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n3Hec-uH(pOpMaTUKa» — PELHEH3UPYEMBI MEXIMCIUTLIIMHAPHBIN
<< BHayl{Hbm KypHas, Bblmyckaemblii ¢ 2007 roma HamuoHanbHBIM
HCCIe0BaTEeIbCKUM YHUBEPCUTETOM «BhICIIIast 11KoJ1a 9KOHOMUKU»
(HWY BIIY). AmnMuHHCTpHUpOBaHME XKypHaja OCYIICCTBIsIETCS Bricmieit

koo 6usdHeca HMUY BIID. XKypHan BbeIMycKaeTcsl eXeKBapTalbHO, HA pycC-
CKOM U aHTJIMMCKOM SI3bIKaX.

Muccusi XypHana — pa3BUTUE OU3Hec-MHGOPMATUKKU KaK HOBOIW 00gacTu
WH(POPMALIMOHHBIX TEXHOJOTUM W MeHeaxXMeHTa. ZKypHaa OcCyIIeCTBIsIET
pacnpocTpaHEeHUE MOCIEIHUX Pa3pabOTOK TEXHOJOTMYECKOTO M METONOJIOTU-
YECKOro XapakTepa, CIOCOOCTBYET pa3BUTHUIO COOTBETCTBYIOIIMX KOMIETEHIIUMN,
a Takxe oOecreyrMBaeT BO3MOXHOCTU ISl AUCKYCCUM B 00OJaCTU MPUMEHEHUS
COBpPEMEHHBIX UH(POPMAIITMOHHO-TEXHOJIOTUYECKUX PEIIeHUI B OU3HeCe, MEHe -
KMEHTE U 9KOHOMUKE.

XKypHan my6iauKyeT cTaTbd MO CIASAYIOIIe TeMaTUKe: MOISINPOBAHNE COIIM-
aJIbHBIX M 9KOHOMUYECKUX CHUCTeM, IudpoBas TpaHchopMalus 6usHeca, yrmpab-
JIeHUe WHHOBalUSIMU, MH(POPMALIMOHHBIE CUCTEMbl U HUMDPOBbIE TEXHOJIOTUU
B OM3Hece, aHAJIW3 JAHHBIX U CUCTEMBI OM3HEC-MHTEJICKTa, MaTeMaTHICCKHe
METONBI M aJTOPUTMBI OW3HEeC-WHGOPMATHUKUA, MOACIMPOBAHWE W aHaIU3
OM3HEeC-NPOLIECCOB, MOAAePXKKa MPUHATUS YIIPaBIeHUECKUX PEIICHUA.

XKypHan «busnec-undpopmatuka» BKIOYeH B IlepeuyeHb peleH3UpPYEMBbIX
HaYYHbIX U3IaHUI, B KOTOPBIX JOJXKHBI ObITh OMyOJIMKOBaHbI OCHOBHBIE HAyYHbIE
pe3yIbTaThl JUCCEpPTALMi HA COUCKAHME YUCHBIX CTEMEeHEe KaHauaaTa u 10KTopa
Hayk (ITepeuenp BAK).

Kypnan Bxomut B 6a3bl Scopus, Web of Science Emerging Sources Citation Index
(WoS ESCI), Russian Science Citation Index Ha mrardopme Web of Science (RSCI),
EBSCO.

)KypHan PacnpoCTpaHACTCA KaK B IICYaTHOM BUIC, TaK U B SHCKTpOHHOﬁ (l)OpMC.
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a o o
Mucturyr matematuku uM. C.JI. CoboneBa, Cudbupckoe otaeneHue Poccuiickoit akageMumn HayK
Anpec: Poccus, 630090, r. HoBocubupck, np-t Akagemuka Konrrora, 1. 4

b o . . .
HoBocHOMPCKMiA HAITMOHATBHBIN UCCIEI0BATEIbCKUI TOCY1apCTBEHHBI YHUBEPCUTET
Anpec: Poccust, 630090, . HoBocubupck, ya. [Tuporosa, 1. 1

AHHOTALMSA

Crathsl TOCBSIIIEHa pa3pabOTKE METOHOB  CO3MAHUS  MHTE/UIEKTYaJbHBIX  ITOMOIITHUKOB.
HHTemnekTyalbHble TOMOIIHUKY MOTYT IIPUMEHSITHCST B KOJUT-LIEHTPaX JIJIsT pellieHUsT TPo0JieM KIIMEHTOB,
IJIST peIIeHUS 3a0a4 TeXTTOIIE PKKH, TS TOMOIIM JTFOISIM C OTPaHMISHHBIMHU BO3MOXHOCTSIMH,, TS TIOMOIITH
B BBIOOpE TOBApOB M JIp. PaccMaTpuBaloTCsl MHTEIUIEKTyaIbHbIe TOMOITHUKY, BEAYIIIME apIyMEeHTaTHBHBIN
JTAAJIOT C ITOJIb30BATE/ISIMU, HAIIPAaBJIICHHBIN HA TTIOMCK TOBAPOB M YCIYT, MAKCUMAJILHO YIOBICTBOPSIONINX
KeJIaHWs M TIOTPeOHOCTH ToJib3oBaTelieil. Pa3paboTka MHTE/UIEKTYaJlbHOTO TOMOIIHMKA BemeTcsl Ha
OCHOBE YETBHIPEXYPOBHEBOM MOIEIN IIPEIMETHON O0JIACTM M CEMAHTHMYECKOW MOIEIX IOJIh30BaTEIIS.
PaspabaTriBaeMasi cuctemMa aBTOMAaTU3MPYET IPOIECC TOMCKA M OOOCHOBAaHMS pEIIeHUs] 3a CYeT
ITOBTOPHOTO MCIIOJIb30BAaHMS MPEIEICHTOB — HAKOIUICHHBIX paHee 3HAHMI O MPEIBIAYIINX AUAIOrax C
TOJIH30BATEISIMU. DTO JAaeT pa3padbaThiBaeMOii CHCTEME IMPEUMYIIIECTBO TIepel UMEIOIIUMMCS aHaJIOTaMU,
KOTOpPBIE HECTIOCOOHBI K IIEPEUCITOIb30BaHIIO 3HAHUI O TIPEABIAYIIMX 1rajiorax. B ctatse pazpadbarsiBaeTcs
MPELEeNeHTHBIN MOAX0A K CO3MaHMI0 MHTEJIIEKTYaIbHOWM CHCTEMBI, CITOCOOHOW apryMEeHTHPOBAaTh CBOU
oTBeThl. JIJIsT 3TOTrO CTpoUTCS Tpad apryMeHTallMH, pa3pabaThIBAIOTCS METONBI CTPYKTYPHPOBAaHUS
MPEENEeHTOB, HCIIONIb3YIOTCS OHTOJOTUYECKME TOMOMOP(MU3MBI JIsI Mpeodpa3oBaHUsS WMEIOLTUXCS
MPELIeICHTOB B rOTOBOE pelreHue. [1pencraBieHo onrcaHe TEOPETUKO-MOIETbHBIX METOIOB ITOCTPOCHUS
WHTEJUIEKTYaTbHBIX TOMOIIHUKOB. [IpelieIeHTh TOBapOB, MOJIb30BaTeIei M TUaJI0TOB MHTEJIEKTYaTbHOTO

" Crarbs ony6aukoBaHa npu nonaepxke [porpamvsl HUY BIID «YHUBEpCUTETCKOE TAPTHEPCTBO»
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TTOMOIITHUKA C TTOJIb30BaTeISIMU (DOPMaIbHO OMUCHIBAIOTCS B BUIE YaCTUUHBIX Mofeneil. [Ipeobpa3zoBanue
MPEeNeIeHTOB U CXOACTBO IIPeLeACHTOB (DOPMATU3YETCS IIPU ITOMOIIN OHTOJIOIMIECKIX TOMOMOP(hHU3MOB
JaCTUYHEIX Mofeleid. Llemb pa3pabaTbiBacMOIl TUAIOTOBOI CCTEMBI — HE TOJIBKO ITOI00pAaTh pelleHNE 10
3aIIpOCy MOJIb30BaTelisd, HO U BBIICHUTH 3aJaui, KOTOPbIe COOMpAaeTcs peliaTh IMOJIb30BaTelb, IIPOBECTU
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BBenenue

eifiyac MUp TEpPEeXMWBACT MUK ITOMYISIPHOCTU

TEXHOJIOTUIA  UCKYCCTBEHHOTO  MHTEJUIEKTa

(MN). Ycnex ChatGPT kak yHuBepcaibHOM
JHUAJIOTOBOM CHUCTEMBbI MOKa3aJl MOTPEOHOCTb JIIOACH
B HAJIMYMU WHTEJUICKTYaJTbHOTO WHCTPYMEHTa IS
peuieHus pa3nuyHbix 3aaa4. ChatGPT pelaet MHOrHe
3a/1a4d: OT HAITMCAHUS TEKCTOB MJIsI COLMAIBHBIX CeTel
(c 6onpIIMM yCTIEXOM) 10 CO3MaHUS HAYYHBIX padoT (¢
HE OUeHb OOJILIINUM YCIIEXOM).

B GonblMHCTBE c/lydyaeB TaKue CUCTEMBI BBICTYIIA-
IOT B POJIM KpaifHe pa3BUTHIX M MOIIHBIX KOMIIUJISITO-
POB KOHTEHTa — TMepedUparoT CyIIECTBYIOIINE JaHHbIE
M TI0 KyCOYKaM COOMpPAIOT U3 HUX TPeOYEeMbIil pe3yib-
TaT. Ilpy 3TOM cama KOHLENLUSI HeHpPOHHBIX ceTeit
(HelipoceTeil) HaKJIaAbIBaeT HA HUX BITOJHE KOHKPET-
HO€ OTrpaHMYEHNUE: OHU OMUPAIOTCS Ha COOCTBEHHYIO
00y4eHHYIO MOJejIb, HAa 3apaHee BHECEHHbIE B 00yJa-
I01I1YI0 BBIOOPKY JaHHbIe. Kak UTOr OHM HE MOTYT UC-
MOJIb30BaTh HelaBHMUE Pe3yJbTaThl COOCTBEHHON pa-
OOTBI TSI YAYYIICHHWST TIpoIecca IOMCKa PEIICHMUS,
MOCKOJIbKY MepeoOdyyeHrue HeMpoceT — IOITuid U pe-
cypcoeMKuit mipouecc. Takxke, TpU MOSIBJICHUM KaKO-
ro-a160 MPUHUKUITUAIBLHO HOBOTO 00bEKTA B IPEAMET-
HoOI obyiacTu (HampuMmep, HOBOTO CTUJISI pMCOBAHMUS,
€CJIM TOBOPUTh O HEMPOCETH, co3aalolleit n3oodpaxe-
HUsI), HEUPOCETh TP BCEM XEJIaHNU HE CMOXET CaMO-
CTOSITEJILHO MOJIYYUTb TaKOM Xe pe3yJbTaT — 3TU HO-
BbI€ TaHHBIX HE ObLIM 3aJI0KEHbBI B Hee ITpU OOYUYESHUH.

JIOMOMTHUTENBLHO OCJIOXKHSIET CUTYALIMIO U TOT (haKT,

YTO HENPOCETH SIBISIOTCSI «UEPHBIM AIIUKOM», WH-
TEepIPEeTUPOBATh MPOLIECC UX PAOOTHI, OCOOEHHO IS

OOJIBIINX IIPOMBIINIJICHHBIX 3K3CEMIUIAPOB, IMPAKTUYC-
CKM HEeBO3MOXHO. OJHMUM U3 BO3MOXKHBIX peHJeHI/Iﬁ
HpO6J'IeM HéﬁpOCCTeBOFO nmoaxoga ABJIACTCA IMOCTPOC-
HHUE JIOTUYECKOM CUCTEMBDI, OCHOBaHHOW Ha CEMaHTH-
YECKOM aHaJIM3€ MU CTPYKTypU3allMM IIPECHECACHTOB —
npeaniaymmx c€aHCoB pa6OTBI I/IHTCJ’[J’[GKTY&U’[BHOV[
CUCTCMbI KaK C IAHHBIM I10Jb30BAaTCJICM, TaK M CO
BCEMU NMPECAbIAYHIMMU IMOJb30BaTCIAMM.

1. 3axaun MHTEIIEKTYaJBHOTO
MOMOIIHUKA

Haureii 1iesibio siisieTcst pa3apaboTKa METOIOB Bejie-
HUS apTryMEHTHUPOBAHHOIO JHWAJOTa WHTEIIEKTYalIhb-
HOTO TIOMOIIIHUKA C TOJIb30BaTeIeM IS TOTO, YTOOBI
MOMOTaTh IOJb30BATENIO ITOCTUTATh ITOCTaBIEHHBIX
1ieJieil, peaJu30BbIBATh CBOM HaMEPEHMSI, YIOBJIETBO-
pATH MOTPEOHOCTH, a TaKKe peIlaTh BO3HMKAIOIINE
npobiembl. B maHHOi#1 paboTe MBI B MEPBYIO OoYepenb
paccMaTpuBaeM HMHTE/UICKTYaJIbHBIX ITOMOIIHUKOB,
TTOMOTAIOIINX TTOJIH30BATE/ISIM B BHIOOPE TTOIXOMSIIIINX
TOBapOB 1 YCIIYT.

J7s DOCTYKeHUST 3TOM 1IeJI HEOOXOAMMO aBTOMa-
TU3UPOBAHO PELIATh CICAYIOIINE 3a0aUm:

4 BBIIBJIICHHE WHTEPECOB, ITOTPEOHOCTEH, KEJIaHWIA,
1eseid 1 HaMepeHUH MOJIb30BaTE NS

¢ BbISICHEHME, KaKMM 00pa3oM M0/1b30BaTeb JOCTUTAeT
CBOUX IIeJIeii, pelllacT CBOU 3aJaul, pean3yeT Hame-
pPEHUS ¥ YIOBJIETBOPSIET CBOM MOTPEOHOCTU (HAIIPH-
Mep, HaMepeHMe IPUOOPECTH KeTaeMbIil TOBap);

¢ BbIsIBIIEHHE OOOCHOBaHUSI, OObSICHEHMSI, apryMeHTa-
LMK TI0JIb30BATeIIs, TIOYEMY, HAIIpUMep, eMy Hy:KHO
WMEHHO 3TO YCTPOMCTBO; BBISICHEHHWE KOHKPETHBIX



3a[a4, KOTOphIE ITOJIb30BaTe/b COOMPAETCs pellaTh
TP IIOMOIIIM JaHHOTO YCTPOMCTBA (HAaIIpuMep, Ipo-
CMOTp U pemakThpoBaHue ¢doTtorpacpuit, ydopka
TIOMEIIeHNS WJIN YIIpaBIIeHUEe YMHBIM JOMOM);

¢ TI000P [UTS TIOJTb30BaTe sl TOBapa WX yCIyTy, Hau-
0oJiee TTOAXOISIIETO TS PEIICHNS 3a1a4 I10JIb30Ba-
TeJISl M YIOBJIETBOPEHMS €T0 IMOTPEOHOCTEN;

¢ TIOCTPOEHNME apryMeHTallu, 0OOCHOBAHMS TOTO, YTO
JTAHHBINA TOBAp WM yciiyra AEHCTBUTENIBHO SBIISIETCS
caMbIM JIYYIIUM JUISl TIOJb30BaTesss (MpU yCJIOBUU
BBITIOJIHEHUSI OTPAaHUYEHUM T10 LIEHEe TOBapa U IPYrux
He(pYHKIIMOHANIBHBIX TPEOOBaHMIA), TMOO TTPEITOXKe-
HME MOJIb30BaTe/Il0 Habopa TOBapOB, KOTOPbIE Hau-
JIyYLIMM 00pa3oM MOAXOAMT ISl pellieHUsI €T0 3a1ay4;

¢ OOBbSICHEHME, B YEM COCTOUT OTJIMYME ITUX TOBAPOB,
WX MOJIOXUTEIbHBIE U OTpULIATEIbHbIE KayecTBa (B
CpPaBHEHUU NIPYT C APYTOM) C TOUKM 3PEHUS pellie-
HUA 3a0ay I0JIb30BaTeds U YIAOBJIETBOPEHHUSA €T0
MOTPEeOHOCTEN.

st pa3pabOTKU METOIOB BENCHUSI apryMEHTaTUB-
HOTO IMajiorTa MHTEJUIEKTYaIbHOTO TTOMOIITHUKA C TTOJThb-
30BaTesieM Mbl IIPUMEHSIEM COBPEMEHHYIO TEOPHIO ap-
rymeHTauuu [1-9].

JlaHHas1 cTaThsl B TMEPBYIO OYepeab MOCBSIIEHA W3-
JIOXKEHUIO METOJOB U TEXHOJIOTUI Moadopa UHTEJUIeK-
TyaJIbHBIM TTOMOIIIHUKOM TOBapOB, HauboJjiee Moaxoas-
1LIMX TTOJIb30BaTeNIo, B Ipoliecce auanora ¢ HuM. bosee
MOAPOOHOE OMUCAHUE METOIOB MTOCTPOEHUSI 000CHOBA-
HUS ¥ apTYMEHTALWY TOTO, YTO JAHHBIN TOBAP SIBJISIETCS
HaWJy4Y1IWM JIJIs1 TOJIb30BaTes, OyneT MPeaMETOM Clie-
IYIOIIEH CTaThbU.

Heobxonumyto nHdopmaunio 151 BeAeHUS Tranora
C MOJIB30BATENIEM MHTEJUIEKTYaIbHBIX ITOMOIIHUK OepeT
U3 CEeMaHTUYeCKON (OoHToMornyeckoin) mopenu [10—
12], cTpyKTYpy KOTOpOI MBI onuiieM Huxke. CeMaHTH-
yecKasi MOJIENIb HATIOJHSETCS M TTOIOJTHSIETCST 3a CUET
u3BJIeYeHNsT MHGOPMAIIUK KaK ¢ CAaliTOB IMPOU3BONINTE -
Jiell TOBapOB U MHTEPHET-Mara3uHoB, TaK U 32 CUET aHa-
JI3a OT3bIBOB MTOKYyMaTeseil 0 MpUOOPETEHHBIX TOBapax.

IIpu pa3paboTKe OHTOJOTMYECKOM MOJIEIN MBI MC-

TTOJTb3yEM DPSIT OHTOJIOTHIA. DTO:

¢ OHTOJIOTHSI IIPEIMETHOM 00JIACTH B LIEJIOM;

¢ OHTOJIOTHUSI XapaKTePUCTUK, CBOMCTB, (DYHKIIMO-
HaJIbHBIX BO3MOXHOCTEH pa3JIMIHBIX TOBAapOB U
YCTPONCTB;

¢ OHTOJIOTHUSI  TIOJIb30BaTeJiCi:  ITOJIb30BATEIIBCKIX

3a1a4, LeJed 1 HAMEPEHUI; KaKUX LeJIEW MOJIb30-
BaTe/Iu JOCTUTAIOT U KAKUMU CIIOCODaMMU.

HckmounTeTbHO BaXXHBIM B pa3pabaThIBaeMOM
MOIXONE SIBJSETCS TO, YTO MbI COXpaHSIEM U aHAIM3U-
pyeM IHUAJIOTH C ITOJIb30BaTeIeM. DTO SIBJISICTCS CYIIe-
CTBEHHBIM OTJIMYMEM JAHHOTO ITOAXO0HA OT OOIBIITNH-
CTBa CYIIECTBYIOIINX PEIICHUIA.

Hanpumep, Asnca (BUPTYaIbHBbIA TOJIOCOBOM
MOMOIIIHUK, CO3JaHHBIM KoMmmaHueir Anmekc, Yan-
dexGPT 2) npu BegeHMM Omaiora C IOJIb30BaTejieM
«HE TIOMHUT» aXe€ MNPEIbIAYIIYIO0 PEIIUKY WIU BO-
Mpoc Tosib3oBares. Eciu Tosjb3oBaTesib TOBOPUT:
«Anuca, OCTaBb MHE KaKylO-HUOYIb MECHIO TPYTIIIbI
X», To Anca 1ocTaBUT necHio 3Tol rpynnkl. Ho ecnu
MOJIb30BaTE/Ib TOBOPUT: «AJliCca, MHE HPABSITCS MECHU
rpynnbl X. [TocTaBb MHe KaKylo-HUOYIb MECHIO 3TOM
IPYIIbI», TO AlKca OTBeYaeT «MHe Heuero OTBETUTh».

Ecau Bo BpeMs1 BOCIpOM3BENCHUST TIECHU CIIPOCUTh:
«Anrca, Kakoe Ha3BaHME y 3TOM IeCHU?», OHA OTBETUT.
Ecnm morpocuTs: «Anmca, IocTaBb MPeObIOYIIYIO ITec-
HI0», oHa noctaBuT. Ho ecinu cnipocutsb: «Annca, Kakoe
Ha3BaHUE y MpeAbIayIIeil MeCHU?», TO OHA HE CMOXET
OTBETHTb.

Pa3pabarbiBacMbIii HAMU WHTEJUICKTYaTbHBIN I10-
MOIITHUK TIpY TIOI0OpE TOBAPOB UISI TIOJH30BATENSI U
TIPY MOPOXKIEHUH apTyMEHTAIIA MOXET 00paIaThCsl:

¢ KO BCEMY TEKYLLEMY THAJIOTy C 3TUM I10JIb30BATEJIEM,
¢ KIPEabIAyIIUM JUaoraM ¢ JaHHBIM I0JIb30BaTEJIEM,

¢ K TPEOpIaylM aUajoram ¢ IPYTMMU I10JIb30BaTe-
JISIMMU.

TakuM 00pa3oM HHTEJIEKTYalIbHbIA MOMOIIHUK
paboTaeT ¢ TpellefeHTaMI paHee MPOBEICHHBIX IHa-
JioroB. OHU HAXOISTCS Ha TPETbEM YPOBHE UEThIpEXY-
POBHEBOM OHTOJIOTMYECKON Moneau, KoTopas OyneT
MOJIPOOHO OIMMcaHa HIKE.

B Hacros1ee BpeMs pa3TMIHBIMU OPraHU3aLNSIMU,
TaKNUMU, KaK UHTePHET-Mara3uHbl, 0aHKW U IIp., UC-
MTOJIB3YIOTCS BUPTYaJbHBIE aCCUCTCHTHI, MpeaHa3Ha-
YeHHbIC IS TIOMOIIM IT0JIh30BaTeN0 B MOUCKE IOMI-
XOISIIIEeTO ToBapa Wi yciryru. OmMHaKo, KakK IIPaBUIIO,
5TH CHCTEMBI pabOTAIOT IO 3apaHee 3aJaHHOMY CIIe-
Hapuio U TIpU BO3HMKHOBEHUM HOBOW, HE IIPEIyCMO-
TPEHHOI 3apaHee CUTyallud, OHM HE MOTYT OKa3aTh
ITOMOIIIb KJIMEHTY Y TIepEeHAIIPaBJISIIOT €ro Ha B3alMO-
IEeUCTBUE ¢ KOHCYIBTAHTOM — YEJIOBEKOM.

Dra cutyanusi, B KOTOpO BUPTYaIbHBIN aCCUCTEHT
HE CMoCcOOeH HaWTHU pelleHWe WM BBIIATh HYXHYIO
PEKOMEHIALIUIO0, MMPUBOAUT K CHUXEHUIO MOTUBALIUU
TOJTb30BaTesI paboTaTh C HUM B AanbHelieM. Kpome
TOTO, TIOMOOHBIE CUCTEMBI TTPAKTUYECKHN BCETIA BEAYT
JIAAJIOT «C HYJIST», HE 3alIOMMHAsI TT0JIh30BaTe)Isl U KOH-



TeKCT auajiora. Eciau mosab3oBarelib yxxe obpalaics ¢
MoAOOHOW MpOoOJIEMON, OH OJDKEH MPOWTU BECh MYTh
TMOMCKA PEILIEHUS 3aHOBO.

PazpabatbiBacMasi HamMu cucTeMa aBTOMATU3UDPY-
€T TPOLECC MOUCKA PELICHUS 32 CYET MOBTOPHOIO UC-
MOJIb30BaHUsI HAKOIUIEHHBIX paHee ciydaeB (CUTya-
mi, npeueneHToB). [TyTeM cpaBHeHUS 1IeJIA TEKYILETO
MOJIb30BaTe/Isl U MHGOPMAIMA U3 TPEIbIIYIIIX a1a-
JIOTOB BO3MOXHO HE TOJIbKO HAWTHU TOXOXee pellieHre
B IIPOLIJIOM, HO W JOIMNOJIHUTEJIBbHO apTyMEHTUPOBATH
MPEIJIOKEHHOE PEILIEHE HA OCHOBE COBMNAICHUS HaMe-
peHuii. OTo maeT pa3padaTbIBaeMOi CUCTEME MPEerMYy-
LLIECTBO IMepPe/l CYLIECTBYIOIIMMU aHAJIOTaMU, KOTOPBIE
HECNOCOOHBI K HAKOIUIEHUIO MPEeLeICHTOB U apryMeH-
TallMU CBOMX PEILICHMIA.

B nanHoit paboTe Mbl pa3pabaTbiBaeM MpeLICACHT-
HBIIT TOIXOO K CO3MaHMIO MHTEJUIEKTYaJIbHOM CHCTe-
MBI, CITOCOOHOI apryMEeHTHPOBAaTh CBOM OTBETHI. st
3TOTO CTPOUTCS Tpad apryMeHTallMM, pa3padaTbiBa-
IOTCSI METOIBI CTPYKTYPMPOBAHMS IPEIeHCHTOB, HC-
TTOJIB3YIOTCS  OHTOJIOTMIECKNE TOMOMOP(MU3MEI  IJIsT
Mnpeodpa3oBaHUsl MMEIOIIUXCS MPElEeIeHTOB B I'OTO-
Boe pelieHue. Lleabio nHTeIeKTyalbHOM JUaI0roBOMi
CHCTEMEI SIBJISICTCS TTOMOIIb YEIOBEKY B IIOMCKE OTBE-
Ta Ha TOT WM MHOI Bompoc. Hama 3amaya — o6oittu
OrpaHMYEHHE HEHWPOCETEBOIO ITOAXO0MA, COCTOSIIEE B
HEBO3MOXHOCTH VUYWUTBIBATh PE3yJAbTAaThl HEOABHUX
ceccuii paboTHI ¢ MoJjib3oBateneM. st 3Toro Mbl pea-
JIU3yeM TIpeLIeAeHTHBIN MOIXO0MA K IMTOCTPOCHUIO pellie-
HUS C HUCIIOJBb30BAaHNEM OHTOJIOTUYCCKUX TOMOMOP-
¢u3moB. Ha ero ocHoBe MPOUCXOAUT TMOCTPOCHUE U
000CHOBaHUE PEIICHMS.

2. CymecTBylommue
MOXXO/bI M PeIeHuns

B HacTosiiee BpeMsl CylIeCTByeT MHOXKECTBO Aua-
JIOTOBBIX CMCTEM, CO3TAHHBIX IO pa3HbBIC 3aMaun: CHU-
cTeM, TTOIIEePKUBAIOIINX JUAJIOT C TIOMOIIIBIO TIPOCTBIX
¢pas, cUCTEM — rOJIOCOBBIX TTOMOIIIHUKOB (Anuca, Siri
M TIpOYMe), CIIOCOOHBIX K Oosee CI0XKHOMY OOIIEHUIO,
IIyTKaM WA WCIIOJHEHUIO IPOCTHIX 3amaHuil (Haii-
T WHGOPMAIMIO B WHTEpHETE, BKIIIOYUTH SJIEKTPU-
yeckuit mpuobop) u np. Ha naHHBI MOMEHT BpeMeHU
BEPIIMHON Pa3BUTHUS MOJOOHBIX TMAJIOTOBBIX CHUCTEM
SIBIITIOTCS CJIOKHEBIC SI3LIKOBBIE YHUBEPCAIBHBIC MOJIE-
Ju (LLM), pa3paboTaHHBI€ MMOJ pellieHUe TTPOU3BOJIb-
HbIX 3a1ay4 1o tTuny ChatGPT.

OTImenbHO CTOMT BBIACIUTH ITOIKIACC PEKOMEHIIA-

TEJIBHBIX CUCTEM — JIJISI HUX BaXXHO HE TOJILKO HAWTU U
BBIIaTh KOPPEKTHYI0 MH(MOPMAIIMIO, HO TaKKe U 000-

CHOBaTh, TTOYEMY CHCTEMa BEIBEJIa OIpENcICHHOE pe-
meHne. MBI pacCMOTPUM CHCTEMBI Pa3HBIX THUIIOB C
TOYKH 3pEHUS TTOIXON0B K MOJYICHUIO PEIICHUS U €TO
000CHOBaHUIO.

2.1. ChatGPT

Hwanorosast cucteMa (s13pIKoBast Mogenb LLM) ot
OpenAl, opueHTHpOBaHHAs Ha pellleHue MPOU3BOJIb-
HbIX 3a1a4 [13]. B ee ocHOBe J1exKUT cuibHasI Mpenooy-
yeHHas s13bp1koBast Moaesb InstructGPT, ucnonnzyemast
1151 hopMar3aliiy BBOJA MOJIb30BaTeisl, cama ke Mo-
JleJTb oOy4JeHa ¢ mpuMeHeHreM noaxoaa Reinforcement
Learning with Human Feedback (RLHF). ITpu nomo-
IIA 9KCIEPTOB ObLIa CO3MaHa MOIEIb BO3HArPaXKIe-
HUsI, TIpUCBaMBaBIllasl OLIEHKY KOPPEKTHOCTU pellle-
HHUSI OCHOBHOM MOJIENU, MOCJE YEro ObLIO 3amylleHO
ABTOMATH3MPOBAaHHOE OOYICHHUE C TTONKPEIICHIUEM.

Ha maHHBII MOMEHT UMeeTCS NCKITFOUUTEIFHO MaJIo
ncciaenoBaTebckux ctateii 0o apxutekrype ChatGPT,
nockosbKy OpenAl He pa3riaiiana mogooHy0 HHPOP-
MalMI0, KpOME TOM, YTO eCcTh B OJ10r¢ KoMmnaHuwu [13].

Monenb umeer pAd HEAOCTATKOB.

1. Ilpu BegeHWM AJIMHHOIO AMAJIOra, OTBEThI CTAHOBSIT-
¢ HEYSTKNMU, CHCTeMa HaYMHAeT BbIIaBaTh HEKOP-
pPEKTHbIE OTBEeThl. IIpMUnMHA 3TOr0 COCTOUT B TOM,
YTO MOIEb He O0yJaeTcs Ha UIMHHBIX IHaIoTax,
¢oKyc cMellleH Ha Oosiee MOAPOOHBIE U IeTabHbIE
OTBETHI Ha HEOOJIbIIIOE KOJUYECTBO BOIPOCOB B Of1-
HOM CceaHCce.

2. HcxomHast Monenb He MCTIONb3YeT NaHHBbIE U3 CETH
WHTEPHET, a OTpaHUYeHa JaHHBIMU, KOTOPHIE MoMa-
JIU B Hee BO BpeMsi o0yueHus. Kak utor, oHa He MO-
XKET UCIOJIb30BaTh CBEACHUS, MOJYYEHHBIE U3 Aua-
JIOTOB C MOJIb30BaTeISIMU (HaIIpuMep, HOBBIA (hakT
00 OKpyXalolleM MUpE), UYTO MOBBIIIAET 3aBUCH-
MOCTh MOJIEJIM OT KavyecTBa OOYydYaloluX NAaHHBIX U
CO37aeT BpEeMEHHOM Jlar MeXIy MOSIBIEHUEM HOBBIX
3HaHUI U BHECEHUEM UX B MOZEJTb.

3. Mounenb He BepupULIMPYET JaHHBIE, ITOJYYEHHEIE B
Xoze paboThI, YTO MPUBOIUT K ITapaTOKCATBHON CH-
TyallMu, KOrJa CUCTeMa OYeHb IMOAPOOHO paccyXaa-
€T 0 0eCCMBICIICHHBIX BelllaX, BBOMIS I10JIb30BATEISI B
3a0myxneHne (3ToT peHoMeH MeTapopruecKr Ha-
3bIBACTCS «TAJUTIOIIMHALIUI»).

Kpowme Toro, BaxxHo otMeTuth, yTo ChatGPT mo-
KET XpaHUTb KOHTEKCT TEKYIIEro muajora, HO IIpH
CIIeAyIoIIeM ceaHce OOIIEHUS ¢ 3TUM Ke TOJIb30Ba-
TeJieM 3Ta MH(GOpMAaIIUSI UCOIb30BaThes He OynmeT. B
pe3yabTare, MBI IoJIydaeM, YTO MOIETb MOXKET TeHe-
pUpOBaTh HeaKTyallbHbIC MJis MOJIb30BaTE/IsI OTBETHI,



KOTOpBIE paHee yxke ObUIM MOJyYeHBl U MCITOIb30Ba-
HbI B IMAJIOTe C HUM Xe, «3a0bIBaTh» TO, UTO MOJIb30-
BaTesb COOOIA MOJIETTU paHEe.

B 1O Xe BpeMs, 3amavya HOOOYYCHMSI HEMPOHHOM
CeTU TaKOro MaciTaba, B 3aBUCUMOCTH OT Pe3yib-
TaTOB IHMAJIOIOB, IUISI PELICHUs IPOOJIEeMbl TUHAMMU-
YeCKOro OOHOBJICHMSI HaOopa IIpelIeNeHTOB TPEOyeT
3HAYNUTEJBHBIX 3aTpaT BBIYUCIUTEIBLHBIX PECYPCOB U
MOXET MPUBOIUTL K IMPoOJeMe KaTacTpodUuecKoro
3a0bIBaHMST [14], TOCKOJBKY ITOCTYIIAIONINE TaHHBIC
MOTYT OBITh KaKMU yrogHo. B pe3synbrare, paspadbor-
YUKW IIPEANIOYNTAIOT CHaYaja HabpaTh HOBbIE JaHHBIE,
00pabdoTaTh UX U 3aITyCTUTh Pa30BEIA, HO IIUTCITbHBIN
Mpoliecc 00yYeHUs .

2.2. BlenderBot

Mogens BlenderBot ot ParlAl, opueHTHpoBaH-
Hasg Ha nuanoru [15]. bnarogapss Hanmuyuio OOJTO-
BpEMEHHOU mamsTu, cuctema yuiie, yeM ChatGPT
MOJIePKUBAET JUIMHHBIA TUaJIOr, OHa CIOCOOHa MC-
MOJb30BaTh WHGMOPMAIIUIO, paHee TMOJTYYeHHYI0 OT
TOJTb30BaTENsI, OMHAKO NAaHHBIE, TTOTYYEHHBbIE OT Of-
HOTO TOJIb30BaTeIsl, HE UCIMOJb3YIOTCS B JAMAOre C
JPYTUMU T10JIb30BATEISIMU.

Apxurektypa cucteMbl BlenderBot moctpoena mo
MPUHIUITY KOHBelepa [16], cuctema ¢hopMUpyeT OTBET,
MOCJIEN0BATEIBHO UCTIONB3YS CEPUIO MOMYJIEN, KaXKIbIA
13 KOTOPBIX BBIIIOJHSIET CBOIO 3a1ady, 3aTeM IepenaeT
CBOI1 BBIBOJI B CJIeAYIOIIMI MOIyb. Moaenb CylIeCTBY-
€T B TpeX BUAaxX, B 3aBUCUMOCTHU OT KOJIMYECTBA ITapame-
TpoB (3, 30, 175 MummapnoB mapamMeTpoB).

IMopsnok BbI30Ba MOAyIei [16] 3aBUCHT OT KOHTEK-
cTa, B KOTOPOM Mpoucxoaut auaior. CucreMa hopMu-
pyeT pellleHue B 3aBUCUMOCTH OT KOHTEKCTa I1ajiora,
obpamasich Kak K COOCTBEHHOM JTOJATOBPEMEHHOI TIa-
MSITH, TaK U (pOpMUPYsI UHTEPHET-3anpockl. B ciyyae,
€CJIM TIOMCK B MaMsITU U B CETU He TpeOyeTcs, JTaHHbIC
OymyT M3BJIeKaThesl M3 TeKyiero auanora. Oteet ¢op-
MUpPYETCSI UX 3TUX JaHHBIX, KpOME TOT0, Ha 3TOM 3Tare
3aJEWCTBYIOTCS MOIYJW, OTBETCTBEHHbIC 32 CUMYJISI-
MO AMITATUM W JIMYHOCTH B muaiiore. [1oxHBINA crmm-
COK MOAYJIe 1 X OAPOOHOE OMKUCaHUE TTPUCYTCTBY-
€T B TeXHUUECKOM oTueTe pasdpaboTunkoB BlenderBot
[16]. Mcronb3yss MHOXKECTBO MOLYJIEH M PETYIUPYS
MOPSIIOK WX BBI30BAa, CUCTEMa MOXET, MOJAEpPKUBAsI
IUTUHHBINA OUAJIOT, OOHOBJISATH CBOM TaHHBIC O MOJIb30-
BaTeJie, BECTH AMAJIOT Ha HECKOJBKO Pa3HBIX TEM, TIc-
PEeKJII0YasiCh MEXIy HUMM, B 3aBUCUMOCTH OT KOHTEK-
CTa IOCJIEIHETr0 COOOIIEHUS ITOJIb30BaTES.

Paccmarpusas BlenderBot B KoHTekcTe Halei 3a-
a4, MOXHO OTMETUTH YCIICIIHYIO pean3alldio B
MOICIN CUCTEMBI TOJTOBPEMEHHOM MaMSTH U CHUCTE-
MBI IIPUHSTUS PEelIeHUsI 0 HEOOXOAMMOCTU TIOMCKa B
0a3e TaHHBIX TIPEABIIYIINX TUAJIOTOB WM UHTEPHETE.
OmHako, TaHHbBIE O MPEIBIAYIIMX IUaJorax XpaHsITCs
B MaMSTH TOJBKO B Buje Habopa (akToB (Harmpumep,
«[Tomp3oBarenp 1 mobut cobak», «Ilomp3oBatens 2
XKHUBET B CTpaHe A»), HE MMEIOT CEMaHTUUYECKOI CBSI-
31 IpYT C OPYyIroM, MPUBSA3aHbl K KOHKPETHOMY MOJIb-
30BaTeN0. TakuM oOpa3oM, TepsieTCs OCHOBHAS YacTh
KOHTEKCTa IPEIBIAYIIIX THAIOTOB. Takke cucreMa He
MOKET BOCTIPOM3BECTU COOCTBEHHBIE IIIATH B pEIICHUN
KOHKPETHO! MpoOeMBbI.

Takum 06pa3oM, MBI pAaCCMOTPEIIH IBE TTOITYJISIpHEIC
SI3BIKOBBIE MOJIEIM, OJHA U3 KOTOPBIX MpeaHa3HaYeHa
IJIS. pellieHUus] TTPOM3BOJIBHBIX 3alay, a Apyras — Ui
MoAIep>KaHUs JJIUTSIBHOTO U CJIOXKHOTO IO CTPYKTYPE
nuraiora. OTMETHM, YTO 00€ 3T MOJIEIN He TTOKa3bIBa-
0T TTOJIB30BATENIO B IBHOM BUJE, KaK ObLIO TTOJy4eHO
pelieHre ¥ HUKaK 3TO pellieHre He 000CHOBBIBAIOT, HE
apryMeHTUPYIOT.

Jlajiee Mbl paCCMOTPUM ITPUMEPBI CUCTEM, pa3pabo-
TaHHBIX 1JIS 00Jiee y3KUX 00JIacTeil MpUMeHEHUSsI, HO C
0oJjiee CTPYKTYPUPOBAHHBIM IOAXOAOM K IIOCTPOSCHUIO
apryMeHTATHBHOTO AMAJIOra.

2.3. Cucrema BeneHus
APryMEeHTATHBHOIO JMAJIOra,
OCHOBAHHAS HA APTYMEHTATHBHBIX
CTPYKTYpax

Cucrema, npencrapieHHas B [17], 6buta pa3paboraHa
IJIST BeACHUsI TUCKYCCUM MEXIY IOJIb30BaTeeM U CH-
CTEMOI Ha pa3IMYHBIC TEMBI. DTO TEKCTOBAsl CHCTEMa
(XOTs1 MoANEPKUBAETCSI U TOJIOCOBOI MHTEp(elic), aHa-
JIM3UPYET COOOIIEHUS MOb30BaTENS, U3BJIEKAET U3 HUX
MpeanochbUIKU apryMmeHTanuu [17], Ha X OCHOBE reHe-
pupyeT apryMeHTHI. [IporpaMMHO cucTeMa peaii30Ba-
Ha KaK Habop MomyJseil, OObeMIMHEHHBIX C TIOMOIIbIO
Apache ActiveMQ.

®pasza mojb30BaTeIs MpeodpasyeTcst B «IUaloro-
BOe JEiCTBHE». ABTOPAMM PacCMaTPUBAETCSI YEThIpE
TUIMA OUAJIOTOBBIX ACHCTBUIA: YTBEPXKICHUE, BOIPOC,
yCTyIKa M OTCTyIUieHHe. JIjiss pacrio3HaBaHUSI DTHUX
JIEWCTBUI MCIIOIb3YeTCsT KlacCU(puKaTop Ha OCHOBE
JIOTUCTUYECKOM perpeccuu. Jlajiee maeT MOMCK MOMI-
XOMSLIETO y3/1a apryMeHTaluu B rpade apryMeHTaLuu
Ha OCHOBE KOCUHYCHOTO CXOJCTBA MEXIy BEKTOpaMu
MPEIOXEHUI (IIpUYEM CXOICTBO paccMaTpHUBaeTCs



MEXIy YCpEeOHEHUEeM 3HaueHUs y3ia u ¢pasbl MOIb-
3oBatest). M3BiieyeHHass apryMeHTalus oopabdaThiBa-
€TCSI C YYeTOM TPEeIMETHON 00JIaCTH M TeHEepUpyeTCs
CJIYIOIINIA apTYMEHT.

OTMETUM BaXXHYI0 OCOOEHHOCTh 3TOH CUCTEMbI —
OHa CIoCcOOHA OLIEHUBATh NEWCTBUS IMOJIb30BaTENs, B
YaCTHOCTU, MPOIOJKAET JIM OH CBOIO MBIC/Ib, COOMpa-
eTCsl HayaTh TOBOPUThH WJIM COOMPAETCS 3aKOHUYUTb —
3TO CIYXXUT JOIOJHUTEIbHOM MHMOpMALIME TIpH T10-
POXIEHUM OTBETa U €r0 OOOCHOBAHUM.

HamonHeHue 6a3bpl apryMeHTOB MPOUCXOIUT IPU
TIOMOIII METOAOB aBTOMATHYECKOTO M3BJICUCHUS ap-
TYMEHTOB, pa3paboTaHHbIX B [18]. Ha MoMeHT my0au-
Kanuu crateu [17], cucteMa Obuta cmocoOHA TOHU-
MaTh IATh TeM IJI1 OOCYXXACHUS U TONACPXUBATh IO
2000 y310B aprymMmeHTaUMu Ijis Kaxaoi u3 Hux. [lpu
9TOM OTCYTCTBYET BO3MOXHOCTb TMHAMMYECKOTO IIO-
0aBJieHUsI B CTPYKTYpPY apryMeHTalluM HOBBIX JaHHBIX
110 XOMy JHWajora, Tak YTO BO3HMKAET €CTECTBEHHBIN
BOIIPOC: KaK OTpearupyeT crcTeMa Ha HOBYIO MHGbOP-
MAaIIio, KOTOPOI HET B €€ TaHHBIX.

2.4. CucTeMbl apryMeHTaLUH,
OCHOBAaHHbIE HA JI€PEBbAX
KOMMYHHKAIIHOHHOTO JUCKypca

CorracHO TeOpUU PEUeBBIX CTPYKTYD, JIIOOOI CBSI3-
HBbI OUCKYpPC MOXKET ObITb ONMCAaH OJHUM AEPEBOM
IVICKypca, OIMCAaHHBIM B BHUIE CTPYKTYPHI IepeBa ¢ HC-
MOJIb30BaHMEM TeopuM peueBbix aeiictBuit [30]. Kax-
OBl ab3all TekcTa (MJIM BeCh TEKCT ILIEJIMKOM) IIpeo0-
pasyeTcsl B IEPEBO 4Yepe3 CBSI3bIBAaHUE IPEIIOKEHUI C
TMOMOIIIBIO PEYEBBIX AelCTBUIA (Harpumep, «O0ocHOBa-
HUE»), B JIUCTaX AepeBa HaXOISITCS caMU MPEITOXKEeHUS.
Takum obGpa3oM, CTpOUTCS IepeBO apryMeHTalMu, I0
KOTOPOMY MOXHO OIpeNeINTh HAIMUKME apryMeHTaIluu
B abzarie/Tekcre. Kpome Toro, Takoii Iomxo mo3BoIs-
€T COXPaHUTb KOHTEKCT apryMeHTaIuu, 0e3 KOTOPOro
Jaxe 2KCIEepPT-4YeJIOBEK He CMOXKET IMPOBECTH aHAJIU3
HaJIMYYSI apTyMEHTAITNH.

Baxxno ormeTuth, uto B padore [30] paccmaTpuBa-
eTcsl UMEHHO (paKT Halu4yus apryMeHTallid, a He ee
CMBICJIOBAsT YacTh W/WIN YOeOUTeIbHOCTE. TeM He Me-
Hee, TTONOOHBIN IMOAX0I MOXHO 1 MCIIOJIb30BATh [UIS Ce-
MaHTUYECKOI0 aHAJIN3a apTyMEeHTALUU.

IMonxonm, ocCHOBaHHEIN Ha AEepPEeBbSIX KOMMYHUKA-
TUBHOTO AMCKypca, TaKXe paccMaTpuBaeTcs B pabo-
Tax [31, 32].

2.5. Cucrema BeieHus
apryMeHTATUBHOTO JIHAJIOTA
o Bakiuaanuu nporus COVID-19

Hwnanorosas cucrema [19] mpenHazHavYeHa 71T KOH-
CyJIbTallMM TMOJIb30BaTeIsl HAa TeMy BaKUMHALWUU, C
MaKCUMaJIbHBIM OOOCHOBaHMEM PEKOMEHIAIUNA CH-
creMbl. CHcTeMa OCHOBaHA Ha ITOCTPOCHUHM Tpada ap-
TYMEHTallMU, corjacHo noaxonay YamnaruHa u XaHTepa
[20] — BBISICHEHME CXOACTBA MPEIIOXKEHMIA, YTOOBI TTO-
JIyUUTh OTBeT U3 0a3bl 3HaHMUIL. MeToa He yUUThIBaeT
MIpeabIIyIIe IeHCTBUS IOJIb30BaTeNs U, KaK UTOT, Te-
psieT KOHTeKCT auajiora. CrucreMa CTpeMUTCST YIUTHI-
BaTh apryMeHThl IMOJb30BaTe/lsl U CTPOUTH OTBET, HE
MIPOTUBOpPEYAIINI UM M, B TO X€ BpEeMs, COINIACYIO-
LIUiAcs ¢ 6a3oit 3HaHUM.

Monynb aprymeHTauuu cuctembl [20] cocTouT U3
rpaca apryMeHTAllMMd, COCTaBJICHHOTO 3KCIIEPTOM.
V3561 aT0r0 rpada NpeacTaBIsoT 1M00 apryMeHTHI CO-
CTOSTHUSI, TNOO0 apryMeHTHI oTBeTa. C KaXIbIM Y3JIOM
CBsSI3aH HA0Op TPeIIOXKEHWI Ha €CTECTBEHHOM SI3BIKE,
OTPaKAIOIINI BO3MOXKHBIC apIyMEHTHI I0JIH30BaTEIs
IUIST JaHHOTO y31a. [Tonck moaxonsimero y3ia B rpade
OCYIIECTBJIIETCS MPU MTOMOIIM MepPhl CXOACTBA Mpe-
noxennit. [TopoxxneHne pemreHus IIPONCXOIUT Ha OC-
HOBE IIPENOCTABJIICHHOM IOJIb30BaTeieM WHGbopMa-
LW, IIPUYEM HAWIEHHBIN y3€JI JOJKEH COTJIacOBAThCS
C JTaHHBIMM TTOJIB30BATEISI U MPEAOTBpAIIaTh «OMacHO-
CTH», 0003HAYCHHBIC TOJIb30BaTEJIeM HEelpUeMIIeMbIe
MOMEHTHI pellleHus (B IMpUMepe CTaTbH pedb MIET O
MPOTUBOMNOKA3aHUSX K BakurHauuu). [Ipu atom, ecnu
cHCTeMa HE MOXET HAalTH «De30ITacHOE» pellIeHe, OHa
BCE PaBHO BBHIIACT OTBET MOJIb30BATENI0, HO C 3aIpo-
COM [IOITOJHUTEIbHON MHMpOPMALMU IS KOPPEKTU-
POBKH penieHusI. TakuM 00pa3oM, KaxKIblii HOBBI ap-
TYMEHT T0JIb30BaTe/Isl «BKIIOYAET» COOTBETCTBYIOIIUIA
y3eq B Tpade apryMeHTalluK, a UOYIINE OT 3TOTO y3ja
CBSI3Y JINOO TTOAKPETUISIOT COOTBETCTBYIOIINE BapyUaH-
THI pEIICHUI, TMOO BHIKJIIOUAIOT UX U3 Tpada.

TakuMm obpa3oM, U3BECTHBIC YHUBEpPCAJIbHBIC IHa-
JIOTOBBIE CUCTEMBI XOPOIIIO CIPABISIOTCS CO MHOTUMU
3aJa4aMy, HO IIPXA 3TOM OHU HE MMEIOT MEXaHU3MOB
TTOSICHEHUSI XOlla MOCTPOCHUST PELIeHUs! TSl TTOJIh30-
Batesiss. Kpome Toro, Mx apxuTekTypa He IO3BOJISICT
WM OBICTPO MHTETPHPOBATh B CBOM 0a3bl 3HAHWI pe-
IIEHUSI, TTOJYYEHHbIE OT YCIICIIHbIX CEaHCOB PabOTHI C
TIOJIB30BATEISIMM.

C nmpyroit CTOPOHEI, CHEINAIN3NPOBAHHBIE CUCTE-
MBI, B KOTOPBIX apryMEHTaLIUs 3aKjIaJblBaJIach KaK U3-
HayajlbHOe TpeOOBaHME, B OCHOBHOM IIOJIaraloTcs Ha
3apaHee MOITOTOBJIEHHYIO 0a3y 3HaHMI, COCTaBJIECH-



HYIO 3KCIIEPTOM, U CTPOSIT CBOU PELICHUS U apryMeH-
THI Ha €€ OCHOBE, BBIXOII 32 IIPEIeJIbl 3TOM 6a3bl 3HAHUI
MIPUBOINUT K MOCTPOSCHUIO HEHANIEXKHOTO pellleHus. 3a
CYET 3TOrO MPOSIBIISIETCS HEBO3MOXHOCTh PabOTEHI C pe-
3yIbTaTaMU MPEIBITYIINX CEaHCOB, MOCKOIBKY V HUX
OTCYTCTBYET MEXaHU3M BCTaBKU TaKOi MHGOpMALIUY B
0a3y 3HaHUIA.

3. YetbipexypoBHeBas
OHTOJIOTHYECKAS MOJIENTb
npeaMEeTHOI 001acTH

Kak 0b110 YKa3aHO BbIlIE, 1IEJIbI0 PAOOTHI SIBJISIETCS
CO3IaHNe METOMOB BEICHUS WMHTEUIEKTYaJIBHBIM I10-
MOIITHUKOM (LIM(POBBIM aCCUCTEHTOM) apryMEHTH-
pPOBaHHOTO Auajora ¢ moab3oBareneM [21]. B pamkax
HAIIIETO NCCIIeI0OBAaHUS pa3paboTKa MHTEICKTYaIbHO-
ro MOMOIIIHKKA [22] ocHOBaHA Ha CEMaHTUYECKOI MO-
JIeTN — YETBIPEXYPOBHEBOIN OHTOJIOTMYECKON MOIEITH
npeaMmeTHo#t obmactu [10, 11]. Onumem 3Ty MoAenb
OoJsiee moaApPoOOHO.

IlepBblii ypoBeHb OHTOJIOTUYECKOW MOAEIU — BTO
OHTOJIOTUM:

1. OHTOMOTMS TIPEIMETHOM 00JIACTH paccMaTPUBAEMBbIX
TOBAapOB (YCTPONCTB) — HAOOP MOHSTUIA, OMTUCHIBAIO-
IIMX: BUIBI YCTPOMCTB; CTPOEHUE U XapaKTEePUCTUKNA
YCTPOICTB; (hYHKIIMOHATBHOCTD YCTPOMCTB.

2. OHrosorMs Mojb30BaTeNIeii — Habop IMOHATUI, OTT-
CHIBAIOIIMX: LM WM HAMEPEeHUsI, UHTEPEChl, XKeaa-
HUSI, TIOTPeOHOCTH; BUABI (KJIacChl) peliacMbIX 3a1ad4.

3. OHrONIOrMSI IMAJIOTOB — HA0Op MOHSTUI, OMUCHIBA-
IOLINX: apTYMEHTAlUIO (apryMeHTbl, KOHTPapryMeH-
ThI U Ap.); SMOLMOHAJIbHBIE OLIEHKH TOJIb30BaTesel,
WX YIOBJIETBOPEHHOCTh WM HEYIOBIETBOPEHHOCTH;
YCHEIIHOCTh JAHHOTO Auajiora (MpuodpeTeHre ToBa-
pa MoJIb30BaTeNieM, TIPOIOJDKEHUE OOIIEHNS U APYTUX
TOBapax WY MpeKpallleHNe A1aaora Moib30BaTeieM,
HeXeJIaHWe ajiee ero MPOIOJKaTh).

Ilon oHTONOTHE! MBI TIOHMMAaeM 3HAHUS TOJBKO O
CMBICIIC TIOHSITUM, TO €CTh aHAIMTUIECKIE YTBEPKIC-
Hug [23—25], He coaepKaie MHOOPMAIIU O COCTOSI-
HUHU peajbHOrO MHpA.

Bropoii ypoBeHb OHTOJIOTHYECKOI MOIIETIN — 3TO 00-
mue (YyHUBepcaJabHbIE) 3HAHUS. DTO CUHTETUYECKUE
yTBeEpXKIeHU [23, 26], 3HaHMSI O peaIbHOM MUpeE:

1. Teopust mpenMeTHOI 00IaCTH — CBOMCTBA KOHKPET-
HBIX TOBAapOB, WX XapaKTepPUCTUKU, (HYHKIIMOHAIb-
HOCTb U T.1I.

2. 3HaHM$ 0 BUOAX MMOJIL30BaTeNIei, UX KJIacCU(UKALIUN
(10 YpOBHIO JOXOJIOB, COLMAIILHOMY ITOJIOKEHMIO,

00pa3oBaTeIbHOMY YPOBHIO), KJIaccax 3amad, pela-
eMBIX ITOJIb30BaTe/ISIMM, MepapXuu 3amad, MeTomaMm
CBeICHMS 3aay K Iof3agadyaM M BO3MOXKHOCTU pe-
IIIEHUS OMHWX 33124 IIPU ITOMOIIY pa3HBIX YCTPOMCTB.

3. 3HaHMS O METoJAaxX BeIEHMS TUAJIOTOB C TTOJh30Ba-
TEIIMU — O METOAaxX apryMEHTallnM, OOOCHOBAHMSI
KOHKPETHBIX TIPEUTOXKEHMI TI0Ih30BATENI0; O METO-
JIaX BBISIBJIICHUS LIEJIE Y TTOTPEOHOCTEN MOIh30BaTE-
JIeH, pelaeMbIX UMU 3aJa49ax; O METOIax oIpeaesie-
HUSI SMOLIMOHAJIBHOTO COCTOSTHUS ¥ SMOLIMOHATBHBIX
OLIEHOK TTOJTb30BaTeJIeii.

Tpernii ypoBeHb OHTOJIOTMYECKON MOjEIU, Haubo-
JIee BaXXKHBIN B paMKax TaHHOM pabOTHI — YPOBEHb IIpe-
LEIEHTOB. DTO:

1. IlpeueneHTb TOBApOB U YCTPOMCTB — KOHKPETHBIE
YCTPOICTBA, KOMIUIEKTYIOIIME, aKceccyapbl, Habo-
PbI YCTPOMCTB, lIeHAa ¥ HaJM4YKe TOBApOB B Marasu-
Hax u Ip.

2. TlpeueneHTsl ToOJb30BaTeNIel — Te MOJIb30BaTeNH, C
KOTOPBIMU MHTEJUIEKTYATbHBIN TTOMOIIHUK YK€ Bell
JIMAJIOTU, BMECTE C UX CBOMCTBAMU U XapaKTePUCTU-
KaMU; 3HaHUS O MOJIb30BaTeNIsIX, UX LIeJIsIX, HaMepe-
HUSIX, WHTEpecaX, MOTPEOHOCTSIX, PellaeMBIX MU
3ajayax.

3. TlpeueneHThbl AUAJIOTOB C IMOJAb30BaTENISIMU, Uepap-
XUYEeCKA CTPYKTYPUPOBAHHBIC: OUAJIOT C ONXHUM
MOJIB30BaTeJIeEM; BCe AUAJIOTHU C JAHHBIM ITOJIb30Ba-
TeJieM; AMAaJIOTH ¢ KJlIaccaMU TOJIb30BaTeNIei.

YeTBepTHIil yPOBEHb OHTOJIOTUUYECKOUN MOMIETTU — 3TO
OLIEHOYHbIE U BEPOSITHOCTHbIE 3HaHUsI. OHU TTOPOXK-
JIAIOTCA 33 CYET aHAIN3A IIPELIEIEHTOB, COAEPXKAIINXCS
Ha TPETbeM YPOBHE OHTOJOTMYECKON MOIeIu. DTo, B
YaCTHOCTH:

4 BEpPOSITHOCTU TOTO, YTO IIOJB30BaTelb C OIpene-
JIEHHBIMU XapaKTepUCTUKAMU, WMEIOIIUIA ompee-
JIEHHBIE TTIOTPEOHOCTH 3aXO4eT MPUOOPEeCTH JaHHOE
YCTPOWCTBO;

4 BEpOSITHOCTU TOTO, YTO II0JIb30BaTe/lb, MMEIOIINI
(KynuBLIKMI) YCTPOMCTBO A 3aXo4yeT MNpuodpecTu
ycTpoiicTBo B;

4 OILICHKM CXOIICTBA IIPEICICHTOB: YCTPOMCTB, apaMe-
TPOB YCTPOMCTB, MOJIb30BaTEIIC 1 TUATIOTOB C HUMHU.

Ha ocHoBe naHHO YeThIpEXYPOBHEBOI CeMaHTUYE-
CKO¥1 MOZIeJT! MBI pa3pabaThIBaeM MpelieeHTHBIN Mo~
XOJI K TIOCTPOEHUIO apTYMEHTUPOBAHHOTO IUAjora MH-
TEJUIEKTYaJIbHOTO TTIOMOIIIHUKA C TI0JIb30BaTEJIeM.

AKTHBHO HCTOJIb3yeMbIe ceiiuac HelpoceTeBbIe aj-
TOPUTMBI, B CUJTy CBOEI CTPYKTYPbI, OTPAHUYEHBI B UC-
TOJIb30BAHUY HEABHUX MPELIEICHTOB B CBOSH MOIETTU —



JIVIIb IPA OOYYEHUU CIEMYyIOIIeil BEpCUM 3TU JaHHbBIE
MOTYT OBITh BKJIIOYEHBI B 00YYAIOIIYIO BEIOOPKY.

[IpuMeHeHWe TPEeleeHTHOTO TIOAX0a pellaeT 3Ty
MpobeMy: Mbl MOXeM J00aBJISITh HOBbIE MPELIEACHTHI
«Ha JIeTy», B IMpolecce padoThl CUCTeMbl. Takxke MC-
MOJIb30BaHNE MPELEIEHTHOrO MOIXoAa JeaeT IUaio-
TOBYIO CUCTEMY CITOCOOHO K apryMeHTALIMM COOCTBEH-
HBIX BBIBOJIOB, OOOCHOBAaHMIO BBIOOpA TIpeIaracMbIxX
TIOJIb30BATEIIO TOBAPOB.

IpetieneHTHBIN MOAXOH OMUpPAeTcsl Ha Habop Mpu-
MEpOB-TIPELIEICHTOB U3 TPOIIIBIX CEAHCOB PabOTHI C
nmoJjib3oBatensaMu. Jlisg omnpeneaeHHbIX IMPEIMETHbBIX
00J1aCTeil 5TO IO3BOJISIET CTPOUTh PELIECHMS U3 YXe
MMEIOIIUXCSI TaHHbBIX, IPUMEHSSI K HUM HEKOTOpPbIE
MpeoOpa3oBaHUsI, MEHSIOIIME CTPYKTYpY IIpeleleH-
Ta-pellleHUs] B COOTBETCTBMM C IMOCTABJIEHHON TMOJIb-
3oBaresieM 3ajadeil (Takue mpeoOpa3oBaHUs, B YacT-
HOCTHU, PEaJM3yIOTCs MPU MOMOIIM OHTOJIOIMYECKUX
rOMOMOPGU3MOB YaCTUYHBIX MOEJIel, KOTOpbie Oy-
IYT MOAPOOHO OMUCAHbBI HIKE).

Ilpu peanuzaiuu NpeUEAeHTHOTO MOAXONa BO3HU-
KaeT psin npoobsieM. Bo-nepBbIX, NpeueaeHThbl TOIKHbI
OBITh CTPYKTYPUPOBAHBI, IIPUYEM HE B BHUIC PEJIAIIU-
OHHOI1 TabGIUIIBI ¢ HA0OPOM HEKOTOPBIX KOJTOHOK — Ta-
KOI1 cIoco0 opraHu3aIuuy caeiaeT MOUCK MOIXOISIIETO
npeleaeHTa ¢J1ado CBSI3aHHBIM CO CMBICJIOBBIM COZIEp-
>KaHWeM npeleaeHTa. Bo-BTopbiX, HEOOXOIMMO OLIEHU-
BaTb CTEMEHb CXOACTBA MPEeLEACHTOB — KaK JIJis [TOMcKa
MOIXOASILEHN «CTapTOBOM TOUKM», TaK U ISl TIpeodpa-
30BaHUS IIPEIeIeHTa B UTOTOBOE pellieHne. B-TpeTbux,
CUCTEMA JOJDKHA MMETh BO3MOXHOCTb MPEOOpa30OBbl-
BaTb MpPELEIEHTHl B COOTBETCTBUU C TpeOOBaHUSIMU
MOJIb30BaTENS.

PemieHnneM ykazaHHBIX MpoOJieM SBJISIETCSl OpraHu-
3alMs IPeleIeHTOB B CEMaHTHUECKUIA rpad, Iae CBA3U
MEXy MpeleneHTaMu OyIyT OTpaXarb UX CXOXKUE CTO-
POHBI, TIOKa3bIBasl CTeNeHb MoA00UsI B TOM WM UHOM
CBOWCTBE MpeleicHTa. DTO pellaeT NpodieMy ceMaH-
TUYECKOTO TMOKUCKa — HYXXKHO MPONTHU 1o rpady mpelie-
JEHTOB, CJIeays Hy>KHbIM CEMaHTUYECKUM CBsI3sIM. [1pu
3TOM YAAJIECHHOCTD JIBYX Y3JIOB JIPYT OT JIpyra OyaeT siB-
HBIM 00pa3oM OTpaxkaTb CTEIeHb CXOACTBA COOTBET-
CTByIOLLIMX TIpelieneHToB. [lpoliecc mnpeoOpazoBaHuUs
MpeLeIeHTOB MOXeT ObITh PACCMOTPEH Kak Mpeodpa-
30BaHME YAaCTUYHBIX Mojeieit, ¢opMaabHO OINMUCHIBA-
IOIIMX JaHHbIE MPELENEeHThbI, MPU IOMOIIM OHTOJIO-
TMYECKUX TOMOMOP(MU3MOB, PaCIIUPEHUN U CyXeHUt
YaCTUYHBIX Mojesieit. B naHHOM ciydae cBolicTBa U Ta-
paMeTpbl UCXOOHOTO MpeleaeHTa OyayT NpeoOpa3oBbI-
BaThCsl HE 0053aTeIbHO B TE XK€ caMble MOHSATUSI, HO B

OHTOJIOTUYECKU Onu3kue. Bo3aMoxXHO U u3omMophHOe
BIIOXECHUE — pacIIMpeHNe MCXOMHOTO IIpelleieHTa, a
TaKXKe CyXeHHe IpelencHTa, yiaJeHue JUIIHUX dJie-
MEHTOB MOJEJIN.

TakuM 00pa3oM, MBI PEATU3YEM IIPOTPAMMHYIO CH-
CTeMY, OCYILECTBJISIONIYIO TTOUCK PELICHUST HAa OCHOBE
CEMaHTUYECKOTO CXOACTBA MPELENCHTOB C OObSICHHM-
MBIM MEXaHM3MOM ITOMCKa PEILIEHMS.

4. TeopeTHKO-MOIeIBbHBIN MOTXO
K pa3padoTKe HHTE/JIEKTYaIbHOT0 MOMOIIHMKA

BaxHo oTMEeTUTD, UTO OOJBIIMHCTBO paccMaTpuBa-
€MBbIX HAMU TIpelieIEHTOB — KaK IpeleIeHTH TOBAPOB,
TaK ¥ TIpelieeHTHl MOJIb30BaTeNleil, colepKaT TOJIbKO
4acTh BCeil MHGMOPMAIIMHU O TT0JIb30BaTelIe WM YCTPOIi-
ctBe. [ToaTOMY B paMKax T€OPETUKO-MOAEIbLHOTO MO/~
XoJa MpeleIeHThl TOKHbBI (DOPMaJIbHO OMUCHIBATHCS
He OOBIYHBIMU MOIeNISIMU (aaredpanyecKUMU CUCTE-
MaM#), a YaCTUIHBIMUA MOAEIISIMH.

Onpenenenne. PaccmorpuM curnarypy o = (P, ...,
P,c, .., c), BKOTOPOi P, ..., P — CUMBOJBI TIpe-
JMKATOB, & C, ..., C, — CUMBOJIbI KOHCTaHT. Paccmo-
TpuM KopTex A’ = { A, pP,.,P,c, .. ) MyCTh
JUISL KaXI0ro n < m 3HaYyeHUe M-MECTHOrO IIpeauKa-
Ta P, Ha A’ OmpesiesieHo KaK napa P¥=(P',P"), rne
PP c |Ql”| u P" NP =J. Hasosem 2" yactuyHoi
MOJIEJIbIO B CUTHAType 0. byneM cuuTath, 4TO IJIs1 3j1e-
MEHTOB 4, ..., a,€|A’|ecnn (a,, ..., a,) € P, T0 BBINION-
HEHO Ql”i:Pl.(al, .y a),ecnu(a,, ...,a)e P, To BBION-
HeHoA’'E—P(a,,...,a),aecmu(a,, ...,a)e (P UP),
TO 3Ha4yeHue npenuvkara P (a,, ..., a) Ha YaCTUYHOM
mozeu A’ He OIpeneseHo.

Knacc yacTUYHBIX MOJeIed CUTHATYPhl ¢ 0003Ha-
g™ vepe3 K’ (0).

Jns mpeoOpa3oBaHUsI YaCTUYHBIX Moaeneit, dop-
MaJIM3YIOIIMX TMPELeaeHTbl, Mbl HCIOJb3yeM OHTO-
JIOTUYECKNEe TOMOMOPGM3MBI. B maHHOI CTaTbe MBI
paccCMOTPUM TpPU BHIA OHTOJOTMYECKMX TOMOMOP-
(buzmoB, HanboJIee BaXKHBIX TSI JAHHOTO U3JIOXKEHUSI;
B KayecTBE WJITIOCTPAIIMY BO3bMEM IIPUMEpP yCTPOii-
CTBa — HOYTOYK. DTO TOMOMOPGU3MBI 00606uenus
(B YacTMYHOI MOIeIM HaJIW4yue B HOYTOYKE pa3beMa
USB A 3aMeHsieM Ha IIpOCTO Hanmdue pasbema USB),
rOMOMOPGU3M yrmounenus (HaTudre B HOYTOYKe pa3b-
eMa USB 3amensieM Ha Haymaue USB A) m romoMop-
dusm cxoocmea (Hanuuue pazbema USB A 3aMmeHsieM
Ha Hanuuue pazbema USB O).

Ha}lI/IM CTPOIue onpeacICHUA OHTOJIOT'MYECKUX I'O-
MOMOp(I)I/I?)MOB. Z[JTH 9TOIro paCCMOTpMM OHTOJIOI'MYEC-



CKME OTHOIICHUS: HA MHOXECTBE KITIOUEBBIX MOHATUI
OHTOJIOTUM TPEIMETHON 00JIaCTH pacCMaTpUBAEMbIX
TOBapoB (YCTPOICTB) — MpeauKaTax CUTHATYPHI 0, BBE-
JIeM JIBa IBYMECTHBIX OTHOILLIEHMS: OTHOLIEHUE 00uee-
yacmuoe Hyp(Q, P) v oTHotieHue cxodcmea Sim(P, Q).
Ornomenue Hyp sBISeTCSI YaCTUYHBIM TIOPSIIKOM, a
OTHoleHue Sim sBnsieTcsl peJeKCUBHBIM U CUMME-
TPUYHBIM (HO He 00513aTeJIbHO TPAH3UTUBHBIM).

Onpenenenne. PaccMOTpUM YacTUYHBIE MOIENN

V4 4 V4 P n n
A" e K'(0) u B" € K'(0,), myctb P €0, Q" € 0,
o \{P"} c 0, u BemonHeHo Sim(P, Q). OTobpaxkeHue
hi| 27| - | B”| Ha30BEM OHTOJOTMYECKMM TOMOMOD-
du3MoM cxodcmea dacTudHOM Momeau A’ B yacTUy-
Hyto Mozienb B° (h: A"~ B" ) ecu wist MOGHIX ¢ € 0, U
a, ..., a, €|’ BEITIONTHEHO:
a)yecm A'EP(a,, ...,a), 0B’ = Q(h(a,), ..., h(a,));

P P .

b)ecmA"F-P(a,,...,a), 108 F=Q(h(a,)), ..., h(a,));
) h(c™)=c".

W CTUHHOCTD M JOXHOCTh OCTaJIbHBIX npeanKaToOB
U3 0, COXPaHsIOTCA.

Onpenenenne. PaccMoTpuM 4YacTUYHBIE MOIEIHU
A" e K'(0)) n B” € K"(0,), 0\{P"} < 0,11 BBINOIHEHO
Hyp(Q, P). Orobpaxenue h:| A°| - | B”| nazosem

OHTOJIOTUYECKMM  TOMOMOP(GU3MOM  0000uienus
yacTMYHON Monean 2A” B yacTMyHyl0O Mozenb B
(h: A" > B" ) ecnm 1 MOGHIX c€ 0, M a,, ..., a, € |A’]
BBITIOJIHEHO:

a)ecm A'EP(a,, ...,a), 0B’ = Q(h(a,), ..., h(a,));
b) h(c*)=c".

WICTUHHOCTD ¥ JIOXHOCTb OCTAJIbHBIX IPEIUKATOB
¥3 0, COXPAHSIIOTCSI.

Onpenenenne. PaccMOTpUM 4YacTUYHBIE MOAEIU
A" e K’(0,) u B” € K’(0,)), nyct P" € 0, Q" € 0,
01\{P”} C 0, u BbinonHeHo Hyp(Q, P). Oto6paxenue
h:| A7 | - | B”| Ha30BEM OHTOJOTMYECKUM TOMOMOD-
dusmMoM  ymounenusa uactmyHoii Momeau A’ B
yactuuHyio Moaeb B’ (h: A” = B° ) ecnu a1 T0OBIX ¢
€on a, ..,a |A’ BbINOMHEHO:
a)ecnA"E—P(a,, ...,a), 0B F=0(h(a,), ..., h(a));
b) h(c™)=c".

VICTUHHOCTD M JIOXHOCTb OCTAJIBLHBIX TMPEIUKATOB
3 0, COXPaHSIIOTCS.

OmHOKpaTHOE WJIM MHOTOKpPaTHOE IIPUMEHCHUE
OHTOJIOTUYECKUX TOMOMOP®MOU3IMOB IO3BOJISIET HH-
TEJIJIEKTyaJIbHOMY TTOMOIIHUKY aBTOMATHYECKH Iie-
PEXOINTh OT ONMMCAHUII OTHUX YCTPOMCTB K OIMCAa-
HUSM IPYTUX, B OIPEICICHHON CTEIICHN ITOTOOHBIX.

HampuMmep, monp3oBaTeIb X0UeT KYITUTh HEKOTOpPOE
YCTPOMCTBO ¢ ompeneeHHbIMU XapaKTepUCTUKa-
MU, HO TPeOyeMOro yCTPOMCTBa HET B Mpojaaxe (UIu
ero IeHa He ycTpauBaeT Iojb3oBatesisa). Torma mH-
TeJUIEKTYaJIbHbIi MOMOIIHUK aBTOMAaTUYE€CKHU HaXO-
IUT IPYroe yCTPOMCTBO, YaCTUYHASI MOAEIb KOTOPO-
IO OHTOJIOTMYECKU TOMOMOpPGHA MOIEIN UCXOTHOTO,
HO KOTOpOe MMeeTcsl B MpoAaxe, U IMpeajaraeT 3To
YCTPOMCTBO I0Jb30BATEN0. ABTOMAaTUUECKHU UILETCS
ToBap (MM HECKOJIPKO TOBAapOB), HanMboIee OJIM3KIIA
K TpebyeMomy.

IIpennarast mojbp30BaTeNI0 YCTPOWCTBA, UHTEIIEK-
TyaJlbHbIii MOMOIIHUK TaKXe MpPeaoCTaBlIsIeT O0bsIC-
HEeHHUe, MoYEeMY UX OTJIMYHE OT KeJIaeMOTO I0JIb30Ba-
TeJIeM He SIBJISIOTCS CYLIECTBEHHBIMU C TOYKU 3pEHUS
pelaeMbIX MoJib3oBaTeieM 3a1a4. Takue oObsICHEHUS
Ha eCTECTBEHHOM $I3bIKEe JIM0O 3apaHee 3a1al0TCs B ce-
MaHTUYECKOW MOAEIN, MPU ONPEAETIEHUN OHTOJIOTU-
YECKOTO CXOJCTBA TOHSTUI, JTUOO M3BIEKAIOTCS W3
TEKCTOB €CTECTBEHHOTO SI3bIKa B MpoIiecce auaiora (B
YaCTHOCTH, U3 OITMCAHUI TOBApOB HA CaliTax MPOU3BO-
IUTEIECH 1 Mara3uHoOB, U3 OT3bIBOB MOKYIATEIEH 1 T.I1.
[27, 28]).

JlaHHBII TTpOLIECC MPOIOJKAETCS UTEPATUBHO, ITOKA
He Oy/eT HailleHO yCTPONCTBO, YCTPAUBAIOILIEE MOb-
30BaTeJIsl: T10Jb30BaTENb YKA3bIBAET, UYTO €MY HE Hpa-
BUTCS, WHTEJIEKTYaJbHbIi MOMOIIHUK MMOIOUpAET
HOBBIM BapuaHT. TakuM oOGpa3oM cTpouTcs rpad ap-
TYMEHTALlMU, B BEPLIMHAX KOTOPOIO HAXOJATCS Ya-
CTUYHBIE MOJIEJIM, COOTBETCTBYIOIIIUE YCTPOMCTBaM, a
Mepexobl MPOUCXOIAT MPU MOMOIIU OHTOJIOTUYECKUX
roMOMOpP(HU3MOB.

31ech BaXKHO OTMETHUTh, YTO ITTIOA IpeLieICHTaMU,
MBI TOHMMAaeM BCEBO3MOXHBIE OOBEKTHI, CYOBEKThI U
CHUTYyalllH, C KOTOPBIMU paboTaeT MHTEIICKTYaTbHBIA
noMolIHUK. IIpeueaeHTaMu SIBASIIOTCS KaK OOBEKTHI
MpeIMEeTHOI 00J1acTh, CaMU MOJIL30BaTeN, TaK U A1a-
JIOTH C TIOJTE30BATEIISIMU, PE3yIbTaThl PAOOTHI TIPEIbI-
JIYIIEro ceaHca MPOrpaMMHOM CUCTEMbI — apTe(aKThl
B3aMMOJIEICTBUS MHTEUIEKTYAJIbHOTO ITOMOIIHUKA C
mojib3oBaTesieM. B KauecTBe mprMepa pacCMOTPUM He-
papXuio CTPYKTYPUPOBAHHBIX IPELIEACHTOB — O0OBEK-
TOB IIPeAMETHOM 00JIaCTH, CBSI3AaHHBIX C YIOBJIETBOpE-
HUEM MOTPeOHOCTEN MOTb30BaTENS:

1. OOBeKT npeaAMeTHOI 00JacTH, ToOBap, KOTOPbIA HY-
JKEH IT0JIb30BaTe/0 (HalpuMep, KOMIIbIOTED WA
cMapThoH).

2. OOBEKT MpeaMeTHOI 00J1acTH + TOTPEOHOCTH TTOJTh-
30BateIsI (KOTOPHIE BEISIBUII MHTCIICKTYaTbHBIN TT0-
MOIIHUK B IIpoLIeCCe AUaora).



3. OOBeKT mpeaMeTHOI objacTu + IOTPEeOHOCTHU
ITOJIB30BaTeIIs + KJIacC pelracMbIX ITOJIb30BaTeIeM
3aga4. MBI pacmmpsieM TpeleaeHT, T00aBUB K
HeMY 3aJa4i, KOTOpbIe HEOOXOAUMO pelIaTh ITOJIb-
30BaTelo. BaXXHO OTMETHUTB, UTO CBOMCTBA OOBEK-
Ta MpeaMeTHoO objactu (Hampumep, GYHKIMO-
HaJIBHOCTh YCTPOMCTBA) YETKO OIpeneieHbl B 0a3e
3HaHWHI U HE3aBUCUMBI OT BOCIIPUSTHS ITOJIb30Ba-
tensd. C npyroi CTOpOHBI, 3ada4u, KOTOPbIE MOJIb-
30BaTe/ib HAMEPEH PEIIUTh MPU ITOMOIIY JaHHOTO
YCTPOMCTBA, 3aBUCAT OT KOHEUYHBIX LIEJIEU IOJIb-
30BaTeNIs, ero XeJaHuii u nmorpedbHocrteit. Knacc
pelraeMbIX 3aga4 OIpeneisieT caM IOJIb30BaTeb.
HNmMest maHHBIE O MOTPEOHOCTSIX ITOJI30BATEISI U
pelraeMbIX UM 3amgadaX, Mbl CTPOMM IIPEICHCHT
KaK TpOWKy: <4acTWIHAasT MOIEIb, OIMCHIBAIOIIAS
YCTPOMCTBO; MOTPEOHOCTH IOJIL30BaTENIsI; HAOOP
(KJacc) pelraeMbIX MOJIb30BaTeleM 3a1ayu>.

Takoii cmoco® mpeacTraBieHUs IPeLeIeHTOB I0-
3BOJISIET O0BEAUHUTh OOBEKTUBHYIO MH(OpPMaLIMIO O
ToBapax ¢ CyObeKTUBHON MH(OpMaIreil o moJb30Ba-
TeJie, TOJYyYeHHON MHTEUIEKTYaJIbHBIM TTIOMOIITHUKOM
B Ipollecce mamajora. HarmomMHuM, 4TO MpeleaeHTHI
MPenCTaBICHBI HA TPEThEM YPOBHE OHTOJOTMYCCKOM
MOJENU IIPeAMETHOI 00IacTH.

[MocTpoeHme pemieHnsT — MOI00p TOBapa, HYy>KHOTO
TIOJIb30BATEIIIO, IIPEATIOIaracT CpaBHEHNE KaK O0BEK-
TOB IIPEIMETHOM 00acTH (TOBApOB, YCTPOMCTB), TaK
U CTPYKTYPUPOBAHHBIX IMPELIEICHTOB, OIMMCAHHBIX
Boilie. JIJIsi 2TOro Mcmoib3yeTcsl ammapar METpUK,
KOTOpBIE TTO3BOJISIT IIPOBOJINUTH CpaBHEHNE OOBHEKTOB
¥ TIPELeCHTOB B XOIe PabOThl MHTEJICKTYaTIbHOTO
IIOMOIITHMKA. B 94acTHOCTH, MCIIONIB3yeTCSI CEMaHTH -
YeCKMii Tpad MpereaeHTOB ¢ 3apaHee pacCUNTaHHOU
(MM yCTAaHOBJIEHHOM 3KCIIEPTOM) MEpPOM CXOICTBa
(momobus) mpeueaeHToB. 3HAHUS O Mepax CXOICTBa
MPEeUeaeHTOB OTHOCSATCSI K YeTBEPTOMY YPOBHIO OH-
TOJIOTMYECKOM MOIETH MPeIMeTHOM obiactu. Mcxo-
ISl U3 OTUX 3HAHWI, B YaCTHOCTHU, 3aJaeTCSI OTHOIIIE-
Hue cxonctsa Sim(P, Q), pacCMOTPEHHOE BBIIIIE TIPU
oIpeneeHUN OHTOJIOTUYECKUX TOMOMOP(U3MOB.

IIpu nonbope TOBApOB IMPUOPUTETHI IOJb30BATE-
JISl PACCUMTBIBAIOTCS UCXOIS U3 ABYX ITApaMETPOB: BO-
MEPBbIX, CBOUCTB U (DYHKIIMOHAJIBHOCTU YCTPOMCTB U,
BO-BTOPLIX, TTIOTPEOHOCTEN U XKeJaHUI TOoJb30BaTelsl,
KJ1acca pelaeMbIX UM 3a1ady — TO €CTh, OOBEKTUBHBIX
U CYyOBEKTUBHBIX MTapaMeTpoB. OpUEeHTUPYSCh Ha 3TU
IIBa BUJa MapaMeTpOB, Mbl BbIUMCIISIEM CXOJICTBO pa3-
JIMYHBIX MIPELIeIeHTOB, B TOM YKclie, 0ObEKTOB JaHHOM
npeaMeTHOI 00JIacTu.

5. IIporpammHas peanu3anus
JIMAJIOTOBOM CHCTEMbI

PaszpaboranHasi mporpamMmmHas cucteMa [22] npen-
CTaBJIIeT CO0OM HAOOp M3 IISITU OJOKOB (MOMyJeit),
00eCIIeYMBaIONINX PA3IMIHEIC 3TAIlbl PabOThI CUCTE-
Mbl. TexHuyeckasi peajausalysl MpeACTaBlIsieT cCOOO
MVC mnpunoxenne Ha Java Spring, ¢ REST unrep-
deiicom.

Baok 1 oTBeuaet 3a ocyliecTBIeHUe BBOJA TOJIb30-
Barelis ¥ ero hopMaIn3alunio yepe3 MeXaHu3M MoucKa
peyeBbIX AeHCcTBUI [29], KOppEeKIMIO MOAEH MTOJIb30-
BaTesIsl M BBISIBJICHUE MOJIb30BaTEIbCKUX HAMEPEHUA.

Biok 2 oTBeuaeT 3a aHaau3 MOJIy4€EHHOI'O BBOJa, a
TAaKXE ITOPOXICHUEC COOOIIIEHUI CUCTEMbI O HEODXO-
JUMOCTU MOJTYYCHUA JOTIOJTHUTEIbHOMN I/IH(I)OpMaL[I/II/I
Yy IOJIb30BaTECJIA.

Biok 3 oTBeuaeT 3a MOUCK TpeOyeMOro ToBapa —
mpereneHTa MpeaMeTHON ob6mactr. OcCyIIecTBIsSeT-
cs TIpOBepKa — SIBJISIETCS JIM YacTUYHAsh MOJENb Tpe-
OyeMoro ToBapa, IIOCTPOSHHasl B pe3yJbTaTe Auajiora
C TIOJIB30BaTeIeM, ITOIMOICIBI0 MOIEIN HEKOTOPO-
ro TIpeleNeHTa MpeAMETHON obyactu (T.e., TOBapa,
nMerorrerocst B Hannuuu). Ha Bxon 6710ka mmomaioTcs
c(hopMyIMpoBaHHBIE ¥ TIPOBEPEHHBIE HAa HEITPOTHBO-
pEUMBOCTh TOTPEOHOCTU ToJb30oBaTens. Jlamee mpu
TIOMOIIM OHTOJIOTMIECKNX TOMOMOP(U3MOB, peaju-
30BaHHBIX HA OCHOBE (DYHKIIMM CXOICTBA IBYX YaCTUY-
HBIX MOJeJiel, TPOMCXOOUT TTOMCK MpeleneHTa, Hau-
0oJree CXOMHOTO C JKeTaeMbIM TT0JIb30BaTEIICM.

Ecnu npeueneHT HaliieH, TO TaHHOE pellieHue 0y-
JIeT TPEeIOXKEeHO IOoJIb30BaTello0, ONMMcaHue HalaeH-
HOTO TIpelieicHTa Ha €CTECTBEHHOM SI3BIKE OyIET HC-
MOJIb30BaHO B KaueCTBEe 000CHOBaHUS (apryMeHTa).

Baok 4 oTBeyaeT 3a aHaJIM3 peaKkIMK MOJIb30BaTesl.
OcHoBHasl (PyHKUMSI OJ0KAa — YTOUYHUTH TPEeOOBAHMSI
noJjib3oBatesis. Eciin B oTBeTe MOJIb30BaTeIsl €CTh HO-
BBI€ JaHHEIE, OHN (hOPMATTU3YIOTCS C TTOMOIIBIO MeXa-
HU3MOB 0J10KOB 1 11 2 1 cCHOBa 3amyckaeTcst 610K 3. Ta-
KM 00pa3oM MPOLECC MOMCKA PELICHUS IPOUCXOIUT
WUTEPATUBHO.

B0k 5 oTBeuaeT 3a OKOHYATEIbHYIO FeHepalluIo pe-
IIeHUs ¥ ero 000CHOBaHMe (apryMeHTanumo). [1omxs3o-
BaTeJII0 MpeyiaraeTcsl ToBap, MOJHOCThIO COOTBETCTBY-
IOIIUI ero TpeOoBaHUSM, BBISIBIEHHBIM B IIpoliecce
nuasnora. Takke MoXeT OBITh IpeAcTaBIeH Habop TO-
BapoB, OTBeYAIOLIMX TPeOOBAHUSIM, HO OTJIMYAIOLIUX-
cs TI0 1IeHEe MJIM HECYIECTBEHHBIM JIJIsl TIOb30BaTes
XapaKTePUCTUKAM.



3aKkiouenue

B cratbhe pa3pabarbiBalOTCsI METOABI CO3MAHUS UH-
TeJUIEKTYaJIbHbIX TOMOIIHUKOB. MHTesIeKTyanbHbIe
IMIOMOILIHUKKM MOTYT MPUMEHSITbCS ISl ITOMOIIM BbI-
Oopa TOBapoB — KaK peKOMEHIATeJIbHbIE CUCTEMBI,
B KOJUI-LICHTpaX Ui pelIeHUs] Pa3JIMYHbBIX IPOOJIeM
KJIMEHTOB, IJIs PelleHus] 3aiad TeXIOANECPKKH, IS
TIOMOIIIY JTIOASIM C OTPAaHNYEHHBIMU BO3MOXKHOCTSIMU.
B nmaHHOI1 paboTe B MEepBYIO 0YepeIb paCCMAaTPUBAIOT-
Csl MHTEJUIEKTyaJlbHble ITOMOIIHUKY, MpeIHa3HAYeH-
HBIE JJISI TOMOIIY BEIOOpA TOBAPOB MOJIB30BATEIIEM.

15T co3maHmsT MHTEJUTEKTYaTBHBIX TTOMOIITHUKOB MBI
paspabaTbIBacM METOJIBI BeIeHUsI apTyMEHTUPOBAHHOTO
IMajIora ¢ IojIb3oBaTteneM. st 3Toro Mel pa3pabaTeiBa-
€M MeTOAbl aBTOMATU3UPOBAHHOTO TOCTPOEHUS 000-
CHOBaHMII U apryMeHTauuu. PopManu3salus paccyxk-
JEHUI U apryMeHTaluK IIPOU3BOAUTCS MPU ITOMOLIN
YACTUYHBIX MOJENei, TOMOMOP(MU3MOB M OHTOJIOTH-
YeCKUX TOMOMOP(MU3MOB YaCTUYHBIX Mojelieii. OHTO-
JIOTUYECKHE TOMOMOP(U3MBI CXOACTBA YACTUYHBIX MO-
neiei (popMallbHO OMUCHIBAIOT TTOM00ME TIPELICICHTOB,
YTO CIIy>KUT MaTeMaTHYECKUM 0a31ICOM ITOCTPOCHMSI ap-
TYMEHTALUK HA OCHOBE IIPELIEIEHTOB.

IIpennoxeHHast apXUTEKTypa IIPOrpaMMHOM CUCTe-
MBI peain3yeT METOIbI BeleHHUs AUaora ¢ UCIOJIb30-
BaHWEM IIPEIeACHTOB, TIOMOJTHEHUEM 0a3bI IIpeleIeH-
TOB IOCJIE KaXXIOTO ceaHca pabOTHI, MX OPTaHM3AIIHIO B
BHUIIe CeMaHTUIeCKOi ceTr. [1omo0HBII MOIX0 ITO3BO-
JISIET TOOUTHCS TIPO3PATHOCTU PAabOTBHI CUCTEMBI, I10-
BBICUTh I'MOKOCTb IoA0Opa pelleHus] 3a CUeT aHaIu3a
CMBICJIOBOTO COIEpP>KaHUs BBOIAMMBIX ITOJIb30BaTeIeM
¢pa3 (C TOMOIIBLI0 AaTOMAPHBIX MOJIEJICi ), YTO OTANYA-
€T CUCTEMY OT UMEIOIIMXCS aHAJIOTOB.

Z[EU'ILH@IL/'I].HCG Pa3sBUTUEC CUCTEMbI BO3MOXHO B Ha-
TpaBJICHUN YIYUYIICHUA aJITOPpUTMA ITOUCKA ITPELHEACHTA
B CEMaHTUUYECKOI CETH, C BBEACHUEM 0OJIBIIIETO KOJIM-
YecTBa CBSI3EN MEXAy NpeUCICHTaMU [Jid ITOBBIIICHUA
JeTain3alluM IMOMCKa, a TaKXe pa3pa6OTKI/I METOO0B
OIIPEACICHUA CXOACTBA 1 nogoous IIPELHCICHTOB.
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Abstract

This article is devoted to the development of methods for creating intelligent assistants. Intelligent
assistants can be used in call centers to solve customer problems, to solve technical support tasks, to help
people with disabilities, to help in choosing goods, etc. We consider intelligent assistants that engage
in argumentative dialogue with users, aimed at finding goods and services that maximally satisfy users’
wants and needs. The development of the intelligent assistant is based on a four-level model of the
subject domain and a semantic model of the user. The system under development automates the process
of search and decision justification through the reuse of domain cases: accumulated knowledge about
previous dialogues with users. This gives the system we developed an advantage over existing analogues,
which are incapable of reusing knowledge about previous dialogues. The paper develops a case-based
approach to building an intelligent system capable of reasoning about its responses. For this purpose, an
argumentation graph is constructed, methods for structuring domain cases are developed, and ontological
homomorphisms are used to transform the available domain cases into a finished solution. A description
of model-theoretical methods for constructing intelligent assistants is presented. The cases of goods,
users and dialogues of an intelligent assistant with users are formally described in the form of partial
models. The transformation of domain cases and similarity of cases are formalized using ontological
homomorphisms of partial models. The purpose of the developed dialogue system is not only to select
a solution according to the user’s request, but also to find out the tasks that the user is going to solve,
to analyze his argumentation, and then to justify the proposed solution to the user, to show that this

particular product or service will be able to meet his needs.
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AHHOTAIMA

B HacTosImee BpeMsI MpeacTaBlIeHIE MTPOLICAYPHI BEIPAOOTKY YIIPAaBICHICCKUX BO3ACUCTBUI TIpHU
OCYIIECTBIICHUH Ipoliecca IJIAHNPOBAHUS B HAYIHOM U ITPpO(eCCUOHAIBLHOM COOOIIECTBE 3a4aCTYIO
HE COOTBETCTBYET MPAKTUKE CHCTEMHOTO M IIOCJAEIOBATEIHLHOTO (OPMHPOBAHUS IUIAHOB IIPH
MmoaaepXKe MHOOPMAIIMOHHO-aHATUTUYECKON CUCTEMBl. BMecTO 3TOro mpomecc IUIaHUPOBAHUS
omupaeTcsl Ha HedOpMaIU30BaHHYIO NESITEIbHOCTh JUIA, IMPUHUMAIOIIETO pelleHHe, KOTOPOit
XapaKTepeH TOYCYHBIM CHTYaTWBHBIM 3KCHEPTHHIM momxon. JlaHHOe ucciaenoBaHUE HaIpaBJIeHO
Ha pa3pabOTKy aHAJMTUYECKOTO IOAXO0Aa K OCYIIECTBICHHUIO IIPOIIEAYPHl COTJacOBaHUS IIJIAaHOB
B TIIpoliecce 1IeJIEBOTO OIOMXETUPOBAaHMUSA, KOTOPBIA IIO3BOJMUT pACIIMPUTh MCIOJIb30BaHUE
BO3MOXHOCTEd CHCTeMBl YIpaBJEHUS KOPIOPATUBHON pe3yJbTaTUBHOCTBIO U OO0ECICYUTh
MaTeMaTHYecKylo ¢dopMaau3anuio 3agadyd BbBIPAOOTKM YIIPABJICHUYECKUX BO3IECHCTBUM IIpU
KOPPEKTUPOBKE 3HAUEHUI MIaHOBBIX KJIOUYEBBIX Moka3aTeaeil. C 3TOi Lenblo TUIIOBON Mpolecc
IUIAHUPOBAHMS B paMKaX CUCTEMBI YIIPaBJI€HUsI KOPIMOPATUBHOUN Pe3yJbTaTUBHOCTbBIO JOIOJHSIETCS
0710KaMU aHaJMTUYECKON MOANEPXKKU, a UMEHHO aJrOpUTMOM OOpPAaTHBIX BBIYMCIEHUM YaCTHBIX
KJIIOUEBBIX MTOKa3aTeJiell 1 pacIIMPEHHBIM MOJYJIEM ClleHapHOTro MoaeaupoBaHus. [IpencraBieHHas
YCOBEPILICHCTBOBaHHAsl  MOJIEJb  IIpollecca  lIeJeBOro  OMMXETUPOBaHUS  obecreyuBaeT
aBTOMaTH3MpOBaHHOE (OPMHUPOBAHUE YIIPABICHUYCCKUX BO3ICHCTBHUI OTHeNa OIOMKCTUPOBAHUS W
PYKOBOJIICTBa MOApa3acjcHUI B HallpaBJIeHWU JTOCTHKCHUS cTparermueckux mejeit. [IpumeHeHne
O0OpaTHBIX BBIYMCIEHUI oOOecliedyMBaeT MaTeMaTHYECKYI0 ITOCTAHOBKY 3aJayd BBIYMCICHUS
WHAMKATOPOB TJIAHOBBIX KJIIOYEBBIX 3HaueHUil, a cuctema Sense and Respond (SaR) mo3Bosser
JTOTIOJTHUTh MaTeMaTHIECKYIO ITOCTAHOBKY BECOBEIMHM KO3((PHUIIMEeHTAMH MepBUYHBIX ITOKa3aTeIei
3((OEKTUBHOCTHA, PACCUYMTAHHBIMU aJITOPUTMUYECKA Ha OCHOBE YIIPABJICHUYECKUX pPEIICHUMA
MEHeIKepa BMECTO BKCIIEPTHOM OIeHKM. Peammsamust pa3pabOTaHHOIO IOAXOJa OOeCIIeUYMBacT
MMOBBIIIICHE KadecTBa IUIAHUPOBAHHUS IO Hambojee IPUOPUTETHBEIM KpPHUTEepHSAM KadecTBa:
OIEPATUBHOCTH, TOYHOCTHU M aJAIITUBHOCTH — 3a CYET CUCTEMHOCTH ¥ METOIUIHOCTH COCTABIICHUS
OIOIXETOB C IIPUBIIEUCHIEM COBPEMEHHBIX MHMOPMAIIMOHHBIX TEXHOJIOTHH.
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BBenenue

OBpEMEHHAsl J3KOHOMMKA XapaKTepU3YeTCs

W3MEHEHNEM SKOHOMUYECKUX M COIIMAIbHBIX

MmapagurM B OTBET Ha pa3IMYHbie KPU3WCHBIC
SIBJICHWSI, YTO BBHI3BAJIO ITOBBIIEHHOE BHUMAHHWE K
W3MEPEHUIO pe3yJIbTaTUBHOCTH HE TOJHKO B 1IEJIOM B
9KOHOMUKE, HO TaKXKe 1 B OTIEJbHBIX KOMITAHUSIX U UX
CTPYKTYPHBIX TonpasaeneHusx [1]. JlaHHbIA ¢akTop
CTUMYJIMPOBAJ aKTUBHOE Pa3BUTHE M IIOCTEIICHHOE
BHEAPEHUE CUCTEM M3MEPEHUS M YIIPABICHUS KOPIIO-
PaTUBHOI pe3ybTaTUBHOCTHIO (corporate performance
management, CPM), KoTopble OCHOBaHbI Ha CUCTEM-
HOM IOJXO/I€ ¥ MBILIJIEHUH [IJIs1 00ecTieueHsI MpaBau-
BOCTH B U3MEPEHUU SKOHOMUYECKUX SBICHUIA.

Ha mytu pa3BuTHsS U IPUMEHEHMSI CUCTEM YIIpaB-
JICHUSI KOPIIOPATUBHOM PE3yJIFTATUBHOCTHIO BO3ZHUKA-
€T MHOXECTBO IIPO0JIEM, KOTOPEIE TPEOYIOT PEIICHMUS
IUIsT obecTieueHusT YCTOMYMBOTO Pa3BUTHSI U TTOJIyYe-
HUS KOHKYPEHTHBIX ITPEUMYIIECTB. B COBpeMeHHBIX
peanusax KOHKYPEHTOCITIOCOOHOCTh KOMITaHUI obecTie-
YMBAETCS 32 CUET BBICOKOIO KavyecTBa IJIAaHUPOBAHMUS
SKOHOMUYECKON NMEeSITeIIPHOCTHU, OIIPEAEIIeMOe CXO-
ISl UX PA3IMYHBIX KPUTEPHEB, OCHOBHBIMU 13 KOTOPBIX
SIBJISIIOTCST TOYHOCTh, OTIEPaTUBHOCTD U aJall TUBHOCTb.
JOCTDKMMOCTh BBICOKMX 3HaueHMil 0003HAUYE€HHBIX
KPUTEPHEB 3aBUCUT OT Pa3BUTUS HMHCTPYMEHTapUsl
(cucTeMBl ¥ TIpaBUJjIa) ¥ TEXHOJIOTUM YIIpaBieHUs (MO-
eI M MeTonbl). MeTomsl yIpaBiaeHUsT Ha KOpIIopa-
THUBHOM YPOBHE OIIPEIEIISTIOT YCIIeX OpTaHM3alluu, T10-
CKOJIBKY OHM OTIPEIEJISTIOT CTPATeTUI0 OpraHu3alud 1
o0ecreynBaloT ee BhINoJHeH e [2].

ITpakTryeckuii onbIT KOMITAHUI B Ipoliecce co3aa-
Hus u BHenpeHuss CPM-cucrteM neMOHCTpUpYeT Ha-
JINYME CYLIECTBEHHBIX TPYIHOCTEH ITPU BBICTPAUBAHUN
W pa3BUTUU WHCTPYMEHTAPUS U TEXHOJIOTUHU yIIpaBJe-
HUSI B TIpoliecce liejiepeanu3aiuu. BerpadboTka ymnpas-
JIEHYECKUX BO3JENCTBUI, KaK MTPaBUJIO, TIPEICTABISIET
coboii mpolecc HedopMaTu30BaHHON AESATeIbHOCTU
MEHEIXKepa, OCHOBAaHHBIN Ha 3KCIIEPTHOM IIOIXOIE.
IIpu 3TOM MeTOABI M MPOILEAYPHI, IIPUMEHSIEMbIE B
IMPAKTUKE KOMITAHWI, HE TTO3BOJISIIOT 00CCIICUNTD CH-
CTEMHOCTb ¥ METOOUYHOCTh YCTAHOBJICHMSI TUTAHOBBIX
KJTFOUEBBIX TI0Ka3aTesieil, COOTBETCTBYIOIINX TpeOoBa-

HUSIM €OIUHOM CTPATETUUYECKOM LU IJISI BCEX CTPYK-
TYpPHBIX €AWHUL, KoMmnaHuu. OnHa U3 TPUYUH BO3-
HUKHOBEHMSI 0003HAYEHHBIX MPOOJIEM BbIpaXaeTcsl B
OTCYTCTBUM YETKOTO IOHUMAHUS TOTO, YTO HEBO3MOX-
HO BOILIOTUTb KOPIIOPATUBHYIO CTPATErMIO B OIOIKET-
HO€ TUIAHUPOBaHWE, HE UMeESI KOHKPETHOW MaTeMaTH -
YyecKoil 6a3bl, HA KOTOPOI OCHOBBLIBAETCS YIIpaBIeHUE
PE3YNBTaTUBHOCTBIO NEATETBHOCTH KOMITAHUM.

JanHast mpobyieMaTKa aKTyallbHa Ha MPOTSKEHUU
MOCJICTHUX NECATWIETUIA, YTO HAXOOUT OTpaXkeHue B
HCCIIEIOBAHUAX KaK 3apyO0eXKHBIX, TAK U OTEYECTBEH-
HbBIX aBTOPOB [1, 3—9].

B pabote mpemraracTcsi aHATUTHYCCKHUI MOIXOM K
COBEPIIEHCTBOBAHUIO TUIIOBOTO Ipoliecca OIOMKETH-
pOBaHUS 3a CYET pa3pabOTKU M BHEAPEHUS aJTOPUTMA
00paTHBIX BBIYMCIIEHWI, TTO3BOJISIONIETO (DOpMaTU30-
BaTh M aBTOMATH3UPOBATh MPOIeAYPY (DOPMHUPOBAHMUS
YIIPABJIEHYECKUX BO3AEUCTBUI HA YACTHbBIEC TJIAHOBBIE
rokazaresnu, u momyist «Pakr—IIporuos», obecrneuu-
BaIOIIETO pacCIIMPEeHUE BO3MOXHOCTEH CIIEHAPHOIO
MOJIEeJTMPOBAHYSI.

IIpemnaraemMbiit aJlropuT™M OOpaTHBIX BBIUMCIIE-
HUII obecrieYnBaeT pacueT MHAWKATOPOB IJIAHOBEIX
KJTIOYEBBIX TTOKAa3aTeeil ¢ y4eTOM MX MPHOPUTETHO-
CTH Ha OCHOBE YITPaBJICHUYECKUX PEIIeHUII MEeHeIKe-
pa. MeTomnueckass OCHOBa aJlfOPUTMa CTPOMUTCS Ha
00bEIMHEHNY TEOPUH OOPATHBIX BBIYMCICHU U Me-
tomosiorun SaR. MaremaTnyeckast IOCTaAaHOBKA 3a/1a-
YY BBIYMCJEHUS] MHAMKATOPOB IJIAHOBBIX KJIHOUYEBBIX
3HAUCHUIT 00ecIieunmBaeTCsI NPUMEHEHHEM MeEToHa
0o0paTHBIX BBIYMCIEHUI, a cuctemMa SaR momonHsieT
MaTeMaTHIeCKyI0 ITOCTAHOBKY BECOBHIMHM KO3 dU-
IIMEHTaMM KJIIOUYEBBIX MEPBUYHBIX ITOKa3zaTeaei ad-
(heKTUBHOCTHU, paCCUNTAHHBIMU JITOPUTMUYIECKH Ha
OCHOBE yIpaBJICHYECKUX PEIIeHUM MeHemKepa BMe-
CTO 3KCIMEPTHOM OLIEHKMU.

Monynb ClLEHapHOrO MOAEIUPOBAHUS TIO3BOJSI-
€T TUIAaHOBO-3KOHOMMWYECKOMY YIPaBJICHUIO Tapa-
JIEJIbHO OCHOBHOMY TIpolieccy OIOKETUPOBAHUSI OCY-
IIECTBJATh BBIPAOOTKY YIPaBICHYECKUX BO3AECHCTBUIA
Ha OCHOBE PEaTbHBIX NAHHBIX OT LIEHTPOB (pMHAHCO-
Boii orBeTcTBeHHOCTH (LIPO) 1 BBIYMCICHHBIX C ITPU-
MEHEHUEM aJITOpUTMa OOpaTHBIX BeIYUCICHUN n SaR



IUIAHOBBIX KJIIOUEBBIX ITOKa3aTelieii, (hopMUpPYs B Kadye-
CTBe pe3yJibTaTa ClieHapyu1 OIOIKETUPOBAaHMSI.

[IpenmyiecTBa mpeuiaraeMoro Mmoaxoaa 3aKjIroya-
IOTCS B MIOBBILIEHU U KaueCTBa Mpoliecca IIaHUPOBaHUS
MO BCEM NPUOPUTETHBIM KPUTEPUSIM KauyecTBa: Orepa-
TUBHOCTb, TOUYHOCTb, amanTUBHOCTb. OrnepaTHUBHOCTD
JIOCTUTAETCSl 32 CUET COKpAIEHMUSI BPEMEHU U TPYIO-
3aTpaT IJIaHOBO-3KOHOMMYecKoro ynpasieHus (I1DY)
Ha OCYIIECTBJIEHUE MPOLEAYPbl BHIPAOOTKM YIIpaBJIEH-
YyecKUX BoaaeicTBuil. Kpome Toro, cokpaiaeTcst Kojau-
YECTBO KOPPEKTUPOBOK TUIAHOBBIX PAcueTOB OrOMXKeTa
CO CTOPOHBI TofApa3aeeHuil KoMnaHuu. IToBbleHe
TOYHOCTH TIJITAaHUPOBAHUST 00eCTIeYMBAETCS METOIUYHO-
CTBbIO Y CUCTEMHOCTbBIO peain3aliuy MpoLECca, KOTOPbIE
MpearnosjaraloT B3aMMOJENCTBME pa3pabOTaHHBIX aHa-
JINTUYECKUX OJIOKOB, CIocoOCTBymoIIee 3(P(PEKTUBHO-
My COTJIACOBAaHUWIO CTPATETUYECKUX LIeJIe U AEWCTBUN
MO WX TOCTUXKEHUIO. ATaNTUBHOCTD IVIAHWPOBAHMS MO~
BBIIIIAETCS 32 CYET COKpalleHUs] BPEMEHU Ha KOppeK-
TUPOBKU AAHHBIX JJISI HOBBIX 1IArOB IJIAHWPOBAHUS U
YBEJIMUEHUST CKOPOCTH alanTalli CUCTEMbI K HabJI0-
IaeMbIM M3MEHEHMSIM BHEIIHEU cpelibl, MOCKOJbKY B
JITOPUTM 3aJI0XKEHO YCJIOBME aIlllpOKCUMAlLIVK MOBe/e-
HUS M1, TpuHIMarloliero pernexue (JITIP).

1. IlonsTHE «yNpaBjieHHE
KOPIOPATUBHOI Pe3yIbTATUBHOCTHIO»

[NoHsATHE «yIpaBIcHUEe KOPIOPATUBHOM pe3yJIbTa-
TUBHOCTBIO» BKJIIOYAeT MH(POPMAIIMOHHBIE TEXHOJIO-
TUA ¥ WHCTPYMEHTHI, METOIBI M IIPOLIECCHI YIIpaBIIe-
HUsI, a TaKXe YeJoBeYeCKUe PEeCypchl U IpeanoaraeT
MepUOINYECKHEe M3MEPEHNE M aHAJIN3 KITIOYEBEIX I10-
KaszaTeyieil, OpMeHTUPOBAHHBIX Ha JOCTUXKEHME OIpe-
JeJleHHBIX 1eneil [6]. CucteMa u3MepeHHs pe3ysibTa-
TUBHOCTH, COIJIACHO aBTOpaM OCHOBOIIOJAralolInx
paboT B JaHHOI 00JIaCTM — 3TO HAOOp IoKaszaTesei,
HCITOJIb3YEMBIX TSI KOJIMYECTBEHHO OLIEHKH KaK BHY-
TpeHHell 3(PPeKTUBHOCTU (3KOHOMMYHOCTh), TaK U
BHelIHel apdekTnBHOCTH (3hdekTuBHOCTD) [10, 11].

B nmutepatype mo m3aMepeHWIo KOPIIOPAaTUBHOM pe-
3yJIbTAaTUBHOCTHU OIMMCHIBAETCS ITMPOKUIA CIIEKTP IO~
XOIOB K TIPOEKTUPOBAHUIO CUCTEM M3MEpPEHUs pe-
3yJIbTAaTUBHOCTH, KOTOPBIC KIACCUMDUIIUPYIOTCS IO
pasnuuHbiM acriektaM. CornacHo Bourne [3] MoxHO
WCITOIb30BaTh 1Ba N3MEPEHUSI: JIexKalllasi B OCHOBE M3-
MepeHus mpoueaypa (MHAMKATOpbl TOTpeOdHoCTel [12,
13], uHmuKaropsl aynurta [14], MHIMKATOPHI MOIEIU
[15]) u ocHOBoMoOJIaralOUi MOAX0H ¢ TOYKU 3pEHUSI
PO PYKOBOIMTENSI IIpoliecca (PYKOBOICTBO KOH-
cyabTaHTa [16], pykoBoacTBoO acvimTaropa [11]).

Wcxonst U3 KOHIIEMIIMU LEJeBOro YIpaBieHus, Bce
MHOXECTBO KJTIOUEBBIX MoOKa3aTeseil pe3yJIbTaTUBHO-
ctu (key performance indicators, KPI) moxHo kmnac-
cuuIMpoBaTh cleaylolmnuM obpa3zoM [8]: mepBHU-
HbIE TIOKa3aTeNv, NPeIHA3HAYCHHbIE I U3MEPEHUS
pacxolloB U MOTPEeOHOCTEN B pecypcax, HEOOXOAUMBIX
JUIST MOCTUXEHUSI TIOCTABJICHHBIX 1IeJiel — XpaHsITCS B
0a3e MaHHBIX OYXTaaTepCcCKOro ydyera; WHTErpUpPOBaH-
HbIE TI0Ka3aTeNN-UHIUKATOPHI, TpelHa3HauYeHHbIE
JUTSL OLIeHKU 3(D(HEKTUBHOCTU IO OTAETbHBIM HaIpaB-
JICHUSIM JEesITeIbHOCTA KOMIIAHUU — SIBJISTIOTCS pac-
YeTHBIMU TOKAa3aTeNISIMU; TOKa3aTelu-UHANKATOPHI,
NMpeaHa3HauYeHHbIE )Tl UBMEPEHUS PE3YJIbTaTUBHOCTU
JeATeTbHOCTU KOMIIAaHWY B 11€JIOM U YPOBHS TOCTHKE-
HUSI CTPATETUIECKUX 1IeJIeil — SIBJISTIOTCS TIPOU3BOIHBI-
MM TTOKa3aTEeSIMU.

IleneBoe ynpaBieHUe UMEET TPU YPOBHS: CTpaTe-
TMYEeCKUil, TaKTUYeCKU u omepaTuBHbIN. CTpaTe-
TMYECKOMY YPOBHIO COOTBETCTBYET CTpaTEernyeckoe
IUTAaHUPOBAaHUE, OCYIIECTBISIEMOE PYKOBOIUTEIISI-
MM, KOTOpPOE€ OIIpeAciIseT HamlpaBJICHUE pPa3BUTHS
KOMIIAaHUM B JIOJTOCPOYHOI TIepcrieKTuBe (Ooiiee
3 net). B ¢pokyce maHHOI pa®OTHI HAXOAUTCS Tia-
HOBO-3KOHOMUYecKoe yrpapiaeHue (I18Y) wnau or-
JIesl O KeTUPOBAaHUS, KOTOPBIE OCYIIECTBISIOT
eneBoe OromxetupoBaHue. lleneBoe OlOMIXETUPO-
BaHUeE IIperoiaracT pa3padboTKy OomxeTa, OpUCH-
TUPOBAHHOTO Ha MOCTUKEHME 1ieJIieil OIepaTuBHOIO
IUIAaHUPOBaHUSI, ONpeae/ieHHbIX Ha OCHOBE 3Haye-
HUI KJIOYEBBIX MOKa3aTeJeil pe3yJbTaTUBHOCTU U3
cTpaTernuyeckoil kapTbl KomnaHuu. B aTom ciyudae
OIOIXET MPEACTaBISACT COO0M TAaKTMUYSCKUM IUIAaH C
TOPU30HTOM B OIWH TOM, OTPAaXKAIOIINI Pe3yIbTaThI
ONepaLvOHHON, NHBECTULIMOHHON U MHOM AeATENb-
HOCTU KoMTiaHuw [17].

TexHOMOTYS yIpaBIIEHUST PEe3yIbTATUBHOCTHIO OM3-
Heca BKJIIOYAeT, KAK MUHUMYM, Y€ThIpe OCHOBHEIX 0JI0-
Ka: MOIEJMpOBaHUE, IUIAHMPOBAHUE, MOHUTOPMHI,
aHaJI3 — U SIBJISIETCSI TI0CJIeI0BATEIbBHOCTBIO C 3aMKHY-
TBIM LIUKJIOM [18].

Bi1ok MomempoBaHUs HaXOOUTCSA 3a IIpeaeIaMu 00-
IIero IIUKJIA YIIPaBICHUS, TaK KaK BEITIOTHSICTCS I103-
TaIHO B 3aBUCHMOCTH OT TEMIIOB Pa3BUTHSI KOMITAHUM
M CTEIICHU ee ajanTaluu K BHEIIHel cpene. JJaHHbBII
0JI0K BKJIIOYAaeT B cebsi (hOopMyIupoBaHUE CTpaTerv-
YECKOM KapThl, MOCTPOEHME NEPEBbEB IieJieid, ycTa-
HOBJICHHE KJTIOUEBBIX ITIOKa3aTelieil, MOIEMpOBaHUE
OM3HEC-IIPOIIECCOB.

bnok nmnaHupoBaHUS SBISETCS YKPYIMHEHHBIM U B
WHTEPIPETALMSIX PAa3INIHBIX aBTOPOB 3a4acTyio pas-



OuBaeTCcs Ha HECKOJIbKO 0JokoB [18]. Tak, coriracHO 2. IIpobGaema ucciaemoBaHus
B.E. Onunuosy [8], nBymMs 3TamamMu, CIeAyOIIUMU
3a 3TArioM MOICIUPOBAHMUSI, SIBJISTIOTCS IPOTHO3UPO-
BaHUE KJIIOYEBBIX IOKa3aTejedl pe3ylbTaTUBHOCTU U
pacyeT IJIaHOBBIX 3HAYCHUM KITIOUEBBIX TTOKa3aTeseid
pe3yJIbTaTUBHOCTH.

B kauecTtBe OCHOBBI (OPMUPOBAHUSI TIPEAIIO-
JIOKEHUI II0 COBEPIICHCTBOBAHUIO METOINYECKON
0a3pl yIpaBlIeHUS] KOPMOPATUBHOM pPe3yIbTaTUBHO-
CThIO OBLIO PacCMOTPEHO TUIOBOE PEILICHUE CUCTEe-
MBI YIIpaBJeHUsI KOPIOPATUBHOU Pe3yIbTaTUBHOCTHIO

3aMKHYTOI'O LIMKJIa, XapaKTCpHOC IJId MOoAaBJIAIOLICTO
BbIX MOKa3aTCJICU PE3YJIbTaTUBHOCTU ABJIACTCA Haunob0- GOJIBIIMHCTBA OTeUCeCTBEHHBIX. a TaKKe MeKIyHapO.I-
b

JIee BOXHOM COCTABIIAIONIEH TEXHONOTUN YIPABNCHUS | yyiy kommanuit. Ha ero npuMepe mpoieMOHCTPUPOBA-
PE3YABTATUBHOCTBLIO OM3HECA, TIOCKOJIbKY O0ECTIEUMBA- | g Y3KHE MecTa aTOpUTMA, Ha paspellieHue KOTOPhIX
eT CHCTeMATHYecKoe MPEICTABICHNE LENeBbIX 3HAYC- | panpapieHo naHHOE MccnenoBanue (puc. ).

HUI1 KIIIOYEBBIX ITOKAa3aTeieil pe3yibTaTuBHOCTA [1DY
U IPYTUM CTPYKTYPHBIM TTOAPA3IEICHUSIM UISI COTJia-
COBaHUSI TIPOTHO30B M (POPMUPOBAHUS OKOHUYATEIIBEHO
YTIBEPKAEHHOIO IIaHa Ha Oymymiuii nepuon. JaHHbIA
OJIOK BKJTI0YaeT (PaKT—IMPOrHO3 aHaIM3 M pacyeT Ipo-
THO3HBIX 3HAYECHWI IOKa3arejeil B paMKax CKOJIb3si-
LIEr0 OTYETHOro mepuoma. MIMeHHO OT 3HAYEHMIl I10-
KazaTeJieil, MOJyYeHHBIX Ha JaHHOM 3Talle, 3aBUCUT
MOCTUXKEHWE OTIEpaTUBHOM 11€JIM, YKa3aHHOU PyKOBOII-
CTBOM Ha MOC/IEAYIOIINIA TEPUO.

bnox HEIMOCPEACTBEHHOIO IIAaHWUPOBAHUA KIIIOYEC-

CxeMa oTpaxkaeT 3Tambl TUIIOBOTO IIpollecca (u-
HaHCOBOTO MJIAHUPOBAHUS 1 TIPOTHO3UPOBAHUS TTOKa-
3aTesiell cObITa KOpIopaluu, JOMOJHEHHbIE OJI0KaMU
AHAIUTUYECKOTO TOAX0Ma K OMpPeaeIeHUIO0 KOPPEKTH -
POBOK ITPOTHO30B U COTJIACOBAHMIO TUIAHOBHIX OIOMIKe-
TOB (BBIACIICHBI ITYHKTUPHBIMU JIMHUSIMHA Ha CXEME).

B onMcaHHOM TIpeICTaBIEHUM THIIOBOTO IIPOLEC-
ca (hMHAHCOBOTO TUTAHMPOBAHMS U TIPOTHO3MPOBAHMUS
MoKa3aTesiell KOMITAaHUU MOXKHO OTMETHTb HECKOJIBKO
«y3KHX MECT», KOTOPble OTPAaHMYMBAIOT MOTEHLINAIb-

IBa japyrux OJoKa KOHLETMM YIPABJIE€HUS DP€- = Hple cucTeMHble 3((hEKTH BO3ICHCTBHS HAa Ka4eCTBO
3yNbTAaTUBHOCTBIO OM3HECA, MOHUTOPMHI M aHAIW3, | qpoliecca MPHU MCIOJIb30BAHMM BO3MOXHOCTEH MH-
MPEATNoNaraoT ONepaTUBHBIII KOHTPOJIb 32 GMHAHCO- | (hOPMAIMOHHOM CHCTEMBl 1 AHATUTUYECKAX METOIOB.
BO-3KOHOMMYECKMM COCTOSIHMEM KOMIIAHMM M KOM- | 3 BceX BO3MOXHBIX OTpaHMYEHMIl PacCMOTPEHHOIT
IUIEKCHOE JIMArHOCTUPOBAHWE MOKa3aTeNlell KOMMAa- | MOIENH B KaUuecTBE LeIeBbIX ISl JAHHOTO MCCIIeI0Ba-
HUM COOTBETCTBEHHO. HUSL GbUTM OTMEUEHBI:

Cuctema KNHO4eBbIX VTBEDKIEHHblE
nokasatenei _ e
pe3ynbTaTHBHOCTH
Mporxo3upoBakne -
nOKazaTeneit CraTueTuka MporHo3Hble | Basosbiii nporto3
— npogaX TEMNbI NpUpOCTa npojax
)\
! P o= = = = ! !
Mopenuposanue Anroputm
nokasateneit Cueraproe I 6 b r
MOZENMPOBaHME 0bparHbIX > TIportos npozax
npopax 1| sorwmcnennitn SaR |1
LY== =4
) s |
®opmupoBatke dakT npogax [naH npogax | Cueriaproe |
NNaHoBOro MOZENMPOBaHME
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Puc. 1. Cxema COBEPLUEHCTBOBAHNA TIMOBOro NPoLEeCCa ninaHnpoBaHna.



1) ucrnonb3oBaHMe AKCIIEPTHHIX OLIEHOK KaK Ha 3Tarie
(dopMUpoOBaHUS TUIAHOBBIX TIOKa3aTeseil, TaKk U Ha
aTare corjaacoBaHus U (GOPMUPOBAHUST YTBEPXKIEH-
HOTO TIJITAaHOBOT'O OIO/KETa;

2) U3 NepBOro MyHKTa BbITEKAeT OTCYTCTBUE MaTeMaTu -
YecKoi hopManM3alvu 3a1a4 NPUHSATUS pelleHui
OTHOCUTEJILHO YIPaBJICHUYECKUX BO3ICUCTBUIA Ha
1LieJIEBbIE TTOKA3aTed IyTeEM KOPPEKTUPOBKM 4acT-
HbIX OKa3aTesei;

3) oTcyTcTBME TMOKOCTM B 4YacTWM aHaJiM3a IPOTHO-
30B OTBETCTBEHHBIX JIMI] Ha 3Tane (OpMUPOBAHUS
YTBEPXKIEHHOIO TIJITAHOBOTO OOIKETa, IOCKOIbKY
CLIEHApHbI1 aHaIM3 He 00eCIeuynBaeT JOCTATOYHbBIX
BO3MOXHOCTE arperaliuy pa3inyHbIX OLEHOK, BU-
JIEHWIA Y TIPOTHO30B MO Pa3IMYHBIM HaIlpaBJICHUSIM
Mpoaax, TOBApHLEIM HOMEHKJIATypaM.

B nuTepaType oTMevaeTcsi, UTo yiIydllleHHe KauecTBa
TUIIOBOTO IIpoLiecCa B LIEJIOM HEOOXOAMMO OCYILECT-
BIIATH TTOCPEACTBOM MH(MOPMAIIMOHHO-aHATUTHIECKOM
MOAAEPXKKHY B KaXI0i 30He TIpoliecca, o0ecrieunBast op-
KECTPOBKY SBOJIIOIIMOHUPYIOIINX METONOB MHMOpMa-
LIMOHHOM aHAJIMTUKKU IIPU COIVIACOBAHUU YIIPABICHUS
KOPIOPATUBHOM pe3yJIETAaTUBHOCTHIO C YITpaBICHUEM
OousHec-mpoleccamu [2, 19—21].

ObecrieueHHe CUCTEMHOIO YIy4YIIEHUs KayecTBa B
KaXIIOi 30HE IIpoliecca TOCTUTACTCS 3a CUeT pasiny-
HBIX (hakTopoB. CoriacHo pabore C.H. bpyckuna [7],
COBMECTHOE WCITOJIb30BaHWE TPEHIOBBIX, MH(bOpMa-
LIMOHHBIX U CLIEHAPHBIX METOMOB IMPOrHO3HOTO MO/Ie-
JIMPOBAHUS CITIOCOOHO YIYYIINUTh KAa4eCTBO IIpoliecca
IUTAaHUPOBaHUs. B 30He ImaHMpoBaHUSI — 3a cUeT hop-
MMPOBaHMSI CTaTUCTUKU TPOAAX Ha OCHOBe (hakTa U
rnepecyera IUIaHOBBIX IOKa3aTeeil MPUPOCTHBIM Me-
TOIOM C YIETOM KOPPEKTHUPOBKHU CKOJB3SIIETO TPEH-
IIa 9KCIIEPTHEIM ITyTeM. B 30He mporHo3upoBaHus — 3a
cueT cueHapHoro aHaiu3sa cpeactBamMu OLAP. B pabo-
te O.B. KuroBoii [6] mpencrapiieHa MOIBITKA ITPEOIO-
JIETb CYOBEKTUBHOCTh M (DOPMAaJIM30BaTh IIPOLICAYPY
BBIOOpA MHOTOUYHCIICHHBIX BAPHMAHTOB CTPaTeTHUECKO-
IO Pa3BUTHUS KOMIIAHWM II0 Pa3IMYHBIM (aKkTopaM
(KPI, ctpatermyeckue MHULMATUBLI, pacrpenesieHue
WHBECTUIINI) TyTeM pa3pabOTKA MOIEIU IIeJIEBOTO
IUTAHUPOBAaHUS M aJITOPUTMa BBEIOOpPA ONTHMATILHOTO
penieHus. AJITOpUTM BBIOOpA aJIbTEPHATUB TIPEATIONIa-
raeT MpoBeleHMEe aHaJIu3a aKIIMOHEPHON CTOMMOCTHU
KOMITIAaHMHU U CPABHUTEIBHOM OLIEHKU C MCITOJIb30Ba-
HUeM MeToja aHanu3a uepapxuii. B pabore M.U. Hu-
KUIIOBOM [9] onmuckiBaeTcs MPpUMEHEHUE TEXHOJIOTUIA
UCKYCCTBEHHOTO WHTEJUIEKTa IJIsl MPEOAOJICHUsI WUH-
¢dopMaLIMOHHON aCUMMETPUU TIPU TIPUHATUU pellie-

HUIL coBeTOM IMpeKTopoB. HecMoTps Ha To, 4TO pe-
3yJAbTaThl HaIpaBIE€Hbl Ha CTPAaTerMUE€CKUl YpPOBEHb
YIIPaBJICHUS, UX U3YYECHUE TI0JIE3HO JUIST peaiu3alin
peleHniA TaKTUYECKOTO YPOBHS, ITIOCKOJBKY aBTOP
NpenjaraeT NoAXoA aHATUTUYECKOW MOMAEPXKKHU MPO-
1iecca BEIpaOOTKY yIIpaBIeHYECKUX BO3ICHCTBUI, BbI-
MOJIHSIEMbBIN MapajieIbLHO OCHOBHOMY IMPOLIECCY, HE
3aMEHSIOIIUN PELIAIOIE POJIM COBETA NUPEKTOPOB.
ITprMeHUMOCTh KOHUENUMN OOpPaTHBIX BBIYMCIEHUN
B 3a/laye YIpaBJICHUSI KOPMOPATUBHOM pe3yJbTaTUB-
HocThlo paccmatpuBan b.E. Ogunuos [8]. TIpu aTtom
oIlpe/elIcHNEe BeCOB YaCTHBIX TTOKa3aTeeil, GopMupy-
IOLIMX MHTErpaJbHbIN KJIOUEeBOI IMTOKa3aTesb, B pabo-
T€ aBTOPa OCYLIECTBIISIETCSI TOCPENCTBOM 3KCITEPTHBIX
METOJIOB.

PaGoThl oTHenbHBIX 3apyOeKHBIX aBTOPOB HarpaB-
JICHBI Ha TIOBBIIIIEHNE KayecTBa IIpoliecca IUIAaHUPOBa-
HUS, B IIEPBYIO OUepedb, €T0 OMePAaTUBHOCTH, 3a CUET
pa3paboTKy KOMIUIEKCHBIX MOJeIell U CUCTeM, 00b-
eAUHSIONINX B cebe OM3HEeC- U TEXHUYECKUM acreK-
THI potiecca. Tak, MarySka u Doucek [1] onuchkiBaioT
Monenb REMONA, nmpenmyiiecTBa KOTOPOM 3aKiTIO-
YaloTCd B 3TAIOHHON Mojeau npoektupoBanus CPM
u BI, onpeneneHust METONOJIOTMII U MoieJieit, COMpo-
BOXIAIOLIUX CUCTEMY, OIPENCIIEHUS CUCTEMBI IOKa-
3aTejieil, U3MEPECHUIN, BHEAPCHUS PELICHUSI B KOMIIa-
Hun. Prilianti n Hikmat [22] pa3paboTtanu miatdopmy
Integrated performance management system (IPMS),
KOTOpas crnocoOHa TpaHCIMPOBaTh BUACHUE KOMIIa-
HUU Ha 0oJiee HU3KUI YPOBEHb YIIPaBJICHN S, TOBBIIIAS
MIPOU3BOAUTEILHOCTh KOMITAHUM, 3a CUET Ompeese-
HUSI B3aMMOCBSI3CH MEXOy IepeMEHHBIMH, METOIOB
OLIEHKU U TPUOPUTETOB YITyUIIEHUS.

Kpome Toro, B 3apy0exHoOl auTepaType npeacTaB-
JIEHBI TIpUMepPbl aHATUTUYECKON MOAAEPKKU MPOoLieC-
ca IJIJAHMPOBAHUS C MPUMEHEHUEM HCKYCCTBEHHOTO
nHTenekTa. Zhang [4] B cBoeil paboTe mMprMEHUIT Me-
TOIbI aHAJIM3a [NIABHBIX KOMIIOHEHT U aHaJIn3a UCKYC-
CTBEHHOW HEWPOHHOU CETH IJISI MOCTPOEHUS MOIEIN
RMT-BP, npenHazHaueHHON ISl TPOrHO3UPOBAHUS
rokasaTeyeil pe3yJabTaTUBHOCTH KoMIaHuii. B kaue-
CTBE BXOJIHBIX MApaMETPOB MCIOJIb3YIOTCS Pa3IUYHbIE
(vHaHCOBbIE M He(pUHAHCOBBIE MOKa3aTeau, Xapak-
TepU3YIOllIe PEe3yJIbTaTUBHOCTDb JESITEIbHOCTU KOM-
MaHWi, a COOTBETCTBYIOIIME BECA MoKa3aTeyeil ornpe-
NESTI0TCSI METOIOM aHalIu3a uepapxuit. Mari u mp.
[5] moxa3mIBalOT, KakK KJIIOYEBBIE IMOKA3aTeJId MOTYT
3((HEKTUBHO OMNPEEaIThLCSI C MOMOIIBIO JTMHEHHBIX
OrpaHMYEHUIi, a 3aTeM KaK yrnpaBJieHUeCKHUe BO3eii-
CTBUSI MOTYT BBIYUCJISITHCSI METOAAMU MAaTEMATUUYECKO-
ro MpOrpaMMMPOBAHUSL.



HecMoTpst Ha 3HAYMTEIbHOE MPOIBIDKCHUE B HC-
cienoBaHusax TexHosornit CPM u moamepxuBaio-
IINX WX METOMOOB, JUTepaTypa MO-TIpeKHeMYy HMeeT
OTKPBITHIE HUIIM UIST U3YICHUSI M COBEPIICHCTBOBA-
HUs Tpoliecca IUlaHWpoBaHus. PaccmaTpuBaeMblie B
JIUTEpAType Caydyau MCITOIb30BAaHUS MCKYCCTBEHHO-
ro MHTEJJIEKTa B IIpoliecce IUIAHUPOBAHUS OCHOBAHBI
Ha MOJIENM «UEPHOTIO SIIMKa», YTO OTPaHUYMBAET UX
MPUMEHUMOCTE TSI OM3HeC-3amad, KOTOphbie TpeOy-
IOT IIPO3PAYHOCTH, SICHOCTU 1 KOHTPOJUPYEMOCTH CO
CTOPOHBI MeHeIXKMeHTa pelieHuil. Iloae3HocTs Ma-
IIMHHOTO OOYYeHUS 3aBUCUT OT MHOTUX (DaKTOPOB,
KOTOpBIE eIlle HETOCTATOTHO M3YYEHBI, TAKMX KaK THUII
3alauu, CTaavsl TPUHSTUS PEUIeHUs], UCIOIb3yeMast
texHojiorus [23]. Ilpu 3TOM (hbparMeHTapHOCTb pac-
CMOTpEHHS PA3IUIHBIX METOIOB MIET B pa3pe3 C Te-
31MCaMU aBTOPOB ITOMCKOBBIX M OO30pHBIX PadOT O
HEOOXOIMMOCTH COTVIACOBAHMSI METOAOB B X B3aMMO-
IEeWCTBUU M C OCOOCHHOCTSIMU IIpoliecca YIIpaBJIeHUs.
B pesynbTare aHaau3a HaydHbIX pabOT U TPaKTUIECKO-
TO OIIBITa KOMIIAHWI MOXXHO CIIEJIaTh BEIBOM, UTO TIEPET
Y4eHBIMU CTOUT IpobsieMa co3naHust 3¢G¢GEeKTUBHBIX
MOJIXOMOB K MPaKTUYECKOMY MPUMEHEHUIO COBPEMEH-
HBIX aHAJTUTUICCKIX METOMOB TS TIOBBIIIICHUST Kade-
CTBa IIPUHSTHUSA YIIPABICHYCCKUX PEIICHUI B OU3HeCe.

[Iporienypa corracoBaHMs TUTAHOB Ha IIPEIMET CO-
OTBETCTBUSI CTpAaTerMW KOMITAHUUW CYIIECTBYIOIIUM
BO3MOXHOCTSIM C YYETOM BHYTPEHHUX M BHEIIHUX
OTrPAaHUYEHUI SBJISIETCS TPYAOEMKOM, HO IIpU 3TOM
HEeoOXOmMMOM 3amaveit. Dr1a Ipoliemypa BEITOIHSICT-
Csl MyTeM MOIIAaroBOM KOPPEKTUPOBKU IIEJEeBbIX 3HA-
yeHui mokasateneil. Ha kaxaom atane KOppeKTUpOB-
KU TeKylllMe 3HAaYeHUs CTpPaTerMuecKux IToKa3aTelei
paccMaTpUBaIOTCI ¥ aHAIM3UPYIOTCS PYKOBOICTBOM
komrianuu. Ilo pe3ynbrataM aHaau3a PYKOBOACTBO
oIpenessieT OINepaTUBHbBIE 1I€JU, KOTOPbIE SIBIISIIOT-
csl KOMIIPOMMCCOM MexXay (DaKTUUECKUM MOJIOXEHU-
eM eI CTPYKTYPHOTO TOIpa3dc/ieHUsI M CTpaTerhde-
CKUM TJTaHOM KoMnaHuu. OnepaTUBHbBIE LEIU CITyXatT
OTIPaBHOM TOYKOU MUIST pacueTa TIAHOBBIX KITIOUEBBIX
rokazaresieil Ha Oyayive nepuonsl. BaxXHO OTMETUTb,
YTO 3TOT PaCUeT BBITOTHSCTCS C YYETOM OTpaHUICHU,
YCTAaHOBJIEHHBIX Pa3IMYHBIMU CTPYKTYPHBIMU TIOM-
pasneeHus MU, KOTOopble TPUHUMAIOT YyJ4acThe B Ipo-
1ecce coctapieHus Owmkera. Hampumep, otnen mpo-
THO3MPOBAHMSI YCTAHABIMBACT OTPAHWYCHUC IICIICBOM
PEHTa0eIbHOCTA Ha OCHOBAHUHU MPOTHO3a, OTHEJ Mpo-
JaX yCTaHaBJIMBaeT WHOE OrpaHWYEHME MoKa3aTersl,
VUUTBIBasi 00bEMBI PECYPCOB KOMITaHUU. TakuM oOpa-
30M OIOKET MPOJAX MNOTOJHSIETCS 2JIeMEHTaMU: 1ieJie-
BOE 3HaYEHNE, MPOrHO3HOE 3HAYEHNE, MUHUMAJIBHOE U

MaKCHMaJIbHOe 3HaueHMS [24]. YKa3zaHHBbIC 3JIeMEHTBI
HCTIONTBE3YIOTCS B KAYSCTBE OTPpaHMUCHUI IIPH OCYIIECT-
BJICHNM OOPAaTHBIX BBIYMCICHUN 3HAYCHUN ILIAHOBBIX
KJTFOUEBBIX TTOKA3aTeIICH.

BBuay uckmiounTeabHOM BaXKHOCTM 3Talla IUIaHU-
pOBaHMS, 3alauyM, CBSI3aHHBIE C Pa3BUTUEM TEOPETHU-
KO-METOI0JOTNYECKOI 6a3bl TPOLIEAYPhI COTIaCOBAHUS
IUIAaHOB, TPEOYIOT MOBBIIIEHHOIO BHUMAHUS CO CTOPO-
HBI UcclenoBateneit U npakTukoB. [ToaTroMy maHHOe
HCCleJoBaHMe HAIlpaBJIeHO Ha pa3pabOTKy aHATUTUYE-
CKOIo TOAX0Ja K OCYILIECTBJIEHUIO MpOLEeayphl COria-
COBaHUS TJIAHOB B TTPOLIECCEe KOPIOPATUBHOTO TJIAHU-
pOBaHUS MoKa3aTeNneil, KOTOPhI MO3BOJUT PaCIIMPUTh
WCIIOJIb30BaHue Bo3MoxxHocTeil CPM-cucreMbl 1 06e-
CMeYnTh MaTeEMaTUUECKYIO (popMau3aluio 3aJauu Bbl-
PpabOTKM ynpaBiIeHYECKUX BO3IESUCTBUI MTPpU KOPPEKTU-
POBKe 3HAYeHM I TIJIaHOBBIX KJIIOUEBBIX ITOKa3aTe e,

OCHOBEIBasICh Ha pe3yJbTaTax IIPEAIIeCTBYIOIINX
aBTOPOB, B HaHHOI paboTe mpemjiaraeTcsl JOIOIHUTH
THIIOBOM TIPOIleCC IUIAHMPOBAHMS OJOKaMU <«AJITO-
PUTM OOpaTHBIX BBIMMCICHMIT M SaR», IMO3BOISIO-
muit (popManM30BaTh 1 aBTOMATH3NPOBATH IIPOIIEHY-
py OpMUpPOBaHUSA YIIPaBICHUYECKHUX BO3IEHCTBUII Ha
JacCTHBIE TUTAaHOBBIE TTOKa3aTesun, U «CiieHapHOe MOJIe-
smpoBanne Pakr—IIporHos», obecrieynBaroLINil pac-
IIUPEHHBIE BO3MOXHOCTH, OTHOCUTEJIBHO CLIECHAPHOTO
MOIIEIMPOBAHUSI, MHOTOMEPHOI'O aHaIM3a U MOACIIM-
poBaHus miaHoB [1DY B mapanieb OCHOBHOI MoAeIun
OI0IKETUPOBAHUS.

IIpeumyiecTBa mpeaiaraeMoro IOAXoAa 3aKiIio-
YaloTCd B MOBBIIICHNN KavyecTBa IIpollecca IIaHUPO-
BaHWUS 110 BCEM TPUOPUTETHBIM KPUTEPUSIM KadecTBa:
OITepaTUBHOCTH, TOYHOCTD, ATaNTUBHOCTD. OTIepaThB-
HOCTh JOCTHTAeTCS 3a CYET COKpAIeHHMS BpeMEHU U
Tpyno3arpaT [1DY Ha ocyiecTBIIeHIE TTPOIICAYPHI BHI-
pabOTKM YIIpaBIIEHIECKNX BO3IEHCTBUI, TaK KaK Me-
HeIXKep B JaHHOM CiIydae MMeeT MOMICPXKKY B BUIE
aJTOPUTMA PacyeTOB, IIPOIBMHYTOTO WHCTPYMEHTA-
pHst KOMITBIOTEPHOTO MOACIMPOBAaHMS TIaHOB. KpoMe
TOTO, COKpAIaeTCs KOJMIECTBO IMOCIETYIOIIX (op-
MM POBaHMIO OIOIKETa KOPPEKTUPOBOK ITUTAHOBHIX 3HA-
YEHUI CO CTOPOHBI TMoApasaeieHnuit KommnaHuu. I1o-
BBIIIICHNE TOYHOCTHU IJIAHMPOBAHUSI OOCCITCUYNBACTCS
METOOUYHOCTBIO M CHCTEMHOCTBIO peaqu3alluy IIpo-
1ecca, KOTOphIe TIpeArnoaraloT B3auMoaeiCTBIE pa3-
paboTaHHBIX aHAJTUTUYECKUX OJIOKOB, CIIOCOOCTBYIO-
mee 3 GEeKTUBHOMY COTJIaCOBAaHUIO CTPAaTErMYeCKUX
LeJeil M JeWCTBUI IO UX IOCTIDKEHHUIO. ANaITHB-
HOCTb IIJTAHUPOBAHMSI TTOBBILIAETCS 32 CYET COKpallle-
HUS BpeMEHU Ha KOPPEKTUPOBKM JAHHBIX IUIST HOBBIX
11aroB IJIAHUPOBAHUS 1 YBEJIMYEHUSI CKOPOCTU alarn-



TallUU CUCTEMBI K HabOJIIogaeMbIM U3MEHEHUSIM BHEIII-
Heli cpefbl, TOCKOJIBbKY B aJITOPUTM 3aJI0KEHO YCIIOBUE
anmnpokcuMauuu rnoseaeHus JITIP.

3. Mogaeis nponecca OHIKeTHPOBAHUS

3.1. Pa3paboTka MHCTpYMEHTapusi
1eJIEBOTO YNPABJIEHHS

Hcnosb3yst MeTofabl U MHCTPYMEHTBI MOICIMPOBA-
HMSI OU3HEC-TIPOLIECCOB, ObLIM TOCTPOCHbBI AMArPaMMBbI,
oTpaxalollue CyTh MpeajgaraeMoro momaxona. Juarpam-
MBI, IIPEACTaBICHHbIC HIKE, OMMUCHIBAIOT IIPOLIECC, TaK
Ha3bIBaeMOI1, liejepeain3aly, KOTopas Ipeaosara-
€T pa3pabOTKy MHCTpyMeHTapus (cucTeMa Leieil U Imo-
KaszaTeJieil, mpoLeaypbl (OpMUPOBAHUS MPEANUCAHUIA,
MpaBuia KOPPEKTUPOBKY MOKa3aTesieil) U TEXHOJOTUHI
(e mpoLeayp U omepaliii) LeJeBOro ypaBaeHNs.

IlepBast muarpamma (puc. 2) oTpaxaeT KIIOUeBbIE
M3MEHEHMsI B IpenjaraeMoil MoauduKauuu MOaeIn
rpolecca OI0IXKEeTUPOBAHUS OTHOCUTEIBHO TUIIOBO-
IO pellleHUsI, KOTOPbIe 3aK/II0Yal0TCsl B IPUMEHEHU NI
metonojoruu SaR U Teopun oGpaTHBIX BbIYUCIECHUIA
U1 opManIn3alMy M aBTOMATU3allMK IIPOLIEIYPhI

MPUHSATUS YNpaBJIeHYECKUX pelIeHUuil B Tpoliecce
O10KETUPOBAHUSI.

DTam mporecca, IPEABapSIONINN aJITOPUTM BBI-
YUCIICHU B MOIEIN — IOCTPOCHHE HMepapXMIecKUX
CTpyKTYyp ueneil. PaboTta mo ¢opMuUpoBaHMIO CUCTE-
MBI <«IIeJIM-TIOKAa3aTeJIn» BBITIOJIHSICTCS Ha CTOpPOHE
Ou3Hec-aHAIMTUKOB. Mcxoiasd W3 TMpakTUKU IJIaHU-
pOBaHUs, MOCTPOEHME CTPYKTYp Liejieil, oXBaThIBalO-
IIMX pa3IMYHbIE CTOPOHBI IESITEIbHOCTU KOMIIaHUU,
¥ BITOCJICACTBUU BOCIIPOU3BENCHUE MX IOKa3aTesel,
TpeOyIOT MpUMEHEHUST Oosiee OOIIUX CTPYKTYp (cere-
BBIC CTPYKTYPBI), HE 00JIamalOIINX CBOMCTBOM CTPOTOM
COIIOMYMHEHHOCTH y3710B. OmHaKoO, M1 (hopMaTbHOMK
00paboTKM MOMOOHBIE CTPYKTYPbl MaJIONPUTOIHBI,
MMOCKOJIBKY TIOPOXKIAIOT 3HAYMTEIbHEIC TPYTHOCTH W
HEOTHO3HAYHOCTh B WHTEPIpPETAllih pPe3yIbTaToOB.
ITosTOoMy TIpM OTCYTCTBMM SIBHBIX OTpaHWYEHUN Ce-
TEBBIE CTPYKTYpPBI «IIeJieli-TioKa3aTesieil» mpeodpaso-
BBIBAIOTCS B MepapXuyeckue CTpyKTyphl. IIpouemypa
¢dopMabHOI 00pPabOTKM MEPAPXUYECKONM CTPYKTYPHI
MOJIEePKUBAETCS CPEACTBAMM ITPOTPaMMHOTIO oOecIie-
yeHust CPM-cucTeMbl, B KOTOpPOI M3MepeHMsI TToKa3a-
TeJIeH MPEaCTaBIISIOTCS B BUIIE UEPAPXUIA.
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TlepBbIM 111aTOM B anroputMe opMaabHO 00paboT-
KU ToKa3arteseil SIBJseTcs KaIMpoBaHUe Pe3y/IbTaToB
u3MepeHuit. Paznuuusa B mIkanax M3MepeHUil OTAeNIb-
HBIX YaCTHBIX ITOKa3aTellel, ONpenelITIoNInX YPOBEHD
JOCTMKUMOCTH 1IEJIEBBIX TTOKa3aTesel, HaKIaabIBatOT
OrpaHUYEHUsI Ha UX COBMECTHYIO 00paboTky. Mcxons
M3 3TOTO B MOJEIM pPeIlaeTcs 3amadya IIPUBEACHUS OT-
JEJbHBIX MOKas3aTeleil K eIUHO 1lIKajle U3MEPEHU U
¢dopMUpoBaHMs 0011IEr0 MHTErPaJTbHOTO MoKa3aTesl.

[Iponemypa IIKaIMpOBaHWSI BKITIOYACT IIpEeIBapy-
TeJIbHO€ HOPMUPOBAHUE MCXOAHBIX JAHHBIX M BBIYMC-
JIeHWe MHINBUAYaTbHBIX BECOB YaCTHBIX IMOKa3aTeeit.
HcxonHble JaHHBIE TIEpealoTCs U3 0a3bl JTaHHBIX WH-
GOopMaALIMOHHON CUCTEMBI, a PE3YJIbTaThl BEIYMCIICHUI
XpaHATCS B OTOEIBHOM XpaHWJIWILE JAaHHBIX, CBI3aH-
HOM ¢ cucTtemoii SaR.

3.2. MaTremMaTH4eCKasi OCHOBA
00paTHBIX BRIYUCIEHA 1 SaR

Ha HavyanbHOM 3Tame BBIYMCICHUI 3HAYEHUS CO-
BMECTHO oOOpabaTbiBa€MbIX YAaCTHBIX ITOKa3aTeei
MPUBOIITCS K €IMHON IIKaje U3MepeHust, YTOOBI 10~
JIyUUTh LieJIeBOI Oe3pa3MepHbIii MHTErpaJibHbBINM ITOKa-
3aTesib. B KauecTBe MHTEpBajga HOPMUPOBAHUS OepeT-
cs1 nrana3oH oT 0 1o 1 BKITIOUMTEIBHO IUTST YITPOIICHMS
00paboTKM MaHHBbIX. 7151 pacueTa UHTETPAJIbHOTO TO-
KazaTeJisli MCMOJb3yeTCsl amauTUBHas (opma CBepT-
KU, KOTOpasi TpeAcTaBiIsieT COO0M CyMMY B3BEILIEHHBIX
3HAQUEHUIA OJHOHAMpPaBJIEHHBIX YaCTHBIX ITOKa3aTe-
Jeit. IlpuBeaeHne 3HaYeHUIA YaCTHBIX MOKa3aTenei K
€IMHOM IIKaJie OCYILECTBSIETCS METOIOM JUHEMHOTo
HOPMMPOBAHUS TAHHBIX.

3HauyeHUsT YaCTHBIX IMOKa3aTesieil B pacueTe MHTe-
TpaJbHOTO TIOKa3aTensl AOJDKHBI OBITh OMHOHATIPAB-
JICHHBIMU: TUOO YBEIUUYMBATHCS, TUOO YMEHBIIATHCS.
Kpome Toro, 3HaueHUs: KOHKPETHOIO YaCTHOIO MO-
KazareJst JOJKHbI paBHOMEPHO 3amoJIHITh UHTEpBal,
OMpENENIeHHbIA AMOUPUYECKUM DPa3MaxoM €ro 3Ha-
yeHuii. B cinyyae, ecnu maHHbIe comepxkaT BBIOPOCHI,
HOPMHUPOBAHUE OCYILECTBIISIETCSI HA OCHOBE PacyeToOB
CpEeIHEero v NUCTIepCUH.

CorjmacHo ToAXOmy, KaXAbIi YacTHBI  IIO-
KazaTellb OIMMCHIBACTCS  BEIICCTBEHHBIM  YHCJIOM
h(x, u) € [0, 1], onpenensomMM 3Ha4YeHUE ACHCTBUS
U B COCTOSTHMU X. MaccuB uncen A(x, 1) MOXET COCTO-
SITh M3 ¢ BO3MOXHBIX ITOKa3aTeliei, TaK 9To A(xX, u) =
= [h(x, w), ..., hq(x, u)]. Ilpu atom, 0603HAYEHHBII
MAaCCUB WMHAYLUUPYET JIMIIb YACTUYHBINA MOPSIIOK Ha
YIIPaBJISIONINE BO3NECHCTBUS B ClIydyae HeCKOJIbKHUX I10-
Kazateneil. OOt MOPSIIOK CBA3BIBACTCS C YACTHBIM

IOpAOAKOM 4YEPE3 IEeWCTBUS MCHCIXEpa, 4YTO paBHO-
CHJIBHO aCCOLIMUPOBAHNIO BECOB OTHOCUTEJIbHOI BaX-
HOCTH ITOKa3aTejie.

Crenylolym 1aroM BBITOJIHSIETCS oTepalys nepe-
OLICHKM BECOB YACTHBbIX MOKa3aTesJeld B pacyeTe WH-
TerpajJbHOTO 1eJeBoro rnokasarels. ITocKolbKy Mpo-
LIECC BBIYMCIIEHUS BECOB IPEAIIOAracTCs LUKJINYHbIM
U HETIpEepbIBHBIM, Ha TAHHOM IlIare YYUTHIBAIOTCS pe-
LLIEHUS, MPUHSIThIE B IPEAbIAYLIEM LIMKJIE, a B HYJIEBOI
TOUKE CUCTeMa MHCIIOJIb3yeT 3apaHee OmpeaeeHHbIe
3HAQUEHMUSI BECOB C PaBHOMEPHBIM pacIipeleeHUEM.
Takum obOpa3oM, B ciiydyae OTKJIIOHEHUS TPEIIOXKEeH-
HBIX SaR ympaBngiomux BO3NENCTBUI, cuUcTeMa Tie-
pecMaTpUBaeT Beca YaCTHBIX IMOKa3aTejieii Ha OCHOBE
(pakTUYECKN BHIOPAHHBIX MEHEIKEPOM YITPABIISTIOIINAX
BO3IeMCTBHI. 3aTeM Ha OCHOBE 3TUX 3HAUECHUI CUCTe-
Ma BBIYHMCIISIET HOBbIE Beca, KOTOPbIE OYyIyT UCIOJIb30-
BaTbCsl B HOBOI utepauuu (f + 1).

HauwmHast ¢ utepauinu ¢ 3agaeTcsl CKOJIB3SIIIee OKHO
IJTMHOM k, Takoe 4to t — k + 1 > 0. 3HaueHUs BeCoB
w(t + 1) 3aBUCAT OT 3HAYEHUIA TIEPEMEHHOU COCTOS-
HUS CUCTEMbI Ha UTepalluu T, 0003HavaeTcsl Kak x(7),
3HAYEeHU 1 OTITUMAJTLHBIX YIIPABJISIONINX BO3IEHCTBUIA,
BBIUMCJIEHHBIX CUCTEMOU Ha UTepaluuu 7, 00O03HaYa-
eTcs Kak u(7), 3HaUeHU I yIIpaBJISIIOIIMX BO3AEHCTBUI,
dakTUyecKr BBIOPAaHHBIX MEHEMKEPOM Ha UTepaluu
T, TIocJie oTKaza ot u(r), obo3HavyaeTcs Kak u'(r), mis
telt—k+1,f={—k+1,.., 8.

Jlng Kaxmoil mpolueaiieil utepauuu 7 OSUCTBUS,
¢akTyecKr BbIOpAaHHBIE MEHEIKEPOM B HTEpaLUU
7 (u'(1)), DOJKHBI OBITH MPEAIIOYTUTEIbHEE eHCTBUIA,
BBIYMCIICHHBIX cucTeMoit (u(7)), B 3aBUCUMOCTH OT
KPUTEpHUsI OIITUMU3ALNN. DTO YCIOBUE 00ecTIeunBaeT
COOTBETCTBUE HOBBIX BECOB 3HAHUSIM, HAKOIUIEHHBIM
CHCTEMOI B T€YEHUE CKOJIb3silero okHa. Maremaru-
YeCcKU NaHHOE ycJoBUE (OPMYIUPYETCS CIETYIOIIUM
obpa3oM (paccMaTpuBaeTcsl clydail MaKCMMU3ALUU
WHTErpajabHOTO IToKa3aTesl):

w(t + D(h(x(7), u(7)) — h(x(1), u(r))) >0 (1)
TJIe 3HAYEHME & IOJDKHO GbITh MAJIbIM, HO HE HYJIEBBIM.

JlomoTHUTeTbHOE OTpaHUYeHNE BBOJUTCS HA pa3-
HUIly MEXIY HOBBIMU 3HauyeHUSMU BecoB w(f + 1)
M 3HAUYEHUSIMU BECOB Ha TeKylleil urepauuu w(r).
PasHuia Mexny sTUMU BeJIMYMHAMU JOJKHA OBITh
MUHUMaJIbHa, YTOOBI M30eXaTh KoJieOaHWII BECOB,
HapymaIuX CXOOUMOCTh ajlroputMa. MaTeMaTh-
YeCcKd OAaHHOE YCJIoBHE (DOpMyIUpyeTcsl CIeayro-
LIMM 00pa3oMm:



1 q
wy=> Yl (t+1)-w (7). (2)

T=t—k+1 i=1
TlepeuncneHHble 0OCOOEHHOCTU Tpoliecca B3BEIIM-
BaHMS YaCTHBIX ITOKa3aTeJied MOTYT OBITh OIIpeaeIeHEI
B TepMUHAX JIMHEMHBIX OorpaHnYeHMid B 3agaue MILP.
OnTuMu3aiMoHHas 3amada, 3a UCKIIOYeHNEM OO~
HUTEJIBHBIX YCIIOBHIT KOHKPETHOTO MHTETPAIBHOTO I10-

KazaTeJsi, B TaKOM ciiydae OyIeT MMEThb BU:
Z(6,w):(5+W(t)—>6m(in), (3)
,w(r+1

TIPY YCIIOBUU

w(t+ 1)(h(x(1'),u’(‘r)) - h(x(r),u(‘r))) -020,
6>0,001,
AbsVal(W (1), w,(1+1),w(1)),

rae o, w(t + 1) — pematoniye mepeMeHHbIE,
telt—k+1,1,ie][l,q].

[Toce BRIUMCIEHUS BECOB YACTHBIX ITOKAa3aTesei,
dopMuUpyOIINX (QYHKUIMIO LEJIEBOr0 WHTETPaIbHOIO
MmokasaTeisi, HacTynaeT da3a pacuera MpuUpalieHUi
apryMeHTOB (hYHKIIMM C IIOMOIIIbIO TTPOLEAYPhI 00paT-
HBIX BBIYMCJICHU.

IleneBoii nmokazarenb 3((HEKTUBHOCTU 3aJa€TCS B
Bune GyHkuuu y = flx,(w), ..., xq(wq)). @yHKUUA UC-
MOJIb3yeT BeCOBble KO3(P@OULMEHTH (IIPUOPUTETHO-
CTH), TIOJYYEHHBIE HA MPEABIAYIIEM 3Tarle, NX cymMma
Bcerma paBHa emuHulie. lleneBast GyHKLMS U ee apry-
MEHTBI MOTYT TpeGOBaTh MOJOXUTEIbHOIO MPUPOCTA
WIM OTPUIIATEIbHOTO MPUPAIICHMS B 3aBUCUMOCTH OT
LeeBbIX ycTaHOBOK. OT XapakTepa U3MeHeHUs (PyHK-
LIMM 3aBUCHUT 3HAK MpUpAIIeHUS B LieJeBOi (yHKIUU
B CHICTEME yPaBHEHUIA.

B kauecTBe MeTOHA OOPATHBIX BEIYMCICHUI UCTIONb-
3yeTCS METOI, PEIIeHUS C TTOMOIIBI0 MHANBUAYAIBHBIX
ko3¢ dunmmenToB. CoriaacHO yKa3aHHOMY METONY ycC-
JIOBUSI MeHemXepa II0 BO3IAECHCTBUIO Ha BEIUYMHBI
YACTHBIX [MOKa3aTe/leil pe3yIbTaTUBHOCTH BbhIPaXKaroT-
csl TIyTeM yKa3aHUs AOMOJHUTEIbHBIX KO3(hMULIMEH-
TOB (kq) MpU OIpeaeeHUN UCKOMBIX apryMEeHTOB 1ie-
JIeBO# (PyHKLIMU:

xq+qu=kqxq. 4)

Ot 3HaKa MPUPAILCHNS APTYMEHTOB X, 3aBUCSIT 3Ha-
YEeHUS WHAWBUAYAJIBHBIX KO3(POUIMEHTOB, KOTOpPbIE
BBIYMCIISIIOTCS JUTSI K&XKIOTO apryMeHTa (hyHKITU: €CITN
TIPUPOCT TIOJIOXKUTETbHBIN, WHANBUAYAIBHBI KO3(-
(bULMEHT YMHOXAETCsT Ha CBOM aprymeHT (k x ), ecin

. X
OTpULIATEJIbHBIN — apTyMEHT ACJIMTCSI Ha HEro (k_‘?)
q

KonnuecTBo HOMOTHUTENBHBIX YPABHEHUI B CUCTE-
Me 3aBMCUT OT KOJIMYECTBa apryMEHTOB (DYHKIIUHU: KO-
JIMYECTBY apIryMEHTOB (bYHKIIMU ¢ OyIET COOTBETCTBO-
BaTh KOJIMYECTBO MOITOJTHUTEBHBIX YpaBHEHMM g — 1.
OrpaHMYeHMs] Ha 3HAYEHUS MHAMBUIYAIbHBIX KO2(-
¢uIMeHTOB kq YCTaHaABJIMBAIOTCSI HA OCHOBE X CEMaH-
TUKU.

Taxkum oOpa3oM, 3a1avya BIYUCICHUS pUPAIICHUI
YACTHBIX MMOKa3aTesieil Ha OCHOBE M3BECTHOTO MpuUpa-
LIEHUS LIeJIEBOTO MOKAa3aTessl B Caydae ¢ TpeMs apry-
MEHTaMH U MOJIOXUTEIbHBIM IPUPOCTOM KaK LIEJIEBOM
(yHKIIMM, TaK U apTYMEHTOB, OMKUCHIBAETCS CUCTEMOM
YPaBHEHUIA:

y+Ay= f(k1x1> k,x, , kyx, )’

k]‘xl —X _ W
- >
k,x,—x,+kx, —x; w,+w, (5)
kzxz —X W,

kx, —x, +kx,—x; w+w,

PemnB naHHy10 ccTeMy ypaBHEHUIA OTHOCUTEbHO
k,, k, n k,, MOXHO TOJIy4YUTh 3HAYEHUS TIPUPAILECHUI
apryMeHTOB LeJIEBO (PyHKIMH X, X, U X,. [Ipu sTOM
pe3yabTaThl pelIeHUs] NOJKHbI YAOBIETBOPSTH YCJIO-
BUIO: k, k,, k, > 1.

Ha nocnenyomux 1iarax ajJropuTMa liejiepeainsa-
LI MEHEIXep IToydaeT MHGOPMALIMIO O pacCUYMTaH-
HbIX MpUPALIEHUSIX YAaCTHBIX MOKa3aTeJel u MpPUHU-
MaeT pelleHue JUOO0 MHULUMUPOBATH MPemIoKEeHHOE
cUCTeMOM nelicTBUe, TMOO MHULIMUPOBAThL MHOE Neii-
crBue. IlpuHSTOE MEHEIKEpOM pelIeHHe COOTBET-
CTBYET OITHMMAJbHOMY pELIeHWIO Ha TeKYIIel uTe-
pauuu M OyneT HUCIIOJb30BaHO CUCTEMOR B HOBOM
UTepalMy BbIYMCIECHUI MpU OOHOBJIeHUU BecoB. [1o-
CKOJIbKY TIpE€IBApUTEIBHO BBIYMCIEHUSIM OCYIIECT-
BJISJIACh HOPMAaJIM3alUsl NAHHBIX, CJIAEAYIOIIWI Iar
aJlIropuTMa TIpeaycMaTpuBaeT Mpoleaypy oOpaTHOIo
LIKAJUPOBAHUS C IIOMOIIbIO aJropuTMa OOPaTHOIO
LIKaJIbHOTO Mpeodpa3oBaTeis.

HWHaukatopsl AeITEIbHOCTA KOMIIAHUM SIBJISIIOTCSI
¢daxTopamMu, Ha OCHOBE KOTOPBIX (DOPMUPYIOTCS CTpa-
TErMYecKue I10Ka3aTeId ACSITSIBHOCTH KOMIIAHMH,
orpefeisieMble pYKOBOIACTBOM. PocT OmHWX WHIMKA-
TOPOB MOXKET IPUBOAUTH K POCTY CTPATETHUECKHX IT0-
Kazareieii, a IPYrux K UX YMEHbIIEHUIO, TI09TOMY HC-
MOJIb3ysd TMHAMUYECKOE IPOrpaMMUPOBAHKE MOXKHO
MOJIYYUTh COAJTAaHCUPOBAHHYIO CUCTEMY CTpaTermye-
CKHX TOKa3aTesell pa3BUTUS KOMIIAaHWU, YIOBJIETBO-
PAIOIIYI0 TpeOOBaHUSIM PYKOBOACTBA, M3MEHSIS 3HA-
YeHUS] MHOMKATOPOB AESATENIbHOCTH KomIaHuu. Kak
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Puc. 3. Cxema noTOKOB [JaHHbIX 6/10Ka CLIEHAPHOTO MOZENMPOBAHMS «DakT—T1porHo3».

pe3ysibTaT, Ha OCHOBE CTpaTerM4yecKux MoKazaTesei
NEITEIbHOCTA KOMIIAHUM MOXHO OIPEIEINUTh €€ KOp-
MOPaTUBHYIO Pe3yJIbTaTUBHOCTh KaK CBEPTKY 3TUX MO-
Kazarejei.

3.3. Pa3paboTKa TeXHOJIOTHH
IeJIEBOTO yNPABJICHUS

Bropas 4gacTe mpoliecca 1enepeanu3anuu — pas-
paboTKa TEXHOJIOTUM 1IeJIEBOTO YIpaBJIeHMsI, OMuca-
Ha B KOHTEKCTe MH(GOPMAIIMOHHOTO 0OMeHa B CUCTe-
Me YIpaBJIeHUsI KOPIIOPATUBHOM Pe3yTbTaTUBHOCTBHIO.
J1J151 3TOTO UCITONIB3YETCSs AMarpaMMa MOTOKOB IAaHHBIX,
KOTOpasi IEMOHCTPUPYET TOTOKM JaHHBIX MEXIy OT-
JIEIbHBIMU OTEepalUsiMU CIIELIMAIU3UPOBAHHOTO OJ10-
Ka cueHapHoro MonenupoBaHusi «®DaxkT—IIporHos»,
BKJIIOUEHHOTO B OCHOBHYIO MOJEb AESITeIbHOCTH
KoMMnaHuu (puc. 3). YKa3zaHHbIN 010K TTo3BoJisieT [19Y
napajuieJIbHO OCHOBHOMY Ipolieccy O10IKeTUPOBaHUS
OCYHIECTBIIATh BBIPAOOTKY YIMPaBJIEHYECKUX BO3MEi-

CTBUI Ha OCHOBE peasibHbIX JaHHbIX oT LIDO, hopmu-
pYys1, B KQUECTBE pe3yabTaTa, ClieHapuy OIOIXKETOB.

B kayecTBe HayaJbHOM TOYKM TIpoliecca MOIECH-
poBaHUS OMOIKETa Ha CIEAYIOIIUIA TJIAHOBBIA MEpU-
Ol paccMaTpHuBalOTCA meicTBus MeHemkepa [1DY mo
aHanu3y U (OpMUPOBAHUIO CLIEHAPUsI OIOMKeTa B MH-
TepaKTUBHOM 0T4eTHO (popMe «DakT—IIporHos» mo-
cJie BBOA B CHCTeMY (DaKTMUECKMX W TUIAHOBEIX JTaH-
HbIX 10 oTtneabHbIM LIDO. O603HaYeHHbIE IEICTBUSA
MEHeIKepa BKIIOYAIOT: MOIEeIUPOBaHEe HOMEHKIATY-
PBl ¥ COOTBETCTBYIOIIMX XapaKTEPUCTUK IPOIYKIIVH,
KOTOPYIO HEOOXOIMMO YYECTh B CIIEHAPUM; HACTPOIi-
Ka IMapaMeTpOB MOIEINPOBAHUS — YKa3aHUE COOTBET-
CTBYIOIIMX 3HAUYEHU# KO3(PPULIMEHTA TUCKOHTUPOBA-
HUsI, BEIOOp paboueii BepcuHr, YKa3aHUe COOTBETCTBUSI
MEXIY pa3IUIHBIMY IUTAHAMY CUYETOB, KOTOPEIE HEO0-
XOIVMO aHAJIM3NPOBATh U OTPAXKATh B OTYETHOCTH.

Kax no mepe oOHOBJIEHUsI JaHHBIX B OTYETHOI (pop-
Me, TaK ¥ TIpH HEIOCPEICTBEHHOM 3aIlpoce MEHEIKe-



pa (3anmyck (yHKIIMW), TIpaBUAa B COOTBETCTBYIOIIMX
MHOTOMEPHBIX Ky0aX CHUCTEMbI OCYIIECTBISIIOT pacye-
ThI 3HAYEHUIT MTOKa3aTeseil U BEIBOIST B OTYETHYIO (hop-
my. IIpouienypa oOpaTHBIX BBIYMCIEHUIN MO OOHOBIIE-
HUIO MPaBUJI pacueTa [ijIsl 3aIycKa TpebyeT pelleH sl co
cTopoHBI MeHemxkepa. [1poriecc BIpaOOTKM yrpaBieH-
YECKUX BO3ICUCTBUI Ha MOKa3aTelu O3HAa4yaeT BbIOOD
MeXIy 3HAUEHUSIMU KOPPEKTUPOBOK, TIPEATOKEHHBIMU
CHUCTEMOW, Y pyYHBIM BBOIOM KOPPEKTHUPOBOK.

Ha Brixoge npouecca dbopMupyercs IIaH, corja-
coBaHHbIN MeHemxepoM 1DV, u nepenaercs npoiie-
IypaMH CHUCTEeMBbI Ha BepPXHUiIl YpOBEHb COIJIACcOBa-
HUs — (PUHAHCOBOMY IMPEKTOPY.

3akioueHue

B pabore mpencraBieHa YCOBepIICHCTBOBaHHAs
MOJeJib Tpoliecca 1ieJeBOro OIMKEeTUPOBAHMS, KO-
Topasi oOecrieuMBaeT aBTOMAaTU3WpPOBaHHOE Gop-
MHpPOBaHME VIIPABICHYSCKNX BO3IEHCTBUN OTIENIa
OI0IKETUPOBAHUSI U PYKOBOICTBA MOAPA3NEICHUN B
HaTpaBJIeHUU TOCTUKEHMS CTpaTeTHIecKux 1efeit. B
OTJIMYHE OT Pe3yIbTATOB, ITOJYYCHHBIX B ITPEIbILIYIITNX
paboTax, IOMUMO IapajUIeIbHON OLIEHKN COCTOSIHUSI
KOMITaHUM, (OPMUPOBAHUS YIPaBIEHUYECKUX BO3-
IEUCTBUII C ITOMOIIBIO MCKYCCTBEHHOTO WHTEJIJICK-
Ta U CKOJIb3SIIEro IMJIaHMPOBaHMSI, MOJE/Ib IIpolecca
OI0MKEeTUPOBAHUS B JAHHOM MCCJIEIOBAHUM BKIJTIOYA-
eT OJIOK MOICIMPOBAaHUS 1 HallpaBJieHA Ha CHIKEHIE
YaCcTOThl KOPPEKTUPOBOK OINEPATUBHBIX LIeei, ycTa-
HaBJIMBaeMBbIX B HavaJle TIJIaHOBOTO TepHOa.

Bropoii acnekT TeopeTMyecKoro BKJama pabOThl —
pa3paboTKa METOOUIECKOM OCHOBEI OOPATHBIX BBIYMC-
JIEHUI TIpY TToaep:kKe Meromonornu SaR B mporecce
OIOMKETUPOBAHUS TPU YIIPABIEHUM KOPIIOPAaTUBHOM
pe3yJIbTaTUBHOCTHIO. [IprMeHeHne OOpaTHBIX BBIYMC-
JIEHMI 00eCIeuBaeT MAaTEMATUYECKYIO ITOCTAHOBKY 3a-
JA4Yy BBIYMCIIEHUSI MHIMKATOPOB IUIAHOBBIX KITIOYEBBIX
3Ha4YeHUI, a cucteMa SaR mo3BossieT J0MoJIHUTE MaTe-

MaTUYECKYIO ITOCTAHOBKY BECOBBIMHM KO3 (UIIMEHTA-
MM MIEPBUYHBIX MoKa3aTteseil 3¢(GeKTUBHOCTH, pacCur-
TaHHBIMU AJITOPUTMHUYECKU HA OCHOBE YIIPaBIEHYECKUX
pelIeHi MeHeIKepa, BMECTO SKCIIEPTHOM OLIEHKM.

[MpuMmeHeHKe TTPenIoKEHHOTO TTOIX0/1a Ha TIPaKTH-
K€ T03BOJISICT 3HAYUTEIbHO CHU3UTh BEJIMYMHY TPaHC-
AKIIMOHHBIX M3IePKeK, BOHUKAIOIINX Ha 3Talle MHO-
TOYUCJICHHBIX KOPPEKTUPOBOK BepCUil, (hOPMUPYEMBIX
H®O, u cuenapues, dopmupyeMbix [1DY, 13 HeTou-
HOCTEe#l TUTAaHUPOBAHUS M TPYIO3aTpaT IT0 UX BBISBIIC-
HUIO U ucnpasieHuio. KpoMe toro, paspaboTaHHBII
TOIXON O0eCIIeYMBAacT MOBHIIICHNE PEeaTbHOTO Kade-
CTBa OIePaTUBHOIO IUIAHUPOBAHUSI 110 HauboJiee MpH-
OPMUTETHBIM KPUTEPHUSIM OINEPATUBHOCTH, TOYHOCTU U
aJanTUBHOCTY IUTAHUPOBAHUS 3a CUYET CUCTEMHOCTH 1
METOIMYHOCTU COCTaBJICHUs OIOMKETOB C IPUBIICYE-
HHEM COBPEMEHHBIX MH(OPMALMOHHBIX TEXHOJIOTHIA.

Hamnpasnenue najbHeHIIMX UCCIEAOBAHWIA TIPENTO-
JlaraeT MHTErpaluio pa3paboTaHHON WHEMOPMAIMOH-
HOM MoJeu OX0XKETUPOBAHUS B IPOLIECC ONIPEAECIICHUS
KOMIUIEKCHOTO MHAMKATOPA, XapaKTEPU3YIOILIETO KOp-
TMIOPAaTUBHYIO PE3YJbTATUBHOCTb KOMITAHUU, C UCTIOJIb-
30BaHUEM METOAA TMHAMUYECKOTO MPOrPaMMUPOBAHUS
JUISL pacyeTa CTPATerMyecKux IoKasaTesei AeaTesIbHO-
CTU KOMITAHUY HAa OCHOBE CBEPTKU MHIUKATOPOB.

Kpome Toro, B KauecTBe HaIlpaBJIeHUS JATbHEUIIIX
HCCIeMOBaHM 110 M3yYaeMol MpobjieMaTuKe paccMa-
TPUBAETCS IPOEKTUPOBaHUE MHOOPMAIIMOHHOW WH-
(bpacTpyKTypBl CUCTEMBI YIIPABICHUS KOPIIOPATUBHOM
pPe3YJIbTaTUBHOCTDIO /151 MOBBIIEHUS 3(D(HDEKTUBHOCTU
BBIPAOOTKM YITPABICHICCKIX BO3ICHCTBHI IIPH Peam-
3allMM CTpaTeTMYECKMX Iiejieii KomnaHnu. OCHOBBIBA-
sgch Ha MeTomosyioruu Design science research, 60ku
AHAIMTUIECKON TIOMIEPKKI pacCMaTpUBAIOTCS KakK
apTedakT, KOTOPBIA OIMUCHIBACTCSI ITYTEM MPOEKTHUPO-
BaHUS WH()OPMAIIMOHHO-JIOTUIECKIX CXEM U OIICHM-
BaeTCs MOCPEICTBOM SKCIIEpUMEHTAIBHOM arpodannu
noaxona B paboyeii cpeae. M
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Abstract

Currently the portrayal of the procedure for developing management actions during the planning process
in the scientific and professional community does not align with the practice of systematic and consistent plan
creation supported by an informational analytical system. Alternatively, the non-formalized decision-making
activity of the planner, which involves a situational expert approach, becomes a dependency in the planning
process. This study is aimed at developing an analytical approach for implementing the plan reconciliation
procedure in the process of corporate performance planning. This will increase the utilization of capabilities
of the corporate performance management system and formalize the task of generating managerial actions
by adjusting targeted budgeting values using mathematical methods. For this purpose, the standard planning
process is enhanced by analytical support units, including the algorithm of inverse calculations of individual
key performance indicators (KPI) and an advanced module for scenario modeling. The improved model of
target budgeting process presented here delivers automated formation of management actions of the budgeting
department and subdivision management, guided towards accomplishing strategic goals. The application of
inverse calculations provides a mathematical formulation of the task of calculating indicators of planned key
values, and the Sense and Respond (SaR) system allows you to supplement the mathematical formulation
with weighting coefficients of key performance indicators calculated algorithmically, relying on the manager’s
decisions rather than expert evaluation. The implementation of the approach we developed will improve
the quality of planning by the highest priority criteria of operability, accuracy and adaptability due to the
consistency and methodology of budgeting with the use of modern information technology.
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AHHOTAIMA

B paGote mpencrapiieHa pa3paboTaHHAsI areHT-OPUECHTHPOBaHHAS MMUTAIIMOHHAS MOJETb Pa3BUTHSI
HayJIHO-TIPOM3BOICTBEHHBIX KJIacTepoB Poccuu, peanm3oBaHHasT Ha TPUMeEpPE BBHICOKOTEXHOJIOTUIHBIX
MPEeNNpUITUI, PacIONIOKEHHBIX B 4eThIipeX HayKorpagax (r. Tpowuika, r. O6HuHcKa, r. [lymumHo u
r. [IporBuHO). IIpenoxeH HOBBIMA MOXOA K MOIEIWPOBAHUIO M ONTHMU3ALIMU BaJOBOTO TOPOICKOTO
npoaykra (GMP), yuuTbIBaioOLIuii BIMSHKME <«TPaBUTALMOHHOrO 3@dekTa» Ha IMepepacipenc/ieHue
TPYAOBBIX PECYPCOB MEXIY Pa3BUBAIOIIMMMCS HAyKOTpagaMU U COOTBETCTBYIOIIMMMU IPEIPUSTUSIMHU,
00beIMHEHHBIMU B €IMHbIE HAYYHO-TTPOU3BOICTBEHHbBIE KJIaCTePhl. BaXKHBIM 371IeMEHTOM TaKOTI'o ITOAX01a
SIBJIsIeTCS (POPMHUPOBAHNE PA3TUYHBIX CIIEHAPUEB CTPATETMYECKOTO Pa3BUTHUS OLIEHWBAEMBIX HAYIHO-
MMPOU3BOACTBEHHBIX KJIACTEPOB U IIOIIEPKKA BO3MOXHOCTU BBIOOpa Hamboliee IPEAITOYTUTECIIFHOTO
ClieHapusl C MCIIOJIb30BaHUEM BBOJIOIIMOHHOIO OINTUMMU3ALIMOHHOIO ajroputMma. PaspaboraHa u
peamm3oBaHa B Anylogic IByXypoBHeBasg WMHTAIIMOHHASI MOJIE/Ib, OIMCHIBAIOIIAS BO3MOXHbBIC
TPACKTOPMM Pa3BUTHS HAYIHO-IIPOM3BOICTBEHHBIX KJIACTEPOB C COOTBETCTBYIOIIMM WM3MEHECHHEM
3HAYCHUN BaXKHEHIIINX XapaKTePUCTUK: YUCICHHOCTH SKOHOMUUECKM aKTUBHOI'O HaCceJICHUs, KOJIMYeCTBa
HayJIHO-ITPOM3BOICTBEHHBIX IIPEIITPHUSATHI, 00beMa IMPOXYKIINH BEITTYyCKAEMOM B BEICOKOTEXHOJIOTMYHBIX
oTpaciissx 3KoHoMUKH, GMP m np. CrpoeKTMpOBaHHBIN IIPOTPaMMHBIN KOMIIICKC IIpeaHAa3HAuYeH,
B IIEPBYIO OdYepedb, UISI YIPaBICHMS HAyYHO-IIPOM3BOACTBEHHBIMU KJIaCTEpaMHM, PEaTU3YIOIINMU
CTpaTerui0 MHHOBAIIMOHHOIO pa3BUTHS. Takoil KOMILIEKC MCIHOJIb3yeT METOAbl CUCTEMHOM TUHAMMKU
¥ areHTHOTO MMUTAIIMOHHOTO MOICIMPOBAaHMSI, MOIAepKUBacMbBIe B cucteMe Anylogic, TeHeTUIeCK1e
ONTUMU3ALIMOHHBIC anropuTMbl m ['MC-kapTel HayKorpamoB W IOp. IS pealm3aluu Tpedyemoit
(bYyHKIIMOHAIBHOCTHU. AIpOOaIIs MPOrPAMMHOTO KOMILJIEKCA BBITTOJIHEHA C UCIIOJb30BAaHUEM PeaIbHbIX
JTAHHBIX, OMYOJMKOBAHHBIX B YTBEPXKICHHBIX CTPATETHSIX Pa3BUTHS COOTBETCTBYIOIIMX HAYKOTPAIOB.
B pesynbTate TpOBeACHHBIX YHMCICHHBIX SKCICPUMEHTOB IIPEIUIOKEHBI HEKOTOpPBIE PEKOMEHIAIIUN
10 Pa3BUTHIO U3YYaeMbIX HAYYHO-TIPOM3BOICTBEHHBIX KJIACTEPOB C yYETOM WX B3aMMOBJIUSHHS U
UMEIoLIEICs pecypCcHOit 0a3bl.
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BBenenne

HaCTOSIIIIee BpeMsI BeCbMa aKTyaJIbHOU IIpo0JIe-

MOU TIOBBIIEHUST 3(PHEKTUBHOCTH CUCTEMBI

roCyIapCTBEHHOTO  YINpaBJEHUS,  SIBJSIETCS
pa3BUTHE HAYYHO-TIPOM3BOACTBEHHBIX KJIaCTEPOB C
WCTIONIb30BAHNEM MMEIOIIETOCST KaApOBOTO MOTEHIIM-
aja, B TOM 4mcie, choOpMHPOBAHHOTO Ha 6a3e HAyIHO-
nccienoBareabckux nmHetutyToB (HWUM) M HaydHo-
MMPOU3BOACTBEHHBIX 00benuHeHMH (HI1O), nMeromumx
OIBIT MPUMEHEHUSI COOCTBEHHBIX pa3pabOTOK B peajib-
HOM CEKTOPE SKOHOMUKHM.

OnpeneneHne HAMTYYIITAX CIICHAPYEB PA3BUTHS TSI
BBICOKOTEXHOJIOTMUHBIX TIPEIIIPUSATHI, PACITOIOXEH-
HBIX B HAyKOTpamax, pa3paboTKa 1 BHEAPEHUE CUCTEM
MO PKKY TIPUHSITUS PEIICHUI VTS yIIpaBIeHUS Ha-
YYHO-TIPOM3BOACTBEHHBIMU ~ KJIacTepaMU  SIBJISIETCS
BaXXHEWIIMM HallpaBJieHUeM Ou3Hec-UHMOPMAaTUKH,
HalleJIeHHbIM Ha IMOBbIlIeHUEe 3 GhEKTUBHOCTY YIIpaB-
JIEHUs MpolieccaMi MHHOBAIIMOHHOTO Pa3BUTHS.

B kagecTtBe mpumMepa, pPacCMOTPUM BBICOKOTEX-
HOJIOTUYHBIC TIPEANPUSTUSI, PACIIOJOXCHHBIC B Ha-
YKOrpajgax, KOTOpble MOXHO OOBEOMHUTh B paMKax
€INHON KOHUETTYAJIbHON MOAEIN UHHOBALIMOHHOTO
DPa3BUTHUS, B paMKaxX KOTOPOU TOCTUXKMMO TOJTydyeHUe
3HAYUTEIBHOIO CUHepreTudyeckoro sgdexkra, o0y-
CITOBIICHHOTO, BO-TIEPBEIX, BO3MOXHOCTSIMH Kaapo-
BOI1 KOOIIepallnNy, a TaKXKe MCIOJIb30BaHNUEM OOIIe
BBICOKOTEXHOJIOTUIHO pecypcHOIt 0a3bl (Hampumep,
CYIIepKOMIIBIOTEPOB, IICHTPOB OOPabOOTKM MaHHBIX,
MMPOMBIIIICHHBIX cUcTeM 3D-mevyaTu MHTErpaibHBIX
MHUKpPOCXeM U T.A.). B 4acTHOCTH, BBICOKOTEXHOJIO-
TUYHbBIE MPEANPUITUS, PACTIOIOXEHHbIE B TaKUX IO-
ponax kak Tpouuk, O6HuHCK, IlymuHo, ITpoTBUMHO
BOJIM3KM MOCKOBCKOW arjoMepalyuyd W SIBJISIIOLIME-
Cs IO CYTH COCETHUMM, MOTYT OBITh OOBEOWHEHBI B
eIUHBIe HAayIHO-TIPOM3BOICTBCHHEBIC KIACTEPHI, B
YaCTHOCTH, IIJII IPOM3BOACTBA MHUKPOSJIECKTPOHHOM
2JIEMEHTHOM 0a3bl, MPOAYKUMU TOYHOTO IMPUOOPO-
ctpoeHus u ap. Ilpu 3ToM BaxkHO oOecneynTh cba-
JJAHCUPOBAHHOE Pa3BUTHE BBICOKOTEXHOJOTUYHBIX
MIPEINPUSITHIN BCEX MaJIBIX TOPOIOB, OObEIMHECHHBIX B

COOTBETCTBYIOIIME HAyYHO-IIPOU3BOACTBEHHbIE KJla-
cTephl, YTOOBI M30eXaTh OMHOCTOPOHHETO IEePETOKa
BBICOKOKBAJTU(UIIMPOBAHHBIX KAaApOB M OOCCIICUNTH
TapMOHUYHOE CTpaTeTMYeCKOoe pa3BUTHE BCEX arcH-
toB-nipennpusatuiit (HUU, HITO u np.), kak cymie-
CTBYIOLIUX, TaK U (POPMUPYIOIIUXCS B COOTBETCTBYIO-
IIMX HAYKOTPaaax.

ITostomy HeobxonuMa pa3pabOTKa CUCTEMBI IO -
IEepXKHA TIPUHITUS pelleHuil (ITpOrpaMMHOIO KOM-
IieKca) IJisl yIpaBjleHUsS BbICOKOTEXHOJOTUYHBIMU
MPeInpUsITUSIMU, PACIOJOXEHHBIMA B HayKorpa-
ax ¥ pealM3YIOIIMMM CTPATeTUI0 WHHOBAIIMOHHOTO
pa3putus. [1ogoOHBIN KOMIUIEKC MCIIOIB3YET METO-
Bl CUCTEMHO# TMHAMUKM M areHTHOT'O MMUTAIIMOH -
HOT'0 MOJEJUPOBaHUs, MOAIEePXKUBAEMbIe B CUCTEME
AnyLogic, reHeTM4YeCKME ONTHMU3ALMOHHBIE aJro-
putMbl 1 TMC-kapThl Hay4HO-ITPOM3BOACTBEHHBIX
KJIaCTEPOB U Ap. sl peaau3aluuu TpedyeMoul (pyHK-
LIMOHAJILHOCTH.

IlepBoit dyHnaMeHTaIbHON PabOTON MO UCCeno-
BaHUIO JUHAMUKU PA3BUTHS TOpPOAA U €ro NMpenrnpu-
ATUI sBisieTcs KHura [1], B kotopoii JIx. @oppectep
copMyIMpOBaTl OCHOBHBIC MPWHIIUIILI ITOCTPOCHMS
WUMUTALIMOHHBIX MoOJeJiel, OMMCHIBAIOIIMX pa3iny-
HbI€ CLIEHapUU 3BOJIIOLIMU TOPOACKOU CPelbl C yUeTOM
CJIOKHON CHUCTEMbl MMEIOIIUXCS OOpaTHBIX CBSI3EH,
JIaTOBBIX 3aBMCUMOCTEI, BHYTPEHHUX TOPOJICKHUX B3a-
MMOOEUCTBUIA U JIp.

Cpenn coBpeMeHHBIX paboT B TaHHOM 00JIACTH Clie-
JIyeT BBIAEIUTH [2—4], B KOTOPBIX METOMIbI CUCTEMHOM
JIUHAMMKU UCMOJB3YETCSl IS U3y4yeHUs BO3MOXKHO-
CTEHU TOCTUKEHUST YCTOMYMBOIO 9KOHOMUYECKOTO pa3-
BUTHUSI KPYITHBIX ropojaoB. B wactHocTh, B [2] I T.
[lexuH ¢ UCITOIB30BaHNEM CUCTEMHO-TNHAMIYECKOTO
MOJIX0Ja CMOJEIUPOBAHbI YEThIPE CLIEHAPUST BO3MOX-
Horo pa3Butus. IlokazaHo, YTO TMHAMUKa YCTOWYM-
BOTO Pa3BUTHS TOPOJa IMO-Pa3HOMY peaau3yeTcsl B Te-
YEeHUHU TpeX MeproaoB (0T pocTa SKOHOMMKM TOPOJIa B
Hayajie K ee 3aMeJIJIEHUIO U MOCIEAYIOIIEMY POCTY).

Cpem/l HEOOCTAaTKOB MCITIOJIB30BaHNA METOOOB CHU-
CTEMHOW IWHAMMWKH CJICAYyET OTMECTUTL TPYAHOCTU



MOJIEJIMPOBAHUS BHYTPEHHUX B3aUMOAECCTBUM, IIPO-
LIECCOB TIepepacnpeneeHus TPYAOBBIX PECYPCOB,
CJIOXXHOCTHA C aHaJIM30M IMPOCTPAHCTBEHHOIO pa3-
BUTHUS Topona W Ap. Jjasi mpeogojieHus] mogoOHBIX
TPYIHOCTEN I1eJeCo00pa3HO HCIIOJIb30BaTh METOIBI
AreHTHOTO WMWUTAlMOHHOTO MOJIIEJIWPOBAaHUSA, I10-
3BOJIAIOLIME CMOJIETUPOBATh B3AUMOAENCTBUS HA MU -
KPOCKOIMMYECKOM YPOBHE C Y4ETOM WHAVWBULYATbHBIX
CUCTEM MNPUHATUA DPELIEHUN KaXIOro 3KOHOMUYE-
CKOro areHra [5, 6].

Cpenu BaxHBIX pabOT B TaHHOW 00JacTU clemy-
eT BolmenuTh [7—10]. B wactHocTH, B [7] mpeacraB-
JIeHa YKpYITHEHHasl areHT-OpUEeHTUpPOBAHHAS WMMU-
TallMOHHAs MOJEJIb MUTPALIMOHHBIX MMOTOKOB CTpaH
EBpomneiickoro Co3a 1 ONMMCAHO BIUSHUE «TIPaBU-
TallMOHHOTO 3¢deKkTa» Ha MEXCTpaHOBOE Iepepac-
npeaeaeHue JTIOICKUX MOTOKOB. [TogoOHEbIN 3hdeKkT
BO3HHUKAeT U3-3a (HaKTOPOB, BIUSIONIMX HAa MUTpa-
IIMOHHOE IIOBEICHHE JIIOMCH, B YaCTHOCTH, IIpU Ha-
JINYUU CYIIECTBEHHON pa3HUIBI B COOTHOIIEHUM 3a-
pabOTHOM TIJIaTHI, pa3Mepa PhIHKA Tpyla W BaJOBOTO
BHyTpeHHero mnpoaykTta (BBII) Ha mymy HaceneHust
MEXAy NaHHOW cTpaHOil (PerMmoHOM) M COCETHUMMU
cTpaHaMu (pernoHamu). Hampumep, OTHOCUTEIBHO
HU3KUI ypOBEeHb 3apabOTHOM IIaThl B COYETAHUU C
MaJIbIM KOJIMYECTBOM WMEIOIIMXCS PabOYMX MECT,
Kak MpaBuJIo, MPUBOIUT K OTTOKY HaceJIeHUs B OoJiee
OJIaTONIPUSATHBIC PeTUOHKI. TaKKe «IpaBUTAIITMOHHBIN
a¢bdeKkT» BAUSEeT U Ha BHYTPEHHIOI MUTPALIMIO Hace-
JICHUSI MEeXIy TOpoIaMu, Korma HacelleHue (1 COoT-
BETCTBYIOIIIME TPYIAOBBIE PECYPChI) MepeMeIaeTCs U3
MeHee Pa3BUTHIX arjjoMepanii B 9KOHOMUIECKH 00-
Jiee pa3BuThie. B [8] mpencraBiieHa areHTHasi MOAEb
MOMYISIIMOHHON TMHAMUKHN IBYX B3aMMOICHUCTBYIO-
11X COOOIIECTB: MUTPAHTOB U KOPEHHBIX XuUTeeil. B
MOIOOHO MOIEIN KOPEHHBIC XKUTEJIN HalleJeHbl Ha
ITOMCK BBICOKOTEXHOJIOTMYHBIX paOOYNX MECT, a MH-
TPaHTBl — HU3KOTEXHOJOTMYHBIX, YTO TAKXKE aKTyallb-
HO ¥ JUTS IPEANPUSITAIN HAayKOTpagoB, aKTUBHO TIPH-
BJIEKAIOLIMX BHEIIHUE TPYJOBBIE PECYPChl. ATEHTHOE
MOIETUPOBAaHNE MOXHO KOMOMHHMPOBATH C IPYTUMU
MeToJIaMu, HallpuUMep, CUCTEMHOM TMHAMUKOM, TUC-
KPETHO-COOBITUHHOM MOOCIMPOBAHUEM W Op. VIS
co3naHus HUGPOBBIX IBOMHUKOB CJIOXKHBIX COLUATb-
HO-3KOoHOMUYeckux cuctem [9, 10]. PaspabarrsiBae-
Mble UMUTAIIMOHHBIE MONIEJIN MOTYT OBITh arperupo-
BaHBI 110 11eJIeBhIM (bYHKIIMOHAIAM U OTpaHUYEHUSIM
C 9BOJIIOIIMOHHBIMU OTITUMU3AIMOHHBIMUA QJITOPUT-
MaMM, B YaCTHOCTU, T€HETUYECKMMM aJroOpuTMaMu
[11, 12] nna onTUMHU3AIUU XaPAKTEPUCTUK MOI00-
HBIX KPYITHOMACIITAOHBIX CUCTEM. ATeHTHbBIE MOJIEI

TepPPUTOPUATIBHOTO Pa3BUTUSI PETMOHAJIBHBIX U TO-
POICKUX arJioMepanii MOTYT OBITh HalleJIeHBI Ha pe-
IIEeHHUE BaXXHBIX 9KOJOTMYECKUX MPOOJIeM, TaKMX KaK
CHIDXEHNE KOHILIEHTPAIIUY BPEIHBIX BRIOPOCOB B CO-
1IMaJIbHO-3HAYMMbIX TOPOICKUX paifoHax (Hampumep,
BOJIM3Y OETCKMX CAIOB M IIKOJI) 3a CUET O3CICHECHUS
[13], cokpalueHuss BLIOPOCOB CO CTOPOHBI TTPOMBILI-
JICHHBIX TIPEONPUSITUN 3a CUET MX SKOJOTUUYECKOMN
MonxepHu3anuun [14], skojiorndeckoit TpaHchopma-
MU Topoackoit cpeabl [15]. Hnst MomenupoBaHUs
JIBUXXEHUS JIIOACKUX MOTOKOB U TPYAOBBIX PECYPCOB
B TOPONCKOU cpele 1eJ1ecoo0pa3HO MCIOIb30BaHUe
(eHOMEHOJIOTHYECKOTO ITOAX0a, paHee MPEIIOKeH-
HoOro B [16], KOTOPHKIi MO3BOJISIET YUSCTh Pa3IMIHbIC
CIICHapUH B3aUMOIEHCTBUS pa3INYHBIX areHTOB APYT
C IPYyrOM, CMOIEJIUPOBATh MOBEACHUE TOJIBI U T.I.
Taxxe ciueayeT OTMETHTh paboTel [17—21], TTOCBS-
IIEHHbIE KaK METOIO0JOrMYecKUM BorpocaM [17], Tak
1 KOHKPETHBIM TeMaTUYEeCKUM UCCICIOBAHUSIM, BbI-
MMOJIHEHHBIM JIJISI U3YYEHMST BO3MOXKHOCTEN pa3BUTHS
TOpOJCKON apxuTekTyphl [19], ynydmrenust Tpaduka
[20], moBBILIEHUST OTHAYU B OTAEIBHBIX OTPACISIX TO-
POICKOW 9KOHOMUKH [21].

Takum odbpa3zoM, KOMOMHUPOBAHHOE HUCITOJIb30Ba-
HIE Pa3INIHBIX METOIOB UMUTALIMOHHOTO MOIEINPO-
BaHMSI, SBPUCTUYECKUX ONTUMU3ALIMOHHBIX aJITOPUT-
MOB U JIp., B YaCTHOCTH, TTOIEPKUBAEMEIX B CICTEME
AnyLogic, 1o3BoJISIET CIIPOEKTUPOBATH CUCTEMY 101~
IEepXKKH TIPUHSATUS PEIICHWN IJISI YCTOMYIMBOTO 5KO-
HOMUYECKOTO Pa3BUTHUs HAYIHO-TIPOMU3BOICTBEHHBIX
KJIaCTEPOB M COOTBETCTBYIOIIUX HAYKOTPAIOB.

Llenb maHHOI CTaTbU COCTOUT B pa3pabOTKe 3KOHO-
MHKO-MAaTeMaTUIEeCKOTO M KOMIBIOTEPHOT'O MHCTPY-
MEHTapusl UISI UCCIICHOBAaHUS OTUHAMUKU DPA3BUTHS
OTHEJbHBIX HAyYHO-IIPOM3BOACTBEHHBIX KJIACTEPOB
P® npu pasanyHbIX CLIEHAPHbBIX YCIOBUSIX, B paMKax
KOTOPBIX ObOecIieuyrBaeTCsl cOaJlaHCUPOBAaHHOE pa3-
BUTHE BCEX B3aMMOACHCTBYIOIINX 3KOHOMUUYECKUX
arentoB-nipeanpustuii (HUU, HITO u ap.).

1. ImMuTanmoHHasi MOJIeJb PA3BUTHS
HAYYHO-TPOU3BOJICTBEHHBIX KJIACTEPOB

B nmaHHOM paszene mpencraBieHa pa3paboTaHHast
MMUTAIIMOHHAS MOIE/Ih Pa3BUTHS HAyIHO-TIPOU3BOI -
CTBEHHBIX KJIaCTEPOB C peajiu3allieii Ha IIPUMepe BbI-
COKOTEXHOJIOTUYHBIX MPEIIIPUSITHN, PACIIOI0XEHHBIX
B HayKorpanax Tpoutika, O6HuHcKa, [TymuHo u I1po-
TBUHO. [Ipemnaraemast areHT-OpMEHTHUPOBAHHAS MO-
JIeJIb COCTOUT U3 HECKOJIBKUX B3aMMOCBSI3aHHbBIX YPOB-
Helt (puc. ).
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Puc. 1. YKpynHeHHast apxuTekTypa IMUTALMOHHOI MOZENN Hay4HO-NPON3BOACTBEHHbIX KNACTEPOB.

Modens eepxneeo ypogns — cpena, B KOTOPOii (hyHK-
LIMOHUPYIOT areHTbI-MPEANPUATUSI, OTHOCSIIUECS K
Pa3IMYHBIM TOPOAaM, MEXIY KOTOPbIMM peasu3yeT-
cs TIOTOKOBOE B3aUMOJICCTBUE, B YACTHOCTH, Iepe-
pacmpeneneHe (BHYTPESHHSISI MUTPAIIKS) HACEIICHUS C

COOTBETCTBYIOIIIMM M3MEHEHUEM TPYIOBBLIX PECYPCOB,
KOTOPBIE MOT'YT OBITh 3a[¢iiICTBOBAaHbBI B BEICOKOTEXHO-
JJornyHOM cektope 3koHomuku (B HUUW, HITO u np.)
B ciryyae ¢opMUpPOBaHUS HOBBIX paboumx MecT (puc. 1).
ITlomoOHOE TTOTOKOBOE B3aMMOAEUCTBUE OCYILECTBIISI-



eTcsl U3-3a BJIUSIHUS «TpaBUTALIMOHHOTO» a(pdekTa [7],
0OYCJIOBJIEHHOTO pa3IMYUSIMU B YPOBHE 3apabOTHOM
TUIaThl, pa3Mepa pbiHKa Tpyaa u BBIT Ha nyry Hacene-
HUSI B COOTBETCTBYIOIIMX HAYKOTPaIax.

Moodenv HuxcHezo yposHs 0OECIIEUMBACT peaInu3aInio
JIOTUKU TIOBENEHUSI areHTOB-TIPEATIPUSITUI, XapaKTe-
PUCTUKU KOTOPBIX OMMUCHIBAIOTCS C UCITOJIb30BAHUEM
METOIIOB CHUCTEMHON muHAMWKU (puc. I). Takue BHY-
TPeHHUE MOJENI TPENCTABISIOT CO00il CUCTEMBI KO-
HEYHO-Pa3HOCTHbIE YPABHEHUI CO CBOMMU PECYpPCHBbI-
MM U 1IeJIEBBIMU XapakTepucTukamu [ 11, 22]. I1pu aTom,
JUISL OTIpe/ie]IeHUs] 3HAaYeHUN OTHENIbHBIX IapaMeTpoB
TpebyeTcss MHTerpalusl C BEpXHUM YPOBHEM MMUTAII-
OHHOW Monei. B 9acTHOCTH, OCHOBHBIC YITPABIISIIOIINE
rmapameTpbl MOJIENIN, 3HAYEHMST KOTOPBIX JIOJKHBI ObITH
ONMHAKOBBIMU JUISI BCEX areHTOB, 3aal0TCsl HAa YPOBHE
cpenpl. I[Ipu 3TOM, OTHENBHBIE XapaKTEPUCTHKH, BBI-
YUCIIsieMble Ha YPOBHE areHTOB, MCTIOJIBb3YIOTCSI B MO-
JeJId BEPXHEro YpPOBHsI, HAllpUMeEp, IS BBIYMCIICHUS
GMP ¢opmMupyemoro BceMu MpeaITpUSITUSIMMU.

Z[I[H KaXXa0oro arcHTa-rnpearpudaTvuad 3adaHbl TpU
BO3MOZKHBIX COCTOAHUA:

¢ IIEpBOE, COOTBETCTBYIOLLEE HU3KUM TEMIIaM 3KOHO-
MUYECKOT0 POCTa M He MPEeBBbILIAIOIINM 3aJaHHOE
HIXHEE MOPOroBoe 3HAUEHME, BBIICISETCS «Kpac-
HbIM»;

¢ BTOPOE, COOTBETCTBYIOILEE CPENHUM TEMIIaM 3KO-
HOMUYECKOTO POCTa, 3HAYEHUST KOTOPBIX HAXOAATCS
B MHTEpBaJe MEXIYy HUXHUM U BEPXHUM IOPOro-
BbIMU 3HAUEHUSIMU, BBIIEIISIETCS «CeAmblm»;

¢ TPETbE, COOTBETCTBYIOILEEC BBICOKUM TEMIIAaM 3KO-
HOMMYECKOI0 poCTa, 3HAYCHUA KOTOPLIX IIPEBLI-
HIal0T BEPXHEE ITOPOroBOC 3HAUYCHME, BBIACISACTCA
«3€/1eHbIM» .

Ha TeMITbI 5KOHOMHWYECKOTO pOCTa areHTOB-TIpE.-
npusituii (muHamMuky GMP) Bausiior pasnuuHbie hak-
TOPBI, CPEOU KOTOPBHIX HaMOoJiee BaXXHBIMU SIBJISTIOTCS
WHBECTULIMU B OCHOBHOI KamnuTaj, KOJUYECTBO CO3/1a-
BaeMbIX PabO4YuX MECT, CpedHeMecsSdHas 3apaboTHast
mtata v ap. Takske BasKHBI y3Ke UMEIOIINECS Y TIPEIITPH -
SITUI1 IPOU3BOACTBEHHbBIE PeCypPChl (OCHOBHbIE (DOHIIBI,
TIePCOHAN), YPOBEHb HAyYHO-TEXHUUYECKOTO Tporpecca
(HTII), cnocoOHOCTh MpUBIEYEHUST BHICOKOKBAIM(DU-
LIMPOBAHHBIX KaapoB U Ip. B paMmkax paspaGoTraHHOM
MOJeJ, MpeaaraeTcsl HeHTPAIM30BaHHOE BblIEJICHUE
pecypcoB (MHBECTHULMIA, HOBBIX pabO4YMX MECT U Ap.) €
WX TIOCTICIYIOIINM pacIpeneIeHUEM TT0 TIPEeIITPUSTHSIM
KaXIO0ro Haykorpaua ¢ Y4eToM OoJblleil IOIAePXKU
MPOOJIEMHBIX OPTaHU3AINI, XapaKTePHU3yeMbIX HI3KH-
MU TeMIIaMU 9KOHOMMUYecKoro pocta. [Tomo6HbIi moa-
X0l aKTyaJleH, IIpexae BCero, MJIsl TOCyAapCTBEHHBIX

NpeanpusTuii, Hanpumep, uHctutyros PAH, HUU, a
TaKKe KOMMEPYECKUX OPraHM3alitii ¢ CYIIeCTBEHHBIM
TOCyIapCTBEHHBIM YUACTHECM.

Taxkum obpa3oMm, BaxKHeWIlel 3agauyeil paccMaTpu-
BaeMOI CUCTEMBI SIBJISIETCSI MUHUMU3aLUs O0IIEero KO-
JIMYECTBA TIPOOIEMHBIX («KPACHbIX») TIPEATIPUSITAN TIPU
MMHUMAJIBHO HEOOXOAMMBIX WHBECTUIIMOHHBIX U OIle-
pPallMOHHBIX 3aTpaTax.

1.1. Mogens nepepacupeneaeHust
TPYAOBBIX pecypcoB

Monenb BEpXHEro YypOBHS, TMpeNCTaBIeHHas Ha
puc. 1, obecrieyrBaeT peaau3alivio JOTUKU Tepepac-
TIpeneeHrs] HaceJIeHUsI U TPYIOBBIX PECYPCOB C yde-
TOM BJIMSIHUS «TpaBUTALIMOHHOTO 3(hdekra». Bnepsoie
noaoOHbI 3¢ dekT ObL1 onucaH B pabotax [23, 24|
TIOCBSIIIIEHHBIX aHAIN3Yy TTOBEICHUS JIONEH IO BO3-
JNEHCTBUEM COIMANBHBIX CWI. B wacTHocTH, Ha Tipu-
HSITHE PELICHUS O MUTPALIMY B APYTOM TOPOJ OKa3bIBa-
0T MHOXECTBEHHbIE (paKTOPHI: pa3HUIIA B 3apaOOTHOM
niare, pa3mep pbiHka Tpyna, BBII Ha myiury Hacene-
HUS, KIMMATUYECKUE XapaKTepUCTUKHU, YPOBEHb CO-
LIMAJIbHOM 00eCreYeHHOCTH U T.4. B 60s1b111eii cTeneHn
«[PaBUTALIMOHHOE» BJIUSIHUE TOA00HON auddepeH-
LIMAIUY TIPOSIBJISIETCSI HA YPOBHE CTPaH, CYIIECTBEHHO
OTJIMYAIONIUXCS 110 YPOBHIO U KayecTBY XKu3Hu. OnHa-
KO, cxoxue (haKTOphl, CIIOCOOCTBYIOIIME MUTpAIUU,
JENCTBYIOT U B OTHOIIIEHUY TOPOJIOB, B TOM UMCJIe Ha-
YKOTpajioB, 0COOEHHOCTU KOTOPHIX TIO3BOJISIIOT MX KM~
TEJISIM TIepEMENIaThCsl, OCTABAsICh 3aHITHIMU B BBICO-
KOTEXHOJIOTUYHBIX OTPACIISIX 9KOHOMUKH.

Ilyctb
o T={,t, .., tm} — HaboOp MOMEHTOB MOJEJIbHOTO

BpeMeHu (10 romam), |7| — FOPU3OHT CTpareru-

yeckoro rianupoBanus (10 jeT);

o I={i,i,.. i‘”} — HaboOp MHAEKCOB HAayKOrpaaoB,
|/] — obl1ee KOIMYECTBO HAYKOIPAIOB;
¢ {v, n}, i € I — KO3)OUUMEHTBI POXIAEMOCTU U

CMEPTHOCTH B i-OM HAYKOTPAJe;
¢ {GMP(t), P(1)}, i € I — BaJIOBBIi rOPOACKON MPO-

IYKT W YUCJIEHHOCTb HACEJIEHUSI [-T0 HayKorpaja B

MOMEHT £, (f € T);
¢ {W(t), L(t)}, i € [ — ypoBeHb 3apabOTHOIA TLIATHI

1 KOJIMYECTBO TPYIAOBBIX PECYPCOB i-TO HAyKorpaja,

3aHSATHIX B BBICOKOTEXHOJOTUYHBIX OTPACISIX 3KO-

HOMUKU B MOMEHT £, (t,€ T);
¢ {w,w,, w,} € [0, 1] — BecoBble KOI(DOULUEHTSI,

ONpeesiole YPOBEHb BAUSHUS OTIEIbHBIX (pak-

TOPOB Ha MUTPALIMOHHBIE TIOTOKU, W, + W, + W, = 1;



¢ % € [0, 1] — KO3 GULMENT, ONPEAENAIOLINIA YPO-
BeHb BIIMSHUS <«TpPaBUTAlIMOHHOTO 3¢deKkTa» Ha
SMUTPALUIO B i-OM HayKoTpaze.
Temn smurpamuu u3 i-ro Haykorpaga (i € I) B
cocennuii §-i Haykorpan (£ € I, £ # i) B MOMeHT ¢,
(¢, T) paBen

1
%, | ———=1|P(t,_,),ecmn g, (t,)<],
Eig(tk): g,f(tk) . Ek (1)

0, ecnu 8 )=1,

e

_ Wit )
In(g.(t))=W,In| 1=
( & k) 1 VVg(tk—l)

GMP,,)
L(t Pt

W, In M +w,In # ) 2)
Lf(tk—l) GMP§(IH)
PG,)

®opmynbl (1)—(2) ONUCHIBAIOT BIMSIHUE <«IPaBU-
TaUMOHHOTO 3(pdeKkTa» Ha MUTPALIMOHHBIE TOTOKMU.
BripaxkeHue (2) oTpaxxaeT BAUSHUE TaKUX KITIOUYEBBIX
(bakTOpOB, Kak 3apaboTHas riara W (z, ), KoMu4ecTBo
3aHATHIX TPYAOBBIX pecypcoB L (7, ) u BBII Ha myiy
HaceJIeHUs

GMP(t, )
B.)

Ha MUTpaIlMOHHOE TTOBeIeHUE JItofe (T.e. TEMITbl MU -
rpamun) B i-oM Haykorpaze (i € I). Beidoop Takux ak-
TOPOB OOYCJIOBJIEH, TIPEXAe BCEero, HabIomaeMoin
pa3HULIEH B UX 3HAYEHUSIX TIPUMEHUTENBHO K paccMa-
TpUBaEMbIM HayKorpanaam (T.e. I. Tpouux, r. OGHUHCK
U ap.). BausHue npyrux MOTEHLMATbHO BaXKHBIX Xa-
pPaKTEPUCTUK, HATIPUMED, PA3INYUIl B KTUMATE, TPAHC-
TMOPTHOU AOCTYITHOCTHU, SKOJIOTUU U JIP., HE CYIIIECTBEH-
HO U3 reorpau4eckoii 0JIM30CTH U MPOCTPAHCTBEHHOM
OHOPOJHOCTU M3y4YyaeMbIX arioMepainuii. Mcnosib3o-
BaHUE OTHOCWUTEIHHBIX M MacIITaOMPOBAaHHBIX (JToTa-
pudMUPOBAHHBIX) 3HAYEHWI BAMSIOMUX (HAaKTOPOB
MO3BOJISIET BHITIOJHUTD UX aTPETUPOBAHUE C UCTIONH30-
BaHMeM (2) IS TIOCEAYIOIIETO BhIYMCIEHUS TEMIIOB
MUTpPAIMU B COCEIHNE HAYKOTPAIbI.

N3 (1)—(2) cnenyer, uTo, ecnu NaHHBIM HAYKOTPa
MeHee TMpUBJIeKATeIeH M0 CPABHEHUIO C COCETHUM, B
KOTOpOM OoJiee BbICOKasl 3apaboTHas IjiaTta, 6osbiiee
KonuecTBO pabounx MecT U 6osbiie BBIT Ha gymry
HaceJieHUsI, TO (POPMUPYETCS TTOJOXKUTEIbHBIN IMU-
TPallMOHHBIN TOTOK B AaHHBIM Haykorpaa. Bo3mox-

Ha ¥ oOpaTHasl CUTyalusl, KOTAa JaHHbIA HayKorpami
SIBIISIETCS OoJiee TIPUBJIEKATEeIbHBIM IIJIsl JKUTEJIeH co-
cenHUX roponoB. B atom ciydae OymeT obecrieueHO
(opMupoBaHUe MOJOXUTEIbHBIX UMMUTPALMOHHBIX
IMOTOKOB.

YucneHHOCTh HaceleHMS i-ro Haykorpama (i € [)
C Yy4eTOM BMWTpAIlMM B COCENHUE {-ble HayKoTpalbl
(& eI, £+ i), ~(MMUTpaLIUU U3 COCEAHUX {-ble HAYKO-
rpanoB (Ce I, £ # i), a TakKe poXIaeMOCTH M CMEPTHO-
CTU B MOMEHT £, (¢, € T) paBHa
U U

P(t)= R(tk—l)_inE(tk)—’_ ZECI(tk)+
=1 =]

+ViE(tk—1 )- n[Pi(tk—l ).

(3)

BwMmecte ¢ mepepacripeneieHueM YHMCIEHHOCTUA Ha-
CeJICHUsI MEX/y COCEeIHUMU HayKorpalaMH, COOTBET-
CTBYIOIIUM 00pa30M peain3yeTcsl mepepacipeneieHue
BBICOKOKBaTM(UIIMPOBAHHOW paboyeii CUJTHI.

KonnuecTBo TpymoBBIX pPecypcoB, KOTOpPbIE MO-
I'yT OBITH 3aeHICTBOBaHBI Ha BBICOKOTEXHOJOTUUHBIX
NPEINPUATHAX [-T0 Haykorpana (i € /) B MOMEHT 7,
(z,e T) paBHO

L(t,) = nw,P(t,), 4)
rae
u; €0, 1] — monst 5KOHOMUYECKU aKTUBHOTO Hacese-
HU4 B i-oM Haykorpaze (i € 1);
o, € [0, 1] — mons BEICOKOKBAT(PUIIMPOBAHHBIX TPY-
JIOBBIX PECYPCOB OT 9KOHOMUYECKOTO aKTUBHOTO Hace-
JIeHus B i-oM Haykorpaze (i € I).

1.2. Mogeis noBeneHus
areHToB-NpeanpUsATHIA

Mogens HIKHETO YpOBHS, IIPEACTaBICHHAs Ha
puc. 1icionb3yeTcs IIsl BBIYUCISHUSI TMHAMUKY CPel-
HEroJI0BBIX TEMITOB POCTA BBIITyCKa areHTOB-TIPEANPH-
SITUM C COOTBETCTBYIOILEH OLICHKOM COCTOSIHUM TaKUX
areHToB. Hamboyiee BaXHOI XapaKTepHUCTUKON II0-
JIOOHBIX TIPEATIPUATUIA SIBJISIETCSI TTPOU3BOICTBEHHAS
(YHKIIMSI, OMUCHIBAIOLIAST BIUSIHUE OCHOBHBIX (DOH-
OB, TPYAOBBIX PECYpCOB, YPOBHSI HAYyYHO-TEXHUYE-
CKOTO pa3BUTHS U JAPYruX (haKTOPOB HA MUHAMUKY
obbeMa Boiycka. [TonpobHOe onvcaHue MPUHLIKUIIOB
ITOCTPOEHMSI TIPOM3BOACTBEHHBIX (DYHKIIMIT B TOM UKC-
ge tuna Ko66a-Jlyriaca, Mcnoiab3yeMbiX B JaHHOM
pabote, TpencraBieHo B [25, 26]. Takke MMeEIOTCS
MPUMEPHI TTIOCTPOCHUST MYIbTUIIUKATUBHBIX ITPOMU3-
BOACTBEHHBIX (DYHKIIUI, YYUTHIBAIOLIMX BIUSHUE 3a-
paboTHOW TUIaThl Ha O0BEM BBINyCKa, Kak (akTopa,



CYLIECTBEHHO BJMUSIOLIETO HA IPOU3BOIUTEIBHOCTD
TPYAOBBIX pecypcoB (Hampumep, [27]). OcobeHHOCThIO
TPOM3BOJACTBEHHOM (DYHKIINU, TIpealaracMoil B JdaH-
HOI cTaThbe, SIBJISIETCS MPUHSATHE BO BHUMaHUE OTHO-
CUTEJIbHOTO (II0 OTHOIIEHUIO KO BCEM COCEIHUM Hay-
KorpajaaM) YpOBHSI 3apaOb0THOI T1aThl. YeM BBIIIIE 3TOT
YpOBEHBb, TeM 0oJjiee KBaJIM(UIINPOBaHHBIE TPYIOBEIE
pecypchbl MOIYT ObITh 3a[A€ACTBOBAHbI Ha MIPEANPUITH-
SIX TAaHHOTO TOpO/Ia.

ITycTts,

o J = Jn» ...,jl_w}, i € I — Habop MHIEKCOB areH-
TOB-TIPEANPUATUI PACITOJOXEHHBIX B i-OM HayKO-
rpaje, |J.| — obluee KonuuecTBo NpeanpusTHii;

*s, (z) € {1, 2, 3} — COCTOAHMS j-TO areHTa-TpeN-
NpuATHs (-0 HayKorpaga B MOMeHT f,, (f € T):
s, (z) = 1 — mepBOe COCTOSAHUE, COOTBETCTBYIOILEE
HU3KMM TEMIIaM 3KOHOMMYECKOTO pocTa («Kpac-
HOe»), §, (f,) = 2 — BTOPOE COCTOSIHKME, COOTBETCTBY -
Iolee C[pCI[HI/IM TEMITaM 3KOHOMUYECKOTO POCTa
(«Kenroe»), s, (1) = 3 — TpeTbe COCTOSTHUE, COOT-
BETCTBYIOIIEE 'BHICOKMM TEMIIaM 9KOHOMUYECKOTO
pocTa («3eJeHoe»);

* {kj (), Zj_ (t)}, i€l j eJ — ocHOBHBIE (DOHIBI U
TPYLOBBIE PECYpPChHI ji—ro areHTa-npearpusaTus i-ro
HayKkorpana B MOMeHT 7, (¢,€ T);

. {51%/._ @), 5Zj ()}, iel,j, € J,— TeMIbl BBOIa HOBBIX
OCHOBHBIX (DOHIOB M TPYIAOBLIX DPECYPCOB j-TO
areHTa-MpearnpusaTUs i-r0 HayKOrpaaa B MOMEHT 7,

(t,eD;

¢ {0(), Y(t)}, i € I — VHBECTMLIMM B OCHOBHbIE
(oHIBI U KOJIMYECTBO HOBBIX PaOOYMX MECT, BbIIE-
JIIEMBIX [-OMY HayKorpaly B MOMeHT £,, (f, € T);

* {af,-’ /5/.’} 0, 1), i€l j eJ — koabduumreHTh 371a-
CTUYHOCTH BBIMYCKa MO OTHOIIEHUIO K OCHOBHBIM
(boHIaM U TPYIOBBIM PECYPCAM j-TO areHTa-npes-
MPUATUSA [-TO HAYKOTpaa, a, + ﬁ/} =1

. A/,’ iel jeJ — dakrop (ko3HUIMEHT), OTpaxKa-
IOIIUIA BIUSIHUE HayYHO-TEXHMYECKOTro Iporpecca

(HTII) Ha nuHaMUKY 00beMa BbIITYCKa;

¢ {u, 1} — wu3BecTHble KO3(PGULUMEHTHI BBIOBITUS
OCHOBHBIX (DOH/IOB M TPYIOBBIX PECYPCOB, COOTBET-
CTBEHHO.

Torma, 06beM BbINYCKa j-TO areHTa-MpearnpUusaTUsS
(/, € J) i-ro Haykorpaza (i € [) MOXeT OBbITh 3a/laH C UC-
MOJIb30BAHUEM TPOM3BOICTBEHHON (YHKIIUM THIIA
Ko66a-/lyrnaca B MomeHT £, (1, € T):

Vj’ (tk ) - Aj' Sjﬂ (12!', (t" ))aﬁ (Z/, (tk ))ﬁh 5

(5)
rae
W
ST (6)
W
"
K, (t)=K, @t )+0K (1)-uK (1), (7)
L)=L, @ _)+0L, (1)~1L, (1), (8)
Vi
I7j (tkil) ;rjl (tkfl)
GO T
Z}I/z(’k—l) "
=
. ecin s, (¢,_,)=1,
oK (t)= i
ik Vil 9)
P | &0
Q,(tk)‘,_"" -y ,
SV ) V.
=~ J; N k-1
ecim s, . )=3,
Vil
vy | 2
Yt )t i
ik J, >
%V () Vi
- Ji N k-1
=
- ecims. (¢, )=1,
_ J; N k-1 10
oL, (t,)= " (10)
V.t ) 2.r, @)
Y (1) 1y
iNk J, ?
‘Z‘:V ) y
~ Ji N k-1
ecnm s, . )=3,
1, eciu s, t)=1,
r ()= ' (11)

0, ecmn s, (t)=1.

Ha puc. 2 noxkaszaHa kapTa coctosiHuii (state-flow
chart) j -ro arenTa-nipeanpusTus (j, € J,) i-ro Haykorpa-
na (i € 1), peanusymolas ImpaBuja Iepexona K HOBBIM
COCTOSHUAM S, () efl, 2, 3}

Ilepexonpl K HOBBIM COCTOSTHUSM (0003HAYEHBI 3HA-
KOM @ Ha puc. 2) OCYIIECTBISIOTCS ¢ UCITOJIb30BaHM -
€M CJICIYIOIIEero IpaBuIa;



1 J
5, (t,)=12, ecmn @, S—zf

3nech {@,, ,} — 3amaHHbIC TOPOrOBbIE 3HAYEHMS,
OIpeNeIsIOnINe YCAOBUSI COOTBETCTBUSI AareHTOB-
MPEANPUATUIA COCTOSIHUSIM HU3KOIO, CPEIHEIO U BhI-
COKOTO TEMITOB 9KOHOMMYECKOTO POCTa.

[Mpennaraemasi MozmeIb YIUTHIBAET BIWSIHUE OTHO-
CUTEJIbHOTO YPOBHS 3apabOTHOM miaThl (6) Ha 00beM
BoInycka (5). Mcnonb3oBaHue cootHoteHuit (9)—(11)
MO3BOJISIET O0ECIeYUTh MPUOPUTETHYIO TOMICPXKKY
areHTOB-TIPEANPUATUI, HAXOIAIIUXCS B TIEPBOM CO-
CTOSTHUM HU3KUX TEMIIOB 3KOHOMHYECKOTO pOCTa.
3nech y € [0, 1] — KoadduLKMeHT, Onpeaeasounii 00-
WA ypoBEHb MOMOOHON TMoaaepxkKu. Takum obpa-
30M, WHBECTUIIMU B OCHOBHbIE (POHIBI U HOBbIE pa-
Ooure mMecTa, BblIEIsSIeMble TSI KaXI0To HayKorpaza,
pacIpenesiioTcss MEXAY «IIPOOJIeMHBIMU» areHTaMM-
MPEANPUATUSIMUA TTPOTTOPIIMOHATILHO UX BKJIAAY B CO-
BOKYITHBII BBITTYCK.

1.3. IlocTaHoBKa
ONTUMHU3ANMOHHOM 33124

Hrak, paccmarpuBaeTcsi CUCTeMa, B KOTOPOU Tpedy-
eTcs 00eCIeYuTh MUHUMU3ALUI0 O0IIEro KOJINYecTBa
MPEOTIPUSITAN, XapaKTepU3YIOIIUXCSI HU3KUMHU TEeM-
naMu 3KOHOMHYECKOro pocTa JJjisi BCeX BbIOpaHHBIX
HayKorpaaoB. JIJisi yCTOMYMBOrO pa3BUTHSI HayYHBIX
KJIaCTEpOB KeJaTeJIbHO 00ecneyuTh mnepexon 00Jb-

I

( Hw3kne TeMnbl 3KOHOMUYECKoro pocTa )

( CpepHue TeMnbl 3KOHOMUYECKOTO pocTa )

( Bblcokre TeMnbl 3KOHOMUYECKOro pocTa )

Puc. 2. Kapra coctosHuii (State-flow chart) arexta-npeanpusamis.

1€ YaCcTh MpOOJIEMHBIX IIPEANIPUATUI K COCTOSTHUSIM
CpeIHEeT0 M BBICOKOTO TEMIIOB 3KOHOMMWYECKOI'0 pPO-
CTa U COXpaHEHUE TaKUX OJaronpusITHBIX COCTOSTHUI
Ha MaKCUMaJIbHO JJIUTEIbHOM BPEMEHHOM MHTEpBAaJe.
OnHako, B TEKYIIUX YCIOBUSIX Ne(ULIMTA UHBECTULIN -
OHHOTO KanuTaja, a TakXXKe OTpaHUYEHHBIX BO3MOXHO-
CTeli MO CO3AAHNIO0 HOBBIX BBICOKOTEXHOJOTUYHBIX pa-
0OYMX MECT, BaXKHO HAMTHU TaKKe COCTOSTHUST U PEXXUMBI
(YHKLIMOHUPOBAHUSI CUCTEMBI, TIPU KOTOPbIX MUHU-
MU3alus Yucia mpobieMHBIX OpraHU3aluil JOCTUra-
eTCsI C MUHUMAJIbHBIMM 3aTpaTaMU XOTsI Obl K HEKOTO-
pOMy 3aJaHHOMY MOMEHTY MOJEJIbHOTO BpeMmeHU. B
pe3ysbTare OyaeT obecIieueHO KayeCTBEHHOE yIyydllie-
HHUE XapaKTEPUCTUK COOTBETCTBYIOIIUX TIPEANPUSITHUIA,
MPaKTUYECKY rapaHTUPYIOLLlee COXPAaHEHNE JOCTUTHY -
TBIX UMW COCTOSTHUM HA TOCTATOYHO IUIUTEJIbHOM BpE-
MEHHOM MHTEpPBaJie B CUJTy MHEPLIMOHHOCTHU 3HAYCHU I
MPOU3BOACTBEHHBIX (pakTOpoB. IIpu oTCYyTCTBUM CTa-
TUCTUYECKON MH(pOopMaLUM 00 UMEIOIIUXCS OIOMXKeT-
HBIX U UHBECTULIMOHHBIX OTPaHUYEHUSIX, 000OCHOBAHO
CBeJIeHUE MOJO00HON ONTUMU3ALIMOHHOM 3aa4u K O~
HOKPUTEPUATBLHON CO CJIEAYIOLINM lieJIeBbIM (PYHKIIU -
OHAJIOM, OLICHUBAaeMbIM B KOHEUHBII1 MOMEHT MO/JIEJIb-
HOTO BPEMEHHU 1., (tm eTl):

I 4]

N(tm) = HIZZ”.A (Q,(tk)> )/,(tk)a u/,(tk))+
b U
1,2 0,t)+n (Y)W, (1,),

i=l1

(13)

rae

r Q). Y1), W,(t,)=

1, ecnu s, )=1,

0, ecnm s, (7,)#1. (14)

3neco,

¢ {0(1), Y(), W(t)}, i € | — MHBECTULIMM B OCHOB-
Hble (POHIBI, KOJMUECTBO HOBBIX pabOYMX MECT U
3apaboTHas IUIaTa B i-OM HayKOIpaJe B MOMEHT f,,
(t,€ T) — ynpapJisiolue napamMmeTpbl MOIEIH;

¢ {n, n, n;} — K03HOULKUEHTH HOPMATU3ALUK (DaK-
TOPOB, UCIIOJIb3yeMble Il IIPUBEACHUsI 3HAYCHUI

3JIEMEHTOB 1IeJIEBOro (DYyHKIMOHAJIA K OMHOMY Mac-
mraoy.

Bribop 3HavyeHUiT yIpaBIsIONIMX TapaMeTpoOB MO-
I OCYLIECTBIIAETCA B KaX/blii MOMEHT BPEMEHH 7,
(t,€ T) v NPUBOANT K U3MEHEHUIO MIPOU3BOICTBEHHBIX
XapaKTepUCTUK areHTOB-TIPENTIPUITUI, T.€. OCHOB-
HBIX (POHIOB, TPYIOBBIX PECYPCOB U 0O BEMOB BBIITyCKa
B cooTtBeTcTBUM ¢ (5)—(11). B pe3ynwraTe, obecreun-
BaeTCsl BO3IEMCTBUE HA CPETHETONOBBbIE TEMIThI KO-



HOMUYECKOTO POCTa U COCTOSTHUSI COOTBETCTBYIOLIUX
pearnpusaTii, cm. (12)—(14).

Torma MoxHO chOpPMYTUPOBATH ONMTUMM3ALMOH-
HYyIO0 3a/1auy B CJIEIYIOUIEM BUIE.

3amaua A. Tpebyemcs MuHUMU3UPOBAMb 3HAYEHUE

obujeeo Koauecmea npeOnpusmuil, XapaxKmepuszyemblx

HUBKUMU MeMNamu dKOHOMUYECK020 POCMA 6 KOHeUHblil

MOMEHM MOO0eAbH020 8peMeHU trp (p € 1), a makoce

UHBECMULUUOHHblE U ONEPAYUOHHbIe PACX00bl, CE53aHHbLe
¢ peaau3ayueil OQHHOU cmpamezuu.:

min
{0,(), Yi(t), W10}

(15)

lul
k=1

Nt

IIPU OrpaHUYCHUAX
0<0,(t)<Q, Y<Y,(t)<Y, W<W,(t,)<W,
iel, k=12, ..,|T|

3necs {0, Y, W}, {0, Y, W} — u3BecTHble HUIXKHUE
¥ BepXHUE 3HAYCHUs YIIPABIAIOUIMX ITapaMeTPOB UMM~
TALlMOHHOU MOJEJIN.

3amaya A MoXeT OBITh pellleHa C MCITOJIb30BaHMU-
€M TEeHETMYECKOrOo ONTUMU3AIMOHHOTO aJITOpUTMa,
arpeTMpOBaHHOTO 10 1IeJIeBOMY (DYHKIIMOHAITY C TIPeI-
JIOKEHHOM WMMTAIlMOHHOW MoJeNblo. Peanmzanus
MOJOOHBIX aJITOPUTMOB OCHOBaHA Ha METOIAX 3BOJIIO-
LIMOHHOTO ITOMCKA HAMTYUY X ITOTEHIIMAIBHBIX pelie-

Hacenenne_06HMHCKa

HaceneHue_lywiuHo

HUI 1 Toapo6HO onvcaHa B [12, 28]. JInsg ynpoiieHUsS
paccMaTpuBaeMOM 3agauyd, 3HAYEHUS YIPaBJISIIOIIUX
napaMeTpoB B IOJOOHOM cucTeMe MOTYT ObITh 3aJaHbl
IIJIST KasXKIO0TO i-ro HayKorpana (i € /) Kak KOHCTaHTH B
HayaJIbHbIA MOMEHT MOJEJIBHOTO BPEMEHM.

2. ITporpammuas
peajm3anus Moaeau

IIporpamMmMHas peanu3amust pa3padOTaHHOU WMHU-
TalmoHHoi mopenu (1)—(15) BeIMojHEHa B cUCTeMe
AnyLogic. OcobGeHHOCTBIO TIpeIaraeMoro Ioaxoaa
siBJisieTcsl ucrnojb3oBaHue 'MC-kapT nis Bu3yaansa-
LU COCTOSIHMM areHTOB-IPENIPUSATUI, pa3Melnac-
MBIX B 3aJJaHHBIX TTPOCTPAHCTBEHHEBIX KOOPANHATAX, a
TakkKe MHTErpalys MOJEIN ¢ paHee pa3pabOTaHHBIM
TEHETUYECKUM ONITUMU3ALIMOHHBIM aJrOpUTMOM [28],
YTO, B YaCTHOCTHU, 0OecIeunBaeT peuieHue 3aaaum A.

PaszpaboTaHHBII TTporpaMMHbBII KOMITJIEKC o0ecIie-
YHBaET BO3MOXHOCTh HABUTALIMMU 110 BCEM M3y4aeMbIM
HayKorpajaaM, BapbMpOBaHUs 3HAYCHUSIMU YIIPABJISTIO-
IIUX ITapaMeTPOB MOMICIIN, BU3YAIM3AIllUN COCTOSTHUI
areHTOB-TIPEATIPUATHI Ha KapTe.

Ha puc. 3 nokaszaHa peanuzanus MOAeIU Mepepac-
NpeaejaeHus] HacelleHUsI M TPYAOBBIX PECYPCOB MEXIY
paccMaTpuBaeMbIMU HayKorpamaMu (MOAEIU BepXHe-
ro ypoBHsI) B AnyLogic.

Hacenerwe_Tpouiika

DepTUIbHOCTb CMGDTHOCTb

Hacenexue_[1poTBiHO

Puc. 3. Mopenb nepepacnpefeneHns TpynoBbIx pecypcos Mexay B AnyLogic.



W3 puc. 3 BugHO, 4TO 1151 HOCTPOEHUSI AJAHHOI MoJe-
JIA VICTIOJIB3YIOTCSI METOMIBI CUCTEMHOI TUHAMUKH (CM.
Harpumep, [11, 22]). YucneHHocTb HaceaeHus1 OOHUH-
cka, Tpouika, [IporBunHo u IlylminHo Monenupyercs ¢
HCTIOJTE30BaHMEM YeTHIPEX CHUCTEMHBIX YPOBHEH («pe-
3epByapoB»), B3aUMOICHCTBYIOIINX ITOCPEICTBOM IIO-
TOKOB C TeMITaMH, 3HAYCHUSI KOTOPBIX 3aBUCSIT OT pa3-
HUIIBI B YpOBHE 3apaOOTHON ILIaThl, pa3Mepa pbIHKA
Tpyma u ap. TakuM oOGpa3oM, MOAETUPYETCS BIIASHHE
«IpaBUTALIMOHHOTO 3(h(deKTa» Ha TEMIIbl BHYTpEHHEH
murpanuyu. Takke yauTbIBaloTCs KOapDUILMeHTH ep-
TWIBHOCTY U CMEPTHOCTHU CO CBOMMU U3BECTHBIMU 3HA-
yeHnsIMHA. MIMerorecss B MOIEIM YCHIMBAIOIINE 1 0a-
JIaHCHpYIOlIe OOpaTHBIE CBSI3M OTMEUeHbI OykBamu R
u B, cootBeTcTBeHHO (puc. 3).

Ha puc. 4 moxazaHa peanm3aiysi MOOE/IH ITOBEICHIS
areHTOB-TIPESANIPUATUI (MOAEIN HUXHETO YPOBHS) B
AnyLogic.

N3 puc. 4 BugHO, 9TO VIS TTOCTPOESHMS TAHHON MO-
JIeJ UCTIOJIb3YIOTCSl KAK METOMIbI CUCTEMHOM TUHAMM-
K1, TaK ¥ areHTOro MONEINpPOBaHUs (CM. HATpUMep,
[5, 6, 13, 14, 16]). B yactHOCTH, WII MOICIMPOBAHMS
BO3MOXHBIX M3MEHEHMII COCTOSTHUIA areHTOB, B CO-
OTBETCTBUM C 3aJaHHBIMU TMPABUIAMM, UCIOJb3YeTCs
Kapra coctostHull (onemeHT statechart Ha puc. 4). [lpu

HTN Ioh
WsecTuumm _s_0® alpha  beta

f3
Temn_BBoza_(hoHA0B
OcHoBHbIe_(hOHAbI

Temn_BBOza_TPYHOBbIX_PECYpcoB

f2 TpynoBble_pecypeel

Konn4ecTso HOBbIX_paboynx_Mect

Llons_BbICOKOKBANM(NLMPOBAHHbBIX_KAApOB

H1CNEHHOCTb_3KOHOMUHECKM_aKTUBHOTO_HACENeHIs

Jlonsi_3KOHOMWYECKM_aKTUBHOrO_HaCeneHus
YUCNEHHOCTb HAaCeNeHNs

Temn_BbIObITAS_(HOHA0B

Temn_BbIObITUS_TPYLOBbIX_PECcypcoB

[ons_g_o6LLem_Bbinycke

5TOM, I OIpenejcHUs 3HAUYeHWI CPeTHEeromOBOTO
TEeMITa POCTa BHITyCKa, 3HAUCHNE KOTOPOTO CpaBHUBA-
€TCSI ¢ 3aJaHHBIMM MOPOTOBBEIMU 3HAYCHUSIMU IIJIST Pe-
aJM3aluy TIePeXOI0B MEXIY COCTOSTHUSIMM KasKIOTO
areHTa, BBIYMCIISICTCS C MCITOJIB30BAaHMEM MOICIN CH-
CTEeMHOM AMHAMUKU (JieBast 4yacThb puc. 4). IlomoOHas
MOJenb ucnonb3yeT ¢yHkuuio thna Kob66a-Iyrmaca
(cM. (5)—(11)) w1 BBIYMCIIEHUST 00beMa BBIITyCKa C yue-
TOM 3HAYEHUI YIIPaBJISIOIIMX ITapaMeTpoB. Pe3yibraThl
WMUTALIOHHOTO MOJIEJIMPOBAaHMsI, B YaCTHOCTHU, COCTO-
sTHME KaXIIOro areHTa-IpearpusTisi, 00beM BBIITYCKa,
TPYIOBbIE PECYPCHI U AP. aBTOMATUYECKU BBITPYKAIOTCS
B MOJIEJIb BEPXHETO YPOBHSI M MCIIOIbL3YETCS 1T CUMY-
JISILIMY «TPpaBUTALIMOHHOTO 3(pdeKTa», onpeaesionero
Tporiecc TepepacrpeneieHns] HaceIeHUsT U TPYIOBBIX

pecypcoB (puc. 3).

3. PesyasraTn
ONTUMHU3AIMOHHDBIX IKCIIEPUMEHTOB

J7st yIydIneHus] COCTOSTHUIM BCETO aHCaMOJIsT areH-
TOB-TIPEOTIPUSATHI, B YaCTHOCTH, MUHUMHU3AIIUN KO-
JIMYECTBA OPTaHM3AINN ¢ HU3KUMHU TeMIIaMU 3KOHO-
MUYeCKOro pocta (MeHee 2% B To1), ObITM TIPOBEACHBI
ONTMMM3ALIMOHHEIC SKCIIEPMMEHTHI, HalleJICHHbIC Ha
IIONCK PEKOMEHIYEMbIX 3HAYCHUM YITPABJISIONINX TIa-

CooTHowgHre_B_3[_K_fpyruM_ropogam

06bem_Bbinycka

gvent

06bem_Bbinycka_1 T
CpenHeronoBoii_TemMn_pocTa_Bbinycka

Tstatechart

HU3KME Jemnbl 3kOHOMI4ECKOr0 poCTa
@

@

TEMIMbl 3KOHOMW4ECKOr0 pocTa

TEMMbl 3KOHOMUYECKOro pocTa

COCTOAHNE

Puc. 4. Moens noBeagHue areHToB-NpeanpuaTiii 8 AnyLogic.
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Tabauya 1.
ITIpumep UCXOIHBIX TAHHBIX MO areHTaM-npennpusaTus s r. Oonunck (3a 2016 r.)

06bem
BbINyCKa,
TbIC. pyO.

OcHoBHblIe
thoHAbl,
ThIC. pyo.

Tpynosble
pecypcbl,
yern.

WuBectnummn
B OCHOBHblE
thoHAbl, ThIC. py6.

Mpeanpuatue

Honrota Llinpota

1 | AQ «[HL PO-D3N» 55.089851 36.591257 2612 14782 594124 3199431

2 | AQ «OHIM «TexHonorusi» 55.105885 36.636379 2641 488089 6527163 5856985

3 | AQ «[HL PO HADXI» 55.063435 36.623261 528 103226 1300044 803209
MPHL| um. A.®. Libi6a — unuan OIBY

4 <HMVPLL M3 PO 55.111844 36.617534 1559 136132 2230550 2052357

5 | HNO «TaiicpyH» 55.104454 36.609027 580 1551 80820 293792

6 | BHINPAS 55.106651 36.638687 270 3058 110706 242231
[y6an4HOE aKkLMoHepHoe 06LLECTBO

7 <TIDUBODHIt 3807 «CHrHan» 55.11013 36.59102 308 48217 996640 1061128
061L1ecTBO C OrpaHN4eHHON

8 OTBETCTBEHHOCTBI0 <XeMOthapM» 55.13496 36.6424 209 169412 2247154 1374894
AKLVOHEPHOE 00LLECTBO

9 <TIDOTECC-aKonorsi» 55.12122 36.58286 236 14758 696989 1709746
06LLECTBO C OrpaHN4EHHON

10 OTBETCTBEHHOCTE0 <HUapMEnVK Daphar 55.11442 36.61703 125 2810003 29994145 3506284

paMeTpoB Mozesii. B KauecTBe MCXOMHBIX TaHHBIX ObLTH W3 mabauypr 2 cremyet, 4TO IUTA YIyYIIEHHS CO-

HCIIOJIb30BaHbl YKPYITHEHHbIE CTATUYECKKE JaHHbIE Ha-
YKOT'paJoB yKa3aHHEIE B [29], a TaKKe CTpaTeTruy COII-
aJIbHO-3KOHOMUYECKOTO Pa3BUTUsI HAYKOIpaaoB, OIy-
OJIMKOBaHHEIC Ha cailiTax TOPOICKUX aIMHHUCTPAIIVA.
IIpuMep MCXOIHBIX JAHHBIX [0 areHTaM-IpeanpUsTh-
siM 1J1st . OOHUHCK MpeacTaBieH B mabauue 1.

CTOSTHUI areHTOB-TIPEANPUSITAIM B M3y4aeMbIX HAyKO-
rpajax HeOOXOIUMO CYIIECTBEHHO YBEJIWYUTh MHBE-
CTULIMM B OCHOBHBIC (POHIBI (IPEUMYIIECTBEHHO B

ba3sosblit CueHapuil Ha ocHoBe
Ha puc. 5 npencrapieHa Busyaausalysl COCTOSTHUI r. O6HUHCK cueHapun PEKOMEHAYEeMbIX
(o onTMMM3auuM) | napameTpoB

areHTOB-TIPETIPUSITUH, TTOydYeHHasl B pe3yJbTare Orf-
TMU3ALUM 3HAUEHUI YMIpPaBJSIIOIIUX TapaMeTpoB
WMUTAIIMOHHON MoIeNn («CIieHapyuii Ha OCHOBE PEKO-
MEHIyeMBIX ITapaMeTPOB») B CpPaBHEHHMHU C paHEe YT-
BEPKIEHHBIMU UHBECTULIMOHHBIMU U KAIPOBBIMU CTPA-
TEerusIMU («0A30BBIN CLIECHAPUI (10 ONTUMU3ALIVIN)» ).

CoCTOSITHUSI  ar€HTOB-TIPEANIPUSATHI, TIpEICTaBICH-
HBIE Ha puc. 5, COOTBETCTBYIOT NECITWJIETHEMY TOPH-

. HMO «TaidpyH»
30HTY CTpaTermyeckoro IuiaHupoBanus. CleHapuit
M3MEHEHU TIOMOOHBIX COCTOSIHMIA Ha OCHOBE PEKO- AQ «THL| PO-OIN»
BHUMPA3

MEHIyeMBIX TTapaMeTpoB (puc. 5) ObLT cchOpMUPOBAH C
ITOMOIIBI0 TEHETUYECKOTO ONTHUMMU3AIIMOHHOTO aJIro-
pUTMA, arperIPOBAHHOTIO II0 IIeJICBOMY (DYHKIIMOHAITY
¢ pa3paboOTaHHON MMUTAIIMOHHOW MOJEIBIO, PeaTn30-
BaHHOI1 B AnyLogic. B mabauye 2 npencrasneHbl 3Haue-
HUS YTIPABJISIIONINX TTapaMeTPOB MOJIEM, COBETYIOIINE
paccMaTpruBaeMbIM CLIEHAPYISIM.

000 «Xemochapm>»
AO«[Mporpecc-akonors»

000<«Hnapmeank ®apma»

MPHL um. A.®. Lipi6a —
tumman OreY «HMUPL» M3 PO

MAQ «[pn6opHbIii 3aBoA «CurHan»
AO «OHINM «TexHonorus»

OO0 xO® x xO x

AQ «[HL PO HU®XI»

0006x*x x 000

MepBoe cocTOsHME
(HW3KMe Temnbl pocTa)

Bropoe cocTosHue
(cpemHue Temnbl pocTa)

TpeTbe coCcTOsHME
(BbICOKIE TEMMBI POCTa)

Puc. 5. COCTOSHNS areHTOB-NIPEANPUATHIA 10 W MOCNE ONTAMU3ALIAN.



Tabauya 2.

3Havyenus yYrupasJjd0mnuX napamMmeTpoB MOaeJaIn

Ynpasnsiowme Hayxorpan ba3oBblii cLueHapuit CueHapuii Ha ocHoBe
napametpbl yKorp (no onTMmMM3aLMK) peKoMeHayeMbIX napameTpoB
r. O6HMHCK 3320 4341
HBECTMLMI B OCHOBHbIE
(DOHL“D' (MHH pyﬁ/roﬂ) r. TpOVlLLK 453 3108
r. MpoTBuHO 246 2252
r. MywuHo 374 2100
r. OBHMHCK 1000 3020
Konu4ecTBo HOBBbIX
pao4ux mec (en./rog) r. Tpouuk 500 2550
r. MpoTBuMHO 300 1551
r. MywwHo 200 1121
1. OB6HUHCK 62 000 72000
CpeaHemecsiyHas
3apa60'|'|.|ag nnata r. TpOMLLK 66 000 66 000
(py6./wec.) r. Mporsito 60 000 60 000
r. MNywmHo 45000 55000

Tpowutike, [IporBuHO 1 ITymnHO), a TAKXKEe KPaTHO YBE-
JIMYUTH KOJIMYECTBO co3daBaeMbIX pabouux MecT. [1pu
3TOM, PEKOMEHIYETCS YBEJIMYUTb YPOBEHb 3apaboT-
Hoit iatel B O0HMHCKe U TTy1irHo, 4TOObI TpeaoTBpa-
TUTb OTTOK KaJpoOB B COCEeAHME Topoaa (B Y4aCTHOCTH, B
r. Tpouuk). B pesyabraTe, Oynet obecriedeHo MpUHIM-
MMUAJIbHOE YJIYJIIICHUE COCTOSIHUI areHTOB-TIPEIIIPHSI-
Ui (CM. puc. 5), OOJBIIMHCTBO U3 KOTOPBIX Mepeiner
K TPEThEMY COCTOSIHMIO BBICOKUX TEMIIOB 9KOHOMMYE-
CKOTO pocCTa.

3aKiouenue

B naHHoI1 paboTe npeacTaBiaecHa HOBasl areHT-OpYEH-
TUpPOBaHHAS UMUTALIMOHHASI MOIE/Tb Pa3BUTHSI OTICIIb-
HBIX HAyYHO-TIPOM3BOACTBEHHBIX KiacTepoB Poccuu c
peanuzanueit B cucreMe AnylLogic. PazpabotaHHast Mo-
IIeJTb COCTOUT M3 IBYX YPOBHEM (puc. 1). Momenb BepxHe-
IO YPOBHS peau3yeT cpey, B KOTOpoil yHKIIMOHUPYIOT
areHTBI-TIPEIIPUSATHUSI, OTHOCSIIUECS K pa3IMYHbIM Ha-
yKorpanam, MeXIy KOTOPbIMU Peaju3yeTcsl TIOTOKOBOE
B3aMMOJICHCTBIE C COOTBETCTBYIOIIMM IIepepacIIpere-
JICHHEM YMCJICHHOCTH HAaceJIeHUS U TPYIOBBIX PECYPCOB.
Monenb HUXXHETO YpOBHSI OOECIEeUMBAET peav3aliio
JIOTUKM TIOBEJCHMSI areHTOB-TIPEIIIPUSITUN, XapaKTepy-
CTUKHU KOTOPBIX OMTMCBIBAIOTCSI C UCTIOIB30BAaHUEM METO-
OB crcTeMHOM muHaMuKi. ChopMyIupoBaHa BaskHast
ONTUMU3ALIMOHHAS 3a7avya M0 MUHUMM3AIMUA OOIIEro

KOJIMYECTBA TIPEOIIPUATUN, XapaKTepU3yeMbIX HM3KH-
MM TeMITaMX SKOHOMUYECKOI'0 POCTa C yIeTOM MHBECTH-
LIMOHHBIX U OTEepallMOHHBIX pacxonoB. IlpemnoxeHHast
IIByXypOBHEBasl UMUTAILIMOHHAsT MOJICIIb peali30BaHa B
BHIE IMPOTPaMMHOTO KOMITIeKca (Ha IpuMepe HaydHO-
MPOM3BOJCTBEHHBIX KilacTepoB OOHMHCKa, Tpowuiika,
ITpotBuHo u IlymKHO), NMpeqHa3HAYEHHOTO, B MEPBYIO
ouepenb IJIST OPTaHOB MYHULIMIIAIEHOTO W PETMOHAIb-
HOTO YIIPaBJICHUSI, PEaIM3YIOIINX CTPATeTHI0O MHHOBA-
LIMOHHOTO pa3BuUTHvs. Mcronb3oBaHUE TaKOil CUCTEMBI,
MTO3BOJIMIIO C(hOPMUPOBATh PEKOMEHIyeMble 3HAYEHMUSI
YIIPABJISTIONINX TTAPAMETPOB (TAKMX KaK, UHBECTUIIUU B
OCHOBHBIC (DOHIIBI, KOJTMIECTBO HOBBIX Pa0OYMX MECT U
IIp.), obecreunBarolIe CylleCTBEHHOE YIydlleHUe CO-
CTOSTHMIA areHTOB-TIPEATIPUSTUI, PACITOJIOKEHHBIX B
M3yJacMbIX HAyKOrpamaXx Ha OEeCSITUICTHEM TOPH30H-
Te CTpaTerMyecKoro IUTaHUpOBaHUs (puc. 5 U maba. 2).
Pa3paboTaHHbBIII 9KOHOMUKO-MaTEMaTUYECKUIA U KOM-
TMBIOTEPHBIN MHCTPYMEHTapUii TipeTHa3HaYeH, B TIEPBYIO
ouepes TSl YIIPaBJIeHUsI HAyIHO-TIPOM3BOICTBEHHBIMU
KJIacTepaMy peal3yIOIINX CTPATeTUI0 MHHOBAIIMOHHO-
IO Pa3BUTHUSI.

JanpHelre ncciaenoBaHus OyIyT HaIpaBIeHBl Ha
MU3ydYeHue mpodiieM, CBSI3aHHbBIX C IIPEOAOICHUEM Je-
¢duuMTa BHICOKOKBANU(ULMPOBAHHON paboyeil CUIIbI,
a Takke CO3IaHNeM IeTaIM3UPOBAHHBIX areHT-OpHEH-
THPOBAHHBIX MOIEJCH pa3BUTHUSI HAYIHO-IIPOM3BOI-
CTBEHHBIX KJIACTEPOB. M
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Abstract

This paper presents a developed agent-based simulation model for the development of research-and-
production clusters in Russia implemented with the use of high-tech enterprises located in four science
cities (Troitsk, Obninsk, Pushchino and Protvino) as the case study. A new approach to modeling and
optimization of gross metropolitan product (GMP) is proposed, taking into account the influence of the
“gravity effect” on the redistribution of labor resources between developing science cities and appropriate
enterprises united in single research and research-and-production clusters An important element of this
approach is the formation of various scenarios for the strategic development of the research-and-production
clusters being assessed and support for the possibility of choosing the most preferable scenario using an
evolutionary optimization algorithm. An enlarged simulation model has been developed and implemented
in AnyLogic describing the possible development trajectories of science cities with a corresponding change
in the values of the most important characteristics: the number of economically active population, the
number of research-and-production enterprises, the volume of products produced in high-tech sectors of
the economy, GMP, etc. The designed framework is intended primarily for the management of research-
and-production clusters implementing the strategy of innovative development. Such a framework uses
methods of system dynamics and agent-based simulation modeling supported in the AnyLogic system,
genetic optimization algorithms and GIS mapping for science cities, etc. to implement the required
functionality. The approbation of the framework was completed with the use of real data published in the
approved strategies of the relevant science cities development. As a result of the numerical experiments
carried out, some recommendations were proposed for the development of the research-and-production
clusters under study considering their mutual influence and the existing base of resources.

Keywords: research-and-production cluster, high-tech enterprise, science city, production characteristics,
simulation modeling for enterprises, gross metropolitan product, agent-based modeling, system dynamics, gravity
effect, production function, AnyLogic
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AHHOTAMA

st pemieHusl 3aJauyu CpaBHUTENbHOro aHanu3a 3(G@EKTUMBHOCTU padOThl (UIMATIOB IIO
He0oIbIIOMY 00beMy HAOIONCHUM CIyYaiiHOM MPUPOIBI AKTYaJIbHBIM SIBJISETCS HelMapaMeTpUIeCKUA
IMoaXox, He TpeOyioleil BEepOSTHOCTHOM MOIeNIW HaONIOAeHUI. AKTYyaJTbHOM TaKXe SBISIETCS
3aJaya CpaBHEHHsS pe3yJIbTATOB HEMapaMEeTPUUECKOro ITOAXOoda C pe3yiabTaTaMH, ITOJy4eHHBIMU
B paMKax TpaaullMOHHO mpumeHsemoit I'ayccoBckoit momenu. Kpome Toro, akTyaabHOU SBIASIETCS
npobjieMa IMOJyYeHUs] HEMPOTUBOPEYMBOIO CpaBHEHUS TPyNIbl (He MeHee Tpex) dunaumanon. B
HacTosIIee BpeMsl HellapaMeTPUUEeCKUI ITOIXOI M COOTBETCTBYIOIEEe CpaBHEHHME C M3BECTHBIMU
pe3yabTaTaMy pelleHus] paccMaTpuBaeMOil B HAcTOsIIIed paboTe 3amgauyu, MOJYYeHHOTO B paMKax
HOPMaJIbHOI MOJeIM, OTCYTCTBYIOT. Kpome TOoro, moMcKy MeTOIOB MOJYyYeHUST HEMPOTUBOPEUUBBIX
pelleHU# yaesseTcss HeIoCTaTOYHO BHUMaHUs. Hacrosiass pabora B omnpeieeHHOM CTeIeHU
3aKpbIBAeT 3TU IpoOenbl. IS pelreHns 3THUX 3agad B HACTOSIIei paboTe MCIOIb3YIOTCS METOIBI
HelmapaMeTPUIECKOM CTaTUCTUKM M TEOPUHM OTHOBPEMEHHOM IIPOBEPKM MHOTHX TruIiore3. B
paboTe mpenjaraeTcs Mpolieaypa CpaBHUTEIbHOIo aHaiuia 3(hdOEKTUBHOCTU PadOThl HECKOJbKUX
noapasaeieHUuil ceTeBOil OpraHM3alMU I10 HeOOJIbIIOMY 00beMy HaOJIOJeHUIi, OCHOBaHHAasl Ha
Tectax MaHHa—YutHU. [IpoBOoaUTCS cpaBHEHHE pe3yIbTATOB MpeliaraeMoil HellapaMeTpUIeCKOMN
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MpOoLeAypbl C pe3yabTaTaMu, OCHOBaHHBIMU Ha 00001meHusix tectoB CthlogeHTa. [lpennaraercs
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BBenenue

a3IMYHbIe AacCIeKThl IPOOJIEMbl CPaBHEHUS

3¢ (OEKTUBHOCTH  AESITEIBHOCTA  OpTaHW3aIni

00CYXIAI0TC BO MHOIMX paboTax, HarpuMmep
[1-3]. TIpu »TOM, KaK IpaBWJIO, CpaBHEHUS IPOBO-
ISITCSL TI0 MHOTUM IToKazarensiM. OueBHUOHO, YyCIex
TaKUX CPaBHEHMI 3aBUCHUT OT TOTO, HACKOJIEKO aieK-
BaTHO 1 KaY€CTBEHHO yIACTCS ITPOBECTH CPAaBHEHUSI TIO
OTIEJbHBIM ITOKa3aTeIsIM, OCOOEHHO €CJIM OHM MMEIOT
ciyvaiiHyto ipupony. B atom mocnenHeM ciydae oore-
MPUHSITHIM SIBJISIETCS IPUMEHEHUE METOIOB MaTeMaTH -
YeCKOil cTaTUCTUKU. Takue MeTOIbI AEISITCS Ha:

¢ napaMeTpuyeckue, KOTOpble OCHOBaHbI Ha KOH-

KPETHON BEPOSATHOCTHOW MOJENN AHAIU3UPYEMBIX

nokasateneit. [Ipy 3ToM B KauecTBe BEPOSITHOCTHOM

MOJIEJIU Yallle BCEro UCIONIb3yeTCs HOPMaJIbHOE pac-

npenencHue [4, 5],
¢ HemapaMmeTpuyecKue, CBOOOMHBIE OT eTaJlbHOI

BEPOSITHOCTHOW MOJAENIW, a MHOTAA U OT MPEArnoso-

KEHUST O CIyYallHOM XapakTepe aHaIu3upyeMbIX

JIaHHBIX [3, 6—9].

MHorue 3aga4yu, B TOM YHCIe U 3ajadya HaCTOSIIEH
paboThI, MOTYT OBITb PACCMOTPEHBI B paMKax O0OMX
noaxoaoB. B aToM ciyyae BO3HMKaeT HEOOXOIMMOCTD
CpaBHEHUSI BLIBOJIOB IMpOLIeayp, ONMUPAIOIINUXCS Ha Ta-
paMeTpUYECKYIO MOJIE]b, C BBIBOJAMM HEMTapaMeTpuie-
CKMX mpouenyp. Takoe cpaBHEHUE SIBISIETCS ONHOM U3
1ieJIei HACTOSIILIEH pabOoThI.

M3BeCTHO MHOTO Pe3yIbTaTOB CPaBHEHMS ITapame-
TPUYICCKUX 1 HEMapaMeTPUYECKUX TECTOB ITPOBEPKU
TUITOTE3bl MPOTUB aibTepHaTUBbI. [Ipy KOHEYHOM 00B-
eMe HaOJTIoIeHNI TaKoe CpaBHEHWE TIPOBOUTCS Ha OC-
HOBe aHajm3a (QYHKIUM MOIIHOCTH TECTOB, OIIpEIe-

JISIEMO#l BEpOSITHOCTBIO OTBEpXKEeHUs TUITOTe3Bl. [lpm
HeOorpaHMYeHHOM 00beMe HaOIIONeHUI CpaBHEHNUE Te-
CTOB TTPOBEPKM TMIIOTE3bI IPOTUB aJIbTEPHATUBBI OCHO-
BaHO Ha BBIYMCIIEHUM TTOKa3aTesieil aCUMITTOTUIECKOM
a¢pdextuBHoctu [10]. Cneuuduka paccMaTpuBaeMoit
B HacToslIel paboTe 3aJaun 3aKJII04aeTcsl B HEOOXOIU -
MOCTH BBIOOPA OHOTO M3 MHOTHX PEIICHU 10 HEOOIb-
IOMY 00beMy HAOTIONEHUIA.

B Hacrosiieit pabote npeasaraeTcs rpoleaypa cpaB-
HUTEJBbHOrO aHain3a 3Gh@MEKTUBHOCTU ACITEIBHOCTU
rnoapasfeieHuil ceTeBoil opraHu3aluu. PesyabTaThl
MPUMEHEHHS TaKOW MPOLIEAYPBl MOTYT OBITh MCIIOJIB30-
BaHBI VIS IPUHSATHS 0OOCHOBAHHBIX YIIPABICHUECKUX
pEIIeHNI PYKOBOICTBOM CETeBOM opraHm3aumu. Ilpu
3TOM TI0# 3(P(HEKTUBHOCTRIO IEATETLHOCTH ITOIpa3Ic-
JICHUSI TTIOHMMAETCS OTHOILIEHUE YMCJIa TIPOJaX OIpe-
JIeJICHHOTrO ToBapa (HampuMmep, 4yucja aBTOMOOUJIEI)
K 4MCIly NOTeHUMalbHBIX Tokymareneii. [Tox cereBoii
opraHmM3alneil TOHUMAeTCs COBOKYITHOCTH ITOApa3me-
JieHul, paboTarluux 1o oob1ei cxeme. [Ipumepamu ta-
KUX OpTaHU3alldil SIBJISTIOTCS CeTh (PMIMAIOB KPYITHOM
aBTOMOOWIIBHOM KOMITAHWM WA CETh MarasmHoB «I1s-
TepouyKa» 1 T.1.

B HacTos1ieli paboTe B KauecTBe WILTIOCTPAaTUBHOTO
IpuMepa paccMaTpUBaeTCs 3a1ada MOAAECPKKHY YIpaB-
JICHYECKUX DPEIICHUII PYKOBOICTBOM CETH (DMJIMAIOB
KPYITHOTO YHMBepcuTeTa. Ha moaroToBuTe IbHEBIC KYp-
CBl TaKuX (pMIMAJIOB TIPUHUMAIOTCS BCE JKeJIarole.
EcrecTBeHHOI XapaKTepUCTUKOMN 3(p(PeKTUBHOCTH pa-
0OTHI MepcoHaNa TaKUX (PUIUAIOB SIBJISIETCS OTHOLIE-
HHUE Yucia clyliarejell MoAroTOBUTEIbHBIX KyPCOB K
YHCIIy MOTEHIMAIbHBIX a0uTypreHToB. MH(pOpMaLsa
O CpPaBHUTEIBHOI 3 (GEKTUBHOCTHU SIBJISIETCS OCHOBOM
IJIST TIPUHSTUS CTPAaTerMIeCKUX PEIIeHUI 110 pa3BU-
TUIO CeTU (PUIHAJIOB.



CeTeBy10 OpraHu3alro yI00HO MPEICTaBUTh B BUIE
rpaa. BepmumHbl 3T0TO rpada COOTBETCTBYIOT IMOJI-
pasmeneHuaM. Crnenmduka paccMaTpUBaeMOTO HaMM
rpacda 3aKkjao4aeTcsl B TOM, YTO B HEM MOTYT OBITh KakK
HaIpaBJIeHHBIE, TaK 1 HeHaIIpaBJIeHHBIe pedpa. HeHa-
MpaBJieHHOE peOpo MeXIYy BEPIIMHAMMU i, j 1OOABISIET-
cs B rpad TOraa M TOJBKO TOTIA, KOTAAa MIPUHUMAETCS
pelieHue, 4TO i-0€ U j-0€ ToApa3iesieHus: paboTaioT
oarHakoBo 3¢ddekTuBHO. HampasineHHoe pebpo oOT
BEepPIIMHEI | K BepIIWHE j JOOABISICTCS B Tpacd Torma
¥ TOJBKO TOIJA, KOTJa NMPUHUMAETCSI pelIeHUe, 4TO
i-oe TompasneneHue pabdboraer Oosiee 3GGEKTUBHO,
4yeM j-oe. 3aMeTHUM, 4TO OOBIYHO B rpadax MCIOJIb3y-
IOTCS TMOO TOJILKO HaIpaBJIeHHBIE, JIMOO TOJIBKO He-
HamnpabjieHHble pedpa [11—15]. Mbl Gyaem monb30-
BaThCsl U TEMU, U APYTMMU MPOCTO MOTOMY, YTO OHU
JIyYIIIe TIO3BOJISIOT IMIOOYEPKHYTh HEKOTOPBIE CTPYKTY-
pbI aHAJIU3UPYeMOTO rpada, KOTOPhIe XapaKTepu3yloT
cnennUKy aHaJIU3UPyeMOR CeTeBOM OpraHMu3alllu.
K gmciay Takux cTpyKTyp MBI OyIeM OTHOCUTH KITMKU
[16] (COBOKYIHOCTP BEPILMH, JIOOBIE ABE U3 KOTOPBIX
COeAMHEHBI HeHaIlpaBJIeHHBIM PeOpoM), KOTOpPHBIC Xa-
pPaKTepU3YIOT COBOKYITHOCTH ITOApAa3IeIeHUd, OTHO-
CHUTEJIPHO KOTOPBIX IPUHUMACTCS PEIICHUE O TOM,
YTO OHM paboOTaIOT OAMHAKOBO 3¢ GeKTUBHO. B manib-
HelllleM Takue KJIMKU Mbl OyleM Ha3bIBaTh Kjacca-
MM 3KBUBAJICHTHOCTU. JpyruM IIpUMEPOM CTPYKTYPBI
SIBJIIETCSI MOJIHBIN TMoArpad TOJBKO ¢ HalpaBJIeHHbI-
Mu pebpamu. Takyio CTpyKTypy MbI OymeM Ha3bIBaTh
CTPYKTYPOI1 yIIOPSIHOUEHUS WIIH JOMUHUPOBAHUS.

Bo MHorux 3agavax, B YaCTHOCTHU, B aHAIM3UPYEMOM
HaMH TIpUMepe, YUCI0 MPOIaXK eCTECTBEHHO paccMa-
TPUBATh KakK CIydaitHyto BeanuunHy. [Ipu aToM aHanms
peaTbHBIX JaHHBIX, 0COOCHHO KOTAAa MX Majo, MOXET
MIPUBOANTD K MOSIBIICHUIO TIPOTUBOPCUYNBEIX BHIBOIOB.
B aTOM cyyae cooTBeTCTBYIOLINI rpad COOEPKUT He-
KOTOPBIE IOTMYECKH ITPOTUBOPEUNBBIC CTPYKTYPHI, Ha-
npuMep nonarpadsl U3 TpeX BEPIINH, ABa pedpa MexXIy
KOTOPBIMHM HEHaIlpaBJieHHBIE, a OMHO — HaIlpaBJICH-
Hoe. Takoro Tumna npo6jema Bo3HuKana B [17] npu 06-
CYXICHMH 3adadM MPOBEPKM TUIIOTE3 OIHOPOIHOCTU
He MEHee TPeX COBOKYITHOCTEI 1 Ha3bIBaach MpoodJie-
Moii HecoBMecTUMOCTH. [IpuKiianHble 3agauu, B KOTO-
PBIX BOZHUKAET IIpo0IeMa HECOBMECTUMOCTH (TIPO0OJIe-
Ma HENpPOTUBOPEUMBOTO OOBEAVMHEHMSI PE3YJIbTaTOB
cpaBHeHHUS 3(P(DEKTUBHOCTH I1ap TOIpa3neIeHMIt),
paccMaTpuBaIuCh B padoTax [4, 5| B paMKax HOpMaJsib-
Hoit monenu. PereHune nmpoGieMbl HECOBMECTUMOCTHU
OBLUTIO OCHOBAHO Ha BBEACHUH JOTIOJTHUATEILHOTO TTapa-
MeTpa A U epexojie K 3aga4yaM cpaBHeHUS 3(PDeKTUB-
HOCTH ABYX IOIpa3neieHNit ¢ TOUHOCTRIO A. [Ipu aToM

ecr 3¢ (GEKTUBHOCTHU MOAPA3NEICHUH i, j OTINIAINCH
MEHBIIIEe, YeM Ha A, TO IPUHUMAJIOCH peIlIeHre, YTO UX
3 HEeKTUBHOCTh OAMHAKOBa (C TOUHOCThIO A). Takoit
MpUEM IT03BOJISIET PELIUTh MPOOIEMYy HECOBMECTUMO-
CTH, HO TIPUBOIMT K TOITOJTHUTEIBHON MpobiieMe BhI-
6opa A. JIpyras uenb HacTosIIIel padOoThI 3aKJII0YaeTCsI
B ITOMCKE CITOCOOO0B pelIeHUs IIPOOIeMBI HECOBMECTH -
MOCTH 6e3 BBe[IeHMsI BCIIOMOTaTeIbHOIO mapaMeTpa A.

B Hactosieit pabote, B oTimumuu ot [4, 5], mpen-
MOJIOXKCHNE O HOPMAJBHOM paclpenejicHud Yuc-
Jla TIpojaxX He ucroyib3yercs. IlormapHoe cpaBHeHME
5 (PEKTUBHOCTU ABYX IoApasldejieHWil OCHOBAaHO Ha
npuMeHeHUn TecToB MaHHa—YurtHu. Ilpouenypa
CPaBHUTEJIBLHOTO aHa/M3a MonapasaeiaeHuit mo a¢dex-
TUBHOCTH OCHOBaHA HA KOMOMHMPOBAaHUM Hemapame-
TPUYECKUX TECTOB IOMAPHOTO CPaBHEHUS ABYX ITOM-
pasgenenuii. [Ipu aToM Hcronb3yercsl rpacdudeckoe
TpeacTaBiIeHNEe, KOTOPOE OKAa3bIBACTCS YIOOHBIM IS
BU3YyaJIM3alli BO3HUKAIOIINX TIPOOJIIEM HECOBMECTH-
Moctu. Ilpemmaraemass HemapamMeTpudecKas IIpoIle-
Iypa IpUMEHSIETCS K aHAJIN3y JaHHBIX, TPUBEICHHBIX
B [4], ¥ mpuUBOOUTCS MPUMEP, B KOTOPOM MpOOJIeMy
HECOBMECTUMOCTH YIAeTCS PEIIUTh 3a CUET aHaln3a
p-3HAUYCHUN M TIOOXOMSINEro BhIOOpa ypOBHEW 3Ha-
YUMOCTU TE€CTOB MOMAapHBIX cpaBHeHUM. [IpoBoguTCs
CpaBHEHME C pe3yIbTaTaMHU, ITOJIYICHHBIMU B paMKax
HOPMaJIHOM MOJIEJIU.

CraThsl OpraHuM3oBaHa CJEAYIOIIUM O00pa3oM: B
pazmese 1 mpuBeIeHBI OCHOBHBIC 0003HAYCHUS U T10-
CTAaHOBKa 3aJayM; B pasjiesie 2 omucaHa Hemapame-
TpryecKas Mpoleaypa CpaBHUTEILHOTO aHaIU3a MO -
pasgeneHuii o 3(p@eKTUBHOCTU U ee rpaduyeckoe
NpeAcTaBieHNe; B pa3aene 3 MPUBOASATCS WJUTIOCTpa-
TUBHBIA IIpUMEp, TIPUMEP PEIIeHUS TTPOOIeMBl HECO-
BMECTUMOCTU U MPOBOAUTCS CpaBHEHUE C pe3yJibTaTa-
MM, TTOJIyYeHHBIMU B [4].

1. ITocTaHoBKa 3a1a4u

JaHHble O 4ucie MpoAax ynoOHO MPENCTABUTH B
BUJIE MATPULIHI || x|, rae || x, || — oTHOWIEHME YMCHA ITPO-
JIaX K YUCILy TOTEHLIMATBHBIX IMOKyNaTeJIei B oapas-
JIeJIEHWU j B i-blif BpeMeHHOU niepuon, j = 1, ..., N, tae
N — KonuvecTBO MOApa3aeNeHUi CeTeBOM opraHu3a-
unu, i = 1, ..., m, Tae m, — KOJIMIeCTBO aHAIN3UPYEMbIX
BPEMEHHBIX TIEPUOAOB PabOTHI j-Oro MOApa3IeICHUSI.
Bynem cuutaTh, 4yTO HaOIIOAEHMUS X, TIPE/CTaBISIOT
co0oil 3HAYCHMS CIYYallHBIX BEJMYMH X, KOTOpbIC
OIKCHIBAIOT OTHOIIEHUE YMCIEHHOCTHU MTPOIaX K YKC-
JIy IOTEHLIMAIIBHBIX TTOKYIaTeIei B MOAPA3NECIECHUM j
BO BpeMeHHOI riepuon i. [Ipenmonoxum, 94To Bce Bpe-



MEHHbIE TIEPUOAbl OMMHAKOBBI, a CIyJyailHble BeJIUMYM-
HBI Xj,. HE3aBUCUMBI IIpu Bcexj =1, ..., N; i=1, ..., m,
¥ TIpu (PUKCHPOBAHHOM j OMMHAKOBO PACIIPEICICHBI,
KakK Xj ITycTb Fj(x) — (byHKLMS pacnpenesieHUusT CIIy-
YaHOW BEJTMYNHBI Xj

3amaua, paccmMaTpuBaeMas B HacTosiei pabote, 3a-
KJTIOYAeTCsI B IOCTPOCHUU W TIPUMEHEHUY JIJIST aHAJIM -
32 KOHKPETHBIX JAaHHBIX CTATUCTUYECKOM MpPOLETYpPhI
pa3jiMyeHUsI TUTIOTE3 BUA:

H  F(x)=F((x)=--=F,(x), Vx

H,:F(x)<F(x)=--=F,(x), Vx
: )

H, FXx)<F((Xx)<--<F,(x), vx

ITpu sTOoM rumoresa H, o3HayaeT, 4TO 3(PPHEKTHB-
HOCTb BCEX TIOApa3/ieJIeHUiA ONMHAKOoBa, Tunoresa H,
O3HayaeT, YTo noapasaeneHue 1 padoTaeT Gosee 3¢-
(GEeKTUBHO, YeM OCTalibHbIe Moapas3aeneHust, 3¢ dex-
TUBHOCTb KOTOPBIX OAMHAKOBa, U T.O. 3aMETUM, UTO
cooTHoleHus (1) He OMMCHIBAIOT BCE BO3MOXKHBIE CO-
OTHOIICHUST MeXIy (DyHKIUSIMU pacIipeneIeHust Fj(x),
j =1, .., N. Mbpl orpaHM4YuBaeMcsl pacCMOTPEHUEM
TOJIBKO 3TUX TUIIOTE3, TaK KaK HAC MHTEPECYeT TOJIbKO
HaJIMYMe CUCTEMaTUYECKOIo CIBUIa, K KOTOPOMY MO-
KeT MPUBOIUTHL pa3Has 3¢ GEKTUBHOCTh PabOTHI pa3-
JIMYHBIX HOAPA3ICICHUN CETEBOM OpraHU3aLUN.

Kak u B [4] Oymem MCIioib30BaTh METOH, ITOCTPO-
€HUsI TIPOLEeIyp CO MHOTUMU DPEIICHUSIMM, IIPEIJIO-
KEeHHBIA B [17]. DTOT MeTOm OCHOBAaH Ha CBEICHUN
MHOTOQJITEPHATUBHOW 3ala4yi K COBOKYITHOCTH CO-
OTBETCTBYIOLIMM 0O0pa3oM IOA0OpaHHBIX JBYXajb-
TEpHATUBHBIX MOPOXIAOIIUX 3ana4. B Hamem ciy-
yae i pasnuueHus (1) ecTecTBeHHO paccMaTpuBaTh
IBYXaJIbTCpHATUBHBIC 3aMauyd IIPOBEPKM THIIOTE3
hl.j :Fl.j(x) > F(x),vx,Vi,j=1, ..., N.

[Mpn duKcHpoBaHHBIX i, j KOMOMHALIMSI TECTOB P,
®; ozLUHOBpeMeHHoﬁ TIPOBEPKM TUTIOTE3 h,./. u hﬁ C HeHy-
JIEBO BEPOSITHOCTBIO MOXET MPUBOIUTH K JIOTMYECKHU
HECOCTOSITEIbHOMY (IPU JaHHOM X) PelIeHUI0 00 OT-
BEpKeHUU 00euX TuIoTes, T.e. K IMpodjaemMe HeCOBMeE-
ctumocTtu. Kak nmokaszano B [17], mist uckiiroueHus Ta-
KOTO IIPOTUBOPEUUS JOCTATOUYHO MOTPEOOBATH, UTOOBI
YPOBHU 3HAYMMOCTH (1, (, TECTOB @, ¢, YIOBJIECTBOPSI-
u yenosmio a; + a, < 1. B aToM ciiyyae KoMOUHaIMs
TECTOB @, @, TPUBOIUT K COBMECTHOII IpOLIenype pas-
JIMYEHUSI TPEX TUTIOTE3

H: F(x)< E(x);
H}  E(x) = E(x); (2)

H: E(x) > F(x).

OnHako O0beAMHEHUE TaKUX IPOLEeayp ¢ Tpems
PEUIEHVSMU TMIPU PAZJIUYHBIX I, j MOXET MPUBECTU K
IIPOTUBOPEYNIO, 2 UMEHHO: C HEHYJIEBO BEPOSITHO-
CTBIO MOXET OBITh IPUHSITO PEIICHUE O TOM, YTO (Ha-
puMep):

F (x) = F,(x) u F)(x) = F,(x), HO F|(x) # F,(x).

Jns UCKITIOYeHUsI YKa3aHHOTO MPOTUBOpeunsi B [4],
clenysi npemyioxkeHuto [17], paccmaTpuBaiach HECKOJIb-
KO U3MEHEeHHasl CUcTeMa MopoXaanuyx rumnores. [Tpu
9TOM UCCIeA0BAaHUS ObLIM OTpaHUYEHBI ClTydaeM, Koraa
F(x) npencrasiisieT co60i HOPMaJIbHOE PACTIPEIE/IEHHE.
B 0603HaueHusIx HacTOsIIIE paboThl U3BMEHEHHAS CH-
cTeMa MopoXKIaLIUX TUTIOTE3 UMEET BUIL:

K, F(x)+ A2 F (x),9x,Yi, j=1,...,N.

ITpu KOMOMHUPOBAHUK TECTOB qo’ij, qo'ﬁ OIHOBPEMEH-
HOM TIpOBEPKHU THUITOTE3 h'[j, h'ﬂ. ToJiydaeM TpoLeaypy
pa3IMIeHUS TPEX TUITOTE3:

H':F(x)+A<FE(x);
H? | E(x)—F(x)] <A (3)
HP : E(x)> F(x) +A.

IIpu aToM MpobemMa MoJydeHUsT TPOTUBOPEUMBBIX
BBIBOJIOB HE BO3HUKaeT. BMecTe ¢ TeM BBeneHue napa-
MeTpa A hopMabHO U3MEHSIET UCXOMHYIO 32124y .

B Hacroseii pabote mapameTp A He BBOAUTCS U
MPEANOJIOXEHNE O HOPMAJIbHOM pacipeieieHuu He
nmenaetcst. I1pu 3TOM OOWH M3 MHTEPECHBIX BOIIPOCOB
3aKJII09AaeTCs B TIOMCKE BApUAHTOB HEMTPOTHBOPEYMBO-
ro o0beIMHEHUS CTATUCTUYECKUX IIPaBUJI C TPEMSI pe-
LeHUsIMHU 0e3 BBeIeHUS IapaMeTpa A.

3aMeTuM, YTO B HACTOsILee BPEMSI B MHTEHCUBHO
Pa3BUBAIOILENCS TEOPUM OJHOBPEMEHHON IIPOBEPKU
MHOTHX THUIIOTE3 He eIaeTCsT aKLIEHT Ha HeOOXOIMMO-
CTU pelIeHUsl mpodiieMbl HecoBMecTUMOCTH [18—21].
IIpu sTOM HaumHas ¢ paboTwl [22] mpobiiema Heco-
BMECTUMOCTH PAacCMaTpUBACTCSI KaK CIUIIKOM CHIIb-
Hoe TpebOoBaHMe, HaKJIalblBaeMOe Ha MpOLEAYpPY Of-
HOBPEMEHHOI ITPOBEPKM MHOTHX rumoTe3. B pamkax
TEOPHUU OJHOBPEMEHHOM MPOBEPKY MHOIUX TUIIOTE3 B
OCHOBHOM M3y4alOTCS ITOAXOIbI K IIOCTPOEHMIO IIPOLIE-
IIyp, KOHTPOJUPYIOIINX BEPOATHOCTb XOTSI ObI OTHOM
OIIMOKM IIePBOro poja, J0JIM OIIMOOK IIEPBOTO poaa 1
HeKoTopwle Apyrue. B Hacrosieil paboTe HAaNpOTUB,
MBI JiejIaeM aKIeHT Ha pelIeHUH TIpo0IeMbl HECOBME-
CTUMOCTH, UTO MO3BOJISIET IIPOBECTH aIeKBAaTHOE CPaB-
HEHUE C pe3yJbTaTaMU, MOJyYeHHBIMU B [4].



2. HemapameTpuueckas npoueaypa
CPABHHUTEIBHOIO AHAIN32
U ee BH3yaJu3anus

2.1. IIpouenypa ¢ TpeMs pemieHUSAMHA

OpnHa u3 HaubOosiee 3(pHEKTUBHBIX HemapaMeTpu-
YeCcKMX MpoLenyp pa3iuyeHus rumnore3 (2) ocHoBa-
Ha Ha cratucTuke MaHHa—YutHu [6, 9]. CratucTka
MaHHa—YUTHU UMeEET BUL:

M

VI//‘/‘(xf’ xj) = ZZI(’%< xjr)’

r=1 s=I

roe /(A) — nHOuKaTop COOBITHS A.

(4)

IIpu ¢puKcupoBaHHBIX i, j TpoLIeAypa C TPEMS pellie-
HUSIMU PA3IUYEHUs TUIoTe3 (2) B TEPMUHAX p-3HAyYe-
HUIA MOXET OBbITh 3aIIMCaHa B BUIIE

1
@(i,j)=1d,
2

1
p; <q,

(&)

3
P, <a,
'sa,p’>a
by » Dy 39
k
rned ; — DELIEHUE O IPUHATUY TMIOTE3bI H j" k=1,2,3);

1
pl.j , p; — COOTBETCTBYIOIIIUEC p-3HAYCHUA, A UMCHHO!

Py =Py (W (XL X)) S W, (x1,x))

(6)
Py =Py (WX X) > W, (x, %)),

TI€ @, @, — YPOBHU 3HAYMMOCTHU TECTOB IPOBEPKU M-
ToTe3 H,-,-l u Hlf COOTBETCTBEHHO.

IIpu sTOoM mpemronaraercs, 9YTO Cpedu HabOJoma-
EMBIX 3HAYEHUH X, ..., X, M X;,..., X; HET PaBHBIX.
HeobxomMble KOPPEKTHPOBKU B CIIyyae PaBHBIX Ha-
OJIIOAEHUIT MOXHO BHECTH, ONUPAsiCh HA METOOUKY,
HU3JI0XKEeHHYIO B [9].

Tabmuirel pactipenesneHus: CTaTucTuku (4) mpu ma-
JIBIX M, M, IPUBEJICHbI B [9]. I1pu Gosbiuux m,, m; MOX-
HO UCII0JIb30BaTh HOPMAJIbHOE pacipeeieHue

m,"mj m,‘m/'(m,+mj+1)
2 12 ’

KOTOPOE PEKOMEHIYETCS MCIIOJIb30BaTh ITPU
min(m,, mj_) >5019].

N3 (6) ouyeBHOHO, UTO MPHU (PUKCUPOBAHHBIX I, j
CTIPaBEINBO p!.'/. + p;. = 1. ITosToMy 1T TIpUMEHE-
HUSI IPOLIEAYPHI C TPpeMsI PeleHUsIMU (5) J0CTaTOYHO
“HOOpPMAIMU 0 MUHUMAJIBHOM p-3HAaYEHUMU:

p, =min(p;, p;). (7)

2.2. IIponexypa co MHOTMMH pelIeHUSIMH
U ee rpapuuecKoe mpeacTaBjieHne

ITpouenypy paznuuenus runotes (1) Oyaem moiry-
YaTh KOMOMHHMPOBaHKUEM mporenyp (5).

Takas mporienypa MOXKeT ObITh 3aIliCaHa B BUIIE:

0=(p(1,2),9(2,3),..., (N =1, N)). (8)

Yepes f, i = 1, ..., N 0603Ha41M 3(PPEKTUBHOCTD
paboThI i-TO MoapasneneHus. B paccmarpuBaeMoii 3a-
naye Mexny 3GheKTUBHOCTIMU pabdOThI MoApasaene-
HMIA ceTeBOM opranuzaumu (f,, ..., f,) BOBMOXHBI 1Ba
THUIIA OTHOIICHU! (IOMUHUPOBAHUE WIN SKBUBAJICHT-
HOCTB). 3aIuch f, > f, 03HaYaet, 4To i-oe noapasiese-
Hue paboTtaeTr 6osee 3(DHEKTUBHO (IOMUHUPYET), YeM
J-0¢€ mofipasiesieHue. 3anuch f, = ]: O3HAayaeT, YTo i-0e
U j-oe monpasnejeHus paboTaloT ONMHAKOBO 3 dheK-
TUBHO (3KBUBAJIECHTHOCTD). JIJ1s1 HArIsIAHOTO aHaau3a
Pe3YJIbTaTOB IPUMEHEHKS MPOLENYPHI (8) BOCITIONB3Y-
eMCsI METOIMKOM, MPeAJIOXKeHHO B [23—25].

[pu nannom Bekrope (f,, ..., f,) BBeneM mMarpuiy D
C 3JIeMeHTaMU

L f>f
_1> .f‘: < ff
¥ MaTpuily B ¢ sneMeHTaMu
L fi>
7| 0, uHaue.

Jlerko nokaszarsb [24], uTo MaTpulia B cBsi3aHa ¢ Ma-
Tputieii D COOTHOIIEHUEM

D=B-B",

rae B” — TpaHcnoHMpoBaHHAs MaTpula B.

CooTHolleHUs, ONUChIBagMble MaTpulieil B, yno0-
Hee MHTEePIIPETUPOBaTh, €CJAU CTPOKU M CTOJOLBI Ma-
TpUILlbl B mepecTaBilieHbl TaKUM 00pa3oM, YTOOBI I10-
JIYYUTh BEPXHIOIO TPeyroabHylo ¢opMy (T.e. codpaTb
10 BO3MOXHOCTH BCE €IMMHUIIBI Haj IJIABHOM aMaro-
Hajblo MaTpullbl B). IIng monydyeHus: BEpXHEW Tpey-
TOJTBHO# (POPMBI MATPUILIBI B MOXHO YIIOPSIOYUTH 10
yOBIBAHUIO CTPOKU (M CTOJIOLIBI) MAaTpUIlbl D MO CyM-
MaM 3JIEMEHTOB CTPOK. 3aMEHMB 3JIEMEHTHI — | TIOJTy-
YeHHOI MaTpulbl Ha 0, TTOIyInM MaTpully B, Hanbo-
JIee COTJIACOBAHHYIO C BEpXHEI TPeyroJibHOM (opMOii.
Martpuna B, HarboJsee corlacoBaHHasi C BEPXHEN Tpe-
YTOJIbHOM (hOPMOIA, TTO3BOJISIET BBIACIUTD TaK HAa3bIBa-



eMble «KJIacChl 3KBUBanleHTHOCTH» («undifferentiated
classes» [25]). TepMUH «KJlacC 3KBUBaJEHTHOCTU» OY-
JIET WCITOJIb30BaThCs I 0003HAUYECHUST HAMOOJbIIE-
ro MHOXeCTBa nonpasaencHuii, 3¢p¢GeKTUBHOCTU pa-
0OTBhI KOTOPBIX 3HAYMMO HEOTIIMYMMBI JAPYT OT Jpyra.
TepmuH «HanOOMBIINI» O3HAYAET, YTO IJIsI JIIOOOTO
noapasaeieHus i, KOTopoe He MPUHAIJIEKUT JaHHO-
My KJaccy 9KBWBAJEHTHOCTH, CYIIECTBYET IO Kpaii-
Hell Mepe ofiHO Moapa3iesieHHe j U3 3TOro Kjacca, Ta-
Ko€ 4TO 3¢ (HEKTUBHOCTU PAOOTHI MOAPA3ACICHUM i U j
3HAYMMO pa3nIn4yrMbl. MaTpuia B, HauboJjiee coraaco-
BaHHasl C BEpXHE TPeyroiabHol (hopMoii, MOKa3bIBaeT
KJIacChl DKBUBAJIEHTHOCTU, KaK KBaJpaTHBIE TMOAMA-
TPULIBI, CAMMETPUYHBIC OTHOCUTEJILHO TJIaBHOW aMa-
TOHAJIN, BCE JIEMEHTHI KOTOPHIX paBHHI ().

OueBUIHO, YTO TMEPECEKaIOIIUeCs KIacChl 3KBUBa-
JICHTHOCTH, TIOJy4Yyalolyecsl Npu MPUMEHEHUU MPo-
eaypbl 6, O3HAyaloT CYIIECTBOBaHWE IPOOJEMBI
HecoBMecTUMOCTU. Matpuily D ynoOHO BU3yalIn3upo-
BaTh B Buje rpada G = (V, E), tne V=1{1, 2, ..., N} —
MHOXECTBO BepIlH rpada, £ = {e[j} — MHOXECTBO pe-
6ep rpada. Eciu snemeHT dij MaTpulbl D paBeH 1, To
B rpad G mobaBisieTcs HampaBJIeHHOE pedpo OT Bep-
LIMHBI { K BepiuuHe j. [Ipu 3TOM BeplvHa i TOMUHU-
pyet BepuiuHy j. B [11] BepiiuHa i Ha3bIBaeTCs poau-
TeJieM BEPIIVHEI j, a BEPIIMHA j — PEOCHKOM BEPIITMHBI
i. Ecnu BepiivMHa i coeiMHEeHa HampaBJIeHHBIM MyTeM
IUTUHBI OoJbIlie 1 ¢ HEKOTOPOI BepIIMHOI k, TO Bep-
IIMHA { Ha3bIBAEeTCS MPEIKOM BEPIIMHBI k, a BepILIMHA
k — moToMKOM BepmMHEI /. Ecu aneMeHT dl_j MaTpu-

bl D paBeH 0, To B rpad G mobaBisieTcsl HeEHaIpaB-
JIEHHOE pedpo MeXay BeplIMHaMU i U j. Eciu aneMeHT
dij =—1, To, TaK KakK a’ij = —dﬁ, rpad G yxxe ConepXXuT
HampaBJieHHOE peOpo OT BEPUIMHBI j K BepIuHe i. [1pu
5TOM OYEBUIHO, YTO BCE BEPIIMHBI 3TOTO rpacda, CooT-
BETCTBYIOILIME TOAPA3ACICHUSIM U3 HEKOTOPOTro Kjac-
ca 9KBUBAJICHTHOCTU, COECAMHEHBI MEXAy coOOi He-
HaInpaBJIeHHBIMU peOpaMU U MO3TOMY MPEACTABIISIOT
coboit knuku rpada G. Huxe Mbl OyaemM OTIEIBHO
1300paxath noarpadel TOIBKO ¢ HAIPaBJIEHHBIMU pe-
OpaMu 1 TOJTBKO C HEHATIPaBJIEHHBIMU peOpamu.

3aMeTuM, 4YTO MpeajaraeMoe MpeacTaBiIeHue Oy-
JIeT IBHO OTOOpaXkaTh CYIECTBOBaHUE IMPoOJIeM He-
COBMECTMMOCTH IOJYYEHHBIX BbIBOIOB, B CIy4ae MX
Hanuust. O4eBUIHO, YTO €CJIU B IIPEACTABICHUM pa3-
JIMYHBIC KJIACChl 3KBUBAJEHTHOCTU COIepXkKaT OJuHa-
KOBBbI€ BEpIIMHBI, TO IMPOOIEMa HECOBMECTUMOCTHU
UMeeT MecCTO.

3. NmocTpaTuBHBIA IpUMep

PaccmorpuM 3amady cpaBHUTEIBHOTO aHanu3a 3¢-
dexkTuBHOCTEN pabOTHl (PUIMATOB YHUBEPCUTETA, KO-
Topasi Obl1a KpaTKO omnucaHa BO BBeaeHUM. OO03Ha-
yuM 1f — nepewiii duAa yHUBepCUTEeTa, 2f — 6mopoi
(unman yausepcurera u T.1. JJaHHBIE 1151 aHAIM3a 3a-
WMCTBOBaHbI U3 [4] U mpuBeAeHbI B mabauye 1.

MunuMmanbHble p-3HadeHus (7) TecToB (5) ImpuBe-
IIeHBI B mabauye 2.

Tabauya 1.
JlaHHbIe 0 YKce caymareei
MOATOTOBUTEIbHBIX KYPCOB B Pa3IMYHBIX (uimanax

v f ¥ 4 S of f 8f
103 131 187 154

2 212 262 92 151 9 235

122 197 376 129 164 268 338 7
48 143 283 146 141 217 239 63
86 9% 231 125 140 231 187 59
89 70 203 127 173 175 123 78
147 R 276 183 141 137 139 82
134 95 258 213 187 242 185 28

KonmdecTBo moTeHIIMATBHBIX aOUTYPUEHTOB B i-OM (huinae

6390 7090 28900 6320 6320 11130 4660 2530
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Tabauya 2.
Ml/lHﬂMaJ]BHHe p-3l'[a‘[e]'ll/lﬂ
1f 2f 3 af 5 of f
Py
2
/ 0,4392
- Py Py
0,0023 0,0103
" Py P 2N
0,0364 0,0652 0,0001
" Pis Pis Pis Pis
0,0006 0,0469 0,0002 0,1678
of Pl Pl P Dis Pl
0,3063 04775 0,0070 0,0760 0,0020
" Py Py Py Py py Py
0,0002 0,001 0,0002 0,0200 0,0012 0,0003
" Pl P Py Pl Py Pl Pl
0,0147 0,0539 0,0007 0,1725 0,1830 0,0256 0,0175

PaccMoTpuM TIpexIe BCEro TPamWIMOHHBIA ypo-
BeHb 3HAYMMOCTH @, = 0,05, Vi,j=1, ..., 8. MaTpuia

3.1. ITocTpoeHne KaaccoB
3KBUBAJEHTHOCTH

D, ,; mpuBeneHa B madauye 3.

Tabauya 3.
MaTtpuna Do’05

|2 3F |4 | S| 6o | 7f| & |Z
1If | - 0 1 -1 4 0 e e R
10| = | 1o |0 )]0
| A - alalalalala
47 | 1 0 1 - 0 0 | - 0 1
| 1 1 1 0 - 1 -1 0 3
6f | 0 0 1 0 -1 - |12
77 | 1 1 1 1 1 1 - 1 7
8&F | 1| o1t o o1 -]2

I'pacduueckoe npencraBieHue MaTpULLbI Do,05 noKa-
3aHO Ha pucyHke 1.

Puc. 1. Tpachneckoe npeacTasnexe Matpuupl D, .

Martpuna B

0,05

IIOJIy4Y€HHasda U3 MaTpUIbl

D, _, ipu-

0,05°

BeJleHHasl K BepXHell TpeyroibHoi popme, moKazaHa B

mabauye 4.
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Tabauya 4. Tabauya 5.
Matpuna Bo’ﬂs, Matpuna Do,1
npuBeJAeHHAS K BEPXHeil TpeyroibHoii (hopme
If | 2f | 3|4 | 5| 6| 1f | 8 | =
7 5 8 4 2 6 1 3
LS ¥4 e |3 Fl-lol1[alalolala]=
/2 P T T O R O T
2f | 0 - 1 -1 -1 0 -1 -1 -3
5f Y R T T T B
|| -l alalalala
8f A I I T S O
1 1 1 - 0 1 -1 0 3
4f oo | 1| Y
of "o o [ S0ttt o -1t a3
6f _ 0 1 6f | 0 0 1 -1 -1 - -1 -1 -3
1f _ 1 7f 1 1 1 1 1 1 - 1 7
3f - 8F | 1 |11t o o 1|l -3

I'pacdhnyeckoe mpencraBieHne MaTpuLbl B, mpu-
BEIEHHOW K BEpXHElW TpeyrosbHou (opme, MoKa3zaHO

Ha pucyHke 2.

Puc. 2. Tpachnieckoe npefcTasneHne Matpudpl B,
NPUBEAEHHON K BEPXHEN TPeYronbHoii (hopme.
Homep dunnana 0603Ha4eH Lndpoii.

Ha puc. 2 nerko BuaeTh, 4To B JaHHOM rpacde 1IecTh
xk: {7}, {4, 5, 8}, {2, 4, 8}, {2, 4, 6}, {2, 6, 1}, {3}.
OTMeTHM, YTO 3TU KIMKW UMEIOT OOIIMME BEPIIMHBI,
HaIlpUMep, BepIIMHA 4 MPUHAIUICXUT TPEeM KITUKaM.
DTO CBUAETENBCTBYET O CYIIECTBOBAHWU ITPOOIIEMBI
HecoBMeCTUMOCTU. TakuM obpa3oM, mpu a, = 0,05,
Vi, j =1, ..., 8 HemepeceKkaroluecs: KJacchl 3KBUBa-
JICHTHOCTH HE BBIIEJISIOTCS.

Xopo1Io M3BECTHO, YTO CTPOTMX IIpaBUJI BbIOOpA
YPOBHSI 3HAYMMOCTU @ HE CYILIECTBYeT. BO3MOXHbII
Ccroco0 YMEHBIICHUS YMCIa BO3SHUKAIOIINX IIPOOIeM
HECOBMECTHMOCTH MOXET OBITh OCHOBaH Ha U3Me-
HEHUU YPOBHS 3HAYMMOCTHU . AHaIu3 p-3HAYECHUM,
MPUBEICHHBIX B mabauye 2, OACKA3hIBAeT 1IEJIeCO0-
Opa3HOCTb MOCTPOECHUS U U3YYeHUS rpapruecKrux MO-
JeJieil TIpu BhIOOpE a, Vi, j= 1, ..., 8 u3 uHTEepBaNa
(P} =0,076; p!, =0,1678). [Inst onpeneneHHOCTH BbI-
oepeM a,= 0,1,vi,j=1, ..., 8. MaTpuua DO’1 npuBee-
Ha B mabauye 5.

I'pacduyeckoe mpencraBieHne Marpuiibl Dy, 1moka-
3aHO Ha pucyHke 3.

Puc. 3. Tpachneckoe npeacTasnexe mMatpuubl D, ,.
Homep thuninana 0603Ha4eH Lgpoii.

Martpuua Bo,l’ MoJydeHHasi U3 MaTpULIbI DO,I, npu-
BelleHHAas K BEpXHE TpeyroibHo# (popme, mokazaHa B

mabauye 6.

Tabauua 6.
Marpuua B ,
NpHBeJIeHHAs K BepXHeii TpeyroibHoi (hopme
TS| & | & 2| 6| If| 3
o/ = T T U T T R I T B
5f - 0 0 1 1 1 1
8f T R e R e T A T
4f S I O
2f - 0 0 1
6f - 0 1
If - 1
3f -




I'padueckoe npencrapieHne MaTpuLbl B, |, mpuse-
JEHHON K BepXHEW TpeyroJibHoi (popme, IToKa3aHo Ha

pucyHke 4.

Puc. 4. Tpachnieckoe NpejcTaBneHue Matpuupl B, ,,
NpuBELEHHON K BEPXHEN TPEYrobHOM (hopMe.
Homep dunnana 0603Ha4eH Lndpoil.

Ha pucynke 4 nerko BUIEThb, YTO B JaHHOM rpade
yeThIpe KIuku {7}, {4, 5, 8}, {2, 6, 1}, {3} npuyem 3tn
KJIMKY HE UMEIOT OOLIMX BEPLIMH. DTO CBUAETENbCTBY-
eT O TOM, 4TO TIpH a; = 0,1, Vi,j=1, ..., 8 mpobiema
HECOBMECTMMOCTH He BO3ZHUKAET, T.¢. KJIaCCHl 9KBUBA-
JICHTHOCTY He TIepeceKaloTCs.

3.2. ITocTpoeHue CTPYKTYP YHOPSIIOYEHHUS

I'pacuueckoe npeacrapiaeHue MaTpuibl D, . TOKa-
3BIBACT CTPYKTYPY YIIOPSIOYeHUS (PUIMAIOB IO 3(-

(GeKTUBHOCTU UX pabOThI, MPUBEACHHYIO Ha pUcyHKe 5.

Puc. 5. Henapametpuyeckoe ynopsigoyerue a = 0,05.
Homep dunnana 0603Ha4eH Lndpoi.

IToka3zaHbl TOJBKO CBSI3W IOMHMHHPOBAHMUS, CBSI-
31 9KBUBAJICHTHOCTU M CBSI3M MEXKIY MpeaKaMu U T10-
TOMKaMU He TMoKa3aHbl. B yacTHoOCTH, He MpPOBEIEHO
HarpaBJeHHOEe pedpo MexXay BepliMHamMu 7 U 3, T.K.
CYILIECTBYET HaTpaBieHHbId myTb 7 >4 — 1 — 3 or
npenaka 7f K mOoTOMKY 3f, 03HAYamIIUii CTPOroe yIio-
psinovyeHue: 7fadbdextusHee 4f, 4f abdexkTuBHee 1f, 1f
a¢hdekTuBHee 3f. 3aMeTUM, YTO B JaHHOM Tpacde HeT
HampaBIeHHBIX yTeii 7 -4 —>2—>3;7 >4 — 6 > 3;
7 — 8 — 2 — 3. DTO CBUACTEALCTBYET 00 OTCYTCTBUU
MOJHOTO YIOPSITOYEeHUs MeXny 3DheKTUBHOCTSI-
MU pabotel punuanos npu @ = 0,05. YuuteiBas, 4To

{4f, 5f, 8f} mpuHamIexaT OJHOMY KJ1acCy 9KBUBAJIEHT-
HOCTH, OTCYTCTBUE TaKUX IyTel MPUBOAMUT K JIOTHYE-
ckuM npoTtuBopeunsmM. [TogquepkHem, uto ripu a = 0,1
ITOJTHOE YIIOPSMOYeHNE UMEET MECTO (CM. puc. 6) U JI0-
TUYECKUE TTPOTUBOPEUUS HE BO3HUKAIOT.

Puc. 6. HenapameTpuyeckoe ynopsiaoderme a =0,1.
Homep thuninana 0603Ha4eH Lndpoii.

3.3. CpaBHeHue

Ha pucynke 7 moka3aHbl rpadbl, TOCTPOCHHbBIE O
pe3yibTaTaM cpaBHeHUS 3(hGEKTUBHOCTEN pabOThI
(bunmanoB Kaxk B MPEANONIOXKEHUU HOPMAJIBHOTO pac-
TpenesieHrs] U3ydaeMbIX CITydaiftHbIX BeIUUuH [4], Tak
U B HEMIApaMETPUUIECKOI TOCTAaHOBKE.

Puc. 7. apameTpuyeckoe (cnesa),
HenapameTpuyeckoe (cnpasa) ynopsaoyerus npu a = 0,05.
Homep dmnnana 0603Ha4eH Lndpoi.

I'padbl yriopsimodeHusi, mpeacTaBieHHbIE Ha pUCyH-
Ke 7, OTIMYAIOTCS TpeMsl pedpamMu, a UMEHHO: pedpo
(4, 6) MPUCYTCTBYET MPHU ITApaMETPUUECKOM YIIOPSIIO-
YeHUHU, U OTCYTCTBYET IPY HeIlapaMeTPUIECKOM YITO-
psnoyeHnu; pedpa (8, 1); (8, 6) mpUCyTCTBYET NPU He-
ImapaMeTPUIeCKOM YIOPSIIOUYSHUN, M OTCYTCTBYET IIPU
napaMeTpUIeCKOM YIOPSIIOYECHUH.

JIuneitHOe yIIopsimoYeHMe, IMTOCTPOSHHOE IO CXEeMe,
MpeLIOXKEeHHOH B [4], COOTBETCTBYIOIIEE HEITapaMeTpU-
YECKOMY YIIOPSIIOUYCHUIO (puc. 7, CIipaBa), UMeeT BUI;

LH<A LS LS f,<f,<f,<f, cTounoCcTBIO A.  (9)

[lomyyeHne TaKOTO JUHEHHOTO YITIOPSIOYCHMS,
¢dopMasibHO TIPEIIOXKEHHOTO B [4] B HECKOJILKO MHOM
IIOCTaHOBKe (YITOPSIIOYeHUE ¢ TOYHOCTBIO A), OCHO-



BaHO Ha aHAJIM3¢ YHMCJIa HaIlpaBJICHHBIX CBS3CH, BBI-
XOISIINX M3 KOHKPETHOM BEPINMHBI WM BXOMSIINUX B
KOHKPETHYIO BepIINHY. A UMEHHO, TaK KaK BepIIIHEI
4,5, 8 (puc. 7, cipaBa) HE COCIUHSIIOTCSI HAIlpaBJIeH-
HBIMU pedpaMu, TO Ha MEPBBIN B3I KaxXeTcs, 4TO
MOXET ObITh BBIHECEHO DPEIeHUe f, = f. = f, ¢ Tou-
HocThlio A. OmHaKo, Tak KakK BepldHa 4 TOMUHUDPY-
€T TOJIbKO OJHY BepIlMHY 1 (U3 BEpIIMHBI 4 BBIXOIUT
OJHO HampaBJIeHHOe pebpo), BeplIHA 8 JTOMUHUPYET
JBe BepLUMHbI 1 1 6 (13 BepIUMHBI 8 BHIXOOAUT ABa Ha-
MnpaBJeHHbIX pedpa), U BeplIdHA 5 TOMUHUPYET TPU
BeplMHbI 1, 2, 6 (U3 BepIIMHBI 5 BHIXOAWT TPU Ha-
NpaBJIEHHBIX peOpa), TO BBIHOCUTCS pelieHue f, < fo <f,
C TOYHOCTBIO A. 3anuch f, < f; ¢ TOYHOCTHIO A O3HaYa-
er, uro f, + A < f uim lf4 —f |[< A. AHajoruyHo, TaK
Kak BeplIuHEI 1, 2, 6 (puc. 7, cripaBa) HE COEIUHSIIOTCS
HampaBJIeHHBIMU pebpaMu, TO Ha TIEPBBIA B3I
KaXeTCs, YTO MOXKET OBbITh BBIHECEHO pellieHUe f, =1, =f,
¢ TogHoCThIO A. OmHAKO, TaK KaK BepIImHa 1 — moTo-
MOK Bcex BeplIuH 4, 5, 8 (B BepuIMHy | BXOOWUT TpU Ha-
MpaBJIeHHbIX pebpa), BeplIrHa 6 — TOTOMOK ABYX Bep-
WHH 5 1 8 (B BepIIMHY 6 BXOAUT JBa HaIlpaBJIEHHBIX
pebpa), BepirrmHa 2 — ITIOTOMOK OIHOI BEPIIUHEL 5 (B
BEpIIMHY 2 BXOOWUT OXHO HaIlpaBJIEHHOE pedpo), TO
BBIHOCUTCS pelieHue f, < f, < f, C TOUHOCTBIO A.

JluneliHoe ynopsiaoueHue, rmoayyeHHoe B [4] uMe-
eT BUII:

L <[ =L LS A2, /<[, cTouHocThIO A, (10)

Ynopsnouenust (9) u (10) omiuyaoTcsi O4eHb He-
3HAYMTEJbHO. B camMoMm nesie, KpaitHue 3J1eMeHTHI yTIo-
PANOYEHMI COBMANAIOT, U3MEHMJICS 3HAK f, < f, 1O
CPaBHEHUIO CO 3HAKOM f, = f,, U HECTPOTOE YIOpsia0oYe-
Hue f, < f, uBMEHWIIOCH Ha yniopsanodyenue f; < f,. Ho B
000uX ClIydasix 3HAYMMOTO pa3nnyuusi 3h(HEeKTUBHOCTU
paboThl GpUIMANOB f, U f, He OOHapyXeHO. DTO Koc-
BEHHO CBUIETEIBCTBYET O NMPUEMIEMOCTH HOPMAaJlb-
HOI MOJeJN, TPeAJIOKEHHOI B [4].

Kiacchl 3KBMBaJIEHTHOCTHU, TIpEICTaBJICHHBIE Ha
pucynke 8, OTIMYAIOTCS TpeMsi pedpamu, a UMEHHO:
pebpo (4, 6) MPUCYTCTBYET MPU HEMapaMeTPUIECKOM
TMOCTPOCHUU KJIaCCOB 3KBUBAJICHTHOCTH, U OTCYTCTBY-
eT IpU MapaMeTpUIeCcKoM ITOCTpoeHUU; pebpa (8, 1);
(8, 6) mpucyTCTBYET MpU MapaMeTPUIECKOM MOCTPO-

Puc. 8. MapameTpuyeckue (crnesa),
HenapameTpuyeckue (cnpasa) Knaccol 3KBUBANIEHTHOCTM
npu a=0,05. Homep cunuana 0603Ha4qeH Lnpoii.

€HUHU KJIACCOB KBMBAJICHTHOCTH, W OTCYTCTBYET IIpU
HernapaMeTpU4YeCKOM ITIOCTPOEHMH. DTO BIIOJIHE COIIa-
CYEeTCsI CO CPaBHEHMEM CTPYKTYD YIOPSIIOYEHUS (CM.

puc. 7).

3ak/noueHue

B pabote moctpoeHa HemapaMeTpuieckast Iporery-
pa CpaBHUTENBHOTO aHaau3a 3(PGEKTUBHOCTU PabOTHI
HECKOJIbKUX ITOIpa3aeICHNI CeTeBOI OPTaHN3aINH 110
HebobiIoMy 00beMy HabmoneHuid. [IpuBeneH npumep
MMPUMEHEHMS IIpeIaracMoro Mmoaxoaa K CpaBHUTEIbHO-
My aHam3y 3G PeKTUBHOCTE padoThI prmraaoB BY3a.
BrbimosiHEeHO cpaBHEHUE pPe3yJbTaTOB CPaBHUTEIBHO-
IO aHajM3a, IOJYYEHHBIX IIpeljiaraeMoil Herapame-
TPUIECKOU TIPOIICIYPOil C pe3yabTaTaMy, TOTyICHHBI-
MM B paMKax HopMajibHoU Monenu [4]. [TokazaHo, yTo
pe3yJbTaThl HeIlapaMeTpUYeCKOro YIIOpsmodYeHUs 0e3
BBEICHMS TOIIOTHUTEIFHOTO TIapaMeTpa HeoIlpeIeIeH-
HOCTH A M pe3yJIbTaThl YIIOPSIIOYEHHMS, TIOJyYeHHbBIE B
paMKax HOpMaJIbHOM MOJIEJIM C BBEICHUEM A, TOCTATOY-
HO 0mu3Ku. [IpuBeneH mpuMep ITOTHOTO HEITPOTUBOPE-
YHBOTO CpaBHEHUS 3((HEKTUBHOCTH pabOThl HECKOJIb-
KMX IOApa3NeICHUI CETEBOM OpraHn3anuy. |
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Abstract

To solve the problem of comparative efficiency analysis of branch operations for a small volume of
randomly observed data, a non-parametric approach is relevant, since it does not require a probabilistic
model of observations. Comparing the results of the non-parametric approach with the results obtained
within the traditionally used Gaussian model is also relevant. Additionally, obtaining a consistent
comparison of a group (of no less than three) branches is important. Currently, the non-parametric
approach and the corresponding comparison with the known results of solving the problem considered
in this work obtained within the framework of the normal model are absent. In addition, insufficient
attention is paid to the search for methods of obtaining consistent solutions. This work to some extent
fills these gaps. This work uses non-parametric statistical methods and theory of simultaneous hypothesis
testing to address these problems. This paper proposes a procedure for comparative analysis of the
efficiency of several units within a network organization with a small volume of observations based on
the Mann—Whitney tests. We carry out a comparison of the results obtained from the proposed non-
parametric procedure with results based on extensions of Student’s t-tests. We propose a method for
reducing the number of compatibility problems based on the search for an appropriate significance level.
We provide an example of a fully consistent comparison of the efficiency of branch operations.

Keywords: network organization, efficiency of branch operations, Mann—Whitney tests, incompatibility problem
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Abstract

The aim of this study was to examine the determinants of the continuance intention with respect to use of
the Audit Tools and Linked Archives System (ATLAS) by employing survey methods. These determinants
are developed from an Expectation Confirmation Model (ECM). The sample of this study is auditors
who use ATLAS in public accounting firms in Indonesia. As many as 356 data points can be processed
using smartPLS. This study revealed that perceived usefulness, confirmation, information quality, top
management commitment and satisfaction affected the auditor’s intentions when using ATLAS. The
implications of this study are (1) Public accounting firms must provide full support to auditors in using
ATLAS and equip auditors through training so auditors understand that using ATLAS is very useful; (2)
IAPI must pay attention to outputs that are complete, good and appropriate so that the auditor is satisfied
when using ATLAS. The auditor has a tendency to continue using ATLAS if he is satisfied.
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Introduction

he rapid development of information systems

in the digital era has brought changes in various

sectors. One such sector is auditing. The audit field
has used information technology in the work process.
The information system used by auditors in Indonesia is
the Audit Tools and Linked Archives System (ATLAS).

ATLAS is one solution to improve auditor perfor-
mance. Some of the benefits of ATLAS are, first, assist-
ing the auditor in carrying out and documenting the au-
dit process. Second, it makes it easier for the auditor to
prepare audit working papers, so that the audit working
papers he prepares are more systematic. Third, it reduces
auditor errors when carrying out the entire audit proce-
dure. The use of working papers processed on a computer
has existed for a long time among auditors, but the AT-
LAS implementation is a new thing for auditors.

Auditors are not yet required to use ATLAS in pre-
paring working papers [1]. However, the successful im-
plementation and success of ATLAS is expected with
confidence by the Ministry of Finance and Indonesian
Association of Public Accountants (IAPI). In fact, not all
implementations of ATLAS are in accordance with the
government’s expectations. Based on the results of [2],
the implementation of ATLAS does not improve audi-
tor performance and also does not improve audit qual-
ity. One reason is the low perception of the ease of using
ATLAS that makes auditors reluctant to use the ATLAS
system [3].

Technological and human factors are important com-
ponents in the implementation of technology adoption
such as ATLAS. ATLAS implementation is not consid-
ered to be in accordance with the expectations of the In-
donesian Association of Public Accountants (IAPI). This
is one of the causes of the human factor. Implementation
failure occurs because of the reluctance or rejection of
individuals within the company towards the implemen-
tation of technology [4]. Aldholay et al. [5] showed that
the failure occurred due to aspects of individual behavior
in the organization. Information system implementation
will be successful if the information system is accepted by
its users [6].

This study will focus on the determinants of the con-
tinuance intention to use ATLAS. This model is pro-
posed to facilitate understanding of the factors that im-
pact ATLAS acceptance. Bhattacherjee [4] created a
model, namely the Expectation Confirmation Model
(ECM). ECM is different from other information sys-
tem acceptance concepts. ECM focuses on the contin-
ued use of information systems, thereby providing solid
explanations and long-term projections of behavior.

ECM validated in various types of studies with many
sample characteristics and different countries. Several
research results using the ECM model include [7—11]
support for the main model of ECM, although not all of
the studies that have been conducted show results con-
sistent with previous studies. The inconsistency of the
results of this study is due to differences in the character-
istics of the sample and the context of the information
system studied.

The ECM model has several advantages over the pre-
vious theory. However, the ECM model has not includ-
ed the technological context and organizational context.
The ECM model only focuses on individual contexts:
confirmation constructs, satisfaction, and perceived
usefulness. The researcher finds that ECM does not in-
clude the technological context and organizational con-
text in its model.

To improve ECM, this study will incorporate both
the technological context and the organizational con-
text. The technological context is represented by sys-
tem quality, information quality and service quality
which had previously been formulated by [12]. In the
success model, system quality measures technical suc-
cess, namely the accuracy and efficiency of the system
in producing information. Information quality measures
semantic success, namely the success of information in
conveying meaning. Service quality measures the suc-
cess of the level of effectiveness, namely the influence
of the information generated by the information system.
The selected organizational context is top management
commitment. Top management commitment is support
from management (a public accountant firm) for audi-
tors to use ATLAS.



Based on the analysis above, the aim of this study is
to investigate the relationship between perceived useful-
ness, confirmation, information quality, design quality,
service quality, top management commitment and sat-
isfaction with the intention to continue using ATLAS
among auditors in Indonesia.

This study has made its contribution in two aspects,
namely the contribution to the development of theory
and practice. The results of this study contribute to
theory and practice related to scientific development.

¢ The theory contribution in this study is in terms of
construct development, model development and
providing empirical evidence about acceptance and
ATLAS.

¢ The practical contribution in this study is for systems
analysts and governments. The results of this study
can be applied to the practice of designing and
implementing ATLAS systems, so that in developing
a system one can pay attention to the constructs of
confirmation, satisfaction and perceived usefulness,
system quality as well as top management commitment.
For the government, the results of this study provide
input for the Ministry of Finance and IAPI so that in
making decisions to implement a system, it can pay
attention to aspects of user acceptance.

1. The comprehensive theoretical basis

In this section, the concept of Expected Confirma-
tion Theory (ECM) is introduced before the discussion
regarding the relationship between related variables.

1.1. Expectation Confirmation Model

Studies on the use after adoption in the area of infor-
mation systems began since [4] proposed the Expectation
Confirmation Model (ECM). ECM is a model for using
an information system after adoption. ECM is a develop-
ment model based on Expectation Confirmation Theory
(ECT) developed by [13]. The concept of ECT is integrat-
ed in the technology acceptance model (TAM) in infor-
mation systems and with further refinement to address its
theoretical weaknesses, [4] added a perceived usefulness
variable. Perceived usefulness is felt after using an infor-
mation system, not before using the system.

ECM is a theoretical model of information system
sustainability hypothesizing that expectations followed
by initial acceptance lead to confirmation by comparing
anticipated consequences. When actual performance is

confirmed, users of the information system will be satis-
fied and potentially this leads to continued use. In con-
trast to other consumer acceptance models that focus on
the first use of a new information system, ECM focus-
es on continuing use after acceptance of the information
system, and provides solid explanations and long-term
scale projections of user behavior [4].

Continuance is a form of behavior after adoption [14].
Information system continuance is basically the same as
repurchasing behavior, namely following the initial de-
cision and being influenced by initial use and potentially
stopping use [4]). The use of advanced information sys-
tems can be determined by the intention resulting from
certain reasons. The user’s interest to continue using a
technology can be referred to as continuance intention.

1.2. Research model and hypothesis

Figure 1 shows the research model developed from
the previously described literature. This study is differ-
ent from previous studies. This study carries out con-
struct development in the ECM proposed by [4] which
includes the technological context and organizational
context. The constructs in the context of this technology
are system quality, information quality and service qual-
ity. System quality and information quality will determine
the attitude of system users [15]. System quality, informa-
tion quality and service quality will also determine indi-
vidual satisfaction in using information systems [16]. Sev-
eral researchers, including [12, 17—19] in an information
system success model with different indicators and meas-
urements, have used the technological context. Organi-
zational context is also needed because it is closely related
to individual attitudes in using the system. The selected
organizational context is top management commitment.
Top management commitment will greatly affect em-
ployee satisfaction because with this role, management
can monitor the quality of the system that is being imple-
mented within the company [20]. This model is expected
to be able to prove what factors can influence satisfaction
and interest in continuing to use ATLAS.

1.2.1. The hypothesis
of perceived usefulness

Perceived usefulness is defined as a person’s belief that
he will use the system if the system has utility value [21].
The construct of perceived usefulness was originally de-
scribed through TAM by [21]. TAM relates the perceived
usefulness construct to the behavioral interest construct.
TAM found that perceptions of usability and ease of use



are prominent beliefs that influence information systems’
acceptance behavior in the field of technology. ECM
modifies the relationship between perceived usefulness
and satisfaction. Perceived usefulness is expected to in-
fluence user satisfaction after working with the informa-
tion system. The results of [4] study state that perceived
usefulness has a positive effect on satisfaction. The more
useful an information system, the stronger the individual
satisfaction in using the information system.

The following studies [22—24] also strengthen ECM
that the positive influence between perceived usefulness
constructs on satisfaction in various types of applica-
tions. Based on the research results of [22], perceived
usefulness has a positive impact towards satisfaction.
Oghuma et al. [24] found perceived usefulness is the
construct that has the greatest influence on their model.
From the previous explanation, the formulation of the
hypothesis is as follows.

H1: Perceived usefulness has a positive effect on sat-
isfaction for using the ATLAS system.

1.2.2. The hypothesis
of confirmation

Confirmation is defined as the perception between
the conformity of expectations with reality after some-
one uses the system [4]. The research results of [4] show
that confirmation has a positive effect toward satisfaction.
Confirmation is the strongest predictor of satisfaction.
The more in line with the performance of the informa-
tion system with user expectations, the higher the indi-
vidual satisfaction in using the information system. The
positive relationship between confirmation and satisfac-

Perceived usefulness
H2
Information quality H3
H4
System quality
H5
Service quality
Top management commitment

Satisfaction

tion formulated and proven by [4] in ECM, has been sup-
ported by many studies. From the previous explanation,
the formulation of the hypothesis is as follows.

H2: Confirmation has a positive effect toward satis-
faction for using the ATLAS system.

1.2.3. The hypothesis
of information quality

Information quality is characteristics system output
when used by user [12]. This model shows that the qual-
ity of information has a positive impact toward satisfac-
tion. This positive relationship formulated and proven
by [12] in the DeLone and McLean Information Sys-
tems (IS) success model has been supported by many
studies [25—29]. From the previous explanation, the
formulation of the hypothesis is as follows.

H3: Information quality has a positive effect on satis-
faction for users of the ATLAS system.

1.2.4. The hypothesis
of system quality

System quality has a positive impact toward satisfac-
tion because when a system has good performance in
providing the information needed by users, users will be
satisfied when working with the system [12]. This work
shows that system quality has a positive impact on sat-
isfaction. The positive relationship has been supported
[25—28]. From the previous explanation, the formula-
tion of the hypothesis is as follows.

H4: System quality has a positive effect on satisfac-
tion for using the ATLAS system.

Continuance intention

Fig. 1. Model research.



1.2.5. The hypothesis of service quality

Service quality is defined as the quality of support by
users when using the system directly. There is a positive
effect between service quality and satisfaction because if
users get good enough support when using a system, for
example when there are difficulties using the system (er-
rors), then there are IT staff who are ready to help quick-
ly. In this case, user satisfaction will increase in using the
system [12]. This success model shows that service qual-
ity has a positive effect toward satisfaction. The posi-
tive relationship formulated by [12] in the DeLone and
McLean IS success model has been supported by many
studies [26—28]. From the previous explanation, the for-
mulation of the hypothesis is as follows.

HS5: Service quality has a positive effect on satisfac-
tion for users of the ATLAS system.

1.2.6. The hypothesis
of top management commitment

Sinha et al. [30] define top management commitment as
top management’s active involvement in establishing and
monitoring policies, communicating and encouraging em-
ployees to achieve their goals. Management plays an im-
portant role in the success of an organization. Top man-
agement commitment is believed to be able to increase the
level of confidence and willingness of employees to com-
plete tasks properly. Addis et al. [20] proved that top man-
agement commitment has a positive effect on satisfaction
in quality management practices of manufacturing organi-
zations in Ethiopia. From the previous explanation, the
formulation of the hypothesis is as follows.

H6: Top management commitment has a positive ef-
fect on satisfaction when using the ATLAS system.

1.2.7. The hypothesis
of satisfaction on continuance intention

Bhattacherjee [4] presented satisfaction as an emo-
tion related to previous experience by users of informa-
tion systems. The satisfaction construct is explained
through ECM. ECM relates the satisfaction construct
to the repeated use intention construct with the logic of
thinking that the user’s repeated use intention will be
determined mainly from the user’ satisfaction when us-
ing the given system. If the user feels bad emotions when
using an information system, then this could be a reason
for the user to stop using the information system. ECM
proved that satisfaction has a positive effect on intention
to use again.

The following studies also strengthen the theory formu-
lated by [4] about a positive influence of the satisfaction
construct on intention to use repeatedly in various types
of applications by [22, 31, 32]. From the previous explana-
tion, the formulation of the hypothesis is as follows.

H?7: Satisfaction has a positive effect on the intention
to continue using the ATLAS system.

2. Research method

The population in this study was auditors who use the
ATLAS system in their work processes in all public ac-
counting firms (PAF) in Indonesia that were registered
with the Indonesian Public Accountants Association
(IAPT) in 2022.

The unit of analysis is an auditor who works in PAF and
has used the ATLAS system in his work. The sampling
technique in this study is non-probability sampling. Non-
probability sampling is a technique in which all members
of the population do not have the same opportunity to be
sampled. This study uses judgment sampling in the sam-
pling procedure, namely the sample is taken based on ex-
isting criteria on auditors who have used ATLAS in their
work process.

The data collection technique used is a survey data col-
lection technique. The survey method of this study is a
mail survey. The Mail Survey conducted in this study was
by distributing questionnaires via WhatsApp, Instagram,
Email and Telegram. Mail surveys have a potential prob-
lem anticipated by researchers, namely low return rates.
To ensure that researchers get a high rate of return on
questionnaires, certain steps are taken.

The statistical method used is Partial Least Square
(PLS). By using SmartPLS ver. 4.0 M3. PLS is a struc-
tural equation modeling that can solve multiple regres-
sion problems with small samples and multicollinearity.

S=pPU+B,C+BIO+LSYO+BSEQ+LTMC+e
CI=pS+e,
where:
S — satisfaction;
PU — perceived usefulness;
C — confirmation;
10 — information quality;
SYQ — system quality;
SEQ — services quality;
TMC — top management commitment;
CI — continuance intention;
B, — coeflicient construct;
e — erTor.



The constructs in this study are information quality,
system quality, service quality, top management commit-
ment, confirmation, satisfaction, perceived usefulness and
intention to continue using it. The instruments used to
measure constructs in this study are instruments that have
been used in previous studies [4, 10, 20, 27, 33], making it
possible to increase the validity and reliability of the meas-
urements. The measurement uses a Likert scale from 1 to
7 which has the following meanings: (1) Strongly Disa-
gree, (2) Disagree, (3) Somewhat Disagree, (4) Neutral,
(5) Somewhat Agree, (6) Agree, and (7) Strongly Agree.

Before the actual distribution of the questionnaire, the
researcher conducted a pilot test with the aim of convinc-
ing himself that the questionnaire items were sufficient,
correct and understandable to the respondents. Research-
ers conducted a pre-test as follows:

1. Translate the original English instrument into Indo-
nesian.

2. Ask for help from individuals who are experts in Eng-
lish to translate it back into English. Next, the results of
the translation into English will be compared by the re-
searcher with the original instrument so that from this
step it is hoped that there will be no differences in the
meaning or significance of the translated instrument.

3. Asking negative questions on several items in the ques-
tionnaire so that the questionnaire is not biased and
there is a form of control over the questionnaire.

4. Discuss the meaning of each indicator with several
ATLAS users.

Then, confirmation of the public accountant’s ability
to accept research and confirmation that the public ac-
counting firm is indeed using ATLAS is carried out first
by phone. After the survey was approved, the researcher
brought and took the questionnaire directly to the research
location for the reason of increasing the response rate from
those returning the questionnaire.

The pilot test was conducted on 34 students of PPAK
and Master of Accounting as well as apprentice students at
PAF who had used ATLAS in the audit process. After test-
ing, the results show that all items in the questionnaire are
valid and reliable. Once it is known that the items in the
questionnaire are valid and reliable, the researcher distrib-
utes the questionnaires to the real respondents in the field.

3. Results

All questionnaires that can be used and processed
are 356 questionnaires. The majority of respondents,
39.89%, were junior auditors, 51.40% were senior au-
ditors and 8.71% were supervisors. The number of fe-

male respondents was 33.99% and 66.01% were male.
The majority of respondents were aged 31—40 years
and the majority of respondents’ highest education was
the bachelor’s degree. The majority of respondents had
more than 5—10 years of work experience and more than
10 years of experience using computers.

3.1. Validity and reliability testing

PLS model evaluation is done by evaluating the outer
model and inner model. Evaluation of the outer mod-
el is carried out by conducting convergent validity tests,
discriminant validity tests and reliability tests. In order
to fulfil convergent validity, all constructs must have
AVE value of more than 0.5. All constructs in Table 1
have an AVE value more than 0.5. It can be concluded
that convergent validity has been fulfilled.

In order to qualify for discriminant validity, all in-
dicators must have a factor loading value of more than
0.7. The test results show that all indicators in Table 2
have a value of more than 0.7; it means that discrimi-
nant validity is fulfilled.

Table 1.
Output quality criteria overview model
with SmartPLS
Composite Cronbach’s

AVE | feliabitity | R-sauared | “appa
Perceived
usefulness 0.837 0.954 0.935
Confirmation 0.828 0.935 0.896
Information 0835 | 0953 0.934
quality
System quality 0.809 0.944 0.921
Services quality | 0.798 0.941 0.916
Top management
commitment 0.830 0.936 0.898
Satisfaction 0.840 0.940 0.969 0.905
Continuance
intention 0.807 0.926 0.577 0.881

All constructs must have a Cronbach’s alpha val-
ue composite reliability must be greater than 0.7. Tests
show that all constructs in Table 2 have Cronbach’s
alpha values and composite reliability of more than 0.7.
This means that all constructs are reliable.
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Table 2.
Output cross loading with SmartPLS

Indicator | C | CI | 10 [ PU| S | SEQ | SYQ| TMC

0.899

0.910

0.921

0.893

0.890

0912

0.915

0.906

0.920

0.914

0.920

0.900

0.921

0.917

0.913

0.908

0.928

0.889

0.886

0.902

0.898

0.891

0.895

0.912

0.899

0.905

0.910

0.918

Evaluation of the inner model or structural model is a
stage for evaluating the relationship between constructs.
The Inner Model is evaluated with R2 and statistical test-
ing. The results of the structural model testing using the R2
value and the significance test through the path coefficient
values for each path. This is the results of the significance
test for the path coefficient values or 7-values for each path.

Through Fig. 2, it can be concluded that the R2 values
for satisfaction and interest in continuing to use the system
are 0.97 and 0.58. This explains that the constructs of per-
ceptions of usefulness, confirmation, information quality,
system quality, service quality and top management com-
mitment are able to explain the satisfaction construct by
97%; the remaining 3% is explained through other vari-
ables outside the proposed model. Continuing intention
to use ATLAS can explain the satisfaction construct by as
much as 58%.

The significance test is obtained through the results of
the p-value. The hypothesis is supported if the p-value has
avalue less than 0.05. Based on Table 3 it can be concluded
that Hla, H1b, Hlc, HIf, and H2 are supported because
they have p-values less than 0.05, while Hl1d and Hle are
rejected because they have p-values greater than 0.05.

This study succeeded in proving that perceptions of use-
fulness, confirmation, information quality and top man-
agement commitment have a positive impact on satis-
faction when using the ATLAS system. Meanwhile, the
satisfaction construct has a positive effect on the intention
to continue using ATLAS. This study failed to prove the
effect of system quality and service quality on satisfaction.
The following is a discussion for each construct.

4. Discussion and conclusion

This study examines the relationship between per-
ceived usefulness, confirmation, information quality,
system quality, service quality, top management com-
mitment, satisfaction and intention to continue using
ATLAS based on the development of the ECM model
[4] and [12]. The focus of this research was to investigate
the auditor’s continuance intention for use of ATLAS in
the context of information systems. This study confirms
that (a) the more useful a system is, the higher the audi-
tor’s satisfaction with its use; (b) the more expectations
are confirmed in ATLAS, the higher the perceived sat-
isfaction created; (¢) the more complete the information
available on the ATLAS, the higher the auditor’s satis-
faction; (d) the more useful the information provided in
ATLAS, the higher the auditor’s satisfaction in using it;
(e) the more satisfied the auditor is in using ATLAS, the
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Fig. 2. Measurement model output.

higher the interest in continuing its use in the future. The
findings support the following implications in this study.

First, the greater the perception of usability, the high-
er the satisfaction when using ATLAS. The outcomes
from this research are consistent with [22, 34—36]. This
empirical evidence is consistent with ECM that per-
ceived usefulness has an effect on satisfaction. These re-
sults imply that perceived usefulness can be a predictor
of perceived satisfaction in using the system for auditors.
This empirical evidence has implications that the audi-
tor is satisfied using ATLAS if the auditor feels ATLAS
is useful in supporting his performance. Thus, PAF must
equip auditors to provide more training so that auditors
understand that the use of ATLAS is very useful and can
support performance. When auditors feel they have the
ability and control after receiving sufficient provision
from the training process, they will tend to use the AT-
LAS system well and have high confidence.

Second, auditor expectations that have been con-
firmed in ATLAS positively influence auditor satisfac-

tion as supported by previous research [22—24]. This
empirical evidence is consistent with ECM that con-
firmation has an impact on satisfaction. These results
imply that expectations can be a predictor of perceived
satisfaction when auditors use the system. Good experi-
ence and maximum service for auditors must be provid-
ed to meet the expectations of auditors when using AT-
LAS. Thus, IAPI as the manufacturer of ATLAS must
provide the best performance from ATLAS so that AT-
LAS can be used continuously by auditors.

Third, satisfaction increases when the quality of in-
formation is fulfilled. The same findings were found in
previous studies [25—29]. This empirical evidence is
consistent with the information systems achievement
model, that the quality of information affects satisfac-
tion. These results indicate that the quality of informa-
tion can play an important role in understanding sat-
isfaction in using a technology. Thus, ATLAS must be
designed to be useful, understandable, attractive and be-
lievable. High quality information must be maintained
and improved to provide even more satisfying results.



Table 3.

Results of hypothesis testing with SmartPLS

Hypotesis Path Original sample t-statistic p-value Conclusion

H1 PU— S 0.281 3.629 0.000 Supported
H2 C—>S 0.135 2.024 0.022 Supported
H3 10-S 0.272 3.606 0.000 Supported
H4 SYO— S -0.038 0.678 0.249 Rejected

H5 SEQ— S 0.021 0.374 0.354 Rejected

H6 TMC— S 0.313 4436 0.000 Supported
H7 S—CI 0.759 23.145 0.000 Supported

Fourth, top management commitment affects au-
ditor satisfaction when using ATLAS. In other words,
when management provides full support to the auditors
to use ATLAS, the auditors will be satisfied with the new
system. This finding is in accordance with the findings
of the previous study [20]. Top management commit-
ment must be continuously improved. This empirical
evidence has implications that auditors have a high lev-
el of satisfaction when auditors in PAF get full support
from top management. Top management commitment
is believed to be able to increase the level of confidence
and willingness of employees to complete tasks properly.
Thus, in designing a system, PAF does not only think
about the greatness of the implemented system, but also
must provide full support to the auditors in the applica-
tion of ATLAS.

In addition, perceived satisfaction positively influenc-
es intention to continue using ATLAS. The outcomes of
this study are consistent with studies accompanied by
[22, 32]. This empirical evidence is consistent with the
ECM and information system success models, that sat-
isfaction influences the intention to continue using the
system. The findings in this study indicate that satisfac-
tion is a strong factor influencing intention to contin-
ue using ATLAS. That is, even though auditors initially
have a positive perception of ATLAS, the auditors will
not continue to use ATLAS if they are dissatisfied with
the system. Moreover, the use of the ATLAS system is
voluntary, so the auditor has the power to continue using
ATLAS or not. Thus, PAF management needs to think
about motivating its employees so that they are more
motivated to use the ATLAS system properly. When au-
ditors are motivated to use the ATLAS system, they will
tend to continue using the ATLAS system.

On the other hand, system quality and service quality
do not affect satisfaction when using ATLAS. This find-
ing is inconsistent with previous research [25—28]. This
empirical evidence is supported by the study of [37].
This empirical evidence is suspect because the satisfac-
tion felt by the auditor is subjective so that the percep-
tion of each auditor can be different. This study proves
that the relationship between information quality and
satisfaction in the DeLone and McLean model is not
sufficient to explain the phenomenon of someone ac-
cepting or rejecting use of the ATLAS system.

With the development of technology, ATLAS was in-
troduced as an information system that combines the
entire audit process from the initial engagement to the
independent auditor’s report. The significance of this
study is to identify the factors that influence the inten-
tion to continue using ATLAS. From the results, this
study suggests a strategy to increase interest in continu-
ing the use of ATLAS by verifying the causal relation-
ship between related factors, and the use of ATLAS for
auditors is voluntary.

The limitation of this study is that it only uses one
construct related to the organizational context, namely
top management commitment. Based on the limitations
of this study, further studies can be carried out, namely
further studies can add other constructs in the organiza-
tional context that were not examined in this study, for
example organizational culture. m
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AHHOTAIMA

CraTbs NOCBSIIIEHA UCCIeN0BaHUIO (DAKTOPOB, ONPENESIOIINX HAMEPEHUE ayIUTOPOB MPOAOJKATh pabOTy C
cucteMolit aynuta 1 cBsizaHHbIX apxuBoB (Audit Tools and Linked Archives System, ATLAS). B xone uccienoBanus
KCITOJIb30BAaHbl OMPOCHI W Monelb moarBepxkaeHus oxumanuii (Expectation Confirmation Model, ECM).
Bri6opka, ucrmonb30BaHHAs B XO[e MCCIEIOBAaHMSI, OXBATHIBAET ayIMTOPOB, HcToNb3ylomux cuctemy ATLAS B
oyxrantepckux dpupmax Mugonesnu. st 3Toro 6bII UCITOIb30BaH MHCTpyMeHTapuii SmartPLS, mo3pongiommii
o0pabaTbiBaTh 10 356 21eMeHTOB Habopa JaHHBIX. McciaenoBaHue MOKa3auo, YTO Ha HaMEepPEeHUs] ayauTOpPOB
B OTHollleHWM wucnoib3oBaHun ATLAS mommusin takue (akTopbl, KakK BOCIpUHMMAaeMasl IOJe3HOCTb,
MOATBEPXIEHUE, KAa4yeCTBO WMHMOpMaIMU, yIOBJIETBOPEHHOCTh U MPUBEPKEHHOCTh BBICIIET0 PYKOBOACTBA.
B pesynbrate MOXHO ciieyaTh cliefytoliiue BbIBOAbl. Bo-mepBrix, Oyxraatepckue GUPMBbI JOJXKHBI OKa3bIBaTh
MMOJIHYIO TIOAAEPXKY ayauTtopaMm B ucroiab3oBaHuu ATLAS u oOGydyaTh ayaguTOpOB, YTOOBI OHU ONIYIIATH
MOJIE3HOCTh cUCTeMBbl. Bo-BTopbix, Acconuanus oyxrantepoB Munone3nn (Indonesian Association of Public
Accountants, IAPI) norxHa oOpaiaTb BHUMaHUE Ha TO, YTOOBI pe3yJIbTaThl ObLIU MOJHBIMU, KAY€CTBEHHBIMU
U YMECTHBIMU, YTOOBI aymuTop OBLT ymoBieTBOpeH ucronb3oBanuem ATLAS. B ciyuae ymoBneTBopeHHOCTH
ayaIUTOPBI CKIIOHHBI TIPOIOJIKATh NCOIb30BaHKe cucTeMbl ATLAS.
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O0XMIaHUI, YIOBIETBOPEHHOCTh, BOCIIPUHUMASI [TOJIE3HOCTh, MOATBEPXKIECHUE, KAUeCTBO MHGOPMaLIUH,
TIPUBEPXKEHHOCTh BHICIIETO PYKOBOACTBA
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intention with respect to use of the Audit Tools and Linked Archives System (ATLAS): A model of extended expectation
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Abstract

This paper presents the task of recognizing product information (PI) (i.e., product names, prices,
materials, etc.) mentioned in customer statements. This is one of the key components in developing
artificial intelligence products to enable businesses to listen to their customers, adapt to market dynamics,
continuously improve their products and services, and improve customer engagement by enhancing
effectiveness of a chatbot. To this end, natural language processing (NLP) tools are commonly used
to formulate the task as a traditional sequence labeling problem. However, in this paper, we bring the
power of machine reading comprehension (MRC) tasks to propose another, alternative approach. In
this setting, determining product information types is the same as asking “Which PI types are referenced
in the statement ?” For example, extracting product names (which corresponds to the label PRO_NAME)
is cast as retrieving answer spans to the question “Which instances of product names are mentioned here ?”
We perform extensive experiments on a Vietnamese public dataset. The experimental results show the
robustness of the proposed alternative method. It boosts the performance of the recognition model over
the two robust baselines, giving a significant improvement. We achieved 92.87% in the F1 score on
recognizing product descriptions at Level 1. At Level 2, the model yielded 93.34% in the F1 score on
recognizing each product information type.
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Introduction

Product Information (PI) is all the data about the

products that a company sells. It includes a prod-

uct’s technical specifications, size, materials,
prices, photos, schematics, etc. E-commerce requires
companies to collect clear basic PI that consumers can
actually understand and place orders. Without PI', the
product could not be found and sold online at all.

Recognizing PI is crucial for widespread applica-
tions. For example, in the e-commerce field, it is vital
to integrate this component to develop Al products like
chatbots [1] to enhance customers’ experiences. Chat-
bots significantly help reduce customer support costs,
while increasing customer satisfaction with an Al chat-
bot that can recognize customer intents, instantly pro-
vide information, on any channel, and never take a day
off. Identifying PI also helps to better analyze the senti-
ments [2] in comments/reviews of their customers. With
PI, we can associate specific sentiments with different
aspects of a product to analyze customer sentiments and
opinions from reviews. This would improve the product
and help make better marketing campaigns.

Conventionally, the task of PI recognition is formu-
lated as a sequence labeling problem. It is a supervised
learning problem that involves predicting an output se-
quence for a given input sequence. Most research in
this field has proposed different machine learning ap-
proaches using handcrafted features or neural network
approaches [3, 4] without using handcrafted features.

In this paper, we bring the power of machine reading
comprehension (MRC) to this task. This idea is signifi-
cantly inspired by a recent trend of transforming natu-
ral language processing (NLP) tasks to answering MRC
questions. Specifically, Levy et al. [5] formulated the re-
lation extraction task as a QA task. McCann et al. [6]
transformed the tasks of summarization or sentiment
analysis into question answering. For example, the task
of summarization can be formalized as answering the
question “What is the summary?” Li et al. [7] formal-
ized the task of entity-relation extraction as a multi-turn
question-answering problem.

So far, most current work has focused on high-re-
source languages. Therefore, to narrow the gap between
low and high-resource languages, this paper also targets
the Vietnamese language. This paper proposed an alter-
native way to extract PI by modeling it as a MRC prob-

lem. We conduct many extensive experiments on a pub-
lic dataset by Tran et al. [1] and the results demonstrate
that this approach introduces a significant performance
boost over robust existing systems. The main contribu-
tion of this paper can be highlighted as follows:

¢ We proposed an alternative method to recognize PI
by tailoring the MRC framework to suit the specific
requirement of the task.

¢ We have conducted extensive experiments to verify
the effectiveness of the proposed approach on a pub-
lic Vietnamese benchmark dataset?.

The remainder of this paper is organized as follows.
Related work is presented in Section 1. Section 2 shows
how to formulate the task as an MRC problem and then
describes the method for generating questions, as well
as the model architecture. Section 3 describes the ex-
perimental setups, experimental results, and some dis-
cussions. Finally, we conclude the paper and figure out
some future lines of work.

1. Related work

This section first presents the work on PI identifica-
tion, and then describes related work about the machine
reading comprehension (MRC) tasks.

1.1. Work on PI recognition

Information retrieval chatbots are widely applied as
assistants, to support customers formulate their require-
ments about the products they want when placing an or-
der online. In order to develop such chatbots, most cur-
rent systems use information retrieval techniques [8, 9]
or a concept-based knowledge model [10] to identify
product information details mentioned by their custom-
ers. Towards building task-oriented chatbots, Yan et al.
[11] presented a general solution for online shopping.
To extract PI asked by customers, the system matched
the question to basic PI using the DSSM model. Un-
fortunately, these studies do not support customers who
are performing orders online, and some external data
resources exploited in their research are intractable in
many actual applications.

Most work has been done for rich-resource languag-
es such as English and Chinese; work for poor-resource
languages is much rarer. In Vietnam, there is only one
work focusing on recognizing PI types in the retail do-
main. Specifically, Tran et al. [1] introduced a study on

! In this paper, we consider seven types of PI types including categories, attributes, extra-attributes, brands,

packsizes, numbers, and unit-of-measurements (uoms).
2 https://github.com/oanhtt84/PI_dataset/tree/main



understanding what the users say in chatbot systems.
They concentrated on recognizing PI types implied in
users’ statements. In that work, they modeled the task
as a sequence labelling problem and then explored dif-
ferent deep neural networks such as CNNs and LSTMs
to solve the task.

1.2. Work on MRC

MRC refers to the ability of a machine learning mod-
el to understand and extract relevant information from
written texts. It is similar to how a human reader would
do this and accurately answer questions related to the
content of the texts. The power of the MRC model is
evaluated by the ability to extract the correct answer to
the user question.

Many published novel datasets inspired a large num-
ber of new neural MRC models. In the past several
years, we have witnessed many neural network mod-
els created such as BERT [12, 16] RoBERTa [13] and
XLNet [10]. Many large language models utilize trans-
formers [14] to pre-train representations by consider-
ing both the left and right context across all layers. Due
to their remarkable success, this approach has progres-
sively evolved into a mainstream method, involving pre-
training large language models on extensive corpora
and subsequently fine-tuning them on datasets specif-
ic to the target domain. Deep learning neural networks,
particularly those based on transfer learning, are widely
employed to address diverse challenges in natural lan-
guage processing (NLP). Transfer learning methods
emphasize the retention of data and knowledge acquired
during the exploration of one problem, then applying
this acquired knowledge to address different yet related
questions. The effectiveness of these cutting-edge neu-
ral network models is noteworthy. For example, Lithe
SOTA neural network models by Therasa et al. [12] has
already exceeded human performance over many related
MRC benchmark datasets.

In this paper, we borrow the idea of MRC to propose
another alternative approach to this task. To prove the
effectiveness of the approach, we conduct extensive ex-
periments on a public Vietnamese dataset released by
Tran et al. [1]. The results showed a new SOTA result
over the traditional existing techniques.

2. Recognizing PI as an MRC problem

In this section, we first formulate the task of recogniz-
ing PI as an MRC problem. Then, we show the meth-
od to generate questions/queries for finding the answers
(which could be the product information instances) ap-

pearing in the users’ input utterances. Finally, the model
architecture is presented and explained in more details.

2.1. Problem formulation

Given a users’ statement x including »n syllables
{x,, x,, ..., x }, we need to build a model to identify every
product information mentioned in x. For each instance
of a product information type found in x we assign a
label y to it. Here, y belongs to one of the pre-defined
PI list including product names, product size, product
unit-of-measurements, product attribute, product brand,
product number, and product extra attribute.

To exploit the MRC approach, it is necessary to recast
the task asan MRC problem. To thisend, we construct tri-

ples of questions, answers, and contexts {qp,., X prend? > X}
for each label pi mentioned in x as follows:

+ x: the user’s statement.

€ X, the product information mentioned in x. It is

a sequence of syllables within x identified by the spec-
ified start and end indexes {x_ , ... X, ,}, where the

condition start <= end holds true. Expert knowledge
is required to annotate this data.

L the question to ask the model to find x, ,
corresponding to the label pi. This is a natural ques-
tion consisting of m syllables {q,, q,, ..., g,}. Various
approaches will be investigated in order to generate

such questions.

This exactly establishes the triple (Question, Answer,
Context) to be exploited in the proposed framework.
And now, the task can be recast as an MRC problem
as follows: Given a collection of k training examples
{q', x!....» X} (Where i = 1..k). The purpose is to train
a predictor which receives the statement x and the cor-
responding question ¢, and outputs the answer x,
It is formulated as the following formula:

tart:end”

x;tarr:end :f(qi’ xi)'

2.2. Question generation

Each PI is associated with a specific question gen-
erated by combining the predefined templates and its
training example values. It is a natural language ques-
tion. In order to provide more prior knowledge about
the label, we add some examples to the questions so that
the model can recognize answers easier. These exam-
ples are randomly withdrawn from the training data set.
Some typical generated questions for product informa-
tion types are shown in Table 1.



Table 1.

Some questions generated for each PI types using templates

No. Product information types Generated questions
1 Product names Which product names are mentioned in the text such as smoothies and cakes?
2 Product sizes Which product sizes are mentioned in the text such as big and smal/?
3 Product colors Which product colors are mentioned in the text such as green and b/ue?
4 Product uoms Which product uoms are mentioned in the text such as cup and cm?
5 Product attributes Which product attributes are mentioned in the text such as extra ice and little sugar?
6 Product extra attributes Which product extra attributes are mentioned in the text such as strawberry flavor and orange flavor?
7 Product brand Which brands are mentioned in the text such as Samsung and Toyota?

Here we just provide some examples of each prod-
uct information type to help the model find all of its in-
stances appearing in the input statement.

2.3. Model architecture

Figure 1 shows the general architecture which in-
cludes several main components. The model in this
framework is built with a pre-trained large language
model (i.e., BERT encoder) and a network designed to
produce candidate for start and end indexes, along with
their associated confidence scores indicating the likeli-
hood of being product information.

Given the question 4, the purpose is to find the text
span x_ § categorized as the product information
type pi. In the first step, q, and x are concatenated to
establish the string {[CLS], ¢q,, q,, ..., q, [SEP],
[x,, x,, ..., x, },where [CLS] and [SEP] are special tokens
employed in the conventional pre-trained LLMs. Then,
the string is inputted into BERT to generate a contextual
representation matrix E e R™, (here d indicates the vec-
tor dimension of the final layer). Here, we do not make
any prediction for the question, so its final vector repre-
sentation is ignored.

2.4. Producing the indexes
of start:end

To this end, we follow the method proposed by Li
et al. [7] to build two corresponding binary classifiers.
These two classifiers estimate the probability of each to-
ken to be a start or an end index using a softmax func-
tion. Specifically, p*, p*? € R" indicate the vectors that
show the likelihood in probability of each token being
the start index and end index, respectively:

[peert, ped] = softmax (EW + B),

where both Wand Be R" are trainable parameters.

Then, a ranked list of potential Product Information
(PI) along with corresponding confidence scores is pro-
duce by the model. These scores are computed as the
sum of the probabilities associated with their start and
end tokens.

In training, the overall objective is to minimize the
global loss of three types which are losses for start index,
end index and start-end index matching. These losses
are simultaneously trained in an end-to-end framework.
We use [15] to optimize the loss.

3. Experiments

This section first shows the general information about
the public benchmark dataset used for experiments.
Then, it tells us about the setups of experiments. Final-
ly, the experimental results and discussion are shown.

3.1. Dataset

In this paper, we used the dataset released by Tran
and Luong [1] to perform comparative experiments.
This data was collected from a history log of a retail res-
taurant, some forums and social websites. It was an-
notated with seven main types of PI which are product
category, product attribute, product extra-attribute, prod-
uct brand, product packsizes, product number, and prod-
uct uoms. Two levels of annotation were provided. At the
first level, descriptions of products (Level 1) are extract-
ed. Then, these product descriptions are further decom-
posed into some detailed PI types (Level 2). An example
is given in Table 2.
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Pl instances: 4 céc tra sia
4 cups of milk tea

{ start-end Matching }

[L{start} L{start} L{start}] [L{end} L{end} L{end}J
1 2 n 1 2 n
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(ﬁ i 4 44 4

Linear Layer & Softmax
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BERT
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Question: Ban c6 thé phat hién cdc thiec thé mé ta san
pham nhu sinh t6?
Can you detect product description such as smoothies?

t 10
(e () -

Statement: Cho minh order 4 céc tra sita
Ship me four cups of milk tea

Fig. 1. An architecture using BERT to solve the Pl recognition task as an MRC problem.
(English translation is given right below the Vietnamese texts).

Table 2.
One example of a user’s statement annotated at two levels.
(English translation is provided right after the Vietnamese statement at the first row)
Utterances Cho em dat 1 hop banh kem Vi xoai Co lon
Let me order 1 pack cream cake mango flavor big size
Level 1 other Product description
Level 2 other number ‘ uom | category




3.2. Experimental setups

The models are evaluated using popular metrics such as
precision, recall, and F1 scores [17]. The best parameters
were fine-tuned on development sets. The best values for
parameters and hyper-parameters are listed as follows:

Train sequence length: 768
Number of epochs: 300
Batch size: 8

Adam epsilon: 1e-8

.

*

.

¢ Learning rate: 3e-5
.

¢ Max gradient norm: 1.0
.

Bert embedding: 768 dimensions.

We adapted the MRC framework? to this task and ex-
ploited the viBERT* and vVELECTRAS, a pre-trained
large language model optimized for Vietnamese, to build
the PI recognition model. In case the pre-trained mod-
els are not available to optimize for a specific language,
it is also feasible to use a multilingual pre-trained mod-
el, such as mBERT (a.k.a multi-lingual BERT) in or-
der to get the vector representations for its sentences. We
trained the model on the GPU Tesla V100 SXM?2 32GB.

3.3. Experimental results

Tables 3 and 4 show the experimental results of the
proposed model in comparison to the two baselines
which are BILSTM-CRF and CNN-CRF [1].

Table 3.
Experimental results of the models
at Level 1 — Product descriptions
Precision Recall F1-scores

biLSTM-CRF 89.71 91.35 90.52
CNN-CRF 90.6 91.24 90.91
MRC-viBERT 941 91.68 92.87
MRC-vELECTRA 94.5 9218 93.33

At Level 1, we can see that the MRC approach boost-
ed the performance by a large margin on all evaluation
metrics. In comparison to the best baseline CNN-CRF,
it enhanced F1 score by nearly 2% in the case of using
viBERT and 2.4% in the case of using vVELECTRA.
This suggested that the MRC approach is very prom-

3 https://github.com/CongSun-dlut/BioBERT-MRC
4 https://github.com/fpt-corp/viBERT
3 https://github.com/fpt-corp/VELECTRA

ising and yields a better performance than other tradi-
tional approaches.

At Level 2, in comparison to biLSTM-CREF, it signif-
icantly outperformed this baseline in all product infor-
mation types. The MRC-viBERT approach also slight-
ly increased the F1 score by about 0.3% in comparison
the best baseline of CNN-CRF method. Among seven
PI types, it achieved a significant improvement over the
two baselines by a large margin on three PI types (i.e.
product branch, product category, and product extra_at-
tribute). For the type of attribute, the proposed approach
got the competitive results. It surpassed biLSTM-CREF,
but could not overcome CNN-CRF on the remaining
three PI types (i.e., product packsize, product sys _num-
ber, and product uom).

Among two types of MRC basing on viBERT and
vELECTRA as backbone, we witnessed that MRC-
VELECTRA performed slightly better than MRC-viB-
ERT. It increased the performance on four PI types
(i.e. product attribute, product branch, product category,
and product extra_attribute). However, similar to MRC-
viBERT, the MRC-vELECTRA also could not surpass
CNN-CRF on the remaining three PI types. Overall,
in comparison to the best baseline — CNN-CREF, the
MRC-vELECTRA increased the F1 score by 0.85%.
This result is quite promising.

3.4. Discussion

Looking at the results shown in Table 3 and Table 4,
we acknowledge that using the MRC approach yielded
higher F1 scores at both levels. This is because the que-
ries/questions generated provide more prior knowledge
to guide the identification process of product informa-
tion.

It can be also seen that the proposed method yielded
better performance on recognizing long PI types (such
as product attributes, product description, product extra
attribute) in comparison to the best baseline — CNN-
CREF. This can be explained as follows: the MRC ap-
proach captures the sequence information better than
CNN. CNN only leverages the local contexts based on
n-gram characters and word embeddings. So, it does
not have the power of capturing long PI types as com-
pared to the MRC approach. Among two types of word
embeddings, the MRC-vELECTRA was slightly better
than MRC-viBERT on both two PI levels.
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Table 4.

Experimental results of the models at Level 2 — Product Information Types

biLSTM-CRF CNN-CRF MRC-viBERT MRC-VELECTRA
Pl types Pre Rec F1 Pre Rec F1 Pre Rec F1 Pre Rec F1
attribute 93.69 | 95.63 | 94.63 | 95.9 97.24 | 95.8 9582 | 9525 | 9553 | 96.02 | 95.71 | 95.86
brand 82.44 | 8324 | 8277 | 89.38 | 83.64 | 8898 | 92.04 | 89.90 | 90.90 | 92.79 | 90.65 | 91.71
category 86.24 | 88.45 | 8732 | 9144 | 9190 | 91.67 | 93.57 | 93.88 | 93.72 | 9417 | 93.98 | 94.07
extra attribute | 87.89 | 86.76 | 87.26 | 88.83 | 86.24 | 87.39 | 94.03 | 88.76 | 91.31 | 95.01 | 89.04 | 91.93
packsize 85.03 | 86.82 | 85.84 | 91.62 | 9314 | 9236 | 92.23 | 83.77 | 90.41 | 93.04 | 89.21 | 91.08
Sys number 9524 | 9535 | 9528 | 95.88 | 9592 | 9589 | 9529 | 92.04 | 93.62 | 96.12 | 92.57 | 94.31
uom 88.80 | 91.73 | 90.16 | 9212 | 9233 | 9219 | 89.16 | 93.07 | 91.05 | 90.01 | 93.11 | 91.53
Total 89.39 | 90.86 | 90.11 | 9295 | 93.21 | 93.08 | 93.69 | 93.01 | 93.34 | 9411 | 93.76 | 93.93

This proposed approach can be generalized to any
language. In case BERT is not available to a specific lan-
guage, we can instead use the mBERT (multi-linguage
BERT) as the backbone.

Conclusion

This paper described the task of identifying product
information mentioned by customers’ statements in a
retail domain. This is a vital step in developing many ar-
tificial intelligence commercial products. In contrast to
many previous studies, we did not formulate the task as
a conventional sequence labeling problem. Instead, we
make use of the robustness of MRC tasks to propose an
alternative approach. The proposed MRC architecture
also leverages the knowledge gained during pre-training
a large language model and then applies it to a new, re-
lated task — MRC. We performed experiments on a Viet-
namese public benchmark dataset to verify the effective-
ness of the proposed method. We achieved a new SOTA

result by boosting the recognition performance over the
two strong baselines. Specifically, we achieved 93.33%
in the F1 score on recognizing product descriptions
at Level 1 (upgraded by 2.4%). At Level 2, the model
slightly improved the performance and yielded 93.93%
in the F1 score on recognizing each product informa-
tion type by using MRC-vELECTRA. The results also
suggested that this approach is more effective in predict-
ing long PI types with high precision.

In the future, we will continue exploring different
kinds of generating questions by providing more clues to
help find the product information. Furthermore, we will
explore alternative robust pre-trained language models
to improve the predictive model. ®
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MexnyHapoIHBI MHCTUTYT (DPaHKOS3BIYHBIX cTpaH, BbeTHAMCKUIT HallMOHAIBHBIN YHUBEPCUTET B XaHOE
Anpec: BoetHam, XaHoii, Kayssit, Cyan Tywu, 144, ES

b
MexnyHapomHasl 1KoJjia BbeTHaMCKOro HallMOHaJbHOTO YHUBEPCUTETA B XaHOE
Anpec: BoetHam, Xanoii, Kaysgit, Cyan Tyu, 144, G7

AHHOTaIMA

B cratbe paccmaTpuBaeTcs 3agavya pacno3HaBaHus UHGopMauK o MPoAyKTax (Ha3BaHUIA, LIeH, MaTepraaoB
U T.J.), YIOMSHYTOI B KOMMEHTapUsIX KIMEHTOB. DTa 3ajaya sIBJIsSEeTCS OAHOU U3 KIIOUEBbIX NMPU pa3zpaboTke
MPOAYKTOB C TOMOIIBIO NCKYCCTBEHHOTO MHTe/IeKTa. Ee penreHue mo3BosisieT KOMITaHUSIM MIPUCITYIINBATHCS K
CBOMM KJIMEHTaM, aJaliTUPOBAThCS K IMHAMUKE PbIHKA, TOCTOSTHHO COBEPLIEHCTBOBATH CBOU MPOAYKTHI U YCIIYTH,
a TakXe yJay4yliaTh B3aUMOAECTBUE C KJIIMEHTaAaMU 3a cUeT MOBbIIIeHUs 3D dekTUBHOCTU YaT-60Ta. C 3TOH 11e/1bI0
WHCTPYMEHTH 00pabOTKU €CTECTBEHHOTO SI3bIKa OOBIYHO MCTIONB3YIOTCS 1T GOPMYITMPOBAHUS TPATUIIMOHHOMN
3aZlaud O MapKMPOBKe MocienoBaTenbHOocTei. OOHAKO B HACTOSIEN cTaTbe MBI MpeliaraeM JIpyrou,
aJbTepHATUBHBIN MOMXOA, OCHOBAHHBI Ha KCIIOJIb30BAaHMU BO3MOXHOCTEU MoONEIM MAaIlMHHOTO OOy4YyeHUs
MRC (machine reading comprehension, MallMHHOE YTeHWE M MOHMMaHMWE TeKcTa). B maHHOI MocTaHOBKe
orpeaeneHue TUMOB NHMOPMAIUK O TIPOLYKTE aHATOTUYHO 3aJaHuIo Bonpoca «Kakas nHdopmaius o Ipoaykre
yIOMUHAaeTcs ojib3oBaTensiMu?». Hanpumep, n3pnedeHre Ha3BaHU MPOOYKTOB (KOTOPOE COOTBETCTBYET METKE
PRO_NAME) BbINoNHSIETCS KaK U3BJI€YEHUE MHTEPBAJOB OTBETOB Ha Bomnpoc «Kakue mpumepbl Ha3BaHUM
MPOAYKTOB yMOMUHAIOTCA?». Hamu mpoBemeHbl OOMIMpPHBIE KCIEPUMEHTHI C OOIIEHOCTYITHBIM Habopom
NaHHBbIX, UMeloLUXcsi BO BreTHaMme. Pe3ynbTaThl 3KCMEPUMEHTOB MOKA3bIBAIOT HAIEXHOCTh MPELTOXKEHHOTO
aJbTEPHATUBHOTO METO/IA: OH MOBBIIIAET MPOU3BOAUTEIBHOCTb MOJIEJIU PACO3HABAHUS MO CPABHEHMUIO C IBYMS
0a30BBIMU TTOKA3aTeSIMKM, O0ecTiednBasi UX 3HAYUTEIbHOE yIydllleHWe. B 4acTHOCTU, MBI HOCTUTIN YPOBHS
92,87% no mkaine Fl npu pacro3HaBaHUU ONMMCaHUI MPOAYKTOB Ha ypoBHe 1. Ha ypoBHe 2 Momesb moka3sajia
pe3ynbrat 93,34% o mkane F1 npu pacrmo3HaBaHUM KaXXI0ro TUIAa MHGOPMAaLMU O TIPOAYKTE.

KiroueBble ci10Ba: pacrio3HaBaHue MHGOPMALIUK O TpoAyKTe, ppeitMBopk MRC, po3HUYHas TOPTOBIIsA, OOJIBIINE
s3bikoBbIe Moaenn, ViIBERT, vVELECTRA

IMuruposanme: Luong T.C., Tran O.T. Product information recognition in the retail domain as an MRC problem //
Business Informatics. 2024. Vol. 18. No. 1, P. 79—88. DOI: 10.17323/2587-814X.2024.1.79.88
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XXV ICUHCKAS (ATTPEJIbCKAS)
MEXJIYHAPOJTHASI HAYYHAS
KOH®EPEHIINA MO ITPOBJIEMAM
PA3BUTH S DKOHOMUKU

1 OBIIIECTBA

VBaxkaeMble KoJuieru!

HauvoHaneHbBIN McCienoBaTENbCKU YHUBEPCUTET
«BpIcI1a8 111KOJIa 9KOHOMUKW» 0OMKpbléaem npuem 3as160K
Ha yyacmue ¢ XXV flcunckoii (AnpebCckoii)
MeXIyHAPOIHO# HAYYHO# KOH(epeHIuH mo npodaemam
pa3BUTHSA IKOHOMHUKH U o0mecTBa (XXV AMHK).

OcHosubie meponpusaTug XXV AMHK
cocrosaTca B Mockse ¢ 23 mo 26 anpens 2024 roaa.

ITogaTh 3asiBKy Ha y4acTHe B KaUeCTBE CJIylIaTelIs
MOXHO 10 19 anpens 2024 r.

Bostee moapoGHast nH(OpMaLKs pa3MelleHa B pasiesie « YIaCTHUKaM.

B pamkax temarnueckux HanpasieHuit XXV AMHK 6ynyT npenacrasieHbl U 00CyXI€HbI JOKIabl
0 pe3y/bTaTax HOBBIX HAYUYHBIX UCCIENOBAaHU, 0OTOOpaHHBIE HA OCHOBE PACCMOTPEHMUS 3a5IBOK.
Hapsny ¢ 3Tum KoHbepeHI11us OyIeT, Mo CA0XUBIICHCS TpaauLIMKU, BKIIOYATh OOCYKIEHUS
HauboJiee aKTyaIbHbIX POOJIEM SKOHOMUYECKO, COLIMAIbHOM, BHYTPEHHEN U BHELIHEN MTOJTUTUKHU
B paMKax KPYIJIbIX CTOJIOB U aCCOLIMMPOBAHHBIX MEPOIIPUSITUIA.

MCDOI’[DVIHTI/IH KOHCI)CDCHLU/WI NPOBOIATCSA HA PyCCKOM MJIN AHTJIMIICKOM SI3bIKE,
B OTACJBHBIX CIydyadax Ha ABYX A3bIKaX C CUHXPOHHBIM IIEPEBOAOM.

B nHTepecax NpuBJieUyeHUs YYACTHMKOB U3 Pa3IMuHBIX permoHoB Poccuu u Mupa,
a TaKXKe C YIETOM BO3MOXHOTO COXpAaHEHHUST HEKOTOPBIX OTPAHNYEHUI SITMIEMHIOIOTUIECKOTO
xapakrtepa XXV AMHK 6ynet npoBeneHa B cMeliaHHOM ¢opMare.

B pamkax XXV SIMHK, Kak u B npeIblayIine roabl, OyaeT NpoBeaeH KOHKYPC 3asIBOK
HA MOJIEPKKY y4acTusi B KOH(epeHIIMH MOJIOAbIX HcCieioBaTelieil 3 POCCHIICKUX PETHOHOB.


https://conf.hse.ru/2024/application

XXV ICUHCKAS (AITPEJIBCKAS)
MEXKTYHAPOJHASI HAYUHAS
KOH®EPEHIIHA ITO TPOBJIEMAM
PA3BUTUSA DKOHOMMKM

1 OBIIIECTBA

3asiBKM Ha yyacTve ¢ JOKJIaaoM OyAyT NIPUHAMATHCS
N0 CIeAYIIUM TeMATHIeCKUM HANPABJICHUSM:

1. BocrokoBeneHue 12. TTonuTtuyeckue rmpouecchl

2. T'eorpadus u reonHpoOpMaIIMOHHbBIE 13. INpaBo B 1 poByIO ITOXY
TexHonormn 14. Tlcuxonorus

3. llemorpaduisi 1 pLIHKHM Tpyna 15. Pa3BuTure 31paBooXpaHeHUs

4. MIHCTpYMEHTalIbHbIE METO/IbI 16. PeroHaIbHOE M FOPOLCKOE Pa3BUTHE
B 9KOHOMUYECKHUX U COLIMATBbHBIX
HCCIIeMOBAHMSIX 17. MeHenKMEeHT

5. KopnopatuBHbIe (pUHAHCHI 18. CoumainbHas MOIMTHKA
B YCJIOBUSIX TJIO0ATTbHBIX BEI30BOB 19. COUMOKYIETYPHBIE TPOLIECCHI

6. MakposKoHOMHUKa 20. COMOIOrHsI
Y MaKpO3KOHOMMUYECKasl MOJIMTUKA
21. TeopeTnyeckasi 5KOHOMUKaA
7. MexmyHapoaHble OTHOIIEHUS .
22. YMHBII ropon

8. Meronosnorus 5KOHOMUYECKON HAyK1
23. duHaHCOBbIE MHCTUTYTHI, PHIHKHA

9. MupoBasi 5KOHOMUKA U TIJIATEXHbIE CUCTEMBI
10. Hayka u nHHOBalMu 24. ®upMBI U pIHKHA
11. O6pazoBaHue 25. DKOHOMUKA JaHHBIX

Kak nogatb 3a4BKY Ha y4aCTHE B KA4€CTBE cnymaTeJm?

3asiBKa mogaeTcsl oHJIaiiH B cucteMe KoHdepeHuun HNUY BIID
10 19 anpensa 2024 roaa.

Omiara perucCTpamMoHHOro B3Hoca:

Jdnsa caymareneii KoHdepeHIMM (YUaCTHUKOB 6e3 JOKJIana) CyMMa PEeTMCTPallMOHHOTO B3HOCA
coctanisgeT 3 000 pyoaeii.
[MonpoGHee 06 orTaTe perucTPaLOHHOTO B3HOCA B pasneste «OriaTa y4acTmsa.

Bce ocranbHble YYaCTHMKHM OCBOOOXIAIOTCS OT YIUTAThI PETMCTPAIlMOHHOTO B3HOCA, B T. U.:
¢ CTYIEHTBI/acIIMpPaHThI BCeX BY30B (IIPU MPEIbSIBICHUN CTyIeHISCKOTro O1ieTa);
¢ corpynuuku HUY BIID (npu npeaocraBieHUU KapTOYKU COTPYAHUKA);

¢ YYaCTHUKM, purialieHHbie [IporpaMMHbIM 1 OpraHu3allMOHHBIM KOMUTETaMU KOH(DEepeHLIMH.


https://conf.hse.ru/2024/fees

