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BBEJIEHUE

B nHacrosiieM yuyeOHOM MOCOOMU PacCMOTPEHBI BOMPOCHI CXEMOTEXHUKHU U
pacuera yCUJIMTEIEH MOIIHOCTH Ha 0a3e MHTETPalbHBIX ONEPAIIMOHHBIX YCUIIUTE-
JIeH, COMPSKEHHBIX C MOUIHBIMH BBIXOJAHBIMU Oe3Tpac(OpMaTOPHBIMU OKOHEY-
HBIMH KaCKa/JlaMH Ha IUCKPETHBIX KOMIIOHEHTAaX.

B noco6uu paccMoTpeH pacyeT OCHOBHBIX CXeM 0e3TpaHc(hOpMaTOPHBIX YCH-
JUTENEN MOIHOCTHU C ucnoiab3oBanueM OV, npuBeAeHbI CXEMBI pacyeTa KacKaJoB
Ha OV, naH mupokuil BeIOOp cxeM 0e3TpaHcPOpPMATOPHBIX YCHIUTENIEH MOITHO-
CTH, TPUBOIATCS PEKOMEHJIAIUU MO MPOEKTUPOBAHUIO TIEYATHBIX IIaT. B mpu-
JIO’)KEHUH TIPUBEJEHBI MapaMeTpPhl U CXEMbl BKIIOUECHHS] HEKOTOPHIX THUMOB OY
IIUPOKOT0 TPUMEHEHUS W XapaKTEePUCTUKU KOMIUIEMEHTAPHBIX TIap TPAH3UCTOPOB
pa3IUYHBIX MOLIHOCTEM.

[lenbto KypcoBO#l palOThI SIBISETCS HCCIEIOBEHUE MPUHIUIIOB PadOTHI,
IPOEKTUPOBAHMS U pa3pabOTKu OecTpaHC(HOPMATOPHBIX YCUIUTENIEH MOIIHOCTH.
B xoze paGoThl MPOU3BOAUTCS aHAIM3 XapaKTEPUCTHUK YCHINTENEH, pa3paboTka u
MOJICJIMPOBAHUE CXEMbI TAKOTO YCUIIUTENS C 3aJJaHHBIMHU XapaKTepUCTUKAMHU.

B xone u3yueHus AUCHMIUIMHBI (POPMUPYIOTCS CHEAYIONIME KOMIIETCHIINH:
CrocobeH TPUMEHSATh ECTECTBEHHOHAYYHbIE U OOIIEUH)KEHEpPHBbIC 3HaHUS,
METO/Jbl MATEMAaTUYECKOTO aHaju3a W MOJEIUPOBaHUS B HWHKCHEPHOU
NESATEIbHOCTH, CBA3aHHOM C MPOEKTUPOBAHMEM U  KOHCTPYHUPOBAHHEM,
TEXHOJIOTUSIMU TPOU3BOJICTBA MPUOOPOB M KOMIUIEKCOB IMMPOKOTO HA3HAYCHUS
(OIIK-1);

CriocobeH TpPOBOJIUTH SKCIEPUMEHTAIBHBIC HCCICIOBAHUS W W3MEPEHUS,
oOpabaThiBaTh M TPEICTABIATH IOJTYYEHHBIE JJaHHBIE C y4eTOM crenuduku
METOJIOB U CPEACTB TEXHUUECKUX u3MepeHuit B mpudopoctpoeruu (OIIK-3).

B xome BbImonHEHUS KypcoBOil pabOThl (OPMUPYIOTCA CIEAYIOIIHE
WHIUKATOPhI KOMITCTCHITHI:

JleMOHCTpUpYEeT TOHUMaHHE (PU3HMYECKUX SBICHUH M yMEET INPUMEHSTH
dbu3nYecKre 3aKOHBI AICKTPUUECTBA M MAarHETU3Ma MPH PEIIEHUH TUITOBBIX 3aJ1a4
ANEKTPOTESXHUKH C IPUMEHEHHEM MaTtemaTrudeckoro ammapara (OIIK-1.6);

Cnocoben MNPpUMCHATb MCTOAbI dHAJIM34d, MOACIIMPOBAHUSA, TCOPCTHUICCKOI'O U

OKCIICPUMCHTAJIBHOT'O HCCIICAOBAHUA IIpU PCIICHHUU HpO(l)eCCI/IOHaJ'IBHBIX 3a1a4
(OITK-3.3).

OBILUE PEKOMEHIAITNH ITO PABOTE HAJ] KYPCOBOBOIM PABOTOM

Pabota cTyneHTa Haj KypcoBOM pabOTOM ciiaraercst U3 CIEAYIOIINX dJIEMEH-
TOB: CAaMOCTOSITEJIbHOE U3YUEHHUE PA3/IEIOB U TEM MOCOOMS C MOCIEAYIOIIEeH camo-
MIPOBEPKOM M PELIEHUEM THUIIOBBIX 3aJ1a4, UHAWBUYaJIbHbIE KOHCYJIbTALlUH, ITOCE-
HIEHUE JICKIUH, MPAaKTUYECKUX 3aHSATUH, c1auya KypCcOBOM pabOThI.

[Tpu BBIMOTHEHUH KYpCOBON pabOThl HEOOXOJIMMO MOJYUYUTH AJIEKTPOHHYIO
BEpPCHUIO M0 BBIMOJHEHUIO 3aJaHHOW padoThl. HoMep 3amanusi ompenensieTcss B
COOTBETCTBUM CO CLMCKOM T'PYTIIIBI.



3AJJAHUE HA BBIIIOJITHEHUE KYPCOBOM PABOTHI

Pa3zpaboTaTh ycunurtenb NepeMeHHOro Toka Ha MHTerpaibHbix OV s ycu-
JICHUSI CUTHAJa 33JJaHHON aMILTUTY Ibl, UMEIOIIUN B JUana3oHe TeMiepatyp oT -20
C no +60 C cnenyroiiue napameTpsl:

Koaddumment vacrorapix cootHomennit ME=MB=31b
[TpunsaTh, uro u3menenuss AKu OV nexar B quanazone <50 %

Ne | damums Er, | Rr,kOM | Ru,Om | Un, Fu, I | Fs, AKu,% | Cnan 3a
. MB B k1 npeaeiamMu
1| TOJIOCHI TIPO-
TyCKaHW
1. 5 10 10 8 50 1,5 1,0 20 nb/mex
2. 10 |5 50 10 100 10 0,5 20 nb/mex
3. 2 2 25 8 30 15 1,0 20 nb/mex
4. 1 10 10 8 200 20 0,2 20 nb/mex
5. 10 |5 20 10 100 1 0,5 20 nb/mex
6. 15 | 500 50 14 500 10 0,5 20 nb/mex
7. 10 | 1000 1000 10 250 15 1,0 40 nb/mex
8. 1 1000 40 30 10 20 0,5 40 nb/mex
0. 5 500 500 60 30 10 1,0 40 nb/mex
10 10 |5 10 5 40 15 2,0 40 nb/mex
11 5 2 1000 10 50 5 0,1 40 nb/mex
12 10 | 10 5 20 20 10 0,5 40 nb/mex
13 1 1 20 6 20 20 0,5 40 nb/mex
14 2 5 10 40 20 15 1,0 20 nb/mex
15 5 5 10 16 20 1,5 1,0 20 nb/mex
16 10 |1 20 20 50 10 0,5 20 nb/mex
17 2 10 40 25 20 15 0,5 20 nb/mex
18 1 50 50 30 40 20 1,0 20 nb/mex
19 10 | 100 100 30 30 1 0,2 40 nb/mex
20 15 {200 200 60 10 10 2,0 40 nb/mex
21 10 | 500 500 10 250 15 1,0 40 nb/nmex
22 1 25 25 50 500 20 0,5 40 nb/mex
23 5 1000 1000 8 50 10 0,5 40 nb/mex
24 10 | 10 10 14 100 15 2,0 40 nb/nmex
25 5 20 20 8 200 1 1,0 20 nb/mex
26 10 |25 25 10 30 20 0,5 20 nb/mex
27 1 40 40 8 100 20 0,5 20 nb/mex
28 2 50 50 20 50 15 1,0 20 nb/mex
29 5 100 100 15 200 10 1,5 20 nb/mex
30 10 | 200 200 15 20 15 2,0 20 nb/mex

3. O0beM pacueTHO-TIOSCHUTENIBbHOM 3armucku 20-25 MHCTOB.
4. PacyeT mpoBeCTH aHAJIUTUYECKH C UCIOJIb30BaHHeM DBM.




1.0COBEHHOCTH NPOEKTUPOBAHMS YCWJINTEJIEN
MOIIHOCTH.

1.1.TUITbI OIIEPAITMOHHBIX YCUJIUTEJEN

Onepanmonnsiid yeunurenb (OY) B HacTosiiiee BpeMsl sSBIsIETCS HaumOoJsee
YHUBEPCAIbHBIM YCUJIMTENIEM, IO3BOJSIONIMM Ha €ro OCHOBE PEaJM30BBIBATH
MPAKTUYECKH JIF0ObIE TPeOOBAHUS, IPEABSIBISEMBIC K YCUIIUTEIISIM.

OV HaxoIAT MUPOKOE MPUMEHEHUE HE TOJIBKO B YCHJIMTEIBHBIX CXeMax, HO U
B Pa3JIMYHBIX AHAJIOTOBBIX W HMMITYJIBCHBIX ycTpolcTBax. OTedecTBEHHAs TIPO-
MBIIJICHHOCTh BBIMTYCKAET OOJBINOE KOJWYECTBO Pa3IMUHBIX THUIIOB OY, BBHITOJ-
HEHHBIX B BUJC MHTETPATBHBIX MUKPOCXEM M TIPEICTABIISIONINX COO0K0 BHICOKOKA-
YECTBEHHBIE YCUIIUTENH C HEMOCPEACTBEHHBIMU (TFalbBAHUYECKUMHU) CBSI3SIMHU, BbI-
cokum koddppumuentom ycunenus (102 —10° ), manbiM ypoBHEM COOCTBEHHBIX
IIYMOB, CHOCOOHBIE YCTOWYMBO pabOTaTh MpHU 3aMKHYTOW IIEMH OTPUILIATEIHHOMN
obpartnoii cBsizu (OOC).

[Tomasnstomee O60MbIUHCTBO OV M3rOTOBIAIOTCS MO MOHOJIUTHOM HHTE-
TpabHON TEXHOJOTUHU, OOECIEeUMBAIOIICH HHU3KYI) CTOMMOCTh, HAMOOJBIITYIO
MJIOTHOCTH YIIAKOBKH, BBICOKYIO, HaJIKHOCTh paboThl. [1o rTuOpuaHOi TEXHOTOTHI
B HEOONBIINX KOJMYECTBax BbIMyckaioTcs OV crenuanbHOro Ha3HAYeHHS, KOTO-
pbie JIMOO HENb3sl peaan3oBaTh B MOHOJIUTHON (hopMme, TuOO0 Helenaecoo0pa3Ho Mo
HKOHOMHUYECKUM COOOpaXEHUSIM H3-32 OTPAHUEHHOTO HA HUX CIpOCa.

Haubonee pacnpoctpanensl OV oOmiero npuMeHeHus. XapaKTepHbIE OCO-
OCHHOCTH ATUX YCWIMTENEH - HU3KAsl CTOMMOCTb, Majible pa3Mephl, IIUPOKUI Tua-
MA30H HAIpPSKEHUs NMUTaHUS, 3alUIIEHHBIA OT MEePErpy30K BXOJ U BBIXOJ, MaJloe
KOJIMYECTBO WJIM TMOJIHOE OTCYTCTBUE JIOMOJIHUTEIBHBIX KOMIIOHEHTOB, HEBBICOKAS
yacToTa eqMHUYHOro ycuienus (fi= 108 I'm), Manas CKIOHHOCTB K caMOBO30YxKIe-
HUIO, XOPOIllasi TOBTOPSEMOCTh XapaKTEPUCTUK B CTaHIAPTHOM TEXHOJIOTHYECKOM
Mpoliecce U3roToBaeHUsI MOHOJIUTHBIX IMC.

Ycunurenn, KOTOpbIEe IO HEKOTOPBIM MapameTpaM mnpeBocxoasaT OY obmiero
MPUMEHEHHS, Ha3bIBAIOTCS ClieNruaabHbIMU. CreruanbHbIe YCHINTETN CIOKHEE U
nopoxke. OHAKO ATO JENEHUE YCIOBHOE, TAK KaK HUJIET HENPEPhIBHOE COBEPILIECH-
CTBOBAaHHE CXEM M TEXHOJIOTHH, M TMapaMeTphl, KOTOPhIC HEAABHO CUUTAIKCH BBI-
JAIOLUMUCS, CETO/IHS SIBJISIIOTCS CTaHIaPTHBIMH.

Paznuuaror cnenyromue Trmsl crienranbHeix OY.

I. IIpeunznonnbie OV, XapakTepU3YIOMMUECS MAJIbIMU BXOJIHBIMU ITOTPEIIHO-
CTSIMHU, JJOCTAaTOYHO O0ybIIUM KO3 dunrenToM ycunenus 6e3 OOC u kodpdpunu-
€HTOM OcCJ1abJieHHsI CUH(A3HOTO CUTHAJIA.

2.9nexkrpomerpudeckue OV, umeronre 04eHb OOJIBIINE BXOAHBIC COITPOTHB-
JICHUSI, MaJIble BXO/IHBIE TOKHU U IIIYMBI.



3.beicTponeiictByromue OV, npeaHazHadyeHHbIE 151 00pabOTKU ObICTpoMe-
HSIIOIIMXCS AHAJIOTOBBIX CUTHAJIOB; OOBIYHO MMEIOT BHEIIHHWE IENMU KOPPEKIIUU.
Henstcs Ha 1Ba Kiacca:

- IIMPOKOMOJIOCHBIE YCUIIUTENH, MpeHa3HAYCHHbIE I 00pabOTKU Herpe-
PBIBHBIX CUTHAJIOB; XapaKTEPU3YIOTCS BBICOKMMHU 3HAYECHUSIMU YaCTOThHl €IMHUY-
HOT'O YCUJIEHHUS M YaCTOTHI YCWJIEHUS Ha ITOJHOW MOIIHOCTH.

- OY ¢ OBICTPBIM YCTaHOBJIEHUEM, PACCUUTAHHBIE HA 0OPaOOTKY UMITYJIbCHBIX
cUrHasioB. OHM UMEIOT BBICOKME 3HAUYECHUS YACTOThl EAMHUYHOIO YCUJIEHUS U CKO-
pPOCTH HapacTaHUs BBIXOJAHOTO HANPSDKEHMS, NOBBIIIEHHBIE 3HAYEHUS BBIXOJIHOIO
TOKA.

[TapameTpbl HEKOTOPHIX TUIIOB OV, BBIMYCKa€MbIX OTEUECTBEHHON MPOMBIIII-
JIEHHOCTBIO, 1aHbI B IPUIIOKEHUH 2.

1.2.0COBEHHOCTHU ITPOEKTHPOBAHUA YCI/IHI/ITEH\IEI\/)I MOIIHOCTH
HA BA3E OIIEPAIHMOHHBIX YCUJIMTEJIEU (OY).

MonHocTe, otnaBaemas OY B Harpysky , ONPEAENSETCS MaKCUMaJbHBIM
BBIXOJHBIM HanpsbkeHueM OV Upy yax U MUHMMAJIBHO JOIyCTHMBIM CONPOTHB-

neareM Harpy3ku OV Ry yug. 01 coBpeMeHHbIX OY 3HaY€HUs] MAaKCUMAaIbHOTO
BBIXOJJTHOT'O HAIPSHKEHUS U IOMYCTUMOTO COMPOTUBIIEHUS HArpy3KU UMEIOT 3HA4e-

Hus: Ugy max< 10B ¥ Ry mun > 145 kOM, 4TO 0OBSCHSACTCS OrPaHHYCHHOM MOII-
HOCTBIO PACCEMBAHUS B MOIYIIPOBOIHUKOBOM KPHCTAJLIE.

B Tex cnyuasx, korga ot ycunautess MouHocTd (YM) tpeOytoTcst mapameT-
pBI, IPEBOCXOASIINE BBIXOAHBIE MmapaMmeTpbl OV, mocmenoBarenbHo ¢ OY BKIIO-
YaloT JOMOJHUTENbHBINA YCUIIUTENb, OOBIYHO C TaJIbBAHUYECKOW CBSI3bIO, BBIMOJ-
HEHHBIA Ha JUCKPETHBIX TPAH3UCTOPAX, KOTOPHIA B TEXHUYECKOU JINTEPATypE IO-
Jayuun Ha3BaHue "Oycrep". TOKOBBINA OycTEp yBEIMUMUBAET BBIXOJHOM TOK: €ro KO-
abduLMeHT ycuiieHus no HanpsbkeHuio Kyus NpUOJU3UTENbHO PaBEH €JIMHULIE.
BycTtep HanpsbkeHHs! YBETUUYMBAET BBIXOJHOE HANpPSKEHUE W, BO3MOXKHO, TOK. Ha
IIPaKTUKE CTAparOTCsd OCHOBHOE YCWICHHE IO HANPSDKEHUIO MOoNy4yuTh oT OV, Tak
Kak OycTep ¢ eqUHUYHBIM YCUJICHHEM 00J1aJlaeT HAUMEHbLIIUMH UCKAKEHUSIMU BbI-
XOJIHOTO CUTHAJIA.

Ecnu tpeOyemoe HampsbkeHHe Ha Harpy3ke ycwiurtens mouiHoct Uy >
Uoy.max, HICHIONB3YIOT OyCTep ¢ MUHUMAJIbHBIM YCUJIEHUE TI0 HAIPSKEHUIO, OMpe-
JEJISIEMBIM 110 YCIIOBUIO;

Ku5=L21

Uoymax (1.1)
BoapmMHCTBO pacmpocTpaHEeHHBIX CXeM OYCTEpOB HEHMHBEPTHPYIOIIHUE.
OV coenunsercs ¢ OycTepoM TalbBaHMYECKH M OXBAau€H OOIIEH OTPUIIATEIHHOM
obpatHoii cBs3bi0 (OOC), KoTOpasi MOBBIIAET CTAOUIBLHOCTh PA0OTHI, PACITUPSIET
TI0JIOCY MPOMYCKAHUS U CHUKACT HEIIMHCHHBIC UCKAKCHHUS.



CTpyKTypHBIE CXEMbl HHBEPTUPYIOIIETO U HEMHBEpTUpYlolero YM c Oycre-
pom mnokazansl Ha puc.l.l. Konnencarop CKOp KOMITCHCUPYET JIOMOJHUTEIbHBIN

(a30BBIi CABUT, BHOCUMBIN OYCTEpOM Ha BBICOKHX YaCTOTAX, U MOBBIIIAET YCTOM-
YUBOCTh paboThl Y M.

Jltst nuBeprupytomero Brmodenus (puc.l.1a) - Kyyy = —Roc /Rl [lns neun-
Beprupyromero BaodeHns (puc.1.16) - Kuyyu =1+ Roc / Ry
TapameTpsl KoppekTupyiomero kouneHcatopa Cxop BBHIGHPAIOTCA M3 COOTHOIIE-
HUS:
Crop = Te6  Rocs (1.2)
IJIE Ty - OCTOSIHHAS BpeMEHH OycTepa B 00JIACTH BEPXHUX 4acTOT ( 3aBHCHUT OT

YaCTOTHBIX CBOWCTB TPAH3UCTOPOB OyCTEpa U BEIMUYMHBI EMKOCTH Harpy3ku). Pac-
YeT TaHHOW BEJTMYUHBI Oy/IeT MPUBEIEH NPH pacyeTe KOHKPETHBIX CXeM OyCTEpOB.
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Puc. 1.1.

Cxema ycuiurenst MmomiHocT Ha OV ¢ 6yctepoM: a — (ha3a BEIXOJAHOTO CUTHAIA
VM casunyta Ha 180° otHOCHTENEHO BXOMHOTO (MHBEpTUpYIOmMI YM); 6 — (asa
BBIXOJ/IHOTO CUTHaJIa COBMAJAET CO BXOJAHBIM (HEMHBEpTUpYIOUUi YM).



1.3 BBIBOP TUIIA OY M KOPPEKIIS ETO YACTOTHOM XAPAKTEPU-
CTHUKU

OV saBnsieTcst BXOJHBIM KackagoM YM u, ciaeaoBaTenbHo, JOJKEH yI0BIIe-
TBOPSATH CJIEAYIOIIUM YCIOBUSIM:
a) [Ipu BeIOOpe OY HE0OXOAMMO YUYHUTHIBATH MapameTphl pazdpoca camoro

OV u cnpoektupoBaHHO# cxembl. C 3TOH 1EIbI0 I ONpeeICHUs K, 14 nc-

MIOJIB3YEM CIIEYIOLIEE:
F= A]{U.oy/6]<~U9

rie  AKyoy — pa3opoc napametpoB OV, 6Ky — pa3Opoc mapaMeTpoB CIIPOEKTHPO-
BAHHOU CXEMBI.

Janee HaxoauM KO3((ULIMEHT YCUJIEHHUsS] CXEMbl UCXOMS U3 3aJaHHbIX Ia-
paMeTpoB:

KU.yM = UH/GF.
Crnenyrommm 3tanom ssisiercs onpenenenue Kyqy. OH paBeH
Kuoy=F ‘Ky.ym.

0) o0ecreynThs MaKCUMAJIbHYIO TIEpeiavy HaIpsKEHUSI HICTOYHUKA CUTHAJIA
€, ¢ BHYTPEHHHM comnpoTuBienreM R Ha Bxox YM:

pu RBx.oy >> RBx.yM >>Ry  Ug =E,,

ErRBX.yM

o 5 1.3
RBX.yM + Ry (13)

3Has R, onpenensieM Ry oy B COOTBETCTBUM C YPaBHEHHSIMH 1.3 M 1O cIIpaBOYHH-
Ky BbIKcbIBaeM Bce OY umeronue OJIU3KHUE M0 3HAUCHUIO Ry oy-

a rpu RBx.oy >> RBX.yM ® Ry U =

7

B) KoodduumenT ycunenns OY Ha BepxHeil yacToTe curHana /s uoy PO
’KCH XOTs OBI Ha MOPSIIOK MPEBBIIIATE TpeOyeMoe 3HaYCHUE k), [ obecrede-
Hus rryookoit OOC Bo BceM auamnaszone yactor YM
e
koo 210k, (1.5)

uoy
3HaueHue klﬁy OMPENENACTCS M0 aMIUTUTYIHO-4aCTOTHOU XapaKTepUCTH-

ke OY (AUX).
Hns OY ¢ BHyTpEeHHEN KOppPEKIUEH k{gy MOXET OBITh pACCUMTAH aHAJIU-

TUYCCKHU I10 CIIPABOYHOMY 3HAYCHUTIO YaCTOThI CAMHUYHOTO YCUJICHUA fT

. _ 20
kj:,y—ft/fe mpu  fe 21071y (1.6)



r) Ui obecrieueHusl MaKCUMAaJIbHOTO pa3Maxa HanpspkeHust Ha Beixoze OV,
IIPU CUHYCOHJAJIbHOM CUTHAJIE 4acTOTOU f,z, OY NOIKEH HMETh CKOPOCTh Hapac-

TaHWs HAIPSDKEHUA V), HE MEHEE

Vossix 26281 5U oy e, (1.7)
3neck fg BMI,  Upyppgre BB

n) Janee, 3nas JIBAX, koappuuuent ycunenus OV, f, Beidoupaem OY, ko-
TOpbIE BIIMCHIBAIOTCS B OJIHY U3 BbIOpaHHbIX paHee OVY.

B cnyuae, korma He ynaercs nogoOpate OV, ynOBIETBOPSIONIMNA mepe-
YUCJIEHHBIM TPEOOBAHUSIM, HCIOJIb3YIOT KAacCKaJHO€ BKJIIOUCHHE YCUIIUTENICH Ha
OV, kak npeacrasieHo Ha puc. 1.2. CBsA3b MeXIy KacKajJaMu OOBIYHO TaJIbBaHHU-
yecKasl, 4To YNpOoIIaeT W yAeuieBisieT YM, Tak Kak pa3feiauTelbHble €MKOCTH
JIOJKHBI OBITh HETMOJIIPHBIMU M3-32 3HAKOMIEPEMEHHOTO CUTHaNA (RJIEKTPOIUTHYE-
CKHE KOHJICHCATOPbI, KaK MPaBUJIO, MOJSPHBIC, U UX HCIOJIH30BAHUE HEIIOMYCTH-
Mo). Kaxneiii kackag Ha OY oxBauen MectHoit OOC, koTOpasi CTaOUIU3UPYET
ero Kod(GUIIMEHT YCUIICHHS U PACIIUPSIET MOJI0CY MPOIYCKaHUs KacKaja.

[TonHpIi KOA(G(GUIUEHT YCUIIEHUS! YCUIIMTENS MOLIHOCTH, COCTOALIEro u3 N
KacKajoB, Oy/eT
kuz = k1 ke kyn = kyyus (1.8)
rae k. k,p —xodpdunuentsr ycunenns kackago Ha OY ¢ mectHeiMu OOC;
k,n —ko3ppuumeHt ycuienus nociueanero OY u oycrepa, oxsadeHHbIX OOC.
Ha puc 1.2 npuBenensl cxeMbl MHOTOKackagHbIX YM ¢ Oycrepom. OObIYHO
Oombie AByx kKackagoB Ha OY B YM ucnonb30BaTh HE PEKOMEHAYETCS, TaK Kak

0oJee MIMPOKOIIONIOCHBIN YCUIIUTEIh SKOHOMUYECKH 1eJIeCO00pa3HO BHITIOIHATH
Ha JUCKPETHBIX 3JIEMEHTaX. KOppeKTUpyomMuil KOHIEHCATOP CKop BbIOMpaeTcs

1o yciyosuio 1.2.
Conpotusnennst R3 u R4 Ha puc. 1.2 ciyxat ajis yMEHbIICHHS OTPEIIHO-

CTH, BHOCUMOI BXOAHBIMU ToKamMu OV,

B mHorokackanueix YM nepBbId KacKall, BKIKOYEHHBIN [0 HEUHBEPTUPY-
folel cxeme (puc.l.2a), obecneunBaeT 0osee BBICOKOE BXOIHOE CONPOTUBIIEHUE,
yeM HHBepTHUpytomas cxema (puc.1.20). B nonobHsix MHOroKackaaubix Y M tpe-
ooBanus k OV B KaX/10M KackaJie pa3InyHbl.

st OY BXOIHOTO Kackaja OMpeessoNuMU SBISIFOTCS TpeOOBaHUS J10-
CTATOYHOM MOJOCHI MpoIycKkaHus W Rpx (cormacHo 1.3). OV Broporo kackana
JIOJDKEH TakXKe MPOIMYCKaTh YacTOThl 10 fy U UMETh TpeOyeMyro aMILTUTYAY BbI-

X0JIHOTO HampspkeHus (yciosus 1.4). Bmecte 06a kackama H0HKHBI 00eCIeYMBAThH
TpebyeMbrit koadduimenT ycunenus ( yciosue 1.8).

B ciydae HeoOXOAMMOCTH 06ecIednTh OueHb Bhicokoe (>100 Om) Bxoamoe
conpoTuBiieHuEe, YM Ha ero Bxoje cTaBAT NOBTOpUTENb HA OY U HCHOJUIB3YIOT
raJlbBAHMYECKYIO CBSI3b C ICTOYHUKOM CHUTHAJIA.



OV c BHyTpeHHE# KOppeKLue He TpeOyeT UHANBUIYAIbHOW KOppekiuu. B
OV c BHelHeNW KOPPEKUUEN mapaMeTpbl KOPPEKTUPYIOIINX LIETEN 3aBUCAT OT Tpe-
OyeMol BenuunHbl KoddduienTa ycunenus kackaga ¢ OOC .

1.4 BBIEOP ®YHKIIMOHAJIbHON CXEMBI YM

[Tocne BeIOOpa THIa OY MOXKHO COCTaBUTH OOIIYI0 (YHKIIMOHATHHYIO CXe-
My YM, nogo6HO n300pakeHHbIM Ha puc.l.2a u 1.26.

a) B cootrBeTcTBHHU C 3amaHNeM OycTep JODKEH 00ecreuynBaTh Ha Harpy3Ke
aMIuIUTyly Hampspkenus Uy, ammmutyny toka [,=U,/R, ¥ MOUIHOCTH

B, = US /2R,,. Tak kak OycTep sBisiercs Harpy3koi OV, To Ha Bxoje OycTepa TOK

Igx6 v HanpspkeHue Upx@ HE TOJDKHBI MPEBBIIATE TPEebHBIX mapaMeTpoB OVY.
Ry
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Puc. 1.2. Cxema YM c kackagHbIM BKJIFOUECHHEM ycuiutened Ha OY: a —
HeuHBepTupywimit YM; 6 — uaBeptupytonuit YM; ¢ — Heuneptupyomuii YM ¢
MOBBIIICHHBIM Pay .

Ugrg < onmaxc (1.9)

U,
U TOK I, < —2MIKE (1.10)

RH.MMH
Ecmn Up<Uogymakc, TO 11eJIECO00pa3HO TPUMEHUTh TOKOBBIM OycTep C

ky6<l, uMeronMii HAMMEHBIHN KOIPPUIIMEHT HETMHEHHBIX NCKaKEHUH.
Ecim Uy > UOYMaKC: TO JOJKEH OBITh UCIIOJIL30BaH OyCcTep HAMPSHKEHUS C

KO3(PPULIMEHTOM YCHIICHUS

ks =—2n > (1.11)

onmaKc

6) [ns Be1OOpa uncna kackagoB OV onpenenum TpedyeMblil kKodhGUuineHT
YCWJICHHS] YCUITUTENSI MOLITHOCTH

UH

uyM:U )
ex

rae Ugx ompexnensiercs no popmyne (1.3). Koadbduument ycunenus kackaaoB Ha
oy

k (1.12)

k
kyy =—2 (1.13)

kuo
Ecmu ky s>k L{gy, TO yucio kackaaoB Ha OY N paccuuTthiBaeTcs no Gopmy-

ne
N> ks (1.14)
e
uoy
rae N -Omkaiiiiee 1eiaoe yucio ( B CTOPOHY YBEIUYECHHUS).

B) Cxema BKJIIIOUEHUs BXOAHOTO Kackana OY BeIOMpaeTcs B 3aBUCUMOCTH OT
3aJIaHHOTO MCTOYHMKA BXOJHOIO CUTHAJIA U (Pa30BbIX COOTHOIICHUN MEXIY BXO-
HBIM U BBIXOJIHBIM CUTHAJIOM.

Bxonnoe comportuBieHue s mHBepTUpyloiero (puc.l.la) u nuddepen-
HUAIBHOTO BKIKOUeHHsT OY paBHO:
Rpx ym=R1 (1.15)

Pesuctop R] < 10 kOM, nunaue Rgc MOJydUuTCs OYEHb OosibiuM. J1Jisi HenH-
BeTpUpYIOIIero BkitoueHus (puc.1.10)

Rpx ym=R2 (1.16)

Y MOXKET JOCTUIaTh OOJIBIIMX 3HAYEHUH.
r) [Ipu pa3paboTke ycuauTesnass MOIHOCTH MEPEMEHHOIO TOKa, HEOOXO M-
MO ONpPENETUTh MECTO BKIIFOUECHHUS Pa3eIUTENbHbIX eMKocTel. OOBIYHO pa3ennu-
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TeJIbHAs €MKOCTh CTaBUTCA Ha BXOJI€ YCHJIMTEINS, KaK MOKa3aHO MyHKTHUPOM Ha
puc. 1.1 u 1.2. Tlpu 3TOoM ee BenmurHa OyJeT MUHUMAaJIbHOU. Pa3nenuTensHbie em-
KOCTH MEXIY KacKaJaMu UCIO0JIb30BaTh HEXKENATEIbHO.

n) Omnpenenenne HanpsbkeHus netodHnka mutanus. Ecin Up<Upy maxs

TO HaNpsSHKEHUE UCTOYHUKA MUTaHus YM , B ToM uucie u Oycrtepa , onpeaesercs
TpeboBanrem k nutanuto OY. Kak mpaBuio , OY nuraercss oT IBYXIOJSIPHOTO
ucToyHuKa nutanua t15B. Eciu UHZon Max, TO HampspKeHUe o0IIero ABYXIIO-

JSIPHOTO MCTOYHUKA MUTAHUS OYAET OMPEAETATHhCS BBIXOJIHBIM HAIPSKEHUEM OY-
crepa.

Tak xak OY nmotpebnseT HeOOIBIION TOK, TO IeJIeco00pa3HO MUTATh €ro
OT OOIIEro MCTOYHHMKA Yepe3 MapamMeTpUUecKUe CTaOMIM3aTOphl Ha CTAOMIUTPO-
Hax VD1, VD2, xak nnokazaHo Ha puc.1.3.

IIpu Enursyer. < Uoymax HAIIPSHKEHUE UCTOYHUKA NTUTaHUSA Y M, B TOM 4ucCie U
oycrepa, onpeaensiercss Ey,, omnepamronHoro ycunurelns. B atom ciydae 1eneco-
o0pa3HO MUTaTh CXeMy OycTepa oT OOIlero MCTOYHUKA MUTAHMS 4Yepe3 IMapaMeT-
pudeckue ctadmim3aTopsl Ha crabunutponax J1 u J12.

[Ipu pacuere neneil nNuTaHusl BCEH CXEeMbl BHIOMpPAaEM OJHOTUIIHBIE CTaOH-
JUTPOHBI, Y KOTOPHIX HAMPSHKEHUE CTAOMIIU3ALIUA PABHO

UCT :EHI/IT, oycr.,

ICT.HOM ~(093'0;5) IH)

r21€ Euur, 6ycr, [u- HAIIPSDKEHNE M TOK IUTaHUS OycTepa.
Homunanel orpaHnyrBarOmnX TOK PE3UCTOPOB OMPEACIAIOTCS MO CIEAYIO-
M hopMyIiam:
UI/]l'I.Oy - Ern/rr.6 CT.
Y
(1,3+15)I,

HomuHanel MOIIIHOCTH pacCesiHUsl Ka)JI0ro pe3ucTopa

RCTl = RCT2 =

Umoy - El'JI/IT.6yCT .

P =
R.cm Rcml, )

B cxeme 3.1. nmnst paccMOTPEHHOr0 JAHHOTO ciryyas nenu Reop 1 Rer2 Al u

JI2 mopnaroTcs Ha Lenu nuTaHus Oycrea.

Ecm  Enuresyer. > Uoymax , pacdeT neneil nutanuss OVY. paccunThIBaeTcs 10
cienytonuM GopmanaMm. Beibupaem ogHotunHbie ctabunutponst VD1,VD2, y ko-
TOPBIX HAMPSHKEHUE CTAOMIM3AIMU U TOKH OTPEACIIIIOTCS KaK:

s Lonnon ™ (0,340,5) Lo oy (1.17)

e Uypoy 1 Lyom.oy -HanpsbkeHne u Tok nuranus OY.

Uem = ‘Uun.oy

Bri6epem HOMHHAIIBI OTPAHUYUBAIOIINI TOK PE3UCTOPOB

~U
n__~cm (1.18)

Rcml = Rcm2 =

HomunannHas MOIIHOCTD paCCCAHUS KaXKJI0TI0 PE3NCTOpa

12



(En B Ucm )2

PRem = R : (1.19)
cml,2
o
I Ferq
—d ré\ :_., #
- = Lf iUBHK
)
-Eg | JFerz
Puc. 1.3.

Cxema nutanus OY IIPpH ITOBBINICHHOM HAIIPAKCHHUN O6HIGFO HCTOYHHKA.

2. PACUET BBIXOJHOI'O KACKAJIA YCUJIUTEJSI MOLIIHOCTH (BY-
CTEPA)

B nHacTosiiiee BpeMsi pa3pab0TaHO MHOXKECTBO Pa3IMYHBIX CXEM BBIXOJIHBIX
KACKaJOB YCUJIMTENEH MOITHOCTU. TeM He MeHee JIajJeKO HE BCE MCMOJb3YIOTCS B
cxemax YM nHa OVY B cuiy psna npuuuH. Tak NMPaKTUYECKH HE MPUMEHSIOTCS
TpaHcopMaTOpHbIE KAacKaJbl M3-3a HETEXHOJOTHYHOCTH, OOJBIINX TabapuTOB U
Beca TPaHCPOPMATOPOB, CPABHUTEIHHO HEOOJBIION MOJIOCH MPOIMYCKAHUS U TO-
BBILIEHHOT'O YPOBHSI HEJTMHEHWHBIX UCKaXKeHUH. CpaBHUTENIBHO PEIKO HUCIOJIb3YIOT-
Csl OJIHOTAKTHBIE BBIXOJHBIE KaCKaJIbl, paboTaoIIKe B Kjacce A, UMEIOIIUEe HU3KHIA
KIIJI v HeBbicOKMY KOADPHUITMEHT UCIIOIB30BaHUS TUTAIONIUX HAPS>KEHU.

[IIupokoe pacmpocTpaHEHHE MOJYYHIIM JIBYXTakTHbIE OectpaHchopmaTop-
HbIE€ BBIXOJIHBIE KacKaJlbl Ha TPAH3UCTOPaAX, UMEIOIINE TralbBAHUYECKYIO CBS3b C
OV u ¢ Harpy3Koii. 9To 00YCJIIOBJICHO PSAIOM (HAKTOPOB:

- pa3paboTKa M BBIMTYCK OTEYECTBEHHOW MPOMBIIUIEHHOCTHIO HEIOPOTUX
KOMIUIEMEHTAPHBIX Map TPAH3UCTOPOB Ha IIMPOKHUI JUaIa30H BBIXOJHBIX MOIIHO-
CTEU OT JI0JIEW BATT JO HECKOJIBKUX JIECATKOB BATT;

- HanboJIee MoJIHOE UCTI0NIb30BaHKue OunosispHoro nutanus OY;

- XOpOUIME YaCTOTHBIE, TEMIEpaTypHble, IHEPreTUYeCKue U Maccorabaput-
HbIE XapaKTEPUCTUKHU TAKUX KACKaJOB;

- BO3MOXXHOCTb paboThl 6a3 pa3AeUTeIbHBIX eMKOCTEH ( ¢ TaThbBaHUYECKON
CBSI3b0), UTO MO3BOJUJIO PEATM30BATH HE TOJBKO YCHIIMTENIH MOCTOSIHHOTO U Iie-
PEMEHHOTO TOKa, HC U Pa3JIMYHbIE UMITYJIbCHBIE U KBa3UUMITYJILCHBIE CXEMBI;
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- pa3zpaboTka OycTepoB B MHTEIPAIbLHOM HCIOJIHEHHH, COBMECTUMBIX ¢ OV u
YIYUYIIAKOMKUX €r0 BBIXOJHBIE MAapaMETPbl: BBIXOJHOW TOK, HANpPSHKEHUE, MOUI-
HOCTb, CKOPOCTh HapaCTaHUsI BBIXOJIHOT'O HAMPSHKEHUS U T. 1.

Ha puc. 2.1-2.5 npuBeneHbl NpUHIMITHATBHBIE CXEMbl HEKOTOPBIX TUIIOB 0Y-
CTEpOB TOKA W HanpspKeHus. Pexxum paboTsl OycTepoB ompenesnsieTcss BeIMYUHON
cMeIIeHusT Ha 0a3e BBIXOJHBIX TPAH3UCTOPOB. bycTephl B peknMe A HCIOIB3YIOT
KpallHE pPEAKO, JIUIIb B BBICOKOKAYECTBEHHBIX MAJIOMOIIHBIX YCUJIUTEIAX, YTO
oOycnoneHo HU3KuUM K1l (1 < 40%) u 3HAUUTENIbHBIM MOTPEOICHUEM MOIIHOCTH
IIPU OTCYTCTBUU BXOJHOTO CUTHAJIA.

B pexxume B knia - HanOonbimii, qocturaroniuit 78% s CHHYCOUAaIbHOTO
CUTHAJIA, BBICOKUN KOA(P(GUIIUECHT MCTOIH30BAHMS MTUTAIONMNX HANpsDKeHU ( E—
). HempusitHON 0COOEHHOCTBIO pekuMa B SBISIOTCS MCKaXKEHHUS CUTHAJIOB THUIIA
"cTyneHbKa', 00yCIOBJICHHBIE 3allEPTHIMU TPAaH3UCTOPAMH OKOHEUHOI'O0 Kackaja B
MOMEHT II€PEX0/Ia CUTHAJIA Y€PE3 HYJIECBOM YPOBEHb.

B pexxume AB pabouasi Touka BeIOUpaeTcs B Havaje JMHEHHONW YacT BXO/I-
HOU XapaKTEPUCTUKUA TPAH3UCTOPOB, YTO MO3BOJISIET MOJIYUYUTh CPABHUTEIBHO BbI-
COKUM KA ¥ K03(h(OUIIMEHT UCTOIB30BAHMS HAMPsHKEHUS, OJIM3KUe K pexumy B.
HckaxeHus tuna "cTyneHbKU' OTCYTCTBYIOT. B pexxmMme mokosi paccenBaeTcss Ma-
nast MOIHOCTS ( mopsiaka 1-10% ot Py).

DTH TOCTOMHCTBA U 00CCIICUNIIH IIUPOKOE pacipocTpaneHue pexknma AB B
Oycrepax. Mcnosb3oBanue TyOOoKoM oTpunarenbHoi oOpatHoi cBsizu (OOC),
OXBaThIBAIOIIEH mocieaHui kackaa Ha OY coBMmecTHO ¢ OycTtepoM, TpeOyeT obec-
MIEYUTh HEOOXOMUMBIN 3amac mo KodpPuIuenTy ycuiaeHus Bced cxemsl . C 3Toi
enbio mpu Beibope OY HeoOXoxMMO yunThIBaTh pasdpoc mapamerpos OY AKqy

U HecTabmiIbHOCTh KOdhduimenta ycunenus Bcedt cxembl OKy. Ilpu pacuerax
BBOJUTCA KO3 uineHt F - rmybuna OOC, paBHbIi:

AK
F=—"2% 2.1)
8K,

Bycrepsl Toka, n3o0paxeHHble Ha puc. 2.1 u 2.3, MOCTpOEHbI HA KOMILIE-
MEHTapHBIX TPAH3UCTOPAX, BKIIOUEHHBIX MO CXeMe ¢ OOIUM KoJIeKTopoM. Cxe-
Mbl CUMMETPUYHBI ISl TOJOKUTEIBHON U OTPULIATENIbHOM MOJTYBOJH CUTHANA U
00Ja1at0T MaJbIMU HEJTMHEHHBIMU HUCKAKEHUSIMU.

[Tpocteiimuii 6yctep (puc. 2.1a) mo3BoiseT 00ECeUnTh B HArpy3Kke TOK [y

<0,1+0,3 mpu momHOCTH Py < 1+ 3 BrT.

bonee momnbIit 6ycrep (puc. 2.10) BBIOJIHEH Ha COCTABHBIX KOMIIJIEMEH-
TapHBIX TPAH3UCTOPAX, YTO MO3BOJISIET YBEJIMUYUTH BBHIXOJHBIE MapaMeTpsl 10 [y <
SA u Py <30 Br.

Pexxum AB B oTHX cxeMax JOCTUTaeTCs BCKIOYESHUEM CMENIAIOIINX JUOJIOB
B 0azoBnie 1ienu. Eciu 1okl BEIOpaHbI U3 TOTO YK€ MOJYITPOBOHUKOBOTO
Marepuana, YTo ¥ TPAH3UCTOPHI, TO MAAEHUE HANPSIKEHUS HA OTKPBITOM JUOJE
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TaKO€ K€, KaK U Ha MPSMOCMEILIEHHOM p-n nepexoje 0a3a-3MUTTEP TPAH3UCTOPA,
u coctaBsieT =~ (0,7B.

Ncrounuku toka UT1, UT2 yepe3 nuoasl 3a1ar0T TOK, MPEBBIIAIOIINN aM-
IUIUTYAYy BXOJHOTO ToKa Oycrepa Iyr> Igxm.o ¥ 00ecneunBarouil OTKPHITOE CO-
CTOSIHME AMOJO0B IPH JOOOM BXOJIHOM cUTHaje. J[aHHbIE CXEMbl HCTOYHHUKOB TOKA
WCIIOJIB3YIOTCS TaKXKe B cxeme 2.1.

Kpome ¢ynkumu cmemenuss AMOABI OOECHEUYUBAIOT TEPMOKOMIICHCAIIUIO
Oycrepa. Ilpu M3MEHEHMH OKpYyKaroled TeMIepaTypbl MEHSETCS HalpsHKEHHUE
Ug> TpaH3HUCTOPOB W OJHOBPEMEHHO IIAJICHUE HANPSDKEHUS HA JMOJAX, YTO
yJIy4lIaeT TEPMOCTAOMIIN3ALINIO.

' n ' '
PesucTopsl RQ,RS Y TPAH3UCTOpPHl T 1,T , B CXxeme 2.1a obecrieunBaroT 3a-

LIIMTY BBIXOJHOW Henu YM oOT neperpy3ku no Toky. Tpansuctopsl T i’TZ' OT-

KpPOIOTCS, €CJIM MAICHUE HANPSDKEHUS HA Pe3UcTopax R, npeBbIcUT 3HaueHue 0,6
B.

HpI/I 9TOM MAKCHUMAJIBbHOC 3HAYCHUC BBIXOJHOI'O TOKAa OIPaAHHUYIMBACTCS BC-

JINYAHOM

0,68
1, SlkMaX ~ R— (22)

9
HpI/I HCO6XOI[I/IMOCTI/I IMOJIy4YCHUS OOJIBIINX BBIXOJIHBIX TOKOB HCIIOJIb3YIOT-

Csl cocTaBHbIE TpaH3UCTOpbI (puc.2.10): mapel 71,73 u 12,74. Illpu pabote 3TOM

cxeMmbl B pexuMe AB ycTaHOBKa TOKa IOKOS 3aTPyAHEHA, MOCKOJBKY HYXHO
CKOMIIEHCUPOBATh YETBIPE, 3aBUCSIIMNX OT TEMIIEPATYPHI, HanpspkeHUs Ugy.

JUJis MOBBIIIEHUST TEPMOCTA0MIBHOCTH cXeMbl 2.1.0 BBOASAT pe3uctopsl R1,
R>, majieHus HanpsKEHUs1 Ha KOTOPBIX B pekuMe Mokos BeiOupatorcas UR=0,4B,
BCJICICTBUE YEr0 MOIIHbBIE BBIXOIHbBIE TPAH3UCTOPBI 17,72 OCTAIOTCSA 3alepThIMU

IIPU MajblX TOKAaX Harpy3ku. [IpM yBenMuYeHHMHM BBIXOJHOTO TOKAa TPaH3UCTOPHI
11,77 orimparorcs. [Tockonpky HanpsokeHue Uy, » HE IPEBBIIIACT

15



Puc. 2.1. YM c TOKOBBIM OyCTEpOM MO CXEME MOBTOPUTENIS C JOTOJIHUTEIb-
HOUM CUMMETpPHEN: a — MHBEPTUPYIOITUH; 6 — HEMHBEPTUPYIOIIHA.
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Puc. 2.2. HeunBeptupytromuii YM ¢ TOKOBBIM OyCTEPOM I10 CXEME IMOBTOPH-

TCIA C KB&BHKOMHJ’IGMGHT&pHOﬁ CPIMGTpHCI?I.

ROC

Puc. 2.3. UuBepTupyromuiit YM ¢ TOKOBBIM OyCTEPOM, UCIIONb3YIOUIUM
[ToBTOpHUTENM B LIEJISIX CMEIEHUS TPAH3UCTOPOB 171, 1>.
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0,8 B, pu MOJHOCTBIO OTKPBITBIX TpaH3ucTOpax 17,72 , TOK 4epe3 pes3u-
cropbl R R) He npeBbicuT BenuuuHbl 0,88 / Ry, u Oojbllas 4acTb TOKa TPaH3U-
cTOpoB 713,74 moteyeT B TpaH3UucCTOpsl 11,17.

[Tagenne HanpspbkeHus Ha nuonax /[1,/{2 (puc.2.10) OJIKHO COCTaBIIATH:
Uplp =2x0,7+2x0,4=228.

Ha puc. 2.10 noka3anbl NPUHIMIIHATIBHBIE CXEMbl HICTOYHUKOB Toka UT| u
NUTy, nurarommx auoasl /{1,/[p. UcTtouHuk ToKa BKIOYAET B ceOst TpaH3ucTop 715
(T6) c >MUTTEpHBIM pe3ucTopoM R3(R4) u nenurteneM B menu 0a3bl Ha TUOJE
/13(/4) u pe3uctope R5(Rg). [lpuMeHene UCTOYHUKOB TOKA IO3BOJIAET OOecre-
YUTh OCTOSHHBIN TOK 11010B /{1,/[2 Ipy U3MEHEHUH BXOJHOI'O CUTHaja OycTepa,

YTO yJIy4lIaeT TepMOKoMIIeHcanuio Oycrepa. Kpome Toro, BcieacTBUe 00JbOTO
BHYTPEHHETO COMNPOTUBJICHUS, MCTOYHUKM TOKAa HE CO3/Ial0T JOMOJHUTEIbHOU
Harpy3ku i1 OY (He CHMKAIOT BXOJTHOE COMPOTUBIIEHUE OycTepa).

Byctep Ha cxeme 2.2, coOpaH 1Mo cxeMe SMUTTEPHOTO MOBTOPUTENS C KBa3H-
KOMIUJIEMEHTAPHOW CUMMETpHUE. B 3Tol cxeMe B BBIXOJHOM KAaCKaJ€ HUCIOJIb30-
BaHbl TPAH3UTOPBI 711,72 OOHOTO THUMNA MPOBOAUMOCTH, a TpaH3UCTOPHI 13,14 -

Pa3JIMYHBIX TUIIOB. /{7151 MOBBILICHUS] TEMIIEPATYPHON CTAa0OUILHOCTU B 3TOM KacKa-
JIe, KaKk U B MPEIBIAYIIEH CXEME, IPU MAJIBIX TOKAX HATPY3KH BBIXOJHBIC TPAH3U-
CTOPBI 3aIlepThl, ISl YETrO MaJCHUE HANPSIKECHUS Ha pe3uctopax R1,R> oT Toka

MOKOSI TpaH3ucTopoB 773,74 cocraBisier mopsnka 0,4 B. O6uiee najgeHue Hanpsi-
KeHus Ha auozax  J[1,/{) NOJDKHO cocTaBisth: Ugl o = 0,7x2+0,4=1,8B.

Ha puc.2.3 npuBeneHa cxema TOKOBOro OycTepa, B KOTOPOM BMECTO CMe-
HIAIOUUX AUOJO0B C MCTOYHHMKAMHU TOKa NPUMEHEHBI SMUTTEPHBIE MOBTOPUTENIN
Ha TpaH3ucropax 13,74, pabotaromue B pexume A. Hanpsbxenue Ugr 3TUX TpaH-

3UCTOPOB CO3/1aeT HeoOxonumoe B kiacce AB cmemienne Ha 0a3axX BBIXOIHBIX
TpaH3uctopoB 71,72. Ilpu 3TOM HECKOJILKO BO3pacTaeT moTpedssieMasi cXemou

MOIITHOCTh B PEKUME MOKOsI, HO 00ECIeUnBaeTCs BHICOKOE BXOJHOE COMPOTHUBIIC-
Hue OycTepa.

Byctepnl HamnpspkeHUs, TOKa3aHHbIE Ha puc.2.4-2.5, MO3BOJISIOT MOJYYUTh
HAIPSDKEHUS Ha Harpyske, npessimaomue Uy, yaxc-

Bbyctep (puc.2.4) BBINOJHEH MO TpaAUIIMOHHOW cxeme. CurHaja ¢ BbIXoja

OV mnocrynaer Ha JBYXKACKaJHBIA YCUJIUTEIb MOIIHOCTH, BBITIOJIHEHHBIN IO
JIBYXTaKTHOM cxeme Ha TpaH3uctopax 7171 - T4, BKIIOYEHHBIX 1O cxeme ¢ OD u

paboraromux B pexkume AB. /[ cHIDKEHHST HEIMHEWHBIX UCKaXXEHUH, XapaKTep-
HBIX JUIs cXeMbl BKiItoueHus ¢ OO, BHyTpu OycTepa BBEEHA MOCJIeI0BaTe/IbHAS
oTpulaTeIbHast 00pa- THas CBA3b IO HAINpPsDKEHUIO yepe3 pesuctop R5. Koaddu-

nueHT nepemaun  1enu OOC onpenensieTcss OTHONIEHHMEM 4YacTH BBIXOIHOIO
HaIpsOKEHUS, BBIICJIEHHOTO Ha BXOJHOM COINPOTHUBIIEHUM TPaH3UCTOPOB 73,74,
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onpeaciIsiEMOM COC TOPOHBI DMHUTTEpPA, T.C. B CXEME C OB, KO BCEMY BBIXOJIHOMY
HaIIPAKCHUIO. CJ'ICI[OBB.TGJII)HOZ

= Rex0634  Raxo6.3,4
R5 + Rex.06.3,4 Rs
B Oycrepe (puc.2.5) curnan ynpaieHusi CHUMaeTcsl He ¢ Bbixojga OV, a ¢

pe3ucTopoB R3,R4, BKIIFOUEHHBIX NOCIEA0BATENbHO B 1enb nutanus OY. TpaH3u-

(2.3)

ctopel 13,74 paboTaloT B peXMMe A M BBINOJIHSAIOT (PYHKIMU cTabuiu3aropa

HanpspkeHuss rutaHus OY. OHU SBISIFOTCS NPEIOKOHEYHBIMHU YCHUIIMTEISIMA U
o0ecneunBalOT HEOOX0IMMOe cMellleHre Ha 6a3zax TpaHnsuctopoB 71,72, pabota-

I0IIUX B pexxnme AB.

2.1. PACYHET BYCTEPAKTOKA I10 CXEME IBYXTAKTHOI'O
OMUTTEPHOI'O IIOBTOPUTEJIA

Pacuer TokoBoro Oycrepa (cxemsl puc.2.1-2.3) npou3BOIUTCS B CleAyIOIIEH
MOCJEA0BATEIbHOCTH.

1. Kak npaBuio, nuranue OycTepa OCYIIECTBIISIETCS OT TeX K€ MCTOUYHUKOB
En, uto n nuranue OVY.

[Toxcuer BenuuuHbI E, MPOU3BOIUTCS TIO PopMyIie

E,2U, +U;smin + UR3
(2.4)
3necblU g,=0.6B, U, min=2+4B - naneHne HanpspKeHHUs] HA MOJTHOCTBIO OTKPBITOM
tpansuctope 7 (7).

2. MomHocCTh , ToTpediisieMas OKOHEUYHBIM KacKaioM,
P I/IHZZEHIKC])

2.5
g;[e }ch- CPEOHUN TOK TPAH3UCTOPOB IPU MAKCUMAIBHOM aMIUIUTYIE
[chp — ]K.max ~ I_H
V4 T
(2.6)
3. MomHoCTh , paccenBaemMasi O4HUM OKOHEYHBIM TPAH3UCTOPOM,
p=tm S g o p, @.7)
4. Tpansuctopsl 1,7, BbIOMpAIOTCS U3 CIAEIYIOMINX YCIOBHIA:
@) L1 max= T2 max= 1u< I sions (2.8)
6) U pon = 2Ey, (2.9)
6) Py =1Po <P|<.z10n, (210)
&) fis <fir=fpo 2.11)

1€ Lion, Usonons fp - IPENEIBHBIE TAPAMETPBI TPAH3UCTOPOB.
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Ha ocHoBanuu 311X ycnoBui moaOUpaeM MoAXOASIIYI0 KOMIUIEMEHTAPHYIO
napy TpaH3uctopos. st obnerdyeHust moadopa TpaH3UCTOPOB B MPUIIOKEHUU 1
MIPUBE/ICHBI OCHOBHBIE MTAPAMETPHI HEKOTOPBIX PEKOMEHIYEMBIX ap
TPAH3UCTOPOB HA PA3INYHBIE YPOBHU MOITHOCTH.

Ecnu xommieMeHTapHyIO0 Mapy OKOHEUHBIX TPAaH3UCTOPOB MOJI00paTh He
YAAETCsl, TO MOXKHO BOCITOJIBb30BaThCS CXEMOM pPHUC. 2.2 C BBIXOJIHBIM KaCKaJOM Ha
OJTHOTUIHBIX TPAH3UCTOpPAX, KOTOPHIE BHIOMPAIOTCS COTJAcHO yCiaoBHSAM (2.8-
2.11).Meroauka pacuera pu 3TOM OCTAETCS MPEKHEN.

5. Ha BBIXOJIHBIX XapaKTEPUCTHKAX BBIOPAHHOTO THUIMA TPAH3UCTOPOB CTPO-
WTCS JIMHUS HATPY3KHU OJHOTO 1uieda Y M, KoTopasi MpOXOAUT 4epe3 TOUKHU C KOOp-
JTAHATAMMU:

Ii=0 Uo=E,
]K: IK.maX: IH UK3: En - UH)

rae U=LR.= \/ 2O, R,

Omnpenensaerca TOK I, (TOK MOKOSI TpaH3UCTOPA) BHIOMPAEMbId M3 COOTHO-
HICHUS
Lo = (0.01+ 0.15)/c max (2.12)
Ha BxonHo# xapakrepuctuke, npu U,#0, OTKIaabIBalOTCS TOKH 0asbl s,
I50.max (TOK 0a3bl MPU MAKCUMAIBHOM CUTHANE) U HAXOJATCS  Usyo U Ussmax-
PacuuTeiBaroTCA aMIUTUTY 16l TOKA U HANPSYKEHUS B LIENH 0a3bl:

Tom,2 =161 2max — L6012

Ugom1,2 =Ugs1.2max —Ussel 2- (2.13)
1 BXOIAHOC COHpOTI/IBHeHI/IC 6yCTepa

Uy +Ugomt,2

Tomt,2

Eciu Ruxs 2 (1.2 + 1.5) Rumin.oy, To OV cornacoBaH ¢ BBIXOJIHBIM KacKaJoM U
cxema OycTepa BeIOMpaeTcs coriacHo puc 2.1a.

Ecau 3T0 ycinoBue BBIMOJHUTH HE yAAeTCs, TO MOTPEOYIOTCS JOMOTHUTEIb-
HbIE KacKaJIbl COTJIacOBaHMS ,KaK MOKa3aHo Ha puc. 2.16, 2.2, 2.3.

Yacto, ecii pexxuM pabOThI BBIXOAHBIX TPAH3UCTOPOB HE MPUOIHKACTCS K
peaeIbHOMY, BXOJIHOE COIIPOTHUBIICHUE OycTepa MOKHO pacyuTaTh
AHAITUTUYECKHU:

- B (pU3UYECKOM CHCTEME MTapaMeTpOB

Ret2 =Recs =512+ (B2 + YRy +102)  (2154)
T€ 7] - COMPOTHBIICHNE 0a3bl TpaH3UCTOPOB 71,7,

R6x1,2 =Rgxp = (2.14)

- B CUCTEMeE /i-TTapaMeTpOB

Re12 =Rex 5 =M1, +(ho1, +1R,,. (2.156)
AHaHI/ITI/IIICCKPI MOXKHO pvaI/ITaTB aMHHPITYle TOKAa 6331:1
I
I =" 2.16
6ml,2 o+l (2.16)

20



6.PaccunTaeM nenuTens B 1M 0a3bl BEIXOJIHOTO Kackasa. J{Jis Toro, 4Toos
nuonsl /1, /]2 Oblau Beeraa OTKPBIThI, TOK JCIUTENS [; TOIKEH OBITH BBI6paH U3

COOTHOLLICHUA
Iy 215,12 +(05+1)mA. (2.17)

Tox nenutens obecreynBaeTCss HICTOYHUKOM TOKa (cM. 2.10) 1 HaXoauTCs U3
BBIPAKEHUS:

Ursa Upza —Upse

R34 R34
3nech Ug,ys ¢ TpuHIMaeTcs paBabiM 0.7 B

Iy =156 =156 = (2.18a)

Ouesnpno, ut0 Uz 4 n01wkHO ObITh Gosbuie 0.7 B. IlosTomMy B KauecTBe

IUoja B 1enH 0a3bl MCTOYHUKA TOKa IIEIECO00pPa3HO HCIOJIb30BATh CBETOIUO/ |,
npsiMoe najaeHue HanpsbkeHus: Uy, koToporo 6osee 0.7B. Hanpumep y cBetoauo-
JIOB C KpacHbIM cBedeHHEM Uy,=1.8B. MOXHO Takke NpUMEHHUTH B LIENH CMeEIlle-
HUs 0a3bl IBa BRIMPSAMUTEIBHBIX TM0/1a, BKIIOYEHHBIE MMOCIEA0BATEIBHO.

N3 Beipaxenus (2.18a) onpenensercs HoMuHaI pe3ucropa R34 Hampsoke-

e Ups g =E, —Upz 4. Tok B penurene uenu 6assl 7's g 00BIYHO BBHIOUpACTCSE
PaBHBIM KOJUIEKTOPHOMY TOKY 3THX TPaH3HCTOPOB, TOI1a

URs,6
R5’6 = ]—0 .

TpaH3I/ICTOpI>I T 5.6 UCTOYHHKA TOKa BI:I6I/IpaI-0TC$I B COOTBCTCTBHHU C Tpe60-

(2.186)

BaHUSIMU.
1= II[<IK.,H0H
U nonzEn
P<Pxson, TAE Pl U=l En- U03,4)

3)/B (2.19)

Huonwt /1, /{2 BeIOUpAIOTCS U3 TOTO K€ MOIYNPOBOJHUKOBOTO MaTepuara,
4TO M TpaH3uCTOpPHI 11, 72, B COOTBETCTBUU C TPCOOBAHUSIMM:
IH-IIOH > I[l
Usoop.max > 2E,

%a»fg (2.20)

1€ 1500, Usosp-max U T - IPEAEIbHBIE MIPSIMOM TOK, 00paTHOE HANPSHKEHUE U
MOCTOSIHHASI BPEMEHU IO/,

7. BenuuuHa TOKOOIPAHMYMBAIOIIMX PE3UCTOPOB R,, R, BLIOMpaeTcs co-
riacHo (2.2).

8. KonddummeHT ycuneHus mo HanpsHKeHUIo 0ycTepa MEHbIIE eUHUIIBI U
pacUYMTHIBACTCS TUOO TPaPUIECKH -
_ Uy
- ’

Uy + U63m1,2

K6 (2.21)

JTM00 AHATUTHYECKH -
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Ky = (2 1R, , (2.22a)

Rexﬁ

(h2,191,2 +DR,

K, = 2.226
U6 R (2.220)
9. Hanpsixenue, caumaeMoe ¢ Beixoaa OY -
Uy
Ugnx.0V = K (2.23)
Ub

OT0 HamNpsHKEHHUE JOKHO OBITh MEHBIIE MAaKCUMAJIbHO JTOMYCTUMOTO BBI-
xogHOoro HanpspkeHus OV Ugyymax, IPUBOAMMOIO B CIIPABOYHMKAX.

10. YactoTHble HCKaXeHUsI OycTepa B 00JACTU BBICOKMX YaCTOT OINpPEAes-
FOTCSl BSPXHCH 9aCTOTON /g BBIXOAHBIX TPAH3UCTOPOB C y4eToM rirybokoii (100%)

OTpULIATEIBHON 00OpAaTHOM CBA3M, CYLIECTBYIOLIEH B ’TOM KacKa/e.
Koaddurment yactoTHpix uckakeHut 0ycrepa, 6e3 yuera 100% OOC, pa-

. /B
Mnp= [1+28 2.24
B + f (2.24)

[Tpu Hamuuuu 100% OOC B GycTepe -
M= 1+ (M;-1)(1-Kyp) (2.25)

11. PaccMoTpuM BapHuaHTHI pacuera TOKOBOTo Oycrepa, Korja

Ry 6<Ryoy.min. 1Ipn 2TOM BBIOMpaeTCs OJHA U3 CXEM, NIPUBEACHHBIX Ha PHUC.
2.16,2.2,2.3.

A. B cxemax 2.106, 2.2 npegokoHEYHbIE TpaH3UCTOPHl 13,74 paboTaroT B
pexxume AB. AMmumTyzaa TOKa, MPOTEKAIOMIEr0 Yepe3 TpaH3ucTopsl 13, T4, onpe-
JIETISIeTCS KaK

BCH

Ig3.4m =W1+13)1 51 5y, (2.26)
Tok MOKOst 3TUX TPAH3UCTOPOB BHIOUPAETCS B COOTBETCTBUM C BHIPAKCHUEM
(2.12). Ha pesucropax Rjp ,KaK yKe yKa3blBaJlOCh,ITa/[CHAC HATIPSDKEHHS TOJDKHO

cocTaBisaTh ~ 0,4 B, mosTOMy

0,48
12= (2.27)
I k03,4
CpenHuiil TOK TPaH3UCTOPOB IPU MAKCUMAJIbHOW aMIUIUTYE -
Li3.4m
1K3,4Cp = ;c (2.28)
MomHocTb, ToTpedisiemast IPeIOKOHEYHBIM KacKaIoM -
P[?ﬁ3,4 - 2En ) ]K3,4Cp (229)

MomtHoCTh, paccenBaemas Tpanzuctopom 713 (74) -
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K34 ( kn3,4 — Ky 1x3 JAcp© Uy = K3 JAcp © (E, = K,6Up). (2.30)

KOMHJ’IeMeHTapHa}I 1apa TPaH3UCTOPOB T3,T 4 BbIOMpAETCS U3 YCIOBHIA:
Ay pon 2 [K3,4m OWyes.oon 2 2E ),

8)Bc.0on 2 Fi3.4 2) fp3,4)/B (2.31)

AHaJ0IrM4HO 1.5 JaHHOTO pacyeTa rpauyecKky WM aHAIUTHYECKH OIpesie-
JSIOTCS BXOAHbIE mapaMeTphl Kackana Ha 13, T4 -Ugsy3 451 65m3.4- C y4eToM TO-

ro, 4YTO HAarpy3koi kackaaa Ha 713,74 aBisieTcsl BXOJHOE CONPOTHUBJICHUE KacKaza
Ha 71, T2, momCcYUTHIBAETCS BXOIHOE COMPOTHUBIEHUE Oyctepa (cm.puc2.16, 2.2)
13 BBIPAKECHUM:

U +Ugom12 +*Usom3,4

Ry 3,4 =Rgx 6= : ; (2.32a)
Iom3.a
NN
Rer 6 B34 Rex12=Mm1534 Rex12 (2.320)
KoadduiueHT ycuneHus Mo HampsHKEHHEO -
U
K, ;= i (2.33 a)

Uy + U63m1,2 + U69m3,4

NJIK aHAJIUTHYCCKU

‘R, . ‘R
K, = P2 B34 Ry _ Mo Mmissa Ry (233 6)

Rey 6 Rex 6

ITo ¢opmyne 2.23 npoBepsieTcs BeJIUYMHA HANPSDKEHUS, CHUMaeMas C BbI-
xonxa OY.

YacToTHBIC UCKaXKEHUSI B 00JIACTU BBICOKUX YacTOT B cxemax (puc.2.16, 2.2)
MOJICUUTHIBAIOTCS aHaIoru4yHO .10 (Beipaxkenus 2.24 ,2.25 ) ¢ y4eToM TOro, 4To
pPE3YNbTUPYIOMUN KO3(PPUIMEHT YaCTOTHBIX MCKakKeHHi! MBO paBeH mpou3sBeje-
HUIO KOA(DPUIIMEHTOB YAaCTOTHBIX MCKAaXXEHUN BBIXOAHOTO (Ha TpaH3uctopax 711,
12 ) u npeaBbIXOAHOTrO ( Ha TpaH3ucropax 73,74 ) kackaaoB.

b. [Ipu pacuere cxembl OycTepa, TOKa3aHHOTO HA pHUC.2.3, HEOOXOIUMO
YUUTBIBaTh, YTO TPAH3UCTOPHI 73,74 paccenBatoT OOJIBIIYIO0 MOIIHOCTb, YEM B
pPacCMOTPEHHBIX paHee cxemax, TaK Kak paboTaroT B pexuMe A, ¢ TOKOM MOKOS
KOJUIEKTOpa

K034 (11 13)1612711 (2-34)

Pacuetr MoutHocTH, NOTpeOasieMON OT UCTOUYHUKA MTUTAHUSI U paccerBaecMom
TpaH3zuctopamu 73, T4, Bemercs B cOOTBeTCTBUU ¢ dopmymnamu 2.29 u 2.30, rae
I.p 3amensieTcs Ha Iy,. Peancropsl obecrieunBatoT TpeOyemble TOKH MOKOs TPaH3U-
ctopoB 13, T4 u BEIOUpArOTCs U3 YCIOBHS

R1:R2:En—U53L2—UK3:En—o.7B—o.6B (2.35)
1 xo3,4 1 xo03,4

rzie 13 4 BoIOHMpaercs mo (2.31)
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Bxoanoe conpotuBienue Oycrepa no puc.2.3 ompenensieTcsi BXOJHBIM CO-
MPOTUBJICHUEM SMUTTEPHOTO TTOBTOPUTENS HAa TpaH3uctopax 13, T4

Rex 6= (B34 +D(R12l[Rgx12) (2.36)
WIH
U, +U, +U,
Ry 5= H 0oml,2 65m3,4 (2.37)
Lom3,4
Koadduiment ycunenus mno HanpsiKeHHio Oycrepa paBeH
K, = Y (2.38)

UH + U63ml,2 + U63m3,4
2.2. PACYUET BYCTEPA HAIIPSIDKEHIN .

Bbycrep HanpsbkeHus, B OTJIMUME OT OycTepa TOKa, 00eCreuynBaeT JAOMOIHU-
TEJIbHOE YCUJICHUE MO HANPSKEHUIO M TO3BOJISIET MOJYYUTh HAa HAarpy3Ke CUTHaJ,
IIPEBBIIAOIINN BEIMYMHBI BBIXOIHBIX TOKOB M Hanpspkennd OY. Ha puc.2.4 u 2.5
MOKa3aHbl JBE HauOOoJee paCIpOCTPAHEHHBIE CXEMBI.

Bbycrep nampspkenus (puc.2.4) ympaBisieTcsi BBIXOIHBIM curHaioM OVY.
Tpansuctoper T1- 74 BxmoueHbl nmo cxeme ¢ OD. lmwonsl /{3,/]4 obGecrieunBaroT
cMmenieHne Ha 0as3wl TpaHzuctopoB 73,74 ( 3amator pexum AB). Komnexktopnoit
Harpy3koil TpaH3ucTtopoB 73,74 SBIAIOTCA BXOIHBIE CONPOTUBIEHUS MOIIHBIX
OKOHEYHBIX TpaH3uctopos 71,72.

Pesuctop Rs obGecneunBaeT MecTHyI0 mnocienoBareiabnyro OOC no Hamps-
KEHHIO B OycTepe, NOBBIIIAET CTAOUIBHOCTD pabOThI U CHI)KAET HEJIMHEHHbIE HC-
KQKEHHUS.

Kongencarop Cyop KOMIIEHCHPYET (ha30Bble MCKaXeHHsI B Oyctepe. Uepes
pe3uctop R,. ocymiectBisiercss obmass OOC Bcero YM. Cxema BritoueHust OY
HE3aBUCUT OT OycTepa U MOXKET ObITh MHBEPTUPYIOIIEH, KaK MOKa3aHo Ha puc.2.4
WIM HEMHBEpTUpYyIoIen, uin nuddepenunransoil. Henuuelinble uckaxxenus Oy-
CTEpa B OCHOBHOM OIPEAEIISIIOTCS pa30pocoM MapaMeTpoB KOMILJIEMEHTAPHBIX Map
Tpan3ucTopos 71,72 u 73,74.

Bycrep HampsikeHusi, TOKa3aHHbIA Ha puc.2.5 yOpaBiseTcs Mo LensM MuTa-
Hus OY.

Tox, motpedsiembrit OY OT HCTOYHUKOB MUTAHUS, B OCHOBHOM OIIpE/ISTIsCT-
csl BEIXOAHBIM KackagoMm OV, KOTOpPHIA, Kak U3BECTHO, paboTaeT B pexxume AB u
OyZAeT MpoInopLHOHAJIEH BEIMUYMHE BBIXOHOTO curHana. [loatomy
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Ay,
=

Puc. 2.4. uBepTupytomuii YM c 6ycTepoM HanpspKeHUs, YIPaBIIEMbIN ¢

BeIxona OV.

Puc. 2.5. UnaBepTupytromuii YM ¢ 6ycTepoM HaNpsHKEHUS, YIPABISIEMbBIN 110

nensaM nuradus OY.
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TOK nuTaHuss OY MOKHO HCIIONIB30BAaTh JUIsl YNPABICHUS MOIIHBIM OKOHEYHBIM
KACKaJOM.

bnarogaps nonkmoueHuto K Beixony OV pesuctopa Rs HEOOJIBLUIOTO HOMU-
Hana (Rs=0.5R,, iy ) 4epe3 okoHeuHbl kackan OV, a, cienoBaTenbHO, U B LENU
nutanus OY npoTekaeT 3HAYMTENbHBINA TOK, KOTOPBIM YIpPaBIsSeT KOJUIEKTOPHBIM
TOKOM TpaH3uCTOpoB 13, T4, BKiItOUeHHBIX 10 cxeme OBb. DTo mo3BoISET MpU He-
OOJBIIMX CONMPOTHUBIICHHUSX PE3UCTOPOB B KOJUIEKTOPHBIX LEmAX R3,R4 moixy4uTh
3HAYUTEIBHOE MO BEJIMYMHE HAIMPSIKEHUE, YNPABIIAIONIEE MOIIHBIMU BBIXOJHBIMU
Tpansuctopamu 71,72, BkaroueHHbIME 110 cxeme OO. IIpu ucnonb3oBanuu Oycre-
pa HampspKEHUS BBIXOJHOE HamnpsbkeHne OY OrpaHMyYeHO M HE JOCTUTaeT MaKCH-
MajabHOW BenuuuHbl. [losTomMy monkirodeHue K Beixoay OV Harpy3ku MeEHbIIE
JOIYCTUMOM He BbI3bIBAET Ieperpy3ku OV mo Toky. da3a cursajia Ha BBIXOZE
T'1,T2 coBmagaet no ¢ase ¢ curHaioM Ha Beixoje OV, T.e. Takol OKOHEYHBIN Kac-
KaJ sBisieTcss HenHBepTUpyronmM. Konaencatop C2, BKIIFOYEHHBIN B LIENU OTPU-
natenpHo OC, oxBarbiBawomie Oycrep W BbIXOaHOM Kkackan OV, moBbilIaeT
YCTOMUYMBOCTB padboThl ycunutens u popmupyer AUX B 0051acT BBICOKHX YacTOT.
Lens nutanuss OY, BbINOJHEHHas Ha TpaH3uctopax 13,74 u cTaOMIMTpOHAX
J1.,/12, npencraBnser coO0M mapamMeTpUYecKHil cTaOUIn3aTop HANpsKEHUs, UMe-
OIMA BBIXOJHOC HampspkeHune Uy, ,,, PaBHOC HANpPSDKCHHUIO CTaOMIM3aLHUH

2.

CpaBHuBas cxemsl puc.2.4, 2.5 cienyer OTMETUTD, YTO YIIPABICHUE
OycTepoM M0 LEeNsM MUTaHUs UMEET CIAEAYIOIINE MPEUMYIIECTBA:

a) MEHbIIIC HEJIMHEWHBIC NCKAXKEHM S, TaK KaK KacKaJ, BKJIIFOUEHHBIN 1O
cxeme ¢ OB, nmeet Oonee JIMHEWHbBIE XapaKTEPUCTUKH;

0) 4acTOTHBIE CBOMCTBAa TpaH3UCTOPOB 73,74 cnabo BIMSIOT HA TOJOCY
nponyckanus (cxema ¢ Ob Oonee mmpokomnonocHa). Ho yuuteiBasi, yTto Majo-
MOIILIHbIE TPAH3UCTOPHI OOBIYHO OO0JIee BBICOKOYACTOTHBI, YEM MOIIHBIE, MOJ0Ca
MPOMYyCKaHus OyCTEpPOB IO cxeMaMm puc.2.4 u 2.5 NMpakTUYECKH OJMHAKOBA M
ONpEIEIIAeTCS YaCTOTHBIMU CBOMCTBAMU OKOHEUYHBIX TpaH3ucTtopos T1,T2;

B) OV B cxeme puc.2.5 mydiie 3auuiieH 0T KOPOTKOTO 3aMbIKaHUS Harpy3-
KH OycTepa 1 poO0si OKOHEUHBIX TPAH3UCTOPOB;

I') HECKOJIBKO YIIPOLIAET CXEMY OTCYTCTBUE JIBYX IUOJOB CMEIICHHS.

Tem He MeHee yrnpaBieHue OyctepoM ¢ Bbixojga OV B nauTeparype BCTpeda-
€TCs yalle, TaKk Kak MO OCTaJbHBIM MapameTpaMm cxembl puc.2.4 u 2.5 Onu3ku, u
CKa3bIBAE€TCS CUJIA IPUBBIYKU K TPAJAULIMOHHOMY CIIOCO0Y yIpaBIICHHUS.

Pacuer OycTepa HanpsiKeHUs MPOU3BOAMUTCS B CIEAYIOIIECH MOCIIEI0BATENb-
HOCTH.

1. BeibupaeTcst HanpsKeHUE UICTOYHUKOB TTUTAHUS U3 YCIIOBUS:

E, =U, +Uismin rae Ukomin ®3+4B

2. PacunTeiBaeTcs MOLIHOCTbH, NOTpedisieMasi OKOHEUHBIM KackagoMm P, ,,

CPeAHUH TOK [y ) cp, MPOTEKAIOIIM YEPE3 TPAH3UCTOPBI, W MOIIHOCTH, PaccenBa-

emast Ha KOJUJIEKTOpE TPaH3UCTOpa Fy o, PaCUMTHIBAIOTCS 1O popmynam: 2.5, 2.6,
2.7.
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3. IlonOupaercst KOMIUIEMEHTapHAsl Tapa TPAH3UCTOPOB, YIOBIETBOPSIOIINX
yciaoBusiM 2.8- 2.11.

4. BxonHble MapaMeTpbl OKOHEYHOTO Kackaja MOTYT OBbITh ONpeeeHbI
rpaduuecku. B psjae ciayyaes, Korna pexuM padoThl TPAaH3UCTOPOB JIAJIEK OT Mpe-
NEIBHOTO, PACYET MOYKHO BECTH aHAIUTUYECKH 0 MaJOCUTHAJILHBIM MapaMeTpaM:

Lem1 = Lxm2 =1

Rexl = R6X2 = 1191,2
1 1
Igpip =——=—" (2.39)
hp1312  Pre
KoadduimenT ycunenus no HanpsHkeHUIo Tpan3uctopos 71, 72 -
h, . R b, >R
2151,2 2%
K, = ;91 P = (2.40)
1101,2 Rex1,2

5. Pacuer mpeaBBIXOHOTO Kackajga Oycrepa Ha puc.2.4. AMIUIUTYAA BXO/JI-
HOT'O TOKa:

I x3,4m

Tmn , = _RO0M (2.41)
53.4
" Paa

BxongHoe conporuBnenue TpaH3ucTopos 13, 74

Re3a=M1734 (2.42)
KoaddummenT ycunenus noHanps>KeHUIO TPEIBBIXOIHOTO KacKaja:

B3aRe12 121534 M151,2

K = 2.43
us4 Ry h11§3,4 ( )
6. Pacuet mapametpoB O6ycrepa mno puc.2.4
Koaddumment ycunenus nByx KackaaoB Oycrepa 0e3 MECTHOM oOpaTHOM
cBs3U (uepe3 pe3ucTop Rs):
B12B3 4R,

Rex 34

JInsl CHU)KEHUS HEJIMHEWHBIX UCKAXEHHUM, PACIIMPEHUS IT0JIOCHI MPOITYCKa-
HUS, YBEJIIMYEHUS BXOJHOTO COMPOTUBIIEHUS OyCTE€p OXBaThIBA€TCS MECTHOH MO-
cnenoBarenbHOM OOC no HANPSIKEHUIO Yepe3 pe3ucTop Rs. M3 nmpakTuueckux co-
oOpakeHu# 1enecoodpasHo K, ; OpaTb MUHUMaJIbHBIM, T.€.

U
Ky = :

on max
[Ipu sTOM moNHEe HUCIONB3YIOTCA BO3MOXHOCTH OV u obecrieynBaroTCs
MUHHUMaJbHbIE HCcKaxeHust B Oycrepe. KoaddummeHnt nepenaun y 1enu MeCTHOU
oOpaTHOM cBsi3U B OycTepe paBeH (CM. BeIpakeHue 2.3)

_ Ry 3,406 . R6x3,409
(=" 18] 0% —_—

Z =
Rs P34 - Rs

Kys =Ko Kyzs= (2.44)

(2.45)
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T Ry 3405 - BXOJAHOE CONPOTUBIICHHE TPAH3UCTOPOB 73,74 co CTOpOHbI 6a3bl (B
cxeme OD), paBHOE
Ry 3400 — B “Regy 3,406

1
ITockonbky npu riryookoit OOC K ;. = —, TO
X

B34 - Rs
Ky =Kuoc = R—
6x 3,405
VYuuteiBas, uto riiyouna mectaod OOC F, B Oyctepe paBHa
F, = Kuz (2.46)
Kus

MOJIYYMM BBIpAXKEHUS JUIsl BRIOOpA pe3ncTopa

R R K
RS _ ex 3,403K _ Rex 3,405 " DuX

ub —
B34 B34F

Bxoanoe conpotusnenue Oycrepa no puc.2.4 (¢ yaetom mectooit OOC ue-
pe3 pe3ucTop Rs) paBHO

(2.47)

Rex 6 =Ry 34 £y, (2.48)

BxoaHoii nenutens Oyctepa pacCUMTBIBAETCA 1O TEM ke (hopMyriam, 4To U B
TOKOBOM Oycrepe (2.17- 2.20), yuuTbiBasi, 4T0 B BbIpaxkeHuu 2.17 BMecTo 1519,
MOACTABISIETCS 1453 4, U3 (2.41). [locTosiHHAs BpeMeHH OycTepa B 00JIaCTH BBICO-

KHMX 49aCTOT

| 1 |

1 1
6.6 = 7 (T + Tpyy) =5 % *
Fy T Fy SR, s

rae tg , M T, - HOCTOSHHBIC BPEMEHH TPAH3UCTOPOB 71,72 n 713, 74 , BKiItO-

) (2.49)

yeHHBIX 1o cxeme O3;
fBl,2 151 fB3, ,- BEPXHHE I'PaHUYHBIC YACTOTHI TpaH3ucTopoB I1, T2, BKIIO-

4eHHBIX 10 cxeme 0.

Koppektupytoiast eMKOCTh paccuuThiBaeTcs o gpopmyie (1.2)

7. Pacuer npenBbIXOIHOTO Kackaga Oycrtepa mo puc.2.5

Pesuctop Rs BeIOMpaeTcs U3 yCIOBHS MONyYEHUsI MAKCUMAJIBHOTO TOKa, MO-
Tpedsssemoro OV:

Rs =0.5R;;min oy (2.48)
Torna uepe3 Tpan3uctopsl 13,74 mpoTEKaeT TOK
IK3,4 :Inom.oy +on.max _161,2m (2.49)
re
[oy.max = ](zjoyﬂ (2.50)
H.min.oy

Hanpspoxkenue Ha 6a3e 73, 74 3agaeTcsi mapaMeTpUueCKUMU CTaOuM3aTopa-
mu RiD u R,D, n pasro U, =+0.7B
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Pesuctopsl R3, R4 BEIOMPAOTCS U3 YCIOBUS
0,7B
R34 =

(2.53)
13,4
MourHocTh, paccenBaemas TpansuctTopom 13 (74), paBHa
Pe=(E, - Uun.oy)(]nom.oy + [oy.max + 161,2m) (2.54)
Ha ocHoBaHMM NOpPOBEACHHBIX PACUETOB MOAOUPAECTCS KOMILIEMEHTapHas
napa TpaH3ucTopoB 713, T4, yTOBIETBOPSIIOMINX TPEOOBAHUSM :

Dy don M nom oy T on.max

6)U7<9.()0n YE n
6)Fy.00n = Fx (2.55)

3)foc3,4 ) /B

Crabumutponsl D1,D2 BIOMpaIOTCS U3 YCIOBUH :

U, =U,. +Uss.=U,, +0.7B

un.oy un.oy
Icm.max _[cm.min ZI63,4m (2.56)
. 1K3,4m
rae 143 4y, - TOK 0a3bl TpaH3ucTopoB 13,74. Ig3 4/ = ———> Iem.max>Lem.min -
34m

JOTYCTUMBIN JUaINa30H U3MEHEHUS TOKa CTaOMIINTPOHA.
Pesucropsr R, R, paccuuThIBalOTCS 110 hopMyJIe:

Rl =R2 _ En _Uu.n.oy (2.57)
[cm.min +[63,4m

8. PacueT mapaMeTpoB Kackaja.

B nannoit cxeme Oycrep u OV mpeactaBisitioT eauHoe menoe. [loatomy ot-
JIeTIbHO HE paccUUThIBaeTCs KodduiimeHt ycuieHus: oycrepa Kys, a nemecoodpas-
HO OmpeaessiTh 001uuii KodpduuueHt yeunenust K, it Oycrepa, 0XBa4eHHOTO

coBmecTtHO ¢ OV o6merr OOC. i MHBEPTUPYIOIIEH WM HEWHBEPTUPYIOIIEH
cxembl BKIroueHust OY korhGULMEHT yCuieHus paBeH

K, o=~ Ri%a

R~
K, «=1+" A{S (2.58)

EMxocTs C; CITy:KUT JIJ11 KOPPEKLIMH YaCTOTHOM XapaKTepUCTUKU OycTepa u
BBIOMPAETCS U3 BBIPAKCHUS:

Cy>— B e TB:% (2.59)

BiB2R g .0y /B
[Tpu sTOM TIOCTOSIHHAsI BpeMeHH OycTepa B 00JacTH BBICOKHMX YacTOT OKa-
3bIBACTCS] PAaBHOU

85 =18 = BiB3CoR guix .0y (2.60)
1 K0>(DHIMEHT YaCTOTHBIX HCKAKEHHI OycTepa Mp =42
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3.PACUET IEODEH OOC YM

1. [Ipu wHBepTHpYyIOLIEM BKJIIOYEHUU BXxojHOTO Kackaga OV (puc.l.la u
1.26) pesuctop R; ompeaessieT BXOAHOE COMpOTUBICHHE YM U BbIOUpaeTcs U3
yCIIOBHUS

Ri>>R.. (3.1)
Torna nns cxems 1(puc.1.1a)
Roe = Ku.yMRla (3.2)
a st cxemsl (puc.1.20)
Roe = KyiRy, (3.3)

rae K, - xo3(pduuueHT ycuneHus nepporo kackana Ha OY.

Pesuctop R, (puc.l.1a) ymeHnsiaeT TOKOBbIN apeild BxogHOro kackana. s
ATOTO CONMPOTHUBJICHUS MHBEPTUPYIOIIETO U HEMHBEPTUpYIoIiero Bxoaa OV mo mo-
CTOSIHHOMY TOKY JIOJDKHBI OBITh OJMHAKOBBI. Eciu pa3nenurenbHbI KOHIEHCATOP
C) OTCYTCTBYET, TO

Ry =Ry||Ry (3.4)

Eciu Cp npucyrcTBYyeET, TO

Ry =R, (3.5)

2. Ilpu HewHBEPTUPYIOLIEM BKJIOYEHUU BXOOHOTO Kackamga OY (puc.l.16,

2.1a,6) BXoaHOE compoTuBicHUuE YM -

R@x.yM =Ry (3.6)
a pe3ucTopsl R; u R, HaXOJATCA U3 PEIICHUS] CUCTEMbl ABYX ypaBHEHWH ( s
cxemsl puc.1.10) .

ocC
Ky yu=1+ Ry (3.7-8)

Ry =R{IIR,,..
B MHorokackamgnoi cxeme (puc.2.1a,6) B ypaBHenuu (3.7) HEoOX0auMO 3a-
MeHUTDb K, 1, Ha K - Koo duupeHT yenieHus nepporo kackana va OY ¢ OOC.

CrnemyeT IOMHUTD, UTO BEJIMUMHA PE3UCTOPOB B CXeMaX, 0COOCHHO R, HE JTOJKHA
npeBbiath equHul MOM. [Ipu GonbInx HOMUHANAX PE3UCTOPOB BO3MOKHA He-
cTabuiibHast paboTa yCUIIUTEIS U3-3a BIUSHUS BXOJHBIX TOKOB OV U TOKOB yTeuek
B koprniyce OV u meyatHoi miarte.

Ecnu R, 1o pacuety nomydaercst 6onee 1 MOM, ucnons3yot T-00- pasHyio
1enoyky oopaTHoi cBsi3u (puc.3.1), KoTopast HO3BOJISET MPH YMEPEHHBIX HOMHUHA-
JaxX Pe3UCTOPOB pean30BaTh (YHKIIUIO BHICOKOOMHOTO PE3UCTOPA Rocoxs. PE3H-

"

cTopsl R/ ., R/ 00pa3yroT neauTeNb BBIXOAHOTO HanpsbkeHus OV, UMb 4acTb

BBIXO/IHOTO HAINpsDKEHUs yepe3 R/ . MOJaeTcsl BO BXOAHYIO L€Ib, CHUXas II1yOu-
Hy OOC.
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Mo>kHO MOKa3aTh , dTO

! " R
Rocone =Roc +Roe + 33,,,00 (3.9)
oc

Ha mpakTtuke, pu Roc o >> R1, pE3UCTOPHI YaCTO BBIOMPAIOT U3 YCIOBUS

Puc.3.1
R =R}, =R}, (3.10)
TOor;a
R 2
Rl = L (3.11)
ROC.9K6 - 2Rl

Y HU OJWH PE3UCTOP B cxeMe YM He NpeBOCXOUT BEINUNHY R;.

3. Pacuer pe3nctopoB 0OpaTHOW CBSI3U B MPOMEXYTOUHBIX KacKajax ycuie-
Hus Ha OY.

B Tex caywasx, korga YM COCTOMT M3 HECKOJIbKMX KacKaJOB YCHJICHHS Ha
OV, pe3uctop cBs3U MEeXAYy Kackaaamu R, B cxemax puc.2.16 (mpu MHBEPTUPYIO-
meM BkimrodeHud OVY) nomxeH ObITh 0OJibllIe MHUHUMAJIBLHOTO COMPOTHUBIICHUS
Harpy3ku OV u BeIOMpaeTcss OpueHTUPOBOYHO

Ry=(1+ 5)RH.min.oy (3.12)
Bemnunna R,.) paccUMTHIBAETCS Kak
Rocr =KipR> (3.13)

rne K,p - TpeOyemslil K03(h(PUIMEHT yCuileHns BTOporo kackazna Ha OY coBmecT-
HO ¢ OycTepoM, paccuuThiBaeTcs o popmysie (1.8)

Pesuctop R4 B cxemax (puc.2.1aq,6) cHUXAET TOKOBYIO OIIMOKY BO BTOPOM
kackaze Ha OY u paBeH

Ry =Ry||Rpe2 (3.14)
B cxeme, nmokazanHo# Ha (puc.2.16) pe3uctop R, BRIOUPAIOT U3 YCIOBHS
Ry=(1+], 5)RH.min.oy (3.15)

A Ry 1 R4 paccUMTBIBAIOTCS, KaK U B PaHHEE PACCMOTPEHHBIX CIy4asX, MO
dbopmynam (3.13) u (3.14).
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4. PACUET YACTOTHBIX UCKAKEHUH B YM.

CornacHo TeXHUYECKOMY 3a/aHuI0 YM NOMKeH paboTaTh B ONpeesieHHON
nosioce 4yacToT (OT f% 10 fg). B wactHOM ciydae moxeT ObITh f3=0, T.e. ycuiu-
TeJb JOJDKEH YCHJIMBATH HE TOJBKO MEPEMEHHYIO COCTABISIONIYIO CHUTHANA , HO U
TIOCTOSTHHYO.

Takoe 3a1aHNe YaCTOTHBIX XapaKTepUCTHK Y M O3HavaeT, YTO Ha TPAHUYHBIX
YaCcTOTaxX fi ¥ fp YCHUIICHHE CHIDKaeTcs Ha 3 nb mo cpaBHEHHIO CO CPEIHHMH Ya-
CTOTaMH, T.€. KOA(PPHUINEHT YaCTOTHBIX UCKOKECHUI Ha YaCTOTaxX fi U fp paBeH

MH:MB:1.4/\(3 I[B)
A. B ob6nactu Huzkux dactoT (HY) uckaxkeHus 3aBUCAT OT OCTOSIHHOM Bpe-
MCHH Ty LCTIU TIepe3apsiia pasienuTenbHoi eMkocta C),

2

1

27y(‘H z-HC
Ecnu pasgenurenbHas eMKOCTb €AMHCTBEHHAsA B YM, TO 3ajaHHBIE 4acTOT-
Hble UCKaxeHus M, = M, .

M, = |1+ (4.1)

N3 Beipaxenus (4.1) onpenenum
1

The™
2
2rf,\N M, .—1

31ech MOCTOSIHHAS LCTH IIepe3apsiia pasaenntensHoil eMkoctd C), B cxemax

(4.2)

1.1 u 1.2 paBHa

Ty e=CpRs gp (4.3)
rae R;qp = R, + Rgy yy - CONPOTUBIICHHE LIETIH TIEpe3aps/a.
CnenmoBarteibHO,
T
Cp= —RC (4.4)
R, +R,

X. M

[Ipu HanmMuve HECKONBKHUX (HAMpPUMEP, N) pa3ACIUTEIbHBIX eMKoCcTe B YM
3aJIaHHbIN KOY(PHUIIMEHT YaCTOTHBIX UCKAXXEHUN HEOOXOIMMO MOJEIUTH MTOPOBHY
MEXIy BCEMH €MKOCTSIMHU, T.€.

M, o5
My ¢ o5 = e 4.5)
nim

Hanee Haxoxutes 7, . u BenmuuuHa C), CONACHO BhIpaxkeHWsM (4.2) u (4.3)

YUUTBIBAsA, UTO AJIA Kﬁ)I(I[Oﬁ CMKOCTH UMCCTCA CBOA LICIIb IICpE3apaaa.
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b. Cnag AYX YM B ob6nactu Beicokux yactoT (BYU) o0ycioBieH 4acTOTHBI-
MU UCKaXEHUSIMHU KackaioB Ha OY u OycTepa, a TakKe eMKOCTbIO HAarpy3KH, €Clu
OHa UMEETCSI.

Ko3¢(puiueHT yacTOTHBIX UCKaKEHUH Ha 4aCTOTE f;, paBEeH IPOU3BEICHUIO
YACTOTHBIX MCKaXEHUU Kakaoro kackaaa YM (oaun win nBa kackana Ha OY Oy-

cTep)

Mg =MpMg,Mz My (4.7)

rie My, Mz, M 35 M M 5z - KOODOUIMEHTE! YACTOTHBIX MCKaXKEHHH COOT-

BETCTBEHHO KackanoB Ha OV, Oycrepa u eMkocTH Harpy3ku Cy .

/,
Ecin Kj*,, BBIOpaH Ha MOPsZIOK OOJIbLIC TPEOYEMOro yCUICHHS KacKajia Ha

OV (ana nmonyuenusi nocraroyHo rryobokoir OOC), To kackan Ha OY HCTOTHBIX
HCKa)X€HUM HE BHOCHT, T.¢. M = M By = 1.

KoadduimeHT yacToTHBIX HCKaXeHUil OycTepa B 00JACTU BBICOKMX YacTOT
onpenensercs no gpopmyie 2.25.

KoadduumeHT 4acTOTHBIX UCKaXKEHUM, ONpeaeiasieMblii BIUSHUEM €MKOCTH
Harpy3ku Cgy B 00JacTH BBICOKMX 4aCTOT, PACCUUTBIBAETCS 110 (POpMyJIE:

My =1+ @7 ) (4.8)
rae
TEH = Cﬁ (RGblx.yM ” Rﬁ) (49)
OO6BIHO  R;, > Ry ypy » M MOXKHO TIOJIATATh
Ten = CHRebzx.yM (4.10)

Paccuutannpiii mo Qopmyne (4.7) kodQPUIUEHT YaCTOTHBIX MCKAKEHUIN
M 5 HOJDKEH OBITH MEHbIIIE 3amanHoro. Ecimm M 5 Hoirydaercs 0OJIBIIIE 3aTaHHO-

ro, TO CJIEIYET MPUHATh MEPBI JJI1 YMEHBIIEHUSI HAUOONBILETO U3 COMHOXKUTENEH
B BhIpaKeHUHU (4.7).

[Tpu OGonpION €MKOCTH Harpy3KH OKOHEYHbBIE TPaH3UCTOpHl Oycrepa Ha
OonbIINM TOK [, € y4eTOM pEaKTUBHOM COCTABJIAIOIIEH TOKA HArpy3KH

U]?
:I:RT+UH27j§Cﬁ (4.11)
H
[Tpu GonpmIMX CUHYCOMAANbHBIX HanmpspkeHUsXx OV, OIM3KUX K MaKCHUMAallb-
HBIM, HEOOXOUMO MPOBEPUTH, 0OECIIEUUT JIM CKOPOCTb HapacTaHus Vi .., BbI-

Y K1,2

OpanHoro tuna OV Tpebyemoe HANpsHKCHHE HA 4acTOTe  f, T.€. HEOOXOIUMO

HUMCTb

U .ebix (412)
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5. PACUET IIJIOLIAJIM PAJIMATOPOB MOIIHBIX
TPAH3UCTOPOB.

[ToBpIlIEHNE TEMIEPATYPbl OKPYXKAIOUIEH Cpellbl WM KOpIyca TPaH3UCTOpa
BBI3bIBACT CYIIECTBEHHOE MU3MEHEHHUE €r0 OCHOBHBIX MapaMETPOB U 3KCILTyaTallu-
OHHBIX XAaPaKTEPHUCTUK; CHUKAIOTCSI 3HAYEHUS JOIMYCTHUMBIX PACCEMBAEMON MOIII-
HOCTU Y HANpPsDKEHUH Ha 3JIEKTPOJIaX, BO3PACTAIOT OOpaTHbIE TOKH U Kod(hduiiu-
€HT Mepeayu TOKa.

[Ipu cpaBHUTENBPHO HEOOJBUION PACCEMBAEMON MOIIHOCTH TPaH3UCTOP
MOJKET UCIOJIb30BaThCS 0€3 paAraTopa, €CIIN BIIOIHIETCS CIEAYIOLIEe YCIOBUE:

P <P Il (5.1)

K max —
— RT
rae P, - MOIIHOCTB, paccenBaeMasi Ha KOJUIEKTOPE TPaH3UCTopa, Py .y - MAKCH-
MaJIbHasi MOIIHOCTh paccenBaeMasl TPaH3UCTOpPOM 0e3 TeIuooTBOAA, ;- MaKCH-
MaJIbHasi TEMIIEPATypa KOJUIEKTOPHOTO MEPEXOAa B YCIOBUSAX JKCILTyaTaluH, I -
MaKCHMaJbHO BO3MOXHAsl TEMIIEpaTypa OKpYXKarollel cpeasl, Ry - TEIIoBOE CO-
IIPOTUBJICHUE MEXKIY P-N IIEPEXOJOM U OKPYKAIOLIEH Cpelod UMeeT pa3MEpHOCTh
°C/Br; onpesenserca KOHCTPYKIUENH TPAaH3UCTOPA U NPUBOJUTCA B CIIPABOYHUKE.
!
Ecmu Py > Py yqx » HO MEHBIIE Py 1y, C HANOOMBIINM TCIIOOTBOAOM, TO

HE0O0XO0JMMO HCIOJIb30BaTh PaiuaTop.

KOHCTpYKTUBHO paauaTopsl BBINOJHAIOTCS JUOO B BUJAE IUIACTUH U3 MEIH
(TonuuHOM 3-5 MM) UK aTFOMUHUS (TOJIUHON 4-8 MM), OO B BUJE PEOPUCTHIX
CTPYKTYp pa3IM4YHON KOH(PUTypalMu U3 TeX *e Marepuanos. Pacuer miomanu pa-
JMaTtopa BEJAETCA B CIEAYIOIIEM MOPSIKE:

1. ITo 3amanHOM BenuuuHe P, omnpezaensercs HeoOXonuMas BEIUYHMHA TEll-

JIOBOTO CONPOTUBIIEHHS NIEPEXO] - cpeaa R .

Rnc:];l;Tc
K

rae 71, T,.- MakCUMaabHO IOIyCTUMAas TEMIIEpaTypa KOJUIEKTOPHOIO Iepexoaa

(5.2)

TPAH3UCTOPA /U3 CIPABOYHUKA/ U MAKCUMaJbHasl TeMIepaTypa OKpyKaromieh cpe-
IIbI /TI0 3aJIaHUTO/.
2. OmnpenensieTcsi MaKCUMallbHO JOMYCTHUMOE TEIJIOBOE CONPOTHBIIEHUE
Kopmyc-cpena R, .
Ry & Rye = Ry (5.3)

rae R, - TEIUIOBOE CONPOTHUBIIEHHE NEPEX0 - KOPITyC TPaH3HCTOpa, KOTopoe Oe-

peTcs U3 CpaBOYHUKA MJIM PACCUUTHIBAETCS O CleAyroliei popmyie:

R, = M (5.4)

K_max

3. PaccumuTsiBaercs miomaas paauaropa S
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800
RK C
MOJICTABIIAECTCS B pa3MEPHOCTH Tpaji/BT.

S[CMZ ] > (5.5)

rjae BenuuuHa R

C

J{nst yIydlieHusl TEII00TAaYM TJIOCKOCTH PajdaTopa CTAparoTCsl Paciotio-
KUTh BepTUKaIbHO. Ha pa®odyro mMOBEpXHOCTh paguaTopa OOBIYHO HAHOCHT 3a-
TeMHsIoIIee TOKpeITHE. [Ipu KpaitHeldk HEOOXOJAMMOCTH MOYKHO HCIIOJIB30BaTh
MPUHYIUTEIBHOE OXJIAXKICHUE C MIOMOIIBIO BEHTUISTOPOB.

6. PEKOMEH/JIALIMH 11O OPOPMJIEHHIO MMOJIHOM
INPUHIUIIMAJIBHOU CXEMBI YM,
CIHEHU®OUKALIMU U MOHTAXKHOMU IIJIATHBI.

[Tocne mpoBeeHMs NEKTPUUECKOTO pacdyeTa Ha OTIEJIbHOM JINCTE COCTaB-
JISIIOT MOJHYIO TPUHIUMITHAIBHYIO cXeMy YM ¢ He00X0IMMBbIMU BCIIOMOTATEJIbHBI-
MU DJIEMEHTaMM, TAKUMHU KaK (PUIBTPHI B HEMAX IHUTAHUS, CXEMbl KOPPEKIIUA U
npyrue. Bee aemMeHTs 00111e TPUHIUITHAIBHON CXeMbl H300pa)KaroTCs B €IMHOU
CUCTEME YCIOBHBIX 0003HaUCHUM, 0€3 yKa3aHUsi HOMUHAJIA W THIIA 3JIEMEHTA.

Pexomennyercst 0003HaUaTh:

- pe3uctopsl R;, R)...

- kongencaropsl C;, C5...

- MHIYKTUBHOCTH Lj, L)...

-0V Ay, Ay ...

- Tpansuctopel 17, 1) ...

- IUOABI, CTAOMIUTPOHBL Dy , D ...

Mnanmme nopsaKoBble HOMEpA MPUCBAUBAKOTCS 3JEMEHTaM, CTOSIIIUM Ha
BXO/JI€, a CTapIllie COOTBETCTBEHHO dJIEMEHTaM OJINKE K BBIXOJTY.

Ha apyrom nmucTte cOCTaBIsIOT CrelM(PUKALNUIO dJIEMEHTOB, MPEICTaBIISIO-
Iy cO00M TaONHITy, B KOTOPOM IS KaKJI0TO YCIOBHOTO O0003HAUCHHS DJICMEH-
TOB MPUBOASTCSA JAaHHBIE O THUIIE BJIEMEHTA, HOMUHAJE BEIUYUHBI, OKPYTJIECHHOTO
710 ONuKaWIero CTaHIapTHOTO 3HAYEHUS, IOMYCKU Ha pa3dpoc mapamMeTpoB B CO-

orBeTcTBUU ¢ 'OCTamu u konmvecTBO 31eMeHTOB. [Ipumep opopmieHust cnenu-
(buKaIu 1aH HUXKE.
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N /o O6o3HauyeHune Tun Kon -Bo
1. R; Pesucrop MJIT-0,5-12 1
koM 1+10%

2. R,

3 C;.C Konnencarop 2
K-50-12-50-10

4 D;—Dy Jnon momynpoBo- 4
HUKOBBIN JI4226A

5 A; Ay OnepairioHHbIA 2
ycunutens K140V J16

6 T; Tpansuctop KT814A 1

Nmest noaHy0 NPUHIMIUATIBHYIO CXEMY U ClielUpUKaIUI0, TPUCTYNAIOT K
pa3pab0OTKe MOHTaXKHOW cxembl. Hanbosee panuoHalbHBIM CIIOCOOOM MOHTa)Ka
SBJIIETCS] TEYATHBIN, OO0ECIeYNBAIOIIMNA MUHUMAIBHBIM 00BEM YCTpOMCTBA MpuU
JIOCTATOYHOW HA/IE)KHOCTH U TEXHOJIOTHYHOCTH.

Chauvasia Ha J1aTe pa3MeyaroT MOJIOKEHUE UHTErPAIbHBIX CXEM, TPAH3UCTO-
POB U MPOYKMX HABECHBIX JIEMEHTOB, 3aTEM Pa3MEYaroT ONTUMAIbHOE PACIIOIOXKe-
HUE€ TMEYATHBIX MPOBOAHUKOB. IIpu 3TOM cieayer mpuaepKuBaThCsA CIIEIYIOMINX
PEKOMEH TAIUA:

a) MPOBOJAHUKY JOJIKHBI OBITH IO BO3MOYKHOCTH KOPOTKUMH;

0) i1 YMEHBIIICHUS Mapa3sUTHBIX CBA3EH MEXKIY BXOIHBIMU U BBIXOIHBIMHU
AJIIEeMEHTaMH BHYTPHU OJHOTO Kackaja, a TeM 0osiee yCTPOMCTBA B LIEJIOM, JIOJKHBI
OBITh pa3HECEHbl HA MAaKCUMAJIbHOE PACCTOSIHUE U HE OBITh NMapaJICIbHBIMHU JPYT
K IpyTY;

B) MPOBOJAHUKHU BXOJHBIX M BBICOKOYACTOTHBIX IEMEH CIIETyeT MPOKIaabl-
BaTh B MEPBYIO OUEPE/b U AENIaTh MAKCUMAIbHO KOPOTKHUMU;

') 3a3eMJISIONIME TPOBOJHHUKU JIOJDKHBI OBITh MaKCUMaJIbHO BO3MOKHOM
IIUPUHBI U 3aHUMATh BCE CBOOOIHOE OT CUTHAIILHBIX MTPOBOIHUKOB MECTO;

1) HABECHBIE AJIEMEHTHI Ha MEYaTHOM IUIAT€ YCTAaHABIMBAIOTCS C OJTHOM CTO-
ponsl. Ha 370l e cTopoHe peKOMEHAYETCSl TPOKIAAbIBATh IIUHBI TUTAHUS.

C npOoTUBOMOJIOAKHOI CTOPOHBI PACIONIATalOTCS] CUTHAJIBHBIE TPOBOAHUKH U
3eMJISTHAsI IIMHA, OOBIYHO OXBATHIBAIOIIAS TI0 IEPUMETPY BCIO MEYATHYIO IJIaTY;

€) €CIIM HE yAaeTCs MOCTPOUThH MEeYaTHYIO MIaTy 6e3 mepeceyeH sl meyaTHbIX
MPOBOJHUKOB, MOKHO TTPUMEHSITh TIEPEMBIUKHU.

) TIeYaTHbIC MPOBOJAHMUKH, KaK MPAaBUIIO, UMEIOT mupuHy oT 0.3 10 1.5 Mm.
He nomxHO OBITH pe3KMX M3TMOOB, OCTPHIX YIJIOB U MEPEXOJ0B (pajauyc mepexo-
JIOB HE MeHee 1 MM).
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3) NpU CPAaBHUTEIBHO HEOOJBUIMX PACCEMBAEMBIX MOIIHOCTEH (mopsaka
€IMHUL] BaTT) TPAH3UCTOPBl BMECTE C paAHaTopaMH OOBIYHO PAa3MEIIAIOTCS Ha Ie-
YaTHOM IJIaTe, a IpU OOJBIIMX PACCEUBAEMBIX MOIIHOCTAX, MJIA YJIy4LICHUS
OXJIQXKJICHHsI, YCTaHABJIMBAKOTCA OTHEIBHO OT ILIAThl HAa BHEIIHEM KOpITyCe
YCTPOWCTBA.

3ajaya MaKCUMaJIbHOTO MPOEKTUPOBAHUS MEYATHOM IUIATHI HOCUT MHOI'OBa-
PUAHTHBIA XapaKTep U B 3HAYMUTEIBHOM CTENEHU 3aBUCUT OT UCKYCCTBA M OIIbITA
KOHCTPYKTOpA.

[Ipu npOEKTHPOBAaHUHU CIOKHBIX CXEM HIMPOKO UCIOIb3yeTcss DOBM.

Pa3zpaborannas meuaTHas mjiaTa B BHIOpaHHOM MaciuTabe n3oOpaxaercs Ha
oTIeabHOM JucTe. CIUIOMIHBIMU JIMHUSIMH JE€IAETCS BUJI CO CTOPOHBI CUTHAJIBHBIX
IPOBOAHUKOB. [IyHKTUPHBIMU JIMHUSAMU 0003HAYArOTCSl YCIOBHBIE 00O3HAuYEHUS,
COOTBETCTBYIOLIME 0003HAYEHUSIM OOLIeN MpUHIMIUAIBHON cxeMbl. [IpuBogsTcs
ra0apUTHbIE pa3MepHl IJIaThlI.
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TPEBOBAHUS K O®OPMJIEHUIO OTUETA IO KYPCOBO
PABOTE

B cocraB OTUY€THBIX JOKYMEHTOB IO KYpCOBOW paboTe BXOAWT
nosichutenbHas 3amucka (I13) o6wvemom 20..30 crpanuny ¢opmara A4
(210x297Mmm).

PacueTHO-TTOsICHUTEIbHAS 3aIMCKa JTOJDKHA COJCPIKATh CIICTYFONIUE PA3ICITh:
®  TUTYJBHBIN JIUCT;
®  33j1aHWE HAa KypCOBYIO paborty;
®  OIJIABJICHUC;

®  OCHOBHas YacCTb, KOTOPAs COACPIKUT CIEAYIOIINE IIyHKTHI:
- BbIOOp TuMna OV U KOPPEKIUs €ro 4aCTOTHON XapaKTepUCTUKH;
- BBIOOP (PYHKIIMOHAIBHON CXEMBbl YCHIIUTENSI MOIITHOCTH;
- pacuer BBIXOJHOI'0O KaCKaJa yCUIUTENS MOIIHOCTH;
- pacyer Iernei OTpHuIaTeIbHON 00paTHOM cBsizu YM;
- pacyeT 4aCTOTHBIX UCKAXEHUU B YCUJIUTENIE MOLIIHOCTH;

- pacuer IJIOIIA/IU PaUaTOPOB MOIIHBIX TPAH3UCTOPOB;
® 3aKITFOUYCHHC;

[TosicHuTenbHast 3amMcKa COACPKUT KpaTKUE TEOPETUYECKHE CBEJICHUS,
OMHCaHUE CIPOCKTUPOBAHHON CXEMBI, COJEp>KaHUE BCEX ITAINOB pabOThI, BCE TO-
JIPOOHBIE PACUYEThI, MPOMEKYTOUHBIE CXEMbI, aMILTUTYTHO-4aCTOTHBIE XapaKTepH-
CTHUKH.

['paduueckas yacth pabOThl cOCTOUT U3 2 MUCTOB popmata Al, HA KOTOPHIX
BBIUEPUYMBAIOTCS NMPUHUMIINAIBHAS 3JIEKTPUUECKAs CXEMa M 3JIEKTPOMOHTAaX-Hasl
cxema nedatHod miuatbl. Cnenudukanus OpuBOAUTCA B cooTBeTcTBUU ¢ ['OC-
Tamu.

Tekct 113 nomkeH ObITh HAOpAaH Ha KOMIBIOTEPE B TEKCTOBOM PEIIAKTOPE
Microsoft Word u pacneyatan Ha oJHOM CTOpOHE JHcTa Oenoit Oymaru ¢opmara
A4 ¢ cobnrogeHrueM CIEAYIONUX pa3MepoB mosei: tesoe — 30 MM, npaBoe — 15
MM, BepxHee u HmwkHee — 20 wmm. Jlns waGopa Ttekcra II3 cnemyet
UCIOJIb30BaTh: TapHutypy mpudrta — Times New Roman; pasmep mpudra
(kerisl) OCHOBHOTO TeKkcTa — 14 0T, MOAPUCYHOUHBIX moamnuced — 12 OrT, B
tabnunax — 10-12 nT; uBet mpudra — yepHblid. AO3aLHBII OTCTYN BBITOJHIETCS
OJIMHAKOBBIM IO BCEMY TEKCTy W paBeH 1,25 cM, MEXKCTpOYHBI HWHTEpBal —
MOJYTOPHBIN, BBIpAaBHUBaHWE TEKCTa — MO MmupuHe. Kaxaplii CTpyKTYpHBIN
AJIIEMEHT U pa3Jie ClielyeT HAaYnHATh C HOBOW CTPAHUIIBI.
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Bce matemaTuyeckue pacyeT CieAyeT BBIJIEIATh U3 TEKCTa B OTACIBbHYIO
cTpoky. @opmyibl AOKHBI ObITH HaOpaHbl B Mic o of E uaion 3.0 unmu Ma Type
mpu@TOM TEX K€ TapHUTYpPhl U KErjisi, YTO U OCHOBHOM TEKCT, K KOTOPOMY OHH
OTHOCSITCSA

[TosicHuTenpHast 3amMcka JOJDKHA COAEPKaTh WIUTIOCTpanuu  (rpaduku
UCCIENYEeMbIX  XapakTepucTuk). WMimocTpauuu  JAOMXKHBI  COOTBETCTBOBATH
pernamentam ECKJI. Bce nwimocTpaliu IMEHYIOTCS pPUCYHKaAMH.

Wnnmroctpanuu  ciefayer pasMemarth Tak, 4YTOObl WX MOXHO OBLIO
paccMmaTpuBaTh 0€3 MOBOpPOTa JOKYMEHTa WM € MOBOpOTOM Ha 90 mo yacoBoi
cTpenke. MimocTpanuu cieayeT pacrnoliaraTh HEMOCPEICTBEHHO IO TEKCTY Cpasy
1ocJie TEepPBOM CCBUIKM, WM, B Clly4ae OTCYTCTBHUSI JOCTaTOYHOIO MeCTa Ha
cienyrouieil crpanuie. Ecin pasmep WUIIOCTpallMid MPEBBIIMIAET MaKCUMaIbHO
nonycTuMbIi (165%257 M), ee crieyeT BBIHECTH B IPHIIOKEHHE.

Nnmoctpauyu 10MKHBI UMETh noanucu. CoctaB NOAPUCYHOUHON MOANUCH
CJIE YOI :

a) cnoBo «PucyHoK», HamMCcaHHOE MOTHOCTHIO 0€3 COKPAIICHHUS;
0) MOPSIAKOBBIN HOMEP WILTIOCTPALIMK apaOCKUMHU LU pamMu;
B) COOCTBEHHO MOJMMCH.
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3AIIIUTA KYPCOBOM PABOTHI

KypcoBass pabory, mnoamucaHHasi CTYIEHTOM, CHA€TCsl Ha MPOBEPKY
KOHCyJbTaHTy. Eciam KypcoBas pa®oTa yJOBIETBOPSET, MPEIbSABIIEMbIM K HEH
TpeOOBaHUAM, CTYJICHT JOIYCKAETCs B 3allIUTE KYPCOBOM pabOTHI.

Jns  mpuema  3amuTBl  KypcoBOWM  paboThl  Kadeapa  ¢opmupyer
KOMHCCHIO, B COCTaB KOTOpPOW JOJDKHO BXOJWTh HE MEHEe Tpex
npenonaBareneld  kadenpel. KypcoBeie paOOThl 3amumialoT MyOJIUYHO B
MPUCYTCTBUM CTYJEHTOB, JKEJIAIOIIMX MOCIYIIATh 3aIIUTY.

Ha pokxman mo kypcoBod paboTe CTyaeHTy oTBoguTcs 5-7 munHyt. s
3alIUTHl CTYAEHTY HEO0OXOAMMO MOATOTOBUTH MPE3EHTAIUI0, B KOTOpOH OyayT
MPOJIEMOHCTPUPOBAHBI  MPOBEJIEHHBIE pacyeTbl M  BBHIOPAHHBIC DIIEMEHTHI
aNeKTponpuBofa. B mpomecce  goknama  CTyAEHT  JTOJDKEH — OIMCAaTh
MIPOBEICHHBIC PACUYETHl U BEIOPAHHBIE DJIIEMEHTHI AJICKTPOIBUTATEIIS.

[lo okOHYaHMM J[OKJIaJa CTYJEHTY MOTYT OBITh 3aJlaHbl BOIPOCHI IO
BBINIOJIHEHHOM KypcoBO#l pabore. OOiiee BpemMsi Ha BONPOCHl U OTBETHI HE
JOJKHO MPEBBIIIATH — 5 MUH.

KypcoBasi pabora oreHuBaeTcs 1Mo cucreMe MpuHsATod B By3e (mo 100
OAJTEHOM ITKAJIe) C 3aIUCHI0 MTOJIOKUTEIHHOU OIICHKH B 3a4€THYIO KHIKKY. [Ipu
OLICHKE YYUTHIBACTCS MPABWIBHOCTh W Ka4eCTBO IMOSCHUTEIbHOUN 3aMHCKU,
KAaueCTBO CIEJIaHHOr0 JI0KJaa, IPaBUIbHOCTh U KPATKOCTh OTBETOB Ha BOIIPOCHI.
B cinywyae HeEyIOBIETBOPUTENHbHOM OIEHKM 1O OJHOMY U3 KpPUTEPHUEB,
KypcoBas pabota

B cnyuae Hey1OBIETBOPUTENBHON OIIEHKH KYpPCOBOM paOOThl KOMUCCHS
MOJKET:

- yKa3aTh Ha HEOoOXOAMMOCTb JOpabOTKH padoThl 0€3 KOHKPETU3ALMU
JOMYUIEHHBIX OMIMOOK M YCTAHOBHUTH CPOK MPEJCTaBICHUA pabOThl K 3alUTe
nocJie 10paboTKH;

- NPEIJIOXUTh IIPOBEJECHUE JOTIOJIHUTEIIbHOM popaboTKH
OTJZIETTLHBIX BOMPOCOB U YCTAHOBUTH CPOK MPEACTABICHUS PAOOTHI K 3aIIUTE MOCTE
TO0pabOTKH.

B cmnydyae mOBTOpHOW — HEYJOBIETBOPUTEIHHOW  OIEHKH  pabOThI
KOMHUCCHS BIpPaBE CMEHHUTh TEMATHKy pabdOTbl M Ha3HAYUTh CpPOK €€
npeactaBieHuss K 3amure. [loBTopHas 3amuTa Ha TMOBBIIMICHHYIO OLEHKY
JIOITYCKAETCs TOJILKO B TOM CJIy4ae, €CJIM aBTOp MPOBEII €€ JOpaOOTKYy.
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HNPUJIOXKEHUE

CHpaBO‘-IHBIe JaHHBIC Ha OTCUCCTBCHHLIC TPAH3HUCTOPLI, UCIIOJIb3YCMEIC B
YCUJIMTCIIAAX MOIIIHOCTHU.

[TapameTpsl KOMIUIEKTAPHBIX AP TPAH3UCTOPOB

Ne n/m.| Tun Tpan3ucropa Lson | Uks_non Px_son fs hi15 | ha1s
p-n-p | n-p-n A B Br Mrg
be3 pagunaropa/
pazuaTopom

1 KT361 |KT315 0.05-0.1{20-40 0.1 100 1200 |20-700
2 KT502 |KT503 103 25-80 0.5 5 1400  |15-480
3 KT814 |KT815 |1.5 40-100 |1.010 1 300 20-70
4 KT816 |KT817 |3.0 25-80 |1.0/25 1 - 15-45
5 KT818 |KT810 |10-15 [25-80 |1.5-2/60-100 0.5 - 10-20

JUIs MOLIHBIX TPAaH3UCTOPOB IapaMeTp /;;- HE IMPUBOJIUTCS, a BEIUYHUHY
R, , cieyeT pacCUUTHIBATH TPa()MUECKU 10 XapaKTEPUCTUKAM.
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