUSA TPAHIUCTODA, IAPAJIJIETEHO EMY BKJTIO-
gensl nuon, VD1 u pesuctop R1. s yMeHbIIeHNA CKOPOCTH HAPACTAHUS
KOJIJIGKTOPHOTO HAPSOKEHUA W TEM CAMBIM YMEHBINEHUA HOTEPE MOIIHO-
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Puc, 2,11, Cxema xmo9a ¢ HesuHeitno#t o6parsoi cBA3LI0 0 HAUpAXKEHNO {a)
M CXeM3, KJIF0Ya C NPONOPIMOHANEHO TOKOBLIM yupasJseHueM (0)

CTH IIPY BHIKJIIOYEHHE NaPATIIEIbHO TPAHSUCTOPY BRIIIOYACTCA KOHICH-
carop Cl. 3apan Cl ocymecrsiserca yepes muom VD2, a ero paspam,
IpH OTKPBIBAHUY TPAH3UCTOPA — 4Yepes pesucrop R2.

B peasprpIx yerpoficTBax SINEKTPOIMTAHNA TOK HATPYSKHA M3MEHA-
eTCH, KaK IPaBuiIo, B muporux mpenenax. [losTomy B cirywae peasnmsa-
Opy KJTodel Ha OMIOJISIpHBIX FPAH3UCTOPaX JOCTATOYHO CJHOXKHOM 3ama-
welt ABJIACTCA LOmIEpKane 6A30BOT0 TOKA HA YPOBHE, TaPAHTIPYIOIIEM
OIIPENEJIEHHYI0 BeTnuuny Kosd duipienta nsbprrounoctu Ky . Pabora npu
(PUKCHPOBAHHOM SHAYEHNN BKJIOUAIOMErO TOKS 023BI MOKET IPHBOLHATE
K TIIyOOKHMM NEPEHACHINEHNIM TPAHSUCTOPA U, KaK CJEICTBHE, K yBe-
JIMYEHMIO BPEMEHH BBIKJIIOYEHHA TPAHBUCTOPA, (BpeMs MOXKET M3MEHATh-
€S HA [OPANOK) WM TEpeBony pabodelt TOYKHM OTKPBITOLO TPAH3HCTO-
Pa B aKTHBHYIO 30HY (LIpM BO3PACTAHWU TOKa HArpyskw). [jis mCKJTIO-
YeHNd TAKUX PEKUMOB IIEJIECO00PaAsHO 0BECHeUuBATE ABTOMATHIECKYIO
ONCTPoliKy Toka 6asbl K MSMEHAIIIEMYCHA MAKCHMAJILHOMY TOKY KOJI-
JIEKTOPa. ABTOMONCTPOUKY MOXKHO HOJLYHHTE C HCIOJL30BAHEEM CXEM C
HeJIHHeRHON 06paTHOl CBABHIO MO HANPKEHNIO M CXEeM ¢ MOJIOMKHTEh-
HOI 06paTHOH CBABBIO O TOKY. ,

IIpumep peanmsamme Hesuuetinoil o6parsod ceasu (OC) mo nampa-
JKEHUIO IoKas3ad Ha puc. 2.11,a. B srolt cxeme OC mo manpsmkernnio obec-
neunBaerca guonoM VD1, a miybmua maceimenus — mpuomamu VD2, VD3
(Bmecro VD2, VD3 Moxer GbiTh BKJIOYEH cTabummTpon). Ilpm oTcyT-
CTBUH IIEPEHACHINEHNA TpausucTopa muon VD1 saxpeir u Tox Oaser I
TPaH3UCTOPA PaBeH TOKy ynpassénns I,. Ilepenacrimenye TpamsnCTOpa,
IPABOIAT K YMEHBIIEHHIO HapsokeHns Uy U COOTBETCTBEHHO HAIIDIKE-
mna Uxs = Uxg + Uss. Tlpu ymenbinenun manpsorenns Ugs (miroc ma
KOJIJIEKTOPE OTHOCHTENHHO 0a3bi) JIO 3HAYCHHA, PABHOIO HAIIPAKEHHIO
OTKPBITOTO A1ona Unp OTKPBIBACTCH IO VD1 u gacrs Toxa I, orBern-
JIeTCA B Uenmb mmoma VD1, yMembmias TeM caMBIM TOK 6asbl U IIPEmOT-
Bpallas HeXKeJaTeNbHOe IEPEHACHINEHNE TPAHSHCTOPa. V3 ypaBHeHus
bananca manpsokenuit: Uyps + Uyps + Uss = Uypi + Uyge cremyert, aTo
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Puc. 2.12. Bxurouenue TpansucTopos no cxeme Hapiuarrona

Uke = Uss + Unp. Huon VD4 BBEOEH B cxemy puc. 2.11,a mist BosMORK-
HOCTH ODECHedeHst aKTHBHOTO 3aIMPAHIA TPAHIACTOPA.

B cxeme puc. 2.11,6 pexxuM IPOIMOPUHOHATIBLHONO YIIPABJIEHUA TO-
xoM Gaspl xmrowa VT 06ecneunBagTces ¢ MOMONIBIO TPaHchOPMATOpa TOKa,
T. Ipu nomade yOpaBaAOWIEro CHIHAJIA HA BXOI CXEMBI B menu «6aso-
sMuTreprbil mepexon VI, 6a30-sMHTTEPHEIN IEPEXON, CHIIOBOTO KJIIOYUA
VT's, nporekaer craproBeiit Tk ynpasnernus. IIpu oTkprIBAHIN TPAH3N-
cropa VT uepes nepsuunyio o6MoTky T mporexaer ToK HArpysku J, /2 I;.
Tox BropruHolt 06MOTKM TPaHCGhHOPMATOPA, HAIDYKEHHO! Ha KOJIJIEKTOP-
SMUTTEPHBIN TIEPEX0n HACHImERHOro Tparsucropa V11, n 6aso-sMuTTep-
HbI mepexon cusrosoro TpaHsucTopa VI Gymer MeHbie TOKS IEPBIIHON
OOMOTKH B 4HCJIO Pa3, PaBHOe K0a(pdumenTy TpanchOopMalnm TPaHC
dopmaropa T mpu sr0boM TOKE HATPY3KH, YTO M 00ECIEINBALT IIPOIIOP-
[HOHAJIEHO-TOKOBOE YIPABJIEHUE CUJIOBBIM TPAH3UCTOPOM.

HenocrarkoM MOIDEBIX BBICOKOBOJIGTHEIX OUMIOAPHBIX TPAHSHUCTO-
POB ABJIACTCA HUBKASA BeJMINHE KO OUIMEHTA TIePeNadn IO TOKY B pe-
skuMe zacsimenns. i mpubopos ¢ rpasmaabiM HanpamenneM Uy rmp >
> 250 B xoadgdunument nepenaun 1o roxky B & 5...7. DTo sarpynHaeT
COLJIACOBAHNE MOINHBIX TPAH3UCTOPOB ¢ MAJIOMOLTHBIME YIIPABJLAIONIIMHA
yerpokicraMy 1 TpeOyeT BBeOEHHS B cxeMy ycurmrenel Toxa. Tak Ha-
upumep, upa Ly, = 10 A, B = 5, K1 = 1,4 neobxonumpii TOX Gasel
cocrapur Is = 2,8 A. Brurrouenme Tpamsucropos no cxeme apsauHrTo-
ua, (puc. 2.12) noseosaeT yenwanTh X039POUIREHT Hepenadn Toka 6assl
IO SHAYEHWA, PABHOIO IIPOU3BEIOEHUI0 KO3MOUIHEHTOB TEPEIadr TPAH-
sucTtopoB VI1 u VI2: By, = B;iBs.

Tpamsucropst VI1 1 VI'2 B cocraBHOM TPaH3UCTOPE BHIOHPAOTCH -
Ha OmmHAKOBbIE paboume manpsokenms. Tpamsucrop VI1 dopmupyer
TOK Haskl MOITHOrO Tpansuctopa V12, Huskoomusie pesucrops R1 m R2
06EeCIeYNBAIOT IENb JJIA TOKOB KOJUIEKTOPHO-6230BbIx mepexonos (Ixso)
B 3aKPBITOM COCTOAHNM Tpausmucropos. Tmonm VD1 obecneunBaer nemns
3aMUpaomero 6a30BOro Toka, Ajist Tpamsucropa V2 ma cayuafl, ecym
majiomomnabil Tpamsucrop VIl samupaerca pampime. lwom VD2 sas-
JIAETCA TIyHTHPYIOMAM Iyl OBparHbIX Hampsoxkenutt. Ommaxo ciemyer
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HMETh B BEAY, YTO IPUMeHeHNe cxeMbl Jap/uHrTona IpuBOauT X YBEIIH-
YEHIA0 HANPAKCHIA HACHIIIEHNA MOIIHOTO TPAH3UCTODA, T.€. IPHBOIUT K
YBEJIMYEHMIO IOTEPh MONIHOCTH Ha HeM. Ilpm Gospmux Tokax HArpysKu
B IPaKTHYECKHX CXEMaX BMECTO OLHOrO Tpamsucropa VT2 mcmomssyer-
CsI HECKOJIPKO IAPaJlJIe/IbHO BKJIIOUEHHBIX MeXIy CobOl TpaHsuCTOpOB.
HJis BEIpABHUBAHNA TOKOB YEPE3 9TH TADAJIENBHO BKIIOYSHHBIE TPAH-
BHCTOPBI B IIENIb BMUTTEPA KaKIOTO W3 HUX Yalle BCEr0 BRKJIIOUAIOT HU3-
KooMHBIe comporusienus. 1Ipu srom tpamsucrop VI1 B cxeme puc. 2.12
IOJDKEH OBITH PACCUMTAH Ha CYMMAPHBIA TOXK 6asbl BCEX IapaJLICIHHO
BKJIIOYEHHBIX TPAHSUCTOPOB.

Eme ommmMm memocrarkoM OGUIONIAPHLIX TPAHSHUCTOPOB ABJIACTCA
Bourbmol pasbpoc x0ahOUIUEHTa IEPEISHN IO TOKY, TI09TOMY OITHMAIIE-
HBIH PEXXHUM YIIPABJICHUA IJIA OTHOTO TPAHSUCTOPA MOKET HE BHIIOIHATE-
cA IpH 3aMeHe ero Ha mpyroi#t. Crenyer WMeTs B BHLY, YTO H3-3a8 Ma~
JIOT'O COIIPOTHBJICHNA TPAH3WCTOPOB B PEXKUME HACHINIEHHA W MaJIof mx
IIEPerpy309HOll CIOCOOHOCTH B OOIIEM CJIydae TPAHSHCTODPHI HEBO3MOMK-
HO 33IIATHUTE IJIABKUMY NPEOOXPAHUTEIIAMI. 3AIINTa, BO3MOKHA, TOJILKO
BBICTPONEACTBY OMIIMY BJIEKTPOHHBIME CPEICTBAMI.

2.1.4. TloseBhie TPaH3HUCTOPHI

B orymume or GumosiApHBIX, moJieble Tpamsmcropst (IIT) ocnosa-
HbI Ha Jpeiidhe OCHOBHBIX HOCHTENEH TOKa B KAHAJIE IIOH, JeHCTBIEM Pas-
HOCTH IIOTEHIWAJIOB MEXIOY WCTOKOBBIM M CTOKOBBIM 3amumamu. Tox
KAHAJa MOXHO MOIYJHPOBATH, M3MEH:d HAIDSKEHUE 3aTBOPA OTHOCH-
TEJBFHO MCTOKA. B 33BHCHMOCTH OT KOHCTpyKuuu sarsopa IIT memar-
cA Ha JBa KJIACCA: C 3aTBOPOM B Buue p-n-mepexona (IIT ¢ ympasma-
IOMUM IIEPEXONOM) W C M30JMPOBAHHEIM 3aTBOPOM. IIOCIeNHEE OTHOCH-
TEJILHO 3aTBOPa IPENCTABJIAIT COBOM CTPYKTYPY: METaJlI-IuaJIeKTPHK-
HOJIYIIPOBOMHEK ¥ M03TOMY HasbiBatorca 6o ML (MOS B arrmmitckoit
TPAHCKpHIImE) Tpamsucropamy, Jmbo MOII-rparsucropamu (MOIT —
abbpeBuarypa 0T «METaJJI-OKHCEJ-IIOJIYIPOBONHIK»). Jyia sTHX mpm-
6opos Taxoxe MMHPOKO IpuMenserca Hassamwe MOSFET (Metal-Oxid-
Semiconductor-Field-Effect Transistor), momaepkmsaomee, UTo yIpasiie-
e KAHAJIOM OCYIIECTBIACTCS éﬁeKTqueCKHM monem. Oba xmacca IIT
IIHIPOKO PACIIPOCTPAHEHEI B CHJIOBOH 2JIEKTPOHMKE U MMEIOT «CBOU» IPE-
nouTHTeNbHbIE obsacTu upumenenus. MIII-rpamsmcropsl B ¢BOXO oue-
Penpb TOXPA3NEsIAIOTCA HA TPAHSUCTOPEI CO BCTPOSHHBIM KAHAJIOM H C HH-
OyUUpPOBaHEBIM kKaHanoM. B mepseix IIT mposomammit TokoBwIA KaHAT
COBIAH TEXHOJIOTMIECKH («BCTPOEH»), u oH, xak u B IIT ¢ ympasmato-
IMIHM IEPEXONOM, CYyIIECTBYET IPY HYJIEBOM HANPSIKEHIN HA 34TBOPE, IIO-
oromy o1 MIII TpaH3HCTOPE! HASEIBAIOT TPAHBUCTOPAME OOEIHEHHOTO
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Tana. B ML ¢ vHAYIHPOBAHEBIM KaHAJIOM TOKOBBIH KaHaJI IOABJIAET-
CA TOJILKO TP IONAYE HANPSTKEHNS Ha 3aTBOP, MO3TOMY 9TH IPUOODPL
TAXKE HA3BIBAIOT TpaHsucTopamu oboramenworo Tuma. MIIII oboramen-
HOTO THII& MOTYT OBITh, kKax u Juobsre apyrue 11T, ¢ xapamom n-tuna u ¢
KAHAJIOM P-THIE, KOTODPHIE YAINe BCEro CO3NAIOTCH MeTomoM muddysuu.
OyuxrmosansHo 9Tu nsa Tuna MIII-rpassncTopos ABIAIOTCA aHaJIOra-
MI T-p-T~ B p-n~p-GHIIOIIAPHBIX TPAHSHCTOPOB COOTBETCTIBEHHO. B coBpe-
MEHHEIX YCTPOHCTBAX SJICKTPONITAREA HanOobIIee IPUMEHEHIE B Kade-
CTBe MOLIHBIX TOKOBBIX KJjouelt maxomar MIII-rpansucropsr ¢ MEIYIH-
posauubM n-kaHajgoM (DNMOS B anrmtickolt Tparckpunmem). B oTux
1pubopax IJis CO3NAHMS TOKOBOTO KAHAJA MEXIY CTOKOM M HCTOKOM Ha,
3aTBODP HEOOXOHMMO [IONATH IOJIOXHUTEIHHOS HAIPAKEHNE OTHOCHTEIILHO
HCTOKA, BOJIBITEE HEKOTOPOTO IOPOrOBOIO, T.€. IPUOOPHL ABJISIOTCS HOP-
MaJIbHO sakphiThiMu. anee obcyskmaroTcsa mMeHHO 9TH npubopsl. Cse-
HeHns o p-xkaHaspaex [T, a Tax jxe 0 TPaH3uCTOpax ¢ 3aTBOPOM B BHIE
P-N-TIEPEXOA, YATATENb Moxer Haliry 8 [29, 30].
K mocrommcrsam IIT ciemyeT OTHECTH:
¢ YPE3BEIIAHMHO MaJIyl0 MOITHOCTH YIPABJICHWS IO CDABHEHHIO OUIIO-
JISAPHBIME TPAH3HCTOPAMH; ‘
® BBICOKYIO CKOPOCTH MEPEKJIIOTEHNA, PE3KO CHIDKAIOMYI0 KOMMY T~
OHHbIE (IMHAMUYECKHE) NOTEPH MOIIHOCTI; ' v
® BO3MOXHOCTDH [1aPAJIIEJIBHOTO BKIIIOIEHIA MEXKIY coO0# TpagsmucTo-
. poB, Ge3s xakux JiubO yCTPOMCTB BHIDABHHBAHHA TOKOB UEpe3 BTH

TPAH3ACTOPEL;

e BBICOKAs TEMOEPATYPHAS CTAOMIIPHOCTH BPEMEHH [IE€PEKJIIOUSHUS U

KPYTHSHBI BOJIbTAMIIEDHOR XapaKTEPUCTHKIL.

s menmocrarkos IIT MOXHO OTMETHTH BOBMOXKHOCTH BTOPHIHOIO
mpob0s, BEISBAHHOIO BIJIHAHKEM [I2PA3HTHOTO DHIOJIAPHOTO N—p—Nn-TPaH-
BUCTOPA, 00PA3YIOIIErOCsA B IIOJYIIPOBONHMKOBOY cTpykrype. llpwm Hus-
KX HANPOKEHNAX CTOK-MCTOK IIaPasWTHHIN TPaHSHUCTOP HE HPOABJITLET
cebsa. C HoBLIMEHNeM HANDPSUKEHIS OCUIONAPHEIN TPAH3UCTOD KIPOCHIIa~
ercay, onpenenda sun BAX rpamsucropa B obmactu npoboa. Huist Toro
qro6er obecednTs HOpMaTbHY0 pabory MITI-rpamsncropos B obsactu
pabounx HanpsoKeHt, HeoOXOIUMO HANEKHO 3aKPBITH HTOT aPa3HTHEIH
TparsucTop. Jisa 8TOro momroxKka, mpubopa BCerna, COSNUHACTCH ¢ HCTO-
KOBBIM BBIBOIOM, B PE3YJIbTaTE 4ero 06a3a W 9MUTTED 9TOrO IAPABHTHO-
TO TPAHBUCTOPA OKA3BIBAIOTCH NPAKTHIECKN 00beIUHEeHBl MeX Iy cobol,
¥ BTOT TPAHZKCTOD MPEBPAINAETCA B IMOM, BKJIOYEHHBIH MEXITY CTOKO-
BBIM U MCTOKOBBIM BhIBOZaMHU. B HacTosAmee BpeMs BrixyckatoTcsa MITI-
TPAH3HUCTOPHI C pabouynM HampaxeHneM cTok-ucrox 800...1000 B.

PaccvorpuM TunmuHbe craTndeckue xapaxrepucrurm MITT-rpa-
sucTopa (puc. 2.13). Ha mpoxommott xapakrepucruke (puc. 2.13,a) moxa-
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Puc. 2.13. IIpoxonusie (a) u Beixonubie (6) xapaxTepucrtuku MOII-TpamsucTopa

3aHbI IBE KPHUBBIE JJIs JBYX PasudabiX HAUPsoKEHIH Uy (Uenz > Ucun)-
Ha mpoxonmoit XapaxTepUCTHKE OTMEMEHO [I0POroBoe HaupmKeHue Upop,
IIPH KOTOPOM HAYHMHAET OTKPBHIBATHCA TPAHZUCTOP. KOHCTPYKTUBHO-TEX-
HOJIOTHYECKHUME CHOCOBaME YIAeTCA MOMYUINTh PERUM ODPAsSOBAHAA Ka-
HAJIa U OTKPHIBAHWA TPAH3UCTOPA, IpH HanpskeHuH Uyop Bhme 2...4 B.
Crenyer OTMETHTE, YTO M3-38 MAJIOCTH TOJIMIMHEL MOI3ATBOPHOTO H30JIs-
ITHOHHOIO CJIOS IIPEIEJILHOE BHAYUEHME HANPIKEHNS] MEXIY 3aTBOPOM H
HMCTOKOM He HOJDKHO upessimarh 20 B. Ero npesbileHne BEI3LIBACT 9JIEK-
TpHYecKuil Tpobolt n3oIIANMY 3aTBOPA W BBIXOM, U3 CTPOS Ipubopa.

JJis 3aImuTel TPANSHCTOPA B €r0 BXONHOM LEIM pPEKOMEHLYeTcs
BEJIIOIEHIE OIPAHNYHBAIONIEIO CTACHINTPOHS, ¢ HANDIKEHIeM CTabmII-
samnt Ugras € 20 B. B oxmessrex npubopax vaxolt cTabuIuTpoR BCTPO-
€H B CTPYKTYpy TpaHsucropa. Ilo mpoxonmmo#t xapaxTepmncruku onpene-
naerca KpyrusHa S = dic/dUsy. B COBPEMEHHEIX MOIHBIX TPAH3HUCTOPAX
KPyTH3HA XapPaKTEPUCTHKY JOCTHraeT suavenut 2,5...4 A/B. Ha sorxon-
HBIX XapakTepucrukax (puc. 2.13,6) BEIIEIAIOTCA IBS YIACTKA, PABIEI-
eMBIX BHAMEHVeM HaIPsUKeHWA HACHIIEHUA Ugyae (IPAHUIEH DeXXUMOB).
Ha puc. 2.13,6 aTa rpanmna pexxuMoB (HACHIILEHUA U JTHHEHHOr0) 0603Ha-
YeHa IyEKTHPHOH suamell. HakiioH KpyTHIX yYaCTKOB BRIXOTHEIX XapaK-
TEPHCTHUK OIpenesideT comporusienue Fe, = AUy /Al xanana cTox-
HCTOK B PEXWMe HACLIIEHNH. s COBpEMEHHBIX MOIIHEIX TPAH3HCTOPOB
Rey cocrapiisier mecarbie-COTHIE HOJH OMA.

Iyt gryamero TPENCTABIIEHHA O NEPEK/HOYAIONIX CBORCTBaX MOT1I-
TPAH3HCTOPOB PACCMOTPHM €I0 PABOTY B PEKIME TIEPEKJIF0YEHHS] IPY aK-
THBHOH# Harpyske B Hemm croxa. CxeMma BRIOYEHUS TPAHZWCTOPS IIPEl-
crapiena Ha puc. 2.14,a. Ha aroit cxeme Taxske [MOKA3AHEI MaPA3HTHEIE
EMKOCTH TPAHBHCTOPA: 3aTBOP-UCTOK Cgyy, CTOK-UCTOK Cgy M CTOK-30TBOD
Cse. IlapasuTHble EMKOCTH TPAHSUCTODA, KAK H PESUCTHBHLIC 3JIEMEH-
TBI, He TIOKa3aHHbIe Ha pucC. 2.14,a, CHIIBHO 3aBUCAT OT KOHCTPYKTUBHO-
rO MCHOJIHEHAA TPAH3UCTOPOB. Y UHTEIBAL, YTO MOUIHBIN mprOOp MOXKET
ComepXaTh THICAYH BJIEMEHTAPHBIX TPAH3NCTOPOB Ha OTHOM KPHCTAJ-
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Je, COeIMHEHHBIX IapaJUIesIbHO, PeSyJIbTUPYIONHE EMKOCTH MOTYT IO~
cTurath 60sIpIMX 3HAMEHAH (HampuMep, 1A Tpausucropa KII803 Cyy =
= 3000 n®). OcoberrocTsio mpoxomwoit emxocty Cs., HasbiBaeMoil TaxxKe
eMKOCTBI0 MuLiepa, ABIIACTCA e 3aBECHMOCTD OT HAIIPIKEHNA HA, CTOKE. .
Ha puc. 2.14,a noxasan raxxe guox VD, obpasyromuica us MapasuTHO-
IO N—p—N-TPAHBHUCTOPA, IIPH. COSIUHEHNN TONJIONKKY PUOOPa C HCTOKOM.
Hanuune 9TOro AHoma IPUBOLKT K OOPasOBAHUIO TOKA B TPETHEM KBaZ-
pauTe ceMeHCTBa BEIXOIHBIX XapaxTepuctTuk (puc. 2.13,6). D1o croitcrso -
MOII-Tpan3ucTopa UCHOJIB3YETCA B CXEMaX, COUEPKAIMX UHIYK TUBHBIE
HAKOIMTETH TOKA, I CO3INAHNA PEXXUMOB PEKYIEPAIINT S9Heprun. BricT- -
poneicTBIe TOr0 OUOA, OUPENeIAEMOe BPEMEHEM BOCCTAHOBJIGHUS €10
3aNUPAIONINX CBOUCTB, OTHOCHTENIHHO He Besmko (t, ~ 100...300 muc),
YTO COBHAET ONPENEsIeHHbIE TPYIHOCTH IIPU BBICOKOH YaCcTOTe IePeKIIo-
YeHUS MHIYKTHBHBIX HAIPY30K TPAH3UCTOPHOM cTotikoi B TIOJTY MOCTOBBIX -
u MOCTOBBIX cxemax [36]. ‘

B repsoM TpubirDKeHNE YIPABIIEHAE TPAHSACTOPOM CBOIHTCH K CO-
OTBETCTBYIOMEMY U3MEHEHHUIO 3apana pxonHol emxoctr Cyy = Cay + Cic
TpamsucTopa [37]. YIpu 9TOM CYINECTBEHHOE BIMAHUE OKA3HIBAET BHYT-
peHHee CONpOTHUBJICHNE R, MCTOYHUKA YIPABIIAIOMNX UMILYJIHCOB, pe-
ISITCTBYIONIEe GHICTPOMY 3apALy U pPaspAny eMKoCTH Chy.

Bpemennbie nuarpaMmel, OTPaKAOLIKE  IPOLECCH IEPEKIIIOICHIE
TPAHSUCTOPA IIPU aKTUBHON HArpyske Ry npusenensl Ha puc. 2.14,6. Ilpu
TONaYK B MOMEHT BDPEMEHH t); Ha BXOH (38TBOP-HCTOK) YIIPABJIAIOMErO
umrysbea Uzy HaunHaerca sapsanm emroctelt Oy u Cse Uepes pesmcTop
R;. IIo Tex mop IOKa HAUpMKEHHe 3aTBOP-MCTOK HE JOCTUTHET BeJIHTh-
HBI TIOPOTOBOTO HANPMKEHUA Uspop, TPAHBUCTOP 3aKDHIT U HAIPKEHWS
CTOXa, PABHO Haupsoxeruto nurapud ;. IlousrHo, ¥To my1a moBbimenus
OBICTPOIERCTBIA TPAHBUCTOPS, Ha, BTOH CTAIIN IPOLECCH NEPEKIIIOISHILS.
HEODXOMMMO yMEHBIIATH compoTusierne R,. OmHaxo cienyer wMerh B
BHIY, 9TO YPEe3MEPHO GOJBIIAs CKOPOCTH 3apana emMxoctu Cy, MOXKeT
TIPUBECTH K HEPABHOMEDHOMY DACIPENEJICHUI0 HANPKEHNA Uyy 1O WO~
Ay 3aTBOPA U, KAK CAEICTBUE, IPUBECTA K KYyMYJIALMA TOKA CTOKS HA
OTHENIBHEIX YUACTKAX CEUCHU MHIYIMPOBAHHOTO KaHaJa. [37].

ITocite mocTimxenusa B MOMEHT BPeMeHH o HA 3aTBOPE HOPOrOBOrO Ha-
NPSKEHNsT TPAHBUCTOP OTKPHIBAGTCH ¥ TEPEXOMUT B JIMHEHHBIN pexuM,
HApaCTAET TOK CTOKA, HANAST HaUpsKenue Ha, croke Ug,. Ha unrepnane
[t1,t3] emxocTs Mummmepa Cse Majya. B MOMEHT BpemeHnm t3 BeIIUHA
Cisc HAIMHACT PESKO BO3PACTATE, YTO OODICHAET MOABICHUE KIOJIKLY HAa
KPUBOH usy (t) Ha mETEpBase [t3, 4] (970 ABIICHNE HABHIBAIOT MHTEIPUPO-
pammem Muurepa). Iocie MoMenTa BpeMeHH ¢y IPONOJDKAECTCA POCT Ha-
TPSKEHUA Ugy C HEKOTOPHIM CHIZKEHMM CKOPOCTH IANESHHA HAIIDSDKSHUsT
Uew. 3aTeM TPAHSHCTOP OKOHYATENBHO IEPEXOIUT B PEKKM HACHITIEHUA.
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Puc. 2,14, CxeMa BKJIIOYEHHA TPAHIUCTOPA (@) ¥ BPEMEHHBIE MHATPAMMBL
’ ero paborer npu mepexaroderny (6)

B momenT BpeMeHH t5 yrpaBRAOMMi UMIIYJIEC TPUHEMAET HYJIEBOS
BHAYEHNE I HAIWHACTCS IIPOLECC BBEIKIIOYCHNA TpausucTopa. Onmaxo Ha, .
HHTEPBAJIE BPEMEHH [t5,ts] #3-3a 3apmxennoi emrocTH Cyy TPAHIUCTOD
HO-IIPEXKHEMY HAXOIUICA B PEXUME HACHINEHAA U TOJHOCTEIO BHIKJIIOYa-
€TCHA JIHNI IIOCJIE CHIDKEHWA Ugy; HIDKE TOPOTOBOrO HAIPSKEHHT B MO-
menT tg. Ha HHTepBaJIe BpeMeH™ [Ly, tg] BXOIHAA EMKOCTE PASPAKACTCA
uepes conpoTupyeHne Ly ¢ nocroanHOol BpeMeHH tpasp = Cpx R, Ha me-
TepBatie [tg, 7] BHOBDL NPOABIACTCA MHTETPATOP Mpmnepa, BHI3BAHHBIN
CHIDKeHneM BesuauHbl Cse. :

Mexanausm nepexmoyenns MOIL-rpapsucropa XapakTepusyeTcsa Ha-
JITIAeM WHTEPBAJIOB 330epXKKH npu Brymodernu ([te,1]) ¥ BHIKIIO9CHAN
([te,t5]), MITUTEIBHOCTS KOTOPHIX MPOTOPIUOHAILHA, TIOCTOSHEOH BpeMe-
Bl R.Chx. - Onpemenamomee BiuAHmEe Ha IAWTEILHOCTL BKJIIOYUCH
([t4,t2]) m BEIKMIOUeHNA ([t3,%6]) OkasbiBaeT emxocTh Che, CYMECTBEHHO
MeHbIIee BIHAHAE — eMKOCTH Cuy U Cgy. DTOT MEXaHWBM IIEpEKJIoYe-
HUA XOPOIIO LOLTBEPIKIAESTCA BKCIEPUMEHTAILHBIMY KPUBEIME, IIPHBE-
TeHHBIMY, Hanpumep, B [36, 37].

Huaamryeckne morepu momrroctd B MOITl-Tpamsucrope mpu mpa-
BUJIBHOM DEXHME YIPABJIEHUA NMPeHeOPERIMO MAJIBI IO YACTOTEHI TIepe-
xJrodennd nopanka 50...100 xI'ii; a ofmue norepn OMpENeNATCA CTaTH-
9eCKOli COCTABIIAIOMEN, T.e. NaIEHUeM HAIPKCHUA HA COIIpOTI/IBJIeHI/II/I
Ry OTKPBITOTO TPAHBHCTODA.

IIpr axkTEBHO-MHLYKTMBHO! HArpysKe B HENHM CTOKA, XapakKTep Ipo-
LECCOB Ha, HTale BKIIOYCHUT TPAHSHCTODA CYMIECTBEHHO M3MEHMETCH.
Cxema BKIIOUEHHMA TPAHSHCTOP? IPH 2KTHBHO-WHIYKTHBHOH HArpyske
H BPEMEHHBIE JUATPAMMEI, TTOACHAOMAE TPOUECCH TIPH ero BEKJIIOUSHIT
IPEICTaBIIeHbl Ha PHC. 2.15.
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Puc. 2.15. CxeMa BKJIIOYEHAS TPAH3HCTOPA ¢ AKTHBHO-MHIYKTHBHOH Harpyskoi (a)
U BPEMEHHBIE AHArPaMMEIL ero paboTsl npy BIOYeHuy (6)

JJia cHIDKeHNS TepEeHANPsOKeHNA Ha, CTOKE DY BHIKJIIOUEHUH TPaH-
3UCTOPA HATPY3Ka OOBIYHO IIYHTHPYETCA BCIOMOTATETBHBIM muomoM VD.
Bynem cuauTaTh, 9TO Ha HHTEpBAJIe TepPeK/odens (MHTEpPBaJI [y, ts]) TOX
HATPY3KHU OCTALTCSA HEM3MEHHBIM M PABHBIM €r0 3HAYEHHIO B MOMEHT Bpe-
menn to (ly2). Kax u upw akTuBHOH HArpyske, TOK CTOKA HAPACTAET,
HAYNHAA C MOMEHTa BpeMeHH ty, KOLIa Hanpsokenue Ha 3arsope Uy Ho-
CTUraeT SHAYEHUA HOpora OTKpHIBaHUA Unep. [asiee HaumuaeTcs srTam
peiksrovenns puoma VD, Tok croka mapacraer dyepes OTKpPBITHIl o
(xouTyp TOKA i OKa3aH Ha puc. 2.15,a nynxrupom). CxopocTs pocTa
i OIPEHENAECTCH CKOPOCTHIO 33PANA BXONHON €MKOCTH M Mapa3UTHBIMU
MHIYKTUBHOCTAME KOHTYPA UCTOYHWK, IUOM, TPAHSHCTOP, MCTOTHUKY.
K momenty BpemeHu t3 TOK CTOKa HOCTUraeT sHauenus [y (Tox mmo-
14 YMEHBIIAETCA IO HYJIL), OIHAKO U3-38 33UEPIKKI BHIKJIIOYCHUA JUOLS
TOK CTOK& MPONOJDKAET PACTH NO MAKCHMAJIHHOrO sHadeHUs lop > Iy,
B MoMenT BpeMeny ¢4 HAYMHAEGTCS BOCCTAHOBIICHUE 3aIIMPAIOMUX CBOKCTB
maona, (ero OBpATHBIA TOK CTPEMHTCA K HYJNIO), COOTBETCTBEHHO W TOK
CTOKA YMEHbIIAeTCH 10 3HaueHud [yo. Hauwmnas ¢ MoMenTa BpemeHu t4,
HANpDKEHNE HA CTOKE HAYMHAET CHyoKaThCA. C 9TOro MOMEHT, TAKXKe
HAYHHAET IPOABIATECA a9 derT Muinepa, CompoBoxmaeMbiii o6pasosa-
HUEM <HOJIKH» Ha KPUBOH Usy(t).

TaxuMm 06pa3oM, HAIUIME BCIOMOTATEILHOT0 nrona VD npuBoguT K
ONaCHOCTH BOSHHKHOBEHKA UMILYJIECOB IOTEPh MOIIHOCTH Ha, TPAHBICTIOPE
¢ mukom AP, B6amsyu MOMeHTa, BpeMeHu ty. LlJIa MOBBUIEHNS HANEKHO-
¢ty paboTHL KIH09a HEOOXOMNMO YMEHBLINATH MUKOBBIE 3HAYEHHUA [I0TEPD
MOIIHOCTH, 9T0 Tpebyer nmpuMeHeHus ObICTPONEHCTBYOMMX AHOIOB.
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2.1.6. KombuaupOoBaHHbIE TPAHSHCTOPHEIE KJIIIOYH

TepMuH «KOMOWHUPOBAHHBIE> MOMYEPKUBAET OCODEHHOCTH IOCTPO-
eHMA KJOYed M3 HECKOJLKUX HPUOODPOB C UENBI0 YIydmeHHs XapaxTe-
pHCTHK INepekyrogareselt Toxa. IlpuMepoM KOMOHHHPOBAHHOIO KJIIOUA
(KK) MoxeT CIIy>XuTh PACCMOTPEHHBIH BRIIIE COCTABHOM TpansucTop (CM.
puc. 2.12). Texumaeckasa peanusanuz KK Moxer 6a3upoBaTHCH Ha CXEM-
HBIX PEIIEHUAX WJIN MHTEIPAJILHBIX TEXHOJIOTHUIX: PaceMoTpuM pam npa-
MepoB KK, HCIONBE3yeMbIX B TEXHUKE SIIEKTPOMNTAHNSL,

Kackomusiii xirou. Kak 651710 0TMEYEHO BBIE, GUNIOIAPHEIE TPA-
3HCTOPHI IOJBEPXKEHEl BTOPHYHOMY IPOOOI0 B PEXXAMAX IEPEKIIOUCHIL,
OmacrocTs BTOPHIHOTO IPOBOA MOMIHOTO BEICOKOBOJILTHOTO BHITOIIAPHOrO
TPAHSHUCTOPA BOBHUKAET IIPH €I'0 BBIKJIIOUEHNN B TOM CAYYae, KO [IpH
HEKOTOPLIX TOKaX HAIDY3KK IPHOOD OKA3BIBAGTCA B PERKUME TIEPEHACH-
mennsA. IlpusraxaMu BTOPHTHOTO Ipobod ABIIAIOTC PE3KH cran Hanpsi-
JKEHHA KOJJIEKTOP-DMHUTTED, 9TO 0OYCIIOBIIEHO H3MEHEHUEM NOAPHOCTH
HATIPAKECHIA 0233~-KONJIEKTOPHOTO IEPEXOIa, WA TTOABJICHUE TeHEPAIHH
BBICOKOYACTOTHBIX KOJIeOaruii B KpuBO# Hampsmkerns Hasa-sMuTTep [38].
Puck BTOpmaHOrO npo6os IpH BHIK/IIOYEHAN TPAH3UCTOPOB MOMKET GRITH
YMEHBIICH IIPY IIPHMEHEHNN KacKOXHBIX cxeM (puc. 2.16).

BricoxosomprHeIll Tpamsucrop VI1
[0 UEeNH YIPABJIEHUA MOJYIAET LOCTOSH-
uerl TOX [, mocTaToumbIll mJs mepeMerne-
uusg ero paboueli Toukm B 0O6MACTL HACHI-
merna. HusxoomsrabIH OhICTpOmEicTBY-
tomuit TpamsucTop VI2 yopassisgerca um-
ITyJIbCHBIM HANPSDKEHWEM, OTIHPAACh Ha
BpeMs IeHCTBHUSA UMITYJBLCOB U 3aIUPALCh

sens

B Iayse.
Ilpm sammpamun VT2 pasmeikaercs Puc. 2.16. Ilpmvep cxe-
Henb dBMUTTEPa BBICOKOBOJILTHOIO TPaH3M- MBI KACKOOHOT'O KJII0Ya, C

JOIIOJIHHITEJIEHBIM BBIBO-

CTOpa, & BMECTe C STUM II0 BCelt moBepx- _ .
IIOM «KOHTPOJIb TOKa (Isens)

HOCTH €I'0 SMHTTEPA MPEKPAMAETCH HEDKEK-
LA BIIEKTPOHOB.

Tox xomnexTopa, Homepﬂcﬁi;aemmﬁ WHOYKTUBHOW HATDY3KOH, wepes
KOJIJIEKTOPHO-0a308EM# IIepexor, BEICOKOBOJBTHOTO TPAHSUCTOPA, «BBIHO-
cuT» n3bBITOYHBE 3apansl us 6asopol ofmacTy, obecnedmBad MEPEBOL
pabouelf Touku Tpamsucropa VI1 B akTuBHY0 061aCTh B POPCHPOBAH-
HOE ero BBHIKJIIOYUEHNE, B IpaxTwaecKux CXeMaX IpPH KACKOIHOM BKJII0Ye-
HHH yAAETCA YMEHBIIUTH BPEMs BEIKJIIOUEHIS BHICOKOBOJILTHOIO TPAHSH-
cTOpa B JecATKH pas, upu pacmupenunu OBP npaxTuueckn ,D‘,O sHaYEeHUH
IPAHUYHOTO HAIPSKEHUI.
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He,II,OCTa,TKOM KAaCKOOHOIO KJIIOYa ABJIACTCA YBEJIUYUEHHOE IIaHCHIES
HaOpsDKeHUA B OTKPLITOM COCTOAHUY, CYMMHPYEMOE 13 HaHpFDKeHI/Iﬁ st
HHU3KOBOJILTHOTO ¥ BBICOKOBOJIBTHOIO TPaAH3UCTOPOB.

BrnosapHao-moJieBble TPAaH3UCTOPBI.  LTeXHOJOTHA TOJIEeBBIX
TPAHSHCTIOPOB OKABAJIACH IIONOTBOPHOM IJIA COBNAHMA HOBBIX (KoMOW-
HUPOBAHHBIX) THIIOB IPHGOPOB, OObENUEAIONIX ITOJIOKATEIIBHBIE CBOM-
CTBA TOJIEBBIX ¥ GIIIOJIAPHBIX TPAHBICTOPOB: BHICOKOE BXOIHOE COMPO-
THBJIEHHE C BBHICOKON TOKOBOM HArPy3KOH M MAaJIBIM COIPOTHBJIEHHEM BO
BKJTIOUCHHOM COCTOAHEY. B OT€9ecTBeHHON JMTepaType KOMOMHUDPOBAH-
HbIE TPHOOPE! MOy YU HAZBaHEE OMIOJIAPHEIX TPAH3UCTOPOB C H30JIH-
posanubiM 3aTopoM (BTHU3) (31, 32]. 3apybexmsie dupmer obosHaTa-
JOT 5TOT KJiacc mpubopos mo pasmomy: IGBT (Insulated Gate Bibolar
Transistor) mm GEMFET (Gate Enhance Mode Feld Effect Transistor).
Otu upubopsr couegaror B cebe mO Kpaltwell Mepe mBa TPAH3HCIODPA B
omHOM nonprOBop;HhKoBoﬁ cTpykType: Gmnosmapusi (obpasyompii cu-
JIoBO# KaHay) m moseBolt (06pasyromuil KaHayl yIpasJieHns). YCIOBHOE
obosaagenue BTU3 u cxemMa BKJIOIEHUA TPAH3UCTOPOB, BXONAMINX B €0
COCTaB, NPENCTaBJeHbl Ha puc. 2.17.

' BTU3 (puc. 2.17,6) comepxuT uBa
funosspEeIx Tpamsucropa VIl m VT2,

K COGNUHEHHBIX MeXOy coboll 1o cxeme
3_1 Hapauarrona, u MOII-rpansucrop, obec-
3 NeYUBAIOMME yIpaBJeHue >TuMu Gurio-

JIAPHBEIME TpaHsucropamu. B mHacroamee

2) BpPEMs BBIIYCKAIOTCA MOIYJIM, BBLIOJICH-

wele Ha ocHose BTU3, cmocobmele xoM-

Puc. 2.17. Yenosmoe o6o- MyTupoBaTh Toxku m0 1800 A mpm mamps-

MZH::ﬁi‘f{eeHBKzﬂTiéZi;g;;B skernu 1o 4500 B. IlpaaeM DIuTeIsHOCTE

(6), BXORAWHX B ero cocTan BBIKJIIOYEHUA COCTABJILAET JECATHIE IOJIH

MC, 9TO ITO3BOJIAET JOCTATOYHO YCIEIIHO

HCIIOJL30BATE 5T MOy Ha, yacrorax 0 50 xl'm. Ilamenwe manpsxe-
HYA HA OTKpbiToM mpubope cocrasmzer 1,2...1,6 B [39].

Kimoun ¢ BHICOKMM YPOBHEM WHTECPAIMH 3aXUUTHBIX W BCIIO-
MoraTedbHLIX (PyHKImEA., VIMEHHO ¢ 9THM KJIACCOM TIpubOpOB CBA3A~
HO IIOSBJICHHE B CHUJIOBOM BIIEKTPOHMKE TEPMHUHA KUHTEJJIEKTyaJsIbHbIe
kmouny (UK). Kak npasuso, K BEIIIOUaeT HECKOJILKO ypoBHEH 3a-
MUTELL: TEMIOBOH!, OT MEPErpy3KH IO TOKY, OT lepeHanpsokerud. Kpo-
me toro, MK Brmouaer muTepdeiic, obecneunsaromuit pabory Kixoda
Ip¥ YPOBHAX CHTHAJIOB, coorsercTryomux TTJI soruke (+5 B), u KOH-
TPOJIb COCTOAHMA KJITIOTA. .

»
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Hocrarouso cioxuO0M npobieMolt CHIIOBOH SJEKTPOHUKE ABJIASTCA
usMepenue Toka xirouett. HeobxomuMocTh M3MepeHnsA CBASAHA, C 338~
YaMy KOHTPOJIA HOIYCTHMBIX 3HAYEHMI TOKA M 3alIUTHI OT IEPErpy30K,
¢ POPMHPOBAHHEM «TOKOBBIX» PEKVMOB YIDABJICHNH, ONpenesesns MO-
MEHTOB CHIDKEHMUA TOKa IO HyJIA ¥ pAma Opyrux. PacopocTpanenssie me-
TOIBL KOHTPOJIA TOKA C IOMOIIBIO M3MEPUTENIBHBIX PESHCTOPOB KOHCTPYK-
THBHO TPYIOSMKH ¥ CBA3AHBI C JOIOJIHHTEIBHBIMY TTOTEPAMY DJIEKTPU-
geckolt mompocTn. Jja yOpomeHus 3aa9M Psl OPOM3BOLUTENER CH-
JIOBBIX IpH6OpOB BhITycKaeT cuosble MOTI-TPaB3HCTOPE C «TOKOBBIM
sepxajioMs. Vmes 3akJIOYAETCA B TOM, YTO 9aCTh MUKPOTPAH3UCTOPOB,
06pasyomuX CHJIOBON KJTI04, HE OOBLEIUHEHB B OOWIYIO MapaJsiIelIbHYIo
TPYIIy, & HMEOT CaMOCTOATEILHBIY MCTOKOBBIE BbIBON. Il3Mepurenn-
HBIH TIYHT, BKJIFOYAEMBIH B BTY UENb, GUKCAPYET TOK, MTPOHOPIMOHATE-
HBIH PesyNBTHPYIOMEMY TOKY KJIEO4a. IIpM M3BECTHHIX BHAUCHUAX KPaT-
nocrw K; «sepxasproro» Toxa (mopamxa 1/1000) m mamepuTebHOTO pe-
smcropa (Rs) manenve HAIPKEHUA HA, HEM MOCTATOYHO TOYHO 0TOGDa-
xaer sHaderne Toka xmoda ([ = Us/KR,), npm 9ToM moTepn MOmI-
HOCTH B M3MepUTENbHOW merm B K; pas MeHbINe, 4eM B THIOBOH cxeme
usMepeHusA. B pane caydaes, HAIPHMED B DPACCMOTPEHHOU paHee Kac-
xomuo# cxeme kmoua (cM. puc. 2.16), Poss HSMEPUTENBHOTO SIEMEHTA
MOKET BBINOJIHATEL TMOJEBOU TpamsucTop. llpm COmpOTHBIEHMH OTKPHI-
toro MOIL-TparsucTopa mopamka 4. . . 4,5 MOM nameHne HANPTKEHAS HA,
mém cocrasur 0,4...0,45 B mpu toxe xiroua 100 A.

B BBICOKOBONIBTHBIX yCTPOHCTBAX (UpY HANPMKEHUN MUTAHHA GO-
nee 200 B), pacnpocTpaHeHa, TEXHOJOIUS IPUMEHEHNS MHTEIISKTYAIb-
HBIX MOLyJie#t, COUeTaIomasa KOHCTPYKTHBHO CHIIOBOM KITI0Y, MEOIODYHK-
IHOHAJIBHEI IpaffBEp KOHTPOJIA M 3ALIMTHL KIIFOUA, ATANTED IHDPOBO-
TO ymnpapierus. Taxol MOmXom OTKPHIBAET MIPOKHE BOSMONKHOCTH A
HCIIOJTB30BAHNAS CHEMHUAIASAPOBAHHBIX MAKDOIIPOIIECCOPOB 1 IOCTPOCHAA
HCTOYHIKOB ¥ CHCTEM IIHTAHMNS HOBOTO IOKOJIEHH. 110 mpornosam cremu-
AJIMCTOB PASBUTHE IPeo0PasOBATEIILHON TEXHIKY H HCTOTHUKOB MTHTAHNAA
Bk aliero DecATHIIETHA TECHO CBABAHO C TEXHOJOruel MHTEJIIEKTY-
aybHbIx Momyselt [32].

2.1.7. Daementor fienell ynpasmemaa MOIL
TPAH3UCTOPOB H 3alIMTHL OT IEePEeHaNp K eHAs
TPaH3UCTOPHBLIX KIo4eH

OnTrManbEoe YIPABJIEHNE TPAH3UCTOPHEIMUA KJIIOUYAMHA ABJISETCS
cyiokHON HKeHepHOR 33 atell, TO3TOMY DAL OTEIECTBEHHBIX U 3apyHex-
HBIX IPOM3BOIUTEIIeH 2IIEK TPOHEBIX KOMIIOHEHTOB IPEJIArai0T 3aKOHYEH-
Hble TEXHHYECKHE DEITeHNs, O(QOPMIIEHEEE B MEKPOCXEMBI CHEIHATBHO-
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Puc. 2.18. Cxema ppaifsepa ¢ mpuMerneHneM KOMIIMMEHTaPHOHE mapsr
OUIONIAPHBIX TPAH3UCTOPOB

TO IPUMEHEHN:, HasriBaeMble OydeprpMy yerpolicrsamu nnu npaitsepa-

n (ycunmressMu MomEoctn). B ofmem ciywae mpaftBep — 9T0 Cxe-
Ma, COIVIACYIONIAs MOIIHBI! TPAHSHCTOD C YIPABJIAIOMAM YCTPOHCTBOM-
KOHTpOMEpoM. Kpome OcHOBHOH 3amavn — (QOPMHPOBAHUA MMITYJIb-
COB YyIpaBJeHHA — IpaiBep MOXeT BBHIIOJNHATL PN JOTNOJHATETHHBIX
GYHKUIEY: 3aIIHTY OT IEPErPYSKH [0 TOKY; KOHTDOJb PEXIMa HACHIIIE-
HEAA KJH093; OJIOKMPOBKY KJIIOY2 Ha OMPEIe/IERHOE BpeMaA MPH AHOMAIb-
HBIX PEXHEMaX paboTsl ycTpoicTs; GOPMUPOBAHKE CHTHAJIS, O COCTOMMIA
KJE09a. HexoTophle W3 MepeYnC/IeHHBX (MYBEKIAN MOTYT BBIIOJHATHCH
xorrposuiepamy. OXHAKO U B 9THX CIIyYAAX MOXKET BOSHUKHYTEH He0OX0-
IUMOCTD B IPIMEHEHNH LOTOSHATEILHBIX YCTPOUCTE HJIA COMJIACOBAMM
YPOBHEH CHTHAJIOB WM TaJIbBAHUYECKON Pa3BA3KY Lenell yipaBieHus u
CHJIOBOTO KJI09a. TaK, HAIPHMED, HArPY309HAs CIOCOBHOCTD BEIXOMHBIX
KaHaJIoB ynpasierus pacrnpocrpanenusx IITMM-kosTponsiepos He npe-
pemmaer 0,15...0,2 A, a mo ycmoBuaM «BBICTPOTO» BKJIIOYEHHS [TOJIEBO-
ro Tpamsucropa mwira BTI3 mMIyIbCHEIN TOK JOJDKEH HOCTHIATE SHAHe-
mua 1 A. BeicTpoe BBIKIIIOYEHEE TPAHBUCTOPS TAKXKe TPedyeT paspsia
€ro BXOIHOW 6MKOCTH HMITYJIbCHBIM TOKOM ¢ aMmmmurynolt 1,5...2,0 A. Ha
puc. 2.18 mokasan mpuMep mpocTedmiero rpafisepa Ha OCHOBE KOMILIH-
MeHTapHol mapsl Gumosapubx Tpausucropos VI1 u VT2 g nepexsiro-
9eHns CHJIOBOTO Tpansmcropa VL. .

IIpn mocrynnenvm ga BXOX wEBepTopa D1 currasa HUSKOTO ypOBHA
orkpriBaercs Tpamsuctop VIl u obecneumBaer OpicTpolil 3apan BXomHOH
emrocTa Cpy (mokasama wa puc. 2.18 IyHKTHPOM) CHIIOBOTO TPAH3HCTO-
pa VT, a cremosarespHO, €ro BRio9erre. [lpu BLICOKOM ypoBHE (J10-
IIYecKas eNUHNIE) BXOMHOTO CUTHAJS BHYTpeHHWE LeHH mHBepTopa D1
coemuuaoT 6asel TpausucTtopos VI, VI'2 ¢ ofme# Toukoi, obecrewuu-
BasA OTKPBITHE TPAH3HCTOpPa V12 1 OBICTDHIN paspsAl BXOMHON eMKOCTH
u seikJnogenne VI, ®opcupoBanne paspand Cpx MOXKeT OBITH NOCTHTHY-
| 7O IIPY BKJTIOYEHHH JOTOJIHATEILHOTO HCTOIHIKS, By, (MOKasal myHKTH-
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Puc. 2,19, IIpumep nocTpoeHusi yHUBEPCAJILHOTO ApaliBepa

pom). B xadecTBe KOMIIIMMEHTAPHOMN IADH! TPAH3WCTOPOB B IpaliBepax
JOCTATOYHO YACTO IPUMEHAIOTCS [MOJEBBLIE TPAH3UCTODEL.

DyHKINOHATHHAA CXEMa YHHUBEDPCAJIBHOTO OpaliBepa NJiA yIpasBire-

mna BTU3 mokasana #Ha puc. 2.19. Dror gpaiisep MOXeT OBITE HCIOIB30-
BaH TaKXKe JIJIA YIPABJICHUA TIOJEBEIM M OMIIONIAPHBIM TPAH3HCTOPOM.
Hpaiisep COmEPKUT CIENYIONINE OCHOBHBIE DJIEMEHTHL:

BRIXOIHOM Kackan-hopMupoBaTess Toka yupasienns (OT);
KOMII&PaToOp KOHTPONA paboduero Toxa xiroga (K1);

KOMIapaTop KOHTpoJia aBapuinoro roxa (K2);

KOMIIaPaTOp KOHTPOJIA HATPKEHIsA Hackmerusa kmoda, (K3);
KOMIIAPATOP KOHTPOJIA HANPSKEHNsL UCTOYHUKS, IIMTAHNA U OJIOKH-
POBKHM KJTIOY8 TIPY CHUYKEHWH HANPSKEHUT NCTOYHHNKS, HIDKE JOILY-
crumoro yposus (K4);

o Tpurrep GIIOKMPOBKY KJIIOUa [IPH aHOMAJIBHEIX pexumax (T2);
o tpurrep dbopmupoBanus curaasa asapun (T1);
o Oydepusrit yemmmress BxogHOro curaaia DA.

cAa:

B xagecTse NONOJHATEIHHEIX 9JIEMEHTOB K APaiiBepy MCIIOMb3YIOT-
PE3WCTOPEI OrpanmyeHus Toka 3apama (Rs) u Toka paspama (Rp)
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BXOZHO# €MKOCTH MOIIHOTO TpamsucTopa V'T; BEICOKOBOJILTHEIH PasBs-
spiBatomuit muon, VD1 ¢ mobasounsiv pesucropoM Rl i1 KOHTPOJIA 38
pexumoM Hackmierus VT; narauk Toka Rs; cormacyomuil nemmrens Ha-
upsoxerna (R2, R3) B menm KOHTDOMA TOKA W MCTOYHVKY HATPDKEHIA
rraeus (+Fpy,) 1 cvmemenus (—F,, ). Iloacaum paboTy mpattsepa.
HopMaJbHBIA pexuM yIpaBiieHUs TpansucTopoM. Curaarn

HUSKOTO yDOBH:A, BosnelcrByromuti Ha Bxoxm 4 (B paCCMATPUBAGMOM IIPH-
Mepe obosHadYeHHe BHIBOIOB COOTBeTCTByeT Hpaitsepy MC33153) uepes
uuBepTuUpyOMUi yeunureas DA u jormyeckutt smement Jlorl momaer-
ca Ha BXOH dopmuposaress Toka yupasienus OT. Ilpu orcyrcTsmn Ha
mpyrux Bxopax Jlorl Guoxmpyompx curaalioB (EPErpysKH O TOKY W
CHIDKeHWs Hanpsokenusd nuranms), T dbopMupyer Ha BEIXOOE b HMIIYIILHC
HAIPLKEHns, 6TusKui M0 YPOBHIO K HAUPSDKEHUIO UCTOUHNKS, By, M-
TTyJIbC HAIIPsDKEHWA depe3 OrpaHndnBaiomui pesuctop R, 3apsokaer Bxomn-
HyI0 €MKOCTBh KJI04a, obecneumBas ero OwicTpoe ornupanwe. Ilpwm mo-
HyCTHMOM TOKe npaiisepa [nu Besmumba Ry = (Eyur — 1)/Lmx. Ilpu
eIUHEIYIHOM YPOBHE CHTHAJIS, HA BXOJE 4 TepexITIOuaioTCs TPAHSUCTOPEI B
Gnoke OT (3apsanHbIl 3aKpPHIBAETCH, PASPANHBI OTKPHIBAETCA), 06ECTIE-
YUBaA PA3PsL BXOIHOW eMKOCTH KJTI0Ua, ¥ ero samupanne. g dpopcupo-
BAHHA IIPOIECCa TEPEKIIOIEHIA NOIYCTHMBIN PaspAIHeIl TOK Apaiisepa
OBGBIYHO [OJDKEH IIPEBHINAET YPOBEHD SapAIHOro, HODTOMY HEODXOIIMOe
OrPaHUYMBAIONIEE COIPOTHBIICHNE PASPANHON e CHIIOBOTO KJTI0Ya, OT-
JIMYAeTCS OT CONPOTHBIICHI 3apanHol nemn. B paccMarpusaeMolt cxeme
Pa3pAINHOE CONPOTUBIIEHNE 0OPABYeTCs aPAJIENBHBIM BKIIOUeHAEM R,
un Rp. BxiTioueHne JONONIHATEBHOTO HCTOYHIK A OTPHULIATEILHOrO CMeIe-
HHUA, KaK OBIIIO OTMEYEHO BEIIIe, TAKIKE YMEHBIIAET CKOPOCTh IHEPEKIIIoYe-
HUA CHJIOBOTO KJIIOYa. BinaHwe HCTOYHMKA CMEIIEHN Ha, BPEMS BBIKJIO-
YEHWA MOXKHO OLIEHWTH C TIOMOIIBIO BBIPAXKEHUA IJIsi BPEMEHH PA3PING
Bxomuolt emxocTy Cpyx O YPOBHA IOPOra BRIKJIOUEHUA Unep = 2...4 B:

-EIIPIT + ECM

ts =TpIn ——
i P YECM_*_UHOP)

rme Tp = CuxRsRp/(Rs + Rp).

Pexxum orpanuyennsa pabodero Toxa. Pexxum OrpanmyeHusa BO3-
HUKAET TIPH JIOCTIKEHHT PaboYrM TOKOM KJII0Ua, KPUTHIECKOTO YPOBHA
HA MHTEPBAaJIe HEHCTBYs YUDPABIIOMEro CArHAS, (HUSKIH YPOBEHD CHI-
HaJa Ha BXome 4) i HOBLINIEHNN HANPKEHUA H& CTOKE. B 9ToM ciydae
HCIIOJIB3YIOTCA KOMIApaTop KOHTposst Toka K1, nerexTop HeHaCHIIEeHHO-
ro pexuma K3, mormaeckve anemenTs Jlor.1 u Jlor2, Tpurrep 6710KMpOB-
xu curaasa T2. Ilpn nocrmkerun paboaum TOKOM yPOBHSA, IIPH KOTOPOM
cursay #a Bxone 1 (KOHTPOIH TOKA) MPEBHITACT SHAYEHAE HATPIKEHNA
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ycrapku koMmmaparopa K1 n O,D;HOBpeMeHHOM TOBBLINECHAY HANPAKEHAA H, .
BXOJIe IETEKTOP?, HEHACHIIEHHOTO PEXIMA, 8 JI0 yPOBHA yCTaBKY KOMIIa-
paropa K3, BEIXOIHBIE CHTHAJILI KOMIIAPATOPOB depes JIOTHuecKutt 610K
JIor2 ycramasnusaxor Tpurrep T2 mo Bxomy S B pexuM GJIOKHPOBAHUSA
IPOXOMICHNA CHTHAJIA yIpaBjIeHus depes Jormaeckumi smement Jlor.l,
ITo dporTy curaasna BHKTOYeHs Tpurrep T2 BOCCTAHABIINBACT KAHAJ
nepenaan. Taxmy 06pasoM 06ecHeqnBaeTICA YMEHbIICHHE JIATEIbHOCTH
HMITyJIBCOB YIIPDABJICHUA B TEYCHHE BCEIO BPEMEHH IEPETrPY3KH KJIH0Ya.
Ecnn ma maTEpBasie OTCIEKUBAHNS TOKS, CUCHAJL IEPErPY3KH IO BXomy 1
TPEBBICUT YPOBEHb ycTaBky Komuaparopa K2 (gauprmep, npu KOpOTKOM
BaMBIKQHIK HAIPYSKH KJII0UA,), TO B HONOJIHEHUE K OIUCAHHOMY BHIIIE Pe-
JKUMY TOKOOTPaHWIEHHA ¢ HOMOmsI0 syementa, Jlor.d u rpurrepa T1 ma
BEIXOmE 7 cbopmnpye'rc;f CHTHAJI «aBapILI».

B paccMOTpEHHBIX BpINE IPUMEPAX MnHyCOBoﬁ IIOJHIOC MCTOYHUKA,
[IITaHUA gpaiisepa ¥ sMUTTEp (MCTOK) CHIIOBOTO TPAHZHCTOPA, C OJIKITIO-
YEHHBIM K HEMY MHHEYCOBBIM ITOJIEOCOM MCTOYHUKA DHEPTUN O00bEeINHEHEI,
Ecrm eme m MurycoBoll IOMIIOC MCTOIHUKS, TUTAHUST CXEMBL YIIPABJICHAT
(I M-KOHTPOILIIEPa) MOKHO HOIKIIIOYHTE K Tolf 3Ke obmelt Touke, 10 He
TPebyeTcs BLIIOIHATD raJbBAHNYECKYIO DA3BAIKY MEXKIY YIOMAHY TBIME
aJIeMeHTaMu ycTpoltcTsa npeobpasosanus suepruu, - OOHAKO HA TpPaK-
THKE JOCTATOYHO JACTO BOSHHKAET HEOOXOHUMOCTH MMETH TaJIbBAHIIIE-
CKYIO DasBA3KY MEXOY DTHUMHU anemeHTaMK. Hanpumep, npu peasnusa-
LK YCTPOUCTB IPeobpasoBaHMs BHEPIUU ¢ NPUMEHEHHEM IBYXTAKTHBIX
MOCTOBBIX WJTH TIOJYMOCTOBEIX CXeM (CM. TV 6) K HMCTOYHUKY SHEpIHH
IONKJIIOYAIOTCA OBa IOCIENOBATENILHO COSNUHEHHBIX MEXNY CoBOl KiTro-
9a, B PE3yJIbTATE HCTOKOBBIH (SMUTTEPHBIA BBHIBON) BEPXHErO» KITHOUA,
He uMeeT cBA3H ¢ obmelt roukol. 'ampBaHMIECKAs PA3SBA3KA MEKIY DIIC-
MEHTaMM CHJIOBOI'O YCTPOICTBa JaIne BCero BhIIOJIHIAETC C IIPUMEHEHIEM
FMITYJIBHBIX TPaHCHOPMATOPOB HIIH OIITOSIEKTPOHHEIX IPHOOPOB.

Ha puc. 2.20,0 noxkasan BApUAHT raJbBAHNYECKON PasBASKM CXe-
MBI YHIPaBJCHHA C MOIIHBIM TPAH3UCTOPOM VT ¢ IOMOIIBIO MMIYJIBCHOTO
rpauchopmaropa. Ilpu mepesone Bprxommoro Tpamsmcropa VTI1 cxemsr
YIPaBJIeEUA B PEXUM HACBIIEHMA K IEPBUYHOK 06MOTKe TpaHchopMa-
ropa T GyImer mpuitoxeHo HANPAKEHNE, NPAKTIIECKH PABHOE HAIPIDKe-
guro E. B pesymbrare BrOpmuHas 06MOTKa O0ECHEIMBACT 3apAl BXOI-
Holt emxocru kmoda (VT) wepes mmomst VD1 u VD2 u ero oTkperTHe
(rpamsucrop VT2 npu 9TOM 3aKpbiT HanpsxerueMm Ha muone VD2). 3a-
nupanne kaova VI ofecrieunBaeTcs OTHOCHTENBHO OBICTPBIM Pa3PAIOM
ero BXONHOH eMKOCTH uepes TpaH3ucTop VL2 mnocie CMeHbI MOJIAPHOCTH
HaIpsoKeHna Ha 00MOTKax Tpancdopmaropa (npu seiksmogennn V1),

Hpmmep Brarogenns qpafisepa ¢ IPUMEHEHNEM ONTOIAD JJIA TAJIbBa~
HUYECKOi pasBasky neneil mpaiiBepa, CXeMBI YIPABJICHHA I CXEMBI CHTHA-
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Puc. 2.20, Cxema raJsBaHEYeCKOl PasBASKH C IOMOIEIO. Tpancdopmaropa (a)
# ¢ noMompo orronap (0)

JIM3aIME TOKas3aH Ha puc. 2.20,6. On-

18 ZSVD rorrapa OIll obecneurBaeT raspBAHN-
o YECKYIO DABBABKY CXEMbI YIPABIICHU,
om 4 Hpaiiee f|5 ”:1\/“ a OlIl2-cxemsl aBapuiinof curmasmsa-
y”pﬂ? 332 [T]Rs uuu. Hywmepanua BeBOmOB mpaiisepa
1 1+ COOTBETCTBYET DAHEEe PACCMOTPEHHON

I — MC33153.
) ®e B mocroBrix cxemax npeobpasosa-
Dpaiisep|5 n HYSL BJICKTPUYECKON DHEPIUU KITIOYH
On2 4 1 IKvT2 obpasyioT mBe crofikm (CTofKa — IBa
y”pzj—_‘—'f 13 > [I[]RS TIOCJIENOBATENLHO COSIUHEHHBIX MEXK-
+ Iy cofo#t Kiowa) M OpTaHW3aNyus IIi-

Puc. 2.21, Cxena oprasmm- TaHug apaiBepos Tpebyer Tpex u3oIm-
T ————— DPOBAHHBIX WCTOYHWKOB (ONWH Ha MBA
TOYHUKA DHTaHHA Hpaitsepa HIDKHIX KJII0Ya 7 110 OJHOMY Ha KaX-
et Bepxuuit). B Tex ciayyadx, KOrma
II0 PALY IIPHYUH 3TO HE MOXKeT OBITH BBITOJIHEHO, UCHOIB3YIOT TaX HaBhi-
BAEMYIO OYCTPEITHYIO CXeMY OPTaHUu3AINY «IJTABAIOMEro» UCTOUHMKA, JIJLs
nwraHua gpaiisepa Bepxuero xmoda (VT1), moxasamayo ua puc. 2.21.
Ha aTott cxeme BriBOm muTaHusa 6 BEPXHEro OpaltBepa, COSIUHEH He-
pes. paspassBaromui quony VD ¢ MCTOYHIKOM IINTAHAA HIDKHEro Ipaii-
Bepa. Kpome T0ro, mapajuiesibHO BHIBOXAM Nwranus (BHBOIE! 6 u 3)
BEPXHErO IpaiBepa BKIOUYeH KoHmeHcarop C, Beimosmatomuit dbyaxmmm
WCTOYHUKS HanpsoKeHus. KOHIEHCATOP 3apsDKAeTCs MCTOYHUKOM Fy B
TeYeHre BpeMeHH paboThl HIKHEro kKJioda V12 depes ero OTKPBITHIH
KOJIJIEKTOPHO-dMUTTEPHEH epexorn u nuon. VD. Ilpu soikmogennn VT2
NOTEHIINAJl BRIBONA 3 pacTer, muom VD sanupaercs, & SHEPrUsd KOHIEH-
caropa C obecrieunsaer paboTy Bepxmero mpa#sepa. Ha mocnemyiomem
TAKTE BHEPIHA KOHIEHCATOPS TOMOJIHAETCH.
Jpyro# mpoGieMolt BEPXHEro KITI0Ua, ABJIATCA TaJlbBAHTYECKAL Pas-
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BASKAa ero mpaisepa oT cxeMsl yupasienus (Ymp.l). B cxeme pume. 2.21
IJIA PasBA3KH MCIONb30BaHa onrTomapa OIILl. Ipyro#t mpuem, axTuBHO
HCIIOJIb3YeMBIH B COBPEMEHHOH CXEMOTEXHUKE, BAKIIOUASTCS B OPraHnusa-
IMW COBWIA YPOBHSA CUI'HAJIA C IIOMOIIHIO BCTPOSHHOTO B CXeMy Opaiisepa
T'eHEPATOPa UMITYJIbCOB ¢ MOCIICIYIOMEH MX eMKOCTHO! pasBaskotl m Boc-
CTaHOBJIEHMEM «00Pa3a» CHIHAJIA JONOJHITEILHEIM TPULTEPOM, HOJTyYa-
IOIMUM OHUTaHHE 0T GyCTPENHOro MCTOYHHKA. Taroi MOIXom MO3BOJILET
CTPOWTH ApaltBepsl yIpaBiIeHNsA KaK g onquHowHex xumouelt (JRF127),
Tax ¥ OpaitBepsr muis napsr (crofikum) kuoweit (IR2111, HIP4080) [34].

2.1.8. Temosasa MOOeNH IOLYHIPOBOIHUKOBOTO mpnbopa

Tennoso#t peskrm paboTsl JIOGOT0 HOILYIPOBOMHIKOBOrO IPHOOPa, O
peneJIaeTcs TeMIeparypoil OKpykaromel Cpemsl B MECTE €r0 YCTAHOBKY, *
BesmauHO# MomHoCTH noTeps B mpubope APy ¥ yCIOBHAMHE €0 OXJa-
xpuepus. JJia yrydmenus ycyroBull OXJIasKIEHWs TTOJIYIPOBOIHUKOBEIE
IpHOOPH! YCTAHABINBAIOTCH Ha PANUATOPAX OXJIAKICHUA W, KPOME TOro,
JOCTATOYHO 9aCTO HCIOJL3YIOT HPUHYIUTEIHHOE OXJIAXKICHNE HJIEMEH- -
TOB YCTPOHCTBa C IIOMOIIBI0 BCTPAMBAEMBIX B AIAPATYPY BEHTUIATO-
pos. [lya pacuera TEIIOBBIX PEXUMOB PABGOTHL LOJIYIPOBONHAKOB [IPH-
6OpOB BBOIUTCSI TAKOH IIapaMerp, KaK TeIJIOBOE CONPOTHBIICHNE TIPHOOpa,
Ryq, € IIOMOmMBIO0 KOTOPOIO MOXKHO OIPENEIAETC TeMIEDATYPHBIH mepe-
man xpemuuesoft mactuEbl At = APy Ry OTHOCHTEILHO TEMIIEPATYPHI
oxpyxaromeit cpensr. Ilpu ycranoske npubopa Ha paguarop R, onpene-
JIAETCA KAK CYMMa TENJIOBOrO CONPOTHBJICHMA IEPEXOM-KOPIYC Ru(rax)s
TEIJIOBOTO CONPOTUBIIEHNS KOPILY C-PafuaTop Ry (-p) ¥ TETFI0BOIO COIpPO-
THBJICHUS PaAuaTop-cpena Fy(p-¢). Pasmepnocrs Ry, u ero cocrapisio-
i pasia °C/Br. Tax, Ry(y-x) MOKa3EIBAET, Ha, CKOJIBKO IPALYCOB IOBbI-
HIaeTCA TEeMIEPaTyPa IEPEexXona IPH MOUTHOCTH [IoTeph B mpubtope 1 Br:

In=Tc+ Z ATy =T + APV('RT(II—K) + RT(K"‘p) + R'r(p—c))~

3HAYEHNA TEIUIOBBIX COMPOTHUBIICHIN 3aBUCAT OT KOHCTPYKTHBHOIO
HCIIOJIHEHNA CAMHX IPHOOPOB, YCIIOBHY DASMEINEHH UX Ha, PALEATOPAX,
OT IJIOLIAIH TEIION3ILY Yatomel TOBEPXHOCTH PAIHaTOPOB, TEMIIEPATY DB
1 MHTEHCHBHOCTH OXJIAZKIAOIIErO BO3LYXA M IPUBONATCA B CIIPABOYHI-
xax.

IIpm KOHCTPYHPOBAHNA MCTOYHMKOB MUTAHUSA CTPEMATCA OTPAHAYHTE
smaxenue Iy Ha ypoBHE, rapasTupyomeM Hesorkasmyo pabory mpubo-
pos. Ilpn samanuol Bestmunne APy 9Ta 331248 PEUIaeTcs COOTBETCTBYIO-
v BEIGOPOM BETHIHHBL Ry (p-c), ONpeNeIIAiomell pesypTupyromee sHa-
YeHHE TEILIOBOrO COUPOTHBIIEHNA. [IprBeneM HEKOTOPEIE PEKOMEHIAIAN
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o OBECIEYEHAIO TEIJIOBOTO PEXUMA MPUOOPOB, IIOJIE3HBIE HA [IPAKTHKE
[P KOHCTPYHPOBAHKY ¥ SKCIJIyaTANy HCTOYHNKOB IIWTAHMUS.

JJrs CHIREHMST TENJIOBOr0 CONMPOTUBJIIEHAA MEXKLY KOPILYCOM IIpubo-
DA M OXJIAXKIAIOMEH TTaCTHHON (PamuaTopoM) HCHOJIBSYIOT CHEHAIbHEIE
MACTHKHA M TEPMOITPOKIIAIKE, 0DECIIEIINBAIOIINE XOPOIIiTl «TEIOBOH>
KOHTAKT. ,

C yBesim4eHUEM IIJIOIIAIH TOBEPXHOCTY PAIUATOPS M CKOPOCTH TIOTO-
K2 OXJIaZKIAIOMEro BO3IyXa, TEMJIOBOE COMPOTHUBIIEHHE fir(p-c), & CIIGHO-
BaTEJILHO, U Ry TpubOpOB YMEHBIIAETCS, COOTBETCTBEHHO TOKOBBIE Ha-
rpysKU UpubOpPOB MOryT GBITH YBEJINYEHBI.

Haubonee adpdekTHBHEI IO YCIOBUAM MUHMMYMS TEILJIOBOI'O COIPO-
TUBJICHWUS ABJIAIOTCSA PAIWATOPE! OXJIAXKICHNSA IPIOOPOB KHATOJIEUATOION
Tuna. PefpucThie paguaTophl maipr xopomw# 9hGheKT npr BepTIKaIb-
" wolt opmenTanmmm pebep.

OTKJTIOYEHNEe BEHTAIATOPA B MCTOIHIKAX DJIGKTPONITAHTA TPAKTH-
geckn Ha 40... . 50 % CHIDKA0T HOMYCTHMEIE TOKOBBIE HATPYSKU yCTPOHCTB.

B saksrouenue pasmena 2.1 oTMeTHM, 9TO MBJIOKEHHBIE MAaTEDHAJIBL
OTPAKANOT JIMIIS OCHOBHBIE JOCTIDKEHNA I TEHIESHITIN CUIIOBOH SIIeKTPO-
HUKH, OPHEHTWPOBAHHOM Ha CO3INAHNE COBPEMEHHBIX MCTOYHUKOB BJIEK-
TPONUTAHUSA HJIA TEJIEKOMMYHUKAIIMOHHEIX U WHQOPMAIHOHHBIX CHCTEM.
Caeesud 110 APYIAM TUIAM NPHOOPOB, HAIPHMED 110 OHUIIOJIAPHBIM TPaH-
BECTOPAM CO CTATHIECKOH nunyknweit Toxa (BCUT), samupaeMsM THpH-
CcTOpaM, MOLYJIAM CHIIOBLIX NPHUGOPOB, YHTATENH MOXKET HallTh B Cire-
UMaNbHOM JmTeparype -[35].

2.2, DnexTpoMarHuTHhIE YCTPOUCTBA
3JIEKTPONUTAHUA

TIpakTuaecku moboe yerpocTBo 9IeKTPOINTAHNSA CONEPKIT TAKIEe
SJIEMEHTEI, K&K TPAHCHOPMATOPLL, DJICKTPIUECKIE PEAKTOPE! (IpoCccenn)
1 9JIEKTPOMArHUTHEIE PeJle. DTH SJIEMEHTDI, OTHOCAIINECH K KIIACCY SIIeK-
TPOMATHUTHEIX YCTPOUCTB, BO MHOIOM OIPENEIAIOT 00beM, MACCy U KOH-
CTPYKTHUBHBIE OCOOEHHOCTH MCIOJIHEHU YCTPOHCTE SIeK TPOIUTAHN.

B obmem cnydae m0boe 3AEKTPOMATHWTHOE YCTPORCTBO CONEPXKUT
MATHATOMPOBOA, (MATHUTOPOBOKEL), BLITOIHEHHBIY 13 GeppOMarHuTHO-
T0 Marepuaa, u 06MoTKy (0OMOTKH), PACIOIOXKEHHYIO HA, BTOM MATHHTO-
nposoae. MarHATOIPOBOL HOSBOJIAET OOECHEIUTh YCUJIEHIE MATHUTHOIO
TIOJIs, COBHAMHOTO OBMOTKON IpH IIPOTEKAHNN IO Helt TOKa, 1 TpebyeMy:o
KOH(DUTYPAITHIO HTOTO MAIHWTHOIO MOJ.

st J1r060ro 9IIEKTPOMArHITHOTO YCTPOUCTBA CIPABEIJINBEL 3aK0H
9JIEKTPOMATHATHON WHIYKIHME H 38KOH IIOJHOTO TOKA. PaccMOTpHM B
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Prc. 2.22. Karymka ¢ GheppOMarENTHLIM CEPAEIHHKOM (a) U BpeMeHHBIE
muarpammsl (6)

Ka9ecTBe IPHUMePa [OBEHeHue KATYIUKK ¢ (PePPOMATHATHBIM CEpICIHHE-
koM (puc. 2.22,a) B CIyduae NONKJIOYEHNA €€ K MCTOYHUKY HAPIIKEHNS
nepeMeHHOro Toka. llycTh B ycranoBmBImEMCH pexkuMe paboThl mO 06-
MOTKe BymeT mpoTexarh TOX 4. B pesysbrare 06MOTKON GymeT cosma-
BaThCA MarHmTOmBIDKymWas cumia (MIIC) Fi, uncrenEO paBHAA IPOH3-
BEIEHMIO TOKA Ha YHCJIO IOCTIENOBATENIBHO COSMUHEHHBIX MEXKIY - COBOM
BUTKOB Wi arToit obmorkm:

F = i1W1. ' (2.3)

Ira MIC Bosbyxpaer MaranTHEN TOTOK O, MATHETHLIE CHIOBBIE
JIHHEY KOTOPOro 6Ny T BaMbIKATHC TOIBKO N0 KOJBIEBOMY MATHATOIIPO-
BOMY (IPENIIOIAraeTCs, YT0 OOMOTKA PACIOIArACTCH PABHOMEDHO TI0 BCe-
My IIEPHMETPY MATHHTONPOBOLA) TAK, YTO TOJIA DACCEUBAHRMA OTCYTCTBY-
10T U BCE BUTKY 0OMOTKH ByIyT CLHENIEHE] ¢ ONHIM 1 TEM K€ MATHITHLIM
TOTOKOM. v

Mamensromutica BO BpeMeHN MACHUTHBIH IOTOK OyIET HENYIHPOBATE
Ha sazxxuMax obmorkm DIIC e1. B cooTBeTCTBHM ¢ 3AKOHOM DJIEKTPOMAT-
HUTHON MEEYKIHK BRIpaskenne s 9J]C MOXHO IPENCTABUTD B CIIEAYIO-
meM BUIE:

eg =-W; d@/dt, (24)

roe ® — marmuTHLH mOTOXK, BO.

IIpm paBHOMEpHOM paCHpEEICHMM MATHUTHOLO IOJIA HO Tomeped-
HOMY Ce4eHmIO Sy MATHWTOIPOBONA BhIpaxkenue (2.4) MOXKHO HpPENCTa-
BUTH B Chenyiomel dpopme:

. ey = —W1SerdB/dt, (2.5)

roe B = ®/S;, — MarHuTHAS HHAYKIAA B MATHATONPOBONE, To; Sor —

IIONEpEe<Hoe CeYeHre MATHWTOIPOBONA, HEPIEHIUKYIAPHOES MarHUTHBIM

CUJIOBBIM JIMHWIAM, MM2.
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Pacemarpupaga mampsoxenne uy xax 9IC, BHOCHMYIO B KOHTYD 06-
MOTKH, B COOTBETCTBUM C 3aKOHOM KupxXroda MOMHO 3aMHCaATH

uy +e1 = i1.Ry, (2.6)

tme Ry — aKTHBHOE CONpOTHBIIEHME 06MOTKH, OM.

IIpeneGperas NaNeHAEM HAIPIKEHA Ha, AKTHBHOM COMPOTHBJICHIH -
obmoTkm, Beipaskenme (2.6) ¢ yuerom coornomenuna (2.5) MOXHO Upen-
CTABUTb B CJeAyIomel dopue:

w1 = Wi Send B dt. o (2.7)

CiiemoBaTenbHo, 33KO0H M3MEHEHUS HATIPSDKEHNE U] MCTOYHUKA DHED-
run onpenenaer sakon uamenenus 9JC e u 3aK0H M3MEHEHUS MATHUT-
HOM wHrykimy (MACHATHOrO IOTOXA) B MATHUTOIPOBOLE. Tak, IpH CHHY-
COUIAJIPHOM M3MEHEHNN HANpsKerns u) = Uy sinwt 9J1C e; u MarHuT-
Has MEAYKUAA B OyoyT Takke M3MEHATHCHA N0 CHHYCOUTAIIBHOMY 3aK0-
my. IIpraeM B yCTAHOBHBIIEMCS PEXAME PAGOTHI IPHPAICHIE MATHATHON
HHEIYKIUE, OIPENeSIAeMOe CPEIHIM SHAUCHIeM Hanpsokerns Uygp, Ha, UH-
TepBaJie IOy IeDHORA MBMEHEHH U1 PaBHo 28, (puc. 2.22,6). Paspenvs
TIEpEeMEHHRE ¥ OpOonHTerpupoBas (2.7), nomyyaum

T/2 - +Bm -
/ uy dt' = W1 Sex / dB = 2W1Sc. B
0 : —Bm
CirenoBaTenbHO, BhIpazKeye s cpenuero saadenns D0 MoxuO npen-
CTABUTEH B CJICOYIOMIEM BHIE:

9 [T/ ,
Elcp = Ulcp = T/ uy dt = 4W150TBmf1’ (2'8)
0

roe fi = 1/T — 9acToTa MsMeHeHNA HANPIKEHNA NCTOTHNKS SHEPTIH.

Bripaxenne (2.8) ocraercsa CHpaBenyMBLIM U IPK JT060M APYroM 38~
KOHE USMEHEHUS U1, eCIIU CPEIHEE 33 NEPUOL SHAUEHNE STOr0 HAIPIKe-
Hus paBHO Hyso. Hefcreyromee saagenne D10 oTnRIaeTCA OT CPETHETO
saaverusd Fiop B xoaddumuent dopmer Ky KpuBoll HAIPOKEHAA U1 Pas
(ma cumycommassrolt Gymxumn Kg = 1,11):

By =U; = KgEiop.

CremoBaTensHO, BRIPAKEHNE IJIT AMIIUTYIHOTO 3HAUEHWR MArHATHON
MHIY KN Bm UPHHAMAET BUIT

Uy

B = oWy Senfr

(2.9)
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C mpyroit CTopoﬁLI, B COOTBETCTBHM C 3aKOHOM IOJIHOTO TOK
fﬁcfl =Y i=uW =F, (2.10)
l .

UJIH IIpH BHIOOPE 3aMKHYTOTO KOHTYDa [, COBISIAIOIINM C 3aMKHYTOI
MarHUTHOR cuyioBoill JmHmed

chp = ’i1W1, B (211)

roe lop — CpenHAa AjuHa MATHHTHOW cuyiosoil yummm, M; H — mappsa-
KEHHOCTL MATHHTHOIO IIOJIS B MAarHHTOIPOBOJE, A /M, CJENyeT, 9TO TOK
B 0OMOTKE PaCCMaTPHBAEMOTO yCTPOUCTBS ONPENENAeTca HaIPIKEHHO-
CTHI0 MAIHIHTHOTO IOJIA, KOTOPAs B CBOXO OYEPENb ONPENeIAeTC s SHATE-
HHEM MATHUTHON MHIyKUHH, cBOMcTBaMM (EepPOMATHUTHOrO MATEPHAJIA,
¥ KOHCTPYKIHEH! MarHWTOIPOBOIA.

Caoticrsa beppOMArHUTHEIX MATEPUAJIOB XAPAKTEPHBYIOTCH 3aBICH-
MOCTBIO MarHUTHON munykumy B B (heppoMarHeTvike OT HAIPAKEHHOCTI
MarHRTHOrO mojis H. DTa 3aBUCHMOCTH ABJIACTCA HeIuHEHHON M Heon-
HOSHAYHON W NPEenCTaBIgeICsA B BUIE IeTyIn rucrepesuca. Ha puc. 2.23,a
IpercTapieHa 3aBIHCHMOCTE B ot H A ciaygas, KOrna nepeMarsaIuBa-
HUE MATEPUAJIE MArHATOIPOBOLS OCYIIECTBIIACTC IO TAK HABBIBAGMOMY
JACTHOMY CHMMETPHYHOMY LKLY (HepeMarHuIuBaFHHe MaTephaJia Mar-
HUTOIPOBOMA, 110 YACTHOMY CHMMETPHYHOMY IUKJIY OYHET OCYIECTBIATD-
Cs I CXEMBI PHC. 2.22 B TOM CJIydae, KOTIa CPEIHee 33, PO 3HaTe-
HPE HAITDAKEHNSA HCTOYHUKS SHEPTUK U1 PaBHO HyJio). [Ipu meveneHwn
SHAYEHNA HAIPKCHAA % MOXKHO CHATE CEMeACTBO METEJIb FUCTEPEsHCa
BILJIOTH JO IPENeIbHON IEeTIIN INCTepes3uca, (st CHATHS IPenesbHoM meT-
JIF THCTEPE3UCca B CXEeMe puC. 2.22 NCTOYHUK HAIPSOKCHUA U1 HEODXOIMMO
3aMEHUTDH HA UCTOUHUK TOKA). 1o npenenprOl MeT/Ie NepeMar IHBaHIA
ONPENENAOT TAKHNe NAPAMETPEl MATEPHAJIa MAaTHHTONPOBONA, KaK KOdD-
IUTEBHYO cuity He, 0CTATO9HYI0 MATHITHY IO WHAYKIWO B, I HHIYKIIHIO
maceimerusa By (puc. 2.23,4). BepmuHE! meTes THCTEPESHCA, JIEXKAT HA,
OCHOBHO!N XpuBOil Hamarnuwumsanud. IIpuMmeprerit Bun ocHOBHON KpHBOHL
HAMATHUIUBAHAA PEPPOMArHATHOTrO MATEPUAJIa IPHBENeH Ha puC. 2.23,0.
Ilo ocmoBHOH KpuBOi#l HAMATHWYHBAHUS ONPENEIAIOT BHAMEHUE MArHHT-
HOIl IpOHMIIAEMOCTH (HepPPOMATHITHOIO MATEPHUAIIA, IPENCTABIIAIOMEH Co-
Goti Koo PHUIMERT IPONOPUHOHATIBHOCTY MEXKIY MAIHATHON MHIyKITeit
¥ HAIPSKEHHOCTBIO MATHUTHOTO IIOJISL.

HampsmxeHHOCTs MArHUTHOTO [IOJIA ¥ MACHUTHAA WHIYKIHAA CBA3A-
HBl MexIy coboit cooTHOmeEHmeM

B = p H = pouH, (2.12)
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BB ‘ B, 1wy
s " Hgmax}--
| lpenenbHas netna -
N ructepesmuca ’ )
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uA HEY g (
c, A _ I—

OCHQBHaﬂ Kpusast HamarHuinBaHus . - H
a) )

Puec. 2.23. XapaxTepuctuxu QeppoOMarHiTHEIX MarTepuaoB

rme fo = 4m: 1077 — MarHEMTHAS IPOHHIAEMOCTH BaKyyMma (MarHHT-
Has NOCTOAHHAL BaKyyMa), Du/M; s = pop, — abcomoTHas MarHuTHAaS
IPOHALAEMOCTD MATEPUAJIa MAaTCHUTOIPOBOHA, I'H/M; [ — OTHOCHTEb-
HAA MATHUTHAA TIPOHMIAEMOCTH MaTEPHaJIa, IOKa3bIBAIONad, BO CKOJIb-
KO Pa3 MarHWTHAS IIPOHUIAEMOCTh MATEPHATIA 6om>me MAaTCHUTHOR Ipo-
HHUIIAEMOCTH BAKyyMa. :

YacTo BMECTO CTaanecxoﬁ n nonmymca mmaaneCKoﬁ MArHAT-
HO{ TIPOHMIIAEMOCTHIO :

108
Hm = Lo 8H‘

TIpumepusiit Bun xpuBolt MrHAMUAYECKOH MArHITHON IIPOHUIIAEMOCTH
fn IUIS MATHETOMATKOTO MarepuaJa (¢ ysxoﬁ mersiell rucTepesuca) mo-
xasad Ha puc. 2.23,6.

Berpaskenne (2.11) ¢ yyerom COOTHOHIGHI/Iﬂ (2.12) moxmo mpencra-
BUTHh B CJEOYIONIEM BHJIE:

(2.13)

Bl
Ha

wiw (Mocsie YMHOKEHUS YHCIIUTENA W 3HAMEHATe A JeBoll 9acTy Ha, 1I0-
TEPEeYHOE CEYEHNE CTEPIKHA MArHITOIPOBONA Sep)

® = F/R,, (2.14)

=F

rome Ry = lcp /(140 4Ser) — MATHHTHOE CONPOTHUBJICHHE IIEIY, II0 KOTOPOH
3aMBIKAIOTCS MATHUTHBIE CHJIOBBIE JIMHHUU IIOJLA, 1/Ta.

ITocneneee COOTHOMEHNE UPENCTaBIAeT cobolt Bakom Oma IJ1sL Mar~
HUTHOX memm.

TIpu amanuse u pacuerax SJIeKTpOMaI‘HI/ITHBIX yCTpOHCTB IacTo uc-
TIOJIB3YIOT NOHATHE WHOYKTHBHOCTH ODMOTKH BJIEKTPOMArHHTHOTO YCT-
poiictBa. Beipasxenme mist uEayRTHBHOCTH L 0OMOTKY B CJIyYae CXEMBL
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puc. 2.22,64 MOXHO NPEICTABUTh B CICHYIONEM BHIE!
' | L =Wi®/iy = W2/R,. | (2.15)

- 151 MATHHTOIPOBOMOB BIIEKTPOMATHUTHEIX YCTPOIRCTE Hanb0IbIIee
IpHMEeHEeHne HaXONAT Takue heppOMArHATHBIEC MATEPHAIEL, KaK SIIEKTPO-
TexHmdecKue cTayy 1 dbeppursl. K m0cTOMHCTBAM SIIEKTPOTEXHIYECKIX
crayef cemyer OTHECTH IPeXIe BCero GOIbIIOe SHAYEHNE HHIYKIUY Har
commenns (6osee 1,8 Tor). Yem BBIIE MHAYKUMA HACHIIECHNA MATEPIAIIA,
TE€M B IPUHIMIE MOMXKHO MOJIyYHTh MEHBIME rabapiThi H MAacCy DJeK-
TPOMArHUTHOTO yCrpoifcrsa. OmHAKO BIEKTPOTEXHUIECKHE CTAIIN XapaK-
TEPH3YIOTCA OTHOCHTENBLHO OONIBIIMMY YUENHHBIME NOTEPAMH. B ciIy-
4ae UPUMEHEHN BIIEKTPOTEXHUIECKHX CTAJICH Ha IOBBINICHHLIX Ja.CTOTaX
IJLE YMEHBIIEHHUA IOTEPE C POCTOM JACTOTH HPEOGPa30BaMM IIPIXOIAT-
CA yMEHBIIATH AMILIUTYIHOE SHAYEHNE MATHUTHON MHIYKIHME M BBIIOJ-
HATE MATHUTOIPOBOUEI B3 OOJIee TOHKMX JIMCTOB MJIM JIGHTHL, DeppuTe
B OTJIMYHE OT DJEKTPOTEXHIIECKUX CTajlel 06/Ia0ai0T OTHOCHTEILHO Mar-
JIBIM BHAYEHIEM HHAYKIWY Hackimerns (He 60sree 0,5 Tir), ONHAKO HMEOT
CYHIECTBEHHO MEHBIINE YHEJIBHBIE TOTEPH, YTO MO3BOJIAET IIHPOKO IIPH-
MEHATH WX B BJIEKTPOMATHATHLIX YCTPOHCTBAX, PAGOTAIOMINX Ha, 9ACTOTAX
ceemme 20 x['n. MarAUTONPOBOMIb! SITEKTPOMATHITHEIX YCTPOHCTB MOTYT
TAKIKE BBIIOJHATHCA. B OTHEJBHBIX CYIAAX H3 CJIABOB JKEJIE33 ¢ HIKe-
JieM, KODaJIbTOM M IPYTHMHU METAJITIAMY UK U3 MArHATONUDJIEKTPUKOB.

'2.2.1. DmexTpHYecKre peakKTopPhl

OIEKTPUIECKIM PEaKTOPOM (IpOCCesieM) HashIBACTCA CTATHICCKOS
BIIEKTPOMATHATHOE YCTPOHCTBO, IPENHASHANEHHOE JJIA HCIIOJIb30BAHNA
€ro MHIYKTUBHOCTH B dJIeKTpHdeckol vemu. Jpocceny HAXOOAT MHpO-
KO€ NPHMEHEHHe B HCTOYHHKAX DJEKTPONHTAHNSA, ABIIAACH HEOTHEeMIIH-
MO 9aCTBIO IPAKTHYECKH JI0O0ro ycrpolicTsa mpeobpasoBaHms SHep-
rum.  Yame Bcero mpoccess mpencTaBiisier coboll MarEETOIpOBOX TOM
WM WHOH KOHMUIYpaIMH, Ha KOTOPOM Pa3MEmAeTes 0OMOTKA, BKJIFOYa-
€Masl B BJICKTPUIECKYIO IIEIh TTOCIENOBATENHHO ¢ HArpyskol. OCHOBHEI-
MH IapPaMeTpaMHE JI0GOr0 PeaxTopa ABJIAIOTCH, HPEXKIE BCEro, MHIYK-
THBHOCTE I M HOMUHAJIPHOE 3HAYEHHME TOKA Iuon €ro obmorkm. Peak-
TOPBI IIOXPA3IESIAIOTCA Ha JUHeHHbIe, OrpaHuYeHHO-JIuHelHbIe I Hesm-
meltmbre, JImelHBIl peakTOp HOJDKEH UMETH MPAKTHYECKH IIOCTOSHEYIO
WHIYKTUBHOCTD, HE 3aBHUCALLYI) OT BHAYEHWA TOKA, NMPOTEKAIOMEro II0
ero’ obmoTke. Ws Bepaskermit (2.12) u (2.15) cienyer, uro B JmHEeHHOM
PeaKTOpe MArHHTHOE CONPOTHBJIEHWE IJIs MATHUTHOI'O HOTOKA HOJIKHO
OCTaBATHCA HEM3MEHHLIM U1 JII000r0 TOKA, KOTOPHI MOXKET BOSHHKHYThH
B IleNH, IOe yCTAHOBJEH Tako# peaxTop. MarnmronpoBoanr JrHEHHEIX
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PEAKTOPOB MOIYT BBHINOJIHATLCA U3 MACHITONIBJIEKTPUKOB, OTHOCHTEIb-
HasA MATHUTHAA IIPOHUIAEMOCTE KOTOPBIX OCTAETCH HEM3MEHHON IIpy Ha~
IPsDKEHHOCTAX MATHHTHOTO TIOJA B HECKOJBKO Thicad A/m. Marumro-
IUBJIEKTPIKH UMEIOT HEGOJIBINYI0 OTHOCHTEIBHYIO MArHATHYO IPOHATA~
emocrh (or 60 mo 250) u BRIIyCKAOTCH BUIE B KOJIEL (TOPOUIAJIBHBIE
MATHUTOIPOBONBL) ¢ BHEMTHAM AuaMeTpoM oT 5 mo 44 mm. Bsuuy ormo-
CHTEJILHO HeBOMBIMNX YIOENbHBIX TOTEPE 9TH MATHATOIPOBOIE] IPHIMEHA-
forcst mpr gactorax no 200 kT [40]. lna jauHeHHBIX PEAKTOPOB MOLYT
NPEMEHATLCA TAKKE PA3OMKHYTHIE MATHUTOIIPOBOLE!, BBHIIOHEHHbIE H3-
deppura uin snekTpoTexamaeckolt crasmu. Tax, cepuilHO BBIDyCKaeMble
MaJIorabapuTHeE BEICOKOYACTOTHEE npocces Tuna M mpencrasiiAior
coboit peppuToBBIt MATHUTONIPOBO, BLIIIOJIHEHHEIN B BUIIe CTEPKHA -
JuEIprYecKoit hopMEl, Ha KOTOPOM pasMelnaerca obmorka. J[lpoccenn
Tuna JIM BBIIYCKAIOTCI Ha TOKH IO 3 A M MMEIT WHIYKTHBHOCTE IO
1 MxI'i. B oTmenbHBIX CIIydasx JUHEHHbIE IPOCCEJI MOIYT BBITOJIHATH-
s IO KOHCTPYKTHBHEIM coobpamenmam Oes marmuronposoma. Hampw-
MEpP, IPOCCENH BBICOKOYACTOTHBIX BOJIBTONODABOYHLIX KOHBEPTOPOB HA
TOKY B NECATKH aMIEp IPEICTABIIAIOT cOO0 COJIEHOUIEI, BLIIOIHEHHbIE
U3 MeNHON MJIM AJIIOMUHHEBOU JICHTEIL.

TIpumepamu OrpaHUIEHHO-JTHHEHHEIX PEAKTOPOB ABJIAIOICA IPOCCe-
JIH CIIasKHBAOINNX DUITHTPOB BBHIIPAMUTENICH MM APOCCEH HMILYJIbC-
HBIX CTAbMIIH3aT0POB HANPMKEHNA MOCTOSHHOTO TOKa. B CrylazKmBazo-
mux QUIABTPaX BHIIPAMUTEILHEX yCTPOUCTB 0OMOTKA HPOCCEIIA JOJDKHA
obmamare TpedyeMol HHAYKTUBHOCTHIO IUIA IIEPEMEHHOH cocTaBaAromelt
BBIXOJIHOTO HANPsOKEHWA BBIIPAMUTENA BO BCEM IHAIA30HE N3MEHEHHS
TOKA HATPY3KH HECMOTPS HA TO, YTO Yepes 5Ty 0OMOTKY IPOTEKaeT IIOCTOo-
AHHAS COCTABJIAIONAA TOKA HArPY3KH. ECIIH BRIIOJHATh MATHHTOIPOBOL
13 MArHHTOMATKOro (hbeppOMAaTHUTHOINO MaTepuia (¢ Majof KOspIuTHB-
HOH CuJIOH) B BHIE BAMKHYTOrO KOJIBIIA, TO IIOCTOSHHAS COCTABJIAIOIMIAL
TOK&, IPOTEKAONIEro 4epes 06MOTKY IPOCCeNid, CO3TACT B MATHUTOIPOBO-
Iie IIOCTOSTHHOE BO BPEMEHN MATHUTHOE TIoJie ¢ HEayKIuelt By, paBHOM Htx
Bospimelt HHOYKINUE HACKINIEHHA, B pesysbrare MEIYKTHBHOCTE OOMOTKHA
OKAXKETCA TAKOM JKe, KaK ¥ IPY OTCYTCTBHE MATHHTONPOBOHa. Ija Toro
9TOOL! MCKIIOYATE HACBINEHNE MATEPHATIA MAHUTOIPOBOIR, OH JOJDKEH
BBINOJIHATHCA C HEMATHUTHBIM 3330POM. BBeleHme HEKOTOPOro OTHOCH-
TeJHHO HeDOLITOr0 HEMATHUTHOTO 3a30Pa B MArHUTOIPOBO, IO3BOJLIET
obecmednTs paboTy IpOCCeNs 6€3 3aXOma MATEPHAJIa, MATHUTOIPOBOLA
B HACBIOEHHE U TEM CAMBIM DPE3KO YBENMWYNTH WHIYKTHUBHOCTE IOPOCCE-
JA. 3a30p, IPH KOTOPOM MAKCHMAJIEHOE MTHOBEHHOE 3HAYEHHE MalHUT-
HOW MHIYKIIMU TOCTUTAET 3HAYCHIA MHIYKIHN HACHIIEHHS, ABJIACTCS Ol
THMATILHLIM, 06eCHETINBAIONIUM MAKCHMAJILHY 0 HHIYKTHBHOCTD 0OMOTKE






