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0.E. Eeccoxoa

B Hacrof,rpf, pe6ore paccuarpt.taaercs sqAaqa nollcfia nepeceq.eHtrfi
(r.e. nan6onumx o6u$x no.u,rpa(oe) ABJ,( reouerptlqeexnx npa6oor) ti
npeA.flaraoTcfi rreToA ee peuerMf,, ocHoBaHHHfi Ha Bq[,eJre]0,rr r(Jlur B uo-
AyJIbHor llpol{3BeAeHl{l{ reorGTplqecB{x rpa0oBr onpeAe,reHHoil c Werou
paecTosHl{fi re,rA}r nSpaw t{x BeporH.

Ilyert G = (u,x) r H = (vrt) - Feorerp1aqec11ae rpa6t c MHot€-
craamr BepuMH U r V r ynorecrBarmr pe6ep x u Y. Ipa{tt G r Il na-
aoaex @pry (o6osHaqerue G - H), ecan ey{ecrByer AB[re-
tue npocrpancaBa, nprt roropoil G u H eogueupDTcs KaK Feou€Tpl{e-
cme tprrJptl. Ilog gaureHnex npocrpancrBa noHtlraerca nn6o napalrJrenb-
Hbtfi [epeHoer Jr[6o llo8opoa oTHocrTe,IbHo HenoAE]tIHoFo qeHTpa, ,lur6o r

gepfiaJ[bnoe orl]areHtte, ar6o rou6nxatp{fi rarcrx-Jrn6o na nepeqxcneHHtoc
npeo6paaoaamfi.

Tartx o61nsor, ecJu{ reomerpxqeeme rpa{F G lt H roHFpyoHrHH,
ro olu rsoro$xu rar npa{u (o = tt) , Ho o6parxoe HeBepHo.

Iiognpaifor. 6yger B ,q&,rbHemreu cq[rerb nopoxgeHnu'R noScpa,rf.

fPa{ G Konnptenrno Bxort{s I H a ecJlu a H cyupcray€r noAtpe{ IIi ra-
rof,, qro o -.8r. Ilep6eeqerarer npa{or G u H xasoser xarerraJrbHbfi
no Bl(Jrrrrr€HrlD noAr,pa4 a G , roxrpyeHrHo BxoAf,r{r{fi B B. lian6o,nuunu
HaSOBer, nepeceqelue c xar6oauur rDrcror BepolrH (cpeno Ecex Apyr[x
nePeceqelorfi).

l{,sseclHuf, [Ir2] xerol notrcfia nepeceqerln a6etpaxrnror rper[oa
G t{ II cocaors B nocrpoe}ut{ roAynbHoro nPot{irseAenna rpar{ua G r H

x Bql(eJrexnx B Her tor{r(. iiSnraa ttllnxa onpeAe,rser nepeceqeHle npa-

{oDGnH.
r) Eaprrr"rrn reorolpr{qec*o'o rpar[e rBJtilref, ,our,, ed,.,rrAoBa rpo -

cTpaHCtBar a peOpBm - oTPesEt nptrbfir coe,${Hflll$e gr}I Toqrcl.
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li o rrrqxe or [I.2 ].ua no|.cra nelFoeqou, reorerlrqEcrofi rIE-
(oD onpe.u,erlrr roAyrDHoe rrF)rnBe.qBHra rar rparD 1, = (w.z) c nrd-
rectBor 8eg![r f = Urv x lororecrEor I)€6Ep.

Z = (t E,!r,)l w = (u.,v,), nt = (ur,vr),

orf .r&r, lr. & (r. lo. o "r.rrVu.*u.& v, lvr) &

& <l(ur,u*) = a(vr,v, ) ) r.

rge d(urru*), a(vr,vr) - tnccrorru rqAy Ea1rlrlrau ur l ur !
c, a aarcc r€qAy vr r yJ B E. Tarrr o6paam, orIrrae oa o6Etr -
Horo roAyrbHono nporaaegorrl B E,2l coctoxr E rori qro np, coor-
BeacrDllr nap Bep$H O r E, notgrc coq)eHefli otnoootot0 cF&tocTtt,
HaruqAtGaercr yclolre corpa$eHrr pacclorHm r€fly lep laEr.

frTo qacflrB, cr]na, o6o6ltsrnono rqlyrbnoFo nporsBqAd a,onp6-
Aererorono s [3] .

l{qAer rrBra B I otrpqAatrrot coorD€Tcalre RqAErceslBa Eetr r
B G noAr[lorecrBy Beprx B E , coxpr8firFe orHoEaHrr cr€fiHocrr A

paccrorflre r.elAy BeprHerr.
IiPhllEP. Iiycrr G n H ccrE ronngyenrHtp lpalno:rbtorrr Ha moc -

xocrtl (prc.I,a). ilaJvc.I,6 xoofeirt[t Fpo{ L. lfixt(a ( urrr.,t, }
onpeAeraer coo'raercrBrs tl; l; l;) r npr roropor coxpaH,{c, pac-

cTorHra r GIetHocIb reryy BeI@Hal3.
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b neore,lprr ecrL reopem o ror, qro npeo6paoorslerc, corpe-
Hf,lFe PaCCTOE i rglAy toarat toqra5r r tlrfefct ,c,ilrer er npoc8 -
pancrra. 0tcong crqAyetr qao rqAgn rrrra E L onpeAcrrer noAfpai!
B c i r(oHnpyanrHo srol@r, a Er r.e. ncpecsqo s lpa{oB G x R;
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n o6FrHo: tql,ory ncpeor€l,D G rl E coorEsrct8lier flefiorol]Bi rou-
l(sB !.

feorerpnrecrul FpeC 6y4ar Hasraarb tuocnr, ecrx Bc6 elo De!-
lElHll InCnOIlnsStCt a nroctoqrll.

jleree E nprDe.qBr Herorops cBolcrBa rpalp L gs c.nJ^rar n o-
cxl{I neoreiprqecffi FP&pb.

J,lluPtjltstlr{i. I.B rpa0s I o6qee po6po !, o-
ryr rrerb He 6oJt€s AEyx rrrr.

jleficranireacxo. roln8 prf,la onpelprf,er AEtBeHrc rugcrocm.
Lcar refte..ro firt.rtfl mreDt AEe o6qte B6l[r$ur To aro atlart{I r qlc
rrcDrcr AE6 Heno,[Ellrr|t€ ToraEr BIr| coorrercrBl,Dlgrx npeo6lEaoEa-
Brfl. {g lleorerllrl fsaecrHor qto ecJr npr nDlroHt{d( npoctpanctla
,qFg r 6oree roqer ocm!'!ci nenoAs rHu5r r To oHr Jl€rar HA oAnon
npsraof, - ocui a BC? paCct slp{Ea€roF ADrraHrt tlr rcs noaoPoarsl
lof,plr groi ocr. $g naocrocrn rf,Ho cAerarr ro.[bro o&lut nosopor
Eorgyr ocr.r - oro 6!Aer sepnaJrbHEn orlrarenrer, Taft 16r npflas le -
InT luocroclb Ha ADc racT .

YrrsllAprlre I nos;oanar
rmr r rFoG l.

I!;0Fl;llA. IIyctr q n Dr-coorasIcrEeH -
HO qrcro pc6cp r qrcro r(Irr tl0-
PrAf,a He refleo k .B nps6o !. f orAa
cnpaEeArrEo HepaEeHcrBo

4q
o" s E(ra, (1

BepEm oqenry Ha Ercro

Aol{ll3A1Eltlo1tso. Iiycrr tr = (cr,c?, ...,0. } - mrorecrlo ace.\

rJrxr Bop8,trtrB He r.cHce t; Ece pe6pe rpseB L I np{HqA.r€la4ie l( }r-
lar r:r tr, selt epo8aHc ot I ao qri Al - rHor6creo l)€6ep B t(Jlrr€
cji Dr - rueJto t(Jt r ns ( . coAeral4u 14 pc6po, I . 1, sr .llF-
reHti llgBecrHoe rola6r{neTolxoe roqAccrDo, norJrqa€r:

qr'
ED

t=l

E

r lA. I
l=l r I

Itocroatry ur=2r iArl z I(}4 ' qr s q, to (I) auro.rxrerca.

IlonlltlettrLr olpnxa nol6SErs€rr qro sqnArla nolcra nepaceqerufi
sFltoB, rrpnFope[rerar' a o6upr crw8e [4]. qrA reor.ctg.qecroo(
FF{OE pGOa€TCr gA nOf, HOr0{aJlsXOe 8pert.
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Yqer oco6exxocre, Fpt|ts ! rc€tr 6utrE nordar E ocBoly a.[Do-
pxmaa noncra eFo tour, 6orec s0(erll DHopo no cpilH€llro c o6lltr
cr) actrr 6rat oltpi creAl,Dqo coo6Flaron.

BorHlrR no,q,rpat rr.{(ur,vrI (u.,v.),(ur.vr)}E tr Hasoaer 6aso-
Blrrr ecrr roqlol ur , ua f, [! (a orl8iflT, r v. ,v" , v, ) ]t€ .trcaa Ha
oAHOf, nP aof,. Paccrorlrn BoroPoPr Gasosx trorBaf, solrpei$ r !rno-
pqaeBHu, rHorocrBora ( r.,,w.,rr). Ero cog,cpm €IIBCIEgHBa' r$r-
Ra rparp L. (Aro creAyer no roio. qro 

"IIr 
rlonol,8t Htt roqtol AFyr r

ADnr€E{' Aorrru
ADe Aeg$ltlll s r
co6or. ilogrorry ecm natraFH 6aroBul r
xfler 6$rb ErUeJrGHa aa C(p)

qAno, nprr6r. ) Tarorr o6paeor. eou
slrur r vi,, to olIl cre&llf rae[Ayf,r cre[lit c

! r AO rtXlG.COACFaBn OFO.

onepltlxl' lAc D- t lcro Bc!6lH rpe-
ia r. illa 9!oro Aocraroq o B{rlornrb ncpecq€Hre ottplremtr Bep r

wrrr2 r rr.o?l€8nr.too aJrol mnr noxcsa rrrft,Inccwrar ug Ba 06-
uuril ciyrra6. rpe6lDs no r€Hue, llepe o(p!) oneper0d, Ha B{qaf,€rqe
oalto, tunr0{.

Paccrmprr reBcpb xoArorEr0rr onlreAcrctcm onspaqrr rqAylbHo-
ro nporcEeAeroG Feorerprqecxrl FperloE. cHaqaJa onlrqlp.trl rolvrr-
HOe nPo]lSteAelotor nOOEO'TOTO ltqattltb nepecoqctorr Feogrprqeclos
npqloB r nor!ruaerm ro.lbrc napa[re.[bHotr{ cADrras [roctroc?r.

llJcrr :(ur), r(vr) - a6o$ccu, a y(u.), v(vr) - o[Ap1grr !cp-
lI[.lH ur€iu' l=I;aG tl vr€V' J= 1'!E E r3I(otoPoi C(CteE f,oollAl{:
Har. itpeo6pesoEAlsc mlrE[.[eIbHono cAlrFar neperon Fe u!! Y,r3ar
ffoerca creAtDulrr o6pasor:

x(vr)=x(u^)+ar
y(v,) = lu.) + b,

rAe all b - HetolopIe t(oHcl.aFru.
.lmrory ,lrr npeodtnsoDa r, nePeloA nBlo nary B€p@Or

(u.,u*)< u*u B napy (vr,vr) e v' v, 6yAJE rurolrrsbcr ye,roarr:

x(u.) - x(u*) = x(vJ) - x(vt),
y(u.)r- y(u*) = y(rr) - y(vn).

t,hpelealrl a coorEerc"rnr c srrr yctoalte cxerHocrfl Eop -
rrx (u., v.) n (u", vr) a roAyrrxor trpoxsBqAoxxn cJeA!,DuIfl o6ps -
30L:

(u.,vr) I (u*,vr) <= u. I u* & ", l r, & (u.: u* &

e,. v.i , vr V u. I u, p, , ,'l vr) e (x(u,)-x(u*) = x(vj)-x(vr)) &

a (y(ur) - lu*) . y(vr) - lvr)).
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06osrerur onpc.qprergr, rstdfl o6[Eaor npac qep€a !l.,rha rpa-
{oB o r n (pc.2,a) npa{ L 

l. 
(pc.2,6) cocro}rr na la},x le crraan-

dra r€IAy co6on lloAfpqloB Kr n Ae8trtl r.r3oJrlrpoBaHHdr Eelr[ll{.
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yIBUI{/lEll4E 2. llrrrl rpeOa l.ii He rreDr
o6qrx BeplrH.

Cnperenlxaoctr !r'rBeltAerxr 2 cregyer tr3 Toro rtsroar qrrJ npq
naFrlS.[5ror( crllDrlar npocrpaHcrta oTcyrcrD),Da rlenoAgxrHte r,orrrd.

B cray ylrepgernr 2 rorcJro Drur ppa{a t1s He npe8ocro,tur ro-
.mqeclDa ero BeIIDTHi a.e. po. pH . noc[orrbry AJt, noncra rarcnxaJrb-
Hoi lsUlIot r D1 AoClafo$ro Haflrr Ee!@lBy IahCIIaIbHo crerrcHB t'l

r44emrb se ofipyroHnc, !o qrcro onelE+rftrHeo6xoar{r.qF Arn sforordy-
Aer orFflrtcno Ecrnrtarot o(po. &r)

Ilpt oror HeT Heo6xoAnrocTr cxetE a cTporrb l[ i a 3aTeu ltc-
rarb €Fo rorrlot. Bce xrxlol rpqla Lll rlJx r.aKcnilarbHar kl fia xor]-r
6it!b rrgBJteHu B nporFcc€ ero nocfpoe8lsr ll ort{r 6yAe,( aocrxrHyra
oroHorfit o6a€[e oBgparn8xofi naramrr.

Paecrotpnr renepb Jlpynld roAfl(pnq[D onpeaeJleHru r.oAyrbnone'
npoxgBeApHr,tr reorerluqecxxr Fpe{o8.. !i pearbHra ycroalr (i npri pe-
oeHxr npafimicctotr galFrl. xoopAxHaax aep!,rH ronlm 6rtrb aaXariu
Torbrro c Haroroptoa ngr6Jrxrefleu. L,yflt e/2 > O - adcorbrHs,t no-
t p€oHocrb sqAAHrif, roopArHaa BepluH np6{oB G x ll . Torng paccros -
Hrf, r€ ,qy nape rl 8e!@*r onpqpprorcf, c TortHocrbo Ao €. onpeAerrr,
crerHocrb aeporn (u.,y,) r (u*,v.) roAyrbnorro llpo]r38€Ii€H]rxr]rc-
xoAlE lf3 JrcroBt{t coBnqAeH}tt PaccronHx, -retr[tr . napa${ _ 

ur 
'ur!i ylrv! c roqxocfrn ao e: (urrvJ) r (u*rvr) - urlui & trlr, &

& (ur :.ur & v, : vrV utr, ur&vJ 7 vr)&ld(ur,ur)-d(vr,v.)1< e.
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&lpeAererusf, raEr o6pEor rpal} o6ooHatou qelr6 !e. fc8cl
qro npr ,qoc(aTodHo oolilor € t^!Br pgccTororf,l rlqAy nspas sepuH
reolerptt{ecmr lPa{oB Hs 6ylgr rrparb poJq. ts r8crflocr'r, ecrr e

raroBor roo Ecerla lat(qr,uk)- a(vr,vr)l < e . ro rF{ !s npeBIA-
Jgercs E o6B$roe roAylrHoe nporBsqAlHre.

Byner c.,lrarri. qro norlrerrrocrb si[ltflr roolrArHar Begofi rpa-
{oB o n E. rllrcrci Aonyciflmr, ecm burorH-Tca HcFaaoHcr8a:

Dttr lrt(ur,u*) - d(u,,u.) I >2€ r
rsr<r S pc
r<"1s&.

rF.
' Dllr

t sJ<tspE
rs!:!spE

Crarq gtrx rpe6oSarlll cocrorr E porr rtao6r npt EriS cEqe -
i f,X noroloHx, Bego$r rparts! G r E ls5rrrlBrF lracC"of,|n, rqAy na-
paror DeptH ocTaBalxcb peglrl!trftlat.

rr,,rr{ e Aonycarror ro Arrr lFlts l.e 6yAar cnpaDcn lrDa oqoH -
ta (I).

lloAynEHoe nporsBBAsB{e, o{paraD@€ rorbm rraprrrclbftr q[!x-
!t{ npocrpaHcrrar rffBo ,arce onl)cAcJurb c !ruglor noFpaHocllt aq[a-
rua xoop4rrar iepux.

Peaytbratl BacrorqBn pe6orr rorln nI rclulbcr Arr Fc[rosxa -
BaHx, cneqxaJrbHrr( r'ecco! rco6pac fi, onpe.qp,cttrti o6s6x ftnrnn-
r0B ,oorrqecflx crgy rl? ll I Apyrur nplrrl$u( qqt$ax.

Itr(vrrvr) - d(v.,Y.) | > 2e.
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33eiltillti,'iElfl'-tiiH:' troDoct{6xPcr' Iezr i'irea' A01l,' - tro:-

2. L,Elrr G. a tDte on tbe alerlvatlo! of DarlDal co@o! Eub -
glaphs of tlro dlrocteil o! undl,rect.d Sraphs//Calcolo. -19?2.-N 9,
p.34I-3€.

3, Elj()collots 0.E., CltOP060fAT(E B.A..qqo6rFllHrD roAyrbHre rpo-
r3BeAeHrr n crpymt4rroe noAo6xe ppattsB 
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