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B crarbe cTpodrcs dBHBIE aHATATUYIECKNE BBIPAXKEHUS I 0OJACTH J0-
IIyCTUMBIX OIPAHUYEHUN y MHOIOIaPaMeTPUYCCKON pacupeneInuTe/ bHON 3a-
a9u B TPAHCIIOPTHOW CETH HA ABYAOJLHOM Tpade.

Dra crarbs ABIAETCS DA3BUTHEM De3y/abraroB crarbu [1| u comepxur
JaJIbHeNIUH aHaIu3 MHOIOIIapaMeTPUIeCKON TPAaHCIIOPTHOR 3a4a49u Ha ABY-
nonbaOM rpade. Pabora Bo3HMKIIA W3 NPAKTHUYIECKONW MHOTOMapaMeTpude-
CKOI 33124 PACIPee/IeHIs TPAHCIOPTHBIX CPEACTB 110 IPEIBAPUTEILHOMY
HEYETKO 33JJaHHOMY HADOPy paboT. DTOT METOJ] TAKKE MOKET ITPUMEHSITHCSI:

- B 33j1a9€ aQHAJIM3a HACHIIEHUS MOTpednTeel HabopoOM NMEOIIIXCsT pe-
CYPCOB;

- B 3aJlave JMOCTATOYHOCTU PECYPCOB JJis TOKPBITHA HAOOpa 3aJaHHBIX
noTpebHOCTEl;

- B 3aJave pacipeesienns O0JKETa 10 PA3INIHBIM PACXOIHBIM CTAThSIM;

- B 3aja4e IJIAHWPOBAHUS ONTUMAJIBHOTO CKJAJUPOBAHUS U XPAHEHUS

3aM1aCOB PECYPCOB JI0 PACIPEIETIEHUS UX 10 TIOTPEOUTEISIM.
[Tocnenusist 3a1a49a aKTyasbHA DU IEPUOIUIECKOM CO3JIAHUN 3AI1aCOB PECYP-
COB B TPYJHOJOCTYIHBIX PErHOHAX, C KOTOPBIMHU PEryIspHAasi, MOCTOSHHAs
cBsi3b HEBO3MOXKHA. PazpaborTka KaxkJoil 9Toil 3a7aun TpebyeT OT/IeNIbHBIX
WCCJIECTOBAHNIA.

B s10it cTaThe 11 pacope e uTebHOM ceTr Ha IBY/I0TbHBIX Tpadax (3a-
Jlata pacpe/IeJIeHnst Pecypea) yAaIoCh MOy IUTh KOHCTPYKTUBHOE OTIMCAHNE
AHAJUTUYECKUX BbIPAKEHUH u 3PHEKTUBHYIO BBIYUCIUTEIBHYIO CXEMY IIO-
CTPOEHUS BCEX HE3ABUCUMBIX JINHEWHbBIX YCIOBUI MEXK /Ty TTapaMeTPaMU CETH.
CTpyKTypa u KOJUYECTBO JIUHEHHBIX YCAOBUI Ha MapaMerphbl CETH 3aBUCHT
TOJILKO OT CTPYKTYPBI UCXOAHOTO Tpada U MOITOMY YCTONINBO K BAPUAIIATM
3amacoB B UCTOYHUKAX W MOTPEOHOCTEH y moTpeduTe ieii.

[Tepen mocTpoermemM KOHKPETHOTO ILJIAHA MEPEBO30K 3a7ata Pacipeesie-
HUd Pecypca OT MOCTABIIMUKOB 0 TOTpedbuTesisiM TpedyeT mpeaBapuTeabHoMl
OTIEHKH TOCTATOYHOCTH 3ATTaCa PECYPCa ¥ KaKIOTO MOCTABIMUKA /I YI0BIe-
TBOPEHHUs BCEX MOTPEOHOCTEN B HEM, UTO ABJIAETCA 3aa4ell IIAHUPOBAHUA.
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T.e. He0OX0MMO PEITUTH BOIPOC CYIIECTBOBAHUS DPEINeHUs y Oymyreit 3a-
Jladu PaCUpe/Ie/IeHns, & UMEHHO, COBMECTHA JIM CUCTEMa BCEX OrPAHUYEHUN
Ha mapaMeTpsl 3ajaun. Hamuume SBHOTO aHATUTUYIECKOTO BUIA 3TUX OTpa-
HUYEHUN CYIIECTBEHHO YIPOIIAET 3Ty 33]ady, TMO3BOJIIeT TPUMEHUTh K Hell
3¢ heKTUBHBIE BEIYUCIUTEIBHBIE METOMBI. TaK XKe CUJIBHO YIIPOIIAETCS MHO-
romapaMeTpHUYIecKnil aHaan3 UCXOMHOM pacmperennTenbHoil 3amaun. [losTo-
MY PE3YJIBTAT 3TOTO MCCJIETOBAHUSA UMEET U TIPUKJIATIHOE TTPUMEHEHHE.

3ajlaun aHaJM3a MOTOKOB B CETSAX MMeEIT Oojiee YeM TOJIYBEKOBYIO HUC-
Toputo. B riaccmaeckux pyKoBOJICTBaxX [2—8| paceMaTpuBalOTCsT alirOPUTMBIL
PEITeHusT CTAIIMOHAPHON 331a91 HAXO0XK/IEHUS MAKCUMAJIBHOTO [TOTOKA B CETH
npu (PUKCUPOBAHHBIX 3HAYEHUSX OIDAHUYEHUI HA MOTOKW B pebpax, Bep-
muHaxX. B coBpeMeHHBIX paboTax CTPOSTCS aJITOPUTMBI DEIIEHUs 33J1a91d O
MaKC [OTOKE W ee paszjinuHble 0000IeHnsd ¢ (PUKCUPOBAHHBIMU 3HAUEHUS-
ME OPOMYCKHBIX criocobHocTeit [9-11]. [lpu anaim3e 3a1ad MOTOKOB B CETIX
UCCAe/0BATEN M AKIEHTUPYIOT OCHOBHOE BHUMAHUE HA SIBHOM PEIIEHUU DKC-
TPeMaJIbHBIX 3aJ1a4 0 MOTOKAX MUHUMAJIBHON CTOMMOCTH U UX 0DODIIEHNAX.

Bompoc cytmectBoBanms perennii mpomyCcKaeTCst WK sIBJISIETC TTO00THBIM
PE3yJIbTATOM TPWU PEITIeHNN ONTUMA3AIMOHHON 339 ¢ KOHKPETHBIMU 3Ha-
YEHUSAMU OI'PAHUYCHUNR [12]. Tlosaeiit HAOOP yC/IOBUWl CYIECTBOBAHUS TTOTO-
KOB B KOHKDETHOMH CeTH, Kak BHJIHO W3 pe3ysbrara [2|, ecTh 10BOJIHO 60JIb-
110t HabopP OIHOPOMAHBIX THHEHHBIX HEPABEHCTB. VI KOHCTPYKTUBHOE BB -
HUEe N3 HUX ITOAMHOXKECTBa HE3aBUCUMBIX HEPABEHCTB MPEACTABIACT JOBOJIb-
HO CJIOXKHYIO 33j1a4dy. [loaToMy 1pm MHOromapamMeTpuyecKoM aHaJju3e CeTH
(Bapuarnum ee mapaMeTpoB) NPUXOIUTCA NMPU KAXKIOM 3HaYeHun HABOpa Tma-
paMeTpoB perarh 3a/ady 0 MaKCHMaJIbHOM IIOTOKe JBOfCTBEHHON cetn [2].
EcTb mombiTKY MCIoIb30BaTh BAPUAIIAIO TAPAMETPOB B 331396 O PACCTOSIHU-
sx B cern, Haupumep [9]. B [13]| npeayaratorcst Mojiesin KpuTHueCKux ypoBHeit
¥ IEPUOINYIECKO ITPOBEPKHU, KOTOPBIE IIPEIII0IaraloT KOHTPOIb 38 COCTOSTHH-
€M 3aIacoB ¥ 3JAlTUBHOE TIOMOJHEHNE UX [IYTEM 3aKa30B, PA3MEP KOTOPBIX
oLpeJiesisiercsi B coOTBeTCTBUM € BhIOpaHHOil crparerueii. B [14| paccmarpu-
BAIOTCST BEPOSTHOCTHBIE MOJEN JJIs TPOITYCKHO# criocobHOoCTU pebep rpada
MHOTOTIOIB30BATEIBCKON ceTeBoil cucTembl. B [10] paccmarpusarorest crenn-
duveckre SMIUpUYECKUe CrocoObl MOAECTUPOBAHIS U BAPUAIINYT TapAMETPOB
B FOPOJICKUX TPAHCIIOPTHBIX ceTsiX. B [15] ucmomb3yoTest HedeTkue mepeMeH-
uele (fuzzy set) st mapaMerpoB TpaHCIopTHOM cetn. B [16] paccmarpuBaror-
CsI CETH C M3MEHsTIoIeiicst cTpyKTypoii ux rpada. B [11] aist MmEOTOCTA IHiTHOT
MOJIEJIA pacupese/ieHnsT TPAHCIIOPTHBIX MTOTOKOB 110 CETH MCIOJIb3yeTCs Me-
TOJ, BBIIYKJION ONTUMU3AINN.

Useectro [17], uTo M06y10 TPAHCIOPTHYIO CETh MOYKHO TTpeo0pa30oBaTh B
PaBHOCHJIBHYIO CETb Ha JIBYJA0JbHOM Tpade. [loaromy nzydenmne takux cereit
npuobperaer ocoboe 3HAYCHUE.
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1. IlocTanoBKa 3amaydn

[Ipocroii rpad G = (X, Y, ') a1o rpad, onpenesnsiemblii 1ByMs Henepece-
KAMUMUICT MHOX)KecTBaMu X u Y U MHOTO3HAUYHBIM OTOOpaxkeuHuem I’ MHO-
xecrea X B Y [8] (rmasa 10).

X ={z;, i=1.n},Y ={y;, j=1.m}. Oyra (z;,y;) € G < vy; €
F:Ei.

B kaxk10ii BepInmHe x; €CTh 3ammac NpoayKTa B Koandectse a; = a(x;) > 0,
HOTpeGHOCTD KasK/10it BepuHbI y; 310 bj = b(y;) > 0. LIpomyckusre croco6-
HOCTH BCcex pebep Heorpanndenbl. CripalnuBaeTcs, TPU KaKUX COOTHOIIEHUSIX
Mexx 1y mapamerpamu {a;} u {b;} Bech 3amac IpogyKTa MOKHO PACIpeeInTh
MeXK /Ty TIOTPeOUTENSIME, HACKITHB UX TIOJTHOCTBI0. T.e. TIpu KaKuX COOTHOIIE-
HuAX Mek1y napaMerpamu {a;} u {b;} coBmecrna cucrema (1.1), rme x;; —
IIOTOK IIO jyre (Z4,Y;).

m
a; = ) €ijTij
j=1

bj = Zl eijxij
1=

rze Bee a; > 0,9 = 1.n, b; > 0,7 = 1..m u xKaxgoe e;; pasHo 0 umn 1. Ilpu
ei; = 0 coorBercrBylomee z;; = 0 u uckaodaerca u3 cucremst (1.1).

Hutst cucrembr (1.1) BRIIOTHSIETCS CIEyTOINee HEOOXOIMMOE YCIOBUE COB-
MECTHIMOCTH

D00 =D D eiTip =D D €ty =3 ;b (1.2).

Marputa M(G) = (ei5), CTPOKHM KOTOPOii COOTBETCTBYIOT BEPIINHAM 13
X, a crosibrpl - BepmmHAM W3 Y, €CTh MaTPUIA CMEXHOCTU JABYI0IHHOTO
rpada G.

Bynem paccmarpuBarh cesasubiii rpad G. fcHo, uTO orpanwveHus Iist
HECBSI3HOTO Tpada ecTh 00beInHEeHne OTPAHNYEHNH 1T eT0 KasK 10 CBI3HOM
KOMITOHEHTHI.

(1.1).

1.1. CsoiictBa orobpaxkenus: I'. B 8] ykazano, uro I' umeer takue
CBOMCTBA!

(1) X1 CXo=TX, C FXQ;

(2) F(Xl U XQ) =TX, UI'Xy;

(3) F(Xl N XQ) CI'X;NnI'Xs.
B nocaemsrem cpoiicrse Bo3moxuo X1 N Xo = &, vo 'X) NT' Xy # &. Ecin
xe X1 N X # I, T0 F(Xl N XQ) =TX;NI'Xs.

2. Cucrema HepaBEHCTB Ha TOTOKU

Cuauama paccmorpum cucremy (2.1) u ycoBust ee paspermmMoCTH.
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m
a; < ) €iji;

N (2.1)
bj = aeijxij

i=

Homonrum rpad G 10 TpaHcIopTHO cetu S, 106aBUB BXOK, S, BBIXOM, T 1
ayru (s,x;), (y;,t),1 = 1.n,j = 1l.m.

Kaxk10it jiyre mocTaBuM B COOTBETCTBUE TIAPY YUCE — HUXKHIOK W BEpX-
HIOIO MPAHMUIBI OTOKA 110 9T0# myre. Ina (s, x;): (ai, 00), mmst (z4,y;): (0, 00),
aist (y;,t): (0,b;). Torga cucrema (2.1) paspemmnva <= 3 HOTOK 110 CETH
S.

B [6-8, 18] umeerca rakas

Teopema 1 (Hoffman). ITycre kaxkmg0fi qyre u HEKOTOPOH TPAHCIOPTHON
cern oruecenpr gBa neabrx ucaa a(u) mb(u) [0 < a(u) < b(w)]. Hycrs X — ce-
MeHCTBO TeX MOJAMHOXKECTB MHOXKECTBA, BCEX BEPINHH CeTH, KOTOphIe Jub0 He
conep:KaT Hi 8, HU t, 1ubo comepxar s u t oguospemento. CyIHecTByeT HOTOK
@, yaosaerBopsrommuii yeaosno a(u) < ¢(u) < b(u), Torga m TogBKO TOrIa,
korga b(U; ) > a(Ug) ana Beex L € N. Bnecy U, — ayrn, s3axonammue B L,
UZF — gyru, nexoxsmue u3 L. JTnsa maroboro wabopa gyr U a(U) = > a(u),

b(U) =3y blu).

3ameuanue 1. Ipsavoe ucnosrb3oBanue Pe3yabTaTa ITOM TEOPEMBbI TTPU-
BOJHUT K MOCTPOEHUI) IKCIOHEHITUAJBHOINO UHUC/Ia OUPAHUYEHUI, MHOTHE W3
KOTOPBIX 3aBUCUMBI IPYT OT Apyra. s paccMaTpuBaeMbIX B 9TOW CTAThe
ceTell 9MCI0 ITUX OTPAHWYIEHUH B OOBITTMHCTBE CJIY9IaeB OyIeT PE3KO COKpa-
TEHO.

Jlnst nameit 3aa9n yo0Hee BMECTO MHOXKECTB L pacCMaTpuBaTh MHOKE-
crea D = S ~\ L rtoro e tuia, 4ro u B reopeme Boiue. s mux b(Up ) =
b(US) n a(U}) = a(Up). Torya nepasencTBa T€OpeMbl IPHHUMAIOT BU

a(Up) <bUS) (22)

HaGop mepasencts (2.2) 3amaer HaOOp OrpaHUYEHUN MEXKJIy Mapamerpa-
Mu a; u bj, mpu Koropsix cucrema (2.1) paspermmma. Kazxkgoe orpanndenne
OTIpeIeISIeTCA CBOMM MHOXKECTBOM D).

Kakue muoxkecrBa D umeer cmbica paccmarpusars? Ilpexae scero, D
JIOJIZKHO OIIPEJIe/IATh HelycToe orpanunyienue. /lasee, Bce b(Ug) JIOJIZKHBI OBITH
KOHEUYHBI, HHAYE TP 6ECKOHETHOM b() TIOTy UM TPUBHAILHOE OTPAHUIEHHWE,
T.e. Bee (s,2;) € Up u (z;,y;) ¢ U,. Kpome roro, ecrn u = (z,y;) € Up,
To a(u) = 0 u He JaeT BKJAJ HA B OJHO W3 orpanudenuii. [losromy cunraem,
aro Bee (x4,y5) ¢ Up.

Onpejnenenne 1. Orpanngenne (MuOXKecTBO D) 6y1eM HA3BIBATE CyIIe-
CTBEHHBIM, €CJIM OHO 00/1a1aeT yKa3aHHBIMHU BBIIIE CBOMCTBAMMU.
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Haitnem ycioBust, npu KOTOpbIX orpanudenus (2.2) CynieCTBEHHbI.
JlemMma 1. Ecau orpanmuenwne cyimiectsenno, 1o x; € D <= T'x; C D.

JJOKABATENLCTBO. Eciun 2; € D u y; € I'zy, wo y; ¢ D, 1o (24,y;) €
U}, b(w;,y;) = oo u orpannyenne g D necymectserno. ogyuunnm mpo-
THUBOPEYHE.

Ecm I'e; € D ux; ¢ D, o Jy; € T'z; C D. Torpa (z;,y;) € Uy, uro
IPOTUBOPEYUT CYIIECTBEHHOCTH OIPAHUYCHMUS.

WNrak, nns xkaxgoro x; € D tax xe u ['e; € D u Haobopot. Jlemma 1
JOKA3aHa.

Jlemma 2. Ecawm orpanmdaenne cymecrsenso, 1o D C G.

JIOKABATE/NBLCTBO. Ecom s € D, t € Dux; ¢ D, 1o (s,x;) € Up u
orparudenue st D #ecyecrsento. [lomyaumn nporuBopesrne.

Eciu s € D, t € D w VYz; € D |, To, no upeasiaymeii semme, I'(X) =
Y CDuD =5 Hoy S Her BXoAAMuX U UCXOAANIUX YT — OIPAHUIEHNE
OTCYTCTBYET, XOTsI OHO JOJIKHO OBITH CYIIECTBEHHBIM.

T.x. mo Teopeme 1 s,t OMHOBPEMEHHO BXOIST WM HE BXOAgaT B D, TO
bymem cunrarth, uro D C G 6e3 morepu Kakux-inbo orpanudenuii. Jlemma 2
JIOKA3aHA.

fAcno, uro mna seex x; I'v; # @ n g seex y; dx; Takoe, uro y; € I'w;.
Unage BepmmHe! x;,Yy; BUCAYHE, He yIaCTBYIOT HA B OJHOM OTDAaHUYCHHU W
MX MOYKHO HE YUUTHIBATH.

Vreepxkaeune 1. Orpanndennst (2.2) cyleCTBeHHBI TOIA U TOJIBKO TO-
rma, korna D CGux; € D < T'x; CD.

JOKABATEJLCTBO. B npamyio cTOpoHy /TI0Ka3aHO B HIPEABIIYIINAX JIEM-
Max.
Ecm D C G, {z;} C D, T'{z;} C D, 10 Up = {(s,2:)}, U}, = {(y;,t)|y; €
I'{z;}}, orkyma a(s,z;) > 0, b(y;,t) < 00 m OrpaHMueHWe CYIECTBEHHO.
Yreepxkgenne 1 mokazamo.

[lonmem ciaywanm, KOT/Ia OTHU OTPAHWYEHNS ABJIAIOTCS CJIEICTBUEM OPY-
rux.

Yreepxxaenne 2. Ecom I'X; = I'X; = Yy, To orpanmdenne, coorser-
cryromee Dy = {X; U X;,Yy}, cuibree Kaxkijoro uz orpaHudenmii JIs
-Dk = {Xk7}/b}7k € {Zvj}

OKABATEJLCTBO. Orpannuenus niaa Dy, D) uMeoT BUI
D sy Yk

EX,L-UXJ- ap < ZYO by
dox, Ap < Dy, br
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Tak kaxk Y X, p < > X,ux, @p; TO HOJLyHaeM Tpebyemoe. YTBepxKaeHue 2
JIOKa3aHO.

3ameuanne 2. [losromy miga Bcex X; ¢ omumm obmum I'X; 6yaem yau-
TBEIBATH TOJBLKO OIPaHHYEHHe, COOTBETCTBYIOIIEEe O00bLEeINHEHNIO0 TaKuX X; C
Dinax(Yo) = {UX;, Yo [T X; = Y, VX; € X, Yo C Y}

Vreepxkaenne 3. Ecan I'Xy C I'Xy, 1o orpannyenne s Doy = {XoU
X1,T X1} cunbnee orpannyennst { X1, X1 }. B 1o xe Bpemsi ocraercsi B cuiie
orpannyenne {Xo, ' Xo}.

JOKA3ATEJILCTBO. Ilo yeaopuro ' X7 = I'XgUY]. Orpanuuenust uMeor
BU Zxouxl ap < erl br, le ap < erl br, ZXO ap < ZFXO by
Ho >y, ap < D x,ux, @p — TOTYHaeM TIepBoe yTBepK TIeHte.

dorx, O < 2orx, br T D ox, ap < Dox, Ap; OTKyZAa CJeTyeT BTOpOe yTBep-
KIeHne. Y TBepxKIeHne 3 JT0Ka3aHo.

Yreepxkaenue 4. Ecmm X1\ T Xy £, I XoNTX1 A0 u X1N Xy #
@, 1o orpanndenust juist {X1,TX1}, {Xo, T Xo}, {X1 U X, (X1 U Xo)}

He3aBHCHMDI.

JHOKABATEJLCTBO. Ilycte X1 N X9 = X, ' X =Yy, ' X1 N T X, = Y7,
I'Xo \TX; =Y5. Torma X1 = XU Xy, Xo = XooU Xp, 'X] =Y UY,,
I'Xs =Y, UYy, X7 UXs = X19U Xo9g U Xy, F(Xl UXQ) =YiUY, UYj,.
W orpanmuenus )y ap < Y opx, br Dox, 0 < Drx, b Doxiux, @ S
ZF(XlLJXg) by IpHHEMAIOT BUL EXlOUXO ap < ZYluYO b, ZXQOUXO ap < ZYQUYO br,
X19UX20UXo %p < EY1UY2UY0 by--

Ho ZxkouXo a’p < ZXlQUXQOUXO ap n ZYkUYO b"" g ZYlLJYQUYO b7"7 k S {17 2}
BHa,LII/IT, NCXOAHBbIC OT'PDaHWMYCHUA HE3aBUCHUMBI. yTBQp)K,ZLeHI/Ie 4 AO0Ka3aHO.

VYreepxkaeuune 5. Ec I'X] NT'Xe = &, To orpanndenne mrs {X; U
Xo, T'(X1U X9)} apastercs cencrsuem orpanmyenuii qist { X1, T X1}, { X2, T' Xo}.

JOKABATENBCTBO. Tak kak X1NXo = &, 10 3y, [y, @ < D2or(x,ux,) Or

PABHOCUIIBHO )y ap+ Yy ap < D opx, by + Y p, br, T€. cymme orpannte-
mwit st { X1, T X1}, {Xo, ' Xo}. YrBepxkaenue 5 mokasaHo.

Cuencrsue 1. OrpaHuyenusi s Bcero rpaga G ectb o0bejquHEHHE
OrpaHHYCHUH JJId KaxKJOH €ro CBA3HOH KOMIIOHEHTHI.

JIOKABATEJIBCTBO. HemocpencrBenno ciemgyer u3 mpeabiayiiero Y TBep-
KIOEHUM.



8 @®. M. Kemnep

3. AgroputmMm

3.1. IIpeaBapurenbHast oopadorka. CoriacHO IPeAbIIYIIEMYy pasie-
JIy TIOPOYKJIATH HOBBIE HE3aBUCHUMBIE OIPAHUUEHUST MOTYT TOJBKO TTOIMHOMKE-
crBa u3 X ¢ mepecekarmuMucs ' MHOKecTBaMu. B 9TOM anropmutMe Takume
OTpAHUYEHUS CTPOATCS TOCIE0BATEIBHBIM JobaBIeHneM BepiiuH 3 X .

ITar 1. Tak kak Bce KoaddunuenTs B orpannyeHnsx (2.2) paBubl 1 nau
0, TOo XpaHUM KazKJIO€ OI'DAHUYEHUE B TApe OUTOBBIX CTPOK C JAJAUHAMU 1L U 1M,
raen = | X|,m = |Y|. Hymepanust 6uToB B 9THX CTPOKAX WJIET CIPaBa HAICBO
¥ COOTBETCTBYeT HyMepannu BepmmH B X . JL1g KaxK7a0r0 orpanndenns D; =
{zah lwaID{za}) = {yu}} B crpoxu sanocarca 1 u 1, tie 1,—1 na
MecTe t B cTpoke. st BceX orpaHWveHUil MoJydaeM MaccuB nap OUTOBBIX
cTpoK R.

Tar 2. Coprupyem marpuiry cmexkuoctu M (G) nekcukorpaduaecKu mo
cTpokaM, uTobbl Bee Bepiiuubl u3 X ¢ onpuuM I okazasuce psijiom. IIpoxogum
marpuity M (G) u 3aMensieM BCe BEPIIUHBI Xy, ¢ obumM I onHOil ceBaoBep-
muHOM 7 ¢ a(x/) = Yay. Honyuaem penyruposanssiii rpad G . Hasee, ms
VIIPOIIEHNS U3JI0KeHNs, OyaeM BMecro G mucarh mpocto G.

HTar 3. na X rpada G BBOIUM pacCTOSHUE p MEXKy BEPIITUHAMU Tj :
p(zi,zj) = 1 upu I'z; NTz; # @, unave p(x;,x;) = 0. Crpoum cummer-
puumyio marpuiy cocencrsa M(X) = M(G) x MT(G), a 1o neit — rpad
emesknoctn QX = (X, {[zi, x;]|p (zi,x;) = 1}). 3necs MT(G) — marpuna,
TpaHcrnoHupoBaHHas K marpuie M(G).

ITar 4. dns rpada QX crpoum marpuny cmexuocT Q(X): Qi5(X) =

HTar 5. Ynopsimounsaem Bce BepiiuHbl rpada QX, mIpoxoss ero crnoco-
6om moucka B mupuny |5, §22.2]. Ilpu 5T70M BCe KOMITOHEHTHI CBSI3HOCTH TPa-
da QX byayT npoiiieHbl TOCIEI0BATEBHO, O/IHA 3 JPYTOi.

3.2. OcuoBHoii nukJ. Ha kaxxmgowm mare B MaccuB cTpoK R mobasisem
Bce orpammdenust mias x; B noarpade QX; = {{xx}|k < j}, caurag gro
orpaHmuIeHusa 11 BeeX QX ¢ k < j y:Ke 3aHeCEHBI B MacCHB CTpoK R.

IMuki o BceM x; rpada QX, (ureparus j):

IIpeaycaosue. MaccuB R mepes maroMm j JeKCHKOTPapUIECKH YIIOPSI-
JTIOUeH 110 ONTOBBIM CTpPOKaM X, I/le KazK/1as CTPOKa — HAOOp BEPIIHUH U3 MIO-
rpaa X; = {{ag k< j}.

IMTar 1. [Ina sepmunbl x; BeIOupaem u3 rpada QX oTcoOpTUPOBAHHBIHN
CIIMCOK Prev_ CONn BCEX CBABAMHBIX C Hell MPeAbI LYK Bepitnt {Tg|p (zk, ;)
1,k<j}.

HTar 2. [lo cnucky prev__conn mnoaydaem u3 R oTCOPTUPOBAHHBIN CIIH-
COK orpanwueHuii prev_ limits, Kyja BXOJAAT BEPIIUHBI U3 prev_conn. (Jto
MOYKHO CIIeaTh 3a OFWH MPOXO, TAK KaK MaccwB R ¥ COUCOK prev conn
YTIOPSIOYEHBI OJIMHAKOBO).
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ITTar 3. Jo6asasiem B maccus R orpanudenne {xj, I'x;}.

ITTar 4. To6asasiem Texymee {xj, 'z;}. Bo Bce orpannyenus ciucka prev_limits,
pacumpsist BJIeBO CTPOKHU ITUX OTPAHUIEHUIA.

HTar 5. Eciu B cuucke prev  limits UMeOTCsT OTPAHUYIEHUS C OUHAKO-
BBIMH YacTaMu Y, TO yOMpaeM U3 TOTO CIIUCKA TO OTpaHWYeHNe, KOTOPOe
HamKe K €ro Hadasy.

HTar 6. Ecyin yacTts Y orpanudenns p u3 crucka prev_limits coBmaaaer
c yacTbio Y y orpaHuveHus r u3 mMaccusa R, To ybupaem MCXOJHOE OrpaHuU-
JeHne 1 u3 Maccusa R.

HTar 7. Jdobasisiem cniucok prev limits B KoHer MaccuBa R.

IToctycaosue. YnopsaaoueHHOCTL MaccuBa R coxpaHsaeTcs.

Konen ITuknaa

B ko#tie aiaropurMa nosiydaem Habop CyIIeCTBEHHBIX OTPAHUYEHUN B BUjIe
MaccuBa R cTpyKTyp U3 JIByX OUTOBBIX CTPOK.

Eciu rpad PE/IyIMPOBAIL, TO BOCCTAHAB/IMBACM BO BCEX OIPANMYTCHHSIX
TICEBJIOBEPIITIHBI z ua YTk, Mg KOTOpBIX ['ry = Iz

Maccue R HemocpeicTBEHHO 0TOOpaXKaeTcs Ha CUCTEMY JIMHEHHBIX Hepa-
BEHCTB Mexk Ty mapamerpamu {a;} u {b;}

Ala Blb (31)

rae a n b — Bekropsl mapamerpos {a; } u {b;}, A; — Marpuma pasmMepoMm i Xn,
B — mMarpuna pazMepoM sp X m, §] — YHCI0 OIPAHHYCHHUIT.
Peanuzanus anropurma ma s3bikax Python, Java gocrymnua s [19).

3.3. Ananus aaropurma.
Yreepxkaenune 6. AJIropuTM CTPOHT BCE CYIECTBEHHDBIC OTDAHHICHHST.

JOKABATEJLCTBO. Ilo yTBepxkaernto 1 Bce cylecTBeHHBIE OrpaHUYe-
uus umeror sun { Xo, ' Xo}.

Ha wrepamun 1 nukia mgaa moarpada QX mMeeM TOJILKO OIHO CyIIe-
creernnoe orpanmdenue {x1,['z1}, KoTopoe mobasisercs Ha mare 3.

[Tpeanomnoxum, uTo ang moarpada QX;_1 B R BXoJdaT BCe ero cyle-
CTBEHHBIE OTPAHUICHUS.

Ha ureparnuu j na mare 3 8 R go6asumu {x;, I'z;}.

Paccmorpum moboe {Xo,I'Xo} ¢ Xo = {zp[p < j}. ycts X1 = Xo
{Hfj} = {pr‘p < j} X1 C Xo, torma I'’Xy C I'Xy mmbo I'X; = T'Xy.

IMpn X1 € Xo {X1,TX,} yxke gob6apieno Ha MpeapAyInx UTEPANnIX 1
{X0, I'Xo} = {XoU{z;}, T XoUI'X;} nobasnerno ma mrare 4.

pu I'X; =T'Xy —TI'z; CT'Xp u Jz4 ¢ ¢ < j Taxag, uro I'ey Nz # @.
NMuage I'’Xog NTz; = (Ulzy) NTxy; = Uy(Tzy NT2;) = @ — momyanan mpo-
THBOpeune. 3HAUNT, T4 cocer ;, { X1, X1} orobpano na mare 2, {Xo,'Xo}
TOJTyI€HO Ha 1rare 4.



10 @. M. Kemuep

B anropurme BoinosasitoTcs Bee yrBepxKaeHus 1-5. YrBepxgenue 6 10-
Ka3aHo.

HezaBucumocTh CyIeCTBEHHBIX OTPAaHUYEHUN-HEPABEHCTB.

JIemma 3 (@apkaw [20]). IIycrs fi(x), fa(z), ..., fr(z) u fo(z) —oxuo-
pOAHBIE JIUHEHHbIe (DYHKIUH M, BEIECTBEHHBIX TePEMEHHBIX X112, ..., Ly
Hpennonoxum, aro coornomenus f1(x) = 0, fa(z) = 0,..., fr(z) = 0 Bie-
KyT 3a coboii HepaperctBo fo(x) > 0. Torma cyniecTByoT HEOTPHIATEIbBHBIE
MTOCTOSTHHBIE A1, A2, ..., Ap, JJIST KOTOPBIX BBITIOJIHSIETCS TOXKAECTBO A1 f1(z) +

Ao fa(x) + ... + Mo fr(x) = fo(z).

Eciu B nemmve @apxkarina kodddurimenTs Bcex DyHKINA paluoHaIbHbIE
quca (y Hac OHM BCE PaBHBI 1), TO W BCE \; palmoOHaILHBI, T.K. jemma Dap-
Kallla CIPaBeJINBA JIIs JI000ro yropsiio4eHHoro mosst [21].

VMHOKHUB BCEe \; HA HAWMEHBINNN OOINIT 3HAMEHATE/b, TOJIYIUM YCJIO0-
sue Papkama B Buge Ly fi(z) + Lafa(x) + ... + Ly fr(x) = Lofo(z)., rue
BCe L; HaTypaabHbIe 9uCaa. ¥ BCEX CYIECTBEHHBIX HEPABEHCTB-OrPAHNIeHU
BCe HenyJieBbie Koa(durments paBubl 1. [TosToMmy mas 3aBucuMOCTH OAHOTO
OTpaHUYEHWS OT APYTUX MPU B3ATHH UX JUHEHHOH KOMOWHAIIMY C TIOJIOXK -
TeAbHBIMU KOI(DMUIUEHTAMN, MbI JOKHBI ITOJTYIUTh HEPABEHCTBO, B KOTO-
POM Bce HenyseBbie KO3 PUITUEHTH B 00enX CTOPOHAX PABHBI OHOMY U TOMY
K€ HATYPATBLHOMY YHUCTY.

YrBepxkaenue 7. Bce cyiiecTBeHHbIE HEPABEHCTBA-OTDAaHUIEHUS JTHHEH-
HO HE3aBUCHMBI.

JHOKABATEJIBCTBO. [lo mocTpoenmio aaropuTMoM CyIECTBEHHOTO OTPa-
HWYCHUS KayKJas TeKyllas BepImHa T, cocel B rpade QX mpenwlmymeir
BeprmmHELI £j_1 1 T.4.. T.e. Bce I'x; NT'zj_1 # @.

JomycTum, nveercs HECKOBKO (> 1) orpanwyenuii m HepaBeHCTRO [ 3a-
BUCHUT OT JPYTHX HEPABEHCTB.

Ecnu B fo BX0AUT TONBKO G, TO fi coorBeTCTBYeT Orpanndenuto {z;, 'z}
1 MOZKET 3aBHUCETh TOJIBKO 0T orpanmaennii suga { Xo, ' Xo, [{z;} C Xo,T'z; D
I'Xo}, 9ro Bosmozkno Tonmbko mpu I'z; = I'Xy u, mo 3ameuanuio 2, Takoe
{x;,T'xz;} me BXOANT B UUCIIO CYyNECTBEHHBIX.

Utak, mycts aj u a1 € fou fo 3aBECAT OT APYTHX HEPABEHCTB-OrDAHTICHNII
{fpyU{fa b U{fr}, a5 € {fp}U{fo}s ajra € {fp} U{fr}, bk € TajNTajiq. To-
ria (XLp+XLg)aj+(ELp+XLr)aj1+... < (28Ly+XLg+XL, )by +... u 1o
BeIBOJY n3 emmbl @Paprama XL, +XLy = XL, + YL, = 2XL,+ XL, +XL,,
orkyna YL, = YLy = XL, = 0. A 3naunr 1 Bce ucxounsie Ly = 0, T.K. OHM
HEOTPHUIATETbHBI. Y TBEPXKIEHNE 7 TOKA3AHO.

Omnenka uncja oneparuii. OCHOBHBIE 3JIEMEHTAPHBIE ONMEPAIMU B aJi-
TOPUTME: TIONCK TTPEBIIYITet BepmuHbl B rpade QX 71 CIIHCKa prev__conn
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Ha 1mare 1; moucK 110 CTPOoKe ¥ orpanuveHuiil B R Ha mare 2; mOUCK 110 CTPOKE
Yy orpanmdeHuit Ha marax b, 6; nodasjeHue orpanudenuii B R na marax 3, 7;
pacimpenne orpanndenuit B prev_ limits ua mare 4.

[Tycte anuua R mepen urepanueil j pasHa rj_1. Torga mopagox €mcia
3JIeMEHTapHLIX ollepalluii Ha mare 1: j, Ha mare 2: < r;_1log j, Ha mare 3: 1,
Ha mare 4: < rj_1, Ha mare 5: < rj_1logr;_1, Ha mare 6: < r;_1logr;_1, Ha
mare 7: < rj_1. Orciona monydaem r; < 2rj_1+1, T.e. 7j < 2J —1. Yucio Beex
omeparuii Ha urepams j: < 2(27 —1)log(2/ —1)+ (27 —1)log j +2(2/ —1)+1.

Bcero uncio omepaninii Ha BCeX HTEPALAAX: < CE?:12j j+271logj+2 ~
Cn2"™, rae n = | X|, C — koucranra. Yucao orpannvennii r < 2™ — 1.

Kaxk mokazbIiBaioT HUMKECTeAYIONIne TPUMEPHI, XOTs TTOJIYUYeHHbIE OIeHKU
¥ JOCTUXKUMBI, HO JUANA30HBI pazdpoca peasbHoOro Iucjia Omepaliuit 1 orpa-
HUYEHUN BeChbMa BEJIUKHU.

4. Ilpumepsnbt

IIpumep 1 (koudurypanusa '1-1°). X = {z;|i = 1.n},Y = {y|i =
l.n},Tz; = y;. Anropurm 06pabarbiBaeT KaxKAyH CBA3HYH KOMIIOHEHTY
rpada OTHeTBHO, CBA3HAS KOMIIOHEHTa COCTOUT U3 OTHON AYTH U UUCJIO0 OTPa-
HUYEHUHA — n.

IIpumep 2 (xouduryparnus 'Hanop’). X = {x;|i = 1.n},Y = {y|i =
1.n},T'z; = {y;]j = 1..4}. Tax xax Bce I'zj_; C I'z;, To asropurm Ha mare
J OrpaHmYeHue st &; oObeJNHsIET € KOIMel OrpaHuueHus], I0/Iy 9€HHOTO Ha
mrare j — 1. Beero orpanmuennit n: { Xg, Yi| Xx = {|l = 1.k}, Y = {ui|l =
1.k}} kE=1.n.

IIpumep 3 (roudwurypanus Tura’). X = {z;|i = L.n},Y = {y|i =
l.n+ 1}, Tx; = {yi, yi+1}. Koudurypanust sipisierca mpocToil memnsio oT yq
70 Ynt1. ANTOPUTM HA KazKJ0# UTeparuy AyOJupyeT OrpaHuIeHHs, KyJa
BXOJIUT Xj_1, BBOJA B HUX Tj + caMo orpanudenne Jid x;. Becero orpannye-
Huit nosygaerca 1 +2+...+n = %: {Xji, Yie| Xjp = {aill = 5.k}, Yy =
{yll=7..(k+1)}},1<j<k<n.

IIpumep 4 (koudurypamus Tlayk’). X = {x;|i = 1.n},Y = {y|i =
0.n},Ta; = {yo,v:}. Hna scex Xg C X Bce I'X( nepecekatorcs 1o o, HO
pasam4Hbl. [103TOMY BCEr0 OTpaHWYEHHI CTOMLKO K€, CKOJIBKO M IIOIMHO-
xKectB B X. T.e. 27 — 1.

4.1. Onenka uwmcjga orpaHudeHuil. IlpuBenennbie mpuMepsbl KOHOU-
rypamnuit CeTu MOKA3BIBAIOT, UTO POCT UUC/Ia OTPAHWIEHUN MOXKET BaPHUPO-
BaThCA B BECHMA MUPOKUX TPEIAEIAX, OT JUHEHHOTO, 0 IKCIOHEHITHATBHOTO.
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Teoperndeckasi OIEHKA MEPBI TONO, KAK B CPEJIHEM PACTET YUCJIO OrPaHUYIe-
Huit, Tpedyer OTAE/IbHOTO PACCMOTPEHUS.

s monydennst TpubINAKEHHOM BBIUNCIUTENBHOM OIEHKN CPEeTHEro Unc-
Jia OTpaHuvIeHnd HeobXoAMMO 06PaAbOTATh 3HAUNTEIBHYIO YacTh Habopa ceTeit
Kakroro-iubo pasmepa. B cern pasmepa n x m, tae n = |X|, m = |Y|, y kax-
no#t Bepmuabl w3 X ' MoxkeT 6bITH JTHOOBIM TTOIMHOXKECTBOM B Y, T.€. BCETO
2™ — 1. Obrmee YUCI0 PA3JIUIHBIX ceTeii paBHO (2" —1)™ u ipu m = n uMeer
IOPSJIOK o’ IIpu n = 10 noxyuaem nopaaok 2'%°0, uro BeIXOUT 32 MpeeE]
BBIYHUCJUTETBHBIX BO3MOXKHOCTEM.

[TosToMy 06pabOTaHBI TIOTHOCTHIO CETH CIEAYIONIIX pa3Mepos (n, m): (3,3),
(3,4), (3,5), (3,6), (3,7), (4,4), (4,5), (4,6). Ilporpamma pacdera JOCTYIIHA
B [19]. Pesysbrar nokasan B Tabuanmax 1, 2, 3.

B rabmumnax 3 m 4 F — mareMaTnyueckoe OXKUIAHUE KOJUIECTBA OTPAHU-
YEHUi JJIsT KOHKPETHOTO Pa3Mepa CeTH, 0 — €0 CPEJIHeE OTKJIOHEHHE.

N3 sTrx pacyeTroB BUIHO, UTO IS ceTelt n X m mpu n < M MaKCHMaJIb-
HOE YHCJI0 OTPAHUYEHUN B KaXKA0U cetn paBHo 2" — 1, 9TO COOTBETCTBYET
TEOPETMIECKON OTeHKe TTyHKTa 3.3.

Cetu apyrux pa3MepoB o0pabOTaHBI BBIDOPOTHO MyTEM CIydailHON BbI-
6opxu, mosToperHoii 107 pa3 juIst KazK10T0 pasMepa. Pe3ynbraTsl 9TUX pac-
geroB mobapiennl B Tabsuiy 3 m mokaszambel B Tabawume 4. Makcumanbaoe
THUCI0 OTPAHUYIEHWH 15T KayKI0# TaKoi ceTn Takxke pasHo 27 — 1.

B 1o ke Bpems BUIHO, 9TO CpemHee UnCa0 orpanwdennii F ¢ pazdbpocom
30 me mpeBocxoauT N X m. B aror pazbpoc no nepasencrBy YebbIreBa BXOIUT
nourn 90% Beex cereil KOHKPETHOI'O pa3Mepa.

[Mosyuennbie pe3ybTaTbl MOKA3BIBAIOT, YTO BO BCEX CJydasX o KOJed-
nercst B pegenax 20-25% or E HezaBucHMO OT pasMepa cetu. T.e. 3T0 10-
Ka3BIBAET, YTO PACHpEe/eHNe JJINH BCET/Ia UMEET XBOCTHI, KOTOPhIE MOTYT
TOJIBKO YBEJIMUUBATHCS, MMOKA HE JOCTUTHYT TEOPETUUECKUX TPAHUI] MUHU-
myma (1) m makcumyma (2" — 1). Ilocse 9T0r0 0 HaUHET YMEHBINATHCST W
FE crabunmmnsupyercs, Tak KaK pacrpeeeHue JUH OrPAHUIEeHUN CeTU MMe-
eT KOJI0K0JI000pa3Hbiil Bua. Ho jlocTuds 3TOr0 He XBATAET BBHIYUCIUTETBHBIX
MOIITHOCTEI.

5. Cucrema paBeHCTB HA MOTOKU

m m
ai = ) €ijTij ai = Y €ijTij
2 2 ,
=1 — (21)A =1 (2.1")
bj = 2. eijxi bj < 22 eiji
i=1 i=1

3HAYUT, OrpAHUYEHUS JIJIsi CUCTEMbI PABEHCTB COCTOST U3 OI'paHUYEHUi

JJIs1 CHCTEMBI HepaBeHCTB (2.1), m3yJdeHHble paHee, M OTpaHUIeHU 715 TBOT-
/

CTBEHHOI ceTn S, y KOTOPOIi, 0 CPABHEHUWIO ¢ CEThIO S, HAPABJIEHUST YT
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n3MeHenbl Ha obparubie, § — t, t — s. Orpanuaurenu 1o gyram OyayT: jrst
(Sv y]) — (bj’ 00)7 AJid (ij :I:l) — (07 00)7 AJ1d (:Eh t) — (07 ai)'

B npoiicreennoii cern S’ rpad G = (Y, X, F/), e oTobpazkenue I aBoii-
crBeHHO oToOpazkenuio I', T.e. myra (y;,x;)€ G = ;¢ F/yj.

Orpannvennst pist cetn S COOTBETCTBYIOT CJIy4al0 M30BITKA IIPOJYKTOB,
a st ceru S — pedunura [POJYKTOB.

Orpanuuenus Jjist S MOJTy9IaeM OIMMCAHHBIM BBIIIE CIIOCOOOM U 00ben-
HAEM WX C OrPaHUIeHUAMU JiTs S,

Yreepxkaenue 8. Orpammuenme Yxa; = Xyb; cymecrByer Torma u
robko Torga, korga (X,Y) ceazaas kommonenta rpaga G.

JOKABATEJBCTBO. [lo aaropurmy 9TO# CTATHH MBI MOJYYIAEM, 9TO CY-
MIIeCTBEHHBIE OrPAHNYEHUA MMEIOTCS TOJBHKO BHYTPH KaKI0U CBA3HON KOM-
TMTOHEHTHI UCXOMHOTO Tpada.

B wacrtHoCTH, OrpanuueHne Y BCeil CBSIZHONW KOMIIOHEHTHI st S Yxa; <
Yy bj u orpanudenue s S’ Yybj < Xxa; obbequngaiorea B Yxa; = My by,
TaK »Ke 9TO CJIEJCTBHAE MCXOTHOM CHUCTEMBI PABEHCTB.

Bepro u obparnoe: eciam umMmeeTcd napa orpanudennit Yxa; < Myb; u
Yyb; < Yxa;, me Y¥xa; = Xybj, 1o (X,Y) cBasnas KoMmmoHenta rpada
G. HeiicrBurensho, B sroMm ciaydae I'X =Y u I'Y = X. YrBepxkuenue 8
JIOKa3aHO.

’
Vreepxkaeune 9. Ecin y cucremsr (2.1) man (2.1) aus Bcex HabopoB
HEeM3BECTHBIX BbIIIOJHsETCs yeaosue (1.2), 1o, (pakTuvecku, oHa uMeer B

(1.1).

JIOKABATEJILCTBO. [lefictBuresnbHO, ecim B cucreme HepaseHcTs (2.1)
win (2.17) OpH KaKMX-TO 3HAYEHHSX HEM3BECTHBIX KAKOE-THO00 HEPABEHCTBO
SIBJISIETCS CTPOTHM, TO, TIOCJIe CYMMHUPOBAHUS BCeX HEPABEHCTB 3TOH CHUCTe-
MBI, TOJIy9UM CTPOTOE€ CYMMapHO€ HEPABEHCTBO BMeCTO papeHcTBa (1.2) —
MpOTUBOpEtTNe. Y TBepKIenne 9 JoKa3aHo.

3amedanmne 3. YcaoBue U3 IpeaIokennd 9 Tpebdyercda st HEKOTOPBHIX
MTPUKJIATHBIX 33724 ¢ 3aJaHHOM MCXOTHOM cucTeMOM HepaBeHCTB. B 3TOM CJry-
Yae UCXOJHAsS CUCTEeMa SKBUBAJIEHTHA CACTEME PABEHCTB U BCE OTPAHUYCHUA
JTs Hee TakKue ke, Kak u y cucremsl (1.1)

6. O cyrecTBOBAaHNU HETPUBUAITbBHBIX OTPAaHUYCHUIA

6.1. CymniecTBoBaHMEe peIieHnii Yy CUCTEeMbI OTPaHUYEHUI.

Vreepxkaenne 10. Cucrema orpanndennii (3.1) Bcerga umeer HeTpuBH-
aJIbHbIE DEIeHUs].
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JIOKABATEJILCTBO. Bcee snements marpun Ay, By — uncna 0 uian 1. Bri-
fupaem npou3BOJIbHBIN 110J10KHUTEBHBIH HAGOD {a;} n nycrs ¢ = ¥;a;. Boi-
ompaem Bce b; = c. Torma Kaxzaplil smemeHT BeKTOpa A1a < ¢, a KaxKIbli
3JIeMeHT BekTopa B1b > c¢. YrBepxkaenne 10 mokazaHo.

Ecnu Bbibpars Hab0p {a;} U3 HATYPAIBHBIX THCEJI, TO HOJYIUM U BCe b;
HarypaJsbHbiMu. [TosTomy BEpHO

Caencrsue 2. Cucrema orpanmiennii (3.1) Bcerna mmeer perneHns B
HaTypaJIbHBIX YHCI8X.

Sameganme 4. I3 ofmux pe3ysbTaToB 0 CHCTEMAax JWHEHHBIX Hepa-
BEHCTB [22] ciemyer, 9To 00J1acTh peleHuii cucteMsl (3.1) cocTaBiseT BBI-
IIYKJIBII MHOTOI'PDAHHBINA KOHYC.

Orpanndenns o6/1aCTH IapaMeTPOB CHCTEMbBI PABEHCTB HA MOTOKH KPOME
OTrpaHUYCHUA (3.1) BKJIIOUAIOT €Ille U OTPaHuYeHUud AJisd NBOUCTBEHHON CeTu

Byb < Asa  (6.1),

rae a u b—Te xe BekTOpEI Mapamerpos {a;} u {b;}, Ay — marpura pazme-
poM Sy X m, By —Marpuua pazMepoMm Sg X M, Sg — UUCI0 OTPAHUYCHHN JJIst
JOBOMCTBEHHON CETH.

Cucrembl zHepasercTs (3.1) u (6.1) npoTHBONONOKHBI, 0OObEJINHEHHAST C-
cTeMa OTHOCHTCH K THITY ABYCTOPOHHHX HepasencTB. W sTa cucrema, 1mo mo-
CTPOEHHUIO, CJICJICTBUE UCKOMHON CHCTEMbI PABEHCTB Ha OTOKH.

Vreepxkaeune 11. O6bennnennas cucrema orpanndennii (3.1) u (6.1)
BCerjja UMeeT HETPHBUAJILHbIE DEIIeHUSI.

JOKABATENBCTBO. g y1i060r0 mo/i0KuTebHoro Habopa [ay, ..., a,| €
R" ucxommas cucrema ypaBHeHuil Ha moToku (1.1) Bcerma mMeer HETPHUBU-
anpHOe pemenne. [lefictBurensno, B uexomnoit cucreme (1.1) Bee Zi; HE3ABU-
CHMBI 11 KaXKJI0€ T'j; BXOJIUT TOJBKO B OJIHO ypasHenue. B xaxkjoe yparnenue
a; = Zj CijTij BXOIUT XOT ObI OJHO T;j, T.€. HEPEMEHHLIX HE MEHBIIE OTHO-
ro. IlosToMy X MOXKHO BBIGPATDH TMOJOKHATEIBHBIMA U YIOBJIETBOPSIOTIAMA
9TOMY YpaBHEHHIO. 3aTeM, 110 HUM BhIYucageM HAabop [b1,...,b,] € R™ u3
ypaBHenuit b; = > . ¢;;xi;. B pesyibraTe mosyduaeMm TOUKY, yIOBJIETBODSIIO-
myto cucteme (3.1) u (6.1). Yreepxaenue 11 nokazaHo.

6.2. CyniecTBoBaHUEe OTpaHUYeHUi-HEePaABEHCTB.

Orpanngenns-anepaBencTsa Bo3ankaoT mpn [' Xy =Y, C Y mna X C X,
T.e. korga B Marpure M (G) cymecrsyior e;; = 0.

B mpocreitniem ciydae, cuanTast, 9T0 BeposTHOCTh Plej; = 1) =p < 1lmnu
BCE €j; HE3ABHCHMBI, HOAydnM P(CyIecTByeT orpaHndeHre-HepaBeHCTBO) =
1—p™" — 6m3ko x 1.
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7. CrpyKkTypa Habopa orpaHuydeHuii
7.1. 3aMKHYTBbIEe MHO>KECTBA.

Onpenesnienne 2. B upocrom rpade G = (X,Y,T') ansa o6oro Xg € X
Beegem onepanuto Cl: Cl(Xg) = U{VX;|TX; CTXp}.

U3 onpenenenns sugno, uro Xg C Cl(Xy), Cl(Cl(Xy)) = Cl(Xp). Ecau
X1 CXo,m0oT'X CT'Xom Cl(Xl) = UZ{VX’L|FXZ - FXl} - UZ{VX1|FXZ -
I'Xs} = Cl(X3). fcno, aro Cl(X) = X.

Jlemma 4. Cl(Xl) U CZ(XQ) - Cl(Xl U XQ)

JTOKABATEJNLCTBO. Tak kak I'(X; U Xy) = T'X; UT' Xy, o Cl(X7) U
CZ(XQ) = UZ{VX’L|FXZ - FXl} U Uj{VXj|FXj - FXQ} = UU{VXUKFX’U -
I'Xy) vV (I'Xy; € IXo)} C© Up{VXR[DX, C© T'Xy UDXo} = Up{VX,|I'X; C
X1 UXy)} =Cl(X1UX>y). Jlemma 4 noxkasana.

Jlemma 5. Cl(Xl N XQ) - Cl(Xl) N CZ(XQ)

JTOKABATEJLCTBO. Ecan sepmmna xg € CI(X1 N Xa), To T'zg CT(X1N
XQ) CIXiNl'Xs, re. 'eg CT' Xy AT'zg C I'Xo. Orkyna xg € Cl(Xl)/\ﬂj‘o €
Cl(X2), smaunt xg € Cl(X1) N Cl(X2). Jlemma 5 goxkasaHa.

Hoayuwmu, uro onepanusa Cl obragaerT BceMu CBONCTBAMEI 0Nepamopa 36-
MBUEQHUA TS BCEX MOJIMHOKeCTB MHOXKecTBa X [23, cTp. 63].

Onpenenenue 3. [lomumuoxkectBo Xg C X HA3LIBAECTCS 3AMEHYMbBIM,
eCJin X[) = CL(X())

ITo [23, §4.2, memma 1| 3aMKHYTbIE MHOYKECTBA, BBIIEPIKUBAIOT OMEPAITHIO
N, T.e. mist 3amruyThix A, B Cl(ANB) = AN B.

JleBast 9acTh KaxKJ0TO CYIIECTBEHHOIO OTDAHWYEHMUs, BXOsmero B (3.1),
coorBeTcTByeT HekoeMy Xg C X.

Vreepxkaeuune 12. Kazxioe X, Bxomsmee B (3.1), 3amkryTo. 1 Haobo-
pot, Kaxaomy zamkHyToMy X9 C X COOTBETCTBYeT CyIIECTBEHHOE OrDaHH-
venne u3 (3.1).

HOKA3ATEJILCTBO. IlepBas wacts ciegyer uz 3amedanus 1. Kaxmoe
KOHKpeTHOe 3aMKHyToe X( cTpouTcst AyropurMon 1o Ilpemoxennto 6. YTBep-
Kuenne 12 10Ka3aHo.

7.2. Pemnerku Haja 3aMKHYTBIMU MHOXkecTBamu. Yepes Sub X obo-
3HAQYUM MHOXKECTBO BCEX BaMKHyTbIX ITOOMHOXKECTB OIlepaTopa 3aMBIKAHUA
Cl na X. To |23, crp. 64] Sub X — nosnnag pemmerka oraocurensuo C. U1 B
Sub X oneparuu nepecederuss A u o0begUHEHUS V UMEIOT B,

XiNXo=X1NXouX;VXy= Cl(Xl UXQ).
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3ameuanue 5. Ho X me aBigerca marpomioM, Tak KakK JJisi HErO HE
BBIIIOJIHsIeTCsl akcuoma 3amenbl (|23, crp. 64]). Haupumep, upu A = {21},
LA = {yi0,v12, 913}, T{p} = {913,923, 930}, ['{q} = {v12, 923} monysaem
q ¢ Cl(A), q € Cl(AU{p}), no p & CL(AU{q}).

Yreepxkaenue 13. Ilycres X — maTpons, Torga rpag cmexknocti QX —
nosueri 1 11 Beex x; € X I{x;} C U )}

JHOKA3ATEJILCTBO. Ilo akcmome 3aMeHBI [jisi MATPOUIOB MPHU JIFOOBIX
p,q € X u Bearoro A C X Taxoro, uro p ¢ Cl(A), q ¢ Cl(A), g€ CI(AU
{p}) up € Cl(AU {q}), monyuaem I'{p} ¢ T'A, T{p} C I'(AU{q}) C
I'(A) UT'{q}. Amanoruuno noxyuaem, I'{q} ¢ TA, T{q} CT'(A) UT{p}.

Orcrona noywaenm, uro 3(I'{p} NT'{q}) € T'A u B rpace cmexxnocTn QX
cymectByer pebpo (p, q). T.e. rpad cmexkuocTn QX — MOJTHBIIA.

Kpowme Toro, mng Beex x; € X I'{w;} C Ujp ' {a;}, Va; € X.

YTeep:Raenne 13 ToKa3aHo.

YrBepxkaenue 14. Permerka Sub X sapiasercsa pucrpubyTHBHOH penieT-
KOH, T.e. JJIs Hee BBIIOJHSIOTCS cooTHOMIeHnst [24, ctp. 51]
X1V (X2 VAN Xg) = (Xl \Y Xg) VAN (Xl V Xs)
X1 A (X2 \Y Xg) = (Xl AN Xg) vV (X1 VAN Xg)

HOKA3ATEJILCTBO. Muoxkecrsa X1, X2, X3 3aMKkHyTHI 1 BXOAAT B Sub X,
mosromy Xip V (X2 N Xg) = Cl(X1 U (X2 A Xg)) = Cl(Xl U (X2 N Xg)) =
C’l((Xlqu)ﬁ(Xlqu)) = Cl(XlLJXQ)/\Cl(XlUXg) = (X1VX2)/\(X1\/X3).

Tak xe X1 A (XQ V Xg) =Xin CZ(XQ U Xg) = Cl(Xl N (XQ U Xg)) =
Cl((XlﬂXg)U(XlﬂXg)) = Cl((Xl/\XQ)U(Xl/\Xg)) = (Xl/\XQ)\/(Xl/\Xg).
Yreep:kgenne 14 moxkasano.

Bameuanne 6. Ho Sub X ue sBisiercs Gysesoit pemmerkoit [24, §1.6]. Ha-
IIpuUMeEp, npu X = {371,1'2,1'3}, Y = {y17y27y3}7 F{xl} = {y17y2}7 F{.Z'Q} =

{y2}, T{ws} = {y2, ys} momyuaenm Cl({z1}) = {x1, 22}, Cl({w2}) = {w2}, Cl({z3}) =
{z2,x3}, n onepauums pononnenns B Sub X He cymiecrByer.

ycrs LY € {v;|Y; CY & 3X; C X : TX; = Y;}.

YrBepxkaenue 15. YacTudHo yrnopsiioueHHOE 110 BKJIOYEHHI0 C MHO-
xkectBo LY saBjsiercs penieTkoi.

JIOKABATEJIBLCTBO. /s moboit maps snementoB A, B u3 LY pacemor-
pum Cy = Uj{}/jEXj : FX]' = }/J - AﬂB} nCi = Uj{lijXj : FXj = Y} -
AU B}. dcuo, uro Cy = inf{A,B} = AANB, C1 = sup{A,B} = AV B.
Yreep:kgenne 15 mokasaHo.

Ho, B obmmem ciygae, LY we gaBaserca nuctpubyTUBHON HU mazke MOIY-
JISIPHOM DEIIeTKOf, KaK KaK MOXKeT COJepXKaTh IIeHTArOH WU juaMaHT (24,

§2.1]. Hanpuuep, y X = {z1, 29,23}, Y = {y1,y2,u3, }. Te1 = {y1,52} =
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a,Tzy = {y2,y3} = b,Tx3 = {ys} = ¢ snementn a, b, ¢ 06pasyOT NEHTArOH:
aNb=aNc=2,aVb=aVec=Y.Tz1 ={y2,y3} = a,Txe = {y1,y3} =
b,T'x3 = {y1,y2} = ¢ obpasytor quamant: a ANb=aAc=bAc=0, aVb=
aVec=bve=Y.

Ha muoxkecTBe LY BBenmem orobpaxkenne A: A(Yp) def U{VX;|T'X; C Yo}
Hcno, aro T'A(Yp) = Yo, T.e. A B3ammvno oxrosuagro. Kpome toro, Al' = CI.
Boobmie, mapa (I', A) aBasiercst coomeememesuem [asya MexKTy IaCTHIHO
yropsitodeHubiMu MHOKecTBamMu Sub X m LY. Kpome toro, Al' mw TA —
omobpasicenus 3amuranus |24, crp. 78].

Has kazxxgoro V' C X Beegem dyHKImio sa = Yzcya(z), vae a(x) mu-
HUMAJBHBIN TTOTOK, BXOAAnmil B Beprmay z. Jaa kaxaeix A, B u3 Sub X
cunraem sa(A) A sa(B) &ef sa(ANAB) < min(sa(A), sa(B)), sa(A)V sa(B) def
sa(AV B) = max(sa(A), sa(B)).

Mycte Sub RX = sa(Sub X). Tak kak, 10 MOCTPOEHUIO, SA — TOMOMOD-
dusm uz Sub X B neub geiicrsurenbubix yucea R, 1o u muoxkecrso Sub RX
— JucTpuOyTUBHAS PEIIeTKA.

Anasnoruano, jus kazxgoro W C'Y seenem dynkuuio sb = Yyewb(y), rae

b(y) MakcHMasIbHBIH TIOTOK, BBIXOMSIINI W3 Bepuubl y. nsg kaxapix A, B
def

u3z LY cunraem sb(A) A sb(B) = sb(A A B) < min(sb(A), sb(B)), sb(A) V
sb(B) & sb(A Vv B) > maz(sb(A), sb(B)).

[Mycrs Sub RY = sb(LY'). Tak kak, no nocrpoenuto, sb — romomopdusm
u3 LY B1ens geficrBuTeabHbIX ynces R, To u MHoxkecTBo Sub RY — pererka.

7.3. lyanbHOCTh 3aMKHYTBHIX MHOKecTB. s rpada G paccmorpum
nyanasHoe orobpaxkenue Iy : Y — X, z; € Ty(y;) <= (xi,y;) € G.

def / def

Yreepxkaeuume 16. ITycrs X1 C X zamrryTo s T, Xi =X\X1,Y;, =

Y \T'X;. Torza Xi = Fle/ u Yl/ 3aMKHyTO 171 [g.

HOKA3ATEJILCTBO. Tak kak Xp 3amkuyTO st I, To B rpade G orcyT-
CTBYIOT pebpa Mexkay X1 u Yll . [TosTomy I‘lel cX 1 Ecian 681 cymecTBoBasia
y; € I'Xy rmakaz, aro I'y(y;) C Xi, TO HE CYIMECTBOBAIO ObI pebep mMexry
y; u X1, orkyna y; ¢ I'Xy — nporusBopeune. 3unadur Yl/ zaMKHyTO A7 ['g.
YTeepxkaeHue 16 1oKa3aHo.

[Tonyanim B3auMHO-0JHO3HATHOE COOTBETCTBUE MEXKTY 3aMKHYTHIMHA MHO-
xkKecrBamu jiis I' n gos Ty,

7.4. Munumasnbabie paspessl. Ilycre W C X UY U {t} u {t} € W.
Mmuosxkecrso Uy, ayr, 3axongamux B W, Ha3blBalOT pa3pe3oM CeTH, eC/iu ero
YAQJEHUE PA3/IeIseT CeTh Ha, JIBE HECBA3HBIX KOMIOHEHTHI. [TpomyckHof crio-
cobrocThIo paspesa Uy, nassmsaior uuciao c(Uy,) = EUV—Vc(u), rae c(u) mpo-
MyCKHAZA CIIOCOOHOCTH OHOTO pebpa u.
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ITo reopeme Popa-Dankepcona [2] B KaxK 10l KOHKPETHOMN TPAHCLIOPTHO
ceTu HanbOJIbIIAs BEJIMYUHA [TOTOKA PABHA, HAMMEHBIIEH [IPOIYCKHON CII0C00-
HOCTH HEKOEro paspesa. Paspes m3 3Toil TeopeMbl HA3LIBAIOT MUHIMAILHBIM
Pa3pesoM.

B [1] dakruueckn mokaszano, UTO s TPAHCIOPTHON cetw S W CHCTe-
MBI (2.1) MUHEMAJbHBIE DA3PE3bl UMEIOT BUJT Uy, toe Wo = Xo UT'Xo U
(Y\I'Xo)U{t}, a Xo mpoGeraer Bce 3amMkHyTHIe MEO)KecTBa B X . T.e. BbIsABIE-
HO IIOJIHOE COOTBETCTBHE MEXKIy MUHUMAJBLHBIMU PA3PE3AMU U 3aMKHYTBIMA
MHOZKECTBAMHU B IBYIOJIBHON CETH.

8. Ilpusioxkenust MmeToza

[IpuBenem HEKOTOPLIE CXEMBI MPUIOKEHUH TTOCTPOEHHOTO METOA.

8.1. CeTn ¢ mcrokamMm m CTOKAMH B BepHimHax. Vcxomuoiii rpad
G = (X,Y,T') MOXKHO TIpeJICTABATH KAaK CETh ¢ UCTOKAMH B BEPIIWHAX I;
UHTEHCUBHOCTBIO a; > 0, cCTOKaMH B BepHIMHAX i/; HHTEHCHBHOCTBIO b; > 0
¥ HEOTPAHWIEHHON TPOMYCKHON CIOCcOOHOCTRIO Beex pebep. Bee pesysibrars!
9TOH CTAaThU OCTAHYTCS TEMU 2Ke.

Jlrobast ceTb ¢ MCTOKOM WMJIM CTOKOM B KaXKJIOH BEPIIMHE U HEOTPDAHUYEH-
HO#1 IPOITYCKHO# CITOCOBHOCTBIO BO BeeX pedpax 3KBUBAJIEHTHA CETH HA TAKOM
rpacde G: Bce ucroku rpynnupyiorces B X, a croku - B Y. CBd3Hasdg rpyn-
I3, MCTOKOB,/CTOKOB, COEIUHEHHBIX pebpamu, 00beIuHSIeTCsT B OHY OOIIYIO
BEPIIIHY UCTOK/CTOK C CYMMapHOW WHTEHCHBHOCTHIO. B KOHIIE BhIYnC/IeHMSsT
orpaHudeHuit obIasi BEPIITHHA 3aMEHIETCS Ha CYMMY HCXOJHBIX.

8.2. ITern Mapkosa. Ilycte m = nu ¥;a; = ¥;b; = 1. Torna {a;}, {b;}
BXOJIHBIE ¥ BBIXOJIHBIE BEPOSITHOCTH KazK/IOr0 I1ara B 0JIHOPO/IHOM 1enu Map-
koBa [25]. ITo ee rpady mepexomnos ogHo3HaUHO crponM cucremy (1.1). Ilpu
9TOM 00beuHeHHas cucreMa orpanmdenuii (3.1) u (6.1) mosHOCTBIO Ompe-
JleJiseT BO3MOXKHBIE KOHETHBIE BEPOATHOCTH {bj} IIpU 3aJaHHBIX HaYaIbHBIX
BepoaTHOCTAX {a;} 17st PUKCHPOBAHHON CTPYKTYDBI Ipada epexoios.

8.3. 3agaua dunancosoro 6okeruposBanud. llycrs mmeercs n cTa-
Teil 0X0/1a, Kaxkaasd 00beMoM B a;, (1 = 1,...,m), 1 m crareil pacxoaa, Kax-
nast obbeMoM B by, (j = 1,...,m). llo ycioBusM (buHAHCOBOIO KOIEKCA KazK-
Jas CTaThs JTOXOLA MOYKET WCIMOJIb30BATHCA TOJIBKO Ha HEKOTOPHIE, KOHKPET-
HBIE CTaThU pacCXoaa.

Pacnipenenenme crareii g0Xoma 1Mo CTATHAM PACX0Jia OMACHIBAETCA CUCTE-
moit (1.1). Tlosromy neiicTByer obbeauHennast cucrema orpanndenuii (3.1)
u (6.1). JTononnsig 9TM OrpaHuYeHns TEIeBONH (DYHKINEH ¢ IMIUPUIECKIMHI
TMPABUIAME YUIETA, TPUOPATETOB CTATEH PACXOa, TOJyTaeM U PEraeM 3a5ady
ONTUMAJITHHOTO (PUHAHCOBOTO OIOMKETUPOBAHNS.
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8.4. 3azmaya bopMupoBaHus Napka CTPOUTEJbHBIX MamiuH. [lycrs
nMeercd IapK CTPOUTE/IbHBbIX MAaIllWH, COCTOHH_II/IIU/I u3 N TUIIOB, MalllWMHBbI 1-
ro tuma (i = 1,...,n) CIoCOGHBI 3a 3aJaHHBIN TEPUOJ] BPEMEHN MPOU3BECTH
cyMMapHbIii ob6bem pabor a; = ¢;IN;, vae g;, N; — TpOU3BOAUTENBHOCTH U
KOJITIECTBO MAINUH ¢-T0 Tuna. Ul mycTh 3a 3TOT Ke Mepruoj HeoOXOIUMO BbI-
HOJIHATE HAOOp paboT m BUIOB, KK Ibli B 0bbemoM by, (j = 1,...,m). llpu
9TOM MAIIUHBI OIHOTO TUIA MOTYT BBIMOJTHSATH PAbOTHI TOTBKO OIMPEIEIeH-
HBIX TunoB. CHpammBaeTcsd, IPU KaKUX 3HAUeHUAX bj JaHHBIM HapK MOXKHO
pacrupene/inThb Mo paboram Tak, 9ToObI OH CMOI' BCE BBITOJHUTD.

JlanHast 3aada OIMCHIBACTCS MOJIEIBIO B BHIE IBOHCTBEHHOH ceTn S
OTKy/a mojydaeM cucremy orpanndenuii (6.1). obapisis K 9Toit cucreme
LEJIEBYIO (DYHKITUIO ¢ CTOMMOCTHBIMU OTPAHUIEHUAME, [I0JIy9aeM OITUMH3A-
IMOHHYIO 33/1a9y C JIMHEHHBIMUA OTPDAHUYEHUSIMHU.

Ecym nabop pabor b; 3ajan HerouHo, T.e. b; € P, rae P — HexoTopasd
00J1aCTh, U HAM HYKHO COPMUPOBATH NAPK MAIIKUH, BBITOJIHSIONINI 1000
unabop pabor u3z P, To B (6.1) 3amensiem a; Ha ¢;N;, 100aBIseM OrpaHIICHUST
b; € P, neseByio (byHKIUIO C CTOUMOCTHBIMK OIDaHHYCHHAMH Ha IIapK H
MOJIy9aeM 33724y [eJIOYUCIEHHOI0 IporpaMMupoBannsd Jjs N;.

3akJroueHue

Ayropurm crarbu s Kaxxaoro npocroro rpada G = (X, Y, T') no oro6-
paxkenuto ' crpout HabOp BCEX 3aMKHYTHIX TOIMHOXKECTB B X . DTH TOIMHO-
JKeCTa 06pas3yT TUCTPUOYTUBHYIO PEITIETKY U OMPEETISIOT BCE OTPAHUICHU I
HEPABEHCTBA HAa MapaMeTpbl NCXOJHONW paclpeleuTe/IbHON 3aJaun.

[TocTpoenssIit aNTOPUTM MOTYIEHNS TTOJTHOM CHCTEMBI HE3aBUCUMEBIX OT'Da-
HUYCHUI Ha MapaMeTpbl MHOTONApaMETPUUYCCKON pacIpele/InTe/IbHON 3a1a-
YU JIETKO MPOTPAMMUPYETCs U 103BoJisieT 3hdEKTUBHO MOAOUPATEL Pa3Mephl
MaTepPUAJIBHBIX 3aM1acoB, MOTPEOHOCTENR MaTepPUAJBHBIX MTPOAYKTOB, aHAJIU-
3UpOBAThH WX Bapwammu. Tak yKe 9TOT METOJ TPHMEHUM B 3aJadaX aHaIn3a
dUHAHCOBOrO OI0IKETHPOBAHMSI.

AJTopuT™ CTATHU pEATU30BAH B BUJE TPUMEpa 3KCTIEPHUMEHTATLHOM Tpo-
IpaMMBbl Ha PACIPOCTPAHEHHBIX A3BIKax MPOrPaMMUPOBAHNA, KOTOPAd B aHA-
JINTUYECKOM BUJI€ CTPOUT MOJIHBII HAOOD OrpaHUYeHUA-HEPABEHCTB JIJIsl [IPs-
MOTO HJIM JIyaJIbHOr'O I'padoB.

Tekcr mporpaMmer goctymes B [19).

Tam ke HAXOIUTCS IKCIEPUMEHTATBHAS TPOIEAYPa Pacdera BCEX OTPa-
HUYEHUN U WX COBMECTUMOCTH JIjId KOHKPETHOTO HAOOPa PEeCcypcoB.

ITpencrapasier wHTEPEC KOMOMHATOPHAS OIEHKA MEpPhl TOTO, KaK B Cpel-
HEM PacCTET YHUCJI0 OTPAHUYEHUN W paclpesesieHne ero 3Ha49eHn .

PeSyﬂbTaTbI CTaTbU MOTYT 6])ITb MUCIIOJIB30BaHbI IIPW aHAJIN3€ COBMECTHU-
MocTr HAbOpa mapaMeTpoB MHOTOTAPAMETPUIECKON PACIIPeAeTUTEIHHOM 3a-
maun. Tako#l aHa M3 TPOBOANTCS HE3ABUCHUMO OT ONTHMU3AIIMOHHON 33,191,
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Jin0O0 KaK MPEIBaPUTE/IbHDBIN STAIl TIePe] TOCTAHOBKON ONTUMU3AIMOHHON 3a-
Jadn.

JanbHeiinmii nyiaH uccjieJ0BaHUIA.

1. AmanuTnyecknit aHAIM3 YUCTa OTPAHUNYEHUN U €r0 ACHMITOTHKY B 3a-
BHCHUMOCTH OT pa3Mepa rpada.

2. Yraybiienue cBs3eil CTPYKTYPBl MHOTMO3HAYHBIX 0TOOpaXKeHUil ¢ aared-
pPaMYecKUMU CTPYKTYPaMU.

3. Ilpumenenue K 3ajia4aM ONTUMAJIBHOTO YIIPABJIEHUs IOTOKAMH Ha Ipa-
de ¢ HabopoM OrpaHHYEHU B KadecTBe Hha3z0BOTO IPOCTPAHCTBA.
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Tabamma 1. K-Bo orpannuennii (r) u x-8o cereit (Nets) ams [ X| =3

Ilpunoxkernune A. Tabauiibl

Y): 3 4 5 6 7 8
r | Nets % | Nets % | Nets % Nets % Nets % Nets %
1 7 2,0 15 04 31 0,1 63 0,0 127 0,0 255 0,0
2| 108 31,5| 450 13,3 | 1620 54 0418 2,2 17388 0,8 54450 0,3
3| 168 49,0 | 1470 43,6 | 9120 30,6 | 48006 19,2 | 230328 11,2 | 1043790 6,3
4 60 17,5 | 1128 33,4 | 11820 39,7 | 94920 38,0 | 656460 32,0 | 4136328 24,9
5 - -| 216 6,4 4320 14,5 | 52920 21,2 | 514080 25,1 | 4359096 26,3
6 - - 72 2,1 2160 7,3 | 34920 14,0 | 423360 20,7 | 4356072 26,3
7 - - 24 0,7 720 2,4 13800 5,5 | 206640 10,1 | 2631384 15,9

sum | 343 100 | 3375 100 | 29791 100 | 250047 100 | 2048383 100 | 16581375 100

Tabsmna 2. K-Bo orpanuuennii (r) u k-o cereit (Nets) qs | X| = 4

Y): 4 5 6
r| Nets % Nets % Nets %
1 15 0,0 31 0,0 63 0,0
21 1050 2,1 3780 04 12642 0,1
31 8160 16,1 | 50430 5,5 264936 1,7
4117400 34,4 | 183480 19,9 1478400 94
51 15000 29,6 | 270480 29,3 | 3266760 20,7
6| 5904 11,7 |196440 21,3 | 3525480 224
71 2256 4,5 | 122760 13,3 | 3075240 19,5
8 768 1,5 64800 7,0 | 2199120 14,0
9 72 0,1| 20400 2,2 1036440 6,6
10 - - 7920 0,9 591840 3,8
11 S| 1440 02| 158400 1,0
12 ~ | 1440 02| 120960 08
13 - - - - 9360 0,1
14 - - - - 3600 0,0
15 - - 120 0,0 9720 0,1
sum | 50625 100 | 923521 100 | 15752961 100
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Tabsmna 3. Maremarnueckoe oxumanue (F) u ctangaprHoe oTkaoneHue (o)

Y| 3 4 5 6 7 8
| X|| E o E o E o E o E o E o
3282 0,74 341 094394 1,09| 442 1,17| 484 1,20]| 519 1,18
41 - 1453 1,19(552 151 648 1,76 | 7.38 1,93 821 2,03
5 - - - -1 7,02 182] 856 2,25|10,08 2,61 |11,55 2,89
6 - - - - - - 110,60 2,68 |12,85 3,24 | 15,10 3,73
7 - - - - - - - - 15,63 3,83 | 18,78 4,55
8 - - - - - - - - - - 122,55 5,33
Tabsmma 4. Maremarndeckoe oxxnnanue (E) u ctanapTHOe OTK/IOHEHNE (0)
IJI CEeTEl 1 X M
8x9 9 x 10 10 x 11 11 x 12 12 x 13 13 x 14
E o E o o E o E o E o

26,83 6,27 | 37,55 8,53 | 51,62 11,49 | 69,83 15,31 | 93,19 20,20 | 122,83 26,41 |
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