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BBeagenue

KypcoBass pabora mocBdieHa BOmpocaM IPUMEHEHHUS HHTErpalbHBIX MHUKpPOCXEM Ha
aHayioro-udpoBeix npeodpazosarensix (ALIl), koropble HAIIIM TPUMEHEHHE B IHU(PPOBBIX
CUCTEMaXx CBSI3M, B aBTOMAaTHU3UPOBAHHBIX CUCTEMaX, B Pa3IMYHOMN paguoaniaparype.

OdopmiieHHast KypcoBas paboTa JAOJDKHA COJAEPkKATh MOSCHUTEIbHO-PACUETHYIO 3aIHCKY C
MIPUJIOKEHUEM HEOOXOIUMBIX CXEM M PUCYHKOB.

B nosicHUTETbHO-pacUeTHOM 3aMrucKke HE0OXOMMO TIPUBECTHU JAaHHBIC 3aJIaHusl, 0030pHYIO U
pacueTHyIO 4acTH, OMcaHue paboThl MUKPOCXEM, IEPEUECHb UCIIOJIb3YyEeMOU TUTEPaTyphl.

B mpouecce pacuera BeIMYMH U [apamMeTPOB 3JIEMEHTOB HEOOXOJUMO CHayalla MPHUBECTH
pacueTHyl0 (Gopmyny, 3aTeM MOJCTAaBUTh IUQPPOBHIC 3HAUCHUS U TOJYYCHHBIH pe3yibTaT B

npuHATHIX  eauHuiax u3Mepenuss (CH) OKpyrauTh [0 MPAKTUYECKH HEO0OXOIUMOro
HOMUHAJIBHOTO 3HaueHus1. CXeMbl HaZ0 BBITONHATH B cooTBeTCTBUU ¢ ['OCTaMu Ha yclIOBHBIE

0003HaYeHUS.

[Ipy BO3HUMKHOBEHUH 3aTPyIHEHHMH B IMPOLECCE BBIMOJIHEHUS 3aJaHUS MOXHO JIMYHO WIH
IICBMEHHO 4epe3 (pakynbTeT uiam Kadenpy oOpaTUThCs K MPENoaBaTelio 3a .KOHCYIbTAUCH.

Kypcoast pabota nomkHa ObITh HOANNCAHA HCIIOTHUTEIIEM.
PaGoTa, BbINONHEHHas IO BapuaHTy, HE COOTBETCTBYyWOIIEMY UIM(pYy CTyIeHTa, He
IIPOBEPSETCS U 3a4€Ty HE MOJJIEKHUT.

3aganue Ha KypcoOBYIO padoTy

ITo ucxonHbIM JaHHBIM, IPUBEAECHHBIM B Ta0n. 1—3, Tpebyercs:
1. Beinonuuts nonHyto cxemy AL, onucats paboty npeanoxxennoro AL,
COOTBETCTBYIOIIMX BBIOPAHHBIX MUKPOCXEM M YCTPONCTB, obecrnieunBaromux padory ALIIL.
ITocTtpouts BpeMeHHbIe Auarpammbl padoTsl ALIIL.
2. Paccunrtats TakToBBIN TeHepaTop st AL mo mexoqHpIM naHHBIM Ta0I. 2.
3. B cootBerctBUM ¢ Tabiu. 3 BbIOpaTh KOHKpETHbIE 0a30BBIE MHUKPOCXEMbI, HAUEPTUTh HUX
MPUHLIMIIUATIBHBIE CXEMbl, ONMHMCAaTh pabOTy M NMPUBECTU CIPABOYHBIC JaHHBbIE, HEOOXOIUMbIE
IUIsl pacyeTa npeodpazoBaTessl ypOBHEH.
4. BeiOpate cxemy npeoOpaszoBatens ypoBHel (I1Y) u onucats ero paboty.
5. BpiOpaTh THI OUINONSPHBIX TPaH3UCTOPOB i cxembl IIY, mpuBectu HeoOXxoaumbie

CIIpaBOYHBIC JAHHBIC BHIOPAHHBIX TPAH3UCTOPY
6. Paccunrtats cxemy [1Y B 3a7aHHOM TemmepaTypHOM JHamna3oHE U MOI00paTh PE3UCTOPHI IO

X HOMHHAQJIBHBIM 3HAYEHHUSIM.
7. PaccunrtaTh MOITHOCTD, TOTpebsiemyto [IY oT ucrouHrka nuTaHusl.

8. Coznate mojnens [1Y B mporpamme Multisim, mpuBecTd B OT4ETE CXEMY M OCIUJLIOTPAMMBbI
WJUTIOCTpHpYIOITHE e€ padoTy.



Taomuma 1

I'Ioc;qe)n:ﬂa Tun AL, ocHOBHas nHTerpansHas
AP MUKpOCXema
wngpa
0 AL nocnepoBartenibHOro cyeta
1 AUl nocnepoBaTenbHOro NpubnumxeHns
c K572 INB1
> AU aBonHoro nHterpmpoBaHus ¢ K572
NnB2
3 AU napannensHoro npeobpasoBaHus ¢
K1107 NB1
AL ¢ ncnonesoBaHnem
4 npeobpasoBaHus «Hanps>keHne —
BPEMEHHON MHTepBasn — ABOUYHbIN KOO»
c NnH
AU ¢ npeobpasoBaHneM «HanpskeHue
5 — yacTtoTta — ABOUYHbIN koa» ¢ K1108
M
6 AUl nocnepoBaTenbHOro NpubnuxeHns
c K1113 MNB1
ALl aBOnMHOro nHTErpnpoBaHns
AUl napannensHoro npeobpasoBaHus
9 AU c npeobpasoBaHnemM «HanpsiKeHne
- YacToTa - 4BOUYHbIN KOO »
Ta6numa 2
Ipennocnenuss dpa mudpa
Ilapamerp 0 1 2 3 4 5 6 7 8 9
YacrorTa,
I'a 10* |5*10% | 8*10%(10° |2+*10° |3*10° B#*10° 5*10°| 10°> |7*10°
CKBa)XHOCTb 4 5 2 4 6 2 3 5 4 7
S(J)I(I:/EFTLCHL- 1 05 0.1 |10?% |5*107 2*107°B*107%[ 102 |4*107* | 5*10°
(bpoHTOB,
MKC
He Ooee
AmmuuTyna, 3 4 5 6 7 8 9 10 2 3
B




Tabmuma 3

Cornacyemsle Harpyzo | Yacrora | TemneparypH
% < | DIEMEHTRL CepUH YyHas |Iepekiarpu| bIM Ahana3oH,
2 S UMC CII0- eHud
58] COQHOCTH| MI1r ce
=EE Iy
0 TTJIIII->KM/III 1 1 —10+45
K1533->K176
1 TTJIILI->KM/IIT 2 1 —10-+70
KM1533->K176
2 TTIIII->KMIIT 2 1 —10-+70
K1533->K561
3 KMIIT->TTJILII 1 0,5 — 10+45
K176->K1533
4 KMIIT->TTJILI 3 1 —10+30
K561->K1533
5 KMII->-TTILT 3 1 + 10+45
K176->K531
6 KMr-TTmm 1 — —10+45
K561->K531
7 KMIT->T I 2 2 —10 45
K176->K555
8 TTI->KMII 2 0,5 —10-+70
K1533->K176
9 TTI->KMII 4 1 —10+45
K1533->*K176

MounraxkHasa eMkocTh C,, =50 nd, BXxoaHast eMKOCTh 3j1eMeHTOB Cyy =15 nd.

METOJIUYECKHUE YKA3AHMS K BBITOJTHEHAIO KYPCOBOM PABOTBI

IIpu noctpoeHMH 1MQPPOBBIX CHUCTEM YHOPABICHUS W KOHTPOJIA, B YACTHOCTU C
UCIIOJIb30BaHueM MHUKporporieccopoB (MII), ucmonb3yroT yCTpoWcTBa aHAIOTO-IIU(PPOBOTO
(ALIT) u uudpo-anamoroBoro (LIAII) mpeoGpazosanwmii. [IAIl mMcnonap3yroT B OOJNBIIUHCTBE
AIIIT xak B pexxuMe aHaIOTro-1M(PpoBOTO, TaK M IU(PO-aHAIOTOBOTO MPEOOPA30BAHUN; KPOME
TOro, B LUQPOBBIX CHUCTEMaxX CBS3M U Iepelauyd JaHHBIX (MOJEMBI, KOJEphbl), OKOHEUHBIX
YCTPOHCTBAaX IU(PPOBBIX TEIEBU3NOHHBIX M KOCMHUYECKUX JIMHHUNA CBSI3M, aKTHBHBIX (QHIBTPAxX C
YIpaBIAEMO TOJOCON MPOMYCKAaHUS, YCWIHTENAX C MPOrpaMMHUPYEMBIM KO3 (HUIIMEHTOM
YCUJICHHUSI, UCTIBITATEIbHOW U M3MEPUTEITLHON TEXHHKE.

ANLIT u LAIl HaxomdT HpUMEHEHHWE B MHUKPOIIPOLECCOPHBIX HH(GOPMAIMOHHBIX U
YIIPABJISIONINX CHCTEMAaxX. POJIb 3THX yCTPOHCTB MOXKET OBITh MOSICHEHA C TIOMOIIBIO pHc. 1, Tae
o0o3HaueHo: OY—o0bekT ynpaieHus; D — npatumku, mnpeobpasyrone H3MepseMble
BEJIMYMHBI B d3JekTpuueckoe HampsbkeHue; ALl — anamoro-umdpoBoil mpeoOpazoBartens;
[HCON — umdposas cuctema obpadotrku mHpopmarmu (MII); HAII — mudpo-ananorossiit
npeobpazosarenb; 1Y — ucnonHuTeNIbHOE YCTPOHCTBO, (HOPMHUPYIOIIEE CUTHAIIBI YIIPABICHHUS.
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ANII npousBogutr mnpeodOpa3oBaHHE aHAJIOTOBOTO CHUTHAJIA, MMEIOIIET0 OECKOHEUHOE
MHOXECTBO 3HAYCHHWW, B CHTHAJl C KOHEYHBIM MHOXKECTBOM 3HAUCHHWH (KBAHTOBAaHHE IIO
YPOBHIO), a TaKXe €ro BpPEMEHHYIO AHCKPETH3alMi0, T. €. IpeoOpa3oBaHHE CUTHAJA,
OIKCHIBAEMOT0 (PYHKIIUECH HENPEPhIBHOIO BPEMEHHW, B CHTHAJ, MPEICTABISCMbIH (yHKIHUCH
JVICKPETHOTO BPEMEHH.
LIAIT nmpousBoauT oOpaTHOe TpeoOpa3oBaHue MHU(POBOTO CHTHAJNIA B aHAJIOTOBBIN.
OcHoBHbIME ~ xapakrepuctukamu ALl  sBisroTcs:  paspemaromas  CrocoOHOCTS,
TOYHOCTb M ObICTpozciicTBUe. Paspemaromas crmocodHocth R (puc. 2)  ompenensercs
Pa3psIIHOCTHIO M MAKCHMAIIBHBIM JMANa30HOM BXOJIHOTO aHAJIOTOBOTO HanpspkeHus: U
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boictponeiictBue ALl xapakrtepusyercss BpeMeHeM mpeoOpazoBanHus tc, T, e.
WHTEPBAJIOM BpPEMEHHM OT MOMEHTA Hayajga M3MEHEHUs CUTHAJla Ha BXOJE 10 IOSBICHUS Ha
BBIXOJIE YCTAHOBHUBILIETOCS JBOMYHOIO Koaa. ToyHOCTh mpeoOpazoBaHusl XapaKTepHU3yeTcs
aOCOJIIOTHONW TOTPEIIHOCTBI0 TOJHOM IIKanbl, HEeJIWHEHHOCThI0 U AuddepeHnnanbHoOM
HEJIMHEWHOCTBIO.

AOCOMIOTHAs IOTPEUIHOCTh NMPEOOpa30BaHMsI B KOHEYHOM TOYKE IIKAJIbl OMNpeAesseTcs
OTKJIOHEHUEM BXOJHOIO HANpsDKEHUs (TOKA) OT HOMHUHAJIBHOI'O 3HAYEHMS, COOTBETCTBYIOILEIO



KOHEYHOW TOYKE XapaKTEepUCTUKU mpeoOpasoBanus. M3mepsercs B eAMHHUIAX MJIAJIIETO
paspsiaa npeodpasosanus (MP).

HuddepenunanbHas HENMMHEHHOCTh OICHMBAET OTKJIOHEHHE IIUPUHBI OTIACIbHOU
CTYIEHBKH OT 3aJaHHOTO 3HAYCHMUS.

B 3aBucumocTu 0T MeToa peodpa3oBaHus U CIIOCO0a €ro peanu3aluy U3BECTHBI MHOTO
ALII paznuunbix TUNOB. B Hacrosmee Bpems pazpaboransl ALIl ¢ ucronb30BaHuEM METOOB
IIOCJIEIOBATEIBHOTO CUYeTa, IOPa3psAAHOr0 ypaBHOBEUIMBAHUSA, IBOWHOIO (JIBYXKpaTHOIO)
UHTETPUPOBAHMs, C IMpeoOpa3oBaHMEM HANpsHKEHUS B 4acTOTy, C IpeoOpa3oBaHUEM
HAIpPsDKEHUS B HHTEPBAl BPEMEHM C IIOMOIIBIO T€HEpaTopa JIMHEHHO 3aMEHSIOLIETrocs
nanpstkenuss (I'JIMH), mapamiensHoro nmpeoOpa3zoBaHusl.

Cxemsbl mpeoOpa3oBarenel, IOCTPOEHHBIX HAa OCHOBE IEPEUUCIIEHHBIX METOJO0B, MOT'YT
coJiepkaTh WK He coaepxkath LIAIL
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Cxema ALII nocnenoBaTenbHOro cuera — THNa 1 — mpeacraBieHa Ha puc. 3. 34ech

UMIYJIbChl C TeHepaTopa TakToBbIX uMIyabcoB (['TU) mpu eaMHMYHOM BBIXOJHOM CHUTHAJE,
Kommaparopa depe3 KOHbBIOKTOp (JID) 3amonmustor cuetuuk (CT), Ha BBIXOAE KOTOPOIO
dbopmupyeTcst KOJl ¢ HapacTaromuM BecoM. Beixognoe Hanpspkerne ¢ LIATIL mpomoprimonaibHoe
3TOMY KOJy, ITOCTYyIaeT Ha KoMmmnapaTop, riae cpaBuuBaerca ¢ UBX Korga curnansl Ha Bxojax
komnaparopa (KH) 6ynyT paBHbI, OH NepekioyaeTcs B HyJIb U 3alpeliaeT JoCTyl UMIYIbCOB K
CUETYMKY. BBIXOJHON KOJA cyeTdyMka NMpH 3TOM BblaeTcs Ha BbIxogHoOM peructp (R G) u
aBIseTcs UPPOBBIM 3KkBUBaieHTOM HanpsbkeHuss UBX  Ha Beixoge AL

Hannsie ALIT numerot Hu3koe ObICcTpoeiicTBUE. BpeMst 01HOTO MOIHOTO TakTa paBHO Tp
= 2n Trru Hanpumep, 1mutst momyaenus 10 pa3psiioB BBIXOJHOTO Koja TpedyeTcs Bpems t¢ =1024
Trru ¢ [Ipu Trru =1 mkc, tc = 1,024 mxc.

[Ipu BBITOTHEHUH KYpPCOBOW PaOOTHI MO JaHHOMY BapuaHTy (cM. Tabm. 1) Tpebyercs
pa3paboTarth WM MOAOOPAaTh WHTETPAIbHBIE MHUKPOCXEMBI: UMC I'TH, KH, JID9, CT, LAIT;
ucrouHuk nutanus: MII u, ecnu Hajmo, mpeoOpaszoBatens ypoBheit IIY. Kpome srtoro, B
COOTBETCTBHUU C JJAHHBIMU Ta0J1. 2 U 3 He0OX0auMO BHIMOTHUTE pacueT ['TU u ITVY.

VYopomennas QynkuuoHanbHas cxema Allll  mocrenoBaTenbHOrO MPUOIMKEHUS
Pa3BePTHIBAIOIIETO IEUCTBUSI — THUIIA 2 — MpECTaBIeHa Ha puc. 4.
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B nannom ALl peanusyercst mopa3psaHO€ ypaBHOBEUIMBAHUE, YTO IO CPAaBHEHUIO C
AIIl tuma 1 mnoBeimmaer ObicTponeiicTBue cxembl. B AIIIl Tuma 1 cpaBHenne UQX
OCYILIECTBIIICTCS CO BCEMH BO3MOXKHBIMH JTAJOHHBIMH HampspkeHusimu (1. e. ¢(2/r — 1)
ypoBHsiMH, a B ALIII Tuna 2 — TOJIBKO C 11 ypPOBHSAMNU).

B ANl tuna 2 ¢dopmMupyeMblid BBIXOAHOH KOJ ITOCIEAOBATEIBLHO MPUOIIKACTCS K
CBOEMY IIOJJHOMY BBIP@XKEHHUIO: BHadaje onpejaensercs Hudpa B crapuieM, N-M, a 3aTeM B (I—
1)-M pa3psaax W T. II.; OPOLIECC 3aBepUIaeTcs MiAmuM (MepBbiM) paspsgaoMm. Pabora takoro
npeoOpa3oBaTelis OCHOBaHAa Ha CBOMCTBaX HAaTYpaJbHOIO JIBOMYHOIO KOJA, a MMEHHO: Beca
€MHMII B COCETHUX pa3psAliaX OTIMYAIOTCS BABOE; €IMHHUIA B CTapIIeM N-M pa3psijie UMEET Bec
OoItbIlie TIOJIOBUHBI Beca BCErO KOJa, SAMHUIIA B cleayromeM (m—1)-M paspsijie — Bec 0oJblie
YETBEPTHU Beca BCEro KOjAa U T. 1.

Cxema paboTaeT cieayromuM o0pa3oM: MO KOMaH/AE «IIYCK» JIOTHYECKOE YCTPOWCTBO
(JIY) momaer mepBblii ummynbc oT TreHepatopa umnyibcoB (I'THM) B caBuraroumii peructp
(RGCaB) u3 n tpurrepoB. IlepBblif ero Tpurrep mnepexytoyaeTcss M MOAAET UMIYIbC B
sanomuHaronmii peructp (RG)y BbI3bIBas TEPEKIIOYCHUE TPUITEpPa CTapIIero paspsjga u
NOSBIICHHE Ha BbIXoje 2»»l HampsbkeHHs jorudeckod L DToT ke curHaia mojaercss Ha BXOJ
crapuiero paspsna LIAIl, u Ha ero BbIXoj€ MOSBISETCS 3TaJOHHOE HampsbkeHue, paBHoe 0,5
E9T. D10 HanpspkeHue cpaBHMBAETCS C HANPsDKEHUEM curHaia £/BX u, ecnu £/Bx>0,5£3t1, To JTIY
noJaeT cienyromui, BTopoit ummynbsc Ha Bxoq RGCAB. Ilpu sTom B crapmem paspsge RGWB
ocraercs 3anmucaHHoi 1, u janee stan cpaBHEHUs MoBTopsercs. Takum oOpazom, popMupyercs
nudposoit kox Ha Beixoae AL, HaunHas co crapiiero paspssa.

Hns peanmuzanuu AL tuna 2 Beimyckatoress UMC K57211B1 u KIT1111311B1, moapo6HO
onmucanusie B [1, 2, 3, 4, 5]. CoBmectro ¢ BHemauMu KH wimm OV, MOH, I'TU, pe3ucropamu,
koHzeHcaropamu U [TV Ha mukpocxeme K572 muxpocxemst K1113 peinonustor Gpynkiun AL

[Ipu BBITOTHEHWH KypCOBOW pabOThI MO JaHHOMY BapwaHTy (Tum 2) Tpedyercs
noctpouts nonnyto cxemy ALII ¢ mon6opom BHemHux yctpoiicts k UMC K572. Kpowme 3toro,
B COOTBETCTBHUU C JaHHBIMH Ta0J. 2 U 3 HE0OX0auMO BRIMTOIHUTE pacuer [ TU u ITVY.

B ALII tuna 3 nBoiiHoro «uHTterpupoBanus ¢ peanusaunuedt B UMC K572 TIB2 [2, 3]
UCIIONIB3YETCSI METOJl TpEeABapUTENbHOrO MpeoOpa3oBaHUsl HANpPSDKEHHS BO BPEMEHHOM
MHTEPBAJI, a 3aT€M U3MEPEHUS BPEMEHHOT'O MHTEpPBaja B IBOMYHOM KOJIE.

[IpeoOpazoBarens «HANPSHKEHHE — BPEMEHHOW MHTEPBAT — JBOUYHBIA KOJ» CTPOHUTCS
Ha MCIOJIb30BAaHUM MHTErpaTopa, Tak Kak IPH MOCTOSHHOM BXOJHOM HAIIPSDKEHMM BBIXOAHOE
HanpsDKEHNEe TeHepaTopa eCTh JMHEeHHas (PYHKIUS BpEMEHHU:
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Ha mepBom stane mnpeoOpa3oBaHHsi HA BXOJ WHTETpaTopa 4epe3 BXOJHOH KOMMYTATOp
nonaercs HanpsbkeHrne UBX u B Teuenue ¢pukcupoBanHoro Bpemenu /3 ~ m Trru;» peanusyercs
MEPBOC UHTETPUPOBAHUE, B PE3YJIbTaTE KOTOPOTO HA BBIXOJIE MHTETpaTopa YCTAHABIMBACTCS
HaNpsDKCHUE, MporopiroHaibHoe UBX

U = t_3
6blX 6x RC

Ha BropoM sTame mpeoOpa3oBaHus Ha BXOJA HHTerparopa uepe3 kitou (Km)nomaercs
HanpspkeHue EO, 3Hak koToporo mnpotuBomnosiokeH 3Haky UBX. Hampsokenue Ha BbIXOzE
UHTErpaTopa u3Mensercs or  UBbIxX 10 0 B TedeHHE BpEMEHH

U
t, = g,EwaKc RC
0
ITpu mocTHkeHMM Ha BBIXOJI€ MHTErpaTopa HyJIEBOTO YPOBHS «HYylIb-kommnapaTop» (KH)
MPEKpaIaeT IMOCTYIUICHHE TaKTOBBIX MMITYJIbCOB Ha BXOJ cYeTuyuka pesyibTara. U3 nByx
COOTHOLIEHUN JUIsl ompeneneHus t3 u tp MOKHO MOTYYUTh BBIPaKEHUE,CBA3BIBAIOLIEE BXOJHOE
HaNpsDKEHUE C pe3ysibTaTaMu CUETYHKA

8x

u =g, P
m

r7Ie P — YHUCIO UMITYJIbCOB, TTOJICUMTAHHBIX 32 BpeMs /p;

T — YHCIIO UMITYJILCOB, MOJCUNTAHHBIX 3a BpeMs 3.

Takum o6pazom, m3MepsieMmoe HampspkeHne UBX Oyaer mpomopnuoHaabHO YHUCTY
HMITYJIBCOB P, MOJACUYUTAHHBIX B NMEPUOJ Pa3psAIKU UHTEIPUPYIOIIEr0o KOHJAEHCATOpa. ITO YUCIO
B IBOMYHOM IapaljIeIbHOM KOJI€ BbIJIaeTCs Ha JeIu(parTop.

Cambim ObicTpoaeiicTBytomuM siisietcs: ALIl mapannensHOro mpeoOpa3zoBaHuss — THIIA
4, cTpyKTypa KOTOpPOTo NMpUBEIeHA Ha puC. 6.
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JIOCTOMHCTBO Takoro mpeoOpa3oBaTelii — BBICOKOE OBICTPOACHCTBHE, OINPEACIIEMOE

BPEMEHEM IEPEKIIOYCHHS KoMmapaTopoB. YacTora mpeodpa3oBanus MoxeT gocturath 10—20
MI'u npu 3-paspsiiHom BbixonHoMm koje. Ho takoit ALIII Becbma cnoxxen. Eciu, Hanpumep,
HanpspkeHue cur"aga cocraBiser UBX = = 10 B u orcyer MODKEH HNPOHU3BOJUTHCA C
norpernrHocTbio He Boitre 0,1%, To AMCKpeTH3alus CHUTHalIa JOJIKHA OCYIIECTBISATHCS C IIaroM
He 6onee JI(/=0,01 B, a obmiee uncno ypoBHEH JOKHO COCTaBIATh

N =$21O3
AU

Benencteue storo B ALl gomkubel Bxoauth 103 KoMmapaTopoB, CTOJNBKO JKe
NPELUU3NOHHBIX PE3UCTOPOB B JEIHUTENe HTAJIOHHOIO HampsbkeHUss U Oonee uyem 3-103
pPa3JIMYHBIX  JIOTMYECKUX  DJJEMEHTOB,  COCTaBISIOIIMX  KOAMPYHIOIIEE  yCTPOMCTBO.
BbeictpoaeiictBue ooxoaurcs ouenb goporo. AL tuna 4 peanusyrot ¢ ucnoib3zoBanuem UMC
KTI07 I1B1.

Cxema AIIl c wucnone3oBaHMEM MpeoOpa3OBaHUs «HAIMPSDKEHHE — BPEMEHHOMH
WHTEpBaJl — JBOWYHBIA KOJ» C IOMOIIBI I'€HEpaTopa JMHEHHO M3MEHSIOUIErO HaIpsKEHUE
(I'JIMH) — tuma 5 — npuBeaeHa Ha puc. 7.
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B paccmarpuBaemom AIIIl 3HadYeHWIO aHAJIOrOBOrO BXOAHOTO HAMpsDKEHUS YHUX
CTaBUTCSI B COOTBETCTBHE BPEMEHHOW HMHTEPBal, JJIUTEIBHOCTH KOTOPOrO IPONOPLUOHAIBHA
£/BX. DTOT MHTEpBa 3aNOJHSAETCS UMITYIbCAMH CTAOMIIBHON YacTOTHI, KOJIUYECTBO KOTOPBIX U
ABNSETCA IU(PPOBBIM HKBUBAICHTOM THpeoOpasyemoro Hampsbkenus. PabGoraer ALl B
COOTBETCTBUU C PACCMATPUBAEMON CXEMOH B CIEAYIOLIEM MOPSIKE.

BreixogHoli mMmmynee y3ma 3amycka — (Y3) O0OHynseT cYeTyuk, ycraHaBiuBaeT RS-
tpurrep —B 1 u 3amyckaet ['JIMH. KonwrokTop (JID) mnpu Hamuyuu Jiormdeckoid 1 ¢ Tpurrepa
(T) mpomyckaer wumnyiabcbl ['TU nHa cuetunk (CT), KOTOpbIN BeAET MOACYET UMITYJIHCOB
(MHTEpBaJ BpeMEHU — BXOJHOE HANPSKEHUE).

Korna nanpspkenune Ha Bbixone ['JIMH craner paBupim UBX(UBX const), Ha Bbixome
komnaparopa (KH) mosButcst noruueckas Y, KoTopas HNepeKItouuT Tpurrep B soruyeckuit 0.
Hynesoit curnan or T uepe3 JID mnpepwiBaer nomauy umnyiabcoB I'TM Ha cuerunk CT.
JUTenbHOCTh TMOJIOKUTEIBLHOTO HMITyJbca tB Ha Bbixoge T mpomnopuuonansHa UBX,
CJIE0BATENIbHO, NTPpU Hen3MeHHON dactore I'TU ko, yCTaHOBHUBIIMICA HAa BBIXOJE CUETYHKA,
ABIIETCS IU(PPOBHIM KBUBAJICHTOM aHAJIOTOBOM BETUYMHBI.

IIpu nmpopadotke ALl tuna 5 cnenyer BwimosnHuTh pacder I'TU mo manHbM Tabi. 2;
I'JIMH, ucxons u3 toro, uro Usxmakc == 10 B, u [1Y o manubeim Tabdm. 3.

W, nakonen, paccmorpum ALl Tuna 6 ¢ npeobpa3oBaHUEM «HANPSKEHHUE — 4YaCTOTa
— JIBOMYHBIN KOJI», CTPYKTYpHasl cXeMa KOTOpOro Ioka3aHa Ha puc. 8.
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Puc. 8

BxonHoe HampsipkeHHe, HHTETPUPYETCS C MOMOILIBI0 MHTETPUPYIOLIETO ONEPallMOHHOTO
yeunutens (JJA). MaTerpupoBanne npoaosKaeTcst 40 TEX MOp, NOKa HaNpsKEHHUE Ha BBIXONE
UHTErparopa He npep3oiineT yposenb + Uon (wmu —UoN), npu TOCTHKEHUH KOTOPOTO OJUH M3
AHAJIOTOBBIX ~ KOMIIApaTopoB (OPMHUPYET BBIXOJHONH HMIIYyJIbC. BBIXOAHBIE HMMITYIbCHI
UCIIONIB3YIOTCS JJIi BO3BpaTa WHTErpaTopa B HYJIEBOE COCTOSIHHE IpH paboTe YCTpoiicTBa
ynpasinenus (YY) u xmoueit (Kk). 910 mpuBogMT K TOMY, YTO BEJIWYHMHA, PaBHAs YHCITY
UMITYJICOB, TEHEPUPYEMBIX B CEKYH]Y, T. €. '4acTOTa, CTAHOBUTCS MPONOPIIMOHAIBHONW YPOBHIO
BXOJIHOTO CHUTHaja UBXx  OTH MMITyJIbCHl 3aT€M MOTYT OBbITh MOACYUTAHBI JIBOMYHBIM
CYETYMKOM B Te4YeHHe (UKCUPOBAHHOIO HHTEpBaJla BpeMeHU. Pe3ympraT cuera,
COOTBETCTBYIOIIMI KOHILYy 3TOr0 MHTEPBANA, MPONOPLHOHAIEH YPOBHIO BXOJHOTO HAIPSKEHUS.
Merton npeobpazoBaHus «HanpspKeHne—uyaactoTa» peanuzosad B UMC KPIT0S8 TIIT1.



METOJIMYECKHE YKA3BAHMS K PASPABOTKE ITIPEOBPA3OBATEJIEN
YPOBHEM (ITY)

[IpeobpazoBarenu ypoBueir (I1Y) — cnenuanbHble 3J€MEHTHI MUGPOBBIX YCTPOMCTB,
npeHa3HaYeHHble JUIs O0eCHeueHHs COBMECTHMOCTH YypOBHEH IHM(POBBIX 3IIEMEHTOB
paznnuHbix cepuid. MHoraa [1Y Ha3pIBalOT TPAHCIATOPOM YPOBHEH.

[Ipu mpoeKTUpPOBAaHHH MUKPOIJICKTPOHHOW ammapaTypbl Ha IMUGPOBBIX HWHTETPATBHBIX
mukpocxemax (#IMC) Ha npakTvke BO3HUKAET HEOOXOAUMOCTh B COBMECTHOM HCIOJIb30BaHUU
muppoBeix UMC pazmuunbix cepuid. th MMC MOTYT CYIIECTBEHHO pa3lIM4aThCsl Kak
KOHCTPYKTUBHO-TEXHOJIOTUYECKUMH, CXEMOTEXHUYECKUMHU PEUICHUSIMH, TaK U JICKTPUUECKUMU
napamMeTpamH, BCIIEAICTBUE YEero *OHM HEe MOTYT CONpSTaThCs HenmocpeacTBeHHo. [TY mo3Bosser
o0ecrieunTh yIMpaBiICHUE HWHTETPAIbHBIM JIOTHYECKUM »3jemeHToM (JID) oxHoit cepum ¢
MOMOIIIBI0 WHTETPAJIBHOTO JIOTUYECKOTO JJIEMEHTa APYrod Cepuu, T. €. JOOUTHCS DIIEKTPH-
YEeCKOr0 U BPEMEHHOT'O COTIPSKEHHUM 3TUX JIBYX AJIEMEHTOB.

Kaxnpiii JID xapaxkrtepusyercss HaOOpOM BXOJHBIX M BBIXOJIHBIX CTaTHUECKUX H
JTUHAMHYECKHUX ITapaMeTpOB, HEKOTOPbIE U3 KOTOPBIX MOKa3aHbl Ha puc. 9.
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K cratnueckum mapamerpam otHocstcs: UBX u UBbIX — BxomHoe u BbIXOmHOE

Hanpsokenus; UL, 1 U0 — ypoBuu norudeckoii / u morudeckoro 0;1°Bx, 1°Beix ldx» IBbix —
BXOJIHbIC W BBIXOJHBIE TOKH JID B cocrostHMsIX yiormdeckoro 0 m jorumdeckoid Y mo BXomay W
BBIXOAY; /,, — TOK Harpy3ku; Un*— momycTumas craTHdeckas MoMexa Ha HYJIEBOM YPOBHE
(TTOMEeXO03alUIIeHHOCTh CHU3Y) U Un~ — jomycTuMasi cTaThdeckas moMexa Ha eJUHUYIHOM
ypOBHE (IIOMEXO03aIIUIIEHHOCTb CBEPXY).

CpenHue 3HA4YCHHWS OSTUX IAPaAMETPOB, MPEACTbl WX HM3MEHEHHUH W TOJNSPHOCTH Y
pa3nuuHbix JID pasHble.

Jnst ymoOCcTBa  MallbHEWMIIETO HM3JIOKEHHS BBEIEM  CIEAyroIue 0003HAYCHUS:
HAauMeEHbIllee ¥ HauOoJblllee 3HAYCHUS HEKOTOpod BenuuuHbl B o0o3HaummM B u B
COOTBETCTBEHHO.

Ha puc. 10 npeacraBnena o0oOIIeHHas] CTPYKTYpHAsi CXeMa COTJIAaCOBAHUS DIIEMEHTOB
JID21 n JID2 ¢ pa3nuyHbIMU TUNAMU JIOTUKW U CXEMOTEXHHUKH.
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Puc. 10

OCHOBHBIM 3JIEMEHTOM CXEMBbl COTJIACOBAHHS SIBIETCS MpeoOpasoBarens ypoBHs [12.
Bxoanoii [11 u Berxoauoit [13 kackanel odbecnieunBaioT coriacoBaHue Boixo10B JID1 co Bxogom
I12 u Beixoga 12 co Bxogom JID2. B oTnnune OT JJIOTMYECKUX JIEMEHTOB, Y KOTOPBIX 3HAUEHUS
YpOBHEIN BXOJHBIX U BBIXOJHBIX CUTHAJIOB, KaK MPaBWJIO, coBHaaaroT, y IIY 3HaueHus BXOAHbBIX
U BBIXOJAHBIX CHUTHAJIOB BCErAa pa3iudHbl. JTO xapakTepHbli npusHak I[IY. Ilostomy s
obecrnieueHns TOJTHOTO conpsbkeHus ypoBHer JID1 u JID2 HeoOxomumo, 4TOOBI BXOTHOM KaCKa]
I[TY — II1 Ob1 peanu3oBaH aHAJOTMYHO CXEME BBIXOJIHOTO Kackama JID1, touno Ttak. XKe
BbIxo/iHOM Kackayn I1Y — II3 gomxkeH ObITh peann3oBaH MO CXeMe BXOJHOro Kackama JID2.
YroObl 00ecieynTh BBIMOJIHEHUE ITUX YcIoBUH A nutanus I1Y, Heo6XoauMo 0JJHOBPEMEHHO
MCIIOJIb30BaTh MUTAIOIIKE HanpskeHus kak JID1, tak u JID2.

B Hekoropeix chywasx, ecnu pacctosHus JIDI—IIY u IIY— JI92 (cm. puc. 10)
HeOonbiue, Hanpumep korga JID1, ITY, JID2 pa3menieHbl Ha OJHOW W TOW Ke IUIaT€ WU B
OJIHOM KOPITyC€ MHUKPOCXEMBI, TO cxeMy I1Y MOXHO ynmpocTuTh, HCKIIIOUMB U3 Hee Kackansl 111
unu [13, wm 06a. B obmem ciryyae, korja npeanosaraercs u3rotoButh [1Y B Buae OTAeCIbHON
NC unu MukpocOopkH, sxenarenbHo, 4Toosl [TV conepxan Bee Tpu kackana [11—I12—I13, tak
KaK IpU 3TOM OTrpaHUUYeHUs Ha JUIMHY cBsizeit mexay [1Y u uudposeivu UC ¢ JID 6ynyt Takumu
xKe, Kak Jns cBazed mexnay nudpossiMu MC B maHHOW ammaparype. DTO B OIpeesIeHHON
CTEMEeHH 00JIErYuT KOHCTPYHPOBAHUE AJIEKTPOHHBIX OJIOKOB armaparypsbl.

Kpome obecrieueHnss COBMECTUMOCTH ypoBHeW curHaioB 1Y nomkHBI ynOBIETBOPATH
CHeIHalIbHBIM TPEOOBaHUSAM, HAIPUMEDP TaKUM, KaK:

coxpaHeHHe IpeoOpa3oBaTesieM MOPOroBOro ypoBHs ymHpasistouiero sneMmenta JIO1 u
YpOBHEN TOKOB 351eMeHTOB JID1 n JID2;

obecrniedueHre mpeoOpa3oBaHus YpOBHEHN ¢ Torndeckoi nuBepcueit (ecnu Ha Bxoze [IY A,
TO Ha BbIXOJ€ A) WK 63 UHBEPCUU;

o0ecrieyeHre 3aJaHHBIX TpPeOOBaHWI IO HArpy304HOH CIIOCOOHOCTH M MapamMeTpam
OBICTPOICHCTBUSI.

Obecnieuenne 3afaHHBIX TpeOOBaHMH IO HArpy304HON CHOCOOHOCTH CBOAMTCA K
peanu3anuu MpeoOpa3oBaHUsl BBIXOJHOTO JIOTHYECKOTO ypoBHsA 3ieMeHTa JID1 Bo BXomHOM
JIOTMYECKUI ypoBeHb aneMenTa JID2 ¢ 3amaHHbIM Kod(duuneHTom pasBersieHus 1 (1. e. ITY
JIOJDKEH JaBaTh TpeOyeMbIN JIOTHYECKHH YpOBEHb Il T 3jeMeHToB JID2, mapaiensHO
MOAKIIOYEHHBIX K Bhixoay 11Y).

ObecrieueHre 3aJaHHbIX TpeOOBaHWN 1O TMapaMeTpaMm OBICTPOACHCTBHUS OOBIYHO
CBOIUTCA K TOMy, uTo IIY He nomkeH yxXyamaTh ObICTpoaeiicTBHE U(PPOBOrO YCTPOWCTBA, B
KOTOPOM OH HCHOJb3yeTcs, T. €. 3aJepkka Ha nepekmodenue [1Y He momxHa ObITh Oosblie
3a/Iep’KKU Hanboliee MeaJeHHOro 13 31eMeHToB JID1 u JID2.



MoxHo cdopMynupoBath o0mue TmpaBwia mnoctpoeHus [IY, mnpurogHsle uis
OOJILIITMHCTBA BO3MOKHBIX BapHAHTOB MpeoOpa3oBaTeei ypoBHs [7]:

peoOpa3oBaTeny YpOBHEH MPOCKTUPYIOTCS IS KOHKPETHBIX CXEM C 00s3aTeIbHBIM
Y4E€TOM BBIXOJIHBIX XapaKTEPUCTHK U MapaMeTPOB YIPABISAIOIIETO 3JIEMEHTA, a TAKKE BXOJIHBIX
XapaKTEePUCTUK U MapaMEeTPOB YIPABISIEMOTO JIEMEHTA;

nepernaj JOTHYEeCKUX YPOBHEH YIPaBISIOUIETO AJIEMEHTa JOJIKEH OBITh JOCTATOUYHBIM
JUIS HaJISXKHOTO (PYHKIITMOHUPOBAHUS ITpeoOpa3oBarenell ypoBHEH;

npeoOpas3oBareib YpOBHEH JOJDKEH oOecreynBaTh HEOOXOAMMBIE JTUHAMUYECKHE
napameTpbl C y4eTOM €EMKOCTHBIX U aKTUBHBIX Harpy30K.

[To cxeMOTeXHUYECKON pealu3aliii OCHOBHBIX JOrudeckux (yHKuui mudpossie UMC,
HauboJIee pacpOCTPAHEHHBIE B HACTOAILEE BPEMSL, [IOAPA3ACIIAIOTCS HA CIEIYIOIINE IPYIIIbL:

HNMC tpanszucropHo-Tpan3ucroproi goruku (TTJI, TTJII);

UMC smuttepno-cBs3annoit oruku (JCJI);

NMC na MII tpanzuctopax (KMII-noruka, p-MII-n0-ruka, s-MII1-noruka); .

NMC Ha srieMeHTaxy HHKEeKIHOHHOM oruku (M2J1).

Paccmotpers B 0mHOM mocoOMM Bce BapuaHThl MpeoOpa3zoBaTeneil  ypoBHEH,
npeIHa3HAYeHHBIX s conpspkeHus mudpoBeix UMC u npuHAUIekKAIMX K MIEPSUHCICHHBIM
BBIIIIE TPYIINIAM, HE MPEACTABISAETCS BOZMOXKHBIM. .

[enpt0  HACTOAIIMX  METOAWYECKUX  YKA3aHWM  SIBISETCS  HAY4YUTh  CTYACHTA
CaMOCTOSITENIbBHO NpOeKTUpoBaTh cxeMbl IIY, mnpegnHazHaueHHble ans corjacoBaHus JIO,
BhINOJIHEHHBIX HA ocHOBe TTJI u KMJIIT TexHosoruid.

Tunosble 3HaYEHUS1 OCHOBHBIX CTATUYECKUX NapaMeTpoB paccMarpuBaeMbix rpynn UMC
IPH HAMXYJIIEM COYETaHWH JCCTAOMIM3UPYIOMHX (DAKTOPOB M TEXHOJIOTHYECKUX Pa3OpOCOB
MpUBEICHBI B Ta0II. 4.

Tabmuua 4
MapamerTp, AnemeHTHas 6a3a
eauMHunua

n3mepeHus LAEL KmAan
E, B +5+5% +(5+9)+5%
U’ B <+0,4 <+0,3
Ul B +5+45 +45+85
1, MA <01 <15*10°°
1%, MA <16 <15*107
I lebtx ) MA S l S 2,5
I OGle s MA S 16 S 2,5
u,,B <06 1+3

B cocraBe cxem mainioii u cpeanent crenenerd uaterpauu TTJI u KM/ tunos nmerorcs
CrelHanbHO pa3paboTaHHbIE TPEOOPa30BATENN YPOBHEH.

OTtedecTBEeHHAs! TPOMBIIIIEHHOCTH BhIITyckaeT MuKkpocxemsl [TV tunmos KM/IT -* TTJI u
TTJI-> KMUII cepuii K176, K561, K564. Hau6onee uzBectabiMu [1Y KMIT-+TTJI sBastoTcst
Mukpocxembl K17611Y5, K561JIH1, K564JIH2.

Muxkpocxema K17611Y1 conepxut nsaTe HHBEPTOPOB U UMEET J1Ba BbIBOJA MUTaHUsA: £7 =
5 B u E2 = 9 B. Mukpocxema KI176I1Y2 conmepxxur B 0AHOM Kopmyce miecThl
npeoOpazoareneii KMIII-*"TTJI. OcoOeHHOCTBIO 3TOH MHUKPOCXEMBI SBISETCS IOBBIINICHUE
3HAYEHUsI BBIXOJIHBIX TOKOB Jiorudeckoro 0 m jormyeckoit 1, yto HEoOXomumo it paboTHI Ha
3HAQYUTEIIBHYI0 EMKOCTHYIO HarpysKy.

B xopnyce mukpocxemsl K176I1Y3 pacnonmoxkenst mects [IY KMJI-" TTJI 6e3
WHBEPCHUU BBIXOJIOB, UMEIOTCS, ABa BhiBoAa nutanus El m E2. Bpems 3aBepiueHus nmepexomaHbIx



nporeccoB npeodpazoBanust ypoBHeit KMJIII -> TTJI ne mpesbimaer 100 He mms ciyuas
nepexo/ia 0T HU3KOro YpOBHS K BbIcOKOMY U 40 He /17151 citydast oOpaTHOTO mepexo/ia.

OTnnuuTenbHON 0co0eHHOCTRI0O MUKpocxeMbl K176I1Y5 sBisercs TO, 9TO KaKIblid U3
yetbipex ee 1Y mmeer npsimoii U mHBEpCHbIA BBIXOJbl. Mukpocxema K17611Y4 conepxut B
cBoeM kopmyce mectb IIY — OydepHbix ycunuteneii u paboTaeT OT OAHOTO HCTOYHHKA
nutanus El.

Muxkpocxema K564I1Y6 comepKUT YEThIpE CXEMbI CIABUIAa JIOTMYECKUX YPOBHEHW OT
HU3KOTO HampsbKeHus K BblcOkomy, T. €. TTJI-> KMJ/II, u nutaercss oT JBYX HCTOYHUKOB
nutanus: E1 = =5 B u £J7= (10+-15) B. OTnnuntensHOil 0COOCHHOCTBIO 3TOM MHKPOCXEMBI
ABJISIETCSl HAJIMYUE Pa3JEiIbHBIX I KaKJOr0 KaHajla CUTHAJIOB PELICHHUS; MPHU 3alpellarolleM
CUTHaJIE COOTBETCTBYIOLIUN BBIXOJI MUKPOCXEMBI IIEPEXOJIUT B BHICOKOOMHOE COCTOSTHUE.

IIpeodpazoBarens yposueit TTJI -> KMIII

Ha puc. 11, a npeacraBiena npocreiiias cxema npeoOpa3oBaHUsl YPOBHEH 3JI€MEHTa
TTJI-tuna B ypoBuu snementa KM/II-tuna (TTJI->KMJII).

9

Puc.11

[Meproiii kackan (Ha Tpauszuctope VT{) BeimonHseT QyHKIUU OOBIYHOTO HHBEPTOpA-
ycunutens. Bropoi kackan (na tpamsucropax VT2 m VT3) mnpencrasiser coboit
OOBIUHBIM KOMIUIEMEHTAapHBIH Kackal. UToObl 3TOT Kackaja paboTall HOPMaIbHO, 3HAuY€HUS
noporos Uno? TpauzucropoB VT2 u VT3 n0mKHBI yIOBIETBOPSATH YCIOBHIO

Cxema Iy U,opmi TY opmi < E pabotaet cnemyronmm oopazom. [Tpu Usx =
U°ttn Ttpansucrop VT1 HaxOJIUTCA B OTCEUYKE, M Ha BBIXOJIE MTEPBOTO
kackaga U= +E. Tpausucrop VT2 3anepr, a VT3 oTkpbIT, Ha

BeIxoze cxeMbl Usbix = 0 < U°kmuar.

ITpu UBX — Ulrtn Tpansucrop VT oTnupaeTcs 10 HachllleHUs Oiarogaps 6a3oBomy
toky, paBHomy (UBX — e00)/R6> rae €00 — HanpsbkeHwe Ha p—nN-mepexoge b—D
HACBILIIEHHOT'O TPaH3UCTOpa (151 KpEMHHUEBBIX TpaH3ucTOpoB ~0,6 B). OcTaTtouHoe HanmpskeHue
MEXJY KOJUIEKTOPOM M SMHUTTEPOM HACBIIIEHHOTO TpaH3HCTOpa OJIM3KO K HYIO (i
KpeMHHEBBIX TpaH3uctopoB — 0,2 B), m Tpamsucrop VT2 otkpeir, a VT3 3amept.
CnenoBarenbHo, UBpix = + E > U xkman. Hegoctatok cxembl — OJHOBPEMEHHOE
UCMOJIb30BaHUE U OUMOJIAPHBIX, M TIOJEBBIX TPAH3UCTOPOB B OJHOW MHKpPOCXEME, 4YTO
3aTpyJHSET €€ W3rOTOBJICHUE B BHUJAE MHTETPAIBHON IMOIYIPOBOAHMKOBON CXEMBI, XOTS ATY
cxemy IIY MOXHO W3TOTOBUTH B BHJE THMOPHIHONW MUKpOCOOpKH. B ciywae, korma craBUTCS
3amaua crnpoektupoBath [IY . TTJI-> KM/II nns pacnofioxKeHHBIX Ha OJHOM M TOM ke Iuiare



koHKkpeTHbIX TTJI UC u KMJII UC ¢ 3aganHpiMu Harpy3o4Hoi criocoOHocThio ITY, yactoToi
nepekiroyeHus f u TemneparypHbsIM quana3oHoMm padoTsl [1Y, cxema mpeoOpazoBatens MOXET
coJepKaTh TOJIBKO 01uH Ounossipubiid Tpansucrop VT u pesuctopsl RK u RO.

Hamnpsoxenue E BeiOupaercs paBabiM HanpspkeHuto nutanus KM WUC.
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Puc. 12
Ecimn Uux = Urtn < eo6, To VT Haxonutcs B pexume orcedku (puc. 12, a), u

HAIpsDKEHHWE Ha €ro KOJUIEKTOpe, paBHOE HampsbkeHuio Ha Beixone I[1Y, He JOMKHO OBITH
MeHbl1e ypoBHs joruueckoit 1 KM/II - snemenTos, 1. . Ukmann:

rje | — Harpy3o4Hasi cnocoOHocTs 1Y
U, =E—-(l"axmon+1 )R, >U'xmon IBxkman () Manblii TOK,
00yCJIOBJICHHBI B/ OCHOBHOM OXPAaHHBIMH JTMOJAMH, TOAKIIOUYECHHBIMH K 3aTBOPHBIM BXOJaM
TPaH3UCTOPOB (p—N - MEePEX0/ibl, CMELIEHHbIE B 00PaTHOM HAIPaBJICHUN);

Jlero — 0OpaTHBIM TOK KOJIJIEKTOPHOTO nepexoa Tpansuctopa V.

Eciu UBX =Urtn ,ro menecoobpazHo oOecneunTs HachlllieHHe Tpansucropa VT co
CTEIEHbIO HackIIeHud 5=1,5+2, T. e.

|
I,=SI, =S ; )

Ix,,TOK KOJIJIEKTOpa HACHIIIEHHOTO TpaH3uctopa VT.
N3 puc. 11,6 Bunno, uto Tok IO, mpotekaromuii B nenu 0asbl Tpansucrtopa VT mpu
yenosuu, uto UQX = ULttji » paBen

68X

U,-e, U'mmi—e,

|
’ R6 R06 (3)

Boruncnennsiit mo gopmyse (3) Tok 16 He 1oyKeH MpeBbIIaTh BHIXOJHON TOK [|BBIXTTIH,
obecnieunBaeMblii TTJI - 371leMEHTOM B COCTOSIHUM JIOTHYECKOH 1, a Takke TOJHKEeH ObITh MEHBIIIE
MaKCHUMaJIbHO JIOMyCTUMOTO TOKa /6 Makc BbIOpaHHoro Tpansucropa VT, T. e.:

I, <1, mm:¢ (4 a)

omakc (4 6)

B xonnektrop HaceimeHHoro tpaniucropa VT (puc. 12,6) BrekaeT Tok IKH KOTOpBIH



CKJIaJIbIBAeTCs U3 TOKA K, MpoTeKaromero uepe3  pe3uctop Rk, v 1 BXOAHBIX TOKOB |°BX kmam
KM/III-anemenTa, T.e.

E-U
I, =1g +nl Carkmon = —— 1 nl°.xmon (5)

KH
k

Tox  IknH, HaiigeHHbId 1O QopMyne (5), T0DKEH OBITh MEHbBINE MaKCHUMAaJIbHO
JOIYCTHUMOTO Toka [kmakc BeiOpanHoro Tpansucropa VT, T. e.

I <l (6)

Hanpsoxkenne UBh]X nHa Beixone I1Y, paBHOE MOTEHIMATY Ha KOJUICKTOPE HACBIIICHHOTO
tpan3ucropa VT UK»sH He nomkHo npeBbimath ypoBHsA Jormueckoro O KMJUII snementa
U°kman

u,=U_ <u Oxmon

Cratuyeckue CBOMCTBa cxembl [IY HarasgHO OTpaxkalTcs ee
nepeaTouHON XapakTepucTukoil — 3aBucumocthio  UBbIX — f (UBX).

Ha mepemarodHoii xapakTepuCTHKE paccMaTpuBaeMoi cxeMbl [1Y MOXHO BBIICIHTH TPU
ydacTKa.

Ecmn UBx<eo00, To VT HaxXoauTcs B pe&KUME OTCEYKH U 1/BH

omnpexesiercs mo ¢popmyuie (1).

Ecmu UBX> €06 , 70 VT OTKpHIT ¥ TOK 06a3bI onpeaensercs 5
dopmyne (3). [Toka VT paboTaeT B aKTUBHOM PEXKUME U

U :E_(Ik+nlongMan)RkZE—IkRk:E_UBX_eob'

661X
Rﬁ

PRy (7

Mp1 ipeHeOperin MajabiM TOKOM  NI°BXKMATI.

Tox I6 mocturaer 3uauenust 16 1 npu UDX = €06 + 16 u R6, mostomy, ecn UBX > (eob
+I6R0), To VI - HaxonuTcs B Hackimenuu 1 UBbix =UkaH

Ha rpaduke UBhIx — f(UBX) ITY npoBousat ypoBau (Ul kman u U°kmamn. Abcrucca
TOYKM TepeceueHus xapaktepuctuku Usbix ~ =f(UBX) ¢ ypoBuem Ul kmam wmuH
COOTBETCTBYET NMOpOroBoMy Hampspkernto ULnop BxoxHoro curnana I1Y. Abcmucca Touku me-
peceuenust xapakrepuctuku UBDbIX = f(UBX) ¢ ypoBrem UOkmamMakc paBHa MOpPOroBOMY
3HaueHuto UOIIoP.Bxognoro curnana ITY.

Jli1s Toro uToObl ypoBHH BbIXOAHBIX curHaioB TTJI -aiemMeHTa MOTIM MCIIONIB30BATHCS B
Ka4yecTBe ypoBHeH BXoaHoro curaaia [1Y, HeoOXomumMo coOIrIaTh yCIOBHSL:

0 1 .
U mmn,, <Uop; @)
U lmmfl ’ > U Onop

MUH

VYka3aHHbIE HEPABEHCTBA BBIMOJIHAIOTCS C HEKOTOPHIM 3amacoM. Tak kak U°rtnMake <
Ulnop, To AONMYyCKalOTCs HEKOTOpBIE Mapa3uTHBIE (IOMEXOBbIE) U3MEHEHUs] BXOJIHOTO CHTHAJIA,
KOTOpBIE€ HE IPUBOJAT K U3MEHEHUIO curHaia Ha Bbixoje I1Y o ypoBHs, Menbiiero UKMIIMuH-

CraTHdeckylo moMexoycroifunBocts 11V xapakrtepmsyior mapamerpamup U+n u U o,
1
Hamnpsokenne U+n= U sor_yorrmaxe .(puc. 13) xapakTepuszyeT OMEXO0YCTOMYUBOCTb CXEMBI

[TY k momexoBbIM BBIOpOCaM MOJOXKHUTEIBHOM MOJIIPHOCTH YpOBHA Jjornyeckoro O Ha ero
BXO/I€.
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Puc. 13

Amnanornuno U n = Urtn mun — U°noP xapakrepu3yeT noMexoyCTOWYMBOCTb CXEMBI
ITY k oTpunateabHbBIM U3MEHEHHSIM YPOBHSI JJoruueckoid 1 Ha ero Bxoze.

3navenns U+n u U~n MOXHO ONPEIeUTh AaHATUTHIECKU U TpauyIecK.

bonee To4HBI aHaIM3 MMOMEXO3AUIMILEHHOCTH CIEAYET IPOBOIUTH JJIS HAaUXYZLIErO
couetanus napamerpos [1Y u Temnepa-, Typel. B 3Tom ciyyae Oyner He ofHa neperaToyHas
xapakrepuctuka [1Y, a nenoe cemeiicTBo, no koropomy* 6osee KOppeKTHO omnpenesior U+n u
uUn.

Baxnoit xapakrepuctukoil [1Y sBnsercs ero OblcTpoeiicTBHE, KOTOpOE OmNpeaesseTrcs
MaKCHMaJbHO JIOMYCTUMOM YacTOTOW CIEAOBAHMUS BXOJHBIX CUTHAJIOB, MPEICTABIISIFOIINX
Ko/10Bble cUMBOJIBI O 1 U Kax/1blif U3 KOTOPBIX NIPUBOAUT K nepexitoueHuo [1Y.

OuyeBuaHO, YTO OBICTPOACHCTBHE 3aBUCUT OT OOIIEH IIUTEIHLHOCTH TMEPEXOTHOTO
npoliecca, BO3HUKAIOUIETO0 NpU BO3JEHCTBHM NEPEKIIOYAIONIEr0 CUTHAjlda U O0YCIIOBIEHHOI'O
MHEPLMOHHOCTBIO TpaH3UCTOpa M MEepe3aps/ioM Mapa3uTHBIX €MKOCTeH B  Ipolecce
nepekitroueHus. B paccmartpuBaemoit cxeme IIY 0ObMHO MeasieHHee MPOUCXOAMUT IMpoLece
NEPEKIIIOYeHUsT M3 COCTOSIHUS Jiorndeckoro 0 B cocTossHME JIOTHYECKOW 1, KOTOpBIif
OIIpEAEIIAETCS MPOLECCOM 3apsia Harpy304Hoil emkoctu CH 4yepes pe3suctop Rxk..

Ecnu BbiOpath Tpansucrop VT, y KOTOpPOro rpaHuMYHas 4acToTa MEPEKIIOYEHUs B
HECKOJIBKO pa3 BBILIE 33JaHHOM 4acTOThl nepekmoueHus [1Y, To npu 3anupanuu TpaH3ucTopa
€ro MHEPLMOHHOCTHIO MOYKHO MpeHeOpeyb U JINTENbHOCTh /O] MOXHO PAacCUMUTaTh UCXOMS U3
YIIPOLIEHHOH cxeMblI (cM. puc. 13):

t* =23RC, (9)

rme Ca=unCex +Cwm;
1 — Harpy3o4Has cnocoOHocTs [1VY;

CBx — BxojHas emkocTe KMJIIT-anemenTa;
CM — eMKOCTb MOHTaXa. 1
Ecnu 3amana yactorta nepexirouenus [1Y f, To Bpems mepexiodeHuss tmep =_ |
HEO00X0IUMO 00€CTIeYUTh YCIOBHUE: f
tO,l <t (10)
— “nep

Ecnu yacToTa nepexioueHus / He 3a7jaHa, TO CpoeKTupoBath I1Y HyXHO Tak, 4T0OBI OH
HE yXyAllal ObICTpOJEHCTBHS LU(POBOTO YCTPOMCTBA, B KOTOPOM OH HCHOJIB3YyeTcs, T. €.
JIOJIKHO BBITOJIHATHCS. HEPABEHCTBO:

tO,l < tO,lMaKc



(11

rae t0,1makc — HauOoJiblliee BpeMsl 3a/IEpKKH PACHpPOCTPAHEHUsT CUTHAJIA IS
TTJI u KMAII - anemMeHTOB,

tO,l t0,1 tO,l
Makc =max (' 3xpTIa, 371p KMAT).

3nauenust pesucropoB RK wu R6 ompenensitorcs U3  yClIOBUUA  JIByXCTOPOHHHUX
OTpaHUYECHUHN, U3TTOKEHHBIX HIDKE.

N3 ycnoBus, uyto HanpspbkeHue Ha Bbixojie [1Y He momkHO ObITh MeHbIe HanpspkeHus Ul
KM/, JIJISl HAUXY/IIET0 COOTHOIICHUS TapaMeTPOB OIPEIeIisieM IepBOe OTPaHUYEHUE CBEPXY Ha
BennunHy RK:

E —Uxmon
" nltexmon+ |

k (12)

K60

FZ[G E — muanMmansHOE HAIlPsXKCHUE THMTAHHWA IIPU 3aJaHHOM JOITYCKE;

1" Bx KM 1 /k00 — makcumanbHble 3HadeHuss BxogHoro Toka KMJIII-snementa u
00paTHOTO TOKa KOJUIEKTOpa TpaH3uctopa VT, KOTOpbIE TOCTUTAIOTCS MpPU MaKCUMaJIbHOU
temneparype TMakc  3aJaHHOTO TEMIEPAaTypHOTO Auana3oHa padotsl [1Y.

Jis Haxoxkmenust IBx kman u k6 O MOXKHO HCITOJIB30BAaTh M3BECTHOE YIPOIIEHHOE
BBIpQXXEHHE, OMUCHIBAIOIIEE 3aBHCHUMOCTH 00paTHOro Toka p—N-nepexona /0 oT TeMieparypbl
OKpyxaroteit cpeast T,

T-To
1o (T) = 15(Ty)2 v
roe T* — nmnpupaiieHne  TeMmmeparypbl, npu KoTtopod  obOparubii Tok lo(TO)

yasauBaercs (T*=(8+10)° C mist repmanus u 1*=(6—7)° C ans kpemuusi); T — TemiepaTypa,
pU KOTOPOil onpeaenstoT Tok /0;

/o (To) — Tok lo mpu HEKOTOpOH HCcXomHOW  Temreparype T0, KOTOpbIi MPUBOIUTCS
B clipaBOYHMKe. BTOpoe orpannyenue ceepxy Ha BennuuHy RK  onpeznensercs TpeGoBaHUsIMU
obOecnieueHus 3aaaHHoro OsictpozeiictBust 1Y (popmynsl (9) u (10)):

t
R, > (13 a)
2.3fC,
WJIN BBINIOJIHEHUSA YCIIOBUS, 4yTO  cHpoeKkTupoBaHHbld [IY  He  yxygmwur
ObICTpoIeiicTBHE 2NIEKTPOHHOM cucTeMbl, moctpoeHHo Ha TTJI u KMAII-anementax (hopmyssl

(9) u (11)):

% e 136
R, < L (136)
2.3fC,
W3 ycnoBust orpaHuueHuss TOKa KOJUIEKTOpa HACBIIIEHHOro TpaH3uctopa VT

MaKCHUMaJbHO JONYCTHMBIM TOKOM IkMakc B cooTBercTBHUM ¢ Qopmyinamu (5) u (6) aus
HaAWMXY/IIIEr0 COOTHOIIEHHSI TapaMeTPOB ONpeIelisieM OrpaHHYeHne CHU3Y Ha BenuunHy RK:

R, > E-U.,, (14)
| —nltexmon

Kvare

rne E — makcumanbHOe HanpshKeHWe MUTaHUs MIPH 3aJaHHOM JIOITYCKe.

Taxum oOpa3om, nony4yaeMm IBYCTOpOHHEe orpaHuueHue Ha Bennuuny RK — opmyss
(12) — (14).

C TOYKM 3peHHsS YMEHBIICHHUS MOITHOCTH, moTpedmsiemoit ITY, HeoOXoaumMo BBHIOPATH
BenmnunHy RK HanGonbiei, yaoBiaeTBopsromeil AByCTOPOHHEE OrpaHUUEHHE U B COOTBETCTBUU
CO CTaHJApPTHBIM PSIIOM HOMUHAIOB PE3UCTOPA.



MomHocTh, paccemBaeMast Ha pesuctope RK npu Haceimenun tpansuctopa VT,

(E_U)<'3H)2

P, > "
R R, (15) B cooTBercTBUU ¢ BeauuuHON PR BBIOHpaeM MOIIHOCTH

pesucropa Rk.

N3 ycnoBus, uyto Tok 0a3wl /0 TpaH3ucTopa VT He MODKEH MPEeBBIMATh TOK 11BBIXTTI
(popmyner (2) 1 (4 a), mody4aeM epBoe OrpaHUYCHNUE CHU3Y Ha BeMUYNHY R6

1
R > U 'mma—e,, (16)
6 =" 1
| “sxmman
W3 ycnoBwust, 4TO TOK /O HE TOJKEH MPEBBIIATh MAKCUMAJIBHO JIOYCTUMBIN toik 6a3br /0
Makc BeiOpanHoro tpansucropa VT (opmynsr (3), (4 6), monyduM BTOPOE OTPaHUUEHUE CHU3Y

Ha BennunHy RO:

R, > U'mmn—e,, 17)

)

| smaxc

Jlnst ompeneneHusl OrpaHUYEHHsl CBEepXy Ha BenmunHy RO morpeOyem, uToOBI Tpu
MUHUMAJIBHOM 3HaueHuu |3 ans BbeIOpaHHOTO TpaH3uctopa VT obecneunBanach Obl CTENEHb
HacelneHus S. Mcnonssys ¢popmysst (2), (3) u (5), npu Hauxyamem couetaHuu mapamerpos (E,
B u I°Bx kM) 1 BEIOpaHHBIX 3HaYeHUSX Rk 1 S momxydnm:

U'mma—e S{E-U
=— = 0> | = Zwn | xuon

I
’ R; s\ R

OTKyJ1a, IIPEATION0KHMB, 4To N 1° Bxkman =0, numeeMm:
< LU mma—e, )R, (18)
5 <
S (E - U KOH )

Takum 00pa3zoM, monydaem ABYCTOPOHHEE OrpaHWYEeHHE Ha BenuunHy RO — Qopmyrs
(16), (17) u (18).

Benuunny R6 BriOupaeM HanOoIbIeH, yIOBIETBOPSIONICH TBYCTOPOHHEE OTpaHUYCHHE
1 B COOTBETCTBUH CO CTaHJIAPTHBIM PsIOM HOMHHAJIOB PE3UCTOPA.

Omnpenenum MoiHOCTh, moTpedmsiemyto I1Y. Ecnu 1)px = /7°t1n, To VT Haxomutcs B
pexxume oTcedku (cM. puc. 12, a) u cormacHo dopmyne (1) uepes pesuctop Rk mporekaer Tok 1
1 1'pxkMmiin + + /KO0' KoTOpBIN OyZeT MaKCUMAJIbHBIM ITPH HAUOOJIBIICH 3aJaHHON TeMIIepaType.
[ToaTomy MmomtHOCTE, KOTOpyto IIY morpebmsier oT wucrouHWKa muTaHuss E B cocTosHUM
noruveckoi 1 Ha BbIXO/€, paBHA:

Eciu UBX — Uttn 5 P = E(nl*wxmon+ l,) 10 VT HacellleH ¥ MOIIHOCTS,
notrpedisemas I1Y B coctostarm noruveckoro 0 Ha BEIXoje, ¢ ydeToM (5) paBHA:

P°=El_=E

mi

% +nl %xmon (19)

K



IIpeoopazoBarenn ypoBueid KMAII->TTJI

[Ipu wenocpencrBennom comnpspkeHuu JI29 KMII- tuna ¢ JID TTJI- Tuna BeIXOJHBIE
toku KM/II- snemenToB | BbIXx M P BBIX MOryT ObITh HEAOCTATOYHBIMU JUIsl YIPaBIICHUS
Bxoaamu TTJI- anemenToB. [l yCHIIeHHS 3TUX TOKOB M COTJIACOBAHUS YPOBHEUW HCIOJIB3YETCS
ITY, mpocreiimasg cxema koroporo ananormyna cxeme 1Y TTJI->KM/II u npuBenena Ha
puc. 14.

o+f,

57;31 R 21 /132
J131 RS i | i
KM/ - I/VT T
KC =
Ufr g Utfwr . 43

Puc. 14

Ecian Uy, = U°km < E (6> 1o Tpansucrop VT HaxoguTcs B peskuMe oTcedku (puc. 15, a).

1 +E jﬂk +E
: 1
Rk hjg £TTA l Rk na2
' 1
ns2 2 S
: !
™ 2100 q A 55
3 luc KH _
J i Ietin |
Rifo LB MeTTn Lo
a) - 6)
Puc. 15
ITockoapky k BeIxoxy IIY moaxmiodyensr m TTJI- saemeHTOB, TO 4epe3 pesucrop RK

IPOTEKaeT He TOJBKO OOpaTHBIM TOK KOJIEKTOpHOro nepexona | k6o tpanzuctopa VT, HO U s
tokoB | BXTT1 HampspkeHne Ha KouiekTope Tpan3uctopa VT, paBHOE HaNMPsHKECHUIO HA BBIXOJIE
ITY, nomxkHO O6bITH OoMbILIe YpoBHs Jlorndyecko 1 TTJI- anementos UlTTa

U, =E—-'emma+1 )R >U'mmn

6blX



Ecmn U = Uxkman,To Tpansuctop VT 10/KEH HaXOIUTHCS B PEKUME HACHIIIEHNUS, T. €.

. (20)

I, =51, =S :

OOBIYHO cTaparoTCsa CO34aTh CTEIICHb HACBIIMICHUS TpaH3ucTopa 5=1,5—3; npu GonbImx 5
CYILIECTBEHHO CHUKaeTcs OpicTpoaeiicTBue [1Y. L
U3 puc. 14 BugHO, uto nipu ycnoun Uy = u kmon TOK 6a3bl

1
_ st _eoﬁ — U KMan_eoﬁ

|5
R6 R6
B konmnexkrop HaceimeHHoro Tpansucropa VT (puc. 15,6) BTekaeT TOk

(21)

E-U
| = IRk + |ngmmﬂ=—m+n|(?xmm]l (22)

KH
0
ToK /iy, HaWIEHHBIH 110 (hopMyIie (22), TOIKEH OBbITh MEHBIIIE MAKCUMAJILHO JIOITYCTUMOIO
TOKA /i yiaxe BRIOpaHHOTO TpaH3ucTopa VT, T. e.:
Lo < rare (23)
Ha nepenaunoii xapakrepuctuke Uy, = f(Ugx) paccmaTpruBaeMoii cXeMbl MOKHO BBIJIEIUTE
TpH y4yactka (puc. 16).

( I)ECJII/I Us6x<€os mo VT HaxomouTcs B peKUME OTCEUKU U Uy, Onpenensercs hopMyIon
19).

Ecimn Ugc>e,6, To VT OTKPBIT U TOK /5 onipeaensiercs: popmyioit (21).

IToka < | VT paboraer B akTUBHOM PEXUME U
6 =lon =
B
U —E—(I, +nl° R ~E—| gu =85 o R
v = E—( +nl"ecmmn)R, = E - ﬂR—+n emmi |R,
Ecmu Ugx>(eo6 + /6HR0) VT Haxomutcs 0 B HACHIIIICHUH, 1

Pacuer ITY KMUII->TTJI npoBoaUTCS aHAJIOTHYHO C WCIIOIB30BAHUEM BBIpaXeHUH (8) -
(18) ¢ COOTBETCTBYIOIIMMHU U3MEHEHUSIMHU.
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