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1. OPTAHU3AIIUS CAMOCTOSTEJBbHOM PABOTBI

1.1.0pranu3anmoHHO-MeTOINYEeCKHE JAHHbIE TN CUUILTUHbI

Ne
.10

HaumeHnoBaHme TeMEI

OO0muit 00beM 4acoB 110 BUAAM CaMOCTOSTEIbHON paboThI

(u3 mabn. 5.1 PIIN])

HOArOTOBK
a
KyPCOBOTO
NpOEKTa
(pabotsr)

MOJTOTOBKA
pedepara/acc
e

WHIUBHyaJIbHBI
€ JIoMaIlHue
samanus (M/13)

CaMOCTOSITEIILHO
€ u3ydeHue
Borpocos (CHB)

HOJrOTOBK
aK
3QHATHAM
(I1x3)

2

3

4

5

6

7

Paszoen 1
Odnemenmmnasn o6aza
COBPEMEHHBIX
INIEKMPOHHBIX
ycmpoiicme.
Hcmounuku
6MOPUUHO20
INNEKMPONUMAHUSL.

I.1.

Tema 1
Onemenmnas 6aza
COBPEMEHHBIX
9NEKMPOHHBIX
ycmpouicms

0,5

1.2.

Tema 2
Hcmounurku
6MOPUYHO2O
NIeKIMPONUMAHUsL

0,5

Pazoen 2
Ycunumenu
INNEKMPuUUecKux
CUZHA108.
Onepayuonnuvie
ycunumenu

2.1.

Tema 3
Yeunumenu
INEKMPUYECKUX
CUSHANI08

0,5

2.2.

Tema 4
Onepayuonnvle
yeunumenu

0,5

Pazoen 3
dnexmponnvle
Karouu. Ocnognl
UUPPoBol MeXHUKU.

3.1.

Tema 5
Onexmponubvie Kiouu

0,5

3.2.

Tema 6
OcHosgbl yughposoti
MEXHUKU

0,5

Pazoen 4
Muxkponpouyeccopnul
e cpedcmea.
Ilpeobpazoeamenu
CUZHA08.

4.1.

Tema 7
Muxponpoyeccopnvie
cpedcmesa

0,5

0,5

4.2.

Tema 8
IIpeobpasosamenu

0,5

0,5




| cuenanos | | | | |

2. METOAUYECKHUE PEKOMEH/JIAIIMHA 11O BBIITIOJIHEHHUIO
KYPCOBOWM PABOTHI (ITPOEKTA)

2.1 Hesm n 3axa4M KypcoBoii padoThl (IPOEKTa).
B pe3ynbrare BBINOJHEHHMS KypCcOBOM pabOThl CTYAEGHTHI JOJDKHBI HAy4YMThCA
PACCUUTBIBATH OCHOBHBIC IMMAPAMCTPHBI Y3JIOB UCTOYHHUKA BTOPUYIHOTO SJICKTPOIIUTAHUA.

2.2 IlopsinoK M CPOKH BBINOJTHEHHUSI KYPCOBOM padoThI (IIpoeKTa).

3ananue 1J151 KypcoBOil padboThl
1. JInst mpUBEICHHOM 3JIEKTPUUYECKON CXeMBbl TpaHC(hOopMaTopa MPOM3BECTH PACUET €ro
OCHOBHBIX ITapaMETPOB IIpH paboTe Ha 3aJaHHYIO HArPYy3KY.
2. IlpousBecTu pacyeT BBIIPSIMUTEIBHOTO YCTPOWCTBa NpH padoTe Ha AaKTUBHO-
€MKOCTHYIO HarpysKy.
3. IlpousBecTH pacyeT KOMIICHCAIMOHHOTO CTabuim3aropa C  HENpPephIBHBIM
perylIMpOBaHUEM HAIPSIKCHHUS.

Hcxonnbie naHHbIE 1JIs1 KYPCOBOi padoThI

Hcxonupie qanHbIe IO pacueTy Tpanchopmaropa

[TepBas nudpa 0 1 2 3 4 5 6 7 8 9

BapHaHTa

U.,B 220 | 219 | 217 127 | 126 | 128 | 219 | 218 | 125 | 127

Cxema a 0 B a 0 B a 0 B 0

Tparcdopmaropa,

puc. 1

U,,B 6 12 24 30 36 12 5 15 15 12

U, =U,,B 12 - - 5 - - 15 - - -

U,,B - - 24 - - 12 - - 15 -

I, A 2 4 0,5 0,3 5 3 10 0,4 6 0,3

I,,A - - 0,5 - - 3 - - 6 -

L,=1,,A 0,5 - - 10 - - 1 - - -

Tunopasmep oot | In | oor | o1 | ron | ror | mor | oot | rr | II

MarHUTOMPOBOJIA

Mapka cranu 3411 | 3412 | 3413 | 3414 | 3415 | 3404 | 3405 | 3406 | 3407 | 3408
VcxonHbIe TaHHBIC [0 PACYETy BBIIPSIMUTEIS

Bropas mudpa 0 1 2 3 4 5 6 7 8 9

BapuUaHTa

1y > OM 1 1,1 1,2 0,9 1,3 1,4 0,8 0,95 1,5 1,08

U,, B 12 6 5 15 10 24 20 36 40 28

I, A 5 2 3 4 10 0,5 1 6 0,4 0,3

By, Tn 1,75 | 1,5 1,3 1,6 1,5 1,36 1,43 | 1,53 | 1,67 1,7

HcxonHble JaHHbBIE IO pacyeTy cTabuian3aTopa




TlepBas 0 1 2 3 4 5 6 7 8 9
udpa

BapUaHTa

U, B 25 | 30 28 36 45 47 46 | 50 | 55 | 57
Clmax 01 | 015 ] 012 [ 011 | 0,13 | 0,14 | 0,16 | 0,18 | 0,09 | 0,08
Ol 0,11 [ 0,13 [ 0,12 [ 0,04 [ 0,15 [ 0,17 | 0,12 | 0,14 | 0,09 | 0,18
Upu, B 16 | 24 20 30 40 40 42 | 471 ] 50 | 52
Trimae, A 1 2 3 1,5 | 25 14 | 09 1 22 | 3
Ttimins A 05 | 1,6 | 24 | 09 18 | 08 | 03 |04 | 18 [ 2
kcmu 100 | 200 | 150 | 110 | 120 | 130 | 140 | 180 | 190 | 160
Upums B 0,1 009 ] 008 [007 0,09 [ 011 [ 012]0,13] 01 | 0,08

a 7 4
Puc. 1 — MlcxonHbIe 3JEKTpUYECKUE CXEMBI TpaHChopMaTopa

YacroTa ToKa muTaromieil cetu BeiOMpaeTcs paBHoit f.=50 T'u.

1. O0mme cBeeHust 00 UCTOYHUKAX BTOPUYHOI0 3JIEKTPONUTAHUSA

HcTounuku BTOPUYHOTO JIEKTPOIIUTAHUS SBIISIIOTCS npeoOpa3oBaTesIMu
IIEKTPUYECKOW SHEPruu, NpeJHa3HAYEHHON Ui 3JIEKTPONUTAHMS YCTPOMCTB, BBIIOIHSIOIIMX
pa3nuuHble QyHKIMOHANbHbIE 3a4aui. C MOMOIIbI0 HCTOYHUKOB BTOPUYHOIO IEKTPOIUTAHNS,
B oOmieM ciydae, SHEprus OT CHCTEM ODJIEKTPOCHAOXKEHUS MPOMBIIIICHHON YacTOThl WIH
aBTOHOMHBIX MEPBUYHBIX MCTOYHHMKOB MUTaHMs Npeodpaszyercs B HEOOXOOUMBbIE s pabOThI
pPanMO3JIEKTPOHHOM amnmapaTypbsl NUTAIONUME HANPSDKEHUS C  TpeOyeMbIMH IapaMeTpaMu.
HecMoTpss Ha OTHOCHUTENBbHYIO MPOCTOTY HPUHLUMIMAIBHOM pealn3allil HCTOYHHUKOB
BTOPUYHOTO MUTAHMS, Pa3pabOTKa yCTPOHCTB ¢ BHICOKMMHU HHEPreTH4ecKoil 3(pPpeKTUBHOCTHIO,
yJIeIbHBIMH BeCOrabapUTHBIMU MOKa3aTesIMH, HaIeXKHOCTIO U BOCIIPOU3BOAUMOCTBIO SIBIISIETCS
CJIO’KHOM 3aJa4yei.

[Ipocreiimme UCTOYHUKHM MHUTAHUS Manod MomHocTtu (1m0 15-40 BT), xoTophle mHOTIA
Ha3bIBAIOT BBIIPSIMUTENSIMH, COEpKaT TpaHchopmarop (Hu3Koi vactoTsl 50 I'm), cobcTBEHHO
BBIIPSIMUTENb M CIVIQXHUBAOMUN (QMIbTp. B  Takux MCTOYHMKAX MUTaHUA BBIXOJHOE
BBIIPAMIIEHHOE WM IEPEMEHHOE HAIPSDKEHHUS M3MEHSIOTCS INpPU HU3MEHEHMHM BXOIHOIO
HaNpsDKEHUs TMHUTaHWS WIM TOKAa HAarpy3kKd M IIOTOMY OHHM HCIOJIB3YIOTCS B YCTPOMCTBAx,
HEKPUTUYHBIX 110 OTHOUIECHHIO K HANPSYKEHUIO ITMTAHUS, YTO BCTPEUYAETCS PEXKE.

bosiee crokHble MCTOYHMKHM BTOPUYHOTO 3JIEKTPONMMTAHUS BKJIIOYAIOT B OOJIBIIMHCTBE
IPAKTUYECKUX CIIy4aeB TUIIMYHBIE YCTPONCTBA, KOTOPHIE IEPEUUCICHBI HUXKE.

OnHuM U3 0053aTENbHBIX 2JIEMEHTOB HCTOYHUKOB ITUTAHUS SBISETCS mpancgopmamop —
CTaTUYECKOE  YCTPOMCTBO,  NpeAHA3HAYeHHOEe s IpeoOpa3oBaHUS  MOCPEICTBOM

6




AJIEKTPOMArHUTHOW HMHAYKLMU HANpPSOHKEHUM MEPEMEHHOT0 TOKa C OJHHMMHU NapaMeTpaMu B
HanpsDKEeHUs ¢ ApyruMu mnapamerpaMud. C MOMOIIBIO CHIIOBOTO TpaHcopMmaTropa HUCTOYHHUKA
BTOPUYHOT'O AJIEKTPONUTAHUS OCYIIECTBISAETCS TajlbBaHUYECKas pa3Bs3Ka BBICOKOBOJIBTHBIX,
OMACHBIX JUISI JKU3HM LIeTed HampsDKeHUs SJIEKTPOCETH M BTOPUYHBIX IENeil yCTpONCTB
norpeduteneit. Huzkouactorusie (50 [y) tpanchopmaropsl Manoil momuoctu (0o 1000 Bm)
MPOMBIIIJIEHHOTO M3TOTOBJIEHUSI O00JIaJalOT BBICOKOW HA/EXKHOCTHIO U HSHEPreTH4ecKon
3P PEKTUBHOCTHIO.

Buinpamumenvnoe  ycmpouicméo — WCTOYHMKA  MUTaHUS  MpEAHA3HAuYEHO IS
npeoOpa3oBaHus IEKTPUUECKON SHEPTHH EPEMEHHOT0 TOKa B SHEPIUIO0 MOCTOSIHHOTO ToKa. B
HUCTOYHUKAX BTOPUYHOTO 3JIEKTPONMUTAHHUS HAXOIAT NPUMEHEHHE HEPEryIHpyeMble U pexe
peryaupyemble BBIIPSIMUTENN, BBITOJHSAEMbIE Ha MOJYIMPOBOJHUKOBBIX INpHOOpax: IUOJAX,
TUPUCTOPAX WM TpaH3UCTOpaxX. B perymmpyembix BBIIPSIMUTENSX OJHOBPEMEHHO ¢ (pyHKIMEH
BBINPSAMIICHUS BBIIIOJIHSETCS PETYIMPOBAHNE BBIXOJAHOIO HAIPSYKEHUS.

HcTounuku nuTaHus BKIIOYAIOT, KaK MPaBUIIO, HECKOJIBKO ¢puibmpos, € TMOMOIIBIO
KOTOPBIX OCYILECTBIISIETCSI IOAABJICHUE IAPAa3UTHBIX TapMOHMK HANpsHKEHUS M TOKa WU
Crila)kKMBaHHE BBIIPSMICHHOTO HampspkeHus. [laccuBHble QUIBTPHI (BKIIIOYAIOLINE E€MKOCTH,
MHAYKTUBHOCTH U PE3UCTOPBI) SBIISIFOTCS JUHEHMHBIMU YCTPOMCTBAMM, MOCKOJIBKY CTPOSITCS Ha
OCHOBE TOJBKO JIMHEHHBIX 3yieMeHTOB. [l (uiapTpalud HU3KOYACTOTHBIX MYJIbCAUA U
NOJIyYEHHUsI BEChbMa 3HAYUTEIHHOTO ITOAABJICHHUS TOMEX UCIIOb3YIOT aKTUBHBIC (PHIIBTPBI.

BonbIIMHCTBO MCTOYHHMKOB BTOPUYHOTO AJIEKTPOMHUTAHUS COJEP)KAT B CBOEM COCTaBE
cmabunuzamopsl HAUPSHKEHUS M TOKA, KaK MPOCTEHIIMe IMapaMeTpudeckue, Tak U Oosee
CIOXHBIE — KOMMeHcanuoHHble. CTaOuian3aTopbl MpeAHAa3HAuYeHbl MJs aBTOMATHYECKOTO
NOAJEpKAaHUS HaPsKEHUS (TOKA) Ha BBIXOJIE C 3alaHHOM CTENEHBIO TOUHOCTH.

HcTouyHuku BTOPHUYHOTO AJIEKTPOMHUTAHUS COAEpX AT YCTPOWCTBA YIpaBIEHUS W
BCIIOMOTATeNbHbIE IEMH, KOTOpPbIE HE Yy4YacTBYIOT B HENOCPEICTBEHHOM INpPEoOpa3OBaHUH H
nepegaye SHEPrUUd OT MEPBUYHOTO HCTOYHHMKA B Harpy3ky. B cOBpeMEeHHBIX HCTOYHHMKaX
IIMPOKO HCIHOJB3YIOTCS YCTpOWCTBAa oOOEcredeHusi IMepexoja OT OJHHX PEKHUMOB pPAaOOTHI
UCTOYHUKOB MUTAHUS K JIPYTMM, KOTOPbIE B OCHOBHBIX pEXHMaxX HE YYacTBYIOT B Iepeaue
sHepruu. K Takum ycTpoiicTBaM OTHOCATCS, HAIPUMEP IMYCKOPETYJIUPYIOLUE YCTPONHCTBA.

B nannHoil kypcoBoii paboTe npejyiaraeTcsi MpOM3BECTH pacdeT UCTOUYHHKA BTOPUUHOTO
JIEKTPONUTAHUS 110 UCXOIHBIM JaHHBIM.

2. Pacuyer Tpancdopmartopa

OcHoBHOH 3amadeil pacdera TpaHchopmaTopa SIBISETCS ONpPEAEICHHE ONTHMAIbHBIX
MaccorabapuTHBIX M SHEPTreTUYEeCKUX XapaKTePUCTUK MPHU BBIMOJTHEHUU 33JJaHHBIX TPeOOBaHUMN
K ero napamerpaM. Kputepusimu pacdera sBISIOTCS: TeMIepaTypa HarpeBa 0OMOTOK, MaJieHue
HANpsDKEHUsT Ha OOMOTKax, KO3(HIMEHT TMOJIe3HOro JeHCTBUS TpaHchopMmaropa U TOK
XOJIOCTOTO X0/1a.

HcxomapiMu JaHHBIMU TIPU pacueTe TpaHcPopMaTopa SBISIOTCS:

- HanpspKeHHe nuraromeii anekrpocer U ;

- HalpsDKeHHEe BTOPUYHBIX 00MOTOK U, , U,,,...,U,x u Uy, Us,,...,Uyy;

- TOKM BTOPUYHBIX OOMOTOK, pa0OTAIOIIMX B TEYCHHE [BYX MOJYIEPUONOB
L, I,,..,1,, wm ogHoro nmomynepuona Iy, Is,,..., 05

- 4aCcTOTa TOKA MUTAOMIEH ceTH f..

Pacuem mownocmu emopuunvix 06momox mpancgopmamopa

B cooTBeTcTBUY ¢ Ha3HaYeHHEM TpaHCPOpPMATOpa HY)KHO COCTABHUTH €T0 dICKTPUIECKYIO
cxemy. B cxeme Tpanchopmaropa HEOOXOIUMO pa3ieIUTh OOMOTKH Ha OOBIYHBIC W MMEIOIINE
BBIBOJI CPETHEH TOUYKH, T.€. pabOTaloNIe B TEUSHHE OJTHOTO MOIYNEPUOIa.
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Puc. 2.1 — Dnextpuyeckas cxema CUI0BOTo TpaHchopmaropa
MaJIO¥ MOIIHOCTH

9
‘JJ_Z: "’3.2

Ha ocHoBaHuM cxeMbl OJHO(A3HOrO TpaHCPOpPMATOpa ¥ 3HAYCHUIH BBIXOTHBIX
HANpsOKEHHH W TOKOB OIPEACNSCTCS MAaKCUMalbHOE 3HA4YCHUE Ta0apuTHOH MOLIHOCTH
BTOPUYHBIX OOMOTOK:

P2 = (U2l]21 +U22]22 +"'+U2K]2K) +2(U31131 +U32132 +"‘+U3L]3L)3 BA
sneck: U,,, I,, - neiictByronme 3HaueHus HanpsbkeHuid (B) u TokoB (A) B OTIENBHBIX

BTOpHYHBIX oOMoTkax; k=1, 2, ..., K; U,,,[,, - neficTByromue 3Ha4eHUS HANPSHKEHUH U TOKOB B

00MOTKaxX (BTOPHYHBIX) C BEIBOJAOM cpeaHel Toukw, 1=1, 2, ..., L.

Onpedenenue pacuemuor MOWHOCMU Mpancgopmamopa

B oOmiem ciyyae MOIIHOCTH BTOPHYHBIX OOMOTOK MOYET OTJIMYAThCSl OT MOIIHOCTH
nepBuYHbIX. IloATOMYy B KadecTBE pacyeTHOW MOITHOCTH TpaHchopMaTopa HPUHHUMAETCS
MOJIyCyMMa  DJIGKTPOMarHUTHBIX ~ MOIIHOCTEH  TEPBUYHOM W BTOPUYHOM  OOMOTOK
TpaHcopmaropa.

Jlns ompeneneHus pacuyeTHOW MOIIHOCTH TpaHcpopmaTopa HEOOXOAMMO 3HATh WM
HaiTH mnpUOMDKEHHOE 3HaYeHHe Kod(p(UIMeHTa IoJIe3HOro aeWcTBus M (puc. 2.2, a).
OpueHTHpoBOYHOE 3HaueHue Kod(pduIMeHTa MOJIE3HOTO JEHCTBUS, KOTOPOE BO3PACTaeT C
YBEJIMYEHUEM MOIIHOCTH TpaHC(hOpMaATOpa, MOXKHO MPHUOIMKEHHO HAWTH U3 CIEIYIOLIETO
COOTHOILIEHUS:

2'fc
—==2)h(1,14+ 0,024 P
s )eh( V2B)

3nech:  f. - wactora mutaromieil cetu, f.<5000 I'm; Py, P, ..., Pom — MOmHOCT
BTOPUYHBIX OOMOTOK TpaHcpopmaropa, BA.
B Tpancdopmarope 1ByXOOMOTOYHOTO THIA C OTHENBbHOM MEPBUYHON U pazlebHBIMU

BTOPUYHBIMU OOMOTKaMu Ipu paboTe Ha YUCTO AaKTUBHYIO HArpy3Ky pacueTHash MOLIHOCTb
paBHa:

K
P, =[0+m)/2n1> U,1,,, BA

k=1
Pacuernyto MomHocTh Tpancdopmaropa Juis CX€M aHAJIOTHYHBIM cxeMme Ha puc. 2.la
(oomoTkn w3.] u w3.2 paboTaloT B TEYEHHE OJHOI0 IOJYNEepPHOJa) MOXHO HaWTH U3
COOTHOUICHUS:

P.=(2/4n) [V201+ n)i ULy +2(1+421) i U, 1,1, BA

Buvibop koncmpykyuu mpancghopmamopa



Haubonee pacnpocTpaHeHHbIE THUIIBI KOHCTPYKIUN TpaHchopMmaropa HPHUBEIACHBI B
tabnuie 2.1 (OpoHeBas, CTep>KHEBas WM TOPOUAAIbHAS KOHPUTYypaluu). B Tabnumax ykasaHsl
MapKd MaTrepuaja MarHUTONPOBOJA M TOJIIMHA JICHTHI, KOTOPbIE B 3HAYUTEIBHOM Mepe
ompenensoT cBoicTtBa TpaHcpopmartopa. OCHOBHBIMH  (aKTOpaMu, ONPECNIAIOIUMU
KOHCTPYKIMIO, SIBISIIOTCS HA3HauY€HHE TpaHcpopMaropa M TpeOOBaHHS K HEMY, 4YacTOTa
JMEKTPOCETH WJIM 4YacToTa MpeoOpa3oBaHUs, a TaKKe pacueTHas MOIIHOCTh TpaHcdopmaropa.
KoncrpykTuBHOE ucnomHeHue TpaHchopmaropa Majiod MOUTHOCTH MOKET OBIThb OTKPBITHIM,
3AIMIIEHHBIM WIH 3aKPBITHIM.

JUis HU3KOYaCTOTHBIX TpaHC(OPMaTOpoB HaubOosiee NPUEMIIEMBl METAIIINYECKHE
MarHUTHbIE MaTepUalbl, KOTOpble 00Ja/1al0T HAWBBICIIMMU 3HAUYEHUSMU MAarHUTHON MHAYKUUU
HACBILICHUS,, MAarHUTHOW IPOHULAEMOCTHIO M TEMIIEpaTypHOH cTaOuiabHOCThIO. Takue
MaTepuaybl UMEIOT HU3KOE Y/EJIbHOE CONPOTUBIIEHUE, YTO MPUBOAMUT K PE3KOMY BO3PACTAHUIO
BUXPEBbIX TOKOB W CHIJKEHUIO MapaMeTpoB TMpPHU TMOBBIIMIEHUH YacTOT. MarHUTONPOBObI
(cepaeuHUKHM) HHM3KOYACTOTHBIX TpaHC(HOPMATOPOB H3TOTABIMBAIOTCS U3 HM30JUPOBAHHBIX
MJIACTUH WJIM HAaBUBAIOTCS U3 JICHTHI.

[Ipu wanpsokeHusix, He mnpeBblmarommx 1kB, u wyacrore cetu 50 T'm gus
TpaHcopmaropoB Mmanoil momHoctu (30 BA) cinenyer oraarh npeanoyTeHUE OpPOHEBBIM
Tpancopmaropam. JInIIs HE3HAYUTENBHO yCTyNasi CTeP>KHEBBIM TpaHc(opmaTopam Mo 00beMy
U Macce, OpoHEBbIE TpaHC(HOPMATOPHI, UMEIOLIME OJHY KATYIIKY, 3HAYUTEIbHO TEXHOJOTUYHEE
B M3TFOTOBJIICHMM M MPOIIE IO KOHCTPYKUMH. IIpM MOIIHOCTSAX OT HECKOIBKHUX JAECITKOB A0
HECKOJIbKUX COTEH BosbT-amnep npu yactore 50 I'n Hanbosee npeAnoYTUTEIbHBIMU SIBIISIOTCS
CTepXKHEBBIE TPaHC(HOPMATOPHI.

Tabauya 2.1 - OcnosHble munvl KOHCMPYKYULL IeHMOUHBIX CEPOEUHUKOB

KoHcTpykuus cepaedyHuKa MapkupoBka KoHCTpYKTHBHBIE XapaKTEPUCTUKHU
cep/IeYHHKOB
CrepxHeBast KOHCTPYKIIHS I1J1 [1-06pa3Hbie JeHTOUHbIE
(CT) I[JIM [T-o0pa3Hble JEHTOYHBIE C YMEHBIICHHBIM
OTHOIICHUEM MIMPUHBI OKHA K TOJIIIHHE
HABUBKH
I1JIP [1-00pa3Hble TEHTOUHBIE C

reOMEeTPUYECKUMHU pPa3MEPaMU,
00ecreurnBaroMMU HAUMEHBIIYIO
CTOMMOCTH TpaHC(HOPMATOPOB

Bbponesas konctpykuus (bT) 1T [11-06pa3Hbie TEHTOUYHbIE
M [II-06pa3Hbie TEHTOYHBIE C YMEHBIIICHHBIM
OTHOIIEHUWEM LIUPUHBI OKHA K TOJIIHMHE
HaBHUBKHU
KosnbiieBast KOHCTpYKLIMS o1 Koub1ieBbie JeHTOYHBIE
(0D

Ta6ﬂ1/l1/;a 2.2 aﬂeKMPOMQZHMWIHble ceolicmea AJIeKmMpomexHu4ecKkux cmajeu

TonumHa MarHuTtHble yaeiabHble MOTepd | MarHuTHasi HHIYKIUS B, Ta, He MeHee,
ACHTEL 55 By » B/kr, He Gotee NPH HANPSIKEHHOCTH
MM Mapka cranu B, =15Tx, B, =17Tn, H. = Heq = He =
fe =501y fe=50Ty =804/ m; =100 4/ m; =2500A4/m;
(Pisiso) (3,7/50)
0,5 3411 2,45 - - - 1,75
3412 2,10 - - - 1,80




3413 1,75 - - - 1,85
3414 1,50 - - - 1,88
0,35 3411 1,75 - - - 1,75
3412 1,50 - - - 1,80
3413 1,30 1,90 - 1,58 1,85
3414 1,10 1,60 - 1,60 1,88
3415 1,03 1,50 - 1,61 1,90
3404 - 1,60 - 1,60 -
3405 - 1,50 - 1,61 -
3406 - 1,43 - 1,62 -
3407 - 1,36 - 1,68 -
3408 - 1,30 - 1,71 -
0,27 3414 1,03 - - 1,60 1,85
3405 - 1,36 - 1,61 -
3406 - 1,27 - 1,62 -
3407 - 1,20 - 1,68 -
3408 - 1,14 - 1,71 -
0,20 3411 1,50 2,20 0,85 - 1,70
0,15 3421 - - - - -
3422 - - - - -
3423 - - - - -

Tabauya 2.3 - 3asucumocms Kosgguyuenma k. 3anonnenuss ceueruss MaecHUMoONposood

Ccmajlblo om moufuHbsl JieHnbl

Tomuuna 1eHThl 5, MM 0.5 0.35 0.15 0,1-0,08 0,05 0,02
K
0>} GHUHCHT 3anoNHeKIA 0,96 0,93 0.9 0,85 0,75-0.8 | 0,65-0.7
cranbio K
K.
374 .
] . A/mm?
= = /10 mm
0,9 " i P it W
/e PAMNHER L P
0,8' . \33 \/___
0,7{, AN A
’ o
0.6
al L T 12
0,5 0

a)

50 100 150 200 250 300 350 F,, BA

50

150 250 350

6)

3, BA

Puc.2.2 — a) 3aBucumMocTh K03 duiineHTa noiae3Horo AeicTBus TpaHchopMaTopa OT BEIXOAHON
MOIIHOCTHU: | — J17151 OPOHEBBIX U CTEPKHEBBIX TPAHC(HOPMATOPOB C MATHUTOIIPOBOJIOM U3 CTAIIU
3411, 3412 ronmuHoit neHTs 6=0,35 MM, yactoToit Hanpspkenust =50 I'; 6) 3aBHCUMOCTH
IUIOTHOCTH TOKA j=f(Pp,c) B 0OMOTKaX OT BBIXOJHOM MOIIHOCTH TpaHchopmaropa: 1 - juis
OpOHEBBIX M CTEPKHEBBIX TpaHC(POPMATOPOB ¢ MArHUTOIPOBOOM M3 cTanu 3411, 3412
TonmuHON JeHThl 0=0,35 MM, yacTtoToi Hanpspkenus =50 '
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B, Tn

Ko 7
1,5
AREEENA 7
0.3H MENNERERE
77 1,1 L I’L
0,25 N ————
v 09N
0,1 o
050" 60 700 740 160 220 260 B, BA %% 200 400 600 B, BA

a) 6)

Puc. 2.3. a) 3aBucumocTh K03 PUIIMEHTA 3a1I0JTHEHUS OKHA K= f(Ppac) OT BBIXOJHON MOIIHOCTH
TpancopmaTopa: 1 — st TpaHcPOPMATOPOB ¢ OPOHEBBIM U CTEPIKHEBBIM CEPACUYHUKOM C
HanpsbxkenueM 10 100 B, 50 T'i; 2 — muist Tex xe TpancdopmaTopos ¢ HanpsixenueM 10 300 B, 50
I'n; ©) 3aBUCUMOCTb MarHUTHOM UHAYKIMU B= f(P,,,) B MarHUTONPOBOJE OT BBIXOAHOM
MOIIIHOCTH TpaHcdopmaTopa npu neperpese cepaednuka AT,,=50°C: 1 — 111 6poHEBBIX N
CTEP)KHEBBIX TPAHCHOPMATOPOB C MATHUTOIIPOBOIOM U3 cTtanu 3412,
yactoToi HamnpspkeHus 50 I'a.

Onpedenenue pacuemnozo eabapumnoz2o napamempa mparcgopmamopa

JUis  BbIOpaHHOM KOHCTPYKLMH TpaHcpopmaTopa (M Marepuajla CepJcHHHKA)
HE0O0X0AUMO BbIOpaTh CIPABOYHBIC IMapaMeTPbl, KOTOPHIE YKa3bIBAIOTCS MPOMU3BOJUTEIEM
(mpunoxenue 1).

Tunopasmep MmarHutonpoBoaa (pa3Mepbl CEpIEYHUKA) OINPEAEIseTcs MOILIHOCThIO
TpaHcopmaTopa U HaXOJUTCSI C TOMOLIBIO (DOPMYJIBIL:

SC 'SO — 50"PPac ,
JoB, - J ke ko kg

3nech: S,., S, - CeyeHHE COOTBETCTBEHHO CEpACYHHKA M OKHA MArHHTONPOBOIA, CM';

4
M

P4 — pacueTHas MOIIHOCTb TpaHcopmaTopa, BA; B, - MakcuManbHOE 3Ha4e€HHE MHIAYKIIHH B
. 2
cepaeuHuke, Tn, j — MJIOTHOCT TOKa B MPOBOAax OOMOTOK, A/MM~; k.- kodddumueHt

3aII0JIHEHHUS CTANIBIO CEPICYHUKA; K, - KOIDDUIMEHT 3al0HEHHSI OKHA TPOBOJOM 0OMOTOK; ki,

- K03(puumeHT GopMbl, KOTOPBIH JIJIs1 CHHYCOUJAJIBHOTO HaNpsKeHus paseH 1,1.
MakcumanbHOe 3Hau€HHe HWHAYKIUM B CEepACYHUKE PEKOMEHIYyeTcsl BbIOMpaTh B

COOTBETCTBUU C KpUBBIMM, H300paX€HHbIMH Ha puc. 2.30, aM00 Ha OCHOBE MAAHHBIX,

PEKOMEHAYEMBIX ITPOU3BOAUTENIEM CEPACUHHUKA, KOTOPbII MIaHUPYETCs UCIOIb30BATh.

U,, ed

0,123

N

AR N 4 A
0,08\\ "

NS
0’04\ ==

-

50 150 250 350R, BA

Puc. 2.4. 3aBucumocts oTHOCUTENbHOrO NaaeHus HanpskeHuss UA=AU/U= f(P,..), B Ha
BBIXOJI€, COOTBETCTBYIOIIIEEC U3MEHEHHUIO TOKA OT HYJIS JI0 HOMUHAIHHOTO JUIS
TpanchopmMaTopoB: 1 — CTEP)KHEBBIX JEHTOYHBIX U3 cTanu 3412, 6=0,35 mm, =50 I'mr.

0
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Bvibop munopasmepa maznumonpogooa
Ha ocHoBe momydeHHoro 3HaueHust S-S, BBIOMpaeM THUIOpa3Mep MarHUTOIPOBOJA M

yTO4YHsIeM (BBIMUCHIBACM) €ro0 KOHCTPYKTHBHBIC maHHbe: S-S, k.,k,, cpemHion mimHy

MarHMTHOM CHUJIOBON JIUHUU IC’ Maccy GC, jiomazb OKHa MAarHuTOIIpOBO/Ia SO’ YACJIBbHBIC

norepu B, (npunoxenne 1).

Pacuem konuuecmea eumros mpancgopmamopa
DNeKTpUUECKUH pacyeT mapaMeTrpoB TpaHcopmaTopa MPOU3BOJUTCS Ha OCHOBE
apaMeTpoB BBIOPAHHOIO cepaeyHuka. OCHOBHBIM COOTHOLIEHHEM JJIsi OINpENEeJIEHUs 4YucIia
BUTKOB B OOMOTKax TpaHcpopmaTopa MOKHO HCIIOJIb30BaTh (OpMyNy [Ulsl pacueTa 4ducia
BUTKOB Ha OJUH Bosabm:
10°
YT 4B Sk k
m crctto
3neck 3HaueHHe B, HE JOJHKHO MPEBBINIATH 3HAYCHUE, YCTAHOBICHHOE IJISI PAaCYETOB C

nomoinbio rpaduka puc. 2.36. boyiee TOUHO YKCIO BUTKOB MEPBUYHOMN (W;;) B BTOPHUYHBIX (W,
W3;) OOMOTOK (IOJTYyOOMOTOK) OMPENESETCs C YY€TOM OTHOCUTEIBHOTO TMAJICHUs HAIPSIKEHUS
UA=AU/U Ha o6MOTKax:
_10*U,,(1-0,5UA)
"TT4B, fS ek,
_10*U,, (1-0,5UA)
T 4B, [ ko,
_10*U,,(1-0,5UA)
T 4B, fS ok ok,
3necw U;;, Uy, Uz — HanpsbkeHHE COOTBETCTBEHHO MEPBUYHON M BTOPUUYHBIX OOMOTOK,
B; U4 — oTHOCHTENBHOE MA/ICHUE HANPSDKEHHS (OPUEHTUPOBOYHOE 3HAYEHHE) B 0OMOTKax, B; S¢

2
— CCUCHUC MArurTOIIpOBOJa, CM ;f— qacToTa, FH; Bm - MAaKCUMAJIbHOC 3HAYCHHUC MHAYKIWU B

cepaeunuke, Ti; k¢ — KOd(DPUIMEHT 3arMOTHEHUST CTaJIbI0 CEPIACYHHKA;, ko — KOIPPUIIMEHT
3aM0JIHEHUS OKHA IIPOBOIOM 00OMOTOK; kg — KO3 (HULIUEHT (POPMBI.

Tabnuya 2.4 — Pexomendyemvie pacuemuvle 3HAYEHUS KOIPduyuenma none3Ho2o
0eucmeust Nyoy, %o U OMHOCUMENLHO20 NAOEHUs HanpsdiceHus Ha oomomkax UA, % na oomomkax
HU3KOYACMOMHBIX MPAHCHOPMAMOPOE MAOU MOUHOCTIU

Pouows BA {20 | 50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 600 | 800 | 1000 | 1200

Mo %0 75 | 81 84 87 88 89 90 91 92 92,5 | 93 94 95 96 96,5

U4, % 20 | 14 10 8 7 6 5 45 | 4 35 |3 2,8 |25 |23 2,2

Oyenka nomepws sHepeUU 8 MAHUNMONPOBOOE
Omnpenensiem notepu Pc B MarHUTOIIPOBO/IE:

P.=P,G., Bm,
rie G, - Macca MarHMTONnpoBoAa B Kr; P, - yJenbHble HOTEPU B MAarHUTONPOBOJE

(maccoii 1 kr), BT/kr.
[TpubnmkeHHOE 3HAYEHWE YICNBHBIX IMOTEPh B MArHUTONPOBOJE MOXHO HaWTH C
MOMOIIbIO TpaduKoB Ha puc. 2.5 (JinO0 BOCTIONB30BaThCS JaHHBIMH Ta0I. 2.2)
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Puc. 2.5. 3aBucHMOCTB yJ€elIbHOM MOIMHOCTH Py, TOTEPH B CEPACUHUKAX OT MAKCUMAJIbHOM
uaayknud Bm: 1 — u3 cranu 3413, 6=0,35 mm, /=50 'ty 2 — w3 cranu 3412, 6=0,35 mm, /=50 ['n;
3 - u3 cramu 3412, 6=0,5 mm, /=50 T'm.

Pacuem oOeticmsyroweco 3Hauenus moxka Xon0cmo2o XxX00a NepeUdHOU 0OMOMKU
mpancghopmamopa

OmnpenenseM 3Ha4€HHE TOKA XOJIOCTOTO Xoja TpaHchopmaTopa, AJisi ITOT0 HaAXOAUM €ro
AKTHBHYIO COCTaBJISIFOIIYO:

Loy = UL’
11 (1=0,5UA)

rae Pc — notepu B ctanu, BT, U;; — HanpsbkeHUE IEPBUYHON 0OMOTKH TpaHchopmaropa
(metictByroiee 3Hauenue), B; U4 — oTHOCHUTENbHOE MaIeHUE HATPSKEHUST, %o.

PeakTuBHasi cocTaBisiomas TOKa XOJIOCTOTO XoAa TpaHchopmaropa MOXET ObITh
nojicuMTana 1o ¢popmysie:

_H,1.107 . 088,110

20,5 2 A
Wi Wi

IXXP
rne H, - »>bdexkTuBHOE 3HAaYCHHE HANPSHKEHHOCTH MAarHUTHOrO mojs, A/Mm,
COOTBETCTBYIOIIEE MAaKCHUMaJIbHOMY 3HAYCHHUI0 HWHIYKUUU B, B cepicuHuke (BpIOUpaeTcs
npUOIMKEHHO 1O puc. 2.6 WM KpUBOK HaMarHW4YMBaHUs BRIOPAaHHOTO MaTepuana); /¢ — cpeaHss
JUTMHA MarHUTHOW CHUJIOBOM JIMHUM, CM; M; — YHUCJIO 3a30pOB (st OPOHEBOTO M CTEP>KHEBOIO
TpaHncopmaropa n,=2, nans TopounpaibHoro n,=0); [, — JAJMHA HEMarHUTHOTO 3a30pa,
00YCJIOBIIGHHOTO HEUJICAJTbHOCTBIO CONPSDKCHHS TMOBEPXHOCTEH TMOJOBHHOK Pa3zbeMHOIO
MarHuTonpoBoja, npudmusutensuo 1,=0,002 cM; w;; — YUCII0 BUTKOB MEPBUYHON OOMOTKH.
JleiicTBytO1I€E 3HAUCHHE TOKA XOJIOCTOTO X0/a MEePBUYHON OOMOTKH PaBHO:

T =L+ L, A

B, Tn

2,0 X
1,5 e »
1.0 // 1
|

0 200400 600 800  H, A/m

Puc. 2.6. 3aBucuMoCTh UHAYKLIUU B CEPJICYHUKE OT HAIPSYKEHHOCTHU MOJIS:
1 - mst cranmu 3412; 2 — nag cranu 3423.

1

0,5

Pacuem oOeiicmeytowux 3Hauenuti mokog oO6MOmMoOK mparcgopmamopa u 6blO0p MAaApKu

npo80008
JleiicTByronee 3HaYeHUWE TOKA TMEPBUYHOW OOMOTKH (MOJIyoOOMOTKH) TpaHchopmaropa
HAXOJHUTCS KaK CyMMa COCTAaBIISIONIUX, B TOM YHUCIIE TOKA XOJIOCTOTO XOa:

13
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L [ 23 Bty S Jutaye g2
p 1 I LT

rae: p=2 Juisl NEepBUYHOM OOMOTKM C BBIBOJOM HYJIEBOM TOukH, p=1 — 0e3 BbIBOAA
nepBUYHON 0OMOTKHM TpaHcpopmatopa; |=1,2,...L — Koin4ecTBO BTOPUYHBIX OOMOTOK C
BBIBOJIOM cpenHet Touku; k=1,2,...K — KonmudecTBo BTOpUUHBIX OOMOTOK 0€3 BBIBOJIOB; Wk, W3/,
W} — YUCIJIO BUTKOB OOMOTOK.

JUis onpezeneHus: NONEPEeYHOro CEUEHUsl IPOBOAOB HEOOXOIUMO 3a/1aThCs TNIOTHOCTBIO
TOKa B COOTBETCTBUHU C PEKOMEHAALUSAMH, IPUBEACHHBIMU Ha pHC. 2.2 0 Uil MaKCHMaJIbHOTO
neperpeBa AT,=50°C. 3ameTHM, YTO NJIOTHOCTH TOKAa B OOMOTKax B 3HAYUTEIBHOW Mepe
BJIMSET Ha TEeMIIepaTypy Harpesa TpaHc(hopMaTopa U J10JKHA ObITh OJIMHAKOBOMH, JINOO BbIOpaHa
C YYETOM YKJIAJKH M OXJIaXAECHUs TON Win MHOW oOMoTkH. [lnomans nonepeyHoro ceyeHus ¢
IIPOBOJIOB paBHA:

qn :];.l; Ao =25 4y 21_3.17 o’
J J J

r€ j — INIOTHOCTh TOKA, A/MM,

HauOonbliee npuMeHeHHE HAXOAST MeJHbIe MPOBOAA KPYIJIOTO M IMPSIMOYrOJIbHOIO
CEUEHUs C SBMaJeBOM M30/SIIMENH, HMEIIUE Myl TOJIUHY H30JSIUU U BBICOKYIO
JIEKTPUUECKYIO IPOYHOCTh. BBIOGOP Mapku MpOBOJia OCYIIECTBISIETCS MPEXIE BCErO UCXOIS U3
JonycTuMon pabodeii Temneparypel npoBoAa (Tpe), aMIIMTYJHOrO 3HA4YEHHS PaboOdYero
HalnpsKeHUs: OOMOTOK U CHJIBI TOKa B OOMOTKAX.

[Ipu nanpspkenun oo6MoTok a0 500 B u TOokax 10 HECKOJBKUX amIep PEKOMEHIYeTCs
npuMeHaTh nposoga mapku I10B-1 (T,6=105°C), II9TB (130°C), IICH (155°C) u ICAK
(180°C). Ilpu Oospmmx Tokax (6oinee 5 A) cieqyeT HNPUMEHATh IPOBOAA MPSIMOYTOJIBHOIO
ceuenus (Hanpumep, Mapok II9BII, I/l npu Tpae=105°C umu IICH, IICAK npu 155°C). Ilpu
0osiee BBICOKMX pabO4YMX HaNpsKEHHUSIX PEKOMEHIYeTCsl MPUMEHATh NpoBoaa mapok I10B-2 u
[I5BTIJI-2.

PaccuntaB nmomnepeunoe ceueHue MpPOBOAOB i BceX OOMOTOK (IOJyOOMOTOK) M BBIOpaB
MapKy IpoBojia (10 3HAYEHHIO MONEPEYHOro CeUYEHNUs1) HaXO0AUM CIPAaBOYHBIE JaHHBIC: AUAMETP

o 1
IPOBOJIOB C U30JIsILUeH d; 1 Oe3 Hee d; , a TakkKe Maccy g; OAHOr0 MeTpa MpoBoja (IPUIIOKEHUE

2). 3areM BBIYMCIISIEM JCHCTBUTENBHYIO IUIOTHOCTh TOKA j B KaKJOW OOMOTKE M €e cpelHee
3HAYEHME j, JUIA TpaHCc(hOopMaTopa:

K L
Jop = KL jllszkHj3l , Al wn?
1 1

Pacuem koncmpyxkyuu mpancghopmamopa

KoHcTpykTHBHBIN pacueT TpaHchopmaTopa BKIIOYAET pacueT pa3sMemieHus: 0OMOTOK (C
Y4ETOM H3O0JSILUOHHBIX TPOKIAZO0K) B KOHCTPYKLMH, Maccy TpaHchopmaTopa M MOTEpH
SHEPIHH.

l'eomeTpuueckue pasMepbl H JIIEKTPUYECKHE TapaMeTpbl KakIoW U3 OOMOTOK
OTIpeNeNsIeTCs] He TOJIBKO YMCIIOM BUTKOB, JHAMETPOM MPOBOJHUKOB M PAaOOYUM HAIpPSHKEHHEM
00OMOTKH, HO U MECTOM PACIIOJIOKEHHsI €€ B OKHE MarHUTONnpoBoja. [103ToMy KOHCTPYKTHUBHBIH
pacuer TpaHcopmaropa JIOKEH HAYMHATHCS C COTJIACOBAHMS IUIaHA Pa3MENICHUsS OOMOTOK B
OKHC MAr"vuTomnpoBOoJda € YKa3aHUCM 4YHUC]Ia BUTKOB W AUAMCTpa MpoBOJa C I/I3OJ'I$II_II/ICI\/JI JJISL
KaXION 13 OOMOTOK.
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Puc. 2.7. KoncTpykius oOMOTKH OpoHEBOT0o TpaHchopmaTopa
C JICHTOYHBIM MAarouTOIpOBOAOM

OOMOTKH OpOHEBBIX U CTEP)KHEBBIX TPaHC(HOPMATOPOB BHIMOJIHSAIOTCS B BHJIE KaTyIIEK
KapKacHON wim OeckapkacHOW HaMOTKU. B 00oMX ciydasix HCIONB3yeTcs, Kak IPaBHIIO,
psAIOBas MHOTOCJIOWHAs HaMOTKa OOMOTOK IO BCEH BBICOTE OKHa MarHuTompoBopaa. Kapkac
OTJMYACTCd OT THJIB3bl HATUYMEM OOKOBBIX €K, MMEIOUMX OOBIYHO TOJIIUHY, PAaBHYIO
TOJIIIIMHE TWIIB3bl: Or=Oyy. ToJsIMHA Tuib3bl (Kapkaca) oObI4HO cocTaBisger 1...3 MM. 3a3op
MEXy TWIB30M U MarHUTOIPOBOJIOM O3 TOJDKEH ObITh B peaenax 0,5...1 M.

BricoTa /1,67, 0THOTO ClIOSi OOMOTKH paBHa:

hyyy = h—268,-265,

0
rae O,- 3a30p MEX/IY THIb30H WITH MEKIy KapKacoM KaTYIIKH OOMOTKH U CEPICUHHKOM,

MM; Or=0yi — TOJIIMHA CTEHKH KapKaca KaTylIK{, MM; h — BEICOTa OKHA, MM.
KonnuecTBO BUTKOB B CJIOE O6MOTKI/I OMpeaACIACTCA C YUCTOM INIOTHOCTH HAMOTKHU (C
OMOIIbI0 KodddunreHTa ykiaaku ky) u oKpyrieHHueM 10 OJIMKalIero MeHbIIIeTo Ynuca;

[eV/8] > CiI2i —
dll d2i

e d;;, dr; — AMaMeTp MPoBoJa ¢ M30JIAHUEHd COOTBETCTBEHHO IEPBOTO CJIOS TICPBHYHOM
O0OMOTKH M 1-TO CJI0s BTOPUYHOU 0OMOTKH, MM; Ky, ky»; — KOOPHUITUEHTHI YKIIaK1 0OMOTOK.

— huéllky . _ hu62ikYZi

Tabauya 2.5 — Pexomenoyemvle pacuemuvie 3HayeHus Ko3gouyuenma ykiaoku nposood
8 cl10e 0OMOMKU

Tonmmna mpoBoja d, MM 0,2 0,2-0,5 0,5-0,8 0,8-1 1

Koaddunment yknagku ky 0,9 0,93 0,95 0,9 0,85

Uwucio cinoeB B Kaxa0i 0OMOTKE PaBHO:

Beom :&'(WII/WCJZII);
m,
D
1 (
rIe m; — YUCIO Karymiek, B TpaHchopmarope OpoHeBOro Tuma m;=1, CTEpKHEBOTO
m;=2; p=1 st 0OOMOTKH B JBa MPOBOJAA C BBIBOJOM CpeIHEH TOUYKHM WU Oe3 BhIBojAa, p=1 B
MPOTUBHOM CITy4ae.
Bri6paB u3omsmuioo 0OMOTOK B 3aBUCHUMOCTH OT HUX paOOvero HampsoKeHHs U TUaMeTp
MIPOBOJIOB, MMPOU3BOJIUTCS pacdeT pazMepoB 0OMOTOK. TonmuHa (cedeHne) mepBUIHON 0OMOTKH

ey = Wy, [ Weppa; )a

O, ¥ BTOPHYHBIX 0OMOTOK O,; ¢ KO3()OUIHEHTOM HEIJIOTHOCTH HAMOTKH, PaBHBIM 1,2:
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0,=12-n.,, -d,, mm
Oy =L2-npy,, - dy, mm

B pesynbrate oOmmii paguanbHbBId pazMep BceX OOMOTOK KaTYIIKH OYyJEeT COCTaBIAThH
BEJINYNHY:

)4
8y =6,+ .8, +(p+ 18, mu

i=1
rae O,- TOJIIMHA MPOKJIAAKA MEXKIy OOMOTKaMH KaTylIKd, MM; p=1 aJ1si 0OOMOTKH B /iBa

IIPOBO/IAa C BBIBOJIOM CpPEAHEH TOUKH Uil 0e3 BbIBO/A, p=1 B IPOTUBHOM ClTy4ae.

Cpenusis  nuHa OOMOTKM —TpaHcopMaropa KpoMe NPOYEro Omperensercs ee
TNI0JI0’KEHHEM Ha KaTyIIKe, T.€. BEIMYUHON YCIOBHOTO PAaJHyca 7, 3aKPYTJIEHUS BUTKA, KOTOPBII
HAXOJUTCS KaK:

=0 S 51 I 6 .
V'ep =03 +O0p +—, Mm - IJIA NEPBUYIHOU OOMOTKH,

!
Fepy =03 +0, +10, +0, + z&zl. —0,;/2, MM - 1714 1-0li BTODHYHOM OOMOTKH.
i=1
Otcrona cpenHsisi JJMHA BUTKAa OOMOTKHM TpaHCpopmaropa MOKET ObITh HaiiieHa ¢
HIOMOIIBIO COOTHOILICHUS:

_ -3
lep=2(a+b+m,)107 M,
rae a u b — pasMepsbl CTEp)KHS MAarHHTONPOBOJA B MM; Fg, — YCIOBHBIH paamyc
3aKpyTJICHUS BUTKA, MM.

AKTHUBHOE CONPOTHBJICHHE 1-0H OOMOTKM TIpM MaKCHMAaJbHOH TemIeparype
OKPY>KaloIllel cpebl paBHO:

. ZCPIWIktkf
h=—2-",Um
S7q,

.= lCP2iW2iktkf "
Y STg,

rae k,=1+0,004(Tc+AT-20) — TemnepatrypHbiii KO3(PGHUIIUESHT YASTHHOTO COMTPOTHBICHHS
MaTepuaia NpoBOJHUKOB; Tc — MakcuMaibHas TemnepaTypa okpyxaromei cpeasl, °C; AT=50
°C — makcuMallbHas TeMmmeparypa neperpeBa oOMorok, °C; ky — x0d3(D(UILMEHT yBelIn4eHHs
COIIPOTHBIIEHUS TPOBOAA B 3aBUCMMOCTH OT YacTOThl NpeoOpa3oBaHUs HANpsHKEHUs, Ha
gactoTax MeHbIux 10 kI'm, k=1.

[Torepu B Menu MEpBUYHOM, i-O BTOPUYHONW OOMOTKH MOXHO OIPEIEIUTh C MTOMOILBIO
BBIPAXKEHMUII:

2 2
P,=1n, P, =1L,
CyMMapHbIe TIOTePH B MeH OYAYT PaBHBI:
P
Rl = ‘P,wl + ZR!Zi
im1

Koaddurment nosnesnoro neictBust Tpanchopmaropa:
/
2P
i=l1

B+ P +2P2,»

i=1

Nrp =

!
rae sz ;- CyMMapHasi akTUBHas MOILIHOCTb B Harpyske, BT.
i=1
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3. BemmpsiMuTe/IbHBIEC YCTPOliCTBA

BrempsiMUTETEHBIMU HA3BIBAIOTCSl YCTPONUCTBA MpeoOpa3oBaHUs dJIEKTPUUECKON YHEPIUU
MEPEMEHHOTO TOKa B HHEPTUI0 MOCTOSHHOTO TOKAa. OCHOBHBIM 3JIEMEHTOM BBIIPSMUTEIHLHOIO
YCTpOWCTBA SIBIISIETCS WO/, KOTOPBIM TMpeACTaBiIseT CcoOOHW HETWHEWHBIH Tpuodop C
OJHOCTOPOHHEN TPOBOJAUMOCTBIO.

[Ipu pacuerax BbIIpsIMUTENEH HEOOXOIUMBI CIIEYIOIINE OCHOBHBIE TapaMeTphl TUOJI0B:

Irpcpmaxs Trwmax — MAKCUMAIbHO JIOMYCTHMBIM NPSAMOM CPEAHMH TOK M IPIMOM
UMITYJIbCHBIA TOK (32IaHHOW CKBa)KHOCTH ),

- Upgp — ipsAMOE TaJICHNE HANPSKEHUS Ha TUOJIE;

- Uo6max — MAaKCUMaJIbHO JAOMYCTUMOE 00OpaTHOE HAIPSKEHHUE;

- lo6may — MAaKCHUMAaIIbHBI OOpaTHBIA TOK MPU MAKCHUMAIBHO JOMYCTUMOM OOpaTHOM
HaIPSKEHUU;

- F'ug — 1 depeHnnanbHoe BHYTPEHHEE COIPOTUBIIEHUE JIUO0/1a;

- fmax — MAKCHMaJbHasi 4aCTOTa BXOJHOTO HAIPSHKEHUS.

PesxxuMbl paboOTHI BBIIPSMUTENECH B 3HAUUTEIBHOM Mepe 3aBUCAT OT XapakTepa HarpysKH,
BKJIIOUEHHOW Ha BBIXOJIE BBIIPSMUTENS W CXEMbI CrUIaKuBarolero ¢uibrpa. B ncrounukax
NUTaHUS DJICKTPOHHOW amnmapaTypbl HauOoJjee IIMPOKO PACHpPOCTPAHEHBI BBHIIPSIMHUTETH C
€MKOCTHOH (aKTHBHO-EMKOCTHOW) Harpy3kou M, ClIeJOBaTeIbHO, EMKOCTHOM peakiuend. B Takux
BRIMIPSAMUTENSIX  (HauOoliee [EMIEBBIX M KOMIAKTHBIX) JUIS CIJQXKHBAHHUS — IyJIbCalluid
napajuleJIbHO Harpy3ke yCTaHOBJIEH KOHZeHcaTop. TpaHchopMaTopbl TakUX BBIIPSMHUTENEH
UMEIOT HECKOJBKO OOJBIIYI0 Ta0apUTHYI) MOIIHOCTH IO CPABHEHHIO C BBIIPSIMHUTEISIMU C
UHAYKTUBHBIMU ¢uibTpamu. K HegocTtaTkaM BBIIPSMUTENEH C €MKOCTHBIM  (HIBTpOM
OTHOCHUTCS OOJIbIIIAs aMIUTUTY A TOKA Yepe3 TUO/I.

a) 6)
‘ "
1 vD1 ) >—0+
<~ T1 0+U0 U
g LT1 % =C1 +”C3 +”C_5_°0_
U~ H
- v V XV
Cc2 ~
vD2 CZZ C4Z
+|] +]]
1 1
r) A)

Puc. 3.1. Cxembl 01HO(A3HBIX BRIIPSIMHUTENEH C EMKOCTHBIM (PUIBTPOM:
a) OJTHOTIONIYTIEpHOIHAST; 0) ABYXITOIYIIEPHUOIHAS CXeMa CO CPETHUM BBIBOJIOM BTOPHUYHOMN
00MOTKH; B) oHO(a3Hasi MOCTOBAs; T) CHMMETPHYHAsS CXeMa YIBOCHUS HAPSIKECHHUS;
1) HECCUMMETPUYHAsL CXEMa YMHOXKECHHUS
Beimpsimuteny ¢ MHAYKTUBHOM HAarpy3KoM coaepskaT (GHIbTp, BKIIOYAIOIIUI JOCTaATOYHO
OONBIIYI0 M0 BEJIWYMHE MHIAYKTUBHOCTb. Takue BBIIPSIMUTENN MMEIOT MEHbIIEe BHYTPEHHEE
COIIPOTHUBIIEHUE 10 CPABHEHUIO C BBIIPSIMUTEISAMH C €MKOCTHBIM (HIBTPOM, YTO YMEHBIIAeT
3aBUCUMOCTb BBIIPSAMIIEHHOTO HANpPsKEHWsI OT TOKa Harpy3ku. [IprMeHeHue HMHIYKTUBHOTO
¢wIbTpa TMO3BOJIIET OrPAaHUYUTh HUMIYJIbCHI TOKAa 4epe3 JuoJ, HO TPUBOIUT K
[epeHaNpsDKEHNsAM, BO3HHMKAIOIIMM Ha BBIXOJHOW €MKOCTM M Ha Jpoccene (QuiIbTpa IpH
BKJIIOYEHUH, BBIKIIOYCHUHU BBIIPSIMHUTENS U MPH CKAYKOOOPA3HBIX U3MEHEHHUSAX TOKA Harpy3KH,
YTO MPEACTaBIAET ONACHOCTD U1 SJIEMEHTOB CAMOT'0 BBIIPAMUTENS (IMOJ0B) M €r0 Harpy3KH.
OcHOBHbIE TapaMETPHI BBIPSIMUTEICH:
Uc — BXOZIHOE NEPEMEHHOE HaNpsKEHHWE U MPEIeibl €ro OTKIOHEHUS OT HOPMBI Omin U
amax;
fc—dacTtora BXOAHOTO (IIEPEMEHHOTO) HAIPSHKCHUS;
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m — 9ucio Gpa3zHocTH (MyJIbCHOCTH) CXEMBI BBRIIPSIMIICHUS: mM=pq, TJI€ p — YUCIO TaKTOB,
T.€. TIOJIYIIEPHOJIOB B TE€YEHNUE KOTOPBIX SHEPTHS MOCTYIAeT U3 MEPBUYHON CETH B HArPY3KY, ¢ —
gucino (a3 cereBOro HampspkeHHsl  (OIHOMONYNEpPHOAHAs CcXemMa W yIBOCHHS m=I,
JBYXTIONYTIEPUOHAS CXEMa M MOCTOBasi m=2, TpexdasHas cxema m=3);

U, — BBINIPAMIIEHHOE HaNPsKEHHUE;

1, — HOMMHAJTbHOE 3HaY€HWE BBITIPSMIICHHOTO TOKA M €70 MUHUMAJIBHOE 3HAYCHUE 1,in;

kik=Upmi/U, — x0dpPUIHEHT TynbcanMii WIM OTHOIICHWE aMIUTUTYIbl U, k-oif
TapMOHMKH BBITIPSAMIICHHOTO HAMPSDKEHHS K €ro cpeHeMy 3HaueHuto U,;

N — K03(pPHULIMEHT MOJIE3HOTO JACHCTBUS BBITPSIMUTEIIS;

AUpyp — MaicHHEe HANPSKEHUS B BBITPSIMUTEIE;

Y — K03 PHUIHEHT MOIIHOCTH BBITPSIMHUTEIIS.

Ha ocHoBe 3amanubix 3HaueHuit HanpspkeHust U, u Toka I, onpenensieMm mpuOImKeHHbIE
3HAUEHUS] NAPAMETPOB, HEOOXOAMMBIX MUl BBIOOpA BBIIPAMUTENbHBIX AHOAOB: Uospm, Ipcps
Ipvp (mpunokeHue 3).

Brei6op nuona BBIPSMUTENS] MPOU3BOAUTCS HAa OCHOBAHHWH BBITIONHEHHS CIIETYIOLIUX
YCIIOBU:

- MakcuManbHoe oopaTHoe HanpsukeHue 11oaa Uogpmyp™ Uospm;

- MAKCUMAJIbHBIN TIPAMOU CPEHUH TOK I17,cpvp> Iipcp;

- MAKCUMAJIbHBIA UMITYJILCHBINA TOK 11751110 I 7pm.

[Tocne BeIOOpa TOAA HAXOAUTCS €T0 COMPOTUBIIEHNE B OTKPHITOM COCTOSIHUH:

U
erzln”,OM

Haxonum nonHoe conpotusiienue ¢Gasbl, T.€. 00MOTOK TpaHChOopMaTopa U TUOI0B:
r="rp, ol Om

Tlpm

IJI€ N — YUCJIO MOCJIeI0BATEIbHO BKIIOUCHHBIX JUOJOB (JIJIT MOCTOBOM CXEMBI n=2).
[TapameTpsl cXeMbl BBIIPSIMIIEHUS C aKTUBHO-EMKOCTHOM Harpy3Kou:
U,=BU,, B
Upsn =1L5U,, B
Inpcp =051, 4
Iym= 3,51,, 4

Iy, =DI,, 4

opm

Im _ D
Lw, 142
STP =15P,, BA
H
rC
Jm=2fc, Iy
5, P08
1,42
BDP,
42
rae U,, I, — neiicTByromnye 3Ha4eHUs] HANpPsDKEHUS U TOKa (a3bl BTOPUYHON OOMOTKH;
Uospm — MaKCUMaJIbHOE aMIUIUTYIHOE 3Ha4eHHEe 00paTHOro HaupsbkeHus auona, B; Ipm, Inpcp —
COOTBETCTBEHHO MAaKCHUMAaJIbHOE M CPEJHEE 3HAYEHUE TOKa auona, A; Ip,yp — NENCTBYIOIIEe

km =
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3HaYeHHE TOKa JMoja, A; dw COOTHOILIEHUE TPOU3BENEHHUS MEPBUUYHOTO TOKA HA YHUCIIO
o2
BUTKOB MEPBUYHOM OOMOTKM M BBIIPSAMIIEHHOTO TOKAa HA YMCJIO BUTKOB BTOPHUYHOM OOMOTKU;
S7p, S1, S — MOIIHOCTH COOTBETCTBEHHO rabapuTHas (pacyeTHas), HEPBUYHOW M BTOPUYHOM
obmotok Tpanchopmatopa, BA; kyz;, fr;; — cooTBeTCTBEHHO KOA(D(GUIIMEHT U YacTOTa MyJIbCallHi;
¥ — IPSIMOE COTIPOTUBJICHUE BHIIPAMUTEISA, OM.
OnpenensieM OCHOBHOM pacyeTHBIN apaMeTp:
Ao a,r
U,m
HaxonuMm npuOiamkeHHOE 3HAYEHUE yriia @, XapaKTepU3YIOIIEro COMpPOTHUBICHHUE (a3bl
BBINPSMUTES:

Q= arctg(—zchS j
r

rae Ls — MHAYKTUBHOCTH paccestHus Tpancdopmaropa, ['H.

k,sU 4 U,
— SfCBm
Y (p-DLSB,
rae k; — xkodpunueHT, onpenensieMblii CXeMOW BBIMPAMHUTENS (11 MOCTOBOM CXEMBI
pasen 5107); p — UMCITO YepenYIOUHXCS CEKIMi OGMOTOK: B CIydae pa3MEIICHHs TIePBHIHOMN
0OMOTKHM MEXIy MOJOBUHAMH BTOPUYHOU p=3, B MPOTUBHOM ciiy4ae p=2; B,, — MaKCUMaJIbHOE
3HaueHUE WHAYKIIMH B MAarHUTONPOBOIe, TII; f — yacToTa mepBu4UHOM anekrpocery, ['m; U, 1, —
HaIPsHKEHUE U TOK Ha BBIXOE BHIMPSIMHUTEIS.
C nomoripio rpaduKoB U MapaMeTpoB A U ¢ OIpEeNsieM BCIIOMOTraTelbHBIE PacueTHBIC
napametpsl B, D u F.

. p=75° p=60"p=45°|p=30 0=15[ @=0f D
7 g : : 33
14 \\ \< ~ X/)/ g
'Vy/ a 29\\\
1,2 4'// 5 \
i » s\ 0] 0T 9=3070=4470=6]To=75"
g , S
1,0 //A/ . o \\\?( gy
~ AN
. 1,9 - i~
17 —————
a2 1,5 r
01 02 03 04 05 06 07 A ’ 01 02 03 04 05 06 07 A
a) 6)

Puc. 3.2. 3aBucumocts napametpoB B (puc. a) u D (puc. 0) ot pacueTHoro mapamerpa A
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H01 e
3 60000 R
56000 0315
- 52000 %
i 48000
44000 p /AR
11 >
40000 /
! m
. ¢=0" (p=1§7(p=3C U o=44 0(p=670 =750 -32000
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7 \ e 24000 e
W\ L 20000 o
AR 16000 )
=
! ~ 1 4000
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a) 6)

Puic. 3.3. 3aBHCHMOCTD napameTpoB F (puc. a) u Hy; (puc. 6) ot pacueTHoro napamerpa A

H,
440002 0=0
40000 /<
36000 AT
32000 // /"\ :
28000 A P .o

i L

24000 . Z // o=d5
20000 A,/// <
16000 V2
12000 e-p0”
8000 Syl

4000 —

- l(p—75

01 02 03 04 05 06 07 A

Puc. 3.4. 3aBucumocts napamerpa Hy, oT pacueTHoro napamerpa A

Ha ocnoBe mapamerpoB B, D um F ¢ mnomompio cOOTBETCTBYIOMUX (HOPMYIT
PaCcCUUTBIBAIOTCA Ug, ]2, Sg, 11, S], Uogp, IHppr IHp: IHpVD~

Ompenenenne eMkocTH (QuibTpa, 00€CIEUMBAIOIICTO 3aJaHHBIA  KOXG HUIHEHT
MyJIbCALMM, MPOU3BOAUTCA C IIOMOILIBIO IapaMeTpa f, 3Ha4Ye€HHUs] KOTOPOTrO MOKHO HAWTH I10
rpadukam puc. 3.3 0, 3.4. [lapamerp Hj; mpeaHa3HAUYeH IJIsi PAcUETOB €MKOCTH (UIbTpa
JIBYXTAKTHBIX OJHO(A3HBIX BBIIPSIMUTENEH (1m=2).

Benuunny emkoctu ¢unbTpa onpezensiem no Gopmyiie:

Cl = 100H ,

}/kaﬂl
W3 mnpunoxenuss 4 BbHIOMpacM KOHAEHCATOpP COOTBETCTBYIOIIEH €MKOCTM U Ha
COOTBETCTBYIOIIEE HAIPSIKEHUE U BBIITUCHIBAEM 3TH I1apaMETPBI.

4. J/IuHeliHbIe CTA0MJIN3ATOPBI

JUiss muTaHus DJIEKTPOHHBIX CXEM amnmnaparypbl CaMOro pa3jIMYHOTO HAa3HA4YCHUS
Heo0XoauMa 3JIeKTpUYecKas SHEpPIus, yIAOBIETBOPSIONIAs ONPEJeIEHHbIM TPEOOBaHUSM, CPEAU
KOTOPBIX BaXHEHIIMMHU SIBISIOTCA CTAaOMJIBHOCTh HANpsIKEHUs NUTAHUA (MM TOKa), BECbMa
Mallblii  ypoBEeHb mynbcauuid U ap. OOecreueHune TakUX TpeOOBAaHMN OCYILECTBISETCS C
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MOMOIIBIO CTA0MIIN3aTOPOB — YCTPOMCTB aBTOMATHYECKH TOACPKUBAIOIINX HAMPSIKCHUE WU
TOK Ha CTOPOHE HArpy3KH C 3a/1aHHOM CTENEHbI0 TOYHOCTH.

[Tonapnsitomee  OONBIIMHCTBO ~ CTAOWMIIM3aTOPOB  COCTABJISIOT  yCTPOMCTBA €
napaMeTpuuyeckuM M KOMIIGHCAI[MOHHBIM MPHHLIMIIOM cTabuin3zanud. B mapamerpuueckux
cTrabunuzaropax s CTaOWIH3AaIlMM HANpPSOKEHUS WM TOKA HCHONB3YIOTCS DSJIEMEHTH C
HEJIMHEHHON BOJBTAMIIEPHONW XapaKTEPUCTUKOW (Hampumep, CTaOMIUTPOHBI, CTAOMCTOPHI,
MOJIEBBIE TPAH3UCTOPBI U Jp.). Takue cTabuiam3aTophl OOBIYHO MPUMEHSIIOTCS B MAJIOMOIIHBIX
HEeNnsX ¢ HeOOIBIIUM TOKOM Harpy3KHu.

KomMrmieHcalimoHHble cTa0MIM3aTOpPhl MPEACTABISAIOT CO00M CHCTeMy aBTOMATHYECKOTO
peryaupoBaHusl, COJEPHKAIIYI0 PETYIUPYIOMUNA AIEMEHT W IeMb OTPHUIATSIIbHOW 00paTHOM
cBs3u. Kak mpaBuio, peryiupyromudM 3JIEMEHTOM KOMIIEHCAIIMOHHBIX CTa0WIN3aTOPOB
HaIPSKEHUS SBIBICTCS OMMOJSPHBIA JTMOO TOJIEBOM TPaH3UCTOP (WJIM TPYyIIa TPAH3HCTOPOR).
Ecnmu 3T1OT TpaH3ucTop paboTaeT B HEMPEPHIBHOM AaKTUBHOM pEXHME, TO CTaOMIU3aTop
HA3bIBAIOT JIMHEHHBIM (C HETIPEPHIBHBIM PETYIMPOBAHUEM), & €CJIM PETYIUPYIOUIUN TPAaH3UCTOP
paboTaeT B KJIIOYEBOM pEXKHUME — HMIYIbCHBIM. BMecTe ¢ 3TMM B KOMOWHHPOBAHHBIX
cTabuiau3aTropax, KOTOpblE€ Ha3bIBAIOTCA HEMPEpPhIBHO-UMIYIbCHBIMU, HCIOJB3YIOT 00a
MIPUHIIAIIA PETYTUPOBAHUS YHEPTHH.

B HacTosmee BpeMs cTaOWIM3aTOpPbl C HEMPEPHIBHBIM PETYIUPOBAHHEM HaIPSHKEHUS
WIA JIMHEHHBIE CTPOSITCA HAa OCHOBE WHTETPAIBHBIX CTa0MIH3aTOpPOB. [IpuMeHUMOCTH
MHTETPAIbHBIX CTAaOUIIN3aTOPOB HE OTPAHUUYMBAETCS MPEJCIbHBIMU 3HAUYEHUSMHU BBIXOJHBIX
TOKOB W HampspkeHHH. B cimyuasx HeoOxomumocTH obecriedeHUs: OONBIIMX TOKOB HAarpy3KH
UHTETpaJIbHbIE  CTAaOWIM3aTOPhl JIOMOJHSIOTCS HaBECHBIMHM TpaH3ucTtopamu. [lpum sToM
KaueCTBCHHBIE MapaMeTpPhl CXEM C HWHTETPAIBHBIMU CTAaOMIU3aTOpaMU OMPEICNIIOTCS, Kak
MPaBUJIO, XapaKTEPUCTUKAMU UHTETPAJIbHBIX CTAOUITN3aTOPOB.

Hcxonabie qaHHbBIE 7S pacyera cTabuiau3aropa:

- HanpspkeHue (MepBUYHOE) MUuTanus crabunuzaropa Uy, B;

- OTHOCHUTEIIbHBIC OTKJIOHEHUS HAIMPSHKCHUS TUTAHUS, KaK B CTOPOHY YBEIUYCHHS, TaK U
B CTOPOHY YMEHBIIEHUS Omax, Omin}

- YPOBEHB IyJIbCalluil BXOAHOIO (IepBUYHOr0) HaupsuKeHUs K71 =Upxni/Upicp;

- HOMUHAJbHOE 3HAUY€HUE BBIXOJHOrO HampspkeHus: ctabummzatopa Usp,., B, mpenemns
PEryIUPOBKU BBIXOMHOTO HampspkeHus crabunmsatopa Upguwmars B, Ubwmin, B, €CIH Takas
peryaupoBKa He0OX0IuMa;

- MAaKCHUMAaJIbHBI 1 MUHUMAIIBHBIN TOKH HATPY3KH CTAOMITU3ATOPA Lrmax, Lrimin, A;

- HECTaOWJIBLHOCTh BBIXOAHOTO HampspkeHus cradunuzaropa oUc,=AUcy/Uc, wnm
KOO PHUIMEHT CTaOWIN3aLUU [0 BXOAHOMY HAIPSDKEHHUIO kcpy, BHYTPEHHEE CONPOTHBIICHHE
crabunm3aropa r;, Owm;

- aMIUTUTY/a MyJIbCAIIMH BEIXOAHOTO HANpspKeHus ctabunm3atopa Upyym, B;

- IpeIeIibl U3MEHEHUSI TEMIIEPATYPBI OKPYKAIOIIECH CPENbI Ly, Lnin, “C.

Bribepem cxemy KOMITEHCAITMOHHOTO CTAOMIIN3aTopa C MOCIEe0BATEIFHBIM BKIIOYCHHEM
perynupytoiero snemMeHTa. Cxema Mmo3BoJsieT NOJyYUTh BBIXOAHOE HaNpsbKeHue, Oosbliee, YeM
JIOMYCTUMOE ~ HAIPsDKEHUE  WHTETpajbHOro  crabuimszatopa. BHemHwil  perymupyrouimii
Tpau3uctop VT1 paboTaer B aKTUBHOM PEKHUME C W3MEHSIOIMMUMCS HaIPSKEHUEM KOJUIEKTOP-

SMUTTCP UK3VT1 .

DA1
+Us« R VT2 R2 _15_331 uc |3 +Upyy
U rRal |

2 N\o

VTt ,
VD1

_er mrs e

O | L
W L v
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Puc. 4.1. KoMrneHcalmoHHBIH cTaOMIN3aTOp HANPSHKEHUS

MuHUMaTbHO BO3MOYKHOE MNEPBUYHOC HANIPSAKCHUC HA BXOC CTa6I/IJII/IBaTOpaI

Umeina = UBx (l - amin)

MuHUMaTbHO BO3MOYKHOE HamNpsDKEHHE Ha BXOJIE MHTErpajdbHOTO cradmimszatopa DA1
paBHO:

UBxI/ICmin = Umeina - UK3VT2min - Umel - UR3au4 - UBx]
1€ Uisyromin - MAHAMAIBHOE TaJICHUE HAIPSDKEHHS HA PETYIHPYIOUIEM TPaH3HCTOpE,

obecrieunBaroIee JUHEHHBIA PEKUM PaOOTHI, 11 OUMOJSPHBIX TpaH3ucTopoB 1,5-2.5 B, mus
HOJIEBBIX TpaH3ucTopoB 1-2,5 B; U, - aMImumTyna mynbcalMii BXOAHOTO HampsDKeHus, B

Upem =Upckns Ugs,, - HapsOKCHUE TIaJ€HUs HA PE3UCTOPE CXEMBI 3alUThI OT MEPETPy3KU 110
TOKY, npuHuMaeM paBHbM 0,6 B; U, =11, . - BeIMYMHA MPOCAJKU BXOIAHOTO HANPSDKECHUS

IIPY MaKCUMAaJIbHOM TOKE Harpysku, B; 7, - BHyTpeHHEe CONPOTUBIIEHUE IEPBUYHOIO HCTOYHUKA
HaNpspKEHUs, NpuHuMaeM 2,5 OM.
MaxkcuManabHO BO3MOXKHOE NIEPBUYHOE HANpPsKEHUE Ha BXOJe cTaduinu3aropa:

U = UBx (l - amax)

Bxmaxa
U + Umel + (] Hmax

Bxmaxa

Us

xmaxd

-1 r

Hmin) 4
ITo MOJIYYCHHBIM 3HAYCHUAM MUHHUMAJIIBHOTO U MAKCUMAJIBHOI'0 BXOAHOT'O HAIPSAXKCHUA
HHTErpajibHOI'O CTa6I/IJ'II/I33TOpa BBI6I/IpaeM MHKPOCXEMY 110 IMPUTOKEHUTO 8.
Tox PEryjivupyromero TpaH3UuCTOpa Ha HAYaJIbHOM 3J3Talc pacdeTa MOXHO CUUTATb
IMPAKTUYCCKU paBHBIM TOKY HAarpys3Ku:

1

KVT2max — IHmax
MaxkcruManbHOE yCTaHOBUBLIEECS HANIPsDKEHHUE HA TpaH3ucTope VT2 paBHO:

UK9VT2max = UmeaxH - UBblxmin - AUHCmin

rae AU .., - MUHUMaJIbHOE IaJeHUE HaNpsDKEHUs Ha MHTErpaJbHOM CTabuUiIM3aTope,

MaxkcumannbHas MOIITHOCTD, BBIACTIAIOIMIAACA Ha PETYIIMPYIOIIEM TPAH3UCTOPC paBHA:
P,

VT2max — UKSVTZmax ) IKVT2maX

Ha ocHOBaHWM TIONy4€HHBIX JAaHHBIX BBIOMpAETCS PETyTUPYIONINH DSJIEMEHT —
TpaH3ucTOp VT2 U BBITUCHIBAIOTCS €T0 MapaMeTphl (MPUI0KeHue 6).

[Tpou3BoIMM pacyeT OCTATBHBIX AIIEMEHTOB CXEMbI CTAOMITN3AIINH.

Haxoanm MuHUMaIBHYIO BETUYMHY HaINpsDKEHUS Ha ctabuinutpone VD1:

UVD = A(]Cmmin + UR3 + UESVTIVTZ

[To monyuyeHHOMY 3HAYEHHIO HANpPsDKEHHS BbIOMpaeM crabminuTpoH VDI (mpuioxkeHue

5). 3amaeMcs MHHHMMaJbHBIM 3HAau€HHEM TOKa craOmimuTpoHa [, . . Ilpm 3TOM BXOmHOH TOK

1 min

PErYJIUPYIOIIETO TPAH3UCTOPA MOKET IOCTUIaTh 3HAYCHUS:
1

I _ H max
BOVT1VT2max

ﬂVTlVTZ
PaccuntsiBaeM BenuuuHy conpoTusieHus R1:

R _ Umeina — Umel — UBbzx
L+
VD1min BOVT1VT 2 max
MouHocTs pe3ucropa R1 coctapiseT BeTuyuHy:

Iy Rl = (UmeaxI/I o UVDI o UBbtx) ’ (1 VDImin T I 53VT1VT2max)
ITo pe3ynbraram pacyeToB BeIOMpaeM HeoOXoauMbIi pesuctop R1 (mpunoxenwne 7).
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[Tpu yBenmu4eHUH BXOMHOTO HAMPSDKEHUS CTA0MIIM3aTOPa M YMEHBIIICHUH TOKA HArPY3KH
TOK 0a3bl pEryaupyOIIeT0 TPAH3UCTOPA YMEHBIIIAETCS, @ TOK Yepe3 CTAOMIMTPOH BO3pacTaeT 10
3HaUYeHHs, A:

U U

] _ Brmax Boix
VDlmax ~—
Rl

— UVDl

Wmenno Takasd BeaW4YHWHA SBIACTCI MUHHMAIILHO I[OHyCTHMOﬁ IJId TOKa Harpys3Ku. B
MPOTHUBHOM CJydyae BBIXOJHOM TOK WHTErpajlbHOro crabmimmzatopa DAI MeHseT cBoe
HaIlrpaBJICHUC (CTaHOBI/ITCSI BTeKaIOH_[I/IM), 4TO HECAOIMYCTHUMO.

MaxkcruMaibHasi MOUTHOCTD, BBIJIEISIIOIIAsICS Ha CTaOUIUTpoHe, BT:

Fopimax = Urpid ypimas
Tox BBIXOJTHOTO (CJIENAIIET0) ASTUTENS JOJDKEH OTBEYaTh TPEOOBAHHUIO

]R4R5 2 ]VDlmax
HCXOI[H N3 3TOI'0 yCJIOBUS, YCTAHABJIMBACM 3HAYCHUC TOKA ACIIUTCIIA.
O6H_[ee COIIPOTUBJICHUEC ACITUTEIIA COCTABIACT BEJINYNHY, OwMm:

U
— BoixHC
R, + R, = —LusdiC.
R4RS
COOTBCTCTBGHHO BCJIMYHNHA COHpOTHBHeHHH R4 paBHa
R _ UBbL)CHC
=

1R4R5
MouHocTts pe3ucropa R4 pasHa, BT:

_ _ 72
Pry = Frs = TrapsR4
BenuunHa conpoTHUBIIEHUs PE3UCTOPaA 3aIUUThI paBHA R3 paBHa:
R3 — UEQVTIVTZ

H max

Mo1mHoCTh Ha 3TOM pe3ucTope, Br:

Py =Ugoprivrad irmax
Jlist moBwIeHust K03 UIMEHTa CTIaXKUBaHUSI MyIbCAllMA MapajuIeIbHO pe3ncTopy RS

ycTaHaBiuBaeMm koHaeHcarop Cl. Pacder koHaeHcaTopa NpOBOJUTCS U3 YCIOBUSA |X C| <<RS5 Ha

OCHOBHOM HI>)KHEN yacTOTe IyJbcaluil, kak npasuio paBHoi 100 I'u. Ecau 3agats |X C| =0,1R5,

TO
B 1
"~ 0,IR5- 24
ITo momydyeHHOMY pe3ynbTaTy BEIOMpaeM KOHJEHCATOp COOTBETCTBYIOIIEH €eMKOCTH U Ha
OIIpEZICIIEHHOE HaNpshKEHUE (TIPUIIOKEHUE 4).
[Ipunoxenue 1

KoHcTpykTHBHBIE pa3Mepbl OPOHEBBIX JIGHTOYHBIX MarHUTONPOBO1OB Tuna LIIJI
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A
T

M;ﬂ;‘?gﬁgrgggna a, M| b, MM | ¢, M | L, MM | H, MM b, MM ky, MM N%laec%?)}]eré
L1145 5 4.2
U714 %6.5 6.5 5
gﬁi§?o 1110 4| 16| M 18 2 08
114X 12,5 12.5 13’
1416 i6 17.5
155 5 7.5
1565 6.5 10
gﬁ%% 5 {125] 5 | 20 |175] 5 2,50 1%
NI5%12,5 12.5 19.6
MIN5%16 16 249
L11716<6,5 6,5 14
171658 8 17
116510 10 21
716X 12,5 6|15 6] 2 | 2 | 55 31 o
116516 16 30,5
HINIEX 20 20 356
111188 8 30
810 10 37
8 12,5 8 12 | 8 [ 312 12 4 A7
1816 16 60
llﬂuJﬁIOXlO i0 59

10%12.5 i2.5 73
T 1o [ 25 | 10 ] 40 | 38 | I¢ 5 -
1110320 20 17
1LHJH2><12,5 | 125 105

712X 16 16 133
e iz | 30 | 12 | 48 | a2 | 8 6 o
112525 25 210
gj_I[IGXIG 16 240

165020 20 300
THHIeEs 16 | 40 | 16 | 64 | 56 i 8 | 30
117116525 25 480
11J1203¢20 20 | 470
T ooeae 2 [ 50 | 20 | 80 | 70 oo 10 A
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Ma?,:ﬂggﬁg'g‘ggm a.mm |h. . Mv}e,mm L. H.mm| b, mm | By, MM I:,Aea%ﬁ,ﬁ,’eg’
IJ120<32 32 755
[UJ120 40 20 50 20 80 70 40 10 940
IJT25X 25 gg l?’li(ﬁ)
1HJI25X32 2 -

HIIJ125 5 40 25 162,5] 25 100 | 87,5 0 12,5 1470
HIJ125X50 80 1830
H1J132)<32 2(93 ;gzg
1HJ132X 40 2
LHJI3250 32 | 80 | 32 {128 | 112 50 16 23060
111J132 64 64 3900
11114040 éO Z’ggg
1714050 0

11714064 40 100 40 160 140 64 20 6150
111J140<80 80 7700

Pacuernble mapameTpbl OpOHEBBIX JIEHTOYHBIX MarHuTONnpoBo1oB Tura [11J1

AxTuBHas c Mnomane ce- | AkTuBnn#i | pracca Cpennss
Tuuopasmep, |170Mals ceve- Hap‘:dﬂé':_:?"f(‘:;‘ YeHHst CTanu X lo6beM Mar-| yarpuro- | AMIHHA
MarauTonpo- | HHA MaruuTo- & X naomank [HHTONPOBO-| ppopoga, BHTKA
Bona nposofa S, C“;‘O"o “’;’3’" OKHa SCT Sous] &2 Voo, r, ue lcp M
cM? cp.cTe cmt cm? 6onee cM
1Ji6 % 6,5 0,34 0,35 1,83 13 3,8
16 8 0,41 4.7 0,43 2,26 16 4,1
Ji6x 10 0,52 ’ 0,54 2,82 20 4,5
U6 x 12,5 0,65 0,68 3,52 24 )
8% 8 0,55 1,02 4,35 30 5,1
/I8 10 0,69 6.8 1,28 5,45 37 5,5
/18 12,5 0.86 ’ 1,6 6,8 47 6
1J18% 16 L,16 2,05 8,7 60 6,7
IJI0 X 10 0,87 2,50 4,7 57 6,5
10X 12,5 1,08 85 3,12 9,56 71 7
10X 16 1,39 , 4 11.8 91 7.7
1110 20 1,74 5 14,8 113 8,5
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AxTnBHan Cpeguas anu-| [Nnowans ce- | Axtupubih Macca
Tunopasmep, |P10WAaAbL ceye-| na MarHuTHON jJueHus cranu X |o6reM mar-| Marimyo- Cpepuss
MaranuTonpo- | HH9 MarHuio- CHJIOBOM X rpowans | vutonpo- | Npowxoga, AnnHa
Boga PpoBoAa Spy tnummm Lo, o lokua S, S, [Bopa V. r, He / BHTKA
cm? M M4 cM3 GoJiee cp.m® M

Ma12x12,5 1,31 5,4 13,36 100 8
HIJT12 % 16 1,68 10 2 6,9 17,1 130 8,7
HJ112 % 20 2,1 v 8,7 21,4 165 9,5
HIT12X 25 2,63 10,8 26,8 205 10,5
[IJ116% 16 2,24 ) 16,6 30,46 235 10,8
HJTI6 % 20 2,8 13 .6 20,5 38,1 295 11,6
HUJTI6% 25 3,5 ’ 25,6 47,6 370 12,6

HJT16% 32 4,5 32,6 61,2 470 14
HIJI20 % 20 3,5 40 59,9 460 13,7
IJ120 % 25 4,4 17 1 50 75,2 575 14,7
1J120 % 32 5,6 ’ 64 95,8 735 16,1
[L1J120 % 40 7,1 80 121,4 920 17,7
1125 % 25 5,d 98 117 900 17,2
[1J125 % 32 7,1 21.3 125 151,2 1150 18,8
JI25% 40 8,8 ’ 156 187 .4 i440 20,2
HIJI25% 50 11 195 234 1800 22,2
117132 32 9,1 261 284,4 | 1900 22,2
[1J132 % 40 1,3 97 3 328 308,5 2370 23,8
11J132 X 50 14,2 ’ 410 388 | 2970 25,8
HI1N32 X 64 18,1 523 494 3800 28,6
[117140 x 40 14,2 640 486 3720 27.9
1117140 x 50 17,7 34.9 800 605 4650 29,9
1117140 x 64 22,7 : 1025 776 5960 32,7
111140 % 80 28,4 1280 971 7430 35.9
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KOHCTPYKTI/IBHBIG PasMCEpPbI 6pOHeBBIX JICHTOYHBIX MAarHUTOIIPOBOJOB THUIIA I1J1

M .
Mafﬁ'&'ﬁfg’,ﬁ&’na a Mv | b, MM |c, Mm | A, MM | H, mm| R, MM | £y, MM r?c:l::
Gonee
Hﬁg,?xw,SxS 21 8 28
"5 12,5510 23 | 10 30
J16.5% 12.5%12.5 601125 8 21 | o955 12,5 6.5 33
1J16,5% 12,5% 16 29 |' 16 37
r&ﬁgxg,sx 12.5 28,5 12.5 47
X12°5% 16 : 32" 1 16 51
T1718% 12 5% 20 8 (125 10 | 26 1 o5 | o5 | 8 57
I8 X 12 5% 25 41 | o5 63
Ir}m;gxm,sxzo w0 | 20 81
TIOX 12 5% 95 45 | o5 89
TIFTI6% 12.5 % 32 [0 | 12,5]112.51325¢4 o | 55 | 10 98
TITI0 X 12 .5 40 60 | 40 114
gng,gxiexzs 50 | o5 163
T2 5% 16532 55 | 32 162
T17119 55 16 % 40 12,50 16 | 16 1 4l | oo | 4o | 12,5, 903
TITT12 5% 16 % 50 75 | 50 230
T1JT12,5% 25 X 32 57 | 32 269
T1J712. 5 25% 40 65 | 40 334
L7112 5% 25 % 50 12,5/ 256 | 20 { 45 } o5 | 59 | 2.5 378
17112 5% 25 X 60 85 | 60 418
T1JT16% 32 % 40 72 | 40 612
T17116 %32 % 50 82 | 50 660
T17116% 32 X 65 6 | 32 | 25 | 57 | g7 | g5 | 16 795
TIJT16 X 32 % 80 112 | 80 900
I17120 5 40 % 50 90 | s0 1230
T1J120 % 40 X 60 100 | 60 1350
115120 40 X 80 20 § 40 | 32V 72 | 199 | g0 | 20 1550
U120 5 40 100 140 | 100 1770
TLJ125 % 50X 65 ! 15 | s 2430
T17125 %50 X 80 13 80 2700
T1J125 % 50 100 25 1 50 | 40 | S0 1450 |[400 | 25 3040
T17125 % 50 % 120 170 | 120 3380
T1J132 % 64 X 80 124 80 gggg
T1/132 % 64 % 100 164 | 1
T1J132 64 % 130 32 | 64 | S0 |14 | g 130 | 32 6480
T1J132 %64 % 160 224 | 160 7950
o T |
T1J140 % 80 % 120
TLIT40 5 80 160 40 | 80 | 64 | 144 5 Lyg0 | 40 | 12500
T1J140% 80% 200 280 200 14300
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PacuetHbie mapameTpbl OPOHEBBIX JIGHTOYHBIX MarHuTonpoBoaos tumna [1J1

AxTupuas ceqlz::::]‘ ﬁ'lrx:nn Cpenusns AKTHBHBIH
Tuoopasmep "c’:,_?,';ﬁ,‘,‘,',’ Maomans | yMmuoxennas melalﬂa o6beM
MarsuETONnpOBOAA MarHTONpoBo- Ha naollagb BuTKa, |MarHHTONPOBO-
n3, S, out okHa S ., CM"'. S %:(::: e lep.v M| K2 Vigr oM

11J16,5%12,5%8 0,64 0,467 3,69 2,69
I1716-,5% 12,5 10 0 73 0,8 0,584 3,98 2,9
I1J16,5%X12,5x 12,5 ’ 1 0,73 4,33 3,16
Il16,5x 12,5 16 1,28 0,934 4,83 3.52
T8 12,5x 12,5 1,25 1,125 6,06 5,45
T1J18x 12.5% 16 09 1,6 1,44 6.68 6,01
IJ18 12,5%20 i 2 1,8 7,38 6,64
T1J18x 12,5 425 2,5 2,25 8,26 7,43
TIITIOX 12,5 20 2.5 2,5 9.6 9.69
NJTI0x12,5%x 25 1.01 3.12 3,15 10,6 11,76
1110 X 12,5X 32 ’ 4 4.04 11.6 12,71
T1JI10x 12,5%x 40 5 5,05 13,6 13,74
T1JT12,5X 16X 25 4 7,2 12 21,6
TUTI2,5x 16 x 32 18 5,12 9,216 13.4 24,12
11/112,5x 16 x40 ’ 6,4 11,52 15 27
IJ112,5X 16X 50 8 14,4 17 30,6
T1J112,5x 25 % 32 6 16,81 13,8 38,78
TIJ112.5% 25 %40 2 81 8 29.48 158 44,39
TIIJT12,8x 2550 ’ 10 28,1 17,8 50,02
[1J112,5 X 25X 60 12 33,72 (9,8 55,64
I17116 x32 x40 10 46,1 18 82,98
T1J116 x 32 x 50 4 64 12,5 57,62 20 92,2
I1J116 X 32 <65 ’ 16,25 74,91 23 106
ﬂﬂ|6x32><80 20 92,2 26 119,86
T1J120 % 40 < 50 16 115,2 22,7 163,44
T1J120 < 40 < 60 72 19,2 138,2 24,7 177,84
17120 40x 80 ’ 25,6 184,32 28,7 206,6
I1J120< 40 % 100 32 230,4 32,7 235,4
17125 x50 x 65 26 292,5 28,8 324
IJ125 < 50 % 80 11.95 32 360 31,8 357,7
[1J125% 50 x 100 1490 40 450 35,8 402,7
IJ125 x 50 % 120 48 540 39,8 447,7
T1J132 <64 x 80 40 737,2 36 663 ,4
I17132:< 64 x 100 18 43 50 921,5 40 737,2
TJ132 X 64x 130 ’ 65 1198 46 847.8
TIJ132x 64 < 160 80 1474 52 958,4
T1J140 % 80 100 64 1843 45,3 | 1304,6
T1J140 % 80 120 28.8 76,8 2212 49 14112
117740 x 80 < 160 ’ 102,4 2949 57,3 1650,2
T1J140 X 80} 200 128 3689 65,3 1880,6
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HGKOTOpBIe QJICKTPUUCCKUC U KOHCTPYKTUBHBIC ITAapaMCTPbl MArHUTOIIPOBOAOB THUIIA 111

Tlpepesbnoe
KoHcTpyk-{ 3HaYeHHe MOIKL- Koadbduunent .
Tunopasmep THBHAS nocty, B-A, 3anoanenusn | CpeAnss
MOCTOSH - TpancGopMaTOpOB} T, YcT c+M2 | Mefadibio OKna] AJMHHE
MarHHTONPOBOAA Has Ha ¥acToTe cepAcYHHKa, BHTKa,
T 10% ¢ Ky Ly oM
50 I'y | 400 I'y
IJ16,5x 12,5% 8 0,6 25| 10,5] 2,28.1011
I1J16,5x 12,5 10 0,7 2,7 12,6 2,86-1011 0.1
11J16,5x 12,5 12,5 08| 3 15,3 3,56-10"11 ’ 5,4
T1J16,5x 12,5 16 0,9 3,25 18,7| 4,46-10™11
118 12,5x 12,5 1,2 3,560 23 | 0,74-10710
118X 12,5 16 1.4 4,4| 28,4]0,95-10"10 0.13
I1J18 % 12,5 20 1,6 48] 33 |[1.21-1020 , 6,1
IJI8% 12,5x 26 1,8 6 39 1,52-10"1¢
1110x 12,520 2,2 7,5 46,5| 2,36-1010
TL110x 12,5%25 2.5 8,8 52 |2,9- 1010 015 .
MJ10x 12,5% 32 3 10 60 3,9-10710 ’
nJIox12,5x40 4,2 12,5 73 4,87-10710
17112 ,5x 1625 4,4 13,5 91 0,95-10-°
IJI12,5x 16 32 5 16 110 1,2.10® 0.18 8.9
1112, 5x 16 x40 5,6 19 130 1,51-10"¢ : ’
I1J112,5x 1650 6,1 22 156 1,87-107
IJ112,5%x25x 32 7,6 28 200 2,94-107®
IJi12,5x 25 40 8,8 35 248 3,9-10"¢ " 0.2 115
[1J112,5x25% 50 9.8 44 300 4,88.107%° ' ’
1UT12,5x25x 60 10,6 | . 55 340 5,54-10™®
I1JI16 %32 40 14,4 70 430 1,19-1078
T1J116 32 x50 16,2 90 510 1,49-1078 0.23 14.6
T116 %32 x 65 18,4 § 115 620 1,94-1078 ' ’
T1J116 32X 80 20 145 730 | 2,39-1078
117120 < 40 50 24,8 1 180 860 4.05-1078
I1J120 % 40x 60 27,4 | 220 980 4,87-1078 0.25 18 4
111204080 31,4 280 1220 6,5-1078 ’ ’
117120 40 x 100 34,4 | 350 1450 8,1.10°8
11712550 < 65 39,5 | 420 1840 1,27-10~7
I1J125 <50 <80 44 500 2150 1,57-1077 0.95 23
17125 50 100 49 620 2600 1,96-1077 ’
[1J125 % 50 < 120 52,8 1 740 2800 2,36-1077
TLVI32< 64 < 80 75,6 | 1000 3500 0,5.10°¢ .
117132 <64 x 100 85 1200 4000 0,62.107¢ 0.3 29 9
I17132 <64 < 130 96 1400 4800 0,81-10-¢ i ’
I17132 < 64 x 160 105 1750 5600 1-107¢
11714080 %100 119 2400 6720 {,55-107¢
117140 80 x 120 133 2800 7750 1,88.10-¢ 0.3 36.8
I17140 <80 x 160 150 3500 9000 2,48.107¢ y ’
T1J140 80 % 200 165 |4200 (10000 | 3,1-107¢
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OcHoBHbIE TapaMeTPbl MEIHBIX 0OMOTOYHBIX MPOBOJIOB

[Tpunoxenue 2

Huametp Ceuenue JnameTp npoBoaa Conpotn | JlomyCTHMBIH TOK IIPH IUIOTHOCTH
poBoJIa poBoJIa C M30JLIIHEH, MM BieHne |
110 MEIIH, no meau, | I[I19B-1 | I[I9B- | IIDJ1 | TIDTB M 2 A/mm2, 2,5 3 A/mMM2,
MM MM2 2 MpoBOJA A A/Mmm2, A
pu A
20°C,
OMm
0.02 0.00031 0.027 - 0.035 - 61.5 0.0006 0,0008 0.0009
0.025 0.00051 0.034 - 0.04 - 37.16 0.001 0,0013 0.0015
0.03 0.00071 0.041 - 0.045 - 24.7 0.0014 0,0018 0.002
0.032 0.0008 0.043 - 0.046 - 18.4 0.0016 0,002 0.0024
0.04 0.0013 0.055 - 0.055 - 13.9 0.0026 0,003 0.004
0.05 0.00196 0.062 0.08 0.07 - 9.169 0.004 0,005 0.0058
0.06 0.00283 0.075 0.09 | 0.085 0.09 6.367 0.0057 0,007 0.0084
0.063 0.0031 0.078 0.09 | 0.085 0.09 4.677 0.0063 0,0077 0.0093
0.07 0.00385 0.084 | 0.092 | 0.092 0.1 4.677 0.0071 0,0096 0.011
0.071 0.00396 0.088 | 0.095 | 0.095 0.1 4.71 0.0078 0,01 0.012
0.08 0.00503 0.095 | 0.105 | 0.105 0.11 6.63 0.01 0.012 0.015
0.09 0.00636 0.105 0.12 | 0.115 0.12 2.86 0.013 0,016 0.018
0.1 0.00785 0.122 0.13 | 0.125 0.13 2.291 0.016 0,02 0.023
0.112 0.0099 0.134 0.14 | 0.125 0.14 1.895 0.021 0,025 0.03
0.12 0.0113 0.144 0.15 | 0.145 0.15 1.591 0.023 0,03 0.034
0.125 0.0122 0.149 | 0.155 | 0.15 0.155 1.4 0.025 0,03 0.036
0.13 0.0133 0.155 0.16 | 0.155 0.16 1.32 0.026 0,033 0.04
0.14 0.0154 0.165 0.17 | 0.165 0.17 1.14 0.03 0,04 0.047
0.15 0.0176 0.176 0.19 | 0.18 0.19 0.99 0.035 0,044 0.053
0.16 0.0201 0.187 0.2 0.19 0.2 0.873 0.04 0,05 0.06
0.17 0.0227 0.197 0.21 0.2 0.21 0.773 0.045 0,056 0.066
0.18 0.0254 0.21 0.22 | 0.21 0.22 0.688 0.051 0,063 0.075
0.19 0.0283 0.22 0.23 0.22 0.23 0.618 0.057 0,07 0.084
0.2 0.0314 0.23 0.24 | 0.23 0.24 0.558 0.063 0,078 0.093
0.21 0.0346 0.24 0.25 0.25 0.25 0.507 0.07 0,086 0.1
0.224 0.0394 0.256 0.27 | 0.26 0.27 0.445 0.08 0,099 0.11
0.236 0.0437 0.26 0.285 | 0.27 0.28 0.402 0.088 0,11 0.13
0.25 0.049 0.284 0.3 0.275 0.3 0.357 0.098 0,122 0.147
0.265 0.0552 0.305 | 0.315 | 0.305 0.31 0.318 0.111 0,14 0.165
0.28 0.0615 0.315 0.33 | 0.315 0.33 0.285 0.124 0,153 0.183
0.3 0.0708 0.34 0.35 0.34 0.34 0.248 0.143 0,177 0.21
0.315 0.078 0.35 0.365 | 0.352 0.36 0.225 0.16 0,195 0.23
0.335 0.0885 0.375 | 0.385 | 0.375 0.38 0.198 0.177 0,22 0.26
0.355 0.099 0.395 | 0.414 | 0.395 0.41 0.177 0.2 0,25 0.29
0.38 0.113 0.42 044 | 042 0.44 0.155 0.226 0,282 0.34
0.4 0.126 0.44 0.46 | 0.442 0.46 0.14 0.251 0,315 0.37
0.425 0.142 0.465 | 0485 | 0.47 0.47 0.124 0.283 0,355 0.42
0.45 0.16 0.49 0.51 | 0.495 0.5 0.11 0.32 0,4 0.48
0.475 0.177 0.525 | 0.545 | 0.495 0.53 0.099 0.35 0,43 0.53
0.5 0.196 0.55 0.57 | 0.55 0.55 0.09 0.39 0,49 0.58
0.53 0.22 0.58 0.6 | 0.578 0.6 0.0795 0.44 0.55 0.66
0.56 0.247 0.61 0.63 0.61 0.62 0.071 0.5 0.6 0.74
0.6 0.283 0.65 0.67 | 0.65 0.66 0.062 0.56 0.7 0.84
0.63 0.313 0.68 0.7 0.68 0.69 0.056 0.626 0,78 0.93
0.67 0.352 0.72 0.75 0.72 0.75 0.05 0.7 0,88 1.0
0.71 0.398 0.76 0.79 | 0.77 0.78 0.044 0.8 1.0 1.2
0.75 0.441 0.81 0.84 | 0.81 0.83 0.039 0.884 1.1 1.32
0.8 0.503 0.86 0.89 | 0.86 0.89 0.035 1.0 1.25 1.5
0.85 0.567 0.91 0.94 | 091 0.94 0.031 1.13 1.4 1.7
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0.9 0.636 0.96 0.99 | 0.96 0.99 0.0275 1.27 1.6 1.9

0.93 0.679 0.99 1.02 | 0.99 1.02 0.0253 1.33 1.7 2.0

0.95 0.712 1.01 1.04 1.02 1.04 0.0248 1.42 1.78 2.13
1.0 0.785 1.07 1.1 1.07 1.11 0.0224 1.57 1.96 2.35
1.06 0.884 1.13 1.16 1.14 1.16 0.0199 1.765 2.2 2.64
1.08 0.916 1.16 1.19 1.16 1.19 0.0188 1.83 23 2.73
1.12 0.985 1.19 1.22 1.2 1.23 0.0178 1.97 2.46 2.94
1.18 1.092 1.26 1.28 1.26 1.26 0.0161 2.185 2.73 3.27
1.25 1.227 1.33 1.35 1.33 1.36 0.0143 2.45 3.05 3.68
1.32 1.362 1.4 1.42 1.4 1.42 0.013 2.72 34 4.0

14 1.539 1.48 1.51 1.48 1.51 0.0113 3.078 3.84 4.6

1.45 1.651 1.53 1.56 1.53 1.56 0.0106 3.306 4.127 4.95
1.5 1.767 1.58 1.61 1.58 1.61 0.0093 3.5 4.4 53

1.56 1.911 1.63 1.67 1.64 1.67 0.00917 3.876 4.77 5.73
1.6 2.01 1.68 1.71 1.68 1.71 0.0086 4.02 5.025 6.03
1.7 2.269 1.78 1.81 1.78 1.81 0.0078 4.54 5.67 6.78
1.74 2.378 1.82 1.85 1.82 1.85 0.00737 4.75 5.945 7.13
1.8 2.544 1.89 1.92 1.89 1.92 0.00692 5.0 6.36 7.63
1.9 2.81 1.99 2.02 1.99 2.02 0.00612 5.6 7.025 8.43
2.0 3.141 2.1 2.12 2.1 2.12 0.00556 6.3 7.85 9.42
2.12 3.529 2.21 224 | 222 2.24 0.00495 7.0 8.82 10.56
2.24 4.011 2.34 246 | 2.34 2.46 0.00445 8.02 10.02 12.03
2.36 4.374 2.46 248 | 2.36 248 0.00477 8.75 10.93 13.11
2.5 4.921 2.6 2.63 2.6 2.62 0.00399 9.85 12.3 14.7
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[TapameTpsl TOIYIIPOBOIHUKOBBIX JUOI0B

[Ipunoxenue 3

Tun U06p max» B Inp max> MA £ r U%P’ B IO6P’6 MKA
* * max, K1 1T He Ooiee He Oouiee
npudopa U06p wmax> B [np wmax> MA A (npn Inp, vA) (npn U06pa B)
J1101 75 30 - 2(2) 10 (75)
JUI0IA 75 30 - 1(1) 10 (75)
J1102 50 30 - 2(2) 10 (50)
JTII02A 50 30 - 1(1) 10 (50)
KJI102A 250 50 1 1 (100) 0,1 (250)
KJ11025 300 50 20 1 (100) 1 (300)
J1103 30 30 - 2(2) 30 (30)
JTI103A 30 30 - 1(1) 30 (30)
KJI103A 50 50 20 1 (100) 0,5 (50)
KJ11035 50 50 20 1,2 (100) 0,5 (50)
KJ1105B 400" 300 1 1 (300) 100 (400)
KJ1105B 600" 300 1 1 (300) 100 (600)
KJ1105T 800" 300 1 1 (300) 100 (800)
KJ{106A 100" 300;3 A 1 1 (300) 10 (100)
J1202 100 400 20 1 (400) 500 (100)
KJI202A 50" 5A 12 0,9 (5A) 800 (50)
KJI202B 100" 5A 12 0,9 (5A) 800 (100)
KJI202]1 2007 5A 1,2 0,9 (5A) 800 (200)
KJI202K 300" 5A 12 0,9 (5A) 800 (300)
KJI202K 400" 5A 1,2 0,9 (5A) 800 (400)
J1203 200 400 20 1 (400) 500 (200)
KJI203A 420 10 A 1 1(10 A) 1500 (600)
KJ1203B 560 10 A 1 1(10 A) 1500 (800)
KJ1203T 1000 10 A 1 1(10 A) 1500 (1000)
KJI208A 100 1,5A 1 1 (1000) 100 (100)
KJI209A 400 700 1 1 (700) 100 (400)
KJ/12095 600 500 1 1 (500) 100 (600)
KJI209B 800 500 1 1 (500) 100 (800)
KI213A 200 10 A 100 1(10 A) 200 (200)
KJ/1213B 200 10 A 100 1,2 (10 A) 200 (200)
KJI213T 100 10 A 100 1,2 (10 A) 200 (100)
KI221A 100 0,7 A 1 1,4 (0,7 A) 50 (100)
KJI221B 200 0,5A 1 1,4 (0,5 A) 50 (200)
KJ[221B 400 0,3 A 1 1,4 (0,3 A) 100 (400)
J1223 50 50 - 1 (50) 1 (50)
JI223A 100 50 - 1 (50) 1 (100)
J12235 150 50 - 1 (50) 1 (150)
KJI223A 200 2A;50 A 1,5 1,3 (6 A) 10 (200)
KJI226A 100 1,7A 50 1,4 (1,7 A) 50 (100)
KJI2265 200 1,7A 50 1,4 (1,7 A) 50 (200)
KJI226B 400 1,7A 50 1,4 (1,7 A) 50 (400)
KJI226T 600 1,7A 50 1,4 (1,7 A) 50 (600)
J1242 100 10 A 1,1 1,25 (10 A) 3000 (100)
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Tun U06p maxs B Ir[p maxs MA £ r UH6P’ B Ioﬁp% MKA
* * max> KL 1T He 0oJice He 0oJiee
npubdopa U06p n max> B Inp i max, MA A (ptt Ly, MA) (nput Uogp, B)
JI242A 100 10 A , 1(10 A) 3000 (100)
J1242B 100 5A 1,1 1,5(5 A) 3000 (100)
KJI243A 50 1A;6 A 1 1,1 (1A) 10 (50)
KJ1243B 100 1A;6 A 1 1,1 (1A) 10 (100)
KJI243B 200 1A;6 A 1 1,1 (1A) 10 (200)
KJ1243T 400 1A;6 A 1 1,1 (1A) 10 (400)
KJI247A 100 1A;30 A 150 1,3(1A) 5 (100)
KJ12476 200 1A;30 A 150 1,3(1A) 5 (200)
KJI247B 400 1A;30 A 150 1,3(1A) 5 (400)
KJI257A 200 3A;15 A - 1,5(5 A) 2 (200)
KJ12576 400 3A;15 A - 1,5(5 A) 2 (400)
KJI257B 600 3A;15 A - 1,5(5 A) 2 (600)
KJI268A 25 3A;300 A - 0,65 (3 A) 1 MA
K/12685 50 3A;250 A - 0,75 (3 A) 1 MA
KJI268B 75 3A;200 A - 0,85 (3 A) 1 MA
KJ1268T 100 3A;150 A - 0,85 (3 A) 1 MA
KJ1268]1 150 3A - 0,9 (3 A) 2 MA
KJI268E 200 3A - 0,9 (3 A) 2 MA
KJI269A 25 5A;450° A - 0,65 (5 A) 1 MA
KJ12695 50 5A;300 A - 0,75 (5 A) 1 MA
KJI269B 75 5A;240 A - 0,85 (5 A) 1 MA
KJ1269T 100 5A;210 A - 0,85 (5 A) 1 MA
KJI1269]1 150 5A - 0,9 (5 A) 1 MA
KJI269E 200 5A - 0,9 (5 A) 2 MA
KJI269K 250 5A - 0,95 (5 A) 2 MA
KJI270A 25 7.5 A; 850" A - 0,65 (7,5 A) 1 MA
KJ12706 50 7,5 A;700° A - 0,75 (7,5 A) 1 MA
KJI270B 75 7.5 A; 600" A - 0,85 (7,5 A) 1 MA
KJI270T 100 7.5 A; 525 A - 0,85 (7,5 A) 1 MA
KJ1270]1 150 75 A - 0,9 (7,5 A) 1 MA
KJI424A 250 350 (2" A) 10 Mg 1,1 (300) 0,1 (250)
KJ14245 200 350 (27 A) 10 MT'g 1,1 (300) 0,1 (200)
KJ1424B 150 350 (2" A) 10 Mg 1,1 (300) 0,1 (150)
KJI504A 40 240 - 1,2 (100) 2 (40)
KJI509A 50 100 - 1,1 (0,1 A) 5 (50)
KJI510A 50 200 - 1,1 (0,2 A) 5 (50)
KJI249A 40 3A;10 A - 0,475 (3 A) 3000
KJ12495 30 3A;10 A - 0,475 (3 A) 3000
KJI249B 20 3A;10° A - 0,475 (3 A) 3000
KJI259A 90 3A;10 A - 0,8 (3 A) 3000
KJ12595 80 3A;10° A - 0,75 (3 A) 3000
KJI281A 50 1A;30 A 1 1,1 (1A) 50 (50)
KJ12815 100 1A;30 A 1 1,1 (1A) 50 (100)
KJI281B 200 1A;30 A 1 1,1 (1A) 50 (200)
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[Ipunoxenue 4

[TapameTpsl 2IEKTPOIUTUIECKIX KOHIEHCATOPOB
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K50-6, k50-78
{C odnoHanpabnenssMu
npobonoyrsimy Be1609amu)

H /6

il —=

J

+ \

K50-6, K50-16

Homt- Homi- PaaMepbr, MM
HaJlLhHOE HanbHad Macﬁca, T,
Hanopaxe- | eMxocth, ne Gosee
uue, B MKD D H A d
Kb0-6
50 ) 13 2,5 1,4
100 10,5 15 5 0.5 2,5
6.3 200 14 16 ’ 5,5
0,8
500 18 18 7,5 8,6
10 6 13 2,5 0,8
10 20 7,5 0,5 | 1.4
50 i0,5 15 [ 2,5
100 12 16 5 0,5 4
200 16 18 6,5
500 25 7,5 0,8 "
1000 18 40 25
1 4 2 0.6
5
10 6 13 0.8
2,5
0' 5 S ———————r—
20 7 w
30 '3 1,4
16 50 10,5 5 o 3.5
100 12 18 4,5
200 16 6.5
' 0,8 A —
500 18 25 7,5 12
1000 21 45 35
1 4 2 0,6
" 13 ——
25 10 7.5 2,5 0,5 1.4
20 10,5 15 5,0 2,5
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PasmMe pbl, MM

Homu- HomH-
HAaJbHOE HaAbHAH Mac!;:a. r,
HaATIpAXe- eMKQCTh, He DoOJee
HHe, B MKD b H A d
50 14 5.0 6
25 100 16 18 0,8 6.5
200 I$ 7.6 8,5
500 45 25
5 6 0.8
13 2,5
5 7,5 0,5 1.4
10 10,5 15 5 2,5
50 20 12 16 4
50 18 8,5
100 18 25 7.5 0,8 12
200 45 25
1 6 13 0,8
2 2,5 0,5 1,2
100 5 7,5 18 2
10 12 4.5
20 14 5 0,8 5.5
1 6 1.2
2,5 '
2 7.5 0.5 2
160 5 12 i8 5 4,5
10 14 5 - 6
20 i8 7.5 0.8 8.5
K50-16
20 4 2 0,6
30 13
50 6 2.5 0.3
6,3 100 7.5 15 0,5 17
200 10,5 13 2.3
500 12 16 5 4
k]
10 Ny 2 0,6
13
20 0,8
30 6 2,5
50 8 0,5 1.2
100 13 2,3
10 10,5
200 15 5 2,5
500 19 sl8 4.5
2000 18 26 7.5 0.8 2
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PasMepr, MM

Homu- Homu-
HanbHOe HaJibHaA Macca, 1
HaapaAxXe- | eMKOCTh, 6onee
nue, B mMx<d b H A d e
5 4 2 0,6
;g 6 13 0.8
- 2,5 0.5
30 7.5 1.4
16 50 15 1.7
100 10,5 13 23
200 12 16 5 4
500 14 18 6
1000 16 26 0,8 8
2000 18 45 7.5 25
2 4 2 0,6
5 6 13 0.8
10
- 0,5 B T
20 7.5 1.4
25 30 * 1“5 2.5 1!7
50 10,5 13 2,3
100 12 16 4
200 16 18 6,5
500 26 12
1000 18 A5 7.5 0.8 25
2 4 2 0.8
5 6 13 0 8.5 0.8
10 7.5 » 5 ' 1.4
20 10,5 2.3
50 50 12 18 5 4,5
100 16 8
200 18 26 75 0,8 12
500 21 45 ' 35
0,5 4 2 0.6
1 13 a 0,5
0 2,5 . 0.8
5 7.5 1,7
100 10 10,5 15 2,5
20 12 e 4,5
30 14 18 5 0,8 6
50 16 26 7,6 8
1 6 18 2,5 1,2
. 0,5
2 7.5 - 1.7
5 10,5 15 . %5
160 10 14 0 5
20 18 18 7,5 ’ 8.5
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K50-6, K50-1F
(L pdxoHanpadaesusimil

Aenecmrobumu Bnbodamu)

% - -
) 2
ey
K50-6, K50-16
PaaMepnl, MM
Homunansroe | HoMunanvuan Macca, T,
HanpaxeHue, eMKXOCTh,
B MR D H A He Gonee
K50-6
2000 24 10 40
10 4000 30 45 13 60
2000 26 10 55
16 4000 30 €0 13 70
1000 45 60
2000 | 30 60 70
25 13
4000 34 78 120
500 30 45 60
1000 60 70
50 13
2000 34 78 120
K50-16
16 5000 24 45 13 40
2000 24 45 40
25 5000 30 60 13 70
10 000 34 87 150
5 1000 26 55
0 2000 30 60 70
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[Ipunoxenue 5

HapaMeTpLI MOJIYIIPOBOAHHUKOBBIX CTaGI/IJ'II/ITpOHOB

]Ipene.m,m,le JHAYeHHA 3uavenus nmapamMeTpoB
napamerpoB npa T=25"C npu I= —25°C Tyiax
Tuan (T.)
npuoopa | Uemnow. | #pU | Pua | U acm2

Lon.nose mun | max 10° |\ mun |max | °c

B mA mBt | B | B %/C rr
2c130M1 | 30 | 30 | 50 |28 [32 |130| 7.5 1025 (16,7 | 125
KC133A [ 33 | 100 | 300 29736365 | -11 |30 |8 | 125
KCI133r | 33 | 50 | 125 | 3 [36 (150 -10 |10 [37,5| 125
2C133A [ 33 | 100 | 300 29736365 | -11 |30 |81 | 125
2C1336 [ 33 | 100 | 100 | 3 |37 65| -10 |30 |30 | 125
2C133B | 33 | 50 | 125 |31 [35[150] -10 | 1,0 375 125
2C1330 [ 33 | 50 | 125 | 3 |36 |150| -10 |10 [375]| 125
2c133ml [ 33 | 30 | S0 |31 35 180| -75 |025 (152 125
2C136JIL | 36 | 30 | 50 |34 [38 [180] -7.0 |025 (13,9 | 125
KCI139A [ 39 | 100 | 300 350142960 | -10 |30 |70 | 125
KC13or | 39 | 50 | 125 |35 [43[150] | 1,0 | 32 | 125
2CI139A | 39 | 100 | 300 |3,51429(60 | -10 |30 |70 | 125
2C1396 [ 39 | 100 | 100 |35 4360 | -10 |30 |26 | 125
2C13911 | 39 | 30 | S0 |37 |41 [180| 65 025|128 125
2C14301 | 43 | 30 | S0 | 4 |46 [180| 60 025|116 125
KC147A | 47 | 100 | 300 [423517|56 |9..10 | 3,0 | 58 | 125
KCl47T | 47 | 50 | 125 |42 |52 [150] -70 | 1,0 265 125
2C147A | 47 | 100 | 300 423517 |56 |9..10 | 3,0 | 58 | 125
2C1475 | 47 | 100 | 100 |41 |52 |56 |-8.42 |30 |21 | 125
2C147B | 47 | 50 | 125 |45 |49 150 -70 | 1,0 265 125
12C1470 | 47 | 50 | 125 |42 |52 [150 -70 | 1.0 265 125
12C147v1 | 47 | 30 | 50 |42 |52 (220 -80 |10 106 125
[12C147T1 | 47 | 30 | 50 |44 |49 (220 -80 | 1,0 106 125
2C147T9 | 47 | 30 | 200 |44 |49 (220 80 |10 | 38 | 125
2C151T1 | 51 | 30 | 50 |48 |54 [180) 6.3 | 1,0 | 10 | 125
IKCIS6A | 56 | 100 | 300 504 616 |46 | +50 | 3,0 | 55 | 125
KC1ser | 56 | S50 | 125 | 5 |62 (100 70 |10 224|125
2C156A | 56 | 100 | 300 [504 (616 |46 | £50 | 3,0 | 55 | 125
2C1566 | 56 | 100 | 100 | 5 |64 [45 | 4.7 |30 | 18 | 125
2C156B | 56 | 50 | 125 [53 |59 (100 50 |10 [224]| 125
C1ser | 56 | 50 | 125 | 5 |62 (100 70 | 1.0 (224 125
2C156v1 | 56 | 30 | 50 | 5 [62 (160 4.6 |10 | 9 | 125
2C156T1 | 56 | 30 | 50 |53 59 |160 4.6 |10 9 | 125
2C156T9 | 56 | 30 | 200 |53 |59 (160 4.6 | 1,0 | 34 | 125
2C1560 | 56 | S0 | 125 |53 (59 (30| 40 |10 | 20 | 125
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IIpenennHble 3HAYEHUSA
napamerpos npu T=25 C

3HavueHHs] TApPAMEeTPOB
npu 7=25 C

TRMGX

Ilp?(;:pa Ucm.non. I"P" Piage. | Uem. Fem. ar,,, (T.)
CIHL.HOM. MUH | MdX MUH | MdX
B mA mBt | B ITOm %/’C Iil—

KC162A | 62 | 100 | 300 |58 |66 |35 | -60 |30 |50 | 100
Kci62B | 62 | 100 | 150 |58 |66 | - | -60 |30 |22 | 100
pcie2a | 62 | 100 | 150 [5.66 (676 |35 | -60 |30 |22 | 125
pcie2bl | 62 | 30 | 21 |58 (65115 60 |10 |34 | 85
pCcl62Bl | 62 | 30 [ 21 |558(682[25 | 60 |10 |34 | 85
[KC168A | 68 | 100 | 300 |62 (748 7 | <60 |30 | 45 | 125
KC168B | 68 | 100 | 150 |63 |73 |28 | £50 | 3,0 | 20 | 100
2C168A | 68 | 10,0 | 300 |6,12[748 |28 | +6,0 |30 | 45 | 125
2C1686 | 68 | 100 [ 100 | 6 [75|15| 70 |30 |15 | 125
2C168B | 68 | 10,0 | 150 |624 (73828 | £50 |30 | 20 | 125
2C168K1 | 68 | 05 [ 20 |646(7.14(200| 50 |01 [294]| 125
[2C168K9 | 68 | 05 | 200 |[646 714|200 50 |01 |27 | 125
c16sx | 68 | 05 [ 20 |65 (|71 (200[ 50 |05 | 3 | 125
[KC170A | 70 | 100 | 150 [643 (75920 | £1,0 |30 | 20 | 100
2c170A | 70 | 100 | 150 [643 759 |18 | £1.,0 | 3.0 | 20 | 125
KC175A | 75 | 50 | 150 |6.82 (821 |16 | +4,0 |30 | I8 | 100
KC17sK | 75 | 05 | 125 |71 |79 |40 | 70 |05 |17 | 125
Kci7sim | 75 | 05 | 125 |71 [79 |200 65 |01 |17 [ 125
pci7sa | 75 | 50 | 150 682|821 |16 | x40 |30 | 18 | 125
pci7sk | 75 | 40 | 150 |71 (79 20| 70 |05 20 [ 125
pCl7sKl | 75 | 05 | 20 |7.13|7.88|200| 65 | 0,1 (2,66 125
pci7sx | 75 | 05 | 20 |71 (79 200 65 |01 [265] 125
pci7s | 75 | 05 | 125 |71 |79 (200| 65 |01 |17 | 125
pci7sir | 75 | 01 | 20 |70 |79 (80| 60 |005265| 85
cisoA | 80 | 50 | 125 | 7 |85|8& | 70 |30 |15 | 125
[KC182A | 82 | 50 | 150 |76 |88 |14 | - |30 |17 | 100
KC182K | 82 || 40 | 125 |74 | 9 [40 | 80 |05 |15 | 125
Kcis2ll | 82 | 05 | 125 |78 |86 (200 70 |01 |15 | 125
KCig1ql | 82 | 01 [ 20 |78 [86 820 65 [005|25 [ 85
PCi2A | 82 | 50 | 150 [749 (895 |14 | 40 |30 | 17 | 125
2C182K | 82 | 40 | 150 |78 |87 |40 | 80 |05 |18 | 125
C182K1 | 82 | 05 | 20 [7,79|861(220| 7.5 |01 |244] 125
pcis2x | 82 | 05 | 20 |78 |86 (200 75 |05 |25 125
pcis2it | 82 | 05 | 125 |78 |86 (200 70 |01 |15 | 125
pPcrooa | 90 | 50 | 125 | 8 |95 |12 | 80 |30 |13 | 125
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[Tpunoxenue 6

[TapameTpsl OUIIONIAPHBIX TPAH3UCTOPOB

Hammen | tum | Uggo(n) | Ugso(n), | Iymax(u), MA | Pymax(T) h1s oo, MKA | fp,
OBaHHE ,B B , BT MI'1g
KT501A | p-n-p 15 15 300(500) 0.35 20-60 51 25
KT501b 15 15 300(500) 0.35 40-120 51 25
KT501B 15 15 300(500) 0.35 80-240 51 E5
KT501T 30 30 300(500) 0.35 20-60 = 25
KT501 /0 30 30 300(500) 0.35 40-120 51 25
KT501E 30 30 300(500) 0.35 80-240 51 25
KT501K 45 45 300(500) 0.35 20-60 51 25
KT5011 45 45 300(500) 0.35 40-120 = 25
KT501K 45 45 300(500) 0.35 80-240 51 25
KT501J1 60 60 300(500) 0.35 20-60 51 25
KT501M 60 60 300(500) 0.35 40-120 = 25
KT502A | p-n-p 40 25 150(350) 0.35 40-120 = 2350
KT502b 40 25 150(350) 0.35 80-240 51 2350
KT502B 60 40 150(350) 0.35 40-120 51 2350
KT502T 60 40 150(350) 0.35 80-240 £ :—*350
KT502/1 80 60 150(350) 0.35 40-120 = 2350
KT502E 90 80 150(350) 0.35 40-120 51 2350
KT503A | n-p-n 40 25 150(350) 0.35 40-120 51 2350
KT503b 40 25 150(350) 0.35 80-240 = 3350
KT503B 60 40 150(350) 0.35 40-120 = 2350
KT503T 60 40 150(350) 0.35 80-240 51 2350
KT503/1 80 60 150(350) 0.35 40-120 51 2350
KT503E 100 80 150(350) 0.35 40-120 = 3350
KT504A | n-p-n 400 350 1000(2000) 1(10) 15-100 =100 230
KT504b 250 200 1000(2000) 1(10) 15-100 5100 230
KT504B 300 275 1000(2000) 1(10) 15-100 5100 250
KT505A | p-n-p 300 300 1000(2000) 1(10) 25-140 5100 320
KT505b 250 250 1000(2000) 1(10) 25-140 =100 230
KT506A | n-p-n 800 800 2000(5000) 0.8(10) | 30-150 51000 210
KT506b 600 600 2000(5000) 0.8(10) | 30-150 51000 210
KT801A | n-p-n 80 80 2000 ®)] 15-50 E1()()()() 21()
KT801b 60 60 2000 ®)] 30-150 E1()()()() E1()
KT802A 150 130 5000 (50) 31 5 E6()()()() E1 0
KT803A 60 (80) 10000 (60) 10-70 55000 320
KT807A 100 100 500 (1500) (10) 15-45 E5000 35
KT807b 100 100 500 (1500) (10) 30-100 55000 25
KT809A 400 400 3000 (5000) (40) 15-100 53000 35_1




KT812A 700 700 | 8000 (12000) |  (50) 2, 25000 | =3
KT812b 500 500 | 8000 (12000) (50) 24 £5000 =3
KT812B 300 300 | 8000 (12000) |  (50) 210 £5000 | =3
KT814A | p-np | 40 25 1500 (3000) 1(10) | 40-275 <50 23
KT814b 50 40 1500 (3000) 1(10) | 40-275 <50 2

KT814B 70 60 1500 (3000) 1(10) | 40-275 <50 =
KT814T 100 80 1500 (3000) 1(10) | 30-275 %50 23
KT815A | np-n| 40 30 1500 (3000) 1(10) | 40-275 =50 23
KT815b 50 45 1500 (3000) 1(10) | 40-275 <50 =
KT815B 70 65 1500 (3000) 1(10) | 40-275 £50 24
KT815T 100 85 1500 (3000) 1(10) | 30-275 <50 23
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IIpunoxenue 7

ToHKoNIeHOUYHBIE Pe3UCTOPBI IJIsl IKCILTYaTALMHU NPH NMOBBIIIEHHOH TeMIlepaType cpeabl

C2-33 - pe3ucTopsl  NOCTOSHHBIE  HENPOBOJOYHBIE  OOLIEr0  MPUMEHEHUs
BCEKJIMMATHYECKOTO HEM30JMPOBAHHOTO BapHaHTa MCIOJIHEHUs, peTHa3HAYeHBI A1 pabOTHI B
AIIEKTPUYECKUX LIETISIX MOCTOSHHOTO, IEPEMEHHOT0 TOKOB M B UMITYJIbCHOM PEKUME.

I'aGaputHbIe pasMepsbl

Bun pesucropa ["aGapuTHBIE pa3Mephl U JOIMYCTHMbIE Macca, 1, HE
OTKJIOHEHHSI, MM Oonee

L, e 1 D, ne Oonee d

Oonee
C2-33-0,125 6,0 20+3 2,2 0,6 £0,1 0,15
C2-33-0,25 7,0 3,0 0,25
C2-33-0,5 10,2 25+3 4,2 0,8 +0,1 1,0
C2-33-1,0 13,0 6,7 2,0
(C2-33-2,0 18,5 8,8 3,5

OcHoOBHbIE TeXHUYECKHE XaPAKTePHCTHUKH

Temnepatypusiii kodhdunuent conporusneHus (TKC) pe3ncTopoB H0KeH COOTBETCTBOBATH
3HAYEHUSIM, YCTAaHOBJICHHBIM B HUXKeceAyrolel Tadauie.

Jlommyckaembie TKCx10° 1/ °C, e Gonee, B quamnasone I'pynma o TKC
OTKJIOHEHHUS TEMIIEPATYP
conpoTuBieHus, % 20 mo 200°C oT MuHyc 60 10
20°C
+1; £2 + 100 + 300 B
+1; £2 + 250 + 500 r
+5; £10 + 500 + 500 Jil|
+5; £10 + 1000 + 1500 X
+ 1000
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HomuHan conmpoTHBIEHUS pe3UCTOPOB B KypcoBoil paboTe BbiOupaercs u3 psaa E-24

Bun pesucropa HomunaneHas [Ipenenst [IpenensHOE pabouee
MOIIIHOCTb HOMHHAJIbHBIX HanpsbkeHue, B
paccesHus, Bt COIPOTUBIICHUNI

C2-33-0,125 0,125 1 Om - 3,01 MOm 200

C2-33-0,25 0,25 1 Om- 5,11 MOM 250

C2-33-0,5 0,5 0,1 Om - 5,11 MOm 350

C2-33 -1 1 1 Om - 22,0 MOm 500

C2-33-2 2 1 Om - 22,0 MOm 750
XapakTepuCcTHKHA En. 3HavyeHue

H3M.

["apanTupoBaHHas CTAOMIBHOCTH B TEUECHUE % +5;+10

MUHUMaTIbHOK HapaboTku 20000 4. mpu

HOMUHAJILHOM Harpy3ke (He 6oiee):

YpoBeHb IyMOB MkB/B 1,5,10

Jlonyckaemoe OTKJIOHEHHE OT HOMHUHAIBHOTO % +1,0; £2,0; +5,0; =10

CONPOTHUBIICHUS

IIpoMexyTouHbIE 3HAUEHHUS 10 pAay % +1,0; £2,0

HOMMHAJIBHBIX COMPOTUBICHUMN IS E96

JIOTYCKaeMBbIX OTKJIOHEHHI: o psny +5,0; £10

E24
Jlnana3zoH pabouux Temmeparyp °C ot Munyc 60 1o + 200
CpoK COXpaHsSIEMOCTH JIeT 25
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[Tpunoxenue 8

[TapameTps! nHTErpanbHBIX cTabunuzatropoB KP142EH

VcnoBHoe Amnajor ITapameTpsbl
0603HaquHe UBLIX. UBLIX. UBLIX4 IBLIX. UBX4 I<HCCT4 I<HCCT’
HOM* MMH. Makxc* Makc- Makxc* Hanp’ TOKa
B B B A B MakKc. MakKc.
%/B %/ A
KP142EH5A 5.0 4.9 5.1 1.5 15 0.05 1.33
KP142EHS5b 6.0 5.88 6.12 1.5 15 0.05 1.33
KP142EH5B 7805 5.0 4.82 5.18 2.0 15 0.05 1.33
KP142EHS5T 7806 6.0 5.79 6.21 2.0 15 0.05 1.33
KP142EH8A 9.0 8.73 9.27 1.5 35 0.05 1.0
KP142EH8b 12.0 11.64 12.36 1.5 35 0.05 1.0
KP142EH8B 15.0 14.55 15.45 1.5 35 0.05 1.0
KP142EH&T 7809 9.0 8.64 9.36 1.0 30 0.1 1.5
KP142EH8]], 7812 12.0 11.52 12.48 1.0 30 0.1 1.5
KP142EHS8E 7815 15.0 14.4 15.6 1.0 30 0.1 1.5
KP142EH9A 20.0 19.6 20.4 1.5 40 0.05 0.67
KP142EH9b 24.0 23.52 24.48 1.5 40 0.05 0.67
KP142EH9B 27.0 26.46 27.54 1.5 40 0.05 0.67
KP142EHOT 7820 20.0 19.4 20.6 1.0 35 0.1 1.5
KP142EH9]], 7824 24.0 23.28 24.72 1.0 35 0.1 1.5
KP142EH9E 7827 27.0 26.19 27.81 1.0 35 0.1 1.5

2.3 CTpyKTypa KypcoBoii padoTsl (IpoeKTa):

- TUTYJIbHBIN JIUCT;

- COJIepKaHUE;

- BBEJICHUE;

- OCHOBHAsI YacCTb;

- 3aKJII0YECHHUE;

- CIIMCOK MCIOJIb30BAaHHON JIUTEPATYPHI;

- IPUIIOKEHHUS.

2.4 TpeOoBanus K 0OpMIICHHIO KypPCOBO#i padoThl (IIPOEKTA).

Crtpanunbl TekcTa paboThl JOJDKHBI coOoTBeTCTBOBATh opmary A4 I'OCT 9327. Tekct
JOJIKEH OBITh BBIMIOJIHEH C MCIOJB30BaHUEM KOMITBIOTEpA U MPUHTEPA HA OJHON CTOPOHE JHCTA
Oenoit Oymarw depes MONYTOpHBIA WHTEepBal. LIBeT mpudTa M0DKeH OBITH YEepPHBIM, BHICOTA
OykB, IUp U APYrHUX 3HAKOB JOJDKHA COCTaBIATH 14 myHKTOB (kernib 14), (opmatupoBaHue
TEKCTa MO IIUPUHE, 3aroJIOBKOB — MO LEeHTpY. llpu ucmoiab30BaHMM TEKCTOBOTO pPENAKTOpa
Microsoft Word pexomeHayeTcst UCIIONb30BaTh CTAaHAAPTHYIO TapHUTYpY mpudra Times New
Roman. Tekct ciaexyer neyataTh, cOOII01as CISAYIONINE Pa3MephI MOJEH: JeBOE — 3 CM, MpaBoe
— 1,5 cM, BepxHee — 2 cM, HUKHee — 2 cM. AG3anHbIi oTcTym — 1,25 cM. YciaoBHbBIE rpadudeckue
0003HaYEHHS B JICKTPUUECKUX CXeMax JOJDKHBI OTBeuaTh JercTByromuM TpedoBanusm ECKJI.
B koHme paboThl yKa3bIBalOTCA HCIOJIB30BAaHHBbIE YYE€OHMKM U y4deOHBIe TOCOOMS,
MCIIOJIb30BAaHHBIE ISl BHITIOJIHEHUSI KYPCOBOI pabOTHI.
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Pab6ora JOJIKHa OBITH noAmnurcaHa ¢ YyKa3aHueM JaThbl €€ OKOHYAHUS.

Hcxonnple 1aHHBIC BEIOMPAIOTCS HA OCHOBAaHWW HOMEpa BapuaHTa (IO TIEPBOM W BTOPOH
udpe BapuaHTa), BBLAAHHOTO MIPET01aBaTeNIeM.

2.5 Kputepum OLleHKH:

Ne Kpurepuu onieHkn Makc. Gamr
1 COOJTFOICHHE CPOKOB CAAYN PAOOTHI 5
2 MPaBUILHOCTH OPOPMIICHUST PaOOTHI 5
3 I'PaMOTHOCTh CTPYKTYPUPOBAHUS pabOThHI 5
4 | HAIMYME WUTIOCTPHUPYIOMEro(pacyeTHOr0) MaTepuaia 5
5 KCIOJIb30BAHUE COBPEMEHHOM JINTEPATYPHI 5
6 HCIOJIb30BaHUE 3apyO0eKHOHN TUTEpaTyphI 5
7 AKTYaJIbHOCTh TEMBI 5
8 | cbamaHCHpPOBAaHHOCTH Pa3aesioB pabOThHI 5
9 npaBuJIbHAs (GOpMYyIUPOBKA HEJIeH 1 3a/1a4 10
10 | COOTBETCTBHE COAEpKAHMS 3asIBJICHHON TEME 10
11 | npakTHyeckas 3HAaUMMOCTh PE3YJIbTAaTOB 10
12 | creneHb CaMOCTOSATEIbHOCTH BBINIOJHEHUS 10
13 | HaJIMYKME PIEMEHTOB HAYYHOI'0 MCCIIEI0BaHUS 10
14 | ymeHue JOKJIaIbIBATh PE3YJIbTAThI 10

NTOI'O: 100

2.6 PexomeH10BaHHAS JIUTEpaTypa.

2.6.1 OcHoBaHa nuTeparypa:

1. Munogzopo O.B. Dnekrponuka [Tekct]: YueOnuk mns By30oB / O.B. Muio3opos,
W.I'. TTaukoB. — 3-e u3n., crep. — M.: Boici. mik., 2006. 288 c.: ui.
2. Hosoxwumnos, O.Il. Dnekrponunka u cxemorexnuka. B 2 1. T.1 [Tekcr] / O.IL
Hosoxwunos. — M.: U3narensctBo FOpaiit, 2015. — 382 c.
3. Hooxwunos, O.Il. Dnexrtponmka u cxemorexnmka. B 2 1. T.2 [Tekcr] / O.IL
Hosoxwunos. — M.: U3narensctBo FOpaiit, 2015. — 421 c.

2.6.2 JlononHUTENbHAS IUTEpaATypa:

1. JlJaunn B.W. Dnexkrponuka: yue6. mocodue [Tekcr] /B.U. Jlauun, H.C. Casenos. — 13.
7-e. — PocroB v/]1.: ®ennkc, 2002. — 576 c.
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3. METOAUYECKHUE PEKOMEH/JALIUH 11O
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

3.1 Pe3ucropbl HeJHHeHHbIEe MOJYNPOBOAHHKOBBLIE: TEPMHUCTOPHI, BAPUCTOPLI,
(doTope3ncTopbl, MATHUTOPE3UCTOPHI.

[Ipu wu3y4yeHuu Bompoca HEOOXOIUMO OOpaTHUTh BHUMAaHUE HA  CIEOYIOIIUE
OCOOEHHOCTH.

K nenunetinvim pesrcropaM OTHOCSTCS BapHCTOPBI, TCH30PE3UCTOPHI, (POTOPE3UCTOPHI,

MarHeTOpPE3UCTOPbI, TEPMOPE3UCTOPHI U JIp.

Bapucmop (anrn. vari(able)(resi)stor nepeMeHHBIMPE3UCTOP) TOTYIPOBOIHUKOBBIN pe3n
CTOp, DJIEKTPUUECKOE CONPOTUBIEHHE (IIPOBOAMMOCTb) KOTOPOrO HEJIMHEWHO 3aBUCUT OT
NPUJIOKEHHOTO HAIPSDKEHUs, TO €CTh OOJajaromuii HEeIWHEHHOH CHUMMETPUYHOU BOJBT-
aMIIepHON XapaKTEPUCTUKONW U MMEIOIIKH 1Ba BbIBoga. O01agaeT CBOMCTBOM pE3KO YMEHbIIATh
cBO€ conpoTtuBieHue ¢ eauHul I'OM 10 necatkoB OM Npu yBEIMUEHUU NPUIIOKEHHOIO K HEMY
HaIpSDKEHUsT BBIINIE IOPOroBOM BenMWUYMHBL [lpu nanpHEdmeM yBEIMYEHWHM HAIpPSKEHUs
CONPOTHUBIIEHHE YMEHBIIAETCS enlé CuibHee. biaarogapst OTCYTCTBUIO COMPOBOXKIAIOIINX TOKOB
OpU  CKauKoOOpa3HOM M3MEHEHUHM MPUJIIOKEHHOTO HAIpPsHKEHUS, BapUCTOPHl  SBISIOTCS
OCHOBHBIM 3JIEMEHTOM JIJI1 IPOM3BOJICTBA YCTPONCTB 3aIMThI OT UMITYJbCHBIX IEPEHANPSKEHUN
(Y3HUID).

N3roraenuBaroT BapUCTOPBI CIIEKaHUEM IIpU TEMIIEPATYPE OKOJIO
1700 °C nonaynpoBoJHHKa MNPEUMYLIECTBEHHO MOpPOIIKooOpa3Horo kapbunga kpemuus SiC
WM okcuaa nuHka ZnO, U CBA3YIOIIEro BellecTBa (TJIMHA, )KUIKOE CTEKIIO, JJAKU, CMOJIBI U JIp. ).
Jlasiee MOBEpXHOCTH NOJYYEHHOTO AIEMEHTA METAIIIM3UPYIOT U IPUIIANBAIOT K HEW BBIBOJIBI.

KoHCTpYKTHBHO BapUCTOPHI BBIOIHSIOTCS OOBIYHO B BUJIE AUCKOB, TAOJIETOK, CTEPIKHEIH;
CYILIECTBYIOT OyCHHKOBbIE W IUIEHOUHBbIE BapucTopbl. lllupokoe pacrpocTpaHeHHe MOIYUHIN
CTEP>KHEBBIE MTOACTPOCYHBIE BAPUCTOPHI C OIBH)KHBIM KOHTAKTOM.

HenunelHOCTh XapakTEepUCTUK BapuUCTOPOB OOYCIOBJIEHA JIOKAJIbHBIM HAarpeBOM
COINPHUKACAIOUINXCS  TpaHell  MHOTOYUCIEHHBIX  KPHCTAJIOB  KapOuaa  KpeMHus (Wiu
MHOTO MOJIyIpOBOJHUKA). [IpH JT0KaIbHOM MOBBIIIIEHUU TEMIIEPATYphl HA TPAHUIIAX KPUCTAIIOB
CONPOTHUBIIEHUE IOCIEAHUX CYIIECTBEHHO CHMJKAETCSl, 4YTO NPHUBOJUT K YMEHBILEHUIO
00IIer0 CONPOTHUBIICHUS BAPHCTOPOB.

TemnepaTypHblii K03()PUIMEHT COTPOTUBIIEHUS BAPUCTOPA - OTpULIATEIbHAs BEIMYMHA.

Hu3koBoIBTHRIE BapUCTOPHI M3TOTABIMBAIOT Ha pabouee HampspkeHwe oT 3 g0 200 B u
ToK OT 0,1 MA 10 1 A; BEICOKOBOJIbTHBIE BAPUCTOPHI - HA pabodee Hanpspkerue 10 20 kB.

Bapuctops! npuMeHstoTcs 1715 CTaOWIN3aluy U PETYIUPOBaHUS HU3KOYACTOTHBIX TOKOB
Y HaIlpsDKEHUH, B @HAJIOTOBBIX BBIUMCIIUTENAX - Ul BO3BEACHUSI B CTENIEHb, N3BJICUEHUSI KOPHEN
U JpYrux MaTeMaTH4eCKUX JACHCTBUM, B LEMSIX 3allUThl OT MEPEHANpsHKEHUN (Harmpumep,
BBICOKOBOJIBTHBIC JIMHUU 3JICKTPOIIEpPEIauu, IMHUH CBSA3H, dJIEKTPUUIECKHE TPUOOpPHI) U Ap.

BBICOKOBOJIBTHBIE ~ BAapUCTOPBI  NMPUMEHSIOTCA  JUIsl  U3TOTOBJIEHUS OTpaHUYUTENEH
NepeHanPsHKEHUS.

Kak »51nekTpoHHbIE KOMIIOHEHTBI, BapHCTOPbl JAEHMIEBBI U HAAEKHBI, CIIOCOOHBI
BbIIEP)KUBATh 3HAUUTEIbHBIC AJIEKTPUUECKUE MTEPErpy3KH, MOTYT paboTaTh Ha BHICOKOM 4acToTe
(mo 500 xI'mr). Cpemu HEOOCTATKOB - 3HAYMTEIbHBIA HU3KOYACTOTHBIM IIyM M CTapeHHUE -
U3MEHEHHE TTapaMeTPOB CO BPEMEHEM U IPU KOJIEOAHUSAX TeMIIepaTyphbl.
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Tepmopezucmop — TOIYIPOBOAHUKOBBIA MPUOOP, 3IEKTPUUYECKOE COMPOTUBIICHUE
KOTOPOT'0 U3MEHSETCS B 3aBUCUMOCTH OT €r0 TEMIEPATyphl.

Tepmopesucrop 661 n300peTén Camrosnem Pydenom B 1930 romy.

TepMope3ucTOpbl H3TrOTABIMBAIOTCS W3 MAaTEpUAlIOB C  BBICOKMM TEMIIEPATYPHBIM
koddp¢urmentom conpotusieHus (TKC), koTopblii 0O0bBYHO HA TOPSOKHA BBIIIE, YEM
TKC MeTamioB U METAJUIMYECKUX CILIABOB.

Pe3aucTuBHBIA  3JIEMEHT TEPMOPE3UCTOpPa  M3rOTABIMBAIOT  METOAOM MOPOLIKOBOM
METAJTyPrUU U3 OKCUJIOB, TAJIOTEHUIOB, XaJIbKOTEHHIOB HEKOTOPHIX METAJIOB, B Pa3IUYHOM
KOHCTPYKTUBHOM HCIIOJHEHHUU, HAIpUMEp B BUJE CTEp:KHEH, TpyOOK, JUCKOB, 1Iai0, OyCHHOK,
TOHKHUX IIJJACTHHOK, U pa3Mepamu oT 1—10 MUKpPOMETPOB 10 HECKOJIBKUX CAHTUMETPOB.

Ilo Tumy 3aBUCUMOCTH COIPOTUBIIEHHUS OT TEMIIEPATYPhl PAa3INYalOT TEPMOPE3UCTOPSHI C
orpunarenbHbiM  (TepMuctopsl wim  NTC-tepmucropbl, oT cinoB «Negative temperature
coefficienty) m mnonoxurenbHbiM (no3uctopel uian PTC-tepmuctopsr, ot cioB «Positive
temperature coefficient»)remneparypasiM koddduimenTom conportuBienus (nau TKC). s
MO3UCTOPOB - C POCTOM TEMIIEpaTypbl PacTET HX COMNPOTHUBIEHUE; IJISI TEPMHCTOPOB —
YBEJIMYEHUH TEMIIEpaTypbl IPUBOIUT K MAJCHUIO UX COIIPOTUBIICHHUS.

Tepmopesuctopel ¢ orpunareabHbiM TKC (TEpMHCTOPBI) HM3TOTOBISIOT M3 CMECH
MOJIMKPUCTAITNYECKUX OKCHJIOB IEPEXOIHBIX MeTamioB (Hanpumep, MnO, CoOx, NiO u CuO),
nonynposoaunkos turma A BY, cTekno06pasHbIX, TerMpoBaHHbIX monynpoBoaHnkos (Ge u Si),
U JIpYTUX MaTEpUaoB.

VYcinoBHO TEPMOPE3UCTOPBI KJIacCU(PUIUPYIOT KaK HU3KOTEMIIEpaTypHbIE
(mpenHa3HavyeHHBIC Ui paboThl Tpu Temmeparypax Hwke 170 K), cpemneremmnepatypHbie (OT
170 no 510 K) u BeicokoTemmnepatrypHbie (Boime 570 K). BeimyckaroTcs TEpMOPE3HCTOPHI,
npeaHa3HauyeHHbIe 17151 paboThl mpu TemrepaTypax ot 900 qo 1300 K.

Tepmope3ucTopsl CIOCOOHBI pabOTaTh B Pa3IMUHBIX KIMMATHUECKUX YCIOBHSIX U IpU
3HAYUTENIbHBIX MEXaHHYeCcKUX Harpy3kax. OJHako, C TEUeHHUEM BpEMEHH, MpU KECTKUX
YCIOBUSAX €ro AKCIUTyaTallud, HaIpUMeEp, TEPMOLUKIMPOBAHUHU, MPOUCXOIUT U3MEHEHHE €0
UCXOJIHBIX TEPMODJICKTPUUECKUX XapPAKTEPUCTUK, TAKUX KaK:

. HOMUHAIBHOTO (T1pH 25 °C) 31IEKTPUUECKOr0 CONPOTUBIICHUS;

. TEMIIEPaTypHOro KO3 UIIEHTA COPOTUBICHHUS.

Takxke CymecTBYIOT KOMOMHHMpPOBAHHBbIE MPHUOOPHI, Takue KaK TEPMOPE3UCTOPHI C
KOCBEHHBIM HarpeBoM. B »Tux mpubopax B OJHOM KOpITyCE€ COBMEIIEHBI TEPMOPE3UCTOpP C
raJIbBAHUYECKH H30JMPOBAHHBIM HArpeBaTENIbHBIM 3JIEMEHTOM, 3aJalolIero TeMIlepaTypy
TEPMOPE3UCTOpPa, M, COOTBETCTBEHHO, €ro comnpoTuBieHue. Takue nTpuOOpPbl MOTYT
UCIIOJIb30BAaThC B  KAueCTBE IIEPEMEHHOr0 PE3HCTOpa, YNPaBISIEMOrO  HAIPSHKEHHUEM,
IPUJIOKEHHBIM K HarpeBaTeIbHOMY 3JIEMEHTY TaKOI'O TEPMOPE3UCTOPA.

Pexxum paboThl TEPMOPE3UCTOPOB 3aBUCHT OT BBIOpAaHHOW pabodell TOYKM Ha BOJBT-
amrepHoil xapakTtepuctuku (mnmm BAX) takoro mpubopa. B cBoro ouepens BAX 3aBucur ot
MPUJIOKEHHOM K MpuOOopy TeMIepaTypbl U KOHCTPYKTUBHBIX OCOOEHHOCTEN TEPMOPE3UCTOPA.

Tepmopesuctopel ¢ pabouell TOUYKOW BBICTABICHHOW Ha JMHEHHOM ydacTke BAX
UCIIONIB3YIOTCSL Ui KOHTPOJS 3a M3MEHEHHEM TeMIlepaTypbl M KOMIIGHCAIlMM MapaMeTpoB
(97IeKTpUUECKOEe HAMpPsHKEHUE WU DJIEKTPUUYECKUM TOK) 3JIEKTPUYECKHX Leneil, BO3HHUKIINX
BCJICJICTBHE M3MEHEHHS TeMIIepaTyphl. TepMOpe3ucTopsl ¢ pabodyel TOUKOM BHICTABICHHOW Ha
HUcxonsAmeM y4yactke BAX (C  «OTpHLATENbHBIM CONPOTUBICHHUEM)») TPHUMEHSIOTCS B
KaueCTBE IIYCKOBBIX pEJiE, pelle BPEMEHHM, B CHUCTEMaxX H3MEPEHUS M KOHTPOJS MOLIHOCTHU
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JJIEKTPOMArHUTHOTO W3Jy4eHHUs] Ha CBEpXBbICOKMX uacToTax (i CBY), cucremax TemioBoro
KOHTPOJISI W TOKapHOW CHUTHAIW3allid, B YCTAaHOBKAX PETYIMPOBAHHS pacxoda XKUAKUX U
CBIMyYUX CPE/I.

Haumbonee mmMpoOKO MCHONB3YIOTCS CpPEAHETEMIIEPATYPHBIE TEPMOPE3UCTOPHI  (C
temneparypueiM  TKC ot —2,4 no —8,4 %/K), pabotaromue B IIUPOKOM JHAara3oHe
comporusieHnii (ot 1 1o 10° Om).

Tak ke CyIIeCTBYIOT TEPMOPE3UCTOPHI C HEOOIBIIUM MOJIOKUTEIBHBIM TEMIIEPATypPHBIM
koap¢unmentom conpotusieHuss (ot 0,5 mo 0,7 %/K) BbImogHEHHBIE Ha OCHOBE KPEMHUS,
COMPOTHUBIIEHUE KOTOPHIX M3MEHSAETCSs IO 3aKOHy Onu3KkoMy K JuHeliHoMmy. Takue
TEPMOPE3UCTOPBI HAXOMAT TMPUMEHEHHE B CHUCTEMAaX OXJXKACHHUS U TeMIepaTypHO
CTaOUITU3alMU PEKUMOB pAOOTHI TPAH3UCTOPOB B PA3TTUYHBIX PAJMOAIEKTPOHHBIX CUCTEMAX.

domopesucmop — NMOTYNPOBOTHUKOBBIHN npudop, W3MEHSIOIINN BEJIMYUHY
CBOETO CONMPOTHUBJICHHUSI PU OOTTYICHUH CBETOM.

Jlnsg u3rotoBiieHus: (POTOPE3UCTOPOB HUCHOIB3YIOT MOTYIIPOBOJHUKOBBIE MaTEPUATIBI C
IIMPUHOM 3alPEIICHHON 30HBI, ONTUMAaJIbHOM i permaeMoi 3amadu. Tak, sl peructpauuu
BUJUMOTO CBETa HCIOJIBb3YIOTCS (OTOPE3UCTOPHI M3 CeleHua U cynbduaa kaamus, Se. s
perucTpanuy HHPPaKpacCHOTO H3IYYCHUS HCMONb3yIOTCs Ge (UMCThI WM JIeTHPOBAHHBIM
npumecsmu Au, Cu uiu Zn), Si, PbS, PbSe, PbTe, InSb, InAs, HgCdTe, wacto oxmnaxaaembie 10
HU3KUX Temrieparyp. llomynmpoBOJHUK HAHOCAT B BHUAE TOHKOTO CIIOS HA CTCKJISTHHYIO
WJIH KBapIIEBYIO MOJJIOKKY WJIM BBIPE3AIOT B BUJE TOHKOW TUIACTUHKU W3 MOHOKpHUcTaita. Cioi
WIH TUTACTUHKY TOJYIPOBOJHUKA CHAOXKAIOT NIBYMS 3JEKTPOJAMHU M MOMEHIAIOT B 3alUTHBIN
KOpITYC.

Baxneitmme nmapamerpsl pOTOPE3NCTOPOB:

. UHMe2SPANbHAsL 4Y8CMBUMENTbHOCMb — OTHOILIEHHE W3MEHEHUs HalpsKeHUs Ha
€MHMIlY MOUTHOCTHY MA/JAIOIIEr0 H3JIydeHUs (IpH HOMHUHAJIBHOM 3HAYEHUU HaANpPSDKEHUs
MUTaHUA);

. nopoe YY6CMEUMENTbHOCMU - BEJTMYMHA MUHUMAJITBHOTO CUTHaJAa,
peructpupyemMoro (HoTope3nucTopoM, OTHECEHHAS K SUHUIIE MTOJIOCHI pab0vHX 4acTOT.

Tenzopezucmop (0T nar. tensus — HAMPSHKEHHBIA U JAT. resisto — COMPOTUBISIOCH) —
PE3UCTOP, COMTPOTUBIICHHE KOTOPOTO HM3MEHSETCS B 3aBUCHMOCTH OT  €ro JaedopMaluu.
TeH3ope3ucTopsl HUCMONB3YIOTCA B TeH30MeTpuu. C MOMOIIBIO TEH30PE3UCTOPOB  MOMKHO
U3MEpATH AeopManui MEXaHUYECKU CBS3aHHBIX C HUMH 3JIEMEHTOB. TEH30pEe3UCTOp SIBIISETCS
OCHOBHOI COCTaBHOW 4YacCThIO TEH30JaTUYMKOB, NMPUMEHSIONMXCA i1 KOCBEHHOTO H3MEpEeHUs
CHWJIBI, IaBJICHUS, BECa, MEXaHMUECKUX HAMPSIKEHUH, KPYTAIIUX MOMEHTOB U TIp.

Maenemoconpomugnenue (MarHUTOPE3UCTUBHBIN (D (DHEKT) - U3MEHEHHUE dIEKTPUIECKOTO
COMPOTHBIICHUS MaTepuana B MarHUTHOM Tone. BmepBeie 3ddexkt Obul  oO0Hapy) eH
B1856 Yunbsimom TomcoHoM. B o0mem ciydae MOXKHO TOBOPUTH O JIFOOOM H3MEHEHHH TOKa
yepe3 oOpasel] Mpu TOM K€ MPUIOKEHHOM HAINpPsHKCHUH W M3MEHEHUW MarHUTHOTrO mois. Bee
BEIIeCTBAa B TOM WJIM MHOM Mepe 00J1aatoT MarHeTOCOMPOTHBICHUEM. {7151 CBEpXIIPOBOIHUKOB,
CIIOCOOHBIX 0€3 COMPOTHUBIICHUS MPOBOAUTDH ANEKTPUUECKUN TOK, CYIIECTBYET KPUTHUECKOE
MarHUTHOE I0JIe, KOTOPOE pa3pylIaeT 3TOT 3PGEKT U BEIIECTBO MEPEXOIUT B HOPMaIbHOE
COCTOSIHME, B KOTOPOM HaOJIOAACTCS CONMPOTHBICHHE. B HOpManpHBIX MeTawiax 3¢dekr
MarHeTOCOIPOTUBIICHUSI BBIpaXeH cliadee. B momympoBOAHMKAX OTHOCUTEIHHOE HW3MEHEHUE
conpotusiieHus MoxeT 0bITh B 100—10 000 pa3 Gombliie, ueM B METalIax, U MOXKET JOCTUTATh
COTEH THICSY TPOIICHTOB.
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MaraeroconpoTHUBIEHUE BEIIECTBA 3aBUCUT U OT OPHEHTALMU 00paslia OTHOCUTEIHHO
MarHUTHOTO MOJs. DTO CBS3aHO C TEM, YTO MAarHUTHOE I0JI€ HE U3MEHSET MPOEKINI0 CKOPOCTU
YacTHWIl HA HANpaBICHWE MArHUTHOTO TIoJisA, HO Onaromaps cuwie JlopeHia 3akpyduBaeT
TPAeKTOPUHU B IJIOCKOCTH, MEPHEHAUKYISPHON MAarHUTHOMY IOJIO. DTO OOBICHSET, MOoYeMy
MONEPEUHOE M0JIe ACHCTBYET CHIIbHEE MPOAOIBHOTO.

3.2 YcaoBHble rpadpuyeckue 0003HAYCHHS Pe3MCTOPOB

Pe3ucTop NoCcTOsSHHOTO CONPOTUBIEHUS C OJJTHUM
CHMMETPHYIHBIM BBIBOJJOM

Pe3ncTop nmocToSHHOTO CONMPOTUBIICHUS C OJHUM
HECHMMETPUYHBIM BBIBOIOM

IyHT U3MepuTEnbHBII

Pe3ucrop nepeMeHHOro CONPOTHBICHUS

P€3I/ICTOp NEPEMCHHOI'O COIPOTUBJICHUA HPU PEOCTAaTHOM
BKJIIIOUCHUHA

P€3I/ICTOp NEPEMCHHOI'O COINPOTUBJICHUA HOPU PEOCTAaTHOM
BKJIIOUECHUHN C HEIIMHCHHBIM peryjampoBaHueM

PeSI/ICTOp TIEPEMEHHOTO CONMPOTUBJIICHUA C JOIIOJIHUTCIBHBIMU
BbIBOJAMH

Pesucrop noacrpoeuHslit

Pesucrop noacTpoeyuHblil B peOCTATHOM BKJIHOUEHUHU

TeHzope3ucTop ITUHEHHBIN

Ten3ope3ucTop HeIMHEHHbII

TepMmope3ucTop NPSAMOro MOAOTpPeBa C  TMOJOKHUTEIbHBIM

TeMIepaTypHbIM KodddurenTom

Tepmope3ucTop MOpPsSMOro TMOAOTPEBAa €  OTPHULATENbHBIM

RS G

TEMITEPATYPHBIM KO3()PHUIIEeHTOM

Tepmope3nucTop KOCBEHHOTO [0J0rpeBa

3

—
O

Bapucrop

L

3.3 Kuaccupukanuss M cHUCTeMa YCJIOBHBIX 0003HAYEHHMH MOJYNPOBOIHUKOBBIX
npuodopoBs.

Krnaccudukanus coBpeMeHHbBIX MOMyNpoBOAHUKOBBIX Aro0B (I1/1) mo ux HazHaueHuio,
¢u3nueckuM  CBOMCTBaM, OCHOBHBIM  JJIGKTPHUECKUM  IapaMeTpaM, KOHCTPYKTHUBHO-
TEXHOJOTMYECKUM TpU3HAKaAM, HMCXOAHOMY TOJYMPOBOJHUKOBOMY MaTepHaly HaXOAMT
OTpa’KeHHE B CHCTEME YCIOBHBIX 0003HaueHuil 11uo0B B coorBeTcTBUM ¢ 'OCT 20859.1-89.

[TepBorit amement (nudpa wam OykBa) 0003HAYAET HMCXOIHBIN TMOTYIPOBOAHUKOBBIN
marepuai, BTopod (OykBa) — mozakmacc mpuOopoB, Tperudd (mudpa) — OCHOBHBIC
(GyHKIIMOHATBHBIE BO3MOXXHOCTH TPHOOpa, YeTBEPTHIH — YHCIIO, 0003HAYAIOIIEE MOPSIKOBBIN
HOMEp pa3pabOTKH, MATBIA 3JIE€MEHT — OyKBa, YCIOBHO OIpenessiomas Kiaccupukamuio
(pa3bpakoBKy Mo mapameTpam) MpuOOpOB, U3TOTOBJICHHBIX IO €TMHON TEXHOJIOTHH.

Jlnst 0003HAUCHUS UCXOOHO20 NONYNPOBOOHUKOBO20 MAMEPUAnd UCTIONb3YIOTCS CIIEAYIOIINE
CUMBOJIBI:

I', unu 1 — repManuii UK €ro COeAMHEHUS;
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K, unu 2 — xpeMHuUit UM ero coeAMHEHUS;

A, uimm 3 — coeTMHEHNS TaJlJINs;

W, nnn 4 — coequHEHMs] UHTUSL.

Jlist 0603HaYEHUS NOOKIACCO8 OUOO08 UCTIONB3YeTCs OfHA U3 CICAYIOMNX OYKB:

J1 — mUoApBI BHIMPSMUTEIBHBIE U UMITYJIbCHEIC,

L] — BeIMpsAMHUTENBHBIE CTOJIOBI U OJIOKH;

B — Bapukansi;

W — TyHHENBHBIE OB,

A — CBEpXBBICOKOYACTOTHBIE TUO/IBI;

C — cTaOMIIUTPOHBI;

I' — reneparops! myma;

JI — uznyyatoniyie OoNTo3JIeKTPOHHBIE TPUOOPHI;

O — ontonapsl.

Jlnst o6o3HaueHusT HanboJiee XapaKTEePHBIX AKCILTyaTAllMOHHBIX MPHU3HAKOB MPUOOPOB (WX

(G YHKIIMOHATBHBIX BO3MOXKHOCTEH) UCTIOIB3YIOTCS CIIEAYIONIUE IIHU(PHIL.

Jluoowt (nooknacc /):

1 — BBIIPSMUTENBHBIE TUOJIBI C TOCTOSIHHBIM WU CPEAHUM 3HAUCHUEM TIPSIMOTO
ToKa He Oounee 0,3 A4;

2 — BBINPSMUTENBHBIE TUOBI C IOCTOSTHHBIM WU CPETHUM 3HAYCHUEM MPSIMOTO
Toka 6osee 0,3 4, Ho He cBpIe 10 4;

4 — UMIYJIHCHBIE TUOJIBI C BPEMEHEM BOCCTAHOBIICHUS O0OPAaTHOTO
conpotusienus 6onee 500 xe;

5 — UMIyJIbCHBIE JUOBI C BpEMEHEM BoccTaHOBIeHuUs 6onee 150 ue, HO He
ceoimie 500 xe;

6 — UMITYJIbCHBIE TMOABI C BpeMeHeM BoccTaHoBieHus 30...150 we;

7 — UMIYJIbCHBIE THOJIBI C BpEMEHEM BoccTaHOBIEHHUS S...30 nuc;

8 — UMITYJIbCHBIE TMO/IbI C BPEMEHEM BOCCTAHOBIEHHUS 1...5 Hc;

9 — uMmynbCcHbBIE TUOABI C 3()PEKTUBHBIM BPEMEHEM JKU3HH HEOCHOBHBIX
HOCHTENIeH 3apsna meree 1 He.

Buinpsamumenvnvie cmonbdwvl u 610xu (nooxnacc 1]):

1 — cTon0OBI ¢ TOCTOSIHHBIM UM CPEAHUM 3HAUCHUEM MPSMOTO TOKa He OoJee
0,3 4;

2 — cTon0ObI ¢ MOCTOSIHHBIM WJIM CPEAHUM 3HaueHueM rpsimoro Toka 0,3...10 4;

3 — OJIOKH C TTOCTOSTHHBIM WJIA CPEAHUM 3HaueHHuEeM mpsiMoro Toka 0,3 A4;

4 — GJIOKH C MOCTOSTHHBIM WJIM CPEeJHUM 3HadeHueM npsimoro Toka 0,3...10 4.

Bapuxanwt (nooxknacc B):

1 — moacTpoeuHble BapuKarbl;

2 — yMHOXKUTEJIbHbIE BapHKAIIbI;

Tynnenvuvie 0uoodwvl (nooxnacc H):

1 — ycunurenbHble TYHHEIbHBIE JUOIBI;

2 — TeHepaTOpHbIE TYHHEIIbHBIE TUO/IbI;

3 — nepekioyaTenbHble TYHHEIbHBIE TUOIbI;

4 — oOpaleHHbIC JUOIBI.

Ceepxsvicokouacmomuvie 0uoovl (nooxnacc A):

1 — cmecuTenbHBIC THOIBL;

2 — IE€TEKTOPHBIE TUOJIbI;

3 — YCUJIMTETbHBIC JUOIBI;

4 — mapamMeTpu4YECKUe AUO/bI;

5 — mepeKIToYaTeNbHbIC U OTPAHUYUTEBHBIE THO/IBI;

6 — YMHOKUTEIbHBIE U HAJICTPOCUHbIE TUO/IbI;

7 — TeHEpaTOPHBIEC JUOMBL;

8 — UMITYJIbCHBIE TUOJIBI.
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Cmabunumponst (nooxnacc C):

1 — cTaOMIUTPOHBI MOIITHOCTHIO He Oosee 0,3 Bm ¢ HOMUHAIILHBIM
HanpspkeHueM crabunu3anuu meaee 10 B;

2 — CTaOMIMTPOHBI MOIITHOCTRIO He Ootee 0,3 Bm ¢ HOMHHAIBHBIM
HanpspkeHneM crabunm3aruu 10...100 B;

3 — cTabMIUTPOHBI MOIIHOCTHIO He 60see 0,3 Bm ¢ HOMUHAIILHBIM
HanpsbkeHneM ctabunm3zaiuu 6omee 100 B;

4 — cTaOMIUTPOHBI MOITHOCTHIO He Ootee 0,3...5 Bm ¢ HOMUHAIbHBIM
HanpspkeHueM ctabunu3anuu meaee 10 B;

5 - ctabmuTpoHsl MOITHOCTRIO 0,3...5 Bm ¢ HOMMHAJIBHBIM
HanpspkeHneM crabunmzaruu 10...100 B;

6 - ctabmUTpoHBI MOITHOCTHIO 0,3...5 Bm ¢ HOMMHAJIBHBIM
HanpsbkeHneM ctabunmu3zaiuu 6omnee 100 B;

7 — cTaOMIIUTPOHBI MOIIHOCTHIO S...10 Bm ¢ HOMMHAJIBHBIM
HanpspkeHueM crabunu3anuu meree 10 B;

8 — cTaOMIUTPOHBI MOIIMHOCTHIO 5...10 Bm ¢ HOMMHAIBHBIM
HanpspkeHneM crabunmzaruu 10...100 B;

9 — cTaOMIIUTPOHBI MOIIHOCTHIO S...10 Bm ¢ HOMHMHAIBHBIM
HanpspkeHueM cradbunuzamuu 6omnee 100 B.

I'enepamopuvl wyma (nooknacc I'):

1 — HU3KOYAaCTOTHBIE TEHEPATOPHI IITYMa;

2 — BBICOKOYACTOTHBIE TEHEPATOPHI IIIyMa.

IIpumepsnl 0003HaYeHUsI IPUOOPOB:
212048

I'pynna npu6opa

TopsakoBsIil HoMep
pa3paboTku

XapaxTepHble
9KCINTyaTallHOHHBIE
IPH3HAKK

[onxnacc npubopa

Hcxonuenit
MTOTYTIPOBOAHUKOBEIN MATEepHal

2/1204B — XxpeMHUEBBI BBITPSMUTENBHBIN WO C MOCTOSHHBIM U CPEIHUM 3HAYEHHUEM
toka 0,3...10 A, Homep pazpaborku 04, rpynma B.

KC6204 — xpemHHeBbIil cTaOWIMTPOH MOMmMHOCTHIO 0,5...5 Bm, ¢ HOMHHAIBHBIM
HanpspkeHueM crabunmsanuu 6onee 100 B, Homep pazpabotku 20, rpymma A.
3U309K — apceHHAOTajuUIMEBbIA MEPEKIIOYATEIbHBI TYHHEIbHBIA JTHOJ, HOMEp

pazpabotku 09, rpynmna XK.
3.4 PaGora BbIIpAMHTEICH HA AKTHBHYK, AKTHBHO-€MKOCTHYI) H AaKTHBHO-

HHIYKTHBHYIO HAIPY3KH.
PaccmoTpuM Ha npuMepe OJHOMIOIYIIEPUOJHOM CXEMBI BBIIIPSIMIICHUS:
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Ha pucynke wu3zo0paxeHbl rpaduyeckue 3aBUCUMOCTH JJs TOKOB, HANpsDKEHUH U
MTHOBEHHOM MOINHOCTH C TEJIbIO IMOACHCHUSA IPOUECCOB, ITPOTCKAOIINX B CXEME BBIITPAMIICHUS.

Ha wnTepBane [t;;t;] momoxxutenbubiid moTeHmuan ¢assr U; mpoBoaut auon VDI, mpu
2

L1
3TOM B Jipoccene Ly HakammMBaeTcs peakTUBHAs SHEprus ——£—
2

Ha unrtepBane [t;t3] VD1 ocTaercst OTKpBITBIM K3-3a MOJ0KUTEILHOIO TOKA JIPOCCENS U
SHEprust Jpoccenst ornaercs B UCTOYHMK U; (TakoM pEXHUM Ha3bIBAa€TCS MHBEPTOPHBIM).
[IpoucxoauT 3aTAruBaHue TOKa BEHTUJIS. 3aliepKKa Ha BbIKioueHne VD1 yMeHbI1aeT ypoBeHb
BBIIIPSIMIISIEMOTO HAIIPSKEHUS!, YBEJIMYUBASI €70 MYJIbCALIUH.

JUis WCKIIOYeHUS BIMSHHUS HMHAYKTUBHOCTH Harpy3ku Ha (OpMy BBIIPSIMIEHHOTO
HaNpsDKCHUsT TapajulelbHO K Harpy3ke BKIoyaercss oOparHbelii aumon VD,, KoTopbIii
o0OecnieunBaeT cOpOC PEaKTUBHOM 3HEPTrUU APOCCENs B HArpy3Ky M TEM CaMbIM HMCKIIIOYAeT
OTPUIATENbHBIN BBIOPOC BBIPSMIICHHOTO HAPSKEHUSI.

B nByxmomynepuoaHoit omHOoda3HOM cxeMe PoJjib 00paTHOTO AMOJa WUTpaeT OJUH W3
JINO/IOB BBINIPSIMUTEIIS, KOTOPBIN BKIIFOUAETCS MIEPBBIM.

VD1 SZ L = ngna

H

voz N[/ vp4

IIpy nonoxwutenpbHOW MNOJMyBOJHE HampspkeHMs U; TOK IpOTEKaeT Mo KOHTypy: ‘47
U;—»VDI->L,—»Ry—>VD4->"-“Uj.

[Ipenmonoxum, 4TO NpU MPOXOKIACHUM HanpsbkeHus U; 4epe3 HOJb B MOMEHT CMEHBI
HOJISIPHOCTH, TEpBbIM BKIoumics auox VD2, Torma cOpoc peakTHBHOH »HEpruum Oyner
ocymiecTBIAThea yepe3 VD4 u BrmodyeHHbE VD2. B BBIIpSAMIEHHOM HaNpspKEHUHW HE OyneT
IPUCYTCTBOBATH OTPHULIATEIILHOTO BEIOPOC HATIPSKEHHUSL.

AKTHBHO-EMKOCTHAs Harpy3Ka.
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PaccMmoTpuM BiusiHHE aKTUBHO-€MKOCTHOW HArpy3KH Ha ImpuMmepe paboTsl 0AHO(pa3HOTO
MOCTOBOT'O BBIIIPSIMUTEIIA.

[~

Lvor K I

Ugq=U
Uy _|c d=Ye

vp2  JuvD4

Ha pucynke mnpexacraBineHsl rpaduueckue 3aBUCUMOCTH TOKOB M HANpsHKEHUH,
MOSICHSIIOIIME TEePeXOHbIE MPOLECChl B CXEME B MOMEHT TMOAKIIOYEHUS BBIIPAMUTENS K
UCTOYHUKY Uj.

Ha untepBane T, Ui>Uc U nipu 3TOM IpOMCXOAUT 3apsas eMKOCTH C CriaKuBaroIero
¢mIbTpa Yyepe3 BHYTPEHHEE CONPOTHUBICHHE BBHINIPSIMHUTEIBHOTO 3BeHA. [Ipu 3TOM mosBisercs
OOJIBIIION MMITYJILCHBIM TOK, 3HaueHus KoToporo B 20...40 pa3 BbIllle yCTaHOBHBIIETOCS
3HAYCHHUA CPCAHCBBINPAMICHHOIO TOKa BCHTHUIIA. OCO6€HHO 9TO BBIPAKCHO B HCTOYHHUKAX
nuTaHus ¢ OectpaHcopMaTopHbIM BXOJOM. ISl orpaHUYeHHs] 3TOT0 TOKA BBOJSAT PE3UCTOPHI,
TCPMOPC3UCTOPLI UK PE3UCTOPHI IIYHTUPOBAHHBIC YIIPABJIICMBIMU KIIFOYaMU, BBIIIOJITHCHHBIC HA
CUMHUCTOpax, THPUCTOpaX WIM JUHHCTOpax. Kiroun TO3BOJAIOT C Y4YETOM BpEMEHU
YCTAHOBJICHHUA IICPCXOAHOT0 IMpoHccca NpOU3BOJUTL OTPAHNYCHHUEC TOKA TOJIBKO B MOMCHT ITYCKa

0
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05T T 2T
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|
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y : L
TEANEANES
HMCTOYHUKA NTUTAHMS, CeA0BaTenbHO, moBblatoTcss KII/ u Hame:)KHOCTh BRITPSAMHUTES.

Ha wuntepBanie Tp,;, KOTJa HANpsHKEHUE HA €MKOCTH YPaBHMBAETCS C HANPSHKEHUEM
HMCTOYHMKA, KOHACHCATOp pa3psbkaercss Ha Harpy3ky. C  yBEIMYEHHEM TOKAa Harpy3Ku
YBEJIIMUMUBACTCS YPOBEHb MYJbCAIlMA BBIIPSMICHHOTO HANpPSKEHUS W3- 34 YMEHBIICHUS
IIOCTOSSTHHOM IIeNM Paspsaiia Tpa; —RpC. IIpy 3TOM yXyAIIalOTCS CTIaKUBAIOLIME JIEHCTBUS
bunsTpa.

VA VA :
| L

! I Loy

I
I )

3.5 Tpex¢a3Hblie BHINPAMHUTEIH.

Jljis mosrydeHust CXeMbl mpexgazno2o 00HONOIYNEPUOOHO020 GblnpsaMumeliss He00X0IUMO
HCII0JIb30BaTh BXOJHOM UCTOYHUK CO CXEMOM COEIMHEHUS «3BE€3/1a» U TPHU OJHOMOJIYIEPUOTHBIX
BBIIPSAMUTEIIS.

4 Tp € , VD
B tp h VD,
Hoe Vi
C € 3
R, 54




Puc. 3.4. Cxema Tpex¢a3HOTO OJHOMOIYIEPUOIHOTO (C HYJIEBOM TOYKOI) U BpEMECHHbBIE
JarpaMMBl, TIOSICHSIIOIINE ero paboTy

AHanu3 BpEeMEHHBIX JAMarpaMM IIOKa3bIBaeT, YTO B 3TOM Cllyyae B TE€UYEHHE OJHOTO
nepuoaa M3MEHEHHUS] BXOJHOTO HAMPSIKEHHsS MOCIEeN0BATeIbHO MpoBOAAT Tpu auona (mo T/3
Kaxablil). CrenoBaTrenbHO, K JAHHOM CXeMe BBIIPSIMHUTENs NPUMEHHUMBI MOJTY4YEHHbIE paHee
BBIpaKEeHUs. B COOTBETCTBUU C 3TUM

3W3u,,,

U”Cp :Tz0’827U”’(i’

U, , - aMIiaTyaa hasHoro HalpsHKeHuUs..

Koaddurment mynbcanmii
Um3

&= =0,25
HCp
MakcumanbHOe 00paTHOE HaMpsDKEHHE Ha KajkKJJOM JIMO0JI€ PaBHO aMIUIUTY/IE TMHEHHOTO

HaIps>KCHUs, T.C.

UVD 00p = Um 1 \/qub

CpenHuii TOK 4yepe3 11O paBeH

HCP

I =
VDep 3
K reoocmamxam 3TOM cXeMbI MOKHO OTHECTH:

e Beicokuii ypoBeHb OOpaTHOTO HampsOKEHHs (CpeaHee HampspDkeHue — ¢asHoe,
o0paTHOe — JNMHEIHOE), YTO HE TO3BOJISIET MCIOJIb30BATh JAHHYIO CXEMY IPH MOBBIIICHHBIX
YPOBHSIX HAMpPSKEHUS.

e Tok BO BTOPMYHOM IlemM TpaHCPOpMaropa MPOTEKAeT B TEUCHHE OIHON TpeTbeit
YacTH MEpPHOAa U UMEET OJHOCTOPOHHEE HalpaBJIEHUE, YTO YBEIMUMBACT rabapuTHBIC pa3Mephbl
Tpancopmaropa. i UCKIIOUEHHsI TOAMAarHUYUBAHUS CEplIEYHHKA HEOOXOAUMO JieaTh 3arac
[0 HAMarHMYEHHOCTH (yMEHbIIATh 3Ha4YeHHe By), YTO NPUBOIUT K JONOJHUTEIHHOMY
yBEIUYCHUIO TabapuToB TpaHchopmaropa. MHorma B cepacdyHHMK TpaHchopmaTopa BBOJIST
BO3JYILIHBIN 3a30D.

e bomee Hu3kume kadectBeHHble Tmokazatenmn (K, , Kg) mo cpaBHeHmio c
JIBYXITOJTYTIEPUOTHOM CXEMOM BBIIPSIMIICHUS.

e MHAYKTHUBHOCTH paccestHusl TpaHcopmaropa BIMAET Ha (HOPMY BBIIPSIMIICHHOTO
HaNpsDKCHUs, YTO SBISETCS OrPaHMYCHHEM I10 MOIIHOCTH. IIpu 3TOM CHUXKaeTcsi ypOBEHb
BBIMPAMIICHHOTO HaMPsHDKEHUS U BO3PACTAIOT MYyJIbCAIUH.

e C TOYKM 3peHHMS MOHTaXa CXEMbl — HCKIIOYEHa BO3MOXKHOCTh COCAMHEHUS
BTOPUYHOMU LIENH TPEYTrOJbHUKOM U3 - 32 HYJIEBOTO BHIBOJA.

Locmouncmeamu cXeMbl BBIIPSIMIICHUS SBIISIOTCA:
e 0Qosiee BBICOKME TOKHM HArpy3Kd IO CPaBHEHHIO C JBYXTAaKTHOW CXeMOH (Maible
NOTEPHU U3-3a TOTO, YTO B pabOTE y4yacTBYET OJMH BEHTUJIb B JTFOOOI MOMEHT BpEMEHH).
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® C TOYKM 3pEHUS MOHTaXXa — CYIIECTBYET BO3MOXKHOCTb pa3MEIICHUS
MOJIYTIPOBOJHUKOB Ha OJTHOM paJiuaTope.

Tpexgpasnviii 08yxnoaynepuooHulil evinpamumens (cxema JlapuoHOBa) MHBApHUAHTEH K
CXeMe COCJIMHEHHUs Tpex(pa3HOr0 MCTOYHMKA BXOJHOTO HAmpsKeHUs («3Be3da» WU
«TPEYTOJILHUK») M TpeOyeT IUIsi MOCTPOSHHS HISCTH IOJYIPOBOAHUKOBBIX IHOMOB. Cxema
TAKOTO BBIMPSMHUTENS U BPEMEHHBIC JTHATPAMMBI, TIOSCHSIOIINE ero pPaboTy NMPUBEICHBI HA PUC.
3.5.

B cxeme JlapnoHoBa UMeeTCsl BO3MOXKHOCTh HCIIOJB30BaTh 00€ MOJYBOJIHBI MATAOIICTO
Tpex(da3zHOTO HANPSDKEHUS Uil O0eclieYeHus: TOKa B Harpyske. [loaTomy BBIIPSIMIICHHOE
HAMPSOKCHUE U, OTIUYACTCS 00Jiee BBICOKMM KaueCTBOM, a MPOOHKUTEIBHOCTD MPOBOISIINX
WHTEPBAJIOB I IMMOCIEAO0BATeNIbHO coearHeHHbIX nuoanblx nap (VD1 u VD4; VD3 u VD6;
VD2 u VDS5) cocrasnser T/6.

Hyg Uzp Hoe

KRR

&2 |vos|vps | s

4
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Puc. 3.5. Cxema Tpexda3zHOTo ABYXIOIYIIEPHUOTHOTO
BBITIPSIMUTEIISI M BPEMEHHbBIE THarpaMMbl, TIOSICHSIOIINE ero padoTy
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K nedocmamxkam cxembl MOXKHO OTHECTH:

e bonbmioe nageHue HamnpsHKEHHs. HA BHYTPEHHEM COINPOTHBIIEHUU BBINPSAMUTENS 3a
cdeT paboThl IBYX BEHTWJIEH, YTO HE MO3BOJISIET MCIIOJIb30BAaTh CXEMY MPU BBICOKMX 3HAUYEHUSIX
TOKa Harpy3KHu.

e Hannuue nByX paguaTopoB [UIsl AHOJHON U KaTOAHOU I'PYIIIL.

Jocmouncmeamu cXxemMbl BBIIPSMIICHUS SIBIISIOTCS:

e Bricokoe 3HaueHHe Kod(DQUIMEeHTa BBIMPSAMICHUS W MaJIbIi YPOBEHb OOPaTHOTO
HAIPSDKEHUS, 4TO IT03BOJISIET HCIIONIB30BATh CXEMY IIPH BBICOKUX YPOBHSX HAIIPSIKCHHUS.

e Marnoe 3HaueHHe KOAPPHUIHMEHTA MYJIbCALUI 0 CPAaBHEHUIO CO CXEMOM C HYJIEBBIM
BBIBOJIOM, YTO YMEHBIIIAeT rabapyuThl CriIaKUBAOLIET0 (GUIbTPA.
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e OrcyTcTBHE OAHOCTOPOHHETO HAMarHWYMBAHMS CEpEYHUKA TpaHcpopmaropa (TOk
BO BTOPUYHOM I1eNHU TpaHCchopMaTopa — ABYXITOISIPHBIN).

e Xopomiee HCHONb30BaHUE TpaHchopMaTopa (TOK BO  BTOPUYHOM  LEHH
TpaHncpopmaropa nporekaet 2/3 nepuoaa), uto ysenuuuaet KI1J] yctpoiicTsa.

JlaHHas cxema 0O0JagaeT BBICOKUM KO3()(PULIMEHTOM HCIIOIb30BaHUS MOLIHOCTH
TpaHcdopMmaTropa, MajblM 3HAYEHHEM OOpaTHOTO HANPSHKEHWS Ha JAWOJE, IOBBIIICHHOM
YacTOTOM MyJabCallMi BBIIPSIMIIEHHOTO HAaNpsKeHHsA. OTa cXeMa IMPHUMEHSeTCd B IIUPOKOM
JIana3oHe BBIXOJHBIX MOIIHOCTEH W BBIIPSMIICHHBIX HanpsikeHud. CoequHEeHHe BTOPUYHOM
00MOTKH TpaHc(hopMaTopa 3B€3/101 M03BOJISAET U30€XKaTh MOSABICHHUS YPaBHUTEIbHBIX TOKOB IIPU
acUMMeTpuu (a3HbIX HAPSIKCHHA.

3.6 YeuanTelibHbIe KaCKaAbl HA MOJIeBbIX TPAH3UCTOPAX.
J1J1s OJIEBOTO TPAH3UCTOPA, KaK U 711 OUIIOISIPHOTO, BBIACISAIOT TPH CXEMbI BKIIOUECHHUS.
Jlis moneBoro TpaH3WCTOpa 3TO cxembl ¢ obmuM 3aTBopoM (O3), obmmm uctokom (OU) u
o6mum crokoM (OC). Hanbosiee 9acTo UCMOIB3YIOT CXEMBI C OOIIMM UCTOKOM (pHc. 1).
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Puc. 1. Cxema BKIIFOUEHHSI TIOJIEBOTO TpaH3UCTOPa ¢ 001mmM uctokom (ON)

Tak kak B padouem pexnme I3 0, a 1, ® 1. BxogHBIMH XapaKTEpHCTHKAMH

00bI4HO He monb3yrores. Hanpumep, i tpansuctopa KIT103J1 qins Toka yreuku 3atBopa Iy,
npu ¢<85°C BrinosiHseTcs ycinoBue [, < 2uxA.

3.ym
Bbvixoonuvie (Cm0K08ble) xapakmepucmuku. BrixoaHoit XapaKTepHCTHKOﬁ
Ha3bIBAIOT 3aBUCUMOCTD B A
lC o f(uuc }um:const’

rne f— HekoTopas pyHKIIHS.

[ToyleBOt TpaH3UCTOP XapaKTEPU3yeTCs CICAYIOIMMMHU MPEACIbHBIME apaMeTpaMu
(cMBICI KOTOPBIX TOHSTEH U3 0003HAYCHUN): Uye pares Usenares Praxe-

Host tpansuctopa KIT103JT U,crnuc=10 B, Uscpac=15 B, Puuc—=120 mBm (Bce mpu
=85°C).

Cmoxo3ameopHuvle XapaKmepucmuKu (xapakmepucmuxu nepeoauu,

nepeoamounuvle, nepexoomule, NPOXOOHbBle  XAPAKMEPUCMUKU). CTOK03aTBOPHOI
XapaKTePUCTUKON HA3bIBAIOT 3aBUCHMOCTh BUA

i=f (ugu)‘ _const,

rne f— HekoTopas (pyHKIIHS.

Takue xapakTepUCTUKH HE JAa0T NPUHIUINHAIBLHO HOBOW MH(OPMAIMK [0 CPAaBHEHHIO C
BBIXOJHBIMH, HO MHOIZa Oojee yaoOHbI A HCIIOJIb30BaHMS. [[s1 HEKOTOPBIX TPaH3UCTOPOB
3a7jaeTCsl MaKCUMaJIbHOE (110 MOAYJII0) AOIMYCTUMOE OTPULIATENIbHOE HAPSKEHUE Us,, HAIPUMED,
quist Tpansuctopa 2111031 3To HanpsbkeHne He TOJIKHO OBITh 0 Moay:to Oosblie ueM 0,5 B.

Ilapamempui, xapakmepu3syroujue c60iicmea mpanH3ucmopa yCuiueams HanpAdNCceHue.

Kpymusna cmoxozameopnoti xapakmepucmuxu S (KpyTU3Ha XapaKTEPUCTUKH I10JIEBOTO
TPaH3HUCTOPA):
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ai

du s |1 —30n1HOC

u,. =const

S

OObuHO 3amaercsi u;,=0. [Ipu 3TOM IS TPAH3UCTOPOB paccMaTPUBAETCS KpPYTHU3HA
makcumanbHas s KIT103JI S=1,8...3,8 mA/B npu u,~0, =20°C.

Buympennee ouggepenyuanvrnoe conpomusnenue Rycoup (BHYTPEHHEE CONPOTUBIICHUE)
OTIPEICIISCTCS BRIPAKCHUEM:

du,,

uc.ough .
dlc u,, —3aJJaHHOe

u,, =const

Jlsa KI1103J1 Ruc.auqb ~25 kOm npu u,~10 B, u,~0.

Koagppuyuenm ycunenus

M=

du i, —3a/1aHHOE
3u | .
i.=const

MOXHO OTMETHUTD, UTO
M = S'Ruc.amp .

Hns KIT103JI mpu $=2 MA/B ¥ Ryc.oup=25 kOm M=2 (mA/B)-25 kOm=50.

[TpuHIMIIBI yIIpaBIeHUS TapaMeTPaMu JIEKTPOHHOTO aKTUBHOTO 3JIEMEHTA, 3aJI05KEHHBIE
B IIOJIEBBIX TPAH3UCTOPAaX, MOIYT OBITh peaJn30BaHbl B 0O0JI€€ CIOXKHBIX 3JIEKTPOHHBIX
ycrpoiictBax. K TakuMm ycTpoHCTBaM MOXHO OTHECTH AYEHKY HAMAMU HA OCHOGE NOJ1€6020
mMpPAanH3ucmopa ¢ Uu30JUPOGAHHBIM 3amMEopom (Paaw-namams). YcTpoiicTBa (QUIdLI-IaMATU
SBIISIOTCS ~ COBPEMEHHBIMH  OBICTPOAEUCTBYIOUIMMH  MPOTPAMMHPYEMBIMU  MOCTOSHHBIMU
3anomuHaromuMu  ycrpoiictBamu (IMI13Y) ¢ snexTpuyeckoid 3amucbi0 U 3IEKTPUUYECKUM
ctupanueM uHpopmaruu (ICII-I13Y). OTu ycrpoiicTBa SBIASIOTCA HEPrOHE3aBUCUMBIMH, TaK
KaK mH(popMalus HE CTUpaeTcs NpU OTKIOYEHUM NUTaHUA, BblIAepxkuBatoT He meHee 100 000
[UKJIOB 3aIUCH/CTUPAHUSI.

OpHolt W3  pa3HOBUJOHOCTEH MNpPUOOPOB, PEATU3YIOIIMX MPUHLUIBI  MOJIEBBIX
TPAH3UCTOPOB, SBISAIOTCA HOJIYRPOGOOHUKOBblEe npudopvl ¢ 3apaooeou ceaszvio (I13C).
[Ipubops! ¢ 3aps10BOH CBA3BIO UCIOJIB3YIOTCH:

. B 3alIOMUHAIOIINUX yCTpoiicTBax DBM;
o B YCTpOHCTBax IMpeoOpa3oBaHMsl CBETOBBIX (ONTHYECKHUX) CUTHAJIOB B
3JIEKTPUYECKUE.

3.7 Pe:xxumbl padoThl yCHJIUTEIbHBIX KACKAA0B.

Pexum A — Takoil pexum pabOThl YyCHIMTENBHOIO 3JEMEHTa (TpaH3UCTOpa WIIU
JaMIlbl), B KOTOPOM IpPU JIHOOBIX JONMYCTUMBIX MTHOBEHHBIX 3HAYEHHUSAX BXOJHOIO CHUTHAJA
(HampsKEHUsT WIK TOKA) TOK, MPOTEKAIOIIMNA Yepe3 YCUIIMTEIbHBIN 3JIEMEHT, He Npepuleaemcs.
YcunutenpHelid 3JIEMEHT HE BXOJUT B PEKUM OTCEYKH, HE OTKIIIOUAETCS OT HArpy3KH, OITOMY
(dopMa ToKa yepe3 Harpys3Ky Oosiee MM MEHEe TOYHO IOBTOPSET BXOJHOW curHail. B wactHom
cllyyae YCHJINTEIIs TapMOHUYECKUX KoJIeOaHUH pexuM A — Takoi peskuM, B KOTOPOM TOK uepes
YCUJINTENbHBIN JIEMEHT IIPOTEKAET B TEUEHUE BCETO MEPUOAA, TO €CTh yroJl IPOBOJUMOCTH 20,
pasen 360°.

bonee xécTkue onpenencHuss OroBapuBarOT HE TOJIBKO HEJIONYCTUMOCTb OTCEUKHU, HO U
HEJIOIYCTUMOCTb HACBIIEHHs (OrpaHMYEHHMs] MAKCUMAaJIbHOI'O TOKA) YCHJIUTEIBHOI'O 3JEMEHTA.
[To ompenenenuto M. A. bonu-bpyeBuua, «pexxuM A XxapakTepu3yercs TEM, YTO MpU ACHCTBUU
cUrHajia pabouasi TOYKAa HE BBIXOAUT 3a MpeAeibl MPAKTUYECKH MPSIMOJUHEHHOro yd4acTka
JUHAMHYECKON XapaKTepUCTUKH JiaMIiibl. [Ipy 3TOM HenMHelHble UCKa)KEHUS MUHUMAJbHbBI, HO
ko3pduuuent mnoneznoro gericrBus  (KIIJ) kackama okas3blBaeTcs HU3KMM» — H3-32
HEOOXOJUMOCTH IPONYCKaThb 4Y€pe3 YCUIIMTENbHBIM 3J€MEHT 3HAUUTENbHBI TOK IOKos. B
TPaH3UCTOPHOW PpaJUOTEXHUKE KacKal, OTBEYAIOIIMM IPOUUTHPOBAHHOMY OIPEIEICHHUIO,
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Ha3bIBAlOT HEJOHAINpPSDKEHHBIM, a KackaJ, B KOTOPOM Ha IIMKE CHUrHaja Halnrogaercs
HACBIIICHHE WJIM OrpPaHWYEHHE TOKa — TepeHANnpsDKEHHBIM («HANPSDKEHHOCTHY B 3TOM
KOHTEKCTE €CTh OTHOCHUTENbHAas Mepa aMIUIMTYAbl BXOAHOIO curHana). Pexxum paboTel Ha
TPAHULIE HEJOHAIPSKEHHOTO U NEPEHANPSHKEHHOIO COCTOSIHUM HA3bIBAETCSI KPUTHUECKUM.

Tok 1OKOSI yCHUIIMTENBHOrO 3JIEMEHTA B peXUME A JOJKEH, KAK MMHUMYM, [IPEBBILIATD
MUKOBBIA TOK, OT/IaBaeMblii KackaaoM B Harpy3ky. Teopermueckuit KIIJ[ Takoro xackaga mpu
HEUCKaXEHHOM BOCIPOM3BEJEHUN CHUTHAJIOB MAaKCHMajbHO JOMYCTMMOW aMIUIMTYAbl pPaBEH
50 %; Ha NpakTUKE OH CYUIECTBEHHO HHWXE. B OJHOTAKTHBIX TPAH3UCTOPHBIX YCHIIMTENSAX
mownocmu KI1J[ o6sryn0 paBen 20 %, To ectb Ha | BT MakcuManbHON BBIXOJHON MOIIHOCTH
BBIXOJIHBIE TPaH3UCTOPHI JOJKHBI pacceuBath 4 BT Temna. M3-3a cioXHOCTEH ¢ OTBEIEHUEM
Tera Tpan3uctopueie YM3U kmacca A, B OTOMYME OT UX JIAMIIOBBIX AaHAJIOTOB,
pacrpoCcTpaHeHUsl HE MONYYWIM. B MaJOMOIIHBIX IIMPOKOMOJOCHBIX OAHOTAKTHBIX KacKaJax
peXUM A, HANpOTUB, ABJIAETCA €AMHCTBEHHO BO3MOXKHBIM pellleHHeM. BceM MHBIM pexnMam
(AB, B u C) B OOHOTAaKTHOM BKJIIOYEHHU CBOICTBEHHBI HEJOMYCTUMO BBICOKHE HEJMHEHHBIC
UCKaXEHHUS. B  y3KONOJOCHBIX PpPaJuOYaCTOTHBIX YCHJIUTENSIX TapMOHHUKH, MOPOXKJIaeMble
OTCEUYKOH yCHUIUTENIbHOTO JJIEMEHTa, MOTyT ObITh 3((PeKTHBHO OTHUIBTPOBAHBL, HO B
HIMPOKONOJOCHBIX ycunutensax (Y3U, BuIeoycHMIMTENH, H3MEPUTENIbHBIE YCWIMTEIU) U
YCHJIMTEIAX [TOCTOSIHHOTO TOKA 3TOM BO3MOYXHOCTH HET.

B pexume B ycunuTenbHbI 371€MEHT crnOcOOEH BOCIPOM3BOAMUTH JHOO TOJBKO
MOJIOKUTENbHBIE (JIAMITBI, NPN-TPAH3UCTOPHI), TUOO TOJIBKO OTpHILIATEIbHBIE (PNP-TPAH3UCTOPHI)
BXOJIHble curHaibl. [Ipy ycuieHuH rapMOHMYECKUX CUTHAJIOB Yroj MPOBOAMMOCTH paBeH 180°
WJIM HE3HAYUTEIBHO MPEBOCXOANT 3Ty BeIMUMHY. Pesxxum AB siBiisieTcsl pOMEXYTOUHBIM MEXAY
pexxuMamu A u B. Tok nokost ycunurens B pexume AB cyliecTBeHHO 0oJibliIe, YEM B PEKUME
B, HO cyliecTBeHHO MeHbIIE, 4YeM TOK, HeoOxomumblii ans pexuma A. Ilpu ycuienuun
rapPMOHMYECKUX CUTHAJIOB YCHJIMTEIbHBIA JJIEMEHT MPOBOAMT TOK B TEYCHUE OONbILICH YacTh
nepuoia: OJIHa TMOJYBOJIHA BXOJHOIO CHTHama (MOJOXKHUTENbHAs WU OTpULIATENIbHAS)
BOCIIPOM3BOAMUTCA 0€3 HCKaXEHHI, BTOpas CUJIbHO HCKAXKaeTcs. YIoj MpoBOIUMOCTH 20,
TaKoro Kackaja cymectBeHHo Oonbine 180°, Ho MeHbiie 360°.

IIpenensnsiii KIIJ] uneanpHOro Kackana B pexxume B Ha CHHYCOMAAQIBHOM CHUTHAJIE
paBeH 78,5 %, peasbHOr0 TPaH3UCTOPHOIO Kackajga — MpuMepHO 72 %. OTu mnokasarenu
JIOCTUTAIOTCSl TOJBKO TOTZAA, KOTAA BBIXOJHAs MOIIHOCTh P paBHa MakCHMalabHO BO3MOXHOM
MOIIIHOCTH JUIsl JAHHOTO COMPOTHBIECHUA HArpy3Kd Pya(Ry). C yMeHblIeHHEM BBIXOIHON
momHocty KIIJ] magaer, a aOCOMIOTHBIE NOTEPH SHEPrUM B ycUIuTEse Bo3pacraroT. [lpu
BBIXOJAHON MOIIHOCTH, paBHON 1/3 Pyu(Ry), moTepu peanbHOro TpaH3UCTOPHOIO Kackaja
JOCTUTAIOT a0COMIOTHOTO MakcumyMa B 46 % oT Pyuc(Ry), a KIIJ] xackaga ymenbiaercs a0
40 %. C panpHEWIIMM YMEHBIIEHHEM BBIXOAHOW MOIIHOCTH a0COJIOTHBIE MOTEPU SHEPTUU
ymenbmarores, Ho KIIJ] mponomkaer CHUKaTbCs.

B pexume C, Takke Kak U B pexuMe B, yCHIUTENbHBIA 3J€MEHT BOCIPOU3BOAUT
TOJIBKO TIOJIOKHUTENbHBIE, JTUOO TOJIBKO OTpHULIATENbHBIE BXOJAHbIE CUTHalIbl. OgHako pabouas
TOYKa YCHUJIMTEIBHOTO 3JIEMEHTa BbIOpaHa Tak, YTO MPH HYJIEBOM HANpsHKEHUW Ha BXxojne (Wiu
IIPY HYJIEBOM YIIPABJISIOLIEM TOKE) YCHUIUTENbHBIN 3J€MEHT 3anepT. Tok uepes3 yCHIMTEIbHbIN
3JIEMEHT BO3HMKAET TOJIBKO IOCJE MEPEX0/a YIPABISIIOLIEIO CUTHANA YEpe3 HOJb; €CIIA 3TOT
CUTHAJl TapMOHUYECKUHN, TO YCHUJIIUTENb BOCHPOU3BOIAUT OAHY UCKANCEHHYIO TIONYBOJHY (yroi
npoBoguMoctu Menblie 180°). B Henonanpsok€HHoM pexkume C aMIUIMTyna BXOJHOTO CUTHAJ
HEBEJIMKa, I0ATOMY YCWIMTEIb CIIOCOOEH BOCIPOM3BECTH BEPUIMHY ATOH IOJYBOJHBL. B
nepeHanpspkEHHOM pexkume C aMIUIMTyZa BXOJHOIO CUTHAJIa CTOJIb BEJIMKA, YTO YCHJIUTEIb
UCKaXkaeT (cpe3aeT) M BEpIUMHY IOJYBOJHBI: TaKOW Kackaj IpeoOpazyeT CHUHYCOMAAIbHBIN
BXOJIHOW CHUTHAJI B UMMYIbCbl MOKA TpamnerueBuaHoi ¢opmbl. [IpenenbHbIil TeOpeTHYSCKUN
KIIJ] nenonanpsx€nHoro ycuiurens B pexume C, Tak ke Kak U B pexume B, pasen 78,5 %,
nepeHanpsupk€HHOro — 100 %. M3-3a BBICOKMX HEJMHEWHBIX UCKAKEHUM YCHUIIUTEIN B PEXKUME
C, naxxe IByXTaKTHbIE, HEIPUTOJHBI JUIsl BOCIIPOU3BEACHUS IIMPOKOIOJOCHBIX CUTHAJIOB (3BYKa,
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BUJICOCUTHAJIOB, TIOCTOSIHHOTO TOKa). B pe30HAHCHBIX YCHIUTENSX PaguoNepeaTIYNKOB OHH,
HAIpPOTUB, IIUPOKO MIPUMEHAI0TCS Onaronaps ux Beicokomy KIIJI.

3.8 OqHOTaKTHBIE M IBYXTAKTHbIE KACKA/IbI.

OpnotakTHble Kackaabl YM [al0T BO3MOXHOCTH MOJYYUTHh IOJIE3HYIO BBIXOJHYIO
MOIIHOCTb B MOAKJIIOUEHHOW Harpy3Ke oT JoJieit Barra 110 2 - 3 Br.

Tunosas cxema Takoro kackaga YM ¢ BBIXOIHBIM TpaHC(OpMATOpoM IpHUBENEHA Ha
puc. 1, a. BBuny Toro, uto nepBuyHas 0OMOTKa BBIXOJHOTO TpaHCHOpMATOpa UMEET HEOOIbIIOE
OMHYECKOE COMPOTHUBIICHHE MOCTOSTHHOMY TOKY Iy, B pekume mnokos mpu Uz = 0 moutu Bce
HaNps)KEHUE NCTOYHUKA MUTaHUs By MPUIIOKEHO K KOJUIEKTOPY TPAH3UCTOPA U PABHO

EK = UK30 + 130 * R3 + IKO * '] rpancd » (11 - 125) * UKaO-

[TosTOMY Harpy3o4Hasi JIMHHS 110 TTOCTOSIHHOMY TOKY MPOXOIUT Yepe3 padouyro TOUKY
MoJ YIioM , 3HAYUTENbHO OOJBIIMM, YE€M HArpy3o4Has JIMHHUS JJs TEPEeMEHHOro TOKa,

COOTBETCTBYIOIIAs TUHAMHYECKOMY pPEXKHMY pabOThl Kackajia (puc. 1.9.1, B). Hamuuue
BxoaHoro curHaiga Uy = Upex * sinwt u 0a3soBoro toka ig = Igg + Ing * sinwt BbI3BIBaeT B
BBIXOJTHOM IIeNMM KacKaja MYyJIbCUPYIOIIMH TOK KoOJulekTopa 1y = I + Ipne * sinwt u

NyJbCUPYIOIIEE HAMPIKEHHE Ha KOJIEKTOpe Uy = U + Upy * sin(wt - p), oTcTaroiee mo
daze Ha 180° ot a3wl BXxogHOTO HanpsukeHHUs B cxeme ¢ O3,

Harpy3ku 1,=Imy*sinwt, BblAENsAs B Harpy3ke HeoOXOIUMYIO TIOJIE3HYI0 MOIIHOCTh
YCHJIEHHOTO CUTHAaJa

Pox = 0,5 * I * U = 0,5 * Imkz *Roks K-7a 0,5 * ImH2 * Ry

KoaddunmenT noaeznoro aeicTBUS TPaH3UCTOPHOTO Kackaga YM

h = (Pyux / Po) * 100% < 45%, rae Py = I * Ex.

KoaddunmenT ycunenus no MouHocTy kackaaa YM

Kp = Pyux / Pax.
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Puc 1. Cxema TpaH3UCTOPHOTO OJJHOTAKTHOI O Kackaga YM ¢ OO:
a - C BBIXO/IHBIM TpaHchOopMaTopoM; O - ¢ 0OMOTKOM 3/M pelie B KOJUIEKTOPHOMN LeNH; B
- rpauueckuii aHanu3 paboTel 3TOro kackaaa YM B pexume kinacca A

ITpu arom unayktupyemas 3JIC Bo BropuuHOi 00MOTKE TpaHchopMaTopa co3aaeT TOK
C yuerom KIIJ] TpanchopmaTopa BeIXOJHAs MOIIHOCTh Kackaia YM B pexxuMe kiiacca
A orpaHMuYuBaeTCs BEIUUYUHOU

PBLIX = Pz{on Tpam3 * thacQ)
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Pz{on Tpaus PBLIX/ thaH3

JIByxTakTHbIE Kackaabl Y M, KoTOopbele MOTyT paboTaTh B pexumax kiaccoB A, AB, B,
Jal0T BO3MOKHOCTb I10JIy4aTh MOJIE3HYIO BBIXOJHYIO MOIIHOCT B HAIPY3KE B [1BA U B HECKOJIBKO
pa3 Oonbllle, YeM OJHOTaKTHble Kackaasl YM. Ilpu 3TOM yMeHbBIIAIOTCS HEIUHEHHbIE
UCKa)KEHUS, a TAaKXKE BIMSIHHME BHELIHUX IOMEX, CHI)KaeTcs (POH NEPEMEHHOr0 TOKa UCTOYHUKA
HNUTAHUS U T. II.

B stux kackamax YM NOCTOSHHBIE COCTaBISAIOIIME, a TAK)K€ YETHbIE TapMOHMKHU
KOJUIEKTOPHBIX TOKOB OOOMX TpPAaH3UCTOPOB MPOTEKAIOT 110 OJMHAKOBBIM IOJIYyOOMOTKaM
HepBUYHON OOMOTKHM TpaHC(pOpMaTopa HaBCTpeuy APYr APYTy W, B3aUMHO KOMIIEHCHPYSCh, HE
HaMarHU4YMBAIOT CEPACYHUK. OTO IO3BOJSET YMEHBIIUTh TIabapuUTbl, MacCcy M CTOMMOCTb
TpaHcopmaropa.

CymmapHbIii TOK O0OOMX TpPAaH3UCTOPOB, paBHBIM TOKY HCTOYHMKA IMTAHUS, HE
COJCPXKUT IEPBOM TapMOHMKH, YTO YCTPaHSAET Napa3uTHYI0 OOpaTHYIO CBs3b 4Yepe3 Ielb
UCTOYHUKA TUTAHMSL.

IIpu paGore B Oosee SKOHOMHYHBIX pexumax kiaccoB AB1 wmnu B 3HauurtensHo
noseimaerca KIIJ nByxraktHoro kackaga YM. IIpu 3TOM TpaH3HCTOPBI MOTYT BKJIFOYATHCS 110
cxemaMm ¢ O3, Ob nan OK.

Haunbonpmmii ko3pPULIMEHT ycHUIeHHs MO MOIIHOCTH IMOJy4aeTcs INpU BKIIOUYEHUU
TpaH3UCTOPOB Mo cxemMe ¢ OO, 4ro TpedyeT MeHbLIEH MOIIHOCTH BXOAHOTO CHUTHala,
0TOMpaeMoro OT Kackala IpPeIBapUTEIbHOTO YCHJIEHUS, KOTOPbI MOXET cOOMpaThCs WU C
HEePeXOAHBIM TPaHC(HOPMATOPOM, UMEIOIUM BTOPUUYHYIO OOMOTKY CO CpelHell TOUKOH, WM MO
CXeM€ C Ppa3feleHHOW Harpy3koi, oOecrneunBawomeld (a30MHBEPTUPOBAHUE CHUTHAJA,
[I0JJaBaéMOr0 Ha 0a3bl BBIXOAHBIX TPAH3HCTOPOB, 0€3 MEPEXOJHOro (ha30MHBEPTUPYIOILIErO
TpaHcdopmaropa.
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Puc. 2. Cxema TpaH3UCTOPHOTO IBYXTAKTHOTO Kackaga YM ¢ O3, ¢ aBTOMaTH4YE€CKUM
cMmenieHueM B kiacce ABI (a); To ke, HO 6e3 aBTOMaTHYECKOTO cMeleHus B kitacce B (0);
rpaduk paboThl OJHOIO IIeYa 3TOro Kackaaa YM B kiacce B (B); 1uarpaMMbl HallpsKEHUN 1
TOKOB B IITISIX TaKOTo Kackaza B kiacce AB1 (1)
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[Ipu BrItoueHuu Tpan3ucTopoB no cxeme ¢ Ob nonyvaerca HeGonpLIONH KO3 PUIIMEHT
YCUJIEHHS 10 MOIIHOCTH U TpedyeTrcss Ooibliell BeIMYMHBI TOK Ha BBIXOJAE KackKaja
IIPEIBAPUTENBHOTO YCUJIEHUS, TaK KaK BBIXOAHBIM TOKOM MOUIHBIX TpPaH3HCTOPOB B CXEME
kackazna YM c¢ Ob ciyxar ux >MUTTEpHbIE TOKA. BXOJHBIE CONPOTHUBIEHUS TPAH3UCTOPOB B
cxeMe ¢ Ob wumerT Malyl BEIMYMHY, [OITOMY BBIXOJHOM JABYXTAaKTHBIH Kackanx YM
NOJKJIIOYAETCS K Kackagy MpeABapUTEIbHOIO YCWICHMsS IIPH IOMOIIM IEPEXOIAHOIO
(a3oMHBEPTUPYIOLLETO TpaHchopMaTopa.

Ha puc. 2, a npuseaena tunosas cxema ¢ OO IBYXTakTHOro Kackajna YM, koropas
MO3KeT paboTtath B pexxumax kiaccoB A unu AB. Ilpu pabote B pexxume kiacca B pesucropst R
u R, He BKiIrOyaroTcs, Tak kak B 3ToM pexxume Ug, = 0, TO ecTb TpaH3UCTOpbI paboTaroT 0e3
HanpspkeHus cmemieHus (puc. 2, 6, B). I'paduueckoe mnosicHeHue mpuHIMNA padOThI
JBYXTaKTHOTO Kackaga YM B pexxume kinacca AB1 nokasano Ha puc. 2, T.

Pacuer nByxtakTHON cxembl YM mpoBoauTcs rpaoaHaliuTHUECKUM METOA0M TOJBKO
JUI OAHOTO IUleYa, aHAJIOTMYHO pacyeTy OoJHOTakTHoro kackaza YM. Ilpu stoM HeoOXxoaumo
pacueTHYI0 BEJIMYUHY IOJIE3HOW MOIIMHOCTH Ppyyy, UIS KQXKI0T0 IUleya B3SITh PABHOM MOJOBHHE
3aJJaHHOM TTOJIE3HOW MOIIIHOCTH, BBIAEISAEMON B HAarpy3ke Py, To ecTh

Poox =Py /2 = Ik Ui / 4

C yderom ko3dunuenta tpanchopmaunu u KIIJ tpanchopmaropa hy, monesnas
BBIXO/IHAsI MOIIIHOCTh Ka)K/10T0 I1e4a OyJ1eT ONpeAesaThCS BEIPAKEHUEM:

PBLIX x th = PH /2= ImK UmK/ (2 x 2) = Ime R3KB / 4:

rae R3KB=n2 Ry, n=W;/2W;,;

W, /2 - 9ucino BUTKOB MOJTYOOMOTKHY IEPBUYHOM OOMOTKH TpaHCHOpMaTopa;

Roks - TIpUBENEHHOE CONPOTUBIEHHE HArpy3kd K OJHOM NEpPBUYHON IOJIyOOMOTKE
BBIXOJTHOI'O TpaHC(OpMATOPa; BEIUUMUHY HAIPSDKEHHMsS MCTOYHUKA MUTAHUS B PEXKHUME KIIACCOB
AB1 unu B BbiOupatot u3 pacuera

Ex» 0.6 * Up pex » (1.1 - 1.25)Uy, 0.

B Takux ABYXTakTHBIX cxeMax ¥YM MOXKHO MOJIYYUTb MOJIE3HYIO BBIXOJHYI MOIIHOCTh
B Harpy3ke Puux » 3Py yaxe non IPU 337aHHOM paboueit Temneparype. Koapdunuent noneznoro
JercTBUs Takoro kackaga YM B pexxume kiacca B gocrturaer h, = Py * 100% / Py » » 45 -
60%.

3.9 @yHKIHOHAJIbHbIE IPe00pPa30BaTeId HA OCHOBE ONEPANMOHHBIX YCHIHUTEJIeH.

MyabTHBHOPATOPp — pEJAKCALMOHHBIA TEHEPAaTOp AJIEKTPUUYECKUX KojeOaHui
IPSMOYTOJIBHOTO THIMA C KPYThIMU (ppoHTamMu. TepMHUH NpeAsokeH IoyIaHICKuM (pU3MKOM BaH
nep IlosneM, Tak Kak B CHEKTpe MYJIbTUBHOpaTOpa NMPUCYTCTBYET MHOXECTBO I'apMOHHK — B
OTJIMYHUE OT FeHepaTopa CUHYCOUAAIbHBIX KoleOaHUH («MOHOBHOPATOpa).

MynpTuBUOpaTOp SBISIETCS OJHUM M3 CaMbIX pacHpOCTPaHEHHBIX T'€HEPAaTOPOB
UMITYJIbCOB IPSMOYTOJIBHOM (OpPMBI, NMPEACTaBIAIOLNI cOO0H ABYXKacKaJHbIH PEe3UCTUBHBIN
YCUJIUTENb € TayOOKOM IOJIOKUTEIbHOW OOpaTHOM CBs3bl0. B 2/eKTpOHHON TEXHUKe
UCIIONIb3YIOTCSl CaMble Pa3JIMYHbIE BAPHUAHTBI CXEM MYJIbTHUBHOPATOPOB, KOTOPBIE PA3IUYAIOTCS
MEXJy cO0OM MO TUIY MCHOJIb3YEMBIX 3JIEMEHTOB (JJAMIIOBBIE, TPAH3UCTOPHBIE, TUPUCTOPHBIE,
MHUKPORJIEKTPOHHBIE W TaK Jajee), pexuMy paboThl (aBTOKosieOaTeabHbIN, O KIYIIHUN
CUHXPOHM3ALMK), BUJAM CBSI3U MEXIY YCUIUTEIBHBIMHU 3JIEMEHTAMH, CIIOCO0aM PEryJnpOBKU
JUINTEIbHOCTU U YaCTOThI TEHEPUPYEMBIX UMITYJIbCOB M TaK Jlajiee.
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Puc. 1. MynpTUBUOpaTOp CUMMETPUYHBIX KOJIEOaHU
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Puc. 2. MynbTuBHOpaTOp HECUMMETPUYHBIX KOJICOAHUH
Y €r0 BPEMEHHbBIE THArPAMMBI
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Puc. 3. MynbTUBUOpaTOp B KIYIIEM PEKUME

Moct Buna npencraBiser co0Oil JBOWHOW JEIUTENb HANPsHKCHUS, TEPBBIM U3
KOTOPBIX SIBJSIETCS YaCTOTHO-3aBHCHUMOM 1LIETbI0. DTOT AETUTENb OCIA0JISIeT HANpSIKEHUE TeM
OoJibllle, YeM 3aMeTHee TeKyIas 4acToTa OTIMYAeTCs OT €ro COOCTBEHHOMW, KBa3MPE30HAHCHOU
yacToThl f,=1/2nCR.
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Puc. 4. Cxema mocta Bruna

JABoiinoii T-o0pa3ubIii MocT (2T-MOCT) COAEPKUT IO TPU PE3UCTOPA U KOHJICHCATOPA.
B ornnume or Mocta Buna, oH MMeeT 001yI0 TOUKY Y BbIXOJA, YTO PAacIIUPSIET BO3MOXKHOCTHU
npuMmeHeHus. Ho BMecTe ¢ TeM OH MeHee yA00eH Mpu MepecTpoiike 4acToThl f,, Tak kak Tpedyer
U3MEHeHus au00 conmpoTuBieHUs Tpex pesuctopoB R, R u R/2, nubo emkocreit Tpex
konaeHcaropos C, C u 2C.

o——'—C:]T'r_—j—
U 2 Rj2 Uy
1 .

4

Puc. 5. Cxema mocra tuma 2T

3.10 I'enepaTopbl HAa OCHOBE ONEPANMOHHBIX YCUIHUTEIECH.

I'eneparop rapMoHHYECKHX (CHHYCOMAAIBbHBIX) KOJeOaHU (PUKCHPOBAHHBIX YAaCTOT B
npejaenax OT HECKOJbKMX TIepl 0 AECATKOB M BBIIIE KUJIOTEpL HECI0KHO BBINOJIHUTH Ha
OTepallMoOHHOM ycuiuTtene. B oluiem ciaydae reHepaTopoM Ha3bIBae€TCs aBTOKOseOaTenbHas
CTPYKTYypa, B KOTOPOI SHEPrus UCTOUYHUKOB MUTAHUS IPEOOpa3yeTCs B IHEPTHIO IIEKTPUUECKUX
aBTOKOJeOanuii. OCHOBHOM IIENBIO OJHOTO U3 BUJOB MOJ0OHOrO TeHeparopa sisisercs 2T-moct
Ha RC-aemMeHTax ¢ KBa3upe30HaHCHOU YacToTou f,=1/2xCR. DToT MOCT Haxoautcs B nenu OC;
npoiiecc TreHepupoBaHusi obecrneunBaeT mosioxkuTenbHas OC, 1enb KOTOPOH COCTOUT U3
nenutens HanpsbkeHuss R1 R2 R3. [loacrpoeunsiit pesucrop R npenHasHauen mjisi mjiaBHOM
PETYIMPOBKM AaAMIUIUTYAbl BBIXOAHOTO HampsbkeHus. [IpakTUdecku [ BO3HUKHOBEHHS
coOCTBEHHBIX KoJieOaHUN JocTaToYHO BBIOpaTh R,+R3=(10...20)R,; u R;=(0,05...0,1)(R,+R3).
Crabunurponsl VD1, VD2 orpannuuBaroT pasmax reHepUpyeMbIX KoieOaHuN U CIIOCOOCTBYIOT
npUOIMKEHUIO X POPMBI K CHHYCOUAATBHOM.

voi1 vp2
PH—H
R R A r

— H

R/2

L] h
'T 2¢

g1 R2 R3 &

J.

Puc. 1. Cxema renepaTopa CHHYCOHIaJIbHBIX KOJIOaHUH
64



I'enepaTop NpPsAMOYroJIbHBIX HMMIYJAbCOB MOXHO IOJIYYUTb C  IOMOIIBIO
crabunutponos VDI, VD2. Ilens nonoxutensHoii OC y reHeparopa COCTOMT U3 JAEIUTENS
HanpsbkeHuss R3R4. YacrorHo-3aBucumas OC obOecneumBaercs snemeHtamu CI1R2. Jlns
OrpaHMuYEHUs TOKA, NOTPeOIsIEMOro cTaOMIMTpOHaMH, BKiItoueH pesuctop RS5. Pesuctopel R1 ¢
conporusiieHueM okosio 100 xOM mpenHasHaueH Ui TNOBBILEHUS IEHCTBEHHOCTH 3aIUTBHI
BX0/J1a, cogepxareiicsa B OY.

Puc. 2. Cxema reneparopa CHMMETPHUUYHBIX
MPSIMOYTOJIbHBIX UMITYJIbCOB

3.11 JAnonnbie kiawoun. Kiroun Ha OMIOJISAAPHBIX TPAH3UCTOPAX ¢ H30JHPOBAHHBIM
3aTBOpPOM.

Yaie Bcero MCHOIB3YIOTCS KIIIOUM, COOpaHHBIE IO CXEME C OOLIMM 3MUTTEPOM, Kak
nokazaHo Ha puc.l. B kioueBoM pexume OUIMONAPHBIA TpaH3UCTOp pabOTaeT B peKUME
HACBHIIIECHUS (3aMKHYTBIM KIIOY) WIM pPEXKUME OTCeYKHd (pa3oMKHYThIM Kitou). I[lomesno
MOMHHTD, YTO B PEKMME HaAChIIIeHHs 00a nepexo/a (KouIeKTop-0a3a u SMUTTep-0a3a) OTKPHITHL,
a B PEKUME OTCEUKHU - 3allepThl. B pexknMe HachllleHUs BBIXOAHYIO LIENb TPAH3UCTOPA MOXHO
NPEACTABUTh SKBUBAJECHTHBIM HCTOYHUKOM HanpspkeHus, BennuuHa DJ[C KoToporo npuBoauTCs
B cnpaBouHukax (Kspac, U - Hanpspkenue HacoimieHust). CTporo roBopsi, CIeAyeT yYUTHIBATh
TaK’)K€ BHYTPEHHEE CONPOTUBIEHHUE STOTO HMCTOYHUKA, BEJIMYMHA KOTOPOIO OIpenessercs
KPYTU3HOH HaKJOHA JIMHUM TPaHUYHOTO pEXHUMAa, OJHAKO, B OOJBIIMHCTBE NPAKTHUECKU
BAKHBIX CIIy4aeB JUIsI MHKEHEPHBIX PAacyeTOB MOYKHO OTrpaHUuYuThCA BEIMUMHOU - Ugspac.
Pesucropsl Rg 1 Ry m0mkHBI oOecnieunBaTh HaJEKHOE 3allMpaHUE TPAH3UCTOpA IPU HU3KOM
YpOBHE YMPABISIOLIET0 CUTHAIAa BO BCEM JMara3oHe pabouux TeMIepaTryp W HachIIEHHE Mpu
BBICOKOM YpPOBHE YIPABJISIOIIErO CUTHATIA.

+U1«1.n.
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Rs VT ¢

j&x [ i

C_E_;@ Usft) |
) CH J_

T Cex T

C p—
Puc.1. Cxema 351eKTPOHHOTO KJII04a Ha OUIIOJISIPHOM TPAH3UCTOPE.

[Tpu pacuere HEOOXOAMMO YUHUTHIBATH OOPATHBIN TOK KOJIJIEKTOPA, MPOTEKAIOIIUNA Yepe3
pesuctop Rgp, U cospmaromumii Ha HeM majgeHue HampspkeHus. CyMMapHOe HamnpsbKeHHE Ha
smutTepHoM mnepexone omnpexaensercs BbipaxkeHueM: Ugy = Up + Ikmax-Rp, r1€ Ikmax -
MaKCHUMAaJIbHBIM TOK 00paTHBIN KoyekTopa, Uy - HanpsbkeHne HU3KOTO YPOBHS YIPABIISIIOLIETO
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cur"Hana. OueBUIHO, JJI HAJIEKHOTO 3aupanus Tpanzuctopa Heooxoanumo, 4To0bl Uy < Ugpsere
Heo0xoaumMo yuuThIBaTh CHIIBHYIO TEMIEPATypHYIO 3aBUCHMOCTh OOPaTHOTO TOKa KOJUIEKTOPA,
U JUIsS pacdera BBIOMPATh MAaKCUMAIbHOE 3HAYeHWE. B MPOTHBHOM ciydae K09 MOMKET
«TOATEKaTh)» MPU H3MEHEHHH TemmepaTypbl. OTKPBITBI TPaH3UCTOP MOXKET HaXOAUTHCS B
AKTUBHOM PEXHME WIH PEKUME HACHIIEHUS. J[Is SJICKTPOHHBIX KIIFOUEH AKTUBHBIA PEKUM
SBJISIETCS HEBBITOJHBIM, TaK KaK B 3TOM PEKHMME Ha KOJUIEKTOPE PacceuBaeTCs 3HaYMTeNbHas
MOIIHOCTh. [109TOMY aKTHBHBIA PEXHUM JOMYCTHM TOJBKO B TCUCHHUE MEPEXOJHBIX MPOIECCOB
(rme oH, cOOCTBEHHO TOBOpsI, HenzOexkeH). [l obecnieueHns] HACBIEHUST HEOOXO0IMMO, YTOOBI
BBITIOJIHSIOCH cooTHOIIeHuE Ig > I, . Tok 6a3p1 MOXKHO ONpeAenuTs 1o hopmysie:
IB = (Ul - UB30TC )/ (rﬁ + RG)

Tok HachIIEHUS OMpEneseTCsl COMPOTUBICHUEM pE3UCTOpa B IENU KOJUIEKTOPA,
YCUJIUTENbHBIMU CBOMCTBAMH TpPAaH3UCTOpPA M COMNPOTHUBIEHHUEM MEXAY KOJJIEKTOPOM U
SMHUTTEPOM B HACBHIIEHHOM COCTOSHUU:

E-Ua
Ewac ﬂR '
K

[Ipu pacuerax 11e;1€cO00Pa3HO MONB30BATHCS HAUXYIIIMM 3HaueHUEeM P = P min
OTMmeTHM, 4YTO TPH HApPYIICHWW YCJIOBUS HACHIIMICHHUS TPAH3UCTOP TMEPEXOAUT B AKTHBHBIN
PEXHUM, YTO COMPOBOKIACTCS POCTOM HAMPSDKEHUS HA KOJUIEKTOPE M YBEITUYEHHEM MOIIHOCTH
paccesHud. B psge ciydaeB HMCIOIB3YIOT MHOM KPUTEPHUM HACBILICHUS - MPSMOE CMEILECHHE
o0oux mepexoJ0B TpaH3ucTopa (0a3za-dMUTTEp M 0a3a-KOJUIEKTOp). B akTHBHOM pexume
nepexos 0a3a-KOJUIEKTOp CMEIleH B o00paTHOM HampaBieHuu. HeoOxoaumoill yacTbro
IPOEKTUPOBAHUS JJIEKTPOHHBIX KIIOUEH SBISIETCS OLEHKAa WX JUHAMHYECKHX CBOWCTB,
OTIPEACIISIONIUX CKOPOCTh MEPEKIIOYCHHS M TOTEPH DHEPTHMH HA JTOM JTane (IMHAMHYECKUE
notepu). llepexomuesie mpolecchl B AJIEKTPOHHOM KJl04e Ha OUIOJSPHOM TpPaH3UCTOpE
XapaKTePU3YIOTCS UIMTEILHOCTRIO IUKIA MEPEKIIOYCHUS, KOTOPBIH MOXXHO pa3[eliuTh Ha
HECKOJIBKO OT/IEJIbHBIX 3TAIOB!

I

. 3a/lep’KKa BKIIOYEHHUS;

. BKJIIOYEHHUE (HapacTaHHe TOKA J0 BEJIMYMHBI, COOTBETCTBYIOLIEH HACBILIEHUIO);

. 3a/lep’kKa  BBIKJIIOUEHHs (0OyClIOBIE€HAa paccachlBaHMEM 3apsjga B 0asze Ipu
Hepexo/ie U3 PEXKUMA HACHIILEHUS B AKTUBHBIH PEXUM);

. BBIKJIIOYEHHE (OOYCIIOBIEHO YMEHBIIEHHEM TOKAa KOJUIEKTOpa J0 3HAa4YeHMs,

COOTBETCTBYIOLIETO OTCEUKE).

HeoOxonuMo Takke y4MTHIBATh IPOLIECCHI 3apsja €MKOCTEHl MOHTa)ka M Harpys3ku,
KOTOpBIE HE MMEIOT MPSMOr0 OTHOUICHMS] K TPaH3UCTOPY, HO MOTYT CYLIECTBEHHO BJIMATH Ha
JUIMTEJIBHOCTh  IIEPEXOJHOr0 Iporecca B UelnoM. PaccMOoTpuM — XapakTepHble  Y4acTKH
IIEPEeXOAHOT0 MpoLecca 0 BPEMEHHBIM AUarpammam (puc.2).
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Puc. 2. Tlepexoanble mpoiiecchl B KJIIOUY€ Ha OUTIOJISIPHOM TPAH3UCTOPE

1. Tpansuctop 3amepTt, TOK 0a3bl onpenensieTcss oOOpaTHbIM TOKOM KOJUIEKTOpa, 3aps]l B
0a3e MpaKTUYECKH OTCYTCTBYET, Ha BBIXO/I€ KJII0Ua BBICOKHH YpOBEHb.
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2. IloTeHuuan Ha BXOJE KJIHOYAa CKAUYKOM YBEJIMYMBACTCS, HAUMHAETCS 3apsii BXOJHOM
emMkocTu. Toku 0a3bl M KOJJIEKTOpa HE M3MEHSIOTCA, [OKa HalpshKeHHWe Ha repexoje 0Oasa-
AMUTTEP HE MPEBBIILIAET HANPSKEHUS OTCEUKH (BpEMS 3aJ€PKKU BKIIIOUEHUS).

3. B MOMEHT NpEBBIIIECHUS HAIPSKEHUSI OTCEYKU OTKPBIBACTCSA SMUTTEPHBIN IEPEX0l, U
TPaH3UCTOP MEPEXOAUT B aKTUBHBIN pexuM. VHxekTupyemble B 0a3y HEOCHOBHBIE HOCUTENIU
HapylIaloT  paBHOBECHOE  COCTOsHME 0a3bl, W  HAUMHAETCS  HAKOIUIGHHWE  3apsja.
[IponopunoHabHO YBETUYHUBAETCS TOK KOJIJIEKTOPA, 00YCIOBIEHHBIN AKCTpaKLMel HOCUTENIEH B
o0nacTh KoJulekTopa. Bpems 10 nmepexojia B pesKUM HACBILICHUS - BPEMsI BKIIIOUSHHS.

4. B pexxuMme HachbILIEHUS BCE TOKU U HANPSDKEHUS OCTAIOTCS MOCTOSIHHBIMU, IPU 3TOM
3apsi B 06a3e MpojoJIKAaeT HapacTaTb, XOTS M C MEHbILIEH CKOPOCTHIO. 3aps], MPEeBbIIIAOIINI
BEJIMYMHY, COOTBETCTBYIOLIYIO IIEPEXOAY B PEKUM HACBIIIEHUS, HA3bIBAETCS U30BITOUHBIM.

5. Ilpu ckaukooOpa3HOM H3MEHEHMM IMOTEHLMaNa Ha BXOJE KJIHYa TOK 0a3bl Takke
OBICTPO YMEHBILIAETCS, HApyIIAaeTCsl PaBHOBECHOE COCTOSHUE 3apsifa 0a3bl U HAUMHAETCS €ro
paccacbiBaHue. TpaH3MCTOpP OCTAETCs HACBHILEHHBIM J0 T€X I0p, MOKa 3aps] HE YMEHBIIUTCS 10
IPaHUYHOW BEJIMYMHBI, IIOCJIE YEro IEpeXOAUT B AaKTUBHBIA pexUM (BpeMs 3aIepiKKU
BBIKJIFOUEHHUS ).

6. B aktuBHOM pexume 3apsj 0a3bl U TOK KOJUIEKTOpAa YMEHbBIIAIOTCA 70 TEX IOp, M0Ka
TPAH3UCTOP HE MEpPEHAET B PEKUM OTCEYKU. B 3TOT MOMEHT BXOJHOE CONPOTHBIICHUE KIIHOYa
BO3pacTaeT. JTOT ATall OIPEENsET BPEMS BBIKIIIOUEHUS.

7. Ilocie nmepexona TpaH3UCTOPA B PEKUM OTCEUKH HANPSDKEHUE HA BBIXOJIE IIPOAOIKAET
HapacTaTh, TAK KaK 3apsHKarOTCsl EMKOCTH Harpy3kH, MOHTa)Ka M EMKOCTb KOJJIEKTOPA.

CyLIecTBYIOT CXEMOTEXHHYECKHE METOJbl IOBBIIIEHUS ObICTPOJCHCTBUS  KIIOUa:
(dopcupyronias nemnoyka (puc.3, a) u HelnuHEWHas oOpaTHas cBs3b (puc.3, 0).

+EK

Un

Rk J:I_.

RR1 vT |}

T

RB2

a) Kimrou ¢ dpopcupyrorieit 1enovxoi

TEx +Ek

Rk
VT VD T

Re1 RBE2 Rg1 RB2

i

0) Kitou ¢ HenuHeHON 00paTHOM CBA3bIO
Puc.3. CxemoTexHHYeCKHE IPHUEMBbI IOBBIIIEHUS ObICTPOAECHCTBHS

3.12 byaeBa ajareopa. Jlormyeckne ¢QyHkuMu. ApuPMeTHKO-TOrHYECKHE
YCTPOIicTBAa M MATPUYHbIE YMHOKUTEH.

[TpakTuecku Bce LU(pOBBIE yCcTpoicTBa 6€3 maMsiTu (KOMOMHATOpHBIE YCTpOICTBa)
MOTyT OBITb IOCTPOEHBI Ha OCHOBE TpPEX MPOCTEHMIINX JIOTMYECKUX 3JeMeHTOB. Bce Oouee
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CJIOKHBIC CUCTCMBbI PCATIU3YIOTCA U3 DTUX HpOCTef/’IH_II/IX JJOIT'MYCCKUX 3JICMCHTOB KaK M3 KY6I/IKOB.

OcTaHOBHMCS Ha ONMHUCAHUU MPOCTEHIINX TOTUYECKUX FTEMEHTOB.
PaboTa Bcex mu@poBBIX YCTpPOWCTB OCHOBaHA Ha aneeOpe nocuxku. B ee ocHOBe nexar
(GYHKIIMM JTOTUYECKOTO OTPULIAHUS, JIOTUYECKOTO CJIOXKEHHUS (IU3BIOHKIHMSA) U JIOTMYECKOTO

YMHOXEHHS (KOHBIOHKIIHS ). AKCUOMBI alTeOpbl JIOTHKHU:

. T==x

2, t+IT=1
;3 v+ 1=1;
s THT =2
s T+ U=umr;
6. TxT =1
; TkIT=I;
g r*x0=0;
r*xl=ux;

DyHKIMSA «HE», HHBEPTOP
[TpocTelMM JIOTHYECKUM 3JIEMEHTOM SIBIISIETCS MHBEPTOP, KOTOPBIM MPOCTO MU3MEHSET

3Hau€HUE BXOJHOI0 CHIHajla Ha MPAMO NPOTUBOMNOJIOXKHOE 3HaueHue. Ero ¢yHkuus
3alMCBIBACTCS B CIEAYIOLIEM BHJIE:

F=X

rac duepra HaJd BXOAHLIM 3HAYCHHUCM 0003HaYaeT M3MCHECHUE €T0 Ha IMPOTHUBOIIOJIOKHOC.
To xe camoe ﬂeﬁCTBHC MOJXHO 3aluCaTh IIpU IOMOIIHU T36J'II/II_II>I UCTUHHOCTU. Tak Kak BXOO y
9TOI'0 JIOITMYCCKOro 3JICMCHTA JIMIIb OOWH, €0 Ta6n1/1ua HCTUHHOCTHU COCTOUT TOJBKO HU3 IBYX

CTpOK.
X |F

011

10

Tabnuia ICTHHHOCTH (DYHKIMH «HE» (HHBEPTOP)

B kauecTBe HHBEPTOpa B HpOCTCﬁIHCM ClIydya€ MOXHO HCIIOJIb30BaTb OOBIYHEIH YCUIIUTCIIb C
TPAaH3UCTOPOM, BKIIFOYCHHOM I10 CXEMC C O6IJ_II/IM OMUTTCPOM HJIM UCTOKOM. Cxema YCUIINTCIIA,
BBINIOJTHCHHAsA Ha 61/IHOJ'IHpHOM TPaH3UCTOPE N-p-n U IMO3BOJIANOIIAA PCaIn30BaThb (bYHKI_II/IIO

JIOTUYCCKOI'0O MHBCPTUPOBAHU A, IPUBCACHA HA PUC. 1.
+U,

R3

Bsix

R1
Bx VT1

R2

Puc. 1. CxeMa, IMO3BOJIAOIIAA p€aiIn30BaTh

(G YHKIUIO JTOTMYECKOI0 HHBEPTUPOBAHUS
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Jliis Toro yToObl 0COOEHHOCTH BKIIFOUEHUS TPAH3UCTOPOB HE 3aTEHSUIN BBINOIHIEMYIO
GyHKLUIO, 1715 LU(POBBIX MUKPOCXEM BBEJIEHBI CIIELIUAIbHbIE YCIOBHO-Tpaduyeckue
o0o3HaueHust. YI'O nHBepTopa npuBeeHO Ha puc. 2.

Puc. 2. YT'O norudeckoro nHBepTopa

B onHOM KOpITyce MUKpOCXeMBbl OOBIYHO ObIBA€T 1IECTh MHBEPTOPOB. OTeueCTBEHHOE
o0o3HaueHne MukpocxeM uHBepTopos — JIH. Ilpumepst: KP1533JIH1 (SN74ALS04).

JIBe 0cHOBHBIE 001aCTH IPUMEHEHHSI HHBEPTOPOB — 3TO U3MEHEHUE MOJISIPHOCTH CUTHAIA
U U3MEHEHHUE MOJAPHOCTU (pOHTA curHana. To ecTb M3 MOJOKUTEIBHOIO BXOAHOIO CUTHaia
MHBEPTOP JIelaeT OTPULATENIbHBIN BBIXOJHOM CHUTHAll M HAO0OpOT, a M3 IOJOKUTEIBHOIO
(GpoHTa BXOJHOIO CUTHAJIAa — OTPULATEIbHBIH (POHT BBIXOJAHOIO CHUrHaja U HaoOopot. Eme
OJIHO BaXHOE IpUMEHEHHE HHBepTOopa — Oydepusauus curHaiza (c HHBEpcUeil), TO €cCTb
YBEJIMYEHUE HArpy304HOil CrOCOOHOCTH curHama. DTo ObIBaeT HYXKHO B TOM cllydyae, KOrJAa
KaKOW-TO CHUTH&J HaJ0 IOAAaThb HAa MHOIO BXOJOB, a BBIXOJHOM TOK HCTOYHHMKA CHUTHala
HEI0CTaTOYEH.

a— | [ — — o—

S - 4 .

Puc. 3. lnBepcus noJIsIpHOCTH CUTHAJIA U
MHBEPCHs TOJISIPHOCTH (PPOHTA CUTHAJA

DOYHKIHA «H», JOTHYECKOe YMHOKEHHUe
Crnenyonmm NpocTeHIINM JIOTHYECKUM 3JIEMEHTOM SIBJIIETCS] CXEMA, pealn3yrolas
OIlEpaLUIO JIOTHYECKOT0 YMHOKEHUS «H»:
F=XAY
I'ne cumBon A 0603HayaeT QyHKIMIO JOTMUECKOT0 YMHOKEHHs! (KOHBIOHKIINIO). MIHOr 12
3Ta e (PYHKIIUS 3aIIMChIBAETCS B APYTOM BHUJIE:
F=XAY=XY=X&Y
To xe camoe nelcTBHE MOXHO 3amucaTh MPU MOMOLIM TaOJUIBl UCTUHHOCTU. B ¢opmyie,
IIPUBEICHHON BBIIIE, MCIONb30BAaHO JBa aprymeHTta. 1103ToMy 37€MEHT, BBINOIHSIIOLIMHA 3TY
dbyHKLIMIO, UMEET ABa Bxoaa. Takoil anement obo3navaercs «2U». Jlnsa sanemenrta «2M1» tabnuna
UCTUHHOCTH OyJIeT COCTOSITh U3 YEThIPEX CTPOK.
XY
00
1
0

0
1
1|1
Kak Buano wu3 mnpuBeAeHHOW TaOMUIbI MCTUHHOCTH, AKTUBHBIA CHUTHAJI HAa BBIXOAE 3TOTO
JIOTHYECKOI0 3JIEMEHTA MOSBISETCS TOJBKO TOT/a, Korjga 000ux BXxojax OyayT MpUCYTCTBOBAThH
JOTUYECKUE €TUHULIBI.

YT'O cxembl, BEIOJHSIOMICH JIOTHYECKYI0 GYyHKIHIO «21» n300pakeHo Ha puc. 4.

— oo o™

&

Puc. 4. YI'O snemeHTa, BBIIIOJIHSIOIIETO
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(YHKIUIO JIOTHYECKOI0 YMHOXKEHUS
ITpoie Bcero moHATh, Kak pabOTaeT TaKOW 3JIEMEHT IPHU MOMOLIM CXEMBI, [IOCTPOECHHON
Ha UJCATU3UPOBAHHbBIX KJII0YAX C AIEKTPOHHBIM YIPaBIEHUEM, KAaK 3TO IIOKa3aHO Ha puc. 7.8. B
IPUBEJCHHOM cXeMe TOK OyAeT MpoTeKaTh TOJbKO TOTAa, Korjaa 06a kirouya OyayT 3aMKHYTHI, a
3HAYMT, CAMHUYHBIA YPOBEHb HA BBIXOJE CXEMBbI IIOSBUTCS TOJIBKO IIPH IIOJAa4e HA €€ BXOJ ABYX
JIOTUYECKHUX €IUHULL.

Xy S o o=

(I

X2 >———m

Beix

Puc. 5. DxBuBasieHTHas cXeMa, pealu3yroiiast
Jgorudeckyro pynkuuo «21»

DOYyHKIUA <HITW», JOTHYECKOe CJI0KEeHNe
CrnenyomiM TpPOCTEHIIMM 3JEMEHTOM SBISETCS CXEMa, peaju3ylollas OIeparuio
JIOTUYECKOTO CIIOKECHHS «UITTU»:
F=XvY
I'ne cumBon v 0b6o3HayaeT GYyHKIUIO JIOTHYECKOTO CIIOXKEeHUs (An3bloHKIus). Horna
9Ta xe QYHKIUS 3allMChIBACTCA B APYrOM BUJIE:

F=XvY=X+Y=X|Y

Ta6nnua HCTUHHOCTH OJI JaHHOT'O 2JICMCHTA!

X|Y |F
0 0 |0
0 1 |1
1 0 |1
1 I |1

3.13 Opranmm3anus namsata, HWMC namaru. YcrpoiicTBa BBOJa-BbIBOAA
uHpopmanun. Conpsizkenne curianoB B MII cucremax. OCHOBHbIE THIIBI COBPEMEHHbBIX
MHKPOKOHTPOJLJICPOB.

MuKponpouneccopHble CUCTEMBI UCIOIB3YIOT MaMATh [UIsl XpaHEHHsI KOMaHJ, JaHHBIX U
npyroit uHpopMmanuu. CUCTEMbI NaMITH OTJIMYAIOTCS APYT OT Apyra o cmocodam aocTymna K
HUM, 110 00bEMYy MaMATH, HYHEPrOHE3aBHCHMOCTH, CTOMMOCTH XpaHEHHUS B pacyere Ha OuT
uH(pOpMalu1, BPEMEHHU J0CTYIIA.

BbruucnuTenbHbple CHCTEMBl UCHOJIb3YIOT OOBIYHO IIENYI0 HEPAPXUUYECKYIO CTPYKTYpPY
CUCTEM NaMATH KaK 3TO IMOKa3aHO Ha puc. 1. IlamMsaTh BBIYMCIUTENBHON CUCTEMBI MOXHO
pa3fenuTh Ha BHYTPEHHIOW MaMsATh, €CJIM JI000M ee 3JIeMEHT JAOCTYIEeH IpoLeccopy
HEIIOCPEACTBEHHO, M BHEILHION, €CJIU ATO He Tak. [IpsMo miu npousBoIbHO afipecyemMasi aMsTh
npezcTaBisieT co0OH IMOCIe0BaTEIbHOCTh HYMEPOBAaHHBIX SUEEK, JOCTYIl K KOTOPBIM
OCYILIECTBIISIETCS C IOMOILBIO AJPECHBIX CUTHAJIOB, ONPEACNAIOIIUX HOMEp sA4YeHKH, U
CIeLIMaIbHBIX CTPOOUPYIOIUX CUTHATIOB, ONPEEIAIONIMX MOMEHT YTEHUS UJIU 3allHCH.

CucreMpl BHEUIHEM MaMATH MCHOJIB3YIOTCS JUIsl XpaHEHHUs OOJbIIMX OO0bEMOB
uHpopmauuu. K HUM OTHOCATCS HAKONUTEIM HA MArHUTHBIX JMCKAaX, HAKONMTENM Ha
MarHUTHBIX JIEHTaX, onrudyeckue cucrembl Takue kak CDROM, u apyrue npubopsl. Ilpu
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B3aI/IMOI[CI\/JICTBI/II/I C CHCTeMaMH BHCIIHCH MaMSATH BBIUMCIHTEIBbHAs CHCTEMa NEpCHOCUT 010KH
I/IH(l)OpMaI_II/II/I N3 HCC BO BHYTPCHHIOIO ITaMATh U BI:I6I/Ipa€T JaHHBIC YK€ U3 HCC.

BHyTpeHHsAs namaTh BremHss namsth
[Tpormeccop Kbam OcHoBHas HuckoBas) |ApxuBHas
—> > > —>
maMAiATh maMAiATh maMAiAThb IIaMiATh

Puc. 1. Uepapxuueckas CTpyKTypa naMsiTu

B oaT0lf rmaBe paccMaTpuBarOTCAd MPUHLUIBI HOCTPOCHHUS M (DYHKIMOHHPOBAHUSA
BHyYTpeHHell maMsaTH. CuctemMbl BTOPUYHOM MaMATH  JOCTYNHBI JUIsl IIpoLieccopa Kak
nepugepuitHoe 000pya0BaHUE Yepe3 NOPTHI BBOJA/BBIBOJIA.

C TOUKM 3peHHUsl CUCTEMBbl KOMaH/ MaMATh 3TO HAOOpP CJIOB, KAXKJI0€ U3 KOTOPBIX UMEET
YHUKaJIbHBIN ajpec, MOKa3bIBAIOLIMI pacrosiokeHue ciaoBa B namsatu. KoHuenmus agpecos
NaMATH SKBUBAJIEHTA KOHUENIMHU TelePOHHbIX HOMepoB. Kaxnplili TenepoH umeer cBoit
COOCTBEHHBII HOMEP B HEKOTOPOM I10J1€ BO3MOXHBIX HOMEPOB. I10700HO 3TOMY Kaxkaas sueika
HaMATH MUMEET aJlpec KOTOPBIM OmpesenseT MOAYy/b MaMsSITH U PacloJIOKEHUE SIUEHKH B 3TOM
MoOJyJIe.

Kaxnoe cioBo mamsatu cCOAEpXKHUT OAMH WM Oojee aapecyeMmblx OaifT. KommuecTBo
aZipecyeMbIX OallT onpezaenseTcs pa3psAHOCThI0O MUKpoIpoueccopa. Hanpumep, BocbMUOUTHBIE
MHUKpPOIIPOLIECCOPBl  UMEIOT  0alTOBYIO OpraHM3allMi0 MaMsATH. 3a OJHO oOpalleHue
MUKpOIIpoLieccoOp MOXeT o00paboTaTh TOJABKO oOAMH OalT wuHpopmauuu. IllectHagnaTu-
pa3psiiHble MUKPOIIPOLECCOPhI MOT'YT 00paIaThCsl K OJHOMY MJIU ABYM OaiiTaM OJHOBPEMEHHO.
CoBpemenHble 32-pa3psaaHbl MUKPOIIPOLIECCOPHI MOT'YT padoTaTh ¢ 32-pa3psaIHbIMU CJI0BaMHU 16-
paspsIHbIMH  cioBaMd W 8-paspsaHbiMu  Oalitamu. [losromy mamsaTh Juid 3THX
MHUKpPOIIPOLIECCOPOB OpraHM30BaHa TaKUM 00pa3oM 4YTOOBI JOMYCKaTh OOpalleHHE K OJIHOMY,
JIBYM WJIM 4eTblpeM OaiiTaMm oHOBpeMeHHO. KoianuecTBo ajipecyeMbIX siUeeK MaMsATH 3aBUCHUT OT
KOJIMUECTBAa OMUT LIMHBI aJpeca MHUKpOIIpolieccopa. 8-MU pPas3psiHble MHKPOIPOLECCOPBl U
MHUKPOKOHTPOJIJIEPHI UMeeT 16 OUTHYIO IIMHY ajpeca Mo3BoJisis aapecoBath 64-K OaiT maMsrw.
16- pa3psiaHbIE MUKPOMPOLIECCOPHI MO3BOJSIOT aPECOBATh HECKOJBKO MEra0aiT mnamsTu.
HaxoHern, cOBpeMeHHBbIE MHUKPOIIPOLECCOPbI HMCIOJB3YIOT 64-pa3ps/iHyl0 IIHMHY ajpeca, 4YTo
MO3BOJISIET aAPECOBATh (PaKTUUYECKU OECKOHEUYHBIN 00BEM MaMSITH.

ITon mnaMATeIO UUPPOBBIX BBIUUCIUTEIBHBIX CHUCTEM IOHMMAIOT COBOKYIIHOCTh
TEXHUUYECKUX CPEJCTB, IpEIHA3HAYCHHBIX JMJI1 IpuemMa (3amucH), XPaHEHUs U BbIJAYU
(cunTbIBaHMS) THPOPMALIUY, TPEJICTABICHHON IBOMUYHBIM KOJIOM.

OCHOBHBIMU XapaKTEPUCTUKAMM 3allOMUHAIOLIUX YCTPOUCTB (3Y) ABISAIOTCA:

. UHPOPMALIMOHHAs €MKOCTb, ONpe/esieMas MaKCUMaJIbHBIM 00bEMOM XpaHUMOMN
uH(popMaluu B Ourax uinm Oairax;

. ObICTpOJCIiCTBHE, XapaKTepu3yeMoe BpeMeHeM BbIOOpKH HMHpopmanuu u3 3Y u
BpEMEHEM LMKJIa oOpameHuss Kk 3Y ¢ IpOU3BOJBHBIM JOCTYIIOM HJIM BPEMEHEM IOMCKa
KOJINYECTBOM IE€peJaHHON B enuHully BpeMmeHu wuHpopmauuun B 3Y (umm uz 3Y)
II0CJIE0BATENbHBIM JOCTYIIOM;

. sHepronorpedieHue, onpeaensieMoe IEKTPUIECKO MOLTHOCTBIO, OTpedIIsieMon
3V OT UCTOUYHMKOB MMUTAHUS B KaX/10M U3 PEKUMOB pabOTHI;

. CTOMMOCTb XpaHEHUs UH(OpMAIMU B pacyeTe Ha OJIUH OuT;

. HHEPrOHE3aBUCUMOCTb, TO €CTh cOXpaHseTcs Ju uHopmauus B 3Y mocie
BBIKJIFOUCHM S JJIEKTPOITUTAHUS;

o

71



3.14 udpo-anaiaorossie n anagoro-uudpossie npeodpasosarenun (LAII n ALLII).

[Tudpoananoroseie npeodpazoBatenu (LIAIl) mpennaszHaueHsl Uil IpeoOpa3oBaHUs
nu(pOBbIX CUTHAJIOB B aHajoroBble. Takoe IpeoOpa3oBaHHE HEOOXOAMMO, HaImpuUMep, IpU
BOCCTaHOBJIEHUH aHAJIOTOBOI'O CUTHAJIA, NMPEABAPUTEIBHO MPEOOPa30BaHHOIO B LU(PPOBON [Is
nepegadyy Ha OOJIbIIME PACCTOSIHUS WJIM XpaHEHMsI (TaKMM CUTHAJIOB, B YACTHOCTH, MOXKET OBITh
3BYK).

K ocnoBubiM mnapamerpam I[AIl oTHoOcAT paspelaroulyto crnocoOHOCTb , BpeMs
YCTAQHOBJICHMSI, TOTPELUIHOCTh HEIMHEHHOCTH M Jp. Paspemaromas crnocoOHOCTh — BEIMYMHA,
oOpaTHasT MakCMMaJbHOMY 4YMCIYy IIaroB KBaHTOBAHMS BBIXOJHOTO aHAJIOIOBOIO CHUTHAJIA.
Bpemsa ycraHoBiIeHUS fy.,, — MHTEPBAJl BPEMEHHU OT IOJa4M KOJA Ha BXOJ JI0 MOMEHTa, KOrAa
BBIXOJIHOM CHUTHaJl BOWJET B 3a/laHHbIE IIPEJIEIbl, ONpeeisieMble orpemHocThio. IlorpemHocts
HEJIMHEHHOCTH — MaKCUMaJIbHOE OTKJIOHEHHUE IrpaKa 3aBUCUMOCTH BBIXOJHOTO HAIPSXKEHUSI OT
HaIpPsDKEHUs, 3a71aBaeMOro LU(POBBIM CUTHATIOM, IO OTHOLIEHUIO K UJ€aJIbHOM MPsSMOM BO BceM
JMana3oHe npeoopa3oBaHus.

LAII siBnsieTcst «CBA3YIOLIUM 3BEHOM» MEX]y aHAJIOTOBOM U LU(POBOM JIEKTPOHUKOM.
Cy1mecTByIOT pa3inyHble TpUHIMILI TocTpoeHust ALIL.

Ha puc. 1 npusenena cxema I[AIl ¢ cymmupoBaHueMm BecoBbIXx TokoB. Kurou S5
3aMKHYT TOJIKO TOT/Ia, KOTJIa Pa30MKHYTHI BCe KIFOUH S/ ...S4 (MIpU 3TOM 4,,=0). Uy — oriopHOE
HanpspkeHue. Kaxaplii pe3sucTop BO BXOJHOM LENU COOTBETCTBYET OINPEACICHHOMY paspsaay

nBonyHoro uwucna. Ilo cymecrBy srtor LIAIl — wuHBepTHpyHOLMH yCHWIMTEIb Ha OCHOBE
R,

onepanuMoHHOro ycunurensd. Eciam 3amHyr ommn kmod S/, 10 8, =-U,—%, 4TO
’ R

COOTBETCTBYET €JMHMIICE B TIEPBOM M HYJISIM B OCTAIbHBIX pa3psgax. MoJyib BBIXOIHOTO
HANpsDKEHUST MPONOPIHOHATICH YHCIIY, ABOMYHBIH KOJ KOTOPOTO OINPEAEISIETCS COCTOSIHHEM
kitoueit S7...54. Toku kmoueit S7...54 cyMMHpYIOTCS B TOYKE «a» HMPUYEM TOKHM pa3IMYHBIX
KJTFOUCH Pa3iIiyuHbl (MMEIOT Pa3HBIN «Becy»). DTO U ONpPEAesieT Ha3BaHUE CXEMBI.

R 3
8 54 Roc
R 2 |
1 _P‘i ~S3a b
- 272 : )
Re20. luwx

S o [ [

Puc. 1. HAII ¢ cymMupoBaHueM TOKOB

Ha puc. 2 npuBenena cxema LIAIl Ha ocHoBe pe3uctuBHOM Marpuie R — 2R
(MaTpHULIbl TOCTOSTHHOTO COMTPOTHBIICHUS).

C_z[)u,

Puc. 2. [IAIl Ha OCHOBE pEe3UCTUBHON MaTPHUIIbI
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B cxeme ucnonp30BaHbl TaKk Ha3blBacMble MEpPEKHJHbIE Kitouu S7...S54, Kaxabld U3
KOTOPBIX B OJJHOM U3 COCTOSIHMH MOJAKIIIOYEH K O0IIel TOUKe, I0ITOMY HaIPsDKEHHs Ha KIrouax
HeBenuku. Koy S5 3aMKHYT TOJIBKO TOTJa, KOrjaa Bce Kitoud S/...S4 MOAKIIOYEHb! K 00Ien
Touke. Torja HampspKeHUE OTHOCHUTENIBHO OOINeH TOYKM B KaXIOM Cleyrolledl U3 Todek
«@»...«d» B 2 paza Oousblie, ueM B npeapiaymieid. K npumepy, HanpsbkeHue B Touke «b» B 2 pasza
Oonbiie, yeM B Touke «a» (HampspkeHue U,, Uy, Uc u Uy B yka3aHHBIX TOYKAxX ONpPENENsIoTCs
cienytomum obpazom: Ug=Uy; U=Uy/2; Ug=Up/4; U,=Uy/8). JlomycTum, 4YTO COCTOSHUE
yKa3aHHbIX KJIIOYeH M3MEHWIOCh. Torjna HampspKeHHsl B TOYKax «ay...«d» He M3MEeHHTCd, Tak
KaK HalpsHKEHUE MEXAY BXOJaMH OIEpPallMOHHOTO YCUJINTEINSI IPAaKTUYECKU HYJIEBOE.

Ha puc. 3 IIpUBCACHA CXEMa HAH JJIsL Hpeo6pa30BaHI/I}I JABONYHO-ACCATUYHBIX YUCCII.
Uo 1/10 Uo 1/100 Uo  1/1000 Uo

uﬂﬂ

[ I

Puc. 3. IHAII ansa npeoOpa3oBaHus ABOMYHO-ACCATUIHBIX YHCEIT

Jns  npencraBiaeHus KaXKIOTO pas3psiia  JCCATUYHOIO YHUCIA MCHOJb3YyeTcs
oraenbHas marpuna R - 2R (0003HAaueHBl MPSIMOYTOJbHUKAMU). Zj...Z3; 0003HAYAIOT YHUCIA,
ONpeeICHHbIE COCTOSHUEM KJTtouer Kaxaoil Matpuilbl R — 2R. [lpuHuun AeHCTBUS CTAHOBUTCS
HOHSTHBIM, €CIIM y4YeCTh, YTO COIPOTUBIEHHE KaxJ10i marpuiel paBHO R. Ha Beixonme LIAII
e —U1073(107 -2, +10% - 2, +10-Z, + Z,).

HaunbGonee pacnpoctpanennbiMu siBisitorcest LIAIT cepuit mukpocxem 572, 594,
1108, 1118 u np. B tabu. 1 npuBeaeHs! napaMeTpbl HEKOTOPBIX U3 HUX.

MOJIYyYuM u

Tabmuua 1

THr cxembl p:“p:i‘(’m tyer, Mxc|  Up, B U/ Inur B/A I}:A
K594ITAL 12 3,5 9+ 11 | (5+15)/2,5-15/3,5| 2
K1108M1Al 12 0,4 [22+10,5] +5/15 —16/46 5
KS72MAIA | 10 5 | -17++417 G+1772 1
K575TIA2A | 10 15 | -15++15 5/2 1572 0,8
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4. METOJINYECKUE PEKOMEHIALIIN
10 MOJATOTOBKE K 3AHSITUSIM

4.1 JlaGoparopuass padora Nel (JIP-1) HU3yuyenue u ¢u3nyeckoe uccjieroBaHHe
BOJIbT-AaMIIEPHBIX XaPAKTEPUCTHK MOJTYNPOBOJHUKOBBIX JHOI0B M CTAOMJIMTPOHOB.

[Ipu BbImOMHEHUM pabOTBl O CHATUIO BOJBT-aMmIepHOM xapakrtepuctuku (BAX)
MOJIYITPOBOJJHUKOBBIX JTMOJIOB HEOOXOJUMO YSICHUTBH MOPSIOK BBIMOTHEHHUS paboThl. B nanHoi
pabote npearaercs cHITh BAX nns BeimpsMutensHoro quona, auoaa llortku, ctabunutpona
U cBeToauona. Takke HEOOXOAMMO aKIICHTUPOBATh BHHUMAaHUE HA MPUHIMUIIHAIBHBIX CXeMax
nabopaTopHOH paboOTHI, T.K. CXEMbI ISl NpsSMOW M oOpatHoi BeTBU BAX pasmuuarorcs
BKJIIOUCHUEM MYJbTHMETPA B PEKUME H3MEPEHUS MOCTOSIHHOIO HampspkeHus. Taxke npu
BBIMIOJTHEHUH OIBITOB HE CIEAyeT MpeBbIlaTh NpsAMoil Tok nauonoB Oomee 100 MA. Ilo
pe3ynbpTaTaM  paboOThl TMOCTPOMTH M TPOU3BECTH CpaBHEHHE TmoiydeHHbIX BAX ¢
TEOPETHUYECKUMHU 3aBUCHUMOCTAMM IPSAMOIO TOKa OT MPSAMOIO HamNpsHKEHWs JAaHHOIO THIa
MOJTYTIPOBOJHUKOBBIX JUO/OB.

4.2 Jlabopatopnas paGora Ne2 (JIP-2) U3ydenme m (usnyeckoe uccijieoBaHue
BOJIbT-aMIIEPHBIX XaPAKTePUCTUK OMIOJISPHBIX TPAH3UCTOPOB.

[Ipu moAroToBKE K 3aHATHIO, HEOOXOIUMO aKLIEHTUPOBATh BHUMAHHUE HA MOPSAKE COOPKHU
INEKTPUYECKON cXeMBbl 1TabopaTopHOi pabOTHI M IPOBECHUS PsJia OMBITOB IO CHATHUIO BXOIHBIX
U BBIXOAHBIX XapaKTEPUCTUK OUIOJSAPHOro TpaH3ucTopa. HeobOXoauMo akLeHTHPOBATH
BHUMaHUE Ha TO, YTO BXOJHBIC XapaKTEPUCTUKU CHUMAIOTCA MpPHU JBYX Pa3HBIX 3HAYCHHIX
HAIpsDKEHUST Ha KOJUJIEKTOpE OUIOJSAPHOIO TPAH3UCTOPA; BBIXOJHBIE XapaKTEPUCTUKU
CHUMAIOTCS TIpU OINpEAeNEeHHOM IIOCTOSHHOM TOKe 0a3pl OumoisipHoro Ttpaniucropa. llo
pe3yiapraTaM paboThl HEOOXOAMMO IOCTPOUTH TIpaUKH IOJYYEHHBIX ONBITHBIM IIyTEM
XapaKTePUCTHK.

4.3 Jlabopatopnas padora Ne3 (JIP-3) MHccaenoBanue cxem 0aHO(A3HBIX
HeylpaBJisieMbIX U YIIPABJIseMbIX BbINPAMHUTEJICH.

IIpy DOArOTOBKE K BBHINOJHEHUIO JIAOOPATOPHOH pPabOThl MO yNpaBiISEMBIM U
HEYIPaBJISIEMbIM BBIIPAMUTEISIM HEOOXOAMMO O3HAKOMUTBCS C TEOPETUUYECKUMH CBEIECHUSIMU
10 IaHHOH TeMme, pa3o0paTbcs B OTJIMYMU JAaHHBIX TUIOB BhIIpsiMUTeNel. [lepes BeinmosHeHnEM
paboThl HEOOXOIMMO BBIIIOJHUTH COOTBETCTBYIOIME NIEPEKIIIOUEHUS Ha JIaDOPATOPHOM CTEHAE U
IPOM3BECTH BKJIIOYEHHME TOJBKO IIOCIE€ IPOBEPKU CXeMbl ImpenojaBareneM. Ilpu cHsaTHM
NoKa3aHui npuOOpPOB HEOOXOAMMO HE 3a0bIBaTh IPOU3BOJUTH MEPEKIIOYEHUE PEXKUMA PabOThI
U IIpejiesia U3MEPEHUs MyJIbTUMETpa B KaUeCTBE BOJIBTMETPA: PEKUM U3MEPEHUs MepeMeHHOro
HAIpsDKEHUsT KOrJa IPOU3BOJAUTCS HM3MEPEHHE Ha BTOPUYHOW OOMOTKE TpaHcpopmaTopa U
PEKUM H3MEPEHUs MOCTOSHHOIO HAIPSDKEHMS IPU CHATHUM IIOKAa3aHUH Ha BBIXOJE CXEMBI
BeIpAMUTENS. Takke HEOOXOAMMO IOMHUTb O TEXHUKE O€30IaCHOCTU IPH BBINOJIHEHUU
71a00paTOPHBIX PabOT U HE IOMYCKaTh aBAPUUHBIX PEKUMOB PaOOTHI.

4.4 JlaGoparopHas padora Ned (JIP-4) HccienoBaHue cxeM KOMIIEHCAMOHHBIX
CcTa0WIN3aTOPOB HANIPSKEHH .

[Ipy moAroToBKe K 3aHATHIO, HEOOXOIMMO AaKIEHTHPOBaTh BHUMAHHE Ha MPHUHIMI
I[CﬁCTBHSI CriIa’KuBarOInX q)HHBTpOB U  OTCICOUTL OJTO HpPHU BbBIIIOJIHCHUHU ONBITOB B
naboparopHoii  pabore. Ilepen  BbImomHEeHHWEM  pabOTBl  HEOOXOOUMO  BBINOJHUTH
COOTBCTCTBYIOIIHEC MCPCKIIOYCHUA HA HaGOpaTOpHOM CTCHAC U MMPOU3BECTU BKIIIOYCHUEC TOJIBKO
nocie MpPOBEepKHU CXeMbl mpenoaasareneM. [Ipu cHATHM moka3zaHuil MpuOOPOB HEOOXOAUMO HE
3a0bIBaTh MPOU3BOAUTH NEPEKIIIOUEHUE peXXUMa pabOThl U Mpeaesa U3MEPEHUsT MYJIbTUMETPA B
KayecTBE BOJIbTMETPA: PEXKUM H3MEPEHHUS NMepPeMeHHOr0 HaNpsOKEHUs KOrja MPOU3BOAMUTCSA
U3MEpEeHHEe Ha BTOPHUYHOM OOMOTKEe TpaHchopmaropa U PEXKUM H3MEPEHHUS MOCTOSHHOIO
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HAIpPsDKEHUS NPU CHATUM TOKa3aHUM Ha BBIXOJE CXEMbl BhIIpsAMUTENd. Takke HE0O0XOAUMMO
IIOMHUTb O TE€XHUKE OE€30MaCHOCTH NPHU BBINOJHEHUM J1aOOPAaTOPHBIX padOT M HE JOIYyCKaTh
aBapUMHBIX PEKUMOB PaOOTHI.

ITepen BbIMOMHEHMEM JaHHOM J1abOpaTOpHONH pPabOThl M MOCIEAYIOIIMX HEOOXO0IUMO
HO3HAKOMUTBCS ¢ paboToil B mporpamme «Octminol PA®y, B KoTOpol NMpoOU3BOAUTCS aHAIU3
pe3yabTaTOB ONBITOB Ja0opaTopHbIX paboT. IIpu BeIMONHEHMM PAOOTHI MO HCCIEI0BaHMIO
KOMIIEHCAIIMOHHOTO CTa0MiIn3aropa HEOoOXOJUMO MPAaBHIIBHO IPOM3BECTH COOPKY CXEMbl U
nojaBaTh Ha Hee MUTaHME TOJBKO IIOCIEe NPOBEPKU IIpernojgaBateneM. B xoxe paboThl
IIPOU3BECTH BCE HEOOXOAMMBIE IMEPEKIIOUYEHUS M PETYJIHPOBKM B CXEME cTabuiau3aropa Ajs
YCTAaHOBKHM COOTBETCTBYIOLIMX IIapaMETPOB U CHATHUS 3aBUCHUMBIX mapaMmeTpoB. OleHka
pe3yabTaTOB B JaHHOW pabore mpousBoautcs B nporpamMme «Ocuuimuiol PA®Dy, ycranoBiaeHHON
Ha IEpCOHAIbHOM KOMIIbIOTEpe, KOTOphlii uepe3 USB-mopT noakiodeH Kk jgabopaTOpHOMY
CTEHY.

4.5 JlaGopaTopHas padora Ne5S (JIP-5)UcciienoBanue THMOBBIX CXeM YCHJIMTeel HA
OMIOJISIPHBIX TPAH3UCTOPAX

IIpy moaroToBke K 3aHATHIO, HEOOXOIMMO AaKUEHTHMPOBaTh BHUMAHHE Ha MPHUHIMI
NEICTBUS yCUIINTENEH Ha OUIOSPHBIX TPAH3UCTOPAX, MO3HAKOMUTHCS CO CXEMaMH BKIIIOUEHUS
OUMOJSPHBIX TPAH3UCTOPOB B YCUIIUTEIBHOM PEXHMME: CXEMbI C OOIIMM 3MUTTEPOM, C OOIIEH
0a30if u OOIMM KOJUIGKTOPOM. YSICHUTh HPUHLHUI pabOThl JaHHBIX CXEM MU OTJIMYHE B
HKCIUTYaTAIlMOHHBIX XapAaKTEPUCTUKAX U BBIXOJHBIX Mapamerpax. [Ipu BeimosHeHun paboThl MO
UCCJICIOBAHUIO OWIIOJISIPHOTO TPAH3UCTOpPA B PEXKUME YCHWICHHS HEOOXOIWMO MPaBUIBHO
IPOU3BECTH COOpPKY CXeM M I[0JaBaThb HA HHUX I[MTAHHE TOJBKO IIOCJIE IPOBEPKU
npenogaBareneM. B xome paboThl MPOU3BECTH BCEe HEOOXOAMMBIE TEPEKIIOYCHHUS U
PETYJIMPOBKM B CXeMaxX Uil YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHATHUS 3aBUCHUMBIX
napametpoB. OIleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B IpOrpaMMme
«Octmmio PA®y, ycTaHOBIEHHOM Ha MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphIi uepe3 USB-nopt
MOJIKJIIOYEH K JIa0OpaTOPHOMY CTEHIY.

4.6 JlaGoparopHas padora Ne6 (JIP-6) Hccaenoanme au¢gepeHIHATIBLHOIO
YCWJINTEJIBHOI0 KaCKaa HAa OMIIOJSIPHBIX TPAH3MCTOPAX

[Ipu moAroToBke K 3aHATHIO, HEOOXOAMMO AaKIEHTUPOBaTh BHUMAaHHE Ha MPUHIUI
NEeCTBUS yCUIUTENeld Ha OUMONSIPHBIX TPAH3UCTOPaxX M KaK Pa3sHOBHUIHOCTD JAHHBIM yCTPONCTB
— nuddepeHIMaNbHBIA  YCUTTUTENb, MMO3HAKOMHUTBCA CO CXEMaMH BKJIIOYEHHUS OHUIOJISIPHBIX
TPAH3UCTOPOB B YCUIIUTEILHOM PEKUME: CXEMbI ¢ OOLIUM IMHUTTEPOM, ¢ 001Iel 6a30il 1 00muUM
KOJUICKTOPOM. YSICHUTh MPUHLMI PAOOThl JAHHBIX CXEM M OTJIMYUE B SKCIUTyaTallMOHHBIX
XapaKTepUCTHUKAaX U  BBIXOAHBIX Mapamerpax. [lo3HakoMuThcsi ¢  paboOTO  cXeMbl
nudPepeHnalbHOT0  yCUIIUTENsT M aKIEHTHUPOBAaTh BHUMAHHUE Ha TMapamMeTpax JaHHOTO
ycTpoiicTBa u cepax npumeHeHus. [Ipu BoimonHeHUN paboThI O UCCIIEIOBAaHUIO OUIIOISIPHOTO
TPaH3UCTOPA B PEKUME YCUIIEHUS U paOOTHI 110 UCCIIEIOBAHNIO U PEpEeHINaNbHOIO YCUITUTEINS
HEO0OXOIUMO MPaBUIBHO MPOU3BECTH COOPKY CXEM U MOAaBaTh Ha HUX MHUTAHHE TOJIBKO IMOCIEe
IIPOBEPKHU IMpernojasareieM. B xoxe paboTbl Mpou3BeCcTH Bce HEOOXOIUMBIE NMEPEKIIOYEHUS U
pPeryJupoBKM B CX€Max JUlsl YCTAHOBKM 3aJaHHBIX [apaMeTpOB U CHSTUS 3aBUCHUMBIX
napamerpoB. OlleHKa pe3ynbTaToB B JaHHOW padoTe MPOU3BOAUTCS B IpOrpaMMe
«Ocuunnol PA®»y, ycTaHOBIEHHOM Ha MEPCOHATBLHOM KOMIBIOTEPE, KOTOpbIA uepe3 USB-nopt
HOJIKJIIOUEH K JIa0OpaTOPHOMY CTEHIY.

4.7 Jlaboparopnas padota Ne7 (JIP-7)UcciienoBanne onepanuoHHOr0 yCHJINTEs

[Tpu moArOTOBKE K 3aHATHIO, HEOOXOAMMO aKIIEHTUPOBATh BHUMaHUE Ha UCIIOJIb30BAHHE
ONNCpallMOHHOI'0 YCUJIUTCIIA, IO3HAKOMUTBLCA C OCHOBHBIMU XapaKTCPUCTUKAMHU HOAaHHOI'O
YCTPOMCTBA, UX IKCILUTyaTAllHOHHBIMU IapameTpaMu u chepamu npumMeHeHus. [Ipu BeInoaHeHUN
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paboThl HEOOXOIUMO MPABUIILHO MPOU3BECTH COOPKY CXEM M MOJaBaTh Ha HUX MUTAHHE TOJIBKO
mocie TPOBEpPKU IpernogaBareneM. B xoge paboTel NpoW3BECTH BCE HEOOXOIUMbBIE
NEPEKITIOUCHUS W PEryJUpPOBKH B CXeMaxX [Jisi YCTAHOBKU 3aJaHHBIX IMapaMETPOB M CHATHUSA
3aBHCUMBIX NapaMmeTpoB. OIeHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOIUTCS B MPOrpaMMe
«Octmmol PA®y, ycTaHOBIEHHOM HA MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphI uepe3 USB-nopt
MOJIKJIIOUEH K JIa0OpaTOPHOMY CTEHIY.

4.8)1a0oparopuasi padora Ne§ (JIP-8) UcciienoBanue JUHENHBIX BbIYMCINTEIbHBIX
€XeM Ha OCHOBe ONepalOHHBIX YCHJINTeJIeil.

[Tpu moAroTOBKE K 3aHATHIO, HEOOXOAMMO aKIIEHTUPOBATh BHUMaHUE Ha UCIIOJIb30BAHHE
OINEPALMOHHOIO YCWJINTENsSI B IMOCTPOCHUM JIMHEMHBIX BBIUMCIMTEIBHBIX CXEM, aHAJIOTOBBIX
KoMmaparopoB u Tpurrepa llIMuaTa, MO3HAKOMUTHCS C OCHOBHBIMH XapaKTEPUCTUKAMH JaHHBIX
YCTPOMCTB, UX IKCIUIyaTal[MOHHBIMH IapamMeTpamMu U chpepamu npuMmeHeHusd. [lpu BeinonHeHun
paboThl MO HCCIENOBAHUIO JIMHEHHBIX BBIUMCIUTENBHBIX CXEM Ha OCHOBE OMNEpPallMOHHBIX
ycuiauTened U paboThl MO MCCIEAO0BAHUIO aHAJIOrOBOro KoMmmaparopa u tpurrepa llImuara na
OTIEpPAIIMOHHOM YCHJIMTEJIE HeOOXOAMMO MPaBMIIBHO MPOM3BECTH COOPKY CXE€M U IMOojaBaTh Ha
HUX IHUTaHME TOJBKO IIOCIE IPOBEPKM IpenoaasareneM. B xoxe paboTbl NMpou3BECTH Bce
HEOOXOUMbIE TIEPEKIIIOUEHUS U PETYIMPOBKU B CXeMax JUIsl YCTaHOBKU 33JJaHHBIX IMapaMEeTPOB
U CHATUS 3aBUCHUMBIX MapameTpoB. OLieHKa pe3yibTaToB B JaHHOW paboTe MpPOU3BOAUTCS B
nporpamme «Octmol PA®y, ycTaHOBICHHON HA MEPCOHATFHOM KOMIIBIOTEPE, KOTOPHII yepes
USB-nopt noaxiIto4eH K 1a00paToOpHOMY CTEHAY.

4.9 Jlaboparopuass paGora Ne9 (JIP-9) HcciaenoBaHue THNOBBIX JIOTHYECKHUX
3J1eMEHTOB.

[Ipu moAroToBke K 3aHATHIO, HEOOXOAMMO AaKIEHTUPOBATh BHHUMAaHUE HA MPUHIUIIBI
MOCTPOCHUS THUIOBBIX JOTHYECKHX DJIEMEHTOB Ha TUCKPETHBIX YCTPOMCTBAaX 3JIEKTPOHUKH U
UCIIOJIb30BAHUU MX B CXEMAaX TPUTTEPOB, MPUHLIMIIAX UX PAOOThI, TO3HAKOMUTHCS C OCHOBHBIMU
XapaKTepUCTUKAMU JaHHBIX YCTPOMCTB, MX SKCIUTyaTallUOHHBIMU TMapamMeTpaMu U cdepamu
npumeHeHud. [Ipu BeinmoaHeHUU pabOThI IO UCCIEIOBAHUIO TUIIOBBIX JIOTUYECKUX IJIEMEHTOB U
paboThl MO HMCCIEIOBAHUIO TPUITEPOB HA JIOTMYECKHX HJIEMEHTaX HEOOXOJMMO MPaBHIBHO
npou3BeCTH COOpPKY CXE€M U TMoAaBaTh HA HUX MHTAaHHE TOJBKO TIOCIE MPOBEPKHU
npenogaBareneM. B xome paboThl MPOU3BECTH BCEe HEOOXOAMMBIE TEPEKIIOYCHHUS U
PETYJIMPOBKM B CXeMaxX JUIsi YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHATHUS 3aBUCHUMBIX
napametpoB. OIleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B MpOrpaMme
«Octmmol PA®y, ycTaHOBIEHHOM Ha MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphIi uepe3 USB-nopt
MOJIKJIIOYEH K JIa0OpaTOPHOMY CTEHIY.

4.10 JladopaTopnas padora Nel( (JIP-10)UcciienoBanue TpUITEPOB HA JIOTHYECKHUX
3JIeMeHTaxX

[Ipu BeIMONHEHHH PabOTHI MO HCCIEIOBAHUIO TPUITEPOB HA JIOTHUECKHUX AJIEMEHTaX
HEO0OXOAMMO MPABWIBHO MPOU3BECTH COOPKY CXEM U IMOAaBaTh HA HUX MUTAHUE TOJIBKO MOCIE
IPOBEPKHU TMpernojaBareneM. B xoxe paOoThl Mpou3BECTH BCe HEOOXOIUMbIE MEPEKITIOYCHUS U
PETYJIMPOBKM B CXeMaxX JUIsi YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHSATHUS 3aBUCHUMBIX
napametpoB. OIleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B MpOrpaMMme
«Octmmio PA®y, ycTaHOBIEHHOM Ha MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphIi uepe3 USB-nopt
MOJIKJIIOUEH K JIa0OpaTOPHOMY CTEHIY.

4.11 Jladoparopunass padora Nell (JIP-11) HcciaenoBanme cxeM PerucTpoB H
CYEeTYMKOB B HHTErPAJIbHOM HCIOJTHEHUM.

[Ipy moAaroToBke K 3aHATHIO, HEOOXOAMMO AaKUEHTHUPOBATh BHUMaHUE Ha MPUHLUIIBI
MOCTPOCHUS PETUCTPOB, CHCTUUKOB U I[CHJI/I(I)paTOpOB B UHTCTPAJIbHOM HCIIOJIHCHUM, ITPUHIIUITIAX
uX paboThl, MO3HAKOMUTHCS C OCHOBHBIMH XapaKTEPUCTUKaMU JaHHBIX YCTPONCTB, HX
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SKCIUTyaTallMOHHBIMU TapameTpamMu u cdepamu npumenenus. [Ipu BeimomHeHun paboT Mo
HCCIIEJOBAHUIO CXEM PErHCTPOB, CUETYMKOB W JEMIHU(PAaTOPOB B MHTErPaIbHOM HCIOIHEHUU
HEO0OXOAMMO MPABWIBHO MPOU3BECTH COOPKY CXEM U IMOAaBaTh HA HUX MUTAHUE TOJIBKO MOCIE
IPOBEPKHU TMpernojaaBareneM. B xoxe paboThl Mpou3BECTH BCe HEOOXOIUMbBIE MEPEKITIOYCHUS U
PETYJIMPOBKM B CXeMaxX Uil YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHSATHUS 3aBUCHUMBIX
napametpoB. OIleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B MpOrpaMMme
«Octmmol PA®y, ycTaHOBIEHHOM HA MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphIi uepe3 USB-nopt
MOJIKJIIOYEH K JIa0OpaTOPHOMY CTEHIY.

4.12 JlabGoparopHas padora Nel2 (JIP-12)UccienoBanue cxeM CyMMaToOpoB

[Ipu moAroToBke K 3aHATHIO, HEOOXOAMMO AaKIEHTUPOBATh BHHUMAHUE HA IMPUHIUIIBI
IOCTPOCHUS CyMMAaTOpOB, MPHUHIMIAX HUX paboThl, TO3HAKOMHUTHCSI C OCHOBHBIMHU
XapaKTePUCTUKAMH JaHHBIX YCTPOMCTB, MX SKCIUTyaTallMOHHBIMHU IapaMeTrpamMu u cdepamu
npuMmeHeHus. Ilpu BbeimoiaHeHHH pabOT MO HCCIENOBAHUIO CXEM CYMMAaTOpOB HEOOXOIUMO
MpaBUJIILHO MPOU3BECTU COOPKY CXEM U TMOJIaBaTh HAa HUX IMUTAHHME TOJBKO MOCIE MPOBEPKHU
npenogaBareneM. B xome paboThl MPOU3BECTH BCEe HEOOXOAMMBIE TEPEKIIOYCHHUS U
PETYIMPOBKM B CXeMaxX Uil YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHSATHUS 3aBUCHUMBIX
napametpoB. OIleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B MpOrpaMMme
«Octmmiol PA®y, ycTaHOBIEHHOM Ha MEPCOHAIBHOM KOMIIbIOTEpE, KOTOphIi uepe3 USB-nopt
MOJIKJIIOUEH K JIa0OpaTOPHOMY CTEHIY.

4.13 JladopaTtopuas padora Nel3 (JIP-13)UccienoBanue cxem mU(PPaATOpoB M
aemgpaTopos

[Ipy moaroToBke K 3aHATHIO, HEOOXOAMMO AaKUEHTHUPOBATh BHUMAaHWE Ha MPUHLUIIBI
HOCTPOEHUs IMHppaTOopoBH AemnpaTopoB, NPUHLUIAX HUX pPaOOThI, IMO3HAKOMUTBHCS C
OCHOBHBIMM XapaKTEPUCTUKAMM JAHHBIX YCTPOMCTB, X HKCILIYyaTallMOHHBIMU IapaMeTpaMH U
chepamu npumeHeHus. Ilpu BbImOIHEHMM pabOT MO MCCIEAOBAHUIO CXEM MHU(PPaTOpOBU
nemrdpaTopoB HEOOXOIUMO MPABUIBLHO MPOU3BECTH COOPKY CXEM U I0/1aBaTh Ha HUX MHUTAHUE
TOJIBKO TIOCJIE NPOBEPKM IpernojaasarenaeM. B xonxe paboThl MpoM3BECTH BCe HEOOXOIUMBIE
NEPEKIIOUEHNs U PEryJUpOBKM B CXeMaX [Jsl YCTAHOBKM 3aJaHHBIX [ApaMETPOB WM CHATHUSA
3aBUCUMBIX IapameTpoB. OleHKa pe3y/lbTaToB B JIaHHOM paboTe MPOU3BOAUTCS B MPOrpaMMe
«Ocuunnol PA®»y, ycTaHOBIEHHOW Ha MEPCOHATBLHOM KOMIBIOTEPE, KOTOpbIA uepe3 USB-nopt
HOJIKJIIOUEH K JIa0OpaTOPHOMY CTEHIY.

4.14 JlaGopatopHas padora Nel4 (JIP-14)UcciaenoBanue cxeM MyJbTHILIEKCOPOB U
AEeMYJIbTHILIEKCOPOB

IIpy moaroToBke K 3aHATHIO, HEOOXOAMMO AaKLUEHTHUPOBAaTh BHUMAHUE Ha IPUHLUIIBI
IOCTPOCHUSI MYJIBTUILUIEKCOPOB U JEMYJIbTUIUIEKCOPOB, IPUHIUIIAX UX paOOThI, HO3HAKOMUTHCA
C OCHOBHBIMH XapaKTEPUCTHKAMH JaHHBIX YCTPOWUCTB, UX JKCILTyaTallMOHHBIMU IapamMeTpaMu U
chepamu npumeHeHus. IIpu BbIMONIHEHUN pabOT MO UCCIEAOBAHUIO CXEM MYJIbTHIIEKCOPOB U
JNEMYJIbTUIUIEKCOPOBHEOOXOAUMO IIPABUIBHO IMPOM3BECTH COOPKY CXEM M I0JaBaTh Ha HHUX
NUTaHUE TOJIBKO IIOCJIE MPOBEpKH IpernojasaresieM. B Xxozxe paboTel MpPOU3BECTH Bce
HEO0OXOUMbIE IEPEKIIIOUEHUS U PETYINPOBKU B CXeMax JUlsl YCTAaHOBKM 33JJaHHBIX [1apaMETPOB
U CHATHS 3aBUCUMBIX MapaMmeTpoB. OIleHKa pe3yslbTaToB B JAaHHOH paboTe MPOU3BOAUTCS B
nporpamme «Octminol PA®y, ycTaHOBIEHHON HAa MEPCOHATILHOM KOMIIBIOTEPE, KOTOPBIH yepes
USB-nopT noAKII04eH K J1abopaToOpHOMY CTEHJY.

4.15 Jladoparopuasi padora NelS (JIP-15) HccaenoBanue umu@po-aHAIOroOBbIX
npeodpa3osareJieil.

ITpy moxaroToBke K 3aHATHIO, HEOOXOIUMO AKLUEHTHPOBATh BHUMAHUE HA IMPHHLUIIBI
IOCTPOEHUS LM(PPO-aHATOTOBBIX U aHAJOro-UM(POBBIX IpeoOpazoBaTelel, NPUHLMUIAX HX
paboTbl, MO3HAKOMUTBCSI C OCHOBHBIMM XapaKTEpUCTHKAMU JAaHHBIX YCTPOHCTB, UX
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SKCIUTyaTallMOHHBIMU TapameTpamMu u cdepamu npumenenus. [Ipu BeimomHeHun paboT Mo
UCCIICIOBAaHUIO IH(PO-aHATIOTOBBIX M aHaJoro-uu@poBbIX MpeolOpa3oBaTenell HE0oOXOIUMO
MpaBUJIILHO MPOU3BECTU COOPKY CXEM U TMOJIaBaTh HAa HUX IMUTAHHME TOJBKO MOCIE MPOBEPKHU
npenogaBareneM. B xome paboThl MPOU3BECTH BCe HEOOXOAMMBIE TEPEKIIOYCHHUS U
PETYJIMPOBKM B CXeMaxX Ui YCTaHOBKM 3aJaHHBIX I[1apaMETPOB U CHSATHUS 3aBUCHUMBIX
napametpoB. OIlleHKa pe3ynbTaToB B JaHHOW paboTe MPOU3BOAUTCS B MpOrpaMMme
«Octmmol PA®y, ycTaHOBIEHHOM Ha MEPCOHAIBHOM KOMIIbIOTEpE, KOTOpHI uepe3 USB-nopt
MOJIKJIIOUEH K JJa0OpaTOPHOMY CTEHIY.

4.16 JlaOooparopuas paGora Nel6 (JIP-16)UcciienoBanue aHaJoro-uuppoBbIX
npeodpa3oBareei

ITpy moxaroToBke K 3aHATHIO, HEOOXOIUMO AKLIEHTHPOBATh BHUMAHUE HA IMPHHLUIIBI
IIOCTPOEHHUS aHAJIOro-UU(POBLIX MpeoOdpa3oBarTeseil, NpUHIHUIAX UX pabOThl, TO3HAKOMUTHCS C
OCHOBHBIMHM XapaKTEPUCTUKAMHU JIAHHBIX YCTPOMCTB, MX JKCIUIyaTallMOHHBIMU MapaMeTpaMu U
chepamu npuMeHeHus. I[Ipu BbIIOJIHEHHMH pabOT MO MCCIENOBAHUIO aHAJIOTO-LHU(POBBIX
npeoOpa3oBatesiell HEOOXOAUMO TMPABUIIBHO MPOU3BECTH COOPKY CXeM M IOJaBaTh Ha HUX
IUTaHUE TOJBKO IIOCJIE MPOBEPKH MpernojaasarereM. B xoxe paboTel mnpousBecTH Bce
HE00XO0MMBbIE MEPEKIIOUCHHS U PEryJUPOBKU B CXeMax JUlsl YCTAaHOBKM 3aJaHHBIX MapaMeTpoB
U CHATUS 3aBUCHUMBIX mapameTpoB. OlLieHKa pe3yibTaToB B JAaHHOW paboTe MpPOM3BOAUTCS B
nporpamme «Ocunmnol PADy, ycTaHOBIEHHON Ha IEPCOHATILHOM KOMIIBIOTEPE, KOTOPBIN uepes
USB-nopt noax/Ito4eH K 1a00paToOpHOMY CTEHAY.

4.17 Jlabopatopuass padora Nel7 (JIP-17) OcHoBbI NpPOrpaMmMupoOBaHMS
MHMKPOKOHTPOJLJIEPOB

[Ipu moaroroBke K 3aHATHIO, HEOOXOJMMO AaKIEHTUPOBATh BHUMAHHE Ha OCHOBHBIE
OPUHLUIIBI M METOJbl IPOrpaMMHUPOBAHUS MUKPOKOHTPOJIEPOB, OCHOBHBIX METOJMK 3TOU
peanmu3auuu. Ilpu BeIMOIHEHUHM PpabOT MO MPOTPAMMHUPOBAHUIO MHUKPOKOHTPOJIJIEPOB
HEO0OXOIUMO MPaBUIBHO MPOU3BECTU COOPKY CXEM U IMOAaBaTh Ha HUX MHUTAHHUE TOJIBKO IMOCIEe
MPOBEpPKHU mpernojaBareiaeM. B xoxe paboThl MPOU3BECTH BCE HEOOXOIUMBIE MEPEKIIOUCHUS U
pPeryJupoBKM B CX€Max JUlsl YCTAHOBKM 3aJaHHBIX [apaMeTpOB U CHSTUS 3aBUCHMBIX
napameTpoB. OlLleHKa pe3yabTaToB B JaHHOM paboTe MPOU3BOAUTCA B Iporpamme
«Ocuunol PA®y, ycTaHOBIEHHOM Ha MEPCOHATBLHOM KOMIBIOTEPE, KOTOpbIKA uepe3 USB-nmopt
MOJKJIIOYEH K Ja00OpaTOPHOMY CTEHITY.
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