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HH®OPMAIIMOHHBIE CUCTEMbBI KOHTPOJIS
KAYECTBA 3HAHUM

baoewrxo B.H.

Cosepwencmeosanue 00paz’068amenbHoOll CUCTHEMbL CEA3bIBAIOM C
HEeobX0OUMOCIbIO YNPABIEHUsL KAYeCmEoM 00pa308amenbHblx YCye.
Koumponv kauecmea 3nanuti a611emcs 6adjiCHOU YACMbIO YHEHO20 NPo-
yecca. [Iponuxnogenue KoMnbIomepos 60 6ce 0OIACMU OesimeNbHOCIU
Memsiem nooxoosl U MexXHON02UlU, KOMOPble PaHee 6 HUX NPUMEHSIUCS.

Knioueswie cnosa: asmomamuzayus, OUaeHOCMUKA,; KA4ecmeo,
KOHMPOb, CeMesoU,; CUCeMA, MEXHON02UsA, MeCMUpOSaHue.

INFORMATION SYSTEM
QUALITY CONTROL KNOWLEDGE

Babeshko V.N.

The development of the educational system is associated with the
need to control the quality of educational services. Quality control
knowledge is an important part of the scientific process. The penetra-
tion of computers into all areas of activities changing approaches and
technologies that previously they were used.

Keywords: automation; diagnostics, quality control; network; sys-
tem, technology, testing.

[TorpeduTenu 06pa3oBaTENLHBIX YCIYT BCe OOJIBIIOE BHUMAHNE
YACTSIFOT MX KaueCTBY, OHO CTAaHOBUTCS COLMAIHO BOCTPEOOBAaHHOM
kateropueil. [IpobGnema KOHTpOIS KadecTBa 3HAHUK Bcerna ObLia H
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ocTaercs KpaiiHe akTyanbHOW. CeroHs B MeJarorn4eckux Hccieno-
BaHMSIX M3YYAIOTCS CPEACTBA M CITOCOOBI MOBBIMICHUS 3(PPEKTHBHO-
ctu 00yueHust 1 oOpazoBaHus. [lemarornuecknii KOHTPOIb SBISIETCS
HEOOXOIMMOM COCTABIISIONIEH MeAarornieckoro mpouecca u Jro0oi
TEXHOJIOTUU 00YYCHHSI, B IUCTAHI[MOHHOW OH IPUOOpETaeT 0CO00 BhI-
COKYI0 3HaUUMOCTh [1, c. 151].

B mocnennee Bpems ymensercs OoNbIIoe BHUMaHHE pa3padOTKe
CETEBBIX aBTOMATH3MPOBAHHBIX OOYYAFOIIUX CHCTEM, ITO3BOJISFOIIIX
CTY/IEHTY B MHTEPAKTUBHOM PEKHMME M3ydyaTh M 3aKperuIsiTh Marepual,
a TAaKXKC ITPOBEPATH IMOJYYCHHBIC 3HAHMS. ITonoxxurenpHBIE KauecTBa
CETEBBIX aBTOMATH3MPOBAHHBIX CHCTEM JUIS KOMITBIOTEPHOTO TECTH-
poBaHUs O4eBUAHBL. OHU TIO3BOJSIOT OCBOOOIMTH IMPEOAaBaTeNsl OT
MaJio SPPEeKTUBHON PabOThI MPU MPOBEACHUN YK3aMEHOB M IIPOMEKY-
TOYHOM OIICHKE 3HAHHI B TPAIUIIMOHHOM YU4eOHOM ITpoIiecce, a IpH 00-
YUY€HUHN C HCIIOJIB30BAHNEM JUCTAaHIUOHHBIX TEXHOJOTUH CTAaHOBSTCS
OCHOBHBIM CPEICTBOM KOHTpOJsL. Mcronb30BaHrE aBTOMaTH3MPOBAH-
HBIX MHOTOITPOLIECCOPHBIX HH(OPMALIMOHHBIX CHCTEM BO Beex cdepax
ACATCIIbHOCTU U3MCHSCT IMOAXOABI U TEXHOJIOI'MH, KOTOPbLIC PAHCC B HUX
MIPUMEHSITUCH [2, ¢. 3]. BonbInoe BiusHUE 9Ta TEHACHIINS OKa3aia 1 Ha
TEXHOJIOTUHU OpTaHN3aIH y4eOHO-BOCITUTATEIFHOTO MIpoIIecca.

C ToHATHEM «Iearornyeckasl JHarHOCTHKA» CBSI3aHO TOHITHE
«TECTHPOBAHME» KaK IMEPCHEKTUBHBI METOJ IeAaroruueckoil ama-
THOCTHKHM — HAIIPaBJICHUE HA CTBLIKC ICAAroruku, TCOpun I/I3MCpeHI/II‘/'I,
MAaTEMATUYCCKUX MOIACIMPOBAHUA MW CTATUCTUKH, aBTOMAaTU3alllU C
WCTIOJTh30BAaHNEM COBPEMEHHBIX H MEPCIEKTHBHBIX CPEICTB BBIUHCITH-
TENBHON TEXHUKH. JTa MpoLeaypa KOHTPOIS Jerko (Gopmanusyercs,
CJIeIOBaTENbHO, JIETKO aBTOMATU3UPYETCS M pealii3yeTcsi B CETEBBIX
nHppacTpykTypax. TecTupoBaHue SIBISETCS TEJArorH4ecKuM sBlie-
HHEM, HIMEIOIIIM MHOTOIIJIAHOBOE OTpe/IeIeHre, CYIITHOCTh KOTOPOTO
CBOJIMTCS K TMOHMMAaHUIO €r0 KaK METOoJla MCCIEOBaHUs M HanOoee
3 PEKTUBHOTO 1 OOBEKTUBHOTO CPEACTBA KOHTPOJIS, KAK YaCTh COBpE-
MEHHBIX U TIEPCIIEKTUBHBIX 00pa30BaTeIbHBIX TEXHOJIOTHIA [3, ¢. 79].
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KoHnenuu coBpeMeHHOTo 0OyYeHHUSI paccMaTpHBalOT COZepIKa-
Hue 00pa30BaHUs KaK COBOKYIIHOCTb KypCOB, KypC — KaK CHCTEMY 3a-
HATHH, a 3aHATHE — KaK CUCTEMY 00pa30BaTeIbHbIX JCHCTBUM, Kaxk10€
13 KOTOPBIX, B CBOIO OYEpENb SIBISETCS COBOKYMHOCTBIO MPOCTHIX
nercreuii. Takas CTPyKTypa HaxOIWUT OTPaKCHHE B CUCTEME KOH-
TpoJisi 3HaHuM. [Ipu oLeHke KauecTBa 3HAHWN KOHTPOJIIO IOJIEIKAT
HE TOJIbKO UX MOJIHOTA, HO ¥ YMEHHE UCII0JIb30BaTh UX B3aMMOCBSI3H,
9TO MOYKHO CJIEJIaTh TOJIBKO B TOM CIIy4ae, €CJIH MPEABAPUTEIBHO CO-
CTaBUTb CTPYKTYpPHYIO CXEMY TECTOBOTO 33JlaHHs U pealn30BaTh €€ B
COBpEMEHHOM ceTeBoit nuppacrpykrype [4, c. 327], 0003HaUUTh OT-
JeNibHbIe 00pa30BaTeIbHbIE ASHCTBUS U UX JIOTMYECKUE WIN IPUYNH-
HO-CJICICTBEHHBIE CBsI3H. HeoOxoanmo, 4ToObI TECT MpoBepsul 3Ha-
HUSI, YMEHHUS M HaBBIKK 00y4aeMoro Mo peanu3aly 3THX IIePEX010B
C UCTIOJIb30BaHUEM COBPEMEHHOTO BBICOKO TEXHOJIOTHYHOTO 000PY/I0-
BaHus. KonmuecTBo 3a1anmii Mo Kypcy JOCTUTAET HECKOJIBKUX COTCH
u Oosee, YTO CBUIETENBCTBYET O OOJNBIION TPYIOEMKOCTHU MpoLecca
CO3JJaHUs TECTOB, a er0 (PYHKIHNOHAIBHOCTD MOJKET OBITh OrpaHUYCHA
[IPOM3BOIUTENBHOCTHIO COBPEMEHHBIX CETEBBIX MHOT'OIIPOIIECCOPHBIX
KOMILIEKCOoB [5, c. 161].

Berinensror nokaszaTenu KadecTBa 3HAHWN, Ha KOTOPbIE KOHTPOJIb
OKa3bIBaeT HaWOOJIbLIEE BIMSHHUE: COOTBETCTBHE IONYYCHHBIX pe-
3yJBTaTOB MOCTABJICHHBIM LIEJISIM; MOTHBALMs 00y4aeMbIX; O3HABa-
TeNbHAas aKTUBHOCTH; IPOU3BOIUTEIFHOCTD MCIIOIB30BaHMSI CETEBBIX
TECTUPYIOMNX CHUCTeM. PaccMmarpuBasi BIMSHHAE CHCTEMBI KOHTPOJIS
Ha MOBBILICHUE KaYeCTBa 3HAHUI, YMEHUH W HABBIKOB OTMEYAIOT €€
HEMOCPEACTBEHHOE BIMSHNUE Ha TaHHBIA KPUTEPHIL.

BonbmHCTBO MH(pOPMALIMOHHO 00pa30BaTeIbHBIX PECYPCOB, CO-
JIep KaliX TECTOBBIE MaTePHAJIbl, MOKHO Pa3/IeINUTh Ha JIBE KATETOPHH:
OPHMEHTUPOBAHHbIE Ha MPOXOXKICHHUE CTYICHTaMU TECTOB B IHCbMEH-
HOI (hopMe ¢ TanmpHenIel X MpoBepKoH (OTaHOYHOE TECTUPOBAHHUE);
aBTOMAaTH3HMPOBaHHBIE CUCTEMBI TECTHPOBAHUS C COOTBETCTBYIOLIMMU
IIPOrpaMMHBIMHU KOMTIOHEHTaMH [6, ¢. 105]. [TonoxurensHble KauecTBa
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BTOPOH KaTeropuy TECTOBBIX PECYpCcOB OUEBHIHEBI. FIMEHHO B aBTOMa-
THU3UPOBAHHBIX CHCTEMaX TECTHPOBAHUS C CETEBOM apXHUTEKTYpOil B
HAMOOJIBINEH CTETICHHU MPOSIBIISIFOTCSI OCHOBHBIC MPEUMYIIECTBA TAKOTO
KOHTPOJISI 3HAHUH.

B nHCTpYMEHTAIIBHOM OTHOIICHUH TECTHPOBAHKE SIBIISETCSI COBOKYTI-
HOCTBIO TIOCIIEJIOBATENILHBIX TIE/IATOTHYECKUX JICHCTBUM, HaleJIeHHBIX
Ha ompenencHre 3(pdeKTUBHOCTH 00pa3oBaTeNIbHON cHcTeMbl. Kade-
CTBEHHBIMHU XapaKTEPUCTUKAMH CPEICTB KOHTPOJIS SIBJISFOTCS: (DYHKIIU-
OHAJILHOE COOTBETCTBHE CPEACTB KOHTPOJS AWAAKTHUECKUM 33/adam,
COJIEPIKaHMIO M U30PaHHBIM METOIaM KOHTPOJISI B COOTBETCTBHH € TPEOO-
BaHUSIMU CTaHZAPTa U MPOrPaMMBI, TIOTPEOHOCTSMU U BO3MOXKHOCTSIMHU
YYaCTHUKOB Y4eOHO-BOCITUTATENIHLHOTO Mporiecca U 3G HEKTHBHOCTD ce-
TEBBIX KOMIBIOTEPHBIX CPEACTB TeCTHpOBaHus [7, c. 243].

KauecTBEHHBIMH XapaKTEPUCTUKAMU OpPTaHU3alldd KOHTPOJS SIB-
JISIFOTCSI: TIPOBEJICHUE W OPTaHH3allisi KOHTPOJIBHBIX MPOIIECAYP B COOT-
BETCTBHH C TPEOOBAHUSIMU MTPOTPAMMBI U MTOTPEOHOCTSIMU YYACTHUKOB
y4eOHO-BOCIIMTATEIBHOTO MPOLECCa; peau3alys 3THUX IPOLEAyp B
OIIPE/ICIICHHOW TICUXOIOTHYECKH 00OCTAaHOBKE; BOBJICUEHHE 00yUYaeMbIX
B TIPOIIECC MPOBEJCHUS TECTUPYIOMIMX TPOLETYP C LEeNblo GopMHUpO-
BaHHsI HABBIKOB CAMOKOHTPOJIS; ONTUMAJIBHOCTh U CHCTEMAaTHYHOCTD
TECTOBBIX TPOLEAYP; Peali3allisl 3THUX MPOLEAYP B ONPEACICHHOM
IporpaMMHoO-anmnapaTHoi cpene. CyliecTByeT J0CTaTOYHOE KOJIMYe-
CTBO Pa3IMYHBIX MPOrPaMM JUIS TECTUPOBAHUS, OOJIBIIYIO YaCTh KOTO-
PBIX MOYKHO HAWTH BO «BCEMUPHOH mayTuHe». OJHAKO HEKOTOPhIC M3
HUX SIBIISICTCS Y3KOHAIPABICHHBIMU MPOrPAMMaMHU, CO3TaHHBIMHU JIJIsI
MOBEJICHNSI TECTUPOBAHUS TOJBKO MO OAHOMY Hpenmery. MHorue Te-
CTUPYIOLIHE MPOrPaMMBI CTPAJAIOT OTCYTCTBUEM HATMISTHOCTH, B HUX
HEIb3s 3aJ1aBaTh CIOXHBIC (POPMYIIBI U MIUTFOCTPALIUK YTO CBSI3aHO C
0COOCHHOCTSIMH MX WH(pOpMamMoHHoTo odecnieueHwus [8, ¢. 13]. Hexo-
TOpPBIC HEOCTATKN 00pa0OTKH, aHATNU3a, HHTEPITPETALUH U BbIIAYH pe-
3y/bTaTOB TECTHPOBAHUSI 00YCIIOBIEHBI OCOOCHHOCTSIMU apXUTEKTYPBI
1 METOJIMKHU pacyueTa MPOU3BOIUTEINLHOCTH B TAKHX HH(PACTPYKTypax.
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B nacrosiiiee BpeMsi Hanboliee pacrpoCTpaHeHbl IPOrpaMMbl JTHa-
THOCTHKH YPOBHSI ITOATOTOBKH CTYACHTOB B BHZE TECTOB. JTO camast
JIerkasi u npocrast (hopmMa IporpamMMBl, IPEIIIoararomas CieIyonyro
METOIMKY: BOIPOC — HECKOJIBKO BAPHAHTOB OTBETA, ONUH M3 KOTOPBIX
MpaBWIbHBIA. BO3MOXXHBI BapHallil TECTOBBIX MPOrpaMM, Korjaa Ka-
JKJIOMY BapUaHTy OTBETa, B 3aBUCUMOCTH OT CTEIICHU €ro MPaBUIIbHO-
CTH WJIM TIOJTHOTHI IIPHCBANBACTCSl BECOBOW KOA(D(DHIIMEHT, a KOHEUHAs
OIICHKA BBIBOJUTCS Ha OCHOBE aHAJIN3a 3THX KOA()(HUIIHECHTOB.

B cBs3u ¢ Tem, 4TO OAHOW M3 OCHOBHBIX 3a]ad KOHTPOJS SIBIISICT-
Csl pa3BUTHE CTPYKTYP MBIIUICHHS, TaMsITH, BHUMaHHs, TO IIPUMCEHE-
HHUE aBTOMAaTH3MPOBAHHBIX MHOTOIIPOLECCOPHBIX CPEICTB KOHTPOI,
CIIPOEKTHPOBAHHBIX HJIM COCTABICHHBIX B COOTBETCTBUH C OCHOBHBIMH
MPUHLIMIIAMH IPOrPAMMHOI0 o0ecTiedeHust Takux cucteM [9, c. 13], Oy-
JIeT CII0COOCTBOBATH MEPEXOTY TECTHPYEMBIX Ha CIEAYIOIINI YPOBEHb
KOMITETCHTHOCTH.

OnTuManbHO pa3paboTaHHBIE TECTHI JOJKHBI COOTBETCTBOBATH HE
TOJIBKO MPEAMETY OOyuYeHHs, HO M €ro 3ajadaM: FOTOBUTCS crieludu-
Kalusl TeCTa, B KOTOPOH YKa3bIBaIOTCSl TECTUPYEMbIe 00NacTH, 3a/1a4u
OOyUeHHS U TECTUPOBAHMS, CBSI3H JJAHHOTO TECTa C JIPYyTUMHU U 0COOCH-
HOCTHU KayKIA0H TEMBI.

@OyHKIMOHATEHOCTD TECTOBBIX 33/IaHUH TECHO CBSI3aHa C METOAMKOM
00y4eHUsI U OCOOCHHOCTSMH MPOIPAMMHOIO OOCCIICUCHUsI — TEKCT HE
TOJILKO COOOIIIACT 3HAHUS, HO M Pa3BUBACT MBIIUICHHE 00ydyaeMoro. Jta
KOHIICTIIHS TPOBEPSIETCS CII0KHO POPMAITH3yeMbIMH BOTIPOCAMHE Ha CPaB-
HeHune, 0000IeHne, TokazarenscTBo. CozepkaHne 3aJaHNi pacKphIBACT
MOHMMaHKE (HaKTOB, UX CBA3EH U 00OOIIECHUH C UCTIONB30BAHUEM COOT-
BETCTBYIOILIETO MPOrPaMMHOT0 odecrieuenus. Mcnonb3yercs ciemyromast
TMOCIIE/IOBATENILHOCTD BO3PACTAHMS CIIOKHOCTH 33JIAaHUI: BOCIIPOU3BE/IC-
HHUE (HaKTUYECKOTO MaTepHalia; PacKphITHE IPUYHHHO-CIICACTBEHHBIX,
BPEMEHHBIX U JIPYTHX CBA3eH; CHCTEMAaTH3alUs 3HAHHHA.

Cucrema aBTOMaTH3MPOBAHHOTO M1EIarOTMYE€CKOT0 KOHTPOJIS ITO3BO-
JISIET HE TOJIBKO KOHCTATUPOBATh JTOCTUTHYTHIM YPOBEHb KOMIIETEHTHO-
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CTH, HO U CIIOCOOCTBOBATH MEPEX0y 00yJaeMbIX Ha CICIYIOLIUH ypo-
BEHb: CPEICTBA MEIarOTMIECKOT0 KOHTPOJIS IIPOSKTUPYIOTCSI HA OCHOBE
TpeOOBaHM 00Pa30BATENBLHOIO CTAHIAPTA U MPOrPaMMbI OOYUCHHS
0 MIPEIMETY; CPENCTBA KOHTPOJISI MPOSKTUPYIOTCS U COCTABIISIOTCS
JJIs1 HECKOJIBKUX ypOBHeI\/'I KOMIIETCHTHOCTH, ITPU 3TOM IIPUHHUMACTCA BO
BHUMaHHE BO3MOXXHOCTh BBIOOPA 3a]JaHUI COOTBETCTBYIOIIETO YPOBHSI.
B kadectBe npuMepa MOXXHO TPUBECTH pa3padOTaHHYIO MPOrpamMM-
Hyto miargopmy VinEX, npenctapisiioniyto co0oil KOHTPOIHMPYIOLILYIO
CHCTEMY, PEaIM3YIOIIYI0 CETeBYI0 MOJIETb B3aUMOJICHCTBHS, paboTaro-
ryto ¢ 6azoit orBeToB U BompocoB [10, c. 60]. OHu MOTYT BKITIOYaTh B
ce0s TpadrraecKue H300paKeHUS U ayTHONH(DOPMAIIITO, KOTOPBIC pealTi-
3yIOTCSl HA MHOTOIPOIECCOPHBIX BHIUUCIUTENBHBIX CUCTeMax. Pe3yibra-
TBI OTBETOB aHAJTM3UPYIOTCSI B 3aBUCUMOCTH OT 33/IaHHOH LIKAJIbI OLICHOK,
OTBETHI MPOBEPSIEMOT0 (PUKCHUPYIOTCS, UMEETCS BO3MOKHOCTH MX TIPO-
cMmotpa. OnbIT paboThI ¢ JAHHOW KOHTPOIMPYIOIEH CHCTEMON MOKa3asl
ee yno0cTBo, OBICTPOTY U 3(D(HEKTUBHOCTH OIIEHKH 3HAHUH, BOSMOKHOCTD
paboThI B ceTeBoi HH(ppacTpyKType yueOHoro 3aBenenus [11, c. 7].
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CORPORATE INNOVATION SYSTEM
Kukushkin S.N., Yankovskaya V.V,

This paper presents an enterprise in terms of the system analysis in
interaction with the environment. A corporate innovation system is stud-
ied as part of the enterprise s organizational system, formed consciously
by a willful decision of the management to implement effectively the en-
terprise’s goals and objectives. The issue of financing of the innovative
activity is studied independently.

Objective: Development of the concept model of the corporate inno-
vation system.

Keywords: enterprise as a system; corporate innovation system;
properties and characteristics of a corporate innovation system, sys-
tem mechanism.

KOPIIOPATUBHAASA
NMHHOBALIMOHHASA CUCTEMA

Kykywikun C.H., Auxoeckaa B.B.

B cmamve paccmampusaemcs npeonpuamue ¢ mouKiu 3peHus Cu-
CMEMHO20 AHANU3A 80 G3AUMOOEUCMEUU C OKpYXHcaroueli cpedoll. Hc-
credyemcsi KOpnopamueHas UHHOBAYUOHHAS CUCMeMa KaK COCMAGHAS.
4acme OP2AHU3AYUOHHOL CUCTIEMbL KOMNAHUU, (POPMUPYeMAst OCO3HAH-
HO, BONIEBbIM peleHuemM MeHeodCcMenma Oas dgexmusroll peanusa-
yuu yeneu u 3a0ay upmol. OmoenbHo paccmampusaencs 60npoc Qu-
HAHCUPOBAHUS UHHOBAYUOHHOU OesiMeNbHOCIU.

Lenv: paspabomka npunyUNUAILHOU MOOEIU KOPROPAMUBHOU UH-
HOBAYUOHHOT CUCTEMDL.
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Knroueswvie cnosa: npednpuﬂmue KAdK cucmema, xKopnopamueHds
UHHOBAYUOHHAA cucmema, ceoticmea u XapakmepucmuKku Kopnopa-
MUBHOU uHHO@aUHOHHOlJ cucmemnsl, MeXanusm cucniemaol.

An enterprise as a system was and is studied by many authors [1;
2]. This approach is a result of formation of cybernetics and systems
analysis, based on which was formed an approach, known as the
systemic paradigm of economic development [19]. In the analysis of
the enterprise as a system, it is required to focus the objective and
a subjective assessment. The objectivity is the presence of forces of
mutual influence between the elements (components) of the system.
They allow the system to reserve the configuration. Generally, the
objectivity is based on the self-reproduction and self-preservation.
The subjectivity is manifested in the following aspects: 1) the re-
searcher himself determines the parameters, defining the system and
2) there is a significant difference between the identification and the
description of the parameters of the system. The identification is the
distinguishing of it from other similar objects for comparison. The
description is the registration of the information about the system in
an orderly manner.

The system concept of the enterprise implies a descriptive part (i.e.
the way of performance of the enterprise) and regulatory (i.e. how
should the enterprise perform).

In order to describe the enterprise as a system J. Kornai [18; p. 10,
p.- 154-161; 14, p. 118—120] identifies the following principles.

1. The integral system, interacting with other systems, including
the system, the part of which it is (for example, industry, market, etc.).

2. The preferences, specific to relatively independent parts and el-
ements of the system, “are mostly the products of the system itself”
[18, p. 10].

3. The system is developed by virtue of its own evolution and in
the view of adoption of special administrative decisions. In this re-
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gard, “the researcher, ... should look for the explanation in history”,
especially, in the history of development of this system. Given that,
the attention should be “paid not only to the events or processes per se,
but rather to a more permanent institutions in the framework of which
these events and processes occur and which determine their course”
[16, p. 118], mainly, to the “institutions appeared historically and de-
veloping evolutionary” [16, p. 120].

4. “All systems have their specific weaknesses or dysfunctions”
[18, p. 161].

5. The qualitative and quantitative comparison of the properties of
the system being analyzed with the relevant properties of other sys-
tems is the applicable the method of analysis.

Based on these principles, the following conclusions can be made:

— the enterprise is a multi-dimensional and multi-spatial system
[see 17, p. 144—-154];

— the links between the enterprise and its external environment
are of a dual nature;

— the internal environment of the enterprise is sufficiently satu-
rated, it contains the objects of different quality and the spaces,
structured to varying degrees [20; 21]. Various theories offer
us various options for the contents of the internal environment:
1) the neoclassical theory offers technologies; 2) the neoinsti-
tutional offers contracts of different nature; 3) the evolutional
offers traditions and customs; 4) the managerial — the staff and
managers interacting in the framework of the management sys-
tem; 5) the cognitive — the knowledge and the mechanisms for
its update; 6) the cultural — organizational (corporate) culture;
7) the political — the “power” centers within the enterprise etc.;

— the interaction of the enterprise with the environment is man-
ifested through pressure and assistance. The pressure occurs
when the external environment by means of the combinations
of sanctions and incentives reduces the possibility of the enter-
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prise, making it take certain decisions. The assistance', on the
contrary, increases the possibilities by creation of the additional
alternatives for a decision making;

the purpose of the formation of the enterprise is expressed in
independent terms. The systemic paradigm allows to overcome
the limitations of traditional economic theory — the determi-
nated causality as a principle of explanation of the economic
behavior. In this case the interaction is the basic form of the
relationship between the objects, rather than the unidirectional
causality [8; 9; 17, p. 159];

the assertion that every system has its unique disadvantages,
does not contradict to the desire of the enterprise to perfection.
This principle emphasizes the multicriteriality of this task. The
dysfunctions are not stable, the recognition of such indicates
the unattainability of perfection by all criteria simultaneously.
That system dysfunctions are the source of differences between
the enterprises. A variety of enterprises, necessary for function-
ing of the market, is provided by dysfunctions that occur in the
course of creation of the enterprise and the initial stages of its
formation, as well as by direct and indirect influence of the fac-
tors of the external environment on it;

the enterprise and the external stakeholders [12; 13; 14; 26].
The systemic paradigm implies the differentiation, classifica-
tion and grouping of the persons interested in the performance
of the enterprise. For example, the following groups may be
distinguished: 1) non-strategic minority investors — the tem-
porary shareholders; 2) the shareholders whose behavior can
be regarded as a stable, permanent system, resulted in strategic
decision making. In addition to the above, there are other ones
(see [22; 27)).

! The assistance is considered by us as the conditions in which the enterprise op-

erates, particularly, performs the innovative activity.
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— the internalization and externalization. The internalization means
the presence of temporary (episodic) subsystems and can be ex-
pressed, for example, in the general meeting of the shareholders.
The externalization is the formation of the permanent sub-sys-
tems, such as the product sales subsystem (marketing) [11].

Any enterprise theory is expressed in the development of a sys-
tem of provisions based on a relatively small number of original as-
sumptions. Provided that, the result depends on which provisions are
admissible in this theory. The further study of the enterprise in terms
of this theory depends on the kind of system-containing identification
space where the enterprise was defined as a system. The neoclassics
define the enterprise as a functional unit, converting the resources into
products. According to the contract (neoinstitutional) theory of the
firm, the enterprise is defined in the space as a system combining the
assets, the employees, the managers and the owners, bound by certain
contractual relationships. G.B. Kleiner [12] considers the following
groups of factors, affecting the activities of the enterprise:

— macroeconomic: the exchange rates, the interest rates, etc.;

— nanoeconomic: the orientation of the behavior of the managers,
the employment opportunities, etc.;

a combination of the above mentioned factors;

the inter-level factors.

The enterprise as a system has important quality property — the integ-
rity, which is the irreducibility of its properties to the properties of the
elements, and vice versa. At that two basic conditions should be followed:

— the availability of the independent elements;

— the interaction between these elements.

The enterprise is formed in the informal environment, the equilibri-
um of which is disturbed by occurrence of some ordered, resistant ele-
ments in it. In the course of formation some systems (subsystems) are
formed in a natural way, for example, the communication system. Other
ones are formed consciously, for example, various technical systems.
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Unlike the enterprise the corporate innovation system is formed
consciously by the willful decision of management. This is due to the
fact that the innovative system is designed for the efficient implemen-
tation of the objectives of the enterprise.

Any enterprise can be represented as a system of objectives, which
includes:

the global objective — the survival. This objective can be mea-
sured by three indicators: the achievement of the objective, the
effectiveness and the efficiency;

the main objective — the maximum satisfaction of the customer;
the organizational or strategic objectives. These objectives with
respect to the first two objectives can be considered as operational.

The achievement of the objectives of the enterprise is possible as a
result of creation and implementation of the innovations in the market.

Being an integral part of the organizational system of the enter-
prise, the corporate innovation system (subsystem) has a number of
common proprieties:

the system should be based on a material substance, once the
materia in the modern sense includes the substance, the energy
and the information, then the systems based on such substances,
are crucial. There is a lot of serving, secondary systems, which
in turn have the auxiliary formations of the class of systems pro-
viding a successful performance of these systems. This creates a
hierarchy of systems, based on the principle of self-sufficiency;
each system consists of a number of elements specific by the
tasks to be solved, but their performance is subjected to the
global objective of the system and constituting its purpose. Oth-
erwise, the structure of the system is determined by the stated
purpose, and the parts of the system taking no part in solving
the main task are the rudiments and die historically;

the elements of the system must be linked together in order to
achieve a global objectives in the framework of the system, and
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therefore should share substantionally the materia, the energy,
the information;

— the inherent propriety of the system is the ability to evolve, to
adapt to new conditions through the creation of new links, ele-
ments with their local (private) links and means of their achieve-
ment.

At the same time the innovative system has a number of specific

proprieties:

— itis an open system, i.e., it is influenced by its environment;

— itis a complex system, it consists of several hierarchical levels,
types and subtypes of interacting subsystems;

— it is a socio-technical system. This feature applies only to the
economic systems, and it is based on two principles: the social
medium — the association of people who created this system,
this system is for a human and a human contributes to its devel-
opment; techno — the material objects of natural and artificial
origin, which are exploited by a human in the course of cre-
ation, distribution and consumption of goods.

The innovative system has a number of internal and external pro-

perties:

— the interconnection of the system environment and the ex-
istence of the system itself. The environment is not only the
backbone of the system, but any system is surrounded by the
environment in the framework of which it lives and performs,
the environment affects it and, in turn, the system has an impact
on the environment. Often, the system is created only in order
to change the properties of the environment;

— integrity. The internal unity, the principal irreducibility of the
properties of the system to the sum of the properties of its con-
stituent elements are recognized, i.e., the system has the pro-
prieties “of the whole, conceivable as the plenty” [25]; Such a
unity of the whole makes the formation a system and reduces
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the role of its elements to the provision of the performance of
the whole;

stability. Maintaining the stability is the inside objective of
the system, as opposed to the outside one, characterizing the
relationship with the environment. Consequently, the system
should be organized so as to ensure its own survival, stability
in a changing world and at the same time, the development, the
evolution, the approach to some objective;

conservatism. It is characterized by the resistance to the at-
tempts to transform the system, resistance to influence, includ-
ing the controlling ones. On the other hand, the need for pur-
poseful change, the movement toward the objective, perfection,
requires the system to modify, configure and implement the
control functions. It seems that this contradiction is typical for
the systems of any complexity;

the implementation of the functional properties of the system is
possible in the informational interaction between the elements
and, consequently, the availability of not only communication
channels but also their material completeness of the signals.
Then of course the question on the methods of implementation
of the informational entity arises, IE the question on the seman-
tics and the semiotics. These system properties are appropriate-
ly called informationality;

complexity. The bulkiness of the description of the system, the
need to involve the developed mathematical apparatus in the
study of it, the multi-dimensional dynamics complete with the
bifurcation points are the evidence of non-triviality of the sys-
tem and are characteristic for the complex systems. However,
even based on the objective perception of the study process, it
is impossible to distinguish the simple and the complex system,
and, therefore, it is impossible to give a definition of complexi-
ty, nor, moreover, to formulate the indicator of complexity. One
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of the simplest approaches, for example, is that the complexity
can be defined as the number of elements of the system and the
links between the system and its environment, as well as the
same within the system,;

hierarchy. Stratification in the construction of a system by a hu-
man or by nature was a natural reaction to the complexity of
the system, namely, to the expansion of the number of its tasks
and their inconsistency. This was reflected in the functional and
structural differentiation, when the introduction of the princi-
ple of hierarchy allowed to obtain another degree of freedom
to expand a system: it became possible to develop vertically a
variety of equal systems due to the introduction of the principle
of subordination.

The corporate innovation system refers to a set of business pro-
cesses determining the control mechanism aimed at the most complete
disclosure of potential of the enterprise, the development of the inno-

vative products, processes and business models.
In our view, the objectives of the corporate innovation system are:

the implementation and building of the potential of the enter-
prise;

the increase in the market share of the enterprise on the market;
the increase in the economic efficiency of the performance of
the enterprise;

the stimulation of the creative and innovative activity of the
personnel.

The corporate innovation system, in our opinion, includes the fol-
lowing elements (Figure 1):

Information — both internal and external information sources;
Bank of ideas — the fund, accumulating, forming and distribut-
ing the innovative ideas;

Promotion system;

Innovation financing fund;
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— The technical means providing a link between the participants
of the innovation process and the distribution of the ideas.

uHpopmauma

TEXHWYECHHE
CpepcTea

WHHOBALWMA BaHk Maen

pang

dHHAHCHPOBEAHKA

Fig. 1. Schematic model of a corporate innovation system

According to the results of the empirical research, one of the most
important elements of the enterprise and the corporate innovation sys-
tem is the organizational culture described more detailed in [3; 4; 5; 6].

The organizational culture allows to define the informal firm man-
agement procedures, eliminating the bureaucratic barriers and thereby
reducing the obstacles to the distribution and introduction of the inno-
vations. At the same time the organizational culture can motivate the
activity of the staff of the enterprise and contribute to the implementa-
tion of the innovations [3; 4; 5; 6].



MXXIW, Tom 6, Ne2, 2016 27

The model of the corporate innovation system can be represented

as the function in the following form:
S=AIM,F)— N,

where

S'is the corporate innovation system;

1 is the information, knowledge;

M 1is the incentives and the motivation of the innovation;

F is the financing of the innovation projects;

N is the innovation.

MOUCK Uaen

NpoeKTUpoBaHue ]

Expertise

Result

Fig. 2. Mechanics of the innovation process

In our view, the corporate innovation system mechanism can be
described as a process model, including the following business pro-
cesses (Figure 2):

— the planning of the innovative activity;

— the search for innovative ideas;
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— the expertise of the innovative ideas;

— the design and implementation of the innovations;

— the communication in the innovation process;

— the marketing of the innovations;

— the financing of the innovative activity;

— the motivation of the innovative activity.

The planning of the innovative activities is performed in the strate-
gic and medium-term, the innovative activity plans should be updated
at least once a year.

The strategy developed determines the general direction of the
activity of the enterprise and generates a demand for the necessary
innovations: product, process, organizational and social. The strategic
plan, being the policy document of the enterprise, defines the objec-
tives for the medium-term period. In the medium term plan the bud-
gets are formed for the implementation of the planned innovations:
material, labor, financial and others.

The sources for the search for the ideas can be divided into internal
and external ones.

The search for the innovative ideas in the external environment is
based on an active benchmarking. These sources include:

— the study of the business literature, analytic and news Internet

resources;

— the analysis of the experience of the competitors;

— the technological brokerage;

— the feedback from customers received directly through the sales
representatives of the enterprise, the website of the enterprise
and in other ways.

The internal sources are the staff of the enterprise [see 7, 21 for
details]. The activation of the innovative activity of the staff can be
conducted in the form of a enterprise-wide competition:

— General search competition. The objective — to search for the

possible points of growth of the enterprise. In this case, the
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problem should be formed as wide as possible to find as many
options as possible;

— Specialized search. In this case, the restrictions and criteria for
the most efficient solutions, based on availability of the resourc-
es and existing business processes are stipulated in advance.

All proposed ideas must necessarily take an objective expertise. In
the course of expertise both qualitative and quantitative methods can
be used. The choice of method is determined by practical necessity
and the specific challenges faced by the enterprise.

Qualitative methods include: cost and benefit analysis, Delphi
method, the theory of inventive problem solving. The expertise should
be carried out in several stages, and only at the last stage the analysis
of compliance of the innovations with the strategic and tactical prob-
lems solving should be performed. This approach would not miss the
ideas that can be highly effective in the long term.

The use of the quantitative methods is based on a system of eco-
nomic indicators: the sales volume growth, the increase in the added
value, the material and labor costs saving, the payback period, the
profitability etc.

The process of implementation of the innovative ideas in the op-
eration activity is carried out through the implementation of the proj-
ects. For the implementation of the projects the enterprise must have a
specialized unit dealing with development and design. But given that
innovation projects are very different in nature, the enterprise must
have a special Centre to coordinate the activities of all the project
teams [see 10].

To improve the effectiveness of development and implementation
of the projects, they should be classified not only by the type of inno-
vation (subject / process, organizational and social), but also by the
category. There may be several categories of the projects. The follow-
ing may serve as the criteria for attribution to a particular category:

— the volume of funding and the design period;
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the complexity (for example, the ability to cover several busi-
ness processes) or specialized (intended for a specific business
process);

the efficiency and payback period, etc.

The project life cycle should comprise the following stages:

initiation, preparation, protection of the project idea and the
method of motivation;

approval of the request for proposal;

formation of a group to carry out the pre-project stage and proj-
ect development;

approval of the proposal for pre-project funding;

preparation of the business plan, the financial conclusion for the
project, the approval of the order on inception of the project;
project implementation;

stage-by-stage control;

evaluation of the final results, approval of the project manager
report;

approval of the order on termination of the project. Awarding
of the participants according to the results of development and
implementation of the project.

An important component of the corporate innovation system is the
communication with the mandatory feedback. At the same time the
communication of the enterprise should be kept from the unautho-
rized access (in any form) in order to protect the trade secrets and the

interests of the enterprise. Modern communication in the innovation
system must contain the following elements:

the corporate bank of ideas. It is required at the stages of search
and examination of the innovation. The employees of the enter-
prise should have free access to the bank of ideas. This will allow
a free and open discussion of the ideas and their transformation;

electronic document management. It is used at the stages of
design and implementation of the innovations. The users are
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the project team and the management. It serves as a source of
knowledge about all the realized projects.

The challenges of the marketing in the innovation system are re-
duced to the promotion of the innovations. To oversee the develop-
ment and implementation of the projects (project stages) the reports
must be drawn up, stipulating the financial results and significance for
the development of the activities of the enterprise and the enterprise
itself. It is desirable for the project team to complete the article about
the project for the in-house and / or external placement.

The financing of the innovative activity should have two components:

— financing of the strategic, long-term developments of impor-

tance for the future of the enterprise;

— financing of the tactical and operational developments, mainly,

updates and improvements.

The financing of the strategic innovations by the enterprise can be
performed either at their own expense or with the participation of the in-
volved ones. The Own funds are formed at the expense of the part of the
capitalized profit (the profit remaining at the disposal of the enterprise).

But the own funds may be sufficient for the design and develop-
ment, but not sufficient for the implementation, development and mar-
ket penetration. Therefore, the enterprise should attract the investors’
funds, which can be formed from the following sources:

— additional contributions of the founders (major shareholders) of

the enterprise;

— funds obtained due to the initial public offering — IPO.

The financial resources of the bank (loans) may be attracted only in
the most extreme case.

Thus, the funds of the development fund of the enterprise should
be divided into two parts:

— the investment fund — financing of the innovations requiring the

funds not only for design and development, but also the funds
for investments. The disbursement is long-term;
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— the financial fund for the financing of the projects and develop-
ments requiring insignificant capital investment. The disburse-
ment is performed within one fiscal year.

The main objective of the system of motivation of the project
team and the innovators is the launch and the support of the mecha-
nisms of the innovative and effective development of the enterprise
given the active participation of its staff. The system of motivation
should be built and adjusted based on the experience of the innova-
tive activity of the enterprise itself, as well as other business organi-
zations and rely on the resources for the management of the develop-
ment of the enterprise. The motivational system should contain two
subsystems [6]:

— material incentives (incentive fund);

— moral incentives.

The subsystem of material incentives is built on the basis of two
components:

— the formula of motivation;

— the amount of incentives (remuneration).

The formula of motivation formula defines the relationship be-
tween the level of achievement of the degree of profitability of the
project and the volume of funds allocated in the incentive fund. The
volume of the material incentive fund indicates the amount of remu-
neration in terms of value and is included in the project budget. It
must be paid in case of 100% (or close thereto) achievement of the
project objectives. The development of the motivation formula must
be commenced at the initial stages of the project (preparation and pro-
tection of the proposition). The final wording of it must be acquired in
the project business plan. The remuneration of the participants of the
project is determined individually, depending on the outcomes of the
project and the degree of participation of each participant.

The incentive fund should be formed depending on the type of
project. For projects with the determinable direct financial result the
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fund is formed in proportion to the financial result. The volume of the
fund should be based on the following criteria:

— the importance of the project for the enterprise;

— the complexity and novelty of the design solution;

— the complexity and history of the project.

For projects without direct financial result (or where it is difficult to
determine) the volume of the incentive fund can be determined by an
expert. The amount of the incentive is determined based on:

— the importance and complexity of the project;

— the labor intensity of the project;

— the opportunity cost of the design work, for example, by out-

sourcing.

Given that, the amount of remuneration for the projects without
direct financial result shall not exceed the threshold for these types of
projects established by the enterprise.

The incentive of the project team members is applicable for [see 10]:

— the idea;

— the participation in the development of the project;

— the results obtained.

The proportions of the remuneration should be established at the
initial stages of development and should be adjusted in the develop-
ment of the business plan.

In addition to the direct cash payments for the innovation and de-
sign activity, the project participants may receive other types of mate-
rial incentives.

A constant monetary compensation, royalty, may be established for
a definite proposal and may be in the form of:

— apercentage of sales volume within a specified period;

— apercentage of the financial result obtained for the sales or other-

wise.

Also, the innovator may be rewarded for the idea with a stake, or
with a position of the founder of the enterprise.
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In addition to material incentive and motivation system should
contain a subsystem of moral incentive. Moral incentive has more
powerful effect.

The following may be used as the moral incentive:

— the awarding with the diploma, pennant, etc. for the results

achieved;

— the best in the profession;

— the best innovator of the enterprise, etc.

The innovative activity is always associated with high risks. There-
fore it is necessary to form a control system for the monitoring of
the innovative projects. This system is independent of the corporate
control system. Its main challenge is to predict the effectiveness and
profitability” of the projects being developed and their results. The
monitoring should be carried out in the following areas:

— the use of funds for the implementation of the project;

— the evaluation of the results of the project development stages;

— the assessment of the future profitability and business efficiency;

— the need for additional financing of the project;

— the assessment of the further development of the project or its

termination.

Therefore, in planning and developing of the project schedule it is
required to determine the “control points” for prediction of the future
outcomes. The monitoring should be carried out by the top-managers
of the enterprise, the involvement of the independent, external experts
is possible in case of necessity.

Conclusion
The corporate innovation system is the targeted complex system.
The main objective of the system is the sustainable development of the
enterprise (firm). This system includes the following main elements:

2 The term “profitability” is understood by the author as the possibility of making
a profit in future periods.
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the internal and external information; the bank of ideas; the incentive
system; the innovation financing fund; the technical means. The inter-
action among the elements of the system is ensured by the following
processes: the planning and marketing of the innovative activity; the
search and expertise; the design and implementation; the communica-
tions; the financing; the motivation and the incentives.
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CONTROLLABLE MODEL OF MULTIMODAL
TRANSPORTATION

Nikolaev A.B., Ivakhnenko A.A., Pashayev V.V., Tregubov P.G.

This article discusses the construction of multimodal transporta-
tion models based on controlled networks. The developed model is pa-
rameterized by statistical data on international motor transportation.
1t is proposed to implement cargo traffic models through mechanisms
of controlled networks. At the same time the flow in the controlled net-
work determines how the transportation of goods comes from the top
of the graph (source) to another (drain) on its arcs.

Cargo movement around the selected graph arc is performed in
accordance with the selected direction. Loads moved from the source
to the drain are represented as the units of cargo.

Keywords: Multimodal transportation, cargo traffics,; controlled
networks,; graphs; statistical analysis; autocorrelation; spectral con-
centration.

1. Introduction

At the present time, development of transport networks and corri-
dors allows logistics system to choose the objects more dynamically,
since they make up the transport network on a set of performance
indicators in order to reduce transport costs [16].

The main objectives in this case are: the formation of more effi-
cient routes of goods transportation on the transport network, taking
into account the business constraints (objects schedule, bandwidth of
facilities, the availability of facilities, integral characteristics of vehi-
cles and motive power). Also, when choosing an effective transport
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plans of multimodal transportation system you must take into account
restrictions on the haul distances of logistics network [5, 9].

Therefore, for example, the work of the international logistics cen-
ters operator can be built on the following choice principles [3, 4]:

e information on all available terminals;

e site selection for cross-docking;

e rating for transportation in the multimodal transport system;

e sclection of vehicle types to assess their availability zone and

adequate load capacity;

definition of the set of available routes;

generalized criterion selection for evaluating the effectiveness
of consolidation and deconsolidation;

formation of the vehicles control methods;

quantitative assessment of vehicles on the basis of the availabil-
ity restrictions or fixed quotas;

e problem solution of building a load in a container based on the

set of restrictions and rules;

formation of stacking pattern in the form of tier;

identification of the set of goods on their possible compatibility
and incompatibility.

Failure of some or at least one element or object from the Auto-
mated Storage & Retrieval System (ASRS) for undetermined reasons
can lead to the disruption of the supply chain in the logistics scheme
of multimodal transportation [1, 2, 12]. As a result, such violations can
potentially ruin the business relationships with the customer. Typical-
ly, the ASRS is very complex, so the role and characteristics of each
object cannot be evaluated without the relevant models and further
statistical analysis [7, 8].

In practice, in order to optimize the above factors you usually have
to apply a variety of means to reduce the computational operations.
Thus, the corresponding operations can be very cumbersome for large
quantities of ASRS items or objects [6, 10].
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2. Controlled network model

Models of cargo traffics are invited to implement through the
mechanisms of controlled networks (CN) (Figure 1). The flux in the
CN determines how the transportation of goods (in general, arbitrary
objects) comes from the graph vertex (source) to another (drain) on its
arcs [4, 5].

Cargo movement through the selected arc is performed in accor-
dance with the selected direction.

Loads moved from the source to the drain are represented as the
units of cargo traffic [7, 11, 14].

Sources Controlled network Drain
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O
O

Fig. 1. Controlled network

The task of finding the maximum flow graph with any number of
sources and drains was also reviewed. For this purpose, two additional
peaks, the main sources and drains, are determined (Figure 2). In this
case, the main source is connected to all the sources of the original CN
S5 Sy ... by arcs (S, s), (S, s,), .... It is assumed that the capacity of
the new arcs, linked to the main drain and source, has no restrictions.
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Similarly, the original CN drains ¢, ,, ... are engaged with the main
drain T. Thus, the arcs capacity (¢, T), (¢,, 1), ..., is also considered
unlimited.

Thus, the flow in the expanded graph from the main drain in the
main flow actually corresponds to the flow in the original graph from
the set of available sources in a set of drains.

It is also possible to show that the converse proposition is hap-
pened. The maximum flow value for the extended graph (Figure 2)
corresponds to the maximum value of the flow in the original graph
(Figure 1). As a result, the maximum flow search procedure for or-
dinary graph can also be used for the flow search in the extended
graph [13].

Controlled network is a set of core network and its partial finite set
of subnets. Partial subnet is obtained by exclusion of several arcs of
the core network. The configuration of the controlled network is the
same partial subnet of the core network.

Controlled
network Drain External

v@ O Q @ drain

o] 2 4Ou0 G\

| So, | Q/
. ~
i

/ )
Fig. 2. Graph with multiple sources and drains

External Sources
source
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It is assumed that the flow passes through the controlled network.
This control is realized by selecting the current topology or network
configurations.
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In order to determine the selection rules of the network configura-

tion the vector control is used

u=[u..ul,ueU=UxUx*xU, (1)
where u, € U, = {0,1,..., u/}, u/e Z, i=1,M, Z_ — set of positive
whole numbers. ’

Each arc of the core network is associated with some component
of the control vector.

Under certain values the components of the control vector and
coupled arc with it are excluded from the core network topology that
defines one of the possible configurations of CN. One of the control
vector components can be engaged with a set of CN arcs. Finite set
of values is defined by basic CN for each arc, the control vector arc-
linked component may receive them and wherein the selected arc is
not excluded from the core network.

3. A formal description
of controlled network cargo traffics
For the formation of the control procedures in the transport and
logistics network based on the CN, the graph structure of the core
network is described by an adjacency matrix
A=la],a,€{0,1},i,j =1L, )
where L — the number of core network nodes.
To formalize the communication elements of the control vector
u = [u,...u,]" with the graph structure (i.e., arcs) of core network the
control matrix is used
C=lc,l.c, € {0.1.2,..M},i,j =1,L, (3)
where C;— serial number of the control vector component, that is as-
sociated with the core network entity or arc, outgoing from the i-node
to the j-node. In the absence of arcs between nodes i and j, value will be
c,=0,ifa,=0,i,j=1,L
Control vector component takes a set of values, for the formaliza-
tion of which the matrix of permitted phases is used
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=[F).F,cU_,ij=1,L, (4)
where F, — component of the matrix F‘ is the set of values taken by the
correspondlng component ~of the vector control u=[u,...u, " for the
core network arcs from i to ], "which remain in the core network graph.
Therefore F, = &, when a;,=0,i,j = 1,L.

For formahzed task of decreasmg procedure the value of the flux
vector elements (for example, for i, 1<i<L) you should reduce the val-
ues of the components of the total throughput capacity of the arcs that
originate from the node 7, for the defined CN configuration.

If the value of the element x, is currently less than the total capacity
of all output from the selected node arcs, then on the basis of the usual
arithmetic subtraction you can obtain values less than zero compo-
nents.

Let the controlled network be a basic graph shown in Figure 3.

(D2

Fig. 3. Basic graph of the controlled network

Controlled network has four nodes, L = 4, of those the node 1 is
source and node 4 is drain.

As a result of the statistical parameterization necessary matrices
were found. The set of controlled network configurations are shown
in Figure 4.

Let’s consider nine control strokes, k=1,_9. On each stroke we
choose an arbitrary value of the control vector u = [u, u,]".

The amount of flow is defined for continuous distribution matrix D.
The simulation results are represented in Table. 1.
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u=[11]" u=[1 2]

Fig. 4. Set of controlled network configurations

Table 1.
Simulation Results
k [u, u,]" [x, x,x, %]
0 - [1000 0 0 0]"
1 [0 07" [973 12 150]"
2 [0 1] [961 12 21 6]”
3 [o17” [949 12 27 12]"
4 [t [949 0 33 18]
5 [12] [949 0 21 30]”
6 [12])" [949 0 9 421"
7 [02]" [937 120 51]"
8 [10] [922 6 21 51]”
9 [r1yr [922 0 24 54]"

In the table on the zero stroke, £ = 0, the third column gives the
initial value of the flow vector, x(0) =[1000 0 0 0]".
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4. The parameterization of flows and its forecast
For the above model of flows, the time series can be decomposed

into two components — the deterministic and random y=f(7)+e. As a
result of the conducted correlated data analysis ASMAP, a significant
relationship between the cargo traffics (Table 2), which can be used
to improve the quality of forecasts and therefore the choice of routing
schemes, is showed [45, 106].

Table 2.
Correlation table

Correlations (TpullocTa.sta)
Marked correlations are significant at p < ,05000
N=365 (Casewise deletion of missing data)

Variable | Means | Std.Dev.| V37 | Vv39 | V40

V37 321,0384 96,59291 1,000000 0,791354 0,600779
V39 47,1041/ 19,10426 0,791354, 1,000000 0,595289
V40 71,0438| 27,33961 0,600779| 0,595289 1,000000

Value
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Fig. 5. Time series of transportation volumes
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Autocorrelation Function
V39
(Standard errors are white-noise estimates)

Lag Comrr. §olfo T T T Q P
1 +,593 ,0521 {129,4 0,000
2 +,351 ,0521 {174,9 0,000
3 +,270 ,0520 {201,9 0,000
4  +,270 ,0519 {228,9 0,000
5 +,333 ,0518 4270,2 0,000
6 +,489 ,0518 4359,2 0,000
7  +,649 ,0517 {517,0 0,000
8  +,463 ,0516 4597,3 0,000
9 +,272 ,0516 {625,1 0,000
10  +,191 ,0515 {638,9 0,000
11 +,160 ,0514 {648,6 0,000
12 +,256 ,0513 1 {673,5 0,000
13 +,442 ,0513 {747,8 0,000
14  +,607 ,0512 {888,5 0,000
15  +,446 ,0511 {964,4 0,000

0 0

-1,0 -0,5 0,0 0,5 1,0 —— Conf. Limit

Autocorrelation Function
V37
(Standard errors are white-noise estimates)

Lag Core. 8.k, T T T Q P
1 +,759 ,0521 211,8 0,000
2 +,523 ,0521 312,7 0,000
3 +,424 ,0520 379,3 0,000
4 +,400 ,0519 438,8 0,000
5  +,445 ,0518 512,4 0,000
6 +,588 ,0518 641,4 0,000
7  +,687 ,0517 818,1 0,000
8 +,570 ,0516 = 939,9 0,000
9  +,390 ,0516 B 997,3 0,000
10  +,309 ,0515 F— 1033, 0,000
11 +,297 ,0514 F 1067, 0,000
12 +,351 ,0513 = 1113, 0,000
13  +,518 ,0513 1215, 0,000
14  +,623 ,0512 1363, 0,000
15  +,525 ,0511 1469, 0,000

0 0

-1,0 -0,5 0,0 0,5 1,0 —— Conf. Limit

Fig. 6. The autocorrelation functions of cargo traffics
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The analysis was conducted for cargo traffics on imports from Eu-
rope in three checkpoints. The corresponding graphs are shown in Fi-
gure 5.

It should be noted that the autocorrelation functions of flows through
point 37 and 39 (Figure 6) have a sufficiently large value, which means
the considerable stream inertia.

For a more adequate model of cargo traffic forecast during the
work it is proposed to use spectral analysis, which makes it possible to
assess the seasonality of the time series [15].

As graphic form of the results visualization the following periodo-
gram is used: P, = sin(K),* + cos(K),> * N/2 , where P, — the periodo-
gram values obtained at the frequency v,, and N — the total duration of
the time series. These values can be interpreted as a variation of the
data at a given frequency. When visualizing the periodogram it can be
displayed depending on the periods or frequencies.

Constructed periodogram of analysed series of cargo traffics gave
quite interesting results.

Thus, for cargo traffic through the point 39 there are three distinct
components of seasonality (Figure 7).

The highest amplitude value corresponds to the period of 7 days
(week). Similar results were obtained for cargo traffic through the
point 37.

However, in this flow two frequencies prevail, namely 7 days,
which corresponds to the periodogram value 0.15, and the frequency
corresponding to half weeks is added. There are three prevailing fre-
quency of 7 days, 3.5 days and 2.33 days for cargo traffics. Similar
results were obtained for traffic through the point 37. However, in
this flow two frequencies prevail, namely 7 days, which corresponds
to 0.15 periodogram. To solve the problem of forecasting cargo traf-
fics as the base model the usage of time series model is proposed:
X, =b + e, where b — constant and ¢ (epsilon) — random error. More-
over, the decreasing weight is set in the exponential smoothing
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method for more distant observations under exponential law. Unlike
the moving average all the values of the time series are taken into
account.

Spectral analysis: V39
No. of cases: 364
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Fig. 7. Cargo traffic periodogram through the 39 point

5. Conclusion

It is proposed to implement the cargo traffics simulation through
the theory of controlled networks, in which the flow determines how
the transfer of some objects will come from one vertex to another
on its arcs. The main elements of the network are the source and the
drain, which characterize the points of sending and receiving of goods.
Control, bandwidth and distribution matrices, which are aimed at a
formal problem solution of cargo traffic maximizing, were formed.
The process modelling problem of cargo consolidation, which allows
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us to estimate the numerical characteristics of random variables deter-
mining cargo traffics, was set and solved.

One of the objectives is to convert the input streams of small vol-
ume, which come from shippers on the vans to the output streams,
representing the volume of the container as the goods accumulation
belonging to the same recipient.
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KOMIIBIOTEPHBIE METO/JbI
I'EHETHYECKOI'O AHAJIN3A

Ocunoe A.JI., Tpywuna B.I1., Yenmaeea E.A.

Paccmampusaiomest ocnognble cmamucmuyeckue Memoobl, Komo-
pble UCNONL3YIOMCS NPU NPOBEOCHUU 2CHEMUYECKO20 AHAAUZA NPUSHA-
K06 uenosexa. HMccenedosanvl Memoovl cecpecayuoHHO20 AHaIu3d, aHd-
JIU3A CYenieHust U ailebHbIX accoyuayuil. Pazpabomano npoepammuoe
obecneuerue O/ pearu3ayuu SMux Memooos.

Knruesvie cnosa: cyennenue; accoyuayusi, RpuHAmMue peuleHull;
CIMAmMucmuyeckue Memoobvl;, NPOSPAMMUPOSAHUE, KAPMUPOBAHUE, Gbl-
bopxa, ananus.

COMPUTER METHODS OF GENETIC ANALYSIS
Osipov A.L., Trushina V.P, Chentaeva E.A.

The basic statistical methods used in conducting the genetic analy-
sis of human traits. We studied by segregation analysis, linkage anal-
ysis and allelic associations. Developed software for the implementa-
tion of these methods support.

Keywords: clutch, association, decision making, statistical meth-
ods; programming, mapping, sampling, analysis.

I'eneTnueckuii aHaau3 — 5TO 00JACTh T'€HETHUKH, 3aHUMAIOLIAS-
Cs BBISICHEHUEM MEXAHU3MOB I'€HETHUYECKOM JeTepMHUHAIIMU pa3iihy-
HBIX IPU3HAKOB. B pamkax »Toro pasjesna peniaroTcs BOIPOCHl O TOM,
CKOJIBKO M, KaKWX T€HOB Y4YacTBYyeT B OOeCHeueHHH MmoiuMopdu3Ma
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MpU3HaKa, I1e OHHU JIOKAJIN30BaHbl, KaK (DYHKIIHOHUPYOT, B3aUMO/ICH -
CTBYIOT JTH APYT C OPYroM, MOTUMDUIIUPYIOTCS U BHEITHUMU (haKTO-
pamu u ap. [2, ¢. 6]. OnHUM K3 Ba)KHEUIINUX 3TANOB F€HETUYECKOIO
aHaiau3a SIBJSICTCS KapTHUPOBAHUE T€HOB, KOTOPOE MO3BOJSET IONY-
4yarh MH()OPMALIMIO O TIO3UIUK I'€HA M OKa3bIBaTh OIPOMHOC BIIMSHHE
Ha MOHUMaHKUE MEXaHU3Ma 3aPOXKIACHUS U PA3BUTHI MHOTHX OOJIe3HEH.

i B |
ol TeHeTwyeckWid aHaMs NPUSHAKOE YENOBEKa Ii@lé]
&) Cnpaeka

METO/[Abl KAPTUPOBAHINA:

l Case-control I ’ S5-TDT l

l HHRR l l [WcnepcioHHBIA aHANN3 ]

[ TOT ] [ lod score ]

TECThI:

H-W testing l

Puc. 1. I'naBHas popma npuitoKeHus

Lesnbro paboThI SIBIISETCS pa3padOTKa IPOTPAMMHOI0 00ECIICUCHHUS
JUTS TEHETHYECKOTO aHAIN3a MTPU3HAKOB YeJI0BEKa C IIOMOIIIBIO CTATH-
CTHYECKHX METOJIOB aHallM3a CIEIUICHHS M accouuaruii. OcHOBHas
uzaes KapTHPOBAaHHS C ITOMOIIBIO aHAJIN3a aCCOLMAINN 3aKIII0YaeTCs
B cienyromnieM. Eciii y 60NbIIMHCTBA OOJIBHBIX B MTOMYJISIIUNA MyTaHT-
HBIW aJulelib UMEeT 00IIee POUCXOKICHNE, OKPYKAFOIIUE MapKePhI
HaXOJSTCS C HUIM B HEPaBHOBECHH T10 CHETICHHIO. J1JIs JToKaIu3amm
TeHa, KOHTPOIUPYIOIIETO O0JIe3Hb, HAJI0 HAUTH TAKOW MapKep, OIHH
U3 ajienieil KoToporo npeobdnanaer y 6onpHBIX [3, ¢. 381]. C momo-
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b0 aHAJIN3a aCCOIUAIMI MOKHO KapTHPOBATh KaK MPOCThIC OMHAP-
HbIC, TaK W KOJIMYECTBCHHBIC NMPH3HAKA. MarepuaioM JUls aHajiu3a
MOTYT CIIY)KHTbh CITy4ailHble BHIOOPKH W3 MOIYJISIUHU, HE3aBUCHMBIC
rpynnbl OONBHBIX M 30POBBIX JIOIEH MU BBIOOPKH POJICTBEHHBIX
ocobeii [1, c. 34]. MuorooOpazue nu3aifHOB HKCIIEPUMEHTA MIPUBEIIO0
K CO3[aHHI0 OOJBIIOT0 KOJIMYECTBA CTATUCTUYCCKUX METOIOB aHa-
732, COOTBETCTBYIOIIUX THITYy TPU3HAKA, YHCIY U THUIYy MapKepoB,
CTPYKTYype BBIOOpKHU. B pa3pabarsiBaeMOM MPOTrpaMMHOM ITPHIIOKE-
HUU UMEETCs OJ[HA I1aBHast (popMa, mpejicTaBieHHas Ha puc. 1.

PaccmoTrpum paboTy NpuiIoKeHHsI Ha IPUMEPAxX € UCIIOJIb30BAHM-
€M peallbHbIX JaHHBIX. [IyCcTh MapKEpHBI JIOKYC TIPEICTABICH TPEMS
AIJISIISIMU, PACTIPEICTICHUE KOTOPBIX Y OONBHBIX U 3JIOPOBBIX MOKa3a-
HO B Tabnuie 1.

Tabruya 1.
Ipumep nanubIxX Aiasa Meroaa Case-control
Annenu BonbHble 310poBBIE
1 104 75
2 86 33
3 56 104

o] Case-control

Ha puc. 2 nokazana ¢gopma Case-control u pacuyer nokasarenei:

= | S| ——

AanHbie:

* |Beero

Sacpoesie Beero

75
EE]
104
212

179
119
160
458

Sarpyanie us paina |
OUNCTUTE

KpuTepnii:

[xn-xeaapar ~|

Paccuntate ‘

\l X2 = 40.4

Puc. 2. ®opma Case-control

Pe3ymprar Tecra, MOIyUEHHBIM C IMMOMOINBIO MeToma case-control
IIPH pacyeTe KpUTepHs XU-KBaJpar, MoKa3aH Ha puc. 3:
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PesynbTaT |~—in:h

w2 = 404 Bonewe rpanuyHore (5,997,

YacToTel MapKepHex anneneid y BoneHbIX WM 340PCERIX NPegcTaENTENEd
ACMYAALMKM OTAMYEHTCOA,

Lo |

I —

Puc. 3. Pesynbrar Tecta ¢ mOMOIIBI0 MeTofa case-control

Paccmotpum erie oquH mipumep. Ilycts B rpymmy GONBHBIX MOMaIH
28 genoBek ¢ renotunioM MM, 48 — ¢ reroturioM Mm u 19 genosek ¢
reHoturioM mm. B rpynme 3mopoBbix 29 udenoBek ¢ reHotunoM MM,
17 — ¢ renoTuioMm Mm # 8 4ei0BeK ¢ TEHOTHUIIOM Mm. M3 3THX TaHHBIX
JIETKO TIONMYYHTH pacIipeieieHne ayuieiell MapKepHOTO JIOKyca Cpemu
OONBHBIX U 3[I0POBBIX JIOAEH, KOTOpPOE U 3aHOCHUTCS B TabnuIry Ha (op-
Mme Case-control. [Iponssenem pacuer kputepust Odds Ratio, BeiOpas ero
U3 CIIUCKa cripara, ot Tabmuipl. Ha puc. 4 mokaszana ¢opma Case-control
TIOCJIE BBOJA JAHHBIX KOHTPOJIBHOTO TIPUMEPA U pacuyeTa MoKa3aTeseH.

| (S | e S

all Case-control

AaHHBle:

Annens Bonsreie 3aopoesie Beero Zarpy=nTe Wz baiina

1 |104 [75 179

— > FOR—
KpuTepmii:
©dds Ratio ~
‘ PaccumTtath l

OR = 1.879, [1.141, 3.096]

Puc. 4. dopma Case-control mociie BBoa JaHHBIX

Pesynbrar Tecta, MOMYYEeHHBIH ¢ MOMOIIBI0 MeToAa case-control
npu pacuete kpurepusi Odds Ratio, mokazan Ha puc. 5:
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PesynbTar e S|

OR = 1.879

EamHnua He nonagaet 8 95%-A goeepuTeneHblid maTepean [1.141, 3.095].
PAosHD CAENaTE BBIECS © HAMMYMK 2CCOLMALMK MENDY BONEIHEID M afnenem
WMy HAEMOrD ACKyCa.

Puc. 5. PesynsTar Tecta ¢ momMoIsio MeToza case-control mpu pacuere OR

B xauectBe mpumepa mius merona HHRR pacemorpum BEIOOpPKY,
cocrosimryro u3 100 GONBHBIX JeTel U UX pomuTenel, 1 chopMupyeM
TaOMHILy, XapaKTePU3YIOLIYI0 TPAHCMUCCHIO aJljIesiel, TaHHbIe KOTO-
poii mpuBeeHBI B Ta0IHAIIE 2:

Tabruya 2.
IIpumep pannbix aas meroga HHRR
Henepenannsie amenu
[epenannbie amnenu
amiens 1 aJIens 2
Amnens M 93 31
Amterns m 63 13

3HaueHs, MPUBEACHHBIC B 3TOH TaONHUIIE, HCTIOIB3YEeM ISl BBIYHC-
nennst kputepuss HHRR. Ha puc. 6 mokazana popma HHRR mocne
BBOJIa JaHHBIX:

a! HHRR — (= e
He He
MepeaaHHBIE
nepegaHHEIE nepesgaHHBIE Bcero
annenmn
annenm b AAAEAK M
P a3 [31 124
y m & FER -
Bcero 156 | 44 | 200
|
COYMCTHTE l BhIYMMCIMTE ]
I
HHRR = 12,19, df = 1, P = D.0005 o

Puc. 6. ®opma HHRR nocne BBoma JaHHBIX
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Pesynbrar Tecra ¢ nomomero Merona HHRR nokazan Ha puc. 7:

-
PesynbTart I &J

HHER = 12,19 Scnelle rpaHMYHOrS SHa4YeHMA KpUTEpKA xu-Keagpar (3.541].
df =1, P = 0.0005

PoskHO CAENaTe BEIBOS 0 HEAWMYWMK BCCOUMALMK MEXKTY annenem M 1 BonesHero,
oy CNoBEAEHHOH CUEMAEHWEM MapKepHOro Aokyca M 1 reHa, KoHTpoAMpyHILLLErD
GonesHe.

——

Puc. 7. Pesynbrar Tecta ¢ nomouisio merona HHRR

B kauecTBe JaHHBIX JUIs IpUMEpa TECTUPOBAHUS C TTOMOIIBIO Me-
toga TDT paccMoTpum 3Ha4eHUs1, TPUBECHHBIE BhIIIE B Talmuie 2.
Ha puc. 8 nokazana gopma TDT mocne BBoxa 1aHHBIX.

ol TDT = | )
[ oBBIYHLIA 7 ]
N He He
EpEAEHHbIE

nEpE_H,EHHbIE I'IEpE,u'J‘EHHbIE BCEFD

anenm
annenn M ANNEMN M

M 93 31 124 |

Beero 156 44 200

OUKNCTHTE [ BhIYKMCAWTE ]

TDT = 10.89, df = 1, P = 0.001

i

Puc. 8. Popma TDT mocne BBoga JaHHBIX

Pesynbrar Tecrta, nonyueHHslid ¢ nomouipto metona TDT nipu pac-
4yeTe OOBIYHOTO KPUTEPHs, TOKa3aH Ha puc. 9:
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]

TOT = 10.89 GonblUe rp@aHUYHOIT SHAYEHWA KPUTERKA Xn-Keagpat (3.841].
df =1, P = 0.001

PoskHo CaenaTe BEIBC O HEAMYMKM BCCOLMALMK MEXTY annenem M 1 BonesHero,
ofyCNoBEAEHHON CUEMAEHWEM MAPKEpPHOro nokyca M 1 reHa, KoHTpOoNMpyYHILLLEr D
BonesHe.

b —

Puc. 9. Pesynsrar Tecta ¢ nomompsto meroga TDT

Ha puc. 10 nmokazana ¢popma TDT nocie BBoJa JaHHBIX U pacueTa
kputepuss TDT, 0oCHOBaHHOTO Ha OTHOILICHUH ITPABIOTIOI00NS.

EI "|
adl TDT ) g I E=N R
[D‘CHO‘B., Ha OTH. npﬂBﬂDﬂOﬂOﬁHﬂ "]
He He
MepeaaHHEIE
MEpElaHHEIE NepesaHHEIE Brero
Annenn
| annenn M | annenu m
M 93 Ed 124
Beero 156 44 200 |
OYHMCTHUTE [ BrIUMCANTE ]
FpuTepwi oTHoWeHWA npasgonogotua = 1111, df = 1, P = 0.0009

Puc. 10. ®opma TDT nocne BBoAa JaHHBIX

Pesynbrar Tecta, nonyuyeHHslil ¢ nomouisto merona TDT npu pac-
4yeTe KPUTEpHsl, OCHOBAHHOTO Ha OTHOILEHHUHU MPAaBAONOA00MS, TOKa-
3aH Ha puc. 11:
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-
PesyabTaTt . léj

InL1 = -59.6, InL0 = -65.16

Kpurtepuii oTHoweHna npasgonogodna = 11,11 Scnelue rpaHMYHOrC SHaYEHWMSA
KpWTEpKMA x1M-KeagpaT (3.841].
df =1, P = 0.0002

MMoscHD CASENaTE BEIEODA O HAAMYMK 2CCoOUMALMKM MEXAy annensm M 1 BonesHero,
By CNOBAEHHON CUEMAEHMENM MapKepHOoro Aokyca MM 1 rena, KoRTpoAMpyroWErS
BonesHe.

Puc. 11. Pesynsrar Tecta ¢ nomoisto meroga TDT npu pacuere kpurepus,
OCHOBAHHOI'0 Ha OTHOIICHHUH MPABJOIOI00US

B kauecTBe mpuMepa BO3bMEM BBIOOPKY, COCTOSILIYIO M3 TpeX
SIIEPHBIX POJIOCTIOBHBIX, B KOTOPBIX HE HM3BECTHBI TEHOTHITBI 00O-
WX pOAMTENeH, HO TEHOTUITMPOBAHO MO HECKOJIBKO TTOTOMKOB, CPEAH
KOTOPBIX BCTPEUAIOTCs Kak OOJIbHBIC, TAK U 310pOBble. DTU JIaHHbIE
Obutn BHeceHb! B Tabiuiy Ha opme S-TDT u BoleneHs! B Hell po3o-
BbIM 11BeTOM. Ha puc. 12 nokaszana gopma S-TDT nocne BBona naH-
HBIX M pacueTa CTaTUCTHUKH.

— — — ~
al STDT I e (e e —c—
Yucno anneneid My
FenoTun
BoneHeix cnbBos
Homep HaGnto- Oxun-  Juc-
cwBcTea, Cratyc cuBoe MM Mm mm A3EMOE A3EMOE MEpCHUA
i ¥i Ei Wi
f
1 BoneHele 1 2 Q 4 £ 0.6
3acposbie 4] 1 1
2 BoneHele Z (4] (4] 4 3.23 0.22 + [
3acpoBbIE 0 1 1]
3 BoneHbie & 1 (4] 5 375 0.59 ‘E L]
> 3aopoEbie [} [}
Cyraraa \ EE 10.08 1.51
OuUNCcTHTE | BuluncinTb f
Cratuctuka Z = 1.97, p = 0.025 |J

Puc. 12. ®opma S-TDT nocie BBoAa AaHHBIX M pacuyeTa CTaTUCTUKU

Pesynprat, momydeHHsid ¢ momompio Merona S-TDT, mokazan Ha
puc. 13:
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PezynuTat i lﬂj

&

CratncTvka £ = 1.97
p = 0.025

Puc. 13. Pesynbrar Tecta ¢ momoursio Metona S-TDT

Mm Y (=] [ Jarpy3anTe K2 daina ]
-0.154 -0.157
1.108 -0.714 [ P — ]
-1.195 0.041
0.562 0.687 L
-1.098 -0.246
1.927 0.938
-0.412 -0.42 I
0.897 0.355
-0.14 -0.349
1.007 0289 [T i
0.85 0119
-0.454 -0.051
-1.328 -0.538
0.454 1.831
01715 02935 | |
s (=l PaccumnTaTe

Puc. 14. ®opma «/lucnepcnoHHbIN aHATN3) TOC/IE BBOJA JTaHHBIX

3aronHuM Tabnuiy Ha Gpopme «JucrepcHOHHbIN aHaIu3) 3Hade-
HUSIMH KOJIMYECTBEHHOTO MPU3HAKA Y 0c00EH ¢ pa3IMYHBIMHU T€HOTH-
MaMu MapKepHOTO JIOKyca.

Ha puc. 14 noka3zana ¢opma Jijisi BBOJIa JAHHBIX U aHAJIA32 aCCOIH-
alyii ¢ MOMOIIBIO JUCIIEPCHOHHOTO aHAJIN3a MTOCIIE 3arpy3Ku TaHHBIX
u3 Qaitia 1 pacyeToB:
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Pe3ynbTar IMCIIEpCMOHHOTO aHaIN3a MOKa3aH Ha puc. 15:
PesyastaTt - l.i—:h.lw

F = 1.264 raeHewe TaGnuynore (3.15].

MEHOTUN MapKEPHOrS ACKYCa HE OKaZbIBAET SHAYMMOIS BAMAHWA H3 BEAMYMHY
KOAWMYECTEEHHOMC NPUEIHaKa.

[ ox ]

e —

Puc. 15. Pe3ynbrar 1ucnepcHOHHOTO aHaIU3a

st pacdera paBHOBecHs1 Xapau-BaiiHOepra Bo3sMeM BEIOOPKY,
COCTOSIIIYIO U3 JIBYyXCOT HEPOJICTBEHHBIX 0COOCH, KOTOpbIe ObUIH Te-
HOTHUIU3UPOBaHbI 110 fecsatd SNP mapkepam. Pe3ynbrarel reHOTHIIN-
pOBaHUS MIPECTABICHBI B TAOIHIIC 3.

Tabauya 3.
IIpumep naHHBIX AJIsl pacyeTa paBHOBecust Xapau-BaiinOepra
Homep HaGmronaemble UHCI€HHOCTH T€HOTUTIOB
MapKepa N?/IM N(I\)/[m NS““ NNA

1 114 80 6 0
2 56 111 32 1
3 168 29 3 0
4 167 26 7 0
5 60 96 44 0
6 95 90 14 1
7 51 110 39 0
8 118 48 22 12
9 121 60 19 0
10 79 95 25 1

Ha puc. 16 nokazana ¢popma 1uis pacuera paBHoBecHs Xapau-Baii-
HOepra roclie 3arpy3ky JaHHbBIX U3 Qaiiia:

Ha puc. 17 nokazana 3ta xe opma mmocje pacdyera CTaTHCTHKH.
[omyxupHBIM WPUPTOM U PO3OBHIM LIBETOM B IIOCIEIHEM CTONIOLE
BBIJICJICHBI OTAMYMS Ha ypoBHE 3HaYMMOCTH p < 0.5. DTO roBOpHUT O
TOM, YTO YHCJIIEHHOCTH T'€HOTHUIIOB TPeX M3 JAECATH MapKepoB HE CO-
OTBETCTBYIOT OXKHJAaeMBbIM TIPH paBHOBecHW Xapau-BaiinOepra, n
YKa3bIBAaeT Ha MPUCYTCTBUE OMNOOK. 151 ycTpaHeHHs 3THX OLIMOOK
MPOBOAAT KOPPEKIMIO AAHHBIX C MOCICAYIOIINM TECTUPOBAHUEM.
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[Fo5 Tecr ra pasrosecwe Xapan-Bavnoepra TR [ ) S
HaBnioaaenbie Oxuaaembie ncnenHocTi
“mcnenHocT renoTUNOE renoTunos
':‘:)":sa q NO(MM) NO(Mm) NO(mm) N(NA) NE(MM) NEMm) NE(mm) N X2 pd'f"‘:"l =
- m [ w | & [ o - I
2 | s6 | 11 32 [ [ [
3 | 168 | 29 3 0 | [ [ L
4| 167 | 26 7 0 | [ |
5 | 60 | o6 44 0 [ [ [
6 | 95 | o0 14 1 | [ [
7 51 | 110 ES) 0 [ [ [
8 | 18 | 48 22 12 | [ [ N
= P— = = — 1 T f =

el B

hl
Puc. 16. ®opma «Tect Ha paBHOBecue Xapu-Baiinoepra»
MOCJIe 3arpy3KH JaHHBIX U3 (aiiina
4. Tecr na pasrosecue Xapan-Bainbepra o P S|
Habnroaaensie Oxupsemele “mcnenHocT
“MCAEHHOCTY renoTUNOE renoTunos
Homep prpu 2]
mapkepa q NO(MM) NO(Mm) NO(mm) N(NA) NE(MM) NE(Mm) NE(mm) N x2 df= 1
2 ‘ 0.44 56 ‘ 111 32 1 62.41 ‘ 98.07 ‘ 38.53 199 347 00625 [
3 ‘ 0.088 168 ‘ 29 3 0 166.35 ‘ 321 ‘ 1.55 200 1.67 01963
4 | oa 167 | 26 7 0 162 | 3 | 2 200 | 1543 | 0.0001
5 | ods 60 | o6 44 0 5832 | 9936 | 4232 200 | 023 | 06315 |= I
6 | 0206 95 | o0 14 1 9863 | 8294 | 1744 199 141 0.2351
7 | 047 51 | 110 39 0 5618 | 9964 | 4418 200 216 01416
s | 0245 18 | 48 22 12 10716 | 69.55 | 11.28 188 | 17.96 o L
9 | 0245 121 | 60 19 0 14 | 7399 | 12 00 | 716 | 00075 |
i —— - g P — ———————
< 0 »
3arpyauTe vz paina | [ Ouncrume J BeiuncanTs

Puc. 17. ®opma «Tect Ha paBHOBecue Xapau-BaitnOepray»
IOCJIe pacyeTa CTaTUCTHKU

[lepeuncrieHHble BbINIE METO/IBI, @ TAKXKe TeCcT Xaiau-BaitnOepra,
MPUMEHSIEMBIN 11 KOHTPOJISI TEHOTUITMPOBAHHUS CITyYaiHOW BBIOOP-
KM 0co0eil 13 TOMyISIUK, ObITM peain30BaHbl B BUJE MPOTPAMMHO-
IO MPUJIOKEHUS U TeHETUYECKOro aHalu3a MPU3HAKOB YeJIOBEKa Ha
s3pike C# B cpene Visual Studio 2012. Cozgannas nporpamma OyneT
MoJie3Ha CrealicTaM B 001aCTH TEeHETHKH, U IOMOXKET Topas3io Obl-
CTpee MPOBOAUTH TCHETHUECKUE TECTHI.
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MOJAEJUPOBAHUE KOHIIEHTPAIIUOHHBIX
MPEJIEJIOB HA OCHOBE HEMPOHHBIX CETEHN

Ocunoe A.JI., Tpywuna B.I1L., Ilasnuk H.O.

H3yuaromes modenu npocHo3uposanus KOHYEHMpAayuoHHbIX npeoe-
JI08 C UCNONL30BAHUEM Helipocemesdbix mexHonozul. Paspabomarno npo-
epammmoe obecnevenue 0 peanuzayuu dmux mooeneu. Ilokazana >¢-
exmusrHocms pabomsl cucmembvl Ha IKCNEPUMEHMATLHOM Mamepuare.

Kniouegwie cnosa: mooenuposanue, HetipoHHble cemu, npuHamue pe-
WieHUll, NPOSPaAMMUPOBAHIEe, KOHYEHMPAYUOHHbIE NPedensl; 8blOOpKA,

cmpykmypHas ghopmyna.

MODELLING OF CONCENTRATION LIMITS
BASED ON NEURAL NETWORKS

Osipov A.L., Trushina V.P, Pavlik 1.0.

We study the forecasting model with the concentration limits is-the
use of neural network technology. The software for the implementa-
tion of these models. It is shown that the efficiency of the system in the
experimental material.

Keywords: modeling, neural networks; decision-making,; program-
ming, concentration limits; sampling, structural formula.

Hns npoenenust 3p(EeKTUBHBIX MEPOIPUSTHH MO 00ECIECYCHUIO
[102KapOB3pPbIBOOE30IIaCHOCTH, a TAKKE CO3aHMsl O€30IacHBIX YCIO-
BHH Tpy/Aa HEOOXOIUMO MPABMIIBHO U ITOJTHO OIIEHMBATH TOKAPOB3PbI-
BOOIIACHbIE U (PU3UKO-XMMHUYECKHE CBOMCTBA MCCIICLYEMbIX COCIHHE-
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HU, TaKMX Kak aguabaThdeckas TeMIieparypa ropeHus, Temieparypa
BCIIBIILIKY, BEPXHUI ¥ HIKHUM KOHLIEHTPALIMOHHBIEC TIPeesibl BOCILIA-
MeHeHus U 1p. [4, c. 41]. 3ayacTyro cBeleHUs 0 MOXKapOB3PbIBOOIIAC-
HOCTH HOBBIX HJTH €111 TOIBKO CHHTE3UPYEMbIX XUMUYECKUX BEIIECTBAX
OTCYTCTBYIOT. B cBsI3u ¢ TeM, 4TO 3KCHEepHUMEHTAIBLHOE OTpe/esieHe
roKasareseil MoKapoB3PhIBOOIIACHOCTH COTPSIKEHO C TPYIOEMKH-
MH HCCJIEOBAHUAMH, B HACTOALIEE BPEMs €MHCTBEHHBIM CIIOCOOOM,
KOTOPBIN YIOBJIETBOPSIET BO3PACTAIOLIYI0 HOTPEOHOCTh B AAHHBIX O
M0KapOB3PBIBOOMACHOCTH, SIBJISIFOTCSI pacyeTHBIE METOIbI, KOTOpPHIC
TpeOytoT 3P eKTUBHBIX MaTeMaTHYecKux Mojeneill. PacyeTHbie meTo-
IbI TIOJIE3HBI KaK ISl IPOTHO3HON OLIEHKU I0XKapOB3PbIBOOIIACHOCTH
HCIIOJIb3YEMBIX BELIECTB, TAK U Ha 3Talle IPOEKTHBIX UCCIICIOBAHNUHN 13-
32 HEOOXOJMMOCTH OLICHKH BIIUSIHUSI BO3MOXKHBIX KOJICOaHHI COCTaBOB
PEaKIMOHHBIX CMecel B XUMHKO-TEXHOJIOTHYECKHX TIpoIieccax.

B mocnennne HeckonmbKO JIeT HaOIrOmaeTcst OONBINON HMHTEpEC K
HEUPOHHBIM ceTssM. HelipoHHbIe ceTH IBIIOTCS Hanbosee 3 HeKTHB-
HBIM MHCTPYMEHTOM JUIS 3aJa4 MPOTHO3MPOBAHUS, NPUMEHIEMOMY
MPaKTUYECKU B JIIOOOM CHUTyallMu, KOIJIa UMEETCsl CBSI3b MEXKIY Iie-
PEMEHHBIMU-TIPEAUKTOPAMHU (BXOIaMH) M MPOTHO3UPYEMBIMH Iepe-
MEHHBIMHU (BBIXOJAMH), IaXK€e €CJIM 3Ta CBSI3b UMEET OYCHb CIIOKHYIO
MIPUPOLY U €€ TPYIHO BBIPA3UTh B OOBIYHBIX TEPMHHAX KOPPEIIALIUMA
WIN Pa3IMYUi MEXIY TPyIIIaMu.

KonuenTtpaunonssiii npenen pacrnpocrpanenus miamenu (KI1P) —
OJTHO M3 3HAYMMBIX IT0KAPOB3PHIBOOIIACHBIX CBOMCTB BEIIECTB, OMpe-
JeJICHHE KOTOPOro SBJSIETCS HEOOXOAMMBIM JEHCTBHEM IIPHU OIpe-
JeNICHUN KaTeropuy MOMELICHUH M 30aHMi 1O B3PBIBONOKAPHOU H
MOKapHOH OMAacHOCTH, NpH pa3paboTke Mep MO MPEAOTBPAILCHHIO
II0’KapOB ¥ B3PHIBOB B TEXHOJIIOTUYECKOM O00OPYOBAaHUH H T.J.

KoHIeHTpamMoOHHBIN TIpemen pacripoCcTpaHeHUs TUTaMeHH (BOC-
mwrameHenns) (KIIB) — mMuHUManbHOE/ MakCHMalbHOE COZIEpIKaHHE
TOPIOYETO BEILECTBA B OAHOPOIHOM CMECH C OKUCIUTEIBLHOW Cpenoi
(oxuciuTeneM), Mpu KOTOPOM BO3MOMKHO PaclpoCTpaHEHUE IUIAMEHU
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M0 CMECH Ha JII000e pacCTOsIHUE OT MCTOYHMKA 3akuranus. [1o max-
CUMAJIIBHOMY M MHHHMMAJIbHOMY COJEP’KAHUIO TOPIOYErOo B BO3IYXE
pa3IMyalOT COOTBETCTBEHHO BEPXHUI KOHLUEHTPALUMOHHBIM mpeaesn
BocrutameneHus (BKIIB) u HmkHHUI KOHIIGHTPAIMOHHBIN TPEeN BOC-
mwiameHenus: (HKIIB). Mexny HuMH HaxoauTcsl uHTEpBai (00J1acTh
BOCIJTAMEHEHHS), XapaKTEepU3YIOUIHH TTOKapHYI0 OIMACHOCTh Ta30B,
MapoB, MBI, )kuakocteil. CopeprkaHre TOprovero B Bo3ayxe (pa3mep-
Hoctb KIIP) MoxeT BbIpaxkaTbesi B % (10 oobemy) wim B M [ 1, ¢. 27].
OKCTIEPUMEHTANIBHBIA CIIOCO0 OIPEICNICHHsT TTOKAPOB3PHIBOOIIAC-
HBIX CBOICTB, B ToM umcie u onpenenenne HKIIB, nocrarouno 3arpa-
TeH 1 TpyAoeMoK [ 1, c. 35]. Hamuoro s¢dextrBHEe 1 ynoOHee sSBiseTcs
WCTIOJIb30BaHNE KOMTBIOTEPHBIX MPOTPAMM, peaji3ylolre Haunbomee
TOYHBIC AJITOPUTMBI U MAaTEMAaTUYECKUE MOJEIM pacyeTa TaKUX MOKa-
3areneit [3, c. 89]. Pa3paboTka mporpaMMHBIX CPEJICTB B IEJISIX MPE-
CKa3aHMs T0XKapOB3PHIBOOMIACHBIX CBOWCTB XMMHUYECKUX BEIIECTB Ha
OCHOBE HEMPOCETEBbIX TEXHOJIOTUH SIBJISIETCS aKTyaJIbHOM 3a/1a4ei.
Jus mporaosuposanus HKIIB oro6pana madopmanus o 300 co-
€IMHEHUSIX, OTHOCSIIMECS K Pa3IMYHBIM KJIacCaM XUMHUYECKHX Be-
IECTB: HANMEHOBAaHHUE BEIIECTBA, KJIACC, CTPYKTypHas Gopmyra, 3Ha-
genue HKIIB [1, c. 57; 2, c. 65].
3amaya MPOrHO3UPOBAHUS peIIaeTCs IMyTeM OOyYeHHsI HeHpOHHOM
CEeTH BBIOOPKOI M3 XUMHYECKUX COCAMHEHHUH C 3aJaHHBIM IIOKa3aTeIeM
HKITIB. Nmes roTOBY10 HEHPOHHYIO CETh, MO’KHO BBECTH CTPYKTYPHYIO
(hopMyiTy BelieCTBa U MONMYIUTH TipenckazanHoe 3Hadenne HKIIB mis
XUMHUUECKOTO coennHeHus. lIporpamma Takke IMO3BOJISIET BHOCHUTH
B 0a3y JaHHBIX HH(OPMAIMIO O HOBBIX BemiecTBax, 3HadeHuss HKIIB
KOTOPBIX JIOCTOBEPHO MOATBEPXAEHBI. C y4eTOM 3THUX HOBBIX JaHHBIX
MMEETCS] BO3MO)KHOCTh NepeoOydeHus] HEHPOHHON CETH, a TaKKe JKC-
MTOPTUPOBATH OTUETHI 110 pe3yasTaraM nmporao3uposanusi B MS Excel.
Ha cunaricel HelipoHOB TEpBOTO CJOS TOAaeTcs MHPOpPMAIHUsI O
HaJU4YUU U KOJUYECTBE JIECKPUITOPOB, MPUCYTCTBYIOIIUX B CTPYK-
TypHO# (opmyne. B xadecTBe Takux JECKPUITOPOB OTOOpAHBI Clie-



70 IJAS, Volume 6, Number 2, 2016

nytonme (GparMeHTapHbIe COCTABISIIOIIUE (OPMYJIIBI: aTOMBI C yue-
TOM BaJICHTHOTO COCTOSIHHSI WJIM aTOM-CBSI3b-aToM. Takmm oOpazom,
Ha BXOZBl KaXKIOTO HEWpOHA IEPBOTO CIIOS TOAAETCS CIeMyIoIIas
nHpopmanust: 0 — ecinu COOTBETCTBYIOIINHM ()parMEeHT OTCYTCTBYET B
CTPYKTYpHOI (hopmylie, U B ciiydae Halmuuus parMenTa B popmyie —
ur(pa, MOKa3bIBAIONIAS UX KOJIUYECTBO.

Juis Toro, 4ToOBI MporpaMMa MOINIa MPOTHO3WPOBATh HUKHHH
KOHIICHTPAIMOHHBIN TIPe/ie]l BOCIUIAMEHEHUSI He0OX0AUMO 00yUYeHwHe
HeHpoHHOU ceTh. DTo 00ydeHHE MPOUCXOANT C MOMOLIBIO aITOPUTMa
00paTHOTO PACIPOCTPAHCHHUS OLITHOKH.

ARTOPUTM 00PAaTHOTO PACTIPOCTPAHEHHS OIITUOKH SBISETCS OTHIM
13 METOZIOB OOY4YEeHHs] MHOTOCIIOMHBIX HEHPOHHBIX CETel MpsSMOro
pacnpocCTpaHeHHs], Ha3bIBAEMbIX TaK’Ke MHOTOCIOWHBIMH EPCENTPO-
HaMU. MHOTOCJIONHHBIE MEPCENTPOHBI YCIENIHO MPUMEHSIOTCS Ui
pelIeHnss MHOTHX CJIIOKHBIX 3a/1a4.

B kauecTBe BXOMHBIX NaHHBIX WCTOJIB3YIOTCS TOTOBBIE COETUHE-
HUS U UX KOA(PQUIMEHTHl BOCILUIAMEHEHUs, MOJYYCHHBIE JKCIIePH-
MEHTAJIbHBIM IIYTEM.

OO61uit anropuT™ 00y4eHHUs IPEACTABICH HUXKE:

1. Maunuanu3upoBarh Beca MaJE€HbKUMHU CIyYalHbIMU 3HAYEHHU-
SIMHL.

2. [lonare 00yuarolyro BHIOOPKY Ha BXOJ CETH U IOJICUYUTATH BbI-
XOJIbI KYKI0TO0 y37a.

3. JInst BBIXOTHOTO CJIOSI PACCUUTBIBAETCS

d,=o(l-0)(,—0),
e 6 — NPOU3BOJHAS BBIXOJHOTO CJIOS; O, — BBIXOJHOM CHTHAI, f, —
MpeJIoJiaraeéMblid BBIXOJHOM CUTHAJ.
4. 1511 KaX/I0TO CJ0s1, HAYMHAS C TPEAITOCICAHETO BEIYUCIUTh
5,=0(l-0) Z & Wik
keChildren(j)
e O — MPOU3BOAHAS TPOMEKYTOUIHBIX CIIOEB; 0, — BBIXOJIHOM CHIHAJI

CJ104; ij — BEC CJ1041.
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5. lasiee MPOUCXOAUT MOJCTPOMKA BECOB
Aw, = O‘AWI;,- +(1- (1)115,0,-,
TJie W, — BEC CII0f, 0 — MPOU3BOJIbHAS KOHCTAHTA, 1) — MHOKHTEIb, 3a-
JAIOIINHI CKOPOCTh «ABMKEHHUS, O — MPOMU3BOIHASI TPOMEKYTOUHBIX
CIIOEB, 0, — BBIXOJIHOM CHUTHAJI CJIOS.
wo=W, + O‘AWI;;’
TJe W, — BEC CIIOS, W, . — 'PAJINCHT.

6. IloBroputh 00yueHHe ¢ 2 11ara, eciii CyILIECTBYIOT elle o0yya-
FOIIUE BHIOOPKHU.

Tak ke Hy’KHO OTMETUTb, UTO HEHPOHHAs CETh B ONMCHIBAEMON
MporpaMMe HCTIONIb3YeT CUTMOMIAIbHYI0 (DYHKITHIO aKTHBAIIMHU, YTO
MI03BOJIIET OOJIee TOUHO ONPEAEISTH NMPOrHO3MpyeMoe 3HaueHue. B
KauecTBe MpUMepa CUIMOMJIAIBHBIX (PYHKINH MOXKHO HPUBECTH JIO-
ructuueckyio (1) u runepoonnueckuii TanreHc (2):

1

. 1+exp (—aY) )

r7e Y — BBIXOIHOM CHUTHAI CIIOsI, 0. — MapaMeTp HaKIIOHAa CUTMOU1aTh-
HOU (DYyHKIIMH aKTHBAIUH.

Y
Y = th(a), (2)

rae Y — BBIXOAHOW CHTHAJ CIIOS, 0. — MapaMeTp HakJIOHAa CHUTMOM-
JnanpHOM (pyHKUMHM akTUBauuu. B mpencraBneHHON HEWPOHHOH ceTH
WCIIONIb30BaH rumnepbonmnueckuii TanreHc. Ha puc. 1 mpencraBieHa
OJTOK-cXeMa OOy4YeHHS 10 aJTOPUTMY OOPaTHOTO PacCIpOCTpaHCHUS
OIITUOKH.

Caenenust o BemecTBax Xpanarcs B daiine chemicals.yml. YAML-
YeIIOBEKOUMTACMBIH (hOpMaT ceprain3aiy JaHHbIX, KOHIIETITYaIbHO
OJM3KUI K sI3bIKAM pPa3METKH, HO OPHUCHTHUPOBAHHBIA Ha yI0OCTBO
BBOJa-BbIBO/IA TUIMYHBIX CTPYKTYP NAHHBIX MHOTI'HX SI3bIKOB IIPO-
rpammupoBaHus. Hemocpencrsenno B ¢aiinie chemicals.yml xpa-
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HUTCA I/IH(i)OpMaLII/ISI O HAMMCHOBAHHAX XHMMHYCCKUX COGJIPIHCHHﬁ,

(hparMeHTapHBIX 3JIEMEHTaX, KOTOPhIE OHM COJEpIKAT, UX CBA3EH U

JECKPUITOPHI 3TUX COCAMHEHMH, a Taroke Smiles-dpopmyssl. [Ipu 3a-

IyCKEe MPOrpaMMbl OTKPBIBAETCS OCHOBHOE JUAIIOrOBOE OKHO, CONEp-
JKaree CIeAYIOIINe AIEMEHTHI (puc. 2):

X - BxogHas euibopka

¥ - NMpeanonaraemsiii BbIX0A ceTH
maxliter - MakcumansHoe
KONKYECTBO MTEpaLMiA

minE - MuHumansHaa ownbka

- -

MoaaTte Ha BXxoA
curHan x us
obyuatowein

BbIGOpKU

X, ¥, maxlter, minE

Paccuutate
BbLIXOAHON CUrHan y
BCEX Croes

VHuuymanuaauus
BECOB

PaccuutaTe
owwbky cetn e=y-d

maxiter > i
&& mE<e

Moauduumposats
Beca cnoes

=i+

Puc. 1. Anroputm o0y4yeHus cetu

— MOJIEKYJISIpHBIN pelakTop, MO3BOJISIOUINI CTPOUTh CTPYKTYp-

HbIe (OPMYIIBI HCCIIEYEMOTO COSJMHEHHUs MO0 ITyTeM Tepe-
TacKUBaHUS Ha paboOdyr0 00JIACTh C MMAHETH DJIEMEHTOB COOT-

BCTCTBYIOIIUEC 3JICMCHTBI U COCAUHATHL UX CBA3AMU, 0o 1o

Smiles-popmynam;

— CIpaBOYHBIC OKHA, MOKa3bIBAIOIIME WHPOPMAIMIO O COepIKa-
mmxcs B (hopMyne JeCKpUNTOpax (HaJudne W KOJIMYECTBO) U
3nauenne HKIIB;

— IYHKTHI MeHIO «Daiiim» — copeprkaline cTaHAapTHbIE KOMaHIbl
paboThI ¢ MPOrpamMMoii;
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— myHKTH MeHI0 «CepBucy»: CoeMHEeHNs — MO3BOJISIET BHIOPAThH
coequHeHNs n3 0a3bl JaHHBIX IS HcciaenoBanus, OOydenne —
ITO3BOJISIET OTKPHITh COOTBETCTBYIOIINE TUATOTOBBIC OKHA ISt
oOy4eHust HEeHpOHHOU ceT, OTUeT — JJIs IKCIOpPTa pe3yabra-
ToB 00yueHust B MS Excel; Dk3aMeH — mpoBepka KauecTBa Mpo-
THO3WPOBaHMWA Ha BKSaMeHaHI/IOHHOﬁ BBI60pKe;

— KHOTIKA, BBI3BIBAIONIAS UAIIOTOBOE OKHO TSl JOOABIICHUS HO-
BOT'O COEIMHEHU B 0a3y JaHHBIX.

JSIT=TES
®alin  Cepeic
Jeco Staron
c ~
o §
P =
N [/

AeckpunTope!
CH3: 1
CH2: 1
OH:1

=
V4 CHs— CH=— OH

VirndhopaLus
HKNB = 3.604

e e [loBasuTs Hosoe coeauere |

Puc. 2. MonekyssipHbIid peakTop

JuanoroBoe oKHO Tt T0OaBIEHHUST HOBOTO BEIIECTBa B 0a3y MaH-
HBIX coiep kuT noisi: Hanmenosanue, Smiles-hopmyna u koadduriu-
ent HKIIB (puc. 3).

Jia Hauana paGoThl IporpaMMBbl HEOOXOAMMO BBECTH CTPYKTYp-
HYI0 (QOpPMYyTy XHMHUYECKOTO COETMHEHHSI OHUM U3 TPEX CIOCOOOB:
MO0 TIOCTPOUTH B MOJEKYISIPHOM PEIaKTope, UCIIONb3Ys ITaHEelb
HWHCTPYMEHTOB, JTUOO BHIOpATh y’Ke TOTOBOE COCIMHEHHUE U3 CIIMCKa,
60 BBecTH hopmyity B popmare SMILES B TekcTOBOE 110JI€ B BEpX-
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Hell yacTu okpana. [Iporpamma mpoBepsieT HHGOPMAIIHIO O BBOJHUMOM
XMMUYECKOM BEILECTBE HA HaJluuue ero B 6a3e naHHbIX. Ecin cBene-
HUS1 O TAKOM BELICCTBE YK€ XPAHATCS B HEH, TO aBTOMAaTHYECKH BBIBO-
JUTCS €T0 Ha3BaHUE, B IPOTUBHOM CIIydae CyIIECTBYET BOBMOKHOCTD
nobasiieHns nH(GOpPMAIMK O BEUISCTBE B 0a3y JIaHHBIX: Ha3BaHUE,
SMILES-dopmymna, 3navenne HKIIB.

®aiin  Cepeuc

|CCO MocTpouTtb SMILES HeunssecTHoe coeauHeHe

o o|n

CHs—— cHr— CH?

z

“ [eckpunTops!
B No6asurb coe et x| e
= e SN | . c.ccroe coc cH2:3
== 2 NH2: 1
V4 SMILES chopryna OH2: 1

Koadpdmyrent HKMB  [1.71
@ Wrdopraws
[[Em=e ] HKITE = 1.71
ONC 4H e

OuYUCTUTL NaHenb | [obasuTb HoBOE CoeaMHEHME l

Puc. 3. JloGaBieHne HOBOTro BeliecTBa B 6a3y JaHHBIX

[Tocne BBOzma CTPYKTYpHOH (POPMYIIBI IPOrpaMMOii MOACUUTHIBA-
I0TCS IGCKPUIITOPBI: B COOTBETCTBYIOIEM OKHE MOKa3bIBAETCS MX Ha-
JIUYHE U KOJINYECTBO.

ITocne mopcuera IEeCKpUNTOPOB Mporpamma NMPUCTyHaeT K pac-
yety kodd¢ummenta HKIIB. s storo moarpyxaercs oOydeHHas
HEHpPOHHas CEeTh, U B HEE 3arpy’KaroTcsl y>K€ TOTOBBIE JIECKPUIITOPSI.
Korna ceTb mojicTpouT 3Ha4eHHs COIIaCHO BecaM, OHa BBIJACT pac-
cuntanHoe 3Hauenue HKIIB.
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OOy4eHne ceTH MOKHO TIPOBECTH, BEIOpaB MyHKT MeHI0 CepBuc —
Oo6yuenne. Oxkao OOydeHne MpeaCcTaBsIeT o000 TadmHIy, B CTOIO-
Lax KOTOPOH COAEpKUTCS MHGOpPMALUS O HAJIMYMM U KOJIMUYECTBE
neckpunTopos coequHeHust u 3Hadennun HKIIB, moxtBep:kneHHBIM
Ha/ICKHBIMU HCTOUHMKaMu (puc. 4). [To cTpokaM TaOmUIBl Pacmono-
JKCHBI CBCJICHUS O KOHKPETHOM COCANMHCHUU U3 6213])1 JaHHBIX.

5

@aitn

HaumeHosa. .. C Br N NH3 | NH2 0 CH4 cl CH3 | CH2 NH CH OH | HKMB
AKDURORMT.... 3.0 B
Annunarit 2.2
AnnuneH 17
Aminavetar 1.08

2.2
1.48
1.5

0.75
17.0
132
4.1
1.0
2.5
2.91
4.1
2.2
1.43
1.8
1.81

1.82 ﬂ

G l

[AxpunoriTpin -
JAnnunamiH

{Annuner

|AmanaueTaT

\AminBpomua

\AMunoseIit ciupT
JAMnxnopua
\AmroBiderin

|Ammitar Amtobiude. ..
JAHMAMH |AMMUEK
AueTansaerna (AHIMH
JAueTaHUMa. AuETanbae. ..
|AueTHREH
JAueToH AueTUNEH
|ALETOHUTPMA |AueTOH
|ALETOHYEHr MApHH AueToHATDIM
(Berson ALETOHLWAA. ..
ByTan Berson
ByTen-1 ByTaH
byTen-2 byTeH-1
I5yTinamH =l ByTen-2

AMUAOBBIN C...

SRR ECEEREE
S[o[o|o[o|o|o/o/o|o[o[o[o/o|a[=oo[o[o
Sjojolo/rr|ojo|c|o|ooooc|o|o|oo~
CECCEEEEEEE DR EEEEEE
Sjo|ojooojojo/o/ o~ o~ oooooro
oL EEEEEEEEEEEE
HSEECEEHEHEEEHEHEEEHEHEEEGEG
S[o[olo|o|o|o/o/o|o[o[oo~|o[o[oo/o[o
NENE R R EEE R REE
S NI = I T == =Y =Y o) KTy ey ey oy ey e
S[o|o|o|o|o|o/o/=|o[o|o|o/o|a|oo|o|o|o
NEOOCOCCNGECEEEEHEE R
olo[olol~o|o|o[o|o|olo|o|o[~[o|o[o[o|o

Puc. 4. Oxuno «O0yueHHE»

OOyueHne HEHPOHHOM CETH HAYMHAETCS MOCIE HAXATHsI KHOIKH
«O0yunTHY.

st neMoHcTpanyu paboThl MPOrpaMMBI W3 0a3bl XUMHUUECKUX CO-
SIMHCHUN BRIOpaH ciTydaliHbIM oOpa3om ['entan (puc. 5).

B okHe MONEKyISIPHOrO peaakropa OoTOOPa3HiINCh €ro CTPYKTyp-
Hasi (opMyna, HaJTUYMEe U KOJMYECTBO JECKPUITOPOB, BXOAALIMX B
¢dopmyay, a Taxke 3HaueHue kodppunuenta HKIIB (puc. 6).

B xozne nccnenoBanunii ocyIiecTBiIeHa BO3MOKHOCTD IIPOTHO3UPO-
BaHMsI HIDKHETO U BEPXHEr0 KOHLEHTPALIMOHHBIX NPEESIOB BOCILIA-
MEHEHUS, 100aBaeHNs B 0a3y NaHHBIX BELIECTB C U3BECTHBIMU 3Ha-
yenusimu HKIIB n BKIIB, nepeobyuenne HEHpOHHOM CeTH C yueToM
9THX 3HAYEHUH, a TaK)Ke SKCIIOPT OTUETOB IO Pe3ysibTaTaM MPOTHO3H-
posanus B MS Excel.
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[ Monexynapuui pegarrop =T

®aiin  Cepsnc

| MocTpouTs SMILES
E ]
ByTunBpora B

P By Tinoseit cupT
ByTnxnopua
BanepuaHosan KMcnoTa
Butkinxnopua

excanexan
Fexcan
cl AeckpunTope!

Fexcnbpora

l AU AUAY

= rexcunossiit cpT
= ecoumroona
T frenran
ﬁ FerTinxnopun,
| rruepiH
\Aekan
@ e pm—
E— | EMHAROBLIT SthIp HKMB =
|\ AMeTINEMIH
|MumeTinana
| vmeTundoprania
| umeTRoBLI crpT il

OK

Quncrimo ravens | floasums Hosoe coepurenne |

Puc. 5. Bei6op coennnenus jutst npornozuposanust HKBIT

A Monexynaphuii pepakrop =1olx]

®aiin  Cepeuc

I MocTponTs SMILES TenTaH

€ ~
0 =
P %
s a
N .
cl [LleckpunTopsl
= CH3: 2
=y CH2: 5
& CHs— CH=— CH=— CHe— CH=— CH=— CH3s
@ WrHdopmaLms
L= HKMB = 1.075
C7H 16
Ouncrurs naviens | fofasuTe Hosoe cosaurere |

Puc. 6. CtpykrypHas ¢popMyna BBIOPAaHHOTO COCTUHEHUS
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B xone npoBeseHHBIX SKCIIEPUMEHTOB OBLIH MOTYYEHBI CIEAYIO-
LIMEe Pe3yJbTaThl: IPU 00yYECHUU U TECTUPOBAHUN HEHPOHOI ceTu Ha
9K3aMEHALMOHHBIX BBIOOPKAX BBIIAIOTCS PE3YbTaThl, IMEIOLINE TOY-
HOCTb, aJ€KBAaTHYI0 TOYHOCTH HKCIEPUMEHTAIBHOTO OINpEAeIeHUS
HKITIB u BKIIB. Takum 00pa3om, MOXHO CJIEIaTh BBIBOJI, YTO TPO-
rpamma npuroasa s nporsosuposanus HKIIB u BKIIB mupokoro
KJIacCa OPraHUYECKUX COCJUHEHHH, 1 9TO MO3BOJISIET PEKOMEHI0BATh
ee JUIsl MPaKTHYECKOTO UCIIOJIb30BaHUS.
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INPUHATUE PEHIEHUA O ®OPME
JANPPAKIHUOHHBIX CTPYKTYP B 3AJTAYE
PACCEAHUSA PAIMOBOJIH

Ilpeoopascenckuit A.I1., Honopoe O.H.

B pabome paccmampueaemcs 3a0aua paccesinusi dneKmpomas-
HUMHBIX BOJIH HA PA3TUYHBIX OUuppakyuonuvlx cmpykmypax. Pewenue
3a0a4u paccestus 0CYuwecmeaisemcs Ha 0CHO8e Memood UHmMezpalb-
HuIX ypaguenull. [1o duaspammam 06pamuoeo paccesuus npu pasHuix
yacmomax nadarowell GOIHbL NPUHUMAENICS peuieHtie 0 (hopme uccie-
dyemoeo obvekma.

Knrouessle crosa: ougppakyus, unmezpaivHoe ypashenue, pacce-
SIHUe paouoBOIH, PAOUOCEs3b;, OUDPAKYUOHHAS CMPYKIMYPA;, Memoo
MOMEHMO8, pAOUOUTYYEHLe.

THE DECISION OF FORM FOR DIFFRACTIVE
STRUCTURES IN THE PROBLEM OF SCATTERING
OF RADIO WAVES

Preobrazhensky A.P., Choporov O.N.

This paper considers the problem of scattering of electromagnetic
waves in different diffraction structures. The solution of the scattering
problem is based on the method of integral equations. On diagrams of
backscattering at various frequencies of the incident wave, the deci-
sion about the form of the object is carried out.

Keywords: diffraction; integral equation; scattering of radio
waves, telecommunication, diffraction structure, method of moments,
radioirradiation.
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Jist Toro, 4ToOBl MPOEKTUPOBATH M OIEHUBATh 3(PHEKTHBHOCTH
COBPEMEHHBIX PAJAMOIIOKAIIIOHHBIX CHCTeM TpeOyeTcsl 3HaTh arpH-
OpHBIE XapaKTEPUCTUKU PACCESTHHUS HCCIEeNyeMbIX OOBeKTOB [1—4].
BcenencrBue pa3BuTHS TEXHUKH U CIIOCOOOB 0OPaOOTKH paguoioKa-
LUOHHBIX CUTHAJIOB BO3HUKAIOT BO3MOKHOCTH JJISl YBEITMUCHHUS YHCIIa
Y TOYHOCTH M3MEPSEMBIX MapaMeTpOB IO, KOTOPOE PacCEeHBAETCA
0T OOBEKTOB MPH PACCMOTPEHUH TPOIIECCOB paanookaryn. Ciemyer
OTMETHUTb, YTO aKTyaJIbHOU SBISICTCS 3ajJjada, CB3aHHAs C pa3padoT-
KOW HOBBIX TIOIXOJIOB M JITOPUTMOB, HallPaBJICHHBIX HA OOHapyKe-
HUE U CEJICKITUIO PAANOIOKAIIMOHHBIX CUTHAIOB [5—8].

Wnudopmanmro, CBI3aHHYIO C COCTOSTHIEMITPHHUMAEMBIX 3JIEKTPO-
MarHUTHBIX BOJIH MOYKHO HCITOJIB30BATh ISl TOTO, YTOOBI OOHAPYKH-
BaThb M MPOBOJUTDH CEJICKIMIO PAJANOCUTHAIIOB 110 COOTBETCTBYIOIIIM
Mpu3HaKam [7].

Wnentnduxanns oOBEKTOB B PaanOJIOKAIMOHHON cdepe MOXKeT
OCYIIECTBISITHCS 110 CIIEKTPaM OTPAKEHHBIX CHTHAJIOB M 3HAYCHUSM
a¢dexruBHOI oBepxHOCTH paccesHus (DIIP). Ilo ymaneHHsM (TO-
yeyHbIM) paccensarensiM JIIP paccmarpuBaercs kak Mepa UX BUIH-
MOCTH JUTsl pajapoB. Tak Kak TOUHBIX PENICHUI 3a]a4 ONpeJeIICHHs
OIIP nns mpOW3BOJBHBIX TEJ B OOIIEM ciydae HE HaimeHo, ObuH
paspaboTtaHbl HecKoIbKo crtoco0oB ([9—11]) s Toro, 9ToOBI ee mpu-
OJMKEeHHBIM 00pa30M pelarh: aHaIUTHYECKUe, YUCICHHbIE U KOMOU-
HUPOBaHHBIE.

Korna pa3meps! Ten SBISIOTCS COMOCTaBUMBIMHE C JUTMHOW Taar0-
e MI0CKOH MOHOXPOMHOM BOJHBI | — TO MBI TOBOPUM O 30HE PE30-
HAHCHOTO paccerBaHus 31ech dPPEKTUBHBIMU SIBISIOTCS METOA KO-
HeuHbIX AneMeHToB (MKD) B yacToTHOM 0071acTH B METOJI MOMEHTOB
(MoM).

B manno#i paboTe MBI paccMaTpuBacM 3agady 00 OMpEACIICHUH
(hopMBI TUPPAKIIMOHHON CTPYKTYPHI HA OCHOBE WH(OPMAIIHH O YTIIO-
BbIx 3aBucuMmocTsax OIIP. Ilpumepbl paccMarpuBaeMbIX CTPYKTYD
MpUBeeHBI Ha pHcC. 1.
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PaccmoTpum pemienue 3aiaud B paMKax METOJa MHTErPajbHBIX
ypaBHEHHUH. 3anuieM HHTerpaibHoe ypaBHeHue @pearoibma BTOpo-
ro pozia Ijsl AIEKTPUUECKOro Toka [12] npu yuyere rpaHuUHbIX yCIIO-
BUH JUIsSl TOBEPXHOCTEH MACaTBHO MPOBOAAIINX 00BEKTOB (puc. 1)

Js(r):2n><Hi(r)+2LnxJ’Js(r)xgrad'Gds’, D
T

rae G = exp(-jkr)/r — sBnsercst TpexmepHoi hyHkuumen ['puna, oTHO-
csieiicss K CBOOOAHOMY MPOCTPAHCTBY, OHA OyIET SBISTHCS PELICHU-
eM ypaBHeHHs |enpMronbpia korna d-o0pa3HbIii UCTOUHUK; § — 000-
3HaYaeT OBEPXHOCTh OOBEKTOB; /1 — IOKA3bIBACT BHELIHIOIO HOPMAaJlb
K MMOBEPXHOCTH 00BEKTa /715l TOUKH HAOJIIOICHMS;

) 2a (P 23— oL
a) 0)
I'L'
(P 2a (P 23
B) T)
Puc. 1

Jg = [n x H] — sABis€TCA NOBEPXHOCTHON IJIOTHOCTHIO HKBUBA-
JIEHTHOTO JIEKTPHYECKOro Toka; H'(r) = XH, + YH,, + zH_ — aBnsercs
BEKTOPOM MEPBUUYHOM IIIOCKON 3JIEKTPOMArHUTHON BOJIHBI, KOTOPAst
BEPTHUKAIILHO MOJISPU30BaHA.
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Hnst Toro, 4ToOBI ONMpENENUTh HEU3BECTHBIE TOBEPXHOCTHHIE
3JIEKTPUYECKUE TOKHU J () HA TOBEPXHOCTH aHAIN3UPYEMBIX CTPYK-
TYp TIPOBOJIUTCS PEIIeHNe WHTETpaNbHOTO ypaBHeHus (1) Ha ocHO-
Be MeToza MOMEHTOB [12] Takum oOpazom. OmpenenseM CUCTEMY
0a3uCHBIX (DYHKIHH, OTHOCHTEIBHO KOTOPBIX MPOUCXOAHUT Pa3IoikKe-
HUE JIIEKTPUUECKUX TOKOB Ha TIOBEPXHOCTH CTPYKTYp. i Hamero
ciTy4asi B KadecTBe 0a3MCHBIX (DYHKITHI MBI BBIOMpaeM KyCOYHO-TIO-
crosiHEbIe (pyHKIMU. [loToM TpeOyeTcs BBECTH CHUCTEMY MPOOHBIX
¢ynkuuid. [IpoOHbIMH (QYHKIHMSMH B HalIeM Cily4ae OBLIH B3SITHI
O-¢pyukiuu Jlupaka. [IpumMeHeHHe TakoH CUCTEMBI C TOYKU 3PEHUS
(hM3MKY TIOKA3bIBAET, YTO BHITIOJHEHNE TPAHIUYHBIX YCIOBUHN IO Mar-
HUTHOMY TIOJIO IIPOUCXOAUT HE IS BCEX MOBEPXHOCTEN OOBEKTOB S,
a TOJBKO JUIsl TUCKPETHOTO Yucia ToueK. AHaiau3 mokassiBaeT [12],
YTO KOT/Ia BBIOMPAETCSl JOCTATOYHOE KOJIMYECTBO TOYEK, MO KOTO-
PBIM TIPOUCXOJIUT YAOBIETBOPCHNUE IPAHUYHBIX YCIIOBHH, MBI MOKEM
MTOJIYYUTh BHICOKYIO TOYHOCTD PEIIeHUH, KOT/Ia OCYIIEeCTBISIETCS MO-
JIETMPOBAHUE PACCESHHS DJICKTPOMATHUTHBIX BOJH Ha Pa3iIMYHBIX
00beKTax.

Kak pesynbrar npuMEHEHHsT METOJla MOMEHTOB HMHTErpajbHOE

ypaBHenue (1) mpeBparmaeTcs B CHCTEMY YpaBHEHHI:
UXX UW UXZ JX Rx
u, U, U_|J,|=|R | 2)
sz Uzy Uzz JZ Rz
3aeck J, J, J. — ABISIOTCS. KOMIIOHCHTAMH IUIOTHOCTH TOBEPXHOCT-
HBIX 3JICKTPUYCCKUX TOKOB.
B YKa3aHHOI>’I BbIINIC CUCTEMC IJI1 BBIYHCIICHUS OJIOKOB B MaTpune

U ucrionb3yroTcest CIeAyIOre BbIPaXKEeHUs:
1 , ,
(Ul =7 [((n,),(grad) ), +(n.),(grad.),, ds, =8,
S

1 , , 1 ' ,
(ny )mn == I(ny )m(gradx )mndsn; (U)a )mn == .[(nz )m(gradx)mndsn;
2ng 21
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1 ’ ’ 1 ’ ’
(ny )mn = 4 .[(nx )m(grady )mndsn; (Uyz )mn = .[(nz )m(grady )mndsn;
2w 21
1 , , ,
(Uyy Do =gf((nx)m(gmdx)mn +(n.),(grad.),, )ds, —3,,,(3)
S
1 ‘ . 1 . ,
(UZX )mn = I(nx )m (gradz )m}’ldsl’l; (Uzy )mn = I(ny )m(gradz )m"dsn;
2ng 271 s

1 , . .
(Uzz)mn :Zg((nx )m(gradx )mn + (ny )m (grady )mn)dsn - 8mn’

rae m, n =1, ..., N, tne N — KOTMYEeCTBO TOUCK Pa3OMEeHUS TIOBEPXHO-
CTH OOBEKTOB.
3neck d,  — sBnsercs cumbosiom Kponekepa,

grad G,,, =i, I exp(- jkr,, ) =

Vom “)

I(gradx )mn + j(grady )mn + k(gradz )mn’
rae f‘m” = — PaCCUUTLIBACTCA B BUAC CAUHUYIHOI'O BEKTOpA, HAIlIpaB-
r

mn

JIEHHOTO M3 TOYKH MCTOYHMKA B TOUKY HaOmoxenus [12].

Juis BekTopa-cToilna cBOOOAHBIX YJICHOB 3alMCHIBAIOTCS TaKHe
BBIPKCHHS:

(R,),=2((n,),(H),~(n),(H,),);
(R,),==2(n,),(H.),—(n.),(H),); 6))
(R.),=2((n),(H.),~(n,),(H.),).

[Tocme Toro, kak pemnieHa NMpUBEICHHAS CHCTEMa ypaBHEHUH (2)
MIPOUCXOAUT BBIUKUCICHUE PACCESTHHOTO 3JIEKTPOMATrHUTHOTO TOJIS st
JTaJIbHEN 30HBI, KOTOPOE CBSI3aHO C ONPEAETIEHHBIM NIEKTPUUECKUM
TOKOM J (1) Takum obpaszom[ 12]:

_joJug, ep(-jkr)
4mr

H* (1) [1.(') xfexp( jki -t )ds,  (6)
rae k — ABJIACTCs BOJIHOBBIM YHCJIOM,

p,=4-n-10Tu/m, g, =885-10°d /M — mpencrapisror coOOi
MarHUTHYIO U 3JIEKTPHUECKYIO TIOCTOSHHYIO;
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7’— SIBJISICTCSl PaInyC-BEKTOPOM TOUYKH UCTOUHHUKA;

7 — SIBIAETCS PAANyC-BEKTOPOM TOYKH HAONIONEHHS TIO JajbHEH
30HE.

[IpoBonutcs pacuer DI1P oObekTa Ha OCHOBE Takoi opmylb [13]

2

lim L [H(x)
4y -

' —» 0 |Hl (I' )|
Ompenencaue HopMbl 0OBEKTa MOXKET OBITH TIOJIC3HBIM B Pa3JIHy-

HBIX aBTOMaTH3UPOBaHHBIX cucTemax [14, 15]. Jlns Toro, 4ToObI pu-
HATH perieHne o Gopme 00beKTa, Mbl OyIeM pacCMaTpUBaTh CIIydaw,

(7

KOIJIa CHaJaa ajaeT dJIeKTPOMarHuTHas BOJIHA ¢ 4acToTol f, a 3a-
TEM C 4acTOTOH f,, mpuYeM MX 3HaYEHNE OTIMIAETCS Ha TTOPSIOK.

XapakTepuCTHKa paccestHus 00beKTa, IPUBEACHHOTO Ha prc la, B
o0omx ciydasx OyJeT UMETh XapaKTepHBI MaKCUMyM IIPU HYJIEBOM
yTIIe HaONFOICHUSI.

OOBeKThI, IPUBEICHHBIC HA pUC 10 1 1T, M0 XapaKTepUCTHKAM pac-
CesTHUS OTIMYAIOTCS TE€M, YTO BO BTOPOM CJIydae MX 3HAUEHUS OTIIH-
YaroTcsi Ha OOJIBIINE BEIIMYHMHBI, YTO TO3BOJISICT MPHUHATH PEIICHUE,
YTO 0OBEKTOM SIBIISICTCS TIOJIasl MPSIMOYTOJIBHAsL CTpyKTypa. [Ipu oT-
HOCHUTEJILHO HEOOJbIINX U3MEHEHUsX (He Oosee 5—6 aB) /it cexTopa
yrioB 0°-20° mpuHUMaETCs pelieHre, 9T0 pacCMaTpUBaETCs CTPYK-
Typa, IpuBe/ieHHas Ha puc. 10.

Juts Toro, 94TOOBI PUHSATH PELICHHE O TOM, YTO MBI paccMaTpUBa-
eM 00BEKT, PUBE/ICHHBIN HA PHUC. 1B, HEOOXOAMMO IPOBECTH aHAIIU3
M3MEHEHHUI XapaKTePUCTUK PACCESIHUSI B CEKTOPE YIJIOB HAOIOICHHUS
0°-30°. Ecnu 3HaueHuss U3MEHSIOTCS He Oosee, yeM Ha 2—3 1B, To MbI
[IPUHUMAEM peIIeHHE.

BriBon
B paGote paccMOTpeHBI BOIPOCHI MPUHSTHS pelieHust o hopme
00BEKTOB Ha OCHOBE aHAJIN3a XapaKTEePUCTUK PACCESIHUS IIPU Pa3Iny-
HBIX YacTOTaX MaJaromeii BOTHBI.
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MOAEJIUPOBAHUE PACCEAHUA
IJIEKTPOMATI'HUTHBIX BOJIH HA YITIOBBIX
CTPYKTYPAX

Ilpeoopascenckuit A.I1., Yonopoe O.H.

B pabome paccmampusaiomes ocobennocmu pacceanus 31eKmpo-
MACHUMHBIX B0NIH HA Y2108bIX OUPPAKYUOHHBIX cmpykmypax. Peuie-
HUe 3a0aiu npoGoOUMCs HA OCHOBE MEmo0d UHMESPANbHbIX YPAGHe-
Hu. Tlposeden cpagnumenvHulll aHAIU3 XAPAKIMEPUCTIUK PACCESAHUS
CMPYKMyp ¢ paziuiHol opmotl.

Knioueswvie cnosa: ougpaxyus,; unmezpanvroe ypasHetue, pacce-
SAHUE PAOUOBOTH; PAOUOCEA3L, Y2N06As CIMPYKMYPA, MEmo0 MOMEH-
moe; paouousnyierue.

THE SIMULATION
OF SCATTERING OF ELECTROMAGNETIC
WAVES ON ANGULAR STRUCTURES

Preobrazhensky A.P, Choporov O.N.

The paper discusses the characteristics of scattering of electromag-
netic waves on the angular diffraction structures. The solution of the
problem is based on the method of integral equations. A comparative
analysis of the scattering characteristics of structures with different
shape is carried out.

Keywords: diffraction; integral equation, scattering of radio waves;
telecommunication, angular structure; method of moments, radioirra-
diation.
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JJ1st COBpEMEHHOTO dTara pa3BUTHs 00IIECTBa XapaKTePHO TO, YTO
ITOBCEMECTHO BHEAPSIOTCS WH(POKOMMYHHUKAITIOHHBIE KOMIUIEKCHI B
pasnuuHble 007acTH YenoBedeckor pestenbHocTH [1—4]. bombioit
POCT KOJMYECTBA PAAUOAICKTPOHHBIX CPEACTB OMPEAECISET BHICOKYIO
TEPPUTOPUATIEHYIO TIOTHOCTh Pa3MEIICHUS HCTOUHUKOB PaIHOU3ITY-
YCHHMsI, MTPOUCXOAMUT YCIOKHEHHE AJIEKTPOMArHUTHONW OOCTaHOBKH,
yXyAlIaeTcs AEeKTpoMaruutHas skojiorus [5—8]. Ilpu ocBoeHun Ho-
BbIX YAaCTOTHBIX TUANa30HOB MOKHO CTOJIKHYThCS C TEM, YTO BO3HHUK-
HYT TEXHUYECKUE TPYIHOCTH U (PUHAHCOBBIC 3aTPATHI.

a)

6)
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B)
Puc. 1

Cpenu 371eMEeHTOB, BXOJAIINX B COCTaB PaHONIEKTPOHHBIX CH-
CTEeM, BBIJCIAIOT OOJBIIOE KOJUYECTBO TUPPAKIMOHHBIX CTPYKTYD,
(dhopmupyromux obpatHoe mone paccesHus [9-11]. [lpencramser
HHTEPEC PACCMOTPETh OCOOCHHOCTU PACCESHHS 3JIEKTPOMATHUTHBIX
BOJIH Ha YIJIOBBIX CTPYKTypax.

[Ipumeps! yIIIOBBIX CTPYKTYp MPUBEACHBI Ha puc. 1.

st Toro, 4To0B! ONPENENNUTh INIOTHOCTH TOKOB Ha IIOBEPXHOCTH
uccieryeMoi TP pakIuOHHON CTPYKTYPBI, Mbl BOCIIOJIB3yEeMCSl ypaB-
HeHueM @peAroiabMa NepBOro posa, B KOTOPOE BXOAUT IIIOTHOCTh UC-
KOMOTO DJIEKTPUYECKOTO TOKA IS cirydast E-momsipuzary [12]:

o-p b 2 2 2 0
T'O{J(t)-Ho[k'Lo(T,t)]' 7 (t)+n" (t)dt =E (1), 0
a<T<B,
3/1eCh Lo(t,t)z\/[i(r)—&,(t)jz+[n(1:)—r|(t)]2 — TpeJCTaBiIsieT

c000if paccTossHUE MEXKIY TOUYKOM HAOIIOEHHS U TOYKON WHTETPUPO-

Banus, E. (T )— ABJIAETCA IPOIOIBHON COCTABIISIONIEH ISl HANPSKEH-
HOCTH TaJIAI0IIETO SJEKTPOMATrHUTHOTO TIOJIS JJTsI TOUKH, JIeKAIe Ha
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KOHType. 3aJjaHne KOHTYpa CTPYKTYPbI OCYILECTBISIETCS MapaMeTpH-
geckuM obpaszom: x = &(t), y=n(t), a <t <P, 3mecw &'(t), M (t) —
SIBJIIOTCS TIEPBBIMH TPOW3BOAHBIMH COOTBETCTBYIONIMX (DYHKITHI,
k =2-1/ A, A—0003Ha4aeT AIMHY NAJAOLIUX HIEKTPOMAarHUTHBIX BOJIH.

Korna pemaercsi mHTerpajgbHOe ypaBHEHHWE Ha OCHOBE METOJa
MOMEHTOB TpeOyeTcsl MpaBMIIBHBIM 00pa3oM OMHCAaTh 0COOEHHOCTH
CHHTYJIIDHOCTH SIpa B MHTETpaJbHOM YypaBHeHHH. Hampumep, B
cllydae, Korja COBIIQHAlOT KOOPAMHATHI TOYKM HAONMIOACHHWS M WH-
TerpupoBanus, T. €. npu L, — 0, 1 aBymepHol gyukunn I['puna

mbl umeeMm H (P (kR) — Al[1— (—)[y l+in (A)]] [13], toe v =

0,577215664 — obo3Ha4aeT HOCTO}IHHyI-O 3Hnepa.

Ha ocHoOBe monyueHHBIX B pe3ynbTare pelieHus CUCTEMbl ypaBHe-
HU KOMIIOHEHT [J) | MBI OTIPENENSEM PACCESHHOE TIOJIE.

3. basupysce Ha mHTerpane Kupxroda [14] ompenmensiem pacce-
STHHO€ 3JICKTPOMAarHUTHOE TI0JIe, KOTOPOE CBS3aHO C IOIYYCHHBIMHU
3JIEKTPHYECKUMH TOKaMu J (7)) TaKKMM 00pasom:

H(O,)=exp(~ k)| [, Jexp( i’ cos(0, ), (2)

e 0, — ABJIAeTCA YIVIOM HAaOMIO/IEHHUS; k — BOTHOBBIM YMCJIOM; 7 — Pa-

JINYC-BEKTOPOM TOUKH HAOJFONICHYSI, OTHOCSIIICHCS K JalIbHEH 30HE.
4. OddexruBnas momanp paccesuus (DIIP) cesizana ¢ paccesH-

HBIM 3JICKTPOMArHUTHBIM I10JIEM Ha OCHOBE GopmyJisl [15]:

o = 207 | H(6, )P (3)
IMoaxom, CBA3aHHBIN C AaHATM30M XapaKTEPUCTHUK PACCESHUS JIBY-

MEPHBIX CTPYKTYP MOXKET OBITh PACIIUPEH ISl TOTO, YTOOBI OCYIIECT-

(&}

BJIATh OLEHKY XapaKTEepUCTUK PACCESHHUS TPEXMEPHBIX CTPYKTYD
[16—-18]. Ha ocHoBe npubmmkeHHON Gopmyisl nBymepHyto JIIP me-

pecuuThiBalOT B Tpexmepuyto JIIP [13]:
2

G'rpcx = }\‘ GﬂByM’ (4)
TZIe W — ABJISIETCSI pa3MEPOM CTPYKTYPBI B HAIIPABIICHUH, IEPTICHINKY -

JIIPHOM TIJIOCKOCTH YepTexa (puc. 1).
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Ha puc. 2 npusenens! paccuntannblie 3HaueHust JI1P B 3aBucrumo-
CTH OT ymia HaOmonenus. Puc. 2a coorBeTcTByeT puc. la, puc. 20
COOTBETCTBYeT puc. 10, puc. 2B coorBercTByeT puc. 1B. Kpusas 1
cootBeTcTBYyeT L=4A, kpuBas 2 coorBercTByeT L=5A, kpuBas 3 co-
oTBeTcTBYeT L=0\, kpuBas 4 coorBeTcTBYeT L=7A, KpHBas 5 cooTBET-
ctByeT L=8A, kpuBast 6 coorBeTcTBYeT L=9\, KpuBas 7 COOTBETCTByET
L=10\. ITpm pacuerax b=2A, h=2A, a=20°.

B pesynbrare ananmza ObUIO YCTaHOBJICHO, YTO B CEKTOpE YIJIOB
Habmonenust ot 0° no 30° manbonwimii pazdpoc mis DIIP coorsert-
CTBYET CIIy4alo, puBeicHHOMY Ha puc 10. [Ipu uamenenun L ot 44
mo 10\ Bemanna cpenneit IIIP mis cexropa yriioB HabIOneHHS OT 5°
110 90° u3mensiack He Oonee, yeM Ha 0.3 1b.

BoiBoa
B pabGore Ha ocHOBe MeTOAAa WHTETPAIBHBIX YPAaBHEHHUH MpPOBE-
JICHO MOJICJIMPOBaHUE M HCCIIEOBAHbl XapaKTEPUCTUKHU PaCCEsHUs
YTIIOBBIX TU(PAKITUOHHBIX CTPYKTYP.
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OIITUMU3ALINA KOHOPUT'YPALIUN
AJEKTPOAUHAMUNYECKOI'O OBBEKTA
C TPEBYEMBIMHU XAPAKTEPUCTUKAMMU
PACCEAAHUA

Ilpeoopasicenckuit A.I1., Yonopoe O.H.

B pabome paccmampueaemcs 3a0awa onmumusayusi Xapakmepu-
CIMUK PACCEsTHUS DNEKMPOMASHUMHBIX 60JIH HA NEPUOOUUECKOLUL ITIeKM-
podunamudeckoti cmpykmype. Pewenue 3a0auu pacceanus ocywecm-
81€MCs HA OCHOBE MEeMOOd UHMESPATIbHBIX YPAGHEHULL, ONMUMUZAYUSL
Xapakmepucmux nposoOUMCst Ha OCHOBE 2EHEMUYECKO20 AN20PUMMA.
Hanvr pexomenoayuu no napamempam nepuoouyeckol CmpyKmypol
npu 3a0AHHBIX Yenax Haomo0eHuUs.

Kniouesvie cnosa: ougpaxyusi;, unmezpaivHoe ypasHenue, pacces-
HUe paouoBoH, paouoceszb, OUDPAKYUOHHAS CIMPYKMYPA,; ONMUMU3A-
Yust; 2eHeMU4ecKutl aneopumm.

THE OPTIMIZATION OF ELECTRODYNAMIC
CONFIGURATION OBJECT WITH THE DESIRED
CHARACTERISTICS OF SCATTERING

Preobrazhensky A.P, Choporov O.N.

This paper considers the problem of optimization of the characteris-
tics of scattering of electromagnetic waves on periodic electrodynamic
structure. The solution of the scattering problem is based on the method
of integral equations, the optimization of the characteristics is based
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on the genetic algorithm. Recommendations on the parameters of the
periodic structure under given angles are given.

Keywords: diffraction; integral equation; scattering of radio waves;
telecommunication, diffraction structure, optimization; genetic algo-
rithm.

3agaun paccesHus IEKTPOMarHUTHBIX BOJIH BCTPEUAIOTCS BO MHO-
I'HX NPAaKTHYECKUX MPHUIOKEHHUSX, B TOM YUCIIE U TIPU MPOEKTHPOBa-
HUU CHCTEM paauocsssu [1-5].

[Ipu mMaremaruueckoM MOAEIMPOBAHUU OOBEKTHI MPECTABISIOT-
Csl KaK COBOKYMHOCTb KECTKO CBSI3aHHBIX OTpakaTesed, MMEIOIINX
OIIpe/ieNICHHbIC TapaMeTPBhI.

B psime ciaydaeB Mbl MOKEM HCIIOJIB30BaTh WHTETPAbHBIC YpaB-
HEHM IJI TOTOo, YTOOBI MCCIIEA0BAaTh IEPUOANYECKUE CTPYKTYPbI, B
TOM YHciie U1 AM(PPAKIMOHHBIX PEIIECTOK, 00pa30BaHHbIX OECKOHEY-
HO TUTACTHHAMH, KOTOPbIE HMEIOT TPOU3BOIBHYIO (GOpMY U HICaIbHO
npoBofsmue [6].

3amady, CBSI3aHHYIO C OIpPEEIEHHEM TOKOB Ha TEPHUOIMYECKON
CTPYKTYpe, KOIla Ha Hel NPOUCXOANUT PACCESIHNE 3JIEKTPOMAarHUTHON
BOJIHBI, MbI PEIAJIM B PaMKaxX METO/1a MHTEIPAJIbHBIX YpaBHEHUH [7—
9]. lnst omHOTO TIEpHoia NIOTHOCTH TOKa €CTh BO3MOKHOCTD 3alllCH
HHTETpasibHOro ypaBHeHus [10]

J(x,,2)+2- [[i(x,y,2)x [J(x,),2' ) x gradG(x,y,z,x',y' 2" )]] ds =
S = .
=2-[n(x,y,z)xH'(x,,2)],
rae G(x,y,z,x',y",z" )=exp(—ikr )/(4nr ),
F=N(x =X )+ (y=y ) (22 ) (1)
Ecnu paccmarpuBark ciiyuail OJIHOMEPHOMN JIMHEHHON I'peOCHKH,
To ypaBHeHue (1) mpuBoaMTCS K OECKOHEUHON CHUCTEME WHTETPailb-

HBIX ypaBHEHHUH. [[J11 OMHOrO U3 3JIEMEHTOB IPeOEHKH Mbl HA3HAYUM
HYJIEBOW HMHJIEKC W TNPOBEAEM HYMEPaLUIO0 OCTAIbHBIX 3JIEMEHTOB
(puc. 1). B aTOoM cnyyae ypaBHEHHE CHUCTEMBI, AJIsl KOTOPOTO TOYKa
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HaOJIIOICHUS] HAXOIUTCS Ha HYJICBOM OOBEKTE, 3aITUChIBACTCS B TAKOM
BUJIE

it T (X0, V0020 ) +

+ Z'Sf[ﬁ(xo’ywzo)x [-771 x gradG( xy,y,,2y,X, ¥, 2" )] ] ds +
0
— 7 ' ' ' (2)
+2‘Sj[n(xo’YO’Zo)X[J1 x gradG(x,,yy.2y, X, ",z )]]ds+...=
1
:2'[ﬁXHi(x0»yo’Zo)]-

Jlnist BCex 3JEeMEHTOB CTPYKTYPbI MOXKHO CKa3aTh, YTO OHH SIBIISI-
FOTCS UJCHTUYHBIMU, U €CTh OTIMYHE 110 OJMHAKOBBIM TOYKAM 3Jie-
MCHTOB JIMIIb B KOOpAWHATaX Ha BEJIMUYUHY, KOTOpas KpaTHa NEpruoay
d. Pasnuia B (hazax rioTHOCTEH TOKOB O OJIMHAKOBBIM TOYKAM 3Jjic-
MEHTOB Oynet y = kdcosO. B pesynbrare, ypaBuenue (1) MbI MOxeM
CBECTH K CIEIYIONIEMY HHTETPATbHOMY YPABHEHHIO

Jo(xo,yo,zo)+2-Sj[ﬁ(xo,yo,zo)x[jo x
0
x Yexp(iny)- gradG(xy,y,, 2y, Xy tnd, 'y, 2% )]]ds = (3)

=2-[nxH'(x,0,2,)]-

OTOT pe3ynbTaT Mbl MOKEM 000OIINTH JUISI IBYMEPHOH TPEOCHKH.
[TockonbKy cucTeMa sIBISIETCS] OJJHOPOJHOM, TO, KaK U JJisl OJHOMEp-
HOTO CJTy4asi, pa3HHIa TOKOB 10 OTMHAKOBBIM dJIEMEHTaM OyIeT JIUIIIb
B (hazax:

S =J oo -exp(inyg, ) -exp(ily, ), “4)
rae v, =d-sin®-coso,y, =d -sinb-sing.

O6006menue (3) At AByMepHOU TpeOEHKH BEAET K yPaBHEHHUIO

joo(xoo’yoo:zoo)+2' J[ﬁ(xoo:J’oo’Zoo)X[joo x

S00

x 3 Yexp(iny,)-exp(ily,)-gradG(xy, Yo 20 X'+t ()

n=—00 (=—0

+nd, Y, +0d, 2" )]]dS =2+ [ixH' (Xo, V00,200 )]-
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-2 -1 0 1 2

Puc. 1. OnHomepHas nuHeliHas rpeOeHKa (BUI CBEPXY)

CrapT anroputma
¥
Onpegenedme byHKUMKA NPUIog4HOCTHA
¥
Mpougcc KOAMPOBAHWA XPOMOCOM

+

OnpegeneHre reHeTUYeCKUxX onepaTopos
¥

MNpoeefdeHre MHULMaNM3aLMK MOonyNAaLMI

T
L h 4

dopmupoBaHne Mpouecc TECTMPOBaHUA XPOMOCOM

HOBOM
nonynAaLMm

PellieHWe A0CTUTHYTO?

Mpougcc cenekumMm XpomoCcom
¥
GopmMmUpoBaHME NPOMEKYTOYHOW NONYAALWMK
¥
Mpouecc CKpeLmMBaHna XpOMOCOM

o Mpougcc myTaumnu

KaoHel, i

Puc. 2. Cxema reHeTHYECKOTO arOpUTMA
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WuTerpanbHoe ypaBHEHHE pelIaeTcsi Ha OCHOBE METOZa MOMEHTOB.

BapbupyembiMu napamMeTpaMu sIBISIIOTCS pa3Mep JIeMEHTa U pac-
CTOSIHAE MEXIy JIEMEHTaMH.

Jnst pemieHust 3aa4M, CBS3aHHOH C JOCTHXKEHHEM TpeOyemMoro
YPOBHSI XapaKTepUCTHK pPACCESHUS TPEeOEHKH JUIsl OIpeJIelIeHHOTOo
yTila HaOJIONEHUSI MBI BOCHOJNB3YEMCS TEHETHUYECKHM aJITOPUTMOM
(I'A) [12]. Cxema I'A npuBeneHa Ha puc. 2.

Xpomocoma B Hallei 3afgadye uMeeT 4 resa: q, X, ¢ u d. [lockonbky
T'eH MpeacTaBisieT co0oi 1menoe Yucio, Kotopoe MeHbiie yeM 30, To
JUISL TOTO, YTOOBI OCYIIECTBUTH KOJAMPOBAHHE KAXKJOrO I'eHa MBI MO-
KEM IIPUMEHSTH 5 OUTOB. B 3TOM cityuae XpoMocoMma IpeACTaBIIsAeTCs
B BUJIE, N300pa’KeHHOM Ha pHuc. 3.

q
1

[t

qq
3 |4

o T v U

renl Ten 2 len 3 rend

[V -]

X [Xx [x |x X |c|c|c|c|e|d|d|d]|d|d
1 31415 |1 314

-2
2
(™)
I
(=]
—
[39]

Puc. 3. Cxema XpoMOCOMBI

Hanpumep, 17151 TOr0, 4T00BI C/IEIaTh MOUCK PEIISHHSI, MBI HCIIOb-
3yeM MOMmyJAnnio u3 5 xpomocoM. CHadaja OCymeCTBUM TeHEepaInio
5 ciydaiiHbIX BO3MO)KHBIX BAPUAHTOB PELICHUI:

F(g,x,c,d), q.x,c.d € {1, 2, 3...30}, (6)
U CJIeJIaeM CBsI3b KQXKOT0 BapUaHTa U OIMIUOKH B PCIICHUU:
5 = | F(an,C,d) - FD(q,Xacad) | (7)

B Tabn. 1 mana qeMoHCTpaIns BApUaHTOB pelIeHUH (MCTIOIb3yeT-
Csl IECSITUYHBINA KOJT).

OcHoBHast uaes QyHKIMOHUPOBaHHs [/A COCTOHUT B TOM, YTOOBI ITPO-
HCXOJHJIO BBDKUBAHUE XPOMOCOM, KOTOPBIE MMEIOT MEHBIIYIO OIIHOKY
B pelieHnd. B 9Toit cBs3u OTHOCHTEIBHAS PUTOHOCTH XPOMOCOMBI
onMchIBaeTcst Ha ocHoBe (opmyast OI1=1/3.
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Tabruya 1.
BapuaHTsl pemeHust
Howmep xpomocoms! | Bapuanr (x1, x2, x3, x4) Omruibka & OI1
1 (1,29, 14,4) 82 0.013
2 (13,8,1,3) 23 0.039
3 (12,4,6,2) 25 0.037
4 (22,8,15,18) 131 0.0071
5 (8,12,4,1) 26 0.034

J11s TOTO, YTOOBI BBIYUCIIUTH BEPOSITHOCTh 0TOOPA XPOMOCOMBI IS
OyayIeil MOy, MBI MOYKEM BOCITONIB30BAaThCS (hOPMYIOit

o,
Pi — %5 (8)
i=1 OH!:

Pesynbrars! ucnonb3oBaHus 3Tol GopMyIbl TOKa3aHbl B Ta0M. 2.

Tabruya 2.
BeposiTHOCTB 0TGOpPa XpoMocoM
Howmep i P, U, %
1 0.013/0.135=0.096 9.6
2 0.039/0.135=0.288 28.8
3 0.037/0.135=0.274 27.4
4 0.0071/0.135=0.05259 5.259
5 0.034/0.135=0.2518 25.18

st Toro, 9ToOBI ClieNaTh AajJbHEHIINI BEIOOP XpPOMOCOM MBI BOC-
MOJIb3YeMCsI METO/IOM KoJieca pyJieTKH. [Ipr AToM /st KakJJ0i U3 Xpo-
MOCOM MBI CTaBUM B COOTBETCTBHE CEKTOP Ha Konece U, (puc. 4).

[Toce Toro, Kak MPOM30IIIIO KaXK10€ BpaIlleHHE KoJleca, IIPOUCXO-
JUT BBIOOP KaKOT0-TO CEKTOPa, TO €CTh XpoMocoMsbl. [locrne Toro, kak
npousonuio 15 BpamieHuit koaeca, oTOuparotcst 15 xpoMocom, U3 HUX
Ha OCHOBE CJTyYaifHOTO 3aKOHA MPOUCXOAUT (hOPMHUPOBAHKE 5 map JUIs
TOTO, YTOOBI OCYIIECTBIISIIOCH CKpeliBaHue. Pe3ynbraTel pacueToB
MIPUBEACHBI B Ta0M. 3.
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Puc. 4. PacripenienieHue CeKTOpoB pyJIeTKU

Tabnuya 3.
Pe3yibTaThl 0TGOpPa HA OCHOBE METO/Ia KoJIeca PyJIeTKH
Howmep i otiia Howmep i marepu
2 2
4 3
2 5
3 4
4 4

B cootBercTBHM € Tabn. 2 caMylo IJIOXYI0 XpOMOCOMY 4 Mbl HU
pa3y otoOpaiu Ajsl CKpelrBaHus. XpoMocoMy 1 Mbl BBIOMpanu At
CKpEeILIMBaHMsI BCEr0 OJUH Pa3, a XpPOMOCOMBI 2, 3U 5 MbI oTOMpanu
4acTo, TaKk Kak UM COOTBETCTBYeT Bhicokas OII.
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Crenyromieli TeHETHUECKON omepaliueil sSBIsSeTCsS CKpelUBaHUE.
CpenHeit ommOKoH pemeHus IS MOMYJISITUN TTIOTOMKOB sIBIIsIeTCs 37,
Ho 11 nmepBoHavYanbHOM NOMyJsIIUK 3HAYEHUE 3TOr0 K03 UIMeHTa
o110 57.

PaccmoTrpenHsIit moxo MOXeT ObITh UCTIONB30BaH JUIsl IIUPOKOTO
KJIacca AMEKTPOAMHAMHYECKUX CTPYKTYp [13—-17].

B pesynbrare onTuMu3anuu HaMu ObUIO YCTaHOBJIEHO, YTO JUIS
gactotsl 10 I'Tu npu yrne nabmopenust 30° BennunHa ypoBHS 3¢-
(dexTHBHOM TUTOMAAN paccesHus He npesbimaeT 20 1b npu pazmepax
AIIEMEHTA MEPUOAMUYECKON CTPYKTYPHI 1.5\ 1 paccTOSHIH MEXTy dJie-
MeHTam# 3.2).

BriBoa. B pabore npoBeaeHO MOIETUPOBAHUE PACCESHUS DIICK-
TPOMAarHUTHBIX BOJH Ha OAIEKTPOAMHAMHUYECKON MepuoJuuecKon
CTpYKType. PaccMoTpeH anroputM onTUMHU3auy (TeHeTHYeCKUi aj-
TOPHUTM), C UCTIOIB30BAaHUEM KOTOPOTO BO3MOYKHO OIpEZesieHHe Ta-
paMeTpoB JEKTPOIUHAMUUECKON CTPYKTYPBL, IPH KOTOPBIX JOCTUTIa-
10TCs1 TpeOyeMble 3HAUCHHS XapaKTEPUCTUK PACCESTHUS IS 3aIlaHHOTO
yIiia HaOJFOICHUSI.
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COMPONENT SUPPLY MODEL FOR REPAIR
ACTIVITIES NETWORK UNDER CONDITIONS
OF PROBABILISTIC INDEFINITENESS

Stroganov V.Yu., Faddeeva E.Yu., Sakun B.V,,
Satyshev S.N.

This article contains the systematization of the major production
functions of repair activities network and the list of planning and con-
trol functions, which are described in the form of business processes
(BP). Simulation model for analysis of the delivery effectiveness of com-
ponents under conditions of probabilistic uncertainty was proposed. It
has been shown that a significant portion of the total number of business
processes is represented by the management and planning of the parts
and components movement. Questions of construction of experimental
design techniques on the simulation model in the conditions of non-sta-
tionarity were considered.

Keywords: repair; delivery; transportation, planning, inventory man-
agement, simulation modelling.

1. Introduction

The widespread application of advances in new information tech-
nologies requires the improvement of decision-making support sys-
tems in the field of enterprise management based on a powerful hard-
ware and software base [1]. Acting under conditions of market econo-
my the principle of self-financing requires providing of the company’s
interest in a realistic assessment of components transportation costs
in the production network of repair activities [8—10]. The structure of
the transport link in the repair activities network should be flexible
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enough to ensure frequent and 24/7 delivery of goods in order to main-
tain the rhythm of the production cycle [11, 12]. For the systematic
and balanced development of any business, especially for large repair
activities that provide transportation across the region, it is necessary
to introduce new technological and technical solutions, information
and telecommunication technologies, new forms of management solu-
tions, development and implementation of methods for rapid collec-
tion and analysis of survey results during inflow of component orders
[10, 13, 14].

2. Problem statement

In general, the transport component of the repair activity network
with geographically distributed structure can be formalized in the
form of a weighted graph [11]:

G=<{W =11}, {E ‘i, j=1.. I}>,

where: {WV;} — the set of graph nodes corresponding to the produc-
tion sites of repair activity; {Ej,j} — set of arcs of the graph G, which
define the intensity of the flows on the component transportation in
the form of distribution P= {Pj,j}' According to annual data, the sta-
tistical analysis of the needs of various component categories was
conducted for the purpose of the simulation model parameterization
(figure 1).

Indeed, for category A and B the common share was about 20%,
while for category D — more than 60%. More uniform situation was
observed in groups of components.

Thus, the replacement of hydraulics was more than 20%, of engine
parts — 16%, of units and chassis together — about 11%, etc. In terms
of supplying companies out of 25 thousand obtained components were
HITACHI (11721 pcs.) and FIAT-HITACHI (3601 pcs.), which ac-
counts for over than half of all deliveries.

The joint distribution of components in categories and groups is
represented in Table 1.
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C;5823
3 D5515

Fig. 1. Component distribution diagrams by categories

One of the objectives is aimed at modelling the delivery of compo-
nents for the circular route, the general scheme of which is shown in
Figure 2. Suppose we have N sites of repair activity. At each site there
is a need for a random amount of components from another & (Pois-

k An i
son distribution B, = Z# is anticipated in the operation). The number
i 14

i=0
of intermediate sections at movement of each component position is
also determined by a random variable h with parameter b (independent
from the binomial distribution) [2]:

k
n=3( 1 pa-n (.
Table 1.
The ordered quantity of components of different categories
Amount per field Z ABCD
Group A B C D Total
Machinery 31 75 247 547 900
Hydraulics 76 342 1460 2522 4400
Motor 122 275 782 2269 3448
Buckets 5 31 102 163 301
Oils 56 32 51 107 246
Implements 35 94 389 840 1358
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End of the Table 1.

Others 390 511 1459 4453 6813

Spare parts service 64 36 58 103 261

Filters 611 227 248 487 1573

Chassis 227 227 453 595 1502

Electrical engineering 17 44 139 451 651

Grand total 1634 1894 5388 12537 21453
e Ao, B2

A, By
\ / Kin,
¥ Kn

/ / \ Kouty —»

\. .
/W\\ o - \ On On+1 0+Noy,

Fig. 2. Parameterization model scheme by circular route

The first task of modelling is to generate the sample path simula-
tion of random processes of the loaded (Kin), unloaded (Kout) and
the remaining amount (K) of components. As the timeline the serial
numbers of sites that define the transport facility route are used.

As initial conditions the following values Kin =0, Kout =0, K =0
are chosen.

At each site the process of loading/unloading of components is
modelled, which is taken place by the scheme:

1. The component unloading — Kout_(calculated in the previous
steps).

2. Playing a number of embedded parts with the Poisson distribu-
tion (Kin =rpois(1,1 )).

3. Calculating the number of components remaining in the trans-
port facility:

K =K -Kout+ Kin : 2)

4. For each loaded component the number of intermediate sections
is taken place by the binomial distribution No=rbinom(1, N, m). Fur-
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ther, the processes merge in a single cycle of this route with their ref-
erence to the numbers of sites.

The interest in this case is the problem of stationary process es-
timating [6—8]. To solve it, you can exclude the first few cycles, and
then combine the remaining for statistical processing and subsequent
evaluation of the integral characteristics [3, 4].

The initial state of the model greatly influences the stationary path
(Figure 3a). The graphs show that in the first cycle (the initial state of
empty transport facility) of circular route there is a clearly non-sta-
tionary process.

A more detailed analysis is shown in Table 2. It is evident that
the initial stage represents the growth of the average value during the
variance fall. Furthermore, the skewness of the first cycle is clearly
different from other cycles.

Built autocorrelation function of the vehicle load process (Figure 3b)
suggests the possibility of a sufficiently accurate forecast in view of
inertial nature at an early stage.
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Lag Corr. S.E. Q P
1 +,781 ,0702 123,8 0,000
2 +,538 ,0700 182,9 0,000
3 +,326 ,0698 204,7 0,000

4 +,150 ,0697 - 209,3 0,000

=

5  +,021 ,0695 ﬂ ! 209,4 0,000

6 —,076 ,0693 L D ! 210,6 0,000
I

7 -,107 ,0691 - E] | 213,0 0,000
I

8 —,074 ,0689 - |] | 214,2 0,000

9  —,007 ,0688 | ! 214,2 0,000
I
I

[

10 +,080 ,0686 | 215,5 0,000

11 +,159 ,0684 | 220,9 0,000

12 +,187 ,0682 | 228,4 0,000

]l '

13 +,166 ,0680 | 234,4 0,000

14  +,114 ,0679 f 237,2 0,000

15  +,050 ,0677 f 237,7 0,000

g !

0 f L 0 ——- Conf. Limit
-1,0 0,5 0,0 0,5 1,0
a) Vehicle workload b) Process autocorrelation
Fig. 3.
Table 2.
Descriptive statistics of component supply cycles
Descriptive adjectives
Confi- Confi- Stan-
Vari- . . . Stan-
Aver- | dence dence Me- | Mini- | Maxi- | Vari- dard Skew-
able . . . . dard
age | interval | interval | dian | mum | mum | ance | devia- ness
295,000 | +95,000 tion |

K1 |41,30 | 35,01 47,58 42,00 | 8,00 | 63,00|180,11| 13,42 | 3,00 | -0,65
K2 | 47,05 | 43,58 50,51 | 47,00 |34,00| 61,00 | 54,68 | 7,39 1,65 | 0,16
K3 |52,90| 50,57 55,22 152,00 [46,00| 61,00 | 24,72 | 4,97 1,11 | 0,10
K4 |49,00 | 45.52 52,47 | 47,00 36,00 | 60,00 | 55,05 | 7,42 1,65 | 0,08
K5 | 46,70 | 44,37 49,02 | 45,00 | 38,00 | 56,00 | 24,74 | 4,97 1,11 | 0,44
K6 | 50.05| 46,48 53,61 |60,00 |38,00| 63,00 | 57,94 | 7,61 1,70 | 0,20
K7 | 41,70 | 39,69 43,70 | 42,00 |34,00] 49,00 | 18,32 | 428 | 0,95 | 0,05

The developed simulation model allows you to load the vehicle
on an unlimited capacity for circular route. Figure 4 shows a load di-
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agram for the input streams, where on the objects 5 and 12 there is an
increased flow of loading components.

The diagram shows the cyclical nature of the vehicle load, which
is determined by the structure of the input streams on the movement
of certain groups of components. Such information provides the basis
for calculating the required number of the vehicles under probabilistic
indefiniteness.

In terms of evaluation of non-stationary processes during the work,
the trend concept G(1)=ME(t|S,) of conditionally non-stationary pro-
cess is used as the basic models, where S — is initial simulation con-
ditions.

Thus, the process is inertia-free when Vt>0 G(#)=0. This condition
is satisfied only when the sample values are independent, and their
mathematical expectation — unbiased functional estimator. The pro-
cess is inertial when 3t*>0: G(7%)#0 and limG(r)=0.

Swing diagram (Spreadsheet2. sta 10v*200¢)
Median; Box 25%-75%;_S§gments: Swing without
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Fig. 4. Diagram of vehicle capacity on circular route
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The condition of the limit existence is performed because of the
existence of a stationary test process distribution. It is shown that the
monotone trends are rather typical for the simulation of output deliv-
ery processes under probabilistic indefiniteness [4, 5].

Monotony properties make it possible to investigate the quality char-
acteristics of the processes, which include the stochastic procedure be-
tween random variables & and &,, which is determined by the ratio

£, <00, <D, 0, <D, &V, D (x)2D,(x). 3)
where “<”— stochastic order ratio; @ ,®, — distribution functions of
random variables & and & ..

The planning procedure of simulation model experiment in the
conditions of non-stationarity is provided below. The described steps
of simulation can be represented in the form of static structure dia-
grams of simulation classes and dynamic charts of activity, conditions,
sequence and interaction diagrams.

As an experiment plan for the simulation model it is proposed to
use rotatable design, in which the optimality criterion is the condition
o =const at the same distance of experiment points from the center.

If there are two-factor plans, the plans are examples of rotatable plans
represented by the vertices and at least one central point of any (n-1)-di-
mensional regular polygon, which can be inscribed in a circle [12].

Uniform location of points on the sphere results in degenerate ma-
trices.

To eliminate the degeneracy the zero-radius sphere with several
central points is used.

Thus, the estimated coefficients are calculated on the basis of the
following ratios [16]:

A Lo o
by = N[zx (n+ 2); X;07; —20CY > x; %] “)

=1 j=1

b, —;{Cz[(n+2)7un]ixi_iyj +cz(1fx)iﬁxj7,xj 2xc‘zw“xj,0yj} ®)

i=l =1

cd s
b, :ﬁ;x./}zyl‘a b; :ﬂ;xm‘xﬂu (6)
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where N, — the number of points on a radius sphere P ; k — sphere
number (k=3).
Check of coefficient significance is conducted by t-Student’s test.
Estimates of the coefficients variance are calculated according to

the formulas
. 240 (n+2)S? o _ A+ Dk = ~1)JC?S?

" NP NP ™

Check of the model adequacy is based on the use of Fisher’s me-
thod [16].

The proposed experimental plan for the simulation model is used

to solve the problem of optimizing the components delivery, which

has internal contradictions. In terms of customers (industrial areas)
it is profitable to assign more vehicles of increased capacity. For the
transport link it is economically feasible to carry out the transportation
of the smallest possible amount of vehicles.

As a compromise criterion it is proposed to use a minimum of re-
duced expenditures (E), which is the value of loss of waiting time and
Auto-Transport Enterprise costs E, on transport facility operation,
i.e., Emin = (TyC+E ,;), where T, — the total cost of the waiting time of
all components; C — cost estimate of waiting loss. In expanded form,
this criterion can be written as

E:nﬂn(i(iTexjiSﬁ)'60tiC+EATE) (3)

=l j=l

where: m — number of areas; 7, i the average loss due to the expecta-
tion of appropriate component in the i-period of time; S, — the intensity
of the applications for the component transportation on the j-site in the
i-period of time. All variables expressions are counting functions and
tonnage of the vehicle.

The problem of motive power selection is under the condition,
when vehicle capacity (V) is selected from a predetermined number
of fixed values [14, 15].

A special feature of this approach is to examine the capacity and
amount of vehicles (/) as the independent variables, i.e., both of these
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parameters are calculated on the basis of the available flows of appli-
cations for moving of components.

To solve the optimization problem we propose to use numerical
methods based on the search engine optimization [4]. Algorithmic di-
agram of the motive power selection is shown in Figure 4.
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Fig. 4. A generalized diagram of the vehicle number and optimization

of their capacity

The ideal case is when it is possible to select and use in different
periods of time (depending on the intensity of the application flows for
moving of components) the transport facilities of different sizes and
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in the required quantity. However, in most cases it is not possible to
change the rolling stock. If such a possibility appears, the optimization
is carried out for each such period. Therefore, taking into account the
different needs of moving parts in time, modification of the above de-
scribed algorithm was developed, in which the capacity of the vehicle
is selected constant during the operating time and the number of the
vehicle is differentiated by a predetermined time period (Figure 5).

1

Begin 12 /\
Completion ?

2 y \/

Input (row St, i=1..1) @ o

I no Optimization V

3
p Input v* ®
® Choise Vin for Stax
4 v _
alculate N™"=N(V*, le
St), Vi

v

5 Optimize N
Vv St

no

N
o
>

6

All row St ?

©

— End

Fig. 5. The algorithm scheme of vehicles quantity optimization
and their increased capacity

Block 4 calculates the minimum number of the vehicle at a given
capacity for each stationary period of passenger traffic flow. Block 5
optimizes the vehicle number of this capacity for the next stationary pe-
riod of applications flow for moving the components on the basis of the
operations provided in blocks 5-12 of scheme shown in Figure 4. Block
10 implements a choice of minimum allowable capacity of a given
number of capacities under the number of vehicles, corresponding to
the intense flow stationary period.
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In block 11 the capacity optimization is performed for the most
intense flow stationary period of applications for the movement of
components on the basis of the operations provided in blocks 17-21
of scheme shown in Figure 4.

Each iteration process includes the optimal capacity of the vehi-
cle, corresponding to the most intense period, and then it determines
the optimal vehicle quantity of this capacity for each of the periods.

The condition for ending the decision making search in this case is
found by coincidence of vehicle cargo capacity and the vehicle quan-
tity for each of the periods on current and previous iteration.

3. Conclusion

Therefore, basic systematization of production functions of repair
activities network and the list of planning and control functions, de-
scribed in the form of business processes (BP), were made. The formal
description of BP “Planning, accounting and control of movement of
components”, allowing you to create a work schedule of vehicle, is
offered for transport-level repair facility. There is a simulation model
of the movement of components under probabilistic uncertainty that
allows us to estimate the vehicle congestion on the route depending on
the intensity of the input stream and the average number of sections of
the production repair activity network. The statistical analysis of the
needs of different groups of components and accessories categories
was conducted according to annual data for the purpose of parame-
terization of the simulation model. The planning procedure of the ex-
periment on the simulation model in the conditions of non-stationary
applications flow was proposed. Stages of simulation are presented in
the form of static structure diagrams of classes and dynamic charts of
activity states, sequence and interaction diagrams.

The problem of motive power selection is under the condition,
when vehicle capacity is selected from a predetermined number of
fixed values. A special feature of this approach is to examine the ca-
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pacity and number of the vehicles as the independent variables. In or-
der to solve the optimization problem we propose the use of numerical
methods based on search engine optimization.

The algorithm for selecting the composition of the vehicle based
on the non-stationary applications flow for movement of components
was developed.
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CONCEPTUAL MODEL OF INFORMATION
SYSTEM OF THE AGRICULTURAL ENTERPRISES

Uladzimir Buts, Zhang Tszindong

Abstract. Research subject represented by the theoretical and prac-
tical issues use of information resources in the agricultural business.

Research aim is to formation of a conceptual model of information
system of agricultural enterprises according to the requirements of
sustainable development.

Research methods. The work is prepared on basis of several sci-
entific methods and approaches including monographic, analytical,
computational and constructive methods of mathematical and struc-
tural logic simulation of information systems.

Research results. Based on the assessment of the results of research
information systems in agribusiness, as reflected in the theoretical re-
view, the author designed principles of the information system for the
agricultural enterprise for sustainable development of agribusiness.

Sphere of application of the research results. State and regional au-
thorities of economic regulation. Agricultural enterprises and farmers.

Keywords: agricultural enterprise; information system, sustain-
ability agricultural production, software.

1. Relevance of the problem
Strong recovery of China’s economy, a substantial increase in the
gross domestic product (GDP), while the economic development of
China’s agriculture is relatively slow, China’s agricultural economy
in the proportion of the total GDP is declining. How to accelerate the
development of agricultural economy, enhance the effective utilization
of agricultural information resources, active modernization of China’s
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agricultural become the point of China’s Computerization construction.
China’s agricultural Computerization construction and development of
agricultural economics is to develop and the use of agricultural infor-
mation resources for the core, to promote the government agricultural
departments’, agribusiness’ and farmers’ use of information technology,
to promote agricultural production Computerization, agricultural opera-
tion Computerization, agricultural management Computerization, agri-
cultural services Computerization for the goal. At present China’s rapid
agricultural development of information resources use and develop, also
has a certain foundation scale, but equally highlight many problems:

— Such as category of agricultural information resources is com-
plex, classification is not clear;

— The low-quality agricultural information resources, poor time-
liness, inefficient use; feeding and receiving of agricultural in-
formation resources appear interruption;

— The Farmers insufficient attention to agricultural information
resources lead to cuts and reduction;

— The enterprises have no enthusiasm to develop agricultural in-
formation resources due to the weak of IP-building.

This paper through studies the Utilization efficiency of agricultural
information resources affect the economy of agriculture by TAM/TTF
integration model ,to explore the importance of agricultural informa-
tion resources and the role of agriculture information resources in ag-
riculture economic aspects.

1.1. Problem investigation degree
Increased activity of scientific research application of information
systems in the economy connected with the beginning of the XX cen-
tury. In the world of economic thought special attention paid to these
problems neoclassical and neoinstitutionalists. Notable researchers
use information systems in the economy and society should be men-
tioned, such as Ch. Babbage, F. Hayek, F. Knight, K. Boulding, J. Sti-
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gler, J. Stiglitz, D. Akerlof, R. Coase, K. Arrow , D. North, M. Spence,
F. Machlup, T. Umesao, I. Masuda, M. McLuhan [1, 2]. As result of
their studies formed the economic theory of information. In a study of
the impact of information and information technologies in the devel-
opment of production, special attention should be working T. Sakayi,
T. Stewart, P. Pilzer, L. Edvinsson, M. Malone, E. Weizsacker [3, 4].
The study of the practical aspects of the use of various information
technologies in the management of enterprises engaged P. Drucker,
P. Strassman, D. Trout, S. Bir, R. Ackoff, Y. Malhotra, T. Davenport,
B. Goldstein, G. Poppel, L. Prusak , B. Lev, M. Earl [5, 6, 7].

1.2. Problem statement

Agricultural information resources can divided into two categories:
one for the traditional use of natural resources for agricultural produc-
tion; the second comprises the features of modern agricultural produc-
tion, which characterizes it as a socio-economic information. Among the
first category of information, information on natural resources, including
climate, information on soils, water resources, the growth of crops, pest
and diseases, natural disasters. Among the social and economic encour-
aged provide information on the functioning of agricultural markets, le-
gal and administrative, achievements of agricultural science and educa-
tion. Information on the use of natural resources is a fundamental part of
agricultural information resources, independent of traditional agricultur-
al production and use of long-term information, is the modernization of
the basic information needed for agricultural production. Socio-econom-
ic information differs from the information for the traditional agricultur-
al tools to improve production efficiency and improving its structure.

2. Model and methods
Now agricultural information Resources seemingly larger volume
and variety, it is important that agricultural producers in the utilization
of agricultural information resources. On China’s utilization of agri-
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cultural information resources evaluation methods, the paper selected
TAM / TTF integrated model, the use of the complementarity between
TAM model and the TTF model, the formation of a complete evaluation
of the utilization of agricultural information resources (see Figure 1).

ol Hy
_T‘M\_. . Task-Technology Fit Hs
Characteristics (TTF) l
(TASK) H
Hio He Perceived H, Behavioral
5] Usefulness (PU) —>» Intention to Use
| 8 (BI)
Technology Y
Characteristics 7 3 H,
Perceived Ease of H3
(TECH) Use (PEOU)

Figure 1. Integrated theoretical model of TTF and TAM [8-12]

TAM model. In 1986, Fred Davis rational behavior based on the
theory proposed technology acceptance model in his doctoral thesis,
tried to explain the reasons affect the user to accept or reject an in-
formation technology [8]. This model is constantly being tested and
expanded, and is proven to be successfully used in a large number
of prediction, interpretation and evaluation information system analy-
sis. TAM believe the intent usability and usefulness of intent are two
key factors affecting the use of information resources system, external
variables indirectly affect attitudes and behavior intended use and, ul-
timately, used to establish the model in Davis and other researchers to
technology acceptance model-based model for the expansion of estab-
lished, there are 10 pairs of relations:

1) eases of intent — intent usefulness,

2) Use of fullness of intent — use attitudes,

3) Eases of intent — use attitudes,

4) Attitude — Behavior intent,

5) Usability — behavioral intention,

6) Usefulness — behavioral intention,
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7) Attitude — end use,

8) Behavioral intentions — end use,

9) Ease — end use,

10) Usefulness — end use.

TAM model established from the user to explore the attitudes and
behavior information resource system usage, but there is no informa-
tion technology for its own internal factors, it is not conducive to the
quality of the IT itself on the use of information resources systems
analysis and interpretation.

TTF model. Goodhue and Thompson (1995) believe that the model
was use to study information systems such as TAM [9]. TRA is mainly
targeted users of the information system by the attitude and behavior
of the final effect of the use of the model, without considering the actu-
al use (Users and Technology) and adaptation of tasks and technology
between the Tasks of technical adaptation therefore proposed model.
TTF considered a match between information technology and it needs
to complete the task can be a good evaluation and interpretation of
the information system. TTF model has four main factors: The first is
the task characteristics and technical features, which together affect
the task of technical adaptation, technology adaptation and task forces
ultimately affect the final intended use and actual use [10].

TAM/TTF Integration Model. Dishaw and Strong (1999) first time
TAM model and combine to form TTF model TAM / TTF integration
model for interpretation and evaluation of information systems [11].
TAM model will focus on users and the lack of IT itself TTF model. Fea-
tures and you need to focus on information technology and adaptation
between tasks characteristic integrate the use of user behavior and men-
tality, through the internal factors (functional information system tech-
nology to affect the user behavior) as well as external factors (user behav-
ior affect the user’s cognitive information systems) both more complete
interpretation and evaluation of information systems. There for this paper
TAM / TTF integrated model for the utilization of agricultural informa-
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tion resources in China to study the function of internal factors from both
agricultural information resources people use behavior affecting. Agri-
cultural information resources for agricultural producers and agricultural
producers from both external factors awareness of the usefulness of ag-
ricultural information resources and ease China cognitive research utili-
zation of agricultural information resources both to further explore the
relationship between China and the utilization of agricultural information
resources in agriculture between China’s economic production [12].

3. Results

Information technology and systems that enhance the quality of
information to ensure the economic stability of the enterprises are en-
couraged to consider by economic sustainability.

Organizational stability characterizes the stability of the internal orga-
nizational structure (Company structure and relationships of its main di-
visions) and established and operational links between the Departments,
the efficiency of joint work depends on the regularity of procedures and
processes paperwork. Our studies show that 75% of staff time utilized
on training, maintenance, filling up, search and transmission of various
documents. It consequently the introduction of electronic document man-
agement system, which is a set of software and hardware, providing the
automation of work with documents throughout their life cycle and pro-
cesses of information interaction of employees across the enterprise.

Today the market offers information services systems such as the
“platform for managing business processes and documents DocsVision»
(Company «DocsVision»); “Document Management: software LanDocs»
(LANIT group); “BUSINESS” (company “Electronic Office Systems”);
“The system of electronic document management and office automation”
Euphrates-Document Management “(Company Cognitive Technologies);

Since 2001, the increasing popularity began to gain the concept of
“enterprise content management (Enterprise Content Management —
ECM) ». ECM-system — the system of enterprise content management,
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which developed for storing and processing unstructured data (text
documents, images, spreadsheets, etc.). Common data applications
ECM-system allows to not only create and access them from different
sources and easily manipulate them. The main objective of ECM-sys-
tems — to ensure efficient management of the accumulated information
assets of the enterprise in order to increase productivity and ensure the
company’s sustainable competitive advantage.

The level of technical stability of agricultural enterprises in the con-
temporary economy largely depends on the technical base of the compa-
ny, corresponding to modern requirements of scientific and technologi-
cal progress. Modern agricultural machines presented on the market di-
verse range of brands and models. Of particular interest are the machine
tools based electronics and information technology, the use of which is
aimed at improving the quality and quantity of output, fuel economy, as
well as to improve the comfort of work, management techniques and
monitoring of technological operations. As a result, documentation of
production processes and product quality indicators of farm managers
receive quality information for production management.

For example, the system CLAAS TELEMATICS allows you to get
information from the combine. With it you can diagnose the car, find out
what the performance, whether all adjustments, which employs proces-
sor, whether the fuel is used efficiently, etc. The system can be installed
on all harvesters CLAAS. Information System AFIS Agrotron company
DEUTZ-FAHR includes a terminal display and service through which
you can manage all hinged instruments with the appropriate equipment.

Solutions using GPS systems enable us to satisfy the requirements
of precision farming. These systems help the driver to precisely the
band when working with tools with a large width, regardless of the
time of day and weather conditions. The navigation system works
with an accuracy of a few centimeters, allowing better use of work-
ing width and achieve higher performance. In addition, fuel economy,
which is especially important in light of the highenergy prices.
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Production stability characterized by the ability of the enterprise
to achieve planned business results through effective use of available
resources.

Animal of the XXI century is inconceivable without electronic
control systems herd — automated system that allows you to keep all
the data on the status of the animal in a computer database. Because of
this, all the information about diseases, pregnancy, and must always
be available to those skilled in the farm. Electronic control systems
make it possible to keep track of virtually all parameters of heredity
in the herd. Daily information on technical and veterinary data, allows
you to organize the work of specialist dairy farm based on reliable in-
formation, fully control the situation on the dairy farm, to take timely
managerial decisions and develop a plan of action.

Examples can serve as a system of farm management DelPro ™
(company DeLaval) for farms with a stanchion, herd management
system ALPRO ™ (company DeLaval), computerized farm manage-
ment company SAEAFIKIM and others. The software package FARM
software company Agrovision, is the most common software product
Management for pig farms in Russia (more than 40 pig farms) and in
most European countries. FARM software is a versatile software prod-
uct that allows real-time to keep records of livestock farming, to an-
alyze the situation in the economy and generate reports on the move-
ment of livestock, for reproduction, fattening, calculation of cost, etc.

Social sustainability. The successful development of the agricul-
tural enterprise depends largely on the personnel of the enterprise, its
qualifications, ability and desire to work productively. Therefore, one
of the key places in the overall strategy of the company is addressing
the issue of effective human resource management. Over the last de-
cade, the complexity of the problem of human resource management
in diversified businesses increased significantly. This is due to the con-
tinued expansion of the functions assigned to personnel services, in-
creasing the degree of diversity of information that must be processed,
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or at least take into account, in personnel services, constant changes in
the requirements as to the contents of this information and its presen-
tation in various instances.

Today the market of information technologies can offer a range of
full-featured system for personnel management is not inferior to West-
ern counterparts either in functional or in technological capabilities.
These systems allow you to perform tasks such:

Management structure and staffing of the enterprise; personnel Man-
agement; maintenance of personnel records; time management; timecard
management; calculation and payroll, bonuses, taxes, single social tax; the
administrative workflow management personnel and accounting work,
certification and identification of needs (education, training) employees;

Formation of statistics, forms, and a variety of reports for internal
and external use.

Examples of systems for personnel management can serve as a “‘sys-
tem of Alfa / Personnel Management” (company “Informkontakt”);
automated personnel management system BOSS-Personnel (Company
“boss. HR Systems”), the contour of “Human Resources” (Corporation
“Galaxy”), “1C: Salary and Personnel Management 8 (1C). An inter-
esting development represented by 1C. “1C: Enterprise 8. Evaluation of
staff”” is a complete solution for automation of processes of personnel
evaluation and design teams or teams on the basis of psycho-diagnostic
test that allows you to automate testing during recruitment, appraisal,
and to plan and monitor the development of the employees.

Environmental sustainability. In the second half of the twentieth cen-
tury was the most pressing problem of reduction in crop production con-
tent of vitamins and minerals and accumulation products, both crop and
livestock production of harmful substances (nitrates, pesticides, hor-
mones, antibiotics, and so on. N.). the Reason — the degradation of soils.
Unfortunately, in time the problem is not completely solved, neverthe-
less, it may be noted many positive achievements. An example is the
GIS products, GIS technology, GIS services, which described above.
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The functionality of the program “AdeptIS: Master planning in agri-
culture Version 3” for the 1C: Enterprise 8.0 include the ability to input
the results of soil analysis (based on the chemical content), whereby
using classifiers formed registers of land use and is determined by the
need for fertilizer for each field. Results of analyzes of soil visual (color)
are presented in the fields of electronic maps. There is also a possibility
of optimal (cost) selection of fertilizers, providing the identified need
for macronutrients.

Financial stability. The current stage of economic development char-
acterized by an increase in volume of information resources, not in pro-
duction only, investment, marketing activity, primarily in the financial
activity of the enterprises. Efficiency and adequacy of the information
display of financial transactions, the possibility of their accounting and
analysis, prediction and control to extent depend on the implementation of
the management of financial flows of modern information technologies.
A significant role in the process of enterprise management plays account-
ing, where about 60% of all information. Computer accounting software
market in Russia is represented by a wide range of options — from the
most simple to branched, carrying out a wide range of operations with
deep intelligence, “1C: Enterprise 8. Accounting agricultural enterprise”
(the company “1C” and the company “AgroSoft”); “1C: Enterprise 8.
Accounting poultry farm” (“1C” and “1C-Rarus” and “1C-Rarus NN”);
“AdeptlS Accounting and records of agricultural organizations” (ZAO
AdeptlS); Info-Accountant 10 (the company “INFO”) and others.

Marketing stability. The term CRM (Customer relationship manage-
ment — Customer Relationship Management) designate, as a rule, not
only information systems containing functions of customer relationship
management, but also the very strategy of customer orientation, the es-
sence of which — to combine different sources of information about cus-
tomers, sales, responses on marketing activities, market trends, for the
most close relations with customers.

Usually CRM-solution includes support for managing sales, mar-
keting and customer service. Examples of these solutions are:
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CRM-system “Marketing and Management” (“Compass”); CRM-
system “Sail” (“Corporation SAIL”); 1C: Enterprise 8. CRM TRAC
(joint solution “1C” and “1C-Rarus”).

Improve the economic stability of the whole will promote the use of
corporate information systems, whose main task is to automate all func-
tions from enterprise management business planning to analyze the re-
sults of the company. In larger enterprises it is expedient to implement
information systems class ERP, for example, “Galaxy ERP» (corporation
“Galaxy»), Microsoft Dynamics AX (Corporation Microsoft), [T-compa-
ny (Corporation “Information Technology”), and others. Corporate infor-
mation systems are complex, expensive and require customization.

The market information systems presented as complex information
systems, which do not belong to the class of ERP systems, but aimed at
the implementation of the set of management tasks. Examples include:

“1C: Enterprise 8. Management of agricultural enterprise” (the
company “1C” and the company “INTECO Black Earth); “AdeptIS:
Agricultural complex” system “1C: Enterprise 8” (ZAO AdeptIS); the
Software product “Sail-agriculture” (“Corporation SAIL”), and others.

Most enterprises implemented several information systems, such
as electronic document management system, the system of person-
nel management, accounting package, CRM-system. In this case, it
is necessary to solve the problem of the data consolidation, so it is
necessary to choose a system compatible with each other, having the
possibility to work with a common database.

4. Discussions
Revealed the following problems of the use of agricultural infor-
mation resources of China and the Republic of Belarus:
1) The deficit of the market and scientific and technical information;
2) Information flows not aimed at the maintenance of the rural
population;
3) The backlog of information technology on modern require-
ments for the construction of information systems;
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4) Lack of close international exchanges between China and Be-

larus in the field of information systems in agriculture.

It proposed to allocate the following basic directions of informa-
tion flows within the information system of agricultural enterprises:

Definition of the market status of the enterprise (organization);
Determination of the objectives and strategies of its activities;
Decision of tools and instruments of the strategy.

Modern conditions of production in agricultural enterprises require a
large amount of information resources. The most important components
of a socio-economic information based on accounting data. For the pur-
poses of strategic planning, economic analysis and monitoring proposed
to divide flows of socio-economic information on the areas of accounting;:

Administrative,
Financial,
Tax.

According to the established concept of the agricultural informa-
tion system of the enterprise, information, aggregated by fields of ac-
counting, management transferred to the enterprise, which decides:

Volume and product mix;

Purchase of material and technical resources;
Sale of finished products;

Introduction of innovative technologies.

Expected results from the implementation of a new information
system of strategic management:

Optimization the relationship between the units;
Streamlining electronic document;

Increase staff motivation;

Achieving positive financial results of the company.

5. Conclusions
Scientific article for authors highlighted the problem of the use of
information resources in agribusiness (in the context of improving the
sustainability of agricultural production):
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Existing information systems do not provide the stability of the
complex, and affect only certain types of sustainability,

Existing diversity of software products requires adaptation to each
other in terms of information exchange and sharing.

During for new approaches to these problems, the author a concep-
tual model of information system of the agricultural enterprises. The
essence of the conceptual model is that it integrates the methodologi-
cal principles of the agricultural information system of the enterprise.
The effectiveness of the model tested on the example of the function-
ing of the agricultural enterprises of the Republic of Belarus and the
People’s Republic of China.
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PROGRAM AND GOAL-ORIENTED
DEVELOPMENT OF THE MUNICIPALITY

Yankovskaya V.V.

The article presents weaknesses of the Socio-Economic Development
Program (SED) with further optimization and formulation of the strat-
egy. Dubna SED is studied by means of qualitative modification of the
system of indicators used to assess SED Program priorities. Qualitative
analysis of the Program of Socio-Economic Development of naukograd
Dubna 2011-2015 enabled to assess its opportunities and prospects.
Theoretical aspects of planning as a function of local government have
been studied while analyzing activity of the municipality. Analysis of
target values of key social indicators in the town for 2012 and 2014 fi-
nally resulted in a vivid picture of qualitative modification of the system
of indicators for assessing SED Program priorities in this municipality.

The research was based on actual materials referring to Dubna
SED, namely, target programs, forecasts, development strategy, and
the Mayor s reports on local government activity.

Keywords: program; SED; municipality, performance indicators;
planning principles.

INPOI'PAMMHO-IEJIEBOE PABBUTHUE
MYHULUITAJIUTETA

Hukoeckaa B.B.

Ce2o0ns ocyujecmensiemcs noNvlmKa GblA6UMb Clabble CMOpPOHbL
TIpoepammul coyuanvro-sxkonomuueckoco passumus (COP), ¢ nocredy-
owell onmumuzayuel u paspabomrol cmpamezuu, paccmMampueden-
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€A COYUANLHO-IKOHOMUYECKOe pazeumue 2opooa /[yoHa, nocpedcmeom
KauecmeeHHoU MOOUpUKayuu cucmemsbl nokazameiel, UCHONb3)eMbIX
0711 oyenku npuopumemuocmu yenet npoepammel COP. Kauecmeen-
nold ananus Ilpoepammsl cOYUAnbHO-IKOHOMULECKO20 PA3GUMUsL HAY-
xoepaoa [lyona na 2011-2015 ee. nozeonun oyeHums e€ 803MONCHOCMU
u nepcnekmusbi. B xo00e ananuza dessmenbHoCmu MyHUYURAIUMEMa Uc-
Ce008ANUCH U MeopemuyecKue dcnekmol NIAHUPOBAHUs KAK QyHKYUU
OpP2AHO8 MECMHO20 CaAMOYNpasienus. AHAIU3 KOHMPOIbHBIX 3HAYEHUL
OCHOBHbBIX NOKA3amerell COyuaIbHO-I9KOHOMUYECKo20 pazeumus 2. /[yo-
mot 3a 2012 u 2014 2., 0an 8 KOHeuHOM umoze HA2AAOHYI0 KAPMUHY
KauecmeeHHoU MoOUGuKayuu cucmemsl nokasamernetl 0 OYeHKU npu-
opumemnocmu yeneu npoepammor CIP oannoeo mynuyunarumema.

Lenvio cmamvu s6r1semes gvisignenue ciabvlx cmopou Ilpocpam-
mot COP, ¢ nocrnedyoweil onmumuzayuei u pazpabomrkoi cmpame-
euu. Ha npumepe coyuanvro-skoHomuueckoe pazsumus noOMOCKO8-
Hoeo 2opoda J[yoHa.

Hccneoosanus nposoounucs Ha 0CHOBe (PAKMUUECKUX MAMEPUATLO8
0 COYUATLHO-IKOHOMUYECKOM pazeumui 2. [yOHbl, 8 yacmuocmu ye-
JIeBbIX NPOZPAMM, NPOSHO308, CIMpame2uu pazeumus, omuemos I 1asvl
20p00a 0 0esiMeIbHOCMU OP2AHO8 MECIMHO20 CAMOYIPABLEHUS.

Knrouesvie cnosa: npocpamma; coyuanrbHO-3KOHOMUYECKOE pa3-
sumue, MyHuyunaiumem, nokazamen 3Q@PeKmusHoCmu, NPUHYUNb
NIaGHUPOBAHUA.

In Russia, as in a federal state, challenges of government control of
regional development are met at a federal and regional level.

The federal subjects of Russia control development of their terri-
tories, first of all, elaborating and implementing SED strategies and
programs within their powers.

Planning is one of the main functions of the local government.
Planning determines development goals, ways and methods, and in-
spection standards needed to achieve these goals.
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Principles of municipal planning are as follows:

1. Deputies, administrative employees, specialists and experts are
to be involved in planning. It enables to set the priorities.

2. Planning is a recurrent process. While planning, it’s necessary
to take into account results of the previous planning period and,
if necessary, to make adjustments.

3. Possible changes in “external environment”, assuming changes
in the plan, are to be considered at planning.

4. Planning involves “horizontal” coordination. “Vertical” inte-
gration is effected when local government authorities partici-
pate in execution of different federal and regional programs.

5. Arrangement of necessary conditions for plan fulfillment.

Scientific character of planning.

*

7. Process of municipal planning is to be controlled by the special
body (planning committee), formed from representative of dif-
ferent departments chaired by the head of administration or his
deputy [8].

At the moment, medium-term planning is the basis of the SED
municipal planning. Municipal budget is enacted for 1 year; financial
plan and SED forecast are made for 3 years.

Town goal-oriented programs are set up for 3—5 years. Today, two
long-term federal programs are effective in the town: Naukograd De-
velopment Program for 25 years and Program for Establishment of the
Technology Innovative SEZ since 2007 to 2017 is revised.

Now, the Program of Socio-Economic Development of Dubna as a
naukograd of the Russian Federation 2012-2016 is implemented in
the town. For the last four years the program has not been essen-
tially amended.

The author thinks that the regional SED strategy is to be composed
of two main blocks. The first block (the strategy) means the most im-
portant long-term goals and priorities of regional SED (10-15 years),
as well as their substantiation. The second block means the regional
SED program for the next planned period (five years).
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In S.A. Nekhaev’s view, the president of the network holding
WEB-PLAN Group, regional SED programs, elaborated and imple-
mented today according to the Federal Law of the Russian Federation,
have some methodological miscalculations that do not enable to make
the most of the regional potential and the whole variety of existing
investment vehicles, technologies and instruments, and thus, in fact
cannot encourage additional investments to the region and cannot use
extra-budgetary resources for financing regional programs [3].

V.V. Kukushkina, the author of the monograph Models and Meth-
ods of Strategic Planning and Development, underlines the following
methodological approaches used to elaborate SED forecasts, strate-
gic programs and plans [2]: system-comprehensive approach; sys-
tem-program approach; system-multiplier approach; system-norma-
tive approach; system regime of economy; system-dynamic approach.
Having studied the monograph, it may be concluded that system-nor-
mative and system-program approaches were used to elaborate the
Program of Socio-Economic Development of Dubna as a naukograd
of the Russian Federation. The Program contains social targets provid-
ing for achievement of a special level of the social system, Program
implementation period and sources of financing. In order to improve
quality of programs it is necessary to assess them, that will enable to
find out their advantages and/or disadvantages on different stages, as
well as to ensure timely and proper adjustment.

The SED municipal program is to be analyzed according to the
main assessment criteria based on the following stages [7]: structure
and internal consistency. Thus, we pass to the qualitative analysis of
the Program of Socio-Economic Development of Dubna as a nauko-
grad of the Russian Federation 2012-2016.

Program structure analysis
Analytical part includes characteristics of economic and geograph-
ical position of the town, its socioeconomic status, and the key results
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of the Program of Socio-Economic Development of Dubna as a nauk-
ograd of the Russian Federation 2008-2013.

The forecast of the Program includes basic lines of complex SED
of the town and target values of key indicators of the Program of So-
cio-Economic Development of Dubna as a naukograd of the Russian
Federation 2013-2017.

Competitiveness of the town and possible effect of environment,
determining municipal development conditions, are not assessed in
the Program. External challenges and threats for the municipality, ag-
gregate potential and opportunities of the town are not identified.

A SWOT analysis enabling to make recommendations on the most
effective way of using strengths and neutralization of weaknesses
of the municipality was not carried out at Program elaboration. The
Program does not include its implementation arrangements: program
management, monitoring and evaluation. There are no arrangements
to adjust Program activities. The Program contains no resource provi-
sion forecast. Extent of financing is fixed at budgeting for the follow-
ing financial year on the basis of relevant budget opportunities. Thus,
the author offers to reach program consistency, and then to implement
it stepwise. Namely:

Program internal consistency

1. Adequacy (conformance of initial conditions with the main
(strategic) goal and priorities of municipal economic and social
development).

The Program offers the innovation strategy as a basis for town de-
velopment. The innovation strategy provides for establishment of the
Dubna science park, which is among the projects for formation of
growth areas in the country due to intensification of innovation activity
based on naturally interacting basic modules: territorial scientific and
technological clusters; innovation belt around JINR and other scientific
and engineering organizations of the town; University “Dubna” as a in-
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novation-educational center of the naukograd; IT science park Russian
Programming Center; Technology Innovative SEZ. Dubna economic
priorities are as follows: development of information and telecommu-
nication infrastructure, innovation infrastructure and research-and-pro-
duction complex. Besides, the Program underlines development and
implementation of the recreational potential of the town.

At the same time, elaboration and realization of the youth policy,
formation of positive environment for entrepreneurship are not singled
out as the main development lines. Today, only innovation projects are
supported in the town. So, it’s necessary to support not only innovation
projects, but other submitted projects as well, primarily concerning the
household sphere. One of the main tasks of forming positive environ-
ment for entrepreneurship is to create conditions stimulating the youth
to do business.

Ecologic problems also are not among the main lines of complex
SED of the town, although Dubna has a potentially dangerous object.
JINR constitutes a danger of disastrous radiation pollution. Dubna is
a flood-prone area due to the Ivankovo hydroelectric dam. Although
official unemployment in Dubna has been growing since 2004, the
Program has no measures to solve this problem. Besides, the Program
does not contain such chapter as Investment Activity that includes a
list of attractive investment projects holding information on number
of working places, calculation of economic efficiency of the project,
estimated production volume, payments into the budget, profitability
and returns.

Thus, the Program places a premium on development of the sci-
entific and innovation potential of the town. Status of the town “nau-
kograd” promotes it. But, the naukograd Program at the same time is
the complex SED Program of the town. It determines conditions for
developing such spheres as: social, housing and community amenities,
health service, culture, sport. Unfortunately, at present these lines of
development are considered as supporting ones in Dubna.
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Logic

Municipal SED goals and tasks, first, are to make allowance for the
strategic direction, set in the regional Program, second, to be oriented
at global problems and situations of municipal SED.

The Program is to contain logically successive interconnected
elements: “strategic directions, tasks to achieve and solve them, ac-
tivities, effective results that are not only expected but estimated as
well”. It is the principal condition of Program efficiency [7].

In the Program the logic chain is broken due to lack of activities
to achieve some tasks. Thus, for example, one of the key tasks of
the Program is a stable growth of the taxation basis of all bud-
gets, but there are no factors and activities stimulating this growth.
One more task is to keep world leadership in scientific, scientific
and technological and innovation activities, experimental devel-
opment, trials and staff training being the priorities for the town.
Nevertheless, as it was already mentioned above, the Program has
no analysis of competitive environment, opportunities and external
threats. Foreign economic activity is not determined as a line of
development.

The Program does not consider development of a staffing system
at enterprises of the scientific-and-production complex and the spe-
cial economic zone, although this task was specified as a priority.

Program activities are insufficiently worked over many priorities,
such as culture, informatization and telecommunication, commerce
and services, development of the recreational potential of the terri-
tory.

Program activities financing plan is insufficiently thrashed out. It
resulted in a discrepancy between some planned and actual values.

In 2012 the Development Strategy 2013—-2017 was adopted in the
town. Now, we can state that priority directions and specific activities,
fixed in the Strategy, differ from the ones, fixed in the current Devel-
opment Program.
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Relevancy

In the course of Program implementation it is necessary to evalu-
ate correspondence of indicators to the stated goals. That’s why it is
needed to find out, if conditions are fulfilled to achieve the system in-
dicators, namely, timely and full information provision, but minimum
interim values and indicators.

For the last four years the Program has not been sufficiently amend-
ed, and as a result we can see a divergence between some planned and
actual values.

In order to assess the Program efficiency it is offered to analyze
target values of SED key indicators, fixed in the Program, comparing
them with the actual figures for the given years (Table 1). In our coun-
try transition to the market economy started in 1990. Before, the long-
term planning based on extrapolation was practiced in the country.
Nowadays, we can see a transition to the strategic planning enabling
business and municipal entities to adapt to the quickly changing exter-
nal environment and to make full use of their potential.

Analysis results show the feasibility of the SED indicators forecast,
fixed in the Program. In 2012 we could see a minimum positive effect
of program activities; in 2014 the effect was negative and equaled -5
of possible +11.

While planning municipal SED, first of all, local potential and pro-
duction capabilities are taken into account. At that, a market analysis
and investigation of its dynamics are nearly non-existent. Managerial
staff often does not see the difference between strategic and long-term
planning. If it is a long-term program, that is, valid for 5 years and
more, it becomes a strategic one without a substantial correspondence
with this notion. And strategic planning is understood as development
and implementation of similar development programs. Besides, the
problem is that in Russia almost there are no regulations of system-
ic character in strategic planning. In the Dubna Program there is no
system monitoring of the external environment and the market. As a
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result, in the course of implementation the Program is not amended
according to the changing conditions of development.

Table 1.
Analysis of target values of key social indicators,
Dubna, 2012 and 2014 [4, 5, 6]
2012 2014

Performance Indicator Values | Performance Indicator Values

Performance Indicators | Units 3 - z ] < =
o 153 S » o 153 kS @
> =l = z > =] =
2 ] 2 S| E 2 ] 2 8| &
S| 5 |[£8|&| 2| § |£%8| &

< < |2 < < | =

[ ~

RF tax revenue Min

from the taxpayers RUB; 1642.1 | 2702.6 | 1.646 | +1 [ 1966.0 | 2640.0 | 1.343 | +1

registered in Dubna

Resident population | Thous. | ceos0 1 534 | 0.007 | -1 | 71000 | 65400 | 0.921 | -1

(average annual) people

Aivzr;ietj:’;ry igﬁ:} 17826.0 | 16148.64| 0.906 | -1 |24395.0(17410.26| 0.714 | -1
Retail turnover I]\:I}‘; 35514 | 45329 | 1276 | +1 | 48317 | 55443 | 1.147 | +1
Paid services Min.

. 1500.0 | 1605.72 | 1.070 | +1 | 2120.0 | 1758.39 | 0.829 | -1
to the general public RUB

Average housing Sq.m/

. 21.7 2385 [ 1.099 | +1 | 234 24.14 | 1.032 | +1
per capita man

Commissioning
of residential houses | Thous.

. 65.00 544 0.837 | -1 90.0 68.0 0.756 | -1
built due to all sources | sq.m

of finance
. . Thous.
Residential floor area 1501.51| 14909 | 0.923 | -1 |1666.51| 1579.0 | 0.947 -1
sq.m
Empl t
'mp oymen person | 37100 | 33460.0 | 0.902 | -1 | 38600 | 32500 | 0.842 -1
in economy

Total salary budget Min.
in the town RUB
Fixed investment

5530.0 | 6484.0 | 1.173 | +1 | 7830.0 | 6790.0 | 0.867 | -1

due to all sources (bud- Min

get allocations for the RUB. 43155 | 4812.6 | 1.115 | +1 | 6183.9 | 4464.8 | 0.722 | -1

special economic zone
excluding)

TOTAL +1 -5




146 IJAS, Volume 6, Number 2, 2016

2011 2012 2013 2014
Fig. 1. Recorded unemployment 2011-2014, % [4]

Development indicators, fixed in the Program, and yearly perfor-
mance indicators are inconsistent. Thus, it is necessary to elaborate
the unified SED indicator system in order to analyze efficiency and
performance of program activities, adjust goals and methods for their
achievement. In spite of the fact that tax revenues are growing yearly,
a lot of SED indicators, for example, recorded unemployment, avail-
ability of preschool facilities, have a reverse dynamics.
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Fig. 2. Availability of preschool facilities, 2011-2014
(places per 1000 preschool children) [4]
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Table 2.
Calculation of municipal social indicators
Indicator and area for improvement | Formula | Value
Goal: Economic development.
1. Production volume per capita FI=Vt/ Ut 231.630
2. Production growth rate F2=(Vt-Vt-1)Vt 1.099
3. Small business development level as a ratio oy
of population employed in small business to F3= ¢ /'-I 0.278
total economically active population ’
4. Share of profit-making companies F4=It(+)/11't 0.857
5. Total internal investment resources as a sum
of depreciation and profit remaining at the dis- F5=A4St/4t 219.198
posal of local enterprises per capita
Goal: Social development.
6. Living standards of population as a ratio of
average money income and income in kind (in F6=Dt/4t 0.291
value terms) per capita
7. Number of cars per population (per 1000 men) F7=1000A41t/49¢t 367
8. Availability of landline (per 1000 men) F8=1000Tt/49t 798
9. Availability of hard roads F9=Wt/(sqrtdjSj) 0.042
10. Paid services for populations (per capita) F10=Ut/4t 25.637
Goal: Ecologization of the territory
11. Pollution level e Y‘/(qj x 5,) | 23601
F 12 =(Sjl +0,852 +0,65
j3 +0,4Sj4 +0,2Sj5)/S j
12. Accumulated anthropogenic change of the S.Jl — wooded lands,
territory evaluated by the town natural protec- Si2- tre'es and shrubs 0.492
tion factor lands falling outside the
forest fund, S j3 — swamps,
S j4 — agricultural lands,
S j5 — underwater lands.

In order to determine the development priority, calculations set
forth in Table 2 should be made [8].

Then, we scale the indicators and calculate the arithmetical average
of the indicators by goals.

Economic development: 0.0906.

Social development: 0.2380.

Ecologization of the territory: 0.0112.
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In the furtherance of identified issues the author offered to form a
working group on the basis of the Department of Public Administra-
tion at the University “Dubna”, which would cooperate with the town
administration on elaboration of the next SED program. Functions of
a working group: SWOT, STEP, ETOM analyses of the municipal for-
mation Dubna Urban District; determination of the town cumulative
potential and its competitive advantages; elaboration of the system of
SED indicators to forecast and monitor Program implementation, all
plan documents of the town; determination of the Program structure;
coordination of Program activities with town priorities. At the moment,
these offers are admitted to examination by the town administration.

Conclusion

— Medium-term planning is the basic planning in Dubna.

Qualitative assessment of the SED Program enabled to find out
the following weaknesses of the Program. A SWOT analysis was not
carried out at Program elaboration. There is no evaluation of town
competitiveness and possible external influence. The Program does
not include its implementation arrangements and arrangements to ad-
just Program activities. The Program contains no resource provision
forecast. The Program places a premium on development of the scien-
tific and innovation potential of the town. At that, it does not provide
activities on some areas of concern, such as decline in unemployment,
implementation of the youth policy, etc. As a result, the logic chain
“priorities-tasks-program activities-expected results” is broken. Pro-
gram activities and their financing plan are insufficiently worked over
such priorities as culture, informatization and telecommunication. It
resulted in a discrepancy between some planned and actual values.

— Based on the comparative analysis of the Development Strategy
2013-2017, adopted in 2012, and the Development Program we
can state that priority directions and specific activities, fixed in
the Strategy, differ from the ones, fixed in the current Develop-
ment Program.
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— Target values of SED key indicators for 2012 and 2014 have been
analyzed. In 2012 we could see a minimum positive effect of pro-
gram activities; in 2014 the effect was negative and equaled -5.

— The current Dubna Program is not a strategic one. There is no
system monitoring of the external environment and the market.
As a result, in the course of implementation the Program is not
amended according to the changing conditions of development.

— Development indicators, fixed in the Program, and yearly local
government performance indicators are inconsistent.

— In spite of the fact that tax revenues are growing yearly, a lot of
SED indicators, for example, recorded unemployment, avail-
ability of preschool facilities, have a reverse dynamics.

— Following the SED Program analysis, the author offered to
form a working group of teachers and students on the basis of
the Department of Public Administration, which would cooper-
ate with the town administration on elaboration of the next SED
program, namely: SWOT, STEP, ETOM analyses of the munic-
ipal formation Dubna Urban District; determination of the town
cumulative potential and its competitive advantages; elabora-
tion of the system of SED indicators to forecast and monitor
Program implementation; determination of the Program struc-
ture; coordination of Program activities with town priorities.

— The research resulted in identification of instruments and direc-
tions for improving the system of indicators to assess priorities of
the municipal SED Program, to evolve its implementation strate-
gy and algorithm that will finally produce a synergetic effect.
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