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BBEOEHUE

Ilenpro n3yueHuss Kypca «ABTOMaTH3alMs KOHCTPYKTOPCKOTO M TEXHO-
JIOTMYECKOT0 MPOEKTUPOBAHUSY SBISETCS H3y4deHHE OOIIMX MPUHIIUIIOB pa3pa-
OOTKM aBTOMATU3MPOBAHHBIX CHUCTEM KOHCTPYKTOPCKOI'O IMPOEKTUPOBAHMS pa-
JUO3JIEKTPOHHOW M 3JI€KTPOHHO-BBIYMCINTEIBHON anmnaparypsl, METOIOB U aj-
TOPUTMOB aHaJIW3a, ONTUMHU3ALMUA U CUHTE3a TEXHUYECKUX OOBEKTOB, COBpE-
MEHHBIX IIPOTPAMMHBIX CPEACTB aBTOMATU3UPOBAHHOIO IIPOECKTUPOBAHMSL.

JIns n3y4yeHnst aBTOMaTU3UPOBAHHBIX CUCTEM ITPOEKTUPOBAHUS CTYACHTBI
B TEUEHHE CEMECTPA BBIMIOJIHAIOT JBE KOHTPOJIbHBIE PaOOTHl O 6A30BBIM aJTo-
pUTMaM 3aJlay CTPYKTYPHOTO CHHTE3a TEXHHUYECKHX OOBEKTOB M MO CHUCTEMaM
apromatusnpoBaHHoro npoexktupoBanusi CAIIP PCAD 4.5, P_CAD 2000, onu-
CaHUE KOTOPBIX MPUBOAUTCS B JAHHOM METOJUYECKOM MOCOOUH.

1 MPONrPAMMA JIEKLUMOHHOI'O KYPCA

1.1 IloHATHE aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUSI.

Onpenenenue npoektupoBaHus. [IpuHuunbel npoekTupoBanusd. biodyHo-
UEpapXUUECKU NOAXO0M. ACIEKTHl U YPOBHHU MPOEKTHUPOBAHUS. JTAIlbl MPOEK-
TUPOBAaHUS PAIUONIIEKTPOHHBIX CPEACTB. MTepainOHHOE IPOEKTUPOBAaHHUE.

1.2 Tlonsarue o matemaTudeckux Moaensax (MM) TeXHUYECKUX OOBEKTOB.
TunoBele MPOEKTHBIE MPOLEAYPbl. AHanu3 W CUHTE3. TuUnuyHas mnocieaoBa-
TEIBHOCTh MPOEKTHBIX IMpoleayp. MecTto MoaenIupoBaHusl B MPOEKTUPOBAHMH.
DTansl MPOESKTUPOBAHMS, MTOA-Aaromuecs (hopManu3anuu.

1.3 Maremarndeckuil annapar aBTOMAaTU3AIUA KOHCTPYKTOPCKOTO MPO-
€KTUPOBAHUSI.

MeToabl KOHCTPYKTOPCKOIO HPOECKTUPOBAHMS PATUOIEKTPOHHOU U
ANIEKTPOHHO-BBIUUCIUTEIBHON anmapaTypsbl.

1.4 Cucrembl ABTOMaTu3upoBanHoro npoektuposanus (CAIIP).

2 MATEMATUYECKME MOAENN OB bEKTOB KOHCTPYKTOPCKOIo
NPOEKTUPOBAHWA PAOVOSINEKTPOHHOWU U SNEKTPOHHO-
BbIYUCITUTEINTIbHOU AIMNMNAPATYPbI

ITpu pemenun 3amau B ACKII (ABTOMAaTU3UPOBAHHBIX CHCTEMAX KOHCT-
PYKTOPCKOTO TMPOEKTUPOBAHUSA) BO3HHUKAET HEOOXOIWMOCTh BHIOOpA COBOKYII-
HOCTH MaT€MaTUYECKUX MOJIeNel, 00ecreunBaomux Heo0XxoumMo nHpopma-
LMEH KAl AJITOPUTM PELICHUS KOHKPETHOM 3a1a4u.

Jlns kaxxnout 3agaun ACKII (koMmoHOBKaA, pa3MeIleHUe, TPACCUPOBKA) HA
ATare MpeAlIecTBYIONEM MOCTAaHOBKE 3ajauu, BeiOUpaeTcs (pa3pabaThIiBaeTcsl)
MaTeMaTU4YecKass MOJeiIb. JTO MO3BOJISIET MEPEUTH OT COJIepKaTeNIbHOM MOCTa-
HOBKM 3aJladyd K (POpMaibHOM MOCTAHOBKE B TEPMHUHAX BBIOPAHHOW MOEIH.



ITockonbky mnenu otaenbHbIX 3aga4 ACKII otnuyarorcsi, To BO3MOXKHO JJIs pe-
HIEHUS KaXJA0U 3a7]a4i IPUMEHATH CBOIO MO/JIETIb.

[IpobGiiema BbIOOpa (ITOCTPOCHUS) MOJEIEH SIBISETCS BaXXHOM U aKTyallb-
HOM, TaK KaK OT MOJIEJIM BO MHOTOM 3aBUCHUT KauecTBO pemieHus 3agad B ACKII
1 3Q(HEKTUBHOCTH AITOPUTMHUUYECKUX METOOB.

TpeOoBaHus, npeabsBIAseMble K MATEeMAaTHYECKON MOJeJIN:

- MPOCTOTA Mepexojia OT 00bEKTa K MOJAENIU U 00paTHO;

- y1o0CTBO TpeacTaBieHus 1 00paboTku Mojienu B DBM;

- HeOoNbIIOW 00BEM MaMATH KOMIIBIOTEPA, OTBOAUMBIN JI XPaHEHHUS
uHbOpMAaIIH I MOJICIIH;

- pa3pabOTaHHOCTh MAaTEMAaTUYECKOIo ammapara ajisg padoThl C JaHHOU
MOJIENIBIO (J1a€T BO3MOKHOCThH pa3pabarhiBaTh BHICOKOA(D(PEKTUBHBIC aJITOPHUT-
MBI IPOEKTUPOBAHUS );

- UH(OpMaIMOHHAs MPOCTOTa MOJAENIU (BO3MOKHOCTh Mepexoja OT OIH-
CaHWs TaHHOW MOJIelI K 00JIee IPOCTOM).

Marematrnyeckue MOJENH, UCTIoIb3yeMble npu pemenun 3aga4d B ACKII
MO>KHO Pa3JeIUTh HA IBE TPYIIIIbIL:

OJIHA - MATEMATUYECKUE MOJICIIU CXEM;

Apyrasi - MAaTeMaTHYE€CKUE MOJIETIM MOHTaXHOT'O MPOCTPAHCTBA.

PaccMoTpuM MareMaThyeckre MOJIENH, OCTPOEHHBIE B paMKax arapara
Teopuu rpados.

BBenem nonsaTus:

- KOMMYTAIIMOHHASI CXEMa;

- DJIEKTPUYECKas 1IETIb;

- KOHTaKTHI.

Kommymauuouuaﬂ cxema

JIrobas cxema ((hyHKIMOHATBHAS, JTOTUYECKAs], MPUHIUITHAIIbHAS, CTPYK-
TypHasi) COCTOUT U3 HAbOpa DJIEMEHTOB U COSUHEHUH, O KOTOPBIX MOKHO CKa-
3aTh, YTO OHHM HAXOAATCS B 3aJaHHOM OTHOIICHHWH. [l09TOMYy Takue CXEMBI
MO>KHO paccMaTpHUBaTh KaK HEKOTOPOE MHOXKECTBO 3JIEMEHTOB X=(X1,X>,...X,),
| X=n u HekoTOpoe MHOXECTBO COCIUHHUTENCH (Ha3bIBAEMbIX IIEISIMHU)
E=(ey,es,..,6m) |EFm, Haxopsumxcs B 3aJaHHOM OMHAPHOM OTHOIIICHUHU.

B cxeMe nMeroTcs BHENTHUE ¥ BHYTPEeHHUE BHIBOABI: C.

C= {00,1,00)2,...,004,,cu,cljz,...,cnjl,cnjz,...,cnjm }

BHyTpeHHUE BBIBOIBI COCTUHSIOT JIEMEHTHI CXEMBI MEXIY COOOH.

BHelrHre BBIBOJBI — COCIUHSIOT 3JIEMEHTHI IAaHHOKH CXEMBI C 3JIEMEHTa-
MU JPYTON CXEMBI.

Mmnosxcecmeo C — dyoem Ha3vléams MHOIHCECHBOM KOHMAKMOG.

JBa xoHTakTa Ci; 1 Cy . CYMTAIOTCS CBA3aHHBIMH (COCIMHEHHBIMH), €CIIH
OHHU O0BEIUHSIOTCS OJTHOM AIEKTPUUSCKOM METbIO.



Inekmpuueckaa yenb — 3T0 HEKOTOPOE MOAMHOKECTBO KOHTaKTOB C' MHO-
»ecTBa KOHTAKTOB C, T.e. C'cC, npuHayIeKalnX K OJHOMY 3KBUIIOTCHIIAATY.

KonTakTel nogMHoxkectBa C' MMEIOT paBHBIM MOTEHIIMAT B IMPUHIIUIIN-
AJBHOM DJIEKTPUYECKOU CXEME.

Takoe MpencTaBICHUE CXEMbl Ha3bIBAIOT CXEMOU COCIMHEHUN WM KOM-
myTarnonHou cxemoit (KC).

IIpu mocTpoeHUM MareMaTUYeCKOW MOJEIM B KOMMYTAaLlMOHHOM CXeMe
KaXJ0M OJHONOTECHIIMAIBHOM LIEMHU CTaBIT B COOTBETCTBUE YMCIIO U3 HATYpalib-
HOTO psiaa.

s pelieHus 3a1a4 KOMIIOHOBKH, Pa3MEILICHUS U TPACCUPOBKH KOMMY-
TallMOHHYI0 CXEMY MOKHO IMPEJACTABIATh CTPYKTYPHBIMH MATEMATUYECKUMHU
MOJIEIISIMU PA3JIMYHOTO BUAA.

Mopgenu cxeM B 3aBUCMMOCTH OT MaT€éMaTHYE€CKOro amnmnapara B paMKax
KOTOPOro pazpaboTaHa MOJEJb, YCIOBHO Pa3JEsiiOT Ha TPU BUA!

- MOJIEJIH, UCTIONB3YIONTUE anmnapar Teopuu rpados;

- MOJIENIY, UCTIONB3YIONINE anmnapaT Teopun runeprpados;

- MOJEJH, UCTIONB3YIOIIMUE armnapaT TEOPUU MHOXKECTB.

B nacTosiiee BpeMsi HauboJiee MUPOKO UCTIOJB3YIOTCS MOJIENH, MOCTPO-
€HHBIE B paMKax Teopuu rpadoB U B EPBYIO OUEPEb IIPU MAaTEMAaTUYECKOM MO-
CTAaHOBKE ONTUMM3AIMOHHBIX 3aJ1ad KOHCTPYUPOBAHUS. ODTO IMO3BOJSET IPHU
pa3paboTKe aJIrOPUTMOB PEIICHUS 33J1ad KOHCTPYHWPOBAHUSI MCIOJIb30BATh W3-
BECTHBIE MATEMATUYECKUE METO/IBI.

PaccMOTpUM CTpPYKTypHBIE MAaTE€MAaTHYECKHUE MOJIENH, HCHOJIb3YIOIIUE
arrapar Teopur rpadoB Ha MMPUMEPE YCIOBHOTO (pparMeHTa CXeMBbl dJICKTpHUYe-
CKOW MPUHIIMIUATIBLHOMN, TPEACTABICHHON HAa PUCYHKE 1.

€1
Co.1 Ci1 Ci2
X1
€3
e
Ciz 3
i C41
Co.2
O—>m €s X4
Cqp
€4

Pucynok 1



OngHuM U3 CrocOOOB MPECTABIEHUS CXEMbl YCTPONCTBA CTPYKTYPHOM
MaTEMaTUYECKON MOJICIBIO SBISIETCA €€ MHTEPIpeTaIis HEOPUECHTUPOBAHHBIM
cBs3HbIM Tpapom G=(X,U) , tne X={x;} i=1,n mHOXkecTBO BepmuH G, U —
MHOKeCTBO pebep U={u;;}, onpenensrommux OTHOLICHUSA MEXKIY DJIEMEHTaMH
MHOK€ECTBA X.

Ins moctpoenus rpada G, HEOOXOAUMO 3aJaTh MEXIY d3JIeMEHTaMu
MHOXeCTBa X={x;} 1 2JIeMEHTaMH CXEMbI (K 2JIEMEHTaM CXEMbI OTHOCSTCS CaMUu
puOOPHI M BHEIIHKE KOHTAKTHI CXEMBI), B3aUMOOJIHO3HAYHOE COOTBETCTBHE,
B TOM 4YHCJIE€ MEXIy 3JI€MEHTaMu MHOecTBa pebep U={u;;! m snemeHTaMu
MHOXKECTBA JIEKTPUUYECKUX 1iene £ ={e;}.

Jlist Hamiero mpumepa Marematruueckass Mojenb M1, uHTepnpeTupyro-
mas cxeMmy (puCyHOK 1), mpencraBisieT HeopueHTUupoBaHHbiii rpad G,;=(X,U)
C MYJIbTUYHUCIIOM PaBHBIM 3:

Pucynok 2 — Maremaruueckoi moaejar M1

Monens M1 ynoOHa amnst petieHus 3a1a4 KOMIOHOBKU U pa3MeIlleHUsI.

Jlns pemreHus 3a1a4 ONpENEIeHUs IJIAaHAPHOCTH U TPACCUPOBKU MaTeMa-
TUdeckas moneiab M1 HeyqoOHa u3-3a OONBIINX UCKAXKEHUN MEXKAY MOACIBIO U
KOMMYTAIlIMOHHOW CXEMOM.

Moauduxkanueit maTemMatTudeckoi Mmojienu M1 saBisieTcs MmaTeMaTudeckas
Mozenbs M2 | B KoTopoil mosiHble oArpadel, Mojenupytomue nenu e;eE, 3a-
MEHSIOTCSl TTOKPBIBAIOIIMMHU UX JIEPEBbSIMU (PUCYHOK 3).

XS [J1 X] U5 Xz U6 X7,

Pucynok 3 — Marematudeckoii moaeab M2



Pa3HOBUIHOCTBIO MaTeMaTUUYECKOW mMoAenu M2 sBisercs MnpeacTablie-
HUE KOMMYTaIIMOHHOM cxembl TpadhoM G=(X,U), B KOTOPOM BCE MOKPHIBAIOIIINE
JIEPEBBSl SABIISIFOTCS 3BE3IHBIMU ToarpadaMud ¢ IEHTPAIBHOW BEPUIUHON X;,
COOTBETCTBYIOIIEH HAayYaly 1enH e; (CM. pUCYHOK 4).

X U X

N Ui 6 o
Xe
@

Pucynok 4 — Maremaruueckasi Mmogeab M3

OO0uuit HeOCTATOK MPUBEICHHBIX MAaTeMaTUYECKUX MOJENel: gukcupo-
BAHHbLE 0epPesbsl MO2YMm YXYOUulUms Kayecmeo KoMnoHosku. Tem He MeHee Mpu-
BeJieHHbIe Monenu M1, M2, M3 nanbonee npoCThl IPHU PEIIEHUN MPAKTHYECKUX
3aaad4.

KommyTanmonHasi cxema Takyke MOXKET OBbITh MpeJCTaBlieHa B BHUJIE JIBY-
JOJILHOTO OpHeHTHUpoBaHHOTO rpada D=(X UCUE,U). B atom ciydae rpad 3a-
JAI0T MaTpULEed MHUUAEHTHOCTU [=||i} p||, 2JI€MEHTBI if,, KOTOPOI paBHBbI JIU-
00 -1, mu60 0, 6o 1.

inp = -1, €cii ek €, — BBIXOJHASA JUIA DJIEMEHTA X, Ii,, = (), €CIIU LIETb e,
HE CBSA3aHA C DJIEMEHTOM X, If,, = I, €CIIN LIETb €,— BXOJHAs JJIs DJIEMEHTA X,

s pparmMeHTa KOMMYTAllMOHHOM CXEMBI, MPEICTaBICHHOW HA PUCYHKE 1,
Marpuna I 3anumercs:

x|[1 0 -1 0 -1 0
Y AU B S B
x| 0 1 1 -1 1 0
X0 0 1 1 0 0

Howmepa cton01oB gaHHOW MaTpHUIbl COOTBETCTBYIOT 3JEKTPUUYECKUM IIe-
s (e;, ey, ...€5), @ HOMEpa CTPOK COOTBETCTBYIOT JIEMEHTAM CXEMBI (X, X,, X3,
X4). COOTBETCTBYIOIIAsI 3TOM MHTEPIPETALUU KOMMYTAllMOHHON CXEMbl MaTeMa-
TUYECKas MoJenb M4 npescraBiieHa Ha PUCYHKE 3.
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€ (V) C3 €4 €s €6
Pucynok 5 — Maremaruueckasi moaeji» M4

Matemaruueckas Moaenb M4 npumeHsieTcs Ui pa3padOTKH aIrOpUTMOB
TPACCUPOBKHU COCTUHEHHM U, KOoraa TpeOyeTcs pa3indaTh BXOAbl U BBIXO/BI JIO-
THYECKHUX 3JIEMEHTOB.

Korna matputibl, npeacrapisioniue rpad, CUIbHO pa3peskeHsbl, T.€. UMEIOT
MaJI0 HEHYJEBBIX JJIEMEHTOB, XpaHEHHEe MHPOpPMAIMN B MaTpUYHOU Qopme He
¢ dextuBHO. B 3TOM Ciiyyae ynoOHOU (opMol mpeacTaBiIeHUsT MaTpPULL SIBIS-
IOTCSI CHUCKHU COEIMHEHU.

3 CTPYKTYPHbIWA CUHTE3 TEXHUYECKOIO OB BbEKTA

3ajaya CHUHTE3a TEXHHMYECKOro OOBEeKTa BKIIOYAET B ce0s CO3/aHHe
CTPYKTYPBI IPOEKTUPYEMOT0 O0OBEKTA U PACUET €ro mapamMeTpoB. DTH JIBE YaCTU
CUHTE3a COOTBETCTBEHHO HA3bIBAIOTCSA CTPYKTYPHBIM MU ITapaMETPUYECKUM CHH-
T€30M. 3ajada CTPYKTYpPHOI'O CHHTE3a 3aKJIFOYAETCS B MOMCKE ONTUMAaIbHOU
WIN pallOHAJIbHON CTPYKTYpbl (CXEMbl) TEXHUYECKOTO 00BEKTa JUIsl peanusa-
UM 331aHHBIX QYHKUIMN B paMKax BRIOPaHHOTO MPHUHIIMIA JEHCTBHS.

Cy1iecTBo MOMyYeHHs] MAaTEMAaTHIECKUX MOJIENEeH OOBEKTOB MPOECKTHPO-
BAaHMS JJIEKTPOHHO-BBIYHUCINATEIBHON W PAJUOICKTPOHHOM ammaparypsbl, IS
peleHns 3a1a4 CTPYKTYPHOTO CHHTE3a, pACCMOTPHUM Ha IPUMEPE KOMITIOHOBKH,
pa3MenieHus, TPaCCUPOBKHU.

3.1 3apaya KOMNOHOBKM

ITon 3amagyaMy KOMIIOHOBKM TIOHHMAIOT 3a7a4d pa3OMEHHS MHOXKECTBA
D=(d,d,,..., d,) 3 n 31eMEeHTOB Ha PsiJ] HEIIEPECECKAIOIIMNXCS TOAMHOXKECTB Dy,

k=1, N, 4TOOBI IIPU 3TOM BBITIOJIHSIUCH 3aJJaHHBIC OTPAHUYEHUS U JIOCTUTAJICS
AKCTPEMYM HEKOTOPOU (PyHKIIMH KauecTBa F(x).

ITpu 3amanHOM ymuciae N TOJAMHOXKECTB pa3OMEeHHsT 3ajada KOMIIOHOBKHU
bopMyIHpyeTCs CISTYIOMNUM 00pa3oM:
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F(x)—>min (1)

unns Vk,l€{l,2y..,N} BbmonHsercs:
D, "D, =; 2)
ém=a 3)

rae Dy D — MHOXECTBO 3JIEMEHTOB, MPUHAJIEKAITUX k-MYy IMOJIMHOMXKECTBY
pa3OHMeHUs MPU YCIOBHH, YTO MOIIHOCTH | D, | xammoro noamuoxecTsa us pas-
OueHust 3amaHa, T.c.

Dy | =ny3 %nkzn. 4)
k=1

[IpocMoTpeTh Bce BapuaHThl pazdoueHus yxe Uit uncia n=>[00 HepeaabHO!

Ecnu xe chopmynupoBaTh 3a7auy KOMIIOHOBKM B TE€PMHHAX LIEJIOYHUC-
JIEHHOT'O MPOrpaMMHUPOBAHUS, TO MOKHO YMEHBILIUTh YUCIIO MPOCMATPUBAEMBIX
BapUaHTOB KOMIIOHOBKU.

Utak, nmycte TpeOyeTcs pacupelenuTb 7 KOMIIOHEHTOB 3JIEKTPOHHOM
cxeMbl Mexay N OlokaMu TakuM 00pa3oM, 4TOOBI CyMMapHOE YHCIIO CBA3Ei
MeXy OJIoKamMu ObLII0O MUHUMAJTBHO.

BBeaem BekTop X={X;;} NEpEMEHHbBIX IPOEKTUPOBAHUS, T[A€ X;; — dJIEMEH-

Tol BekTOopalX, i=1n; k=1,N;
1, eCITM KOMIIOHEHT d, BKIIIOYAETCs B IOJMHOKECTBO D), ;

X. =
k
l 0, B IIPOTHBHOM CIIy4ae.

[Tycte GyHkums kadectBa F(x) XapakTepuszyeT oOlee YUCIo CBA3EH Me-
Ty TIOIMHOKE€CTBAMHU

{D; }nns k=1,N.

Tornga, 3a7aya KOMIIOHOBKH 3aMUIICTCS:
n

n—1 N-1 N
F(x)=2 > 2. ij,k'xi,l'ni,j — min, ®))

j=li=j+1 k=11=k+1
IIPYU YCIOBUSIX:

N .
dxix=Li=1n; (6)
k=1

Y xix=mik=1LN; (7)

i=l
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n
SV x <7 ®)
i=1

Xk = (01), )

rae T, - 9UCIo CBS3€H MEKIy KOMIOHEHTaMHU d; U dj;

($) d:
V.7 - 3HaueHue napaMmerpa S Ui KOMIIOHEHTa d;;

VS(k) - OTpaHUYEHHUE TI0 MapaMeTpy S, HAKJIaJIbIBAEMOE Ha MOJIMHOKECTBO
Dy ;

S - MOoXeT OBITh JII0OOM MapaMeTp, MOAYUHSIOIINICS CBOMCTBY alTUTHB-
HOCTH: 00bEM; Macca; IHEPrOEMKOCTh, CTOMMOCTH U T.II.

B 3agaude (5-9) ycmoBus (6 , 7) COOTBETCTBEHHO O3HAYAIOT, YTO KaXKIbIN
KOMITOHEHT MOJKET OBITh OTHECEH TOJBKO K OJHOMY M3 TOJMHOXECTB D) U B
KKJIOM IOJAMHOXXECTBE D) MOXKET COJIepKaThCs KOMIIOHEHTOB HE Ooiee, yeM
3aJJaHHOE YUCIIO 71y .

3.2 3apava pa3meLleHus

Bricokass mIOTHOCTH pa3MelieHus 3aeMeHToB DBA coznmaer Oonblive
TPYJHOCTH IPHU peaju3alid COeIMHEHHN MeXIy HUMHU. B 3Tol cBA3M 3agaya
pa3MeIlleHHUsT AJIEMEHTOB Ha IJIOCKOCTH OMNpENeNsieT OBICTPOTY U KayeCTBO
TpaccupoBkU. ONTUMANIbHOE pa3MEIIEHUE AIEMEHTOB O0OECIEeUMBAET MOBbIIIE-
HUE HAJEKHOCTU IMPOECKTUPYEMOIO YCTPOWCTBA, MUHHUMM3ALMI HABOJOK, 3a-
JIEP’KEK CUTHAJIOB, YMEHbIIICHUE O0IIeH JITMHBI COSAMHEHUH U T.I1.

@opManpHO 3ajada pa3sMEUICHUS 3aKII0YaeTCs B ONPEIACICHUM OITH-
MaJbHOI'O BapUaHTa PACIOJI0KEHHS JIEMEHTOB HA INIOCKOCTU B COOTBETCTBUH C
BBEJICHHBIM KpuTepuem. Hanpumep, ¢ MUHUMAJIBHON B3BELICHHOW JJIMHOW CO-
€AMHECHUN.

B obmewm ciiydae tpeOyercs HaWTH pa3MeEleHUE KOMIIOHEHTOB d, ..., d,
HA MHOXECTBE ¢, 43, ...,q, (M<n) NO3ULUNA MOHTaXHOTO MTPOCTPAHCTBA, MPU KO-
TOPOM CyMMapHas JJIMHA COEJUHEHUN MEX]y KOMIOHEHTaMH Obliia Obl MUHHU-
MaJIbHOM.

BBeznem OyreBbl mepeMeHHbIE:

1, eciii KOMIIOHEHT d; Ha3HAYaeTCs Ha MO3ULIHMIO ¢ ;
Xik =
0, B IPOTHBHOM CIy4ae.

Torz[a MAaTCMATHYCCKAasA MOJACIIb 3aJa4M Pa3sMCIICHUA MOKCT OBITH 3amu-
CaHa.
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n-1 n m m

F(x) :Z Z szi,k "Xl p;; —> min (10)
i=1 j=i+1 k=1 s=1

IIPH yCIIOBUSX:

m -
in,kzla i=1n; (11)
k=1
Yxip<l, k=lm (12)
i=1
xi,k:(]:.o): (13)

rae [, — paccTossHue MEXIY NO3HLIUAMH Gk U (; P;; — YACIIO CBA3EH MEXKIy KOM-
IIOHEHTaMH d;; d;.

Yenosus (11, 12) COOTBETCTBEHHO O3HAYaIOT, YTO KaXKIbIM KOMIIO-
HEHT MOXXET OBITh pa3MeIeH TOJIbKO Ha OJHO IMOCaT0YHOE MECTO M KaXKI0€ TI0-
CaJI0YHOE MECTO MOKET OBITh 3aKPEIJIEHO TOJBKO 332 OJHUM KOMIIOHEHTOM.

3.3 3apaya TpaccupoBKMU

3ajaya TPACCUPOBKM BCTPEYAETCS NPHU KOHCTPYUPOBAHUM TEYATHBIX
I1aT; pa3paboTKe CUCTEM BOJAOCHAOKEHUS, DIIEKTPOCHAOKEHUS U T. 1.

TpaccupoBka cOeIUHEHUN SBISETCS, Kak MPABUIIO, 3aKIIOUYUTEIbHBIM
ATanoOM KOHCTPYKTOPCKOro MpoeKThupoBaHus OBA U cocTOUT B omnpejeseHuu
JMHUHN, COETUHSIONMINX IKBUIOTECHIHUAIBHBIE KOHTAKTHI 3JIEMEHTOB U KOMIIO-
HEHTOB, COCTaBIIIOIIMX IPOEKTUPYEMOE YCTPOMCTBO.

3ajadya TPaCCUPOBKH — OJHA M3 HaMOOJiee TPYJOEMKHX B OOIIEH IPO-
Oneme aBTomaTH3anuu npoektupoBanus DBA. C maremMaTHuecKkoil TOYKH 3pe-
HUSl TPACCUPOBKA - HAMCIIOXKHEHIas 3ajada BbIOOpa M3 OTPOMHOTO 4YKCIia Ba-
PUAHTOB ONITUMAJILHOTO PEIICHHUS.

OcHoBHas 3ajada TPACCUPOBKH (POPMYIUPYETCS CIEAYIOIMIMM 00pa3oM:
1O 3aJaHHOW CXeME COCAMHEHUN MPOJIOKUTHh HEOOXOAMMBIE MPOBOJHUKU HA
MJIOCKOCTH (I1J1aTe, TUTIOBOM DJIEMEHTE 3aMEHbI, KpUCTAJIE U T.1.), YTOOBI pea-
JM30BaTh 3aJJaHHbIE AJIEKTPUUYECKUE COCJIMHEHUS C YYETOM 3apaHee 3aJIaHHbIX
orpannueHnil. OCHOBHBIMU SIBIISIFOTCSI OTPAaHHYCHUS

Ha mmpuHy mpoBOAHUKOB 1 MUHUMAJIBHOE PACCTOSTHUE MEXIY HIMH.

HcxonHnoit unopManuend Juisi pelieHus 3a/ladyd TPACCUPOBKU COETUHE-
HUN OOBIYHO SIBJIAIOTCS CIMCOK IENeH, mapaMeTpbl KOHCTPYKIUU 3JIEMEHTOB U
KOMMYTAIMOHHOTO TOJIsl, @ TAKXKE TAHHBIE TI0 PA3MEIICHHUIO JIEMEHTOB.

Kpurepusimu tpaccupoBku, HanboJiee 4acTO UCMOIb3yEMbIEC IJI OLICHKU
KauyecTBa PEIICHUS 3a]]a4ll TPACCUPOBKH, MOTYT OBITh: IPOILICHT PEaIM30BAHHBIX
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COCAMHEHNH, CyMMAapHas JJIMHA MPOBOJHUKOB, YUCIO MOHTAKHBIX CJIIOEB, YHC-
JI0 MEKCIIOMHBIX MEPEX0/10B, MUHUMaJIbHAsA 00JIaCTh TPACCUPOBKH U JIPYyTHE.

3ajada TpacCUPOBKHU BCETJla UMEET TOMOJOTHUUECKUNA U METPUUECKUIN ac-
NEeKThl. TONMOJOTMYECKHUI acleKT CBSI3aH C BBIOOPOM JOIMYCTUMOI'O IMPOCTPAHCT-
Ba PACIOJIOKEHUS OTJEIbHBIX (ParMEeHTOB COeAUHEHNI 0e3 (PUKCAauu UX KOH-
KPETHOTO MECTOPACIIONIOKEHUS NIPU OIPAHUYEHUSAX HA YHCIIO MEPECEUCHUN U
cinoeB. MeTpuyecKUui acleKkT MPEIoaaracT yd4eT KOHCTPYKTHBHBIX Pa3MEpOB
AJIEMEHTOB, COEUHEHUI U KOMMYTAllMOHHOIO TOJS, a TAKXKE METPUYECKUX OT-
PaHUYEHUN HA TPACCUPOBKY.

PaccmoTpuM OAHY pPa3sHOBUIHOCTH 3aJadyd TPACCUPOBKU - 3ajayy IIO-
CTPOCHUSA CBA3BIBAIOIIUX CETEH MUHUMAIbHOM JUIMHBI U1 LETIEU Ol .

[Iycts U, — MHOXECTBO TOYEK, COCITMHSIEMBIX IO AJIEKTPUYECCKOM LEMH Ol ;

‘U k‘ =1y, TAE KaxI0My 31eMeHTy U, COOTBETCTBYET OJIHA TOYKA B MOH-
TaXKHOM IIPOCTPAHCTRBE.

BBenem mnonHsiTHe Tpacchl.

Tpacca — MHOKeCTBO CBSI3AaHHBIX OTPE3KOB, COCAMHAIIIUX TOYKH
JIEKTPUYECKOM LeNu.

OmnpenennM NepeMEHHYIO IPOEKTUPOBAHUS X; .

1, eciiu peOpo (i, j), ITMHOM [ BKITFOYACTCS B CBSI3bIBAIOIIYIO CETh;

X.. =
/ 0, B MpOTUBHOM CJIy4ae,

e x; - OysneBa nepeMeHHasl,

Torzxa MaTeMaTHYCCKasg MOACIIb 3a/la4 TPACCUPOBKHU 3aIIUIICTCA:

Ng-1 N

F(X) = z Zli,j 'xl',j —> min (14)
i=1 j=i+l

NPU YCIIOBUSX:

N}
qu <K,,i=1ln;; (15)
=1
x;; =01, (16)

rae, Kjy— MakCcUMalbHO JOMYCTUMOE YHCIIO COCTMHEHUN B OHOU TOUKE.
Ycnosue (15) o3Havaer, 4To B OJJHOM TOUKE HE MOTYT COSIUHSATHCA KO-
JU4ecTBO pedep Oosee 3a1anHOro yncna K .
JIJist KOHTPOJISI CBSI3BHOCTU CETH TIPH PEUICHUU 3aJla4ll TPACCUPOBKH, Ma-
TeMatudeckast Mojienb (17,18) MoxeT ObITh JOMOTHEHA YCIOBUSIMU:

N
S S-1 1
i, =30, x s v P = (17)

r=1
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E () . .
Zyi’j >1, i=ln,; j=2,n;, (18)
5=2

S
Tac yi,j( ) — BCIIOMOI'aTCJIbHBIC IICPCMCHHLIC.

Cytb orpanuuenuii (17,18) B TOM, 4TO Ha Ka)KJIOM IlIare OpUHSATUS pellie-
HUS «BKJIIOYATh — HE BKIIOYATh pPeOpO B Tpaccy» MOJKHBI PacCCMaTPUBATHCA
TOYKHU COCAUHECHUN, IPUHAJIEKAIINE OJHOU LICTH.

4 AINCOPUTMbI PELLEHNA 3AO0AY CTPYKTYPHOIO
CUHTE3A TEXHUYECKUX OB BEKTOB

4.1 AnroputmMmbl 1 Moaenin KOMMNOHOBKU

B Hacrosimiee Bpemsi mpu  pa3pabOTKE COBPEMEHHOW 3JIEKTPOHHO-
BBIYMCIIUTEIRHON amnmnapaTypsl (OBA) OCHOBHBIMH AJIEeMEHTaMH SBJISIFOTCS MH-
terpasibHbie MUKpocxeMbl (MMC). K UMC oTHOCATCS MUKPO3JIEKTPOHHBIE W3-
JIeNvsl, BRIOJHAOMIME (QYHKIIMK TTpeoOpa3oBanus, 00pabOTKM CUTHANIA WIIA Ha-
KOIUICHUSI MH(OpPMAIIMK U MUMEIOIINE BBICOKYIO TJIOTHOCTh YIAKOBKHU AJICKTPH-
YECKHU COEJMHEHHBIX 3JIEMEHTOB U KPUCTAILIOB, KOTOPHIE pacCMaTPUBAIOTCS KaK
equnoe 1enoe. [lox snementom UMC noHumaercss €ro 4acTh, pealu3yronas
(GYHKIIMIO TPOM3BOJIBHOTO 3JeKTpopaanodieMenta (OPJ), He BrimensemMas Kak
camoctodarenpbHoe usaenue. Kommonent MMC Taxke peanusyer (QyHKUUIO
DOPD, HO paccMarpuBaercsi Kak camoctostenbHoe uzaenue. Cnoxunocts UMC
XapaKTepU3yT YUCIOM COACPXKAIMXCS B HUX SJIEMEHTOB U KOMIIOHEHTOB U
Ha3biBaloT creneHblo uHterpauun (CH). Bennuuny CU ompepenstor no ¢op-
myne CH = [N, rne N —aucio snemMeHToB U KomnoHnentos B IMC.

IIpu peuieHnn 3aga4 KOHCTPYKTOPCKOTO INPOEKTHUPOBAHUS PATHOAIIEK-
TPOHHOW M DJIECKTPOHHO-BBIUYUCIUTEILHON amnmaparypbl ¢ nomoibto CAIIP
JIOJIKHO OBITH MPETYCMOTPEHO MCIOJb30BaHUE YHU(DUIIMPOBAHHON KOHCTPYK-
TOPCKO-TEXHOJIOTUYECKOW 0a3bl COBPEMEHHOW MHKPOIJIEKTpOHUKHU. [To sTomy
OHH CTPOSITCS IO OJIOYHOMY MPHUHIIUITY.

OcHoBHBIMH 3JieMeHTaMU DBA SBJSIOTCS MOHOJIUTHBIE UHTETPAJIbHBIE
BUC, CBUC, nns xotopeix 3HaueHne CU coorBercTBeHHO paBHBI: 1000 (1 60-
nee) i 10° 31eMEHTOB H KOMITOHEHTOB.

Konctpyknus OBA Bcerna cOmEpKUT HMEPAPXUIO TUIIOBBIX JJIEMEHTOB
koHcTpykui (TOK). Ilog TOK M0OXHO MOHUMATh KOHCTPYKTHUBHO 3aKOHYEH-
HOE U37eJIhe 000 CII0KHOCTH.

Covemubie TOK Ha3bIBalOT TUIIOBBIMU dJIeMeHTaMu 3aMeHbl (TO3).

OOGBIYHO TOBOPSIT O KOHCTPYUPOBAHHUH Ha OTNPEJICICHHOM paHre (YpOoBHE).

Hampumep, TOK nepBoro (Hu3IIEro) paHra — 3T0 MOKET ObITh TpPaH3U-
CTOp, pe3ucrop, uHrerpanbHas Mukpocxema (MMC), Moaynb, MUKPOMOAYJb U
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T.JA., T.€. KOHCTPYKTUBHO HEJEIMMBbII 0a30BBIA 3JIEMEHT, HA KOTOPOM BEIETCS
KOHCTPYHPOBAaHHUE.

Ha BTOpOM ypoBHE 351€MEHTHI NIEpBOro panra, Hanpumep UMC, oobenu-
HSIOTCSI B CXEMHBIE coueTaHust, o0pa3yss TO3bI (TUIIOBOI 3JIEMEHT 3aMEHBbI) WIH
SAYEUKU U T.J.

BeruncianreapbHbIH
V panr (ypoBeHb) KOMTLTEKC

= IV panr Ka
T
2
>
O III panr
2 e 1
2
-
2 II panr T33; - sueliku
e
N
O
I panr
——————— o
NMC

Takum o6pazom, TOK i-eo panra oowvenunsitorcs B TOK (i+1)-co panra.

Kaxk mpaBuiio, KOHCTpYKTOpCKO-TexHUYecKas 6aza DBA cocTout u3 nsatu
ypoBHEH (paHToOB) (CM. CXE€MYy Ha pUCYHKeE 0) .

B o6mem ciiygae mpu mepexoqe OT paHra [ K paHry (i+/) mpuxomguTcs
pemath 3a7adyy KOMIIOHOBKH, T.e. pa3ouenue TOK yposus i Ha TOK ypoBHs
(i+1).

HckitoueHne cocTapisieT KOMIIOHOBKA 3JIEMEHTOB CaMOT0 HU3KOT'O PaHra,
KOTOPBIE COCTaBJISIIOTCSI HE M3 KOHCTPYKTHBHBIX SJIEMEHTOB, a U3 (YHKIIHO-
HaJbHBIX 0a30BbIX 2JIEMEHTOB.

3a/jaun KOMIIOHOBKM Ha BCEX YPOBHSAX HEpPaApXUH KOHCTPYKTUBHOTO
opopmienusi OBA TecHO cBsizaHbl Mk 1y coboi. KommoHoBka paccmaTpuBaeT-
Csl KaK IpolLiecC NMPUHATHS penieHus. B pesynbprare pemenus 3agau KOMIIOHOB-
KU TUTIOBBIE 35ieMeHThl KOHCTpyKimu (TIK) i-ro yposHs, pasmeniaercs B TOK
(i+1)-ro ypoBHs. [Ipu 5TOM yunuTHIBA€TCSl BHIOPAHHBIN KPUTEPHI Ka4eCTBa.

[IpeoOpazoBanne (PyHKIIMOHAIBHOTO OIKCAHUS amnmapaTtypbsl B COOTBET-
CTBYIOILIEE €My OIMCAHUIO CXEMBI JJIEKTPUUECKOW MPUHIUIIHAIBHON MOXKET
OBITH BBITIOJTHEHO JBYMSI CIOCOOAMU: «CHU3Y-BBEPX» M «CBEpXy-BHU3». Ha
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IPAKTUKE MPUMEHSIOTCS 00a crmocoba W uxX pasznuyHbie KomOuHaiuu. Hampu-
Mep, MOKHO (pyHKIMoHaANBbHYI0 cxemy (PC,) ycTporictBa mokpsiTh TOK BTOpO-
ro paHra (sueKaMu), a 3aTeM YK€ CXeMy KaKJ0H A4ElKH MMOKPhIBATh MOJYJIS-
MU.

CyuiecTByeT Tpu BapuaHTa MOCTAHOBKHU 3aJa4d KOMIIOHOBKH, B 3aBUCH-
MOCTH OT IPUHSITHIX KPUTEPHUEB:

- tunu3auusa — pazouenne OC, HA yacTU pa3IMYHBIX THUIOB MO KpHUTE-
pHUI0 MUHMMYMa YUCJIa PA3HOTUITHBIX y3J0B (MUHUMYM HOMEHKIIATYPbI y3JI0B);

- MOKpbITHE — npeodpazoBanue OC, B MPUHIUITUATIBHYIO JIEKTPUUECKYIO
CXeMy, T.€. B cxemy coeauHeHnii TOK, HOMEHKIIaTypa KOTOpPBIX 3apaHee u3-
BECTHA;

- pa3pezanue — pazdouenue OC (wm [19C) Ha yacTh ¢ MUHUMU3ALMEH
Yyyciaa CBSI3U MEXAY STUMHM YacTSIMHU M OTPAHUYEHHUEM YKCIA CBA3EH Ka)KAou
YacTH.

NcxoaHpIiMu TaHHBIMU JIJIS1 PEILICHHS 3a]a4l KOMIIOHOBKH SIBJISIETCS KOM-
myTtaronnas cxema (KC). Jlns anropurMuzanuu u GOpMaNbHOTO PEIICHHS 3a-
naun npousBoautcs nepexoa oT KC k rpady ogHuM U3 METOAOB, ONMUCAHHBIX
BBIIIIE.

Krnaccudukanus anropuTMOB KOMIIOHOBKHY ITPUBEEHA HA PUCYHKE 7.

AJITOPUTMBI KOMIIOHOBKH

KoHcTpyKTHBHBIX G110KOB TunoBsIx 0J10KOB

ANTrOpUTMBI IOKPBITUS ANTOPUTMBI THITH3ALUHN

Pucynox 7

AJTOpPUTMBI KIIACCUDHUIUPYIOTCS MO KPUTEPUAM, TIO OTPAHUYCHUSIM Ha
(dopMupoBaHHE YacTel WM MO CTPYKTYpPE BBIUUCIUTENbHON mponeaypbl. C
3TOM TOYKM 3pEHUs UX JACAT Ha HnociedoeamenvHbvle, NApPALIeIbHO-
nocnredogamenvhvie U umepayuonHvle. B anropurMax nepBoro THUIA BBOJIUTCS
IIOCJIEIOBATENBHBIN MTPOIIECC KOMIIOHOBKH YaCTEM, HAa KAXJOM IIare KOTOporo B
OUEpEAHYI0 YacTh J00aBISAETCA OAUH U3 3JEMEHTOB MAaT€MaTUYECKOW MOJEINH,
BBIOMpaeMbIi IO OIpEACICHHOMY PUOPUTETY. B mapannenbHo-nociieoBaTeNb-
HBIX aJTOPUTMAX CHayaja BBIIEISAETCS HEKOTOPOE UCXOJTHOE MHOMKECTBO TPYIIII
AJIEMEHTOB, KOTOPOE 3aTEM PACHPEACIISIETCA IO YacTSAM C YUYETOM KPUTEPUEB U
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OTpaHUYCHUI Ha KOMIIOHOBKY. OOBIYHO STH QJITOPUTMBI MCTOJB3YIOTCS MpHU
pEeIIeHN 3a/lad KOMIIOHOBKH CO CHEIHAIbHBIMU TPEOOBAHUSMHU, HATPUMED,
MUHHAMHM3AIUS 9UCJIa PA3HOTUITHBIX OJOKOB. MTeparmoHHBIE alTOPUTMBI CITY-
KaT U YJIy4YLIEHUsT HEKOTOPOrO0 HAaYaJbHOI'O BapHaHTa KOMIIOHOBKH B COOT-
BETCTBUU C MPUHSITHIM KPUTEPHUEM.

[Ipu ncnosnb30BaHUM UTEPALMOHHBIX AITOPUTMOB CHavasia rpad pa3zouna-
€TCS Ha ONPENIEJICHHOE YHMCIIO YacTel MpPOM3BOJIbHBIM 00pa3oM, HalpuMmep ¢
MOMOIIBIO MOCJIEIOBATEIbHBIX AJITOPUTMOB. 3aT€M IO HEKOTOPHIM IMpaBHUIaM
IPOU3BOAUTCS MEPECTAHOBKA BEPILIMH U3 OJHOM YacTU B JAPYTYIO C LEJIbIO0 MU-
HUMU3AIMK YKCIia BHEITHUX pedep.

B anroputmax pa30ueHusi, OCHOBAaHHBIX Ha MaTEMaTHYECKUX METOJ/ax, B
OCHOBHOM HCIIOJIB3YIOTCSI ~ METOJIbl BETBEW M TpaHUI], pellIeHUE 3a/1auyu O Ha-
3HAUYCHUSIX. AJITOPUTMBI pa30UEHHs ¢ TPUMEHEHUEM METOJI0OB BETBEH M IPAHMII
COCTOSIT M3 clenyromux 3TanoB. CHayana onpenenseTcss HIKHSS OllEHKa pas-
ouenus rpada Ha 3aJlaHHOE YHCIIO YacTei. 3aTeM MPOU3BOJIUTCS MOCTPOCHUE
JiepeBa PELIEHN U OCYILLECTBISAETCS MOMCK ONTUMAIBHOIO Pe3yJIbTaTa.

3anmauy pa3oueHus rpada cXeMbl Ha YaCTH MOXKHO CBECTH K 3adaue 0 Ha-
3nayenuu. Ilpu 5TOM HILIETCS HA3HAYCHHE KaHAMIATOB (BepiuH rpada) Ha Bce
YacTH, Jallllie MUHMMAaJIbHbIE CyMMapHble 3arpathl. [Ipu 3TOoM Kaxnaas Bep-
[IMHA MOXET ObITh Ha3HAU€Ha TOJILKO Ha OJIHY YacTh M B KaX/IOM 4acTh JOJIK-
HBI COAEPKAThCS pa3IMUHbIE BEPIIMHBI rpada.

AJTOpUTMBI KOMIIOHOBKH THIOBBIX OJIOKOB CBOJATCA K 3ajadaM HOKpbl-
musa u munuzayuu. 1lon nokpsimuem noHUMaeTcs NpeAcTaBiIeHUe QyHKIHO-
HaJIbHOM cxeMbl DBA TUNOBBIMH KOHCTPYKTUBHBIMU 3JIEMEHTAMH, Ha KOTOPBIX
OHa OyJeT pealM30BaHa, M CBSA3SIMU MEXJy HUMHU C BBINOJTHEHUEM 3aJJaHHBIX
KOHCTPYKTUBHBIX OrpaHuydeHui. [Ipy MOKpPBITUM BBIACHSIOT 3aa4l C HECBSI3-
HBIMH 3JIEMEHTaMH U GyHKIUOHATBHBIMU siueiikaMu. B mepBoMm citydae pemaror
3a/layu OmpenesieHrss HE0OXOIMMOT0 Yhcia SYeeK I TMOKPBITUS KOMMYTAIlH-
OHHOU CXeMbl C MUHUMAJIbHOW CYMMAapHOW CTOMMOCTBIO (MaTreMaTH4ecKasi Mo-
nenb 19 - 21). Bo BropoMm ciiydae pemaroT 3a/laud MOKPHITUS KOMMYTallHOHHOM
CXEeMBI 3aJJaHHBIM KJIacCOM (YHKIIMOHATBHBIX SYEEK C MUHUMHU3AIMEH YHCia

JYCCK U CYMMapHOI‘O YUuCJia MCIKBbAYCCUHBIX CBHSGﬁ (MaTeMaTI/I‘-IeCKaH MOJICIb
22 - 26).

L(x)=ch-xj — min (19)

jeJ
P YCJIOBHAX (OrpaHUYCHUSX):

Zai’j-ijbl.,izl,_m; (20)
jeJ
x; 20,x; - menoe s BCeX j , (21)
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I€  a;; — KOJMYECTBO DJIEMEHTOB {-T'0 TUIIA, COJIEPKALUECA B AYEHUKE j-T'O TUIIA;
Xj - KOJMYECTBO SYEEK j-TO THUIIA, UCIOJIb3YEMbIX IPU MOKPBITHH 3JIe-
MEHTOB KOMMYTAI[UOHHOW CXEMBI;
¢j — CTOUMOCTb S4YENKH j-TO THIIA.

L(x)= sz: X, p;,; —> min (22)

jeJ i=l1
IpH YCIOBUSX (OrpaHUYECHHSIX):

Zai’j-xJ.Zbi, i=Lm> (23)
jeJ
x; 2 0,x, - nenoe wis Beex J, (24)

rae: a;; — KOJIMYECTBO DJIEMEHTOB i-I'0 THIIA, COAEPIKALIUECS B AYEHKE j-TO TH-
rna;

Xj - KOJIMYECTBO SYEEK j-IO THUIIA, UCIIOIb3YEMBIX IIPH ITOKPLITHH KOMMY-
TAllMOHHOM CXEMBI;

Pij — KOJIMYECTBO BHELIHUX CBA3ECH AYECHKU THIIA j NIPU pEaNH3alUK €10
3JIEMEHTA CXEMBI I-I'0 THIIA;

b; — KOJIMYUECTBO DJIEMEHTOB i-TO TUIA, COJEpKAIIUecs B KOMMYTallOH-
HOH CXEME;

Tunu3zayus — 510 pa3OMeHUe KOMMYTAIIMOHHON CXEMBbI HA YacCTH IO KpHU-
TEPUI0 ONTUMAIBHOCTU — MUHUMYM HOMEHKJIATYphl YacTed pa3OueHus Wi 1o
KPUTEPHUIO ONTUMAIBHOCTH - MAKCUMYMY OJHOTUITHOCTH HMCHOJIb3YEMBIX STUEEK.
Cokpamenue HoMeHKJIaTypsl TOK 1MO3BOJIIET yMEHBIIUTH 3aTpaThl Ha JAllb-
HEWIllee TPOEKTUPOBAHMUE.

3ajada TUNU3ALKY - 3TO KOMIIOHOBKA «CBEPXY BHU3Y.

L(x)= Z Z X, min (25)

jed el

U YCIOBUSAX (OTPAHUYECHUSX):

Z Xij
jeJ
n

n

l,i=1,m; (26)
jed; 27)

x;;= 1051}, (28)
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rIe X;; - IepeMeHHas IPOEKTUPOBAHUS; X;; = 1, eciM siuelika THIIa j-ro peau-
3yeT 1-il 271eMeHT cXeMbl; X;; = 0, ecu A4yeliKa TUIA ] HE MOXKET Pealn30Barth i-
1 BJIEMEHT CXEMBI.

k; - KONMYECTBO AIIEMEHTOB, COAEPKAILUECS B STYEHKE |-TO TUIIA;

n; - KOJIMYECTBO AJIEMEHTOB 1-T0 THUIIA, COACPIKAITUECS B STUEHKE |-T'0 THUIIA.

Orpanuyenue (26) MOKa3bIBAET, UTO KAXKBIN AJIEMEHT KOMMYTAllUOHHON
CXEMbI MOXET OBITh peaIu30BaH TOJBKO OJHOM SYEHKOM COOTBETCTBYIOIIETO
THIIA.

Orpanudenue (27) mMOKa3bIBa€T, UTO YHUCJIO DJIEMEHTOB CXEMbI, pealiu-
3yEeMbIX SYEHKOMN j-r0 THIa HE JOJKHO IMPEBBIINIATH YHCIIA 3JIEMEHTOB, COJEp-
JKalluxcs B HEH.

Baxnoit 3amadeit B o0mieil mpoOiemMe KOMIIOHOBKHM KOMMYTAIlMOHHOM
CXEMBI SIBJISIETCS MOKpbITHE. Kak oTMeuanoch BbILIE, MOJ MOKPHITUEM CXEMBI
MOHUMAETCS MpeACTaBiIeHUE (QYHKIIMOHATIBLHON CXEMbl TUIIOBBIMU 3JIEMEHTAMU
KOHCTPYKIUH, Ha KOTOPHIX OHA OYJET peajn30BaHa, U CBS3SIMU MEXIy HUMH.
[TokpeiTHE HA3BIBAIOT KOMIIOHOBKOW «CHHU3Y B BEPX)».

Peuienne «3agauul MOKPBITUS) HAa MEPBOM YPOBHE KOHCTPYKTOPCKOIO
MPOCKTUPOBAHUS J1a€T BO3MOXHOCTHh MPEACTaBUTh (PYHKITMOHAIBHYIO CXEMY
OBA wunm ee yactel B BUJE NPUHUMITHAIBHON DJIEKTPUYECKON CXEMBI COEINHE-
HUW 3JIEMEHTOB. DJIEMEHTaMU MOTYT OBbITh PE3UCTOPHI KOHICHCATOPbI, TPaH3U-
cropsl, UMC u T1.1., T.e. TOK 1-r0 ypoBH. [loaTOMY IIpn pemieHnn 3amadu no-
KPBITHSI MOYKHO PacCMaTpUBATh BOMPOCHI BEIOOpA Kjlacca 3JI€MEHTOB U MUHUMH-
3allUy Yuclia TUIOB 3JIeMEHTOB. KOHEUHOM 11e1bI0 MOKPHITUS SBJISETCS BBIOOD
ONTUMAJIbHON AJIEMEHTHO-TEXHUYECKOM 0a3bl 00beKTa MPOESKTUPOBAHUS.

Ucxonnoit nndopmanuend A 3TOro 3Tana MPOEKTUPOBAHUS SIBISIOTCS
cxema ¢yHKIMOHANBHAs U Habop sueek A= {i,,51,,...,5, }, mapameTpsl KOTO-
PBIX OKa3bIBAIOT PEIIAIOIIEE BIUSIHUE HA PE3YIIBTATHI IOKPBITUS CXEMBI.

[TycTh 3agana cxema, coCTOsIas U3 JJIIEMEHTOB X, X, ..., X,, IS KaXKJIOTO
13 KOTOPBIX U3BECTEH THII #(X;), te{l,...,[}. CocTaB cXeMbl MO TUIAM 3JIEMEHTOB
OTUCKIBACTCSI BEKTOpOM M={m,my,...,m, ...,m;}, B KOTOPOM M, — YUCIIO DJIEMECH-
ToB THna t. CocTaB sueek 3aJaHHOTrO Habopa S ONMUCHIBAETCS MaTpHIIEH
R = //rv,,//, ve{l..k}, te{l..n}, tne r,, 4UCIO FIEMEHTOB TUNA t B sTUciike V.
Cxema cuumaemcsi nokpulmou sueuxamu uz Habopa A, eciu kaxcowlil sn1emenm
cXembl peanusyemcs dNeMeHmamu, 6X00AWUMU 6 COCMAE 8blOPAHHBIX SYeek.
[TycTh M3BECTHBI CTOMMOCTH ¢, SY€EK Kaxjoro tumna. TpedyeTcs oThICKaTh IO-

n
KPBITHE C MUHMMAJILHOM CTOMMOCTBIO F: F' = ch -‘R
1=1
Jns hopMmanusanuu mpouecca MOKPHITUS CXEMBI SYEHKaMM, pa3IU4HbIE
HaOOPBHI JEIATCS Ha KJIACCHI.
1. B cocTtaB sueek BXOIAT JOIMYECKUE DIEMEHTHI OJHOIO THUIIA, HE CB-
3aHHBIE MEKIY COOOM; BXOJBI U BBIXOBI DJIEMEHTOB UMEIOT OT/CIIbHBIE BBIBObI
Ha sYEHKe.

14
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2. Slueliku coAepKaT pa3sHOTUIIHBIE JJIIEMEHTHI, HE CBA3aHHBIE MEK]Y CO-
00¥1; BXOJIBI ¥ BBIXOBI AJIEMEHTOB UMEIOT OT/ICTLHBIC BBIBOJIBI HA STUCHKE.

3. CocTaB siueek aHAJOTUYEH KJaccy 1, OHAKO 4acTh JIEMEHTOB CBsA3aHa
MEXKy COOOH.

4. CocTaB slU€EK aHAJOTUYEH KJIACCy 2, OJTHAKO YaCTh 3JIEMEHTOB CBs3aHa
MEXKy COOOH.

PaccmoTpum 3amady, OTHOCSIIYROCA K Kiaccy 2. Maremarndeckas Mo-
JIeb 3a/1a4d MOKPBITUS JIJIs1 TJAHHOTO KJlacca 3amuIIeTCs:

F= icv |A,|= min (29)
t=1
IIpH YCJIOBUAX:

!

er,t.‘gv _ZSt,a+ZSa,t2mt; (30)
velV a=l1 v=I

4,2 0; 31)

S, 4 2 0 -1enble yncia, (32)

rie m; - YUCJIO DJIEMEHTOB THUIIA f, HCIIOJIb3YEMBIX B CXEME;

S; 4 — KOJIMYECTBO AJIEMEHTOB THIIA «7», KOTOPbIE MOTYT OBITh 3aMEHECHBI
DJIEMEHTAMM THIIA «a»;

S,.: — KOJIMYECTBO JIEMEHTOB THUIIA «@», KOTOPhIE MOTYT OBITh 3aMEHEHBI
AJIEMEHTAMM THIIA «1»;

|}ZV ‘ - YHUCJIO STYEEK TUMA A1, , UCTIOJIb30BAHHBIX MIPU PEATIN3ALUHN CXEMBI.

3amaya (29-32) oTHOCHTCS K 3a7a4aM IEJIOYUCICHHOTO MPOorpaMMHUpPOBa-
Hud. Ee pellleHne TOYHbIMU METOJaMU 3aTpyaHeHO. 110 3ToMy NpUMEHSIOT pH-
ONMKEHHYIO ABPUCTUUYECKYIO MPOIEAYPY pEUIeHHs MOCTaBlIeHHON 3amauu. Ha
IpaKTUKE XOpOIIO 3apeKoMeH10Bal ceds anroput™ CentotnHa. Paccmorpum an-
roput™ CellfoTHHAa KOMIIOHOBKH STYEEK C HECBS3HBIMM yieMeHTaMu. [Ipumep Ta-
ko siuerikn «K155LA3» mpuBenen Ha pucyHke 8. B cocraB naHHOU siueiiku
BXOSIT OJTHOTUITHBIE 3JIEMEHTHI, peanu3yromue Gynkuuio «1-HE» Ha nBa Bxona.

Jliis o01HOCTH MPUMEM, 4TO HaOOp AYeeK OTHOCUTCS K Kiaccy 2, T.e. B
HEro BXOJAT SYEUKH C PA3HOTUITHBIMU 3JIEMEHTAMH.
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[Ipu pemenuu 3agauu OyJeM CUUTATh, YTO KAXKIbIA 2JIEMEHT CXEMbI pea-
JU3YEeTCs AJIEMEHTOM TOTO K€ THIa B siueiikax Habopa S1. B xauecTBe M0MOIHH-
TEIBHOTO0 KPUTEPUS ONTUMHU3AIMU IPUHUMAETCS YUCIO MEXbSIUECUHBIX COEOU-
HeHuil. Pemenue 3amaun pa3OuBaercs Ha JBa dTama: 1) ompeneieHne HEOOXO-
JUMOTO YHCJIa TYEEK ¢ MUHUMAJIBbHON CYMMAapHON CTOMMOCTBIO; 2) MUHUMH3A-
U 4Yuciia CBsi3ed Mexny suedikamu. Ilycte nana matpuna R = /l Foy /],
ve{l..k}, te{l..n}, 1 BEeKTOp UMCla FIEMEHTOB B cXeMe 1o tunam M, = /] m; /].

AJNTOPUTM pellIeHU 3a/1a4l COCTOUT B CIEAYIOIIEM.

1. Ynopsanounth siueiiku Habopa {fl,} Mo BO3pacTaHUIO UX CTOMMOCTH:
A Ay Asr... v (Ci=CoZ...<C;<..<Cv ). Bribupaercs siueiika A ¢ Hau-
meHvuwum 3Havenuem cmoumocmu Cy. 3alaéM HadallbHOE 3HAYEHHE HOMEpa
utepauuu i=0. Ilo pe3ynpraTaM CTPYKTypHOI'O aHajau3a MOKPHIBAEMOW CXEMBI
onpenensieM BEKTOp My, 3JIEMEHTBI KOTOPOTO paBHBI YUCILy Ka)KJOro THIIA 3Jie-
MEHTOB, UCIIOJIb30BAHHBIX B CXEME.

2. OnpenenuTh «I0KaIbHO-MUHUMAJIBHOE» YUCIO siueek A, s urte-

pauuu 1 = i+1: A,E’) =min {m;/ryi}, TAE ¥ , — KOJIMYECTBO JIEMEHTOB TUIA «» B

sueiike Tuma «k».
3. Bpruncnuts BEKTOP  «HEIMOKPBITBIX  JJEMEHTOB»  M;:

M;=M;_,— ARy,

4. Ecmu M; >0, nepeiitu k 1.2, eciiu M = 0, nepeiTu K 11.5.



23

p .
5. IloxcuuraTh YHMCIIO STYEEK KaXKIOr'o THUIIA: /}Zv / = Z A(Vl) , Te p —
i=1
YHUCJI0 BBIMOJHCHHBIX IIPU MOKPBITUU uTepanuid; v = {1,2,3,....k,...,v}.

Paccmorpum npumep. /lana mornyeckas cxema (pUCYHOK 9), TUIIbI uc-
MOJIb3YEMBIX 3JIEMEHTOB (pucyHOK 10) .

Pucynok 9

Pucynok 10
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TumoBbie IEMEHTHI IPOSKTUPOBAHUA t, t;, t3, t4 BXOJAT B HAOOp sUEeK
Ay, A,, S5 (pucynok 11):

tr t) t
ty t3 ty
tl Hz ﬂ:;
V0

Pucynok 11

CocraBum MaTpuny Rv OIMuCaHuA COCTaBa JaHHOI'O Ha60pa SAYCCK:

th ottty
21 0 0
R=10 11 0
1 0 0 1

Crpoku maTpuilbl R, COOTBETCTBYIOT siueiikaM 3aJaHHOTO Habopa — A,
A5, A;. CTOAOIBI — TUTIOBBIM AJIEMEHTAM IIPOCKTUPOBAHUSL: ty, by, 3, ty
JlaHHBIE CTPYKTYPHOT'O aHaJIM3a CXEeMbI IIPHUBEICHBI B Tabnuie 1.

Tabmuma 1
Tun onemenTa [t; [t) [tz [ty | ts
CXEMBI

YHCJIO UCTIOJIb-
3oBaHus emen- |5 (4 |1 |1 |0
Ta B CXEME

B cooTBeTrcTBHMU C HNCXOAHBIMHU JaHHBIMHU, MaTCMAaTHUYCCKasd MOACIIbL 3a-
Ja49U IIOKPBITHUA 3aIIUIICTCA:

L =c¢,x; +c,x, + ;X3 = min (33)
IIPH YCIIOBHSIX:
2x,+x3 25 ; (32)
X +x, 24; (33)
x, 21, (34)
x;21; (35)
Vx;20,x;- menoe, (36)

rae:. x; — KOJIN4eCTBO }I‘IeeKj-FO THIIA, BI>I6paHHI)IX IJIAA IIOKPBITUSA CXCMBI.
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Pewenue 3a0auu nokpvimus no anzopummy Cenromuna.

1. ITo manubIM TaGauel 1 3anumemM Bextop My = (5,4,1,1) .

2. YnopsamouuM sUeHKH 3aaHHOTO Habopa {4,} MO BO3pacTaHHUIO UX
CTOUMOCTH:

Ay Ao Ay (Cr=C=Cs).

3. BriOupaem siueiiky A;, T.K. OHa UMEET HAUMEHBIIIYIO CTOUMOCTb.

OnpenensieM  «JIOKQIbHO-MUHUMAJIBHOE» YHCIIO Al( V" pecnons3oBanms
sueiiku A;. Sdeiika S, MOXeT peain30BaTh JJIEMEHTHI CXEMbI THMA ), {; (CM.
matpuiy R,).

JIjist peanu3anuy 371€MEHTOB CXeMbl TUIIA t; Tpedyercs ABe sueiiku A, —
A[y]: (5 div2 = 2),

JUTSL peayiu3aliii 3JIEMEHTOB CXEeMbl THMa t, TpeOyeTcss 4YeThipe SUYeUKu
ﬂl —)ALZZ (4 div [= 4)

Jlns Hamero npumepa Al(l) =min {A;;, A, ); Al( Y =2. CnenosarensHo,

|A;|=2 .
[Tepexon k cnenytromeit urepauuu: i=i+1, i=0+1, i=1.
4. BoluucisieM BEKTOP «HEMOKPBITBIX 3JIEMEHTOB» M;, rae i — HOMEp

BBHITIOJTHEHHOM uTepanuu (i=1).
My =M,— A4 r; norysaem M;=(1,2,1,1).

5. Tak kak BeKTOp M; # (), TO BBINIOJHSAEM BTOPYIO uTepamuto (i =2 ) s
s;yerkd A,. Bce BBIYMCIICHUS MPOBOJATCS AHAIOTHYHO BBIYMCIICHUSIM Ha IIEp-
BOM UTEpAIlH, HO C HOBBIMU 3HAYCHUSAMU BEKTOpa M, .

2 . Az,z =2 2
6. Ay =min 5 A=l | 5,1=1; M~=(1,1,0,1).
23 =

Tak kak M>,>0, - BBITIOJHIEM 3-10 UTEPAILIUIO.

7. TpeTbs uTepanus BBITOIHACTCS I SYECUKU A ;.
A} = min j3’1 _11 ; ‘/73‘ =1.
34 =

Beraucasem M;=(0,1,0,0).

Tak kak M;>0, - BbINIOJTHAEM 4-10 UTEPALIHIO.

8. BekTop M; COIEpKUT TONBKO OJIMH HEHYJIEBOU 3J1eMEHT — m, . Ciefo-
BaTEJIbHO B CXEME€ OCTAJICA TOJIbKO OJMH HEpPEaJTU30BAHHBIMA 3JIEMEHT THUIA t),
KOTOPBII MOKET OBITh peanu3oBaH siueiikamu A; u A,

Tak kak C;<C, BbpiOMpaem siueiiky A;.

9. Beruucisiem Bexkrop M. M,=(0,0,0,0).

Tak kak My = 0, pemienue 3agaum 3akaHuuBaercs. Ocraercs MoaCYUTaTh
CyMMapHO€ KOJIMYECTBO S[YE€EK Ka)KJI0r0 THIA, BEIYMCICHHOE HAa KaKO0W uTepa-
LUH.

Jlng naHHOTO MpUMeEpa |}L|= 3, |}72|= 1, |}I3|= 1.
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Beltie roBopusioch 0 TOM, 4TO sSiYeiika — 3TO HEAETUMBIN 0a30BBIN dJie-
MEHT KOHCTPYKILHHU, TIO 3TOMY IpPH MOKPBITUU JIOMYCKAETCS HEKOTOpas U30bl-
TOYHOCTB 3JIEMEHTOB SYEEK B BUAY X HEJIOMCIOJIb30BaHMs, HA IPUMEDP OJHA U3
Tpex siueek S; uMeeT U30BITOYHOCTD MO 3JIEMEHTaM THUTIA ¢.

Ecnu ¢yHkumroHaneHyto cxeMy mnpeactaBuTh rpagpom G=(X,U), roe X —
MHO>KECTBO BEpIIMH, MHTEPIPETUPYIOUIUX JOTUYECKHUE 3JIEMEHTBI CXEMBI, a
MHOXecTBO pebep U — cBsi3m.

[lycTh (yHKUIMOHANBHYIO CXEMY 3JIEKTPOHHOM paauoaniapaTypbl HEOO-
XOJIMMO TOKPBITh 33JJaHHBIM KOMILJIEKCOM HMHTerpanbHbix Mukpocxem (BUC).

o \J
Torna xaxasiii komnoneHnt bBUC moxHo npenctaBute B Buze noarpaga G . B
pe3yibTaTe TMOJYy4YMM HEKOTOPOE MHOXKECTBO MOArpadoB, COOTBETCTBYIOIIUX
NMC 3amanHOTO KOMIUIEKCA. 3a7ada TOKPBITUS (GOPMYITHPYETCS TENeph Kak

noxpeitHe rpada G moarpadamu u3 muoxkectBa {Gi,Gj, ...,G'p}. Onun u3

BO3MOXHBIX ITyTE€H PELICHUsS 3TOU 3ajauyu ciaeayromui. Kaxnon sepumsae rpa-
¢da G npucBoUTh KOJ S;,, Il | — HOMED BEPIIUHBI; p — TUI JIEMEHTA JIOTHYe-
CKOU CXEMBI.
Kaxxmomy pebpy rpada cTaBUTCS B COOTBETCTBHE 3HAaUCHUE (DYHKIINH Be-
ca Zik.
(1, econ pedpo u;, MHIUAESHTHO OJHOTUITHBIM BEpIINHAM;
gik™ %
LO, B IPOTMBHOM CJIy4ae.
Buytpu UMC, kak npaBuiio, 0ObEeIUHSAIOTCS OJTHOTUITHBIE KOMIIOHEHTHI.
N3 HeCKOIbKUX BapUAHTOB MOKPHITUS CXEMbI BHIOMPAIOT TOT, JJI1 KOTOPOTO:
1

g:—z g, = min.
2%

PaccmoTpum 3aaavy tunusaumu. Tunuzayus — 3TO pa30MCHUE KOMMY-
TAIlMOHHOM CXEMBI Ha YaCTH ¢ MUHHUMHM3AIlMel HOMEHKIIATYphl YacTeil pa3oue-
Husg. OgHOTUIIHBEIMU Ha3pIBaloTcsa TOK, mMmeromnue oauMHAKOBBIM COCTaB diie-
MEHTOB U OJIMHAKOBYI0 KOMMYTAallMUOHHYIO cxeMy. B aToM cityuae 3ajaya Tunu-
3anuu GOpMyJIUpyeTca Kak 3ajiaya BblAesneHus B rpade u3oMop(dHbBIX MOArpa-
doB (A.M. bepmianckuif). 3amaya BbieiIeHUS B Ipade M30MOPPHBIX MOJArpa-
doB hopmynupyercs ciemyromuM oopasom: HaiTu pazouenue O(G)ed rpada
G Ha MHOXECTBO Tpynn HM30MOPQHBIX MOArpadoB, YAOBIETBOPSIOIIUX CJe-
TYFOIIIM YCIIOBUSIM:

1) mo6sie nBa noarpada Gi,Gy, npuHaAIekKalMe OJHON rpymmne pazoue-
HUS, TOJDKHBI OBITh U30MOP(HBIL;

2) MHOXECTBA BEPUINH JIIOOBIX JABYX MOATrpadoB HE JOJIKHBI IEPECEKATHCS;

3) yncno BepuuH JTr000ro nojarpada pa3dueHus He JTOHKHO IPEBBINIATh
3alaHHOe (KOHCTPYKTHUBHOE OTPAaHWYEHHUE, CBSI3aHHOE C YUCIIOM 3JIEMEHTOB Ha
TUTIOBOM DJIEMEHTE KOHCTPYKIIUN);
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4) cyMMapHOE 4YHCIIO BHEIIHUX pebep Kaxmoro moarpada HE TOJDKHO
OpEeBbIIIATh 33JaHHOE (KOHCTPYKTHUBHOE OTPAaHUYEHHE, CBA3AHHOE C YHCIOM
3JIEMEHTOB pa3beMa WM JJIMHOM napamerpa kopnyca TOK).

KputepueM onTUManbHOCTH TMPU THUIH3ALUU SBISETCS MHUHHUMAIbHOE
YUCJIO TPyN U30MOP(PHBIX NOArpadoB, MOTYUYEHHBIX B pe3yibTaTe pa3OUeHHUS.

Jlnis penieHus 3a1ayu TUMHU3AIUU IIyTEM CBEJCHUS €€ K 3ajaye Bblaese-
Hus B rpade nzomopdHbIX noarpadoB HEOOXOIUMO:

1) onucaTh UCXOAHYI0 KOMMYTAIIMOHHYIO CXEMYy C MOMOIIbI0 rpadoBon
MOJIEIIN;

2) pemnth A8 rpada 3anady BbIIEICHHUS B HEM H30MOP(HBIX MOArpa-
(os;

3) OT MONy4YEeHHBIX PE3yNbTAaTOB PELICHUS 3a7aun Ha rpade HeoOX0IUMO
HNepelTH K pe3ynbTaraM pelIeHUs 3a/layd TUIU3alud B KOMMYTAI[MOHHOM
CXEME.

4.2 Pa3melleHUe KOHCTPYKTUBHbIX 3JIEMEHTOB B MOHTaXXHOM
npocTpaHcTBe (3agayvya pa3mMelleHus)

Pa3menienue omnpezaenser KauecTBO TPACCUPOBKH, OBICTPOJEHCTBUE, Ha-
JEKHOCTh. M3-3a Manoro BpeMeHu nepekintoueHus: cxem [IBM — nnuna coenu-
HEHUH BJIMSET HA 3a/IEPKKU B PACHPOCTPAHEHUM CHUTHANA, 3aTPYAHSIET CUHXPO-
HU3ALIMIO.

WcxoiHble TaHHbIE AJ1 pa3MEILCHUS

1) npsiMoyronbHasi KOHCTPYKIUS (slUeiika, KpUCTaILI, MTaHEelb);

2) 4YUCIIO PTIEMEHTOB AJI pPa3MeIleHNUS;

3) rpad cxemsl coeauHeHu 351eMeHToB G=(X, U).

Ha 3agaHHyr0 KOHCTPYKIIMIO HaKJIaJbIBaeTCsl KOOpJAWHATHAs CeTKa (pe-
IIETKA) ¥ OCU KOOPJMHAT S, t, MPEJICTaBIsis € TaKUM o0pa3oM B Bujie rpada G,.,.
Teneps 3amaua pazMenieHus: CBOAUTCS K OTOOpaKeHUIO 3aJjaHHOTO Tpada cxe-
Mbl G=(X,U) B xoopauHaTHyIO ceTKy (,, TakuM 00pa3oM, 4TOOBI BEPIIHHBI
MHOXECTBAa X pasMEIIAINCh B €€ y3JlaX W CyMMapHas [JIMHA CBA3CU
% ZP (ui, j)

u; el
ObLJIM  HAWMMEHBIIUMH JJII BO3MOKHBIX CIOCOOOB OTOXJECTBJICHHSI BEPUIMH
rpada u y310B CeTKH. B npuBeeHHbIX (OpMyIax MEpEMEHHas #;; paBHA YHACIY
KPaTHBIX peOep MEX Iy BEPIIMHAMU X;; X; , a P(u;;) - 4uCIly Iepecedenuii peo-
pa u;; CO BCEMM OCTaJIbHBIMU peOpamu rpada, d;; pacCTOSTHHE MEXIY y31IaMu
CETKH, B KOTOPBIX pa3MEIEHbI BEPIIUHBI X;; X; .

PaccrosHue d;; MexXIy y3laMH CETKH, B KOTOPBIX Pa3MENICHBI BEPUIMHBI
X;; X; OIIPENIENIAETCS BBIDOKEHUEM - di=|s; - s;|+|t; - ).

OyHKIUS pacCTOSHUN JJiA y3710B ceTku G, 3a/1aeTcsi MaTpUIEH paccTos-
Huu D.

1
L(G):Ezdi, I, j WA CyMMapHoe 4ucio nepecedennit P(G) =
I, j
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. |0, ecmn x; = x
s d“_

v d;, ecim xi# X ;.

d..

y

b-|

CyuiecTByeT OOJIBIIOE YKCIO aJTOPUTMOB pa3MelleHus rpada cXembl C
MUHUMH3ALMEN CyMMapHOW JJIMHBI COEAMHEHUN U BHYTPUCXEMHBIX Iepeceye-
HUil. Bce anropurMbl MOMKHO pa3feluTh Ha [JBE TPYIIbl: HENPEpPbIBHO-
JTUCKpETHbIE M IUCKpeTHble. K mepBoil rpymme OTHOCSTCS aJrOPUTMbI, OCHO-
BaHHBIE Ha IPAAUEHTHBIX MeToax. Ko BTOpOil rpymnne oTHOCATCS

HrepanmoHHble, MOCIEI0BATENbHBIE, CMEIIAHHBIE, a4 TAKXKE aJITOPUTMBI,
OCHOBAaHHbBIE HA UJESAX METOJA BETBEU U IPAHMII.

Ilocnedosamenvhvie aneopummuvl pazmewyeHus 3aKIOYalOTCsS B BbIOOpE
NEPBOHAYAJIBHO PA3MEUIEHHOIO 3JIEMEHTA WJIM TPYIIIbl 3JIEMEHTOB C IOCIe-
OYIOIUM IOACOEAVNHEHUEM HE Pa3MELIEHHBIX IeMEHTOB. Ilocie pazMenieHus
2JIEMEHTOB OHU YK€ He nepememarorcs. IIpaBuiia BeIOOpa 1 paccTaHOBKHU die-
MEHTOB 3aBHUCSIT OT KOHKPETHBIX METOJIOB.

Hmepayuonnvie anzopummsl pazmewenus ¢ yaydlIeHHUEM KauyecTBa pa-
00Tal0T B UTEPATHUBHOM pexuMeE. /[ M3MEHEeHUs MO3ULIMKA pa3MEeIEHUs 3Jie-
MEHTOB BBIOMPAIOTCSI OJIMHOYHBIE AJIEMEHTHl WIM  TPYIIbl 3JEMEHTOB. 3aTeEM
[0 3aJJaHHBIM IpaBUJIaM IPOU3BOJIUTCS MEPEMEIIEHUE IIEMEHTOB ISl YMEHb-
IIEHUs OOIIeN JIMHBI COEAMHEHUH, YTO MO3BOJISET NOdy4yaTh 00JIee KaueCTBEH-
HbI€ pEe3yJbTaThl, YEM IOCIEAOBATEIbHBIE 32 CYET OOJBIIMX 3aTpaT MalluH-
HOro BpeMeHH. K rpynne urepalilmoHHBIX aJITOPUTMOB OTHOCSTCS crmoxacmuye-
ckue memoowul pa3MmenieHus. OCHOBHas ujesl 3TUX MeToJoB cienyromas. Ciy-
YailHpIM 00pa3oM pacipenessiioTCs JIEMEHTHI 110 TOCaJ0YHbIM MECTaM IIJIOCKO-
CTH C YYETOM IUIOTHOCTH PACHPEAEIEHUSI BEPOSATHOCTH, KOTOPYIO CUATAIOT PaAB-
HOMepHOU. Jlasee onpenensercss CyMmMapHas JUJIMHA COCIMHEHUN U B IOJIy4YEH-
HOM pa3MELIEHUM M CPaBHUBAETCS ¢ IpeaplayluuM. Jlydiiee pazmerieHue oc-
TaBisieTcs. [Ipouecc nponoymkaeTcst 10 TeX MOp, MOKA HE OKOHUYUTCS OTBEIEH-
HOE€ BpeMs WK He OyAeT IPOCMOTPEHO 3aJaHHOE YUCIIO Pa3MEIEHU.

ANTOpUTMBI, OCHOBaHHBIE HA UJIEAX Memooa 6emeell u epanuy, OTHOCAT-
csl K TOYHbIM. [Ipy 3TOM MHOXKECTBO BCEX TOMYCTUMBIX pELICHUN pa3z0ouBaeTcs
Ha MEHBILIME M0 MOIIHOCTU NOJMHOKECTBA, B KOTOPBIX MPOU3BOJIUTCS MOUCK
ONTHMAJIBHOIO pa3MelieHusi. MeTo]| CONpoBOXKAAETCA BBIYUCIECHUEM HU3IINX
rpanull. [loMck onTUMaNbHOTO pelieHns npeKpaniaeTcs, Korja rpaHiyHoe 3Ha-
YEHUE HAYMHAET MPEBBIIIATH 3HAYEHUE NPU HANIEHHOM JIOIIyCTUMOM pa3Mellie-
Huu. Ilponecc npogomkaercs 10 TeX Mop, MokKa He OyJeT 3aKOHYEH IMOMCK B
KaXXIOM IIOJIMHOKECTBE pa3OueHusi Wik He OyAeT HalJeHO ONTHUMAalIbHOE pas3-
MEILICHHUE.

[Ipu peanu3anuu aJropuTMOB B OOLIEM CIIy4ae MOTYT IOJy4aThCs JIO-
KaJIbHbIE MUHUMYMBI LEJIEBON (QYyHKLIUH.

Paccmotpum nocaedosamenvruo-umepayuonnvil aieopumm pasMelICHUs]
BEpIIMH rpada Ha MIOCKOCTH C MUHUMHU3ALMEH CyMMapHOW IJIMHBI COEAMHE-
Huil. [locredosamenvuas wacme, KOTOpass HOPUMEHAETCA Ul yHIOPSAAOYH-
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BaHUSl MHOKECTBA BEPIIUH U MOIYYECHHs HAYAJIbHOTO Pa3MeIlEeHuUs, UCTIOIb3yEeT
MOHATHE KOA(P(PUIIUESHTA CBSI3HOCTH JIJIs1 KKI0M BEPIIIUHBI.

HcxoaupIMu aHHBIMHM JJI PEIICHHUS  pa3MEIICHUs SBISIOTCS rpad
G=(X,U), uHTEpOpeTHPYIOIUNA CXEMYy 3JIEKTPUYECKYI0 MNPUHUUIINAIBHYIO, U
MOHTa)KHas! TNIOCKOCTh 3a/IaHHBIX Pa3MEpPOB, HA KOTOPOI pa3MelieH rpad ceTKu
G,. B o01ieM ciydae CUMTaKOT, YTO MOHTAKHASI TUIOCKOCTh UMEET MPSIMOYTOJIb-
Hyto ¢opmy. B wacTHOM ciiyyae ¢opMa MOHTAKHOU TJIOCKOCTH MOXKET OBITh
mo0oi ¢popmbel. Tpebyercs pasmecTuTh BepiiuHbl x;9 X Tpada G B y3IbI CET-
ku G, c MUHMMHU3alel cyMMapHOH JUIHHBI pedep u; > U, Uucio y31noB ceTKH
G, 6omnbIie WM paBHO yucity BepmuH rpada G. [Ipeamonoxkum, 4To 4acTh y3-
J0B ceTku G, y’Ke OTOXAECTBIEHA C HEKOTOPHIMH BEpIIMHAMU I'pada CXEMBI.

Iepeoviii 5man pazmeuienun

[TycTh BepminHa x; € X momernieHa B (j+1)-10 MO3UIKIO, T/I€ j — YUCIIO 3a-
HATBIX MO3ULNN, TOrAa KOA(G(UIMEHTOM CBI3HOCTU A(X;) Ha3bIBaeTCs BBIpaXKe-
nue: A(x;)=a; —a,,., TAE a;; — 9UCIO pebep, CBAZBIBAIOLIMX X;-F0 BEPLIMHY C

paHee pa3sMELIEHHBIMM; a; . = p(X;) —a; j;, T.€. YUCII0 pebep, CBAZBIBAIOLINX X; C
HE pa3MElIeHHBIMU BeplIuHaMu, Tae P(x;)- 4uciao pedep, MHIUICHTHBIX BEp-
IIMHE X; (MOKanbHas creneHb x;). Torma A(x;)=2a;;, - p(x;), rae a;; 4nucio
pedep, COEANHSIOIMNX X; C PaHEe pa3MEIICHHbIMU BeplunHamMu. 3HaueHue A(x;)

ompeaeNsieTCsl JJIsI BCEX HE pa3MEIISHHBIX BEPIIMH M BBIOMpAeTCS X; ¢ max
A(x;). BepmmHa x; nomeraercsi B IepByr0 CBOOOIHYIO NO3ULHUIO (y3€1 CETKH

G,) . Kak mpaBuiio pa3MmernieHue BEpIIMH HAUUHA-€TCS C KpaHEro JIEBOTO Y3ja
cetku. IlIporiecc nmocnenoBaTenbHO MPOAOIKAECTCS /0 TeX MOp, MOKa He OyayT
pa3MelieHbl Bce BepinHbl rpada G.

Bmopoiui 3man pazmeuwienus (umepayuoHHas 4acmoy aa2opumma pas-
MeuieHus)

NtepanmonHass 4acTh aJropuTMa pa3MeEIIeHUs] OCHOBAaHA Ha IOHATHHU
LIEHTPA TAKECTH BEPIIUHBI.

JI719 OLEHKHM CTENEHU «IPEANOYTUTEIBHOCTHY V- MO3UIUAM I KOKION
BEPIIMHBI rpada X; BBOAUTCS MOHATHE cpeoHel OuHbl pebpa — L,

n n
L, =Xd;;n;12n, i#j, rAe di;— paccTOsSHHE MEXIY y3IaMu
i=1 i=1

CETKH, B KOTOPBIE IIOMELIEHEI BEPIIMHBI X; M BCE CMEXHBIE €l j-e BEPIIUHBL
Fij — YHCJIO CBS3€H BEPIIMHBI X; CO BCEMH CMEXHBIMH C HEH j — Mu BEPIIMHAME
rpada G; L; - cpeausis quuHa pebep, HHIUIEHTHBIX BEPIIMHE Xj, TOMELIEHHOM
B HIO3MIIMIO V.

Ouesunno, uro (Vu;; eU;)[(d;j=1)=L;=1], tne U; - MHOKeCTBO

pebep, MHIUIEHTHBIX BEPILUHE X; , TOMELEHHOW B MO3ULUIO V . Heobxooumo
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CMpeMumsCs K maKomy pameujeruro 8epuiut epagha, Kko2oa cpeoHss OIuHa pe-
bep cmpemumsbcs K MUHUMATbHOMY 3SHAYEHUIO.

W3 mHoecTBa BeplIuH rpada, pacroioKEHHBIX B CETKE, BbIOMpaeTCs
BEPILIMHA X; MMEOILas

MaKCUMaJIbHOE 3HaYeHHne L; ¥ IpOU3BOAUTCA €€ NEPECTAHOBKA C APYrou

BEPIINHON C 11ebI0 MUHUMU3aUUU L(G) :lZdl-’ i, OuyeBHIHO, UTO B Ie-
is]
pecTaHOBKaXx JOJIKHBI y4aCTBOBATh TOJIbKO CMEKHBIE BEPIIIMHBI.
JIns1 XapaKTEpUCTHKKA CHUCTEMBI TOYEK, CBA3AHHBIX C BEPIIMHOM X; BBO-
TUTCS TIOHATUE YEHMPa mAMNCeCmu, 4YTO TO3BOJISIET pacCMaTPUBATh MX Kak
CHCTEMY CBA3aHHBIX MATEPUAIBHBIX TOUYEK U OTBICKATh TAKOE ITOJIOKEHHE IS X;,

KOTOpO€ 00eCcreunT paBHOBECHE B CETKE C TOUKHU 3peHUst MuHuMu3auuun L(G).

Brruncnenre KoopauHaT IeHTpa TSHKECTH (S. U f.) CUCTEMBbI MaTepUAIbHBIX TO-
YeK MPOU3BOAUTCS 110 (OpPMYyJIaMm:

j .

n
S = ZSj ‘I”z',j/P(xi)

j:l " "

n KOOPJIMHATHI " IEHTPA TSUKECTH' BEPLIMHBI X |,
te=t;1,;1p(x;)

j=1

rae  7;; — KOJUYECTBO CBA3EH MEXIy BEPLIMHON X, U CMEXKHBIMU C HEH BeEp-
IIMHAMHA {X;!; BEpUIMHA X; — OTO BEPIIMHA C MaKCHMMaJbHBIM 3Ha4YeHHEM L; ;
p(X;) — CTENEeHb BEPIIUHBI X; .

OneHka KadecTBa peUICHMS 3aJa4d pa3MELICHUS B LEJIOM IPOU3BOIAUTCS
o dopmyiie:

1 N N
Loguy =522d1-,j-n-,j-
i

JlaHHas1 OLIEHKA BBIYMCIIAECTCS IIOCJIE BBINOJHEHUSA KaXIOW UTEPALUU all-
TOpPATMA PA3MEILECHUS U €€ 3HAaYeHUE CPAaBHUBACTCS CO 3HAYEHUEM, BBIYMCIICH-
HOM Ha npeaplaymend urepanuu. [IpuHsATas nepecTaHOBKa BEPIIMH JOJDKHA
IIPUBOJUTH K YMEHBIIEHUIO BEJIMYMHBI CyMMAapHOM JUIMHBI COEAUHEHNH, B IIPO-
THBHOM CJIy4a€ BEPIINHBI HE MEHSIOT CBOE MECTOIOJIOKEHHE.

Ha ocnosanuu PACCMOMPEHHO020 MamemamuieCKozo annapama peuie-
Husa 3a0auu pasmeuieHus ¢ nomMouibio n0cne006ameﬂbno-umepauuonnozo
ajriecopumma 3anuuiem OCHO6HblE €20 wazu u npouedypbt.

1. Ha 3amaHHyt0 MOHTaXHYH KOHCTPYKIIMIO HAJIOKHUTh KOOPAMHATHYIO
CETKY C OCSMH KOOPAMHAT S, t, T.€. HoCTpouTh rpad G.,.
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2. BoinoynHUTh NEpBOHAYaAIbHOE pa3MelleHue BepliuH rpada cxemsl G,
COBMECTHUB UX C y3JaMU CeTKH G,.

3. dnsa Bcex BepumnH rpadga G BBIYUCIUTH 3HAYCHHUS] CYMMApHBIX JJTHH
cBssen Lj.

4. BpiOpaTh BepmmHYy X; ¢ max L;

5. BeuncinuTh 11 BEPIIMHBI X; KOOPAWHATHI LIEHTPA TSAKECTHU S, U ..

6. OnpesenuTh MOAMHOKECTBO BEPIINH X , BEPIIHHBI KOTOPOIO ONpe/ie-
JSI0T 00J1aCTh BO3MOYKHBIX MEPECTAHOBOK C BEPIIMHOM X; .

[IpousBecTu mapHbIe NMEPECTAHOBKHA BEPIIMH MHOXKECTBA X c BEPIIMHOMN

o \J
X; 1 BBIYUCINUTD I KaXKIO0HW BCPIIMHBI Xj eX , d TaKKC IJIs1 BCPUIMHEBI X; BC-

JTM4uEBl L m L} ¢ y4eTOM HOBOTO MECTOMONONKEHHUs (L' - 5TO JuiMHa CBsA3eH

J-O¥ BEpIINHBI, COBMEIIICHHOM C y3JIOM CETKH V).

\%
7. BBIYHCIUTHL OTKJIOHEHUE G :LJ- —Ll} - IS X € X' s Bcex Bep-
J

IIIMH, BEIOPAHHBIX B COOTBETCTBHUH C M.11.4,6 , T7Ie vV U K COOTBETCTBEHHO «CTa-
pasi» U «HOBasH MO3UIIUU MECTOITOJIOKECHUS BEPIIIMH.

8. BpruncnuTh 3HaueHus O; =G; + G IapHBIX NEPECTAHOBOK BEPLIMH

MHOKeCTBa X U BEpPIIWHEI X; BbIOpaTh Takyro mapy BEpIIUH, JJIs1 KOTOPOH 3Ha-
YCHHUE O;; MAaKCUMAIIbHOE.

9. [IpousBecT MepecTaHOBKY BEPIIIHH.
IIpumep pelieHusi 3agaum pasMelieHUs1

Han rpadp G=(X,U). Ero marpuna cMexHOCTH R=||r;j|| 9x9 MMEET clie-
IYyIOIIVE 3HAYCHUS DJIEMEHTOB:

ri4=3 ry=3 13372  ryp=l

ry,7=2 r;;=2 ryy=1 r3;=2

rig=3 rg;=3 r3;=2 rs53=2

1’4’6=5 l’6’7=5 l"7’9=2 F7,3=3

Ve,4 =5 rze =5 7'9’7=2 1’3,7=3

56 =2 Vg8 =6 Fs9 =4

Fg s =2 g6 =6 Fys =4

3HaueHHe dIIEMEHTA 7;; MaTpullbl R paBHO uncity pedep, CBA3BIBAIONIMX 1-
10 U J-10 BepiiuHsbl rpada G.

Tpedoyemca »nemeHThl Tpada pa3MECTUTh HAa MOHTAXHOW TUIOCKOCTH
PSIMOYTOJILHON (POPMBI TaK, YTOOBI CyMMapHasi JJIMHAa COCIMHEHUI Obljla Hau-
MEHBIIEH.

Illae 1. Ha MOHTaXHYIO TJIOCKOCTh HakJIanabiBaeM rpad-cetky G, u3 9 —

y3110B ¢ koopauHatamu (SxT). [IpuMem, 4To KOOpAMHATHI y3j1a 1| UMEIOT 3Haue-
aus (0,0).
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1 2 3
4 5 6
7 8 9

t

llaz 2. Otobpasum rpad G B KOOpJIMHATHYIO ceTKy G, Tak , YTOOBI HO-
Mepa ero BEpIIUH COBIAJAIN C HOMEpPaMHu Y3JIOB KOOPJIUHATHON ceTKu. B 00-
IIeM cliydae HOMEp BEpIIMHBI, MOXKET HE COBIAJATh C HOMEPOM y3ia (PUCYHOK
11a).

v

5

b

Pucynok 11a

Ilaz 3. OnpenensieM L; 1uid Bcex BepIIMH X;€X. 3Ha4eHus d;; — onpene-
asieM 1o popmyiie:
d; =|S; -S|+

b

n n
Ly=2 dyty | 2150 % J.
i=1 i=1
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L =dyy -1y +dig-rg+ 1y dyy 1oy + 11y + 115 = {10=01' +10-11)-3+
+(10-21° +10—11)-3+(10-01* +10-21)-2}/3+3+2 =
={3+9+4}/8=16/8=2.

Ananocuuno eévluucasem:
L251,3’ L3zl,5, L4z1,7, L5:1,7, L652,2, L7z2,2, L8:2, L9:2

Bepmuna x4, ~ “MeeT HaWOONBIICID CYMMapHYIO JJIUHY CBSI3CH
Li=Ls=22.

Lllae 4. BeraucnseM KOOpAMHATHI LEHTPA TSIKECTH t¢ , Se Il BEPLINUHBI X,
TaK KaK OHa UMEET HauOOJIBIICI0 CYMMApHYIO JUIMHY CBsi3eH L;:

fe=21% [P(x))
=1

" (*)
s =28 my [P&)

Jlnist Beruncienus no gpopmyse (*) BHIOMPAIOTCS BCE BEPILUHBI, CMEKHbBIE
Xg. DTO X4 X553 X7, Xg, T.€.J=14;5;7; 8}.

tf =(1-5+1-24+2-54+2-6)/(5+2+5+6)=29/18 = 1,4;
sf =0-5+1-24+0-5+1-6)/(5+2+5+6)=8/18~0,4.

a2 5. Tlo 3naueHnsm xoopaunart (S.° u £.°) ompenernseM mOIMHOKECTBO
BEPIIINH, KOTOPhIE MOYKHO IIOMEHSATh MECTaMH C BEPIIUHOHN X5 ITO BCE BEPIIH-
HBI, MTOMABIINE B paauyc paBHbI 1 (U3 y3na 4), - x4, X5, X7, Xg, TaK KAaK OHHU
CMEXHBI BEPIITUHE Xg.

6 6 6 6

[llae 6. BoiuucinsieM HoBble 3Hauenust Ls , Ly, Lg , L, 1714 BEpIIVH X

X5 X7 Xg, YCIIOBHO IEPECTaBUB KaXKAYI0 U3 HUX HAa MECTO BEPIIMHBI X4, T.C. B
4 75 77 18

y3en 6, u 3Hauenus Lg, Ls, Ls'y, Ls 1151 X4, yCIOBHO IOMECTHB €€ B Y3JIbl Pa3-

MCIICHHUA BEPIINH Xy 4 X5 4 X7 oXg .
6
[Tpumep Bbrunciienus Ly ¢

L4: = =
Fag + ¥y +74p 5+3+1 9

2,3.

6. 6 6
Ananocuuno svivucinaiomes suavenus: Ls=1; L, =2,4; Lg =2,5.
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4
[Ipumep Bbruncienuss Ly :

4 dyglys +dystss +dyglsy +dggles
L6 —_ ~1,6.

Tag T Vo5 T 167 T Ve
AHAN02UUHO 8BIUUCTAIOMC 3HAYCHUSL!

Ls’~1,6; Ls=1,3; Ls~1,7; Lsi~1,6.

VN 4
Ilaz2 7. BpruucisgeM 3Ha4Y€HUs OTKIOHEHUH 6 Ui BEPIUMH Xg M X535 Xy5
X75 X8 «

Jna eepuwiunst x4
cf=Lg—Ls =2,2-16=0,6;
oo =L¢—1; =22-13=0,9;
ol =Li—L,=22-17=0,5;
of =L~ L, =2,2-1,6=0,6;
O 6ePUIUH X 45 X55 X75 X

6 6 .
ol =L,~L}=17-23=-0,6;
od=L-1=17-1=0,7;
oS=L,—-15=22-24=-02;
0l =Ly —L=2-25=-0,5.

Illaz 8. Beraucisiem ko>ppuuuenT d; = G; +G5 I BEPIIMH X6 H X535 X4

X749 X8 o
S,6=0¢ +0; =0,6+(—0,6)=0;
855 =0p +05 =09+0,7=16;
8,6 =0¢+05 =0,5+(-0,2)=0,3;
856 =0¢ +0g =0,6+(-0,5)=0,1.

Bpi6upaeM BepIIMHBI C MAKCHMAIIbHBIM 3HAYEHUEM O .
MakcumanpHOe 3HaUeHUE 0;;= 056 MMEET B3aUMHas II€PECTaHOBKA BEp-
IIMH X5 ¥ X5 . CIe10BaTeIbHO, MEHAEM MECTAMU BEPLIMHBI X6 U X5 .
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Pucynok 110

T

Ha stom mepBas urepaius ajaropuTtMa pasMmellieHus 3akaHuubaetcs. [le-
pPEXOUM K HOBOM UTEpPAIMH, TIOBTOPSST aHAJIOTUYHBIE BHIYMCIICHUS, B COOTBET-
CTBHUHM C IIaraMu 3-8.

OxoHuaTeNnbHBIA BapHaHT pas3MelneHus (pucyHok 110) mmeer cymmap-
Hyto juymmHy L(G)=55. Taxkum obpazoM, cymMMapHas JJIMHA YMEHBIIMIACH C
L(G)=76 no L(G)=55.

B cnydae, korma He BO3MOXHO BBIOPATh MEPECTAaHOBKY, YMEHbBIIAIOIIYIO
JUIMHY coequHeHui L(G), nenaroT nepecTaHOBKY I'pYII BEPIUIMH, KOTOPAsl BbI-
NOJIHAETCS ¢ MOMOUIBIO, TAK HA3bIBAEMOM, (akTopu3auuu rpaga no cTpokam u
crosbouam. Jljig aToro kaxaou ctpoke rpada G, cTaBsIT B COOTBETCTBUE BEpIIU-
Hy mynsturpada G,

Tak rpady, npeacraBieHHOMY Ha pUCYHKE 12, COOTBETCTBYET MYJIbTHU-

rpad G, Ha pucyHnkax 13-14.
G.
rOapS,
clele
\
(G
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Pucynox 13 Pucynox 14

Hanee «pa3BepHEM» BEPIIMHBI MYyJIbTUrpada, MPEeACcTaBICHHOIO Ha pH-
cyHke 14, cooTBeTcTBEHHO BepiiMHaMm rpada Ha pucynke 12. IomydyeHHbIN
rpad, mpeACcTaBICHHbIA HA PUCYHKE 15, COOTBETCTBYET JyUlIEMY pa3MEIIECHUIO
BEpIIMH rpada ¢ TOUYKH 3pEHHs] MEHbIIEH CyMMapHOU IJTMHBI COETUHEHUH.

Pucynoxk 15

[Ipumenenue (akTopusauy MO3BOJIIET YMEHBIIUTH OOIIYIO JIMHY CO-
enMHeHui L nonoiaHuTenbHo Ha (5-7)%.

4.3 CucteMbl aBTOMaTU3UPOBAHHOIO NMPOEKTUPOBaHUA

CHOXXHOCTh M TPYAOEMKOCTh MPOEKTHPYEMBIX H3ACIUN, CKAThIE CPOKH
MPOCKTUPOBAHMS, BHICOKHE TPEeOOBaHMS K KayeCTBY pPa3pabOTOK TPEeOYIOT HO-
BBIX COBEPIIICHHBIX TEXHOJOTHA M CHCTEM JIJIsl BBITIOJIHCHHS 3a7a4 MPOSKTUPO-
BaHUSI.
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OTO mpexae BCEro KOMIUIEKCHOE PUMEHEHHE KOMIIBIOTEPOB, COBPEMEH-
HBIX MaTeMaTUYECKUX METOJIOB B MPOEKTUPOBAHUHU, Ha 6a3e KOTOPBIX BO3MOXK-
HO co3nanne CucteM ABromaruzupoBaHHOro [IpoektupoBanus (CAIIP).

[Tpumenenne CAIIP ocoOenHo 3¢ (GEKTUBHO MPU CO3TAHHM CIIOKHBIX
O00BEKTOB U TEXHUYECKUX CUCTEM.

OO6m1as xapakTepUCTHKA MPOIecca MPOSKTUPOBAHUS U Oa30BbIC
onpeaeneHus

[IpoekTupoBaHue — 3TO HE TOJBKO CO3JaHUE HJIEU MOCTPOCHUS OOBEKTa,
HO 1 000CHOBaHHUE CIIOCO0A €ro peaau3aluu.

IIpoekTupoBaHME MOXKHO paccMaTpHBaTh KakK LICJICHAIIPABICHHYIO I10-
CJIEIOBATEIBbHOCTh AKTOB IIPUHATUSA IPOEKTHBIX PEIIECHUM, IPUBOAAIINX K I10-
CTPOCHHIO OIHCAHUSI MPOEKTUPYEMOr0 O0bEKTa C 3aJJaHHOM CTENEHbIO JETaju-
3aLUH.

HekoTopsie 0cOOEHHOCTH MPOEKTHOM JEATEIHOCTH:

1) mpoayKTOM HpPOEKTHPOBAHUS SIBISECTCA  YHNOPSAJOYEHHAs COBOKYII-
HOCTb CBEACHMI, CIIy>KaIllUX 3HAKOBOW MOJIENbI0 00BEKTA, PeajJbHO €IIe HE CY-
HIECTBYIOIIE B MOMEHT POEKTUPOBAHUS;

2) HecTaOWJIBHOCTh M HEONPENENEHHOCTh ITOCTAHOBKHM 3aJadM, €€ H3-
MEHYHMBOCTb /10 3aBEPILIEHUS Mpolecca MPOEKTUPOBAHUS;

3) TpOEKTHUPOBAHME, KAK MPABWIIO, HOCUT WTEPAIlMOHHBIA MHOTOBapH-
AQHTHBIN XapakTep.

[Iporiecc MpPOEKTUPOBAHUS PEATUIYETCS B COOTBETCTBUU C OIpPEAENICH-
HBIM TJIAHOM, KOTOPBIN MPUHATO MPEACTABIATh B BUJIE JIOTHYECKON CXeMBbI (JI0-
TMYeCcKoro rpaga) mocTpoeHus: NpoeKTa, Ha KOTOPOM BUIHA OYEPEIHOCTh IpPO-
eKTHBIX Ipouenyp. Ilox mMpoekTHON mpouenypoll MOHMMAETCS 3JIEMEHTapHOE
NENCTBUE, COBEPIIAEMOE KOHCTPYKTOPOM B MPOLECCE IPOESKTUPOBAHUS.

Cmpamezus npoekmupoeanus — 3T0 IOUCK W ONpPEIEIECHUE MOCIEN0BA-
TEIBHOCTH ONEpaliil C LEJIbIO PEIICHUS TOCTAaBIEHHOM 3a1aun. CTpaTerus noj-
pa3yMeBaeT UCIIOIb30BAaHUE METOA0B M AJITOPUTMOB IPOEKTUPOBAHHS.

Texnonocua npoekmupoeanus — 3TO OINPOOOBAHHAS MOCIEAOBATEIb-
HOCTb JICWCTBUU WJIN OINEPALNN, O3BOJISAIOIAS TEXHUYECKHU BBIITOIHUTD IPOEK-
TUPOBAHUE 33JaHHOI0 OOBEKTA.

[Ipy NpoeKTUPOBAHUU CIOXKHBIX OOBEKTOB MPUMEHSETCA METOJ OeKoM-
no3uyuu, T.€. pa30oueHUs.

YpoOBHM 1eKOMIIO3ULIUM:

- cucmemmnbwlii — HanboJiee o0Iee ONMUcaHre Ha3HAUCHUS OOBEKTa M €ro
CBsI3EH;

- apxumeKmypHulil — OTIICAaHUE CTPYKTYPHl 00BEKTA;

- (hyHKuuoHanbHbLl — ONMCAaHUE 3aKOHOB (DYHKIIMOHUPOBAHUS ITOJICHC-
TEM O0BEKTa;
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- KOHCMPYKMUGHbBII — JI€TaIbHBIA BHIOOP U ONKCAHUE BCEX 3JIEMEHTOB
CUCTEMBI (0OBEKTA).

B coctaBe CAIIP MOXHO BBIAEIHUTD CIAEAYIOIINE OCHOBHBIE MOJCUCTEMBI:

e uHpoOpMaNMOHHAA NMOJACHCTEMA, NpeAHa3HayeHa JJisi cOopa, XpaHe-
HUS, TIONCKA, YIOPSIIOYEHUS, MOMOJTHEHUSI U BbIJAYM BCEH HEOOXOIMMOM s
oOecrieueHus mpoliecca MpoeKTUpoBaHuUs UH(GOPMAIINK;

® [IOACHCTEMA MOMCKA PELICHU TEXHUYEeCKOM 3a1a4u o0ecrievyuBaer:

- aHajau3 IMPOEKTHOW CUTyallUM W OIPEIECIICHUE HAIIPABJICHUS IIOMCKA
peleHus;

- TIOMCK peLIeHHUs 3aa4Hu;

- (QopmaTHpoBaHUE KPUTEPHS OLIEHKA BapHAHTOB;

- BBIOOp pallMOHAILHOTO WU ONTUMAIBHOIO BAPHAHTA;

® MOACHCTEMA MHKEHEPHOIr0 aHAJIU3a (MOJIETUPOBaHNEe O0OBEKTA U OIl-
TUMU3AIMS €ro XapakTepucTuk). Ee Ha3HaueHue:

- BBIIIOJIHEHUE BCEX BBIYMCIUTENIBHBIX Pa0OT, CBSI3aHHBIX C JeTalu3aluen
BBIOPAHHOI'O BapMaHTA PEIICHUS MPOSKTHOM 3ajauH.

e [loacucrema BeleHUs1 M U3rOTOBJIEHHUS TOKYMEHTALMU.

Ha3nauenne — obecrieueHre moJiy4eHus MPOEKTHBIX JOKYMEHTOB (depTe-
KeH, TeXHUYECKUX OMMCAaHUM, cXeM, rpadMKoOB, TaOIHI] U T. TP.), HEOOXOIUMBIX
JUIsl co3aHusl OOBeKTa MpoekTupoBaHus. (D10 cocraBisier oO0buHO 45-60%
BCeX 3arpaT. B Toxe BpeMs 3TO HEeTBOpUYECKas, pyTHHHAs!, 0JJHOOOpa3Has pado-
Ta). ABTOMaTH3aIMs 3TOr0 dTana gaeT HauOombIIHi 3hdexT.

ABTOMaTH3aIMs MPOCKTUPOBAHMS TEXHHUYECKUX CHCTEM OCOOEHHO 3d-
¢dekTrBHA, KOT/Ia OT aBTOMATH3allUHd BBIMIOJHEHUS OTIACIBHBIX WHKEHEPHBIX
pPacyeToOB MEPEXOIAT K KOMIUICKCHON aBTOMATH3aIli1, CO3/IaBasi I ATOU IEIH
CAIIP. ITpumepom nogodnoit CAIIP moxer ciyxutb uaterpupoBannas CAIIP
PCAD nys aBTOMaTH3aluy MPOSKTUPOBAHUS M TMOJATOTOBKH MPOU3BOJICTBA TIC-
yaTHBIX M1aT. OHa MO3BOJISET BBIMOJHUTH ONEpaIldy MO CO3JAaHUI0 OUOIHOTEK
KOMITOHEHTOB; TpauIECKOT0 BBOIA YEPTEKEH MPUHIIUITHAIILHON CXEMBI U Yep-
TeXa TMEYaTHOW IJIaThl MPOEKTUPYEMOIro YCTPOWMCTBA; MPOECKTHUPOBAHUE IPO-
IPaMMHUPYEMBbIX JJOTUYECKUX MATPHUIL; BBIMTYCK KOHCTPYKTOPCKOM JOKYMEHTAIIMH
U TEXHOJIOTMYECKOW MHPOPMAIIMK HA MPOCKTUPYEMYIO TICYATHYIO TJIaTy U MHO-
roe JApyroe.

[lepeuncnuM BakHEWIME, TEXHUUYECKHUE TPEeOOBAHMS, KOTOPHIM JIOJDKHA
ynoBieTBopsTh coBpeMeHHasi CAIIP meyaTHbIX TU1aT, B OPSIKE UX 3HAYUMOCTH:

o [lonmHas pycudukanms CUCTEMBI, BKJIIOYas IHAJOTOBBIC OKHA, MEHIO,
MOJICKa3KH, CHCTEMHBIC COOOIIECHHUS, PYKOBOJICTBO IOJIb30BATEIIS.

e [lognep>kka CHUCTEMON CKBO3ZHOTO IPOEKTUPOBAHUS — OT CO3JaHUS
MPUHIMITHATILHOW CXEMbI U TPACCUPOBKH TUIATHI JO MOJATOTOBKH BBIXOAHBIX JaH-
HBIX (POTOIIA0IOHOB, MPOTPAMM JIJIsi CBEPIMIBHBIX U COOPOYHBIX aBTOMAaTOB) B
peaTbHOM BpEMEHHU U B PAMKaxX €IMHOTO MPOCKTA.
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¢ BO3MOXXHOCTh aJanTaliuy K BHEAPEHHOM HAa MPEANPUATAN TEXHOJIOTUH
MIPOEKTUPOBAHUS U NMPOU3BOJICTBA MTEUYATHBIX IIAT U YCTPOMCTB.

e Hanuuue UMIOPTHBIX U OTEYECTBEHHBIX 0a3 TaHHBIX AJIEMEHTOB.

e Hanmvuue (yHKIMII aBTOMATU3UPOBAHHOIO Pa3MEUICHUSI JIEMEHTOB U
ABTOMATHYECKON TPACCUPOBKH ME€YATHOM IIATHI.

e Hamnuue uaTepdeiica ¢ umeronumcst 000py0BaHHEM.

e ABTOMAaTHU3MPOBAHHBIA BBIITYCK KOMIUIEKTa KOHCTPYKTOPCKOHM JIOKY-
MEHTalMU B MoJHOM cooTBeTcTBUM ¢ ECKJ/I.

e BO3MOXXHOCTH MMIIOPTA/IKCIIOPTa C APYTHMH AHAJIOTMYHBIMHU CH-
creMaMiu (B TOM YHUCJIE — CUCTEMaMM JJII MOACIMPOBAHUS TI€YaTHBIX T1JIAT)
yepes IEPEeYeHb AJIEMEHTOB U CIIUCOK LIEIIEN.

BonpmmucTBO coBpeMeHHbIX CAIIP B TO# MM MHOW CTENEHU YJI0BJIETBO-
PAIOT BBILIENEpEYUCIIEHHBIM TpeOoBaHusM. [loaTomy cnenyromiee TpeboBaHue,
KOTOPOE MPSIMO WU KOCBEHHO npeabsBisieTcss K CAIIP neyarHbIx miat — «3Ko-
HOMHUYECKOE», YUUTHIBAIOIIEE COOTHOIIEHUE «II€Ha/BO3MOXKHOCTWY». MHTEerpHpo-
BanHasi CAIIP PCAD 4.5 - 3to HaunboJsiee nomyssipHas B MUPE CUCTEMA aBTOMa-
THU3alUU MTPOEKTUPOBAHUS U MOATOTOBKH MPOU3BOJCTBA NevaTHbIX maT. OHa
MO3BOJISIET BBINOJHUTH ONEPAIlMU: MO CO3JAaHHI0 OMOJMOTEK KOMIIOHEHTOB;
rpauueckuii BBOJ 4YepTeka MPUHLMIHAIBHOW CXEMbl U YEpTEKa MeYaTHOU
IJIaThl POEKTUPYEMOTO YCTPOMCTBA; BBIITYCK KOHCTPYKTOPCKOW JOKYMEHTa-
I[UU ¥ TEXHOJIOTH Y€CKOW MH(POpPMAILIMK Ha IPOCKTUPYEMYIO MEYATHYIO TIIaTy.
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5 METOOAUYECKUE YKA3AHUA NO BbINONMHEHUIO
KOHTPOJIbHOU PABOTbI MO CAINP PCAD 4.5

5.1 3anyck nporpamm B CAINP PCAD 4.5

PaGora
BCEX B naxetHom
porpamm, pexumMe
kpome PC ROUTE
|

;

B nmuanorosom
pexXuMe

[IporpaMmbl MOTYT 3allyCKaThCsl HEMOCPEACTBEHHO M3 cpeapl MS DOS
i nox ynpasienuem crnenuanbHoi nporpammbel PCSHELL. PCSHELL — 3T0
YHUBEPCAIbHBI MOHUTOP.

Jlst BeI30Ba mporpamMmbl U3 cpenbl MS-DOS HyxHO HaOpath uMms mpo-
rpamMmbl B HaxaTh [Enter]. B aTom ciydae mporpamMmma OyaeT BbhI3BaHA B AHAJIO-
TOBOM PEXKHUME U COJECPKUMOE IKpPaHa COTPETCS, MOSIBUTCS (PUPMEHHAs 3aCTaB-
ka CAIIP PCAD c¢ Ha3BaHueM IporpaMMbl U B TUAJIOTOBOM pEXHUME OyIyT 3a-
MPOIIECHBI UMSI BXOJTHOTO M BBIXOJIHOTO (paitios.

Ecnu 3amyck mporpaMMbl BBITIOTHSETCS B BUJIE:

>PCNODES TEST [ENTER],

TO TIporpaMma OyJIeT BbI3BaHA B «IAaKETHOM pexumey, T.e. «PCNODESy noii-
MeT, 9yTo ums BxoaHoro (aitiia TEST.SCH; ums Beixognoro daitna TEST.NLT.
B »TOM pexumMe cTupaHHue 3KpaHa HE MPOUCXOIUT U BBIBOJUTCS CIy>KeOHas
uHdopmalusi o paboTe MPorpamMMmsl.

[Iporpammer PCAD: PCCAPS, .. RDS, PC-PLACE; PCPRINT;
PLOTS; PC-PACK — umMeIoT OTKpBITOE€ MEHIO, TJIe MOKHO 3aJ]aBaTh KOH(MUTY-
paluio TPOrpaMMBl.

[Tpumepsr:

>PCCAPS h — kirou.

- h — moackaska o MPaBWIBHOCTH BBOJIA MPOTPAMMBI B MAKETHOM PEKU-
Me.

- T — 3aIyCK MPOTrpaMMbl 0€3 OTKPBITOrO MEHIO.

Brizos mporpamm CAIIP PCAD npu nomomu monntopa PC-SHELL.

3arycKk MOHUTOpA!

HaOpatb PCAD <Enter> BbICBeUMBAETCS INIABHOE CUCTEMHOE MEHIO, B
TOM YHCJIE:

- TMOJICMCTeMa 3a/laHusl UICXOAHOU MH(popMaIuu;
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- TOJICUCTEMA MPOEKTHUPOBAHUS TOMOJIOTUU NTEYATHOM IJIATHI.

D" - MOJCUCTEMAa 3aJaHus UCXOTHON MHOOPMAIIHH.

P’ - mojcHCTeMa IPOEKTUPOBAHMS TOMONOTUH TICYATHOI [LIATHL.

C’ - mozcHcTeMa KOPPEKTHPOBAHKS TOMOIOTHH [IEYaTHOMN IIIATHL

S" - MO/JICITUPOBAHUE.

I - cucTemMubIe HHTEP(EHCHL.

U’ - [OMB30BATENECKOE MEHIO.

C: - penakTop OMOIMOTEUYHBIX AIIEMEHTOB.

S: - IpOEKTUPOBAHUE CXEM DJIEKTPUUECCKUX MTPUHIIUNHATBHBIX.

N: - BelZleieHue cnucka merneu.

L: - oObe1HeHrEe MHOTOJIMCTOBOTO TIPOEKTA.

R: - amekTprdecKuii KOHTPOJIb.

P - IIOJICUCTEMA CBSI3U C IE€YaTHOM IIJIATOM.

K: - tpancnsuusa FIL — daiina.

P: - ymakoBka.

B: - KOppeKkTHpOBKa CXEMBI JIEKTPUUECCKON TPUHIIAITHUATIBHOM.

3necy 0003HAUEHUS:

«*y» — Oy/IeT BBI3BaHO MOAMEHIO (MEHIO HHYKHETO YPOBHS);

«:» — OyZIeT BbI3BaHA MpOrpamma.

MoXHO BBI30B MpOrpaMM OCYIIECTBUTh Ha)KaTUEM KJIABHUII: HANpPUMED,
[D] u [S] aTo cpa3y BeizoBeT penakrop PCCAPS.

Ee M0okHO BBI3BIBATH Uepes3 «/»:

/DS — PC CAPS;

/DN — PC NODES;

/PR — PC ROUTE;

/PL — PC CARDS;

/PP — PC PLACE

u T.1. (Bcero NeNe 17).

N3 monutopa PC SHELL Bce mporpaMMbl BBI3BIBAIOTCS C KITFOUOM /T, T.€.
0€3 OTKPBITOTO MEHIO.

J171s1 BBI30Ba C OTKPBITHIM MEHIO Haxath [F7]+ums nporpammsei+|Enter].

5.2. CnocoObl NpoeKTUpPOBaHUA N NOATOTOBKU NPOU3BOACTBA
neyaTHbIX nnaT

Cy1iecTByeT Tpu crioco0a MPOSKTUPOBAHUS U TTOATOTOBKH MPOU3BOACTBA
neyaTHbIx riat (I111).

IlepBbiii cnoco6. IIpeqnazHaueH s MPOEKTUPOBaHUS Haubosiee Mpo-
CTBIX TUIAT, JJIA OMHCAHUS KOTOPHIX HET HEOOXOAMMOCTH CO3/aBaTh CXEMY
ANEKTPUUECKYIO TPUHIMIHAIbHYI0. OCHOBHAs MOATOTOBKA BhIToNHAeTCsT B PC-
CARDS. N3o6paxkaercs neuatHas miata cpeactBamu PCCARDS, Ha xotopoii
B PYYHOM PEXKUME Pa3MEIIAIOTCs JIEMEHTHI MOCAJOYHBIX MECT U3 TEXHOJIOTH-
yeckoi oubmuorexu ¢aiinos *PRT/.
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Cnucku 1erei cBAI3HOCTH (POPMUPYIOTCS HETIOCPEICTBEHHBIM YKa3aHUEM
Ha KOHTaKTHBIC BBIBOJBI KOMIIOHEHTOB. [loydeHHOE onmMcaHue MokeT oopabda-
teiBaThca PC-ROUTE.

E Komangoit DRAW B
« citosx SLKSCR n

\L PLC BORDER

P

~

l * PCB

Bropoii cnoco6. Bropoii criocod mpeaHazHadeH sl TEKCTOBOTO OIHUCA-
HUSA LENel CBI3HOCTU U KOMIIOHEHTOB. DTOT CIOCO0 11e1ecO000pa3HO UCTIOIb30-
BaTh JUIS 3Tana MOJArOTOBKM IPOM3BOACTBA I€YATHOM IUIaThl, KOrJa CXeMma
ANEKTPUYECKasi MPUHUMUIIMAIbHAS OKOHYATEJIbHO 3aBEpIIEHA U KOHCTPYKTOp -
noJib3oBareslb cucteMbl PCAD, HE MOXXET BHOCUTh B Hee M3MEHEHHUs. B 3ToMm
cllydae CpeICcTBaMU TEKCTOBOTO penakTopa co3naercs dain tuna *. ALT, xo-
Topbiii oOpabarbiBaeTcst nmporpaMmmoit PC-NLT, wu nomyuyeHHwlil Qaiin tuma
* PKG moxer ObiTh oOpaboran mnporpammoit PC-PLACE nns pasmenieHus
KOMIIOHEHTOB Ha ME€YaTHOW IJIaTE U 3aTEM MPOrpaMMOM aBTOMAaTHYECKOM Tpac-
cupoBku PC-ROUTE.

TeKCTOBBIN peIaKTOP

* ALT

* PRT

P

* PKG
PC-PLACE

* PLC
PC-ROUTE

l *PCB

* ALT — daiin crimcka 1ere.
* PRT — comepxut OMOIMOTEUYHBIE 3JEMEHTHI IIOCAJO0YHBIX MECT Ha Iie-
yaTHOM 1ate (daitner *.PRT).
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Tpetnii cnocod. Tpetuit cioco6 3akirovyaeTcs B CO37aHUU Tpaduueckoro
OMMCAHUs SJEKTPUUECKON CXEMBbl CpelacTBaMu rpaduueckoro pemakropa PC-
CAPS. D10t criocob siBisiercst HanboJiee MOTHBIM U3 TPEX aHATU3UPYEMBIX CIIO-
cOOOB M MOXXET BKJIIOUATh B 3TAIbl MPOCKTUPOBAHUS Takue (a3bl, KaK JIOTUYE-
CKO€ MOJICIMPOBAHUE CXEMBI JIEKTPUIECKON MPUHIIUITAATIBHON, HEPAPXUUECKOE
POEKTUPOBAHNE M aBTOMATHUECKYIO YITaKOBKY JOTHUECKHUX 3JIEMEHTOB M MHUK-
pocxem. B mporecce MpoeKTHPOBAHUS BBIMYCKAeTCS CXeMa MPUHIMITHATbHAS
ANEKTpUYEcKasi. DTOT JTOKYMEHT CTAHOBUTCS OCHOBOW JJIsI MPOEKTa W BCE TO-
CIIEIYIOIINE 3Talbl MPOXOXACHUS NPOEKTa, BKIIOYAs TOIMOJIOTHUIO TEYaTHOM
I1aThl, MOTYT OBITh ABTOMAaTUYECKH CBEPEHBI CO CXEMOM C AMArHOCTUKOW BO3-
MO>KHBIX OLITHUOOK.

Cxemuag 0u10-

JINOTEKA
_ * SYM (SI.B)

* PRT B P * FIL
(PC-CARDS) =
\l/ * PKG

PC-PLACE

[ vric
PC-ROUTE

l * PCB

Aaroputm padotsl ¢ mnakeroM PCAD (Tpetuii crioco0).

Co3nanue cxeMbl 3JIEKTPUYECKON MPUHUMIHAIBHOW - mporpamma PC-
CAPS, pexxum DETL. Pesynbrat — (aiin *.SCH.

Brigenenue crimcka nenel M3 CXeMbl 3JICKTPUYECKON MPUHIIUMITHATIBHON
— PCNODES.

Co3ganue OMOIMOTEKM OINMCAHHMH DJIEMEHTOB, HEOOXOIMMBIX JaHHOM
BJIEKTPUYECKOHN CXEME:

- JIIOOBIM TEKCTOBBIM PEIAKTOPOM co31aercs (aiiia MmepeKpecTHBIX CChI-
aok —>* FIL;
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- nporpamma PREPACK mnpeobpasyer tekctoBswiii daitn .FIL B nBouu-
HBIH (aitn ¢ pacimmpenuem .LIB.

[ToaroToBKa KOHCTPYKTHBA ME€YAaTHOM IUIATHI, Py4yHas pPAcCTAHOBKA KOp-
nycoB PDK—PCCARDS, pexum DETL. Pe3ynbrar — (haiisn ¢ pacmmpenueM
.PCB.

VYnakoBka JaHHBIX 00 AIEKTPUUECKON MPUHIIMIIUATIBLHON CXeMe U KOHCT-
pykThBa nevyaTHoW miarel. Beimonnsier mporpamma PCPACK. Pesynerar —
daiin ¢ pacmpenuem .PKG u daitn ommbox PCPACK.ERR, koTopbiii MOXHO
CMOTPETh B TEKCTOBOM PEIAKTOPE.

Ontumuzanus pasMmenlenus: kopnycoB POK mo mioniaau neyaTHoi 1ia-
TbI — BeinosiHsgeT PCPLACE.

TpaccupoBka neuatnoit mnatel — PCROUTE. Pe3ynbrat paboThl — MOIH-
¢urmpoBanuslii ¢aitn .PCB (koHCTpyKTHB meuaTHOM 1uiathl + kopmycskl POK +
nevyatHsle Jopoxkku). Paiinm .REP — cBeneHuss o He pa3BElICHHBIX CBA3SIX U
oImMnoOKax.

[IpeobpazoBanue daitna .PCB B daitn .PLT, npuroausiit 1js pucoBaHus
NeYaTHOW TIUIaThl Ha TMPUHTEPE WM IUIOTTEPE BBINOJHAET MpOrpaMma
PCCARDS, pexxum DETL\SYS\PLOT.

PucoBanue chopmupoBanHoro uzoOpaxkenus rmnedatHor matel ((PLT)
BbInoJiHseT nporpamma PC-PRINT unu PC-PLOT.

AJITOPUTM NPOEKTHPOBAHUS PAAMOIJIEKTPOHHON anmapartypy (PJA)
¢ nomombi0 makera PCAD, BK/II0YaOIINH BeCh HUKJ padoT, MOKHO Mpe-
CTABHUTH B BH/I€ CJIeAYIOLICH M0CIe10BATeIbHOCTH:

1. Co3nanue M KOPPEKTHUPOBKA CXEMHBIX (CUMBOJIBHBIX) OHO-
JUOTEYHBIX 3JIEMEHTOB POA 1 NMPUHUMIHAIBHBIX 3JIEKTPUYECKHX
cxeMm (mporpamma PC-CAPS).

2. Co3manue WM KOPPEKTUPOBKA KOHCTPYKTOPCKO-TEXHOJIOTMYECKOU
oubnuoteku (mporpamma PC-CARDS).

3. BBoa mnpUHUMOHAIBHOW 3JIEKTpUYEecKOil cxemsl (mporpamma PC-
CAPS).

4. BelaeneHue Crucka Henei 3 NTpUHIUIHAIBHON 3JIEKTPUYECKON CXEMBI
(mporpamma PC-NODEYS).

5. Co3nanue OUOIMOTEKH COOTBETCTBHUS HCIOJB3YEMbIX KOMITAHEHTOB
(nporpamma PREPACK).

6. [Togroroska konctpykrusa I1I1 (mporpamma PC-CARDS).

7. ABTOMAaTH4YecKas YNAaKOBKA JIOTHUYECKMX 3JEMEHTOB B MHKPOCXEMBI
(nporpamma PC-PACK).

8. ABTOMAaTn4yecKoe WJIM aBTOMATH3MPOBAHHOE Pa3MEIECHHE KOMIIAHEH-
ToB POA no nomo koHcTpyktusa I1I1 (mporpamma PC-PLA-CE).

9. ABromaTuueckas TpaccupoBka coeauHeHuil 1111 (mporpamma
PC-ROUT).
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10. BeIlTyCK KOHCTPYKTOPCKOM JOKYMEHTALMH U YIPABIIAIOIINX TEXHOJIO-
THYECKUX MMPOTPaMM JUIsl CTAHKOB C YACIOBBIM MPOTPAMMHBIM YIIPABICHUEM.

B 3aBucumMocTu oT crienuuky pearn3aniil KOHKPETHBIX MPOEKTOB HEKO-
TOpbIE ATanbl padOT MOTYT OBITh MCKIIFOUYEHBI U3 OOLIEr0 aaropuTMa IpOeKTH-
pOBaHUSL.

B kauectBe mpumepa OyJeM paccMaTpuBaTh 3Tan pa3pabOTKH IUIATHI
IPOCTEUIIEr0 JOTMYECKOTO aBTOMaTa, CXeMa KOTOPOro MpHUBEJAEHA B MPHUIIOXKE-
HUU A.

5.3 npoeKTMpOBaHVIe neYyaTHoM nnaTbl NO ee Tonosiornn

[IpoexTupoBaHue NEYaTHON MJIATHI IO €€ TOMOJIOTUU HanboJsiee MoAXOaUT
K JaHHOM JIOTMYECKON cxeMe, T.K. OHa HE COJEPKHUT OOJIBIIOTO KOJIMYECTBA
AJIEMEHTOB U CBsI3el Mexay HUMHU. Pa3paboTka ynpomiaercsi B BUAY MCIOJIb30-
BaHUS B CXEME€ 3JIEMEHTOB OJIHOIO THNA U cepuu. Bcs cxema siekTpuueckas
NPUHIUNHAIbHAS YIIAKOBBIBAETCS B 4-X KOPITyCax - MO KOPIYCY Ha JOTMYECKUUN
aMeMEeHT Kaxkaoro Tuna. [ToaTomy mis pa3paboTku meYaTHOW TUTATHl HAM TTOHA-
n00UTCS UL 4 MUKPOCXEMBI (Tabnuiia 2).

Tabauna 2
JIo normueckuit Ko xommuectBo |Ko kopmycos
AJICMEHT
K 1 K155 JIHI 4 4 1
K 1 K155 JIE1 3 3 1
K 1KI55JIA 3 2 2 1
K1KI55JUJI'1 2 2 1

Pasmemenne OyneM MpOW3BOAUTH B PYYHOM PEKHUME, HCXOMASl U3 KpH-
TepUss MUHUMAIILHOW CYMMBbI JIJIMH CBSI3€M MeEXAy dJIeMEHTaMu cxeMbl. Bce
JNEUCTBUS 1O MOJTOTOBKE MEYATHOM IJIATHI TPOBOMSITCS B IpaUUECKOM pejak-
tope PC - CARDS.

HaGepute B xomaHaHOM cTpoke pccards M Haxxkume Kiauiny Enter wim,
ecnu Bel Haxoautech B uHTerpupoBanHon odosouke PC - SHELL, nocnegosa-
TEJIbHO BHIOEPUTE B MPEIOKEHHOM MEHIO IMYyHKThI C 3arjaBHbIMH OykBamu P
ulL.

[ToaroToBwTe rpaduueckuit pegaktop k padore. st aTOro nmocine 3arpys-
ku niporpammbl PC - CARDS Bri0epute nmynkt Configure PC-CARDS (3ananue
koH(purypanuu pegakropa PC-CARDS) rnaBaoro mento. Beibop Toro umu uHo-
ro MyHKTa MEHIO OCYLIECTBIISIETCS HakaThuem KiaBuil «CTpenaka BBEpX»,
«Ctpenka BHU3» WM KiaBuineil Space bar. Beibop pexxnma ocyiecTBiseTcs
nocJie Ha)kaTus Kiasumu Enter.

B xondurypauun penakropa cieayer ykaszaTh uMs (aiiia - mpoekTa, Ko-
TOpPbIA OyJET aBTOMATHYECKH 3arpyaThCsi IPHU BXOAE B pENAKTOp, UMs OuO-
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JMOTEYHOTO (haiiia Wi HECKOIbKUX OMOIMOTeUHbIX (paitioB, mHGOPMAIIUS KO-
TOPBIX HCIOJIB3YETCS B JAHHOM TrpauueckoM peaakTtope. DTy HH(OpMaluio
Heo0Xx0MMMOo BHeCTH B cTpoKy Libary filename (Mms 6ubnuotexn).

B nameit cxeme moHamo0sTcs ¢aiinbl, comepikame rpaduyecKyro UH-
dopmanmio o Koprmycax Mukpocxem cepun K155 u texnonoruueckas ungpop-
Manusi 0 pazbeme. Dailyibl ¢ TEXHOJOTMYECKOW HH(popMaluend HUMEIT pac-
mupenue prt 1 00b14HO coaepixkarca B karanore PRT unm plb - B katanore PLB.
@aiinbl ¢ pacmmpeHueM plb mpeacTaBistoT cOO0M CYHIECTBEHHO CXaThle U pac-
npeneneHHble o tunaMm Qaitner *.prt. Otr daiinel GopMHUpyOTCS U 00CITYXKHU-
BaroTcs B nporpamme - yruiute PC - LIB.

Bo3moskHbIe BapraHThI 3a/1aHUs OMOIHOTEKH:

* PRT - 3amanbl Bce ¢aiinbl PRT, Haxomsmmecss B TEKyIeM TUPEKTOPUU
C\PCAD\PLB\155.plb wnu *.plb, naxonsmasics B qupexropun C:\PCAD\PLB.

ITocne ycTaHOBKHM COOTBETCTBYIOLIMX MapaMETPOB HAXXKMUTE KIIABUIILY
Esc. CucreMa BBIJACT 3a1poc O COXpaHEHUU TeKyuleil koHpurypamuu. OTBETh-
te YES u naxxmute xnasumry Enter. Kondurypamus nporpamMmmsl 6yaer coxpa-
HeHa B (aiine pccards.cfg, 3amaBaeMbIM M0 yMOTYaHUIO.

Jlnis 3amycka pekuMa pelakTHpOBaHUs pefakTopa BbiOepute myHKT Edit
database B r;1TaBHOM MEHIO.

BriOop TO¥l miM MHOM KOMaHABI B MEHIO PEAAKTOpa OCYIIECTBIISIETCS
MOJIBEICHUEM BBIJIETIEHHON CTPOKU K TpeOyemMoil KOMaH/I€ U Ha)KaTUEM KJIaBH-
mu Space bar UM J1€BOM KHOMKHU MBIIIIH.

B penakrope ycranoBute mar koopauHatHou cetku 50 : 50. [{ns Bkiro-
YEHUS/BBIBKJIIOYEHUST MACIITAOHON CETKU MCIONB3YyHTe PYyHKIMOHAIBHYIO Kia-
Buiy F7.

C nomomnisto komanael VLYR ycranosute ciou:

SLKSCR - o6o3HaueHusi rabapuTHBIX pa3MepoOB IUIaThl U KOMIIOHEHT
CXEMBI;

BRDOUT - o6o3HaueHust 00JaCTH TPACCUPOBKH,

DEVICE - 0603HaueHHs HIMEH KOMIIOHEHT CXEMBI;

PIN -0003HaueHMs KOHTAKTHBIX IUIOIIAJIOK DJIEMEHTOB CXEMHEI;
COMP - 1 -r0 c110s TPaCCUPOBKH;

SOLDER -2 -ro cnost TpacCUpOBKHY;

ATTR - BUJIUMBIX aTpUOYTOB;

$CONT - Hepas3BeIEHHBIX CBA3CIH;

BrlmenepeuncieHHbie  CI0M HEOOXOJIMMO YCTAaHOBUTH B ITOJIOKCHUE
ABL, npuuem, cinoit BRDOUT cnenarb akTUBHBIM, T.€. YCTAHOBUTH €r0 B CO-
crosinue ABL A. OctanbsHble ciiou A0JKHBI ObITh BhIKIIOUeHBI (Off). BeiOGepute
Quit WM HaKMUTE MTPaBYIO KHOIKY MBIIIIH.

st popMupoBanusi 00pasza mevyaTHOM IIaThl yOEIUTECh, YTO aKTUBHBIM
cran cinoit SOLDER, 3atem komangoii DRAW/LINE unn DRAW/RECT BgI-
YepTUTEe B OKHE PENaKTopa MPSMOYTOJBHUK WM MHOTOYTOJBHUK, XapakTe-
pU3yIOIIN TabapuTHBIE pa3Mepbl IEYATHON TIJIATHI.
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st popmupoBanus obactu TpaccupoBku yctanosute cioid BRDOUT u
koMaHoii DRAW/LINE wnmu DRAW/RECT BeruepTuTe NpsIMOYTOJBHUK HIIA
MHOTOYTOJIbHUK, BHYTPH KOTOpPOro OyJeT pa3pelieHa TpaccupoBka. Kpome To-
ro, B 00pase Me4yaTHoOM IUIaThl MOXKHO YKa3aTh TPaHHIIbI 00JacTei, 3ampeTHBIX
JUTSL TPOKJIAJIKK TPACC MEYaTHBIX NPOBOAHUKOB. ObacTu 3ampera 0003Ha4ar0T-
Csl 3aMKHYTBIMU JIOMAHHBIMH JTUHUSAMU HYJI€BON TOMMHBI ( W=0 ), BbINIOJIHEH-
HBIMH B ONPEJEICHHBIX CIOSX PUCYHKA MME€YaHOH miaTel. Be1OOp TOro minu uHo-
r0 aKTUBHOT'O CJIOS OCYIIECTBIISIETCS MOJBEIECHUEM yKa3aTelsl K UMEHHU CJosl,
PacroJIOKEHHOMY B JIEBOM HIKHEM YTy SKpaHa W HaKaTHEM JIEBOM KHOIKH
MbIIIH. HaxxuMaiiTe KHOIIKY MBIIIHY, TTIOKa HE YCTAHOBUTE TPEOYyeMBblid CITOMH.

JIyisi BBOJIa KOPITYCOB 3JIEMEHTOB Ha IEUYATHYIO ATy BOCIOJIB3YyHTECh
koMan0it ENTR/COMP. [lIpu 3ToM cuctema B HUXKHEH CTpOKE dKpaHa MOIpo-
CUT BBECTU TPeOYEMBIi AIEMEHT U3 TEXHOJIOTHUYECKOW OMOIMOTEKH, YKAa3aHHOU
B KOH(UTypallud pelaKTopa, Wid HaxaTh kiaBuiry F1 s BiOOpa HY>KHOTO
AJIEMEHTa U3 B CIIMCKE KOMIIOHEHT, BHICBEUMBAEMOM B IPABOW YaCTH 3KpaHa
BMECTO KOMaHJHOI'O MEHIO.

Ecny cicok KOMIOHEHT MOJHOCTHIO HE NMOMEIIAETCS HAa SKPaHE, TO €ro
MO>KHO MPOJIMCTaTh, ucnionb3yst onuu PgUp (BBepx) miu PgDn (BHu3). Bri6op
TOTO WJIM MHOTO 3JIEMEHTA CMKMCKA MPOU3BOJUTCA aHAJOTMYHO BBIOOPY KOMaH-
Il MEHIO peflakTopa. BriOop snemenTa ¢aiina

PLB ocymuiectBisieTcs mocie OTKpeITUs nociaennero. Ilocne uero MoxxHo
BbIOpaTh TpeOyemblit PRT- daiin.

[Ipu BBIOOpPE 271EMEHTA CIUCKA CUCTEMA BBIJAET 3aIPOC:

New layers may be added. Continue? Yes No

(oGaBnsate HOBBIHM 2stemenT? [la Her)

Bri6epute Yes n HaxMuTE KIIaBHIIy Space bar Wid JeBYI KHOIKY MbI-

1.
Jlanee cuctema CrpoOCHT:
Converting comp to the English Unit. Continue? Yes No
(KonBeptHpoBath 351eMEHT B J0iiMoBYIo cuctemy? Jla Her)
Bribepute Yes u HaxxmMuTe KiIaBully Space bar win JeByr0 KHOMKY MbI-
TITH.

ITocne dero, cuctema MEPEXOIUT B PEKUM JTMHAMUYECKOTO OTCIICHKHUBA-
HUSL PACIOJIOKEHUS BJIEMEHTA, T.€. MOJIb30BATENI0 MPEAOCTABISAECTCS BO3MOXK-
HOCTb «OTOYKCHUPOBATH) 3JEMEHT B ONPEIEIECHHOE JIJIsl HErO Ha MEeYaTHOM IuiaTe
MEeCTO. DJIEMEHT Kak Obl OKa3bIBACTCS MPUBS3AaHHBIM K YKa3aeli0 MBIIIU U MPU
€€ MEPEMENICHUN CIBUTAETCSA MO 3KPaHy B COOTBETCTBYIOIIEM HANPABICHUMU.
Uto0bl 3aduKCUpPOBATH 3JIEMEHT HAXKMHUTE KJaBUIly Space bar umu JeByro
KHOTIKY MBIIIIH.

Takum oOpazom, st pa3MenIeHUs KOPITyCOB MUKPOCXEM Ha IeYaTHOU
1aTe HeOOXOUMO MPOJIENIATh CIASAYIOMINUE ECHCTBUS:

1) aktuBusupyiite komanay ENTR/COMP;

2) Ha 3ampoc CUCTEMbl HAXXMuUTE Kiapuuny Fl;
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3) B mosiBUBIIEMCS crucke BbIOepuTe snemeHT 155LN1 u maxmute ne-
BYIO KHOIIKY MBIIIIH;

4) mOMECTUTE €ro ¢ JEBOM CTOPOHBI MEYaTHOU MJIATHl U HAXKMUTE JIEBYIO
KHOITIKY MBIIIIH;

5) HaXXMUTE MPaBYIO KHOMKY MBIIIU JJI1 BO3BPAILICHUS B CITUCOK 3JIEMEH-
TOB;

6) BBIMOJHUTE MYHKTHI 3 - 5 [IJ1s1 pa3MelIeHUs OCTAIbHBIX KOPITYCOB MUK-
pOCXEM JTAaHHOU CXEMBI;

7) B cnucke Hauaute (aiin adapters.plb u BeiOepute B Hem ¢aiin r2hn-
15.prt, KOTOPBIA COAEPKUT TEXHOJOIMUYECKOE OMUCAHHE PAa3bEMa, PA3MECTUTE
€ro B BEpXHEHN 4aCTH IIaThl TAK KaK 3TO MOKA3aHO B MIPUJIOKEHHUH b.

Jlns BeIXOJIa M3 CIIMCKA aKTUBU3UpPYHTE omiuio Exit List (BeIxon u3 cnu-
CKa) WA HAKMUTE MPABYIO0 KHOMKY MBIIIH.

He otuauBaiitech, eciiu Bbl HEygayHO pa3sMECTHIM DJIEMEHTHI Ha Iie-
yaTHOH 11aTe. UTOOBI MCIIPABUTH IMOJIOKEHUE BOCIIOIB3YUTECh KOMAaHIaAMHU Pe-
JAKTUPOBAHUS, IPEIOCTABIISEMBIE PEJAKTOPOM:

CLYR - u3MeHUTH CJION 00BEKTA;

MOVE - nepeMecTuTh 3J€MEHT B TpeOyeMOoe MOJI0KEHHUE;

ROT - noBopauuBaeTr 00beKT Ha 90 rpajl. IPOTUB YACOBOM CTPEIKU MPU
HaQ)KaTUU HA JIEBYIO KHOMKY MBIIIY, HAXKATHE MPABOM KHOIKH MBIIIN 3aBEPIIACT
JICUCTBHUE KOMaH/IbI;

DEL - ynamure 3J€MEHT;

COPY - ckonupoBaTh BHIOPAHHBIN JIEMEHT.

Kaxxnas u3 xomaHj Mo3BOJISIET paboTaTh C HECKOJIBKUMU OOBEKTaMU OJl-
HOBpeMeHHO. JlJig 3Toro Heo6XouMo Bocmoab30BaTbes oniued WIN, koTopas
CTAHOBUTCSl JTOCTYIHOW MpPHU aKTHUBU3AIMK KOMaHJ peAakTUpoBaHUs. UToOBI
BBIOpATh AJIEMEHTHI B OKHO CHCTEMa 3alpallluBacT KOOPAUHATHI TUaMETPaTbHO
IIPOTUBOIOJIOKHBIX YIJIOB paMKH. My ¢ TOMOIIBIO yKa3aTeNsl MBIIIU B PEXKUME
JWHAMUAYECKOIO0 OTCJICKUBAHHS OIPEICIIUTE KOOPIAMHATHI JIEBOTO BEPXHETO U
paBOro HWXKHEro yrija okHa. [Ipuyem, sjaeMeHT BbIOMpaeTCs, Jaxe €clid OH
MOJIHOCTBIO HE JIGKUT B 00JIaCTU OTpaHUYCHHOUN pamkoi. CxemMa 3eKTpruuecKas
MPUHLUITAAIbHAS UMEET 5 CUTHAIIbHBIX BHIBOJOB U 2 IIMHBIL: IUTAHUS U « 3EMJIA
«, KOTOpBIE cucTeMa J00ABJISIET aBTOMATUUECKHU JJISl SJIEMEHTOB, UMEIOIIUX CO-
OTBETCTBYIOIIME KOHTAKTHI.

OG6paTuTe BHMMaHHE Ha TO, YTOOBI BCE KOMIOHEHTHI IMEUYATHOW ILIATHI
pa3Meniainuch BHYTpU 00J1aCTH, OTPAHUUYCHHOM pa3pelieHHbIM sl TPACCUPOBKH
MHOT'OYT'OJIbHUKA. EClin OKaXXeTCsl, YTO OTAEIbHbIE KOMIIOHEHThI WJIM UX YacCTU
OyIyT pacrlojiOKEHbI 3a €€ MpeaenamMu, NMepeBUHbTE UX BHYTPh 00JACTH, UC-
nonb3ys komanagy MOVE.

ITocinie pa3zmenieHrs 3J€eMEHTOB Ha IE€YaTHOM IUIAaTE MOKHO IIPUCTYIIATh K
HAa3HAYCHUIO CBS3€M MEXJIy HHUMHU. [l 3TOro B 3KpaHHOM MEHIO AaKTH-
Bu3upyiTe komanay ENTR/RATN. Cuctema monmpocHUT BBECTH UM IEPBOTO
KOHTAKTa, KOTOPBIN OyneT SBISATHCA HAYAJIbHOW TOYKOW JIMHUU CBs3U. BwIOOp
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KOHTAKTa, BBIACJICHHOTO CMHHUM ILIBETOM, IIPOU3BOJUTCS IMOJBEICHUEM K HEMY
yKa3aTesis U Ha)KaTUEM JIEBOM KHONKH MbIIIU. J{JIsI BBOJIa KOHEYHOW TOYKH JIU-
HUU CBS3U MOJBEIUTE YKa3aTelb K APYroMy KOHTAKTY U HAXKMUTE JIEBYIO KHOII-
Ky MBIITH. YTOOBI HE OMMOUTHCS B BRIOOPE KOHTAKTa MUKPOCXEMBI 3HANTE, YTO
Ha KOHTAKT C HOMEpOM | yKa3bIBaeT METKa B BUJE TOUYKU WJIH TPEYTrOJIbHUKA Ha
Kopmyce aseMmenTa (puc. 16). OcraibHble KOHTAKTHI HyMEpPYIOTCSI IPOTUB Yaco-
BOM CTPENKHA OTHOCUTEIBHO |-ro KOHTaKTa.

14 8 14 8

| KISSTHI | > KISSIAS

-1 ---------------- 7 - 7
Pucynok 16

Hcnonb3zyembie Mukpocxemsl cepuu K155 umeror cnenyromue cnenudu-
Kalluu:

Kourakr Ha3nauenue
7 « 3EMIIA «
14 + 5V

JUist 3aaHus cBsize HEOOXOAMMO 3HATh KaKOM KOHTAKT MUKPOCXEMBI CO-
OTBETCTBYET KaKOMY BEHTHWIIO 3TOW MukpocxeMbl. Mukpocxema K155JIH1
uMeeT 6 BEHTWIEN Ha KOPIYC, OCTAJIbHBIE MUKPOCXEMBI, HCTIOJIB3YEMBIE B CXEME
UMEIOT 10 4 BeHTUJIs1 Ha Kopiyc. MH(popmaius 0 COOTBETCTBUM KOHTAKTOB BEH-
TUJIIO IPUBEEHA B JIIOOOM CIIPABOYHUKE MO MHTETPATIbHBIM MUKPOCXEMaM.

Jlng mpoBeneHus CBsA3EH PYKOBOACTBYHTECH CIIEAYIOIINM:

1) aktuBusupyite komanay ENTR/RATN;

2) 3allleJIKHUTE YKas3aTelb MBIIIM Ha 1-M KOHTAKT€ MHUKPOCXEMBI
KI155LN1;

3) 3alIeNKHUTE yKa3aTeyb Ha 5- M KOHTakTe MUKpocxeMbl K155LE];

4) mepemecTuTe ykazaTellb Ha ONMKANIINNA KOHTAKT pa3beMa U HAXKMUTE
JIEBYIO KHOIIKY MBIIIIH;

5) HaxXMHTE IpaByK KHOIIKY MBIIIM IS 3aBEpLICHUsT BBOJA CBs3U. He
NyraiTech €Ciau CBA3b, KOTOPYIO BBl TOJBKO YTO MPOBENM BAPYT MCYE3JA C IK-
paHa. Ee MOXHO BHOBb YBHJETh aKTHBU3MPOBAB ONUHUIO R, pacnoioxkeHHyIo B
HWKHEN CTpOKE 3KpaHa, T.e. caenarh OykBy R 3enenoi (R BbIkiIOoueHa, eciu
BbIJICJIEHA KPACHBIM LIBETOM);
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6) ucnoyib3ysl NMpuilokKeHue A, mpoBeauTe octaibHble CBsA3U. LIIMHBI nu-
TaHUSA U « 3eMJIM « cucTeMa (GopMHUpyeT aBToMaTthyecku. HeoOxomumo Julib
COEMHUTH UX C BEHIOPAHHBIM KOHTAKTaMU pa3bema.

Cucrema PCAD o0sagaeT CBOMCTBOM, IO KOTOPOMY IPHU NEPEMEIICHUH
COEIMHEHHBIX 3JIEMEHTOB CBA3M MEX1y HUMHU HE pa3pbIBalOTCS, T.€. IPH HEOO-
XOJIMMOCTH MOKHO CBOOOJIHO MEpEMEIIaTh 3JIEMEHTHI 110 MEYaTHOM IiaTe, He
3a00TSCh O HAPYIICHUH CBSI3€M MEKYy HUMH.

[Tocne mepememnienus: Bocnodib3yiitech komanaoii REDR - oOGHoBieHus
JKpaHa.

Jlns 3anucu cxeMbl Ha OUCK akTuBu3upyinte komanay FILE/SAVE. B
IpUrjalieHuy peakTopa BBenuTe uMms Qaina cxemsl (autol.plc) u Haxxkmure
knaBuiry Enter. @aiin Oyner momMeleH B Kartajor, UMs KOTOPOro yKa3aHHO B
KOH(UTypalu peaaKkTopa.

Brixoa u3 penakropa ocymecTBisieTcs ¢ momoibio komanasl SYS/QUIT,
a u3 mporpammsl - mytem BeiOopa nmynkra Exit PC-CARDS rnaBaoro MeHro.

CrnenyromuM miarom pa3paOOTKH TIEYaTHOM IUTATHI SIBISIETCSl TIPOIIECC
TPacCUpPOBKH, T.€. Pa3BOJKHU MPOBOJAHUKOB IO 3aJaHHBIM TpaBuiam. J[is 3TuX
ueneid B CAIIP PCAD ucnons3yercsa nporpamma PC - ROUTE. Iporpamma PC -
ROUTE npennasHadena 1Jisl BBIIOJIHEHHUS] aBTOMAaTUYECKOIO MPOIIECca TPaCCH-
POBKH JBYCTOPOHHMX M MHOTOCJIOMHBIX Me4YaTHBIX miat. OCOOEHHOCTBIO MpO-
TpaMMBbI SIBJISIFOTCSL IITUPOKUE BO3ZMOXKHOCTH B MPEIBAPUTEIILHON HACTpOMKE Ma-
paMeTpoOB U MPABUJT TPACCUPOBKHU HA KOHKPETHBIA MTPOESKTUPYEMBIH Y3€l.

BxonubiMu nanaeivu juis iporpammel PC - ROUTE sBnsercs daiin mpo-
€KTa, B KOTOPOM 33JaHO pa3MEUIEHUE AJIEMEHTOB BHYTPH KOHCTPYKTHBA I€YaT-
HOM IJIAThI U 3aJaHbl CBSI3U MEXIy deMeHTamMu. Takum aitiom siBnsiercs daitn
autol.plc.

Jlsist paboThl aBTOTPACCUPOBIIMKA HEOOXOAUM Takke (haiii, copepsKaiui
CBEJICHHUS O MapameTpax M MpaBHIIaX TPACCUPOBKU. DTOT (pailyl Ha3bIBAIOT (aii-
JIOM CTpaTeruu TpaccupoBku. Daiinbl cTpateruu umeroT pacmupenne CTL.

Boixogusimu nanasiMu mporpammbl PC - ROUTE sBnsitorest cnenytoiuye
¢aitnbr:

- (baiin Oa3bl JAHHBIX, JOMOJHEHHBIN rpaguueckoil nHpopmManuen o npo-
JIO’KEHHBIX TPACcCax MEeYaTHBIX MPOBOJHUKOB, UMeroIMi pacmupenue PCB;

- (aitn cooOeHuid, cojepx aluidi MPOTOKOJI TPACCUPOBKHU, HWMEIOLIUN
pacmupenue REP.

B npouecce paboTsl mporpaMMbl CO3/Ial0TCSI TakKe JiBa pabouux ¢aiina
* RTS, * RTE. B pe3ynbTaTe paboThl IporpaMMbl HE BCE CBSI3M MOTYT OKa3aTh-
Cs pa3BelCHHbIMHU. PydHas QOmpoBOJIKa, a TaKKEe KOPPEKTUPOBKA OTAEIIBHBIX
CBs3eH (peaaKkTUPOBAaHUE TOIMOJIOTMH MEYATHOM IJIATHI ) MOXKET OBITH OCYIIECT-
BJIeHa noJb3oBaTeneM cpenactBamu nporpammel PC - CARDS. PC - ROUTE
MIOMEYaeT CBS3M, OCTABIIMECS Hepa3BeleHHbIMU. MHpopManus o HUX cojep-
KUTCS B CIACAYIOMUX (hanax:

- rpaduueckas - B cmoe SCONT ¢aiina npoekra *.PCB,;
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- TEeKCTOBas - B (paiie coodmenuii *.REP.

JIns 3amycka mporpaMmbl B KOMaHJIHOW CTPOKE BBEAUTE pcroute u Ha-
xmuTe KinaBuiry Enter wimm, ecnu Ber Haxogutech B o6onouke PC - SHELL, B
MEHIO TIOCJIeI0BATEIbHO BEIOEPUTE IMMYHKTHI C 3ariaBHbIMU OykBamu P u R.

[Tocne 3anycka nporpammel PC - ROUTE Ha skpane nucruiess mosIBUTCS
OCHOBHOE MEHIO IPOrpaMmbl. [JaHHOE MEHIO COIEpKUT TpH NojsA. BepxHee no-
JIE OTIPENIEIISACT:

Enter database name: - ums npoekra.

(Database reference name) - cCbUIOYHOE UMSI POEKTA, UCIIOJIb3YETCH.

JUIsL perucTpanuu npoekra B karanore nporpammsl PC - ROUTE.

C nomompto kiaBuiin HOME nepelinute B 3TO MOJIE U BBEAUTE UM
daiina autol.plc.

Select routing strategy - BbIOEpHUTE CTpaTerui0 TpacCcUpoBKu. [IpocMoTp
uMeH (pailioB cTpaTeruy TPACCHUPOBKHU OCYIIECTBISETCS HaXKaTHEM KIIABHIIU
Space bar.

@aiin cTpaTeruy TPACCUPOBKH COACPKUT WHOOPMAIUIO O KOJIMYECTBE
CJIOE€B, AJITOPUTME TPACCUPOBKHU, TMOPSAJKE TPACCUPOBKUM U JPYTHE TeEX-
HoJIoTHUYeckue mapameTpbl. O4eHb Ba)KHO, YTOOBI B (haiijie CTpaTErwul TPacCH-
POBKHM OBUIM yKa3aHbl T€ € CaMble €IUHHUIIBI U3MEPEHUsI, KOTOPhIE UCIOJIbH30-
BaJIUCh NPU MOCTpOoeHHH oOpa3a nedyarHoi miatel (MILS - mroiimoBas cucrema;
MM - metpuueckasi cucteMa). s 3aganus eIUHUI] U3MEPEHUS B TpapuIECKOM
penakrope PC - CARDS aktusuzupyiite komangy SCMP/UNIT.

Ecnu He 3amaHbl 3HaYeHHUS XOTHI ObI OJTHOM KOHTAKTHOM IUIOIIAJKH, TO
TPACCUPOBIIMK 3aBepiiaeT padoTy C COOTBETCTBYIOUIUM COOOIIEHHEM 00
omuoKe.

Cpennee moJje MO3BOJIAET BBHIOPATh CJEAYIONIME BapUAHTHI JalbHEHIIEH
paboOTHI:

EDIT ROUTING STRATEGY - penaktupoBaHu€ CTpaTEruu TPACCUPOB-
KH;

ROUTE - 3amyck aBTOTpacCUpOBIIUKA;

EXIT PC-ROUTE - Bo3Bpat B DOS.

B 1- M paznene 3agaiite cieayromue napaMeTpbl TPACCUPOBKHU:

ROUTING GRID X : 50 Y : 50 - mar cetku nmo ocsim X, Y.

NUMBER OF ROUTING LAYERS: 2 - KoJIM4€CTBO CJIOE€B NEYaTHOU
mnatel; ROUTE TYPE: STEINER - MINVIA - tun anroputMa TpacCHUPOBKH.
Anroputm STEINER - MINVIA no3BonsieT MUHUMU3UPOBATh KOJWYECTBO IIE-
PEXOIHBIX OTBEPCTHUH.

ROUTE ORDER: LONG - SHORT - 3aianue nopsjika TpacCUpOBKH CBSi-
3€il B 3aBUCUMOCTH OT WX UIMH. llepekiiroueHue Mexay BapHaHTaMU IPOU3-
BOAMUTCS C TMOMOINbIO KiaBuiu Space bar. [lpu BwriOope Bapmanta LONG -
SHORT cBsi3u Tpaccupytotcs B mopsiike yObIBaHUS UX JJIMH, a MPU BapUaHTE
SHORT - LONG - B nopsinke Bo3pactanus ux aiud. s Bapuanta SHORT -
LONG uuciio He pa3BeACHHBIX CBSI3€H MEHbBIIIE, HO pydHas JOMPOBOJIKA CO-
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npsbkeHa ¢ OOJIBIIMMU TPYIHOCTSIMH, Y€M MPH HCIOJIb30BAHUM BapUaHTa
LONG - SHORT.

PERFORM VIA MINIMIZATION: YES - BbINOAHATE NpOLENYyPY MU-
HUMM3ALUY YHUCIIA TIEPEXOAHBIX OTBEPCTUM.

ORIENTATION PREDOMINANT COMPONENT: VERTICAL - 3ana-
HUE OCHOBHOW OpPHEHTALIMM MUKPOCXEM (BepTUKalIbHAsA). [laHHBIN mapaMeTp no-
3BOJISIET TOBBICUTH KQ4E€CTBO M MPOLIEHT TPACCUPOBKHU.

PIN TYPE: 24 - Tun koHTaKTa (IITHIPEBOH).

3nauenue 0 3ape3epBUPOBAHO ISl CKBO3HBIX MEPEXOIHBIX OTBEPCTHUH, C 1
1o 24 - sl ITHIPEBBIX KOHTAKTOB, € 25 1mo 50 - 114 miaHapHbIX KOHTAKTOB, C
51 mo 100 - a1t MEXCIOMHBIX KOHTAaKTOB MEPEXOAHBIX OTBepcTUd U ¢ 101 mo
255 - 111 KOHTAaKTHBIX IJIOIMIAJ0K MOJIb30BATEIIA.

UtoOsI BRIMTH U3 pa3iesia PeIakKTUPOBAHMS CTPATETUN TPACCUPOBKHU B OC-
HoBHOE MeHI0 PC -ROUTE, cnenyer Haxars kiaBuity Esc. [Ipennaratorcs cie-
JYIOIIME BapUAHTHI JAJIbHEHIIIEH paboThl C OTPEIaKTUPOBAHHON CTPATETUCH:

Save under current name - COXpaHWUTHh OTPEJAKTHPOBAHHBIN BapHUAHT
CTpaTeruu MnoJj CTapblM UMEHEM;

Save under new name - COXpaHUTh OTPEIAKTUPOBAHHBIN BapUAHT CTpaTe-
TUU TI0J] HOBBIM UMEHEM,;

Do not use or save - OTpelaKTUPOBAHHBIN BApUAHT CTPATETUU HE UCIIOJIb-
30BaTh U HE COXPAHSTh.

Br16op BapuaHTa MpoM3BOAUTCS ¢ MOMOILIBIO KiIaBUIIKA Space bar. BriOe-
pute 2-i1 BapuaHT u BBeaute uMst PLATA.

B nmynkTe Select routing strategy riiaBHOTO MEHIO BBIOEPUTE CTpATETHIO
PLATA.CTL u naxxmute kiaBuiry Enter.

Hwxuee momne onpeaenser BbI30B CIYKEOHBIX MPOTPaMM YTUIIUT TPACCHU-
poBmuKa. /[ns mepexona Mexay mojisiMU ucnoib3ytorca kiasumu HOME wu
END.

s 3amycka aBToTpaccupoBiivka BbiOepuTe myHKT ROUTE rmaBHoro
MEHIO.

[Ipexne yeM 3amyCTUTh aBTOTPACUPOBIIMK B pabOTy, MPOBEPHTE U YC-
TaHOBUTE 3HAYCHUSI CJICTYIONINX [MapaMETPOB JAHHOTO MEHIO:

EXTRACT DATA - mapameTp, onpeaesitoninuii He00X0AUMOCTh CUUTHI-
BaHMs U3 (aiina faHHBIX npoekTta. [lapameTp MOXKeT MpUHUMATh 3HAYEHUS:

YES - ecnu BbINOJHSETCS BOEPHIBBIE BBIXOJl HAa TPACCUPOBKY C JAHHBIM
MIPOEKTOM WJIU OBLIA U3MEHEHHUS IIPOCKTA;

NO - ecnu panee yxe Obuia pabota ¢ mpoekToM. Bbibop 3HaueHus napa-
MeTpa MPOU3BOUTCS C TOMOIIBIO KJIABUIIM Space bar.

ROUTE - mapameTtp, onpeAensiomnii BapuaHT TPaCCUPOBKHU: MEPBbIN 3a-
MyCK, MMOBTOPHBIN 3amyckK (pectapT), oTka3z oT TpaccupoBku. [lapamerp moxer
NPUHUMATH 3HAYECHUS:

NEW - ecnu TpaccupOBKy ciielyeT HauaTh CHavaJa;
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RESTART - ecnu ObuT TIpepBaH MPOIECC TPACHPOBKH M TPEOYETCS €ro
BO300HOBUTE;

NO - ecan He0OXOAMMO MPOU3BECTH TOJBKO 3aMUCh PE3YJIHTATOB TPACCH-
POBKM TpoeKkTa 0e3 3amycka aBToTpaccupoBiiuka B (aiine *.PCB. Bribop 3Ha-
YEHUs TapaMeTpa MPOU3BOAUTCS C MOMOIIbIO KJIABHILK Space bar.

CREATE ROUTED DATABASE - mapameTp, onpeaensitoniuii Heo0xo-
JUMOCTb CO3JaHus BBIXOJHOTO (haiina mpoekta (¢aiin *.PCB) nocne okoHuaHus
TpaccupoBku. [lapameTp MOKeT MPUHUMATH 3HAYECHHUS:

YES - ecnu mo OKOHYaHHWIO TPACCUPOBKU HEOOXOAUMO C(HOPMHUPOBATH
BBIXOJIHOM (pailyn mpoekTa;

NO - ecian HEOOXOUMOCTH B CO3JaHUM BBIXOJHOTO (paiiyia mpoeKTa HeT.
Br16op 3HaueHus nmapamerpa npou3BOJIUTCS C TOMOIIBIO KIaBUIIM Space bar.

DATABASE NAME - napameTp, onpeaeistonuii uMsi BIXOHOTO daiina
IIPOEKTA.

Ecmn Bac ynoBieTBOpseT MNPEITIOKEHHOE CUCTEMOM HMMS BBIXOJIHOTO
daiina nmpoekra (autol.pcb), Haxxmure knaBuinry Enter. B mpoTtuBHOM ciydae
BEJIUTE C KJIaBUATYPhl HOBOE UMSI.

3amycK aBTOTPACCUPOBILMKA MPOU3BOJIUTCA MyTEM NEPEMEIIECHHS KypCo-
pa Ha ctpoky START ¢ nmocnenyrommm Haxkatuem kinasuiu Enter.

Bes nocnenyromas padoTta nmporpaMMbl POUCXOAUT B aBTOMaTHYECKOM
pexume. 1o 3aBepiieHno TpacCUPOBKH CUCTEMA COOOIIINUT:

ROUTE COMPLETE (CR)

JList 3aBepiieHus: paboThl HAKMUTE JTI00YI0 KIaBUITY.

Ecnu npousonuio npepsiBaHre padoThl MPOrpaMMBbl, CUCTEMA COOOITUT O
npu4rHe omuoOKu B (paiine coobmenuii (autol.rep).

[Ipu 3amycke aBTOTpacCUPOBIIMKA HA IKPAHE BHICBEUMBAETCS CIEAYIOLIAs
uHpopMarus:

DATABASE - 3agaet ums npoekra;

STRATEGY - nokaspiBaeT uMms (paiinia ctpareruu;

TOTAL LAYERS - ob1iee 4rciio ciioeB TpacCUPOBKH;

NAMBER OF PASSES - yucno npoxo10B TpacCUpPOBIIHKA;

TOTAL SUBNETS - 3amaet uncio noatene npoexra;

ELAPSED - tpebyemMoe Bpemsi pabOThl aBTOTPACCUPOBILUKA;

ROUTED SUBS - uncino ye npoj0KeHHbIX LENEH;

% COMPLETED - npoueHT npoJIoKeHHBIX Tpacc K 00IIeMy YMCITy LIETeH;

ROUTE LAYERS - Tekymas mapa ciaoeB, B KOTOPBIX IPOKJIaJbIBAETCS
Tpacca;

ALGORITHM - anroputm BBINOJHIEMOTrO B JAHHBIIT MOMEHT ATalla;

CURRENT SUBNET - HoMep TekyIlel moaienu, Koropas oopadaTbiBa-
€TCS B JaHHBIA MOMEHT;

KEYBOARD STATUS - onpenensier ropsiane KJIaBUIIIHN.

KinaBuma Esc BbI3bIBa€T MEHIO, KJIaBUIIA «+» U3MEHSET BHIBOJAUMYIO Ha
9KpaH UHGOPMAIIHIO.
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6 P-CAD 2000 [ACCEL EDA 15.0]

Jlo negaBHero Bpemenu cucrtema P-CAD Bepcuit 4.5,6,8 sBisinach Hau-
oonee momynsipHoM cucteMoi pazpadotku IIII. Bce 3t Bepcum mporpaMmbl
OblTM cnenanbl moj omnepanuoHHyo cucteMy DOS. Cucrema P-CAD nns
Windows BoinymieHa B 1996 roay u B CBsI3U CO CMEHOW Biajeibla MOTydHIia
Ha3Banne ACCEL EDA Bepcun 12. HoBas Bepcuss ACCEL EDA 15.0 Beiuia B
koHiie ieta 1999 roxa u nonyunna Hazpanue P-CAD 2000. Dta cucrema oobe-
nuusget pyymue kadectBa cucteM ACCEL EDA u P-CAD. Ona Bxirodaer B ce-
Ost mporpaMMbl JJis rpauyecKoro BBoJa cxem, ynakoBku cxem Ha 111, pydnoro
pa3MeIleHuss KOMIIOHEHTOB, PYYHOW, MHTEPAKTHUBHON W/WIM aBTOMATHYECKOM
TPACCUPOBKHU MPOBOJHUKOB, KOHTPOJs omnbok B cxeme u III u BbImycka no-
KyMEHTAIUU.

B ar1oii cucteme 3a cuet nepexoza Ha 32-pa3psaHyro apuMETUKy YBeEIu-
YyeHa pazperaronias criocooHocts peaakropa I111 u moBwiieHa TOYHOCTH Ha J1BA
nopsnka. Taxxe HoBas Bepcusi P-CAD mo cpaBHeHuro ¢ 0ojiee paHHUMH BEp-
CUSIMU UMEET CJEAYIOIINE TPEUMYILECTBA:

e BrinonHeHwe CTaHAAPTHBIX KOMAaHJ W OpraHU3alus MEHI0 B CTUIIE
Windows ynpoiaer paboTy ¢ CUCTEMOU 1 03HAKOMJICHUE C HEH.

e BriBoabpl pe3ynbTaToOB MPOEKTHUPOBAHUS HA NIEpUPEPHUITHBIE YCTPONCT-
Ba (IPUHTEPHI, INTOTTEPHI), UMEIOIIHE IpaiiBepsl it Windows.

o [IpumMeHeHre BEKTOPHBIX MIPU(PTOB MO3BOJIIET HAHOCUTH HA CXEMBI H
[T Hagmucu mo-pyccku.

e B03MOXXHOCTh 3aJjaHUsl Pa3HBIX THUIIOB TMEPEXOIAHBIX OTBEPCTHI TPHU
NIEPEX0/I€ MPOBOJHUKOB CO CJIOS HA CIIOM.

e Bo3MokHa aBTOMarhyeckas TPacCUpPOBKA OJHOM M TOM K€ LIEMH Cer-
MEHTAMH Pa3HON IIUPUHBI.

e VYCOBEpIICHCTBOBaHbl AJTOPUTMBI ABTOTPACCHUPOBKH IPOBOJIHUKOB,
BKJIIOYAsl aBTOMATUYECKYI0 TpacCUpOBKY MHorociounsix I1II, nmerommx BHYT-
PEHHHE CIION METAJIN3ALUN.

[lognepxka (opmMaToB ONUCAHUS AAHHBIX IO3BOJIAET OOMEHH-
BaThCcsl MHpopmaruen ¢ Takumu cucremamu kak AutoCAD, OrCAD,
Pspise u P-CAD 6omnee paHHUX BEpCHUIA.

Cucrema ACCEL EDA COCTOMT W3 YETBIPEX OCHOBHBIX MOAYJIEH
ACCEL Library Manager - menempkep 6ubnuorexk, ACCEL Schematic - pe-
naktop cxeMm, ACCEL PCB - penakrtop I1II, ACCEL Autorouters - aBToTpac-
CUPOBUIUK, U PsAJIa BCIOMOTaTEIbHBIX TPOTPaMM.

YcranoBka nakera P-CAD 2000

VYcTaHoBKa MakeTa MPOU3BOAMUTCS 3aMTyCKOM MporpamMmbl Setup u3 KaTa-
aora P-CAD\Setup.
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[Tocne 3amycka nporpamMMbl Ha 3KpaHe MOSIBISAETCS AUAJIOTOBBIE OKHA, B
KOTOPBIX HY’KHO OTBETHUTH Ha HEKOTOPBIE BOIPOCHI, KACAIOIIHUECS YCTAaHOBKHU
nakera. Ha nepBom skpaHe mporpaMMbl HaJ0 Haxarb KjiaBuiry Next, Ha cie-
nyromeM Yes. Ha TperbeM 3kpane Haj0o BBECTH B IepBOE MoJjie Bame nms, a BO
BTOpOE MM Ballleld opranu3auuu, u B noje Product Type Hano BeIOpaTh Bepx-
HUW 2neMeHT. Ha JeTBepToM dKpaHe mpenaracTcs BBECTHM CEPUMHBIE HOMEPA
MPOAYKTOB, HaJl0 BBeCTH HOMEP XSYB-2SVT-X8VG-7CWS Bo Bce Tpu 110715 U
HaxaTh kiaBumy Next. B 3ToM oxHe HeoOXoAMMO BbIOpaTh KaTajor
KyZa Bbl xotute ycTaHOBUTH P-CAD 2000, no ymoJlMaHHIO 3TO KaTajor
C:\Program Files\P-CAD 2000. [Tocne BbiOOpa kaTtanora He0OX0UMO HaXKaTh
kinaBuiry Next, U B CIEIyIOIEM OKHE HEOOXOJUMO BBHIOpATh THUIl YCTAHOBKHU:
Typical — ycraHoBKa 1Mo ymMoI4aHuO0 (pEKOMEH/I0BaHHasi ycTaHoBKa), Custom -
YCTaHOBKA C BO3MOKHOCTBIO BbIOOpa 31emMeHToB nakera P-CAD aiis ycTaHOBKH
(pexomeHyeTCs ISl ONBITHBIX TOob3oBaTeneit). Beioupaem Typical u Haxuma-
em Next. Jlaree oH crpalmBaeT UM Manku KoTopas OyJeT pa3Meniarcs B Me-
HIO [Iporpammel, mumem P-CAD 2000 u xmem Next.[lanee caoBa Next u xaem
KOI'JIa MporpaMMa yCTaHOBKM 3aKOHUYHUT CBOIO pPadOTy, 3TO MOXKET 3aHITh He-
CKOJIbKO MHUHYT. llocne Ha nosBuBmeMcsa okHe HaxumaeM Finish, u ycranoBka
MaKeTa 3aKOHYEHA, MOXKHO MPUCTYNAaTh K padOTE C HUM.

.ﬁ}P—E.AD 2000 5chematic - [Untitled1]
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I'paguuecknii penakrop cxem ACCEL Schematic

I'paduueckuit penakrop cxem ACCEL Schematic (manee Schematic)
uuH U3 ocHOBHBIX Mojyiient cucteMbl ACCEL EDA.

1 O0mue cBeaeHus 0 peaaxkrope cxem Schematic

I'padpuueckuit pemaktop IIII Schematic 3amyckaercss myrem BbIOOpa
nyHkTa Schematic B menro PCAD 2000, koTopoe B CBOIO ouepe/ib HAXOIUTCS B
MeH10 «IIporpamMmer».

[Tocne 3amycka pegakTopa Ha 3KpaHe MOSBUTCS OKHO Ipaduueckoro pe-
JAKTOPA CXEM.

B BepxHel 4acTH OKHa PacrojiaracTcsi MEHIO KOMaHJ, aKTUBU3HPYEMBIX
ICJTYKOM MBIIINA WM HaKaTHUK Kiasumnd ALT B coueraHnu ¢ mOIYEpKHYTOU
OyKBOI B IMEHU MEHIO.

|File Edit Wiew Place Bewire Optiors  Librarp  Utls Maco  Window Heb |

[TocnenoBareabHO BHIOMpPAaEMble MEHIO, KOMAaHAbl U MOAKOMAHIbI B J1ajlb-
HeHmeM OyIyT pa3feisiThCs 3HAKOM «>).

Kpartkoe onucanue mojib30BarejbCKOro uurepgeiica

ITynkT Mento File ncnons3yercs 11sl co31aHusl, OTKPBITHSL, COXPAHEHHS U
NeyaTu CXeM. A Takke MOXKHO reHepupoBath otuet. [Iynkt meHto Edit ucnosnnb-
3yercss paboTel ¢ Oydepom oOMeHa, peaKTHUPOBAHUS MMAPAMETPOB AKTUBHOTO
sneMeHTa. Mento View — mnpeHa3Ha4eHO Il M3MEHEHMs maciuTaba u3o0pa-
YKEHUS, YBEJIMYECHUE — YMEHBIICHUE, PACIOJIOKEHUE B LIEHTPE U TA. B myHkTe
MeHi0 Place MOXXHO BBIOMpATH 71l PACTIONIOKEHUS HAa CXEME Pa3IUYHBIX JJie-
MEHTOB, TaKMX KaK KOMIIOHEHTBI CXEM, IIeMH, IIWHbI, TUHUU. Rewire - B HeM
HAXOJUTCS €IMHCTBEHHBIM MYHKT MeHI0O Manual 11711 pydHOro peakTUpOBaHUs
CEerMeHTa JJIEKTpUuecKou nenu. Options - MyHKT MEHIO, B KOTOPOM yCTaHAaBIIH-
BAIOTCS pa3jMYHbIC MapaMeTphl, TaAKUE MapaMeTpbl Kak HACTpONKa (UIbTPOB
JUTsl BBIZICJIEHUs] OOBbEKTOB BHYTPH WJIM BHE BBIOpAaHHOM 00J1acTH, HAcCTpOWKa
KOH(pUTrypanuu, onpeeacHue HabopoB CETOK, YCTAaHOBKA aOCOJTIOTHON WM pe-
alnbHOM ceTOoK, u MHoroe npyroe. [Tlynkr mento Library npenna3znauen ais pa-
00THI ¢ OMOIMOTEKAMU a IMEHHO CO3JaHue OMOIMOTEK, Ha3HAUECHUE IICEBIOHU-
MOB CUMBOJIaM, KOMTUPOBAHKE YICHOB OUOIMOTEK, OTKphITHE Oubanorek. Utils B
3TOM IYHKTE MEHIO HaXOIATCS KOMaHJbl BCIIOMOTaTeIbHOIO Ha3HauyeHUs. Me-
HI0 Macro - MeHIo o paboTe ¢ Makpocamu, B KOTOPbIE MOXKHO 3alIUCaTh 4acTO
MoBTOpsItoIMeca AeiucTBus. B nmyHkre meHr0o Window HaxoasTCd KOMaHAbI 1O
paboTe ¢ OKHaMU: OTKPHITHE HOBOT'O OKHA, YMOPSJOYMBAHUE OKOH M MKOHOK,
IIepeX0 K OHOMY U3 OTKPBITBIX OKOH. Uepes myHKT MeHto Help npoussoaurcs
JOCTYII K TIOMOIIY CIIPABOYHOM CUCTEME MaKeTa.
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JIBe maHenu MHCTPYMEHTOB AyOIUPYIOT HauboJee YacTo yrnoTpebiseMbie
KOMaH/Ibl U3 MYHKTOB MEHIO. ['Opu30HTAlIbHAS MAHENb COAEPKUT MUKTOTPAMMBbI
JUISl CHCTEMHBIX KOMAaH/I, BEpTUKaJIbHAsA MaHEeb JUIsl KOMaH[ pa3MEIeHUs dJie-
MEHTOB.

B nenTpe, camast 6omblas yacth - paboyast 00J1acTh, Cpa3y moj HEl CTpo-
Ka COOOILIEHUH, HUKE CTPOKA COCTOSAHMS. B HEll HaXOAATCs Clienyroue moJis:

e Koopnunatel X Y - TekyliMe KOOPAMHATBHI Kypcopa, B 3THUX MOJSAX
MO>KHO TakK K€ HaOpaTh KOOPAMHATHI, B KOTOPHIE HAJ0 MEPEMECTUTH Kypcop.

e Knomnka nepexntouenuid cetku: REL - oTHOCuTENbHAs CETKa MOKET
UMETh Ha4aJlo KOOpAMHAT B Jt000H Touke pabodero obnactu, ABS - abcomoT-
Hasl CeTKa MMEET HAa4ajo B JIEBOM HIKHEM YTJIbI paboueil obacTu.

e IIlar cerkmu.

e KHormka co3ianusi MaKpoOKOMaHI.

e CIUCOK JIUCTOB CXEMBL.

e [[lupuna nuuun.

e CTpoka COCTOSIHHUSI.

Hacrpoiika pegakropa

[Ipexne yem HaYMHATH CO3IAHUE NPUHUUIIHAIBHON CXEMBI CIEAYET Clie-
JaTh HEOOXOJIMMBIE HACTPOWKH KOH(PUTYypaluu pelakTopa MPUHIMITHAIBHBIX
cxeMm Schematic.

B menio xomana Options>Configure MoxxHO BBIOpaTh pasmep JuCTa —
OJIMH U3 CTaHJapTHBIX hopmaToB A4, A3... TaKk )K€ MOKHO CaMOCTOSITEILHO 3a-
nath pazmepsl aucta. B pasznene Title Sheets BeiOupaercs ocHOBHAS U JOTOJ-
HUTENbHbIE HaANUCHU (paMKa). UepTexu 3THUX paMOK CO3/Ial0TCs 3apaHee C Io-
MOIIBIO0 peakTopa u 3aHocstes B ¢aisl ¢ pacimpenuem TTL. CrangaptHbie
pamku 3aHeceHsl B kaTanor TITLES karanora ACCEL. Pamku ueprexa cra-
HOBSITCS BUAHBI nocie BbiOOpa pexxuma Display Title Sheets. Tak sxe M0OXHO
BbIOpatTh cuctemy eauHull mil — musel (1 mun — 0,001 groitma), mm - MWLIH-
MeTpsl, inch — groiimer (1 arolim — 25,4mM). I3MEHUTH CUCTEMY €UHULL MOKHO
B 11000 MOMEHT pPaboThl co cxeMoM. Tak ke MOXHO YCTaHOBUTH U JPyTHE Ma-
paMeTphl.

B menio Options>Grids ycranaBnuBaercst mar cetku. [1o komange Add
N00aBIIAIOTCS HOBBIE 3HAUCHHSI.

B mento Options>Display 3anatorcs 11Beta pa3nuyHbIX 00BEKTOB, CTUITh
M300pakeHUs LIUH U P IPYTHX HapaMeTpoB.

Options>Text Style BriOupaercs mpudr, ero pasmepsl U JIp. CBOWCTBA
TEKCTOB  YCTAHABJIMBAEMBIX IO YMOIYAHUIO.

Hacrpoiiku xonduryparmuu ACCEL Schematic 3anocstcs B (aiin
SCH.INI, 1 n10o3TOMy OHU COXPAHSIOTCSA U MPU MOCIEAYIOIIe padoTe ¢ peaak-
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TopoM. Ho mapameTpsl ipoekTa (CTHIIA TUHUN, CTUIN MpU(Ta U T1.) 3aHOCATCS
B (haiisIbl CXEMBI.

Co3nanue cxeMbl 3JIEKTPUYECKOH MPUHIMIINATbHOM

[lepen HavamoM HaHECEHHUsS AJIEMEHTOB Ha CXEMY HEOOXOJMMO TMOIKIIIO-
YUTh OMOJIUOTEKU C HEOOXOIUMBIMH JJIEMEHTAMHU. JTO JEJIAETCS MO KOMaHIE
Library>Setup xoTtopast o6ecnieurBaeT JOCTYIl K HEOOXOJUMBIM OUOJIMOTEKAM.
Knapumeit Add npousBoauTcs n100aBjieHUE UMEH OMOJIMOTEK B CIIUCOK OTKPBI-
TBIX.

Pa3zMelnieHne KOMIIOHEHTOB Ha CXEME HAyMHAeTCsl 10 KOMAaHJEe
Place>Part. Ilocie yero, menKHyB KypCOpOM MBIIIK B JIFOOOW TOYKE DKpaHa,
OTKpPBIBAETCSI MEHIO BhIOOpa KoMrioHeHTa. B mone Library BeiOupator 6ubmamo-
TEKY, COJEPKaIyI0 HYXHBIM aeMeHT. Jlaiee u3 crnucka KOMIIOHEHTOB BBIOU-
paroT SJIEMEHT, MPU HEOOXOJUMOCTH MOXKHO MOCMOTPETh €r0 H300pakeHHE
AJIEMEHTA, HaxkaB KHOMKY Browse. Takxe MOXHO 3a7aTh OJUH U3 TPEX BapHaH-
TOB oTOOpakeHus anemeHTa: Normal — HopmansHOoe, DeMorgan — o6o3Haue-
aue jormuecknx ¢Qysnknuii, IEEE — B cranmapre MHCTUTYyTa WH)XEHEPOB IIO
AJIEKTPOHUKE U AJeKTpoTexHuke. [lociae BrIOOpa KOMIOHEHTAa U BBEJICHUS HE-
00xoauMbIX napameTpoB Haxumaem kKHonky OK — kypcop npumer gopmy re-
pekpectbsi. HemocpeacTBeHHOE pa3MeENIEHUEe CUMBOJIA 3JIEMEHTA HA CXEME BBbI-
MOJIHSETCSA MOCHIe MeTYKa KypcopoM B 11000 Touke padoueit o0nactu okHa. Jlo
TeX TOop TMOKa He OyAET OTIyIIEHA JieBasi KHOMKa MBIIIHU, CUMBOJI MOXKHO Tiepe-
MeliaTh 1Mo KpaHy, MOBOPAYMBATh, HAXKATUEM KJaBUIIU R, 3epkanbHO 0TOOpa-
xaTh HaxxatueM — F. TIOBTOpHBIN IIETYOK KypcOPOM pa3MEIIAET Ha CXEME Clle-
JTYIONIYIO KOIUIO BbIOpaHHOro KoMmroHeHTa. B pexume Edit>Select mendok
KypCOpOM B JIFO0OM TOYKE BHYTPH KOHTYpa CUMBOJA KOMIOHEHTa MPOU3BOJIUT
€ro BBIOOP C BO3MOXKHOCTBIO €T0 MIEPEMEIICHHUS, TOBOPOTA U yAAJIICHUS] CUMBOJIA
B LICJIOM.

CretyrolumM 3TanoM CO3/IaHHs CXEMBI SIBJISIETCSL pa3MEIIECHUE dIIEKTpHUYe-
CKHX Lenel ocymectsisieMoe o komanae Plase>Wire. IlosBisieTcs kypcop B
dbopme nepeKpecThbs, METIYKOM MBIIIN 0003HaYaeTCsl HauyallbHasl TOYKA U TOYKHU
U3JI0Ma MPOBOJHUKOB, HAXATHE MPABOM KHOMKHU MBIIIN 3aBEPIIACT BBOJ ICIIH.
[lupuna  mpokJagblBaEMOW  IIEMM  YCTAHABIMBACTCS IO  KOMAaH/JE
Options>Current Wire. HenoncoenmHeHnbie BbIBOJAbI KOMIIOHEHTOB W LIETIEN
MOMEYAIOTCSl KBaJAPATUKOMHU, KOTOPhIE TACHYT IOCJI€ BBIMOJHEHUS DJICKTpHUYe-
CKOro coequHeHus. Eciau BbIBOJIBI KOMIIOHEHTOB CONPUKACAKOTCS, TO JIEKTPH-
YECKOE COEUHEHHE, COXPAHSAIONICECS NPU PA3ABUKEHUH, NMEPEMENIEHUNA KOM-
NOHEHTOB. BkitoueHue B 1enb JIOMOJHUTEILHON TOYKHA HU3JI0Ma JUisl OyayIero
pelakTUpOBaHUs BBIMOJIHAETCS 1Mo KomaHlie Rewire>Manual. DnekTpuueckoe
COCIMHEHHE TIEPECEKAIONINXCS 1enel 0003HaYaeTcsi TOUKOM, KOTOpasi CTaBUTCS
aBTOMaTH4ecKu Ha T-00pa3HbIX coeAMHEHUSX. UTOOBI TOCTABUTh TOUKY COEIH-
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HEHUsl NEPECEKAIOIINXCS LEenel, HYKHO NPHU BBOJE BTOPOM LENU ILEIKHYTb
KypPCOpPOM B TOUKE IIEPECEUEHUS U 3aTEM IPOJOJIKUTH NOCTPOEHUE.

Paszmemenne muubpl HaunHaercss no komanae Place>Bus. Ilocne sroro
Ha)KaTUEM JIEBOM KHOIKM Mbl OTMEYAaeM Hayajlo M U3JOMbI IIMHBI, 3 HAKATHEM
OpaBOl KHONKM MBIIIM 3aKaHUYMBAaeM MocTpoeHue. Jlamee mno KomaHze
Place>Wire pa3meniaem 1enu, KOTOPbIE TOJKHBI ObITh IPUCOEANHEHBI K IIIHHE.
JInst mpucoeMHeHusl LeNne K IMHE He0OXOAUMO MPU PUCOBAHUMU LENU OJHMH
ee KOHEI| PACMOJOXKUTh HA IIMHE — 3TO JENAaeTCs IIETYKOM MBIIIH B JIFOOOM
MecTe muHbL. [Ipu 3TOM aBTOMaTHYECKH U300pakaeTcs U3J0M MOJl yIiioM B 45°
IpU MPaBUILHOM MOJCOECIUHEHUH K muHe. MiMeHa ueneit o0pa3ylonux muHy
3aparorcs no komanae Place>Port, koTopas pazMemaer Ha CXeMe ClIEHHAIbHBIN
3JIEMEHT — MOpPT. B mosiBUBIIEMCS IWajore yKas3bIBaeTCs MMs LEMH, CIOCO0
0TOOpakeHHsI opTa Ha cxeMe. U Takke uMeeTcss BO3MOKHOCTh YCTaHOBUTH aB-
TOMATUYECKOE YBEIMUYECHUE UMEHU LIETIH Ha €AUHULLY, 1JI1 YCKOPEHUs UMEHOBa-
HUSI LETEH.

Jiist odpopmiienust muctoB cxeMbl B P-CAD mnpegycMoTpeHsl crienuanib-
Hble KOMaHJbl 000si0uku. CyIIECTBYIOT CIEAyIolre Crocoobl ohopmiIeHUs
JIUCTOB:

e Py4HOU — IOJb30BaTENIb CaM C ITOMOIIBIO JIMHUM PHUCYET PaMKy, pas-
MenaeT TekcT. HaprcoBas paMKy €€ MOXKHO COXPaHHTb.

e lcnonb30BaHWE CTAHAAPTHBIX PAMOK IOCTABIISIEMBIX BMECTE B CHUCTE-
Mol P-CAD. Onu naxonsrcs B katanore Title.

3arpy3uTh paMKH CXEMbI MOYKHO CIIETYIOIIMMU CIIOCOOaMMU:

e [lo xomanne File>Open otkpsiBaetcs (aitn ¢ pacmupenuem TTL.

e [lo xomanne Options>Configure — na 3axmanke Title BeiOupaercs
HYKHBIU (paiil paMKu, 1300pakKeHne paMKH CTAaHOBUTCS BUJIHO TOCJI€ YCTaHOB-
ku (praxkka Display Border.

3anonHeHue noJied paMku npousBogutcs 1o komanje File>Design Info.
Hepeako npuxoauTtcst co3gaBaTh CXEMbl, KOTOPbIE HE pa3MEIIAIOTCS HAa OJHOM
aucte.  JIOMOMHUTENbHBIE  JIMCTBI ~ CXE€MBl  CO3JAIOTCS [0  KOMaHAe
Options>Sheets/Add , 3anaBast nmeHa JIHCTOB. Bce MUCTBI CXEMBI HAXOISTCA B
OJIHOM (haiinie, 4To o0Jeryaer NepeHoc CXeM ¢ KOMIbIOTEpa Ha KommbioTep. s
Toro uroosl P-CAD 3Hai, 4To NHCTHI CBA3aHBI, HAJIO K pa3pbIBY LEMH MOJCOe-
JUHUTH TIOPT C OJHUM BBIBOJOM, 3a/1aThb €My Kakoe JUOO MMf; U Ha JPYrom
JIMCTE K LIENU HAJ0 MOJICOEINHUTH MOPT C TAKUM KE UMEHEM.



60

KOHTPOJIbHAA PABOTA Ne 1

3apaua nokpoiTus (311)

Hanucate Marematumyeckyro mozenb 3II, B COOTBETCTBUM C
JTAHHBIMU CBOETO BapUaHTA.
Pemmts 311, npumenss anroputm CenroTuHa.

Brruucnuth 3HaueHue 1ey1eBoi GyHKIUY.
I/ICXOIIHBIC JAaHHbIE
Bapuant Nel

Z[aHHLIe CTPYKTYPHOI'O aHAJIN3a CXEMBbI:

t t 13 t4 ts te t7 tg
| 2 12 9 13 8 5 3 21

Pacnpe,ueneHHe THUIIOB 3JICMCHTAPHBIX CXCM I10 THUIIAM SYCCK:

t.
SNE 2 13 |4 |5 |6 |7 |8 |G
1 1 1 2 |6
2 4 4
3 1 2 1 3
4 1 2 2
5 2 1
6 1 2 1 6

I'ne t; — T BI1IEMEHTApHOMN CXEMBI;
Y — Tun syeiku (Moayis);
Ci — cTOUMOCTB SYEHKU [B yCIOBHBIX €IMHULIAX .

Bapuant Ne2

JlaHHbBIE CTPYKTYpPHOT'O aHAJIN3a CXEMBI:

t t 13 t4 ts te t7 tg
M= 21 3 5 8 13 9 12 2

Pacnpez[eneHHe TUIIOB 2JIEMCHTAPHBIX CXEM I10 TUIIAM STYCCK:

t .
Y, 1 2 3 4 5 6 7 8 Ci

| 1 1 2 5
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2 4 7
3 2 1 1 1 19
4 2 1 2 13
5 2 1 4
6 1 2 1 6
I'ne t; — T BI1IEMEHTApHOMN CXEMBI;
Y — Tun syeiku (Moayis);
Ci — cTOMMOCTD SYEHKH [B YCIOBHBIX €AMHHILAX .
Bapuant Ne3
JlaHHbBIE CTPYKTYpPHOT'O aHAJIN3a CXEMBI:
t t t3 ts ts ts ty tg
22 25 3 12 9 8 13 5
Pacrnipenenenue TUIIOB 3JIEMEHTAPHBIX CXEM IO THUIIAM SYEEK:
b .
Y 1 2 3 4 5 6 7 8 Ci
1 1 1 2 18
2 4 19
3 2 1 1 61
4 2 1 2 5
5 2 3 1 7
6 1 2 1 8
I'ne tj — T BJIEMEHTApPHOM CXEMBI;
Y, — Tum s4eKu (MOayJs);
Ci — CTOMMOCTD STYCUKH [B YCITOBHBIX SIUHUIIAX |.
Bapuant Ned
JlaHHbBIE CTPYKTYpPHOT'O aHAJIN3a CXEMBI:
t t t3 ts ts ts ty tg
M= 17 - 19 25 18 16 31 4
Pacrnipenienenue TUIIOB 3JIEMEHTAPHBIX CXEM I10 THUIIAM SYEEK:
b .
Y, 1 2 3 4 5 6 7 8 G
1 4 10
2 2 1 1 9
3 1 2 2 7
4 3 1 15
5 2 2 17




6 | | (1] (1] [t 1 [18
I'1ie tj — THI 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (Moays);
Ci — cTOMMOCTD STUEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant NeS
JlaHHbBIE CTPYKTYpPHOTO aHAJIN3a CXEMBbI:
t t t3 s ts ts ty tg
M= 17 21 18 13 19 22 25 4
Pacnpenenenue THIOB 3JIEMEHTAPHBIX CXEM I10 TUIIAM SYEeK:
bl |2 13 |4 s |6 |7 |8 g
Y, '
1 4 9
2 1 2 1 5
3 1 4 14
4 2 2 13
5 1 3 19
6 2 2 6
I'e t; — T BI1IEMEHTApHON CXEMBI;
Y — Tin s4eiiku (Momys);
Ci — cTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHULIAX |.
Bapuant Ne6
JlaHHBIE CTPYKTYpPHOTO aHATN3a CXEMBI:
t %) t3 ts ts ts ty tg
= 14 12 18 - 16 - 9 5
Pacrnipenienenuie TUIIOB 3JIEMEHTAPHBIX CXEM IO TUIIAM STUYEEK:
b .
Y, 1 2 3 4 5 6 7 8 Gi
1 4 9
2 1 2 1 6
3 2 2 17
4 3 1 14
5 1 3 15




6 |1 | | | | | 3 8
I'1ie tj — THI 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (Moays);
Ci — cTOMMOCTD STUEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Ne7
JlaHHBIE CTPYKTYPHOTO aHATN3a CXEMBI:
t t t3 s ts ts ty tg
= 6 51 5 4 13 21 6 15
PacrnipeneneHrie TUIIOB 3JIEMEHTAPHBIX CXEM IO TUTIAM SYEeK:
ol |2 3 |4 |5 |6 |7 G
Y, '
1 4 7
2 1 2 6
3 2 2 19
4 3 1 13
5 1 2 8
6 1 9
I'ne tj — T 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (Moays);
Ci — cTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Ne8
JlaHHbBIE CTPYKTYpPHOTO aHAJIN3a CXEMBbI:
t t t3 ts ts ts ty tg
= 19 18 9 - 11 - 51 6
Pacrnipenienenue TUIIOB 3JIEMEHTAPHBIX CXEM I10 THUIIAM SUYEEK:
Sl |2 (3 |4 |s |6 |7 G
Y; '
1 2 1 7
2 1 2 15
3 2 2 10
4 3 19
5 3 2 7
6 4 6

I'nie tj — I BJIEMEHTAPHOM CXEMBI,
Y, — Tun s4eku (Momys);
Ci — cTOMMOCTD STYEUKH [B YCTOBHBIX €IUHUIIAX |.

Bapuant Ne9
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JlaHHBIE CTPYKTYPHOTO aHAJIA3a CXEMBI:

t)

t

t3

t4

ts

te

ty

tg

41

15

6

19

11

PacnpeﬂeﬂeHI/Ie TUIIOB 2JICMCHTAPHBIX CXCM I10 TUIIAM SAYCCK:

b .
Y, 1 3 4 5 6 7 8 G
1 2 16
2 2 1 15
3 2 2 18
4 3 1 9
5 3 11
6 4 5
I'ne t; — T 3J1I€EMEHTApHON CXEMBI;
Y, — Tun sueiku (Moayis);
Ci — CTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHULIAX |.
Bapuant Nel0
JlaHHBIE CTPYKTYPHOT'O aHAJIN3a CXEMBI:
t t t3 ts ts ts ty tg
= 17 13 - 6 18 19 4 0
Pacnipenenenue TUMOB 3JIEMEHTAPHBIX CXEM IO THIAM SIYEEK:
i 314 |5 |6 |7 |8 |G
Y; '
1 2 13
2 1 1 7
3 2 1 21
4 3 1 18
5 3 1 9
6 4 10
I'1e tj — T 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (MoayIs);
Ci — cTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Nell
JlaHHbIE CTPYKTYPHOT'O aHAJIW3a CXEMBbI:
t t t3 14 ts ts ty tg
= 4 22 13 - 7 14 10 9

Pacnpez[eneHI/Ie TUIIOB 2JICMCHTAPHBIX CXEM I10 TUIIAM SYCCK:
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Y, 1 3 4 5 6 7 8 G
1 1 10
2 1 1 9
3 2 16
4 1 3 7
5 1 3 6
6 4 5
I'e t; — T BI1IEMEHTApHOMN CXEMBI;
Y — Tin s4eiiku (Momyis);
Ci — cTOMMOCTD STYEUKH [B YCITOBHBIX €IUHUIIAX |.
BapuanT Nel2
JlaHHBIE CTPYKTYPHOT'O aHAJIN3a CXEMBI:
t t t3 s ts ts ty tg
= 20 0 11 6 8 19 0 25
Pacrnipenienenuie TUIIOB 3JIEMEHTAPHBIX CXEM IO THUIIAM SYEEK:
V|1 3 14 |5 |6 |7 C,
Y; '
1 1 9
2 1 1 10
3 1 2 15
4 1 6
5 4 5
6 1 3 7
I'ne t; — T BI1IEMEHTApHOMN CXEMBI;
Y, — Tun sueku (Moayis);
Ci — cTOMMOCTD SYEHMKH [B YCIOBHBIX €AMHHLIAX .
Bapuant Nel3
JlaHHBIE CTPYKTYPHOT'O aHAJIN3a CXEMBI:
t t t3 s ts ts ty tg
13 8 12 11 21 9 12
Pacrnipenienenuie TUIIOB 3JIEMEHTAPHBIX CXEM IO THUIIAM STYEEK:
i 314 s |6 |7 G
Y ‘
1 1 8
2 1 1 10
3 1 2 6
4 1 15
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5 4 5
6 1 3 6
I'ne tj — THI BJIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (Moays);
Ci — cTOMMOCTD STUEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Nel4
JlaHHbBIE CTPYKTYpPHOTO aHAJIN3a CXEMBbI:
t t t3 s ts ts ty tg
= - 6 12 4 8 5 13 -
PacrnipenienieHuie TUIIOB 3JIEMEHTAPHBIX CXEM I10 THUIIAM STYEEK:
bl |2 13 |4 s |6 |7 |8 g
Y, '
1 1 2 13
2 1 1 5
3 1 2 7
4 1 3 9
5 4 6
6 1 3 19
I'e t; — T BI1IEMEHTApHON CXEMBI,
Y — Tin s4eiiku (Momys);
Ci — cTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant NelS
JlaHHBbIE CTPYKTYPHOT'O aHAJIN3a CXEMBbI:
t t t3 14 ts ts ty tg
= 13 9 - 7 18 11 - 4
Pacripenenenuie TUIIOB 3JIEMEHTAPHBIX CXEM IO THUIIAM STYEEK:
b
Y, 1 2 3 4 5 6 7 8 G
1 1 2 19
2 1 1 6
3 1 2 9
4 1 3 7
5 4 5
6 1 3 13

I'e t; — T BI1EMEHTapHOMN CXEMBI;

Y — Tin s4eiiku (Moays);

Ci — cTOMMOCTD STYEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Nel6
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JlaHHbBIE CTPYKTYpPHOT'O aHAJIN3a CXEMBI:

t

t

ts

t4

ts

te

ty

tg

M= 1

13

6

9

5

12

16

13

PaCHpCI[CJ'ICHI/IC TUIIOB 2JICMCHTAPHBIX CXCM I10 THUIIAM SAYCCK:

b
Y, 1 2 4 5 6 7 8 C;
1 32
2 2 1 1 24
3 2 1 9
4 4 18
5 1 2 1 13
6 4 1 11
I'ne tj — T BIEMEHTApPHOM CXEMBI;
Y, — Tum s4eku (Momys);
Ci — CTOMMOCTD STYCUKH [B YCITOBHBIX SIUHHUIIAX |.
Bapuant Nel?7
JlaHHBIE CTPYKTYPHOT'O aHAJIW3a CXEMBI:
t t t3 ts ts ts ty tg
= 6 14 8 - 16 21 22 2
Pacnipenenenue TUNOB 3JIEMEHTAPHBIX CXEM IO THIAM SIYEEK:
il |2 4 s |6 |7 |8 |G
Y; !
1 19
2 2 1 7
3 2 1 10
4 4 6
5 1 2 18
6 1 4 5
I'ne tj — I BIIEMEHTAPHON CXEMBI;
Y — Tun sueiiku (Moays);
Ci — cTOUMOCTB STYEHKH [B YCIOBHBIX €IMHUIIAX .
Bapuant Nel8
JlaHHBIE CTPYKTYPHOT'O aHAJIW3a CXEMBI:
t t 13 ts ts ts ty tg
= 13 17 15 6 9 2 14 6

PacnpeneﬂeHI/Ie TUIIOB JJICMCHTAPHBIX CXCM 110 TUIIAM SYCCK:
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b .
Y, 1 3 4 5 6 7 8 Gi
1 4 9
2 2 20
3 2 1 6
4 4 7
5 1 14
6 4 5
I'e t; — T BI1IEMEHTApHOMN CXEMBI;
Y — Tin s4eiiku (Momyis);
Ci — cTOMMOCTD STYEUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Nel9
JlaHHbIE CTPYKTYPHOT'O aHAJIW3a CXEMBbI:
t t t3 14 ts ts ty tg
= 6 14 2 9 6 15 17 13
PacrnipenenieHrie TUIIOB 3JIEMEHTAPHBIX CXEM IO TUIIAM SYEeK:
i 3 |4 |5 |6 |7 G
Y; '
1 1 5
2 4 20
3 2 2 14
4 1 1 6
5 1 2 7
6 2 2 14
I'ne tj — T DIEMEHTApPHOM CXEMBI;
Y, — Tum s4eku (Momys);
Ci — CTOMMOCTD STYCHUKH [B YCITOBHBIX SIUHUIIAX |.
Bapuant Ne20
JlaHHBIE CTPYKTYPHOT'O aHAJIW3a CXEMBI:
t %) t3 ta ts ts ty tg
= 14 9 17 13 15 6 2 18
PacripenienieHrie TUIIOB 3JIEMEHTAPHBIX CXEM IO TUIIAM STUYEEeK:
i 314 |s |6 |7 G
Y; '
1 1 7
2 4 6
3 2 2 20
4 1 1 25
5 1 2 5




o [ 1 [ [ J2 [ J2 | [

I'1ie tj — THI 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (Moays);
Ci — cTOMMOCTD STUEUKH [B YCITOBHBIX €IUHUIIAX |.

Bapuant Ne21

JlaHHBIE CTPYKTYPHOI'O aHAJIN3a CXEMBI:

t t t3 14 ts ts ty tg
= 25 5 0 18 19 22 32 17

Pacnpez[eneHI/Ie TUIIOB JJICMCHTAPHBIX CXEM 10 TUIIAM SYCCK:

t
Y, ! 1 2 3 4 5 6 7 8 G
1 4 12
2 2 2 8
3 1 2 1 7
4 2 11
5 2 1 1 9
6 1 1 1 1 6

I'ne tj — T JIEMEHTApPHOM CXEMBI;

Y, — Tum s4eKu (MOayJs);

Ci — CTOMMOCTD STYCUKH [B YCITOBHBIX €IUHUIIAX |.
Bapuant Ne22

JlaHHbBIE CTPYKTYpPHOT'O aHAJIN3a CXEMBI:

t t t3 1 ts ts ty tg
= 22 34 11 2 5 17 21 19

Pacnpez[eneHHe THUIIOB 2JICMCHTAPHBIX CXEM I10 THUIIAM SYCCK:

B

i

O\Ul-lkb-)l\)'—‘p-<
—
o
—_
[—
UL RN o NV e

I'ne t; — T 3J1I€EMEHTApHON CXEMBI;
Y, — Tun sueiku (Moayis);
Ci — cTOMMOCTD STYEUKH [B YCITOBHBIX €JUHULIAX |.

BapuanT Ne23
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JlaHHBIE CTPYKTYPHOTO aHAJIA3a CXEMBI:

t t t3 ts ts ts ty tg

= 21 19 22 15 14 32 54 48

PacnpeﬂeﬂeHI/Ie TUIIOB 2JICMCHTAPHBIX CXCM I10 TUIIAM SAYCCK:

b .
Y, 1 2 3 4 5 6 7 8 C
1 2 1 1 9
2 1 3 6
3 2 2 8
4 1 1 1 1 7
5 1 1 2 7
6 2 2 5
I'ne t; — T 3J1I€EMEHTApHON CXEMBI;
Y, — Tun sueiku (Moayis);
Ci — CTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHULIAX |.
Bapuant Ne24
JlaHHBIE CTPYKTYPHOT'O aHAJIN3a CXEMBI:
t t t3 ts ts ts ty tg
= 56 43 25 32 22 17 0 19

PacnpeneneHHe TUIIOB 2JICMCHTAPHBIX CXCM I10 TUIIAM SYCCK:

t.
Y, ! 1 2 3 4 5 6 7 8 G
1 1 1 1 1 3
2 1 1 2 4
3 2 1 1 5
4 2 2 2
5 1 1 1 1 4
6 3 | 6

I'1e tj — T 5JIEMEHTAPHOM CXEMBI,
Y — Tin s4eiiku (MoayIs);
Ci — cTOMMOCTD SIYEUKH [B YCITOBHBIX €IUHUIIAX |.

Bapuant Ne25

JlaHHBIE CTPYKTYPHOI'O aHAJIN3a CXEMBI:

t 1) t3 14 ts ts ty tg

= 43 32 21 20 15 18 33 27

Pacnpez[eneHI/Ie TUIIOB 2JICMCHTAPHBIX CXEM I10 TUIIAM SYCCK:
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2 1 1
1 3
2 2
I'1ie tj — TiI 5JIEMEHTAPHOM CXEMBI,

Y — Tin s4eiiku (Momyis);

Ci — cTOMMOCTD STYEUKH [B YCITOBHBIX €IUHUIIAX |.
KoHTponbHasa paboTta Ne2

N[N [ PB W~
)
[\
[S=—Y
Mlolan|n|co|l A

KontponrHas pabota Ne2 cocTouT 13 ABYX 3aJaHUMN.

3anaHue Ne1
Pemmnts 3amauy pasmemeHus. IIpumeHuTs Uil pelieHus IIOCJIEN0BATEIbHO-
UTEPAaLMOHHBIN AJITOPUTM.

HUcxonnblie 1aHHbIE:

Han rpad cxemsr G=(X,U), rue U= ( X,X; )k, f, TJIE YHCIO0 “K PaBHO YHCIy KpaTHO-

CTU pedep, CBSI3BIBAIOIIUX BEPIIUHBI X;  X; .

Bapuant Nel /
U= (xlxz)z, (xzxs)w (xzxg),, (xlxs)l, (x1x4)], b, )3’ (x4x6)|, (xéxg)l, (x7x9)3, (x5x3)1’
(x4x5)2 ‘

Bapuant Ne2 ) ) ) )
U= (xlxz)z, (x2x3)3, (xzxf;)w (x1x5)5, (xlx4),, (x3x7)3, (x4x6)1, (xﬁxg)z, (x7x9)3, (xsxg)],
(x4x5)2 '

Bapuanr Ne3 ) ) ) ) ) )
U= (x1x2)4, (x2x3)3, (x2x8)6’ (x1x5)z’ (x1x4)1’ (x3x7)3’ (x4x6)1, (xe’%)w (x7x9)3’ (x5x8)1’
(x4x5)2 .

Bapuant Ne4 ) ) ) ) )
U= (xlxz)z, (x2x3)|, (xzxg),, (xlxs)l, (x1x4)1, (x3x7)3, (x4x6)|, (x6x8)4, (x7x9)1, (x5x8)5»
(x4x5)7 '

Bapuant NeS ) ) ) ) ) ) )
U= (xlx2 )2 ) (x2x3 )1 ) (xzxs )7 ) (x1x5 )1 ) (x1x4 )5 ) (x3x7 )3 ) (x4x6)l > (xéxg )1 > (x7x9 )3 > (xsxs )1 >
(),
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Bapuant Ne6
U= (xlxz )2 > (xzxz )1 > (xzxs )1 > (xlxs )1 > (x1x4 )3 > (x3x7 )3 > (x4x6 )1 ) (x6x8 )4 > (x7x9 )6 ) (xsxs )1 )
(x4x5 )2 '

Bapuant Ne7

( ) U= (x1x2)2, (x2x3),, (xzxs)w (xle)l’ (x1x4)3, (x3x7)3, (x4x6)8, (xﬁxg)g, (x7x9)3, (xsxg)l,
X% ), f

Bapuant Ne8

U= (xlxz)v (x2x3)], (xzxf;)w (x1x5)1 ’ (x1x4),, (x3x7)3, (x4x6)3, (x6x8)5, (x7x9)3, (x5x8)7,
(),
Bapuant Ne9

U= (XIXZ )z ) (X2x3 )1 ) (x2X8)| ) (x1x5 )4 ) (x]x4 )6 ) (x3x7)x ’ (x4x6)| ) (xexs )1 ) (x7x9 )3 ) (x5x8 )1 )

x5 )y b

Bapuant Nel0 ) )
U= (x1x2)4, (x2x3)3, (x2x8)4, (xlxs)s, (x1x4)2, (x3x7)3, (x4x6)1, (xéxg)l, (x7x9)3, (xsxs)v
(x4x5)2 '

Bapuant Nell ) ) , . .
U= (xle )2 > (xzxs )1 ) (x2x8)| , (xIXS )3 > (x1x4 )3 ) (x3x7 )6 > (x4x6 )7 5 (x6x8 )1 > (x7x9 )3 ) (xsxs )1 >
(x4x5 )z '

Bapuant Nel2

U= (xlxz)z, (x2x3)|’ (xzxs)w (x]x5)|, (X1x4)|’ (x3x7)3’ (x4x6)1’ (xéxs)s’ (x7x9)6’ (x5x8)7’
() ¢
Bapuant Nel3

( ) U= (x1x2)2’ (x2x3)|, (x2x8)19 (x1x5)s’ (x1x4)5, (x3x7)6’ (x4x6)4, (x6x8)1, (x7x9)3, (xsxg)l,
X4Xs o '

Bapuant Nel4 ) ) ) p p
U= (xle )2 > (xzxs )1 ) (x2x8)| , (xIXS )1 > (x1x4 )3 ) (x3x7 )5 > (x4x6 )7 5 (x6x8 )1 > (x7x9 )3 ) (xsxs )1 >

(x4x5 )z '
Bapuant NelS

( ) U= (xlxz)z, (x2x3)1, (XZXS)N (x1x5)|, (x1x4),, (x3x7 )3’ (x4x6)], (xéxg)o, (x7x9)3, (x5x8)0’
X4Xs )y '

Bapuant Nel6
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( U:% (XIXZI)Z ’ (x2x3)| ’ (x3x8)| ’ (x1x4 )1 ’ (x]xs )1 ’ (x5x7 )3 ’ (x4x6 )1 ’ (xex7)1 ’ (x3x5 )3 ’ (X5X9 )1 )
(x4x9 )2 ) (x3x6 )1 > (x4x8)| .

Bapuant Nel7

U/:% (xlle)z, (x2x3)4, (x3x8)5, (x1x4)8, (xlxs)s, (x5x7)3, (x4x6)|, (x6x7)|, (x3x5)3, (xsx9)1a
(x4x9 )2’ (x3x6)6’(x4x8)| '

Bapuant Nel8 ) ) ,
U:{ (xlxz)z, (x2x3)|, (x3x8)5, (xlx4)7, (xle)w (x5x7)3, (x4x6)1, (x6x7)|, (x3x5)3, (xsxg)l,

(x4x9 )z g (x3x6 )12 ’ (x4x8 4 '

Bapuant Nel9 )
U= (xlxz)w (x2x3)l, (x3x8)1, (x1x4)2, (xlxs)l, (x5x7)3, (x4x6)7, (x6x7)5, (x3x5)3, (x5x9)s’

(X4X9 )2 > (X3X6 )4 > (x4x8 )5 }

BapuanT Ne20 ) ) )
U= (x1x2)2, (x2x3)6, (x3x8)6, (x1x4),, (XIXS)N (x5x7)3, (x4x6)1, (x6x7),, (x3x5)3, (x5x9)1’

(x4x9 )2’ (x3x6 )5 9("4"8 )4 '

Bapuant Ne21 )
U= (xlle)z, (x2x3)5, (x3x8)2, (x1x4)3, (x1x5)4, (x5x7)3, (x4x6)|, (x6x7)3, (x3x5)3, (x5x9)4,

(x4x9 )2 > (x3x6 )4 > (x4xg )5 }

Bapuant Ne22

U= (xlxz)w (x2x3)3, (x3x8)3, (x1x4)3, (x1x5)3, (x5x7)3, (x4x6)3, (x6x7)3, (x3x5)3, (x5x9)s’
e, )2 s e, )1 ey )3 '
BapuanT Ne23 ) ) )
UI:% (x1x2)2, (x2x3)1, (x3x8)5, (x1x4)1, (xlxs)l, (x5x7)3, (x4x6),, (x6x7)1, (xsxs)aa (xsxg)l,

(x4x9 )2’ (x3x6 )s ,(x4x8 )s '

Bapuant Ne24 ) )
UI=< (xlle)z > (x2x3 )5 > (x3x8 )6 > (x1x4 )4 5 (xlxs )1 5 (x5x7 )3 ) (x4x6 )1 > (x6'x7 )7 5 (x3x5 )3 > (xng )1 )
(x4x9 )2 g (x3x6 )1 g (x4x8 )1 '

Bapuant Ne25

U/:% (xlxz)v (xz’%)w (xaxs)w (x1x4)1, (x1x5)7, (x5x7)3, (x4x6)|’ (x6x7)6’ (x3x5)3, (xs’%)w
(x4x9 )2’ (x3x6 )s ) (x4x8 )3 '

Bapuant Ne26




74

U:% (xlle)za (x2x3)4> (x3x8)|, (x1x4)3, (XIXS)N (x5x7)3> (x4x6)w (x6x7)|’ (XSXS)s’ (szf))w
(x4x9 )2 s (x3x6 )1 ’ (x4x8 )5 '

BapuanT Ne27 )
U:% (x1x2)2, (x2x8)4, (x3x8)1, (x1x4)3, (x1x5)1’ (x5x7)3, (x4x6)1, (x6x7)|’ (x3x7)3’ (x5x9)1,
(x4x9 )2’ (x3x6 )19("4’“8)59("4"9)5 '

Bapuant Ne28

U:% (xlle)z, (x2x3)|, (x3x8)|, (x1x4)], (x1x5)7, (x5x7)3, (x4x6)|, (x6x7)6’ (x3x5)3, (x5x9)1’
(x4x9)2, (xsxﬁ)g,(x4x8)3 '

Bapuant Ne29 ) ) . . p .
U= (xlxz )2 J (x2x3 )1 J (xzxs )1 ’ (x1x4 )1 ] (xIXS )7 ’ (x5x7 )3 J (x4x6 )1 ’ (x6x7 )6 ’ (x3x5 )3 ’ (x5x9 )1 ’

(x4x9 )2’ (x3x6)8 ,(x4x8)3 '

BapuanT Ne30 ) )
U= (x1x2)2, (x2x3)1, (xzxs)w (xIXS)w (x1x4),, (x3x7)0, (x5x6)3, (xﬁxg)l, (x7x9)3, (x8x9)3,
(x3x5)4 '

3apaHune Neo2
CrpoeKkTupoBaTh NEYaTHYIO IJIaTy JJIsl CXEMbI, IpuBeAeHHOMN B [Ipuiioxke-

HUU A.
MCTOIII/I‘-ICCKI/IC YKa3aHI/ISI HpI/IBe,Z[eHBI Ha CTp. 39 JAHHOT'O HOCO6I/I$I.
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