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AnHoTamuda. B 310ii crarbe paccMarpuBaercs MHOOIApaMeTPUYecKast
pacrpeseanTeabHas 3a7ada Ha MpocToM rpade 6e3 JTUMHUTOB Ha Tepe-
MeIeHust pecypcos. U njisi Hee ycTaHABIMBAIOTCS HEOOXOIMMbBIE U JO-
CTATOYHbIE YCIOBHS CYIIECTBOBAHNUS PEIIEHUIl B BU/IE HAOOPA JINHEHHBIX
OrpaHUYEHHH, CBA3BIBAIOIINX [IPE/JIOZKEHHsI PECYPCOB U ITOTPEOHOCTH B
HUX. 3aTeM IIPeIaraercs aJrOPUTM IIOCTPOEHHS BCEX HEe3aBUCHMBIX
JUHEHHbIX orpaHmdenuit. [lomydeHHBI PE3yIbTAT 3aBUCUT TOJIBKO OT
CTPYKTYPBI HcXoaHoro rpada. BrisBiena cBA3b MEXKAYy OrpaHUYdeHUsI-
MU 3371294 U ajredpandeckumu pererkamu. Tabu. 4, oubauorp. 24.

KurroueBsbie cioBa: AByI0/bHBIE TpadBbl, TPOCThIE rpadbl, MHOTOMA~
paMeTpuYecKue MOTOKM B CeTSX, pernerku, menu Mapkosa.

BBenenue

B cratbe cTposiTcst siBHBIE aHAIUTHUECKNE BBIpAYKEHUS /i 0BJIacTH [10-
IIyCTUMBIX OIPaHUYCHHUl y MHOTOIIapaMeTPUYEeCKON pacHpeleInTeIbHOR 3a-
Jlaqr B TPAHCIOPTHON CeTH Ha JABYI0JBHOM rpade.

DTa cTaThsd SBJSETCS DA3BUTHEM DE3YJIbTATOB cTaThu 1| m comepkur
JaJabHeHmuil aHaans3 MHOTOIIapaMeTpPUYeCKON TpaHCIIOPTHOM 3a/1a49u Ha JIBY-
noiapHOM rpacde. Pabora Bo3HUK/IA U3 NPAKTUYECKONH MHOrOMapaMerpude-
CKOIT 3a/1a4n paclpese/IeHAs] TPAHCIIOPTHBIX CPEeJCTB 1O IIPEIBAPUTEIBHOMY
HEYETKO 33JJaHHOMY HAabopy paboT. DTOT METO/] TAKKE MOKET ITPUMEHSITHCS:

- B 33j1aue aHaJu3a HACBIIeHUs ToTpeduTeseil HabopPOM UMEIOIITUXCH Pe-
CyPCOB;

- B 3aJlade JIOCTATOYHOCTU PECYPCOB JJis IOKPbITHA HabOpa 3a/aHHBIX
norpebHoCTel;

- B 3aJade PacrpeesieHus OI0/KeTa 10 PA3JIUIHBIM PACXOTHBIM CTATHIM;

- B 3aJa4€ TJIaHWPOBAHUA OITHUMAJILHOTO CKJIAAVWPOBAHUA W XPaAHEHUA

3amacoB PECYPCOB 0 PACTPEIETeHNSA UX 0 TOTPeOuTeIaM.
[Mocneangas 3aa4ua aKTyaATbHA, TPHU TIEPUOINIECKOM CO3TaAHNN 3AMACOB PECYP-
COB B TPYJHOJOCTYIIHBIX PErmoHaXxX, C KOTOPBIMU PETYIAdpHad, ITOCTOAHHASA
CBS3b HEBO3MOXKHA. Pa3zpaboTka KaxKaoi 9Toi 3aadum Tpedyer OTAeTbHBIX
VCCJIeJOBAHAN.
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B 910ii crarhe s pacnpeaemTebHol cetu Ha, 1By 10 bHBIX Tpadax (3a-
Jlada paciupeiesieHnst Pecypea) yaa0Ch Moy YuTh KOHCTPYKTUBHOE OIIUCAHNE
AHAJUTUYECKUX BBIPAXKEHUH U 3P HEKTUBHYIO BBIUUCIUTENBHYIO CXEMY TIO-
CTPOEHUS BCEX HE3ABUCUMBIX JIMHEHHBIX YCJIOBUI MEXK Y TTApaMETPAMU CETH.
CTpyKTypa U KOJUYECTBO JUHEHHBIX YCAOBUI HA MapaMeTphbl CETH 3aBUCUT
TOJIBKO OT CTPYKTYPBI UCXOIHOTO Tpacha U MOITOMY YCTOHIUBO K BapHUAIIAIM
3aMacoB B UCTOYHUKAX U nOTpebHOCTEl v noTpebureieii.

[lepen mocTpoenneM KOHKPETHOTO TJIaHA, MEPEBO30K 3a/ada pacipesiese-
HUsl PECYPCa OT TIOCTABIIMKOB M0 MOTpeOUTENSIM TPebyeT NpeBapuTebHON
OIEHKH JIOCTATOYHOCTH 3AIaCa PECYPCa ¥ KAXKJIOT0 MOCTABIINKA /s YI0BJIe-
TBOpEHUS BCeX NOTPeOHOCTEN B HEM, UTO SBJISIETCS 3ajadell IaHuPOBAHUS.
T.e. HEOOXOIMMO PEIUTH BOIPOC CYIIECTBOBAHUS PeIlleHust y Oyiyiiei 3a-
Jlaqn pacupejiesieHns, a UMEHHO, COBMECTHA JIM CUCTEMA BCEX OI'pAaHUYEHUi
Ha napaMmeTpb! 3ajauu. Hajmuune siBHOrO aHaJMTUYECKOT'O BHJA STUX Or'pa-
HUYEHUN CyIIECTBEHHO YIPOIIAET 3Ty 3a/ady, I03BOJIZeT IPUMEHUTh K Heil
3¢ deKkTUBHBIE BEIYUCIUTEIbHbBIE METOIBI. 1aK K€ CUJIBHO YIIPOIIAETCS MHO-
rorapaMeTpuyecKuil aHaJ M3 MCXOJAHON pacipeneanTenbHoil 3a1a4un. [Tosro-
MY Pe3yJIbTaT 3TOTO MCCJEOBAHUS NMEET W TIPUKJIA/IHOE TTPUMEHEHNE.

Saaun aHAIN3a TOTOKOB B CETAX MMEIOT H0/iee YeM TMOJTYBEKOBYIO HC-
Toputo. B Kiaccuuecknx pyKoBOACTBaX [2—-8] paccMaTpuBatoTCs aaropuTMbl
permennd CT&HI/IOHapHOﬁ 3aJa91 HaXO0XKJCHUA MaKCUMAJILHOT'O ITIOTOKa B CETH
npu HUKCUPOBAHHBIX 3HAYEHWIX OTPAHWYEHWI Ha MOTOKH B pebpax, Bep-
muHax. B coBpeMeHHBIX padoTax CTPOATCI AJTOPUTMBI PEIeHud 3aadu O
MaKC TMOTOKE W ee pasjmdHbie 0600menna ¢ (PUKCUPOBAHHBIMUA 3HATCHUA-
MU IpOIyCKHBIX crocobuocteit [9-11]. TIpu ananuse 3a1a4 IIOTOKOB B CETSX
MCCTIe/I0BATENN AKIEHTHPYIOT OCHOBHOE BHUMAHWE HA $IBHOM DEIIEHHH DKC-
TpeMaJIbHBIX 3aJiav O ITOTOKaX MHUHAMAJBHONA CTOMMOCTHA U UX O606H_LGHI/IHX.

Bompoc cyimectBoBanus perennii mpoyCKaeTCs WK ABISIETCI TT0O0THBIM
PE3YJIBTATOM IIPHU PEIICHUN ONTUMHU3AIMOHHON 33Ja4u ¢ KOHKPETHBIMU 3Ha-
YEeHUAMU OI'PAHUYCHUNR [12]. Ilosiabiit HabOp ycsi0BUil CyIlieCTBOBaHUS TIOTO-
KOB B KOHKDETHOIl CeTw, KaK BUIHO W3 pe3yabrara 2|, ecTh J0BOJTHO 6OJIb-
1110# HAOOP OJTHOPOAHBIX JTUHENHHBIX HepaBeHCTB. Y KOHCTPYKTUBHOE BhIJEIE-
HUE U3 HUX TTOJMHOYKECTBA HE3ABUCHMbBIX HEPABEHCTB MPEICTABAAET JOBOJIb-
HO CJIOXKHYIO 337a4dy. [lo3ToMy mpu MHOrOmapaMeTpuviecKoOM aHAJIU3E CETH
(Bapuaruu ee mapaMeTpoB) MPUXOIUTCS IPU KaXKJIOM 3HadUeHHM Habopa Tra-
paMeTpoB peraTh 3a/1a1y 0 MAKCHMAaJbHOM TOTOKE IBOWCTBEHHOM ceTtn [2].
Ecth monbiTKu HCITOIB30BATE BAPUAIUIO [TAPAMETPOB B 33aja4e 0 PACCTOSHU-
ax B cern, HapuMmep [9]. B [13] mperararorcs Momem KpUTHIECKUX YPOBHEH
U MEPUOINYIECKON TTPOBEPKH, KOTOPBIE TIPEIIIO0/IATaI0T KOHTPO/Ib 38 COCTOSHU-
€M 3allacOB U AJANTUBHOE IOMOJIHEHNE UX MyTEeM 3aKa30B, Pa3Mep KOTOPBIX
OIpEJIeISAETCsT B COOTBETCTBUHU ¢ BHIOpaHHOI crparerneii. B [14] paccmarpu-
BAIOTCSI BEPOSITHOCTHBIE MOJIE/N I IMIPOIIyCKHOM criocobHocTH pebep rpada
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MHOI'OII0JIb30BaTe/IbCKOM cereBoil cucrembl. B [10] paccmarpusarores cuenn-
duIecKne SMIUPUIECKHUE CIIOCOOBI MOJCTMPOBAHNST U BAPUAINHT TaPAMETPOB
B TOPOJICKUX TPAHCIIOPTHBIX ceTsiX. B [15] ncmos3yorest HeueTkue mepeMe-
uele (fuzzy set) a1st mapaMerpoB TpaHcmopTHOl cetu. B [16] paccmarpuBaror-
CsI CETH C M3MEHsTIoIeiicst cTpyKTypoii ux rpada. B [11] mis MmEOTOCTA M HOT
MOJIEJIA pacupese/ieHnsT TPAHCIIOPTHBIX MOTOKOB 0 CETH MCIOJIB3yeTCs] Me-
TOJ, BBIIYKJION OIITUMUI3AINN.

Useectro [17], uTo m06y10 TPAHCIOPTHYIO CETh MOYKHO TIpeo0pa3oBaTh B
PaBHOCHJIBHYIO CETb Ha JIBYI0JBHOM Tpade. [loaromy nzydenmne takux cereit
npuobperaeT ocoboe 3HAYCHUE.

1. ITocranoBKa 3aga4m

[Ipocroii rpacd G = (X, Y, T") aro rpad, onpenesnsiemblii 1ByMs Hemepece-
KamuMucss MHO)kecTBaMu X u Y U MHOIO3HAUYHBIM OTOOpazkeHuem ' MHO-
kecrBa X B Y [8] (rasa 10).

X ={z;, i=1.n},Y ={y;, j=1.m}. Oyra (z;,y;) € G <= y; €
F.Z'Z‘.

B kaxx 101t BeprnmHe x; eCTh 3a1mac NpoayKTa B KosandecTse a; = a(x;) > 0,
oTpebHOCTh KasK10it BepmHbI y; 310 bj = b(y;) > 0. IIpomyckukie crocob-
HOCTH BCexX pebep Heorpanmdenbl. COpaInBaeTcs, MPU KAKUX COOTHOIIIEHUAX
mexk iy mapamerpamu {a;} u {b;} Bech 3amac mpogyKTa MOXKHO PaCIpeIeInTh
MEXK Ay HOTpe6I/ITe.H$[MI/I7 HACBITUB UX ITOJIHOCTHIO. T.e. IIPpU KaKWX COOTHOIIIEe-
Husx Meskry mapamerpamu {a;} n {b;} coBmectna cucrema (1.1), rae z;; —
HOTOK TI0 AyTe (Z;,Y;)-

m
a; = ) €ijij
j=1

bj = 231 eijxij
i=

(1.1).

rae sce a; > 0,7 = 1..n, b; > 0,7 = 1..m u xaxgoe e;; pasno 0 umu 1. Ilpu
eij = 0 coorBercrByfommee x;; = 0 u nckiogaerca u3 cucremsr (1.1).

Host cucrembr (1.1) BeINOHSIETCS CUIeyTOIIEe HEOOXOUMMOE YCI0BUE COB-
MECTHUMOCTH

D0 =D D eiTip =D ety =y by (1.2).

Marputa M(G) = (ei5), CTPOKH KOTOPOii COOTBETCTBYIOT BEPIINHAM 13
X, a crosbupl - BepmmHAM U3 Y, €CTh MaTPHUIA CMEXHOCTU IBYA0IBHOTO
rpada G.

Bynem paccmarpuBath cesasubiii rpad G. fcHo, uTO OorpanwveHus st
HECBSI3HOTO Tpada ecTh 00beInHEeHNe OTPAHNYEHUN 1T €70 KasK 10 CBA3HOM
KOMITOHEHTHI.
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1.1. CsoiictBa orobpaxkenus: I'. B 8] ykazauno, uro I' umeer rakue
CBOMCTBA:

(].) X1 CXo=TX, C FXQ;

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

(3) F(Xl N XQ) CI'X;nlXs.
B mocegrem cBotictse Bosmoxkuo X1 N Xo = &, o '’X1 NT' X, # @. Ecom
xkKe X1 N Xy 75 J, TO F(Xl N XQ) =TX;NI'Xs.

2. Cucrema HEpPABEHCTB HA IMOTOKU

Cuauasia paccMorpuM cucremy (2.1) u yeIoBHsI ee pasperuMOCTH.

m
a; < ) €ijTij
o (2.1)
bj = ) eijwij
i=1

Homonaum rpad G 10 TpancopTHO# cetu S, nobaBuB BXOJ S, BHIXOM T 1
ayru (s, z;), (y5,t),i = 1.n,j = 1.m.

Kax0it gyre mocraBuM B COOTBETCTBHE MAPy UUCEN — HIZKHIOI U BEpX-
HIOIO TPAHUIIBI IOTOKA 110 3T0dt ayre. [a (s, x;): (a;,00), mas (x4, y;): (0,00),
g (yj,t): (0,b;). Torna cucrema (2.1) paspemuMa <= 3 HOTOK IO CeTH
S.

B [6-8, 18] umeerca Taxas

Teopema 1 (Hoffman). ITycts kaxxg0f gyre u HEKOTOPO#H TPAHCIOPTHOMH
cern orHecenpl aBa nesbrx uncaa a(u) nb(u) [0 < a(u) < b(w)]. Iycrs X — ce-
MeHCTBO TeX MOAMHOXKECTB MHOXKECTBA, BCEX BEPITHH CETH, KOTOphIe Jn00 He
conepkar HU S, HE t, 1ub0 coaep:kar s u t ogHOoBpeMmerHo. CyIecTByer moToK
@, yaosmaersopsiroruii yeaosuo a(u) < ¢(u) < b(u), Torga u Toapko Toraa,
rorga b(U; ) > a(UZr) st Beex L€ N, Buecy Up — ayru, saxoxsmue B L,
U} — ayru, nexonamme uz L. g mo6oro nabopa ayr U a(U) = 3 a(u),

b(U) = Xy b(u).

3ameuanue 1. [Ipsmvoe ucnosb30BaHue PE3YIHTATA ITONH TEOPEMBI IPU-
BOIWT K TIOCTPOEHWIO IKCIMOHEHIINAJIHLHOTO YNCIAa OTPAHWTIEeHNi, MHOTHE W3
KOTOPBIX 3aBUCUMBI APYT OT Apyra. g paccMarpruBaeMbiX B 9TOH CTAThe
ceTeil YNCII0 3TUX OrPAHNYeHn B DOJIBIIIMHCTRE CIydaeB Oy/IeT Pe3Ko COKpa-
LIEHO.

Jns Hameit 3ajaan yio6Hee BMECTO MHOXKeCTB L paccMarpuBaTh MHOKe-
crea D = S ~\ L Toro xe tuma, uro u B Teopeme Beimte. s mux b(U; ) =
b(US) n a(U}) = a(Up). Torya nepaseHcTBa T€OpeMbl TPHHUMAIOT BU

a(Up) <HUF) (22)
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HaBop nepasencts (2.2) 3agaer HaOOP OrpaHUYeHUN MEXKJly Hapamerpa-
mu a; u bj, npu koropsix cucrema (2.1) paspermmmma. Kazkoe orpanndenne
OIPEEIACTCA CBOUM MHOKECTBOM D.

Kakue muoxkecrBa D nmeer cvbica paccmarpuBarh?! llpexme Bcero, D
JIOJTZKHO OTIpe/IeIaATh HemycToe orpanuyenne. Jlasee, see b(U})) TomKHBI GHITH
KOHEYHBI, HHAYe TIPH 6eCKOHeTHOM b() TIOJIy UM TPUBHAIbLHOE OTPAHUIeHHE,
Te. Bee (s,x;) & Uy u (w4,y;) ¢ Uj. Kpowe toro, ecm u = (x4,y;) € Up,
To a(u) = 0 u He JaeT BKJIAJ HU B OJHO U3 orpanudenuii. [losromy cunraem,
aro Bee (x4,y5) ¢ Up.

Oupegesienne 1. Orpanngenue (MHOXKecTBO D) OyeM Ha3bIBaThH CYIIe-
CTBEHHBIM, €CJIU OHO 00JIalaeT YKA3aHHBIMU BBIIIE CBOMCTBAMMU.

Haitnem ycsioBust, mpu KOTOPBIX OrpaHWYeHust (2.2) CyIIeCTBEHHBI.
JlemMma 1. Eciu orpanmuenune cyiecrseHno, 1o x; € D <— T'z; C D.

JIOKABATE/ILCTBO. Ecn @; € D n y; € Ty, wo y; ¢ D, 1o (x,y;) €
Ug, b(z,y;) = oo u orpannyenne aiaa D nmecymiecrsenno. Ilomyunan mpo-
THUBOpEYHE.

Ecmu T'e; € D ua; ¢ D, 1o Jy; € 'y C D. Torga (x4,y5) € Uy, uro
MPOTUBOPEYUT CYIIECTBEHHOCTH OTPAHUIECHUS.

Wrak, mias xkaxgoro x; € D tax xe u I'e; € D u Haobopot. Jlemma 1
JIOKA3aHA.

Jlemma 2. Eciu orpanmaenne cymecrsesso, 1o D C G.

JIOKABATENBLCTBO. Ecom s € D, t € Dux; ¢ D, 1o (s,x;) € Up u
orparmdenue st D #ecyecrsento. [lomyduwmn nporuBopesne.

Eciu s € D, t € D u VYz; € D |, to, no upeapiaymeii semme, I'(X) =
Y CDuD =S5 Hoy S Her BXoadamux U UCXOIANINX JyT — OPPAHUIEHNE
OTCYTCTBYET, XOTsI OHO JOJIXKHO OBITH CYTIECTBEHHBIM.

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

fcno, uro nna Beex x; I'w; # @ m ana Beex y; Jx; Taxoe, uro y; € I'x;.
Nnage epmmne! x;,y; BUCAIHE, He yYAaCTBYIOT HH B OJHOM OTpaHUYeHUU K
AX MOXKHO HE YUINTBHIBATD.

Vreepxkaeune 1. Orpanndenust (2.2) cyieCTBeHHBI TOI/A U TOJIBKO TO-
raa, korna D CGux; € D < T'x; CD.

JIOKABATEJIBCTBO. B npamyio cTopoHy H0Ka3aHO B MPEABIAYIIAX JIEM-
Max.
Ecm D C G, {z;} € D, I'{z;} C D, 1o Up = {(s,2:)}, U} = {(yj, t)|y; €
I'{z;}}, orkyma a(s,x;) > 0, b(y;,t) < 00 m OrpaHHYEHWE CYIECTBEHHO.
Yreepxkgenne 1 mokazamo.
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HOI/IH.[QM CJlydan, KOTrJa OAHU OI'DAHUHYCHUA ABJIAOTCA CJACACTBUEM APY-
I'mXx.

Yreepxkaenne 2. Ecm I'X; = I'X; = Yy, 1o orpanmyenne, cooTser-
creyromee Dy = {X; U X;, Yy}, cunbree kaxciaoro m3 orpaHudeHmit JIs
Dy = {Xy, Yo}, k € {i, j}.

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

2o xux, O < 2y, br
ZXk ap g ZYO bT

Tak xaKk >y, ap < X x,u X, dp; TO TOJydaeM Tpebyemoe. YTBepXKIeHUE 2
JOKa3aHO.

3ameuanne 2. [losromy mia Bcex X; ¢ omamm obmum I'X; 6yaem yau-
TBIBATh TOJBKO OTPAHWYEHHE, COOTBETCTBYIOIEe OObLEINHEHNIO TaKuX X; C
Dmax(YO) = {UXZ)}/O“-_‘XZ - }/OJVXZ - X7 YO - Y}

Vreepxkaenue 3. Ecaun I'Xy C I'Xy, 1o orpannuenne s Doy = {XoU
X1,I' X1} cunbnee orpannvenns {X1,1' X1 }. B 10 ke Bpems ocraercst B cuie
orpannyenne {Xo, ' Xo}.

HOKABATEJNBCTBO. Ilo ycnosuio I'’X; = I'XoUY:. Orpannvenns nuMeror
BUIL D voux, @p S 2orx, Oy Dox, p < Xopx, by Dox, p < Xorx, br-
Ho >y, ap < > x,ux, @ — HOJIYyIaeM IepBoe yTBepzIeHue.
dorx O < 2orx, br M Do, ap < Dox, Ap, OTKYZA CIIEyeT BTOpOe yTBep-
KIEHWE. YTBEpXKIeHNe 3 JTOKA3aHO.

Yreepxkaeune 4. Ecmu I'X1\TXo # &, TXo\TX1 £ u X1NXy #
@, 1o orpanndenns s {X1,TX 1}, {Xo, T X}, {X; U Xo, (X7 U Xo)}
HE3aBHCHMEL.

JHOKABATEJLCTBO. Ilycte X1 N X9 = X, ' X =Yy, I' X1 N T' X, = Y7,
I'Xo \TX; =Y, Torma X1 = XU Xg, Xo = XooU Xp, 'X] =Y UY,,
I'Xs =Y, UYy, X7 UXs = X19U Xg9g U Xy, F(Xl UXQ) =Y1UY, UY),.
I orpanmienus Yy ap < Dopy, brs Dox,0p < Yopx, bry 2oxiux, @ S
ZF(Xlqu) by npuHUMaIOT Bu wauxo ap < ZyluYg b, ZXQOUXO ap < ZYQUYO br,
> X10UX20UXo W S 2yviUvaUyp Or-
Ho ZXkouXo ap < 30 x,0UXa0UXe W 1 ZquYO br < Xyiuvauy, O k€ {1, 2}
SHAUUT, UCXOJHBIE OI'PDAHMYECHUS] HE3ABUCUMbL. Y TBEPXKAeHUe 4 J0Ka3aHO.
Yreepxkaeuune 5. Ecim I'X] NT'Xe = &, 10 orpannuenne s {Xq U
Xo, I'(X1U Xo)} sisierca ciencrsuem orpannyennii st { X1, 1 X1}, { X2, ' Xo}.

JOKABATENBCTBO. Tak kak X1NXy = &,T0 3 v, x, Gp < Y or(x,ux,) Or

PABHOCUIILHO )y Gp+ Y x, ap < Y px, br + D ry, br, T€. CyMMe orpanute-
muit g { X1, T X1}, {Xo, T Xo}. Vreepkaenue 5 mokazamo.
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Caencrsue 1. Orpanumuenusi jgjs Bcero rpagpa G ecrtb 00bequHEHHE
OrpaHmYeHuil I KaxkKJQ0H ero CBA3HOH KOMIOHEHTHI.

HOKABATEJIBCTBO. Hemocpeacrsenno ciegyer u3 npeabiymero Y TBep-
2K JTEHUS.

3. Auropurm

3.1. IIpeasapuresibuast odpadorka. CoriacHo IpeabIyIIeMy pa3ie-
JIY TIOPOKIATH HOBBIE HE3ABUCUMBIE OTPAHUYIEHUA MOTYT TOJBKO TTOJAMHONKE-
crBa U3 X ¢ mepecekamuMuca ' MHOKecTBaMu. B 3TOM anroputMe Takue
OTPAHUIEHNS CTPOSITCS TTOCTIETOBATEIBHBIM foGaBIeHneM Bepimud n3 X .

ITar 1. Tak kak Bce KoaddunuenTs B orpannviennsx (2.2) paBubl 1 niu
0, To XpaHUM KazKj0e OTpaHIIeHne B mape OUTOBBIX CTPOK C JTHHAMEA 1 U 11,
e n = | X|,m = |Y|. Hymepanus 6uToB B 9TUX CTPOKaX UJIET CIPABA HAJICBO
M COOTBETCTBYeT HyMmepanuu Beprnud B X . /s kKaxoro orpannydenus D; =
Hzit, {va T {2z }) = {va}} B crpokm sanocsres 1 n 1;, roe 1, —1 Ha
mecte t B cTpoke. g Bcex orpaHWYeHUWi MOTydaeM MAaCCUB AP OUTOBBIX
ctpok R.

ITar 2. Coprupyem marpuity cmexkuoctu M (G) sekcukorpaduaecku 1mo
cTpoKaM, uToOBI BCe BepImuHbl 3 X ¢ oguuM I’ okazaanch pagoMm. IIpoxoanm
marpuny M (G) u 3amensieM Bce BepiinHbl T ¢ o6mmm [N ojiHO# 1iceB10BEp-
mmHOH ' ¢ a(:p/) = Yrag. [lonygaem peayrupoBaHHbIil rpad e Haiee, nas
VIIPOIIEHUST U3JI0KEHNUsI, OYIeM BMECTO G’ mucars npocro G.

HTar 3. /Ing X rpada G BBOANM PACCTOSTHUE p MEXKY BEPITHHAMU I; :
p(xi,xj) = 1 mpn I'ey; NT'x; # &, unave p(x;,x;) = 0. Crponm cummer-
prunyio MaTpmmy cocexctsa M(X) = M(G) x MT(G), a no meit — rpad
emexknoctn QX = (X, {[xi, x5]lp (zi,2;) = 1}). 3mecs MT(G) — marpuna,
TpaHcrnoHupoBanHasg K marpuie M(G).

ITar 4. [Ins rpada QX crpoum marpuny cmexuocta Q(X): Qi(X) =
mz’n(l, Mij (X))

Tar 5. YoopsgounsaeMm Bce BepIuHbI rpada QX , Tpoxois ero croco-
6om moucka B mupuny |5, §22.2|. Ilpu 5T0M BCe KOMIIOHEHTHI CBSI3HOCTH TDa-
da QX OyayT mpoiigeHbl TOCIeI0BATENBHO, OHA 33 JPYTOil.

3.2. OcHomHoI 1nkJ. Ha kaxkgom 1mare B Maccue cTpok R mobariastem
BCe orpammdenns st x; B nogrpade QX; = {{zy}lk < j}, cawras [ro
orparudenus st Beex QX ¢ k < j y’Ke 3aHECEHBI B MACCUB CTPOK R.

ITukot o Bcem x5 rpada QX, (ureparms j):

Ilpenycaosue. Maccus R mepen marom j jgeKCuKOrpadpudeckn ymops-
JIOUeH 10 OBUTOBRIM CTpoKaM X, Iae Kaxkgasd CTPOKA — HAOOP BEPIITHH U3 TIO/I-

rpada X; = {{zx}[k < j}.
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Iar 1. [Ina sepmunnl x; Beibupaem u3 rpada QX oTcoprupoBanHblil
CIIMCOK Prev_CONM BCEX CBA3AHHBIX C HEll IPEAbIILYINX BepInt {T;|p (Tk, ;) =
1,k<j}

ITar 2. [To ciucky prev__conn momydaeMm m3 R oTCOpTHUpOBAHHLIN CIin-
COK OTpaHWueHuil prev_limits, Kyaa BXOJST BEpIIUHBI U3 prev_conn. (1o
MOXKHO CJIeJIaTh 33 OJUH TPOXOM, TaK KaK MaccuB R W COUCOK prev_conn
YTOPSITOYEHBI OJIMHAKOBO).

ITar 3. [Job6asisem B Maccus R orpanudenue {zj, ['z;}.

ITar 4. [lob6asisem rexyee {2, 'z;}. Bo Bce orpannydenus ciucka prev_ limits,
paciupsist BJeBO CTPOKHM 9TUX OIPAHUIEHUIA.

HTar 5. Ecyiz B cuucke prev limits UMeOTCst OTPAHUYEHUS C OJINHAKO-
BBIMH 4YacTdaMu Y, TO yOUpaeM U3 DTOr0 CIIMCKa TO OpaHUYeHNEe, KOTOPOe
OmKe K ero Hadauly.

HTar 6. Ecyin yacts Y orpanudenus: p u3 crucka prev_limits coBmajaer
c qacTbio Y y orpaHuveHus r u3 maccuba R, To ybupaem HCXOJHOE OrpaHu-
yeHue r u3 maccusa R.

HTar 7. Jobasisiem cnimcok prev limits B KoHer maccuBa R.

IloctycaoBue. Yoops10ueHHOCTh MacCUBa R COXpaHsaeTCs.

Konerr ITukia

B xomre aaropurma mosrygaem Habop CyIIECTBEHHBIX OTPAHMYICHUN B BUIE
maccuBa R cTpykTyp U3 JIBYX OUTOBBIX CTPOK.

Ecan mpad PEeJIyIMPOBA, TO BOCCTAHABIMBACM BO BCEX OrPAHHYTEHMSX
TICEBJIOBEPITUHBI z Ha YpTE, IS KOTOPRIX ['ap = Iz’

Maccus R HernocpeacTBEHHO OTODPAXKAETCS HA CHCTEMY JIUHEHHBIX HEPa-
BEHCTB Mexky mapamerpamu {a;} u {b;}

Ala < Blb (31)

rae a u b— BeKTOph mapameTpos {a; } u {b;}, A; — MaTpuna pasMepoM si Xn,
Bj —Marpuria pasMepoM §1 X m, §1 — YUCJI0 OTpaHUYEHNI.
Peanmusanust anropurma Ha si3bikax Python, Java mocrymua B [19).

3.3. Ananu3 ajgropurma.
Yreepxkaenune 6. AJIropuTM CTPOHT BCE CYIECTBEHHDBIC OTPAHHICHHST.

JLOKABATEJLCTBO. Ilo yTBepxkaeruto 1 Bce cyImecTBEHHBIE OTpaHUYe-
uust umeror sug { Xo, ' Xo}.

Ha wrepamnu 1 mukia mis moarpada QX mMeeM TOJBKO OIHO CYIIE-
creernoe orpanndenne {x1, 'z}, KoTopoe nobasisercs Ha mare 3.

[Ipeanmonoxmum, uro ama moarpada QX;_1 B R BXomar Bce ero cymie-
CTBEHHBIC OT'PDaHUYCHUA.

Ha nreparmu j na mare 3 8 R gobasumn {xj, I'z;}.

Pacemorpum moboe {Xo,I'Xo} ¢ Xo = {zp[p < j}. Hycrs X1 = Xo
{l‘j} = {xp‘p < j} X1 C Xo, torma I'’Xy C I'Xy mmbo I'X7 = T'Xy.
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Ipu X7 C X {X1,T'X;} yxe 106aBI€HO HA TPEABILYIIUX UTEPALUAX 1
{X0, I'Xo} = {XoU{x;}, I XoUI'X} nobasieno na mare 4.

IIpu I'X; =T'Xy —TI'z; CT'Xp u dzy ¢ ¢ < j Taxag, uto I'vy Nz, # @.
Nnave I'’Xog NT'x; = (U zy) NTa; = Uy(Tey NT2;) = @ — monyunam mpo-
THBOpeune. 3HAUUT, T4 cocell T, {X1,'X1} orobpano na mare 2, {Xo,'Xo}
MTOJIY9IeHO Ha mare 4.

B anropuTMe BLITOTHSTIOTCS BCe YTBep:XKAeHus 1-5. YTBep:xaenue 6 10-
Ka3aHo.

HezaBucumMmocTh CyIiecTBEHHBIX OrpaHUYE€HUL-HEPABEHCTB.

JIemma 3 (®@apkam [20]). Iycrs fi(x), fa(z), ..., fr(z) 1 fo(z) — ogHo-
POJHBIE JIUHEHHBIE (QYHKI[HH 1M BEIIECTBEHHBIX MEPEMEHHBIX X1,XL2, ..., Tm-
Ipenmonoxum, aro coorrourenns f1(x) = 0, fa(z) = 0,..., fr(x) = 0 Bie-
KyT 3a coboii nHepaserctso fo(x) > 0. Torya cymecTByroT HEOTpHUIIATEbHBIE
MTOCTOSTHHBIE A1, A2, ..., Ay, JJIST KOTOPBIX BBITIOJIHSIETCS TOXKAECTBO A1 f1(T) +

A2 fo(x) + .o + A fr(2) = folo).

Eciu B memmve @apxkarra koddduiineHTs Bcex (HyHKINI pallnoHaIbHBIE
qucra (y HaC OHU BCE PABHBI 1), TO U BCe \; PAIMOHAIBHBI, T.K. JeMma Dap-
Kallla CIPaBe/IuBa JJisi JE000TO YIOPSI0IeHHOTO moJist [21].

YMHOXKUB BCE \; HA HAUMEHBINNN ODIIMII 3HAMEHATEb, MOJYUUM yCJIO-
Bue Qapkama B Buge Lqfi(x) + Lafa(z) + ... + Ly fr(z) = Lofo(x)., rue
Bce L; HATYypaJIbHBIE YKCJIA. Y BCEX CYIIECTBEHHBIX HEDABEHCTB-OI'PAHUYEHU I
BCe HeHyJieBble KoaduiinenTr! paBhbl 1. [losTomy j71d 3aBUCUMOCTH OHOTO
OrpaHUYEHUs OT JAPYTUX IPU B3ATHUU UX JUHEHHONH KOMOUHAIINY C TIOJIO0ZXKU-
TeJbHBIMU KO(MDUIUEHTAME, MbI JIOJIZKHBI TI0JyYUTh HEPABEHCTBO, B KOTO-
poM Bce HenyseBbie KO3 UITUEHTH B 00erX CTOPOHAX PABHBI OHOMY U TOMY
Ke HATYyPaJbHOMY YHCIY.

YrBepxkaeHue 7. Bce cymecrBeHHbIe HEPABEHCTBA-OI PAHUICHHI ST JIHHEH-
HO HE3aBUCHMBI.

HOKABATEJBLCTBO. [lo mocTpoeHnIo aaropuTMOM CYIIECTBEHHOTO OT'Pa-
HUYEHUs KaxKJasd TeKyllas BepIIHHa T, cocel B rpade QX mpenplmymeit
BepmuHLI £j_1 1 T.4.. T.e. Bce I'e; NIz # @.

Homyctum, nMeercs HECKOBbKO (> 1) orpanudenuil u HepaBeHCTBO fj 3a-
BUCHUT OT JIPYI'UX HEPABEHCTB.

Ecmn B fo BXOAMT TONBKO G, TO fi coorBeTCTBYeT Orpanndenuio {z;, 'z}

T MOZKET 3aBUCETh TOIBKO oT orpanmaernii suga { Xo, ' Xo, [{z;} C Xo,T'z; D
I'Xo}, aro Bosmoxkno Tombko mpu I'z; = I'Xy n, mo 3ameqanmio 2, Takoe
{x;,I'z;} me BXOANT B UMCIO CYNECTBEHHBIX.

Utak, mycTs aj u a1 € fou fo 3aBUCHT OT APYTHX HEPABEHCTB-OPAHTICHNUI

{fpU{fU{fi}s a5 € { £} U{fe}s aj1 € {fp}U{fr}, bk € TajNTaj4q. To-
ra (NLp+XLg)a;+(XLp+XLy)aj+... < (28 Ly + XLy + XL, )by +... w0
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BeIBOJY n3 emmbl @Paprama XL, +X Ly = XL, + XL, = 2X L, +XL,+XL,,
orkyna YL, = YLy = YL, = 0. A 3naunr 1 Bce ucxounsie Ly = 0, T.K. OHK
HEOTPHUIATETbHBI. Y TBEPXKIEHNE 7 TOKA3AHO.

Onenka uncja onepariuii. OCHOBHBIE 3JIEMEHTAPHBIE OMEPAIUU B aJi-
TOPUTME: TIONCK TTPEBIIYITEt BepIUHbI B rpade QX s CIIHCKa prev__conn
Ha 1rare 1; MOMCK 1O CTPOKE T OrpaHuueHuii B R Ha mrare 2; MOWCK MO CTPOKe
y orpanmdeHuit Ha marax 5, 6; nobapaenne orpanuuennii B R ma marax 3, 7;
pacipenne orpannydennii B prev_ limits na mare 4.

[Tycte pnuna R mepen urepamueil j pasHa rj_1. Torjga mopagox 4mcia
9JIeMEeHTaPHBIX onepanuit Ha mare 1: j, na mare 2: < rj_1 log j, na mare 3: 1,
na mare 4: < rj_1, Ha mare 5: < rj_1logr;_1, na mare 6: < r;_1logr;_1, Ha
mare 7: < rj_1. Orciopa moaygaem r; < 2r;_1+1, 1.e. 15 < 27 —1. Ynucio Bcex
oneparwii Ha nrepanun j: < 2(27 —1)log(27 —1)+ (27 —1)logj+2(27 —1)+1.

Bcero ncio omeparnit Ha BceX UTepannugx: < C’E?:ly j4+271logj+2 ~
Cn2", rne n = | X|, C — koucranra. Yucmao orpannuennii r < 2" — 1.

Kaxk mokazbiBaiorT HUXKECTEAYIONIHe TPUMEPHI, XOTS TTOJYIEHHbBIE OIEHKU
¥ JOCTUXKUMBI, HO JUANA30HBI pa3dpoca peasbHOro Jucia Omepaluii u orpa-
HUYEHUN BEChMa BEJIUKHU.

4. IIpumepsbl

IIpumep 1 (rkoudwuryparmus '1-17). X = {z;]i = 1L.n},Y = {yli =
l.n},T'z; = y;. Anroputm obpabarbiBaeT KakKAy0 CBS3HYH KOMIOHEHTY
rpada OT/IeJIBHO, CBsI3HASI KOMIOHEHTA COCTOUT U3 OJHOMH JIYTH U THCIIO OTPa-
HUYIEeHIH — n.

IIpumep 2 (xoudurypanus 'Hamop’). X = {x;|i = 1.n},Y = {y|i =
1.n}, Tz, = {y;]j = 1..4}. Tax xax Bce I'zj_; C 'z, To asropurm Ha mare
J orpaHuYeHue JJis ¥ 0ObeIUHSET ¢ KOIMefl OrpaHUIeHHs, [IOJIy9eHHOrO Ha
miare j — 1. Beero orpannvennit n: {{z;}, {y;}|i = 1.k}, k = 1..n.

IIpumep 3 (koudurypauus Tuna’). X = {z;i = 1.n}, Y = {y|i =
l.n+ 1}, Tx; = {yi, yit1}. Koudurypanust sipisiercs nmpocToit menso oT yp
J0 Ynt1. ANTOpuTM Ha KAXKIOW MTEparuu AyOJaMpPYeT OrPAHUYEHHs, KyJa
BXOJAT &j_1, BBOZS B HUX Zj + CaM0 OrpaHnYenue A7 ;. Becero orpanmde-
Huit nosyuaercda 1 +2+ ... +n = %

IIpumep 4 (koudurypamnus 'Ilayk’). X = {x;li = 1.n},Y = {y;li =
0.n},Tx; = {yo,v:i}. A scex Xg C X Bce I'X mepecekarores mo yp, HO
pazauyHbl. [1o9TOMY BCEro OrpaHMYeHHil CTOJBKO Ke, CKOJBKO M MOIMHO-
xKectB B X. Te. 2 — 1.
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4.1. Onuenka uwucja orpaHudeHwuil. Ilpusenennbie npuMepbl KOHOU-
rypaguii ceTu II0Ka3blBAIOT, 9YTO POCT YUCJIa OIPAHUYCHUN MOXKET BaPbUPO-
BATHCA B BECHbMa TITUPOKUX TPEJETIAX, OT JHHEHHOTO, 10 SKCITOHEHTTNAIBHOTO.
Teoperudeckasi OleHKa MEPBI TOTO, KAK B CPEIHEM DPACTET JYUC/I0 OUpAHUYIe-
HUli, TpebyeT OTAESBHOTO PACCMOTPEHUS.

g nmonydennss mpubIMAKEHHOM BBIYNCIUTENBHON OIEHKN CPEJTHEr0 nc-
Jia OTpaHuvYeHuil HeoHXoAMMO 06pPabOTATh 3HAUUTEIBHYIO YacTh Habopa ceTeit
Kakroro-iubo pazmepa. B ceru pasmepa n x m, tae n = |X|, m = |Y|, y kax-
noft pepruabl w3 X ' MoxkeT 6bITh JTHOOBIM TTOIMHOXKECTBOM B Y, T.€. BCETO
2™ — 1. Obrmee 9UCI0 PA3JIUIHBIX ceTeli pasHO (2" —1)™ u ipu m = n uMeer
IIOP&AJIOK o’ IIpu n = 10 noxyuaem nopgaok 2%, uro BeIXOUT 32 HpeIesL!
BBIUNCJANUTEJILHBIX BO3MOXKHOCTEMH.

[MosTomy 06paboTaHBI TIOTHOCTHIO CETHU CIEAYIONMX pa3Mepos (n, m): (3,3)
(3.4), (3,5), (3,6), (3,7), (4,4), (4,5), (4,6). TIporpamma pacduera JOCTYITHA,
B [19]. Pesysbrar nokasan B Tabannax 1, 2, 3.

B rmabmmmnax 3 u 4 F — maremMaTnyueckoe OXKUIAHWE KOJUIECTBA OTPAHU-
YEHUI J71sI KOHKPETHOTO Pa3Mepa CeTH, 0 — €0 CPEJIHeE OTKJIOHEHHE.

N3 9Tmx pacyeTroB BUIHO, UTO s ceTelt n X m mpu n < M MaKCHMaJIb-
HOE YHCJI0 OTPAHUYEHUN B KAXKA0U cetn paBHo 2" — 1, 9TO COOTBETCTBYET
TEOPETMIECKON OTeHKe TTYHKTa 3.3.

Ceru apyrux pazMepoB o0pabOTaHBI BBIDOPOTHO MyTEM CJIydailHON BbI-
6opxu, mosToperHoii 107 pa3 st KaxK10To pasMepa. Pe3ynbraTsl 9Tux pac-
deroB nobapiennsl B Tabsumy 3 m nmokazamel B Tabswume 4. MakcumasibHoe
9UCJI0 OTPAHUYEHUH 15T KaXKI0# Takoi cetm Takxke paBHo 27 — 1.

B 1o ke Bpemsi BUIHO, 9TO CpejHee Uncao orpanwdennii B ¢ pazdpocom
30 #He mpeBocxoauT 1 X m. B aToT pazdbpoc no HepaserncTBy YebbITeBa BXOIUT
moutn 90% Beex ceTelt KOHKPETHOTO pasMepa.

[Tonyuennble pe3yabTaThl MOKA3BIBAIOT, UTO BO BCEX CJAydasX o KoOJeO-
nercst B ipegenax 20-25% or E HezaBucmMo OT pasmepa cetu. T.e. 3T0 110-
Ka3bIBAET, 9TO PAaCHpee/eHre JIJINH BCET/Ia UMeeT XBOCTBI, KOTOPhIE MOTYT
TOJIBKO YBEJIMUUBATHCS, [MOKA HE JOCTUTHYT TEOPETUUECKUX T'PAHUI] MUHU-
myma (1) w makcmmyma (2" — 1). Ilocse 3Toro o HadHET yMEHBIIATHCST W
FE crabuwimsupyercs, Tak KaK paclpejie/ieHue JJIMH OrPAHUIEeHUN CETH UMe-
eT KOJI0K0JI000pa3Hbiil Bua. Ho jlocTuds 3T0Or0 He XBATAeT BHIYUCIUTETBHBIX
MOIITHOCTEI.

7

5. Cucrema paBeHCTB HA MOTOKU

m m
@i = 2 i oty
=1 — (21)A o (2.1)

bj = 26@'1’@' bj § 26@'1‘@'
1= 1=
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3HAUUT, OTPAHUYEHUS JIJIsi CUCTEMbI PABEHCTB COCTOST U3 OIPAHUYCHUI
JJIs CucTeMbl HepaBeHCTB (2.1), u3yueHHble paHee, u OrpaHudeHudl s ABOii-
cTBeHHOH ceTu S, y KOTOPOH, 110 CPABHEHHIO C CETBIO S, HALPABJIEHUS YT
u3MeHeHbl Ha obparHble, s — t, t — s. Orpanuuuresn 1o jgyram OymyT: JJist
(s, yj) 7 (bj’ 00), U (yj7 i) — (0, 00), ana (zi, t) — (0, a;).

B asoiicrsentoii ceru S rpad G = (Y, X, F/), e orobpaskenue I 1Boii-
crBeHHO oToOpaxkenuio I', T.e. ayra (y;,x;)€ G «— uz; ¢ Flyj.

Orpanngenust 1 ceT S COOTBETCTBYIOT CIyYai0 M30OBITKA TIPOJYKTOB,
a JJIsd CeTu S - nedpurnTa IpoIyKTOB.

Orpanndennus juisi S [OJIy4aeM OIMCAHHBIM BBIIIE CIHOCOGOM H O6bEIN-
HeM WX C OTPAHUICHUIMEA JIJIs S,

Yreepxkaenue 8. Orpammuenne Yxa; = Xyb; cymecrByer Torga u
rosbko Torga, xkorga (X,Y) ceaznas kommnonenta rpaga G.

HOKABATEJBLCTBO. [lo aaropuTMy 3TO# cTaTLW MBI MOJTyYaeM, ITO Cy-
IIECTBEHHBIE OI'PAHUYEHUS] UMEIOTCHA TOJIbKO BHYTPHU KarKJ0H CBS3HON KOM-
TTOHEHTHI WCXOMTHOTO Tpada.

B wacrtHocTH, orpannuenue y Bcel CBA3HONW KOMIOHEHTHI I S Yxa; <
Yybj u orpanndenue s S Yybj < X xa; obbequngiorea B Yxa; = Xy by,
TaK K€ 3TO CJIeJICTBHE MCXOIHON CHCTEMBI PABEHCTE.

Bepro u obpaTHoe: ecam mMeeTcd mapa orpanmdeHnit Yxa; < Mybj u
Yyb; < Yxa;, me ¥xa; = Xybj, 1o (X,Y) cBasnas kommnoHenTa rpada
G. JleiictBurensho, B 3roM ciayuae 'X =Y u I'Y = X. YrBepkaenune 8
IOKA3AHO.

/7
Vreepxxkaeuue 9. Ecin y cucremsr (2.1) min (2.1) amsa Bcex HabOpoB
HEH3BECTHHIX BBINOJIHSAETC yeaoBue (1.2), 1o, pakTHvIeckyn, oHa HMeeT BHI

(1.1).

JIOKABATEJIBCTBO. [leficTBuresnbHO, ecim B cucreme HepaseHcTs (2.1)
wn (2.17) OpH KaKMX-TO 3HAYEHUSX HEM3BECTHBIX KAKOE-JIHO00 HEPABEHCTBO
SIBJISIETCS CTPOTHM, TO, TIOCJIe CYMMHUPOBAHUS BCeX HEPABEHCTB 3TON CHUCTe-
MBI, TIOJIy9UM CTDPOTO€ CYMMapHOE HEPABEHCTBO BMeCTO papeHcTBa (1.2) —
MPOTUBOpETHe. Y TBepK/Ienne 9 JoKa3aHo.

3ameuanue 3. Yciaopue u3 mpemoxennd 9 Tpebyerca s HEKOTOPBIX
TPUKJIATHBIX 337184 € 33IaHHON MCXOTHON CUCTEMOM HepaBeHCTB. B sToM ciy-
9ae MCXOAHAS CUCTEMa YKBUBAJIEHTHA CUCTEME PABEHCTB W BCE OTPAHUYCHUS
Jisl Hee Takue ke, kak u 'y cucrembl (1.1)

6. O cyIecTBOBAHNU HETPUBUATBHBIX OTPaHUYEHUIA

6.1. CymiecTBoBaHUMEe perieHnii y CUCTEeMbI OTPaHUYEHUI.
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Vreepxkaeune 10. Cucrema orpanudennii (3.1) Bcerga umeer Herpusu-
AJIbHBIE DELICHUS].

JIOKA3ATEJILCTBO. Bce smementsr marpuit Ay, By — unciaa 0 wian 1. Bei-
fupaenM IPOU3BOJIBHBIN TIOJOXKHUTENBHbIA HAbop {a;} u nycTh ¢ = ¥;a;. Bol-
bupaem Bce b; = c. Torma xaxaeiil smemenT BekTopa Aja < ¢, a Kaxkablit
sjieMeHT BekTopa B1b > c. Yreepxkaerune 10 mokazaHo.

Ecnu BeI6paTh HaOOP {a;} W3 HATYPATBHBIX UHUCEJ, TO HOJYYUM U BCe b;
HaTypaJsbabiMu. [loaToMy BEpHO

CaencrBue 2. Cucrema orpanmdennii (3.1) Bcerma mmeer perneHus B
HATYPAJIbHBIX YHCIIAX.

3ameuanue 4. 3 obiux pe3yabTaToB O CHCTEMaX JUHEWHBIX Hepa-
BeHCTB [22] cieyer, uro obsacTh perenuii cucrembl (3.1) cocrasisier Bbi-
IIYKJIBI MHOIOIDAHHBIN KOHYC.

Orpanundenns 061aCcTH NAPaAMETPOB CHCTEMbI PABEHCTB Ha TIOTOKH KPOMe
OTrpaHUYICHTIT (3.1) BKJIIOYAIOT €II¢ W OrPaHuYeHnd A1 IBOWCTBEHHOW CETH
BQb < AQCL (61),
rae a u b— e ke BekTOpBI Mapamerpos {a;} u {b;}, Ay — marpura pazme-
poMm sg X n, By —wmarpuna pasMepoM Sg X m, Sz — UUCJI0 ONPAHWYEHU s

IOBOMCTBEHHOU CETH.

Cucrembl mHepasercts (3.1) u (6.1) npoTuBONONOKHBI, 0ObEJINHEHHAST CU-
cremMa OTHOCHTCS K THILY JIByCTOPOHHHUX HepaseHCTB. I 9ra cucrema, 10 10-
CTPOEHUIO, CJIEJICTBUE UCXO/HOM CHCTEMbl DABEHCTB HA [1OTOKH.

Vreepxkaeune 11. O6benunennas cucrema orpanndennii (3.1) u (6.1)
BCerjja UMeeT HETPHBHUAJIBHbIE DEIICHUSI.

JIOKABATENBCTBO. s so6oro noaoxuresbHoro Habopa [ai, ..., a,| €
R™ wucxomnas cucrema ypasHeHuit Ha norokn (1.1) Bcerga mmeer HeTpUBH-
anpHOe pernenne. JleficTBuTensHo, B ncxonHoil cucreme (1.1) Bce z;; HesaBu-
CHMBI ¥ KQXKJI0€ T BXOJUT TOJIBKO B OJHO ypaBHeHHe. B kKaxk10e ypaBHeHne
aj = ) Cijij BXOIUT XOTs OBl OAHO Tjj, T.€. IEPEMEHHDIX HE MEHBIITE OJHO-
ro. IlosToMy MX MOKHO BBIOPATDH MOJOXKUTENBLHBIMU M Y/OBIETBOPSIONAMUI
9TOMY YDABHEHHIO. 3aTeM, 110 HUM BbluucigeMm wHabop [bi,...,b,] € R™ u3
ypasuenuii b; = Y. ¢;;x;;. B pesyabrare mosydaeM TOUKY, YIOBJIETBODSIIO-
niyto cucreme (3.1) n (6.1). Yrrepxaenue 11 mokasano.

6.2. CyniecTBoBaHUEe OTpaHUYeHUi-HEePaABEHCTB.

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

B mpocreitniem ciydae, cuanTast, 9T0 BeposTHOCTH Plej; = 1) =p < 1lmnu
BCE €j; HE3ABHCHMBI, HOAydnM P(CyInecTByeT 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,ys} = b,Tx3 = {ys} = ¢ snementn a, b, ¢ 06pasyrOT 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}
Heno, aro 'A(Yp) = Yo, T.e. A B3ammvno oxrosuagso. Kpome toro, Al' = CI.
Boobmie, mapa (I', A) aBnsiercst coomeememeuem [asya MexKIy IaCTHIHO
yropsintodeHubiMu MHOKecTBamMu Sub X u LY. Kpome toro, Al' mw T'A —
omobpasicenus amuranus |24, crp. 78].

Has kaxxgoro V. C X Beegem dysKImio sa = Yzeya(z), vae a(x) mu-
HUMAJBHBIN TTOTOK, BXoAAmmil B Bepmay 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 geiicrsureabubix yucea R, 1o u muoxkecrso Sub RX
— JuCcTpuOyTUBHAS PEIIeTKA.

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

b(y) MakcHMasIbHBIH TIOTOK, BBIXOMSIIHNI 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(AV B) > max(sb(A), sb(B)).

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

7.3. lyanbHoCTh 3aMKHYTBIX MHO>KecTB. s rpada G paccmorpum
nyanabsHoe orobpaxkenue Iy : Y — X, z; € Ty(y;) <= (xi,y;) € G.

def / def

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

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

HOKA3ATEJILCTBO. Tak kak X; 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 — nporusopeune. 3unadur Yl/ 3aMKHyTO A7as ['g.
YTeepxkaeHue 16 1oKa3aHo.

[Tonyanim B3auMHO-0JHO3HATHOE COOTBETCTBUE MEXKTY 3aMKHYTHIMHA MHO-
kKecrBamu jiis I' w g Ty,

7.4. Munumasnbabie paspessl. Ilycre W C X UY U {t} u {t} € W.
Mmuosxkecrso Uy, ayr, 3axongamux B W, Ha3blBalOT pa3pe3oM CeTH, eCjii ero
YAQJCHIE Pa3/IeIseT CeTh Ha, JIBE HECBA3HBIX KOMIOHEHTHI. [TpomyckHof crio-
cobrocTeIo pazpesa Uy, nassmsaior uucao c(Uy,) = EUV—Vc(u), rae c(u) mpo-
MyCKHAZA CITIOCOOHOCTH OHOTO pebpa u.
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ITo reopeme Popa-Dankepcona [2] B KaxK 10l KOHKPETHOMN TPAHCIOPTHO
ceTu HanbOJIbIIAs BEJIMYUHA [TOTOKA PABHA, HAMMEHBIIEH IIPOIYCKHON CII0C00-
HOCTH HEKOEro paspesa. Paspes m3 3Toil TeopeMbl HA3LIBAIOT MUHAMAJILHBIM
Pa3pesoM.

B [1] dakruueckn mokaszano, UTO s TPAHCIOPTHON cetu 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

ITpunoxkenue

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
3] 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 ~ | 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. Maremarunueckoe oxumanue (F) u ctangaprHoe oTKIoHeHue (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 ctangaprHoe OTK/I0HEHNE (0)
IJIsd CETENl 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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