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Mpepucaosue

Hlnpokoe Buenpense UHPOBOK TEXHHKH B PajHONIOGHTEJbCKOE TBOpYECT-
BO CBSI3aHO C NOSIBJIEHHEM HHTErpaJbHHX MuKpocxeM. Lludposme ycrpoificTsa, co-
6paHHHE Ha JHMCKPETHHIX TPAaH3HCTOPAX H AHOJAAX, HMEJH 3HAUHTEJbHHE raGapHTHHE
pasMepHl M MacCy; HeHaJeXHO paboTanH H3-3a GONBLLIOrO KOJIHYECTBA JIEMEHTOB, H
0cOOeHHO NAfHBIX coefuHeHuH. KHTerpaibHhle MHKPOCXeMHl, cojepiKalllue B CBOEM
COCTaBe JeCATKH, COTHH, THICAYH, a HHOTAA JECATKH H COTHH THICAY KOMIIOHEHTOB,
MO3BOJIH/IH FIO-HOBOMY NOXOATH K NPOEKTHPOBAHHIO M H3rOTOBJIEHHIO HH(DPOBHX
ycTpoiictB. HaneXXHoCTh OTAENbHON MHKDOCXEMB Majio 3aBHCHT OT KOJIHYecTBa 3Jie-
MEHTOB M O6JH3Ka K HaJeXHOCTH ORHHOYHOTO TPAH3UCTOpA, a NMOTpebiaseMas MOMI-
HOCTb B IlepecueTe Ha OTHEJbHHIII KOMIOHEHT pe3KO YMeHbIIaeTci N0 Mepe NOBH-
IIEHUs CTEMEHH WHTErpamuu.

B pesynbraTe Ha HHTErpajbHHIX MHKPOCXeMaX CTajJ0 BO3MOXKHHM co6HpaTh
CTOXKHeHIIAe YCTPORCTBA, H3TOTOBHTb KOTODHE B DafHOMIOGHTENbCKHX YCAOBHAX 6e3
HCIONb30BAHHS MHKDPOCXeM Gblio Obl COBEPIIEHHO HEBO3MOXKHO.

MIupokoe pacmpocTpaHenne moJayuHin MuKpocxeMs cepun K155, onmako onm
noTpeSAsoT NOBOJILHO GOJbILYI0 MOUIHOCTb. BO MHOMHX cayyasx HX MoOXHO 3a-
MeHHuTb MuHKpocXeMaMH KMOII-cTpyKTypH, NpaKkTHYECKH He NOTPeGASIOIMMMH MoM-
HOCTH B CTaTHYeCKOM pexuMe. PaspaboTke LH(POBBIX YCTPOHCTB paZuHOMIOGHTENSIMU
Ha Mukpocxemax cTpykrypst MOIT u KMOII mewaer OTcyTCTBHE CHCTEMAaTHYECKO-
ro M3JIOXEeHHs BONPOCOB HX NPAKTHYECKOTO HCIOJb30BaHUSI B PafHOJIOGHTENbCKOMR
Jutepatype. MMewomlnecs KHHTH HayYyHOro XapakTepa 9acTO HOAXOAAT K BONPOCaM
TNpPOeXTHPOBaHUS LM(POBHIX YCTPOACTB C TEOPETHYECKHX No3uIuil 6e3 yuera ocobeH-
HOCTell KOHKDETHHIX cepufl, a ONHCaHHe NPABHJ HCHOJb30BAHHS KOHKPETHBIX MHKDO-
cXeM pa36pocaHo MO CNEHaJbHHM H3JAaHHAM, DYKOBOAALIEM TeXHUYECKHM Marepua-
JaM ¥ CTaHAapTaM, HeLOCTYNHBIM LIHPOKOMY KpYIy paguoJiobureneli, ABTOpoM cne-
JlaHa MOMHTKA BOCIOJNHHTb 3TOT IpoGed.

B ocHoBe cBoefl KHuFa COZEPXKHT ONBLIT aBTOpa MO M3YUYEHHIO W TNPHMEHEHHIO
uuTerpaabHbix MukpocxeM MOII-cepuit (B ocsoBHoM cepuit K176 m K561), wacrnu-
Ho Halllemuii OTpaXKeHHe B CTaThiX, ONYGJHMKOBAHHHX B XypHajde <«Pagno» B
1984—1987 rr. B knure mpuBefieHH KaK Ofliue BONpPOCH NMpPHMEHEHHA KOMOHHANRA-
ounnix (snemenrnt U—HE, WJIM—HE, HE, W, pemndparopH, MYJbTHIJIEKCOPH,
CyMMaTOpH) H TNOCAELOBATENbHOCTHHIX (TPHITEDH, CUETUHKH, CABHTAIOIIHE DETHCTPH)
HHTerpajbHbix MuKpocxeM cepuit K176 n K561, rak M onucaHus MPaKTHYECKHX KOH-
CTpyKuuit ¢ ux npumeneHHeM. OmHcaHHS ROCTaTOUHO JETaJM3HPOBAHH, COAEPHKAT
OObscHeNHe NMpHHUMNA aeficTBUs, BPeMEHHEIe AHArPAMMH, yKa3aHHf O HacTpoiike,
9epTeXH NeYaTHLIX NJaT. ’



HWOPOBBIE UHTETPAJIbHBIE MUKPOCXEMBI
CEPHMH K176 1 K561

O6une cpepeHus

OreuecTBeHHast MPOMBILVIEHHOCTb BHIMYCKAaeT — OGWIHPHYIO — HOMEHKJATYpy
HHTerpasbHbIX MHKpocxeM. lllupokoe mpuMeHeHHe It MOCTPOEHMST YCTPOHCTB aBTO-
MAaTHKH H BBIYHUCIHTENbHOH TEXHHKH HaXOAAT LHppoBbie MukpocxeMul TTJI-cepuit —
K155, K555, K531. 1 MHKpocXeMbl 0GecneyHBAlOT MOCTPOEHHE DPasIHUHBIX WHPPO-
BHX YCTPOHCTB, paboTaloliux Ha wyacrorax xo 50 MIL, 0AH2KO HX CyLIECTBEHHBIM
HEJ0CTaTKOM sBJseTcs OoJbluasi MorpebaseMasi MoOIWMHOCTb. B psine cayuaes, rue e
HYXHO TaKoe BHICOKOe OnlcTponeficTBHe, a HeoOXoAMMa MHHHMaJbHas morpebisiemas
MOIHOCTb, HAXOAAT NMPHMEHEHHEe HHTerpaJbHble Mukpocxembl cepuit K176 u K561.

Mukpocxemsl cepuit K176 u K561 H3roTOBASIIOTCS MO TEXHOJOTHM KOMILIEMEH-
TaJbHHX TPAH3UCTOPOB CTPYKTYPH METaJJ1 — OKHCesn — moaynposoanuk  (KMOTI).
OcCHOBHO#t OCOGEHHOCTBIO MHKPOCXEM SIBASETCS HHYTOXKHOE MoTpedseHHe TOKA B CTa-
tuyeckoM pexume — 0,1 ... 100 MxA, Tlpu paGote Ha MakcuMmasbHOll pafoucht wac-
ToTe ! ..5 MI'u norpe6asiemMasi MOLIHOCTH YBEJIHYHBAETCS H OOXOAHT A0 3HAYEHHS
notpeaseMoil MollHocTH HauMeHee MowmHLIX TTJI-MukpocxeM.

MugpocxemMbl BHIYCKAOTCS B MJACTMaccoBhHX kopnycax ¢ 14, 16 u 24 BhiBO-
AaMu. HoMmHHa/nbHOE HanpsikeHue nuTaHusi MHKpocxeM cepun K176 9 B+5%,
OHaKO OHH COXPaHSIIOT pPaBGoOTOCMOCOGHOCTh B AHANA30HE MHTAWOUIHX HaNMpPSKEeHUH
5...12 B. dna mukpocxeM cepun K561 rapantupyercs paGoTocnocoGHOCTh NpH HA-
npsiKenud nuranus ot 3 Lo 15 B. [luanazon paboynx TemmepaTyp MHKpOCXeM ce-
pun K176 —10 ... +70°C, cepun K561 —45 ... +85°C.

BrixogHEE YPOBHH MHKPOCXeM MpH paloTe HAa ONHOTHNHHIE MHKPOCXeMBl NpaK-
THYECKH HE OT/IMYAIOTCSi OT HANMpAXKEHHS NMUTAHHS H TNoTeHUHajsa ofllero NmpoBoJAa.
MaxkcuManbHBIi  BBIXOZHOM TOK GOJIbIUMHCTBA MHKPOCXEM He NpeBHILIAeT efHHUL
MHJIJIAAMIIEP, UTO HECKOJIBKO 3aTPyAHSET HEMOCPEeACTBEHHOE COT/iacOBaHHE MHKpOCXeM
cepuit K176 1 K561 ¢ xakumu-1u60 HHOMKATODAMH M MHKPOCXeMaMH JPYTHX cepuil.

Mukpocxemsl cepun K561 sBasioTcsi Gojlee COBPEMEHHEBIMH, OHH TIPEBOCXOAST
MEKpOCxeMsl cepud K176 mo Bcem mapameTpaM, ONHAaKO HOMEHKJaTypa MHKpoOCXeM
cepun K561 aullb uyacTHYHO COBNMAZAeT ¢ HOMEHKJATYpOi MukpocxeM cepuu K176 u
MOJHOCTBIO MuKpocxeMbl cepun K561 3amenutb Mukpocxemsl cepur K176 He Moryr.

Paccmotpum Buytpenniolo  cTpyktypy KMOII-mukpocxem Ha mnpuMepe  IBYX-
X00BOrO Jornueckoro sJiementa MJIM — HE, cxema KoTOporo mpisejesa Ha pHc. I.
OcHopy a/ementa cocTasasior nsa MOII-tpansucTopa ¢ WHAYUHPOBAHHHIM Ka-
nasom p-tuma VT u VT2 u nsa Tpassucropa ¢ kKawajom n-thna VT3 u VT4.
Pe3HCTOPH M JMOAB SABASIOTCS BCIOMOTaTe/IbHHIMH M B HOpMa/bHOH paGoTe sie-
MEHTa y4yacTus He NpHHHMAIOT.
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Tlpu nomave Ha o6a BXoja HanmpsiKeHus, GAH3KOTO K Hymo (Joruueckui 0),
rpansucropsl VT3 u VT4 sakpuithl, Tpamsuctopel VT1 um VT2 oTKpHTH H coefH-
HIOT BHIXOL 3J7€MEeHTa ¢ HCTOYHHKOM NHTaHHA. Ha BbIXofe aoJeMeHTa — JIoruye-
ckasg 1 (aor. 1), HampsiXeHHe KOTOPOH NPAKTHYECKH PABHO HANPAMKEHHIO HCTOYHH-
Ka nuTaHus. Ecim Ha OZMH U3 BXOZOB, HampuMep BXoX 1, momaTte Jor. 1, TpaH-
suctop VT2 3akpoercs, Tpausuctop VT4 orTkpoercs H COGAMHMT BHIXOR 3JIEMeH-
Ta ¢ OOWKMM NPOBOAOM, Ha BHIXOJe SJeMeHTa NosiBHTCA Joruueckuit 0 (mor. 0).
Takoii Xke pe3yJbTaT GyAeT NIpH mojaue Jor. 1 Ha BXOX 2 ua¥ Ha o6a BXoAa OJ-
HOBP@MEHHO.

Takum o6pasoM, u300paxKeHHHI Ha cXeMe pHC. 1 3JeMEHT BHINOJHAET (YyHK-
uuio WU — HE Ha gBa BXxogma. s yBeJudYeHHS YHcla BXOZOB 3JEMEHTA YBEJIHYH-
BAIOT YKCI0 1NOC/AEA0BATENbHO COENHHEHHBIX TPaH3UCTOPOB C KAHAJNOM p-THNA W ma-
palJIelbHO COeNHHEHHEIX TPAH3UCTOPOB C KaHANOM n-THAA.

Ias nmocTpoennsi saemeHroB ¢ ¢ynkuuefi M-HE Tpansucropm c¢ kanaiom p-tu-
1a COEJMHSIOT NapajienbHo, ¢ KaHaJoM n-THNA — NOC/IeL0BaTeNbHO.

Ha puc. 2 npuBemeHa craTHyeckas NepekMiOyaTeNbHas XapakTepHUCTHKA HHBEP-
Tupyomero KMOII-snemenTa (3aBHCHMOCTb €ro BBIXOJAHOTO HampsiXKeHHs OT BXOA-
#oro). Kak Buawo us rpaduka, nepexmoueHne KMOII-anemeHta npoHCXOAMT mpH
BXOJHOM HANpsiKeHHH, GJIH3KOM K MOJOBHHE HANPSKEHH HCTOYHHKA NHTAHHA.

Ouogsw VD7 u VD8 (puc. 1) sBasiotcst HeoTheMJemoit uactbio MOII-Tpan-
3ucTopoB, auoasl VDI—VD6 u pesucropnt R1 m R2 cneunanbno BBOAATCA B CO-
cTaB sneMenTa Aas 3awuTH MOTI-TpaH3HCTOPOB MO BXOXAM OT CTATHYECKOro 3JekK-
TpuuecTBa. IIpH NpeBLIEHHH BXOAHBIM HANPSKeHHeM HANPsKEHHs HCTOYHHKA NH-
Tauus OTKpbiBaloTcd axogn VD1—VD4, uTo Hckalouaer MOjauy Ha o 3aTBOPH
TPAH3MCTOPOB HaNpsiMeHWs, HpPEBHINAIONEro Hanpskenne nHTaHWs. [lpn  CHHXKe-
YHH BXOJHOTO HAMDSIKEHHS [0 YPOBHs GOJiee HH3KOTrO, 4eM MOTeHUMAN oGliero mpo-
BOJa, OTKpHBaloTcsA AuoAn VD5 n VD6. B mukpocxemax cepun K176 mepBHX BH-
IIyCKOB /s 34MHUTEl BXOJAOB HCITOJIL30BAJNCh [[PIOILbl—CTaﬁPIJIHTpOHbI C Hampske-
HMeM BKJIOueHus okoso 30 B, Bk.ioueHnnie BMecTo VD5 u VD6.

K CoXaJenHio, 3alluTa BXOZOB MHKpOCXeM nuOjaMu He siBiseTcs moaHokt. ITo-
STOMY npu MOHTaMe ycTpolicTe ¢ murpocxemamu KMOII Heobxo8umo cobardars
caedyrowue npasuiq.

*Ohur
qs %41
yzi fvpz vo3 | vos

BX. 1 Rl VD7 ”' i
d
VT2
52 " 2| U
R ﬂb/xoi
vs | vos o
vr3 VT4 T Ve
| ! oy N \
S g [/nn‘r/z ”IINT Um
Puc. . TIpuHunnuanbHas cxema siemenra WUJIU- Puc. 2. Craruyeckas ne-
HE peKJiouaTeNbHas  Xapak-
tepuctuka KMOTI-unBep-
Topa

5



Ta6aunal

ITpenenvHas wacro-

BriBoaw nHTauug

Ta, Mrn, Bnpn YUgar Uneno
OGo3HaueHHe MHKPOCXEMB il;rgggg: +U g o6 Uson
5 10(9)

K176 U1, K561HUI1 —_ - 16 16 8 —
K 176102 — — 16 16 8 -
K176M 113 — - 16 16 8 —
K176HE1 — 1 14 14 7 —
K176 ME2 — 2 16 16 8 _
K1761E3 — 1 14 14 7 -
K176VE4 — 1 14 14 7 _
K176ME5 —_ — 14 14 7 -
K176 ME8 — 2 16 16 8 —
K561 MES 1 3 16 16 8 -
K5611E9 1 3 16 16 8 —
K561UE10 — 4 16 16 8 —
K561HELL — 5 16 16 8 —
K176UE12 — 1,2 16 16 8 —
K176H1E13 — 1,2 16 16 8 —
K561 UE14 1,5 3 16 16 8 _
KA561MEL5B 0,75 1,5 24 24 12 _
K561ME16 1,6 4 16 16 8 —
K176ME17 — — 16 16 8 —
K176ME18 1 1 16 16 8 -
K561HEL9 — 3 16 16 8 _
K1761M1, K5611M1 - - 16 16 8 —
K176 P2 - 2 16 16 8 -
K56111P2 - 4,5 16 16 8 _
K1761P3 - 2 14 14 7 —
K561MP9 - — 16 16 8 —
K1761P10 - 2 14 14 7 —
K561 MI12 - - 16 16 8 —
K561KI11 - — 16 16 8 7
K561KI12 - - 16 16 8 7
K176KT1, K561KT3 - - 14 14 7 —
K176J1A7, K561JIA7 . - 14 14 7 —
K176J1A8, K561J1A8 _ - 14 14 7 _
K176J1A9, K561J1A9 _ - 14 14 7 —
K176JIE5, K561JIES — - l4 14 7 —
K176JIE6, K561JIE6 - _ 14 14 7 —
K176J1E10, K561J1E10 _ — 14 14 7 -
K176J111 — - 14 14 7 -
K561J1H1 _ _ 16 16 8 -
K561JTH2 - — 14 14 7 —
K176J1IT1 _ _ 14 14 7 —
K176J1112, K561J1112 - _ 14 14 7 -
K176J1I14 _ _ 14 14 7 —
K176J11111 _ — 14 14 7 —
K176J1I112 — _ 14 14 7 -
K561J1I113 — — i4 14 7 -
K176J1C1 — — 14 14 7 —
K561J1C2 — —- 16 16 8 -
K176I1Y.1 — _ 14 14 7 1
K176I1y2 — - 16 16 7 1
K17611Y3 —_ — 16 16 8 1




OxonyaHue

ITpenenbHas yacro- BriBoasl NHTaRKA
Ta, My, npu Upp,., Uneno
603HauCHHE M XeMbl B
o CHHE Mikpoc l:(l;l;g;g: +Upyr o6, U poxr
5 10 (9)

K56111Y4 — —_ 16 — 8 1
K176I1¥5 — —_ 16 16 8 15
K561CAl — — 16 16 8 —
K176TB1 — 2 16 16 8 —
K561TB1 — 8 16 16 8 —_
K561TJI1 —_ 2 14 14 7 —_
K176 TM1 — 1 14 14 7 —
K176 TM2 — 1 14 14 7 —
K561TM2 — 4,5 14 14 7 —
K561TM3 —_ 2 16 16 8 —
K561TP2 — - 16 16 8 —

a5t HCK/IOuEHHs CAyYyalHOTO MPoGosA 32 CYET CTATHYECKOTO 3JeKTPHUECTBA IIO-
TeHUHaJbl MOHTHPYeMOH IJIaTH, NasybHHKA M TeJa MOHTAXKHUKA JOJXKHH  OHTh
ypaBHeHH. st 3Toro Ha pYyuyKy nNasJbHHKa MOMKHO HaMOTaTb HeCKOJBKO BHTKOB
HEU30JIAPOBAHHOIO TNPOBOAA HJAM YKPENHTb KECTSIHYIO MJACTHHKY H COeJUHHTb ue-
pe3 pesuctop 100..200 xOM ¢ MeTaNnTuyecKHMH YacTsMH nasiabHuka. KoHneuHo, 06-
MOTKA MasjbHUKA He HOJXKHA MMeTb KOHTaKTa c ero xopmycoM. [Ipum momraxke cso-
6omHoll pykol cieayeT KacaThCs INMH NMHTAHAS MOHTHpyeMo# muarth. Ecau MHKpo-
cXeMa JIeXHT B MeTaJUIMYeckoil KOpoOKe HJM ee BHBOXH YNaKOBaHH B  (oJbry,
npexne ueM B3ATb MHKpPOCXeMy, cJaefyeT HOTPOHYTbcsi HO KOpPOGKH M (oabru.

IMpumenenne wmukpocxem cepuit K176 m K561 umeer cBou ocoGennocru. Hu
OIHH H3 BXOJIOB MHKDOCXEM He MoXeT OBITb OCTaBJieH HENOJKJIOUeHHbIM, AaXKe ec-
Ji JIOTHYeCKH} B3JeMeHT B MHKpOcXeMe He HcmoJb3oBaH. CBOGOZHEIE BXOLB 3Je-
MEHTOB JO/KHEL ObiTb WM COEJMHEHHl C HCHOJbL3YeMHIMH BXOJaM# TOTO XKe 3Je-
MEHTa, WM TOAKJIOUeHH K LIKHe NHTaHHS HJIH OOleMy NpoBOAY B COOTBETCTBHH
¢ Jorukofi paGoTel MHKpocXeMBl. HampsikeHne HCTOYHHKA NHTAaHHS AOJIKHO IOAA-
BaTbCs paHee HJH OJHOBPEMEHHO C NMojayedl BXOLHBIX CHMHAJIOB.

B Ta6a. 1 npusefenbl 0003HaueHusi GoabluMHCTBA MukpocxeM cepuit K176 u
K561, nogk/ioyeHHe HX BHIBOJOB NHTAHHs H NpefesNbHas yacToTa paboThl HEKOTO-
prix mukpocxem. [Hasi Mukpocxembl cepun K176 npemesnbras yactotTa faHa AJasf
Hanpaxenns martanus 9 B, ana cepun K561 — gns 5 u 10 B.

LindpoBeie MHKpOCXeMEl MO CBOMM OYHKUHAM JeiATcs Ha [Ba LIMPOKHX KJacs
ca — KOMGUHALHOHHLIE W TOCJAefoBaTe bHOCTHble. K mepBoMy kJaccy OTHOCATCS
MHKDOCXeMbl, He HMelollue BHYTPEHHeH NaMATH, COCTOSHHE BHIXOJOB STHX MHKpO-
CXeM OJHO3HAYHO ONPERE/SeTCS YPOBHSMH BXOAHBIX CHTHAaJOB B 3TOT MOMeHT. Ko
BTOPOMY KJ4CCy OTHOCSTC MHKDOCXEMEl, COCTOSIHHE BBIXOA®B KOTOPHIX ONpEAesI-
eTcsi He TOJbKO YPOBHSIMH BXOAHBIX CHTHAJOB B JaHHHI MOMEHT, HO H COCTOSTHHEM
MHKPOCXeMH B NpejbIylluii MOMEHT H3-3a HANWYHS BHYTpeHHeH NaMaATH.

Usyuenne paborst muxpocxeM cepuit KMOIl ygo6Ho HauaTh ¢ MpocTeflINX
KOMGHHAIHOHHHIX MHKpocXeM — jornueckux snemenros U—HE, WJIH—HE, H, no-
BTOpHTEJNeH H HHBEPTOPOB,



“pOCTble JOrHY€CKHEe MHUKPOCXEMbI

Ha puc. 3 npuBeiena HOKoOJEeBKa NDOCTHX JOTHYECKHX MHKpocxeM cepuit
K176 u K561. MukpocxeMbl, uMelONHe B cBOoeM OOO3HAYEHHH NOCJE YKa3aHHs ce-
pHH 1BYXOyKBeHHoe coyeranue JIA, a TakXe YeTHIPEXBXOJOBHIE 3JEMEHTH MHK-
pocxembt K176J1IT112, Bumoausior ¢ymxkunio M—HE. MugpocxeMel ¢ coueraHneMm
JIE, a Takxke Tpex- M ueTHIPEXBXOJOBHE 9JeMeHTH MHKpocxeM KI76J1[14 n
K176J/1T111 Bumosnsior ¢ynkuuo UJIM—HE. B cocras  mukpocxemst K176J1U1
BXOJAST AeBATHBXOAOBbIA sneMeHT M B uuBeprop.

Kak BHAHO M3 pHUC. 3, UHCJO BXOJAOB JIOTHUECKHX S/I@MEHTOB B OCHOBHOM Hebe-
Jauko. B Tex cayuasx, KOorfia HeOGXONHMO HMETb 3JeMeHTH C GCOJBIIHM  YHCJIOM
BXOJI0B, MOXHO uepeAoBaTb Bkaiouenne sieMentoB U—HE u WJIN—HE. Ias mpu-
Mepa Ha puc. 4,0 NpuBeJieHa cXeMa BOCbMHBXofoBOro sjemesta M, ma puc. 4,6—
sqaementa MJIM. DnemeHT COBNMajeHHsi, cXeMa KOTOpPOro H3o0paxkeHa Ha puc. 4,8,
BbIZIaeT Ha CBOeM BHIXOAe Jor. 1 B ciayuae, KOTA2 HAa €ro BEpPXHHX UYETHIPEX BXO-
zax jor. 1, Ha Tpex HMXHHUX —Jor. 0. Tako# sneMeHT MOXKEeT HCHOJb30BAThCH MK
Jelindpaliy COCTOSHHA CYETYHKOB M JAPYTHX YCTPOMCTS.

Mukpocxema K561TJI1 (puc. 3) — unBeptupyiomuii Tpurrep LImurra — co-
CTOAT M3 YeTHIpeX JBYXBXOJOBBIX 3JeMEHTOB, Bumoansiownx ¢yskuuio M—HE,
Ilpu njaBHOM YBeJHYEHHH BXONHOTO HANPAXKEHHs BHIXOJHOH CHTCHaJl H3MEHseTCs
CKauykoM ¢ Jor, 1 go Jsor. 0 mpu BXOAHOM HampsiKeHHd, GosblueM 1/2 HanpsiKeHHs
nutanns. IIpu yMenbllleHHH BXOZHOTO HaNpsiKeHHs O6paTHOe MNEpEKJIOYEHHe MpPOHCe
XOMUT NPH BXOAHOM HanpsXeHHH, MeHplleM 1/2 HanpsKeHHs nuTaHus. Tpurrepsl
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Puc. 3. Tlpoctwie soruyeckde MukpocxeMmol cepuit K176 u K561 (neBsTHBXOAOBHIY
anemeHT MukpocxeMsl K176JIHM1 — nennseprupyiowmuii)
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1lIMuTTa npuMensioTCs AAA (OPMHPOBAHHS HMIYJIbCOB M3 CHHYCOHANbHHIX BXOA-
HHIX CHTHAJOB, AJs NpDHEMa CHTHANOB NpPH GOJBIIOM YpOBHE moMex, B ¢opMmupo-
BaTeNsiX M IeHepaTOpax HMIYJbCOB H B APYTHX caydasX.

Muxpocxemn K176I1¥1, K176I1¥2, KI176I1¥Y3 (puc. 5) cayxar ans coraaco-
BaHHS MaJOMOIIHBIX BRIXOJOB CTAHJAPTHHIX MHKpOcXeM ¢ Mukpocxemamu TTJI-ce-
puit. Mukpocxemn K176IT¥1 u K176I1¥2 umseprupyiomue, K176I1¥3 cursaiu me
unpeprHpyeT. HoMHHanbHBle HanpSKeHHA NUTAHMA AN 5THX MHKpocxeM Unpr==
=49 B u Ugon=++5 B, npr Takux HaNpsIKEHHSAX NHMTAHHA BLIXOJHHE CHIHAJIBI
umeior ypoBHE Jor. 0 u Jjor. 1, coorsercrByomue Mukpocxemamu TTJl-cepuir. IMac-
TIOpTHAas HarpysOuyHas CHOCOGHOCTb MHKDOCXeM — OJMH JIOTHUECKHil SJeMEHT CepHH
K155. PeanbHast HarpysouyHasi CnOCOGHOCTb NPH HOPMAJIbHHIX YCJOBHSIX SKCIAyaTa-
IHH CYHIECTBEHHO BHIIlle — NpH HanpsieHun Ha Buixoge 0,6 B (sor. 0) Brexaomumit
TOK MOXeT HMeTh 3Hauexue 6 ..10 MA, npH HanpsXenHH Ha Buxogze 2,4 B (wor. 1)
BuiTekalowyit Tok 3 .6 MA. Ecaum BHIXOZ MHKpPOCXeMBl, HaxoAslUHHcA B co-
crosinud Jor. 0, 3aMKHyTb Ha HMCTOYHuK -+5 B, TOK KODOTKOro 3aMbIKaHHs coCTa-
Bur 35..50 MA. Ilpun saMbiKaHuu BBHIXOAA, HAXOASILEroCsi B COCTOSSHHH JOT.1, Ha
ofmiuii IPOBOA TOAeTCs TOK KOPOTKOTO 3aMblKaHHs 6.9 MA. YKasanHble BBIXOJA-
Hble TOKH M3MEpeHb NpH HanpsuKenusx nuranus -+9 u +5 B. Ias oboux ucrou-
HHKOB IHTAHHS TeXHHYECKHMH YCJOBHSIMH JONYOKAIOTCS HanpsiXKeHHs OT +5 g0
+10 B, peanbHO MHKpPOCXeMB paGoOTOCHOCOGHBI NPH HANPSIKEHHSX NHTaHHS OT 4 A0
15 B, ogHako Heo6xoxumo, uToGnl HampskKeHHe Ungr 6blI0 He MeHee Ugon. Mak-
CHMaJbHBIE BBHIXOAHBlE TOKM B NEpBOM MNPHOIHKEHHH NPONOPUHOHANbHBl HANPsiKe-
HUAM OHTAHUS.

Mukpocxema K56411T¥4 (puc. 5) no cBoeMy (YHKUHOHHPOBAHKIO aHAJOTHYHA
mukpocxeMe K176I1Y3, no Tpe6Gyer /Mib OJHOTO HCTOYHHKA HHTAHHsA, KOTOPHH MOA-
Kalouaercst K BHIBOAY 1 MuKpocxeMbl, BHBOL 16 cBoGogeH. Ilpn Hampsikenun mnura-
Hus 10 B MuKkpocxeMa MOXeT ofecleuHTh BHIXOZHOH TOK 8 MA B cocrosiHuM Jjor. 0
u 1,25 MA B cocrosHuu Jor 1. OcOGEHHOCTBIO 9TOH MHUKPOCXEMBl SBJSieTCs BO3-
MOXKHOCTb HOJQYM HA ee BXOAH HampsikeHHsi, COJbUIEro HANpSIKEHHs NHTaHHSA, 4TO
HeJONYCTHMO AJsi APYTHX THMOB MuKpocxeM cepuit K176 u K561 (xpome K561JIH2).
Dra BO3MOXKHOCTb TO3BOJSET HCHOAb3oBaTh Mukpocxemy K561I1Y4 nns conpsixke-
Husi KMOII-MukpocXeM, HMEIOUIHX HaMpsiKeHHe NHTaHus B puamasome 5..15 B ¢
TTJI-Mukpocxemamu. B stom cnyuae Ha muxpocxemy K561I1Y4 monmaioT Hanpsixe-
Hue nutanud -+5 B, Bxogsl mogkaouaiT k BuxogaM KMOII-mukpocxeM, BHXO-
Il — Ko Bxogam TTJI-Muxpocxem. ITacmopTHasi HarpysouHas cmocoGHOCTb MHKPO-
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cxemst K561I1Y4 pas rakoro Bkaiovesus — 3 MA B cocrosmmm Jjor, 0, uTo mpak-
THYECKH NO3BOJISIET NMOAK/MIOYATb JBa BXOJa MHKpocxeM cepuu K155.

Muxkpocxema KlI76ITY5 (puc. 5) mnpeaHasHaueHa [IJsi COTAacOBaHHS BHIXOLOB
mukpocxeM TTJI co Bxozamm JormyeckMx ycrTpoiictB Ha MukpocxeMax KMOIL, [lpn
HanpsiKeHuax nutanus +5 B na BeBoge 15 u +9..10 B Ha BuBoae 16 na Bxo-
OB MHKDPOCXeMH MOXHO NOHaBaTh CHTHAJH C BHXOLOB MuKpocxeM TTJI, Buxon-
HHE CHTHajel NPH 9TOM GYAYT COOTBETCTBOBATb YpOBHsAM Mukpocxem KMOII,

Muxpocxema K561JTH!— lecThb UHBEPTOPOB CO CTPOGHPOBAHHEM H  BOZMOXK-
HOCTBIO TNepeBoja BHIXOAOB B TpeThE, BEHICOKOMMNEAAHCHoe coctosiHne (puc. 6).
Ona umeer mwecth HHPOPMAUHOHHHX BXOxoB D1—D6, Bxox crpoGupoBanus C,
BXOA NEDEKJIOUEHHsT B TpPETbe COCTOSIHEE Z, WlecTh BHIXOHOB. Bxox Z  sABaseTcs
npeo61agaoWuM — IpH JIor. 1 Ha HeM Bce BHIXOAbI MEPEXOASAT B TPEThE COCTOSHHE
HEe3aBHCHMO OT APYrHX BXOXHBIX curHanoB, IIpu sor. 0 Ha Bxoge Z W Jsor. 1 Ha
Bxofe C Ha Bcex BHIXOAax ycranasimBaercs nor. 0. Ilpm sor. 0 Ha oGomx ynpas-
asomux Bxogax C M Z Ha BHIXOJAX — HHBEPCHS CHFHaJOB ¢ HHOOPMAUHOHHHX
BXOJIOB.

Muxpocxema K561JIH] nMeeT NOBHILIEHHYIO IO CPaBHEHHIO ¢ ADYFHMH MHKpO-
cxemamn cepun K561 Harpy3ouHyio cmocoGHOCTb — NpH HanpsiXeHWH nuranus 10 B
ee BLIXOAHOH TOK MOXeT jgocTHraTh 5,3 MA B coctosuuu Jor. 0 u 0,5 MA B cocro-
AIHUH JIOF. 1, 4TO NO3BOJsET HCHNOJb30BAThb e€e NpH paboTe HA Harpysky ¢ GosblIOH
€MKOCTbBIO.

Mukpocxema K561/1H2 — wecTh HHBEPTOPOB € MOBHIUIEHHOH Harpy3ouHo#t cimo-
coGHocThio (puc. 7). Ee anexkTpuueckne napaMeTpH aHaJOTHYHBI NapaMeTpaM MHXK-
pocxemnl K56111Y4, oHa Takxke mosBoJsiseT NOAaBaTh Ha BXOAW Hanpsikenne, G0Jb-
llee HanpsiKeHHs NHTAHUS, M MOXKET NpHMeHsTbes #Jast corslacoBaHust KMOII-muk-
pocxem ¢ TTJI-MHKpocXeMaMH.

Hsyuenne paGorTbl GoJsiee CIOKHBIX MHKpPOCXeM YHO6HO HauyaThb ¢ MHKPOCXEM
NOCNIEA0BATENbHOCTHOTO THIIA,

MHKPOCXCMH nocJjaenoBaTeJapbHOCTHOIO THIIA

MukpocxeMBl TOCNENOBaTeNbHOCTHOTO THNA, KakK YXKe YKAa3HBaloch, Xa-
PaKTepH3yIOTCA HaauuMeM NaMsiTH. 3amuch HHGopMalluM B suefiKM NaMsiTH 3THX
MHKPOCXeM HJHM H3MeHeHHe coAepKaileficd B HUX HHPOPMAUMH NPOH3BOLHTCS HM-
nynbcaMu. Bxobl MHKpDOCXEM JJIi MOJA¥M HMIYJbCOB 3aMHCH MOFYT GHITb CTaTH-
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9eCKHMH H AnHaMuyeckuMu. CTaTHYeCcKHE BXOJEI XapaxkTepUIYIOTCH TeM, YTO HM-
nyJbC, MOARHHHA Ha 3TOT BXOJ, AefiCTBYeT B TeUEHHE BCEr0 BPEMEHH, IOKa OH IO~
Aad, Kak npaBusio, Tak AeHCTBYIOT BXOAH CGPOCa TPHITEPOB, CUETUHKOB H perucr-
POB, BXOZH, CTPOOHPYIOLIKE NpPEABAPHUTEILHYIO YCTAHOBKY.

Ins punamuveckux BXOJOB XapaKTepHO cPaGaThBaHHE MO (POHTY MM CHALY:
H3MEHEHHE COCTOSIHHS BHIXQJOB MHKPOCXEMH NPOHCXOLUT TOALKO B MOMEHT CMEHH
CHrHAJIa HA2 QMHAMHYECKOM BXOJe c Jor. 1 Ha Jjor. 0 (&I OJHHX MHMKpOCXeM) HJIH
¢ Jor. 0 xHa Jjor. 1 (A1 APYTHX MHKPOCXeM).

IIpu paspaboTke ycTpoicTB yAOGHO NpHAEPKHBATBCA CAEAYIOIEr0 NPABHIA:
BCe [0CNEAOBATE/NbHOCTHHE MHKDPOCXEMH JOJIKHH NEpeKJIouaThCs IO CNafaM Tak-
TOBHIX HMIYJbcoB. [l03TOMY yCHOBMMCS CUMTATh, WTO AWHAMHYECKMII BXOJ, MEHsIO-
Wud COCTOSHHe MHKPOCXEeMH NpH mepexoie 3 Jor. 0 B Jor. 1, paGoraer mo cnany
HMNyJbca OTPHUATENbHOH NOJSPHOCTH (34eCb H Aajee NOX HMIYJbCOM OTPHIa-
TeJbHOR IOJIIPHOCTH MOHHMAeTcs H3MeHeHWe Curuajga ¢ Jor, 1 po Jor, 0 ¢ mocJe-
AyOIHM H3MeHeHHeM c Jor. 0 mo Jor, 1).

Ha cxemax BK/IIOUEHHS MHKPOCXEM AJS HMOYJIbCOB, NOX2BAEMHX HAa JHHAMH-
YecKHe BXOJH, CTPeJKAMH OTMEYeHbl Ilepenajsl HMIYJbCOB, MO KOTODHM IIPOHCXO-
ZuT cpabaTHIBAHHE MHKPOCXEM.

OcHoBY mocJ/ie[0BaTe/NbHOCTHEX HH(POBHX CTPYKTYP COCTABJSIOT TPHITEPH pas-
JIHYHHX THIOB, KOTODPHE MOTYT HCIOJb30BATbCSl CaMOCTOSITENIBHO HJH B COCTaBe
€YETYHKOB, PEFHCTPOB H T. A.

Tpurreps mukpocxem cepufi K176 u K561 pasnuyaiorcs mo CBOMM BO3MOXKHO-
craM. Tak nasmiBaembie JK-tpurrepst K176TB1, K561TB1 u D-tpurrepm K176TMI,
K176TM2, K561TM2 wmoryr paGoraTb B CUYETHOM peXuMe, T. €. MeHATb CBOe CO-
CTOSIHHE HA MPOTHBOMOJIOXKHOE IOC/IE KaXAOTO HMMNYJbca, MPUXOASLIEr0 Ha CYETHBI
Bxon tpurrepa. Tpurrepsr muxpocxeM K561TP2 u K561TM3 wmoryt pa6oraTh TOJb-
KO B peXMMax 3aluCH H XpaHeHus HHpopManuu. Paccmorpum Gosee mnoxpo6HO
paboTy MHKDOCXeM, COZEPKAIIHX TPHITEPHL.

Muxpocxema K561TP2 (puc. 8,a,6) — uerbipe Tpurrepa RS-THma ¢ BO3MOXK-
HOCTBIO OTKJIOUEHHS BHIX0ZOB, Kaawlii Tpurrep MHKpocXeMbl HMeeT BXOZB R m S.
ITogaua sor. 1 Ha BxoA R ycranasauBaer Tpurrep B cocrosnue 0, nojava Jor. 1
#a Bxog S—B cocrostuue Jgor. 1. Ecam Jor. 1 mogath Ha o06a Bxoma—R u S,
Ha BbIXxoge OyneT Takxke Jor. 1.

OCO0eHHOCTBI0 MHKPOCXEMHB fBJISieTcsl BO3MOMKHOCTb OTKJOueHHs Buixomos. Ec-
au Ha Buisone 5 (Bxom E ma puc. 8,6) sor. 1, paspeimreHa mofada BBHIXOAHEIX CHP-
Ha/IOB TPHITePOB HAa BHIXOJB MHKDOCXeMbl uepes BHXOAHHe kaioun, Ecam xe na
Bxon E mogark Jior. 0, BHXOAB TPHUITEPOB OTKMIOYAIOTCS OT BHXOJAOB MHKDOCXEMH,
BHXOAH MHKDPOCXEMH NEPeXOAST B TPeTbe, BHICOKOHMIIEJAHCHOE COCTOSHHE, YKa-
3aHHOe CBOMCTBO MO3BOJSET OOBENMHATb BHIXOME HECKOJBKHX MHKpocxeM K561TP2
MeXIy co6o#f, cHTHaJ B TOUKax OObEeAuHEHHS OyHZeT ONpeseNsATbcst TOM MHKpOCxe-
mofi, Ha Bxox E koropoii momama jor. 1, [lpu stoM ma Bxoast E Beex mpyrmx
MHKDOCXeM NOJIXKHBl GHTb mopaHst Jor. 0.

Ipumep npumenennss Muxpocxem K561TP2 nas nonasnenns apefesra MexaHu-
YeCKHX KOHTaKTOB M HMX ompoca mpuBeieH Ha puc. 9. Ilpum mopave gor. 1 Ha BXoA
El, nor. 0 ma Bxoax E2 B aKkTHBHOE COCTOSIHME NEPEXOAAT BHIXOAH MHKPOCXEMB!
DDI, BHIXOXHblE CHCHAAH ONDEAENAIOTCS noJoXeHuem konTakros S1—S4. Tlpu no-
pave Jgor. 1 ma Bxom E2, sor. 0 Ha Bxog El BHXOZHBIE CHTHAJLl ONpPEAE/AOTCA
xonrakramn S5—S8. Curnansl Ha Bxonsl E HeCKOJbKHX MHKPOCXeM MOryT moja-
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Puc. 9. Ilepexmoyarenb ¢ nofaBieyneM apebe3ra KOHTAKTOB

BaTbCsd, HAanpHMep, ¢ BHIXOJOB CYeTYHKa ¢ AemindpaToOpoM, uTO OOGECHEYUT HX TNOo-
cJle1oBaTeJdbHBIH Ompoc.

Muxkpocxema K561TM3 (puc. 10) — verripe D-Tpurrepa ¢ mpsAMBEIMH W HHBepc-
HBIMH BbIXOZaMHu. Mukpocxema HMeeT nBa oOmuX IJst BCeX TPUITEPOB DaBHONpPAB-
HbiXx Bxoma crpobuposanus Cl m C2. Ilpu oauHakoBHIX curHajax Ha oGOHX BXO-
nax (#a Cl w C2—uor. 0 win Ha Cl u C2—uor. 1) Tpurrepbl MOBTOPSIOT CHI-
Hajel co BXogoB D Ha cBOMX NpPAMBIX BbIXOJaX (COOTBETCTBEHHO HHBEPTHPYIOT HX
Ha WHBEPCHHX Bbixonax). Ilpy momave pashbix curHanoB Ha Bxoas Cl'u C2 Tpwmr-
repsl NepexomAT B peXHM XDaHCHHS — HAa BHIXoZaX OYAYT Te CHTHAJBl, KOTODHE
OPHCYTCTBOBAJH Ha BXonax D nepexn m3MeHeHueM curiana Ha Bxoge Cl u C2.

MoxHO 00bsicHuTh JOTHKY pabotul Bxomos Cl u C2 mo-gpyromy. Ilpu Jjor. 1
Ha Bxoge C2 3anuchb B TpUITepH NPOHCXOAWT npH moxave Jor. 1 ma Bxojy CI, xpa-
HeHye — npy noxaue Ha Cl Jjor. 0. Ecau na Bxox C2 mogmartb Jaor. 0, 3anuchk Oyger
npoucxoxuts npu Jor. 0 ma Cl, xpanenune — npu Jor. 1. Takum obpasom, curHana
Ha Bxome C2 onpejensieT MmoJsPHOCTb MMmyJbcos 3anucy nmo Bxoxy Cl. Bxomm Cl
1 C2 MOXHO MOMEHATb MecTaMH — OHH PaBHONMpaBHHL.

MukpocxeMa MOXET NpUMEHATBCS B PErHCTPAX XPaHEHHS HHPOPMALHH.

Mukpocxemsr K176TBl1 u K361TB1 copmepxatr pnBa JK-tpurrepa (puc. 11).
Kaxnuiit Tpurrep umeer Bxox J, Bxox K, Bxox R — ycrauoBku Tpurrepa B 0, BXOA
S —ycraHoBKH B 1 ¥ BXoj MOaaun TaKTOBHX HMmyJabcoB C. YcTaHOBKa TpHITepa
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Puc. 10 Mukpocxema K561TM3  Puc. 11, Tpurrepsl co CYeTHHIM BXOIOM
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B HYyJEBOE COCTOSHHE NPOHCXONHT IPH Mojaue Jor. 1 Ha Bxoa R, ycraHoBka B
€JMHHYHOe — Tpu mojnaue Jor. 1 Ha BXox S.

Ecnn nwa Bxozmax J w K—uor. 1, mo kaxpoMy cnaly HMOy/Abca OTpPHIATeJb-
HO# MoJIsAipHOCTH Ha BxoAe C TpHITEp NepeKkaoyaeTcss B MPOTHBOMOJNOMKHOE COCTO-
snne. Ecau Ha Bxogax J w K—uor. 0 u3MEHEHHS COCTOSIHMA NO MMOyJbcaM Ha
TakroBoM Bxole C He npoucxoiuT. EciM nmepei cmagoM HMOyJbca OTPULATENbHOH
noJispHocTH Ha Bxone C yposeHb Jor. 1 mpucyTcTByeT Ha Bxoge J, ypoBeHb Jor. 0—
Ha K, no cnagy Tpurrep ycTaHaB/HBaeTcsi B €LHHHYHOE COCTOSHHE HE3aBHCHMO OT
npexauiaymero. Ecan na Bxome J—aor. 0, Ha Bxoge K —uor. 1, mo cnagy um-
nynbca Ha BXogne C TpurTep yCTaHaBauBaeTcs B HYJIEBOE COCTOSHHE,

Tpurrep HemocpexcTBEHHO He pearHpyeT Ha H3MeHeHue curiagoB Ha J u K Bxo-
Jlax, HrpaloT poJib JHIIbL YPOBHH Ha 3THX BXOJaxX Nepej] ClajfoM HMIyJabca OTPHUA-
TeJIbHOH nosspHocTH Ha Bxone C.

Muxkpocxemsr K176TM2 u K561TM2 comepxat asa tpurrepa D-tuma (puc. 11).
YcTaHOBKa TPHITEPOB B HYyJeBOe H €IMHHUHOE COCTOSIHHS [DOHCXOAMT, Kak H
y JK-tpurrepa, npu nogmave yposeii Jsor. | Ha Bxoas R um S. Ilo cmanam Takro-
BBIX HMIIyJbCOB OTPHIATENbHOH NOMSIpHOCTH Ha Bxoge C NpPOHCXOAHT YCTaHOBKA
TPHITEPAa B COCTOSHHE, COOTBETCTByIOIlee YPOBHIO Ha BXoje D nepes cmamoM HM-
MYJIbCOB.

Hnrerpaneuass mukpocxema KI176TMI1 oriuuaercs or KI176TM2 orcyrtcTsrem
Bx0on0B S (pmc. 11).

Ilpn mocTpoeHun nBOWUHBIX cueTunkoB Ha Tpurrepax TB1, TM1, TM2 Bxoan
C tpurrepoB Heo6X0AWMO MOAKTIOYATb K MHBEPCHBIM BBIXOJAM NpPeALIAYLIHX TPHI-
repoB. CocTOslHHE MOJYYEHHOrO0 TakKuM 00pa3oM CYETYHKa (KOJNMYECTBO TOCTYNHB-
IIHX Ha €ro BXOJ HMIYJbCOB Moc/Je ycTanoBKH B () OQHO3HAYHO ONpeneJIsieTcst co-
CTOSIHHSIMH €ro TpHUITepoB. B uyacTHOCTH, A/ CYETUHKAa H3 YeTHIPeX TPHITEPOB CO-
CTOSIHHE MOXeT GhITb onpezeseHo no dopmyae:

q=p1y:+pa2y2+psys+psVs

rae yi=0 uam 1—cocrosune i-ro Tpurrepa (i=1 ..4, HauMHas CO BXOAa CYeT-
upka); pi=2'-! —Bec i-ro paspsga cuetunka. O TaKHX CueTUHKaX FOBOPAT, UTO OHM
paboTaior B BecoBoM Koje 1—2—4—8. Cuyerunk MoOXeT OblThb MOCTPOEH TaK, 4TO
€ro BeCOBOH KOJ OT/IHYAeTcs OT paccMoTpeHHOro. CyllecTBYIOT Takue CTPYKTYDHI
CUETYHKOB, COCTOSIHME KOTOPHIX He MOXeT OBITb BEIDAXKEHO NpHBEJEHHOH  Bble
dopmynofi. O Takux cueTYHKax TOBOPST, YyTO OHH paboTalOT B HeBecoBoM Kogxe. Mx
COCTOSIHHS ONPeje/IIoT 10 BPEeMeHHHIM nHarpaMmaM uan TabaumaM mepexopos. Ha-
npuMep, Ha pHC. 12,0 mpHBeneHa cxXeMa nekaabl (IECATHYHOrO CUETYHKA) Ha ABYX
mukpocxeMax TB1, BpeMensas nmarpamMma ee paGotsl— Ha puc. 12,6. Cxema ge-
Kansl Ha MukpocxemMax TM2 mpuBeseHa Ha puc. 13,0, BpeMeHHAS QHarpaMMa — Ha
puc. 13,6. O6e mekansl paGoTalOT B Pa3/HYHEIX HEBECOBHIX KOJAX.

B cocraB paccmaTpuBaeMbix CepHii MHKDPOCXeM BXOAHT G00JbUIOE KOJHYECTBO
CYETHYHKOB DA3JHYHBIX THMOB, GOJILIIMHCTBO H3 KOTOPHX paboTaloT B BECOBHIX KO-
Jax.

Mukpocxema K176UE1l (puc. 14) — ulecTHpa3psaHbI JBOMUYHEI cueTynwk. Mux-
pocXeMa MMeeT OBa BXOAA — BXOA R — ycTAaHOBKM TpPHITepoB cueTuuxa B 0 W BXOJ
C —BXOJ CUETHHIX MMIYJbCOB YcraHoBKa B 0 IPOHCXOAMT NpH nojgaue  ypoOBHA
Jor. 1 Ha Bxox R, mepek/iOueHHe TPHITEPOB MHKPOCXEM INPH CUeTe MO CMALy HM-
MyJbCOB MOJIOXKHTENbHOH MNOJAPHOCTH, monaBaeMbix Ha Bxox C. Ilpm nmocrpoexuu
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Puc. 12. Jlexana na JK.tpurrepax (a) u BpeMennas nuarpamma ee paGots (6)
dHOTODaspAAHEIX gHeauteneir wactorn BxoAn C mukpocxeM KI176UEl caepyer me-
10CPEACTBEHHO MOAK/IOYATh K BEIXOZaM 32 mpeasiaylluX.

Muxpocxema KI76ME2 (puc. 15) — mATHpa3psiaHbIA CYETUYHK, KOTOPHHA MOXKeT
yaboTaThb Kak NBOMuHHA B koje 1—2—4—8—16 npu ypoBHe Jor. 1 Ha ynpasjsio-
ueM Bxofe A mim Kak neKaja C NMOAKIIOYEHHEIMH K BHXOIY AEKaAH TPUITEpOM IpH
mor. 0 wa Bxome A. Bo BTOpOM ciayuae koj DaGOTH TPHUITEPOB CYETYHKA |—2—4—
8—10, ofuuit KO>pPHUUHEHT NeNeHHs BXOMHOH YacToTH — 20.

Bxox R CIyXHT nnsi yCTaHOBKM TpHIrepoB cueTywka B 0 nojayefi Ha 3TOT
BX0oZ ypoBHs jor. 1. IlepBnie ueTHpe TpHIrepa CuyeTYHKAa MOryT GOBITh YCTaHOBJEHH
3 eNMHHYHOEe COCTOsIHMe INopauvell yposmefl Jjor. 1 Ha Bxoawm S1—S8. Bxoam Sl—
S8 sBasiioTesi npeo6ialaoiluMHE Han BXodoM R.

Muxkpocxemst K176HE2 Bcrpewatotess  AByX  pasHosuanocTell.  MHkpocxeMmsi
panuux BhimyckoB uMeloT Bxoatl CP u CN ans noxaun TakTOBHIX HMNYJBbCOB IO-

l—TT‘ [—TTB 7 - rr 4
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Prc 13. Iekana ma D-tpurrepax (a) u BpemeHHAs nauarpamma ee paGoru (6)
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Puc. 14. Mukpocxema K176HMEI Puc. 15. Mukpocxema K176MIE2

JIOXKUTENbHOR H OTPHIATENbHOH MOJAPHOCTH, COOTBETCTBEHHO BKJIOUEHHHe nmo WJIH.
IIpu nopave na Bxox CP uMnyibcoB monoXureabHo#t monspHocTd Ha Bxoge CN
no/MKHA ObTh Jjor. 1, mpu mopaue Ha BXoA CN HMIYJBbCOB OTpHLATENbHOA MOJAP-
HoctH Ha Bxoze CP gosmxeHn GuiTh Jor. 0. B oBomx ciyuasx cueTudk NepekJioyaer-
Csl CajiaMH MMIYJbCOB.

Hpyras pasHOBHZHOCTb KMeeT JIBa DPaBHOMPABHHIX BXOAA IS TNOJAYH TAKTO-
BHX HMNyabcoB (BEIBOXE 2 u 3), cobparubix mo WM. Cuer NpoHCXoXHT Mo cHafaM
HMITyJIbCOB TOJIOXKHTEJbHOH MOJAPHOCTH, MOXAaBAeMHIX Ha J060H M3 3THX BXOZOB,
TpPHYEM BTOPOH BXOJX NPH 3TOM JOJKEH OHTh MOAKJIOYEH K MJIIOCY HUCTOYHHKA IH-
TaHus. MoXHO mojaBaTb HMIyJbchl M Ha oGbexuHeHHble BmBoxsl 2 u 3. (Mccae-
JOBaHHBIE aBTOPOM MHKPOCXeMBl, BhINylleHHHe B ¢QeBpaje H HosaGpe 1981 r, or-
HOCATCS K TNEPBOH Pa3HOBHIHOCTH, BhINYLIeHH:e B uioHe 1982 r. u B mione 1983 r.—
KO BTOpOH.)

Ecnn BuBox 3 mukpocxemu K176WME2 moaxkmounTh K MilOCy HCTOYHMKA IIHTa-
HHA, 06e Da3sHOBHAHOCTH MHKpocxeM mo Bxoxy CP (BeBoxy 2) paGoraloT ojpuHa-
KOBO.

Ipu nor. 0 ma Bxome A nopszox paGOTH TPHITEPOB COOTBETCTBYET BpeMeH-
HO# Auarpamme, mpuBeNeHHO# Ha puc. 16. B arom pexume Ha Bhixoge P, mpea-
crapasoomeM cobofi Buixox snemeHra W-HE, Bxoasl KoToporo mnoOAKIIOUEHH K BH-
xonaM 1 n 8 MuKpOCXeMbl, BBLIAENSIOTCS HMIYJbCH OTPHLATENbHOR  MOJAPHOCTH,
(POHTH KOTOPHIX COBMAZAIT CO CHAAOM KaXKJOro HEBSITOO BXOLHOIG HMIYJbCA,
Cnajbl — CO CMAafOM KaXJOro JEeCSITOr0 HMIYJbCa.

ITpn coennnennn mukpocxem KI76ME2 B MuoropaspsiaHuii cyerunk Bxoxsl CP
NOCNeAyIOIHX MHKpPOCXeM CjelyeT NOAK/IOYaTh K Beixoxam 8 wuim 16/10 wHeno-
cpejcTBesHo, Ha Bxoxbl CN mogasarhb Jor. 1.

72 3 4 5 6 7 8 9 won 12K Mo 8 1@ 19 2
[

2 1 1 I | I | I 1
VS e - 1 __
8 N | [ L
0 i L
P . LI

Puc. 16. Bpemennas amarpamma pabothl mukpocxeMul K176HE2
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Puc. 17. CornacoBanne muxpocxem K176ME2 u K155 11:

a — c nomowblo MHKpocxemel KI17611¥3; 6 — ¢ momolLlbio p-7-p-TPAH3HCTOPOB

Jns HHAMKAaUHH COCTOSIHHSI JeKaf, HCHoib3yloluX Mukpocxemy KI76HUE2,
MOXHO HCIOJIb30BATh Ia30paspsiiHble HHAMKATOPH, YNPaBJiseMHe uepe3 AelHd-
parop K155 1. Onsi cornacoBanus MukpocxeM K155MJI1 u K176UE2 moxHO Hc-
noxb3osaTh MHukpocxemnl K176I1Y3 nan KS56111¥4 (puc. 17,a) wam p-n-p Tpausuc-
Topsl (puc. 17,6).

Hnrerpanbusle Mukpocxembl KI176UE3, K176ME4 (puc. 18) u KI176HE5 pas-
paGOTaHB CHENHAJbHO JJs HCHOJb30OBAaHUS B 3JEKTDOHHBIX Yacax ¢ CeMHCEIMEHT-
HBIMH HHRuKaTopaMu. Mimrerpaibuas Mukpocxema K176MIE4 (puc, 18) — mexama ¢
npeofpasoBarteseM KOZA CUETUHKA B KOJ CEMHCETMEHTHOrO HHAuKaTopa. Muxpocxe-
Ma HMeeT TPH BXoja: BXOZ R (ycTaHoBKa TpHIrepoB cueTynka B 0 NMPOHCXOXHT IIPH
nojaaye Jor. 1 Ha 3TOT BXojJ); BXox C — nepexjioyeHHe TPHITEPOB NMPOHCXOZHT IO
cHafy MOJIOKHMTENbHBIX HMIYJbCOB Ha 3TOM BXoze; Bxoi S, (OYHKUHOHHpOBAaHHE KO+
TOPOro OyJeT ONHCAHO HHXKE.

CursHaisl Ha BBIXOXaxX a, b, ¢, d, e, f, g ofecneunBaloT GHOPMHPOBAHHE HA
CeMHCETMEHTHOM HHAHKaTOpe uHGp, COOTBETCTBYIOUWMX COCTOSIHMIO cueTuKa. Ilpn
nonave Ha ynpasasiomui Bxog S ypoBusi Jor.0 ypoBHH Jor.l Ha BHxoOAax a, b,
¢, d, e, [, g COOTBETCTBYIOT BO3OYXKAEHHIO COOTBETCTBYlOLIEro cerMenta, Eciam xe
Ha BXoX S mopjaTh Jior. 1, Bo3OYMKAEHHIO CerMeHTOB OyjAeT COOTBETCTBOBAThb Jor.(
Ha BhIxojnax a, b, ¢, d, e, f, g. BO3MOXHOCTb TepeK/NIOUeHHsl NMOJAAPHOCTH BHIXOLHHIX
CHTHAJIOB CYLIECTBEHHO pacluupseT 06JacTb HODHMEHEHHS MHKPOCXEMH.

Boixog P mukpocxemn — BHXox mnepeHoca. Cnag Ha sToM Bxofe ¢opmupyercs
B MOMEHT IePeXosia CueTunka u3 cocrosuus 9 B cocrosnue 0. Ha Bmixome 4 Jor, 1
nosiBadeTCHA NPH YCTAHOBKE CUETUHKA B COCTOAHHE 4.

KI76HES KIT6HET
g g
LI, T
cr Zﬂ- ¢ Z 7
11 i
i i
o o L2 -2
6 8 5 3
-—{S = S = f 5
7 1 T
[ - R4 I A
- ol —¢ f'r-i I lc
_n_i. R 4L L j—{ R 2 €
a
Puc. 18. MukpocxeMsl CYeTuU#KOB ¢ Puc. 19. CraupmaptHoe oGo3HAayYeHHe
npeoSpa3oBaTeqsiMH KOJIOB CerMeHTOB HHIHKAaTOpa
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Crnenyer uMeTh B BHAY, 4TO B NacHOpTe MHKDPOCXEMH H B HEKOTODHX clpa-
BOYHHKAX DPa3BojARa BHBOZOB @, b, ¢, d, e, {, g npuBeseHa fAA HECTAHZAPTHOrO
QG03HAYeHHs cermenToB HHAHKaTtopos. Ha puc. 18 npuBezeHa pa3pojka BHBOZOB
IJIST CTaHAAPTHOTO 06GO3HAUEHHS CerMEeHTOB, NMPHBEIEHHOro Ha puc. 19.

JlBa Bapnanta noixmiouenusi K Mukpocxeme KI176ME4 BakyymHbX cemmcer-
MEeHTHHX HHJHKATOPOB C NOMOUIbIO TPAH3HCTOPOB mpuBefeHo Ha puc. 20. Hanps-
Xenye Hakana Uy BHOUpaeTcs B COOTBETCTBHH C THHOM HCIOJb3YyeMOrO HHMIHKA-
Topa, moAGopoM Hanpsixenus +25..+30 B B cxeme puc. 20 1 —15..,—~20 B B
cxeme puc. 20,6 MOXKHO B HEKOTOPHIX TipeiesNax peryJHpPoOBaTh SAPKOCTb CBEUEHHs
CerMeHTOB HHAuKaTopa. B cxeme puc. 20,6 p-n-p TpaH3HUCTOPH MOTYT OHITH JOOH-
MM KDEMHHEBBIMM ¢ OOpaTHHIM TOKOM KOJIIEKTODHOrO Nepexoja, He NPEBHILIAIOLIMM
1 MxA npu Hanpsoxkenun 25 B. Eciu o6paTHHIT TOK TPaH3HCTOPOB GoJiblie yKa3aH-
HOTO 3HAUEHHS HJIH HCIOJb3YIOTCS FE€PMaHHeBHIE TPAaH3UCTOPHI, MEXAy aHOAAMH H
OJHHM H3 BHIBOJOB HHTH HaKaJa HHIMKAaTOpa HeOGXOAHMMO BKJIOYHTb De3HCTODH
30 ... 60 kOm.

Has cornacoBanusi Mukpocxembt K176WUE4 ¢ BakyymubIME HHAMKATOpaMu YA0G-
HO TaKXKe HCHoJb3oBaTh Mukpocxembl K168KT2B uan KI68KT2B (puc. 21), a
takxke KP168KT2B, KP168KT2B, K190KT1, K190KT2, K161KHI1, K161KH2. Ilox-
kaouenne mukpocxem K161KH1 u K161KH2 npomamoctpupoBano ma puc. 22. Tlpu
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Puc. 20. Cornacosanne muxpocxem KI76UE3 u K176ME4 ¢ BakyyMHBIMH JIOMHHEC-
LeHTHBIMH HHIHKAaTOPaMH:
4 — C MOMOMUIbIO N-pP-N-TPAH3HCTOPOB; 6 — ¢ moMOoLbIO p-n-p-TPaH3HCTOPOB
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Puc. 21. CorsacoBanve ¢ nomolipio MHkpocxem K168KT2B

HCMOJIb30BaHHH HHBepTHpylowe#t wmukpocxeMh KI61KH1 Bxox S  murpocxemwr
K176MIE4 nomxen OmTb NMoAkmoueH K uenun +9 B, npr ucnosb3oBanur HemHpep-
Tupyiouei Mukpocxemsl K161KH2 — k o6memy nposony.

Ha puc. 23 mokasaHbl BapHaHTBI MOAKMIOUEHHS K HHTErPAaJbHOM MHKpOCXeMe
K176ME4 nosiynpoBOXHHKOBHX HHIHKAaTOpOB, Ha puc. 23,06 —cC OoOHEM KaTOXOM,
Ha puc. 23,6 —c¢ ofmum anonoM. Pesncropamm R1—R7 ycramasiusaercss Heo6Xo-
MUMBI TOK Hepe3 CerMeHTH WHIUKATOpa.

Haubosee uwyBcTBHTE/bHEIE HHIMKATOPhHl MOTYT ObITb MOAKJIOYEHH K BHIXO-
aM MHKpocXeMbl HemocpexacTBeHHo (puc. 23,6). Opnako m3-3a Gosbliloro pasépoca
TOKa KODOTKOTO 3aMBIKaHHS MHKPOCXeM, He HOPMHPYEMOrO TeXHHYECKHMH YCJOBUS-
MH, SDKOCTb CBEUEHHS HHIHKAaTOPOB MOXKET TaKXKe HMeTb Gosbwoill pa3bpoc. Hac-
THYHO €ro MOXHO KOMIEHCHPOBAaTb NOJAGOPOM HaMpsKEeHHS MHTAHHSA HHIUKATOPOB.

Jast cornacoBanuss Mukpocxemnt KI176HE4 ¢ nosynpoBOXHHMKOBHIMH HHAMKA-
TOpaMu ¢ OOWIMM aHOAOM MOXKHO TaKXXe HCNoJb3oBaThb MuKpocxeMsl KI176I1VI,
K176I1y2, K17611¥3, K56111Y4, K561JIH2 (puc. 24). Ilpy Hcnoab3oBaHuu HeHHBep-
THDPYIOIIMX MHKpocxeM Bxon S MukpocxeMmbl K176HE4 crnenyer coexuHsaTbh ¢ Henbio
nuraids +9 B, npu uCNO/JBb30BaHHH UHBEPTUPYIOLIHX — C OGWIHM NpPOBOJAOM.

ITo cxeme puc. 23,6, uckmawo4uB peancTopsl RI—R7, MOXKHO MOAKIIOUHTL M Ha-
KaJbHble MHAMKATOPHl, NMPH 3TOM HaNpsXKeHWe NUTAaHHA HHAMKATOPOB HeoOXoauMO

yCTaHOBHTh HpuMepHo Ha 1 B Goabie

+398 HOMMHAJLHOTO AJIsi KOMMEHCAUHH NajeHust
,177]}%4 L/ﬂﬁ/(”l(l) HANPSIXKEHUS Ha TPaH3HUCTOPax. DTO Ham-
X 2 7 rakmie P pAXKeHHe MOMET OBITb KaK MOCTOSHHBIM,
. : 2r 7 46! TaKk M TYJbCHPYIOU[HM,  MOJYYeHHBIM
lci > T Ez__ g B pesy/ibTaTe BHIPAMJIEHHs 6e3  (uib-
e I/ - -\ *gs Tpaunu.
7 ; : C___ JKHAKOKPHCTANNMYECKHE  HHAMKATODH
T He TPe6GYIOT CIELHAIbHOrO COrNacoBaHusd,
-/88 ~l, HO AJS WX BKJIOUeHHS Dpebyercs HCTOM-

HHUK MNPAMOYTOJNbHBIX HMIYJbCOB € YacTo-

Puc. 22. Cornacoramue ¢ momompio T8 30..100 Ti u cxsaxuoctsio 2, aM-
muxpocxembl K161KH1 umn KI6IKH2 — TINTYA2 UMIYIbCOB NOMKHA COOTBETCTBO-
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BaTh HAMPAXKEHHIO MHTAaHHA MHKpPOCcXeM. VIMNyJbCH NMORAIOTCH OQHOBPEMEHHO HAa BXOJ
S MHKpocxeMH ¥ Ha OOMmHMi 3JIeKTpPox uHAMKaTopa (pHc.25). B pesyasrate na cer-
MEHTH, KOTOpble HeoGXOAMMO HHAMLHPOBATb, OTHOCHTENbHO OOLIEro 3JeKTpoga Io-
JaeTcs HanpsikeHHe MeHSoLlelics NONSPHOCTH; Ha CerMeHTaX, KOTOpble He Hajo
HHIHLIHPOBATb, HAMpPSXKEHHE OTHOCHTENbHO OOLIEr0 3JMEKDPOAA DPABHO HYJIIO.

Mukpocxema KI76WE3 (cm. puc. 18) oramuaercs or KI76ME4 Tem, uto ee
CYETYRK HMeeT KO3(QHIHeHT mepecyera 6, a ypoBeHb Jor. 1 Ha BhIXO#e 2 MNOSAB-
JAIeTCH TIPH YCTAHOBKE CYETYMKA B COCTOSHHE 2.

Mukpocxema KI176ME5 — KBaplieBHii TIeHepaTOp C BHEIUHHM pE30HATOPOM Ha
32768 I', 1 15-paspsiaHblii BOMYHBIA aeauTeab yacToThl. CxeMa MOAKMIOUEHHS MHKPO-

cXeMn npusegeHa Ha puc. 26. K BeBogaM Z H Z nogkawouaercs KBapleBuH peso-
"arop, pesuctopsl Rl, R2, xounencaropu Cl u C2. BbixozHo#i curHaj KBapueBOro

o7 HET ANII0SA
KIT6HEL ))4 ANCI2E 207
K176ny3 p” ;‘ KITEHEL I_____
CT |a -
z i Sler Z I I'_.j‘_ n
d fﬁ I_J
g
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Brod c Bxod c ol
sem. R Z RI~R7 200...510 Ym0 i P ;
Buibodet 1 DD2,003 K +58 unu+98 R bl HGT HHKUI-Y18

Puc. 24. TlomkmioueHue NOJYNPOBOAHHKOBHIX  Puc. 25. [Toak/iouenne XHAKO-
MHAMKATOPOB C OGUIMM aHOJAOM C MOMOIIBLIO  KPHCTAJJIHYECKOrO MHIMKATOPA
MHKPOCXeMH Tnpeo6pa3oBare/isi ypoBHe#
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Puc. 26. TumoBas cxeMa BKJIOUEHHS Puc. 27.  Mukpocxemnt K176MES n

mukpocxembl K176ME5 K561HE8

reHepaTopa Moxer ObiTb NMPOKOHTpo/MHpOBaH Ha BHxofax K u K. CurHan c uacro-
Tofi 32768 I'm mocrynaer Ha BXOA [EBSTHPA3PSIAHOTO NBOHYHOrO AEJWTENS UYacTO-
Thl, ¢ ero BHXoAa 9 curHana c uyacroroii 64 I'u Moxer O6biThb mogaH Ha Bxox 10
IectupaspsinHoro nenutens. Ha Buixome 14 msitoro paspsina sroro genurens ¢op-
mupyercs yactora 2 I', Ha Bhixoze 15 mecroro paspsiza — 1 I'u. Curman c uac-
ToTo# 64 Tl MOXKeT HCmOJb30BaTbCS IS NOAKMIOUEHHS  KHAKOKDHCTAJIHYSCKAX
HHAHKA10poB K BhixomaM MukpocxeM K176ME3 u K176ME4.

Bxox R cayXHT Ajst ycTaHOBKM HCXORHOH (a3l Kone6anuii Ha BHIXOZAaX MHK-
pocxembl Ilpu mopave sor. 1 ma Bxog R Ha Bmxozax 14 u 15— yposens Jor. 0,
nocje CHATHS Jiof. | Ha 3THX BHIXOJAX MOABJSIOTCA CHTHAJH C COOTBETCTBYIOLIEH
4acToToM, cmaj MepBOro MmmyJabca Ha Buixofe 15 mponcxomut uepes 1 ¢ mocae cma-
Za ypoBHs Jior. 1 Ha BXoze R.

Ilpn mopmaue Jor. 1 Ha BXOZ S NPOHCXOXMT ycTaHOBKAa Tpurrepos ¢ 10-ro no
15-ii B cocrosinne 1, mocae cHsiTusi Jor. 1 ¢ 3Toro BXoia cmaj MEpBOro HMIyJabca
Ha BHIXOjax 14 n 15 nPOHCXOIMT mpakTHUecKH cpasy. OOHUHO BXOZ S NOCTOSHHO
MOAK/I0YA0T K OOIeMy IDOBORY.

Kounnencatoper Cl n C2 cayxkaT aas TOYHOH YCTAaHOBKH UaCTOTBI KBapieBOro
reHepatopa. EMKOCTb NepBOro M3 HHX MOXeT HAaXOZHTbCH B npejiesax oT eNHHHL
a0 100 nd, emxocts BTOpOoro — 30..100 nd. Ilpu ysennueHHH €MKOCTH KOHJEH-
CaTOPOB YacTOTa TeHepalMH yMeHbllaetcs. Bosee yno6HO TOuUHyI0 yCTaHOBKY YacTo-
TH MOXHO NPOH3BOAHTH C MOMOIIBIO MOACTPOEYHBIX KOHIEHCATODPOB, MOAK/IIOUEHHBIX
napanntensio Cl u C2. Tlpm 3TOM KOHZEHCATOPOM, TOAKJMIOUEHHHIM MNapaslJiesbHO
C2, ocymecTsasiior rpy6yio HACTpOfiKy, NOAKMOUEHHHM napasienbho Cl — Tounyio.

Mukpocxemst K176MIE8 n K561ME8 — mecsituunsie cuetunku c pemndpartopom
(puc. 27). MukpocxeMbl HMEIOT TPH BX0JA — BXOA YCTAHOBKH HCXOJHOI'O COCTOSIHHSA
R, BX0oA AN MOJAYH CYETHBIX HMIYJbCOB OTpHuaTenbHol mnoaspHocty CN M BXOR
I/l TOAAYM CYETHHIX MMIYJbCOB MOJOXHTENbHOH mosspHocty CP. YcranoBka cuet-
uypka B 0 IPOHCXOAMT NpH moxave Ha BXoA R Jor.l, npu stom Ha Bhixoge 0 mo-
asasiercst  Jgor 1, Ha Bhixonax 1—9 —jor. 0 [lepekmoyeHHe CcOCTORHMI CyeTUHKa
NPOMCXOAHT MO CNafiaM MMNYJbCOB OTpHIATENbHOH NONSPHOCTH, MOJAaBaeMHX Ha
Bxox CN, npu stom Ha Bxome CP posxken Obith jor. 0. MoXHO Takxe MOAa-
BaTb HMINYJbCH TOJOXHTENbHON moJspHocTd Ha BxoZ CP, nepekmouenne Oyner
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Puc. 28. Bpemennas guarpamma paGotst Mukpocxem K176UE8 u K561ME8

MPOHCXOAUT, MO uX cnafam. Ha sxome CN npu stom poiksa Gbith Jor. 1. Bpe-
MeHHAs nuarpaMma paboThl MHKPOCXeMBI MpHBeJEHa Ha puc. 28.

Mukpocxema KS561UE (puc. 29) — cuetunk ¢ pewndpaTopoM, pabora MHKpO-
cxeMbl aHajornysa pabote mukpocxem KS561ME8 u KI76MES, no kosdduuueHt
mepecuera M WHCIO BHIXOAOB Aewndpatopa 8, a e 10. Bpemennas puarpamma pa-
GoTEl MHKpPOCXeMB! mpuBeeHa Ha puc. 30. O6e MHKpPOCXeMBl MOCTPOGHH Ha OCHOBE
CIBHTAIOIEr0 PErHCTPA C NEpPEeKPeCTHHIMH cBs3siMHM. IIpH mnojaue HampsiKeHHs mU-
TaHHS H OTCYTCTBHM MMIYyJbca cGPOCa TPHITePHl MHKPOCXEMBI MOTYT CTaTh B MpoO-
H3BOJIbHO@ COCTOSIHHE, HE COOTBETCTBYIOIlee Pa3pelieHHOMY COCTOSIHHIO — CUETYMKA.
Onnako B yKkasaHHHX MHKDOCXeMaX €CTb CHellHaJbHas Uenb (OPMHPOBAHMS paspe-
WeHHOr0 COCTOSHUS CYETYHKA, H TPH TNOJaue TAKTOBHIX HMIYJbCOB CYETUYHK uepe3
HECKOJIBKO T2KTOB NepedfeT B HOpMaJbHHH pexum paGorel. Iloatomy B aenurensix
9aCTOTH, B KOTOPBIX TOYHasi ¢asa BHIXOAHOTO CHFHAJa He BaXKHAa, JOMYCTHMO HE
nojaaBath Ha BXoanl R muxpocxem K561ME8 n KS561ME9 curnanoB HavasbHOl yc-
TAHOBKH.

Mukpocxemer KI176UE8, K561ME8 u K561ME9 moxHO 00benunsTb B MHOro-
PaspsiiHEle CUETYMKH C MOCJIENOBaTEJbHBIM NIEPEHOCOM, COEIHHSS BHIXOJ MEpeHOca
npexbaymieit MHKpocXeMbl co BxoAoM CN mocnenymomelt u nogasas Ha Bxox CP
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Puc. 29. Mukpocxeva K561UE9 Puc. 30. Bpemennas auarpavma pago-
Tel MuHKpocxembl K561ME9
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Jsor. 8. BoaMoXHO TakXKe cOefHHeHHe cTaplilero BhXOAa pewndparopa (7 uaun 9
anst UE9 wnu UIE8 coorsercTBenno) co Bxomom CP ciepywuiefi MHKpOCXeMH H MO-
nava #a Bxoa CN jor. 1. Takue cmoco6bl cOEAHHEHHS NPHBOIAT K HAKOIMJEHHIO
3afiepXKeK B MHOropaspsanoM cuerunke. Eciau Heo6x0auMo, yTOGH BHIXOAHHE CHI-
HaJbl MHKDOCXeM MHOrOpPa3psiHOTO CuUeTYHKAa H3MEHSJINCh OJHOBPEMEHHO, CJEeAYeT
HCIOJIb30BaTh NAapajie/bHB NEPEHOC € MHCIONL30BAHHEM JOMOJHHTENbHHIX SJeMeH-
ToB M-HE. Ha puc, 31 nokasama cxema TpeXJeKagHOrO CYeTYHKA C NapaJlIeJbHHM
nepesocom. Museprop DDI.1 neobxoauM b Asisi TOro, uroGH KOMIIEHCHPOBATh
3afepKkH B sneMenrax DD1.2, DD1.3. Ecan Brcokasi TouHOCTb OAHOBPEMEHHOCTH
nepekJIOYeHHs] NeKay CcyeTYHKa He TpebyerTcs, BXOLHBIE CUETHHIE HMIYJBCH MOXKHO
noxarb Ha BxoA CP muxpocxemmt DD2 Ges muBepropa; Bxog CN DD2 npu 3ToM
ciexyer mojartb Jor. 1. MakchManbHasi pa6ouasl yacTOTa MHOTOPAspsIAHBIX CUETYH-
KOB KaK C HOCJE€L0BaTesNbHBIM, TAK H C Napajiie/bHBHIM TNEpeHOCOM He CHHXKaeTed
OTHOCHTEJBHO YaCTOTHl PaGOTH OTAEJbHOH MHKPOCXeMHI.

Ha puc. 32 npuBexeH ¢parmeHT cxeMbl TafiMepa C HCIOJb30BAHHEM MHKPOCXEM
K176UE8 unu K561HME8. B momenr mycka Ha Bxox CN mukpocxemn DDI1 Haun-
HalOT TOCTynaTh cYerHele HMmyJbchl. Koraa MHKpocxeMB cueTYHKAa yCTaHOBATCA B
nosnoXeHusi, Ha6paHHbie Ha NepekjalovaTtessix, Ha Bcex Bxozax sjemenra H-HE
DD3 nosssatcs curHaas Jor. 1, snement DD3 BK/AIOUMTCS, Ha BHXOJe HHBepTOPa
DD4 nosBaTCS CHTHAJ JOT. |, CHTHANM3HPYIOUHA 06 OKOHYAHHH BPEMEHHOro HH-
TepBasa.

Mukpocxemnt K561ME8 u K561HME9 yno6Ho ucmosnb3oBaTb B AENHTENsX dYac-
TOTH C TNEpeKNIoYaeMHM KO3(h¢pHUHeHTOM peseHus. Ha puc. 33 mpuBeleH npHmep-
TPEXJEKAAHOTO AeuTenss dactoTH. Ilepekniouarenem SAl ycranaBJHBAlOT eHHHUIB
Heo6xoauMoro Kos(ouuueHTa nepecyera, nepekjioyareseM SA2 — mecarku, nepe-
gmouateseM SA3 —corun. Ilpu  goctuxenun  cyeTunkamu DDl —DD3  co-
CTOSIHHSI, COOTBETCTBYIOLUErO T0JIOKEHHAM nepexmo%-renei‘x, Ha BCE BXOAHI
anementa DD4.1 nocrymaer Jjor. 1. DTOT 9SsJeMeHT BKJIOYaeTCs M ycTaHaB-
JAuBaeT Tpurrep Ha sjementrax DD4.2 u DD4.3 B cocTcanue, npH KOTOPOM HZ
Bhixoze  assaementa DD43  mosBasercs Jor. 1,  cOpachiBammas — CHETYHKH
DDI1 —DD3 B wucxoasoe cocrosuue (puc. 34). B pesynbrate Ha BRIXOZE
snementa DD4.] nosBiaseTcs TakXKe Jor. 1 ¥ caelylomHH# BXOIHOH HMIYJbC OTPH-
LaTebHOM MOJSIPHOCTH ycTaHaBiuBaer tpurrep DD4.2, DD4.3 B HcXonHOE COCTOS-
Hue, CHTHa;n c6poca co BXOXoB R Murpocxem DD!—DD3 cHuMaeTcs H CUETUHK
NOpOJOJ/IKAET CyeT.

Tpurrep na siaemenrax DD4.2, DD4.3 rapanmtupyer cGpoc BceX MHKDOCXEM
DD1—DD3 nps JOCTHXKEHMH CYETYHKOM HYJKHOTO cocTosiHms, IIpu ero orcyTcTBAM

Cyem DDI KS617A9  Dp2-DD4 KS6IMEE
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Puc. 31. Mapannenwubit cueTuux
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Puc. 34. Bpemennas gu-  Puc. 35. JleanTesb uacToTel Ha IlecTb (@) H Bpe-
arpaMMa pabOTHl JeaHTe-  MeHHAs auarpamma ero paGoTu (6)
s

u OoJbmioM pa3bpoce MOPOros mepekyioueHHs MHKpocxeM DD1—DD3 no Bxoaam
R Boamoxen cayuail, korga oaHa u3 MukpocxeM DD1—DD3 ycranasausaercs B
HyJb [ CHMMAeT cHTHaJ cOpoca CO BXOAOB R OCTaNbHBIX MHKPOCXeM paHblie, YeM
curnas c6poca JROCTHIHET NOPOra HX mnepekjiovenns. ORHAaKO Takoil cayyah Malo-
BepOsATeH, H OOLIYHO MOXKHO OOofiTHCh Ge3 Tpurrepa, ToyHee, 6e3 ajementra DD4.2.

Jast nonyuenuss kosbduunenra nepecyera MeHee 10 pas muxpocxemsl K561HE8
u MeHee 8 pna KS561ME9 MoXHO NOmKOUHTL BHIXOA AeIMGPATOPa € HOMEPOM,
COOTBETCTBYIOIHM HEOOXONHMOMY Ko3((HIHEHTYy, HeMOCPEeACTBEHHO K BXOAY R,
HanpuMep, KaK 3TO NOKa3aHO Ha puc. 35,0 nas koadpduuuenra nepecyera, paBHO-
ro 6. BpemeHHdss nnarpaMma palOThl 3TOrO JeJuTeds NpuBeaeHa Ha puc. 35,6,
CursaJy mepeHoca MOXHO CHHMaTb € BbIXoja P ammb B cayyae, ecad koddbuilneHT
nepecuera coctaBasier 6 u Gosee mas KS561ME8 u 5 u Gonee nna KS61ME9. Ilpn
JI060M K03 GdHUKHEHTe CHTHAN NepeHoca MOXHO CHHMaTh C BbIXOHA JellH(ppaTopa
C HOMEpOM, Ha eJHHHIy MEHbUIHM Ko3(ddHuuHeHTa nepecyera.

Hugukanuio cocrosinusi cuerunkoB MukpocxeM KI76HMES8, K561ME8 ypo6ro
NPOI3BOAHTL HA T[a30pa3psAIHBLIX HHIHKATOPAaX, COIjacys HX C NOMOUIbIO KJloued
Ha n-p-n TtpaHsucropax cSopox KIHT661, I1307—I1309, KT604, KT605 (puc. 36).

Mukpocxema K561MEIQ (puc. 37) coaepxuT ABa pas3iebHBIX YETHIPEXpaspsii-
HbIX JBOMYHHIX CuETYMKa, KaXAHH K3 xoTophix Hmeer BxoAwm CP, CN, R. V¥cranos-
Ka TDHITEPOB CYETYHKa B HCXOJHOE COCTOSIHHE OCYILECTBJIAETCA NOAauedl HAa BXOA
R qor. 1. Jloruka pabotsl BxogoB CP u CN orTamuna or paloThl aHAJOTHUHBIX
sxonos B Mukpocxemax KB561ME8 n K561ME9. CpabarniBanne TPUITEPOB  MHKPO-
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Puc. 36. ToxkmoueHue rasopaspsiuo- Puc. 37. Mukpocxema K561HE10
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Puc. 38. Bpemennds auarpaMma pa6ot Puc. 39. Tlocnegosatenn-
cyerguka MmuxpocxeMn K561HEI1Q HBEI CYETYHK Ha MHKDO-

cxeme K561HEL0

cxeme KS61VIEI0 mpoHCXOAMT DO CHagy HMOYJBCOB MOMOKHTENLHON NOJNSPHOCTR
Ha Bxope CP npu Jsor. 0 ma Bxome CN (mas K561ME8 u K561ME9 na sxoze CN
ROMKHB GHTB Jor. 1). BosmMoXHAa MOjaua MMNYJAbCOB OTPHLATENLHON MNOMAPHOCTH
Ha Bxo& CN, npu srom na sxoge CP gomxna 6mrs aor. 1 (mas K561HES u
K561ME9 — nor. 0). TakmM o6pasom, sxogst CP m CN (muBepcHnil) B MHKpO-
cxeme K561MEI0 oGnexuuenbr mo cxeme asementa H (B K561UES u KS561UE9 —
Win).

Bpemennds AuarpaMma paGOTH ORHOTO CYETYMKA MHKPOCXEMH TNpUBENEHA HA
puc. 38. Ilpu coefMHENHMH MHKPOCXeM B MHOrODa3pARHHIA CUCTUHK C NMOC/efOBATENbe
HEIM NEPEHOCOM BHIXOAR C BEeCOM 8 NpeNBIAYUIMX CYETYHKOB COCLUHSAIOT CO BXO-
zamu CP nocienyiommux, a na Bxoasl CN noaawor Jor, 0 (puc. 39). Ecam Heobxo-
ZEMO o0ecneunTb NapajuIeNbHEM MEpeHOC, CJefyeT YCTAHOBHTb  JOMOJHHTENbHHIE
saementst W-HE n W/IW-HE. Ha pnc. 40 npHBefieHa cXeMa cueTynKa c napaf-
JeabHbIM mepenocoM. Ilpoxoxaenune cuerHoro umnyibca Ha Bxof CP  cueruuka
DD22 uepes snement DDI1.2 paspemwraercs mpu coctrosuuu [111 cuetunka DD2.1,
TpH KOTOPOM Ha BhXofe ojemeHta DD3.1 sor. 0. AHaJOrMYHO NpPOXOKAEHHE CYET-
Horo uMnyabca Ha BXxoj CP DD4.1 Bo3moxuO aumb npu coctossun 1111 cyeruu-
koB DD2.1 u DD22 u 7. 5. Hasuauenne snementa DDI.l Takoe xXe, Kak =
DDI.1 B cxeme puc. 31, u OH NpH TeX Xe yCJOBHAX MOXeET GHTb HCKMOYeH. Max-
CHMaJIbHAst 9acTOTa BXOAHEIX HMIYJbCOB JJs1 OGOHX BapHAHTOB CYETYHKOB OMMHA-
KOB3, HO B CUETYMKE C NapajJIeJbHHIM NEPEHOCOM IepeKMIOYeHHe BeeX BBIXOAHBIX
CHT'HAJIOB IPOHCXOAUT ONHOBDEMEHHO.

Bxed  TOI ASELIEW 702, 094 KSEIHEW 793 KS6171A8 .
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OnxHH CYeTYMK MHKDOCXEMBI MOXKeT OHITh HCIOJb30BAH IJA NOCTPOEHHN gmeMH-
TeJsefi YacTOTH € pasJHyHBIM Kodhduuuentom aenenus ot 2 go 15. Jas npumepa
Ha pHc. 4] mpuBeleHa cxeMma cyeTyHKa ¢ Kosdduumentrom mepecuera 10. das no-
Jyyenusi koabduunerToB nepecwera 3, 5, 6, 9, 12 MOXHO BOCMOJL30BATbCA TOH XKe
CXeMO#l, COOTBETCTBYIOLINM 0Gpa3oM BHIGpaB BHIXOAB CYETYHKA IJIf NOAKJIOYEHUS
k0 Bxojam DD2.1. Oas noayueuns kosbduuuentoB nepecuera 7, 11, 13, 14 ane-
menr DD2.1 gonkeH uMeTb TpH BXoZa, AJas Kodddunmenta 15— ueThipe.

Mukpocxema K561HME]]l — nBonuHbIl ueTHpexpaspsAHb peBepCHBHHIN CYETUHK
¢ BO3MOXKHOCTHIO MapalieJpHof 3anucd HHpopMmamuu (puc. 42). Muxkpocxema HMe-
€T yeThipe HHGOPMAUHOHHBIX BbIXORa 1, 2, 4, 8, BbIXox nmepeHoca P u caexywomue
BXoAH: BXOA nepeHoca PI, BXom yCTaHOBKH HCXOZHOrO cocrosfisus R, Bxoa AAA
nojayy cyeTHHX uMnyabcoB C, BXoA HampapJjeHHs cuyera U, BXOAM IS NOJAuM HH-
tdopManuy npu napaiieabHoit sanucn D1--D8, Bxom paspewenns mnapamiensnoit
3amucH S.

Bxox R mMeeT mpuoputeT Hax OCTajbHBIMH BXOJAMH; €CJM HAa Hero HNOAATh
Jjgor. 1, To Ha Bhixoxax 1, 2, 4, 8 6yser nor. 0 He3aBHCHMO OT COCTOSIHHA APYTHX
BxoaoB. Ecan Ha Bxoje R sor. 0, TO NpHOpPHTET Haj OCTAJbHBIMM BXOAAMH HMeeT
Bxon S. Ilpu mogaue Ha Hero Jjor. | NMPOHCXOAHT 3aNMuch MHGOPMANMH CO BXOLOB
DiI—D8 B Tpurrepr cueTyHKa.

Ecan na Bxozax R, S m Pl gor. 0, paspemaerca pa6oTa MHKPOCXEMH B CYer-
HOM pexume MPH 3TOM eca# Ha Bxoje U Jor. 1, To mo KaXAOMy CMaiy BXOZHO-
FO MMIYJAbCa OTPHUUATENbHOH NOJADHOCTH, mocTynawilemMy Ha Bxox C, cocrosHHe
cyeTunka OyjleT yBeJnuynBaThcsl Ha edauHuuy. Ilpu sor, 0 ma Bxome U cuerynk me-
pekyioyaeTcs B PeXHM BLIYHTAHHS — N0 KaXAOMY CNajdy UMOYJAbCca OTPHIATENbHON
nonaspHocTH Ha BXoje C COCTOfIHHE cYETYMKA yMeHblIaeTcsi Ha eAuHuny. Eciam Ha
Bxon nepeHoca P1 moxath sor. 1, cueTHEIi peXHM 3ampeiaercs.

Ha Buixoge nepesmoca P jor. 0, ecaim Ha Bxoge PI sor. 0 m Bce Tpurrepu
CyeTYMKa HAXOAATCH B COCTOAHHM 1 mpH cyeTe BBEPX WJH BCe TPHUITEpPHl B COCTOSI-
HuM 0 mpH cueTe BHH3.

Jas coennHeHHs MHKDPOCXEM B CYETYHK C MOCJEAOBaTEJbHHIM NEPeHOCOM Heol-
X0AMMO OGBENHHMTH MeXay co6oit Bce Bxogn C, BhIXOAH P MHKpocXeM COeIMHHTD
co Bxozamu Pl caenywomux, a ra Bxod Pl MukpocxeMsl MJafllero paspafa NOZATh
Jor. 0 (puc. 43). BeIXOAHBIE CHTHAJMEl BCEX MHUKPOCXEM CYETYHKA H3MEHSIOTCS OLHO-
BPEMEHHO, OJHAKO MAaKCHMa/bHAsl 4acToTa DabOTH CueTYMKA MeHbINe, YeM OTHeNb-
HOMl MHKPOCXeMBl M3-32 HAKOIJIEHHS 3ajJiepXKeK B uenu nepenoca. Jlas oGecnmeuenus
MaKCHMaJbHOH paGoueli 4acTOTH MHOrOpPa3psifHOrO CUeTUYHKA HeoGXoxumo obecme-
YUTh MapaJjiesbHbIl fepeHoc, AJs uero Ha BXoxsl Pl Bcex MHKpocxem noAats Jor. 0,
a curhaqel  Ha Bxoabl C MHKpOCXeM To0JaTh yepe3 JOMOJHHTEJbHbE 3JeMEHTHI
WJIY, kak 3T0 nokasaHo Ha puc. 44. B 3TOM ciayyae nmpoXoXKJEHHE CUETHOrO HM-
nyJabca Ha Bxoxkl C MHKpocxeM OyZeT paspelieHO TOJbKO TOrAa, KOrjla Ha BHIXO-
Jax P Bcex mpexamaymiux MukpocXem Jor, 0, mpuueM BpeMsl 3aiepXKeK 3TOrO pas-
pellleHusl MOcJe ONHOBPEMEHHOrO cpabaThiBaHHA MHKDOCXEM He 3aBHCHT OT 4YHC/Ia
paspsoB CcYETYHKA.

Ocobennoctn noctpoerns MukpocxeMsl K561ME!l Tpe6yioT, uTo6bl H3MEHEHHE
CUrHANa HanpabJeHust cueTa Ha BXxoge U mpoucxomwio B nayse MeXay CUETHHMH
nmnyaecaMi Ha Bxoze C, T. e. mpu sor. 1 Ha 3TOM BXOZe.

Mukpocxema KI76ME12 npemnassauena JJis HCHOJb30BAHHA B 3JIEKTPOHHBIX
uyacax (puc. 45). B ee coctaB BXOAMT KBapueBnil resmepaTop G ¢ BHEUIHHM KBap-
UEBHIM pe30HaTOpoM Ha uactory 32768 I'm u gsa gmeauteas uwacTothl CT —wna



S1anoLI ~
HFWIX00dMHIN  KHHOhOIINE ~

BWIXD EKRHOLH] .mw ond wooonodan wmnararreden o [1H}19S) XEWOXJOdMHW BH NHRIdRY) ‘j§ “OHd
,.N\ o s B —
N J e | | — s |
o E %\% “ S sy i
2y Wiz & S9N i o1 on
: 3 UIHIIEY 0 i 91
i . 7 7 = R saq'ean C1aq i Wi it
‘s 12 Iy 4
n85.c8 == 4| 9 M il Vi 1"
b el s s s
(~Z71% % 2 7 J
I Z M1 L ! R U 7
S rum T i ol B R T W | cze rem ad
& saq L7 wa wary )
e : N=
T ouw
ouws W
WOOOHIdSL WITHALILEEOYILION 11EM198) B OLEMI98Y oK
O ITAMI99N XeWdX0dNHW BH MNHRISL) ‘gh OHd -9X00d¥HW gp oud -9X00d¥HW BH BYEWRY[ ‘[ OHJ
=l 14 d Id dJ 1/ .y =
3 o0 Iy By £ s T
° e
§ | " " _ ol I sigsy |4 L
3 gl |t 200 \0*F
b a 7 21 z i 171
g Vg 4 V4 s e
UIMISH Yl 7 o[ [H
s s S - 1z sk 1r M
X 7 7 o 73 2L 4 W l_..m I
s - 0 nh— -, T il
m. 2|y 219l ¥ M I 9 o o1 ._._._ 1] 49143 177
o
R san za0 1 wang 6 DIINI95Y Jad
7L
I

Dl our W



£ 1 215=32768 u ma 60. Ilpu noakmioye-
F 1026 72 HHH K MHKDOCXeMe KBapleBOro peso-
—rrririrure

HAaTopa 1Mo cxeMe puc. 45 oma obecne-

T 1 1 4YHBaeT MOoJyueHHe uacToT 32 768, 1024,
72 T . 128, 2”, 1 u 1/60 Tu. MMnyascw c ua-
7 — croroit 128 Tu dopmHpyloTcs Ha uye-
= THIPEX BHIXOJAX MMKDPOCXEMEI M CJBH-

T4 L 1 HYTB MeXAy co60f Ha uYerBepTb ne-
2 ML s pHOJA, HX CKBaXHOCTh paBHa 4. OTu
HMILYJIbCHl TPefHa3HaueHBl [JJs KOMMY-

s L T L /7 y P o y

TallHh BHAKOMECT HHAHKATOpa YacoB

J9c c
g OpH JHHAMHYECKOH HHAMKauHH. VM-
M | ——1__ n p :
. versy nyJbchl ¢ uwacroror 1/60 Tum  mo-

JalTcs Ha CYETYHK MHHYT, HMIYJb-

Puc. 46. Bpemennas jauarpamMma paGoThl e ¢ uacToroh 1 '  MOrvT  He
muxpocxemnl K176UE12 o Mmory

noJib30BaThCA  AJSA  MOJAYH HA CUeT-

9HK CeKYHJ H I/ 3aXKHTaHHA DasieJHTeNbHOH TOUKHM, AJS YCTAHOBKH MOKa3aHHH
4acoB MOTYT HCIOJb30BaTbhcsl HMOyJbchl ¢ uyacToToil 2 I'm. Yacrora 1024 T'n npen-
HasHayeHa JJ1g 3BYKOBOrO CHTrHasja GyIHMJbHHKA H AJS ONpOoca pas3psifioB CUETUHKOB
IpH JAHHAMHYECKOH MHAHKAlMH, BBIXOL 4acToTHl 32768 I'm kourpoabHbli. Pasobhe
COOTHOIUEHHSI KoJsieGaHHH DPAas/HYHBIX YacTOT OTHOCHTEJbHO MOMEHTA CHATHS CHMrHa-
sna cbpoca TNPONEMOHCTPHPOBAaHBl Ha pHC. 46 (BpeMeHHBle MaciuTabbl pa3J/HUHBIX
IHarpaMM Ha 3TOM DHCYHKE DasJIHYHBHI).

Oco6eHHOCTBIO MHKPOCXEMHl SIBJISIETCST TO, UTO NEPBHl clajy Ha BHIXOAE MHHYT-
HHX MMNYJbcoB M mosaBasercs cmycTs 59 ¢ mocsie CHATHA curHajga «¥Ycr. 0». dto
3acTaBJIsseT NMPH NyCKe YacOB OTNYCKATh KHONKY, (OPMHpyIOmyl0 curHad «Ycr. 0»,
CIYCT OAHY CEKYyHAY TOCJe WIECTOr0 CHrHajla mosepkH BpeMenH. QpouTH H cmanbi
HMIYJAbCOB Ha BHXOJe M CHHXPOHHH CO CNAaJaMH HMNYJIbCOB OTPHIATENbHOH MO-
JspHOCTH Ha Bxogme C,

ConporuByienne pessrcropa R1 MoxeT HaxoauTbesi B mpepenax 4,7 .33 MOy,
OJHAKO NPH ero 3HaueHHH MeHee 10 MOM Bo36yxpaioTcs He BCe KBApUEBHE De3o-
Harophl. Kongescarop C2 ciyXHT mJs TOUHON noacrpoiiku yacroTH, C3 — pas rpy-
6oit. B GosbmuHcTBe cayyaeB KoHAeHcatop C4 MoxeT ObIThb HCKJIIOYEH.

Mukpocxema KI176ME13 npeannassaueHa A 3JeKTDOHHBIX 4acoB ¢ OyaHJbHH-
koM. OHa CONEpKUT CUETYMKH MMHYT M YacoB, PErHCTP NaMATH OyRu/IbHUMKA, UEnu
CpaBHEHHS M BHILAYH 3BYKOBOTO CHMTHAJIa, LleNH AHHAMHYECKOH BHIAAuM KONOB UHp
IJs mofauM Ha HHAukaTope. OG6buno Mukpocxema K176MEI13 wucmosbsyercs cos-
mectio ¢ K176UE12. PekomeHayeMoe cOefZHHEHHE 3THX MHKPOCXeM TNOKa3aHO Ha
puc. 47. OCHOBHBIMH BBIXOJHBIMH CHIHaJaMH CXeMbl DHC. 47 SABJSIOTCS HMNYJIbCHI
T1—T4 u koxst undp 1, 2, 4, 8. B Moments, koraa Ha Bhixome T1 Jor. 1, Ha
BeIxOZax 1, 2, 4, 8 mpucyTcTBYeT Koz UMOPH €IMHHI MHHYT, KOTAa JOT. | Ha BH-
xoae T2 —kox UubpHl AecsiTKH MHHYT # T. A. Ha Bhixome S-uMIyJlbcH € 4acToTO#H
1 I'm pJs WHAMKAUMM Mepuawolieil paspeurejbHON ToukH. VIMOyJbcH HA BHIXOAE
C cayxaT A cTPOGHPOBAHHS 3aMHCH KOAOB UH(pP B TPHUITEPH NaMATH MHKPOCXeM
K176U 102 r K176UJ3, uMnyabc Ha BhixoJe K MoXeT HCHOJb30BaTbCs I raile-
HHSl HHIMKATOPOB BO BPeMs KOPPEKIHH MOKa3aHHMHA YacoB.

Ha soixoge HS — Buxonsoft curian Oynuabeuka. HcmoapsoBamue BHXOAOB S,
K, HS He o6sasartembno. Ilogaua Jor. 0 Ha BXox V  MHKDPOCXEMHl MEpEBOJHMT ee
BRIXOAH 1, 2, 4, 8, C B BHICOKOHMIEJAHCHOE COCTOSHHE.
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Puc. 47. Tunosas cxema coexnunenuss muxpocxem K176MEI12 u K176UE13

[lpn nmopave MHTaHHS HA MHKDPOCXEMBl B CUETUHK YacOB H MHHYT M B DETHCTp
TIAMATH aBTOMATHYECKH 3aNHCHIBAIOTCA HYJAH. Jlns BBeJGHHS B CUETUMK MHHYT Ha-
YaJbHOTO TOKA3aHHA CJeAyeT HaXaTh KHONKY SBI, noxasaHHsi cYeTYMKa HaYHYT
Hu3MeHATbes ¢ yactotoit 2 T'm or 00 mo 59 u nanee cHoBa 00, B MOMeHT mepexona
or 59 x 00 mokasaHHs CyeTYHKa YacOB YyBeJHuarTcs Ha efuHnny. IlokasaHus cuer-
uMKa yacoB OyAyT TakxKe H3MeHAThcA ¢ yacroToir 2 I'm or 00 mo 23 u cuosa 00,
ecan HaxaTb KHonmky SB2. Ecam Haxarb ksonky SB3, Ha mHpuKaTopax MOsIBHTCSA
8peMs BKJIOUEHUS CHrHaja OyjnuibHHka. [IpH OZHOBpEMEHHOM HaXaTHM KHONOK
SB1 u SB3 nokazanne paspsaioB MHHYT BDEMeHH BKJIOUEHHs OyauabHMKa Gygaer
naMenarbcs or 00 mo 59 u cHoBa 00, ojHaKo mepeHoca B pa3psiiHl yacoB He NpoO-
vcxoauT. Ecanm HaxaTe kHomku SB2 u SB3, Gymer uaMeHsATbcsl TOKasaHue paspsi-
OB 4acOB BpeMEeHH BKJIOUeHHs OYyAUJbHHMKA, NPH Nepexone H3 cocrosiHus 23 B 00
npou3oiAeT cOpoc nokasaHWH paspsafoB MHHYT. MOXHO HaXaTb Cpa3y TPH KHOIKH,
8 3TOM cJyyae OyAYT H3MEHATbCS MOKa3aHHS KaK DPa3pslIoB MHHYT, TakK H 4YacoOB.

Knonka SB4 cayXHT i mycka 49acoB M KOPpPEKIMH X0Ja B IpoLEcce IKCIJy-
aranuu. Ecan HaxaTh kHOmKy SB4 M OTHyCTHTB €e CHyCTsl CeKyHAY MOCJe IIecTo-
IO CHrHajia NOBEpKH BPEMEHH, YCTAaHOBHUTCS MNpPaBHJIbHOE MOKA3aHHE CUETUHKAa MH-
Hyr. Temeph MOXHO YCTAHOBHTb IIOKa3aHHsl CUYETYHKA YacOB, HaXaB HAa KHOIKY
SB2, mpu 3TOM XO0J CueTYHKa MHHYT He OygZeT HapyuleH. EcJH NMOKasaHHS CueTYH-
¥Ka MuHYT Haxolsircsi B npepenax 00—39, mokasaHHSI CUETYHKA YacOB NIPH HaXKaTHH
H OTHycKaHWH KHomkM SB4 He maMenstcs. Ecan Xe MOKasaHus cueTUMKa MHHYT Ha-
XoAATcs B uHTepBajse 40—59, mocne ornyckaHHsi KHOmkH SB4 mnoka3zaHHs CueTYHKa
YacoB yBeJHUHBaercs Ha enuHHny. TakuM o6pa3oM, AJis KODPEKIHH XOJa YacoB He-
3aBHCHMO OT TOrO, OMa3AbIBAJH Yachl WJH CHEUIMIH, AOCTATOYHO HaXKaTbhb KHOTKY
SB4 u OTHYCTHTb €e CHyCTs CeKYHAY MNOCJe LIECTOr0 CHIHajlla NMOBEPKH BPEMEHH.

CranpapTHasi cXeMa BKJIOYEHHSI KHONOK YCTaHOBKH BpeMeHH o0jajaeT TeM He-
JOCTAaTKOM, YTO NpPH CaydYafiHOM HaxKaTWH Ha KHomkn SBI mam SB2 npoucxozut
cboft mokasauufi yacoB. Ecin B cxemy puc. 47 no6aBuThb OAMH QHOA H OAHY KHOM-
Ky (puc. 48), mokasaHHS 9acoB MOXHO OyneT H3MEHHTb JIHIIb HaXaB cpa3y ABe
KHONKH — KHonky SB5 («YcranoBka») u Keonky SB1 mim SB2.
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Ecnm  moxasaHus 49acoB H BpeMs

vor o5, BKJIOYEHUS CHIHala GYAH/bHHKA HE COB-
77 «ﬁ_%ﬁji nanaioT, Ha BHxoge HS MuKpOCXeMH
%4 R1100x K176UE13 aor. 0. Ilpu coBnagenun mno-
72"'91—: - Kasawuit Ha BHxoae HS nossasiores
“‘Z’ggﬁsz $87 MMOYJABCH  TIOJIOXKUTEJBHOR  NOJIAPHOCTH

Vo3
77— :IDL » ¢ uvactotoft 128 T'm H AJHTENBHOCTHIO

488 Mkc (cxBaxHocTh 16). Ilpm nopa-
Puc. 48. MogubunupoBannas cxe. Y€ HMX 4Yepe3s IMHTTEPHH MOBTOPHUTENs
Ma COEAUHEHUSA Ha mo6Gofi u3JAyvyaTeNb CHrHAJA HalOMH-

HaeT 3BYK OOBIYHOTO  MeXaHHUeCKoro

Gyaunbnuka, CHrHan mnpekpailaeTcst, KOTZa MOKa3aHMsA YacoB H Gylu/bHHKA Ie-

PECTaloT COBMNAanaTh.

Cxema cornacoBanus BhixonoB MukpocxeM K176HE12 m K176UE13 ¢ unau-
KaTopaMu 3aBHCHT OT uX THna. Jns npuMepa Ha puc. 49 npuBesena cxema NoOz-
KJIIOYeHHs [OJYNPOBOJHHKOBHIX CEMHCErMEHTHHIX MHJAMKATOPOB C OGIIMM aHOLOM,
Kaxk xaroznne (VT12—VTI18), Tak u aHomunie (VT6, VT7, VT9, VT10) kjai04H BH-
NOJMHEHBl MO cXeMaM 3MHTTepHBIX nosropurenefi. Pesncropamu R4—R10 onpepens-
eTcsl HMNYJbCHBIA TOK uepe3 CerMEeHTHl HHAHKATOPOB.

YkasamHoe Ha cxeMe 3HaueHHe comnpoTuBjenHfi R4—R10 oGecneuuBaer uM-
NyJAbCHHA TOK Yepe3 cerMeHT IpUMepHO 36 MA, 4TO COOTBETCTBYeT CpPeiHEMY TO-
Ky 9 MA. [Ipu Takom Toke HuAukatopnl AJI305A, AJIC321B, AJIC324B6 u npyrue
HMEIT AOCTAaTOYHO fPKOe CBeyeHHe. MaKCHMaJbHBIA KOJJEKTOPHHA TOK TpPaH3HCTO-
poB VT12— VTI8 cootBercTByer ToOKy ojHoro cermenta 36 MA H mo3atoMy 3iech
MOXKHO HCNOJb30BaTb NPAaKTHUYECKH JIOObIe p-n-p TPAH3UCTOPH ¢ JAONYCTHMBIM TOKOM
36 MA u Goaee.

WMnyJbcHble TOKH TPaH3HCTOPOB AHOQHBIX KJIoWeli  MoryT  jocTturath 77X
X36 MA=252 MA, mo3TOMy B XauyecTBe AHOXHBIX KJIOUeH MONKHO HCMOJb30BATH
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Puc. 49. Tloaxmouenne k muxpocxemam K176HE12 u K176HUE13 moaynpoBoanuko-
BBIX MHAHKAaTOPOB ¢ OGLIMM aHOAOM
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TPAH3UCTOPHI, NONYCKAIOIIHE YKA3AHHBIA TOK, ¢ KOI(DOHUHEHTOM YCHICHHS hy; 5 HE
MeHee 120 (cepuit KT3117, KT503, KT815). Ecan Tpansucropos c hy15 =120 mo-
Ho6path HeJb3sl, MOXKHO HCNOMB30BATh cOCTaBHble Tpansuctopu (KT315-+KT503 mm
KT315+KT502). Tpansucrop VT8 — n0Go# MasOMOLIHBI, n-p-n CTPYKTYpHL

Tpausucropot VTS5 u VTl — aMuTTepHble NOBTOPHTENH IS MOLK/IOUEHHS
HanyyaTeas 3Byka OyauibHuka HAL, B kauecTBe KOTODOrO MOXHO  HCIOJb3OBATh
oGble TeMeOHBl, B TOM 4Hc/Je MasoraGapHTHEE OT CAYXOBHX amMaparos, JioObe
AUHaMHUYECKHE TOJIOBKH, BKJ/IOYEHHBIE uYepe3 BEHIXOLHON TpaHchOPMaTop OT JoGOro
papuonpuemuuka. IlonGopom emkoctn xoHaeHcatopa Cl MoxHO D06GHTBCS HE06xo-
ZHMOH TDOMKOCTH 3BY4YaHHsl CHUFHA/A, MOXKHO TakXe YCTAHOBHTb NEPEMEHHEIA pe-
auctop 200 ..680 Owm, BKmOuMB ero noTenunoMetpoM Mexay Cl u HAL. Buxiio-
yarenb SA6 ClyXHT AJISl OTKJAIOYEHHS CHCHala GyIHJbHHKA.

Ecin ucmosmbsyiotest uwHAmKaTOpsl ¢ OGIUM KATONOM, 3MHTTEDHEHIE NOBTOPHTE-
aH, NoAKmMouaeMbie K BbixogaM DD3, crepyer BEINOMHHTD HA n-p-n TPAH3HCTODPAX
(cepun KT315 u ap.), a Bxox S DD3 coenunuth ¢ obmuM npoBosoM. Jaa moaa-
YH HMIYyJbCOB Ha KAaTOAbl MHAHKATOPOB CJefyeT co6paTh KJIIOYM HA N-p-n TPAH3HCe
TOpPax no cxeme ¢ olwuM 3MuTTepoM. VX 6asbl CiaefyeT COENHHHTb ¢ BHIXOJAMH
T1—T4 mukpocxembr DDI1 wepes pesucrops 3,3 kOm. TpeGoBaHHA K TPaH3HCTOPAM
Te JKe, YTO H K TPAH3UCTODAM AHOJHBIX KJIOYell B CJAyyae HHAHKATOPOB € OOLUM
aHoZOM.

MHpukauns BO3MOXKHa H C NOMOLLIO JIOMHHECUEHTHHX WHIHKAaTOPOB. B 3ToM
clyyae HeOGXOAMMBI mojaua HMOyJbcoB T1—T4 Ha CeTKH MHAMKATOPOB H MHOJKJIO-
yeH#e oObeIHHEHHHX WMeX1y coGoH ONHOHMEHHBIX aHOLOB HHIHKATODPOB HuEpe3
mukpocxemy K176M12 nan KI176M13 k Bmxomam 1, 2, 4, 8 mukpocxemst
K176HME13.

Cxema nojayn HMIYJAbCOB Ha CETKH WHAHKATOPOB IpHBeJAeHa Ha puc. 50,
Cerku Cl1, C2, C4, C5 — COOTBETCTBEHHO CETKH 3HAKOMECT eIMHHL H AECATKOB Mu-
HYT, e[HHHL H JecATKOB yacoB, C3 —ceTKa pasienuTe/NbHOR TOUKH. AHOAB HMHIM-
KaTopoB cJeAyeT NOJKJIOUHTb K BhIX0oZaM Mukpocxemn KI176WJ12, noax/ioueHHON
k DD2 B coorBercTBuH c BkjoyeHHeM DD3 puc. 49 ¢ moMomplo kJouefl, nopoG-
HEIX kJouam puc. 20,6, 21, 22; Bxox S mukpocxemn KI76WJ12 pokeH GHTH NMOA-
xJoyeH K +9 B.

BosmoxHo ucnosnbsoBanne MukpocxeMnt K176HI03 6Ges xaouedt, ee Bxox S
AOJKEH OwnTh NOAKMOYEH K oflieMy npoBoay. B moGoM ciyyae aHOAB H CETKH
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Puc. 50. INoakmouenne K MukpocxemaM KI76UEI2 u KI76UE13 BakyymHHX Jio-
MHHECLeHTHBIX HHAHKaTOpPOB
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HHIHKATOPOB AOMXHH ObiTh yepe3 pe3ucTopH 22..100 KOM NOAKMIOUEHH K HCTOY-
HUKY OTDHUATEJbHOrO HANpSKeHHs, KOTOpoe IO alCoJIOTHOR BeaHuMHe Ha 5.,
.. 10 B Goublle OTPHLATENLHOTO HANMPSIXKEHHS, NOAK/IIOYEHHOrO K KaTOAaM HHIHKA-
topos. Ha cxeme puc. 50 sTo pesucropel R8—RI2 u Hanpsikenue —27 B.

IMonauy umnynbcoB T1—T4 Ha ceTKM HHAMKATOPOB OueHb YAOGHO TPOHM3EOIHTD
npu noMoun Mukpocxembl K161KH2, monas Ha Hee HanpsixkeHusl IHTaHHS B COOT-
BETCTBHM C pHc. 22.

B KauecTBe HHINKATOPOB MOTYT HCNOJb30BAThCA JOGHE ONHOMECTHHE BaKyyM-
Hble JIIOMHHECIEHTHble HHAMKATOPHl, a TaKXKe IIOCKHE UYEeTHIPEXMEeCTHble HHAHKATOpH
¢ pasgeauTenbHhiMH Toukamu HIBJI1—7/5 u HBJI2 —7/5, cnenmuanbHo mpenHasHa-
yeHHble 11 4acoB. B kayectse DD4 cxembl puc. 50 MoOXKHO HCNOJB30BaTh JIOGHe
HHBEPTHPYIOILHE JIOTHYECKHE 3JIEMEHTHI.

Ha puc. 51 npuBemeHa cXeMa COIVIaCOBAaHHSI C ra3opaspsAHBIMH HHIMKAaTOpa-
Mu. AHOZHblE KJIOUYM MOTYT OHITb BHINOJHEHH Ha TpaHsucTopax cepuit KT604 n
KT605, a Takxe Ha TpaHaucropax cGopox K1HT66I.

HeoHoBass namna HGS ciyXur ais HHIMKAUMM pasgenutenbHoldt Touku, Omno-
MMEHHBle KaTOIbl HHIHKATOPOB CJeAyeT OGbeAHHHTb H NOAKJIOUHTH K BBIXOAAM Je-
mupparopa DD7. Huseprop DD4 obecneunBaeT railleHHe HHIHKATOPOB Ha BpeMs
HaXaTHs KHONMKH KOPPEKUHH.

Mukpocxema K561ME14 — nBonuynbli M JBOMYHO-NECATHYHBIA uYeTHIpeXpaspsf-
uulit pesepcuBHH#l cuetunk (puc. 52). Ee oTamuue or Mukpocxemn K56IMEII 3a-
KMoyaeTc B 3aMeHe Bxona R Ha Bxon B — BXoX mepekiioueHHs MOALYJs cueTa.
Ilpu aor. 1 Ha Bxoge B wmukpocxema K561MEI4 npoH3BOAMT ABOMYHEIA CYET TaK
xe, kak 1 K561MUEIL, mpu Jor. 0 Ha BXoie B — pBonuHo-gecaTnynbl. Hasnauenue

t*]ﬂﬂi

Hes
TH-0,2

ID4 K1767197

K , HE4 1/‘/5.7 l/ﬂ;z HET
K awodam  uHGuxamopol
o6 DD7 KISSHET o
05 KS61TM3  KI1767193 I § R3I-R7 10k
7 Y EaE 7 7 g R8-RIT 220K
2 ’E RI2-RI5 22K
IS VTe-VTIZ KTE05A
2w |2 2 ; 3 VII-VDE KGI02A
4 7 7 " g é HE1-H64 HHE-2
’_" S
8 |4 8 7§
H ma
I 2 9 ES
+95. £

Puc. 51. Tomkmouenne k Muxpocxemam KI176UEI2 u KI176ME13 rasopaspainbix
HHHKaTOPOB

32



K cT
=45 |77
ST

c

S

N
IEREAEES
N
S

] S K
S

Jr
=
~a
T~
5
-+~
S

Puc. 52. Mukpocxema K561HUE14
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Puc. 53. Mukpocxema K561HMEIS

o

OCTaJIbHbIX BXOJOB, PEXHMBl paloTHl W NpaBHJ2 COGAHHEHHII 3TOH MHKPOCXeMBl Ta-
kne xe, kak 1 K561HUE11,

Mnxkpocxema KAS56!UEISE — nenutens 4acTOTHl C mepexJiouaeMbiM  Kod(hdH-
uxeHToM feseHnsi (puc. 53). MuKpocxeMa nMeeT uUeThipe YNpaBJsAOLIHEX BX0Aa
K1 — K3, L, BXoa Aasi mojauu TakTOBHX uMmyJbcoB C, 16 BXogoB aus YCTAaHOBKH
kospdunnenta neseHusi 1 — 8000 u oxuH BHIXOA.

MuxpocxeMa TNO3BOJSET MOJYYMTb HECKOJILKO BAapHAHTOB 3afaHusl KO3(dHIHeH-
Ta JleJeHis, AHANa30H M3MEHeHUs ero cocrasiseT oT 3 go 21 327. 3pech Gyser pac-
cMOTpeH HauGoJiee BPOCTOH M YAOOHBIH BAapHAHT, AJAsi KOTOPOrO, OJHAKO, MAaKCH-
MaJbHO BO3MOXKHBHIA KO3(OUIMEHT nenenus cocTapiser 16659, Iast storo BapuaH-
Ta Ha Bxox K3 cJaenyer nocrosiHHO mojaBaTthb Jor. 0.

Bxon K2 clyXHT AN YCTAaHOBKM HaYajbHOTO COCTOSIHMSL CYUETYMKA, KOTOpas
OPOHCXOAMT 32 TPH NepHoAa BXOAHHIX HMOYJbCOB NpPH nojaue Ha Bxox K2 asor. 0,
Mocne nogaum Jor. 1 Ha Bxox K2 mHaumnaetcst pabora cueTdHka B peXume neJe-
HHa dacToTH. KosddHUrMeHT pejieHus uacToThl npu nogaye Jjor. 0 ma BXogw L #
Kl pasen 10000 u He 3aBHCHT OT CHTHaJIOB, MOAaHHBIX Ha BXogn 1 — 8000. Ecanu
Ha Bxoan L u Kl mogaTh pasnuuHble BXxOAHble ypoBHi (mor. 0 u 1 mu gor. 1 m
0), ko3 dHUMEHT HeNeHHST YACTOTHl BXOAHBIX HMIYJbCOB ONDEAENUTCA JABOHYHO-Je-
CATHYHBIM KOJOM, NOJAHHBIM Ha BXoanl 1-—8000. Hns npumepa na puc. 54 moxa-
3aHa BpeMeHHAs jmarpamMMa pabGoTh MHKPOCXEMbl B peXHMe JeseHHs Ha 5, nJas

ofecrieyeHust KOTOpPOro Ha BXoAbl 1 M 4 ciegyer nojarthb nor 1, Ha BXogH 2, 8—
8000 — sor. 0 (K1s%L),
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Puc. 54. BpeMennas auarpamma pa6otsl muxpocxembl K561HUE15
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InutenbHOCTh BHXOAHOrO HMOYABbCAa NONOMHTENbHOR NOJAPHOCTH paBHA me-
PHOY BXOZHHX HMIYJNbcOB, €ro (pPoOHT M cnaj coBmajgaloT €O CNAAAMH BXOAHBIX
#MIYALCOB OTPHHATEJNbHOR MOJADHOCTH.

Kak BunHO H3 BpeMeHHON AHArpaMMH, MepBbIfi HMNyJbc Ha BHIXOJAE MHKpOCXe-
MH MOSIBJSIETCS MO cHajy BXOQHOrO HMAy/bca ¢ HOMEpPOM, Ha €AHHHIY GosblIAM
K03 dunueHta peneHus.

Mpu mopave sor. 1 ma Bxomnl L u K1 ocywecrsiserca peXuM OAHOKDAaTHOro
cuera. Ipu monave Ha Bxoa K2 sor. 0 Ha BHXOAe MuKpOCXeMH NOABAAETCA Jor, 0.
JIuTebHOCTh MMNYJbca HavaNbHOM YCTAHOBKH Ha Bxoie K2 momxua ObiTb, KaK H
8 pexHMe JeJeHHsl YacTOTH, HE MeHee TPeX NEpPHONOB BXOAHHX umnyibcoB. IHocne
okOHuaHHS Ha Bxojge K2 uMnysabca HagasnbHOM yCTaHOBKM HauHeTCH cueT, KOTOPHI
6yner NPOUCXORHTb NO cNagaM BXOAHHIX MMOYJbCOB OTPHUATENBHOM MOJISPHOCTH.
Tlocne oxonyaHufi HMOyJhca C HOMEpPOM, Ha EAHHHUY GOJBUIMM KOAA, YCTAHOBJEH-
Horo Ha Bxomax 1—8000, sor. 0 na BHIXOJE H3MEHHTCS Ha Jor. 1, mocje uero H3-
MeuaTbess He Oyner (puc. 54, Kl=L=1). lna ouepennoro 3amycka HeoGXoAuMO
Ha Bxoj K2 BHOBb mojaTh MMOYJ/bC HAYAJbHON YCTAHOBKH.

Jlaunslit pexuM paGoTH MHKpOCXeMH noxobed paboTe Xiaymero MyabTHBuS-
patopa ¢ UH(POBOA YCTaHOBKON MNJMTENBHOCTH MMIYJbCa, CAEAYET TOJBKO MOM-
HHTb, 4TO B JJMTEJbHOCTb BBEIXOAHOTO HMMYJbCa BXOAHMT JJHTENbHOCTh HMIYJbCa
HauaJbHOM YCTAHOBKH M, CBEDX TOro, OHA YBeJHUEHa Ha OJHH IiepHOA BXOXHHX
HMIYJbCOB.

Ecam nocne oxOHyaHMSi (GOPMHDOBAHHA BHIXOJHOTO CHTHAJa B PEXHME OAHO-
KpaTHOro cuera Ha Bxox K1 momath Jor. 0, MmkpocxeMa nepeiiieT B peXHM geje-
HHS BXOAHOM 4YacTOTH, npHyeM ¢)asa BHIXOAHBIX HMMOYJbcOB OyNeT ONpeAensiThes
HMOyJAbCOM HAYaJbHOM YCTAaHOBKH, NMOJAHHHM paHee B peXHMe  OJHOKPAaTHOro
cuera.

Kak yxe ykasoiBajoch BHIIe, MHKpPOCXeMa MOMET ofecnednTb (GUKCHPOBaHHMMA
gosdpduunent nenenus wacToTH, paBuHett 10 000, ecam ma Bxomm L n K1 nogats
qor. 0. OxHako mocje HMNyJbCa HAyaJbHOH YCTaHOBKH, HNOAaHHOrO Ha BXog K2,
nepBblil BEIXOXHOA HMIYJbC NOSIBATCA MOCJe NMOAauyd Ha BXox C HMOyJbca ¢ HOMe-
poM, Ha exmHHIy OOJBIIHM KOJAa, YCTaHOBJeHHoro Ha Bxomax 1—8000. Bce mno-
cleflyioliie BHIXOAHBIE HMIyJbchl 6yayr mnosBasithess uepes 10000 BXOAHBIX  HMM-
nyJbCOB OTHOCHTENLHO MpeNHAYINEro,

Ha Bxopax 1, 2, 4, 8 ponycTHMbie COYETaHHS BXOAHBIX CHTHAJIOB JOJNMKHH CO-
OTBETCTBOBATb JBOHYHOMY 3KBHBAJIEHTY AecATHUHBIX uncen otr 0 mo 9. Ha Bxomax
10—8000 momycTHMH NPOH3BOJBHEIE COUETaHHH, T. €. BO3MOXKHA IOAaya Ha KaX-
Ayw jexamy Konos uucen oT 0 xo 15. B pesyiabraTe MaxkcHMMajbHO BO3MOKHHIA
KO3 ¢puuneHT meneHunst K coctaBut:

K=15 000+ 1500+ 150+9=16 659.

MukpocxeMa MOXeT HaHTH NpHMEHeHMe B CHHTE3aTOpax YacCTOTH, 3JEKTPOMY-
SHKAJbHBIX HMHCTPYMEHTAX, NPOTPaMMHPYeMHIX pese BpeMeHH, A (OpMHPOBAHHS
TOYHHX BPEMEHHEIX HMHTEDBAJOB B paboTe pasMMUYHBIX YCTPOMCTB.

Mukpocxema K561ME16 — 14-paspsannbii ABOHUYHBI CYETUHK ¢  [OCJAeNOBa-
TeJbHHM mnepeHocoM (puc. 55). ¥ MHKpocXeMBl ABa BXORa — BXOJ YCTaHOBKHM Ha-
YaJbHOTO COCTOSIHHA R M BXOA AJA 1OJAYH TakKTOBHIX HMnyJabcoB C. VYcranoBka
Tpurrepos cuetynka B  TMPOM3BOAMTCS NpPH mojaue Ha BXox R Jor. 1, cuer —no
cnagaM HMNYJbCOB MHOJIOXKMTENBHOM IOJMAPHOCTH, nojaBaeMex Ha Bxon C.
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Puc. 57. Coennnenne IByX MHKpOCXeM Puc. 58.  Coenunenne  MuKpocxeM
K561HUE16 K561ME10 n K561UE16 ans noayue-
HHS MJaAIIHX DaspsiioB U YBEJHUEHHS
PaspsiAHOCTH

CueTduk HMeeT BHIXOAB He BCeX DPa3psif0B — OTCYTCTBYIOT BHIXOAB pPAa3psiloB
2'=2, 22=4, no3TOMY, €CIH HEOGXOJHMO HMETb CHTHaJbl CO BCeX [BOMYHBIX pa3-
PAOB CYETUHKA, c/leJyeT HCHOJb30BaTb ellle OJHH CYETUHK, PAGOTAIOIHA CHHXPOHHO
H uMeomufi Buxoas 1, 2, 4, 8, Hanpumep mnosoBuHYy MurpocxeMbl K561HELD
(puc. 56).

Kosdduunent nenemnst omnot MuxpocxeMel K561HME16 cocraBasier 2'4=16 384,
npr HeoGXOZHMOCTH IOJyYeHHsi GoJbllero KoapduuueHTa HeJeHHA MOXHO BHXOX
213 MHKDOCXEMH COEeAUMHHTb O BXOgoM C elle OAHOA TAKOA 2Ke MHKPOCXEMb HJH
co BxogoM CP umoGoit apyrofi MuKpocxembl-cyeTydka. Ecam BxoJ BTOpofi MRKpO-
cxemn K561MIE16 nopkiiouuTh X Bhixoay 2!° mpespbinymiefi, MOXHO 3a cYeT YMeHb-
IIeHUs pPaspALHOCTH CUETYHKA NOJIYYHTb HEAOCTAIHEe BLIXOAB ABYX PaspsAROB
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BTOpOi MuKpocxeMul (puc. 57). Ilogkniouast kKo BXxoay Mukpocxembl K561UE16 no-
aoBuHy MuKpocxembl K561ME1Q0 MoXHO He TOJBKO MOJNYYHTH HENOCTAWOLIHE BHIXO-
[Bl, HO M YBEJHYHTb DPa3pANHOCTb CUETYHKA Ha efMHHLy (puc. 58), M obecneuuTb
KOs dunneHT peneHus 215=32 768.

Mukpocxemy K561MEL6 yao6HO mpuMeHSITb B A€JHTENSIX YacTOTHl C NPOH3-
BOJMIbHBIM KO3((@HIHEHTOM JesNeHusi 110 CXeMe, aHaMoruyHod puc. 41. B 3Toit cxeme
anemenT DD21 no/KeH HMMeTb CTOJBKO BXOJOB, CKOJBKO €JHHHL B JBOHYHOM mNpej-
CTaBJIEHHH YHCJA, ONpeje/follero HeoOXOAMMBI Kodhduunent pmenenus. Has npu-
Mepa Ha pHc. 59 npuBeleHa cXeMa AeJMTeNS YacTOThl ¢ KO3D(OHUUHEHTOM nepecuyera
10 000. JBouuneit sksuBajeHT uncsaa 10000 cocrasaser 10 000;,=10011100010000,,
Heo6xoauM 3neMeHT M Ha mATb BXOAOB, KOTOpHE JOJIKHEI GBITH MOAKJIIOYEHHl K BHI-
Xozam 24=16, 83=256, 29=512, 21°=1024 u 213=8192. Ecau HeoGxomuMo mon-
KJloYeHHe K BHIXoAaM 22 u 23, cie;yer ucnoib3oBaTh cxeMy puc. 56 uam 58, npu
Koapduuente nenenns GoJyee 32 768 — cxemy puc. 57.

JJs mepeBoia uHcJIa B ABOHUHYI0 $ODMy OHO HameJO AEJHTCA Ha 2, OCTAaTOK
(0 mau 1) sanucmsaercsi. ITosyunsimnifics pe3yabTar BHOBb HENHTCS Ha 2, OCTaTOK
CHOBa 3aNMHCHIBAeTCSt U T. 1., TOKA mocje JeJeHHsl He OCTaHeTcsl Hyab. [lepBblit oc-
TaTOK sIBJAfIETCS MJaAlIHM pa3psiioM IBOMUHOH (GOpMBI uYHC/I2, MOCJeRHHE — cTap-
WM.

Mukpocxema KI176UE17 — kanengapb. OHa COZEpXKHT CUETUMKHM JHell HemesH,
yucen Mecsima ¥ MecsiueB. CuerTynk ymees cuuraer ot 1 mo 29, 30 uam 31 B 32-
BucuMocTH oT Mecsua. Cuer pHeil HejeaH NpoH3BoxuTcs OT 1 g0 7, MecsiueB — OT
1 no 12.

Cxema nonxouenusi Mukpocxemsl K176WUE17 k Muxpocxeme K176ME13 wacos
npusesena Ha puc. 60. Ha Boixomax 1, 2, 4, 8 mukpocxembl DD2 mnpucyTcTBYIOT
NoouepenHo KOAB LHGpP YHCIa W Mecsilla aHaJOTHYHO KOAAM YacoB H MHHYT HA BHI-
xonax Mukpocxembl K176ME13 IloakmoueHHe HHIHKATOPOB K YKa3aHHbIM BHIXOAaM
mukpocxeMbl K176ME17 npousBoguTCs aHaNOTMYHO HX NOAKJIOUEHHIO K BEIXOXAM
K176HUE13.
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Ha swixogax A, B, C noctossHo mpucyTcTByeT koA 1—2—4 NOpsIKOBOrO Ho-
Mepa aHs HesenH Ero MoXHo noaaTh Ha Mukpocxemy KI176MJ2 uau KI176U13 u
Janec Ha Kakoii-TH0O CeMHCeTMEHTHLI MHJHKATOp, B pe3y/bTaTe uero Ha HeM G6y-
JleT HHAuUHpoBaTbhCs HoMep AHs Hefean. OfHako Go/jee HHTEpecHOH sIB/seTcs BO3-
MOXKHOCTb BEIBOJA JABYXOYKBEHHOro 0603HAaueHHs IHSI HelleNd Ha UH(pOOyKBeHHbIE
uugukatopsl MB-4 unu UB-17, a5 yero Heo6Xo4HMO H3TOTOBHTb CIELHAJbHBHIA npe-
oOpasoBarte.lb KOJA.

YcranoBka yHcsa, Mecsiua M JHA HeleJH IPOH3BOJHTCS aHAJIOTHUHO YCTaHOBKE
nokasanuit B mukpocxeMe KI76UEL3. Tlpu HaxaTtuu xHonku SBI mpomcxomur ycra-
HOBKa 4ucsa, KHOONKM SB2 — mecsiia, npu coBMecTHoM HaxkaTtHH SB3 u SBI — aus
Henenn Jna ymeublueHHsl oOMEro yucjga KHOMOK B Yacax C KaJeHJapeM MOXKHO
ucnoJb3oBath kHomkH SBI—SB3, SB5 cxembl puc. 48 n/1s1 ycTaHOBKH INOKa3aHHH
KajeHlaps, mepekJioyas HX obuyl Touky TyMmGiaepom ¢ BmBoxa 11 K176HMEL3 Ha
BeiBoA 13 KI76UEI7. Ins Kaxnmo#i M3 ykasaHHblXx MEKpocxeM uenb RICI pmonxk-
Ha ObITb CBOS.

ITogaua Jor. 0 Ha BXox V MHKpOCXeMbL!I NepeBOAMT ee BmIXoan I, 2, 4, 8 B
BbICOKOMMIEAHCHOE COCTOSTHHE.

Mukpocxema KI76ME18 (puc. 61) Bo MHorom namoMunaer KI176HIE12. Ee oc-
HOBHBIM OTJIMYMEM S$IBJISIETCS BbINOJHEHHE BHIXOJOB T1—T4 ¢ «OTKPHITBIM» CTOKO-
BBIM BBIXOJOM, YTO [03BOJISIET NOJKJIOUAaTh CETKH BaKYYMHBIX  JIOMHHECUEHTHBIX
MHAMKATOPOB K 5TOH MHKpOcXeMe Ge3 COrJacyiollluX KJloueH.

Jasi o6ecrieyeHHsi HaNEXKHOrO 3alHPAHHSI HHIMKATOPOB 10 HX CeTKaM CKBaX-
HocTb uMnyabcoB T1—T4 B mukpocxeme K176ME18 caenana Heckosbko Gosiee ue-
Thipex W paBHa 32/7. Ilpu nogmaue cursana «Ycr.0» Ha BXxoa R Ha Bcex BmIXomax
T1—T4 — gor. 0, mosToMy nojJaya CrelHaJbHOTO CHrHaja raimleHHsi Ha BXxox K
mukpocxem KI76U2, K176M 3 He Tpebyercs.

BakyyMmHble JIOMUHECUEHTHbIE HH/JMKATOPHl 3€JEHOr0 CBEUYEHHs] B TeMHOTE Ki-
KYTCSl 3HAUMTEJbHO Oosiee SIPKHMH, yeM Ha CBeTy, M0STOMY 3KeJaTeJbHO HMeTb
BO3MOXKHOCTb H3MEHeHUst APKOCTH HHAuKaTopoB. Mukpocxema KI76UE18 umeer
BXox Q, monmaueit Jior. | Ha 3TOT BXOA MOXHO B 3,5 paza YBeJHUHTb CKBaXKHOCTb
HMnyabcoB Ha Bhixogax T1—T4 u BoO

HAT
n 2[T5 Tslz CTOJbKO K€ Pa3 yMEeHbUIUTh SIPKOCTb HH-
Myex +98 nukaropos. CHrHal Ha BXol Q MoXHO
cuegwana cT
ML Vsory HJIM TOJATh C NMePeKJaoyaTeNsl SPKOCTH HIH
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yenust Mukpocxemn K176UE18 K561HIE19
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gae cJeAyeT COGAMHHTb ¢ o6muM npoBonom uepe3 pesucrop 100 kOm..1 MOM, ko-
TOpHA clexyer mnofo6path AJA MOJYuYeHHS HEOGXOAWMOTO Iopora BHeIHef oOcBe-
IEHHOCTH, NPH KOTOPOM OYRET NPOHCXORHTL AaBTOMATHUSCKOE NEPEKMIOYEHHE Ap-
KOCTH.

Caexyer OTMeTHTb, uTo npH Jof, 1 Ha Bxome Q (Manas ApKOCTb), KHONKH
SB2—SB5 (cM. puc. 48) He neficTBYIOT,

Mukpocxema K176WE18 uMeer crmenuanbHeli (opMHpPOBaTesb 3BYKOBOrO CHi-
Hana. IIpn nmomaue uMmyJsbca MOJIOXKHTENbHON MoJsApHOCTH Ha BxoA HS ma Buixonme
HS nosBasioTcs naukd oOTpIaTebHHIX HMNYJbCOB ¢ uacroroit 2048 T'um, ckBax-
HocTbio 2. JlnurtenbHocTh navek — 0,5 c, mepuoa mosropenus — 1 ¢. Buxox HS BH-
NOJIHEH C «OTKPHITHIM» CTOKOM H IO03BOJSAET NMOAK/IIOYATH H3JAyYaTeldH C COMPOTHBJE-
Huem 50 OM u Buie 6e3 SMUTTEPHHIX NOBTOpHTeaefi. CurHanm npHUCYTCTBYeT Ha
Buixoge HS 10 oxkOHuyanHMs ouepeAHOro MHHYTHOrO HMMNYJAbca HA BhIXOZAE M MHK-
pocxemal.

Crnenyer oTMETHTb, YTO AONYCTHMHIi BBHIXOAHOH Tok MukpocxeMsl K176HE18 no
BuixonaMm T1—T4 cocrasasier 12 MA, u4TO 3HAUNTE/BHO NpEBHINAET TOK MHKPOCXEMH!
K176HUE12, nosromy Tpe6oBaHusl K K0SpdHuUHEHTAM YCHJIEHHS TPAH3HCTOPOB B KJIIO-
yax npr npuMeneRHu MukpocxeM Ki176HE18 u noaynpoBoAHHMKOBHIX HHIHKAaTODOR
(puc. 49) 3HaYUTENBHO MeHee IKECTKH, AOCTaTOYHO hyyn =>20.

Mukpocxemn K176U1E12, KI176UE13, KI176HME17, K176HMKE18 pmonyckawor Ha-
npsixKeHHe NMUTAHHA TaKoe Xe, KaK H Mukpocxemnl cepud K561 (ot 3 mo 15 B).

Mukpocxema K561HE19 — nsiTHpaspsauuil cABHraOIMuUi perHcTp ¢ BO3MOXK-
HOCTBIO MAapaJJIeNbHOA 3amucH HHAOpMAOuH, MPEAHA3HAYEHHBIA pJsl  NOCTPOEHHs
CYETYHKOB ¢ NMPOTrpaMMHpYeMbIM MOAmyneM cuera (puc. 62). Mukpocxema uMeeT NSThb
HHGOPMaUHOHHKX BXOAOB AJf NapajnenbHoli sanucn DI1—DS5, Bxox uu}popManni
Ana nocslejfoBartenbHoft samucu DO, BXoj paspelleHus napaJjiiesbHOW  3amMcH S,
BXoja c6poca R, BXox AA% NoAauH TaKTOBBIX HMNy/bcoB C M NsiTh HHBEPCHBIX BbI-
xonoB 1—5.

Bxon R siBasieTcss npeoGaajaloliuM — NpH Tnojaue Ha Hero Jor. | Bce TpHrre-
pbl MHKPOCXE€MBI YCTAaHABJIHBAWTCA B 0, Ha BCeX BbIXOJaX NOABAAETCHA JIOT. 1 He-
3aBHCHMO OT CHT'HAJOB Ha APYTHX BXoxax. Ilpu nonmaue Ha Bxom R sor. 0, Ha BXoa
S nor. 1 npoucxomur 3anuch MHpOpPMamuu co Bxogoe D1—D5 B Tpurrepst MHKpPO-
€XeMbl, Ha BHXOAaX 15 OHAZ NOSABJAETCR B HHBEPCHOM BHIE.

IMpu monaue na Bxogt R u S sor. 0 BoaMoXeH caBHUr MHGOPMALMH B TpHITe-
pax MHKPOCXeMbHl, KOTOPHI OYyNET NMPOHCXOAMTb MO CHajaM HMNYJbCOB OTPHIATENb-
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Puc. 63. Bpemennas amarpamma paboth  Puc, 64, Ienutenh 4acTOTR Ha NATb
mukpocxenn KI763E19
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Puc. 65. Bpemennas puarpaMma paGoTH AeJHTENS

HOfl moJsipHOCTH, NMocTynalomux Ha Bxox C. B mnepBuit Tpurrep Gyner sanschiBaTh-
ca uadopmanus co Bxoxa DO.

Ecnn coepnnnts Bxog DO ¢ oZHHM U3 BHIXOAOB 1—D5, MOXHO NOJYYHTb CYETYHK
c kospdunuentom nepecuera 2, 4, 6, 8, 10. Jlna npumepa Ha puc. 63 nokazana
BpeMeHHAs AHarpaMMa paGoTH MHKDOCXeMbl B peXuMe JeleHus Ha 6, KOTOpHIA op-
raHusyercs B cayuyae coeiuHeHus Bxofa DO ¢ Buixomom 3. Ecam meo6xoammo mo-
JIy4HTb HeueTHHH Ko3pduument nepecuera 3, 5, 7 uam 9, HeoGXOZHMO HCIOJb30-
BaTh ABYXBXOXOBHIl snemeHT K, BXOAB KOTOPOro MOAKMIOUHTH COOTBETCTBEHHO K
Boixogam 1 u 2,2 u 3, 3 u 4,4 u 5, Bexox —ko Bxoay DO. Ha puc. 64 npuse-
JleHa cXeMa JeJhTeNs 4acToTH Ha 5, Ha puc. 65 — Bpemennas amarpamma ero pa-
60TH.

Cneayer MMeThb B BHAY, UTO HCmOJb3oBaHne Muxkpocxembl K561ME19 B kauecr-
Be C/BHTaIOLIero PErHcTpa HEBO3MOXHO, TAaK KAaK OHA COJEPKHT LeNH KOPPEKUHH,
B pe3yabraTe Yero KOMOGHHALMH COCTOSIHHA TPUITEpOB, He SBASIONIHECs PabGouYMMH
IJI CYETHOTO PeXKHMa, aBTOMATHYECKH HcIpaBasioTcs. Hajnune neneit KoppeKuuu
f103B0JIsIET aHAJOTHYHO HCIOJb30BaHHI0 MHuKpocxeM K561ME8 u KS561ME9 He moaa-
BaTh HMNYJbC HAYaJbHOH YCTAHOBKH Ha CUETYHK, €CJH ($asa BHXOAHbIX HMIYJ/bCOB
He BaXKHa.

Mukpocxemn K17611P2, K176U1P3, K5611P9, K176IP10 — caguraiouine peru-
ctpu (pue. 66). B mukpocxeme KI176MP2 nBe onyHakoBHIX HE32BHCHMBIX CEKUHH
no uerwipe paspapa. Kaxnas cekums (puc. 66) umeer TpH Bxoza — BXoA R yec-
TAHOBKM TPHITEPOB B HYJEBOe COCTOSIHHE,  YCTAHOBKa IIPOMCXOAUT INpH NoJaue
ypoBHsi Jor. 1 Ha 3T0T BXoA, Bxoa C, mo cnanaM MMOoyabCcOB OTPHIATE/bHOH INO-
JIIPHOCTH Ha 5TOM BXOME HPOHCXOAMT 3amuch uH(oOpMaumu co Bxoga D B mepBHll
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paspsi perucTpa H CABHT HH(OPMalHH B CTODOHY BO3DACTaHHi HOMEDOB BHIXOJ0B.
JINs moJyueHHsi CABMIAIOLIEro PerucTpa ¢ GOMBIIMM UYHCIOM paspPANOB MOMKHO CO-
e1uHATh BXOAB D ceKuuil perucTpoB ¢ BbIXOIaMH 4 NpPeAbLAYLIHX PaspsiicB U 00b-
€1MHATb ofHouMeHHble BXoabnl C u R MexAay coboit

Mukpocxema K176H1P3 (puc. 66) — ueTnipexpaspsiiHbiil CABHTAIOLUA pErHCTP.
3amuch HHGOpMauHH B NepBbI pa3psa co Bxola DO u ee caABHP npoHCXOINT IO
CrajiaM HMNYJbCOB OTPHUATEIbHOM MOJSIPHOCTH, MoJaBaemblx wa BXof Cl npu ypoB-
He jor. 0 Ha Bxoze S. Ilapannenbnas sanuck wupopmauum co Bxogos D1—D4 mpo-
MCXOJHT MO CNajy HMOYJbCOB OTPHLATEJbHOH NONAPHOCTH Ha BXoje C2 u ypoBHE
gor. 1 na Bxoge S. Ilpu oO6bemunenuu BxozoB Cl u C2 BmiGop pexmnMma cjBHra
MM 3andcH nponssoputTcst mo Bxoay S. Ecau ob6venmnnts Cl u S, cneuuanbHoro
CHrHaJla ynpaBsJjeHus He Tpebyercs.

Coenunesne Bxogos D1—D3 c Bhxoaamu 2—4 npeBpauiaeT MHKpPOCXeMy B pe-
BCDCHBHBIH CABHralOUIHA perucrp.

Mukpocxema K561MP9 — uerbipexpaspanubiit cABHTaloWni perncrp (puc. 66).
OHa uMeeT yeThipe BHIXOJA H CJAEAYIOLIHE BXOIbI: BXOA c6poca R, Bxoa Ajs mojadd
TAKTOBHIX MMNyJbcoB C, BXOA BHGOpa pexuMa S, BXOX BHIGOpa IONADHOCTH BHI-
XOAHBIX CHMPHaMOB P, BxoAw [/ NoRauH uHGOpPMAUHH NpH MOCJELOBAaTeNbHON 3a-

nucu J u K ¥ BXoaw undopMauun npu napanienbHoi sanucu D1—D4.

Bxoa cOpoca R sBasieTcss mpeobaajaloluM — OpH Nojgaue Ha Hero Jor. 1 He-
3aBHCMMO OT COCTOSIHMSI IDYIHX BXOROB BCe TPHITEDH MHKPOCXEMBI YCTaHaBJHBA-
torcs B 0. Ecim nHa Bxome R Jor. 0, Bo3aMoXHa 3anuch HHQOPMALMH B TPHITEPH!
mukpocxemsl. Ilpu Jor. 1 Ha Bxosxe BbiGOpa pexuMa S 1m0 cnagy MMOvJbca OTPH-
uaTeJbHOH NMoAApHOCTH Ha BXxoje C mpousoiifer napadsenbHas 3anuch HHGOPMaLHH
co BxoxoB D1—D4. Ecau Ha Bxoge S Jsor. 0, mo cnajgy MMmyJbca OTPHIATENbHOM
NoMspHOCTH Ha Bxoje C mpou3oiier 3amuch wa(OpMAamMK co BXOXOB J u K B Tpur-
rep ¢ BBIXOAOM | M CHBHI HH(PODMALMH B OCTaJbHLIX TPHITEpaX B CTOPOHY BO3-
pactaHua HoMepoB BhixofoB. HHdopMauus, koropasd O6ygeT 3anucaHa B NepPBHHA
TPHUTrTep, onpejesseTcsi CocTosiHHeM BxoAoB J u K mepex nopgavell cmaga uMmnyJabca
orpunaTesbHoif mnosspHocTs Ha BxoA C. Ecau o6beIuHHTL MeXAy co6oii BXOAH
J n K, 6yzer npousBoguThbca 3anmuch HHDOpMauuu, uMelouleiicss Ha 3THX 06beJHHEH-
mbix Bxopmax. Ecim ua Bxox J mopate Jor. 0, Ha Bxom K — Jor. 1, usMeHenus
HHpoOpMaluy B NEpBOM TPHITepe MO CNALy HMMIYJbCa OTPHLATEJNLHON NOJAPHOCTH
ua xogae C He mpousoitzer. [lpu nor. 1 Ha Bxome J u jor. 0 Ha BXOje K mepBHlil
TPHITED MHKDOCXeMbl NEPeXOAHT B CUETHBI DPEXHM H MeHfeT CBOe COCTOSHHME Ha
IPOTHBOMOJIOXKHOE HA KaXIblil cllaj HMOyJbca OTPHUATENbHOH NMOJSPHOCTH HA BXO-
ne C.

[TonApHOCTbIO CcHrHANOB Ha BHIXOZAX 1, 2, 3, 4 perucTpa MOXKHO yNpaBisTh
nojaveil ynpapJsiollero CHrHajsa Ha BXOA P — npu Jsior. 1 Ha 3TOM BXoZe BHIXOX-
HBIE CHTHaJbl BBIAGIOTCS B NPAMOM KoJe, npu Jor. 0 — HHBEPTHPYIOTCS.

Jna TMOCTpOEHHMS CABHTAMOLIEr0 PEIHCTPA ¢ YHCJIOM paspsafoB Gojee ueTHpex
JOCTaTOYHO COCAHHMTDL BBIXOALI 4 MHKPOCXeM MJAJWHX PaspsiloB C 06beIHHEHHBIMH
Bxogamu J n K MuKpocxem crienyiowlx paspsgoB (puc. 67). Bxoast C, R, S pas-
JHYHBIX MHKDOCXeM C.1eJyeT COeIMHHTh MeXAy co60M, a Ha BXxoaW P nognate Jor. 1.

Jnst mocTpoenus peBepCHBHOTO CABHIAIOLIETO PErucTpa HHbOPMAlMOHHHE BXOAH
mukpocxeMsl J, K, D1—D4 creliyer coelnHUTb ¢ BHIXOZAMH B COOTBETCTBUH ¢ pHC 68,
Bxogel C, R, S, P —B coorBercrBun ¢ pue, 67. IIpu sor. 0 Ha o6benHHEeHHBIX
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BXojgax S 6yleT mpoMCXOAMTb cABMI MH(OPMauuu B CTOPOHY BO3PACTAaHHSi HOMEDOB
BHIXOJ0B (CBepXy BHH3 IO cxeMe puc 68), mpu Jor. 1 — B CTOPOHY yMeHbIIEHUs!
(cuusy BBepx). ITapanjenbHas samuch MHOOPMAUHH B TaKOH DEBEPCHBHEI DPErHCTp
CIBATd HEBO3MOXKHA.

Hurerpanbias muxpocxema K176MP10 — 18-pa3psinHblii CABHraiomMii perucTp
(puc. 66), pasnesneHHblil HA YeThipe CeKUMHM ¢ o6muM BXogoM C JJIA NOJAud TaKTO-
BbIX HMIIYJIbCOB.

Cexuns co BxogoM DI — ueThipexpa3spsiiHasi, UMCET BHIXOJ TOJBKO B TOCJEN-
HeM, weTsepToM paspsie. Cekuus co BXogoM D5 — nsTUpaspsiiHas, UMeeT BBHIXOLHI
B uetBepToM (8) u maAtoM paspsimax (9). Cekuumu co Bxogamm D10 u D14 —
aHaJMOTHYHBl PAcCMOTpPEHHBIM Bbilie. 3anuck uHpopMauuu co sxoxos DI, D5, DIO
v DIi4 u ee cABMr NPOHCXOQMT NO CMAJaM TAKTOBEIX HMIYJbCOB INOJOXUTENbHOA
10JIIPHOCTH, TlofaBaeMbiX Ha BXog C. OcoBGeHHOCTH IOCTPOEHHSI TPUITEDPOB MHKDO-
cxeMbl TPeOYIOT, UTOOH MJIHTEJbHOCTb TAKTOBHIX MMIYJbCOB He npesblmana 30 MKC.

MukpocxeMbl KOMGMHALMOHHOTrO THNA

Muxpocxembr K176JIT12 u K561JIT12 copmepkaT B cebe yeTbipe ABYXBXOLO-
BblX 3siementa «Mckmouawiwee WJIM» (puc. 69), koTopble Takxke SBJSIOTCA CYM-
MaTtopaMu 10 Moay/aw aBa KaXablft M3 3THX 3/€MEHTOB paboTaer CieayIoWuM
o6pasom. Ecum Ha o6oux Bxoapax s/ieMmenTta, manpumep | u 2, ypoBenb Jor. 0 — Ha
snixoae 3 —uor. 0. Ecii  Ha ognoM u3 BxozoB Jjor, 0, HA ZAPYroM Jor. 1, Ha
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Puc. 69.  Mukpocxemst  Puc. 70. Mukpocxema  Puc. 71, Muxpocxema
K176JI112 u K561J/1I12 K561CAL K561J11113

BHXOJie — Jor. 1, ecau Ha oboux Bxopax Jor. 1, Ha Buixoae Jor 0. Ecam oaun Hus
BXOJOB TAKOrO 3JEMEHTA COEJMHHTb ¢ OGLIMM NPOBOAOM, BHIXOZHOH CHTHAN 3JIEMEH-
Ta GyIeT NOBTOPATH BXOAHOH CHTHAaN BTOPOTO BXOA3, B pe3y/bTaTe MNOJYYHTCS
HEHHBEPTHPYIOLIKH OLHOBXCAOBHH Jornueckuit snemenT. EciM Ha oAMH u3 BXOJ0B
anementa <«Mckmouaomee UJIM» nopats sor. 1, BHIXOJAHON curHan 6yjleT sIBASTLCS
BHBEpCHER CHTHAJa, [10JABaeMOr0 Ha BTOPOH BXOA. Takas rHOKOCTb YKa3aHHHIX
MHKDOCXeM IN03BOJIsIeT AOBOJBHO YA06HO NPHMEHATh HX B PA3JIMYHHX (OpMHDOBa-
TeJNAX.

Muxkpocxema K561CA1 — cymmatop mo MOAyJIO [Ba Ha TPHHAAUATh BXOLOB
{puc. 70). BoixoaHo# cHraaJ MHKDOCXEMBI NDHHHMAeT 3Hau€Hue JOr. 1 mpu Heyer-
HOM 4uCJie BXOHOB, Ha KOTOpHe momaun Jor. | u Jor. 0 B NmpOTHBHOM cayuae.
3aaepiKka pacnpocTpaHeHHs CHrHala no BXoay 10 MeHblile, yem Mo ApyruM BXO-
JlaM, [O3TOMY €ro MCMOJb3YIOT AJIf pacCUIHpeHHus.

Muxpocxema K561JII113 comepKuT TPH TPEXBXOAOBBIX MaxKOPHTADHBIX KJaNaHa
(puc. 71). DBhixoaHof cHrHaJ MAaXOPHTapPHOrO KJallaHa COOTBETCTBYET BXOJHLIM
CHrHaslaM Ha GOJIBUIMHCTBE BXOJIOB, T. €. €CJIM JOr. | Ha ABYX WJH TpPeX BXOLax, Ha
BEixOZe sor. 1, ecam Jior. | TOMBKO Ha OAHOM BXOJe HJH Ha BCeX BXoxax Jor.0-—
Ha Bboixone — Jor. 0. [TonaB Ha ojauH M3 BXOXOB MaKOPHTApHOTO KJamaHa Jor. U,
MOJYYHM [BYXBXOJOBH HeHHBepTHpyommMii saemedT W, nojas Jor. 1, noayynm
anement WJIN. TlosTOpHTenb MOXHO MNOJYYHTh, OOGDBEAMHHB BCEe TPH BXOAA HJR
O6LEeMHAB B2 BXOJa M NMOAaB Ha TpeTui Jor. 0 uau Jjor. 1.

Muxpocxemsr KI176W1 u K561U1 (puc 72) — newndpatops ua 10 BbIXO-
JoB. MukpocxeMbp MMeIOT 4 BXxoja Afis N0Jauyd BXoaHOro kojga 1—2—4—8. Buixoa-
HOY curHasi ¢ ypoBHeM Jor. | mosBiasieTcs Ha ToM BHIXOJAE nellndparopa, HOMep
KOTOPOTO COOTBETCTBYET JECATHYHOMY IKBHBAJIEHTy BXOJHOTO KONA, Ha OCTaJbHBIX
BHIXOJAaX nelndpartopa mpu stoMm — Jor. 0.

MukpocxeMbl He HMEIOT CHNELHMANbHONO BX0Aa CTPOGHpOBaHUS, OAHAKO AJs
NocTpoeHHst AellinpaToOpoB C UYHCJOM BHIXOJA0B Gosee 10 MOXHO MCIONb30BaTh AR
CTpoOHpoBaHus BXOAL 8 MHKpOCXeM, TaK Kak BBLIXOAHOH CHTHAJ MOXET NOSABHTbCSH
Ha BbiXojaax 0—7 sulib mpH ypose Jor. 0 Ha Bxoje 8 (puc. 73, 74).

Mukpocxema KI76M12 (puc. 75) — mnpeobpasopaTens ABOMUHO-AECATHUHOrG
KOJa B KOJ CEMHCETMEHTHOro MHAMKATOPa, BKJMoYaeT B cebs TaKke TPHUITEPH,
NO3BOJISAIONINE 3aTOMHHTb BXOAHOH KoA. MmukpocxeMa umeeT ueThipe HH(OpMalLyOH-
HHX BXOja AJs nojavyn koxa 1, 2, 4, 8 u Tpu ynpasasomux Bxona. Bxox S Tak
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xe, kak U B Mukpocxemax KI176HME3 n K176UE4, onpenenser monspHocTbh BHXOA-
HuX curuanos. Ilpn nonave Jor. 1 wa Bxox K NPOHCXOAHT ramenne HHZHUMDYEMOro
3Haka, Jsor. 0 Ha BxoAe K paspemwaer ungukanmo. Bxos C ynpasnser paGoToft
TPHUITEPOB NaMATH: NpY noAave wa Bxof C Jjor. | TpUrrepsl npespamaiorcs B MOB-
TOPHTENIH H M3MEHEHHEe BXOAHBIX CHMHAJOB Ha BXoxax 1, 2, 4, 8 BHI3LIBaeT COOTBET-
CTBylOllee H3MEeHEHHe BBIXOAHBIX cHMHaNoB. Ecim Xe wa Bxox C mopats Jor. 0,
TIpOHCXOAMT 3aMOMHHAHHE CHTHAJIOB, MMeBIUMXCS Ha BXoAax 1, 2, 4, 8 mepex noga-
et or. 0, MuKpocxeMa Ha W3MeHedWe CHPHAJOB Ha Bxoaax 1, 2, 4, 8 me pearupyer,

Cornracosanue BhX0J08 MHKpocxeM KI76UJI2 ¢ ceMHCErMEHTHBIMH HHJIMKaTOpa-
M@ MOMKET MPOH3BOJHTBCA TaK e, KaK H BHXOLOB

5 g
sa A Kl H
7 o I
i 4 I A v
P e
et 71
is ua
K
Puc. 75.  MukpocxeMbl

K176U/12 n K176U13

;—AI smlsr}Z
il 7
Hul sz~
-‘5-82 »
TAJ SIp—=
o sz
By

el |rHE

Pue. 76.  MuxpocxeMu

K1761MIM1 n K561HUM1

cuetunkos KI76UE3 u
v N N U
12 2
-51 < <z
LAYy
7
714
B as
UATH
f_ 52
<84
A

Puc. 77. Mnaxpocxema

K561HUT12

43



K1761E4. Tok KopoTKOro 3aMbiKaHus Mukpocxem KI176MJ2 Bbime, ueM y cueTuH-
KOB, M UHCJIGHHO B MHJJIHaMIepax NPHMEPHO PaBeH HANPSMKEHHIO NHTaHUA B BOJb-
tax. [To3TOMy MOXKHO HENOCDEACTBEHHO NMOAKMIOUATb BhIXOAb MHKpocxemit K176M2
K 3JeKTPOJaM MONyNPOBOJHHKOBbIX CEMHCErMEHTHBIX HHIHKaTopos cepiit AJI305,
AJIC321, AJIC324, noMmusi, KOHEYHO, O TOM, uYTO pa30poc SIPKOCTH CBCUEHHS cer-
MEHTOB P 3TOM BecbMa 3aMETCH, a caMa SIPKOCTb MOXeT GHIThb HHXKEe HOMHHAAbHOMN.

Muxkpocxema KI176MJ13 uMeeT Ty e LOKOJEBKY H Ty Xe JOrMKy paGoTH, 4TO
u K1761112. Otanyne 3akaloyaercs B TOM, YTO BHIXOJHble Kackaibi MHKPOCXeMH
BHIMOJIHEHBl C <«OTKPHITBIM» CTOKOBHIM BHIXOJOM, NO3TOMY HX MOXKHO NOAKJIIOUATH
HENoCPeJICTBEHHO K aHOJaM BaKyyMHBIX JIOMHHECUEHTHBIX HHAHKaToOpoB (puc. 21 ¢
uekJoueHHbIMH cbopkamu DAL, DA2). Ynpasasiomuit Bxox S mukpocxemsl K176M/13
JOJXKeH ObIThb NPH 3TOM COEAHHEH ¢ OOLIMM NPOBOLOM.

Muxkpocxemsl K176MMIM1 u K561HMMI1 (puc. 76) — mnoJHble uYeThipexpaspsjHble
cymmaropel. Ha Bxoast Al—A4 nopmaercs KOA OMHOTO H3 CYMMHDYCMBIX WYHCEN
(Al —wmaammuit paspsan), Ha BXoaw Bl—B4 — kox BToporo uucia, Ha Bxoa C—
nepeHoc OT mpexntaymero paspsga. Ha Beixomax S1—S4 cdopmupyercsi Koz CyMMH
yucaa, Ha BbIxoge P — cursan mepenoca B caeAyomuit paspsn. B muxpocxewme,
CyMMHpYIOLIeH Miapllve paspsigbl MHOTOPA3PSAHOrO ABOMuHOro umcaa, Bxox C coe-
IMHAOT ¢ obmuM nposogoM. Bxoxer Al m Bl, A2 u B2 u 1. a. paBHonpaBHEI H
B3aHMO3aMEeHsIeMbI.

Mukpocxema K561HMII2 (puc 77) cayXuT giasi CPaBHEHHs ABYX 4eThIpeXpaspsi-
HBIX JBOMYHBIX WM JBOHYHO-JecATHYHBIX uHces. OHa uMecer yerhipe Bxoga Al—AS8
s MOJAuH KoJa MepBOro 4mcaa, ueThipe Bxojda B1—B8 mas nomauu koma Broporo
yMcsIa, BXOAH Mepexoca >, =, <C H BBIXOABI MepeHoca, 0603HayaeMble aHAJOTHUHO.

Bxon nepesoca > (BbIBOX 4) u36biToueH, M A HOpMaabHOH PaGOTHl MMKPO-
CXCGMBI HA HEro JoJDKHA NMOCTOSHHO NojamaTtbes Jior. 1. Ecam ucnmosb3yercs oaHa
mukpocxema KB561MII2, na ee Bxomel = M << cjegyer nolaThb COOTBETCTBEHHO
aor. 1 u sor. 0. Ha Bmixoge > mnosButcs Jsor. 1, ecam uyucio A, KoX KOTOpPOro
nogan Ha Bxoabl Al—AS8, Goabwe uucaa B, xox KoToporo mojau Ha Bxoxst B1—B8.
Ha Brnixome = aor. | nosButcs npu paBeHcTBe uncen A u B, Ha Bhxoge < —
ecan uyueao A Membwe B. Tlpn aTom Ha apyrux Bmeixomax Gymer Jor. 0.

IOns obccredenus cpaBHeHMS uMcesl ¢ GOJBIIMM YHMCJOM pPa3psiioB MHKPOCXEMBI
C/efyeT COENMHATh MeXJy cobolfi Tak, Kak 3To Nokasano na puc. 78. Crapume
paspaibl cpaBHHBaeMbIX KOJOB CJeAyeT NoJaBaTh Ha MukpocxemMy DD3, wmiag-
mye — Ha DDI.
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Puc. 80. Mukpocxema
K561J1C2

Muxkpocxemsr KS61MII2 moryT ucmosnb3oBaThess B yCTpORCTBaX NOHCKa 3amuced
B MaruutodoHax, AJd LHU(POBO# aBTONOACTPOAKH YACTOTH, B JEJNHTEJNAX C INepe-
KMI0YaeMHM K03G¢pUUHEHTOM AeNeHus, B OYAMIbHHKAX H BO MHOTHX JADYTHX caydasX.

Murpocxema K176JIC1 — Tpu ABYXBXOJOBHIX HE3aBHCHMBIX MYJbTUIJIEKCOPA
(puc. 79). Ecam na ynpamnasiomuii BXoy A nopaTh Jor. 0, Ha BHIXOX MNPOXOIUT
curuan co Bxoza DO, ecan jor. | — Ha BbIXOZE HMHBepcHA CHrHana co sxoja DI,
Ecan o6penuunth Mexay coboit sxoxsl DO m DI, nonyunrcs anement «Hckiouaro-
mee WJIW». Ilpun nonaue Jor. 0 Ha Bxox DI jpBa ocraBiuMxcs BXoja o6pasyioT
Bxoan 3nementa WJIM. TlomaB na Bxoasl A u DI Jsor. 0, nmosyyHM HEHHBEPTHDYIO-
mufi JOruuecKuit 3JeMeHT ¢ oaHuM BxogoMm DO. Anasoruuso, mojas Jor. 1 Ha A u
DO, monysuM uzBeprop co BxogoM DI1. Takas rubkocts Mukpocxemsl K176JIC1
103BOJIsIeT WHUPOKO HCMOJb30BATH ee B Pa3jIMUHBIX CXeMax.

Mugpocxema K561JIC2 — uernipe anemenra M—WJIM (puc. 80). HauGoxee
pacnpocTpaHeHHOe ee NpHMEeHeHHe — MYJbTHMJIEKCHPOBAaHHe JABYX HeThIPeXpas3psapHbIX
HCTOYHMKOB UM¢poBoro curiana. Ecam Ha ynpasasiomuit BXoj 9 mojarbh curaal
gor. 1, ua Bxox 14 — ugor. 0, Ha BHxoaw 13, 12, 11, 10 mocTymsaT curHa’asl co
Bxonos 15, 2, 4 u 6. Ecau Jgor. 1 nomate wHa Bxox 14, sor. 0 — Ha Bxoj 9, Ha
BBIXOZbl TOCTYMAT CHTHaAW cO BxomoB 1, 3, 5 u 7. Ecau xe Jgor. 1 mojaTh Ha
ofa ynpasastomue Bxoxa 9 H 14 ofHOBpEeMEHHO, MHKpocXeMa NpPEBPATHTCS B YeThl-
pe He3aBHCHMBIX HEHHBEDTHPYIOLIMX ABYXBX0aoBHX sjaementa WJIH.

Mukpocxembr K176KT1 u K561KT3 (puc. 81) comepxar o ueTbipe aHaJoro-
BBIX KJioua. KaXjblil KJII0Y4 HMeeT TPM BHBoja — jBa HHopMauHOHHBX A M B 1
oaun ynpasasiomuit C. Tlpu mopave Ha Bxox C sor. 0 uHGOPMalUHOHHBEIE BBHIBO M
A u B pasoMkHyTHl MexAy coGofi H macnopTHbl TOK yTeYKH MeXAy HHMH He
npesumaeT 2 MKA (peajbHO 3HAuMTEJbHO MeHbwe), [Ipu mopaue Jor. 1 Ha BXOR
C conpoTuB/ieHHe KJIOYa yMEHbUAeTcs JO HECKOJbKHX COTeH OM. DTO CONpOTHBJe-
HHe HEeJHHEHHO M 3aBMCHT OT HanpsXKeHUs MeXay MHPOPMAalMOHHLIM BLIBOJAOM, HA
KOTOPHIl Mojaercd BXOAHOH curxan, u o0IHM npoBoJoM. MaKcHMajbHoe CONpPOTHB-
JIeHHe KJIIOY MMeeT NPH HAnpsKeHHH, GJM3KOM K MOJOBHHE HaNpPSIXKEHHA NHTauuf,
MHHMMa/lbHOe — IIPH HanpsXKeHWH, GJM3KOM K HY/I0 HJIM K HCTOUHHKY HHTaHHS.

B tabn. 2 npuBeseHbl MHHIMAJbHOE M MaKCHMaJbHOE CONPOTHBJEHHS OTKPHITOTO
KJ0ya NPH H3MEeHeHUM HaNpsXKeHHs Ha ero MH(POPMaALHOHHOM BXOJe NPH pasiny-
HBIX HanpsKeHusix nHTaHua. Kax BHAHO 13 TaGJMIH, IIPH HaAnNPAXKEHHH MNHTAHUA
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Puc. 81.  MuxpocxeMn Puc. 82. Crpykrypa Muxpocxembr KS561KIIl (a) u
K176KT1 u K561KT3 ee o6osHauenue (6)

3,.5 B xmou KI76KT1 moxer nponyckaTb CHPHaM, GJHSKHH JIMIIb K HalpsXKEHHIO
NUTaHUA UJAM HYAIO, T. €. TOJbKO Un(pPOBOR curHaj. AHAJOroBHJ CHNHAJ, MEHSIO-
waiics B AHanasoHe OT HyJIs O Hanupsxenus nutanus, kiaoy K176KT1 moxer
NponycKaTh JHIb NPH HaNpPSKEHWAX NHTanus B npegenax 9..15 B. Ilaa mukpo-
cxemn K561KT3 pnana3on Hanps:KeHHA MHTAHHSA, NPH KOTOPOM BO3MOXHO Ipomyc-
KaHH® AHAJNOrOBOrO CHNHANa, — oT 5 go 15 B. Jas nosydenus MalHX HeJHHEAHBIX
HCKaXKeHHA NMPH KOMMYTALMH aHAJONOBHX CHCHAJOB CONDOTHBJIEHHE HADPY3KH JOJXK-
BO UMETh BeJIHYHHY NMOPAAKAa cTa KHIOOM H Gonee. B yoGoM cayyae aMIIHTYRHbBIE
3RaYeHH KOMMYTHPYEMOro CHMHajla He AOJ/IKHH OHTb BhHILe HaNmpPsXKeHHs HCTOYHHKA
NATAHHA ¥ HHXe HyJs.

Mukpocxema K561KIIl — aBa ueTHpeXBXOZOBHX MyJstuniexcopa. Mukpocxe-
Ma HMeeT jBa ajpecHbX Bxoga 1 um 2, ofmue s oGOHX MYJBTHIJIEKCOPOB, 00K
BXOA cTpobupoBanusa S, uudopMmauuoHnHe BXoLH X0—X3 mepBoro MyJbTHIJIEKCOPA
H ero BbX0x, Bxoan YO0—Y3 ¥ BhiXoX& BTOpOro MyJbTumjexcopa. JiBa BapuaHra
n3o6paxennss mukpocxeMn K561KII1 npueenennt na puc. 82.

[Ipn momaue Ha ajgpecHule BXOAH 1 M 2 ABOMYHOrO KOoAa aipeca H Ha BXOA S
Jor, 0 BHXOAH MYJbTHIIEKCODOB COeJHHSIOTCA CO BXOAAaMH, HOMEpa KOTOPHIX CO-
OTBETCTBYIOT JLBOMYHOMY S3KBHBaJIeHTy koja ajpeca. Ecam na Bxome S Jor. 1, BH-
XOJAH MyJIbTHIJIEKCOPOB OTKJIOYAIOTCS OT BXOXOB # INE€PEeXOAST B TPeTbe, BhHICOKO-
gMimenancHoe cocrosHue. CoefHHeHH® BXOJOB C BHIXONOM MyJNbLTHIJIEKCOpPA OPraHH-
3yercsi aHaNoTHYHO coeiuHeHHio B MukpocxeMax K176KT1 u K561KT3 ¢ momombio
AByHampaBJenHoro kmwoua Ha MOIl-rpansucropax. IlepenaBaeMuifi uepes MyabTH-
AJIBKCOP CHTHAJ MOXeT OWThb KAaK aHaJoroBhIM, TaK H UHGPOBHIM, OH MOMKET mepe-
AaBaThC KaK CO BXOLOB Ha BHIXOJ (MHKpocXeMma paGoTaeT B peXHME MYJbTHIVIEK-
copa), TaKk ¥ C BHIXOAA paclpenesTbcs MO BXxoaaM (peXHM AeMyJbTHIVIEKCOPa),
Cnenyer 3aMeTHTb, YTO HEBbHIGpaHHHE BHIXOAR TAKOMO AEMYJBTHIJIEKCOPA HAXOAATCS
B BLICOKOMMIEI2HCHOM COCTOSIHHHM, YTO NpPHHUMNHANBHO OTJIHYaeT ero oT aeumndpa-
TopoB aemyabpTHmIekcopoB TTJI-tuma nau K561W 1.

Oco6ennoctoio Mukpocxemu K561KITI mo cpasiennio ¢ kmouamu K176KTI1 u
K561KT3 sBasercs BO3MOMHOCTD KOMMYTAlHH aHZJOTOBHX H UA(DPOBBIX CHIHAJIOB
€ aMMJHTYAO# OT NMKa N0 NMHKA, TPeBLINAIOWEH aMIVIMTYLy BXORHBIX yNPaBJsIOUIHX
CHIHaJIOB, NOJAaBaeMbiX Ha BxoAu I, 2, S.

MukpocxeMa HMeeT TPU BhIBOAA HJsi MOJKJIOYEHHS HCTOUHHKA IHTaHHA — BH-
80X 16 Uluyr, BLBOA 8 UZngr, BoiBOX 7 Udgar. Hampsmenne muramus Ulpgs cooT-
BETCTBYET BXOJAHOMY YNpaBJsiolleMy CHTHAaJy ¢ YpOBHeM Jor. 1, HampseHwe
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Ta6nuuma 3

Hanps:xeHHs nMHTaHHS y"%if_ﬁ::?;me KOMN:ZYPI-‘I-‘T&?;I&MH“ Conpo-
THBJIEHHE

OTKPHTO-

Ulpee B [ U800 B [ Us g B [ wor. 1, B { a0r.0,B | Upin, B | Upar B To RS
3 0 0 3 0 0 3 300...3000

5 0 0 5 0 0 5 200...400

10 0 0 10 0 0 10 160...200

15 0 0 15 0 0 15 120...140

3 0 —6 3 0 —6 3 180...220

5 0 —5 5 0 ~5 5 160...200

5 0 —10 5 0 —10 5 120...140
7,5 0 —7,5 7,5 0 —~7.,5 7,5 120...140
U?ygr — curnaay c yposnem Jor. 0. Hampsikenne Ulggr XOMXHO NpPEBHIUATh Has

gpsikenne nutanuss U’pur He MeHee 4yeM Ha 3 H He OGosee yem Ha 15 B. Hanpsas
Kenue nuTauusg Ulpyr HOMKHO OHTbL MeHee (Gosiee OTPHILATEJbHBIM), YeM HanpsiKe-
HHe nMTaHuS U2ggy, HAH PaBHO €My, pasHocTb HanpsxKeuuii Ulgyr u Ulpur Takxe
He foJukHa mpeshimath 15 B. [nanasoH HanpsiKeHHdl CHrHAJIOB, MPOMYCKAEMBIX
MukpocxeMoit, sexutr B npejenax Ot Ulppr 10 Upar. B Taba. 3 mpuseieHbl Heko-
TOphle BO3MOXKHBIE COUETaHMA HaNpsKEHUHA HCTOYHMKOB NHTaHHA, YyNpaBJsONIHX
CHPHAJO0B, KOMMYTHPYeMBIX CHCHA/NOB, @ TaKXe JHanasoH BO3MOMHOIO H3MeHeHHS
CONPOTHBJEHHS OTKPHITOrO KJA0Ya MyJAbTHIVIEKcopa. MakcuMmaJsibHoe CONDOTHBJIEHHE
KJII09 HMEeT NPY KOMMYTHDYEMOM HANpPsiXKEHUH B cepeluHe AONMYCTHMOIo RHama3oHa
HanpsKeHuH, MHHHMaabHOe — Ha Kpasx JHANMa30cHOB.

Jnst yBenuyeHusi uyMcjaa KaHaJ0B  MYJbTHIUIEKCODOB — JEMYJbTHIJEKCOPOB
MOJKHO NMpPUMEHATb 00heAHHEHHE BHIXOLOB Pa3JHUYHBIX MUKDOCXeM Mexay coboii. Ha
puc. 83 mpuBegeHa cxeMma coepuneHuss AByX Mukpocxem K561KIIl ans monydenus
JABYX BOCbMHKAaHaJbHHX MYJbTHIJIEKCOPOB-aeMyabTulliekcopos. Koa, nopaBaeMuiii

G X
20! 02 ! Boix.y
xzz: x| MS X X0} MS J
X1 X X5 X1 X
X2 -—{x2 X X6 X2
XJ X3 X7 iX3
Y0 «—{Y0 Ya Yo
Y! -yl v 7] : y! v
174 174 Y6 —iy?
Epa | | |
1 1 Vi
—2 2 K5617TH2
S S
7
2
703

-

Pac. 83. Isa myastunnexcopa Ha 8 BX0J0B
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Ha BXoabl 1, 2, 4, onpenenser, kakoit u3 BxoaoB X0—X7, YO—Y7 Gymer coeanueH
¢ Buxogamun X H Y.

Jas moayyenus OOJIbIIEr0 yucJa KaHalOB BXOJAaMH CTPOGHPOBAHHS MHMKpOCXeM
K561KIIl caepyer ynpaB/sTh uepe3 HHBepPTOpbl OT gelindparopa (BOSMOXHO HC-
nosb3oBanue Aemwnbparopa K561MMA1L, puc. 84) uam or cuerunko K561MIE8 uan
K561HE9.

Ecnn Heo6xoauM OfMH MYJbTHIJEKCOP-AeMYJbTHIJIEKCOP HA GoJbllee YHCAO
BXOJ0B, BO3MOXKHO IOC/CAOBATENbHOE coefuHenue MukpocxeM. Ha puc. 85 npusenena
cxeMa IOCJefOBaTeNbHOro BiJOYeHHst MHKpocxem K561KIIl mas opranusauus ycr-
policTB2 Ha BoceMb KaHa/oB, Ha puc. 86 — mJs opraHusalluu ycrpoiictBa Ha 16
KaHaJoB.

Bropyo cTyneHb MyJAbTHNJEKCHPOBAHHS MOXHO BHINOJHHTD Ha MHKpOCXeMaX
K176KT! uam K561KT3. Jns mpuMepa Ha puc. 87 npuBeneHa cxeMa MYJAbTHIJICK-
copa-JIeMyJIbTUNIeKCOpa HA BOCEMb BXOJOB.

Ecan HeoOxoZuMO MYJbTHNJIEKCHPOBaHHe JIMLIb HH(POBHIX CHCHAJOB, BTOpas
CTyNGHb My.JbTHILIEncOpa MoxKeT OBITb  BbimodneHa Ha Mukpocxeme KO561J1C2
(puc. 88).

Opny wmukpocxemy KO561KIIl MoKHO HCNOJB30BaTh KaK YeThipe OT/e]bHBIX
xmoda (puc. 89). B sToM cnyuae B 3aBHCHMOCTH OT KOZA, NMOJAHHOro Ha BXOAH |
# 2, MoryT ObiTh coepuuensl BemBoxsl X0 u Y0, X1 u Yl n T, A,

Muxpocxema K561KI12 — BOCBMHBXOZOBHIH MYJbTHIIEKCOP-AEMYIbTHINEKCOD
(puc. 90), ee XapaKTeDHCTHKH, Ha3HaueHHe BHIBOJOB, CIOCOGH BRIIOYEHHS TakHe XKe,
Kak u Mukpocxembl K561KIT1.

Mukpocxemsr K561KIT1 u K561KII2 moryr 6mTh ncrosb3oBaHHl B ycTpolicTBax
JHHAMHYECKOl HHAMKAUHM, LN OMpOCa DasjiMYHBIX NAAaTYHKOB LH(POBBIX M aHAJOro-
BHIX CHIHANOB, pacipelesieHHsi CHDHAJIOB, MPHHATHX IO OAHOMY MpoBoAy, MO pas-
JAMYHBIM TIOTpPEGHTENAM.

HinrepecHbIM TpUMEHeHHEM MYJbTUIEKCOPOB SIBISeTCS reHepallus MPOH3BOJBHOM
¢ynkunn BxoaHoro xopa. s npuMepa Ha puc. 91 mpHBefeHa cXeMa renepauuu
CHTHaJla, PaBHOTO JiOT. | i BXOAHBIX KOAOB, COOTBETCTBYIOIHX JECATHYHLIM UHC-
aam 1, 3,5, 7,8 10 u 12 u nor. 0 gas BXomuelx kojoB 2, 4, 6, 9 u 11. Tako#
FeHepaTop MOZKeT HCHNO/b30BAThCS B JEKTPOHHOM KajeHape MJsl ONpeJesCHHS 4HC-
Jla nHeil B Texyulev Mecsue — .Jor. 1 coorBerctByeT 31 nato, jor. 0 — 30 anam
(xkpoMe despads)

o7 7037 np! 703
X0 oIMS |4 A 8 X0 «—X0| MS | X g7
7 —n V73 ¥ 777
x2~—{17] . c Boixed X2 -y _D_ Rt
X3 ~—|x3 13 «x3 6
7932 5]
Xe~—vo] Y V1 Xo Y0 Y &
o G
X6~=—Y2) c X6 -l
X713 X7 %3
o1 K561k
7 ’ o1 KSSIKI 77 17172 Ki 5”/(7 .
2+—; 202 K561IH2 =2 2
S 03 KS6IKTS S 703 Ks6177C2
4 lcﬂj—_—
B s
Puc 87  Myavrunaekcop na 8 BXo- Puc. 88 LludpoBoit My bTHN/IEKCOP HA
zoB 8 BX0J0B
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Puc. 89. Mukpocxe- Pyuc. 90. Mukpocxe- Puc. 91. Tenepatop 9ieETpOR-

ma KB56IKIIl B ma K561KII2 HOTO KaJeHnaps
KayecTBe  UeTHIpex
kaoueRt

Herpyzxo BumeTb, 4TO OxMH MYyJbTHIUIekcop Ha K BX0f0B M HHBEpPTOp NO3BO-
JSIOT NOCTPOHTh NPOM3BOJIBHYI0 (PYHKUHIO OT OAHOM nepemeHHON, NpPHRHMAIOLIeH
2K snauenufi. B mannom mpumepe (puc. 91) ucnonb3yercs MyJbTHIUIEKCOP HA BO-
ceMb BXOJOB, BXOJHOH KOX MpHHMMaeT 12 3HayeHHH, OCTaJbHble YETHPE SHAYCHH:
He HCNOJB3YIOTCA,

OTMeTHM, YTO TeHepallHI0 yKa3aHHON (YHKUMH AJsi KajJeHAapsi MOXKHO OCYyMLecT-
BHTb 3HAYHTEJIBHO MpOIIe — ¢ NMOMOWIbIO oxHOro ajementa «Hokmouawmee WJIH»
n3 mukpocxeMm K561JII12, K176JIT12 (puc. 92).

Hurerpanbyas muxpocxema K176J/ITI1 (puc. 93) 3aummaer ocoboe MecTo Cpeay
ADYruX KOMOHHAIMOHHHX MukpocxeM, B nee Bxoaar Tpu MOII-tpansucropa ¢ Ka-
HaJOM p-THNA H TPH TPaH3HCTOPA C KAaHAJIOM n-THIA, YaCTHYHO COELUHEHHBlE MEXIY
coGoft. Ilyrem BHemHHX coefuHeHHH H3 9TOM MHKPOCXeMH MOXKHO NOJNYYHTb TPH
OTHeNbHHX HHBepTOpa (puc. 94,3), HHBEPTOD C MOUIHHIM BHIXOZXOM (puc. 94,6)
Tpexsxogossit snement MJIH-HE (puc. 94,8), tpexBxomoBuil snement HM-HE (pac.
94,2), anement WJIU-U.HE, orcyrcrsyiomuft B cepun K176 (puc. 94,0), MynabTH-
neKCOp Ha ABa BXoAa (pHc. 94.e).

Myabrumiekcop no cxeme pHC. 94,6 MPOMycKaeT CHrHaJ €O BXOja A Ha BHIXOZA
D npu sor. 1 na Bxoge C u co Bxoma B ma Bmxoa D npu sor. 0 ma Bxome C.
MyabThniekcop o6paTHM — Npu NMOJAYe BXOAHOTO CHrHazna Ha Bhixox D, oa Gyamer
NpOXOAUTb Ha BXOA A npwu Jor. 1 Ha Bxose C u na BXoa B npu Jor. 0 Ha Bxoze C.

Tak xe, kak u ans kmouei K176KT1 u K561KT3, npomyckaeMufi cHrHaA

” 2 v "
01 K561/02 : I T
Bsixod
8 =/
e il g 'ué_—l_ E—l
Puc. 92. Tpocrefimnit Bapuant renepa- & +—2
TOpa 3J€KTPOHHOrO KasJeHnaps
— b %’W zg ® e o 7
Puc. 93. Mukpocxema K176JIIT1 s 1y e s T J
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Puc. 94, Hcnoab3oBarue mukpocxemsr K176J1I11:

4 — Kaw Tpex HHBEPTOpPOB; 6 — KaK MOLIHOrO HHBEpPTOpa; 8 — Kak anementra 3UJIU-HE; 2—
kak saeMeBTa 3U-HE; 9 — xak asnemenra HNJIM-U-HE; e — KaK ABYXBXOZOBOrO MYJbTHIJIEKCODPA

MOXeT GHITh H LHQPOBHIM M aHAJOrOBHIM, H HE JOJKEH BBIXONWTh 3a Mpejesbl Ha-
NpsIXKeHHA MHTaHHSA.

Ha punc. 95 npuseaena cxema Ttpurrepa IlIMHTTa, KOTOpHA MOXHO co6paTh,
ucnoab3yss MukpocxeMy KI176JIT11. Tpurrep cocToMT H3 ABYX CHMMETPHYHHX TO-
JoBHH, Kaxjaad H3 Tpex MOTI-TpaH3HCTOPOB € KaHajaMH p-THHA HJH n-Tuna. Kax-
fasi B3 NOJIOBHH HallOMHHAeT MO NOCTPOSHHIO o6blunbifi Tpurrep IIIMHTTa Ha IBYX
GHNONAPHHX TPAH3KHCTOPAX, B KOTOPOM SMHTTEPHHII PE3HCTOp 3aMeHeH Ha ellle OIHH
MOIl-rpan3ucTop, a B KayecTBe HArpy30YHOrO0 PE3HCTOPA MHCIOJB30BAH TPHITEP
IlImMuTTa Ha TPaH3MCTOPaX MONOJNHHTENbHOH CTPYKTYpH. Ha puc. 96 npusejgeHa
fiepeKJouaTe bHas XapakTepHCTHKA Tpurrepa LlImurra.

6 ém * Uoer
Gt
7 ;

e

o1 KIzeant

14 2 J Bsixod
77 ooy Bxod
a) 5
_IEy 4
Puc. 95. Tpurrep llImmur- 5
Ta Ha MHKpoOCXeMe :
K176J1111: o]
a — cxema COEAHHGHHﬁ Bbl- 7 0[14
BOJOB  MHKPOCXeMbl; 6 — i 5)

NPpHHUHNKHAJAbHAA cXeMma
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W MH, T03TOMY MNeperpy3ka BBIXOJOB CJOXKHBIX

MHKPOCXEM M JaXKe 3aMBIKaHHE BBHIXOZOB Ha 06-
WA NMPOBOJ MJH Uenb MHTAHUS He BJAMSIIOT Ha
paoTy MuUKpDOCXeM IO ApyruM BhixogaM. Kpo-
Me TOro, TepeKJalouaTe/bHbe XapaKTepHCTHKH
TIPOCTHIX JIOTHYECKHX 3JIEMEHTOB MMEIOT 3HAUH-

Upyr =98

Vo Buixoan  GoAbIIMHCTBA MHKPOCXEM  cepuit
g t—-———--—\ K176 u K561 nonoasenbl OygepHuIMH KacKaaa-
!
|

TeNbHo 6ojee KPYTOH CpemHM#i yuyacToK, uYeM
g2 KL 3To nokasaHo Ha puc. 2. [losromy, ecam no
0 I -1 KakuM-A1060 TnpuyMHaM HeoOXOluMa IJIaBHas

4 30 32 54 56 Upx

nepekJioyaTeNbHas  XapaKTePHCTHKA,  CJELyeT
Puc. 96. Cratuueckas mepekJio- HCNOJb30BaTb Mukpocxemy KI76JIT11, Bxmoden-

uaTenbHas XapaKTEPHCTHKA TPHT- gy no ofHOl W3 cxeM pHe. 94,a—0.
repa HImutra

®OPMHUPOBATEJ/IN 1 TEHEPATOPbLI MMITYJIbCOB

B undpoBHX ycTpoificTBax HAa MHKpOCXeMax GOJbINYI0 DPoJib MrpalT pas-
JauyHbie GOPMHPOBATENH HMIYJbCOB ~— OT KHONOK W MepeK/ioyartesefi, u3 CHrHazla
¢ moaoruMn Qpoutamu, AuddepeHUHpYIONHE LENH, a TakKXKe MyJbTuBHGpaTopH. B
JIAHHOM pa3fiese PaccMOTPEHH HEKOTOpble BOMPOCH IOCTPOCHHS TaKHX (OpMHPOBa-
Teneit u remepatopoB Ha MukpocxeMax KMOIT — cepuit K176 u K561.

Kak u3BeCTHO, HENOCPEACTBEHHAS MOJaua CHTHAJNOB OT MeXaHHYECKHX KOHTAKTOB
Ha BXOJhl MHTErPaJbHEIX MHUKDOCXEM RONYyCTHMA He Bceria H3-3a TaK HasbIBAEMOTO
npeGe3ra — MHOTOKPATHOTO HEKOHTPOMHPYEMOTOo 3aMbIKaHHSl H DPa3MBIKAHHA KOH-
TAKTOB B MOMGHT HX nepekmoueRHs. EcoH BXOAbl, Ha KOTOpHE TOJAAETCS CHIHAJ,
HEYyBCTBHTENbHH K ApeGe3ry, HanpHMep BXOJALI YCTAHOBKH M cOpoca TPHITEPOB H
CUETUHKOB, HENOCPEACTBEHHAst MoJava CHrHaJoB aonycruMa (puc. 97). Ilopava cur-
HaJ0B Ha CYETHbHIe BXOAH TpebyeT CcNeHHaJbHHX Mep N0 NORAaBJCHHIO apebesra,
6e3 HHX BO3MOJKHO MHOTOKPaTHoe cpabaTbiBaHHe TPHITEPOB H CUETUHKOB.

B ycrpofictBax ma KMOII-MuKkpocxemax BrmoJHe NPHMEHHMHL Mephl no Gopbbe
¢ npe6e3roM, H3BecTHbie U3 onbita paGoTn ¢ TTJI-MHkpOcXeMaMH, HanpHMep, BKJIO-
yeHHe CTaTHYecKoro Tpurrepa Ha aByx sjementax M-HE (puc. 98,0,6). Oanaxo
upe3BblyafiHo BICOKOe BXxoAHoe conpotuBienHe KMOITI-mukpocxeM (mopsixa coTeH
M THICSY MEraoM) H OTHOCHTEJBHO BBICOKOE BHIXOJHOE CONPOTHBJIEHHe — (COTHH
OM — OINH KHJOOM) NO3BOJAET YNPOCTHTb LENH NMOAABJEHHs Jpebesra, HCKIOUHB
pesuctopnl (puc. 98,6,2). Bapuantom cxemn puc. 98
ABJseTcs yeTpoficTBo mo cxeme puc. 98,0, cobpanHue

.

Uoer *”"‘" BCEro JWIUbL HA OAHOM JIOTHYECKOM HEHIIBEDTHDYIOLIEM
','0’0, J/eMeHTe.

31ech cleayeT CKa3aTb HECKOAbKO CJOB O HEHH-

mﬂ' BePTHPYIOUWNX  Jormyeckux daementax KMOII-cepuit

00x K176 u K561. BOJBIIHHCTBO JIOTHYECKUX IJGMEHTOB

3THX cepuil ABJIAIOTCA HHBepTHpYioulHMH, Hckiioye-
Prc. 97.  Vivmvis Hue cocrasasior K176I1Y3, KI176I1Y5, K5611TV4,
Caone  OMIYIRCRL € yy76 019 K561J1TI2, K176J1C1, K561J1C2, K561J1IT13,

«japeGe3roM» Ha KOHTaK-
Tax KHOMKH K176JIM1. Kar ykasmBajoch BHILIE, MHKPOCXEMH, C€O-
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Puc. 98. TlogaBnenue ape6esra mpH MOMOUIH TPHIrepa:

a — cTanpapTHas cxema; 6 — cXeMa C MOHHXKEHHOH MOUIHOCThIO MOTpeGneHRs; & — cXema 6e3
PE3HCTOPOB; &~ C YNpaBJeHHeM MO BLIXOAY; O — Ha HEeUHBEPTHPYIOUIEM JIOTHUYECKOM 3JEMEHTE

Iepxaluve B cBoeM o6o3naueHuu Gyksel ITY, cayxkar AJs COIVIACOBaHMS MHKPOCXEM
KMOIT-cepuit ¢ TTJI-muxpocxemamu. Ilo 3Toft npuyMHe HX BLIXOIHBIE TOKY NpU
mojaye Ha HMX BBIXOAB HAMPSIKEHUs NHTAHHS MM COEIMHEHHH BBIXONOB ¢ OOGIHM
NPOBOJOM B ycTpoHcTBe no cXemaM pHc. 98,6—3 MOryT n0CTHraTh MHOTHX JeCATKOB
MHJLIAAMIIEpP, YTO OTPHUATENbHO CKa3blBAeTCS HA HaJEXHOCTH ycTpoiicTB. Takue
HUMNYJLCHbIE TOKH MOTYT TakK¥Ke CJYXKHTb MOIIHBIM HCTOUHHKOM MnoMeX. B MyJbTH-
BaGpaTopax u Tpurrepax. lIMUTTa, ONHCHIBaeMBIX HHJKE, TaK¥Ke HEBBICOLHO NpHUMe-
HATb TaKHe MHKPOCXeMBl H3-32 GOJBIIAX TOKOB, NOTPeGNseMbIX HMH B TpolLecce
MJIZBHOTO H3MeHeHHS BXOAHOro cureana. ITo TeM e NPHYHHAM He pPeKOMeHAyeTcs
B ONHCHIBAEMBIX 31eCh VCTPOACTBAX INpPHMEHSTb HHBEDTHPYIOUIHE MHKPOCXEMEl
K176I1¥1, K176I1¥2, K561JIH1, K561JIH2.

IlosToMy B nanbHeiilleM 1104 HEHHBEPTHPYIOUIUM JIOTHYECKHM 3JEMEHTOM MoApa-
3yMeBaeTCs] MWJHM JBa MNOCAENOBATeNbHO BKMIOUEHHBIX JIOOKX HHBEDPTHPYIOIIHX 3J7€-
MeHTa, uWaH Mukpocxembl K176JIT12, K561J1I12, K176JIC1, K561J1C2, K561JI1I113,
BKJIIOYEHHBIE KaK HEWHBepTHpyloliue 3jeMeHTH. O BO3MOMKHOCTH MX HCNOJb30BaHHS
B KauyecTBe HEHHBEPTHPYIOIHX YKa3aHO B NepBOM pa3jesie KHHIH.

Miukpocxemy K176JIM1 Takke MOXKHO HCMOMB30BaTh KaK HEeHHBEDTHpYOIIMA
9/MeMeHT paccMaTPUBaeMBIX fAanee yCTPOHCTB, OJHAKO 3To He odYeHb ya00GHO, TakK
KaK B OJHOH MHKpOCXeMe COJepKHTCs BCErO0 OAWH AEBSTUBXOJOBHIH aaeMenT U u
OJMH HHBEPTOD.

Bonpwoe Bxogxoe conporusienne KMOTI-mMukpocxeM M03BOJISIET B HEKOTOPBIX
cayvyasx oGoliTuck Boo6iie 6e3 aKTHBHBIX 3JEMEHTOB AJsi nojasjenus ipebesra. Ha
puc. 99,0 npHBejeHa CXeMa MOJAYH HMNYJLCOB OT KHONMKH Ha CYETHHI BXOX TPHI-
repa uny cuetynka. Kongencatop Cl B HCXOZHOM COCTOSIHHH 3apsiXeH 10 Hampsixe-
HHsA nuTaHug. [Ipw HaXaTHMH Ha KHONKY pa3MBIKaHHe HOPMAJIbHO 3aMKHYTOrO KOH-
TaKTa He NpUBENET K H3MEHeHHIO HanpsiKeHHs Ha kKonjencatope CI. IlepBoe kaca-
HHE MOJABHIKHOTO KOHTAKTa H HOPMAaJbHO PAa30MKHYTOTO KOHTAaKTa npHBeAeT K GHCT-
poMy paspsany kougencaTopa Cl, H HanpsiKeHHe Ha HEM CTaHeT DaBHBIM HYJIO,
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Puc. 99. ®opMmupoBanue HMIYAbcOB 6e3 AKTHBHEIX 3jJeMeHTOB (a), ¢opmupoBanHe
KOPOTKOr0 HMTyJbca OT KHONKH (6), GOPMHPOBAHHE LJMHHOrO HMRYAbCa C HOMOLIbIO
rpurrepa llimurra (8)

Danbhefiuuit mpeGear KOHTAKTOB He NPHBEJET K H3MEHEHHIO HANpsKeHHs Ha BXole
Cl, HepocTaTkoM CXeMH SBJISIeTCS ONIaCHOCTh HABOJOK NOMEX Ha NPOBOJHHK, COELH-
HAIOIIUA KHOUKY M BXOX MHKpocxeMH. Ecan HaBogku AelCTBUTENBHO BO3HHKAIOT,
9TOT NPOBOIHHK CJIeyeT S5KPaHHPOBATD.

Bce paccMorpenHbie Bhillle cXeMbl N0JaBleHus jgpefesra TpeGoBanan npuMeHeHHS
NepeKMIOYaloNINK KOHTAKTOB KHOMOX. Ecji BEmOJHEHHe 3TOro TpeGoOBaHHA 3aTPYA-
HeHO, BO3MOXHO HCNOJMb30BaHHe YCTPOHCTB mno cxemaM puc. 99,6 u 6. llemp na
exeme puc. 99,6 GopMHpYeT KOPOTKHH HMIYJbC OTPHUATEJBHONA HOJAPHOCTH (OKOJIO
0,7 Mxc Ha ypoBHe 0,5) B MOMEHT MepPBOrO KacaHHf KOHTAaKTOB KHOMNKH, B pe3yJib-
rare xoroporo Xompeucatop Cl 6wicTpo 3apsixaercs uepea pesuctop R2. Jlanbueit-
Wi fpeGesr KOHTAKTOB KHONKM He BJMseT HAa BHIXOAHOE HANPAXEHHe, TaK Kak
paspsapn konjencatopa Cl npoucxoiut yepes pesucTop RI 3HaunrtenbHo GoJblied
BEJHYHHBIL.

Ecay HEo6X0AHMO MOJYYHTh JAJIHTENBHOCTh BHIXOLHOTO HMIYJbC3, PaBHYIO AJH-
TENILHOCTH HaXKaTHS HAa KHOMKY C OAHOM NMapoifl KOHTAKTOB, MOXHO HCIOJb30BAThb
noznasjeHne jpeGesra ¢ NOMOWbIO MHTerpupylomefi menu u tpurrepa LlImurra (puc.
99,6). HpeGesr umnyiabca Ha pesucrope R1 cruaxusaencs uenbio R2C1. Tpurrep
IMImurra DD1 dopmupyer kpyThie GPOHTH BHIXOLHONO OHTHANA.

Hast nojaBnenust apeGesra KOHTAKTOB KHONKH C OJHOMA NMapoji KOHTAKTOB MOXKHO
HCMONMb30BaTh lelb, TPU BapHaHTa CXEMH KoTopoi mnpuBenensl Ha puc. 100, ILlems
no cxeme puc. 100, 3KBHBaJIEHTHA MO CBOGMY JeHCTBHIO HHTerpHpYIOUleH Lemu M
tpurrepy [Imurra puc. 99,6. B ucxomHOM cocTOAHHMH Ha BXOA€ U BLIXOAE ILeNH
Jor. 1. Tlpn 3ambikanun Keonks S| Ha neBoi o6xnajaxe Kouaencaropa Cl manpsi-
JeHHe HAYHHAeT CHHXKATbCA M, eclH mocTosHHass Bpemenn R2C1 BuiGpana pocra-
TOYHO O6OJbLIOH, HaNpsiKeHHe JOCTHraeT NOPora mNepekaiodyeHusi 3jaeMenta DDI.1
flocsle npekpauieHus apeGesra. daementel DD1.1 u DD1.2 nepeknodyaiorcs, Ha BHI-
xope nossasercs Jqor. 10. IlonoxurenbHas o6parHasi cBsA3b OGecneyHBaeT KpyThle
$poHTH BEIXOAHOTO cHrHada. IIpH pa3MBIKAaHWH KOHTaKTOB Nepek/aioyeHye MpOHCXO-
AMT aHaJoTHYHO. B pesysbTaTe Ha BEIXORE HeNH (HOPMHPYETCS HMINYJbC, AJNUTENb-
HOCTb KOTOPOTO COOTBETCTBYeT BPEMEHH 3aMBIKAHHS KOHTAaKTOB, a (POHT M crag
HMIYJbCa HECKOJBKO 3alePXKaHbl OTHOCHTEJIbHO MOMEHTOB 3aMBIKAHHS M Pa3MbIKa-
HHua KoHTaxtoB (puc. 100,6).

Ecan HeoGxopuMo NONYYHTH (POHTH BLIXOJZHONO CHCHAJAAa TOYHO B MOMEHTHI
Pa3MEIKAHASL WM 3aMBIKAHHA KHONKH, MOXXHO MHCIOJb30BaTb BapDHAHTH LeENH N0
cxemam puc. 100,86 u 0. Tleppast u3 uux (puc. 100,8) npu 3aMbiKaHHM KHOTMKH (Op-
MHpyeT Ha Bbixoge Jor. 0 amanoruuso uenu puc. 100,a. Ilpu pasMbikaHHE KHONKH
Jor. | mocTymaer Ha HHXHHI No cxeMe BXoA saementa DDI.1, o6a snementa DDI.1
u DD1.2 nepexsmouatorest, sior. 1 ¢ BbiXofa sieMenta DD1.2 uepes konpencatrop Cl
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Puc. 100. IMopannenne npebe3ra KHOMKH C OAHOM napo#l KOHTAaKTOB:

a — ¢ safepXKOf BKIIOUEHUS M BulKAIOueHHS; 6-—C SaJePXKOA BKAIOYEHHS; 8 — ¢ 3alepxKok
BLIKAJOYGHH S

Boixod
htiee:

nocrynaer Ha Bxon 3nementa DDI.1 m ynepXHBaeT ero BO BKJIOYEHHOM COCTOSIHHH
Ha BpeMsl Jpebesra XoHTakToB KHomku S1 (puc, 100,2).

Anajoruyno paGoraer menb no cxeMe puc. 100,0, ogHAKO e€e BKJIOYEHHe MpPOHC-
XOAMT NPH MEPBOM 3aMHKAHHH KOHTAKTOB KHONMKH Sl, BEIK/IIOUEHHE — MNOCIe OKOH-
yaHusi gpeGesra pasoMKHyBlueficsi kHonku (puc. 100,e).

Iepekniouarean ¢ B3aHMOBHIKIIOYEHHOM MOMKHO IOCTPOHTb Ha OCHOBE MHOrO-
cTaGHJbHOTO TPHITepa. BapHaHT cxeMBl NepexjlouaTesis Ha TPH MOJOXKEHHS NMOKa3am
Ha puc. 101. [Ipu Bxvilouenuu nurtamust Jjor. 0 ¢ paspsikeHdoro xongeHcaropa Cl
yepe3 auoxa VD1 nocrymaer na Bxoasl aaeMentoB DDI1.1 u DDI1.2 u Buxmouaer
ux. Ha #x BhiXojgax MOsIBASIIOTCS JIOT. 1, KOTOpble, MOCTynasi uepes pesucTophl R1 H
R2 na Bxoaw anemenra DD1.3. Bkawoualor ero, u Jor. 0 ¢ ero BHXOJA yIAepKHBAer
aneMentst DD1.1 u DD1.2 B BHK/IIOYEHHOM COCTOSHHM M IOCAE 3apsiaa KOHAeHca-
Topa Cl uepe3 pesncrop R4. Takum o06pasoM, B HCXOZHOM COCTOSIHHH Ha BHIXOAAX
I n 2 qor. 1, Ha Bexone 3 — uor. 0.

Ilpu naxaTtnn Ha kHonky SBI Ha Bmixogax 2 u 3 mosBJasietcst Jor. 1, Ha BH-
xome 1 — gor. 0. Ananmornyso npu HaxaTHu kKHonkd SB2 jnor. 0 nosiBasercs Ha
BHXOZe 2, npH HaxaTHH KHonkH SB3 — mna Buxoge 3. Ilepekniouerue BHIXOJHHIX
CATHAN0B NMpoucXoAHT 6e3 apebesra.

Ilpn onHOBpeMeHHOM HAXaTHH HBYX MJAHK TPEX KHONOK Ha BCEX TPeX BXOAAX
nosABAAETCA JOr. 1, YTO COOTBETCTBYET OTCYTCTBHIO AKTHBHLIX BBIXOJHBIX CHTHAJIOB.
Ipn ommyckanun xHomok Jor. 0 mOsBHTCA Ha BBIXOJE, COOTBETCTBYIOIIeM nociaexHel
naxarofi xnonke. OBRAaKO CHATHE H NOSBJCHHE BHXOAHMX OHFHAJOB NPH HaXKaTHR
HECKOJbKHX KHONOK MPOHCXOAHT 6e3 noxaBJjeHHA mpebeara,
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Puc. 101. Tlepekmouatenn ¢ B3aHMO- Puc. 102. TlepexiiouyaTelb Ha MHKDO-
BHIKJIOYEGHHEM Ha OCHOBE TpexcTaGu.b- cxeme K561M1P9

HOTQ TpHITepa

HexocTaTKOM TaKOro MepekmiouaTeds SBAfeTCS TaKXKe HEOGXONHMOCTb MpHME-
HeHHMsl JIOTMYECKUX 3JIEMEHTOB C GOJbLIAM 4YHCJIOM BXOAOB JJis MOCTDOEHHS mepe-
Katouatesieli Ha GoJsibllioe yucaA0 mosoxKenuii. Joisi mepeksmoyaTesissi Ha ueThpe MOJO-
Kenus HeOoGXOZMMO yeThpe TpexBxofoBHX aiementa W-HE, nas mepexarouarens Ha
NSTh TNOJOXeHHH — MSITh YEeTHIPEXBXOJOBHIX 3JjeMmeHTOB. [Ipn GosbilleM uHCJe NO-
JIOXKeHHA mepeKJoyaTesH 1Uenecoo6pasHo CTPOMTh Ha JPYrHX HpHHIHMNAX.

Ha pxc. 102 npuBeseHa cXeMa MepeKJiodYaredss Ha ueThipe mOJd0xKeHHA. IIpx
BKJloueHuHn muTaHus uenb CIR6 ycramaBamBaeT Bce Tpurrepbl MHkpocxembl DDI B
Hysab. [Ipn Haxartum JmoGoli H3 KHOMOK, Hanpumep SBl, B MOMEHT pa3MbiKaHHs
BEPXHErO IO CXeMe KOHTaKTa KHOMKH Ha BXxo4 DI MHKpocXeMsi MPHXOAMT Jor. 1,
B MOMEHT 3aMbIKaHHMA HHXKHero KoHtakra Ha Bxox C —usor. 0 IIpn pasaMblkaHuH
KHOTNKH H3MeHeHHe curHasna Ha BxofZe C ¢ sor O Ha Jqor 1 npuBeieT K YCTAaHOBKe
TpUrrepa MHKpocxembi €O BxoxoMm D1 B equHHUHOe COCTOSIHHE, HAa BhIXOje | MOsIBUT-
ca qor. 1. Tak paGoran 6wl mepexJiouaTesb, ecau Obl He CyulecTBOBaso jpebesra
xuomok. Ms.za gpebesra 3amuch ejMHMUBI B TPHUITED NPOMCXOAHT NpH HAXKaTHH
KHOTIKH.

Ilpn waxarnu moGofi APyrofi KHONMKK MOCJAe OTHYCKAHHs NepBOf B eRHHHYHOE
COCTOSIHHE YCTAHOBHTCSI COOTBETCTBYIOLUHI el TPHITep, a NMepBhifl TPHITep CGPOCHTCH.
Eciu HaxkaTh BTOPYIO KHONKY, He OTNYyckasi IepBoH, Jor. 1, ocTaHeTcs HAa BHIXOJe,
COOTBETCTBYIONlEM NepBoll knomke. OmHako, ecy BHayase OYAeT OTHylleHAa nepBast
KHONKa, 3aTeM RTOpas, B MOMEHT OTIyCKaHHS BTOPOR KHOMKM Jjor 1 nosiBHTCS Ha
BHIXOJ€, COOTBETCTBYIOIEM BTOPOil KHONKE.

ITepexmouatenp no cxeme puc. 102 moxker ObITh H3rOTOBJEH H Ha Gosbllee
YHCJIO TOJIOXKEHHH, €ro HEIOCTATKOM fBJSETC] HEO6XOAMMOCTb HCIOJIb30BAHHUSA Te-
PEKJIoUaoIiX KOHTaKTOB KHOMOK. EcaH Heo6X0IHMO H3rOTOBHTh MepeK/aodaTeb Ha
GoJblioe KOIMUCCTBO MOJOXKEHHI NPH HCIONL30BAHHH KHONOK ¢ OZHON mapoid saMbl-
KaIOIlUX KOHTAKTOB, MOXHO BOCIOJBb30BaThbCsl cxeMol puc. 103.

Lenb CIRS cay»HT JJjs HauaJbHOH YCT2HOBKH B HyJIEBOE CCCTOSIHHe TPHITEpOB
Mukpocxem DD3 u DD4 npu BKaioueHHM nuTaHusi. [Ipu Haatuu J11060# U3 KHOTOK.
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Puc. 103. Tlepekatouatesb Ha BOCEMb NOJOXKEHHH

nanpumep SBI, nor. | nocTynaer Ha COOTBETCTBYIOWHME BXOZ OIHON H3 MHKDOCXEM
DD3 unan DD4, B nausom ciywae #a Bxof DI Mmumkpocxemer DD3. Kpome TOTO,
aor. 1 uepes anement MJIM (DDI, DD2.1) moctynmaer Ha uenb MoJaBiaeHEa jpe-
Geara R6, C2, DD22, DD23 u ¢ ue6oabluofi 3afepXkkKoil mosiBasiercs Ha Bxozax C
mukpocxem DD3 u DD4. B pesyabrate npoHcXoaMT yCTaHOBKA B efQMHHYHOE CO-
CTOsIHHE COOTBETCTBYIOLIEro TPHIrepa ¥ TOMBJeHHe JIOr. | Ha BHIXOJe Hepeksoyare-
as. B naxHoM cayyae Jior. 1 mosBHTCA Ha BHIXoge 1 nepekuiouared.

Ecan npy HaXaTo#l KHONKE HaXaTb elle OAHY HJIM HECKOJbKO KHOINOK nepe-
KJI0YaTeNsl, U3MeHEHHHl B COCTOAHMM TNepek/IoyaTeslss He NPOU3OHAET Xak Ipu Ha-
XKaTHH, Tak M NPH OTNYCKAHHH KHOMNOK. 3amuch B TPHUITEPH MepeKioyaTesis BO3-
MOXHA TOJIbKO NPH HAXKaTHH KHONKH H3 COCTOSHHS, B KOTOPOM BCE KHOMKH OT-
nyuleHbl,

[punuunuanbHO B nepekmouaTeasx no cxeMaM puc, 102 u 103 so3moxuo no-
SIBJIEHHEe JBYX BBIXOJHBIX CHCHAJOB NPH OJHOBPEMEHHOM HAaXKaTHH [ABYX KHOIOK.
Ins nepekmouateds no cxeme puc. 102 3To BO3MOXKHO B TOM ciaydae, KOrja IpH
HaXAaTHH [ABYX KHOMOK HX NONBHXKHble KOHTAKTHl GYAYT OZHOBPEMEHHO HAXOXHTHCH
B HE3aMKHYTOM HH C OJHMM HEMOJIBHXKHHIM KOHTAKTOM cOCTOSHMHM. LA mepekiio-
yarens 1o cxeme pHC. 103 oaHOBpeMeHHOe NOsBJIEHHE ABYX BBHIXOZHBIX CHIHAJIOB
NpOM30HAET B ciydyae, KONAa HHTEPBAJN BPEMEHW MEXAY HAXKaTHeM KHOMOK GyJeT
MeHbllle 3afepXXKH LeNH NofaBJeHHs Ipeeara,

B dopmuposarensx u remeparopax IUHPOKO HCMOMB3YIOTCA TPHrrepn IlImutra.
Onucannpie B mepBoM pasjene KHHrH MuKpocxeMa K561TJI1 u Tpurrep Ilimurra
Ha ocHoBe MukpocxeMel KI176JIII1 wumelor HensMeHsieMble MOPOTH IepeK/TIOUEHHS,
Tlpr HeoGXOMMOCTH HCIO/MB30BaHHS TpHrrepos LLIMHTTAa ¢ ApYrHMH MOpOraMH MOX-
HO CTPOHTb HX, OXBaThiBag 0O0paTHOH CBA3bIO Yepe3 DE3UCTOP HEHHBEPTHPYIOULHA
JIOTHUECKHA 3/IEMEHT M 1MOJaBast BXOJHON curHan yepes pesuctop (puc. 104). Iloporu
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Puc. 104, Tpurrep [Iuwurra nHa
HEHHBEPTHPYIOIIEM  JIOTHYECKOM
sNeMeHTe

BKMOUeHHsT Upxy M BoikjdOUeHHss Usumxkn TAKOrO TpPHUITepa MOXHO HafTH mo ¢op-
MyJaM:

Umm: (l+ %) Unop.
2

R
UbHHH = Vnop— 'R_l' (Uzm'r - Uuop)»
2

rie Ugop — TOPOTOBOE HANpSIKEHHE JIOTHYECKOTO JeMeHTa.

OG6blyHO NOpOroBOe HanpsiXKeHHe JOrM4ecKHX 3JMeMEHTOB OAH3KO K IOJOBHHE
HamnpsiKeHHsl IHTAHHs, NO3TOMY INOPOTH BKJIIOYEHHs] M BHIK/IIOYEHHS MOXHO BHIUMC-
JuTb N0 dopMynam:

UBRJI= Un;”‘ <1+ "f:—;') s

U _ Unar ( [— Ry )
BBIKA — ’ .
2 R,
Winpuna neran rucrepesuca Uy (pasHOCTb NMOPOTOB BKJIOUEHHS M BBHIKJIIOUEHHS)
He 3aBHCUT OT Upnop ¥ paBHa

Up= Uppe 2
r onTt .
R,

HOns dopMupoBaHus KOPOTKHX HMNYJbCOB H3 [MepemnajoB HAa BHIX0JaxX MHKpoO-
cxeM npuMensior auddepenunpyomue uenn. Ha puc. 1056 nokasana puddepenmu-
pylolnasi Henb AJs MOJYYeHHS MMNYJbCa NO (GPOHTY BXOAHOTO HMIYJbCa TNOJNOXKH-
TeIbHOM TOMSIPHOCTH, HAa puc. 105,60 — no cmany. Huoast VD1 u VD2 ssasiorcs
33IIUTHEIMH H BXOJST B cocTaB MukpocxeM cepun K561 u cepuu K176 Bmmycka
nocienuux ger. Kak ykaseiBasoch B NMepBoM pasfene, B MHKpocxeMmax cepun K176
CTapHX BBIIYCKOB YCTAaHOBJIEH TOJBKO ONHH AKON — cTabuaurpon VD2 c nHamps-
JKeHHeM BKJOYeHHs mopsigka 30 B.

Pesnucrop R2 cayXuT Aas OrpaHHYeHH BXOZHONO TOKa Yepe3 KOHAGHCATOP
Cl u Bxomunle auoxnt VD1 u VD2, Harpyxast MEKpocxeMy — HCTOYHHK CHTHana,
3TOT TOK YBEJHYHBAET AJIHTENbHOCTh ()POHTA HA BBHIXOLE MHKPOCXEMBl — HCTOYHHKA,

-

Puc. 105. Juddepennupyomne nenouky, padoraomue No ¢ppoury (a) u cnagy (6)
HMTYJILCOB
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a ToK Gojee 20 MA uepe3 3aIIHTHHIE JIHOABI MOXKET NPHBECTH K NOPYE MHKPOCXEM,
MOAK/IIOUEHHBIX K BHIXORY Auddepenunpyowmefi uenouxn. ConpoTHBAEHHE PE3HCTOPA
R2 sui6upator 3 ...10 xkOwMm.

dddekTHBHAA AIHTENIBHOCTD MMIYJLCOB Ha BhHIXoAe AHdepeHUMpYOUeH Lenoy-
gn 0,7RIC1, pnurtenbHOCT cnafa HMOyabcoB — mnopsiaka 2R1C1, mnosromy npu
HEe0GXOMMOCTH MNOJYYEHHS] HMNYJAbCOB C RJHTENbHOCTbIO Gonee [0 mMke uenecooG-
pasHO OpHMeEHEeHHe XAYWHX MYJbTHBUGPATOPOB.

Ha puc. 106, npuBenena cxema MAYIIEro MyabTHBUGpaTOpa, 3amyCKaeMmoro
enafoM MNOJOXHTeNbHOro WMny/bca. B uncxosnoM cocrosmun Konpencatop C2 pasps-
XKeH, Ha 00oHX Bxoxax siaemedra DDI1.1 u Ha Bmxoje snemenra DDI1.2 aor, 1,
[pn nmocrymiedru ¢ BHXOZa JuddepeHUUpYIOmed NEIOTKH KOPOTKOTO HMIYJbCa
oTpuuareabHon nmoaspHoctd siaement DDl puwmouaercs, DD1.2 Bkmouaerca u Ha
ero BhiXoge mnosBasercs Jor. 0. Cnaj HampsixKeRHa ¢ Bhxoja saeMenra DDI1.2
uepe3 kongencatop C2 nepemaercs Ha BXox saeMenta DDI.1 u nonnmepxmusaer ero
8 BHKIIOUeHHOM cocTosHKH, Kongencarop C2 unaunnaer 3apsKaTbCcq TOKOM uepe3
pesucrop R2 ot nyass o nanpsixkeunss nrTanusi, Koraa nanpsikeHHe Ha JieBOR no
cxeMe ofkaagke C2 mocturser nopora BKoyeHHs sjemerta DD1.1, o Bk/mountes,
Ha Buixofie 3nementa DD1.2 Bo3annkHer xpyrofi ¢poHT HapacTamus, mepefaBasch
yepes C2 na Bxox DDI.1, on obecneunt GHCTpO® mepek/ioueHHe OGEHX 31EMEHTOB.
HOuon VD! wueoGxonpum, ecau Tpebyercst GHCTpPOe BOCCTaHOBJEHHE HCXOLHOTO CO-
CTOAHHA XAyHlero MynabTHBHOpaTopa. OH He HYXEeH, eCJR HCHOJb3YIOTCS 3JEMEHTH
mukpocxem cepun K561 mam K176 ¢ npyMs auomaMu, T. K. NHOIB BXOIAT B HX
cocras (cM. puc. 1),

Hcnonb3oBanne MHKPOCXeM, KOTOPHE MOTYT paboTarth B KauecTBe JOTHYECKHX
HeHHBepTHPYOmHuX aneMentoB M nan HJIH, nosBoafieT ympocTHTh CXeMB XAYIHX
MyabTuBHOpaTopos. Ha puc. 106,6 npEseseHa cxeMa MKAyllero MyJbTHBHOpaTOpa
Ha onHoM JjoruyeckoM saemente WIJIM u3 muxpocxemm K561JI1C2, ma o6a ynpas-
JSIOIAX BXOJa KOTOPOH noidano HanpsixkeHue muTanus. Ha puc. 106,8 mpousmocr-
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pHPOBaHA BO3MOXHOCTb CTPOGMPOBAHHA 3amyCKa uYeThipex MXAYUIMX MYyJbTHBHOpa-
Topoe Ha Mukpocxeme K561JIC2. 3amyck MysnbTuBHGpaTOpa MOXKET NPOH30ATH
Jullb npy mopave Ha Bxox «Crtpo6» sor. 1 um (pOHTA MOJIOKHTEJIBHOTO HMIYJbCa
Ha BXoj 3amycka. ['eHepHpyeMblli HMDyJbc MoXeT OuiTh oGopBaH mopaueil .or. 9
na Bxoa «CpeiB».

LIIupOKHMH BO3MOXKHOCTAMH o06Mafalor XAymue MyabTuuGpatopsl Ha JK- n
D-rpurrepax. YcrpoiictBa no cxeme puc. 107 MoryT ObiTh 3anyIIeHb HJH KODOTKHM
MMIYJbCOM, NOA2BaeMbIM Ha BXOA S TpHITepa, HJIH (POHTOM MOJOMKHTEIbHOIO
uMnyabca, nojaBaemoro Ha Bxof C. Jlormueckas 1, mofABasomlascss Ha npsMOM
BEIXOJe TPHITEpa NPH 3anyckKe, uepe3 peaucTop RI HaynHaeT 3apsXKaTh KOHIEHCATOP
Cl. Korna wnanpsikeHue Ha KOHAeHCaTOpe JOCTHFHET NOPOra MepeKkJIoYeHHs TpHT-
repa mo BxoAay R, Tpurrep mepekmiouuTcs B HcxomHoe coctosinue. Iumox VDI cayxur
IJ1 YCKODEHMs pas3psifa KOHAEHCAaTOPa M BOCCTAHOBJIEHMS HCXOLHONO COCTOSIHHSA,
npyu GoJbLIOR CKBAaXXKHOCTH HMNYJBCOB OH MOXET OHITb HCK/K4YeH. JIJMTenbHOCTD
HMOYJIbCOB JKAYIIEro MyabTHBHOPAaTOpa onpefessercs no To# Ke QopMyJse, 4To H
aas nuddepenunpyiomntesl ey,

InuTenbHocTh MMNYJbcoB, NOJABAaeMEIX Ha BXOAW S Tpurrepos AJs 3amycka
MyJAbTHBHOPATOPOB, NOJMXKHA ObITH MeHbIe AJHTENBHOCTH (GOPMHPYeMBIX MMIYJLCOB.
ITo Bxosam C My bTHBHGPATOPH 3aMycKaloTCst POHTAMA MMIYJbCOB HE3aBUCHMO
OT WX AauTeabHocTH, HemocTaTok XAylUIMX MyJbTHBHGDATOPOB, COOPaHHBIX NO CXe-
MaM puc. 107, — Goabluiast mJMTENBHOCTb CMNAaZ0B Ha BHIXOAAX, KOTOpast MOMKeT
NPHBOJHTL K HEONHOBPEMEHHOMY MEpek/JIOYeHHIO 3JIeMEHTOB, COeJMHEHHHIX C HX BHI-
xonamu. Bo Bcex OmHCAaHHBLIX Bbllle MyJAbTHBHOGpPaTopax BO3MOXKHO NMPHMEHEHME NO-
JIAPHLIX KOH,1eHCAaTOpOB.

Ecan B xaymux mysnsrtuBn6paropax na JK- u D-tpurrepax Jepwii nmo cxeme
BbIBOJ KOHJCHCATOPa OTKJIOUMTL OT OOIlero NPoBOAA H MOJAKJIOYHTh K HHBEPCHOMY
BBIBOJly TPHITePa, MOXHO CYIECTBOHHO YBCJMYHTb KDPYTH3HY CMafoB BLIXOAHBIX MM«
nyabcos (puc. 108). B 3Tnx XAymux MyabTHBMOpaTOpax, OZHAKO, HeJb3s HpHMeE-
HATb NOJAPHBIE KOHAEHCATOPHL.

[dupoxo ucnoab3yeMast cxema nPOCTOro reHepaTopa MMNyJbcOB (MyJbTHBHOpA-
Topa) npuBeseHa Ha puc. 109,a. PaGoTa Takoro MynbTHBHGPaTOpa HECKOJBKO pas-
JIHYAeTCs A CAyyaes NMPHMEHEHHsi B HMX MukpocxeM cepun K176 ¢ oauuM numoznom
u K561 nan K176 ¢ 1ByMs auozamu.

Dopma koneGannii B renepatope ma Muxpocxemax cepun K176 ¢ oxuuM anonom
npusenena Ha puc 109,6. BepxHsas 1pabpaMMa nokashiBaeT 3aBHCHMOCTb HampsiKe-
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Puc. 108. Xnywue MyabTeBuGpatopbl a D-1purrepe (a) n una JK-tpurrepe (6) ¢
yBeJHUYEHHOH KPYTH3HO! BBIXOAHLIX HMIYJbCOB

HUSL OT BpeMEHH Ha JeBoil OGKIajKe KOHIEHCATOPa, HHXKHAA -— HA BBIXOAE MYJb-
Tusn6paTopa. Chaj HampsiKenus ¢ Bhixofa saeMenta DD2, mocrynas na BXoA
snementa DD1 uepes xonmencatop Cl u pesmctop R2, orpannunBaercsa BXOJHEIM
IMOZOM BleMeHTa Ha ypoBHe, Giu3koM K Jor. 0, mocie uero HauuHaeTcs 3apsi
KoHjeHcaTopa uepe3 pesucrop RI, moBHILAIOMEA HampskeHHe Ha neBoil ofKNanke
KOHJeHCAaTOpa. BpeMs ero 3apsfa AO NOPOrGBOr0 HANMPANKEHHA MPHMEPHO DpaBHO
0,7R1C1. JlaBunoo6pa3Hblit NpoLECce MepeK/IOYeHHs SJIEeMEHTOB NMPHBELET XK ncpelate
¢ BHXoga siaeMenTa DD2 Ha Bxoa saemerta DDI1 nosoxurenpHoro mepenaiga Ha-
NpsKEHHs C aMIUIATYAoH, paBuoli manpskenuio mutanus. Ilepesapsan xonpencatopa
Cl B cropoHy yMeHblIeHHs HanpaMXeHus HA JeBOH OOKJNAajKe HAYHETCS OT Hamps-
xeunsd Upnr+Unop, B pesybTaTe uero Ha 3TOT npolece yiger Gosbliee BpeMs —
okoso 1,1RI1C1. Tloanu#i nepuom kosebaun#i cocrasut 1,8R1CI, uwacrora — 0,55/
RICI.

Ecau B remepatop ycTaHOBJeHs MHkpocxeMbl cepuu K561 mim K176, B xoTOphIX
JBa BXOAHBIX OTPAHHUUTENbHBIX AHOAA, AJHTENLHOCTh OOOMX MpPOLECCOB Mepesapsiia
KOHJeHcaTopa GyneT oxumakosofi — O0,7RICI, mosmmii mepumox 1,4RIC1, wacro-
Ta — 0,7/RICI.

Pesucrop R2 HyXeH, kak u B A epeHUHPYIOIHX LETNOYKaX, 151 OrpaHHueHHs
TOKa uepe3 BXORHHE AMOAH M yMeHbIUeHHs HArpy3ku Ha anement DD2. Ecin ero
BeJIMUMHA 3HAUMTEJBHO Mesblle, yeM Yy pesuctopa RI, oH Ha yacTOTy reHepaluu He
siausier. [Ipn cousmepumbix BeqnunHax R1 u R2 uactora reHepanuu HECKOJIbKO CHH-
KaeTCsl 10 CPABHEHHIO ¢ paccuuTaHHOfl Mo NpuBeleHHWM Bhlle dopvyaam. Yacro
pesucTop R2 He CTaBAT MM YCTaHABJHBAIOT MOC/efoBaTeNbHo ¢ Konaencatopom Cl.

Ha puc. 110,64 npuBenena cxema reHepatopa, B KOTOPOM MOMXHO OTAeTbHO
PeryJnposath AJHTENbHOCTb HMIOyabca H May3y MeXAy HMuysabcamu. B reneparope
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Puc. 109. TeHepaTop HMIYJbCOB
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Puc. 110 TeHepaTop HKMNYJbCOB C pPasfelbHOIl DEryJHPOBKOH JUTENbHOCTH HM-
NyJAbCOB M Nay3W MexAy HHMH (@) W C peryjqupoBKOii CKBaXKHOCTH UMNYJIbCOB (6)

Boixod

Puc. 111. Temepatop HMMyJb- Puc, 112. TeHepaTop nauek HMIYJbCOB
COB HA ABYX MHBepPTOpax

no cxeme puc. 110,6 MOXHO B IIMPOKHX IIpefeax peryJHpoBaTb CKBAaXXHOCTb HM-
NyJbCOB, MPAaKTHYECKH He M3MOHSA HX YacToTy.

Xopomo H3BeCTHa TaKXke cXeMa MyJbTHBHGpaTOpa Ha ABYX HHBepTOpax (pHC,
111), Ho uyacroTa Takoro MyJbTHBHGpaTOpa MeHee cTaGuJbHA.

Cxemy wmynbruBuGpatopa puc. 109, MoxHo ynpocthTb, 3amenns DDI g DD2
Ha OJMH HEHHBEPTHDPYIOIHA JorHueckHfi saeMeHT, 3amyck reHepaTopa H ero ocra-
HOB MOXHO NpPOH3BOJAHMTb yCTaHOBKOR B kavecTBe JoGoro u3 DD1—DD3 kakoro-
au60 JIOTHYECKOTO SJEMEHTa H NOJaYeX Ha ero BTOPOR BXOJ yNpaBJsIONIEro
CHrhHaJsja.

Ha puc. 112 npuBeseHa cxema remepatopa, (GOPMHpPYIOUIEr0 NaYKH HMIYJbCOB
€ 4acToToft 3anosHenHss oxkono 1000 I'm, 9acTOTa NOBTOpPEHHMS NaYeK -— OKOJIO
1 Tu, nautemprocte — 0,5 c. Iemepanus mavek NPOMCXOAHT JMWIb NpH HoAade
Jor. 1 na BXom «3anyck» renepatopa. [lepsufi MMIyJbc NepBofi Mauk¥ BO3HHKAET
cpasy nocJe NOJauH paspellalomero CHrHajza.

Boix. 1 Bxod I l
—
Beix 2 Boix 2 | I I I I I

Puc. 113. Vnpasasemufi rene- g ¥
paTop HMmyabcos (a) B Bpe- 7)
MEHHAs1 AHarpamMma ero paGoTH
1(6)
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Puc. 114. VuupepcanbHblil ynpaBiasieMbi reHepaTop HMMyJabcoB (@) H BpeMeHHAsS
AHarpaMma ero paGotw (6)

Ha puc. 113 npuBesena cxema repeparopa HMIYJbCOB, IeHEpPHPYIOILEro Ha CBO-
€M BHXOJe HMNYJbChl, 33JlepXKAHHBIe OTHOCHTEJbHO NOAAYH Pa3pellalollero CHrHalja.
Bce renepupyembie Ha Brix. 1 reHepaTopa HMOyJbCH HMEIOT OJHHAKOBYIO IJHTEJb-
HocTb, Ecnn cHrHas paspellleHs CHHMaercss A0 OKOHUAaHHS OYEPENHOTO HMIYJbCa,
HMOyJbC Fenepupyercsi mosmoctbio. Ha BrX. 2 uMnyJnch BO3HHKAIOT cpa3y mocie
fOfauH paspelldiollero CHrHAJ3, HO MOCHALHHA HMIY/JBC MOXET ObiThb HemoJHOR
JJIHTE/bHOCTH.

Ecan Heo6X0AHMO COBMECTHTb BEIAAuy HMIYJbCOB Cpa3y Ilocje CHIHaJa paspe-
weHHss ¢ obecrneyeHHeM NOJAHOM IJIHTEJNBHOCTH MNOCJAERHEr0 HMITYJbCa HE3aBHCHMO
OT MOMEHTa CHATHS HMAOyJbca paspellleHHsl, MOXHO HCNOJb30BaThb TEHEPATOp IO
cxeme puc. 114,a.

Oco6eHROCTbIO 3TOro reHepaTopa ABJSIETCS €ro YHUBEPCAAbHOCTL., EcnH BXoAHOR
3anycKalOmMHA HMIY/bC OTPHUATENbHOM NOJSAPHOCTH HMEET NJIHTENbHOCTb MEeHBIYIO
nepuoja Kojae6anui remeparopa, Ha eno BHIXoAax cGHOPMHpYeTCS OJHH HMIYJbC,
T. €. resepaTop ZAefCTByeT KaK XAywu# MysasTuBuGpatop. Ilpu moaaue BXOmHOro
HMIYJbca C AJHTEJbHOCTBIO, NpeBblalolleli nepHoa, 6yder cHOPMHPOBAHO HECKOJb-
KO HUMOysbcoB (puc. 114,6).

Tlpy ®cnonb3oBaHMHM ONHMCAHHHX BHIE XKAYINIHX MYyJbTHBHODATOpOB H TeHepa-
TOPOB, a TakXe Henell noxasinenHs jpe6esra no cxemam puc. 100 He ciexyer cHH-
MaTh CHMHaJl C BLHIXOJA NepBOTO HHBEPTOPA, KO BXOAY KOTOPOrO NOXKJIOYEH KOH-
nencarop (DDL.I ma puc. 100 u 106,a, DD1 wa puc. 109,a, 110, 111 u 114,a),
®pOoHTH HMIYJBCOB Ha 3THX BBHIBOAAX 3aTSAHYTHl, H MX HCIOJb30BAHHE MOXKET NpH-
BOJHTb K HEONHOBDEMEHHOMY CpaGaTHIBAHHIO 3/JEMEHTOB, NOJAK/IOUEHHBIX K 3TOMY
BLIXOLY.

TlpocTofi ynpaB/isieMBIi reHepaTop MOMXHO co6paTh Ha ocsoBe Tpurrepa LIIMmTTa
muxpocxeMud K561TJI1 (puc. 115). Ilpm aor. 0 na Bxome «3amyck» Ha BHIXOAE
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Puc. 115. TemepaTop uMmyJbcOB Ha Puc. 116. ®dopmupoBaTenb HMIyJbca
ocHose Tpurrepa IImurra HauaAbHOM YCTaHOBKH
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aor. 1. Ilpn nopgave ma Bxox «3amyck» Jor. | Ha BhiXome mosBasercs Jor. 0, Ha-
ypnaercss pas3psan koupencatopa Cl. Korga nampsixKeHHe Ha HeM ROXOAHT O HHXK-
HENO TNOpOra INepeK/IOYeHHs, Ha BBIXONEe NOsABAseTcs JOr. | W HaunHaerca 3apapn
KOHJeHCaTopa 10 BepXHero mopora nepekmouenHs. OcoGeHHOCTLIO I'eHEpaTopa fABJfA-
eTcsi OTCYTCTBHe pe3KHX ODOCKOB TOKa Ha HauyaJbHBIX yyaCTKaX I[epe3apsjia KOH-
JIEHCATOpa, XapaKTePHLIX 1Jf paHee OMHCaHHBIX I'eHEPaTOPOB.

Tpurrepnt IlIMutTa HedecooOpasHO Tak:XKe HCNOJb30BaTh B HEMAX YCTAHOBKH
HAauaJbHOTO COCTOSIHMS HHQPOBHIX YCTPOHCTB B Tex cayyasX, Korga NOCTOSHHAS
BPEMEHH YCTAHOBJEHHS BBIXOJHOIO HANPSXKEHHs HCTOUHHKA NHUTAHMA BeJHKa H He-
o6xonnumMo obecneyuTh GOJbIIYIO JIJHTeNbHOCTh HMIyJbca cOpoca W ero KpyToil cmaf
(puc. 116).

B renepatopax mjsi DOJYYeHHSl HMNYJbCOB C YacTOTOH NopsjKa eIMHHI[ Tepil
H MeHee pa3Mephl BpeMs3afalomHX KOHAEHCATOPOB CTAaHOBATCS BECbMa 3HAUMTElb-
HEIMH. B 3ToM caywae IenecoofpasHo  Hcmosb3oBaTh MHKpocXemul KI176MES n
K176HE12, comepxKamue LENOYKy HHBEPTOPOB M fesJHTENH uacToTH. llemouka HH-
BEPTOPOB HCIIOJb3YeTcs AJsi OCTPOSHHA TIeHepaTopa, HEJNHTEIH — JIJs HOHHKEHHS
YacTOTHl JO HYXKHOM BEJHYHHBL )

Ha puc. 117 npuBemena cxema RC-renepatopa Ha wmukpocxeme KI176MES. Ha
Jornyeckux sjementax DD1Jl un DDL1.2 cobpan saparomuit reHepaTop, ero 4acrora
F npubanxenso pasHa 0,7/R1C1. Brixosn reHepatopa BHYTPH MHKPOCXEMBI MOJKJIO-
4eH K JeJHTeNI0 4yacTOTH Ha 29=§12. MukpocxeMa COHEpPKHT elle OJMH JAeNHTENb
yacToThl Ha 25=32 u 28=64. Bxog srtoro meauTeas Fl Moxer OHITb NOAKIIOUEH
WIH K BBIXOAY 3ajawollero reHepatropa F, HIM K BBIXOAY Ie€PBOro pelutels, B
nocneHeM Cclyuyae yacToTa Ha BhiXome 15 Gymer B 29=32768 pa3 MeHbllle YacTOTH
3ajalomero resepatopa. Bropoii mennTenb uMeeT BXxoA R ycTaHoBkM TpHrrepos B 0
M BXOJ S yCTaHOBKH TPHITEPOB B €JHHHLY.

Cxema RC-renepartopa Ha mukpocxeme KI176ME12 npusenens na puc. 118. 3a-
aawouui reseparop Ha mmBepropax DDI1.1 u DDI1.2 nopxmouen Ko BXOAy CUeTYHKa
DD1.3, xoabduumuent pejeHuss KoToporo cocrapaser 29=32768. CueruMk TaKKe
MMeeT BBIXOJBI, YacTOTa MMINYJbCOB Ha KOTOPHIX MeHbllle YaCTOTHl 3aJalOIIEro rexe-
patopa B 25=32, 28=256, 24=16384 pas. Umnyascu ¢ uactoToit F/256 BhiBeaeHu
Ha uYeTelpe BHIXOAZ, HX (Da30BHE COOTHOUIEHHS NPOWJJIIOCTPHPOBAHH Ha puc. 46,

Mukpocxema MMeer elle OfMH CYETYHK C KOS(DOHUUHEHTOM AeleHHs, paBHbIM 60,
Ero Bxox Fl MoXer ObTb NOAKJIOUEH KAK K 3a7aiOlleMy FeHepaTopy, Tak H K JiO-
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Bomy us BHXOROB IepBoro cyerunka. IlpH moikmoyenHH ero K Bhxogy Sl uacrota
MMnybcoB HA BBHIXOJE BTOPOTO AJHTEA 6yner B 196 608 pas MeHblle wacToTH
3ajajouiero reHepaTopa.

ConpOTHBJIEHHE DE3HCTOPOB, BXOAAWHX B nHd(epeHuupylomHe LeMH, H BO Bpe-
MsisapaoniHe Lend MYJbTHBHGDATOPOB M IeHEPaToOpPoB CjeAyeT BHIOHpaTh TaK, 9UTO-
6h TOKH Yepe3 HHX He CJHIIKOM Harpyaja¥d MHKPOCXeMbl — HCTOUHHKH CHrHaja —
He MeHee HECKOJbKHMX JECATKOB KHI0OM. CBEPXy CONMPOTHBJEHHS 3THX pPe3HCTOPOB
onpanuMueHbl 3HAUEHHEM INOPSLKA [eCATKOB MEraoM H3-3a BO3MOXKHBIX yTeueK MOH-
TaxHbIX IJIaT. EMKOCTb KOHIEGHCATODOB YKAa3aHHBIX Henefl [0JXKHAa CYHIECTBEHHO
IpeBHILATh €MKOCTb MOHTAXa, T. €. Kak IpaBuio, OHTb He Menee 100 nd.

Ilpn nonave Ha BXOJ MHKPOCXeMbl CHTHAJa yepe3 KOHJEHCATOP NOCJIELOBATENLHO
CO BXOJOM MHKDOCXEMbl OIPAHHUHTEJbHBIH PE3NCTOP MOXKHO He CTaBUTb, €CJH TOK
tepe3 OlDAHHUHMTeNbHble NHMOAH IIPH TEpPeXOJHHX Ipomeccax He mnpeBeicHT 20 MA,
HanpuMep HpH Nojaye CHMHaJMOB oT cTaHAapTHHX KMOII-mukpocxeM. Ecan cursaJsl
Ha guddepennupyomye nenu nogaiores ¢ Bexogos KMOII-Mukpocxem ¢ noBHIUeR-
HOM HarpysouHoil CHOCOGHOCTBIO MJIH OT JAPYTHX HH3KOOMHBIX HCTOYHHKOB CHIHaJa,
M0C/Ie/I0BATEJbHO CO BXOAOM CJEAYeT YCTAHOBHTb OrPaHMYHTENbHBIE DE3HCTOP C CO-
npotusjenneM 3 .. 10 xOm.

TemnepatypHas cTaGHALHOCTb ONMHCAHHBHIX BHIlE MXAYMHX MYJIbTHBHOGPATOpPOB
H TeHepaToOpOB NPH NPHMEHEHHH TepMOCTaGHJBbHBIX KOHLEHCATOPOB MOBOJBLHO BHICO-
Ka — H3MEHEHHE JUIMTENbHOCTH M HacTOTHl  MMIYJbcOB OCHUHO He Gotee 1%
Ha 15°C.

LIN®POBLIE NU3MEPUTEJIbHBIE YCTPOVICTBA

INpocroit nudpoBoii yacroromep

OmnuceiBaeMblfl 4acTOTOMEp MO3BOJSET H3MepPSATh YacTOTY CHHYCOHAAJbHBIX
H MMOYJbCHEIX CHTHaJoB g0 1| MI'n. Bpems usmepenns — 1 c, BpeMs HHAMKAUHH —
2 c. YacroroMep MOXeT Takxke pab0oTaTb B peXXHMe CYETYHKA HMIYJbCOB.

IIpusnunuanpiasi cxeMa 6J0Ka ynpaBieHHs YacTOTOMepa IpHBELEHAa Ha pHC.
119. Curnan uamepsiemofi uactoTel uepes xongencaTop Cl u pesuctrop Rl mopaercs
Ha Bxon wunBepropa DDI1.l, xoropmi#i pabGoTaer Ha KpyToM JHHEAHOM YyuacTke
CBOEH MepeKJIOYaTeNbHON XapaKTepHCTHKH (puc. 2) KaK YCHJHTENb BXOAHOIO CHI-
Hana. PaGouast Touka ycuautenss oGecrneuynBaeTcss 0oOpaTHOH CBS3bIO 4EPE3 Pe3HCTOP
R2. UuBepropst DD1.2 u DDI.3 coBmecTHO ¢ pe3ucTopoM R3 u BHIXOAHHM COMNpO-
THBJIEHHEM yCHJHTeJs o6pasylor Tpurrep llImurra, dopmupylomuii BEIXOXHBIE CHI-
Haapl ¢ KpyThiMH ¢(ponTamu. Uepes agseMent DD2.3 cdhopmupoBaHHBI CHrHAaJ BXOA-
HOH YacTOTHl IojaeTc Ha CYETUHK.

OcranbHble 3/eMeHTH 6/0Ka ynpaBieHHs ofecfieudBaoT (GOpPMHPOBaHHe OTPH-
HaTeJbHOr0 H3MepPHTEJbHOI0 HMMysbca MJIHTEIbHOCTBIO 1 ¢ Ha BXoze 1 anemenTa
DD2.3, o6ecneunBaloliero HeoGXOA¥MOE BpeMsl cueTa, M MHTEpBaja MHIMKAUHH B
2 c. 3apaomuil remepatop coGpaH [0 CTaHJapTHOH cxeme Ha MHKpocxeMe DD3 H
KBapuesoM pe3oHartope Zl nHa uacrory 32768 I'i. BuixosiHble HMIyJbCH C 4acTOTOR
I T ¢ Buxoma 15 mukpocxembl DD3 uepes mrBeprop DD2.1 mopaioTcs Ha BXOAH
C Ttpurrepos DD4.1, DD4.2, oGecneunBaioOmUX [€JEHHE Y4CTOTH HMMIYJIbCOB Ha 3.
Bpemennas nmarpamma paGoThl feautenst npueeieHa na puc, 120. Ha Buixoze
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Puc, 119. Biox ynpaBieHus mpocToro 4acroTomepa

saementa DD2.2 06pa3yioTcs MMUYJbCH OTPHIATENbHON NOVIAPHOCTH NJIHTEIbHOCTHIO
1 ¢ c mepuopmom moBTopenns 3 c. Ilepeanue OpoHTH HMIYJBCOB AH(EPEHLUUPY-
forca Henbio C2R7, uuseptupyioTcs aneMmestoM DD2.4 u B BHAE KOPOTKOrO HMIYJb-
ca MOJOXHTeNbHOH MOJSIPHOCTH MOCTYNAIOT Ha BXoX cOpoca cueTyHKa.

CueTyuK yacTOTOMEpa — IUECTHPA3PAJHBIA, MOXKeT OmMTh coO6pan Ha MHKpO-
cxemax K176ME4, K176U1E8, K561UES8, K1761E2, K561HME14 ¢ cooTBeTCTBYIOIIHMA
NMHIMKATODAMH H TNPH HeOGXOAHMOCTH jAewHppaTopaMH HJAH npeobpa3oBaTelsIMH
xonoB. BapuanThl HX BKJIOYEHHS ONHCAHM B NepBOM pasjene Kuurd. [Ipu Hcmons-
soBaHuM mnpeoGpasosateneii konoB KI176WJ2 mim KI76HU13 wmoxHo o6ecneduTs
ramenye HMHOMKAaTOPOB Ha BpeMsl cueTa, nJs 4Yero HX BXoja rawenus K caexyer
COe/IMHATb C MHBEpCHHIM BbIXOZOM 12 tpurrepa DDA4.1.

Iepekmoyareab SAl CcayXHT [ NepPOKTIOUEHHS PEXHMOB YCTpoficTBa — B
nonoxenun Y oHo paGoTaer Kak uacToToMep, B moJoxewHH C — Kak CUeTdHK,
PaGora uyactoToMepa ommcaHa Bbillle, TpH nepesoje SA1 B nonoxenuwe C Ha BHIXO-
je sneMenta DD2.2 nossasercs jor. 0 M BXOAHHE HMUYJbCH NPOXOASAT Ha CYETUHK.
Tpurrepsl NOCJAeIHAX IUECTH pa3psifoB nenutens MHkpocxem DD3 mno Bxoay S
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Puc. 120. Bpemennas puarpamma paGoTH yacToToMepa
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ycranaBausaioTea B 1, Tpurrep DD4.1 — B 1, tpurrep DD42 — B 0. B pe3yab-
TaTe, faxe ocau Buxox 12 tpurrepa DD4.1 ncmosbsyercsa Ass rallleHHs HHIMKa-
HHH, TalleHUsi He NPOHCXOAMT, W CUET HMNY.bCOB BHAGH HAa HHIMKATOpax CUeTUH-
KOB. ,

[Tpy KpaTkoBpeMeHHOM NepeBoje nepexaloyatens SAl B mosioxende Y Ha BbI-
xome 15 murpocxembl DD3 mpakTHueckn cpasy Jor 1 usmenserca Ha Jjor. 0, 310T
nepenaja HMHBepTHpyeTcs ajeMenToM DD2.1 u BHI3bIBaeT mnepekJioueHHe TPHITEPOB
DD41 u DD42, kak sro nokasano na puc. 119. Ha Brixoae anemenra DD2.4
NOABJASACTCSl KOPOTKHE MMmmyabe cGpoca cuerunka. [lepeBox mepeksouatens oGpaTHO
B moaoxenne C obecneynBaer paGoTy ycTaHoBJeHHOro B 0 CueTYHKAa HMNYJBLCOB B
HETIPEPbIBHOM DeXHMe ¢ MHAMKalHell cueTa.

[Ipu Montaxe uactoToMepa He cieayeT 3albiBaTh O HEOGXONMMOCTH YCTaHOBKH
G/IOKHPOBOYHBIX KOHJEHCATOPOB 10 IEMsAM MNHTaHHA KaK B O/OKE YNpaBJeHus, TaK
u B cuerynke. Mukpocxemy KI76UES5 moxno 3amenuts na KI176UE12, npu stom
uneprop DD21 ne mymen, a curnan c mepexmouarens SAl crepyer momath Ha
BXOAbl R 3TOH MHKPOCXCMBI.

JAast HacTpoiiki uacToToMepa Ha ero BXO CJCAyeT NOAATh MMIYJbCH 3TaJoHHOA
uacrotel | MI'w w noxcrpoiikoit xonnencatopa C4 noGuTbest moxasauuit 999999 mau
000000.

‘lacroromep € HHAUKATOpPOM Ha XHAKHX KPHCTajaJdax

D10t uwacroToMep [9] TpeaHasHaueH /1 H3MEPEHHA YacTOTBI 3JeKTpuYe-
CKHX xose6anuii B nmanasone or 1 I'm mo 10 MIm ¢ ¢ukCHPOBaHHBIM BpeMEHEM
cyera, paBubiM 1 c. UacroroMep copmep)HT ABe MukpocxeMmbl cepun K155 n 13
mukpocxem cepud K176, H3 KOTOPBIX ITh BXOAAT B cocTaB cueTunka. Yucno mexan
cueTUMKA OTpejensieTcss YHCAOM LHp XKUAKOKpHCTaAdnueckoro uuauxaropa (JKKH),
paBHOrO B HaHHOM BapuaHTe nATH. Takoe Majoe 4ucjo A€Kajn MPHBOAMT K TOMY,
4yTO npH (GHKCHPOBAaHHOM BpEMeHH cueTa, paBHOM 1 C, MakcuvajbHas H3Mepsemas
yactota paBua 99,999 kT'u, [ns pacluupenus BepXHEro Ipefiesia U3MEPEHHA YaCTOTH
B npuGope HCIOAb30BaHBL [Ba JeKaAHBHIX JAeaHTenss uacToThl. IlepBmifi menutenb
pacunpsier BepxHuii nmpexnen no 999,99 xIu, a o6a memurens — xo 99999 kIlm.
[Turanne vactotomepa Garapefinoe, moaroMy jgenutenb 10 MI1 BK/IO4aeTcs TOJBKO
npu paGote Ha COOTBETCTBYlOIleM auanasoHe. [ToTpe6asieMbIi TOK NPH 3TOM JOCTH-
raer 80 MA, a npu OTKNOUEHHOM nenuTese He npesbimuaeT 200 mMxA. Hampsxenue
HCTOUHHKA mMHTanua +9 B.

Bpevsi u3MepeHust B yacroroMepe (GHKCHDOBAHO, TAK KaK .18 YNpPOIIEHUS KOH-
CTPYKIHH B HeM NpHMeHeH yacoBoil kapu (32768 I'm) coBMecTHO ¢ 15-pa3spsamHbIM
aBouyHbIM fenutenem KI176MES, T. e, B 1arunke BpeMeHH HCIOJb3YeTcs TOJbKO
ojHa MHKpocxema. Takoli kBapueBblit reHepaTop Ge3 crabu/iu3aluH TeMnepaTypHl H
HaNpsKEHHs! MHTAHHS MMeeT OTHOCHTEJbHYIO HecTaGHIbHOCTB, LOXOAswywo go 1035,
NO3TOMY UHCIO pa3psiioB HMHAMKaropa, paBHOe 5, BmosHe corjiacyercsa ¢ ero Tod-
HOCTbIO: OTHOCHTE/JbHAS NOrPeIlHOCTh, BHI3BAHHAS JHCKPETHOCTBIO OTCYeTa, B Bepx-
HeM KOHIE 1Hana3oHa H3MEepeHHsl YacToThl HMeeT TaKoH Xe Mopsuok.

B nnanasone po 1 MI'u BXox uactoToMepa OTKPHITHIH (NOTEHLHAJbHBIN) ¢ pery-
JUIpyeMbIM moporoM cpabaTeiBaHusi B mpexenax or —2 po +2 B. Bxox aekaamoro
fAeautens aas wactorsl o 10 MI'm 3akpwithifl. UyBCTBHTe/NbHOCTH BXOAa B JoGoM
pexuMe He xyxe 50 MB.
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Puc. 121. CyeTurk ¥ uHAHKaTOp yactoToMepa (BmiBoi 6 DD3 j0.14eH GblTh MOAKJIIO-
yed x wuHe 64 I'n)

CueTYHK HMIYJbCOB, COCTOAUHH u3 nsAth aekan K176UE4, Bumosasen na ort-
nenbholl nevyatuofi nnarte. Cxema cuerynka u ueaukaropa MJKKLI2-5/12 npusesena
Ha puc. 121 HHpukatop HMeer derhipe 3ansithle M cumBoab: M, k, I'u, koropnie
Ha TJaTe CoefMHeHbl ¢ OOLIMM 3JeKTPOJOM HHAMKATopa uepe3 pesnctopsl R1—R7.
Ecan BuiBoabl 7—13 nuiaThl uHIHKATOpa M CYETUHMKA OCTABHTb CBOOOJHBIMH, TO CHM-
BOJBl 4 3ansiThle OYAyT BEIKJIOUeHB. [ Hckaouenus sd¢ekta mnoJspH3auHH Ha
obmuit snexkrpon JXKHM mnopaioTcss npsiMoyroJbHble HMNYJbChl ¢ dactoToft 64 Tu.

BriBoabl 6 gmexap DD1—DD5 o6beanHenbl B lIHHY MOAYJSUHH, HA KOTOPYIO
AOJXKHBI NOJABaTbCA MPSMOYroJibHbIE WMIYJbCHl, TaKHe e, KaKk W Ha OOWIMi 3JIeKT-
pod uHAuKatopa BuBoib 5 o0beauuensl B WHHY cOpoca, Ha KOTOPOH MOJIKEH
ObITH TOTEHUHMAN JIOTHYECKOro HyJIs.

OGe cTropoHBl meuaTHOH maaThl cueTynka pasMepom 123X53 MM u cxema pac-
MOJIOXKeHHs1 feraned Ha Helt npuBexensl Ha puc. 122, JKuakokpucrannaumyeckuii HH-
IHKATOp COeQMHAETCA C TJAaTOH CYeTyHkKa C MOMOLIbIO TNpYXHHSIHX KOHTAKTOB,
NpHNasHHBIX K ee o0paTHOH cTOpOHe, HO A% 3Toll UeIHM MOXHO BOCHOJb30BaThCS
¥ NPOBOAAIIEH De3HHOH.

Cxema 6azoBoro Gsgoka yacToToMepa npusefesa Ha puc. 123. Ksapueswit re.
Hepatop colpaH mo crauiaprthHolt cxeme na Mukpocxeme KI176UES. Pesucrop Rl
yCTaHaBJIiBaeT HHBePTOP B 006/]acTb NOpora nepexkJlodeHHs cOo CPeJHHM Hanpsaxe-
HueM Ha Bxoje 9 M BhixoZe 10, NpHMepHO paBHBIM [0JIOBHHE HaNpsKeHHUs NUTAHHA.
TMogcrpoiika 4acTOTH KBapUeBOrO r[EHePaTOpa MNPOM3BOAMTCA W3MEHeHHEM €MKOCTH
xongencatopa Cl, ogHako Ipu npeaBapHTesbHOI HACTPOfiKe BO3MOXKHO moTpeGyercs
H3MeHeHHe eMKocTH KoHZeHcatopa C3.
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Puc. 122. TleuaTHas njata cueTyHKa H HHAHKATOPA YACTOTOMEPA:

@ — CTOPOHA, NPOTHBOMOJIOXKHAsA CTOPOHE YCTAHOBKH MHKpOCXeMm; 6—CTOPOH3 YCTaHOBKH MHK-
POCXeM; 8 — pacCTaHOBKA 3JIEMEHTOR

ITpsmoyronbHbie KoneGaHusi ¢ mepuoioM 1 ¢ ¢ BhBogaa 5 apesmrens DD1 mo-
JaloTesl HAa JABYXpa3psRHBIN CYETYHK, BBIMOJIHEHHBIA Ha tpurrepax DD22 u DD2.1
(K176 TM2). V3 nanpaKeHHH Ha BBLIXOJAX STHX TPUITEPOB C MOMOILBIO JIOTHUECKOTO
aneMedtra DD3.1 ¢opMHPYIOTCS NOJIOKHTENAbHEIE HMIYJbCH ¢ MJIHTENbHOCTBIO 1 €
M C TNepHOJOM CJefoBaHusl 2 MJIH 4 C — B 3aBHCHMOCTH OT NOJOXEHHS mepe-
kmoyatens S2. BpeMs HHAMKauuH paBHO IHay3e MEXAY HMNYAbCAMH M COOTBETCT-
BEHHO MOXeT HMeTb aBa 3HaueHHsi: 1 wim 3 c. OrauuurtenbHas 0coGeHHOCTb 3TOro
4acToTOMepa — HaJHuHe CHHXPOHH3aTOpa, BHINOJHeHHOro Ha D-tpurrepe DD4.1
tuna K176TM2. Ha undopmaunonusifi D-Bxox TpPUITepa IOAAIOTCS MOJOXKHTENbHBIE
HMIYJbCEl C AJHMTEJIbHOCTBIO 1 ¢, a Ha BXOJ CHHXPOHH3ANHU —— IIPAMOYrOJbHbLIE
UMIYJbCH C BHIXOA2 (OPMHpOBATE/N WM JexkafHoro paesurenas. [IHTeNbHOCTb HM-
fyAbCOB Ha BbiXoAax Tpurrepa DD4.1 oTauuaercs oT 1 ¢ u paBHa nejsoMy UHCTY
UepHOOB CHrHaJa, YacToTa KOTOPOro H3Mepsercs. DTo LeNoe UHCIO TPH THOCTOSH-
HOM I@epHOAe H3MepAeMBX KOJeGaHHi MOXKET NPHHHMAaTh TOJbKO [Ba 3HAUYEHHAS:
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Puc. 123. Cxema Ga3oBoro §sioka yacToToMepa

nepBoe PaBHO LeNOM YaCTH OTHOLIeHHs BpeMeHn u3mepennss (1 c) Kk mepuonmy, a
BTopoe Ha elnuuuy Gosblie. I He3aBHCHMOTO OT BHYTPEHHETO KBapLUEBOTrO TreHe-
paTopa CHIHala NPH MHOrOKpaTHBIX H3MePeHHAX OTHOCHTeJNbHAass 4acTOTa BTOPOTO
3HayeHHsl 3TOTO WEJOro yucJa paBHa APOGHOH YacTH OTHOILEHHS BDPEMeHH H3Mepe-
HHA K Iepuody Hu3mepsiemoro Kosebanus. IToatoMy ycpepneHne pesysnbTaToB MHOTO-
KPaTHBIX H3MCDeHuil NMO3BOJSeT MOJYYHTh OoJiee TOYHOE 3HAUYEHHe 4YacToThl. Jlpyras
TIOJIOXKUTENbHASA OCOOEHHOCTb CHHXDOHH3alHMH COCTOHT B TOM, YTO BCE HMMIYJbCH
nayky (BKJOuas MepBHIl M NOCHeAHMH), MoxaBaeMble ¢ BEIXOAA JOTHYECKOro 3Je-
menta DD3.4 Ha BXoj cyeTunka, MMEIOT OLHHAKOBYIO NJIHTENbHOCTb, NpHYeM HeT
HeoOXOnIHMOCTH AubQepeHUnpoBaTh (YKOPauHBATh) HMIYJbCH C BHIXOAa (OPMHpO-
BaTeNsl MK JACKAJHOTO HeIHTeNs.

B uactotomepe umeiotcsi aBa dopmupoBaTess. [Tepsuifi BHIIOJHEH HA Joruuec-
Kux snemenrax DD7.1, DD7.2 no cxeme rtpurrepa lllmutra. Hanpsixkenne BxozHoro
CHTHAJIa CMellaeTcs ¢ nomowmbio pe3uctopoB R3, R4 1o yposHs cpabaThiBaHHSI JIO-
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THYECKOrO 3JCMGHTA, NPHMEDHO DABHOTO NOAOBHHE HANpsMEHHA nuTanus. Takas
cXeMa CMeIIeHHA MO3BOJAET MPH OJHOMONAPHOM NHTAHHH H3MEHEHHEM COTNPOTHBIAE-
Hus R3 perysHpoBarth ypoBeHb cpabarhiBands (OpMHPOBATeJs B Ipelesax He MeHee
yeM oT —2 p0 +2 B. HenocTatok Takofi cXeMbl Pery/NHpOBKH MOPOra 3akaiouaercs
B TOM, yTo (OPMHPOBaTe]b 33aJa€T B HCTOYHHK CHTHAJA NOCTOSIHHBIA TOK oT 30 A0
70 MKA, B CBA3H C 4eM 5TOT HCTOYHHK JOJIKEH HMeTb JOCTaTOYHO MaJjoe BBIXOJHOE
CONpPOTHBJEHUE MO MOCTOAHHOMY TOKy. ['HcTepesnc ¢opmupoBaTenss He mnpeBhillaer
0,1 B, nosToMy MHHHMaNbHAf AMIVIHTYAA CHTHaJA, NPH KOTOPOA OH YCTOAYHBO
cpabatniBaet, pasia 0,05 B.

Bropo#t aexaauwiii genuteas DD9 u Bropolt dopmuposatess DD8.1 shimosHenst
na mukpocxemax KIS5ME6 u K155TJI1. Curnan na Bxog Tpurrepa IlImurra DD8.1
mojaercs ¢ Bbixoaa HHBeprupylomero ycmauteas (VTI, R7, R8, R9), xoropmii He-
©00XOQUM .S MOBHILIEHHS] YYBCTBHTEJIBHOCTH YactoToMepa. Hampaxenue nutanus
ua DD8 u DD9 mopaercs TOJbKO B pexHMe A€/JeHH 4acTOTHl BXOJHOrO CHMHAaJA
#a 100. CeeroagHox HS! currajusupyer o BKJIIOYEHHH JENHTENS M IOBHIUEHHOM
TORe pa3psana Gatapen nuranuA. CraGunutpon VD1 u moneBoit Tpamsucrop VT2
BHNOAHAIT (yHKUHIO NpeobpasoBaTens yposHeft Jorhueckux cursasos YTJI UC
cepwn K155 k noruyecknM ypousam KMOIL.

Pexxum paGoTH 4acTotoMepa (npsAMoe H3MepEeHHe YacCTOTH, JeJeHHE YacTOTH
Ha 10, genenue yactotrel Ha 100) onpenensercs nepekJaiouareseM S3 Ha TpH neno-
XKeHHA M TPH HanpasjenHs. [lepBoe HampaBjeHHe mepekjiouaeT BXOAH (GOPMHPOBA-
TeseH, BTopoe — JeKaiHble AENHTENH, a TpeTbe — 3aNATYI0 HHIHKATOPA.

Jas Toro 4ToGbl CUETYHK He MEPeNmoJHANCHA, YacTOTAa CHIHAJA, MOAABAEMOrO
Ha BXOJ llepBoro (opMHpoBaTess, He ROJMKHA moctHrath | MI'n, omsako ¢opmupe-
BaTe/b, CHHXDOHH33aTOP H CUETYHK COXPAHAIT PaGoTOCHOCOOGHOCTb NPH CYIIECTBEHHO
60bnx wactorax (o 3 MIm). 3Ty cmoco6HOCT MOMXKHO HCNONB30BATh AAS MOBBL-
WEeHHS TOYHOCTH OTCYeTa YacToThl B mnpejenax oT 1 mo 3 MIm, paGoras c nepe-
fIOJIHEHHEM CUETUMKA B PeXHME JesleHHs uacToTHl Ha 10, nmpexBapuTenbHo ompese-
JHB CTaplixéi paspsan (YHCJO Merarepll) B peXHMe JeeHHs 4acToTHl Ha 100.

KommyTauua nexajnHbix AefnTenell, B TOM YHCJe H BKJIOYEHHE IIHTaHHS BTOpPO-
r0 H3 HHX, OCYUIeCTBJSETCS OAHHM HampaBiaeHHeM S3.2 nepexiwouatens S3. dro
nocturaerca 6aarojaps TPHMEHEHHIO JNOTHyeckHXx sieMentoB DD5 rtuna K176J1I12,
Tpu npamom cuere paGora aekaaHoro aemuteas DD10 6aokupyercs mo Bxoay R
TIOTEHIHANOM JIOTHYECKOH eNMHHUbl (paBHBIM HANpPSXKEHHIO NHTaHHA), a MpSMOYroJb-
Hble HMITYJbCHl ¢ BHIXOAA MepBoro (opMHpoBaTesst MOAalOTC Yepes aneMenTnl DD6.1
u DD5.3 na Bxoa DD3.4.4 u DD4.1. B pexume aenenns ma 10 paspemaercs pa-
6ota peautens DDI10, a nepepaya curHasa ¢ BeiXofa (OpMHPOBAaTeNd Ha BXOJL
CHHXPOHH3aTopa OJIOKHPYETCA NMOTEeHIHAaNOM JOTHYECKOH eNHHHUB N0 BXOAY 3JeMeH-
ta DD6.1. B pexume nenenns na 100 usMepsieMbifi CHTHAJ TOLKJIOYACTCH KO BXOALY
8Toporo ¢GopMmHpoBaTeast, Bkaovaercs nutanve DD8 u DD9, m curHaa e BhiXoda
$opMupoBaTens uepes npeoGpasoBatenb yposHs VD1 u saement DD5.4 mnomaercs
Ha Bxop Aenntens DDI10, a ¢ ero Bmxosa uepes DD5.3 — ma Bxoa CHHXpOHH3A-
Topa. IIpuueM sTa mepesaya OCYHIECTBAAETCA HE3ABHCHMO OT TOCTOSHHONO MOTEH-
1UHaJa HAa BRIXOJe NepBOro (hOpMHPOBATENS.

Wmnynse cOpoca dopMupyercs JormueckM siementoM DD3.3 H3 uHBEpPCHOTO
CeKYHIHOTO HMNyJgbca € BhX0Aa DD3.2 u mONOXKHTENBHOTO HMAYJbCa C BHIXOAA
tpurrepa DD4 1. ®pont uMnyasca c6poca (6e3 yuera 3agepxek 8 DD3.2 u DD3.3)
COBMajaeT ¢ HayaJoOM HHTepBaja CueTa, a CHaj HMmyJabca c6poca CoBNMALaeT ¢
TepBHIM MOCTe 3TOr0 Hayaja (poHTOM CHrHala ¢ Bbixoga QopMupoBaTens (HAH
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meantena). IlosToMy [JIHTEJbHOCT HMIyAbca cGpoca Ciydafdna: MakKCHMaJbHas%
JJIHTENbHOCTL PaBHA IEPHOLY H3MepSeMOro KoJjeGaHHs, a MHHHMajbHas — NpHMep-
HO paBHa 3ajepXkkKe nepekmouenus Tpurrepa DD4.1. Ecau sa Bhxone ¢opmuposa-
TeNs OTCYTCTBYET CHMTHaJ, TO [JIHTEJbHOCTb HMIyabca cO6poca paBHa BPeMEHH H3-
Mmepenus (1l c).

PexuM cueta HHAKUMPYeTCS YeTBEpPTOH 3aNATOR HHAMKATOPA, CHIHAJ BKJIOUEHHS
KoTopolt (opMupyercs JorumyeckuM snementroM DDS5.1. B naysax mexny usmepe-
HHAMH, T. €. B PeXHMe HHAMKALMH, NPSAMOYrOJIbHbE HMIYJbCH Ha Bhixoge DDS.1
COBNAJalOT C NPAMOYIOJbHHMH HMITyIbCaMH, KOTOpble mojalorcs Ha anof JKKH
¢ BHXOXa AeBsiToro paspsina geauteas DDI1. Hactora noBTOpeHHS 3THX HMIYJbCOB
paBna 64 TI'u. Bo BpeMst cyera uMmyabchl Ha Bmixoge DDO5.1 wmBeprupyiotcs mosio-
JKUTeNbHBIM CHMHAjJoM ¢ BHxojga DD4.1, B pesyabraTe yero BK/IIOYaeTCs YeTBepTas
3ansras. IIpn OTCYTCTBHH HMIYJbCOB Ha Bbixoze dopmupoBarens Tpurrep DD4.1
HE INEepeKJIouaeTcs, MO3TOMY B OJHOM cJy4Yae CYeTYHK cOpachiBaercs M YeTsepTas
3amATasi He BKJIOYaeTCs, B ADYroM — CUGTYMK He cOpachiBaeTcs, HO 4YeTsepras
sanAras BKJIOYaercs.

IMepenosHenHe CUETUHKA HHAMUMPYETCs NMEPHOAHYECKHM BRIKIIOUEHHEM (C uacTo-
Toft 2 Tum) cumBonoB «klu». dra ¢QyHKUHS ocyliecTBASETCs cxemoft, cocrosmed
us snemesros DD4.2, DD6.2, DD6.3, DD5.2. Tpurrep DD4.2 umnysnbcom c6poca
yCTAaHABIHBAeTCS B ENMHMIY, 4TO 3ampelnaer nepexpauy 4depes DD6.3 moayaupyio-
mero kosneGanusi ¢ Beixona 14 pmesutenss DD! wma ¢dopmupoBarens DD3.2 cursana
BKJIIOUeHHst CHMBOJIOB «K[1». Ilps nepemosHeHMu cueTyMKa cHTHaJd C BHXOAa e€re
cTapileit aexajsl nepekmiouaer B Hyab Tpurrep DD4.2, uro paspelaer nepeaauy
CMrHajla MoAyJaauuu cHMBOJOB «KIl». MuBeprop DD6.2 Heo6xoamMm mnortoMy, 4TO
TPUITED MO BXOAY CHHXPOHH3AUMH IepeKkmouaeTcss (GPOHTOM, a CHTHAJIOM INepenoJ-
HEHMs CYeTYHKA ABJSAETCS CNaJ HaNpsiKeHHs.

Ilepermouateny Sl nmepeBORHT YacTOTOMEp B DEXKHM KOHTPOJS, NPH STOM Ha
BXOJl NepBOr0 HJX BTOPOro (QopMHpOBaTeNs NOJAIOTCA HMIYJAbCH OT KBapleBOTO
redepatopa. HesaBuciMO OT MCTHHHON 4acTOTH ero KojeGaHHHA HHAHKATOp AOJXKEH
B pexHMe NPSAMOro cuera nokaseiBaTbh 32,768 x['u, a B pexumax JeneHHs Ha 10 B

T
@é_ﬁéfm&
= |1

ST o

I o ol
L~ lﬁ—j b |1
533 oo E
-fi P23 é 5678 o;lz})fm O

a)

72



O o
(oo e ——— ]
O-O~ ]
o S oo
o0 c:& j,>:>
o0 & —>5 °©
) ) [) [) ) oo
s I
o——F —o
PPy S o ¢
o Q ° o
o © [+) o [] [+
L] o © o
Q o o o o
o o o © o
o o © o
o o o0 o o
oo o o _ o 9o o Q Q
o0 (o} Q (o2 I o L o
ﬂo S—o
o 1 o
7)
®) @)

Puc. 124. Tlevatnasn niarta 6a3oBoro 6JjoKa:
Q@ — CTOPOHA, MPOTHBOMOJIOXHAs CTODOHE YCTAHOBKH MHKpOCXeM; 6 — CTOPOHA YCT2aHOBKH MHR«

poCxXeM, 8 — pacCTaHOBKa 3JICMCHTOB
100 — 032,76 u 0032,7 xI'm coorBeTcTBenHo. B 3TOM pexxuMe mpoBepseTcss mpa-
BHJBHOCTb pabOTHl BCEX 3JEMEHTOB, KPOME 3JIEMEHTOB CXEMH HHAMKATOpa INeperon-

Hemus cuerunka. MMmyancs ¢ Bexoja K pemntens DDI, KOTOpHE HCIOJAb3YIOTCS
/sl KOHTPOJS, MOJOXKUTENbHBIE, NO3TOMY NpPH KOHTPOJe B peXXHMaX MPSMOro cueTa
H penesus Ha 10 xBuxKok pesucropa R3 noneH GbiThb B MOJOXKEHHH MaKCHMaJbHOTO
TIOJIOXK HTEJIbHOTO HOPOra.

BasoBuii GnOK yacToToMepa CMOHTHPOBAH Ha JBYCTOPOHHel mneuaTHo# mnuare
pasMepaMu 123X83 wmm. OGpatHas ¥ JuueBasi CTOPOHH NeYaTHOM mnJjaTH, CXeMa
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pacnosioxeHns netajell Ha Hell H CXeMa NOAKJIOYENHA OPraHOB yNpaBACMAS TPHBE-
JeHbl Ha pHc. 124

Jlns HacTpOMKH YacTOTOMepa KejalelbHO HMeTb OCHHJJIOrpa® ¢ OTKPHTHM
BXOJIOM, OAHAKO 3TOT YaCTOTOMEepP MOXHO HAaCTPauBaThb H C NOMOILbIO OJHOTO CTpe-
JIOYHOTO BOJBTMETPA € MaJOHHEPUHOHHOH MOABHXKHON cHcTemoil. O6 HCIpaBHOCTH
KBapuesoro rewepatopa u jpedutens DDl MoXHO CYIHTb no cpeiHeMy HaNpsiKEHHIO
Ha ero BmBogax 11, 12, 1, KoTopoe AOMKHO ObITb PAaBHO IOJOBHHE HANPAMKEHUN
nutanusa. Hanuyne uMmysabcoB ¢ AaHTedpHocTbio 0,5 ¢ W IEpHOLOM CJeJOBAaHMUs:
1 ¢, na BuBoge 5 menutens DDI1 wmoxno onmpeigennts BoabTMerpom. [IpaBuabHocTb
paGotn rtpurrepos DD2.1 w DD22 rakxe serko onpefesnsiercsi BOJbTMETPOM: Ha
BhIBOJe 2 MJIHTEJbHOCTb HMIYJbCOB paBHa | ¢ ¢ TakoM 2Ke may3ol, a Ha BHBOIE
12 AnHTEIBHOCTH MMIYJbCOB M May3bl MeX1y HHMH B ABa pasa Goablue. Ha BhiBO-
ge 3 DD3.1 pnnTenbHOCTb HMNyJbCOB paBHa 1 ¢, a naysa mexay HHMH (1 uan
3 c) ompeiensercs nosoxeHueMm mnepekiaioyarens S2. Ha smBome 4 DD3.1 curaan
HHBEPCHBIH, T. €. JUIHTENLHOCTb MMTYyJbca paBHa | naum 3 ¢, a naysa Bcerga pas-
Ha 1 c.

Ins nposepkr pa6oTe mepBoro QopMHpoBaTeNst €ro BXOJA HEOOXOAHMO NOA-
KJIOYHTb K pEryJHPyeMOMY HCTOYHHKY NOCTOSHHOrO HanpsiXKeHHs ¢ [Hanas3oHOM
+3 B, a 3aTeM, MOAKJIOUMB BOJbTMeTp K BbiBoAy 10 Mukpocxemn DD7, onmpene-
JIUTb, NpH KaKUX HANpSDKEHHAX HA BXOAe Nepek’aioyaercs (OpMHpoBaTesls B Kpaii-
HMX TOJIOXEHHMAX IBHXKKAa NepeMeHnoro pesucropa R3. B cayuae cuiabno necHM-
METPHH MaKCHMaJbHOTO H MHHHMAJbHOrO IOPOrOB NMEpeKIIUYeHHs ClelyeT momodpaTh
pesncrop R4.

Haerpoika BTOpOro ¢GopMHpOBATessi CBOAHTCH K YCTAHOBKE JBHIKKA PE3HCTOPA
R8 B Takoe mOJ0XKEHHE, NPH KOTOPOM HanpsiKeHHe Ha KOJJIEKTOpe TPAH3HCTOPa
VTl Gymer paBHO cpeinReMy apu(MeTHYECKOMY MOpOroB MEpeK/NIOueHHsi TPHITepa
Himurra K155TJI1 (npuMepno 1,4 B). Ilas nposepku npeoGpasoBaTtensi ypoBH#
VD1, VT2 Heo6XxoQHMO B pexuHMe KOHTpOJs H fAeidenns Ha 100 unamepnth cpennee
HampskenHe Ha Bhixofe 4 asnementa DD5.4, KoTopoe RoMXKHO O6biThb Ha 20% HuXe
HanpsKeHus nHTaHus. BMecto moseeoro Tpamsuctopa VT2 MoXHo Hcmonb3oBaTh
pesuctop ¢ conporusnednem 1..3 kOwm. Ilpn 3akopoueHHOM BXOZe HacToTOMepa
HanpsixeHnde Ha BbeBole !0 MuKpocxeMu DD3 mocrossno (0 mam 9 B), a Ha-
npsixewne Ha BbBole 11 ompepensiercs cocrosiuHeMm tpurrepa DD4.1. B onnom
clydae OHO pPaBHO HYJO, a B JAPYroM — O3TO IOJIOXKHTEJbHEE MMIYJbCH € IJIH-
TenbHOCTBIO 1 ¢ M may3od | uam 3 c. B pexume KOHTpPONA NIpH NPAMOM cueTe
cpelHee HanpsiKeHHe Ha BXole (GOPMHpOBaTeNss PaBHO NOJOBHHE HamNpsiKeHHs IH-
TaHHAl, ecJH IBHXKOK pe3HcTopa R3 ycTaHOBJEH B NOJNOXKEHHE MakKCHMaJbHOro Mo-
pora mepekaoueHHs (opmHpopaTens. HajlHuHe MayKku NOJOKHTENbHHIX MMIYJbCOB
Ha BoBoje 10 MHKpocxembl DD3 TakKe MOXHO YCTaHOBHTb BOJbTMETPOM.

Cpennee HampsKenwe Ha BbiBojax 3 M 11 Mukpocxemu DD5 pasno mosoeune
HaNpsKeHHsi NHTAaHMA HE3aBHCHMO OT cocTosiHus Tpurrepos DD4.1 m DD4.2.

Ilnata cyeTyHKa M HHIHKAaTOPA NPH NPAaBUIbHOM MOHTaXKe M HCUpaBHBIX HZeTa-
JA9X B HacTpofike He HyxJaerTcs. O6 HCHpaBHOCTH BceX 3JEMEHTOB, MPaBHILHOCTH
MOHTa)a M HaJIHY4HH KOHTAKTOB CO BCEMH CEerMEHTaMH HHOD N CHMBOJAMM HHAH-
Katopa MOXHO CYAHTb B DEXHMax KOHTDPOJSA H HPSMOr0 CYeTa MO NMEepHOANYECKOMY
NOSIBJIEHHI0O Ha HHIHKaTope 3Havewus 32,768 kI'm. Bo Bpems cuera Bce wudpH,
KpoMe cTaplueil, HMeOT BHA BocbMepok. Ecim uncio Goabllle yKasaNHOTO, TO 3TO
O3Hayaer, 4To Ha (QPOHTAX WJAH CMajax HaNpSAXKEHMs Ha BHXohe nepsoro (GopMHpO-
BaTeasl MMeeTcss «3BOM». [Jlas ycrpaeHMs 3Toro 3ddeKra HEOGXORHMO YBOIHUHTH
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eMKoCcTh KOoHAeHcaTopa C5, HO ee UPe3MEpHOE yBeJHYEHHe CHHXAeT MAKCHMAJIbHYH
yacToty pabo1nl nepsoro QopMuposaTeas. Ecim npeimonaraercs nmHTaHHe 4acToTo-
Mepa OT CeTH, TO comnpoTuBjeHHe pesncropoB R12 u RI3 crexyer yMeHbIUIHTH
npumepHo B 100 pas. Bwmecro pesepcuBHOro  jaexajsoro cderunka DD9 rTuna
K155ME6 MoXHO HCmoab3oBaTh Aexaambii cuerunk tunma KI155HE2, KS555HMES6; B
nocnelHeM ciayuae ciaefyeT yBeanuHTb HoMHHan RI1 go 160 Owm.

TouHyI0 yCTAHOBKY 4YacTOTH KoJeGaHHA KBapLUEBOrO reHepaTtopa MOXKHO IPOH3-
BCCTH TOJBKO NO INIPOBEPEHHOMY 4acTOTOMepy, H3Mepsis mTepHoh KoJebaHuit Ha
BuwBoAe 5 genurenss DDI, xortopslii gonxeH ObHTb paBen 1 c. I'pyOywo olenky
YacTOTBl MOXKHO NPOBECTH MO CHFHAJaM TOYHOTO BPEMeHH, MepefaBaeMHIM MO pajHo.
Jns 9TOro BXOA CUeTYHKA HEOOXOIAMMO COENWHHTh C BeIBOZOM 5 feauteas DDI, a
wHHy cOpoca cueTu#Ka MNOAKJMOUHTH K TMOABHXKHOMY KOHTaKTy mepekaouartens S2.
B nonoxcuun «3 c» nepeknoyarens DD2 cyerynk Oyner nmepHoAHYECKH cOpachi-
BaThCsl, a B MNOJOXEHHH «l c» — cuuTaTh CekyHjAHble HMIyJabcsl. Ilo mepBoMy
CHFHAJY TOYHOrO BpeéMeHH HeoOXOJMMO MEPEeBECTH NepekiioyaTenb S2 H3 MOJIOXKEHHS
«3 c» B NOJOXKeHHe «l c» OTMETHTb YHCJAO HA HHIHKAaTOpe B MOMEHT Nepelayu
LIeCTOrO CHrHaJja, a 3areM, GHKCUPYS NOKa3aHHS HHAMKATOpa B MOMEHT nepeiaud
LIeCTOrO CHrHAJa TOYHOrO BpPEMEHH CJeAYIOIIHX YacoB, JErKo ONpejeNHTb YacTOTy

KoNeGaHHI KBapLEBOro reHepaTopa H B caydae HeoOXOLHMOCTH NDOBECTH ee KOpP-
PeKIio.

Ludposag mkana aas tpancueepa «Panuo-76 M2»

Tpaucusep «Panno-76 M2» [14] mosb3yeTcst MOmyJAsiPHOCTBIO Y DaRHOJMIO-
Oureself. DTOT TpaHcHBep IeJeco06pa3HO JONOJHHTH LHOPOBOH IIKaJOH.

ITpennaraemas uudposass wkana [10] HMeer cieaywolHe OCHOBHbBlE TeXHHYe-
<CKHE XapaKTeDHCTHKH:

Uncno necsATHuHbHIX paspsios . . . . . . . . . . B
MakcumanbHas vacrtota cyeta, MIn, we memee . . . . . . 6
Paspematomas cnoco6Hocts, kIt e U8 |
Yactora o6HoBnends wuHpopmauwd, [w . . . . . . . . 25
YyBcTBUTeNbHOCTH, MB, He Xyxe, co BXoza:

reTepoinHa . ... ... .. . 100

ONOPHOTO reHepaTopa (500 KI‘u) . 0
Hanpsixenne nuranus, B e e 2

[ToTpe6asiemblii TOK, MA, He Goee B 1))

Bo3MoXHO nepekmoueHHe UHPPOBOH LKA/ B PeXHMe YAaCTOTOMEpA C MAKCH-
ManbHOH yacToTOH cyera He meHee 6 MIm u paspemwaroweit cnoco6roctbio 0,1 kI
Hana orobpamenns nupopmaunn npuMenserca 10-paspsauusiii BAaKyyMHBIil JIIOMHHeC-
UeHTHbI! WHAWKaTOp THnma VIB-28A. [lBa crapluux paspsiga 3TOro HHIMKAaTopa Hc-
ToJb3ytoTcs AJst popmrpoBands cumBosoB FC (pexum uudposoit mxamel) u FT
(pexxum uvacToToMepa)  SIPKOCTh CBeueHHsl MHAHKatopa peryaupyerca. Llngposas
WKana BbimonHeHa Ha 19 mukpocxemax cepun K176, 18 Tpamsucropax, 6 muomax,
13 xonpencatopax u 38 pesucropax. [Ba Tpansucropa HCMoJb3yloTest B npeobpa-
30BaTefe HaNpsiKeHHsl, a OCTajJbHBle — JNS YNDaBJEHHS CeTKAMH H AaHOJAMH HH-
Auxaropa. OTAHYHTeNBHOH OCOGEHHOCTbIO UM(POBO WKAMH SIBJASETCS TO, UTO Al
€¢ NHTaHHS HCOGXOAMM TOJMBKO ONMH MCTOYHHK -+'12 B ¢ OTHOCHTENBHO Mabiu
ToTpebAeHHEM TOKa (venee 40 MA), NOSTOMY OHa MOIK/IIOYAeTCS K HCTOUHHKY
WHTaHHS TpaHckBepa lMeeTcs BOSMOXKHOCTb padoOTATh Kak C BHYTPEHHHM KBapiie-
BBIM IEHEPATOPOM, TaK M C CHIHAJOM KBapUeBOTO reHepaTopa TpaHCHBEpa.
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[IpuHuKnuanbHasi cXemMa UudpoBofi IIKaNbl nprsefeHa Ha puc. 125. D1y cxeMy
MOXKHO pa3feNHTb Ha CAeAYIOmHe (YHKUHOHAaAbHBE OJIOKH: YCHJMTENb H3MepAeMo-
ro curiana DDI1.1, tpurrep IlImurra DD2.4, DD2.3, zenurenp uacrotst DD3.1,
naTHAeKaAHbH cueTuyk DD4—DD9, xBapueBbii rexHepartop (WJaM YCHAHTEJb) KOJE-
Ganuit onopHoi uyactorst DD1.2, DDL1.3, DD21, werbipexfekafHblit AeJHTENs OMOP-
Hol uactotel DD12—DDI15, onopumlii jckanubifi cuerynk DDI16 ¢ gemndpatopom
DDI17, dopmupoBatens umnyJscoB ynpasiewuss DD11, DDI18, DDI19, npeoGpasosa-
Teap Hanpsikenus VT, VT2, VD1—VD4, C7—Cl2, tpansucTopHbe (HOpMHPOBaTeNR
CHrHaJOB ynpaBienus uHaHkatopoM VT3—VTIS8.

HanpsikeHHe reTepojHHa TpaHCcHBepa ycuiausaercs HHBepTopoM DDI1.1, Bxoms-
mum B coctaB Mukpocxemsl K176JIT11. ¥ muBepropa 5Tofi MHKpOCXEMBI BLIXOA cOe-
JMHeH co BXoJZoM uepe3 pesuctop RI, uro Heo6XomHMoO JAJs YCTaHOBKM pabouek
TOUKH B CepelHHe AaKTHBHON 30HbH NepelaTO4yHON xapakTepHcTHKH. Ha Hu3ko#t
yactoTe Ko3()(HUKHEHT YCHJIEHHS TaKOro ycHauTeas npHMepHo paseH 20 .30, a Ha
gacrote 2,5 MI'y nanaer go 6. Pesucrop o6paTho# cBfIaH, COCJHHSIOWIHA BXOA C
BBIXOAOM, MOXeT HMeTb COMPOTHBJGHHE HO MAeCATKOB MeraoM, INI03TOMYy BXOJZHOE
CONpPOTHBJIEHHE YCHJHTEeNs, DaBHOE CONDOTHBJEHHIO OOpaTHOM CBS3H, JeJEHHOMY
Ha K03(OHUUEHT yCHJEeHHA, MoXeT OBITb NOCTAaToYHO GoabwinM. B maHHOM cayuae
BXOJHOE COMPOTHBJCHHe (AN HH3KHX 4acToT) npHMepHo pasHo 0,5 MOwm. Ecan
uxpposas 1Kaja He OyAeT HCIOJb30BATbCS KaK YacTOTOMED, eMKOCTb KOHJeHCa-
Topa Cl MoxHO yMeHblWHTb A0 100 n®.

Brixoa ycuaureas coelnnserca co BXoaoMm Ttpurrepa UImmrra DD2.3, DD24
HenocpeAcTBEeHHO, 6e3 MepexOJHOIe De3HCTOPa, poJib KOTOPOTO BHIOJHSET BHIXOAHOE
conpoTuBaenHe ycuautens (unBepropa DDI.1). Tpurrep HIMurTa Heo6xoanM Ans
TOro, yrobu ofecmeynTh Majylo AJHTENbHOCTh (POHTOB HanpsiKeHHs HA BXoxe Xe-
Jautens yactoThl DD3.1 ne3aBHcUMO OT 4aCTOTHL H (OPMBI H3MepsieMOro CHrHaja,

dopmuposaTeab KojeGaHuit omopHoro curasa 500 kI cocTOMT H3 Tpex mo-
ClleA0BaTeJbHO BKAIOUeHHBIX HHBepTOpoB. Ilepsuiit nuBepTop DD1.2 ycranasinBaercs
B CepelXHHY aKTHBHOH 06JacTH pe3HcTopoM R4. DTOT HHBEpTOp HCIOAB3yeTCs A5
ycuaenusi Kojebanuil ONOPHOrO KBapieBoro remepatopa. Ha nem e coGpan BHYT-
pennnii Ksapuesbili renepatop. IIpu paGoTe ¢ BHelIHHM KBapLUEeBHIM FeHEpPaTOPOM
BHYTpeHHHII pe3onatop Zl, pesncrop RS n konpencatopnl C4, C5 MoXHO He OT-
Kmoyarh, TaK Kak HH3KOe BhIXOJAHOE compoTuBiaeHHe (75 OM) remepatopa TPaHCH-
Bepa WIYHTHPYeT yepe3 KouAeHcatop C3 BXoAHYI0 ueNlb HUHBEPTOpa, uTO CPHIBAeT
Kosie0aHusi BHYTPeHHero KBaplUeBOFO reHeparopa.

Buisox nutanns mukpocxeMmsl DD1 tuma K176JIT11 coeaunsieTcs ¢ WHHOM nH-
tauus (412 B) uepes pesuwcrop R3, xoTOpuifi BHIIOMHSET QYHKUMH OTpaHHUUTES
TOKa npm npo6oe (rHpucropHOM sddexre) sTol MHKpocxemb. Ilpo6oii BO3HHKaeT
npu GoJblioM CKauKe HANpsXeHHS HAa KakOM-T1H60 BXojae Mukpocxemul. Hanpnwmep,
9TOro MOXHO JHOOHTbCS, €CAHM BHayajJe BXOA UH(OPOBOH lIkainm (JeBHH no cxeMme
BhBOX KoHAencatopa Cl) coemsHHTb ¢ WnHo#t nuTanns (4-12 B), a sarem ¢ BH-
xonom ymHoxutens (—17 B). Ilpu conporusnennn pesucropa R3 6Gosbiwe 100 Om
spoboit mMukpocxeMmsl K176JITT1 o6patum.

[Tpu ucnosbsoBanun uuBepTOpoB MuKpocxeMn KI176JI[11 B Kauectse ycmmute-
Jefi MaJblX CHTHAJOB CEAyeT YYHTHBATh, YTO B HHBEDPTOPAX OKa3HIBAIOTCA OTKDH-
THIMH 06a KOMMJeMEHTAapHHIX TPaH3HCTOPA, B pe3y/bTaTe Yero TOK, NOTpeCaseMEl
MHKDOCXeMOH, COCTaBJsieT HECKOJIbKO MuJiHaMmep. B paHHoM cayyae Ha pesHcTope
R3 napaer okoao 1 B.
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C Buxoga (opMHpOBaTeNs NpPSAMOYroJbHble onopHele koneGamus (500 xI'u)
NOCTYRAIT HA BXOA Jelntens uacTorst DD12—DDI5, cocrosiimero u3 ueThipex nsi-!
Tupaspaubix cyetynkos K176HE2. BeiBomsl 1 3THX CHUETUHKOB COELHHEHDI C obeit
IIHHOM, MO3TOMy MIajllfe uyeThipe Daspaja B KaxJAOM H3 HHX o6pasyloT Aekany
¢ Becamyu paspsajgoB 1—2—4—8

B nmeauTese 4acTOTH HeT HeoOXO1HMOCTH B HayaJbHOH 3amicH YHCAA, TMOITOMY
BXOAH S CUETUHKOB CcOeNuHeHbl ¢ ofmefi wWwwuHO#. Bxoiw c6poca R (BhBoAH 9)
TaKXe MOXHO OblI0 Obl COCAMHHTL ¢ OOWleH WIHHOH HemoCPeJCTBEHHO, OJHAKO B
STOM ycTpoficTBe OHM COeNHHeHbl ¢ oOmed IuHOH uepe3 pesucTop R7 u, xpoMe
TOro, COefHHeHH ¢ IIMHON nuTaHus yepe3 xougeHncatop C6. Ilocne BKJIOUEHHS NiH-
TaHHs 6Jarofaps MeAJeHHOMY 3apsjly KoHJeHcaTopa Ha BXojaX R wHanpsikenne B
geuenue npumepuo 0,03 c npesnuaer yposenb 6 B, T. e. HaxoAHTCA B AHANa30HE
HanpsiKeHHH JIOTHYECKOR eJHHMIB. DTO HEOOXOJHMO JUIfl NIPeABAPHTEJbHOR ycTa-
noskn cuerunkoB K176ME2, Tak Xak B 3THX C3ieTUHKaX NPH BK/IOYEHHH NHTAHHS
BO3MOXKHA yCTAHOBKA HENPaBHJIBLHOTO PeXHMa, M3 KOTOPOTO HX MOXKHO BbIBECTH
HMIYJIbCOM JIOTHYECKOH eIMHHIH Ha BXoAax R.

TpsiMoyroJbHbie CHMMeTpHUHBE KoJcGanus ¢ uwacroTolt 25 k[ ¢ Bhixoma ns-
Toro paspsiza DDI2 nogpalorcss Ha BXOX JBYXTAaKTHOTO 3MHTTEPHOTO NOBTOPUTENS
VTI1, VT2, K BHXOAy KOTOPOr0 MNOAKJIIOUEH yMHOXHUTelb HanpsiKeHHs VDI—VD4,
C7—C9, Cl1. HanpsxeHue ¢ BbIX0JAa yMHOXHTens uepe3 mnoreHunoMerp R39 (pe-
TyJaTOp SIPKOCTH) nojaeTcss Ha XaToA HHaukatopa MB-28A. Hurtb Hakana uuan-
KaTopa pa3orpeBaeTcsi MEPeMEHHHIM TOKOM C BBHIXOAAa HOBTODHTENs, NPOTEKAIOWIUM
uepes koHzaeHcatoper C10, CI2 u pesncrop R38.

Broixox 10 nmsitoro paspsjga cuerunka DDI15 coepunsiercs ¢ D-BXoZoM 1aBYyX-
pPa3psAIHOTO PerucTpa CHBHra, co6paHHoro Ha ABYX D-tpurrepax DDI10. Mmnyabcrl
¥a 5TOM BBbIXOZe HMeloT AJHTeJbHOCTb 20 Mc, a nmepuon caefoBaHHs — 40 wmc.
CHrHasl CHHXPOHH3alMH ¢ nepuoiov 200 Mkc nogaetcs Ha pernctp DDIO ¢ Bbixoaa
nepeHoca BTopoit jaekaasl DDI3 penntens wyacrotret DD12—DDI15. HIMnyancH Ha
BbIX0Je nepsoro D-Tpurrepa perucrpa 3afepiKaHbl OTHOCHTENBHO HMIYJbCOB Ha D-
Bxoze Ha 200 MKC, a HMNy.JbCel Ha BbIX0oJAe BTOporo D-Tpurrepa 3alepikaHbi elle
Ha 200 mxc.

Jlornueckue snementsl DD11.1 u DD112 u3 BXOZHBIX M BBIXONHBIX HMIYJbCOB
perucrpa caBura (OPMHUPYIOT IOJIOKHTeJNbHble HMIYJbCH cOpoca H 3allUCH 4YHCHA
Anst cuetynka DD4—DD8, cocrosmero #3 nsTh Mukpocxem KI76ME2. Ha puc.
126,a—0d nokasaHW BpeMeHHble AMArDAMMB CHPHAJNOB HA BHIXOJZAX MeJHTeNs yac-
TOTHl, perHcTpa CHOBHMra, a TakxKe HMNyJabchl c6poca M 3amucH. Lludposas wkana
paboraeT ¢ nepuogom 40 Mc, KOTOpHI pa3jensiercss Ha yeThlpe Takrta: copoc 200
MKc, 3anuch 200 mkc, cwer 20 Mc, mHaukamus 19,6 mc, Mmnyasce cbpoca u 3a-
OnUCH YMeloT GOoJbLyi0 JJIHTENbHOCTb TOJBKO JJsi TOro,  yTOo6H OblI0 YROOGHO
Ha0J0iaTb UX Ha 3KpaHe ocuuanorpada mpu wacTpofike cxeme. Kpome Toro, Ta-
Kast GoJbliast AJHMTEeNbHOCTb 103BOJIAET OGHAPYKHBATh STH HMIYJABCH C NOMOIIBE
BOJBTMETPA, TaK KaK CpellHee HanpsixkeHHe Ha BuBodax 3 u 4 DDI!I npu ux na-
Jauyud pasuo 60 mB. Mmmynbe c6poca mogaercs ma BxXoasl R Bcex neKal, a HM-
NyJabC 3amHCH NOJAETCS HA BXOAB S TOJBKO ABYX CTapllux AeKax (cM. pue. 125).
B nanmmov cayuae samucwiBaeTca uucno 95000, KOTOpoe AAs MATHAEKATHOTO CHeT-
YMKAa 3KBHBAJIEHTHO uyucay —5000 Takum cmocoboM u3 HACTOTH TeTepoOfHHA
TPAHCHBEPA BBHIUMTAeTCS NpoMeXyTtounas yactora 500 kI'm Ecaum undposyro mkany
HCNI0/1530BaTh B BeIaTeJbHOM CpeJHeBOJIHOBOM paAUONPHEMHHMKe, TO AJS BLIUHTA-
HMSl TIPOMEXYTOYHOH 4YacToThl 465 KTl Heo6X0oAMMO 3amucHBaTh uHcao 9535, T.e.
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Puc 126. Bpemenntsie nuarpaMmbl paGoTH HIKaJIbl

WMIyJbc 3anHcH nonasarth emle H Ha Sl, S2 DD6 u S1, S4 DDb5. Ilpn paGore
uHppOBOI INKaJbl B pexHMe gacToToMepa (OpPMHpOBATeNb HMIYJbCa 3aNHCH Nepe-
kaogateseM S2.1 oTkaloyaercs OT JAeKal, a HX BXOAW S coefHHAOTCA ¢ OOIMeR
INHHOHA.

Ha wuHTepBasne cueTa NOTEHUHAaAOM JOTMYECKOTO HyJAs Ha BXode S paspella-
ercs mepekaiouenne Tpurrepa DD3.1, KOTOpbIf AeJHT H3MEDSEMYIO YacTOTY Frerepe-
AMHA TpaucuBepa NononaM. JlenenHe 4YacTOTH HeOGXOAMMO AN yMeHbllleHHs (ayx-
Tyauuii MAaZIlero paspsfa YHCIAa Ma WHAMKaTope. IIpH BpemeHH cueTa, DaBHOM
20 Mc, C yueTOM JeJIeHMS H3MepseMOH YacTOThl Ha JBa, eAWHHIA MJajllero pas-
pana coorBerctByer yacrore 0,1 klm.

Beixoabt nepeHoca xekas DD4—DD7  coepwHSIOTCA CO CYETHHIMH BXOAAMH
yepe3 norudeckue saementl M-HE DD9.1—DD9.4, koTopele Ha HHTepBaJe Ccyera
BLETOJIHAIOT (YHKUHH MHBEPTOPOB, a HA HHTEpBajle HHAMKAUHH OTKJIOYAIOT AeKaxH
IpYr OT Apyra TaK, WT0 Ha CUETHHIX BXOJaX OKa3hBAaeTCs NOTEHLHAs JOrHIECKOR
€AHHHIIH.

Ha HurepBaje WHAMKAlHE HAa BTOpHle CUeTHBIE BXOAHW BCeX JeKal CUeTYHKA
nonaerca 10 nMmyabcoB pmocuera (pHc. 126,%), mpH 3ToM Ha BHIXOAAX mHepeHoca
AEKaj TOSBJSAIOTCS OTPHUATENbHbIE HMIYJAbCH, KOTOPHE MOIYT 3aHHMaThb OZHO HS
10 BO3MOXHBIX NOJIOKEHHH Ha HHTepBaJe HHAHKallMH. [TojloXKeHHe HMNyJbca HAa BbI-
X0J€ KaXmoH HeKaAnl OJHO3HAYHO ompejensieTcst UHGOPOH, KOTOpas CONEPXKHTCA B
AeKalle MocAe OKOHYaHHs cueta. HampuMep, — ecqin undpa Ha gekage pasHa 9, Te
HUMIYJbC MOSABIASETCS cpa3y, T. € 3aHWMaeT NepBOe NOJIOXKEHHe Ha HHTepBaje HHIH-
KalHuH, a ecad uudpa paBHA HYJIO, TO HMIYJAbC MOSB.ISETCS B KOHUE HHTEpBaAa HH-
JMKAauHH, T. € 3aHNMaeT gecAToe nojoxeHHe. [ljs EPYrHX uudp MMDyJbCH 3aHHMR-
10T OCTaJ/IbHbie BOCEMb NOJOXKeHHH B 06paTHOM nopsake' ueMm OoJablie LH(pa, Tem
MeHblue 3ajJepXKKa MOsIBJEHHS HMIYJbCa.

Ha spemennrix gmarpammax puc 126,u—a noKasanbl MMOYJAbCH H4 BHIXOZAX
nepeHoca Tpex cTapiHX EEKaj MJIA Cay4as, KOraa Ha BXoj UH(POBOH IIKajbl NOAA-
IoTcst OnopHuHe KoJeGamnms 500 xI'm. PesysnbraToM cyeTa npum 3TOM OKasuBaercs 0
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Bo Bcex maTH gmekazax (95000+4-5000=100000). B sToM cayuae Ha uHTepBaje cyeTh
Ha Beixoze Tperbeit (DD6) nekams! MoABASIOTCA NATH HMNyJbcoB (pHc. 126,u), a
HA BHIXOJZE YETBEpPTOl meKajn — OOMH umnyasc (puc. 126,k). Tlo nuarpamme
puc. 1264 BUZHO, YTO MepeA HAYaJOM CueTa B NATYIO JeKajy 3anucbiBaeTcs WHG-
pa 9, KoTOpas NepexoJHT B HYdb TOJbKO B CaMOM KOHLE HHTepBaja cuera.

VMnynscamu mepesoca uepes KJOuH Ha Tpamsucropax VIS—VT9 sriouaiorcs
ceTKH nATH paspsnos uugmkatopa HB-28A. Hanpskenne nutaHHa Ha 3TH KJIOUH
nopaercs uepes Kmou Ha Tpansuctope VTI0 TonbKo Ha HHTepBajne WHAMKAUMH, IDTO
CAeNAHO JJ51 TOTO, HTOGB MCKJIOUHTB NOJACBETKY CerMEHTOB HHIMKAaTOPa HMIyJabCd-
MH nepenoJHeHHsA Ha MHTEpBaJje cyera.

HanpsikeHne Ha CerMeHTH HHAHKATOPAa NOJAETCA uyepe3 KJIOYH Ha TPaH3HCTO-
pax VT11—VTI17, xoTopee ynpaBasioTcs pemudpatopom DDI17. Ha Bbixomax ne-
wHppaTopa Ha HHTEPBAJNe HHAMKAUHH NOABJIAOTCA CUTHAJBI, COOTBETCTBYyKOUME MO~
cne0BaTeNAbHOCTH LHGp BblYMTAlOWeEro cuerudka: 9, 8, .. 2, 1, 0 (puc. 126, 3), B
TO BpeMsi KaK BXOZbl Aelndpartopa coeJHHEHB C BBHIXOAAMH CYMMHDYIOIUETO nekan-
woro cuetunka KI176UUE2. dddekt BhuMTaHus NofydaeTca 3jgech Onarojaps TOMY,
yro B aewdgpatope K17611[]2 nmeeTcs peructp, Ha KOTOPHIi B HYXHble MOMEHTH
3alHCBIBAETCS YHCAO ¢ cyMMmupymoume#t aekags DDI6.

Bpemennsie zuarpammsl puc. 127 wnamoctpupylor stor npouece. Orpuriuartens-
HBIM HMITYJbCOM C BEIX0Aa nepsoro D-tpurrepa perucrpa czsura DDI10 paspema:
eTcsi cueT BcroMorartenbHol aekaze DDI16, na cueTHBI! BXOA KOTOPOH nojamTca HM-
nyJbCH ¢ BbIXOZA YeTBePTOro paspsiza BTopol aekaxsl DDI3 gesnutenist 4acToThl,
crepyoiiie ¢ nepuogoM 200 mxc. OTpHIATENBHBIM HMIYJbCOM NEpeHoca ¢ BHXOIA
DD14 uepes kaxane 2 Mc cuer B gekage DDI6 npepuiBaeTcs, B pe3yabraTe uero
yepes kKaxanle 2 Mc undpa Ha Heil nosropsiercs (puc 127,0—s¢). IlepBriii pas mos-
Topsiercsa mudpa 8, 3atem 7 u T. A. [TonoKUTEABHEIMK MMAYJbCaMH ¢ Bmxoga DD11.2
3TH HUGPBI NEpenuchBalOTCA B perHerp xemudpparopa DD17. [MociaeaHum nMmyabcoMm
sanucbiBaetcs uuppa 9, Koropas coxpaHserca B peructpe DD17 B TeueHne uHTE]p-
BAaJOB COpOCA, 3aNMHCH H CYETa.

IMpuMenennass 3mech HHAHKALUHS MOJYYHIa HA3BAHHE «AUHAMHYECKAS HHAHUKA-
s cnocobom gocyeray. JLOCTOMHCTBOM 3TOro cnocoda sABJASieTCS NPOCTOTA €ro pea-
JIM3aLH, TAK KaK AONMOJHATEJNbHO K cueTyuky DD4—DD8 HeoOXOAHMBI TOJMLKO OMOP-
Hblli cuetynk DDI16, newmndparop DDL7, uetbipe aByxBxomoBbix 3jemeHta H-HE
DD9 n aBa nByxBxozoBbix siementa UJIM—HE DDI113, DD11.4 HegocraTtok 3T0-
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Puc. 127. Bpemennsie IHarpaMMsl mpouecca HHAHKALHMH
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ro cnoco6a — MOBBILEHHAS CKBAaXHOCTb CBEYeHHs UH}p, BBI3BaHHasg TeM, 4TO HA
HHTEPBaJaX cyeTa, cOpoca H 3amuCH Bce IH(pPHI JOMXKHE OHTb BHKJ/OYEHH, a Ha HH-
TeépBaJe MHJAMKALWH KaX{Aas UHOpa BKIIOYEHA TOJbKO OLHY JECATYI0 HacThb Bpe-
MeHH.

B undpoBoil WKaJe TPAHCHBEPA TOT HEJOCTATOK NpPOSBJAETCA B MaJio3aMETHOM
(256 Tu) muranun uspukatopa. Takwe Muranus OyQyT HE3AMETHBI, €C/H YMeHbUIHTb
B ABa Dasa BpeMsi HU3MEDEHHs H BpeMA HHAMKAUMH. [lJis 3TOro AOCTATOYHO BEHIBOJMI
2 1 3DDI13 nepekaioyHTh K BeiBody 13DDI12, coBceM HCKMIOYHTb NENHTENb 4acro-
T (Tpurrep DD3 1), coeannuB Busoxn 10DD2.3 ¢ suisogjom 2 DD4. Kpome Toro,
nonosHuTeNbHo noTpebyercst BoiBog 8 DD2.3 orcoenunutb oT BhiBoga 11 DD24 u
COeJUHHTL ¢ BhBogoM 12 DDI102. B pesyjbraTe Takoro H3MeHEHHs, OJHAKO, 3a-
MeTHO yBeJuuaTcsi QJyKTyanuu miagieit nudps (coTed repn).

Kaxk yxe orMeyanoch, MHTEDBaJ MHAMKALHH pasiiesieH Ha jecATtb yacrell (1,6 mc
Ha uuppy 9 u nmo 2 Mc Ha Bce oCTasibHble UH(PH), T. €. A HHAHKAIHH 3anATOH
H BCINOMOraTeJIbHHIX CHMBOJIOB MeCTa HeT, NMO3TOMY MHJS STOH HeNH HCHOJb3yeTcs
yacTb uHTepBana cuera. Jloruueckuit anement DD18.2 dopmupyer orpuilaTenbHbA
HMITYJIbC ¢ {JIMTEJIbHOCTBIO 2 Mc (cM. puc. 126,4), KOTOpHIE yepe3 pe3ucTOpsl moua-
ercsi Ha 6asbl NSITH TPAH3HCTOPOB, MOJKJIOUEHHHIX K CerMeHTaM a, e, {, g HHAHKa-
Topa, obpasyomuM cumBoi F. DToT xe mMnyabc uepes pesuctop R8  nopaercs
Ha G6a3y TpansHcTopa VT3, (OpMHpYIOLIEro MOJIOXKHTEbHBI HMIYJbC HANpPSKEHHS
Ha ceTKe cTapilero pas3psfla HHIHKATOpa. AHAJOTHYHO 3TOMY HMOYJbC C BHIXOZAA
O0181 (cm. 126,#) momaeTcs Ha TPaH3HCTOpPH, MOAKJIOUEHHHE K CerMeHTaM a, e, i,
oGpasyromuM cuMBoa I'. u Ha TpaHaucTop VT4, KOTOpHIl BKJIOUAeT caelyloliHi 3a-
CTapuiuM paspsax HHaukatopa. MMmyasc ¢ Boxoma DDI18.1 Ha TpaHaucrop, ynpas-
Jsoui cerMenToM d, mojgaercs uepes mnepexaiodaredp S2.2. B pexume 4acToTO-
Mepa 3TOT HUMNYJbC HA TPAH3UCTOP He MOAAETCH.

Jloruyeckuit ansement DDI19.1 dopMupyer uMnysabc BKJOUEHHS 3anarofi (cM.
puc. 126,0), xoTophlii uyepe3 pesuctop nogaerca Ha Tpausucrop VTI18, KoJssekrop
KOTOPOTO COENUMHEH C BBHIBOJOM 3aMSITHIX M C CETKOH BTOPOTO MJAJUIETrO paspsja ue-
pe3 auox VD6. Huoast VD5 u VD6 oGpasyior cxemy HMJIW: uepes anox VD5 BkJo-
yaeTcst nu¢pa, a uepes auoj VD6 — zansras.

Ecnu oTkasartbes oT 3ansroff H or GYKBEHHHIX CHMBOJIOB, TO CTAaHOBSTCS HEHYX-
HBIMH Joruueckue siemeHtsl DD18 u DDI19. Bosee Toro, B 3TOM cjayuae 1enecool-
pasHo BMecTo pewHdpartopa ThHma KI176M12 npumeHuTh  gellHpparop  THMA
K176H1/13, motoMy 4YTO NpH 3TOM CTAHOBATCSA HEHYXKHLIMH TpaH3ucTopsl VTIl—

VT17. BuBoawnt a, B, .. g Jewndparopa KI176MI13 HemocpeacTsenno coean-
HAIOTCS C OOTBETCTBYIOIUHMHM BBIBOAAMH HHAHKATOPa M uepe3 PpE3HCTOPH  CONPO-
tupjenyeM 30 .75 kKOM —c BbIXogoM yMmHOoXuTens (—I17...—20 B). Kpome Toro,

BbBOL 6 newndparopa coenuHsiercss ¢ OoOWel IMHHON, OCTanbHBIE COEAHHEHHS OC-
TalOTC TAKHMH XKe Kak y aewudpartopa K176 M2

Liupposast 1kana CMOHTHPOBAHA HA MEYATHOH INJiaTe H3 ABYXCTOPOHHEro (OJbIH-
POBaHHOIo reTHHakca c pasMepaMu 140X 125 mM. PacnosoxenHe gerasell Ha njate
npuseseHo Ha pHc 128, coeaWHHTeNbHble NPOBOAHUKH JHUEBOM (CO CTOPOHLI JeTa-
Jeil) u o6paTHoli CTOPOH m/aThl npuBefeHsl Ha puc. 129 u puc. 130. [dauunii BapH-
AHT LHM(PPOBOH [UKA/JLI HE PACCYHTaH HAa pabOTy ¢ BHYTPEHHHM KBapLEBHIM TeHepa-
TOpOM, MO3TOMY Ha MeyaTHOH mJaTe He NPeaycCMOTPEHO MeCTO AJIs pe3oHaTopa, pe-
aucropa R5 u xompencaropa C5. TeM He MeHee ¥ Ha 3TOH IUIaTe MOMHO CMOHTH-
POBaTh KBapUEBblii FeHepaTop, YKpPenHB Ha KDPOHIUTEeH#He Pe30HATOp Haj MHKpOCXeMa-
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Puc 128 Pacnosioxenne gerajedl Ha nnaTte

mu DD2 u DD3 H cOeqMHMB OAMH €r0 BHIBOA C NEYATHOH MAaTol NPOBOAHHKOM, @
apyroit — ¢ pesucropom RS u konpencatopom C5

MHouKaTop NPHIaHBaeTCsi HEMOCPEACTBEHHO K MJaTe 6e3 NpOMEXKYTOYHbIX NpoO-
BO.IHHKOB.

B kauectee DD12—DDI15 mOXHO Hcnosnb3oBaThb Mukpocxembl KI176ME2 mo6o#
pa3noBUAHOCTH. B KauectBe DD4—DD8 — toabko BTopoit (cM ¢ 14) [lpu mucnoab-
3osanun B KauectBe DD12--DD15 Mukpocxem mepBoH pasHOBMAHOCTH BbIBOA 3 3THX
MHKPOCXEM cJefyeT COeJIMHHTb ¢ uenbio +12 B. l

[Toce 3aBepiieHHst MOHTAa)(a CXeMbl lepej ee BKJIIOYeHHeM C/IeLyeT NpPOBEPHTL
HaJHYHE KOHTAKTOB BbLIBOJOB [MHTAllMs MHKDOCXeM ¢ IIHHOH NHTaHHA H BHIBOAOB
«O6ul » ¢ oflell WIHHOMA, a TAaKXKe OTCYTCTBHE KOPOTKHX 3aMblKaHHH BLIXOROB MHK-
poCXeM ¢ 3THMH LIHHAMH

[TpaBunbHO co6panHasi W3 MCIPAaBHbIX JAeTasell undpoBas IlKana  TPAHCHBEPa
AoJiKHa paGoTaTh cpasy 0e3 HacTpOWKH [lepBbIM TMPH3HAKOM HCNPAaBHOCTH HOPMH-
posatesas onopubix kKogeGawuit DD1 2 DDI1 3, DD2 1, nepsoi aexagbhi DDI12 pead-
Tens YacToThl, cocTaBHoro nosropHrens VTI—VT2 u yMHOXHTeNR HanpsiKeHHs AB-
JIfleTcA CBeYeHHe KaKHX-aHGO UMGpP MHIANKATOPA NPH YCJOBHH, YTO PaGOTaeT BHYT-
peHHHI KBapueBbI/i reHepaTop HJIH NOAAIOTCH KoJNeGaHHs OT BHELIHEro reHepaTopa.

IMposeputs paboTy genutens yactoTel DD12—DD15 MOXHO CTPEJOYHOTO BOJBT-
MeTpa NOCTOSHHOrO HanpsiKeHHs CO BXOIHBIM CONpOTHBJeHMem mopazxka 100 xOm.
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Puc. 129. Pacno.oeHHe COeIHHHTENbHBIX NPOBOJHHKOB CO CTOPOHH YCTaHOBKH
MHKpOCXeM

CpesiHee HampsixeHHe Ha BbiBojax 2, 3 DDI2 poaxXno ObiTb OKOMO NOJOBHHB Ha-
NpsiXKEHUsI MHTAHUs, 4 HAa 3Tux Ke BbiBojax DD13—DDI15 — toabko 20% wuanpsixke-
uua nutauus, Ha Besogax 10 DDI5, 1, 2, 12, 13 DD10 cpenHee HampsiKeHHe Takke
JOJKHO OBITh DAaBHO MOJOBHHE HaNpsKeHHA MHTAHHUA

Ipn nannyun ocuuanorpada npaBUIbHOCT pabGOTHI CXeMbl MOXHO NMPOBEPUTH 1O
BpeMeHHEIM auarpaMmaM puc. 126 u 127. 3anyckartb KAYILYIO DPa3BepTy OCHUJIIOT-
pada caeayer cnajoM HanpsokeHust ¢ BeiBoja 10 DDI5 [JImarpamubl, npuBeeHEbE Ha
puc. 126, u—a, nveloT Takoil BuA, KOrija Ha BXoJ UH(GPOBOH LIKaJbl yepe3 nepe-
gmoyaTteap S1 noapaiorcsi onopHble Kodedanusa ¢ uacrotoit 500 kI'u npu ycnaosuy,
4TO mepekJouareb S2 Haxojutces B noqoxeuun FC.

Huarpamumbl, noxkasandele Ha puc. 126,3 n 127,0, nabaioaats Ha ocuuaiorpade
HEeBO3MOXHO A BOT puarpaMmy puc 127,84 MOXHO Ha0monaTh Ha 3KpaHe, eciu
NoAKAOYMTL Oocunatorpad kK Beixojam 1, 2, 4, 8 (BbiBoawml 14, 13, 12, 11) DDI6 ¢
NIOMOUIbIO YETBIPeX CYMMHDYIOUIMX PE3HCTOPOB C CONPOTHBJEHHSIMH, OGpPaTHO nmponop-
HUMOHAJIbHBIMH BecaM pa3panoB, Hanpumep: 82, 39, 20, 10 kOwm.

Tpausucropt VT1 n VT2 moryT umers MoGo# GyKBEHHbI HHJIEKC. 31eCh MOXKHO
HCI0J1b30BaTh TakXe TpaHsHctopnl THnoB KT361, KT315 no6bix OyKBEHHBIX HHIEK-
€OB MM JioGbie ApYrHe KOMIJIEMEHTAPHBIE Maphbl TPAH3HCTOPOB C HMMY.IbCHBIM TO-
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BBI7IEISKITIZ 1110987654327

Puc. 130. Pacnojoxense COeAWHHTEJBHHIX TNPOBOJAHMKOB € O6pPaTHON CTOPOHBI

kKoM koJiektopa He menee 100 MA. Juomet VDI—VD4 moryr GbiTb u APYTHX TH-
nos, nanpumep, K512, KI509, I311. Huoam VD5, VD6 nomxuul ObITb KpeMHHe-
Bble, ROCTATOYHO BBICOKOYACTOTHbIE H BbIIEPKHBaTb OOpaTHoe Hanpskenuwe 30 B.
Ecau ucnosbzoBath B kauectBe VT3—VTI8 HH3KOUACTOTHBIE TPaH3HCTOPBI (HAmpH-
mep, KT203), Bo3MOXKHa nojcBeTKa cermenTtoB. [1Ja ycTpaHeHHS NOACTBETKH HEOO-
XOAMMO KOJJIeKTOpH TpaH3uctopoB VT11—VT17 coeauHuTh ¢ BBIXOAOM yMHOXKHTENS
HanpsiKeHus yepes pe3ucTopnl ¢ comporhBieHusimu 30 ... 40 kKOm. ConporuBiienus pe-
3uctopoB R8—R30 MoryT or.muaThest OT ykasaHHeX Ha =50%.

Hudposas wkana coxpaHseT paGoTOCMOCOOHOCTb MPH H3MEHEHHH HAMPSIKEHUH
nutanus ot 6 no 15 B, oxnako yxe npu HampsixkesuH 9 B MHAMKAaTOp NpaKTHYECKH
nepecTaeT CBeTHThCH

Inst ucnosb3oBaHusi UHGPOBOH IUKAaJBl B TPAHCHBEpax OoJee BbLICOKOYACTOTHHIX
JIMana3oHOB JOCTAaTOYHO MeX1y TeTepOJHHOM TpaHCHBEpa ¥ BXOAOM uu(poBoil LIKa-
Jbl BKJIIOUHTb JI0OOH pekanublii genuTeas uyactotsl cepum K155, K§555.

Has pacumpenuss nuanazoHa B obsactb HM3KHX yactoT go 1 T seoGxomumo
RobaButb Mexay DDI15 u DDI0 nBe mexazbl B JAeJNHTENb YAcTOTHL. fABE NEKaibl 4
aBa aByxsxonoBhlX 3jementa M-HE B cueryuk, a Takxke gBa ynpaB.sIolIHX TpaH-
3UCTOpa AJIA BKJIOYEHHs] ARYX LONOJHHTENbHBIX HHGp. B 3TOM cayuae cBolictBa da-
30BOY MHAMKAlWK METOAOM focueTa OyAYyT MpPOSBIATbCA B TOM, YTO cueT OyxeT npo-
JoJixaTbesl 2¢ H B TeYeHHe 3TOrO BpeMeHH OyAyT BKJoueHbl cumsosbl I'C (wu I'T)
W 3ansitasi, a B TeuyenHe CJeiylolinx 2¢ OyAyT CBeTHTbCS TOJAbKO CeMb UH(p HHAH-
KaTopa. Jlanee 3TOT mpouecc GyJeT MEPHOAHYECKH NMOBTOPSATHCS.
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TopraTusnbiii nudpoBoit myabTumerp

MpouvbiluneHHoCTbIO BHmyckaioTes Mukpocxembl KP572I1B2A(B, B), wusro-
ToBJsieMble mo TexHoJorin KMOIT u nossoasiioline coGpaTb MPOCTOil MOPTATHBHBII
1HppoBo# MHOTOQYHKUHOHAJbHLIA H3MepHTENbHHH npubop — MyJabTHMeTp. Paccmo-
TPUM CTPYKTYpy M paborTy mukpocxem KP572[1B2.

Mukpocxema (puc. 131) coumepXHT 3JeKTpoHHble Kaioun Al—All, Gydepunlit
onepanuoHHb ycuauTeas DAL, paoTaiowuii B pexiMe NOBTOPHTeNs, OMepPaliioH-
Hblil ycuauteap DA2 — nuTerpatop, komnapatop DA3 u uudpoBylo uacTe, cocTos-
WY H3 TakToBOro reHeparopa G, aoruueckoro ycrpoficrsa DDI, cueruuka CT, pe-
rucrpa namath RG # Beixoznoro mewngpartopa DC. Kioun Al1—All BkaioyaioTes B
onpejieleHHOH INOCJENOBATENbHOCTH JOTHUECKHM ycTpolictBom DDI1, pabotaromuy:
coBMecTHO co cyerunkom CT.

YeTpolicTBo paboTaer mo MPHHUMNY ABOMHOrO HHTErpHPOBAHMSA, INHPOKO MPHMe-
HeMOMy B LHM(POBLIX H3MepHTeabHBIX npubopax Haes Meroma aBofiHOro mnurterpu-
pOBaHHs COCTOMT B TOM, YTO BHauyajle HHTETPHPYIOWIHH KOHZEHCATOp 3apsIKalor
CTporo OHPEAEJIEHHOC BpeMsi TOKOM, MNPOMNOPUHOHANLHBIM uMepseMomy Hanpm}(e-
HHIO, 3aTe€M pa3psi’KalOT CTPOrO ONMpEAEJEeHHBIM TOKOM A0 HyJA. Bpems, B Teuensue
KOTOPOro NPOMCXOZMT Pa3psij KOHAEHCATOPA, MOJYYAETCs MPOMOPHHOHAJIbHBIM H3Ve-
pAEMOMY HaMpsXeHHi0. 3TO BpeMsi H3MepseTcsl ¢ MOMOLIBIO CHeTUHKA, BHIXOJLHbIC CHI-
HaJbl KOTOPOro MOAAIOTCsl Ha MH/HMKATOpPBI.

Paccmotpum pabory MHKpocxeMbl Gosee mogpo6uo Ha BeiBoxsl 30 #u 31 MHKPO-
cXeMH nojaercsi uaMepsiemoe Hampsikende Usgy, Ha BeBogsl 36 u 35 — o6Gpasuo-
Boe Ugep.

Lnka mamepenust (puc. 132) cocToHT H3 Tpex ¢a3: MHTErPHPOBAHHS CHIHAJA
WHT, paspsna unterpupyioiero kongencatopa PU u aBTOMaTuueckoii KoppeklUHH
Hyas AK. Kaxpoit ¢ase cooTBercTByer onpejeseHHass KOMMYTAUHs 3JEMEHTOB MHK-
pocxeMbl, BhIMOJHAeMas ¢ noMoulbio Kuaioueidi Ha MOII-tpansucropax Al—AIll. Ha
puc. 131 Haznucu y KJuouelt 06osHaualT (aldy, B TEUeHHE KOTOPOH KJOU 3aMKHYT.
HuaurenbHocTh (aspl NpomopUHOHA/AbHA TEPHOAY TAKTOBOM YacTOTHL M TOYHO 3aaa-
ercsi cuerunkoM CT.

B Teuenne ¢asmt MHT, masmeiics 4000 mepuonos T TaxkToBOM 4acTOTH, BXOI-
HO# curHan uepes xmoud Al, A2 u Gypepuniéi ycunutear DAl mopaercs Ha BXOg

.H c“
” Rwe l i -][— Cax T Cunr H6
437 |J5 " 135 J4 28 )29 S127 T
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AKX AK

AT \
AK 47V49
}]z PH -
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Puc. 131. Crpykrypa mugpocxemnt KP572I1B2
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2000/F uHrerpatopa DA2 IDTo BbI3bIBaeT Ha KOH-
pgencatope Cppr HAKONJIEHHE 3apaja, mpo-
NOPLUOHAABHOTO NO BEJUYHHE H COOTBeT-
CTBYIOLIEr0 N0 3HAKY MNPHJAOKEHHOMY BX0I-~
HOMY Hanpsxeuuio. Hampsxenne Ha BH-
T Py K xose uHTerpatopa DA2 usmensiercs ¢ mo-
0 7 CTOSIHHOH CKODOCTBIO, TNpPOMOPUHOHANBHOM
BXOAHOMY curHany. Ilpeamosioxum, uTO
Puc. 132. Bpemennds auarpamma pa- y \ovenry wavana dass MHT sapsan Ha
Gotbt Muxpocxemsl KP572I1B2 )
koHzewcaropax Cumy ¥ Can H Hampsoke-
uusa cmemenus Hyias DAL—DA3 pasubl Hymo. Tak Kak BXOAHOH TOK HHTErparopi
DA2 wMan, usMenehue 3apaxa Ha Kounencatope Cpc He TPOWCXORHMT, ¥ OH (akTh-
YecKl He OKAa3bBaeT BJHsAHMs Ha mpolecc uuTerpuposanus. Koumencatop Coop 32-
psiXKeH OT HCTOYHMKA 06paslOBOro HampskKeHHs A0 BEJNHUHHBI Uosp. B konue ¢a3snl
HHT ¢ nomompsio komnapatopa DA3 onpenessercss 3HaK BXOJHOrO HampsiKeHHs 110
3HAKY HanpsXKenus Ha BbIXxoje HuTerpatopa DAZ HyscTBUTEJBHOCTh KOMMapaTopa
DA3 TakoBa, uro oOO0ecreyHMBaeT MPaBHU/IbHOE ONpejeseHHe MOJAPHOCTH BXOAHOrO
CUTHANA, JaXKe €cJH CHIHAJ COCTaBJAeT JOJI0 eJHHHUH OTCHeTa.

Tpu pabore mukpocxembl B dase PVl BXoaHO#M curuasn Ha HHTErpaTop DA2 ne
nojaercs, K unterpatopy DA2 wepes kJioun A7, A8 uan A6, A9 nojakaouaeTcs Koil-
neucatop Cosp, 3apfxeHHbll 10 0GPA3UOBOr0 HANPAKEHHA H OPHEHTHPOBAHHBIA 1O
MOMAPHOCTH TakKUM 00pa3oM, uToGbl npoucxomua paspan Caur. Paspsax aaurcs no
Tex mop, noka KougeHcaTop Cyxr He DA3PAAMTCS MOJHOCTBIO, T. €. HampsiKeHHe Ha
Beixoge DA2 He cTaHeT paBHbLIM HYJIO B 3TOT MOMEHT TMOAK/IOYEHHBIH mapajienbHo
KonaeHcatopy Cuwr Komnapatop DA3 cpabatbiBaer u npekpauiaer ¢asy PH. 3a-
pans konjencatopoB Cosp M Cax NMpaKTHUecKH He M3MeHsiercss Bpemsi paspsiia KoH-
nencatopa Cuur, BbPaXKeHHOE YHCJOM NEPHOJA TAKTOBHIX HMMYJbCOB, H €CTb Pe3yib-
TaT u3Mepenus, sanucauubiit B cuerynke CT. CocTofiHHe CUETYMKA NEPENUCHIBAETCH B
peructp RG, a sarem mpeoGpa3dyercssi B CHrHAlbl CeMHCEFMEHTHOTO KOJa, KOTOpbIe
MOCTYNaloT Ha HHAHKATOPDIL.

daza AK nauunaercsa c¢ npeKkpalleHMst paOdOThLI CueTYHKa, KOTAa JOTHUeCKoe yCT-
poiicteo DD Bkaiouaer kaioun A3, A4 u All. OGpasosaBuiasica npH 3TOM Clels-
wasi cucrema oGecmeyusaer 3apsn KOHAeHCATOPOB Cax H Cyur RO HaNpsXKeHHH,
KoMneHncHpywiuero cmetuehue Hysis DA1—DA3. Ono ocraeTcs HeW3MeHHLIM B Te-
yenue nocaepyomux pas UHT u PU. B pesyaprate npuseneHHas KO BXOAY NoO-
IPELIHOCTb M3MepeHHsi Hu3-3a CMeUIeHHs HyJas W ero TtemnepartypHoro apeida ue
npesbitaer 10 mxB.

B cocraB MHKpocXeMmbl BXOJHT TAKTOBHIA reneparop. YUacrora cienoBanus ero
HMNYJbCOB ONpejiensieTcsi BHeWIHUMH 3jemeHTaMu Rr u Cr. 14 mojaBieHus ce-
TeBLIX TOMeX ¢ 4acToTamM, KpaTHeMH 50 ['U, yactoTa mOBTOpeHHs HOJAHA OBITh
BhiOpaHa TakoH, yToObl BO BpeMsi HHTerpupoBauus, pasuoe 4000 nmepuojgam TaKTOBO-
ro rexeparopa T, ykJiaaplBanoch 1leloe YHCAO K TNEPHOAOB CETEBOr0 HAMPSIKEHHS,
paBubix 20 Mc

/m
4000/F 8000/f max

Takum o0pasom, 4000T=k20 mc, rae k=1, 2, 3 u r. 1 Orciona =1/T=
=200/k xI'u, T e 200, 100, 67, 50, 40 xI'u u 1. 1. HoMMHaABL 4acTOTO3aAalOLIHA
uenell TaKTOBOrO reHepartopa paccuuthiBaioT no dopmyse Cr=0,45/f;Rr. dns nosm-
HieHHs) CcTaGHJbHOCTH 4acTOThI MeX1y BbiBogaMH 39 u 40 MoxkeT OblThb BKJIOYEH
KBapueBblil pesonatop (npu 3tom sneMenThl Rr u Cp ne moxkatouaioor). Ilpu pabore
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MHKDPOCXeMbl OT BHEIUHEro reHepaTopa TaKTOBHE HMIYAbCH NOJAKT Ha BHBOX 40,
BLIBOKH 38 w 39 npu 3TOM OCTABAKIOT LBOOCOAMBIMAN.

JluanasoH BXOAHHIX HaNpfiXKeHHA MHKPOCXeMH 3aBHCHT oT 00pa3lLoBOro Hamps-
xennst Uosp M onpefensercss cooTHowen#eM Usx maxe=*1,999 Uogp. Texymue mno-
Ka3aHHs MHAHKATOPOB BhIpaxawTcs uHucaoM, paBHEIM 1000 Usx/Uoep. Tlpu ucmoab-
30BaHHH MHKPOCXeMbl HEOGXOAMMO, YTOOH BLIXOJHOE HaNpsXKeHHe OGydepHOro ycua-
teJsi DAl unrerpatopa DA2 He npeBhINAsIO IPAaHHYHOTO HANpsAXKeHHs JHHEHHOro yua-
cTKa, paBHoro 2B, D10 HaK/AaAbIBaeT OTrpaHHICHHE Ha COOTHOLIEHHE MexAy 06pasuoBbIM
HanpsKEHHeM, YacTOTON TAKTOBBIX MMIYAbCOB reHepaTopa, conporHBieHHEM Ruur 1
eMkoCThio Cyyr. PekomenpyeMele cooTHouwleHuss npH f=50 kI'u: Ruymrr=47 xOm,
Carr=0,1 Mk®, Coep=1 Mr®, Ugsp=0,1 B, Cax=0,47 MK® H Ruar=470 xOwm,
Curr=0,1 Mk®, Cosp=0,1 MKk®, Uosp=1 B, Cax=0,047 Mx®d. [dns yxasanuoit wac-
tothl Cr=91 n1®, R,=100 xOm. [onyckaeMbie OTK/JOHEHHS OT HOMHHaJa YKa3aH-
HBIX 3J1eMeHTOB — He Gosee +5%.

INepuon mn3MepeHHii Npu dYacToTe TAKTOBHIX HEMnyJscoB 50 kI cocrasiser
320 Mc, 7. e. NIPOU3BOAUTCS TPU U3MEPEHHUsI B CEKYHAY.

MakcuMa/bHBIE TOK, NOTpe6JseMblii MHKpocXxeMoll OT OOOHX HCTOYHHKOB MHTa-
HHs, He GoJsee 1,8 MA, BHIXOHHOH TOK crapuiero paspsina —He menee 10 MA, oc-
TaJbHbIX — He Menee 5 MA. Koadouunent ocnabrenus cuHA3HOrO HaNpsXKeHHA
100 nb, nmorpemnocTb npeo6pasoBanisf He npespilaer 1, 3 u 5 enuHHm MJagwero
paspsana coorBercrBeHno aasi KP572I1B2A, KP572I11B26 u KP572[1B2B. Ykasanure
nmapaMeTphl FapaHTHpyloTCs npH Temneparype (25-£5)°C ¥ nNHT2OWHX HanpsiKeHH-
X +5 u — 5 B ¢ mectabusibHocTbi0 +1% (HOMYCK HAa HampsSilKeHWs NHTAaHMs cO-
craBaser 5B+10% u —4,5..—8). HecrabuabHocts  06pasHoBOro  HanpsikKeHus
AonxkHa Guith He Xyxe 0,1%, Tak Kak oHa NPsiMO BXOZMT B NOTPEUIHOCTb N3Mepe-
HHS. BXonHOe comporuB/eHHe MHKDOCXEMbl ORpEdeNAeTcsi JHIIb YTeYKAMH M IPEBHi-
waer 100 MOM

Llndposoli MyJbTHMETD, OMHCHBAEMbIi Xajee, cO6paH HAa OCHOBE MHKPOCXEMbl
KP572IIB2A TIlpubop o6ecnieunBaeT H3MepEHHe NOCTOSHHONO M MEPEMEHHOTO  Ha-
npskenus (B BOJbTaxX) M TOKa (B MHJJIHMAMIEDAax), a TakxkKe CONPOTHBJEHH (B
KHJIOOMaX) B NATH [QHanasoHax ¢ BepXHuMu npepenamu 0,1999; 1,999; 19,99; 199,9;
1999. TMorpemHocTs H3MEPEHUS CONPOTHBAEHHH MOCTOSIHHOTO HANPSAKEHHS W TOKA Me-
nee + (0,2% +! enunuua muanilero paspspa). [Ipn uaMepeHHH NepeMeHHOro Hampd-
XKeHus U ToKa B AuanazoHe yactor 20 Iy .5 klu norpemiHocTb H3Mepenusi MeHee
+(0,3% +1 eaunnua Mianwero paspsja) BO BCEM HHana3oHe H3MepseMbIX Hanpsike-
uuil. B nuanasone uacror zo 20 kI'u npu naMepenuu B auanasone ot 0,1 npemena
H3MePEHHs H Bhillle NMOTPELIHOCTh He mpeBbiaeT 2,5% oT u3MepsieMoli BEJNHUHHBI, HA
yactote 50 kl'm — 10%.

YKasanHas TOYHOCTL ANA BOJBTMETPA MEPEMEHHBIX HANPSXKEHHH Ha YacTOTaX
Gonee 5 kI'y rapanTupyercs Ha Auanasonax 0,1999 B, 1,999 B u 19,99 B. Ha aua-
nasonax 199,9 B u 1999 B norpemnocts Ha vactoTax Gosee 5 K['u Goublue.

IMepemennoe n nocTosiHHOE HanpsieHHe Ha gmnanazowe 1999 B me RosxHo mpe-
Beimath 500 B

Bxoamoe compoTHBieHHe BOJbTMeTpa cocTasiser 11 MOw, emxocts — 109 n®,
NajeHue HanpsAXKeHUs NPH H3MeDeHHH Toka He npesbiliaer 0,2 B. Iluranue ecyiue-
cTBasieTcst oT Oarapen 3336, moTpeGiisieMBlii TOK He npeBbillaeT 120 MA.

Cxema xoMMyTalWk Uenefl MyJbTHMeTpa npueeleHa Ha puc. 133. Ilpn mamepe-
HHH TOCTOSIHHOTO HANPSIXKEHMs OHO uepe3 gesuTesb R1—R6 mocTynaer Ha BXOX <«+»
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anasoro-uucdposoro npeobpasosatens (ALI), sxox
«—>» ALIT npu stoM nOAKAKIEH K o6lieMy Opo-
sogy. ConpoTHB/eHHs GOJIBIIHHCTBA DE3HCTOPOB Ae-
JauTens BHGpaHbl KpaTHhIM 10, yro ofseruaer HX
noabop. ConporHBieHMe HMXKHEro mJleYa JENATENA
B 3TOM cJayuae gomkHo 6mrb 1,111 kOm, ono mo-
JyuaeTcs NapaJJeJbHEIM COEJAHHEHHEM pPE3HCTOPOB
1,2 u 15 kOm. Ilpun ycraHOBKE DE3UCTOPOB JeJH- Puc. 134. Cxema oMMeT-
Tens ¢ gomyckoM 0,19% HHKaKOro IONOJIHHTEJIbHOIO pa

noA6opa 3TUX PE3HCTOPOB He Tpelyercd.

Ipr usmepennn nocrosinoro Toka ALIIT nojkmouen Kk oAHOMY H3 WYyHTOB R7—
R11, uepes koTophle NponycKaercs H3MepseMblii ToK. McnosnbsoBanue ABYX cekuui
SA23 u SA24 nepek/aouaTtesNs OPeleJOB M3MEPEHHHR AJIT KOMMYTAUMH 1IYHTOB TO3-
BOJISIET HCKJIOYATH BJIHSIHME HECTaGHJIbHOCTH CONDOTHBJIEHHS KOHTAKTOB Ha Iorpeil-
HocTb H3MEepPeHHH W TNOpYy npubopa B MOMEHT NEPEKJIOYEHHS IpelesioB.

Tpununn paboTsl OMMeTpa NpoMJMOCTPHpOBaH Ha puc. 134. Msmepsemoe co-
NPOTHBJEHHE BKJIOYEHO B LeMb OOPaTHOH CBA3M OMEPalHOHROro ycuaurens DAL,
BXOZHOH TOK KOTOpOro 3afaH pe3uctopaMd RI1-—RB, moaxiioueHHHIMH Yepe3 nepe-
kaouatesd SA22 u SA1.3 K ucrounuky nanpsxkenus +1,111 B. IMockoabky conpo-
THBJIEHHs1 HCHOJb3YeMbIX pe3ucTopoB R1—R6, BKJIOUEHHBIX NOC/ENOBATENbHO, KpaT-
nul 1,111 kOM, Tok, 3ajaBaeMulii HMH, UMeeT 3HayeHus, kpaTHule 10, a nmajgenre Ha-
NpSXKEHHS HA H3MepseMOM CONPOTHBJIEHHH C TOYHOCTBbIO A0 MHoXHTens 10° pasmo
ero BenuuuHe. DTO NajeHue HanpAKEHUs H3Mepsiercs ¢ moMombio ALIT, mopkmioued-
HOTO HENmOCPeJCTBEHHO K H3MepAeMoMy CONMpPOTHBJEHHIO, Takoe mocTpoeHHe OMMeTpa
I03BOJISET HCMOJIL30BATh Te Ke TOYHBIE PE3HCTOPHI, YTO M B JeJHTeJe BOALTMETPa, H
HCKJOYaeT ux noxbop KpoMe Toro, apeiid Hy/s ONEpamMOHHOrO YCHJHTENS He NpPH-
BOJUT K Apeiipy HyJNs OMMeTpa, HO yBeJHuUHBaeT ero morpeunocrb. [pefip nyns one-
pauuonsoro ycuaureas DAl B | wMB mpuBoaut K morpeuiHoctH oMmerpa 0,1% ot

H3MepsieMONl BeJIMYMHBI, IO3TOMY HauaJbHas ycraHOBKa Hyas DAl poskHa npous-
BOJMTbCSA OUYEHb TIIATEJBHO.

Vismepenne nepeMeHHOro HanpsXeHHss H TOKA NPOM3BOJHTCS aHAJOHUHO H3Me-
PeHHIO NMOCTOSHHBIX HANpfAMXeHHH M TOKOB, HO Ha Bxox ALl skaiouaercs npeoGpa-
30BaTe/lb NMEPEMEHHOrO0 HaNpsAMeHHUs B NOCTOSIHHOE, 00BejeHHH Ha puc. 176 wTpux-
NYHKTHPHO# nHHKed. BXoguo#t nesnTesp W IIYHTE HCMNO/Mb3OBAHBL T€ XKE, YTO H NPH
H3MePEeHHH MOCTOSTHHOTO HanpsXKeHus ¥ Toka. Bo BXOjHOM jesnTede NpH H3MepEHHH
Ha TepEeMeHHOM TOKe BaXXHYIO POJb HrpaioT KonjgeHcatopst C2—C8, obGecneuusaoliue
NpaBHJbHOE peJieHHe BXOJHOro cHrHaja. ToyHOe 3HAueHHe EMKOCTedl 3THX KOHJEH-
CaTOPOB pAaCCYMTATh HEBO3MOXKHO, TaK KAaK HEH3BECTHA TOYHAS E€MKOCTb MOHTaXa,
Toaromy Hukime nieun evkocTeft Aenuteas C7 u C8 paccumtansl na HEKOTOPYIO
YCPEAHEHHYIO €MKOCTb MOHTAXKa, NOCKOJIBKY Pa3fpoc 3ToH eMKOCTH MaJ0 BJHSET Ha
TOYHOCTb JeJIEHHst NIPH OTHOCHTEJbHO GOJbLIOH eMKOCTH KoHJencaTopa C8. Bepxuue
N4y JesuTenst cHaGXXeHbl MOJACTPOEUHLIMHM KOHIEHCATOPAMH, YTO MO3BOJSET TOYHO
HacTpoHTh Aeantendb. Iloctpoenuwe nenntens B ase crynmenn (C2, C4 — mepsas cry-
nenb, C5, C7, C8 —sropas) nossoaser B 10 pas yMeHbIIHTH €MKOCTH HHIKHHX IS4
Jenutensi. OTHocuTesbHO GoJbluasi eMkocth C2 BepXHero mjeua AeiHTeds NO3BOJS-
€T TOYHO NMOACTPOHTL 3TO MJEYo KOHjeHcaTOpoM C3 M yMeHBIUHTL MOTrPEWIHOCTh Oe-
JIUTEJS HM3-32 H3MEHEHHs EeMKOCTH MOHTakKa NpH H3MeHEHHH TNOJIOXKEHHS COeAHHH-

TEJbHBIX MPOBOAHHKOB. HuxXuee uuskooMuoe nJeuo JeJIUTEN BBLIMOJHEHO 6e3 KOH-
JAeHcaTtopa,
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KpaliHee BepXHee No CXeMe NOXOXeHHe mepekmouateAs SAl CAyXHT Aas KOHT-
poas Hanpsikenus Oarapen nutanHa B stoM cayvae AL noaknioueH kK HHXKHEMY
naesy R5, R6 neautesss HanpsiXeHHA, B OJHY M3 IPOMEHYTOYHBIX TOYEK KOTOPOrO
yepes nepekaouatein SA1.3 # SA2.2 nogaHo Hanpsxkenne GaTapen nutaHus +4,5B.
Ipenen usMepeHusi, Kak W NPH H3IMEPEHHU NOCTONHHBIX HANpsKeHHH, 3ajaeTcs me-
pekouateneM SA2

Ha puc. 135 npuBesnena cxema npeofpa3oBarens NepeMEHHOrO HaNPSKEHHS B NO-
CTOSIHHOE, HCTOYHHKA onopHoro Hanpsikenus, AUl » nogkmouvesne AU x uupn-
KaTopaM.

IMpeo6pasoBatesb nepeMEHHOTO HANPSIKEHHSA B NOCTOAHHOE coGpaH Ha onepa-
wuonnoM ycuautese (OY) DAL, koTophil TakxKe ucmoab3yeTcss B omMeTpe. Bxommoe
HanpsiXKeHHe NOJAeTC Ha HeuxHBepTHpYyoluit Bxox OVY. IlonoxkurenpHas noaysod-
Ha YCHJIEHHOTO HanpsKeHHs BHJeJseTcs Ha pasucrope RI8, orpunaresbHas — Ha
R17. Mexay BepXHHMH 1O cXeMe BbiBOAaMH pesuctopoB R17 u R18 copmupyercs
JABYXNOJIYNIEPHOJHO-BHINIPSAMJIEHHOE NEPEMEHHOE HaNPsXKEHHe, KOTOopoe uepe3 (uJb-
Tpytomne uend R21C12 n R22C!3 nopaercs na exox ALIL

Ha pesucropax R19 u R20 Buigensiorcs o6e MOJNYBOJHEL YCHIHBAEMOro Hampsi-
XKeHHs,, ¢ HHUX HanpskeHne oOpaTHOH CcBA3M 10 NEPEMEHHOMY TOKY uepe3 KOHJEH-
catop Cll mopaercs na unseprupywomunii Bxon OY, yeM AOCTHraeTcsi BHICOKAs TOU-
HOCTb H JMHeHHoCTh npeoOpasoBatens. CrabuabHocTh paboueil Toukn OY no nocro-
SIHHOMY TOKY ofecneuynBaercs 3a cueT o6paTHOM cBs3u uyepe3 pesuctop R16. Ortnocu-
TeJAbHO GOablIasi BEJHUHHA CONPOTHBJAEHHS 3TOTO DPE3UCTOpAa BHIGpAHA NOTOMY, 4TO
OH He [OJMKeH IUYHTHPOBaTh H3MeputeapHyw uenb VD1, VD2, R17, R18. Emkocre
konaencatopa Cll TakXe BHGpaHa A0BOJABHO GOJBIIOH, TAK KaK OH C Mapa3suTHOW
e€MKOCTbI0 MOHTaXa O06pasyeT [eJHTe/]b BXOJHOTO CUTHAaJZa, [OCTYNAIOIEro Ha HH-
Beprupyiomtnit Bxoa OY. Tlpu Mmenbuein emroctd KoujgeHcatopa Cl1 Bo3nukaer 3a-
MeTHasl TMOrpelllHOCTb MPH H3MepEeHHH NepeMEeHHOro HampsiXeHus Ha npefenae 1999 B.

Pesucropet R13 u R14 cayxart gas ycranosku mHyas OY DAI, R14 — aas rpy-
Goii ycranoskH, R13 — aas Touynoit Konmencatoput C9 n ClO sBasiotes GJOKHDO-
BOYHBIMH, MOACTPOEYHBI pesuctop R20 cayXHT /s TOYHOH yCTAHOBKH Ko3(pQHIHEH-
Ta nepejlaud npeobpasoBaTesis NEPEMEHHOrO HaNpsiKEHH B NOCTOSHHOE

Anavioro-undposoii npeoGpasosartens cobpaH Ha Mmukpocxeme DD'l, ero BHIXO-
ABl NOJKJIIOYeHH K HHjUkaTopaMm c¢ obmum axsogoM HG1—HG4. 3nak «—» usmeps-
eMOro HanpsKeHHs. HHAHUMUDPYETCS CErMEHTOM g MHAMKaTopa crapuiero paspsjaa HGI.
B 3TOM HHIMKaTOpe MOXKeT HHIULUHPOBarbcg ToNbKO nudpa 1, muppa 0 He HHAHLH-
pyercs. Jasa Ttoro, uTo6ul pasnenuTh 3HaK «—» u Wudpy 1, mpaBas yacTbh cerMeHTa
g 3akpalleda uyepHod kpackoit. Konmencarop CI16 u pesucrop R27 — 3anarouine gac-
TOTY 3JeMeHThl TeHeparopa Mukpocxemno! Cp u R:. lenepatop paboraer Ha uacToTe
50 kTu. Kowuaencatop C17 u pesucrop R28 — anements uuterpatopa Cuur H Ruar.
Kounencarop C18 paGotaer B cxeme aBroxoppekuuu (Cax) kougencarop CI19 cay-
KHUT A5 3anovuiianug obpasuosoro Hanpsxenus (Cosp). Lens R29C20 cayxur pis
$uasrpaunn BxoaHoro nanpsukenns AUIT Koupencatoper Cl4 u C21 — baoknpo-
BOUfIblE MO UeMAM NHTaHHA

Hcrounuk oGpasuosoro Hampsikeuuss 100 MB M HCTOUHHMK NHTaHHS OMMeTDA
1,111 B coGpaum Ha snementax VTI1, VT2, VD4, VD3, R23—R26. OGpasuosoe Ha-
npsiKeHHe GOPMHPYETCH KaK Pa3sHOCTb MeXAy NaJeHHeM HANpsxeHHs Ha CBETOLHO-
ae VD4 u nepexone Gasa— smurrep Tpau3ucropa VT2, OGa 3THX HanpsiKeHH:A
HMEIOT OTPHUATENbHBIA TemnepaTypublii kKosdouuuent 2 mB/rpan, Bcaeacrsue uero
HanpsxeHne Ha pesucTopax R24—R26 tepmocrabuabno. Tpausuctopnl cGopku VTI,
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pesuctop R23, nuox VD3 obpasyior crabunusatop Toka ceeroaunona VD4. B ceasu
¢ TeM, YTO TeMHepaTypHHH KO3(Q(HIUHEHT HanpsXeHHs cBeTonuHoda VD4 HecKosbKo
MeHbllle TeMnepaTypHoro koadoHUMEHTa HanpsiKeHus nepexoja 6a3a — SMHTTEp
Tpansiicropa VT2, 3ToT cTabuaH3aTop BBHINOJHEH C OTPHLATE/BHBIM TeMIEPaTYPHbLIM
koadduuuentom (3a cuer aumoga VD3), 3a cuer uero HecooTBercTBHe K03DDHLH-
entoB VD4 u VT2 xomnencupyercs. Jas obecneyenust paBeHcTBA TeMmepaTyp cCBe-
To1101a VD4 u Tpanauctopa VT2 oHM nomelwleHbl B 060HMY, H3rOTOBJIEHHYIO H3
amiomiHust Juox VD3 posikeH MMeTb TeMJOBOH KOHTAKT ¢ 0GOHMOM, a TPaH3HCTOPHI
VT11 u VTl 2 — Bxoauth B 0AHy COOPKY.

BeixoaHoe o6pasuoBoe Hampsxenue ucroundka 100 MB ycranasiuBaercs Ha pe-
3uctope R26 moactpoeunsiM pesncropoM R24. Hanmpsaxenne 1,111 B onpepenserca
pesnctopamMu R25 u R26, koTophlie AO/KHHE MMeTb oTHOlWenne 10,11+0,1%.

INpu ucnosb3oBanun HanpskeHus 1,111 B B ommeTpe oHO nox Harpyskofi He-
CKO.IbKO yMeHbIUAeTcs,, OJHAKO 3TO HHKAK He OTPaXKaeTCsi Ha TOYHOCTH H3MepeHHi,
NOCKOJIbKY POBHO B TaKOW Ke CTemeHH, Kak M Hanpskenue 1,111 B, ymeHpiaercs x
obpasuoBoe Hanpskexdne 100 MB.

CxeMa y3za mHTaHus My.JbTHMeTpa npHBeieHa Ha puc. 136. OcHoBoii ysia ciay-
2KHT MyJbTHBHOparop Ha TpaHsucropax VT3 u VT4. [lpun oTkphiToM TpaH3HCTOpE
VT4 npoucxoaur HakonseHue sHepruu B Tpanchopmarope Tl, npu ero sanMpaHuHu —
nepejlaya HaKOMJEHHOH 3Hepruu Bo BTOpHuHble HenH. Tpauaucropnl VTS5 u VT6 Bxo-
JAT B Lenb CTabuiu3allid BTOpPHYHOro HanpsikeHHsa. Iloka BHIXOZHOe HanpsiKeHHe
—5B MeHbwe nomuHana, Tpausucrop VTS5 sakpur, Tpansucrop VT6 BKJIIOYEH M HA-
CHIIEH, JJHTeJbHOCTh KOJIJIEKTOPHBHIX HMMNYyJabCcOB TpaH3ucTopa VT4 wmakcuMasnbHa,
HaNpsXKeHHs Ha BHIXOZAX y3Ja MHTaHHS noBulaioTcA. [IpH MOCTHXKEHHH BHIXOIHOrO
HanpsiXXeHus +5 B HOMuHa/IbHOrO 3HaueHHst TpaH3HCTOp VTS npHOTKpHIBaeTcs, KoJ-
JIeKTOPHBIN TOK TpaH3ucropa VT6 yMmeHblnaeTcs,, AJHTeNbHOCTh MMNYJAbCOB TOKA TpaH-
3ucropa VT4 yMeHbllaeTcsi, BHIXOLHOe Hampsi)KeHHMe crabuausupyercd. Tok, morped-
JsieMblit no uenun —5 B, MeHbuue, yem mo uenu +5 B, nostomy Hanpsxenne —5 B
no abcoMOTHOH BeJIMYHHE HECKOJNbKO OoJiblle, ueM +5 B.

DuapTper C26C28L1C31 u C27C29L2C32 cayxaT AJs CrJaXKMBaHHs NyJibCalnil
BBIXOIHOTO HampsiKeHHs, nuox VDS obneryaer myck npeobpasoBaTesis, B HOpMalb-
HOM pexkume paboTsl OH 3aKpHT. KoHaencatop C30 olecneunBaer yCTOHUHBOCTb Le-
N1 cTalbAaH3alHy,

Pesucroper R1—R11 caenyer nomoGpate ¢ tounocrsio 0,1%, B kpaiiHeM ciyuae
0,2%. B onHchiBaeMOM KOHCTPYKLMH B OCHOBHOM HCHOJ/Ib30BAJHCH pPE3UCTOPbl THMA
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C2—-C29 mowprocteio 0,125 Br. Pesucrop R10 tuma C2-1 0,25 Br, pesucrop R1l
cocrasied u3 10 nmapaianensHo coeluHeHHBIX pesuctopos C2—29 1 Om, 0,125 Bt Pe-
34cTop Rl COCTOHT W3 MNATH NOC/EI0BATENBHO COEIHHEHHBIX pesucrTopos C2—29
1 Owm, 0,25 Br. B xavecTe R2 MOMXHO YCTaHOBHTb ABAa TaKHX DE3UCTOPA, COELH-
JIEHHBIX Napa.1ie’]bHo, Hau o1uH | MOMm.

Takyio TOUHOCTb /sl OCTaJbHBIX PE3HCTOPOB COGJIOAATH HE HYXKHO, OLHAKO pe-
suctoper R17, R18, R19, R25, R26 fo/XHH GbiTh cTaGH/IbHBIMH, Hanpumep C2—29.
OtkaoHenHe HoMHHana pe3ucTopoB R25 u R26 0T yKasaHHBHIX Ha CXeMe BeJHUHH
JOJIKHO ObITh He Gosiee 10%, 0aHAKO HX OTHOIUEHHME, KaK YKa3aHo BhIlLlE, JOJKHO GBITh
(10,1140,1) %. I[Tockoabky B CTaHZAPTHOM PS4y PE3HCTOPH NOAOGPaTh ¢ yKasaH-
HBIM OTHOLIEHHEeM HEBO3MOXKHO, B Npolecce KaJHGpOBKH OMMeTpa IMPOM3BOAMTCS MOJA-
Gop pesncTopa, nojAkJaoyaeMoro napainesHo R25 wiau R26 nas oGecneveHus neo6-
XOfHMOTO COOTHOLICHHS.

Pesucroper R17 u R18 moryr 6uiThb Bhi6panbl B jguanasoHe 3. 5 kOM, HO HX
COMpPOTHBJIEHHS JOJKHBI OBbITh DaBHH APYr Apyry ¢ TouHocTbio a0 1%. Conpotus-
nenne pesucropa R19 poskuo cocraBasatb (85+3)% ot RI17, pesucropa R20 npu-
mepuo 10% ot RI19.

Pesucroper R21, R22, R29 moryt GuiTh HcnoJb3oBaHsl ¢ gonyckom 10%, pesucrop
R28—5%. Pesuctop R16 Tuna KHMM—0,125 IToacrpoeunsle pesucropsi —CI13-19a,

Konpencatop C8 rtuna K73-9 ¢ nonyckom 109% na paGouee nampsixenue 100 B,
konaencaropsl Cl, C17, C18 u C19 —K73-17 na nanpsxkenre 250 B. Honyck KoH-
nencatopa C17 posmken Obith 5%, ocraibubix no 20%. PaGouee nampsixeHHe 3THX
KoHzeHcatopoB (kpome Cl) moxker ObITh g06bIM [loJIApHBIE KOHAEHCATOPH], MCIOJb-
30BaHHBle B MyabTHMerpe, THna K52-1, ocrtasbubie — KM-5 nnn KM-6. Konpencarop
C7 noabupaercsi M3 KOHAEHCATOPOB ¢ HOMMHA/JbHOH eMKocThio 1100 nd, ero em-
KoCcTb J0JkHA coctaBasATe 0,109 ot emxoctu C8 c¢ Ttounocteio +0,2%.

Kounencatopst C4 u C7 nosxubl umers rpynny no TKE ne xyxke M750. dpoc-
ceqi L1 n L2 tuna OM-0,1 ¢ unpyxtusHoctbio 200 MkI'H. IToacTpoeuHble KOHJIeH-
catopsl C3 1 C6 tuna KT4-216 na nanpsxenue 250 B. INepekawouatenn SAl u SA2
Tuna [1I'2-12-6T18H u T1I'2-11-6IT6H.

Ceerognon VD4 poJsxen OblTb KPacHOro cBeueHHs, AJIS OOecneyeHHs TemJaoBOoro
KOHTaKTa ¢ TpaHsucTopoM VT2 OH p0J/KeH HMEThb MeTa/IOCTeKJSIHHBIA — Kopmyc.
Tpausucropsr VT Moxuo ucnosbzoBatb Takke u3 cGopkn  KP198HT1,234 ¢
JO6LIM GYKBEHHBIM HHaeKcoM. OmnepauuonHstii ycusutear KP544Y12A MoxHO 3ame-
HUTb Ha aHAJNOTHYHBIH C JIOGBIM OyKBEHHbIM HHAeKcoM wiH Ha K544V ]2 ¢ moboit
6yxkBoii Muxkpocxemy KP572[1B2A — Ha aHaJIOTHUHYI0 C APYrHMH OYKBEHHHIMH HH-
JEeKCaMH, HO 3TO YMEHBLIHT TOYHOCTb MyJabTHMeTpa, NPH NepepaboTKe MOHTaXKHOH
njatbl — Ha K572IMB2A,B,B.

Bce petanu MyJabTuMeTpa, KpoMe MepekJlouatesneii M TMOACTPOEUHbIX KOHJAEHCa-
TOPOB, PAaCMOI0XKEHbl Ha ABYCTOPOHHeH mneuaTHOM miaTe pasmepoM 62,5X120 wMwm,
yepTexK KoTopoil npusBeseH Ha pHc. 137 Ha puc 137, naHO pacnoJioKeHHe MHKPO-
cxem H Oosblieli yacTH [eTaledl H NMPOBOJHHKOB Ha CTOPOHEe DAcCMOJIOXKEHHsS Jera-
Je#t, Ha puc. 137,6 — ¢ MpOTHBOMOJIOKHON cTopoHbl. CjeayeT HWMeTh B BHAY, 410 Ha
Bceil IMOBEPXHOCTH NJAThl CO CTOPOHLI MHKPOCXeM, 3a MCKJIOYEHHEM MecT pacrnoJjio-
JKeHMsl NMOKa3aHHHX Ha puc. 137, npoBosHMKOB H pe3uctopoB RI—R6 coxpanen
CIJIOMIHON CJIOH MeTaslJIH3alMH, BBINOJHSIOWMI poOJb obllero nposoaa. OTeepcTHs B
leYaTHOM IJaTe CO CTOPOHBI YCTAHOBKHM feTajell pa33eHKoBaHb. Mecra moamaikd BH-
BOJOB K Qoabre obluero nposoia Ha puc. 137,a noMeueHsnl KpecTHKaMH. BuiBoabl pe-
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suctopos R7—RI1, R26, kouagencatopa C22 moanasiubl K ofeliMy IpoBoAy ¢ OOe
MX CTOPOR MJaThl, B 3TOM CJyuae COOTBETCTBYIONIHE OTBEDCTHS HE 3EHKYIOT.
OtmeruM, uto O6WMA NpoBOA UHDPOBOH uyacTH mukpocxeMmsl DD1 (BeBOZ 21

obbesnHeRr ¢ OGWMM NPOBOAOM NJATHl TOJ
BJHAHUA UH(POBOH YaCTH HA AHAJNOrOBYIO.
Ilepekmouatesn SAl u SA2 ycranoBje

bKO y y3Ja NUTaRHsg AJiss yYMEHbIIEHHS

HBbl Ha YrOJIKE, H3rOTOBJEHHOM H3 Jarty-

HN TonmMHOH 1 MM (puc. 138,a). B yronok Bnasiel TpH JaTYHHEE TafiKd, H C MO-
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Puc. 137. TleyaTnast naata MyabTHMCTpa:
@ — cO CTOPOHBI YCTAHOBKH MHKPOCXeM; 6 — C MPOTHBOMOJOXKHOM CTOPOHDI

MoLibio ABYX BMHTOB M2 yronok kpenuTcsi K neuyarHoil maarte. [ToacrpoeyHbie KOH-
JeHcaTope s obecneyeHHs ynoGcTBa HACTPOHKH yCTaHOBJEHb Ha HeGOJbLUOH Te-
YaTHOM NJIaTe, 3aKpenJIEHHOH Ha Topie nepekawouyatens SA2. Ha puc. 138,6, npuse-
fey uepTeX oO60iiMbI, H3TOTOBJNEHHOIl H3 aJIOMHHHSA H cayxalledl Ajs obecneyeHHs
TENJIOBOro KOHTaKTa MeXay cseroxuojoM VD4 u tpansuctropom VT2, Kopnyca cse-
TOAMOJMA M TPAH3HCTOPAa ONEpHYTHl TOHKO# (TOpONJacToBOH NJeHKOH (MOXHO Hc-
MOMbL30BaTh NOJIHITHIEHOBYIO), BCTaBAEeHH B OTBEPCTHA OCOHMBI H CTSAHYTH BHUHTOM.
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Puc. 138. Yrosok mas KpenseHnsi mepeksmouarteieit (a) u obofima A, CBETOZHOAA
u TpaHsucropa (6)

Kopnyc amosa VD3 mocie HacTpofikM MyabTHMeTpa npukJjeeH K ofoiiMe Kamieft
9MOKCHJHOTO KJjes

Bxonnbe ruesga XS1 u XS2 s wrelpein &1,6 MM ycTaHOBJeHH Ha GOKOBOM
CTEeHKe KOpnyca HanpoTHB Nepekamouatens SAl.

Has namoTkn TpaHcdopmartopa Tl HCnoOJib30BaH KOJMBUEBOH MAarKHTONPOBOI W3
depputa 600 HH Tunopasmepa 12X9X8 wmM. Bce Tpm o6MOTKH HaMma-
THIBAIOT OJHOBPEMEHHO CJIOXKEHHBIM BueTBepo npopojoM Mapku [IDJILIO 0,1 mu,
YHCJO BUTKOB Kaxj0# 06MoTKH -~ 100. [IBe 0OMOTKI COERMHSIOT NMapalienbHo I He-
NOJb3YIOT Kak mnepBHuHYIO. TpaHchopMaTop BKJEeH B OTBEPCTHE NEYaTHOH IaTHI,

[lnata MyabTHMETPA YCTAaHOBJEHA B NJIACTMACCOBEI KOPIyc ¢ raGapHTHBIMH pas3-
Mepamn 130X72X37 MM. HanpoTWB HMHAMKATOPOB B KOPHYce NPOPE3aHO OKHO, B
KOTOpOE BK/€eHa MJACTHHA M3 LBETHOTO MpPO3PAayHOr0 OpraHHyYeckoro creksa. YacTh
TJIATEL ¢ MOITAXOM (HMXKHAA no puc. 137 g0 Mukpocxemp DD1) sakpbita skpaHoM,
COCTOALIMM M3 ABYX MNOJIOBHH, YACTHYHO BJIOXKEHHBIMH IPYr B apyra. I1o/oBlHB 3K-
paHa H3rOTOBJIEHHl M3 JIaTYHH TOJMHON 0,3 MM, OKJeeHbl H3HYTPH CaMOK.Ieiolueics
XJIODBHHHJIOBOH NJIEHKOIT M 3aKpemJeHbl OJHHM BMHIOM, BBEDPHYTHIM B YTOJOK, Ha KO-
TOPOM pa3MellleHbl nepekJioyartead. Hanpotus moactpoeunsix KonpeHcatopos C3 u
C6 B cooTBercTByIOWlEll MOJOBHHe 3SKpaHa npoOHTH oTBepcTHA. Jlas oGecrnedenns
COeJMHEHHs! ¢ OOMM MPOBOAOM MNJATH MJEHKA B MECTE KDEIJIEHHS K yroJKy CHATA.

Iepekmouartenn cHaGxeHsl pyuKavu-GapaGaHaMH, M3TOTOBJEHHBIMH M3 a.lIOMH-
HueBoro cniasa B95 (puc. 139). Ha pyuku HaHeceHa rpaBHDOBKA pPeXHMOB 1l npe-
ZienoB uamepenusi. s u30aA0MH pyyeK OT OCLIEr0 MPOBOJA OHH YCTAHABJHMBAIOTCS
Ha TEKCTOJIMTOBHE BTYJIKH, HaKJEHHble Ha OCH mepekJioyaresei.

Barapeio nuTaHHs npu ycTaHOBKe CjlefyeT 3aBepHYTb B MOJUITWIEHOBYIO IJIEH-
Ky, YToObl B c/ydYae, ecJH OHa <«NOTEYeT», HE HCNOPTHTb MYJbTHMETP.

B cBA3M ¢ GOMbUIOH NAOTHOCTBIO YCTAHOBKM 35JIEMEHTOB MOHTaX H HaCTpOHKY
MY/JbTHMETPA pEKOMEeHAYeTcs NMPOM3BOJAHTbL B CJEAYIOUIEH MOCJeJOBATENbHOCTH, BHa-
yaje ciieiyet cobpaTb ysesi MHTaHHS, MeXAY €ro BEIXOZaMH +5 u —5 B ycramo-
BHTb pesuctop 1 kXOm u mopBopom craGuantpoHa VD8 ycTaHOBHTb HanpsiKeHHe
+5 +0,1 B. IonGupas pesucropel R31, R34 u xonmencatop C25 caesyeT I06HTh-
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Puc. 139. Pyukn pns nepexsiouatenel

Csl HEH3MEHHOCTH BLIXOJAHBIX HAnpsKEHHA B JHaNA30HE BXOAHHIX  HanmpsuxeHnf
3. 5 B. IlorpeGasemblii TOK NpH BXOAHOM Hanpsixenud 4,5 B HoaxeH GHITb OKOJO
40 MA, TOK XOJOCTOrO XOJa HE MPEBHIUATh 5 MA.

Hanee cnepyer cobpath HcTOuHHK o6pasnoBoro Hampskenus, AL u ycramo-
BHTb HHAMKAaTOpBl, HaunHasa ¢ HGI. IToakmouns K BHIBOAY 38 MHKPOCXEMBI YacTo-
TOMETp uepe3 PesucTop C conpoTuBJeHHem ne MeHee 20 kOM, mozo6path pesucrop
R27 rak, utoGul uacrora cocraBasna 50 kIu=1%. Iaa ynoGerea noabopa Ha me-
YaTHOH njiate MpeaycMOTPEHO MecTO /s ABYX MOCJENO0BATENbHO BKJIOYAEMBIX Pe3H-
cropos Iloaas na sxoabt AUIT nmampsxerne ¢ pesucropa R26, caelyer mposepuTh
ero paborocnocoGuocts IToacTpoeyHsIM pesucTopoM R24 ¢ moMmompio BOAbTMeTpa He
06XOAMMO YCTaHOBHTh Ha pesucrope R26 manpsikenne npumepno 100 mB. [anee, co-
6paB npeoOpasoBateslb NMepeMEHHOro HATIPAXKEHHS B MOCTOSHHOE, HAZO0 MOAKJIOUHTH
ero BbIXOAB KO BXogam ALl ¢ cobmoaenneM nosnsproctH, Brxox OC o npeobpa-
3oBaresisl CeAyeT COEAHHHTL C HHBEPTHPYIOUIMM BXO1OM ycuauteas DA, nenHsepTH-
pyownit Bxox DAl —c o6wHM NpoBOJOM H YCTAHOBHTb BO3MOXHO 60Jee TOUYHO
Hynb Ha Bbixone DAL, BHavase rpyGo mogcTpoeuHniM pesncTopoM R14, 3aTeMm Tou-

HO — pesuctopoM RI13. Ilpn ycraHoBKe HyJs LeJecOO6PasHO 3aMKHYTb BHIBOJLI pe-
sucropa RI6,
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3aTeM, ToOJaB Ha HeMHBepTHpYloWMH Bxoxy DAl uanpsxenme 150 ..180 mB ¢
uacroroii 1000 T'u, pesucropom R20 cieayer ycTaHOBHTL Takoe e NOKA3aHHMe Ha
Tabn0. YMeHbluas BXoAHoe Hampsikenne B 10 u 100 pas, creayer mposepuTh JH-
HelfHoCTb paboTH npeobpasoBaTessl.

YKasaHHbe HACTPOWKH SABJSIOTCA NpeABAPHTE/bHBIMH.

Hanee cnenyer ycTasoBHTb Ha IJaTy WIYHTH, AOGaBOUHHiE PE3UCTOPH M TNepe-
KJIouaTeJH Ha YroJoK M cobpaTe BCe OCTajbHbie uemH. IIpu MOHTaXe cekuumit mepe-
KaoyaTesqeld HX chaellyer pacmpelesuTb Tak: B kauectBe SAl.l m SALl.2 ucmosbso-
BaThb CEKUMIO, MAKCHMaJbHO YJAJEeHHYI0 OT Yyroska, B KauectBe SAl4 u SA1S5 —
6amxakuyio k yroaky, SA1.6 n SA1.7 —Bropylo or yroaka. B kauectse SA25 u
SA26 cremyer MCIOJb30BATh CEKUHIO, GJHKAKLIYIO K YTOJKY.

[Mepekmouatenn SA2.3 1 SA2.4 no/KHbH NMoAKJMOYaThes K pesucropaM RY, R10,
u RIl XaxJpii CBOMM NPOBOJAHMKOM, YTO HCKJIOYaeT NOFPEIHOCTh 3a CYET CONpo-
THBJICHHA COeJHHHTEbHBIX NMPOBOJHHKOB.

Coenunenne mepek/iouaTeseil ¢ nJaTo#i Ccjaefyer NPOH3BOJAHTb HPOBOAHHKAMH
MI'T®-0,07 MUHMMaJBHOH IJMHBI, NMO3BOJSIOUIEH OTKHABIBATH YrOJNOK C HEpex/ioya-
TessAMy BHH3 Mo puc. 1.37. YroJoK ¢ mepekiovyaTeNssMu Npu AanbHeHUIHX peryJi-
pOBKaX NOJKeH ObITb 3aKpenJieH Ha NEYaTHOH fJaTe.

OkoHuaTesbHYI0 HACTpOMKY MyJbTHMeTpa HeOGXOAHMO NpPOH3BOAHTL B CJEAYIO-
meM mnopsiike. Mexay BXxoxmamMu MyJbTHMETpa CJeNYeT BKJIOUHTb STAJOHHBHIH pesu-
ctop ¢ conpoTusJerveM 15 ..19 xOm nam 150 ..190 kOM, 3HaueHHe KOTOPOro H3-
BECTHO ¢ TOYHOCTbIO He Xyxxe 0,1%. YCTaHOBMB COOTBETCTBYIOLUMH TNpeles H3Mepe-
HHS, TPH KOTOPOM HHAHUMPYIOTCH BCE 4YeThipe 3HAKa, CJeNyeT NpPOBepuTb IIOrpelli-
HOCcTb oMMmeTpa. Ecan ona npebiaer 0,1%, Heo6X0JMHMO paccuHTaTh pe3HCTOP, KO-
TOpHLIfi HEOOGXOAMMO MOAK/IOUHTL mapaJjiejbHo pe3ucropy R25 uam R26. Tlpeanono-
JKHM, YTO NOKasaHHs omMerpa 3aHuWXKeHn Ha 0,5%. B sToM cayuae comporuBieHue
pesucropa R26 HeoGxoaumo Takxke yMmeHbliuth Ha 0,5%, A/ yero mapaj/ienbHO eMy
HYXHO YCTaHOBHTb De3HCTOp ¢ HOMHHajsoM R26-100/0,5=24 kOm. Ecan moxasanus
OMMETpa 3aBLILEHb, AHAJOCHYHO PACCYHTAHHHIA PE3UCTOp CJeAyeT MOAKMOUYHTH mNa-
paaneasHo pesuctopy R25. HeoGxoAuMBIH pe3suCTOp MOANMAHBAaeTCA €O CTOPOHHI, Mpo-
THBONOJIOXKHON CTOPOHE YCTAHOBKH MHKPOCXEM.

[TposepnB paboty oMmmerpa Ha ApyrHx AuamasoHax (Ha puanasose 199,9 Om
nokasaHuss MoryT Obitb 3asbiwienbl Ha 0,2..0,3 OM 3a cuer conpoTHB/IEHHA COEIH-
HHUTEJbHBIX MPOBOAHHKOB), MYJbTHMETP CJeAyeT MEPeKJIOUHTb B PEKHM BOJbTMETpA.
Tlonas Ha ero BXoj4 HampsikeHue okoso 1,9 wau 19 B, KoHTposmpyeMoe 3TaJIOHHEIM
BOJLTMETPOM, H YCTAHOBHB COOTBETCTBYIOLIMH mpejes H3MEepeHHs, MOICTPOeUHHIM pe-
3HCTOPOM R24 HyMXHO YCTAHOBHTb OJHHAKOBble NOKa3aHHs oGoux BoJbTMeTpoB. Pa-
GoTy BOJIbTMeTpPa CJelyeT MPOBepHTb H HA JAPYFHX AMANMa30HaX.

YCTaHOBHB MYJAbTHMETp B PEXHMM H3MeDeHHSI NepPeMEeHHHX HanpsKeHui, caepyer
AHAJNOTHYHO OTKanuGpoBaTh ero pesucropoM R20 na uvacrtore 50 TI'n.

Ilanee, ycTaHOBMB IJIaTy C MOHTaXeM B KOpIYC H 3aKpenHB 3KpaH, HeoC-
XOAUMO MOACTPOHTh Kouiencarops C3 n C6. Bo3MOXHO, 4TO NpH 3TOM npHAETCH
nogo6path koHmencaropst C2 m C5. PekoMeniyeMbiil mopsiioK sjech Takoit. Braua-
Jie clefyeT MOAAaTb Ha BXOA Hampsixenne okoso 190 MB c wacrotoit 5 xTnu, ma npe-
nesie 0,1999 B 3anomunTb nokasauusl. [lepex/aiounB BOJILTMETP Ha CJEAYIOULMHA npe-
fies, YBeNMuMTh BXOAHOe Hampsxenue B 10 pas M noAcTpoeuHbiM Kougencatopom C3
YCTAHOBHTb TakHe e mnokasauus. [lasee Heo6XOAUMO NepeKJIOUHTb BOJbTMETP HA
npeaea 19,99 B, yseauunts BXOAHOe HampsiKehne eme B 10 pas m KonAeHCaTopoM
C6 oTKaaM6pPOBATh BOJLTMETP Ha ITOM Mpejene. YKasaHHHE ONMEpalHH NO MOACTPOA-
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ke koHzeHcatopoB C3 # C6 Heo6X0AMMO NMOBTOPHTH HECKOJBKO pa3, TaK KaK OHH
OKa3bIBAIOT BJMSAHHE APYT Ha Apyra.

B pexnme M3MepeHHs NOCTOSHHOrO H NEPEMEHHOro TOKOB MYJBTHMETp HE Tpe-
6yeT KaJHOPOBKH.

[pu ucnoJb30BaHAH MYJNbTHMETPOM HHKOrAA He CJellyeT NEepPexJIoyaTh DPEKHMBI
u3MepeHull npu TMOAKJIIOYEHHOM K KOHTPOJUPYeMOH Len¥ MyJbTHMETpe.

[

PA3J/IMYHBIE YCTPOMCTBA C UCITIOJIb3OBAHHEM
MUKPOCXEM CTPYKTYPbI KMOII

CniexTp-aHaau3aTop AJjs JIOGUTENbCKOrO PafHOKOMILIEKCA

Ilns coBpeMeHHO#H pajHOaNNapaTypsl BHICOKOKaueCTBEHHOTO 3BYKOBOCHPO-
u3BeJIeHUsI XapaKTePHO HajHMuHe GOJIbLIOr0 YHC/A PA3IMYHHX BH3YaJbHHX HHRAHKATO-
poB. DTO M TPaJAHUMOHHbIE HHJMKATOPHl TOYHOH HACTPOHKHM B NpPHEMHHKAX, 0COGEH-
HO HeoOXojauMble npH npHeme nepenau B YKB nuanasoHe,  uaMepuTend ypOBHsS 3a-
NuCH B MarHuTO(OHAaX, JONMOJNHEHHBlE HHAMKATOPAMH KBa3HNMHKOBOIO YPOBHSI CHTHaJa
H NPHCNOCOGJEHHHE /IS KOHTPOJA BOCIPOH3BOAUMOH (DOHOrpAMME, H H3MepHTENH
BLIXOJHOH MOIIHOCTH B YCHJAHTeNAX 3BYKoBo# uactothl (3Y), m HHAMKaTOpH mnepe-
Tpy3KH B TpOMKOrOBOpDHTeNsX H T. 1A. B nmociefHee BpeMms ceMeficTBO 3THX
CTaBLIHX y3Ke HEOGXOAMMEIMH YCTPOHCTB NONOJHSJIOCh TaK HA3bIBA€MBIMH CNEKTp-
aHaNM3aTOPaMH — MHOTOKAHAJIbHLIMH H3MEPHTEJISIMH KBa3HINHKOBOIO YPOBHsS CIIEKT-
PaJbHBIX COCTaBJSIOIIMX CHIHajla 3BYKOBOH 4acTOTH. Takoe YCTpOHCTBO MO3BOJSAET
BH3YaJbHO OUEHATb CMEKTPAJbHBI COCTaB (OHOrPaMMbl H, HampHMED, ONTHMAABHO
BHI6paTh CKOPOCTb 3amMCH €e Ha MarHuTodOHe, BOBpeMsl OCHapyXHuTb NOBHIeHHE
YpOBHSI DOKOTa B MPOHrphIBaTe/le HJH CaMOBO30yXKJeHHe KaKOro-iu6o 3BeHa YCHJH-
TEJLHOTO TPaKTa Ha HHOPAHHUSKHX HJIM YJbTPAaBHICOKMX YacToTax M T. [.

TpepnaraeMmblii CneKTp-aHaJH3aTOpP HHAMUHPYET CyMMapHHE (JeBoro H MpaBoro
KaHaJIOB) ypOBHH COCTaBJAIOIHX cHrHasia 3U B necatu noJdocax uyactoT. Cpenuue ua-
cToTH noJoc — 32, 63, 125, 250, 500 Tu; 1, 2, 4, 8 u 16 k'L, Yucao MHAMUHPYEMBIX
yPOBHE# B KaxAOW mojoce yacroT — 9, miar uuaukauud —3 AB (nuHamuueckuit au-
ana3on — 24 zB).

B xayecTBe MHAUKAaTOPOB NPUMEHEHB! MATHCEIMEHTHbHE CBETOJHOJHHE JHHEHAHHIE
wkaasl AJIC317B (B kaxn0#l M3 HUX HCMOJNb30BAHO IO TPH CETMEHTAa), CMOHTHDOBaH-
Hble B JecfiTb CTOJGHKOB IO TPH LITYKH B KaXAOM. B Lensix sKOHOMHH geTaneli H
CHHXKEHHS! MOTpe6/seMOll OT MCTOYHHKA NMHTAaHHSA MOLUHOCTH NMPHMEHEHAa TaK Ha3uBa-
eMasi JIMHaMMuecKas HMHIHMKalMf, NPH KOTOPOoH HAa TabJo aHaAH3aTopa CBeTATCA MO
OLHOMY CEerMEHTYy B KaXJOM CTOJNGMKe (3TO BOCIPHHHMAaeTcs KaK HeENpepHBHO H3-
menstomasics AUYX curnaga).

Bpems nHTerpaunn aHanusaTopa He GoJjee 5 Mc, BpeMs OGPATHOrO XOAa OKOJIO
1,5 ¢ Tluraercs ycrpo#icTBO OT ABYNOJSPHOTO BHINPAMUTENs HanpsieHnem =12 B.
Tok, norpebasieMH#i or ucrouHngka —12 B, ue npeBuiaeT 40 MA, OT HCTOUHHKA
+12 B (oT Hero muTaloTcst cBeToAMOAHble WIKAJE) — 140 MA.

CrekTp-aHaM3aTop COCTOHT M3 MacuiTaGUPYIOLIEro CyMMaTopa, KOTOphfi ckJaa-
JBIBAET CHTHAJBl JIEBOTO M TpPaBOTO KAHaJOB M YCHJIHBAaeT MX 10 HEOOXOAHMOTO
YPOBHS, 1eCSITH 2KTHBHBLIX NOJIOCOBHX (QHJIBTPOB, TAKOIO XKe YHCJA NHKOBHIX HETEK-
TOpOB, aHajoro-uudpoBoro npeotpasosatens (ALLIT), npeoGpasyiouiero BHNPAMJIEH-
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HH¢ NMUKOBHIMHM JETEKTOpAaMH CHTHaJbl B UH(POBOH KoA, M yCTPOHCTBA JHMHAMHYEC-
KON HHIMKALlHH, BHIIOJIHEHHOrO Ha MHKpocXeMax cepHu K176.

[lpuHuunuanbHas cxeMa aHaJoroBOil uacTH ycTpolicTBa mpuBejena Ha puc. 140.
Macmrabupyomnii cyMMaTop BBIIOJHeH Ha onepalioHHoM ycuautene (OY) DAL
CurHaJel KasajoB MOCTYNalOT HAa €ro HHBePTHpYOLIHi Bxox uepes uenu RICI m
R2C2 Ko>dhHuneHT yCHIEHHst 3TOrO KacKana 3aBHCHT OT MOJOXKEHHS NBHXKKA IOJ-
CTPOEYHOro pesrcTopa RO (B HHXKHEM MO cXeMe NOJIOXKEHHH OH MHHHMAaJieH, B BepX-
HeM — MaKCHMaJieH) .

C Bhixoma cymmatopa curian 3Y nogaercss Ha BXOABl MOJOCOBHIX  (PHJBTPOB
Z1—Z10, cobpannbix Ha OY mukpocxem DA2—DA6 YacToTsl HAacTpoiiké (UIABTPOB
onpenensoTess HoMuHAJamMH pesuctopoB R1I—R3 u kounencaropos Cl, C2 (undphl,
ofosHayawmue HoOMep (HJILTPa, 3Mech W aajee AJAs KPATKOCTH omylueHs). JJas yn-
pouieHnst no100pa Jetadeil sy Bcex (GHJABTPAX NPHMEHEHB YacTOTO3alaloliue pe3H-

CTOPBl OJIHHAKOBOIrO COMPOTHBJEHHS, a B KaXAOM (HJIbTPe — KOHAEHCATOPHl OJHHA-
KOBOH €MKOCTH.
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Brijie/leHHEIe AKTHBHBIMH (GHIBTDAMH KOMIOHEHTH CHIHaJa NOCTYMAIOT HAa NHKO-
BHle JETeKTOpH, BbiNOJHeHHBle Ha gmuoxax VDI, pesucropax R4, RS m kompencaro-
pax C4. Bpems WHTerpauum ONpEeNsieTcss eMKOCTbIO Koniewcaropa C4 u conpoTus-
nenuem pesucTopa R4, BpeMs 0OpaTHOro XO0/a — €MKOCTBIO ITOTO 2Ke KOHAEHCATO-
pa M COMpOTHBJeHHeM pe3ucropa R5.

Curnajnl ¢ BeXOAOB 1—10 paccMOTpPeHHOH wacTH aHAJMH3aTOpPa NOCTYNAlT Ha
COOTBETCTBYIOUIME BXOAb Yy3aa, o6weauusiomwero B cBoem cocrase ALl u ycrpoii-
CTBO [QUHAMHUECKOfl WHAMKaUMH. B yane ocyllecrBasieTcs mnocjienoBaTenbHoe (BO
speMeHH) Npeo6pa3oBaHHe CHTHAJOB B IMGMPOBOH KOA: KAXKABIA INOJOCHHH CHIHAX
cpaBHHBaeTcss CO CTYNEHYaTO HAPaCTAKILMM IO 3KCHOHEHIHaJbHOMY 33aKOHY obpas-
HOBHIM HanpsKeHHEM, a pe3yJbTaT CPaBHEHHS 3aNOMHMHAETCS H HHIULHPYETCS BO
BpeMs npeoOpa30OBaHHsA CHTHAJA CJEyIOMIeHd NOJOCH 4YacToT.

Ilpunuunvajibeas cxeMma ysna ALIl u guHaMuueckoli WHAMKALMH IOKA3aHa Ha
puc. 141, BpeMeHHEle AuarpaMMbl, NOSCHAWLIHE NPOHCXOASIIHE B HEM MNPOLECCH, —
Ha puc. 142. PaboToli ysia ynpaBJsieT TaKTOBHI reHepatop, coOpaHHHA Ha 3JieMeH-
Tax DD6 1—DD6 3. Yactora BhipabaTbiBaeMblX MM KoJeOaHHi onpenensercs eMKo-
CThl0 KoHjeHcaTopa C6 ¥ conpoTHBJeHHeM pe3ncropa R9 M mpu YKas3aHHBIX Ha CXe-
Me HOMHHazNax cocraBasier npumepuo 10 kI,

Himnyaschl ¢ BeIXOZa reHeparopa (BuiBog 4 anementa DD6.3) moctynaior Ha
8x01bl AecATHUHHIX cueTyukoB DD1 u DD7. [lepBHit U3 HUX uMeeT B CBOEM COCTaBe
JAeurndparop, H Koria Ha ero Boixoge O (BbiBog 3) nosBiseTcs ypoBeHb JoOr. I,
cyeTynk DD7 TakKe ycTaHaBJHBAaeTCS B HyJIeBOe COCTOSHHE. DTHM [OCTHIAeTCSt CHH-
XxponHas paboTa CYETYHKOB, OLHAKO OAMH M3 HHX cpabaThBaeT no (poHTY, a ApYy-
roff — o cnagy HMOYJbCOB T'€HEpATOpa.

Kak BupHo u3 cxeMul, K BhiXogaM 1—9 pemmdparopa mukpocxemsl DDI1 nog-
KJodyeHs! pesucTopel R1—R8 u gwox VDI npeoGpasoBaTesis NMO3HIMOHHOrO Koja B
Hanpsxenue. B HyJeBOM COCTOSIHUH Cu€TYHKAa Ha BCeX BbIXOaX, KpoMme 0, HampsKe-
HHE HMeeT ypoBeHb Jiornyeckoro 0, mO3TOMY B TOYKE COEIHHEHHS PE3HCTOPOB C JAHO-
oM, a CJefOBaTeJbHO, H HAa WHBEPTHPYIOUIEM BXoZe Kommapatopa DAl nHanpsixe-
Hue Takxe paBHo 0. Ilpu nepekJiodeHHH CUeTYHKA B COCTOSiHHE | HanpsKeHue
+12 B c Buxoma 1 (BmBox 2) MukpocxeMet DDI1 mocrymaer Ha pesuctop RS, B
pesyabTaTe yero Ha HHBEPTHPYIOIlEM BXOJ€ KOMNapaTopa MOSBJSETCS HaNpsiKeHHe
+0,32 B. C nepexozoM cueTunka B cOCTOsHMe 2 HampsixXeHue +12 B nopaercs Ha
pesuctop R7 u nmoteHumman BuiBoja 3 KomnapaTtopa Bo3pacraet no 0,45 (1. e. yBeau-
vuBaerca Ha 3 A1B) u T. x. B cocTosHuH 8 cTyneHyaToe HanpsiKeHHe AOCTHraeT yPOB-
#a 3,8 B, uro Ha 21 aB (7X3) Gosblle HauaubHOTO, a B cocTosiHun 9—10 .. 11 B
{mns ynpollenns Bce CTYNEHbKH OGDA3LOBOr0 HANPsiXKEHWs, KPoMe MOocHenHel, MoKa-
3aHbl HA PHC. 142 OJAMHAKOBLIMH).

Ha wennBepTnpylomuit Bxox xomnapatopa DAl nocTynaer manpsienue ¢ BHIXO-
Jla ONHOrO H3 MHKOBHIX JETEKTOPOB, 2@ C KaKOro HMEHHO — 3aBHCHT OT COCTOSHHS
cuerunka DD2. Tax, ecim OH B QaHHBIi MOMEHT HAXOAMTCS B cocTOsHHH 0, Hanps-
XKeHue JIor. 1 ¢ ero OQHOMMEHHOrO BLIXOAA (BHBOX 3) MojaeTcs HA YNPaBJAAOMHH
Bxoa Kaoya DD3.1. B pesyisnTaTe 3TOT KNIOY 3aMbIKaercs, M CHTHan ¢ BhBoAa 1
(T. €. ¢ BHXOZAa NHKOBOrO JeTekTopa (uAbTPa, HacTpoeHHOro Ha uactoty 32 [u)
TIPOXOAUT Ha BHIBOX 2 M pajee uepe3 pe3uctop R10 — na HeHHBepTHPYOWMHEl BXOX
KOMIIapaTopa.

[Ipeanonoxum Teneps, 4TO ypoBeHb CHrHANA B YKa3aHHOH moJsioce 4acTOT TaKof,
KaK N0Ka3aH Ha pHC. 142 mTPuXOBOM JHHHEH HA MHTepBaje BpeMeHH OT 2 o 22-H
YCHIOBHOH €[MHHIHN BPpeMeHH. B sTOM cayyae OT Hauana uMkAa (OPMHDOBAHHA CTY-
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Puc. 142. Bpemennsie AuarpaMMul paGoTH y3jos nHGDOBOZ JaCTH CHeKTp-aHa/IH3a-
TOpa

TIEHYaTOrO HAaNpSI)KeHUs H JO MOMEHTa, MOKa OHO MEHbIIE YPOBHsS KOHTPOJHUDPYEMOro
CHFHAJ2, BHIXOJHOEe HANpAXKeHHe KOMnapaTopa HMeeT YPOBEHb JOr. 1, a B MOMEHT,
Korga o6pasioBoe HANpSIXKeHHe CTAHOBHTCA GoJibllle BXOJHOrO, CKAaYKOM NOHHIKAeT-
cs go 0. DTor mepenan ypoBHeil MHBepTHpYeTcsa ajemenToM DD6.4 u mocrtynaer Ha
TaKTOBbI!l Bxoj napaJjienpHoft 3anucu C2 peructpa DD8. Ha undpopmauuonubie BXO-
ol D1—D4 stoit MukpocxeMnl mojaercsi Koj 1—2—4—8 ¢ BrXoaoB cuetunka DD7,
B pesyabTaTe B perucTp 3amuchiBaeTCA KOJ COCTOsIHHA cueTuynkoB DD7 u DD1 (oHm,
KaK yXe TOBOPHJOCb, paboTaloT CHHXDOHHO), a CJief0BaTe/bHO, H YMEHbIUEHHOro Ha
€AMHHIY HOMepa CTYNeHbKH 00pa3loBOro HampsiKeHHs, B mpolecce (opMHpoBaTeNns
KOTOPOH OHO NpEBHICHJO YPOBeHb CHTHaja. B paccmatpuBaeMoM cayuae  (CM.
puc. 142) 310 npeBHILIEHHE MPOMCXOAMT NpH (GOPMHPOBAHMH INECTOH CTYNEHbKH, KOT-
fa cyeturk DD7 HaxoAnTCs B COCTOSHHM 5 (OH NepeKIOUMTCS B CJEAYIOLIEE COCTOR-
HHe Ha MOJIOBHHY M€PHOAA TAaKTOBO{l 4YacTOTH MO3XKe MOMeHTa (opMHPOBaHHA CTy-
1IeHbKH), MOSTOMY B PErHCTp 3anuliercs koA 5 (yposHu sor. 1 na sxoxax DI, D4 u
Jor. 0 Ha Bxoxax D2, D3).

B MoMeHT nosBjeHus ypoBus jor. | Ha Boixofie 0 Mukpocxembi DDI koa, 3am-
caunblii B peructp DDS8, nepennuceiBaetcs B peructp DD9. OsHOBpeMeHHO Nepekio-
uaercs cueruyk DD2, 3ambikaercs DD3.2, orxkpeiBas NyTh Ha HeMHBEPTUPYIOLIH
BXOJ KOMNapaTopa CHTHaJy CO BXOAa 2, M HAuMHAeTCs HOBBIA LMK/ (POPMHPOBAHHA
o6pasuoBoro manpaxenns. Kox xe us permctpa DD9 mocrymaeT Ha BXOA JeurHg-
patopa DDI10, u HanpsixkeHue Jor. 1, BO3HMKLUEE HA COOTBETCTBYIOWEM €ro BHXOZE,
OTKpbIBaeT oguH u3 Tpansucropos VT11—VTIS.
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N ) . VoA Puc. 144. Tlevarnas nnata (a) u pas-
- Meluenue aetateft Ha Heft (6) aHaJjo-
A 77 FOBOH 4YacTH CNMeKTp-aHaau3aTopa (BHIL
) I 'j/" CO CTOPOHBI MEYaTHBIX NMPOBOIHUKOB)
' il
N
o é’ B 3ro ke BpemMi Hanpsxenue
R L_.—4 Jor. 1 ¢ Beixoga | (BmIBOm 2) cuyet-
3 S %}7&77155” yuka DD2 mnoctynaer Ha 6asy TpaH-
2 - sucropa VTl u orkpeiBaer ero. B pe-
‘ > 3yJAbTaTe HanpsKeHHe NHUTaHHs yepes
Puc. 143, TIpuHUMIHaNbHAS cXeMa TOKOOTPAHMUHTEbHLIH  pe3nctop RI13
CBETOJUOKHOrO TabJso nonaeTcd Ha aHoAbl CEIMEHTOB CBETO-

anopHux wmkal HLI—HL3 (puc. 143)
nepsoro crojiouka 1a6no. IlockonbKy KaToabl CerMeHTOB MOAKJIOYEHBl K KOJJIEKTO-
pam TpanauctopoB VT11—VTI9, 3aroputcst TOT 3 HuX, TNOPAAKOBBII HOMEpP KOTO-
poro cHu3y (Ha TabJ0) COOTBETCTBYeT HOMEpY CTYNeHbKH, MpH (OPMHPOBAHAU
KOTOPOil 06pa3loBOe HaNpsKeHHe NPEBBICHIO YPOBEHb KOHTPO.JIMPYEMOro CHTHaJa.
B paccMOTpPeHHOM BHIIE NpHMepPe 3TO NPOH30UIN0 NMPH (OPMHPOBAHHM LIECTOH CTY-
fIEHbKH, B PErucTpbl OBLT 3amucaH Kon 5, MOITOMY 3aCBETHTCH IUECTON CHHU3Y cer-
MEHT NIePBOTO CTOJIOHKA.

Takum ofpas3oM, nooyepenHo B KaxKAOM cTOJIOMKe Ta6./10 3aroparoTcs no OJHOMY
CErMeHTy, HOMepa KOTOPhIX COOTBETCTBYIOT YPOBHSIM CHIHa/Ja B JaHHOH moJjoce uac-
ToT. CKBaXKHOCTb BKJIOUEHHS CerMEHTOB (OTHOIUEHHE MJIMTENbHOCTH UHKJAA (OopMH-
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pOBaHHs 00pasHOBOrO HANPSMEHHS K BPEMEHH CBEYEHHs) COOTBETCTBYET UMCAY Ka-
HanoB M paBHa 10. MIMnyabcHbi TOK uepes cerMenTh npumepHo 80 MA, uto coOT-
BEeTCTBYeT CpejHeMy TOKY OKoJo 8 MA H ofecneuuBaeT ROCTaTOYHYIO SPKOCTb HX
CBEYeHHS.

IITpuxoBoiMiH JAMHHAMH Ha pHC. 142 u306paXeHH TakKXe INpefiejbHbie YDPOBHH
CHTHAMA, PerHCTpHpyeMble CIeKTp-aHanu3aTopoMm. Eciv HanpskeHde Ha BHXOje NH-
KOBOrO [JeTeKTOpa KakKOH-IHG0 YacTOTHOM moJlochl npesHilaer 5,6 B, oo orpanu-
uHBaercss cTabuautpoHoM VD2 Ha stoM ypoBHe (WITpHXOBafd JIMHHS B HHTEepBaJe
0.,2 ycaoBHHX enuHul BpemeHH). ITOCKOJBKY ypOBEHb NpEANOCJEAHEH CTYNeHbKH
06pasioBoro Hanpsikenus pased 3,8 B, a mocnexsed —10..11 B, npu nanpsxe-
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Puc. 145. Ilevatias maata W pasmelllende AeTanefi Ha wefl UHU(POBOA YacTH CHeKTPe

aHaju3aTopa:
@ — BHJA CO CTOPOHEI YCTAHOBKH AeTajel; 6 — BHA C NMPOTHBONONONKHOA CTOPOHHI

HHAX Ha BBIXOJAX NMHKOBHIX jAerTeKktropax Goaee 3,8 B B permctp DD8 sanucuBaercs
KOX 8 H 3aXHraeTcsi BepPXHHHl CErMEHT COOTBETCTBylOLIero crosnbuka Ta6no. Ecau
e Ha BHIXOJe KaKOro-Au60 NeTeKTopa HampsiKeHHe paBxo 0, nepenajna ypoBHefl Ha
Buxone Komnapatopa DAl He GyneT H Ge3 npHHsTHS cnelHaJbHHX Mep kKox 0 B
peructp DD8 me sanumercs. B onucwiBaeMoM ycTpoiicTBe Takoit Mepo#t sBjsercs
nopaua na sxoa C2 perumctpa HMmyasca ¢ Bxoga 0 cuetunka DD1 uepes sJjemeHt
WJIN-HE DD6.4. Cnagom sToro ummyabca M 3anuchiBaetcst Koj O B permerp DDS,
B pesysnbrare 3aiuraercs HMXKHHI CErMEHT B COOTBETCTBYIOLIEM CTOJIGHKE TabJlo.
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Takum 06pa3oM, HHXKHHE CErMEHTBl CBETATCS NMpH HanNpsKeHHH Ha BHIXOJaX MH-
KoBbiX JerektopoB oT O gmo 0,32 B, cseaywomue —npu Hanpaxewnn ot 0,32 no
0,45 B u T. &, BepXHHe — NP HanpsiKeHuu Go.ee 3,8 B.

Heckosbko €J0B O HasHauyeHHH JPYTHX 3/1eMEHTOB 3Toro yssa. Pesncrop R12,
COeNMHAIOIMMY BHXOX »eMenta DD6.4 ¢ HHBepTHPYIOIUHM BXOAOM KOMmapaTopa
DAl, cosaaer nmonoxutesnbHyi0 OGPATHYIO CBs3b, 0GeCHeUHBAIOLIYI0 THCTEpPe3HC NPH-
Mmepuo B 0,25 B. D10 HckaiouaeT reHepaluio M HeCTaOHABbHOCTL npeoGpasoBanus NPH
BXOLHBIX HanpSXKeHHAX, ONHM3KHX K YPOBHIO OUEDEIHOA cTYmeHbKH O00pasloBOro Ha-
npsixenus. Kounercarops C1—C5, BKMIOYeHHBle MeXAY IUAHAMH NHTAHUS MHKpO-
cXeM, NOBHINAIOT YCTOHYHBOCTb PaGoTHl yCTPOHCTBA.

Herany crnexTp-aHan¥3aTOpa CMOHTHPOBAHBI HA TPeX MEYaTHBIX IJIATAX, H3r0-
TOBJIEHHBIX H3 ABYCTODOHHEr0 (HOJBIHPOBAHHOTO CTEKJIOTEKCTOJHTA TOJLIHHOH 1,5 MM,
Ha nepBoit u3 uux (puc. 144) pasmewenn MaciiTaGHPYIOUIMH CYMMAaTOp ¢ aKTHB-
HEIMH (UIBTPAMH M NHKOBLHIMHM LEeTEeKTOPaMH, na BTOpoft (puc. 145) — AIII ¢ yer-
pOHCTBOM JHHAMHYecKON MHIMKAUWH, HA TpeThed (pHc. 146) — cBeTonuoAHble JHHER-
BHe mKaae Tabmo. TlnaThl paccyHTaHsl Ha YCTAHOBKY MOCTOSHHBIX PE3HCTOPOB
MJIT-0,25, noacrpoeuHoro pesucropa CII3-16, xoumencatopos K53-la n KM.

IMepen MmoHTaXxXOM BHBOAM 3MuTTEpOB Tpansucropos VT11—VTI9 ycrpoiicrsa
AHHAMHYECKOH HHAMKAUMH H3ru6aoT noj yrjoM 90° n mpumaMBaioT K LIHPOKOMY NpO-
BOJHHUKY MEYaTHOH MJIaTHl CO CTOPOHH YCTAHOBKH jeraseli. BHBORH 6a3bl M KOJJEK-
TOpa 3THX TPAH3HCTOPOB NPHMAHBAIOT K II€YaTHHIM NMPOBOJZHWKAM ¢ 0OpaTHOH CTO-
POHBI TJIaTH,
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Puc. 146. Tleyatsas naata H pa3MellleHHe HA Hell cBETOAMOAHHIX WKaa Tadnao (a),
(bparMenT nnaTh, NOACHAIOIUKA yeTanoBky wikan (6), ¢opMoBKa BHIBOAOB WIKaa (8),
HOKOJIeBKa JuHeRHnX wWwKanx cepuu AJIC317 ()
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CBeTOMOAHbIE JIHHEMHbE IUKAJE MOHTHDPYIOT CO CTOPOHH NMONEPEYHBIX MEeYaTHHX
NpOBOIHHKOB MuaThl. [lepel yCTaHOBKOH Ha MeCTO BBIBOJABI CErMEHTOB 2 M 4 aKKy-
PaTHO 0fpe3aloT, a ocTanibHEEe (OPMYIOT B COOTBETCTBHH ¢ puc. 146,8. BuiBoam awo-
JOB cerMeHTOB (6) NPHNAHBAIOT K NONEPEUYHbIM NPOBOAHHKAM, BHIBOABI KaTOKOB —
K TeYaTHLIM NPOBOAHMKAM ¢ OGPaTHOMH CTOPOHHI.

Hns coenunenus naarel AUIT u nuHamuyeckofl MHAMKAUMM C MaaToi (GHILTPOB
H CBETOAKOAHBIM TalJO HCNONbL30BAH OTPE30K CTaHAapTHOro passema [PIIM-611IY2
(oTpesana ero yacTb ¢ 33 KOHTaKTaMH).

Koucrpyruns chnekrp-aHanusatopa mnokasana Ha puc. 147. TlewaThHue nJaars
¢uapTpos 10 AuMHAMHMuecKoli MHAMKAUMH 13 3akpenssior BHHTaMH 11 # 9, BBHHuH-
Bag HX B pesbOoBHe BTYJKH 14, pa3Ba/ibllOBaHHHIE B OTBEPCTHAX KpOHIUTehna 7.
TpeGyeMoe paccTosHHe MEXAY NJaTaMH 3ajaloT MJacTMaccoBhie cTofika 12, Ha me-
pelHell naHesn YCHJIHTENIbHO-KOMMYTAUHOHHOrO ycTpofictBa 1 kpowiuTefin 7 3akpen-
JASIOT ABYMS BHHTaMH 2, BBHHUEHHBIMH B pe3b6oBhle BTYNKH 8. ToOUIKHY MPOKJAaLKH
5 Mexnay mepesHeil maHeN bl H NeYaTHOH NJaTOH CBETOAHOAHOrO Taéno 6 noxbupa-
10T TakuM o6pa3oM, uTOGHl CBETOAHOARBIE WIKAJW BHCTYNAJH 32 MpeAessl NaHeJH
npaMepuo Ha 1 mm. Co cTOpOHH JiHUeBOH MaHesu 4 TaGsO 3aKPHBAIOT HAaKAaAKOH 3
c AecaThio (MO YHCJAY TNOJOC CNEKTPOAHAJH3aTOPa) NpPSIMOYFOJNbHBIMH OTBEPCTHSIMH,
CKBO3b KOTOpHE HaGJIOAa0T cBeuenwe wWwKaj. Haamuch, o6osHavaiomue CpefHue yac-
TOTH TNOJOC M HHRHUHpYEMHE YPOBHH CHLHAJIOB, HAHOCAT NEPEBOAHHIM LIpH(TOM.
CrienHa/ibHOrO KpEMJIEHHS] HAKNAAKY He NPEeAYCMOTPEHO, TaK KaK OHA JOCTATOYHO XO-
pOLIO YIEepPKHBAETCH Ha MecTe CHJIAMH TPEHHA MOBepxHoOctedl yrayGsnenuit pasmepa-
M 16X7,5X3,5 MM 0 KOpHyca CBETORMONHHIX 1KaJ. Pa3MepH OTBepcTHS NOZ Ha-
KJIagky B mepeauedl manenn 1 103X 18,5, B auneBosi 4 — 126X 18,5 mMm.

BMecTo ykasaHHBIX Ha CXeMé B aKTHBHHX (GHILTPAX MOMHO HCHOJB30BaTh OY
K140¥17 u mo6ble KpeMHHEBHE MaJOMOIIHBIE AHOAL C AONYCTHMHM oO6paTHBIM
nanpsikeuneM He Menee 30 B. Mukpocxempm KI176MES8, KI176KT1, KI76JIE5S u
K176101 moxno samenntb Ha ux ananoru u3 cepuu K561 (K176KT1 samenserca
nHa K561KT3). Bsamen K17611E2 MoxHo TakXe ucmosb3oBath cuetunxn K561HEIO,
K561UEIl, a Bsamen K17611P3 — K561MP9, oxnako y sTHX MHKPOCXeM HHas LoO-
KOJIEBKA, YTO HEOGXOXHMO YuecTb IIPH MOHTaXe.

B tpansucropuux kAouax (VT1—VT19) MOXHO npuMeHHTh JIOOhEe KpeMHHEBbE
MaJIOMOIIHble TPAH3UCTOPH CTPYKTYPH n-p-n CO CTaTHYeckHM KO3DdHUUEHTOM mnepe-
Ramu Toka hyin He Menee 100. IIpu orcyretsun crabunutpona KCI56B moxmo ue-
noJb30BaTh JIOGOH APYrofl ¢ HanpsikenneM crabuansauuy 5..8 B. CeroxHoxubie
wxanst AJIC317B (3eseHoro cpeueHHs) BNOJHE 3aMEHHMBl lIKajaMu 3TOH cepuu ¢
ApyruM upertoMm cpeyeHHst — kpacubim (AJIC317A, AJIC317B). MoXHO 3aMeHHTb HX
TaKXe OTJeJbHbIMH CBETOAMONAMH, HO pa3mepnl Tabjo B 9TOM ciaydae 3HAYRTENbHO
Bo3pacTyT. [IpH HCHOJL30BaHHH CBETORZHOLOB LEJNECOOGDA3HO B BEPXHEM PALY CTOJ-
6HKOB YCTAHOBHTb CBETOAMOJBLI HHOrO WBETa, YTO NO3BOJIMT Jerye PerHCTPHPOBaTh
MaKCHMaJIbHble YPOBHH CHTHAla B KOHTPOJIHDYEMBIX IOJOCaX YacToT.

Hns muTaHust cnekTp-aHammsatopa HeoGXofuM ABYMoNMApHHE ucrounnk. Ero
Hanpsxende Moxer OHTh B npepenax +=9 .15 B. Caenyer, oznako, yuecrth, 4To npo-
MOPUHOHAJIEHO OTKJIOHEHHIO HANpSXKeHHs OT HOMHHajbHOro (=412 B) usmensarcs mo-
POTOBLIE YPOBHHM BKJIOYEHHS CErMEHTOB M SPKOCTb HX CBeueHHs. [as HopMaJbHOH
padotnl kmoueit DD3—DDS (puc. 141) Heo6xX0aMMO, UTOGH HANPSIXKEHHS Ha BHIXO-
ZaxX NMHKOBLIX NETEKTOPOB He NpeBBHILIAJM HANPAKEHUS MHTAHHS.

HanaxuBanne cobpanHoro Ges OIIMGOK W3 HCpPaBHHIX fAeTajell CHEKTp-aHaJH-
3aTopa HECJOXHO M CBOJMTCA K ero Kaau6poske. Hjs 5T0ro Ha OAHMH H3 BXOHOB
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MacmTaGupylontero cymmatopa (puc. 140) mogalT nepeMeHHOe HampsiKeHHe 250 B
YacTOTOH, COOTBETCTBYIOLIEH CpeiHeil yacTOTe OIHOTO W3 KTHBHHIX GWILTPOR (Ha-
npumep, | K['W), #, nepemewwas ABUKOK MOACTPOEUHOro Desncropa RS, ,L'LOﬁPfBaXOTCH
32XKHMaHA BEPXHErO CErMEeHTA B COOTBETCTBYIOWEM CTOJGHKe Ta6a0 (B JaHHOM CJaIy-
Hae — B lIecTOM, CuHTasi ciaeBa). Bpems oGpaTHoro xoxa cnekTp-anaiusatppa npH
HEOGXOAUMOCTH MOXKHO DEryJHpOBaTh MOAGOPOM DEe3HCTOPOB R5 B MHKOBHX geTeK-
TOpax.
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Puc. 147. Kouctpyxius CNEeKTPOaHaaH3aTopa:

I B 4—COOTBETCTBEHHO NepefHAs M JHLEBAs NaHeMH YCHAHTENbHO-KOMMYTALlHOHHOTO  YCTPOfl-
CTBa; 2 — BHHT M3X16; 3 — nakaanka, 360HUT, CTEKJIO OpraHHYecKoe (HenpospayHoe); 5-— mpo-
KlajKa, CTEKJAO OpraHHYecKoe; 6 — mewyaTHas nJata Tabno; 7 — KpoBwTeRN, CHNaB aMOMHHHE-
Beit AMnIT; 8, 74— BTyakn pesvCosbie, Crt, Al2, passanbuesaTh B AeT. 7; 9 — BuaT M2XS6;
10 — nevaTHas nnaTa anagsoroBoft uwacTd yerpoiteTsa; [/ — BHHT M2X18; 12 — crofika, TexcTo-
JIHT; I3 — nmegaTHag naTta UHbpPoBOR YacTH ycTpolicTBa
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Tlpn XenaHWH uMCHO TOJOC CMEKTP-aHAJNH3ATOPA MOXKHO YMEHBLIHTD, COKPAaTHB
ero, Hanpumep, 4o NATH. CpefHHe uacTOTHl B 3TOM Ciyyae Lesecoo6pasHo BHOpaTh
TakuMR: 63, 250, 1000, 4000 n 16000 T'u, a 1O0GPOTHOCTL MOHH3HTL BABOE, YBEJHUHB
B 5T0 WHCAO Pa3 eMKOCTb KOHIEHCAaTOPOB aKTHBHBIX (HAbTPOB (T. €. B OHILTPE,
HacTpoenHoM Ha uyactory 63 T, eMKOCTh KOHAEHCAaTOpOB C1, C2 B3sTh paBHOA
0,3 Mx®, B ¢uaptpe Ha 250 I't— 0,075 Mx® u T. &) H YMEHLIUIHB CONPOTHBJEHHE
pesuctopoB 2-R3, 4-R3 u T. 4. o 24 xkOwm.

B yerpoiicTBe AMHaMuueckol HHAMKauMu Bxon R cuetunka DD2 B stoM cayuae
HeoBXOAMNMO COEJHHHTL C €ro BHX0AOM 5 (BbBox 1). M3-32 yMeHblUeHHS CKBaX-
HOCTH HMNYJbCOB CPELHHI TOK uYepe3 CErMEHTH JIMHEHHHX IIKajJ H APKOCTb MX CBe-
YeHHs BP3pacTyT. [IOHH3HTH SIPKOCTb CBEYEHHS MOXKHO YBeJIHYEHHEM CONpPOTHBJEHHIl
pesHcropo R13—R22.

Kub6epHernuecknii njaaHeToxon,

B npennaraemofi KOHCTPYKIHH, cOGpaHHOfl Ha ocHoBe Mrpymku <Ilnanero-
X04-7», peanH3oBaHa BO3MOXHOCTb aBTOMAaTHYECKOTo o0besja NpensiTcTBHH. Dnek-
TPOHHAasi YacTb YCTPOHCTBA BHINOJHEHA Ha YeThIpex MHKpocxeMax cepun K561 u 16
TPaH3UCTOpaX, HEMOCPEACTBEHHO YNPaBJAIIMX [BYMS 3JEKTPOABHIaTeJNSIMH HIpyul-
KH 0e3 3]eKTPOMAarHHTHHIX pele.

CTOJIKHYBIIHCh C NPENATCTBHEM, IVIaHETOXOA OTBE3XKaeT Hasal, 3aTeM, ABHrasch
BIepell, TOBOpAYHBaeT B CTOPOHY, NPOTHBOMOJIONKHYKO NPENATCTBHIO, 3aTeM MNOBOpa-
YHBaeT B CTOPOHY NPeNATCTBHA, NMOCJe Yero NpPONOJIKAeT [BHXKEHHe Brepef B HC-
XOHOM HaNpaBJIeHHH.

[as onpeneneHuss HanpaBJ/ieHHs HEOOXOAMMOrO MaHeBpa B MepefHed YacTH nJja-
HeToXojJa ycTaHoBneH Oamnep. 3a GaMmiepoM HaXOZATCH ABa MHKPOBBLIKJIOYaTeJNsl, KO-
TOpHle BKJIOYAIOTCS NPH CTONKHOBEHHH C NpenaTcTBHeM. VX BK/OYeHHe MPHBOAHT K
3anycKy 3/EKTPOHHOH 4acTH NJAaHETOXOAa, KOTopas, yNpaBjsAs IBHrateasiMH, obec-
neyyBaloT HeoOXOAMMBIA NMOPAAOK HX PaGOTHI.

IMprununuanbHas cXeMa 3JEKTPOHHOH uyacTH npuBeieHa Ha puc. 148 u 149. Muk-
poBukmoyateny S u S2, ycTaHOBNEHHHe 32 GamMuepoM, YNPaBASKT TPHLTEPOM
DD1 ! n sanyckaioT UeNOYKY M3 TPeX peJie BPeMeHH — XAyIIUX MYJbTHBHOPATODPOB,
cobpaHHbX Ha ocHoBe D-tpurrepos DD1.2, DD2.1, DD2.2. BuixofHke CHrHAJH TPHI-
repa DD1.1 m Xaymux MyJbTHBHOPAaTOPOB Yepe3 JOTHYECKHE 3JIEMEHTHI MHKDOCXeM
DD3 u DD4 n ycuautenn na tpausucropax VT1—VTI6 ynpaBisaioT gBHraTesiMH
M1 u M2 urpyuiku.

Paccmotpum Gosee nogpo6Ho paGoTy SJeKTpOHHON uacTH njaHeToxoja. Ilpa
BKJIIOUEHHH HANPsKEHUs NHTAHHA BHIKJMOuaTeseM S3 MOfaercs HanpsiKeHHE HA MHK-
pocxemul H uepes Kouuencatop Cl u pesuctrop R3 —na Bxom R Tpurrepa DDI.1, B
pesysbTate uero STOT TPHITED yCTAHABJMBAETCA B HyJeBOE COCTOSIHHe. TpUITepH
DDI1.2, DD2.1 u DD2.2 TakXe ycTaHABJMBAKTCH B HYJEBOE COCTOSIHHE 3a CYET CO-
OTBETCTBYIOWIEr0 NOJKJIOYEHHst KOHAeHcaTopoB C4—C6. Curnamm I1 (mpaBmit), A,
B, C npunnmaior snasenne Jor. 0, curuan JI (nesmit) A, B, C—aor. 1. Ha Bee
BXoab sjementa DD4.1 nmoctynaior Jior. 1, 310T 3JeMeHT BKJIIOYAETCH, HAa BHIXOZE
ero nossaserca Jgor. 0, anementsl DD4.2 1 DD4.3 B pesy/bTaTe BHKMOYAIOTCA H Ha
HX BBIXOJAX NOABJAITCSA JIOT. 1. BHIXOAB yKRa3aHHBIX 3JeMEHTOB 0GO3HAUEHH Kak
IIB  (npasuit Buepen) u JIB (neBuit Bnepen). Buxox A aymiero myabTHBHGparo-
pa DD1.2 oGo3naven xak ITH (npaBsiii Haszagn) u JIH (neBwit Hasan). B uexopnoM
COCTOSHHH Ha Bmixomax I[1B u JIB-—uor. I, na smxomax ITH u JIH — nor. 0.
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Puc. 148. Lindposas yacTh maaneToxona

Jloruueckass 1 ua Buixode IIB Bkmouaer Tpamsuctop VT (cm. puc. 149), stor
TPAH3HCTOP CBOMM KOJJIEKTODHHM TOKOM BKJK4YaerT Tpausuctop VT3, Ha BHBOA
«+» npurategs M1 noaaercs uanpsikenue +6 B. Jlormuecknit 0 na Bmxome ITH
BKJIOYaeT TPAH3HUCTOPH BTOPOTO YCHJAMTENS, H BHBOJ «—>» ABHraTeass M1 mojkiova-
ercs K mend O6ui. JIpuratesb HauMHAET BpallaThcsi Bnepel. AHAJOTHYHO BKJIOYaeT-
csl aBuratesb M2, nianeToXOX ABHXKeTcS TMPSMO BHepen.

ITpennosoxuM, 4TO NPU CTOJKHOBEHHH C NMpPENATCTBHEM cpalaThlBaeT MHKPOBHI-
kmouatenb S! (nmpensrcrBue cnpasa). Tpurrep DDI.l1 uepeksountcs B eAMHHUHOE
cocTosiuve, Ha Buixoge Il mosiBuTcs curHaa Jor. 1, Ha Bmxoze JI —Jjor. 0. Hswme-
Henne curHaaa Il ¢ qor. 0 Ha Jqor. 1 ycranoBut Tpurrep DD1.2 B eamHH4YHOE cocro-
sIHHe, TaK Kak Ha BXoge D 3toro tpurrepa +6 B, T. e. sor. 1. Cursan A (a cae-
nosateasro, ITH n JIH) npaMer axauenme Jor. 1, A — sor. 0. IMockonbky Ha BhBoJ
5 anemerra DD4.l noctynut Jor. 0, 3TOT JAE€MEHT BHIKJIOYATCS, 3nemeHTHl DD4.2 u
DD4.3 Bkmouarcsi, Ha Buxonax I1B u JIB nosBurcs jor. 0. Coueranue ITH, JIH —
gor. 1 TIB u JIB —nor. 0 npuBegeT K BpallleHHI0O OGeHx jBurarteneil Hasaf (cM.
puc. 150).
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Ouxnako rtaxkoe cocTosuue Tpurrepa DD1.2 — HeycrofiunBo. Jlornuecxass 1 ¢ BH-
xopma A uepes pesucTop R4 3apsikaer koHmencatop C4, manpskesue Ha Buixoge R
Tpurrepa MefiJeHHO moBbiuaercs. Yepes 2 ¢ OHO JOCTHFHET NOPOra NepekJoueHHs
Tpurrepa, oH JaBHHOOGDa3HO (3a CueT MOAKJIOUEHHS NpaBoit OGKJIAAKH KOHAEHCATO-
pa C4 x HHBepCHOMY BHIXOAY TpHITepa) MepeKJIOUHTCA B HCXOJHOE COCTOsIHWe, NMpH

xoTopom Ha BeXoge A — jor. 0, A — jor. 1.

Ipu nepekiouennu tpurrepa DDI1.2 B HcXofHOe COCTOSIHHE H3MEHEHHe CHrHafa
Ha Beixoge A c sor. 0 ma Jor. 1 3anycTHT XAYWHHA MyJbTHBHOPAaTOp Ha TpHITepe
DD2.1. Yepes 2 ¢ 3TOT XAywuii MyabTHBHOPAaTOp BO3BPATHTCA B HCXOMHOE COCTOSI-
HHE H 3anyCTHT XKAYIIHA MyabTHBHOpaTop Ha Tpurrepe DD2.2. Eme uepes 2 ¢ 3TOT
XKAylwud MyJabTHBHOPAaTOp BO3BPATHTCH B HCXOJHOE COCTOSIHHE H H3MEHEHHe ero BH-

xopuoro curgana C c Jjor. 0 Ha Jor. 1 ycTaHOBHT B HCXOJHOE COCTOSIHHE TDUIrep
DD1.1, tak kak Ha ero Bxoze D — Jor. 0.

TocaenoBaTeNbHOE BKJOUEHHE KAYUHX MYJAbTHBHOPATODOB NPHBOAHT K cCJe-
AyollEM pesyJabTaraM. Brmouenne xnayuwero mynstuBuGpatopa DD1.2, kak yxe yka-
3bIBanoch, O0eCTeUuT [BHKEHHE MoznesH Hasal. IIpu BKJIIOYEHHH XAYUIEro MyJbTH-
BuGparopa DD2.1 Ha Buixoze B nossasercs Jor. 1, Ha o6a Bxona sznementra DD3.2
IPOXOZAT JIOT. 1, 3TOT SJIEMEHT BKJOYAETCs H BhikMoyaer saeMeHT DD4.2. Ha Bobixo-
ne 1B nosBasercsa Jgor. 1, Ha Beixone [TH — sor. 0, nostomy nsuratess M1 Bpaula-
ercsi Bnepen. Ha suxozax JIH u JIB — nor. 0, mosroMy pBuratens M2 we Bpamaer-
¢ ¥ NJaHeTOXoJ, ABHrasch BIepe], MOBOPAaUHBAET BJEBO.

IMpn BrmoueHnn X Ayuwero myabruBubpatopa DD2.2 sxaouaercs siaeMent DD3.4,
BhIKnouaercs ajeMentT DD4.3, na ero Bmxone JIB nosiBasercs sor. 1. TMockoabKy
npu 3atoM Ha Bhixozax [TH, JIH, IIB — aor. 0, gsuratenr M2 Bpamaercs Bmepef,
asuratenb Ml He BpallaeTcs, NIAHETOXOX ~ ABHXKeTCH BNepel M  TOBOpayuBaer
BIIPaBo.

[ocne BukmMOUeHHS Xnywero MyabTHBHGparopa DD2.2 Bce M€MEHTH YCTAHAB-
JIUBAIOTCA B HCXOJHOE COCTOSIHHE H IIAHETOXOJ NPOAOJKAeT [ABHIKEHHe Brepen.
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Ecann npensiTcTBHE OKa3bIBaeTCst cJeBa, cpabaTHIBAET MHKPOBHIKJOuaTedb S2 n
XKaywnit myastaBu6patop DD1.2 3anyckaercs mo Bxoay S. Tpurrep DD1.1 ocraercs
B HCXOJHOM COCTOSIHMH, MO3TOMYy Ha ero Beixofe I1—uor. 0, J1 —gor. 1. Hopﬂnox
paboTel gBHraTejieii MeHsieTCs — BHayase ob6a ABHTaTeJsi BPAIAIOTCH Has3af, 3aTeM
BrJouaercs snement DD3.3 M MpOHMCXOAMT ABHKeHWe Bliepes ¢ MOBOPOTOM BNPABO.
3areMm Bkaoyaercs ssement DD3.1, nianeToXox ABHMKETCS Brepei ¢ MOBOPOTOM BJe-
BO, 3aTE€M NPSMO BlIepex.

Ecan npensrcrue BhI3bIBAaeT BrJIOYeHHe O6OMX MHKPOBHIKMouaTedeft 'S1 u S2,
MOZe/sb TaKXe OTKaTbiBaeTcsl Hasajl W HanpaBJesHe MaHeBpa ONpEAE/sieTCS TeM,
KaKoil H3 MHKpOTepexiouaTesell BHKJIIOUATCS NOC/EAHHM.

Bce neranm snekTpoHHOR uacTH MIaHETOXO4A, 33 HCKJIOYEHHEM MHKPOTIEpPEKJTIO-
uateset S1 n S2, pasmelnenn Ha gByX neyaTHelx niatax. Ilepeas u3 HuxX ABYCTO-
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Puc. 151. TlevaTHas naaTa uudpoBofi wacTH:

@ — CTOpPOHa, NPOTHBONOJNOXHAsi CTOPOHE YCTAaHOBKH MHKDOCXeM; 6 — CTODOHA YCTAaHOBKM MHK-
pocxem
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ponuss, pasmepamn 105X37,5 mM. Ha neil pasmellern aeTaqn no cxeme puc. 148,
Ha puc. 151,a nokasana CTOpPOHa, NPOTHBOMOJOXHAS CTOPOHE YCTAHOBKH DajHO3Jes
MEHTOB, Ha pHC. 151,6 —CTOpOHAa YCTAHOBKH 3/JIeMEHTOB H caMa paccraHoBka. Ha
BTOpO# nuiate ¢ pasmepamu 105X27,5 MM (OHa ONHOCTOPOHHSSI) YCTAaHOBJIEHH TpPaH-
3HCTOPH H pe3HCTOPH cxeMul pHc. 152. Ilnata nokasana Ha puc. 152 co cTOpOHH,
TPOTHBOMOJIOXKHON CTOpOHe ycTaHOBKH 3jeMeHTOB. Konpencarop C7 TakXe Bnasn
B 3Ty NEYaTHYX IJIATy, HO DACHOJIOXKEH MeXJIy 3JEeKTPOABHMATeNsIMH HIDYIUKH.

B nnaHeToXolie HCMOMBL30BaHH AeTajH CJAEAYIOMIHX THNOB: DE3HCTOPH THNA
MJIT-0,125 u 0,25, B kauectse R4—R6 yno6HO TakKe HCNOJb30BATb DE3HCTOPH
KHM-0,05, konpencatopw Cl, C2 —KM-5a, C3 —K53-4, C4—C6 —KM-6, C7 —
9TO-2. B kauecTBe kongencaropos C4—C6 MOMXHO HCnOJNb30BaThb H [pYrie Hemo-
JISIpHBIE KOHAEHCAaTOphl, HanpiMep MBM. Murpocxemul cepun K561 MOXHO 3aMeHHTb
Ha ananoruyHele cepun K176 (oHm, Kak mnpaBHuJo,

PaboTalT ¥ NPH HANpsixKeHuW mnuTaHus 4..6 B), : ,i;'
a HpM nepepaloTKe neyaTHOH OAaThl — H Ha kL1 r
MHKpOocXeMm cepuit K164 u K564, Tpansuctopn LA/
KT816 u KT817 MOXHO HCNOJBL30BaTb ¢ JIOGHIM
OYKBEHHEIM HHIEKCOM, BO3MOXHA YCTaHOBKA TaKiKe
vri, vr2
MITh24
O O
Puc. 153. 3amena BHIXon-
VTS vris

HBIX YCHJHTeNlel Ha 3JeK-
TPOMarHHTHHE peJje

+58
06y

g M1 | Npaduid

| Yt }

Puc. 152. IleuaTHas nyata BHIXOQHBIX yCHJIHTeJeR Puc. 154. Bamnep nuade-
TOXOHA
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Tpausuctopos KT814 um KT818 Bmecro KT816, KT815 u KT819 smecto KT817.
Tpansuctopet KT315 u KT361 MoXHO 32MeHHTb NPAKTHYECKH Ha JIOGHe MaJjo-
MOLILHEIE KPEMHHEBHIE HJIH TepMaHHEBHE TPAH3HCTOPH COOTBETCTBYIOUIEH CTPYKTYDH.

Bwmecto asyx ycusuteseii curaasoB ITH u JIH MoxHO HcnoJab3oBaTh ORWMH, ecan
B €ro BHLIXOAHOM KacKale HCNOJb30BAaTh TPAHIHUCTOPH € KO3(pOHUHEHTOM nepelaun
Toka (aswl e Menee 60. DTO, 0JHAKO, YMEHbIUHT BO3MOXKHOCTH MOJEPHH3ALHH MOJe-
JIH, HanmpuMep, ee Heab3st GyAeT 3acTaBuTh Pa3BePHYThCSl HA MecCTe.

Yucno HCNOJb3yeMbIX TPAaH3HCTODOB MOXHO YMEHBIIHTb 10 BOCHMH HJIH HAXe
WeCTH, €CJAN B KOHCTPYKUHY NMPHMEHHTb 3JeKTpOMarsuTHuie peje. CxemMa OfHOro ycH-
JIATeNsT MOIIHOCTH C pesie MpuBeneHa Ha puc. 153. B HeM MOXHO NMPHMEHHTH JOGhIE
MaJoMOIIHbe TepMaHueBble p-n-p TpaHsucTopsl — MITI4—MITI6, MIT40—MI142,
MI120, MII21. Peae K1 mosxkubl cpaGaThiBaTh Npu HampskeHWH He Gonee 4 B, 3ro
MoryT 6niTh pene tena P3C-9, nacnopra PC4.524.203, 214, 216, 219, P3C-10, nac-
nopra PC4.524.304, 315, P3C-34, nacnopra PC4.524.374, 377, P9C-47, macnopr
P®4.500.421, POC-48, nacnopra PC4.590.204, 216, P3C-59, nmacmopr XI14.500.021,
P3C-60, nacnopra PC4.569.439, 440 u np.

INeyaTHble nMuIaThl KpemsTcs BHHTaMH M2 kx GoOblllkaM H3 OPraHHYECKOTO CTeK-
J1a, MOMKJEEHHBIM K Kopnycy maaHeroxona. Ilepeas neuaTHas njata ycTaHOBJEHa B8
nepejHed YacTH NJIaHETOXO04a, BTOpas — B 3aiHell. MeXny HHMH OCTaBJIeHO MecTO
AJISL YCTAHOBKH NPHEMHHKA CHCTEMbl paXHOYNpaBJEHUS.

Muxkponepekmouarens S1 u S2 tuna MII7 noaxneens cHH3y K TJlockofi ¢dape
NJIAHEeTOX0Ja, AJisl HUX B KOPNYyce CAeJaHbl Bbipe3bl. Bamnep, W3rotosJieHHH# H3 Op-
TaHMYECKOTO CTeKJMAa TOJNLIHHOR 3 MM, 3aKpenneH CHH3y ¢apnl BHHTOM M2,5 ¢ wai-
Goii. BuHT BBepHYT B OG0OBIIKY H3 OpPraHH4ecKOro CTeKJaa, KoTopas BKJeeHa BO
BHYTPEHHIOW MO0JIOCTh ¢apbl. Hia Toro yro6sl 6aMmep MOr He TOJbKO [OBOPAuHBATh-
cfl, HO W CABHraTbCs MPH Hae3le Ha TPENsTCTBHe CPERHEH YacTbiO, KpEnexHoe oTBep-
CTHE cleslaHO BHITAHYTOH (opMmmul (puc. 1564).

Ins BBIKMIOUEHHS GaTapeW NHTAHUS HCNOJbL30BAH [BHIKKOBbIH mNepeKmouartels
tuna T1/11, ycTaHOBJeHHBIH B NPAMOYrOJILHOM OTBEPCTUH, Yepe3 KOTOPOE BHIBOAHJCSH
Ka6eJb AHCTAHUHOHHOTO YNPAaBJEHHS NJZHETOXOLOM.

Ilpu c6opke Mojenn K BHXoAaM ycuaurenelt curxanos IIB u JIB caexyer nmox-
KJIOUHThL Te BHIBOJB jIBHratesell (OHH mOMEUeHEl 3HAKOM «+»), NMPH nomaye HA KO-
TOpble TJIOCa HANpPAXKEHMA NHTAHUS BpalieHHe [BHraTeslell BHI3bIBAaeT ABHXKeHWe
BHEpEL.

HanaxuBanye npaBHALHO COOGPAHHOrO M3 HCNIPABHLIX JeTajeil NJaHETOXOAA He-
CJIOXKHO M 3aKJioyaercs B nojbope pesncTopoB R4—R6 gast obecneveHus npasHIb-
Horo maseBpa. Ilpu cBexux OaTapesx NOBOPOT MOJEJH BO BpPEMA BKJIOYEHHA BTO-
poro MyahTHBHOpaTOpa J0JKEH OBITh HECKOJIbKO Gojee 90° (moabop pesucropa R5),
9TO O0ecneyHT NpaBHJIbHOE MaHEBPHPOBAHHE H IPH YacTHYHOM paspajge GaTapedd.
Ha rakoit e yros Mojenb ROMXKHA MOBOPAYHBATH M IPH CPaGAaTHIBAHUH TPETHEro
MysabTHBHGpaTopa (monbop pesuctopa R6), uro oGecneuuT coXpaHeHHe HanpaBieHHR
JIBHXeHHS mocje o6be3fa npenatcTBHA. Ecli yron nosopora Moznemu npH cpaba-
THBaHHH TPETbEro MyJbTHBHOpaTOpa crenaTh MeHble, YeM NPH cpaGaTHBAHHH BTO-
poro, nnaxeToXof OyneT NOBOPAauMBaTh B CTOPOHY OT OGHApYIXKEHHOTO NPENSITCTBHS.
B atom cayyae, HanpuMep, HECKOJIbKO A3 HATOJNKHYBIUHCH HA CTeHY, OM HAuHET ABH-
rathcs BROJIb Hee.

Ecnu snekrponnas uactb ne sapaGoTaet cpasy, HacTPOiiKy maaT cliefyeT npose-
ctu otnenbro. INoaxsouenue Bxoxa IIB BrOpo# maath x Bhxogy +6 B, a ITH—
K oflieMy NpPOBOAY AOJKHO NPHBOJAUTb K BPAUIEHHIO NPABOro ABHraTesst BIiepex,
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nozakioyerne [1B k ofmemy mposoay I[TH —k + 6 B — Hasax. Anajoruyso caeny-
eT mpoBepuTh AeficTBue BxoxuoB JIB u TTH.

[Tpu mpoBepke mnepBOfi MAaThl CJeAYeT C NMOMOWIBIO BOJbTMETpa YyOemuthesi B
npaBuJbHOM nepekjouendn tpurrepa DDI.l u moouepeHoM BKJIOYEHHH MYJBTHBHO-
paTopoB NpH KPAaTKOBPEMEHHOM HAJXKAaTHH Ha WITOKH MHKpoOBbIKmouaresneli S1 u S2 H
GopMHPOBaHUM BHIXOAHBIX CHMTHAJOB NJIATHl B COOTBETCTBMH C JHarpaMMaMH, NpH-
BeJIeHHBIMH Ha puc. 150.

Hpocroit mupoxkoananasounplii Talimep

OnucriBaemblii Taiimep coGpan Ha asyx KMOII-mukpocxemax cepun K561.
Juanason BHAepXeK —oT 7¢ A0 2 4 pa3GuT Ha JecATb NOAAHANA30HOB, BHYTPH
KOTOPHIX BBIJEPIKKA MOZKET MEHATbCS MJABHO B JBAa pasa ¢ MOMOIIbIO NEPEMEHHOro
pesucropa. Ilpu n3menenun TeMmmepaTyphl Ha =£15°C Or KOMHATHOA BBIAEPIKKH H3-
MeHseTcss He Gosee yeM Ha ==1%.

Cxema rafimepa npuBefena na puc. 155. Taifimep umeer GecrpancdopMaToprOe
nuranne. CeTeBoe HanpsiXKeHue NpH BKJIOYeHuu Talimepa KHomkofi «Ilyck» SB1 wue-
pes koujgencarop Cl nopaercs Ha BHIpsAMuUTeabHE moct VDI, BhinpsiMJeHHoe Ha-
npsxeHHe criaxuBaeTcs KoHaencatopoMm C2 u craGuiuampyercs Ha ypoede 100 B
crabunutpoHoM VD2. Pesucrop RI caysuT Ajs orpannueHHs Opocka 3apsifiHOrO ToO-
Ka yepe3 kounexHcatop Cl B MoMeHT BKJIOUEHHS TaiiMepa, csetoauon HLI1 — pas un-
JHMKauuu BKMOueHHoro cocrosanusa. Co crabuautpona VD2 HanpsaxeHne nocTynaer
yepes pesucrop R2 Ha BTopo#t crabuautpor VD3 ¢ paGounM HampsiKenueM OKOJO
9 B. IsycrynexuaTes crabuausalusi oGecreuuBaeT HE3aBUCHMOCTh BHAEPHKH  OT
HanpsiKeHUs CeTH.

Ha anemente DDI.1 n pesnctopax R5 u R6 cobpan tpurrep Ilmurra. ¥ sae-
menra DDI1.1 Ha Bxox 9 noxan jor. 0, mo3TOMY 3TOT 3J€MEHT paboTaeT KaK HEHH-
BepTHpyiollni no Bxoxy 8. ¥ aznemenra DD1.2 na Bxox 13 nmopana Jaor. 1, moatomy
3TOT 37eMeHT paboraeT Kak HHBepTOp cO BXoZoM 12. IMoclle BkAOUGHHA X HOAAUM
NYTaHAA HA MHKDOCXeMbl HayHMHaeTcs 3apsii KoHieHcatopa C4 uepes pesmcrop R3.
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Puc. 155. Cxema Tafimepa
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floka HanpsKeHue Ha KoHfeHcatope C4 nuKe mopora BkJoueHuss Tpurrepa HImur-
Ta, Ha Bhixoae aaemeHta DDL.1 sor. 0, na Bmxoze DD1.2 — sor. 1, koropas ycra-
HaBJIHBaeT cueTYHk Ha MHkpocxeme DD2 B cocrosiune 0. Ha Bcex BbIXOZaX MHKpO-
cxempl DD2 —jor. 0, tpansucrop VTI Bkaiouaercd, BkJiodaer pesne Kl, xortopoe
CBOHMH KOHTaKTaMH mojxBaThiBaeT KHomky «Ilyck», ma Harpysky taliMmepa nonaer-
€5l HampsiXKeHHe CeTH.

Curnan Jjor. 0 ¢ Buxoaa DD1.1 mocrynaer na Bxox 1 anemenra DDI.4 u sampe-
maer pa6GoTy reHepaTopa HMuyJbcoB Ha ajementax DD1.3 u DD1.4.

Cnycrs npumepro 0,1 ¢ nocie HaxaTtHs Ha KHomky «[Iyck» kongencatop C4
3apAIUTCA A0 HAMPAXKeHHs BKMoueHHs mpurrepa IlIMurra, o BKawountcs. CurHana
Jor. 1 ¢ Beixoma DDI.1 paspewnt paboTy remepaTopa HMNyJbCOB Ha 3JIeMEHTaxX
DD13 u DD14 u cuerunka DD2. CueTynk HauHeT CYHTaTh HMINYJbCH TeHepaTopa.
Koraa npofiger 3aganHoe BpPeMsi, Ha COOTBETCTBYIOWIeM BuixoAe cuetunka DD2 mo-
siBuTca Jor. 1, tpansucrop VTI Buikatoyutes, pese K1 OTNyCTHT, KOHTaKTHl €ro pa-
30MKHYTCS, HaNnpsiXKeHHe ¢ HarpyskH Oyner CHATo. B TakoM cocTosinuu TaiimMep TOK
H3 cetH He norpebaser. Tlpy HeoGXOZMMOCTH mojauyy HANPsIXKEHHS Ha Harpysky
'MOXKHO TIDEKPaTHTh HaxarueM KHonkH SB2 Crom, mpH 3TOM pejie TakXe OTRHYCTHT
U TalMep BHIKJIOYHTCS.

JlnanasoH, B KOTOPOM MOXKHO PeryJHpoBaTh pe3ncTopoM R7 neprosy HMIYJbLCOB
reneparopa, cocrasaser 0,44 ..0,88 c. Mukpocxema DD2 na Bhixone 5 pesuT uacro-
Ty BXOJHBIX UMNYJbcOB B 25=32 pasa, mo3TOMY nepHOj HMNYJbCOB Ha 3TOM BHIXOJE
-cocraBasier oT 14 mo 28 c. ITockosbKy Jior. 1 Ha BhIXOZe neJHTess NMOSBJAETCS Yepe3
NOJIOBHHY MepHOAa, BLIIEPKKH Ha NePBOM nojjHanas’oHe MOryT Guith B mpefenax oT 7
o 14 c.

Ha nocilenineM nuanasone 4acToTa HMOYJbCOB geJiHTcs Ha 2'4=16384, nepuop co-
craBasieT oT 2 5o 4 4, BEAepXKa —oT | fo 2 u.

Tafivep co6pan Ha meyaTHO# miaTe pasmepamu 95X 55 MM, yepTex KOTOpO#H mpu-
BeneH Ha pHc. 156. Ilnata nomemena B kopnyc ¢ raGapHTHHIMH  pa3MepaMH
10383 X48 MM, ckJeeHHH# H3 opraHudeckoro crekaa. [Ipu paspabotke Kopimyca
<JleflyeT MOMHHTb, YTO BCe 3JEMEeHThl TafiMepa HaXOBATCA NOJ HANpSKEHHEM CeTH.
Kopnyc nepemennoro pesucropa R7 mposken OBITb coeluHeH ¢ OGUIMM NPOBOAOM CXe-
MBI, IOSTOMY PYUKY pe3HcTOpa CJAeAyeT H30JHPOBaTh OT och. JlJIs aTOro Ha ocb MpH-
KJEHBAIOT YIJHHHTEJb H3 306OHHTA C HAPYXKHBIM AHaMeTpoM 9 MM H gJauHOH 20 MM,
A yXe Ha 3TOT YJJIHHUTEJb YCTAHABJHBAIOT CNELHaNbHO H3TOTOBJEHHYIO DYYKY CO
1IKAJI0# M 3aKPEMJSioOT BHHTOM.

B rafimepe ucnoJb3oBaHH nocTosiHHEe pesucrophi MJIT, nepemeHHbIt pesucTop
‘CI13-4a, kompencatopw K73-17 (Cl, C6), DTO-1 (C2), K52-1 (C3, C4), KM-5a
(C5), pene PIC-9 (macnopr PC4.524.204), wkuonku TI2K, nepek.soyarensr SAl
TIP2-10IT1H BnasiH cBOMMH BHIBOLAMH B NEYaTHyIo MJarty.

B kauectse BhimpsimuTeseHOro mocta VD! u guoza VD4 MoXHO MCHOJb30BaTh
Jio0ble [HOAB Ha HanpsxKeHHe He MeHee 150 B, manpumep KJ102A, KII104A, 1225,
J237 ¢ mo6uiM GyksennbimM uuuekcoM. Ceetoamon AJI307B MOXHO 3aMeHHTb Ha JiO-
Goft ¢ BUAHMBIM cBeueHueM, crabuauTpon KC600A ma KC591A, KC191A — na mo6oit
< HanpsixeHnueM crabuinsaund 8 .12 B. B kauectBe VT1 MOXHO MCNOJAb30BaTh TaK-
ke tpausucrop KT816T.

Konpencarop C6 gosxen GbITb BHICOKOCTAGHJbLHBIM, MeTaJUIOTJIEHOUHBIM, B Kpaii-
HeM ciyyae MeTannofyMaXKHBIM HiH GyMaKHbIM. [IpHMeHeHHe KepaMHUECKHX KOHueH-
caropos rpymn H90, H70, H30 3mecp HemomycTuMmo.
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-uc. 156. Tlewarnas maara raiimepa

Hacrpoliky TaiiMepa cJeLyeT NPOH3BOAHTb, TOAKMIOYHB HCTOUHHK MNHUTAHHS
2..15 B uepes pesucrop 1 ¥Om k crabunutpony VD3. TMoAx/MIOYHB BOJLTMETP €O
ukanc# 10 B k Bbixony 4 mukpocxemnl DDI, crenyer yGeauthcsi B FeHepalluH HM-
TyJIBCOB, YacTOTa KOTOPHIX MEHSeTCS NpH BPAIIGHHH DYYKH TepPeMeHHOro pesHc-
~opa R7. IloxkmounB BOJIbTMETP K BHXOAY 5 MukpocxeMn DD2 u momo6paB pesu-
»rop R8 u komnencarop C6, cienyer noOHThCsS, 4TOOH NpH KPAWHHX NOJNOXKEHHSX
JYUKH pesucTopa R7 mepHon KOHTPOJNHPYEMBIX HMMYJbCOB OHIT HECKOJbKO MeHbLIE
4 c ¥ Heckospko Gonbuie 28 c. YnoGHee 3Ty OmMepaldio MPOH3BOAHTH C TOMOLIBK
14}POBOrO yacTOTOMepa B peXMMe H3MEPEHHS NEPHONA, MOAKJIOUEHHOTO K BHIXOAY

mukpocxemt DDI. B stoM cityuae mepmon KoJeGaHHAi [oJeH ¢ 3amacoM mepe-
<pHiBaTh AHanasoH 0,44 ..0,88 c.

llns nposepkn paGoTOCTIOCOGHOCTH TaiimMepa Ha NOCTEAHHX IHANA30HAX MOXKHO
‘TRasATh KoHzeHcatop C6 M Ha ero Mecto ycTaHOBHTb KoHpeHcaTop B 1000 nd. B
3TOM cJly4ae MOXKHO JIErKO MPOBEPHTh HCNPAaBHOCTb MHKpocXembl DD2 no wamuumio
ia ee BBIXOJAaX HMMNYJbCOB, YacCTOTa KOTOPHIX MeHSeTCsl BABOE NpH mepexofe ¢ AHa-
1a30Ha Ha JHalasoH. .

[ono6pas pesucrop R8 u koupencatop C6, MOKHO OTKMOUHTb JOMOJHHTEbHHI
ICTOYHHK H, BKJIOYHB TaiiMep B ceTb M co6M0Nas Mephl MPELOCTOPOKHOCTH, MpOBe-
puTb paboTy TafiMepa OT ceTH.

T'panyuposky TaiiMepa nenecoobpasio mpoussectd Tak. Ha wkase mepemensoro
J€3UCTOPA HAHECTH DABHOMEPHO 5 ..8 MeTOK H JJl KaX/]OH M3 HHX ONpeJeNHTb BHI-
1epxKy, obecrieunBaemyio TafiMepoM Ha nuamasoHe 7 .. 14 c. ITo monyyeHHuM naH-
4bIM TMOCTPOHMTH rpaduk, Mo 3TOMy rpaduky oOnpejesHTb, B KAKHX MecTax IWIKaJbl
eflyeT HAHeCTH NeNeHHs aJag ToJydyeHHs Bbaepxek 7—7,7—84—9,1—98—10,5—
1,2—1,9—12,6—13,3—14 c. TIpoTHB 3THX neneHHii HaHecTH uucaa 1—1,1—1,2 u
" A R0 2. 310 OGYAYT MHOXHTENH, Ha KOTOpbIE HYXHO YMHOMHTH BbIIEPXKKH, CO-
ITBETCTBYIOUHE HAyaly KaxJoro puanasosa, T. e. 7 ¢..1 u. Ilpu nocrpoennn rpa-

119



X 7% ID1, 003
I X 15 DD2 & /| 1000
202 sa R6 660K
701.2 cro|l s E—L 4

ol=r\_1lg sle_2

= v

4

u), A

4 7w x 358 7074 nlEz

w1y | s[=713 7] L

sl=1 |44 42 iy A

A EI]

oI KSE1/02 55 —
DD2 KS6TMETE Y TmK |

203 KS6ITA7 ¢ ] Resmn 50K 7 591, 005

Puc. 157. TaiiMep co 3BYKOBOH HHAHKAUue#H

<¢uxa cjefyeT HMeTb B BHAY, UTO OH [OJKeH ObiTh MPAaKTHYECKH JHHEEH 3a HCKIIO-
YeHHEM caMOTO HayaJia M CaMOro KOHLA AHana3oHa, rje BO3MOXHH CKAaYKH B Xapak-
TepHCTHKE DE3HCTOpa.

TaiiMep MOXKHO H3rOTOBHTb H CO 3BYKOBOH CHrHajn3auHed. CxeMa Takoro BapH-
auta (c GarapeiiHbIM NHTaHHeM) NpHBeleHa Ha puc. 157. [IpH BKJIIOuEHHH BBHIKJIO-
yatenss SAl B JeBoe mO cXeMe NOJIOJKEHHE NPOHCXOAHT NYCK TaiiMepa aHAJOTHYHO
cxeme puc. 1. Ilpu nosiBreHHu Jor. | Ba COOTBETCTBYIIIEM BHIXOle MHKDOCXEMbL
DD2 BKIOuyaeTcsl FeHEpaTop HMIYJbCOB, coOpaHHEIA Ha alementax DD3.3 u DD3.4,
Tenepatop dopmupyer umnysabcn ¢ uactoTo#t 1 I'u m paurensnoctbio 0,5 ¢, KoTo-
phble mojJdeT Ha BXOJ €le OJHOTO reHepaTopa, coGpaHHOro Ha sJjemenrax DD3.1
DD3.2. Ha Bhixofe 3TOro rewepatopa (GOPMHPYIOTCS NAYyKH HMNYJbCOB C 4acTOTOH
1000 Tu, uepes sMuTTepHHi mosropuTens VT1 mocrynamoimue Ha H3JIydaTeab 3ByKa
HAIL. Pesnctopom R8 MOXHO mnopofpaTh HeoOGXOAHMYIO TPOMKOCTb 3ByuaHus. B ka-
yecTBe Hanyyatedss HA1 MoXKHO HCHOJB30BaTh BHICOKOOMHBIE HJIH HH3KOOMHHE Telle-
OHbI, IHHZMHYECKHE TOJIOBKH C BBIXOZHBIM TPaHCGOPMAaTOpOM OT JOGOr0 TpPaH3HUC-
TOPHOTO NPHEMHHKA.

IIpepniBaTenb yka3aTeasa MOBOPOTOB

TennoBbie npephiBaTesd yKasaTesefi NOBOPOTOB, YCTaHaBJHBaeMLe B aB-
TOMOOHJAX, 06/7aJal0T MaJjofi HafeXHOCThIO H IJIOXOH CTaGHJILHOCTBIO. DJIEKTPOH-
HBle NpepbiBaTeNd COBPEMEHHBLIX AaBTOMOOHJEH BKJIOUAOT CHIHAJ He cpasy nocie
BKJIIOYEHHS yKasarteJsl NMOBOPOTa, a CHycTs npHMepHo 1 c; Bnpouem, Takol ke Hexo-
CTaTOK TMPHCYLI[ H TEMJIOBHIM MpepbIBATENSIM, YTO He CMOCOGCTBYeT MOBGIUEHHIO 6e30-
NAacHOCTH JBHXKEHHS.

[Mpeanaraemuil npepriBatedb co6pan Ha onHoit KMOII-mukpocxeme u  Tpex
Tpansucropax. Jlamnb ykasatesiefi MOBOPOTOB BKJIOYAIOTCS Cpasy Hocjle BKJIOUEHHS
fipepeiBatesisi. KoHTpo/MbHAS JaMna NO3BOJISET ONPENENHTb LEJOCTHOCTh HHTeH JaMn
ykasate./s noBoportoB. YacroTa BkJOuYenus aamn — 1,5..2 Tu.

Cxema npepmBaTessi npuBefeHa Ha puc. 158. OcHoBy ycrpoiicTBa cocTaBasieT
reHepaTop uMNyJbcoB, coOpaHHBI Ha Tpex uHBepTopax DDI.1, DD1.2, DD1.3. IOaa
ofecnieueHus 3amycKa reHepaTopa NEPeKJIouaTeneM ykasaTeldss mosopoToB SAl cay-
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Puc. 158. [IpepbiBaTesib yKasareas MOBOPOTOB

KUT sement DDI1.4. Ou noikawoued x snementy DD1.2 u obpasyer ¢ HHM TpHITED.
TMoka nepekmiouatesb SAl HaxoauTcss B HeATPaJbHOM TOJOXKEHHH, Ha BHBOA 1
DDI14 uepes pesucropsl R8 u R5 npuxoaut Jor. 1, TpHrrep ycTaHaBJMBaeTCH B yC-
TofluMBOe cOCTOSIHKE, TMPH KoTopoM Ha Buixoge DD1.4 qor. 0, ma Boixoge DD1.2—
Jor. 1. YcroiiuMBoe cOCTOsIHHE TPHITepa 3ampellaeT FeHepaluio HMNyJbCOB, Ha BBIXO-
e DD1.3 —qor. 0, tpansuctoper VT! u VT2 3akpuitel, pese K1 Boikmoueno. Ha
Bxomax 8, 9 DDI1.1 jor. 0, kouzencatop Cl 3apsken no Hanpsixkenuss 8 B (maioc
Ha mpaBoii no cxeme obxaajke).

Mpu ycraHoske mepekmouyatens SAl B yoboe kpaliHee mosoxkenue Ha BXonm 1
DDl 4 uepes aamnst HL1-—HL4 u pesucrop R5 nocrynaer Jor. 0, Tpurrep nepe-
KJIOuaeTcs B T0JI0XKeHHe, pH KOTOpoM Ha Bhixoge DD1.2—uyor. 0, na Bbixoge DD1.3
nosiegercss Jor. 1, BkawoualoTcs tpaHsucropsl VT1, VT2, pene Kl1. 3amxuysiuunecs
konrakthl K1 Braouaior namnbl ykasarens nosoporoB HLI m HL2 wan HL3 u HL4.
Tok, Texkyiluil yepe3 JaMIbl, co31aeT Ha pesucTope RO majexue HanpsKeHHs, nocTa-
TOuYHOC 2.1 BKJIOueHHsi TpaHsucTopa VT3, Br/Iwuaercs KoHTpoJbHas jgavna HLS.

Kougencatop Cl HaunHaer paspsiKaTbecsi yepe3 pe3ucTop R2, BLIXOAHOE COMPO-
THBJeHue 3jemeHta DD1.2 (Ha ero Buixome Jior. 0) H BXOAHOH 3aIUTHBIN JHOA 3Je€-
menta DDI1.1. Korga Tok paspsga Cl cramer MeHblue ToKa uepe3 pesucrop Rl, na-
npsizienne Ha Bxopax DDI.1 uauser nosbinatecd. Korza OHO JOCTHTHET mnopora
Bk/aoveHnss DD1.1, npousoiizer nepexaioueHHe BCeX 3/1eMEHTOB TIeHeparopa, TpaH3i-
CTOpnl M peJe BulkMouarcsa. Hepes pesucrop R2 u koujeHcatop Cl Ha BXoawl aJe-
menta DDI1.2 nocrynut sor. 1, uepes pesuctrop R1 noteser Tok, nepesapsikaioliHit
konencatop Cl B cTOpoHy yMeHbleHHs HampsixeHHst wa Bxogax DDI.1. Koraa ono
JIOCTHTHET TOPOra MEpPEKJOYeHHs 3JIEMEHTA, BHOBbL MPOH30HAET mnepekJioueHue BeeX
5JMEMEHTCB T'elleparopa, TPAaH3UCTOPbl M JAMIBL BKJOYATCA H T. A.

Ecan nepexmouatens SAl ycTaHOBHTH B HEHTpaJbHOE MOJIOXKEHHE B MOMEHT,
Korja Jsammnbl BBIKMIOUEHB, HAa BXoaax DDI1.4 cosmaayr ngBa curHana Jjor. 1, cur-
Hax gor. O ¢ ero BbiXoda MOCTYmMT Ha Bxoa 5 DD1.2 u 3anmpeTutr paJbHefiiyio pa-
60Ty renepatopa. Ecii nepek/ioyaTesb BHIKAUHTL B MOMEHT, KOLAA JaMIbi BKJIO-
ueHsl (Ha Bxofe 2 DD1.4 jor. 0), coBnajenus Ha BXOAaX He NPOHM3OMJET H TeHe-
partop chopMHpYeT mOCNEAHHH MMIYJAbLC MOMHON AJMHTEJbHOCTH, mocje 4ero Jor. 0 ¢
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Boixona DD1.4 3anperur paGory reHepaTopa. JIaMmnH, OAHAKO, BHLIKJIOYATCH cpasy.

Kourposp nenpasmocTH aamn ocywecTBaseTcst TpausucropoM VT3, Ilpu ABYX
UCNPaBHHIX JlaMMax NajieHHe HanpsiKeHHs Ha pesucTope RY NOCTAaTOUHO aJs1 BKJIOYe-
Husi Tpausucropa VT3, koHrposbHas nsamna HLS BkaouyaeTcss B TakT ¢ Jamnamu
yKasatesisi noBopoToB. Ecam oaHa M3 JaMn NeperopHt, najieHHe HanpsiXKeHHs CTAHO-
BHTCS HENOCTATOYHBIM, Tpansucrop VT3 u samna HL5 we Bkalouarcs.

Peaucrop R2 cayxut gns orpanHuenss Toka nepesapsia koupencaropa Cl u
HanpsaxeHus Ha Bxoge osiementra DDI.1. Pesucrop R10 orpanuynBaer Tox 6asui
Tpansucropa VT3.

B ycrpoiictee npumenenst pesucropst MJIT, koumencatopu KM-6. CraGuinrpon
KCIB2E moxer 6biTh 3ameHeH Ha JoGOH CTaGHANTPOH C HAaNpAXEHHEM cTaGHIH3A-
uun 7..10 B. Bmecro tpansucropa KT315I mMoXHO HClONBb30BAaTH JOGOH KpeMHH-
€BbIA TPaHIUCTOP n-p-n CTPYKTYpr. Tpansucrop VT2 — mi060# kpeMHHEBBIK TpaH3u-
CTOp TOH e CTPYKTYphl C HONYCTHMBIM TOKOM KOJWIEKTODa He MeHee paGouyero Toka
pese KI. B xauectse VT3 MOxKHO Hcnosib30BaTh MoGO# Tpamsucrop cepuit KT814,
KT816, KT818 ¢ hy,5>100. Mukpocxemy KI176/IA7 moxkHO sameHHTb Ha K561JIA7.

Pesncrop R9 — npoBosouHbifl, H3rOTOBJIEH H3 OTpeska nposoga guaMerpoM | MM
C BLICOKHM yZnesbHbIM compoTHBieHHeM. [lnuna oTpeska moabHpaercs mpH macTpoHKe.

Pene K1 —tnna TKES2[1[] ¢ mOZOTHYTEIMH HOPMaJbHO 3aMKHYTHIMH KOHTAKTa-
MH H OTpery/upoBaHHoe HAa HanpsKeHHe cpabaThiBandsi 8 B, HcmoJb30OBaHHEIE KOH-
TaKThl COeJHHEHbI NapasienbHO. Bo3MOXKHO HCHONbIOBAHHE H APYTHX pesie, PacCuH-
TaHHBIX Ha paouee HanpskeHHe 12 B m TOK KOHTakToB g0 10 A, Hanpumep pene
H3 npepbiBaTesisi yKasatesis noBopotroB PC950 maym aBTOMOGHJBHOIO pesie CHrHaJoB
PC503.

Bee peranu mpepbiBaTenst 3a HCK/IOUEHHEM peje CMOHTHPOBAHH HA [EYaTHORN
njare ¢ pasmepamyu 27,5X65 MM H3 (PONBrHPOBAHHOIO CTEKJIOTEKCTOJHTA TOJIIHHOMN
1,5 MM (puc. 159). ITevatnas miata ® pese yCTAaHOBJEHH B METaJHYECKHH KOPMyc
BMecTe ¢ GJIOKOM 3JIEKTPOHHOTO 3a)XKHFaHHMSl H OTAENEHbl OT HErO JATYHHBIM 3KPaHOM.

Hacrpoiika npepbiBatensi CBoAMTCH K YCTAHOBKe XKeJaTeJbHOH YacTOThl BKJIO-
yeHust namn koxgencaropoM Cl u noxGopy anuubl npoBosa pesuctopa R9. Buauase
JUIRHY MpPOBOJA CJEAyeT B3SATb Takod, YyToGwl ero conporHsieHue 6uiao 0,3 ...0,35 Om.
YCTpO#HCTBO MOAKJIOUHTh K HCTOUHHKY MHTAHHA, a MeXAy Toukoit I B muHycoM Hc-
TOYHHKA OHT2HAS ~ BKJIOYMTL  OAHY  JlaMIy  yKkasaTelds  noBopoToB. Jle-
BHIl MO  CcXeMe BBIBOJ pesucropa RI10  caexyer  ormasith OT  neYaTHOM
naathl, K BBIBOAY Toanaath rHOKHA nposomHuk. [lepeasuras 3ToT npoBoa-
HHK N0 nposoay pesuctopa R9, cieayer onpesennTe ero AJauHy, npH KOTo-
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Puc. 159. ITevatnas nsata npepuBatens
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poit saxuraercs aamma HL5. i pesucropa K #J-<—y
R9 crenyer mucnoan3oBaTh NPOBOA C JJHHOR AV I
0,75 oT nJauHBI, ONpejeNeHHON TaKuUM crnocoboM, (4, 3]
Eciu conporussienHe MOXOGPAHHOTO DE3HCTOPA ..,
OKaMeTCs HeCKOJBKO MeHbllle Heo6XOIHMOro n(.ﬂMuMﬁp
He OGECHeYHT BKJIOYEHHS KOHTPOJdbHON gammm V72(VTI)
npy ABYX JiaMIaX yKasareas [OBOPOTA, MOXKHO
Mmexnay 6aszoi vpansuctopa VI3 u obmuM mpo-
BOLOM BKJIOYHTb DPE3HCTOD COMNPOTHBJIEHHEM B
HECKOJILKO KHJIOOM.

Tlpumenns a1060it mpansuctop cepun KT818,
MOXHO  MCKJIIOYHTb  H3  ycTpoiicTBa  pene
(prc. 160). Kosdouuuent nepenaun ToKa Gashl 3TOrO TPAH3HCTOPA UPH TOKE
koanektopa 10 A nomxeH Guhith He Menee 40. Ecaym e npumenuts moGoit TpaH3H-
crop cepun KT825, moxkuo nckmounth eme n Tpansucrop VT2, pesucropet R6 u R7.
HoMuuanb 3J1eMEHTOB H HX THIbl AJIS 3TOFO CJyyasi NpHBENEHBl HAa pUC. 3 B CKOO-
Kax. Tpausucrop VT4 aosmxeH GbiTh ycTaHOBJEH Ha HeOoJbIIOH pagHaTop HAH yYepe3
NPOKJAAAKY Ha KOPNYC NMpepblBaTels.

B aBtoMoOuse HanpsxkeHne + 12 B mopaercs Ha mpephiBaTelb OT Kjoua 3aXKH-
ranus. Ilpn Hanuuup BKMOYaTeJs aBapHHHON CHIHAJMHM3AUMH OH HOJIKeH M0AaBaTh
Hanpsikeune +12 B Ha mpepuiBaTeNb MHMO KJIOYa 3a’KHTaHHs H COEAHHATb BCe
TpH BHIBOJA mepek.aouartens SAl mexay coboit.

CTpykTypHas cxema QYHKUHOHaJbHOro TeHepaTopa u3oGpaxeHa Ha puc. 161
[14]. PaGoraer ou cieaywomum o6pasoM: MOCTOAHHOE HafpsiKeHHe C BbIXoAA
Tpurrepa IlIMurra nocTynmaeTr Ha HHTerpaTOp, Ha BBHIXOJe  KOTOPOro GopMHpY-
ercs JMHeilHO-H3MeHsllleecst HanpsiXKeHde (B 3aBHCHMOCTH OT TOrO, B KaKOM COCTO-
SIHHM HAXOJHMTCA TPHUITeD, HANpsiKeHHe BO3PAcTaeT MM yMeHpllaercs). Tpurrep Hme-
€T jxBa nopora cpabaThIBaHWA — BepXHHil W HMXHHH. [Ipy [OCTHIKEHHM OAHOrO H3
Hux tpurrep IllMurra cpabaTmiBaeT, HanpsKeHHe HAa ero BhiIXoae (a 3HAYHT, H Ha
BXOJe HHTErpaTropa) H3MeHsieTCsl, HayHHaeTCs (opMHPOBaHHe BTOPONl BETBH Tpe-
YFOJIbHOTO HanpsiXeHHs. AMIJINTYAa TPEyroJbHOro HANpsi’KeHWs ONpenensieTcsi pas-
HOCTBIO IOPOTOBHIX HaNpPsKEHHH TPUrrepa, a 4YacToTa — NOCTOSIHHOH BpeMeHH HHTe-
Tparopa ¥ 3HaYeHMSIMH NMOPOrOBHIX HATpsKEHHH Tpurrepa (YeM MeHblle pasHUUA MO-
POTOBHIX HAmMpsXKeHHH, TeM ObicTpee 6yjaeT mepekaouartbest Tpurrep). Ecau TpeGyercs
chopMupoBaTh NMHA006pa3HOe (HeCHMMETPHUHOE TPeyroJbHOe) HampsXeHHe, TO He-
006X0MMO aBTOMATHYECKH H3MEHATb NOCTOSHHYIO BpeMEHH HHTETPHPOBAHHA NPH CMe-
He 3HaKa NPOM3BOLHOR TDPEYroJIbHOTO HAIMpsKEHHS.

CxeMa QYHKUMOHANBHOrO reHepaTopa CYIIECTBEHHO YMPOMIAETCH, eCH WHTErpa-
TOp, TPHITEp H (GOPMHPOBATE]b CHHYCOMAAJbHOTO HAMps)KeHHA BHINOJHHTbL Ha oONepa-
IHOHHHIX yCHAUTeNsX. [IpH 3TOM yMeHbluaeTcsi KOJIMYECTBO paAUO3/EMEHTOB, MOBLI-

VT4 128
KT8I8AM
(KT825E)
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L Touzzep # 5 4
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Puc. 161. CtpykTypHas cxeMa (yHKUHOH2JLHOTO reHeparopa
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1IIaeTCSt MOBTOPSEMOCTb, yMeHblaeTcsi o6beM DEryJHPOBOK. B mpocTHX reHepatopax
BMecTo OY OGHUHOrO THNA MOXHO HCmonb3oBaTh HuBepToph KMOII-MHKPOCXeEM.
M3BecTHO, YTO ecJd MHBEPTOP C TMOMOLIBIO BHEIIHHX 3JIeMEHTOB NepeBecTH B aKTHB-
HEIfl peKHM, OH NPeBpalllaeTcs B HHBEPTHPYIOLUIKA YCHIHTENL ¢ Ko3hduUHeHTOM me-
penads OT HEeCKOJBbKHX NEeCATKOB N0 HECKOJbKHX COTEH.

Hans nocTpoeHHst (GyHKUMOHAJIBHOrO TeHepaTOpa OKasbiBaeTcs AOCTATOYHO OLHOMH
mukpocxembl K176JIA7 unu avanoruusoft. Ha onnom snementre 2M-HE (Bxomwr 06b-
€/IMHEHHl M OH TpeBpailleH B HHBEPTOP) BBLINOJHAETCA HHTErpaTop, Ha [IBYX, COEXH-
HeHHBIX MOCJae0BaTe]bHo, — Tpurrep LLIMHTTZ, M ellle OXMH YeTBEPTHIH SJEMEHT Hc-
fosb3yetcst B 6710Ke (HOPMHPOBAHHS CHHYCOHAAJbHOIO CHrHana.

IpuHunnuanbHas cxeMa OJHOrO M3 BapHAHTOB NPOCTOro (GYHKIHOHAJIbLHOIO re-
Hepatopa npuBefeHa Ha puc. 162. Tpurrep llImutTa BHNOJHEH IO TpalHUHOHHOH
cxeMe na unBepTopax DD1.2 m DD1.3. HnrBeprop DD1.1 ucnoab3yercs B HHTerpa-
Tope, a DD1.4 — B (opmupoBaTese CHHYCOHAANbHOTO HAMpPSIIKEHHS.

Yacrora (yHKUHOHAJBHOTO TI€HEPATOPa PEryJupyeTcs NepeMeHHHIM Pe3HCTOPOM
R4. Ins u3meHenust Ko3ddulMeHTa 3anoJiHEHHST (CKBAaXKHOCTH) NPSIMOYTOJBHOTO CHT-
Hala H CHMMETPHH TPEyroJbHOTO H CHHYCOHNAJBHOTO CHMHAJNOB CAYXHT lemb VD2,
VD3, R5. Ilepememas ABHKOK MepeMeHHOro pesuctopa R5, MOXHO H3MEHATb MOCTO-
fAAHHbBIE BpeMeHH 3apsifia H paspsiga XpoHupywollero Koujencatopa C2 uHTerparopa,
H3MEHsIsl TeM caMblM IOCTOSIHHble BPEeMEHH HHTerpatopa JAJsi KaXkIo# BETBH TPeYyroJb-
HOTO HAMpPSXKEHHS, a 3HAYHT, H CKBAXKHOCTb NPAMOYrOJILHEIX HMIYJbCOB H CHMMeT-
pHIO cHHycoHJasbHOTO cHrHasia, Kongencatop C3 — aHTHNApa3HTHHIH, €ro BeJHYHHA
noj6UpaeTcss MO OTCYTCTBHIO HAa TPEYroJIbHOM HAmpsXKEHHH BEIGPOCOB M HeJHHEHHO-
crd. Anement DDI1.4 dopmupyer 3 TpeyroJbHBIX HMIYJbCOB TpamneueniajbHHe. B
CUJly OcOGEHHOCTell BOJbT-aMIIEDHHX XaPAKTEPHCTHK TOJEBEIX TPAH3HCTOPOB, BXOAS-
wyx B cocraB KMOII-unBepropa, yran TpaneUeHjaNbHBX HMIYJbCOB CHaXKeHH, H
X Qopma 6sH3Ka K CHHYyCOMAE.

Las nonyuenns Hamsyumeii GopMel CHHYCOMAB TPEYroJbHOE HampsiKEHHe A0JIK-
HO OHITH CTPOrO CHMMETPHYHO, MOSTOMY NpH paboTe C CHHYCOHJANbHEIM CHTHAJOM He-
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©06X0IHMO KODPEeKTHPOBaTh ero (OPMY HE TOJNLKO NepeMeHHHIM pesncropoM R6
«dopMa», KOTOPHIM peryaupyercss Koapouuuent ycuiesus OY uHa snemente DD14,
HO H noTeHunoMeTpoM R5 «Cummerpus». Kosd¢uuHeHT rapMOHHK CHHYCOHZANbHOTO
HanpsXKeHHsl Ha Bbixofe sjementa DD1.4 seank —jo 10% u paxe Oogee, mosTomy
111 OKOHYaTeJbHOro (GopMHpOBaHHs CHHYCOMAH Bclen 3a DD1.4 Bkiouen oaHo3BeH-
HHi GuabTp HEXKHHX yactor R12C4 ¢ uwactoTofi cpesa mpumepHo 1,4 xl'm.

Ha xaX[oM H3 Tpex BhIX0A0B (YHKUHOHAJNLHOTO reHepaTopa yCTaHOBJEHBI [eJH-
TeN¥ HANpsKEHHS, C NOMOIIbI0 KOTOPHIX BLIPABHHBAIOTCA AMMJIHTYAbI MPAMOYIOJb-
HOTO, TPeyroJbHOTO M CHHYCOHZAJbHOTO CHIHaJ0B. UTOOBl BBIXOJHOE CONpPOTHBJIEHHE
renepatopa OBUIO OJWHAKOBO 10 BCeM TPeM BEHIXOJaM, CONDOTHBJEHHE HHXKHEro MO
cxeMe mJeya JesuTeneli BHIGpaHO OAMHAKOBLIM, paBHhIM 12 xOM. BoixogHoe conpo-
THBJIEHHE TreHepaTopa JoBOJbHO BeJHKO —okono 10 kOwM, mosTomy KesaTelbHO,
YTOGH BXOJHOE COTPOTHBJCHHE NpPOBEPSEMbIX YCTPOHCTB 6bino He Menee 100 xOw,
8 TPOTHBHOM CJyYyae aMIJIHTYAa BBIXOJHOTO CHrHa/la OyneT 3aBHCETb OT 3HAaUEHUN
BXOJHOrO cOMpOTHBJeHHs. Eciau 3T0 HeXesaTeJbHO — BHIXOJHOE CONpPOTHBJEHHE le-
Hepatopa MOXHO NMOHH3UTH, YMEHBUIHB NPONOPUHOHANLHO CONMPOTHBJAEHHE PE3HCTOPOB
JReautenedi. Ha BbIXOZax renepatopa OTCYTCTBYIOT pa3fesHTeNbHble KOHLEHCAaTOPH,
MO03TOMYy BHIXOLHbE CHrHaJel ojJHomoasipHl. Ilpw  paGore ¢  ycrpoficrBaMH, Ha
BXoJe KOTOPbIX HeT Pa3feNUTENbHHIX KOHAEHCATOPOB H MOCTOSIHHAS COCTaBJSIOWas
BLIXOQHOTO CHTHAJA TeHepaToOpa HaApyIlaeT MX HOPMaJbHYIO paboTy, KOHIEHCATOPH
MOXKHO BKJIOYMTb B Da3phiB CHTHAJBHOTO IPOBOZA.

CiielyeT OTMETHTB, YTO HECMOTPS Ha TO, UTO 4aCTOTY (YHKIHOHAJLHOLO reHepa-
TOpa MOXHO H3MEHATb B [JOBOJbHO IIHPOKHX MNpenesaX, geaTh 3TO HellesecooOpas-
#0. Bo-nepBBIX, /M1 NPOBEPKH OCHOBHEIX XaPaKTEPHCTHK GOJIbLIMHCTBA pajfHO3JeK-
TPOHHBIX Y3JIOB JOCTATOYHO H3YYHTb MPOXOXKJEHHE NPSMOYTONbHBHIX H TPEYroJbHHX
HMIYJIbCOB (DPUKCHPOBAHHO!N 4YacTOTBI, BO-BTOPHIX, B MpOCTEAIIHX (GYHKUAOHANBHHIX
reHepatopax, a HMeHHO K HHM H OTHOCHTCSl DacCMATPHBA€MLlii reHepaTop, NpH H3-
MEHEHHH 4YacTOTH OJHOBPEMEHHO W3MEHSeTCS H CKBAXKHOCTb (CHMMETDHs) CHIHAna,
a npH KOPPEKTHPOBKE CHMMETPHH HECKOJbKO HM3MeHsieTcsi yacTota. B pesysbrare me-
PecTpoliKH 4acTOThl TpeGyeT MaHHNYJSUMH ABYMS pPYYKaMH, 4To HeyROGHO yXe caMo
no cefe M, KPOMe TOrO, CYXKaeTCsi RHANA30H MepPecTPOMKH, B npejesaX KOTOPOLO OC-
TaeTc HEH3MEHHOH CKBaXKHOCTb (CHMMETpHs) BHXogHoro curiana. HamGosee npu-
€eMJIeMbiM TpeACcTaBjseTcss paGoTa ¢ (YHKUHOHAJbHBIM TeHEpPaTOpOM, HaCTPOEHHHIM
Ha OJHY (DHKCHDPOBAHHYIO 4acTOTY.

Hns mpoBepKH ycTpoiicTBa 3BYKOBONO [Mana3soHa YacTOT B KayecTBe ONOPHOM
yaoOHO B3aTh 4actoTy 1 k[u uau, HanpuMep, pJs npoBepkun Maruutodonos 400 I'u,
VisBectHo, YTO AJISt yNOBJETBOPHTENbHOH NepeRaud MPSIMOYrOJbHHX HMNYJAbCOB €O
CKBaXKHOCTbIO 2 (MeaHAp) mos0ca NPONYCKaHHA TPaKTa AOJIKHA MO KpaiiHell mepe
Ha MOPAJOK MpPeBLILIATh YACTOTY CJeAOBAaHUA HMMyJancoB. IIpu Goabliedi CKBaXKHOCTH
Tpebyercs emle OoJblllasi noJjoca NponycKaHus tpakTa. TakuM o6pa3’oM, mo HcKamKe-
HHIO (OPMB MPAMOYTONBbHEIX HMIYJBbCOB MOMHO CYZHTb O MOJOCE MPONYCKaHUs MPO-
BEpPsEMOro TPakTa ¥ NpH HEOOXOAHMOCTH BHOCHTb KOPPEKTHBH. MaJjibie raGapuTHble
pasMephl, SKOHOMHYHOCTb H TPOCTOTAa (PYHKIHOHAJBLHOrO TeHepaTopa [M03BOJISIOT
BCTPaHBaTh ero HernocpejCcTBEHHO B annapaTypy — B MarHHTodOH, YCHJHTe/b 3BYKO-
BOM YACTOTH, H3MEPHTEJbHHN NPHGOP M T. A.— H HCNOJb30BATb NMPH KOHTPONbHHX
npoBepKax.

QyHKHHOHANBHBIA reHEPaTOP, CXEMa KOTOpOro TpHBeleHa Ha puc. 162, HMeer
cleyolllHe napaMeTpH:

125



KosnyecTBo BHIXOAHHIX CHTHAJOB . .

3 (npamoyrodb-
HBEIH, TPEyroJib-

Hblf, CHHYCO-
U aJbHB#
Pa6ouas vacrora, I'm . . . . . . . . . . . . 10004350
AMnauTyAa OpSMOYrOJNLHOIO, TPEYrOJNbHOTO H CHHYCOHAAJBHOTO
curgajos, B . . . S | R %
DoddekTHBHOE 3HAYEHHE CHHYCOMJAJNbHOTO CHFHaJa, B . 0,2
KoshduuuenT rapMoHUK CHHYCOMIAJbHOTO CcHrHala, 9% 2
JIMMTENbHOCTD (POHTOB NPSMOYrOJABHONO CHTHANA, MKC. . 5
Henuneiinocts TpeyrospHoro cursana, % . . . . . . 3
Tc}\x, notpebaendsi OT HCTOYHHKA NHTAHHA HampsxKenHem 12 B, 19
M ce e

[Mpu HEO6XOAMMOCTH (yHKUHOHAJBHHIA TeHepaTOp MOXKHO CHeJNaTh MHOToJHa-

NAa30HHBIM, AJIs1 3TOrO JOCTaTOYHO YCTAHOBHTH MEPeKIoYaTel]b [HANa30HOB, KOMMY-
Tupyownit kongencatopu C2, C4 u C3, eMKocTb KOTOPHX HyXHO moxobpaTh AJA

KaxJa0ro auarnasoHa.

DyHKIHOHATLHBIA IeHepaTOp CMOHTHDOBAH Ha MeyaTHOH mJjaTe H3 OJHOCTOPOH-
Hero (OJBLTHPOBAHHOIO CTEKJOTEKCTOsMTa ToawuHoh 1,5 .2 mwm. [lnara mna oaHo-
AHana3oHHOr0 BapHaHTa reHepatopa HMeeT pasmephl 40X 100 MM, ee yepTex H30-
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Puc. 163. Yeprex mnaTel A4st OAHOAWANMA30ORHOTO BAPHAHTA reHeparTopa:
@ — pacnojloXKeHHe NPOBOAHHKOB; 6 — PACNOJMOXKEHHe JeTasell
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O6paxen Ha puc. 163,a, a pacnojoxkenne jperaneit — Ha puc. 163,6. Ileuarnas miara
paccudTana Ha npuMeHenue pesucropoB MJIT mommoctsio 0,25 BT, koHzeHcaTopoB
KM-6 (C2—C4) u K50-6 (Cl), nepemennnix pesuctropos CIT4-1, auonos KJI503B
(VD2, VD3), crabuautpona KCIS6A (VDI1), unrterpaibHofi mukpocxembl K176JIA7
(DD1).

Cxema HeKpHTHYHA K TapamMeTpaM M THNAaM NpPHMeHseMHX paauojerasneidl. Pesu-
CTOPbl H KOHAEHCATOPhl MOTYT ObIThb JMIOOLIX THIOB, JKeJAaTeNbHO TOJbBKO, YTOGH KOH-
Aencatop C2 umen muuumanbHo BoaMoXHbii TKE. Bmecte K176JIA7 MOXKHO HCTOJbe
30BaThb Ge3 M3MeHEHHs DHCYHKA MeyaTHo# naaTel MuKpocxeMy KI176J1E5. Ionmyctumo
npuMenenne KI176I1Y1, K176I1Y2, a Ttakxe apyrux KMOTI-MukpocxeM, copepKauinx
He MeHee yeThpeX HHBEPTOPOB, B YaCTHOCTH MHKpocxem cepuu K561. Ilpu atom, ec-
TECTBEHHO, NPHIETCH H3MEHHTb PHCYHOK meuamHofl muarhl. Heo6xomnMo Takike yduThl-
BaTh cneuu(HuKy HekoTopuix cepuil. Tak, Hanpumep, MHKpocXembl cepun K561 MoxHO
NHTaTh CTAGHNM3HPOBAHHLIM Hampsxennem or 3 no 15 B. CneayeT OTMETHTb, uTO
HEeCMOTPST Ha TO, YTO HOMHHAJbHOE HampsXKeHHe NHTaHUs MuKpocxem cepun K176
paBHO 9 B, 6O/BLIMHCTBO M3 HHX YCTOHYHBO paGOTaeT M NPH NMOHHKEHHOM Hamps-
JKeHVH OuTaHHA, YTO IO3BOJHAO MHTATh (YHKUHOHANbHBIA IeHepaTop HAINpsKeHHeM
56 B. 210 HanpsiKeHHe HEKPHTHYHO ¥ TPH HeOGXOAMMOCTH (HampuMep, ¢ ULeEJbIO
yBENMYEHHs! aMIJIMTYAbl BBIXOAHOTO CHIHAJNA) HAampsKeHHe MHTaHHS MOXHO YBeJH-
uuTh, 3aMendB cTa6bumuTpoH KCI56A (VDI1) na GoJee BHICOKOBOJBTHBIf.

Pa6oraTb ¢ reHepaTOpPOM HeCJOXHO. PasjHuHble BHAbI CHCHAJNOB TpeyrolbHOH
<$OpMEl yNO6HBI MPH NMPOBepKe JHHEHHOCTH aMIIMTYAHOH XapaKTePHCTHKH ¥ QHHAMH-
YecKOTO [ManasoHa YCTPOMCTBA — Ha NpPSMBIX, ¢ UYETKHUMH mepern6amMu BeTBSIX Tpe-
YroJbHOrO CHFHaJa ropasfo Jydlle, yeM Ha CHHYCOMAe, 3aMEHTHBl HCKaXKeHHS THNA
«OrpaHHueHHe», «cTymeHbka» M T. n. Ha ¢poHTax mnpsMoyrosbHoro curHana H Ha
TPeyroJbHOM CHrHaje XOpOIIO 3aMeTHH MHKPOBO30YXK/JEeHHst NpPOBEPSEMOro yCTPOH-
CTBa, NpOSBJSOUIHECS B BHIE BHIGPOCOB.

CrHycouanbHbIi CHIHAJ NOJe3eH MPH H3MepPeHHH Ko3(Q(HUHEHTOB yCHIEHHS Kac-
KaJ0B, KaJHGPOBKE HHAMNKATOPOB H T. .

3akaloueHue

[IpuBeneHHOEe B [LAHHOM KHHTE ONMCAHHE NMPHHUMIOB HCMOJB30BAHHA HHTEL-
panbhbix mukpocxem cepuit MOIT 1 KMOII, koneuno, He MOXeT NpeTeHIoBaTh Ha
NOJMHOTY. B KHHre He pacCMOTPeHBI BOMPOCH! NMPHMEHEHHS MHKPOCXEM ONepaTHBHBIX
3aNOMHHAIOLIAX YCTPOHCTB, apH(MeTHKO-JOTHUECKHX YCTPOHCTB, PEerdCTpOB creuHalb-
noro Hasnauenus. Cepust mukpocxem K561 HenpepbiBHO pacluMpsieTCsl, HauyaT BHIYCK
nepcnektusuoii cepun KMOTT — mukpocxem KP1564. Muorue omucanHble 3fech 00-
IlHe TMpHHUHMNBEl HCnoab3oBauus Mukpocxem ceprn KMOIT u npaBuna ux npHMeHEHHS
NO3BOJIAIOT PaCHPOCTPAHHTb MX HA HOBble HHTErpajbHble MHKPOCXEMBI.

ABtop Hapeercs, uTO [aHHas KHHFAa NOMOXET MHOTEM paJHOMIOGHTENsM  ne
TOJILKO YCTELIHO NOBTOPHTb OMHCAHHBIE KOHCTPYKLHMH, HO M TBOPYECKH MOAOHTH K ca-
MOCTOSITEJIbHOMl Pa3paboTKe M HM3TOTOBJEHHIO MHOPMX TOJE3HBIX M HHTEPECHHX WH(p-
POBHX YCTPOWCTB.
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