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Пример
Соберите логический элемент 3ИЛИ-2И-НЕ-2XOR с использованием ТТЛ логики. Так как нам требуется логический элемент 3-ИЛИ, это означает, что элемент будет иметь три входа. У следующего элемента 2-И-НЕ 2 входа, следовательно для каждого входа потребуется по одному результату от предыдущего логического действия, а значит нам потребуется еще один комплект 3-ИЛИ для второго входа. Последний элемент 2XOR так же имеет два входа, а значит что для каждого входа необходимо по одному комплекту предыдущих элементов. Таким образом всего у нас будет 12 входов. Ниже на рисунке 1 показана данная логическая функция, выполненная на логических элементах. 
[image: ] 
Рисунок 1.
Для простоты технологического процесса в интегральных схемах используются в основном логические элементы И-НЕ, схема которых на ДТЛ и ТТЛ показана в теоретической части выше. На рисунке 3 показаны логические элементы, выполненные на элементах 2И-НЕ. Используя их и ДТЛ, ТТЛ логику можно собрать любую логическую функцию.
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Рисунок 2.
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Рисунок 3. Местонахождение стандартного биполярного транзистора и диода в мультсисиме.
[image: ]
На рисунке 4 показана схема замещения многоэмиттерного транзистора на два транзистора и логический элемент И-НЕ на транзисторах.
1. В соответствие с вариантом соберите следующие логические схемы в среде Multisim используя логические элементы и заполните таблицы истинности
2. Соберите данные схемы с использованием ТТЛ и ДТЛ соответственно и проверьте таблицы истинности.
3. [bookmark: _GoBack]Сформируйте отчет по проделанной работе.
	Вариант
	С использованием ТТЛ
	С использованием ДТЛ

	1.
	«2И-НЕ-2-ИЛИ»
	«2ИЛИ-2И»

	2.
	«2ИЛИ-3И»
	«3ИЛИ-НЕ-2XOR»

	3.
	«3И-НЕ-2ИЛИ»
	«3ИЛИ-2И»

	4.
	«4ИЛИ-2И-НЕ»
	«3ИЛИ-НЕ-3И»

	5.
	«3ИЛИ-2И»
	«2И-НЕ»

	6.
	«3И-2ИЛИ-НЕ»
	«2И-2ИЛИ»

	7.
	«2ИЛИ-НЕ»
	«2И-3ИЛИ»

	8.
	«2ИЛИ-2XOR»
	«3ИЛИ-НЕ-2И»

	9.
	«2И-2ИЛИ»
	«3ИЛИ-2XOR»

	10.
	«2ИЛИ-НЕ-2XOR»
	«3ИЛИ-НЕ-3И»



image5.png
I BoviT K. Linoposas nekrporika (2007) - WinDjView - X
Qaiin [Opasxa Bug Uncrpymentsi Oxvo  Momouss

Slanesros| wm | | |© [15% 7]
‘Boiir K. Lindposan anexrpowmca (2007) &3

6.6. TTJ1-cxembl

6.6.1. Ctpoenuve v npuHumn aelicteua TTJ1-aneMeHToB

Crpanuue!

Coxkpauenne TTJI o603HaYaeT TPaH3UCTOPHO-TPAH3UCTOPHAsI jioruka. Jlornye-
CKHe 3JIEMEHThI CXeM 3TOTO CeMECTBa CTPOSITCS MCKIIOYHTENbHO Ha GHIIONAp-
HBIX TPaH3UCTOPaxX. TOMBKO JUISi CABUIa YPOBHSI M OTBOJA HANPSDKEHHS NIPUMeE-
107 HSIOTCS MO/, CONPOTHBIIEHHS! CIXKAT B Ka4eCTBe JIEIMTENeH HANPSDKEHUs ¥
OrpaHMuMTeNel TOKa.

TTL-aneMeHTbl NPON3BOAATCA WCKNIOYMTENLHO B BUAE WHTErpanbHbiX MUKPO-
CXeM.

HOBBIM 3JIEMEHTOM SIBJISIETCS TaK Ha3bi-
BaeMBIif MyJIbTHOMHTTEPHBIN TPaH3MCTOP.
CTpyKTypa Takoro TpaH3uCTOpa MoKa3aHa
Ha puc. 6.39. C obuieit 6a30i rpaHHYAT TPH
3MHUTTEPHBIX 30HbI. TakuM obGpasom, o6pa-
3yloTcsi TPH pasgeneHHBIX PN-mepexona
Mexay 6a3oit u amutrepamu. Ot PN-me-
PEXOJIbl MOXHO PacCMaTPUBaTh KaK JIUOMIBI.
109 K Gase npuioXeHO HanpsokeHHe 4yTh
Boiie 0,7 B orHocHTeibHO 3eMuiH. [Ipu 3a-  Pie. 6.39. MynsTHoMHTTePHBI TPAH3HCTOP.
MBIKAHMHM SMHUTTEpa Ha 3€MJII0 Ha4YMHaeT
Teyb Ga3oBbIit TOK. BenuyuHa Ga3oBoro Toka onpenensieTcst 3Ha4eHHeM 6a30Bo-
ro comnporusienusi R, u Hanpsokenust mutanusi Ug (puc. 6.40).

= BennunHa 6a30BOro Toka BbIGMPAETCA TaKoM, YTOOLI MyNETUAMUTTEPHBIA TPAH-
110 3MCTOP HAAEXHO YNPaBNSNCH B PEXMME HACBILLEHUS.

PeX1M HachlllIeHHs! SABJISIETCS BBICOKOBEPOSITHOCTHBIM PEXHMOM (CM. STek-
TpoHuKa 3, Cxembl Ha TpaHsucropax). Hampsokenue xomiexrop-smurrep U,
TIaaeT MpH 3TOM [0 3HaYeHus Hacwiuenus U, . OHo paBHO npumepHo 0,2 B.

108
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Crpanmnuys

P 6.40, Cresca 1 My AMTHMITIEpWON TPRNIHCTOpE

Conporumnenne R, a pic. 6.40 10TKHO GHTS PaBHO MpHMEpHO 3,3 KOM.
Tok 1, GyneT Tor1a HeGombuiM. ToK IMMTTEDa /, ABER NPHOTHIHTENLHO TOKY 1,
OGYHO TOKH SWHTTEPOR BHGHPAIOTEH MEXAY 1 MA 1,6 MA.

ECTH 1153 W BCE TDH SMHTTEDA B CXEME 1a PHC. 6,40 J3eMAEHH, TO HATDA-
KEHME B TOUKE X IPAKTHYECKH HE MEHAETCS. X OCTACTCA HA YPOBHE NPHMEDHO
0,2 B. Uro wswennTcs, ecan swwrrep E, 5asesants, a na swurrepst E, u E,

(onaTh HanpsoKesme nTaims +5 B? PN-fiepexots Mexay swurrrepau E,, E,
Gasoft GynyT 3aKpHTH (noc Ha A-301e). PN-niepexon E, K Gase ocTaeTcs o
XpuTHi. TPAHIHCTOP NPOAOTIKACT OCTABATHES B COCTORMMM Hackmienms. Ha-
npsKeHHe B T0TKe X He MeHAETCS.

Ecan ypowio L 1I0CTaBTS b cooTseTcTame Hanpsxenie or 0 B 10 0,4 B, o
TIDH NIPHIOAEHHN XOTS Gl K OIHOMY I3 IMHTTEPOB CXEMB 1a PHC. 6.40 ypoBHS
L wa muxozie X Gyler TAKKE AcCTBOBAT HH3KHIY YpOBCH L.

CobepuieHo MHate PaGOTAcT cxeMa (pHc. 6.41), ecTn Ha Bee IMMTTEpH
nomars Hanpaxenue merasmst (BHICOKHUH yposens H). K MurrepHbin 3onam
npwioxen noTerian +5 B. B 1otuke X GAarofaps AeTHIENO HADSKeRis R/ R,
Gyler Hanpskenme npuMepHO 0,45 B, To ecTh HANPSKEHHE, KOTOPOE COOTRET-
cTByeT yposHo L

K KOIIEKTOPY NIpHIOXEHO HATIpRXEHNE IpHMEDHO 0,45 B, X avsrrrepy — +5 B.
Terieph MyILTHIMHTTEHHH TPANIHCTOP PAGOTACT B MHBEPCHOM PERHME, T. €.
IMHTTED 1 KOLAEKTOP OGMEHATHCH YHKLMAMMN. DMHTIEPH PAGOTAIOT KaK KO-
JEKTOPH, KOANEKTOP PAGOTACT KK SMHTTE.

Pt 641, Cena Ha MYSLTIONITTERHON TPANIMICTOPE B NINBEPCHOM PEXIN.

Crp. 112m3472  15,88x2346 cm.
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Crpanmnuys

ECAM KO BOM SMUTTEDAM NDHNOXEN BLCOKNA H-yDOBEMS, TO MYALTHOMMTTED
Wil TPIHIMCTOP PABOTAET B UHBEDCHOM PEXAME.

Baj0Bll TOK TedeT OT WCTOUHNKA THTANNS epes K, i K, Ha 5eMmo (cu
pie. 6.41). THmHOE IHaueHMe 6a30BOT0 ToKa pasHo | MA. OIHAKO TOKH Koll-
nexropa I,,, I, u I, T MHTTEDHNX Bx0108 £, E,  E, OTHOCHTEBIO MATH.
Kaxui TOK KOAIEkTOPa He Mpembitiact 40 MKA. BAAOIapS CrieumaTsHON Tex-
HONOTMH JOGIIHCS, UTO TAK HATHBACMOS WHBEPCHOS YCHICHNE TOKS MYTHTH-
SMHTTEPHORO TPAHSHCTOPA OY€HN Ma0. CACAOBATEILHO, YIPARIAEMME JEMEH-
TH TIOTPEGASIOT OTHOGHTEBHO HEGONBIION TOK.

VHBEDCHOR YCUAGHWE N0 TOKY MYNLTHOMITTBPHOTD TRGH3UCTORA MHOTD MSH
we e

Ha pixote X npeACTARICHHOR Ha pHC. 6.41 CXEMM HATDRXENHE OMHMET-
1 ¢ 1 10 npiMEpHO 2 B. HTOr0 HANPIAEHNS HEIOCTATONHO LIS AOCTHKCHNA
BLCOKOTO ypoBHtst H. OHO CIIMIIKOM HIIKOE. OIIKO JTHM HATIDKEHHEM MOX-
HO YTIPARIATS TIOCTCAYIOIIM TPANSHCTOPON, KaK MOKAIAHO Ha pic. 6.42. Co-

[| |

109
NPOTHRNEINA METHTENA HATDAXENHS R, 1 R, MOKNO TOTAA HE HCTIOTB30BATS.
Dysxaio peswcTopa R, Gepet Ha cebn yacTOK Gasa-uirTep T,. BucokoouHoe
conporumnenne R, JAMEHSETCA R, yS4CTKOM 6a3a-KOAAEKTOP TPaHIHCTOPa T
Cxema mucer moms A, B, C u shixon Z.
Ecan wa mxonax A4, Bu C aeficrsyer yposeits H, 10 7, paGoract B HHBEpCHOM
pexae. Tpaswcrop T, BoRAET b pexu Hachimenws. Ha suxone Z Gytet wa-
npsikesie npisepHo 0,2 B. Takoe HAIPSKEHNE OTHOCHTS X YPOBHIO L
Eciii 110 MeHBIER MEpe Ha OIHOM W3 BXOZOB AeficTByeT yponems L, 0
MYILTHOMHTTEDHMI TPAHIHCTOP 7, PAOTAET HOPMATHHO B PEXIME HACHIIE-

™ 1. HANIDAXEHME Ha €10 KOIEKTODE AAET MpHMepHo 1a 0,2 B. 7, sanupaer-

1] cx. Ha swxone Z ncilcryer yposens H. PaGowan Tabmmua cxemi pic. 6.42
npeacTannena Ha puc. 6.43. TIp NONOXHTEALHON JOTHKE MOTYNAETCS AOTHYE-
cxuit snement H-HE
Kax Gysier paGoTaTs, cXema npi OTKpiTos Bxorte? Tlon OTKPHTHA BXO1OM
NOHMMAIOT BXO, KOTOPHH HE IONKITIONCH HI K YPORHIO L, 1it K ypoitio H. To
€CTI KO BXOIY HMYETO He NONKITIONENO, H O BHCHT B BosayXe. Taxoft BYOX e b
COCTORHMI NOHIINTS HANPSKEHHE B TouKe X cxeMbi Ha pHe. 6.42 10 0,2 B. To
€CTH OM He MOKET J4CTABHTS MYTBTHOMMTTEDH TPAHIHCTOP NPOBOTHTS TOK.

puoosun-f

Puc. 6.42. Tpocron TT1-sewewt (H-HE npw nosoxomesssiol  Puc. 6.43. Paosas raba-
phosity 0a x cxeme wa puc. 6.42

Crp. 113m3472 15,88x2346 cm
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(0114 r1asa 6 Ceneticmea cxen

Eciin Ha Asyx BXOIAX cxemul pic. 6.42 nehicrayer yposews H, a Tpemit mxox
OTKHT, TO MyTSTHOMMTTEDHLIH TPAISHCTOP GyIeT PAGOTATS B MHBEPCHOM e~
AKHME — TAK X, KaK cCTH GH Ha Bce TP BXOma fcAicTBonar H-yponeH.

Crpanmnuys

D —

TlocMoTpHM BHAMATENBHEE Ha cxeMy (pHC. 6.42). 3aMETHO, WTO MyTHTH
SMHTTEPHHH TPAHIHCTOP HMKOTIA HE 3AIICPT. OH BCETIA NPOBOIHT — THGO B
TIPAMOM, JIMGO B MHBEPCHOM pexue. Basomuit TOK ecth Boerza. B mpamos
PEXHME O TEHET K BXONAM, KOTOpHE NEXAT Ha YpoBHe L. B MHBEPCHOM OH
Teder K 6ase TPAHIHCTOPa T,. 3HATHT, HOCHTETH JAPAROB GAIOBOM IOMH TPH
TIEPEKIIOUEHIH PEXHMOB HE AOTKINB PACCACHBATCH, W TIEPEKTIONENHE W) Ol-
HOTO COCTORHNS B APYTOE MPONCKOTHT OCHE GHCTPO.

MyLTHOMUTIEDHII TDBHANCTOP OYeHs GHCTPO NEPEKTIONGETCS W3 NPAMOTD
PEXIHMA B UHBEDCHEIA W HAOBOPOT, TAX Kax HOCHTENAM 33PAA0E § a3 Nph NEpE
KIIONEHAM MO HYXHO DACCACHBATHON.

Bpews NIEpEKTIONCHIA 1A TPAHINCTOPa. T, n0AYHACTH TaKke Mam. Ho-
cHTenw 3apaia GasH 7, KAK Da3 YCTIEBAKT PACCOCATECA 32 BPEMS MEPEXOXA
MYIBTHIMHTTCPHOTO TPAHIHCTOPA 7, 3 COCTORHMA HACHUICHWS B 3ATICPTOC
cocTome.

Tipeacrannennas Ha puc. 6.42 TTJI-cXema He O4EHb XOPOUIO MIOTXOINT UIH
YUPARIEHMHA OCAENOBATEALHO NOAKTIONeHHMH TTII-onemenTasm. Buixon Z B
COCTORMIM L JOIKEH TPHHHMATS OT KAXIOTO NPHCOCAHHEHHOTO BXOIA TOK
APMEDHO 1,6 MA (HC. 6.44). TIpH ZeCATH MPHCOSTHHENHMX BXOMAX (KoHpdH-
went paspermicsms 10) 510 yxe 16 MA. D1 16 MA MOTYT MoRacTS Ha eI
epes mpoBoLMIIA TparsHCTOP T,

Boriee croxubil ciysall, €cim BUXOX Z Wweer H-COCTORHME W AOTKeH
YUIPAIATS JECATEIO IIPHCOCTHHEHHBMH SEMCHTANM, BTeKaIoNn W3 BHXO1a Z
TOK BHIMBACT MAICHHE HATPAXCHNA Ha R. Ha SHAYCHME 3T0T0 HATIDEXCHNA
YMEHBIIACTCS BBXOLHO YPOBEHb Z. DTO HEYIOGHO. YMEHBIIICHHE BHXOTHOTO
YPOBIA MOXHO IPEIOTBPATHTS, HCTIONBIYA CXEMY HA JOTIONHKTELHOM TPAHIH-
CTope, TAK HasHBaCMBl ABYXTAKTHEN YOO Kackan, Takoft Kackax mpea-
cramnen wa puc. 6.45

Puc. 6.4, Vpasacne TT/1-anexezast opu
cocTo asx0aa L . 645, [loyxraxristh Bsx0HOR Kacka

Crp. 114w3 472 15,88x2346 cm
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66 TT-cvon 115%)

Omun 13 TpassncTopon T, w T, AOTXeH GTh SANEPT, APYTOR NPOBOTHTE.
Ecay sanepr 7, u nposour 7,, 10 Ha Buxoxe Z aeficrayer yposeits L. Tlocty
Ao Ha BXOA Z TOK TeqeT Hepes 7, Ha M.

Ecaw sanepr 7, u nposomst T,, 0 Ha Buxone Z achicrayer ypoveis H. Tox
YUDARAEHHS, HEOGXOTMMIH JUIH CEAYIOUIX IEMEHTOB, Teser or + U, uepes R,,
7, mmon D, — X whixouy Z ECH BHXOX Z HATDYKACTCS CHIBHEE, T. €. 4¢pes
BXOH Z Te4eT CAbbil TOK, TO BHXOIHOH YPOREHS NATACT TONKO Ha HAYEHHE
nATeHS HanpsKenus 1A pesucrope K, Ha T, w D, pW BOSpACTAIKH TOKa He
BOSHMKAET JOTIOAHMTELHOTO NAAEHHA HATPKENHS.

Crpanmnuys

TIpH NEPEKTIONCHIM BHXOTHMX CocTORHMH 06a TpaiaHCTOpa T, i T, Moryr
KPATKOBDEMENHO TIPOBOTHT. CONPOTHBAENHE R, B STOM CIyae OTpamTHBa-
et oK.

Jlnoa D, CTyAWT JUIS COVIANMS HYKHOTO YpoBHsi anpsokehys. Kak on no-
HICKACT HANPAKCHME, HATIAIHO IOKAJAHO Ha CXEME Ha PHC. 6.46.

ECH TPAH3HCTOP 7, IPOBOIHT, TO K TOUKe B, MPWIOKEHO HAIPAAEHHE 1pH-
MepHo 0,7 B (Hanpsxeiine Gasa-swurrep 7,). Tpaniucrop 7, GYIET HOTHOCTHIO
orkpuT. K ToUKe Z NPWIOXeHo Hampaxeime mpimepno +0,2 B. K T, Toxe

IPIIOXEHO HATIpSKEHME KOAIEKTOp-oMMTTep 0,2 B, TaK wro B T0uke B, note
A&7 OTHOCHTEBHO JewnH nonywactes 0,9 B. bea moxa D, wa Tparncrop T,
nonaanock G HANpsIXeRMe Gasuc-owuTTep U, = 0,7 B (amrrep +0,2 B, 6a3a
+0,9 B). Tpansuctop 7, TAKXe OTKDHACH Obi.

Tax Xax Ha AHO%e D, IACHME HANPAXENWN COCTARIAET IPHMEPHO 0,7 B, 10
NOTCHILA SMHTTEP 7, TOTHHMACTES 10 YpoRsist npimepHo 0,9 B. Tipn 31om Uy,
TPaiIUCTOpa T, GyeT Pasiio PHMEPHO 0 B, i 7, NAZEXHO JaKpMBICTCS.

Tipi nepexmovciinm o7 TTJI-MEMCHTO Ha BHXOE TIOTYHAITCH AOBOTHHO
Kpyre WMmyTLCH Hanpsxenus. TEPEXOTHOE BPEMS CHINATA (cM. past. 6.4.3)
JIOCTATONHO MAIO  COCTARISET TIPHMEPHO S He. BEACCTRHE ITOTO MOTYT BO3-
HHKIYTH TaK HASHBAEMAIE <KOMEGANHA HAnpAKerns». [lepexommift npotiece mp
nepexmoerim axoma TTI-arewenTa ¢ H Ha L w3o6paxen a pic. 6.47. Hanpi-
XEHHE HA BXOLE MOXET JIOXOTHT KPATKOBDEMeHHO 10 —2 B. Jwoms D, D, w D,
B CXEMe Ha PHC. 6,46 AOTKHb TOTAIATS KOICOAHIA HATPAKEHNS W IPHHIMATS
13 CG OTPHITATEHOE HADSKEHHE. OHH HaSHBAUOTCH OTBOTNMMM NOTANM

Poc. 6.47. Kasebarnn mxomnoro
Puc. 6.46. Tunoso TT1-3ewesT ¢ A0yXTRXTHIM Bbx01- wanpexcin npu nepexose ¢ H
s xacKAZON wal

Crp. 115u3472  15,88x2346 cm.
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116 [1aea 6. Cemeilcmea cxen

Crpanmnuys

Puc. 6.49. Conuecruoe noaxome
ssewens H-HE ¢ onipuran kos e TTL asessenron ¢ omepumain
xoasextopou.

B TTJI-CXemaXx MMEIOTCS SMEMEHTH C TAK HATHBACMBIM «OTKDHTHM KOIUIEK-
TOpOM». B OTHX JNEMCHTAX OTCYTCTBYET CONPOTHRICHWE KONIEKTOpA. Busox
KOAAEKTOPS NONKTIONCH K BHBOTY Ha KOPITYCE S1EMEHTA (phe. 6.48).

TIph CHHTEDe CXeM CAEAYET IPABWIBHO NIOIGHPATS CONPOTHRTEHME KOMIEK -
TOpa. D/ICMEHTH ¢ OTKPHTHM KOWICKTOPOM NPEINAHAYCHH /UIA NPOBOMIHX
onepaus

MOXHO COCTMHNTS OTKPHTHE KOAICKTOPH HECKOTHKHX SEMCHTOR BMECTE
H 3aTeM 0BILYI0 TOUKY COCTMHNTS ¢ HCTOUHMKOM MHTANMS (pHC. 6.49). Bemwen-
Ha COBMECTHOTO CONPOTHAICHHA BHOHPACTCH COTIACHO PEKOMEHIALIAM TTPO-
winozuTens. Tlpi ITOM GONLLIOE SHAYENMUE MMEET YHCAO COBMECTHO NOAKIIO-
HEHHBIX JICMEHTOB.

TpexcTannenyas 1a pc. 6.49 Cxema ABAETCE CxeMoft MposoxHoro M nipn

IOAOKMTEALHOR JIOTHKE. ECTH BXOT HMEET YPOBEHh L, T. €. BUXOTHOM TPaIH-
CTOp OTKpHIT, TO OGUAR ToKA Q GyneT Beeraa 1a yposte L. Totsko ecai sce
BLXOIHME TPAHIHCTODH JATIEPTH, JUIH BCE BHXOTH MMENT H-yponens, obias
TouKa wMeeT H-yponen.

TTJl-cemeiicTno JenuTes Ha pin Goflee MEKITX moncemedicrs. CxeMsl oT-
ACTBHHNX TOICEMERCT PAVIYAIOTES MEATY COGOR TIPEAIE BCCTO OTPCONCHH-
€M MOUIHOCTH  GHCTPOACHCTBHEM, & TAKXE HIOMEXOYCTORYHBOCTO.

6.6.2. Cranpaptheie TT/-cxems

Toacemeiicrso «cranzaprise TIls urpa-
€7 GoabuIYI0 pob B exemoTexHHKe. Thm
Has cxema w3 craaapriax TTJI nokasana
Ha pHC. 6.50. DAEMENT NPOMIBOANT NpH
OTOXHTETBHON JOTHKE IOTHYECKYIO O
paunio U-HE.

Puc. 6.50. Crasaaprah TI-sacwes cresas FLH
1017400 (-HE npw nosoaoreassion soruse).

Crp. 116w 472 15,88x2346 cm
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6.6.2.1. Cxems:
Tlowrn Bee TTJI-JMEMENTI BUITYCKAIOTCA B BIE HHTETPATBHIX MHKPOCKEM.
Cxema FLH 101-7400 conepxu, Hanpwmep, weuipe snementa H-HE, 1o cae-
YT W3 CXeMB Ha pHC. 6,51

Crpanmnuys

Puc. 6.51. Cuea noacum-
eita s RN M-
pocxesat FLH 101-7400.

B ocnoswom TT/I-anementit Bumyckawres 5 DIP-xopmycax (puc. 6.52).

# x
[| |
113
Pac. 652 Kopaye DIP
ases Tt o)
[115]
v

JLns npoBomBX M MCTIOALIYIOTCA JTEMENTH C OTKPHTHM KOMIEKTOPOM, CXe-
wa nemera HE ¢ OTKPHTHM KOJICKTOpOM OKA3aNa Ha phc. 6.53. Hierpats-
was cxema FLH 271-7405 conepauT mects Takux anesentos HE (puc. 6.54).

P Cxesa anewenra HE ¢ omcpu ad
T KOAEKTOpOM (Siemens) .
I‘h

Puc. 6.54. Cuenea noscuonesoun
HTErpaIMHOI MUKPOCKENM
FLH 271-7405 (Siemens).

Crp. 117ws472  15,88x2346 cm
x 17:11
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({118 110ea 6. Ceneicmea cxen

Snementst M-HE 0T I8YX 10 BOCKMM BXOIIOB HMEITC B PANTHINBX HCTIOI-
HEHWAX: C ABYXTAKTHOM CXEMOMl, C OTKPMTHM KOJUIEKTOPOM WIH C CHIOBMM
Bux0z0M. Cxema M-HE-aeMenTa ¢ IATHI0 BYO1aM NpEACTARTENa Ha PHC. 6.55.
Mimkpocxema FLH 331-4931 CONCpANT 5 TaKHX 3CMCHTS.

Crpanmnuys

Prc. 655, TT1-anevsener M-HE ¢ naraao sosin  cxen coemmennnt cxenos FLH 3314931

Puc. 6.56. TT1-anewerr M ¢ or

#* X
]
16

—a

B il B

Diesent M npumeHAIOTCA pexe. HX MOXHO JIETKO CIEAATH W3 SAEMEHTOR
H-HE CrpykTypuposaris. [L1 IpOCTIAX CXeM HCTIOL3YeTcs cxenta FLH 391-7409,
Owa COCTONT 3 HeTHIpeX neMeHTon M ¢ OTKPHTHM KOIIEKTOPOM (piic. 6.56) 1
peASHANEHA 1% MPOBOMmTHX W -coemHenif

6.6.2.2. penenshsie IHaseHus n NAPaMETDS! CxeM

Tipeneammnm HATHBANOTCSH BETMTHIHN, KOTOHE Hi B KOCM CIYWae He AOIKHM
Gbis mpemten. Ec: POMIORIET, TO IIEMENT BYACT BHBEAEH H3 CTPOS.
JTlan cranaaprinax TT/I-cXeM ACACTBYIOT CTCYIOMIHE OGUINE MPEAETBHHE Ia-
e

Crp. 118m3472  15,88x2346 cm
1711

. ’ 0 m % Rq ~ 77 ) e 25.03.2020 E3

)
I
@
|
B





image13.png
Her= Space v NAND2

oRa

Koy = Space




image14.png
Key = Spacq
{0

s

Key = Space

Ui

NAND2

u14

2XOR

25V




image15.png
File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help

DEE W &R ] eaw-[p2
e A BBy By KO F| %W >

Design Toolbox

Hierarchy

Multisim - cpeaa, 25 mapra 2020 ., 17:2847

Select a Component
Database: ‘Component:
Master Database | [mm_nen
Group: BIT_LPNP
« Transistors v
Famil BIT_NPN_4T
Bl <Al fomilies> & | |BT-PVP
[ TRANSISTORS VIR, | | BIT_PNP_4T
£ BIT_NPN GaASFET_N
% BIT_PNP GaFET_P
%4 BIT_comp JFET_N
% DARLIGTON NP | |JFET_P
4 DARLINGTON_PNP MOS_N
6 BIT_NRES MOS_N_4T
K BIT_PRES MOS_N_4T_DEP
i cres os 1 oee
& 187 Mos_P
1 MOS_DEPLETION MOS_P_4T
15 MOS_ENH_N
15 MOS_ENH_P MOS_P_DEP
4 Mos_ENH_comp
SEIFET_N
(L FET_P
[ POWER_MOS_N
I POWER_MOS_P
1 PowER MOS CoMF ¥
< >
Components: 17 Searching:

K

u] X
‘Symbol (ANST) o
Close
Search...
Detail report
View model
Help
Function:
Fully configurable n-type BT
Model manufacturer/D:
Footprint manufacturer/type:
Hyperlink:
Filter: off

Spreadsheet View |- |x |

Results [ ets | Components] Gopper ayers] Simulaton]

Tran: 75.180 s




image16.png
&

File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help
DBEW SR 8w

Ted A BBBOGED =AY O WO
Design Toolbox

Key = Space

Key = Space

a2

R2
1.0k

a3

R3
1.0k

ad

D1

as

Multisim - cpeaa, 25 mapra 2020 ., 17:2847

Select a Component
Database:

Master Database
Group:

F Diodes

Family:

<+ formies>
[oones_viRTuaL
# b1ovE

* ZENER

# SWITCHING_DIobE
W LED

% PROTECTION_DIODE
Frwe

% SCHOTTIOY_DIonE
#= SCR

# oinc

# Tric

W VARACTOR

# TSP

' PIN_DIODE

Component:

DIOD
ZENER

Components: 2 Searching:

‘Symbol (ANST)

P

Function:

oK

Close
Search...

Detail report
View model

Help

Fully configurable diode

Model manufacturer/ID:

Footprint manufacturer/type:

Hyperlink:

K

Filter: off

Spreadsheet View |- |x |

Results [ ets | Components] Gopper ayers] Simulaton]

Tran: 75.180 s




image17.png
& Design3 - Multisim - [Design3 *]
File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help

DEEE|[8R|sarlve % muselin— v | & @ -
R L s Lk
Design Toolbox Alxl

Key = Space

AN A T L L

Hierarchy [ Visibilty] Pr| <« | » i Design2 *| EF) Design3 g

Multisim - cpeaa, 25 mapra 2020 ., 17:2847

Lolx |

Components | Copper layers| simulation

Spreadsheet View
g
i
H

Design3: Simulating. Tran: 1670 s [

g
i
2
B
8





image1.png
3 50iiT K. Linoposas anexpormka (2007) - WinDjView —

Oaiin Mpaska Bua Vncrpymentsi Okwo  Momouws
S mihe|F DS | 04 | | | © [100% v

‘Boiir K. Lindposan anexrpowmca (2007) &3

i mnRpALY

6.5.2. OcHoBHble ATJ1-cxembi

O/iHa U3 Tpex OCHOBHBIX cxeM cemeiictsa JITJI nokasana Ha puc. 6.28. C aroit
CXEMOii MBI yXe TI03HAKOMIIHCH B pa3t. 6.2. EC/H X0Tst 65l HA OTHOM H3 BXOZIOB
npucyrersyer BBICOKUM yposens H (BHCOKHIE TIONOKHTEbHBH NOTEHIHAL,
ot anrn. High — BHCOKHI1), TO OH GyeT AeHCTBOBATH 1 Ha Bhixoje. TTpn noo-
JKUTEBHON JIOTHKe cxeMma paGoraeT Kak joruveckuit anement WIH.

Crpanuue!

103

A z
T
"
"
] Puc. 6.28. AT/l-cxema (MJIH-ane-
MEHT NP NOOXHTEALHOR A0THKe).

B cxeme, n3obpaxennoit na puc. 6.29, BHICOKMI yposens na shixone
BeHTHI CHOPMUPYETCS TONIBKO B TOM CIydae, ecl OH GYIeT IPUCYTCTBOBATH
104 Ha 0Goux Bxomax. Eciu Ha Kakom-i60 ero xoxe 6yner HU3KMM yposens L
(HanpuMep HYJICBOi NMOTEHIMa, 3a3eMieHue, OT aHrt. Low — HU3KHiL), TO OH
. GyzeT IeACTBOBATL W HA BBIXOJIE.

Puc. 6.29. T/1-cxema (M-anement
105 P NOAOKMTENLHORM JOTHKE).

Pas6epem noapo6Hee cxemy Ha puc. 6.29. JlonmycTHM, YTO HANPSOKEHHE MH-
Tanns Ug paso 6 B. Hanpsokenue +6 B otnocurcst k sone BBICOKHX ypos-
neit. 3ona HU3KHUX yposneit (L-30Ha) Haxomuresi okosio 0 B (3asemnenue).
Ecam Ha o6onx xoax npucyrcrsyer BBICOKWUM yposens H, To amomst 3anep-
THI, CTElOBATENBHO, Ha Bhixoxe Z Takke Gyer mpucyrcrsosars BBICOKUM
yposenb (ot +Uguepes R).

106 Ecam Teneps Ha Bxon B noxats HU3KWH yposens (= 0 B), mmon B BetBu B
orkpoercsi. Tok or ucrounuka +U; noreyer yepes pe3sucTop R u IHOM K HyJIeBO-
MY NIOTERIMATY (3a3eMJICHMIO). BeMuMHa NaIeHNs HANPSOKEHHs Ha IHO/E CO-
crasut +0,7 BonbTa (U1 KpemHueBoro auona). Takoe xe Hanpsikenue Gymer
NPWIOKEHO K BhIXoAy Z. DTO 3HaYeHHe HANpsKeHHs OTHOcHTCs K 3oHe HU3-

Crp. 104us 472 1588x23,46 cm
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Puc. 630, [T/1-cxeven (HE-saeseeer).

Crpanmnuys

KHX curnanon. Taxuw obpasos, sexon Z wweer HU3KHM yponer, orma,
xorna HU3KMH ypobews AcicTayer Ha omios w3 BXonoh. TONbKO €cIH Ha
oboitx mxoxax npucyrcrsyer BRICOKHMH yposers, 1a suxoxe Z Gyner BHICO-
KM yposchn. Taxus oGpasoM, IpH TIONOKKTEHOM OTHKE CXEMa PaGOTaET
Kax Aorwseckuit anement U

Cxewa 1a pHc. 6.30 PaBOTACT KaK WHBCPTOP, TO €CTh HOTMNECKIH JlCMEHT
HE. Ecuw na sxoze A aeficrsyer BICOKH ypobeits, T TPa3HCTOp OTKpHT
K mhxony Z npuxranspactes nanpsxcime 0,2—0,3 B, KoTopoe cooTaercTayer
HH3KOMY yposumo. Ecrn 1a sxone A neficryer HU3KHHA yponer, o tpan-
CTOp SamHpacTs. COMPOTHRICHHE SMHTTEP-KOIIEKTOPA BHCOKOOMHO (HTTpH
Mep, 10 MOM) W TIONTH BCe HATIDRAEHHE ITHTANMA IPHKTATMBACTCA K BHXOTY,
wierouiemy Taxm o6pasos BICOKHHA yposens. Coorsercrayiomias raGania
MCTHIHOCTH IPECTARAENS 13 PHC. 6.30.

Kax peser cefs BXOA, K KOTOPoMY He npwioxes 1w BRICOKHM (« +6 B),
1t HU3KHT (= 0 B, sasemneie) yposens?

Ha cxewe (pwe. 6.28) Taxoit orxpuThiit mxon sehicrayer xax HU3KHI ypo-
Bens. TIpw 9ToM 1a Buxoze Moxer Ows BHICOKMH yponers Tomsko Torns,
xoraa BBICOKHMA yponens A€fiCTBYET Ha OAHOM I3 BXOIOB.

ECIH BXOI HHBCPTODA, H3OGPAXEHHOTO Ha cXeMe 6,30, OTKPHT, TO 70 KB
BATEHTHO NPHKIATNBANINO Ha axon HU3KOTO ypomms. Beth TpanskeTop ne
MOKET IPOBOIHNTS ¢ HETIOKTINEHHOH G301l

ECIH OTKPHTHM OCTA€TCH BXOX CXEMM Ha PUC. 6.29, TO 90 COOTBETCTBYET
npwioxeniio ko sxony BEICOKOTO yposiss. TTpi OTKPHTOM BX0e BHXO He
moxet npunsrs, HU3KHMHA ypoves. ECTH BYOX A OCTAETCH OTKPTIM, 3 Ha

e B neitcrsyer BBICOKHM ypoens, 1o na sixone Taxxe acicryer Bbl-

OKMMA yponens H. Jlormueckue nementss TN (cxt. puc. 6.28) i H (cu. pHe.
6.29) SAWIKOTCH NPH TIOACKHTEABHOM JOTHKE TACCHBHEMH INCMEHTAMH, . C.
OHM He COAEPXAT B CEGE AKTMBHOTO SMEMENTa (ycknuTens). ECTH noCienona-
TETBHO COCAWHMTL HECKOTBKO NACCHBHBX JIOTHYCCKHX YIEMCHTOR, TO CYIiic-
CTBYET ONIACHOCT, YT YPOBHM HAIPXENHA BUILIYT W3 JONYCTHMBX 0GracTeft
Tipexate Beero, MoXeT HexonycTumo yracts BHICOKHMA yponers. Hro6m ui-
GexaTh 9TOR ONACHOCTH, IPHMEHSIOT TaK HATMBAEMME AKTHBIIIE JEMENTHL, TO
€CTh MEMEHTH © YoHAHTEATMIN

Ha pie. 6.31 W306paxen aKTHBHMA AOTHYECKIH IMEMENT, KOTOpH paGoTa-
er B Kauectne nenmiin M npw nooxsTebHoi sioruke. B Touxe X Haxomees

Crp. 105m3 472 15,88x2346 cm
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(Qros 000 6 coneicmea cren

Crpanmnuys

o 6.31. 1T/1-cxewa (ki H-2aement npi noroxmmensiof nore).

M-cymmarop. 3aTem NIONXITIONEH WHBEPTOP C BHXOTOM ¥, 38 KOTOpHM crexyer
€llle ONMI HHBEPTOP C BLXOIOM Z OGA NIOCAEIOBATENLHO BKIIOYEHHMNX HHBED-
TOpa KOMIICHCHPYIOT ACHCTRHE APYT APYTA, TAK YTO Ha BMXOAE Z CHOB OKA3bI-
BaeTCA CHIHAT cymmaropa M. TaGAMUa HCTMIMNOCTH /UIA ANHOR CXEMBI TIpH
NIONOAMTENBHOR JOFHKE NpHBEACH HA PHE. 6.32.

Puc. 6.32. Pabovas rabana
K exene pc. 631

ataueit AMONa D, ARTAETCE HEAONYWEHMHE OTIMPAHMS TPAHINCTOPa T, IIpH
OTKpHTHX MHonaX RXomHoRt mem wiw npu HU3KOM yposie ma #x sxozax,
KOPIA K TOUKe X NPWIOXEHO TIOPOroBOE MAAEHHe HANPIKENHS HA BXOTHHX M-
onax (= 0,7 B). B OTCYICTBHE AWOTA STO HANPAAEIHE MOTTO Gbl MPHBCCTH K
OTIHPAINIO TPANIHCTOPa. T,. DTOT IO HAIHBAIOT CABHTAIOUNM YPOBEwS (15}
rosie o). [[pH €0 BBEICHHH U1 OTKHTHS TPAHIHCTOPA HEOOXOIAMO HMETS
B 704Ke X MIHIMAIEHOS HAIIDSIKEHHE IPHMEPHO 1,4 BoabTa (= 0,7 B nioporosoe.
nanckme HanpsxcHun wa mwone D, w = 0,7 B noporosoe HanpsKerie Gas:
MuTTEp TpANIHCTOPA T,).

Eci B cxeme a pHc. 6.31 YOpaTh OIfH i3 MHBEPTOOB, TO TIpH TIONOXH-
TenLHOR NOMMKE mOMYWAETCH NorMueckuit anement M-HE. Hirepecuas cxesa
orweckoro anementa M-HE JITJI wiobpaxena na puc. 6.3, Tpanscrop 7,
PABOTAET KaK IMUTTED, TO €CTH YCHINTEND G€3 HHBEPTHPOBAHMS. 34 YCHIHTENEM
nonxmoter wibeprop. Takas [ITJI-cxema (phc. 6.33) MpHMEHsETER ocoBeHHO

wixcs B HacTosice Bpewst B nponaxe JTJI-cxem cenyer
OBpATKTLC K KaTasioras pupM-nIpowsBoauTese. TTII-cXemss NIpeviaraiorcs b
CTAHIAPTHOM HCTIOTHEHIH C HATPAKEHWAMH THTAHWA O 5 10 6 B (Hanpuep
or Valvo).

Cxestit cemeficsa JITJI OTAHYAIOTCR OTHOCHTENBHO BHCOKIM GHCTpOTEH-
crament. BHCTPOIE/CTANE XADAKTEPHIYET BPEMS PEAKIIN JOTHYECKOTD JEMEH-
T4 HA HIMCHEHNE CHIHATOB Ha BXORAX W cocamiser i IT)1-5neMerTo mph-
MepHo 30 e (107 ¢). Oamaxo saementss TLT-cemeficTna (cM. pasi. 6.6) pado-
TalT B TpH pasa GucTpee. Hx GuctponeiicTaie cocramser okono 10 He. D10

Crp. 106w 472 15,88x 2346 cm
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6.5 ATA-cxens 107

Crpanmnuys

Pac. 6.33. TT1-crewa (H-HE-33€Ment i nOI0KNTEIMNOR 20FUKE).

amasu, 470 JTII-21EMEHTH Yallie BCETO PHMEHSIOT TaM, TIe He IPETMARISIOT-
8 0COGeIHO BHICOKHE TPeGOBHS K GhcTponehicTao. Ipemmymectson 1T~
cxew nepex TTJI-CrEMAMM SRIAETCS WX GOJCe BHCOKAS IOMEXOYCTORMBOCTS.

'Hitxe npiBeseHs THIHNE XapaKTepHCTIki 15 JIT/I-CreMs, HI0Gpaxer-
Hoit pue. 6.33:

Hanpsxene niraius 6B

TorpeGerme moumHocTH Ha Kaxasi 9 ubr
rHsECKIi neMeNT

BuctponeficTse 30me
Cramyeckas nowexoycroi 128
Texneparyprti manason o100 +75°C
Koodxbuument warpysa na sone 1
KOopMUHEHT HATPY3KH Ha BbxORe 8

Bxoasoe wanpaxeine BICOKOTO yporis 6B
(Mmxaan rpasua) b

Bxoanoe nanpsixene HU3KOTO yposis
(epxuan rpasma)

Buxoasoe manpakene BHCOKOTO yposna
(wxran pania)

Buixoasioe nanpsxenie HU3KOTO yposis
(Bepitas rpaniua)
6.5.3. MIU1-cxemsl

C nosmresmem JITJI-CXEM CTANA PAIBHBATHCH TAK HATWBAEMAS <MCATEHHAS, HO-
'MEXOYCTOFNHBaS HOTHKAs, COKpaenHO MILIL. CasuroBsie 1ons Ha pic. 6.31 1
6.33 3aMCHSIOTCH TABMHHMI Z-THONAMM (THOX 3eHepa) (pic. 6.34). Murn

Crp. 107w 472 15,88x2346 cm
17:04
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