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24 ABI'YCTA UCIIOJIHAETCH 90 JIET CO JHA POXK/JIEHN A
BBIJAIOIMIEIOCHd YYEHOT'O, ITIPUSBHAHHOI'O BO BCEM MUPE
IIMOHEPA KUBEPHETUKU, TOPOCTU OTEYECTBEHHOII HAYVKU
AKAJTEMUKA BUKTOPA MUXAMJIOBUYA TJIVIIIKOBA

MHorue He 6e3 OCHOBaHUs CUUTAIOT, YTO €CJIU Obl Mjen akajgeMuKa [UrymnrkoBa ObLIn
peaymmzoBanbl B 60-e roJbI IPOIIIE/IIIEro BeKa, To, Bo3MoxKHO, CoBerckuit Cor3 CyIiecTBo-
BaJ U ceffyac u ObLI ObI caMoil 1epeJIoBoil JiepKaBoil Mupa. depe3 HeCKOJbKO MeCsIeB
nociie emeprn Bukropa Muxaiiioprnaa (1982) Bbinuia 1mocse/Hsis HAIMCAHHAST UM KHU-
ra «OcHoBBI 6e30yMarkHO MH(MOPMATUKNA». ITO OBLIO MOIMYJIIPHOE U3JIAHNE, PACCINTAH-
HOE Ha IMHUPOKYIO ayJIUTOPUIO, U MHOTUE €€ CTPAHMIILI C yBJIEUEHHEM YUTAJIUCH JIIOJIbMU,
nanekumu or wHdopMmaruku. C He MEHLIIUM HHTEPECOM 3Ty KHUTY UUTAIOT U ceiivac.
AkajileMVK yBJIEKATEIHLHO PACCKa3asl B HEll O MEPCIEeKTUBAX BBIYUCTUTEIHLHON TEXHUKN B
OBITY: O TOM, KAKUMU OyJIyT TEJIEBU30PHI U TEJICBUJICHUE OYJIYIIET0, O MHOTO(MDYHKITMOHATh-
HBIX TeJeOHHBIX allllaparaX, O CTUPAIbHBIX MAIINHAX ¢ MUKPOIIPOIECCOPAMU U JAXKe O
KOMITBIOTEPHBIX HIpaxX. Upe3BbIYailHO JIIOOOMBITHO YUTATh PACCYZKJIEHUs aKaJIeMUKa 00
M3/IaTe/ILCKOM Jlejie — KaKUMU OYIyT KOMIIbIOTepHas BEPCTKA Ta3eT, KHUT, YKYPHAaJIOB,

3JICKTPOHHBIE BEPCUU U3NAHUN.
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A 3aKaH4Y1uBaJIaCb 9Ta KHUTI'a YAUBUTE/JIbHBIMU CJIOBAMMU: «y}Ke He,Z[‘aJIéK TOT AEeHb, KO-
IJIa UCYE3HYT OOBITHBbIE KHUI'H, Ta3eThl U KypPHaJbl. B3aMeH KaKJiplil YeloBeK Oy/ieT HO-
CUTBH C CODOI “3JIEKTPOHHBIN OJIOKHOT, IIPEeICTaB/ISIONINI co00i KOMOMHAIIMIO ILJIOCKOIO
JIACILIEST ¢ MUHHATIOPHBIM PaINOPUEMHIKOM-TIepetaTankomM. Habupasi Ha KaBuarype
9TOr0 “0JI0KHOTA  HYXKHBIN KOJI, Oy/IeT MOYKHO, HAXO/ISICh B JIIOOOM MeCTe Ha HaIlleil ILia-
HeTe, BbI3BaTh U3 THT'AHTCKUX KOMIILIOTEPHBIX 0a3 JaHHBIX, CBA3AHHBIX B CETH, JIIOObIE
TEKCThI, n300pazkeHust (B TOM YUCJIE U JIMHAMUIECKHUE), KOTOPBIE U 3aMEeHSIT He TOJBKO CO-
BPEMEHHBIE KHUTH, YKyPHAJIbI 1 Ta3eThl, HO I COBPEMEHHbIE TeJIeBU30PbI. 3aiijIeT JIn JeJ10
B 0003pUMOM OYJIyIIIEM CTOJIb JAJE€KO — rajiaTh TpyaHo. HecomuerHo 0/1HO, UTO mIporpecc
9JIEKTPOHHON TEXHOJIOI'MU, MaITuHHON MH(MOPMATUKUA U TEJEeMATUKU ITPOUCXOIUT CTOJIb
OYPHBIMU TE€MITAMH, UTO (paHTACTUKA B 9TOH 00JIACTH CTAHOBUTCS PEabHOCTHIO OYKBAJIb-
HO Ha HaIlluxX IJia3aX».

Yepes 28 ster nocse cmepru nymkosa, 27 supaps 2010 roga, Ctus J:x00c mpesen-
ToBaJI IIaHIeTHUK iPad — repBoe MOCTKOMIIBIOTEPHOE YCTPOMCTBO, TOT CaMblii «3JIE€K-
TPOHHBIN OJIOKHOT», O KOTOPOM TIHCaJI BeJIMKWii yaéubrit. KadecTBa, KoTopbiMu 00181271
JIx006¢, — TIO3BOJIUBIIINE €My Pean30BaTh 3aMeYaTe/IbHOE YCTPOHCTBO, — B M30BITKE OBLIN
y Bukropa MuxaiiioBuua [ymkoBa ¢ gercrsa. Byay4un pebenkoM, KOHETHO Ke, BYHIEP-
KWHJIOM, OH C YIIOPCTBOM U SAPKHM TaJIAaHTOM JIOBOJWJI JIO KOHIIA CBOM HaduHaHus. dero
TOJIBKO CTOUT yIIpaB/sieMas MarucTpaJjib K ero paanoynpas/sieMoii mojenn kopabsisa! Ts-

JKeJIbIi m3-3a OOJIBITIOro YuC/Ia JieTaseil, MOSBUBIINXCI Ha 3ape Pa3BUTHUS JIEKTPOHUKH,

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’2013



6 Codeporcarue

KOpabJ/Ib HYKHO OBLIO JOCTaB/IAThL Ha MPY/ U BO3BpaliaTh ooparno. I 3aja4a j1oBouTCs
JIO KOHI[A: MArucTpasib — KaK MUHUATIOPHAsI JKeJie3Hasl 1oporal

Koneuno, BukTtop MunxaitytoBud — BBIJAIONIUICA YY€HbI, MaTEMATUK, MBICTUTEb,
reHnaJIbHbI n300peraTesb. Ho B pay BETMKUX — OH OJWH U3 T€X HEMHOI'MX, KTO yMeJ
JIOBOJIUTH JIO KOHIA CJIOYKHEWINe TPOEKThI, BOILIONIATL B YKU3HL CAMble HEBEPOATHbLIE
uien. I mor 310 jiesiarh ouerb ObicTpo! Hy»KHO OBLIO TOJIBKO MOHSATH, HACKOJIBKO OH OlTe-
peKaeT BpeMsl, 1 BEPUTD He JIPAXJICIONIM PYKOBOJIUTEIISIM CTPAHBI, & YeJI0BEKY, KOTOPBIi
MOYKET He IPOCTO JIEKJIAPUPOBATDH, & CO3UIATD!

Ha 3amaze ['ymikoB cauraercst «OTIIOM COBETCKOI KnbepHeTuKu». MMenno emy camast
aBTOPHUTETHAS SHIUK/IONeAus B Mupe ‘Britannica” 3akaspiBajia cTaTbio «KHOEpHETHKA»
(oH TakzKe aBTOP AHAJOIMYHON cTaTbu B Bosbiioit CoBeTCKON DHIMKIIONEINN), MHOTO
JIeT OoH OBLT OUIMATBHBIM COBETHUKOM TeHepabHoro cekperapst OOH mo Bompocam Ku-
oepueruku. Fro kaura «Beejenne B KnOepHETUKY » ObLJIa OCHOBHBIM YU€OHUKOM B 3aI1a/l-
HBIX YHUBepCUTeTax. AMepPUKaHIbI OyKBAJIBHO OXOTU/IUCH 3a AKaJIEMUKOM [JIyIITKOBBIM.
Emy npearasu sio6sie yenosus s padorsr B CIITA, mpuriammaim 9utaTh JeKInu.

[mymkoB, Oyaydn JOKTOPOM HayK B 00JIACTH YUCTOM MAaTEMATUKH, 3aHSJICS BOIIPOCa-
M wHGOpMaTHKU TOJABKO B 1957 roay. K tomy Bpemenn B CCCP yxke cymecrBoBaao u
YCIIEITHO PAa3BUBAJIOCh HAYYHOE HAIIPaBJIeHHe, [1032Ke Ha3BaHHOe Kubepuetnkoii. leficTBu-
respno, CCCP, HecMOTpst Ha BCe MOTEPH, OCYIIECTBUI HCTOPUIECKYTO MOJICPHUBAIINIO, 38~
HeJT TI0 aOCOTIOTHBIM TTOKA3aTe/IAM ITPOMBIIILIICHHOTO ITPOU3BOJICTBA BTOPOE MECTO B MUPE
nocsie CIITA u crast oiHO# U3 ABYX cTpaH, CIIOCOOHBIX ITPOU3BOIUTD JTFO00 BUJT IIPOMBIIII-
JIEHHOI POy KIINH, JIOCTYITHBIN Tor/1a dejoBedectBy. B 1958 /59 yueGHOM rojy cOBETCKIe
BY3bI BBIITYCTHJIN B TPH pas3a 0oJibllie WHKeHepoB, YeM Bhiciiag mkoJia CIIIA. Beuia peop-
rann3oBaHa Akajemus Hayk, co3nano Cubupckoe ornenenne AH ¢ kpymnaeiimum B Mupe
ncceoBaTe/ibcKuM 1eHTpoM B HoBocubupceke, cozman OObeInHEHHBI HHCTUTYT sIIEP-
HBIX HccieioBannii B /[lyOHe; 3aIyIen camMblili MOIITHBIM B MEPe CUHXPO(a30TPOH, CO3aHbI
caMble COBepIIeHHbIe TI0 ToMy BpeMenu peaktuBnbie camosiéTel; CCCP yBepenno orepe-
JKaJI aMEepPUKAHIIEB B KOCMOCE.

Umenno B 31y smoxy, B 1956 romy, /jis PYKOBOJCTBa ObIBIIEl JabopaTopueit
C. A. Jlebenena (mpie Uncturyr xubepuernkn nm. B. M. Iimymkoa HAH VYkpanmubr)
B Kues 6bu1 ipuriamén Mosio/10it ykpannckuii yuenbiit Bukrop [ymkos. Yenexu [ryr-
KOBa B HEMaJIOil CTeleHUu OIpPeesIsiINCh ero MaTeMaTHYecKoi spyauimeil ajredpauncra.
On cam mepej; cMepPTbIO BCIOMUHAJ: «BblunucnTe/ibHbIe MaIIMHBI TOTJA TPOEKTHPOBa-
JINCh Ha OCHOBE MHKEHepHON mHTyunuu. MHe npunuioch pazduparbcs B TPUHITUIAX T10-
crpoernss IBM camomy. ¢ permmmin mpeBpaTuTh MPOEKTUPOBAHWME MAIUH U3 MCKYCCTBa,

B Hayky. To e camoe, eCTECTBEHHO, JieJIaJIi U aMEPHUKAHIIbI, HO y HUX 3TU MaTepuaJibl

«Taspuuecruli secmnur unPopmamuru u mamemamuru», N1 (22)’2013
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MOABUJINCH T03Ke». [leiicTBurensno, Bukrop MuxaitioBud paspadborai MeTOIbI CTPYK-
TYPHOTO cuHTe3a 1u(POBBIX aBTOMATOB M METO/bI ABTOMATHYECKOTO mocTpoenust Y BM
BMECTe C IpPOorpaMMHBIM obeciiedenreM. MaImHbl «camMuy IIPOEKTUPOBAIN JIPYTHe Ma-
mubbl. 1 adpdekt He 3acraBmi cebd XKIaTh. YiKe 4depe3 TPU—YUeThIpe T'ojia CO3J/IaHHbIe
[y mKOBBIM BBIYUCTUTETbHBIE MAIIUHBI CTAJINA JIYIITUMA B MUPE, CAM OH CTaJjl aKaIeMU-
koM, Bure-upesugeaToM AH Ykpaunbl, I'epoem Cormaimcrudeckoro Tpyza, Jaypearom
JIeHUHCKOI U BCeX MBICJUMBIX HaydHBIX npemuil (kpome HobesieBekoii: MaremaTukam eé

He MPHCYKJIAIOT).

[y1ikoB OBbLT IpEe3BBIYATHO OJIAPEHHBIM YEI0BEKOM He TOJBKO B MareMaruke. Oi-
HaXK/Ibl CTYJIEHTOM OH Ha CIIOP YUTAJ HAW3YCTh CTUXU JIECATH IaCOB MOJPS, TPUIEM
«®Daycray [ere, [Munnepa u leiine HA HEMEIIKOM sI3bIKE. 3HAJ HEMEIKWl, aHTJIMIACKA
u dpanIy3cknii g3biku. MHOr0 paborarh, YIUTbCS OH MPUBBIK C JETCKOTNO BO3PAaCTa, CO
IITKOJTBHON CKaMbHi. B BOCBMOM KJjiacce MoCTaBu cebe Te/ib: PEIIUTh BCe 33/ia91 U3 YHU-
BEPCUTETCKOTO 3aJIa"HNKA 110 BBICIIE MaTeMaTuKe — W CesIajl 3TO 32 OHO JIETO.

[Tom ero pykoBojcTBOM ObLIT pa3pabOTaH POEKT CHUCTEMbl aBTOMATH3UPOBAHHOIO
yIpaB/eHus: SKOHOMUKON — «OOIerocy1apcTBEeHHON aBTOMATU3UPOBAHHON CHCTEMBI yUué-
ta u obpaborku uHpopmauy (OTAC). Tnymkos mpe/mosarai co3jianue B Macirabax
CTpaHbl MOIIHON KOMITBIOTEPHO CeTH, 1TOI00HO0M HbIHEeITHeMY VHTepHeTY, HO 00/1a/1a1011Iei
ropasao 60JIBIINM YUCIOM (DYHKITUH, C TIOMOIIBIO0 KOTOPOI MOXKHO OBLIO OBI HE TOJIBKO 00-
pabaTbiBaTh, KOHTPOJUPOBATH U KOPPEKTUPOBATH YIIPABJIEHUIECKUE PEIIeHUsI, HO B UTOT'e
U3MEHUTH caM MexaHu3M ynpasienns sxonomukoit. Ceiraac, upen OI'AC ucnosib3yrores

KPYHHBIMM 3allaHBIMI KOPIOPAITAMY B YIIPABJIECHUN IIPOU3BOJACTBOM.

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’2013
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D10 ObLIA peasibHas IIporpaMMa, KoTopasi, 110 MHEHHIO [UIyIKoBa, 3a JecsaTh JIeT MOT-
Ja OBITH BHEJpPEeHa W ONTHMHU3WPOBaJa OBl BCIO COBETCKYIO SKOHOMUKY. Ho mporpammy
roxoponmio pykoBoacTtBo CCCP: oHm BIOpam Tak Ha3bIBAEMYIO KOCBITMHCKYIO pedop-
My, KOTOpasi Tak U He OblLIa peajm3oBaHa u 3akoHuuaach kpaxom CCCP.

AMepuKaHIBI CHJIBHO 00eCIIOKOMINCh Bo3MOXKHOCTBIO co3faannss OTI'AC. IIPY mnpose-
J10 Ostectsamntyto oneparnuio 1o Hepomytnernio peagusarun OI'AC. Boxaun CCCP mosyaa-
Jin 0630pHBI 3amaHoil 1pecchl: «Ilapb coBerckoit kubepueruku akajgemuk B. M. [rymkon
npejjiaraeT 3aMeHUTh KPEMJIEBCKUX PYKOBOJUTEEH BBIYUCIUTETbHBIMU MAIIMHAMEIY, &
3ama iHble «rojocay pacckasbiBasn, 910 OI'AC cozmaercs KI'B mys ToTanbHoil ciexkku 3a
rpaxkanavu. CerojHsi, CIrycTsl TPUIATE JIET, Mbl Y3HaeM U3 HOBOCTel, pacipocTpaHeH-
HBIX 110 BCEMY MUPY U MOJITBEPKJICHHBIX JIOCTOBEPHO, UTO CJCKKY IIPU IIOMOIIN WHTEPHET
IITIPOKO UCHOJB3YIOT criercrykonr CIITA.

Bopnba 3a OT'AC mura MHOTO J1eT, HO cucTeMa Tak 1 He Obliia peajmn3oBana. Vcropus
9TOH ApaMaTnaeckoit 60pbObI pacckazana caMuM [JTyIITKOBBIM ¢ SPKUMU XapaKTePUCTHKA-
MU COBETCKUX BOXKJIEH (BOCIOMUHAHUS 3allicaia ero JIoub Ha MArHUTO(OH). YIIOMUHAET
[1y1mkoB 1 0 JBYX MOKYIIEHUsIX HA €r0 KU3Hb, KOTOPBIE, [0 €r0 MHEHUIO, OPraHU30BbIBa~
g0 [IPY.

B 1967 roxy amepukannnt kymuaun B CCCP jyqmniyio B Mupe Ha TOT MOMEHT, OPUTH-
HAJIBLHYIO MOMIHY0 MIyIKOBCKyi0o 9BM «MUP». TlepconambHbIXx KOMIBIOTEPOB B TY I0-
py He Obu10. PeanmsoBannas Oyectsine MalnHa UMejia CTEKOBYIO OPraHU3aIiio MaMATH,
JTUCILIEH CO CBETOBBIM IIEPOM, 00ECIIeINBAIONINI MHTEPAKTUBHOE B3aUMOIEHICTBIE I10JIH30-
BaTe sl ¢ MAIUHON, a IJIABHOE — alllapaTHO PeAJM30BAHHBIN A3bIK ITPOrPAMMUPOBAHUSI,
[IO3BOJISIBININAN BBITOJHATL CUMBOJILHO-AHAJTUTUYECKUE TTPeodpa30BaHusl, HHTEIPUPOBATH
dbyHKIMH, peraTh ypaBHeHus, BBIBOAUTH rpaduku. [1o106HbIe BOSMOKHOCTH CETO/IHS Pe-

aJIM30BaHbl IPOIPaMMHO B nakeTax «Marematukas, «Mathcad», «Maple».
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Ho B ToMm ke rogy B CCCP ObL710 TPUHATO HEBEPOSATHOE I10 IVIYIIOCTH PEIIeHre: TPHU-
OCTaHOBHUTH OTeYeCTBEHHBIE Pa3spabOTKN KOMIBIOTEPOB U B3ATh 33 OCHOBY YHHMDUKAIUN
9JIEKTPOHHYIO T1aT(hOPMY U ITporpaMMHOe obecriedenust amepukanckoit IBM 360. Axage-
vmuk H. H. Moucees Bciomunast, uro Bukrop MuxaitioBud, NOTPACEHHBIN CJIYYUBITUMCS,
Torja ckazasl: «Tenepnb onn mnorepsdior Bcés. CoBerckue cucrembl Jlebenesa u [ymkosa
OCTAJIMNCh TOJILKO Ha @TOMHBIX 00bEeKTaX M B IIPOTUBOPAKETHO# obopowne. [1ymKoB Bocpu-
HSIJT PeleHne O MPEeKPAIEHNN OTeIeCTBEeHHBIX pa3paboTok IBM kak JuvHyto Tpareauro.
Jlo KoHIla »KMU3HU OH IPOOUBAJ B IOJUTOIOPO HJCIO CO3BIBA clienuaabHoro mienyma 1K
110 nHMOPMAIMOHHBIM TeXHOJIOTHAM. Perenne Takoe Obl10 npungTo. [Lnemym Muoro pas
IIePEHOCUIICS, HO TaK 1 He cocTosicd. [logrorosiennble [TTymKoBBIM MaTeprabl NCHIOIb-

zoBaJs1 ['opbaués na crenmaibnom copemanuu B [IK B 1985 romy. Ho 6n110 y2Ke 11031HO.

[Iporn rojbl, 1 MUP OYEHBb CUJILHO m3MeHUsIcA. HacTynmra nadopMmannontas 31mo-

Xa — TaKas, KaKoil ee ImpejacTaBisi [JTyTKoB.

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’2013
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Hacnemue ydenoro mpejicraBiiseT OrpOMHBINH MHTEpPEC, IMEPEOCMbICIUBACTCA U BHE/I-
psieTcs B IE€peJIOBbIe TEXHOJIOIMH UH(MOPMAIMOHHOTO yiipaBenus. Ho xouercs obpatuth
ocoboe BHUMaHMe Ha Besmdme camooTraadu B. M. Iurymikosa, ero mpemaHHOCTh HayKe U
caM03a0BEHHOCTD, €70 BeJIMYaiIIIil TIOJBUT U *KU3Hb, TIOJJOOHYI0 MITHOBEHHOMY He3a0bIBa-
€MOMY II0JIETY 3BE3/IbI.

N Bor uto emé 3amomumi H. H. Mowucees. Bukrop MuxaitioBud ckazas: «CMOTYT Jiu

IIOHATDH 6y;Lyuu/Ie IIOKOJIEHU A, KaKoIi I/IHTepeCHOI‘/JI7 HAIIOJITHEHHON >KM3HbIO MbI 2KWJIH . . . ».

VcnonbzoBanb BocriomMmuHaHUs 1 (pOTOrpadun yIEHBIX — COPATHUKOB, COBDEMEHHUKOB, YICHUKOB aKae-
MuKa [JIyIKkoBa U MaTepuasbl CTaTbH:
Cepreit Komapuuupia. [Ipeasuaesmmit Gyaymee //
Tazera «l'opomckue nHoBoCcTHY : KpacHospcek, 26.01.2012, Ne2511.
http://gornovosti.ru/tema/history/predvidevshiy-budushcheye18984.htm
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Abstract. In our days, interest to the class of inductors on the basis of decision trees does not
weaken, especially in the context of Data Mining paradigm . At the same time most widespread Quinlan
algorithms ID3 and C4.5, as we show in the paper, are not the best. It is therefore possible to see
the successful attempts of creation another heuristic splitting criteria for the algorithms of synthesis of
decision trees. Comparative definition of different splitting criteria used for the synthesis of binary decision
trees is the purpose of the paper. We included the criteria D, 2, Z; and other which were developed by
the author yet at 1979-80 years. These criteria define combined splitting principle which is used in the
algorithm LISTBB.

INTRODUCTION

The idea to use decisions trees for machine learning and recognition appeared in the
articles of Hunt and Hoveland at the end of 50th past century. But the central work came
into notice of mathematicians and programmers to this scientific direction all over the
world there was the book of Hunt, Marine, and Stone published in 1966 [§]. In the Soviet
union the scientific direction related to the decision trees began to develop approximately
at the same time at A. Blokh [25] scientific school. From numerous works of this school it is
necessary to pay the special attention to the paper of V. Orlov [39]. In this Orlov’s paper,
yet at the beginning of 70th last century — more than on 10 years before J. R. Quinlan —
an entropy splitting criterion and the algorithm for decision tree synthesis was presented,
which on principle did not differ from the widely in-use algorithm ID3.

In our days, interest to the class of inductors on the basis of decision trees does not
weaken, especially in the context of paradigm of Data Mining. At the same time most
widespread Quinlan’s algorithms ID3 and C4.5 | as possible to see below, are not the best.
It is therefore possible to find out the successful attempts of creation another heuristic
algorithms for synthesis decision trees by precedent information [15, 14].

The aim of the present paper is comparative description of the different splitting
criteria used for the synthesis of binary decision trees (BDT), including the criteria
developed by the author yet in 1979-80 years which underlay the algorithm LISTBB.
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The name used for the algorithm LISTBB is explained to those, that it was first
realized on the basis of list presentation (LIST); branching (B) — designate splitting, and
second B — designate the case of Boolean variables.

Algorithm LISTBB and its modifications LISTD and LISTBB(P) were repeatedly
used in practical tasks. These algorithms were used for development programm systems
RADIUS-222, TRIOL, INTMAN |31, 34, 33]. The main feature of algorithm LISTBB
consists of that he is “sharpened” exactly to minimization of the number of leaves of BDT
inductor. Such approach gives results better then another approaches to splitting in the
average (by a set of the tests).

BDT Synthesis, general speaking, consists of two stages: a) choice of feature predicates
and b) decision tree construction. These stages can be joined as it used when decision tree
corresponds to the partition of real feature space by hyper parallelepipedes. We will further
suggest that two stage approach to the BDT synthesis is used, the set of feature predicates
is given, and logical sample table is given as well.

Each inner node of BDT corresponds some fixed feature predicate. Each inner node
has two outgoing edges which corresponds “zero” and “one” values of this fixed feature
predicate. Any branch of BDT has no the same predicates in it nodes and ends by the
leave marked by the class number. Recognizing algorithm which defined by the BDT uses
this class to identify all the objects (points of the feature space) hits into partition element
according to the branch.

It is well known that the number of the inner nodes of BDT is equal to u—1, where p is
the leaves number. Then minimization of the leaves number is equal to minimization of
the inner nodes number or the number of the tests executed in the inner nodes.

The length of the branch is the number of the nodes contained in this branch. The
height of BDT is the length of its branch with the most nodes number. A tree is called
uniform (balanced) if all its branches has equal length.

We will identify n feature predicates given for BDT synthesis with the Boolean
variables x1, ..., x,.

The class of the Boolean function which is representable by BDT is complete: by
mean some BDT the algorithm for realization any Boolean function can be realized. This
important property can be easy proved by consecutive Shannon expansion by one variable.
But the class of Boolean functions defined by BDT with the number of leaves bounded
by the constant u is enough narrow [32].

The expansion by r variables along any BDT branch defines the interval of the rank r
in the partition of the set B™ of the vertexes of unit n-dimensional cube. Any element
of this partition is marked by the class number contained in the corresponded BDT
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branch leave. We can say that BDT classifies the intervals of the partition. The codes of
the interval is the set of values of predicates, placed in the inner nodes of the branch.
Dimension of the interval of rank r is n — r and such interval contains 2"~" points.

When we consider the branching process as the sequential partition of B" to intervals
we use the set-theoretic approach in Boolean algebra defined by Yu. I. Zhuravlev [36].
This very fruitful approach stimulated development of the splitting criteria based on the
concept of separability [37] presented in this paper. BDT synthesis with minimum leaves
number is equal to synthesis of shortest orthogonal covering which is correct relatively
the sample points distribution by partition intervals.

The leaves number p of BDT is natural measure of its comlexity because the number
of the inner nodes p — 1 defines the number of the same type executable steps in process
of “steady raising” synthesized BDT.

Let ¢ be number of the classes; Z(n, ¢, 1) be the family of BDT with exactly u leaves.
The exact formula for the number d(n, ¢, 1) = |2 (n, q, it)| is unknown. Arbitrary Boolean
function is presented by BDT, generally speaking, not uniquely.

In the paper [32| the asymptotic estimation on condition that n — oo is obtained:

d(n,q, 1) ~ (= Dla(g = DI 'n(n — 2,
and it is proved that the number b(n, 2, 1) of Boolean functions which can be presented
by BDT with exactly u leaves satisfy inequality

b(n,2, 1) < (u—1)12¢ " Ipr 1,

Use of the pVCD method [29, 30| allows to find Vapnik-Chervonenkis Dimension (VCD)
of the finite class #A(n,2, u) of decision functions presentable by BDT with the leaves

number not exceeding  in the case of two classes [4]:
VCD(%(n,2,1)) < (u—1)(log(n+ 1) +log pu+ 1). (1)

1. ESTIMATION METHODS FOR DECISION TREES
AS EMPIRICAL INDUCTORS

Machine Learning by sample (by precedents), we speak about in our paper,
realizes empiric induction principle which consists in synthesis of decision by mean of
generalization of particular cases to their common features. We consider such case when
common features, which is found as result of machine learning, is represented as the set
of concepts (by E. Hunt). These concepts are presented in the form of BDT. Conditional
features or concepts are the conjunctions which corresponds to branches of the BDT.
These conjunctions define the set of decision Boolean functions. Notice, machine learning
must be organized such the way that common features were true on the as most as possible

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’ 2013
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examples which were not used to correct BDT in the learning process. So, if we have [
examples in the sample, and we synthesize step by step BDT, we graft the Tree in case of
error. Another words, we correct the Tree if example is recognized incorrectly. If r is such
number of examples which is used for correction BDT, then the number [ — r examples
must be as more as possible and these [ —r examples must be correct recognized by BDT.
Then we can speak with confidence that learnability takes a place.

The aim of this paragraph is to ground that the problem of BDT synthesis must
be stated as the problem of searching BDT with minimal leaves number which classifies
correctly as more as possible number of examples. There are at least three approaches to
ground this state.

e Class of BDT which is used for decisions making becomes narrower, when becomes
smaller the parameter p which bounds number of leaves. In that case VCD of this
class becomes smaller and learnability has a place in accordance with statistical Vapnik-
Chervonenkis theory.

e Another statistical estimations of the statistical reliability BDT, which doesn’t
use VCD, as well become better when the parameter 1 becomes smaller.

e The description length of the BDT becomes shorter, when the number of his leaves is
less, that determines reliability of recognition on the basis of principle of MDL — minimum
description length.

We will describe these three approaches briefly.

1. Difficulty of estimation of BDT probability errors is explained thus empirical error
rate, which is found by numbers of errors obtained by the count on the sample, are
biased. But finiteness of VCD of the class of BDT is sufficient condition for uniform
convergence of empirical empirical error rate to the error probability. The less VCD the
higher uniform convergence and the less examples we need to achieve adequate accuracy.
The estimation (1) manifests the following conclusion: the smaller leaves number pu the
smaller VCD of the class #(n,2, 1) of BDT. So, minimization of the leaves number p
allows to achieve learnability.

2. The accuracy of BDT as empirical inductor can be estimated by the check sample.
In this case the following probability scheme is used. Elements from the check sample
are drawn out from universe accidentally and independently of one another. The check
sample is correct and has no examples which are contained in the learning sample. Then
error rate of BDT on the check sample will be unbiased.

We consider Boolean variables and suppose that source feature space maps into
B" ={0,1}" = {2 : & = (21, ...,x,),x; € {0,1}}. Let P is probabilistic measure on B";
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Y zepn P(T) = 1. Let P(E) be the error probability of arbitrary BDT with p leaves when
arbitrary £ € B™ will be recognized.

If BDT classifier has p leaves, the length of the check sample is [., and d. is the
number of errors of this BDT on [, tests, 0 < < 1, then foranye: 1 >¢ >4

I

Pr(P(E) > ¢) < m§

Pr(P(E)>¢) < exp{—(g_—m

. }
(look Appendix I). From this inequalities we can conclude that statistical reliability of
BDT as higher as the leaves number is smaller.

3. Not losing community, we consider the case when the number of classes is equal
two. Let us programme the binary word p which can be used to decompress any BDT
with p leavs with a goal to estimate Kolmogorov complexity of such BDT. We present
any BDT inner node (1,...,u — 1) by the atom word which consists from two parts: cod
of variable number (1,...,n)—prefix — and concatenated code of the number of the next
atom or class value (0 or 1) — ending. Atom prefix has n + 1 possible values. 0 and 1
reserved for class numbers; 2,3, ..., n + 1 used for feature numbers 1, ..., n. Atom ending
has p possible values: 0 and 1 reserved for class numbers as well as in the prefix, and the
rest u — 2 values reserved for the pointers to BDT nodes (atoms). We use the list of atoms
to present and describe BDT. According this list we can estimate description length or
prefix Kolmogorov complexity K P(BDT),,) of BDT with p leaves:

KP(BDT,) < 2([loglogn] + [loglog uu]) + (1 — 1)([log(n +-1)] + [log u]),

KP(BDT,) ~ 2(loglogn + loglog i) + (1 — 1)(log(n + 1) + log ).
It is evident the less leaves number the shorter BDT classifier description or its prefix
Kolmogorov complexity.

2. SPLITTING CRITERIA

The choice of variable or predicate for the splitting is the main element of all BDT
synthesis algorithms. Splitting is equal to partition of some Boolean interval N; into two
intervals N! and N? so that N} UN? = N;, N} N N? = ), where t is step splitting number.
Partitionable interval must necessarily contains examples from different classes.

Let k be the number of variable which is chosen for the partition of the
interval N;. Then we denote two intervals of partition as N}(k) and N7 (k). We
define A(k) = N}!(k) NT;,, — the set of examples (points) from the learning sample
(learning table) T;,, which hits to the interval N}!(k). Analogously B(k) = N2 (k) N T,.
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The table T}, consists of [ rows (examples) and n columns — values of variables x, ..., x,,.
Additionally any row from 7j, is marked by the class number. Let |A(k)| = my(k)
and |B(k)| = mao(k).

We will talk that the predicate S(k) is splitting criterion when variable zy is chosen
for splitting when S(k) = 1(True).

Let us consider the following criteria.

So criterion (of complete separability). So(k) = 1 iff the set A(k) contains examples
of only one class and B(k) contains examples of only one class, and the classes of the
examples from A(k) and B(k) are different. Else Sy(k) = 0.

S1 criterion (of partial separability) [35].

Si(k) = 1 iff the set A(k) contains examples of only one class or B(k) contains
examples of only one class; else S1(k) = 0. It is evidently that [Sy(k) = 1] = [S1(k) = 1].

Z, criterion (of maximum partial separability) [35].

Let dk : Si(k) = 1 and Z;(k) is the number of points from the interval N} or N?
which belong only one class. Then the variable with the number k&, = arg max Z1 (k) must
be chosen for the splitting.

D criterion (of uniform pairs separability) [35]. Let Ty, ,, = 11, N Ny is subset of
points from the learning sample contained in the interval N;; K;(k) — the number of
pairs of examples of different classes in the subset T,,,, ,, which are different by the value of
variable xj;,. We will talk that D criterion is used iff k* = arg max Ki(k) and variable xy- is
used for the splitting.

D criterion properties.

1° Let the number of points in the interval N; which are to be shatter is fixed. Let any
allocations of these points and their class number marks in the partitionable interval N;
are possible. To the value of D(k*) = max Ky (k) be maximum possible (when interval N;
is shattered) it is necessary and sufficient the following two conditions simultaneously:

(i) the class of any point from A(k*) is different from the class of any point from B(k*)
and

(ii) The partition of N, is uniform: m,(k*) = mo(k*) when m,o is even and
|mq(k*) — ma(k*)| = 1 when my 5 is odd, where my o = my(k*) + mo(k*) is the number of
points contained in the interval V.

2° D criterion can be specialized and used for any types feature spaces and any
separating predicates.

DKM criterion (Dietterich, Kearns, Mansour) [10]. This criterion is meant for
two classes of examples. If the first interval N} (k) of the partition contains s;; examples
of the first class and second interval N?(k) of the partition contains sy examples of the
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second class then DKM (k) = 2, /214522 = 2,/py1 oo, Where py; and pos are the empirical

1
mi1,2

estimations of probability of examples of the first class will appear in the interval N} (k)

and examples of the second class will appear in the interval N?(k). In the paper [10] it is

shown that the DKM criterion is more preferable than E criterion and G (Gini) criterion

(see below).

DKM criterion properties.

1° DKM (k) = 1 iff any interval of the partition contains examples which belong to
only one class and s1; = S99.

2° DKM criterion possesses the uniformity property as well as D criterion.

3° But D criterion has the preference in comparison with DKM criterion because it
can be used when the number of classes is greater than 2.

TWO(Twoing) criterion.

Let we have two classes of examples and two intervals of the partition: N}(k)
and N7?(k). The interval N}(k) contains s;; points of the first class and sy points of
the second class; N?(k) — s12 points of the first class and syy points of the second class;
mi = S11 + S21, M2 = S12 + S22. S0, My 2 points are shattered. The Twoing criterion is

).

defined be the following expression:

TWO = ””“;”2(

mioa

521 5929

ma mo

511 512

ma mo

2
TWO = ]5@<|2511 — Di2| + P2 —2522’> )

N — mi S — m2
where p = s 4= s,

p+ q¢ = 1. When the partition is correct sjo = s91 =0
then TWO = 4pq. If addition to correctness the partition is uniform i.e. p=¢=0.5
then TWO = 1.
TWO criterion properties are mainly closely with the properties of DKM criterion.
Q criterion [35]. Let variable z;, was used for the partition and the interval N} (k)
contains points of J; (k) various classes and N?(k) contains points of Jy(k) various classed.

We denote Q(k*) = mkin(Jl(k) + Jo(k)). Then if the variable * is used for splitting and

there is exists a pair of different classes points & and B in the intervals of the partition,
ie. @ € N}k*) and 3 € N2(k*), we will say that Q criterion is used.

Q criterion properties.

1° (Q2(k) =2) & (9(k) =1).

22 If the value of Q(k) = ¢, where ¢ is initial given number of classes in the solvable
task, and variable xj is used for splitting, then examples of any class contained in only
one interval. We name this property hierarchical separation sensitiveness.
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E criterion (entropic).

Let s;; is the number of points of the class ¢ in the interval N/(k),j = 1,2, which
is gained as the result of the partition when variable zj is chosen for splitting. In the
general case m; o points of learning sample will be distributed to the the pair intervals of
the partition as shown on the table 1:

Table 1. Partitioning into two intervals

N; (k) Ni (k)
contains mq (k) points; contains ms (k) points;

s1, points attributed to the class 1 | s; 5 points attributed to the class 1

s9,1 points attributed to the class 2 | sy 9 points attributed to the class 2

The probability of belonging of arbitrary point from the interval th (k) to the class i
can be estimated as p; ; = s;;/m;(k) where m;(k) is the number of points from learning
sample which hit into the interval N/ (k). Notice, that p;; is biased estimator.

Estimator of entropy of the interval N7 (k) is I;(k) = — . p;.; log ;. The estimator of

average entropy by two intervals N} (k) and N2(k) will be E(k) = %L 1 () 22k 1 ()

m1,2(k) m1,2(k)
because of T:ZJ%) is the estimator of probabilistic measure of interval N; (k). So, E(k) is

an average statistical estimator.

The E criterion of choice of splitting variable consists of use the variable with the
number

k. =arg mkin E(k).

This choice corresponds to minimization of uncertainty as a result of current interval
splitting.

E criterion properties.

1° The entropy criterion E is not sensitive to uniformity of partition — it can give out
equal values in the cases when the numbers of examples in the intervals is equal and when
these values are different even through these values are 1 and m; o — 1.

Really, if some interval j contains examples from the only one class ¢ then probability
estimation p; ; = s;;/m;(k) will be equal to 1 regardless of the value m;(k). In particular,
let’s consider two tables (Fig. 1):
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Fig. 1. Nonuniform example distribution by the intervals of partition

Fig. 2. Two cases when E criterion values are agree and equal to 1

In both cases (Fig. 1) E criterion value is equal to 0. Notice, the D criterion in these
cases takes values 25 and 9.

2° The FE criterion is not sensitive to the preference of hierarchical classification
structure. This property is illustrated on the Fig.2.

IGain criterion (Information Gain) is meant for the choice of the splitting variable
based on entropic approach.This criterion is improved to estimate average increase of
information (gain) as result of branching step.

Initial average quantity of information needed to define the class of arbitrary point is
q q
S; S
anT:—E “lo —j:—g n; log pj,
f ( ) py l g l = p] gpj

where T is learning sample; [ — the number of examples (points) in T; ¢ — the number of
classes; s; the number of points in 7" marked by class j; p; — the estimator of appearance
probability of the class j.

IGain criterion of maximum information gain is [Gain(k) = Info(T) — E(k),
where F(k) is the value of defined above E criterion — the average entropy by intervals
of the partition obtained by choice of the variable xy.

MEE criterion (Minimum Error Entropy)[14].

Let’s first consider the case of two classes — w; and wy. Let xj is variable — candidate
for splitting; w; — the class number — candidate for the mark of interval N} (k) (the left
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branch) if variable x;, is used. Then the right branch (and interval N?(k)) is admittedly
marked which the class w,. If we suppose such splitting is correct then any point from
the learning sample which hits in N/}(k) but marked in the sample by the class ws
will be classified incorrectly. We denote correspondingly 7o and 79; the numbers of
such incorrectly classified points in the intervals N/(k) and N?(k). Then estimators of
error probabilities sort of "mixed up classis"in the shattered interval N, = N} U N7 is
]312 = 721122 and Pgl = 72?2, where m; o is the number of points of the sample hit in V.

The value 1 — ]312 - ﬁ’gl is the estimation of probability of the correct computation of the

class number by the node with the predicate (variable) z; and edges marked w; and ws.
The MEE formula based the error entropy EFE:

EE = EE(Nta k, ]51271521) = ]512 logpm - P21 log P21 - (1 - P12 - Pgl)log(l - ]512 - ]521)-
The rule of splitting by the M EE criterion consists in the choice of variable x} where

k* = arg IIIVHE EE(N, k, P, 1521).

MEE criterion properties.

1° The minimum value of EE is equal to 1 when all examples are correctly classified by
the partition created with splitting variable x,«. The maximum EE=1 is when examples
are completely mixed up classis — when Plz = ]521 =1/2.

2° With mixed up classis increases the EE estimator increases too. Notice, the value
of { criterion increases in this case as well.

3° When the partial separability takes a place (Si(k)=1), for example,
when ]512 = 1/2, then FE = 1. Therefore M E'E criterion sometimes can’t detect the
difference between cases of the partial and complete separability.

G criterion (based on Gini Index).
Gini Index of the interval N/ (k) is

g(N{ (k) =1— Zﬁ?,j =1 (siy/m;(k))*.

7
Squares of estimators of conditional probabilities of all classes in the interval N (k)
are summed. If the interval N/ (k) contains points of only one class then Gini Index reaches
its minimum value equal to 0. G criterion defined by formula

G(k) = g(N; (k) + g(IVi (k).

The splitting variable number is k, = arg mkin G(k).
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G criterion properties.

1° If the interval contains poins of only one class then its index is equal to 0, therefore
G criterion is enable recognize the partial separability.

2° (G(k) = 0) & (S2(k) = 1) what means ability of G criterion to recognize complete

separability.
A B
40 points "+" |10 points 1k 40 po:.nts 117 points non
3 points n-n
20 points "=" |10 points"o | 10 points '*"| 3 points "o
7 points 'on

Fig. 3. Two cases of points distribution

In the paper [21], page 7, it is shown that Gini criterion is disable recognize hierarchial
separability of classes and the explanatory example is done (Fig. 3). On the Fig. 3 two
cases of points displacement. The case A correspondents to the completely separability of
two classes (4)U(-) and (*)U(o). But G criterion makes more preferable the partition B.

3. COMPARISON OF THE CRITERIA

Example 1. Let the interval of dimension 5 is given with 9 points distribution as shown
on Fig. 4. These points classes denoted by symbols 4, —, *. The values of splitting criteria
when variable x; is chosen, x; € x1,...,x5 are presented on the Fig. 5. The comparison
of the criteria values shows that all criteria except S; and G criterions are concordant:
they define a choice of the same variable x5. Criterions S; and G for one’s turn put are
concordant each other and pick out the case of partial separability.

Fig. 4. The sample points distribution
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If variables are ordered by the E criterion decrease then D criterion values will be
increase but the monotonicity of the growth as it seen from the Table 2 and Fig. 6 is
violated. For the variable x3 increased value D(3) = 15 is explained the more sensitivity

of D criterion to the partition separability in comparison with E criterion.

Table 2. E and D criterions comparison

Kpurepun | x; Ty T3 Ty Tx
FE 1.206 | 1.068 | 0.984 | 0.846 | 0.739
D 13 15 14 16 17
2

15 —_—— —— 3HavyeHHA E
: i . KpHTERKA
T—— —=— 3H3YEHHA

05 kputepua D0

Xl x2 A 2 ')"4 Xﬁ
+ | + + | - + | + + +
_ | % + | - _ | % + | * + | *
_ | % *x | _ _ | % _ | % *x | _
- - * - - - - - -

E)=1206 E(2)=0846 E(3)=1.068 - -

Qly=5 Q(2)=4 Q(3)=75 E(4)=0.984 -
D(1)=13 D(2)=16 D(3)=15 Q4)=4 E(5)=0.739
S,(H=0 S,(H=1 S;(1)=0 D(4)=14 Q(5)=4
G(H=1015  G(2)=064 | G(3)=00945 S(4)=0 D(5)=17
G(4)=0.98 S,(H=0

G(5)=0.722

Fig. 6. Criteria values for the various point distribution
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Example 2. Let the interval of dimension 4 is given which contains 10 points
of 5 classes (Fig. 7)
The values of E and D criterions are concordant each step of splitting this example.

We give their values only for the first step (Table 3).

Table 3. The first step E and D criterions values

Creteria | 3 To T3 Ty
D 25 20 21 22
E 1.246 | 1.565 | 1.922 | 1.551

X4
x.?
113|332
1
4|4
X,
5|5
xl
Fig. 7. Points distribution Fig. 8. Optimal BDT

It’s easy to see criterion E gives value 0 when each interval of the partition contains
points of only one class. And in this case E and D criteria values coincide.

According to multiple experiment computations with various splitting criteria the
comparative data are presented in the paper [15|. In particular, the number of leaves
of BDT were compared as result of synthesis. The comparison carried out on 36 real
tasks. In the table 4 it is shown how many times the use of each from 5 criteria reduced to
acquisition the BDT with the least leaves number (the best result or win) and the most
ones (the worst result or loss) in comparison with all other algorithms.

Table 4. Comparison of the win numbers

Algorithms | Gini | Info Gain | Twoing | C4.5 | MEE
Win number | 11 9 8 1 18
Loss numder | 4 3 3 24 7
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The data presented in the table 4 confirm first of all that it’s impossible to pick out
a criterion which gives the best result all the cases for any admissible learning samples.
Nevertheless according to the table 4 the MEE algorithm wins at the minimum twice
frequently in comparison with other. It’s rather unexpectedly that the algorithm C4.5
was the worst in these experiments in spite of it’s widely used in applications.

In the paper [35]experimental researches of BDT synthesis algorithms were carried
out. In these experiments the points of {0,1}" — examples — were generated according
to the equally probable distribution with n = 25. As well random number was designated
to each generated point. Result of these experiments are presented in the table 5.

Table 5. Comparison of the win numbers

Algorithms | Average by 15 experiments leaves number

5 classes 2 classes 5 classes

50 examples | 50 examples | 100 examples

LISTBB 23.1 11.3 44.7
LISTD 24.5 14.1 46.7
LISTB 44.9 34.9 -

The best in these experiments algorithm LIST BB (see below) is the hybrid procedure
of situational choice of splitting criterion which depends from the initial value of the 2
criterion and of presence the partly or complete separability. The algorithm LIST D uses
only D criteria. The algorithm LIST B uses random order of variables for the splitting.

Notice the algorithm LIST BB first computes the €2 criterion value which most closely
to the M E'E criterion.

4. THE STOPPING RULES AND BDT BRANCHE REDUCING

The BDT is called correct relatively the learning sample if all examples of this sample
are classified by the BDT correctly. The feature space partition which is generated by the
correct BDT is such that each terminal set included in this partition contains the points
belonging to only one class. These terminal sets correspond to the BDT leaves and inherit

leave numbers.
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The rule 1. A branching process of the BDT synthesis is continued as long as this BDT
becomes correct. This is possible if and only if predicate descriptions of of all pair sample

examples are different.

The rule 2. A branching process of the BDT synthesis is stopped when the leaves

number reaches established threshold.

The rule 3. A branching process of the BDT synthesis is stopped when Information

gain can’t be increased by adding a new inner node.

The rule 4. A branching process of the BDT synthesis is stopped when the lengthes

of all BDT branches reaches some given value.

The rule 5. A branching process of the BDT synthesis is stopped when all terminal sets

which must be shattered contains the point numbers which are less then given threshold.

The rule 6. Stopping of the BDT synthesis is defined on the base of Minimum
Description Length principle which is in accord with the choice of more probabilistic
hypothesis by the Bayes rule [22] — one of formalization of “Occam’s razor”: the best
hypothesis is that which minimize sum of hypothesis description length (of the model)and
data (relatively this hypothesis)length. This stopping rule for the BDT synthesis is
described in detail in [29].

The rule 7. A branching process of the BDT synthesis is stopped by the rule “ Plus
five” based on the class VCD with restricted p leaves estimator [4].

The rule 8. A branching process of the BDT synthesis is stopped on the base of the
theoretical estimator of error probability when adding any additional none to BDT doesn’t
result to this error probability decrease. Such approach is described in many papers for
example in [29].

The last two rules are more theoretical grounded.

Any stopping rule listed above can be used together with another one ore jointly with
some splitting criteria collection to obtain the new BDT synthesis algorithm. It can be
seen in some publications dedicated to BDT inductors synthesis.

The pruning (reducing) rules define the maximum possible length of BDT branches.
If some branch has the length more than the given bound then it is pruned and the last
inner node is replaced by the class label. This label most often is defined by the class of
the most quantity examples contained in the shattering interval which is correspond to
the pruning branch.

Pruning must be used when synthesis of the correct BDT leads to its unjustified
complexity.
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5. THE BINARY DECISION TREE SYNTHESIS ALGORITHMS

The CLS algorithm (Concept Learning System). This is classical Hunt’s
algorithm [8] which is the base of most BDT algorithm synthesis methods. The algorithm
CLS shatters cyclically the learning sample into subsets in accordance with its most
separating capability. A shattering is ended when all obtained subsets contains poins of
onle one class. When in use shattering the BDT is synthesized.

The ID3 algorithm was offered by Hunt’s student J. Ross Quinlan [17] (1986). ID3
was based on Hunt’s CLS algorithm and used gain ratio as splitting criteria. The synthesis
was stopped when the BDT became correct or when the further splitting didn’t give the
information gain increase.

The C4.5 algorithm This algorithm developed by Ross Quinlan (1993)[18] is
improved variant of the ID3. It uses the gain ratio for the splitting. The synthesis is
stopped when the BDT becomes correct or when the points number for the shattering
becomes less then given threshold.

The CART algorithm. The abbreviature CART is given from ” Classification and
Regression Trees”. The algorithm is intended for BDT regression synthesis as well as
classification trees and uses the Twoing criterion. Regression trees have in its terminal
nodes (leaves)some real numbers instead the class labels. The splitting is realized by the
mean-square error minimum.

The CHAID algorithm [9] (CHisquare-Automatic-Interaction-Detection on the
base of x? criterion ). The applications applied statistics methods for the BDT splitting
obtained its development in the 70-s last century. The CHAID is the evolution of the
AID algorithm|20] (Automatic Interaction Detection). The CHAID is destined for the
choice of variable groups for the splitting in the following way. For each variable such
pairs it values is found which are slightly changed with a changing of the goal feature
(class number). Depending on types of features-variables slightness of such changing is
estimated by the Pearson criterion x? (for the nominal variables), by the Fisher criterion
(for the continuous variables), by the likelihood ration test (for the rank variables). The
statistical significantly distinguishable pairs of values are joined in the homogeneous group
of values, and the process is reiterated while distinguishable pairs are found. The variable
dividing the groups of the homogeneous values is chosen for the splitting. Stopping of the
BDT synthesis takes place when any from the following conditions is holds:

1) The given maximum tree depth is reached;

2) Any terminal node contains smaller points number then given threshold points
number.

Missing variable values (if such ones exist) is joined in the individual groups.
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The QUEST algorithm [13] (Quick Unbiased Efficient Statistical Tree). For the
splitting, a connection between each input variable and the goal variable is estimated on
the base F-criterion ANOVA (Analysis Of Variances)or on the base the Levene test [11]
of the dispersion homogeneity of the order or continuous variables, and on the base x?
criterion for the nominal variables. For the multiclass goal variables, cluster analysis is
used to join in two superclass. For the splitting, the variable with the largest estimator of
the statistical connection with the goal feature is chosen. A cross validation is used for the
pruning. This gives grounds to speak about unbiasedness of the statistical estimations.
Notice, we described only some part of the QUEST algorithm concerning the variable
choice for the splitting. As a hole the QUEST can be classified as a complex system
of data analysis which gives ability to analyze various variants of predictors and use

optimization procedures to choose them.

The SLIQ algorithm [16] (Supervized Learning In QUEST ). This algorithm is
intended for Data Mining applications whith the big size raw data. Gini Index and quick
sort are used for the splitting.

The PUBLIC algorithm [19| (Prunning and Building Integrate Classifier ). The
classes distribution bar chart is used for the splitting. Each point of the distribution bar
chart is considered as a candidate to define the branch threshold. The entropic splitting
criterion is used for the thresholds and variables choices.

The algorithms CALS5 [24|, FACT (early version of QUEST), LMDT |2],
T1 [7), MARS [6] and many others aren’t principally different from above presented
algorithms.

The Table 6 placed below presents comparative data of using of various BD'T synthesis

algorithms in medical applications.

Table 6. The usage of the algorithms in medical applications

The algorithm | Usage (% )
ID3 68
C4.5 54.55

CART 40.9

SLIQ 27.27

PUBLIC 13.6
CLS 9
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6. THE HYBRID ALGORITHM LISTBB BASED ON THE AGGREGATE SPLITTING
CRITERIA

Procedure LISTBB: a splitting variable choice

Input: The interval N, to be shattered and points from the learning sample

which are contained in NV,
Output: The variable for NV; splitting (for the current BDT growth)

1: Compute the set of variable numbers for which the minimum
of the § criterion is achieved: kq = {k, : k, = arg mkin Q(k)}, where

k runs all numbers of free variables of the shattered interval
2: If |kq| = 1, i.e. the Q criterion achieves the minimum for only one variable,
then choose the variable xj, for splitting and return from the procedure
3. If mkin Q(k) = q, where ¢ is the initial number of classes, then choose

any variable k* such that k* = argmax D(k)
kJEkQ
and return from the procedure
4: If there is no partial separability, i.e. Yk € kq(S;(k) = 0), then choose

for the splitting any variable k* such that k* = arg max D(k)
kekq

and return from the procedure
5: If the partial separability exists then choose for the splitting any
variable k, by the maximum of partial separability: such that

k* = argmax Z; (k) and return from the procedure
k€kq

To explain step 3 of the procedure LIST BB the following example (Fig. 9) can be
considered. Let six points in the shattering interval belong to the classes labeled by
+, -, *, 0, , A. Partitions by the variables x; and x5 give Q(1) = Q(2) =5, D(1) = 8
but D(2) = 9. This example proves then when values of €) criterion is equal for some two
variables, the D criterion for these variables can be different.

Fig. 9. Step 3 explaination
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When the BDT is built, splitting steps are executed thus and so the leaves number
grows. There exists a lower bound for the BDT leaves number which will be obtained
when the synthesis stops. But while the BDT synthesis is run the lower bound can be
changed. So we call such lower bound as current.

Proposition 1. When the procedure LISTBB is used, the value p; + Q(k*) — 1, where 1,
is the current BDT leaves number and Q(£*) is the maximum of the §2 criterion achieved
for the variable z}, is the current lower bound for the BDT leaves number which will be
obtained when the synthesis stops.

Proof. Really, let’s consider step ¢ of BDT synthesis. Let y; is the current leaves number,
the interval N; must be shattered and splitting variable x} is chosen. If we shatter the
interval then one leave is replaced by the new node pointing to the two intervals which
contains Q(k*) various classes, consequently we will need to add at least Q(k*) leaves to
reach correctness. So, we have the lower bound p; — 1+ Q(k*). O]

Remark. Easy to see that ¢ < Q(k) < 2¢, where ¢ is initial given number of example
classes. Then if ¢ is small (¢ = 2 or 3 ) utility of the above lower bound is minor. But

with ¢ increasing it becomes more and more.

Proposition 2. When the procedure LISTBB is used and on arbitrary step t of the BDT
synthesis the partial separability exists, then the following estimator of the increment
leaves number Apy, which will be added to the BDT when the synthesis stops, is true:

mkin QE") — 1 < Apy <my o — Z1(k"),
where £* is the splitting variable number.

Proof. The left part of the inequality is proven (Proposition 1). The right part becomes
evident if we note that m,, points contained in the shattering interval and worse case
each point may be separated by individual leave. But when the partial separability exists,
Z1(k*) point will be separated into one correct interval, and another — second interval of

the partition — will contain m, » — Z;(k*) points. O

According to propositions 1, 2, the algorithm LISTBB (in spite it is heuristic) is
directed to the choice of splitting variable by such the way to minimize both lower
and upper bounds of leaves number increment. But algorithm’s LISTBB “bias” and
its “drive for” partial separability can put to the cases when Z;(k*) is very small, for
example Z;(k*) = 1, and then the choice of variable based on partial separability may be
unprofitable.

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’ 2013



30 V. I. Donskoy

The parametric version LISTBB(p) contains the parametr p, which modifies step 5
by following:
5(): If the partial separability exists and Z;(k*) > p then choose for the splitting any

variable k* by the maximum of partial separability: such that k* = argmax(Z;k) else
kekq

choose for the splitting any variable k* such that k£* = arg max D(k) and return from the
kekq

procedure.

The LISTBB algorithm (splitting)stops when a) correct partition is obtained or b)
the list number exceeds the specified threshold. This threshold at fist was an heuristic
parameter, but now it is defined on the base of MDL principle [29].

7. APPENDIX 1

We consider the case when variables are Boolean because we suppose that arbitrary
feature space is mapped on {0,1}" predicates values space. We denote P(FE) error
probability of arbitrary BDT with u leaves when admissible object described as & € {0,1}"
is recognized. At length, Pr(P(U) is the probability of fulfilling some condition U.

Theorem 1. If BDT pu leaves classifier made dl. errors on the check sample of length I,
where 0 < § < 1 then for any e : 1 > € > the following inequality takes a place:

i
Pr(P(E) > ¢) < m

Proof. Let’s denote BDT leaves labels as wy, ..., ws, ...,w, so that label w, defines the class
of points hits in the interval N, which corresponds to the BDT branch number s. So,
this branch ends by leave w,. The probabilistic measure of intrval Ny is denoted as
P(N;) = Pr(Z € Ng). For simplicity we will denote N, the event “Z € N,” as well as
the interval, and w, — the event of appearance of the point of the class w,. The intervals
Ny, ..., Ny, ..., N, correspond the partition of B” = {0,1}" thus

> P(N,)=1; P(E)=)_P(E|N,)P(N.);
P(EIN;) = 1 = P(ws|Ny); P(ws, Ny) = P(ws|Ng) P(N;);
P(E) =Y (1-P(w,N,))P(N,) =Y P(N,) = > Plw;,N,)=1->_ P(uw,,N,).

For each interval of the partition frequency of events

n(ws, Ns)

v(ws, Ng) = l
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are defined by the numbers n(ws, Ns) of points from the learning sample hits in interval
N, and classified as w,. These points are classified by the BDT correctly. Let’s denote the
number of points from the learning sample which hit in interval N, but classified wrong
as k.. Then

H 1 n(w Lk
an,Ns +ks :lc; 37 7= 7
2 k) =l 2T T
o
Zu(ws,Ns) +0=1,
s=1
where 0 = Z ks is the errors quota on the learning sample. Let’s substitute the left

part of the equahty in lieu of 1 in the formula which defines the BDT error:

E)=1- ZP(ws, N,) = Zy(ws, N,) — ZP(LUS,N

The event “P(E) > £” is equal to the event

Z v(ws, N) — Z P(ws, Ng) > € — 0.

s=1 s=1

o

Mathematical average and variance of the random quantity ¢ = > v(ws, Ns) of the sum
s=1

of independent random quantities are

=Y Mlv(ws, N = 3 Plws, Ny);
DI = " Dlv(en. V) ZM M) P, N =

=1 ZZM n(ws, Ny) — I.P(ws, Ny))?],

where 1. P(ws, Ny) is mathematlcal average and M([(n(w, N,) — [.P(ws, Ny))? is variance
of number of cases when the point hits in the interval N, and its class is w,. From the

inequality
le
leP(ws, Ng)(1 — P(ws, Ny)) < )
we get
1
D[(] < —.
<4

By the Chebyshev inequality
(Ve > 0)Pr(|¢ — M[¢]| > ¢) < D[¢] /e’
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we get

Corollary. The less p — leaves number of BDT — the more its statistical reliability.
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Abstract. The installation and configuration of the educational and methodical web-sites using by
content management system Drupal are described. The basic elements of structure are viewed. The web-
sites which are created by author are represented.

BBEJOEHUE

BarkHbIM HallpaBIeHIEM COBPEMEHHOIO 00pa30BaHUs sIBJISETCsS BHEJIPEHUE I MacCOBOE
HCIIOJIB30BaHUE CPEJICTB JUCTAHIIMOHHOINO 00y4deHnsi. OrpOMHBII TOJTIOK B 9TOM HAaIPaB-
JIEHNN O6eCHqu/IJII/I MHTepHeT—TeXHOﬂOFI/IH. BO3MO)KHOCTI/I KOTOPBIX CTPEMUTEJILHO pa3BU-
BalOTCd I'oJ, OT I'oJa 1 Ha CeFO,ZLHHH_IHI/Iﬁ J€Hb O6eCHqu/IBaIOT AUAJIOT «y4IUTEeJIb-yICHUK»
B peaJibHOM BpeMeHu (Bujieo u ayano VHTepHeT-KOH(bEpEHIN, NHTePAKTUBHBIE OHJIANH-
JIOCKH U T.I1.), B PEXKUME KOHTPOJIs 3HAHUH (KOMIIbIOTEPHBIE TECThI, OHJIARH-CUCTEMbI KOH-
TPOJIst 3a/1a4, CepTUMUIMPOBAHIE), & TAKZKe IPEeJIOCTABIISIIOT JOCTYI K CAMBIM MOCJIETHIM
HayIHBIM pa3paboTKaM 1 HOBOIl jmreparype. Mcnoavsosarue nodobuuxr cpedcme 6 yueo-
HO-MEMOJUUECKOM NPOUECCE CMAHOBUMCS AKMYAALHBIM, TOCKOALKY obecnevusaem obuie-
docmynHocms 00pa308AMEALHBIT PECYPCOE HE3ABUCUMO OM, 2€02PAPUUECKO20 MECTLONOLO-
DHCEHUA, NOZBOAAETN. NPOBOJUMD NOAHOUECHHVIT KOHMPOID 3HAHUT 8 YIANEHHOM PENHCUME,
a maxotce NPeSYCMampPuUsaOm camocmosmesvHyo pabomy cmydenma 6 ydobroe oasn He2o
BPEMA.

[enbro JAHHON CTATBU SBJISIETCS MOKA3aTh BO3MOMKHOCTH, HPEIOCTABIISIEMbIE TIEPCO-
HaJIbHBIM caiiTOM, Pa3BEPHYTHIM Ha I'OTOBOI cucTeMe yipabjeHusi KoHreHToM Drupal B
KOHTEKCTE JUCTaHIMOHHOI'O O6y‘IeHI/Iﬂ 1 OITNCaThb HadaJIbHbIE€ 9Tallbl YCTaHOBKHU 1 HaCTpOfI—
KU TaKO# CHCTEMBI.

Cucrema ympaBieHHs COJEp:KAHWEM WM CHCTeMa YIPaBIeHUsS KOHTEHTOM
(arrn. Content Management System, CMS) mo3Bossier yHpaBasTh TEKCTOBBIM 1
rpauYecKuM COJEpXKaHueM caiiTa, M3MEHSITh €ro WHQMOPMAIMOHHOE HAIIOJHEHUE, He
3a00TsCh O BHYTPEHHEM MeXaHHU3Me IIOCTPOEHUsI W BBIBOJA BeO-CTpaHUIl. ApPXHUTEKTypa
CMS Drupal mocrpoena TtakuMm 00pa3oM, 9TO JIETKO MOYKeT ObITh HCIIOJIb30BaHA, IS

[IOCTPOEHUS PA3JIMIHBIX TUIOB CAUTOB — OT OJIOTOB M (hOPYMOB, J10 MH(POPMAIMOHHBIX
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apXMUBOB, CcafiTOB HOBOCTENl M y4eOHO-00pa30BaTE/JbHBIX MOPTAI0B. PYHKIMOHAIb-

HOCTH 00eCIIeInBAeTCsT MOJKII0IAeMBbIMI MOJTY/ISIME, obparatomumMuca K obmemy API
Drupal [1].

Cpenu nonysispHbIX y4ueOHO-00pAa30BATEILHBIX MOPTAJIOB, PA3BEPHYTHIX HA JIAHHON

CMS, MOXKHO OTMETHUTD CJIe Ty OIIHeE:

e http://htmlbook.ru — Yuebubiii mopraJ mo BeG-porpaMMUPOBAHUIO;

e http://www.openclass.ru - CereBble o6pasoBaresbhble coobrmecTBa « OTKPBITHII
KJIacc»;

e http://www.batu.edu.by - Besopycckuii rocyiapcTBeHHbII arpapHbIii TeXHIIECK Uit
VHUBEPCUTET;

e http://www.uchi.kz - O6pasoBarenbroe coobmecrso Kazaxcrana.

1. BBIBOP IIJIAT®OPMbI I YCTAHOBKA

NsznagaabHO cTOUT OTMETUTDb, YTO YCTaHOBKY caiTa CTOUT IIPOU3BOJUTDL Ha cOOCTBEH-
HOM CepBEpe U apeH/I0OBaHHOM y perucrpaTopa JOMEHHOM UMEHU. HO,HO6HI)II7I IIOIXO01 UMeeT

P, CIIEIYIOMUX TTPEUMYITIECTB:

® IIOJIHBII KOHTPOJIb IO YIIPABJIEHUIO CATOM U HAIIOJTHEHHUIO COIEPXKUMBIM;

® OTCYTCTBUE OlpAHMYCHUN, HAKJIAQAbIBACMBIX CTOPDOHHUMHA CEPBACAMU B CIIydae pas3-
BEPTHIBAHNUS CaliTa Ha UX CTOPOHE (K MOJOOHBIM CEPBUCAM MOYKHO OTHECTH CANTHI Ha
OecIIaTHOM XOCTHHIE, IPYIIIBI B CONMAIbHBIX CETSIX, CUCTEMbI YIIPaBJICHHUS 3JIE€K-
TPOHHBIMU KYPCAMH);

e pacmupenne PyHKIIMOHAJIA TOTOBBIMU MOJLYJISIMIA;

e aBTOpCcKoe ohopMIIeHUE caiiTa, KaK BU3yaJbHOE, TaK M TEeMaTHUIECKOE;

® YCTAHOBKA HEOOXOJMMBIX JIOTIOJTHEHHUI, CKPUIITOB U CEPBUCOB;

e pa3paboOTKa COOCTBEHHBIX ITPUIOXKEHUIL;

® ABTOPCKOE IIPaBOo.

Yesayru 1o mpeIocTaBIeHnIo JIOMEHHOTO UMEHHN M BBIJIEJIEHHOTO cepBepa JIJId pa3Me-
IEHUST caliTa HA CErOJHANIHUN JIeHb [PEIOCTABJISAI0T OIPOMHOE KOJUYIECTBO PA3IMIHBIX
cepBHCOB. BbIOOp mocTaBIINKA YCIYT 3aBUCUT OT CTOUMOCTH U HEOOXOIUMBIX pecypcoB. 1o
TpebOBAHUIO KJIUEHTA OHU YK€ TOTOBBI IIPOU3BECTH U yCTaHOBKY yKazannoit CMS, 1To mos-
BOJISIET Ha HAYAJBHOM dTalle He BHUKATH B TOHKOCTH HACTPONKHU BeO-cepBepa, M3ydeHUst
PHP, JavaScript, CSS u apyrux crenuajn3upoBaHHbIX s3bIKOB BEO-IIPOIPAMMUPOBAHUSI,
a HeIroCpPeJICTBEHHO TPUCTYIUTHL K paboTre ¢ cojep:KUMbIM caiita [2].

Beioop CMS Drupal cpen ocTaabHBIX CHCTEM TI0 YIIPABJIEHNI0 KOHEHTOM OOYCIOBJIEH

CTIEJTYIONMUME (haKTOPAMMU:
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SABJIAETCd CBOOOJIHBIM IIPOTPAMMHBIM OOeClieYeHreM, 3allUIEHHBIM JTHIICH3UE
GPL, u pazBuBaeTcst yCUIUsIMHA SHTY3HACTOB CO BCETO MUPA.

KaTeropu3upyeT Bce BUJBI COIEP:KUMOT0 — (DOPYMHBIE COOOIEHNsI, OJIOTH, HOBOCT-
HbI€ JIEHTBI U T.JI.;

UMeeT JIOCTATOYHO IUPOKUil HAOOD I MOCTPOeHUd PYyOPUKATOPOB: MEpapXWH,
IJIOCKUE CITUCKU, POJICTBEHHbIE KATETOPUU U JIP.;

[TO3BOJISIET UCIIOJIb30BATh BJIOXKEHHOCTH KaTEeropuil Jiio0oii r1yOuHbI;
OCYIIECTBJIAET IIOUCK Ha caiiTe 10 ero COJEepPKUMOMY, B TOM YHCJIE 110 M0JIb30BaTe-
JISIM U TaKCOHOMUU;

UCIIOJIb3YET pasrpPaHudeHue JIOCTYIIa K MaTepuaJjaM I M0JIb30BaTe el
HCIIOJIb3YEeT JUHAMUYIECKOEe MEHIO;

noepkuBaer XML-bopmarsr: RDF/RSS;

MIO3BOJIAET OCYIIECTBJISITH BCTABKY MaTePHUAJIOB C JPYTIUX CallTOB;

apropusupyet depe3 OpenlD;

MOJIJIEPKUBAECT PA3HOA3BITHBIN KOHTEHT. ECTh BO3MOYKHOCTD ITEPEBOJINTD COJIEPIKU-
MO€ caliTa Ha pPa3Hble A3bIKU;

IIOJIJIEP>KUBAaeT BO3MOYKHOCTb CO3JIaHMsSI CafiToB ¢ 00Ieit 6a30il 1moJib3oBaTeseil u
HaCTpONKaMU;

IIPOU3BOUT yBEJIOMJICHUS 00 OOHOBJICHUSAX MOJLY/IEil U PACIIUPEHMIT.

B crangaprroit nocraBke Drupal opumenTupoBaH Ha cO3/iaHNe II€PCOHAIBHOIO OJI0Ta

mwm caira-BusuTku. OaHako, Oarogapsi CBoeir MOIYJIBHOI CTPYKType U OIPOMHOI Oub-

JINOTEKE JOMOJTHUTEIbHBIX MOJIyJIeil, OH MOYKET ObITh HACTPOEH Ha HEOOXOIUMYIO (DYHK-

INMOHAJIbHOCTD.

,)__];JIH y‘{e6H0—MeTO,Z[I/I‘{€CKOFO caliTa MMeeT CMBICJI MCIOJIb30BAaTh MOJYyJi, OIIMCAaHHDbIE

B Tabsure 1.

Tabauyal. Habop momysteit Drupal mist yuebHo-MeToaudeckoro cafira.

Haszpanue DyHKIUSA

Comment ITosBoJisteT 1OJIL30BATEIIAM KOMMEHTHPOBAaTb U O6cy}K,H,aTI) OHY6HI/IKO—

BaHHbI€e MaTepHUAJIbI.

CranjgapTHas IIOCTaBKa,

Content Jlobapyisier K CyIIECTBYIONUM MaTepuajaM HOBBIE IIOJIS, ITO3BOJISET
Construction OIIpeesIATh HOBBIE TUIIBI JAHHBIX.
Kit (CCK)

Honosnnurensro: https://drupal.org/project/cck [1]
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Forum

[TozBossteT MPOBOANUTEL 00CYKIEHNS ¢ PA3OUBKOI IO TEMaM.

CranjgapTHas IIOCTaBKa,

Locale

JobaBiisieT mOAIepKY A3BIKOB U IIO3BOJISIET IIEPEBOINTDH IOJIH30BATE b~
cKkuit mHTEpdEic Ha SI3BIKU OTJINIHBIE OT aHTJIMICKOTO.

CrangapTHas IIOCTaBKa,

Menu

ITozBossier amMUHNCTpaTOPaM HACTPAWBATh MEHIO Ha cafiTe.

CraHmapTHast TOCTaBKa

PHP Filter

Bxmouenne PHP-kona B KoHTeHT.

CranmaprHast mocTaBKa

Poll

ITozBossteT IIPOBO/IUTH HA calite OIIPOC 110 Pa3JINYHbIM T€eMaM, C BOBMOXK-
HOCTBIO BbI60pa HECKOJIbKUX BaprHaHTOB OTBETa OJHOBPEMEHHO.

CranmapTHas IIOCTaBKa

Privatemsg

O6ecnieunBaeT 0OMEH JIUYHBIMHU COODIIEHUSIMUA MEXKLY IT0JIb30BaTE/ISIMU
caliTa.

Honosmmuresnbro: https://drupal.org/project /privatemsg [1]

Profile

[TonepxuBaeT HacTpamBaeMble aHKETHBIE JTaHHbIE (npocbmm) II0JIB30-
BaTeJe.

CranjgapTHas IIOCTaBKa,

Quiz

ITosBouszer IIPOBOJUTH Ha caiite TeCTUPOBaHUE. C IIOMOIIIBIO 9TOI'0 MO-
AYJId MOXKHO CO3JaBaTh CIIMCKHU BOIIPOCOB C BapuaHTaMM OTBETOB, OTCJIe-
JKBATh OTBETHI ITOJIb30BATEIEN 1 OIlCHUBATH MX.

Honosnnuresnsuo: https://drupal.org/project/quiz [1]

Rules

Cosmaer meiicTBUsA, Ha OCHOBE CAMBIX PA3HOOOPA3HBIX COOLITUIl M UX CO-
TeTaHnuil. DTO AHAJIOT CTAHAAPTHOrO Momysst Trigger, HO ¢ GOTBITIME
BO3MOKHOCTSIMU.

Honommurensro: https://drupal.org/project /rules [1]

Search

ITouck 1o caiiry.

CTaH,ILapTHaH II0CTaBKa

Taxonomy

[TozBoJIsteT yIIOPSIAOYUTh MATEPUAJIBI IO KATETOPUIM.

CrangapTHas IIOCTaBKa,

Upload

[TozBotsier mosib30BaTENsIM 3aKAUINBATh U IIPUKPEIIATD Qailbl K MaTe-
puajgam caira.

CrangapTHas IIOCTaBKa,

Views

®opmupyer 3ampockl K Bl u BBIBOIUT COMEPKUMOE B Pa3HOOOPA3HBIX
dopmarax.

Honosnnurensro: https://drupal.org/project /views [1]
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2. HACTPOMKA U YIIPABJIEHUE CANUTOM

Nucramumamus CMS Drupal npowmssoaurcess Ha BebG-cepBep Apache ¢ ycranosien-
upiM PHP u paszsepuyroit CYB/l MySQL. Ilpomecc ycranoBku 3amyckaercs daitsiom
install.php. Ilo 3aBepiiennio ycraHoBKM HEOOXOIMMO BKJIIOYUTH HEOOXOUMbIE MOJLYINA W
MPUCTYIINTH K HACTPOWKE MaTepuaJsoB caiira.

Ha mepBowM 11are BazKHO OIpeEUTDb, KaK OyIeT CTPYKTYPUPOBAH CAllT, KAKKNe MaTe-
puaJjibl OyJIeT cojepKaTh U KaKUM KaTEeropusM I0JIb30BaTe el OHl OY/IyT JTOCTYIIHBI.

Ba cTpyKTypy caiiTa OTBeJaloT CJIOBApU CO3JIaBaeMble B pasjese «TaKCOHOMUs». Bcee
MaTepHUaJIbl caiiTa MOXKHO pPa3dUTh 110 KATErOpUsiM B COOTBETCTBUH C TEPMUHAMU, 38/aH-
HBIMU B 9THX CJIOBapsX. YJ00HO CO3/IaTh CJIOBApU, COJIEPIKAIINE B KadeCTBE TEPMUHOB
Ha3BaHUs KYPCOB, IIPEJIMEThI, TEMbI JIEKIUil 1 T.11. THUIIbI MaTepraoB MOTYT OBITH CO3/1a-
HBI ABTOMATUIECKH TIPU BKJIFOYEHUH COOTBETCTBYIOIIMX MOJYJIEH MM 3aJ[aHbl BPYUIHYIO.
Hampumep, K Tuirtam MaTepuasia «CTPaAHUAIAY, «3aMETKa», «OIMPOCY, CO3TAHHBIM CHCTEMOT],
MOXKHO J00aBUTH COOCTBEHHBIC: «YPOK», «JICKIHA», «3ajaday u T.1. [IpuBsska marepua-
JIOB K CJIOBAPSIM IIPOU3BOIUTCS B Pa3Jiesie «TAKCOHOMUSI».

Jlamee nmer pacrpejiesieHne mpaB mojb3oBareseil. [lo ymosrdanuio mpaBa 1MoIb30Ba-
Tesiell 3aIaI0TC TPEeMsl POJISIMU: TOCTH, IOJIb30BATEHN, BiaJeer-aaMuancTparop. s

y4e0HO-METOIMIECKOTO CaiiTa UMEeT CMBIC]I PACIIMPUTE CIHCOK poJieit (Tadir. 2).

Tabymna 2. Pacripesienienue npas JIUIs MOJIb30BaTEIbCKUX POJIEH.

Poan IIpaBa

TocTb - IIPOCMOTP ODIIETOCTYIHBIX MAaTEPUAJIOB cailTa;

- KOMMEHTHPOBaHNE HEKOTOPLIX MaTepHuaJioB.

ITosib30BaTED - IIPOCMOTP OOIIEIOCTYITHBIX MAaTECPUAJIOB caiiTa,;

KOMMEHTHUPOBaHNE MaTepUaJoB caliTa;
- y4acTHe B HEKOTOPBIX OIIPOCax;
- TIOJIy9eHHe OIOBEIeHn Ha e-mail;

- TOCTYT K JIUIHBIM COOOITIEHUSIM.

Crynent - IPOCMOTP BCEX MATEPHAJIOB CAMTa;
(Yuenuk) - KOMMEHTHPOBAHHUE MATEPUAJIOB CAliTa;

- TIOJIyUeHMe OIOBeIeHni Ha e-mail;

JIOCTYT K JIMIHBIM COODITIECHUSIM;

- y4acTHe B OIIPOCax;

- TIPOXOXK/IEHNE TECTOB;

- nobaBjieHNE HEKOTOPBIX MATEPHUAJIOB, C IIPOBEPKOIT IIPEIogaBaTe-

JIeM;

- IIPOCMOTP CBOUX OIEHOK, HArpaJi, MOOIIPeHuil B mpodure.

«Taspiticorull eichur inPopmamuru ma mamemamuru», N1 (22)’ 2013
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IIpenonasarenn - IIPOCMOTP, PeJaKTUPOBaHUE U yJaJleHue MaTepruaJioB caiiTa;
- nobapJjieHne, PeIAKTUPOBAHNIE U y/IaJIeHue KOMMEHTAPUEB;

- TIOJIyYEHUE OIOBEIeHn Ha e-mail;

- JIOCTYI K JIMYHBIM COOOITICHUSIM;

- y4acTHe B OIIPOCaXx;

co3JIaHne, peJaKTUPOBAHNE U HACTPOIKA TECTOB;

IIPOCMOTD PE3YJIBTATOB TECTA;
- IPOBEPKa ¥ IIyO/IMKAINS MATEPHAJIOB, JT0OABJICHHBIX CTYICHTAMI
(yaeHukamm);

- BBICTABJIEHUE OIIEHOK, HAT'Pa/Jl U MOOIIPEHNI.

A nvunaECTpaTOp - TIOJTHBIA JOCTYI ¢ HACTPOMKOI CTPYKTYPbI, 0(DOPMJIEHHS U COAEP-
JKMMOTO CcaiTa;

- pacupenesenue poJieil moJab30BaTeIeH;

- HACTPOWKA MPABUJ U COOBITUIA;

- YCTAHOBKAa U y/IaJIeHUue MOJLYyJIei;

- pacrpeneJieHue JIMCKOBBIX KBOT;

- JIOKaJIN3allusd Ha Pa3JIMIHbIC A3BIKHN.

Ha BTopowMm miare ciiejyer mpucTynuTh K 0pOPMIIEHHIO caiiTa: BLIOOPY T€MbI, HACTPOIi-
Ke MEHIO, OTOOparkKeHUI0 CTPaHUIl U pacipejesnerHnto 0J0koB. Ha sTom sTame BaxKHO nc-
[I0JIb30BaTh BO3MOXKHOCTH MOV «Viewsy», IMOCKOJIbKY HMMEHHO OH II03BOJIAET JiejlaTh
JII0OBIe BLIDOPKU U IIPEICTaBIATh UX B HYy:KHOM Bue. [Ipu 3ToM B pasmene «Argumentss
MO/ « Viewsy» MOKHO HaCTPOUTH Ha KAKMX CTPAHUIAX M KAKUM I0/Ib30BATEIsIM OTOO-
pakaTb JJAHHYIO BBIOOPKY.

BaKJIIOIUTEILHBIM 3TAIIOM sIBJIsSIeTCsT HalloJiHeHne caiita. Haubosee onrumasibao, 9100
nHTepdeiic 1 MMpaBa MoJIb30BaTe/1ell OBLIN HACTPOEHBI TaK, YTOO B 9TOM IIPOIECCE yUIacT-

BOBAJIA BCE ITOJIb30BATEJIN CaliTa.

3AKJIIOUEHUE

CMS Drupal mpeacrasisier coboif TOJHOIEHHYIO CHCTEMY IS CO3IaHUs yIeOHO-
MEeTOIMYECKOro caiita m obsajaer Bceili He0OXOAMMON (DYHKIIMOHAJILHOCTHIO. ABTOpOM
pa3paboTaHbl ¥ BHEJIPEHBI CJIEAYIONINe CaflThl, UCIOIb3yeMble yIeOHBIMU 3aBEIEHUIMUI

B O6p&30B&T€J’IbeIX neJIdax:

e http://grafika.me — KommbiorepHasi rpaduka u BbIUYUCIATEbHAS TEOMET-
pus (2012 1.);
e http://tvim.info — Caiir xyprana «Taspuueckuit Bectauk Nudopmaruku n Ma-

remaruky (2010 1.);
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e http://school43.net — Caiit obmeobpasoBarenbHON KoL Ne43, paspaboTaHHBIIT
COBMeCTHO ¢ JiupekTopoM 1Kokl H.B. Aujpeitaykom (2008 r.);

e http://malacolog.com — CaiiT MaJaKOJIOrHIEeCKOro COODIIeCTBa, pa3pabOTaHHbII
COBMeCTHO ¢ gonenToM Kadeapsr 3oostorun C.B. Jleonossim (2007 1.).
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ITonTABCBHKUII YHIBEPCUTET EKOHOMIKH I TOPTIBJII
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Abstract. Isomorphisms between the set of permutations without repetition and the set of graphs
are introduced in this article. The operation of replacing graph vertices by a seeding agent for the graph,
which corresponding to the permutations, is defined. This operation is defined in terms of permutations

and substitutions too.

BcTyn

Po3BuTok OiJIbINT a/IeKBATHOIO MOJIETIOBaHHSA JIJIsI ONTHUMI3alll 00’ €KTiB 1 cucTeM, 110
MaloTh KOMOIHATOPHI BJIACTUBOCTI, TPUBOJIUTD JIO0 HEOOXITHOCTI BUBYEHHS ITUX BJIACTUBO-
creit pazoM 3 ixX dpakTaaIbHIMEI ocobmBoCcTsAME. He 3Bakaioun Ha BeMYe3Hy KiJTbKiCTh
npailb 3 KOMOGiHATOPHOT onTuMizaIil (auB. 30kpeMa |1, 2, 3|) Ta 3 MaTeMaTUIHUX ACIEKTIB
dbpakTasbHUX KOHCTPYKILi (suB. [4, 5|) HpakTHYHO He BiIOMO POBIT, B IKUX CTABIATHCS
Ta PO3B’A3YIOThCS 3a/a4i JIOC/TIPKeHHsT KOMOIHATOPHUX KOH(DIrypariiif, mo MaoTh (hpak-
TaJsibHi BitacTuBocti (aus. [6, 7, 8, 9]).

€ norpeba BBeCTH HEOOXITHI TIOHATTS JJIsT JOC/IIZKeHHT KOMOIHATOPHO-(bpaKTaIbHIX
BJIACTUBOCTEl 00’€KTiB. BaxK/IMBUM TYT BOAYAETHCA BCTAHOBJ/IEHHA 130MOP(I3ZMiB MiK KOM-
GiHATOPHIMU MHOKMHAME Ta MHOXKHHaMU rpadis, ockiibku g00pe Bigomi [4, 5| migxomm
JIO JIOC/TI2KeHHs (PpaKTaJbHIX BJIACTUBOCTEl rpadis, dKi MOXKYTb CTATH [PU HALOJ Y

JoCTiKeHH] (bpaKTaJIbHIX BJIACTUBOCTEH KOMOIHATOpHUN 00’ €KTIB.

1. IBOMOP®I3M MHOXKWHU INEPECTAHOBOK BE3 ITOBTOPEHD
3 MHO>KVHOIO I'PA®IB

Hexail € MHOXKHHA IepecTaHOBOK Kk tepmux Harypasibuux uncen By (Jx) [3],
A€ Jk = {1727 8] k}

Posrignemo niepectanoBky (i1, ..., i) € Ej (Jg). Vloro MoxkHa iHTEpIIpETYBATH SIK ITiJI-

1 2 ... k
CTaHOBKY S ,
11 12 ... 1
[locraBumo y BimmosigHicTh mepectaBiaeHHio (i1, ...,7) (Texk came, MO TijacTa-
. 1 2 ... k
HOBIII o ~|) pad I' = (Ji;S;), me Ji BuCTymae K MHOMKHHA BePIINH

1 19 ... Tk
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rpada, a S — MHOXKWHA JyT, sKa BHU3HAYAETHCS CTOBIIEIMHU IIiJCTAHOBKU, TOOTO

S = {(177;1) ) (27 Z-2) y (kazk)}

Bynemo nazusaTu rpad, o BifimnoBiiae nepectaBjieHHIO, rpadoM MepecTaB/IeHHS.

ITpuknan 1. Ilepecrasiennio (1,5,4,3,2) signosinae rpad I' = (Ji; {(1,1),(2,5),
(3,4),(4,3),(5,2)}) (mus. puc. 1).

IOIOIRORRONNO

Puc. 1. Bobpaxkenns rpada nepecrasienns (1,5,4,3,2).

OueBuIHO, IO BiAMOBIIHICTD € B3AEMHO OJHO3HAYHOIO, TOOTO IIsI BiAIIOBIAHICTD € i30-
MOPdi3zMOM.

Muoxkuny rpadis, is3omopduux MuOX)UHI nepecrasiedb Ey, (Ji) mosmaanmo [y ().

B poborax posrigHyTo iHIyKTHBHE BBeJeHHs (bpaKTaJIbHOrO rpada Ha OCHOBI 1MOOY-
JioBU 1pedpakTaabanx rpadis. Bukopucraemo et mijixis J10 rpadiB nepectaB/ieHb.

Briguo [4, 5| Tpeba BBECTH NMOHATTS MOYATKOBOTO (BUXiAHOrO) rpady, 3aTpaBKu Ta
cchopmyTioBaTH TPABUIIO 3aMillleHHs BEPIIMHE I'pada 3aTPaBKOIO.

B sxkocri rpada, skuii HazBeMO BUXIIHWUIA (OYATKOBMM) BUKOPHCTOBYEThCS JIESIKUIL
rpad I' € Ty (Ji), T06TO rpad mepecraBieHHs.

B skocti 3aTpaBku OygeMO BUKOPUCTOBYBATHU r'pad, IO BU3HAYAETHCA HACTYIHUM

TIIHOM.

Hexait € mepecraBienns 3 n — k ugucen k + 1,..., n , gKi o0’eqHaHi B MHOMXKU-
ny Iy, = {k+1,k+2, ..., n} = J,\Jp. MHOXHUHY TaKux IepecraBieHb II03HAYN-
Mo K,y (I,?H). Koxknomy nepecraBientio m = (7, ..., Tp_x) € Fn_g (]}jﬂ) MIOCTaBUMO Y

. .. . k+1 k+2 ... n
BIJIIOBI/IHICTD TIi/ICTAHOBKY
1 9 e Tp—k

I'padpy II Ta BiamosijHii  #foMy  IiJICTAHOBIII ~ B3a€MHO  BIJIIOBIJIHUM €
rpad 'y = (I,?H,S]), ne MHOXKmMHa ayr S; — me: S; o= {(k‘ + 1,m), (k + 2,m),

., (n,ﬁn_k)}.

IIpukmang 2. © = (6,8,10,9,7); k£ = 5; n = 10. [lepecraByiennio 7 € BiAmoBigHOIO miIcTA-
6 7 8 9 10

HOBKa, 68 10 9 7 . Bignosiguauit rpad Ha puc. 2.
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» —0_ O ©

Puc. 2. Bobpaxkenns rpada nepecrasienns m = (6,8,10,9,7).

SaMilleHHst BepIInHA 3aTPaBKo0. BepiiHa Mae ojiHe BXiJIHY JTyTy, TOOTO B i ICTAHOB-
. .. . . Lot T .
11l TpY 3aMiHl BEPITUHU ¢ HAC IIKABJIATD JIBa CTOBIIII , E Tpeba Bupimurn,
eyl

JdKY JIyTY BUKOPUCTOBYBATHU IIPU 3aMIIIEHHI.

IIpukaan 3. Ha ocnosi npukia/iiB 1-2 BUKOHaAEMO 3aMIlllEeHHsT BEPIINHHI 3aTPABKOIO.
Bukonaemo  3amimieHHa — i30JIbOBAHOI ~ BepIIMHMA  IMijJ ~ HOMepom 1 rpa-

6 7 8 9 10

6 8 10 9 7 )

a) Bukopucraemo npu 3amimensi nerao (6,6), To6ro: 6 <—> 6; AKIO B3ATH JyTY,

dbal = (Ji;{(1,1),(2,5),(3,4),(4,3),(5,2)}) sarpaBkoro

Mo BUXOJUTH 3 6 1 3amiauTu jayroo 3 1 B 1, Ha 6<—>6 TO BOHO 3HOBY Bijiiijie B 6.
(muB. puc. 3).

oo Ol Ol CIORIORONNC

Puc. 3. Bobpaxkennst rpada mepecrasienusa (1,5,4,3,2) 3 samimeHHsIM
BepIuHY 1111 HoMepoM 1. Ha 1iboMy Ta HACTYIHUX PUCYHKaX — IIYHKTUPHA

3 KpAalIKOIO CTPLJIKa O3Ha4Ya€ cTapy 1 HOBY JIyTY.

6) Bukopucraemo npu 3amimensi jgyry (7,8), Tobro: 7<—>8. fkino B3sdTH jyTy 110

BUXOJ/IUJIO 3 7, TO BOHA& 3HOBY Bijiiiijie B 8 1 ToJii MaeMo rpad, 1o 300pakeHo Ha puc. 4.

OISR CNONCR RN

Puc. 4. 3o6paxkennst rpada mepecrasienns (1,5,4,3,2) 3 samineHusm

BEPIIUHA IIiJI HOMEPOM.

«Taspuuecruli secmnur unPopmamuru u mamemamurus, N1 (22)’2013



ITpeddparxmanvhi nepecmasHi KombiHamopHi Kondizypauii 45

OueBniHO, KO GyeMO B SIKOCTI BEpPIIUHU t 110 3aMIIyeThcs OpaTu i30ap0BaHy (3
nersiern), To rpad, Mo OJepPKYEMO € CYmoto 080x 2padis, oaun — BuxinHuii rpad 6e3

130JIbOBAHOI BEPIIUHU, a JPYruil — 3aTpaBKa.

Posrngnemo Bumnajiok Koy ¢ — He 130JIbOBaHa BEPITUHA.
Sk mpukIIa BUKOHAEMO 3aMillleHHsT He 130J1b0BaHOl BepImuHU 1Iia HomepoM 2. Mae-

MO 5 BapiaHTIB 3aMiH JyT 3 SKUX 300pasuMo jBa (puc. H—6).

1. Bamina ayru (6,6) 300pazxkeno Ha puc. 5.

O [/ O0—0 0O ® g b B

Puc. 5. 3obpaxkennst rpada mepecrasienus (1,5,4,3,2) 3 samimeHHsIM
BepIIUHN 11171 HoMepoMm 2 3 BuKopucraHusm jayru (6,6). Ha npomy Ta Ha-
CTYIIHUX PUCYHKaX JIyra, K& BUKOPUCTOBYETHCHA ITPU 3aMIIIEHH] ITOKa3aHa

IIYHKTHPHOIO JIIHIEIO, & HOB1 Iy — TOBCTOIO JIHIEHO.

2. Bamina gayru (7,8). (nus. puc. 6).

O RO ® e OB

Puc. 6. 3o6paxkennst rpada mepecrasienus (1,5,4,3,2) 3 samineHHsIM

BEpIINHN 1111 HoMepoM 2 3 BUKopuctanusam ayru (7,8).

2. ,[LII IIO0 3AMIHI BEPIINHN 3ATPABKOIO B TEPMIHAX IIIZICTAHOBOK TA
ITEPECTAHOBOK

Posrnganemo i j1i1 Ha npukJiaui. [HinmiaTop Ta 3aTpaBKy IpeJICTaBUMO IMiICTAHOBKAMH.

Hexaii inimiaTo e L2345 a 3aTpaBKa 6678910

Xail iHimarop — , TpaBKa —

WP 1 5 4 3 9 P “les 1009 7
PosrigiHemo 3aMiHy BepIluHy y JIBOX BUIajKaX: 1) BepIinHa i3071p0BaHa; 2) BepInHa

HE130JIb0OBAHA.
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B nepmomy Buiia iky, Ko BepIInHa i30/1b0BaHa, B IIiICTAHOBIII-1HIIIIATOPI € CTOBITYNK
3 OJIHAKOBUM 3HAYEHHSAM B 000X PsiJiKax (B MPHUKJIAJ] — 1€ CTOBIYKMK 3 OJMHUIAME). Bei
iHII CTOBIII Mi/ICTAHOBKM B MPUJIAJIl BiJIIOBIAOTh HE i30JIbOBAHUM BepIiiuHaMm. 1o0To,
B IIEPIIOMY BHUITQJIKy MOIUMDIKYETHCA IiJICTAHOBKA, 3MIHOIO €JIeMEHTa, IiJICTAHOBKHU, IO
CTOITh OJIHOYACHO 1 B IEPIIOMY 1 B JPYroMy PLAIKY OJHOT'O CTOBII. B apyromy Bua/i-
Ky — MOAUMIKYEThCs MiJICTAHOBKA, 3a PAaXYHOK 3aMiHU CTOBIIS 3 HOMEPOM 3 IIEPIIOro
psizika (110 Bijosigae HOMepy BepuiuHu rpada, siKuil 3aMiHsI€TbCsI) Ta 3aMiHU CTOBIIIA

ITICTAHOBKH 3 ITMM HOMEPOM B JIDYTOMY PSJIKY.

[lepmuit Bunajiok. B mpukiasmi, BisbMeMo CTOBIIEIb iHiIiaTopa E Bukopucrae-

6

MO CTOBIIEIb 3aTPaBKU 6 | AKW BiZMOBijae y rpadi meTsi i30160BaHOI BEPITUHU.

O iep2Kumo:

1 2 3

* b 4

51 67 8 9 10
5 (1)

2345 67 8 9 10
| 6 8 10 9 7 54 3 2

4
3 | 6 8 10 9 7

Ty 3ipouka 03HAYAE CTOBIEID, AKHUH 3HUKAE B PE3YJILTYIOUiil mijcTanosii (abo iHimm-
MU CJIOBAMH €JIEMEHT B Pe3yJIbTYIOUiil mepectaHoBri). 3iiBa Oymemo mmcaTu iHimaTop, a
cripaBa — 3arpaBky. B migcranosmi (1) Born possineni puckoro. Litoctpariiio miporo rpada
JIUB. pHUC. 3.

BayBazKuMo, 10 sIKIIO B 3aTPaBIl GEPEMO CTOBIEIb 3 PI3HUMHU eJleMeHTaMu (Halpu-

KJ1a,1 g | mo BignosigaoTh jnysi (7,8)), To pesyabrar Toil ke camuii, mo i B bop-

myai (1).
. o i .
pyruit Bunajiok. BUKOPUCTOBYETHCS CTOBIEID 1HIIIATOPA , t; # 7. Tomi 3
T
o ti . ti :
1HIIIaTOPa BUKPECJIIOETHCS CTOBIIECIH , AKHAI OTPUMYIOTH 3 CTOBIIIIS 3aMi-
* Ti
HOTO 7; Ha 3ipouky. CripaBa B Ii/ICTAHOBKY MPUIICYEMO 3aTpaBKy. Jai mil Bu3HAIar0ThCsT
t, t, :
CTOBIITIEM 3aTPaBKH, 10 BUKOPUCTOBYETHCsI. CTOBITEID 3aMIHIOETBCS HA
TZ TZ
t. t. t, Ce . X .
CTOBIIEIb : IO3HAYKA — . CroBmernp inimiaropa 3aMIHIOEMO
x x x
Ha CTOBIIEIb : IIO3HAYKA —
Ty t7, Tz
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. . t; 2
ITpuknan 4. 3aMiHEUMO CTOBIIEIH iHIIIaTOPA < ’ = . 3aTPaBKOIO B34BIIUA CTOB-
Ti

Ielb:
t, 6 | 6 7 8 9 10
1. dxmo = , TOJII MaeMo: ;
T, 6 6 8 10 9 7

(
<Zi><2)~>(ii)(< )7- ~ s

)
2

1 (2)

Ocrarouno 3 BUJaJICHHAM CTOBIIIA 3

o

1 3 4 7 8 9 10
1 43658109 7
B Jy?KKH (@) B34TI BUKOPHCTAHI €JICMECHTH.

| 67 8 9 10

2. ko = 7 OJli MaeMo: L2
. K == T M M
- g | 1« 68109 7 )
BU3HAYAEMO CTOBIII IS 3aMiHU: = . ;
-
x 5 x
= —>

1 (2) 3 4 (5 | 7V 8 9 10
1 % 43 (8 | 6 () 109 7

134567 8 9 10
14386 5 109 7

3IPOYKOIO OTPUMYEMO: ( ) (muB. puc. 5). B dopmyui

5 ) . . .
g | 3aMIHSAEMO CTOBII B IIJICTAHOBIN. 3
6 (

Hi,HCTaHOBKI/I BUJaJICHHAM CTOBIIIA 3

3IPOYKOIO OJIEPKYEMO ( ) (imocTpariis Ha puc. 6).

Ilpuknan 5. Imimiatrop Ta 3aTpaBKy mnpejcTaBuMo IrijcranoBKamu. Hexait iximia-

1 2 3 4 5 6 Sandi e
TOpD — IIE , a 3aTpaBKa — IIe . 3aMIHMMO CTOBIIEIL 1HIIIATOpPA
p I 9 3 1 p I 5 6 4 11, 1T, p
t; 2 t, 5
= 3aTPaBKOI0, BUKOPUCTABIIN CTOBIIEIh 3aTPABKU: = . To-
T 3 Tz 6
. t, 5 t, 5 T 1 T 1
1 MaEMO: = — — . — — _ ;
- 6 Ti 3 t; 2 T 6
. . . 1 23| 456 .
B IiICTAHOBIN cTaBUMO * mim 2 = ¢; , J1aJ1l BUKOHYEMO BUIaJIEHHS
2 x 1] 5 6 4
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(1) (20 3 [ 4 (5
© * 1] 5 (3)

CTOBIIIIY 3 31PKOIO B Mi/ICTAHOBIT (

N (13456)
Hl,ﬂTHBKy .
615 3 4

3. I3oMOP®I3M BOBMAHM MIXK 'PA®AMM I IIEPECTAHOBKAMM TA MOTrO
BUKOPUCTAHHS [Jis1 IOBYJOBU IMPEJ®PAKTAJIbHUX NEPECTABHUX
KOH®IT'YPAILIINA

4 > , OJIEPZKYEMO K Pe3yabTaT

Hexait € noBuuii opienrosanuii rpad F° = (V,U) 6e3 nerespb, ge V — MHOXKUHA
fioro kwepmun, U — muoxku#a, mo Mmicruts |U| = k(k— 1) ayr (i,75),1 # j, i, € V,
robro U = {(i,7) i #j; i,j€V}

Posrustnemo wacrunnmit rpad FY = (V,U°), ne U° C U, upudomy, aximo (i,7) € U°,
to (j,1) ¢ U’ ra Vi, j € V abo (i,7) € U° abo (j,1) € U°.

[Tosnaunmo N (i) — 3oBHimmHiil panr Bepmuuan ¢ rpada FY — 106TO KiJIBKICTH [IyT,
mo BuxoaaTh 3 Bepimun i. [losnaunmo {FP} muHOXKuHY BCix Moxk/mBux rpadis FY.
Hexait {I*} — migmuoxuna muoxunu {FP}{I""} C {F?}, dxa ckiagaerbcs 3 Taknx
rpadis [ = FY, aki He MicTATb IUKJIB.

Posrngnemo eBriioBy muoxkuny k-mepecrasiens Ey (Ji)[1], ne Ji, = {1,2,....,k} —
MHOKHHA TIEPIINX KHATYPAJIbHUX YUCE/I.

fx Bimomo [10], mMuoxuna mepecrasiens Ey (Ji) i3omopdna muoxkuni rpadis {I™}.
[somopdism rpadis ['* Ta nepecraBienb m = (71, ..., ;) € Fy (J) BCTAaHOBIIOETHCS pa-
BuwtoM: m; = N (1) + 1, Vi € Jj.

Hazpemo 11eit isomopdizm izomopdizsmom Bosmana.

IMpukmazm 6. Hexait € nepecrasnenns m = (4,1,2,3) € By (J,). Momy sinnosinae rpad,
1o 306pazkeno Ha puc. 7. Sosuimai panru N (1) =3; N(2) =0, N(3)=1; N(4) =2.

Puc. 7. Ilpukias BianosigHoro o nepecrasienns (4, 1,2, 3) rpada.
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AnropurMm noGynoBu rpada [ (7) isomopduoro 3a BoBmanom mnepecras-
JgenHio w € Fy (Jy).

[lobynosa  rpada I (7), izomopdroro 3a  BoBmanoMm  mepecTaBeHHIO
T = (71, ..., ) € Ex (J) moxxe GyTn 3xificHena 3a IPaBUIOM:
1. 3a IepecTaBIEHHAM T = (1, ey Tg) 3alUCYI0Th I/ICTAHOBKY
1 2 ...k . .. .
™= , Ta TIiJIpaxyBaTH 30BHINTHI panru BepmuH 1, 2, ..., 4, ..., k
T T ... Tk
aK mp — 1, mg — 1, ..., m; — 1, ..., m, — 1 BigmosimHO.

2. Cuepmry (mpu t = 1) Oyuytors pebpa 3 BepIIMHHA iy = i1, [0 Ma€ MAKCUMAJLHUI
30BHIiNHIN panr 7, — 1 = k — 1 (Ttobro 7;;, = k), 3’€7nytoun Bci BepmuHu j # i1 3

BepIMHOIO 41 pebpamu (i,7), j € Ji;

3. dkmo t = k, 3ynuHka, iHaKIIe BUOWPAIOTH BEPIINHY ;3 MAKCUMAJbHUM PaH-
rom k — t, 3’eqayroun Bei BepimHu j (KpIiM BEpINUH i1, ...,%; 3 BEPIIMHOW i; peb-

pom (ir, ), J € Ji;

4. 36LIbIIyIOTE  Ha OJMHMIO, ITEPeXi Ha KPOK 2.

TBepmxkenns. ['pagp ' (1), nobydosanuti 32i0no nasedenozo arzopummy € i30MopPrud

3a Bosmarom nepecmasAerHHIo .

osedenns. OdeBuaHo, 1m0 rpad MICTUTH k BEPIIUH, y KOXKHIil 3 SIKUX 30BHIITHIN paHT —
e oxne 3 uncest 3 muoxkuuu {0, 1,2, ...,k — 1}. Tlpuuomy, skmio y Bepiuni i panr N (i),
To 3a no0yoBo0 N (i) + 1 =m; Vi € Ji. Ppad I'* (1) 3a mobymoBoio He Mae meTesb.
OckinbKu pebpa 71t BepInH OYIyIOTh 3T/ IHO aJTOPUTMY 3 BEPIITHHU B HEPOSTJISTHYTi
Ile BEPITUHU, TO MUK/ HE YTBOPIOIOThCs. 3a MOOY/I0BOI0 HACTYIIHA BHOpaHa BEpIIHHA i
3’eHyeThes pebpom (i, 7) 3 ycima e He posristHyTuMu BepimHamu j. Otxe, Vi, j € V
abo (7,7), abo (j,1) € B rpadi. Tobro, mobymosano rpad I'* () C {F?}, axuil He MicTUTH
[UKJIB Ta 3B'si3HUI 3 T = (71, ..., mg) anropurmoM m; = N (i) + 1, To6ro i3omopdHmii 3a

Bosmanom: I () € {I'™*}. o i Tpeba 6y/10 J0BECTH. O

IIpukman 7. Hexait € rpad I'* (puc. 8). Ilobyayemo Bimmosigse iiomy 3a izomop-
dismom Bosmana mepecrapienns. Jljag 1boro ImijgpaxyeMo 30BHIIIHI PAHTW BEPIINHU:
N(1)=2; N(2)=1;, N(3) =3; N(4) = 0, orke HepecTaBjeHHs BiIIOBIIHE 10 Tpa-
da I'* Take: (3,2,4,1).
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Puc. 8. Tlpukimas Bignosigaoro mo nepecrasienus (3,2, 4, 1) rpada.

[3omopdizm Bomana MoxKHA BUKOPUCTOBYBATHU I TOOYI0BU KOMOIHATOPHUX KOH-

dirypartii, 1Mo MaOTh ppaKkTaabHI BJIACTUBOCTI.

AaroputM nmoby/10Bu npeadpakTaJIbHUX MepecTaBHUX KOH@Iryparriii.
3a1a€ThCs TIepecTaB/IeHHS .

B skocti Buxigaoro rpada subupaemo rpad [ (), isomopdunit 3a BoBmanom mepe-

crapienus ™ = (7q, ..., ) € By (Jy).

B gxocti 3aTrpaBku Bubupaemo rpad, isomopdunit 3a Bopmanom jgesgkomy mepecras-

neHsio m, € Ey, (Jn).

BayBarkennsi. Kinbkicrs esementis B 7 (vmcsio k) ta m, (9UCI0 M) € HE 3aJI€KHIMU

OJIMH BiJ OTHOI BEJINYIUHAMU.

HpaBI/I.TIO BaMiHIeHHH BEpPIIINHA 3aTPaBKOIO.

1. Koken ejemMeHT 77 1epectaBieHus m, = (7§, ..., 77, ..., 7Z,) IEPETBOPIOEMO B UHC-

()

o 77 + k, mosHAUMBIIM, HepecTaB/IeHHs, o yTBopuiocs 7", (Lle nepecrasienns

3 MHOXKUHE Fy, (S \Jk))-

. Bubupaemo (dikcyemo) Bepriuny *, 3 30BHINIHIM PAHIOM T+, fKa 3aMINLye€ThCs

3aTPaBKOIO.

. YrBOpIoeThed  Tpad, mo Mae k + m — 1 BepmmH 3 HOMepaMu

1,2 ok k41, o k+m— L.

. Beprmunawm 1, 2, ..., k|, KpiM BepiuHi ¢*, TPUBJACHIOIOTH Ti K 30BHIIIIHI paHTH, IO

Oy/n y BepINUH 3 TaKUMU K HOMepamu B rpadi [ (7).

. Bepmuni ¢* npusiacuioerses 3osuimuiit panr N (%) = 77, + k — 1.

. Bepmmmnam 5 € {k+1,k+2, .., k+m— 1} npusiracHiO0OTL 30BHIIIHIA paHD

N (j) E{Wf +k-1, m+k—-1,.., nZ_+k— 1} BIJIIOBI/IHO IO IIpaBHJIA!
Nk+i)=n+k—1Vie J,_;.

.YV BepiuHU, paHr AKol piBHuA unciay k +m — 1 (3rigHo 1.6), 3aMiHIOEMO paHI' Ha

paHT BepIIUHH ¢*, TOOTO Ha UUCIO T+ — 1.
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IMpuksmaz 8. Buximnuii rpad na puc. 8. Momy Bianosigae nepecrapienna m = (3,2, 4, 1).
Barpaska m, = (2,3,1). Bubpana misa 3amimenns Bepumaa i* = 1 3 30BHINIHIM paH-
TOM T+ = 3.

Po3e’s30%. 3acTocyeMo MPaBUJIO 3aMiHM BEPITUHU 3aTPABKOIO.

Kpok 1. Koxken esiement mepecrasiienus m, = (2,3, 1) nmepersopumo gonasimm k = 4,
onepxumo 2 = (6,7,5) € E3({5,6,7}).

Kpok 2. t* =1, mpx =11 =3

Kpok 3. ¥YTBoproemo rpad, mo mae k+m —1 =4+ 3 — 1 = 6 BepiuH 3 HOMepa-
mu 1, 2, 3, 4, 5, 6.

Kpoxk 4. Bepmmaam 2, 3, 4 (KpiM BeprimHu 1) IPUBJIACHIOEMO Ti K 30BHIIIHI PaHTH,
mo 6ymm: N (2) =1; N(3)=3; N(4) =0.

Kpok 5. Bepmmui ¢* =1 npusiachioors 3oBaimH panrn N (1) =75 +4—1=
=1+4—-1=4.

Kpoxk 6. Bepmunam k + 1, ..., k +m — 1 (to6To 5, 6) IpUBIACHIOIOTH 30BHIIIHI paH-
u N(k+i) =7nf+k—1, 10010 N(k+1) = NGB)=7n]+4—-1=24+4—-1=15;
N(k+2)=N6)=n;4+4—-1=3+4—-1=6.

Kpoxk 7. Paury BepruHi ¢, o piBauit k+m —1 =443 —1 = 6, 70610 BepiuHi i = 6
npuBJIACHIOEMO HOBe 3HadeHHs N (6) =« —1 =3 —1=2.

I'pad mobymosano. Maemo Taki sosHimmi panrn N (1) = 4; N(2) = 1; N (3) = 3;
N (4) =0; N (5) =5; N (6) = 2. Bingnosinne itomy mepecrasienss (5,2,4,1,6,3).

Pegynbrar gil aaroputMy 3aMmilieHHs BEPIINHA 3aTPABKOIO Ha puc. 9.

Puc. 9. Ipukia 3amimennst Bepiman ¢ = 3 3arpaBkoo 1° = (2,3, 1).

3Bepraemo yBary, mo pebpa rpada Ha puc. 8 36eperucs Ha puc. 9, KpiM pebpa (3, 1)
sKe 3Mmiantocs Ha (1, 3).

['pad, 1m0 oTpuMyeThCsd B pe3yJibTaTi BHKJAJICHOIO aJIFOPUTMY OyJaeMO Ha3uBaTH
npeipakTaIbHIM TepecTaBHUM rpadom Japyroro mnokosinHg. Buximgauit rpad Ha3uba-

THU 1HIIIATOPOM.
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0. 0. Emeuv, O. B. Typ

[Ipu moBTOpenHi 1i€l mporeypu [ pa3 oTpuUMaeMo IpedpakTaaIbHIi ITepecTaBHU

rpad (I + 1)-ro mokosinns. et ajiropuTyM MOXKHA BUKJIACTH B TEPMIHAX I[IEPECTABJICH-
Ha m € Ey (J) Ta m, € Ey ().

BucHOBOK

BaIpornoHoBato Mmijxijg 10 BBEJEHHsI peadpakTajbHIX KOMOIHATOPHUX (IIepecTaB-

HKX) KoHiryparii. JoriibHO JOCTiUTH 1€ 1 JijId PO3MIIIEHb.
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Abstract. A queueing system of type M/M/1 with customers impatience is considered. The system
as a whole suffers occasionally a disastrous breakdown, upon which all present customers are cleared
from the system and lost. A repair process then starts immediately. The equilibrium probabilities of the
system, expected number of customers in the system, proportion of customers served, mean sojourn time

of a served customer are obtained in the article.

BBEJIEHUE

K nacrosiimemy BpeMeHn nMeeTcs 3HAUUTETbHOE KOJNIECTBO pabOT MO CHCTEMaM Mac-
COBOT'0O OOC/TY2KUBaHUs ¢ TIoJIoMKamu. Mojiesin, B KOTOPBIX 3a4BKHU MPOSB/IAIOT HETEPIICHHIE
U MOTYT He JIOXK/IAThCA OOC/TY2KUBaHUs TaKKe N3y1daJuCh MHOTUMU aBTOPAMU B IIPOITLIIOM.
B pabore [2] pacemarpusarores cucrembl Tutia M /M /¢ ¢ mooMKamMu B KOTOPBIX B IIPOIIEC-
ce PEMOHTa MOKeT HaKallJIMBaThCd O4epe/ib, HO IIPU 9TOM 3adBKHU IIPOABJILAIOT HeTEPIICHHE.
Tam e mMeeTcst CIIMCOK JINTePaTypPhl 10 JTAaHHON TeMaTnke. ABTOPBI 0000IMAIOT Pe3yIb-

TaThl paboTsl 2] g cucremsr M/M /1.

1. IIOCTAHOBKA 3AJAYUN

Ha cucremy, coctosiyto u3 oHOM JUHUE 1 OECKOHEYHOTO MHOXKECTBA MECT JIJIs Ove-
pe/iu, MOCTYHAIT IPOCTEHIIINEe TOTOKH 3asBOK: C ITapaMeTPOM Ai, €CJIi JIMHUS HCIIpaBHA
U C IIapaMeTPOM \g, €CJIH JINHUsI BBINILIa U3 CTPOosi (IoJoMasachk). Bpems BoccTaHOBII€H ST
JIMHUH PACIIPE/IC/IEHO SKCIIOHEHIINAIbHO ¢ HHTEHCUBHOCTDHIO . Bpems obcityKuBaHus 3a-
SIBKY MCITPABHOM JIMHUEH pPacIpe ie/IeHO SKCIIOHEHIINAILHO ¢ HHTEHCHBHOCTDIO fi. Bo Bpems
00C/TyKUBAHUS JIMHUS MOYKET BBIXOJUTH U3 CTPOS C MHTEHCUBHOCTBIO 1), TO €CTh BPEMs
6e30TKa3HOM PabOTHI JIMHUK — II0Ka3aTeJIbHO paclpejiesieHHast caydaiiHas BeJIUYInHa, C
mapaMeTpoM 7, IIPU MTOJOMKE JIMHAU BCe 3asiBKU (0OC/Iy?KuBaeMast M HaXOJISIINeCs B Ove-
peu) Tepsitorcs. TeM He MeHee, MOKa JIMHUST BOCCTAHABIMBAETCSI, 3asIBKU MPOJIOJIZKAIOT

IIOCTylIaThb B CUCTEMY, BO3MO2KHO C MEHbIIE THTEHCUBHOCTBIO. BaﬂBKI/I, HaXogdmuecd B
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odepeu, MPOABJISIOT «HETepIIEHUe»: BpeMs INpeObIBaHus 3asdBKU B O4Yepe i — IOKa3a-
TeJIbHO PacIlpe/ie/ieHHast cJiydaiiHasi BeJIMINHA, HO MHTEHCUBHOCTH €€ 3aBUCHT OT COCTO-
SIHUSI JIMHUAW; €CJIA JIMHUA (DYHKIMOHUPYET, TO MHTEHCHBHOCTH paBHA 01 €CJIU K€ JIMHUS
HeHcIpaBHa, TO Jg.

Tpebyercss HaiiTu BEPOATHOCTHBIE XapaKTEPUCTUKH CUCTEMBI B CTAIIMOHAPDHOM PEZKH-

Me. marpaMma 1mepexojioB COCTOSHUM CUCTEMbI IIPEJICTAB/ISAETCS B BHUJIE:

A w+ooN pAnd oy

I=1 ’f/ﬁﬁ
-0 @ Ao LA

A(] (] AU 2 5(] AU n (S(]
1 2 N

Hywmeparnust cocrostauii ocymiectsisiercst aByms uajgekcamu (j, k), tae 7 = 1,0 (or-
MedaeT WCIPABHOCTh M HeHCHpaBHOCTH JjuHuM), k = 0,1,2,... (oTMeYaeT KOIMIeCTBO

3a4dBOK B CUCTeMe, BKJIIO4Yad 1 O6CJIy}KI/IBa€MyIO).

Hepes Pj; 0003HATHM CTAI[OHAPIBIC BEPOITHOCTU COCTOAHMIT (j, k) cucreMsl.

2. MATEMATUYECKOE MOJAEJINPOBAHUE 3AIAYA

[Ipeanosiarasi, 9To cucTeMa BXOJUT B CTAIIMOHAPHBINA PEXKUM, COCTABUM YPaBHEHUS
OasiaHca.

s cocrostamit j = 1 (imHng ucupasHa):

Pio(M +1) = P+ FPooy

Pi(M +n+p) = PioA + Pia(p + 01) + Pory

Plg()\l +7]+ (/ub—i‘(;l)) = Pll)\l +P13(/L+2(51) +P02’7
(

/\1 + n + (M + 2(51)) = P12/\1 —+ P14<,U/ + 351) + Pogfy

Po,(M+n+ (p+ (n—1)01)) = Pin—yA1 + Pirr) (1t + n01) + Pony
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s cocrosamit j = 0 (auHusg B pemonte):

Poo(Ao +7) = Poido + Pren

Po1(Ao + 7+ do) = Foa2d0 + FooAo
Poa(MNo + v+ 200) = Poz3do + Poi o
Pos(Ao + 7 + 360) = Poaddo + Poa Ao

oo
rae depes Py = Y P, (j =1,0) obo3nadensl cralnoHapHble BEPOSTHOCTU (PYHKIINO-
n=0

HUPOBAHWsI CUCTEMbI IIPH WCIIPABHOI 1 HewncnpaBHOil juaun (Pre + Poe = 1).

Beenem mpomssBossiniie QYHKINE IS 9UCIOBBIX TocsenoBarenbroctein { Py, }o2
u { Pon bl

oo
Gj(z) == Z Pz", =01
n=0
Herpynnao nonyants nuddepeHimaababie ypaBHEHUs /s TTPOU3BOIAIIIX (DYHKITHIL:

012(z = 1)Gi(2) + (Mz(l = 2) + (6 — p) (1 — 2) + n2)Gi(z) =
’YZG(](Z) —+ ((51 — /L)(]. — Z)Pl(), Gl(O) = P10 (1)

50(2 - 1)G6(Z) + (’7 + )\0(1 - Z>>G0(2> = 77P1., Go(O) = P()O (2)

[Ipu z = 1 nonyyaem 0Py = YFye, 1 ¢ yaeTOM HOPMUPOBKU P4 + Py = 1 HAXOIMM:
n Y
Poo=——, Pro=——. (3)
Y +n Y +n
Pemmenne ypaBuenus (2) BBIIUCBIBAETCS 110 U3BECTHOM hopmyiie [1]:
A Y _ Ao, _a
/esSta — )% tdt | €50 (1 - 2) 5.

0

nplo
do

G[)(Z) = POO —

[Tockouibky 1pu 2 — 1 MHOXKHTE/IH 38 CKOOKAMU CTPEMUTCHA K 00, TO BhIPaXKEHNE B CKOOKaX

CTpEeMUTCA K HYJIIO, TOI'la
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U OKOHYATeJbHOe BbIpazkenue st Go(z) mosydaercs: B BHE:

1
Py 20, _a _2o a_
Golz) = E1e57(1 - 2) 60/6 S0l(1—¢)% 'at (4)
0

BaMeTI/IM, 9TO B TOUKe z = 1 (byHKLLI/IH Go(z) J00IIpeje/ideTcd 110 HelIPpEePhIBHOCTU
Go(l) = lim G0(2> = P().
z—1

Bce crammonapHble  BEPOSTHOCTH — COCTOSIHUN — CHCTEMbI (C  HEMCIPABHOW  JIMHU-

G (o
eit) mosmydarorca 1o dopmynam: Py, = O—'(), n =201, .... K npumepy,
n!
Ao+ 7)Poo — nPre
Py = Gy(0) = (o ) 500 e Otrciofia OfHUM U3 HEOOXOMMBIX YCJIOBHH CY-
0

IIeCTBOBaHUA CTAaIMOHAPHOI'O PE2KHUMa ABJIACTCA:

A Py — nPi.
<(0+’Y)500 ni <
0

Toukn z = 0 u z = 1 gBisgOTCA 0COOBIME TOYKAMHU JJIsi ypaBHeHus (1), u moTomy ro-

0 1.

ToBasg (opMysia ¢ HaYaJbHBIM ycaoBueM npu z = () He MOxKeT ObITH ucHojb3oBana. Oj1-
Hako Ha uHTepBasie (0;1) BbImOMHSAIOTCs yeaoBus Kormm (cylecTBOBaHMsI U €IMHCTBEH-
HOCTH DeIeHns) JiJIst JII0OOro HAYAJIbHOIO YCJIOBHS MCKOMOW (DYHKIMH B OO0 TOU-

ke zo € (0;1). B camom ypasuenun (1) ymobuo mepeiitu K apyroit dyuxiwm. O6o3Ha MM

1
qepes f(z) = —(G1(z) — Pig). st yupolinenust BHIKIAI0K BBEIEM eIle 0003HATEHIe
y
z

Qz) = 5—11(7Go<z> — (= 2) + 1) Py)

Torma ypasuenue (1) mpumer Bu:
A1 H N Q(z)
D+ (- S+ | f) ==, fla) =
Permenne sToro ypasHeHus TaK»Ke BBIIKCHIBAEM 110 U3BECTHOI (DOpPMYIIe, U 1OC/Ie HEKOTO-

PBIX TTPpe0OpPa30BaAHUI TTOJTyIAEM:

A s \
Flzo)e” w2200 (1 — 29)%r — /@(t)e‘éittﬁ_l(l _ )i
20
[Tepexons k npepeny upu 2o — 0, HaiiaeM:

z
A1 A

f2) = —en*Th(1—2)7h /Q(t)e—aifts‘i—%l — )it

0
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DTO pellenre Mo HEePEPBIBHOCTHU JI0OTPEIeIsieTcss B Todkax z = 0 m z = 1, mpu 3TOM Ha

dbyurimo Q(t) HAKIAIBIBACTCS OrPAHIICHIE
1
A
/ Qt)e w3 (1 — )5 tdt =0
0

s IIocJjieIHero COOTHOMEHU A BbIYUCJ/INM Ploi

0
Urak, perenne ypasaenusi (1) nmeer Bu:
A A
Gi(z) = —enz " H(1— 27 /Q(t)e—éitta‘i—lu — )% dt + Py (5)
0

Bamerum, uro dyukmus G(z) J00HpeeIsercss Mo HENPEePBIBHOCTH B TOYKax 2z = 0
uz=1:

GI(O) = Lli}% Gl(Z) = PlO; Gl(l) = ll_I}l} Gl(Z) = Plo-

Bce CTallMOHapHbIE BEPOATHOCTU COCTOSHUNA CHUCTEMBI (C HCHpaBHOﬁ JIHHI/Ieﬁ) IIOJIy9al0oTCA

G
o dopmynam: Py, = — '( ), n=0,1,....
n!

3. JJIMHBI OUEPEJEN U BPEMSI HAXOXK/IEHUSI 3ASIBKI B CUCTEME.

Cpesaue 1ymHbI Odepejieil ipu paboTaroleil 1 HeMCIPaBHON JTMHUU PaBHBI COOTBET-
creerro L1 = G (1) u Ly = G{(1). DTu BeMIMHBI MOXKHO HOJIy9UTh, UCIOJIb3Ys yPaBHe-

uus (1) u (2). Iockosnbry nP1e = 7FPye = 7Go(1), T0 u3 (2) ciemyer
foy Ao 7 Golz) — Go(1)
GO(’Z) - 50 GO(Z> 50 ~—1 )

U 1pu z — 1 1ocjie HEKOTOPBIX TPeo0pPa30BaHUIl IOy YaeM:

o7

Lo =Gy(1) = 6
R R CR )
Ananornano us (1) cremyer
, Az + (0 — o — Go(z) —nG
601G (z) = 2 il u)G1(2>_ lz 'upm—i‘7 0(2_717 1(2)7
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n upu z — 1 nomyvaem:

_ MPio+ (61 — 1+ M) (Pre — Pro) + Lo
N+ '

. !/
Ly = Gy(1) (7)
Obo3naunM o0I1Iee BpeMst peObIBaHUs 3asBKH B CUCTEME, HE3aBUCUMO OT TOI'0 3aBEPIIEHO
e€ obcirykuBanue uian Het, Oyksoit W. V Beramc/mM ero MareMaTndecKoe OKUJIaHUE 110

dopmyne JIurTia:

Y rac A = A\gFPye + M Pie 1 L = LgFPye + L1 Pie, ClleoBaTe/IbHO

_ LoPoe + L1 P1e

M -
W] AoFoe + A1 Pre

O6osznaunm W, obmee Bpems IpeObIBaHUA 3aABKH B CHCTEME IIPH YCJIOBUH, YTO OHA
JIOXKJIETCsT 00CITy?KUBAHUsI, €CJIM OHA TOCTYIJI B cucTeMy B cocrosauu (j,n). Tak kak

HOBOE HpI/I6bITI/Ie 3asBOK HE€ BJIMACT Ha BPEMA HAXO2KICHUA ,ZL&HHOIZ 3a4dBKU B CUCTEME, MbI

- )

ptn \ptn

nMeeM

1
Bamernm, aro M[Wyy] < —. EcrecTBenHo, ecim 3asBKa 3aKOHYUIA OOCIYKUBATHCS 10
TOrO KaK B CHCTeMe IIPOM30ILIA IOJOMKA, TO €€ BpeMs OOC/Iy’KUBaHH: OyleT MeHBbIIe

cpennero. Takxke, ipu n — 0, M [Wyy] — —. Pacemorpum ciaywan, korga n > 1
1

p+ 01 ( 1 P )
MIW,,| = N
Wil pHo +Hn \pt+o+n (u+n)(p+n)
,u+2(51 1 M+2(51 . M+61

MWyo] = . n .
(Wi L4200 +1 p+20 41 p+254n p+o 40

. 1 H (8)
(u+51+77+ (u+n)(u+n))

,u—i-n51 1 n—1
MW, = + MWy ,.— ,
W] u+n51+?7(u+n51+n ug 1]) n

HpOBe,ILeM aHaJIOTNYHbIC BbBIKJIaQ KM JIJId Hepa6o‘{er0 COCTOAHUA CHUCTEMEI.

y 1
MWyl = + MW
[Wool v+ do (7‘1‘50 | 10])
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Hna n > 1:

_ gl 1
M[Won = v+ (n+ 1)do (’y + (n+1)dg + M[Wln]) *

(n+ 1)do n ( 1 )
. MWy
v+ (n+1)5 n+1 7+(n+1)50+ Won-i]

(9)

PekyppenTthbie dhopmysb (8), (9) MO3BOIAIOT TOCTIEI0BATENHLHO HAXOIUTH MaTeMaTHIe-
ckne oxxunanus M[W; ;]. ITo dbopmyse momnmoit BepositHOCTH, cpeaaee Bpemst M [W] mpe-

ObIBaHUs 3asIBKU B cucreMe, 1Ipu yCcJIOBUH, 9YTO OHa JO2KIETCA O6CJIy}KI/IBaHI/IH, paBHO

MW, = i M[Wo;| Po; + i MWy, Py

j7=0 7=0

HamomuwM, 910 crcTeMa cTpaaer oT JBYX TUIOB moTepb: (1) — Bee 3asiBKU yXOIAT, €Cim
cucreMa JioMaerTcst u (2) — 3asgBKU MOTYT HOKHJIATh CUCTEMY M3-3a HETEPIIEHUsS BO BPEMsI
pemonTa cucrembr. Korja cucrema B cocrosinnm (1,n) n > 1, 77 — HHTEHCHBHOCTD HOJIOMKI
CHACTEMBI, & 7 — KOJUIECTBO NOTCPAHHBIX 3aABOK MBI MOXKEM HAWTH HHTCHCUBHOCTD IIOTEPh

3a4dBOK B €JIMHUITY BPEMCHMU:

R= Z Py, =nly (10)

n=1

MHTEHCUBHOCTD OTKA30B U3-3a «HETEPIEHUs» B pabOTAIOIIEeH cucTeMe:

Rl :Z(sl(n_l)Pln:(sl(Ll_Pll)_51<Plo_P10_P11) =

n=2

:51L1 —(51(P1. _PlO) (11)

NuTencnBHOCTDL OTKA30B U3-34 «HETepIIeHUuA» B Hepa6OTaIOH_[€I71 CucremMe:

RO = Z 50nP0n = 50[/0 (12)

n=1

AHaJIOFH‘{HO, cpeaHee KOJIM4YeCTBO 3a4dBOK, O6CJIY)KI/IBaeMle 3a €JMHUILY BpeMeHU
S: ,U(Pl. — PlO)-

B CTallMOHapHOM pPezKMe 06111&51 MHTEHCUBHOCTD A BXOIAIIIEr'o IIOTOKa 3adBOK €CTeCTBCH-

HBIM 00pa30M paz3jaraeTcd B CYMMY YETBIPEX CIaraeMbIX:

A=R+ R() + Rl + S = T]Ll + 50[/0 + 51L1 — 51(P1. — PIO) + ,U(Pl. — P10)7
A= (77 + 51)[11 + (SoLo + (u — 51)(131. — PlO) (13)
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U3 (13) MoKHO APYTUM CIIOCOGOM OIpeeuTb Ly :
_ A — 0oLy — (1 — 1) (Pre — Pro)
(n+d1) 7

9TO, KaK HETPYAHO IIOKa3aTb, COBIIaAa€T C (7)

Ly

3 (13) Haiigém 70110 00CTYKEHHBIX 3asdBOK:

Iz p(Pre — Pio)
P,=—(Pe— Pp)=—7—"—">".
)\( ! 10) )\OPOO + )\1P10

S3AKJIFOYUEHUE

B jaHHON cTaThe paccMOTpeHa cucTeMa MaccoBoro obcmy:kupanust Tuma M/M/1,
T.e. CHCTEMa C OJTHOW JINHUEH 0OC/IYKUBAHUA, [IYACCOHOBCKIMU ITOTOKAMU ITOCTYIIAIOINX
3asBOK, 9KCIOHEHIMAIbHOM (DYHKIeH pacupe/iesieHnst BpeMeHH 00C/TyKIBAHNS, OTKa-
3aMU JIMHUK U BOCCTaHOBJIeHHEeM (peMOHTOM). Bpems mcrnpaBHOi paboThl JIMHIM, KaK U
BpeMsI ee PEMOHTa — CJIydaifHble BEJMIMHBI, UMEIOIIIE [TOKA3aTeJbHOE PACIIPE/Ie/ICHIE.
[ToTokn 3as1BOK, HOCTYIAIOMUX Ha PabOTAIOILYI0 U PEMOHTUPYEMYIO JIMHUIO UMEIOT pas3-
HYIO HHTEHCHBHOCTH. 3asBKHN, HAXOJSIIMECS B OUEPE/IN HPOSBIISLIOT «HETEPIEHUEs, PN
5TOM WHTEHCHBHOCTH «HETEPIIEJMBOCTI» 3asiBOK B paboTaroleil 1 peMOHTHDYEMOi crucTe-
Me pazinaabl. Halijensr mpousBodime (pyHKIIMN pacipeie/ieHnii BepoaTHOCTeN (DyHK-
[IMOHUPYIOMIEHl N HEUCHPABHON JIMHIH, CPEJHUE JUIMHBI Odepe/ieil, 10/ 00CITy KEeHHbIX

3asBOK, CpeJiHee BpeMsi TPeObIBAHUS B CHCTEME 3asiBKU, JOK/IABIIEHCsT 00CTY KUBaHUS.
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Abstract. In this paper the properties of optimal sets of initial conditions in the problem of practical
stability of discrete set systems are considered. In the case of linear dynamic components Minkowski

function, inverse Minkowski function, and support function of these sets are obtained.

BcTvn

JluckperHi cucreMu MalOTh CyTTEBe IPUKJ/IAJHE 3HAYEHHS B 3B'A3KY 3 TUM, IO P
€KOHOMIYHUX, O10JIOMTIHIX, COIIATbHAX Ta TEXHIYHUX MPOIIECIB OMUCYIOTHCS JIMCKPETHIMHI
MogiesigMu. Kpim Toro, pisHHIEBI CIIBBIIHOIIEHHS 3aCTOCOBYIOTHCS TIPU TTOOYJIOBI Y CI0-
BUX METOJIB JIjId PI3HUX KJaciB 3ajad. Tomy € aKTyaJbHUM JIOC/IPKEHHA AKICHUX Xa-
PaKTEPUCTHK JINCKPETHUX cucTeM. Tak, B poborax [7, 9, 10, 11| BucsiT/Ior0TbCA METOIM
Teopil crifikocti, B |1, 3] orpuMmaHni OmiHKY i BIACTHBOCTI MAKCHMATHHIX MHOXKIH IIPAKTHI-
HOT CTIKOCTI AMCKPETHUX CHCTEM, B [4] 0JeprKaHo BIACTHBOCTI MAKCHMAJLHIX MHOMKIH
MMPAKTUIHOI CTINKOCTI MHOXKUHHUX JUCKPETHUX CHCTEM.

AKImo Ha mpaBy YaCTUHY CUCTEMHU JUIOTH IMOCTiiHI 30ypeHHs, TO JUCKPETHI MOJIe/ Ha-
OyBaroTh (hopMU BKJIIOYEHDb. JIMCKpETHI BKJIIOYEHHS 3aCTOCOBYIOTHLCH IPU AIIPOKCUMAITil
JnudepenIiaTbHIX BKJIIOYEHb Ta PIBHAHL XYKYXapH JUCKPETHUMU BKJIIOYEHHSIMU, OIiH-
Ki TOYHOCTI Takux Habsmkenb |8, 6]. Henepepsry 3ajiexkHICTb PO3B’SI3KIB JUCKPETHUX
BKJIOYEHb BiJl TIOYATKOBUX YMOB JOCJIZKEHO B [5].

B pobori s1octiizkeHo BJIaCTHBOCTI MAKCUMAJIBLHOT 38 BKJIIOYEHHAM MHOXKIHU ITPAKTUY-
HOI CTIMKOCTI JJUCKPETHUX BKJIIOYEHb. ¥ BUIIAJIKY JIHINHOI JIMHAMIYHOI CKJIaJIOBOI OTPHU-
MaHa dyHKIiss MiHKOBCHKOro Ta obepHeHa (pYHKINS TaKUX MHOXKUH. Pe3yabrati MaioTh
AJITOPUTMIYHY CITPAMOBAHICTbD.

Mu OymemMo BUKOPHCTOBYBATH Taki I03HadeHHs:: R"” — eBKJIJIOBUI N-BUMipHH
npocrip, (-,+) — craagpuuii godyTok B R", gxuil mopokye eBkiigoBy HOpMY |-,
intA, 0A — cyKymnHicTh BHYTPIIIHIX TOYOK 1 rpanmig MHOKuHH A C R™ BigmosimHo,
S ={x eR": ||z|| = 1} — omquauuna chepa, K, (a) = {x € R" : ||z — a|| < r} — 3amxHe-

Ha KyJist paJiiycy 7 3 neHTpoM B Touri a € R™, comp (R™) — cykymHicTh BCIX HEMOPOKHIX
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koMmakTiB 3 R", conv (R") — cyKymHICTh BCIX HEMOPOXKHIX OMYKJIMX KOMIAKTIB 3 R™,
0,N] ={0,1,..., N} — muO)kuHa iHmekci, A = A+ 0 K;(0) — 0-po3UIMpEeHHsT MHOXK-
on A C R”, ¢ (A,v) — onopra dynkis, A C R", ¢ € R™.

1. BJIACTUBOCTI MAKCUMAJIbHOI 3A BKJIFOUEHHSIM MHOXKWHHA

Posriisinemo cucremy BurisLy

z(k+1) € fi(z(k), (1)

By : R™ — comp (R") , (2)
nex € R™ fp : D — D C R™ — HenepepBHe B objacti DD GaratosnadHe BigoOparKeH-
uga. Cucrema (1), (2) HA3HUBAETHCSA TUCKPETHOIO MHOMKHHHOIO CHCTEMOIO, TIPH oMy (1)
HA3UBAECTHCS JIMHAMITHOIO CKJIAJIOBOIO, siKa Ma€ (DOPMY JIMCKPETHOTO BKJIFOUEHHS, BiO-
GpaxkeHHs (2) — MHOKHHHOIO CKJIAJI0BOI0 MHOXKHMHHOI jmckperHol cucremu (1), (2) [4].
[Mosuaunmo x (k,xg) — po3s’azok cucremu (1), siKuil 3a/0BOJIbHsIE MOYATKOBIN yMOBI
x(0) = xo, k € [0, N]. Muoxunorw mgocszkuocti X (k,xg) auckperroro BritodeHts (1)
st x (0) = zg B Mmoment k € [0, N] HasmBa€eThCsl CyKyIHICTH TOUYOK x € R Takux, 1o
3Haiierbest po3B’sa30k x (k, xg) quckperHoro Britoudenss (1), mo x (k) = x (k, xq) [5].

Posp’azkom (1), (2) HasuBaeThest HGaraTo3HaYHE BiOOPasKEeHHST
F :[0,N] x D — comp(R")
TaKkKe, 10 MOro 3Ha4YeHHS BU3HAYAIOTHCI 34 IIpaBUJIOM
F(k,xo) = Br(X(k, x0)).

Tyr z (k) = z (k, z9) — poss’szok cucremu (1), k € [0, N, 29 € D.

Hexait Gy C D — MHOXKHHa JOIyCTUMHX NOYaTKOBHX cramis, @ (k) € comp (R"),
¢ (k) € D — muoxuna dasoux obmexenb, By (0) C & (k), k € [0,N], fx(0) = 0,
kel0,N—1].

[Ipunycrumo, mo s cucremu (1), (2) BUKOHYeThCS Taka yMOBa: iCHYOTh Taki 1 > (

i k€ [1, N], mo cupaB/zKyeThCsl CIIBBIIHOIIEHHS
By, (X (k, K, (0))) /® (k) # 0.

Oznauenns 1. Cucrema (1), (2) masusaernca {Go, ® (k) ,0, N }-cuibio cTiiikoio, sKIIo
By (x (k,x0)) C ® (k) mna Beix poss’saskis x (k, xy) Britouenus (1), zo € Gy, k € [0, N].

Osznavenns 2. ['oBopsars, mo cykynuicts G, C @ (0) € MAKCHMAIBHOIO 38 BKJIIOYCHHSIM
MHOKMHOIO IMPaKTUIHOI crifikocti cucremu (1), (2) npu dazosux obmexennsax ¢ (k) xa
inrepsasi [0, V], axmo cucrema (1), (2) € {G, P (k),0, N}- criiikoio 1 Gy C G, Jyrst Beix

muoxuH Go C @ (0), juis sikux mae micte {Go, @ (k) , 0, N'}- criiikicts cucremn (1), (2).
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Teopema 1. Muoxuna (G, — KOMIIAKT.

Jlosederns. Muoxkuna G, — obmexena, ockuibku G, C K, (0). Tlokaxemo 3a-
MKHeHicTs G, s mporo 3adikcyemo JoBiabiy nociigosricts {z,} € G., plgilo T, = To.
[Mokazxkemo, mo zo € G,. s Beix poss’saskis x (k, xy) Briaouenns (1), k € [0, N] mae
micue By, (X (k,x,)) C @ (k), p=1,2,..., k € [0, N].

Badikcyemo k € [0, N|. Bimobpaxennsi By (x)— nenepepsre. OCKUIbKE Mae Miciie
HellepepBHa 3aJIeXKHICTh PO3B’sa3KiB (1) BiJ MOYATKOBAX YMOB, TOMY 3a TEOPEMOIO IIPO
cymeprosuiiito |2, 5| Bimobpaxkenns z — By (X (k,z)) € nenepepsuuM, z € D. Sadik-
cyemo k € [0, N]. 3 nenepepsnocti Bigobpaxenus z — By (X (k, z)) Bumiusae, 1mo s

JOBLIBHOTO € > () 3HaIEeThCS HOMED Po TAaKWil, 10 AJId BCIX p > Py Ma€ MicIle BKJIIOUYEHHS

By (X (ky0)) € K. (By (X (k, 2,)) € K. (®(k)).
3Bigcu
By, (X (k,z0)) C [ K- (2(k)) = (k).

e>0
Otxe, z¢ € G,. Teopemy j10BeIEHO. ]

Teopema 2. dkmo xg € 0G,, TO icHye Takwii pO3B'SI30K T (l% xo) BKtoueHHs (1)
i k € [0,N], nna axoro OB; (X (l% xo)) ﬂ(?(I)( ) # (), npu npoMy st OyIb-AKOTO
posB’s3ky z (k) = x (k,x0) 1 k € [0, N] Bukonyerncs By (X (k,zo)) C ® (k).

Jlosedenna. Hexait OBy (X (k,z0)) (0P (k) = 0 mua nosinbroro k € [0, N| i cupas-
xKyerbesad By (X (k,z0)) € @ (k), k € [0,N]. Le o3nauae, mo 3uaigerscs ; > 0 s
Beix i = 0,1,..., N taxe, mo B; (X (i,20))" C int® (i). 3 menepepsHocTi BigoOparxKkenns
z — Bp (X (k,z)), z € D Bumuag, 1mo 3Haiijerbca 0 > 0 take, mo upu zy € Ks(xg)
CIIPAB/IZKYETHCA
B; (X (i, 20)) C (B (X (4,20)))™"

e g =ming; > 04 =0,1,...., N. Tomy B; (X (4,20)) C ® (i), i =0,1,.... N, 2y € Ks (x0).
Orxe, Ks(x9) C G.. lle o3nauae, mo xy € intG,.. A 1e cynepeduTh yMOBI TEOPEMHU.
Teopemy noeseno. 0

Oznauenns 3. Bigobpawxkenns fp : D — comp (R") nasuBaeTbCs BIIKPUTHM, SIKIIO 3
toro, mo U C D — Binkpura MuOKuHa, Bunmsae, mo muoxuna f (U) = J,op f (z) —
BiJIKpHUTA.

Teopema 3. Hexait fr, By — Biakpuri BimoOpazkeHHsI, BUKOHYETbCS BKJIIOUEH-
s By (X (k,z9)) C @ (k), k€0, N] musa posinbaoro poss’sisky « (k, ) BKIOUEH-
g (1) Ta icmye make k € [0,N] i sHaiimerbcs raxnmit poss’msok x (k,zo),

mo By (X (k,20)) 0P (k) # 0. Toni o € 9G,.
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Zlosedenns. 3 yMOBH TeOpeMn BUILIHBAE, IO Tg € G,. Ilpumycrumo, 1mo xg € intG,. Toni
icuye Take § > 0, st sikoro Ks (xg) C G. Ockinbku fri By— BiakpuTi BijoOpazKeHHs, TO
npu Jesikomy e > 0 st zg € K (x0) crpaBejinBe Take CIiBBITHOIIEHHSI

By, (X (k, 20)) C (Bg (X (k, 29)))™" C @(k),
k = 0,1,..,N. lle osnagae OBy, (X (k,z0)) (0P (k) = 0, k € [0, N]. Ipuituum 1o cy-

riepednocTi. Teopemy J0BejIeHO. 0

Hacaimok 1. Hexait f, i B, — Bigkputi BimoOpaxkenus. /as toro, mob xg € 0G,
HeoOXiHo 1 mocrarHbO, MOO st JOBiabHOrO po3B'si3ky « (k,xo) BaoudenHs (1)
By (X (k,z0)) C @ (k), k € [0, N] Ta icuysaB Takuii po3s’sizok x (k,x¢), k € [0, N], mo
OBy (X (k, 10)) 0B (k) £ 0.

Hacminok 2. Hexait f, i By — Bigkputi Bigoopaxkenns. Touka xg € intG, Toji i TiIbKH
toni, koiu By (X (k, o)) C int® (k) ausa nosinbHoro pos3s’asky x (k, ) Briodenus (1),
k € [0, N].

2. BUIIAJOK JITHIMHOI AMHAMIYHOI CKJIAJOBOI
Posriisinemo JiiHiliny OJIHOPIJIHY JIMCKPETHY MHOXKUHHY CHUCTEMY
z(k+1)e A(k)x (k) +U(k), (3)
By : R™ — conv (R"), (4)
e A (k) — meBupomkena marpuiig posmipuocti n X n, U (k) € conv (R"), 0 € intU (k),

k € [0, N — 1]. Hexait ® (k) € conv (R") muOo)Xnna daszosux oomexens, k € [0, N|. 3amnu-

IEMO MHOYKHHY JIOCAKHOCTI cucreMu (3) y BHIVIST
X (kyx9) =0 (k) 2o+ Q(k), k€ [l,N],
e O k) =Ax1..... A — HEBHUPOJIZKEHA MaTpHIIs, O (i, k) =Ai_1..... A,
Q (k) = Zle O (i,k)U (i—1), k € [1, N]. lIpunycrumo, mo mMaroTh Miciie Taki CriBBij-
HOIICHHA
Bi(z) =Z(k)x+V (k),
ne = (k) — marpung posmipaocti m x n, k € [0, N], V (k) € conv (R™). Toxi
By, (X (k, o)) = E (k) © (k) mo + (k) Q (k) + V (k)

Onopua dyHKITisS

¢ (Bk (X (k,20)) ,¥) = (20, 0" (k) E* (k) ¥) +

k

+> e(U(i—1),0% (4, k) E* (k) ) +c(V (k) ,¥).

=1
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Mae wmiciie Teopema.
Teopema 4. ko ® (k) € conv (R™), To G, € conv (R™).

Josedenns. Bubepemo 10BLIBHI TOUKHU Xg, Yo € G,. Tomi

(E(k)© (k) zo + = (k) Q (k) +V (k) C @ (k),
(E&)O (k) yo +E (k)2 (k) +V (k) C @ (k), k€ [0,N].
Ockimbkn muosknmn 2 (k),V (k) e omyximum, 1o mpn A € [0, 1] BUKoHyeThCs
AE (k) O (k) o+ Z (k) Q (k) +V (k) + (1= \) (Z(k) O (k) yo + = (k) Q (k) + V (k) =
= AE (k) O (k) z0) + (1 = ) (E(k) © (k) yo) +
FANEERQE) +VE)+ 1 =N EFR)QE) +V (k) =
=Z(k) O (k) Mo+ (1 = N yo) +Z (k) Q k) +V (k) C D (k). k € [0, N].
Orske, Touka Azo + (1 — ) yo € G,. Teopemy joBejieHO. 0

Teopema 5. [l Toro, mob ry € 0G, HeOOXiAHO 1 J0CTATHRO, 100

(10,0 (k) E* (k) ¥)

max ma; =1

KON VES ¢ (@ (k) 9) — Sy e (U (i — 1), 0% (i, k) 2 (k) ) — e (V (k) , )

3a ymosit ¢ (P (k) , ) =S5 e (U (i —1),0* (i, k) E* (k) ¢) —c (V (k) , ) > 0. Tyr ¢ € S,
k € [0, N].

Jlosederna. dxmo xy € 0G., 1o ¢ (B (X (k,z0)),v) < c(P(k),v) naa nosiabHEX
€S, k € [0, N]. BukopucroBytouu HAcIiI0K 1 Teopemu 3, ojiepKyemo, 1o icuye & € S,
k € [0, N], nnst sxux ¢ (B (X (k,20)) ,€) = ¢ (® (k) ,€). BpaxoByioun BracTupocti omop-
HoT byHKIUT 2], orpumyemo, 1o npu ¢ € S, k € [0, N| mae micre HepiBHICTH

k

(20,0 (k) E* (k) y) + Y (U (i —1),07 (i, k) Z* (k) ) + ¢ (V (k) ,9) < (@ (k) ,7),

=1

B AKiil mocaTaeThes pisaicTs Ipu € € S, k € [0, N]. Ockinbkn

)= c(U(i—1),0" (i,k)E* (k)y) — c(V (k) ,¥) > 0,9 € S,k € [0, N],

=1

TO 3B1,ZLCI/I MaeMO

; <I°’.@*()E (k) 0) <1yeSkeloN].
c(®(k),¥) =2 c (Ui =1),0* (i, k)2 (k) ¥) — c(V (k) ,¥)
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Kpim Toro,

- - (60,0 (k) = (. WZ - - —1,6€S,kel0,N].
c(@(k),v) =i c(U—1),07 (i,k) E (k) v) —c(V (k) ¥)
JlocTaTHicTb BUILINBAE 3 TOTO, IO IIPU JIOBEJIEHHI HEOOX1THOCTI BUKOPUCTOBYBAJIUCH TBEP-

JIZKEHHS, 10 MaloTh HeoOXiHuii i jocTarHiil XxapakTep. Teopemy J10Be/ieHO. [

Teopema 6. Oynkiig MinkoBcbkoro MHOKUHA G, Ma€ BUTJISLT

m, (9) = max max {z, ©" (k) = (k) ¥)
BN @9 TL e .06 9 eV
e (@ (k), ) =S c(U@i—1),0%(4,k) = (k) ) —c(V (k) ,¥) > 0,9 € S, k € [0, N].

Josedenns. 3a oznadenusam (yHkiis MiHKOBCHKOTO

M. (o) :inf{)\ >0
Axmo 2 € G,, ro X (k, %) = O (k) 2

onopHUX (PYHKII BUILIUBAE

TO G*} , o € R™.
Q(k

) s Beix k € [0, N]. 3 miactuBocreii

i@o,@* =* +Zc (i—1),0" (i,k) = (k) ¥) + ¢ (V (k) ,¢) < c(® (k) , 1)
Jyist Beix ¢ € S ta k € [0, N]. Toxi

S (9, 0" (k) E (k) ¥)

T (@ (k) 9) =X, e(U (i = 1),0% (i, ) E* (k) 9) —e(V (k) ,9)

Jutst oBiibHuX ¢ € S| k € [0, N|. 3Bijcu 3a o3HadenuaM dyHkiiii MiHKOBCHKOIO

(10,0 (k) E* (k) ¥)

) N b e (), 9) - S cU = 1.6 (R E (B 0) — e (V (). 0)
Teopemy soBeieHO. 0

3a BiacruBoctamu ¢byukiii MiHkoBebKoro
G.={z eR" :m,(z) <1}.
Teopema 7. Obepuena ¢dynkiiigs MiHKoBcbKoro MHOKUHA G, Ma€ BUTJISLT

d. (z0) = min minc@(k),w—Zillc(U(z’—1)76*(i,k)5*(k)¢)—c(V(k),w)
FANOTT eloN) ves (20,0* (k) E* (k) ¥) 6

3a ymoBu (xg, ©* (k) =Z* (k)¢) > 0,¢ € S, k € [0, N].
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Josedenns. 3a oznatdeHHssM obeprenol ¢dpyukKIil MiHKOBCHKOTO
dy (o) =sup{A > 0: A\xyg € G.},x9 € R™.

BukopucTtoBytoun J0BeJIeHHs TONEPEIHBOI TEOPEMU Ta BJIACTHUBOCTI OIMOPHUX (DYHKITiiH

MaEMO
k
Mo, O (K)E* (k) ) + Y (U (i —1),0" (i, k) Z* (k) ) + ¢ (V (k) , ) < c(® (k) ,¥)
=1
i Beix ¢ € S a k € [0, N]. 3Bigcu
< C@ (), ¥) =L (UG —1),0 (i, ) E* (k) ) — c(V (k) ¥)
B (o, ©* (k) E* (k) ¥) ’
upu ymoBi (gx (), 0 (k) xo) > 0,9 € S, k € [0, N]. OcrarouHo 0TprMaeMo
(@ (k) ) =S (U (i = 1), 0% (i, k) 2 (k) ) — c(V (k) ¢)
d. (zo) = min min (20, ©" (k) =* (k) ¥) '
Teopemy j10BEIEHO. L]

Ba BaactuBocTaME 00epHEeHO! (hyHKIT MiHKOBCHKOTO
G. = U {r=ke:kel0,d.(e)]}.
eeS

Posrisinemo npukiiaz. Suaitaemo dyukiiio Minkosebkoro, obepueny dbyukiiio Min-
KOBCBHKOTO MHOKUHU (7, TS 3a7a4i MPAKTUIHOI CTIHKOCTI MHOYKUHHOI JTUCKPETHOI CHCTe-

MU BUTJIALY

r(k+1)e A(k)x (k) + Knw) (0),
By, (z) = Kpwy ()

3a YMOBH, 10 (ha30Bi 0OMEXKeHH
(k) = Ky (0),r (k) >0,k € [0,N].

3 crisBigaomenns (6) BUmINBaE, MO y IbOMY BHIAIAKY (byHKIIS MiHKOBCHKOIO Mae

BUTJISI,

m, (xO) _ max <l’07 o (k> =" (k) 1/J> '
kelONLDES 7 (k) — S m (i — 1) |0° (k,d) E* (k) & — n (k)

O6eprena dyHKIisT MiHKOBCEKOTO 3rifHO criBBigHOMIIEeHHs (6) Moke GyTH 3ammcana Tak

d. (z9) = min r(k) =30 m (i — 1) [|0* (k,i) E* (k) y[| — n (k)
« \ L0 k€[0,N]peS (zo, ©% (k) Z* (k) ) .
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P. II. Kopoaix, B. B. ITiuxyp

BucHOBKU

B crarTi 0oOrpyHTOBaHO KOMIIAKTHICTH Ta BJIACTUBOCTI T'DAHMIN MaKCUMaJbHOI 3a

BKJIIOUYEHHAM MHOYKUHU MPAKTUIHOI CTINKOCTI JUCKPETHUX BK/IIOYeHb. [y Jsiniitnol auc-

KPETHOI MHOYKMHHOI CHUCTEMU JIOBEEHO OMYKJICTh ONTHMAJbHOI MHOKHWHU TOYaTKOBUX

YMOB, ojiepzKano 11 ¢pynkiiro MinkoBcbKkoro ta obepueny (gpynkiiio MiHKOBCHKOTO.

10.

11.
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CTAIIMOHAPHBIE XAPAKTEPUCTUKI OJHOJIMHENHON
CUCTEMBI OBCJIV2KNBAHU A C IIOTEPAMU N HEHA TEKHBIM
IMPNMBOPOM

© A. N. Ilecuanckwnii, A. 1. KoBasnenko

CEBACTOIIO/IbCKUI HAILIMOHAJIbHBIN TEXHUYECKUI YHUBEPCUTET
KA®EJIPA BBICHIEII MATEMATUKU
VJI. YHUBEPCUTETCKAS, 33, I'. CEBACTONOJb, 99053, YKPAUHA
E-MAIL: annushkal99@bk.ru

Abstract. Semi-Markov model of operation of a single-server queue system with losses and unreliable
server has been built. All the random values appearing in the problem definition are supposed to have

general distribution functions. An explicit form of system stationary characteristics has been defined.

BBEIEHUE

[Ipu MomenmupoBaHUN CUCTEM OOC/TYKUBaHUsI €CTECTBEHHBIM C IPAKTUIECKON TOIKU
3pEHUs SABJIACTCA IPEJIIIOIOKEHNE O HAJUIUH CIydaifiHbIX OTKA30B 3JIEMEHTOB CHCTEM.
Briepebie Ha HEOOXOIMMOCTD yUeTa BO3MOXKHOCTH OTKa3a W BOCCTAHOBJIEHUsT OOC/TYKUBa-
forux pubopos ykazasa b. B. 'menenko [1]. Ero yaennkom T. I1. MapbsaoButdem 6blia
paccMoTpeHa OHOJMHEHAsS cucTeMa ¢ OECKOHEYHOW OvYepeiblo U HeHAIeXKHBIM ITPUOo-
pom [2]. HanbHeiinmie uceieoBalHusi KaK OHOJMHEHHBIX, TaK U MHOIOKAHAJLHBIX HEHAa-
JIEZKHBIX CHCTEM COJIepKaTcst, Harpumep, B [3]-[6]. Oarako durypupyiorue B paccMoTpeH-
HBIX 3a/[a9ax CJIydaifHble BeJIMIUHbI (B YACTHOCTU, BPEMEHA MEKJy MOMEHTAMHU TIOCTYII-
JIEHUsI 3as1BOK ), KK IIPABUJIO, PACIIPEJIEJIEHDI 110 SKCIIOHEHIINAIbHBIM 3akoHaM. OTimanem
JIAHHOM PabOTHI ABJISIETCs TPEJIITOIOKEHNE 00 00IIeM 3aKOHE pacipee/ieHusT CIy YailHbIX

BeJINYMH, B TEPMUHAX KOTOPBIX OIINCbhIBACTCHA beHKLH/IOHI/IpOBaHI/Ie CHUCTEMBI.

1. TIOCTAHOBKA 3AJIAYU

Paccmorpum cucremy obceiyxuanus GI1/G/1/0 (B xnaccudukamuu J1. Kengaia)
C MOTEPAMU M HEHAJEKHBLIM O0CIy:KUBAIONMM pubopoM. Ilocrymnaomuit B cucremy
PEKYPPEHTHBIN MOTOK 3asBOK IMOpOXKIaercs ciaydaiinoit sesmunuoit (CB) [ ¢ mpoms-
BosbHOW yHKIweit pacnpenenenus (OP) G(t) = P{f < t}. Ecam npubop cBobo-
JIeH, TO IOCTYIUBINAS B CUCTEMY 3asdBKa HAUMHACT OOCIYKHBATHCs, B IPOTUBHOM CJIy-
Jae 3asgBKa Tepsercd. JlmurenbHocTh obcay:kuBanus 3assku — CB « ¢ mpousBosib-
Hoit ®P F(t) = P{a < t}. Ilocne mocruzkenust mpubOPOM CyMMapHON HapabOTKH, pe-
ammzyemoii kKak CB v ¢ ®P ®(t) = P{y < t} obmiero Buja, MpONCXOIUT €ro OTKa3, 1
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cpasy Ke HAUYMHAETCs BOCCTaHOBJIeHHe TpuOopa. IIpu sToMm obciyKuBaemas 3asgBKa Te-
psercd. lnmrenbHocTh mpoBeieHnsT BoccTanosienns npubopa — CB o ¢ npoussosbhoii
OP ¥(t) = P{o < t}. Ilocsie oKOHUAHUST BOCCTAHOBUTEIHHON PabOTHI IPHOOD [EPEXOJIUT B
PEXKUM OXKUJIAHUS 3adBKU. 3asiBKU, MOCTYIAIOIINE B CUCTEMY BO BPeMs BOCCTAHOBJICHUSA
npubopa, tepsitorcs. [Ipeanoraraercs, aro CB «, [, 7 1 0 HE3aBUCUMBI, UMEIOT ILJIOT-
HOCTH pactpejesenus BepositHocreit f(t), g(t), ¢(t), ¥(t) u KOHeUHBIE MaTEMATHYECKIE
oxunanug Mo, M3, M~y u Mo cooTBEeTCTBEHHO.

IHeavro pabomol AsaAeMCA NOCMPOEHUE NOAYMAPKOBCKOT, MOOEAU HYHKUUOHUPOBAHUA
ONUCAHHOT BVIULE CUCTNEMDL OOCAYIHCUBAHUSA U HATOHCOEHUE €€ CMAUUOHAPHLT TaAPAKMe-
PUCTNUK: PUHAALHOLT 6EPOAMHOCTET U CPEOHUL BPEMEH NPEOBIBAHUA 6 COCTNOAHUAL OHCU-

danus u 06C/Ly9fCU66LHUﬂ 3aA6KU, G TNMAKHCE 60CCTMAHOBNEHUA O6C/Ly9fCU6a’}O’u4€20 npu60pa.

2. IIOCTPOEHUE IIOJIYMAPKOBCKOM MOOEJIN

O yHKIMOHUPOBAHIE CUCTEMBI OIHIIIEM IOJTyMAPKOBCKIM TIporieccoM & (t) ¢ MCKpeTHO-
HePEePbIBHBIM (Da30BbIM IIPOCTPAHCTBOM cocTositmii [7]. ObcmykuBaromuii mpubop MozkeT
HAXOJINTHCA B CJIEAYIOMNX (PUUIECKUX COCTOSTHUSIX:

0 — npubop B pabOTOCIIOCOOHOM COCTOSTHUU U OXKHUJIA€T 3asiBKY;

1 — npubop B paboTOCIIOCOOHOM COCTOSTHUU U OOC/IY?KUBAET 3aABKY;

2 — mpubOpP BOCCTAHABIUBACTCS.

Pacmmpum dazoBoe mpocTpaHCTBO (PU3MIECKUX COCTOAHUI CHCTEMBI 70 (ha30BOTO
IIPOCTPAHCTBA MOJIyMAPKOBCKUX COCTOSIHMI, 100aB/Igd K KoAaM (BU3UIECCKUX COCTOSTHUI
KOOP/IMHATHI, 00ECIIeINBAIOIIIE MAPKOBCKOE CBOMCTBO (DA30BBIX COCTOAHMI B MOMEHTDI UX
n3MeHenuii. B utore pazoBoe MpocTpaHCTBO MOJTYMAPKOBCKUX COCTOSHUN CUCTEMbI NUMEET

BUJI;

E ={21,210u, 21zu, 2220, 322, 1020, 10zu; x > 0,u > 0}.

Pacmmdpyem Kojbl COCTOSHUN CHCTEMBI:

21 — B cucTeMy TOCTYIUJIA 3asiBKa, HAUMHAETCA ee OOC/IyKUBaHue; HapaboTKa Ipu-
Oopa OTCyTCTBYeT;

210u — mocTynuBINas B CUCTEMY 3asiBKa HavdaJia 00CTYKUBATHCS; BeJIMInHa HapaboT-
K1 mpubopa 70 0TKa3a paBHA U;

21xu — mocTymnuBIIasg B CHCTEMY 3asiBKa TepsSeTCs, TaAK KaK IPUOOp 3aHAT 00CITyKU-
BaHUEM, JI0 KOHIIA KOTOPOT'O OCTAJIOCh BpeMs X; BeJndnHa HapaboTKu mpudopa JI0 0TKa3a
paBHa U,

22x(0 — mocTynumBIad B CUCTEMY 3asdBKa TePSeTCd 10 TPUINHE BOCCTAHOBJIEHUS TTPU-

6opa, 10 OKOHYaHNsI KOTOPOI'O OCTAJIOCH BPEMH X;
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32x — mapaboTKa IpubOpa JIOCTHUT/Ia KPUTUIECKOTO YPOBHS, IIPOU30IIE/T OTKa3 IPHU-
O6opa, U HAYAJIOCh €r0 BOCCTAHOBJIEHUE; JIO MOCTYILIEHUS CJIEYIONEN 3adBKU OCTAJIOCh
BpeMs X;

10x0 — BoccTaHOBJIEHHE TIPUOOpPaA 3aKOHYEHO; JIO HOCTYILJICHUS CJIEIYIONEel 3asdBKH
OCTAJIOCh BPeM4 X;

10xu — obciryKuBaHME 3asABKI 3aKOHYEHO, JI0 TIOCTYIIJIEHUS CJIEJIYIONIel 3adBKI OCTa-

JIOCh BpeMsl X; BeJImdnHa HapabOTKu Iprbopa JI0 0TKa3a paBHa U.

Bpemennds auarpamma pyHKITMOHHPOBAHKUSA CUCTEMbI n300parkeHa Ha puc. 1, a rpad

ee TIepexo/IoB — Ha puc. 2.

o v o
npHoop — T~ //'—F._._._-_-E -

il |

_ ' I
HapadoTEa "/’//_4:

21 2lxu 10xw 210w 32x 22x0  10x0 21 210u 32

L
et
—
b
=

10x0

[
=
=
=
-
[
=
=
15

4

Puc. 2. I'pad nepexoioB CUCTEMBI.
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Bpemena nmpebbiBanus cuCTEMbI B COOTBETCTBYIOININX COCTOAHUSX OIPEIEITIOTCs hop-

MyJIaMu
O =aNBANY, Orogu =aAB AU, Oz = BAT AU, Or0 =L N,

0320 = 0 Az, b1000 = O1020 = 7,
rge N\ — 3HaK MUHIMYMaA.

Ormummem crydaitabie cobbiTus mepexooB. CoObIThst mepexonoB n3 cocrosguus 210u

WITIOCTPUPYIOTCS Ha puUc. 3:

{210u — 10,8 — a,u — a} = {a < B A u},
{210u = 21,0 — B,u — B} = {B < a A u}, (1)
{210u — 32,8 —u} = {u < a A 5}.

| Loy R | —
o o H I

i [ i i [P E— i i | i

agexm L 0 Lt
| T T P R

| | ) -

| . |

i i

i i

i i

[}
]
HapaOoTKa :\:\‘\

Puc. 3. CobwiTust mepexomnos u3 cocrosgamsa 210u

3 coornormmennit (1) ompesesseM MIIOTHOCTH BEPOSTHOCTEH MEPEXO/I0B BIIOKEHHOI

nernn Mapkosa u3 cocrosgaug 210u:

piodvdy — pfg_o e dy,u—a € dv} = fu—v)g(u—v+y)dydy, 0 < v <u, y > 0;

P = Pla—pB € dy,u—p € dv} = glu—v) f(u—v+y)dydv, 0 <v <u, y > 0;
Pagl = P{f—u € dy,u<a} = g(u+y)F (u)dy, y > 0.

AHAJIOrMYHO BBIYUCILAIOTCS BEPOATHOCTU U IIJIOTHOCTU BepOHTHOCTefI IIEPEXO/I0B BJIO-

KenHoit menm MapkoBa m3 Apyrux COCTOTHUN CHUCTEMBI:

pide = Pla—p € du,y—0 € du} = [g(t)f(t+z)¢(t+u) dtdrdu, x >0, u > 0;
0
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pdrd = P{B—a € dz,y—a € du} = [ f(t)g(t+z)p(t+u)dtdrdu, x >0, u > 0;
0

P32 — P{B—v € dz,a>7} = f¢(t)?(t)g(t+x) dtdz, x > 0;

Pyt = Pla—B € dy} = g(z—y)dy, 0 <y <z, v <u;

p%}ﬁi“*d”’d” =Plu—pedv}=glu—v)dy, 0 <v <u, u<u;
Poras ™ = P{B—x € dy} = g(x+y)dy, y > 0, <u;
Poras = P{B—u € dy} = g(u+y)dy, y >0, u < z; Piy=1; PRl =1;
Prsat” = Plz—p € dy} = g(x—y)dy, 0 <y < x;
Paoey” = P{B—x € dy} = g(a+y)dy, y > 0;
Do = P{o—x € dy} = P(x-+y)dy, y > 0;
Py’ = Plz—o € dy} = ¥(z—y)dy, 0 <y < =.

3. HAXOXXJIEHUE CTAIIMOHAPHOTO PACIPEJEJIEHUS
BJIOYKEHHOW HEIIM MAPKOBA

O6o3HAYMM Yepe3 pg 3HAUEHUE CTAIIMOHAPHOIO PACIPEIETIeHUs JIJIsd COCTOA s 21,
a p(210u), p(21zu), p(32x), p(2220), p(1020) u p(10zu) — WIOTHOCTH CTAIMOHAPHOTO pac-
npeeenust BioxkeHHoit e Mapkosa st coctogauii 210u, 21xu, 322, 2220, 1020 1 10zu
COOTBETCTBEHHO. Vcroib3yd IJIOTHOCTH BEPOSATHOCTEH MEePEX0O/I0B BJIOXKEeHHOM 1iern Map-

KOBa, COCTaBUM JIJId HUX CUCTEMY MHTEI'PaAJIbHBIX ypaBHeHI/IﬁZ

e

p(21zu) fg 21,t+x,t—|—u)dt+7og () f( t—i—a:)p(QlO,t—l—u)dt—i—pgl}og(t)f(t+x)q§(t+u)dt,
0
(IOxu): g(t—l—x) (21, t+u) dt+ff g(t+2)p(210, t+u)dt+pay [g(t+x) f () () dt,
0
p(210u) = [ p(10tu) dt,
0

p(32z)=[g(t + x dtf p(21st) ds + Tf(t)g(t + )p(210t) dt + pay Tf(t)g(t + 2)o(t) dt,

oo o (2)
p(2220)= [ g(t)p(22,t + z,0) dt+f¢(t+a:)p(32t) dt,
0

p(1020) = fgt+a:)(22t0dt+fw p(32,t + x) dt,
0

P21 = fp(lOtO) dt,
0

P21+ ;fo(jﬁp(ﬂxu) +p(10zu)] dudx —i-:ﬁp(ZZxO) +p(322)+p(1020)] dz +:fop(210u)du =1
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1( P2 1 "
[Iycre Li(R%) u Li(Ry) — BecoBble IPOCTPAaHCTBA (QYHKIHI ¢ KOHEIHBIMUI HOPMaMH

o, u) a2 )= f§1+x><l+u>|¢<x,u>| dudz; || o(@) |30n, )= :f°21+x>|¢<x>| dz.

Pemrenne  cucrembl  ypaBHeHHit  OyjgeM  HMCKaThb B IIPOCTPAHCTBAX:
p(2lau), p(10zu) € LI(RY), p(32z), p(2220), p(1020) € L{(R;). Ham monanobsarcs
CJIe/IyIOlINe IOHATHS TEOPUU BOCCTAHOBJIEHUS [8]:

o hy(t) =520 g™ () m hy(t) = D00, F*™(t) — mnornocTn byHKIHiT BocCTAHOB-

neunst Hy(t) u Hy(t) pexkyppeHTHBIX HOTOKOB, Hopoxaenusix CB f u o coorser-

CTBEHHO;
o v,(t,x) = g(t+x)+ [ g(t+x—5)hy(s) ds — IWIOTHOCTD MPAMOrO OCTATOMHOIO BPEMEHH

Iporiecca BOCCTaHOBJIEHNS, mopoxkaeHHoro CB ;
® [JIOTHOCTh pactpejesenns BepositHocTel k(x) CB — BpeMeHH MeXly HAdaJIoM
BOCCTAHOBJIEHUs TPUOOPA U MOMEHTOM TIOCTYIIJIEHUs OJIMKaiIeil 3a9BK1U B CUCTEMY,

olpejaesadaeMad COOTHOIIIEHUEM

r(r) =

3

O%

F(t)vy(t, 2)p(t) dt + [hy(t) dt [ F(y)vg(y, 2)¢(t+y) dy;
0 0
o H ”( ) — 3amas/BIBAIONIII IIPOIECC BOCCTAHOBJICHUS, TTOPOXKICHHBIH (BDyHKINSIMU

f/-@ )dx u G(t); hiy=r(t) + [he(t—s)r(s)ds — mmoTHOCTS STOrO MpOIECCA
0

BOCCT&HOBJIGHI/IH

Teopema. Ecau epemsa o0cAys#CUSAHUA 3GAGKU O UMEEM KOHEUHDLE MATMEMAMUNECKOe
ootcudarue Mo u ducnepcuro Do, mo cmayuonaproe pacnpedenenue 8A0MHCEHHOT UENU

Maprosa onpedessemcsa niommuocmvro eeposmmocmedl

pl210u) = por [hy(B)0(t + u) .
(2171) = pon :fohg(t) F(t+2)d(t-+u) di+pan :fohg(t) flt+a)dt Zohf(s)gzﬁ(s—i—t—i—u) ds,
p(322) = pu(a). p(220) = par [H5(00(1 + ) .
p(102u) = par ff vgt:c)gb(t—i-u)dt—i-pmjohf dt ff y)o,(y, 2)S(y-+t-+u) dy,

p(1020) = py f@b K(t+x) dt+pa ng (t,z)dt fl/f t+y)k(y) dy,
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2de
- :f°¢(t)ﬁf(t) dt+:fow( DI dt+fh dtfgzﬁ (s+0)H (s) ds]",
Hy(t) =1+ Hy(t), Hs(t) =1+ HE(t).

Jlokasameavcmso. Vlckimiodasi u3 TepBbIX Tpex ypaBHeHuil cucrembl (2) dyHKIUO

p(10zu), morygaem cucreMy ypaBHEHHi

p(2lzu)=[g(t)p(21t+x, t+u) dt+fg [ () p(210,tHu) dt+par [g(t) f (tHx)p(tHau)dt,
0 0

o (3)
p(210u) = fG p(21t, t+u dt—l—fft (t)p(210, t+u)dt+pay [G(t) f(t)d(t+u)dt.
0 0

Paspemim niepBoe ypaBHEHUE TIOC/IEIHENH CUCTEMbI OTHOCUTEIbHO (byHKInu p(21zu).

JList TOTO IMIpPOUTEPUPYEM YpaBHEHHE N pa3 U B IOJIYICHHOM PaBEHCTBE IepeiijeM K mpe-
1( P2

Jleity TIpu i — 00 110 HopMme mpocrpancTsa Li(RZ). Vcnonssys teopemy Jlebera o mpe-

JEJIbHOM IIepexo/e I101 3HaKOM HMHTeIr'paJia, II0JIydacM COOTHOIICHHNE
p(21zu) fh J(t+2)p(210, t+u)dt+pay [hy(t) f(t+x)d(t+u)dt.
0

[TosmcraBum nostyderHoe Beipazkenue jijist byHKImn p(21xu) Bo BTOpoe ypaBHEHHe CHCTe-

MBI (3); mocJIe YIpOIeHrsi OHO IPUHUMAET BHL
p(2100) ff 210,t+u)dt+p212“°f(t)¢(z+u)dt.
U3 nmocsenero ypaBraenus naxoauMm p(210u) [9)
pL2100)= po [ (1t ), (4)
TOr/Ia
p(2120) = pglzohg(t) F(t + 2)(t+u)dt +pan :fohg(t) f(t+:v)dt:fohf(s)¢(s+t+u)dt. (5)

[oncrasiss (4) u (5) B ypaBHeHust cucreMsl (3), HETPY/IHO YOEIUTHCS B CHPABEJINBOCTI

yTBepKaenus Teopembl. [locTosHnas po; HAXOAUTCA U3 YCJIOBUA HOPMUPOBKH. [

4. HAXOXXJEHUE CTAIIMOHAPHBIX XAPAKTEPUCTUK CUCTEMBI

Pazobbem  a3oBoe HPOCTPAHCTBO COCTOAHMI FE  Ha HENepeceKalolmuecs IO
MHOYKECTBA  COCTOSIHUI, COOTBETCTBYIOIIUE PA3JIUIHBIM — (DUSHUECKUM  COCTOSHUSIM
npubopa:  Fg={1020,10xu} — mnpubop HAXOAUTCSI B COCTOSTHUU OXKUJAHUS 3a-
aBru;  Fp = {21,210u,21lzu} — upuboOpoM HPOBOIUTCS  OOCIYyKHUBAHUE —3asIBOK;
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Ey = {32x,2220} — mpoBoauTcsi BoccTaHOBIIEHHE 00CTyKuBatomiero mpubopa. O603Ha-

IUM [EPEXO/HbIE BEPOATHOCTH MOJIyMapKOBCKOTO mporiecca &(t) cieyiomnumm oopa3om:

O(t,e, B;) = P{¢(t) € E;/§(0) =€}, e€ E, i=0,2.

I/ISBGCTHO, YTO IIpeJieJIbHbIC ITEePEeXOHbIC BEPOATHOCTHU OIIPpEJC/TAI0OTCA COOTHOIIICHUAMN

us |7
thmq)teE /m (de)[ /m (de)]™', i =0,2, (6)
—00

riae m(e) — cpejiHee BpeMsi Hpe6bIBaHI/IH [OJIyMapKOBCKOro mporecca &(t) B cocTosi-

nnu e € F. ]Iy paccMaTpuBaeMoii CHCTEMBI CpeJIHIE BpeMeHa IMPeObIBaHUs B COCTOSTHUAX

OTIPEIEJIAIOTC (DOPMYJIAMMT:

M0opo = v, MO1gpu = v, M0O33, = f@(t) dt, M0y, =
0

Ct—=a
Ql

AU

MOy = [F)G(t)®(t) dt, Mgz = [ G(t)dt, MOag, = [ G(t)F(t)dt
0 0 0

C yueTom HaiiJIeHHOTO CTAIMOHAPHOIO pacipe/iesieHnst nHTerpabl B (6) IpuBoaaTCs

K BHU/JLY:

fm =paMp (fHﬁ (t)dt +j"OHf(t dt+fh dtfo P(t+y) dy)—
—p21My—paiMo, Efm(e)l)(de) = pa1M, Efm(e)p(de) = paMo,
b[m(e)p(de):pglMﬁ(Zng(t)¢(t) dt+zofff(t dt+fh t) dt fo d(t+y) dy) :

BoisicHuM BepOATHOCTHBIN CMBIC/I CJIAra€MbIX B IPAaBBIX YaCTAX IOCIEIHUX COOTHO-
mennii. [ys1 aToro 3aMeTmM, UTO MOJTyMapKOBCKHUI IMPOIECC, ONMUCHIBAIONINI (DYHKITHO-
HUPOBaHUE PACCMATPUBAEMOIl CUCTEMBI, fABJIETCS perenepupyonmM. MomernTamu pere-

Hepanuu, B 9aCTHOCTH, ABJIAIOTCA MOMEHTDBI IIOCTYIIJICHUA 3adBKH B CBO6OILHyIO cucremy
00

(cocrosimme 21). Hecnoxmo nokazars, aro M{ = [ Hp(t)i(t) dt — cpemmee wmcno mote-
0
PSIHHBIX 3a5BOK 34, [IePUOJI PEreHEePAITIH 110 IIPIHYNHE PEMOHTa 06CITy JKIBAIOIIETo ITPHOOPA;
o

Mv = f H(t)p(t) dt — cpesmee THCTO 3agBOK, TPHHATHIX K OOCITYKUBAHTIO 33 TEPHO/L

pereneparun; Mo = f hy(t)F(t) dt f Hi(y)p(t +y) dy — cpepee 9HCIO TOTEPSIHHBIX 3a-

SIBOK 3a ITE€PUO/I pereHepauHH 1o HpI/I‘{I/IHe 3aHATOCTH OOCJIY2KMBAIOIIET0 TPUOOPA.
B TepMunax BBeieHHBIX 0003HaUeHMIT (DUHATBHBIE BEPOATHOCTH ITPpeObIBaHUS ITPUOOpa,

B IIOJIMHOXKeCcTBax coctosgHuii Fy, Fy, Fo paBHbI COOTBETCTBEHHO
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. M~y + Mo
po = lim (%, ¢, Ep) MB(MC + My + Md)’
M~
= lim O(t,e, ) =
p= i e ) = S My o) ")
Mo
= lim O(t, e, By) = .
pr = lim ®(t, ¢, By) MB(M( + My + Mo)

Crarmonapubie BpeMena T'(E;) npeObIBaHMsI CHCTEMBI B IIOJMHOXKECTBAX COCTOSTHUIA

E; onpeniesium u3 cooTHOIeHHI 7]

T(E;) = [ m(e)p(de)] [ p(de)P(e,E;)|™t, i=0,2 (8)
VuuThiBas ypasHeHns cucTeMbl (2) 1 BUJL CTAIMOHAPHOTO PACIIPEIe/IeHNS , HHTETPAIbI

B 3HaMeHaTe X Jipobeii dhopmy (8) mpeobpasyrorcs K BUILY:

E\fE p(de)P(e, Ey) :E\fE p(de)P(e, Ey) = pa :foﬁf(t)¢(t) dt, E\j; p(de)P(e, Ey) = pa.

CJIe,ZLOBaTeJIbHO, CTallMOHapHbIE BpEMEHA Hpe6bIBaHI/IH CHUCTEMBI B IIOJAMHOXKECTBaX COCTO-

aunit F;, 1 = 0,2, onpenendorcs popMyraMu

MpB(M¢+ Mv + M) — M~y — Mo
Mv

(B =T T(E) = Mo (9)

T(Ey) =

OrmernM, 9TO B ciaydae abCOMIOTHO HajeKHOil cucrembl (M7 — 00) HaiineH-
Hble XapaKTepUCTHKKM IpuHUMAaoT u3BecTHbIl Buj [10]. Mcnosb3yst mosydenHbie pe-

3yJIbTAThbl, BBIIIMIIEM CTallMOHapHbIE XapPaKTEPUCTUKU YaCTHbLIX CHUCTEM O6CHy}I(I/IBaHI/IH

M/M/1/0, M/G/1/0 w GI/M/1/0.
Cucrema M/M/1/0. B cayuae, eciu

g(t) = pe™, f(t) =A™, o(t) = ne™™ Y(t) = ee™, ¢ >0,
dbopmyssr (7), (9) npuHEMAOT BU

142
Po w P1=

Tl A e
142+ 44

€

u
_n

PR
1424848
T(Eo) =, T(Er) =45, T(E) =1,

R
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Cucrema M/G/1/0. Ecnu g(t) = pe ™, t > 0, a CB a,y u 0 uMe0T pacupe/iesieHus

0011Iero BUJIa, TO XapPaKTEPUCTUKU OIPEJIE/ISIOTCS BhIPasKEHUSIMUT:

M~ + Mo M~
pO = 1 - SN I pl = oo ’
M7+Ma+i0fo(t)¢(t) dt M7+Ma+§g‘Hf(t)¢(t) dt
Mo

p2:]—_ %) ’
NN
M~y + Mo + ;JHf(t)gb(t) dt

1 M
T(Ey) = . T(Fy) = !

————— T(B,) = Mo.
bf Hy(t)o(t) dt

Cucrema GI/M/1/0. Bxogsaumit moTox 3asBoK nopoxkaaercs CB ¢ mwiornocTsio ¢(t)

o01iero Bua, a IJIOTHOCTH pacipeiesiennii octaabubix CB:
ft) =X, (t) =ne ™, p(t) =ee =t > 0.

CTaHHOHapHBIG XapaKTEePUCTUKU CHUCTEMbI OIIpe/Ie/IAI0TCA COOTHOINCHUAMM:

()t =gl —gA+n)
eA+n)MBIn(1—gA+n)+A—e)(1—3g()]

po=1

by — (A +7— )1 — ()1 — G\ + n)]
P ) MBI (L — g+ ) + (A —e) (1 - g(e)]

_ nA+n—e)[l —g)][l — g\ +n)]
eA+n)MB (1 —gA+mn)+(A—e)(1—=gle)]

D2

g (- (- §) e
) = M ol =3 =30+ m)] e+ )

1 1
T(F) =——, T(E3) =—.
( 1) A + n? ( 2) e
Baech uepes () obosnaueno mszobpazkenue 1o Jlammacy coorsercrByiomeii dhyHKIMM-

opurunana ¢(t) : g(z) = [ g(t)e = dt.
0
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S3AKJIFOYEHUE

C momoIpio amnmapara MoJyMapKOBCKUX IIPOIECCOB ¢ OOIMMM (ha30BbIM ITPOCTPaH-

CTBOM COCTOSHUIA IIOCTpOEHa MaTeMaTHU4deCKad MOIEJIb (byHKIJ‘I/IOHI/IpOBaHI/IH O,ZI‘HOJH/IHGI‘/'I—

HOI cuCTeMBbI OOC/TY>KUBAHUS C ITOTEPSIMHA W HEHAJIE?KHBIM OOC/TY2KHBAIONIUM ITPHOOPOM B

[IPEJIIIOIOKEHNH, YTO BCe CJIydaiiHble BeJIMYUHDI, (DUTYPUPYIOIINE B 3ajia9e, UMEIOT Pac-

npejaejieHud O6H.L€I‘O BHua. B asrom 153491 (§] HaIU/I,Z[eHbI TaKue CTalluOHapHbIE XapaKTEPUCTHUKU

CHUCTEMBI, KaK CbI/IHaJIbeIQ BEPOATHOCTU Hp€6I:>IBaHI/IH CHUCTEMBI B COCTOAHUAX O2KNAaHUA 1

00C/TyKUBAHUS 3a9BOK, B COCTOSHUU PEMOHTa IIPUOOpa; a TaKKe CPeIHNEe CTAIlMOHAPHbIE

BpeMeHa Hpe6bIBaHI/IH CHUCTEMBI B 9TUX COCTOAHUAX.

10.
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Abstract. It is found asymptotical average computational complexity of local algorithm for solving
block-tree discrete optimization problems with additional constraints of univariate multiple choice in

more general case.

BBEJIEHUE

Bagaun auckpersoit ontumusaruu (J10), Bo3HUKaONIME HA TPAKTUKE, OOBIYHO HMe-
0T CHEUAJBHYI0 CTPYKTYPY, IMPUYeM MaTPHUIlbl OIPAHUYIEHni B 3aja9ax OOJIBINON pas3-
MEPHOCTH, KaK MPaBIJIO, COJEPKAT GOJIBIIOE KOJMIECTBO HYJIEBBIX JIEMEHTOB (CHIIBHO
«Pa3pezKeHbl» ), a HEeHYJIEBble MATPUIHBIE 9JIEMEHTBI B OOJIBIIUHCTBE CJIYYAeB IPYIIIHDY-
1oTcs B Osioku (dale BCero BJIOJIb TIABHOW JMArOHA/M). BJIOYHOCTH MHOIMX HPUKJIAI-
ubix 3ajad JIO obycioBiena ciaboil CBA3HOCTHIO MOJCUCTEM MOJIETUPYEMBIX PeaTbHBIX
caoxkHubIX cucrteM. 3agadn IO um, B wacTHOCTH, 3a7a4U IEJOYUCICHHOTO MTPOTPAMMU-
posanusg (L) ¢ GouHOil CTPYKTYpPOii BO3HHKAIOT €CTECTBEHHBIM OOPa30M BO MHOIHX
npuioxkeHusX. [lepcreK THBHBIMEI JeKOMITO3UITNOHHBIMEI METOIAMHE, UCIIOIH3Y IOIIIME Pas3-
PEeXKeHHOCTHh MaTpHIlbl orpanumdeHuii 3aga4d /1O, mpepcTaBisiioTcst JTOKAJIbHBIE aJrOPUT-
Mol (JIA), obimast Teopusi Kotopbix mnpesgioxkena 0. 1. 2Kypasnesbiv [3]. JIA mveror se-
KOMITIO3UITHOHHBIN XapaKkTep, T.e. CBOAAT peleHne ucxomuoit 3agadau 1O Gosbmioit pas-
MEPHOCTH K PeIeHnIo Psijia 33189 MEHBITNX Pa3MepPHOCTe, KOTOPhIE yKe MOYKHO PENTuTh
U3BECTHBIME METOJAMM, T.€. C IIOMOIIBI0 UMEOIINXCs PerraTesiei.

[Ipobsiema OIEeHKH CJI0KHOCTU AJTOPUTMOB U 33JIa9 ONTUMU3AIUN B 3aBUCUMOCTHU OT
Pa3sMepHOCTH 3a/1a9H IPEJICTaBIgeT OOJIBIION TeOPETHIECKUIl 1 TPAKTUIECKHIT HHTEPEC U
MTO3BOJISIET TIOJIYINTh MIPEJICTABICHUE O TPYI0EMKOCTH PEIeHns 3a/1a1 TUCKPETHON OIITH-
MUBAIAMN.

[lox evivucaumesvrotl cAr0AHCHOCTDIO GA20PUMME TIOHEMAIOT KOJUIECTBO YCIOBHBIX
IIArOB WJIH OTepalnii, HeOOXOMMMBIX JIJIsl PEIeHNs 3a1a9u. BaKHOoil XapaKTepuCTUKOM aJI-
TOPUTMA ABJISIETCA ACUMNMOMUYECKAA OUEHKA CAOHCHOCTU — TIOPSIIOK CKOPOCTH POCTA

CJIO2KHOCTH aJITOPUTMa IIPU YBEJIMYCHUN Pa3MEPHOCTHU 3aJa9U. Acumvmnrornueckue OICHKU



Cpednsas ouenra appexmusHocmu A0KAABHOZ20 GA20PUTIMA, 81

BBIYUCINTEIHLHON CI0?KHOCTH AJITOPUTMOB ITO3BOJISIIOT CYIUTh 00 UX MTOBEIEHNN IIPH PeIle-
HUM 33129 OOJIBIION Pa3MEPHOCTH U OIIPEIE/INTh IPAHUIIBI IPUMEHUMOCTH aJrOPUTMa, 0O-
Jiee TOro, «...HUMEHHO aCUMIITOTUYIECKasd CJI0KHOCTH aJIrOPUTMa, OIIPeIessieT B UTore pas-
Mep 3ajiad, KOTOpble MOXKHO PeIIUTh 3TuM ajropurmom» |1, c¢. 12. BaxkuocTb u3ydenus
ACHMIITOTHIECKUX OIEHOK BBIUHUC/IMTEIBHON CJA0KHOCTH aJI'OPUTMOB OOYCIOBIEHA TAKKe
YCKOPEHHBIM POCTOM OBICTPOIEHCTBISA COBPEMEHHOI BBITUCIUTEILHON TEXHUKI U HEOOXO-
JUMOCTBIO PelleHns 3a1a4 00bIIoi pasmepHocTu. CpaBHUBASA aJI'OPUTMbBI 110 ACHMIITO-
THUIECKUM OIEHKAM CJIO?KHOCTH, CJIeIyeT MMeTh B BU/LY, UTO BBITUCIUTEIbHAS CJIOKHOCTH
AJITOPUTMA MOXKET XapaKTePU30BaAThCsI OOJIBIIIM ITOPSIAKOM CKOPOCTH POCTa, HO XapaKTe-
pU30BaThCA MEHbIIEH MYJIbTUILINKATUBHON KOHCTAHTOMN, YeM Jpyroil ajroputMm. B atom
caydae, aJrOPUTM, XapaKTepU3yIOHUiicss OOIBINOI CKOPOCTBIO POCTa CJIOKHOCTH, MOXKET
OKa3aThCst 9 HEKTUBHEE JIPYTUX AJTOPUTMOB JIJIsT PEIIEHNUST 3a/1ad HeDOIBINOM pa3MepHO-
CTH.

W3zstoxkenHoe BhIIIE 0O0CHOBBIBAET HEOOLOOUMOCTL daNbHETULE20 UCCACI06AHUA OIICH-
KU BBIYUCIUTEIHLHON CI0XKHOCTH JIOKAIBHBIX &JITOPUTMOB, B YaCTHOCTH, [IPEJICTABISIET NH-
Tepec HaXOXK/IEHNe aCUMITOTUKN CPEIHErO 3HAYEHNST BBIYUCTUTETBHON CIOKHOCTH, IeMY

1 IIOCBAIl€Ha JaHHad CTAaTbhb.

1. O JIOKAJIbHBIX AJITOPUTMAX JJIsSI PABPEXKEHHBIX 3AJAY JITUCKPETHOM
OIITUMMU3BAIIMUA U OI[EHKA UX CJIOXKHOCTU

1.1. O noKaJbHBIX AJTOPUTMAX JIJisd pa3pe>keHHbIX 3a4a4 AUCKPETHO ONTUMU-
danun. Paccmorpum 3aja4y Z 1e/I09UCIeHHOr0 JiHeliHoro mporpammvuposanust (LLJTIT)

C 6I/IHaprIMI/I IHeEpeMEHHbIMMU:

CX = chxj — max (1)
j=1
Ipu OrpaHNU9IC€HUAX
Zaijxjgbi, 221, 2, e, M (2)
j=1
z;=0,1, j=1,2 ..., n (3)

Pacemorpum periienne paspekeHHol auckperHoii 3agaun ontuvusanuu (1)—(3). st pe-
IeHnst 0JI0IHO-APeBOBUIHBIX 3ada4 JIO MoxKkeT OBITH MCIOJIB30BaH JOKAJIBHBIN aJTOPUTM
(JTA) Apr. B 60uno-npeBoBuaabix 3a1auax 10 BO3ZMOKHO BBIIEJIUTH CUCTEMY OKPECT-
HOCTell Pa3/JIMYHLIX IIEPEMEHHBIX TAKyIO, 4TO O/Ha IIepeMeHHasl MOXKeT ObITh 0DIIeil caMoe
GoJIbIIee JINIIb JJIS IBYX OKPECTHOCTeH W Tpad mepecedeHuii STUX OKPEeCTHOCTEl IIpe-

craBjsier coboit mepeo. C momorpio JIA Apr MoxkHO pemurh 1momobHy0 3amady 10O,
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JIBATASICh OT OKPECTHOCTEH, COOTBETCTBYIOIINX JTUCThSIM JiepeBa, K OKPECTHOCTH, COOTBET-
cTByIoIeil KopHio jepeBa. Vzmoxkum JIA Apr pemenns BJI 3ama4 megoqnciieHHOrO Jin-
Heitrnoro nporpammuposanust (IIJITT) Buma (1)—(3), rae marpuna A umeer BJI crpykTypy,
cojiepzKaliyio k 6JI0KOB, 1 9TOH CTPYKTYpe COOTBETCTBYET JiepeBo [ MHITUJIEHTHOCTH OJ10-
koB. PaccMoTpum Bepruny r jiepeBa D u jgepeBo D,., cocTosIee n3 BEPIIUHDBI ' U BCEX €€
IIOTOMKOB. BBejieM HeoOXomuMble 0003HATEHHS: S, — MHOKECTBO UHJIEKCOB IIePEeMEHHBIX,
pUHAIeKAIUX OJI0KY B,.; Sy — MHOXKECTBO UHJIEKCOB IIEPEMEHHDIX, ITPUHAICIKAIINX
oznHOBpeMeHHo OsiokaMm B, u B, ecin S = {j1,...,jq}, 10 Xg = (a:jl, e ,qu) ;o Xs,, —
BEKTOP IepEeMeHHBIX, 00mux st 610k0B B, u B,.. Kpurnaeckum mectom JIA Apr ss-
JgeTcs epebop 1o cenaparopaM Xg ,, TaK KaK €CJIH CEHapaTopbl (IpaHMIHBIC KOJIbIA)
OKPECTHOCTEH CcoJiep:KaT OOJIBIOE YUCIO MTePEMEHHBIX, TO 00beM IOJHOTO Iepedbopa Io
KoJibIlaM OyjieT Oosibimm u JIA A gy 6yer paborarh HemocTaTOUHO 3D dekTuBHO. Bo3HM-
KaeT mpobJieMa CHIZKeHUs oObeMa 1epebopa 1o cenaparopam Xg ,. B wacrnocrn, ecim
JIOIIOJTHUTE/TbHBIE OTPAHUYIEHNs, CBA3BIBAIOIINE IIEPEMEHHbBIE U3 PA3INIHBIX OKPECTHOCTEI],

SIBJISIFOTCSL OPPAHUYEHUSIMU MHOTOKpaTHOrO Bhibopa SOS [7], T.e.

d z;<lp=1,..., N, (4)

jET,
TO TepedOp MO KOJIBILY Il TAKUX IePEMEHHBIX CYIIeCTBEHHO CHIKaeTcd. B mpuainre,
y9eT MOA00HBIX OIPAHUYEHNN TOIZKEH OCYIIeCTBIIATE cestlekTop JIA 2, ykassiBatonuii mosi-
MHO2KECTBA MHOYKECTBA MEPEMEHHBIX KOJIbIA, [0 KOTOPBIM HY2KHO IIPOU3BOJIUTH 11epedop.
Takum obpazom, JIA pemenns 3a/1a41 AUCKpETHONW onTuMm3anun spjsgercs JIA, xa-
PaKTEPU3YIOMNMCS OKPECTHOCTAMU € TIEPEMEHHBIMI TTapaMeTpaMi U WHINKATOPHON MH-
dbopmarmeit, 1 MoxeT 6bITH 33/aH caemyomumu napamerpamu: {Z, MM, ') €} toe Z —
zastada LIJIIT, 9 — cucrema okpectHocTeil nepemenubix, I' — rpad mepeceuenuit okpect-

Hocreit, € — ceeKkTop.

1.2. O1eHKM CJIO’KHOCTH JIOKAJBbHBIX AJTOPUTMOB AJs OJIOYHO-IPEBOBUIHBIX
3aJa4 JIMCKPETHOM onTtuMusanuu. [Ipu BBeJeHWH OIEHOK CJIOXKHOCTU AJIOPUTMOB
peleHns KOMOMHATOPHBIX 3a/a9 OOBITHO pa3InvaiOTCs WHIMBULYyAJIbHAS 3a/1a9a U Mac-
coBas 3aJia4a (UM IPOCTO 3aJ1a9a ), MOCJIe/IHssI TIPEJICTABIISET CODON MHOKECTBO UHJIUBY-
JIyaJIbHBIX 3aJ1ad. [Ipu 9TOM /719 OIEHKH TPYJOEMKOCTU aJTrOPUTMOB HUCIIOJIb3YIOTCS CJIe-
JyIOININE XapaKTEPUCTUKN: BpeMeHHasl BBIYUCIUTEIbHAA CJIOXKHOCTD aJITOPUTMa — BpeMd,
3aTpaduBacMoe aJrOPUTMOM JJI PelleHus 3aJa9i, eMKOCTHAs CJI0KHOCTH aJrOpuTMa —
00beM MaMsTH, HEOOXOMMMBIN JIJIsd peaju3aluu ajropurMma. s criakuBaHust pe3Kux
pasuynii B MOBEJEHUHN AJITOPUTMA IIPU IEePexoJie OT OJIHON WHMBU/IYaJBHOU 331841 K

JPYTOI, MOXKHO pacCMaTPUBATh BCe NHANBAIYAJbHBIC 3aa491 OJHON Pa3MEPHOCTHA BMECTE
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U OIPEJICTUTH CJIO?KHOCTDH aJITOPUTMA JIJIs 9TOH pa3MepHOCTH 3aJladd KaK HHCJIO IaroB
(MM yCJIOBHBIX OIIEpaIliii) aJropuT™Ma B Xy/IIeM ciaydae |5], T. e. HAXOAuTcst BpeMeHHast
BBIYUCIUTEIbHAS CJIOXKHOCTH B IIPEJIIOJIOKEHUN, ITO JIJId JAHHOTO aJrOPUTMa BXOJIHbBIE
JIAHHBIE 3819 ABJIAIOTCA HAUXYJIIIAMEI U3 BO3MOXKHBIX.

Opuenrarus Ha Xyl CIydail HHOTIa MPUBOINT K IMECCUMUCTUYECKUM TPOTHO3AM
[IOBEJIEHUS AJITOPUTMOB, TaK, XOPOIIO M3BECTHBIM CUMILIEKC-AJITOPUTM Ha IMPAKTUKE Pa-
Goraer Kak MOJMHOMHUAJILHBIH ajropuTM (9TO Ke IMOKA3bIBAeT U TEOPETHIECKUil aHaIu3
ero MoBeJIeHnsl «B cpeJHeM» [8]), XOTsl OleHKa CIO0KHOCTH B XyJIIEM CIydae JJIsi HEro
SIBJISIETCs 9KCIOHEHIHAIBHOI [6]. B ¢Bsi3u ¢ 9THM ¢ IpaKTHYIeCKON TOYKHU 3pEHHsT TacTO
GOJIBININI UHTEPEC TPEJICTAB/ISIET CPEJIHSIsI OTIEHKA BBIYUCIUTEIbHOI c10skHOCTH [5], 1103BO-
JIATOIIAsl Cy/IUTh O TIOBEJCHUN aJIfOPUTMa B CPEJIHEM Ha HEKOTOPOM KJIacce 3aJ1ad, OJTHAKO
CpeJTHsIst OTIEHKA BBITUCIUTEIHLHOM CJI0KHOCTH TOXKE HE JIAeT TOJTHON XapaKTEePUCTUKH -
dEKTUBHOCTHU AJITOPUTMA, TAK KaK BOZMOXKHBI 33/Ia9H, IIPU PEIIEHNN KOTOPBIX CJI0KHOCTD
AJITOPUTMA MIPEBBICUT Ty OIEHKY.

Beenem ornenky cioxkuoctu anropurma /1O cormacHo [2|. M3BecTHO, 9TO MHOXKECTBO
pelennii 3aj1a4u p OyJieBa IIPOrPaMMUPOBAHUS 00PA3yeT MHOYXKECTBO BEPIIUH N-MEPHOTO
enumangHOrO Kyba E™. Ilycth 4 (p) — 9mCIO IPOCMOTPEHHBIX BepuinH Kyba E™ mocse

TOro, Kak MH/JIUBUAYaJIbHad 3a/a9a ﬂO P pelleHa ¢ IIOMOIIbIO aJI'OPpUTMa A.

Onpepenenne 1. Onenkoii 53hdeKTHBHOCTH (CIOKHOCTHIO) aIropuT™Ma A Ha Kacce 3a-

Ja4q P nasniBaercsd BeJMInHa,

wa (P)=sup ¢ (p)

peEP

Takum obpa3om, BBeJeHHAs OIEHKA CJIOKHOCTH SIBJISIETCS OIEHKOW «B XYJIIIEM CJTy-
Jaey, B JaJbHENIIEM BBITUCIUTEIHHYI0 BPEMEHHYIO CJI0XKHOCTH ajiropurmoB 1O Oyiem
Ha3BIBATh 0UeHKOU PPexmueHocmu aIroOpuTMOB.

Pacemorpum B/I cTpykTypy, cocTosyio u3 k 6JI0KOB, U COJIEPKAIILYIO 1 ONHAPHBIX I1e-
peMeHHbIX U N JIOTIOJIHUTE/IbHBIX OpaHnYeHuii ojHoBapuanTHoro tuma (4). Pacemorpum
Bompoc 06 ornenke s dexrusnoctu JIA ¢ cemekropom € (1) quts perrerns 3aa49 10O ¢ B/I
CTPYKTYPOIi ¥ JOMOJTHUTETLHBIMI OTPAHUIEHUSIMI OTHOBAPMAHTHOTO BBIOOPA, 3/1€Ch B CO-
geranun ¢ JIA paccMaTpuBaercs JHIIL aJITOPUTM IIOJHOTO Itepebopa, mepeduparoIiuii 10-
IIyCTUMBbIE PEIeHHsl JIONOTHUTEILHBIX Orpannyuennii (0603HaUMM STOT ajroputm Aj (i)

Bsenem neobxonumble 0003HAUYCHU:

17— qucno IIEPEMEHHBIX, BXO/ISIIUX TOJBKO B OKPECTHOCTH (), U p-€ JIOMOJIHUTETHHOE

orpaHUYeHne MHOMOKPATHOrO BbiGopa (4);
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l7(}172~2 — YHUCJIO IEPEMEHHBIX, BXOJIAIINX B Ilepecevderne okpecraocteit (2., N2, u B p-e

JIONOJTHATE IbHOE orpanudeHue Buja (4) (3mecs p = 1, N). Torpma ornenka Bbraucm-

TebHOI coxkuocTn JIA mmeer By

N
By (ny b, Z, Ny, D€ (1), A (D) =D [T (1+12+ > 12 +1@)

Prr
r=1 p=1 r'ed,

s coydast, KOTJia 9ucao MePeMEeHHbIX B KarK/JI0M JIOMOJIHUTEIHLHOM ONPAHUYICHUH OJTHO
" TO )e — [, TO ecThb

Zl(p)+ S =1 p=1,..., N (5)

r=1 (r,™)ERp

panee B [4] 6110 JJ0OKA3aHO, YTO

(2k —2)!- R* (14 1)V 22
At dr*' ’ (N . l)2k—2—dr* P

N — oo.

2. ACUMIITOTUYECKAS CPEJHAA OLNEHKA BBIYMCJIMTEJIbHOM
CJIO2KHOCTHN JIOKAJIBHOT'O AJITOPUTMA C CEJIEKTOPOM

Hpe,ZLCTaBJIHeT nHTEepeC HaXO02KJICHNE aCUMIITOTUKHN CPEJTHEIO 3HAYCHUA B boJtee O6I.[L€M

caydae, 6e3 orpanmdenus (5). Cymma BceBosdMoKHBIX 3Hadenuit O JIA Apr mia Beex

B/l ctpykTyp mmeeT B
N
> ).
H (p=1 )

N ») N ()
S (P) (p) r=1 lr ' (’I”, T/)ERD lr?”/‘
Z::’Z::lrp /Z > 1P =n I1 pl_Il

r=1p=1 (ro/yerpp=1 " p=1
k N
ST +i@+ > 12 1)
r=1 p=1 r'edy,

h@/—\
1=
N————

IJ—V[ P) ﬁ p)
) & (p) n'r ! ! (r,r)€Rp lrr !
rzzzl pz:: " +(r r%éRD le lTT - p=1 p=1

N

H 1+ l?"*) + Z lf’ir + lpr*r*

p:1 r'eJrx
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Pacrumiem nipounssejienue

5 (») (p) (p) _ (p1) 7(pe)
IT a2 +> " w2+ 2. > > 1.

7,-*
p=1 r'EJpx t+ S <N (r* 1) (%7
T‘IGJT‘* P1,--,Pt; 41 rodg , .
T e
* ./ (T*J‘/)
lqgr ’T) lqs'r’ 6
r*p! R ) ( )
r'e ~r*

e  CyMMHPOBAHHME BO BTOPOl CyMMe BEJeTCs 10 HEYIOPSJI0YeHHbIM  HabO-

* ./ * ./
paMm D1y« Pty {qgr " ), ceey q(sr/’r )} . > Pa3JInIHbIX 3JIEMEHTOB MHOXKe-
T r'eJ .«
crea {1, 2,..., N}.

Nraxk,
N N
(Ee) ()
(rx) p= p=
BEp” = Z H N ' N '
S &y oy S, T IR e T
r=1p=1 (ro/YeRp P=1 r p=1 p=1
( (r*,r,) qgr*,r/)
> I e,

t+ > Su<N (%) (r* 1) e, .
rled « P1,--Pty 41 edg
r'eJ x

Bsenem obosnauenns:

N N
L=Y 1" r=1...k Ly=> 19 (r,1)€Rp.
p=1 p=1

13 . 51 . 52 . . Sdpx
Unmeerca  Cfy Nt N—t_s, o CN_t_sl_---_sd.,-*—l qJIEHOB  BHJIA
( ) ( ) q(r*m/) qgr*,r/)
LV T 0, ..o 1 0 . Bes morepn 0GIMIHOCTH MOXKHO PACCMOTPETH HJIeH
Tlejr*

cymMbl (6) Bua

o jO D) () (st tsa,, 1 41) lirsitatsa,, )
r* el " r* * rEp! el " 7‘*7‘/ Tt ,,,*,,,dr* * o T*Td,r* .
Torma
(r+) _ t s1 S2 Sdys
By = E Cy - N—t ' ~N—t—sg =" CN—t—sl—...—de,l
t+s1+...+54,, <N
t, SjZO
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Ucronb3yst oJTMHOMUATBHYIO (DOPMYITY

!
>t )

ni+..4+ng=n
n; >0

IIOJTY UMM

(T*) — t S1 S92 Sdr*
Ez - CN TYN—t T YN—t—sy " Cthfslf...fsdr*,l

t+81+...+sdr* <N

t, SjZO
L'r*+LT*'rl+"'+L7‘*TdT* Sn—2k+2+dr* Z L+ Z LTT1:n_Lr*_Lr*rl_-“_Lr*rd .
* * r
Lyx2t, Lr*rl 2810 L'r*'r'd « str* i TT1¢ETJT
T
Z (LT* - t)!
t N
N 1(p) (p)
S rw_p e 11 2
p=1 p=1 p=t+1
2 E NLT*ft.
Lr*‘i‘Lr*rl +---+Lr*rdT* Sn_2k+2+dr* E Lr+ Z L"‘Tl :n—Lr*_Lr*rl_n-_Lr*rdT*
Lyx>t, Lyxry 281, L’"*’"dr* ZSd T ;1?;7;;
Z Lr+ Z L'r'r’
TET* rHET*
NN s N R (L —t41)-...- L]
dys
AL (L, =55+ 1) - L)
i=1
— t . 51 . 52 . . Sdrs
- E CN N—t N—t—sy = °° CN—t—Sl—...—Sdr*_l z :
t+s1+...+54,, <N Lys+Lpsr, +”.+LT*Td7-* <n—2k+42+dr«
t, 5520 Lyx>t, Lyrsr) 251..., LT*’V‘dT* LY

> Nrotms et (L =t + 1) - L

E Ly+ z L'r'rlzn_Lr*_L'r*'rl_---_Lr*rdr*

rErE rErE
r1€Jr
d,x
[(Lyar, — 85 +1) - Ly
j=1

_ Z NP t=s1— s, N!
(N—t—s1—...—58g,)!

ths14 s, <N )
t, 55 >0
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13 B 51 . . sdT*
: : C T* CLr*rl e CLr*rdT*

Lr*+Lr*r1 +~~~+Lr*rdr* §n72k+2+dr*
Lpsx>t, Lr*rl >8] LT*Td»,«* zsdr*

> 1.

Z L.+ Z Lr'rl :n_L’l‘*_L’V‘*Tl_"'_L’I‘*’I‘d
THET* TET* ™
r1€Jr
Ucnonbayem noacranoBky iog+t = Lys, 45+ 8; = Lywr,, J=1,..., dys IJIsT BHIYHC-

JICHUA CYMMBbI

_ E t S1 Sdpx
SL _ C T* OLr*rl e Cn*Lr**Lr*rl *-n*Lr*rdT* -1
Lr*+Lr*r1 +“’+LT*TdT* Sn_2k+2+dr*
Ly 2>t, Lr*rl >8] LT*TdT* zde

I/ICHOJ'H:;?)yS{ TO2KIECTBO

Z zl'*‘ml ) :lréz-i-mz Tl C;r;(ikmq = CvT—l—m-&-q—l? (8>
mi,...,Mgq
IIOJIy YUM
n—2k+2+drx—t—51—...—54,.,
o= 2 CRE i gy ts1siye 1" Ottt o o b
m=0

Ucnonwszyst dpopmyty

M
ni L2 __ rmi+tng+1 (9)
m-+ny M—m+ns = ~ni+no+M+10
m=0

ITOJIY YUM

o t+s1 Foo ot Sy +drs+2k—2
SL - C’n+dr*+1 :

BosBpammascs K panee 3aliMCaHHbIM CyMMaM, ITOJIYYUM

B Z Nt S N! . O Sy a2k
. (N —t—s8 —...—s8g,) "t '
t+s1+..+8q,, <N r
t, sj >0
[lonaras o = t+s1+...+ 84, ¥ YIUTHIBAS, ITO C’g’_“:dr* Ha0OpOB ¢, S1,..., S4,, 0OPA3yIOT
B CYMME€ (¢, TIOJIyYAM
N N

() _ N| s a+2k—2 n—o __ Nn « a+2k—2 —a
by = Zm@amm Cplam N = ?'ZCN (ot dp ) Ol N

a=0 a=0

[TockoJIbKY TIOPsIJIOK POCTA MOCJIETHETO BhIPAXKEHUA BO3PACTAET C POCTOM -y, JOCTATOTHO

(r+)
paccMoTpeThb CyMMy [, ', COOTBETCTBYIONLYIO MaxX d,.

«Taspiticorull eicnur inPopmamuru ma mamemamuru», N1 (22)’ 2013



&8 0. A. IIlepbuna

g naxoxjiennd dncia M Takux CTPYKTYP JIOCTATOYHO MOJIOXKUTH o = () B ITOCJIe]1-
neii popwmyse. Torma:
2k—2 N N 2k—2
_ NN — _ n _
M=N 'Cn—i-d,»*—i—l = m(n‘i‘dr* — 2]€+4) . (n—i—dr* + 1) ~ N mn
npu n — oo. Takmm obpasom, cpemusist OD JIA ¢ cerekTopoMm Ha MHOXKecTBe Beex BJI
CTPYKTYP C JIOIMOJTHUTEIbHBIMI OTPAHUICHUIME OJIHOBAPUAHTHOIO THUIA YIOBJIETBOPSIET
ACUMIITOTHYECKOMY DABEHCTBY:
N
+2k—2 -
(2k —2)! Z0 CF - (at+dp)t- Gl s - N7°
[ —

Ao T , 1npu n, N — oo.
T

3AKJIFOYEHUE

B pabore naiijeHa acUMITOTHKA CPEIHErO 3HAYCHHUS BBITUCIUTEIHLHON CJIOXKHOCTU
JIOKAJILHOTO aJIOPUTMAa JIJIA PelieHnsi OJI0YHO-IPEBOBUTHBIX 3384 JUCKPETHON OITHMU-
3aluy C JOIIOJIHUTEJbHBIMA OI'PaHUYCHUAMM MHOT'OKPaATHOI'O BbI60pa OJHOBapPUaHTHOI'O
Tuna B 6osiee obmeM cirydae. [lepcnexmuroimu HanpasAeHUAMY TaTbHEHIITIX UCCIe10-
BAHUI ABJISIIOTCS TOCTPOEHUE U aHA N3 3(PPEKTUBHBIX BHIYUCIATETBHBIX CXEM JIOKAJbHBIX

AJITOPUTMOB [IJIdA pa3pezKeHHBIX 3aJlaYd ,HHCerTHOfI OIITUMU3aITNN.
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Abstract. It is consider a nonlinear integro-differential equation with nonlinear hyperbolic operator
of the higher order with initial value conditions. It is proposed in this paper a technique based on the
characteristics method. This technique allows, moving to a new variable, provide a partial differential
equation as an ordinary differential equation describing the change of unknown function along the
characteristics. The study of the Cauchy problem reduces to the study of nonlinear Volterra integral
equation. By the method of successive approximations it is proved the existence and uniqueness of the
solution of this problem.

BBEJIEHUE

[IpeacraBisiioT OOIBIION UHTEPEC C TOUYKHU 3peHus (DU3NIeCKUX IpuIoxkennii audde-
peHIuaIbHbIE YPaBHEHUsI B 9aCTHBIX IIPON3BO/IHBIX BBICIIIUX TOPSIKOB. V3y1uenne MHOTAX
3aJ1a9 Ta30BOIl JUHAMUKM, TEOPUU YIPYTOCTU, TEOPUU ILIACTUH U 0DO0JIOUEK MPUBOJUT K
paccmoTpennio auddepeHInaIbHbIX YPAaBHEHHI B 9aCTHBIX ITPOU3BOIHBIX BHICIINX TOPSI/I-
koB [1], [2]. Tuddepenimanbabie ypaBHEHUS B 9aCTHBIX TPOU3BOIHBIX BBICIITHX MOPSIIKOB
pEIIaroTCs U IPU ITOCTPOEHNN MHBAPUAHTHBIX perleHuil quddepeHnnaabHbIX yYpaBHEHTI
C WCIIOJIb30BAHNEM BBICIIIEIl CUMMETPUHU U 3aKOHOB coxpaHenus [3], [4].

JlokambHas Teopus auddepeHInaIbHbIX YPaBHEHNH B 9aCTHBIX ITPOU3BO/IHBIX ITEPBO-
r'o MOpsiKa, OCHOBaHHAs Ha MOHATUSX ITPOU3BOJIHON 110 HAITPABJICHUIO U XapPAKTEPUCTHK,
Hadajiach ccpopmupoBarhesd erie B X VIII Beke. XapakTepucTuku 3aMedaTe/ IbHbI TEM, YTO
BBIPAaKEHUs B JICBOI YaCTU YPABHEHUI B YACTHBIX IPOU3BOJIHBIX IIEPBOIO MOPSIKA IPEJI-
CTaBJIAIOT COOOH NPOU3BOIHYIO HEM3BECTHON (DYHKIUU 110 HAIPABJIEHHUIO BJOJIb Xapak-
TEPUCTUKHU. DTO TO3BOJIAET, Mepeiis K HOBOH ITepeMeHHOl, IPeJICTaBUTh ypaBHEHHe B
JaCTHBIX ITPOU3BOJIHBIX KaK OOBIKHOBEHHOE JuddepeHnajbHOe YpaBHEHHNE, OIIChIBAaO-
ee m3MeHeHne Hen3BeCTHOM (DYHKIUN BIOJIb JTUHUN XapaKTePUCTUK.

OcHoBHas ujiesi, Ha KOTOPO# OCHOBAH pa3BUBaeMbIii B JJAHHON paboTe 0JIX0/T, COCTOUT
B TOM, UTO 8bPANHCEHUE YPAGHEHUT 8 YACTNHHLT NPOU3BOOHBLT 8bLCOK020 NOPAJKG YEPE3 CY-

NEPnoO3uUUWI0 QUPHEePEHUUAALHDIT ONEPAMOPOE 6 YACTHBLT NPOUBOOHBLT NEPE020 NOPAIKA
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NO360AAEM NPUMEHANL MEMOIbl PeweHUs JUPHEePEHUUANLHIT YPASHEHUT 6 YACTNHVLT
NPOU3BOIHVIT NEPBO20 NOPAJKA.

B obnactu D = Dr x R paccmarpuBaeTcss HeJIMHeHOE ypaBHEHUE BUA

Gk r7 i
g __ K . - 1
572 / / (s,y)u(s,y)dyds 5.2 u(t,z) = f(t,z,u(t,x)) (1)
0 —
C HAYAJILHBIMU YCJIOBHAMUI
Ou(t, x R
u(t, ) =0 = ¢1(x), % =¢ii(z), z€R, 1=12n—1, (2)
t t=0
T oo
rie  f(t,z,u) € C(D xR), ¢i(x) e C(R),i=1,2n, 0< / / K(t,z)dxdt < oo,
0 —x

Dr=10,T], 0 <T < 00, n — IPOU3BOJIbHOE HATYPAJIbHOE TUCIIO.

M3yvennio pa3Horo TUNA JHHEHHBIX U HEJHHEHHBIX JuddOepEeHIAIbHbIX yPaBHEHMI
B YaCTHBIX IPOU3BOJHBIX U MX CUCTEM IIOCBAIICHBI MHOTO PabOT U IPH STOM IPUMEHEHDI
pasuble MeTojbl (eM., Hanp. [5]-{7]).

Kak yzke orMedasoch Bblme, nuddepenuaibable YPaBHEHN B TaCTHBIX TPOU3BOJI-
HBIX [IEPBOTO MOPSIJIKA JIOKAIBHO PEIAIOTCs METOIAMI TeOPUH OOBIKHOBEHHBIX Auddepen-
[UAIBHBIX YPABHEHHI DU IIOMOIIH CBEIEHHS UX K Xapakrepucrudeckoil cucreme. C du-
3UYECKOIl TOUKM 3PEHHUs 9TO O3HAYAET J[BONCTBEHHOCTDL ONMCAHUS SABJICHHI DU TOMOIIH
BOJIH U IIPU IIOMOINN 4acTull. IIpuMenenne Merona XapakTepHCTUK K perreHuio gudde-
PEHINAIBHBIX YPABHEHHUI B TaCTHBIX IPOM3BOHBIX IIEPBOIO HOPSIKA IIO3BOJISET CBECTH
U3yUeHHe SBOJIONUN BOJIH K H3YUeHHIO pacupocrpanenus: dactur [8]. B paborax [9]-[11]
paspaboTana METOANKA JI/Is HHTErPHPOBAHNS HEJNHEAHbIX YPABHEHUH B YACTHBIX POH3-
BOJHBIX IepBoro mopska. [lo cyTu, manmas MeToquka OinzkKe K METOLY XapaKTEPHCTUK
U aBTOPLI HA3BIBAJIN €& METOIOM JOIIOJHUTEILHOIO apryMeHTa.

B macrosmeit pabore paccmarpuBaercs 3agada Ko 1y1s HeJIMHeHbIX ypaBHeHnit ¢
rurepboIMIecKIM ONIEPATOPOM BBICOKOIT CTENEHH 1 IIPH STOM HCIIOIb3YETCsT METO XapaK-
TEPHUCTHUK, 000CHOBaHHBIH B [12], [13]| 171 KBaSWIMHEHHBIX ypABHEHNIT B YACTHBIX [IPON3-

BOIHBIX II€PBOI'O ITOPsAIKA.
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1. THTETPAJIBHOE IIPEJCTABJIEHUE 3A4AYU (1), (2)

Onpenenenne 1. Pemennmem 3agaan  Komm (1), (2) wnasbBaercs dyHnknus

u(t,r) € C*™*"(D), ynonersopsiomas ypasaenuio (1) 1 HadagbHBIM yeaoBusam (2).

Teopema 1. 3adaua (1), (2) sxeusarenmna caedyrouemy unmezpaivHOMY YPaGHEHUIO

i—1

T oo
- t
u(t,z) = O(t, x;u) = Z oi |z — t/ / K(s,y)u(s,y)dyds i——l)'+
=1 0 —oo ‘

i:/t(t_s)n_l i]oK(e V(. y)dydd |
+ i | ats y)ul,y)dyd) | ———ds+
&/ =) ot G- 1)

0 —o0

—i—/%f(s,x,u(s,x))ds, (3)

2de T uzpaem poav NapamMempa.

Jloxazameavcmeo. JleByto vacts ypasHenus (1) 3ammiinem B Buje

2 i
W_ //Ksy (s,y)dyds Eye u(t,z) =
0 —oco
o [T AN
= a—//K sydyds% X
0 —oo
T oo n
g+ [ [ Kt pdvdss ) uie) = 3[L3ute. )]
ot S, y)uls,y)ay 88:17 Uult, r) = Loy 1 Ul T)f,
0 —oo
rje Lo [L?[u(t,x)]] = (L7 [u( //K s, y)u(s,y)dyds (L} [u(t, x)}) :

—0o0

a Ly [u(t,z)] = ( t—i—/T]OK (s,y)dyds (u(t,x)),.

Torna ypasuenue (1) npuobperaer BuI
13| L2 [ult,2)]| = (¢, u(t, @), (4)
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U3 (4) BumHO, uro ypasHenue (1) numeer jBe n-KpaTHbIEe XapaKTEePUCTUKI:

T oo
1) z+ t//K(s, y)u(s,y)dyds = Ci;

0 —o0

T oo
2) x — t//K(s,y)u(s,y)dyds = Oy, rae C; — Npou3BOJILHBIC IIOCTOSHHLBIE, 1 = 1, 2.

0 —o0
Tora, uarerpupyst n pa3 ypasHenus (4) BJIOJIb JIMHUK TIEPBOIl XapaKTEPUCTUKU, 110

Jiydaem

Lg—l[[/f[u(t,m)ﬂ =, m+t//K(3,y)u(s,y)dyds +/f(s,x,u(s,x)))ds, (5)

0

T oo
Lg—2 [L’f[u(t,x)]] = P, x+t//K(s,y)u(s,y)dyds +
0 —o0
T oo t

+, a:—l—t//K(s,y)u(s,y)dyds t+/(t—s)f(s,x,u(s,x))ds, (6)

0 —o0

L?[U(tﬂ)} :Z(I)i w+t//K(s,y)u(s,y)dyds (nn_—;)|+

t

n—1
—l—/%f(s,x,u(s,x))ds, (7)
0

rae @;(z), i = 1,n — Npou3BOJILHbIE HENPEpPbIBHBIE (DYHKIIUU, KOTOPbIE TIOJIIEXKAT A lh-
HefiIIeMy OIpe/IeJIeHHIO.

N3 (5), B cuny nadgasbhoro yeiaosus (2), umeem: ®i(x) = pq,(z). Tak kax Brosb
JIMHNN HepBOﬁ XapaKTEepUCTUKHN CIIpaBeAJINBbI COOTHOIIICHUA

AL [u(t,x)] O Ly [u(t, z)] N oL [u(t,x)] 0z
dt ot Ox ot

- (L’;[u(t,x)})t—//K(S,y)U(S,y)dde(L?[u(t,x)])xa

0 —o0

n

PUADL_ (D [ [ kGt wiast | plea]l®
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TO, B cuiy ycsosus (2), u3 (6) u (7) mmeem:
(1)2(1;) = 902n—1(x)7 e 7(1)71(1;) = Spn-l—l(x)'

Tora unrerpo-auddepeniuaibaoe ypapaerne (7) mpuobperaer eIy onuil Bu,y

ti-
Ln tx Zcpnﬂ a:—l—t//Ksy (s,y)dyds W—I—

0 —o0
t

—l—/%f(s,x,u(s,x))ds. 9)

Awnayiornano, uarerpupyst ypasaenusi (9) 1 pa3 BIOJIb JIMHUU BTOPOil XapaKTepUCTU-

KU, I10JIy49aeM
T oo
Ly u(t 2)] = @ f—t/ / K(s,y)u(s, y)dyds | +
0 —o0

j—1

n t T oo
s
—l—Z/(an x—i—s/ / K(0,y)u(0,y)dydd G- 1>!ds+
=170 0 —oo

J

—l—/ o f(s,x,u(s,x))ds, (10)

T oo
Lt 2)] = ®pas | @ — t / / K (s, y)uls, y)dyds | +
0 —c0

T oo
+®,,41 m—t//K(s,y)u(s,y)dyds t+
0 —oo
t
+;/(t $)onsj | = + //Key (6, y)dydo Mder
-0 0 —o0

+/@(;+)7;f(s,x,u(s,x))ds, (11)

2n—i

u(t, x) ZCD x—t//Ksy (s,y)dyds m—l—

i=n+1
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t T oo
7—1

+Z/(E_—S)1)ll(pnﬂ x—l—s/ K(0,y)u(0,y)dydd .sfl)!ds—i—

Jj=1 0 0 (j

t

—l—/%f(s,x,u(s,x))ds, (12)

re ®;(x), i = n+ 1,2n — NpousBosIbHBIE HENpepbIBHbIE (DYHKIMMH, KOTOPBIE TIO/IIEKAT
OIIPEJIETIEHNIO, & UIPAET POJIb IIapaMeTpa.

3 (12), B cuny madanbHoro yciosus (2), mveem: @,11(z) = ¢,(z). Broas mmanu
LePBOI XapaKTePUCTUKHU CIPaBeInBo (8). A BIOJIb JIMHUN BTOPOH XapAKTEPUCTUKI HMe-
eM

du(t,z) Ou(t,z) OJu(t,x)dx
it~ ot dr ot

= (u(t, x)>t + / / K(s,y)u(s,y)dyds (u(t, x))r, o

0 —

T n
d"u(t, ) 0
e //K s, y)u(s y)dydsa— u(t, ). (13)

0

Torma, B cuny (2), u3 (11) u (12) moxywaem, 1To

Bpia(@) = Puoa(@), .., Bon(z) = 1(a).

Orcrofia ostyyaeM HeJIMHEHOE HWHTErpajbHOe ypaBHeHue (3).
T oo

B (3) ormernm, uro dyuknum ¢; | © —t / / K(s,y)u(s,y)dyds |, i =1,n asasiorcs

0 —oc0
n

3} 0
[EPBLIMH MHTErDAJIaMU YPaBHeHus | +//K(s,y)u(s,y)dydsa— u(t,x) = 0 m
x
0 —oco

OHU TTOCTOSHHBI BJOJIb PEIeHus TOro ypasHeHus. [IpousBomabie 3Tux (hyHKIUI BIOIH
BTOPOIl XapaKTEPUCTUKU PABHBI HYJIIO M CAMH 3TU (DYHKIIUHU YIOBIETBOPAIOT JIAHHOMY
YPaBHEHUIO.
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A bysknmn @; | x +t//K(s,y)u(s,y)dyds , 7 = n+1,2n gaBigrorcs mepBbIMU

0 —o0
n

UHTErpajaMi yPaBHeHHS % — //K(s, y)u(s, y)dyds% Ly [u(t, x)] = 0 ¥ oHH 1I0-

CTOSIHHBI BJIOJIb PeIlleHusi STOro ypaBHueHus. lIpoussojabie 31ux dbyHKIMIT BIOJb [I€PBOi
XapaKTEPUCTUKU PABHBI HYJIIO U CAMU 3TN (DYHKITUHU YIOBJIETBOPSIOT JJAHHOMY YPABHEHUIO.

Ucexonst u3 9TUX coobparkeHuil, TIOKaXKeM, 9T0 HHTerpajbHoe ypaBHeHnue (3) yaoBJie-
TBOpsieT i depeHInaIbHOMY YPaBHEHNIO B 9aCTHBIX Tpon3BoAHbIX (1). [Tyrem 2n-kpar-

Horo juddepenimpoBanust u3 (3) moIydaeMm

d*u(t, x)

T = ft, x u(t, x)), (14)

TJIe T UrpaeT PoJIib ITapaMeTpa.
Tak Kak BJOJIb JINHUY [IEPBO XapaKTEePUCTUKH CIIPABEINBO (8) U BJOJIb JIMHAH BTO-

poit xapakrepuctuku — (13), To nmeem

d2n ( 8
g //K s, y)u(s y)dydsa— X

0

T oo
9, / / K (s, y)u(s,y)dyds - | u(t,2) =
T

0 —
2 n

92
= W_ //Ksy (s,y)dyds 7.2 u(t, ).

0

Orcroa 3akimodaeM, 910 U3 06bIKHOBEHHOTO jud depernuaabHoro ypapuenus (14)

CcJIeJlyeT ypaBHEHUE B YaCTHBIX HPOU3BOAHBIX (1). O

2. TEOPEMA CVIIIECTBOBAHUYA U EAVMHCTBEHHOCTU PEIIIEHUS

Jnst mponsBosibHOI HenpepbiBHOI dyHKIMN h(t, £) HOPMY BBOIUM CJIEIYIONM 06pa-
30M:

h(t.z)|| = h(t
|h(t, )| (gn)fg)l (t, )],

5

IJe T UTPpaeT poJib IapameTpa.
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TeopeMa 2. Hycmb BYINONHAIOMCA c,/zeﬁymugue ycaoeus:
2n—1

2n ;
Tz—l (t . S)
1l gy + g [y M 0l < & < o
= 0

2. pi(z) € Lip{L;,}, 0 < L; = const,i = 1,2n;
t

3. f(t,x,u) € Lip{Lo(t).}, 0 < /Lo(s)ds < 005

t
(t _ S)Qn—l
4. p < 1, p = K S Y dde —I—max mLo(S)dS.

Toz0a cywecmeyem eduncmeeHHoe pewerue 3a0a4u (]), (2) 6 obaacmu D.
Jlokasamenvcmeo. Jljis HeTMHEHHOTNO HHTETPATIBHOIO ypaBHeHus (3) pacCMOTPUM CJIe/Ty-
IO UTEePAIMOHHBIN IIPOIIECC:

up(t,z) =0, (t,x) € D,

(15)
g1 (t, ) = Ot xyu), k=0,1,2, ...

Torna, B cuity ycioBuil Teopembl, u3 (15) mosydaem, 9To CIpaBEIIUBbI CJIETYIOINIITE

OIICHKI

2n i—1

[ur (2, ) = uo(t, 2)|| < Z lpi()

o=+ [ Gy el <A, (o

[k (t, 2) — un(t, @) <

<> Lt [ [ Kt s )yt

0 —

+ %Lo@uuk(s,x) — g (5, )ds <

< pllu(t, 2) = wpa (t, ). (17)

U3 onenok (16) u (17) ciemyer, aro omepartop B IpaBoii dactu (3) sBIAETCS CXKUMA-

formum. CrretoBaresbHo, 3ay1ada (1), (2) nmeer exauacTBeHHOE pemienne B obtactu D. [
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S3AKJIFOYEHUE

B pabore pazBuT MeTo] XapaKTE€pPUCTUK /I HEJIMHEHHOIO ypaBHEHUS C TUIIEPOOJIN-

YECKUM OIIepaTOpPOM BBICOKOI CTeIleHH. HOKSB&HO, Y9TO BbIpazKe€Hue ypaBHeHI/Iﬁ B 9aCTHBIX

IIPOU3BOHBIX BBICOKOTO MOPSIKA Yepe3 CYIEePHO3UIHio IuddepeHInaabHbIX OlepaToOpPoB

B 9aCTHBIX ITPOU3BOJAHLIX IIEPBOI'O ITOPsAAKA IIO3BOJIAET IIPDUMEHATH METOJIbI pEIICHUA ILHCl)—

depeHIabHBIX YPaBHEHWI B YaCTHBIX IPOU3BOJIHBIX MEPBOTO mnopgdjiaka. [lomydeno mn-

TerpajibHOe ypaBHeHue, skBuBasienTHoe 3a1aue Kommu (1), (2). lokazana reopema 06 0J1-

HO3HAYHOI pasperumocTy 3aaa4u Komm (1), (2).
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UDC 519.95

B nanmit yac inTepec 70 KJjacy iHJIYKTOpiB, 3aCHOBAHMUX Ha I00YJIOBI JiepeB pillleHb,
He cjabdiae, ocobJMBO B KOHTeKCTI mapajurmu Data Mining. B Toit ke yac naitbiibImn
nomupeni ajroputmu ID3 i C4.5, gk moka3aHo B cTaTTi, HE € KpaIUMH. 1OMy MOXKHA
BUSIBUTU YCIINIHI CIpoOM CTBOPEHHSI HOBHUX EBPUCTUYHUX KPUTEPIIB Tay:KeHHs s
aJITOPUTMIB CHHTE3Y JiepeB pimenb. [lopiBHs/IbHe BU3HAUYEHHsST PI3HUX KPHUTEPIIB TaJIy-
JKEHHsI, BUKOPUCTOBYBAHUX JIJId CHHTE3Yy JIBIIKOBUX JIepeB PillleHb — MeTa CIPaBXKHBOI
crarTi. ¥ po3ris BKIOUYeHin Kpurepil D, (2, Z; Ta inmi, gki Oyaun po3pobsieHi aBTopom
me B 1979-80 pokax. Ili kpurepil BuzHauar0Th KOMOIHOBAHUI IPUHIIUAIT TAJTYKEHHS, KU

BUKOPHUCTOBYEThCA B ajiroputMmi LISTBB.

B HaCTOdAIee BpeMd nHTepeC K KJlaCcCy MHJYKTOPOB, OCHOBAHHBIX Ha ITOCTPOECHUU Hdepe-
BBEB PEIleHuil, He ocaadbeBaeT, 0cobeHHO B KoHTeKcTe napaaurmbl Data Mining. B To xe
BpeMs HamboJiee pacrpocrpanennbie ajaroputmbl ID3 u C4.5, kKak mokaszaHo B craTbe, He
ABJIAIOTCA JIYIIINMM. HOSTOMy MO2KHO O6Hapy}KI/ITb ycrenrubIe IIOIIBITKM CO3JaHusA HO-
BbIX 3BPUCTUYCCKHUX KPUTEPHUEB BETBJICHUA JId aJITOPUTMOB CUHTE3a AE€PEBLEB pemeHHﬁ.
CpaBHUTEIBLHOE OIIPe/Iie/IeHNE PA3TNIHBIX KPUTEPUEB BETBJICHUS, UCIOIB3YEMbIX JIJIsT CUH-
Te3a JIBOMIHBIX JIEPEBbEB PEIeHni, — T1eJIb HacTodmell cratbu. B paceMoTpenue BKItode-
uubl Kpurepuu D, (), Z; u npyrue, Koropble ObLIH paspaboTanbl aBTropoM errne B 1979-80
rojlaxX. T KPUTEPUU OIIPEJIE/ISTIOT KOMOMHIUPOBAHHBIH ITPUHITUIT BETBJICHUS, KOTOPBIH UC-

nosib3yercsd B anropurme LISTBB.

Babnnmuk B. @. Pazpaborka um wucnoJ/ib30BaHWe II€PCOHAJILHOTO caiiTa Ha
CMS Drupal B yuebuo-meromuvyeckom mnpoitecce / B. ®. Babumuk // Ta-
BpUUeCKHUii BecTHUK uHpopMmaTtukum m maremarukum. — 2013. — Nel (22). —
C. 3541.

VIIK 004.4°2
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Y cTarTi PO3NIgIa€ThCsl CTBOPEHHS Ta HAJIAIITYBaHHS HABYAJIHLHO-METOJMYHOTO CANTY
3 BUKOPHUCTaHHSM cucteMu yupasiinas kounTenToM Drupal. Ilpejcrasieni ochnoBmi

eJIeMEHTU CTPYKTYPH, HaBe/IeHI TPUKJIAJIN CAWTIB, gKi pO3POOUB aBTOP.

B crarpe paccmaTpuBaeTcs yCcTaHOBKA U HACTPOIKa ydIeOHO-METOIMIECKOTO CaiiTa ¢ HC-
[I0JTh30BAHUEM CHUCTEeMbI yipaBienus kKoutenTom Drupal. IlpescraBiensr ocHOBHBIE 3J1e-

MEHTBI CTPYKTYPbI, IPUBEJIEHBI IIPUMEPhI pabOTAIONINX CaliTOB, CO3IAHHBIX ABTOPOM.

E€wmernp O. O. Ilpeadpakranbui mepecraBHi kombiHaTopHi koHdiryparii /
0. O. €Emenp, O. B. Typ // TaBpudeckuii BecTHUK WHPOPMATUKU U MaTeMa-
tuku. — 2013. — Ne1 (22). — C. 42-52.

VK 519.8

Bseneno izomopdizmMu MHOXKUHKU TIPECTAHOBOK 0€3 IOBTOPEHb 3 IIEBHOI MHOYKHHOIO
rpadis. O3nadena orepariis 3aMiHU 3aTPaBKOIO BepIuHU rpada, Mo BiAIOBiIae mepe-

CTaHOBIN (B T. 4. B TepPMiHAX MiJICTAHOBOK 1 IIEPECTAHOBOK ).

Bsejienbl nuzoMopdu3Mbl MHOXKECTBA II€PECTAHOBOK O€3 ITOBTOPEHUI ¢ OITPeIe/IEHHBIM MHO-
»xectBoM rpados. OrpejiesieHa orepalinsg 3aMeHbl 3aTPABKO BEPIIUHBI I'Pada, KOTOPHIi

COOTBETCTBYET II€epeCTaHOBKE (B T. 9. B TepMUHaX IIOJCTaHOBOK M HepeCTaHOBOK).

KoBanenko A. VI. Cucrema MaccoBoro o0OCIy>KWBaHUSA C HEHAJAEXKHOI Jiu-
uueii m HerepneauBbiMu 3asiBkKamu / A. U. Kosasenko, B. /I. MapsiauHs,
B. II. Cmosmmua // TaBpuyeckuii BeCTHUK HHMOPMATUKH U MaTEMATUKH.
2013. — Ne1 (22). — C. 53-60.

YK 519.872
Anamusyerbesa opmosiniiina CMO tumy M/M/1 3 wmereprursiammn 3asiBkamu. CMO
CXUJIbHA BUIIAKOBUM ITOJIOMKAM, HPHU I[LOMY yCi MPUCYTHI 3agBKHU MOKUJIAIOTH CHCTEMY,

a JIHig peMOHTyeTcd. ¥ pobOTi OTpUMaHO IMOBIPHICHI XapaKTEPUCTUKH CUCTEMH Yy

CTAIlIOHAPDHOMY PEXKUMY.
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Anammsupyercsa ognosmueiinas CMO tuma M/M/1 ¢ merepnenusbivn 3agskamun. CMO
HOJBEPKeHa CIIyJaiHbIM IIOJIOMKaM, IPH 9TOM BCe IPHCYTCTBYIONINE 3adBKU IHOKUIAIOT
CHCTeMy, a JIMHUSA NojiBepraerca peMonTy. HaiineHbl BepoATHOCTHDBIE XapaKTePUCTUKU CH-

CTeMbl B CTallTMOHAPHOM pezKHMe.

Kopouaik P. II. MakcumaJjibHI 3a BKJIIOUEHHSM MHOXKWHHN HPAKTUYHOI CTiii-
KOCTi MHOX@HWHHUX CHCTEeM 3 0araTo3Ha4YHOI0 WHAMIYHOIO CKJIAaJ0BOIO /
P. II. Kopousik, B. B.Iliukyp // TaBpuueckuii BecTHUK uHQPOPMATUKU U
marematuku. — 2013. — Ne1 (22). — C. 61-68.

VK 517.929.4

B pabori anaiizyoTbcs BJIACTUBOCTI ONTUMAIbHUX MHOXKHUH MOYATKOBUX YMOB B 3ajadi
PaKTHYIHOI CTIHKOCTI JIMCKPETHUX MHOXKUHHUX crucTeM. OJiepKaHo OMOpHUH PyHKITIOHA
TaKUX MHOXKWH, (dyHKIio MinkoBchbkoro, (yHKIO gedopMalii y BHUIAJIKY JHHIKHOL

JOUHAMIYHOI CKJIaI0BOI.

B pabore anamm3upyroTcs CBOHCTBa ONTUMAJILHBIX MHOYKECTB HAYAIbHBIX YCJIOBUIl B 3a-
Jlade MPaKTHIECKON YCTONINBOCTH MHOXKECTBEHHBIX JTUCKPETHBIX cucTeM. [loyden onop-
HBII (DYHKIIMOHAJ JIJIsi TAKUX MHOXKECTB, PyHKIUS MuHKOBCKOTO, (DyHKINA j1edopMaIun

B CiIy4dae JUHEHHON TUHAMUYCCKON COCTABJIAIONICIH.

Ilecuanckmit A. 1. CranmmoHapHble XapaKTEePUCTUKUA OJHOJWHEHHOIl CcUCTeMBbI
obcy>KMBaHUSI C MOTepsiIMU U HeHaAeXHbIM npubopom / A. U. Ilecuancknii,
A. 1. KoBastenko // TaBpudeckuii BeCTHUK MHMOPMATUKHA U MATEMATHUKH. —

2013. — N1 (22). — C. 69-79.

YK 519.873

[TobymoBana HamiBMapKOBCbKa MOJIEb (DYHKITIOHYBaHHS OJIHOJIHITHOI CHCTEMU 3 BTpaTa-
MU Ta HEHATIITHIM 0OCJIyTOBYIOUIM PUIAI0M. BBazKaeThes, M0 BCI BUIIA/IKOB] BEJTMIIHH,

sKi (DIrypyIoOTh y MOCTAHOBIN 3a/1adi, MAIOTh (PYHKII PO3MOILTY 3araJbHOr0 BUTISILY. Y

SBHOMY BUIVISIJIl BU3HAUYEHI CTAIllOHAPHI XapaKTEPUCTUKU CUCTEMU.
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[TocTpoena noiyMapKoOBCKasd MOJIe/Ib (PYHKITMOHUPOBAHUA OHOJTUHENHON CUCTEMBI C TI0-
TepsIMU U HEHAJIEXKHBIM 00C/ Ty KuBatomuM npudopomM. [Ipesanonaraercs, 9To Bce cirydaii-
Hble BeJIMYUHBI, (DUTYPUPYIOIIUE B IOCTAHOBKE 3aJIa9M, UMEIOT (DYHKITMH PACIIPe/Ie/IeHUsT

obmrero Buja. B ssBHOM Buie Hail/IeHbI CTallMOHAPHBIE XapAKTEPUCTUKH CHUCTEMBI.

IHlepouna O. A. Cpeansiga oneHka 3(@deKTUBHOCTH JIOKAJbHOTO aJIrOPUTMa
Ha KJjacce BceX OJIOYHO-APEBOBUAHBIX CTPYKTYP C JOIIOJIHUTEJIbHBIMHU Or'pa-
undeHusivu / O. A. Illep6buna // TaBpuueckuii BeCTHUK WHMOPMATUKHA U
maremaruku. — 2013. — Ne1 (22). — C. 80-88.

VK 519.658

Y poboti 3HaiijieHa aCHMITOTUKA CEPEIHBOTO 3HAYEHHS OOYUCIIOBAIBLHOI CKJIAIHOCTI
JIOKAJTLHOTO AJITOPUTMY JIJIsl BUPIIIEHHS OJIOYHO-/IEPEBOBUIHUX 33129 JUCKPETHOI OITH-
Mizaril 3 J0JIaTKOBUME OOMEXKEHHsIMH OaraTopa3oBoro BHOOPY OJIHOBapIiaHTHOI'O THUITY B

O1IBIIT 3araJJbHOMY BUITAJIKY.

B pabore Haiijiena acUMITOTHKA CPEJIHENO 3HAYEHUSA BBIYUC/IUTENIbHON CJIOKHOCTU JIO-
KaJbHOTO aJI'OPUTMAa JIJId pelIreHusl OJIOUHO-IPEBOBUIHBIX 38189 IUCKPETHONW OINTHMU-
3allii C JIONOJIHUTEJIbHBIMA OIPAHUYCHUSIMU MHOTOKPATHOI'O BBIOOpA OJTHOBAPUAHTHOI'O

TUa B OoJiee 00IEM CJIydae.

HOnnamen T. K. 3agauya Komm ais HeJIMHENHBIX ypaBHEHUWII ¢ rurepdoJsiu-
veckuMm omneparopom Bbicokoii crernenu / T. K. FOmpames // TaBpuueckmuii

BecTHUK mHopMaTuku u maremaruku. — 2013. — Ne 1 (22). — C. 89-98.
YAK 517.95

Posraspaerbess HesmiHiliHe iHTerpo-maudepeHiiajgbHe PIBHIHHS 3 HEJIHIMHUM Tilep-
OOJIITHUM OIIEPATOPOM BUCOKOI'O TOPSJIKY 3 IMOYATKOBUMH YMOBaMHU. ¥ JaHiii poOOTi
IIPOIIOHYETHCA METOJIMKA, 3aCHOBaHA Ha METOJi xapakTepucTuk. [le Merojuka j103BOJISIE,
[EPEHIIOBIIN [0 HOBOI 3MIiHHOI, HPEICTABUTU PIBHAHHS B YaCTKOBHUX IIOXITHHX SK
3BHYaiiHe TudepeHIiajbie PIiBHAHHS, IO OINUCYE 3MiHy HeEBiOMOI (DYHKIIT B3T0BK

JIiHIT XapakTepucTuk. BubdenHs 3ajadi Ko 3BOAUTBCS 10 BHUBYEHHsI HEJIHIIHOTO
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inTerpajibHOro piBHdAHHA Bosbreppa. MeTogoMm mocaiioBHUX HAOIUXKEHD JIOBOIUTHCS

TeopeMa PO ICHYBaHHS Ta €JIMHOCTI PIlTeHHs JTaHO0l 3a/1a4i.

PaccmatpuBaercs HeuHeiinoe mHTErpo-auddepeHnuaibHoe ypaBHEeHne ¢ HeJTUHEHHBIM
TUIIEPOOJIMTYECKUM OIIEPATOPOM BBICOKOT'O MOPSJIKA ¢ HaYaJIbHBIMU yCJIOBUAMU. B mannoit
paboTe mpejaraeTcs METO/IMKA, OCHOBAHHAS HA METOJE XapaKTEPUCTUK. DTO METOUKA
ITO3BOJISIET, TIepeiijis K HOBOM IepEMEHHON, NPEJ/ICTaBUTh YPaBHEHWE B HACTHBIX ITPOU3-
BOJIHBIX KaK OOBIKHOBeHHOE JinbdepeHImabioe ypaBHeHne, OMUChIBAIONee M3MEHEHUE
HEeM3BECTHON (DYHKIMM BJOJIL JUHUM XapakTepucTuk. V3ydenme 3amaun Kormm cBomut-
¢ K U3YYEHUIO HEJIMHEIHOTO MHTerpa/ibHOIo ypaBHenus Bosbreppa. Merojiom mociieno-
BaTeJIbHBIX MPUOJINKEHUN JIOKA3bIBAETCS TeOpeMa O CYIIECTBOBAHUU U €JIMHCTBEHHOCTHU

penrenund JJAaHHON 3a/1a4H.
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3azaavri noaosHceHHA

st orryGstikyBaHHe B >KypHaJi « TaBpilicbKuit BicHUK iHOpMaTUKM i MaTeMaTUKU» [IPUii-

MalOThCs paHilie He omyOJIiKOBaHI HAYKOBI Ipalli B rajy3i MAaTeMAaTUKU Ta TEOPETHUIHOI iHDOp-

MAaTHUKH, 3TiTHO 31 CIIMCKOM HPOBIIHUX TEMATHIHUX PO3IIJIIiB.

Asropy(-am) nOTpiOHO HajABATH HACTYIIHE:

1.

Bingomocri npo aBropa(-iB) (npissuiie, iM’st, 10 6aTHKOBI, yUeHi cTyIeH] Ta 3BaHHs, Micle
po6oTHu Ta mocaja, aIpecu NPOKUBAHHS Ta OpraHizalil, TeaedoH, dpakc, aapeca eJIeKTPOH-
HOI TOIITH TOIIO).

Penensito cropornbol opranizamnil (6akaHo).

CrarTio y ¢popmari PDF.

3asiBKy Ha caiiTi )kypHaysry Www.tvim.info.

Buwmoau do pyxonucie

. OcHOBHI ejileMeHTH CTaTTi PO3MIIIYIOThCS y Takiil mociigoBaocTi: iHAeke YK, inimiaan

Ta Opi3BUIIE aBTOpa, Ha3Ba cTaTTi, aHoTalist (10 10 psijIKiB) YKPaTHCHKOMO, POCIHCHKOIO Ta,
AHIJTCHKOI0 MOBAMN (AHOTAIS TOBUHHA MICTUTH KOHKPETHY iH(MOPMAIO PO OTpUMaHi

pe3yJIbTaTh), TEeKCT, CIICOK JITEePATyPH.

CrarTst MOXKe OyTH HalucaHa yKPalHCHKOIO, POCIiChKOI0 ab0 aHIIHCHKOI0 MOBOIO. O0Csr
craTTi HoBUHEH He nepeBuinyBaTu 10 cTOpiHOK pa3oM 3 MaJilOHKaMu, TabuigMu, rpadika-
mu (He GibIne Tpbox) Ta 6ibsiorpadieto. CrarTs moBuHHa 6yTH CTPYKTYpOBaHa (110/IieHa

Ha PO3JILIN i3 3ar0JIOBKAMH).

Bionosidno do nocmanosu Ilpesudii BAK Yxpainu 6id 15 ciunsa 2003 poxy
M7-05/1 Tekcr craTTi MoBUHEH OyTH BUKJIAJICHUIT JAKOHITHO, 3pO3YMiIO 1 BiamoBimaT
Takill CTPYKTYPHIN cxeMi.
Y ecmyni HEOOXIIHO YITKO BULIMTH (KYPCHBOM) TaKi IyHKTH:
— Tocmanoska npobaemu y 3araJbHOMY BUIJIsAI Ta 11 3B’30K 13 BaXK/IMBUMHU HAYKOBUMU
YU TPAKTUIHUMU 3aBIAHHIMI
— Ananiz ocmannix docaidorcers i nybaikayill, B SIKUX 3aII0YATKOBAHO PO3B’SI3aHHS J1a-
HOI TIpOOJIEMH 1 Ha sIKi CIUPAETHCST aBTOP
— Hesupiweni paniiie YacTUHA 3araJibHOI TPOOJIEMHU, KOTPUM IIPUCBSIYETHCS 3a3HAUCHA
CTATTS
— Qopmyarosarns yiseld cmammi (nocmanoska 3ada4i)
Y 6ucH06KYy 3 JAHHOTO JOCIIIPKEeHHsT HeOOX1IHO YiTKO BUILINTH (KYPCHBOM) pe3yabma-

MU JTOCIJIZKEHHST Ma NEPCNEKMUGU NOJGAYWUL PO3EIO0K Y UbOMY HANPAMEKY.
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. Y crarTi HEOOXiMHO MOTPUMYBATUCH TEPMIHOJIOTI], MPUHAHIATOI JEepPKABHUM CTAHIAPTOM;
BUKOPHCTOBYIOUM HOBHUI TepMmin abo abpeBiaTypy, aBTOp MOBUHEH po3IudpyBaTi Ta I0-

SICHUTH IX.

. Bukopucrana jiTeparypa HaBOAUTHCS 3araJbHUM CIUCKOM HAIPUKIHIL CTATTI 3a MOPS/I-

KOM TIOCHJIAHHST HA Hel B TEKCTi (B KBaJPATHUX JIy’KKaX) MOBOIO OpiriHaJIy, BIIIOBIIHO 10
dopmu ©23 Groerento BAK Ykpaiau, 2008, Ne 3.

. Crarrss Mae OyTH IiAroTOBJIEHA 3a J0IOMOror BumaHu4dol cucremu LATEX 3 Bu-
KODHCTaHHSM CTHJIBOBOI'O IakeTy twim.sty, sKHiI MOXKHO OTpHUMATH 3a aJPECOI0
www.tvim.info. ®aitsu crarri y dbopmari TeX i PDF (mmoc rpadiuni daiim, skio

noTpibHi) HEOOXITHO MPUKPIIUTH JI0 3asBKHU Ha IyOJIKAIIIo cTaTTi Ha cailTi KypHAJY.

Poboma pedaxuii 3 asmopamu

. Marepiaim HeOOXiIHO HaIaBaTH 3a JIOIOMOIo0 caiita www.tvim.info.

. Penakiis 3amumrae 3a coboio mpaBo BHECEHHsI 3MIH peIaKIiifHOrNO XapakTepy 0e3 3roau 3
aBTOPOM (-amn).

. 3a HeoOXiHOCT] aBTOPY (-aM) HAJICUIIAETHCS KOPEKTYPa CTATTI.

4. OcraToune pireHHs PO MyOJIKAIio IpUuiiMae peakifiitHa KoJieris.

. Pykomuc, sxunit Ha iiiimoB j10 pefakiiii 3 MOpyIIeHHAM 3a3HAYCHUX TPABUI 0(DOPMIIEHHS,

HE PEECTPYETHCS 1 He PO3IVISIAETHCS, & IIOBEPTAETHCS aBTOPY (-aM) JJIsi JOOIPAITIOBAHHS.
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10 YBATU ABTOPIB!

ITpo migBunienHss BUMor a0 ¢daxoBux BUJaHb, BHeceHUX 10 nepeiikiB BAK

Ykpaiuu

IIOCTAHOBA
IMPE3N/III BUIIIOT ATECTAIIIMHOI KOMICIT YKPATHU
Big 15.01.2003 p. Ne7-05/1

HeobxinHoro mepeiyMoBOIO /I BHECEHHSI BUJIAHD 0 MIEPEJIKY HayKOBUX (DaXOBUX BUIAHD
YKpalau € X BianmoBigHicTh BuMoram myHkTy 7 moctanoBu llpeswmmaii BAK Ykpainn Bix
10.02.1999 p. Ne1-02/3 "TIpo my6uikaril pe3yabrariB Juceprariii #Ha 3700yTTs HAYKOBUX

CTYIIEHIB JOKTOPA 1 KaHauIaTa HayK Ta IX ampobariiio’.

... PemakmiitHum KoJterisiMm opraHizyBaTu HaJIeXKHE PelleH3yBAaHHS Ta PeTe/IbHUi Bii0ip cTa-
Teit 10 APYKY. 3000B’s13aTn X npuiimMaTu J10 apyky v Bugannas 2003 poky Ta it y nomasbIi
POKU JIWIIIe HAYKOBI CTaTTi, 9Ki MalOTh Taki HEOOXiJIHI eJIeMEeHTU: TOCTAHOBKY IPOOJIEMU
y 3araJbHOMY BHIJIAJI Ta 1T 3B’430K i3 BayK/IMBUMHU HAYKOBUMH YU HMPAKTUIHUMU 3aB-
JIAHHSMM; aHAJII3 OCTAHHIX JIOC/I/PKEeHb 1 IMyOJIiKaIliil, B 4KUX 3aII09aTKOBAHO PO3B’ I3aHHA
JIaHHOI TIpo0JIeMU 1 Ha fAKi CHUPAETHCA ABTOP; BUJIIJIEHHS HEBUPINIEHUX DPaHiIle YacTUH
3araJibHOl TPOOJIEMH, KOTPUM IPUCBAIYETHCA 3a3HAUYEHA CTATTH; (DOPMYJTIOBAHHS ITijIeit
crarTi (mocTamoBKa 3a/1adi); BUK/IAJ OCHOBHOIO Marepiasy JOCTIZKEHHS C MOBHAM 00-
IPYHTYBaHHSAM HAayKOBHUX DPE3YyJIbTaTiB; BUCHOBKM 3 JIAHOTO JIOCJIJIZKEHHS 1 IePCIeKTUBU

MOJAJIBIINX PO3BLIOK Y ITbOMY HAIIPAMKY.

TosoBa BAK Ykpalan B. B. Ckorrenko

Buennit cekperap JI. M. Aprromun
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