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Abstract

Snlomtilin V.A., Strunilin V.N.,Sulnicov S.V. Optimization of the metlrorl of LSI channel
routing.The theme d'thi,s article is the problem of optintizalictn of lhe method of LSI ULS, channel
routing. The Jir,st part rf' the article contains a short survey oJ muin tendencies of development of
LSI (VLS, topology designing. The existing method oJ LSI (VLSII channel routing is described in the
second parl oJ the article. The third purt contains the detailed description rf the optimized method of
Lil (VLS, channel routing tt,ith ground.s o/' suggested moddicatiort.s. Both melhctd.s ctre illustrated
v,ilh exornples. The article re,spondsfor LSI - clesign experts.

l.Tendenquu pa3eumufl npoeKmupoeaHue mononoeuu El4C (CEUC)

TeuAeuuHq K pocry creneHH HHrerpaquH NrHKpocxeN,r, coxpaHqrcuas,cs, B M14Kpo3neKTpoHrlKe,

npHBena K rroflBileHuro ceepx6o,rbri lr.rx HHTerparrbHblx cxelr (CEI4C). C oanofi cropoHbt, TexHHKa

CEI4C HoBbre Bo3\roxHocru co3. taHHr cJoi+(Hbrx cucre\r .  c  gpyrofr  -  yBennqeHue
'rpyAuocreii npoeKrHpoBaH Ht.

Co:Aauue HHTerpa,irbHbrx c\e\r errcoxoti creneHH HHTerpauHH H3MeHuJ'ro KoHcrpyKTI,tBHoe

AeneHHe ycrpoficre. f lo rrepe \c,rox(HeHHr rrpoeKrnp)errurx oSlexroB BofipocaM MeroAoJ'torHH

npoeKTupoBaHlrr npu.qa€rcs ece 5o,ree Bai(Hoe 3HaqeHHe. B CBI4C yr(e AocrnrHyra creaeHb

uHrefparruH l0u rpau:ncropoB t5] H fror [oKa3arerb rrpoAon)Kaer 6rrcrpo pacru. f lpuveHeHue

penrreHonr..rrorpa$nu. 3JeKTpoHoJnrorpaQnu, LroHHoro rpaBneHHfl. tzounoil uMtrr'raHTauuH

nefnp)'rcurnx npunecefi [o3BoJrHno ro,'rvru.rrb pa3peueHue trpu H3foroBreHun CEI,IC nopr4na 0.01

n rxu  [ ] .
f lo Mepe Bo3pacraHuq crereHn HHrerpauua MHKpocxeM ux pa:pa6orna ycnox-Hflercq H

.qopo)Kaer. Vc,roxuqercs pa3MeLreHr.re 3JreMeHToB, ocyurecrBneHHe coeAuueuui. Bo3pacraer

BepoflTHocru ouH6rcu npH coBMexIeHHI4 pzt:nHLIuutx crodg MHKpocxeM.

flpuueueHue MeroAoB aBToMarH3HpoBaHHofo [poeKThpoBaHHfl 3J'reMeHToB, r4x pa3MeilIeHnq H

coeAnHeunii pe3Ko coKpaulaer BpeMr paspa6orrcrz n Aa€r ropa3lo NreHb[Ie ouu6ox, Koropbte K ToMy

xe Jrerrre o6Hapyxurb r.r HcnpaBHTb, qeM B npoqecce pyLrHoro npoeKTupoBauHr. Pyuuar pa:pa6orxa

FI4C u CEI4C rcpailue Heue,recoo6pa3Ha, a qaue ecero noo6ue HeBo3N.'toxHa.

Ilpoqecc npoeKrupoBarrrzg EI4C (CEI4C) Mo)KHo pa3.qenurb Ha 4 6o,rsuax 3rara :
- I :ran - pacver ecex Heo6xo.quMbrx flapaMerpoB aKTHBHbrx H naccuBHblx 3neMeHToB;
- II 3Ta[ :,rerrpuvecxnil pacuer cxeMbr, Koropar cocraB,'rqercr pa:pa6orquKoM

npeHN4yuecrBeHHo H3 TparnuHoHHblx, anpo6upoeaHHbrx B ApyrHX KoHcrpyKur.rrx SparveHroe;
- III eran HqecKoe flpoeKTupoBaHlre, rAe peuarcTcfl ABe 3aAaqu :

a) pa:veuteuue 3JreMeHToB 3neKTpnqecroil cxevur Ha [oBepxHocrn noAno)KKH B cucreMe

KOOpAZHaT KpHCTZilxal

6)  rpaccnpoBKa coeAuHeHur i  l re ; l r^ ly  3neMeHTaMH H c BHeITHHMH BbrBoAaMH MuKpocxeMbt;
- IV 3Tan - roruqecKoe Mo.qenupoBaHue H co3AaHhe recroBbrx npofpaMM IJlt HcnbrraHl4t

roroeurx 614C.

B AaHsofi crarbe paccMarpnBaerct rperr4fr eran - 3aAaqa rpaccupoBKn.

2 . AneopumMbr mpaccupoeKu coeduHeHuit

l lpra rpaccupoBKe coeAnsenufi EI4C rpe6yercq pea!'rr43oBarb B aBroMarHLIecKoM pe)KHMe

MaKc14ManbHo Bo3Mo)KHoe LrHcro coe4uueHnfi. B ro x<e BpeMt pe3ynbrarbl aeroN4aru'Iecrcoil



TpaccnpoBKr4 AOn)KHbt ocTaBJrrTb BO3MO)r(HOCTb Infl TpaccHpoBKH B HHTepaKTHBHOM peXHMe

Hepeang3oBaHHbrx coeAr4HeHnft. l lo:ronay ua pa6oueu fione rpaccnpoBKn Ao,' l] l(Hbl coxpaHtlrbct

pecypcbl Anfl Aorpaccr4poBKu. B coapeueHHbrx cncreMax 3To Aocrnfaercfl 3a cqer flocrpoeHnq

Tpacc B Kr.racce [pocrefi[Hx rcoH$rarypaquft (uanpnuep, c orpaHuqeHHbtM rlnc,' loM noBoporoB 14

HMerculhx AnHHy, 6:rn:nyro K MHHHMa-rrlHofi). Alts MaKcHMH3auHH tlucra aBToMarl'lqecKu

nocrpoeHHbrx rpacc Heo6xoAr.rvo flpenorBpaularb 6,roxapoercy BbtBoAoB 3JIeMeHToB, K KoropblM

eule He [oABeAeHbr coe.rluHeHufl. 3ncnepunteHTil, ' tbHo ycraHoBneHo. 9To BepotrHocrs 6,rorcnpoercn

).MeHbillaercs rrpu Hcnonb3oBaHHH npeuMyulecrBeHHbrx Ha[paBJleHrzfi rpacc B cJlosx (e o4uov c,roe

npoBoAsrcq. B oclloBHoM. ropr,r3oHTilrbHbre orpe3KH, B ApyroM BeprHl(zulbHute) H [ocrpoeHHu

Tpacc B nopqAKe yBerHLleHHt cnolKHocrH.

Eo,rurulrHcrBo coBpeMeHHbrx anfoplrrMoB TpaccHpoBKu BHC qB,rtercs Il lo4uQurcarlrzefi

u3BecrHbrx MeroAoB TpaccfipoBKH neqarHbrx [rar, ytrf iTbtearort1eil nepeql4cneHHute rpe6oea-HVs. Ll

KaHanbHyto crpyKTypy o6,racrn rpaccupoBKu. lnn nut6opa noptAKa rpaccnpoBKH, yMeHb[Ia]oulero

BepoflTHocrb 6roxrzpoercu, 3neKTpHr{ecKHe uenH npeABapurexb}{o pa:6nna-rorQs. Ha napHble

coeAHHeHHq rpHMeHeHHeNt zutfopHTrnla flprzua [4]. lrr oueurcH c.l lo)KHocTH coeAl4Heuufi lPfl
(AucrcperHoe pa6ouee noLre) rcpuc'rzurJra pa:6nnaercr Ha npqMo)'rorbHbte o6lacta, BepruKillbHble

rpaHgllbl KOTOpbIX tlpHHa.il. leil(aT rpaHuUaM Kpl'tOT&nna, a rOpH3OH-TarlbHL,le - COBilaAarcT C

fopt43oHTuL'rbHbrMh ocflN,rH cHr\rMeTpHH fopH3oHTanbHblx KaHaIoB HJIH pf.loB MaKpoflqeeK.

Bso.qsrcs Lrerblpe rnrra coeAnHeHr4fi: coeAnHteMbre roqKr flpnHaAnexar oAuoil o6,racrul

coeAHHfleMLIe roqKH rre)Kar B coceAHHX ptAax MaKpotqeeK x B coceAHHX o6nacrtx; f lpoqHe

coeAHHeHHr. BeeAeHHure rHrrbr orpor(alor cJro)r(Hocrb coeAHHeHHil: qerl 6oltrtre HoMep rn[a, TeM

c1lo)KHee coeAuHeHue. Vnopr;oveHue coeAuueuufr Ant rpaccHpoBKH BbtnoJtHflercfl r lo Bo3pacraHl4ro

Tr4na. coeAHHer{Hfl oAHOfO H TOIO il(e THila y[optAorJHBalorct no .4-[HHe.
'lpaccuponrca 

EHC Bbrno,'lHrrercfl 3a HecKoJ'rbKo ureparlHii. Ha rcorcAofi L[epaLryt4

noc,reloBarerbHo paccNrarpuBaKlrcfl o6lacrn, HatlaHafl c ultxHeit. B xoAe fiepBoit urepaqnu

TpaccHpyrcTcfl coenHHeHHr nepBbrx rpex runon c LrHcIoM [oBopoToB, He [peBblrxaroulttu 2

(npocreilurue rcoH$urvpaunn). OSocuoeauneu rarcoii crparernn flBVrefl orbtr npoeKTl,tpoBaHntl

[eqarHbrx rrrar H Etr4C.noria:aeu]Hfr. qro pezr!'rr43aunq rpacc c,roNHoli rcouSrzrypaqvv Ha HaqanbHoM

3Tane rpaccHpoBKH .racro ee.ter K HeonpaBAauso 6o,ruuoMy pacxoAy pecypcoe lPfl.
Ha nropofi HTeparIHH Tpaccr4pyrorcr HepeiL[H3oBaHHbre coeAuHeHHt [epBbtx rpex runoe c

rrr.rcJ,roN,t rroBoporoB 3 n 4. floc,reAHrfl HTepaunq BKrroqaer rpaccupoBKy coeAnHesafr verneproro

TUtIa C OrpaHHqeHHblM tlHcroM fioBoporoB.

Paccuorpnu 6o,ree no4po6Ho Tpaccr4poBKy coeAuHeHnfl f lepBoro runa. .{,rr aroro eeeAd]\' l

cneAyrcuHe onpeAeneHHf .

Kauat o6,racru Ha Kpr.rcranne nprMoyr-o,luuofi $oprtrur, sa oAHofi H,rrH HecKorbKHX

cropoHax xoropofi pacnono)r(eHbr KoHraKrbr flqeeK. KaHauur Moryr 6srrs1 -,2-.3- n 4-cropoHuanan.

Ha nparcrurce Hcflonb3yrorcr qaure 1- n 2-cropoHHue KaHtLitbr. fopnsoHra,rbHbte yqacrxlz qenefr

peanH3yroTct B oAHoM cjloe, a BepTHKanbHL,le - B ApyfoM.

Mazucmpanu - qacrb KaHzLna (orpe:orc npruofi) no roropoi Mo)Ker npoxoAHTb coeAl4-

HeHhe B trpeHMyurecrBeHHoM HarrpaBneH14n. flo uanpaeneHH[o MafhcrpzrnH 6ulearcr fopH3oH-

TaJrbHbre H BeprHKaJIbHble.

IlJupuua KaHCna - qHcro naartlcrpa,refi.

3azpysrca Kiltrrcr - rrHc,.lo 3aHqrbrx Marr4crpaJrei. OcHoeHoft saAaqeia TpaccupoBKr.I tBJIs-ercr

nsr6op MHHHMiurbHoii urpnuul KaHala, AocraroqHofi 4,rr pa:-ue[teHHr e HeN4 ecex coeAnsesnfi n

AJ'rfl Ha3 HaqeHr4fl coeAn He H n fi ua t\t a rucrpzll n.

Onuruen,t nao4rz$rzqupoeaHHbrfi anropHTM ".re6ozo KoHr1a", yuurstnarouluil Harvtlae

BepruKiurbHbrx orpaHLIqeHrzfi [3].
Jlro6al qens, HMero[Iaq p BbrBoAoB, coAep)I(HT I ropu:oura,ruHslfi H p BeprHKzlJIbHblx

orpe3KoB, npHu€u ropu3oHTzrnuusrfi orpe:oK peilnh3yercfl B oAHoM cJloe, a BeprtlK€ulbHbtil -- B

ApyroM. flo:romy uerrb rroiluocrbrc onpeAer'rtercfl ropu3oHTanbHbtM orpe3xona X1 : {x1,x2}, rge xl
- rnin(xi); x2 - max(xi); xi - a6cqucca BbrBoAa e1 H HoMepoM n1 MzrHCTpanH, Ha Koropyto sror

orpe3oK Ha3HaqeH (uyvepaqur cBepxy nHrz:).

f lprz pea"nusaqrzu Uenefr c,teAyer HMerb BBHAy ofpaHuqeHus Ha pacnoJlo)KeHHe foph3oH-

T€LiIbHbrx H BepTH KIIJI bH blx yLlacrKoB.

I ) fopus omn (Lt tbt lble ozp aHuve I trn.



BHaqa,te 6esorHocurenbHo K Mafncrpa,rrrv npone4dM fopr,r3oHTzLrbHbre yLIacrKH Bcex qe-fleu.

B Aa,rtuefiureM HMeeM B BHAy : npu Ha3HaqeHHu Ha MarHcrpa,'ru ropu3oHTa-rlbHbte orpe3Kh He

AOJ''r)I(Hbr COnpHKaCaTbCfl :

X i r t X , :  A .

Tarcun o6pa:ov. fopH3oHTarbHbre orpaHIlLreHut Mo)I(Ho yqecrb c roMoulblo rpaSa

HHTepBzutoB Zl : (Vt.Ul) , rAe Vr - BeptxHHbl, COOTBeTcTByToUHe 3neKT-pl4qecKHM IIerltM, a lrcoOe

pe6po u1 € U1 BbrnoJIHf€T yc,' loBHe:

uk - (vr,vt) cyuecrByer, ecrl ' l  Xi r-t X, + Q.

3aAaqa rpaccHpoBKH cBoAHTcfl K Haxo)KAeHHro pacKpacKu BepIxHH rpaQa 21 B M]ylH]'1lMuurbHoe

KoJrnqecrBo uBeroB [2], rcoropoe 6yaer coorBercrBoBarb MHHHMyMy KonHrlecrBa Marucrpanefi. Eclra

6sr rcaua,r 6ur,r o4HocropoHHr4M, AocrarorrHo 6ur,ro 6ut peIxHTb roJIbKo 3Ty 3aAaLIy.

) I Bep m uxur bt t u e (),'pu H ItLr (H Itfl .

B geyxcropoHueNr KaHiLre Bo3HHKaer orpaHuqeHue Ha flepeKpbrrue Bepru-KuurbHbrx

orpe3KoB. npHHaAnexaruHx pa3HbrNr ueIIqN,I. f lprz HyNrepauufi Mafhcrpa,refi cBepxy BHH3 Aon}KHo
co6nrcAarbct VcJIoBue i 111 ( 1. .

Bepruxa,rsubre orpaHHlteHnrr BbrffBrtgtorcq nyr€u flpocMorpa KaHaJIoB cneBa HanpaBo. flpu

rlofBJ.teHHr4 flapbr KoHTaKToB Ha oAsoii N,rafHcrparH c BbrBoAoM i naepxy, j - eHu:y cpopnarapyercr

ofpaHHqeHH€ i f l; ( n;. crpoHrcr rpaQ BeprHKnnbHbrx ofpaHr4qesufi. B :rou rpa$e 22:(Y2,lJ2),

f l i  ( l l r  ,  u 1 1  € U 2 .

Fleo6xoAavbrr\{ H AocraroLrHbrM ycJ.roBHeM Bbrnor'rHeHHff BeprnKzL'rbHbrx orpaHnqeHuil npu

TpaccupoBKe rBJ'treTcr oTcyrcTBue opHeHTnpoBaHHbrx uHKJroB (opulrrgron) n rpaQe 22. Eclu raKl4e

opur4K:rbt ecrb, To Hea6xoAr4Mo npnMeHqrb oAHH H3 cneAyrculnx AByx ctroco6os Hx ycrpaHeHufl .

a) I,l:ueHeHHe KoopAaHar KoHTaKToB, yqacrByroulax B optlnK,'lax.

6) PacurenreHae uenH. lopu:oura,rsulrfi yuacroK uerrH 3aMeHrercr AByMfl yqacrKaMu.

fla,ree Heo6xoAnN,ro :r,afiiu ynopflAoqeHHyrc pacKpacxy o6o6rqeHHoro rpaQa 23
: zt + 22 TAIKyIO, qro HOMepa UBeTOB CMeXHbTX BepilHH He COBnaAarcT, n1 ( 1' H rlHcro UBeroB
MHH14MZL' IbHO.

BeeAeu cneAyrcurHe orrpeAeneHHfl :

V' -  MHo)r(ecrBo pacnpereneHHbrx Bep[rhH;

V - MHolr(ecrBo BeprlHH, He HMeroxrHX BXoAqurHX ryr;

X' - coBoKynHocrb orpe3KoB, Ha3HaLraeMbrx Ha Marncrpzlrb nr ;

L - pa6our.rfi crucoK ;
XLn,",: max{xi(2) - npaBar KoopAHHara caMoro npaBofo orpe3Ka,

x eL 
npuHaArer(aulefo MHolKecrBy L.

MoAutblruHpoeaHHsrfi anropHrN{ "reeoro xoHua"

l .  r : : 0  u  onpeAenseM MFroxec rBoV . l l epexog

2. YnoprgorrHBaeM fopn3oHT€rnbHbre orpe3Ku,
nopsAKe Bo3pocraHur KoopIHHar ux JreBbrx KoHrIoB.

r : :  r+  l ;  L : :  A ;  X r , , , o , : : 0 .  f l epexog  r c  rua ry  3 .

rc ruary 2.
coorBercrByrolqHe ueilqM MHolr(ecTBa v

3. Onpege,rxeu Xi e V-, A,rn KOTOpOTO Xi ) Xr-,nu* H pul3HocTb Xi - XLn,r* MllHHMUlJIbHa.

Ec,rlt orpe:oK, y Koroporo Xi ) XLu,"* cyulecrByer, To nepexoA K lxafy 5, nuaqe flepexoA x urary 4 .

4. Xi +L; X1-n,u, i:X;]. l lepexo4 x uary 3.

5. V' :: L, yAanHB n: rpa$a 23 Bce BeprrrHHbr, cocrae,'rqrcull4e Vt H uHIIHAeHTHbTe uM

3BeHbrr 14 Ayrv. Onpege,rrem V-. Eclra Y- : Z,ro flepexoA K Ixary 6, aHave [epexoA rc urary 2.

6 .  KoHeu .
flpn pacqenreH:zra uenefi cneAyer rroMHHTb, qro BBoAHTb r43,'ror\,rbr Hy)r(Ho roJIbKo npn He-

o6xoAHuocru, TaK KaK 3To noBbruaer nnoulaAb KaHzua. 3ro cgggaHo c reM, Llro He BcefAa Mo-)KHo

npoBecTH H3J'toM c hcnojrb3oBaHHeM cer{eHHfr, I]poxoAtulHX qepe3 BblBoAbl.

f lycrs 3aAaH AByxcropouuafi KaHar (puc.1). Bueo4rr [poHyMepoBaHbr rIHI]IrAeHTHbrMH.

Pe:y,rular pa6orsr anroprlrMa npeAaraBneu na puc.2. f loryveuubrfi KaHan HMeer unpuHy 6

ycnoBHbrx eAuHr4u rrpr,r MHHl,lMa,'IbHo Bo3MOXHOfi lxrjpHHe, paeuofi 5.



3. Onmuuu3aqun uoduSutlupoeaHHoeo aneopumMa "neeoeo KoH4a"

Mo4raSnquposaHHurfi zurropr4TM ",teBofo KoHIIa" He Aaer onrnMtl,tbHoro pe3ynbrara. floeronay

Bo3HHKaer ueo6xoguuocrb efo gopa6orxn c Uerbrc MaKct4MuL'lbHo Bo3Mo)I(Hofo yMeHb[IeHI4fl

rrtlrpuHbr KaHtua B pe3ynbrare pa6orll zlflroprTMa'

Cyutecrnyroulufi anropltrM pacflpeAerfier yqacrKH Uer]H r]o MafHcrpzulqM, coprHpyq HX B

fioprnKe Bo3pac-r.aHrir KoopAuHar ,'reBbrx KoHuoB orpe3KoB. OAHano [pH 3ToM He yquTblBaercr

Ko,'tHqecrBo ceq:eii yqacrKa uetrn c nepeoil n eropoil cropoHaMl,t ABycropoHHero KaHa-[a.

Aeropavu cnenaHo npeAnono)KeHne, qro 3To t4 qBrttercq r,raeuofi npllunHoii Heon-

Tr4MzL,rbHoro pactlpeAeJleHufl orpe3KoB uenH no MarncrpzulttM. Orpeson, uvercurnfi 6o,rluoe

KoJtHLlecrBo ceqsefi c oAuofi r.ts cropoH KaHuula, Mo)Ker oKa3arbcfl or Hee Ha 3HaqHTeJlbHoM

paccroqHgg. flp, 3ToNr orpe3oK, HMerouIRit csszLr c apyrofr cropouofi KaHa,la c rofi xe a6cuuccofi

BbrHyxrAeH pac[onafarbcr N,re)r(Ay uefi 14 flepBbtM orpe3KoM Bcr'leAcrBl,te Beprl4KzulbHblx

orpauuueunfi. Ec,ru raKhx orpe3KoB MHoro, To Bo3pacraer BepotrHocrb roro. qro qacrx

uarucrpa,.lefi, pac[onox(eHHbtx Me)KAy [epBbrM orpe3KoM n nepnoil cropoHoil KaHa-lIa, oKa)Kyrcfl

He3aHflTblM14, uro rcpafr He He)Kenarer'lbHo.

Kporue roto, AJtHHHbte BeprlrKa;rbHbre orpe3Kn, npoxoAqu1ue Ltepe3 6o,rluroe KoJll lLIecrBo

Mar6cTpanefi, nonuutator napa3urHbte eMKocrr{, TaK KaK Mofyr [epeceKarb 6o,ruruoe KorurlecrBo

ropr43oHTanbHbrx yqacrKoB uerru. 3ro npnsoauT K cHulrteuurc 6ttcrpoAeficrBl4fl u, KaK c,' leAcrBhe'

n po u3 BoAl4rerr b Hocrt4 pa:pa5 arlt eae uo fi B tr4C'

!,rn ,ruxeu.qauHfi 3Toro HeAocrarKa rrpeAnaraerct nns Ka)K.qoro yqacrKa UenH,

rroAne)Kauero pacnpeAereHuHl Ha N,rafucrpil, 'rb, BBecrH eecoeoil rco:QQuuneHT, xapaK-Tepn:yrcruuil

Kor,triqecrBo csrrsefi 3Tofo )qacrxa c rcaxAoil cropouoil KaHa-ta. f lpu Soplrvt-poBaHlrH uarltcrpa,reil

cBepxy BHH3 OTpe3KH UenH Iorr)KHbr pacfipelejlqTbcs Ha \tafucrpaqb c yr]eToM 3rofo

xoe$$HqraeHTa. np6qeM 6olee BbrcoKHM npHopHTeToNt foJr)KHbl t loJ'lb3oBarbct yqacTKH, HMercuIHe

MaKcr4Ma,qbHoe KorHqecreo ceqseii c nepnofi cropouoii KaHana H NlHHuNraJIbHoe - co eropofr.

Orpe:rcn, HMerou1ue oAuHaKoBbte rco:QQHUueHTbr. pacnoJata-rcTct B coorBercrBuH c i lJIropl4TMoM

" , ' IeBOfO KOHUa".

f lpn rarcou pacnpele.qeHuH yqacrKoB qenfl \roxeT oKa3aTbctl, t{To oTpe3oK c BblcoKllM

rrpuopnTeroM uMeer' 6o,rtruoe 3HaLteHHe KooplnHarbl .teBofo KoHua. B :rolt cnyqae qacrb

MarucrpiL'rH, Jle)Kaulafl JreBee orpe3Ka, oKa)Kercs He:ano,ruenHofi. !4r ycrpaHeHul 3Toro

HeAocrarKa Heo6xoAt4Mo He3anoJ'rHeHHoMy yqacrKy MarucrpanH pac[peAerHTb orpe3KH c MeHburlM

BecoBbrM xoe$$nqrzeHToM, npaBbte KoHubr Koropbtx HMercT MeHblxee 3HaLIeHue a6cuHccut, ' leN4

,reeurii KoHeu ylxe pacnpeAeneHHoro orpe3Ka.

HasrraqeuHe orpe3KoB UenH Ha yqacroK Mafucrp€L'll,l AoJl)I(Ho IIpoHcxoAHTb no roMy )Ke

npeAnaraefi,roMy anropHTMy. Ltro H A,rq eceii Manrcrpiutu. Ec,'tu no oKoHqaHuH pacnpeAer'leHHq reBee

rpafiHero J'teBofo OTpe3Ka OcTuUtOcb AoCTaToqHO MHorO MecTa, cHoBa [poH3BoAHTcfl pacnpeAeleHLle

Ao rex rrop, noKa 3'l'o Bo3t\,ro)Kgo. Tarcuu o6pa:ornl B ttocneAoBare,rlsutft ulnfopl4TM ",reBoro KoHUa"

BBOAHTCq l ' lrepauHoH Hag qacrb.

l,r l pean r.tsarru H [L't rop HTN{ a B BeAeM cne4yrcIuue o[peAen e H u q :

V' - N'tHoxecrBo pacnpeAeneHHblx BepulHH;

Vr - N'lHolKeCTBO BepuuH' He HMOIOUIHX BXoAfltIIHX Ayr;

X' - coBoKynHocrb orpe3KoB, Ha3HaqaeNrblx Ha ltarHcrpa,rs n';

L ,  Vz -  pa6ovue cnHcKH ;
X1,,,"*: rnax{x;(2)} - npaBar KoopAqHara caMofo npaBoro orpe3Ka,

trpaHaAne)Kaurero uuoxecreY L,

xl, xp - Kopre)r(H KoopAHHar reBbrx H lpaBbtx KoHUoB orpe3KoB UenLI

dn

dn,,,n*, dn,n;,,

dx1 :x l ;  -XL, ,u*

r

COOTBCTCTBEHHO;
- KOpTex BecoBblx Ko3sQHuHeHTOB, KOTOpble of lpeAenfl loTcf

BbrqHTaHHeM KOJIt{qecrBa cBfl3efi qacrH qenn co cropoHofi 2 rcanata

r.r3 KoJrHqecrBa cBq3eii  co cropouoil  l ;

-COOTBCTCTBEHHO MAKCHMULNbHOE H MHHHMUIJIbHOC 3HAI]CHHC

BecoBbtx KO3(I)OHUHeHTOB BeplxHH, coAep)Kauluxct B vHorrcecree V1;

- BCJIHLIHHA, XAPAKTEPH3YTOUIAfl NOJIO)KEHHE LiACTH qCt|H tlo

orHoueHHro K pacnpeAeJleHHblM Ha [peAblAyqeM ual-e;

- rercyulrail HoMep MarucrptrnH.



n l

n2
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n4
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n 6
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n l 0

n l l

n l

t ) l
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n+
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n l
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n3

n4

n 5

l 0  7  l 0  7  4  l l  l l  6  5  9  3

Psc. l. @parveur KaHana flpoeKTl4pyer',rofi BI4C

l 0  7  l 0  7  1  l l  l l  6  5  9  3  8

Puc.2. Pe:y,rsrar rpaccHpoBKH no anropr4TMy "JteBoro KoHua

l 0  7  l 0  ' /  1  l l  i l  6  5  9  3

Puc. 3, Onrunaa,ruuurii sapuaHr rpaccHpoBKH

x l

x3

x4

x7

i x 8

. O  i

x l

i

I  i *6

l

,  i  x l  i  i

x / i
+

i l

l x 4 i l



Onru M H3HposaH u st fi anlopl'lrN4 ",lesoro rcoHua"

l .  r : :0  H of lpeAenHrb MHoI l (ecreo V1 .  f lepexoa n uary 2 '

2 . r ' . : r +  l ;  L : : A ; X y , n o ' : : 0 ;  X ; , n 1 , ,  1 : X ' n u ' ,  Y z : : A '  f l e p e x o g  x  u a r y 3 '

3. [Is dn : dn,,,o* OIIpeAeIHTb BCe X1 e V1, nJlfl KoTOpblX dx; > 0 H 3aHecTI'l Hx B MHO)I(eCTBO Vz'

Ec,rn Xi  He Haf iAeHo, To noBTopHTb Anq dn:dn- l  nona dn+dn,n; , ' .  Ec lHY2*A,TolrepefrTu

K uary 4. ltHa'le nePefirx rc ularY 5.

4.14: I ' tuo>xecTBa V1 onpeAenHTb orpe3oK,

NOIO)KHTCI bHOE H MHHHN'IA-TIbHOC 3HAqCHUC.

!.nfl KOTOpofo BeJ'lHquHa clxl tlphHHMaeT

Xi + L; X1.,. , , '  l :XPi.

VAa,,rH' 'u Xi H Bce CMe)I(Hble c Hefi  BeprrJHHbl B fpa$e 21 v3 MHo'tK€cTB V1,V2' Ecln Vz: O' TO X1'*o*

::  0; nepefir l l  K lxary 3, nuaue nepeilrn rc uary 4'

5. Vt : :  L, yAanHTb n rpaqa 22 BCe BepIIIhHbl, COCTaBnsrcUHe V' H EHUHAeHTHbte HM

3BeHbfl H AyrI4. Onpege,lnru V I . E,c,'ttt Y , : A .To [epeXOA K tl1ary 6. uHa']e nepexoA x urary 2'

6. Koueu.
pe:yltrar pa6orbr a,rfopHl'Ma .q,rf l  paccNrorpeHHofo Bbl[Ie npHMepa f lpHBe'i leH Ha pHc' j '

KaHa,r nMeeT MI4Hl. lMa,lbHO BO3MO)KHyIO xl l ' lpHHy' paBHylO f i f lTl4 VC"IOBHbIM eAI4H14lIaM'

Bueodur

l lpoaua,ry:gpoBaB onucaHHbrfi Bbtue iurropnTM Mo)I(Ho cAenarb cneAyrcurHe BblBoAbl. Bo-

nepBbtx, 3KcnepHMeHTa,rbHbre Hccr'reAoBaHHt Ha nporopavnauofi MoAe,' l l ' l  HaA 50 npHMepaMu

TpaccupoBKg noKa3aJH. rrro onrHMu3r4poBaHHbrfi a,rropnrv Aaer o[THManbHyro [IHpHHy KaHiLna

BI4C. Bo-eropsrx. B pe3\,nbrare pa6OrSr ZLIfopHTN{a 3HaLIhTe!'IbHo cHH)Kaercfl KOrUqecrBo

[epegeqeHqn rOpU:Ot-tTa,' lbHblx H BepT]rKa!' lbHblx LlaCTefi Uenefi B COCOAHHX CJ'lOqX H CyMMapHat

ArHHa npoBoAHllKOB) qTo )'n) quaer xapaKrepHcTu KH npoeKrupyeuux EI4C.
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