NEKUWA 1. Cneu.kypc. MUKPOIMNPOLIECCOPbI
(YCTPOUCTBO U NMPUMEHEHMUE)

1.1.1 BBEOEHWUE. KBanundukaunoHHble XapakTepuCcTuKn, npeabsBnsemMmble
K BbINYCKHMKaM BbICLUEN LLKOSIbI, NMpegycMaTpuBatoT, YTO CNeumanmncT UHxe-
Hep PU3NK JOIMKEH WMETb BbICOKMMA YpOBEHb MNpodeccMoHanbHON noaro-
TOBKM, KaK Hay4YHOW, Tak W MpakTU4ecKoWn; ymMeTb rpaMOTHO pellaTb MHOro-
YUCNEeHHble 3ada4vn, B TOM YMCMe BO3HMKAaKOLWME Ha CTblKax Hay4HbIX N Tex-
Hu4Yeckux paspaboTtok. [pegnaraembii BHUMaHUIO CreuKypc npeacTtaBnsieT
cobown npymep NogobHOM peanusaumm NHXEHEPHOW N HAYYHOW OeATENbHOCTU
n cnocobcTByeT (POPMUPOBAHUIO HaBLIKOB MPAKTUYECKOro CO3[4aHuUs MUKPO-
NPOLIECCOPHbIX YCTPOWCTB Ha OCHOBE OBLLMX 3aKOHOB CO3[aHuUs U NPUMEHe-
HUS MHTerpanbHblX CTPYKTYp. C.-KypC MOXHO paccmaTtpuBaTtb Kak y3Kocne-
LUManu3npoBaHHYI0 COCTaBHYHO YacTb 6onee obuiero kypca "MukpocxemoTex-
HuKa".

MMKpOCXGMOTeXHMKa, KakK TeXHu4eckoe u Hay4Hoe HanpaBJieHue

MukpocxeMomexHuka - pa3odes1 3;IeKMPOHUKU.

AnekmpoHuka - Hayka 0 B3aMMOOENCTBUN 3MIEKTPOHOB C 3fiekTpomar-
HUTHBIMW MONSAMWU N METOAAX CO30aHNs ANEKTPOHHbIX MPUGOPOB N YCTPOWCTB,
B KOTOPbIX 3TO B3aMMOAEeNCTBME MCnonb3yeTcs Ans npeobpa3oBaHus anek-
TPOMarHUTHOWM 3Hepruun, nepegayn, odbpaboTkn 1 xpaHeHUst NHopMaLmK.

lMpakmuyeckue 3adayvyu 3/71I€KMPOHUKU. pPa3paboTka SNEeKTPOHHbIX
NpnbopoB M YCTPOMCTB, BbLINOSHAKOLWMX pasnuyHblie (PyHKUMM B cUcTeMax
npeobpasoBaHns, XxpaHeHns, obpaboTkn n nepegayn nHdpopmaumm, B CUCTe-
Max ynpaBneHus, B BbIYUCITUTENBHbIX U QHEPreTUYECKMX YCTPOMCTBAX.

B HacTosilLee BpeMsi ykasaHHble 3agadn YCMewHO PeLlarTCsa Ha oc-
HOBE MUWKPOMPOLIECCOPHLIX YCTPOWCTB, PaCCMOTPEHME KOTOPbIX BXOAUT B 3a-
Aayu cneu,. Kypca.

HanpaBneHus pa3BuTUs 3N1eKTPOHUKMN:

QNIEKTPOHUKA

! ! !
BAKYYMHAA TBEPOOTEJIbHAA KBAHTOBAA
!

ANCKpeTHbIe n/n npubopsbl
I

MUHUaTIOpn3auma 1 MUKpOMUHUNaTIOpU3aLUnd
|

MVIKPOSJ'IEKTPOHVIKA
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** MUKPOOJSJIEKTPOHUKA - obnacTb 9nekTpPoHWKK, OXBaTbliBarollas npo-
6nembl uMccneoBaHus, KOHCTPYMPOBAHWUS, W3rOTOBMEHUMS UM NPUMEHEHUS
MUKPOSMNEKTPOHHbLIX U3OEeNnA, NpUYemM No4 MWUKPOINEKTPOHHbIM U3OenemM

NOHNMAKT 3I1EKTPOHHOE yCTpOVICTBO C BbICOKOW CTENEHbLIO MHTEerpauunn.
|

I I |
du3snka npnbopos CXEMOTEXHMKA YCTPOWCTB TEeXHonorns
I |
CXeMOTEXHMKaA M.N.yCTPONCTB TEXHOMOMNS M.M.y.

CxemoTexHun4eckumn pasgen mukpoanektpoHmkm - MUKPOCXEMOTEXHUKA

*** MMUKPOCXEMOTEXHUKA (MHTEIMPAJIbHAA CXEMOTEXHWKA) - pas-
[en MUKPO3MEKTPOHWKN, OXBaTbiBaOLWNIA NCCreaoBaHna U pa3paboTky cxe-
MOTEXHUYECKUX PELUEHUI (SNEKTPUYECKUX U CTPYKTYPHBIX CXEM), UCTONb3ye-
MbIX B MHTErparnbHbIX MUKPOCXeMaxX U paaMo3NeKkTPOHHON annapaType Ha Ux
OCHOBE.

PEKOMEHOYEMAA NUTEPATYPA:

1. "Mukponpoueccopbl 1 MMKPOMPOLIECCOPHbIE KOMMIIEKTbI MHTErpanbHbIX
Mukpocxem", nog.peq. B.A.llaxHoBa 2.1. "Paguo n ceasp", 1988 .
M.Xoposuu, Y. Xunn "UickycctBo cxemMoTeXHUKN"T.2, M.Mup , 1983 r.
P.Tokxenm "OcHoBbI LndpoBon aNeKTpoHUkn", M.Mup , 1988 r.
B.C.I'yTHMKOB "MHTerpansHas anekTpoHuKa B U3MepUTESbHbIX YCTPOUCT-
Bax", QHeproatomu3gat, 1988 r.
5. B.N.Bacunbes, KO.M.['yce, B.H.MnpoHoB "3OneKkTpoHHbIE NPOMbILLIIEH-
Hble ycTpouncTea", - M., QHeproaTtomnsgat, 1987 r.

BN

O cTpyKType U 3agayax Kypca:

dopmanbHO MOXHO BblAENUTb 3 4YacTuM MO XapakTepy MNONEe3HOro curHana,
obpabaTbiBAaEMOro MHTErpanbHbIM YCTPOMCTBOM: TEOPETUYECKME OCHOBbI U
CXeMOTEXHMKA aHanoroBblX CxeM, LUMpoBbIX CXeM (BKMOYasi OCHOBbLI anre6-
PbI-NOrMKN, 3NEeMEHTbl CUHTE3a W T.4.) U pas3gen, HaxoAsWMNCS Ha CTblke
ABYX NpeablayLwmnx - aHanoroso-UndpoBble YyCTPoONCTBa.

B 3agayy kypca MOXHO MOCTaBWUTb 2 MOCreaHuNX pasgena ¢ y4eTom crie-
LMUKN NPUMEHEHMST MUKPOMPOLLECCOPOB.

Mpn YTeHMM Kypca oTaenbHOe BHUMaHue OyaeT yaerneHo KavyeCTBEHHOMY
OMMCaHUI0 UCMOSb3YEMbIX CXEMOTEXHUYECKUX peLleHnn ansa obnerdyeHns no-
HMMaHUS U BO3MOXHOCTW HEMOCPEACTBEHHOro MpakTU4ecKoro MCMosib30oBa-
HWUS B Mpouecce NPakTUYECKUX 3aHATUMI C MPUBMEYEHNEM CaMOCTOSITENBHOWN
paboTbl C NUTEpPaTypon.
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B cuny noctpoeHust y4ebHOro npouecca, YTo K MOMEHTY U3y4ye-
HUSA cneukypca 2 nepsble nekumn 6yayT cogepxatb KpaTkuin 06-
30p cBeAeHun oTHocALWMXCs K gpyrum kypcam (TOIP, O, Muk-
POCXEMOTEXHUKKN), HO ABMAOWMXCA 0e3yCrnoBHO HeObXoaMMbIMU
ANs NpaBUNbHOIO YCBOEHUS MaTtepuana.

HaBblku, noJsfiydeHHble B pe3yribTaTte YyCrnewHoro ocBoeHmnAa mMma-
Tepunana, npeacrtaB/idloT B HbIHELWWHUX YCNOBUAX OOCTATOYHYHO
NPaKTU4ECKYO LEHHOCTb T.K. ABJTAKOTCA OCHOBOW CUCTEMHOrIO npo-
r;paMmmMmmpoBaHnA, 4YTo NnoJib3dyeTcA Crpocom, B OTIINHNE OT HaBblKOB
nonb3oBatens 9BM, un MOryT ObITb yCrneLwHoO nNpuMeHeHbl Takke B
YaCTHOM nopsAgke.

1.1.2. KPATKUN 3KCKYPC B UCTOPUIO 3BM

[Mpn n3yyeHnn aHanoroBbIX yCUNUTENEN UNn OPyrux yCTpoucCTB
c obpaTtHon cBA3bIo, cMbIci MOHATMA O.C. NPUHATO UNCTPUPO-
BaTb fiereHgon o Nemdpu lMNoTTepe - manbunke, sikobbl BNepsble
NPUMEHUBLLUNM NPUHLMMBI OBpPaTHOM CBSA3M K HECOBEPLLEHHOM Ma-
POBOW MaLLUHE.

AHanorn4yHole 6onee UnNn MeHee 0OCTOBEPHbIE (PaKTbl CYLLECT-
BYIOT U
B uctopmmn IBM. Ha HekoTopbix Hanbonee N3BECTHbIX, 3a0CTPUM
Halle
BHUMaHMe.

1. JlenbHuy M.B.(1646-1716) BBEeNn OBONYHYIO MaTeEMaTUKy W 3a-
NOXWN TEOPETUYECKYHD OCHOBY AJS11 COBPEMEHHOW BbIY. TEXHUKMW.
OH e npeanoxun apumMeTrusaumio Nornku.

2. bynb [xopx (1815-1864) cdopmuposan B anrebpanyeckom
BUAE 3aKOHbl MbILLMEHMS N NoKasars, YTo co3gaHHas um anrebpa,
Hocswasa HblHe ero ums,(anredbpa bynsa, bynesa anrebpa) nmes
Aeno C CYXOeHusiMu, onepupyeT TOSIbKO ABYMSI MNOHATUAMM:
NCTUHHO n TIOXXKHO.

Mo cBoen cytn byneea anrebpa npeactaBnsieT cobon cBopg
dopmMarnbHbIX MpaBui, MexaHU4YecKoe BbINOMHEHNE KOTOPbIX MO-
3BONSIET NPUXOAUTb MHOrAA K NPaBUIibHbIM JTIOMMYECKUM BbIBOAAM.

[Ana gBon4yHOM cuctembl ncumcrenuns ato 1 n 0 (Mnm Kak goro-
BOPUMCS), HO NErko peanuayloTcs Ha npakTuke YCTPOMCTBaMU C
AByma yctonumsbiMmn coctosHuamu BKJI1. BbIKJ1. Hanpumep pene.
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C nomoubo NogobHbIX YCTPOMCTB OCYLLECTBMSAIOTCA BCE TpU
OCHOBHble norndeckue yHkumn (akcuomol) U, NN, HE, a Bcero
NX MOXHO copMynunpoBaTh OO0 WecTHaguaTu. BoT nepBble anek-
Tpnyeckne OBM n genanu Ha ocHoBe pene.

3. Yapnba babbuaox (1792-1871) aHrnMnckMin mateMaTuk U 9Ko-
HoMUCT B 1834 r. Bnepsble onpedenun cocTaB WU HasHa4YeHue
YHKUMOHAmNbHbIX CPeacTB aBTOMATUYECKON MeXaHUYeCKOW Bbl-
YUCNUTENBHOW MaLUMHbI, KOTOPY OH TLiaTenbHO paspaboTarn, Ho
NOCTPOUTb N HE CMOT.

CbliH Babbumxa 6GesycnelHO nbiTancs 4acTUYHO BOMSIOTUTH B
XM3Hb naeun otua.

Ho, Tem He meHee, cnegyet oTMEeTUTb Takne MexaHun4veckme Co-
CTaBHble YacTn MaluHbl babbunaxka Kak:

- XpaHunuuie vncen (namsaTb)

- YCTPOMCTBO NPOU3BOACTBa apudpmeTndecknx gencrenim (AJ1Y)

- YCTPOMWCTBO yrnpaBreHns onepaunsamm

- YCTPOMCTBO BBOAA U BbiBOAA YMCEN.

* Tak 4TO BCe COCTaBHble YacTu coBpeMeHHon OBM 6binn yxe
Hanmuo.

4. Apa IlaBneic, goyb noata . I'. banpoHa, yyeHuua n nomoL-
HUUa

Babbunaxa asunack no cyTu nepBbIM NPOrpamMmMnUCToOM, CocTa-
BUB AN HECYLLECTBYIOLWEN MaLUMHbI NepBble NporpamMmbl A
peLleHna CUCTEM ABYX NIMHENHbIX YPaBHEHUA N OIS BblYUCIIEHUS
yucen bepHynnu.
* Tak 4YTo nporpaMmMmMpoBaTb MOXHO K 6e3 MaLunHbI - ObINo bl
XernaHue :)

B 3acnyry nepeuncneHHbIM NnepcoHaxkam cTaBsaT criegytolme
JOCTKEHUS:

MPMHUMN NPOrPaMMHOrO yrpaBneHus

ncnonb3oBaHMe nepdokapT Ans BBoAA-BbIBOAA, NEPEMELLEHUS
yucen nx obmeHa 1 nepegayn

cucTema npeaBapuUTenbHOro nepeHoca Npu BbIYUCNEHUSAX
KOMaHbl YCNOBHOIo Nepexoaa, UWKnbl onepauni n S4enku.
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3akaHuMBasi C UCTOPMEN, OTMETUM, YTO MNEepBbIM co3gaTenemM aB-
TOMaTUYECKON BbIMUCNUTESNTIBHON MaLUMHbI CYMTAETCA HeMELKUN
ydeHbln KoHpag Llyse. B 1936 r. oH peanunsoBan Mogenb MexaHu-
YeCKOW BblY. MaLUVHbI Ha pene B kKayecTBe arieMeHTHoM 6a3sbl.

1.1.3. U3 NICTOPUUN OOHOKPUCTAJIbHbIX MUKPOIMPOLIECCOPOB

BbiuncnutenbHble yCTPONCTBA C XECTKOW NTOrMKOM CTaHOBUIUCH
BCe CrOXHee M OopoXe BBWUAY YHUKaNbHOCTU MpoOu3BOACTBaA OT-
penbHbix BUC.

B 1970 r. MapumnaH Xodd, cotpyaHuk INTELL, npegnoxun
YMEHbLUNTb CIOXHOCTb BbIY. YCTPOMUCTB, UCNOMNb30BaB creunarnb-
HO pa3paboTaHHYK YyHMBEpCarbHY0 MUKPOCXEMY - npoLeccop,
KoTopasi, ogHako TpeboBana Hannums BHELWHEN NamMsaTu, HO cyLle-
CTBEHHO yMeHbLUana KoSIM4eCTBO WCMOSb3yeMbIX TPaH3MCTOPOB.
[Mosxe npoueccop nony4dun HassaHue Intell 4004, n Ha HemM co3-
aAanu mmkpo-OBM "Intellec-4".

Ho aTo 6bInu ewe 4-x paspsigHble CUCTEMBI...

A, HakoHeu, B 1973 r. INTELL Bbinyctuna sHameHutenwmn M.I1.
18080, Bnepsble NpPUONU3MBLUMIACA K COBpPEMEHHbIM. BbiNnonHew-
Hbln no NMOIT TexHonorum, Npudop BbINOMHAN 76 KOMaHg, U pa-
6oTan Ha TakTtoBou yactote 2 MHZ. Ha ero ocHoBe B 1975 r.
dupmon MIT Obina cosgaHa BbiM. MawuHa "AnbTamp 8800" -
BecbMa ygavHasa paspaboTka.

B 1976 r. dmpma Zilog paspaboTtana seplumHy 8-pas3pagHbix
yunos M.I1. Z80, paboTtaBwunmn ¢ yactoton 4 MHZ n BeINONHABLUWNA
176 komaHA.

[anee paspaboTka wna no yBenn4yeHno bbiICTPoaENCTBMUS, NOBbI-
LLUEHWNIO CTEMNEHN MHTerpauum, pacluMpeHnio paspsaHoOCTU.
Cnepyet ynomsiHyTb Takke CtmBeHe [xobce n3 Atari 1 Ctuse
BosHsike n3 Hewlett Packard, kotopble co3gann y ceba B rapaxe
nepsyto nepcoHanbHyto IBM "Apple" netom 1976 roga. B gane-
Henwem mmu Oblna ocHoBaHa M3BECTHAsi OHOMMEHHAs! KOMIbHO-
TepHas ompma.

16 paspsigHble npoueccopbl 8086 n 8088 6binn nonoxeHsl IBM
B OCHOBY CBOWX 3HAaMEHUTbIX KOMMbIOTEPOB, KOTOpPblE U MO CeN
AEHb COBEpPLLUEHCTBYACL SABNSAKTCA cBOeOobpasHbiM CTaHAapTOM
OBM.

B Hawen cTpaHe B 3TO Bpemsi Oblnn xopolne CoOBCTBEHHbIE pas-
paboTKM, HO B Ka4ecTBe OCHOBHOIO HarpaBfeHus pasBuTtus Obino
OWMOOYHO MPUHATOE pelleHne KonMpoBaTb ydadyHble 3anagHble
pa3paboTku, Tak noasunmuce K580MK80, U880, K1810BM86,87 n

T.A.
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JIEKIIUA 2. Kpamkoe 0000uienue nauooyee pacnpocmpamnet-
HBIX CXEMOMEXHUUECKUX NPUemMo8 C UCHOINb306AHUEM U3-
8E€CHIHBIX PAOUOIIEKMPOHHBIX IJ1IEMEHNO8.

Jlunevnvle s1emenmul:

1. Pe3uctop (comportusnenue) U =1R —1 00 ujeanbHas
MOJIeNb, PEATHHBIN JIEMEHT 00J1a/1aeT HHYKTHBHOCTHIO H EMKOCTBIO.

OOBIYHO WCHOJB3YETCS I TaIlCHUs
M30BITOYHOTO HANPSDKEHWS W B KAadecTBE (i} T |
"ttoxoro" uCToYHKMKa Toka (R>>r).

Ilpumep: cTaOMIUTPOH, CBETOANOI, 0A30BBII NIEPEX0]1 TPAH3UCTOPA, HEe-
OHOBBIE JIAMIIBI.

R R Zr R
—— —— ——
@I VD|@I VD| Iyr

pCBHCTHBHBIﬁ ACIUTECIIb HAITPSXKCHUA .

[IEPEMEHHBIN PE3UCTOP — HO- Rl | R2

menyuomemp - peryaupyeMblii UI—=i2 @ U}'?"U? l
JCIIUTE]Ib HAaPSKCHUS.

OVHKIMS y371a He 3a8ucum

OT €r0 U300PAKEHHUS U1 T"U? = @ _L—|:|—’_
R2 172

2. Konngencarop, "emxocts" | = CdU/dt | |

(O MPOX0XKIEHUU TAPMOHUYECKOTO TOKA) KOHJIEHCATOP MPOITYCKAET Ie-
PEMEHHBIN TOK, HE IPOMYCKAET MOCTOSIHHBIM, UTO UCTIOJIB3YETCA JIJI OT-
JIEJICHUS IEPEMEHHOM COCTABJISBLICH CUTHAJIA.

ITpumep: BIxoaHOM Kackag O3:

PeaxtuBHoe comporuBnenne Z = L/WC -

4CM MCHBIIC YaCTOTa CHUI'HAJIa, TCM BBLIIIIC
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COITPOTHUBJIEHUE; OTCIOJIa BO3MOXHOCTh HCIOJIb30BaHUSI B KaUECTBE 4Yac-
TOTHO3aBUCHMOTI'O JCIUTENS HANpsKCHHUS WIM IIyHTa. (91emenm uac-
MOMHOU KOPPEeKYUuu)

C R
Ilpumep: ovuibTP HY, "rPumir: M@Igl <z | -

|‘lf\|'| I/’\llu lllﬁll'| 1
1 ! | ] | !
Hakorurenb 3apsiaa Q = CU - oUJIbTP ! Ny d
MMATaHUA, HHTETPaTOP: \/q
| lIlI “n |lII 1I|I |
3 t
b
r||~U
R[|C |

"BosibTHOOABKA"

Huddepenumpyromas 1 UHTErpUpYrOIas LEMOYKH M UX BIUSHUE HA
dbopmy curuarna.

Ilpumep: dopMupoBaHUE KOPOTKHX HMITYJbCOB, BPEMEHHOW CJIBHI -
"3a/1epKKa UMITYJIbCOB"

Méuﬁ?h\h W, [0 ﬁm&

Cneun(bm(a HHTCI'PpAJIbHBIX KOHACHCATOPOB - O6paTHOCM€IHeHHBIﬁ OUOM.

TaKHE K€ KOHJIEHCATOPBI, YIPABIISIEMbIE HANPSKEHU- R
eM (BapHKambl W BapUKOH[bI) HCHOJB3YylOTca B BYU EC

HeTsX.
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3. HupykTuBHOCTS (Katymika) U=Ldl/dt — N

(Ananorus ¢ IPY)XMHOM: MPOTUBOAEICTBIE BO3ACHCTBUIO) TaK XKeE, KaK U
KOHJIEHCATOP SIBJISIETCS. YaCTOTHO3ABUCUMBIM 3JIEMEHTOM, HO PEAKTHBHOE
conpotusienrne Z = WL - yem BbIllIE€ YAaCTOTa, TEM OOJIbIIE CONMPOTHUBIIE-
HUE - MOXET BBINOJHATH POJIb YACTOTHO3aBUCUMOM Harpy3ku, (QuibTpa
MATaHUS.

Ilpumep: narpyska B cxemax BY, npoccenp B Lenu MUTAHMS.

: £ SN
%@fc A

NHIyKTUBHOCTH - HEPro3amnacarpIui 3JIeMEHT, T.K. pearupyeT Ha
CKOpPOCTh M3MEHEHUSI CUTHaJIA.(CXEMbl NMUTAHUSL C TOBBIIICHUEM HaIpsi-
KEHUS ).

B IM®POBOM 3JIEKTPOHUKE CIEAyeT YYWUTBIBATh, 4TO [IPOCTOH
ITPOBOJTHHK TaKxXe ob61a0aem uHOYKMUGHOCHbIO U EMKOCHIBIO.
JIBe CBs3aHHBIX WHAYKTUBHOCTH 00pa3yroT TpaHchopmarTop, TpaHc-

(opMaToOp HEe aKTUBHBIHM AJIEMEHT (3aKOH COXPaHEHHMs ), HO 00ecIeunBaeT

raJbBAHUYECKYIO PA3BA3KY:

|||§ L -Ec L L-C - pe3oHaHCHBIE CXeMBbI, HOIPOOHO
I~  paccMOTpeTh MPU HAJTWYUN BPEMCHH.
(4acTOTHOM30HMPATEIILHBIC CXEMBI).
Henuneiinvie snemenmul:

4. Jluoabl: anoo B | Kamoo

Jnsi BAX nuoma xapakrtepHa 0OHOCHIOPOHHAA NPOBOOUMOCHIb (3]1€eCh

o0paTuTHL BHUMaHHE HA XapaKTep OoOpaTHOW BeTBH M CONPOTHBJICHHE 00-
PATHO CMENIEHHOI0 /IM0JAa, 4 TAK)Ke HA BeJUYNHY NaJeHUs] HANPSKeHUs

HA OTKPBITOM JIHOJIE).
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Jluon He sBNSETCA JUHEHHBIM DJIEMEHTOM, B OTJIWYUE OT PE3UCTOPOB
KOHJICHCATOPOB M HMHAYKTUBHOCTEH, T.€. OTKJIUK HE MPOIOPIMOHAJICH
MPUJIOKEHHOMY BO3JCHCTBHIO. B cuily u3nokeHHOro, auoj 'TTOPTUT"
CIEKTp CUTHaa, oborariasi ero rapMOHUKAMU:

IlpuMeHeHMe TMOIOB: BHINPSIMUTENN U JETEKTOPBI, OTPAHUYUTEITN CHT-
HaJja, 3alluTa Mo BXOY, 3aIliTa OT 0OpaTHBIX BHIOPOCOB, HICTOYHHUK CTa-
ounpHOro cmertenus 0.6 B, 1MOaHBIE BEHTHIIN.

R
f“t ,f v,
12/} IR
R
e |
CrabwiiTtpoH - crneuupuyeckuid Jauof, Uem TI - R
paboTaromuii  Ha  y4acTKe€ JIAaBUHHOTO
npobosi o6patHoit BeTBH BAX, MCTOYHUK om YD Ru
OITOPHOI'O HAIIPSHKEHUS.
E-U U-U
I1=1.+1,; Z a7 =7 ; i &
CcT H H cr [CT +1H

CBeToauoIbl, ONTONaph! (ONMTOJIEKTPOHHBIE PAa3BI3KH).
i %’5 i
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5. Tpan3uctop (ynpaBisieMblil mokom 6azer PE3UCTOP) g
Cymp: ynpaBinenue ITPOBOJUMOCTEIO

” o K Eq
KOJUICKTOPHOTO Tepexoja MajabiM TOKOM @ — — Ry
0a3pl W TepepacrpesciicHHe JHEPruu - T

3 3
HWCTOYHUKA MMUTAHUS MEXIY PE3UCTOPOM Ha- IR

T'PY3KH U KOJUICKTOPHBIM IIEPEXOA0OM.
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